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Abstract

Introduction. The Black Sea-Caspian sprat (Clupeonella cultriventris) is an alien species adapted to the Kama Reservoir
conditions, capable of affecting the trophic relationships in this ecosystem. However, the composition of helminth fauna
in this ecosystem and the pathological changes induced by the certain pathogens, such as cestodes of the genus Proteo-
cephalus, are currently poorly investigated. The aim of the study is to investigate the infestation of C. cultriventris with
cestodes of the genus Proteocephalus in the Kama Reservoir and to describe the histological changes in the fish intestines
caused by this infestation.

Materials and Methods. In the autumn-winter period of 2024, the C. cultriventris (n=83) were taken from the several
parts of the Kama Reservoir. A partial biological analysis, partial helminthological dissection and histological examina-
tion of the intestines infested with cestodes were carried out. Parasitological examination was performed at the Depart-
ment of Infectious Diseases of Perm State Agro-Technological University. Preparation of histological specimens was
performed in the histopathology laboratory of Perm Regional Children’s Clinical Hospital. The prepared histological
sections were scanned using the Vision Assist automated system and Vision microscopy automation software. Mathemat-
ical processing of the obtained data was performed in Microsoft Excel.

Results. The highest infestation extensity (IE 50%) of Proteocephalus sp. (juv) corresponding to infestation intensity (1)
range 1-2 was observed in sprat form the middle part of the Kama Reservoir; in sprat from the upper part, it was several
times less (IE 13% corresponding to Il range 1-3); sprat from the lower part was not infested at all. The size and weight
parameters in sprat from the upper and lower parts of the Reservoir were significantly higher than that in the fish from
the middle part — approximately 2 times exceedance in weight and 1.2 times — in length. Histological examination of
sprat intestines revealed changes in mucosa and submucosa layers; the epithelium was in a state of desquamation, the
stromal state of the villi was loose and edematous.

Discussion and Conclusions. Data on infestation of C. cultriventris with the cestodes of the genus Proteocephalus sp. in
the Kama Reservoir are presented for the first time. It has been revealed that cestode infestation affects the biological
parameters of fish and causes minor inflammatory pathological changes in the intestines. Detection of the pre-mature
cestodes in the non-specific hosts is not enough factor for their identification, therefore, further research is needed to
clarify the host-parasite relationships of C. cultriventris and Proteocephalus sp.
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OPMZMH(IJle()e amnupudeckoe uccnedosanue

3apakeHHOCTh 4YepHoMopcko-kacnuiickoii Toabku (Clupeonella cultriventris) B Kamckom
BOJIOXPaHUJININE ecTo0ii poxa Proteocephalus u rucrosiornyeckoe uccjieioBaHue KAIMEYHHKA
pblﬁbl NP UHBA3UH JAaHHBIMMU MIapasuTaMu
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IlepMckmii roCyAapCTBEHHBIH arpapHO-TEXHOJOIMUYeCKUi yHUBepcuTeT HMMeHM akaaemuka JI.H. IlpsaumuukoBa, r. Ilepwms,
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AHHOTaLUA

Beeoenue. Yepromopcko-kacnuiickas Tronbka (Clupeonella cultriventris) sisercst azanTHpoBaBIIMMCS BCEJICHIIEM B
KamckoM BooXpaHMIIHIIEe, CHOCOOHBIM BIHSAThH Ha TpPO(HUYECKUE CBSI3H B JaHHOM akocucteme. [Ipu 3ToM coctaB ee relib-
MHUHTO(GAYHBl M NAaTOJOIMYECKME W3MEHEHHs IO/ BIMSHHEM OTJEIbHBIX MATOTEHOB, TAKUX KakK IIECTOABI poja
Proteocephalus, B HacTosiiee Bpemst Manounsyuensl. Llens paboTel — uccienoBath 3apaxenHocts C. cultriventris B Kam-
CKOM BOIOXPaHIJIHILE 1IeCTOA0M poma Proteocephalus i onucaTh rHCTOIOTHYSCKUE H3MEHEHHS KUILICYHUKA PBIOBI MIPH
JTAHHOW MHBA3UH.

Mamepuanst u memoost. C. cultriventris (n=83) oroOpaHa B oceHHe-3UMHUIA 1eproxa 2024 r. B HECKOJBKUX paloHax
Kamckoro Bogoxpanwminunia. [TpuMeHsu HeNoMHBIH OMOMOrHYecKnil aHaIN3, HEMOJIHOE TeIbMUHTOJIOTMYECKOE BCKPHI-
THE W THCTOJIOTHYECKOE HCCIIEI0BAaHNE KUIICYHUKA IIPH WHBAa3HH LiecToaMu. [lapa3nTonornueckoe ucciieoBaHue BbI-
moJH:TN Ha Kadenpe nHPeknuoHHbX OonesHeir ®I'BOY BO II'ATY. U3roToBieHne npemapaToB sl THCTOIOTHYC-
CKOTO HCCTIeIoBaHus BBHIIONHSUIM B Jaboparopun ructonatoioruu ['BY3 TIK «KpaeBas gerckas kiuHUYeckast 00Jb-
HHUIA». [0TOBBIE THCTOJNIOIMYECKUE CPE3bl CKAHMPOBAIM C MOMOIIBI0 aBTOMaTHYECKOM cucTeMbl Vision Assist U mpo-
rpaMMHOTO ofecriedeHHs I aBTOMaTH3alul MUKpPOCKOIIuK Vision. Maremarndeckyto o0paboTKy HOJNyYEHHBIX JaH-
HBIX BBINIOJIHSUIM B porpamme Microsoft Excel.

Pesynomamot uccnedosanus. Haunbonpias sxcreHcuBHOCTh MHBazuu DU 50 % npu uHTeHCHMBHOCTH MHBazuu U 1-2
Proteocephalus sp. (juv) TronbkH OTMeYanach B LEHTPAJIbHOM paiioHe KaMckoro BOZOXpaHWIIMIIA; B HECKOIBKO pa3
MeHbIIe — B BepxHeM paitone (OU 13 % npu MU 1-3); Tionpka U3 HWKHETO paiioHa ObLTa MOJHOCTHIO CBOOOJHA OT
MHBa3WU. Pa3MepHO-BecoBhIC MapaMeTphl TIOJIBKM M3 BEPXHEro M HIDKHETO PallOHOB BOJOXPaHWIMINA ObUIM CyIue-
CTBEHHO BBIIIIE, YeM PBIOBI U3 IEHTPAIBGHOTO paiioHa, — MPUMEPHO B 2 pa3a 1o Becy u B 1,2 pa3za mo anmuse. I'ucronoru-
YECKOE MCCIICI0BAHNE KUIIEYHUKA TIOJBKH BBISIBUIIO M3MEHEHNUS Ha YPOBHE CIIM3UCTOTO M TTOJICIU3UCTOTO CIOEB, JITUTE-
JIMH HaXOJIMJICS B COCTOSIHUM JIECKBaMalliH, CTPOMa BOPCHHOK PBIXJIAsi U OTEYHasI.

Obcyscoenue u 3axniouenue. Briepsrie IpuBOsSTCS naHubie 0 3apaxennoctu C. cultriventris 8 Kamckom Bomoxpanu-
JUIe HeCToAaMU Proteocephalus Sp. YCTaHOBJIEHO, YTO WHBA3US II€CTOJIaMU OKAa3bIBAaeT BIMSHHE HAa OMOIOTHYECKHE
XapaKTEePUCTUKHU PHIObI M BHI3BIBACT B KUILIEUHUKE HE3HAYUTEIILHBIEC MTATOJIOTHYECKAE M3MEHEHHUS BOCTIAJIMTENILHOTO Xa-
paktepa. OOHapy)XeHHUE MPEAB3POCIIBIX IIECTO]] Y HECTeUU(UUSCKUX X035€B HE MO3BOJISICT MPOBECTH MX HICHTH(UKA-
MO, TOATOMY ISl yTOUHEHUSI Mapa3uTO-X03IMHHBIX oTHOIeHni Mexay C. cultriventris u Proteocephalus sp. Heo6xo-
JIIMBI JOTIOJTHUTEJIbHBIE NCCIIEJOBAHMS.

KunroueBsie caoBa: Troneka, Clupeonella cultriventris, Kamckoe Bogoxpanuimiie, 3apaxxeHHOCTb, apa3UThl, ECTOa,
Proteocephalus, uxHBa3usi, FTECTOIOrHYECKOE UCCIICIOBAHNE, KUIICTHHK

Baaropapuocru. Beipaxxaem O6nmarogapaocts corpynHukam [lepmckoro ¢umana «Bceepoccuiickoro HayqHO-HCCIIE10-
BaTEJIbCKOTO MHCTUTYTA PHIOHOTO XO3SMCTBA U OKeaHOrpadrn» MIIALIMM CIeHUaINCTaM J1abopaTopuH BOHBIX OHOpe-
cypcoB Uropio Hukonaesuuy u JIuguu Bacunsesae Mep3maKoBEIM, cTapIIeMy CIIEIHANUCTY Ja00paTOpUH BOAHBIX OHO-
pecypcos Cemeny Hukomnaesuuy KazapuroBy 3a moMotbs B 0T60pe mpoo.

Jnst uuTuposanus. Jlazapesa O.U., CuskoBa T.H. 3apaxeHHOCTh depHOMOpCKO-Kactmiickoit Troapku (Clupeonella
cultriventris) 8 Kamckom Bomoxpanmiuiie mecronamu poaa Proteocephalus u rucrosorinyeckoe uccie0Banue KUIed-
HUKa pbIOBl [PU  HWHBa3WM  JAHHBIMH  NapasuTaMu.  Bemepuwapnas  namonocus.  2025;24(4):7-16.
https://doi.org/10.23947/2949-4826-2025-24-4-7-16

Introduction. The Black Sea-Caspian sprat (kilka) had massively spread throughout the Volga-Kama basin.
Clupeonella cultriventris (Nordmann, 1840) is the only  Sprat had adapted to environmental conditions and now oc-
representative of the Clupeidae family (Cuvier, 1816) cupies a stable position in the ecosystem. Its population
among the brackish-water Ponto-Caspian fish species that
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density is high and often dominates among pelagic fish
species in most reservoirs [1].

In the Kama basin, sprat was first recorded as an alien
species in 1971 in the Votkinsk Reservoir, in 1975 in the
Kama Reservoir [2], and in 1979 in the Nizhnekamsk Res-
ervoir [3]. Up till 2014, data on the abundance of sprat in
the Kama Reservoir were not included in the official fish-
eries statistics. From 2014 to 2020, its relative abundance
in different parts of the reservoir ranged from 0.1% to 0.2%
of the total catch [4].

Expansion of alien animal species increases the risk of
dissemination of associated parasites [5]. It has been estab-
lished that the number of alien parasite species in the Volga
River basin has increased threefold over 20 years due to an
increase in the number of alien fish and invertebrate spe-
cies. Of the 47 registered alien parasite species, 80% were
introduced by accident, and 20% expanded their habitat
within the reservoir. Whereas, 75% naturalised locally, and
15% naturalized and spread to other reservoirs [6]. The
main ways for spreading infestation in the VVolga basin are
the accidental introduction together with hosts and self-dis-
semination along with hosts. Thus, natural expansion of the
habitat of cestodes Eubothrium rugosum, Cystidicola fari-
onis, Proteocephalus longicollis, Triaenophorus crassus
from north to south was discovered as a result of building
the reservoirs classified as the “low-flow lakes” [6].

The study of alien parasite species associated with alien
fish species is relevant as they can serve the biological
markers for studying migration activity, determining the
trend and direction of dissemination when predicting the
dynamics in alien host population abundance [7]. How-
ever, the parasite fauna of non-freshwater sprat has been
studied just in few articles. It has been reported that, on the
whole, parasite species composition in Caspian sprat has
depleted. Trematodes, anisakid nematode larvae and acan-
thocephalans are specific in Herrings [8]. In sprat from the
Azov Sea, the isopods, trematode larvae and anisakid nem-
atodes are found [9]. Moreover, in sprat from the Black Sea
and the Azov Sea, monogeneans, cestodes, trematodes, and
thorny-headed worms are found [10]. In C. Cultriventris
from the Kazakhstan part of the Caspian Sea, previously
unreported anisakid nematodes have been discovered [11].
Attention should be paid to the epidemiological risk posed
by these helminths [12], and therefore their potential in be-
coming a source of infestation.

Regarding freshwater forms of the Black Sea-Caspian
sprat, in the period from 2000 to 2010, the herrings-specific
parasites were not recorded in the Ivankovo (Moscow Sea),
Rybinsk, Gorky, Cheboksary or Sheksna reservoirs, with
the exception of sporadic detection of young cestodes,
trematode metacercariae and maritae, immature nema-
todes, glochidia and crustaceans [13]. The publications of
the past five years focused on the investigation of sprat in
the Gorky Reservoir for the presence of trematode meta-
cercariae [5], and sprat in lvankovo Reservoir for the pres-
ence of blood parasites [14], i.e. parasites that are not spe-
cific in herrings.

There are very few publications studying histological
changes in sprat infested with parasites. There is a publi-
cation describing histological changes in the intestines of
C. cultriventris caspia from the Middle and Southern
parts of the Caspian Sea infested with sprat-specific trem-
atodes and having concomitant neoplastic processes in
the internal organs [15].

During fifty years since C. cultriventris introduction to
the Kama Reservoir, no research on the parasite fauna and
histological changes in the intestines of sprat with non-spe-
cific infestations have been carried out yet. The aim of the
present study is to investigate the infestation of the Black
Sea-Caspian sprat in the Kama Reservoir with cestodes of
the genus Proteocephalus and to perform the histological
examination of the intestines of fish with this infestation.

Materials and Methods. C. cultriventris (n=83) were
collected in the autumn-winter period of 2024 from several
areas of the Kama Reservoir: from the upper area near the
village of Bystraya (59°25° N, 56°23° E); from the central
area near the island of Bor (58°96’° N, 56°22’E); and from
the lower area opposite the village of Khokhlovka
(58°13°N, 56°20°E). The ichthyological material was pro-
cessed according to commonly accepted techniques [16].
The parasitological study was carried out at the Department
of Infectious Diseases of Perm State Agro-Technological
University according to the method of |.E. Bykhovskaya-
Pavlovskaya [17], morphological identification was car-
ried out by using the identification guides [18], and parasi-
tological indices were calculated.

For histological examination, the intestines of speci-
mens infested with cestodes were collected and fixed in a
4% formaldehyde solution. The samples were prepared in

the histopathology laboratory of Perm Regional Children’s

Parasitology
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Clinical Hospital in compliance with the standard tech-
niques. The prepared histological sections were scanned
using the Vision Assist automated system (West Medica,
Austria) and Vision microscopy automation software
(Medica Product LLC, Russia). Mathematical processing
of the obtained data was performed in Microsoft Excel.
Results. Analysis of parasitological indices revealed
unequal infestation of sprat with cestodes of the genus Pro-
teocephalus in different areas of the Kama Reservoir: the
highest infestation extensity (IE) was recorded in the cen-
tral area; in fish from the upper area it was approximately
4 times lower (whereas the infestation intensity (I1) in these
areas was approximately the same); specimens from the
lower area were not infested. A partial biological analysis

revealed significantly better size and weight parameters in
fish from the upper and lower areas compared to those in
specimens from the central area—approximately 2 times
better in weight and 1.2 times better in length (Table 1).

During partial helminthological dissection, the immature
cestodes of the genus Proteocephalus were found in the in-
testines of the sprat (Fig. 1). Species identification was not
performed, as the cestodes were in pre-adult stage. Exami-
nation of the scolex morphology, revealed their correspond-
ence to the description of P. torulosus, due to the presence
of four lateral suckers and the absence of the apical sucker.

During histological examination of the preparations,
free-lying cestodes Proteocephalus sp. at the juvenile stage
of life cycle were found in the fields of vision (Fig. 2).

Table 1

Size and weight parameters of sprat C. cultriventris from different areas of the Kama Reservoir and infestation with
cestodes of the genus Proteocephalus

Aressaoered || O (PRGN, R | S|

within the study men XL SE W. SD X+ SE deviation I, SD ' (min-max)
Upper 15 5.8+1.56 0.42 77.6+£8.82 2.36 13.3 2 (1-3)
Central 20 3.4£1.72 0.40 65.8+£10.92 2.50 50 1.2 (1-2)
Lower 48 6.5+1.34 0.19 80.25+6.07 0.89 0 0

Pathological changes were detected in the intestinal
mucosa and submucosa. The epithelium was desquamated,

and villous stroma was loose and edematous. (Fig. 3).

Along the inner surface of the submucosal layer, elon-
gated cells with oval nuclei were intermittently located

(Fig. 4).
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Fig. 2. Proteocephalus sp., part of the intestine of C. cultriventris, H & E staining, magnification x62
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Fig. 3. Desquamation of the epithelium, edema of the villous stroma, H &E staining, magnification x200
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Fig. 4. Submucosa layer with elongated cells, H &E staining, magnification x1000
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Discussion and Conclusion. The Black Sea-Caspian
sprat is characterized by size variability, which depends on
the food supply in the reservoir including the size of food
particles, on temperature regimes depending on the hydro-
electric power plants, on the presence of predators and
competitors, and on the development of the fisheries. Ac-
cording to existing research, the size variability of sprat
from the Volga reservoirs is deemed related to the habitat
conditions and long history of species introduction [2].
However, taking into account the IE, it can be assumed that
infestation of fish with intestinal helminths also affects its
size and weight parameters, which is confirmed by re-
search on other cestodoses [19]. Recently, it was estab-
lished that during infestation, cestodes secrete enzyme in-
hibitors, which leads to a decrease in the proteolytic activ-
ity of the intestinal mucosa [20] and, therefore, to disorders
in digestion and assimilation of nutrients.

The Proteocephalids were found in the intestines of
sprat (tulka), which is compliant with the literature data
specifying other species [21-23]. There started to appear
the reports on detecting locations of Proteocephalidae fam-
ily larvae [23] and P. ambloplitis larvae outside the intes-
tines of second intermediate fish-hosts [24].

Proteocephalus sp. (juv) was first mentioned to be
found in sprat in the Volga-Don Canal [25] back in the
1950s, when cascades of reservoirs and canal basins were
built [26]. Afterwards, this infestation was recorded in the
Rybinsk Reservoir in 2000-2001 (IE 2.4+1.6 [27]), in 2005
(IE 0.6+0.6 [13]); provided the introduction of the alien
species dated back to 1993 [13].

The detection of immature cestodes may be related to
seasonal polycyclicity, which depends on geographical
location and environmental conditions [21]. Proteoceph-
alus species are characterized by a long prereproductive
period lasting most of the year and a short reproductive
period of less than two months. Accordingly, the popula-
tion abundance, during the prereproductive period is
more than 99%, while during the reproductive period it is
approximately 0.02% [21, 28]. The growth, maturation,
and elimination of cestodes depend on environmental
temperature conditions, the hormone state of the host
[21], its physiological state, the food supply stability and
intraspecific competition [28].

Due to the high variability of Proteocephalus species,
the genetic verification is necessary for species identifica-
tion [28-30], for detection of larval forms, as well as for
understanding the epizootology [22] and simultaneous in-
festation with several Proteocephalus sp. species [31]. The
absence of an apical sucker is a non-specific feature; spe-
cies with a distinct apical sucker can belong to one clade,
while species without it can belong to different clades [32].

Potentially, sprat from the Kama Reservoir can be in-
fested with four species of Proteocephalus: P. percae, P.
cernuae, P. torulosus u P. longicollis. For sprat, infestation
with P. percae is possible taking into account the biologi-
cal features and needs [29] and type of ecological behav-
iour of the host [30]. Sprat is thermophilic, it is a typical
plankton-eater, and prefers Boreal Plains Ecozones; in the
reservoir, the above infestation has been recorded in
perches [33]. P. percae is widespread in the Palearctic, it is
polyhostal [29], and exhibits polymorphism [28, 29]. It is
characterized by a year-long life cycle [21, 28]. For P.
Percae abortive (dead-end) hosts in which it does not de-
velop have been described [29]. P. percae is phylogenet-
ically related to P. longicollis, with a similarity of 98%,
despite the genetic distance of the hosts [32].

The reservoir conditions [29] and narrow specificity
[32] are not suitable for infestation of sprat with P. cer-
nuae, however, the feeding type and ecological behavior
[29, 30], life cycle [21, 27] are the same as those of P.
percae, Which makes infestation with P. cernuae possible.
In the Kama Reservoir, P. cernuae was recorded in ruff
[33, 34] and perch [33]. It was experimentally ascertained
that non-specific hosts can act as transport hosts for young
and mature cestodes, in which cestodes do not grow but
survive [21]. Genetically, P. cernuae has a high percentage
of similarity (94-99%) with P. percae [32].

Sprat can also be infested with P. torulosus. Among cy-
prinids from the Kama Reservoir, P. torulosus was found
in roach, dace, ide, bleak, and bream [34]. Among cypri-
nids, several host-specific groups of P. torulosus were
identified, depending on the host species and food special-
ization [35]. In different host species, the parasite trans-
forms into the separate phenotypically different ecological
forms [35]. The similar feeding habits of sprat and bleak
suggest the possibility of infestation. Host radiation pro-
vides conditions for genetic variability, which contributes
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to the development of resistance and flexibility of the ces-
todes in cyprinids [35]. This species differs morphologi-
cally from all representatives of the genus, it forms a sepa-
rate clade, and has low genetic similarity with other species
of Proteocephalids [32].

P. longicollis is attributed with the polymorphism of
the attachment organs [30], it was found in a wide range of
fish from different orders: Petromyzontiformes, Percoidei,
Clupeiformes, and Gadiformes [36]. It has never been rec-
orded in the Kama Reservoir. The type of reservoir and
type of feeding [29], life cycle [21] are suitable for infesta-
tion with this species, however, temperature regimes are
not typical (although, due to the climate change, such an
infestation cannot be excluded). A case of adaptation of P.
longicollis in Cobitis taenia (loaches) and in Perca fluviat-
ilis (Percoidei) was recorded [21].

When discussing histological changes in the intestines
of fish infected with cestodes of the genus Proteocepha-
lus sp., itis interesting to compare our results obtained for
sprat with the published data on other fish species. Thus,
in Wels catfish (Silurus glanis) infested with the specific
for it P. osculates, IE of 6% and Il ranging 1-17, the me-
chanical damage of intestinal tissue, necrosis, inflamma-
tion and localised hemorrhages due to parasite attach-
ments were observed, as well as decreased mucus secre-
tion and lymphocyte infiltration in the intestinal mucosa
and submucosa [37].
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mucosa and submucosa, which is attributed to the minor
pathological processes, however sufficient enough to cause
stress in the host. Further research, including genetic identi-
fication, is needed to clarify the host-parasite relationship
between C. cultriventris and Proteocephalus sp.
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