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A total of 958 specimens of farmed common carp Cyprinus carpio from
eight of the most significant and largest cyprinid aquaculture facilities
in Macedonia (pond and cage culture systems) were examined for
parasitological investigation for three years. The following parasite
species of the genus Dactylogyrus were identified: Dactylogyrus extensus,
Dactylogyrus minutus and Dactylogyrus anchoratus. The highest prevalence
was determined for D. extensus (38.8%), followed by D. minutus (7.9%)
and D. anchoratus (2.8%). The highest mean intensity was determined for
D. extensus (6.2), followed by D. minutus (4.7) and D. anchoratus (3.8).
By seasons, the highest prevalence (16.5%) was recorded for D. extensus
in winter, while the lowest (0.6%) for D. minutus in autumn. The highest
mean intensity (8.0) was also determined for D. extensus in winter, and the
lowest (1.9) for D. minutus in spring.
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INTRODUCTION

The family Dactylogyridae includes many parasite species
that mainly parasitize on the gills of freshwater fish. Dove
and Ernst (1998) considered that Dactylogyrus sp. is one
of the largest genera of parasitic helminths, 95% of which
are parasites on the gills of fish from the family Cyprinidae.
The genus Dactylogyrus includes more than 200 parasite
species that are characterized by different pathogenicity.
The composition and dimensions of certain parts of
the hooks are important factors in determining these
parasites. The copulatory organ is chitinoid and consists
of a tube and an auxiliary apparatus of different shapes,
sizes and interactions in different types of dactylogiruses
(Bauer, 1985).

According to Woo (2006), members of the genus
Dactylogyrus represent the largest group of fish
ectoparasites and are of great importance for fish
pathology. Young fish are more at risk of infection with
these parasites, which can lead to disease and high
mortality in hatcheries, but adult fish are not excluded.
Kearn (1994) stated that, in general, most species of the
genus Dactylogyrus are strictly host-specific, or are limited
to one or more closely related hosts.

Shaharom-Harrison (1986) and Cable et al. (1998) stated
that the development of dactylogyruses is usually rapid,
lasting 4 - 5 days, and their lifespan is short, lasting 5 -
40 days. These parasites develop various mechanisms
to increase the possibility of attaching to the host, such

as the opening of the oncomiracids during the period
when the fish is resting on the bottom. They also develop
mechanisms to resist chemical and physical stressors in
the environment.

The main aim of this study was to determine the parasite
fauna of the genus Dactylogyrus in common carp Cyprinus
carpio L. 1758 from aquaculture facilities in Macedonia,
to identify Dactylogyrus species, as well as to determine
their changes in intensity and prevalence level depending
on the season and sampling sites. In this research, the
most important aquaculture facilities in Macedonia were
included for the first time.

MATERIALS AND METHODS

Fish material from 958 specimens of farmed common
carp Cyprinus carpio sampled from the most significant
and largest cyprinid aquaculture facilities in Macedonia,
including fish ponds and cage farms on reservoirs (Fig. 1),
was examined for parasitological investigations. This study
was carried out by seasons for three years (2018 - 2020).
Only fresh fish were subjected to routine identification,
dissection and observation. Cleaned parasites were
separated, put in appropriate fixatives and prepared for
determination using determination techniques of staining
and clearing (Vasiljkov, 1983; Gussev, 1983). Parasites on
native smears were observed under a light microscope
at the magnification of between x100 and x400. The
parasite specimens were identified using the reference
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Fig 1. Sampling points - aquaculture facilities (1 — Fish pond Zhabeni; 2 — Fish pond Bukri; 3 — Fish pond Dolneni; 4 — Fish
pond Zhelezara; 5 — Tikvesh Reservoir; 6 — Mladost Reservoir; 7 — Globochica Reservoir; 8 — Gradche Reservoir)
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keys of Bauer (1985; 1987) and Gussev (1983). During
the examinations at the Department for Fish Diseases in
the Institute of Hydrobiology in Ohrid (N. Macedonia),
Zeiss stereomicroscopes (Stemi DV4 and MBS 10), as
well as light Reichart microscope, were used. Common
statistical analyses by calculation of mean prevalence and
abundance of parasite species of the genus Dactylogyrus
were used.

RESULTS AND DISCUSSION

During the parasitological examinations of the farmed
common carp fromthe aquaculture facilitiesin Macedonia,
the following species of the genus Dactylogyrus were
identified: Dactylogyrus extensus, D. minutus and D.
anchoratus (Table 1). The most widespread species was
D. extensus, while D. anchoratus was found only at one
sampling site.

Based on the total number (958) of examined fish
samples of common carp, the highest prevalence of
Dactylogyrus species was determined for D. extensus
(38.8%), followed by D. minutus (7.9%) and D. anchoratus
(2.8%). The highest mean intensity with Dactylogyrus
species in common carp was determined with D. extensus
(6.2), followed by D. minutus (4.7) and D. anchoratus (3.8)
(Table 2). During this research, it was noticed that the
dynamics of parasite occurrence in farmed common carp

Table 1. Recorded Dactylogyrus species by aquaculture facility

varies depending on the parasite species and the season.
D. extensus and D. minutus were found in all four seasons,
while D. anchoratus was found only in the winter.

By seasons, the highest prevalence (16.5 %) was confirmed
for D. extensus in the winter, while the lowest (0.6 %) for
D. minutus in the autumn (Table 3). The highest mean
intensity (8.0) was also determined for D. extensus in the
winter, while the lowest (1.9) for D. minutus in the spring
(Table 3).

During our research, D. extensus was found at all studied
locations except at Globochica Reservoir (Table 1 and
3), with different prevalence and mean intensity. Our
findings of D. extensus in common carp are the first for
cyprinid fish ponds Bukri, Dolneni, Zhelezara, as well as
for Mladost and Gradche reservoirs. The prevalence of
D. extensus in farmed common carp by seasons was the
highest in the winter and the lowest in the summer, while
it was similar in the spring and in the autumn (Table 3).
Due to specific ecological characteristics, it seems that
D. extensus grows faster at low temperatures, therefore
our results confirmed previous observations. According to
Turgut (2012), eggs are resistant to cold water, while larval
development is inhibited at 2-3°C.

D. extensus is one of the least host-specific species and it
was present in 7 genera of fish (Borji et al., 2012). There is
impaired locomotion and poor food intake in fish infected
with D. extensus and, as a result, they gradually weaken.

Aquaculture facility Dactylogyrus extensus

Dactylogyrus minutus Dactylogyrus anchoratus

Fishpond Zhabeni v
Fishpond Bukri v
Fishpond Dolneni v
Fishpond Zhelezara v
Tikvesh Reservoir v
Mladost Reservoir v

Globochica Reservoir

Gradche Reservoir v

Table 2. Total prevalence (P) and mean intensity (I) with Dactylogyrus spp. in farmed common carp from aquaculture facilities in

Macedonia

Parasite species Number of infected fishes

Mean intensity Prevalence (%)*

Dactylogyrus extensus 372
Dactylogyrus minutus 76
Dactylogyrus anchoratus 27

6.2 38.8
4.7 7.9
3.8 2.8

* The calculations are based on the total number (958) of examined samples of common carp Cyprinus carpio
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Table 3. Prevalence (P) and mean intensity (l) of Dactylogyrus spp. infestation by seasons in farmed common carp from aquaculture

facilities in Macedonia

Spring Summer Autumn Winter
Parasite species
| P (%) | P (%) 1 P (%) | P (%)
Dactylogyrus extensus 4.0 7.0 2.5 2.8 5.5 6.3 8.0 16.5
Dactylogyrus minutus 1.9 0.8 4.8 4.2 3.4 0.6 6.9 1.2
Dactylogyrus anchoratus / / / / / / 3.8 24

* The calculations are based on the total number of examined samples (958) of common carp Cyprinus carpio (- intensity, P- prevalence)

The operculum is dilated and the gills are swollen, pale
and covered with a large amount of mucus, bleeding
and necrosis. An excessive amount of mucus impairs
the function of the respiratory organs and, as a result,
suffocation appears. In some cases, gill lesions are an
entry point for bacteria and fungi, especially those of the
genus Saprolegnia (Daghigh Roohi et al., 2019).
According to our observations, because of the parasitism
of D. extensus, losses usually occur in young carp farmed
in poor conditions, or if young carp in densely populated
fish ponds is infested with other parasite species in early
spring (Turgut, 2012).

In our research, D. minutus was found on the gills of 76
specimens (7.9%) of common carp in Bukri and Dolneni
fish ponds, as well as Mladost, Globochica and Gradche
reservoirs (Fig. 2-7). The mean intensity was a little lower
than for D. extensus (4.7).

Our findings of D. minutus in common carp are the
first of all listed cyprinid fish ponds and reservoirs. The
prevalence of D. minutus by season was the highest in the
summer (4.2%) and lowest in the autumn (0.6%), while
the intensity was the highest in the winter (6.9) and lowest
in the spring (1.9) (Table 3). This situation is correlated
with the water temperature, which means that the peak
of infestation with D. minutus corresponds to an increase
in water temperature, and the fall of infestation at other
seasons coincides with the fall of water temperature.

Fig 2. Dactylogyrus extensus on gills of Cypriu carpio —
copulatory organ (x400)
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Fig 3. Dactylogyrus extensus on gills of Cyprinus carpio —
hooks

£ . -

Fig 4. Dactylogyrus extensus on gills of Cyprinus carpio —
hooks (x400)

This can be explained by the fact that D. minutus is a
thermophilic parasite with a shorter life cycle at high
temperatures (Silvia, 1991; Pojmanskaya, 1995). This also
explains the dominance of this species in the summer
months. Aydogdu and Altunel (2002) also point out that
theintensity of infestation with D. minutus in common carp
changes with water temperature variations. According to
the findings of the previous parasitological research in
Macedonia, data on the presence of D. minutus in wild
common carp was published by Hristovski et al. (2003)
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Fig 5. Dactylogyrus minutus on gills of common carp -
whole parasite
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Fig 6. Dactylogyrus minutus on gills of common carp —
hooks (x200)

Fig 7. Dactylogyrus minutus on gills of common carp —
copulatory organ

and Stojanovski (2003) in Dojran Lake (with a prevalence
of 1.32% and mean intensity of 1.00) and Hristovski et al.
(2006, 2012) in Prespa Lake with a prevalence of 8.89%.
According to the literature reviews in neighbouring
countries, the presence of D. minutus in common carp
in Bosnia and Herzegovina was reported by Zitnan et al.
(1969) and Cankovi¢ et al. (1976) in the carp fishpond
“Vucijak” — Prnjavor, and by KiSkaroly (1987) in the carp
fishponds “Bardac”, “Prnjavor” and “Sanic¢ani” in Prijedor.
In Bulgarian waters, a presence of D. minutus was
reported by Kakacheva-Avramova (1983) and Margaritov
(1961, 1962).

In our research, D. anchoratus was found only in
Globochica Reservoir in winter, and this is the first finding
of D. anchoratus in farmed common carp for Macedonia.
Accordingly, the prevalence and mean intensity were the
lowest for this species (Table 2). Gibson et al. (1996) stated
that D. anchoratus is one of the least specific species to a
host and it has been present in 19 genera of fish, making
this species one of the exceptional representatives
of the genus Dactylogyrus, due to its wide range of
hosts. According to Kakacheva - Avramova (1983), the
pathogenic effect of this parasite is not pronounced. It
is conditioned only by mechanical damage to the gills.
According to the data from previous parasitological
researches in Macedonia, D. anchoratus was determined
by Stojanovski (2003) in wild common carp in Prespa Lake,
with a prevalence of 0.93% and mean intensity of 11.0.
According to the literature reviews from the neighbouring
countries, the presence of D. anchoratus in common carp
in Bosnia and Herzegovina was reported by Zitnan et al.
(1969) and Cankovi¢ et al. (1976) in the carp fishpond
“Vucijak” in Prnjavor, by Tesercik and Ivasik (1973) in the
carp fishpond “Majdan”, and by Kiskaroly (1987) in the
carp fishponds “Bardac”, “Prnjavor” and “Sanicani” in
Prijedor. Ergens (1970) found this parasite in common carp
from Skadar and Great Black Lakes, Kakacheva-Avramova
(1983) and Margaritov (1961, 1962) in Bulgarian waters,
while Dupont and Lambert (1986) found it in Lake Micro
Prespa in Greece.

Seasonal variations of dactylogiruses are strongly
influenced by temperature, the oxygen concentration in
the water, and the size and age of the host fish. These
findings indicate that the narrow range of tolerance
of these species to environmental conditions takes
precedence over host specificity.

ZARAZA PARAZITOM DACTYLOGYRUS KOD
SARANA Cyprinus carpio U AKVAKULTURNIM
OBJEKTIMA U MAKEDONLUI

SAZETAK

Za parazitolosko istraZivanje u trajanju od tri godine
pregledano je ukupno 958 primjeraka uzgojenog
Sarana (Cyprinus carpio) iz osam najznacajnijih i
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najvecéih akvakulturnih objekata ciprinida u Makedoniji.
Identificirane su sljede¢e vrste parazita iz roda
Dactylogyrus: Dactylogyrus extensus, Dactylogyrus
minutus i Dactylogyrus anchoratus. Najveca prevalencija
utvrdena je za D. extensus (38,8%), zatim za D. minutus
(7,9%) i D. anchoratus (2,8%). Najveci srednji intenzitet
utvrden je za D. extensus (6,2), zatim D. minutus (4,7) i
D. anchoratus (3,8). Prema godisnjim dobima, najveca
prevalencija (16,5%) zabiljezena je za D. extensus zimi,
dok je najniza (0,6%) za D. minutus u jesen. Najveci srednji
intenzitet (8,0) takoder je utvrden za D. extensus zimi, a
najmaniji (1,9) za D. minutus u proljece.

Klju€ne rijeci: Dactylogyrus sp., nametnik, akvakultura,
srednji intenzitet, prevalencija
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