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Morphological description and molecular barcoding of the aegathoid
stage of Nerocila japonica Schioedte & Meinert, 1881 (Crustacea:
Isopoda: Cymothoidae) infesting red seabream Pagrus major (Temminck

& Schlegel, 1843)

Nobubhiro Saito, Hiroki Fujita

Abstract.— Here, the aegathoid stage of Nerocila japonica Schioedte & Meinert,
1881 is described based on a specimen collected from the Seto Inland Sea, Japan, and
its identity is confirmed by both morphology and molecular barcoding. Cytochrome ¢
oxidase subunit I and 16S rRNA sequences of the collected individual shared >99%
similarity with the previous DNA records of N. japonica. In terms of morphology, the
aegathoid stage of the specimen examined in the present study differed from that of V.
phaiopleura Bleeker, 1857 by intermediate size of the eyes and setation on pereopods.
This is the first record of N. japonica infesting the red seabream Pagrus major (Tem-

minck & Schlegel, 1843).
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M Introduction

Nerocila japonica Schioedte & Meinert,
1881 (Crustacea: Isopoda: Cymothoidae) is an
ectoparasite infesting the body surface of fish.
This isopod is known to infest 20 species of
fish in 12 families under four orders as hosts
(Kondo et al., 2021). Recent studies have ex-
plored the biology and ecology of N. japonica
(Hashimoto, 2007; Yamauchi & Nagasawa,
2012; Nagasawa et al., 2018, 2019; Nagasawa
& Kawai, 2019; Nagasawa & Tawa, 2019; Na-
gasawa, 2020; Nagasawa & Inoue, 2020; Kon-
do et al., 2021). To date, four juveniles of N.
Jjaponica have been collected in Japan (Yamau-
chi & Nagasawa, 2012; Nagasawa & Kawai,
2019; Nagasawa & Inoue, 2020). Of these,
three were reported as the “aegathoid stage,”
and an illustration of the dorsal whole body,
along with brief description, and a photograph,

was provided by Yamauchi & Nagasawa (2012)
and Nagasawa & Kawai (2019). However, de-
tailed morphology, such as appendages, re-
mains unknown. During our study on Japanese
isopods, a specimen of N. japonica at the ae-
gathoid stage was collected from the red
seabream Pagrus major (Temminck & Schle-
gel, 1843). Herein, we describe the morpholo-
gy and molecular barcoding of this specimen.

M Material and Methods

The red seabream attached an isopod was
captured at a line angling. Specimen of isopod
was removed from host fish and served in 70%
ethanol solution. Observations of morphologi-
cal characters were made under a binocular mi-
croscope (Olympus X-II). Measurements and
drawings were made with the aid of an Olym-
pus BHB-Tr compound microscope equipped
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Table 1. Results of BLAST search based on cytochrome ¢ oxidase subunit I (COI) and 16S rRNA sequence from cymothoid

aegathoid stage infesting Pagrus major.

PCR

Ref
Target fragment  Identification Accession N ereflce Similarity Identity Query
. E-value accession Max score  cover
region length results No. (%) score
No. (%0)
(bp)

COI 606 Nerocila 0.0 LC710516 LC159575 99.32 1106 1106 97

Jjaponica
16S rRNA 441 Nerocila 0.0 LC710517 LC159463 99.48 781 781 96

Japonica

with a drawing tube. Body length of the isopod
were measured from the tip of the cephalon to
the posterior end of the pleotelson along the
dorsal mid line. Other measurements and ter-
minologies essentially follow those used by
Bruce (1987) for the cymothoid. The scientific
and common names of fishes follow those rec-
ommended by Motomura (2020) and Froese &
Pauly (2021). The specimen examined in this
study is deposited in the Seto Marine Biologi-
cal Laboratory, Kyoto University (SMBL).
Total DNA was extracted from right pereo-
pods 4—7 of the isopod specimen using TNES-
urea buffer (Asahida et al., 1996) followed by
standard phenol-chloroform methods. Partial
cytochrome ¢ oxidase subunit I (COI) and 16S
rRNA genes were amplified by PCR according
to Tomano et al. (2015) and Fujita et al. (2020),
respectively. Dye-terminator methods were
used to sequence PCR products with an ABI
3130x1 Genetic Analyzer (Applied Biosystems,
CA, USA); the sequences were deposited in
GenBank (Table 1). BLAST searches were run
on each sequence in NCBI. We established
confidence values for identification with
BLAST (>299% similarity and an E-value=
0.0). In addition, we downloaded additional se-
quences from GenBank belonging to the genus
Nelrocila. Sequences were aligned using
MUSCLE (Edgar, 2004), implemented in
MEGA 10 (Kumar et al., 2018), and trimmed.
We generated a neighbor-joining tree (Saitou &
Nei, 1987) using COI and 16S rRNA sequenc-
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es. We included Ceratothoa verrucosa
(Schioedte & Meinert, 1883) as an outgroup.

M Results

Family Cymothoidae Leach, 1818
Genus Nerocila Leach, 1818
Aegathoid stage of Nerocila japonica
Schioedte & Meinert, 1881
(Figs. 2-4)

Material examined

Aegathoid stage (12.3 mm BL), SMBL-
V0654, ex. body surface of Pagrus major
(Temminck & Schlegel, 1843), collected from
east off Iwaijima Island, Yamaguchi Prefecture,
Iyo-Nada, western Seto Inland Sea, Japan
(33°46.5'N 132°00'E), 29 October 2019, coll.
A crew of the TR/V Toyoshio-maru.

Genetic information

For both partial COI and 16S rRNA gene se-
quences of the aegathoid specimen was >99%
similar to those of N. japonica, respectively
(Table 1). Our neighbor-joining tree of COI
and 16S rRNA genes showed that sequences
detected from the aegathoid specimen formed
a well-supported single clade along with the
sequence labeled as N. japonica (Fig. 1).

Description
Body elongated, lateral body margins slightly
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Fig. 1. Neighbor-joining trees based on (A) 578 bp of cytochrome ¢ oxidase subunit I (COI) gene and (B) 367 bp of 16S rRNA
gene, detected from the aegathoid specimen (SMBL-V0654) collected in this study along with sequences of other Nerocila
downloaded from GenBank. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test
(1000 replicates) are shown next to the branches. Bootstrap supports lower than 80% are not shown. The accession numbers were

deposited in GenBank (COI: LC710516, 16S rRNA: LC710517).

curved, pereon and pleon not distinguishable,
2.8 times as long as wide, greatest width at pe-
reonite 5; dorsal surface smooth.

Cephalon semi-ovoid, anterior margin pro-
duced a point, lacking rostrum. Eyes large;
each made up of 6 rows of ommatidia in dorsal
view, longest row with 10 ommatidia; covered
31% in dorsal surface of cephalon, posterior
margins expanded; posterior margin of cepha-
lon produced strongly and trilobed.

Pereonite 1 distinctly longer than other
somites; pereonites 3 and 4 semi equal length,
shortest; posterior margins of pereonites 5 to 7
concave. Posteroventral angles of coxae 2 and
3 rounded; those of coxae 4 to 7 produced, ex-
panded toward posteriorly, not acute.

Pleon greatest width 0.8 times as wide as
greatest body width; pleonite 1 shortest; pleon-
ites 2 to 5 semi equal length; each of postero-
ventral angle acute, no wearing posterior so-
mites.

Pleotelson triangular, 0.8 times as long as

greatest width, posterior margin with marginal
setae (missing partially).

Antennule bases separated; reaching beyond
mid-point of pereonite 1; composed of 8 articles.

Antenna reaching beyond mid-point of pere-
onite 1; composed of 9 articles.

Pereopod 1 basis rectangular; ischium trape-
zoidal, 0.5 times as long as basis; merus, 0.4
times as long as ischium; carpus 1.4 times as
long as merus, 1 robust seta on inferior margin;
propodus elliptical, 1.2 times as long as com-
bined lengths of merus and carpus, 3 tiny ro-
bust setae on palm; dactylus 1.5 times as long
as propodus, recurved. Setations of pereopods
2 and 3 similar to pereopod 1. Pereopods 5—7
longer than pereopods 1-3. Pereopod 7, 5, 3,
and 6 robust setae on each inferior margins of
merus, carpus, and propodus, respectively.

Pleopods all lamellar, surface smooth. Pleo-
pod 1 peduncle 1.8 times as wide as length,
medial margin with 4 coupling hooks; endopod
rectangular, 1.8 times as long as width; exopod
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Fig. 2. Aegathoid stage of Nerocila japonica (12.3 mm BL), SMBL-V0654, ex. body surface of Pagrus major. A, dorsal view;

B, ventral view; C, left lateral view.

trapezoidal, lateral margin almost straight, 1.5
times as long as width. Pleopod 2 similar to
pleopod 1; lamellar gill attached; endopod with
appendix masculina, subequal length of endo-
pod.

Uropod peduncle triangular; endopod trian-
gular, 1.9 times as long as greatest width, both
lateral and medial margins with short marginal
setae, 1 robust seta on apically; exopod longer
than endopod, 3.3 times as long as greatest
width, medial margins with short marginal se-
tae, 4 robust setae on apically; each uropodal
ramus extending to distal end of pleotelson.

Coloration

Ethanol-preserved specimen appeared pale
yellow, with a dark brown longitudinal median
band extending from the central dorsal surface
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pereon to the pleotelson. Eyes black. Color-
ation resembled the aegathoid stage of Nerocila
japonica infesting the big-scaled redfin 7ri-
bolodon hakonensis (Giinther, 1877) collected
from the Hiroshima Bay in the Seto Inland Sea
of Japan and photographed by Nagasawa &
Kawai (2019).

Distribution

Pacific coast, Sea of Japan coast, Seto Inland
Sea, Japan; China; and Malaysia. For details,
see Nagasawa &Tawa (2019).

Ecological note

The specimen was collected from offshore
water of western Seto Inland Sea, Japan. How-
ever, Nerocila japonica has been recorded in
brackish water lakes and at river mouths; thus,



Fig. 3. Aegathoid stage of Nerocila japonica (12.3 mm BL),
SMBL-V0654. A, whole body, dorsal view; B, cephalon and
pereonite 1, dorsal view; C, frons and left antennae, ventral
view; D, pleotelson and right uropod, dorsal view.

this species is considered to be low-salinity tol-
erant (Yamauchi & Nagasawa, 2012). The
present finding represents the first record of .
Jjaponica infesting Pagrus major.

Remarks

Based on the results of molecular analysis,
the aegathoid specimen examined in the pres-
ent study was identified as Nerocila japonica.
Nerocila japonica was originally described
based on a Japanese specimen (Schioedte &
Meinert, 1881) and subsequently redescribed
by Yamauchi & Nagasawa (2012) based on the
holotype designated by Schioedte & Meinert
(1881) and additional specimens from various
localities in Japan. Mature females of N. ja-
ponica are characterized by the presence of
protrusions: some acute protrusions on postero-
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lateral angles of pereonites; expanded, some
acute protrusions on coxae; and posteriorly di-
rected protrusions, extending to pleonite 5, and
protrusions on ventrolateral margins of pleon-
ites 1 and 2. However, the examined aegathoid
specimen of N. japonica differed from the ma-
ture female by the absence of these remarkable
protrusions.

The general body outline of the present spec-
imen was close to those in the previous photo-
graph and illustration of the aegathoid stages
of Nerocila japonica (Yamauchi & Nagasawa,
2012; Nagasawa & Kawai, 2019). However,
the pointed anterior margin of cephalon in the
examined aegathoid specimen differs from the
round margin of cephalon in a specimen
(10.5 mm BL) collected from the yellowfin
goby Acanthogobius flavimanus (Temminck &
Schlegel, 1845) off Kawajiri, Seto Inland Sea,
Hiroshima Prefecture, Japan (Yamauchi & Na-
gasawa, 2012).

The genus Nerocila Leach, 1818 comprises
43 species worldwide (Boyko et al., 2008 on-
wards), and the following three species have
been recorded in Japan (Yamauchi, 2016; Na-
gasawa & Isozaki, 2019): N. phaiopleura
Bleeker, 1857, N. trichiura (Miers, 1878), and
N. japonica. The aegathoid stage of N. phaio-
pleura was often collected (Bruce, 1987; Saito
& Hayase, 2000; Saito et al., 2014; Saito &
Ogawa, 2019). The aegathoid stage of N
phaiopleura reported by Saito & Ogawa (2019)
was later reconfirmed its identity based on mo-
lecular analysis (COI: LC682406, 16S rRNA:
LC682407). The overall elongated bodyline of
the aegathoid stages of N. japonica and N.
phaiopleura is similar. However, the aegathoid
stage of N. japonica differs from that of N.
phaiopleura by the size of eyes (intermediate
size, 31% covered on the dorsal surface of the
cephalon in N. japonica vs. large size, 67%
covered in N. phaiopleura) and setation on pe-
reopods 1-3 (3 minute robust setae on propo-
dus in N. japonica vs. 4-5 remarkably large ro-
bust setae in N. phaiopleura) and pereopod 7
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Fig. 4. Aegathoid stage of Nerocila japonica (12.3 mm BL), SMBL-V0654. A, left pereopod 1, lateral view; B, left pereopod 2,
lateral view; C, left pereopod 3, lateral view; D, left pereopod 5, lateral view; E, left pereopod 6, lateral view; F, left pereopod 7,
lateral view; G, left pleopod 1, ventral view; H, right pleopod 2, dorsal view; I, apex of right uropodal endopod and exopod, dorsal

view.

(respectively 5, 3, and 6 robust setae on the in-
ferior margins of the merus, carpus, and propo-
dus in N. japonica vs. respectively 1, 2, and 5
robust setae in N. phaiopleura). The aegathoid
stage of N. trichiura remains unknown.
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