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Discovery of males of Caligus grandiabdominalis Yamaguti,
1954 (Copepoda: Caligidae) parasitic on redbelly yellowtail
fusilier Caesio cuning (Bloch, 1791) from Sabah, Malaysia,
with a redescription of the female of the species
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Abstract: Caligus grandiabdominalis was originally described from Indonesia based on adult females obtained from
the redbelly yellowtail fusilier Caesio cuning, although it has not been subsequently reported. In this study, we de-
scribe the adult male of C. grandiabdominalis for the first time, along with a redescription of adult females, and present
a molecular characterization based on materials collected from a fish market in Sabah, Malaysia, in 2022. Caligus
grandiabdominalis is a member of the Caligus bonito group, with which it shares the following characteristics: (1) leg
4 three-segmented, (2) distal exopod segment of leg 4 with one outer and three terminal spines; (3) leg 1 with three well-
developed setae along the inner margin of the distal exopod segment; and (4) a row of denticles present along the outer
margin of the second endopod segment of leg 2. It can readily be distinguished from other species within the group by
the absence of a sternal furca. The genital complex and abdomen of females were observed to differ in shape, which
could be associated with the degree of maturation. In one of the females, the posterior corners of the genital complex
were more conspicuously developed than in the original description. The genital complex and abdominal somites of the
remaining three female specimens were not laterally expanded, consistent with the original description. COI sequence
analysis revealed a perfect match for females, whereas the genetic distance between the sexes was 0.020. Consequently,
molecular analysis revealed the examined individuals to be conspecific.
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Caligidae Burmeister, 1835, currently includes more than
500 species within 30 valid genera (see Walter & Boxshall
The fish-parasitic siphonostomatoid copepod family 2024). Among these, the genus Caligus Miiller, 1785 is the
most specious, with 280 valid species recorded to date, fol-
*Corresponding author: Yusuke Kondo; E-mail, y.kondoh.pk@cc.it- lowed by Lepeophtheirus von Nordmann, 1832, with 123

hiroshima.ac.jp valid species (Walter & Boxshall 2024). A large major-
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ity of the Caligus species utilize fish as their hosts, with
some species causing serious damage among aquaculture
species (Costello 2009). Generally, the species of Caligus
are comparatively well-studied and taxonomically well-
defined, and there have also been a few attempts to study
other aspects such as ecology, host—parasite interaction,
and life cycles (Piasecki et al. 2023, Kondo et al. 2024).
Among the species of Caligus known to be problematic
in commercial aquaculture are C. rogercresseyi Boxshall
& Bravo, 2000 and C. elongatus Nordmann, 1832, and
accordingly, these have been well-studied (see Gonzélez
& Carvajal 2006, Arriagada et al. 2019, Abdel-Gaber et
al. 2020, Hemmingsen et al. 2020). However, many spe-
cies have not been recorded subsequent to their original
descriptions, and most species descriptions are based on
examinations of ovigerous females. Consequently, infor-
mation on male morphology is lacking for many species,
including the species that is the focus of this study: Cal-
igus grandiabdominalis Yamaguti, 1954.

Caligus grandiabdominalis was described by Yamaguti
(1954), based on an ovigerous female collected from the
gills of the redbelly yellowtail fusilier Caesio cuning
(Bloch, 1791) off Macassar, Sulawesi, Indonesia. However,
the morphology of the males of this species has yet to be
described. Following the original description, the species
has not been reported, and hence a redescription based
on fresh specimens is warranted. In this study, we de-
scribe both the female and male of C. grandiabdominalis
based on material collected from the type host (Cae. cun-
ing) at Sabah Fish Marketing Sdn Bhd, Sabah, Malaysia, in
November 2022. We also provide cytochrome ¢ oxidase I
(COI) data for 3 individuals of this species.

Materials and Methods

Four redbelly yellowtail fusilier Cae. cuning (stan-
dard length: 25.4-27.2cm) were purchased at a fish market
(Sabah Fish Marketing Sdn Bhd) in Kota Kinabalu, Sabah,
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Fig. 1. Map of the sampling site.

Malaysia on 10 and 11 November, 2022 (Fig. 1). The fish
were identified following Nakabo (2013), then the body sur-
faces and gills were washed with fresh water, and four male
and four female caligids were thereby obtained. The speci-
mens were fixed in 99.5% ethanol, two females and two
males were observed in lactophenol on Humes & Gooding
(1964) slides, and illustrated using a drawing tube attached
to a microscope (BX53, Olympus Corporation). Terminol-
ogy follows Ho & Lin (2004). Two females and two males
were used for molecular analysis. DNA extraction and pres-
ervation of the exoskeletons were performed using the meth-
od described by Nitta (2024). DNA extraction of one male
was not successful. The exoskeletons of four preserved in-
dividuals were also used for morphological observation. All
specimens are deposited in the Borneo Marine Research In-
stitute’s Repository & Museum, Universiti Malaysia Sabah,
Kota Kinabalu (IPMB-Cr 01.00016 to IPMB-Cr 01.00023).

The mtCOI region was PCR-amplified according to @ines
& Heuch (2005), using primers LCO1490 (5'-GGTCAACAA
ATCATAAAGATATTGG-3') and HCO-2198 (5-TAAACT
TCAGGGTGACCAAAAAATCA-3") (Folmer et al. 1994)
for PCR-1, and WOBCOIF (5-AGWGGRTTTTGATCHG-
GNYT-3') and WOBCOIR (5-GGRTCAAAAAAYSTDG-
TRTTTA-3") for PCR-2 (@ines & Heuch 2005). The PCR
reaction mixture totaled 25uxL in volume and consisted of
12.5ul Tag PCR Master Mix (Qiagen Inc., Venlo, Ned-
erland), 1.0uL of each primer, 3.0uL extracted DNA, and
7.5 uL distilled water. The PCR cycling conditions for PCR-1
were as follows: initial denaturing 95°C for 2min, 37 cy-
cles with denaturing at 95°C for 30s, annealing temperature
46°C for 30s and elongation at 72°C for 1min. The final
elongation step was 72°C for 2min. The PCR cycling condi-
tions for PCR-2 were as follows: initial denaturing 95°C for
2min, 35 cycles with denaturing at 95°C for 30s, annealing
at 45°C for 30s and elongation at 72°C for 1 min. The final
elongation step was 72°C for 2min (@ines & Heuch 2005).
Amplification results were verified by 2% (w/v) agarose elec-
trophoresis, PCR products obtained were purified using Exo-
SAP-IT (USB Corporation, Cleveland, USA), and sequenc-
ing was performed commercially (Macrogen Japan Corp.,
Kyoto, Japan), with the sequences obtained being edited us-
ing MEGA 11 (Tamura et al. 2021). The sequences obtained
were submitted to the DNA Data Bank of Japan (DDBJ).
Sequence alignment was performed with CLUSTAL W
(Thompson et al. 1994) in MEGA 11 (Tamura et al. 2021),
using the sequence data for five other species within the Ca-
ligus bonito group obtained from International Nucleotide
Sequence Database Collaboration (INSDC) (MN064566 for
Caligus bonito Wilson C.B., 1905; OP425699 for Caligus
quadratus Shiino, 1954; KF483690 for Caligus mutabilis
Wilson C.B., 1905; and KR049058 for Caligus hoplognathi
Yamaguti & Yamasu, 1959). The genetic distances (p-dis-
tances) of three selected specimens (one male and two fe-
males) were calculated based on the Kimura two-parameter
model using MEGA 11 (Tamura et al. 2004, 2021).
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Results

Description of the male of Caligus grandiabdominalis
(Figs. 2, 3)

Body length 1.67-1.89 mm (1.75%0.10mm, N=4) (Fig. 2A).

Habitus (Fig. 2A) in dorsal view, cephalothoracic shield
subcircular, relatively narrow; fourth pediger fused to gen-
ital complex; genital complex barrel-shaped, ca. 1.1 times
longer than wide, approximately 1/3 of maximum width of
cephalothorax. Abdomen 2-segmented, first somite small,
second (anal) somite ca. 2 times longer than first. Caudal
ramus (Fig. 2B) short, armed with three short, subterminal
setae and three long, terminal setae in addition to bearing
row of fine sensillae along inner margin and one sensillate
papilla.

Antennule (Fig. 2C) 2-segmented, proximal segment
with 29 setae on anterodistal surface, distal segment short-
er than proximal segment, with 1 subterminal seta on pos-
terior margin and 11 naked setae plus 2 aesthetascs on
distal margin. Antenna (Fig. 2D) 3-segmented: proximal
segment elongate and unarmed; middle segment largest,
armed with three corrugated adhesion pads; terminal seg-

ment smallest, with two medial setae in basal region and
tooth-like projections. Postantennary process (Fig. 2E)
large and sickle-shaped, with bisensillate and trisensillate
papillae on basal part and trisensillate papilla on adjacent
ventral cephalothoracic surface. Maxillule (Fig. 2G) den-
tiform, carrying subterminal seta, with 3 setae of unequal
length on proximal papilla. Maxilla (Fig. 2H) 2-segment-
ed; proximal segment (lacertus) unarmed; distal segment
(brachium) slender, with flabellum located at approxi-
mately distal 1/3 of length, and calamus approximately 1.5
times as long as canna. Maxilliped (Fig. 2I) 3-segmented;
first segment (corpus) long and unarmed; second (shaft)
and third (claw) segments almost completely fused at mid-
length with fusion line visible to comprise subchela with
corpus; claw with barbel. Sternal furca absent.
Armature formula of legs as follows:

Exopod Endopod
Leg 1 1-0; 111, 1, 3 (vestigial)
Leg?2 -1 -1 1L 1L 5 0-1; 0-2; 6
Leg3 1-0; I-1; 111, 4 0-1; 6
Leg4 1-0; I, 11T (absent)

Fig. 2. Caligus grandiabdominalis Yamaguti, 1954, male. A. Habitus, dorsal view; B. Caudal ramus; C. Antennule; D. Antenna; E. Post-
antennal process; F. Mandible; G. Maxillule; H. Maxilla; I. Maxilliped. Scale bars: A=300 gm; B-1=50 gm.
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Fig. 3. Caligus grandiabdominalis Yamaguti, 1954, male. A. Leg 1; B. Leg 2; C. Leg 3; D. Leg 4. Scale bars: A-D=50 um.

Leg 1 (Fig. 3A) with coxa and basis incompletely fused;
intercoxal sclerite thin and long; coxa with branching outer
sensilla subterminally; basis with plumose outer and inner
setae; endopod vestigial, with minute vestigial element at
tip; exopod 2-segmented, proximal segment long with row
of fine sensillae along inner margin and short outer spine
subterminally, distal segment with spines II and III, each
having an accessory process.

Leg 2 (Fig. 3B) intercoxal sclerite rectangular, decorat-
ed with cuticular membrane along posterior margin; coxa
small, having large inner plumose seta at distal corner and
1 surface sensilla; basis broad, with small, naked, outer
seta at distal corner, medial sensilla on anterior surface,
cuticular membrane along posterior margin and cuticular
membrane reflexed over dorsal surface; exopod 3-segment-
ed, first segment elongate, having outer spine obliquely
crossing segment and large cuticular membrane along out-
er margin reflexed over dorsal surface, second segment
with outer spine, third segment with 1 minute spine and
pinnate spine on outer margin; endopod 3-segmented, out-
er margin of second segment decorated with row of den-
ticles (Fig. 4).

Leg 3 (Fig. 3C) with protopod (apron) with large mar-
ginal membrane on outer and posterior margins, small
plumose outer seta, large plumose inner seta, 2 sensilla
along posterior margin and 2 sensillae on anterior surface;
exopod 3-segmented, proximal segment with large outer
spine, middle segment with 1 outer spine and 1 large inner
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Fig. 4. Endopod of Leg 2 of Caligus grandiabdominalis Yama-
guti, 1954, male.

plumose seta, distal segment with 3 spiniform elements
and 4 plumose seta; endopod 2-segmented, proximal seg-
ment small, with large plumose inner seta, distal segment
subcircular, having 6 plumose setae; velum well devel-
oped, furnished with fine sensillae along posterior margin.

Leg 4 (Fig. 3D): protopod with small plumose outer dis-
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tal seta in addition to 2 discrete sensilla-bearing papillae
along outer margin; exopod 2-segmented; proximal exopo-
dal segment with large spine at outer distal corner; sensil-
la-bearing papilla on outer margin; pecten at base of each
outer spine.

Leg 5 (Fig. 2A) represented by two papillae located on
the posterolateral margin of genital complex, 1 tipped with
a small seta and another with 2 similar setae.

Leg 6 (Fig. 2A) represented by 2 small setae located on
margin of opercular plates closing off genital apertures on
genital complex.

Redescription of the female of Caligus grandiabdominalis
(Figs. 5-8)

Female. Body length 2.10-2.26 mm (2.17£0.08, N=3)
(Fig. 5A).

Fully developed female. Body length 2.98 mm (N=1)

(Fig. 5B).

Habitus (Figs. 5A, 6A) similar to male; fourth pedi-
ger fused to genital complex; genital complex with pos-
terolateral corners produced posteriorly into lobe in
pre-metamorphic females (Figs. 5A, 6A), and abdomen
barrel-shaped without segmentation (Figs. 5A, 6A). In
fully developed female, posterolateral corners more con-
spicuously produced backwards into triangular lobes (Figs.
5B, 6B). Abdomen unsegmented but clearly divided into
2 parts in fully developed female; anterior portion flat-
tened peach-shaped, posterior portion semicircular (Figs.
5B, 6B).

Antennule (Fig. 7B) 2-segmented, proximal segment
with 29 setae on anterodistal surface, distal segment
shorter than proximal segment, with 1 subterminal seta
on posterior margin and 11 naked setae plus 2 aesthetascs
on distal margin. Antenna (Fig. 7C) 3-segmented, proxi-

Fig. 5. Caligus grandiabdominalis Yamaguti, 1954. A. Female; B. Fully developed female.
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Fig. 6. Caligus grandiabdominalis Yamaguti, 1954, female. A. Habitus, dorsal view; B. Abdomen of a fully developed female. Scale bars:
A, B=300 um.

Fig. 7. Caligus grandiabdominalis Yamaguti, 1954, female. A. Caudal ramus; B. Antennule; C. Antenna; D. Postantennal process; E.
Mandible; F. Maxillule; G. Maxilla; H. Maxilliped. Scale bars: A~-H=50 ym.
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mal segment small; middle segment stout, unarmed; distal
segment, curved claw bearing spiniform seta in basal and
middle regions. Post-antennal process (Fig. 7D) weakly
curved, with bisensillate and trisensillate papillae on basal
part and trisensillate papilla on adjacent ventral cephalo-
thoracic surface. Posterior process of maxillule (Fig. 7F)
with more rounded tip than in male. Maxilliped (Fig. 7H)
with corpus stouter than in males. Sternal furca absent.
Leg 4 (Fig. 8D) generally as in male.

Molecular Analysis

We amplified 456-bp COI fragments from three speci-
mens of Caligus grandiabdominalis. Genetic distances (p-
distances) among the specimens were =0.020 (Table 1),
with identical sequences from the two females showing
a perfect match (p-distance=0) and 0.02 for the male. In
contrast, there was a distance of more than 0.112 between
C. grandiabdominalis and the other assessed species in the
Caligus bonito group.

Discussion

To date, 15 species of Caligus have been reported in
Malaysia (Ismail et al. 2024). To the best of our knowl-
edge, this is the first record of C. grandiabdominalis in

grandiabdominalis s181

Caligus grandiabdominalis Yamaguti, 1954, female. A. Leg 1; B. Leg 2; C. Leg 3; D. Leg 4. Scale bars: A-D=50 um.

Malaysia. Caligus grandiabdominalis is a member of the
Caligus bonito group, with which it has the following fea-
tures in common: (1) leg 4 three-segmented, (2) distal exo-
pod segment of leg 4 with one outer and three terminal
spines; (3) leg 1 with three well-developed setae along the
inner margin of the distal exopod segment; and (4) a row
of denticles present along the outer margin of the second
endopod segment of leg 2. The Caligus bonito group cur-
rently comprises the following 18 species: C. asperimanus
Pearse, 1951; C. asymmetricus Kabata, 1965; C. bonito; C.
caudatus (Gnanamuthu, 1950); C. cossacki Bassett-Smith,
1898; C. dussumieri Rangnekar, 1957; C. formicoides Red-
kar, Rangnekar & Murti, 1949; C. grandiabdominalis; C.
hoplognathi; C. malabaricus Pillai N.K., 1961; C. muta-
bilis; C. omissus Cressey & Cressey, 1980; C. pauliani
Nuiies-Ruivo & Fourmanoir, 1956; C. phipsoni Bassett-
Smith, 1898; C. quadratus; C. tenuifurcatus Wilson C.B.,
1937; C. timorensis (I1zawa, 1995); and C. triabdomina-
lis Byrnes T., 1987) (Boxshall 2018, Morales-Serna et al.
2014, Ozak 2020, Boxshall & Barton 2023, Boxshall &
Bernot 2023). Caligus grandiabdominalis can be readily
distinguished from other species within this group based
on the absence of a sternal furca. Although the follow-
ing Caligus species similarly lack a sternal furca, each
is a member of a different species group and also differ
from C. grandiabdominalis in their morphological charac-
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Table 1. Pairwise genetic distances (K2P) among selected species in the Caligus bonito group based on a comparison of a 456 bp fragment

of the COI sequence.
No. Speices name Accession References 1 2 3 4 5 6 7
number

1 Caligus grandiabdominalis LC860778 Present study
Fully developed female

2 Caligus grandiabdominalis 1.C860779 Present study 0.000
Female

3 Caligus grandiabdominalis 1C860780 Present study 0.020  0.020
Male

Caligus hoplognathi KF483707 Morales-Serna et al. (2014)  0.145 0.145 0.151

Caligus quadratus
Caligus bonito

~N N L

Caligus mutabilis

EF065619 @ines & Schram (2008)
MNO064566 Nikhila Reshmi et al. (2022)  0.140 0.140 0.146
KF483690 Morales-Serna et al. (2014)  0.112  0.112  0.118

0.125 0.125 0.137 0.090
0.090 0.080
0.082 0.057 0.068

teristics: C. tenuis (Beneden, 1852) (a member of the Ca-
ligus diaphanus group); C. absens Ho, Lin & Chen, 2000
(Caligus macarovi group); C. enormis Wilson C.B., 1913
(Caligus productus group); C. cultellus Ozak, Kurt, Ka-
manli, Akbulut, Yanar & Boxshall, 2024, C. rufus Wilson
C.B., 1908, C. trichiuri Kroyer, 1863, C. unguidentatus
Rangnekar & Murti, 1950 (Caligus trichiuri group); and
C. yucatanensis (Suarez-Morales, Kim & Escamilla, 2012)
(Caligus undulatus group) (Boxshall 2018, Ozak et al.
2024). In addition, Caligus afurcatus Wilson C.B., 1913,
C. carangis Kroyer, 1863, C. nibeae Shen, 1957, C. phara-
onis Nordmann, 1832, C. reniformis Prabha & Pillai, 1983,
C. stocki (Cressey & Cressey, 1990), and C. trachynoti
Heller, 1865, which are not members of any of the afore-
mentioned groups, also lack a sternal furca (Kreyer 1863,
Heller 1865, Wilson 1913, Shen 1957, Pillai 1985, Cressey
& Cressey 1990, Dojiri & Ho 2013). However, they can be
distinguished from C. grandiabdominalis by the following
characteristics. Caligus afurcatus, C. carangis, C. nibeae
and C. trachynoti differ from C. grandiabdominalis in the
number of segments on the leg 4 (Kroyer 1863, Heller
1865, Wilson 1913, Shen 1957). Caligus pharaonis lacks
external denticles on the second endopod segment of leg
2 (Pillai 1985). Caligus reniformis lacks a post-anntennal
process (Dojiri & Ho 2013). Caligus stocki lacks 3 plumose
setae on the distal segment of leg 1 (Cressey & Cressey
1990).

To date, males have been described for the following 10
Caligus bonito group species: C. asperimanus, C. asym-
metricus, C. bonito, C. formicoides, C. omissus, C. pau-
liani, C. phipsoni, C. quadratus, C. tenuifurcatus, and C.
triabdominalis (Byrnes 1987, Cressey & Cressey 1980,
Cressey 1991, Lin & Ho 2001, Pillai 1985, Ozak 2020,
Shen 1957, Suarez-Morales et al. 2008). In each of these
species, the males possess a sternal furca. The males of
C. grandiabdominalis are similar to those of C. omissus,
in that the inner margin of the corpus of the maxilliped is
smooth in both species, although they differ with respect
to the presence of the sternal furca in the latter. However,

some protrusions are present on the myxal margin of the
male maxilliped in the other species belonging to the Cal-
igus bonito group. The males of C. grandiabdominalis and
C. omissus also differ with respect to the number of setae
on the proximal antennular segment, bearing 29 and 27
setae, respectively.

Our redescription of the female is fully consistent with
the original description, with the exception of the number
of setae on the antennule (Yamaguti 1954, present study).
Although the females on which the original description
was based had 11 terminal setae on the distal antennular
segment, our recently collected specimens had 11 setae
and two aesthetascs.

The genital complex and abdomen of the examined fe-
males differed in shape. The original description was based
on two female specimens, the genital complex of which
was described as rounded and quadrangular with the later-
al margins rounded posteriorly into lobes (Yamaguti 1954).
In addition, the abdomen was described as one-segment-
ed although distinctly bifid, flat peach-shaped anteriorly,
with rounded posterior corners, and quadrate posteriorly
(Yamaguti 1954). In three of the four female specimens
collected in the present study, the genital complex and ab-
dominal somites were not laterally expanded, as indicat-
ed in the original description. However, these individuals
carried paired spermatophores, indicating that they were
adults and had mated. In the remaining fully developed
female specimen examined in this study, the posterior cor-
ners of the genital complex were more notably developed
than in the original description. In some Caligus species,
the genital complex can be enlarged within the same spe-
cies. For example, Shiino (1956) described two forms of
Caligus triangularis Shiino, 1954, namely, a female with a
large pentagonal genital complex, and a young female with
a smaller quadrangular genital complex. In addition, based
on their detailed observations of C. dussumirei, Boxshall
& Barton (2023) proposed that expansion of the genital
complex and abdomen is a late developmental phenom-
enon. We speculate that such changes in the morphology
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of the female genital complex could be associated with egg
production. Consistent with this assumption, based on an
examination of histological sections, Yanar et al. (2024)
found that in Caligus minimus Otto, 1821, expansion of
the genital complex occurred concomitantly with the de-
velopment of eggs in the genital complex. However, given
that in the present study, we obtained only a single fully
developed female, it was not possible to prepare transpar-
ent specimens to examine the eggs in the genital complex.
Nevertheless, taking into consideration previous findings,
we suspect that the female genital complex is enlarged
with increasing maturity in the following order: females
with a small genital complex collected in this study, the
original description by Yamaguti (1954), and the fully de-
veloped female with large genital complex collected in this
study.

On the basis of genetic analysis, all the males, females,
and fully developed female collected during this study were
considered genetically conspecific. In this regard, Lefébure
et al. (2006) have reported K2P values of between 0 and
0.094 within the same species in crustaceans, whereas in
the present study, we obtained values of 0 between females
and the fully developed female and 0.020 between males
and females while other species in the Caligus bonito group
were >0.112. Furthermore, morphologically, we observed
no differences in the appendages of males and females. In
contrast, we did detect sexual dimorphism with respect to
the structures of the antenna, postantennal process, maxil-
lule, and maxilliped, which is typical for Caligus species.
We accordingly conclude that the specimens collected in
this study were male and female C. grandiabdominalis.

Acknowledgements

We thank Associate Professor Aki Kato (Hiroshima
University) for providing parts of research facilities and
Mr. Yusuke Nishida for useful comments in this study.
This study was partially supported by a grant-in-aid from
the Japan Society of Promotion of Science (KAKENHI,
No. 19H03032, awarded to S.O.; bilateral partnership pro-
gram No. JPISBP120209924 awarded to S.O.; bilateral
partnership program No. 120249933 awarded to S.T.). We
were permitted to Access licence (JKM/MBS.1000-2/2
JLD.10(155)) and Licence for transfer of biological resourc-
es (JKM/MBS.1000-2/3 JLD.5(34)) from the Sabah Biodi-
versity Centre, Malaysia.

References

Abdel-Gaber R, Al-Quraishy S, Dkhil MA, Elamin M, Algham-
di M (2020) Morphological analysis of Caligus elongatus von
Nordmann, 1832 (Copepoda: Caligidae) from the rosy goat-
fish Parupeneus rubescens (Mullidae). Micros Res Tech 83:
1369-1380.

Arriagada G, Valenzuela-Muioz V, Arriagada AM, Nufiez-Acu-
fia P, Brossard M, Montecino K, Lara M, Gallardo A, Gallar-

do-Escarate C (2019) First report of the sea louse Caligus rog-
ercresseyi found in farmed Atlantic salmon in the Magallanes
region, Chile. Aquaculture 512: 734386.

Boxshall GA (2018) The sea lice (Copepoda: Caligidae) of More-
ton Bay (Queensland, Australia), with descriptions of thirteen
new species. Zootaxa 4398: 1-172.

Boxshall GA, Barton DP (2023) Caligid sea lice (Copepoda: Ca-
ligidae) from golden snapper Lutjanus johnii (Bloch) in Aus-
tralian waters, with the recognition of Sinocaligus Shen, 1957
as a junior synonym of Caligus Miiller, 1785. Syst Parasitol
100: 487-504.

Boxshall GA, Bernot JP (2023) Resolving taxonomic and no-
menclatural problems in the genus Caligus O.F. Miiller, 1785
(Copepoda: Caligidae). Zootaxa 5360: 545-567.

Byrnes T (1987) Caligids (Copepoda: Caligidae) found on the
bream (Acanthopagrus spp.) of Australia. J Nat Hist 21: 363—
404.

Costello MJ (2009) How sea lice from salmon farms may cause
wild salmonid declines in Europe and North America and be
a threat to fishes elsewhere. Proc R Soc Lond B Biol Sci 276:
3385-3394.

Cressey R (1991) Parasitic copepods from the Gulf of Mexico
and Caribbean Sea, III: Caligus. Smithson Contrib Zool 497:
1-53.

Cressey R, Cressey HB (1980) Parasitic copepods of mackerel
and tuna-like fishes (Scombridae) of the world. Smithson Con-
trib Zool 311: 1-186.

Cressey R, Cressey HB (1990) A new genus of caligoid copepod
from the fish genus Apogon. Beaufortia 41: 45-48.

Dojiri M, Ho JS (2013) Systematics of the Caligidae, copepods
parasitic on marine fishes. Brill, Leiden, 448 pp.

Folmer RHA, Nilges M, Folkers PJM, Konings RNH, Hilbers
CW (1994) A model of the complex between single-stranded
DNA and the single-stranded DNA binding protein encoded
by gene V of filamentous bacteriophage M13. J Mol Biol 240:
341-357.

Gonzalez L, Carvajal J (2003) Life cycle of Caligus roger-
cresseyi, (Copepoda: Caligidae) parasite of Chilean reared sal-
monids. Aquaculture 220: 101-117.

Heller C (1865) Crustaceen. Reise der osterreichischen Fregatte
Novara um die Erde in den Jahren 1857, 1858, 1859 unter den
Befehlen des Commodore B. von Wiillerstorf-Urbair. Zoolo-
gischer Theil. Zweiter Band. Kaiserlich-Kénigliche Hof- und
Staatsdruck erei, Wien, 280 pp.

Hemmingsen W, MacKenzie K, Sagerup K, Remen M, Bloch-
Hansen K, Imsland AKD (2020) Caligus elongatus and other
sea lice of the genus Caligus as parasites of farmed salmonids:
areview. Aquaculture 522: 735160.

Ho JS, Lin CL (2004) Sea Lice of Taiwan. The Sueichan Press,
Keelung, 388 pp.

Humes AG, Gooding RU (1964) A method for studying the ex-
ternal anatomy of copepods. Crustaceana 6: 238-240.

Ismail N, Nishida Y, Ohtsuka S, Boxshall GA, Bernot JP (2024)
First record of Caligus dussumieri Rangnekar, 1957 (Copepo-
da, Siphonostomatoida, Caligidae) from Malaysia, with notes
on caligids found from Malaysia and on host-specificity of ca-
ligids on lutjanid fishes. Biodivers Data J 12: e116598.

Kondo Y, Ohtsuka S, Nawata M, Nishida Y, Komeda S, Iwasaki



s184 Y. KONDO et al.

S, Aneesh PT, Venmathi Maran BA (2024) Habitat shift of
adult Caligus undulatus (Copepoda: Siphonostomatoida: Ca-
ligidae) from host fish to plankton in response to host behav-
ior. Dis Aquat Organ 157: 81-94.

Kreoyer H (1863) Bidrag til Kundskab om Snyltekrebsene.
Naturhistorisk Tidsskrift Ser. II1. 2(1/2): 75-320.

Lefébure T, Douady CJ, Gouy M, Gibert J (2006) Relationship
between morphological taxonomy and molecular divergence
within Crustacea: proposal of a molecular threshold to help
species delimitation. Mol Phylogenet Evol 40: 435—447.

Lin CL, Ho JS (2001) Sea lice (Copepoda, Caligidae) parasitic on
pelagic fishes of Taiwan. J Fish Soc Taiwan 28: 119-142.

Morales-Serna FN, Pinacho-Pinacho CD, Gomez S, de Ledn
GPP (2014) Diversity of sea lice (Copepoda: Caligidae) para-
sitic on marine fishes with commercial and aquaculture im-
portance in Chamela Bay, Pacific coast of Mexico by using
morphology and DNA barcoding, with description of a new
species of Caligus. Parasitol Int 63: 69-79.

Nakabo T (2013) Fishes of Japan with pictorial keys to the spe-
cies third edition. Tokai University Press, Kanagawa, 2428 pp.

Nitta M (2024) Redescription of Taeniacanthus aulacocephali
(Copepoda: Cyclopoida: Taeniacanthidae) parasitic on Ura-
noscopus japonicus Houttuyn (Uranoscopidae) from Pacific
coast, Japan, with adaptation of the non-destructive DNA
technique. Syst Parasitol 101: 49.

Nikhila Reshmi M, Rijin K, Drisya O, Jose Priya TA, Kappalli, S
(2022) Species diversity and genetic variation of caligids
(Copepoda: Siphonostomatoida) infecting the marine fishes of
Kerala coast, India. Mar Biodivers 52: 1.

Qines O, Heuch PA (2005) Identification of sea louse species of
the genus Caligus using mtDNA. J Mar Biol Assoc UK 85:
73-79.

Qines @, Schram T (2008) Intra-or inter-specific difference in
genotypes of Caligus elongatus Nordmann 1832? Acta Parasi-
tol 53: 93-105.

Ozak AA (2020) Sea lice (Copepoda: Caligidae) of Turkey, with
the discovery of Caligus quadratus Shiino, 1954 in the Medi-
terranean Sea and the re-description of a rare caligid copepod,
Caligus scribae Essafi, Cabral & Raibaut, 1984. Syst Parasitol
97: 779-808.

Ozak AA, Kurt TT, Kamanli SA, Akbulut G, Yanar A, Boxshall
GA (2024) Two new species of planktonic Caligus O.F. Miil-
ler 1785 (Copepoda: Caligidae) from Tiirkiye with an updated

review and checklist of planktonic caligids. Zootaxa 5437:
301-335.

Piasecki W, Venmathi Maran BA, Ohtsuka S (2023) Are we
ready to get rid of the terms “chalimus” and “preadult” in the
caligid (Crustacea: Copepoda: Caligidae) life cycle nomencla-
ture? Pathogens 12: 460.

Pillai NK (1985) The Fauna of India Copepod Parasites of Ma-
rine Fishes. Zoological Survey of India, Calcutta, 900 pp.

Shen CJ (1957) Parasitic copepods from fishes of China Part II.
Caligoida, Caligidae (1). Acta Zool Sin 9: 351-377.

Shiino SM (1956) Copepods parasitic on Japanese Fishes, 10.
The redescription of three species of Caligus. Rep Fac Fish
Prefect Univ Mie 2: 233-241.

Suarez-Morales E, Ho JS, Santana-Pifieros A (2008) Caligus
tenuifurcatus Wilson, 1937 (Copepoda, Siphonostomatoida), a
parasite of centropomid and lutjanid teleosts from a coastal
system of the Mexican Pacific. Acta Parasitol 53: 397-403.

Tamura K, Nei M, Kumar S (2004) Prospects for inferring very
large phylogenies by using the neighbor-joining method. P
Natl Acad Sci USA 101: 11030—-11035.

Tamura K, Stecher G, Kumar S (2021) MEGA 11: molecular
evolutionary genetics analysis version 11. Mol Biol Evol 38:
3022-3027.

Thompson JD, Higgins DG, Gibson TJ (1994) CLUSTAL W:
improving the sensitivity of progressive multiple sequence
alignment through sequence weighting, position-specific gap
penalties and weight matrix choice. Nucleic Acids Res 22:
4673-4680.

Yamaguti S (1954) Parasitic copepods from fishes of Celebes and
Borneo. Publ Seto Mar Biol Lab 3: 375-398.

Yanar A, Kamanli SA, Sénmez S, Hamdi i, Ozak AA, Boxshall
GA (2024) Caligus minimus Otto, 1821 (Copepoda: Caligidae):
A commercially important but poorly described parasite of
cultured European Sea Bass, Dicentrarchus labrax (Linnaeus,
1758). Parasitol Int 104: 102964.

Walter TC, Boxshall GA (2024) World of Copepods Database. Cal-
igus Miiller O.F., 1785. Available at: https://www.marinespecies.
org/aphia.php?p=taxdetails&id=135566 (accessed on 1 October
2024)

Wilson CB (1913) Crustacean parasites of West Indian fishes and
land crabs, with descriptions of new genera and species. Proc
US Nat Mus 44: 189-227.


https://www.marinespecies.org/aphia.php?p=taxdetails&id=135566
https://www.marinespecies.org/aphia.php?p=taxdetails&id=135566
https://www.marinespecies.org/aphia.php?p=taxdetails&id=135566
https://www.marinespecies.org/aphia.php?p=taxdetails&id=135566

