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The first data on marine fish parasites in Karadag nature reserve water area were published at the be-
ginning of the 20" century. By the beginning of the 21* century, information on the fauna of cestodes
in this area of the Black Sea included data on 19 species recorded in 24 fish species. However, taxon-
omy of this class of helminths has changed significantly over the last decade, and regional fauna needs
to be revised. The aim of this work is to revise the species composition of fish cestodes in the water area
of the Karadag nature reserve and adjacent areas on the basis of new data obtained and in accordance
with current systematics of Cestoda. The material for this study was the collections of cestodes gathered
by the staff of IBSS RAS Environmental Parasitology Department in the area of the Karadag nature re-
serve in different years, as well as our own collections of 1754 specimens of rays and teleosts of 53 species
(2005-2018). The area studied is Black Sea coastal area from Meganom Cape to Ordzhonikidze village
(southeastern part of Crimea), including various marine biotopes of the Karadag nature reserve. Voucher
preparations of all types of cestodes used in this study were deposited in a subcollection of marine par-
asites of the World Ocean hydrobionts collection of IBSS RAS. Totally 20 cestode species were found
in 17 fish species. Nine species, namely Progrillotia dasyatidis, Parachristianella trygonis, Dollfusiella ac-
uleata, Rhinebothrium walga, Caulobothrium sp., Rhabdotobothrium sp., Acanthobothrium sp. 5,7, and An-
thocephaliidae gen. sp. 2., were reported for the common stingray Dasyatis pastinaca in the area under
study for the first time. Cestodes belonging to the new species Acanthobothrium sp. 1, 2, 4 were found
in the thornback ray Raja clavata. Of 19 species previously known in Karadag area, only 8 adult mature ces-
todes were recorded: “Bothriocephalus scorpii”, “B. gregarius”, Echinobothrium typus, Grillotia erinaceus,
Prochristianella papillifer, Echeneibothrium variabile, Cairaeanthus ruhnkei, and C. healyae. In addition,
larvae of the complex species “Scolex pleuronectis” were found in teleost fish. Larvae of cestode Progril-
lotia dasyatidis were found for the first time in the water area studied in 8 teleost fish species; this data
contribute to the information on the participants in the life cycle of this helminth. Four cestode species,
namely Hepatoxylon trichiuri larvae, Nybelinia lingualis larvae, Tetrarhynchobothrium tenuicolle, and An-
thobothrium cornucopia, which were previously reported from this area, were not found in the present
survey. Moreover, recent analysis of the occurrence and synonymy of species of orders Trypanorhyn-
cha and Onchoproteocephalidea revealed that the previous identification of the cestodes in elasmo-
branchs as Grillotia (Christianella) minuta and Acanthobothrium coronatum, as well as identification
of the cestodes in teleosts as Tentacularia sp. larvae, is incorrect due to the absence of their specific
definitive hosts in the Black Sea. On the other hand, among representatives of Acanthobothrium spp.
registered in D. pastinaca and R. clavata in Karadag water area, we found 7 morphologically differ-
ent new taxa identified to the species level. The cestodes found belong to 6 orders: Bothriocephalidea,
Diphyllidea, Trypanorhyncha, “Tetraphyllidea” relics, Rhinebothriidea, and Onchoproteocephalidea.
The most species diversity of cestodes in both species of rays is registered among representatives
of the orders Trypanorhyncha and Onchoproteocephalidea (5 species each), the least — in the orders
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Diphyllidea and “Tetraphyllidea” relics (1 species each). Thus, 12 species were added to the fauna
of the cestodes parasitizing fish in Karadag area, and 8 of them are obviously representatives
of new taxa.

Keywords: cestodes, fish, fauna, systematics, reserve, Crimea, Black Sea

On the territory of Crimea there is a large range of protected natural objects — from natural mon-
uments of local importance to national and international reserves. Fauna of fish parasites in the water
area of the Karadag natural reserve began to be studied in the early 20" century, and today it is the most
thoroughly studied among fauna of protected water areas of Crimea [5].

The first data on the fauna of fish cestodes of Karadag water area were published in 1931 [4]. In this work,
3 cestode species were recorded, 2 species of which were larvae identified only to the genus level. After al-
most 30-year break, the study of fish cestodes in this area has been resumed [8, 9, 10, 11, 12, 13, 18]. In most
works focused on fish cestodes of Karadag, only the fact of occurrence of a particular type of helminth
in a particular host is indicated. Only [13] provides a brief description and schematic drawings of the found
adult mature cestode species from the common stingray Dasyatis pastinaca (L., 1758) and the thornback ray
Raja clavata L., 1758, as well as from teleosts: the Black Sea brill Scophthalmus maeoticus (Pallas, 1814)
and the black scorpionfish Scorpaena porcus L., 1758.

At the beginning of the 21* century, the annotated list of fish parasites of Karadag included data
on 19 cestode species registered in 24 fish species before 2002 [10]. This list of cestode species is cur-
rently inaccurate due to significant changes in their taxonomy [31, 35, 36, 37, 38]; it does not show their
current species composition.

The aim of this work is to identify a modern species composition of fish cestodes in the water area
of the Karadag nature reserve and adjacent water areas.

MATERIAL AND METHODS

The material for this study was the collections of cestodes obtained by researchers of IBSS RAS Environ-
mental Parasitology Department in the Karadag nature reserve in 1994 and 2006, as well as our own samples
collected in 2005-2018 from rays and teleosts (Table 1), caught in biotopes of the Karadag nature reserve
(Biostation, Kuzmichev Rocks, and Malaya Putstsolanovaya and Serdolikovaya bays), as well as in water
areas adjacent to the reserve (Meganom and Tolsty capes, Lis’ya Bay, and Koktebel and Ordzhonikidze
villages).

Totally 1754 fish specimens of 53 species were examined by the method of incomplete parasitological
dissection in the waters of Karadag and adjacent areas.

Fishes were identified by [3]. Cestodes were maintained in fresh water for 10-20 minutes to relax
muscles and to evaginate tentacles and cirrus before fixing it in 70° ethanol and preparing total slides [2].
The cestodes were stained with acetocarmine and alum carmine by the standard method [19]; after de-
hydration with alcohol (70-100°) and enlightenment in clove oil, they were put into Canadian balsam.
The infestation of fish with cestodes was assessed by the following parameters: prevalence (%) and intensity
(worms per host) of infestation, as well as abundance index (worms per individual host) [1]. Calculations
of the parameters were performed in Statistica 6 and PAST 3 programmes [30]. All types of cestodes,
used in this study, were deposited in a subcollection of marine parasites of the World Ocean hydrobionts
collection of IBSS RAS [27].

Marine Biological Journal 2020 vol. 5 no. 1



52 T. A. Polyakova

RESULTS

Of 53 fish species in the area studied, in 17 species 20 cestode species were found (Table 1). The great-
est cestode species richness (12 species) was identified in Dasyatis pastinaca. Seven species were identi-
fied in Raja clavata; 1 species of adult mature cestode was identified in the teleost Scophthalmus maeoti-
cus, and 1 — in the teleost Scorpaena porcus. The larvae of two cestode species (Progrillotia dasyatidis
and the complex species “Scolex pleuronectis”) were identified in 14 teleost species.

Table 1. Cestode infestation parameters in fish of the water area of the Karadag nature reserve and adjacent

areas (1994-2018)

. Species of the host 11, ’ Al,
Cestode species ) ) PI
(number of specimens) min — max / mean =+ SE mean *+ SE

Parachristianella trygonis
Dollfus, 1946 1-6/4 20f 11 0.6
Progrillotia dasyatidis Beveridge,
Neifar & Euzet, 2004 10-73742 2of 11 8
Dollfusiella aculeata Beveridge,
Neifar & Euzet, 2004 =477 3of 1l 2
Prochristianella papillifer
(Poyarkoft, 1909) Dollfus, 1957 2-11/7 20of 11 1.2
(syn. P. trigonicola Dollfus, 1946)
Acanthobothrium sp. 5 Dasyatis pastinaca 1-4/3 2of 11 1
Acanthobothrium sp. 7 (L., 1758) (11) 2-5/4 20of 11 1
Caulobothrium sp. 1-1508 /472 6of 11 257
Cairaeanthus ruhnkei
Kornyushin & Polyakova, 2012 : Pof 11 0.1
C. healyae
Kornyushin & Polyakova, 2012 1-3/2 3of 11 06
Anthocephaliidae gen. sp. 2 5-6/55 20of 11 1
Rhinebothrium walga
(Shipley & Hornell, 1906) 1=12/5 3of 1l 13
Rhabdotobothrium sp. 1-35/13 4of 11 5
Echinobothrium typus Van Beneden, | Lof 11 o1
1849
Progrillotia sp. 3-103/28 5of 11 13
Grillotia eri Van Beneden,

rillotia erinaceus (Van Beneden L _13/7 5 of 11 11
1858) Raja clavata
Echeneibothrium variabile L., 1758 (11)
Van Beneden, 1850 I-1174 4of 11 1.3
Acanthobothrium sp. 1 2-12/63 4of 11 2.3
Acanthobothrium sp. 2 3-46/18 6of 11 10
Acanthobothrium sp. 4 1-4/3 4of 11 1

Bothriocephalus gregarius” Renaud, Scophthalmus maeoticus 4254 2 of 3 B
Gabrion & Romestand, 1984 (Pallas, 1814) (3)
“B. scorpii” (Miiller, 1779) Scorpaena porcus 1-3/2+03 6 0.1 +0.04

L., 1758 (107)

Continue on next page...
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. Species of the host 11, 1 Al,
Cestode species ) ) PI
(number of specimens) min — max / mean = SE mean + SE
Progrillotia dasyatidis larvae Gobius niger | _% 2 of 6 _
L., 1758 (6)
Gobius bucchichi -
.oms ucchichi 1_38 2 of 5
Steindachner, 1870 (5)
Mudlus barbatus 1-86/23+12 13 34%2
L., 1758 (53)
Trach dit
rc?c urus mediterraneus ] 0.8 0.01 +0.01
(Steindachner, 1868) (129)
Gaidropsarus mediterraneus |_4/25+15 5 012401

(L., 1758) (42)
S. porcus 1-9/34%0.6 16 0,5+£0,2

Atherina boyeri

) 1-4/2+03 12 0.2 £0.06
Risso, 1810 (119)
Salaria pavo 1 2| 0.02+0.02
(Risso, 1810) (59)
“Scolex pleuronectis” Miiller, 1788 S. porcus 1-8/5%1.3 5 0,2+0,1
larvae M. barbatus 1-4/25+1.5 4 0,1 £0.08
T. mediterraneus 2 0.8 0.02 £ 0.02
Symphodus ocellatus 1-38/20+9 4 0.7+0.7
Forsskal, 1775 (55)
G. mediterraneus 1-7/4%3 5 0.21+0.18
Atherina hepsetus | ) 0.02 + 0.02
L., 1758 (52)
Gobius niger 1 20f 6 -
Gobius bucchichi 3-38 30of 5 -
Neogobius melanostomus | L of 14 0.07
(Pallas, 1814) (14)
Ponti
onticola eurycephalus | )3 0.02 + 0.02
(Kessler, 1874) (44)
Aidablennius sphynx 1-2/17%03 1 0.02£0.01
(Valenciennes, 1836) (301)
Spicara smaris 14 3 04 +0.4

(L., 1758) (36)
Note: I1 is intensity of infestation, worms per host; PI is prevalence of infestation, %; Al is abundance index, worms per in-
dividual host. ! — if less than 15 fishes were dissected, then the number of fish infested from the total number of fish studied
is given.

For the first time in the area under study, 9 cestode species were found in D. pastinaca: Progrillo-
tia dasyatidis, Parachristianella trygonis, Dollfusiella aculeata, Caulobothrium sp., Rhinebothrium walga,
Rhabdotobothrium sp., Acanthobothrium sp. 5, 7, and Anthocephaliidae gen. sp. 2 (Table 1). In this
water area, cestodes Acanthobothrium sp. 1, 2, 4 were found in R. clavata. Two species of ces-
tode larvae [Hepatoxylon trichiuri (Holten, 1802) and Nybelinia lingualis (Cuivier, 1817)], previ-
ously recorded, were not found in teleosts, whereas two species of adult mature cestodes [7etrarhyn-
chobothrium tenuicolle Diesing, 1854 and Anthobothrium cornucopia (Rud., 1819)] were not found
in rays.

Marine Biological Journal 2020 vol. 5 no. 1



54 T. A. Polyakova

For the first time in Karadag water area, Progrillotia dasyatidis larvae were found in 8 teleost species.
Previously, we found the larvae of this cestode in the same fish species in Sevastopol water area. The lar-
vae were without a blastocyst; they localized in the gallbladder, sometimes in the intestinal lumina of fish.
These teleosts are the second intermediate hosts for P. dasyatidis, which ends its development in the defini-
tive host D. pastinaca. The larvae of cestode P. dasyatidis were found in demersal fish (Gobius spp., Scor-
paena porcus, Gaidropsarus mediterraneus, and Salaria pavo), as well as in pelagic fish (Mullus barbatus,
Trachurus mediterraneus, and Atherina boyeri). The highest abundance of P. dasyatidis larvae was iden-
tified in M. barbatus, S. porcus, and A. boyeri (Table 1). No data on the species composition of the first
intermediate hosts of P. dasyatidis are available in literature. Free larvae, having no blastocyst, of this
cestode from 7 species of demersal teleosts of three families (Soleidae Bonaparte, 1833, Scophthalmi-
dae Chabanaud, 1933, and Batrachoididae Jordan, 1896), caught off the coast of Portugal, have recently
been described [36]. Our data on the finding of P. dasyatidis larvae in Black Sea teleosts contribute
to the information on the participants of this helminth’s life cycle.

The analysis of cestode infestation of 2 ray species in the area under study revealed that the mass
species found in most D. pastinaca studied was Caulobothrium sp., with the maximum abundance
of 1508 spec. per ind. (Table 1). Cestodes, following in number and occurrence in the common stingray,
were Dollfusiella aculeata, Progrillotia dasyatidis, and Rhabdotobothrium sp. The most abundant cestode
in Raja clavata was Progrillotia sp., with the abundance reaching 103 specimens in one thornback ray.
The second most abundant and most common species was Acanthobothrium sp. 2.

Adult mature forms of cestodes of the genus Bothriocephalus Rud., 1808, “B. gregarius” and “B. scor-
pii”, were found in their definitive hosts: the Black Sea brill and the black scorpionfish. “B. gregarius” in-
tensity of infestation (42-54 worms per host) of the Black Sea brill in Karadag water area is comparable
to that of other areas along the coast of Crimea. The definitive host of “B. scorpii” in the Black Sea is Scor-
paena porcus. According to [13], “B. scorpii” was found in Karadag water area in 28 % of black scorpionfish
with an intensity of 1-2 worms per host. According to [9], up to 30 % of black scorpionfish were infested
with this cestode with an intensity of 1-3 worms per host and an abundance of 0.5 worms per individual host.
In [11, p. 10] there are no quantitative data on the infestation of the black scorpionfish with this cestode,
and it is only stated that its occurrence in fish is high. During our study, “B. scorpii” was found on average
in 6 % of black scorpionfish; compared with the 1960s [13] and 2000s [9], the occurrence decreased by al-
most 5 times. To date, this species is quite rare not only in the area under study, but along the whole coast
of Crimea as well.

DISCUSSION

As a result of the audit of the cestode species composition in fish of Karadag water area and adja-
cent areas, the representatives of 6 orders were found: Bothriocephalidea, Diphyllidea, Trypanorhyncha,
“Tetraphyllidea” relics, Rhinebothriidea, and Onchoproteocephalidea (Table 2).

Previously, in Karadag water area the infestation with only one cestode representative of the order
Bothriocephalidea, “Bothriocephalus scorpii”, was recorded in the black scorpionfish and the Black Sea
brill [11, 13]. The only and incomplete description with schematic drawings of this species in the Black
Sea is based on cestodes from the black scorpionfish and the Black Sea brill [13]. To date, this species
is a complex one; it is registered in more than 50 genera of marine fish from families and orders that
are not related phylogenetically.

Marine Biological Journal 2020 vol. 5 no. 1



Fish cestodes of the Karadag nature reserve and adjacent water areas of the Black Sea 55

Table 2. Fauna of fish cestodes of the Karadag nature reserve and adjacent water areas of the Black Sea
(according to own and literary data)

Cestode taxa Fish species
Bothriocephalidea Kuchta, Scholz, Brabec & Bray, 2008!
Bothriocephalidae Blanchard, 1849

“Bothriocephalus scorpii” Scorpaena porcus

“B. gregarius” Scophthalmus maeoticus
Diphyllidea Van Beneden in Carus, 1863
Echinobothriidae Perrier, 1897

Echinobothrium typus Raja clavata

Trypanorhyncha Diesing, 1863
Eutetrarhynchidae Guiart, 1927

Parachristianella trygonis Dasyatis pastinaca

Prochristianella papillifer

Dollfusiella aculeata

Dollfusiella aculeata larvae Chelidonichthys lucernus, Scomber scombrus, Mullus
barbatus, Belone belone, Trachinus draco, Pegusa nasuta

Tetrarhynchobothrium tenuicolle®

Raja clavata

Progllotiidae Palm, 2004

Progrillotia dasyatidis

Dasyatis pastinaca

Progrillotia dasyatidis larvae

Gobius niger, G. bucchichi, Mullus barbatus, Trachurus

mediterraneus, Gaidropsarus mediterraneus, Scorpaena
porcus, Atherina boyeri, Salaria pavo

Lacistorhynchidae Guiart, 1927
Grillotia erinaceus
Tentaculariidae Poche, 1926

Nybelina lingualis® larvae ‘ Sarda sarda

Raja clavata

Sphyriocephalidae Pintner, 1913

Hepatoxylon trichiuri® larvae ‘ Trachinus draco

“Tetraphyllidea” Van Beneden, 1850 relics: Family incertae sedis

Anthobothrium cornucopia® Dasyatis pastinaca

Caulobothrium sp.

Scolex pleuronectis larvae Scorpaena porcus, Neogobius syrman, Gobius niger,
G. bucchichi, Pomatoschistus minutus, Crenilabrus ocellatus,
C. scina, C. tinca, Trachurus mediterraneus, Merlangius
merlangus, Mullus barbatus, Platichthys flesus, Sciaena
umbra, Uranoscopus scaber, Ophidium rochei, Pegusa
nasuta, Spicara flexuosa, Syngnatus abaster, Chelon
auratus, C. saliens, Mugil cephalus, Arnoglossiis kessleri,
Gymnammodytes cicerellus, Atherina hepsetus

Onchoproteocephalidea Caira, Jensen, Waeschenbach, Olson & Littlewood, 2014
Onchobothriidae Braun, 1900

Acanthobothrium sp. 1 Raja clavata

Acanthobothrium sp. 2

Acanthobothrium sp. 4

Acanthobothrium sp. 5 Dasyatis pastinaca

Acanthobothrium sp. 7

Continue on next page...
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Cestode taxa Fish species
Rhinebothriidea Healy, Caira, Jensen, Webster & Littlewood, 2009
Rhinebothriidae Euzet, 1953
Rhinebothrium walga Dasyatis pastinaca
Rhabdotobothrium sp.
Anthocephaliidae Ruhnke, Caira & Cox, 2015

Cairaeanthus ruhnkei Dasyatis pastinaca

C. healyae

Anthocephaliidae gen. sp. 2
Echeneibothriidae de Beauchamp, 1871

Echeneibothrium variabile ‘ Raja clavata

Note: ! — classification of orders and families according to [25, 34, 37]; 2 _ cestode species, not found by us in fish
in Karadag water area.

A type species of the genus, Bothriocephalus scorpii sensu stricto, parasitizes only in the shorthorn
sculpin Myoxocephalus scorpius (L., 1758) (Scorpaeniformes: Cottidae) inhabiting the northern parts
of the Pacific and Atlantic oceans [34]. On the basis of the results of the electrophoresis of protein composi-
tion of cestodes named “B. scorpii” from the Black Sea brill in the Black Sea, these cestodes were redefined
as “B. gregarius”, but without describing morphological features [20]. According to [33, 34], “B. gregarius”
is nomen nudum, as its description from a typical host from the native range has not yet been published.
As a result of studying the morphological features of cestodes named “B. scorpii” (from the black scorpi-
onfish) and “B. gregarius” (from the Black Sea brill) in the Black Sea (Crimea, Caucasus), as well as investi-
gations of the ribosomal genes 18S and 28S of these cestodes [16], both morphological and genetic features
were revealed which confirm independence of these species and their inconsistency with the type species
Bothriocephalus scorpii sensu stricto. So far, we use the names of cestodes “B. scorpii” and “B. gregarius”
in this study (Table 2).

Another species of this genus, B. atherinae Chernyschenko, 1949, was first observed in the big-scale
sand smelt Atherina boyeri in Odessa area [21], and then — in Karadag water area [11]. The taxonomic status
of this species is still not clear. It was transferred to the genus Ptychobothrium Lonnberg, 1889 as P. atheri-
nae (Chernyschenko, 1949) [7]. However, some researchers consider the old name to be valid [33], and oth-
ers consider this cestode as a species with an undefined generic status [34]. It should be noted that the reg-
istration of this species off the coast of Karadag is doubtful, since it prefers brackish-water biotopes. Thus,
in the Black Sea B. atherinae was identified in the big-scale sand smelt only in three areas of the northwestern
part of the sea: in Odessa water area (salinity of 3—14 %o), as well as in Berezansky (4—12 %o) and Tiligulsky
(4—12 %o) estuaries [21, 22]. Our data also confirm the association of this species to low salinity biotopes.
Throughout our studies, only 2 specimens of B. atherinae were found and only in 2 of 280 big-scale sand
smelts studied in the brackish-water biotope of Karkinitsky Bay. In polyhaline waters along the coast
of Crimea [in Sevastopol water area (17—-18 %o, 545 specimens of the big-scale sand smelt were dissected),
Karadag (17-18 %o, 119 specimens), and the Kerch Strait (12—15 %o, 65 specimens)], this cestode was not
found. Therefore, the recording of B. atherinae in Karadag polyhaline area (16—18 %o) is doubtful. Thus,
only two of three cestode species of the order Bothriocephalidea in Karadag fish are evidently parasitic:
“B. scorpii” and “B. gregarius” (Table 2).

Two specimens of Echinobothrium typus, the only representative of the order Diphyl-
lidea in the Black Sea, were first found in Raja clavata in Karadag water area in the early
1960s [13]. This cestode species was registered again in this ray species in Karadag water area
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in the late 1980s [12]. According to some authors, E. typus is common for this host (without indicating
the quantitative parameters of infestation). However, E. typus was found by us only in Sevastopol water
area (124 specimens of rays were examined, a prevalence of 15 %, with an abundance of 19 worms per in-
dividual host). In other areas, rays (166 specimens) were not infested with this cestode. For the first time,
in 2018 one immature specimen of E. typus was found in R. clavata (Table 1).

According to [5, 9, 10, 11, 13], 13 cestode species of order Trypanorhyncha are found in fish
in this water area. Of them, 8 are represented by adult mature forms (Christianella minuta (Van Bene-
den, 1849), Tetrarhynchobothrium minutus Van Beneden, 1850, T. erinaceus Van Beneden, 1861,
T. tenuicolle, Tetrarhynchus tenuicolle Diesing, 1854, Progrillotia louiseuzeti Dollfus, 1969, Grillo-
tia erinaceus, and Prochristianella trigonicola) parasitizing in two ray species and in the shark
Picked dogfish Squalus acanthias L., 1758; 5 are larvae (Hepatoxylon trichiuri, Nybelinia lingualis,
Tetrarhynchobothrium sp., Tentacularia sp., and Eutetrarhynchus sp.) recorded in teleosts.

Totally 5 cestode species of this order were identified by us in Raja clavata and Dasyatis pastinaca:
Dollfusiella aculeata, Grillotia erinaceus, Prochristianella papillifer, Parachistianella trygonis, and P. dasy-
atidis (P. louiseuzeti sensu [6, 11]) (Tables 1, 2). The larvae of the cestode P. dasyatidis were identified
in teleosts for the first time, while the larvae of N. lingualis and H. trichiuri, previously found in these fish,
were not identified. According to [36], of the fish inhabiting the Black Sea, the second intermediate hosts
of the latter two species are the Atlantic bonito Sarda sarda (Bloch, 1793) and the greater weever Trach-
inus draco L., 1758; the definitive hosts are Raja clavata and Squalus acanthias. We did not study the At-
lantic bonito, the greater weever, and the shark Picked dogfish in Karadag water area, and the amount
of R. clavata studied was small (11 specimens). This may explain the absence of these cestode species
in our samples.

Previous analysis [15] of the occurrence and synonymy of Trypanorhyncha species showed that
the identification of Grillotia (Christianella) minuta in elasmobranchs and Tentacularia sp. larvae in teleosts
in the Black Sea is incorrect due to the absence of their specific definitive hosts in this water body. The names
Tetrarhynchobothrium erinaceus, T. minutus, and Tetrarhynchus tenuicolle are not valid [36]. The representa-
tives of the genus Eutetrarhynchus Pintner, 1913 were recorded in the Black Sea only in teleosts at the larval
stage [5, 9, 10]. The adult mature specimens of these cestodes were first recorded in D. pastinaca in Se-
vastopol water area and identified as Eutetrarhynchus spinifer Dollfus, 1969 [6], but without description.
The analysis of the morphology of Black Sea cestodes, previously identified as E. spinifer, showed incon-
sistency with the redescription of Dollfusiella spinifer (syn. E. spinifer), and these cestodes were redefined
as D. aculeata [15].

Another trypanorinch species, Tetrarhynchobothrium tenuicolle, in R. clavata in the Black Sea (Roma-
nian coast) was identified as Rhynchobothrium tenuicolle [23]. Once it was found by T. P. Pogorel’'tseva
in Karadag water area [13]. This species was not registered in the sea again. Thus, of 13 species
of the order Trypanorhyncha, previously observed in fish in Karadag water area [10], in fact only
5 adult mature species parasitize in both ray species, and larvae of 2 cestode species were found
in teleosts (Table 2).

Before our studies, 7 cestode species from 4 genera of the order “Tetraphyllidea” relics (Echenei-
bothrium Van Beneden, 1850, Anthobothrium Van Beneden, 1850, Phyllobothrium Van Beneden, 1849,
and Acanthobothrium Van Beneden, 1849) were found in fish in Karadag water area [9, 11, 13, 18].
Three new orders were isolated from “Tetraphyllidea”: Rhinebothriidea, Phyllobothriidea, and Onchopro-
teocephalidea [25]. Therefore, of the order “Tetraphyllidea” in Karadag water area only one representative
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of Anthobothrium, A. cornucopia, parasitizes in D. pastinaca [13]. Previously, A. auriculatum (Rud., 1819)
and A. cornucopia were identified in Black Sea rays. However, in our samples of tetraphyllideans from both
ray species off the coast of Crimea these cestodes were not found.

Other representatives of the order “Tetraphyllidea” relics, cestodes of the genus Caulobothrium
Baer, 1948, were first recorded by us in the Black Sea in D. pastinaca in the waters of Sevastopol
(Kazach’ya Bay); they were found again in Karadag and Kerch Strait areas [14]. The specimens stud-
ied differ from 7 valid species of this genus [37], and in this work they are defined as Cauloboth-
rium sp. To date, it is not clear to which family cestodes of this genus belong; so far, they have been
identified as a separate group designated as Clade 4 [37, p. 378]. The authors claim that Cauloboth-
rium spp. are found only in rays of the family Myliobatidae Bonaparte, 1838 [Myliobatis L., 1758],
and the identification of cestodes of this genus in rays of the families Dasyatidae Jordan, 1888 [Hi-
mantura (Bleeker, 1852)] and Urolophidae Miiller & Henle, 1841 [Urolophus Miiller & Henle, 1837]
in the Caribbean Sea, as well as in the Pacific and Atlantic oceans, requires additional confirmations.
Thus, in the area studied the infestation of rays with only one species of the genus Caulobothrium
was confirmed (Table 2).

According to [9, 10, 11, 13, 23] and analysis of our samples, cestodes of 3 families of the or-
der Rhinebothriidea are found in Karadag rays: Echeneibothriidae (Echeneibothrium), Anthocephaliidae
(Cairaeanthus Kornyushin & Polyakova, 2012 and Anthocephaliidae gen. sp. 2), and Rhinebothriidae
(Rhinebothrium Linton, 1890 and Rhabdotobothrium Euzet, 1953) [14, 15].

The only representative of the family Echeneibothriidae recorded in Raja clavata in the Black Sea is Ech-
eneibothrium variabile, and it is described only on the basis of immature specimens [13, 23]. According
to [39], “E. variabile” is a complex species, and E. variabile sensu stricto is highly specific to R. clavata;
the identification of this cestode species in different ray species and in other areas requires confirmation.
In the cestode samples from R. clavata from Karadag and Sevastopol water areas, mature specimens, mor-
phologically identical to this species from a typical host from the native range, were found [39]. It should
be noted that E. variabile was found in Karadag water area in both ray species [9, 10, 11]. We have never
registered parasitization of E. variabile in D. pastinaca. Given the specificity of E. variabile to R. clavata,
we consider its identification in D. pastinaca in the Black Sea to be incorrect.

The cestode species composition of D. pastinaca in Karadag water area was replenished with new
representatives: Anthocephaliidae gen. sp. 2, Rhinebothrium walga, and Rhabdotobothrium sp. [14, 15].
In cestode samples of the common stingray, caught along the coast of Crimea, cestodes of the genus
Cairaeanthus (Phyllobothrium sensu [13, 23]) with two species, C. ruhnkei (syn. P. lactuca sensu [13, 23])
and C. healyae (syn. P. gracilis sensu [13, 23]), were identified by us [32]. In Karadag water area,
C. healyae was first found in the late 1980s in 45 % of rays D. pastinaca and R. clavata with an inten-
sity of 1-17 worms per host [12]. The annotated list indicates the identification of another species of this
genus, C. ruhnkei [10]. According to [10, p. 476], 35 % of Raja clavata and Scorpaena porcus were in-
fested with C. ruhnkei with an intensity of 1-5 worms per host; it was noted that for the first time both
Cairaeanthus species were found in Karadag water area by T. P. Pogorel'tseva. However, according to [13,
pp. 148-150], both cestode species were found only in D. pastinaca and in other water areas: C. ruhnkei
was recorded in the Kerch Strait, and C. healyae — in Kerch and Novorossiysk water areas. Cestodes
of the genus Cairaeanthus spp. are highly specific parasites of D. pastinaca [32]. Therefore, identifica-
tions of adult mature Cairaeanthus spp. not only in R. clavata [11], but also in the black scorpionfish [10],
are obviously incorrect, since teleosts are the second, or paratenic, hosts for elasmobranch cestodes.
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Both species of Cairaeanthus are found in the Black Sea, and only C. ruhnkei is registered
in the Sea of Azov. According to [24, p. 17], this group of cestodes (Cairaeanthus spp.) para-
sitizes in cooler waters, since, while studying cestodes of rays of the genus Dasyatis Rafinesque,
1810 from tropical and subtropical areas, cestodes of the genus Cairaeanthus were not identified.
Thus, 6 cestode species of the order Rhinebothriidea parasitize in rays of Karadag water area: Ech-
eneibothrium variabile, Cairaeanthus healyae, C. ruhnkei, Rhinebothrium walga, Rhabdotobothrium sp.,
and Anthocephaliidae gen. sp. 2 (Table 2).

According to [10, 11, 13], only two cestode species of the genus Acanthobothrium parasitize
in two ray species in Karadag water area: A. coronatum (Rud., 1819) and A. dujardinii Van Bene-
den, 1849. Prior to our studies, three species of this genus were recorded in the Black Sea: besides
the species mentioned above, the only Black Sea endemic, A. ponticum Borcea, 1934, was identi-
fied [10, 11, 13, 23]. It is necessary to emphasize, that in our samples of cestodes of this genus from both
ray species off the coast of Crimea and Caucasus, we did not find cestodes that would correspond,
according to their morphological characteristics, to A. coronatum, A. dujardinii, and A. ponticum pre-
viously found. On the other hand, among representatives of Acanthobothrium spp. found in D. pasti-
naca and R. clavata in Karadag water area, we identified 7 morphologically different species-level taxa.
Acanthobothrium sp. 1, 2, 4 were registered in R. clavata, and Acanthobothrium sp. 5, 7 were found
in D. pastinaca (Tables 1, 2) [14, 17].

The analysis of the morphology, specificity, and synonymy of A. coronatum, A. dujardinii, and A. pon-
ticum in Black Sea rays [15] revealed that the identification of the highly specific species A. coronatum [40]
in these fish in this water area is incorrect due to the absence of the definitive hosts of this cestode
species, sharks of the genus Scyliorhinus (Blainville, 1816). Descriptions of cestodes identified as A. du-
Jardinii [13, 23] from rays of the Black Sea do not correspond to typical descriptions of this species
from the English Channel [28, 29, 40]. The systematic position of A. ponticum is still not clear. Some re-
searchers indicated it as a possible junior synonym for A. crassicolle Wedl, 1855 [29], others — as a species
with an unclear systematic position [40], and others — as a valid species [26], without restudying the typical
material, which location is unknown.

In our samples of Acanthobothrium spp. from D. pastinaca off the coast of Crimea (Karkinitsky Bay, Se-
vastopol, Karadag, and the Kerch Strait) and Caucasus, specimens found were initially identified as A. cras-
sicolle [5]. However, having studied the additional material on the morphology of these cestodes and the se-
quence of their 18S and 28S ribosomal genes, we have revealed morphological and genetic features [17]
which allowed us to identify these cestodes as a new species. So far, in this work, we use the name Acan-
thobothrium sp. 7. Thus, in the composition of the order Onchoproteocephalidea, 5 cestode species infest
Karadag rays (Table 2).

Conclusion. As a result of the revision of the fauna of fish cestodes of the Karadag nature reserve
and adjacent areas, it is recorded that the current species composition of these helminths includes 20 species
from 19 genera and 6 orders. For the first time, 12 species were recorded in Karadag rays: Progrillotia dasy-
atidis, Parachristianella trygonis, Dollfusiella aculeata, Rhinebothrium walga, Acanthobothrium sp. 1, 2,
4, 5, 7, Rhabdotobothrium sp., Caulobothrium sp., and Anthocephaliidae gen. sp. 2. Larvae of Progrillo-
tia dasyatidis were found in teleosts of Karadag for the first time. This new data supplement the knowl-
edge about the features of the life cycles of cestodes of this genus. In fish of this water area, of the pre-
viously recorded 19 cestode species, finding of only 8 was confirmed: “Bothriocephalus scorpii”, “B. gre-
garius”, Echinobothrium typus, Grillotia erinaceus, Prochristianella papillifer, Echeneibothrium variabile,
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Cairaeanthus ruhnkei, and C. healyae. The larvae of cestodes Hepatoxylon trichiuri and Nybelinia lingualis
were not found in teleosts; Tetrarhynchobothrium tenuicolle and Anthobothrium cornucopia were not found
in rays. As a result of the analysis of current taxonomy, synonymy, and specificity to the definitive hosts
of cestodes of the orders Trypanoryncha and Onchoproteocephalidea, it was found out, that the initial iden-
tification and description of 3 species, Tentacularia sp. larvae, Grillotia (Christianella) minuta, and Acan-
thobothrium coronatum, from Black Sea fish were incorrect. The greatest cestode species richness was iden-
tified among the representatives of the orders Trypanorhyncha and Onchoproteocephalidea (5 species each),
and the lowest cestode species richness was identified among the representatives of the orders Diphyllidea
and “Tetraphyllidea” relics (1 species each). An increase in the species composition of elasmobranch ces-
todes of Karadag water area can occur due to the study of these helminths infesting Squalus acanthias,
which was practically not studied in this area.

This work was carried out within the framework of government research assignment of IBSS RAS
no. AAAA-A18-118020890074-2.
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oT 1754 3K3. ckatoB M KOCTUCTHIX PuIO 53 BuaoB (2005-2018). PaiioH ucciemoBanus — npuOpekHast
akBaropust Y€pHoro mopst or M. Meranom 110 noc. Opmxonukuaze (FOro-Bocrounslii Kpbim), B TOM
yucIie pas3andHbele Mopckue Ouotorsl Kapagarckoro 3anoBeHuka. BaydepHsle npenapatsl Bcex BUIOB
LECTO/I, MCTOJIb30BAHHBIX B JAHHOM HMCCJIEJOBAHUH, JAETIOHMPOBAHbI B MOJKOJUIEKIIMA MOPCKUX Mapa3u-
TOB KOJUIEKIMH TUIpoOroHToB MupoBoro okeana ®PUL MUHBIOM. V 17 BunoB psid oOHapyxeHo 20 BU-
J0B 1iectos1. BriepBrle B paiioHe uccienoBanus y ckara Dasyatis pastinaca 3aperncTprIpOBaHbI [IECTOIBI
9 BunoB: Progrillotia dasyatidis, Parachristianella trygonis, Dollfusiella aculeata, Rhinebothrium walga,
Caulobothrium sp., Rhabdotobothrium sp., Acanthobothrium sp. 5, 7 u Anthocephaliidae gen. sp. 2.
VY npyroro Bunma ckara, Raja clavata, HaliieHbl LIECTOABI, OTHOCSILIMECS, OYEBUIHO, K HOBBIM BH-
JaMm  Acanthobothrium sp. 1, 2, 4. U3 19 panee wusBecTHbIXx B pailoHe Kapamara BumoB mnop-
TBEPXKACHBl HAXOAKHU TOJBKO & TMOJIOBO3PENBIX UecToN: «Bothriocephalus scorpii», «B. gregarius»,
Echinobothrium typus, Grillotia erinaceus, Prochristianella papillifer, Echeneibothrium variabile,
Cairaeanthus ruhnkei n C. healyae. KpoMe TOro, y KOCTHCTBIX pbIO OOHAPYKEHbI JTMUMHKU COOPHOTO
Buga «Scolex pleuronectis». Jlwannku necronsl Progrillotia dasyatidis HaviieHsl BIiepBbie B aKBaTOPUU
3alOBeJHUKA Y § BUAOB KOCTUCTBIX PbIO, UTO PacLIMpsieT CBEIEHUs 00 yYaCTHHKAX KU3HEHHOIO LIUK-
Ja sToro reqbMuHTa. Y phid Kapagara He oOHapyskeHbl paHee pericTpUpoBaBLIMECsS B paiioHe 4 BU-
na uecron: Hepatoxylon trichiurid larvae, Nybelinia lingualis larvae, Tetrarhynchobothrium tenuicolle
u Anthobothrium cornucopia. Kpome Toro, HeiaBHO MPOBEIEHHBIN aHAJIN3 BCTPEYAEMOCTU ¥ CHAHOHUMUKH
Bu10B oTps0B Trypanorhyncha u Onchoproteocephalidea BeisiBHII, 4TO paHee BBIOJHEHHOE OMpe/iesie-
uue Grillotia (Christianella) minuta u Acanthobothrium coronatum y 3nacmoO0panxuii u Tentacularia sp.
larvae — y xoctuctbix ppl0 UYE€pHOro Mopsi OIMOOYHO BBUIY OTCYTCTBHSI B 9TOM BOJOEME MX CIELHU-
(pruHBIX OKOHYATENIBHBIX X0351€B. C APYroil CTOPOHBI, Cpeay HaillleHHbIX Acanthobothrium spp. y CKaToB
D. pastinacan R. clavata B paiione Kapanara mbl naeHTHOUIIPOBaIH 7 MOP(OJIOrMYECKH Pa3INIHBIX HO-
BBIX TAKCOHOB BU/I0BOTO ypoBHsI. OOHapyKeHHbIE LIECTOIBl OTHOCHITUCH K 6 oTpsinam: Bothriocephalidea,
Diphyllidea, Trypanorhyncha, «Tetraphyllidea» relics, Rhinebothriidea u Onchoproteocephalidea. Hau-
GoJiblilee BHIOBOE OOraTcTBO IIECTOJ] Y OOOMX BHIOB CKAaTOB OTMEUYEHO Cpelyl IMpelcTaBUTeNiel OT-
psanoB Trypanorhyncha m Onchoproteocephalidea (o 5 BumoB), HamMeHbIlee — cpenu Diphyllidea
u «Tetraphyllidea» relics (mo 1 Buay B kaxmom). Takum oOpazom, (ayHa 1ecTojl, Napa3sUTUPYIOINX
y pbiO B paiione Kapanara, nononnena 12 Buaamu, 8 U3 KOTOPBIX SIBJISIOTCS, OYEBUIHO, TPEACTABUTEISIMU
HOBBIX TAKCOHOB.
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