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Abstract
This study was conducted to examine the pathogenesis of gill degeneration in the Kore-
an rockfish Sebastes schlegelii, infested with the monogenean ectoparasite, Microcotyle 
sebastis. We collected 30 Korean rockfish from a fish farm in Tongyeong-si, Gyeong-
sangnam-do, and examined them with light microscopy, scanning electron microscopy 
(SEM), and histopathology, in March 2018. The monogenean trematode, M. sebastis, 
was detected in 27 Korean rockfish (90%), with the intensity of infection being 31.7 per 
fish. The characteristic surface ultrastructures such as tegument with transverse stria-
tions, genital atrium, genital pore, and opisthaptor with numerous clamps were ob-
served. The worms were firmly attached to the gill lamellae using clamps from the opist-
haptor, causing gill damage and degeneration. The distal part of the lamellae was rup-
tured by the sclerites of the clamps. The histopathological examination revealed epithe-
lial hypertrophy, hyperplasia, and occasionally fusion of the lamellae. These ultrastruc-
tural and histopathological findings provide some understanding of the pathogenesis of 
gill degeneration in the Korean rockfish infested with M. sebastis.

Keywords: Microcotyle sebastis, Korean rockfish, microstructure, histopathology, scan-
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The monogenetic trematodes (Class Monogenea) are groups of flatworms that cause ecto-
parasitic infestation (Phylum Platyhelminthes). They primarily reside on the skin, gills, 
and fins and are less frequently found in internal organs such as the gastrointestinal and 
urinary tracts of fish. Members of this helminth group are rarely found on aquatic inverte-
brates, amphibians, reptiles, and mammals [1,2]. These worms are hermaphrodites and do 
not require an intermediate host [2]. Under natural environmental conditions, the mono-
genean helminths are uncontrollable, and their prevalence varies according to fish species, 
seasons, sea areas, and sea water temperature [2-4]. Under aquaculture conditions, they 
cause pathological effects and economic losses [5-7]. 

The Korean rockfish, Sebastes schlegelii, inhabit the coastal areas of Korea, China, and Ja-
pan. It is one of the most commercially important fish species in Korea, and its mariculture 
has also increased rapidly [8]. However, parasitic diseases in cultured Korean rockfish con-
stitute one of the most serious problems [9], where Microcotyle sebastis (gill-infested 
monogenean) causes a major parasitic disease of net-cage-farmed Korean rockfish [5,6]. 
High cumulative mortalities of juvenile rockfish during summer due to heavy infestation 
with M. sebastis are frequently observed in fish farms [5,6]. Mortality caused by polyopis-
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thocotyleans is due to anemia and dyspnea [10]. Nonetheless, there is limited information 
regarding the associated pathogenesis of gill degeneration in M. sebastis-infested fish. This 
study was conducted to examine the pathogenesis of gill degeneration in the Korean rock-
fish infested with M. sebastis employing light microscopy, scanning electron microscopy 
(SEM), and histopathological observations.

We collected 30 Korean rockfish (body length: 18.2± 1.7 cm; body weight: 110.9± 20.7 g) 
from a fish farm in the coastal area of Tongyeong-si in Gyeongsangnam-do, Korea, in 
March 2018. M. sebastis infestation was confirmed in the gills of 27 fish by light microsco-
py. The gills of the infested fish were fixed with 10% neutral buffered formalin for light mi-
croscopy and with 2.5% glutaraldehyde for SEM. The fixed tissues were embedded to par-
affin block, after which Hematoxylin and eosin staining was performed. For SEM, the 
specimens containing parasites were postfixed in 1% osmium tetroxide for 2 h at 4°C. 
Then, the specimens were washed with 0.1 M phosphate buffer and dehydrated in a graded 
ethanol series. The specimens were substituted with amyl acetate 3 times, critical-point-
dried in carbon dioxide, and sputter-coated with gold, followed by examination with SEM 
(JSM-6490LV, JEOL, Tokyo, Japan).

Of the 30 Korean rockfish examined, 27 (90%) were infested with M. sebastis (mean in-
festation intensity of 31.7 and maximum intensity of 68). The gills of fish heavily infested 
with M. sebastis showed typical clinical signs of anemia (Fig. 1A, B). Under the microscope, 
M. sebastis showed an elongated, symmetrical body with 2 buccal suckers and a genital 
atrium in the anterior part (Fig. 1C). The egg was fusiform, with a filament extending from 
each end (Fig. 1D). Further morphological analysis by SEM revealed the presence of a buc-
cal cavity and a genital atrium on the ventral surface, and the body was surrounded by teg-
umental folds. The opisthaptor contained approximately 30 pairs of clamps arranged in 2 
marginal rows attached to the gills of the host fish (Fig. 2A). Polyp-shaped structures con-
taining the genital atrium/pore were identified below the buccal cavity (Fig. 2B). Moreover, 
the filament of the egg extruded through this genital pore (Fig. 2C, D). Several clamps with 
numerous micropits or microdepressions were observed on the surface (Fig. 2E). Each 
clamp consisted of 2 pairs of lateral sclerites, curved bars forming the rim of the clamp, a 
ventral mid-long sclerite curved from the inside, and a dorsal mid-short sclerite connect-
ing the median long sclerite. A muscular structure surrounded the lateral sclerites and had 
an irregular surface inside the clamp (Fig. 2F). The prevalence and infestation intensity 
found in this study were similar to those reported previously. Although M. sebastis infesta-
tion in cultured Korean rockfish exhibited seasonality, previous studies have reported a 
prevalence and intensity range during spring of approximately 93% and 0–68, respectively 
[11,12]. In previous studies, morphological characteristics of M. sebastis were reported [12-
15]. Among Microcotyle species, M. sebastis was differentially diagnosed by the position of 
the anterior haptoral clamp at the back of the trunk, with 23 to 31 clamps in each row [14], 
which was consistent with the present study. The morphological features of M. sebastis 
sclerites, including 2 pairs of lateral sclerites, long median sclerite, and short accessory 
sclerite, are also consistent with those reported previously [14,15]. Unfortunately, previous 
studies on the morphological properties of M. sebastis have mainly been limited to the vi-
sualization of the ultrastructure [12-15]. For example, Song et al. [12] investigated the gen-
eral morphotype, the anterior prohaptor, and the posterior opisthaptor of M. sebastis by 
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SEM. However, our present study provides the detailed ultrastructure of the genital atrium/
pore, extrusion of filaments, the clamp that includes micropits and microdepressions, and 
sclerites surrounded by a muscular structure based on SEM observations, which may con-
tribute to the expansion of existing knowledge regarding the morphological characteristics 
of M. sebastis.

The pathological changes induced by M. sebastis is initiated at the site of attachment, 
where the parasite clamps cause damage to the gill lamellae. In this study, M. sebastis at-
tached to the consecutive lamellae using numerous clamps (Fig. 3A). These clamps grasped 
the distal lamella that appeared to be capable of sucking up the lamellae (Fig. 3B, C) and 
caused irritation and wounds in the gill lamellae by squeezing and tweaking by the sclerites 
(Fig. 3D). Histological examination showed that M. sebastis attached to the gill lamellae us-

Fig. 1. (A) Two Korean rockfish Sebastes schlegelii infested with Microcotyle sebastis. Scale bar= 3 cm. (B) Gills showing anemia caused by 
a heavy infestation of M. sebastis (black lines). Scale bar= 1 cm. (C) Light microscopic view of M. sebastis showing buccal haptors (ar-
rows) and genital atrium (arrow head). Scale bar= 200 μm. (D) Magnified view of Fig. 1C showing an egg with filaments (empty arrow). 
Scale bar= 60 μm.
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ing clamps. The lamella thickness was increased compared with that at the site where the 
parasite was not attached (Fig. 4A). The distal parts of the consecutive lamellae were cut or 
constricted by the sclerites in the lumens of the clamps. The epithelial hypertrophy, hyper-
plasia, and fusion of lamellae were also detected (Fig. 4B). The mechanical damage or irri-
tation by the parasite clamps has been reported in other monogeneans, including Zeuxapta 

Fig. 2. Scanning electron microscopic views of Microcotyle sebastis. (A) Whole body with a characteristic opisthaptor possessing numer-
ous clamps (white arrow). Scale bar = 200 μm. (B) Anterior part with a genital atrium (arrow) located below the buccal cavity. Scale 
bar= 50 μm. Magnified view of the genital atrium in a rectangle. Scale bar= 20 μm. (C) Egg filament (white arrow) extruded from the 
genital pore. Scale bar= 50 μm. (D) Magnified view of Fig. 2C. Scale bar= 10 μm. (E) Clamps showing numerous micropits (arrows) or 
microdepressions (empty arrows). Scale bar= 20 μm. (F) The clamp consisting of lateral sclerites (arrows) and ventral mid-long (empty 
arrow) and dorsal mid-short (arrow head) sclerites. Scale bar= 20 μm.
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Fig. 3. Scanning electron microscopic views of the gills of the Korean rockfish infested with Microcotyle sebastis. (A) Lateral view. Scale 
bar= 500 μm. (B) Dorsal view showing clamps (a and b) and scratch (b) in rectangles. Scale bar= 100 μm. (C) Magnified view of clamps 
(arrows) in the rectangle (a) of Fig. 3B, sucking the gill lamellae. Scale bar= 20 μm. (D) Magnified view of the rectangle (b) of Fig. 3B, 
showing the wound (arrow heads) in the gill lamellae by the sclerites. Scale bar= 20 μm.
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Fig. 4. Histopathological findings of the gill filaments of the Korean rockfish infested with M. sebastis. (A) The distal parts of gill lamellae 
are grasped by the clamps of the opisthaptor. Scale bar= 500 μm. (B) Magnified view of the rectangle of Fig. 4A. Distal parts of the la-
mellae were detached (arrows) and destroyed (empty arrow) by sclerites (red circle). Scale bar= 60 μm.
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seriolae which infests amberjack Seriola dumerili and Erpocotyle tiburonis which infests the 
bonnethead shark Sphyrna tiburo [16,17]. Although M. sebastis is a blood-sucking parasite 
on fish and causes mass mortality in cultured Korean rockfish [18], a previous study sug-
gested that high intensities of M. sebastis infestation weaken the host, facilitating infection 
by other diseases, rather than directly contributing to host mortality [19]. Coinfection of 
parasites (including M. sebastis) and pathogenic bacteria (belonging to the genera Vibrio 
and Streptococcus) have also been reported in the Korean rockfish [9]. We speculated that 
the intense infestation of M. sebastis causes severe mechanical irritation/damage to the 
gills, resulting in an imbalance of physiological states, secondary bacterial infection, and 
mortality. A limitation of this study was that the effects of gill damage on host physiological 
stress responses (including respiratory capacity, osmoregulation, and blood gas exchange) 
and the presence of pathogenic bacteria were not sufficiently investigated.

In conclusion, this study investigated the microstructure of M. sebastis and the patholog-
ical effects caused by the parasite clamps in the gills of the Korean rockfish. The detailed 
morphological characteristics of M. sebastis were examined. The clamps of the parasite 
may cause pathological changes to the gill lamellae. Further studies are required to eluci-
date how the gill damage affects physiological responses and secondary bacterial infection 
in the host. 
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