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Abstract

The population and community dynamics of four monogeneans, Pseudodactylogyrus anguillae, P. bini, P. microrchis,
and an unidentified Pseudodactylogyrus sp., on the gills of cultured Japanese eels, Anguilla japonica L., were investigated at
two fish farms at Chaozhou, Guangdong Province, China. A total of 8,377 individual parasites were collected from sampling
pond I (with more frequent chemical treatments for parasitic diseases: generally twice per month), including 338 P. anguillae,
7,388 P. bini, 491 P. microrchis and 160 Pseudodactylogyrus sp. At sampling pond Il (with fewer chemical treatments for
parasitic diseases: generally once during summer and winter months), 20,776 parasites were recovered, comprising 1,904 P.
anguillae, 13,999 P. bini, 3,135 P. microrchis and 1,738 Pseudodactylogyrus sp. Monthly parasite community and population
parameters, such as prevalence, mean abundance and species richness, varied irregularly and were not significantly correlated
with water temperature at both fish farms. The infection parameters, however, exhibited a significant relationship with water
temperature under indoor conditions. The diversity of monogenean communities in sampling pond Il was higher than that in
sampling pond I. These results may imply that the effects of water temperature exerted on the parasite population and

communities were masked by human interference (drug implementation) in the fish ponds.
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Introduction

Species of  the monogenean genus
Pseudodactylogyrus are cosmopolitan parasites of
eels and often cause great economic losses of cultured
eels in Asia (Ogawa and Egusa, 1976; Liu 2006),
Europe (Buchmann, 1988a; Kennedy, 2007; Sasal et
al., 2008), North America (Hayward et al., 2001) and
Africa (Christison and Baker, 2007). To date, five
species of Pseudodactylogyrus have been reported,
i.e. P. anguillae, P. bini P. microrchis, P. haze and P.
kamegaii. Numerous studies for P. anguillae and P.
bini on their novel host, Anguilla anguilla, which is
more susceptible than their original host, have been
carried out (Buchmann, 1988a; 1988b; Matejusova et
al., 2003; Arafa and Reda, 2012; Newbold et al.,
2015). However, their infection on the Japanese eel
(Anguilla japonica L.), the original host, has received
less attention (Fang et al., 2008).

Studies on the seasonal dynamics of populations
and community structure of parasites have been
conducted for several decades with many important
findings (Keie, 1988; Nie and Kennedy, 1991;
Boungou et al., 2008; Luo et al., 2010, Emre et al.,

2015). Many of them concerned the population
dynamics of congeneric species of monogeneans on
the same species of host (Simkova et al., 2000;
Matejusova et al., 2003; Boungou et al., 2008), but
only a few such studies have focused on the
community dynamics of congeneric species (Knipes
and Janovy, 2009; Mufioz and Randhawa, 2011) and
none involved monogeneans on farmed Japanese eels.
Previous studies on the parasite communities of eels
mainly focused on endoparasitic helminths (Kennedy,
1993; 2001; Norton et al., 2004), and most of these
studies concentrated on community structure and
composition (Gutiérrez, 2001). Only a few researches
were conducted similarity analyses for communities
in different sampling sites (Ozer and Yilmaz, 2015).

It has been found that environmental factors,
such as water temperature, play a significant role in
the seasonal variation of parasite populations.
Temperature is likely the most important abiotic
factor influencing the population dynamics of
monogeneans (Lambert, 1990). Many freshwater
dactylogyrid monogeneans  exhibit  positive
correlations with water temperature in either
laboratory experiments (Fang et al., 2008) or field
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investigations (Knipes and Janovy, 2009). In addition,
chemical treatments of fish diseases, are common
measures for preventing infectious diseases of
cultured fishes, may result in environmental pollution,
parasite resistance and host damage (Schmahl et al.,
1989; losifidou et al., 1997) and even impact on the
dynamics of parasite populations and communities.

The aims of the present study were: (1) to
demonstrate the dynamic pattern of the monogenean
parasites on cultured Japanese eels at both population
and community levels; (2) to estimate the relationship
between parasite infection levels and water
temperature; and (3) to compare the dynamics of
parasite populations and communities of cultured eels
under different levels of human interference.

Materials and Methods
Field Collection

Field collections of monogeneans on Japanese
eels were carried out monthly from May 2008 to May
2009 at two fish ponds belonging to two eel farms
situated in different towns (Wenci, 23.769°N,
116.672°E; and Fengxi, 23.659°N, 116.602°E) in the
Chaozhou Prefecture, Guangdong Province, China.
Sampling pond | in the Wenci eel farm has an area of
~7,150 m? with an initial stocking number of 50,000
individual eels with a similar weight of ~0.033 kg;
and sampling pond Il in the Fengxi eel farm is ~3,000
m? and populated with 20,000 largish Japanese eels
with a weight of between 0.156 and 0.567 kg.

A total of 260 Japanese eels from each sampling
pond, 20 per month, were Killed immediately after the
determination of their length and weight. Gills of
sampled fish were excised and examined under a
stereo microscope for monogenean parasites. All
parasites obtained were identified based on the shape
and size of the haptoral sclerites and the size of the
gonads under a light microscope (Olympus BX 41)
equipped with phase contrast optics.

The main difference between the two sampling
ponds is the frequency of chemical treatments for the
parasitic diseases of the fish. Frequent and regular
chemical treatments were implemented in sampling
pond | (generally twice per month, mainly with
mebendazole (2 mgL™) in the winter and spring
months, and mebendazole (5 mgL™) and trichlorfon
(1.5 mgL) in the summer and autumn months), but
there were fewer such treatments in sampling pond Il
(generally once a month only during summer and
autumn months, with trichlorfon (1.5 mgL™2).

Design of Indoor Experiments

Laboratory experiments were designed to test
the effect of temperature on the infection level of
Pseudodactylogyrus spp. on Japanese eels. During
January 2011, a total of 170 adult Japanese eels
(0.130-0.304 kg in weight, 44.7-60.6 cm in length)
were purchased from an eel farm in Dongguan

prefecture, Guangdong Province, China. Except for
20 fish killed immediately to determine the
background infection levels, the remaining 150 were
divided randomly into 10 groups and cultured in 10
fish tanks each filled with 300 I of circulating water,
i.e. there were 15 eels per tank. Based on the water
temperature range in the sampling ponds, the
temperatures in five pairs of tanks were set at 14°C,
18°C, 22°C, 26°C and 30°C, respectively, resulting in
30 eels at each water temperature. These fish were
cultured in the laboratory for two months, during
which time these parasites may have completed
several generations according to the results of Fang et
al. (2008), and were then killed to examine the
monogeneans on the gills of each fish.

Data Analyses

Ecological terms, such as prevalence, mean
abundance and mean intensity, were based on the
definitions proposed by Bush et al. (1997).
Prevalence, mean intensity and mean abundance were
calculated monthly and the latter two parameters
presented as the mean = SD for each species. For
parasite communities, the monogeneans on each
individual host constitute an infracommunity, and all
infracommunities during each sampling month
comprise a component community (Bush and Holmes
1986). Species richness (average number of species
per individual host) and diversity indices at both
infracommunity and component community levels
were calculated for each month. The Shannon-Wiener
Index (H’) was adopted as a measure of the diversity
of the infracommunity and component community.
Dominance was measured using the Simpson index
(M). Species richness (S) and Pielou’s evenness index
(/") were used to estimate the species composition
and distribution at both infra- and component
community levels.

One-way analysis of variance (ANOVA) was
used to test the monthly variations of the difference in
infracommunity parameters within and among the
sampling months. The 2-sample Kolmogorov-
Smirnov test was applied to evaluate differences in
mean abundance between the two sampling ponds.
Spearman’s rho correlation analysis was employed to
test the relationship between the mean abundances of
Pseudodactylogyrus spp. and water temperature in the
indoor culture experiment. Kruskal-Wallis tests were
used to determine the significance of monthly
variations in component community parameters.
Except for the community parameters, which were
calculated with Primer v6 (Clarke and Gorley, 2006),
all these statistical analyses were performed with
SPSS for Windows 13.0 at a significant level of 0.05.

RDA analysis was used to evaluate the
significant differences between sampling sites based
on species-temperature relationship using software
CANOCO 5.0 (Ter Braak and Smilauer, 2012). First,
two data sets, species-sampling and temperature-
sampling, were established which contained 26
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samples, 4 species and temperature variable for
outdoor investigations, 5 samples, 4 species and
temperature variable for indoor experiments. Second,
based on species-sampling data, the length of the
species gradient were calculated using detrended
correspondence analysis (DCA) with detrending by
segments. Third, as the value of the length of the
species gradient were 1.13 (< 2) for outdoor
investigations and 1.23 (< 2) for indoor experiments,
the RDA was performed to evaluate the strength of
the relationship between the species abundances and
temperature. Species abundances were square root
transformed for all analyses. The significance of
temperature and the first four axes were tested using
999 unrestricted permutations.

Based on the monthly mean abundances of each
parasite species, MDS (non-metric multi-dimensional
scaling) analysis was performed to determine the
similarity between parasite communities in different
months. The values for mean abundance were log (In)
transformed, followed by calculation of the Bray-
Curtis similarity matrix which permits MDS analyses
using the software Primer v6. The similarity level was
set according to the similarity matrix.

Results
Seasonal Population Dynamics

A  total of 8,377 individuals  of
Pseudodactylogyrus were collected from Japanese

eels in sampling pond I, including 338 P. anguillae,
7,388 P. bini, 491 P. microrchis and 160
Pseudodactylogyrus sp. In total, 20,776 specimens of
Pseudodactylogyrus were obtained from sampling
pond Il, comprising 1,904 P. anguillae, 13,999 P.
bini, 3,135 P microrchis  and 1,738
Pseudodactylogyrus sp. The number of parasites
collected from sampling pond Il was much greater
than that collected from sampling pond I, and P. bini
was the dominant species in both sampling ponds.
The prevalence, mean intensity and mean abundance
of the four species of parasite varied irregularly from
month to month throughout the year in both sampling
ponds. However, the mean abundances of the four
parasite species had a common peak during October
2008 in sampling pond I, and during April 2009 in
sampling pond I1. (Tables 1 and 2).

In sampling pond I, the prevalence of P. bini
exhibited the least fluctuation (SD=5.99) throughout
the 13 months when compared with those of the other
three species (P. anguillae: SD=16.15; P. microrchis:
SD=21.68; Pseudodactylogyrus sp.:SD=9.67).
Changes in prevalence were similar for P. anguillae
and P. microrchis from May to November 2008, and
for P. microrchis and Pseudodactylogyrus sp. from
October 2008 to February 2009. In addition, the
prevalences of these three species presented similar
variations during the autumn months (Table 1). All
four species of parasites reached their maximum mean
abundance in October 2008. The mean abundance of
P. anguillae decreased as the water temperature

Table 1. Infection indices of four species of Pseudodactylogyrus on the gills of Anguilla japonica in sampling pond |

Time T No. of Host length (cm) P. anguillae P. bini

(°C) fish P(%) ML+ SD MA=+ SD P(%) MI+ SD MA=+ SD
08.05 24.2 20 47.87+2.95 50 3.00+£2.91 0.75+1.89 90 3.78+4.76 1.70+3.64
08.06 25.6 20 50.92+3.68 35 4.29+4.46 1.50+3.27 85 14.94+12.64 12.70+12.83
08.07 28.5 20 46.34+2.93 60 2.08+1.83 1.25+1.74 95 30.05+£34.45 28.55+33.24
08.08  30.0 20 54.78+5.66 20 1.25+0.50 0.25+0.55 90 44.78+22.40 40.30+£25.27
08.09 295 20 52.27+4.65 30 1.334£0.52 0.40+0.68 95 23.63+£16.00 22.45+16.44
08.10 27.8 20 55.08+5.34 50 8.80+8.88 4.40£7.60 100 139.60+208.17 139.60+208.17
08.11  20.3 20 55.26+5.43 25 1.80+1.10 2.20+£2.98 100 39.15+£35.39 39.15+35.39
08.12 171 20 58.46+6.62 60 2.9243.60 1.75+3.11 90 11.72+£10.42 10.55+10.50
09.01 137 20 59.55+4.77 60 3.67£3.20 2.20£3.05 95 14.4249.75 13.70£10.02
09.02 242 20 62.54+4.76 65 2.92+1.70 1.90£1.97 80 13.06+9.32 10.45+9.86
09.03 213 20 66.42+6.24 35 2.14+1.68 0.75+1.41 90 19.78+16.90 17.80+17.11
09.04 225 20 63.20+4.10 45 2.33+0.87 1.05+1.32 100 19.30+£23.80 19.30+£23.8
09.05 238 20 62.15+3.77 20 1.25+0.50 0.25+0.55 90 14.61+14.80 13.15+14.70

. T No. of P. microrchis Pseudodactylogyrus sp.

Time oc fish Host length (M) —5 @5\ sp MAZ SD P(%) MEESD MAZSD
08.05 24.2 20 47.87£2.95 70 1.00+0.00 0.35+0.49 30 1.00+0.00 0.10+0.31
08.06 25.6 20 50.92+3.68 45 3.114£2.76 1.50+2.37 35 2.14+1.21 0.63+1.16
08.07 28.5 20 46.34+2.93 80 3.75+2.46 3.00£2.68 35 2.00+1.15 0.63+1.16
08.08 30 20 54.78+5.66 60 3.5042.75 2.10+£2.73 30 1.33£0.52 0.32+0.58
08.09 295 20 52.27+4.65 30 1.334+0.52 0.35+0.67 20 1.00+0.00 0.16+0.37
08.10 27.8 20 55.08+5.34 70 18.14+21.31 12.70+19.59 45 5.89+5.78 2.68+4.93
08.11  20.3 20 55.26+5.43 35 3.1442.54 1.10+£2.10 20 1.50+0.58 0.26+0.65
08.12 171 20 58.46+6.62 40 1.50+0.76 0.60+0.88 30 2.00+1.26 0.47+1.02
09.01 137 20 59.55+4.77 10 1.00+0.00 0.11+0.32 10 1.50+0.71 0.11+0.46
09.02 242 20 62.54+4.76 50 1.00+0.67 0.85+0.99 35 1.29+0.76 0.42+0.77
09.03 213 20 66.42+6.24 15 1.334+0.58 0.20+0.52 40 1.38+0.52 0.53+0.77
09.04 225 20 63.20+4.10 30 1.83+0.75 0.55+0.94 40 1.63+0.74 0.58+0.90
09.05 238 20 62.15+£3.77 60 2.00+1.76 1.20+1.67 25 1.80+0.84 0.41+0.87

Note:Abbreviations: temperature (T), number (No.), prevalence (P), mean intensity (MI), mean abundance (MA), standard deviation (SD)
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increased from June to September 2008 and increased
when the temperature decreased from December 2008
to February 2009 (winter months). P. bini and P.
microrchis had higher mean abundances during the
summer months than during the remaining months,
except for October 2008. The mean abundance of
Pseudodactylogyrus sp. decreased during the summer
and winter months, but increased from December
2008 to January 2009 (spring months) (Table 1).

In sampling pond II, the prevalence of all four
species of parasites followed similar, irregular
patterns, except for P. microrchis, which exhibited
different dynamics from October to December 2008.
During the winter months, the prevalence of P. bini
and P. anguillae tended to increase, whereas those of
P. microrchis and Pseudodactylogyrus sp. decreased
from December 2008 to January 2009 and then
increased sharply in February 2009. The mean
abundance of P. anguillae was relatively higher
during the winter months (December 2008, January
and February 2009), with the highest level in April
2009. P. microrchis and Pseudodactylogyrus sp.
reached their greatest mean abundance in April 2009,
with distinctly lower and less variable values during
other months (Table 2). As for P. bini, its highest
mean abundance values were observed in May,

August and December 2008. (Table 2).

Relationship Between Species Abundances and
Water Temperature

In sampling pond I, the water temperature had a
significant positive relationship with the mean
abundance of P. bini (r=0.767, P=0.010) and P.
microrchis (r=0.730, P=0.017), but was not correlated
significantly with the mean abundances of P.
anguillae (r=0.339, P=0.338) and
Pseudodactylogyrus sp. (r=0.543, P=0.105). In
sampling pond I, no significant relationship was
detected between water temperature and the mean
abundance of any species, except for P. anguillae (r=-
0.637, P=0.048) which was negative.

On indoor conditions, comparing with the
control group, the infection level of parasites
increased at 14°C and 18°C for P. anguillae, P.
microrchis and Pseudodactylogyrus sp., which
decreased at all temperature groups for P. bini (Table
3). P. anguillae, P. microrchis and
Pseudodactylogyrus sp. achieved their highest
infection at 14°C and decreased as the temperature
increased, which were rare when the temperature
arrived at 30°C. Whereas, P. bini arrived its peak at

Table 2. Infection indices of four species of Pseudodactylogyrus on the gills of Anguilla japonica in sampling pond 11

No. lenath P. anguillae P. bini

Time of Host lengt|

(°C) fish (cm) P(%) MI+ SD MA=+ SD P(%) MI+ SD MA= SD
08.05 261' 20 58.72+3.36 65 7.08+7.91 4.60+7.18 85 111.41+85.63 94.70+88.55
08.06 23. 20 59.29+£2.96 75 5.07£5.96 3.80+5.59 90 30.06+25.23 29.20+25.87
08.07 28.2 20 60.87+3.05 60 4.9243.45 2.9543.61 65 86.31+46.73 56.10+£57.84
08.08 29.7 20 58.45+2.30 80 5.75+3.71 4.89+3.96 85 159.41£122.95  135.50+127.04
08.09 29.1 20 59.88+3.02 0 0.00+0.00 0.00+0.00 75 10.07£10.82 7.55+10.31
08.10 26.3 20 66.82+3.93 55 5.00+£6.22 2.25+4.78 70 106.71£102.47 74.70+£98.5
08.11 21 20 58.53+£3.26 45 5.30+£12.26 2.40+8.41 50 31.10+50.81 15.55+38.44
08.12 16.9 20 62.90+3.52 65 30.15+£66.26 19.6+54.69 85 153.82+135.05  130.75£136.14
09.01 13.9 20 61.81+3.68 80 14.06+£14.38 14.75420.25 95 16.68+14.63 15.00+15.42
09.02 238 20 63.36+3.81 90 14.06+13.61 12.65+13.59 95 27.63+£30.88 26.25+30.68
09.03 21.7 20 59.59+4.96 55 5.18+6.32 2.85+5.29 80 42.06+50.34 33.65+47.94
09.04 224 20 54.74+5.54 75 32.47+£37.51 24.35+£35.28 80 85.25+133.76 68.2+123.89
09.05 235 20 59.77+£3.74 55 7.09+6.76 4.65+5.88 65 18.38+23.80 11.95+£20.94
e T l\é(;. Host length P. microrchis Pseudodactylogyrus sp.

(°C) fish (cm) P(%) MI+ SD MA+ SD P(%) MI+ SD MA= SD
08.05 261' 20 58.72+3.36 50 9.18+8.40 5.05+7.69 30 3.00+1.67 0.90+1.65
08.06 205. 20 59.29+£2.96 90 12.41£10.46 10.65+10.54 65 3.00£2.61 1.95+2.54
08.07 28.2 20 60.87+3.05 75 19.20+9.78 14.40+11.97 65 7.92+5.04 5.15+5.58
08.08 29.7 20 58.45+2.30 80 7.75+7.33 6.20+7.24 60 2.67+0.89 1.40+1.43
08.09 29.1 20 59.88+3.02 30 2.174+2.86 0.65+1.79 0 0.00+0.00 0.00+0.00
08.10 26.3 20 66.82+3.93 60 7.75+98.39 4.65+8.14 40 5.63+4.00 2.254+3.73
08.11 21 20 58.53+£3.26 70 3.50+3.50 2.454+3.33 30 6.33+9.54 1.90+5.73
08.12 16.9 20 62.90+3.52 55 7.55+6.47 4.15+6.07 40 10.38+16.06 3.65+11.00
09.01 139 20 61.81+£3.68 20 2.50+1.30 0.50+1.15 20 1.25+0.50 0.25+0.55
09.02 238 20 63.36+3.81 40 1.38+0.52 0.55+0.76 70 3.36+2.44 2.3542.56
09.03 21.7 20 59.59+4.96 50 8.20+11.40 4.10+8.90 45 7.33+11.53 3.30+8.37
09.04 224 20 54.74+5.54 75 134.00+209.03 100'5? 89.0 80 75.00+£71.03 60.60+101.26
09.05 235 20 59.77+£3.74 60 4.83+8.71 2.90+3.73 75 4.55+3.86 2.50+3.63

Note:Abbreviations: temperature (T), number (No.), prevalence (P), mean intensity (MI), mean abundance (MA), standard deviation (SD)
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Table 3. Infection indices of four species of Pseudodactylogyrus on the gills of Anguilla japonica in indoor conditions

Host P. anguillae P. bini P. microrchis Pseudodactylogyrus sp.
T NO. of length P p P P
o ; ant
(°C) fish (Sl\ée):dn ) MI+ SD MA+ SD ) MI+ SD MA+ SD %) MI+ SD MA+ SD ) MI+ SD MA £ SD
14 29 51.84+2.87 93.1 4.4243.73 3.974£3.77 34 1.10+£0.32 0.38+0.56 83 3.46+2.55 2.86+2.67 93 6.56+4.42 6.10+4.42
18 30 50.33+2.00 13 8.75+7.80 1.03+3.67 47 4.08+3.88 3.27+3.83 27 5.13+5.27 1.37+3.47 30 4.56+4.39 1.3743.13
22 30 51.81+£2.78 10 1.67+0.58 0.17+0.53 60 7.11£10.69 4.27+8.92 27 3.63+4.31 0.97+2.67 10 7.33+5.86 0.73+2.72
26 30 52.33+£2.70 10 2.00+0.00 0.10+0.31 73 6.36+4.60 3.73+4.57 20 2.80+1.30 0.37+0.94 17 1.60+0.90 0.27+0.69
30 29 52.94+3.70 3 1.00+0.00 0.30+0.00 48 6.00+2.40 2.90+0.48 10 1.00+0.00 0.10+0.31 0 0.00+0.00 0.00£0.00
Con 20 53.26+3.68 65 1.40+0.55 0.88+0.83 70 9.67+5.89 7.25+6.69 75 1.43+£0.79 1.2540.89 75 1.43+0.53 1.25+0.71

trol

Note:Abbreviations: temperature (T), number (No.), prevalence (P), mean intensity (MI), mean abundance (MA), standard deviation (SD)

26°C, of which infection were higher in relatively
high temperature groups (26°C and 30°C) than those in
low temperature groups (14°C and 18°C).
Accordingly, mean abundance was positively
correlated with water temperature for P. bini
(r=0.262, P=0.002). For the other three species, in
contrast, their mean abundances were significantly
negatively correlated with water temperature (P.
anguillae: r=—0.594, P=0.000; P. microrchis:
r=—0.478, P=0.000; Pseudodactylogyrus sp.:
r=—0.648, P=0.000).

With respect to RDA, no outerliers were
revealed. The relationship between temperature and
species abundances was not significant based on data
collected in outdoor investigation (p-value =0.327)
and significant (p-value =0.035) based on indoor data.
The cumulative explained fraction of the variance in
the first two axes and the explanatory variable
( temperature ) accounted for the total variation were
76.12% and 4.21%, 83.47% and 56.07% for RDA of
outdoor and indoor data respectively (Figure 1). As
for the RDA based on indoor data, the first RDA axis
is most strongly influenced by temperature
(correlation = —0.97). P. bini owned its highest score
on the negative side of the first axis, showing its
tendency towards higher temperature groups. In
contrast, P. anguillae, P. micorchis and
Pseudodactylogyrus sp. showed higher abundances
when temperature is lower (Figure 1b).

Seasonal Dynamics of the Monogenean
Communities

At the infracommunity level, the species
richness ranged from 1-4, with the maximum mean
values in February and April 2009, respectively, for
sampling ponds | and |1, and their lowest mean values
in November and September 2008 (Figure 2a). The
highest mean values of the Shannon-winner Index
were during the spring months (May 2008 for
sampling pond I, April 2009 for sampling pond II),
and the lowest values occurred in the autumn months
(November 2008 for sampling pond |, September
2008 for sampling pond I1) (Figure 2d). The monthly
variations of the Simpson index revealed that
infracommunities exhibited their highest levels of
dominance during November 2008 and September
2008 in sampling ponds | and II, respectively,
whereas their lowest levels were in May 2008 and
April 2009 (Figure 2b). A significant difference for

Pielou’s evenness index was observed between the
two sampling ponds (Z=-3.468, P=0.001). Parasites
on the eels collected from sampling pond | were more
evenly distributed than those from sampling pond II.
All  community parameters were significantly
different during the sampling months in both
sampling ponds (P<0.05).

At the component community level, P. bini was
the dominant species, accounting for >50% of the
entire community throughout the year, except for
April 2009 in sampling pond Il (Figure 3). Species
richness was stable at 4 throughout the sampling
period, except for one low value of 2 in sampling
pond Il during August 2008 (Figure 4a). The
Shannon-Wiener’s Index of diversity (H’) varied
irregularly for both sampling ponds. In sampling pond
I, it fell to its lowest levels during September (0.22)
and November (0.23) 2008 and ascended to its peak
in May 2008 (1.07). In the case of sampling pond II,
the lowest value of A’ (0.28) appeared in September
2008 and the highest (1.29) in April 2009 (Figure 4d).
Based on the Kruskal-Wallis test (P>0.05), none of
these community parameters exhibited significant
monthly differences. For the monogenean component
communities on the cultured eels from different
sampling ponds, Pielou’s evenness index showed
them to be significantly different (Z=-2.231,
P=0.026).

MDS analysis revealed that the monogenean
component communities on the gills of cultured
Japanese eels during different months shared over
70% and 50% similarities in sampling ponds | and II,
respectively. At the 90% similarity level, component
communities in the same season tended to group
together, as in the cases of March, April and May
2009 in sampling pond | and January and February
2009 in sampling pond Il. The component community
during May 2008 in sampling pond I (Figure 5a) and
that during April 2009 in sampling pond Il (Figure
5b) deviated from months on either side, which were
generally grouped together. Considering all 26
component communities together, all had a >50%
similarity, but those from the different sampling
ponds grouped separately at the 80% similarity level
(Figure 5c).

Discussion

In the present study, the mean abundances of
four species of monogeneans on cultured Japanese
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parasite  population dynamics have

seasonal

eels, Anguilla japonica, did not exhibit regular

previously been demonstrated in relatively open

seasonal variation in two sampling ponds subjected to

a different frequency of drug implementation. Similar

waters, such as reservoirs (Nie, 1996), lotic waters

(Appleby and Mo, 1997) and an estuary (Winger et

al

results were also reported for Cichlidogyrus spp.

conditions

and also under experimental

., 2008),

in Burkina Faso

2008). Regular or predictable

parasitizing Oreochromis niloticus

(Boungou et al.

1984).
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2005; Hirazawa et al., 2010). Indoor experiments in
the present study have demonstrated that infection

levels of Pseudodactylogyrus spp. are temperature-
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Pseudodactylogyrus decreased with increasing water
temperature in the range of (14~30°C). The
thermophily of P. bini was also reflected in the
significant positive correlation between its mean
abundance and water temperature in the sampling
ponds. Similar results on the relationship between
Pseudodactylogyrus infection levels and water
temperature have also been reported by Kaie (1988),
Nie and Kennedy (1991) and Buchmann (1997).
However, with the exception of P. bini, such a
significant relationship between water temperature
and either mean abundance or prevalence was not
apparent  for the other 3  species of
Pseudodactylogyrus in the present study over a one-
year survey. RDA revealed that the infection of

Pseudodactylogyrus were significantly temperature-
dependent on experimental conditions. Specifically,
P. bini was positively related to temperature while the
other three species were negatively at the range of
(14~30°C). However, the same results calculated by
RDA were not represented on conditions of sampling
ponds. Similarly, Dactylogyrus extensus in Ozer’s
(1999) study showed highest intensity at 16°C in the
farm but 12°C in the lake. Such differences can be
ascribed to the complicated aquatic environments in
the fish ponds and the chemical treatment of the
ponds for disease control. On the one hand, the
complicated environment of these ponds which was
considered as totally confined system may weaken the
impact exerted from temperature. Water chemical
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variables such as pH, stream flow affected the living
and transmission of oncomiracidia (Baker, 2000) and
low oxygen saturation was responsible to inhibit the
embryonation of eggs (Buchmann, 1988b).
McCcammon (2010) observed that Periclimenes
pedersoni, a cleaner shrimp, had a strong effect on the
abundance and size of parasitic monogenean
Neobenedenia melleni on a host reef fish.
Buchmann’s (1994) experiments suggested that the
free living fauna serving as egg predators were liable
to depress the infection level and numerous bacteria
might damage the parasite tegument as well. On the
other hand, a large number of chemicals including
medium-chain fatty acids (Wang et al., 2009),
praziquantel, levamizole, bunomidine (Buchmann et
al., 1990b), mebendazole (Li et al., 1997; Buchmann
and Bjerregaard., 1990c), potassium permanganate,
trichlorfon (Umeda et al., 2006), have been reported
to have anthelmintic efficacy on removal of
Pseudodactylogyrus spp. from European eels, some of
which have become regular pesticides in fishery for
years. In our investigations, anthelmintic drugs are
indispensable for farm management. In sampling
pond I, anthelmintic drugs were applied every month,
whereas, in sampling pond I, drugs were applied only
when the water temperature was high. Thus, drug
disturbance may account for the different trends of
monogenean infections between the two sampling
sites. It is a regret that we haven’t got more
environment variables in the present study. In
addition, our limited samples of fish (20 per month)
may also be a reason for the irregular seasonal pattern
in parasite population on the gills of cultured Japanese

eels and their negligible relationship  with
temperature.
At the infracommunity level, the species

richness of the monogeneans on the cultured eels
varied from zero to four in different months, but it
remained as four at the component community level
in both sampling ponds, which (with a low species
diversity and dominated by a single species) is similar
to the parasite community of European eels studied by
Kennedy et al. (1992). The other three parameters of
parasite infracommunities and component
communities presented similar seasonal dynamics, i.e.
their peaks and troughs appeared during similar
months in the two sampling ponds. This seasonality
was also reflected in the result of the MDS analyses,
which showed that the component communities in
months of the same season were generally clustered
together. Despite this seasonality, all component
communities in different months had >50% similarity
for each sampling pond, indicating a comparatively
stable parasite community on cultured eels, which is
different from that found by Mufioz and Randhawa
(2011) for parasite communities of the intertidal fish
Scartichthys viridis.

As for the separate grouping of parasite
component communities from the different sampling
ponds by MDS analyses, this can be attributed to a

significant  difference  in  species  evenness.
Pseudodactylogyrus bini developed greater number in
relatively high (22°C~30°C) temperature conditions,
while the rest with large hamuli own their optimal
temperature for reproductivity in lower water
temperature  (14°C~22°C). Despite  temperature
predilection, P. bini kept being dominant species
through all seasonal communites in both sampling
sites. This may due to its strong tolerance to host
immune reaction (Buchmann and Lindenstrem, 2002)
and stronger resistance to drugs than the other three
sepecies studied here. Therefore, species evenness
will be high in farm with less drug implementation,
such as sampling pond Il in our research. However,
this is not consistent with lbrahim’s (2012) results in
terms of the parasite community on cultured Tilapia
zillii, which exhibited a higher species richness and
diversity than that on wild hosts. This inconformity
may be ascribed to a smaller difference between the
two sampling ponds in the present study than that
between the cultured pond and the natural
environment in Ibrahim’s (2012) study.

Acknowledgements

This research was supported financially by an
open project (2008330007102669) of the Key
Laboratory for Improved Variety Reproduction of
Aquatic Economic Animals and a project of the
Ocean and Fisheries Administrator of Guangdong
Province, China. The authors are indebted to the
managers of the two fish farms, who helped
considerably during the sampling period, and
laboratory staff, who provided valuable suggestions.

References

Appleby, C. and Mo, A.T. 1997. Population dynamics of
Gyrodactylus salaris (Monogenea) infecting Atlantic
salmon, Salmo salar, parr in the River Batnfjordselva,
Norway. Journal of Parasitology, 83: 23-30.
doi: 10.2307/3284312

Arafa, S.Z. and Reda, E.S. 2012. Surface features of the
monogean  gill  parasites  Pseudodactylogyrus
anguillae and Pseudodactylogyrus bini from the
European eel Anguilla anguilla in Egypt. Parasitology
Research, 110: 127-133. doi: 10.1007/s00436-011-

2459-4
Baker, D.E. and Cone, D.K. 2000. Occurrence of Ergasilus
celestis  (Copepoda) and  Pseudodactylogyrus

anguillae (Monogenea) among wild eels (Anguilla
rostrata) in relation to stream flow, pH and
temperature and recommendations for controlling
their transmission among captive eels. Aquaculture,
187: 261-274. doi:10.1016/S0044-8486(00)00324-0

Boungou, M., Kabre, G.B., Marques, A. and Sawadogo, L.
2008. Dynamics of population of five parasitic
monogeneans of Oreochromis niloticus Linné, 1757
in the dam of Loumbila and possible interest in
intensive pisciculture. Pakistan Journal of Biological
Sciences, 11: 1317-1323.

Buchmann, K. 1988a. Epidemiology of



896 Z. Guangzhen et al. / Turk. J. Fish. Aquat. Sci. 15: 887-897 (2015)

pseudodactylogyrosis in an intensive eel-culture
system. Diseases of Aquatic Organisms, 5: 81-85. doi:
10.3354/dac005081

Buchmann, K. 1988b. Temperature-dependent reproduction
and survival of Pseudodactylogyrus bini (Monogenea)
on the European eel (Anguilla anguilla). Parasitology
Research, 75: 162-164. doi: 10.1007/BF00932717

Buchmann, K. 1990a. Influence of temperature on
reproduction and survival of Pseudodactylogyrus
anguillae (Monogenea) from the European eel. Folia
Parasitologica, 37: 59-62.

Buchmann, K. 1997. Infection biology of gill parasitic
monogeneans with special reference to the congeners
Pseudodactylogyrus  bini  and P. anguillae
(Monogenea: Platyhelminthes) from European eel.
PHd. thesis. Frederiksberg. Royal Veterinary and
Agricultural University.

Buchmann, K. and Bjerregaard, J. 1990b. Mebendazole
treatment of pseudodactylogyrosis in an intensive eel-
culture system. Aquaculture, 86: 139-153.
doi: 10.1016/0044-8486(90)90108-Y

Buchmann, K. and Bjerrregaard, J. 1990c. Mebendazole
treatment of pseudodactylogyrosis in an intensive eel-
culture system. Aquaculture, 86: 139-153.
doi: 10.1016/0044-8486(90)90108-Y

Buchmann, K. and Bresciani, J. 1994. Ultrastructural
evaluation of mebendazole action in
Pseudodactylogyrus bini (Monogenea), gill parasites
from European eel Anguilla Anguilla. Diseases of
Aquatic Organisms, 19: 55-60.

Buchmann, K. 2002. Interactions between monogenean
parasites and their fish hosts. International Journal for
Parasitology, 32: 309-319. doi: 10.1016/S0020-
7519(01)00332-0

Bush, A.O., Lafferty, K.D., Lotz J.M. and Shostak, A.W.
1997. Parasitology meets ecology on its own terms:
Margolis et al. revisited. Journal of Parasitology, 83:
575-583. doi: 10.2307/3284227

Bush, A.O. and Holmes, J.C. 1986. Intestinal helminths of
lesser scaup ducks: an interactive community.
Canadian Journal of Zoology, 64: 142-152.
doi: 10.1139/286-023

Christison, K.W. and Baker, G.C. 2007. First record of
Pseudodactylogyrus anguillae (Yin and Sproston,
1948) (Monogenea) from South Africa. African
Zoology, 42: 279-285. doi: 10.3377/1562-
7020(2007)42[279:FROPAY]2.0.CO;2

Clarke, K.R. and Gorley, R.N. 2006. Primer v6: User
Manual/Tutorial. PRIMER-E Ltd, UK, 190pp.

Emre, Y., Emre, N. Aydogdu, A., Buseli¢, I., Smales, L.R.
and Mladineo, I. 2015. Population dynamics of two
diplectanid species (Monogea) parasitizing sparid
hosts (Sparidae). Parasitology Research, 114: 1079-
1086. doi: 10.1007/s00436-014-4278-x

Fang, J.P., Shirakashi, S. and Ogawa, K. 2008. Comparative
susceptibility of Japanese and European eels to
infections with Pseudodactylogyrus spp.
(Monogenea). Fish Pathology, 43: 144-145.
doi: 10.3147/jsfp.43.144

Gutiérrez, P.A. 2001. Monogenean community structure on
the gills of Pimelodus albicans from Rio de la Plata
(Argentina): a comparative approach. Parasitology,
122: 465-70. doi: 10.1017/S003118200100748X

Hayward, C.J., lwashita, M., Crane, J.S. and Ogawa, K.
2001. First report of the invasive eel pest
Pseudodactylogyrus bini in North America and in
wild American eels. Diseases of Aquatic Organisms,

44: 53-60. doi: 10.3354/da0044053

Hirazawa, N., Takano, R., Hagiwara, H., Noguchi, M. and
Narita, M. 2010. The influence of different water
temperatures on Neobenedenia girellae (Monogenea)
infection, parasite growth, egg production and
emerging second generation on amberjack Seriola
dumerili (Carangidae) and the histopathological effect
of this parasite on fish skin. Aquaculture, 299: 2-7.
doi: 10.1016/j.aquaculture.2009.11.025

Ibrahim, M.M. 2012. Variation in parasite infracommunities
of Tilapia zillii in relation to some biotic and abiotic
factors. International Journal of Zoololgical Research,
8: 59-70. doi: 10.3923/ijzr.2012.59.70

losifidou, E.G., Haagsma, N., Olling, M., Boon, J.H. and
Tanck, M.W.T. 1997. Residue study of mebendazole
and its metabolites hydroxymebendazole and amino-
mebendazole in eel (Anguilla anguilla) after bath
treatment. Drug Metabolism and Disposition, 25: 317-
320. doi: 0090-9556/97/2503-0317-320$02.00/0

Kennedy, C.R. 2007. The pathogenic helminth parasites of
eels. Journal of Fish Diseases, 30: 319-334. doi:
10.1111/j.1365-2761.2007.00821.x

Kennedy, C.R., Nie, P., Kaspers, J. and Paulisse, J. 1992.
Are eels (Anguilla anguilla L.) planktonic feeders?
Evidence from parasite communities. Journal of Fish
Biology, 41: 567-580. doi: 10.1111/j.1095-
8649.1992.tb02684.x

Knipes, A.K. and Janovy, J. 2009. Community structure and
seasonal dynamics of Dactylogyrus spp. (Monogenea)
on the fathead minnow (Pimephales promelas) from
the salt valley watershed, Lancaster County,
Nebraska. Journal of Parasitology, 95: 1295-1305.
doi:10.1645/GE-2166.1

Kaie, M. 1988. Parasites in eels, Anguilla anguilla (L.) from
eutrophic Lake Esrum (Denmark). Acta Parasitologica
Polonica, 33: 89-100.

Lambert, A. 1990. Environment and host-parasite
relationships in Monogenea. Folia Parasitologica, 37:
219-224.

Li, XG., Ling, WZ., Wang, JF. and Lin, XW. 1997. Studies
on toxic effects on European eel (Anguilla anguilla
L.) of some drugs and their therapeutic efficacy for
treatment of Pseudodactylogyrus anguillae. (in
Chinese) Journal of Fujian Fisheries, 9(3): 25-32.

Liu, X.D. 2006. Observation on the life cycle and analysis
of specific antigen of Pseudodactylogyrus spp. from
eel. MSc. thesis. Fujian: Fujian Normal University.

Luo, Y.F., Brown, C.L. and Yang, T.B. 2010. Seasonal
dynamics of Diplectanum grouperi parasitism on wild
versus cultured groupers, Epinephelus spp., and the
linkage between infestation and host species
phylogeny. Journal of Parasitology, 96: 541-546.
doi: 10.1645/GE-2286.1

Luo, Y.F. and Yang, T.B. 2012. Seasonal patterns in the
community of gill monogeneans on wild versus
cultured orange-spotted grouper, Epinephelus coioides
Hamilton, 1982 in Daya Bay, South China Sea.
Aquaculture Research, 43: 1232-1242.
doi: 10.1111/j.1365-2109.2011.02927.x

McCammon, A., Sikkel, P.C. and Nemeth, D. 2010. Effects
of three Caribbean cleaner shrimps on ectoparasitic
monogeneans in a semi-natural environment. Coral
Reefs, 29: 419-26. doi: 10.1007/s00338-009-0583-8

Matejusova, 1., Simkova, A., Sasal, P. and Gelnar, M. 2003.
Microhabitat distribution of Pseudodactylogyrus
anguillae and Pseudodactylogyrus bini among and
within gill arches of the European eel (Anguilla



Z. Guangzhen et al. / Turk. J. Fish. Aquat. Sci. 15: 887-897 (2015) 897

anguilla L.). Parasitology Research, 89:290-296.
doi: 10.1007/s00436-002-0682-8

Muiioz, G. and Randhawa, H.S. 2011. Monthly variation in
the parasite communities of the intertidal fish
Scartichthys viridis (Blenniidae) from central Chile:
are there seasonal patterns? Parasitology Research,
109: 53-62. doi: 10.1007/s00436-010-2220-4

Newbold, L.R., Hockley, F.A., William,s C.F., Cable, J.,
Reading, A.J., Auchterlonie N. and Kemp P.S. 2015.
Relationship between European eel Anguilla Anguilla
infection with non-native parasites and swimming
behaviour on encountering accelerating flow. Journal
of Fish Biology, 86: 1519-1533.
doi: 10.1111/jfh.12659

Nie, P. 1996. Co-occurrence and microhabitat of
Ancyrocephalus mogurndae  (Monogenea) and
Henneguya weishanensis (Myxosporea) on gills of the
mandarin fish, Siniperca chuatsi. Folia Parasitologica,
43: 272-276.

Nie, P. and Kennedy, C.R. 1991. Occurrence and seasonal
dynamics of Pseudodactylogyrus anguillae (Yin and
Sproston) (Monogenea) in eel, Anguilla anguilla (L.),
in England. Journal of Fish Biology, 39: 897-900.
doi: 10.1111/j.1095-8649.1991.th04419.x

Norton, J., Lewis, J.W. and Rollinson, D. 2004. Temporal
and spatial patterns of nestedness in eel macroparasite
communities. Parasitology, 129: 203-211.
doi: 10.1017/S0031182004005517

Ogawa, K. and Egusa, S. 1976. Studies on eel
pseudodactylogyrosis. 1. Morphology  and
classification of three eel dactylogyrids with a
proposal of a new species, Pseudodactylogyrus
microrchis. Bulletin of the Japanese Society for the
Science of Fish, 42: 395-404.
doi: 10.2331/suisan.42.395

Ozer, A. and Erdem, O. 1999. The relationship between
occurrence of ectoparasites, temperature and culture
conditions; a comparison of farmed and wild common
carp (Cyprinus carpio L., 1758) in the Sinop region of
northern Turkey. Journal of Natural History, 33: 483-
491. doi: 10.1080/002229399300209

Ozer, A., and Yilmaz Kirca, D. 2015. Parasite fauna of the
grey mullet Mugil cephalus L. 1758, collected from
fish lakes in Lower Kizilirmak Delta located by the
Black Sea, Turkey. Journal of Natural History, 49
(15-16): 933-956.
doi: 10.1080/00222933.2014.979259

Sasal, P., Taraschewski, H., Valade, P., Grondin, H.,
Wielgoss, S.and Moravec, F. 2008. Parasite
communities in eels of the Island of Reunion (Indian
Ocean): a lesson in parasite introduction. Parasitology
Research, 102: 1343-1350. doi: 10.1007/s00436-008-
0916-5

Schmahl, G., Taraschewski, H. and Mehlhorn, H. 1989.
Chemotherapy of fish parasites. Parasitology
Research, 75: 503-511. doi: 10.1007/BF00931157

Scott, M.E. and Anderson, R.M. 1984. The population
dynamics of Gyrodactylus bullatarudis (Monogenea)
within laboratory populations of the fish host Poecilia
reticulata. Parasitology, 89: 159-194.
doi: 10.1017/S0031182000001207

Simkova, A., Desdevises, Y., Gelnar, M. and Morand, S.
2000. Co-existence of nine gill ectoparasites
(Dactylogyrus: Monogenea) parasitising the roach
(Rutilus rutilus L.): history and present ecology.
International Journal for Parasitology, 30: 1077-1088.
doi: 10.1016/S0020-7519(00)00098-9

Ter Braak, CJF and Smilauer, P. 2012. Canoco reference
manual and user’s guide: software for ordination
(version 5.0). Ithaca: Microcomputer Power.

Tubbs, L.A., Poortenaar, C.W., Sewell, M.A. and Diggles,
B.K. 2005. Effects of temperature on fecundity in
vitro, egg hatching and reproductive development of
Benedenia  seriolae and  Zeuxapta  seriolae
(Monogenea) parasitic on yellowtail kingfish Seriola
lalandi. International Journal for Parasitology, 35:
315-327. doi: 10.1016/j.ijpara.2004.11.008

Wang, GX., Jiang, DX., Zhou, Z., Zhao, YK. and Hua, Y.
2009. In vivo assessment of anthelmintic efficacy of
ginkgolic acids (C13:0, C15:1) on removal of
Pseudodactylogyrus in European eel. Aquaculture,
297: 38-43. doi: 10.1016/j.aquaculture.2009.09.012

Winger, A.C., Marte, K., Roar, K. and Rune, K. 2008.
Seasonal dynamics and persistence of Gyrodactylus
salaris in two riverine anadromous Arctic charr
populations. Environment Biology of Fishes, 83: 117-
123. doi: 10.1007/s10641-007-9274-x

Umeda, N., Nibe, H., Hara, T. and Hirazawa, N. 2006.
Effects of various treatments on hatching of eggs and
viability of oncomiracidia of the monogenean
Pseudodactylogyrus anguillae and
Pseudodactylogyrus bini. Aquaculture, 253: 148-153.
doi: 10.1016/j.aquaculture.2005.08.009



