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ABSTRACT-Ayu Plecoglossus altivelis is a native amphidromous fish in Japan and an important target 
for farming and recreational fishing. We have found high infection of hitherto unknown digenean meta
cercariae in wild ayu larvae and juveniles captured from the sea and a river in Wakayama Prefecture. 
The infection prevalence was 95% and 100% in larvae and juvenile ayu, respectively with variable inten
sities up to 566 metacercariae per fish. The metacercariae were located primarily around fins and 
inside caudal fins, but appeared to cause no serious pathological features to the fish. The phylogenetic 
analysis based on the internal transcribed spacer 2 and 28S rDNA sequences revealed its identity as a 
member of Bucephalinae (Bucephalidae) with no identical genetic information on the database. 
Morphological characteristics of the larval trematode resembled those of the genus Prosorhynchoides. 
Genetically identical metacercariae were also found from Scomber japonicus and Engraulis japonicus 
captured at the same location as P. altivelis with variable infection levels, which suggested that it was a 
marine species. Experimental infection challenge of the metacercariae to several marine fish via oral 
intubation failed to obtain adult specimen and thus the precise identification of the parasite remains 
unknown. 

Key words: Plecoglossus altivelis, Bucephalidae, Bucephalinae, Scomber japonicus, Engraulis 
japonicus, 28S rDNA, ITS2, metacercariae 

Ayu Plecoglossus altivelis altivelis (Plecoglossidae) 
is known to be a host for numbers of parasite species 
(Nagasawa et al., 2007). Among them, infections by 
larval trematodes (metacercaria) are considered impor
tant since some species, particularly of genus 
Metagonimus (Heterophyidae), which includes M. 
miyatai, M. takahashii and M. yokogawai, may cause 
zoonotic diseases. According to the checklist by 
Nagasawa et al. (2007), 16 trematode species from 9 
families have been reported from ayu in Japan and of 
those, 14 species are found as metacercaria (all fresh
water species). 

Larval and juvenile P. altivelis of wild origin are often 
used for farming and stocking into rivers for recreational 
fishing. Therefore, any parasitic infection in those wild 
ayu can be a problematic as they may cause diseases in 
fish farms. Moreover, stocking of infected fish may 
facilitate spreading the pathogens to other geographical 
regions. In the spring of 2018, we detected high rate of 
metacercarial infection of hitherto unknown trematode 
species in the amphidromous ayu larvae (late 
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premetamorphosis stage) and juveniles caught in 
Wakayama prefecture. Present paper reports the 
occurrence of the metacercariae in wild ayu and their 
possible identity based on molecular and morphological 
analyses. 

Materials and Methods 

Fish and parasite sampling 
- Larval ayu swimming in the sea were caught on 

February 28, 2018 in Tanabe bay near the coast of 
Shirahama town, Wakayama prefecture (33°40'49.6"N 
135°21 '40.3"E) using a dip net (Table 1 ). Live larvae 
were immediately brought back to the laboratory at 
Aquaculture Research Institute of Kindai University, and 
metacercarial infections were checked for 20 randomly 
selected individuals using a stereo microscope with 
transmitting light. Each fish was measured and the 
metacercarial count as well as their infection sites were 
recorded. Some metacercariae obtained from various 
infection sites of multiple host individuals were stored in 
99% ethanol for molecular analysis. Others were 
excised, heat-fixed and stored in 70% ethanol for mor
phological observation. 
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Table 1. Wild fish checked for the bucephalid metacercarial infection with their sample size (N), mean(± SD) fork 
length (FL), body weight (BW), infection prevalence and mean intensity with ranges in parentheses 

Fish s~ecies Sam~ling date N FL(mm) BW(g) Prevalence Intensity 
Pfecoglossus altivelis 

Larvae Feb 28, 2018 20 32.2 ± 1.8 0.2 ± 0.04 95% (19/20) 10. 7 ± 13.5 (1-55) 
Juveniles A~r21,2018 20 81.1 ± 1.3 3.6 ± 1.7 100% (20/20) 53.3 ± 119.0 (1-566) 

Engraulis japonicus May 9, 2019 30 81.5 ± 5.7 4.4 ± 0.8 13.3% (4/30) 2.3 ± 2.2 (1-6) 
Etrumeus teres May 9, 2019 13 81.6 ± 5.1 5.3 ± 1.1 0% (0/13) 
Sardinops melanostictus May 9, 2019 3 91.1 ± 4.3 8.0 ± 0.7 0% (0/3) 
Scomber japonicus May 7, 2019 30 108.3 ± 11.0 12.4 ± 4.3 90% (27/30) 5.5 ± 6.9 (1-32) 
Trachurus japonicus May 9, 2019 12 101.6 + 17.4 13.3 + 6.4 0% (0/12) 

On April 21, 2018, juvenile ayu migrating up the 
Minabe river, approximately 1.5 km upstream from the 
river mouth (33°46'53.0"N 135°19'08.8"E), were col
lected (Table 1 ). The river mouth is approximately 11 
km away from the location where ayu larvae were col
lected in February. The migrating juveniles were 
trapped in a cage placed in a fishway for stocking pur
pose. We obtained some of those juveniles from a 
local fisheries cooperative and checked for the metacer
cariae infection in the similar manner described above. 
Since the microscopic detection of metacercaria within 
whole juvenile fish was difficult, fish were skinned and 
filleted into two pieces. Each fillet was flattened 
between two glass plates and observed under a dissect
ing scope so that the transmitting light passes through 
the tissue for easier metacercariae detection. 

Since the metacercariae were found only in limited 
body regions, their numbers in head, body trunk, the 
base of dorsal, pectoral, anal and caudal fin as well as 
inside each fin were recorded separately. The propor
tion of metacercariae at each location out of total meta
cercariae found in individual fish was calculated to 
determine the infection site preference. Numbers of 
metacercariae between larva and juvenile fish as well as 
the difference in metacercarial ratio between infection 
sites were compared using Wilcoxon rank sum test. 
Relationship between the intensity of metacercariae (no. 
of worms/no. of infected fish) and size or condition factor 
(total length/body weight3) of the host fish was deter
mined using Spearman's rank correlation. All statistical 
tests were performed on JMP ver. 11 (SAS Institute). 

Metacercarial detection from other fishes 
In order to assess the host range of the trematode 

metacercariae, several other marine fish species were 
also checked (Table 1 ). Fishes were caught by hook 
and line on May 7 and 9, 2019, during the season when 
ayu larvae/juveniles were in the area, at the exact loca
tion where larval ayu were captured in the previous year. 
We were unable to capture ayu larvae from the sea in 
2019 due to lower population size. Each fish was 
checked for metacercariae as described above, except 
that the metacercarial numbers were recorded as a total 
number per individual and not distinguished between the 

infection sites. When metacercariae were found, ITS2 
of two specimens from each fish species were 
sequenced for genetic comparison. 

Morphological observation of metacercaria 
From ayu caught on February 28, 2018 in Tanabe 

bay and on April 21, 2018 in the Minabe river, metacer
carial cysts were excised from ayu and placed in heated 
saline. Metacercariae which emerged from the cysts 
were then fixed in 70% ethanol, stained with alum
carmine and mounted in Canada balsam for morphologi
cal observation. Four specimens from Tanabe bay and 
nine specimens from Minabe river were used. Data 
from the two localities were put together, as there was 
no difference in size and morphology. All figures were 
drawn using a drawing tube. Measurements were 
made using digital photo equipment (DS-Fi1 and DS-L2, 
Nikon), and given in micrometers as the range plus the 
mean in parentheses. The number of measured speci
mens for each body part is given in parentheses only 
when not all the 13 specimens were measured. 

Molecular analysis of metacercaria 
The ethanol fixed metacercariae were used for DNA 

analyses. Alkaline lysates of the specimens were used 
as templates for polymerase chain reaction (PCR) as 
reported previously (Nakao et al., 2017). In this study, 
nuclear Internal Transcribed Spacer 2 (ITS2) and 28S 
ribosomal DNA (rDNA) were selected as target genes. 
For each target, we used primers, GA 1 and ITS2.2 
(ITS2, (Cribb et al., 1998)), and digl2 and 1500R (28S 
rDNA, (Tkach et al., 2003)). The amplification of PCR 
was performed as reported in Waki et al. (2018), and 
DNA sequencing was outsourced to Eurofins Genomics 
Inc. (Tokyo, Japan). The alignment datasets of the 
sequencing were constructed using BioEdit Sequence 
Alignment Editor (Hall, 1999), and 455 and 1,006 bp of 
ITS and 28S rDNA, respectively, were used for analysis. 
Sequences of bucephalid species and related families 
for out group of 28S rDNA tree which retrieved from 
DNA DataBank of GenBank databases were used for 
phylogenetic analysis. Phylogenetic trees were con
structed by the maximum-likelihood (ML) method based 
on the Hasegawa-Kishino-Yano model (Hasegawa et al., 
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1985) and the General Time Reversible model (Nei and 
Kumar, 2000} for ITS2 and 28S rDNA, respectively. 
These models were selected by MEGA X. Reliabilities 
of the trees were tested with 1,000 bootstrap replicates 
(Felsenstein, 1985) , using the genetic software MEGA 
6.0 (Tamura et al. , 2013) . 

Experimental infection challenge 
In aiming to obtain adult trematode specimen, we 

conducted experimental infection challenge. Juvenile 
ayu caught in the Minabe river on May 6, 2019 and con
firmed for the metacercarial infection were used as the 
source. The ITS2 sequences obtained from two speci
mens were identical with those from ayu sampled in 
2018. Fins of about 20 infected ayu with descent num
bers of metacercariae were cut into small pieces and 
mixed in saline. The "metacercariae solution" were 
then orally intubated to hatchery-reared juvenile red 
seabream Pagrus major (n = 33, approx. 12 cm, 38 g} , 
white trevally Pseudocaranx dentex (n = 9, approx. 12 
cm , 30 g) , and tiger puffer Takifugu rubripes (n = 5, 
approx. 8 cm , 12 g). These fishes were selected as 
recipient hosts simply due to availability of uninfected 
hatchery-reared fish at the time . We were unable to 

control the number of metacercariae given to each fish , 
but each fish received at least several, up to dozens of 
metacercariae . After receiving metacercariae , fish 
were kept all together in a 200 L tank with flow through 
UV treated sand-filtered seawater and fed daily with 
commercial dry pellets. Some of each fish species 
were sampled at 8, 14, and 17 day post infection chal
lenge to detect the parasite in their guts. Freshly 
excised gut was cut open in saline and the gut content 
was thoroughly checked for parasite under a dissecting 
scope. Opened gut was then placed in a 15 ml tube 
with saline, vortexed for about 30 s and the solution was 
used for further examination of the parasite. 

Results 

Metacercarial infection in ayu 
In the larval ayu , metacercariae were found in 19 

out of 20 fish (infection prevalence 95%, Fig 1 ). The 
metacercarial intensity varied considerably between indi
viduals , ranging from 1 to 55 metacercariae/fish (Table 
1 ). The metacercariae were encapsulated (as metacer
carial cysts ; Fig. 1 D) in subcutaneous tissues and the 
majority were found at the base of fins , especially at the 

Fig. 1. Metecercariae (arrowheads) found at the base of caudal fin (A) and inside the caudal fin (B) in Plecoglossus altivelis larva. 
Higher number of metacercariae were observed inside the caudal fin of the juveniles (C). A metacercarial cyst excised from 
an infected larva (D) . Scale: 0.1 mm. 
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base of caudal fin (Wilcoxon , p < 0.01 , Fig. 1 A, Fig . 2) . 
Some were also found inside the caudal fin (Fig . 1 B) and 
those found at the base and inside the caudal fin repre
sent over 50% of all metacercariae (Fig . 2) . There was 
no correlation between the metacercarial intensity and 
size or condition factor of ayu larvae. 

In the juvenile ayu , metacercariae were found in all 
individuals (infection prevalence 100%). The mean 
intensity of juveniles was significantly (5-fold) higher 
than that of larvae with even greater variability ranging 
from 1-566 metacercariae/fish (Wilcoxon, p < 0.01, 
Table 1 ). In contrast to larva, the highest proportions of 
metacercariae were found inside the caudal fin (Fig. 2) . 
Within the juvenile caudal fin , metacercariae tended to 
accumulate in either dorsal or ventral side, and not many 
were found in the middle part (Fig. 1 C) . No or only 
small portion of metacercariae were detected in the 
head and the base of pectoral fin in the juveniles where 
considerable portion were found in larvae (Fig . 2) . On 
the other hand, the average of 12% metacercariae were 
found at the base of dorsal fin where no infection was 
observed in the larvae (Fig. 2). No correlation between 
the metacercarial intensity and fish size or condition 
factor was detected in the juveniles. Melanization of 
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metacercariae was not observed in any of the larval and 
juvenile ayu. 

Metacercariae detection from other fishes 
Among the five fish species sampled at the same 

location during the same season with larval/juvenile ayu, 
the metacercariae were detected from the two species, 
Japanese anchovy Engraulis japonicus and chub mack
erel Scomber japonicus (Table 1 ). The infection preva
lence in S. japonicus (90%) was comparable to that of 
ayu while the infection in E. japonicus was relatively low 
(13.3%). Infection sites of metacercariae in these two 
fish were similar to those in juvenile ayu , many were 
found inside the caudal fin and some at the base of other 
fins. No metacercariae were found in round herring 
Etrumeus teres, Japanese pilchard Sardinops melanost
ictus, and Japanese jack mackerel Trachurus japonicus. 

Description of metacercaria (Fig. 3) 
Body elongate, dorsoventrally flattened, 289-517 

(380) long, 63-120 (91) wide. Tegument armed with 
fine spines throughout entire body. Anterior rhynchus, 
a simple sucker, 40-62 (52) long, 48-71 (60) wide . 
Mouth opens 175-316 (228; n = 12) from anterior end of 
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Fig. 2. The mean intensity (dark bars) and the mean proportion (light bars) of metacercariae recorded at each infection site in larval 
(top) and juvenile (bottom) Plecoglossus altivelis. Different alphabets indicate statistical differences (Wilcoxon, p < 0.05). 
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Fig. 3. Excysted metacercaria , lateral view, col lected from 
Plecoglossus altivelis larva in Tanabe bay on Feb. 28 , 
2018. C, caecum; CP, cirrus pouch; M, mouth; 0 , 
ovary; R, rhynchus; T, testis. Scale: 0.1 mm. 

body, slightly posterior to middle of body, the ratio to 
body length 52.4-68.0% (59.4%; n = 12) . Ph arynx 
oval , 20-36 (26) long, 23-38 (30) wide. Cecum sac
cate, 55-87 (69; n = 11) long, 24-51 (40; n = 11) wide. 
Ovary, pretesticular, 15-35 (22; n = 12) in diameter. 
Anterior testis, 23-49 (35; n = 12) and posterior testis 
21-41 (31 ; n = 12) in diameter. Cirrus pouch 65-128 
(93; n = 12) long in a straight line , 21-43 (29; n = 12) 
wide. 

Molecular analysis 
We obtained partial sequences of ITS2 (529-534 

bp , GenBank accession no. LC498575) and 28S rDNA 
(1,249 bp, GenBank accession no. LC498576) from six 
and one metacercariae from ayu , respectively. The 
ITS2 sequence of 529 bp from each metacercaria were 
identical, indicating that they were the same species . 
The ITS2 sequences of metacercariae obtained from E. 
japonicus (GenBank accession no. LC498577) and S. 
japonicus (GenBank accession no. LC498578) were 
identical to each other and 100% matched with that of 
metacercariae from ayu . 

In the tree of 28S rDNA, the metacercaria obtained 
formed a clade with trematode species belonging to sub
family Bucephalinae Poche , 1907, and the clade was 
supported by high bootstrap value (bp = 88) (Fig. 4A) . 
The metacercaria also formed a tight clade with trema
todes of genus Prosorhynchoides , (e .g. , KT273391 , 
A Y222224, bp = 99) in that tree. In the tree of ITS, the 
metacercariae belong to a clade with trematode belong 
to the subfami ly including genus Prosorhynchoides (Fig. 

4B) , and the clade was supported by high bootstrap 
value (bp = 100). 

Experimental infection challenge 
We were unable to detect even a single metacer

caria or adult from any of the fish species experimentally 
exposed to metacercariae. No other parasite was also 
found in the guts of these fish. 

Discussion 

To our knowledge, this is the first report of bucepha
lid metacercariae infection in P. altive/is. The morpho
logical characteristics such as having a simple, 
sucker-like rhynchus and pretesticular ovary resembles 
those of the genus Prosorhynchoides Dullfus , 1929 
(genus typetaxon P. ovatus Linton , 1900) (Overstreet 
and Curran , 2002). The type species of the genus 
Prosorhynchoides is P. ovatus , but the taxonomy of this 
genus is still confused. However, these characteristics 
may change in the adult worm , thus precise identification 
remains uncertain. In the trees of ITS2 and 28S rDNA, 
the metacercariae formed clades with trematodes all of 
which belonging to subfamily Bucephalinae including the 
genus Prosorhynchoides , and the clade in each tree 
was supported by high bootstrap values (100% and 
99%, respectively). This result indicated that the meta
cercaria is a member of this subfamily. Although its 
genus identification by the phylogenetic analyses was 
unclear, the result does not deny our morphological 
identification (i.e. Prosorhynchoides sp.). In addition , 
our phylogenetic analysis suggested that the currently 
accepted definition of genera belonging to this subfamily 
(Gibson et al., 2002) is problematic, as the trees showed 
that the genera Prosorhynchoides , Bucephalus and 
Rhipidocotyle were polyphyletic. Similar polyphyletic 
result in this subfamily are found in a phylogenetic tree 
of 28S rDNA in Hammond et al. (2018) . Although the 
numbers of taxa analyzed in the present and the past 
studies were too small to find a definitive result , taxo
nomic revision should be carried out in the future. 

This is also the first report of larval trematode of P. 

altivelis acqu ired in marine environment (Nagasawa et 
al., 2007). Although bucephal id trematodes occur both 
in marine and freshwater environments, the present spe
cies is probably a marine species. Amphidromous ayu 
larvae drift down a river to the sea shortly after hatching 
and spend several months in coastal area before migrate 
up to rivers as juveniles (Tsukamoto , 1991 ; Otake , 
2006) . Considering the relatively short period in the 
river, the infection of the bucephalid to larval ayu have 
likely taken place in the coastal sea. This is also sup
ported by the significant increase of metacercarial inten
sity observed in juvenile ayu compared to larvae 
checked two months ago. Although it is possible that 
the larvae and the juvenile ayu checked in this study 
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Fig. 4. A maximum-likelihood phylogenetic tree of trematodes including metacercariae of Plecoglossus altivelis, Engraulis japonicus 
and Scomber japonicus inferred from partial nucleotide sequences of 288 rDNA (A) and ITS2 (B). Bootstrap values above 
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were from different populations, it is feasible to think that 
the ayu were continuously exposed to the trematode in 
the sea. Moreover, the infections of the genetically 
identical metacercaria in marine fishes (S. japonicus and 
E. japonicus) indicate that the present bucephalid is a 
marine species. 

Typical lifecycle of bucephalids involves piscivorous 
fish definitive host, bivalve first intermediate host, and 
fish second intermediate host (Overstreet and Curran, 
2002). The present bucephalid species may have rela
tively low host specificity for the second intermediate 
host as it infects Osmeriformes (P. altivelis, Osmeridae), 
Perciformes (S. japonicus, Scombridae) and 
Clupeiformes (E. japonicus, Engraulidae). Such wide 
host range has also been reported for other bucephalids. 
For instance, Prosorhynchoides carvajali, a member of 
the same genus with our species, uses at least five inter
tidal fishes belonging to two orders and four families as 
the second intermediate host (Munoz et al., 2015). The 
definitive host of P. carvajali appears to be more 
restricted, two species of the genus Auchenionchus. 
This may also be the case for the present bucephalid as 
our experimental challenge with three fish species failed 
to obtain adult worm. The definitive host of our buce
phalid remains unknown, but it likely uses piscivorous 
fish(es) feed on various pelagic fishes in the coastal 
area. Therefore, the possibility of the present parasite 
to cause zoonotic disease is minimal. This also means 
that the juvenile ayu migrating up the river is the dead
end host for this parasite as it is unlikely for the parasite 
to complete the life cycle in both marine and freshwater 
environment. Despite of having low host specificity, the 
present metacercariae were not found in some marine 
fish captured at same time and location (E. teres, S. 
melanostictus and T. japonicus). Furthermore, the 
infection level (prevalence and intensity) of E. japonicus 
appeared to be lower than that of P. altivelis and S. 
japonicus. Such interspecific difference in infection 
might be attributed to the differences in habitat, distribu
tion and ecology of the fish. 

The present metacercariae seem to have high infec
tion site specificity, particularly at the base of fins and 
inside the caudal fin. Such site selection of larval trem
atode in a second intermediate host can be due to inter
specific competition, immune evasion, specific nutritional 
requirements, migratory pathway or adaptation to 
increase the trophic transmission success. Since the 
bucephalid metacercariae need to be ingested by a 
definitive fish host in order to complete their lifecycle, 
infection around fins may be a parasite adaptation to 
reduce the locomotive ability of the intermediate host to 
increase the chance of them being preyed by the defini
tive host. Further investigation is required to test this 
hypothesis. We did not detect any obvious parasite 
induced pathological damages even in heavily infected 
fish. In addition, there was no correlation between the 

metacercarial intensity and the condition factor of the 
host fish. These results may suggest that the present 
metacercariae have relatively low impact on the host 
health. Metacercariae of some trematodes including 
bucephalids however were reported to cause pathology, 
sometimes lethal, to their intermediate fish hosts (Ogawa 
et al., 2004; Vo et al., 2011). Since the infection inten
sity of the present metacercariae was highly variable, we 
may need more samples, particularly heavily infected 
fish to detect potential pathological effects on the host. 
We also need to check adult ayu to see if the infection 
persists for host's lifespan and if the parasite affects 
ayu's health, fecundity and/or territorial behavior. 

Although majority of metacercariae were found at 
the base of fins and inside the caudal fin, there were 
noticeable differences in the infection site between larval 
and juvenile ayu. It is unlikely for encysted metacercar
iae to move within the fish body, thus increase of meta
cercariae in juvenile caudal fin can be a result of new 
infection. However, this does not explain the loss of 
metacercariae in some body regions (i.e. head, body 
trunk, and base pectoral fin). Another possibility is that 
the host metamorphosis and growth from larva to juve
nile may cause the change in the metacercariae loca
tions within the body. Also, some metacercariae in 
larger juveniles might have been overlooked. Rearing 
experiment of infected larval ayu will help understand 
the precise mechanisms for such phenomena. 

In summary, we report a bucephalid metacercariae 
in wild larval and juvenile ayu as well as in two other 
marine fish. The sequences obtained from the meta
cercariae will work as DNA barcodes in future, which will 
enable tracing the life cycles of cercaria and adult stages 
from presently unknown hosts. Considering the lifecy
cle of bucephalids, the present species unlikely infect 
mammals and thus most likely not a zoonotic parasite. 
The present metacercaria does not appear to cause 
direct pathology to the host, but its indirect effects on 
ayu need further investigation. 
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天然海産アユ仔稚魚にみられた腹口吸虫のメタセルカリ

ア寄生

白樫正・脇司・小川和夫

アユは両側回遊魚であり，養殖や遊漁の璽要対象魚種

である。和歌山県の沿岸海域で採取した天然仔魚と近隣

河川の遡上稚魚に吸虫のメタセルカリア寄生が高率で見

られた。メタセルカリアは主に鰭基部や尾鰭内部に寄生

しており．最大で 1尾あたり 566虫体が確認された。魚

体に目立った病変は認められず，宿主に対する病害性は

低いと考えられた。遺伝子解析と形態観察の結果，本種

は腹口吸虫 (Bucephalidae)科Bucephalinae亜科Proso-

rhynchoides属の一種である可能性が示された。また遺

伝子配列が一致するメタセルカリアがマサバとカタクチ

イワシからも見つかり，この腹口吸虫は海産種であるこ

とが明らかとなった。
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