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ABSTRACT-Japanese eel Angui/la japonica and European eel A. angui/la， 65 individuals each， 

were exposed in a tank to 8，600 oncomiracidia of Pseudodactylogyrus bini and P. angui/lae， mono-

geneans originally recorded on Japanese eel from Asia. Infection was monitored weekly for 6 

weeks to compare susceptibility to these monogenean infections between the two eel 

species. Approximately 40% of the oncomiracidia infected the eels. In the six samplings， both P. 
bini and P. angui/lae were always found in greater numbers on the gills of European eel than on 

Japanese eel. The first generation of parasites matured within 2 weeks， laying eggs in the tank， 

and the second generation appeared on the gills of the eels on the third week. European eel was 

more susceptible not only to the first but also to the second and later generations of parasites than 

Japanese eel. Besides， both parasites grew faster on European eel than on Japanese eel. This 

is the first experimental evidence that there are substantial differences in the susceptibility to P. spp. 
infection between European eel， an unnatural host in Japan， and Japanese eel， the natural host in 

this country. 

Key words: Pseudodactylogyrus bini， Pseudodactylogyrus anguillae， susceptibility， Anguilla 

japonica， Angui/la anguilla， Monogenea 

Monogeneans Pseudodactylogyrus bini and P. 

anguillae are parasites of Japanese eel Anguilla 

japonica (Kikuchi， 1929; Yin and Sproston， 1948; Gusev， 

1965). The infection is common among cultured eels in 

Japan， but rarely causes serious disease. When Euro剛

pean eel Anguilla anguilla was introduced to farms in 

Japan in the late 1960s to 1970s to supplement the 

shortage of Japanese eel elver supply for culture， they 

became heavily infected with P. spp. (Ogawa and 

Egusa， 1976; !三gusa，1979). Later， in association with 

the transpo吋ationof live Japanese eel to Europe， the 

two monogenean species spread to wild and cultured 

European eel， causing economic losses in European eel 

farms and stress幽 relatedmo吋alityamong wild eel popu-

lations (Koie， 1991). These two incidences， in Japan 

and in Europe， indicated that European eel is much more 

susceptible to P. spp. than Japanese eel， which is the 
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natural host， whereas European eel had never been 

exposed to these parasites until they were cultured in 

Japan or the parasites were introduced to European 

waters. This could be the background for such a differ-

ence in the susceptibility to the Pseudodactylogyrus 

infection between Japanese and European eels. 

However， it remains circumstantial evidence and has not 

yet been demonstrated experimentally. 

The present study was designed to conduct an 

infection experiment to compare susceptibility to P. spp. 

between Japanese and European eel. The two species 

of eels were exposed to hatched larvae (oncomiracidia) 

of P. spp. in the same tank. Fish were sampled weekly， 

and infection levels (prevalence and intensity of infec-

tion) and development of the parasites were compared 

between the two host species during the experimental 

period of six weeks. 
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Materials and Methods 

Fish and parasites 

Elvers of Japanese eel (n = 120) were purchased 

from Irago Institute Co.， Ltd.， Aichi Prefecture 

in February 2006. Young European eel (n = 150) were 

obtained from Thermal Aquaculture Development Soci-

ety， Ibaraki Prefecture in November 2006. Prior to 

introduction into the facilities of the University of Tokyo， 

Tokyo， both groups of eels， ten each， were inspected for 

parasites on the gills and confirmed that they were free 

of Pseudodactylogyrus infection. Remaining Japanese 

and European eels were separately maintained at 200C 

in a 1000 L tank with a recirculating water system and 

fed commercial diet until used. 

As the source of the infection experiment， Japanese 

eel (100 9 in mean body weight; n口 38)infected with P. 

bini and P. anguillae were obtained from a farm in 

Shizuoka Prefecture. They were maintained in a 200し

recirculating tank at 200C until used. Intensity of infec-

tion of five fish examined prior to introduction into the 

maintenance tank was 16-200， with P. bini being a 

dominant parasite. 

Expθriment design 

Eggs of P. spp. were collected twice a day for three 

days on a 20μm net mesh by filtering effluent water from 

the maintenance tank of the infected Japanese 

eel. Collected eggs were washed with clean water and 

incubated in a glass jar at 200C or 250C for 3-4 days 

until hatching. Total number of oncomiracidia in the 

glass jar was estimated by counting larvae in a 5 mL 

suspension under a stereomicroscope with a few drops 

of iodine solution to immobilize and to stain the larvae; a 

total of 8，600 larvae were collected during three days 

(1，500，4，000 and 3，100 oncomiracidia on the first， sec-

ond and third day， respectively). Larvae were not iden-

tified to the species level. 

Prior to the start of the experiment， uninfected Japa幽

nese eel (6.2-18.8 g， 21.0-27.8 cm; n = 65) and Euro-

pean eel (4.3-18.4 g， 15.8-23.5 cm; n = 65) had been 

kept in a 200 L tank for a week for acclimation. For 

species identification， individual fish were marked by cut-

ting one side of the pectoral fin (right and left fin cut for 

Japanese and 巴Hopean eels， respectively) 

Experimental infection was conducted by exposing these 

two eel groups to P. spp. oncomiracidia en masse in an 

exposure tank (240 cm x 90 cm in size， water volume 

540 L)， which was equipped with a recirculating water 

system. Larval suspensions were added daily for three 

days to the exposure tank containing uninfected Japa-

nese and European eels. After the exposure， fish were 

fed daily with commercial diet and kept at 20oC. The 

first day of exposure was designated here as Day 0 and 

the experiment was terminated at Day 42. During the 

experiment， the parasites started to deposit eggs， caus聞

ing re幽 infectionof experimental fish. This new wave of 

infection of P. spp. was designated as the second gerト

eration of parasite. 

To monitor the infection status， sampling of ten ran-

domly selected Japanese and European eels was con-

ducted every 7 days for six times. AII sampled fish 

were measured for total length and body weight and the 

gills were removed. The left and right sets of gills from 

each fish were separately fixed in 10% formalin. The 

left four sets of gills were inspected under a stereomicro-

scope to determine the infection level of each parasite 

species. AII the Pseudodactylogyrus specimens found 

on the left gills were mounted on a slide glass with am-

monium picrate-glycerin solution and a coverslip 

(Ergens， 1969) and were closely observed under the m卜

croscope for identification (P. bini/ P. anguillae)， mea-

surement and determination of the developmental 

stages. After the inspection under the stereomicro-

scope， gills were cut into small pieces and subjected to 

the stirring method described by Anshary et al. (2001) to 

collect any overlooked parasites. 

The right sets of gills were used for determination of 

microhabitat (Iocation of worms on the gills) and histo-

logical study. The first gill was divided into six parts 

(dorsalィniddle-ventraland proximal-distal; Fig. 1) and 

number of P. spp. on each gill parts and their develop帽

mental stages were assessed according to Dzika 

(1999). Remaining right gills were routinely prepared 

for histology; sectioned at 5μm and stained with hema-

toxylin“eosln 

Devlθlopmental stages of P. spp. 

Developmental stages of P. bini and P. anguillae 

-Fig. 1. A schematic diagram of the first gill of eel. Numbers in-
dicate the sections corresponding to Fig. 8. 
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collected from Japanese and European eels were deter-

mined based on the development of the hamuli (anchors 

in the center of the attaching disc) and reproductive 

organs. Individual worms were categorized into one of 

the four growth stages according to their development; 

Stage 1， immature worms without the flexed basal part of 

the hamulus; Stage 11， young worms with the flexed 

basal part of the hamulus but copulatory organ not vis幽

ible; Stage 111， young adults with visible male copulatory 

organ but vitellaria not or least developed; and Stage IV， 

adults with all organs visible and developed vitellaria 

present on both sides of the body. 

Data analyses 

Ecological terms are used in accordance with Bush 

et al. (1997)， where prevalence is the proportion of 

infected fish among all the fish examined. Mean aburト

dance is the mean number of a particular parasite spe幽

cies found in all host regardless of whether or not the 

host is infected. Mean intensity is defined as mean 

number of worms per infected host. In the present 

study， number of worm in individual.fish was calculated 

as; (number of parasites found on the left set of gills + 

number of parasites collected by stirring method) x 2， 

assuming that P. spp. have no preference on the left or 

right side of gills. The variance (S2) to mean (X) ratio of 

the mean abundance indicates the degree of 

overdispersion of the parasite in its host (Esch and 

Fernandes， 1993). 

AII the data were tested for distributional normality 

using Shapiro-Wilk test. When data did not meet the 

normality assumptions， non剛 parametricanalyses were 

used. To test the difference in mean parasite intensity 

between two hosts or between sampling dates， Wilcoxon 

rank sum test or Kruska卜Wallistest was used. A Chi-

Square test was used for analyses involving infection 

prevalence and parasite development. Spearman's 

rank correlation analysis was performed to demonstrate 

a relationship of parasite number and host size and 

intensities between parasite species. Analyses involv-

ing body size of the host and the parasites size used a 

Student's トtest. The results were expressed as mean :!: SD 

and differences were considered significant when p < 0.05. 

Results 

No mortality or lethargy was recorded in either spe-

cies of eels during the experimental period. Based on 

the mean intensity of Pseudodactylogyrus spp. at Day 7， 

it was estimated that approximately 40% of the 

oncomiracidia added to the experimental tank success幽

fully settled onto the gills of Japanese or European 

eels. Total body length of .sampled Japanese eel was 

consistently greater than that of European eel through-

out the experiment (t-test， p < 0.05). However， there 
was no correlation between total numbers of P. spp. on 

the gills and the host size (total length and body weight) 

in either fish species when all samples were analysed 

together or data from each sampling day were analysed 

separately (Spearman's correlation p > 0.05). Para-

sites， especially very small ones， overlooked during the 

direct inspection of the gills under a stereomicroscope 

were effectively recovered by the stirrer method. The 

average recovery rates (number of parasites recovered 

by the stirring methodl number of total parasites found) 

was 12.3-31.4%. 

Overal/ infections 

European eel were much more susceptible to 

Pseudodactylogyrus spp. than Japanese eel. The 

overall mean intensity of P. spp. was four times greater 

(Wilcoxon， Z = -7.39， P < 0.0001) in European eel (85.3 

土 76.4worms) than that of Japanese eel (20.3 :!: 19.0 

worms). Overall prevalence for P. spp. was also higher 

in European eel than Japanese eel Ct1df口 7.15，P口

0.0075). AII of sampled European eel were infected 

with P. spp. (100% prevalence) whereas no worms were 

recovered from some of Japanese eel (80%， 80% and 

90% prevalence at Day 28， 35 and 42， respectively)， 

though the prevalence was based on the half set of the 

gills and may be underestimated. 

Because many fish had mixed infection， relationship 

between P. bini and P. anguillae infection on individual 

fish was examined. There were positive correlations 

between infections of the two parasites for both fish spe-

cies (European eel; Spearman's rho = 0.4856， P < 

0.0001， n = 60， Japanese eel; Spearman's rho = 0.4699， 

p = 0.0002， n = 60， Fig. 2). 

P. bini was a dominant species over P. anguillae on 

both eels. The overall mean intensities of P. bini and P. 

anguillae were 71.7土 65.5and 14.9土 14.5worms for 

European eel (Wilcoxon， Z = -7.58， P < 0.0001) and 

were 18.4 :!: 17.4 and 4.2土2.9worms for Japanese eel 

(Wilcoxon， Z = -5.33， P < 0.0001)， respectively. Mean 

intensity of P. bini tended to increase over the experト
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anguillae and P. bini on European and Japanese eel， 

respectively， but it was less apparent. Overdispersion 

of P. anguillae on Japanese eel was relatively consis-

tent， probably due to very small sample size. 

Parasite development 。evelopmentalstage of 1932 P. bini (1397 and 535 

mental period in巨uropeaneel (KruskaトWallis，p = 

0.0034)， but not in Japanese eel (Kruskal幽 Wallis，p = 
0.39， Fig. 3). No statistical difference in mean intensity 

of P. anguillae among sampling dates was detected for 

any of the host species. Prevalence of P. bini infection 

was constantly high throughout the experiment. It 

never fell below 100% for European eel but a slight 

reduction was observed in Japanese eel at Day 28 and 

thereafter (Fig. 3). In contrast， infection prevalence of 

P. anguillae varied， especially for Japanese eel. 

Prevalence of P. anguillae in Japanese eel reached the 

peak of 70% at Day 21， then declined until Day 35 to 

10% and re胴 increasedat the end of the experiment (Fig. 

3). In巨uropeaneel， it increased during the first few 

weeks and remained high (90-100%) thereafter. For 

both parasite species， infection prevalence was signifi-

cantly higher in European eel compared to Japanese eel 

Ct1df = 8.63， P = 0.0033 for P. b的i，;C1df = 29.08， Pく

0.0001 for P. anguillae). 

Degree of overdispersion changed over time (Fig. 

4). Aggregation of P. bini on European eel became 

more pronounced as time passed and the variance to 

mean ratio value stayed high at Day 28 and 

thereafter. Such tendency was also observed for P. 
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worms from European and Japanese eels， respectively) 

and 397 P. anguillae (335 and 62 worms from European 

and Japanese eels) was determined. At Day 7， all the 

parasites collected from both eels were either at Stage 11 

or at Stage 111. Nearly half of P. bini collected from 

European eel had been developed into Stage 111 (73/169 

= 43.2%) whereas majority of the worms in Japanese eel 

were still at Stage 11 (76/78 = 97.4%， T1df = 53.53， P 

く0.0001;Fig. 5， top). By Day 14， a large proportion of 

P. bini has became matured (Stage IV)， with a slightly 

higher proportion on European eel (185/221 = 83.7%) 

than on Japanese eel (105/139 = 75.5%). Similarly， P. 

anguillae on European eel tended to be more developed 

(Fig. 5， bottom)， however， the number of worms was too 

small to conduct precise analyses. In both parasite 

species， Stage 1 (second generation) appeared for the 

first time at Day 21， but only in European eel and then 

followed by Japanese eel at Day 28 (Fig. 5). 

Based on the specimens collected during the whole 

experimental period， P. bini (n = 1486) was generally 

larger than P. anguillae (n = 351， F1.1841 = 13.35， P = 
0.0003). The average body length of two parasites at 

each developmental stage on European and Japanese 

eels was plotted on Fig. 6. Body length of P. bini on 
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Japanese eel (n = 448) was significantly larger than that 

on European eel (n = 1038) for Stage 11， (F1， 348 = 16，52， 

Pく 0.0001)，Stage 111 (F1，214口 16.52，Pく 0，0001)and 

Stage IV (F1， 882 = 16.52， P = 0.0021)， The size differ-

ence of P. anguillae on each host species was not as 

clear as that of P. bini (Fig. 6). However， a reverse 

trend (i.e. larger worms on European eel) was observed 

for Stage IV (F1， 218 = 6.55， P = 0.0112). 

Analysis was made if the parasite body size 

changed in relation to the intensity of infection. Body 

length of P. anguillae and P. bini was positively corre-

lated with their intensity in both eel species (Spearman's 

correlation pく 0.05;data not shown) 

AII Stage IV specimens on European eel at Day 21 

were those of the first generation， while those in Stages 

iぺ11were considered to belong to the second generation， 

except for one specimen each of Stage 111 P. bini (740 

μm in body length) and P. anguillae (790μm)， which 

were most likely in the first generation because they 

were significantly larger compared to the other Stage 111 

specimens (280-380μm). No correlation was found 

between the number of first generation and second gen-

eration of P. bini/ P. anguillae (Fig. 7). Similar analysis 

was not made for the parasites on Japanese eel at Day 

21 because of a low prevalence of infection in the sec-

ond generation. 

Change of microhabitats during the parasite devel-

opment was examined by determining the location of 

394 worms (364 P. bini and 30 P. anguillae). Nearly all 

the early developmental stages (Stage 1-11) of P. 

spp. were found at the proximal pa吋 (Section1-3) of 

the gill (Fig. 8). In contrast， only 1.5% of Stage IV P. 

bini were recovered from the proximal part of the gills， 

and most are located at the distal part (Section 4-

6). Although the number of specimens found from 

Japanese eel was relatively small， this tendency seems 

to be consistent on both fishes. Number of P. anguillae 

was too small to detect precise tendency. No clear veト

tical (ventral-dorsal) movement on the gill was observed. 
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Histopathology of Japanese and European eels 

The histological study revealed clear pathological 

effects of P. bini. Marked hyperplasia of the gill fila-

ments where parasites were attached was observed. 

Such pathological change was observed in both Japa-

nese and European eels and we could not detect clear 

difference in the severity of the host responses between 

the two. No apparent histopathological change of the 

gill filaments at the attachment site of P. anguillae was 

observed， but this may partly be due to small sample 

size; less than ten worms could be identified as P. 

anguillae in histological sections. 

Discussion 

The present study provided the first experimental 

evidence that European eel， an unnatural host in Japan， 

is substantially more susceptible to Pseudodactylogyrus 

infections compared to their natural host， Japanese 

eel. Overall parasite intensities were nearly four times 

higher in European eel and they also showed higher 

infection prevalence. European eel harbored con-

stantly larger numbers of parasites throughout the 

course of the experiment. Parasites found until Day 14 

were considered to be the first generation and the imma-

ture stages found at Day 21 and thereafter were second 

or later generations. More than twice as many first gen-

eration worms were found on European eel and the diト

ference between the two eels increased as time 

progressed. After the appearance of the second gen-

eration， Stage 1 parasites were found from only two out 

of 40 Japanese eel examined， while they were recoぃ
ered from 15 out of 40 European eel. These results 

indicate that European eel was more vulnerable not only 

to the first wave of infection but also to subsequent infec-

tions than Japanese eel. Lack of or weak innate and 

acquired immunity against P. spp. in European eel may 

contribute to such differences in susceptibility. Such 

difference in host immunity was also observed on the 

development and growth of the two species of P. spp. 

The parasites reached maturation within 14 days. 

This result is comparable to that of Buchmann (1988a; 

1990)， who showed that both P. bini and P. anguillae 

adults started to appear on the gills of European eel at 

11 days after oncomiracidial exposure when kept at 

200C. High proportion of immature worms found after 

Day 14 in the present study suggests that eels， 

especially European eel， were constantly re-infected by 

the new generation of the parasites. Three to four 

parasite generations may have occurred during the 

experimental period of 42 days. We also observed that 

the parasites grow faster but to the smaller sized adult 

(only for P. bim) on European eel compared to Japanese 

eel 

In both parasite species， the higher developmental 

stages tended to appear faster (and more) on巨uropean

eel than on Japanese eel. Greater proportions of Stage 

111 and IV were found on European eel at Day 7 and Day 

14. However， average body length of P. bini on Euro-

pean eel was smaller at all developmental stages， 

except for Stage 1. These results indicate that P. bini 

reached maturation faster on European eel. Similar 

results were shown for the swimbladder nematode 

Anguillicoloides crassus (=Anguillicola crassus) which 

grows considerably faster but in this case， to the larger 

adults in European eel (new host) than in the original 

host， Japanese eel (Knopf and Mahnke， 2004). The 

larger adult (Stage IV) size of P. anguillae was observed 

on European eel in the present study. However， the 

number of specimens was relatively small and the trend 

was not very clear. Although underlying mechanisms 

behind different growth of P. spp. on the two eel spe-

cies are unknown， no evidence was obtained that the 

monogeneans were killed by the host reaction of Japa-

nese eel as w 
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the present study， however， size of P. spp. correlated 

positively with their intensity. This indicates that the 

smaller size of adult P. bini and the larger size of adult P. 

anguillaθon European eel compared to those on Japa-

nese eel were not caused by the crowding effect， though 

it may be because the infection level was not high 

enough in the present study. This also suggests that 

worms tended to accumulate on susceptible host indト

viduals， possibly due to weaker immune response and/or 

more abundant chemoattractive substances from host 

and grow better after settlement on the gills. 

Our results showed that European eel individuals 

that have been infected by many first generation para欄

sites were not necessarily susceptible to the second 

generation parasites. High variability in susceptibility 

among eel individuals makes it difficult to interpret this 

result. Increase in the degree of overdispersion sug-

gests that worms are accumulated on susceptible 

individuals. However， it is possible that heavy infection 

of the first generation parasite induced the acquired 

immunity by Day 21. Slotved and Buchmann (1993) 

provided experimental evidence that European eel 

acquired resistance， though not complete， against 

re-infection with Pseudodactylogyrus spp. Similarly， 

tiger puffer Takifugu rubripes acquired immunity against 

the monogenean Heterobothrium okamotoi， though such 

fish were not completely free from infection (Nakane et 

al.， 2005). They found that number of very young H. 

okamotoi， namely those without clamps on the haptor， 

on the immune fish was much lower than that of the fish 

with no previous record of infection， suggesting that the 

immune fish prevent the oncomiracidial settlement on 

the gills. Whether European eel possess acquired 

immunity against P. spp. remained unclear because we 

did not see reduction in parasite intensity during the 

experiment. Further study is required to provide more 

evidence. 

There was a positive relationship in the infection 

level between P. bini and P. anguillae on both 

eels. Namely， individuals susceptible to P. biniinfection 

were， in many cases， also susceptible to P. anguillae 

infection and vice versa. Therefore， susceptibility of 

both Japanese and European eels to Pseudodactylogyrus 

infection may not be parasite species specific. In the 

present experiment， P. bini was the dominant species 

over P. anguillae. This most likely refl 

anguillae were also more often found on the distal pa吋of

the gills of European eel， but the number of P. anguillae 

on Japanese eel Was too small to reveal the site 

preference. This is in contrast with Dzika (1999) who 

reported that both P. bini and P. anguillae were more fre-

quently found on the proximal part of European eel 

gills. Buchmann (1989) showed that on European eel 

(21-42 cm in body length)， P. bini preferred the distal 

pa吋ofthe gills， while P. anguillae were more often found 

on the proximal part. In the present study， most of 

young P. bini and P. anguillae were found at the proximal 

part of the gills. As they grew， both parasites showed 

migration toward the distal pa凡 Buchmann(1989) also 

suggested the migration of P. spp. on the gills during 

parasite development and difference in the site prefer幽

ence with host size. Unlike the present study， Dzika 

(1999) did not divide parasite individuals based on their 

developmental stages. In addition， size of the host 

used for these studies was quite different: 32.5-54.0 cm 

in Dzika (1999) vs. 15.8-23.5 cm in our study. These 

differences may explain， if not all， the difference on the 

site preference of P. spp. between Dzika (1999) and the 

present study. It was not clear about the reason of the 

difference in the site preference of P. anguillae between 

Buchmann (1989) and the present study. Nevertheless， 

microhabitat sharing of P. bini and P. anguillae was 

observed in the present study. There was no evidence 

of competition between the two parasites， though it may 

be because the infection level was not high enough to 

exclude each other on the same habitat. 
The main observed pathological damage induced 

by P. bini infection was hyperplasia of the gill 

filaments. Although there was no quantifiable differ-

ence in the degree of pathological changes between two 

eels， it is logical to think that infection by greater number 

of worms results in more severe damages on the 

tissue. Therefore， European eel may suffer more from 

P. spp. than Japanese eel. More detailed histopatho“ 

logical study including other organs may reveal the dif幽

ference in degree of damage induced by P. spp. 

between the two hosts. 

In conclusion， this study provides experimental evi-

dence that European eel is more susceptible to infec-

tions with both P. bini and P. anguillae than Japanese 

eel.丁hedifferences in the susceptibility between the 

two eel species are revealed in the infectio 
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overseas where these parasites may cause significant 

problems in European eel populations. 
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