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Abstract:

Totally, 134 individuals of Gasterosteus aculeatus from the Lake Atanasovsko Wetland, Bulgaria, were

examined for helminth parasites. Five helminth species were identified: the trematode Posthodiplosto-
mum brevicaudatum (metacercariae), the monogenean Gyrodactylus arcuatus, the trypanorhynch cestode
Progrillotia dasyatidis (plerocerci) and third-stage larvae of the ascaridoid nematodes Contracaecum sp.
and Hysterothylacium sp. Of them, G. arcuatus was the most prevalent species, with prevalence (P%)
68.66, followed by P. brevicaudatum (P% 22.39). The remaining species were weakly represented: Hys-
terothylacium sp. (P% 4.48), P. dasyatidis (P% 3.73) and Contracaecum sp. (P% 0.75). The present study
is the first record of G. aculeatus as a host of a species of Contracaecum from the Black Sea basin. Gyro-
dactylus arcuatus is a new record for the Bulgarian fauna.
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Introduction

The three-spined stickleback Gasterosteus aculeatus
L. is a small-sized euryhaline fish occurring in the
temperate and subarctic shallow coastal and inland
waters throughout the Holarctic Region (WoOTTON
1976, MATTERN 2007). Globally, it has been known
as a host of more than 100 helminth species (WoOT-
TON 1976, HorrmMaN 1999, BARBER 2007, 2013,
PouLiN et al. 2011, Moravec 2013). In Bulgaria,
G. aculeatus has been recorded as a host of only
three parasitic worm species: the trematode Post-
hodiplostomum brevicaudatum (von Nordmann,
1832) (metacercariae) (SToyaNOV et al. 2017a), the

monogenean Gyrodactylus rarus Wegener, 1910
(MARGARITOV 1959) and the trypanorhynch cestode
Progrillotia dasyatidis Beveridge, Neifar & Euzet,
2004 (plerocerci) (SToyaANOV & GEORGIEV 2022).
Lake Atanasovsko Wetland is an area of a pri-
mary conservation importance; it has been declared
as a Ramsar site and a nature reserve (VASSILEV et
al. 2013). It is characterised by a low diversity of
fish species (eighth species in total) but two of them,
Knipowitschia caucasica (Berg) and G. aculeatus,
are highly abundant (STEFANOV 2006). The helminth
fauna of K. caucasica was characterised in a previ-
ous work (Stovanov et al. 2018). The aim of the
present survey is to examine the helminth fauna in
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the three-spined stickleback from the Lake Atanas-
ovsko Wetland.

Materials and Methods

Totally, 134 individuals of G. aculeatus (42 from
brackish and 92 from freshwater habitats) were
examined in May, July and September 2012-2013
from the northern part of the Lake Atanasovsko
Wetland (42°34'42"N, 27°28'27"E). No fish were
caught in September 2012. This wetland represents
a complex of highly variable in their salinity water
bodies, from freshwater and brackish (5-25 %o) to
hyperhaline (150-340 %o) shallow coastal habitats;
these include a lagoon partially used in salt produc-
tion, a system of drainage and supply canals and
marshes surrounding the lagoon (Ivanov et al. 1964,
VASSILEV et al. 2013).

The fish was caught by seines and traps and
kept alive in containers with aerated water taken
from the respective habitats. In the laboratory, each
fish was dissected under a stereomicroscope within
the next 24 hours. The recovered helminths were
fixed in hot saline and transferred to 70 % ethanol.
Subsequently, the monogeneans were mounted in
glycerine-jelly microscopy slides (GUSSEv 1983).
They were deposited in the Helminthological Col-
lection of the Institute of Biodiversity and Ecosys-
tem Research, Bulgarian Academy of Sciences,
Accession Nos. IBER-BAS M0162.1.1-4.7. The
nematodes were studied as temporary glycerine
mounts. The processing of trematodes and cestodes
was previously described (SToyanov et al. 2017a,
SToYANOV & GEORGIEV 2022).

The measurements taken from monogene-
ans (Table 1) and the related terminology followed
MALMBERG (1970): BTL, body total length; BTW,
body total width; CPL, cirrus pouch length; CPW,
cirrus pouch width; DBMW, dorsal bar median
width; DBTL, dorsal bar total length; HL, haptor
length; HPL, hamulus point length; HRL, hamulus
root length; HSL, hamulus shaft length; HTL, ham-
ulus total length; HW, haptor width; MHFLL, mar-
ginal hook filament loop length; MHSDW, marginal
hook sickle distal width; MHSHL, marginal hook
shaft length; MHSL, marginal hook sickle length;
MHSPW, marginal hook sickle proximal width;
MHTL, marginal hook total length; PAPL, pharynx
anterior part length; PAPW, pharynx anterior part
width; PPPL, pharynx posterior part length; PPPW,
pharynx posterior part width; PTL, pharynx total
length; PTW, pharynx total width; VBBW, ventral
bar basal width; VBMBL, ventral bar membrane
length; VBMDP, ventral bar maximal distance be-
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tween processes; VBMW, ventral bar median width;
VBPL, ventral bar processes length; VBTL, ventral
bar total length; VBTW, ventral bar total width.

The measurements of nematodes (Tables 2
and 3) and related terminology followed MORAVEC
(1994, 2013): BMW, body maximum width; BTL,
body total length; BWA, body width at anus; BWYV,
body width at ventriculus; EP, excretory pore, dis-
tance from anterior extremity; ICL, intestinal cae-
cum length; ICW, intestinal caecum maximum
width; IL, intestine length; IW, intestine maximum
width; NR, nerve ring, distance from anterior ex-
tremity; OL, oesophagus length; OW, oesophagus
maximum width; TL, tail length; VAL, ventricular
appendix length; VAW, ventricular appendix maxi-
mum width; VL, ventriculus length; VW, ventricu-
lus width.

The metrical data are presented as a range,
followed by the mean and the number of measure-
ments taken (n) in parentheses. The standard devia-
tion is given only when n>30. All measurements are
in micrometres. The definitions of prevalence (P%),
intensity (I, Range), mean intensity + standard er-
ror (MI£SE) and mean abundance + standard error
(MA4SE), follow BusH et al. (1997).

Results

We found five helminth species from G. aculeatus
from the Atanasovsko Lake wetland: one trematode,
one monogenean, one cestode and two nematode
species.

Trematoda

Family Diplostomidae Poirier, 1886
Posthodiplostomum brevicaudatum (von Nord-
mann, 1832), metacercariae

Site of infection: Vitreous humour of the eye.

Infection characteristics: P% (22.39), I (1-10),
MI (4.13+0.52), MA (0.93%0.19).

Description: see STOYANOV et al. (2017a).

Monogenea

Family Gyrodactylidae Cobbold, 1864
Gyrodactylus arcuatus Bychowsky, 1933

Site of infection: skin, fins and gills.

Infection characteristics: P% (68.66), 1 (1-
815), MI (49.62+12.54), MA (34.07+8.82).

Description (based on 35 specimens; for metri-
cal data, see Table 1): Body fusiform, with greatest
width approximately at level of uterus containing
embryo (Fig. 1). Haptor transversely-oval, rarely cir-
cular, distinct. Hamuli strong, parallel, shaft slender;
point slightly curved, sometimes straight, longitu-
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dinal groove not observed; root straight, stout (Fig.
2A, D). Ventral bar, median portion rectangular,
with numerous longitudinal ridges; bases irregular in
shape or approximately triangular; processes large,
claviform, forwardly directed; membrane tongue-
shaped, with numerous longitudinal ridges, outer
edge well-defined, in few specimens entirely thick-
ened; tip broadly rounded (Fig. 2A, D). Dorsal bar
thin, with arch-shaped median portion, sometimes
almost straight, with postero-medial notch (Fig.
2A, D). Marginal hook short, sickle point slender,
downwardly inclined, not extended beyond sickle
toe; sickle heel well-defined, prominent, rounded,
sickle toe rhomboid, with relatively steep slope and
pointed tip; filament loop gentle, attached to sickle
heel, not exceeding half-length of hook shaft; hook
shaft gentle, slender, distal end without narrowing,
proximal end slightly expanded (Fig. 2B, C, E). Cir-
rus pouch globular, located posteriorly to pharynx;
armed with 67 tiny spines arranged in single arched
row and single, large, hook-like apical spine (Fig.
2F, G). Pharynx bipartite; anterior and posterior parts
transversely-oval or globular, with small processes.

Cestoda

Family Progrillotiidae Palm, 2004
Progrillotia dasyatidis Beveridge, Neifar & Euzet,
2004, plecocerci

Site of infection: Gallbladder.

Infection characteristics: P% (3.73), 1 (1-7),
MI (2.40+1.17), MA (0.09 + 0.06).

Description: see STOYANOV & GEORGIEV
(2022).

Nematoda

Family Anisakidae Railliet & Henry, 1912
Contracaecum sp. 3, third-stage larva

Site of infection: body cavity.

Infection characteristics: P% (0.75), I (1), MI
(1.00), MA (0.01).

Description (based on one specimen; for met-
rical data, see Table 2): Body elongated, fusiform,
with maximum width at level posterior to oesoph-
ageal-intestinal junction. Cuticle transversely stri-
ated, more visibly at anterior extremity, without
spines (Fig. 3A). Anterior body end rounded, with
weekly-developed lips and ventral conical larval
toot (Fig. 3A). Excretory pore just posteriorly to lar-
val toot (Fig. 3A). Cervical papillae minute, at level
of nerve ring. Nerve ring oblique, approximately at
middle of first half part of oesophagus. Oesophagus
elongated, muscular, with oval ventriculus and pos-
terior claviform appendix at proximal end (Fig. 3B).
Intestine thick-walled, with relatively broad lumen,
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Fig. 1. Gyrodactylus arcuatus Bychowsky, 1933. General
view. Scale-bar: 100 pm.

with anterior caecum (Fig. 3B). Intestinal caecum
thick-walled, strongly elongated, with rounded tip
(Fig. 3B), extended at level posterior to nerve ring.
Rectum short, tubular, at proximal end surrounded
by aggregation of glandular cells (Fig. 3C). Genital
primordium, indistinct. Tail conical, with subtermi-
nal constriction, forming terminal pointed portion
(Fig. 3C), representing 1.24 % of body length.

Family Raphidascarididae Hartwich, 1954

Hpysterothylacium cf. aduncum (Rudolphi, 1802),
third-stage larvae

Site of infection: body cavity and liver.

Infection characteristics: P% (4.48), 1 (1-2),
MI (1.33+£0.21), MA (0.06+0.03).

Description (based on three well-preserved
specimens; for metrical data, see Table 3): Body
elongated, fusiform, maximum width at level pos-
terior to oesophageal-intestinal junction. Cuticle
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Fig. 2. Gyrodactylus
arcuatus Bychowsky,
1933. A—E Haptoral scler-
ites: A, D Hamuli

and connective bars,

B, E Marginal hooks,

C marginal hook sickle;
F, G Variations in the
structure of cirrus. Scale-
bars: A, B, D-G 20 pm;
C 10 pm.

Fig. 3. Ascaridoid nema-
todes from Gasterosteus
aculeatus from Atanaso-
vsko Lake wetland.

A—C. Contracaecum sp. 3,
third-stage larva.

A. Head end. B. Oesopha-
go-intestinal junction.

C. Tail. D-F. Hystero-
thylacium cf. aduncum,
advanced third-stage larva.
D. Head end;

E. Oesophago-intestinal
junction. F. Tail.
Scale-bars: A, 100 pm;
B-F, 200 um. Abbrevia-
tions: AO, anal opening;
CP, cervical papilla; EP,
excretory pore; GC, glan-
dular cells; GC, glandular
cells; I, intestine; IC, in-
testinal caecum; NR, nerve
ring; OS, oesophagus; R,
rectum; V, ventriculus; VA,
ventricular appendix.
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with delicate transverse striations, more visible at
body extremities, without spines (Fig. 3D). Ante-
rior body end with primordial lips and small ven-
tral larval tooth (Fig. 3D). Excretory pore situated
slightly posterior to nerve ring (Fig. 3D). Nerve
ring oblique, approximately at middle of first half
of oesophagus. Oesophagus strongly elongated,
muscular, at proximal end with oval ventriculus and
claviform, posterior ventricular appendix (Fig. 3E).
Intestine thick-walled, with broad lumen and ante-
rior caecum. Intestinal caecum finger-shaped (Fig.
3E), ended posterior to nerve ring. Rectum straight,
short, partially surrounded by aggregations of glan-
dular cells (Fig. 3F). Genital primordium indistinct.
Tail conical, provided inside with caudal process of
next stage of development, with mucron (Fig. 3F).

Discussion

Based on the examination of 134 individuals of G.
aculeatus, we recorded five helminth species from
the Lake Atanasovsko Wetland: one trematode, one
monogenean, one cestode and two nematode spe-
cies. Previously, we have provided morphological
data and commented the identification and biology
of the digenean Posthodiplostomum brevicaudatum
(see StovaNov et al. 2017a) and the cestode Pro-
grillotia dasyatidis (see STOYANOV & GEORGIEV
2022). In this article, we describe and comment the
monogeneans and nematodes from this host species.

Monogeneans

The monogeneans were identified as G. arcuatus
based on the morphology of haptoral sclerites, which
was consistent with the descriptions by MALMBERG
(1957, 1970) and Harris (1985). The identifica-
tion was also supported by the overlapping ranges
of most metrical characters with those in previous
descriptions (Table 1). Gasterosteus aculeatus is the
type-host of this parasite. The present specimens pos-
sessed some morphological differences compared
to the previous descriptions. Five specimens had a
distinct ventral bar membrane with thickened outer
edge along its entire length (Fig. 2 D); this charac-
ter had not been pointed out by previous studies of
this species (MALMBERG 1957, 1970, HARrrIS 1983,
1985, ERGENS 1985, HUYSE et al. 2004, PALADINI et
al. 2009). Using SEM, SHINN et al. (1993) reported
a partial thickening of the outer edge of the ventral
bar membrane. In addition, the present worms had
smaller average body total length and width, hap-
tor length and width, pharynx total width, hamulus
total length and ventral bar total length as well as
bigger average ventral bar total width than the same
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characters as described by MALMBERG (1957) (Table
1). HArris (1985) reported larger average ventral
bar total length and smaller average ventral bar total
width than the same measurements in our specimens
(Table 1). Previous studies described considerable
morphological variations of G. arcuatus (MALMBERG
1964, 1970, HarrIs 1993), even in the frame of one
geographical locality (HUYSE et al. 2004). Moreover,
the variations observed by us were minor and could
be attributed to environmental factors (temperature
and salinity), host size or host species affiliation. In
gyrodactylids, the water temperature is a key factor
influencing the size of attachment hard parts (MALM-
BERG 1970, ERGENS 1976, 1991, ERGENS & GELNAR
1985, Mo 1991, 1993, AprLEBY 1996, GEETS et al.
1999, DMITRIEVA & DimviTrov 2002, DAVIDOVA et al.
2005). In G. arcuatus, host size-dependent differenc-
es in the measurements of haptoral sclerites (MALM-
BERG 1964) and body (MALMBERG 1970) have been
observed. In addition, the sexual reproduction of
this species could lead to higher heterozygosity and,
thus, to higher morphological variability (HARRIS
1993, Huysk et al. 2004). The differences recorded
by us contribute to the knowledge of the intraspecific
variation of the species.

Gyrodactylus arcuatus was originally described
from fins and gills of the three-spined stickleback
from the freshwater lakes Konch and Pert, Karelia,
Russia (BycHOwsky 1933). It is a euryhaline para-
site with a disjunctive geographical distribution in the
Holarctic (MALMBERG 1970, ERGENS 1985, ZIETARA
et al. 2012, LuMmE et al. 2016). In the present study,
it was found on the fins, skin and gills of the major-
ity of the studied three-spined sticklebacks. We also
recorded an accidental infection with G. arcuatus on
the skin of the pumpkinseed sunfish Lepomis gibbo-
sus (L.) (Centrarchidae) — two host specimens living
in syntopy with G. aculeatus, each bearing a single
monogenean. Such an accidental parasitism, how-
ever, should not be considered as an addition to the
parasite fauna of the sunfish. The parasite studied is
known of being able to attach to a wide range of fish-
es and even to tadpoles, which may serve to transport
it to other populations of the primary host G. aculea-
tus (VOLGAR-PASTUKHOVA 1959, MALMBERG 1964,
1970, PRUDHOE & BRAY 1982, BAKKE et al. 2002,
Hareis et al. 2004, Huysk et al. 2006, ZIETARA et al.
2008). The temporal keeping of fish of both species
in a common water tank is the most possible reason
for the recorded accidental infection. Previously,
a similar infestation was reported by MALMBERG
(1970). In the Palacarctic waters, the parasite has
also been recorded on cyprinid, esocid, pleuronectid,
ammodytid, zoarcid, gobiid, gobionellid, percid and
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salmonid species as well as on other gasterosteids
of the genera Pungitius Coste and Spinachia Cuvier
(MALMBERG 1970, ERGENSs 1985, HUYsE et al. 2006,
ZIETARA et al. 2008). In addition, VOLGAR-PASTUK-
HOVA (1959) recorded an accidental parasitism of G.
arcuatus on the skin of tadpoles of the European tree
frog Hyla arborea (L.) from canals of the town of
Vylkove, Danube Delta, Ukraine; currently, this host
population is considered as belonging to Hyla orien-
talis Bedriaga (DUFRESNES et al. 2016).

Currently, six gyrodactylids have been recog-
nised as parasites of G. aculeatus worldwide: G. al-
exanderi Mizelle & Kritsky, 1967, G. arcuatus, G.
avalonia Hanek & Threlfall, 1969, G. branchicus
Malmberg, 1964, G. canadensis Hanek & Threlfall,
1969 and G. gasterostei Glaser, 1974 (HaRrRrIs et al.
2004). All of them were originally described from
G. aculeatus (BycHOWSKY 1933, MIZELLE & KRIT-
SKY 1967, HANEK & THRELFALL 1969, MALMBERG
1964, GLASER 1974). Experimentally, G. salaris
Malmberg, 1957, a common parasite of salmonid
fishes, has also been recorded on G. aculeatus (So-
LENG & BAKKE 1998). Of the typical stickleback
monogeneans, G. branchicus and G. gasterostei
have Palaearctic distribution (MALMBERG 1970,
HArris 1983, ErRGENS 1985, ERMOLENKO 1992),
G. canadensis has Nearctic distribution (CONE &
WILES 1985, HOFFMAN 1999) whereas G. alexanderi
has a disjunctive geographic distribution in the Hol-
arctic Region (HARrRI1s 1983, 2008, Sokorov 2002,
HANSEN et al. 2012).

Recently, the Nearctic G. avalonia has been re-
corded on the sunfish L. gibbosus in the Black Sea
basin — from a canal at the town of Vylkove, Danube
Delta, Ukraine (KvacH et al. 2018). Previously, only
once L. gibbosus has been recorded as an accidental
host of G. avalonia from the Lake Ontario, Canada
(Hanek & FERNANDO 1971). Due to the morphologi-
cal similarity between G. avalonia and G. arcuatus,
they have been suspected to be sibling species or even
possible synonyms (CoNe & WILES 1985, HARRIS
1993, 2008, PALADINI et al. 2011). We also confirm
the similarity between G. avalonia and G. arcuatus
(Table 1). Nevertheless, a minor morphological dif-
ference can be pointed out: dorsal bar with postero-
medial notch in G. arcuatus (Fig. 13a, b and Fig. 8b of
MALMBERG 1957, 1970; Fig. 5 of Harris 1983; Fig.
419 of ErGEns 1985; Fig. 2A, D; present study) vs
dorsal bar without postero-medial notch in G. avalo-
nia (Figs 1, 3—5 of HANEK & THRELFALL 1969; Figs.
9-12 of HANEK & FERNANDO 1971; Fig. 3A of KvacH
et al. 2018). This character is difficult for observation
and its value for differentiation between the two spe-
cies is not always easy for application.

The present material possesses substantial
metrical differences (Table 1) distinguishing it from
the remaining congeners parasitizing three-spined
stickleback. However, the most striking characters
distinguishing G. arcuatus from them are: hamu-
lus root short and stout, ventral bar processes large
and claviform in G. arcuatus (Fig. 2A, D) vs hamu-
lus root elongated, ventral bar processes small and
dome-shaped in G. branchicus (Fig. 454 of ERGENS
1985), G. gasterostei (Fig. 3a, b of GLASER 1974,
Fig. 499 of ERGENS 1985), G. alexanderi (Fig. 1 of
MizeLLE & KRriTskY 1967, Fig. 1 of SokoLov 2002)
and G. canadensis (Fig. 6 of CONE & WILES 1985).
The shape of the marginal hook sickle is also a key
character distinguished G. arcuatus from its conge-
ners parasitising G. aculeatus.

Four gyrodactylids (G. arcuatus, G. branchicus,
G. gasterostei and G. rarus) have been recorded on
G. aculeatus from the Black Sea basin (GAEVSKAYA
et al. 1975, KAKACHEVA-AVRAMOVA 1983, ERGENS
1985, MIROSHNICHENKO 1999, 2008a, b, GAEVSKAYA
2012, Ozer & OzTURK 2017). Two of them, G. gas-
terostei and G. rarus, have been reported from Bul-
garia. MARGARITOV (1959) recorded G. rarus on the
fins of G. aculeatus in captivity. However, G. rarus
is recognised as a specific gill parasite of the nine-
spined stickleback Pungitius pungitius (L.) and its
occurrence on other fish hosts is considered acciden-
tal (MALMBERG 1964, 1970, HarrIS 1983, HARRIS et
al. 2004, RAEYMAEKERS et al. 2008). Unfortunately,
MARGARITOV (1959) did not provide morphological
data and the identification of his material is difficult
to be evaluated; furthermore, his identification was
based on GUSSEV (1955), which contained a mislead-
ing composite description of the species (MALMBERG
1970, HArrIs 1983). The second species specific to
G. aculeatus reported from Bulgaria (G. gasterostei)
was, however, found on non-specific hosts: chub
Squalius cephalus (L.) (Cyprinidae) and European
perch Perca fluviatilis L. (Percidae) from Zrebchevo
Reservoir, Bulgaria (NEDEVA & BABACHEvA 1999).
Therefore, the present study is the first record of G.
arcuatus from Bulgaria.

Nematodes

The nematode larvae were identified as belong-
ing to the genera Contracaecum Railliet & Henry,
1912 and Hysterothylacium Ward & Magath, 1917.
In both genera, the species identification based on
larval morphology is poorly worked out (MORAVEC
1994, 2013, GAEVSKAYA 2005, MORAVEC et al. 2016).
The larval stages of the two genera can be distin-
guished based on the position of the excretory pore,
opening at the anterior extremity of the body in Con-
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tracaecum (Fig. 3A) and at the level of the nerve
ring or posterior to it (Fig. 3D) in Hysterothylacium
(MoRravec 1994, 2013).

The genus Contracaecum consists of species
with complex life-cycles, involving invertebrates
and fishes as intermediate and (or) paratenic hosts
and fish-eating birds and marine mammals as defini-
tive hosts (MORAVEC 1994, 2013, GAEVSKAYA 2005).
Currently, it comprises 64 species (NEMYS 2022).
At least 13 species (larvae and adults) of Contra-
caecum have been known from Europe (BARUS et al.
1978, MoRAVEC 1994, 2013, GAEVSKAYA 2005, MAT-
TIuccr et al. 2010, PRONKINA & SPIRIDONOV 2018).
Larvae of this genus are commonly found in Europe-
an freshwater fishes and the third-stage larval mor-
phology of six species has been studied (MORAVEC
1994, 2013, PRONKINA & SPIRIDONOV 2018; see
Table 2). Recently, we described larvae (not iden-
tified at the species level) from Lepomis gibbosus
(reported as “Contracaecum sp. 1”) and Knipow-
itschia caucasica (Berg) (Gobionellidae) (“Contra-
caecum sp. 2”) from the area studied (StovaNov et
al. 2017b, 2018). In the present study, we identified
a third congeneric species (“Contracaecum sp. 3”)
represented by a third-stage larva from the body
cavity of G. aculeatus (sampled in May 2012).

The present larva possesses significant metri-
cal differences compared to the previous descrip-
tions of the European congeners (Table 2). In addi-
tion, it differs by the greater length ratio of intestinal
caecum to ventricular appendix than those in C. mi-
crocephalum (Rudolphi, 1809) and Contracaecum
sp. 1 but smaller than those ratios in C. multipapilla-
tum (Drasche, 1882) and Contracaecum sp. 2 (Table
2). The present material has a larger length ratio of
ventricular appendix to oesophagus than those in C.
micropapillatum (Stossich, 1890) and Contracae-
cum sp. 1 but smaller than in Contracaecum sp. 2
(Table 2). It has a smaller length ratio of intestinal
caecum to oesophagus than those in Contracaecum
sp. 1 and Contracaecum sp. 2 (Table 2). In addition,
the present larva has tail with subterminal constric-
tion, forming terminal pointed portion (Fig. 3C) vs
slender tail with rounded tip in C. microcephalum,
C. micropapillatum and C. rudolphii Hartwich,
1964 (see Figs. 173 C, F and M in MoRravec 2013)
and slender tail with blunt tip in C. osculatum (Ru-
dolphi, 1802) (see Fig. 173 J in MoORAVEC 2013).
PrRONKINA & SPIRIDONOV (2018) reported a cupola-
shaped tail in third-stage larvae of C. multipapilla-
tum, which is not the case in our specimen. By the
tail morphology, the studied larva differs also from
the previously described congeners from the same
wetland: the larvae from L. gibbosus have a conical
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tail with a bluntly-pointed tip (Fig. 4 in SToYANOV
et al. 2017b) and those from K. caucasica have a
conical tail with rounded tip (Fig. 4 in STOYANOV et
al. 2018). The differences observed are substantial
and therefore the Contracaecum larvae from this
wetland belong to three distinct species.

In the Black Sea basin, eight Contracaecum
spp. were reported from fish-eating birds (GvozDEv
et al. 1983). Additionally, larvae of four further spe-
cies were found in various fish hosts (GAEVSKAYA
2012, PRONKINA & SpPIRIDONOV 2018). In an adja-
cent region, MArTIUCCI et al. (2010) described two
new congeneric species in the Dalmatian pelican
Pelecanus crispus Bruch from Northern Greece.
Four species of Contracaecum (C. circi Oschmarin,
1953, C. microcephalum, C. micropapillatum and C.
rudolphii) were recorded from various fish-eating
birds from Bulgaria (YANCHEV 1958, JELYAZKOVA-
PAsPALEVA 1962, KAMBOUROV & VASSILEV 1972,
GvozDEy et al. 1983, PETROVA 1984). Of them, only
larvae of C. microcephalum were found in freshwa-
ter fishes (MARGARITOV 1959, KAKACHEVA-AVRA-
MOVA 1983, KiriN 2001, SHUKEROVA 2005, 2006,
SHUKEROVA et al. 2010, SHUKEROVA & KIRIN 2019).
MARGARITOV (1960) reported unidentified Contra-
caecum larvae from several marine fishes off the
Bulgarian Black Sea coast.

Globally, G. aculeatus is known as a host of
several species of Contracaecum and numerous uni-
dentified at the species level congeners (MORAVEC
1994, 2013, HoFrmaN 1999, BARBER 2007, POULIN
et al. 2011). In Europe, larvae of four species (C.
microcephalum, C. osculatum, C. ovale (von Lin-
stow, 1907) and C. rudolphii) as well as several uni-
dentified congeners were recorded as its parasites
(Moravec 1994, 2013, PouLiN et al. 2011, SCHADE
et al. 2016). Contracaecum spp. have not been re-
ported from G. aculeatus by studies on it in the
Black Sea basin (GAEVSKAYA et al. 1975, KAKACHE-
VA-AVRAMOVA 1983, GaEvskaya 2012, Ozer & Oz-
TURK 2017).

The genus Hysterothylacium comprises ma-
rine, estuarine and freshwater fish parasites (GAEvs-
KAYA 2005). Currently, it includes 97 valid species
(NEMYS 2022). The life-cycles are not completely
resolved (GAEvsKaya 2005) but are considered simi-
lar in all species (Kaie 1993, KLIMPEL et al. 2007).
The best studied life-cycle is that of H. aduncum,
comprising numerous invertebrates and fish species
as intermediate hosts, diverse planktivorous fishes
and some invertebrates as paratenic hosts, and many
predatory teleosts and some elasmobranchs as de-
finitive hosts (Ko 1993, Moravec 1994, 2013,
GAEVSKAYA 2005, GAEVSKAYA et al. 2010). In rare
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cases, some herbivore fishes have also been found as
definitive hosts (GAEvsKaya 2005). MORAVEC (1994,
2013) considered clupeids as its proper definitive
hosts. Seventeen congeneric species have been re-
ported from various marine, migratory and freshwa-
ter fish species in Europe (GAEVSKaYA et al. 1975,
KAKACHEVA-AVRAMOVA 1983, PETTER & MILLARD
1987, MoRravEC 1994, 2013, NADLER et al. 2000,
GiBsoN 2001, MarTiucct et al. 2005, 2014, GAEVs-
KAYA 2012). Adults and larvae of four species, i.e.,
H. aduncum, H. bidentatum (von Linstow, 1899), H.
collare (Cobb, 1929) and H. fabri (Rudolphi, 1819)
as well as an unidentified at the species level con-
geners, have been known from the Black Sea basin
(GAEVSKAYA et al. 1975, GAEvskAYA 2012). In Bul-
garia, H. aduncum, H. bidentatum (MARGARITOV
1959, KAKACHEVA-AVRAMOVA 1977, KAKACHEVA-
AVRAMOVA & MENKOVA 1978, KirIN et al. 2013) and
Hysterothylacium sp. (NACHEV & SUREs 2009) were
reported from the Danube and some inland waters.
However, the morphology of third-stage larvae of
only three species from the European waters, i.e., H.
aduncum, H. collare and H. fabri, is known (GAEVs-
KAYA et al. 1975, MoRAVEC 1994, 2013).

Morphologically, the present larvae resemble H.
aduncum (third-stage larva). They possessed overlap-
ping ranges of most of the characters as well as of the
ratio of the length of intestinal caecum to the length
of oesophagus compared to those in previous de-
scriptions of H. aduncum (Table 3). Furthermore, the
present material possesses conical tail with mucron
provided inside with caudal process of the next devel-
opmental stage (Fig. 3F), resembling that of the ad-
vanced third-stage larva of H. aduncum (see fig. 172
C, D in Moravec 2013). By contrast, GAEVSKAYA et
al. (1975) reported smaller body total length, oesoph-
agus length, ventricular appendix length and width,
intestinal caccum width and tail length in H. aduncum
than those in the present material (Table 3). PETTER
& MiILLARD (1988) reported for H. aduncum smaller
body total length, oesophagus length, tail length and
length ratio ventricular appendix to oesophagus than
those in the present larvae (Table 3). Unlike the other
European congeners, the present material possesses
significant metrical differences in the most of the
characters studied (Table 3). Thus, the sizes of intesti-
nal caecum and ventricular appendix are almost equal
in the present larvae vs markedly short intestinal cae-
cum and much longer ventricular appendix in H. fabri
(third-stage larvae) (Table 3). In addition, the present
material possesses conical tail with mucron (Fig. 3F)
vs tail with broadly rounded tip in H. fabri (see fig.
172 H in Moravgec 2013).

Globally, H. aduncum, H. auctum (Rudolphi,

1802) and unidentified congeners have been re-
corded from G. aculeatus (MORAVEC 1994, 2013,
HorrMaN 1999, BARBER 2007, POULIN et al. 2011,
SCHADE et al. 2016). Hysterothylacium aduncum is
a cosmopolitan euryxenous helminth species repeat-
edly recorded (larvae and adults) as a parasite of
G. aculeatus from the Holarctic Region (MORAVEC
1994, 2013, HorrFMAN 1999, PALM et al. 1999, BAR-
BER 2007, KirRjuSINA & VISMANIS 2007, SOKOLOV
2010, PouLIN et al. 2011, Gaevskaya 2012). The
second congener, H. auctum, is a poorly known spe-
cies parasitizing mainly perciform fishes off the Eu-
ropean and Japanese coasts (MORAVEC & NAGASAWA
2000); previously, it was considered a junior syno-
nym of H. aduncum (GAEVSKAYA 2005). SCHADE et
al. (2016) recorded H. auctum in the intestine and
body cavity of three-spined stickleback from the
Sylt-Reme Bight, North Sea, Germany.

The Lake Atanasovsko Wetland is a home of
a great variety of potential intermediate, paratenic
and definitive hosts of trophically-transmitted para-
sites such as the nematodes of the genera Contra-
caecum and Hysterothylacium. Totally, 157 aquatic
and water-related terrestrial invertebrates (HUBENOV
et al. 2015) and eight permanently inhabiting the
wetland fish species (STEFANOV 2006) have been re-
corded. Furthermore, they are an important place for
roosting, wintering and nesting of 317 bird species
(VassiLEv et al. 2013). Of them, 39 fish-eating bird
species of the families Gaviidae, Podicipedidae,
Phalacrocoracidae, Pelecanidae, Ardeidae, Ciconii-
dae, Threskiornithidae, Anatidae and Laridae have
been recorded (DmmiTrOV et al. 2005), which is a
prerequisite for the presence of Contracaecum spp.
On the other hand, the poor fish fauna of this wet-
land might be a limit for the presence of typical fish
parasites such as Hysterothylacium spp. represented
here by only one species.

So far, larvae and adults of only four nema-
todes have been recorded as parasites of G. aculea-
tus in the Black Sea (KornyycHUK 2010, GAEVs-
KAYA 2012, MosHuU 2014, DMITRIEVA et al. 2015,
KorNYYCHUK et al. 2016, PRONKINA et al. 2017).
These are Eustrongylides tubifex (Nitzsch in Rudol-
phi, 1819) (Dioctophymidae), Raphidascaris acus
(Boch, 1779), H. aduncum (Raphidascarididae) and
Dichelyne minutus (Rudolphi, 1819) (Cucullani-
dae). No previous data on nematodes from G. acu-
leatus have been reported from Bulgaria.

General comments

In the Black Sea basin, the helminth fauna of G. acu-
leatus comprises 21 species: 7 trematodes, 4 mono-
geneans, 3 cestodes, 4 nematodes and 3 acanthoceph-
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alans (PETROCHENKO 1956, MIROSHNICHENKO 1999,
2008a, b, Lisitsina 2008, 2019, GAEVSKAYA 2012,
MosHu 2014, OzTUrRK & OzER 2014, DMITRIEVA et
al. 2015, KorNYYCHUK et al. 2016, Ozer & OzTURK
2017, PRONKINA et al. 2017, STOYANOV et al. 2017a,
Oztork & Ozer 2019, StovaNov & GEORGIEV
2022). From parasitological point of view, G. acu-
leatus can be considered insufficiently studied in the
Black Sea basin (GAEvskaYa 2012), probably due to
its non-commercial status. In the Lake Atanasovsko
wetland, we recorded only five helminth species in
this host. Among them, only G. arcuatus is a specific
parasite to this fish. We found also larval forms of
one cestode, one trematode and two nematode spe-
cies, demonstrating that the three-spined stickleback
plays a role in the transmission of parasites of birds
and fishes as intermediate or paratenic host.
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