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INTRODUCTION

Fish parasites are adapted to the specific con-
ditions of both their abiotic aquatic environment and
their hosts (Pietrock et al. 2001), making them poten-
tially useful as important determinants of their hosts’
health and excellent biological indicators of water con-
tamination (Poulin 1992). The effect of environmental
pollution such as quality of water and bottom sediment
on monogenean parasites has been postulated by
several authors (Koskivaara et al. 1991a,b, Gelnar et
al. 1997, Dus̆ek et al. 1998).

Diplozoids (Diplozoinae) are monogenean parasites
living mainly on the gills of cyprinid fish. The life-cycle
is direct, including a free-swimming oncomiracidium
and parasitic larva known as a diporpa. Two larvae
fuse in permanent cross copula and live as a pair in
their adult life. The apparatus that maintains attach-

ment of the adult diplozoids to the host consists of a
pair of central hooks and 4 pairs of clamps on each
haptor of the pair. The central hooks and 1 pair of
clamps are present both in oncomiracidia which
develop in the egg and in free-swimming onco-
miracidia. During the diporpa stage 2, 3 or 4 pairs of
clamps develop (Khotenovsky 1985). There are very
few records of abnormally developed specimens of
diplozoids showing abnormalities relating mainly to
the attachment apparatus (Bovet 1967, Oliver &
Reichenbach-Klinke 1973, Kuperman 1992, Zharikova
1993, 2ebelová et al. 2002). The abnormalities of the
attachment apparatus of diplozoids were linked either
to non-optimal living conditions or to the mutagenic
effect of toxic substances from polluted waters (Kuper-
man 1992, Zharikova 1993, 2ebelová et al. 2002). In
laboratory conditions, abnormalities of the Diplozoon
paradoxum attachment apparatus, such as absence of
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central hooks or clamps and clamp abnormalities, were
recorded (Bovet 1967). As this experiment was
designed to study the effect of water temperature on
eggs during incubation, the author assumed that high
temperatures (above 23°C) during incubation of eggs
were the cause of the abnormalities. Later on, abnor-
malities of the clamps were described for Paradiplo-
zoon homoion, and a basic categorisation of abnormal-
ities of the attachment apparatus was included (Oliver
& Reichenbach-Klinke 1973). A reduction in the num-
ber of the attachment clamps compared to normally
developed specimens, together with asymmetry in the
arrangement of the clamps, was also observed in D.
paradoxum by Kuperman (1992). A 1:8 ratio of abnor-
mally versus normally developed clamps was
recorded. Zharikova (1993) also revealed asymmetry
in the number of attachment clamps as well as changes
in the body structure of D. paradoxum.

A comparative study, which included more than
1 species of diplozoid (Diplozoon paradoxum, Para-
diplozoon ergensi, P. megan, P. homoion), was pre-
sented by 2ebelová et al. (2002). Changes in the mor-
phology and dimensions of the attachment clamps
were categorised into 4 types: changes in the size of
clamps without accompanying alternations in their
structure, morphological alterations of the standard
size of clamps, abnormalities involving the absence
of some clamps, and combinations of these 3 types
of morphological abnormalities. Although a limited
number of specimens of each species was studied,
P. homoion was stated as the species with the most
abnormalities.

Abnormalities of the attachment apparatus were also
registered in other oviparous monogeneans, for exam-
ple Dactylogyrus wunderi (Dactylogyridea) (Zharikova
1993) or viviparous monogeneans such as Gyrodac-
tylus pungitii (Gyrodactylidea) (Harris 1998). How-
ever, these are sporadic findings and the causes of the
abnormalities only speculative.

The aim of this study was to report the occurrence
of abnormalities of the attachment apparatus of
Paradiplozoon homoion with particular focus on the
categorisation of the different types of abnormalities.

MATERIALS AND METHODS

In total, 152 gudgeons Gobio gobio (L.) were col-
lected from 4 localities along the Vlára River basin
from November 2000 to October 2002 (Table 1). The
distribution of the localities along the Vlára River basin
is illustrated in Fig. 1. All Paradiplozoon homoion (By-
chowsky & Nagibina, 1959) specimens were removed
from the gills, and the haptor of each of the specimens
was cut off, fixed with a mixture of ammonium picrate-
glycerin (Malmberg 1956, Ergens 1969) and mounted
on a microscope slide. Haptors of adults were stained
in Gomori’s trichrome stain solution, prepared accord-
ing to Humason (1967). The morphology of the clamps
and central hooks was studied using a light microscope
equipped with differential interference contrast (No-
marski DIC) and phase contrast, and was compared
with a standard of normally developed sclerites (see
Figs. 2 & 3). A parasite with an abnormal clamp or
central hook compared to the normally developed
structure was categorised as an abnormal diplozoid.

Parasite mean intensity of infection, abundance and
prevalence were calculated according to Bush et al.
(1997).

RESULTS

A total of 463 specimens of Paradiplozoon homoion
were recovered from gills of gudgeons at 4 localities
along the Vlára River basin (see Fig. 1). Epidemio-
logical characteristics such as mean intensity of infec-
tion, abundance and prevalence are recorded in
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Table 1. Sampling localities with details of Gobio gobio collected and epidemiological characteristics of Paradiplozoon homoion infection

Locality Date of No. of Weight of Standard length No. of Intensity of Abundance Prevalence
collections G. gobio fish (g) of fish (cm) P. homoion infection (%)

Mean (range) Mean (range) collected Mean (range)

Vlára River, November 2000 13 21.18 (4.9–36.0) 10.65 (7.1–12.8) 34 3.40 (1–9) 2.62 76.92
Svatý 2těpán April 2001 15 22.97 (5.1–47.5) 10.43 (7.0–13.5) 52 4.73 (2–10) 3.47 73.33

October 2001 15 9.59 (2.1–29.8) 7.93 (4.8–12.2) 35 3.89 (1–9) 2.33 60.00

Vlára River, April 2001 15 8.19 (2.6–21.6) 7.59 (5.5–10.4) 46 3.83 (1–16) 3.07 80.00
Bohuslavice October 2001 15 8.37 (4.6–19.4) 7.99 (6.2–10.8) 40 3.64 (1–7) 2.67 73.33

October 2002 20 15.38 (2.6–28.0) 9.76 (6.0–12.3) 87 4.83 (1–10) 4.35 90.00

Říka River, October 2001 15 16.11 (8.5–33.1) 9.72 (7.7–12.4) 83 5.93 (2–13) 5.53 93.33
engineering plant April 2002 24 13.76 (3.3–30.7) 8.79 (5.6–12.0) 45 3.00 (1–12) 1.88 62.50

Říka River, Slavi<ín October 2002 20 25.02 (14.8–37.5) 11.34 (9.3–13.3) 41 2.41 (1–6) 2.05 85.00
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Table 1. Parasites were collected during spring and
autumn to maximise collection of parasites in the adult
stage of development, as these were used to analyse
the percentage of abnormally developed specimens
(Table 2).

More than 30% of parasites from 4 localities had
abnormalities of the attachment apparatus. The per-
centage of abnormal specimens during the study
period is recorded in Table 2. Abnormally developed
diplozoid specimens were found at the Bohuslavice
locality (39.13%) in April 2001. During additional
(October 2001, October 2002) collections of diplozoids
at this locality, the percentage of abnormal diplozoids
was lower, but always reached over 27% (Table 2). In
October 2001, diplozoids were collected from 3 locali-
ties (Vlára River: Svatý 2těpán, Bohuslavice; Říka
River: engineering plant). The greatest prevalence of
abnormalities was found on parasites collected from
the Říka River and in the direction of the Vlára River
flow the number of diplozoids with abnormalities
decreased.

All abnormalities of attachment apparatus recorded
were categorised into 7 types. Some of these abnor-
malities have already been discussed in the literature
(Bovet 1967, Oliver & Reichenbach-Klinke 1973,
Kuperman 1992, Zharikova 1993, 2ebelová et al. 2002),

but new types of clamp abnormalities
and rare abnormalities of the central
hooks were also detected. The types of
abnormalities found were as follows:
(1) size reduction of adult parasite
clamps without changes in their scle-
rite structure (Fig. 9); (2) clamps with
abnormal sclerites: absence or reduc-
tion of sclerites, additional sclerites
(Fig. 7), or misshapen sclerites (Fig. 6);
(3) rudimentary clamps (Figs. 10 & 11);
(4) absence of some clamps (Fig. 8);
(5) additional clamp or pair of clamps:
additional rudimentary clamp (Fig. 11)
or additional type 2 clamp (Fig. 12);
(6) a combination of abnormalities
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Fig. 1. Map of the Vlára River basin, Czech Republic, with
the studied localities marked: 1: Vlára River, Svatý 2těpán;
2: Vlára River, Bohuslavice; 3: Říka River, engineering plant; 

4: Říka River, Slavi<ín

Table 2. Occurrence of Paradiplozoon homoion with abnormalities

Locality Date of No. of No. of abnormal
collections P. homoion P. homoion (%)

Vlára River, November 2000 34 12 (35.29)
Svatý  2těpán April 2001 52 15 (28.85)

October 2001 35 7 (20.00)

Vlára River, April 2001 46 18 (39.13)
Bohuslavice October 2001 40 11 (27.50)

October 2002 87 28 (32.18)

Říka River, October 2001 83 30 (36.14)
engineering plant April 2002 45 10 (22.22)

Říka River, Slavi<ín October 2002 41 12 (29.27)

Total 463 143 (30.89)

Fig. 2. Paradiplozoon homoion. Morphology of the normally
developed attachment clamp and central hook of adult diplo-
zoid. 1: median plate; 2: trapeze spur; 3: anterior joining scle-
rites of the median plate; 4: sclerites of the proximal tip of the
median plate; 5: sclerites of the distal tip of the median plate;
6: spiky spur; 7: anterior jaw; 8: medial sclerite of the posterior
jaw; 9: lateral sclerite of the posterior jaw; 10: body of the 

central hook; 11: handle of the central hook



Dis Aquat Org 64: 63–68, 200566

Figs. 3 to 12. Paradiplozoon homoion. Fig. 3. Haptor with clamps and their layout (L = left, R = right, I–IV = clamps of first to fourth pair).
Scale bar = 100 µm. Nomarski DIC. Fig. 4. Clamp with size reduction and misshaped median plate and spiky spur, without dividing of pos-
terior jaws into medial and lateral sclerites and with presence of additional sclerites (Type 6). Scale bar = 50 µm. Nomarski DIC. Fig. 5.
Absence of the handle of the central hook (Type 7) (arrow). Scale bar = 20 µm. Phase contrast. Fig. 6. Misshaped structure of spiky spurs
(Type 2). Scale bar = 50 µm. Nomarski DIC. Fig. 7. Spiky spur and median plate connected by additional sclerite (Type 2) (arrow). Scale
bar = 50 µm. Nomarski DIC. Fig. 8. Absence of 1 left clamp (Type 4) (arrow). Scale bar = 100 µm. Nomarski DIC. Fig. 9. Fourth clamp of
adult parasite with size reduction (Type 1) (arrow). Scale bar = 100 µm. Nomarski DIC. Fig. 10. Rudimentary second pair clamp (Type 3)
(arrow). Scale bar = 100 µm. Nomarski DIC. Fig. 11. Fourth and additional (fifth) rudimentary clamps (Types 3 and 5). Scale bar = 100 µm.
Nomarski DIC. Fig. 12. Fourth clamp with combination of abnormalities (Type 6) and additional (fifth) clamp with abnormal sclerities 

(Type 5). Scale bar = 100 µm. Nomarski DIC
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(Figs. 4 & 12); (7) abnormalities of the central hooks:
absence or reduction of the handle of the central hook
(Fig. 5), absence or reduction of the body of the central
hook or absence of the central hook.

The most frequent types of abnormalities were
clamps with abnormal sclerites (Type 2) (27.66%)
and combinations of abnormalities (Type 6) (33.19%).
Moreover, the greatest proportion of abnormalities
was found on the fourth pair of clamps (39.82%) (p <
0.05; chi-square with Yates correction) (Fig. 13). There
were only a few cases where the first pairs of clamps
were abnormally developed (6.19%) (p < 0.05; chi-
square with Yates correction).

DISCUSSION

Causes of the abnormally developed attachment
apparatus and possible effects of this on the attachment
of diplozoids to the host gills are so far unresolved. The
majority of authors dealing with this problem discussed
environmental pollution as the main cause (Bovet 1967,
Kuperman 1992, Zharikova 1993, 2ebelová et al. 2002).

In our study, a relatively large number of diplozoids
displayed abnormalities (about 30% of all examined

adult diplozoids). 2ebelová et al. (2002) found abnor-
malities present in only 9 individuals from 132 speci-
mens of 3 species of Paradiplozoon from chub Leu-
ciscus cephalus examined, and 12% of Diplozoon
paradoxum recovered from bream Abramis brama
exhibited some type of clamp abnormality.

The presence of rudimentary clamps (Type 3 abnor-
mality) (8.94%) has not previously been recorded.
Abnormalities of the central hook (Type 7) (12.34%)
were previously observed only by Bovet (1967) on
diplozoids from Abramis brama. The most frequent
abnormality mentioned by almost all authors was the
absence of some of the clamps (Bovet 1967, Oliver &
Reichenbach-Klinke 1973, Kuperman 1992, Zharikova
1993, 2ebelová et al. 2002). This is probably due to the
fact that the absence of whole attachment clamps is the
most visible and obvious abnormality. Unfortunately,
apart from 2ebelová et al. (2002), authors have not
stated the frequency of occurrence of these abnormal-
ities. Of all abnormally developed specimens of Diplo-
zoon paradoxum found by 2ebelová et al. (2002), 55%
were seen to have a reduced number and arrangement
(4:4) of clamps (Type 4); 10% of abnormal D. para-
doxum showed complete reduction of the clamp on
1 side of the haptor, arrangement 4:0 (Type 4); and
35% abnormal D. paradoxum had deformed clamps
that were smaller than normal.

Abnormalities were most frequently found on the
fourth pair of clamps (39.82%) that start to form in the
latest stage of diplozoid ontogenetic development (p <
0.05; chi-square with Yates correction) (Fig. 13). In
contrast to our findings, 2ebelová et al. (2002) recorded
that in most cases clamps of the second and third pairs
were damaged or deformed.

Finally, we suggest that a large number of abnor-
malities found in diplozoids may be caused by environ-
mental pollution. However, this requires further study
and the subject of future research will be to determine
concentrations of polychlorinated biphenyls, polycyclic
aromatic hydrocarbons and heavy metals in river sedi-
ments and muscle tissues of individual fish and in situ
bioindication of the adverse effects of pollutants. We
would also like to perform tests comparing reproduci-
bility of abnormally and normally developed specimens. 
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Fig. 13. Paradiplozoon homoion. Confidence intervals for the
probability of the occurrence of abnormal clamps or central
hooks (CH = central hooks; I, II, III, IV pair = pairs of diplozoid 

attachment clamps)
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