AHOTALIA

JImumpiesa 1. I'. T'ensMiHTH 03epHOT xadu (Pelophylax ridibundus): cyyacHuii
cknan (ayHu Ta ocoOmMBOCTI yrpynoBaHb. — KBamidikaiiiiHa HaykoBa Tpaisl Ha
paBax PyKOMUCY.

Hucepramiss Ha 3M00yTTS HAYKOBOTO CTymHeHs JgoKTopa (Qimocodii 3a
cnemianbHicTIO 091 — «bionorisy. [HcturyT 300m0rii imedi 1. I. lImansrayzena HAH
VYkpainu, Kuis, 2025.

Huceprartiiina poboTa NpPUCBAYCHA BCTAHOBJICHHIO CYYacHOTO CKJIaay Ta
CTpyKTypu reiabMiHTOohaynu Pelophylax ridibundus (Pallas, 1771) na marepiani 3
TepUTOpli YKpaiHH; XapakTepucTulll iH(payrpynoBanb reabMiHTIiB P. ridibundus ta
MOIIIYKY 3aJIEKHOCTI MK TMapameTpamu iHQpayrpynoBaHb 31 CTaTTIO Ta PO3MipaMH
TiJ1a Xa341iB; JOCIIPKEHHIO B3aEMO/I11 MOMYJIALIM reJbMIHTIB y 1H(QpayrpyrnoBaHHIX 3a
JOTMIOMOI'OK0 CTaTUCTUYHUX METOJIB Ta 1HTEpHpeTrauii pe3ysibTaTiB BIAMOBIIHO [0
HassBHUX BIJIOMOCTEH Mpo O10JIOT1YHI OCOOJMBOCTI BUJIIB TEJIBMIHTIB Ta Xa3siHa, a
TAKOX XapaKTEPUCTHUI[l KOMIOHEHTHHUX YIPyINOBaHb TeIbMIHTIB P. ridibundus,
MOPIBHSHHIO TIapaMeTpiB YrPYINOBaHb 3aJIeKHO BIJ THUIIB TMOMYJAIMi Xa3siB 3
KoMIUIeKcy «Pelophylax esculentusy» Ta BCTAHOBJICHHIO TeorpadiqHuX Ta €KOJIOTTYHUX
OCOOJIMBOCTEM Yy CKJIAAl Ta CTPYKTypl KOMIOHEHTHHX YIPYIIOBaHb TIE€JIbMIHTIB
P. ridibundus.

HocnimpxenHs npoBoauiau Ha 0a3i [Hctutyty 300morii iM. . 1. [lImansray3ena
HAH VYkpainu (KuiB, Ykpaina). 301p Ta BU3HaueHHs am(101ii 3/11iICHIOBAJIM 32 y4acTi
KoJier 3 [HCTUTYTy Ta IHIIKUX YCTAHOB Yy TpaBHI—KOBTHI 3 2016 mo 2024 poku y 29
JoKaniTeTax Ha Teputopii Ykpainu. BunoBy ineHTHdikaiio Xas3siB NpOBOAWIN Ha
ocHOB1 Mopdooriyanx o3Hak. JlocmimxyBanu am]ioiit 3 KOMIUIEKCY «P. esculentusy:
P. ridibundus (R), P. esculentus (E), P.lessonae (L) y ckiami BHOIpOK, sIKi
npeactaBisuii 6aTekiBehKi (R, L) un 3mimani (RE, LE) momynsimii; ocHOBHY YacTUHY
Xa3sIiB (32 BUHATKOM JBOX BHOIPOK) CTAHOBUJIU JIOPOCI1 OCOOMHHU.

[IpoBoAMIN TOBHE TE€IBMIHTOJIOTIUHE JOCIHIPKCHHS Xa3siiB, 30KpeMa, iXHiX
BHYTPIIIHIX OpTaHiB, MOPOKHUHHU Tia, IMIKIpH Ta M s31B Xa3siB. [neHTudikarito
I'eJIbMIHTIB 3I1MCHIOBAIM 32 MOP(OJIOTTYHUMHU O3HAKaMH Ha THMYACOBHX Iperaparax

MiCJIs IPOCBITIICHHA Y TAaKTO(GEHOJI1, a00 Ha MOCTIMHUX MpenapaTax miciis papOyBaHHS



YacTUHU MaTepiany (IecToau, TPeMaTolud) KapMiHOM Ta TEeMaTOKCHUJIIHOM 3a
MaiiepoM, a TakoX Ha OCHOBI MOJIEKYJSIDHUX JaHUX (OTpUMAaHHS MOCIITOBHOCTEH
HYKJIeOTU 1B okpemux AuisiHOK reHomHOi JIHK, 30kpema reniB 78S ta 28S anepHoi
pubocomansHoi JIHK Ta reny cox! mitoxonapiansuoi JJHK).

3 MeTOI OTpUMaHHs cydacHOi iHpopMallii mpo CKiIaa Ta CTPYKTypy dayHH
reqbMIHTIB P. ridibundus, a TakoXX TpoO XapakTEpHI OCOOJMBOCTI iX yrpymnoBaHb,
IPOBEJICHO T'E€IbMIHTOJIOTIUHE JOCHIJKEHHS 456 O0COOMH 3€JIeHUX a0 KOMILUIEKCY
«P. esculentusy», y Tomy uucni 371 ozepuux xab (P. ridibundus), 73 riopugaux hopm
P. esculentus ta 12 craBkoBux xab (P. lessonae). B xoai mpoBeeHHS TOCTIHKEHHS
310paHo Ta 11IeHTH(1KOBAaHO OUIbIIE 50 TUCAY €K3eMIUISIPIB T'eIHLMIHTIB.

TpamisHHS Ta YHMCENBHICTh TEIBMIHTIB B TMOMYJAIISX Ta YTPYNOBaHHSIX
BHU3HAYAJIH 32 MapaMeTpaMu €KCTEHCUBHOCTI 1HBa31i, IHTEHCUBHOCTI 1HBAa31i Ta 1HACKCY
PACHOCTI 3 BKa3zyBaHHSAM J0BIpuMX iHTepBaliB (95%) y mnporpami Quantitative
Parasitology (QP) 3.0 (Bush et al., 1997; Rozsa et al., 2000; Reiczigel et al., 2019;
Reiczigel, 2003); 3HaueHHs1 €KCTEHCUBHOCTI 1HBa31i MOPIBHIOBAJIM 13 3aCTOCYBAaHHSAM
6e3ymoBHOro TouHoro tecty (Reiczigel et al., 2008), 3HaueHHs 1HACKCY PSICHOCTI —
bootstrap t-tecty y nporpami QP 3.0.

[HdpayrpynoBanHs reIbMIHTIB AJs PI3HUX CTaTel Xa3siB XapaKTepu3yBaju 3a
JIOTIOMOT'OI0 BUJIOBOTO OaraTcTBa Ta YUCEIHHOCTI Ta MOPIBHIOBAIHN 3 BUKOPUCTAHHAM
kputepito Manna-Yitui B nporpami PAST 3.10 (Hammer, 1999-2015); kopensiito
napaMmeTpiB 1HQpayrpynoBaHb 3 pO3MIpaMU TUIAa Xa3siB BHSIBISUIM 32 JOIOMOTOIO
koedimienty kopemsaiii Crnipmena B nporpami PAST 3.10. Cratuctuynuii aHamis
CHUIBHOTO Mapa3uTyBaHHS B 1H(PpayrpynoBaHHSAX TEJIbMIHTIB MPOBOAWIA METOIAOM
BUSIBJICHHS ITOTIAPHUX MDKBHIOBUX acOIliaIliii Mi>k TPAIUITHHSM BHJIIB Y Xa3siH1 Ta MiX
yucenpHICTIO 1HGpanonysaiii y xa3aini (Ludwig & Reynolds, 1988) 3a noromororo
Xi-kBaapat (%) TecTy, Mepexi CIiBICHYBaHHs «co-occurrence network» (packages
«cooccury (Griffith et al., 2016), «visNetwork» (Almende et al., 2021)) Ta koedirieHTy
kopensanii Cnipmena B nporpamax Ms Excel 2019, PAST 3.10 Ta y nporpamHomy
cepenouii R (R Core Team, 2022). /i oTpuMaHuX 3HAYEHb MI>KBHJIOBHX acOITiaIlii
TeJIbMIHTIB TIPOBOAMIIM KOPEKIIII0 HA MHOKMHHE TecTyBaHHs 3a XoimoM (Aickin &

Gensler, 1996) y nporpamuomy cepenonuiii R.



KoMIioHeHTH1 yrpynoBaHHs TeJIbMIHTIB XapaKTEepU3yBajdud 3a BUIOBUM
OararcTBoM ((hakTU4YHE 3HAYEHHS, PO3paxoBaHl 3Ha4YeHHs 3a Mmetonamu Chaol,
bootstrap Tta jackknife (Poulin, 1998)) Ta mokazHHKaMu PI3HOMAHITTS Ta PO3MOILITY
BUJIIB 13 3acTtocyBaHHsAM iHJekciB Ilieny, Illennona, Cimmncona (/-4) ta beprepa-
[Tapkepa (Peet, 1974; Kunakh et al., 2023) y mporpami PRIMER 6 (Clarke & Gorley,
2006). IlomapHe TOpPIBHSHHSA 3HA4YeHb I1HJIEKCIB PSACHOCTI B KOMIIOHEHTHHUX
yIPYHOBaHHSAX TEIbMIHTIB MPOBOJAMIM 3a iHAekcoM bpes-Keprica 3 monepenHboro
tpanchopmaiito (logX+1) Ta crannapruzaniero (samples by total) nanux y nporpami
PRIMER 6. Bizyamizamiro noaiOHOCTI MDK KOMIIOHEHTHUMH YTrpyHOBaHHSIMHU
IPOBOAMIN 32 JOMOMOIOI KIACTEPHOTO aHalli3y METOJOM «group average» Ta
BUKOPUCTOBYIOYM Tpaiku HEMETPUUYHOTO OaraToBHMIpHOro mkamioBaHHs (nMDS);
BIIMIHHOCTI MK TIpylaMd YTpYNOBaHb YTOYHIOBAIM 3 BUKOPUCTAHHSAM MPOLEIYP
SIMPER ta ANOSIM vy nporpami PRIMER 6. [lns 3aranbHoi XapaKTEpUCTHKHU
CTYNEHIO AaHTPOINOreHHOI TpaHcopMallii JOKAIITETIB BUKOPUCTOBYBAIM HIKAJTY
ypOani3zaiiii, 3anponoHoBany €Bporneiicbkoro Komicielo 3 muTaHb perioHaIbHOI Ta
micbkoi momtuku (Dijkstra & Poelman, 2014), po3pi3Hsitoun JIOKamiTETH 332 MEKAMH
HACEJICHUX MYHKTIB, HA MEX1 200 B MEKaX HACEJICHUX MYyHKTIB, OKPEMO CLITLCHKOTO Ta
MICHKOT'O THUIIB.

BcranoBneno, mo y P.ridibundus B pochmijpkeHOMY watepialii HasBHI
noHaiiMenme 39 BUIIB TENbMIHTIB, B TOMY 4YHCIl 25 BHAIB TpeMaTo]
(Platyhelminthes: Trematoda), 10 BuniB nematoa (Nematoda: Chromadorea), 2 Buau
necron (Platyhelminthes: Cestoda) Ta 2 Bumum akanTonedaniB (Acanthocephala:
Palaeacanthocephala). Mopdomnoriuny igentudikamito 10 BUIIB TeIbMIHTIB
MIATBEPIKEHO MOJICKYJIAPHUMUA MeToAamMHu. Tpu 3HaIeHI BUAM — HEMaTOAH
Rhabdias esculentarum Cipriani, Mattiucci, Paoletti, Santoro & Nascetti, 2012 Ta
Strongyloides spiralis Grabda-Kazubska, 1978, a TaKOX ecroaa
Ophiotaenia saphena Osler, 1931 — Bmepmie 3apeectpoBaHi y (ayHi YKpaiHu.
[lepeBaxkna OUIBIIICTh BUIIB TENbMIHTIB, BHIBICHUX B O3€pHOI kKabu, €
TeTEePOKCEHHUMH Tapa3uTamu; Jjuiie Hemartoau 3 poawHu Cosmocercidae Tta pomy
Oswaldocruzia € MOHOKCEHHUMH. binmpuricte  BusiBieHux  BumiB  (72%)

BUKOPUCTOBYIOTh aM(}101if K 1e(PIHITUBHUX Xa3siB; iXHIMA NPOMIKHUMH Xa3ssIMU €



MOB’s13aH1 3 BOJHUM CEPEJIOBMINEM WICHHCTOHOT1 Ta/abo momtocku. [ns 11 Bumis
resbMIHTIB (28%) aM]ibii € mpoMiXXHUMU a00 MApaTEHIYHUMHU Xa3sasiMH, a IXHIMH
nehIHITUBHUMHU Xa3sisIMU CIYTYIOTh PENTHIii, mTaxu abo ccaBli. Pi3HOMaHITTS
KUTTEBHUX IUKIIB TE€JIbMIHTIB 03€pHOI a0u CBITYUTH MPO OararcTBO il TpodiuHMX
3B’SI3KIB Y O101I€HO3aX.

3 METOI BCTAaHOBJICHHS OCOOJMBOCTEH 1H(payrpynoBaHb TeIbMIHTIB,
MOB’s3aHUX 3 BIKOM Xa3siHa, OyJI0 BU3HAYEHO KOPEJSLIID MIX po3MipaMu Tija
03€pHUX ka0 Ta OCHOBHUMH YHCEIIbHUMH NTapaMeTpaMHu 1H(ppayrpynoBaHb relbMIHTIB
— BUJIOBUM 0araTcTBOM Ta YHCEIbHICTIO. B aHamni3i BukopucraHo o0’ eqHany BUOIPKY,
mo ckiagana 361 ocobuny xassis (201 camensp, 160 camok). Ha 3nauHiit 3a po3mipom
BUOIpI OyJO MATBEPKEHO, IO OOMIBA MapaMeTPH IMO3UTHBHO KOPEIIOIOTH 13
po3MipamMu Tiia %ab, TOOTO Xa3si OLIBIIOr0 pO3MIpYy Ta, BIANOBIIHO, CTAPILOTO BIKY,
MaroTh OUIbIIYy KUIBKICTh BHUAIB Ta €K3eMIULIpIB TrenbMiHTIB. IlokazaHo, mio
HaWOIIBIINKA BHECOK Yy IO KOPEJSII0 BHOCATH Hemarona Icosiella neglecta Ta
tpemarona Codonocephalus urniger (Ha cTazaii MeTanepkapii); Ha Hally TyMKY, 1€
OB’ 513aHO 3 BITHOCHO JJOBI'OIO TPUBAJICTIO iX JKUTTS Ta 3/IaTHICTIO HAKOTIMYYBATUCS B
opraHi3Mi xa3siiB. BiporigHy KOpesIlit0o YUCeIbHOCTI TeJIbMIHTIB 13 pO3MipamMu Tija
Xa3qiB TaK0X BCTAHOBJEHO JUIsi OUIBIIOCTI BHJIB TPEMATOM, IO NapasuUTyHOTh y
TpaBHOMY TpakTi amdibiit. lle, WMOBIpHO, TOB’s13aHO 31 30UIBIIEHHAM Yy paIlioHi
KUBJICHHSA JOPOCIUX XKa0 YaCTKM WICHHCTOHOTHX — MPOMDKHHUX Xa3siB TpeMaToj.
[TopiBHsIHHA MapaMeTpiB IHPPAYTPYIIOBaHb IS pi3HUX cTaTeil am(i0iii B 00’ e1HAHIM
BUOIpII TTOKa3aj0, 10 1 BUOBE 0ArarcTBO, 1 YMCEIbHICTh TCIBMIHTIB € BUIIUMH B
1H(}payrpynoBaHHIX caMIliB ka0, HI)K caMOK. BUSBIIEHHS] IPUYMH LIMX BIAMIHHOCTEH
noTpedye OKpEeMOTO JOCTIHKSHHS.

Jlnst mocipKeHHsT MIDKBHIOBOT B3a€MOJIIT TeIBMIHTIB y 1H(PpayrpynoBaHHIX
P. ridibundus 6yno Bukopuctano 00’eaHaHy BUOIpKy renbMiHTIB 3 201 ocobunu xao,
310paHuX y MBHIYHUX perioHax Ykpainu — BonuHckkii, PiBHeHCHKIH, JKuTOMUpCHKIii
ta KuiBchkiii obnactsx. B ananiz BkiatoueHO 9 BUIIB TeIbMIHTIB, SIKI 3apakalid He
menmie 15% xa3siB y BuOipii. BusBieHo mo3uTuBHI acoriaiii MiX TpemaToJlaMu
poaVHU Pleurogenidae (Pleurogenes claviger, Prosotocus confusus,

Pleurogenoides medians), siKi MOSICHIOIOTbCS TOMIOHICTIO X JKUTTEBUX IUKIIB Ta



TpaHncMmicii B am@ibiit. JIBa 3 1mux BuuiB (P. confusus ta P. medians) BUSBUIU
MO3UTHBHI acoliaii 3 HeMmaronow [ neglecta, ska, WMOBIPHO, TMOSCHIOETHCS
OJTHAKOBOIO TCHJICHITIEIO IO 301IBIICHHS €KCTCHCUBHOCTI 1HBA311 BCIX TPHhOX BHUIIB 31
30UIBIICHHSIM PO3MIpPIB TiJla Xa3siiHa — KPYMHIMI Xa3si 3 OUIBIIO HMOBIPHICTIO
3apakeHl BciMa UMK BuJaMu. HaToMICTh BHSIBJIEHY HETaTHBHY acOLIAII0 MIXK
Hematonamu . neglecta ta C. ornata MO>XHa TIOSICHUTH 3MEHIIICHHSIM €KCTEHCUBHOCTI
1HBa3li OCTaHHIM BHJOM Yy KpPYIHHUX >ka0 1, BIANOBIJHO, HMKYOK HMOBIPHICTIO
OJIHOYACHOI MPUCYTHOCTI IUX BUIB B Xa3siHl. BiporiHiCTh MO3UTUBHUX acoIlialliil
MDK Taporo BUMiB I. neglecta ta P. medians (p-3Ha4eHHS CKOPEKTOBAaHE METOIOM
Xonma = 0,00463645) Tta P. claviger 1 P. medians (p-3Ha4€HHSI CKOPEKTOBaHE
metonoM Xonma = 0,001162368) Oyno miATBEPAKEHO 13 3aCTOCYBaHHSIM KOPEKIIii Ha
MHOKHHHE TECTYBaHHSI.

MiXBUIOBI acolliallii 3a YUCENbHICTIO B 1HGQPANONyJISIisfX BUIIB (MIKBUIOBI
KOBapiaIlii) BU3Hauajau 3a Jornomoror koedimienta kopensmii Crnipmena. Buspiena
MO3UTHBHA acoliamis MK Tpemarogamu P. confusus Ta P. medians HauO1IbII
HMOBIPHO TIOSICHIOETHCS TMOMIOHICTIO 1X JKUTTEBUX IHMKJIIB Ta y4acTIO OJHUX W THX
caMHUX TIPOMDKHUX Xa3sdiB y 3apaxeHHi amdibiii. [lo3uTuBHaA acoriaiis Mix
tpemaronamu Opisthioglyphe ranae ta Diplodiscus subclavatus Moxe OyTH MosiCHeHa
1mo/1I0HOI0, TIOPIBHSHO OUIBII 1HTEHCHBHOKO ITMPKYJAIIECI0 ITUX BUAIB B aM]idisx
3aBISKU JAUKCEHHUM >KUTTEBUM IMKiIaM. HeraTuBHa acomiaiiis MiX HEMaTOIOIO
C. ornata ta Tpemaronoto D. subclavatus HaiiOLIbII KIMOBIPHO MOB’s13aHa 31 CH1JIBHOIO
JIOKaJi3aIli€r0 UX Tapa3uTiB (3aaHd YaCTHHA KHIIKIBHUKA, PEKTYM) B XassiHI Ta
KOHKYPEHI[I€I0 MDK HUMH. [IpUyumHU AESKUX BHUSIBICHUX MIKXBHJIOBHUX acoIliaiiil
Hapa3l He MalOTh OYEBUHUX OOTPYHTYBaHb Ta MOTPEOYIOTH OKPEMOTO JOCIIIKCHHS.
Takumu €, mpuMipoM, HETaTHBHI acolliamii cCKpeOnassHku Acanthocephalus ranae 3
tpemaronoro C. urniger ta Hemaronoro C. ornata.

OCHOBHI ~ XapakTEPUCTHUKM  KOMIIOHEHTHHUX  yIpyHoBaHb  TEJIbMIHTIB
npoanaiizoBaHi Ha 20 BUOIpKax Xa3diB, 110 CKJIAJaINUCsS BUKIIOUHO 3 P. ridibundus.
BcranoBneno, mo BuAOBE 0ararcTBO B KOMIIOHEHTHHUX YIPYHNOBAHHSX 3arajom
3QJICKUTh BiJl 1HTGHCHMBHOCTI MPOSIBY aHTPOMOTEHHOI TpaHchopMallii eKOCHCTEM —

NOKa3HUKOM $IKOr0 HamMu Oyiio oOpaHo cTymiHb ypOanizauii. HaiiHmkue BumoBe



0araTcTBO OYIKYBaHO CIIOCTEpirajioch B ypOorieHo3ax (B cepeaHboMy 4,6 BHUIB),
HaliBUIIlE — y BUOIPKaxX 3a MeXaMH HACeJIeHUX MYHKTIB (B cepeaHboMy 5,9 BUIB).
Bonnouac, 3HaueHHs 1HJEKCIB PI3HOMAHITTS B YrPYNOBaHHSIX 3 YpOOIIEHO3IB
BUSBWJINCS HEOYIKYBAaHO BHCOKHUMH, OJIM3BKUMM JI0 TaKUX B YIPYHNOBaHHAX 3
OPUPOAHUX E€KOCUCTEM 1 BUIIMMHU 32 TakKl B YIrPyNOBaHHSAX 3 OKOJMLb MICT Ta
HACEJICHHUX IYHKTIB CIIbCHKOTO THITY. MIMOBIDHHM MOSCHEHHSM IL[Or0 MOXKe OYTH
MalKe OJHAKOBO HHM3bKa YHCEIbHICTh KOMIOHEHTHUX MOMYJISALIA BCIX BHUIIB
reJIbMIHTIB 'y BHUOIpKax 3 ypOOII€HO31B, 1, SIK HACHIJOK, BHCOKa PIBHOMIPHICTh Yy
PO3IOI1I1 YUCETBLHOCTI BUJIIB, B TOM Yac, sIK y MEHII TpaHC(HOPMOBAHUX €KOCUCTEMAX
BUSBJICHO YITKO BUPAKEHI JOMIHYIOY1 32 YUCENIbHICTIO BUJIH.

Anamiz mnomiOHOCTI MDK BHOIpKAMH TEIbMIHTIB Ka0 3 KOMIUICKCY
«P. esculentus» 3 BukopuctaHHsM iHaekcy bpes-Keprtica, meronis ANOSIM ta
SIMPER, knacreproro anamizy ta nMDS nokasaB, 010 KOMIIOHEHTHI yIpylNOBaHHs
TeJIBMIHTIB 3 PI3HUX THUIIIB MOIMYJIALIN Xa351B HE YTBOPIOIOTH KJIACTEPiB BIATIOBITHO J10
CKJIaAy momyJsiii. Hanmpukiaa, KOMIOHEHTH1 yIpyHOBaHHS TebMIHTIB 3 MOMYJISLINA
o3epHoi kabu (tunm R) He Manm BIpOTiAHUX BIAMIHHOCTEW BiJ TaKMX 31 3MIIIaHUX
NnonyJISIIiA o3epHUX kab Ta riopuaHux ocobwH (tum RE) — ANOSIM R=-0,028;
p=0,56. OTxe, TUI NOMYJISALIL Xa34iB 3 KOMIUIEKCY «P. esculentus) He € BU3HAYaIbHUM
YUHHUKOM Y (opMyBaHHI MOAIOHOCTEH Ta BIAMIHHOCTEH MK KOMIIOHCHTHHMH
yIPYyHOBaHHSMHU TEJIbMIHTIB; Ha CKIJaJ Ta CTPYKTYpy YyIpyHOBaHb T'€JIbMIHTIB
Pelophylax spp. OUTbI110I0 MipOIO BIUIMBAIOTH 1HII YMHHUKH, TaKi, HA HAIILY JYMKY, SIK
YMOBH 30BHIIIHBOTO CEPEIOBUILA Ta ICTOPIA (POpMYyBaHHS yrpyHOBaHHS.

Boanouac, anani3z no1i0HOCTeN Mk yrpyHoBaHHSMU reiabMiHTIB P. ridibundus
BUSBUB ICHYBAaHHS MPUHAWMHI BOX TPYI, BIAMIHHMX 3a CKJIAQJIOM YIpyHoOBaHb Ta
YUCEBHICTIO TIOMYJIAIINA okpemMux BUIiB. [lepmra rpyna («miBHiuHa» abo I[lomichka)
BKJIIOYasia BUOIpkH 3 miBHOYI KuiBcbkoi obnacti, KueBa ta XKutomupcebkoi obnacri.
Jlpyra rpymna («miBAeHHa») CKianaiack 13 BuOipok 3 miBaHs KuiBchkoi oGmnacTi, a
TakoXk 3 MukonaiBebkoi, KipoBorpancekoi Ta [IHinmponeTpoBcbkoi oOmacTei.
BiaminHOCTI MiX MMM Tpynamu Oylid 3HAYHUMHU 1 BIPOTITHUMHU 32 PE3yIbTaTOM
ANOSIM (R=0,72; p=0,002). HaiiGi1p11 0YEBUIHUM BHECKOM Y BIIMIHHOCTI MiX

rpynaMd €  HasgBHICTb  BHIIB  Pleurogenes loossi,  R. esculentarum  Ta



S. erinaceieuropaei y MBJIEGHHIN Ipymi Ta iX BIACYTHICTh Yy MiBHIYHINA. OKpiM TOTO,
Bunu C. urniger ta C. ornata y JOCHIIKEHUX BUOIpKaX Majid BIPOTIAHO OUIbIIY
YUCEIBHICTh Ta €KCTEHCHUBHICTh 1HBa3li y MIBACHHUX IOMYJIAIIAX Xa3sAiHa, a BUIU
D. subclavatus, I. neglecta ta P. confusus — y miBHIYHUX. TakuM 4UHOM, 3pOOJICHO
BHUCHOBOK TMPO ICHYBaHHS NMPUHAMMHI IBOX (PayHICTUYHMX KOMIUIEKCIB T'€JIbMIHTIB
03epHOI Kabu Ha TepuTopii YKpaiHu.

HaykoBa HOBHM3Ha poOOTH TOJSTaE B OTPHUMAHHI aKTyaJbHUX JAHUX IOJIO
CKJIaAy Ta CTPYKTYpH (ayHu resnbMiHTIB P. ridibundus Ha Teputopii YKpainu, 30KkpeMa
y BUSIBJICHH1 TPhOX HOBUX ISl (payHH KpaiHu BUIIB — HemMaToa Rhabdias esculentarum
ta  Strongyloides spiralis, ta  uecronu  Ophiotaenia saphena.  Bnepiue
0XapaKTepU30BaHO 1HGPAYTPYIIOBaHHS T'eIIEMIHTIB 03€PHOI ka0u, BUSBICHO BIPOT1/IHI
BIJIMIHHOCTI y 3apaX€HH1 CaMIIiB Ta CAMOK, BIEPIIE JOCTIIKEHO MI>KBU/IOB1 acoliarii
reJIbMIHTIB. Briepiie 10CHiI)KEHO KOMIIOHEHTH1 YTpYINOBaHHS TelIbMIHTIB 03€pHOT
Kabu; TTOKa3aHo, 1110 BOHU HE BIAPI3HIIOTHCS JOCTOBIPHO Bijl yIPYIIOBaHb 31 3MIIIAHUX
nonyJisiii (03epHi xabu Ta TiOpuiHI 0coOMHM). BUSBIEHO NOCTOBiIpHI BIIMIHHOCTI
MK yTPYHOBaHHSMHU 3 TIBHIYHHUX Ta MIBACHHUX BHOIpoK amdibiid, MmokazaHo
ICHYBaHHS TIPUHAUMHI JBOX (hayHICTHYHMX KOMIUJIEKCIB I'e€JIbMIHTIB 03€pHOI )KaOu B
VYkpaini. [IporeMoHCTpOBaHO, 1110 BUJOBE 0araTCTBO Y KOMIIOHEHTHUX YIPYHNOBaHHAX
TeJIIBMIHTIB 03€pHOT KaOW 3aJeXUTh BiJl CTYINEHS AaHTPOMOTEHHOI TpaHcgopMmalii
ekocucteM (ypOanizaiii). BusiBaeHo, 1m0 MOKa3HUKHU (1HAEKCH) PI3HOMAHITTS
reJIbMIHTIB B yTPYIOBAaHHSX 3 YPOOLIEHO31B € HEOUIKYBaHO BUCOKMMHU 1 HAOJIMKAIOThCA
JI0 TaKUX Yy IPUPOJIHUX €KOCUCTEMAX.

[IpakTryHa IIHHICTE POOOTH MOJIATAE B TOMY, IO ii pe3yabTaTH MOXKYTh OyTH
BUKOPHUCTaHI IS TOJAJIBIIOTO MOHITOPUHTY TIPOIECIB Yy CKIaal Ta CTPYKTYypi
renpbMiHTO(ayHH 03€pHOI kabuW B IEHTpajbHIM YacTUHI ii apeayy, IO 3yMOBJCHI
KIIMaTHYHAMHU 3MIHAMH Ta BIUIMBOM aHTPOIMOTEHHOI TpaHchopMallii cepempoBUIIa.
Bukopucrani B poOOTI XapaKTepUCTUKH Ta TMapaMeTpu YIrPyINoBaHb TEIbMIHTIB 3
PI3HUX THUIIIB €KOCHCTEM MOXYTh CIYIyBaTH I1HAMKATOpPaMHU CTaHy €KOCHUCTEM Ta
oMy sl Xa3dina. Pe3ynbrat poOOTH CTalyM YaCTHMHOIO BUKOHAHHS HACTYITHHUX

T'PAHTOBHUX IIPOTpaM Ta IIJIAHOBUX TCM:



D

2)

3)

4)

mianoBa tema [I1-56-21 «Ckmanm 1 crpykrypa (ayHICTHYHMX KOMIUIEKCIB 1
yIpyHoBaHb TEJIbMIHTIB XpEOETHHX B yMOBaxX 3MIH KJIIMaTy 1 aHTPONOreHHOI
TpaHcdopmairii ekocuctem» (JepxaBuuii peectpamitauii Homep 0121U100699) y
Mexax po3ainy 2 «OcoOauBOCTI yrpynoBaHb rebMIHTIB amMdiOiid Ta penTuiiil B
€KOCUCTEMAX PI3HUX THIIIBY;

KOHKYypcHUH npoekT Harionansaoro houay gocmimkers Ykpaiau Ne2023.03/0068
«ITapa3uTtn 1 mocTe BUMHUpPAHHSA: JOCHIIKEHHS CTaHy YIrpYINOBaHb MOIMYJISIIN
napa3uTiB MOJEIbHUX IPYIl TBAPUH B YMOBAaX Cy4acHOI KpH3U O10p13HOMAHITTSI»;
rpadToBuit npoekt HAH Ykpainu Ne0121U111976 «CtBOpeHHS reHeTUYHOI 6a3u
JaHUX Mapa3uTiB (GOHOBUX BUAIB aM(pi0iil Ta penTuiiiid TepuTopii YKpaiHm»;
iHauBiyanbHuii TpadT Big European Molecular Biology Organization (EMBO)
No5447-2023 «Investigation of helminth diversity of green frogs Pelophylax spp.
and common frog Rana temporaria in Lithuaniay.

Marepianu poO60TH MOXYTh OYyTHM BUKOPHCTaHI I 4ac BHUKJIAJAHHS TaKUX

HaBYaJIbHUX KypcCiB, K «[lapazuronorisy, «'eapMiHTONOrI» Ta «EKOJIOTiS TBApUHY.

Bci 316pani Ta 3adikcoBaHi 3pa3KH TeIBMIHTIB OyiIM I0AaHl JO KOJEKIl Biairy

napasurtojiorii [actutyTy 300morii iMm. L. 1. [lImansrayzena HAH Ykpainu.

KuaruoBi caoBa: o3epna xaba, Pelophylax, P.ridibundus, renbMiHTH,

resbMiHTO(ayHa, YrpymnoBaHHS, iH(payrpynoBaHHS, KOMIIOHEHTHI YTPYIOBaHHSI,

BUJIOBE 0araTcTBO, 1HJIEKCH PI3HOMAHITTS, MI>KBUOBI acoIliallii.



ANNOTATION

1. G. Dmytrieva. Helminths of the marsh frog (Pelophylax ridibundus): present
faunal composition and characteristics of communities. — Qualifying scientific work
printed as a manuscript.

The dissertation for a scientific degree of the Doctor of Philosophy on the
specialty 091 — «Biology». I. I. Schmalhausen Institute of Zoology, National Academy
of Sciences of Ukraine, Kyiv, 2025.

The dissertation aims to determine the current composition and structure of the
helminth fauna of Pelophylax ridibundus (Pallas, 1771) based on the material from
Ukraine; to characterize the helminth infracommunities in P. ridibundus, and identify
the relations between the parameters of infracommunities and the host body size and
gender; to investigate the interactions of helminth populations in the infracommunities
using statistical methods and analyze the results based on available information on the
biology of helminth and host species; to characterize the helminth component
communities in P. ridibundus, to compare the parameters of communities depending
on the type of host population in «Pelophylax esculentus» complex; and to identify
geographical and ecological traits in the composition and structure of helminth
component communities of P. ridibundus.

The research was conducted at the 1. I. Shmalhausen Institute of Zoology of the
National Academy of Sciences of Ukraine (Kyiv, Ukraine). From May to October
2016-2024, amphibians were collected and identified in 29 localities in Ukraine. The
hosts were identified based on their morphological characters. Amphibians from the
«P. esculentus» complex — P. ridibundus (R), P. esculentus (E), P. lessonae (L) — were
examined in the samples representing parental (R, L) or mixed (RE, LE) populations.
The majority of the hosts (with the exception of two samples) were adult individuals.

We performed a helminthological investigation of the hosts, including their
internal organs, body cavities, skin and muscles. Helminths were identified by
morphological data (either on the temporary slides after clearing in lactophenol or on
the permanent slides (for cestodes and trematodes) stained with carmine and Mayer’s
hematoxylin), and by molecular data (obtaining the partial nucleotide sequences of the

nuclear ribosomal /8S and 28S genes, and mitochondrial cox/ genes).



In order to obtain current data on the composition and structure of the helminth
fauna of P. ridibundus, as well as the characteristics of helminth communities, we
examined 456 individuals of green frogs «P. esculentus»: 371 marsh frogs
(P. ridibundus), 73 edible frogs (P. esculentus), and 12 pool frogs (P. lessonae). Over
50.000 helminth specimens were collected and identified during the study.

We estimated the occurrence and abundance of helminths in populations and
communities by calculating the prevalence and the intensity of infection, the mean
abundance, and their 95% confidence intervals in the Quantitative Parasitology (QP)
v. 3.0 software (Bush et al., 1997; Roézsa et al., 2000; Reiczigel et al., 2019; Reiczigel,
2003); a comparison of the prevalence values was performed by the unconditional
exact test (Reiczigel et al., 2008), the bootstrap t-test was used for comparison of mean
abundance values, using QP 3.0.

The helminth infracommunities in separate host genders were characterized by
the species richness and abundance, and compared using the Mann—Whitney U test in
the PAST v. 3.10 software (Hammer, 1999-2015); the correlation between the species
richness and abundance in the infracommunities and the host size was identified based
on the Spearman’s correlation coefficient in the same program. The statistical analysis
of helminth species co-occurrence was performed by revealing the pairwise
interspecific associations between the prevalence and abundance of species in the host
(Ludwig & Reynolds, 1988), using the chi-square (y?) test, «co-occurrence networky
(packages «cooccur» (Griffith et al., 2016), «visNetwork» (Almende et al., 2021)), and
the Spearman’s correlation coefficient in Ms Excel 2019, PAST v. 3.10, and R software
(R Core Team, 2022). For interspecific associations, the p-values were adjusted for
multiple testing using Holm’s method (Aickin & Gensler, 1996) in R software.

Helminth component communities were characterized by the species richness
(observed value, the Chaol, bootstrap, and jackknife estimators (Poulin, 1998)), and
species diversity using the Pielou, Shannon, Simpson (/-4), and Berger-Parker indices
(Peet, 1974; Kunakh et al., 2023) using the PRIMER 6 software (Clarke & Gorley,
2006). Helminth component communities were compared by the mean abundance
values using the matrix of Bray-Curtis index (before the analysis, the data were logX+1

transformed and standardized (samples by total)) in the PRIMER 6 software. The



results were visualized by cluster analysis («group average» method) and the non-
metric multidimensional scaling (nMDS) plots; dissimilarities between communities
were estimated using the ANOSIM and SIMPER routines in PRIMER 6 software. In
order to classify the level of anthropogenic transformation of studied localities, we
applied the approach proposed by the European Commission Directorate General for
Regional and Urban Policy (Dijkstra & Poelman, 2014); the localities were
distinguished by the degree of urbanization as follows: outside settlements, in the
vicinities of and inside rural areas, towns, and cities.

In the studied sample of P. ridibundus, we found at least 39 helminth species
from four taxonomic groups: 25 trematodes (Platyhelminthes: Trematoda), 10
nematodes (Nematoda: Chromadorea), 2 cestodes (Platyhelminthes: Cestoda), and 2
acanthocephalans (Acanthocephala: Palaeacanthocephala). Morphological
identification of 10 helminth species was confirmed by molecular methods. Three
species — the nematodes Rhabdias esculentarum Cipriani, Mattiucci, Paoletti, Santoro
& Nascetti, 2012, and Strongyloides spiralis Grabda-Kazubska, 1978, and the cestode
Ophiotaenia saphena Osler, 1931 — were recorded for the first time in Ukraine. Most
helminth species found in the marsh frog are heteroxenous parasites, with the exception
of monoxenous nematodes belonging to the family Cosmocercidae and the genus
Oswaldocruzia. The majority of the recorded species (72%) reach maturity in
amphibian hosts; their intermediate hosts are aquatic arthropods and/or molluscs.
Eleven species (28%) use amphibians as intermediate or paratenic hosts, with reptiles,
birds, and mammals serving as definitive hosts. Thus, the variety of marsh frog
helminth life cycles reflects the wide range of its trophic connections in the ecosystems.

In order to examine the relations between the parameters of helminth
infracommunities and the host age, we determined the correlation between the body
size of frogs and helminth species richness and abundance. For this analysis, we used
a sample of 361 frogs (201 males and 160 females). Both helminth species richness
and abundance demonstrated a positive correlation with host body size. In other words,
larger and, accordingly, older frogs harboured a higher number of helminth species and
specimens. The greatest contribution to this correlation belonged to the nematode

Icosiella neglecta and the trematode Codonocephalus urniger (at the metacercarial



stage), which may be explained by the relatively long lifetime of these helminths and
their ability to accumulate in the definitive host. A significant correlation between
helminth abundance and amphibian body size was also found for most trematode
species dwelling in the digestive tract of the frogs. In our opinion, this may be due to
the increasing proportion of arthropods (trematode intermediate hosts) in the diet of
adult amphibians. A comparison of the parameters of helminth infracommunities
between male and female frogs showed that both species richness and abundance
values were significantly higher in males. The reason for such a difference needs
further investigation.

We investigated the co-occurrence of helminth species in the infracommunities
in a sample of 201 marsh frogs, collected in the northern part of the study area (the
Volyn, Rivne, Zhytomyr, and Kyiv Regions in Ukraine). The analysis was performed
for nine helminth species with an infection prevalence of 15% or higher in the sample.
Possible biological grounds of some species interactions are suggested. The positive
interspecific associations were found among trematodes of the family Pleurogenidae
(Pleurogenes claviger, Prosotocus confusus, Pleurogenoides medians), which may be
explained by their similar life cycles and transmission routes in amphibians. Two
species (P. confusus and P. medians) showed positive association with the nematode
1. neglecta, which might be caused by a similar tendency of these three species to
increase the infection prevalence in larger hosts. In contrast, a negative association of
nematodes /. neglecta and C. ornata may be explained by decreasing the infection
prevalence of the latter species in larger frogs, and, therefore, a lower chance of these
nematodes to meet in the same frog individuals. Positive associations of /. neglecta and
P. medians (p-adjusted = 0.00463645), as well as P. claviger and P. medians (p-
adjusted = 0.001162368) were confirmed by the multiple testing correction.

The positive interspecific associations by helminth abundance were identified
using Spearman’s correlation coefficient. A positive association found between
trematodes P. confusus and P. medians is most likely due to these species sharing the
same individuals of second intermediate hosts as the intake pathways in amphibians.
A positive association between trematodes Opisthioglyphe ranae  and

Diplodiscus subclavatus may be related to their active transmission in the ecosystem



as dixenous parasites. A negative association between the nematode C. ornata and the
trematode D. subclavatus is probably caused by their shared site in the host; both
species inhabit the rectum, which may lead to interspecific competition. For some
associations found in this study (such as a negative association of the acanthocephalan
Acanthocephalus ranae with the trematode C. urniger and the nematode C. ornata) we
found no obvious biological explanation; such cases of associations could be precisely
examined in further studies.

The helminth component communities were analyzed in 20 host samples
consisting of P. ridibundus. Helminth species richness in component communities was
found to depend on the intensity of anthropogenic transformation of ecosystems
(indicated by us as the urbanization degree). The lowest species richness was observed
in highly urbanized ecosystems (4.6 species on average), while the highest value was
recorded in samples collected from sites outside settlements (5.9 species on average).
Meanwhile, the diversity indices in helminth communities from highly urbanized
ecosystems were unexpectedly high — their values were close to those in natural
ecosystems and were higher than those in the vicinities of settlements. In our opinion,
this may be due to low abundance in all the helminth component populations from
highly urbanized ecosystems; that forms the greater evenness of the species distribution
(whereas helminth species with high abundances were found in the communities from
the moderately urbanized ecosystems).

Helminth component communities in host samples of «P. esculentus» complex
were compared using the Bray-Curtis index; similarities and differences between
communities were estimated by the ANOSIM and SIMPER routines, and showed in
cluster and nMDS plots. It was found that helminth component communities from
different host populations did not share clusters based on the population type. For
example, helminth communities in P. ridibundus samples (R-type) showed no
significant differences from those in mixed populations (RE-type) — ANOSIM R=-
0.028; p=0.56. Therefore, we came to conclusion that the host population type in
«P. esculentus» complex does not specify similarities and dissimilarities in helminth

component communities. The composition and structure of helminth communities are



rather determined by other factors, such as environmental changes, than by the genetic
structure of the host population.

Meanwhile, we identified at least two groups of helminth communities from
P. ridibundus samples: the first group (the «northern» or «Polissia» group) included
samples collected in Kyiv, the northern part of the Kyiv Region, and in Zhytomyr
Region; the second group (the «southern» group) included samples from the southern
part of the Kyiv Region, as well as from the Mykolaiv, Kirovohrad, and
Dnipropetrovsk Regions. Significant dissimilarities between the groups were
confirmed by ANOSIM (R=0.72; p=0.002). Helminths distinguishing the «southern»
group of communities included Pleurogenes loossi, R. esculentarum and
S. erinaceieuropaei that were found only in this group, as well as C. urniger and
C. ornata that had significantly higher prevalence and abundance there. On the other
hand, D. subclavatus, I. neglecta and P. confusus were significantly more prevalent
and abundant in the «northern» group, contributing to the differences between two
groups. Thus, we conclude that there are at least two faunistic complexes of helminths
of P. ridibundus in Ukraine.

The scientific novelty of this study includes obtaining up-to-date information
on the composition and structure of P. ridibundus helminth fauna in Ukraine, reporting
three new species for the first time in the country — the nematodes
Rhabdias esculentarum, Strongyloides spiralis, and the cestode Ophiotaenia saphena.
For the first time, helminth infracommunities of the marsh frog were analyzed;
significant differences in infection parameters between male and female hosts were
found, helminth co-infections were investigated. For the first time, helminth
component communities of P. ridibundus were analyzed, it was found that they do not
differ significantly from communities in mixed populations (RE-type). Significant
differences between helminth communities from northern and southern localities in the
study were found; the existence of at least two faunistic complexes of the marsh frog
helminths in Ukraine was suggested. It was shown that helminth species richness in
component communities of the marsh frog depends on the anthropogenic

transformation of ecosystems (urbanization). It was found that helminth diversity



indices in communities from urban ecosystems were unexpectedly high and resembled

those in natural ecosystems.

The practical value of this study allows to apply results to the further
monitoring of changes in P. ridibundus helminth fauna in central part of the host
distribution range, which are caused by climate change or urbanization. The parameters
of helminth communities in different types of ecosystems that were used in the present
study, may serve as indicators of the state of ecosystems and host populations. The
results of this study are implemented to the following grants and long-term research
programmes:

1) long-term research program III-56-21 «Composition and structure of helminth
faunistic complexes in vertebrate hosts under climate change and anthropogenic
transformation of ecosystems» (registration number 0121U100699), section 2
«Characteristics of amphibian and reptile helminth communities in different types
of ecosystemsy;

2) project of the National Research Foundation of Ukraine Ne2023.03/0068 «Parasites
and the sixth extinction: a study of the state of parasite communities and populations
in model animal groups under the current biodiversity decliney;

3) grant project of the National Academy of Sciences of Ukraine Ne0121U111976
«Genetic database of helminths of the common species of amphibians and reptiles
from the territory of Ukraine»;

4) individual grant of the European Molecular Biology Organization (EMBO) No5447-
2023 «Investigation of helminth diversity of green frogs Pelophylax spp. and
common frog Rana temporaria in Lithuaniay.

The results of this study can contribute to the educational courses such as
Parasitology, Helminthology, and Animal Ecology. All collected helminth specimens
are stored in the collection of the I. I. Schmalhausen Institute of Zoology of National
Academy of Sciences of Ukraine.

Keywords: marsh frog, Pelophylax, P. ridibundus, helminths, helminth fauna,
communities, infracommunities, component communities, species richness, diversity

indices, interspecific associations.



