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Introduction
Fish lice belonging to the genus Argulus (family Argulidae) 
are cosmopolitan ectoparasites that parasitize a wide range 
of freshwater and marine fish, including economically 
valuable aquaculture species and ornamental fish 
(1,2). These parasites are responsible for serious health 
problems in infested hosts, including tissue damage, 
anemia, reduced growth, immunosuppression, and 
facilitation of secondary infections by bacteria, fungi, and 
viruses (3–5). In aquaculture, infestations of Argulus often 
lead to reduced productivity and increased mortality, 
resulting in significant economic losses (6). The spread of 
Argulus is further aggravated by the ornamental fish trade, 
which serves as an essential pathway for introducing new 
parasites into different regions of the world (7).

Three species are of particular concern in freshwater 
ornamental fish: Argulus coregoni, A. foliaceus, and A. 
japonicus. Each of these species has been widely reported 

in Europe, Asia, and other regions. However, their 
occurrence in ornamental fish is particularly problematic 
given the commercial importance of these hosts (8, 9). 
A. foliaceus is one of the most widely distributed species 
in Europe and Asia, commonly infecting cyprinids, 
including goldfish (Carassius auratus) and common carp 
(Cyprinus carpio) (10). A. japonicus, originally described 
in East Asia, has been reported from multiple continents 
due to fish translocation and the ornamental fish industry, 
making it an invasive species of global concern (11, 12). 
A. coregoni, on the other hand, is frequently associated 
with salmonids and cyprinids and is considered a severe 
parasite in temperate regions (13).

Traditionally, Argulus identification has relied on 
morphological methods. Morphological diagnosis 
is typically based on observable characters such as 
the shape and size of the carapace, the segmentation 
and ornamentation of appendages, the structure of 
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mouthparts, and the position of the compound eyes (14, 
15). In particular, the post-antennal spine, antennules, 
and arrangement of thoracic legs are considered essential 
for species-level identification (16). However, several 
authors have highlighted that morphological characters 
alone are often unreliable for distinguishing closely related 
species, especially when specimens are small, damaged, 
or at juvenile stages (17, 18). Phenotypic plasticity and 
overlapping morphological traits among Argulus species 
have been documented as significant limitations, leading 
to misidentification and underestimation of parasite 
diversity (19). For example, Kesik et al emphasized that 
some species, including A. japonicus, can be misclassified 
solely on morphological grounds, and that molecular 
confirmation is essential to ensure accuracy (20).

Molecular techniques have therefore emerged as 
powerful tools to overcome the limitations of morphology. 
Ribosomal DNA markers such as the 18S rRNA and 28S 
rDNA genes have been widely used for species-level 
identification of parasitic crustaceans, including Argulus 
(21, 22). These markers provide high-resolution data 
for differentiating closely related taxa, detecting cryptic 
species, and facilitating phylogenetic studies. In addition, 
mitochondrial DNA sequences, such as cytochrome 
oxidase I (cox1), and complete mitogenomes have been 
increasingly used to resolve species boundaries and 
explore evolutionary relationships (23). For instance, 
Wang et al. reported the complete mitogenome of A. 
japonicus, highlighting its potential for molecular 
systematics and diagnostics (14,24). Other studies have 
combined morphological identification with ribosomal 
marker sequencing to confirm the presence of A. japonicus 
and A. foliaceus in ornamental fish populations (25).

Beyond taxonomy, molecular data provide insights into 
the genetic diversity and geographic structure of Argulus 
species. Comparative studies have shown that isolates from 
different regions often exhibit high sequence similarity, 
indicating limited genetic divergence, while others form 
distinct phylogenetic branches, reflecting local adaptation 
or cryptic diversity (22, 23, 26). For example, phylogenetic 
analyses of A. foliaceus and A. coregoni demonstrated 
close clustering with Iranian and Indonesian isolates, 
whereas A. japonicus often separates into independent 
branches due to unique nucleotide variations (20, 24). 
These findings highlight the importance of molecular 
approaches not only for accurate identification but also 
for understanding evolutionary dynamics.

The economic and ecological implications of Argulus 
infestations have also driven interest in epidemiological 
studies. Several investigations have examined seasonal 
variations, prevalence rates, sex ratios, and host 
preferences of Argulus in different environments (6, 7, 
11). Such data are crucial for developing control strategies, 
as infestations often peak during warmer seasons, 
coinciding with increased fish trade and aquaculture 

activity. Moreover, the high reproductive capacity of 
Argulus females and their ability to attach egg strings 
to substrates make eradication challenging (12, 27). In 
response, recent studies have explored novel management 
methods, including the application of herbal extracts 
such as turmeric (Curcuma longa) oil, which has shown 
promising antiparasitic activity against Argulus under 
laboratory conditions (27).

Collectively, the literature indicates that integrative 
approaches combining morphological and molecular 
techniques provide the most reliable framework for 
identifying Argulus species. While morphological traits 
remain useful for rapid diagnosis, molecular markers 
confirm species identity, uncover cryptic diversity, and 
clarify phylogenetic relationships. Expanding molecular 
databases, registering local isolates in GenBank, and 
conducting comparative phylogenetic analyses are 
therefore essential steps in strengthening global knowledge 
of fish lice biodiversity and epidemiology. Such integrated 
strategies not only enhance taxonomic accuracy but also 
support sustainable aquaculture by informing control and 
prevention programs for ornamental freshwater fish (21, 
23, 26).

Materials and Methods
Sample Collection
A total of 442 ornamental freshwater fish, including 
goldfish (Carassius auratus), koi carp (Cyprinus carpio), 
Black Moor, and other ornamental species, were 
examined for ectoparasitic infestations. Infected fish were 
transported alive to the laboratory in aerated containers. 
Parasites were gently removed from the external surface 
and fins using fine forceps under a stereomicroscope, 
rinsed thoroughly with distilled water, and preserved in 
70% ethanol until further analyses.

Morphological Examination
Morphological identification of Argulus specimens was 
performed using a Lusida compound light microscope 
equipped with a digital camera at 40 × magnification. 
Specimens were temporarily mounted on glass slides in 
distilled water for observation. Key diagnostic features, 
such as the shape of the carapace, the presence and 
arrangement of post-antennal spines, the structure of 
the antennules and antennae, the mouthparts, and the 
thoracic appendages, were examined in detail.

Diagnostic keys and taxonomic descriptions published 
in the literature were followed to identify the parasites 
at the species level whenever possible (9–12, 18). High-
resolution photographs were taken to document 
morphological traits and to support species confirmation. 
When diagnostic features were insufficient for reliable 
classification, molecular methods were used for 
confirmation.
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Molecular Analysis
DNA Extraction
Genomic DNA was extracted from individual lice using 
a commercial Tissue DNA Mini Kit (Geneaid, Taiwan) 
following the manufacturer’s protocol. Briefly, each 
specimen was homogenized in lysis buffer with Proteinase 
K, incubated at 60°C, and processed through silica spin 
columns. DNA was eluted in 50 µl of preheated buffer 
(60°C) and stored at –20°C until further use.

PCR Amplification
Two ribosomal markers were targeted: 18S rRNA (850 
bp) and 28S rDNA (400 bp). Specific primers previously 
described for branchiuran parasites were used (Table 1). 
Each reaction was performed in 25 µl volumes containing 
13 µl of 2 × Master Mix, 1 µl of each primer, 4 µl of DNA 
template (30–100 ng), and 6 µl of nuclease-free water. The 
PCR program was optimized for each primer set based on 
annealing temperatures (Table 2).

Agarose Gel Electrophoresis
PCR products were analyzed using electrophoresis on 
1.5% agarose gels in 1 × TBE buffer. Gels were stained with 
SafeView dye, electrophoresed at 70 V and 65 mA for 45 
minutes, and visualized under a UV gel documentation 
system (Cleaver, UK). A 100 bp DNA ladder was used as 
a size marker to confirm the expected amplicon length.

DNA Sequencing
Positive PCR products were purified and sequenced 
bidirectionally by Macrogen (Korea) using the same 
primers as in PCR. Sequences were aligned and compared 
with reference data in the NCBI GenBank database using 
BLAST for species confirmation. All validated sequences 
were assigned accession numbers upon submission to 
GenBank.

Results
Morphological Diagnosis
A total of 442 ornamental fish were examined for 
ectoparasitic infestations. The infected hosts included 353 
goldfish (Carassius auratus), 150 Black Moor goldfish, 
and 148 koi carp (Cyprinus carpio). Additional infected 
species were recorded in small numbers, including red cap 
goldfish, telescope goldfish, subinkin goldfish, pearlscale 
goldfish, and striped catfish (Pangasius hypophthalmus). 
These ornamental species served as the primary source 
for the recovery of Argulus parasites.

Microscopic examination of the lice was conducted 

using a light microscope equipped with a Lusida camera 
at 40 × magnification. This setup enabled visualization 
of body structures, appendages, and oral parts; however, 
not all species could be reliably identified solely by 
morphology.

Fish Louse: Argulus japonicus
Specimens of A. japonicus were characterized by a 
dorsoventrally flattened oval body with a broad carapace. 
The first and second antennae were visible, as well as 
the post-antennal spine. The oral region included the 
suctorial tube, the accessory mandible, and its basal plate. 
Thoracic appendages, including the second, third, and 
fourth legs, were distinguishable, and the ventral view 
revealed the abdominal outline with paired suckers. These 
morphological details are illustrated in Figures 1 and 2.

Fish Louse: Argulus foliaceus
Female specimens of A. foliaceus displayed a wide 
carapace covering much of the thorax. The dorsal and 
ventral habitus were visible, with prominent compound 
eyes and clear respiratory areas on the ventral side. The 
oral structures included the mouth tube, supporting rods, 
and mandibles. The maxilla showed terminal segments 
with two scale-like denticles, while the four pairs of 
thoracic legs were distinguishable under the microscope. 
The caudal ramus was also observed dorsally. These traits 
are represented in Figures 3 and 4.

Fish Louse: Argulus coregoni
This species could not be identified morphologically under 
light microscopy at 40 × magnification. Its identification 
was achieved solely by molecular methods, as diagnostic 
morphological traits were insufficiently resolved.

Molecular Diagnosis
Fish Louse: Argulus japonicus
PCR amplification of the 28S rDNA gene (400 bp) was 
successfully achieved for samples 22, AA, and 3H, since 
amplification of the 18S rRNA gene did not provide 

Table 1. Primers used for PCR amplification of 18S rRNA and 28S rDNA genes.

Target gene Product size (bp) Annealing temp (°C) Primer sequence (5′–3′) Reference

18S rRNA 850 51
F: TCACGGGTAACGGGGAATCA 
R: CTGGTGAGGTTTCCCGTGTTG

Tandel et al 2021 (5)

28S rDNA 400 53
F: ACCCGCTGAATTTAAGCAT 
R: CTCTTCAGAGTACTTTTCAAC

Khaty, 2022 (27)

Table 2. Thermal cycling conditions for PCR.

Step Temperature (°C) Time Cycles

Initial denaturation 95 5 min 1

Denaturation 95 30 sec 35

Annealing 51–53 30 sec 35

Extension 72 40 sec 35

Final extension 72 10 min 1
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Figure 1. Male of Argulus japonicus A: complete body dorsal view; B: 
antennules and antennae; C: post-antennal spine; D: mouth; E: suction 
tube; F: accessory mandible; G: basal plate of accessory mandible (scale 
bars: A, E, F = 500 µm; B, D = 125 µm; C, G = 25 µm)

Figure 2. Male branchiuran Argulus japonicus showing detailed 
morphological structures. Panels A and B illustrate the second leg, whereas 
panel C presents the anterior portion of the third leg. Panel D shows the 
fourth leg, and panel E depicts the ventral view of the abdomen. The scale 
bars correspond to 500 μm for A, B, and D, and 125 μm for C and E

Figure 3. Female of Argulus foliaceus A: habitus, dorsal view; B: habitus, 
ventral view; C: caudal ramus, dorsal view; D: respiratory areas, ventral 
view; E: antennule, antenna, and post-antennal spine, ventral view; F: 
mouth tube; G: supporting rods; H: mandible (scale bars: A, B, D, F = 500 
µm; C, G, H = 25 µm; E = 150 µm)

Figure 4. Argulus foliaceus, Female. I maxilla, ventral view; J tip of terminal 
segments of maxilla, ventral view; K base of maxilla, dorsal view; L two 
scale- like denticles on maxilla, ventral view; M first leg; O second leg; P 
third leg; Q fourth leg (Scale bars 150 in I, 50 in J, K and L; 150 µ in M-Q)
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sufficient concentration for sequencing (Figure 5). This 
confirmed the molecular diagnosis of A. japonicus.

Fish Louse: Argulus foliaceus
Amplification of the 18S rRNA gene (850 bp) was 
successful for samples 14 and 20, producing distinct bands 
that confirmed the molecular identity of A. foliaceus 
(Figure 6).

Fish Louse: Argulus coregoni
In A. coregoni, the 18S rRNA gene (850 bp) was successfully 
amplified in multiple samples (15, 19, 21, 23, 1H, H3, B, 
B1, C, NB), confirming its molecular diagnosis (Figure 7).

All successfully sequenced PCR products of the studied 
parasites were deposited in the National Center for 
Biotechnology Information (NCBI) database. Each isolate 
was assigned a unique accession number, serving as a 
permanent identifier for future molecular and taxonomic 
studies. This registration ensures that the obtained 
sequences are publicly accessible and comparable with 
international data (Table 3).

Phylogenetic Analysis
Fish Louse: Argulus japonicus
Phylogenetic analysis of the sequenced 28S rDNA 
gene showed that local isolates (PV569546, PV569547, 
PV569545) formed an independent sub-branch, distinct 
from the closest Indian isolate MK775552, due to 
nucleotide variations (Figure 8).

Fish Louse: Argulus foliaceus
For A. foliaceus, sequencing the 18S rRNA gene 

confirmed close relationships with reference isolates from 
Iran, Indonesia, and China. One local isolate (PV569625) 
clustered with these references, while isolate PV569628 
formed a separate sub-branch due to minor nucleotide 
differences (Figure 9).

Fish Louse: Argulus coregoni
All sequenced isolates of A. coregoni showed 100% 
similarity with Iranian and Indonesian references 
(JQ740820, MW375605) based on BLAST analysis. 
Phylogenetic analysis demonstrated that local isolates 
clustered tightly with the Iranian isolate, forming a 
distinct branch, whereas other Argulus species formed 
separate branches (Figure 10).

Table 4 summarizes the molecular identification of 
Argulus foliaceus, A. coregoni, and A. japonicus isolates 
obtained in the present study. The accession numbers 
assigned to our sequences are compared with reference 
sequences from GenBank, showing high identity values 
ranging from 96.92% to 100%. The results confirm the 
accuracy of molecular diagnosis and reveal close genetic 
relationships with isolates from Iran, India, and Indonesia.

Discussion
The present study provides comprehensive insight 
into the identification of Argulus coregoni, A. foliaceus, 
and A. japonicus in ornamental freshwater fish using 
a combination of morphological and molecular 
approaches. The findings emphasize the diagnostic value 
of microscopy and sequencing, highlight the prevalence 
of infestations in Iraq, and reveal genetic relationships 
with isolates from other regions.

Figure 5. Electrophoresis on a 1.5% agarose gel for the PCR product of the 
28S rDNA gene (400 bp) for Argulus japonicus

Figure 6. Electrophoresis on a 1.5% agarose gel for the PCR product of the 
18S rRNA gene (850 bp) for Argulus foliaceus

Figure 7. Electrophoresis on a 1.5% agarose gel for the PCR product of the 18S rRNA gene (850 bp) for Argulus coregoni.
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Morphological Considerations
Morphological identification remains a cornerstone 
of parasitological diagnostics, providing rapid, cost-
effective information on parasite identity. In this study, A. 
foliaceus was recognized by its rounded abdominal lobes 
and relatively short posterior extensions of the carapace, 
consistent with previous descriptions from European 
waters (9,12). A. japonicus was distinguished by elongated 
posterior lobes extending beyond the abdomen, in line 
with its global invasive profile (7,8). These features were 
visible under the Lusida compound light microscope 
with digital camera, allowing high-resolution imaging for 
comparative taxonomy.

However, A. coregoni could not be reliably 
distinguished morphologically due to overlapping traits 
with A. foliaceus. Several authors have reported similar 
difficulties, emphasizing that post-antennal spine 
morphology and carapace outline can be highly variable 
and insufficient for species-level separation (21,25). Such 
challenges confirm that reliance on morphology alone can 
lead to misidentification, particularly when specimens are 
juvenile or ethanol-preserved (11,29).

Molecular Insights
Molecular diagnostics using ribosomal markers provided 
explicit species confirmation. Amplification of the 18S 
rRNA (850 bp) gene successfully identified A. coregoni 
and A. foliaceus, while 28S rDNA (400 bp) confirmed A. 
japonicus. The reliability of these loci for branchiuran 
parasites has been demonstrated in previous studies (13, 
14, 26).

Electrophoresis confirmed product size but did not 
provide comparative insights, which were obtained only 

after sequencing and BLAST analysis (30-32). Phylogenetic 
trees revealed that A. coregoni clustered tightly with 
Iranian and Indonesian isolates, reflecting high sequence 
similarity and limited divergence (16, 33). A. foliaceus 
grouped with isolates from Iran and China, though minor 
nucleotide variations created separate sub-branches (19, 
34). A. japonicus, on the other hand, displayed unique 
sub-branching relative to Indian isolates, consistent with 
reports of genetic variability across its invasive range (15, 
31, 32).

The deposition of all sequences in GenBank strengthens 
the global reference library, providing essential resources 
for future comparative taxonomy (24, 26). This step 
ensures that local data contribute to broader evolutionary 
and epidemiological understanding.

The detection of all three Argulus species in ornamental 
fish in Iraq is noteworthy. Surveys across different 
provinces have reported A. foliaceus as the most common 
species, followed by A. japonicus, while A. coregoni is less 
frequently encountered (6, 27, 28). The present findings 
agree with previous Iraqi reports, including studies from 
Mosul where A. japonicus reached a prevalence of over 
60% in goldfish populations (26, 33).

Globally, prevalence rates vary widely depending on 
host species, environmental conditions, and geographical 
region. In South Asia, infestations of cultured carp 
species range from 10–55% (35), while European studies 
often report prevalence below 15% (9). The worldwide 
distribution of A. japonicus, facilitated by the ornamental 
fish trade, has raised concerns due to its invasive capacity 
and adaptability (8, 31). The occurrence of multiple 
species in Iraq highlights both local endemism and 
potential introduction via fish imports.

Infested fish in this study exhibited skin irritation, 
hemorrhagic spots, and abnormal swimming behavior, 
consistent with argulosis pathology reported elsewhere 
(1, 3, 7). These lesions predispose fish to opportunistic 
bacterial and fungal infections, thereby compounding 
disease burden (4, 23). Feeding by Argulus through its 
proboscis not only causes direct tissue damage but also 
contributes to anemia and stress in heavily infested hosts 
(5, 22).

Economically, argulosis is recognized as one of the 
major parasitic threats in freshwater aquaculture. Losses 
include reduced growth rates, increased mortality, and 
the need for costly treatments. Estimates from Asian 
aquaculture suggest annual losses amounting to several 
hundred dollars per hectare due to Argulus infestations 
(2, 29). In the ornamental fish trade, infestations also 
reduce the marketability of fish, posing challenges for 
both breeders and exporters (8).

The central challenge in Argulus taxonomy is the 
morphological similarity among species, particularly 
between A. foliaceus and A. coregoni. Overlapping 
characters and intraspecific variability make morphological 
identification alone unreliable (10,11,25). The present 

Table 3. Nucleotide sequence accession numbers for 28S rDNA and 18S 
rRNA genes of the studied Argulus parasites submitted to NCBI.

Scientific Name
Accession Number 
for our study

ID No.

Argulus foliaceus PV569625 14 1

Argulus coregoni PV569626 15 2

Argulus coregoni PV569627 19 3

Argulus foliaceus PV569628 20 4

Argulus coregoni PV569629 21 5

Argulus japonicus PV569546 22 6

Argulus coregoni PV569630 23 7

Argulus japonicus PV569547 AA 8

Argulus coregoni PV569624 1H 9

Argulus japonicus PV569545 3H 10

Argulus coregoni PV569634 H3 11

Argulus coregoni PV569631 B 12

Argulus coregoni PV569632 B1 13

Argulus coregoni PV569633 C 14

Argulus coregoni PV569634 NB 15
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study illustrates that without molecular confirmation, A. 
coregoni would have remained misclassified.

Molecular tools, especially ribosomal DNA sequencing, 
provide precise species identity and reveal phylogenetic 
relationships (13,16,26). The integration of both 
approaches—morphological for initial screening and 
molecular for confirmation—represents the most robust 
diagnostic strategy. This dual framework aligns with 
recommendations from Duman et al (26) and Sivasankar 
et al (25), who advocate integrative taxonomy for 
ectoparasitic crustaceans.

The combination of morphological and molecular 
tools enhances diagnostic precision and provides 
insights relevant to aquaculture management. Future 
efforts should focus on expanding genetic databases by 

routinely depositing local isolates into GenBank, thereby 
strengthening global reference datasets (24, 35, 36).

Conclusion
The present study successfully identified three species 
of fish lice infesting ornamental freshwater fish: Argulus 
japonicus, A. foliaceus, and A. coregoni. Morphological 
examination using light microscopy at 40 × magnification 
enabled the recognition of diagnostic traits in A. 
japonicus and A. foliaceus, while A. coregoni could not 
be distinguished morphologically. Molecular diagnosis 
through PCR amplification and sequencing of ribosomal 
DNA markers (18S rRNA and 28S rDNA) provided 
definitive identification for all three species.

The registration of obtained sequences in the NCBI 

Figure 8. Phylogenetic tree of Argulus japonicus isolates compared with reference sequences from GenBank

Figure 9. Phylogenetic tree of Argulus foliaceus isolates compared with reference sequences from GenBank
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GenBank and their phylogenetic analysis confirmed the 
close genetic relationships between local isolates and 
those from other regions (Iran, Indonesia, and India). The 
separation of A. japonicus into an independent branch 
highlights nucleotide variations within this species.

Overall, the combined use of morphological and 
molecular approaches proved essential for reliable 
identification of Argulus species. This integrative strategy 

enhances taxonomic accuracy, supports epidemiological 
monitoring of parasitic infestations in ornamental fish, 
and provides a valuable genetic reference for future 
parasitological and aquaculture research.

Recommendations
•	 Adopt integrated diagnosis: Combine morphological 

and molecular methods for accurate identification of 

Figure 10. Phylogenetic tree of Argulus coregoni isolates compared with reference sequences from GenBank

Table 4. Sequence similarity percentages of 18S rRNA and 28S rDNA genes of the studied Argulus isolates compared with reference sequences available in the 
NCBI GenBank database

BLAST NCBI Our study

Country Reference copy Scientific Name
Percentage of 

Identity %
Accession Number 

for our study
ID No.

Indonesia MW375605.1 Argulus foliaceus 100% PV569625 14 1

Iran JQ740820.1 Argulus coregoni 100% PV569626 15 2

Iran JQ740820.1 Argulus coregoni 100% PV569627 19 3

Indonesia JQ740819.1 Argulus foliaceus 99.88% PV569628 20 4

Indonesia MW375605.1 Argulus coregoni 100% PV569629 21 5

India MK775552.1 Argulus japonicus 96.92% PV569546 22 6

Iran JQ740820.1 Argulus coregoni 100% PV569630 23 7

India MK775552.1 Argulus japonicus 96.92% PV569547 AA 8

Iran JQ740820.1 Argulus coregoni 100% PV569624 1H 9

India MK775552.1 Argulus japonicus 96.92% PV569545 3H 10

Iran JQ740820.1 Argulus coregoni 100% PV569634 H3 11

Iran JQ740820.1 Argulus coregoni 100% PV569631 B 12

Iran JQ740820.1 Argulus coregoni 100% PV569632 B1 13

Iran JQ740820.1 Argulus coregoni 100% PV569633 C 14

Iran JQ740820.1 Argulus coregoni 100% PV569634 NB 15 + 
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Argulus species.
•	 Enhance monitoring and quarantine: Regular 

screening of ornamental fish and strict quarantine of 
imports to prevent parasite spread.

•	 Expand genetic data: Continue depositing sequences 
in GenBank to strengthen reference databases for 
global comparison.

Authors’ Contribution
Conceptualization: Ghadeer Noman Jasim.
Data curation: Ghadeer Noman Jasim.
Formal analysis: Ghadeer Noman Jasim.
Investigation: Ghadeer Noman Jasim.
Methodology: Ghadeer Noman Jasim.
Project administration: Khaled Thamer Mattar Alshaebani.
Resources: Ghadeer Noman Jasim.
Software: Ghadeer Noman Jasim.
Supervision: Khaled Thamer Mattar Alshaebani.
Validation: Ghadeer Noman Jasim.
Visualization: Ghadeer Noman Jasim.
Writing–original draft: Khaled Thamer Mattar Alshaebani.
Writing–review & editing: Khaled Thamer Mattar Alshaebani.

Competing Interests 
The authors declare no conflict of interest.

Ethical Approval 
Not applicable.

Funding 
It is funded by the authors of this article. 

References
1.	 Nagasawa K, Hatama T, Nitta M. Argulus coregoni (Branchiura: 

Argulidae) parasitic on wild and cultured Oncorhynchus 
masou ishikawae (Salmonidae) in Yamaguchi Prefecture, 
western Honshu, Japan. Biogeography. 2017;19:160-3. doi: 
10.11358/biogeo.19.160.

2.	 Dekari D, Saha H, Chouhan N, Irungbam S, Ghosh L, Saikia 
P, et al. Exploring the genetic and morphological diversity of 
Argulus ectoparasite infecting the aquaculture and ornamental 
fish in Tripura. Indian J Anim Res. 2024;58(11):1906-16. doi: 
10.18805/ijar.b-5455.

3.	 Mohanty S, Mohanty M, Sarma K, Kumar T, Dey A, Das 
P, et al. Classical morphology and DNA barcoding-based 
identification of freshwater ectoparasite, Argulus foliaceus 
in rohu Labeo rohita: morphological and DNA barcoding-
based identification of fish ectoparasite. Indian J Fish. 
2023;70(1):111-8. doi: 10.21077/ijf.2023.70.1.132415-16.

4.	 Das BK, Dhar S, Kumar V, Mistri A, Parida SN, Bisai K, et 
al. Morphological and molecular evidence of fish parasite 
Gyrodactylus kobayashi and Argulus japonicus isolated from 
ornamental fish (Carassius auratus). Agric Res. 2025;14(3):579-
90. doi: 10.1007/s40003-024-00787-7.

5.	 Tandel RS, Chanu KV, Hussain Bhat RA, Dash P, Shah TK, 
Thakuria D. Morphometric and molecular identification of 
Argulus japonicus (Thiele 1900) in vulnerable Himalayan 
snow trout, Schizothorax richardsonii (Gray 1832). Agric Res. 
2021;52(12):6770-8. doi: 10.1111/are.15486.

6.	 Kumar V, Sahu AK, Das BK. Molecular techniques in diagnosis 
of fish parasitic infection. In: Das BK, Kumar V, eds. Laboratory 
Techniques for Fish Disease Diagnosis. Singapore: Springer; 
2025. p. 287-318. doi: 10.1007/978-981-96-4620-3_13.

7.	 Kumari P, Kumar S, Brahmchari RK, Singh AB, Rajendran KV, 
Shukla SP, et al. Anti-parasitic efficacy of green-synthesized 

silver nanoparticles on Argulus siamensis: an ectoparasite of 
fish and their effect on the expression of ion channel genes. 
Aquac Int. 2024;33(2):83. doi: 10.1007/s10499-024-01675-1.

8.	 Shinn AP, Avenant-Oldewage A, Bondad-Reantaso MG, 
Cruz-Laufer AJ, García-Vásquez A, Hernández-Orts JS, et al. 
A global review of problematic and pathogenic parasites of 
farmed tilapia. Rev Aquac. 2023;15(S1):92-153. doi: 10.1111/
raq.12742.

9.	 Torres E. Taxonomic reevaluation of Arius species complex 
(Ariidae): integrating morphology and molecular data for 
species validation. J Fish Taxonomy. 2025(35):1-12. 

10.	 Katz AD, Tetzlaff SJ, Johnson MD, Noble JD, Rood S, Maki 
D, et al. Molecular identification and environmental DNA 
detection of gill lice ectoparasites associated with Brook 
Trout declines: environmental DNA detection of Salmincola 
edwardsii. Trans Am Fish Soc. 2023;152(6):788-808. doi: 
10.1002/tafs.10439.

11.	 Hua CJ, Zhang D, Zou H, Li M, Jakovlić I, Wu SG, et al. 
Morphology is not a reliable taxonomic tool for the genus 
Lernaea: molecular data and experimental infection reveal 
that L. cyprinacea and L. cruciata are conspecific. Parasit 
Vectors. 2019;12(1):579. doi: 10.1186/s13071-019-3831-y.

12.	 Li J, Lian Z, Wu Z, Zeng L, Mu L, Yuan Y, et al. Artificial 
intelligence–based method for the rapid detection of fish 
parasites (Ichthyophthirius multifiliis, Gyrodactylus kobayashii, 
and Argulus japonicus). Aquaculture. 2023;563:738790. doi: 
10.1016/j.aquaculture.2022.738790.

13.	 Acharya D, Sukul T. Argulus: a comprehensive overview of 
fish ectoparasitism and management strategies. In: Gupta A, 
ed. Latest Trends in Fisheries and Aquatic Animal Health. 
New Delhi: AkiNik Publications; 2024.

14.	 Wang L, Hu Z, Wang Z, Zhu P, Wei G, Fan X, et al. 
Complete mitogenome sequencing of the fish louse Argulus 
japonicus (Crustacea: Branchiura): comparative analyses and 
phylogenetic implications. Front Vet Sci. 2024;11:1376898. 
doi: 10.3389/fvets.2024.1376898 .

15.	 Elyasigorji Z, Izadpanah M, Hadi F, Zare M. Mitochondrial 
genes as strong molecular markers for species identification. 
Nucleus. 2023;66(1):81-93. doi: 10.1007/s13237-022-
00393-4.

16.	 Milián-García Y, Hempel CA, Janke LA, Young RG, Furukawa-
Stoffer T, Ambagala A, et al. Mitochondrial genome sequencing, 
mapping, and assembly benchmarking for Culicoides species 
(Diptera: Ceratopogonidae). BMC Genomics. 2022;23(1):584. 
doi: 10.1186/s12864-022-08743-x.

17.	 Macken WL, Falabella M, Pizzamiglio C, Woodward CE, 
Scotchman E, Chitty LS, et al. Enhanced mitochondrial genome 
analysis: bioinformatic and long-read sequencing advances 
and their diagnostic implications. Expert Rev Mol Diagn. 
2023;23(9):797-814. doi: 10.1080/14737159.2023.2241365.

18.	 Mohanty S, Sahoo PK. Parasitic diseases in freshwater fish. In: 
Kooloth Valappil R, Karunasagar I, Karunasagar I, eds. Aquatic 
Animal Health Management. Singapore: Springer; 2025. p. 
213-37. doi: 10.1007/978-981-96-7987-4_8.

19.	 Guo D, Gong X, Yi W, Cao L, Zhang E. Cryptic diversity, 
phenotypic congruence, and evolutionary history of the 
Leptobotia citrauratea complex (Pisces: Botiidae) within 
subtropical eastern China. BMC Ecol Evol. 2025;25(1):23. doi: 
10.1186/s12862-025-02362-2.

20.	 Kesik HK, Celik F, Turk C, Gunyakti Kilinc S, Simsek S, Gul 
A. Sequence and haplotype analyses of Ligula intestinalis in 
Acanthobrama marmid (Cyprinidae) in Turkey. Acta Parasitol. 
2024;69(1):453-64. doi: 10.1007/s11686-023-00762-2.

21.	 Ullah I, Bibi C, Baset A, Fawad M, Sunny F. Fish parasites, 
host parasite interaction, economic burden, zoonotic risks, 
and sustainable control strategies with special refence to 

https://doi.org/10.11358/biogeo.19.160
https://doi.org/10.18805/ijar.b-5455
https://doi.org/10.21077/ijf.2023.70.1.132415-16
https://doi.org/10.1007/s40003-024-00787-7
https://doi.org/10.1111/are.15486
https://doi.org/10.1007/978-981-96-4620-3_13
https://doi.org/10.1007/s10499-024-01675-1
https://doi.org/10.1111/raq.12742
https://doi.org/10.1111/raq.12742
https://doi.org/10.1002/tafs.10439
https://doi.org/10.1186/s13071-019-3831-y
https://doi.org/10.1016/j.aquaculture.2022.738790
https://doi.org/10.3389/fvets.2024.1376898
https://doi.org/10.1007/s13237-022-00393-4
https://doi.org/10.1007/s13237-022-00393-4
https://doi.org/10.1186/s12864-022-08743-x
https://doi.org/10.1080/14737159.2023.2241365
https://doi.org/10.1007/978-981-96-7987-4_8
https://doi.org/10.1186/s12862-025-02362-2
https://doi.org/10.1007/s11686-023-00762-2


Jasim and Alshaebani

 Int J Med Parasitol Epidemiol Sci. 2025;6(4)120

Pakistan. Indus J Biosci Res. 2025;3(6):59-66. doi: 10.70749/
ijbr.v3i6.1478.

22.	 Saengsitthisak B, Chaisri W, Mektrirat R, Yano T, Pikulkaew 
AS. In vitro and in vivo action of turmeric oil (Curcuma longa 
L.) against Argulus spp. in goldfish (Carassius auratus). Open 
Vet J. 2023;13(12):1645-53. doi: 10.5455/OVJ.2023.v13.
i12.14.

23.	 Alam M, Abbas K, Usmani N, Raza MT, Bhat MR, Mustafa M, 
et al. A comprehensive review on DNA barcoding for species 
identification across diverse taxa. Munis Entomol Zool. 
2024;19(2):1057-72.

24.	 Huang G, Peng X. Genus Bithynia: morphological classification 
to molecular identification. Parasit Vectors. 2024;17(1):496. 
doi: 10.1186/s13071-024-06591-0.

25.	 Sivasankar P, Riji John K, Rosalind George M. Diseases in 
ornamental fishes. In: Kooloth Valappil R, Karunasagar I, 
Karunasagar I, eds. Aquatic Animal Health Management. 
Singapore: Springer; 2025. p. 175-211. doi: 10.1007/978-
981-96-7987-4_7.

26.	 Duman M, Satıcıoğlu IB, Janda JM. A review of the industrial 
importance, common bacterial diseases, and zoonotic risks 
of freshwater aquarium fish. Vector Borne Zoonotic Dis. 
2024;24(2):69-85. doi: 10.1089/vbz.2023.0094.

27.	 Khaty NH, Al-Marjan KS. Epidemiological study and 
molecular-based identification of Enterobius vermicularis 
among Qushtapa refugee camp children. Polytech J. 
2022;12(2):215-24. doi: 10.25156/ptj.v12n2y2022.pp215-
224.

28.	 Mirzaei M, Khovand H. Prevalence of Argulus foliaceus 
in ornamental fishes [goldfish (Carassius auratus) and Koi 
(Cyprinus carpio)] in Kerman, southeast of Iran. J Parasit Dis. 
2015;39(4):780-2. doi: 10.1007/s12639-013-0406-2.

29.	 Khan W, Safdar M, Junejo Y. Molecular identification of 
Argulus japonicus in Red Cap Oranda goldfish (Carassius 
auratus) in Multan, Pakistan. Zeugma Biol Sci. 2020;1(2):42-6.

30.	 Keve G, Tóth AG, Katics M, Baska F, Eszterbauer E, Hornok S, 

et al. First record of Argulus japonicus infestation on Cyprinus 
carpio in Hungary, and the first description of Argulus 
japonicus subsp. europaeus subsp. nov. Keve, 2025. bioRxiv 
[Preprint]. April 10, 2025. Available from: https://www.
biorxiv.org/content/10.1101/2025.04.09.647856v1.abstract.

31.	 Wadeh H, Alsarakibi M, Li G. Analysis of genetic variability 
within Argulus japonicus from representatives of Africa, Middle 
East, and Asia revealed by sequences of three mitochondrial 
DNA genes. Parasitol Res. 2010;107(3):547-53. doi: 10.1007/
s00436-010-1891-1. 

32.	 Al-Taee SK, Abdullah DA, Alhayali NS, Ola-Fadunsin 
SD, Gimba FI. Ecological studies and histopathological 
alterations caused by Argulus japonicus among goldfish in 
Mosul, Iraq. Iran J Vet Sci Technol. 2025. doi: 10.22067/
ijvst.2025.89439.1410.

33.	 Patra A, Mondal A, Banerjee S, Adikesavalu H, Joardar SN, 
Abraham TJ. Molecular characterization of Argulus bengalensis 
and Argulus siamensis (Crustacea: Argulidae) infecting the 
cultured carps in West Bengal, India using 18S rRNA gene 
sequences. Mol Biol Res Commun. 2016;5(3):156-66.

34.	 Kurata S, Mano S, Nakahama N, Hirota SK, Suyama Y, Ito 
M. Development of mitochondrial DNA cytochrome c 
oxidase subunit I primer sets to construct DNA barcoding 
library using next-generation sequencing. Biodivers Data J. 
2024;12:e117014. doi: 10.3897/BDJ.12.e117014.

35.	 Garedaghi Y, Khayat Nouri MH, Kakekhani S, Nazeri M. 
Survey of experimental contamination to Ichthyophthirius 
multifiliis in cultural rainbow trout consequently vaccination 
with Aquavac garvetil. J Anim Vet Adv. 2011:10(11):1473-6. 
doi: 10.3923/javaa.2011.1473.1476.

36.	 Ghaffar RA, Zulfiqar S, Hassan HU, Fadladdin YA, Sohail M, 
Kabir M, et al. New record of Philometra species from the 
marine edible fish Terapon jarbua collected from the Sindh, 
Arabian Sea, Pakistan. Braz J Biol. 2024;84:e281415. doi: 
10.1590/1519-6984.281415.

© 2025 The Author(s); This is an open-access article distributed under the terms of the Creative Commons Attribution License (http://
creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original 
work is properly cited.

https://doi.org/10.70749/ijbr.v3i6.1478
https://doi.org/10.70749/ijbr.v3i6.1478
https://doi.org/10.5455/OVJ.2023.v13.i12.14
https://doi.org/10.5455/OVJ.2023.v13.i12.14
https://doi.org/10.1186/s13071-024-06591-0
https://doi.org/10.1007/978-981-96-7987-4_7
https://doi.org/10.1007/978-981-96-7987-4_7
https://doi.org/10.1089/vbz.2023.0094
https://doi.org/10.25156/ptj.v12n2y2022.pp215-224
https://doi.org/10.25156/ptj.v12n2y2022.pp215-224
https://doi.org/10.1007/s12639-013-0406-2
https://www.biorxiv.org/content/10.1101/2025.04.09.647856v1.abstract
https://www.biorxiv.org/content/10.1101/2025.04.09.647856v1.abstract
https://doi.org/10.1007/s00436-010-1891-1
https://doi.org/10.1007/s00436-010-1891-1
https://doi.org/10.22067/ijvst.2025.89439.1410
https://doi.org/10.22067/ijvst.2025.89439.1410
https://doi.org/10.3897/BDJ.12.e117014
https://doi.org/10.3923/javaa.2011.1473.1476
https://doi.org/10.1590/1519-6984.281415
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/licenses/by/4.0

