AHOTAIIIA

Mapywax O. FO. Cyuacuuii cran amdi6iit IIpaBobepexxnoro Ilomices. —
Kgpamidikaiiitna HaykoBa mparisi Ha IpaBax PyKOIUCY.

Hucepraiiss Ha 3100yTTS HAyKOBOTO CTymeHs moKTopa ¢inocodii 3a
cnenianpHicTIO 091 — «biogorisy». IHctutyT 300m0rii iMeHi . I. [lImanbrayzena
HAH VYxkpainu, Kuis, 2022.

HucepraiiiiiHa po6oTa mpHUCBsiU€HA JOCIIKEHHIO Cy4acHOro cTaHy aMm}ioiii
(Amphibia, Anura; Caudata) ¢paynu I[IpaBodepesknoro Ilomiccs, 300py akTyalbHHUX
JaHUX TPO PO3MOBCIOKEHHS YCIX BHSIBICHHUX BHJIB, OIHMCY paHilie
HEJOCHTIKEHUX aclekTiB iX Mopdoorii (B T. 4. 3 BUKOPUCTAHHSAM PO3IIUPEHOTO
CIIUCKY MOP(POMETPUYHUX MPOMIPIB), JOCHIKEHHIO TEHJEHII /0 3MIHHU
YHCENIbHOCTI Yy TMOPIBHSAHHI 3 JOCHIUKEHHSIMH Maibke 40-piuHOi JaBHUHM,
JOCIIKEHHIO BUIOBOTO CKJIay T1OpUIOT€HHUX KOMIUICKCIB 3€JEHUX Xad poay
Pelophylax Ta xapakrtepucTuku iX TEIbMIHTHHUX 1HBa3iif, CTBOPCHHIO HOBHX
MPUPOJOOXOPOHHUX TEPUTOPIN, IMHHUX IS 30€epekeHHs TOmymsiiin ampiOii.
30kpeMa BaXJIMBY YacCTHHY POOOTH MPUCBAYCHO MPOBEICHHIO O10KIIMATUYHOTO
MOJICITIOBAHHSI TEPUTOPIHN, CIPUATIUBUX 32 CBOIMU KIIMAaTUYHUMHU TOKAa3HUKAMU
Ut KUTTS. aM(Di0iif, a TakoXX MPOTHO3YBAHHIO 3MiH YacCTKHU TAKUX TEPUTOPIN 3
METOI0 Oulbll e(EeKTUBHOI Ta IIILOBOI OXOPOHH OKpeMHX BHUIIB amQiOii.
BaxxnnBoro cki1ajoBO0 poOOTH € TaKOXK aHalli3 BUITAJIKIB BUSBIEHHS (OHOBHX Ta
MacOBHMX) 3OBHIIMIHIX MOpPQOJOTIYHUX aHOMaJld, a TaKoX JIOCIIKEHHS
MOXKJIMBOCTEH iX BUKOPHCTAHHS B SIKOCTI O101HIUKAIIIMHUX ITOKA3HUKIB.

HocmimxenHss Oyio mpOBENeHO Ha Marepiaii, 10 CKJIAIA€ThCs 13 BIACHUX
300piB (Oiabie 70 eKCreauIiiHUX BUI3/IB, 110 BKIIOYAIH B TOMY 4Hcii 21 00 ekt
MPUPOIHO-3AMOBIAHOTO (POHTY), BU3HAYECHHb 3HAXIJOK IHIIUX JOCTIAHHUKIB Ta
IpOMaJITH B paMKax 300py JaHHMX 3a TUIIOM «Citizen science» mpu ocoOucTomy
CHIJIKYBaHHSI a00 B COLIAJbHUX Mepexax, AaHUX Mpo 3HaXiAKu aMmPioiil y
BikpuTux 1HTEepHET-pecypcax iNaturalist, UkrBIN, Ta GBIF, ananizy marepianis
kojekuii HamionanbHoro HaykoBo-npupogHuyoro mysero HAH Vikpainun (M.

KwuiB), Iactutyry 30o0morii im. 1. I. [lImansrayzena HAH VYxkpainu (M. Kuis),



3o0s0riyHOr0 My3eto JIbBIBCHKOTO HalllOHAJIBHOTO YHIBEpCUTETY IMEH1 I[BaHa
®panka (M. JIpBiB), My3eto npupoau XapKiBCbKOT0 HaIllOHAJIBHOTO YHIBEPCUTETY
iMm. B. H. Kapazina (M. XapkiB) Ta YepHIBEILKOTO 00JaCHOTO Kpae3HABUOI'O
my3eto (M. YepniBii). ['eokomyBaHHS TOYOK OyJ0 BUKOHAHO 3 BUKOPHUCTAHHSIM
MPOTPaMHOro 3a0e3nedeHHs1 sl MpocTopoBoro opieHtyBaHHd MAPS.ME Ta
Google Earth Pro 3 mogansImoro Bizyanizariito B reoindopmariinii cucremi QGIS.
Jlsis Mop(oJIOTiYHOTO aHali3y BUKOPHCTOBYBanU cTanaapTHi mpomipu (LepOak,
1989; Ilucanenp, 2007): 8 — mis XBOCTaTHX 3€MHOBOAHMX, 19 mpomipiB Ta 16
1HIEKCIB i1 0€3XBOCTUX 3eMHOBOAHUX. OOpoOKa JaHMX BUKOHAHA y MPOTpami
Statistica v. 10.0.228.8 ta MS Excel 2013. T'eoindopmariiiine MoJeITFOBaHHS
KJIIMAaTUYHO CHPUSATIAUBUX TepUTOpid nist 13 BusiBneHux BUiB aM]ibiil BUKOHAHO
3 BUKOPUCTAHHSIM IIporpamMHoro 3adesneueHuss Maxent (v.3.4.0) 3 BUKOpUCTaHHAM
19 Gioxmimarnunux ¢akropi (bi001-biol9), nocTynmHUX Ha BiIKPUTOMY pecypci
WorldClim. KnimaTuusi 3MiHM, BUKOPUCTaH1 sl MOJIENIOBaHHS MaiOyTHIX 3MIH
KJIIMAaTUYHO CHOPHUSTIMBUX TEPUTOPI OyIuM BUKOPHCTAHI 32 MOJIEIUTIO PO3BUTKY
kimimaty MIROC-6 sspl26 g 2000, 2030, 2050 1 2070 pokiB. MojaentoBaHHS
Oys0 TIpOBeIeHE 3a TUIOM BiATBOpeHHS perutik «Bootstrap». [Tonepennst 06podxa
T€OKOJ0OBAHUX JaHUX JJIS MOJICTIOBaHHA OyJia BUKOHAHA 3 BUKOPUCTAHHSIM TTaKETy
'ntbox' B cepemoBumi R (v.4.0.5) ta MS Excel 2013. KinbKicHY OIlIHKY
KJIIMAaTUYHO CHPHUSATIMBUX TEPUTOPI Oy7I0 BUKOHAHO 3 BUKOPHCTAHHSIM IMAKETY
“colordistance” B cepemoBuini R. BiporigHicTe BiAMIHHOCTEH B MOOYI0BaHHX
MoOJeNIX Oyja JOCTIKeHA 3 BUKOPUCTAHHSIM MporpaMHoro 3abesnedeHHss SAGA
GIS (v.2.14) (byukuis Scatterplot) Ta Adobe Photoshop CS 2018. docmimkeHHs
reJibMiHTOQayHd BiOyBajaocs 1HBA3MBHUM METOJOM 3 MPOBEACHHSIM PO3THHY
ampi0iii 1 TONANBIINM MiAPAXyHKOM IHTEHCUBHOCTI (CEpenHe, MiHIMalbHE 1
MaKCHUMAaJIbHE KUIbKICTh MIPUMIPHHKIB T€IBMIHTIB B OJHIN 0coOuH1 xa3sina (I1)) ta
€KCTEHCUBHOCTI 1HBa3ii (4acTky 3apaxkenux ocobun y Bubipui (EI). Bumose
0araTtcTBO TeIBbMIHTIB ONMKMCYBAJIM 3 BUKOPUCTaHHAM 1HAeKCY COpeHCeHa.
[TizpaxyHOK BiJIcOTKa 3a0apBICHOCTI uyepeBa mpejcTaBHUKIB B. bombina

MPOBOJMBCS 3 BUKOpucTaHHAM Tmporpamu  Vidana 1.0.1beta (moctymHo 3a



nocwianasM http://www.ex.ac.uk/msel) 3a cranmaptHoro metomukor (Walker,
2011). [Tpu BU3HAYCHHI i ONMMCAHHI aHOMATii BHKOPHCTOBYBAJHUCS Kiacu(ikarii
O. 1. Hekpacosoi (Hekpacoga, 2008), K. Henle Ta A. Dubois (Henle et al., 2017b;
2017c; Dubois and Ohler, 2018). HasBHi 30BHiImHI MOpdOJIOTIYHI aHOMATIT
ONMKCYBAJIKCS 3 PO3PAXYHKOM YaCTOTH TPAIUIIHHS 0COOMH 3 aHoMmamisiMu (Pgs, %),
3aTaJIbHOTO CIEKTpa BHABIEHMX aHoMmamii (S;) Ta mapuianbHOI 4acTOTH
TparuIsTHHS aHoOMaTid (Ags, %). [l JociimpkeHHsS BHJIOBOTO CKJIay MOITYJISINHA
KOMIUIEKCY 3elleHuX kab poxay Pelophylax BumoBy mnpuHae)HICTh OCOOHMH
BU3HAYAIA 34 €JIEKTPOPOPETUYHUM aHAII30M BUAOCTICIM(PIYHOTO TEHETHYHOTO
mapkepa - reHa Ldh-B. [{ns crBopenHst HOBUX Teputopiii CmaparaoBoi Mepexi 1
noAanbIioro ix BkIOYeHHS g0 odimiiiHoi Emerald Network of Ukraine
BUKOpucToBYBasiacsi mporpama Standard Data Form Manager (SDM Manager,
v.4.2.3). OdiniitHa yacTHHA MMOJAAHHS Ha BKIIIOUEHHS LUX 00 €KTIB BigOyBajacs 3a
MOCepeHUIITBA Ta OE3MOoCcepeIHbOI y4acTi HEYPsI0BOi IPOMAAChKOi opraHizarii
«Yxpainceka [Ipupomooxoponna ['pyma» (UNCG).

B xomi mpoBeaeHHs aociimpkeHb Oyso 310paHo 0a3y AaHUX 3HAXIJIOK
am®i0i1ii, mo Hamuye 1911 reokogoBaHUX TOUOK, 3 IKMX BJIACHI 3HaxXiaku 32,75%.
48,61% Bin ycix 3Haximok am@ibii Ha Teputopii IIpaBoGepexnoro Ilomices
VYkpainu € HOBUMU [ 11i€l TepuTopii. Touku 3Haxiok am¢idii, mo Oynu 310paHi
OPOTATOM BHUKOHAHHS JOCHIIKEHHS JAOCTYNHI y ¢opMari KIJIbKOX JaTaceTiB
(datasets) manux y MmixkHapojaHii 0a3i 300py iH(oOpMaIii Ipo PO3MOBCIOIKCHHS
BUIB (aynu Ta ¢iopu (Ha mpasax BibHOro gocrymy) GBIF.

B xoxi nocmimxkens BUSBICHO, 10 CKJaj Oatpaxodaynu [IpaBobepexHOTO
[Tomiccsa namiuye 13 TakcoHOMiuHMX oAuHUIB (12 BumiB Ta 1 Ti0Opua) 3TiAHO
cydacHoi cucteMatuku (62% BHIOBOTO cKaamy O0arpaxodaynu Ykpainu; 10 BuaiB
ta 1 riopux Anura Ta 2 Bumu Caudata). Bmepme 3a ocrtanni 20 pokiB
NIATBEPKEHO HASIBHICTh PENPOAYKTHUBHOI MOMYJISLII OYEpPEeTSHOI pOMyXH, 1
OUYEBH[IHO, 110 LEeH piAKiCHUM BUI PayHu YKpaiHu 10Ci 30epiraeTbecsl y TOCTaTHIN

KUJIBKOCTI MpUHaiMHI Ha TepuTopli Bonuucekoro Ilomicces.



3a 40-piynmii mepiox B momynsanisx amdiOiii [IpaBoOepexxnoro Ilomices
BIAOYIHMCS 3MIHM MPOCTOPOBOi (MICIb MEIIKAaHHSA, YHCEIbHOCTI, CKIIAIy
nonyJisiid) Ta MopdoJOTiuHOi CTPYKTYpH (301IBIIIEHHS BHUMIAJKIB 30BHIIIHIX
MOpP(}OJIOTIYHUX aHOMAali, Y T.4. aHOMAQJIbHHUX TMPOSBIB KOJBOPY), a TaKOX
(EHOJIOTIYHNX OCOOJMBOCTEH (3CYHEHHS YacOBHX PaMOK HEPECTOBOTO Mepiony,
MOPYILICHHS 3UMIBJIl), IO B OUIBIIOCTI BUMAJAKIB TOB’S3aHO 3 AHTPOIOTCHHUM
BIUIMBOM Ha JaHiil Tepurtopii (pparMeHTali€r0 MICHb MEIIKAaHHSA, 3HUIICHHAM
ocenuil, 3a0pyAHEHHSM, IMOSBOK 1HBA3WBHUX BHJIB TOIIO) Ta TJI00ATBHUMU
3MIHaAMU KJIiMaTy.

[Tim gac mocmipKeHHS O10TOMIYHOTO po3moaiTy aMdibiii Oyio BH3HAYEHO,
10 HAaWOLIBII IHHUMU TEPUTOPIIMU-PpedyTiyMaMu € T0JMHUA HEBEJIUKUX PIYOK Ta
BOMHI 00 ekTh. TakoX MIiATOTOBICHO MEPETiKH XapaKTEPHUX BHUIIB JIyYHHX
ocemuinr (3a knacudikamiero EUNIS), ski € BaXIMBUMH Jis BHJKHBaHHS
BusiBieHux Ha [lomicci BuaiB amibidt, 1 aada SKUX I BUAM € HAWMOUIBII
XapaKTEePHUMHU.

Bukonano mop@dosoriuni onucu JOCHIIKEHUX 3pa3KiB. 30KpeMa Ha OCHOBI
MOpP(HOMETPUYHUX MPOMIPIB YTOUHEHO MOP(HOMETPUYHI MOKA3HUKU A ycix 12
3apeecTpoBaHUX BUAIB Ta 1 riOpuaHOi HOPMHU, YTOUHEHO MIKCTATEBI BiAMIHHOCTI
JUJIS OKPEMHUX MPOMIPIB Ta 1HACKCIB.

[Tixg wac mocmimkenHs penomopd BeHTpanbHOTO 3abapBieHHs B. bombina
NipaxoBaHO CEpelHId CTymiHb 3a0apBIEHOCTI, MmO cTaHoBUTh 45,8%. B
JOCTIKEHUX 0COOMH OyJIO BUSIBICHO yci 5 KiacTepiB BiioMux ¢peHoMopd. 3 HUX,
Halvacrime tpamismcs iepormidri wisimu (58,7%), Halipiame — rajabKormoaioHi
(0,9%). Byno BusBIEHO CcepeaHid KOPEIAMIMHUA 3B SI30K MIDK BIJICOTKOM
3a0apBICHOCTI dYepeBa KyMOK KOOPIWHATOK 3HAXIJKW, IO MATBEPIKYE
IPUITYIICHHS, omyOiikoBaHi Uis mboro Buay 3 Teputopii Jlareii (Pupins and
Pupina, 2008) Ta neMOHCTpYe Tak 3BaHi KJIIHA MIHJIHBOCTI.

B xomi pocnmipkeHHS TPOSIBIB  30BHIIIHIX  MOP(OJIOTIYHUX —aHOMAaIH
BUSBJICHO 12 BHUMaAKIB iX MacoBOTO MpOsIBY (3a YMOBH po3Mipy BHOIpKH 25+

ocobun). B 11 3 Hux yacToTa TparuisiHHS aHOMAaJIbHUX OCOOMH HE MepEeBHUIIyBaja



S5%-ii mopir Oumplie HIX B 2 pa3d, a CHEKTP BUABICHUX aHOMaliil OyB
HeoHOpiAHUM. HaliBumimii moka3HUK 4YacTOTHU TPAIUIIHHA aHOMaJbHUX OCOOWH
ckiaB 72,2% nns BuOipku xabu o3epHoi 3 mapky «HuBku» M. Kuesa. Ilig gac
JOCTIPKEHb aHOMaJii WIKIpU (JIOCHIKEHHS, IO OXOILTIOBAM BCIO TEPUTOPIIO
VYkpainu Ta 3HAYHO HIMPIIUN YaCOBHM MPOMIKOK) OYyJIO BHUSBIICHO, IO BIJICOTOK
OCOOMH 3 ITUM THUIIOM aHOMAaJII Ma€ TEHACHINIO (CIa0KU KOPEISIIHHUMN 3B'SI30K)
OyTH BUIIMM B perioHax 3 OUIBIIUM IHTETPOBAHMM IOKAa3HUKOM JIFOJICHKOTO
BIUIUBY. HaitOiabIy KIIBKICTh aHOMAJIBHUX OCOOWH OyJio BUSBIICHO i amiOii
KOMILTEKCY 3eseHnx xab (komruieke «Pelophylax esculentus» — 57,5%), mo mosxe
OyTH MOSICHEHE TUM, 1[0 came ISl Tpyna 3eMHOBOJHUX (ayHH YKpaiHU MPOBOJIUTH
Maii’ke BeCh CBIM KUTTEBUM UHUKI Yy BOJHOMY CEPEAOBHILI, SKE€ € YyJOBUM
PO3UMHHUKOM Ta TPAHCHOPTEPOM PI3HOTO POJY MOJUIIOTAHTIB, SIKI 3/AaTHI
BIUIMBATH HA OHTOTEHE3 X aMdiOiil O1IbIN TpUBaIMi Yac HiX Ha Ti GopMH, IO
miciast Metamopdo3y TOKHAAI0Th BOJHE CEPEAOBHINE 1 MOBEPTAIOTHCS O HBOTO
BUKJIFOYHO Ha 4ac HepecTy. HaliBuima mapiriaibHa 4acToTa TparuIsHHS aHOMaTii
BUsIBJIEHA JJIs aHOMasii mikipu — 52,8%. Jlpyroro 3a mapiiiaJbHOI YacTOTOIO
TPaTUISTHHS € eKTpoMeTist — 5,6%. [HIIl TUIIM aHOMaTii TPaIISUTHCH TTOOJUHOKO.

Bbyno miarteepmkeno, mo P. ridibundus ta riopuana dopma (P. ridibundus x
P. lessonae) maroTh cXOXi ekojoriuHi mnpedepeHiii Ha OCHOBI BHSBICHHX
0COONMBOCTEW TENbMIHTHHX 1HBa3ii (y TOAIOHOCTI - BHJJIOBOTO CKJIamy
reJbMiHTOayHH, y TapamMeTpax 3apaKeHOCTi, Ha piBHI 1HQpayrpynoBaHb
reJIbMIHTIB). BiAMIHHICTH monfraiza y TOMY, IO YHCENIbHICTh TEIbMIHTIB Y
iH(payrpynoBaHHSAX Ta IHTEHCUBHICTh 1HBa3li Okpemux BuAiB (Hemaroxa |.
neglecta, pematoau O. ranae, C. urniger) Oyma sumroro y P. ridibundus.

B xomi pobGotu Bmepiie MNpoBeAeHO OIOKIIMATHYHE MOJICIIOBAHHS
CHOPUSATIMBUX Ta HAMOUIBII CIIPUATIMBUX B KIIIMAaTUYHOMY IJIaH1 TEPUTOPIN K Ha
CHOTOJIHIIIHIA JeHb (CKiIamaTh (y % Tepuropii mocmimkens) aisa P. ridibundus —
20,73%, H. orientalis — 15,89%, B. viridis — 9,31%, B. bombina — 29,97%, P.
fuscus — 9,98%, L. vulgaris — 16,77%, E. calamita — 4,63%, R. temporaria —
12,93%, B. bufo — 17,97%, T. cristatus — 18,88%, riopua P. ridibundus x P.



lessonae — 11,84%, P. lessonae — 5,91%, R. arvalis — 28,68%), Tak i s
nojanbiioro BuwkuBaHHA aMmdibiii  IlpaBoGepexnoro Ilomices (2050 p.).
Busineno, mo s OUIBIIOCTI BHUAIB B KJIIMAaTUYHOMY IUIaHI, TEPUTOPIS
[TpaBoGepexxnoro Ilomices mo 2050 poky, Oyjae 3amummaTUCs CHPUATINBOIO. Tak,
taki Buay, Ak P. ridibundus, H. orientalis, B. viridis, B. bombina, P. fuscus, L.
vulgaris, E. calamita MmatumyTh 3Ha4yHe 30LIbIICHHS KIIMATHYHO CHPHSTINBUX
JUIL CBOTO icHyBaHHs Teputopiii; R. temporaria, B. bufo, T. cristatus, ri6pun P.
ridibundus x P. lessonae mMaTumyTh JuIle HE3HAYHE 30UIBIICHHS KIIMATHYHO
COPUATIUBUX TePUTOPiil. B Tol e yac BUIH, SKI € HAHOUIBII XapaKTEPHUMH CaMe
Ha TepuTopii Ilomices 1 BXke B JIICOCTENOBIN 30HI Mail>ke He TPAIUIAIOThCS, a caMme
P. lessonae ta R. arvalis, — MaTUMyTh 3HAYHO MCHIIIC CIPUATIMBHUX 3 TOYKH 30pPy
KJIIMaTy TEpUTOpIH, a BIATaK MOTPEeOYIOTh Y LOMY PETiOHI BXKHUTTS HEOOX1THHUX
3aXO/I1B II0JI0 1X OXOPOHHU Ta 30€pEeKEHHS.

B xoni BukoHanHsi pobotu Ha Teputopii [IpaBobepexHoro Ilomices Oyno
CTBOPEHO psa HOBUX 00 €kTiB (n=6) CmaparmoBoi Mepexi YKpaiHu 3arajibHOIO
mwiomero 98804,56 ra, ski HAa MOMEHT 3aXUCTy 1€l poboTH € oQiliitHO
BiroueHUMH 10 CmaparmoBoi Mepexi Ykpainu. Ille 2 Ttepuropii Hapasi
nepeOyBaroTh Ha po3risial B Cekperapiati bepHcbkoi koHBeHIi. Takox 3 MeTOI0
OXOpPOHHU B TOMY 4uciai amdiOiif Oys0 MiArOTOBAaHO MPOEKTH CTBOPEHHSI 5 HOBUX
00" €KTIB TpUPOAHO-3aMoBiIHOTO (oHAY MiciieBoro 3HaueHHsS (43078 ra) Ta
MOoJaHO Ha po3TJiAl B MiHICTEpCTBO €KOJIOTIi Ta MPUPOJIHUX PEeCypciB YKpaiHHu.

HayxoBa HOBH3HA poOOTH TOJISiTa€ B OTPUMAaHHI aKTyaJbHUX JaHUX HIOJO
crany mnonymsamiii amdi6iit IIpaBoGepexxknoro Ilomiccs, a came maHWX TIPO
YUCENbHICTh Ta TPEHJA 1 3MIHM, NIPOBEJACHHI aHali3y HasSBHOCTI TEPUTOPIM
KJIIMaTUYHO CHPHUSTIMBHUX JJs1 iICHyBaHHS am}ibiii B paMkax ChOTOJIEHHS, Ta
MPOTHO30BAHO1 MPOOATICTUYHOI MOJAENI 3MIHM KiIiMmaTy. Bmepiie npoBeneHo
aHani3 MopdonoriyHux anoManiii amdiOiid /IS i€l TepUTOpIi, a TAKOXX YTOUHEHO
JaHi1 111010 MOP(OIOTTYHUX OIMHUCIB 11€1 TPYNH TBAPHUH 3 JOCIIKYBAHOI TEPUTOPI].
Brnepiie mopiBHSHO TeNbMIHTHI 1HBa3li KOMILJIEKCY 3€lIeHuX kad (KOMILIEKC

«Pelophylax esculentus») ta Ha OCHOBI I[LOTO BHSBJICHO BiAMIHHOCTI €KOJIOTIl



Xap4yyBaHHS JABOX BH[IB KOMIUIEKCY. OTpUMAaHO MOJATKOBI JIaHl 1100 BUIOBOTO
CKJIaJly 3a3HaY€HOTr0 TiOpUAOreHHOTO KOMIUIEKCY, SIKI JOMOBHIOIOTH 3HAHHS IPO
reorpadiro 1UX KOMILJIEKCIB, PO3MOBCIO/KCHHS PI3HUX BapiaHTIB T1OpUIOTCHHUX
nonyisiid B Oacedini p. [duinpo, p. [pun ate ta p. Saxiguuii Byr. Boepiie 3a
octanHi 20 poOKiB MIATBEP/KEHO HASBHICTh PEMPOAYKTHUBHOI TOMYJISIT
0YEPETAHOI pONYXH — BUAY, IO 3aHECEHUM 10 UEPBOHOT KHUTH Y KpaiHH.

[IpakTiyHa LIHHICTE POOOTU MOJIATAE B TOMY, IIO Ii Pe3yabTaTH MOXKYTb
OyTH BUKOPHUCTaH1 JJIsi CTBOPEHHSI HOBHX Ta BJOCKOHAJIECHHS ICHYIOUHMX METOIMK
30epeKeHHsI 3€MHOBOJHHUX, CTBOPEHHSI HOBHUX Ta PO3IIMPEHHS BXKE 1CHYIOUHX
00 €KTiB MpUpOAHO-3amoBigHoro (ouay ta CmaparaoBoi Mepexi, MpPOBEICHHS
MaiOyTHIX MOHITOPUHTOBHX Ta OlOIHAUKAIIMHUX JOCTIIKeHb. PesynbTaTn
poOoTu Oyj0 BKIIOYEHO B HallOHATBHUN 3BIT mo Pesomorii 8 bepHChKOi
KOHBEHIIl. TOYKM 3HAXIOK € JOCTYMHUMH MJii BUKOPUCTaHHS MIXKHAPOJHOI
HayKOBOIO CIUJIbHOTOIO Ha pecypcei GBIF. Pobota Hamae BaxIMBI akTyalbH1 JaHi
IOJI0 4YHCeNbHOCTI am(ibii Ha MOMEHT MpPOBEIEHHS JOCHIKEHb, a TaKOX
baykTyalii  KIIMaTUYHO  COPUSATIMBUX  TEPUTOPIA  JJIT  3€MHOBOJHHUX
[TpaBoGepexknoro Ilomiccs B KOHTEKCTI TNIOOATBbHUX KIIMAaTHYHUX 3MiH, LIO
JIO3BOJIUTh MIJABUIIUTH €(EKTUBHICT, 30€peKeHHsI OI10OpI3HOMAHITTA KpaiHwu.
Pe3ynpTaTu nocnmiikeHb OyiaM BUKOPUCTaHI TaKOX JJIsi HAIIMCAHHS aKTyaJbHHX
HapuCiB ABOX BUIIB aM(]ibiil, 3aHeceHux n0 YUepBoHoi kHMTKM YKpaiHu (OauH 13
HUX, a CaM€ TPUTOH rpediHYacThii, OyB 3aHECEHHM B X011 BUKOHAHHS POOOTH /10
YepBOHOT KHUTH YKpaiHu).

Pesynbrati poOOTH CTaii YacCTMHOI BUKOHAHHS HACTYMHUX TPAHTOBUX
Iporpam Ta IJIaHOBHUX TEM:

1) posmin 2. «[lommpeHHs piaKICHUX 1 Bpa3dWBUX BUJIB 3€MHOBOJHHUX M
mia3yHiB OaceliHy piuku [lpum siTh Ta BUSBIEHHS HAMOUIbII LIHHUX TEPUTOPIN
JUTSL 1X OXOPOHW» TUJIAHOBOI TeMH BIAAUTY MOHITOPUHTY Ta OXOPOHU TBapUHHOTO
city [11-48-20 «BuBUeHHsSI TaKCOHOMIYHHUX TPyH XpeOETHUX TBAPUH B MeEXKax

MOJICJIbHUX TEPUTOPIA MPUPOIHO-3anOBIAHOTO (OoHAY YKpaiHM Ta AUISIHOK 3



BUCOKHM aHTPOIIOTEHHUM HABAHTAXKCHHSIM 3 METOI0 yIOCKOHAJIEHHS 1X OXOPOHU
Ta MEHEKMEHTY» (Iep>kaBHUN peecTpauiitauii Homep 0120U101270);

2) rpantoBa Tema JIDD]] Ne76-2018 «TBapunu YepBoHOI KHUIH YKpaiHU B
YMOBax KJIIMaTHYHUX 3MiH: Cy4yaCHHM CTaH Ta MPOTHO3 B KOHTEKCTI po30yHOBU
HaIllOHAJIBHOI MPUPOIHO-3AIIOBITHOT MEPEKI»;

3) xoukypcHa tema HAH VYkpainm 11-10-20 «YpockoHalieHHS KPUTEPIiB Ta
JAHUX JIJIS OI[IHKY CTaHy IMOMYJIAII BUIB TBAPUH, K1 OXOPOHSIOTHCA bepHChKOIO
KoHBeHIllero Ta gupektuBamu 2009/147 €C Ta 92/43/€C» (aepkaBHUM
peectpariitauii Homep 0120U002105);

4) xoHkypcHuit npoekt HamionaneHoro Goumy nociimkens No2020.02/0171
«Po3pobOka HaykoOBHX 3acajJ KOMIUIEKCHOTO MOHITOPHHTY Ta 3arpo3 MOIIUPEHHS
1HBa3UBHHUX BHJIIB pUO PIUKOBOIO MEPEKEIO 1 MEepeXiIHMMHU BOJaMH YKpaiHu (Ha
OCHOBI TIapa3UTapHUX, MOMYJIAIIMHUX 1 TECHETUYHUX MApKEPIB)»;

5) rpanroBuii mpoekr HAH Vkpaimm Ne 29/02-2022(4) "CtBopeHHs
TeHETUYHOI 0a3u JaHuX mapa3uTiB poHOBUX BUIIB aM(iOil Ta peNTUIIiii TepUTOPIi
VYkpainn".

Marepianu poG0oTH MOXYTh OyTH BUKOPHCTaHI MijJ 4ac BUKJIAJIAaHHS TaKUX
HaBYaJIbHUX KypciB Ak  «['epmeromoris», «['epnetokynsTypa», «OcHOBU
O1OKJIIMAaTUYHOTO  MOJIeToBaHHs», «lIpakTHuyHa TPUPOTOOXOPOHA»  TOIIO.
Martepian, 310panuii aBTopomM, OyB TOJaHUI IO TEPIETOIOTIYHOT KOMEKITlT BIILTY
MOHITOpPUHTY Ta OXOpOHU TBAapUHHOTO CBiTY IHcTUTYTY 300J0TIi M. [. L
[Imanerayzena HAH Ykpainu.
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The dissertation for a scientific degree of the doctor of philosophy on a
specialty 091 — «Biology». I. I. Schmalhausen Institute of Zoology, National
Academy of Sciences of Ukraine, Kyiv, 2022.

The dissertation is dedicated to the study of the current state of amphibians
(Amphibia, Anura; Caudata) of the Rightcoastal Polissia fauna, the collection of
current data on the distribution of all recorded species, the description of
previously unstudied aspects of their morphology (including the use of an extended
list of morphometric measurements), the study of the tendency to population
changes in comparison with studies undertaken almost 40 years ago, research on
the species composition of hybridogenic complexes of green frogs of the genus
Pelophylax and the characteristics of their helminthic invasions, creation of new
nature conservation areas valuable for the preservation of amphibian populations.
In particular, an important part of the work is devoted to conducting bioclimatic
modeling of territories favorable for the life of amphibians in terms of their
climatic parameters, as well as predicting changes of such territories for the
purpose of more effective and targeted protection of certain species of amphibians.
An important component of the work is also the analysis of cases of detection of
(background and massive) external morphological anomalies, as well as
investigating of the possibilities of their use as bioindicators.

The research was conducted on material consisting of own collections (more
than 70 expedition trips, including 21 objects of the nature reserve fund), records
from other researchers and citizens within the framework of so-called "citizen
science"” data collection with personal communication or in social networks, data
on records of amphibians in open Internet resources iNaturalist, UkrBIN and
GBIF, analysis of materials from the collections of the National Museum of
Natural History at the National Academy of Sciences of Ukraine (Kyiv), I. I.
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(Kyiv), the Zoological Museum of the Ivan Franko National University of Lviv
(Lviv), the Museum of Nature of the V. N. Karazin Kharkiv National University
(Kharkiv) and the Chernivtsi Regional Museum of Local Lore (Chernivtsi).
Geocoding of the points was done using MAPS.ME and Google Earth Pro spatial
orientation software followed by visualization in the geographic information
system QGIS. Standard measurements were used for morphological analysis
(Shcherbak, 1989; Pysanets, 2007): 8 — for Caudata, 19 measurements and 16
indices for Anura. Data processing was performed in Statistica v. 10.0.228.8 and
MS Excel 2013. Geoinformation modeling of climatically favorable areas for 13
identified amphibian species was performed using Maxent (v.3.4.0) software and
19 bioclimatic factors (bio01-bio19) available on the WorldClim open source.
Climate changes used to model future changes in climatically favorable areas were
used for the MIROC-6 ssp126 climate development model for the years 2000,
2030, 2050 and 2070. The simulation was carried out using the "Bootstrap"
replication type. Preprocessing of geocoded data for modeling was performed
using the 'ntbox' package in the R environment (v.4.0.5) and MS Excel 2013. The
quantitative assessment of climatically favorable areas was performed using the
"colordistance" package in the R environment. The probability of differences in the
constructed models was investigated using the software SAGA GIS (v.2.14)
(Scatterplot function) and Adobe Photoshop CS 2018. The study of helminth fauna
was carried out by an invasive method with the dissection of amphibians and the
subsequent calculation of the intensity (average, minimum and maximum number
of helminths in one individual of the host (11)) and the extensity of infestation (the
proportion of infected individuals in the sample (El). The species richness of
helminths was described using the Sgrensen index.

The calculation of the percentage of coloration of the abdomen of
representatives of B. bombina was carried out using the program Vidana 1.0.1beta
(available at the link http://www.ex.ac.uk/msel) according to the standard method
(Walker, 2011). The classifications of O. D. Nekrasova (Nekrasova, 2008), K.
Henle and A. Dubois (Henle et al., 2017b; 2017c; Dubois and Ohler, 2018) were



used to define and describe the anomalies. Existing external morphological
anomalies were described by calculating the frequency of occurrence of
individuals with anomalies (P, %), the total spectrum of detected anomalies (Sg)
and the partial frequency of occurrence of anomalies (A, %). To study the species
composition of populations of the complex of green frogs of the genus Pelophylax,
the species affiliation of individuals was determined by electrophoretic analysis of
a species-specific genetic marker - the Ldh-B gene. The Standard Data Form
Manager (SDM Manager, v.4.2.3) program was used to create new territories of
the Emerald Network and their subsequent inclusion in the official Emerald
Network of Ukraine. The official part of the application for the inclusion of these
objects took place with the mediation and direct participation of the non-
governmental public organization "Ukrainian Nature Conservation Group"
(UNCG).

During the research, a database of amphibian finds was collected, which
includes 1911 geocoded points, of which 32,75% are own finds. 48,61% of all
amphibian records on the territory of the Rightcoastal Polissia of Ukraine are new
for this territory. The points of amphibian records collected during the research are
available in the format of several datasets in the international database of
information on the distribution of species of fauna and flora (free access rights)
GBIF.

In the course of research, it was found that the composition of the
batrachofauna of the Rightcoastal Polissia includes 13 taxonomic units (12 species
and 1 hybrid) according to modern taxonomy (62% of the species composition of
the batrachofauna of Ukraine; 10 species and 1 hybrid of Anura and 2 species of
Caudata). For the first time in the last 20 years, the presence of a reproductive
population of the natterjack toad has been confirmed, and it is obvious that this rare
species of fauna of Ukraine is still preserved in sufficient numbers at least in the
territory of the Volyn Polissia.

Over a 40-year period, the amphibian populations of the Rightcoastal

Polissia underwent changes in spatial (places of residence, number, composition of



populations) and morphological structure (increase in cases of external
morphological anomalies, including anomalous manifestations of coloration), as
well as phenological features (shifting of spawning period, interrupting of
hibernation), which in most cases is associated with anthropogenic influence on the
studied territory (fragmentation of nature ranges, destruction of habitats, pollution,
emergence of invasive species, etc.) and global climate changes.

During the study of the biotopic distribution of amphibians, it was
determined that the most valuable refugia territories are the valleys of small rivers
and water bodies. Lists of characteristic types of meadow habitats (according to the
EUNIS classification) that are important for the survival of the amphibian species
found in Polissia, and for which these species are the most typical, have also been
prepared.

Morphological descriptions of the studied species were made. In particular,
on the basis of morphometric measurements, morphometric indicators were
specified for all 12 registered species and 1 hybrid form, intersex differences were
specified for individual measurements and indices.

During the study of the ventral coloring phenomorphs of B. bombina, the
average degree of coloring was calculated, which is 45,8%. All 5 clusters of known
phenomorphs were found in the studied individuals. Among them, hieroglyphic
spots occurred most often (58,7%), pebble-like spots (0,9%) were of the smallest
number. An middle correlation was found between the percentage of coloration of
the B. bombina ventral part and the coordinate of the record, which confirms the
assumptions published for this species from the territory of Latvia (Pupins and
Pupina, 2008) and demonstrates the so-called clinal variability.

During the study of manifestations of external morphological anomalies, 12
cases of their mass manifestation were revealed (provided the sample size is 25+
individuals). In 11 of them, the frequency of occurrence of abnormal individuals
did not exceed the 5% threshold by more than 2 times, and the spectrum of
detected anomalies was heterogeneous. The highest rate of occurrence of abnormal

individuals was 72.2% for the marsh frog sample from Nyvky Park in Kyiv.



During studies of skin anomalies (research covering the entire territory of Ukraine
and a much wider time period) it was found out that the percentage of individuals
with this type of anomalies tends (a weak correlation) to be higher in regions with
a greater integrated index of human influence (Hooman footprint). The largest
number of abnormal individuals was found for amphibians of the green frogs’
complex (“Pelophylax esculentus” complex - 57.5%), which can be explained by
the fact that this group of amphibian fauna of Ukraine spends almost its entire life
cycle in an aquatic environment that is an excellent solvent and transporter of
various types of pollutants, which can influence the ontogenesis of these
amphibians for a longer time than for those forms that leave the aquatic
environment after metamorphosis and return to it exclusively for spawning. The
highest partial frequency of occurrence of anomalies was found for skin anomalies
- 52,8%. The second partial frequency of occurrence is ectromelia — 5,6%. Other
types of anomalies occurred singly.

It was confirmed that P. ridibundus and the hybrid form (P. ridibundus x P.
lessonae) have similar ecological preferences based on the identified features of
helminth invasions (in similarity - species composition of helminth fauna, in
parameters of infection, at the level of helminth infragroups). The difference was
that the number of helminths in infragroups and the intensity of invasion of
individual species (nematode I. neglecta, trematodes O. ranae, C. urniger) was
higher in P. ridibundus.

For the first time, bioclimatic modeling of favorable and the most favorable
climatically territories as of today was carried out. They make up (in % of the
research area) for P. ridibundus — 20.73%, H. orientalis — 15.89%, B. viridis -
9.31%, B. bombina — 29.97%, P. fuscus — 9.98%, L. vulgaris — 16.77%, E.
calamita — 4.63%, R. temporaria — 12.93%, B. bufo — 17.97%, T. cristatus —
18.88%, P. ridibundus x P. lessonae hybrid — 11.84%, P. lessonae — 5.91%, R.
arvalis — 28.68%) , as well as for the further survival of amphibians of the
Rightcoastal Polissia (2050). It was revealed that the territory of the Rightcoastal

Polissia will remain favorable for most species in terms of climate until 2050.



Thus, such species as P. ridibundus, H. orientalis, B. viridis, B. bombina, P.
fuscus, L vulgaris, E. calamita will have a significant increase in climatically
favorable territories for their existence; R. temporaria, B. bufo, T. cristatus, P.
ridibundus x P. lessonae hybrid will have only a slight increase in climatically
favorable areas. At the same time, the species that are most characteristic precisely
on the territory of Polissia and already in the forest-steppe zone almost do not
occur, namely P. lessonae and R. arvalis, will have much less favorable territories
from the point of view of climate, and therefore need in this region taking the
necessary measures for their protection and preservation.

In the course of the work, a number of new objects (n=6) of the Emerald
Network of Ukraine with a total area of 98804.56 hectares were created on the
territory of the Rightcoastal Polissia, which at the time of the protection of this
work are officially included in the Emerald Network of Ukraine. Another 2
territories are currently under consideration by the Secretariat of the Bern
Convention. Also, for the purpose of protection, including amphibians, projects for
the creation of 5 new objects of the nature reserve fund of local importance (43078
hectares) were prepared and submitted for consideration to the Ministry of
Environmental Protection and Natural Resources of Ukraine.

The scientific novelty of the work consists in obtaining up-to-date data on
the state of amphibian populations of the Rightcoastal Polissia, namely data on the
number and trend of its change, conducting an analysis of the presence of
territories climatically favorable for the existence of amphibians within the
framework of today, and the predicted probabilistic model of climate change. For
the first time, the analysis of morphological anomalies of amphibians for this
territory was carried out, as well as the data on the morphological descriptions of
this group of animals from the studied territory were clarified. For the first time,
helminthic infestations of the complex of green frogs (“Pelophylax esculentus"
complex) were compared, and on the basis of this, the differences in the nutrition
ecology of the two species of the complex were revealed. Additional data on the

species composition of the specified hybridogenic complex were obtained, which



complement the knowledge of the geography of these complexes, the distribution
of various variants of hybridogenic populations in the basin of the Dnipro River,
the Pripyat River, and the Western Bug River. For the first time in the last 20
years, the presence of a reproductive population of the natterjack toad, a species
listed in the Red Book of Ukraine, has been confirmed.

The practical value of the work is that its results can be used to create new
and improve the existing methods of amphibian conservation, create new and
expand existing objects of the nature reserve fund and the Emerald Network of
Ukraine, conduct future monitoring and bioindicative studies. The results of the
work were included in the national report under Resolution 8 of the Bern
Convention. The registration points of amphibians are available for use by the
international scientific community on the GBIF resource. The work provides
important up-to-date data on the number of amphibians at the time of research, as
well as fluctuations in climatically favorable territories for amphibians of the
Rightcoastal Polissia in the context of global climate changes, which will increase
the effectiveness of preserving the country's biodiversity. The results of the
research were also used to write up-to-date sketches of two species of amphibians
listed in the Red Book of Ukraine (one of them, namely the crested newt, was
included in the Red Book of Ukraine which is also an important result of the
work).

The results of the work became part of the implementation of the following
grant programs and planned themes:

1) section 2. "Distribution of rare and vulnerable species of amphibians and
reptiles of the Pripyat River basin and identification of the most valuable territories
for their protection” of the planned theme of the Department of Animal monitoring
and conservation 111-48-20 "Study of taxonomic groups of vertebrate animals
within model territories of the nature reserve fund of Ukraine and areas with high
anthropogenic impact in order to improve their protection and management™ (state
registration number 0120U101270);



2) DFFD grant theme No. 76-2018 "Animals of the Red Book of Ukraine
under conditions of climate change: current state and prediction in the context of
the development of the national nature reserve network";

3) competitive topic of the National Academy of Sciences of Ukraine 11-10-
20 "Improvement of criteria and data for assessing the state of populations of
animal species protected by the Bern Convention and directives 2009/147 EU and
92/43/EU" (state registration number 0120U002105);

4) competitive project of the National Research Fund No. 2020.02/0171
"Development of scientific principles of comprehensive monitoring and threats of
the spread of invasive fish species in the river network and transitional waters of
Ukraine (based on parasitic, population and genetic markers)";

5) grant project of the National Academy of Sciences of Ukraine No. 29/02-
2022(4) "Creation of a genetic database of parasites of background species of
amphibians and reptiles of the territory of Ukraine".

The materials of the work can be used in such educational courses as
"Herpetology"”, "Herpetoculture”, "Fundamentals of bioclimatic modeling",
"Practical nature conservation”, etc. The material collected by the author was
added to the herpetological collection of the Department of Animal monitoring and
conservation of the I.1. Schmalhausen Institute of Zoology of National Academy of
Sciences of Ukraine.

Key words: amphibians, Rightcoastal Polissia, batrachofauna, bioclimatic
modeling, abundance, morphometry, nature conservation, distribution of species,

hybridogenic complexes, morphological anomalies.



