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Abstract. Argulus (Crustacea: Branchiura) species, also
known as fish lice, are among the most important aquatic
ectoparasites infesting fish in Tiirkiye and worldwide because
of their low host specificity and widespread distribution.
Approximately 130 species have been identified within this
genus, which inhabit freshwater, marine, and estuarine
environments. To date, only two species have been reported
from Tirkiye: Argulus foliaceus (Linnaeus, 1758) and A.
japonicus Thiele, 1900. This study aimed to determine the
host diversity of Argulus species reported in Tiirkiye through
a literature review. Additionally, we aimed to report A.
Jjaponicus infestations detected in common carp (Cyprinus
carpio L.) and Amur carp (Cyprinus rubrofuscus Lacepede)
(ornamental form; koi) during routine parasitological surveys
conducted at the Mediterranean Fisheries Research,
Production, and Training Institute (Antalya, Tiirkiye). Argulus
japonicus, a parasite found on common carp (C. carpio),
represents a new host-parasite association for the parasitic
fauna of Tiirkiye.
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Introduction

Many aquatic vertebrates, including fish, are fre-
quently infested by various parasitic crustaceans
(pathogenic or apathogenic), some of which may
cause significant health problems and economic
losses in aquaculture. Argulids are among the most
important crustacean groups of parasitological sig-
nificance in fish (Lester and Hayward 2006, Boxshall
and Hayes 2019). In the current taxonomy, the fam-
ily Argulidae, within the order Argulida of the sub-
class Branchiura, comprises four genera: Argulus
Miiller, 1785; Thiele, 1900;
Dipteropeltis Calman, 1912; and Dolops Audouin,
1837 (Poly 2008). Among these, only the genus
Argulus has a cosmopolitan distribution. Chonopeltis

Chonopeltis

is restricted to Africa, Dipteropeltis to South Amer-
ica, and Dolops is found in Africa, Tasmania, and
South America (Ringuelet 1943, Yamaguti 1963,
Fryer 1968, Tam 2005). Members of the order
Branchiura, which are characterized by low host
specificity, are commonly referred to as fish lice.
However, in Turkish scientific literature and com-
mon usage in Tiirkiye, the term “fish lice” (balik biti
in Turkish) is used exclusively for species belonging

to the genus Argulus (Tinar and Umur 2024).
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Table 1
Argulus species and their hosts reported in Tiirkiye to date
Host
Argulus species Family Species References
Argulus foliaceus  Cichlidae Astronotus ocellatus (Agassiz, 1831) 25
Cyprinidae Abramis brama (Linnaeus, 1758); Barbus plebejus 1, 3, 5, 7-17, 19-21, 23, 24, 27,
Heckel, 1843; Capoeta trutta (Heckel, 1843); 28, 31, 32, 34, 35, 39, 42
Carassius auratus (Linnaeus, 1758); Carassius
gibelio (Bloch, 1782); Carassius sp.; Capoeta tinca
(Heckel, 1843); Ctenopharyngodon idella
(Valenciennes, 1844); Cyprinus carpio Linnaeus,
1758; Luciobarbus pectoralis (Heckel, 1843)
Esocidae Esox lucius Linnaeus, 1758 10
Leuciscidae Alburnus chalcoides (Glildenstadt, 1772); 1,4, 12,16, 18, 26, 29, 33, 36,
Alburnus escherichii Steindachner, 1897; 39
Alburnus sp.; Scardinius erythrophthalmus
(Linnaeus, 1758); Squalius cephalus (Linnaeus,
1758); Squalius sp.; Vimba vimba (Linnaeus,
1758)
Mastacembelidae Mastacembelus mastacembelus (Banks & 30, 38
Solander, 1794)
Mugilidae Planiliza abu (Heckel, 1843) 30
Salmonidae Oncorhynchus mykiss (Walbaum, 1792) 20
Siluridae Silurus glanis Linnaeus, 1758; Silurus triostegus 2, 4, 6, 22, 30
Heckel, 1843
Tincidae Tinca tinca (Linnaeus, 1758) 4,6,12
Argulus japonicus ~ Cyprinidae Carassius auratus (Linnaeus, 1758); Cyprinus 32,37, 38, 43

carpio Linnaeus, 1758; Cyprinus rubrofuscus

Lacepéde, 1803 (ornamental form; koi)

Geldiay and Balik 1974 (1), Ekingen 1976 (2), Soylu 1985 (3), Burgu et al. 1988 (4), Altin 1989 (5), Soylu 1990 (6), Oguz 1991
(7), Sarteyyiipoglu and Saglam 1991 (8), Ozer 1995 (9), Oztiirk 1995 (10), Aydogdu 1997 (11), Koyun et al. 1997 (12), Aydogdu
etal. 1997 (13), Becer and Kara 1998 (14), Cengizler et al. 2001 (15), Oztiirk and Altunel 2003 (16), Sahan and Cengizler 2003
(17), Kahveci 2004 (18), Karatoy 2004 (19), Kir et al., 2004 (20), Oztiirk 2005 (21), Soylu 2005 (22), Tabakoglu 2006 (23),
Tepecik 2006 (24), Toksen 2006 (25), Yildirim 2006 (26), Karatoy and Soylu 2006 (27), Oztiirk and Bulut 2006 (28), Uzunay
and Soylu 2006 (29), Oktener et al. 2006 (30), 2007 (31), Koyuncu 2009 (32), Oztiirk 2010 (33), Alas et al. 2010 (34), Pekmezci
etal. 2011 (35), Agikel and Oztiirk 2013 (36), Koyuncu 2020 (37), 2021 (38), Oztiirk 2020 (39), Oktener and Unal 2020 (40),

Koyun 2021 (41), Giimiis 2024 (42), Present study (43)

Although they primarily parasitise freshwater fish,
they can also infest marine fish and, on rare occa-
sions, amphibians and reptiles (Piasecki and
Avenant-Oldewage 2008, Moller 2009, Tanzola and
Villegas-Ojeda 2017).

The genus Argulus, comprising approximately
130 species, is one of the most important
ectoparasites of fish, exhibiting a cosmopolitan dis-
tribution and broad host range (Poly 2008, Aguiar et
al. 2017, Souza et al. 2019). These parasites cause
infestations by attaching to the host, primarily at the

bases of the fins, gills, and buccal cavity (Tmar and

Umur 2024), and feed on the blood of the host
(Walker et al. 2011a). Three species of this genus are
known in Europe: Argulus coregoni Thorell, 1864; A.
foliaceus (Linnaeus, 1758); and A. japonicus Thiele,
1900 (Lester and Hayward 2006). All three species
are found in freshwater environments. Argulus
foliaceus, which prefers cold and eutrophic lakes, is
common on carp (Cyprinidae) in Europe and Asia
but also infests fish belonging to the families
Gobiidae, and
Salmonidae (Yamaguti 1963). Argulus japonicus has

Acipenseridae, Gasterosteidae,

a cosmopolitan distribution through the ornamental
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goldfish trade and has been reported in various fish
species wherever goldfish are present (Cressey
1978). This species particularly prefers warmer wa-
ters and has been detected in various species belong-
ing to the genera Carassius, Cyprinus, Esox, Perca,
Sardinus, and Tinca in Europe (Stammer 1959).
Argulus coregoni is primarily found on salmonid
hosts (Salmonidae), but it has also been recorded on
carp (Cyprinidae). It is distributed in cold lakes
across Europe, Asia, and North America (Yamaguti
1963, Kennedy 1974, Lester and Hayward 2006,
Nagasawa 2023, Turbanov and Zhokhov 2024). Of
these three species, only Argulus foliaceus and A.
japonicus have been reported in Tiirkiye (Table 1).
Argulus species cause significant economic
losses in fish, particularly in freshwater aquaculture,
by inducing epidermal damage (during attachment
and feeding), fin and scale loss, increased mucus
production, anemia, behavioral changes (such as
rubbing and splashing to dislodge parasites), loss of
condition, reproductive disorders, secondary infec-
tions (bacterial, viral, and fungal), stress, and even
mortality (Walker et al. 2004, Steckler and Yanong
2013, Shinn et al. 2015). Various chemicals have
been used to treat Argulus infestations, including
trichlorphon, diflubenzuron, lufenuron, malathion,
pyrethrum, quinine hydrochloride, emamectin ben-
zoate, salt (NaCl), formaldehyde, potassium per-
manganate, and formalin (Schmahl et al. 1989,
Lester and Hayward 2006, Noga 2010, Wafer et al.
2015).
(Gambusia sp.), angelfish (Pterophyllum scalare), sil-

In biological control, mosquito fish
ver barb (Puntius gonionotus), and sticklebacks
(Gasterosteidae) have also been used. In addition,
control strategies such as pool water filtration, tank
disinfection, and temporary placement of wooden or
wood-like materials into pools to provide egg-laying
surfaces for Argulus species have also been imple-

mented (Lester and Hayward 2006, Ni et al. 2010).

Materials and Methods

The material for this study was obtained from
Crustacea specimens collected from common carp

(Cyprinus carpio L.) (collected on October 27, 2021)
and Amur carp (Cyprinus rubrofuscus Lacepéde) (or-
namental form; koi) (collected on November 10,
2022) during routine parasitological screenings con-
ducted at the Mediterranean Fisheries Research, Pro-
duction and Training Institute (Antalya, Tiirkiye).
Crustacean specimens were preserved in microtubes
containing 70% ethanol until microscopic examina-
tion. They were subsequently identified under a ste-
reo microscope (Nikon SMZ 745T, Tokyo, Japan)
based on descriptions and illustrations in the rele-
vant literature (Thiele 1904, Wilson 1944,
Rushton-Mellor 1994, Mgller 2015, Hunt 2021).
The identified specimens were photographed using
amicroscope-integrated camera (Figure 1). All speci-
mens were deposited in the parasitology collection at

the Demre Campus Laboratory of the Mediterranean

Figure 1. Original micrographs of female (A) and male (B) Argulus
Jjaponicus specimens detected in this study (male 2" and 4™ swim-

ming leg atred arrows in C, and male abdominal lobe shape in D).
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Fisheries Research, Production, and Training Insti-
tute.

For the literature review, academic databases
such as DergiPark, Google Scholar, PubMed,
ResearchGate, and the YOK National Thesis Center
were used to examine previous studies on Argulus
species conducted in Tiirkiye.

Results and Discussions

Microscopic examination of Crustacea samples col-
lected from common carp (C. carpio) and Amur carp
(C. rubrofuscus) (ornamental form; koi) identified the
specimens as Argulus japonicus Thiele, 1900 (Figure
1). Although Argulus japonicus has been reported in
previous studies in Tiirkiye from goldfish (Carassius
auratus (Linnaeus, 1758)) and Amur carp (C
rubrofuscus) (ornamental fish; koi), its detection on
common carp (C. carpio) in the present study repre-
sents a novel host-parasite association for the
ectoparasite fauna of freshwater fish in Tiirkiye.

To date, two Argulus species have been reported
in the fish fauna of Tiirkiye: Argulus foliaceus and
Argulus japonicus (Table 1). Adult A. foliaceus and A.
japonicus typically measure between 6-8 mm in
length, with females being larger than males (Figure
1A-B). These two species can be easily distinguished
based on their morphological characteristics. In
males, differentiation is primarily based on the sex-
ual ornamentation of swimming legs (thoracopods).
The ventral side of the second coxa is slightly curved
and pointed in A. foliaceus, whereas the thorax is
concave and curved with small projections at both
ends in A. japonicus (Figure 1C). The claspers on the
coxa of the fourth legs are small and rounded in A.
foliaceus, whereas they are large and pointed in A.
japonicus (Figure 1C). The sinus of the abdominal
lobe is less than half the lobe length in A. foliaceus
and approximately half the lobe length in A.
japonicus (Figure 1D). The posterior ends of the ab-
dominal lobes are rounded in A. foliaceus but slightly
pointed in A. japonicus (Figure 1D) (Meller 2015,
Hunt 2021).

Based on our literature review using academic
search engines, previous studies in Tiirkiye have re-
ported Argulus infestations in 25 different host spe-
cies from 10 families, including those in the present
study. Most of these records involved A. foliaceus,
while A. japonicus infestations were detected in only
three host species within the Cyprinidae family, in-
cluding those reported in the current study (Table 1).

Argulus species are regarded as significant para-
sites in cultured fish because of the direct damage
they cause and the secondary infections they may in-
duce (Bandilla et al. 2006, Alsarakibi et al. 2014).
The low host specificity of argulid species, combined
with their high reproductive output during the breed-
ing season, has resulted in numerous reports of in-
festations in both aquaculture and wild fish
populations (Taylor et al. 2006). Argulus foliaceus, in
particular, has been detected in many cultured fish
species across the Palearctic region, such as Cyprinus
carpio, Oncorhynchus mykiss (Walbaum, 1792), and
Oreochromis niloticus (Linnaeus, 1758), and is con-
sidered a significant threat (Walker et al. 2008,
2011b; Table 1). The exotic A. japonicus, accepted to
have spread via the ornamental goldfish trade (Poly
2008), has been recorded in various fish species from
the genera Carassius, Cyprinus, Esox, Perca, Tinca,
and Scardinius in the Western Palearctic region
(Stammer 1959, Rushton-Mellor 1992, Holdich and
Pockl 2007, Soes et al. 2010, Keve et al. 2025, pres-
ent study), posing a serious risk to both the
aquaculture industry and native fish fauna. This spe-
cies is also considered an invasive fish parasite
worldwide (Eren et al. 2025). Routine parasitological
screenings of cultured and ornamental fish in
Tiirkiye and globally are essential not only for clarify-
ing host-parasite relationships but also for enabling
early diagnosis and effective treatment of infesta-
tions.

The parasitological findings in the present study
are based on specimens obtained during routine ex-
aminations conducted at a single research institute;
therefore, they reflect a limited sample size and geo-
graphical scope. Furthermore, the literature-based
assessment of the host diversity of Argulus species in
Tiirkiye relies on published records, which may not
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fully reflect their actual distribution. Nevertheless,
the present findings provide valuable baseline data
and contribute to the understanding of Argulus host
associations in Tiirkiye and worldwide, particularly
by documenting a new host-parasite record.

In conclusion, the present study reports the first
record of A. japonicus on common carp (C. carpio) in
Tiirkiye and highlights the significance of Argulus in-
festations in both aquaculture and wild fish popula-

tions.
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