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Cucrtema ineHTUdpikadii CTPYKTYpHUX MapKepiB MyTareHHocTi Enmca

Ha OCHOBI NoAIOHOCTI BiAOUTKIB CTPYKTYpU KCEHOBIOTUKIB
C.B. Kucnsk, O.M. AiyraH, M.O. Mopog3, O.l. AnoBeHko

B cTaTTi npmaineHo ysary nUTaHHAM OLiHKA FEHOTOKCMYHOIO MoTeHuiany XiMiYHUX Cnonyk, Wo MOXYTb NOTpannsaTy y
HaBKONULLHE cepefoBuwle. [loBeaeHa HeoOXiAHICTb 3MiHM 6a30BOro BEKTOPY PO3BUTKY Cy4aCHOi TOKCWUKOIMOrii 3
ypaxyBaHHAM JOCArHeHb B 06nacti KOMN IOTEPHUX Hayk Ta iHdopMmauinHuxX TexHomnorin. B pamkax npoBefeHHs
JocrnigxeHHa 6yno akueHToBaHO yBary Ha in silico nigxopi, Wwo 003BONsSE 3p06UTM BUCHOBKM MPO FEHOTOKCUYHICTb
XiMiYHOi CMomnyKu BIiANOBIAHO A0 iAEHTUMIKOBAHUX (PYHKUIOHANbHMX rpyn, WO MOXYTb NexaTu B OCHOBi NposBiB
MyTareHHocTi. Cnuctema BU3HaYeHHs CTPYKTYPHUX MapkepiB MyTareHHocTi Enmca Gyna peanizoBaHa BignosigHo Ao
3aranbHoAoCTynHMX 6a3 gaHux ximivyHmnx cnonyk (EFSA, Kazius/Bursi Ta Hansen). MNoyaTtkoBa KinbkicTb 06 €aHaHOro
Habopy AaHux Gyna 36inblieHa 3a paxyHOK MiKOTOKCUHIB, AybnikaTh BuaaneHi. [Ins KoXHoro kceHobioTuka, Akuii
npeacTaBneHnn B Habopi AaHnx 6yB BU3HAYEHWIA MyTareHHil noTeHLian 3a gonomoroto in vitro Tecty Eimca. 3 metoto
edeKkTMBHOI ineHTUdikauii pyHKLiOHaNbHMX rpyn, Wo MOXyTb OyTW CUrHanamu MyTareHHoCTi, 6yro NPUIRHATO PiLLEHHS
Loao posnoAiny kceHobioTukis 06 egHaHOro Habopy AaHuX Ha M'ATb CTPYKTYPHMX KhaciB. Takvui nigxia BiAHOCHO
opMyBaHHS OOHOPIOHWUX TPYMN KCEHOBIOTUKIB, O MOXYTb MNPOSIBNATM MOTEHLiVHi FeHOTOKCWMYHI BNacTUBOCTI,
[03BONSIE BM3HAUUTU CTPYKTYPHI MapKepu MyTareHHOCTi Enmca B pamkax KOXHOro knacy myTareHiB. B oOCHOBI
OTPMMaHHSA [OCTOBIPHOI iHOpMaUii NPO HasBHICTb MEBHOI (YHKUIOHaNbHOI rPpynn — CuUrHana MyTareHHoCTi 3
ypaxyBaHHsIM JOCMiA)XyBaHOro CTPYKTYPHOro Knacy KceHobioTukiB, Oyno 3anponoHOBaHO BUKOPUCTOBYBATU MaTpuLl
BigcTaHew, wo Gynun po3paxoBaHi AN KOXHOI napu myTareH/He myTareH o6 egHaHoro Habopy gaHux. Mpu Lbomy
CXOXICTb MiX CMorlyKaMu OLiHioBanach 3a LOMNOMOrOK KNacuyYHUX METPUK OLiHKM nofibHocTi (TaHiMoTo Ta XemiHra)
BiAMNOBIOHO [0 pO3paxoBaHMX TPbOX TUMIB BiAOUTKIB cTpykTypu (molecular fingerprint) ons koxHoro kceHobioTuka.
OctaHHin eTan peanisauii CUCTEMU BUSIBNEHHS CTPYKTYPHUX MapkepiB MyTareHHocTi Enmca ©yB nos'sa3aHuin 3
MOLLUYKOM Ta 3aCTOCyBaHHAM e(EeKTUBHOro anropuTMmy Ans Bidyanisauii 6aratoBumipHux AaHux. AHania nitepartypu
[O03BOMMB HAM 06paTn onTuManbHWU anropuTM AN BupileHHs uiei 3agadi. Obpanui anroputm (t-SNE) nossonse
GaraToBuMIpHI AaHi (MaTpuLi BiaCTaHeln Ans BCiX MyTareHiB Ta He MyTareHiB) NpeAcTaBUTK y ABOBUMIPHOMY NPOCTOPI.
Taka Bidyanisauis 4ae 3mory 3HalTV BCi napu (MyTareH/He MyTareH), Lo MakTb JOCTaTHbO BENWKUIA iHAEKC NoAibHOCTI
Ta 3poOWUTU BUCHOBKM MPO HASIBHICTb MNEBHUX (OYHKUIOHANbHUX Tpyn, L0 MOXYyTb Jl€eXaTu B OCHOBi MpOSBIB
MyTareHHOCTi AMfS KOXHOr0 3 N SATU CTPYKTYPHWUX KraciB MOTEHUiNHWX MyTareHis. [locuTb UiKaBuM B HaykOBOMY
BiHOLLEHHI € aHani3 edeKTUBHOCTI 3aCTOCYBaHHSA Pi3HMX TUMIB BiAOUTKIB CTPYKTYpY ANs ineHTUdiKauii CTPyKTYpHMX
nonepemkeHb MytareHHocTi Elimca, wo i 6yno npoBeaeHo B pamkax AaHOro AocnimkeHHs. PesynbtaTtom poboTu €
CTBOpPEHE MNporpamHe 3abesneyeHHs, Wo A03BOJISE BU3HAYaTK CTPYKTYPHI MapKepu MyTareHHocTi Efimca Ha OCHOBI
noaibHocTi BiABWTKIB CTPYKTYpM XiMiYHMX CMONyK, WO npeacTaeneHi y ob’egHaHomy Habopi ganmx. [NokasHa
MOXITMBICTb BMKOPUCTaHHSI 3anponoHOBAHOrO Miaxody ANs BUPILLEHHS 3adadi WoAo MOLWYKY NPUYMHHO-HACMIAKOBUX
3B'A3KIB MiXK MyTareHHICTIO Ta HasiBHICTIO MEBHUX (DYHKLiOHANbHWX rpyn B CTPYKTYPi JOCNIgKYBaHMX KCEHOBIOTUKIB.

Knro4yoBi cnoBa: MymaeeH, Mymaujs, 2eHomoKcu4Hicmb, kceHobiomuk, mecm Etimca, iHdekc nodibHocmi, Mmodesib QSAR

YumyeanHsi: Kucnisik C.B., yeaH O.M., Mopo3 M.O., SlnoseHko O.l. Cucmema iGeHmucbikauii cmpyKkmypHUX MapKepie
MymazeHHocmi Elimca Ha ocHoei nodibHocmi 6i0bumkig crmpykmypu KceHobiomukig. BicHUK XapKieCbK020 HaUuioOHalbHO20
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Bctyn

BnpogoBX OCTaHHIX KiNbKOX OECATUMITb 3aBASKKM HAyKOBO-TEXHIYHOMY MPOrpecy CrnocTepiraetbcs
3HayHe 3pOCTaHHSA KiMbKOCTI KCEHOBIOTMKIB, LU0 MOTpannsioTb Y HaBKOMMWLIHE CepedoBulle Ta 3AaTHi
BMMAMBATM Ha reHeTUYHUA anapat noaunHu. Y ceprnHi 2024 poky KinbKiCTb 3apeecTpoBaHMX KCEHOBIOTUKIB,
iHcbopmaList npo ski 36epiranacb Ha cepsepax AMeEpPUKaAHCBLKOro XiMiYHOro ToBapuCTBa, ckrana GinbLue Hix
280 mnH. pevosuH (Kislyak, Dugan et al., 2025). KinbkicTb XiMi4HUX CNOMYK, WO reHepye NioacTBO 3pocTae
npmbnusHo Ha 4000 3a oguH geHb (Honma et al., 2018). MNMpwn ubOMy KiMnbKiCTb KCEHOBIOTUKIB, LIO
BMPOGNAOTLCA MPOMUCHIOBICTIO, NOTPANMAOTL Y AOBKINMAS Ta MOXYTb HEraTMBHO BNAMBATU Ha CnagKoBUM
anapart nioguHn, cknagae binbwe Hixk 100 000 (Honma, 2020). HanpwukiHui 2022 poky €Bponencbkumun Ta
AMeEpPUKaAHCBKMMM areHTCTBaMM XiMidHMX peYvyoBuH Bynu onpuntogHeHi BigomocTi npo 6inbw Hixk 800 Tucsay
KCEHOBIOTUKIB, OO0 SKMX Hemae MOBHOI iHopMauii Mpo NpsiMMA YKM OrocepedkoBaHMI BMSMB Ha
reHeTU4HUn anapat nogunHu (Samanipour et al., 2023). Ha cborogHilHii AeHb o4eBMAHO € npobriema
eeKkTMBHOro obriky Ta reHeTUYHOI OLHKM BMMBY BCiIX FEHOTOKCMYHUX CMONMYK, LLO MOXYTb NOTPanisaT y
poBkinns. Kpim Toro, Benuka KinbKiCTb XiMiYHMX CMONyK peecTpyroTbCsi 6e3 BpaxyBaHHsI iX BMMMBY Ha
HaBKONULLHE cepeaoBuLLe Ta 300poB’ s nmoauHu (Honma, 2020). MNpu Taki gMHamiui 36inbLIeHHs KinbKOCTi
KCEHOBIOTUKIB, LLIO MOXYTb NPOSBASAT NOTEHLiNHI reHOTOKCUYHI BNaCcTUBOCTI Ta NOTPannstoTb Y HaBKONULLHE
cepenoBuLle, HayKoBa CMiNbHOTa NOTpebye MakcuMarnbHOI akTUBI3aLii 3 METOI MiATPMMAHHSI rEHETUYHOI Ta
ekororiyHoi  6e3nekn noacbkoi nonynsuii. HeobxigHiCTe y BupiweHHi gaHoi npobnemu ocobnveo
BiAYyBaETbCA 3 ypaxyBaHHSM FeHETUYHWMX HachigkiB BMMMBY XiMiYHUX MyTareHiB Ha crnagkoBun anapart
noanHn. Baaemopis KceHOBIOTMKIB-MyTareHiB 3 reHOMOM TFOANHN MOXe NPU3BOANTU A0 36iMbLUEHHS YHacToTh
HapoKEHUX fiTen 3i cnagkoBMMM 3axXBOPIOBaHHAMYU (Y BUMaAKy iHAYKOBAHMX MyTauin Ha piBHi cTaTeBuX
KNiTUH) abo cTaTM OCHOBOK [MS1 PO3BUTKY OHKOJOMYHMX 3axBOpHOBaHb (iHOYKOBaHi MyTauil Ha piBHi
comatuyHux KnitmH). Monekyna [OHK, wo € Hociem cnagkoBoi iHcopmadii, ana 3abe3neveHHs
XUTTE3QATHOCTI OpraHiaMy Ha pi3HMX eTanax OHToreHeady Ta Ans 30epeXkeHHs OYHKUIT PO3MHOXEHHS,
NMOBWHHA MPOSIBNSATU FTEHOMHY CTabiNbHICTb, L0 MOXe OyTn 3abe3neyeHa 3a paxyHOK BUKIHOUYEHHS BNMBY Ha
cnagkoBy iHpopmaLlito reHeTUYHO akTMBHUX pedoBuH (Tubbs, Nussenzweig, 2017; Valles et al., 2020).

[na oTpumaHHa 06 €KTUBHOI OLIHKA FE€HETUYHOI aKTMBHOCTI XiMIYHUX PEYOBWH, LLO NPEeACTaBneHi y
HaBKONMULLHBOMY CepefoBuLLi, HeobXigHO BpaxyBaTW TPW MOXIUBI KiHLEBI pesynbTaTv iHAYKOBAHOrO
rEHOTOKCUYHMMK  crnonykamu nowkomkeHHa [OHK, saki noe’s3aHi 3 BWMHWKHEHHSAM TEHHMX MyTauin,
XPOMOCOMHUX abepauin Ta aHeynnoigii (Turkez et al., 2017). OuiHka NOTEHUINHOI reHeTUYHOI Hebesnekn
BNNMBY (PaKTOPiB HaBKONMLIHLOIO cepegoBulla Moxe ByTn oTpumaHa 3a AONOMOro KracuyHoi b6artapei
KOPOTKOCTPOKOBUX in Vvitro ma in vivo TecT-cucteM, Wo Oyna npuiHSATa HayKOBOK ChiMbHOTOK Ta
3aTBepaXeHa BianoBigHNMMM HacTaHOBaMU MKHapOAHMX opraHisauin (Hanpuknag OECD, ECHA, UK-EMS,
US-FDA, EFSA Ta iH.) (MiSik et al., 2022; Kislyak, Dugan et al., 2024). Cepea pisHOMaHITHUX in vitro Ta in
Vivo ekcrnepumMeHTanbHNX MeToAiB OLiHKM reHOTOKCUYHOCTI GhakTopiB HAaBKOMMULLHBOIO cepenoBuLLa in vitro
TecT Evmca 3acnyroBye Ha ocobnuBy yBary. TecT Ha GakTepianbHy 3BOPOTHY MyTaLil0 € LUBMAKMM Ta
npocTuM y BUKoHaHHi meTtogom (Ren et al., 2017). He 3Baxatoun Ha Te, Lo po3pobneHa bpiocom Enmcom
MeToauka, sika byna onybnikoBaHa Ta anpoboBaHa Lwe y 70-x pokax 20 cTopiyys, Ha CbOrOAHILLHIN AeHb TeCT
Enmca Bce o4HO 3anuwiaeTbCca OAHUM 3 OCHOBHUX in Vitro MeTogiB, WO MacoBO BUKOPUCTOBYHOTbL A1 OLHKN
reHeTUYHOI aKTMBHOCTI BNMMBY (hakTopiB HAaBKOMNMWLWHBOrO cepeposuila (bapunsk, 2002; OyraH, 2006).

Llikaum € TOom hakT, WO ¢pyHOaMEHTOM pPO3BMTKY Ta CTAHOBMEHHHA CYy4YacHOI KOMM OTEPHOI
TOKCWKOIOrTi, IK HayKuW, cTana 3MiHa CTaH4apTHOI NnapagnurMmmn NpoBeAeHHs TECTYBaHHS Ha reHOTOKCUYHICTb
3 BUKOpUCTaHHAM GaTapei TecT-cuctem. Po3pobneHi y MuHyni gecatmpiyyda knacuuyHi in vitro ma in vivo
METOM OLiHKU FreHEeTUYHNX eekTiB pakTopiB HABKONMULLHLOIO cepeaoBuLLa € CKNagHUMN 3 TOYKM 30pY X
NpOBEAEHHS, € OOpPOroBapTiCHUMKW, TpuBani B 4aci, mMalTb npobnemy BiOTBOPHOBAHOCTI pe3ynbTaTiB
eKkcrnepumeHTy B pisHMx nabopatopisx (Chu et al., 2021; Kislyak, Dugan et al., 2025). Kpim Toro, npwm
NpOBeAEHHI TecTyBaHb HeOoOXiOHO BpaxoByBaTW KoHLUeNUilo «3R» WO KepyeTbcs NpuHLMNAMKU, AKi
HanpaBreHi Ha 3MeHLLEHHS, BAOCKOHaNEeHHs Ta 3aMiHy MoZenen TBapuH nNpu NpoBefEeHHI TeCTyBaHHA Ha
reHoTokcuyHicTb (Mellor et al., 2019; Yang et al., 2021). B TakMx ymoBax, 3 ypaxyBaHHAM pPO3BUTKY
iHopMaLiiHUX TEXHOMOriW Ta CUCTEM LUTYYHOTO iHTENEeKTy, CMnoCcTepiraeTbCA akTuBi3auis HaykoBOI
CMiNbHOTK WOA0 po3pobKM Ta BNpoBagXeHHs cyyacHux in silico mogenen QSAR (Quantitative Structure-
Activity Relationship) ouiHKM TreHOTOKCUYHOCTI, siKi O03BONSAKTb BIAMOBUTUCH BiJ 3aCTOCYBaHHS B
eKCcrnepuMeHTax TEMMOKPOBHMX TBApWUH, € MEHLL JOPOroBapTiCHUMMU, a TaKOX € €PEKTUBHUMU 3 TOYKMN 30pY
YacoBux BUTpaT. Y HaykoBux npausax (Honma et al., 2018; Mao et al., 2021; Tolosa et al., 2023; Kislyak,
Dugan et al., 2025) BucBiTneHa MeTogonoris NobyaoBuM KinbKICHOT 3aNeXHOCTi «CTPYKTYpa-BNacTMBICTbY,
LLIO NEeXUTb B OCHOBI in silico nporHo3yBaHHA MyTareHHocTi. OnuncaHi B HayKoBi niTepaTypi cydacHi mogeni
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Ames/QSAR, W0 BMKOPUCTOBYIOTLCA ANS OUiHKM MyTareHHOCTi Elimca 6a3ytoTbecsa Ha ABOX nigxodax, Wwo
BignoBigae ABOM TuUMam MPOrHOCTUYHMX MOAENEN: HA OCHOBI CTaTUCTUKM Ta Ha OCHOBI Npasun (Honma et
al., 2018). Ames/QSAR mopgeni Ha OCHOBiI cTaTUCTMKM NobyaoBaHi BiAMOBIAHO A0 (i3MKO-XIMIYHMX,
NPOCTOPOBUX, ENEKTPOHHUX BACTUBOCTEN AOCNIAXKYBaHNX KCEHOBIOTUKIB, L0 3a4a0TbCH PiBHOMAHITHUMM
Habopamn monekynapHux geckpuntopis (Hanpuknag PaDel, Mordred, RDkit Ta iHwi). Opyrvin nigxia, Ha
OCHOBi npaBun, [AO3BOMSE CMNPOrHo3yBaTW MyTareHHiCTb Enmca BignoBigHO [0 iAeHTUdIKOBaHMX
nigcTpykTtyp abo yHKUiOHANbHUX rpym, WO NnexaTb B OCHOBI iHOYKOBaHMX KCEHOBIOTMKaMu KiHLEeBUX
reHeTnyHNX edpekTiB. Cepen cydacHnx QSAR mogenen, siki po3pobneHi BignoBigHoO 4O AaHOro nigxony,
BMAINAIOTb METOAU: HA OCHOBI (pparMeHTiB; Ha OCHOBI rpadiB Ta Ha OCHOBI BigOGUTKIB cTpykTypmn (Yang et
al., 2018). lNpw npoBeaeHHi gocnigpkeHHsA 6yna npuaineHa ysara igeHTudikauii MapkepiB MyTareHHOCTI, Lo
BiAMoOBigae Opyromy Tumny MpOrHOCTUYHUX Ames/QSAR wmopenen, B OCHOBI dkux Oynu npeacTaBrieHi
BiAOMTKM MONEKYNSAPHOI CTPYKTYPU KCEHOBIOTUKIB.

O6’ekTn Ta MeTOAM AOCNIAXEHHS

Mpn npoBeaeHHi gocnigXeHHA BUKopucToByBanacb 6a3a gaHux (Helma et al.,, 2021), wo 6yna
OTpMMaHa WnsaxoM o6’ egHaHHA TPbOX 3aranbHOAOCTYMNHMX HabopiB AaHux: Kazius-Bursi (Kazius et al.,
2005), Hansen (Hansen et al., 2009) Ta EFSA (EFSA Journal 2016). Kpim Toro, 06’ eagHaHumn Habip gaHnx
OyB pO3LLIMPEHMIN MIKOTOKCUMHaMK, ki B HaykoBi npaui (Tolosa et al., 2023) BukopucToBYBanuchb Ans
nobynosun nporHocTMyHMXx Ames/QSAR mMopenen Ons ouiHKM MyTareHHMX edekTiB BnAvBY AaHOI rpynu
FeHOTOKCMYHMX CMOMYK Ha HaBKONULLHE cepeaoBuLle. 3aranbHa KinbkicTb KCeHOBIOTUKIB y Habopi gaHnx
cknana 8454 ximidHmx cnonyk. Po3wwnpeHnin gataceT OyB 30epexeHu y csv. dopmarti, B sskomy ans
KOXXHOro KceHobioTvka 3bepiranacb HacTynHa iHdopmauis: 1. lgeHTudgikatop (ID), wo Bignosigae
nopsiakoBOMYy HoMmepy kceHobioTvka B 6asi gaHux; 2. SMILES (Simplified Molecular Input Line Entry
System) niHinHa HoTaUia — Ue 3aranbHOMNPUNHATUIN TEKCTOBUIA POpMAaT AaHUX, SKMA BUKOPUCTOBYETLCS
ansi 36epexeHHs iHdopmalii Npo CTPYKTypy XximivHmx cnonyk (Kucnsik, 2023); 3. CTpyKTypHMI Knac, Ao
SIKOTO BiAHOCUTBCS KCEHODIOTHUK, LLIO BU3HAYAETLCS BiAMNOBIAHO 4O OCOBNMBOCTEN MONEKYNSPHOIo KapKacy
kceHobioTuka (Tabn 1); 4. IHdopmauis Npo HasBHWMK abo BiACYTHIM MyTareHHWW noTeHuian, wo 6yna
OTpMMaHa ekcnepvMeHTanbHO 3a AOoMoMorow in vitro Tecta Enmca. 3 MeTo edeKkTMBHOro noLuyKy
MapKepiB MyTareHHOCTi 6yno 3anponoHOBaHO PO3NOAINUTM XiMiYHI CNOMyKU poswwmnpeHoi 6a3u gaHux Ha 5
O[HOPIOHMX CTPYKTYpHMX knacis (Tabn.1). Ans BupiweHHs uiei 3agadvi 6ys o6paHmn Beb-cepsic ClassyFire
(Djoumbou Feunang et al., 2016), skui Ha Bxig npuimae SMILES HoTauilo neBHOro KceHobioTuka, Ha
BMXOAi OTPUMYEMO MOBHY Knacudikalito XiMi4HOi CNonyku BKMOYHO 3 iHbopmalieto Npo ocobnmBocTi ii
MornekynspHoro kapkacy (Molecular Framework).

Ta6bnuusa 1. Po3nofin kceHOGiOTUKIB 3a CTPYKTYPHUMM Knacamm
Table 1. Distribution of xenobiotics by structural classes

o [ # | Ki . ig /| Kinex i/ 3aranbHa
Hassa knacy / Class name Ne knacy inbKicTb MyTareHiB iNbKICTL He MyTareHis /| .o oo
of the class | Number of mutagens | Number of non-mutagens Overall

AnicaTtnyHi aumnkniYHi 1 548 774 1322
AnicaTtnyHi reTepoOMOHOLMKIIYHI 5 189 178 367
AnicaTnyHi retepononiumknivHi 79 141 220
AnicaTVyHi rOMOMOHOLIMKMIYHI 3 28 101 129
AnicaTnyHi romononiumknivHi 29 128 157
ApomMaTnYHi reTepOMOHOLMKNIYHI 4 355 675 1030
ApomMaTuYHi reTepononiunKNiYHi 1248 881 2129
ApOMaTnYHi FOMOMOHOLIMKITIYHI 5 871 1176 2047
ApomaTtunyHi roMmononiumKnivHi 780 273 1053
3ATrAJIOM / OVERALL 1-5 4127 4327 8454

Ha HacTynHoMy eTani, 3 METOI OTPMMaHHS OLiHKM CTyMeHsi MO4iGHOCTI Mk BCiMa napamu myTtareH/He
MyTareH, B pamKax KOXHOro 3 M’ATW CTPYKTYPHUX KraciB, Oynu npoBefeHi po3paxyHKku BigOUTKIB CTPYKTYP
(molecular fingerprint), Wwo € gBOBMMIpHUMK deckpunTopamu. BigbuTku CTpykTyp O0O03BONAKOTL 3anucaTu
iHbopmaLilo Npo CTPYKTYpy KCeHOBioTMKa 3a AONMOMOro0 ABIMKOBOro psaky. BignosigHo 4o HaykoBOi npadi
(Willett, 2014) B cyuacHin knacudikauii geckpuntopis BuginaoTe Tpy rpynu: 1D, 2D Ta 3D. BupiweHHs 3agadvi
OTPMMAaHHS OLHKM NoAibHOCTI Mk ABOMa XiMiYHUMU Crionykamu 6a3yeTbCa Ha BUKOPUCTaHHI BOBMMIPHNX
2D peckpunTopiB. MNpu NpoBeAeHHi OOCNIMKEHHS LiKaBMM 3 HayKOBOI TOYKM 30py MOxe GyTu 3pobneHui
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BMCHOBOK BiJHOCHO OLiHKM e(heKTMBHOCTI 3aCTOCYyBaHHA TPbOX TuMiB BigouTkiB cTpykTypn (MACCS, RDKit Ta
FCFP), wo BigHOCATbCA OO TPbOX KNaciB: CyOCTPYKTYPHi KItodi, TOMOMOriYHI Ta LMPKYNSApHI BigOWUTKM
ctpyktypu (Willett et al., 2005), ans BupiweHHs 3agadi oUiHKM XiMiYHOT NoAiGHOCTI Ta ineHTudiKaLii Mapkepis
MyTareHHocTi. [licns npoBeAeHHA po3paxyHKiB TPbOX TUNIB BiAOUTKIB CTPYKTYP ANst KOXKHOrO KceHobioTuka,
OLjiHKa NoAibHOCTI Mk Mapamu — MyTareH/He MyTareH 34iMCHIOBanach BiAMOBIAHO A0 MeTpuK TaHIMOTO Ta
XemiHra (Swamidass et al., 2005; Helma et al., 2021). PosrnaHyTtuii B poboTi Niaxia woao ouiHky nogibHoCTi
MiX XiMIYHUMK CNONyKaMy Han4acTille BUKOPUCTOBYIOTLCS A1 BUPILLEHHS NoAibHMX 3aaay obumcnoBansHoi
Meau4HoI ximii Ta xemoiHdhopmatukm (Maggiora et al., 2014; Kucnsak, 2023). PedynbTaTit OUiHKM NonapHUX
BiACTaHen MDK BCiMa MyTareHamu Ta He MyTareHam 3bepiranuck y Burnagi matpuui. OcTaHHii eTan
peanisauii cucTemMun BUSIBNEHHS CTPYKTYPHUX MapKepiB MyTareHHocTi Eiimca 6yB NOB si3aHUI 3 NOLUYKOM Ta
3acToCyBaHHSAM e(heKTMBHOIo anroputmy Ans Bidyanisauii 6aratoBUMIpHUX AaHuX. AHania nirepatypHux
JKepen BigMnoBIigHO A0 AaHOro HanpsiMKy AochigpkeHb A03BONMB obpaTtu onTumanbHuin anroputm — t-SNE
(T-po3noaineHoro BKIageHHs1 CTOXacTUYHOT BIM3bKOCTI), WO A03BOSISIE BidyanisyBaTn 6araToBMMIpHI AaHi
(XiMiYHi cnonykmn B MPOCTOPi MONEKYNAPHUX BiAOWTKIB) HA MIIOLWWHI, NpY LbOMY BiH Ma€e HanKpally TOYHICTb
30epexxeHHsA NPOCTOpY CYCiaiB y NOpiBHAHHI 3 iHWMK meTogamm (Orlov et al.,2025). Y Haykosin npaui (Challa
et al., 2020) pgocnigHvkn Takox BMKOpUCTOBYIOTL t-SNE B SKOCTi OCHOBHOrO anroputmy Ans Bidyanisauii
AaHMX 3 METOI MPOrHO3yBaHHSA TEPATOreHHOCTI XiMIYHUX CMOMYK 3 Marow MOSMEKYNSPHOK Macoko, BNvB
AKMX MOXEe MOpyLlyBaTU PO3BWUTOK MMOAA Ha paHHiX eTtanax oHToreHesy. [logibHa meTogornoris woao
3MEHLUEHHs1 PO3MIPHOCTI AaHWX 3 HaCTYMHOK Bidyanisaui€to y ABOBMMIPHOMY MpPOCTOPI AEeCKpUnTopiB
MolPrint2D 1a CDK 6yna 3anponoHoBaHa aBtopamu cTatTi (Helma et al., 2021) npu pocnigXeHHi
MyTareHHOCTi NipuniangnMHoOBMX ankanoigis.

Pe3ynbtaTt Ta 06roBopeHHA

PesynbTatom npoBeaeHoOro AocnimpkeHHsa € po3pobneHe nporpaMHe 3abesneveHHs, WO A03BONSAE
Yepes3 Bi3yanisauilo y ABOBMMIpHOMY npocTopi BigbuTkiB cTpyktypu MACCS, RDkit Ta FCFP 3
ypaxyBaHHSM po3paxoBaHMUX iHOEKCIB MOAIOHOCTI Ans KCeHOBIOTUKIB — MOTEHUiIMHMX MyTareHiB, LWO
HanexaTb OO0 N ATU CTPYKTYPHUX Knacis, BU3Havatu yHKUioHanbHi rpyny abo nigCcTpykTypu, ki MOXYTb
nexaru B OCHOBI NPOSBIB iX MyTareHHOCTi. [1icnsa 3aBaHTaXXeHHS NPOrpamMHOro 3acCTOCYHKY KOPUCTYBay Mae
MOXTMBICTb 0BpaTK He TiNbKM Knac KCeHOBIOTHKIB BiAMOBIAHO A0 ocobnmBocTen OyooBM iX MONEKYNAPHOro
Kapkacy, ane n tun Bigbutka ctpyktypu (MACCS, RDkit Ta FCFP) Ta meTpuky ouiHku nogibHocTi (TaHimoTo
Ta XewmiHra). BignosigHo o otpumaHmux BigduTkis cTpyktypyn FCFP Ta pospaxoBaHux maTpuub BigcTaHen
Ha OCHOBi iHOekca TaHiMOTo, Ha pUCyHKY 1 nokasaHi BCi KCeHOBIOTMKKM, Lo HanexaTb [0 Khnacy
apomMaTtuYHMX reTepononiuuKNiYHUX Ta apoOMaTUYHUX FreTEPOMOHOLMKNIYHMX XiMiYHMX cnonyk (Tabn.1, 4
knac). 3eneHum konbopoM (puc.1) BuAaiNeHi XimivHi cnonyku, ski BignosigHo Oo in vitro Tecty EMmca He
BBaXalTbCA MyTareHamu. YepBOHWI KOMip BWKOPUCTOBYETbCA ANA MO3HAYeHHA KCeHObIoTumKiB,
MyTareHHicTb siknux byna nigTBepaxeHa ekcnepuMeHTanbHo Ha wramax Salmonella typhimurium.

JocuTb BaXnMBMM 3 HAyKOBOi TOYKM 30py Ta ANA AOCATHEHHS OCHOBHOI MeTU MpoBefeHOro
AOCNIOKEHHS, € NOPIBHAHHSA CTPYKTYPHMX (POpMYyN KCEHOBIOTUKIB 3 METOIO BUSABIEHHS Taknx po3bikHOCTEN
(abo ipeHTudpikauii nodibHMX dyHKLiIOHANBHUX rpyn), AKi MOXYTb PO3rnagaTuCh B SKOCTI BU3HaYanbHuX, 3
TOYKW 30py NPOSBIB iX MyTareHHOCTi. 3anponoHoBaHa B poboTi meTogonoria igeHTudikauii mapkepis
MyTareHHoOCTi Moxe ByTu peanisoBaHa BigNOBIAHO 40 ABOX Migxoais. MNepwunii — 6a3yeTbCst HA NOPIBHSIHHI
ABOX Crofnyk - myTtareH/He myTtareH. [pu ubomy dyHKUiOHanbHa rpyna, sika 3yCTpiYaeTbCa Ha PiBHi
MyTareHa Ta BiACYTHS y HE MyTareHa Moxe OyTu LiKaBok 3 TOYKM 30py DOPMYIOBaHHS rinoTesun wono
NposiBiB MyTareHHOCTi NeBHOro kceHobioTuka. Opyrun nigxig 4o3Bonsie oTpumaTty iHpopmauito Npo NeBHi
MapKepwu MyTareHHOCTi BigNoOBiAHO OO MOPIBHAHHSA CTPYKTYPHMX hopMyn nogidHuX Mixk coboto MyTareHis.
B Takomy BMNagKy HeoOXxigHO 3BepTaTth yBary Ha (pyHKUiOHanbHi rpynu abo NigcTpykTypw, WO HasiBHI Ha
PiBHi KOXHOI [OOCHNIMpKYBaHOI XiMIYHOI cnonykun — MyTareHa. [Ons npoBedeHHst 3py4vHOro Bigbopy
KCEHODIOTUKIB 3a [OMOMOro cuctemu igeHTudpikalii CTPyKTYpHUX MapkepiB MyTareHHocTi Enmca
peanizoBaHa MOXNMBICTb MacluTabyBaHHs 300paxeHb pe3ynbTaTiB Bidyanidauii. Mpy uboMy KopucTyBad
Ma€e MOXITMBICTb CKOHLIEHTPYBaTW yBary Ha KCeHobioTukax, Mixk skumu byge miHiMansHa BigctaHb (puc 2.)

Ha puc. 2, B AkocTi AeMOoHCTpaLii e(peKTMBHOCTI 3anponoHOBaHOro nigxody, nokasaHi pesynbtaTu
NOpiBHAHb Napu (MyTareH/He MyTareH), WO AalTb 3MOry copmyrnioBaTv rnotesy WOoA0 MyTareHHOCTI
ximiyHoi cnonyku 3 ID2011. 3amiHa OH rpynun Ha NO2 npusBena go Toro, Wo KceHobioTuk 3 ID6212 — He
MyTareH, nepeTBopmBCS Ha XiMiyHy cnonyky 3 ID 2011, wo signosigHo o in vitro Tecty EMmca, € myTareHoMm.
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¥ | BisyanisaLiis MaTpyLi CXOXOCTI XIMIUHUX CNOAYK = [m) X

ID:
MyTareHHicTb:

Knac:

Beeaits ID cnonyku:

Mowyk [llonatv

1D Bu6paHux cnoayk:

Bisyanisysatn

3eneHi TOUKM - CNONYKU-HeMyTareHu

YepBOHi TOUKY - CNOAYKN-MyTareHn

CWHE KONO - BUAINEHa cnoayka

HaTucHiTb 0AWH pa3 Wo6 A0AATH CNONYKY B CIUCOK
HatucHiTe Aiui Ha ID Wo6 BUAANUTY CNOAYKY 3i CNIUCKY

Aa €D "1" Q=~ X=3.84y=279

Puc. 1. Bisyanisauia t-SNE pgaHux apomaTtvyHux retepononiuMkniYHMXx Ta apoMaTUYHUX FeTePOMOHOLIMKITIYHNX
xiMiyHMX cnonyk y npoctopi FCFP Ha ocHoBiI po3paxoBaHux BigcTaHen TaHiMOTO

Fig. 1. Visualization of t-SNE data of aromatic heteropolycyclic and aromatic heteromonocyclic chemical
compounds in FCFP space based on calculated Tanimoto distances

%, BisyanizaLis CTPyKTYp BU6PaHNX XiMIUHMX CIOAYK - o X

AEI Q=B

ID: 2011, MyTareHHicTs: 1, ID: 6212, MyTareHHicTb: 0,
Knac: ApoMaTU4HI reTeponoiunkKnivHi Knac: ApoMaTU4HI reTepononiunKaivHI

N N
O\N‘ AN \
// —— HO _—

Puc. 2. CTpykTypHi hbopMmynu napu mytareH/He MyTareH, Lo BiGHOCATbLCA A0 KNacy reTepoMOHOLMKIIYHUX Ta
reTepononiunkniyHux cnonyk
Fig. 2. Structural formulas of mutagen/non-mutagen pairs belonging to the class of heteromonocyclic and
heteropolycyclic compounds

®yHkuioHanbHa rpyna NO2 Mmoxe BUCTynaTu B porii Takoi, WO BU3HAYae MyTareHHiCTb XiMiYHUX CMOMYK, WO
BiJHOCATBCA [0 Kracy reTepoOMOHOLMKIIYMHMX Ta reTepononiuukniyHmx cnonyk. [JoaaTkoBuMm
NiaTBEPAKEHHSAM L€l rinoTe3n MoxyTb OyTU pe3ynbTaTu NOPIBHSHHS NOA4IOHNX KCEHOBIOTUKIB — MyTareHiB
3 ID2607,5706,5831,3871 (puc.3.). Moxemo nobaunTn, O KOXHMIA 3 YOTUPLOX MYyTareHiB MiICTUTb
dyHkuioHaneHy rpyny NO2. BignoBigHo 0o pesynbTaTiB AOCHiMKeHHS, Wo Oynu onyGnikoBaHi y HayKoBil
npaudi (Muller et al.,2006), mae nigTBepaXeHHs ccopMynbOBaHa Hamu rinoTesa WOA0 MNPUYUHHO-
HacnigkoBUX 3B A3KIB MiX NposiBaMu MyTareHHOCTi Ta HasBHIicTio rpynn NO2.
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Y. BisyanisaLin CTPYKTYD BMBPEHIX XIMIUHIX CIONYK - m] X

AEIPQE=ZDB

ID: 2607, MyTareHHicTe: 1, ID: 5706, MyTareHHicTe: 1,
Knac: ApoMaTUYHI FeTeponoiLnKIiuHi Knac: ApoMaTUYHI FeTeponoiLnKAiuHi

ID: 5831, MyTareHHIcTb: 1, ID: 3871, MyTareHnHicTe: 1,
Knac: ApoMaTUYHI reTepononiunKivHi Knac: ApoMaTUYHI reTepononiunKaivHi

Puc. 3. CTpyKTypHi hopMynu KCeHOGiOTUKIB — MyTareHiB, WO BiAHOCATLCA OO0 KIacy reTepOMOHOLMKMIYHUX Ta
reTeponosniunKniYHUX Cnonyk
Fig. 3. Structural formulas of xenobiotics — mutagens belonging to the class of heteromonocyclic and
heteropolycyclic compounds

HeobxigHo BigMiTUTK, LLO B pamMKax NpoOBEeAEHOro JOCHIMKEHHS, HaMX He Byna nocTaBneHa 3agjava
LWOAO BW3HAYEHHSI BCIX MOXNMBUX YHKUiIOHANbHUX rPpyn Ta NIACTPYKTYP ANS KOXHOro Kknacy
KCEHOBIOTUKIB, L0 MOXYTb OyTM MoB'si3aHi 3 MyTareHHicTio. B Hawin poboTi 6yna nokasaHa nuvuwe
MOXIMBICTb 3aCTOCYBaHHS 3anpornoHOBaHOro B poboTi Nigxoay ANA OTPUMAHHS FeHeTUYHOI OLLIHKW BNANBY
dakTopiB HAaBKOMNWLIHLOTO CEpeoBMLLA.

JocuTb BaxnuBMM pes3ynbTaToM NPOBEOEHOro Hamu OOCNIIAXEHHS € chopMynbOBaHi BUCHOBKU
woao edeKTUBHOCTI 3aCTOCYBaHHSl Pi3HUMX TUMIB MOMEKYNSAPHMX BIigOWTKIB CTPYKTYp KCEHODIOTWKIB,
BigNoBigHO 00 po3pobrnieHoi B poboTi metoaukn. Byno nokasaHo, L0 BUKOPUCTaHHA Pi3HUX BigOUTKIB
CTPYKTYpU, O BiAHOCATBCS OO0 TPbOX KNaciB, MOXyTb MaTW CYTTEBUWA BMNIMB Ha KiHUEBUW pesynbTar
MogentoBaHHs. B ubomy KoHTekcTi BigbuTtkm ctpyktypu MACCS matoTb NeBHi Hegoniku, Wwo NoB A3aHi 3
ocobnuBocTAMKM  30epexeHHs iHopmauil Npo  HasABHICTb  (PYHKUIOHANbHMX T[Pyn, WO MOXYyTb
nosToptoBatucb. MACCS He BpaxoBy€ KifbKiCTb OAHAKOBWMX MIACTPYKTYP, WO NPeACTaBMeHi Ha piBHI
mMonekynu. B Takin cutyadii, npu Bidyanidauii matpuub nogibHOCTI ANs KCEHOBIOTUKIB, O MOXYTb OyTU
Onm3bkuMK cycigamu, 3 ypaxyBaHHAM po3paxoBaHux BigcTaHew (TaHiMoTo, XemiHra), BoHM He OyayTb
CXOXUMW 3 TOYKM 30pY MOPIBHAHHSA X CTPYKTYpHUX dopMyn. Taka npobrnema He MOXe CnpusiTi
edeKTMBHOMY MOLLUYKY MapkepiB NposiBiB MyTareHHoOCTi. Y HaykoBi npadi (Cortes-Ciriano, 2016) aBTop
TaKOX akUEeHTye yBary Ha Hefonikax 3acTOCyBaHHs iHWOro BigbuTka CcTpykTypu — MopraHa, wo
BiHOCUTBLCA A0 Kracy LUPKYNSPHUX Ta BUKOPUCTOBYETLCA Y AOCHIMKEHHI ANA BUPILLEHHS 3aaadi OUiHKK
TOKCUYHOCTI XiMIYHMX CMOMyK, WO MOXYyTb OyTM KaHOugaTtaMu Ha porb Nikapcbkux npenapartiB. Ons
aeckpuntopie FCFP ta RDKIT, wo HanexaTb A0 OBOX iHWWX KraciB BigOWUTKIB CTPYKTYpW, BiACYTHI
HeJoniky, Wo xapakrtepHi ang MACCS. [Ina Hux Gyna oTpumaHa OAHakoBa OLiHka eeKTUBHOCTI Ans
BUPILLEHHA 3aadi NOoLyKy MapKepiB MyTareHHOCTI.

Mpobnemy wono edekTMBHOI igeHTudikauii CTPYKTYpHUX MapKepiB MyTareHHOCTi Hamaranucs
BupiwnTK Swbi i TeHHaT we y ganekomy 1988 poui (Ashby, Tennant, 1988). AHani3 cy4yacHUX HayKoBUX
npaub, BiANOBIAHO [0 AaHOrO HanpsiMKy AOCNiMKeHb, A03BOMAKTb 3pobWTM BUCHOBKM MpPO Te, WO
He3Ba)kaloun Ha BEMUKY KinbKicTb po3pobneHux in silico meTogis Ta nigxoais (Kazius al., 2006; Shen al.,
2010; Lepailleur et al.,, 2013; Floris et al., 2017), npo6nema egeKTUBHOrO MOLUYKY CTPYKTYPHMUX
nonepemXeHb MyTareHHOCTi, Y MOBHIi Mipi, 3anvwaeTbCs LWe He BUpilleHo. HeobxigHUM € CTBOpPEHHS
HOBUWX CyYacHuX in silico meToaiB Ta BOOCKOHAMNEHHS iCHYOUMX NIAXOAiB ANs reHEeTUYHOT OLiHKN BNnvBY
dakTopiB HABKONULLIHLOrO cepeaoBuLLia. B LLbOMY KOHTEKCTI, BUPILLEHHS] HaranbHUX NUTaHb TOKCUKOMOTIT,
MoXe OyTu 34iNCHEHO 3 ypaxyBaHHSM OOCATHEHb B 061acTi Cy4acHMX iHPOpMaLinHNX TEXHOSOTIN, CUCTEM
LUTYYHOrO iHTENEKTY Ta XeMOIH(HOPMATUKW.
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A system for identification of structural markers of Ames mutagenicity based on

similarity of xenobiotic structure fingerprints
S.V. Kislyak, O.M. Dugan, M.O. Moroz, O.l. Yalovenko

The article focuses on the assessment of the genotoxic potential of chemical compounds that may be released into the
environment. The necessity of changing the basic vector of development of modern toxicology in view of the
achievements in the field of computer science and information technology is proved. In the framework of the study,
attention was focused on the in silico approach, which allows to draw conclusions about the genotoxicity of a chemical
compound in accordance with the identified functional groups that may underlie the manifestations of mutagenicity.
The Ames system for determining structural markers of mutagenicity was implemented in accordance with publicly
available databases of chemical compounds (EFSA, Kazius/Bursi and Hansen). The initial number of the merged
dataset was increased by mycotoxins, and duplicates were removed. For each xenobiotic presented in the dataset, the
mutagenic potential was determined using the in vitro Ames test. In order to effectively identify functional groups that
may be signals of mutagenicity, it was decided to divide the xenobiotics of the combined data set into five structural
classes. Such an approach to the formation of homogeneous groups of xenobiotics that may exhibit potential genotoxic
properties allows us to identify structural markers of Ames mutagenicity within each class of mutagens. To obtain
reliable information on the presence of a certain functional group - mutagenicity signal, taking into account the studied
structural class of xenobiotics, it was proposed to use distance matrices calculated for each mutagen/non-mutagen pair
of the combined data set. The similarity between the compounds was evaluated using classical similarity evaluation
metrics (Tanimoto and Heming) according to the calculated three types of molecular fingerprints for each xenobiotic.
The last stage of the implementation of the Ames system for detecting structural markers of mutagenicity was
associated with the search for and application of an effective algorithm for visualizing multidimensional data. The
literature analysis allowed us to choose the optimal algorithm for solving this problem. The chosen algorithm (t-SNE)
allows multidimensional data (distance matrices for all mutagens and non-mutagens) to be represented in two-
dimensional space. This visualization allows us to find all pairs (mutagen/non-mutagen) that have a sufficiently high
similarity index and draw conclusions about the presence of certain functional groups that may underlie the
manifestations of mutagenicity for each of the five structural classes of potential mutagens. It is quite interesting from
the scientific point of view to analyze the effectiveness of using different types of structure fingerprints to identify
structural warnings of Ames mutagenicity, which was carried out in the framework of this study. The result of the work
is the developed software that allows determining structural markers of Ames mutagenicity based on the similarity of
the structure fingerprints of chemical compounds represented in the combined data set. The possibility of using the
proposed approach to solve the problem of finding cause-and-effect relationships between mutagenicity and the
presence of certain functional groups in the structure of the studied xenobiotics is demonstrated.
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In silico analysis of free heme action on the dimerization and activity of the

human redox sensor PARKY7
T. Barannik, N. Karabtsova

Protein PARK7 (Parkinson disease protein 7) has several enzymatic activities and also functions as a redox
sensor,copper chaperone andtranscription regulator. Under oxidative stress PARK7promotes cell survival by
activating the ERK1/2 and the PIK3 signaling. PARKY inactivation causes the reactive oxygen species accumulation
and oxidative stress progression. PARKY disorders has been revealed under neurodegenerative diseases, diabetes
and other pathologies. PARKY functioning is based on the redox changes of conserved Cys106 in the active center.
In some neurodegenerative diseases, such as Parkinson's disease, the superoxidation of redox-activeCys106is the
basis of the disorder. The removal of 15 amino acid residues from C-end is an obligatory step for the proteolytic
active center formation. Modifications observed under oxidative stress affect dimerization of PARK7 necessary for
protein maximum activation.

Erythrocyte lysis is known to result in a significant heme accumulation but heme effect on the activity of PARK7 has
not yet been investigated. Therefore, the potential heme-binding sites in PARK7 and heme binding effect on the amino
acid residues were analyzed.

Structural alignment of PARK7 mutant forms with Cys53 and Cys106 substitutions and wild type has not revealed
significant differences (RMSD<0.2A). Two areas have been found as probable targets for heme binding in PARK?7:
near the C-terminal region (175-189) that is cleaved for protein activation and in the redox-center with Cys106 and
His126. Heme binding to the PARKY protein could potentially affect its activity by several mechanisms. C-end heme
binding can prevent peptide removal necessary for catalytic activity. Cys106 oxidative modification to sulfinic acid could
occur under low free heme level and activate PARKY7 as a cytoprotector. Significant heme accumulation can result in
cysteine superoxidation to sulfonic acid and disrupt PARK7 functionality. Free iron ions as products of heme
degradation can compete with copper ions for Cys106 and Glu18 residues therefore inhibit PARK7 activity as SOD1
chaperon. Heme attachment to the sites of oxidation (Cys46, 53 and 106) or sumoylation (Lys130) could disrupt the
regulation of PARKY7 under stress. Some of the potential heme binding sites of PARK7 protein are involved in protein
dimerization, so hemecan block the formation of functional PARK7 dimers.

Therefore free heme accumulation could have multiple negative effect on PARK7 functioning and be one of the
mechanisms of PARK7-dependent neurological disorders.

Keywords: PARK7, heme, redox regulation, dimerization, molecular docking, neurodegeneration
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Introduction

Protein PARK7 (Parkinson disease protein 7) has multiple regulatory functions as a redox sensor,
metal chaperone, antioxidant ortranscription co-activator (Sun, Zheng, 2023) and also reveals various
enzymatic activities (EC 3.5.1.124, EC 4.2.1.130). The protective role of PARK7under oxidative stress is
associated with its effect on signaling pathways. It promotes cell survival and proliferation by activating the
ERK1/2 pathway and the phosphatidylinositol 3-kinase pathway. It attenuates cell death signaling by
inhibiting the activation of apoptosis-signaling kinase 1 (Liao et al., 2022). PARK7 inactivation decreases
the level of Nrf2-dependent antioxidants and causes the reactive oxygen species accumulation (Neves et
al, 2022). The disorders of PARKY functioning has been revealed under neurodegenerative and oncological
diseases, diabetes, heart disorders and other pathologies (Skou et al., 2024; Wilson, 2011).

PARK?7 belongs to the DJ-1/ThiJ/Pfpl protein family, contains B-sheets arranged in a flavodoxin-like
Rossmann fold but has a C-terminal helix (a9) required for dimerization (Smith, Wilson, 2017) PARK7
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functioning is based on the redox changes of conserved Cys106 in the active center. Cys106 could be in
three states - reduced (-S-), oxidized (-SO2H) and superoxidized (-SOsH), that affects the whole protein
isoelectric point and activity (Wilson, 2011). The highest activity of PARKY7 is reached under the
intermediate degree of Cys106 reversible oxidation till Cys-SO2H (sulfinic acid). The further oxidation
tillsulfonic acid (Cys-SOsH) results in the conformation changes, the increase of contact area with solvent,
destabilization of the dimer and loss of defense functions (Percio et al., 2024). It has been suggested that
overoxidation may cause additional loss of function through structural destabilization of the dimeric state
and the active conformation of PARKY. In some neurodegenerative diseases, such as Parkinson's disease,
the severe oxidation of cysteine makes a crucial contribution to the disease progression.Cys106 can
undergo persulfidation forming CysS-SH, which prevents uncontrolled S-oxygenation under stress
conditions (Galardon et al, 2022).

The removal of 15 amino acid residues from C-end (175-189 positions)is an obligatory step for the
protease activity and active center formation with Cys106 and His126 (Chen et al., 2010). Two other
cysteines (Cys46 andCys53) could undergo S-nitrosylation and Lys130 is the site for sumoylation.
Oxidative modifications and excessive sumoylation are observed under oxidative stress and affect
dimerization of PARKY with further loss of protein activity (Skou et al., 2024)

PARKY is capable to bindheavy metals (Bjorkblom et al., 2013), particularly copper, using Cys106
and Glu18 as sites for coordination. PARKY is considered to act as a copper chaperone, activating SOD1
(Girottoet al., 2014). Positions 149-150 of PARKY are the cleavage site for CASP6 associated with
neurodegeneration (Cao et al., 2012).

Oxidative stress in mammals is usually accompanied by erythrocyte lysis and hemoproteins
degradation known to result in the significant accumulation of free heme in tissues (Belcher et al., 2010).
But heme effect on the activity of PARK7 has not yet been investigated. Therefore, in this study, we
analyzed the potential heme-binding sites in PARK7 and heme binding effect on the amino acid residues
important for PARK7 dimerization and functioning.

Materials and methods

Protein annotations and sequence in *fasta format were downloaded from UniProt knowledgebase
(http://www.uniprot.org/Q99497/). Sequence analysis for cysteine accessibility and modifications was
carried out by pCysMod server (Li et al, 2021, http://pcysmod.omicsbio.info/)

Structures of PARK7 monomers and dimers (Table 1) in pdb format were downloaded from Protein
Data Bank (PDB, http://www.rcsb.org/). Currently, 64 structures are known for the PARKY protein. Three
monomeric and four homodimeric structures with high resolution with or without cysteine mutations were
selected for further analysis (Table 1).

Table 1. Characteristics of selected structures of human PARK7 monomers and dimers (by PDB and UniProt
data, method — X-rays)

PDBID | Resolution [ Positions [ Mutations | Ligands and modifications
Monomers (chain A)
1P5F 1.10A 1-189 No -
4NOM 1.95 A 1-189 53Cys—Ala Ligands: copper (ll) ion, pentaethylene glycol
6AF7 1.30 A 1-189 106Cys—Ser Ligands: pentaethylene glycol, chloride ion
Dimers (chains A/B)
1UCF 1954 1-189 No
2R1U 1.50 A 2-188 No
3SF8 156 A 1-189 No Cys106 modified in chain A
2RAT 1.70 & 2-188 Chains A, B Cys53 modified in chain B
106Cys—Ala

Protein inter-chain contacts, hydrogen bonds and salt bridges between interacting amino acid residues in
PARK? dimers were analyzed by PDBsum server (https://www.ebi.ac.uk/thornton-srv/databases/pdbsum/). TM-
Align  tool was used for structural alignment of the selected protein  models
(http://zhanglab.ccmb.med.umich.edu/TM-align/). Structural similarity was estimated byRMSD and TM-score.

Molecular docking of heme as a ligand to the protein pdb structures was performed by two online
tools. CB-Dock2 (Cavity-detection guided Blind Docking) reveals cavities and predicts docking poses by
AutoDock Vina scoring (Liu et al., 2022; https://cadd.labshare.cn/cb-dock2). COACH-D predicts protein-
ligand binding sites using templates (Wu et al., 2018; https://yanglab.nankai.edu.cn/COACH-D/).

Heme b structural file was downloaded from PubeChem (https://pubchem.ncbi.nim.nih.gov/).
Visualization of known and modeled structures in pdb-format was performed by UCSF CHIMERA
(Pettersen et al., 2004).
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Results and Discussion

Contact interface analysis in PARKY7 dimers. According to PDBsum data, minimum 13 (in 2R1T) and
maximum 15 (in 1UCF) hydrogen bonds are formed between protein chains in PARK7 dimers.There
aretwosalt bridges in 3SF8 structure that has Cys106 mutation, three - in 1UCF and four —in 2R1Tand2R1U
structures. In all selected dimers Cys53 and His126 as well as C-end residues were involved in the
hydrogen inter-chain bonds formation.

Structural alignment of selected PARK7Y structures. Since cysteine residues are important for the
functioning of PARK7, the protein structures with cysteine mutations and modifications were compared with
wild type variants. For all selected structures very high similarity was shown. RMSD for monomers was in
the range from 0,11A for 1P5F and 6AF7 till 0.22 A for 4NOM and 6AF7. Dimers comparison has also
revealed very high similarity with minimal RMSD (0,12 A) between 1UCF and 2R1T and maximum (0.24 A)
for pair 2R1U and 3SF8.Therefore the replacement of cysteine by small amino acids serine and alanine
had no effect on PARKY structure independently on the polarity of amino acid.

Analysis of the amino acids accessibility. PARK7 amino acid sequence analysis by pCysMod has
revealed all cysteines to be poorly accessible from the surface (Fig.1). The lowest coefficient of accessibility
has been shown for Cys106 and Cys53. His126 which is also the part of the active center is much more
accessible. Taking into account the involvement of these amino acids not only in redox and enzymatic
activity but also in the inter-chain hydrogen bonds, they could become less accessible for binding of ligands
after the formation of PARKY dimers.

1 Cysd6 .53 His126
| | Cysl06 (0,296 :
7 N 0.05{9'.' i) 4|s i OV 046 N, |
a N (P AY rSRNIFIAT A -'.,ul W T WAV LN AYA A Al I All |
\". I\ I,_I VATV .* \ LV I""-._. AN \‘-. ] | I| " ,.-*'I o \l-'t".‘__.' oy v S W I\ Il I, AL
- ’ . AT TV g Vo ,\*‘I. v ’ I'. / vy ',.I U "._-\.*/ L v \ / V \ /"\_,'I .

Fig. 1. The coeffecients of the amino acid residues accessibility to the solvent by the analysis of PARK7
sequence (pCysMod). Cysteine residues and histidine of active site are marked

Molecular docking of heme to PARK7 monomers. Two main variants of heme binding sites have
been predicted for all analyzed monomeric PARKY structures (Table 2).

First docking area modeled by CB-Dock?2 is located near cleavage site for CASP6 (positions 149-
150) and carboxy-end peptide 175-189 need to be removed for activation. Leu166 mutated under
neurodegeneration has also been revealed in this contact area. Second docking variant predicted by both
algorithms contains two residues able to coordinate heavy metals (Glu18 and redox-active Cys106), His126
involved in enzymatic activity and Lys130 that is the site of sumoylation. Cysteines 46 and 53 have not
been predicted to bind heme. No significant differences have been revealed between models with mutations
(4NOM, 6AF7) and wild type protein (1P5F). The amino acids necessary for inter-chain bonds formation in
PARK? dimers (Glu15, Arg48, His126 and Arg145) have been found in both heme binding variants.
According to docking results free heme accumulation could inhibit PARK7 functioning by direct blocking
the enzymatic center as well as by preventing PARK?7 dimerization or C-end peptide removal.

Molecular docking of heme to PARK7 dimers. PARK7 has maximum activity as a homodimer (Lv et
al., 2025). Heme docking to the dimeric PARKY structures (Table 3) has not revealed principally new
docking areas comparing with monomers.

Prevalently heme binding has been asymmetrical with more contact sites in one of the chains. Some
of solutions have heme bound to only one chain (data not shown). But the highest scores and the biggest
contact area have been calculated for heme docking to both chains.

The mostly represented docking variant is heme binding to the active site with Cys106 and His126.
Arg48 which forms hydrogen inter-chain bonds is also in heme proximity. The docking pose near C-end is
possible only before the removal of the C-end peptide and could negatively affect PARK7 activation.

I's worth mentioning that cysteine, histidine and tyrosine are known to have the most ability for heme
stable coordination. Cys-Pro motives are considered as heme regulatory sites and are found in various
heme-sensitive proteins (Rathod et al., 2023; Zhang, 1995). In PARK7 protein 53Cys-Pro motif has not
been predicted to bind heme as well as His137 and any of three tyrosine residues. His115 and Cys46 have
been found in docking results, in 2R1U and 3SF8 respectively. His126 is the most close to heme residues
in the majority of docking variants. Taking into account a very high affinity of histidine to heme b molecule,
this type of interaction could provide the prolonged inhibition of PARK7 enzymatic activity.

One more site for potential heme binding together with Cys106 is involved in copper chaperon
activity: Glu18. These copper ligands in PARK7 are necessary for SOD1 activation therefore superoxide
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elimination under oxidative stress. Competition of heme and copper for regulatory sites could enhance

prooxidant reactions in tissues. PARKY is known to be abundant in nervous tissue, kidneys and heart.
The alternative way for PARKY inactivation under excess heme prooxidant action is over-oxidation

of Cys106 till sulfonic acid with full inactivation of protein antioxidant properties.

Table 2. Putative sites of heme binding to PARK7 monomers (chain A). The variants with the highest scores of
binding energy and size of the contact area predicted by two algorithms. Amino acid residues involved in the
covalent modifications or inter-chain binding are marked in bold, residues of the C-end peptide are underlined

PDB ID, Online tool and docking
docking site Residues predicted to contact with heme solution
Lys122 Glu143 Asn144 Arg145 Val146 Glu147 Lys148 Asp149 CB-Dock2: Vina score —
1 | Leu153 Phe162 Glu163 Phe164 Leu166 Ala167 lle168 Glu170 8,0; Cavity volume 147
Ala171 Lys175 Ala178 Ala179 Lys182 Leu187 A3
1P5E Gly13 Glu15 Glu18 Ser47 Arg48 Gly75 Asn76 Leu77 Ala79 GIn80 CB-Dock2: Vina score —
Asn81 Ser83 Glu84 Cys106 Ala107 Thr110 Ala111 His126 Pro127 5,2; Cavity volume 786
2 | Leu128 Ala129 Lys130 Asp131 Lys132 Met133 Gly157 Pro158 A3
Glu18 Gly74 Gly75 Asn76 Cys106 Ala107 His126 Leu128 Ala129 COACH-D: C-Score
Lys132 Pro158 0.65, Cluster size 41
Glu143 Asn144 Arg145 Val146 Glu147 Lys148 Leu153 Gly159 CB-Dock2: Vina score —
1 | Phe162 Glu163 Leu166 Ala167 Glu170 Ala171 Lys175 Ala178 7,1; Cavity volume 124
Ala179 Lys182 Leu187 Lys188 A3
ANOM Gly13 Glu15 Glu18 Ser47 Arg48 Gly74 Gly75 Asn76 Leu77 GIn80 CB-Dock2: Vina score —
Cys106 Ala107 Thr110 His126 Pro127 Leu128 Ala129 Lys130 6.4; Cavity volume 319 A3
2 | Asp131 Lys132
Glu18 Gly74 Gly75 Asn76 Cys106 Ala107 His126 Leu128 Ala129 COACH-D: C-Score
Lys132 Pro158 0.67; Cluster size 40
Asn144 Arg145 Val146 Glu147 Lys148 Asp149 Gly150 Leu153 CB-Dock2: Vina score —
1 | Phe162 Glu163 Leu166 Ala167 lle168 Glu170 Ala171 Leu172 Lys175 | 7,6; Cavity volume 85 A3
Ala178 Ala179 Lys182 Leu187 Lys188
Lys12 Gly13 Ala14 Glu15 Met17 Glu18 Ser47 Arg48 Gly74 Gly75 CB-Dock2: Vina score —
6AF7 Asn76 Leu77 Gly78 Ala79 GIn80 Asn81 Ser83 Ser106 Ala107 Thr110 | 6,0; Cavity volume 799
5 His126 Leu128 Ala129 Lys132 Arg156 Gly157 Pro158 Gly159 A3
Glu18 Gly74 Gly75 Asn76 Ser106 Ala107 His126 Leu128 Ala129 COACH-D: C-
Lys132 Pro158 Score0.42; Cluster
size 39

Cys106 modification (3SF8) or substitution (2R1T) have not significantly affect location of the heme
binding sites but could weaken heme coordination. There are two main binding area for heme: docking site
near Arg145 with C-end peptide in proximity. And the combination of N-end amino acid residues including
Glu18 able to bind heavy metals as well Cys106 and His126 important for formation of active site together
with Arg28 and Arg48 necessary for the interchain hydrogen bonds. N-end amino acids have been found
in heme contact area much often in monomers but not in dimers.

Therefore, two main variants of heme docking have been predicted for PARK7 both monomers and
dimers — near active center and near C-end peptide (Fig.2). But the binding energy as well as contact
surface area are much more favorable for heme binding by PARK? dimers.

Heme has a plane rigid tetrapyrrol ring with Fe-ion able to electron transfer. Four coordination
places are occupied by the nitrogen and two more are available for coordination with proteins or small
ligands. Free heme acts as a detergent and prooxidant and can bind hydrophobic structures and oxidize
cell components under hemeprotein degradation. Proteins coordinate heme iron through histidine, tyrosine
or cysteine (WiRbrock et al., 2019).

Docking areas have revealed mostly hydrophobic and positively charged amino acids such as lysine,
arginine, and histidine, able to attract carboxyl groups of heme. However, in the absence of residues that
bind heme strongly (cysteine, histidine, tyrosine), the interaction through hydrophobic residues is unstable.
When heme is attached to the PARKY dimer, it binds to the chains not symmetrically: with one chain more
than with another. By attaching to residues that interact between monomers during dimerization, heme can
probably prevent the formation of dimers. This can lead to structural instability, which will negatively affect
the activity of the protein.
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Table 3. Putative sites of heme binding to PARK7 dimers (chains A/B). The variants with the high binding
energy and the biggest size of the contact area predicted by CB-Dock2 and COACH-D

PDB ID, Online tool and
docking site Residues predicted to contact with heme (chain A / B) docking scores
A: lle21 Glu143 Asn144 Arg145 Val146 Pro158 Gly159 Thr160 Ser161 CB-Dock2: Vina
Phe162 Glu163 Leu166 Ala167 Glu170 Lys182 Leu187 Lys188 score —7,1; Cavity
1 | B:lle21 Arg145 Pro158 Gly159 Thr160 Ser161 Phe162 Glu163 volume 287 A3
Leu166Lys182 Leu187 Lys188
A: Arg28 GIn180 Pro184 Leu185 CB-Dock2: Vina
1UCF B: Gly13 Glu15 Glu18 Ser47 Arg48 Gly74-75 Asn76 Leu77 Gly78 Ala79 score —5,6;
GIn80 Asn81 Ser83 Glu84 Cys106 Ala107 His126 Pro127 Leu128 Ala129 Cavity volume
2 | Lys130 Asp131 Lys132 Pro158 1029 A3
A: Arg28 Pro184 COACH-D: C-
B: Glu15 Glu18 Gly74 Asn76 Cys106 Ala107 His126 Leu128 Pro158 Score 0.74;
Cluster size 81
A: Lys188 CB-Dock2: Vina
1 B: Asn144 Arg145 Val146 Glu147 Lys148 Leu153 Gly159 Phe162 Glu163 score —6,8;
Phe164 Leu166 Ala167 Glu170 Lys175 Ala178 Ala179 Lys182 Leu187 gSavity volume 324
Lys188
A: Arg28 GIn180 Pro184 Leu185 CB-Dock2: Vina
2R1U B: Gly13 Glu15 Glu18 Ser47 Arg48 Gly74-75 Asn76 Leu77 Gly78 Ala79 GIn80 score —5.; Cavity
Ser83 Glu84 Cys106 Ala107 Thr110 Leu113 Ala114 His115 Glu116 His126 volume 1190 A3
2 | Leu128 Ala129 Asp131 Lys132 Asn135 Pro158
A: Glu15 Glu18 Gly74-75 Asn76 Cys106His126 Leu128 Ala129 Pro158 COACH-D: C-
B: Arg28 Pro184 Score 0.74;
Cluster size 75
A: Arg28 Val181 Pro184 Leu185 CB-Dock2: Vina
B: Gly13 Ala14 Glu15 Glu18 Ser47 Arg48 Gly74-75 Asn76 Leu77 Gly78 score —7,9; Cavity
Ala79 GIn80 Cys106 Ala107 Thr110 His126 Pro127Leu128 Ala129 Lys130 volume 877 A3
1 [ Asp131 Lys132 Met133 Pro158
A: Arg28 Pro184 COACH-D: C-
3SF8 B: Glu15 Glu18 Gly74-75 Asn76 Cys106 Ala107 His126 Leu128 Pro158 Score 0.74,
Cluster size75
A: Glu143 Asn144 Arg145 Val146 Glu147 Gly159 Phe162 Glu163 Phe164 CB-Dock2: Vina
5 Leu166 Ala167 Glu170 Lys175 Ala178-179 Lys182 Leu187 Lys188 Asp189 score —6,6;
B: Glu143 Asn144 Arg145 Val146 Phe162 Glu163 Phe164 Leu166 Ala167 Cavity volume 378
Lys182 Leu187 Lys188 A3
A: lle21 Arg145 Gly157 Pro158 Gly159 Thr160 Ser161 Phe162 Glu163 CB-Dock2: Vina
1 Leu166 Lys182 Val186 Leu187 Lys188 score —7,6;
B: Arg145 Gly159 Thr160 Phe162 Glu163 Phe164 Leu166 Ala167 Lys182 Cavity volume 85
Val186 Leu187 Lys188 A3
2R1T A: Gly13 Glu15 Glu18 Ser47 Arg48 Gly74-75 Asn76 Leu77 Gly78 Ala79 CB-Dock2: Vina
(106 GIn80 Asn81 Ser83 Glu84 Ala106 Ala107 Thr110 His126 Leu128 Ala129 score —6,0;
C>A) Lys130 Asp131 Lys132 Met133 Asn135 Arg156 Gly157 Pro158 Cavity volume 799
2 | B: Arg28 Pro184 Leu185 3
A: Glu15 Glu18 Gly75 Asn76 Ala106His126 Leu128 Ala129 Pro158 COACH-D: C-
B: Arg28 Pro184 Score 0.74,
Cluster size 75

Summarizing the results of molecular docking studies, it could be assumed that heme binding to the
PARKY7 protein could potentially affect its activity by several mechanisms. First, the C-terminus in the full
sequence of the PARKY protein that is a putative heme binding site according to docking results, may
prevent protein activation through proteolysis. Second target is Cys106. Under conditions of insignificant
hemolysis and low oxidative stress heme can perform a signaling role and activate PARK7 through
moderate modification of redox-active cysteine to sulfinic acid, that contributes to its cytoprotective activity.
However, increased intravascular hemolysis and significant accumulation of free heme in tissues together
with high level of reactive oxygen species, results in cysteines oxidation to sulfonic acid. Cys106
peroxidation will lead to a disruption of PARKY functionality as a redox sensor and block the activation of
Akt- and Nrf2-dependent signaling pathways, critically important for antioxidant functions. A similar
inhibition can be caused by free iron as products of heme degradation. The iron ions could bind to the
Cys106 and Glu18 residues competing with copper ions therefore inhibiting PARK7 chaperon activity
towards antioxidant enzyme SOD1. An additional mechanism of heme effect is the inhibition of post-
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Docking
variant 2

Fig. 2. Two main variants of the heme binding sites predicted for PARK7 dimers. 1UCF structure used as an example

translational modifications of the PARK7 protein. Heme attachment to the sites of phosphorylation or
sumoylation could interfere normal maturation and regulation of PARK7 under stress.

Conclusions

Structural alignment of PARKY protein mutant forms with Cys53 and Cys106 substitutions with PARK7
wild type without modifications has not revealed significant differences (RMSD<0.2A).

Two areas are the most probable targets for heme binding in PARKY. First one is near the C-terminal
region so heme may prevent the cleavage of this region necessary for protein activation. Second binding
site is in the redox-center with Cys106 and His126. Partial oxidation of redox-active Cys106till sulfinic acid
could take place under low heme level and provide PARKY activation. Under intense hemolysis and high
concentrations of reactive oxygen species, Cys106 could be further oxidized till sulfonic acid that makes
PARK?7 totally inactivated.

Some of the potential heme binding sites of PARKY protein are involved in protein dimerization, so
hemeaccumulationcould prevent the formation of functional PARK7 dimers.

Heme attachment at the sites of PARKY7 post-translational modifications or in proximity to them could
destabilize the regulation of protein activity.

Therefore, in general PARKY activity could be dependent on free heme concentration. A long-term
heme accumulation could have multiple negative effects on PARKY functioning and be one of the
mechanisms of PARK7-dependent neurological disorders.
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In silico anani3 Ail BinbHOro remy Ha AuMepu13aLito Ta akTUBHICTb

penokc-ceHcopa PARKY noavHu
T. BapaHHik, H. Kapa6buoBa

Binok PARK?7 (6inok xBopobu MapkiHcoHa 7) Mage Kinbka hepMeHTaTUBHMX aKTUBHOCTEN, a Takox (OyHKLIIOHYE SIK pe1oKC-
CeHcop, MigHWI LIanepoH i perynsatop TpaHckpunuii. B ymoBax okcuaatusHoro ctpecy PARKY cnpusie BUXXMBaHHIO KIiTUH
wnaxom aktmeauii ERK1/2 i PIK3 curHaniHra. IHaktvBauis PARKY7 BMKNMKae HaKOMMYEHHS aKTUBHUX (POPM KUCHIO Ta
nporpecyBaHHs oKkcuaaTMBHOro ctpecy. [lopyweHHss nos’szaHi 3 PARKY7 BusaBneHi npu HevpogereHepaTtuBHUX
3axBOpIOBaHHAX, Aiabeti Ta iHwWux natonorisx. PyHkuioHyBaHHA PARKY7 6asyeTbCs Ha OKUCHO-BIAHOBHMX 3MiHaX
koHcepBaTuBHoro Cys106 BakTMBHOMY LieHTpI. [pn Aesknx HepoaereHepaTVBHUX 3aXBOPIOBAHHSAX, TakMX Sk XxBopoba
MapkiHcoHa, cynepokucrneHHs pegokc-aktmeHoro Cys106 € ocHOBOW po3nafy. BupoaneHHs 15 aMiHOKMCNOTHMX 3anuLLKIB
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In silico analysis of free heme action on the dimerization and activity of the human redox sensor PARK7

3 C-KiHUS € 0B0B'A3KOBUM eTanom hopMyBaHHS NPOTEONITUYHOIO akTUBHOTO LIeHTPY. Moaundikauii, Wwo BiabysatoTbes nig,
Yac OKCuAaTMBHOIO CTPECy, BNMBakoTb Ha Aumepu3auiio PARKY, HeobXigHy Ans makcumarnbHoOT aktueadii binka.
Bigomo, Lo niauc eputpoumTiB NPU3BOAMTE 40 3HAYHOrO HAKOMUYEHHS reMy, ane BhnuB remy Ha aktusHicTb PARKY Ha
Ler MoOMeHT He gocnigkeHo. Omxe, y poboTi 6ynu npoaHanisoBaHi NOTEHLNHI canTy 3B'a3yBaHHs rema B PARKY i edpexT
3B'A3yBaHHA rema 3 amiHOKUCNOTHUMM 3anmLUKaMu.

CTpyKTypHE BWpiBHIOBaHHA MyTaHTHUX (OpMPARKY i3 3amiHammn Cys53 i Cys106 3 6Ginkom Aukoro Tumy He
nokasarnosHayyLumx BigMiHHOCTEN (RMSD<O,2A). 3a pesynbTataMmy MONEKYNspHOro OOKIHry ABi obracTti € MMOBIpHUMU
MilueHaMu ansa 3s’AsyBaHHsA remy YPARKY: nobnusy C-kiHueBoi ainsHku (175-189), aka BnganseTbecs Ana akrmsauii
6inka, i B pegokc-LUeHTpi 3 Cys106 i His126. 3B'asyBaHHs remy 3 6inkom PARK7 noTeHUiiHO MOXe BrnuvBaTtu Ha Moro
aKTMBHICTb 3a AOMOMOIOH0 KiflbKOX MexaHi3miB. 3B'a3yBaHHsA rema Ha C-KiHUi MOXe 3anobirtu BuaaneHHio nentuaa, o
HeobxigHO Ans kaTaniTMyHoi akTmBHocTi. OkucnoBanbHa Mogudikauis Cys106 Ao cynbgiHOBOI KUCMOTM MOXe
BiAbyBaTnCA 3a HM3bKOrO PiBHA BiflbHOrO remy Ta aktusyBaTu PARKY, akun Byae Qiatm Ak umtonpoTtekTop. 3HavHe
HaKOMWYEHHA TemMy MOXe MpU3BECTM [0 CYMNEPOKWUCIIEHHS UMCTEiHY [0 Cynb(OHOBOI KWCMOTM Ta MOPYLUUTK
dyHKuioHanbHicTb PARKY. BinbHi ioHn 3anisa sk nNpoaykTu Aerpagauii reMy MOXyTb KOHKypyBaTV 3 ioHamu Mifj 3a
3anuwkm Cys106 i Glu18, i Takum 4nHoMm iHribyBaTtu aktuBHicTb PARKY sk wanepoHa SOD1. MpuegHaHHs remy o canTis
okucneHHs (Cys46, 53 i 106) abo cymointoBaHHs (Lys130) moxe nopywmTu perynsudito PARKY nig yac ctpecy. Oeski 3
NOTEHUiHNX calTiB 3B'A3yBaHHs rema binkom PARK7 GepyTb yyacTb y AvMmepwusadii, ToOMy rem moxe Gnokysatu
YTBOPEHHSA dyHKLioHanbHWX Anmepis PARK?Y.

OTxe HaKOMUYEHHS BiNbHOTO reMy MOoXe MaTl MHOXWUHHWIN HeraTuBHUIM BB Ha dyHKLUioHYBaHHA PARKY i 6yTn ogHum
i3 MexaHiamiB PARK7-3anexHnx HEBPOOriYHNX po3nagis.
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Evolution of metallo-beta-lactamases in focus of the antibiotic resistance problem
V.B. Moskalov, I.V. Kadenko, A.M. Mukhin

The article considers the place of metallo-beta-lactamases among the mechanisms of antibiotic resistance. These
enzymes have important differences from serine beta-lactamases, which affect the mechanism of their catalytic
activity, inhibition, rate of spread and evolution. The history of the study and the social significance of antibiotic
resistance in general and beta-lactamases in particular are described. The classifications of enzymes that hydrolyze
the beta-lactam ring are presented, the structure of the reaction center of metallo-beta-lactamases and a
hypothetical model of its functioning are described. Two fundamentally different mechanisms of inhibition of metallo-
beta-lactamases (zinc-dependent and zinc-independent) and their consequences for the development of therapeutic
strategies are also considered. Metallo-beta-lactamases were distributed among non-pathogenic natural
populations of bacteria, and then began to spread to pathogenic ones (initially gram-negative), which determines
the importance of their study from the point of view of public health. The high rate of spread of these enzymes is
due to their localization in structures such as integrons, insertion sequences and conjugation plasmids and can be
illustrated by the example of the NDM enzyme, first isolated in New Delhi in 2009, which spread throughout the
world in ten years and formed three dozen mutant variants. The fact that metallo-beta-lactamases arose in evolution
twice is almost proven. Today, the phylogenetic relationships between different representatives of this enzyme
family have been more precisely clarified and the presence of ten monophyletic groups has been established. The
data presented in the article can serve as a starting point for planning comprehensive work on predicting the
evolution of metallo-beta-lactamases, which carry serious risks for the treatment of infectious diseases.
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Introduction

Antibiotics have played a major role in reducing human mortality from bacterial infections and have
continued to save countless lives every day for more than 75 years since the start of their commercial use.
Today, antibiotics are widely used to treat a wide range of infectious diseases, including urinary tract
infections, skin and soft tissue infections, pneumonia, endocarditis, meningitis, and sepsis, as well as they
are necessary for routine and complex medical procedures, including surgery (Banin, 2017). It is obvious
that the success of medicine and the maintenance of public health depend on the effectiveness of
antibiotics. However, almost immediately after the advent of antibiotics, the phenomenon of antibiotic
resistance arose, calling into question the success of antibiotic therapy. The development of new drugs has
been a key strategy for breaking through antibiotic resistance. However, as the mechanisms of antibiotic
resistance development accelerate and the entry of new antibiotics into the market slows, this strategy is
becoming less effective (Banin, 2017). A recent UK government-funded O'Neill report estimated that by
2050, around 10 million people a year will die from antibiotic-resistant infections (O'Neill, 2014). This
requires a detailed analysis of the resistance molecular aspects and the issues of their evolution and spread
to develop new strategies for anti-infective medicine.

The molecular mechanisms of antibiotic resistance in bacteria are quite diverse, but they can be
divided into three main groups: (I) preventing contact of the cell contents with the antibiotic; (II) modification
of targets; and (lll) inactivation or destruction of the antibiotic molecule (Church, 2021; Urban-Chmiel, 2021;
Lin, 2015). The first group of mechanisms includes in particular the biofilm formation as well as the efflux
pumps work. The biofilm is a surface-attached community of bacterial cells that forms a protective
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extracellular polymer matrix around themselves, which reduces the diffusion of antimicrobial molecules.
The efflux pumps remove antibiotic molecules from the periplasm of gram-negative bacteria or the
cytoplasm of gram-positive bacteria, preventing the achievement of an effective concentration of this
substance in the cell (Banin, 2017; Church, 2021; Urban-Chmiel, 2021; Frieri, 2017). Among the mechanisms
of the second group, it is worth noting the protection of the target by additional molecules, non-genetically
induced modification of the target site, mutations of the target site, enzymatic changes in target sites, and
complete replacement or bypass of the target in metabolic pathways (Banin, 2017; MacGowan, 2017;
Church, 2021; Urban-Chmiel, 2021; Frieri, 2017). In this article, we will focus on one of the mechanisms of
the third group, which involves the inactivation or destruction of the antibiotic molecule, on beta-lactamases,
namely, metallo-beta-lactamases (MacGowan, 2017; Church, 2021; Urban-Chmiel, 2021).

The study of the spread of antibiotic resistance among bacteria potentially pathogenic to humans
began with the discovery of the role of uncontrolled use of antibiotics in animal husbandry (Frieri, 2017;
Podolsky, 2018; Church, 2021). Then, an increasing prevalence of "gram-negative" infections was established
in hospitalized patients. This is probably due to the more efficient operation of their efflux pumps. The
discovery in the 1960s of a plasmid-mediated resistance to multiple antibacterial agents led to the concept
of "superbug". The term "superbug" was coined by John Osmundsen in 1966 while analyzing Anderson's
work on plasmid-mediated bacterial resistance to several antibacterial agents, who was concerned about
the risk of the release into the environment of resistant bacteria created by artificial selection in the
laboratory (Osmundsen, 1966; Podolsky, 2018). At the same time, the question about the risk of an epidemic
of drug resistance among microbes was raised around the world, i.e. multiple drug resistance was a global
problem for humanity. In the 1980s, Stuart Levy and his colleagues summarized the factors contributing
the spread of antibiotic resistance known at that time, highlighting: the use of antibiotics without a
prescription, as growth promoters in agribusiness, in cases where they are ineffective or not needed (e.g.,
infectious diseases caused by viruses, before the bacterial component is involved), and marketing
strategies for antibiotics as “miracle drugs” (Levy, 1981; Podolsky, 2018). This made it possible to propose
measures to reduce the intensity of the antibiotic resistance spread, including: training of medical
personnel, veterinarians and agricultural workers in the rational use of antimicrobials, monitoring the use of
antimicrobials and traces of their use in agricultural products, and surveillance of new resistant organisms.
At the same time, the slowdown in the rate at which new antimicrobial drugs are brought to market is leading
to a lag in the race between new superbugs and effective antibiotics. Today, an important aspect of studying
the evolution of antibiotic resistance is the context of global climate change (Podolsky, 2018).

The high rate of antibiotic resistance spread in bacterial populations is associated with both the
intense pressure of antibiotics as a selection factor and the significant rate of horizontal gene transfer by
conjugation of plasmids (Enterococcus spp., Staphylococcus spp., Streptococcus spp.) and transposons
(Listeria), transduction and transformation in these populations (Urban-Chmiel, 2021; Sabtu, 2015). The
efficiency and speed of the resistant phenotype spread to populations of previously susceptible species are
difficult to predict today. Thus, the beta-lactamase gene from staphylococci (e.g. blaZ) spreads very
successfully in populations of Staphylococcus aureus, Haemophilus influenzae and many bacteria of the
Enterobacteriaceae family, but is not found among enterococci (Charpentier, 1999; Olsen, 2006). At the
same time, enterococci's genes of resistance to vancomycin (such as vanA) are not found in populations
of Staphylococcus aureus. (Charpentier, 1999). The facts described indicate the importance of a
comprehensive assessment of the change and spread of individual antibiotic resistance mechanisms.

Among the wide range of molecular mechanisms of antibiotic resistance, metallo-beta-lactamases
are perhaps the most alarming. This is due to a number of reasons: a unique mechanism of catalytic activity,
multiple drug resistance, and a high rate of spread (Boyd, 2020). In view of the above circumstances,
a generalization of the available information on the evolution of metallo-beta-lactamases seems relevant.

The article analyzes the variability of metallo-beta-lactamases, their consequences for catalytic
activity and the outcome of interactions with inhibitors, as well as the spread of new gene variants among
bacterial populations and possible directions of further evolution.

Molecular variability, catalysis and inhibition of metallo-beta-lactamases

Beta-lactamases belong to group Il of antibiotic resistance mechanisms, since they catalyze the
destruction of the beta-lactam ring and, as a result, the inactivation of beta-lactam antibiotics. These enzymes
have become known shortly after the first use of antibiotics with the discovery of penicillinase (beta-lactamase)
in 1940 (Munita, 2016; Blair, 2015). To date, extended-spectrum beta-lactamases (ESBLs) that exhibit activity
against the new generation of antibiotics such as oxyiminocephalosporins have been identified. The spread
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of diverse ESBLs and carbapenemases, oxacillinases (OXA) and NDM enzymes in Gram-negative bacteria
such as Klebsiella pneumoniae, Escherichia coli, Pseudomonas aeruginosa and Acinetobacter baumannii
leads to the emergence of isolates resistant to all beta-lactam antibiotics, which has serious implications for
the treatment of severe infections and poses a threat to public health. Genes encoding ESBLs have been
disseminated by gene escape from the chromosome of soil bacteria Kluyvera spp. of Enterobacteriaceae
family, related to Escherichia coli (Munita, 2016; Blair, 2015). This escape has been facilitated by insertional
sequences, particularly ISEcp1, with subsequent transfer by conjugative plasmids to many bacterial species.
For example, the blac™M14 gene is frequently associated with the IncK pCT plasmid in human, animal, and
environmental isolates of bacteria (Blair, 2015).

Today, there are many classifications of beta-lactamases, but the main one is revised Ambler
classification, according to which metallo-beta-lactamases belong to class B (last column in Fig. 1) in
contrast to classes A, C and D, which include serine beta-lactamases (Ambler, 1980; Hall, 2005). Metallo-
beta-lactamases are inhibited by chelating agents such as ethylenediaminetetraacetic acid, but not serine
lactamase inhibitors such as clavulanic acid, sulbactam, or tazobactam. They are also not inhibited by
NXL104, which inhibits class A and C enzymes (Munita, 2016; Palzkill, 2013).

élr:::frication C At D
Functional group 1 2 2¥
Inhibitory Profile” Clavulanic acid

ESBLs

Carbapenemases

Classical examples ESBL: AmpC Penicillinase: TEM-1, SHV- ESBL: OXA-11 Carbapenemase: IMP,
1 Carbapenemase: OXA-  yjM, NDM

ESBLs: CTX-M, TEM-3 23,
Carbapenemase: KPC OXA-48

[0 Serine B-lactamase
H Metallo B-lactamase

Fig. 1. Common classifications of beta-lactamases (Munita, 2016)

Class B beta-lactamases, or metallo-beta-lactamases, require zinc ions to catalyze the hydrolysis of
beta-lactams and have no structural homology to serine beta-lactamases of other classes. Class B enzymes
can be divided into three subclasses B1, Bz, and Bs based on their amino acid sequences, substrate profile,
and metal ion-binding amino acids (Page, 2008). Table 1 shows the amino acid residues that are part of the
reaction centers of various subclasses of these enzymes and ensure the work of zinc ions.

Table 1. Amino acid surpluses that participate in the coordination of zinc (Page, 2008)

Subclass First ion Zn%* Second ion Zn?*
B1 His116 His118 His196 Asp120 Cys221 His263
B2 Asn116 His118 His196 Asp120 Cys221 His263
B3 His/GIn116 His118 His196 Asp120 His121 His263

Note. His — Histidine, Asn — Asparagine, GIn — Glutamine, Asp — Aspartic acid, Cys — Cysteine

The role of zinc ions in the mechanism of catalysis has not been fully established. It is likely similar to
zinc peptidases such as carboxypeptidase A and thermolysin: after substrate binding, a zinc-bound water
molecule, deprotonated by the Asp120 residue, attacks the carbonyl center with the formation of a negatively
charged tetrahedral intermediate, which is stabilized by its interaction with the metal ion. Then the Asp120
residue donates a proton to the nitrogen, which ensures the cleavage of the C—N bond with subsequent
cleavage of the product from the active site of the enzyme. The main drawback of this model is the stage of
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removing the proton from the water bound to the zinc, since it is already ionized (Palzkill, 2013; Walsh, 2005;
Page, 2008; Bebrone, 2007). The active sites of zinc-ion enzymes (marked by dark blue spheres) of the three
class B subclasses are shown in Fig. 2. As we can see in the figure, enzymes of subclasses B+ and Bz usually
contain two zinc ions in their composition, and subclass Bz contains only one. Amino acids 120, 263 are
obligatory, and amino acids 221 and 121 are optional, in coordinating the zinc ion, which is common to all
forms of the enzyme. The second zinc atom in both forms of the enzyme for which it is characteristic is
coordinated by amino acids at positions 118, 116 and 196. Hence, the amino acids in the described positions
participate in the formation of the reaction center of metallo-beta-lactamases.

B C
H26§//<\ H263 gy H263__
\ Qr
D120

Zn2
c221 D120 ° Zn2

@i H196 H121
H116 H118
Q116

H118

N,

H196

H116 \

Fig. 2. Active sites of metallo-beta-lactamases (Palzkill, 2013): a — active site residues of the subclass B1 enzyme
CcrA with a zinc chelation site (Bacteroides fragilis); b — active site residues of the subclass B2 monozinc enzyme with
a zinc chelation site (Aeromonas hydrophila); c — active site residues of the subclass Bz enzyme L1 with a zinc chelation
site (Stenotrophomonas maltophilia)

H118

Metallo-beta-lactamases are  apparently inhibited by chelating agents such as
ethylenediaminetetraacetic acid (EDTA), which absorb metal ions. However, it has now been established that
there are two strategies for achieving inhibition: Zn2*-independent and Zn?*-dependent (Fig. 3). The diversity
of amino acids and the lack of a deep active site pocket are obstacles to the Zn2*-independent approach. On
the other hand, Zn?*-dependent inhibitors may bind non-target proteins, since metal-dependent enzymes are
very common in the human body, and divalent cations such as Ca?* and Mg?* circulating in plasma and tissues
can compete with Zn?* for inhibitor molecules (Ju, 2018; Rotondo, 2017; Mojica, 2022).

The Zn2?*-dependent inhibition mechanism (Ju, 2018) involves the binding of metal ions and the
formation of ternary complexes [enzyme-Zn2*—inhibitor] such as 1,2,4-triazole-3-thiones, captopril and
analogues, cyclic boronates, bisthiazolidines, mercaptoacetate, mercaptocarboxylate,
mercaptophosphonates, aminophthalic acid derivatives, disubstituted succinic acids, etc. (Fig. 3 A1), or the
removal of the metal and the formation of a metal-inhibitor complex with EDTA, 1,10-phenanthroline,
picolinic acid and enzyme with a reduced amount of bound Zn2* (Fig. 3 A2).

Zn?*-independent inactivation of metallo-beta-lactamases (Ju, 2018) can be carried out through
covalent modification of the enzyme molecule (mercaptophenylacetic acid, moxalactam, cephamycin, etc.,
Fig. 3 B), allosteric regulation, i.e. binding to the allosteric center (arginine peptides, graphene oxide and
nanotubes, nanochains and single-stranded DNA, Fig. 3 C) and through unknown mechanisms
(azolylthioacetamides, several different classes of thionyl peptides, hydroxamates and “reverse”
hydroxamates, maleic acids, mitoxantrone, triazoles, mercaptotriazoles, etc.).

As we can see, the mechanisms of inhibition of metallo-beta-lactamases are quite unique and require
a balanced approach in drug development, since they can affect proteins of the human body containing
divalent metals.

Distribution and evolution of metallo-beta-lactamases
Metallo-beta-lactamases were initially not considered a serious problem for antibiotic therapy
because they were found in the chromosomes of only non-pathogenic bacteria. However, in the 1990s,
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metallo-beta-lactamases of the IMP and VIM types were discovered (Palzkill, 2013; Walsh, 2005). They
were encoded as gene cassettes in integron structures and were associated with transposons, so they can
be integrated into the bacterial chromosome or plasmid, which may ensure their rapid horizontal transfer
between different bacterial species (Palzkill, 2013; Walsh, 2005, Page, 2008; Bebrone, 2007). This
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Fig. 3. Mechanisms of metallo-beta-lactamases inhibition (Ju, 2018). A1 — inhibiting by formation of ternary
complexes [enzyme-Zn?*—inhibitor]; A2 — inhibiting by zinc ion(s) removing; B — inhibiting through covalent modification
of the enzyme molecule; C — inhibiting through allosteric regulation

assumption was later confirmed in practice: a widespread distribution of enzymes of this class was
observed among the family of gram-negative bacteria Enterobacteriaceae, which includes such well-known
pathogens as Pseudomonas aeruginosa and Acinetobacter baumannii (Palzkill, 2013; Walsh, 2005;
Bebrone, 2007; Page, 2008). Thus, NDM-1-lactamase was first identified in 2008 in Klebsiella pneumoniae
and Escherichia coli in a patient returning to Sweden from India, where this enzyme was found with significant
frequency among Enterobacteriaceae (Mojica, 2022). The blaVPM-" gene has been found in several types of
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plasmids, including IncA/C, IncF, IncL/M, and was capable of being transferred among gram-negative bacteria
by conjugation. However, unlike the situation with the genes encoding the metallo-beta-lactamases IMP and
VIM, the bla¥PM-1 gene was not found in integron structures, and its rapid spread may be explained by
association with insertion sequences (Palzkill, 2013). The presence of metallo-beta-lactamase genes in
insertion sequences and integrons, their integration into conjugation plasmids provide opportunities for their
rapid spread. This distribution is observed primarily among related gram-negative bacteria, but gradually this
mechanism will most likely begin to be transmitted to distant groups of bacteria, including pathogenic ones.

The origin of metallo-beta-lactamases is not entirely clear, but there is some information that partially
sheds light on this problem. The presence of homologues of metallo-beta-lactamase genes in all domains
of Eubacteria, Archaebacteria and Eukaryota indicates a very ancient origin of this family. In particular, the
homology of these enzymes with the human Gox gene (hydroxyacylglutathione hydrolase, glyoxalase II)
may be evidence of this (Garau, 2005). An important aspect of elucidating the origin of metallo-beta-
lactamases is the function of the parent protein from which they are derived. Among the family of these
proteins (Diene, 2023) there are enzymes with beta-lactamase, nuclease, ribonuclease, lactonase,
glyoxalase, phytase and potentially other unidentified hydrolase activities. Also noteworthy are groups of
proteins with non-enzymatic activity, namely, molecules involved in the regulation of osmosis, quorum
sensing, and transport of substances across the membrane.

The evolution of metallo-beta-lactamases begins with the accumulation of mutations in different
positions of their structure and undergoes different evolutionary trajectories with the appearance of different
signs. These signs can always be described on the basis of tracking the purified proteins. The development
of the evolution of these enzymes in a manner that is as close as possible to the native one implies: (1) the
development of the resistance phenotype in model systems of various bacteria; (2) expression of the
enzyme in the body; (3) a comprehensive assessment of the level of expression of the active protein in the
periplasm, either in a separate form or in a membrane-bound form; (4) investigation of the effect of Zn2*
deprivation on the resistance phenotype and kinetic stability of the apoenzyme; (5) the relationship of these
data with in vitro studies of catalytic efficiency and affinity for zinc binding; and (6) the importance of kinetic
parameters in periplasmic extracts or spheroplasts to bridge the gap between in vitro and cell experiments.
In addition, the understanding of the folding of metallo-beta-lactamases associated with metal-binding in
the periplasm highlights the need for new experimental and computational tools, especially quiet ones that
measure different time scales (Lopez, 2022). As we can see, not all the tools for determining the origin and
evolution of metallo-beta-lactamases have been developed yet, but we can evaluate some evolutionary
processes, since they have been taking place in recent decades literally before our eyes.

Some metallo-beta-lactamases have become widespread quite recently, and we can observe the
localization of their emergence and waves of spread. For example, NDM-1 was discovered in 2007 in a
clinical isolate of Klebsiella pneumoniae from a urine culture of a 59-year-old male patient who was
hospitalized in Ludhiana and New Delhi, and the name of the enzyme is based on the capital of India
(Wei, 2015). Soon, NDM-1 began to be detected throughout the Indian subcontinent, as well as in people
who had contact with its inhabitants — Great Britain (Wei, 2015; Mojica, 2022). The evolution and spread of
the NDM-1 enzyme with carbapenemase activity is shown in Fig. 4. As we can see in the figure, over the
ten years of observation since the first detection of this enzyme in a bacterial isolate from a patient, three
dozen of its variants have emerged, containing from one to five non-synonymous mutations. There is also
a worldwide distribution of NDM.

As we noted above, metallo-beta-lactamases can be divided into three subgroups by their structure
— B4, B2 and Bs. At present, it is considered an established fact that the first two of them are homologous
to each other, and the third forms a separate group in the phylogenetic sense. This fact indicates that these
enzymes arose in evolution twice. Some models assume a single origin of metallo-beta-lactamases (about
5% of existing models), which are intriguing but unconvincing (Garau, 2005; Alderson, 2014).

The latest phylogenetic tree, constructed from 2290 unique metallo-beta-lactamase sequences
identified using genomic and metagenomic screening data, provides a more complete picture of the
evolution of this important class of antibiotic resistance genes (Berglund, 2021). Genes from subclades B+
and Bs are structured into five and four monophyletic groups, respectively, largely reflecting their host
taxonomy, biochemical characteristics, and evolutionary history.
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Fig. 4. Evolution and spread of NDM (Mojica, 2022): A — timeline of new NDM variants emergence. Number of amino
acid substitutions compared to NDM-1: one (blue), two (green), three (yellow) and five (red). B — global dissemination
of NDM beta-lactamases. The year of the first message is marked with color; explanations of the colors are given in
the legend to the figure. Grey sections indicate areas with no reports. NDM = New Delhi metallo-beta-lactamase.

The work by Berglund and colleagues confirmed a clear separation between subclasses B+ and By, but
only less than 1% of the genes were classified as Bz2. Subclass B+ was further divided into five monophyletic
groups, B1.1—B15, which largely reflected the taxonomy of metallo-beta-lactamase-hosting bacterial species
(B1.1 and B1.2 belong to Proteobacteria (97%), B1.3 belong to Bacteroidetes (98%), B1.4 belong to Bacteroidetes
(74%) and Firmicutes (24%), and B1s belong equally to three groups: Firmicutes, Proteobacteria and
Spirochaetes). Groups B1.1 and B1.2 have the highly mobile members located in VIM and IMP, whereas groups
B1.3 and B1.4 do not contain highly mobile genes with rare exceptions (MYO-1 and CAM-1.28). Cluster B1s
included genes integrated in the plasmid-mediated SPM-1 structure (Berglund, 2021).

Subclass Bs contains enzymes with atypical zinc binding sites and is divided into four monophyletic
groups, Bs.1—Bs.4. Unlike B1, the groups for Bs do not correlate as well with taxonomy. The fourth group, B3,
is large but could be further divided into six clades (a—f) and all identified species were from the phylum
Proteobacteria except for Bs4e, Where the species belong exclusively to Gemmatimonadetes. Cluster Bs4
contained three new plasmid-borne gene families (Berglund, 2021).

Discussion

Antibiotic resistance is becoming an increasingly important public health problem, so both the general
properties of this function and the individual mechanisms of its development are within the field of view of
modern biologists. One of the strategies for bacterial resistance to antibiotics is the destruction of their
molecules by hydrolytic enzymes, in particular the beta-lactam ring by beta-lactamases. Metallo-beta-
lactamases differ significantly from beta-lactamases of other classes in the structure of the reaction center
and the mechanism of their catalysis, which is based on the activity of zinc ions. The unique structure and
high speed of distribution attract the interest of researchers to this group of bacterial enzymes.
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Today, the fact of the appearance of metallo-beta-lactamases twice has been practically proven, and
the number of subclasses of these enzymes has been expanded to ten (due to the division of subclasses
1 and 3 into new groups). The high rate of horizontal transfer of these genes is associated with their
incorporation into insertional sequences and integrons, and entry into conjugation plasmids.

Predicting the rate and direction of evolution of these enzymes requires the development of new
tools that link molecular biology, biochemistry, epidemiology, computer technology, and probably artificial
intelligence, and is of not only scientific interest, but also of great practical value for medicine.
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EBontouisa metano-6eta-nakramas y ¢pokyci npo6rnemMm aHTUGIOTUKOPE3NCTEHTHOCTi
B.B. Mockanbos, |.B. KageHko, A.M. MyxiH

Y cTatTi po3rmsHyTo Micue meTano-6eTa-nakraMmas cepes MexaHiamiB aHTUBIoTUKope3ncTeHTHocTI. Lli depmeHTn matoTb
Ba>XKIMBI BiMIHHOCTI Bif cepMHOBMX GeTa-nakramas, ski BNivMBaTb HA MEXaHi3aM iX KaTaniTMYHOT aKTUBHOCTI, iHrOyBaHHs,
LUBMAKICTb MOLUMPEHHst Ta esorntoLii. OnncaHo iCTOpilo BUBYEHHS Ta CyCMinbHY 3HAYYLLICTb aHTUBIOTUKOPE3NCTEHTHOCTI B
uinomy Ta 6eta-naktamas 3okpeMa. HaBeaeHo knacuvdikauii doepmeHTiB, LU0 riaponisytoTb 6eTa-nakramHe KinbLe, onncaHo
CTPYKTYpY peakuUinHOro LeHTpy MeTarno-6eTa-naktamas Ta rinoTeTuyHy Moaenb Moro dyHKUOHYBaHHSA. Takox po3rfsiHyTO
ABa NPUHLUMMOBO BiOMIHHUX MeXaHi3Mu iHribyBaHHA MeTano-6eTa-naktamas (LMHK-3anexXHUA Ta UMHK-He3anexHni) 1a ix
HacnigkM Ons pos3pobku TepaneBTUYHMX cTpaTterin. MeTano-6eTa-nakramasu nowmpioBanicb cepef HenaToreHHWX
NpUPOAHMX NonynsLin 6akTepiiA, a NOTIM NoYany NOLLMPIOBATUCSt HA MATOrEHHUX (CMoYaTKy rpamM-HeraTuBHi), Lo 0OyMOBIoe
BaXIMBICTb X BUBYEHHS 3 TOYKWN XOPY CyCMiNIbHOro 300pOB’s. Brcoka LWBMAKICTb NOLWMPEHHS Lmx ddepMeHTiB obymoBneHa
X nokanisaujeto B CTPYKTypax TUMy iHTErpoHiB, iHCEPLiNHMX MOCMIAOBHOCTEN Ta KOH'IOrauiviHiX nnasmig ta moxe 6yTtu
npointoctpoBaHa Ha npuknagi epmeHty NDM, Bnepue suaineHomy B H'to-feni B 2009 p., Akuii 3a AecATb POKIB NOLLUMPUBCS
o BCbOMY CBiTy Ta cchopMyBaB Tpy AECATKM MyTaHTHWUX BapiaHTiB. Maiixe noBeaeHnM € dhakT, Lo MeTano-6eTa-nakramasu
BMHMKanu B eBontoLii ABivi. Ha cborogHi 6inbLu TOYHO 3'ACOBaHi hinoreHeTUYHI 38’3k MiXK Pi3HUMK NpeacTaBHUKAMK LiET
POAVHU PEPMEHTIB Ta BCTAHOBMEHO HAasBHICTb AeCATU MOHOMINETUYHUX rpyn. HaBeaeHi y cTaTTi AaHi MOXyTb CryryBatu
BMXIOHOIO TOYKOIO AMNs MnaHyBaHHS KOMMIEKCHMX pobiT 3 NporHo3yBaHHS eBOMoLii MeTano-6eTa-nakramas, siki HecyTb
CEpNO3HI pU3NKM ANs NiKyBaHHs iHEKUIMHWMX 3aXBOPIOBaHb.

Knroyoei cnoea: mexaHizamu aHmubiomukope3ucmeHmMHoCMi, MOeKynspHa esorouisi 6akmepit, MonekynspHi adanmauji
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Bnnue iHaykTopa TpaHcKkpunuinHoro cdaktopy Nrf2

Ha NOKa3HUKN MeTaboni3aMyB TKaHMHaX LWYypiB Npu BBeAEHHI reMiHy
C.M. OxpimeHko, K.B. CegoBa, O.b. Kisiwko, A.M. CepreeBa, O.B. Bepe3sa

"em € BaxnuBmMM KohakTopom, Lo Bepe yyacTb y 6araTtbox 6ionoriuHnx npouecax: nepeHeceHHs i 36epiraHHs KUCHIO,
nepeHeceHHs enekTpoHiB, MmeTabonismi nikiB i CTepoifis, TpaHcAyKLii curHany Towo. OgHak, HagnULLOK BiNbHOro rema
€ BUCOKOTOKCMYHUM Yepes MOoro 3AaTHICTb CTUMYNIOBaTK okenaaTnsHuMi ctpec. OAHIE0 3 OCHOBHUX peakLini opraHiamy
Ha OKCMOATUBHWUI CTPEC € YTBOPEHHSA TpaHcKpunuiiHoro daktopy Nrf2, Wwo HagxoauTb B 94p0 | CTUMYNIOE iHOYKUiO
reHiB Kknio4voBuX OiNKiB - KOMMOHEHTIB CUCTEMU aHTUOKCUAaHTHOro 3axucty. Nrf2 — pepokc-d4yTnveun dakTop
TPaHCKPUNUi, WO perynoe eKCnpecito rexiB, siki MiCTATb Y CBOIX NMpOMOTOpax pecrnoHcuBHMI enemeHT ARE. 3apas
Nrf2 BBa)kaeTbCA rONOBHUM PErynATOPOM OKMCHO-BIJHOBHOIO romeocTtasy, KU KOHTPOME ekcnpecito noHag 100
reHiB, WO OepyTb y4acTb y 3aXMCTi Bif, aKTMBHUX hOPM KUCHIO Ta enekTpodinis. OgHMM 3 iHAYKTOPIB TPAHCKPUMLNHOIO
dakTopy Nrf2 € gumetundymapat (AM®P), akun iHOYKYE €HOOreHHUA aHTUOKCUAAHTHUIA 3axmcT Yepes wnsax Nrf2.
HepoctaTHbo BBYeHUM € BNnvB Nrf2 Ha a3oTHWIN meTaboniam i cuctemy TioniB NpM OKCMAATUBHOMY CTPeCi. Y 3B’A3Ky
3 UMM MeTa uiei poboTu - BUBYEHHS MOKa3HWKIB @30THOrO OOMiHy Ta BMICTy HEBINKOBMX TiONiB Npy BBEAEHHI reMmiHy,
iHaykTopa dhakTopy TpaHckpunuiii Nrf2 gumeTtundymaparty, a Takox npm ix cymicHomy BeegeHHi. O6’ekT 4ocniaxeHHS
- B6e3nopogHi 6ini camui-wypu macoto 180-260 r, aki oTpumyBanu iH'ekLii po34nHy remiHy B 4o3i 50 MKr Ha Kr macu Tina
BHYTPILLUHBOYEPEBNHHO Ta AMMeTUNdgymapart nepopansHo. Yepes 24 roanHu nicna BBeAEHHA PEYOBUH TBapyH Bpanu
B €KCMepUMEHT, A0TPMMYOYMCb BUMOT KOHBEHLLT NOBOAXXEHHS 3 TBapuHamu. 3 KpoBi oTpumyBanu nnasmy. NediHky
nepdy3yBanv OXONogXeHNM i3ionoriYyHMM po3umHOM. 3 MediHKW, HUPOK Ta cepus roTyBanu roMoreHatu, siKi
BUKOPUCTOBYBaNM [Ans BW3HAYEeHHS aKTUBHOCTI KaTanasu, aMiHoTpaHcdepas i apriHasn, a Takox BmicTy TbBK-
pearyrounx NpoaykTiB i BigHoBNeHnx SH-rpyn. B nna3ami KpoBi BU3Ha4anu BMICT CE4OBUHW. Pe3ynbTaTu 4OCHiAXEeHHS
CBig4YaTb NPO HACTyNHe: BBEAEHHS reMiHy CNpuYMHIoE MiaBuLeHHA BMmicTy TBK-pearyioumx npoaykTiB B cepui,
3HWXKEHHS BMICTY BiAHOBMEHMX TiOMIB B OpraHax LLypiB i akTMBaLito kKaTanasu B HApPKax; BBEAEHHsSI aumeTundymapary
nNp13BOAUINO A0 3HWXKEHHS BMiCTY TBK-pearytounx npoaykTiB y cepui, 36inbLueHHs KinbKOCTi 3aranbHuX TiONOBUX rpyn
Yy HUpKax, MiABULLEHHSA aKTMBHOCTI apriHasu y nediHui; komGiHoBaHe 3acTocyBaHHs remiHy i AM® yepes 24 rogmHu
npu3soauno Ao 36inbleHHst BMicTy TBK-pearyounx npogykTiB y HMpKax Ta cepui, HebinkoBux SH-rpyn y neviHui,
BMICTYy CEYOBMHM Y Nnasmi KpoBi, NiABULLEHHS akTUBHOCTI aMiHOTpaHcdepas i apriHasv B JOCMiAXYBaHUX opraHax.
BcTaHoBneHi 3amiHM MOXyTb BigobpaxyBaTtu aktusauito Nrf2 y npycyTHOCTi NPOOKCMAAHTHOIO YMHHMKA i MOro BhnvB
Ha eKCMpecito HU3KN FreHiB, NPOAYKTU SKNX 6epyTb yyacTb B aganTtauiinHMX npouecax Npy OKCMaaTMBHOMY CTPEC.

KnwouoBi cnoBa: czewmiH, Nrf2, OdQumemungpymapam,TEbK-peaeytoui npodykmu, Kamanasa, SH-epynu,
amiHompaHcghepasu, apeiHasa, nedviHka, HUPKU, cepue
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Betyn

"'em (3anizo-npotonopdipuH IX) € Baxknneum kodakTopoM, Lo bepe yvacTb y 6aratbox GionoridHmx
npouecax: nepeHeceHHsl i 3bepiraHHs KUCHIO, NepeHeceHHs enekTpoHiB, MeTaboniam nikiB i cTepoiais,
TpaHcayKuis curHany Towo. OgHak, HaanMWoK BiNbHOrO reMa € BUCOKOTOKCMYHUM Yepe3 MOoro 34aTHICTb
cTumynioBaTtu okcmaaTtusHui ctpec (Chiabrando et al., 2014). Npu uboMy akTuBHI chopmu KncHio (ADK)
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MOLLKOMKYOTb NinigHi MmemMbpaHu, Ginku i HyKNEeiHOBI KUCMOTU, aKTUBYIOTb KNITUHHI CUrHamnbHi LASAXA i
YyTnMBI OO OKUcroBava (hakTopy TPaHCKPUMUil, 3MIHIOTbL eKcrnpecito BinkiB i NopyLwwyTb MeMOpaHHi
kaHanu (Jeney. et al., 2002; Kumar, Bandyopadhyay, 2005; Gozzelino et al., 2010).

OpHielo 3 OCHOBHUX peakuii opraHiaMmy Ha OKCUAATUMBHWUIA CTPEC € YTBOPEHHS TPaHCKPUMLINHOro
daktopy Nrf2, wo HagxoauTb B A4PO | CTUMYNIOE iHAYKLIiO TEHiB KroYoBUX OINkiB - KOMMNOHEHTIB
aHTnokengaHtHol cuctemmn (AOC) (Motohashi, Yamamoto, 2004). Nrf2 — pepokc-yytnusuin daktop
TPpaHCKPUMLT, LLLO perynioe eKCnpecito reHiB, ki MiCTATb y CBOiIX NpOMOTOpax pecnoHcnBHUN enemeHT ARE
(antioxidant responsive element). Bussunocs, wo Nrf2 3gaTHui 3B'a3yBaTuCs TiNbKM 3 OKUCMEHOIO
dopmoto ARE (Tonelli et al., 2018). Y Hopmi Nrf2 mictutbca B umMtOnnasmi KniTMHW B KOMMMEKCI 3
penpecopHum  Ginkom Keap1, sk € CBOEPIOHUM  MOMEKYNISIPHUM  «CEHCOPOM»  3MiHU
BHYTPILIHbOKMNITUHHOrO romeocTasy.(Mitsis et al., 2020). Hepo3puvBHUIN 3B'A30K LUX MOSEKYNSAPHUX
CTPYKTYp 003BoOfisie 06'egHaTV iX B €OMHY pedoKc-4yTnmBy curHanbHy cuctemy Keap1 / Nrf2 / ARE,
rONOBHMM MNPU3HAYEHHSAM $KOi € nigTPUMKa BHYTPIWHbOrO roMeoctasy npu anonTo3-iHAYKYH4uX,
KaHueporeHHux i ctpecosux Bnnmeax. ARE koHTpontoe ekcnpecito noHag 100 reHiB, cepeq SKMX MOXHa
BUAINUTW ABi BENWKi rpynu aHTMOKCMAAHTHUX bepMeHTiB (remokcureHasa-1, rmyTtatioHnepokcmgasa 2,
rnyTamartumcTeiHnirasa, rnyTtatioHpegykTtasa, TiOpedoKcuHpedyktasa Ta iH.) i depmenTiB Il dasm
AeTOoKCHKaLii kceHobioTukiB (rnyTaTioH-S-TpaHcdepasn, YOdD-rniokypoHinTpaHcdepasm Ta iH.). 3apas Nrf2
BBaXa€ETbCS rONIOBHUM PErynsaTopoM OKMCHO-BIGHOBHOIO rOMeocTasy, KM KOHTPOIIOE EKCMNpecito noHag
100 reHiB, Wwo 6epyTb y4acTb Y 3axXMCTi Bid akTMBHUX (hOPM KUCHIO Ta enekTpodinis (Tonelli et al., 2018).
HokayT Nrf2 y mMuwen icTOTHO 36inbluyB CNPUWHATAMBICTE MULIEA A0 LUMPOKOrO CNEKTPY XiMiYHMX
TOKCUYHMX MOLLKOZKYBaYiB i XBOPOBNMBMX CTaHIB, NOB'A3aHUX 3 OKUCIIOBArbHMM NaToONOrisiMK, a 3 iHLWOoro
DoKy, dhapmakonoriyHe nocuneHHsa akTMBHOCTI Nrf2 3axuLLano TBapyH Bid OKMCHOTO YLUKOMKEHHS (Sayin
et al., 2017). Nrf2 € Hanbinblw BaxnMBMM (PAKTOPOM TPaHCKpWMLii, Wo 3abe3neyye WBMAKY aganTUBHY
peakuilo 3a OONMOMOrod CTUMYNSAUIT eKCnpecii reHiB paHHbOI CTpecoBoi Bignosigi. Npu uboMy B SIKOCTI
cuUrHanbHUX Monekyn B npoueci aktuadii Nrf2 BUCTynatoTb eHOOreHHi | ek30reHHi pe4oBMHM, acoLinoBaHi
3 okcnpgatnBHmuMm ctpecom: H202, ROOH, ONOO-, okcoanbaerian, KeToHW, i3oTiouiaHaTh, gimepkanTaHu,
peski ctatuHu i Baxki metanu (Dalle-Donne et al., 2007). We opgHieto Baxnmeoto dyHkuieto Nrf2 y
onocepenkyBaHHi aHTUMOKCMOAHTHUX peakuin € cnpusHHsa yTeopeHHio NADPH. Nrf2 cnpuse ekcnpecii
depmeHTiB, wWo reHepytoTb NADPH, Bknovatoum depmMeHT rnioko3o-6-cpoctartaerigporeHasy B
neHTo3odoccaTHOMY LUNAXY; idouMTpaTaerigporeHasy, aka nepeTBoploE i3ounTpaT Ha a-ketornytapar; i
Nrf2 6epe yyacTb B KOHTpOMi MeTaboniamy ninigie B NeviHui Ta iHWKX opraHax i TkaHuHax. AktuBauis Nrf2
B KMiTUHaXx neviHku npu aii 1,2-guTion-3-TioHa CynpoBOIKYETLCH 3HMKEHHAM eKCMpecCii reHiB, Wo KoayoTb
depmeHTn GiocMHTe3y i mMeTabonmiamy ninmigiB i XxonecTepuHy, 3a [JOMOMOroK perynsuii  ekcnpecii
ckeBiHmxep-peuentopa CD36 Nrf2 6epe yyacTb y (hopMyBaHHi MIHUCTUX KNITUH Npy aTepockneposi. Lium
BM3Ha4yaeTbecst GionoriyHa BaxknumeicTb cuctemn Keap1 / Nrf2 / ARE, wo peryntoe BHYTPILLUHbOKITITUHHWNA
pefnokc-6anaHc i akTMBHICTb LiNOi HWU3KM PedoKC YyTnMBUX (DAKTOPIB TPAHCKPUMLIl, @ TaKoX CUrHanbHe
dochopunioBaHHs / aedocdopuntoBaHHa (Nywak Ta iH., 2004).

OpHum 3 iHaykTOpiB TpaHckpunuinHoro daktopy NRF2 € gumeTtundpymapat (AM®), akmn iHaykye
€HOOreHHUA aHTMOKCUOAHTHUA 3axmucT 4Yepe3d wnax Nrf2. OM® i 1oro ocHoBHWA MeTaboniT,
MoHomeTundymapat (MMF), ankinyioTe kputudHo aktmBHui Tion Cys151 Ha Keap1, cnpuumHionoumn
BUBINbHeHHs Nrf2, ioro sgepHy nokanisadito i akTusauilo KNiTMHHUX NpoTu3ananbHux peakuin (Linker.et
al., 2011). AumeTundpymapart - npenapar, Lo NoegHye B COBI BUpaXeHy KMiHIYHY aKTUBHICTb i CPUATAMBUIA
npodine 6e3nekn. AM® rpae BaxnmBy porb B OKMCIIOBaNbHO-BIQHOBHNX NpoLuecax TKAaHMHHOMO ANXaHHS.
OumeTnndymapaT Mae BUpaxeHy npoTusananbHy, iMyHOCYNpecuBHy, kapaionpoTekTopHy aii (Ishii et al.,
2000; Milenkovic et al., 2008). [OocnigxeHHs nokasanu, Lo OCHOBHY KapAionpoTEeKTOpHY Aito dpymapat
peanisye yepes aktuBauito cuctemu Keap1 / Nrf2 / ARE (Ashrafian et al., 2012).

Pasom 3 TuMm, Bnnme Nrf2 Ha a3oTHU MeTaboniam B yMOBax OKCMAATMBHOIO CTPECY HE € JOCTaTHbO
BMBYEHUM. A30THU OBMIH € BaXKNMBUM Ansi 30epekeHHs roMeocTasy Nnpy OKCMOATUBHOMY CTPECI, OCKISTbKM
BiH MOB’SI3aHUN 3 CUHTETUYHMMIW MpoLecaMn, NpolecaMmn AeTOoKCuKaLill Ta eHepro3abesneyveHHs. Takox
BiJOMa BaxnvBa poJib HU3LKOMOJEKYMSPHUX TiONOBMX CMONYK Y Mpouecax aHTUOKCMOAHTHOIO 3axucty
(Zinellu et al., 2007). Y 3B’s3Ky 3 LM MeTOI0 poboTM Byno BUBYEHHSI MOKa3HUKIB a30THOro 06MiHy Ta BMIiCTY
HebinkoBMX TiOMIB NpW BBEAEHHI reMiHy, iHgykTopa daktopy TpaHckpunuiii Nrf2 gumeTtnndymapaty, a
TaKoX iX CYMiCHOrO BBEAEHHS.
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Bninue iHdykmopa mpaHckpunyitiHo2o ¢ghakmopy Nrf2 Ha nokasHuku memaborsiiamye mkaHUHax wypie rnpu e8e0eHHi 2eMiHy

The influence of the inducer of the transcription factor Nrf2 on metabolic parameters in rat tissues upon injection of hemin

MaTepianu Ta meToaun

O6’exTom pocrnigkeHHst 6ynn ©6e3nopogHi 6ini camui-wypu macoto 180-260 r, ski yTpyMmyBanuch y
CTaHOapTHUX yMoBax BiBapito XapKiBCbKOro HaulioHanbHOro yHisepcuteTy imeHi B.H. KapasiHa. TBapuHu
Oynu nopgineHi Ha YoTupwu rpynu: 1 - KOHTPONbHA rpyna — LWypw, kMM 3a 24 rog A0 ocnigy BBOAMMU
nepopanbHo 0,5% cycneHsito kapbokcumeTunuentonosu; 2 - gocnigHa rpyna Ne1 — wypu, gkum 3a 24
roAvHN BBOOUNUN BHYTPILLHbOYEPEBUHHO PO3YNH remMiHy y o3i 50 Mkr Ha kr macu Tina (Song et al., 2014);
3 - pocnigHa rpyna Ne2 — uiypu, kM 3a 24 roguHn BBOAMMM PO3YUH rEMiHy Ta nepoparnbHO BBOAMMMU
anmvetundpymapat; 4 - pocnigHa rpyna Ne3 - wlypwu, skuMm 3a 24 roguHu nepopanbHO BBOAMIN
anmetundymapar y surnagi cycnensii y 0,5% kapbokcumeTtunuentonosi (Nour et al., 2017). Yci po3dmHu
BBoAMNM 3 po3paxyHky 0,5 mn Ha 100 r macu Tina. Yepes 24 roanHn nicns BBeOEHHA PEeYOBUH TBApPWH
Opanu B eKCNepUMEHT, AOTpMMYHUMCh BUMOr KOHBEHLIT NOBOMXKEHHS 3 TBapuHamu, 36upanu KpoB, 3 Hel
OTpMMyBanu nnasMy Ans BM3HAYEHHS MOKasHMKa cedvoBuHM.. [ediHKy nepdysyBany OXONOSKEHVUM
pizioNnoriYHMM po34MHOM, 3 NEYIHKN, HUPOK Ta cepud rotyBanu romoreHatn Ha 0,1 M kanin-cpocgaTHoMy
oydepi (pH=7,6) Ta Na-rniumHoBomy Oydepi (pH=9,36). OTpMmaHi romoreHaTu BMKOPUCTOBYBaNu Ans
BM3HAYEHHS aKTMBHOCTI KaTanasu, amiHoTpaHcdepas i apriHasn, a Takox BmicTy TBK-pearytoumx
npoaykTiB i BigHoBNeHux SH-rpyn. Y nnasmi KpoBi Bu3Hayanu BMIiCT ce4oBuHM. Bmict TBK-pearytounx
NPOAYKTIB BU3HAYanm 3a yTBOPEHHAM TPUMETUHOBOIO KOMMEKCY 3 MAaKCUMyMOM NOrnmMHaHHA 530-532 Hm
npu pearyBaHHi ManoHoBoro gianegerigy 3 2-tiobapbitypoBoto kucnototo npu Temnepatypi 100° C y
kucnomy cepegosui (Janero, 1990) i Bupaxaau B HM MOA/mr 6inka. AKTMBHICTb KaTanasm BM3Hayanm 3a
YTBOPEHHSIM CTINKOro 3abapBreHoro KOMMMeKcy Nepekncy BOAHIO 3 MONibaaToM amMMOHIl0 Ta BUpaxanu B
MM H202/mr 6inka (Koroliuk et al., 1988). AKTMBHICTb anaHiH- Ta acnapTaTamiHOTpaHcdgepas BU3Havanu 3a
[AOMOMOro0 CTaHAapTHUX TecT-HabopiB. Ta Bupaxanu B MkMosib MNBK/xB Ha Mr Binka. AKTUBHICTb apriHasu
BM3Ha4yanu 3a metogom bpayHa i Koena (Brown., Cohen, 1959) i Bupaxanv B MKMOMb CE4YOBUHW/XB Ha M
Ginka, BMICT CEYOBMHWM BU3Ha4anu 3a AOMOMOrOK CTaHAApPTHWX TecT-HabopiB i BMpaxanu B MMOIb/M.
BusHauyeHHs1 KinbKkocTi 6inka nposoamnock 3a metogom Jloypi B moaumdikadii Minnepa (Miller, 2003). BmicT
3aranbHuX i HeBGinkoBmMx SH-rpyn Bu3Havanu 3a JOMNOMOrol peaktuBy EnnmaHa i Bupaxanu B MKMOMb/T
TkaHuHKM (Ellman, 1959). CratuctuyHy o6pobky OTpMMaHux pesynbTaTiB y psgax 3 HopMarnbHUM
po3noginiom NpoBOAMNM 3a gonomoroto t-kputepito CTblogeHTa y BiANOBIAHOCTI 4O 3aranbHONPUAHATOI
METOOUKN.

Pe3ynbtaTtn Ta 06roBopeHHs
Ta6nuusa 1. Bnnus reminy Ta [IM® Ha noka3HMKM NPO-aHTUOKCMAAHTHOrO 6anaHcy B TKaHMHax wwypiB (Mts, n=5-7)
Table 1. Effect of hemin and DMF on pro-antioxidant balance in rat tissues (Mts, n=5-7)

MokasHukm \ KOHTponb \ control remiH \ hemin OM® \ DMF OM® + remin \ DMF
Indicators + hemin

BMicT TBK- Hupkm \ kidneys
pearytotmx 0,82£0,15 0,77 +0,14 0,72+0,13 1,07 0,09
npoaykTis, HM
MOA/Mr Ginka \ cepue \ heart
content of TBA- 0,77 + 0,05 0,91 + 0,06* 0,59 + 0,05* 0,82 + 0,09%
reactive products,
nm MDA/mg protein
aKTUBHICTb Hupku \ kidneys
kaTanasau, MM 128,6 + 28,8 ‘ 181,6 + 6,0 ‘ 154,9+ 17,0 ‘ 143,7 £ 13,4
H202/mr Ginka \
catalase activity, mM cepue \ heart
H202/mg protein 36,4 + 14,3 ‘ 37,0+ 18,5 ‘ 413+12,8 ‘ 29,7 +5,0

*- p<0,05 BiAHOCHO KOHTPOIO
# - p<0,05 BigHocHO OM®

*- p<0.05 relative to control

#- p<0.05 relative to DMF

Y T1abnuui 1 npepctaBneHi pesynbTatv BNAMBY BBeAEHHSA remMiHy Ta IM® Ha nokasHuku npo-
aHTMoKCuaaHTHOro 6anaHcy B HUpKax Ta cepui wypis. MNpu BBeAeHHiI reMiHy 3pocTana KoHueHTpauis TBK-
pearytoumx NpoayKTiB y cepui, ane 3anuilanacsa Ha piBHi 3 KOHTPONeM y Hupkax. Taki pesynbTaTn MOXHa
MOSICHUTW 3HAYHUM NIABULLEHHSAM KaTanasHol akTUBHOCTI B HUMPKaX 3a YMOB BBeAeHHs remiHy (Tabn.1)
KaTanasa € ogHUM 3 pepMEHTIB aKTUOKCUOAHTHOIO 3axUCTy, a ii aKTUBHICTb Yy NMOAMHM GinbLIo Mipoto
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NPOSIBIISIETLCA Y HUpKaX, NeviHui, eputpoumTtax Ta nereHsax (Jlywak ta iH.,, 2004). BeegeHHs OM®
npu3BoaMno 4o 3HMXeHHsa BMicTy TBK-pearytounx npoaykTiB B Cepui, WO MOXe CBiguMTX NpO akTuBaLito
Lirnoi HNU3KM pedoKCHYYTIMBMX PaKTOPIB TPAHCKPUMLIT Ta NOCUIEHHS iHOYKUIT 2eHig KIto4o8ux ¢hepmMeHmie
aHmuokcuGaHmHoe2o 3axucmy. KombiHosaHe esedeHHs1 remiHy Ta OM® npmussogmno Ao NigBULLEHHSA
BmicTy TBK-pearytounx npogykTiB y HUpKax dyepes 24 roavHu Nicns BBEOEHHS, L0 MOXe CBig4MTM npo
MOBINbHILLMIN PO3BUTOK CTpec-peakuii, 60 Nrf2 € KopoTkoXUBYUMM (bakTOpPOM TpaHCKpUNUii i BnnnBae Ha
piBEHb eKCMNpECii BiANOBIAHMX rEHiB Y nepLui roanHW BNNUBY CTPEeC-YMHHUKIB (TkayoB Ta iH., 2011).

Tabnuua 2. Bnnue reminy Ta IM® Ha BmicT BigHoBneHux SH-rpyn y TkaHuHax wypis (Mts, n=5-7)
Table 2. Effect of hemin and DMF on the content of reduced SH-groups in rat tissues

NOKa3HuKM \ KOHTpOnb \ remiH\ hemin OM® \ DMF OM® + remin \
indicators control DMF + hemin
3aranbHi SH-rpynu, neyiHka \ liver
MKMOIb/T TKaHWHM \ 344+37 |  383%36 | 36,2+ 6,6 | 38,7+8,9

total SH-groups,

pmol/g tissue Hupkw \ kidneys

155+12 |  125%13 | 18,4 + 1,4* | 14,6 + 1,6%
HeGinkosi SH- neviHka \ liver
rpynu, Mk{wonb/r 11,4+ 1,1 | 80x13 | 10,1+2,6 | 202£29%#
TKaHWHU \ non- :
protein SH-groups, Hupku \ kidneys

umollg tissue 7716 [ 78316 | 6,517 | 7211

*- p<0,05 BigHOCHO KOHTPOIO
# - p<0,05 BigHocHO AM®

# - p<0,05 BigHOCHO reminy
*- p<0.05 relative to control

# - p<0.05 relative to DMF

# _ p<0.05 relative to hemin

Y tabnuui 2 BigobpaxeHo BMICT 3aranibHUX Ta HebinkoBuMx SH-rpyn y nediHui Ta HMpKax WypiB 3a
BBeAEHHS remiHy Ta OM®. Y neuiHui He BUSIBNIEHO OOCTOBIPHMUX 3MiH BMICTY 3aranbHux SH-rpyn 3a ycix
BMMMBIB. Y HaLIMX NonepeaHix JoChimpKeHHAX Oyno BCTAHOBIEHO 3HWXKEHHS PiBHS 3aranbHWX i HEBINKOBUX
SH-rpyn y neuyiHui wypiB u4epe3 2 roauHu nicns BBeAeHHs remiHy (OxpimeHko, [puwkosa, 2020).
BoueBunapb, nisHiwe, Yyepes 24 roguHu nicns BBEOEHHSI reMiHy, BXe BigOyBaeTbCcA Hopmanisauis BMICTY
3aranbHUX SH-rpyn y nevinui, AIMOBIpPHO, 3a paxyHOK aganTUBHOIO CUHTE3y TionoBux GinkiB i HeBINkoBMX
Tionis. B uen xe nepiog (Yepes3 24 roguHu) BMICT HeBINkoBUX SH-rpyn B neviHuUi 3anvwaeTbCs 3HMKEHUM
nicns BBeAEHHS remMiHy, WO MoXe BigobpaxyBaTu 3HayHe 3anyvaHHs HebinkoBux TioniB y peakuii
aHTMOKCUOAHTHOrO 3axuCTy B LbOMY opraHi. BeegeHHsa OM® He BnnvBano Ha BMICT K 3ararnbHuX, TaK i
HebinkoBnx SH-rpyn y nedviHui, a noro kombiHOBaHe 3aCTOCyBaHHSA 3 reMiHOM MPU3BOAMIIO OO0 3HAYHOrO
nigBuLWeHHs BMIiCTY HebinkoBmux SH-rpyn, o Moxe cBiguymMTu npo aktusauito Nrf2 i nocuneHHss cuHmesy
Hebinkosux mionig, 30Kpema ar1ymamioHy.

B HuMpkax BBeAeHHS reMiHy CNpUYMHIOBaNo 3HWXEHHS BMICTY 3aranbHux SH-rpyn, a BeegeHHs DMF -
nigBMLLEHHS iX BMICTY. PaHiwe 6yno BCTaHOBMEHO, WO Yepes 2 roanHu nicrs BBEAEHHI reMiHy B HUpKax
He Oyno BMABMNEHO 3MiH Liboro nokasHuka (OxpimeHko, "puwkosa, 2020), a horo 3HWKeHHS Yepes Joby B
TenepiwHboMY OCHiIAKEHHI MOXe CBiAYMTU NPO BUCHAXEHHSA TIONOBOI NaHKN CUCTEMU aHTUOKCUOAHTHOro
3aXMCTy B LbOMY opraHi. OCKiNbkW NOKa3HUKM BMICTY 3aranbHux SH-rpyn y neviHui LWypis npy BBeOEHHI
remiHy He BiApI3HANWCb Big rpynu KOHTPOSIO, Ha BigMiHY BiJ HMPOK, Le MoXe BigobpaxyBaTu pisHy
AVHaMIiKy OKMCHWX NpoLEeciB B NeYiHUi Ta HUpKax 3a uMx yMOB. 30iMblUeHHs BMICTy 3aranbHux SH-rpyn y
HuMpkax npv BBegeHHi OM® moxe OyTy noB’s3aHuMM 3 aHTUOKCUAaHTHUMKU ecbektamm Nirf2, a kombiHOBaHe
3acTtocyBaHHsa JM® i remiHy CBigYMTb MPO KOPUryIOYy Lito iHOYKTOpa Npu OKCUOaTUBHOMY CTPECi CTOCOBHO
TIONOBUX CMONYK.

Pesynbtaty Bnnusy remiHy, IM® i cymicHoro BBegeHHs remiHy 1a JM® Ha aktuHicTb ANAT Ta
AcAT y neviHUi Ta HMpKax npeacTaBrneHi B Tabnuui 3. Ponb amiHoTpaHcdepas nonsirae sik y nocradaHHi
aMiHOKMCNoT Ansa cuHTesy binkiB, Tak i metabonitiB gna pobotn LTK, a y neviHui Ta HUpkax — we n
cybcTpaTiB ans rrokoHeoreHesy. MNigBULLLEHHST aKTUBHOCTI aMiHOTpaHcdepas y neviHui Ta HMpKax LypiB
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Ta6nuusa 3. Bnnue remiHy Ta [IM® Ha akTUBHicTb amiHOTpaHcdepas y TkaHWHax LWypiB (Mts, n=5-7)

Table 3. Effect of hemin and DMF on aminotransferase activity in rat tissues (Mts, n=5-7)

NoKasHuku \ KOHTponb \ control remid \ hemin OM® \ DMF OM® + remin \
Indicators DMF + hemin

AkTMBHICTb ANAT, nevidka \ liver
mkmonb MBK/xs Ha 222+57 | 13,0+ 5,0 | 31,5+6,4 19,6 + 3,2
mr 6inka \ ALT Hupku \ kidneys
activity, umol of PVA 1,910 3111 24+07 49+1,1%
/min mg of protein
AxTUBHiCTb ACAT, nedvinka \ liver
mkmonb MBK/xs Ha 6,8+04 | 6,4+29 | 83+1,5 8,5+0,8*
mr 6inka \ AST HUpkK \ kidneys
activity, umol of PVA 3,6+0,6 6,6 +3,6 48+22 1,9 +0,02
/min mg of protein

* - p<0,05 BiBAHOCHO KOHTPONMO

# . p<0,05 BigHocHo AM®
* - p<0.05 relative to control
#- p <0.05 relative to DMF

npu okcugatuBHoMy cTpeci byno nokasaHo Hamu paniwe (KanimaH, OxpimeHko, 2012), wo Bigobpaxye
aKTUBaLit0 a30THOrMO i eHepreTMYHoro Mmetaboniamy B opraHiami. B TenepiwwHin poboTi BCTaHOBMNEHO, WO
BBEAEHHSA TBapWHaM TiflbkW remiHy Ta Tinbkn M® He BnnMBano Ha akTUBHICTb LMX depPMEHTIB Yepes 24
roauHn, a y BMnagky ix CYMICHOro 3acTOCyBaHHSI criocTepiraBcs edeKT nigcuneHHs. Y nediHui 6yno
BUSIBNEHO NiaBULLLEHHS akTMBHOCTI ACAT, a y Hupkax - AnAT npu kombiHoBaHOMY BBeAeHHI IM® i reminy,
LLIO MOXe CBIigAYMTM Npo iHOYKLUi0 CUHTE3Y hepMEHTIB 3a X YMOB.

Ta6bnuusa 4. Bnnue remiHy Ta JM® Ha BMicT ce4OBMHM B Nna3mi KpOBi Ta aKTUBHICTb apriHasM B TKaHMHaX
wypiB (Mts, n=5-7)
Table 4. Effect of hemin and DMF on blood plasma urea content and arginase activity in rat tissues (Mts, n=5-7)

NoKasHuku \ KOHTponb \ control remid \ hemin OM® \ DMF OM® + remin \
indicators DMF + hemin
YMICT CEYOBUHN, nnasma kposi \ blood plasma
Mmonb/n \ urea 42+1,0 39+04 62+15 10,2 £+ 2,0
content, mmol/|
aKTMBHICTb apriHaau, neviHka \ liver
MKMOTTb/XB Ha MT 0,13+0,03 |  013£004 [ 024%0.03 0,31+ 0,05
6inka \ arginase Hupkm \ kidneys
activity, pmol/min 0,010 + 0,003 | 0,010 + 0,003 | 0,013 £ 0,008 0,021 + 0,006*#
mg of protein cepue \ heart
0,005 + 0,002 | 0,005 + 0,003 | 0,011 + 0,006 0,012 + 0,003**

* p < 0,05 BigHOCHO KOHTpOMO
# p < 0,05 BiAHOCHO reMiHy
*- p<0.05 relative to control
# - p<0.05 relative to hemin

YMIiCT Ce4OoBMHM B MNna3Mi € BaXMBUM MNOKA3HWKOM iHTEHCUBHOCTI a30THOro metaboniamy B
opraHiami. BBegeHHA remiHy He cnpuuMHIOBano 3MiH BMICTY CEYOBMHU 4epe3 24 roguHu (tabn. 4).
PesynbTatv nonepeaHix gocrnigXeHb ceigyaTb Npo NiABULLEHHS BMICTY CEHYOBUHW B CMPOBATL, KPOBI LLypiB
y nepLi roguHy po3BUTKY OKCUMOATMBHOIO CTPECy, WO € MOKa3HUKOM pPO3BMTKY cTpec-peakuii (KanimaH,
OxpimeHko, 2012). Pesynbtati, HaBedeHi B Tabnuui 4, MOXyTb CBiZYMTM MPO Te, WO MOYaTKOBMIM eTan
PO3BUTKY CTPEC — peakuii, CMIPUYMHEHOT BBEAEHHAM remiHy, NponwwoB (asa 30ymMKeHHs1) i HacTas nepiog
aganTauji. CymicHe BBegeHHs IM® Ta remiHy nigBuLLyBano BMICT CEYOBMHM Y Mnasmi KPOBi LLypiB, L0
MOXe BigobpaxyBaTu MOCUIEHHS B OpraHi3aMi peakuint a3oTHOro obmiHy.

JocnigxeHHs akTMBHOCTI apriHasuM nokasano, Lo HavBULLWA Ti piBEHb BUABNEHUA Y NeviHui, Ae
depmeHT Gepe yyacTb y UMK CEYOBUHOYTBOPEHHS, B TOW 4Yac K B iHLWIMX OpraHax perynioe piBeHb
apriHiHy. BBeleHHs remiHy He Cnpu4rHIOBano 3miH akTUBHOCTI apriHasu B YCix AOCRifKyBaHUX OpraHax.
BeegeHHa AM® npu3Boauno 40 nigBULLEHHSA aKTUBHOCTI apriHasun B neviHLi, Lo MoXe CBiQ4YUTM NPpo y4acTb
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Nrf2 B kOHTponi ekcnpecii uboro depmeHTy (Tabn. 4). Npu cymicHoMy BBeAeHHi remiHy Ta OM® 6yno
BUSABMNEHO NiABULLIEHHS aKTUBHOCTI apriHaau B yCixX A0CHi4XKyBaHUX opraHax — neviHui. HUpKax i cepui Wwypis.
Lli pesynbTati MOXyTb CBIgYUTU NPO MiABULLEHHSA YYTAMBOCTI LbOro pepMeHTY A0 NPOOKCUMAAHTHOI Ail
remiHy B npucytHocTi Nrf2 i BigobpaxyBaTu nocMneHHs a3oTHOro Metaboniamy 3a uux ymoB.

B uinomy, pesynbTatv AocnimkeHHs BigoOpaxyloTb cTpaTerito agantaudii metaboniamy npwu
OKCMOATUBHOMY CTpeci, a 3aCTOCyBaHHs iHAyKTOpa TpaHckpunuinHoro daktopy Nrf2 3a uux ymos
BMMAMBANO Ha HN3KY MOKA3HKKIB, LLIO BMBYaNMUChb.

BucHoBku

1. BBegeHHs wWypam remiHy 3 ekcnosuuieto 24 roauHu CNpUYmnHIOBaNo PO3BUTOK OKCMOATUBHOMO
CTPecCy i aKkTMBaUil0o CUCTEMW aHTMOKCUOAHTHOrO 3axucTy, NPO WO cBigyaTb nNiaBuwieHHs BMicTy TBK-
pearyo4ymx NpoaykKTiB, 3HMKEHHSA BMICTY BiAHOBNEHUX TIOMIB i akTMBaLia KaTanasu B opraHax Lypis.

2. BBepgeHHs1 TBapuHam iHAyKTOpa TpaHckpunuinHoro daktopy. Nrf2 gumeTtundymapaty (OM®)
yepes3 24 roAvHM CNPUYMHIOBANO 3HWKEHHs BMICTy TBK-pearytoumx npoaykTiB y cepui, 36inblieHHS
KiNbKOCTi 3ararnbHWX TIONOBUX rpyn Yy HUPKax, NiABULLEHHSA akTUBHOCTI apriHasu y neviHui, wo sigobpaxye
BnnmB Nrf2 Ha NOKa3HWKN NPO-aHTUOKCMAAHTHOro 6anaHcy i Ha a3oTHUI MeTaboniam.

3. KombiHoBaHe 3actocyBaHHsA remiHy Ta JM® uepe3 24 roguHun CNpUYMHIOBaNo KOMMMEKCHWUA
edeKT WOoA0 HN3KKM MOKa3HUKIB i npu3soauno Ao 36inbweHHsA BMicTy TBK-pearytoumx npogykTiB y HUpKax,
HebinkoBnx SH-rpyn y neviHui, BMIiCTY CeYOBMHM Yy nNnasmi KpoBi, MigBULLEHHS aKTUBHOCTI
amiHoTpaHcdepas i apriHa3u B AOCNIAXKYyBaHMX OpraHax.

4. 306inblUEHHSsI KiNbKICHUX MOKa3HUKIB MeTaboniamy npu KOMGiHOBaHOMY 3acToCyBaHHI remMiHy i AM®
MOXe CBiQUUTK NPO 3HAYHy akTMBauito Nrf2 y NpuCyTHOCTI NPOOKCUAAHTHOIO YMHHMKA FEMiHY i eKCrnpecito
HW3KW FeHiB, MPOOYKTK SIKMX OepyTb y4acTb B aganTalii Metaboniamy npv okcuaaTMBHOMY CTPECI.
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The influence of the inducer of the transcription factor Nrf2

on metabolic parameters in rat tissues upon injection of hemin
S.M. Okhrimenko, K.V. Sedova, O.B. Kiyashko, A.M. Sergeeva, O.V. Bereza

Heme is an essential cofactor involved in many biological processes: oxygen transport and storage, electron transfer,
drug and steroid metabolism, signal transduction, etc. However, excess free heme is highly toxic due to its ability to
stimulate oxidative stress. One of the main responses of the body to oxidative stress is the formation of the transcription
factor Nrf2, which enters the nucleus and stimulates the induction of genes encoding key proteins of the antioxidant
defense system. Nrf2 is a redox-sensitive transcription factor that regulates the expression of genes containing the
responsive element ARE in their promoters. Nrf2 is currently considered the main regulator of redox homeostasis,
controlling the expression of over 100 genes involved in protection against reactive oxygen species and electrophiles.
One of the inducers of the Nrf2 transcription factor is dimethyl fumarate (DMF), which induces endogenous antioxidant
defense via the Nrf2 pathway. The effect of Nrf2 on nitrogen metabolism and the thiol system under oxidative stress
remains insufficiently studied. In this regard, the aim of this study was to investigate nitrogen metabolism parameters
and the content of non-protein thiols under conditions of hemin administration, the introduction of the Nrf2 transcription
factor inducer dimethyl fumarate, as well as their combined administration. The study subjects were outbred white male
rats weighing 180—260 g, which received intraperitoneal injections of hemin solution at a dose of 50 pg per kg of body
weight and oral administration of dimethyl fumarate. After 24 hours, the animals were used in the experiment in
accordance with the Convention on the Treatment of Animals. Blood plasma was obtained from collected blood
samples. The liver was perfused with cooled physiological saline. Homogenates were prepared from the liver, kidneys,
and heart, which were used to determine catalase, aminotransferase, and arginase activity, as well as the content of
TBARS (thiobarbituric acid-reactive substances) and reduced SH-groups. Urea levels were determined in blood
plasma. The study results indicate the following: hemin administration caused an increase in TBARS content in the
heart, a decrease in reduced thiol levels in the rat organs, and catalase activation in the kidneys; dimethyl fumarate
administration led to a decrease in TBARS levels in the heart, an increase in total thiol groups in the kidneys, and an
increase in arginase activity in the liver; combined administration of hemin and DMF after 24 hours resulted in an
increase in TBARS content in the kidneys and heart, non-protein SH-groups in the liver, plasma urea levels, as well as
an increase in aminotransferase and arginase activity in the studied organs. These observed changes may reflect the
activation of Nrf2 in the presence of a pro-oxidant factor and its effect on the expression of a number of genes whose
products participate in adaptive processes under oxidative stress.

Key words: hemin, Nrf2, dimethylfumarate, TBA-reacting products, catalase, SH-groups, aminotransferases, arginase,
liver, kidneys, heart
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OuHamika cTaHy nonynsauin piakicHux BuaiB-ecpemepoinis y npupogHomy
3anoBiaHuKy «fopraHn»
P.l. KysaHeuoB

OG’ektamn pgocnigpkeHHs € nonynauii Tpbox BuaiB: Crocus heuffelianus Herb., Galanthus nivalis L.,
Leucojum vernum L. — paHHbOKBITy4MX POCNMH MpUPOOHOro 3anoBigHuka «lopraHuy. OocnioxeHHs nepeabadvano
aHani3 pesynbTaTiB JOBroTpUBarioro MOHITOPUHIY NONYNSALUIA LuX BUAIB, BUSIBNIEHHS 0COBNMBOCTEN AUHAMIKU BiKOBOT
CTPYKTYpU Ta 3MiHM iXHbOI YMCENbHOCTI MiA BNAMBOM abioTM4HMX i GioTMYHWMX dakTopiB. BrBYeHHA nonynsuin
34ivcHIoBanocs Ha 60TaHiYHMX NOCTiHMX NPoGHMX nnowax Ne 4—6 Ha TepuTopii fopraHcbKoro NPMPOgOOXOPOHHOIO
HayKOBO-AOCMIAHOrO BiAAdINEHHS npupodHoro 3anosigHuka «loprann» 3 2004 poky BnpogoBx 20 pokiB. [Ons
BM3HAYEHHS LWiNbHOCTI NONynsuin BukopuctoByBanu metoauky T.O. PaboTHoBa 3 gonoBHeHHAMY Ta A.A. YpaHoBa,
sKi anpoboBaHi UMM pagoM gocnigHvkiB. BupineHHa BikoBux rpyn L. vernum npoBogunocs BignoBigHO A0
knacuaikauii HaBegeHoi H.B. LUymcekoto, C. heuffelianus — BignosigHo Ao knacudikauii B.l. MenbHuka, a G. nivalis —
BignosigHo Ao knacudikauii .6. ByaHikoBa. Pe3dynbTati JOCRIAXEHHS nokasanu, WO 3HayHWUi BMAAMB Ha nonynsuii
edemepoifiB MaoTb abioTnyHi hakTopu. ABIOTUYHUMYK dbakTopamu, siKi NPU3BENM A0 3MiH KiNbKOCTi 0COBMH y Mexax
pi3Hux BikoBux rpyn nonynsauii C. heuffelianus € 3Ha4yHa BUCOTa CHIrOBOrO MOKPUBY Ta MOrO Pi3Ke TAHEHHS, HU3bKi
cepenHbOA000BI TeMnepaTypu, PACHI OOLLi, 3aTOMMEHHS POCIIUH BOOOK Ha HU3MHHUX AinsiHkax 60TaHiyHOT Npo6HOT
nnoui. Cepep 6ioTMYHNX haKTOPIB MOXHA BiA3HAYMTM Oy>Ke BUCOKY LUiNbHICTb nonynsuii. Ha reHepaTtuBHWIA pO3BUTOK
L. vernum 3Ha4yHO BNN1BatoTb HN3bKI cepefHbogob0Bi TemnepaTypu. Ha noyaTtky BereTauii Ha YACENbHICTb | PACHICTb
pocnuH G. nivalis BNIMBa€E 3HaYHWA CHIrOBWMI MOKPUB, MOBTOPHE BWNAdaHHS CHIry Ta HW3bki cepeaHbofo6oBI
TemnepaTtypu. BCcTaHOBMNEHO, IO BECHSIHE 3HWXEHHS TemnepaTypu Ta NMOBTOPHE BWMadaHHSA CHiry micns noyartky
BereTauji iCTOTHO BNNMBalOTb Ha TpuBanicTb yeHonoriyHux a3 edemepoigis. NoyaTok eHodas 3cyBaeTbCa Ha
Ni3HiLi TepMiHW. HaToMiCTb NMOCOBI 3HAYEHHSA NMOKa3HUKIB TeMnepaTypu NOBITPSA Ta FPYHTY NpU3BOoAATbL 4O PaHHLOro
noyaTky BereTauii, a Takox BinbLU paHHiX CTPOKIB HACTaHHA noganbLuMx eHodas.

KnrouoBi cnoBa: Kaprnamu, eudu pocnuH, Crocus heuffelianus, Galanthus nivalis, Leucojum vermum, oyjHka cmaHy,
cmpykmypa ronynsuid, eikosi epyrnu, gpeHoghasu, no2ooHi ymosu
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BcTtyn

OgpHielo 3i CkNagoBMX YaCTUMH KOHLENUii CTanoro po3BUTKY € 3axXUCT LOBKINNS CnpsMOBaHMA Ha
36epexeHHs1 BionorivyHoro Ta naHAawadTHOro pisHoMaHiITTS. LUnsxu peanisauii koHUenuii 3ageknapoBaHi y
nyHktax 1, 4—6 cratti 4 PamkoBOI KOHBEHLLi MpO OXOpPOHY Ta cTtanui po3sutok Kapnat (patudikoBaHoi
3akoHom Ne 1672-1IV (1672-15) Big 07.04.2004) (PamkoBa KoHBeHLUis..., 2004). Y PaMkoBii KOHBeHLUT
BaxnmBuM € Te, wo CrtopoHu (ypsam YkpainHum, PymyHii, Pecnybnik Cepbis i YopHoropia, Yexis,
CnoBayunHa, MonbLa, YropwuHa) 3060B’A3yl0ThbCA: CniBNpaLoBaT LWOAO0 PO3BUTKY €KOMOTMYHOI Mepexi
y Kapnatax, sik cknajoBoi YaCTMHU NaH’€BPONENCHKOT EKONOTYHOI MepeXxi; BXX1MBaTy BiANOBIAHWX 3axoAiB
ONs BKITKOYEHHS Linen 36epexeHHst i CTanoro BUKOPUCTaHHA BionoriYyHoro Ta naHgwadgTHOro pPisHOMaHITTS
00 OKpPEMUX HanpsIMKIB AepXaBHOI MOMITUKK; BXMBATU BiANOBIAHI 3axoan Ansi 3abe3neyeHHs BUCOKOro
PiBHS1 OXOPOHW Ta CTanoro BUMKOPWUCTAHHS MPUPOAHMX cepefoBULL, iCHYBaHHA, BUAIB doriopun i dayHu,
xapaktepHux ana Kapnart, B TOMy 4uCni, 3HWKaKYMX Ta eHAEMIYHUX; PO3BMBATM CYMICHi cuUCTEMU
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MOHiTOpuHry (PamkoBa koHBeHUisl..., 2004). ToMmy po3pobka Ta BNpOBaMKEHHS ONTUMAalbHUX 3axoniB
LLIOJO OXOPOHU Ta 30epexeHHs Biopi3HOMaHITTA 3aimae Barome Micue y AepXaBHin nonitvui Ykpainn. Ha
Hally OyMKY, HanKpawuM HaykoBMM MOMrOHOM Afisi peanisauii Lboro € TepuTtopii Ta 00’ekTn NpmupoaHo-
3anoBigHoro goHay YkpaiHu, ocobnvMBo NpMpoAHi 3anoBigHUKN. BuBYeHHs cTaHy nonynsuii BUAiB pOCNuH,
AKi 3aHeceHi 0O YepBOHOI kHUMM YKpaiHM (Hacamnepen 3 KaTeropi «pigkKiCHUNA», «3HUKAUNAY,
«HeoLUiHeHnn» BMA), €BponNencbKoro YepBoHOro CNMCKy TBApWH i POCAWH, L0 3HaxXo4dTbCs Mig 3arpo30to
3HUKHEHHS1 Yy CBiTOBOMY MacwTabi — oOaHe 3 HaMBaXMuMBIWKMX 3aBOaHb HAYKOBOI AiANbHOCTI
NPUPOAOOXOPOHHOI yCcTaHOBU. BOHO TicHO nos'a3aHe i3 koHuenuigmu 36epexeHHs GiopisHOMaHITTS Ta
cTanoro po3suTKy. BukoHaHHs gaHoro 3aBgaHHs nepegbaveHe JliTonucom npupoam — OCHOBHOK hopMoto
y3aranbHeHHsi pe3yrnbTaTiB HayKOBUX AOCIMKEHb.

BecHsiHi edhemepoign € BaXNIMBOK YaCTMHOK JiCOBUX YrpyrnoBaHb, WO opMytoTbCs Ha BaraTtmx
I'PYHTax Mpu HamneXxHii OCBITNEHOCTI, JOCTAaTHbOMY 3BOJIOXKEHHI I'PyHTIB, 4o6pe NporpiTin nigctunui, ska
3abe3neyye ix picT i po3BuTOK. BynoBa KBIiTOK edemepoifiB 4EMOHCTPYE iX MPUCTOCYBaHHA 0O YMOB
PaHHLOrO BECHSIHOMO LBITIHHA, a TakoX aganTauito 0o eHTomoramii. MpuknagoMm € NUCTOYKM OUBITUHK
G. nivalis L., ki yTBOPIOIOTb KONbOPOBI NNsMu Ta naxydi pedoBuHn (Weryszko-Chmielewska, 2016 a, b). ¥
BITYM3HAHNX HAyKOBMX MyOnikauisx 3a oCTaHHE AECATUNITTA HasiBHI BiAOMOCTi NPO AMHaMIYHi 3MiHW CTaHy
nonynsuii BuaiB epemepoigis Ha TepuTopisx Po3Touus, ueHTpanbHOro Ta nisHivHoro Moginns, nisaeHHoro
Oninna (JopoweHko, 2016; Kosupa Ta iH., 2019; IlobuHeup, 2013; MenbHuk, 2010; MysuyeHko, 2018,
OmuTtpaw-Baueba, 2015). Y 3akopgoHHMX Mybnikauisx OCTaHHIM 4acoOM He CTifbKUM BUCBITIIOTLCS
pesynbTatM JOoChigXeHb BIKOBOI CTPYKTYpW MONynsAUin, CKiNbKM yBara HauifieHa Ha BUBYEHHS
ocobnuBocTen po3amMHOXeHHs1 edemepoigiB (Padureanu, 2020; Weryszko-Chmielewska, 2016 b),
BUSIBMNEHHIO iX XiMi4HOro cknagy (Laszld, 2024; Sidjimova, 2024) Toulo.

AHani3 nitepaTypHUX Dkepen nokasaB HasiBHICTb OeKinbkox nybnikauin, siki goBoni dparMeHTapHo
BVCBITMIOIOTE CTaH NONynsAUin piakicHMX Buais-edemepoigis Ha Teputopii Moprax (Knimyk, Mickesud, 2004;
Knimyk Ta iH.,, 2006, KysHeuos, 2024). Metoio Hawoi pobotu 6yno ysaranbHUTU pesynbTatu
AOBroTpUBanoro MOHITOPMHIY Nonynsuiv Tpbox Buais-ecdemepoiais (C. heuffelianus, G. nivalis, L. vernum)
Ha TepuTOpii NPMPOOHOro 3anoBigHuKa «opraHny, a TakoX npoaHanisyBaTh AUHaMIKy BIKOBOI CTPYKTYpU
Ta 3MiHWM YMCENbHOCTI LMX BMAIB Nig BNAMBOM abiOTUYHUX i BIOTUYHNX dhakTopiB.

Martepianu i meTogu

Mpu nmigroToBui ny6nikauii BUKOpUCTaAHO AaHi ocobucTux nonboBux gocnigkeHb 2021 p., a Takox
mMaTepianu JliTonucis npnpoan npupoaHoro 3anosigHunka « opraHn», Tom 8—11, 13-18, 25-26 (MickeBuy,
2005, 2006, 2007, 2010, 2011; Mickeswny, Knimyk 2008; FOcun 2012, Knimyk, 2013, 2014, 2015, Ky3Hevuos,
2022; Mickesuy, MNonaTtanko, bespogHosa, 2023). HomeHknaTypa TakCOHIB HaBeAeHa 3 BUKOPUCTaAHHSAM
6a3n gaHux Plants of the World Online (POWO) (https://powo.science.kew.org/). [Jns BCTaHOBMEHHS Ha3B
GioToniB, y SIKUX BUSIBNEHO MONynALii 4OCNimXyBaHMX BUAIB, BUKOpUCTaHO HauioHanbHun kaTanor 6iotonis
Ykpainn (HauioHaneHun katanor..., 2018) ta 6a3y gaHux European Nature Information System (EUNIS)
(https://eunis.eea.europa.eu/index.jsp).

Cran nonynsuii Bugis C. heuffelianus, G. nivalis Ta L. vernum pocnigXyBaBcs Ha GOTaHiYHMX
NOCTiNHMX NPOoBHUX nnowax (gani — 6nnn) Ne 4-6 Ha TepuTopii [opraHCLKOro NPYPOLSOOXOPOHHOrO
HayKoBO-O0CMIQHOrO BiadineHHa npupogHoro 3anosigHuka «[opraHu» (ypouuiie Mmoguwie) y nepiog 3
2004 no 2021 pokw. Mig yac gocnigxkeHb dikcyBanucs LWiNbHICTb NONyNAuii (BigHOLWEHHS KinbKOCTi 0cOBUH
nonynauii 4o nroLli, SKy BoHa 3aiMae) Ta abComntoTHa YMCENbHICTb — KiNbKiCTb OCOOMH Ha BCill NnoLy,.
LWinbHicTb nonynsuii Bu3Havanacs 3a metogukoto T. O. PaboTtHoBa (PaboTHoB, 1950) 3 JONOBHEHHAMM Ta
A. A. YpaHoBa (YpaHoB, 1975), aki byno anpoboBaHo 6aratbMa pocrnigHukamu (JllobuHeupb, 2013;
Omutpaw-Baueba, 2015; OJopoweHko, 2016; MyanyeHko, 2018; Kosupa Ta iH., 2019).

BugineHHs BikoBux rpyn L. vernum npoBogunocs BIigNOBiAHO A0 knacudikauii, HaBegeHoi
H. B. Wymcbkoro (Wymebka, 1992), C. heuffelianus — knacudikauii B. |I. MenbHuka (MenbHuk, 2000), a
G nivalis — xnacudikauii I'. b. BygHikoBa (ByaHikoB, 1996; Budnikov 2017) 3 ypaxyBaHHSM MeTOAWKU
J1. A. >)KusoTtoscbkoro (PKusotoBcbkuit, 2001).

Y C. heuffelianus BuUpi3HANM Tpw BIiKOBi rPynu 3a HACTYMHUMU MOPMOMOriYHMMM O3HAKamu, Lo
BiNOBIgAIOTb NEBHOMY OHTOT€HETUYHOMY CTaHY:

IOBEHINbHI pocnMHU (j) — Ha nepLioMy poui XWUTTS HasBHUWA OAWH aCUMIMIOKYMA  FIUCTOK,
OynbbounbynmHa 3 gekinbkoMa JoOaTKOBMMU KOPEHSAMU; Ha APYroMy PoLi XXMTTst C(OOPMOBAHO 2 NIUCTKMK;
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- BipriHiNbHi pocnvHM (V) — MalTb Big 2 00 4 acuMInio4YMx nucTkiB, OynbbounbynuHa gobpe
pO3BMHEHA, KOPEHEBA CMCTEMA 3 BEJTMKOHO KiNbKICTIO 40AATKOBUX KOPEHIB;

- TeHepaTuBHI POCINHK (g) — MatoTb NO 2—3 HM3O0BMX i MO 2—3 aCUMIMOYNX NINCTKIB, KBITKOHOCHWIA
nariH, ik NPaBuIo, 3 OAHIED KBITKOLO.

Ona L. vernum dikcyBanu po3nogin ocobuH 3a 4oTupma BiKOBMMU rpynamu, sikiM BignoBifaloTb
HaCTynHi 0coBnMBOCTI:

- I0BEHINbHI poCnuHM (j) — Ha Neplmnx eTanax HasiBHUA OOWH 3eNeHUN MNUCTOK, Y SIKOrO BiACYTHS
LeHTparnbHa Xunka; nisHiwe 3'aBnseTbCs NiXBOBUIA NUCTOK; HA TPETbOMY POLL XUTTSA 3’ABMSETHCS Lie He
YITKO BUPaXXeHa LieHTparbHa Xurka 3eneHoro nMcTka; TpmeanicTb ctagii Big 3 Ao 6 pokis;

- iMaTypHi pocnuHm (im) — 3'IBMAETLCA OPYTMIA 3eNEHNA NNCTOK; TPUBAnIcTb cTagii 2—4 poku;

- BIpriHiNbHi pocnuHn (V) — KiNbKiCTb 3eNeHnx NUCTKIB A0 M'STW; Y KOPEHEBIA CUCTEMI ABa BMAMK
KOPEHIB — KOHTPaKTUIbHI — TOHKI, BEPTUKaNbHi, Ta BCMOKTYBasibHi — TOHKi, 3 FOPU3OHTaSIbHUM HanpsiMKOM
pocTy; TpuBanicTb ctagii 4—6 pokis;

- TeHepaTMBHI POCNUHKU (g) — BereTaTMBHIi OpraHu BiOPI3HATLCA Bi4 POCIMUH Y BipriHiNbHOMY
BIKOBOMY CTaHi nuwe 3a MOp(OMETPUYHUMU MOKa3HUKaMU; LMOYMMHU reHepaTUBHUX POCAMH MaloTb
KBITKOHOCUK a0 iX 3anuwiKK y BUrNSa4i NniB4acTUX NNAacTUHOK, @ TaKoX HE3IMKHEHI MYCKW, LLO YyTBOPUIMCS
NiXBOI 3eMNeHOro NUCTKa, B Na3yci skoro nepebysaB KBITKOHIC.

IMig yac BMBYEHHS BiKOBOI CTPYKTypy nonynsuii G. nivalis Takox BUAINSANWM YOTMPK BIKOBI rpynu:

- IOBEHiNbHi pocnuHu (j) — HanpukiHUi Haa3emHOoi BereTauii 3aMkHyTa MixBa 3€NeHOoro nucTka
YTBOPIOE €OQMHY 3anacaroydy NycKy MOHOMOAianbHOI LMBYMHN; HACTYNHOIo PoOKy 3’ABASOTHCA ABa NMCTKW,
HW30BUIN Ta aCUMINOKYNNI;

- iMaTypHi pocnuHm (im) — NMCTOBa NNacTUHKa LUMPLUA, HiXK Y FOBEHINbHNX POCIIWH | Mae LieHTparnbHy
XKUIKY; KINbKICTb M'ACUCTUX NYCOK 3—4, Cyxmx nniB4yactux — 1-2;

- BipriHiNbHi pocnuHu (V) — HasiBHi TpY NUCTKU: OANH HA30BMWI | BA aCMMINIOIOYi; B KOPEHEBI CUCTEMI
€ OBa TUMNWN KOPEHIB — BCMOKTYIOUi Ta KOHTPaKTUSbHI.

- TeHepaTuBHi pocnvHu (g) — Ha 4-5-my poui XuTTa 3'ABMAOTLCA KBITKOHOCW; Ha BiAMiHY Bif
nonepeaHix rpyn, nixaa BEPXHbOrO aCUMIMOYO0ro NIMCTKa 3aBXAM He3aMKHEHa, 3 MOro nasyLuHoi GpyHbKU
YTBOPHETLCA KBITKOBA CTpinka, umbynuHa 3bepirae MOHOMOAiNIbHE HAPOCTaHHS.

Pe3ynbtatn Ta O6roBopeHHs

C. heuffelianus — xapnaTCcbko-6ankaHCbLKMN MOHTaHHOAMNbMNINCBKUIA BUA, O MOLUMPEHUIA NO BCbOMY
BankaHcbkomy NiBoCcTpoBY (MiBAEHHA MeXa MOLUMPEHHS NPOXOANUTb N0 KOPAOHY 3 AnbaHieto), TpannsaeTbcs
BiO niBHiYHO-cXigHOI ITanii (3axigHa mexa) go lNonbLli (NiBHIYHA Mexa), PymyHii Ta YkpaiHn (cxigHa Ta
niBHiYHO-cxigHa mexa) (Raycheva, 2023). B YkpaiHi uen sug HagsHumn y Kapnatax (yci BUCOTHI nosicn),
Mepenkapnartti, lMpyT-AHicTpoBCbkOMY Mexupiydi (XoTuHCcbka BucoudmHa), 3axigHomy [oginni. LUe
GaraTopiyHa Tpae’saHa pocnuHa 10—19 cm 3aBBULLIKKM, SIKa 3pOCTAE Ha OCBITNEHMX AiNsIHKaXx i3 4OCTaTHbO
3BOJIOXEHICTHO I'PYHTY, YTBOPIOE DaraToumncenbHi, Benuvki 3a nnoweto, 3aebinblie NOBHOYMNEHHI NOMYNsLi.
MepeBaxkHa BinNbLUICTb NONYNAUIA XapakTepU3yETbCA MIBOCTOPOHHIM BIKOBUM CNEKTPOM. Ha PiBHUHHUX,
nepearipcbknx i cepedHboripCbKMX MICLLEBOCTAX BUL NPUYpPOYEeHUd [0 IicoBUX iToOLEHOo3iB, Y
BMCOKOripCbknx — o nyyHux. C. heuffelianus kBiTHe y GepesHi—KBIiTHI, @ NNOAOHOCUTL Y TPaBHI—NUMHI.
Po3mHOXyeTbCA HaciHHAM, pigwe 6ynbbounbynmHamm. Po3noBcrogKeHHs HaciHHA BiAbyBaeTbCs LLMSAXOM
aBTOXOopii Ta Mipmekoxopii (YepBoHa kHura..., 2009).

Ha TepuTopii npupogHoro 3anosigHuka «lopraHu» MoHiTOpuHr nonynsauii - C. heuffelianus
3pivicHioBaBcs Ha 6nnn Ne 4, wo 6yna 3aknageHa y 2004 poui. [insHka po3TalloBaHa B ypouuLli moguie
Henoganik cagubu [opraHCbKOro NPUPOLOOXOPOHHOIO HAayKOBO-AOCHIAHOIO BiOQIMNEHHS Ha BUCOTI
710 M H.p.M. Lis piBHMHHa 3BONOXeHa (iHOAI Nepe3BoONoOXeHa) AinsiHka npes3eHTye Tun Giotony T2.3.1
PiBHUHHI i HM3bKOTipHI ciHoKicHI nykn, 3a EUNIS Ta Pesontouieto 4 BepHebkoi koHBeHLUiT — E2.2 Low and
medium altitude hay meadows / PiBHWHHI Ta HU3bKOripHi CiHOKiCHI nyku; 3a Oopatkom | OcenuwiHoi
Oupektuen — 6510 Lowland hay meadows (Alopecurus pratensis, Sanguisorba officinalis) | HW3WHHI
ciHokicHi nyku (Alopecurus pratensis, Sanguisorba officinalis) (HauioHanbHui katanor..., 2018).

3aranbHe NPOEKTMBHE MOKPUTTA TpaB’'siHOro sipycy ctaHoBuTb 70-75%. Y MOro CTpykTypi MOXHa
BuainuTn Tpu nig’'apycu: | — 50-70 cm, Il — 20-50 cm, Ill — 10-20 cm. Mepwmnn nig’apyc cpopmoBaHnii 3
OBox BuaiB — Deschampsia caespitosa (L.) P.Beauv. Ta Festuca rubra L. Opyrui nig’sipyc yTBOpeHun 3
OAHOro AOMiHaHTHOro Buay — Holcus lanatus L., NpoekTUBHE MOKPUTTS, SKOro ctaHoBuTb 10-15% (y
3anexHOCTi Big posTallyBaHHA Ha AinsHui). Y cknagi uboro nig’spycy MpUCYTHS HU3Ka NyYHUX BUAIB:
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Anthoxanthum odoratum L., Briza media L., Carex leporinella Mack, Coronaria flus-cuculi (L.) A.Braun,
Juncus effusus L., Trifolium pratense L. Towo. Takox TyT MOXHa 3yCTPiTU e OAUH BUA, LLIO OXOPOHSETLCSA
Ha gepxxaBHOMY piBHi — Gymnadenia conopsea (L.) R.Br. (Hakas, 2021). Y TpeTboMy nig’sipyci 4OMiHYIOTb
Prunella vulgaris L. Ta Agrostis tenuis Sibth. (npoektuBHe NokpUTTA — 5%), Y MEHLLIN KiNbKOCTI HasiBHi
Centaurea carpatica Porcius, Cruciata glabra (L.) Opiz, Myosotis laxa subsp. cespitosa (Schultz) Hyl. ex
Nordh., Plantago lanceolata L., Ranunculus acris L., Potentilla erecta (L.) Raeusch., Thymus
pulegioides L. Takox TtpannstoTeca Cerastium holosteoides Fr., Hieracium pilosella L., Leontodon
danubialis (Jacq.) Simonk., Polygalla vulgaris L., Rhinanthus minor L., Rumex acetosella L., Stellaria
graminea L., Trifolium hybridum L., Trifolium repens L. (KysHeuos, 2024). CTyniHb NOKPUTTS MOXamu
KonmBaeTbcs y mexax 5—60%, npu ubOMy, HaNBULLMIA BiOCOTOK CMOCTEPIraeTbCA Y BEPXHIN YacTuHi 6nnn.

Ockinbkn ans C. heuffelianus xapakTepHMM € Ik HAaciHHEBE, TaK | BEereTaTUBHE PO3MHOXEHHS, Npu
PaKTUYHIA HasABHOCTI BiAHOCHO HE3HA4YHOI YMCENbHOCTI reHepaTUBHMX OCOOUH (POPMYETHCSI OOCTaTHS
KiNbKICTb KUTTE3OATHOrO HAaCiHHSA, sike 3abe3nevye MOMOBHEHHS MOMyIsLUii HOBEHINMbHUMU OCOOMHaMM
(FOcun, 2012). CchopmoBaHUA Ha MOHITOPMHIOBIN AiNAHLI OHTOreHETUYHUIM CMEeKTp CBiguuTb npo i
BiJHOCHY MOBHOYJIEHHICTb Ta MOTEHLiNHY 34aTHICTb A0 cTanoro 36epexeHHs 4McenbHOCTi. Y BIiKOBIM
CTPYKTYpi 4OCHiAXyBaHOI NoNynsuii BUSBNEHO SIK 0COOMHU I0BEHIMNbHOI (j1 — NEPLUNIA PiK KUTTS, j2 — HACTYMHI
POKM XUTTA), iMaTypHOI, BiPriHINbHOI rpyn, Tak i ocobuHu 3 reHepaTueHOI rpynu (puc. 1). Baarani, BikoBun
CMNeKTp nonynsuii 3a nepiof CNocTepexeHb, K NPaBUIO, MaB O3HAKM NIBOCTOPOHHBOrO TUMY, NULLE iHOA)
3MiHIOBaBCS Ha LEHTPOBaHWi Tun, Hanpuknag, sk ue sigdysanocs y 2009 p. (puc. 2).
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Puc. 1. FeHepaTuBHi ocobuHu C. heuffelianus Herb. ®oto: Poman Ky3HeuoB
Fig. 1. Generative individuals of C. heuffelianus Herb. Photo: Roman Kuznetsov

AHani3 gUHaMIKKN LWiNbHOCTI OCOBWH i iX YMCENbHOCTI Y BIKOBUX rpynax nokasas pi3Ke 3MEHLUEHHsI
umMx nokasHukie nicna 2005 p., konu cnocTepiranaca Hanmbinblua KinbkicTe ocobuH C. heuffelianus BCix
BikoBmx rpyn (Mickesu4, 2006). Tak y 2005 p. toBeHinbHMX 0CO6MH 3adikcoBaHo — 1568, iMaTypHO-
BipriHinbHuXx — 800, a reHepaTtuBHux — 304. HatomicTb y 2007 p. KiNbKiCTb IOBEHINIbHUX OCOOWH 3MEHLLMIOCS
3 1568 po 272 (puc. 2), To6T0 5,8 pasie, iMaTypHO-BipriHiNbHUX — y 7,1, reHepaTnBHux — y 4,8 pasu
(MickeBu4, 2008). 3a Hawwumn gaHmmu nonynauii C. heuffelianus Ha MOHITOPUMHIOBIN AiNsHUiI 1 Hagani
npUTaMaHHi HM3bKi NOKa3HWKN KinbKOCTi 0COBWH pi3HuX BikoBux rpyn (KysHeuos, 2024).
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Ha gymky Y.[O. MickeBu4, npuunHaMmm Takmx 3miH 6ynm Baxki norogHi ymoBw, siki 6ynm 3adpikcoBaHi y
2005-2007 pp. i Manu 3Ha4YHMIA BNNUB Ha CE30HHUIA PO3BUTOK 0cobuH C. heuffelianus (ocobnnBo komnu
pocrnuHu nepebyBanu y gasi 3aB’si3yBaHHi NNogie, a okpemi — y dasi 3aBepLUeHHS UBITIHHA). Hanpuknag,
y 2005 p. cnocTtepiranuca TpuM HeraTMBHI MeTeoponoriyHux asuwa. lMepwmm asuwem Byno 3HayHe
BMMaZaHHA CHIry, TOBLLMHA CHIrOBOro nokpuBy gocsarana 65 cm (nokasHuk 3adpikcoBaHuii 14 GepesHs).
[Opyre sBuLLE — NOBINbHE TaHEHHSA CHIry Yepes HU3bKi cepeaHbog000BI TeMNepaTypu NOBITPA 3adikCOBaHi
y Apyrin nonosuHi 6epesHsa. TpeTe — BunagaHHs y | fekaai TpaBHSA 3HAYHOI KiNbKOCTi AOLLIB. TaHEHHS CHiry,
a noTiM i BUNagaHHsA OOLLiB CNPUYMHUITIO NEPEHACUYEHHS I'PYHTY BOAOHO | NOAanbLUe 3aTOMNSIeHHS POCIUH.
Libomy cnpusinn ocobnmeocTi Mikpopenbedy MOHITOPUHIOBOI AiNSHKA — 3arnubuHa MK HeBenukuMun
narop6amu (MickeBu4, 2006). Hagani, Ha po3BuTtok ocobuH C. heuffelianus BNNWHYB BENWUKWIA CHIrOBUIA
MOKPMB TOBLUMHOK 84 CM, SIKMA YTBOPUBCS Ha AiNsHUI Micns iHTEHCUMBHOroO cHironagy (4-6 GepesHs
2006 p.). IHTEHCMBHE TaHEHHs1 CHIriB MpoTArom Oepe3Hsi — MoYaTKy KBIiTHS MPU3BENO OO 4eproBoro
3aTonneHHst pocnvH Ha 6nnn Ne 4 (9 keiTHA 2006 p.). PocnnHn 6ynn BKpUTI LLApoM BOAW TOBLLMHOK
15-18 cm. 3aTonneHHs BMMHYIO Ha reHepaTMBHUA PO3BUTOK POCIINH, OCKINbKM BOHU ToAi nepedyBanu y
dasi macoBoro UBiTiHHA. B noganbwomy, npouec dOpMyBaHHS HACiHHS MpoxoauB cnabko, 3HayHO
3HM3Mnacs HaciHHeBa NpoaykTuBHicTb (Mickesuy, 2007).
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Puc. 2. BikoBa cTtpykTtypa nonynsuii C. heuffelianus Ha 60TaHi4HIN NOCTiNHIN NPOOHin nnowi Ne 4
Fig. 2. Age structure of the population of C. heuffelianus. on the botanical permanent trial area Ne 4

Y 2005 p. Big3Ha4yeHo Ay»Ke BUCOKY LUiNbHICTb 0OCOBUH y nonynsuii — 2672 ocobuH/m? (puc. 3), a 'y
HacTynHUI pik Biabynocs ii piske 3MeHwWeHHs. BucnoenioBanocs npunyLieHHs, Wo Taka ryctota morna
OyTu We OAHUM, MPUPOAHUM (PaKTOPOM, SKUWA MPU3BIB 4O NPUPOAHOrO BMMMPAHHS YaCTWHU POCHAVH
(MickeBuny, 2006). Ak BigOMO, BMCOKA LiMbHICTE OCOOMH Yy NONynsuigx pocnvH AINCHO MOXEe MaTtu K
MO3UTWBHI, TaK i HeraTMBHI HacnigkM Ans IXHbOrO PO3BWUTKY Ta 3aranbHOl YMCENbHOCTI. 3 0gHOro GOKy,
BMCOKi MOKa3HMKM LLINIbHOCTI MOXYTb CMPUSTU 3anNUNEHHI0 Ta PO3MHOXEHHIO, ane 3 iHWoro 60Ky BOHM X
MOXYTb MPU3BOAMTU OO KOHKYyPEHLii 3a pecypcw i, SK HaCnigokK, BUKMMKATM 3HWKEHHS XUTTE34ATHOCTI
POCNWH (NPUrHIYEHHS POCTY, 3MEHLLEHHS1 po3MipiB 0COOWH, iX penpoayKTMBHOI 34aTHOCTI Ta HaBiTb 40
3MEeHLUEHHS X YMcenbHOoCTi). B yMOBax BMCOKOI LLINbHOCTI MOXe 3MiHIOBaTUCS BIKOBMIW cknapj nonynsuii,
30KpeMa, 3MeHLLYBaTMCS YacTka MOMNOAMX 0COBMH Yepe3 0OMeXeHHs1 YMOB AN MPOPOCTaHHSA Ta PO3BUTKY,
wo Bigbyeanocs Bnpogox 2007—2009 pp. Hagani yac Big 4Yacy cnocrepiranocsi 3poCTaHHsA YNCENbHOCTI
0ocobuH C. heuffelianus y pisHnx BikoBux rpynax (Mickesud, Knimyk, 2008; MickeBud 2010; Knimyk, 2013).
Micna 2005 p. Hambinbwa YMcenbHICTb IOBEHINMbHUX OCOOMH  3addikcoBaHa y 2007 p.,
iMaTypHO-BipriHinbHUX —y 2009 p., a reHepaTmBHux — Yy 2012 poui (puc. 2). Apyrun HEBENUKXI NiK 3aranbHOI
ymncernbHOCTI Oyno 3apeectpoBaHo y 2012 p., micna 4oro 3HOBY BigOyBCA cnag. Y HaMKpUTUYHILLOMY CTaHi
gocnigxysaHa nonynsuis 6yna y 2014 p. (puc. 3).
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Puc. 3. 3miHa winbHocTi ocobuH nonynsuii C. heuffelianus Ha 6oTaHi4HiA NOCTiAHIN NPo6HiI nnowi Ne 4
Fig. 3. Change in the density of individuals of the C. heuffelianus population in the botanical permanent trial
area Ne 4

Ce30HHUIM po3BuTok C. heuffelianus Takox 3anexuTb Big 3Ha4eHb TemMnepaTtyp NOBITPSA Ta IPyHTY.
3HauHi MO3NTMBHI 3HA4YeHHs cepedHbOAOOOBMX TemnepaTyp BNNMBAKTb HAa LWBMAKICTb CXOOXKEHHS
CHiroBoro nokpuBy. 30iNblUeHHS TPMBANOCTI AHS Ta MOKAa3HWUKIB iHCONSLUii CnpusitoTb iHTEHCUBHOMY
NigBULLEHHIO TemMnepaTypHUX NokasHuKax rpyHTy. MigsuweHHsa Temnepatypm I'pyHTy 6nmnssko +4°C cnpuse
aKTMBHOMY NPOXOXKEHHIO eTaniB reHepaTUBHOIO PO3BUTKY.

Takox BapTO 3a3Ha4MTH, WO AATW HACTaHHS | TpMBanicTb heHonorivHux a3 epemepoiais MOXyTb
CyTTEBO BapitoBaTu pik Big poky (Tabn. 1). Bnnveae Ha ue BeCHAHE 3HMXKEHHS TemnepaTypy Ta BUNagaHHs
BEMMKOI KiNbKOCTi OnaAiB y BUIMAAi CHiry, siki TpannsalTbCa BXe Nicns noyaTky BereTauii pocnuH. Tak, y
2009 ta 2013 pokax, He3Baxal4yu Ha paHHin noyaTok BereTauii, SKMN Npunagas Ha Neplly — No4YaTok
Apyroi aekagu 6epesHs, UBITIHHA po3novMHanocs y nepuwin aekagi kBitHs (Mickesud, 2010; Knimyk, 2014).

Tabnuua 1. Ce3oHHuM umkn po3BuUTKy C. heuffelianus B ymoBax npupogHoro 3anoBigHuka «lopraHu»
(2004—-2024 pp.)

Table 1. Seasonal development cycle of C. heuffelianus in the conditions of the nature reserve "Gorgany"
(2004-2024)

[aTta HacTaHHsa peHoda3s
deHodasmn HanobinbLw HanobinbLw cepegHs
paHHSA ni3Hs
Mouatok BereTadii i ByToHi3auii 18.02 30.03 13.03
[Mo4aTok UBITIHHS 01.03 09.04 25.03
MacoBe UBITiHHS 12.03 15.04 30.03
KiHeub UBITIHHS 31.03 25.04 11.04
3aB’A3yBaHHs nnoais 23.03 27.04 11.04
[o3piBaHHs i po3TpicKyBaHHs Nnoais 28.05 16.06 28.05
3aBepLueHHs BereTauii 05.06 25.06 15.06

L. vernum — cepeaHbOEBPONENCHKUI BUA, Ha CXIOHIN MeXi apeany, HeMoparnbHUii eneMeHT rnopu
(OJopoweHko, 2016). BiH nowwupeHun y AtnaHTuuHin i CepepgHin €sponi, CepeasemHomMop’i (MiBHIY
AneHHiHCbKOro niBocTpoBa). B YkpaiHi Tpannsetbcsa y Kapnatax, Ha 3akapnaTtti Ta [lNepeakapnaTrTi,
Manowmy Monicci, MNMiBHiuHOMY [Noainni Ta Po3To4yi. MowwmpeHnii Bia piBHUHW 40 BEPXHBLOIO fiCOBOro Nosicy
(Biz 100 go 1400 m H.p.M) Ha 3aboMnOYEHMX, WiMbHUX, WEBEHNCTNX, 3 03HAKaMy OrfElBaHHA I'pyHTax
(YepBoHa kHura..., 2009). Hanexutb O pOCHMH BOMOMMX NiCO-ITy4YHUX €KOTOMIB 3 TUMYACOBUM HaAMipPHUM
3BOMOXXEHHAM KOPEHEBMICHOro Lwapy rpyHTy rpyHToBMMM Bodamu (Higyx Ta iH., 2000). L. vernum €
pigkicHum Bugom ans crnopwm Beiei €8ponu, BXxoauTb 40 YepBOHMX KHUT Ta CMMCKIB BUAiB, Sk nepebyBatoTb
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nig oxopoHoto y Yexii Ta CnoayumHi, HimeuuuHi, AecTtpii, Cepbii, Xopsarii, LLIBenuapii, Bannowii (benbris)
Ta BXOOMUTb Y PerioHanbHi YepBOHi cnuckmn pocnuH Itanii Ta ®panuii (MenbHuk, 2010; MHaTiok, 2023). B
YkpaiHi mae ctaTyc — HeouiHeHun (Hakas, 2021). Kapnatcbkun nigBug uboro Buay L. vernum subsp.
carpaticum (Spring.) O. Schwarz BHeceHu 0O cnuckiB BUAiB, WO noTpebytoTb oxopoHu MixxHapogHoro
coto3y oxopoHu npupoan (Walters, 1998).

MoHiTopuHr nonynsuii L. vernum npoBoantbca Ha 6nnn Ne 6, gka 3aknageHa Ha 3abonoyeHin
npucxunosin nyui Ha BucoTti 685 m H.p.m. La ginaHka npeseHTye Tun 6Giotony [1.6.3 Kapnatchbki
He3abonouyeHi nicu BiNbxu cipoi i Binbxu YopHoi, 3a EUNIS — G1.121 Montane Alnus incana galleries /
lpcbki cipoBinbxoBi nicu — ranepei; 3a Pesontouieto 4 bepHcbkoi KoHBeHLii — G1.12 Boreo-alpine riparian
galleries / Bopeo-anbnincebki NpupivkoBi ranepei; 3a Jogatkom | OcenuwHoi Oupektnen — 91E0 Alluvial
forests with Alnus glutinosa and Fraxinus excelsior (Alno-Padion, Alnion incanae, Salicion albae) / 3annaeHi
nicu 3 Alnus glutinosa Ta Fraxinus excelsior (Alno-Padion, Alnion incanae, Salicion albae) (HauioHanbHun
kartanor..., 2018).

3aranbHe NPOEKTUBHE MOKPUTTS TPaB'aHOro sipycy cTtaHoBUTb 40% (BeCHAHA CUHy3is). Y BUOOBOMY
cknagi HasBHi Taki Buamn pocnuH: L. vernum (30%), Chrysosplenium alternifolium L. (1%), Caltha palustris
L. (6%), Dentaria glandulosa Waldst. & Kit. (3%). MoxoBuiA NOKPWB HasiBHWI TifNbKW Ha KOPi ONanux rinok
aepes, npoektuBHe nokputta — 1%. JocnigxyBaHa nonynsauia L. vernum xapakTepusyeTbCa HasiBHICTIO
OCOBWH 3 TaKUX BIKOBMX rpyn OCOBMH: IOBEHINBHOI (j1 — MepLUIOro POKy XMUTTH, j2 — HACTYNHUX POKIB XUTTSA),
iMaTypHOI, BipriHiNbHOT, reHepaTnMBHOI (puc.4).
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Puc. 4. FeHepaTuUBHi 0cOOMHM L. vernum. ®oTo: PomaH Ky3Heu63
Fig. 4. Generative individuals of L. vernum. Photo: Roman Kuznetsov

AHania BikoBoi cTpyktypu L. vernum (MickeBuy, 2011; Knimyk, 2013; Knimyk, 2014) nokasas
CTabinbHy KiNbKiCTb OBEHINBHUX OCOOMH (KONMMBAHHSA Yy He3HauyHUX mMexax 74—79 ocobuH). Mpu ubomy
BiAGynocs 3pocTaHHs KinbKOCTi iMaTypHO-BiprinibHUX 0COOMH y 1,8 pasu (3 62 Ha NoyaTKy CNoCTeEpPEXeHb Y
2010 p. po 109y 2013 p.) i 3HMKEHHS YMCENBHOCTI reHepaTUBHUX OCOOMH y 2,7 pa3u (3 80 y 2010 p. go 30
y 2013 p.). BikoBui cnekTp nonynsiii 3a nepiog, cnoctepexxeHb nepeBaxHo 6yB 04HOMOAANBbHUM i TifbKM
Ha y 2010 p. maB gBa niku y po3nogini ocobuH. Takox HeobXigHO 3ayBaxuTu, WO crekTtpu 3a 2011 i
2013 pp. HanexaTtb OO uUeHTpoBaHoro tuny (puc. 5). [JJoMiHyBaHHS iMaTypHWX i BipriHiNbHUX OCOBWH Y
OOCTiopKyBaHin nonynsuii TakoX BKa3ye Ha AOCTATHIO CTIMKICTb NONyNALii 4O Ail KniMaTM4HuX pakTopis, WO
Y3roAXY€eTbCA 3 JaHUMM iHWKX AocnigHukiB (ManuHoBcbkui Ta iH., 1998). HaTomicTb y nonynsauiax, ki
3poctaloTb y Mexax Postouus (Teputopis £BOpPIBCbKOrO HauUioHanNbHOro NPUPOAHOro  napky)
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CMNOCTepiraeTbCsl He3HayHa YMCENbHICTb iMaTypHMX OCOOWH, WO BKa3lye Ha iX HWU3bKY CTiMKiCTb A0 Aii
30BHILLHIX ¢pakTopiB (JTlobuHeub, 2013).
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Puc. 5. BikoBa cTpykTypa nonynsuii L. vernum Ha 60TaHi4YHii NOCTiNHIN npo6Hi nnowi Ne 6
Fig. 5. Age structure of the L. vernum coenopopulation at the botanical permanent trial area Ne 6

Byno 3achikCoBaHO 3HMKEHHSA MOKAa3HMKIB LLiNbHOCTI 0CObuH 3 221 ocobun/m? (2010 pik) go 178
(2012 pik), ane y 2013 poui 3HoBY Bigdynocs 3poctaHHa 0o 219. 3MiHa WiNbHOCTI CBIAYMTb NPO LUKIIYHI
3MiHW y CTPYKTYpi nonynsuii, Ski NOB’A3aHi 3i 3MEHLLEHHSAM KiNbKOCTi reHepaTMBHUX OCOOWH i BigYYTHUM
36inblUEHHAM BereTaTMBHUX iMaTypHO-BIPriHiNbHUX 0COBUWH (puc. 6).

250

221 219
- 198
s E 200 178
T O
S ©
g3
8% 150
°s5
a
_§>:100
T =
22
T8 50

0

2010 2011 2012 2013

Poku / years

Puc. 6. 3miHa winbHOCTi 0cO6MH nonynAuii L. vernum Ha 60TaHi4YHiN NOCTiMHIN NPo6Hi nnowi Ne 6
Fig. 6. Change in the density of individuals of the L. vernum population at the botanical permanent
trial area Ne 6

AHania cnoctepexeHb npoeefeHux npotarom 2004-2024 pp. wono Aatv HacTaHHA | TPUBanoCTi
deHonoriyHmx a3 (tabn. 2) nokasae, WO BIACYTHICTb CHIFOBOro MOKPMBY Ta MIIHOCOBI 3HAYEHHS
TemnepaTypu NOBITPS CAPUAIOTb PaHHLOMY NoyaTKy BereTauii L. vernum. Tak, Npy Takux ymoBax no4yatok
BereTalii npunas Ha | gekagy notoro 2011 p. (KOcun, 2012). HaTomicTb, Npyn 3HAYHOMY CHIFrOBOMY NOKpPUBI,
SIKMA JOBro TPMMaEeTbCs, 3adpikcoBaHO HaMbInbLI Mi3Hi AaTu nodaTtky BereTauii, Hanpuknag, y 2006 p.
(MickeBuy, 2007). Y 2011 p. nepioa Mk noyaTkoM UBITIHHA L. vernum (26.02) i horo MacoBuM LBITiIHHAM
(08.04) cknae 42 pgHi (KOcun, 2012). Lle Bigbynocst BHacnigok 3HWKEHHs TemnepaTtypuy nositpsa go -8°C,
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npw LbOMY BiJ €MHI 3Ha4YeHHs TemnepaTtypu npoTpumanucs scto Il gekaay ntotoro. Temnepatypa noBiTps
y 6epesHi konmeanacs Big -7°C go -9°C, Wwo He crnpusna nodaTtky MacoBOro UBiTiHHS. Jluwe B KiHUi | gekagn
KBITHS cepedHbOAEHHI NMOKa3HUKM TemnepaTtypu nepenwnu sigmitky +10°C, wo cnpusno nepexony Ao
asm MacoBoro LBIiTIHHA. Hacnigkom Takux norogHnx ymoB, MOXNMBO, cTano Te, wo y 2011 p. Biadbynocs
3MEHLUEHHSI Ha TPETUHY KiNbKOCTi reHepaTMBHNX OCOBUH Y NOPIBHSIHHI 3 monepeaHiM pokom (puc. 5). B iHwi
POKWN cepeaHsi TpMBanICTb MiXX MOYaTKOM UBITIHHS Ta MacoOBUM LBITIHHAM cTaHoBuna nuwe 8 gio.

Tabnuua 2. Ce30HHMI LMKN PO3BUTKY L. vernum B ymoBax npvpofHoro 3anosigHuka «opraHu» (2004—2024 pp.)
Table 2. Seasonal development cycle of L. vernum in the conditions of the nature reserve "Gorgany" (2004—2024)

[ata HacTtaHHAa ¢dpeHocba3 / Date of phenophases start
®deHodasm / Phenophases
HanbGinbLWw paHHA / HanGinbW nisHa / CepeaHs /
the earliest the latest average

[NoyaTtok BereTtauii 09.02 20.03 05.03
ByToHizauis 20.02 08.04 22.03
[MovyaToK UBITIHHA 26.02 28.04 01.04
MacoBe UBITiHHSA 18.03 30.04 08.04
KiHeub LBITiIHHS 09.04 10.05 23.04
3aB’a3yBaHHA nnoais 25.03 05.05 16.04
[o3piBaHHs i po3TpicKyBaHHA Nnoais 13.05 13.06 02.06
3aBepLueHHs BereTauii 08.06 10.07 20.06

G. nivalis — eBponencbKo-cepea3eMHOMOPCBKUIA BUA, Ha CXigHiM Mexi apeany. lNowuvpenun y
LeHTpanbhin €.poni, CepensemHomop’i, [lNepenkaBkas3si. B YkpaiHi — nepeBaxHo B Kapnarax,
MepeakapnarTi, NpaBobepexHomy Jlicocteny, 3axigHomy Moainni, Po3Toudi, piawe Ha NpaBobepexxHoMy
Monicci, pigko — B JliBoGepexHomy JlicocTeny. MNonynauii 30e6inbworo YucneHHi, Bua y 6aratbox micuax
HaBecHi acnektye. OCHOBHUMMW MicLe3pocTaHHAMN G. nivalis € NINCTSAHI Nicun, ransiBMHN, Y3NiCCH, YarapHMKK
Ha BaraTux, 4OCTaTHLO 3BOMIOXEHUX IPYHTaxX i CBITNMX Micusax (YepBoHa kHura..., 2009).

CnocTtepexeHHs 3a ctaHoMm nonynsauii G. nivalis (puc. 7) 3gincHiooTbed Ha 6nnn Ne 5, dka
3HaxoauTbcsa y ByKOBOMY [epeBOCTaHi Ha NiBOeHHO-3axigHoMy cxurni Ha BucoTi 920 m H.p.m. [insHka
3aknageHa B yrpynoBaHHi Acereto (pseudoplatani)-Fageto (sylvaticae), wo npe3eHTtye Tvn Giotony A1.1.3
aumpodineHi 6ykosi nic, 3a EUNIS Ta Pesontouieto 4 BepHcbkoi koHBeHLUii — G1.6 Fagus woodland / Bykosi
nicu; 3a Oopatkom | OcenuwHoi Oupektuen — 9110 Luzulo-Fagetum beech forests / Bykosi nicu
Luzulo-Fagetum (HauioHanbHui kaTanor..., 2018).

3aranbHe NPOEKTUBHE NOKPUTTSA TpaB’aHOro spycy Ha 6nnn Ne 5 ctaHoBuTb 60% (BeCHsIHA CMHY3iA).
HasBsHi gBa nin’apycu: nepunii — 20—-30 cm BrUcoTo, Apyruin — 5—20 cM. Y BEPXHiil YaCTUHI CXWNy 3ararnbHe
NPOEKTUBHE MOKPUTTS TpaB’sHOro spycy 36inbwyetsca 0o 75%. BuaoBui cknag € mManoyncensHuM i
cknagaetbces i3 Mercurialis perennis L., Symphytum cordatum Waldst. & Kit. ex Willd., Dentaria glandulosa
Waldst. & Kit., G. nivalis L., Anemona nemorosa (L.) Holub, Oxalis acetosella L. Ha kamiHHi po3miLleHi
OeKinbka B1aiB MOXiB, iX 3araribHe NPOeKTUBHE NOKPUTTHA CTaHOBUTb 3%.

BikoBui cnekTp nonynsuii 3a nepiog cnoctepexeHs (puc. 8), Sk npasuno, 6yB NiBOCTOPOHHIM (nnwwe
y 2011 p. cnoctepiraBca UeHTpoBaHuM Tun). [lepeBeplleHHs KiNbKOCTi Monoaux OcoOvH Hag
reHepaTMBHVMW OEeMOHCTPYE HasiBHICTb MPOLIECIB BiATBOPEHHIO Ta MOHOBIEHHI0. lpu uboMy, iHOEKC
reHepaTuUBHOCTI 3anuwaeTbCs HU3bkuUM. [lonynsuis Bu3HayeHa, sK Moroda. Taka X TeHOeHuis
NPOCTEXYETLCH B JOCTIMKEHHSX NpoBeAeHux Ha TepuTopii MiBaeHHoro Oninng (dmutpaw-Baueba, 2015).

AHani3 gaHMx MOHITOPUHIOBMX CMOCTEpeXeHb 3a nonynsauieto G. nivalis nokasas, Wo Hanbinbwa
KiNbKIiCTb 0COOUH YCiX BiKOBMX rpyn (HOBEHINbHOI, iMaTypHOI, BipriHiNbHOI, reHepaTUBHOI) 3ad)ikCoBaHO Ha
6nnn Ne 5y 2010 p., a3 2011 p. NpocTeXyeTbCsA 3HA4YHe (BTPWYI Ta HaBiTb OiNnbLUe) 3HWKEHHS YNCENBHOCTI
IOBEHINbHMX, iIMaTypHUX i BIpriHibHMX OCOOWH. Lle Npr3Beno A0 3MEHLUEHHs y cknagi nonynsauii Takox
KiNTbKOCTi reHepaTUBHNX 0COBWH. Pa3om i3 TUM, KONMBaHHS YMCENbHOCTI 0COOUH L€l BIKOBOI rpynu y nepiop,
2009-2013 pp. 6yno gewwo MmeHWwnM, (MOKa3HMKN 3MEHLLYBANNCH NO BiAHOLIEHHIO A0 NonepeaHbLoro poky,
AK NpaBuIio, He BinbLue HiX y ABa pasu).
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Puc. 7. FeHepaTuBHi 0co6uHM G. hivalis doT10: PomaH .Ky3H€Ll,OB
Fig. 7. Generative individuals of G. nivalis Photo: Roman Kuznetsov

Ak BugHo 3 rpacdpika (puc. 9), MakcumanbHi MOKA3HWMKKU LWiNbHOCTI 0COOUH y nonynsuii G. nivalis
cnoctepiranuca y 2009 i 2010 pp. Micna BnnNnBy HeraTUBHUX KNiMaTUYHUX YMHHUKIB LLINBHICTb 3HM3MNacs
y 3 pa3un 3 309 go 102 ocobuHn/m?. Hagani BoHa KonvBanacs y mexax 68—-86 ocobuH/m?2. 3a nitepatypHumm
OaHVMK WinbHICTb 0cobuH y nonynsuisx G. nivalis B YKpaiHCbkux Kapnatax Moxe KOnvMBaTucs y 3HaYHUX
mMexax Big 57 po 244 ocobuH/m? (BygHikoB, 1996, OmuTtpaw-Baueba, 2015). Taka x TeHAeHLis
cnocTepiranacb i Ansg TepuTopii npupogHoro 3anosigHuka «lopraHuy (68—-309 ocobuH/m?). HaTomicTb,
nonynauii nowwuperi B MNisgeHHoMy Oninni Ta Po3To44i XapakTepu3yTbCa 3HAYHO MEHLLOO LLiMbHICTIO —
Big 20,2-48,8 ocobun/m? (dopoweHko, 2006, [Omutpaw-Baueba, 2015) po 30-50 ocoGuH/m?
(OmwuTpaw-Baueba, 2015).
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Puc. 8. BikoBa cTpyktypa nonynsuii G. nivalis L. Ha 60TaHiuYHii NOCTiNHIN NPoOHi nnowi Ne 5
Fig. 8. Age structure of the population of G. nivalis L. at the botanical permanent trial area N2 5
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Puc. 9. 3miHa winbHocTi ocobuH nonynsuii G. nivalis L. Ha 60TaHi4YHi NocTiMHIN Npo6Hi nnowi Ne 6
Fig. 9. Change in the density of individuals of the population of G. nivalis L. on the botanical permanent trial area Ne 6

3a gaHumn cnoctepexerb C. B. KOcmn Barome 3HWKEHHS KinbKOCTI OCOBUH y cknagi ycix BiKOBUX
rpyn i 3aranbHoi wWinbHocTi 3 2010 p. no 2011 p. 6yno BMKIMKAHO HECNPUATIMBMMMU KNIMATUHHUMMU
yMOBaMu, 30KpeMa, HasiBHICTIO 3Ha4yHOro cHirosoro nokpwey B Il gekagi noToro, HasiBHICTIO 3HAYHUX
Bi’EMHMX 3HA4YeHb TEMMEpPaTypu NOBITPSA Ta NOBTOPHUM BMNaAaHHAM CHiry (ToBLuHa nokpusy go 20 cm),
AKi Npu3ynuHuny nodatok Beretauii (KOcun, 2012). OcobnuBo kniMaTuU4Hi yMOBM BNAUHYNKM Ha chasy
UBITIHHSA, OCKIiNbKM nepiog Mk novyaTkoM UBITiIHHA (23.02) i MacoBMM UBITIHHAM 0cobuH G. nivalis (09.04)
cTaHoBuB 46 gHis (Tabn. 3). lNpoBeaeHHA 3amipiB TemnepaTypu r'pyHTY Nokasanu 3B'A30K LibOro nokasHuka
3 4acoM HacTaHHeA neBHOi deHodasn. BignosigHo, npu -4°C BigGyBaeTbCA MPOPOCTaHHA OCOGWH,
nogansie nporpisaHHsa o 0°C i Bywe cnpuse nodaTky Ta MacoBivi ByToHi3auii. AKTUBHUIA reHepaTMBHUN
PO3BUTOK BiABOyBaeTLCS Npy TemnepaTypi noHag +2°C.

Tabnuusa 3. Ce3oHHUM uukn po3BuTKy G.nivalis B ymoBax npupoaHoro 3anoBigHuka «fopraHu» (2004-2024 pp.)
Table 3. Seasonal development cycle of G. nivalis in the conditions of the nature reserve "Gorgany" (2004—2024)

Data HacTaHHA ceHocpas / Date of phenophases start
®deHodasu / Phenophases
HaWoOINbLW paHHA /| | HanWGiNbLW ni3HA / CepegHsa /
the earliest the latest average
Movartok Beretadii i GyToHizauii 11.02 26.03 10.03
[MovyaToK UBITIHHA 23.02 22.04 30.03
MacoBe UBITiHHSA 10.03 28.04 09.04
KiHeub UBITIHHSA 03.04 10.05 19.04
3aB’a3yBaHHA nnogis 27.03 05.05 14.04
[o3piBaHHs i po3TpicKyBaHHA Nroais 07.05 23.06 08.06
3aBepLueHHs BereTauii 15.06 09.07 17.06

[nsa ysaranbHeHHs iHopmauii Wwoao deHonoriyHMx 0cobnmBOCTEN AOCNIAKYBAHUX MONYNsLin
edemepoigis i cneumdikn ix pearyBaHHs Ha KNiMaTUYHI YUHHUKM HaMW NPOBEAEHO paHXyBaHHS O3HaYeHNX
akTopiB i NOBygoBaHO fdiarpamy, Lo NOKa3ye piBeHb YyTnMBOCTI nonynsauin (puc. 10).
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Peakuis BUAiB Ha KNIMaTMYHI chakTopK
Species response to climatic factors

Crocus heuffelianus

Leucojum vernum
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Puc. 10. Peakuis nonynsuin ecoemepoiaiB Ha KniMaTU4Hi YMHHUKM (OLiHKa YyTnmBocCTi y 6anax Big 1 Ao 5)
Fig. 10. Response of ephemeral plant populations to climatic factors (sensitivity score from 1 to 5)

BcraHoBneHo, wo Ha C. heuffelianus Hanbinblwinii BNAMB MaloTb 3HAYHI CHironagu Ha noyaTky
BereTauinHoro nepiogy, A€o MEHLLMN — 3aTOMMEHHS OiNAHKU 3POCTaHHS MiCNsa psSCHMX | 4OBrOTpMBanmnx
powis. [NopiBHAHO crnablua peakuis Ha 3atonneHHs (2 6anu), Wo CBigYUTL NPO TOMNEPAaHTHICTb 40 BONOrMX
r'pyHTiB. Bug mae 3gaTHicTb A0 heHOMOoriYHOI NNacTUYHOCTI, ane HagMmipHe 3BOMOXEHHS MPM3BOAMTL A0
FHUTTA UMBynuMH y crabko apeHoBaHux rpyHTax (JopoweHko, 2016). MakcumanbHO 4yTnvBuM [0
Temnepatypu (5 6aniB) € L. vernum, wo 306iraetbcs 3 NOro eHomnoriYHo 0cobnmBICTIO — GinbL Mi3HA
OyToHi3auia Ta UBITIHHA, NiIMITyOUMMK akTopamMu BUCTYNalTb HWU3bKI cepeaHbogoboBi Temnepartypu.
OcTaHHi 3aTpMMylOTb HacTaHHS Ta HOpMaribHe MNPOXOMKEHHS a3 UBITIHHA Yy edemepoigiB, i B
noAarnbLlIoMy, MOXYTb BNAMBaTU Ha reHepaTuBHWUA PO3BUTOK 3aranoM. Baarani L. vernum peMOHCTpye
BMCOKY 3MiHHICTb TEepMiHIB NoYaTKy LBITIHHS 3aneXxHo Big TemnepaTtyp Yy ntoToMy—0epesHi, 3okpema, npu
cepegHbogoboBux Temnepatypax < +3 °C Bua Moxe 3aTpumyBaTu heHodasn ax A0 CepeauHn KBiTHS
(JTroBuHeub, 2013). G. nivalis Mae HanBuLLYy YyTNAMBICTb 4O NOBTOPHOIO CHiry, WO Y3ro4KyeTbCA 3 AaHUMMU
cnocTtepexeHb y Kapnatax Ta Noginni, Ae BuA cTpaxgae Big MOPo3060iH Npy NOBTOPHOMY NOXOMNOAAHHI Y
dasi ugiTiHHA (Kosupa Ta iH., 2019). NoBTOpHE BUNaaaHHA CHiry HaBeCHi 3CyBa€ UBITIHHA 0CobuH G. nivalis,
a BMCOKUIN CHIroBWI NOKPMB 3MEHLLYE KiNbKiCTb reHepaT1BHUX 0cobuH y nonynsuii. BogHovac 4yTnuBicTb
[0 3aTOMNMeHHsi Ta cHirornagy € nomipHoto.

BucHoBku

MoHiTopuHr 3a cTaHoM nonynsaui Tpbox Bugis-edpemepoigis (C. heuffelianus, G. nivalis, L. vernum)
y NpMpPOAHOMY 3anoBigHWKY «[fopraHmy» NpoBoAUBCS Ha BOTaHIYHMX MNOCTIMHUX NPOBHMX NMoLax BIpogOBX
TpuBanoro yacy (2004—-2024 pp.).

HamBuLla WinbHicTb i YnceneHicTb 0cobuH C. heuffelianus 6yna y 2005 p., y nogansomy B nepiog
2006—2007 pp. Bigbynocs ix piske 3HWXKEHHS (KiMbKICTb tOBEHINbHMX 0COBWMH 3meHwwunacs y 5,8 pasu,
iMaTypHO-BIpriHiNbHUX — y 7,1, reHepatuBHux — y 4,8). NpuynHn: HecnpuaTnmei abioTWYHI yMOBU (3Ha4Ha
BMCOTA CHIrOBOro MOKPMBY (8O 65 CM) Ta MOro pi3ke TaHEHHs, 3aTOMMEHHS, PACHI AOLli, HU3bKi
cepefgHboOo6oBi  TemnepaTypu), BUCOKa LWiNbHICTL nonynsuii (2672 ocobuH/M2), Wo BUKNUKana
KOHKYPEHLl0 i MOrfo npu3BeCcTM [O MPUPOAHOINO BUMMPAHHS YacTUHWM PocnuH. PeHonoriyHi dasu
(BereTauis, UBITIHHS, NNOAOHOLLEHHS) CUIBHO BapilolOTb 3a pokamu i 3anexaTtb Big TemnepaTyp noBiTps
Ta cTaHy rpyHty. Y 2011-2012 pp. nepioa Mk no4yaTKOM UBITIHHSA | MAacoBUM UBITIHHAM TpuBaB 42 AHIB
3amicTb 8, a y 2012 p. cnocTepiranocst 3HWKEHHS KiNbKOCTi reHepaTUBHUX OCOOMH Maike y 1,5 pasw.
Monynsauis L. vernum xapakTepusyeTbCsl CTabifibHOK YacCTKOK HBEHINMbHUX OCOOWH i 3MEHLUEHHSM
reHepaTvBHUX Yy HECnpUSTNuBI poku. MNonpu 3MeHLWeHHS reHepaTuBHUX ocobuH y 2013 p., nonynsuis
BUSIBANACA CTIMKOK 4epe3 BUCOKY 4YacTKy iMaTypHUX i BipriHinbHUX ocobuH. lMonynsuis € ocobnmeo
YyTNMBOIO A0 TemnepaTypHUX KONMBaHb (HM3bKi TeMNepaTypy BECHOO 3HaYHO 3MEHLUYIOTb reHepaTuBHUI
po3BuTOK). Y nonynsauii G. nivalis nepeBaxaloTb MONodi ocobuHn. HameBumwa LWinbHICTb 3adiikcoBaHa y
2009-2010 pp., nicna 4oro Biobynocsa TPUKPATHE 3HWKEHHSA 4epe3 MOBTOPHE MOXOMOOAHHA i CHir. Y
nodanblioMy BNpodoBX TpuBanoro 4vacy (2011-2022 pp.) cyTTeBMX 3MiH Y BIKOBiI CTPYKTYpi He

Cepisi «Bionorisiy, Bun. 44, 2025
Series Biology, issue 44, 2025 ISSN 2075-5457 (print), ISSN 2220-9697 (online)



m Huramika cmaHy nonynsauit piokicHux sudie-eghemepoidis y npupoOHOMy 3arosioHUKy «[opaaHu»

Population changes dynamics of rare ephemeroid species in the Gorgany nature reserve

BiabyBanocs. CnocTepiraetbcst 0cobnMBa YyTNMBICTb LbOro BuAy A0 NOBTOPHOrO CHironagy HaBecHi, Lo
BiATEPMIHOBYE LBITIHHA Ta 3HWXKYE reHepaTUBHICTb.

OTpuMaHi gaHi € BaXnMBOK OCHOBOK ANS OLIHKM CTIMKOCTI NONynsuii i nnaHyBaHHS 3axoniB 3
OXOPOHU PigKICHWMX BMAIB Y NpUpOoAHMX ymoBax. HasiBHICTb y cknagi gocnigKyBaHuX nonynsuii ocobuH
Pi3HMX BIKOBMX rpyn (Big CXOAIB A0 reHepaTVBHWX) CBIAYWUTL MPO BIACYTHICTb MepeLlukos AN cTanoro
iCHYBaHHS Ta NOHOBIMEHHSA 3a PaxyHOK HACIHHEBOIO Ta BEreTaTMBHOIMO PO3MHOXEHHS.
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Population changes dynamics of rare ephemeroid species

in the Gorgany nature reserve
R.l. Kuznetsov

The objects of study were the populations of three species: Crocus heuffelianus Herb., Galanthus
nivalis L., Leucojum vernum L. — the early flowering plants of the Gorgany Nature Reserve. The study
involved analyzing the results of long-term monitoring of populations of these species, identifying the
dynamics peculiarities of the age structure and changes in the numbers of individuals under the abiotic and
biotic factors. The study was carried out at the botanical permanent monitoring plots No. 4—6 on the territory
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of the Gorgany Environmental Scientific Research Department for 20 years from 2004. To determine the
density of populations, we used the methodology of T.O. Rabotnov with additions and A.A. Uranov, tested
by numerous researchers. L. vernum age groups were distinguished according to the classification given
by N.V. Shumska, C. heuffelianus — according to the classification of V.I. Melnyk and G. nivalis - according
to the classification of G.B. Budnikov. The results of the study showed that abiotic factors have a significant
impact on populations of ephemeroids . Abiotic factors that led to changes in the number of individuals
within different age groups of the C. heuffelianus include significant height of the snow cover and its abrupt
melting, low average daily temperatures, heavy rains and flooding of plants with water in the lowlands of
the botanical monitoring plot. Among the biotic factors, a very high population density should be noted. The
generative development of L. vernum is significantly affected by low average daily temperatures. At the
beginning of the growing season, the number and abundance of G. nivalis plants is affected by significant
snow cover, repeated snowfall and low average daily temperatures. We discovered that the spring
temperature drop and repeated snowfall after the beginning of the growing season significantly affect the
duration of phenological phases of the ephemeroids. The beginning of phenophases has shifted to later
dates. On the contrary, positive values of air and soil temperatures lead to an early start of the growing
season, as well as earlier onset of subsequent phenophases.

Keywords: Carpathians, plant species, Crocus heuffelianus, Galanthus nivalis, Leucojum vernum, status assessment,
population structure, age groups, phenophases, weather conditions
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Egg size Variation in the Collared Flycatcher (Ficedula albicollis Temminck, 1815)
T. Atemasova, T. Devyatko, A. Atemasov

This work aims to examine the factors influencing variation of the Collared Flycatcher’s egg size at the southern borders
of the distribution of deciduous forests (Homil'shanski Lisy National Park, Ukraine). In total, data on 298 clutches and
1971 eggs of the Collared Flycatcher in artificial nest-boxes for 2006—2011 and 2013-2021 were used for analyses.
As the meteorological indicators we used the temperature, a number of days with rainfall during the 1st decade of May;
and humidity indices. All statistical analyses were performed with R statistical software version 4.4.2, A Shapiro—Wilk
test for normality revealed that data were not normally distributed. Therefore, for further analysis, we used the Kruskal
— Wallis test and Dunn test as well as Permutational Analysis of Variance (PERMANOVA) of the distance matrix. The
vegan package was used for analysis. We analyzed the effects of meteorological indicators on egg size using
generalized additive models. Statistical analyses were performed using mgcv packages.

In the studied subpopulation, the average egg length tends to decrease in the period from 2006 to 2021 and is slightly
dependent on clutch size and the decade of first-egg laying. The seasons with the smallest egg sizes in the studied
subpopulation spanned 2014 - 2018; later on, there was an increase in egg diameter towards the usual size for this
subpopulation. The consistently small diameter of the eggs can be assumed to indicate that during this period, young
females predominated in the studied subpopulation.

In general, the size of the eggs in the last season was similar and even somewhat larger (especially in length) to those
obtained in the Sumy region of Ukraine, and in certain years exceeded the indicators of the eggs of flycatchers from
the Bialowieza Forest. It can be assumed that larger eggs are laid by females under optimal conditions within the
species’ range; as they move towards the borders of the range to the north and east, the morphometric parameters
may decrease due to the decline in the quality (abundance of food) of the environment.

The analysis of the repeatability of egg sizes in the same female should answer the question of whether the size of the
egg is an individual's characteristics of females. However, we did not receive a definitive answer.

The humidity of the pre-laying decade has a significant negative impact on the morphological parameters. The humidity
during the egg-laying decade has a positive influence, while to a lesser extent, the temperature of the decade prior to egg-
laying also positively affects the length of the eggs. The temperature of the previous decade and the number of rainy days
play a minor role. At the same time, there is an optimum for these indicators, beyond which the effect of their influence on
the size of the eggs changes to the opposite. In the studied area, the length and diameter of eggs from early and late did
not differ significantly. Only in certain years, the differences in length, diameter, and volume are significant.

The variation of the morphological parameters are an integrated response to the instability of environmental
parameters. One of the reasons for high variability in egg sizes may be humidity. The size of the eggs itself cannot be
explained by the climatic conditions of the current year. They are an integrated indicator of the female's maturity and
the nutritional conditions of the season.
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Introduction
The size and number of eggs are important components of reproductive strategies, with implications

for the offspring and parental fithess (Guo et al.,2022). Egg size is a useful metric for maternal investment
and offspring quality (Mark et al., 2021).
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Variation in egg size among individuals is caused by a combination of genetic and environmental
factors differences. Variation in egg size within an individual among years is caused by temporary
environmental differences between reproductive attempts (Falconer, 1989). Egg size is a particularly
important life-history trait mediating maternal influences on the offspring phenotype (“maternal effect” (Potti,
1999)). It is believed that females can vary the size of their investment in egg-laying depending on
environmental conditions, their own reproductive state, and the quality of the partner (Hargitai et al., 2005).
The size of the eggs a female lays is usually regarded as an indicator of the female’s or territory’s quality
(Horak et al. 1997, Silva et al. 2007). Many authors have discussed the dependence of egg size on their rank
in the clutch - eggs laid first are larger, while the last ones may be smaller due to poorer nutrition (Jarvinen et
al., 1986), the age of the female (Jarvinen et al., 1989; Mitrus, 2001), and heredity (Ojanen, 1983). Later, no
effect of the sequence of laying on the egg size was found. Eggs laid by older females are slightly larger, but
the differences between egg sizes in one-year-old females of different ages are negligible. It was noted that
the sizes of the eggs positively correlated with the leg length and weight of the female (Mitrus et al, 2001).

The reasons for the variability in egg sizes can be grouped as follows:

— the change in egg size in one individual over different years is caused by environmental conditions
during different breeding seasons (Falconer, 1989), related to the availability and accessibility of food; in
turn, the availability and accessibility of food depend on the local climatic conditions of the year (including
location within the range), as well as on the experience of the female (age) and body size (Cristian, 2002;
Hargitai et al., 2005);

—the influence of the female's heredity or age (which determines her physical condition); the last group
clearly includes the long-term effects of parasitic infections on the size of eggs, offspring, and the subsequent
condition of young flycatchers; the long-term impact of parasitic infection is described (Potti, 2008).

Thus, the presence and availability of food are ones of the main factors determining the physical
condition of birds and, ultimately, the production of viable offspring. Climate change affects the quantity,
quality, timing, and availability of food resources, which can be reflected in the indicators of the reproductive
cycle (egg morphology, timing, and duration of laying, etc.).

Global climate change has been shown to cause variable shifts in phenology of different animals
(Adamik et al., 2007). As response to climate change, the shift in phenological stages to earlier dates,
changes in phenological phases duration (Bauer et al., 2010) have been indicated as well as changes in
clutch sizes (Laaksonen et al., 2006) and nesting success (Slobodnik et al., 2013). Shifts in the seasonal
timing of species may differ depending on the trophic level, and, as a result, the phenology of predators
may be out of sync with phenology of their prey, or vice versa - the early entry of offspring in predators will
increase the impact on the survival of the offspring of hollow-nesting birds.

The effect of climate on reproduction and morphology have been also described (Przybyo et al.,
2000). Autors analyzing cross-correlations between the winter NAO index and reproduction and
morphological traits. Such idicators as laying date, clutch size, edging success, number of recruits
produced, tarsus and wing length are used.

Seasonal temperature variation affects changes in the diet of flycatchers differently (Burger et al.,
2012). The development of spring phenology could shift some food sources necessary for egg laying, which
leads to later egg laying and smaller clutches (Laaksonen et al., 2006).

In general, increase in air temperature clearly affects duration of the phenological phases: the date
of the first setting and the average date of setting. However, this change does not appear to have resulted
in incorrect timing in the trophic food chain (Bauer et al., 2010).

Changes in local climate conditions may also affect the competition for resources between resident and
migratory bird species by altering their breeding intervals or changing their population density (Ahola et al., 2007).
Spring temperature has stronger effect on the breeding phenology of the resident species (tits) than migrants
(flycatchers). However, density of the resident species increased after warm winters, having affected the
mortality of the migratory species as a result of the increased competition (Samplonius, Both, 2019).

Climatic conditions played a key role in the evolution of passerine egg shape (Duusmaa et al., 2018).
The trend towards decreasing egg diameter and volume due to inconsistent reproduction phenology linked
to climate warming was noted as early as 2008. The reason was the mismatch of phenological dates of
food abundance for optimal egg formation, which affects the condition of the female and leads to a smaller
average egg size (Potti, 2008). In addition, environmental conditions during egg formation may influence
conditions for embryonic development. It was noted that the magnitude of hatching deviation increased with
the number of cool days and heavily rainy days (Hargitai et al., 2009).
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Eggq size Variation in the Collared Flycatcher (Ficedula albicollis Temminck, 1815)

The dependence of egg parameters on climatic factors has been demonstrated for the Pied
flycatcher (Ficedula hypoleuca) in £L6dz, central Poland: a tendency to decrease the length, width, and
volume of eggs over a period of 10 years has been shown (Skwarska et al., 2015).

This work aimed to examine factors influencing variation of the Collared flycatcher’s egg size at the
southern borders of the distribution of the deciduous forests.

Materials & Methods

Study site and study species

We collected data between 2005 and 2021 in the Homil'shanski Lisy National Park, Ukraine
(centered at N 49°37'31.1" N, 36°19' 28.7" E). The studied plots (9 and 17.9 ha) are located in the south of
the Forest-Steppe of Left-Bank Ukraine, in the upland maple-linden oak forest (Acereto-Tilieto-Querceta
graminosa) consisting of Common Oak Quercus robur (age of 40-150 years), Small-leaved Lime Tilia
cordata, and Field Maple Acer campestre (Gorelova, Alekhin, 2002).

The 100 wooden nest boxes arranged in a grid system with an average distance of 50 m are mainly
used by the Collared Flycatcher and to a lesser extent by the Great Tit (Parus major) and Blue Tit (Cyanistes
caeruleus). The first Collared Flycatchers usually arrived to the Homil’'shanski Lisy National Park during the
9-19 April; (mean = April 15) in different years. Within a clutch 4—9 eggs (but typically 5-7) are laid during
the consecutive days, one egg per day, and laying gaps are extremely rare in our population (Atemasov et
al., 2024). Females raise only one brood within a reproductive season, but re-nesting events are possible
in the case of previous failures. In the maple-lime-oak forest in the left-bank the Forest-Steppe border of
Ukraine that we studied, the Collared Flycatcher is one of the four dominant species in the breeding bird’s
communities — 396 pairs/sq.km (Atemasov et al., 2011).

Eggs were measured (length and width) using sliding callipers to the nearest 0.1 mm. Variation of
such indicators as length, maximum diameter, and volume have been analyzed. Coefficients of variation
have been calculated for such indicators as length (L), maximum diameter (d) of eggs in clutches of different
sizes (Paevsky, 1985). To calculate egg volume, the formula: V = 0.51 x L (length) x d? (diameter) was
used, following Mijand (1988).

Clutches were divided into early and late ones according to the median date of laying the first egg.
The repeated clutches (clutches created 20 days after the median of the laying period (by Wesotowski,
1985)) were excluded from the analysis.

In total, data on 298 clutches and 1971 eggs of the Collared Flycatcher in artificial nest-boxes for
2006—-2011 and 2013-2021 were used for analysis.

Meteorological indices:

The following meteorological indices were calculated for each clutch:

— the sum of the effective average daily temperatures at the start of the laying - £ FLD

— the sum of the effective daily temperatures for the 30 day before the start of laying - £ 30 FLD;

— the sum of the effective daily temperatures for the 5 day before the start of laying - £ 5;

— a number of days with rainfall for the 1st decade of May - MaylIRain;

— the average temperature of the previous decade -T prev dek;

— the average temperature of the current decade - T actdek;

— the average air humidity index of previous decades - F prev dek

— the average air humidity index of current decades - F act dek

Data on average daily temperatures were obtained from the archive of meteorological data for
Kharkiv and Zmiiv (Kharkiv Region, 7 km from the study area) for 2006—2011 and 2013-2021.

Statistical analyses

All statistical analyses were performed with R statistical software version 4.4.2 (R Core Team, 2024).

Shapiro—Wilk test for normality revealed that data were not normally distributed. Therefore, for further
analyses, we used the Kruskal-Wallis test and Dunn test as well as Permutational Analysis of Variance
(PERMANOVA) of the distance matrix. The vegan package (Oksanen et al., 2025) was used for analysis.

We analyzed the effects of meteorological indicators on the egg size using generalized additive models
(GAM, Wood, 2006; Zuur et al., 2009). Statistical analyses were performed using mgcv package (Wood, 2006).

The systematics is provided according to IOC WORLD BIRD LIST (14.2). Birds were ringed in nests
with standard aluminum rings of series A and B, provided by the Ukrainian Ringing Center (Kyiv). Data on
re-encounters of 5 females marked in nests in 2007-2008, 2013-2014, 2016-2017, and 2017-2018 allowed
for the analysis of individual characteristics of egg size.
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Results

Measurements of 1971 eggs from 298 clutches were taken in 2006—2011 and 2013-2021 (Tables 1, 2,
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Table 1. Annual variation in the egg dimensions. N — number of eggs

Year N Mean + SE | Min — Max Cv
Lenght (mm)
2006 74 18.03+0.65 16.60 - 19.40 3.60
2007 225 18.01+£0.73 16.10 - 20.20 4.03
2008 222 18.14+0.66 16.50 - 20.00 3.64
2009 219 18.13+0.71 16.10- 20.10 3.94
2010 282 18.16+0.72 16.30 - 20.00 3.96
2011 215 18.17+0.81 15.90 - 20.10 4.48
2013 82 17.81+£0.75 15.96 - 19.49 4.24
2014 130 17.59+0.74 15.00 - 19.50 4.20
2015 89 17.75+£0.53 16.05 - 19.02 3.52
2016 122 17.65+0.92 15.23 - 19.92 5.20
2017 87 17.65+0.74 16.46 - 19.55 4.16
2018 32 17.62+0.54 16.07 - 18.72 3.05
2019 65 18.15+0.81 16.58 - 20.51 4.48
2020 58 17.89+0.65 16.56 - 19.42 3.63
2021 69 17.96+0.88 15.27 - 20.02 4.91
Breadth (mm)
2006 74 13.52+0.54 12.50-15.10 4.02
2007 225 13.38+0.42 12.00-14.30 3.18
2008 222 13.28+0.43 12.10-14.20 3.22
2009 219 13.46+0.44 12.00-14.20 3.24
2010 282 13.47+0.47 12.00-14.10 3.47
2011 215 13.43+0.48 12.00-14.70 3.56
2013 82 13.35+0.34 12.55-14.10 2.54
2014 130 13.06+0.27 12.20- 13.90 2.06
2015 89 13.02+0.63 11.15-14.07 4.85
2016 122 13.31+£0.46 12.00 - 14.23 3.47
2017 87 13.11+£0.46 12.12 - 14.53 3.51
2018 32 13.06+0.30 12.40 - 13.85 2.33
2019 65 13.58+0.35 12.86 - 14.64 2.60
2020 58 13.42+0.51 12.53 - 14.50 3.81
2021 69 13.63+0.51 12.43 - 14.80 3.72
Volume (cm?3)
2006 74 1685.72+177.49 1416.93-2168.78 10.53
2007 225 1645.69+139.35 1292.54-2019.19 8.47
2008 222 1635.26+139.05 1242.72-1943.61 8.50
2009 219 1677.75+136.16 1290.94-1988.17 8.12
2010 282 1684.55+144.16 1233.79-2157.30 8.56
2011 222 1675.09+158.28 1175.04 - 1999.2 9.45
2013 82 1630.97 +122.92 1386.09 - 2041.47 7.54
2014 130 1531.46+107.23 1222.61 -1812.48 7.00
2015 89 1555.14+167.89 1096.66 - 1916.35 10.80
2016 122 1599.48 +169.52 1142.73 - 1968.51 10.60
2017 87 1550.05+139.18 1295.91 - 1971.25 8.98
2018 31 1534.07+96.75 1365.96 - 1805.93 6.31
2019 65 1708.69+143.32 1427.32 - 2097.03 8.39
2020 57 1645.7+142.9 1330.20 - 2194.20 8.68
2021 68 1707.51+183.60 1287.11 - 2220.11 10.75

S1). Results of the Kruskal-Wallis test showed that egg dimensions (length, diameter, and volume)
differed significantly between years, egg laying period (decade) and clutch size (Fig. 1-3). Values of effect
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Bapiaujii posmipy seupb y binowutioi myxonoeku (Ficedula albicollis Temminck, 1815)

Egg size Variation in the Collared Flycatcher (Ficedula albicollis Temminck, 1815)

size, which provide information about the magnitude of the differences between groups are presented in
Table 3. The effect size for all dimensions by years is moderate, by decade and clutch size is small.

Kruskal-Wallis, °(14) = 161.14, p = <0.0001, n = 1965
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Fig. 1. Variation in egg dimensions by years
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Fig. 2. Variation in egg dimensions with egg laying period (decade)
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Fig. 4. Distribution of average length and diameter parameters of eggs in the studied subpopulation over the
years

Table 2. Variation of egg (n = 1971) dimensions (pooled data)

Mean + SE Min — Max
Length (mm) 17.99 + 0.47 15.0 - 20.51
Breadth (mm) 13.33 + 0.86 11.20 - 15.56
Volume (mm3) 1638.23 + 275.09 1140.66 - 2220.11

Table 3. Effect size (Dunn test) of the years, egg laying period (decade) and clutch size on egg dimensions

by years by decade by clutch size
Length 0.0755 (moderate) 0.00950 (small) 0.00747 (small)
Breadth 0.1040 (moderate) 0.00579 (small) 0.00898 (small)
Volume 0.1140 (moderate) 0.01010 (small) 0.00978 (small)

Overall, the number of clutches in 2013-2021 was significantly lower, with smaller average size. The
general decrease in morphological indicators in the clutches of 2013-2021, especially in 2014-2018, is
noteworthy. At the same time, the clutches from 2019 have fairly similar morphological indicators to the
numerous clutches from 2006-2011. A separate group includes clutches from 2011, 2013, and 2020-2021
- with an average egg length, their diameter corresponds to that of eggs from clutches from 2006-2010.
Overall, eggs from clutches from 2014-15 and 2017-2018 are distinguished by having minimal length and
diameter measurements. In other respects, the diameter of eggs from all other clutches remains quite
stable, while the length is the most variable and is maximum in clutches from 2008-2010 and 2019. No
linear dependence is observed. At the same time, eggs with the maximum diameter are characteristic of
the clutches from the years 2006, 2019, and 2021 (Fig. 4). It can be assumed that this is related to the body
size of the females nesting in the specified years.

The results of PERMANOVA showed statistical significance of year, egg laying period (decade), and
clutch size, as well as the effect of their interactions on egg dimensions (Table 4).
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Table 4. The statistical significance of the influence of various factors on egg dimensions

Bapiaujii posmipy seupb y binowutioi myxonoeku (Ficedula albicollis Temminck, 1815)

Eggq size Variation in the Collared Flycatcher (Ficedula albicollis Temminck, 1815)

Df SumsOfSgs | MeanSqgs F.Model R2 Pr(>F) Signif.

Year 14 135.20 9.6571 16.4766 0.08469 0.001 e
decade 3 9.71 3.2369 5.5226 0.00608 0.001 x
clutch_size 5 22.79 4.5589 7.7781 0.01428 0.001 x
Year:decade 27 108.42 4.0155 6.8511 0.06792 0.001 e
Year:clutch_size 41 153.06 3.7333 6.3695 0.09588 0.001 el
decade:clutch_size 8 30.78 3.8478 6.5649 0.01928 0.001 e
Year:decade:clutch_size 14 52.64 3.7603 6.4156 0.03298 0.001 el
Residuals 1849 1083.72 0.5861 0.67888

Total 1961 1596.34 1.00000

Signif. codes: 0 *** 0.001 ** 0.01 " 0.05° 0.1 "’ 1

s(SumFLD,7.18)

s(Tactdek,7.36)

Local weather conditions

Since the reproductive conditions of females during the egg-laying period are mainly determined by
the availability and accessibility of food, which in turn depends on temperature and humidity, we have
evaluated the dynamics of air temperature and humidity during March, April, and May - in the pre-
reproductive and main egg-laying periods (according to data from different years - from April 23 to June 1).
The associated analysis of the morphological parameters of the eggs and the climatic characteristics of the
season revealed the following patterns (Fig. 5 a-c, Tab. S3):
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Figure 5 a-c. Response shapes of meteorological indicators in the GAM model for egg dimensions, (a) — length,
(b) — breadth, (c) — volume. The dashed lines are approximate 95% point-wise confidence intervals; tick marks
show the location of observations along the variable range; y-axes represent the effect of respective variable;
s represents smooth term of GAM

The analysis of the influence of local weather conditions on the morphological parameters of eggs
revealed significant components. These are the relative humidity of the air during the pre-laying period and
during the egg-laying period. To a lesser extent, the air temperature during these periods is significant, and
the number of rainy days is even less significant. (Fig. 5 a-c).
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Eggq size Variation in the Collared Flycatcher (Ficedula albicollis Temminck, 1815)

Early and late clutch

In certain years, early clutches significantly differed in diameter (2006, 2018), length and diameter
(2007, 2021), and length (2009, 2016). Accordingly, the volume of eggs in these years also significantly

distinguished early clutches from late ones (Tab. 5). In 2008 and 2019, there were no late clutches.

Table 5. Oomorphological parameters of early and late clutch in different years

Year L g d g g

@ @ @

early late £ early late £ early late £

5 > )

w (2] (2]

2006 18.00+ 18.05+ ns 13.31% 13.69+ o 1628.94+ | 173141+ | **
0.59 0.70 0.47 0.55 147.78 187.68

2007 17.97+ 18.57+ * 13.36% 13.67+ o 1637.28% | 1772.34+ | **
0.70 0.94 0.43 0.19 136.05 131.05

2009 18.18+ 17.76+ * 13.48+ 13.30+ ns | 1686.75+ | 1607.89+ *
0.68 0.86 0.42 0.51 128.12 175.08

2010 18.13+ 18.30+ ns 13.46+ 13.52+ ns | 1678.34+ | 1710.19+ | ns
0.75 0.56 0.47 0.47 142.94 147.66

2011 18.15+ 18.32+ ns 13.43% 13.42+ ns | 1672.99+ | 1690.97+ | ns
0.78 1.07 0.47 0.56 148.34 222.51

2013 17.85+ 17.55+ ns 13.43% 13.42+ ns | 1640.44+ | 157574+ | ns
0.80 0.33 0.34 0.35 125.35 93.79

2014 17.58+ 17.62+ ns 13.06+ 13.04+ ns | 1531.89+ | 1528.78+ | ns
0.76 0.60 0.27 0.28 110.12 89.78

2015 17.83+ 17.65+ ns 12.98+ 13.07+ ns | 1553.53+ | 1556.94+ | ns
0.58 0.67 0.67 0.58 185.75 147.58

2016 17.61+ 18.33+ * 13.32+ 13.18+ ns | 1598.20+ | 1624.24+ | ns
0.92 0.70 0.47 0.28 172.25 110.82

2017 17.68+ 17.57+ ns 13.17+ 12.94+ ns 1567.0+ 1502.90+ | ns
0.66 0.92 0.48 0.37 136.23 139.33

2018 17.61+ 17.69+ ns 13.10+ 12.86+ * 1543.95+ | 149127+ | ns
0.58 0.31 0.31 0.15 102.43 53.54

2020 17.90+ 17.83+ ns 13.47+ 13.19+ ns | 165844+ | 1584.55+ | ns
0.63 0.75 0.53 0.30 144.63 122.77

2021 17 .42+ 18.18+ o 13.15% 13.83+ #ox | 1538.03+ | 1776.69+ | ****
0.84 0.81 0.34 0.43 102.11 163.72

Total 17.84+ 17.95+ ns 13.28+ 13.31+ ns | 161044+ | 1627.22+ | ns
0.24 0.35 0.17 0.30 57.54 99.43

ns — not significant, * - p<0.05, ** - p<0.005, **** - p<0,00005

Individuality: repeatability of egg sizes in the same females

We analyzed the sizes of the eggs in 5 individually marked females over 2 consecutive years (table
3). For 4 out of 5 birds, a decrease in egg length was observed in the subsequent clutch; the most consistent
parameters were characteristic for 2 birds. For 2 out of 5 birds, the discrepancies were significantly larger.
The sample may be too small to confirm or refute this hypothesis.
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Table 6. Individuality: repeatability of egg sizes in the same females

Fe- Year 1 L d Year 2 L d Mann- Effect Mann- Effect
males Whitney size (L) | Whitney U | size (d)
U test (L) test (d)
A 2007 19.8+ 13.7+ 2008 18.8+ 13.5¢ | 24;p=0.11; - 23; p=0.163; -
0.098 0.063 0.084 0.109 ns ns
B 2007 17.8% 13.5¢ 2008 17.7% 13.6x |29.5; p=0.56; - 19; p=0.519; -
0.088 0.047 0.159 0.118 ns ns
C 2013 17.4% 13.0% 2014 17.1% 13.0¢ | 26; p=0.188; - 15; p=0.742; -
0.161 0.054 0.067 0.151 ns ns
D 2016 17.5+ 13.5¢ 2017 17.8+ 12.8+ | 18; p=0.456; - 49; 0.838;
0.166 0.055 0.105 0.043 ns p=0.00214; large
E 2017 18.1+ 13.7+ 2018 17.6+ 13.4+ | 30; p=0.234; - 36.5; 0.615;
0.261 0.146 0.261 0.088 ns p=0.0319; * large
Discussion

Among the factors affecting egg size are mentioned:

— individual characteristics of female (for the Pied Flycatcher proven by Ojanen, 1983, for the
Collared Flycatcher it remains controversial): the age of the female and female body weight;

— abundance of food (the quality of the territory) and the female's ability to find a suitable amount of
food (Stuchbury et al., 1987; Burger, 1988; Pyle et al., 1991). This ability may depend not only on hereditary
factors, but also on the age (or experience) of the female;

— local climate conditions as temperature, humidity (sufficient food supply during the egg-laying
period) - usually have specific features in different years.

Each of these factors is connected with others. The latter can explain geographical and interannual
variability.

Geographical variations in the egg size.

Some authors note the change in egg sizes at different geographical points of the overall range. In
some species, it was demonstrated that egg size increases from the south to the north (Jarvinen &
Vaisanen, 1983, Jarvinen, Pryl, 1989). The effect of latitude on the correlation of egg size with clutch size
has also been established: for example, egg size in the Pied Flycatcher was negatively correlated with
clutch size between 40° and 51° N (Encabo et al., 2002).

The studied eggs of the Collared Flycatcher from the Biatowieza Forest were slightly larger than
noted in the Czech Republic and Hungary, but smaller than in the Niepotomice Forest and in Slovakia
(Mitrus et al., 2001). The influence of the geographical component is probably indirect through the
peculiarities of the climate in different parts of the rangewhich in turn may account for relatively larger or
smaller egg sizes (possibly, this could also be related to year-to-year differences in egg sizes).

Analysis of literature data from the Ternopil region (Talposch et al., 1995), Sumy region (Knysh, 2003),
Vinnytsia region (Seliverstov, 2008), and Bialowieza Forest (Mitrus et al., 2001) showed similarities in the
length and diameter of eggs in the studied subpopulation with similar parameters from the oak forests of the
Sumy region; length and diameter of the eggs were generally larger than those in the oak forests of Bialowieza
Forest (Tab. 1 of the appendix). Thus, a slight increase in egg length has been shown from west to east.

The oological materials of the collections of A. V. Nosachenko from Cherkasy (Seliverstov, 2008)
show similarities in the parameters of the eggs of the Collared Flycatcher with modern clutches from the
Northeast and East of Ukraine (Atemasova et al., 2014; Knysh, 2003) despite a 100-year time interval. At
the same time, these parameters have a large variation between the years (1922-1927), demonstrating
both maximum and minimum parameters (Fig.6).

The geographical point of the Savalsky Forest is located 600 km to the northeast from the studied region
and is characterized by low sizes (lower than those in the Bialowieza Forest, the clutches are similar in size).
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Changes in egg size depending on geographical latitude and clutch size remain poorly studied. A
clear negative correlation between egg size and clutch size along latitudinal gradients has not been
confirmed (Guo et al., 2022).

Oomorphological parameters and variability (Cv) as indicators of stability of the environmental conditions

The authors previously showed a significant difference in the length and diameter of eggs in clutches
of different sizes (p<0.05), i.e., with an increase in clutch size, the length and diameter of the eggs decrease
(AtemacoBa u ap., 2014). The same pattern was noted by Knysh (2003) and Talposh et al. (1995).

Interannual variations in egg sizes show a general trend of egg length decrease (a slight increase in
2019); the diameter fluctuates, decreasing in 2014 - 2018 (Tab. 1, Fig. 6). Therefore, it can be assumed
that during this period, young females predominated in the studied subpopulation.

The influence of the year on egg size is moderate, however, it is greater than the influence of clutch
size or the decade of egg laying (Tab. 3).

Lack of differences in egg size between years is considered by some authors to indicate stable
environmental conditions (i.e., abundance of food) (Ojanen et al., 1979; Jarvinen, Vaisanen, 1983;
Jarvinen, Pryl, 1989; Potti, 1993; Nager, Zandt, 1994). High variability in egg size parameters instability of
environmental conditions of the current breeding season conditions.

Under stable environmental conditions in Biatowieza Forest, the egg sizes of the Collared Flycatcher
were stable and both indicators (L and d) were positively correlated. It positively correlated with the clutch
size also (Mitrus et al., 2001).
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Fig. 6. Oomorphological parameters in various geographical zones and years (years points only - in our
subpopulation)

The egg dimensions (length, diameter, and volume) differed significantly between years, egg laying
period (decade) and clutch size (Figs. 1-3). Similarity in these parameters is noted between different years,
sometimes quite distant from each other.(Fig. 6). Years with a minimal egg size in the studied subpopulation
are highlighted (2014, 2015, 2017, and 2018). The 2016 clutches also have a small diameter. However,
the length and diameter parameters are mostly larger than those reported in the literature for the Bialowieza
Forest, the Savalsky Forest, and the Sumy region. The nests from Nosachenko's collection, gathered in
the Cherkasy region between 1922 and 1927, show a large variation in parameters; however, they are few
in number and rather indicate individual characteristics of the females.

The variability of length and diameter of eggs in clutches of various sizes in different years (Tab. S1)
and average variation indicators by year are high in the studied subpopulation: in 2007, the coefficients of
variation for egg length ranged from 3.56 to 5.76 for all size categories of clutches (Tab. S1). It can be
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assumed that this is a response to unstable environmental conditions. This year was characterized by a
short spring period (from the transition from +5°C to +15°C took 10 days) and the shortest egg-laying period
recorded over all observation years - 6 days. High variability indicators of egg length are characteristic for
the 6th and 7th egg clutches (most common in the population) of 2016 (4.93 and 5.22 mm). It can be
assumed that such high variability in length is a response to unstable environmental conditions.

Weather characteristics influence egg sizes

The local weather conditions in our study area determine the availability and abundance of food for
insectivorous birds, and consequently - the condition of the female and her ability to lay sufficiently large eggs.
Large eggs provide many advantages, including a greater likelihood of the chick hatching, higher chick survival
rates, and a greater chance of successful fledging (Jarvinen, Ylimaunu, 1984; Williams, 1994; Perrins, 1996).

In addition, egg production in birds requires a large part of the total energy budget, thus a clutch mass in
some bird species can outweigh the body mass of the female (Li et al., 2003) and a decrease in air temperature
(which requires additional energy to compensate for heat loss) can hinder the process of laying eggs.

Experiments with manipulations of food abundance showed clearly the dependence of egg size on
this factor (Arcese, Smith, 1988; Boutin, 1990). However, temperature can influence egg size indirectly
regulating leaf development and abundance of food (Slagsvold, 1976). Sequentially laid eggs of small
songbirds are built from the current income of resources and therefore can be subjected to different
environmental influences on the short- and long-term perspectives (Skwarska et al., 2015). In adverse
weather, aerial insect activity is reduced (Williams, 1961; Bryant, 1975; Peng et al., 1992), making it
increasingly challenging to locate prey (Avery and Krebs, 1984), which is thought to reduce foraging
efficiency (Cantar, Montgomerie, 1985).

Hargitai (2005) constated that egg size increased within clutches in years with a warm pre-laying
period; while in years when the weather during that period was cold, there was no significant intra-clutch
trend. Proximate considerations seem to explain the observed patterns of the intra-clutch egg-size variation;
however, one cannot reject the adaptive explanation (Hargitai et al., 2005). Cristians (2002) believes that
ambient temperature during egg formation generally explains less than 15% of the variation in egg size.

From the indicators we analyzed, following have significant influence on the oomorphological
parameters: i) the humidity of the 10-days prelaying period (negatively), ii) humidity during the decade of
egg laying (positively), and iii) to a lesser extent - the temperature of the 10-days pre-laying period
(positively influences the length of the eggs). At the same time, there is an optimum for these indicators
(humidity for pre-laying period 20-40 %), beyond which the effect of their influence on the size of the eggs
changes to the opposite.

A number of researchers showed that temperature and food availability affect egg size: eggs laid
later are larger, and this difference is significant (Ojanen et al., 1981; Jarvinen, Pryly 1989; Slagsvold, Lifjeld
1989; Magrath, 1992). Other researchers argue that larger eggs have been found in early clutches
compared to late clutches. However, only length and volume differed significantly between early and late
clutches (Mitrus et al., 2001).

Within the studied area, the length and diameter of early and late (eggs laid before the median date
and after it) averaged over all years were L=17.98+0.76, d=13.35+0.46 and L=17.99+0.79, d=13.41+0.54
mm respectively, and did not differ significantly. Only in certain years, the differences in length, diameter,
and volume are significant. In general, eggs from later clutches are larger, although in our case, in 2009
and 2018, length or diameter of eggs from later clutches were smaller. Late clutches from 2007, 2009,
2011, and 2017 stand out with high variability in length. Only in one case (2016) was high variability shown
for the length of eggs in early clutches. High variability in egg length usually indicates instability in
environmental conditions.

Weather conditions in 2016 were generally characterized by the late onset of meteorological summer
(the average daily temperature exceeded +15°C on June 4th), as well as high average humidity in the
decade pre-laying of the first egg (H=72.5 %). This is the highest humidity indicator recorded in the decade
pre-laying of the first egg for the entire year of research.

The clutches of 2021 also characterized by high variability. The weather conditions this year were
marked by a late onset of meteorological summer (June 4th, 2021). However, the humidity during the period
preceding egg-laying was at the same level as in other years (H=56.0).
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Age and individual condition of female

The question of the influence of the female's age on the onset of the egg-laying period is a topic of
debate (Perrins, 1970; Wiggins et al., 1994; Verhulst et al., 1995; Sanz, 1997). Some authors explain
variations in egg sizes by the quality of the female or the territory (Ojanen et al., 1979; Potti, 1993; Nager,
Zandt, 1994).

In short, egg size appears to be a characteristic of individual females, and yet the traits of a female
that determine egg size are not clear. Although egg size often increases with female age (17 out of 37
studies), the change in egg size is generally less than 10%. Female mass and size rarely explain more than
20% of the variation in egg size within species. A female's egg size is not consistently related to other
aspects of reproductive performance such as clutch size, laying date, or the pair's ability to rear young
(Cristians, 2002).

There is also a hypothesis that the size of eggs is an inherited individual trait of the female
(Mitrus at al., 2001).

The analysis of the materials from the collections of A. V. Nosachenko (Seliverstov, 2008) shows
that some females have clutches with low variability in the length and diameter of the eggs, yet having
individual characteristics in these parameters (all eggs are about 16.33x13.18; or about 19.44x13.82 mm).
In our studies, such clutches have also been encountered (5-eggs clutch, L=18.9-19.2, CvL= 0.88). This
suggests that there are individual traits in females carrying large or slow eggs regardless of clutch size and
the date of the season.

The analysis of the repeatability of egg sizes in the same female did not provide a clear answer
regarding the repeatability of diameter and length in the clutch of the same female two consequential years.
There were cases found that both followed and did not follow this pattern.

C. Mitrus believes that egg size of the Collared Flycatcher from Biatowieza Forest seems to depend
more on the characteristics of the female than on environmental conditions (Mitrus et al., 2001). The
diameter of the egg depends on the diameter of the female's oviduct and indicates, rather, her
morphological conditions: it may indicate the presence of a significant portion of mature large females in
the population. High variability suggests presence of different categories of females - both young and
mature. Thus, in 2014-2018, there were eggs with a small diameter in the studied subpopulation. It should
be assumed that this is related to the presence of young females.

Conclusion

In the studied subpopulation, the average egg length tends to decrease in the period from 2006 to
2021 and is slightly dependent on clutch size and the decade of first-egg laying.

Although, according to some authors (Mitrus et al.,2001), the age of the female has a negligible
effect, and mainly the size of the egg depends on the size (weight and length of the legs) of the female. In
our opinion, these indicators may demonstrate the maturity level of the female (but not age); thus, high
oomorphological parameters over a series of long-term observations may indicate the share of
reproductively most mature females in this subpopulation.

The diameter was the smallest in 2014-2015 and 2017-2018; then there was an increase in egg
diameter to the usual size for this subpopulation. This may be related to the presence of young females in
the subpopulation in 2014-2018.

In addition, it can be assumed that larger eggs are laid by females under optimal environmental conditions
in the optimum of the range; as they move towards the borders of the range to the north and east, the morphometric
parameters may decrease due to the decline in the quality (abundance of food) of the environment.

We suggest that among this subpopulation there is a significant proportion of mature females laying
eggs of considerable size (which may explain the interannual differences in egg parameters).

Among the meteorological indicators we analyzed (temperature and humidity), the humidity of the
pre-laying decade has a significant negative impact on the morphological parameters. The humidity during
the egg-laying decade has a positive influence, while to a lesser extent, the temperature of the decade prior
to egg-laying also positively affects the length of the eggs. The temperature of the previous decade and the
number of rainy days play a minor role. At the same time, there is an optimum for these indicators (humidity
20 - 40 %), beyond which the effect of their influence on the size of the eggs changes to the opposite. In
the studied area the length and diameter of eggs from early and late are did not differ significantly. Only in
certain years, the differences in length, diameter, and volume are significant.
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The analysis of the repeatability of egg sizes in the same female should answer the question of
whether the size of the egg is an individual characteristics of the female. However, we did not receive a
definitive answer. Cases were recorded both confirming and not confirming this. It may be related to the
small number of repetitions (5 females, 2 years).

In the stable conditions of a national nature park, only the characteristics of the climate of the current
year can provide variability in environmental conditions. The variability of oomorphological parameters is
an integrated response to the instability of environmental parameters. One of the reasons for the high
variability in egg sizes may be humidity. The size of the eggs itself cannot be explained by the 3climatic
conditions of the current year. They are an integrated indicator of the female's maturity and the nutritional
conditions of the season. These, in turn, are influenced by climatic features such as temperature, humidity,
etc. High variability in egg length usually indicates instability in environmental conditions (in 2016 - hight
humidity during the pre-lying period).
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Table S1.
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2006 3 1 3 18.27+0.25 18.0-18.5 1.38 13.30+0.26 13.1-13.6 1.99
4 1 4 17.28+0.57 16.6-18.0 3.32 13.15+0.10 13.0-13.2 0.76
5 4 20 18.50+0.58 17.20-19.20 3.16 13.57+0.48 12.5-14.3 3.52
6 4 24 18.04+0.65 16.80-19.40 3.59 13.66+0.70 12.6-15.0 5.14
7 2 14 17.68+0.46 16.7-18.6 2.63 13.4310.24 13.1-13.9 1.79
9 1 9 17.76+0.43 17.1-18.5 2.44 13.41+0.66 12.8-15.1 4.95

2007 5 1 5 19.04+0.22 18.7-19.3 1.15 13.74£0.14 13.5-13.9 1.03
6 6 36 18.03+0.74 16.1-19.3 4.13 13.131£0.55 12.0-14.10 4.21
7 18 126 17.94+0.64 16.5-20.1 3.56 13.40£0.39 12.1-14.2 2.89
8 5 40 17.92+0.72 16.7-19.9 4.04 13.34+0.4 12.9-14.0 3
9 2 18 18.31+1.06 17.0-20.20 5.76 13.66+0.21 13.4-14.0 1.55

2008 5 2 10 19.18+0.38 18.8-20.0 1.96 13.39+0.36 13.0-14.0 2.69
6 4 24 18.47 £ 0.66 17.0-19.0 3.58 13.62+0.34 13.0-14.0 2.52
7 13 N 18.04+0.58 16.5-19.0 3.2 13.31£ 042 12.3-14.10 3.15
8 11 88 18.08 +0.66 16.6-19.10 3.64 13.240.42 12.1-14.2 3.15
9 1 9 17.67+0.30 17.5-18.0 1.67 12.840.11 12.6-13.0 0.87

2009 5 1 5 18.42+0.40 18.0-19.0 2.15 13.02+0.08 12.9-13.1 0.64
6 10 60 18.11+0.83 16.1-20.10 4.59 13.4540.50 12.0-14.10 3.73
7 15 105 18.28 £ 0.62 17.0-19.6 3.41 13.391£0.40 12.0-14.2 2.95
8 5 40 17.59+0.50 16.6-18.9 2.86 13.68+0.41 12.9-14.0 2.99
9 1 9 18.86+0.26 18.4- 19.2 1.36 13.57+0.18 13.4-13.9 1.33

2010 5 2 10 17.63+ 0.64 17.00-18.90 3.64 13.01+0.09 12.90-13.10 0.67
6 17 102 18.22+0.68 16.80-19.80 3.75 13.59+0.45 12.6-14.40 3.33
7 | 22 154 18.11+0.73 16.3-20.00 4.03 13.44+0.47 12.00-14.10 3.48
8 2 16 18.62+0.63 17.5-19.5 3.38 13.37+0.46 13.00-14.00 3.42

2011 4 1 4 16.4+0.52 15.9-16.9 3.19 12.78+0.52 12.0-13.1 4.06
5 2 10 18.11+0.20 17.9-18.5 1.09 13.03+0.09 12.9-13.10 0.73
6 6 36 18.61+0.63 17.50-20.0 3.39 13.9240.27 13.50-14.70 1.91
7 11 77 18.31+0.79 18.00-20.10 4.3 13.411£0.47 12.30-14.50 3.5
8 11 88 17.93+0.79 15.9-19.00 4.39 13.32+0.43 12.3-14.0 3.2

2013 5 2 10 16.94+0.68 15.96-17.68 4.01 13.08+0.20 12.87-13.38 1.56
6 2 12 18.37+0.4 17.61-18.84 2.2 13.40+0.4 12.55-14.07 2.98
7 4 28 17.75+0.57 16.71-19.49 3.21 13.3410.21 13.02-13.96 1.6
8 4 32 17.91+0.8 16.8-19.1 4.45 13.42+0.4 12.69-14.1 3

2014 5 1 5 17.69+0.55 17.07-18.39 3.13 12.89+0.3 12.63-13.37 2.31
6 5 30 17.93+0.44 16.50-18.70 2.44 13.06+0.30 12.20-13.79 2.28
7 10 70 17.37+0.84 15.0-19.50 4.82 13.0840.28 12.20-13.90 2.13
8 2 16 17.81+0.56 16.2-18.34 4.32 13.00£0.20 12.53-13.19 1.55
9 1 9 17.72+ 0.57 17.00 - 19.00 0.32 13.0410.14 12.8 - 13.30 1.09
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Bapiaujii posmipy seupb y binowutioi myxonoeku (Ficedula albicollis Temminck, 1815)

Eggq size Variation in the Collared Flycatcher (Ficedula albicollis Temminck, 1815)

o Lenght diameter
g 8 M+ SD lim Cv M+ SD lim cvVv
|5 | (%) (%)
g5 |2

§ |3|°

>

2015 4 3 12 17.9+0.53 17.13-18.88 2.97 13.24+0.29 12.89-13.95 2.19
5 1 5 17.92+0.7 18.17-19.02 3.9 12.94+0.22 12.6-13.21 1.7
6 5 30 17.65+0.65 16.12-18.9 3.65 12.94+0.62 11.15-14.07 4.78
7 6 42 17.75+0.64 16.05-18.87 3.58 13.02+0.73 11.2-14.13 5.63

2016 4 1 4 17.32+0.62 16.6-17.99 3.55 13.15+0.37 13.0-13.87 2.74
5 2 10 18.17+0.70 17.27-19.51 3.86 12.85+0.34 12.18-13.52 2.65
6 5 30 18.14+0.89 16.61-19.92 493 13.33+0.52 12.01-14.10 3.89
7 10 70 17.38+0.91 15.23-19.13 5.22 13.34+0.45 12.0-14.23 3.37
8 1 8 17.7+0.36 17.16-18.15 2.02 13.43+0.13 13.28-13.66 0.94

2017 5 2 10 18.37+0.80 17.3-19.55 4.34 13.11+0.33 12.3-13.49 2.55
6 7 42 17.59+0.73 16.46-19.53 414 13.11+0.47 12.12-14.53 3.6
7 5 35 17.51+0.62 16.48-18.81 3.53 13.11+0.49 12.57-14.4 3.71

2018 6 3 18 17.51+0.48 16.07-18.03 2.75 12.87+0.20 12.4-13.3 1.53
7 2 14 17.78+0.58 16.3-18.72 3.29 13.3+x0.24 12.85-13.85 1.83

2019 4 2 8 17.91+0.67 17.09 -18.73 3.74 13.63+0.13 13.45-13.76 0.97
5 2 10 17.98+0.46 17.34 -18.7 2.54 13.51+0.26 12.92-13.82 1.91
6 4 24 19.02+0.66 17.45 - 20.51 3.45 13.81+0.36 12.91-14.2 2.59
7 1 7 17.51+0.78 16.58 - 18.75 4.47 13.46+0.25 12.93-13.82 1.83
8 2 16 17.96 £ 0.44 17.35-18.99 2.44 13.53+0.39 12.86-14.64 2.85

2020 5 3 15 17.57+£0.73 16.89 - 19.08 415 13.57+ 0.66 12.62-14.50 4.86
6 6 36 17.71+£0.47 16.56 - 18.53 2.65 13.42+0.52 12.55-14.02 39
7 1 7 18.88+0.31 18.62- 19.42 1.63 13.23+0.36 12.53-13.57 2.68

2021 5 1 5 18.02+0.52 17.26 - 18.62 2.87 14.03+0.42 13.47-14.38 3.02
6 6 36 17.99+0.66 16.66 - 19.05 3.67 13.69+0.47 12.43-14.8 34
7 4 28 17.91+1.16 15.27 - 20.02 6.48 13.49+0.53 12.95-14.68 3.96

Table S2. Geographical and interannual variations in the length and diameter of the eggs of the Collared Flycatcher

L d
n (N) min max Mim min max Mtm
Kharkivska gub (Somov, 1897) (14) 16.5 17.8 12.0 13.2
Uman’. Tal'noe (Cherkassy reg.. M+SD M+SD
coll. Nosachenko) (Seliverstov,
2007)”
1922 3 (15) 17.5 19.5 18.21+0.57 13.0 13.5 13.3340.16
1924 3(8) 16.1 19.6 18.76+1.19 12.4 141 13.5840.58
1925 2(2) 17.5 18.9 18.2+0.99 12.9 134 13.15+0.35
1926 8 (23) 16.4 19.8 17.83+1.01 131 141 13.5+0.30
1927 1(4) 16.6 18.2 17.6+0.71 12.7 13.4 13.1240.31
1928 9(28) 15.4 19.9 18.07+0.75 12.8 14.2 13.1940.50
Kharkiv reg.Mochnach 1(6) 18.3 18.7 13.6 14.0
21.05.1938 coll. Zubarovsky
(Peklo,2018)
Northern part of Ukraine 18 (78) 16.7 17.9 17.5+7? 12.8 14.0 13.417?
(Marisova, Holina, 1959)
Kiev reg. Koncha-Zaspa. 1(5) 18.3 18.7 13.1 13.6
23.05. 1978
Ternopil® reg. (Talposch, 50 (249) 17.71 | 17.72 13.22 13.34
Majhruk, 1995)
Mitrus et al..(2001) - Biatowieza Mean + SD Mean + SD
Forest
1997 22 14.35 | 19.05 | 17.77+0.93 11.00 14.11 13.3940.61
1998 33 16.40 | 19.30 17.8+0.84 12.80 14.02 13.3440.30
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L d

n (N) min max M+m min max Mtm
1999 27 16.42 | 18.90 17.8+0.72 12.88 14.23 13.51+0.32

Sumy reg. N.P.Knysch (2003) M+m Mtm
1990-1994 223 (1545) 16.2 19.8 17.96+0.09 12.4 13.3 13.31+0.04
1995-1998 14 (98) 15.9 20.4 17.82+0.07 12.4 14.0 13.2540.04
1999 15 (103) 16.5 20.1 18.28+0.06 12.8 14.4 13.43+0.03
2000 19 (129) 16.5 19.8 17.92+0.05 12.5 14.6 13.35+0.03
2001 22 (147) 15.8 19.6 17.95+0.06 12.3 14.2 13.36+0.03
2002 21 (146) 16.7 19.5 18.2040.03 12.3 141 13.3440.03

Saval’sky lis (at 600 km to 51 (N=318) | 15.5 21.0 Mzm 11.5 15.4 Mtm
northern-east), 2003 17.73+0.07 13.24+0.03

West Europe (Makatsch,1976) 30 16.9 194 18.21 13.0 14.3 13.66

Table S3. Results of GAM models for egg dimensions, (a) — length, (b) — breadth, (c) — volume.

a) Formula:

L ~ SumFLD + s(SumFLD) + Sum30FLD + s(Sum30FLD) + Sum5 + s(Sumb5) + Tprevdek + s(Tprevdek) + Tactdek +
s(Tactdek) + MaylRain + s(MaylRain) + Fprevdek + s(Fprevdek) + Factdek + s(Factdek)

Parametric coefficients Estimate Std. Error t value Pr(>|t])
(Intercept) -0.0894249 0.1448537 -0.617 0.53708
SumFLD -0.0053805 0.0072372 -0.743 0.45730
Sum30FLD 0.0007863 0.0100228 0.078 0.93748
Sum5 -0.0218133 0.0408415 -0.534 0.59334
Tprevdek -1.0869296 0.4865653 -2.234 0.02561 *
Tactdek -0.1211736 0.2189116 -0.554 0.57997
MayIRain 0.8497090 0.3853697 2.205 0.02758 *
Fprevdek 1.3626192 0.2744437 4.965 7.48e-07 ***
Factdek -0.5985969 0.2066568 -2.897 0.00382 **
Approximate significance of edf Ref.df F p-value

smooth terms

s(SumFLD) 7.1767 7.8363 3.687 0.000266 ***
s(Sum30FLD) 4.4579 5.6836 2.888 0.006505 **
s(Sumb) 0.1556 0.1556 2.451 0.536877

s(Tprevdek) 8.2126 8.2126 6.525 < 2e-16 ***
s(Tactdek) 7.3613 7.7439 3.673 0.000317 ***
s(MaylRain) 8.1513 8.1513 7.314 < 2e-16 ***
s(Fprevdek) 8.1100 8.1100 7.063 < 2e-16 ***
s(Factdek) 6.6628 7.3286 11.955 < 2e-16 ***

Significance codes: *“**’ — p<0.001, “* — p<0.01, *’ — p<0.05

Rank: 73/81

R-sqg.(adj) = 0.151 Deviance explained = 17.5%
GCV = 0.51195 Scale est. = 0.4969 n = 1974

(b) Formula:

d ~ SumFLD + s(SumFLD) + Sum30FLD + s(Sum30FLD) + Sum5 + s(Sum5) + Tprevdek + s(Tprevdek) + Tactdek +
s(Tactdek) + MaylRain + s(MaylRain) + Fprevdek + s(Fprevdek) + Factdek + s(Factdek)

Parametric coefficients Estimate Std. Error t value Pr(>|t])
(Intercept) 0.248031 0.109378 2.268 0.023462 *
SumFLD -0.013742 0.006593 -2.085 0.037243 *
Sum30FLD 0.013394 0.007133 1.878 0.060590
Sum5 0.185997 0.058502 3.179 0.001500 **
Tprevdek 0.597440 0.174205 3.430 0.000617 ***
Tactdek -0.930216 0.219345 -4.241 2.33e-05 ***
MayIRain -0.369461 0.308163 -1.199 0.230710
Fprevdek 1.334750 0.227516 5.867 5.23e-09 ***
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Eggq size Variation in the Collared Flycatcher (Ficedula albicollis Temminck, 1815)

Bapiaujii posmipy seupb y binowutioi myxonoeku (Ficedula albicollis Temminck, 1815)

Parametric coefficients Estimate Std. Error t value Pr(>|t])
Factdek -1.025511 0.200856 -5.106 3.62e-07 ***
Approximate significance of edf Ref.df F p-value

smooth terms
s(SumFLD) 8.032 8.114 3.107 0.019906 *
s(Sum30FLD) 1.745 2.503 3.982 0.022396 *
s(Sumb) 7.361 7.915 4.859 1.94e-05 ***
s(Tprevdek) 3.108 3.807 5.357 0.000742 ***
s(Tactdek) 8.199 8.199 5.384 5.83e-07 ***
s(MaylRain) 7.853 8.088 4.509 5.68e-05 ***
s(Fprevdek) 8.110 8.110 7.236 < 2e-16 ***
s(Factdek) 8.084 8.126 7.095 < 2e-16 ***

Significance codes: *** — p<0.001, *“* — p<0.01, ** — p<0.05

Rank: 73/81

R-sq.(adj) = 0.106 Deviance explained = 13.3%
GCV = 0.47722 Scale est. = 0.46266 n = 1974

(c) Formula:

V ~ SumFLD + s(SumFLD) + Sum30FLD + s(Sum30FLD) + Sum5 + s(Sum5) + Tprevdek + s(Tprevdek) + Tactdek +
s(Tactdek) + MaylRain + s(MaylRain) + Fprevdek + s(Fprevdek) + Factdek + s(Factdek)

Parametric coefficients Estimate Std. Error t value Pr(>|t])
(Intercept) 134.2428 49.4673 2.714 0.00671 **
SumFLD 0.8205 2.3097 0.355 0.72243
Sum30FLD 9.4552 3.3003 2.865 0.00422 **
Sum5 51.3189 16.3660 3.136 0.00174 **
Tprevdek -506.1788 172.7845 -2.930 0.00343 **
Tactdek -66.2044 78.1550 -0.847 0.39705
MaylRain 80.8993 96.9504 0.834 0.40414
Fprevdek 545.0695 74.5418 7.312 3.85e-13 ***
Factdek -445.5013 67.5481 -6.595 5.48e-11 ***
Approximate significance of edf Ref.df F p-value

smooth terms
s(SumFLD) 7.871 8.073 3.142 0.001313 **
s(Sum30FLD) 3.207 4.317 5.159 0.000367 ***
s(Sum5) 6.324 7.257 2.942 0.020838 *
s(Tprevdek) 8.112 8.195 7.528 < 2e-16 ***
s(Tactdek) 8.199 8.199 6.595 < 2e-16 ***
s(MaylRain) 7.820 8.073 8.018 < 2e-16 ***
s(Fprevdek) 7.967 8.081 14.028 < 2e-16 ***
s(Factdek) 8.135 8.135 13.844 < 2e-16 ***

Significance codes: ***’ — p<0.001, “** — p<0.01, "’ — p<0.05

Rank: 73/81

R-sq.(adj) = 0.188 Deviance explained = 21.5%
GCV = 24428 Scale est. =23619 n = 1974

Bapiauii po3mipy sieub y 6inowmnnoi myxonoBku (Ficedula albicollis Temminck, 1815)
T. AtemacoBa, T. [leBsiTko, A. ATemacoB

MerToto uiei poboTn Byno gocnigutn akTopu, WO BMMMBaKOTbL Ha Bapiauilo po3mipy sielb GinoLLMnOi MyXOMnoOBKM Ha
NiBOEHHMX MeXax MOLIMPEHHS NUCTAHWUX niciB (HauioHanbHuin npupogHuin napk "lominbladceki nicu", Ykpaina).
3aranom ans aHanisy 6ynv BukopucTaHi AaHi npo 298 knagok i 1971 siile 6inowmnitol MyxXonoBKM B LUTYYHUX MHI3AIBMAAX
3a nepiog 2006-2011 ta 2013-2021 pokiB. Ak MeTeopornoriyHi NOKa3HWKW BUKOpPUCTOBYBaracs TemnepaTtypa,
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BOJIOMCTb Ta KiNbKiCTb AHIB 3 onagamu. Bci ctatucTuyHi aHanian 6ynu BMKOHAHI i3 BUKOPUCTAHHAM MPOrpaMHOro
3abe3neveHHs R Bepcii 4.4.2. TecT Wanipo—Yinka Ha HOpMarbHICTb BUSIBMB, LLO AaHi He po3noaifnieHi HopMarnbHO.
Omke, AN nopanblioro aHanisy mMu BukopuctoByBanu TecT Kpycanma — Yonnica Ta TecT [aHHa, a Takox
nepmyTauiniuin aHania gucnepcii (PERMANOVA) maTtpuui Bigctanen. [ins aHanisy 6yB BUKOPUCTaHWI NakeT vegan.
Mwv npoaHnanidyBanu BNNvB MeTEOPONOriYHNX MOKA3HWKIB Ha PO3MIp SELb, BUKOPUCTOBYIOYM y3aranbHeHi aguTuBHI
mogeni. CTaTUCTUYHUIA aHarni3 NPOBOAMUBCS 3 BUKOPUCTAHHSAM nakeTa mgcv.

Y BMBYEHIN cybnonynsuii cepeaHs OOBXMHA SeUb Mae TeHAEHLUito 00 3MeHLUeHHs1 B nepiog 3 2006 no 2021 pik i mae
cnabky 3anexHicTb Bi4 po3Mipy Knagkv Ta Aekaam BigknagaHHsA nepworo snus. Ce3oHn 3 HaMeHLW MK po3Mipamm
sielUb y BMBYEHIN cybrnonynsauii - 2014 - 2018 poku; nicns Lboro cnocTepiranock 36inbLUeHHA giameTpa sielb 00
3BMYaNHOro po3mipy Ans uiei cybnonynauii. MoxxHa npunycTuTy, Lo B el nepiof nepesaxany Mool caMmuui.
Posmipu seup y gocnigpkysaHin cybnonynauii i uinoMmy nogibHi Takum, wo otpumaHi B Cymcbkii obnacTi Ykpainu, i B
NeBHi POKM MEepeBuLLYE MOKa3HMKM SAelb MyXoroBok 3 binosesbkoi nywii. MoxHa npunyctuti, wo binbwi anus
BiAKMagalTb caMuui y onTuMyMi apeany; npy HabnvxeHHi 4o Mex apeany Ha NiBHiY i cxif MOPdOMETPUYHI NnapameTpu
MOXYTb 3MEHLLYBaTUCh.

AHani3 NoBTOPIOBAHOCTI PO3MIpiB SELb Y OAHIET Ta TiET XX cCamMK/ MaB AaTu BiAMNOBIAb HA NUTAHHA - YM € PO3MIp ANUA
iHOMBIOYyanbHOK XapakTePUCTUKOK camMKKn. BTiM, M1 He oTpymanu ocTaTouHOI BigMNOBIAi.

3HayHMI BNNMB Ha MOPAOIOrivyHi NapaMeTpu siELb Mae BOMOTiCTb Aekaau, Lo nepeaye noyaTky BigknagaHHSA sielb
(HeraTmBHUI). BonoricTb nig Yac gekagun HECIHHA sielb Mae NO3UTUBHUIA BNIMB Ha po3Mipy sielb. MeHLLoW Mipoto
No3WTUBHO BMMMBAaE TemnepaTypa AekaaW, WO Nepenye HECiHHI selb, TemnepaTypa nonepefHboi Aekaan Ta
KinbKiCTb AoWoBMX AHIB. BogHoyac Ansa uMx nokasHukiB icHye onTuMym (BomnoricTb nonepenHboi gekaan 20-40 %),
3a MeXaMu SKOro BNAMB iX Ha PO3Mip S€Lb 3MIHIOETLCS Ha NPOTUREXHUA. Ha gocnigKyBaHii TepuTopii 4OBXMHA Ta
AiameTp S€eub 3 paHHiX i Ni3HIX KNagok He BiApI3HANMCSa CyTTeBO. Jlnwe B OKpeMi POKU Pi3HUL B AOBXMHI, diameTpi
Ta 06’emi Bynun 3HavyLLMMMK.

MiHnuBicTb oomopdonoriyHMx NnapameTpiB € iIHTENPOBAHOLO BiAMNOBIAAK Ha HECTAbINbHICTL ekonoriyHux ymoB. OgHieto
3 MPUYMH BUCOKOI 3MIHHOCTI PO3MIpiB siELb MOXe OyTW BOMONiCTb.
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Mvwak Sylvaemus tauricus (Mammalia) Ha niBaHi YKpaiHi:
MeXi Ta 0co6NMBOCTI NOLWMPEHHA 3 ornAAy Ha icTopuyHy Gioreorpadito
l. 3aropogHiok

MpoaHaniszoBaHo 0cobnMBOCTI NoLwMpeHHs Buay Sylvaemus tauricus Ha niBaHi YkpaiHun, To6To y NpUMOPCHLKMX perioHax, Ae
BiH CArac y MOLUMPEHHI MIBHIYHMX MEX CTErnoBoi NPUPOAHOI 30HM. KinbKiCTb 3HaXidoK, L0 ONUCYIOTb MNIBOAEHHY MEXy
MOLUMPEHHA Ha OCHOBHOMY apeani (nosa Kpvmom), 3aranom He € Benukoto (bnmsbko 30), ane BCi BOHWM KPAaCHOMOBHO
cBigyaTb Npo Aesiki 3aranbHi pycK. MNeplua — BuA NpoHMKae Brnmnb CTenoBoi 30HU OOCUTL MMBOKO, MO CyTi A0 MeXi Mk
niBHiYHMM (6arpadHyMm) i niBAEHHNM (HanbinbLL cyxum) ctenom. [ipyra — Bua AEMOHCTPYE MOXIMBICTb | BEMNWKY LUBUAKICTb
opMyBaHHSA HOBWX MONYNALN, 30Kpema M Monynsauii CTPIMKOBOro TUMY B 30HAX eKCnaHCil, SiK Y3O0BX MNPUPOOHMX
eKoKopuaopiB (nepedyciM Y3[4OBX pIYOK), TaK i BMKOPUCTOBYKOYM LUTYYHIi ekomepexi (nicocmyri, npuoopoxHi abo
npukaHarnbeHi JepeBHO-YarapHMKoBi cMyri). 1o TpeTe, iCHye eQuHWIN OPOHT MiCLIe3HaXOMKEHb, LU0 3acBiavye BiANOBiOHICTb
apeany npuPOAHIA 30HanbHOCTI. [OPIBHAHHA OTPMMAHOI CXeMU MOLUMPEHHS 3 TICIBHUYMM parioHyBaHHAM YKpaiHu
nokasano, WO BWA MOBHICTIO BIACYTHIM Yy 30HI Cyxux (6esnicHux) cTenis, WO BiAHOCATbCA A0 [1pUYOPHOMOPCHKO-
MprasoBcbkoro nieaeHHocTenoBoro okpyry. lpote, mMexa € we 6inblw NiBHIYHOW: BOHA NPOXOAWTb MO CepeauHi
NiBHIYHOCTEMNOBOIO OKPYry (30Ha GampayHux CTeniB), MICLUSAMM 3 NPOHUKHEHHSIM BMAY OO0 NIBAEHHOI MEXi LbOro OKpyry.
HasBHi AaHi 3acBigYvyrOTb EKCNaHCilo BUAY Ha MiBAEHb, L0 MOXe OyTV NOB’A3aHO 3 MOLUMPEHHSIM LUTYYHUX AEPEBOCTaHIB, SK
CTPIYKOBOrO TWMy (NiCOCMYMM Ta [epeBOCTaHW y3[OBX BOAOKaHaniB, 3ami3HWLUpb i aBTOTpac), Tak i ocepegkoBOro Tumy
(niconapkoBi 30HM HABKOIO HAaCENeHUX MyHKTIB, LUTY4YHi nicy Towo). OAHieto 3 03HaK EKCMaHCIi € 1 3pOCTaHHA YacToK BUay y
BiAnoBax B pPi3HUX BapiaHTax AepeBocTaHiB: Ha JlyraHwuHi 3a 50 pokiB YacTka LbOro BuMAy B MiCLUSX MOro BUSIBIIEHHS
noctynoso 3pocna 3 0,64% y 1957—1965 pp. no 13,8% y 2002-2014 pp. (EkcnaHcis uporo Buay Ha niBaeHb nae npotu
TPeHAiB [0 3MileHHS MpUPOAHOI 30HanNbHOCTI Ha MiBHIY, WO AEMOHCTPYE BaXMBICTb HenpupogHux 6GioTonis).
O6roBopIolOTECA MIMOTE3N 3B’'A3KY MaTEpUKOBOrO apeany i KpMMCbKOro i3onaty. lpunyckaerbcs, Wo apean Budy B
NPUMOPCBKMX perioHax 3a3HaBaB HEOAHOPa30BUX NyrbcaLii 3 (hOPMyBaHHSAM CyLINbHOTO NowwmMpeHHs Buay. MNonpwu ue, He
BUKIIOYAETLCA, WO BMA Mir npoHukHyTM B Kpvm 3 3axigHoro KaBkady B nepiogd perpecii piBHS Mops i hopmyBaHHA
KEePYEHCbKO-TaMaHCBKOrO CYXOAiNIbHOrO MOCTY.

Knio4oBi cnoBa: muwosudi epusyHu, Mexi MOWUPEHHS, eKcraHcii, MpupodHa 30HarbHicmb, bioeeozpais YkpaiHu

YumyeaHHsi: 3a2opodHiok |. Muwak Sylvaemus tauricus (Mammalia) Ha nigdHi YkpaiHi: mexi ma ocobmueocmi
nowupeHHs1 3 oensily Ha icmopuydHy 6iozeoepapito. BicHUK XapkieCbk020 HaujioHanbHO20 yHigepcumemy
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BeTtyn

Mwuwak xxoBTorpyaun (Sylvaemus tauricus) — oAuH i3 HANMPUMITHILLMX BUAIB NICOBUX FPU3YHIB, AKUI
NpOoHMKae Mo Pi3HOro pody CTpiYKOBUX ficax (Y340BX PiHOK, MO nicocMmyrax i y3aoBX aBTOA4OpIr) Aaneko y
cten. BnacHe, He Tinbku nicocTen, ane n 30Ha NiBHIYHOrO (30kpema i 6aripavyHoro) cteny BiAHOCATLCSA 00
TEePUTOPIN CNOPaANYHOro NOLUMPEHHSA Lboro Buay rpuayHis (Cokyp, 1960), okpemo Big 4oro icHye noro
isonat y lNipcekomy Kpumy (Evstafiev, 2021).

Cutyauisa 3 BUSHaYEHHAM MeXx nowmnpeHHst Sylvaemus tauricus yCKNagHETbCS M TUM, L0 Ha NiBAHI
MeLKaTb ogpasy 4YoTvpu Buaum pody Sylvaemus, BKMOYHO 3 Hambnwkyum go S. tauricus Bugom —
Sylvaemus sylvaticus (Mvwak eBponencbkun). BnacHe, came 3 OCTaHHIM MOro i MOXyTb nnyTaTu i, siK
nokasye npaktuka, nryTarTb YacTo, Xo4a € AOCNIMKEHHS 3 JOBOS BMIEBHEHNUMW BU3HAYEHHAMM MiBAEHHUX
Sylvaemus tauricus 9k Ha maTepianax 3 OpgewmHun (3aropogHtiok, PegopyeHko, 1993) i MukonaiBLnHM
(Kupwnuerko, 2020), Tak i cxigHilLMX TepeHis, BKoYHO 3 [loHeudnHoto (MenbHuyeHko, 2015).

MeTa poboTn — aHania i peBisis gaHMXx Npo HaMbinbL NIBAEHHI 3HAXiOKW BUOY B KOHTUHEHTAIbHIN
YacTuHi YKpaiHn, no nepudepii cTenoBoil 30HN.

© 3aropogHtok |., 2025 ‘ @ @
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MeToaun4Hi 3ayBaru

TyT NUTaHHA TakCOHOMIT He pPO3rns4alTbCs, | aBTOP NMPOCTO 3anULIAETLCA Ha MO3uMUiT BU3HAHHS
KOHCNEeLMMIYHOCTI MaTEPUKOBUX i KPUMCBKUX «KOBTOTOPSIMX MULLIE», HANLABHILLIOK NPUAATHOK Ha3BO
akux € Sylvaemus tauricus Pallas, 1811 (Heptner, 1948'; 3aropogHiok, 1992), B opwuriHansHoMy
HanucaHHi — Mus sylvaticus var. Taurica (Pallas, 1811). BepHakynsipHoto HasBow pony Sylvaemus
NPUAHATO «MULLAK», @ BUAOBE O3HAYEHHA — «KOBTOrpyaun» (3aropogHiok, €menbsHos, 2012). Mpu
LbOMY Ha3Ba «MMULLA XOBTOropnay, Lo € HEBMNpaBAaHO Kanbkoto 3 aHrmn. (yellow-necked = xoBToLwMiN),
He € KOPEKTHO, OCKinbku Sylvaemus — ue iHwun Big Mus pig, a ropno (Wwwus) y uboro BMay Mullakis —
CHi>KHO-Bine, a BOXpUCTO-XOBTa NrisiMa (30BCiM He XKOBTa) OXOMIOE NekTopanbHy obnacTb, MiX nepegHimMm
nanamu, TO6TO KOPEKTHO FOBOPUTHM NPO XXOBTOIPYAICTb, @ HE XXOBTOrOPJIiCTh.

3aranbHa cxema NoLMpPEeHHs Buay NokasaHa Ha puc. 1, Ha AKOMY NMPSIMOKYTHUM CEKTOPOM BigMi4YEHO
TEpUTOPIlD, WO aHani3yeTbCs Y Ui npaui.

B ocHoBi iHbopMaLiiHMX oxepen — Tpiada 3 AaHuX, siKi aBTOp aHanisyBaB cam abo 3a poTomare-
pianamn, npeacTtaBneHMMn koneramu: 1) Bigomi aBTOpy KonekuiiHi 3pasku 3 My3eiB Kuesa (HHIM),
JleBoBa (3M[), Jlyranceka (3MITY), Xapkoa (MIMXY), yacTkoBO npeacTaBneHi B onybrikoBaHMX KaTanorax
(WWeB4yeHko, 3onotyxuHa, 2002; 3aTyweBcbkuin Ta iH., 2010); 2) nybnikauii aBTopa abo nybnikauii koner,
AKi B pi3HMIN Yac aHanisyBaB abo peparyBaB aBTop, 3) NiACYMKM OpUriHanbHWX OOCHiMXEHb, 30KpeMa 1
ony6bnikoBaHux (npaui 1989-2024 pokis).

Ha >xanb, He BCi npaui 3 Benvkumn obcaramm martepiany npvaaTHi Ang aHanisy i dhopMyBaHHS
Bubipok dakTiB. Tak, npadi |. ligonniykn npo cos’ayi nenetku (Hanp., ligonniyka, 1937) micTaTb
iHpopmauilo Npo nuwe oauH HenodinbHun Bua «Silvimus sylvaticus L.», no cyti pia Sylvaemus B
Cy4YacHOMY MOro po3yMmiHHi. Te came CTOCYETbCA N HU3KM IHLLUMX TOroYacHMX npaub, ane iHWnx i Hemae.
HewopasHin ornag Tepiodaynn OHinponeTtpoBwmHm (Bynaxos, lNMNaxomo, 2006) He MIiCTUTb KagacTpoBKX
AaHUX | Manu «MULLIEN» OaHO 3 CYLiNbHUMM 3annBKaMmn TEPUTOPIN.

TyT yBary npugineHo Tinbkn KOHKPETHUX 3HaXiKkaMm, KOXHY 3 SKMX MOXHa aHanidyBaTtu NpeaMeTHO,
3 MocunaHHAM Ha BuMXigHi maTepianu abo onucu. OcobnuBy yBary NpuAiNeHo KOMnekuimHMM 3paskam,
BM3HAYEHHS SIKUX MOXHa nepeBipuTW, Ta nybnikauism 3 geTanbHUMU OAHO3HAYHMMK ONUCaMX BUAIB.
MoGixHi 3ragkv Buagy B nybnikauisx, HaATo B 3aranbHux onucax dayHu i B poboTax koner, siki n(peaAMeTHO
He onucysanu Buan Sylvaemus, TyT YHUKHYTO.
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Puc. 1. KoHtyp apeany Sylvaemus tauricus (‘Apodemus flavicollis’) 3rigHo 3 ornsgom Ha Be6cawnTti IUCN
(https://apistaging.iucnredlist.org/species/1892/221787408). ®oto Sylvaemus tauricus, ogyH 3 6araTbox pi3HOBIKOBUX
doTonopTpeTiB, 3pobneHnx Anst ctaTTi Npo OHTOoreHe3 y uboro Buay (CtanuuiHa, 3aropogHiok, 2023); doTo T.
CTtaHuuiHol

Fig. 1. Range outline of Sylvaemus tauricus (‘Apodemus flavicollis’) according to the IUCN assessment
(https://apistaging.iucnredlist.org/species/1892/221787408). Photo of Sylvaemus tauricus, one of the many
photographic portraits taken at different age for an article on the ontogeny in this species (Stanytsina, Zagorodniuk,
2023); photo by G. Stanytsina

'Y B. lenTHepa sik «Apodemus tauricus Pallas» (Heptner, 1948).
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m Muwak Sylvaemus tauricus (Mammalia) Ha nigdHi YkpaiHi: mexi ma ocobrugocmi nowupeHHs 3 oensidy Ha icmopu4Hy biozeoepadpito

The wood mouse Sylvaemus tauricus (Mammalia) in the south of Ukraine: limits and features of distribution in a historical...

Cxema Ta 3pa3ok onucy 3Haxigok Taki:

* MopsigkoBuiA HOMeEp 3Haxigku (B kagacTpi W Ha Mani). AaMiHicTpaTMBHA 06nacTb Ta panoH, HanGnvKunin
HaceneHui NyHKT (koopanHaTth), 6ioTon (SAKWO €), Konekuisa (SKLWOo €), KinbKiCTb ek3. (KoneKuUinHi HoMepu, SKLLO €,
Ta TUNK 3paskiB), AaTa BianoBy abo cnocTepexeHHs, konekTop [6ibniorpadiyHe nocunaxHs, SKLo ony6nikoBaHo).
* Ne 2. Opecbka 06n., bonrpaacekuin [«bopoanHebkuii»] p-H, c. Jliche, HHIMM, 2 ek3. (Ne 3258-3259 up+Luk),
12.07.1951, leg. |. Cokyp (PenopueHko, 3aropofHtok, 1994 ).

Ornsp niBAeHHUX 3HaXi[oK

MpeactaBneHo Tpu 6roku ganux: (1) ormag 3Haxigok Ha 3axig Big [Hinpa, (2) ornsg 3Haxigok Ha
cxig Big [OHinpa, (3) noMunkoBi i CyMHiBHI BKasiBku. Bci BepudikoBaHi gaHi HaBedeHo nig HoMepamu i
NMo3Ha4yeHo BiAMOBIAHMMYK YMciaMm Ha Mani (puc. 1).
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Puc 2. Posno.qm HanbinbL NiBAEHHUX 3Haxinok Sylvaemus tauricus Ha MaTepUKOBIN YacTUHI YKpaiHM Ta okpemi
Mexi apeaniB: 3ereHa fniHis — niBAeHHa MeXa NoLWNPEHHA MULLAKa Ha MaTepuKy (Lisi poboTa) i apean Buay B Kpumy
(3a Evstafiev, 2021). Homepu To4ok nosicHeHo y TekcTi. Kona 6e3 HomepiB — MicLie3Hax0MKeHHs!, ANst SKUX BUL, HABOAUMM
NnomMuIkoBo abo He aprymeHToBaHo (iXHi onvcy npeacTaBneHo y cnmcky «NoMUnKOBI Ta CyMHIBHI BkasiBkny ). OpuriHan manu
nigrotoBneHo y cepsici Google-map

Fig. 2. Distribution of the southernmost finds of Sylvaemus tauricus in mainland Ukraine and several range
limits: blue line — southern limit of distribution of the species on the mainland (this work) and the range of the
species in the Crimea (after Evstafiev, 2021). Numbers of records are explained in the text. Unnumbered circles are
locations for which the species was erroneously or unreasonably identified (their descriptions are presented in a list
“Erroneous and questionable indications”). The original map was prepared on a Google-map

Ozans10 3Haxidok Ha 3axid eid [Hinpa

1. PymyHis, Jo6pyaxa, nosiT Tynb4a, c. EHicana (3 km na.-cx.), 1992, signos 7 ek3.; «6_MapTa» (5 kM nH.-3x.),
1992, 4 exs., nosu nactkamu, leg. O. PegopueHko (PegopyeHko, 3aropoHiok, 1994).

2. Opecbka o6n., bonrpaacekuin [«BopoanHebkuiiy] p-H, c. JlicHe, HHIMM, 2 ek3. (Ne 3258-3259 up+uik),
12.07.1951, leg. |. Cokyp (PenopueHko, 3aropoaHtok, 1994); Tam camo, « TapyTUHCbKUI p-H», c. JlicHe, HHIM, 6
ek3. (Ne 3341, 3394, 3395, 3398, 3401, 14555, up+wik), 22—-24.05.1951, leg. B. AHTOHOBUY, €. EMUyK, |. Cokyp
(LeBueHko, 3onoTyxuHa, 2002); nepernsHyTo 3pasku Ne 3341, 3342b, 3398 (LwKipkm).

3. Opecbka 06n., binropoa-[HiCTPOBCbKUIA p-H, OKOI. C. [NWweHnYHe, xoBTeHb 2017, NoBu nacTkamu B y60BOMY
nici, 6n. 10 eks., leg. 3ariH Ogecbkoro MYl (O. Cokonoscbkuin, O. Manpaw, ocob. nosig.).
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4. Opecbka 06n., Po3ginbHAHCHKMIA [« BennkommnxannoBcbkuii»] p-H, c. Liebpukose («Hebpukoso»), HHIMM, 1 eka.
(Ne 634, cnupT), 1934, leg. N. KpbikoB; maTepian HEAOCTYMHUIA A4S NEPEBU3HAYEHHS, TOMY MOKagaeMocs Ha
BM3Ha4eHHs aBTopiB kaTanory (LlesyeHko, 3onotyxmHa, 2002).

5. MwukonaiBcbka 06n., BosHeceHcbkuii p-H, BosHeceHcbke nicHuuteo, HHIM, 1 ek3. (Ne 3158, wk+up),
28.06.1951, leg. |. Cokyp (LLeBueHko, 3onotyxmHa, 2002). Monpwu ue, M. MNMucapesa (1960) Bigmivana BiaCyTHICTb
Lboro Buay Ansa « PaumHcbKoro nicoBoro Macusy BosHeceHCbKoro panoHy» i «ypouuiua J1aGipuHT».

6. MukonaiBcbka 0o6n., KasaHkiBcbkuin p-H, 6e3 get. (KupuueHko, 2020) (Len panoH € Hanbinbl NiBAEHHWX Y
CMUCKY NnepeniyeHnx panoHiB NoWMpPeHHs Buay).

7. MukonaiBcbka 061., Bpatcekuin p-H, c. Bonoanmupieka («Bonogumupiscbka gocnigHa ctaHuisy), HHIMM, 2 eks.
(3342 3403, wk), 14.11.1949, 27.03.1950, leg. B. AbeneHueB (LeB4yeHko, 3onotyxiHa, 2002). Came TyT B.
AGerneHuUeB NPoBOANB CTauioHapHi AocnioxeHHs (AbeneHues, 1951)2,

8. [HinponeTpoBcbka 061., AnocTonisceknin p-H, Anoctornose (B nepeniky Takox «[lepBomMaincek i Koctpomkay).
Tyt pocnigpxeHHa nposoaus B. AbeneHueB (AGeneHues 1951: 84); 3pasku i AeTanbHi ONMCKM MULLAKIB 3BiACK He
BiJOMI; HE MOXHa BMKIOYATK, LLIO MOBa Morna crtocyBaTucs Bugy S. sylvaticus

9. HinponeTpoBcbka 0611., okon. M. Bepxisuese, Bignoswu B nici, doTo (. Yeropka, ocob. nosia.).

Ozns10 3Haxidok Ha cxid eid [Hinpa
10. 3anopisbka 06n., 3anopixckd, 0. XopTuusa, GioctaHuia 3anopisbkoro yH-Ty, 3MMoBi neneTku Asio otus, 17—
21.06.2019, leg. 3. Bapkaci; nepLua BkasiBka Ans upboro octpoBa (OyepeTHa Ta iH., 2019).
11. OHinponeTpoBcbka 06rn., Camapiscbkuii p-H, c. OpniBwmHa, Camapcbkuii nic, BUCokocToBbypoBuii nic, 1928,
3 ek3. (MunioTnH, 1930: 102-103); Tam camo, Camapcbkuin GiocdpepHun ctauioHap, ibposa, perynspHi Bignosu
B pi3Hi pokm (O. MoHoMapeHkKo, 0cob. NOBIA.); B XMBMeHHi kaHioka — 38 ek3. (20,9 %) (MoHomapeHko, 2008)3.
12. Tam camo, c. 3HameHiBka, HHIM, 9 ek3. (Ne 3361-3369, wk+up), 4-6.06.1952, leg. Cokyp (LLUeByeHko,
3onoTyxiHa, 2002); Tam camo (Camapcbekui 6ip), SMKY, 1 ek3. (Ne 1367 up), 5.06.1952, leg. |. Cokyp (Tvnosi ans
tauricus o3Haku yepena).
13. XapkiBcbka 00n., JlosiBcbkuii p-H, c. Bpatontobieka, 6e3 aet.; brninaHoKiBCbKUI p-H, C. AkumiBka, 6a3a gaHux
Xapkicbkoi 06n. CEC (MapkoBcbka, Tkad, 2020). Ha ue i HacTynHe MicLe3Haxo[XeHHs NoLMPETLCA NPUMITKa:
«€E panoHu 3 OOUHMYHUMM 3yCTpivYamu, Taki SK ... BinbLUiCTb NiIBAEHHMX parioHiB [obnacTi].» (c. 39).
14. XapkiBcbka 06n., BapBiHkiBCbkMI p-H, c. Borogapoee Ta M. bapsiHkoBe, 6e3 geT., 6a3a gaHux XapkiBCbKOi
o6n. CEC (MapkoBcbka, Tkay, 2020). (AuB. Takox KOMEHTap A0 NonepeaHLoro 3anucy).
15. JoHeubka 06n., KpamaTopcbk, MH. okon. (48,7707253, 37,6471334), niconocaaka (ay6, kneH, aceHb, pobiHis),
nos nactkamu, 28.07.2011 (M. BucouunH, oco6. nosia.).
16. JoHeubka 06n., Cnos’saHcbkuii Ta NlumaHcbkuin panoHu, HIMM «CesaTi Fopuy. Sylvaemus tauricus — fOMiHaHT,
3006yT0 462 ek3. 3 1111 mikpomamaniii, 3noBneHux npotarom 2006—2014 pp. Ha TPbOX CTauioHapax; YyacTka B
obnikax — 41,6 %, 3 konuBaHHsiMK No pokax Big 13,2 ao 70,0 % (Ckybak, 2015).
17. OoHeupbka 06n., BiaBanu waxTt, 6e3 getanen, 3 exs. i3 116 3noBneHux ApidHMx ccaBuiB (2,6%), Gioton «TK»
(Tononeso-kneHoBi aepeBoctaHu) (Ynopa, 2010). MicuesHaxomKeHHS YTOYHEHO aBTOPOM [aHWX: OKOI.
c. ApoHiBka, kap’ep (Yntopa, ocob. nosig.).
18. JlyraHcbka o61., KpemiHcbkun p-H, okon. 03. KnewHs («6ins nHiBy); konekuiss 3M JIbBIBCbKOro yHiBepcuTeTy:
# 3X—C/1 2 052 (kop. Ne 62, Tywka), 01.07.1996, leg. O. KoHgpaTteHko (3aTyweBcbkuii Ta iH., 2010).
19. JdoHeubka o6n., c. 'pabose [3akasHuk pabose], 1 ek3. B MIXY, 29.05.1953, leg. ?; yHikanbHe micue 3
O4iKyBaHUM NOLUMPEHHSM fauricus, NpoTe aHani3 maTtepiany nposeaeHo Bnepuue: # 2614, L 135, Ca 125, PI 25,
Au 25 mm, rpygHa nnama € (mana, po3muTa), 3aaHs nanka 24+ mm, CBL = 29 mm (aHani3 3a ¢oTo).
20. NyraHcbka 06n., IBaHiBKa, okon., 6arpak, 07.2007, 3 ek3.; 09.2013, 6awnpak, 5 eks. (Bignosu CEC, 6a3a gaHux
JNyrancbkoi obnacHoi CEC); Tam camo, pekpeauinHuin ueHTp JlyraHcbkoro yH-Ty, gibposa, 2012—-2013, 5 eks.
(3arnbni B kpuHUL).
21. JlyraHcbka o6n., AHTpauuTiBCbkui p-H, LLloToBe Ta KoBnakose, okon., 6arpak Ta «Bonora ctadig», 09.2012,
11 ex3.; 09.2012, nicocmyra, 4 eks. (Bianosu CEC; 6a3a gaHux JlyraHcekoi obnacHoi CEC).
22. NyraHcbka o6n., NMyraHcekmin (kon. JlyTyrmHCbKWI) p-H, ¢. [eopriiBka, 6anpak, 09.2009, 25 eks.; 6avipak, 03.2012,
3 eka.; nicocmyra, 04.2013, 2 eka.; 04.2014, Gaiipak, 3 eks. (sinnosu CEC; 6a3a aaHux JTyraHcekoi o6nacHoi CEC)*.

2'Y cratTi B. ABerneHueBa BkasaHo: «koBToropna nicosa muwa (A. flavicollis...) 3ycTpivaeTbes B fnicocMmyrax i Ha nonsix...» (AGeneHues,
1951: 84). Mpaepgonoai6Ho, LWo Le mornm 6yTtn S. sylvaticus (s. str.), Ski 4acTo € «KOBTOropnuMny, a «sylvaticus» s. Abelentsev mornu
6yTu S. uralensis. Binomo, Lo YactuHa 3ibpaHux TyT B. AGeneHueBuM 3paskiB € S. uralensis (Zagorodniuk, 2020).

3 Ak sasHauyae M. MunioTiH, «3HaxomkeHHs1 S. flavicollis y CamapcbkoMmy FMiCOBOMY MacuBi Oyxe LikaBe B 300reorpadgiyHomy
BigHOLWeHHI. [lo uboro yacy B niTepaTypi HEMa€ Hisikux BKa3iBOK MPO PO3MOBCIOMKEHHS LET MULLI He TiNbKN B Mexax obcnigyBaHoi
okpyru, ane n y kon. KatepuHocnascbkinn ry6.» (MuntotuH, 1930: c. 103). LonpaBaa, TyT e 3ragye Npo 3Haxigky LpOro Buay
O. BpayHepom B AckaHii-HoBIl, Lo HaneBHO € NOMUIKOLO (MOBa Morna NTK Npo «koBToropnux» S. witherbyi).

4 OueBuaHO, BN 3'ABMBCA TYT HelloaasHo. MNpUMITHO, WO y Napkax i npuMickkux niconapkax JlyraHceka (gocnimkeHHs 2005-2014
pp.) 3Haxigku He Bigomi (3aropoaHtok, KopobuyeHko, 2024), npoTte y 3anoBigHuKky «MpuaiHuiBcbka 3annaea» BuA 3BMYaNHWUMA, 3a
obnikamn 1999-2001 pp. Bigomo 20 ek3., y npoBigHux Giotonax (aibposa) yactka 10-11% (KongpateHnko, 3aropogHtok, 2006).
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(@)

®)

(c)
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A (e)
Puc. 3. 3pa3ku niBaeHHnx Sylvaemus cf. tauricus 3i cxigHux TepeHiB YkpaiHu (JlyraHcbka i [loHelbka o6n.) B
konekuii MMXY (doto A. JlyHsiueka, 10.03.2025): (a) # 472, Nlyrancbka obn., Oepkynecbka JIAC, 4.06.1953, rpyaHa
nnama: man.; (b) # 480, JoHeubka obn., CtaporHariBka, 1970, rpygHa nnsima: nefb; (c) # 483, (tam camo), 1970,
rpyaHa nnsama: Hemae; (d) # 597, JlyraHcbka obn., Mpoeanecbkuii cten, 25.07.1947, rpyaHa nnsiva: neap; (e) # 2614,
HoHeubka obn., MNpabose, 29.05.1953, rpyaHa nnsma: €. Bumipm Tina: L = 101-135, Ca = 97-125, Pl = 25-27 mm.
Fig. 3. Specimens of southern Sylvaemus cf. tauricus from eastern Ukraine (Luhansk and Donetsk oblasts) in the
collection of the Museum of Nature of Kharkiv University (photo by A. Luniachek, 10.03.2025): (a) # 472, Luhansk Oblast,
Derkulska LDS, 4.06.1953, chest spot: small; (b) # 480, Donetsk Oblast, Starohnativka, 1970, chest spot: barely visible; (c)
#483, (ibid.), 1970, chest spot: no; (d) #597, Luhansk Oblast, Provalsky Steppe, 25.07.1947, chest spot: barely visible; (e)
#2614, Donetsk Oblast, Hrabove, 29.05.1953, chest spot: present. Body measurements: L = 101-135, Ca = 97-125, Pl =
25-27 mm.

23. IlyraHcbka obn., JlyraHcekuii (kon. JIyTyruHcekuin) p-H, c. Kam’aHka, 6arpak, 10.2010, 4 eks. (Bianosu CEC;
6a3a gaHux JlyraHcebkoi obnacHoi CEC).

24. NyraHcbka o6n., [loexaHcbkui (kon. KpacHogoHcbkuin) p-H, c. BepxHboaepeBeuka, 6arpak Ta Bonora crauis,
07.2012, 23 ekas. (Bignoeu CEC; 6a3a pgaHux JlyraHcekoi obnacHoi CEC).

25. JlyraHcbka o6n., [JoBxaHCbkuii p-H, 3anoBigHuK «lMpoBanbcbkuin cTen», obnosu 1998-2001 pp., 215 eks. 3
906 3noBneHux, T06T0 23,7%; Hanbinbw npeactaBneHo y Giotonax rpynu «b6arpaynun nic» (49,4-51,9 %)
(KonapaTeHko, 3aropogHtok, 2006); 1 ek3. € B MIMXY (Ne 597, 25.07.1947; Pl 27, rpyaHa nnsima neab BupasHa).

26. JoHeupbka 06n., CtaporHaTiBka, 6arpak, 2 ek3. B MIMXY, 1970, leg. XogxuHoBa; # 480, Pl 26,2, rpyaHoi nnsimm
Hemae (neab), 3ybHuii psaa 4,6 (pykoto 36epiraya); # 483, Pl 25,8, rpyaHoi nnamu Hemae (aHanis dhoTo LWKIPOK i
BMMIpiB) — L€ i3onboBaHe MicLe3HaxomkeHHs, 6nmabke ao MapJ1OCy, fe HasBHICTb BUAy BKA3yeTbCs, ane He
nigTBepaXxeHa ogHO3Ha4YHUMK MopdonoriyHMMmM onucamu (amB. Aani «Benuko-AHagonby).

lMomurkosi i cyMHieHIi eka3ieku
IcHye pekinbka HenpaBunbHUX abo CyMHIBHMX BKasiBOK, ki Oynu onyGnikoBaHi K 3Haxigkv
Sylvaemus tauricus, npote Takumum He € abo TakMMu HaWiMOBIpHiLle He €, a ToMy MatTb OyTu
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|. Zagorodniuk m

|. 3aropogHtok

NPOKOMEHTOBaHi. Ak Le YacTo O6yBae, AOBOAWTM BiACYTHICTb YM NOMUITKOBICTb Tpeba BinbLUOK KiNbKICTHO
aKTiB 4M NONOXEHb MOPIBHAHO 3 pPEECcTpauielo HasiBHOCTi, TOMY OMUCK B LA YaCcTUHI € 3HA4YHO BinbLu
rPOMi3aKUMN MNOPIBHAHO 3 MONEpPeaHIM po3ainoM.

1. Opecbka 061., Kunincbkun p-H, Jlickn, HHIM, 1 ek3. (Ne 3308 wk.), 31.07.1960, O. Ni3eHko; 3BiaTH X Bigomo 3
ek3. «uralensis» (Ne 3136, 3212-3213) 3 Tumun x BuxigHummn gaHmmm (LLeBuyeHko, 3onoTtyxiHa, 2002), npoTe Ui
3pasku He 3HangeHo. Okpim Toro, obuaea Buan — S. tauricus Ta S. uralensis — pyxe HeMMOBIPHI ANs NNaBHIB
(PepopuyeHko, 3aropogHiok, 1994) i, Ha gopady, NOLWyK UMX 3paskiB aBTOp BXe poOMB Mpw MiAroToBuUi ornsgy
nowmpeHHs S. uralensis (Zagorodniuk, 2020).

2. XepcoHcbka 06n., bepucnascbkuin p-H, Haunapk «Kam’saHcbka cidy» (47.000389°, 33.653194°). Bua (sk
Sylvaemus flavicollis) HaBepeHun y nigcymkax perioHanbHOi pesisii «CyyacHuin cknag TepiodayHu HIIM
Kam’siHcbka ciu» (HakoHeuHun, XogocoBueBa, 2024 ). HaginHiCTb BU3HaYeHb HE BENWKA, 3a YyTOYHEHHSIM aBTOpIB,
ineHTUdikauia guctaHuinHa («6auney»). Tam camo BUSBMNEHO 1 AesKi CTENOBi BUAW, SIKUX HIKONKW He peecTpyBanu
Ha npaBobepexki, cepep HUX « Sylvaemus (arianus) falzfeini» (= witherbyi) Ta Microtus socialis, a Takox 3Haxigku
HW3KM papuTeTIB, 30KpeMa W Ti, AKi TaM He o4ikyBanucs (Hanp. Hopka eBpOrMenchbka Ta HU3Ka BUAIB KaxaHiB). Tomy
Lto 3Haxigky muwaka S. tauricus BigHeceHo [0 (PaHTOMHMX.

3. XepcoHcbka 06n., bepucnaecbkuii p-H, Benuka OnekcaHgpiBka (sk «BenvkoonekcaHapoBCKuiA p-H,
B. AnekcaHgposka»), HHINM, 3 ek3. (Ne 3306, 3310, 3355, wk), 14-15.10.1962, O. Tli3eHko (LUeBueHko,
3onoTyxiHa, 2002: 137), npu nepesipui 3pa3kis BUSBUMOCS, WO Le S. sylvaticus®.

4. XepcoHcbka 06n., (?) p-H, «nonma p. Unema», HHIMM, 1 ek3. (Ne 3319 wk+up), 6.05.1961, O. li3eHko
(WeByeHko, 3onoTyxiHa, 2002: 137), npu nepes.ipui 3pa3ka Bussunocs, wo ue S. uralensis 3 p. Anbma (Kpum).
5. OHinponeTtpoBcbka 061., ¢. CuHenbHUKOBE, «B 1934 p. A 3HaxoauB ix y CuHenbHik[iBcbkomy]. p[aiioHi]. B
3anopixki, B okonuusx JHinponeTpoBcbka Ta B AckaHii-Hoea» (Kpwkos, 1936: 50). B HHIMM 36epirca oguH exa.
Sylvaemus 3 CvHenbHMKOBOro, npu Tomy 3ibpanuii came M. Kpwxxkosum (Ne 453, 1936, cnupToBwuii), noro npu
CTBOPEHHI KaTamnory Bu3HayeHo sk «S. sylvaticus» (LLleBuyeHko, 3onotyxiHa, 2002). [HWuWX 3paskiB 3 iHWKX
Ha3BaHux KpvxoBuM nokaniteTiB He BUSIBNEHO, NpoTe 3pasku 3 3anopixokd 4n [JHinpa He BHecnn 61 HOBUX AaHnX
y nepenik Micue3Haxo[4XeHb, ONMCaHNX BULLE, a 3Haxigka B AckaHii-HoBili € oueBMAHOK NOMUIIKOW, AKy Tpeba
nepeBu3HaunTK 9K 3Haxigky S. witherbyi (ovB. Buwe).

6. 3anopisbka 06n., CrtapobepasHcbke RICHAUTBO (HWHI naHgwadTHMN 3akasHuk «CTtapobepasaHChKuiy,
46.916667°, 35.483333°), Heuucnennni Bug (Mucapesa, 1960). Cepen HaBedeHWX [OCNIOHWLED
Micue3HaxoKeHb (Bkr. 3 bepesiBkoto i PaunHcbkum nicHMLTBOM) 3BepTaloTb Ha cebe yBary 3Haxifku «Lboroy
BMAY Ha niBobepexki, y LWTYYHNX MICOBUX MacuBax cepep cTeny, Ae Mornv 6yTu ABa iHLUi «KOBTOropri» Buan —
S. sylvaticus Ta S. witherbyi. KonekuinHnx 3paskis S. fauricus 3 umx Micub HeMae, a BiJOMi apeanu Ha3BaHUX
BuaiB — S. sylvaticus Ta S. witherbyi (= arianus auct.) (Zagorodniuk et al., 1997) — 0o3BONATE NPUNYCTUTY, WO
M. MucapeBa mana cnpaBy came 3 OAHWUM i3 HUX. AHani3 NeneTok CoBM ByxaToi 3 MeniTonons noka3as HasiBHICTb
Tam Tineku S. witherbyi (1. Moniwyk, 0oco6. nosia.), skoro 6e3 AocBigy MOXHa NMPUAHATY 38 «XKOBTOTOPIIOro».

7. DoHeubka 06n1., Benvko-AHagonb. BkasiBku Ha mowmpeHHs TyT S. fauricus CynepeynuBi He TinbKuy i30NbOBaHICTIO
umx Micub. BenwukoaHagonbcbkui nicoBuin macuB (Bkn. MapiynonbCbKy nicogocnigHy CTaHujlo, BigoMy Ha
KONekKUiiHnx eTukeTkax sik «MapJIOC») — ue WTy4HWI i30nAT, poaeHTodayHa sikoro Bneplue onvcaHa 1952 p.
(Jluceupkmn, XackiH, 1952). B ybomy onuci 3 BuaiB Sylvaemus BKa3saHO Tinbku «muly nicoBy» (45,3%) (c. 76).
3rogom ons uMx Micub BKa3aHO «MuLLy >XOBToropny» 3 yacTkow 12,5 % (Mucapesa, 1955a-b), Wwo npurHATO i
Hapani (Mucapea, 1960). Ha gymky B. MenbHuuyeHka (2015), «B iHWKxX nicoBux mMacuBax Liel BUA HE BigMideHo,
Tomy ... BenuvkoaHagonbCbkuin Mic € niBOgeHHOW Mexeto apeany uboro Buay». B 3MKY € 30 ek3. Sylvaemus 3
etukeTkoo «MapJlIOC» (nepesaxHo 36opu J1. Mucapesoi Ta X. Posopu 1961 p.), npote xogHoro S. tauricus®. B
HHIMM Ttakox € 1 ek3. Sylvaemus, wo 36epiraetbca gk «Sylvaticus» (Ne 1775, 23.08.1949, up+uwik) (Les4eHko,
3onotyxiHa, 2002). MNpwu pes.isii nowmnpenHsa S. sylvaticus 3pa3km 3 MapJ/lOC BusHaueHi sik «S. sylvaticus s. str.»
(3aropoaHtok, 1993). HaneBHo, AaBHiLLi NOMUIKN — pe3yrnbTaT XMOHOCTI AaBHIX BU3HAYHUKIB, B SIKUX «NiCOBUMU»
Hasueanu S. uralensis, a GiNbLUICTb 0COOUH TPLOX IHLLNX BUAIB — «KOBTOroprimMumn», Tobto « Apodemus flavicollis»,
B KpariHboMy pasi sik ribpuaw «flavicollis» x «sylvaticus» (3aropogHtok, 2011).

8. 3anopisbka 0bn., binbMaubk1in panoH, parioH 3anosigHuka Kam’saHi Morunu, «TyT 3ycTpivatotbes... Apodemus
flavicollis» (MognpsToB Ta iH., 2019: 58). INMy6nikauis He 3anepedvye TON akT, O «KOBTOrOPSIMMMUY» MOMN ByTu
NPUHANMHI TPM BUAM 3 YMCHA MOLUMPEHNX B TUX MICLISIX, XO4a Ha CbOrOAHI 3Bi4TW BiAOMI TiNlbKWU «HE-XXOBTOropi»
S. uralensis (KongpateHko, 3aropoaHtok, 2006; 3aropogHtok, 2007a).

9. «[JoHeubka 0bn., MakiiBka» — BigOMWUIA TOMOHIM, Lionpaeaa, byno BaXko ysBUTM MELUKaHHS 1iCOBOro Buay B
TexHononici. B katanosi HHIMM uen TonoHim HaBegeHo Ang 3paska 3 gaHumu «MakiiBka, Ne 8714 wik, leg.
. CenexwuHcbknii, 13.10.1960» (LUeB4eHko, 3onoTyxiHa, 2002). Ak nokasanu BUBYEHHSA iCTOpil QOCHiAXeHb

5 Ons npuknagy nigctas nepeBn3HaYeHb HaBedy MEeTPUYHi 03Haku umx 3paskie: Ne 3310 juv: L = 80, Ca = 68, Pl = 18,4, Au = 13,5
MM, 6e3 nnamu; Ne 3306 ad: 89, 77, 21,5, 15,0, nnama 13x3 mm; Ne 3355 ad: 86, 93, 21,6, 16,1, nnama 15x5 mm. Bci BoHM nosa
CYMHIBOM He MOXyYTb Hanexatu S. tauricus, SK Le ony6nikoBaHO B LMTOBaHiI npadli.

8 Inst ogHoro 3 HUX (# 5734) B KaTtarnosi Konekuii € BigmiTka Npo nepesmaHadeHHs ioro sk «flav. E.J1.» [= flavicollis, E. Nawkosa],
npoTe 3a 3abapBneHHsIM XyTpa i BUMipamu Tina Lew 3pa3ok o4HO3Ha4YHO He Moxe ByTu BinHeceHun oo S. tauricus (ue S. cf. uralensis,
4 ad, Pl = 22, Au = 14 mm, 6e3 rpyaHoi nnsmu).
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I". CenexXvnHCbKOro i aHani3 Hagxo4KeHb KONEKLiNn, MoBa Mae NTK Npo c. MakiiBKky Y3uHcbkoro p-Hy Kuiscebkoi 06rn.,
WO MiATBEPOXYIOTb W iHWI 3pasku, 3ibpaHi um konektopom (3aropogHiok, 2023). Omxe, mae Micue Hepbane
BTOPVHHE nepekpyyyBaHHA akTiB B katanosi. Ha xanb, y katanorax HHIMM ue nowwupeHa npakTvka —
BiHOCMTW YMOBHY «IBaHiBKy» 00 06nacTi, Ky nepLioto 3HanaeHo B AOBIOHUKY.

10. JoHeubka 061., CHiXHAHCLKUIA palioH, Baripaku (MoBa MMOBIPHO Npo npasobepexcka Miycy); Bug obnikoBaHo
AK 3BUYanHUi (3K i Myodes glareolus) (Nuceubknin, 1965); Len MOXNUBUIA pedyriym NicCOBUX BUAIB PO3rMSHYTO
HelloaaBHO B ornagi nowmvpeHHst Arvicolidae (3aropogHtok, 2008). KonekuiiHi 3pasku 3BiaTh He BigoMi (3okpema
n y MIMXY), a Hanbnmk4ya 3Haxigka S. fauricus — y 'paboBomy (OuB. BULLE), LIO LO3BOMSE NPUNYCTUTU
MOXXITMBICTb BUSIBIIEHHS B panoHi CHixkHoro S. tauricus, npoTe Hapasi Le nuiie NpunyLleHHs.

11. OoHeubka 065., 3anoBigHMK «XomyToBcbkui cTen», HHIMM, 1 ek3. (Ne 887), 9.09.1961, leg. |. Cokyp
(LUeB4eHko, 3onoTyxiHa, 2002). Y nepeaMoBi kaTanory Bka3aHo, L0 BCi MaTepianu nepesuaHadeHo C. Mexoke-
piHUM, SIKMN MO3ULIOHYBaBCA SAK dhaxiBeub y AiarHOCTWUi BMAIB MMULUOBUX i MaB BignoBigHi nybGnikauii npo
cknagHocTi giarHocTtukn S. tauricus (MexokepiH, Jlawkosa, 1992; MexokepiH, 1997). lMpoTte 3pasok «Ne 887»
3HaWTM He BOanocs, a BCi BigOMi 3BiATK 3pasku Sylvaemus € iHwumu Bugamn. Konera B. TimoweHkoB (0cob.
noBif.) TakoX BKasye, WO LbOro BMAy Tam Hemae M He morno 6yTu, Wo nigTBepAXyTb i nybnikauii (Hanp.,
KoHppateHko Ta iH., 2001; TumoweHkoB, KoHapaTeHko, 2006).

30HM BiACYTHOCTI BaXNUBi ANA NIATBEPOYKEHHS MeXi apeany, Nonpu CKNagHiCTb JOBEAEHHS BiaCyT-
HOCTi Byab-4yoro 3aranom. 3okpema, cuTyaliss 3 po3yMiHHSAM MoLIMpeHHsA Buady y NpuyopHomMop’i BKpan
3annyTtaHa. Pi3Hi oCnigHUKM BKa3yloTb IHKOMW BKpal NPOTUNEXHi AYMKW, Bif, BU3HAHHS ONM3bKOCTI MeXi
apeany OO0 MOPCbKOro y3bepexoks 40 HeBM3HAHHS 3Haxigok no Beih OpewmHi 1 MukonaiBlwimHi. Tak, B
MpuayHaB'i Bug S. tauricus BuUABNEHW nNuwie y ABOX Nokanitetax 3 38 onucaHux Onsi pisHUX Buais
Sylvaemus (Fedorchenko, Zagorodniuk, 1994). Bug BkasyBanu ons uinvHHoOro creny (2 eks.) i 6ankosmnx
noHwxeHb (8 ek3.) TapytuHcobkoro noniroHy (Pyces Ta iH., 2012), npote 6yab-SKi ONMMCKM YM O3HAKU He
HaBOAATLCH, a YABUTU BUA TyT HEMaE NiacTas (HaneBHO MoBa Mae NTuU Npo S. sylvaticus).

He BigmiveHunn Bug i ans MNapTtusaHcebknx nicocmyr (eHivecbkun panioH XepcoHwmHu) (Cokyp,
1940). MNokasoso, Wo BUAYy Tam He Byno 1 paHile, B nepiod po3kBiTy CTeNOBOi 6ioTM y nonepeaHio dasy
rnobanbHoro notenniHHA. OaHieto € 0ocobnMBOCTEN LMTOBAHOIO ONUCY € BiACYTHICTb Sylvaemus 3aranom
B obnikax. Lle Mae cBOe MOSICHEHHS: B Tili 30Hi, B LIEHTPiI CTenoBoro dayHiCTUYHOro sigpa, NoLMpPeHUi
Tinbkn oavH Bug Sylvaemus — S. witherbyi, onucannin nuwe 1989 p. sk Apodemus falzfeini (MexokepiH,
3aropogHtok, 1989), Hanbinbw MuwonogibHnn 3 ycix Sylvaemus, sikoro, sik nokasas [ocBig poboTtu 3
KOMnekKLisgMn, YyacoM HaBiTb nnyTtanu 3 Mus musculus.

MoxkHa ouikyBaTh HegoobcTexeHe cyvacHe abo HeJaBHE MUHYIe B NowWMpeHHi Sylvaemus tauricus
Ha cxoAi perioHy Jo niHii, ska oxonntoe CtaporHaTiBky i nae Big 3anopixoka 4o Mapiynons. Npote roro
Hemae y PenopiBCbKOMY NICHULUTBI Ta B A30BCLKOMY iCi, A€ € TiNbKn Muwak ypanbcbknii (MenbHUYeHKo,
Mununenko, 2006; MenbHuyeHko, 2015). He 6yno woro i niBHivHiwe, Hanp. y 36opax C. Banbxa 3 baxmyty
(tam Tinbkn S. uralensis — 68 ex3. B HHIMM) (3aropogHtok, NapxomeHnko, 2018). BigcyTHii Bug i B
XOMyTOBCbKOMY CTeny — Hi y BignoBax, Hi B nenetkax coB (KoHapaTteHko Ta iH., 2001; TMMOLLEHKOB,
KonpgpateHko, 2006), a Takox y Kam’siHux Morunax (CipeHko, MapTtbeiHoB, 1998; 3aropoaHtok, 2007a).

Mexa apeany

Bsarani, nonpu po3pi3HEHICTb TOYOK i OYiKyBaHi « CTPYMKM» NPOHUKHEHHS y CTen, uen Bug nicoBmux
FPM3YHIB OEMOHCTPYE [AOBOMi YiTKy MIBAEHHY MeXy nowupeHHs. Lle o3Hayae HasBHICTb 4iTkoOl
GioreorpadivHoi KoopanHaTK, Ko Moxe ByTu mexa GanpadHoro i cyxoro cTeny (3a nicorocnogapCbkuMmu
okpyramm C. eHcipyka, 2002). Lle oguH i3 HebGaraTbOxX BUAIB 3 KOMMMEKCY BUAIB-OBINHUKIB, ¥ SIKOTO MEXi
MOLIMPEHHS He WAYTb NepneHauKynsapHO A0 MeX MpupogHux 30H (auB.: 3aropogHiok, 2005), a 4iTko
BM3HavalTbcHa bioreorpadiyHnmn koopagnHatamu, To06T0 € yctaneHumn. Taki BMnagkM no cyTi Bigomi
TiNbKW ONsi CTENOBOro (hayHIiCTUYHOrO sApa, 3 «Mulen» — TiNbku Ans Muwaka ctenosoro (Sylvaemus
witherbyi) i BCiX TpPbOX KpUMCbKUX i3onaTiB Muwakis (Sylvaemus witherbyi, Sylvaemus uralensis &
Sylvaemus tauricus s. str.) (Zagorodniuk, 2019; Evstafiev, 2021).

Mexy MoMpeHHs MOXHA PEKOHCTPYOBATK Ha cepieto PaKTUYHUX HanBinbL NiBAEHHUX 3HaxXigoK
BUAY, 3 ypaxyBaHHAM ixX BepwudpikaLii, npeacTtaBneHol Bulle. 3aranoM PeKOHCTpyMOBaHa TYT Mexa
306iraeTbCs 3 Ti€lo, WO NpOManboBaHa B iHLWMX Mpausx, NpoTe TyT il NpoBeAeHO 3 ypaxyBaHHAM MOLLIMPEHMX
NMOMMIOK, SiKi He OyaM BpaxoBaHi iHLWMMKM AocnigHUKamMuy (Hanp. Konu Len Bug Hasogunu ans BonHosaxu?).

7 Hanp., y uMToBaHiin npaui BkaszaHo, Wo «Y BGaripadHux ficax miBHOYI CTEmoBOi 30HM, Ae BXe BiacyTHsA Hopuus pyaa [= Myodes
glareolus], BoHa 3aiimae fOMiHaHTHe nonoxeHHs» (c. 40).
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Tomy Mexa apeany mae 6yTn npoBegeHa MiBHiYHiLe, Yepe3 TOYKM, NO3HaYeHi Ha mani Homepamn Ne 1, 3—
5, 8 Ha 3axig Big AHinpa Ta Ne 10-15, 19-20, 25 Ha cxig Big AHinpa (gue. puc. 2).

BinbLWwicTb MapriHanbHMX 3HaxXi4oK NOB’si3aHa 3 OCTPIBHUMMU flicaMu, YacTO AOBOi i30/1bOBaHMMM Bif,
iHWK1X NodibHuX nicis, Wo dopmye mMo3aiky, sk Le onucaHo ana beccapabii (PepopyeHko, 3aropogHiok,
1994), npoTte hakTM4HO € NO BCbOMY apearny, BKIOYHO 3 nicamu no nisHodi MukonaiswimHm i «MapJ1OC»
Ha [JoHeuunHi. Ha MukonaiBLumMHi BCi BigoMi 3Haxigky € niBHiYHMMUK i CTOCyOTbCA nuwe 5 i3 19 panoHis
obnacTi (KpmBoosepcbkoro, Nepsomaricekoro, Apby3mHcebkoro, KasaHkiBcbkoro 1 BpagiiBcbkoro), nosask
niBOeHHILe, NoNpU BUIMKOOBCSKHI AOCNIAXKEHHS | 3 NacTKamy, i LUASXOM aHanidy coB’sauMx neneTok, Bug
BiacyTHin (Knupudenko, 2020). 3aranom onnc mexi apeany S. tauricus Moxe 6yT y3rogXeH1in 3 npupogHoLo
30HanbHICTHO i, 30Kpema, Mexxamu Jlicorocnogapcbkux OKpyrie (puc. 4).

HuHamika mexi

Bug nepebyBae B o4eBMaHI AvHamiui. HanimoBipHille, BOHa aHanoriyHa onucaHi padiwe ans
nicoBux Hopuub, Myodes glareolus (3aropogHiok, 2008), npu Tomy BUNEpemKae ix 3a YacoM i rMUBUHO
NPOHUKHEHHS B CTenoBy 30HY. EkcnaHcia nge npoTn TpeHAiB A0 3MilLEHHS MPUPOAHOI 30HAMNbHOCTI Ha
niBHIY BHACNIgOK rnobanbHUX KniMaTtu4yHUX 3MiH, WO AEMOHCTPYE BaXIUBICTb Yy MOLUMPEHHI BUAY Henpu-
pogHux BioToniB. Taknmm € pisHOro poay LUTYYHi eKoMepexi i NpupoaHi sapa, cepen aknx — nicocmyru Ta
NPUAOPOXHI AepeBHO-YarapHUKOBI CMYTU, NPUMICLKI 3efeHi 30HWM, BOAOOXOPOHHI 30HW (30Kpema y3[0BX
KaHaniB) Ta YACMNEHHI LWTY4YHO CTBOpPEHI NicoBi MmacuBu. [locTaTHbLO 3ragaTu NULLe Mepexy Jico4oCiaHMX
cTaHuin (aki Bci Oynu B cTeny) i 6aratopiyHe BMAaHHs «[uTaHHA cTenoBoro nico3HaecTea...» (3 1968 no
2024 pp. BugaHo 54 tomu).

Ta6nuus 1. 3MiHM KinbKoCTi MicLie3HaxomXeHb i 06¢cAriB BignoBy Sylvaemus tauricus Ha JlyraHwWwuHi npoTsarom
n’ATv nepioAiB gocnigxeHb (3 1957 go 2014 pp.)

Table 1. Changes in the number of locations and capture volumes of Sylvaemus tauricus in Luhansk Oblast
during the five study periods (1957-2014)

Mepioa Pa3om mikpomamanin 3nosneHo S. tauricus S. tauricus %
1957-1965 poku 5008 ek3. (604 nok.) 32 eks. (24 nok.) 0.64
1966—-1974 poku 6314 ek3. (759 nok.) 197 exs. (56 nok.) 3.12
1975-1988 poku 9271 ek3. (707 nok.) 652 eks. (121 nok.) 7.03
1989-2003 poku 12368 eks. (772 nok.) 860 ek3. (162 nok.) 6.95
2004-2014 poku 4664 exs. (327 nok.) 645 ek3. (113 nok.) 13.83

€ gBHi 03Haku ekcnaHcii Bugy. Ha JlyraHwuHi 3a gaHnmun Jlyrancbkoi obnacHoi CEC, maemo psag 3
BMPa3HUM HAPOCTAHHSAM KifbKOCTi €K3. i KiNbKOCTi MiCLie3Haxo4)KeHb, a Mo CyTi 3 PO3LUMPEHHSM apeany i
HapocTaHHAM umcenbHocTi, Big 0,6 % y 1957-1965 no 13,8 % y 2004-2014 pp., T06T0 y 21,6 pasu 3a
50 pokiB, Npu TOMy MOCTINHO, NOCTYNOBO, 6e3 cTpmbkiB um dnykTyauiv (tabn. 1). AHanoriyHe nokasaHo
paHiwe ans Hopwui nicoBoi, Myodes glareolus (3aropoaHtok, KysHeuos, 2009).

Mpuknag 3 JoknagHo AoCrigXeHWMK 3anoBigHukamu JlyraHwmHM 3acBigyye BUCOKUMIW CTYNiHb
bioTonHoT BUBipkoBOCTi BUAY. Tak, y 3anoBigHuKy «[1poBanbCbKWin CTENY LeN MULLIAK >XOPCTKO MPUB’si3aHUN
£o 6aripakiB i npupivKoBOro nicy, i piBeHb MOro GiIOTONHOT MPUYPOYEHOCTI € OAWH i3 HAMBULLMX ANst MiCLIEBUX
rpusyHiB (3aropogHiok, KoHgpateHko, 2002). Lle Mmoxe cBigunTu Npo iCHyBaHHSA Yy HECMpUATMBINA 30Hi.
Baxnueum € Te, wo y MNpoeanni Bua y 1960-x 6y. BigcyTHin (Jluceubkun, 1965), sk i Hopuus nicosa (ibid.),
M ixHs nosiea Gyna HaniMOBIpHILLE CMHXPOHHOW, 3 AeLlO LWBUALINM PO3CENEHHSIM MULIAKa MOPIBHSIHO 3
Hopuueto (ana Myodes glareolus ue npoaHanizoBaHo paHiwe: 3aropogHtok, 2008).

Baxnueo, Wwo 3pa3ok 1947 p. 3 [poBanns BUABMBCA HanexXHUM O LbOoro BUAy, WO 3acBigyye AaBHE
NPOHUKHEHHS (abo 1 MPOCTO AABHIO HAsIBHICTb) MOro B B cucTemi B6arpakis Kpsixy. Okpim TOLLO, BaXNMBUMM
€ e ABi Toukm — Mpabose (MMOBipHMI peddyriyM rpaba i, omke, 1 «HaLoro» Bmay, LWo € TiICHO NoB’A3aHuM
3 rpaboeumu gibposamu) Ta CtaporHaTiBka (ABHO Y BigpwBi Big iHWMX To4oK). B obox Bunagkax Bug
3ibpaHo y banpakax, i ue MoXe CBig4MTLN NPo NOLLIMPEHHS BUAYy MO CUCTEMi CTenoBux Ganpackis. A e Moxe
03HayaTh HasiBHICTb OCOGNMBOro MepeXxuBa apeany Lboro CUNbBaHTa y CTEMNOBIl 30Hi i, 0TKe, MOXIMBICTb
noeaHaHHS B OHE Line B MUHYNOMY HU3KWU Ternep i30MboBaHMX MicLe3HaxokeHb 30Kkpema B JlicocTeny,
Ha 3axigHomy KaBkasi (i NMepeakaBkassi) i B lNipcbkomy Kpumy. MoxHa npunyctuty, Wwo cuctema 6anpacis
i MpUpIYKOBMX NiCKiB MO CTEMy B MUHYNOMY, [0 ii 3HULLEHHA canieHcamu, Gyna Oinbl po3rany>XeHoto i
NPOTSKHILLOLO.
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Puc. 4. Mexi apeany Sylvaemus tauricus (3eneHa niHisl) Ha TNi KOHTYPiB Nicorocnogapcbkux oKpyriB (3a MeHcipyk,
2002). dakTyHO BMA, BIACYTHIN Tinbku B 30Hi X (MpruiopHoMopckko-Tpra3oBCbkuii NiBOEHHOCTEMNOBMWI OKPYT)

Fig. 4. Range boundaries of Sylvaemus tauricus (green line) against the background of contours of forestry districts
(after Gensiruk, 2002). In fact, the species is absent only in Zone X (Black Sea—Pryazovian South Steppe District)

Moodeni ¢popmyeaHHss ma nynbcauii Mex apeany

TyT 06roBOPIOKTLCA riNOTE3U 3B’A3KYy MAaTEPMKOBOIrO apeary i KpMMCBKOTO i30MATy i Mpupoan Takoro
po3pusy. lNepeaycim HeOOXiOHO BiA3HAYMTW, LLLO KpMMCbKa nonynsauia, Sylvaemus tauricus (s. str.) € Linkom
i30/1bOBaHO0 Bif BCiX iHLWMX reorpadiyHo 6nmM3bKMX MOMNyNsuUi, BKMOYHO 3 KaBKa3bKUMWU «ponticusy i
mMatepukoBuMmn «flavicollis». Mexi NOWUPEHHA KPUMCbKOI opMM HewodaBHO [eTaflbHO OnucaHi
(Evstafiev, 2021) i He noTpebyOTb YyTOYHEHb. 3aranoM us Nonynsauis XxapakTepuayeTbCsl K ripCbKO-NiCOBUIA
i30N4T, 4iTKO OBMexeHUn 3 niBAgHS MOpeM, a 3 NiBHOYI — CyxuM 6e3nicum cTenom.

Lien cTenoBuin po3puB XxapakTepusyeTbCs NPUHLMIMOBO iHLUWM, HXXK XapakTepHUI Ana yrpynoBaHb 3a
yJacrTi tauricus, cknagom pogeHTodayHu. TyT AOMiIHYHOTb TUMOBO CTENOBI BUAMU, LLO (DOPMYIOTL CBOEPIAHNIA
reorpadiyHO O0OMeEXeHun hayHICTUYHMIA KOMMMEKC. Y CTaTTax aBTopa S4pPO LbOro KOMMMEKCY Ha3BaHo
«Dnipro Endemic Group, DEG» [Zagorodniuk, 2019], 4O HbOro BXogATb YOTMPW BUAM CTENOBMX FPU3YHIB
— Stylodipus telum, Spalax arenarius, Microtus socialis, Sylvaemus witherbyi. B wupLliomy BapiaHTi
cTenoBe s4po npeacTaBnaoTb Takox Buan Citellus planicola, Allactaga major, Spalax microphthalmus,
Marmota bobak, Cricetulus migratorius, Lagurus lagurus (3aropogHiok, 1999). Lie HaCTiNbKN NOTYXXHUNA i
NOLUMPEHNIA KOMMNIIEKC, L0 PO3PMB BUrMNsAae He340NaHHUM.

[NpoTe € aekinbka 3acTepexeHsb.

Mo-nepLue, HasiBHICTb cepil MMOBIpHUX i30naTiB (BonHoBaxa, CTaporHaTiBka) 403BOMSE NPUNYCTUTH
3Ha4HO WwupLm apean Sylvaemus tauricus y HegaBHbOMY MUHYJSIOMYy. Te came MOXHa ckasaTu 3 Goky
Kpumy: ripcbko-ricoBi hayHM i OKpeMi BUAN BUPA3HO «CMOB3atoTby 3 ip AONMHAMU PiYOK, i TINbKN OCBOEHHS
NIOAMHOI TaKMX OONUH (3HMLLEHHSA NPUPIYKOBUX OepeBOCTaHiB, PiNbHMUTBO i 3abygoBa) nepepusae Ui
«wynanbua» apeany (€sctad’es, 2015; Evstafiev, 2021). Te came HaneBHO Gyno 3 NiBHOYI: BCi PiYKOBI
OONUHM NpOoCTAralTbCA 3 MNiBHOYI Ha niBaeHb, To6TO Big apeany Sylvaemus tauricus po Brnub
npuMMopcbKoro cteny. Ha kaptax gobpe BMAHO, siK APiOHi i Binblui HaceneHi NyHKTM OOPMYOTb CyLinbHi
BepeBMYKM ypOaHizoBaHWX TepuTopii. | HaNeBHO, 4O IHTEHCUBHOIO OCBOEHHS MIOAMHOIO LINX OONMH Mepexa
nicoux BioToniB, xar cTpiykoBOro TUMy, 6yna wupLoto. MNMpo 3HaYHi 1 LUMPOKi 3B'A3KN NPICHOBOAHOI ¢hayHM
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ecTyapiiB HU3kK ctenoBux pivok lMpuasos'a ceiguaTtb i gaHi rigpobionorie (Moniwyk, 1980, 1990), ski
NiAKPECOTb CBOEPIAHICTL | 6araTcTBO piuKOBOi hayHuM i ABHY 36iaHEHICTb dhayHM Npunernux cTenis.

Mo-gpyre, cydacHui ctenoBuin komnrekc y lNiBHiYyHoOMy puasoB’i 4eMOHCTPYE HU3KY O3HaK CBOET
«MOMNOAOCTI» | BIAHOCHO HeAaBHLOrO MPOHMKHEHHS 3i cxofy. BiH HeHade po3pi3ae LUMPOKUM KITMHOM
apeanu nicosux Buais. AHanidy noro MMOoBIpHOI BioreorpadpivHoi iCTOPII NPUCBSAYEHO Cepito cnewianbHUX
posBigok (Migonniuko, 1936; Llemw, 1939; Heptner, 1974), o getanbHO BMBYaB i aBTOP 3 Koneramu sik B
uinomy ansi crenosoro agpa (Zagorodniuk, 2019), Tak i CTOCOBHO iCTOPUYHOI AMHAMIKM Ta MMOBIPHUX
Lwnaxis oopMyBaHHA apeaniB BUAiB-eHAEMIKIB, 30Kpema B rpyni «3BMYanHMX» Cninakis, BKMOYHO 3i Spalax
arenarius (3aropogHiok, KopobueHko, 2023). Bci ui gaHi csigyate Npo HedaBHE pO3CENEHHs BUAIB
cTernoBoro sgpa 3i cxogy B 6ik [Hinpa i, oTxe, BIQHOCHO HedaBHii PO3pPUB NiCOCTENMOBOrO KOMMIIEKCY
CTenoBum KnvHOoM. Bce ue Mormo cyTTeBO BNAMBaTW Ha 3MiHW MEX MOLUMPEHHST JiCOBUX BUAIB i
parmeHTaLito ixHix apeanis, y T.4. 1 MuLakiB xxoBTOrpyaunx (Sylvaemus tauricus s. lato).

Mo-TpeTe, we |. [pomMoBMM NokasaHo, L0 KPMMCbKi NnepearipHi doayHu 6ynv 3Ha4yHo OinbLu nicoBumuy,
Hixx Tenep (Gromov, 1961), Hapasi KpMMCbKi OY4YMHU — OfHI 3 HAWCYXiLWMX MO BCbOMy apeany bykis (digyx,
1992). Ui dhayHn BTpaTmnm 3Ha4Hy KiNbKiCTb BMAIB, WO HWHI XapakTepHi Ans 3ragaHoro niBHIYHOro
(MaTepunkoBOro) cermeHTy MicoBMX ayH, Mo MeXi AKOro NpoxoanTb Kpaw apeany Sylvaemus tauricus. Tak
NPOTArOM OCTaHHbLOI Pasu ronoLeHy 3HUKMa 3Ha4Ha KinbKiCTb BMAIB, i BCi BOHM MicoBi abo rigpodinbHi,
cepen Hux i Myodes glareolus, Arvicola amphibius, Sorex araneus, Towo. He 6yno B Kpumy i COHb
(3okpema, Dryomys nitedula) Ta BuBipok (Sciurus vulgaris), NpoTe OCTaHHIX YCMiWHO TyT iHTpOOyKyBanm
(Oynuvubkmi, Oynuubka, 2006), no3ask HEHaBMUCHA IHTPOAYKLiS o4pa3y TPbOX Pi3HMX BUAIB COHEBUX
BusiBMnacsa HeycniwHotw (Oynuubkun, 2001; I. €scTad'eB, 0ocob. noeig.). ABHMI Bpak abo CkOpOYEeHHS
YyacTokK i apeanis B Kpymy HU3K1 TUNOBO NICOBUX BUAIB KaXaHiB TakoX Mae Micue, 3okpema Plecotus auritus
(Zagorodniuk, 2001) Ta Myotis bechsteinii (MoknHbYepeaa Ta iH., 1999).

BpewTi, BaXnMBO ckasaTu Npo MOXIIMBI i BUCOKO MMOBIPHI 3B'SI3KM TiPCbKOKPUMCBKMX MOMYIIsLiin
ccaBLiB i3 3axigHokaBKka3sbkuMmn. Tak, B KpuMy Mellkae came cxigHUX BUA «3BUYanHUX» NoniBok, Microtus
obscurus (3aropogHtok, 1991, 2007b), TyT nowwmpeHa came KaBkasbka hopma Manux Mmiguub, Sorex
pusillus Gmelin, 1774 (3aropogHtok, 1996; Vega et al., 2020). BpewuTi, knto4oBi gepeBocTaHn — BykoBi —
BUSIBIIAIOTb 3B'A3KM came 3 KaBkasbkumu Fagus ex gr. sylvatica (I'yT Ta iH., 2004), xo4a TOYKM 30pYy € Pi3Hi
— Big NoAibHoCTI KpuMcbkux Fagus taurica po esponencbknx F. sylvatica [Gomory, Paule, 2010] go
KaBka3bkux Fagus hohenackeriana [Denk et al. 2024].

Ha cborogHi ans nicosux Bugie ccasuis KpumMy TakcoHomiyHux nap tuny «Kpum+Kaskas» BinbLue,
HiX «Kpum+maTepuk», i He MOXHa BUKIOYaATW, WO KpUMCbKi Sylvaemus tauricus (s. str.) BuaBnaTbcA
Onwx4mMmMm (OTXKe | KoHcneundivyHMMK) 3 KaBKasbkuMmn S. ponticus, a He 3 MaTepukoBumu S. flavicollis. Akwo
Take nigTBepAmnTbCS, TO 4OBeAeTbCA MIHATU MOTOYHI HA3BM KaBKa3bKMX i MaTepukoBux nonynsauin. MNpoTe,
Ha CbOroAHi aKkTyanbHUM € nuule ogHe (NpoTe reHeTU4He) OOCHIMKEHHS, 3rifHO 3 9KUM KpUMCbka popma
ileHTMYHa came [0 MaTepukoBOl, a He KaBkasbkoi (MexokepiH, 1997). Tomy nutaHHA dopmarnbHO
BBaXXa€eTbCs BUPILLEHNM, XO4a Ha Len paxyHoK iCHyloTb NeBHi cyMHiBM (3aropofgHtok, Xapuyk, 2020). Y
KOXXHOMY pasi CTaTyC Ha3BM KPMMCbKOI (hOPMU € HE3MIHHMM — BOHa BanigHa, i B LbOMY He MOXe ByTu
XOOHWX CyMHiIBiB, BMxoasum 3 ii onucy (Pallas, 1811).

HasBHi Ha cborogHi BigOMOCTI 4O3BOMSATL FOBOPUTU NPO AMHaMIKy apeany, SiKui OO Cy4acCHOro
eTany eBonwouii NpUpogHNX TepioayHICTUYHMX YyrpynoBaHb 3HaxXOAMBCHA Yy dasi pO3WUPeHHs, i uen
npouec € NOBTOPOM NMPUHaNMHI OAHOIO NONepeaHbOro PO3LUMPEHHS apeany, Wo BiabyBaBcs y nepiog Ao
POopMyBaHHsI Cy4aCHOI MPMPOAHOI 30HANBHOCTI i BKNUHEHHS 3i cxogy B Bik [Hinpa ctenosoro gayHic-
TUYHOro sapa. MoxnuBi YacoBi pamMKy Takux nNoAid BUMaratoTb OKPeMoro aHanisy.

AHmMponozeHHi ennueu

ICHYIOTb TPUM NOTYXHI aHTpoNiYHi dhakTopu (rpynu dakTopis), AKi BNAUMBAKOTbL Ha MOLUMPEHHS BUAY,
Lo fgocnigxkyetbes (i 3aranom nicoBoro gayHiCTUYHOro aapa), Ha niBgHi YkpaiHu:

1) piukoBi Mepexi, y3OOBX SIKMX i iCHyBanu CTPIYKOBI ficu, WO NpOHWKanu rmmboko B cTen, cTanu
ronoBHMMW NnaugapmMamMmu po3BUTKY MIOACBKUX NOCENEHb, | Ha KapTax, sk BiA3Ha4YeHo BuLe, Taki CMyru
HaceneHux NyHKTiB (POpMyI0Tb HEMEPEPBHI NMaHLUIoM, 4acTto 3 YMOBHUMU MeXaMu MK OKPEMUMU 3 HUX.
HapgBucoki piBHI 3aceneHHsa Taknx AOSIMH MPU3BENN | OO 3HULLEHHS NPUPOOHUX OepeBOCTaHiB, Ae BOHU
Oynu, i 3aranom o TpaHcdopMauii BCix NpupoaHux (KOPiHHKX) BiOTOMIB y MiCLSX PO3BUTKY CENMiTeBOHUX
30H, LLIO 3anMLWKUIIO Marno Micus A11s eK3aHTPoniB, WO SKUX BigHOCUTLCA | S. tauricus;

2) WTy4Hi nicocmyru Ta NiCHMLUTBA CTanu 03HaKoK NepeTBopeHb npupoaun XX cT., anoeo30oM SKNX
Oyna mepexa «CTaniHCbKnx nicocmyr» — 40-pagHux B LLUMPUHY CMYT, WO akTuiHO Byno HagAoBrumm
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nicoeumnm mMacmBamu Ha BCbOMY npocTtopi Big [Hinpa oo Bonru, 3anuuwkm skmx goTtenep Ae-He-ge
30epernucsi, 3okpema 1 Ha JlyraHwmHi. ®ayHi Takmx cMyr (3 kapTamu po3MilLleHHs LiMxX CMyT Ha cpop3auax
BMOAHHS) NpuUcBAYEeHO MoHorpadito B. lentHepa 3 koneramu «lUkignwei Ta KopucHi 3Bipi pawoHiB
nonesaxmcHux HacagkeHo» (1950). B Hux npautoBanu i pobunu csoi gucepTtauii 6arato koner (Hanp.:
CaxHo, 1938; Cokyp, 1940; Jluceubkun, XackiH, 1952; lNucapesa, 1955a, 1960; Jluceubknin, 1965).
MpumiTHOO OCOBNMBICTIO LMX AOChioXeHb € BiACyTHICTb Sylvaemus tauricus («Apodemus flavicollis»)
NpYHaNMHI Ha nepLlimMx eTtanax iCHyBaHHs cMyr abo MiCHMUTB (@ 4acTo i CyMHIBHI dhakTu nosisn Buay y
Ni3HiLLi pOKK), LLIO BUCBITNEHO BULLIE B OrNsiAi 3HaXigok, npoTe noAibHi AepeBocTaHn cTany ekokopugopamu
i nnaugapMamy ansa HeaaBHbOI ekcnaHcii Sylvaemus tauricus Brnnb CTenoBoi 30HU;

3) peanii BitHK NopoaunM 3BOPOTHI 4O M. 2 NPOLECH, LLIO NOB’SI3aHO 3 BUHULLEHHSIM OEPEBOCTaHIB
SIK cepefoBuL, iCHYBaHHS NicoBOI i 3aranom AeHapodinbHOI dayHu. MNepwnm i3 akTopiB BUHULLEHHS,
BigomMm 3 2014 p., cTano 3BeAeHHS BCiX MOXNMBMX TUMIB OEPEeBOCTaHIB (30KpeMa I ficocMyr) Ha
rocrnogapchbki NOTpedu y 38°A3Ky 3 EKOHOMIYHUM CMAA0M, MOPOKEHNM BIMIHOKO | pEXXMMaMu BOEHHOIO CTaHy
B 30Hax okynauii i HaBkono 3oHn ATO (Bbnara Ta iH., 2017). Opyrum HagnoTyxkHMM ¢akTopoM cTana
pynHaUis cUCTeEMM NPOTUNOXEXKHUX 3aX0LiB | YNCMEHHI MOXEXi, AKMMWN 3HULLEHO TUCAYI rekTapiB niciB —
BiJ MOCaXeHNX Ha HWKHbOLHIMPOBCLKMX MNiCkax 40 NicoBmx MacueiB y3noBx Cisepcbkoro AiHusa (Mynak,
2015; 3ibues, MupoHiok, 2018 Ta iH.). TpeTin akTop — iHTEHCUBHI BOWOoBI Aii Ha WNPOKOMY (PPOHTI, Ae
6ombamn, cHapsgamu i Kynsamn BUHULLYOTb | «BUKOLLYIOTbY LiNi NiCOBi MacuBK, Big AKUX 3anulaeTbes
KOCMiYHUI newnsax abo roni ctoBOypu, 6€3 NMCTA Ha HUX i NIACTMIKM Nig HUMK; 3BiCHO, 6e3 3Ha4YnMoi
NpoayKTMBHOCTI AepeB. Lia TpeTa rpyna dakrtopiB € BU3Ha4anbHO, WO MOXe MPU3BEeCTU A0 CyTTEBOro
CKOPOY€EHHS apearniB i YMCeNbHOCTI HU3KK NiCOBMX BMAIB, WO B icTOpii OyBano He pas.

Omxe, niBoeHHa Mexa OCHOBHOro apeany S. fauricus (s. |.) i BenuumMHa po3puBy MiXk HUM | apearnom
KpuMmcbkoro S. fauricus (s. str.) BU3HAYa€ETbCS MPOTUIEXKHOK LIEI0 KiNbKOX BIOTUYHMX PakTopiB, 3 AKMX
KIMIOYOBUM € HasIBHICTb KPYMHOMNNIAHWUX AepeB; Ha Ui BNMBM HAKNaAaTbCa aHTPONiYHI YUHHWUKK, NOB’A3aHi
3 HULLIEHHSAIM JliCiB Ta nicocmyr.

Moasiku

ABTOp BMCIOBIIOE LUMPY NOASAKY BCiM KOneram, ski yTOYHWAM AaHi Wwoao BiafoBiB rpu3yHiB Ta aHani3i
KONeKLin, Cnpusnuy B NOLWyKy AaBHIX gxxepen, Ta 6panu y4actb B 06roBOpeHHi OKpeMmx 3HaxigoK i 3MiCTOBHMX
YaCTUH UbOro JocnigkeHHs, 3okpema M. BucoumHy, O. lanmpawy, |. €sctad’eBy, b. MenbHuueHky,
I. Moniwyky, 0. Cokonoscekomy, €. Yniopi. Ocobnumsi nogsku A. JlyHsueky 3a gonomMory B AUCTaHUIiHOMY
aHanisi konekuii MINXY Ta uncneHHi goTo 1 BUMipK 3paskiB Ta ixHix dparmeHnTiB. Mosi nogsaka 3. bapkaci 3a
pegaryBaHHS aHrMOMOBHMX YaCTWH PYKOMUCY Ta peLeH3eHTaM 3a BaXXIuBi 3ayBaXKeHHS!.
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The wood mouse Sylvaemus tauricus (Mammalia) in the south of Ukraine: limits

and features of distribution in a historical biogeographical context
I. Zagorodniuk

The article analyses the specifics of distribution of the species Sylvaemus tauricus in the south of Ukraine, particularly
in the coastal regions, where it reaches the northern limits of the steppe natural zone. The number of records describing
the southern limit of distribution in the continental part of the range (i.e., outside the Crimea) is generally not large
(about 30), but all of them eloquently testify to some common features. The first is that the species penetrates deep
into the steppe zone, essentially to the border between the northern (gully) and southern (driest) steppe. Secondly, the
species demonstrates the possibility and high speed of forming new populations, including banded populations, in
areas of expansion, both along natural eco-corridors (primarily along rivers) and using artificial eco-networks (forest
belts, roadside or canal-side tree and shrub strips). Thirdly, there is a unified front of habitats, which indicates that the
range corresponds to the natural zonation. Comparison of the obtained distribution scheme with the forestry zonation
of Ukraine shows that the species is completely absent in the zone of dry (treeless) steppes, which belong to the Black
Sea—Pryazovia South Steppe District. However, the boundary is even more northern: it runs along the middle of the
Northern Steppe District (bayrak steppe zone), in some places with the species crossing the southern border of this
district. Available data indicate the species' expansion to the south, which may be due to the spread of artificial stands,
both of stripe-type (forest belts and stands along water canals, railways, and highways) and focal-type (forest park
areas around settlements, artificial forests, etc.). One of the signs of expansion is the increasing share of the species
in captures in different types of stands: in Luhansk Oblast, the share of this species in places of its occurrence has
gradually increased from 0.64% in 1957—-1965 to 13.8% in 2002—-2014. The southward expansion of this wood mouse
species is in contrast with the trend of the natural zones shifting northward, which demonstrates the importance of non-
natural habitats in species dispersals. The hypotheses of the connection between the mainland range of the species
and the Crimean isolate are discussed. It is assumed that the species' range in the coastal regions has undergone
repeated pulsations with the formation of a continuous distribution of the species. Nevertheless, it is possible that the
species could have entered the Crimea from the Western Caucasus during the period of sea level regression and the
formation of the Kerch—Taman land bridge.

Key words: mouse-like rodents, distribution limits, expansions, natural zonation, biogeography of Ukraine
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Tunonorisa rHizgoBux noceneHb 6aknaHa Benukoro (Phalacrocorax carbo) B

A30BO-HopHOMOpPCLKOMY perioHi YkpaiHu
A.l. CngopeHko

Y po6oTi npeacTaBneHo OOCHiOKEHHst TUNOIOTii MHI3A0BUX NocerneHb Benvkoro 6aknaHa (Phalacrocorax carbo) B A30Bo-
YopHoMopcbkoMy perioHi YkpaiHn. BctaHoBneHo, wo 6aknaHyu akTMBHO BUKOPUCTOBYHOTb LUMPOKUIA cniekTp GioToniB Anga
PO3MiILLIEHHs CBOIX KOMNOHIW, Biagaloun nepesary NpMpoaH1M OCTPOBaM MOPCHLKOTO, PIYKOBOTO Ta TIMMAHOBOIO MOXOMXKEHHS,
e hopmyeTbea onTrMansHe cepeaoBuLLe Ans YCMILWHOro rHisgyBaHHSA. Bubip rHisgoBmx micLb 3yMOBREHWUIA OOCTYMHICTIO
OyaiBenbHOro martepiany, BACOTOW Haf piBHEM BOAM, BiAAaneHiCTiO Big MaTepuka Ta HasfABHICTIO 3aXMCTY Bif XWXKaKiB.
BaknaHu BnawToBYIOTh MHi3Aa Ha NilaHO-4epEenaLlKoBMX, MMUHUCTMX Ta KaM'SHUCTUX OCTPOBaX, a TaKoX Y POCIIMHHOMY
MOKpVBI, BUGMpatoum Aepesa, YarapHUKU Ta o4eper.

OcobnuBwi iHTepec BUKNWKaEe 34aTHICTb GaknaHiB aganTyBaTUCA A0 rHi3gyBaHHS Ha TEXHOTEHHUX Cropyaax, Takvx SK ra3oBi
nnatcpopmu, onopu niHin enektponepenadi (JIEM) Ta 3atonnexi kopabni. Lie sBnwe HabyBae Bce GinblUOro NOLMPEHHS
yepe3 0OMEXEHICTb MPUPOAHNX MICLb FHI3AYBaHHS, LLIO 3yMOBIIEHO aHTPOMOreHHUM BNMBOM, Ta € HAacNiakoM aganTadii 4o
3MiH y npupoaHoMy cepegosuLli. [poBeaeHnin aHania 72 KOMoHiM nokasas, L0 YMCENbHICTb MTaxiB 3HAYHO 3pOCTae Ha
TEXHOrEeHHUX criopyaax, Monpu LLOpiYHE BUAAMEHHS MHI3A nig Yac o6CcnyroByBaHHA KOHCTPYKUiNA. BaknaHu 4eMOHCTpyoTh
BMCOKY CTINKICTb 4O Takux BTPy4aHb, BiAHOBMIOOYM CBOI KOMOHIi HaBiTb MiCNA pyNHYyBaHb.

Y pocnigykeHHi Takox npoaHanizoBaHo BrnMB pisHMX chakTopiB Ha BUOIp Micus rHi3AyBaHHs, cepeq skvx NroLla OcTpoBa,
JOCTyrnHicTb OyaiBenbHOro mMaTepiany, BUCOTa Haj piBHEM BOAM Ta BiACTaHb [0 MaTepwka i Noacbkux nocerneHb. byno
BMSIBMIEHO NPSIMY KOPENsLjlo MK YMCENBHICTIO THI34 Ta po3MipoM rHi3goBoi Teputopii. OKpeMo 3a3HayveHo, LU0 KOMOHI,
pOo3TaLlOoBaHi Ha OCTPOBaX, Orn3bKMX 40 MaTepuka, NigaanTbLCs BINbLIOMY PU3NKY Yepe3 AOCTYMHICTb AN XVpKaKiB i NoanHW.
JocnigxeHHss Hagae HOBI AaHi NpO THI34OBY €KONorilo Benukoro GaknaHa B YKpaiHi Ta NigKpecnioe BaXIUBICTb
noAanbLUIOro BUBYEHHS BNAMBY TEXHOrEHHUX YMOB Ha rHi3AyBaHHA BUAY.

KntouvoBi cnosa: senukuli 6aknaH, eHis0osei 6iomonu, A3080-HopHOMOPCHKUL peeioH, 2HizdonpudamHicms
mepumopii, 0cmposu, KooHiarbHe eHi30y8aHHs

LumyeaHHsi: CudopeHko A.l. Tunonoeis eHizdosux noceneHb 6aknaHa eenukoeo (Phalacrocorax carbo) e A3060-
YopHomopcbKkomy peeioHi YkpaiHu. BicHUK Xapkiecbko2o HauioHannbHo20 yHigepcumemy imeHi B. H. KapasiHa. Cepisi
«bionoaisy, 2025, 44, c. 95-112. https://doi.org/10.26565/2075-5457-2025-44-8
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BcTtyn

Benvkun GaknaH (Phalacrocorax carbo) 3paTHMN akTMBHO (pOpMyBaTW KOMOHianbHi rHi34oBI
noceneHHs (iHKONW, AOBOMI YMCErbHI) B HAMPI3HOMaHITHILLMX YMOBax. B ocTaHHi gecatupivysa (o 2012 p.)
crnocTepiranocs NomiTHe 36iNbLUeHHSA YMCenbHOCTI Ta NOLWMPEHHS LbOro Buay B A30BO-4OpHOMOPCHKOMY
perioHi YkpaiHn, ge 6GaknaHu onaHyBanu LWMPOKMM cnekTp OGioToniB Ans rHisgyBaHHA. Cepepn HuX
BUAINSATLCA SK NPUPOLHI TEPUTOPIT, TaKi Sk MOPCbKi Ta IMMaHHI OCTPOBM, OCTPOBM B MeXax 3annas pivok
Ta BHYTPILWHIX 03ep, Tak i aHTPOMOreHHi CTPYKTYPU, SIKi CTBOPIOKOTL AOAATKOBI YMOBU ANs PO3LUMPEHHS
rHi300BUX KOMOHil GaknaHiB, 0cob6nmMBo B ymoBax AediuuTy rHisgonpuaaTtHUX TEPUTOPIN.

MHisgoBwiA BioTon € KMNoYoBUM (DaKTOPOM, L0 BU3HAYaE YCMILWHICTb PO3MHOXEHHS BMAY. A30BO-
YOpHOMOPCBKMI pPErioH, 3i CBOEKD CKNagHOK reoMopdosiorield Ta YMCNEHHUMMW OCTpOBaMK, Hagae
Pi3HOMaHITHi YMOBW ANsi PO3MIlLlEHHs1 KOMOHiM Bemnukoro GaknaHa. Mopsg 3 nNpUpogHUMKM MicuaMUK
rHi3QyBaHHA, NTaxy akTUBHO BMKOPWUCTOBYIOTb TEXHOrEHHi CMopyan, 30Kpema rasosi nnatgopmu, onopu
NiHin enekTponepeadvi, 3aTtonneHi kopabni Ta WTy4Hi ocTpoBu. Lia cTpareria € BUMyLLEHO aganTauieto
A0 3pOCTakyoro aHTPOMNOreHHOro TUCKY.

MeToo pocnigxeHHs € aHani3a TuniB rHisgosmux 6GiotoniB Benukoro 6OaknaHa B A30BO-
YOpHOMOPCBLKOMY pEriOHi, BUSHAYEHHS KITHOYOBMX YMHHUKIB, O BNIMBAKOTL Ha BUGIp MicUs THi3QyBaHHS,
Ta OUiHKa poni aHTPOMOreHHNx akTopiB y OpMyBaHHI rHi3goBMx nocerneHb. Lle gossonutb rmmbie
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3pO3yMiT! €eKOmnoriYyHi ocobnmuBocTi Benunkoro GaknaHa Ta chnpusaTume po3pobui Ginbw edeKkTUBHMX
cTparTerin perynsuii YucenbHOCTI A4aHOro Buay.

O6’ekTn Ta MeToaM fOCHIOXEHHA

O6’ektoM pgocnigkXeHHs € KOmnoHii Benukoro 6aknaHa (Phalacrocorax carbo) B A30BO-
YopHOMOPCLKOMY perioHi  YkpaiHu, CpOpMOBaHi B Pi3HMX MPUMPOOHUX Ta aHTPOMOoreHHux OGioTonax.
JocnigxeHHs oXonntoe pisHOMaHITHI Tunm BioTonis, cepen AKMX NPUPOAHI OCTPOBM, MilLlaHi KOCU, NMMMaHOBI
Ta PiYKOBi 3annaBu, a TAKOX Aesiki TEXHOreHHi 06’eKT — ra3osi NnaTopmun, ONopy BUCOKOBOMbTHUX MiHIN
enekTponepeaadi Ta 3aTonneHi kopabni.

3aranom, aAns xapakTepucTUKM rHisgoBux Giotonis Benukoro 6aknaHa B YkpaiHi Ta BU3Ha4eHHs poni
A3oBo-HopHOMOpPCBLKOro perioHy YKpaiHu B MOPIBHSAHHI 3 11 MaTepUKOBOK 4acTMHOM, NpoaHarnizoBaHo
OOCTYNHI Ham AaHi npo Ginbw Hixk 100 konoHi Buay 3a ocTaHHi 50 pokiB. 3 HMX B Mexax A30BO-
YopHoMOpCbKOro perioHy 3adikcoBaHo 72 nocenenHsi (puc. 1); ctaHom Ha 2021 p. LOCTEMEHHO XUITUMU 3
Hu1x Byno 27, 3aranbHa KinbkKicTb rHi3g ctaHoBuna 33083 rH. (CngopeHko, 2022).
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Puc. 1. Ilokanizaujs rHi3goBux noceneHb 6aknaHa Benukoro B A30Bo-4YopHOMOpCLKOMY perioHi YkpaiHu
Fig. 1. Localization of Great Cormorant nesting colonies in the Azov-Black Sea Region of Ukraine

O6nikamun 2021 p. 6yno oxonneHo nepeBaxHy BinbLicTe A30BO-HOPHOMOPCBLKOro perioHy YkpaiHu,
3a BuKNtoYeHHAM TepuTopii AP Kpum Ta Kpumsoi kocn (JoHeubka obnacthb).

MeToau JocCnimpKeHHsT BKITOYanu nonboBi 06CTEXEHHS THI3A0BUX KOJOHIN Yy Nepiof PO3MHOXEHHS
ntaxiB (BECHSHO-NITHIA Cce30H). binbLwicTb ekcneauuinHoi poboTn NpoBegEeHO METOAaMN aBTOMOBINbHUX,
NiLIOXiAHMX (SIKi BKMOYanu Sk 06k Ha TpaHCeKTax, Tak i CyuinbHe 0BCTeXeHHS BCiX AOCTYMHUX TEPUTOPIN
Ta WTY4YHNX 06’eKkTiB) Ta YoBHOBMX 06nikiB. CnocTepexxeHHs nposogunucd 3a gonomoroto 6iHoknis Etherna
(x10) i Nikon ACULON A211 10x50 ta teneckona VIXEN Geoma (20-60x80). ns aepodoTO3NMOMKM
KOmnoHin 6aknaHa 3 Bucotn go 100 m BukopuctoByBanu kBagpokontepu DJI Mavic 3 Pro ta DJI Mavic Air
Fly More Combo, 3aBaskv YoMy MiHiIMi3yBaBCs aHTPOMOreHHWI BMNAMB Ha AaHi KOJOHIi Ta iHWi noceneHHs
konosoaHux ntaxie nopsg. OcHOBHI eTanu poboTK BKOYAnNM obnik YNCENbHOCTI rHi3O Ta BU3HAYEHHS X
nokanisauii Ha pisHux Tunax cybcTparTiB, a Takox dikcauito Tuny OyaiBenbHOro marepiany Ta BUCOTU
posTalwlyBaHHA THi3g. KoHa KonoHia fpocnimkyBanach LUNAXOM OOCTEXEHHA OOCTYMHUX THi3gOBMX
GioToniB, Npu LbOMY BpaxoByBanach BigaaneHicTb Big MaTePUMKOBOI YACTUHM Ta aHTPOMNOreHHMX 00’ EKTIB.

[ns ouiHKKM aHTPOMNOreHHOro BMAMBY BUKOPUCTOBYBANN METOAM NOPIBHANBHOIO aHarnidy YNCenbHOCTI
nTaxiB Ta CTabiNbHOCTI KOMOHIN Ha NMPUPOAHMX | TEXHOreHHMX 06’ekTax. 3ibpaHi gaHi 6yno npoaHanizoBaHo
3a JONOMOroK CTAaTUCTUYHMX MeTOAiB (i3 3aCTOCYBaHHSIM — A1 BU3HAYEHHs1 CTaHAAPTHOMO BiOXWUIEHHS
StD, koediuieHTiB Bapiauii Cv Ta kopensuii r Towo — okpemux yHkuUi nporpamu StatSoft STATISTICA
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10.0 Ta enekTpoHHUX Tabnuub «MS Excel»), Wo 003BONNNO OUIHUTK 3B'A30K MidK YMCETbHICTIO KOJOHIN Ta
po3mipaMu rHi3goBux 6ioToniB, BiACTaHHIO 4O MaTepuka Ta HasiBHICTIO aHTPOMOreHHOro BMNinBY.

BaxnuBo BM3HaAuUUTK, WO camMe MM MAEMO Ha yBasi Nig Nnolle ocTpoBa. 3 ycix BioomMmux Bunagkis
rHisgyBaHHs (3a BCi poku) Ansa aHanidy 6ynu BigibpaHi nuwe Ti OCTpPoBM, K 3anuwialoTbCs
BiJOKPEMIIEHUMM Bif, MaTepuka Ta CYCiAHIX OCTPOBIB MPOTArOM YCbOro nepioay rHisgyBaHHSA, a iXHi
©eperoBi NiHii He 3a3HalOTb 3HAYHOrO BMNMMBY Bif 3MiH PiBHS BOAM YK BITPOBUX ABMLL. [[pynoBi noceneHHsi
DaknaHis, Wo po3TawoBaHi 6nNn3bko ogHe OO0 OA4HOro, ane B Mexax OOHOro OCTpOBa, po3rnaganucs sk
OfjHa KONOHIf Ha LibOMY OCTPOBI.

Y BignNOBIOHOCTI 3 NepepaxoBaHUMK KpUTEpPISMK, BuAineHa rpyna 3 34 ocTpoOBiB, pO3TaLLOBaHUX B
ycboMy A30BO-YOPHOMOPCBLKOMY pErioHi, AN SKkux nopaxoBaHa nnowla. 3 ornmsgy Ha CKhnagHicTb
BU3HAYEHHS NAOLWi Ans PiSHOMaHITHUX 3a (OpMOID AINSAHOK Cyli, MW CKOpUCTanucs cepBicoM
KanbKynsitopa po3paxyHKy oL, AOBXWH i BigcTaHen no kapTax Google (Area Calculator Tool, 2024), wo
OO03BOJISIE 3 MAaKCMMaribHOK TOYHICTIO BpaxyBaTh HEPIBHOCTI 6eperoBoi MiHil.

Pe3synbTaTtn Ta 06roBopeHHs

PesynbTatu sk BnacHux gocnigkeHb ynpogosx 2012-2021 pp., Tak i aHanisy nitepaTypHux AaHuXx,
nokasanw, wo Benuku 6aknaH B A30B0-4opHOMOPCBLKOMY perioHi YKpaiHn BUKOPUCTOBYE AOCUTb LUMPOKUN
CMEeKTp rHi3goBumx GioToni..

Ocmposu, €k rHisgoBun 6Gioton GaknaHa, npeacTaBrneHi B HanbiNbLIOMY CBOEMY PO3MAITTi.
TpaguuiiHo, NTaxu BWKOPUCTOBYIOTb MilLlaHO-YepenallKkoBi OCTPOBU aKyMYyMNATUBHOIMO MOXOMKEHHS,
LWMpoKo npepacTaBneHi B AsoBo-YopHomopcbkomy perioHi (Siokhin et al., 2016). BoHn moxyTb OyTu
Pi3HOMaHITHOI (bopMM Ta 3HA4YHO BIOPI3HATMCA 3a nnoweto. HavmeHwa nnowa OoCTpoBa, 3anHATOro
OaknaHamu, po3TalLOBaHOro y340BX 3axigHoro 6epera kocu ObuTivyHOiT B A30BCbKOMY Mopi, ckrnagana 0,04
ra. HanbGinbwunm 3a nnolue OCTPOBOM 3ragaHoro Tuny € koca-octpiB NoniroHHa Ha CxigHomy CuBalui,
nnowa sikoi 6rm3sbko 52 ra. Hanudacriwe dopma Takux OCTPOBIB BUTATHYTa, MigkoBonogibHa abo kpyrna.
IHOAi BOHM MOXYTb MaTu CKnagHy opmy 3 HasiBHICTHO BHYTPILLIHIX 03€p, CUCTEMM KiC | OCTpIBLIB. Y AeAKNX
BMMNaZKax, Mawum Ha yBasi (bakTu rHi3gyBaHHS B MEBHIN TOYLi, MU CTUMKAeEMOCS 3 rpyrnol OCTPOBIB,
Hanpuknag YoHrapcbki, 'eHivechki.

[MoBepxHA uUMX OCTpoBiIB MOXe OyTu 30BCiM ronoto abo matn 0o 100% NpPOEKTMBHOrO MOKPUTTS,
3anexHo Bi4 BNNUBY NTaxiB, siki 34aTHi NOBHICTIO 3HULUUTU POCMMHHICTE 3@ OOUH-OBA CE30HU (LLMSIXOM
BUTOMTYBaHHS, Nig 4Yac 36opy maTepiany ans 6ygiBHMLTBA rHi3a, ane B OCHOBHOMY — Yyepes BNnuB nocnigy
3 BWCOKMM BMICTOM HiTporeHy, kanito t1a docgopy). Baxnuy ponb BigirpatoTb TakoX 3MMOBI NbOAOBI
YMOBU: CUINbHUI BITEP MOXE «3pi3aTU» BEPXHIl LLAp OCTPOBA, 3MIHIOUN NOro hOPMY, BUCOTY Ta NMOKPUTTA.
BucoTa cywi Hag Bogoto Bapitoe Bif Kinbkox caHTumeTpis Ao 1,5 M. Yepes yacTi 3riHHO-HariHHI aBuLa Ta
wrTopmu, BaknaHu obuparTb NiABULLEHI AINSHKW, WO BM3HA4yae KOHQirypauito MOCeneHHs i HasBHICTb
cybkornoHin. Mig Yac HecnpUATAMBMX MOTOAHMX YMOB KOJIOHISI MOXE PO3LiNMTUCA Ha TPYNu, WO 3HWXKYE
YCNiLUHICTb PO3MHOXEHHS (B OCHOBHOMY Yepes (hisnyHe 3HULLEHHS YaCTUHM MHi3A Ta NigTONNEHHs KNaaok).
Y 30Hax p13uKy MiATOMMNEHHSA rHizaa 6yayoTb BULWLMMK. 3yCTpiYaoTbCs BUNagku 4o0yaoBu rHisg HaBiTh Mig
yac iHkyOaLil, Lo NigBULLYE LLIAHCK Ha YCrilUHE BUCUOXKYBAHHS SELb.

Kpim akymynatuBHux, B A30BO-YOPHOMOPCLKOMY perioHi npeacraBneHi 1 MaTepuKoBi OCTPOBWU
(Kutan, bepesaHb, Opnos), sikux 3Ha4yHO MeHwe. Bucorta octposiB Hag Bogow Big 1,5-2 go 7-8 m
(Andriushchenko et al. 2000; Siokhin, 2008). Ix i3onboBaHiCTb Big MaTepyuka Ta 4OCTaTHI NIOLL CTBOPIOOTh
CNpUATNUBI YMOBM ONA rHi3gyBaHHA GaknaHa Ta iHWKX CynyTHIX BUAIB, TOMY, Hanpuknag, octposu Kntan
Ta OpnoB € AinsgHKkamMy 3 HaMBULLOK CTabINBHICTIO MHI3AYBaHHSI.

B A3oBo-YHopHOMOpPCBLKOMY perioHi HaMu BUANEHI OCTPOBU-KOCH, SIKi B MPSIMOMY CEHCi HE € OCTPOBaMMU,
OfHakK 3 psgy NPUYMH MOXYTb Takumm BBaxkaTucs. Hanpuknag, Ha koci Kpueii B A3oBCbkOMY MOpi GaknaHm
rHi3ASTbCA Ha 4YepenalukoBOi Tepaci, WO nepioanyHo 3'€QHYETbLCA 3 MaTepukoBok 4vacTuHow. Koca
MoniroHHa sBNsie coboK BENUKUIA OCTPIB, WO Mae B CBOIN KOHdpirypauii Kinbka nilaHux Kic, Ha SKux
rHiagaTbca 6aknaHun. Ha KiHGypHCbkoMy M-0Bi Ha 03. YipHiHOMY, Micns pynMHyBaHHS LUTY4HOI nratdopmu
DaknaHy Nnoyanu rHi3guTMCS Ha KOCi, Sika TakoX nepiogmyHo ctae octpoBom (Siokhin et al., 2016).

Okpemoto rpynoro BUAiNeHi OCTPOBM, WO fexaTb B akBaTopisx A30BO-YOPHOMOPCBHKUX NIMMaHIB.
MpuknagoM TakuMx OCTPOBIB MOXYTb cnyxuTtu [osrun, lMigkosa, Kupuniecbki Ha MonoyHomy nvMaHi,
(Chernychko, 2008); a Takox WTy4YHMI OCTPiB Ha 03epi NumaHHoro Tuny Cacuk (Yakovlev, 2008).

KpiMm MOPCBKMX | MMMaHHUX, B CAMOCTINHY rpyny BXOAsITb OCTPOBW, PO3TalloOBaHi B AOMNHAX PiYOK.
Tak, B HWXHI YacTuHi [JHinpa Bigomi konoHii 6aknaHiB Ha ocTpoBax Benuvkuin i Manui CokonuH, Tonoka,
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B OK. c. Kosaui Jlarepi. ¥ genbTi [yHato noceneHHs OaknaHiB Big3HayeHi Ha o. Epmakos, JlebeanHka,
LnraHcekunin. Ha [JHICTpi Mmepexeto NpoToK YTBOPEHO BENUKY KiNbKICTb OCTPOBIB Ta 03ep, Ae Ha bypaisHoBii
rpsigi Ta 03. Bacunbku Bigomi hakTu rHisgyBaHHs 6aknaHiB. 3a poaTallyBaHHSAM PidKOBi OCTPOBU AiNsaTbCA
Ha pycnosi Ta 3annaeHi. Tak, HanbinbL BiAOMi CBOIMM KOMnoHisMM G6aknaHis Benwuki i Mani Ky4dyrypu Ha
KaxoscbkoMy BogocxosuLi (Siokhin et al., 2016).

CamocrTiiHolO rpynolo cnif po3rnggaTtm OCTPOBM, pPO3TaLLOBaHi B MeXax BHYTPILLHIX 03ep,
Hanpuknag, ocTpoBu Ha 03epi 6inga c. CuBawwiBka, XepcoHcbka 061.

Kam’sHuCTi i BanHAKOBI OCTPOBM BWKOPUCTOBYHOTbCA 6OaknaHamu WMpoKo. TpaguuiiHo, Ha
KepyeHcbkomy Ta TapxaHkyTcbkomy niBocTpoBax Kpumy 6aknaH cenuTbCa Ha CKensacTUX KapHusax i
OKpeMUX OCTpOBax, OAHaK YacTiwe Le BnacTnBo 4vybatomy GaknaHy (Phalacrocorax aristotelis). Ha oa3.
Cacuk B Opgecbkini 0611, B pe3ynbTaTi OyaiBHULTBA BOLOCXOBMLLA YTBOPUBCS MPaHITHUA OCTPIB, HA SIKOMY
KOmnoHis GaknaHiB icHye 6nmsbko 8 pokie (Yakovlev, 2008). Ak okpemMuii BUMAAOK OAHOrO pisHOBMAOY
OCTpPOBIB, MOXHa BuainuTn o. bepesaHb y YopHOMY MOpI, CKNageHWn BanHAKamu, YepenallHUKOM i
Meprenem, Ta NOKPUTUIA NOTY>KHUM LLIApPOM YepPBOHO-OYPUX MMKH i CYrnuHKiB, Ae Benukun 6aknan y 2001-
2005 pp. rHi3agnBCcs CNiNbHO 3 MapTUHOM XOBTOHOMMM (Larus cachinnans). TyT e BiA3Ha4Y€HO rHi3ayBaHHS
6aknaHa Ha rmuHncTmx obpmeax (Petrovych, Redinov, 2016).

BoueBunab, maTepian, 3 sskoro nobygoBaHuin OCTpiB, rpae HEOCTAHHIO POSb Y CTabinbHOCTI FTHI3A0BOro
noceneHHss GaknaHiB Ha HbOMy. FAK 3a niTepaTypHUMW AaHuMK, Tak i 3a pesynbTatamym BRacCHWX
crnocTepexeHb, NOCENeHHs, po3TalloBaHi Ha MaTEepPUKOBMX, BUCOKO MiAHECEHUX Hag MOBEPXHEK BOAW,
octpoBax (sk-oT 0. Kutan y LieHTpanbHoMmy CwmBalui), € 3Ha4HO CTabinbHILWUMK, HiXK Ha YepenalukoBo-
NiLaHnX, SKi akTMBHO NigAaloTbCs BNANBY 3riHHO-HArHHUX SBULL.

Cyb6cmpamHi enodobaHHs1 audy

Hepesa ma yazapHuku cnyxaTtb 6aknaHam ogHMM 3 OCHOBHMX MiCLb po3TallyBaHHSA rHi3g (Fopros
Ta iH., 2015a; lNopnos, CioxiH, 2015). 3ragka npo AepeBHi KomnoHii B nitepaTypi XIX ctonitta mae micue
HaBITb JeLLo YacTilwe, HiXX Npo Ha3eMHi noceneHHs. MNopoaHuIn cknag, SKUA BUKOPUCTOBYETLCA NTaxamu,
OOCUTb LUMPOKMIA — B PEFiOHi KOMOHIi Ha AepeBax po3TallOBaHi Ha Tononsx — YopHin (Populus nigra) Ta
6inin (P. alba), Bepbax (Salix alba, S. acutifolia), 6epesax (Betula pendula, B. borysthenica), poGiHii
3BunyaviHiv (Robinia pseudoacacia), macnuHui cpibnactiv (Elaeagnus commutata). B axocti cybeTpaty ans
PO3MILLEHHS THi34 cepef YarapHuKiB HandacTiwe Big3HadeHi Bepbosi Kyuwli, Oy3vHa 4YopHa (Sambucus
nigra), amopda KkywoBa (Amorpha fruticosa) Ta macnuHka cpibnscra.

BucoTa posTaluyBaHHSA rHi3g Ha AepeBax abo YarapHuky Moxe nexatu B mexax Big 0,5 go 15 m Big
3emni. MHi3goBi NnaTopMmM B KPOHi JEPEB PO3TALLOBYIOTLCS SIK HA BEPLUUHI, TaK i B OCHOBI cToBBYpa abo
Ha BivHuX rinkax 1-ro i 2-ro nopsgkie. Y BUNaaKy 3 YarapHukamu, rHisga oygyotbcsa 6aknaHaMmuy Ha 3anomax
rifnok, Lo CTBOPIOOTL AOCUTb MiLlHY OCHOBY.

Banomu oyepemy. MacuBHi i JOCUTb Baxki rHizga 6aknaHiB MHyTb Mig cobok ovepeTsiHi 3apocTi,
iHOZi aX [0 NMOBHOrO OroSfiEHHsI BEPXHBOTO wWapy 3emni. Cnpusie LboMy TakoX i BUKOPUCTaHHA cTeben Ta
KopeHeBuL, ovepeTy 3BuyanHoro (Phragmites australis) sk GyaisenbHOro martepiany OCHOBU rHi3ga, a
TOHKOIO NMCTA Ui€l poCcnnHM ANd BUCTUMNAHHA. AHanidytoum GioToniyHui posnogin KomoHin 6aknaHa,
BiA3HA4YMMO He3HayHe PO3MNOBCIOMKEHHS B YKpaiHi nogibHoro Tuny rHisgysBaHHs. [prknagom MOXyTb
CMYXWUTU MOCENeHHs BaknaHiB Ha BHYTPILHIX 03epax kocu O6utivyHoi B 2007 i 2008 pp., konu ntaxu
BMKOPMCTOBYBanu AingHky 6epera Ha o03epi, MOBHICTIO OTOYEHOMY O4YEepeTOM, a TaKOX KOJIOHIA Ha
KapxuHcbknx octpoBax B [hxapunraubkin 3aToui, Ae 6aknaHu ocenunucsa pasom 3 vyannamu (Ffopnos Ta
iH., 20156). Y Bcix BUNagkax, 4o KiHLSA rHi3A0BOro ce30Hy 04epeTsiHi 3apocCTi 3HULLYBanucs.

TexHoe2eHHI criopydu TakoX MOXyYTb CIyryBaTu MICLLEM rHi3gQyBaHHsi BENMKoro 6aknaHa. Xoya ue siBuLle
He € MacoBWUM, BOHO TPanJsiETLCSA PerynsapHo, i faHa ctpateris Oyae geTanbHO oxapakTepuaoBaHa OKpeMO.

Takum YMHOM, THI30BI KOMOHIi GaknaHiB mMaTb B A30BO-YOPHOMOPCLKOMY PErioHi HaCTYMHWIA
GioToniyHWUI Ta cyGCTpaTHMI po3nogisn:

MprpOoaHOro NOXOMKEHHS:

- MOPCbKi OCTpOBMY,;

- maTtepwkosi (0. bepesaHb);
akymynsaTuBHi (octpoBa KapxuHcbki, KanaHuyaubki, YCTpUYHI);
ocTpoBuM-kocu A3oBCbkoro mops — ObuTtiyHa, bepasiHebka, KpuBa;
ocTtpoBu LlentpaneHoro i CxigHoro Cusawa (KosHnn, YoHrapcbki, Kutam 1a iH.);
pivKOBI;
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- 3annaeHi (NnaeHi y M. EHeprogap);

- pycnogi (Benukuii i Manui CokonuH B genbTi [HiNpa, €pmakoB, oCTpoBM aBaHAenbTH [yHato);

- OCTPOBM, WO yTBOpUINCS B pesynbTaTi 3aTonneHHs KaxoBcbkoro BogocxoBuwa (Benwuki i Mani
Ky4yrypm Ta iHwwi);

- 03epHi (ocTpoBM Ha 03epi 6ing c. CuBalliBka, XepCoHCbka 061.);

- NMUMaHoBi (0CTPOBU Ha nNumaHax Cacuk, MonoyHuin, JAHICTPOBCHKUN);

LLITy4HOro NOXoaKeHHs:

- onopwu J1IElN Ha KaxoBcbkomy BACX.;

- rasoBi BULLKK B A3OBCbKOMY MOPi;

- 3aTonieHi kopabni («ocTpoBu-kopabsi») B A30BCLKOMY MOPI, 3aTOMMEHWI A0K B AropnuubKin 3aToui;

- LUTYYHi ocTpoBwu (nnaTdopma Ha 03. YipHiHe Ha KiHOypHCbkoMy M-0Bi, OCTpPiB Ha NumaHi Cacuk);

AHani3 cybctpatHux ynogobaHb BuAay nokasye, wo 6GaknaHu BiggalwTb nepesary HaseMHOMYy Ta
AEepeBHOMY TuNaMm rHi3gyBaHHA. AK nepexigHi BapiaHTW rHi34yBaHHA MOXHA BUAINUTU  KOSOHIT,
po3TalloBaHi Ha 4arapHukax (Hanpwknag, Ha octpoBax Mani Ky4dyrypu) Ta 3anomax odepeTy (koca
O6uTivyHa). CaMOCTIHO pPo3rnagaTbCA NOCENEHHS NTaxiB HA TEXHOTEHHNX criopyaax.

lHi3d086i biomonu eernukoe2o baknaHa 8 A3080-HopHOMOPCLKOMY pezioHi 3a foKkarnisauiero Ha cybempami:

HasemHui Tvn rHisgyBaHHSA:

- niwaHo-4yepenalukoBi ocTpoBu (YoHrapckki, MeHiveckbki, KosHnu, Conenpomy, TaHiH);

- ruHKUCTI ocTposw (0. Kntan, octpoBm Ha o3epi 6insa c. CualuiBka);

- kKam’saHucTi ocTpoBu (BepesaHb, TaBomkaHiH)

"Hi3gyBaHHS Ha gepeBsax:

- nucTtaHi nopogun (Populus nigra, P. alba, Salix alba, S. acutifolia, Quercus robur, Betula pendula,
B. borysthenica, Acer platanoides, Carpinus betulus, Alnus glutinosa, Elaeagnus commutata,
Robinia pseudoacacia)

- XBOWHiI nopoaw (Pinus sylvestris, P. nigra ssp. pallasiana)

HisgyBaHHA Ha yYarapHukax (Elaeagnus commutata, E. angustifolia, Sambucus nigra, Salix alba);

HisgyBaHHsA Ha ovepeTi (Phragmites australis);

"Hi3gyBaHHSA Ha TEXHOreHHWX cnopyaax (4epeBo, kamiHb, MeTan, ryma).

Kpim TOro, Bigomi BUNagky 3millaHoro TMny rHi3gyBaHHS, KOMM OCHOBHA YacTMHA MTaxiB rHi3anTbCA
Ha 3eMni, NpoTe YaCTKOBO BMKOPUCTOBYIOUN HasiBHi B MeXax KOMOHIi YarapHUKW i okpemi gepesa, a iHogi
1 3anomMu ovepery.

rnizdyeaHHs esudy Ha mexHO2eHHUX criopydax

Hanbinblw uikaBuM Ta HeQOCTaTHbLO BMBYEHUM (B fiTepaTypi € YMmano 3ragok npo rHizayBaHHS
BENMKoro 6aknaHa Ha TEXHOreHHWX crnopyaax, ane OOKMagHOi XapakTepUCTUKM PYKOTBOPHMUX FHi34OBUX
TepuTopi Benukoro GaknaHa, sik B €Bponi, Tak i B YKpaiHi, NpakTMYHO HeEMae) TUNOM THi3gobyaiBHOI
cTparTerii € rHi3QyBaHHA Ha TEXHOTEHHWUX crnopydax. 3asBu4yan, BuA THI3AWTLCA Ha NOAibHUX crnopydax
TiNbkM B ymoOBax BIOCYTHOCTI rHisgonpuaatHux TepuTopin. B €sponi Benukun 6GaknaH HandacTiwe
BMKOPUCTOBYE rpebni, Mmasiku, niHii enekTponepegadi Ta nokuHyTi cygHa (Volponi, 1999; Collas, Burgun,
2011; Jepsen, Olesen, 2013; Nikolov et al., 2014; Séiban et al., 2014; Szinai, 2014; Mainwaring, 2015;
Klimaszyk, Rzymski, 2016).

MopibHa cTpaTeria BRacTMBa W iHWUM BuAaam GaknaHiB, Hanpuknag, ©6epuHroBomy
(Phalacrocorax pelagicus), Banbbeprosomy (Phalacrocorax neglectus) Ta 6inorpygomy (Phalacrocorax
lucidus) 6aknaHam. MIMOBIpHO, 32 CXOXMMM MPUYMHAMM TaKOK CTPaTerielo KepylTbcsa i iHWi Buan
©aknaHiB (CupgopeHko, CioxiH, 2016).

AHani3 gk nitepaTypHUX AaHuX, Tak i BNacHi JOCNIMKEeHHS, AO3BONUAW BULINUTM HACTYMHI 6 06’ ekTiB
TEXHOreHHOro NOXoMKeHHs B A30BO-HOpHOMOPCBEKOMY perioHi YKkpaiHu, ski cnyryBanu MicLleM rHi3gyBaHHs
OaknaHiB: ra3oBi BULLKM B A30BCbKOMY Mopi (Henoganik Big c. CTpinkoBe, 'eHiyecbkuin p-H XepCOHCHKOI
obnacri), 3aTonneHi kopabni-milweHri 6inst ApabaTcbKoi CTpinku, onopu BucokoBonbTHUX JIEM — nepexoan
Yepe3 KaxoBcbke BOAOCXOBULLE, AOK-MilLeHb Y Aropnuvubkin 3aToui, ocTpoBu-nNnaTgopmn Ha 03. YipHiHe
(KiHOypHCbKMI NIBOCTPIB) Ta WTYYHMI OCTPIB Ha 03. Cacuk.

la3osi suwku

Benvkuin 6aknaH noyas rHi3aguTmcs Ha rasoBux Buwkax 3 2000 p. B nepiog 3 novaTky rHi3gyBaHHA no
2012 p. AOro 4YmncenbHiCTb pi3ko Konmeanaca B mexax Big 200 go 2260 nap (puc. 2), Wwo MnoB’si3aHo 3
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pernaMeHTHUM 06CMyroByBaHHsIM ra3oBOro o6rafgHaHHS Ta iHTEHCMBHWM 3HULLEHHSIM THi3g OaknaHis
(Cupopenko, CioxiH, 2016).
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Puc. 2. luHamika YMcenbHOCTI rHi3p 6aknaHa Benukoro Ha rasoBux Buwkax y 2000-2012 pp.
Fig. 2. Dynamics of Great Cormorant nest numbers on gas platforms in 2000-2012

Mopanbwi gocnigxeHHss npoBeAeHi B TpaeHi 2016 p. 3rigHO 3 HAWKWMKW AaHUMW, YNCENBHICTb THI3g
b6aknaHa 6yna HactynHoto: 1 Buwka — 30 rH., 2 — 80 rH.,, 3 — 209 rH. OcHOBHa 4YacTuMHa THi3g
posTalloByBanacs Ha 3akoHcepBoBaHii MCI1-115, Ha Buwui Ne2 HeBenvka KinbKiCTb THi3[4 NOSACHIETHCS
NOCTIMHNM X 3HULLLEHHSAM NpaLiBHMKaMmn rasaoBoro rocnogapcraa.

Y BCi poku, KOMoHia BaknaHa Gyna MOHOBMAOBOI 3 BEMWKOK LUIMBHICTIO MHi3AyBaHHA. Y pOKM 3
BMCOKOK YMCENBbHICTIO Big3HavaBca gediunT JOCTYMHUX Micub po3TallyBaHHA rHi3g. byaisenbHun
MaTepian NPUHOCUTBLCS 3 MaTEPUKOBUX AINAHOK ApabaTCbKOi CTPINKu.

O6cTtexeHHa nnatdopmm Ne3 (17.05.2016 p.) nokasano Linkom O4eBMAHY KapTUHY pPO3MNoAiny rHisg
no Ti TeXHOMOriYHMX By3nax: nepeBakHa binbwicTb rHi3g — 126, abo 60,28% — 6yna posTawoBaHa Ha
BEPXHBOMY NriackoMy sipyci nnatdopmu. binbw getanbHO posnogin rHisg 6aknaHa Ha nnatdopmi
«Ctpinka-5» y 2016 p. HaBegeHuin Ha puc. 3.

B banku HMXKHBbOTO Apycy
OBeHTuni, Tpybu Ta iHWIi arperatu (CepeaHs YacTUHA BULLKW)
Bbankvu BepxHbOro apycy

B BepxHint nnackui apyc nnatgopmu

Puc. 3. Po3nogin (y %) rHi3n 6aknaHa 3a KOHCTPYKTUBHMMU eniemeHTamu rasoBoi nnatdopmm «Ctpinka-5» y 2016 p.
Fig. 3. Distribution (%) of Great Cormorant’s nests by structural elements of the “Strilka-5” gas platform in 2016
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Mpu ornsaai BepxHbOro sipycy nnaTtdopmm 6yno BUSIBNEHO, LLO rHi3ga po3TalloByBanucst Ha nepudepii,
[OCUTb LWiNbHO OOMH A0 OAHOrO, LieHTpasibHa X YacTuHa nnatdopmm byna nopoxHeoto (puc. 4). Y 50 rHizgax
Oynu avua (n = 137, Big 1 4o 7), a B Wwe 76 — nTaweHdATa pisHoro Biky (n = 273, Big 2 oo 5 oc. / rH.).

Puc. 4. THi3pa 6aknaHa Ha BepxXHbLOMY Aipyci razoBoi nnarcgopmu «Crpinka-5» y 2016 p. Poto aBTopa Ta lopnosa I1.1.
Fig. 4. Great Cormorant’s nests on the upper tier of the “Strilka-5” gas platform in 2016. Photo by the author and
Horlov P.1.

3a3Buyan Ha BULLKaX Yy Mepiog rHi3gyBaHHSA, KpiM MTaxiB, WO MHI3gATbLCA, criocTepiranacsa 3HadHa
KINbKICTb OCOBUH, ki He Bpanu yyacTi B po3mHOXeHHi. Y 2007 p. Takux ntaxie 6yno BpaxosaHo o 4000
ocobuH, B 2008 p. ix uncenbHicTb ctaHosuna Bxe 5000-5200 ocobuH, B 2016 — 6m1. 1500 oc., a B 2021 p. —
He Ginbwe 1000 oc. OyeBMAHO, LLO BULLIKW, po3TalloBaHi 6riM3bko KOpMOBUX MoniB B A30BCbKOMY MOpi, Ans
OaknaHiB € MiCLUAMN BiANOYMHKY.

Ha umx TexHiyHmx cnopydax 3acdikCOBaHO HeraTMBHWUA BMMAMB BeENUKMX OGaknaHiB Ha OKpemi
TEXHOSOrYHI enemeHTn BMWOK. Koposid MeTaneBux 4acTuH, 3yMOBJIEHA €eKCKpeMeHTamu OaknaHis,
npv3Bena [0 MOLIKOMKEHHA OeskuxX OeTanen KOHCTPYKUin, wo Aobpe MOMITHO Ha 3aKOHCEPBOBAHIM
nnatcopmi «Ctpinka-5». HesBaxatoum Ha LWOPIYHI PEMOHTHI pobOoTKU, Nig 4ac SAKkMX THizga Oaknadis
BMOANSATbLCH, NTaxu BiQHOBMNIOWTE rHizayBaHHA. CTaHoM Ha 2021 p., yMcenbHiCTb THi34 Ha rasoBux
BMLWKax cknagana 250 rH., ue 6yno eanHe Ha cbOrofHi xune noceneHHs Bugy Ha CxigHomy Cusali.

3amornineri kopabrii 8 A308CbLKOMY MOPI

Hi3goBa TepuTopia siBnana coboto rpyny 3atonneHux y 1954-56 pp. kopabnis, siki Micns cnMcaHHs
Oynu nocagkeHi Ha MinMHy B A30BCbKOMY MOPI, | BAKOPUCTOBYBANMWCS B SIKOCTi NMOJTIrOHY Arsi HaBYanbHOro
oombomeTaHHa Ao kiHus 1980-x pp. (WO YHEMOXMMBIOBANO THi3AQyBaHHS BuAy B OAHOMYy JoKaniTeTi).
PostawosyBanuca B 9-10 km B Mopi, B panoHi 80-ro km ApabaTcbkoi CTpinku. Y nitepatypi Bigomi sk
«ocTpoBu-kKopabni» (CugopeHko, CioxiH, 2016).

MpoBepeHi 0bnikn JalTe MOXIMBICTb ONepyBaTh AaHUMM NPO YUCEIbHICTb MTaxXiB HA «OCTPOBaX-
kopabnsax» 3 1989 p. (puc. 5). 3 2000 p. BiA3HAYAETLCA Pi3Ke 3HWKEHHS YMCENBHOCTI Yepes3 MOoCTiliHe
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TypbyBaHHA 3 GOKy pubanok i 3MeHLLIEeHHS NpuaaTHUX ANs rHisgyBaHHA TepuTopin. Mpu uboMy rHisaga,
pO3TaLLOBaHi Ha HWKHIX HaabygoBax kopabnis, perynspHo 3aMvMBarno LTopMamu.
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Puc. 5. [luHamika yncenbHOCTI rHi3a BenuKoro 6aknaHa i MapTMHa XXOBTOHOIroro Ha «OCTpoBax-Kopabnsx»
y 1989-2004 pp.

Fig. 5. Dynamics of nest numbers of the Great Cormorant and Yellow-legged Gull on “ship-islands”
from 1989 to 2004

HeBenvka nnouwla noBepxHi kopabenbHWUX crnopyn, NpuaaTtHUX AN THi3gyBaHHsA, oOymoBrnioBana
BMCOKY LWUiNbHICTb rHi3a, Ski po3miwysanucs B 10-15 cm ogHe Big ogHoro. Llle ogHieto npobnemoto 6ys
AediunT martepiany Ans 6yaiBHUUTBA THi3A, kMM BGaknaHu npuHocunuM 3 ApabaTcbkol CTPInku (SK iy
BMNagKy 3 rasoBMMM BULLKaMW); NpW LbOMY, HEOAHOPAa30BO 3asHavanucs Kpagikku OyaiBernbHOro
maTtepiany 3 CyCigHix rHisg, Wwo npu3BoAno OO PYMHYBaHHA YacTUHW KNagdok i 3armbeni ntaweHaT. Kpim
Benukoro 6aknaHa, B 1989-1992 pp. Ha «ocTpoBax-kopabnax» rHizgunocb 200-450 nap mapTuHiB
)KOBTOHOIMMX, $IKi 3aMManuncsa XwxauTBoM, noigawyn Anusa i ntaweHAT GaknaHa (Cupopedko, 2015;
CwupopeHko, CioxiH, 2016).

3 KOXHMM poKOM, Kopabni Bce Ginblie i Ginblwe niggaBanucsa Koposii, pyrWHyBanucst Nbogamm i
wropmamun. Y 2002-2004 pp. 3anviianacsa nve ofHa HeBenuka nrnowiagka Ang rHisgyeaHHs, a 3 2005
POKYy «OCTpOBU-KOpabni», sk rHiagoBa Teputopis, 3Huknu. CtaHoMm Ha 2018 p. 3anuwmnucsa Tinbku iX
nigBOAHI YaCTUHW, pO3TaLLOBaHi Ha rMUOUHI 61M3bko 2,8 M.

Onopu nepexodis JIEI yepe3 Kaxoecbke sodocxosuuye

Ninii nepexoais 330 kB 1a 750 kB yepe3 Kaxoscbke Bogocxosuwe 6ynv nobyaosaHi B 1977-1984 pp.
MepLue rpyHTOBHE OBCTEXEHHS rHI300BMNX NoceneHb baknaHa Ha onopax J1EMN 6ynu nposeaeHi Hamn B 2012
p. BctaHoBneHo rHisgyBaHHsa 6aknaHa Maixke Ha BCix onopax 060x nepexoais (Ha xanb, He 6yno MOXIMBOCTI
6nmn3bko obcTexnTtun 2 onopu 6ing npasoro 6epera BOAOCXOBULLA, MPOTE aKTUBHICTb BaknaHiB i iX 4OCTaTHS
KinbkicTb HaBkomno HUx — 100-150 ocobuH — 4O3BONAE NPUMYCTUTU HAsIBHICTb HI3QOBMUX MOCENEHb i Tam).
Onopwn nepexoay NN 330 kB mictunn 320, 280, 200 i 100 rH., a Ha gBox onopax nepexody M1 750 kB
obnikoBaHo 190 i 150 rH. 3aranbHa YMcenbHicTb cTaHoBuna 1240 rH. MepeBaxkHa KinbKiCTb rHi3g bygyBanucs
Ha ropu3oHTarnbHUX enleMeHTax onop, Ha 6eTOHHOMY byHAAMEHTI NTaxu He rHisgunucs (puc. 6).

Hi3ga posTalwoByBanucs Big niB MeTpa Hag 6eToOHHUM (byHAAaMEHTOM [0 cepeaHbOi YaCTUHU ONopK
JIEM 750 kB (Ha Bucoti npndnumaHo 50 m), 3gebinbioro Ha Bucoti 20-25 m (819 rH., abo 63,5%). Bucora,
Ha KM pos3TaloByBanuca TrHisga, CWUNbHO BapiloBana; MU He BUSBUMAW 3aneXHOCTi LWiNbHOCTI
posTalwyBaHHSA THi34 Big BucoTu. [na OyaiBHMUTBA rHi3goBOi NNatcopMy BUKOPUCTOBYBANMWCS Tifku
Tononi, Bepbu, kOpeHeBMWa Ta TOBCTIi cTebna oyepeTty. Y rHizgax TakoX Tpannanucs Maxosi nepa
MapTUWHIB, MOMIETUNEHOBI NaKeTH Ta WMaTKN PUOOMOBHMX CiTOK.
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Puc. 6. OcobnuBocTi po3TallyBaHHA rHi3a Benukoro 6aknaHa Ha onopax JIEM 330 kB y 2012 p. doto Noprosa [M.1.
Fig. 6. Nesting features of the Great Cormorant on 330 kV power line towers in 2012. Photo by Horlov P.1.

MMig yac obcTexeHHs y YepBHi 2012 poky GinbLwicTb rHi3g BGyna BXe MNOPOXHbLOK; NTaleHsTa, AK
NbOTHI, TaK i HENbOTHI, NepebyBanu nosa rHizgamu Ha enemeHTax onop, WO YCKNagHWMO nigpaxyHoK
3aranbHOi YMCcenbHOCTI NTaxiB. B okpemux rHisgax 3adikcoBaHO NO Tpy NTAWEHSTH, B iHWKX — 1-2. Ha
onopax J1El rHizagnnucst Takox XOBTOHOT MapTWMHW, NTallEHATa AKUX 3HAXoaunucs B Mexxax 6eToHHOro
dyHaameHTy. XKogHoro MapTuHa B rHi3gax He BUSIBIEHO, @ YNCENBHICTb MOIOANX HEMBOTHMX OCOOMH Ha
nepuwlin onopi JIEMN 330 kB He nepesBuwyBana 70 nTaxis.

PernameHTHMMKN poboTamu 3 06CnyroByBaHHs MiHiA MPONOHYETLCA OYULLIATM MeTaneBi KOHCTPYKLUIi
Bif rHi3a NTaxiB; 3 Wi€i NpMYnHK BCi BUSIBIEHI THi3aa 6ynu cBiko30ygoBaHMMK Ta Manu HeBENMKI po3Mmipu.
HesBaxatoum Ha ue, neBHa cTabinbHa 4MCEnbHICTb rHi3Qyoumx GaknaHiB TyT 30epiraeTtbes; Hai
CMOCTEPEXEHHS Y THi3noBnit cesoH 2021 p. nokasanu HaseHiCTb TyT 6nmsbko 1000 rHisa. MmosipHo,
KMoYoBUM (PakTopoM 36epexeHHs rHi3goBoi monynsuii TyT € HasBHICTb BiAnNoOBigHOI KOPMOBOI 6a3n
nobnmsy. Kopmosum nonem ans GaknaHiB €, B nepwy u4epry, nnaBHEBi AiNdHKM niBoro Gepera
BOAOCXOBWULLA, a TAKOX akBaTopis cTaBka-oxonomkysada 3anopisbkoi AEC. [1na nigTpMMKn YncTotn Bogm
i CTPMMYBaHHS 3pOCTaHHS BOAHOI POCMMHHOCTI LLOPIYHO (HAaBEeCHI Ta BOCEHW) y BOOOWMY BUMYCKatoTb 6 TOH
Manbka (6nuseko 100 TMcC. oc.) ToBcTonobuka 6Ginoro (Hypophthalmichthys molitrix) i cTpokaToro
(Aristichthys nobilis), kopona (Cyprinus carpio) i 6inoro amypa (Ctenopharyngodon idella), 0 BUKOHYOTb
ponb rigpomeniopatopis (Horlov et al., 2016).

MopibHa kapTuHa, Wwonpaeaa, B MeHLWoOMy MacliTabi, cnocTepiranacs B YropuwuHi (Szinai, 2014).
HeBenuvka KinbKicTb rHi3g 3 konowii y BapnanoTi (Megbe Becnpem) posTawoByBanacs Ha 3aHenbaHux
onopax JIElN. Tam nTaxu obnalwToByBanu rHi3ga Ha BepxiBkax CTOBMIB, BUKOPUCTOBYIOUU ANSt THi3AYyBaHHS
nepeBaXXHO rOPM3OHTarnbHi eneMeHT onop. € TakoX AaHi Npo rHisgyBaHHa GaknaHa Ha onopax JIEM y
Bonrapii Ta Cep6ii (Nikolov et al., 2014; Séiban et al., 2014).

Lok e Szopnuypkilt 3amouji

O06’ekT siBNSe cobo0 BCTaHOBNEHMI B AropnuubKin 3aTtoui B unHi 1988 p. AOK, WO CTOITb Ha I'PYHTI,
Ta B MMHYIIOMY CIYXXVMB MiLLEHHIO ONs HaB4YanbHoro 6ombomeTaHHs. Po3TawioBaHmin B akBaTopii 3aTOKW,
Ha BigcTaHi 4,3 kM Big 6epera, i 4,8 km Big 0. [JoBrun. [JoBxuHa CTiHOK — 91 M, WnpmnHa — 5 M, NigHECEHHS
Hapg Bogoto — 6n. 15 m.

Mepuwi rHisga 6aknaHa Ha Teputopii HopHoMopcbkoro GiocdepHoro 3anoBigHuka 3'seunucs B 1989
p. Ha ocTpoBi Benukomy KiHcbkoMy, Liie Yepes napy pokiB — Ha 0-Bax [osrui Ta Kpyrnuin. Y 2000-x pokax
y BOOHO-60MNOTHUX yrigaax 3anoBigHMKa 4O OCTPIBHOTO TUMY rHi30OBMX NOCENeHb OAABCA TEXHOTEHHUIN —
BENVKuUA BaknaH noyas rHisguTucs B Aropnuubkini 3atoui Ha goui (Rudenko et al., 2008).

IMOBIpHO, THi3QyBaHHA Ha LbOMY OO’EKTi po3nodanocsi Yepes 3Ha4yHe CKOPOYEHHSI YMCENbHOCTI
OaknaHiB Ha KiHcbknx octpoBax y 2003-2008 pokax, cnpudMHeHe NosiBO Tam BOBKIB. [licns 3anuweHHs
KiHCbkuX OCTPOBIB rHi3goBi rpyny 6aknaHiB NepemicTMIMcsa Ha ocTpoBu TeHAapiBCbKOI, [xxapunraubkoi Ta
AropnunubKoi 3aTOK, @ TAKOX Ha 3ragaHnii BULLLE JOK-MilLEHb.

Ha anb, TOYHMX JaHuX MpO KiNbKiCTb rHi3g Ha goui-miweHi 3a 2005-2012 pp. Hemae, OCKinbku
niTepaTtypHi BiQOMOCTI OCUTb Cynepeynusi, Ta 3a3Bu4an OXOMSIOKTb, OKPIM AoKa, we o-Bu [oBrui Ta
Kpyrnuin, ane ouyeBnaHo, WO LWoOpPiYHO BoHa He nepesuuyBana 200 rH. 3a yCHMMU NOBIJOMMEHHAMM
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cniBpobiTHMKIB YopHOMOpCbKOro 6iocdepHOro 3anoBigHMKa, YMCENbHICTb THi3g TyT y 2021 p. cTtaHoBUna
6rm3bko 180.

Ocmposu-nnamgopmu Ha KiH6ypHCcbKOMY rieocmposi

O6’ektn npencrtaBnanu coboro 3aronneHi B 1999-2000 pp. B 03. YupHiHe TpakTopHi npuyenu 3
Konogamu, Ha siki 3Bepxy Oynu NpuKpinneHi Matu 3 oyepeTy; BoHM Bynun obnaluToBaHi Ans rHi3AyBaHHS raru
(Somateria mollissima) Ta iHWMX KONOBOAHMX NTaxiB. BoueBnapb, neplli cnpobu rHisgyBaHHA GaknaHa Ha
3aTonneHux nnatdopmax BigHocATbea Ao nepiogy 2004-2005 pp. Y 2006-2008 pp. rHisga GaknaHis
posopsAnucs. Y HacTynHi poku nnatopmu 6ynun CUnbLHO NOLLKOAXEHI MbOAOM i HE BiAHOBMOBANUCH, OAHaK,
He AMBNAYUCHL Ha ue, H6aknaHy NPoAOBXKYyBanu rHi3AMTUCA Ha 3anuiikax nnatgopMm, 3pynHOBAHUX B3UMKY
nbogoM. Ha nnowi 60 m2 poamilwtysanocs 108 rHisa, BucoToto Big 10 Ao 65 cm. byaisenbHMIn MaTepian nTaxm
306upanu B MiCLUSX THi3AyBaHHs, BAKOPUCTOBYHOYM AN LbOro cTapi rHisga, abo npuMHOCUNA 3 CyLui, 3 AiNSHOK
MoKpPOBCBLKOT KOCK (B parioHi MOKMHYTOro YCTPUYHO-MiginHoro kombiHaTy) i o. Kpyrnmn (Petrovych, Redinov,
2016). Y 2013 p. nnatcdopmmn 3pynHyBanmcs ocTaTo4HO, i 6aknaHu rHisaMnmcs nopy4, B HEBENWKIA KOJOHIT
Ha Koci o3epa. 3rogom, Ls KonoHis Gyna po3opeHa BOBKaMu, | Hagani rHisayBaHHs! BiCYTHE.

Ocmpis Ha 03. Cacuk (KyHOyk)

ABnse cobolo WTYYHMIM FPaHiTHUA OCTPiB B OK. C. TpaniBka binropoa-[HiCTPOBCHKOro panioHy
Opecbkoi obnacrTi, nnoweto 1320 M2, HacunaHuii Npy NepeTBopeHHi o3epa Cacuk Ha Bogocxosulle y 1978
p. Ha ocTpoBi po3TawoByeTbCA 3MillaHa KOMOHIA Benukoro GaknaHa Ta MapTuHa >KOBTOHOrOro.
HisgyBaHHs Bigomo 3 2005 p. CnovaTky 6aknaHm rHisgunmcsa Ha eguHOMY AepeBi, ane nicns Toro, K BOHO
Oyno 3pi3aHO NbOAOXOAOM, NMEPENLLNN HA HA3EMHe THi3ayBaHHA. YucenbHicTb Baknana y 2005-2013 pp.
cTtaHoBuMna 5-85 nmap, BNnMBY xwxakiB abo NOACBHKOT AiANbHOCTI B KONOHIi BUSBNEHO He OGyno. Hawi
pocnimpkeHHs (CugopeHko, CioxiH, 2016), npoeeaeHi y 2010-2012 pp. (13-30.03.2010; 26-29.04.2010; 10-
14.05.2011; 19-22.03.2012; 02-17.04.2012) nokasyTb, WO YUCENbLHICTb rHi3aoBux bGaknaHie Oyna B
mexax 50-70 nap, ntaxie, siki He ©panu yyacTi B po3MHOXeHHi, 6yno 145-230 oc. ®ikcyBaBcsa BuA Ha
rHi3gyBaHHi 1 y KBiTHIi 2020 p., 3aranbHOK YNCENBHICTIO B 55 TH.

Po3nodin konoHili eudy 3a cy6cmpamHumu enodobaHHIMU

3a niTepaTypHMMuM Ta BRacHUMW JaHMMK, noyuHawudn 3 1950-xx pp. y Mexax A30BO-
YopHOMOPCBLKOro perioHy 3adiikcoBaHo 72 nocerneHHsa (puc. 7). 3 HUX OO HA3eMHOro Tuny HanexaTb 34
KonoHii (47,3%), oo nepesHoro Tuny — 32 (44,4%), a 4o TeXHOreHHoro — 6 noceneHb (8,3%).

HuHamika cnieeiOHOWeHHs1 OCHOBHUX Mmurlie 2Hi3008UX KOJIOHIU

AHania posTallyBaHHsi OCHOBHMX MoOceneHb ©OaknaHiB ykpaiHCcbkol nonynsuii B A30BO-
YopHOMOPCBLKOMY PETiOHi, 4e OPHITONOrYHI AOCNiMKEHHST Byny HanbinbL perynsapHUMW, BUSIBUB 3araribHi
TeHOeHLUii, nokasaHi Ha puc. 8. 3a niTepatypHumun gaHumn (Siokhin et al., 2016) BigomMo, WO 3 pi3HUX
MPUYUH iCHY04a (PRyKTyaLis YUCEeNbHOCTI LifIkOM MOXe No3HavyaTUCS i Ha ChiBBiAHOLLEHHI KOMOHI pi3sHOro
TUNY — Ha AepeBax Ta Ha3eMHUX. Y nepiogu CTIMKOro 3pocTaHHs YucensHocTi nTaxis (1986-1994 i 2002-
2008 pp.) cnocTtepiraeTbCs NPaKkTUYHO OOHOYACHE 3POCTAHHSA KOSIOHI HA3eMHOro i AepeBHOro TUMIB.
Ynpopoex ocTtaHHix 15 pokiB (nicna 2009 poky) piske 3pOCTaHHS YMCENbHOCTI AEPEeBHUX KOMOHIN
CYNPOBOOKYETLCS CTIMKUM 3HXXEHHSIM YMCha MHi3g Y Ha3eMHUX KOMOHIAX. [MpUYMHOI0 Lb0oro sBuLla MoXyTb
OyTM SK abiOTMYHI YMHHUKM (NIGTONMEHHS KOJIOHIN, 3HULLEHHSA THi3gonpuMAaaTHUX TepuTopin nig vac
BECHSIHOrO NboAoXoAy), Tak i BioTuYHI (XwKakum — BOBKM, Lakanu, 6poasdi cobakun) Ta aHTPOMOreHHi
(Hanpuknag, sik 36upaHHs 9eub MiCLLEBUMN XUTENAMU ANSA BUTOLOBYBAHHS CBUHEN B HA3€MHUX KONOHIAX
6aknaHa), ane BCTAHOBIIEHHSI TAKUX NMPUYUNH € TEMOK OKPEMOTO OOCIIiIKEHHS.

UncenbHiCTb NTaxiB, WO MHI3AATLCA Ha TEXHOrEHHMX CMopyAax, B HaWMeEHLUin mipi Gyna cxunbHa go
KONMvMBaHb B CUIy HEe3MiHHOI Mol Ta pikcoBaHO! EMHOCTI Takux crnopynd (OCKiNbky nnowa Ta €MHICTb
(hiKCOBaHi, a KinbKiCTb rHi3g xo4a 1 Moxe OyTu pi3HO, amnniTy4a KONMBaHb MiHiMarnbHa y NOPIBHSHHI 3,
Hanpwvknag, HaseMHUMUN KOMNOHiAMKU). OCHOBHI NPUYMHN 3HWXKEHHST YMCra THi3M, NOB’A3aHi 3 HEOOXIAHICTHO i
060B’A3KOBICTIO NPOBEAEHHS PErMaMeHTHUX POBIT 3 O4MLLIEHHS OMOp NiHi enekTponepenadyi Ha KaxoBcbkomMy
BOJOCXOBWULL Ta rasoBuMx BULLIOK B A30BCbKOMY MoOpi. BigcoTok, akun cknagaB AaHWiA TUN THi3gyBaHHS,
TpaauvuinHo 6yB Hu3bkuM (4,2-3,0% Big rHisgosoi nonyndAuii B 13514-57447 nap y 1995-2007 pp.). OgHak,
npoeefdeHa Hamu y 2021 p. peBisis rHi3f0BKX NOCeneHb nokasana, Lo YacTka rHisg Lboro Tuny crtaHosuna
Bxe 14,8% npuv npakTn4HO He3MmiHHIM 3 2012 p. KinbkocTi rHi3g (6n. 1500); ue cTanocsa Yyepes 3MEHLLEHHS
3aranbHoIl KinbKocTi rHi3a (3 50385 ruisgoBux nap y 2012 p. go 33083 rnisgosux nap y 2021 p.).
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Puc. 7. Benukuin 6aknaH B A30Bo-4opHOMOPCbLKOMY perioHi YKpaiHu (TUNu rHi3goBUX NocerneHb)
Fig. 7. The Great Cormorant in the Azov-Black Sea region of Ukraine (types of nesting colonies)

HeoaHopigHicTb NpoBeaeHnx B YKpaiHi 00nikiB NTaxiB B Pi3Hi POKX HE OO3BOSISIE NPOCTEXUTUN OMiHYBaHHS
Pi3HMX TUMIB THi3AyBaHHsI, NpoTe B OKpeMi ce3onu (1985, 1995, 2007, 2012, 2021 pp.) konoHii 6aknaHiB Gynu
OXOMSEHi MakcMmarbHO, Jal4n MOXIMBICTb MOKa3aTh AMHaMiKy ix BioToniyHoro posnoginy (puc. 8).

OTxe, MOXHa KOHcTaTyBaT (p1c. 8) NoCcTynoBe 36iMbLUIEHHST YacTK1 AEPEBHUX MHi300BUX NOCENEHb
i 3HWKEHHSA YMCENbHOCTI NTaxiB Y Ha3eMHUX KOJTOHISX.

Y 2012 poui B YkpaiHi 6ynu npoBeaeHi o6niku rHisagoBmx KOMOHin 6aknaHis, wo oxonunu noHag 90%
BCiX Bigomux nocenexb, y 2021 p. Hamn (CugopeHko, 2022) Gyno npoBeAeHO pPEBIi3itdo Cy4acHOro CTaHy
noceneHb BUAy B perioHi (Tabn. 1).

Tabnuua 1. XapakTepucTuKa rHi3goBMX KOJOHIW Benukoro 6aknaHa B A30BO-YOpPHOMOPCLKOMY perioHi
YkpaiHm ctaHom Ha 2021 pik
Table 1. Characteristics of Great Cormorant nesting colonies in the Azov-Black Sea region of Ukraine as of 2021

cTaHom Ha 2021 p. / as of 2021
. . AMOBIpHO
Tun konoHii / Colony type Bctzgrl xuna / MMOBIPHO Hexuna / Hexuna /
. . xwna / probably . .
inhabited . . uninhabited probably
inhabited : :
uninhabited
HasemHa / terrestrial 34 7 1 25 1
AepesHa / arboreal 32 12 3 16 1
TexHoreHHa / technogenic 6 4 - 2 -
Bcboro / Total 72 23 4 43 2
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Puc. 8. XapaktepucTuka OCHOBHMX TUMNIB FHi34OBUX KOJIOHIW BeNMKOro GaknaHa B POKU MaKCUMManbHOI
BMBYeHoCTI Buay (% BiA 3aranbHOi YucenbHoOCTI rHi3A) (Siokhin et al., 2016; Hawi gaHi)

Fig. 8. Characteristics of the main types of Great Cormorant nesting colonies during the years of peak research
on the species (% of total nest numbers) (Siokhin et al., 2016; our data)

3 72 Bigomux konoHin y 2021 poui Xunvumu / TMOBIpHO Xunumu 6ynu 27 (37,5%), i ix aHani3 nokasas
OOMiHYBaHHSA OEPEBHUX NMOCENEHb, SIK 3a YMCENbHICTIO NTaxiB, Tak i 3a KiNbKICTIO KOMOHIN (Tabn. 2).

Bnnue nnowi ocmpoeie ma i3osiboeaHOCMi KOJTOHIU Ha YucesbHicmb eennuko2o 6aknaHa

Mnowa octpoBa, Ae 3adikCOBaHO Ha3eMHe THi3gyBaHHA GaknaHiB, NMEeBHOK MipoK BNMBAE Ha
YMCENBHICTb NTaxiB y KOMoHii. O4eBMAHO, WO OCTPOBM 3 BiNbLIOKD MMOLE NPUAATHUX AN THi34yBaHHSA
OiNsHOK NpuBabnmBili Anst hOpMyBaHHSA BEMMKUX KOJOHIN.

Ona pgesikvx Benukux octposiB (Hanpuknag KosHnm Ha CxigHomy CwuBalli) abo oCTpiBHMX cCUCTEM
(ocTpoBu ypouna Macnunu, JlebeguHi ocTpoBw), siki NpeacTaBnsATbL COOOK Kinbka AiNsHOK, MPUAATHUX A4S
rHi3QyBaHHS, B pO3paxyHOK Opanucs Tinbku 3aiHATI 6aknaHammn oCTpoBM, @ HE 3ararnbHa nnowla apxinenary.
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HapeLuTi, HanbinbLy cknagHiCTb NpeacTaBNsATb KOMOHII, po3TalloBaHi Ha NEBHMX AiNsHKaX MilaHmx Kic (koca
Kpuea, koca Ha 03. YipHiHe Ha KiHGypHCbkOMy MiBOCTpoBi). TyT nnowa rHi3goBoi OinsiHKM BU3Havanacs ao
HaMBINbLL BY3bKOI OiNSHKM CyLUi, L0 3'€4HYE KOJOHIl0 BaknaHiB 3 MaTEPUKOBOI YaCTUHO KOCH.

Tabnuua 2. XapakrepucTuKa TUMIB XXUNUX THiI3A0BUX KONMOHIN 6aknaHa B A30BO-HYOpPHOMOPCLKOMY perioHi
Ykpainu B 2021 p.
Table 2. Characteristics of types of inhabited Great Cormorant nesting colonies in the Azov-Black Sea region
of Ukraine in 2021

KinbkicTb KonoHin / KinbkicTb nTaxiB /
Tun konoHii / Colony type Number of colonies Number of birds
abc. / abs. % abc. / abs. %
HasemHa / terrestrial 8 29,6 5071 15,3
aepesHa / arboreal 15 55,6 26527 80,2
TexHoreHHa / technogenic 4 14,8 1485 4.5
Bcboro / Total 27 100 33083 100

3’dacyBanocs, Wo Ans Benukux BGaknaHis, nrolwia ocTpoBa, Ha SKOMY PO3MillleHa KOMOHid, MoXe
KonmeaTtucsa B LIMPOkMX mexax — Big 0,1 go 68 ra, cknaBwwu B cepegHbomy 11,7 ra (StD = 14,2; Cv =
120,7%). MNpw ubOMyY NPOCTEXYETLCH MOMITHA NPSMAa KOPENSLIst MdK YNCENbHICTIO FHi3A B KOMOHIT | nnoweto
octposa (r = 0,57; puc. 9).
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Puc. 9. Mnowa ocTpogiB (n = 34) i MakcuManbHO 3apeecTpoBaHa YMcenbHICTb rHi3A 6aknaHa Ha HuX B A30BoO-
YopHomopcbkomy perioHi B 1976-2012 pp.
Fig. 9. Island area (Y axis) (n = 34) and maximum recorded number of cormorant’s nests (X axis) on them in
the Azov-Black Sea region from 1976 to 2012

o

3Baxaloun Ha 3Ha4yHUWM BMMB akTopy TypOyBaHHA Ha CTabINbHICTL po3TallyBaHHSI KOJOHIN, iX
YNCENbHICTb Ta YCNIWHICTb PO3MHOXEHHs!, Oyno npoaHanizoBaHO Taki mapameTpu, K BiACTaHb Big
noceneHb NTaxiB 4O MaTepuka Ta A0 NIACLKOro Xutna. bnusbkicTb KONOHIN GaknaHiB 40 MaTepuKOBOi
YacTMHU 3a3BUYan pobuTb iX AOCTYNHUMU AN HA3EMHUX XVDKaKiB i mogen. OCcTpoBM 3 KONOHisIMM 6aknaHis,
po3TalloBaHi MeHW Hix 3a 500 m Big ocHoBHoro Gepera (KvpuniBcbki ocTpoBu, ypouuwie MacnvHu,
O6uTivyHa Koca), 3 BUCOKOH MMOBIPHICTIO MOXYTb 3'€AHYBaTUCH 3 MaTEPMKOM Mif Yac 3riHHO-HAarHHNX SBULL,
abo 3HWXKEHHHA piBHA Boau 4Yepes iHWi dakTtopu. eomopdonoriyHa kapTnHa A30BO-YOPHOMOPCLKOIO
perioHy nokasye BiACYTHICTb mpugaTtHux Ansd GaknaHiB OCTPOBiB, PO3TALIOBaHWX Big MAaTEPUKOBOI CyLUi
OinbLw, HiX B 5 kM. Takum YnHOM, MpoaHanidyBaBLUM KOMOHIi Ha 34 OCTpOBax perioHy, BiA3HA4YMMO, L0 BOHU
BigdaneHi Big kopiHHoro 6epera Ha Bigctadb Big 300 m o 4,9 km, B cepegHboMy cknasum 1,6 km (StD =
4,9; Cv = 77,3%). BusaBneHo NomipHMI 3B’A30K MiXK MaKCUMarbHOK 3apeecTpOBaHOI YMCENbHICTIO NTaxiB
Ha OCTpOBI Ta 1oro BigaaneHHAM Big matepuka (r = 0,43; puc. 10).
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Puc. 10. Po3mip konoHii Benukoro 6aknaHa i BigctaHb Ao MaTepuka
Fig. 10. Colony size of the Great Cormorant (Y axis) and distance to the mainland (X axis)

BigcTaHb konoHin 6aknaHiB Big X1Tna NiogvHW TakoX Bapiloe B LWUMPOKMX mexax (Big 700 m go 23
KM), B cepeaHboMy cknaBLlum 5,6 km (StD = 4,2; Cv = 75,9%) i noka3aBLun NOMITHWI 3B’A30K YNCENbHOCTI
Hi3Z B KOMOHIT 3 BiACTaHHI0, Ha AKy BOHa BigaaneHa (n = 34; r = 0,55; puc. 11).
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Puc. 11. Po3mip konoHii Benukoro 6aknaHa (MakcumanbHa YMcenbHiCTb) i BiaganeHicTb BiA XuTna noavMHu
Fig. 11. Colony size of the Great Cormorant (maximum count) and distance from human habitation

OuiHka poni aHTponoreHHMx pakTopiB y opMyBaHHi rHi340BMX NOCeneHb

OpHak, abcontoTHI NOKA3HMKK, L0 ONMUCYIOTBLCS LEK 3aneXHiCTHo, He B MOBHI Mipi XapaKTepusyTb
rHi3goBy noBefiHKy 6GaknaHiB npu BMOOPi Micua po3TallyBaHHA KOMOHii. Be3ymoBHMI BMMMB
@HTPOMOreHHOro YMHHUKa NO3HAYaETbCA B NepLly Yepry Ha CTanocCTi MiCLb YTBOPEHHSI KOMOHianbHUX
noceneHb NTaxiB, WO MOXHA MPOCTEXWUTU Ha 37 rHi3goBUX AinsHkax. [Ons aHanidy obpaHi rHisgosi
TepUTopIl, B AKUX ANHAMIKa YNCENbHOCTI Ta NepioaNYHICTb ICHYBaHHS KOMOHI MPOCTEXEHI HE MEHLLE, HiX
3a JgecAaTupiyHMI nepiof, a NoYaTKOM TaKuUX CMOCTEPEXEeHb CryXxaTb AaTu MnepLloi peecTpadii Buay Ha
rHi3oyBaHHS NSl KOHKPETHOI AinsHku. Mig nepioguyHiCTiO THi3gyBaHHSA MU PO3yMIEMO iHOEKC CTarocTi,
po3paxoBaHUN SK BiOHOLLIEHHSA KiNbKOCTI POKIB 3 AOBEAEHVMM TrHi3QyBaHHSAM B MOTOYHOMY Ce30Hi [0
3aranbHOi KifbKOCTi CE30HIB cnocTepexeHb. BigsHaummo, wo B A30BO-HOpHOMOPCBHKOMY PErioHi iCHYIOTb 6
MiCUb MOCTIMHOro rHi3gyBaHHA GaknaHiB. Tak, 3a 38 pokiB crnocTepexeHb Ha JlebeguMHux ocTpoBax,
GaknaHu rHi3gunmes TyT LWOPIYHO, WO, 6€3yMOBHO, MOB’A3@HO 3 iCHYOUUM PEXMMOM OXOPOHU 3anoBigHUKA.
BesnepepsBHO npoTsarom 28 pokiB BUA rHisamecs Ha octpoBax Koannu (CxigHui Cusaw) i 22 pokis Ha o.
Kutan (UeHTpanbHun Cusaw) (Siokhin et al., 2016; Hawi AaHi), WO MOXHa MOACHUTU [OCTATHLOK
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i30NbOBaHICTIO UMX yrigb. Bnusbke posTallyBaHHA OO0 XWTMA MOOUHKU | AOCTYMHICTb AEAKMX OCTPOBIB
pobnATh iX MicuSMKM BKpal HeperynspHoro abo HaBiTb BMMNAgKOBOro rHi3gyBaHHA. Taka KapTuHa
NpocTexXyeTbes Ha ['eHivYecbKknx ocTpoBax (3a 29 pokiB cnocTepexeHb NTaxu rHisgunncsa TyT nuiie ggidi)
(Siokhin et al., 2016; Hawi gaHi) i Ha ocTpoBi bepasaHcbkoi kocu (2 ce3onn 3 15) (CuagopeHko, 2022). Takum
YMHOM, iHOEKC CTanoCTi rHi3A0BMX KOMOHIM Ans 37 AingHok B A30BO-YOPHOMOPCBKOMY pPEerioHi NexuTb B
mexax Big 0,1 go 1,0, cknasum B cepegHbomy 0,54 (StD = 0,3; Cv = 55,7%) i noka3aB NOMITHY KOpensuito
3 BigAaneHicTio Big xxuTtna noguum (r = 0,59; puc. 12).
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Puc. 12. NepiognyHicTb rHisgyBaHHA 6aknaHiB Ha oCTpoBax, pi3HOBigAaNeHuX Bif XXUTNa NguHN
Fig. 12. Periodicity of cormorant nesting on islands (Y axis) at various distances from human habitation (X axis)

Ha crtanictb BMGopy GaknaHom Micub rHi3gyBaHHS BNIIMBAE TaKOX i pO3Mip KONOHii. [pakTU4HO BCi
KOMoHii 6aknaHiB, uncensHicTio noHag 2000 rHisg manu iHgeke ctanocti Buwe 0,5 (n = 37; r = 0,67; puc. 13).
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Puc. 13. MNepioanyHicTb rHisaayBaHHSA Ta pO3Mip rHi3A0BUX KOMNOHIN
Fig. 13. Periodicity of nesting (Y axis) and size of nesting colonies (X axis)

MpyymMHamMm Lporo (MMOBIPHO, ane Moku He AoBeAeHO) Moxe ByTu Te, Wwo HaknaHu 3arMatoTb BENWKY
nnoLyy, sika NPUPOAHUM YUHOM MICTUTb HEOOHOPIOHI YMOBW. | Taka KOMOHIS He 3HUKaE OHOYaCHO, a sikachb i
YacTvHa Moxe 30epertucsi, [EMOHCTPYOUM CTaniCTb rHi3AyBaHHSA B Linomy. TOMy B HacC He CKranocs eguHol
OYMKM, LLIO NOSICHIOE ICHYBaHHS TaKOI 3aMNeXHOCTI, OCKiNbKX B MOBHIN Mipi HEBIAOMUIA MeXaHi3M peakLil nTaxis 3
BEMUKMX KOMOHIW Ha Taki NiMiTytoYi dhakTopu, Sk aHTPONOreHHUn NPec, KOHKYPEHLLS Ta XMxauTBo.

MigcymoBytoun, Hamm Byno nokasaHo, aki 6aknaH Mae ynogobaHHsi npu BUGOpPI Micus rHi3AyBaHHS
3a TaKMMU KIOYOBMMM NapameTpamm, SK YNCEMbHICTb KOMOHIT Ta MepiogNYHICTb rHi3AyBaHHS. 3BiCHO, WO
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TakuX YMHHMKIB 3HA4YHO Ginblue. Lle i HasiBHICTb AepeBHMX Nopig, WO Takox Moxe BGyTn ogHieo 3 nepeear,
OCKifTbKN Aa€e MOXIUBICTb AN PO3MILLEHHS THi3A 3a HEeAOCTaTHIX ANA rHisayBaHHSA YMOB penbedy; BNAvB
XWXakiB — BOBKiB, Llakanis, 6pogsaumx cobak, nucuub; aHTPOMOreHHWI BMMMB; couianbHa CTPyKTypa
KOMOHIT; Ce30HHMI Nepepo3nodin Mk nokanitetamu; penbed, a Wwoa0 Noro BnnvBy 6araTto HE3pO3yMInnx
peyen (He gorma — obupaTty NiABULLEHI OiNSAHKK, iIHKONWM OO0 TPETUHU KOMOHIi YoMycb ByayBanu rHisga B
MOHWKEHHI); TAMMIHT 3aNHATTSA MICLS B KONOHIT Big LLeHTpY Ao nepudbepii, abo Big BEpXHiX APYCiB A0 HMXKHIX
Towo. IcHye Ayxe 6Garato nuTaHb, SKi We HaneXxuTb BMBYMTW B ManbyTHLOMY a B [aHin cTaTTi
npeacTaBneHni pesynbtar, NnobynoBaHuii Ha MaTepiani, SKUM MU BOMOAIEMO Ha CbOroaHi. ToMy BUBYEHHS
BMMVBY BULLIE3rafaHMX YNHHUKIB Ma€e cTaTy HaNnpsIMKOM HalLMX NOAanbLUMX AOCHIIKEHb.

Moasku

ABTOP BMCIOBJIOE BASIHHICTL CBOEMY HAyKOBOMY KEPIBHUKY, kaH. 6ion. Hayk, goueHTy Fopnosy I1.1.
3a gonomory B 360pi NONbOBUX AaHUX, NPOBEAEHHI KiNbKiCHUX 0BNIKIiB, @ TakoX 3a KOPUCHI 3ayBaXXeHHs Ta
nopaau nig 4vac nigrotoBkm pykonucy ctatti. OcobnmBy MOAsKY BWCITOBIIOEMO 3aBigytouoMy Bigdiniom
MOHITOPMHIY Ta OXOPOHW TBAPWHHOTO CBITY IHCTUTYTY 300norii imeHi 1. LmanerayseHa HAH Ykpainu, kaHg.
6ion. Hayk, c.H.c. KocTiowmHy B.A. 3a HagaHHs 0oOaTKOBOI LiHHOI iH)OpMaLii CTOCOBHO MPOCTOPOBO-
BioTonmiyHOro po3noginy Buay B PErioHi.
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Typology of Great Cormorant (Phalacrocorax carbo) Nesting Colonies in the

Azov-Black Sea Region of Ukraine
A.l. Sydorenko

This study presents an analysis of the nesting settlement typology of the Great Cormorant (Phalacrocorax carbo) in the
Azov-Black Sea region of Ukraine. It was established that cormorants actively utilize a wide range of habitats for colony
establishment, with a preference for natural islands of marine, riverine, and lagoon origin, where optimal conditions for
successful nesting are formed. The choice of nesting sites is influenced by the availability of building materials, elevation
above water level, distance from the mainland, and the presence of protection from predators. Cormorants build their
nests on sandy-shell, clay, and rocky islands, as well as within vegetation cover, selecting trees, shrubs, and reeds.

A particularly interesting aspect is the cormorants' ability to adapt to nesting on man-made structures such as gas
platforms, power line pylons, and sunken ships. This phenomenon is becoming increasingly widespread due to the
limited availability of natural nesting sites, which is a consequence of anthropogenic impact, and reflects the species’
adaptation to environmental changes. An analysis of 72 colonies revealed that the number of birds significantly
increases on artificial structures despite the annual removal of nests during maintenance operations. Cormorants
demonstrate high resilience to such interventions, rebuilding their colonies even after destruction.

The study also examined the influence of various factors on nest site selection, including island area, availability of building
materials, elevation above water level, and distance from the mainland and human settlements. A direct correlation was
found between the number of nests and the size of the nesting territory. Additionally, it was noted that colonies located on
islands closer to the mainland face higher risks due to increased accessibility for predators and humans.

This research provides new insights into the nesting ecology of the Great Cormorant in Ukraine and highlights the
importance of further studies on the impact of artificial structures on the species’ nesting behavior.

Key words: Great Cormorant, nesting habitats, Azov-Black Sea region, nest suitability of the area, islands, colonial nesting
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Ocob6nuBocTi 6ionorii XykiB poanHu Ptinidae — kKcMNoGioHTIB NUCTAHUX AepeB y
nicocrenoBin 30Hi JliBoGepexHOoI YKpaiHu
B.B. TepexoBa

Y nicocTtenosin 3oHi JliBoGepexHoi YkpaiHn BusasneHo 30 keunobioHTHUX BMAIB 3 poanHu Ptinidae, wo po3smBaoTbCA
Ha NUCTaHWX Aepesax. BrmacHumu 36opamun Bnpofgosx 2005-2021 pokiB Ta konekuinHumu MaTepianamu Myseto
npupoanM  XapkiBCbKOrO  HaujioHanbHOro  yHiBepcuteTy imeHi B. H. Kapasiva Ta IHcTuTyTy  300n0rii
imeHi |. |. LimanbrayseHa Ha pocnifxyBaHin Teputopii NiATBEpAXEHO 3HaxomXeHHs 28 Buais. [NpoaHanizoBaHa
TpodpivHa cneuianisauis kennobioHTHUX BUAiB Ptinidae, BuaineHo 4 Tpodivni rpynu. [lo keunodaris BigHeceHo 19 BuAis
(63%), canpodpariB — 5 Bugis (17%), miuetodaris — 4 Bnam (13%), kcunomiuetodaris — 2 Buagun (7%). Metogom
iHKyGaujii B nabopartopii 3a gonomorol OTOEKNEKTOPIB BUABMEHI pocnuHu-rocnogapi ana 21 suay. Hanbinbla
KinbkicTe BuaiB Ptinidae possuBaeTbca Ha ayo6i 3BnyanHomMy Quercus robur — 11 Buais, Ha gpyromy micui nuna Tilia
cordata, W0 € pocnuHol-rocnogapem ans socbMu Buais Ptinidae. PewTta B1aiB AepeBHUX pOCIVH € rocnogapamu ans
MEHLLOI KinbKoCTi BUAIB Wwalnis: Acer sp. (2 suawn) Alnus glutinosa (4 snawn), Betula pendula (5 suais), Corylus avellana
(2 Buan), Fraxinus excelsior (4 snawn), Populus tremula (2 Bngw), Salix alba (3 sugu), Ulmus sp. (2 sngu). CyTiHkoBa
Ta HiYHa aKTMBHICTb i NIT Ha CBITNO Bia3HaveHi Ans 12 sugais: Ptinus rufipes (A. G. Olivier, 1790), P. subpillosus (Sturm,
1837), Cacotemnus rufipes (Fabricius, 1792), Hemicoelus canaliculatus (C. G. Thomson, 1863), Gastrallus
immarginatus (P. W. J. Muller, 1821), G. laevigatus (A. G. Olivier, 1970), Priobium carpini (Herbst, 1793), Oligomerus
brunneus (Olivier, 1790), O. retowskii (Schilsky, 1898), Dorcatoma chrysomelina (Sturm, 1837), Ptinomorphus regalis
(Duftschmid, 1825), Xyletinus pectinatus (Fabricius, 1792).

KnrouoBi cnoBa: Ptinidae, kcunobioHmu, kcunoghazu, mpoghiyHa crieyianisauyis, pocnuHa-zocrnodap, nicocmeriosa
30Ha, JlisobepexHa YkpaiHa

LumyeaHHsi: Tepexosa B. B. Ocobnusocmi bionoeii xykie poOuHu Ptinidae — kcunobioHmie nucmsiHUx Oepes y
nicocmenositi 30Hi JlieobepexHoi YkpaiHu. BicHuk Xapkiecbko2o HaujoHarbHO20 yHieepcumemy imeHi B.H. KapasiHa.
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61022; v.terekhova@karazin.ua, https://orcid.org/0000-0002-6655-9072
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BeTtyn

PogvHa Ptinidae Hapasi 06'egHye XykiB, dKi TpaguUIMHO po3rnsganncsd y Cknafi ABOX OKpeMMux
poavH: Anobiidae (waweni) i Ptinidae (o6nygHukn) i Hanivye y cBiToBi dayHi noHag 2200 sugis (Bell,
Philips, 2011), a y cdayHi NaneapkTtnku 6nuseko 820 Bugie (Borowski, Zahradnik, 2007). Binbwicts BMaiB
pPOOVHN PO3BMBAlOTLCA B MEPTBIl AEepeBWHi, 3HA4YHa 4YacTMHa BUAIB — B rpubax, LWMLWIKaX, HaCiHHI,
POCINNHHUX 3anMLLIKaX, CYXOMY MHOM, Xap4oBMX NPOAYKTax, Wwo 36epiratoTbes Towwo. deski 3 Buais Ptinidae
MaloTb BaXKITMBE rOCMOAAPCHKE 3HAYEHHS SIK TEXHIYHI LUKIOHWKN AepeBrHM abo xap4oBUX NPOAYKTIB i came
Taki Buam € Hanbinbw getanbHo gocnigxenmmm (Hinton, 1941, Unal et al., 2009 Towo). MNpoTe, 6inbLwicTb
BUAiB € KpMNTOBiIOHTaMK, NOraHo BUSIBMISAKOTLCA CTaHAAPTHUMM €HTOMOSOTNYHUMI MeTOAaMU AOCIOXKEHD i
Yyepes Le daHi Woao ix nowunpeHHa Ta bionorii € pparmeHTapHUMK.

Ons Ykpainn 3a gaHmumm pisHux asTopiB Ta «Katanory xykis Naneapktuku» (Borowski, Zahradnik,
2007) naBoguTbcs 6nmsbko 120 Bugie 3 38 pogis. Teputopis YkpaiHu gocnigkeHa HepiBHOMIPHO,
OinblWwicTe OXepen nNpucBAYEHO BMBYEHHIO Ptinidae 3axogy YkpaiHu, 3okpema dayHiCTUYHI poboTu
(KpaBueHko, 2013, MNMogobiBcbkuin, 1997 Yymak Ta iH.., 2015), onMcn OKpeMux BUAIB i3 3a3HAYEHHAM
Gionorii (Podobivsky, 1992), po6oTtn ekonoriyHoro Hanpsmy (bkmk, Martenewko, 2013; Yymak, 2017).
3aranom chayHa Ta bionoris Ptinidae JliBoGepexHoT YkpaiHn BUB4eHa HeOOCTaTHLO, Gionoria nepeBaxHoi
OinbLocCTi BUAiB B AOCNIgKYBAaHOMY PETiOHi paHille geTanbHO He BUBYanacs, gesiki AaHi wopo Gionoril
WwawniB Ha [OoCnigXyBaHin TepuTopii YacTKOBO BUCBITNEHI y Hawii nonepedHin poboTi (Terekhova,
Drogvalenko, 2011), ane oxonmnoTb NULLIE OAHY MNiAPOAUHY.

Hanbinbw 4mcneHHow ekomnoridHoto rpynoto Ptinidae € kcunobioHTHI Buaw; BOHWM poO3BUBAIOTHCA
NMepeBaXXHO B CyXill MEpPTBI OepeBVHi, OesKi HanexaTb 0O CEepPHMO3HUX LWKIOHWKIB TEXHIYHOI OepeBUHU
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(Hinton, 1941; Unal et al., 2009). ¥ nicax 3acenstoTb CToBOypn MepTBUX OepeB, Aynna, BiaMepni rifku
KPOHM TOLLO i € BaXXNIMBMM KOMMOHEHTOM AEPEBOCTAHIB, LLO CNPUSE PO3KIaAeHHI0 MEPTBOI OPraHikv i Mae
BEIMKe 3HAYeHHS y NigTpuMUi 6iopisHOMaHITTS Ta cTabinbHOCTI NICOBUX EKOCUCTEM.

B poboTi npoaHanizoBaHi BUAK, WO HanexaTtb 40 eKOMNOriYHMX rpyn obniraTHux ta akynbTaTuBHUX
KCUNOBIOHTIB, L0 NPOXOASATbL PO3BUTOK B AEPEBUHI, NiJ KOPOIO Ta B TOBLLi KOPU NNCTAHUX AepeB. [pomixHe
MOMnoXeHHs1 3armMaloTb aesiki Buau 3 pogy Dorcatoma, wo € obniraTHMMuy miletodaramm i po3BMBalOTbCH
NNoJoBuKX Tiflax KCMNOTPOHUX rpmnbiB, MPOTE MOXYTb PO3BMBATUCA Ha MeXi 3 TKaHMHaMK AepeBa.

Buposi Ha3Bu HaBoaATLCS 3rigHO «KaTanory TBepaokpunux MNaneapkrtukmy (Borowski, Zahradnik, 2007).

MaTepian Ta MeToaM AOChIAKEHHA

B ocHoBy nyGnikauii noknageHo pesynbTtatyv GaraTopidHnx 360piB aBTOPKM, TaKoX OnpalboBaHi
Konekuii Myseto npypoaun XapkiBCbKOro HauioHanbHOro yHisepcutety imeHi B. H. KapasiHa Ta IHCTUTyTY
3oonorii imeHi I. |. WmanerayseHa HAH YkpaiHu.

DocnigpxeHHsa nposogunucb y 2005-2021 pokax. Ha TepuTopii NnicocTenoBoi 30HM JliBOOepexHoi
YKpaiHM B MexXax TpbOX aaMiHiCTpaTuBHUX obnacten — Xapkicbkoi, Cymcbkoi Ta MNonTascbkoi. O6'ekToM
pocnimkeHHs 6ynu tBepgokpuni poanHu Ptinidae, wo € kcmnobioHTamyn NUCTSHUX AepeB NPUPOOHUX
GioToniB 4OCMIOXKYBAHOMO perioHy — HaripHoi A4ibpoBu, 3annaBHUX NUCTAHKX NiciB, BanpayHmx Nicis, a Takox
aHTponoreHHunx ekocncteM. HanbinbLua KinbkicTe matepiany 3ibpaHa y CBiXin KneHOBO-NMMNOoBIn 4ibpoBi Ha
TepuTopii HMIM «ominblwaHckeki nicuy.

[ns BCTaHOBNEHHs TPOMiYHUX 3B’A3KIB KOMax 34iNCHIOBanu pyyHuin 36ip XKyKiB 3 3aceneHux B
NpUpoAi pocnnHHMX cybcTpaTiB Ta BUBEAEHHS iMaro B nabopatopii. [ns uboro 36unpanu 3apasku AepeBUHHU,
BigMepni rifnikK, AiNsiHkM cToBOYpiB AepeB, B SIKMX PO3BMBANMUCS NNYMHKU. YacTUHM oepeB 3aknaganucs y
BUrOTOBINEHI BNacHoOpyd pOTOEKNEeKTopu, Wo Oynm po3MilleHi cTauioHapHO Ha GionorivHii craHuii
XapKiBCbKOro HauioHanbHoro yHisepcuteTy imeHi B. H. KapasiHa B c. Mangapu. Eknektopu cknaganucs 3
HEeNpo30poi kKaMepu Ta CKNAHOI NpobipKK, WO OCBITMOBanacs NpMpoaHim ceBiTroM. IHKybauis npoxoguna y
HeonantoBaHWX MNPUMILLEHHSAX, 3a TemrnepaTypHUM PEXMMOM HabNWXKeHWX OO0 NPUPOOHMX YMOB. YCi
eK3eMnnsipyM Komax, BMBedeHux y potoeknekropax, 3bupanuca 3 nepioguynictio 7-20 gi6. 3ibpaHi imaro
XykiB 06pobnanucsa B nabopatopii BignoBigHO 40 3aranbHOMPUAHATUX EHTOMOINOTNYHUX METOAMK.

Takox 36ip maTepiany 34ilCHIOBaBCA METOLOM NPUMaHIOBaHHA Ha CBITNo, 3a gonomMorow navn PB
noTyxHicTio 250 Bar.

3ibpaHun maTepian 36epiraeTbcsa y konekuii kadeapu 3soonorii XHY imeHi B. H. KapasiHa Ta
YyacTkoBo Yy choHOoBIN konekuil Myseto npupoau XHY imeHi B. H. KapasiHa.

Pe3ynbtaTtn Ta 06roBOpeHHsA

Ons niBobepexHoro Jlicocteny VYkpaiHn BusaneHo 30 kcunobioHTHux Bugie Ptinidae, wo
pO3BMBaIOTLCH Y NUCTAHMX AepeBax. BnacHumMu 30opamm Ta KoNekUiitHUMU mMaTtepianamu niarBepmxeHo
3HaxomxeHHs 28 suais: Ptinus fur (Linnaeus, 1758), P. rufipes (Olivier, 1790), P. villiger (Reitter, 1884),
P. bicinctus (Sturm, 1837), P. subpillosus (Sturm, 1837), Anobium punctatum (DeGeer, 1774), Cacotemnus
rufipes (Fabricius, 1792), Hemicoelus canaliculatus (Thomson, 1863), Gastrallus immarginatus (Muller,
1821), G. laevigatus (Olivier, 1970), Hadrobregmus pertinax (Linnaeus, 1758), Priobium carpini (Herbst,
1793), Oligomerus brunneus (Olivier, 1790), O. retowskii Schilsky, 1898, Dorcatoma dresdensis (Herbst,
1792), D. robusta (Strand, 1938), D. chrysomelina (Sturm, 1837), D. minor (Zahradnik, 1993), D. substriata
(Hummel, 1829), D. flavicornis (Fabricius, 1792), Xestobium rufovillosum (DeGeer, 1774),
Ptinomorphus regalis (Duftschmid, 1825), P. imperialis (Linnaeus, 1767), Ptilinus fuscus (Geoffroy, 1785),
P. pectinicornis (Linnaeus, 1758), Xyletinus ater (Creutzer, 1796), X. pectinatus (Fabricius, 1792),
Pseudoptilinus fissicollis (Reitter, 1877). e nBa Buawm BigomMi 3 AOCNIAXYyBaHOro perioHy nuwie 3a
nitepatypHumun gaHumu: Ptinus sexpunctatus Panzer, 1789 (bensasues, 2021) Ta Hadrobregmus denticollis
(Creutzer, 1796) (Yakobson, 1905).

3a 0cobnuBOCTAMU XapyyBaHHA MU BuAinsemo 4 TpodpivHi rpynn — kcunodparu, miuetodparu,
KcunomiueTtodparn, canpodarm.

[o rpynn kcunodparie BigHeceHO 19 BuAiB, SKi XapyylTbCA LWINBHOK MEPTBOK [AEPEBUHOI0.
Kcunodparm € Hanbinbliow rpynoto 3a KinbkicTio BuAiB, (63 % Big 3aranbHOi KinNbKOCTi BWAIB) i
XapakTepusylTbCs 3HAYHMM Pi3HOMaHITTAM cnocobiB xuTtTa. Oligomerus brunneus Ta O. retowskii
3acensitoTb Cyxi AepeBa Ta BigMepni QiNsHKN OEePEBVHUN XUBUX OEPEB: AiNAHKM 6€3 KOpU B HWXKHIN YacTuHI
cTtoBOypa, MOpo306iliHi paHu, Bcoxni rinku KpoHw. Lli Buan 3BmyanHi y HaripHux gibposax Jlicocteny i ixHs
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AiSNbHICTb Cnpusie 3BINbHEHHIO KPOH AepeB Bif, MepTBUX TMOK i AKHAWLWBMALLOMY iX po3KnagaHHio. Taki
Buan sk Cacotemnus rufipes, Hemicoelus canaliculatus 3acensitoTb TOBLLY A€PEBUHM CTOBOYPIB Ta rifoK, i
TPannsTbCA OCUTb YacTo SK Y MPUPOLAHUX eKOCUCTEMAX (HaripHi Ta 3annaeHi 4idpoBu, barpayHi nicu),
Tak i y TpaHcopMoBaHuX (cagun, Micbki HacamkeHHs). Priobium carpini Ta Xestobium rufovillosum 3paTHi
pPO3BMBaATUCA Y LUINbHI AEePEBUMHI, NPOTe, BiAAaTb NepeBary AepeBUHi, YaCTKOBO 3pyMHOBaHIn rpubamu.
Ona peakux Buais, Hanpuknag, Gastrallus immarginatus BigMiYeHUX PO3BUTOK Yy TOBLLi KOopu cTOBOYpIB
HelloaaBHO noBaneHux aepes. Pfinomorphus regalis Ta P. Imperialis po3BMBalOTLCA B CYXUX KPUXKUX
rinkax, NpokKnazakymn Xxoam B TOBLLI KOpK Ta AepeBuHi. [leski Buan € GinbLu By3bkocneLianisoBaHMMu LWoJ0
pocnuH-rocnogapis. Tak, Ptilinus fuscus, Bigoae nepeBary Bepbam Ta TOnonsMm, e pO3BUBAETLCHA
nepeBaXxHoO B TOBCTUX cToBOypax. [esiki Buan, Bigomi 3a nitepaTypHUMU JaHUMN SK LWKIOHWUKN TEXHIYHOT
AEPEBVHU, Y NPUPOOHNX EKOCUCTEMAX HaMu He cnocTepiranucsa. Anobium punctatum, Wwo 3acensie MmepTey
cTapy Cyxy AepeBUHY PIi3HUX NIUCTSHUX AepeB, HaMu ByB BigMideHMI nuwe y npumileHHsx. Eksemnnapu
Hadrobregmus pertinax Ha [ocnigyKyBaHii TepuTopii BigoMi Ham nuiue 3i 300piB NO3aMMUHYIOro CTOMITTS.

o rpynu canpodarie (m’'aTe BUAiB, 17%) BiGHOCATBCS BUAM, LLIO MELLKaOTb Mig KOPOHo, Y TOBLL Kopw,
y Xxopax KcurnodpariB, y CUINbHO 3pYMHOBaHIN AEPEeBWHI W KUBMATbCA POCAVMHHMMK peluTkamu Ta
Pi3HOMaHITHOIO OpraHiko, Lo po3knagaeTbcsa. BoHn € dakynbTaTtmBHUMKU KCUMNOBGIOHTaMKn, i MOXyTb
po3BMBATUCH, OKPIM AEPEBUHW, B iHWNX pocnunHHUX cybeTpaTax. Lle Taki Buam 3 poay Ptinus gk P. fur,
P. villiger, P. bicinctus, P. subpillosus, a Takox P. sexpunctatus, Bigomun 3 gocnigxyBaHoi TepuTopii 3a
nitepatypHumn gaHumu (bensasues, 2021).

EkonoriyHa rpyna miuetodparis (13%) npegcrtasneHa 4 Bugamu i BKIHOYAE NpeAcTaBHVKIB poay
Dorcatoma, W0 po3BM1BatOTbCS B MIIOA0BUX Tinax keunoTpodHux rpubie: Dorcatoma dresdensis, D. robusta, D.
minor, D. substriata. 3a3Ha4eHi BUan € obniraTHUMM MiLeTOBIOHTaMW, IXHE 3HAXOMKEHHS B AEPEBUHI MOXITMBO
nvLe y NOrpaHnYHin 30Hi MiXk NNOAOBMM TifTIOM Ta TKAHMHaMK AepeBa Ta y AePEBUHI, ypakeHin rpubamm.

o rpynu keunomiueTtodaris (2 Buam, 7%) HanexaTb BUAM, LLO OCENSIOTLCS B AEPEBUHI, LLLO CUMNBHO
3pylriHoBaHa rpubamu, Ta He 30aTHi po3BMBaTUCSA Y LWINbHIN aepeBuHi. Tak, Dorcatoma chrysomelina Ta D.
flavicornis BigmideHi B AepeBuHi gyba, ypaxeHin 6ypumMu rHunsmm.

Y T1abnuui npegcrtaeneHa iHdopmauis woao Buais Ptinidae, Ana sikMx BCTaHOBMNEHI POCHWHMK-
rocnogapi Ha AOoCnigKyBaHii TEPUTOPIT LNSAXOM BUBEAEHHS 3 3aceneHnx Aepes.

Tabnuusa 1. TpodiuHa cneudianisauina kcunobioHTHUx Ptinidae y nicoctenoBin 3oHi JliBo6epexHoOi YkpaiHu
Table 1. Trophic specialization of xylobiont ptinid beetles in the forest-steppe of Left-Bank Ukraine

Bup / Species TpodivuHa PocnuHu-2ocnodapi / Host plants
cneuianisauia /
Trophic 3
L T % ©
specialization o © S s o S
S = S
o = ] Qo IS ©
< ks [ x IS} ) Y
= < > [ < S © :
. = @ © 17 ) = g i} Q
ol > o 0 S 3 2 2 S @
@ [%2] © E £ (&) = © S (%)
5 3 > | X 3 3| = 2
o) 2 = o Q = 8 g
Q £ @ S S ) o IS = RS
< < Q O w €] Q (9] = )
Dorcatoma chrysomelina KcunomiueTtodpar +
D. dresdensis MiueTtodpar +
D. flavicornis Kcunomiuetodpar + +
D. minor MiueTtodpar +
D. robusta MiueTtocpar + + +
D. substriata MiueTtodbar +
Gastrallus immarginatus Kcunodar +
Oligomerus brunneus Kcunodhar + +
O. retowskKii Keunnodpar +
Ptinus rufipes Kcunodar + + + +
P. bicinctus Canpodpar +
P. subpillosus Canpodpar + +
P. villiger Canpodar +
Priobium carpini Kcunodhar +
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Bup / Species TpodiyuHa PocnuHu-2ocnodapi / Host plants
cneuianisauis /
. .
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Pseudoptilinus fissicollis Kcunodar +
Ptilinus fuscus Keunodar +
Ptinomorphus regalis Keunnodar +
Xestobium rufovillosum Keunodpar +
 Xyletinus pectinatus Keunodar
Cacotemnus rufipes Kcunodpar + + + + + +
Hemicoelus canaliculatus Kevnodpar + + + + + +

Haibinblwa KinbkicTb BMAIB XyKiB TpodivyHO noe’sizdaHa 3 aybom Quercus robur — Ha HbOMY
po3BuBaeTbCca 11 Buais wawnis. Ha gpyromy micui nuna Tilia cordata, Wo € pocnuHoto-rocnogapem ans 8
Buaie Ptinidae. PewTa BuaiB gepeBHMX pOCAMH € rocnofapsmMu Afisi MEHLLOK KiNbKOCTI BUAIB LiaLUniB
(Tabn. 1). HaBegeHa iHhopmaLisa LLOAO0 KOPMOBUX POCIIUH HE € BUYEPMHOK, MPOTE Ha AaHWUA MOMEHT Lie €
HanBinNblW MOBHOK TPOMIYHOK XapakTEPUCTUKOW POAMHM Ha AOCHioXKYyBaHii Teputopii, WO Mae
nigTBEPAXEHHS 3a Cy4aCHMMU CMOCTEPEXEHHAMM.

CyTiHKOBa Ta Hi4Ha aKTUBHICTb i NiT Ha CBITNO Big3HayeHi ansa 12 suais: Ptinus rufipes, P. subpillosus,
Hemicoelus canaliculatus, Cacotemnus rufipes, Gastrallus immarginatus, G. laevigatus, Oligomerus
brunneus, O. retowskii, Priobium carpini, Dorcatoma chrysomelina, Ptinomorphus regalis, Xyletinus
pectinatus.

BucHoBKkuM

Y niBob6epexHomy Jlicocteny Ykpainu BusisneHo 30 Bugis Ptinidae, Lo noB’a3aHi y cCBOEMY pO3BUTKY
3 NMCTAHUM depeBaMm. BnacHumu 36opamm Ta KonekuiiHuMy martepianamMmu nNigTBepaXeHO 3HaXOKEeHHS
28 Buais. BugineHo 4 Tunu TpodidyHMX rpyn, cepea sakux HanbinbLor € rpyna kcunodaris (63 %). Ansa 21
BMAY BWSIBNEHO KOpMOBi 06'eKTM Ha [ocnigXyBaHii TepuTopii, Hambinblla KinbKiCTb BWAIB >KYKiB
po3BuBaeTbcAa Ha aybi Quercus robur Ta nvni Tilia cordata.
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Biological peculiarities of ptinid beetles (Coleoptera, Ptinidae) — xylobionts of

deciduous trees in the forest-steppe of Left-Bank Ukraine
V.V. Terekhova

In the forest-steppe zone of Left-Bank Ukraine, 30 xylobiont species of the Ptinidae family developing on deciduous
trees were registered. Own collections during 2005-2021 and collection materials of the Museum of Nature of
V. N. Karazin Kharkiv National University and I. I. Schmalhausen Institute of Zoology confirmed the presence of 28
species in the studied area. The trophic specialization of the Ptinidae xylobiont species was analyzed, 4 trophic groups
were identified. 19 species (63%) were classified as xylophages, 5 species (17%) as saprophages, 4 species (13%) as
mycetophages, and 2 species (7%) as xylomycetophages. The method of incubation in the laboratory using
photoeclectors revealed host plants for 21 species. Most Ptinidae species develop on pedunculate oak Quercus robur
— 11 species, followed by linden Tilia cordata, which is a host plant for 8 Ptinidae species. The remaining woody plant
species are hosts for a smaller number of ptinid species: Acer sp. (2 species) Alnus glutinosa (4 species), Betula
pendula (5 species), Corylus avellana (2 species), Fraxinus excelsior (4 species), Populus tremula (2 species), Salix
alba (3 species), Umus sp. (2 species). Nocturnal activity and flight into the light have been recorded for 12 species:
Ptinus rufipes A. G. Olivier, 1790, P. subpillosus Sturm, 1837, Cacotemnus rufipes (Fabricius, 1792), Hemicoelus
canaliculatus (C. G. Thomson, 1863), Gastrallus immarginatus (P. W. J. Muller, 1821), G. laevigatus (A. G. Olivier,
1970), Priobium carpini (Herbst, 1793), Oligomerus brunneus (Olivier, 1790), O. retowskii Schilsky, 1898, Dorcatoma
chrysomelina Sturm, 1837, Ptinomorphus regalis (Duftschmid, 1825), Xyletinus pectinatus (Fabricius, 1792).

Key words: Ptinidae, xylobionts, xylophages, trophic specialization, host plant, forest-steppe zone, Left-Bank Ukraine
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Comparative ecological analysis of the trematode fauna of fishes of the

reservoirs cascade on the Kura River within Azerbaijan
Y.V. Shakaraliyeva

In 2007-2022, in four reservoirs forming a cascade on the Kura River, 1243 fish of 30 species were examined for
trematode infection using the method of complete parasitological dissection. For this purpose, 283 fish of 21 species
were examined in the Shamkir Reservoir, 276 fish of 21 species in the Yenikend Reservoir, 341 fish of 25 species
in the Mingechevir Reservoir, and 343 fish of 26 species in the Varvara Reservoir. As a result of the conducted
research, 39 species of trematodes were found, of which 11 species parasitize in the lenses of the eyes, 9 species
in the intestines, 4 species in the muscles and under the skin, one species each in the bloodstream, vitreous body,
stomach, oral cavity and esophagus, urinary bladder, ureters, and kidneys, heart, brain, skin and fins, muscles and
mesentery, walls of the swim bladder and kidneys, scales; 2 species at the metacercaria stage live in various tissues
of fish, and in the adult stage — In the intestines of predatory fish. Among the found trematodes, 14 species use fish
only as a definitive host, 23 species parasitize in fish only at the larval stage, completing their development in fish -
eating birds, 2 species use various fish as a second intermediate host, and predatory fish as a definitive host. When
comparing the studied reservoirs, it turned out that the greatest number of trematode species was found in fish from
the relatively small Varvara Reservoir, where fish were infected with 27 trematode species. This is due to the fact
that most of this reservoir is shallow, has a weak current and a lot of aquatic vegetation, which creates favorable
conditions for the development of mollusks — the first intermediate hosts of trematodes, and also attracts fish-eating
birds, which are the final hosts of many species of fish trematodes. Next in terms of the number of fish trematode
species is the Mingechevir Reservoir, where 25 species were found in fish. It is the largest among the reservoirs we
studied and has large areas with a slow current. In the fish of the Shamkir Reservoir, which is the second largest,
20 trematode species were noted, and in the relatively small Yenikend Reservoir, where there is a fast current, 17
species of fish trematodes were recorded. In each reservoir, the species composition of fish trematodes is richer in
those areas where there is no fast current, overgrowing with aquatic vegetation is observed and fish-eating birds
are present. It turned out that in reservoirs located close to each other, same species are found more often than in
reservoirs located far from each other. Since previous studies, which were conducted by different authors in the
1950s, 1970s and 2000s, the species composition of fish trematodes in reservoirs that form a cascade on the Kura
River has been significantly enriched. Among the trematodes found, 14 species are pathogenic for fish and 2 species
are dangerous to humans.

Key words: fish, parasites, trematodes, Azerbaijan, Kura River basin, reservoirs
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Introduction

The Kura is the largest river in the South Caucasus, its length is 1515 km, and the catchment area
is 188 thousand km?2. About 906 km of its length passes through the Republic of Azerbaijan. Here, a
cascade consisting of the Shamkir, Yenikend, Mingechevir and Varvara reservoirs was built on the Kura.
Table 1 provides data on the main indicators of these reservoirs based on the literature (Republic of
Azerbaijan. National Atlas 2014; Mustafayev, 2023). It is clear from it that they were built at different times,
vary greatly in size and have a fairly rich ichthyofauna.

Till our studies, the trematodes of fish in these reservoirs had been studied very insufficiently. In the
late 1950s, T.K. Mikailov (1975), who conducted a short-term parasitological study of fish in the Mingechevir
Reservoir, found only 2 species of trematodes, N.Sh. Kazieva (1984), when studying the parasite fauna of
fish in the Varvara Reservoir, noted 11 species of trematodes, and N.E. Ibragimova (2008), along with other
parasites, noted 13 species of trematodes in fish in the Yenikend Reservoir. This was the limit of information
on the trematode fauna of fish in the four reservoirs mentioned above. The purpose of this article is to
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present new data on the modern trematode fauna of fish in the cascade of reservoirs on the Kura and to

conduct their comparative analysis.

Table 1. Main indicators of reservoirs included in the cascade on the Kura River (Abbreviations: ShR — Shamkir

reservoir, YR — Yenikend reservoir, MR — Mingechevir reservoir, VR — Varvara reservoir)

. . Area, Volume, Number of species
Names of reservoirs | Year of construction 2 . 3 . N
km million m in the ichthyofauna
ShR 1982 115 2677 25
YR 2000 78 158 22
MR 1953 605 16070 27
VR 1956 22,5 60 27

Material and method

The material for this article is the results of parasitological studies of fish conducted in 2007-2022 in
12 various sections of the reservoir cascade on the Kura River (figure 1).

Georgia
- 3 o
4-0/ G@é ‘f’i
<@ I/')' g
- Y
L
o 8
&6%’4’0,:% Yenikend
3 4 Reservoir ,
" 0 o7 :
7 °
Kura
Shamknr@ o9
g
Mi echevu@
g Varvara
12 Reservoir
® Ganja Z
v 3

Fig. 1. Map of study area and locations of material collection points (collection points: 1, 2, 3 —in the
Shamkir Reservoir; 4, 5 — in the Yenikend Reservoir; 6, 7, 8, 9, 10, 11 — in the Mingechevir Reservoir; 12

—in the Varvara Reservoir).

In total, we examined 1243 fish specimens of 30 species using the method of complete
parasitological dissection (Bykhovskaya-Pavlovskaya 1985; Pronina, Pronin 2003; Dorovskikh, Stepanov
2009), including 283 fish of 21 species from the Shamkir Reservoir, 276 fish of 21 species from the
Yenikend Reservoir, 341 fish of 25 species from the Mingechevir Reservoir, and 343 fish of 26 species

from the Varvara Reservoir (table 2).

To determine the species affiliation of fish, keys from various monographs were used
(Abdurakhmanov, 1962; Naseka 2004; Bogutskaya et al., 2013; Mustafayev, 2023) and were guided by
data on the current state of the ichthyofauna of Azerbaijan (Ibrahimov, Mustafayev, 2015; Kuljanishvili et
al., 2020, 2021). We were dissected only recently dead fish. They were obtained from fish farms or caught
by us in accordance with the permission of the Ministry of Ecology and Natural Resources of the Republic
of Azerbaijan. In some cases, the fish were frozen and delivered to the laboratory, where they were subjected
to a complete parasitological dissection. The trematodes found by us as a result of dissection were fixed in a
70% ethyl alcohol solution for storage until the laboratory processing and identification. All trematodes, with
the exception of representatives of the genus Diplostomum, after being removed from the alcohol solution,
were soaked in distilled water for 10-15 hours, and then stained with alumino carmine. After staining, to
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Table 2. Main indicators of reservoirs included in the cascade on the Kura River (For abbreviations, see Table 1)

Names of fish ShR YR MR VR
Family Esocidae
Northern pike — Esox lucius Linnaeus, 1758 15
Family Cyprinidae
Caspian roach — Rutilus caspicus (Jakovlev, 1870) 16 18 15 17
Caucasian chub — Squalius agdamicus (Kamensky, 1901) 12 11 10
Caspian asp — Aspius aspius taeniatus (Eichwald, 1831) 12 10 11 9
Stone moroko — Pseudorasbora parva (Temminck et Schlegel, 1846) 12
Tench — Tinca tinca (Linnaeus, 1758) 9 12 11
Kura khramulya — Capoeta capoeta (Glldenstaedt, 1773) 15 15 12 14
Bulatmai barbel — Barbus capito (Glldenstaedt, 1773) 14 12 11 10
Kura shemaya — Alburnus chalcoides (Glldenstaedt, 1772) 15 17 15 14
Kura bleak — A. filippi Kessler, 1877 16 19 18 14
South Caucasian bleak — A. charusini hohenackeri Kessler, 1877 15 16
Schneider — Alburnoides eichwaldi (Filippi, 1863) 14 18 18 15
White bream — Blicca bjoerkna transcaucasica Berg, 1916 10
Oriental bream — Abramis brama orientalis Berg, 1949 14 11 19 14
Caspian zahrte — Vimba vimba persa (Pallas, 1774) 10 8
Sharpbelly — Hemiculter leucisculus (Basilewsky, 1855) 15 12
European bitterling — Rhodeus amarus (Bloch, 1782) 16 14
Prussian carp — Carassius gibelio Bloch, 1782 17 16 18 19
European carp — Cyprinus carpio Linnaeus, 1758 15 18 17 15
Family Balitoridae
Kura loach — Oxynoemacheilus brandti (Kessler, 1877) 12 10 11 13
Khvalin loach — Cobitis amphilekta Vasil'eva et Vasil'ev, 2012 10 11 14 15
Golden spined loach — Sabanejewa aurata (Filippi, 1865) 11 10 11 12
Family Siluridae
Catfish — Silurus glanis Linnaeus, 1758 13 10 12 11
Family Poeciliidae
Mosquitofish — Gambusia affinis (Baird et Girard, 1853) 15 17 19 18
Family Percidae
Zander — Sander lucioperca (Linnaeus, 1758) 15 16 15 14
Perch — Perca fluviatilis Linnaeus, 1758 12
Family GOBIIDAE
Round goby — Neogobius melanostomus (Pallas, 1814) 10 9 11 10
Monkey goby — N. fluviatilis pallasi (Berg, 1949) 10 9
Bighead goby — Ponticola gorlap (lljin, 1949) 11 10 12
Tubenose goby — Proterorhinus marmoratus (Pallas, 1814) 10 9

remove excess paint, they were dipped for several minutes in a 70% ethyl alcohol solution acidified with
hydrochloric acid. After this the worms were washed in 70% ethanol solution, then passed through an alcohol
series with increasing concentration, respectively 80%, 90%, 96% and 100%, after which they were clarified
in a drop of clove oil, placed in a drop of Canada balsam on a glass slide and covered with a coverslip.
Metacercariae of trematodes of the genus Diplostomum were stained with acetic carmine using a special
technique (Shigin, 1996). Determination of trematode species was made according to the relevant
monographs (Bykhovskaya-Pavlovskaya, Kulakova 1987; Gaevskaya et al., 1975; Ibrahimov, 2012) taking
into account modern data on trematode taxonomy (Gibson, 1996; Gibson et al., 2002; Jones et al., 2005).

Permanent preparations made in the manner described above are currently stored in the collection
of the Department of Medical Biology and Genetics of the Azerbaijan Medical University.
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Results and discussion
As a result of our research, 39 species of trematodes belonging to 3 orders, 13 families and 20
genera were found in fish living in the cascade of reservoirs on the Kura River (Table 3).

Table 3. Distribution of fish trematodes in reservoirs on the Kura River (For abbreviations, see Table 1)

Names of the discovered trematodes ShR YR MR VR
Bucephalus polymorphus Baer, 1827 + +
Rhipidocotyle companula (Dujardin, 1845) + +
Sanguinicola inermis Plehn, 1905 +
Asymphylodora demeli Markowsky, 1935 + +
A. imitans (Miling, 1898) + +
A. tincae (Modeer, 1790) + +
Phyllodistomum angulatum Linstow, 1907 +
Ph. elongatum Nybelin, 1926 + +
Ph. simile Nybelin, 1926 +
Azygia lucii (Mueller, 1776) +
Allocreadium baueri Spassky et Roitman, 1960 +
A.carparum Odening, 1959 +
A.dogieli Kowal, 1950 + +
A.isoporum (Looss, 1894) + + + +
Bunodera luciopercae (Mueller, 1776) + +
Sphaerostomum bramae Mueller, 1776 + + + +
Diplostomum chromatophorum (Brown, 1931) + + + +
D. commutatum (Diesing, 1850) + +
D. gobiorum Shigin, 1965 + +
D. helveticum (Dubois, 1923) + + +
D. mergi Dubois, 1932 + + + +
D. nemachili Zhatkanbaeva et Schigin, 1986 + +
D. nordmanni Shigin et Sharipov, 1986 + +
D. paracaudum lles, 1959 + + +
D. parviventosum Dubois, 1932 + + +
D. spathaceum (Rudolphi, 1819) + + +
D. volvens Nordmann, 1832 + +
Tylodelphys clavata (Nordmann, 1832) + + + +
T. podicipina Kozicka et Niewiadomska, 1960 + + +

Bolboforus confusus (Krause, 1914) +

Hysteromorpha triloba (Rudolphi, 1819) + + + +
Conodiplostomum perlatum (Ciurea, 1911) +
Ornithodiplostomum scardinii (Schulman, 1952) + +
Posthodiplostomum brevicaudatum (Nordmann, 1832) +
P. cuticola (Nordmann, 1832) + + + +
Apharhyngostrigea cornu (Zeder, 1800) +
Ichthyocotylurus pileatus (Rudolphi, 1802) + +
Clinostomum complanatum (Rudolphi, 1819) + + + +
Metagonimus yakogowai Katsurada, 1912 + +

Among the trematodes we found in fish inhabiting the cascade of reservoirs on the Kura River11
species (Diplostomum chromatophorum, D. commutatum, D. gobiorum, D. helveticum, D. mergi,
D. nemachili, D. nordmanni, D. paracaudum, D. parviventosum, D. spathaceum, D. volvens) parasitize in the
lenses of the eyes, 9 species (Asymphylodora demeli, A. imitans, A. tincae, Allocreadium baueri, A. carparum,
A. dogieli, A. isoporum, Bunodera luciopercae, Sphaerostomum bramae) — in the intestine, 4 species
(Tylodelphys clavata, Bolboforus confusus, Hysteromorpha triloba, Clinostomum complanatum) — in muscles
and under the skin, 1 species (Tylodelphys podicipina) — in the vitreous body, 1 species (Azygia lucii) — in the
stomach, oral cavity and esophagus, 1 species (Phyllodistomum angulatum) — in the urinary bladder and
kidneys, 1 species (Ph. elongatum) — in the ureters, 1 species (Ph. simile) — in the bladder and ureters, 1
species (Sanguinicola inermis) — in the bloodstream, 1 species (Conodiplostomum perlatum) — on the skin, in
the swim bladder and kidneys, 1 species (Ornithodiplostomum scardinii) — in the heart, 1 species
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(Posthodiplostomum brevicaudatum) — in the eyes, in the brain, 1 species (P. cuticola) — in the skin and fins,
1 species (Apharhyngostrigea cornu) — in the muscles and mesentery, 1 species (Ichthyocotylurus pileatus)
—in the walls of the swim bladders and kidneys, 1 species (Metagonimus yakogowai) — in the scales, 2 species
(Bucephalus polymorphus, Rhipidocotyle companula) — at the metacercaria stage located in various fish
tissues, in the adult live in the intestines of predatory fish; 14 species (Sanguinicola inermis, Asymphylodora
demeli, A. imitans, A. tincae, Bunodera luciopercae, Phyllodistomum angulatum, Ph. elongatum, Ph. simile,
Azygia lucii, Allocreadium baueri, A. carparum, A. dogieli, A. isoporum, Sphaerostomum bramae) use fish
only as definitive hosts, 23 species (Diplostomum chromatophorum, D.commutatum, D. gobiorum,
D. helveticum, D. mergi, D. nemachili, D. nordmanni, D. paracaudum, D. parviventosum, D. spathaceum,
D. volvens, Tylodelphys clavata, T. podicipina, Bolboforus confusus, Hysteromorpha ftriloba,
Conodiplostomum perlatum, Ornithodiplostomum scardinii, Posthodiplostomum brevicaudatum, P. cuticola,
Apharhyngostrigea cornu, Ichthyocotylurus pileatus, Clinostomum complanatum, Metagonimus yakogowai)
parasitize fish only at the larval stage (metacercaria). The exception to these lists are two species (Bucephalus
polymorphus and Rhipidocotyle companula), which use various fish as a second intermediate host and
complete their development in the intestines of piscivorous fish.

The found species of trematodes, as well as all trematodes in general, have a weakly expressed
specificity in relation to their hosts. Among them, only Asymphylodora tincae parasitizes in the intestines of
mainly one species of fish — tench, although it is often, but in much smaller quantities, noted in the digestive
tract of various predatory fish, as result of apparently, to eating infested tenches. Relatively narrow circle
of hosts is shown by the trematode Diplostomum gobiorum, which parasitizes only in the lenses of the eye
of goby fish, D. nemachili, living only in the lenses of the eye of fish belonging to the genus Nemachilus; as
well as adult individuals of Bucephalus polymorphus and Rhipidocotyle companula, which parasitize only
in the intestines of various freshwater predatory fish, their metacercariae are parasites of fish tissues.
Bunodera luciopercae is also a parasite of freshwater predatory fish, but its metacercariae live in
crustaceans; Phyllodistomum angulatum and Ph. simile are parasites of the bladder, ureters and kidneys
of freshwater predatory fish; Azygia lucii is a typical parasite with an digestive tract of pike, and is much
less common in other fish; Sanguinicola inermis, Phyllodistomum elongatum, Asymphylodora demeli,
A. imitans, Allocreadium baueri, A. carparum, A. dogieli, A.isoporum, Sphaerostomum bramae,
Diplostomum  parviventosum, D. nordmanni, Tylodelphys clavata, Hysteromorpha triloba,
Conodiplostomum perlatum, Ornithodiplostomum scardinii, Apharhyngostrigea cornu are specific parasites
of cyprinid fish. In contrast, metacercariae of the trematodes Diplostomum chromatophorum,
D. commutatum, D. helveticum, D. mergi, D. paracaudum, D. spathaceum, D. volvens, Tylodelphys
podicipina, Bolboforus confusus, Posthodiplostomum brevicaudatum, P.cuticola, Ichthyocotylurus pileatus,
Clinostomum complanatum, Metagonimus yakogowai have a significantly wider range of hosts and
parasitize in the tissues of fish of various families.

As expected, the studied water bodies differed in the number of trematode species found in them.
There was not fount direct correlation between the number of trematode species in fish and the size of the
reservoir. Thus, 27 species were found in the fish of the smallest Varvara Reservoir, and 25 species in the
largest — Mingechevir Reservoir, 20 species were found in the fish living in the Shamkir Reservoir, and 17
species in the fish of the Yenikend Reservoir. Such distribution of the number of fish trematode species by
reservoirs to a certain extent reflects the living conditions in each of them. Thus, the Varvara Reservoir,
which is relatively small in size, has a low current speed and shallow depth, most of its area is covered with
aquatic vegetation. Such conditions are very favorable for the habitation of mollusks — the first intermediate
hosts of trematodes and fish-eating birds — the definitive hosts of many of them.

In the Mingechevir Reservoir, the number of trematode species was only one less than in the Varvara
Reservoir. Although this reservoir is very deep, its coastal part has many shallow areas overgrown with
aquatic vegetation, favorable for the development of mollusks and nesting of fish-eating birds. In addition,
due to its large area and volume of this water body, the speed of the current in this is low. We collected
material at 6 stations in the coastal part of Mingechevir. The trematode fauna of fish caught in different
areas differs significantly, which is due to differences in habitat conditions. A relatively large number of
trematode species were found in fish studied at stations 6, 7 and 8, which are located in the upper part of
the reservoir, not far from the places where rivers flow. Due to the silt carried by the rivers, the depth in
these areas is less, and the benthos composition is richer than in the lower part, there are accumulations
of fish-eating birds, which are the final hosts of a number of fish trematode species. The species
composition of trematodes was the richest (18 species) at station 7, which is located at the confluence of
the Kura River into the reservoir, followed by station 8 in terms of the number of trematode fauna (15
species), located near the confluence of the Ganykh River, and in third place was station 6 (12 species) —
near the confluence of the Gabyrry River. Next in terms of the number of species was station 11 (10
species), which is located at the outlet of the Kura River from the reservoir. Here, as at station 9 (9 species),
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there are also shallow areas, fish-eating birds are found. The smallest number (6) of fish trematode species
was noted at station 10, where the coast is steep, and fish-eating birds are not found.

The Shamkir Reservoir is the third among the water bodies we have studied in terms of the number
of trematode species we have found. In the upper part of this reservoir, where the Kura flows into and where
station 1 is located, the current speed is quite significant. In this regard, the trematode fauna of fish here
was the poorest (13 species) compared to the other two sections of this water body we have studied. The
second place in terms of the number of trematode species (16 species) is occupied by station 2, where the
current speed is very low, there is a small amount of aquatic vegetation, and waterfowl are observed. We
found the largest number of trematode species (19) in fish living in the area of station 3, located not far from
where the water leaves the reservoir. Here, an area has formed that resembles a small bay with an almost
imperceptible current, an abundance of aquatic vegetation, and a significant number of fish-eating birds.

Among the reservoirs we studied, the smallest number of trematode species was found in fish living
in the Yenikend reservoir, which is characterized by a clearly visible current throughout its length, weak
overgrowth, and a small number of fish-eating birds. At stations 4 and 5 located in this reservoir, almost the
same trematode species were found, the number of species was 14 and 13, respectively.

Since all four reservoirs we examined belong to the basin of one river, the Kura, and are located close
to each other, the species composition of trematodes and fish trematodes has significant similarities. This
is also due to the fact that, together with the water flowing out of the reservoirs located upstream, infected
intermediate hosts and cercariae of trematodes are carried to the reservoirs located downstream, and the
species that complete their development in fish-eating birds and mammals are carried by their final hosts
to all these reservoirs. Moreover, the closer the reservoirs are located to each other, the more similarities
are observed in the fauna of trematodes. Thus, a comparatively high coefficient of similarity according to
Czekanowski-Sorensen (Czekanowski 1913; Sorensen 1948) in this respect is observed in the nearby
Shamkir and Yenikend (64.9%), Yenikend and Mingechevir (60.5%), and Mingechevir and Varvara (60.4%)
reservoirs. However, there are significantly more differences between the trematode faunas of reservoirs
located far from each other, so the similarity between Shamkir and Mingechevir is 56.6%, Shamkir and
Varvara — 55.3%, and Yenikend and Varvara — 50.0%.

Of the two trematode species (Phyllodistomum elongatum and Allocreadium isoporum) found in the
1950s (Mikailov, 1975) in fish from the Mingechevir Reservoir, we also found both. Of the 11 trematode
species (Rhipidocotyle companula, Phyllodistomum elongatum, Diplostomum commutatum, D. helveticum,
D. mergi, D. paracaudum, D. spathaceum, Tylodelphys clavata, Hysteromorpha triloba, Clinostomum
complanatum, Metagonimus yakogowai) found in fish from the Varvara Reservoir in 1973-76 (Kazieva,
1984), we did not find only Diplostomum helveticum and D. paracaudum. In addition, we also found the
following trematodes in the fish of this reservoir: Bucephalus polymorphus, Sanguinicola inermis,
Asymphylodora imitans, A. tincae, Bunodera luciopercae, Azygia lucii, Allocreadium dogieli, A.isoporum,
Sphaerostomum bramae, Diplostomum chromatophorum, D. gobiorum, D. nordmanni, D. parviventosum,
Bolboforus confusus, Posthodiplostomum brevicaudatum, P. cuticola, Ichthyocotylurus pileatus, which
were not noted by this author. Due to the fact that we found a significant number of species of trematodes
new to this reservoir, the similarity coefficient of the trematode fauna indicated by this author and noted by
us was low and amounted to 31.6%.

Of the 12 species of trematodes (Bucephalus polymorphus, Rhipidocotyle companula, Diplostomum
mergi, D. paracaudum, D. chromatophorum, D. spathaceum, Asymphilodora kubanica, Hysteromorpha
triloba, Posthodiplostomum cuticola, Clinostomum complanatum, Ascocotyle coleostoma, Metagonimus
yokogawai), indicated according to the results of studies conducted in 2001-2005 (Ibragimova, 2008) in the
Yenikend Reservoir, we found all, with the exception of Ascocotyle coleostoma. In addition, we also found
Allocreadium isoporum, Sphaerostomum bramae, Diplostomum commutatum, D. helveticum, D. nemachili
and Tylodelphys clavata in the fish of this reservoir, which were not noted by this author. As a result, the
similarity coefficient of the trematode fauna noted by this author and noted by us was 69.1%.

Among the parasites we noted in the cascade of reservoirs on the Kura River, Sanguinicola inermis,
Diplostomum chromatophorum, D. commutatum, D. gobiorum, D. helveticum, D. mergi, D. nemachili,
D. nordmanni, D. paracaudum, D. parviventosum, D. spathaceum, D. volvens, Posthodiplostomum cuticola
and Ichthyocotylurus pileatus according to the literature (Atayev, Zubairova, 2015) are pathogens of fish,
Metagonimus yakogowai (Baryshnikov, 2014; Ibrahimov et al., 2016) and Clinostomum complanatum are
dangerous for humans (Parket et al., 2009; Hara et al., 2014; Song et al.; 2018; Kim et al., 2023). Figure 2
shows the most pathogenic metacercariae for fish of the genera Diplostomum and Posthodiplostomum.
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D. parviventosum D. spathaceum D. volvens P. cuticola

Fig. 2. Pathogenic for fish metacercariae of trematodes of the genera Diplostomum and Posthodiplostomum
(original drawings)

Conclusion

As a result of parasitological examination of 71243 fish specimens belonging to 30 species caught
from four reservoirs forming a cascade on the Kura River, 39 species of trematodes were found, of which
14 species use fish only as definitive hosts, 23 species parasitize fish only at the larval stage, and 2 species
use fish as both a second intermediate and definitive host. The following number of trematode species were
found in different reservoirs: 20 in the Shamkir Reservoir, 17 in the Yenikend Reservoir, 25 in the
Mingechevir Reservoir, and 27 in the Varvara Reservoir. In each reservoir, the species composition of fish
trematodes is richer in areas where there is no fast current, overgrowing with aquatic vegetation is
observed, and fish-eating birds are present. It turned out that reservoirs located nearby have more common
species than reservoirs located far from each other. Since previous studies conducted by various authors
in the 1950s, 1970s and 2000s, the fauna of fish trematodes has been significantly enriched. Among the
trematodes found, 14 species are pathogenic for fish and 2 species are dangerous to humans.
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Supplementary files

Table S1. Percentage identities of Oncomelania quadrasi and Oncomelania robertsoni CO1

Species O. quadrasi
Accession E value DQ112287.1
O. robertsoni DQ212800.1 0.0 87.77%
O. robertsoni DQ212803.1 0.0 87.62%
O. robertsoni DQ212805.1 0.0 87.62%
O. robertsoni KR002675.1 0.0 87.25%
O. robertsoni DQ212797 1 0.0 86.83%
O. robertsoni DQ212798.1 0.0 86.83%
O. robertsoni DQ212813.1 0.0 86.83%
O. robertsoni DQ212799.1 0.0 86.68%
O. robertsoni DQ212801.1 0.0 86.68%
O. robertsoni DQ212802.1 0.0 86.68%
O. robertsoni DQ212806.1 0.0 86.68%
O. robertsoni DQ212807.1 0.0 86.68%
O. robertsoni DQ212808.1 0.0 86.68%
O. robertsoni DQ212809.1 0.0 86.68%
O. robertsoni DQ212810.1 0.0 86.68%
O. robertsoni DQ212812.1 0.0 86.68%
O. robertsoni DQ212811.1 0.0 86.36%
O. robertsoni JF284697.1 0.0 86.36%
O. robertsoni AF531547 .1 0.0 85.91%

O.: Oncomelania; S1: Supplementary 1
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Table S$2. Percentage identities of Oncomelania hupensis and Omcomelania robertsoni CO1

Species 0. hupensis
Accession E value GU367391.1
O. robertsoni DQ212802.1 0.0 88.99%
O. robertsoni DQ212797 .1 0.0 88.77%
O. robertsoni DQ212798.1 0.0 88.77%
O. robertsoni DQ212803.1 0.0 88.71%
O. robertsoni DQ212805.1 0.0 88.71%
O. robertsoni DQ212800.1 0.0 88.67%
O. robertsoni KR002675.1 0.0 88.29%
O. robertsoni AF531547 1 0.0 87.84%
O. robertsoni DQ212813.1 0.0 87.77%
O. robertsoni DQ212808.1 0.0 87.62%
O. robertsoni DQ212809.1 0.0 87.62%
O. robertsoni DQ212810.1 0.0 87.62%
O. robertsoni DQ212812.1 0.0 87.62%
O. robertsoni JF284697 .1 0.0 87.30%
O. robertsoni DQ212799.1 0.0 86.99%
O. robertsoni DQ212801.1 0.0 86.99%
O. robertsoni DQ212804.1 0.0 86.99%
O. robertsoni DQ212806.1 0.0 86.99%
O. robertsoni DQ212807.1 0.0 86.99%
O. robertsoni DQ212811.1 0.0 86.68%

O.: Oncomelania; S2: Supplementary 2

Table S3. Megablast results on Oncomelania robertsoni Sichuan Plain

SCB
Species 0. robertsoni
accession E value KR002675.1
O. robertsoni DQ212808.1 0.0 99.67%
O. robertsoni DQ212809.1 0.0 99.67%
O. robertsoni DQ212810.1 0.0 99.67%
O. robertsoni DQ212812.1 0.0 99.67%
O. robertsoni DQ212797 .1 0.0 99.50%
O. robertsoni DQ212798.1 0.0 99.50%
O. robertsoni DQ212813.1 0.0 99.50%
O. robertsoni JF284697.1 0.0 98.49%
O. robertsoni DQ212799.1 0.0 97.83%
O. robertsoni DQ212801.1 0.0 97.83%
O. robertsoni DQ212802.1 0.0 97.83%
O. robertsoni DQ212804.1 0.0 97.83%
O. robertsoni DQ212806.1 0.0 97.83%
O. robertsoni DQ212807.1 0.0 97.83%
O. robertsoni DQ212811.1 0.0 97.49%
O. robertsoni DQ212800.1 0.0 95.48%
O. robertsoni DQ212803.1 0.0 95.32%
O. robertsoni DQ212805.1 0.0 95.32%
O. robertsoni AF531547 1 0.0 91.20%

O.: Oncomelania; S3: Supplementary 3
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Table S4. Megablast results on Oncomelania robertsoni Sichuan Anning River Valley (China) — SAV

Species accession E value O. robertsoni
AF213339.1
O. robertsoni DQ212814.1 0.0 100%
O. robertsoni DQ212815.1 0.0 100%
O. robertsoni DQ212816.1 0.0 100%
O. robertsoni DQ212831.1 0.0 98.90%
O. robertsoni DQ212834.1 0.0 98.90%
O. robertsoni DQ212835.1 0.0 98.90%
O. robertsoni DQ212836.1 0.0 98.90%
O. robertsoni DQ212822.1 0.0 98.75%
O. robertsoni DQ212825.1 0.0 98.75%
O. robertsoni DQ212826.1 0.0 98.75%
O. robertsoni DQ212827 .1 0.0 98.75%
O. robertsoni DQ212828.1 0.0 98.75%
O. robertsoni DQ212830.1 0.0 98.75%
O. robertsoni DQ212832.1 0.0 98.75%
O. robertsoni DQ212833.1 0.0 98.75%
O. robertsoni DQ212817.1 0.0 98.59%
O. robertsoni DQ212823.1 0.0 98.59%
O. robertsoni DQ212824.1 0.0 98.59%
O. robertsoni DQ212818.1 0.0 98.43%
O. robertsoni DQ212819.1 0.0 98.43%
O. robertsoni DQ212820.1 0.0 98.43%
O. robertsoni DQ212828.1 0.0 98.43%
O. robertsoni DQ212821.1 0.0 98.28%
O. robertsoni DQ212837.1 0.0 98.28%
O. robertsoni DQ212838.1 0.0 98.28%
O. robertsoni DQ212839.1 0.0 98.28%
O. robertsoni DQ212840.1 0.0 98.28%
O. robertsoni DQ212841.1 0.0 95.77%
O. robertsoni DQ212842.1 0.0 95.77%
O. robertsoni DQ212843.1 0.0 95.77%
O. robertsoni DQ212845.1 0.0 95.77%
O. robertsoni DQ212847.1 0.0 95.77%
O. robertsoni DQ212849.1 0.0 95.77%
O. robertsoni DQ212851.1 0.0 95.77%
O. robertsoni DQ212848.1 0.0 95.61%
O. robertsoni EU079378.1 0.0 92.16%
O. robertsoni JF284697.1 0.0 92.16%
O. robertsoni DQ112250.1 0.0 91.69%
O. robertsoni DQ212844.1 0.0 91.07%
O. robertsoni DQ212846.1 0.0 91.07%
O.: Oncomelania; S4: Supplementary 4
Table S5. Megablast results of Oncomelania robertsoni
Species accession E value O. robertsoni Location

AF531547.1 SCB
O. robertsoni DQ212846.1 0.0 97.63% SAV
O. robertsoni DQ212844.1 0.0 97.46% SAV
O. robertsoni DQ112252.1 0.0 96.79% YEB
O. robertsoni DQ112250.1 0.0 96.79% SAV
O. robertsoni JF284691.1 0.0 96.15% SAV
O. robertsoni EU079378.1 0.0 96.15% SAV
O. robertsoni AF253075.1 0.0 95.89% YEB
O. robertsoni DQ212852.1 0.0 95.72% YEB
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Table S5. Megablast results of Oncomelania robertsoni

Species accession E value O. robertsoni Location

AF531547.1 SCB
O. robertsoni DQ212850.1 0.0 95.40% SAV
O. robertsoni AF253074 .1 0.0 95.55% YEB
O. robertsoni AF213339.1 0.0 91.88% SAV
O. robertsoni DQ212836.1 0.0 91.54% SAV
O. robertsoni DQ212812.1 0.0 91.20% SCB
O. robertsoni KR002675.1 0.0 91.20% SCB
O. robertsoni DQ212851.1 0.0 90.52% SAV
O. robertsoni DQ212803.1 0.0 90.19% SCB

O.: Oncomelania,Sichuan Anning River Valley (China)-SAV, Sichuan Plain (China)-
SCB, Yunnan: Erhai Basin-YEB; S5: Supplementary 5

MopiBHANLHMI eKonoriyHun aHanis ¢payHmn Tpemarogn pub Kackagy BOAOCXOBMULLY

Ha p. Kypa B Asepb6angxaHi
€.B. lakapanieBa

Y 2007-2022 pokax. MeTogoOM MOBHOr0 MapasuTororiYHOro nepepisy y YoTUMPbOX BOOOCXOBULLAX, LLO YTBOPHOTb
Kackag Ha p. Kypa, Ha 3apaxeHicTb Tpematogamu gocnigxeHo 1243 eksemnnsapis puou 30 Buais. 3 Uieo MeTow y
LLlamkipcbkoM BopocxoBuLLi gocnigxeHo 258 pnb 21 Buay, €HikeHacbkoMm — 252 pub 21 Buay, MiHreyaBipcbkom —
341 pub 25 Buais, BapeapuHcbkom — 338 pub 26 Bugis. B pesynbTtaTti npoBegeHux gocnigkeHs BusieneHo 39 suais
TpemaTog, 3 HUX 11 BMAIB NapasuTyloTb Y KpULITanukax oven, 9 BUAIB y KMLWEYHUKY, 4 BUAM B M'A3ax Ta nig, LWKipoto,
no oAHOMY BUAY Y KPOBOTOKY, CKNonoAibHoMy Tini o4en, LWyHKe, NOPOXHMHI poTa Ta CTpaBoXodi, CE4OBOMY MiXypi,
ceyoBoAax Ta HUpKax, cepLi, FONoBHOMY MO3KY, LLUKIpi Ta NnaBusX, M'A3ax, CTiHKax nnaBarnbHOro Mixypa, HMpkax Ta
nyce; 2 BUAM Ha CTafdii MeTauepKapito MeLLKaloTb Y Pi3HUX TKaHUHax punb, a Ha JopocCnin CTagil — Y KULWEYHUKY XMXKMX
pnb. Cepep 3HavpgeHux Tpematod 14 BuAiB BUMKOPUCTOBYIOTb puby TiNbKM SK OCTaTOYHOro rocnogaps, 23 Buau
napasuTylotb y pubi TiNbKM Ha NWYMHKOBIN CTapfii, 3aBepLlylouM CBii PO3BUTOK y puboigHuX nTaxis, 2 Buau
BUKOPUCTOBYIOTb Pi3HUX pub sIK Apyroro MpoOMIDKHOIO rocrnogapsi, a XWxmnx pubu sik octaToyHoro rocnogaps. MNpu
NOPIBHSIHHI JOCNIOKyBaHWX BOAOWM BUSIBANOCS, L0 HaWbinbLua KinbKicTb BUAIB TpemaTos BusineHa y pub BigHOCHO
HeBenukoro BapBapiHCbkoro BogocxoBuiLa, Ae pubu 6ynu 3apaxeHi 27 Buagamu TpemaTtos. Lie nos's3aHo 3 Tum, Lo
Ginblla YacTMHa UbOro BOOOWMMULLA MINKOBOAHA, Ma€ criabky Teuito i Garato BOOHOI POCMUHHOCTI, Le CTBOPHE
CMPUSTNNBI YMOBM AN1A PO3BUTKY MOJIIOCKIB — MEPLUNX MPOMIKHMX rocnogapis TpemaToa, a Takox 3anyyvae pnuboigHmx
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Photoperiod-induced changes in total nitrogen and soluble protein content

in soybean leaves
I.M. Raievska, A.S. Schogolev

Soybean (Glycine max (L.) Merr.) is a short-day plant highly sensitive to photoperiod, with this sensitivity largely
regulated by maturity (E) genes. These genes influence a wide range of developmental processes, including flowering
time, morphological traits, hormone levels, and carbon and nitrogen metabolism. Adaptation to photoperiod involves
coordinated changes in morphology, physiology, and biochemistry, ensuring timely transition to reproductive
development and optimal crop formation. Field experiments were conducted at the experimental plots of the
Department of Physiology and Biochemistry of Plants and Microorganisms of V. N. Karazin Kharkiv National University.
This study investigated the effects of photoperiod duration on total nitrogen and soluble protein content in the leaves
of near-isogenic soybean lines of the Clark variety, differing in E1—-E4 gene combinations. Short-day lines (Clark variety
(e1E2E3E4e5ET), line L63-3016 (e 1E2E3e4e5ET), line L 80-5879 (E1e2e3E4e5E7) and photoperiod-insensitive lines
(L63-3117 (e1e2E3E4e5E7), L71-920 (e1e2e3E4e5E7) were grown under natural long-day conditions (16 h) until the
V3 stage. Half of the plants were then exposed to short-day conditions (9 h) for 14 days using blackout treatments.
Leaf samples were collected at four time points (before the start of the short day effect, during the short day effect - 7
and 14 days, a week after the short photoperiod effect) to assess total nitrogen and soluble protein levels. The results
showed that dominant alleles of E1 and E2 delayed the transition to the reproductive phase and significantly affected
nitrogen and protein accumulation. Specifically, E7 reduced total nitrogen under both photoperiods, while E2 increased
it under long-day conditions. Both E71 and E2 lowered soluble protein content under short-day exposure. No significant
effects of E3 and E4 were observed. These results demonstrate that the regulation of nitrogen metabolism and protein
synthesis in soybean is closely modulated by the interaction between photoperiod and maturity gene expression.
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Introduction

The transition of plants to flowering is regulated by a complex network involving genetic, hormonal,
and environmental factors. In Arabidopsis thaliana, key genes for photoperiod and vernalization responses
include CONSTANS (CO) and FLOWERING LOCUS C (FLC), which antagonistically regulate
FLOWERING LOCUS T (FT) and influence flowering time (Kinmonth-Schultz et al., 2021). In soybean
(Glycine max (L.) Merr.), flowering is strongly controlled by photoperiod and a set of key loci, known as E
genes (E1-E9), which modulate daylength sensitivity. Among these, E1 acts as a major floral repressor,
encoding a B3 domain transcription factor that suppresses GmFT2a and GmFTba, florigen genes
promoting flowering; its expression is enhanced under long-day conditions, delaying flowering (Cao et al.,
2017). The E2 gene, a homolog of GIGANTEA (Gl) from Arabidopsis, plays a role in the circadian clock
and photoperiod response by modulating CO-like genes that influence FT expression (Watanabe et al.,
2011). E3 and E4 encode phytochrome A family photoreceptors (PHYA3 and PHYA2), which detect red/far-
red light and contribute to photoperiod sensitivity; mutations in these genes reduce long-day sensitivity,
enabling soybean adaptation to higher latitudes. The interactions among these genes shape soybean
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adaptation to specific latitudes, with E7 and E3/E4 mutations enabling early flowering in long-day
environments (Li et al., 2018). Moreover, lines carry dominant alleles of E7 or E2E3 flower later than those
with recessive alleles; notably, E3 delays flowering in the absence of a dominant E2 allele but has limited
effect under short-day conditions (Raievska et al., 2023).

Among essential nutrients, nitrogen (N) is required in large amounts by soybean plants, and its
deficiency can significantly limit growth and development (Staniak et al., 2024). Nitrogen participates in
numerous physiological and metabolic processes and is a key structural component of proteins, enzymes,
and nucleic acids (Maathuis, 2009). It also forms part of chlorophyll, cytochromes, phytohormones (e.g.,
cytokinins, auxins), vitamins, and secondary metabolites such as alkaloids, glucosinolates, and cyanogenic
glycosides (Leghari et al.,, 2016). These functions support plant growth, biomass accumulation, and
ultimately influence crop quality (Shepilova et al., 2011; Lyashenko et al., 2019; Anas et al., 2020).

Plants require large nitrogen inputs to construct the photosynthetic apparatus, as the rate of
photosynthesis is closely linked to tissue nitrogen levels, particularly due to the high demand for the
RuBisCo enzyme (Peng et al., 2021). Adequate nitrogen improves adaptive responses to drought, including
osmotic adjustments, reactive oxygen species homeostasis, and increased levels of free proline, soluble
sugars, and superoxide dismutase activity. When nitrogen is sufficient, antioxidant enzyme activities,
including superoxide dismutase and glutathione, are elevated compared to nitrogen-deficient conditions
(Tariq et al., 2022; Staniak et al., 2023).

Beyond being a vital macronutrient, nitrogen also acts as a signaling molecule that regulates the
timing of flowering. In Arabidopsis thaliana, nitrogen deficiency accelerates flowering, whereas both excess
and total deprivation can delay it. Transcriptome analyses have identified genes and pathways responsive
to nitrogen availability that also modulate flowering time, highlighting potential points of integration between
nitrogen signaling and developmental regulation (Brown et al., 2017). Soybean, with its high seed protein
content (~40%), has a particularly high nitrogen demand (Staniak et al., 2024). Total plant nitrogen content
has been shown to influence seed quality (Piper et al., 1999). Nitrogen can accumulate in vegetative organs
(leaves, stems, petioles, pods) and, under deficiency, be remobilized to seeds, inducing leaf senescence
and reducing photosynthetic efficiency, ultimately lowering yield (Staniak et al., 2024). Nitrogen scarcity
also negatively affects root development and impairs the efficiency of legume-rhizobia symbiosis
(Schogolev et al., 2021).

For optimal soybean development, it is crucial that plants receive appropriate nitrogen levels during
key growth stages, particularly during the transition from vegetative to reproductive development. Nitrogen
application at the early flowering stage has been shown to promote carbohydrate redistribution toward
reproductive organs, thereby supporting the transition to flowering (Zhou et al., 2019). However, excessive
nitrogen input can suppress this developmental shift, delaying the onset of the reproductive phase. In the
model plant Arabidopsis thaliana, low nitrogen availability induces earlier flowering, whereas elevated
nitrogen levels delay this process (Weber et al., 2018; Lin et al., 2017). Moreover, flowering time regulation
in Arabidopsis thaliana has been linked to tissue-specific nitrate signaling, particularly at the shoot apical
meristem, highlighting the complexity of nitrogen’s role in developmental transitions (Olas et al., 2019).

Understanding how soybean growth and development respond to varying photoperiods is essential
for advancing global food security. As a photoperiod-sensitive crop, soybean exhibits marked differences
in flowering time and maturation based on day length. This sensitivity directly influences its adaptability
across latitudes and climatic conditions, ultimately impacting yield stability and productivity. Investigating
these responses enables the development and cultivation of soybean varieties tailored to diverse
environments, supporting more consistent and increased agricultural output. This research focus directly
supports the United Nations Sustainable Development Goal 2: "End hunger, achieve food security and
improved nutrition and promote sustainable agriculture" (https://sdgs.un.org/goals/goal2). By improving
soybean adaptability through photoperiod research, we contribute to resilient and sustainable farming
systems, an essential step toward eradicating hunger worldwide.

Based on this, the aim of the study was to assess how photoperiod duration influences the nitrogen
and soluble protein content in the leaves of soybean lines isogenic for E genes, and to identify the
relationship between these biochemical indicators and the timing of the soybean transition to flowering.

Materials and methods

The research was conducted using soybean lines (Glycine max (L.) Merr.) of the Clark variety,
isogenic for E genes and provided by the National Center for Plant Genetic Resources of Ukraine. The
study involved short-day lines — Clark (e1E2E3E4e5E7), L63-3016 (e1E2E3e4e5E7), and L80-5879
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(E1e2e3E4e5E7) — and photoperiod-insensitive lines — L63-3117 (e1e2E3E4e5E7) and L71-920
(e1e2e3E4e5E7); since all lines share the same allelic states at the E5 and E7 loci (€5E7), only the E1-E4
genes were used to characterize photoperiodic differences. Field experiments were carried out during the
2018, 2019, and 2021 growing seasons on the experimental plots of the Department of Physiology and
Biochemistry of Plants and Microorganisms at V. N. Karazin Kharkiv National University, using 1 m? plots
with triplicate replicates for each variant. Plants were initially grown under natural long-day conditions (16
hours), after which half were subjected to short-day treatment (9 hours) by covering with light-permeable
material from 5:00 p.m. to 9:00 a.m. for 14 consecutive days.

Phenological observations were recorded at four time points: Day 0 (pre-treatment), Day 7 and Day 14
(during treatment), and Day 21 (7 days post-treatment); at the study’s onset, all plants were at the V3 stage,
and subsequent phases were marked when at least 50% of plants reached the next stage. Vegetative phases
(V3-V7) were tracked by the number of fully developed leaves, while generative phases were defined as R1
(flowering initiation, 250% of plants with a flower at any main stem node) and R3 (pod initiation, 250% of
plants with a pod 25 mm on one of the top four main-stem nodes with fully developed leaves).

Total nitrogen and soluble protein were analyzed from the second and third leaves of five randomly
selected plants, collected at 8:00 a.m. at each sampling point. Total nitrogen content was determined using
the Kjeldahl method (Aguirre, 2023). Soluble protein content was measured using the Lowry method with
Miller's modification (Miller, 1959).

Statistical analysis. Statistical evaluation of the data was performed using Statistica 7.0 software
(StatSoft Inc., USA). Descriptive statistics, including mean values (x) and standard deviations (SD), were
calculated. Intergroup differences were analyzed using Tukey’s post hoc test, with statistical significance
determined at P < 0.05, applying the Bonferroni correction to adjust for multiple comparisons. Mean values
were compared separately for each sampling date across all experimental variants — both between long-
day (16 h) and short-day (9 h) photoperiods within the same isogenic soybean line, and between different
lines under the same photoperiod conditions.

Results and Discussion

Determination of phenological phases of development.

At the initial stage of the study, we assessed the effect of photoperiod duration on the progression of
phenological development phases in soybean lines isogenic for E genes during the experimental period (Table 1).

Table 1. Influence of photoperiod duration on the progression of phenological development phases in soybean
lines isogenic for E genes; field experiments conducted in 2018, 2019, and 2021

Photoperiod, Experimental day
hours 0 \ 7 \ 14 21
Short-day lines
“Clark” — e 1E2E3E4e5E7 (Clark)
16 V3 V4 V5 -V6 V7
9 V3 V4 V5 -V6 V7 -R1
L63-3016 — e 1E2E3e4e5E7
16 V3 V4 V6 V7
9 V3 V4 V5 V6 —R1
L80-5879 — E1e2e3E4e5E7
16 V3 V5 V6 V7
9 V3 V4 - V5 V6 V7 -R1
Photoperiod-insensitive lines
L63-3117 — e1e2E3E4e5E7
16 V3-V4 V4 -V5 V6 — R1 R1
9 V3 -V4 V4 V6 — R1 R1
L71-920 — e1e2e3E4e5E7
16 V3 -V4 V5 - R1 R1 R3
9 V3-V4 V4 -R1 R1 R3

Note: stages are marked: V3-V7 — vegetative phases of 3-7 leaves, R1 — beginning of flowering; R3 — beginning of
bean formation.

In short-day lines, the presence of dominant alleles of the E1 and E2E3 genes delayed the transition
to flowering; these lines initiated flowering only after 21 days of the study, while under long-day conditions,
flowering was not observed, and the plants continued to actively accumulate biomass. Consequently, by
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day 21, short-day lines exhibited significant differences in developmental phases, in contrast to
photoperiod-insensitive line lines, which had already reached the same developmental stage under both
photoperiod conditions. It is well established that recessive alleles of the e 1 and e2e3 genes promote earlier
flowering in soybean (Xia et al., 2012; Xu et al., 2013; Dong et al., 2022). The findings of our study confirm
this, as photoperiod-insensitive soybean lines transitioned to the generative phase (R1) earlier than short-
day lines. Specifically, the eTe2e3E4 line initiated flowering by day 7, and the e1e2E3E4 line by day 14,
under both long- and short-day conditions.

Determination of total nitrogen content in soybean leaves.

The next stage of the study focused on assessing the effect of different photoperiod durations on the
total nitrogen content in soybean leaves. The results revealed that, at the beginning of the experiment, the
lines exhibited differences in nitrogen content (Fig. 1). Short-day lines carrying recessive alleles of the e
gene under both long- and short-day conditions demonstrated higher total nitrogen levels compared to the
short-day line with the dominant E17 allele. In contrast, the photoperiod-insensitive lines did not show
significant differences in nitrogen content under varying photoperiod conditions (Fig. 1).
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Fig. 1. Effect of photoperiod duration on total nitrogen content in the leaves of soybean lines isogenic for E
genes. Data represent field experiments conducted in 2018, 2019, and 2021 (n = 15). Note: Mean values were
compared separately for each sampling date across all experimental variants — both between long-day (16 h) and
short-day (9 h) photoperiods within the same isogenic soybean line, and between different lines under the same
photoperiod conditions. Mean values marked with the same letters within a given date differ significantly from each
other according to Tukey’s test with Bonferroni correction (P < 0.05): a — SD line e1E2E3E4 under long (16 h)
photoperiod, b — SD line e1E2E3E4 under short (9 h) photoperiod, ¢ — SD line e1E2E3e4 under long (16 h) photoperiod,
d — SD line e1E2E3e4 under short (9 h) photoperiod, e — SD line E1e2e3E4 under long (16 h) photoperiod, f — SD line
E1e2e3E4 under short (9 h) photoperiod, g — PPI line e1e2E3E4 under long (16 h) photoperiod, h — PPl line e1e2E3E4
under short (9 h) photoperiod, i — PPl line e1e2e3E4 under long (16 h) photoperiod, j — PPI line e1e2e3E4 under short
(9 h) photoperiod

On the 7th day of the study, a decrease in the total nitrogen content in the leaves of the studied lines
was observed under both long- and short-day conditions; however, the differences in nitrogen content
between the lines remained.
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On the 14th day of the study, significant changes were observed in the nitrogen content in the leaves
of the short-day line e 1E2E3E4, specifically a decrease under both long- and short-day conditions. Long-
day conditions led to a reduction in leaf nitrogen content in photoperiod-insensitive lines. Under short-day
conditions, the lines showed different responses: in the e TE2E3E4 line, nitrogen content increased, while
in the E1e2e3E4 line, no significant changes were observed compared to day 7.

On the 21st day of the study (7 days after the end of short-day treatment), the short-day lines
displayed differences in nitrogen content. In soybean leaves of the Clark variety, nitrogen content
decreased; in the e1E2E3E4 line, it increased; and in the E1e2e3E4 line, it remained unchanged. In
photoperiod-insensitive lines, nitrogen content increased under long-day conditions compared to the 14th
day, while under short-day conditions, no significant changes were observed.

Thus, in photoperiod-insensitive soybean lines, nitrogen content in leaves decreased during the transition
from vegetative to generative phases under both photoperiod conditions. As reproductive organs developed,
nitrogen content increased under long-day conditions but remained stable under short-day conditions.

To determine the influence of maturity genes on total nitrogen content in soybean leaves, we
compared lines differing in the allelic composition of the ET—E4 genes. The results showed that among the
gene pairs E1/e1, E2/e2, E3/e3, and E4/e4, the E1 and E2 genes significantly affected nitrogen content.
Specifically, the E71 gene led to a decrease in total nitrogen content under both long- and short-day
conditions, while the E2 gene caused an increase under long-day conditions.

Numerous studies have demonstrated the effects of nitrogen nutrition on the morphological,
physiological, and biochemical traits of soybean. In Arabidopsis thaliana, nitrogen levels have been shown
to influence the timing of the transition from vegetative growth to flowering. This effect may be mediated
through the photoperiodic pathway, particularly through the regulation of key flowering genes such as
CONSTANS (CO) and FLOWERING LOCUS T (FT) (Wang et al., 2024). Low nitrogen levels are known to
accelerate flowering, while both nitrogen deficiency and excess can delay this transition (Weber et al., 2017;
Lin et al., 2017).

However, there is insufficient information on the relationship between nitrogen content in soybean
leaves and the transition of plants to flowering. It has been shown that the transition to flowering is regulated
by nitrogen and carbon signaling pathways through the modulation of FLOWERING LOCUS T (FT) activity
in Arabidopsis thaliana (Gramma et al., 2024).

Our study demonstrated that both photoperiod length and maturity genes influenced the total nitrogen
content in soybean leaves. It should be noted that photoperiod length had a more pronounced effect on
this parameter. Photoperiod-insensitive lines, which exhibited faster development and transitioned to
flowering earlier under both long- and short-day conditions, showed lower nitrogen content values at the
beginning of flowering. However, as they progressed to the pod formation stage, nitrogen content in the
leaves increased, likely reflecting the demand for seed development and the activation of nitrogen transport
to reproductive organs to meet protein synthesis requirements during the generative phase. In contrast,
short-day lines exhibited an opposite response to different photoperiod treatments.

Determination of soluble protein content in soybean leaves.

Itis known that approximately 80% of plant proteins are localized in chloroplasts, where they are divided
into soluble and insoluble fractions. Around half of the soluble protein fraction consists of ribulose-1,5-
bisphosphate carboxylase/oxygenase (RuBisCO). In addition to its role in photosynthesis, the chloroplast also
participates in the biosynthesis of key primary and secondary metabolites, including amino acids, fatty acids,
and pigments (Kleuter et al., 2024). Photoperiod length influences protein content in leaves. It has been shown
that under long-day conditions, Prunella vulgaris exhibits increased leaf area, dry weight, and soluble protein
content compared to short-day conditions (Li et al., 2022; Xu et al., 2023). In Arabidopsis, long-day conditions
lead to elevated levels of enzymes involved in photosynthesis, as well as sucrose and starch biosynthesis
(Seaton et al., 2018). According to some authors, this suggests that short photoperiods limit carbon
availability, thereby influencing protein metabolism and plant growth (Gibon et al., 2009).

The results of our study showed that, at the beginning of the experiment, the soybean lines did not
differ significantly in their soluble protein content (Fig. 2).

After 7 days of exposure to a short-day photoperiod, a decrease in protein content was observed in
photoperiod-insensitive lines and plants of the variety, averaging 17%. In photoperiod-insensitive lines, this
is likely associated with the transition to the generative phase of development. On the 14th day of short-
day exposure, all studied lines exhibited reduced soluble protein levels under short-day conditions. The
exception was the photoperiod-insensitive line e1e2E3E4, for which the values did not differ from those
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recorded after 7 days of exposure. Seven days after the cessation of short-day conditions, protein content
in leaves did not show significant differences between long- and short-day treatments. Thus, the short-day
photoperiod resulted in a reduction in soluble protein content in the leaves of the studied soybean lines
compared to the natural long-day condition.
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Fig. 2. Effect of photoperiod duration on soluble protein content in leaves of soybean lines isogenic for E
genes; field experiment, 2018, 2019, 2021 (n = 15).

Note: Mean values were compared separately for each sampling date across all experimental variants — both between
long-day (16 h) and short-day (9 h) photoperiods within the same isogenic soybean line, and between different lines
under the same photoperiod conditions. Mean values marked with the same letters within a given date differ significantly
from each other according to Tukey’s test with Bonferroni correction (P < 0.05): see Fig. 1 for letters labels description

Analysis of the effect of maturity genes on soluble protein content showed that the dominant alleles
of the E1 and E2 genes led to decreased protein levels under short-day conditions; however, this effect
was observed only after the short-day exposure period.

Thus, soluble protein content in the studied soybean lines changed during the short-day period (7—
14 days of the study), indicating a short-term effect, since no significant differences were found at the
beginning of the study or after the short-day exposure. Therefore, it can be assumed that among the studied
factors, day length is the primary driver influencing changes in protein synthesis.

Conclusion

Thus, the conducted study highlights the primary role of the E7 and E2 genes in regulating both the
transition of soybean to the generative phase and nitrogen metabolism. The dominant alleles E71 and E2E3
delayed flowering compared to lines carrying the recessive alleles of these genes. The E1 gene consistently
exerted a negative effect on total nitrogen content in leaves under all photoperiodic conditions, whereas E2
contributed to increased nitrogen levels under natural long-day conditions. The E1 and E2 genes also
reduced the soluble protein content under short-day conditions, indicating their involvement in the
photoperiod-dependent regulation of protein metabolism. In contrast, the E3 and E4 genes did not exhibit
a significant influence on nitrogen and protein metabolism, underscoring the dominant role of E7 and E2 in
controlling soybean nitrogen balance in response to photoperiod.
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Soluble protein content showed a rapid but reversible response to short-day exposure, suggesting
that protein metabolism in soybean leaves is highly dynamic and may be regulated in a more transient
manner compared to total nitrogen. The absence of long-term protein differences after return to natural
daylengths points to photoperiod-sensitive but developmentally buffered control mechanisms. Although all
E genes influence photoperiod sensitivity to varying degrees, the lack of significant metabolic changes
associated with E3 and E4 suggests these genes may act more downstream or in tissue-specific contexts,
or that their effects are masked by stronger regulators like E7 and E2. This provides insight into functional
differentiation within the E gene family.

Understanding the genetic basis of photoperiod sensitivity and nitrogen/protein regulation opens
pathways for developing soybean lines with optimized flowering time and nutrient use efficiency. Lines
carrying recessive e and e2 alleles could be valuable for breeding early-flowering, photoperiod-insensitive
cultivars suitable for a broader range of latitudes and growing seasons.
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Bnnue TpuBanocTti ¢poTonepionay Ha BMIiCT 3aranbHOro a3oty

Ta PO34YMHHOrO GiNlKy y nucTkax coi
I.M. PaeBcbka, A.C. LLlorones

Cos (Glycine max (L.) Merr.) € KynbTypoI KOPOTKOro AHS, Ska BUSIBMSE BUCOKY YYTNMBICTb A0 TPMBAroCTi CBITIOBOrO
nepiogy. Lis 4yTnuBiCTb 3HAYHOIO MIPOIO BM3HAYAETLCHA reHamu 3pinocTi (reHu E), Wwo perynioTb LUMPOKUIA CNEKTP
NpOoLECiB y POCMVWH: Bif CTPOKIB LBITIHHA 4O Mopdornorii, FopMoHanbHoOro 6anaHcy, a Takox BYrneLeBoro  a3oTHOro
o6miHy. ApanTtauis go 3miH coTonepiogy CynpOBOMXYETLCS KOMMIEKCHUMUM MOpdOonoriYHumMmn Ta cisionoro-
BioxiMiYHUMK 3MmiHaMK, siKi 3a6e3nedyoTb CBOEYACHMIN Nepexig POCnWH A0 LBITIHHA 1 dhopMyBaHHS Bpoxato. MonboBsi
OOCTiAXXEeHHS MPOBOAMIINCS Ha eKcnepuMeHTanbHUX AinsHkax kadeapw disionorii i Gioximii pocnnH Ta MikpoopraHiamis
XapkiBCbKOro HauioHanbHoro yHisepcuteTy iMeHi B. H. KapasiHa. Y mexax pocnigXeHHs BMBYanu BNAUB Pi3HOI
TPUBANOCTI CBITNOBOrO AHA Ha BMICT 3aranbHOro asoTy Ta PO34YMHHOrO Ginka B NUCTKax Mamxe i30reHHuX mniHii coi
copty Clark 3 pisHumn kombGiHauismn reHiB E7-E4. KopotkogewHi niHii (Clark (e1E2E3E4e5E7), L63-3016
(e1E2E3e4e5ET), L 80-5879 (E1e2e3E4e5E7)) Ta doTonepiognyHo HenTpanbHi niHii (L63-3117 (e1e2E3E4e5E7),
L71-920 (e1e2e3E4eb5E7)) BupollyBanu 3a ymoB NpupogHoro fosroro AHA (16 rogwH) go dasm V3. TMicna uboro
YacTUHY POCINUH Nnigaasany BNMBY kKopoTkoro AHs (9 roamH) npotarom 14 gHis. Binbip 3paskiB 3aificHioBaBCsa YoTMpn
pasu: 4O NoyaTKy BNAMBY KOPOTKOrO AHSA, Ha 7-1 i 14-11 AeHb horo Ail, a TakoxX Yepes TxKAeHb Nicnsa 3aBepLUueHHs ail
KOpOTKMM doTonepiogoM. PesynbTatv nokasanu, Wo AoMiHaHTHI aneni E71 i E2 3aTpumyBanu nepexig pocnuH o
penpoaykTUBHOI ha3n Ta iCTOTHO BMnMBanu Ha BMICT a3oTy i binka. 3okpemMa, E7 CpU4nHAB 3MEHLLEHHS 3ararnbHOro
a3oTy 3a obox choTonepioaiB, y Tor Yac Ak E2 nigBullyBaB MOro piBeHb 3a yMoB 0Broro aHs. Obuasa reHu Takox
3HVKYBanu KOHLIEHTpPaLito PO34MHHOro Ginka 3a Aii KopoTKoro AHA. 3HayHOro BNNuBY rexis E3 i E4 BuaBneHo He 6yno.
Omxe, B3aeMopfisa hoTonepiogy Ta eKCnpecii reHiB 3pinocTi TICHO NOB’si3aHa 3 perynsuieto a3oTHOro obmiHy Ta CUHTe3y
Oinka y pocrnvHax coi.

KntouoBi cnoBa: po3sumok pocnuH, mpueasnicmes OHsl, 3a2afibHUll a3om, po34uHHUU b6inok, cosi, E-eeHu
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®rnopa npoekroBaHoro HauioHanbHoro npupoaHoro napky “MxaHcbkun’
(XapkiBcbka obnactb). YacTuHa 1: 60poBi KOMNNeKcH
.M. BoHaapeHkKo

Ha TepuTopii XapkiBcbkoi obnacti 6opu manogocniaxeHi, a OXOpoHo 3abe3neyeHi nuiie He3HauHi NMoLLi COCHOBUX
nicis. Y Tom xe Yac ans 6opis Ta iXHLOro GiOPI3HOMAHITTS ICHYIOTb PU3UNKK, NOB’A3aHi i3 BUCOKUM PiBHEM rocnogapChbKol
JiSANbHOCTI, peKkpeauiiHOro HaBaHTaXXEHHS Ta 3a OCTaHHI 3 POk — 3 akTUBHMMM GonoBumu fiamu. Lle cnoHykae go
JocrigxkeHb Ta 36epexeHHa HanbinbL LiHHMX OINAHOK COCHOBUX MiCiB Ha TepuTopii XapkiBcbkoi obnacti. 3 meTo
OXOPOHWU AONMUHHUX KOMMNeKkciB p. Mox, y TOMy 4mcri i COCHOBMX niciB, Oyno 3anponoHOBaHO MPOEKT opraHisauii
HauioHanbHoro npupogHoro napky “MaHcekuin”. lMpoTtarom 2023-2024 pokiB MapLUpyTHO-PEKOrHOCLMPYBanbHUM
meTogom 6yno gocnigkeHo cnopy 60poBoi YacTMHK Napky. BctaHoBNeHO, Wo dnopa AocniaXeHoi Teputopii cknagae
529 Bugis, niggmais Ta ribpuais cyanHHMx pocnuH. Pitobiota NnpeactasneHa 81 poanHoto, cepen siKUX NPOBIAHUMU €
Asteraceae, Poaceae, Cyperaceae, Fabaceae, Rosaceae, Caryophyllaceae, Lamiaceae, Brassicaceae,
Plantaginaceae s.l., Apiaceae, Boraginaceae Ta Ranunculaceae. [lMpoBegeHun aHania cnopu 3a OCHOBHUMW
epadiyHMMKn hakTopamm nokasas, WO Yy CNeKTpi rirpoMopd nepesaxaroTb rpynu rirpome3odiTtis (24,3 %), me3odiTis
(23,4 %) Ta cybmesodiTis (23,0 %). MopiBHAHO i3 iHWKMMK gocnimpkeHumn 6opamn Ha TepuTopii XapkiBcbkoi obnacri,
JocnigXeHa TepuTopis XapakTepusyloTbCa Binblu BOMOMMMK Ta Pi3HOMaHITHUMKW ymoBaMu. 3a dakTtopamun BMICTY
HiTpaTiB, 3aranbHOro TPOHOCTI 'PYHTY Ta KUCNOTHOCTI cyGCTpaTy AOCNifKeHa TepUTOpist Mae TMNOBI YMOBM Ans 6opis
Ha TepuTopii XapkiBWwMHW. 3a pesynbTaTaMu aHanidy CcuHaHTponisauii ¢ropu BCTaHOBMEHO, WO CTyMiHb
TpaHcdopmauii cknagae 51,1 %, WO MeHLIE 3a aHanorivHi MOKa3HMKM iHLIMX NokanbHUX criop XapkiBcbkoi obnacTi.
TpaHcdopmalis BinbyBaeTbCcsi B OCHOBHOMY 3a paxyHok anodiTie (31,1 %). BusasneHo 106 yy>xopigHux BUAiB pOCnuH,
cepen AKX NoHag NonoBMHA Mae cepea3eMHOMOpPChbKe abo niBHIYHOAMEpPUKaHCbke NoxXomkeHHs. Cepel HUX € HOBI
ansa Xapkiscbkoi obnacti Bugn: Commelina communis, Bidens connata Ta Sedum album. Tig yac pgocnigpxeHb 6yno
BusBneHo 40 oxopoHioBaHux Bugie pocnuH. Cepea Hux 10 BuaiB BkMoYeHi Ao YepBoHOI kHurn Ykpainu (Botrychium
lunaria, Epipactis helleborine, Neottia ovata, Pulsatilla pratensis, Stipa borysthenica Ta iH.), 3 Buan — go Pe3sontouii 6
BepHcbkoi  koHBeHUiT (Jurinea cyanoides, Pulsatilla patens Ta Salvinia natans) Ta 30 — OXOpOHsSIIOTbCA Ha
perioHanbHoMy piBHi (Bistorta officinalis, Comarum palustre, Dryopteris carthusiana, Paris quadrifolia, Pyrola
rotundifolia, Thelypteris palustris Ta iH.). Takox BUSIBNEHO HU3KY PiaKiCHUX B 0bnacTi BUAIB, siki HE MalOTb OXOPOHHOIO
ctatycy (Carex remota, Luzula pilosa, Peucedanum palustre Ta iH.). 3Ha4Ha YacTka pigKiCHUX Ta OXOPOHIOBaHUX BUAIB
3HaxXO4ATLCS Ha NiBAEHHIN MeXi CBOro po3MnoOBCIOIKEHHSA, TOMY Ha TepPUTOpIi AOCNiAXEHHS € 0COGNMBO BPa3nNUBUMM.

KnwouoBi cnoBa: 6iopizHomaHimms, pidkicHi eudu, 4yxopidHi eudu, eibpudu, npupodHO-3anogidHuli ¢hoHO,
0X0pOHtosaHi mepumopii, Cmapazdosa mepexa, donuHa pidku Mox, Xapkiecbka obracmb

LYumyeaHHsi: BboHOapeHnko [.M. ®nopa npoekmosaHo2o HayioHanbHo20 mnpupodHo2o napKy “MxxaHcbkul”
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BcTtyn

3rigHo 3 gaHumu ExkonoriyHoro nacnopTy (EkonoriyHmia nacnoprt..., 2024b) ctaHom Ha noyaTok 2024
POKyY BiCOTOK 3anoBigHWX TepuTopin cknagae nuwe 2,4 % Big 3aranbHOi nnoLi XapkiBcbkoi obnacri. Lle
OOMH HaMHKYMX MOKa3HWKIB MO YKPaiHi, KM NocTynaeTbcsa nuwe BiHHMubKi obnacTi, y SKOi MOKasHUK
«3anoBiaHOCTI» TepuTopii cknagae 6nusbko 2,3 % (EkonoriyHmin nacnopT..., 2024a). BignosigHo 0o
OcHoBHUX 3acap (cTpaTeril) AepXaBHOI ekonoriyHol nonitukn (3akoH YkpaiHu..., 2019) Ta Yroam npo
acouiauito 3 €Bponericbkum coto3oM (Yroga..., 2023) YkpaiHa Mae 30inbLnTM NoLLi 3anoBigHUX TEPUTOPIN
32 paxyHOK CTBOPEHHS HOBMX i PO3LUMPEHHS MEX BXKE iCHYIOUNX MPUPOAOOXOPOHHMX 06’ekTiB. 3 ornsgy Ha
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ue, AoCnifKeHHs NepcnekTUBHUX AN 3anoBigaHHSA TEPUTOPIA € akTyanbHUMK ONs Hawoi gepxasn. He
OVBNSAYNCL HA HU3bKUIW BIACOTOK 3amnoBIiAHOCTI Y PErioHi, HayKOBLSMMW i3 Pi3HMX IHCTUTYUi XapKiBCbKOI
obnacti po3pobneHo NpoeKTM Ta O6I'PYHTOBAHO CTBOPEHHS HU3KM 00 EKTIB NPUPOAHO-3anoBigHOro oHay
pi3HuX piBHiB (Be3poaHoBa Ta iH., 2024; ATemacoBa Ta iH., 2021; 3sariHuesa, 2020 ToLuo).

Bopn Ha TepuTopii XapkiBcbkoi obnacti gocnimxkeHi dparmeHTapHo. [lepeBaxHa 6inbLiicTb
JocnigxkeHb cTocyeTbca OopiB y cepenHin Tedii p. CiBepcbkuii [oHeub Ta y mMexax HauioHanbHoOro
npupoaHoro napky «CnoboxaHcbkuin» (Ermolenko, Gorelova, 1977; Gorelova, 1987; Gorelova, Drulyova,
1987; Ermolenko, 1992; ®inaTtoa, Knimos, 2008; KasapiHoBa Ta iH., 2021...). Ekonoro-pnopucTunyHi
AOCNioKEeHHS COCHOBMX 1iCiB OCTaHHIM 4YacoM TakoX npoBoaunucs y mexax m. Xapkis (Gamulya et al.,
2011), ogHak 6opu y OoNMHaxX iHWKUX Manux pidok 3anuwialTbest ManogocrnigpkeHnmn. Kpim toro, nuwe
He3HauHi NoLLi COCHOBMX ficiB Ha TepuTopii XapkKiBCbkOi 0bnacTi BKMOYEHi 40 Mepexi 00’ekTiB NpupoaHo-
3anoBigHoro ¢oHay. OXxOopoHOK oxonsfeHi Gopu y Mexax HauioHanbHUX MPUPOOHUX NapKiB
“CnoboxaHcbkun” Ta “IomMinbluiaHcbki nicu”. Tpyn ubOMy Ha TepUTOpii OCTaHHBLOro BGOpK 3HAxXOoAsTbCS Y
rocrnogapcbkin 30HI napky i NpeacTaBfieHi NepeBaXHO MOHOKYNbTypamMu COCHUM 3BMYalHOI. BoHM
XapakTepusyrTbCA HU3bKMM piBHEM OIOTOMIYHONO Ta BWOOBOMO PI3HOMAHITTS Ta BUCOKMM pPiBHEM
aHTPONIYHOIO HaBaHTaXeHHs. TakoX Ha XapkiBLMHIi CTBOPEHO HU3KY fOKaNbHUX 3aKa3HWKIB, SKi
OnNiKyt0TbCA OXOPOHO B60opoBMX kKomMnekciB. MNMpoTe nepeBaxHa BINbLUICTL i3 HUX TakoX 30CepeKeHHi Ha
OopoBin Tepaci y cepegHin Teuii CiBepcbkoro [iHus  (nicoBi  3akasHukm  “KynakiBcbkuin”,
“CepegHbogoHeubkuin”;  naHgwadpTHi - 3akasHuku  “ManuHiscbknin®,  “KpenpsaHcbka nicoBa  gada’,
“CaBuvHCbka nicoBa Aava”) i nuwe He3HayHa YacTka — y AONUHAxX Manux pivok (3akasHuk “I'puropiscekuii
6ip”) (KnimoB Ta iH., 2005).

OcHoBHUMM 3arpo3amu ans 6opiB Ha TepuTopii XapkiBCcbkoi 06nacTi € BUCOKUIA aHTPOMIYHUA TUCK,
30KpeMa pekpeaLiiHe HaBaHTa)XeHHs Ta rocnogapcbka AisnbHicTb. MNepeBaxHa BinbLUICTb COCHOBMX NiciB
npeacTaBneHa LWTYYHUMM MOHOKYNbTYpaMy COCHM 3BMYaMHOI, sKi BUPYOyrOTbCA AN MNPOMUCIIOBOI
3aroTiBni AepeBuHN. 3a OCTaHHI PoKM 36iNbLUMNNCSA BUMALKN MICOBMX MOXEX, LLO CTAHOBNATbL 0COONMMBY
3arpo3y ans 6opie. 3pocTaHHA puU3NKIB MOB’A3aHi i3 MNiABULLEHHAM CepedHbOpiMHUX TemnepaTyp Ta
TpuBanumm nepiogamu niTHeoi nocyxum. Kpim Toro, novnHaroum 3 2022 poky, NOXexi TpannaTbCs YacTiwe
BHacnigok BeAeHHs1 6oMoBux Ain Ha TepuTopii XapkiBCbkoi obnacri.

3 ormnsagy Ha HM3bKY 3anoBigHIiCTb OopiB Ha TepuTopii XapkiBCbkOi 0bnacTti Ta BWCOKI pU3MKW,
CNPUYMHEHI rOCMOAApPCLKOK AiSANbHICTIO, MOXeXaMu Ta BiINCbKOBMMU OiAMUW, akTyanbHUM 3aBOaHHAM €
po3LwmnpeHHs Mepexi 06’ekTiB MNpupoaHo-3anosigHoro oHdy YKpaiHM 3a paxyHOK 3anoBigaHHs HanbinbLL
UiHHMX ainaHok 6opis. ¥ 2018 p. yacTtuHy gonvHu p. Mox nnowet 12 658,48 ra 6yno BkMYeHO OO
Cwmapargosoi Mmepexi (Mozh River valley; site code: UA 0000299) (Updated list..., 2024). Ha uin Teputopii
TakoX npepcTtaeneHi 6oposi komnnekcn gonuHu. OgHak 3akoH npo CmapargoBy Mepexy, SKUiA peryroe
cTaTyc Ta peXxunMm BUKOPUCTaHHSA TEPUTOPIN, WO BKtoYeHi y CMapargoBy Mepexy, A0Ci He NPUAHATUN | He
iMmnnemeHToBaHun BepxosHoto Pagoto YkpaiHu (IpoekT 3akoHy..., 2025). Takum YMHOM, 3anponoHOBaHi
[0 OXOPOHU TepUTOPIi y A0NMHN p. MoX AOCi He MalTb PakTUYHOI OXOPOHWU. EANHUM JiEBUM CMOCOGOM
3abe3neynTn 3anoBigHUA pPexXnM UiEi TepuTopii — CTBOPEHHS MPUPOAHOro MapKy 3aranbHOAEep)KaBHOMO
piBHS. 3 Li€0 METOI HayKoBLSIMM 3 XapKiBCbKOro HauioHaneHoro yHisepcutety imeHi B.H. Kapasina 6yno
3anponoHoBaHO CTBOpUTU HauioHanbHWi npupogHui napk “MxaHcekuin” (Tokarskaya et al., 2017), akun
BKIMOYA€E YaCTUHY JonuHKU p. Mox 3 ii 3annaBHuMn Ta 60POBUMU KOMMSEKCAMMN.

Martepianu i meToau

HocnipkeHHss npoBoAUNUCS MNPOTAroM  BereTauiiHux ce3oHiB  2023-2024 pp. y  Mexax
npoekToBaHoro HauioHanbHoro npupogHoro napky “MaHcbkui”. MapLupyTHUM MeTOAOM BUSABMSNOCH
Pi3BHOMaHITTS CyAMHHUX pocnuH. MapLupyT nponsrae y pi3HMX Tunax 6ioTonie, NnpeacTaBneHnx Ha TepuTopii
NnepcneKkTMBHOIO NPUPOLOOXOPOHHOIO 06’eKTy. 3aranbHUn MapLUpyT cknas 6rmM3bko 215 km.

CknapgeHo aHoToBaHUW nepenik cyauHHux pocnuH HIM  «MxaHCbkuin» Ha OCHOBI BRacCHUX
crnocTepexeHb, AaHux 3 nitepaTypu Ta BigkpuTux 6a3 gaHux 3 GiopisHomaHiTTa (GBIF, 2025; UkrBIN, 2025;
iNaturalist, 2025), a Takox peBisii poHaiB Mepbapito XapKiBCbKOro HauiOHaNbHOIO YHIBEPCUTETY iMEHI
B. H. Kapasina CWU T1a HauioHanbHoro repb6apito Ykpainm KW (IHctuTtyT 60TaHikv imeHi M. . XonogHoro
HAH Ykpainn, m. KuiB). AHOTauig OO KOXHOro BMAy MICTUTb iHPOpMaLilo NpO MOLWMPEHi B YKpaiHCbKIN
HayKoBil niTepaTypi CUMHOHIMIYHI Ha3Bm (Mosyakin, Fedoronchuk, 1999; Dobrochayeva et al., 1987,
Gorelova, Alyokhin, 2002), Tun apeany, ekomopdu, pakuiiHy NPUHANEXHICTb, CTaTyC OXOPOHU TOLLO.
HomeHknaTypHi Ha3Bu BMAaiB nofaHi BignosiaHo Ao Plants of the World Online (POWO, 2025).
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Flora of the projected Mzhasnkyi National Nature Park (Kharkiv Region). Part 1: Pinewood complex

EkonoriyHmin aHania c¢dnopu npoBoguBcs 3a 4 epadivHMMKU (3aranbHe 3BOJIOXKEHHS ['PYHTY,
KACNOTHUA Ta 3aranbHUA CONMbOBUIA pPeEXMMWU CcyOCcTpaTy Ta BMICT HIiTpaTiB) Ta 2 KNiMaTUYHUMMU
(KOHTMHEHTanNbHICTL KIiMaTy Ta OCBITNEHICTb) pakTopamu 3 BUKOPUCTAHHAM €KONOoriYHux wkan A. T1.
Oinyxa (Didukh, 2011).

TpaHcopmadito  cnopu  ouiHioBanM 3a  iHOeKcamu  CuMHaHTponisauii, anoditmsauii  Ta
aHTponodiTmaalii citobiotn (Kornas, 1968):

IS = wx 100 %

ae 1S — iHgekc cuHaHTponisauii; An — aHTponoditn (agBeHTUBHI BUAM); Ap — anoditu (CMHAHTPONHI
aBTOXTOHHI BMau dropu); N — 3aranbHa KinbKicTb BUAIB HA TepUTOPIT AOCTiOKEHHS

1Ap =2 100 %
N
ae |Ap — iHgekc anodpiTmusauii ’
A
IAn = T” x 100 %

ne 1An — aHTponoditnsaui

®pakuiriHi gocnigpkeHHs npoBoaunucsa 3a cheuianisoBaHumu nybnikauigmm (Protopopova, 1991;
Gorelova, Alyokhin, 2002; Protopopova, Shevera, 2014; Dvirna, 2014; Zvyagintseva, 2015).

OxOpoHHWUIA cTaTyCc BMAB NEepeBipsiBCS 3a MPUPOLOOXOPOHHUMM OOKYMEHTaMKM Pi3HOro  piBHS
(PiweHHs..., 2001; YepBoHa kHura..., 2009; Convention..., 1979; MNepenik..., 2021; CITES, 2024; [UCN, 2024).

3anuc mapwpyTy Ta dikcauia koopauMHaT Micue3pocTaHb PiaKICHUX BWAIB 34iCHIOBaBCSA Y
MoGinbHoMy 3acTtocyHky Guru Maps (https://gurumaps.app/). KaptorpadiyHi martepiann CTBOpeHi y
nporpami QGIS 3.40 Bratislava (QGIS, 2024).

MonepenHi pesynbTaTn gocnimkeHb hnopu Teputopii npoektoBaHoro MxxaHcbkoro HauioHaneHoro
NPMPOOHOro MPUMPOOHOr0 MapKy BUCBITNEHO Yy Aekinbkox nybnikauisx (Siranskyi, Bondarenko, 2024;
Bondarenko, 2024; Bondarenko et al., 2024; CipaHcbkuii, BoHaapeHko 2024; BoHaapeHko Ta iH., 2023;
Bondarenko, 2023).

XapakTepucTuka TepuTopil gocnimxeHHsA

Y 2017 p. rpynoto HayKoBLLiB 3 XapKiBCbKOro HaLjioHanbHoro yHisepcuTeTy imeHi B. H. KapasiHa 6yno
onybnikoBaHoO MaTepianu 4o cTBopeHHs HauioHansHoro npupoaHoro napky «MxaHcbkuny (Tokarskaya et
al., 2017). 3aranbHa nnowa NpoekToBaHoro ob’ekTy cknagae 9 Tuc. ra. AOMIHICTPaTMBHO MPOEKTOBAHUMN
napk po3TalloBaHuin y Mmexax XapkiBCcbkoro Ta YyryiBCbKoro panoHis Xapkiscbkoi obnacTi (puc. 1). Mapk
posTawoByeTbca MixX M. Mepecdpa Ha 3axogi Ta m. 3miiB Ha cxogi. MxxaHcbkmin HIIM npeacrtaensde coboto
GopoBi Ta 3annaBHi komnnekcu gonuHu p. Mox (npaea nputoka p. CiBepcbkuin [JoHeub). Y Uin cTaTTi
po3rnsigaceTbCs Xapakrtepuctvka i dropa “O0opoBoi” 4YacTMHM Mapky. XapakTepucTuky Ta dnopy
“3annaBHoi” YacTuUHM Oyae po3rnsiHyTO y HAcTYNHIN cTaTTi.

TepuTopisa gocnigkeHb xapaktepusyeTtbca 6araTum 6ioTONIYHMM PIBHOMAHITTAM, O BMNMBAE i HA
bGarate BMOoOBe pi3HOMaHITTS napky (BespogHoBa Ta iH.,, 2021). Y 6GopoBuMX KoMmMnekcax napky
npeacTaBreHi Sk LUMPOKO nowumpeHri Ha Teputopii JliBoGepexkHoro Jlicocteny cyxocTtenosi 60pu nepeBaxHO
LUTYYHOrO MOXOMKEHHS, TakK i Binbll pigkicHi y XapkiBcbkin obnacTi me3odiTHi Ta 6onoTucTi cybopu Ta
cyrpyau. Y noHmxeHHsx 60poBoi Tepacu Hepiako hopMyHTbCH CBiXi, BOMOTi Ta iHOAI TUMYACOBO 3a60M0YeHi
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Puc. 1. Kaptocxema npoeKTOBaHoro HauioHanbHOoro npupogHoro napky “MxaHcbkun”.
Basosa mana: Google Terrain
Fig. 1. The map of the projected Mzhanskyi National Nature Park. Base map: Google Terrain

BioTonu: BepOHSAKM, BiNbLUHAKKN, GEPE3HSIKN, OCUYHWMKK, 3HMKaoMi y perioHi cdparHosi 6onoTta Towo. B
okonuusax M. Mepedpa 3HaxoanTbCs AinsHka npupoaHoi Aidbposu. Yepes TepuTopito napky, okpim p. Mox,
TakoxX npoTikae pivyka boposa (nisa nputoka p. Mox) Ta gekinbka nepecunxarumnx y niTHi nepio CTPyMKIB.
Y TOW xe 4yac eKoCMCTeMM MPOEKTOBAHOro Mapky niggatoTbCcA TpaHcdopmauii BHAcnigoK OisnbHOCTI
MNOAVHK, Y TOMY YuCHi rocnogapcbkol. TepuTopieto napKy NpoxoaaTb 3ani3HWYHI LWASXKY, WO Cnony4varTb
micta Mepedpa Ta 3miiB. Kpim Toro, Ha Teputopii QOCNiAXEeHHS 3HauyHi NNoLi 3anMatoTb pyoKM Ta WinbHi
monofi MOHOKYNbTypu Pinus sylvestris L., piawe — Quercus rubra L. Bupybku 3aimae pyaepanbHa
POCINUNHHICTb, y4acTb Yy (popMyBaHHi AKOi OepyTb y TOMy 4vchi agBeHTMBHI BUAW pocnuH (Ambrosia
artemisiifolia L., Artemisia absinthium L., A. vulgaris L., Erigeron annuus (L.) Pers., Oenothera biennis L.
Towo). Okpemumun mxepenammu TpaHcdopmauii ¢nopu napky € HaBKOMULUHI HaceneHi NyHKTU Ta TXHi
KnagosuLa, siKi 4acTo € LeHTpaMu NOLMPEHHS YyXXOPiAHUX BUAiB. He AMBNSAYNCH HA 3HAYHE aHTPOriYHe
HaBaHTaXeHHs, NPOEKTOBaHWMIA Napk 36epirae ocepeakn NPUPOAHOrO Pi3HOMaHITTS.

Pe3ynbtaTt Ta O6roBopeHHs

CuctemaTnyHa CTpyKTypa. 3a pesynbTtatamy MNOMbOBMX AOCMiAKEHb Ta aHanidy AgaHux 3
nitepatypu Ta BigkpuTux 6a3 gaHux 3 BiopisHOMaHITTA BCTaHOBNEHO, WO dnopa “6opoBoi” yacTuHU
NPOEKTOBAHOro HauioHanbHOro NpMpoAHoro napky “MaHCbKUI” CTaHOM Ha CbOroAHi cknagae 529 suais
3 81 poanHu cyanHHUX pocnuH (goaaTok). MNpoBigHMMKU 3a ynucnom BuaiB poauHn € Asteraceae (64 suais
—-12,1 %), Poaceae (51 Bug — 9,8 %), Cyperaceae Ta Fabaceae (no 26 suais — 4,9 % y koxHin), Rosaceae
(24 Bnaon — 4,6 %), Caryophyllaceae Ta Lamiaceae (no 22 suau — 4,2 % y koxHin), Brassicaceae (18 sBuais
— 3,4 %), Plantaginaceae s.l. (17 Bugis — 3,2 %), Apiaceae, Boraginaceae Ta Ranunculaceae (no 16 sugis
— 3,0 % y KOXHiIK). |HWi poauHW NpeacTaBneHi MeHLWM YUCOM BUAIB i pa3oM BOHU cknagatTb 39,9 % Big
3aranbHOi pnopu AocnigXeHol TepuTopii. Y 3aranbHMX pucax ChnekTp MpOBiOHMX poauH Bignosigae
posnoginy poauH y dnopax nogibHux Teputopin Xapkiscbkoi obnacti (Gorelova, 1987; Ermolenko, 1992;
Gamulya et al., 2011; KasapiHoBa Ta iH., 2021).
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[o pogaiB i3 HanBinNbWKMM pisHOMaHITTAM HanexaTb: Carex L. (22 Buawn), Veronica L. (11 Bugis),
Ranunculus L. (10 BugiB), Galium L. (7 BuaiB), Juncus L., Rumex L., Trifolium Tourn. ex L. Ta Viola L. (no
6 BuaiB y KoxkHomy), Acer L., Poa L., Salix L., Silene L., Tragopogon L. Ta Vicia L. (no 5 BugiB y KoxxHomy).

ExkonoriyHun aHania c¢nopu. AHaniz ¢nopu 3a akTopoM 3aranbHOro pPexuMmy 3BOMOXKEHHS
cybcTpaTy nokasas, WO Yy Griopi NepeBaxalTb POCNUHU, SKi TSXKiOTb A0 MICLLEe3pOCTaHb i3 MOMIpHUM
PEXMMOM 3BONOXEHHA Ta A0 6nnsbknx ymoB (puc. 2). HanbinbLoto rpynoto y cknagi gitobiotv BuaBmnucs
rirpome3oiTh, AkMx HanivyeTbea npuHaimMHi 128 suais (24,3 %). He3Ha4YHMM YMHOM NOCTYNalTLESA rPynu
Me30- Ta cybmesodiTiB, akux Hanidyetscs 123 (23,4 %) 1a 121 (23,0 %) Buais BignosigHO. 3Ha4He
nepeBaXKaHHs LMX eKoMopd CBiAYMTb NPO NOMIPHUIN PEXUM 3BOSTOXKEHHSA “O0POBOI” YaCcTUHM Napky. Y Ton
e Yac HaMu BUSIBIEHO TPYMuW, XapakTepHi Ofis Nepes3BOSyIOKEHUX Ta BOAHWMX GioToniB, — rirpodity,
neprirpoditk, cybrigpoditn Ta rigpoditn, Aki pasom cknagatoTe 98 Bugis (18,6 %). Lli pocnuHu Gynu
30CepeKeHi, FONOBHMM YMHOM, Y NMOHMXKEHHAX GOPOBOI Tepacu Ta HaBKOMO ficoBux 6oniT. Ha Bupybkax,
BIOKPUTMX NiLaHMX ransiBUHax Ta CyxocTenoBmx 6opax BUsIBNEHO NPeACcTaBHUKIB rpyn GifbLuU NOCYLLNIMBKX
yMOB — cy6KcepodiTh Ta KcepodiTu. IxHs 3aranbHa KinbkicTb cknana 29 suais (5,5 %). MopiBHAHO 3 iHWMMK
B6opamu Ha TepuTopii Xapkicebkoi obnacTti (Ermolenko, 1992; Gamulya et al., 2011; Bezrodnova, 2014;
KasapiHoBa Ta iH., 2021) gocnigXeHi niCoBi MacnBU xapakTepuayoTbCs BiNbLUMM Pi3HOMaHITTAM YMOB Ta
BinbLUOK BOMOrICTHO.

AHania dnopu 3a HakTOpOM KUCHOTHOCTI I'PYyHTY MokasaB XapakTepHuin ansa 6opis XapkiBCbKOI
obnacTi posnogin (puc. 2). NepeBaxaloTb POCNMHKW, aaanToBaHi 40 I'PYHTIB 3 HEMTPAanbHOK peakuieto, —
312 Buais (59,3 %). 3HauHa yvacTka (145 Buais — 27,6 %) dnopw npegcrasneHa cybaumgodinamu, ski
HadalTb nepeBary crnodokucnMm cyoctpaTtam. binblicTb NpeacTaBHUKIB rpynu aungodinis — ue TMNOBI
npeacTaBHUKM NcaModiTHMX LeHosiB (Jasione montana L., Herniaria polygama J.Gay, Psammophiliella
muralis (L.) Ikonn., Scleranthus annuus L., S. perennis L., Sempervivum ruthenicum Koch ex Schnittsp. &
C.B.Lehm., Juncus bufonius L. Ta iH.).

Takox 6yno npoaHanizoBaHo ¢riopy akTopoM 3aranbHOro TPodiYHOro pexumy rpyHTy (puc. 2).
AHani3 nokasas, Lo y dropi nepeBaxatoTb cemieBTpodu — 249 BuaiB (47,3 %). 3HavyHa yacTka itobioTn
HanexuTb Ao rpynu esTpodis — 166 Bugis (33,6 %). Lli rpynun Takox nepesaxatoTb y ropi iHwux 6opis
Ha TepuTopii XapkiBwmHu (Ermolenko, 1992; Bezrodnova, 2014; KasapiHoBa Ta iH., 2021).

3a dpaktopom BMICTY HiTpaTiB y cybcTparti y dnopi gocnigxeHoi TepuTopii nepesaxatoTb rpynu
HITpOINiB Ta remiHiTpodpinie, Akux Hanivyetbesa 210 sugis (39,9 %) ta 175 Buais (33,3 %) BignosigHO
(puc. 2). AHiTpodbinu Ta eBHITpodinNu cknagaTb NPUBNN3HO OQHAKOBY YacTKy y iTOBIOTI i HApaxoBylOTb
55 (10,5 %) ta 58 (11,0 %) Buais BiANOBIAHO.

AHania dnopu 3a kniMatuyHUMKM dakTopamu, 30Kpema, PakTOPoOM KOHTUHEHTarnbHOCTI KniMaty
(pvic. 3) nokasas, Wo y dropi 4oCnigKeHOT TepUTOopIi NepeBaxaroTb XapaKTepHi Ans XapkiBCbkoi obnacTi
remikoHTUHeHTanu. Lia rpyna Hanivye 263 Bnaw, WO cKknagae NofnoBuHY Big BUABMEHOT hiTobioTn. Maixe
O[HAKOBMM YMCIIOM BWAIB NpeacTaBreHi rpynu reMiokeaHiyHnx Ta CyOKOHTUHEHTanbHUX pocruH — 107
(20,3 %) Ta 105 (20,0 %) BuAais BiAMNOBIAHO.

3a pesynbTaTtamu aHanidy reniomopc BCTAaHOBMEHO, LLIO MOHAA MOMOBUHA BUAIB HANEXWUTb OO rpynu
cybreniogiTie — 295 Buais (56,1 %) (puc. 3). Lia rpyna 3aranom xapaktepHa ans ceitnux nicis. enioditn
TaKOX CKNagalTb 3HaYHy YacTKy Ha TepuTopii gocnimkeHb — 128 suais (24,4 %). emicumodpiti Ta cumodpitn
pa3om HanivytoTe 76 Bugis (14,4 %). OcTtaHHi OBi rpynn B OCHOBHOMY Oynu 30cepemkeHi Ha AinsHui
NpUPOAHOI AIBpOoBM Y NIBHIYHO-CXiQHMX okonuusax M. Mepeda Ta y TiHUCTMX cybopax Ta BinblUHSAKaX, LLO
cnopaguyHo TpannskoTbCs MO BCi TEpUTOPIi AOCHIMKEHHS. 3a PeX1MOM OCBITNEHHS AOCTifKeHa TepuTopis
GinbLl pisHOMaHiTHa 3a 6opwu B okonuusax cc. Mpadcbke Ta CumoHiBka (HYyryiBcbkuin p-H) (KasapiHoBa Ta iH.,
2021) 3a paxyHOK BinbLUOT KiNbKOCTi BioToNiB, NPeACTaBNEHMX LMPOKONUCTAHUMM flicamu.

OTxe, 3a pesynbTaTamy €KOMOriYHOro aHanisy cropu BCTAHOBIEHO, WO YMOBW Ha TepuTopil
NPOEKTOBAHOIO NapKy MatoTb CNifbHi pUcK 3 iHWKMK 6opamum Ha TepuTopii XapkiBwuHu. OgHak 3a 4eskumm
hakTopamu, 30Kpema, 3aranbHOro 3BOJIOXKEHHS CcyOcTpaTy, TEPUTOPIA OOCNIMKEHHA XapaKTepusyeTbCsl
GiNblLIMM PiIZHOMAHITTAIM YMOB i HabnwxkaeTbca o ymoB MNoniccs (AHapieHko, 2006). Takum YynHom, 6opu
MPOEKTOBAHOIO NapKy MOXHa BBaXXaTW eTarnoHHUMK A58 TepuTopil XapKiBCbKOI 06racTi, OCKifNbKM MatoTb
XapakTepHi ansa perioHy ocobnmMBOCTI, ane BogHOYAC YHiKarnbHUMM, LLO MiOKPECITIOE BAXIUBICTb OXOPOHMU
BGOpOBUX KOMMNIIEKCIB AONMMHN p. MOX.

Cepisi «Bionorisiy, Bun. 44, 2025
Series “Biology”, issue 44, 2025 ISSN 2075-5457 (print), ISSN 2220-9697 (online)



.M. BoHpapeHko
H.M. Bondarenko

Hd Re
140 350
120 300
'E-{ 100 5 250
-] -
g & 200
e 60 § 150
o
(5]
5 4 3 100
20
50
0 ||
R I ’ "
@ 2@ E
g & & F F &S F S S &° & & Q@'@
49 & R F & RS s SR o o <& gy
o & PO ' < & o N P
59\) co\‘)e (50’ QV} ¥ '\'Q Q’fb \;@ 0})
& ) <® % %°
Sl Nt
300 250
250 _ 200
5 3
g 200 g 150
g z
3 150 2
] g 100
3 100 £
T 50
50
0 O N s N .
@ @ e @ R\ g @ o
g & & & &£ &£ &F & & & &
« ,5 58 0 © \s § & § «° &
S$ & P &S S S 28 S § & R
& K & 3 v & & &
¥ ¥ Y
%25“ F &5 & & 2@

Puc. 2. ExonoriyHi pexumun 3a aktopamu epacdotony: Hd — 3aranbHUN pexuM 3BOMOXEHHS ['PYHTY;
Rc — kucnoTHicTb rpyHTy; S| — 3aranbHuii TpodivHMi pexum cybetpaty; Nt — BmicT HiTpaTiB y cybcTpari. Ctpinka
BKa3ye HanpsiMOK 3pOCTaHHS iHTEHCUBHOCTI Aii dhakTopy.

Fig. 2. The ecological regimes by edaphotope factors: Hd — general humidity of soil; Rc — the acidity of soil; SI —
the common trophic regime of substrate; Nt — nitrogen content in substrate. The arrow indicates the direction of the
factor intensity increasing.
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Puc. 3. EkonoriyHi pexumum 3a cbaktopamum knimatony: Kn — KOHTUHEHTanNbHICTb KniMaTy; Lc — pexuvm ocBiTneHHs
Fig. 3. The ecological regimes by climate factors: Kn — climate continentality; Lc — luminosity regime

®pakuitHa cTpyKTypa Ta cTyniHb TpaHcdopmauii donopun. JocnigkeHHss dopakLiiHOT CTPYKTYpK
¢ropy NPOEKTOBAHOroO MapkKy nokasanu, Lo ¢rnopa cKnagacTbCa 3 YOTUPLOX (PpakuUin: aBTOXTOHHMUX,
anoiTHMX, agBEHTMBHUX BUAIB Ta co30qiTiB. Hanbinblly dpakuito driopu cknagaroTbe aBTOXTOHHI BUON —
220 Bugie. ®pakuia anoditie cknagae 164 suaun, agseHTMBHUX — 106 BMAIB.

[nsa ouiHkn cTyneHio TpaHcdopmalii pnopn B6yB po3paxoBaHUM iHOEKC CMHaHTponi3auii dniopu 3
nepepaxyHKOM Ha BiACOTKM:
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®riopa npoekmosaHo2o HauioHarnbHo20 npupodHoeo napky “MxaHcekull” (Xapkiscbka obriacme). YacmuHa 1: 6oposi komrnekcu

Flora of the projected Mzhasnkyi National Nature Park (Kharkiv Region). Part 1: Pinewood complex

164 + 1
IS = 652706 x 100 % =51,2 %

MokasHWK cMHaHTponi3aLii onopy NPOEKTOBAHOIrO NapKy A4OCTaTHbLO BUCOKUA, OOHAK MEHLUMA 3a
Lewn xe nokasHuk ans ypbaHodnopu M. XapkoBa, sikui cknagae 57,5 % (3sgariHuesa, 2017), i 3Ha4HO
MEHLLMIA 3a NokasHuK Ans dnopu 6opie B okonuusax cc. 'padebke Ta CumMoHiBka (YyryiBcbkuii p-H), ae
iHOekc cuHaHTponisauiii carae 64,2 % (KasapiHoBa Ta iH., 2021). TpaHcdopMauis dnopu gocnigxeHoi
TepuTopii BiobyBaeTbCA NepeBaXXHO 3a paxyHOK aBTOXTOHHUX CUMHAHTPOMHUX BMAiB (anoqiTie). Mpo ue
CBia4MTb po3paxoBaHi iHaekcu anoditnsadii (IAp) Ta aHTponodiTusadii dpnopwm (1An):

164

IAp =—527 x 100 % =31,1%
106

IAn=Wx 100 % = 20,1 %

AnodiTn TakoXx nepeBaxarTb Yy CUHAHTPONHIN dpakuii dprnopu Gopie B okonuusax cc. Npadcbke Ta
CwumoHiBka (HyryiBcbkuin p-H) y cepegHin Teuii Ciepcbkoro [iHusa (KasapiHosa Ta iH., 2021). Y Tol e yac
NpoBigHy ponbk y TpaHcdopmauiii ypbaHodnopyu M. XapkoBa BifirpaloTb agBeHTUBHI BUan (3BsriHueBa,
2017). Ue cBiguntb npo Ginblw “npupogHuii” xapaktep TpaHcdopmadii dgpnopu 6GopiB Ha TepuTtopii
XapKiBLLMHW, 30Kpema Griopy TEPUTOPIT NPOEKTOBAHOIO Napky.

"eorpadiyHmit aHanis agBeHTUBHOI dopakLii hnopu nokasas, WO nepeBadkHa BinbLUICTb YyXXOpigHMX
BMAIB MaloTb CEPea3eMHOMOPChKE Ta NiBHIYHOAMEpPUKAHCbKE NMOXOAXeHHS — 32 Ta 23 BuAau BignosigHo,
WO pasom cknagatTb binbwe nonosuHu (52,4 %) Big agBeHTMBHOI dbpakuii dprnopu. IHWIi reoenemeHTu
npeacTaBneHi MeHLW MM YMCOM BUAIB, ane i cepef HMX BinbLUiCTb BUAIB Mat0Tb MOXOMKEHHS, MOB’A3aHe i3
AasHim CepeasemHomMop’sam. 3a cnocobom 3aHoCy BinbLUicTb agBEHTUBHNX BUAIB — kceHoditn (61,0 % Big
afBeHTUBHOI (bpakuii), 3a yacom 3aHocy — keHoiTh (54,3 % Big agBeHTMBHOI dpakLii).

ApBeHTMBHI Buau. lig yac nonboBUX [OCNimMKeHb Oyno BUSBMEHO HU3KY YYXOPIOHUX BUAIB,
BiJOMOCTEN MpO SKi Ha TepuTopii XapkKiBCbKOi 06nacTi HegocTaTHbO. KOpoTki HOTATKM Npo AesiKi 3 HUX Bynu
onybnikoBaHi y nonepefHix nybnikauisix (Bondarenko et al., 2024; boHaapeHko Ta iH. 2023; Bondarenko,
2023). Cepen manogocnigxXeHux Yy>xopigHux Bugis, 3okpema, Oenothera villosa Thunb. (puc. 4A), sika mae
NiBHIMHOAMeEpUKaHCbKEe MOXOMXEHHA. Ha TepuTopii gocnigkeHHs uen Bug TpannsaeTbCs NepeBaxHO MiXK
M. 3miiB Ta c. ApTioxiBka i pigwe — 6ins cc. TumueHkm Ta Mupropogn. Bug 3poctae y cknagi MapriHanbH1x
yrpynoBaHb, 30e6inbloro Ha niwaHux y3bivusax, yaniccax, supybkax towo. MNonynauii Bugy ctabinbHi,
MOBHOYMEHHI Ta CKNaaalTbCs 3 COTEHb OCOOUH. 3adhikCOBaHO UBITIHHA Ta NNOAOHOLLEHHS POCIVH.

Mo BCivi TepuTOPIi AOCNIMKEHHS YaCTO TPaNMSETbCS iHWMN ManoBigomMui ansa XapkiBcbkoi obnacTi
niBHiYHOaMepukaHcbkun Bua — Juncus tenuis Willd. (puc. 4B). Ha Teputopii gocnigKeHHs BiH TakoX
3poCTae y cknagi MapriHanbHUX YrpynoBaHb, OAHAK iHOAI TpannseTbCa Yy Nici, Ha CBRKMX MillaHnX
cybcTpaTax. Bug 6yB 3agpikcoBaHuii y pisHuX nokaniteTtax Big M. Mepeda go m. 3miis. MNonynsuii ctabinkHi,
MOBHOYSEHHI, OAHAK MaloTb NepeBaXHO IoKanbHWUIA XapakTep. BusBneHo ocobuHn Ha deHodasax
BereTallii, UBiTIHHS Ta NNOAOHOLUEHHS.

Mig Yac gocnimkeHHs O6yno BMSABMEHO HOBI AN XapkiBcbkoi obnacti agBeHTUBHI Buan. Cepen HUX
— Commelina communis L. (puc. 4C), o mae cxigHoasiicbke NoxomkeHHs. byna BusiBneHa HeBenwuka
nokanisoBaHa nonynsuis Ha yanicci COCHOBOro nicy Henoganik Big ¢c. TumyeHkn. PocnnHm cnoctepiranuca
y dbeHodasy UBITiHHS Ta BereTauii. BoueBnap, BusiBneHa nonynsiuis € pesynbstaTtom “BTedi” 3 Hanbnmk4mx
npucagubHmnx aingHok. Lle nepui 3agokyMeHTOBaHi 3Haxigku Buay nosa mMexamu KynbTypu Ha TepuTopil
XapkiBcbkoi obnacti. OgHak Bug notpebye noganblunX MOHITOPUHIOBUX OOCHIIKEHDb OMs1 BCTAHOBIIEHHS
Moro noTeHuiany 4o cTabinbHOro 3poCTaHHs No3a Mexamu KyrnbTypu.
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Puc. 4. ManopgocniaxeHi agBeHTUBHI BUAM Ha TepuTopii NnpoekToBaHoro HauioHanbHOro npupogHoro napky
“MxaHcbkuin”: A — Oenothera villosa; B — Juncus tenuis; C — Commelina communis; D — Bidens connata. ®oto
A-C leoprisa bBoHgapeHka, D — Bnagucnasa CipaHcbkoro.

Fig. 4. Understudied alien species in the territory of the projected Mzhanskyi National Nature Park: A —
Oenothera villosa; B — Juncus tenuis; C — Commelina communis; D — Bidens connata. Photos A—C by Heorhii
Bondarenko, photo D by Vladyslav Siranskyi

[o HoBuX Anst XapkiBLUMHM aOBEHTMBHUX BUAIB TaKOX HaNeXuTb NiBHIYHOAMEPUKAHCLKUIA BUA
Bidens connata Muhl. ex Willd. (puc. 4D). Anani3 nitepatypHux gaHux ta 6a3 gaHux 3 6iopisHOMaHITTS
(iNaturalist, 2025; Bidens connata, 2023; UkrBIN, 2025; Zvyagintseva, 2015; Gorelova, Alyokhin, 2002)
MokasaBs, L0 Halli 3HaxigkM LbOro BuAy € nepwmmun ans teputopii Xapkiecbkoi obnacti. Monynsauito
BUSIBIIEHO Y NMOHWMXKEHHI 6OPOBOI Tepacu Mix cc. TumueHku Ta Mupropoau y BUCOXIIOMY OCOKOBO-311aKOBO-
BepboBoMy 6onoti. BusiBneHi pocnvHu nepebyBanu y deHodasi UBITIHHA, BereTauii Ta noyartky
NNOAOHOLLEHHS. IMOBIpPHO, BUA Mae BinbLu LUMPOKE NOLUMPEHHSA Ha TepUTOpIi gocnigXeHb, TOMy noTpebye
Oinbl geTanbHUX JOCTAXEHb Y MaibyTHEOMY.

Takox 00 neperniky HOBMX AN XapkiBcbkoi obnacti Buais Hanexutb Sedum album L. (puc. 5),
nokaneHa nonynsuis sikoro 6yna BusBneHa Ha y3biydi nNiLwaHoi Joporn B Mexax c. YemyxiBka Ha yaricci
cocHoBoro nicy. Bua mae Cepe3eMHOMOPCHKO-3axigHOa3iNcbke NOXOMXKEHHS. Ha Teputopii Ykpaiiu Bug
3pocTae y npupogi y Kpumy i ona pnopm KOHTUHEHTaNbHOT YacTUHU YKpaiHW € YyXXOpPigHUM eNTEMEHTOM.

PigkicHi Ta oxopoHlOBaHi Buan. He AnBNsSiuUMCb Ha 3HaA4YHMI CTyNiHb TpaHcdopmadii drnopu Ta
MOMITHUI aHTPOMIYHUIA TWUCK Ha [OCMigKyBaHi nicoBi macueu, Gyno BUSABMEHO psand pigKiCHUX Ta
OXOPOHIOBaHUX BMAIB pocnuH. NpoBeaeHi NoNboBi JOCAiAKEHHA Ta aHani3 peepeHCHUX AaHUX nokasas,
Lo Ha TepuTopii 6opoBoi YacTnHM napky 3poctae 40 Bugie pocnuH (7,6 % Big 3aranbHOi onopu nNapky),
LLIO MakoTb pi3HUIA cTaTyc oxopoHu. Cepep Hux: 10 BuAiB 3aHeceHi Ao YepBoHoi kHurv Ykpainu (Mepenik...,
2021), 3 BuaM — OXOPOHIOBaHi Ha 3aranbHoeBponencbkoMy piBHi (Convention..., 1979) ta 30 Buais —
perioHanbHO pigKicHi, WO nignsralTb OXOpPOHi Ha Teputopii XapkiBcbkoi obnacTi (PiweHHs..., 2001).
Mepenik cosodiTiB y3aranbHeHo y BurmsAai tabnuui (tabn. 1). OTpumaHi gaHi AONOBHIOWTL paHile
onybnikoBaHi BiZOMOCTI 040 OXOPOHKBAHMX BWAIB POCHMH OOPOBMX KOMMMEKCIB AONMHU p. Mox
(BoHpapeHko Ta iH., 2023), oaHaK CTOCYETLCA NULLIE TEPUTOPIT NPOEKTOBAHOIO Napky.
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Puc. 5. Sedu album: A — cyuBiTTA; B — 3aranbHui Burn

an. doto e

priﬂ EH/:J,péHKa (c.l—imymika; 2 nunHs 223)

Fig. 5. Sedum album: A — inflorescence; B — common habit. Photo by Heorhii Bondarenko (Chemuzhivka village;
July 2, 2023)

Tabnuusa 1. Co3oditn npoekroBaHoro HauioHanbHoro npupogHoro napky “MxaHcbkuin”
Table 1. The protected plant species of the projected Mzhanskyi National Nature Park

Ne

10
11

12

13

14

15

16

17

Hasea Bugy
Species name

Athyrium filix-femina (L.) Roth

Bistorta officinalis Raf.
Botrychium lunaria (L.) Sw.

Campanula persicifolia L.
Carex pseudocyperus L.

Centaurium pulchellum (Sw.)
Druce

Chimaphila umbellata (L.)
W.P.C.Barton

Chrysosplenium alternifolium L.
Comarum palustre L.

Cotinus coggygria Scop.
Cystopteris fragilis (L.) Bernh.

Dianthus superbus subsp.
stenocalyx (Trautv. ex Juz.)
Kleopow

Dryopteris carthusiana (Vill.)
H.P.Fuchs

Dryopteris cristata (L.) A.Gray
Epipactis helleborine (L.) Crantz
Equisetum hyemale L.

Fritillaria ruthenica Wikstr.

Apean
Range

CBor.

Palearct.

Holacrt.

Eu.-Sib. Nemor.

CBor.

Palearct.

CBor.

Euras.
CBor.
Medit.-As.

Cosm.

EEu.

CBor.

CBor.

Palearct.

CPol

Eu.-Sib.

X0
KhRR

+

+

YKY 4 Peson. 6
RDBU 4 Resol. 6

+
Vulnerable

+
Unvaluate

+
Vulnerable
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Ne Hasea Bugy Apean X0 YKY 4 Pe3on. 6
Species name Range KhRR RDBU 4 Resol. 6
18 Hottonia palustris L. Bor. +
Iris aphylla L. .
19 (= I. hungarica Waldst. & Kit.) Eu.-Sib. +
Iris arenaria L. +
20 (= 1. pineticola Klokov) EEu. Vulnerable
21 Jurinea cyanoides (L.) Rchb. Eu.-Sib. +
22 Lycopodium clavatum L. CPol. +
. . . . +
23 Neottia nidus-avis (L.) Rich. Palearct. Unvaluate
Neottia ovata (L.) Hartm. +
24 (= Listera ovata (L.) R.Br) Euras. Unvaluate
25 Ophioglossum vulgatum L. Cosm. +
26 Orthilia secunda (L.) House CBor. +
27 Paris quadrifolia L. Euras. +
28 Primula veris L. Eu.-Sib. Nemor. +
. . +
29 Pulsatilla patens (L.) Mill. Euras. + Unvaluate +
. . . +
30 Pulsatilla pratensis (L.) Mill. Eu. Unvaluate
31 Pyrola chlorantha Sw. CBor +
32 Pyrola rotundifolia L. CBor. +
33 Rubus saxatilis L. Palearct. +
34 Salvinia natans (L.) All. Holacrt. +
35 Sanguisorba officinalis L. Euras. +
Stipa borysthenica Klokov ex . +
36 Prokudin Eu.-Sib. Vulnerable
37 Thelypteris palustris Schott Palearct. +
Tulipa sylvestris subsp. australis : +
38 (Link) Pamp. Eu.-Sib. Nemor. Vulnerable
39 Viburnum opulus L. Eu.-Sib. +
40 Vinca minor L. Medit. +

lMpumimka:y wanuji: XO — nepenik BUAiB POCNUH, WO NiANsSranTs OXOPOHi Ha TepuTopii XapkiBcbkoi obnact (2001)i; YKY
3 — 3-e B1aaHHs 4epBoOHOI kHUMM Ykpainm (2009); YKY 4 — nepenik pocnuH, WO 3aHOCATbCHA A0 4-r0 BUaaHHS YepBoHOi
KHUrn YkpaiHm (2001); Peson. 6 — Buau, wo 3aHeceHi Ao Pesontouii 6 BepHcbkoi koHBeHUil (2011); iHWI yMOBHI
nosHayeHHs:: As. — asincbkuin; Bor. — 6opeanbHuii; CBor. — uupkymbopeansHuin; Cosm. — kocmononitHun; CPol —
umpkymnonsapHuia; EEu. — cxigHoeBponewicbkuid; Eu. — eBponencekumin; Euras. — eBpasincekuin; Eu.-Sib. — eBpocubipcbkui;
Holarct. — ronapktnyHun; Medit. — cepeasemHomopcbkuii; Nemor. — HemopanbHui; Palearct. — naneoapKTuyHui.
Remarks: in the table head: KhRR — the list of species that are under protection in the Kharkiv Region (2001); RDBU
4 — the list of species listed in the 4-th edition of the Red Data Book of Ukraine (2021); Resol. 6 — the species included
in the Resolution 6 of the Bern Convention; other symbols: As. — Asian; Bor. — Boreal; CBor. — Circumboreal; Cosm. —
Cosmopolitan; CPol — circumpolaric; EEu. — Eastern European; Eu. — European; Euras. — Eurasian; Eu.-Sib. — Euro-
Siberian; Holarct. — Holarctic; Medit. — Mediterranean; Nemor. — Nemoral; Palearct. — Palearctic.
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Cepeq BusiBrieHux co30qiTiB Ta pigkiCHMX BMAIB OKpeMY yBary cnig Npuainutu npeacrtaBHMKam 3
6opeanbHuM Tunom apeany (Athyrium filix-femina, Carex pseudocyperus, Comarum palustre, Dryopteris
cristata). Y BWsiIBNeHMX JokaniTeTax pigkiCHi MiBHiYHI BMOW 3HaxogdATbcd abo Ha MNiBAEHHIN MeXi CBOro
CYUINbHOro po3noBCHOAXKEHHS, abo y niBAEHHOMY OCTPIBHOMY MICLLe3POCTaHHi Mo3a MeXaMu OCHOBHOI
YacTuHu apeany. Ha ui ocobnmBocTi ix po3noBCIOAXKEHHS e Ha noyaTtky XX-ro CToniTTs 3BepTaB yBary
€.M. JlaBpeHko (1927). ¥ Takux micuax BMAU Hawbinbll Bpasnuei OO Ail Pi3HUX YMHHMKIB, 30KpeMa [0
KMiMaTU4YHMX 3MiH, TOMY NOTPeOyloTb OXOpoHU. Lle BKOTpe nigKpecrntoe BaXnuBiCTb CTBOPEHHS Y AOMNWHI
p. Mox npMpogHOro napky.

Puc. 6. Peucedanum palustre: A — cyuBitTa; B — nnogu; C — nuctok. ®oto Meopris boHaapeHka
(okonuui c. ApTioxieka; 2024 p.)

Fig. 6. Peucedanum palustre: A — inflorescence; B - fruits; C — leaf. Photo by Heorhii Bondarenko
(the vicinities of Artiukhivka village; 2024)

Mig Yac npoBegeHux gocnimkeHb 6yno BUSABMEHO AeKinbKa piaKiCHUX BUAIB, AKi Hapa3i He MalTb
OXOPOHHOrO CTaTycy, Of4HaK sKi € NePCNEKTUBHUMUN AN BKIKOYEHHS Y HACTYyMNHE BUOAHHA pPerioHanbHOro
“4yepBOHOro cnucky”. Hamu 3apeectpoBaHo 3Haxigkvu Takmx Buaun sik: Catolobus pendulus (L.) Al-Shehbaz,
Gratiola officinalis L., Jacobaea andrzejowskyi (Tzvelev) B.Nord. & Greuter, Lythrum hyssopifolia L. Ta
Rubus polonicus Weston, npo siki Bxe 3ragyeTbCa y Hawin nonepegHin nyonikadii (boHaapeHko Ta iH.,
2023). Kpim BXe paHiwe BigoMux Ang uiei Teputopii pigkicHMX BUAIB, 0O YMcna Takux, 30KpemMa, HanexuTb
Carex remota L. Llen Bua TeMHUX BOnorux MicuespocTtaHb B YKpaiHi 3pocTae nepeBaxHo Ha 3akapnartTi, y
KapnaTtax, Ha MNonicci, y MpaBobepexHomy Jlicocteny Ta Ha MNiBaeHHomy 6epesi Kpumy. Ha JliBoGepexoxki
TpannseTbcs pigko. [ns XapkiBcbkoi obnacTi BuA BiAOMWI 3 NiTepaTypHUX [Mxepen apyroi nonosuHu XIX-
ro — nepwoi nonosuHu XX-ro ctonite (Czernjaéw, 1859; Schirjaeff, 1913; Sirjaef, Lavrenko, 1927), npoTe
y Binbl cy4acHux hriopucTUYHMX 3BefeHHsAX He BkasyeTbcs (Grelova, Alyokhin, 2002). Hamu uen Bug
3HaaeHo y 6OMOTUCTUX NOHMXKEHHAX BOPOBOi TepacK Ha TepuTopii “Benvkoro 6opy” (Mik M. Mepeda Ta
c. TumdeHkn). BusineHi nonynsuii Oynu y npurHideHoMmy CTaHi Yepe3 nepecuxaHHsi NicoBux oonit, ae
C. remota 3pocTtae. He anBnsymcb Ha ue, BUSBIIEHO AEPHWHM 3 FeHEPATUBHMMM NaroHaMu.
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B okonumusx c. ApTioxiBka y cBikomy cybopi Takox Oyno 3adpikcoBaHo nokanitet Luzula pilosa (L.)
Willd. Bug mae GopeanbHuin Tun apeany i B YKpaiHi TpannsieTbCs, roNoBHMM YMHOM, Ha 3akapnaTTi, y
KapnaTtax Ta Ha Nonicci. Y JlicocTeny TpannseTbcs 3pigka Ha niBHoui. Y XapkiBCbkilt obnacTi uen Bua BiaoMui
3 okonuub CrnoboxaHcbkoro HauioHansHoro npupoaHoro napky (Luzula pilosa, 2023), ogHak Bka3yeTbCs, Lo
TpannseTbca CnopaguyHo y nicoctenosini YacTuHi perioHy (Gorelova, Alyokhin, 2002). BussneHa nonynsuis
Oyna nokanisoBaHa i npeacTasneHa 4 naroHamun Ha BiACTaHi MeHLLUE NiB MeTpa OauH Big, 0OHOrO.

CnopaaunyHo no Bci GopoBin Tepaci y Mexax npoekroBaHoro MaHCbkoro napky 6yno BuaBneHo
Takun pigkicHun y perioHi Bug gk Peucedanum palustre (L.) Moench (puc. 6). Lle 6opeanbHui Bug
6onoTmcTmx MmicuespocTaHb. B YkpaiHi Bug posnosciogxkeHuin nepeBaxHo Ha [lonicci Ta B KapnaTax i
cnopaguyHo Tpannsetrbes y Jlicocteny. Y XapkiBcbkil o6GnacTti BigHOCHO pigkicHuiA. Ha Tteputopii
NPOEKTOBAHOIO NapKy BUA AOCTaTHbO MOLIMPEHUI | 3pocTae y 3abonoyeHnx NoHMKEeHHAX BOpOBOi Tepacu.

BucHoBku

3a pesynbTaTamu JocnigpkeHHs dropu 60OpoBOI 4acTMHM MPOEKTOBaAHOro HauioHanbHoro
npupogHoro napky “MxaHcbkun” BCTaHoBReHo, Wwo ditobioTa cknagae woHavmeHwe 527 suaiB. 3a
CUCTEMATUYHOKO CTPYKTYPOIO Yy CNEKTPI NPOBIOHUX POAMH NepeBaXalTb poauHu Asteraceae (64 BuaiB —
12,1 %), Poaceae (51 Bugis — 9,8 %), Cyperaceae ta Fabaceae (no 26 sugis — 4,9 % y koxHin), Rosaceae
(24 Bugn — 4,6 %), Caryophyllaceae ta Lamiaceae (no 22 sugmn — 4,2 % y KoxHin), Brassicaceae (18 Buais
— 3,4 %), Plantaginaceae s.l. (17 BugiB — 3,2 %), Apiaceae, Boraginaceae Ta Ranunculaceae (no 16 sugis
— 3,0 % y KOXHin).

PpakuinHMn aHania Ta po3paxyHKW iHOEKCIB CMHaHTponi3auii, anoditnsadii Ta aHTponodiTusauii
BKa3ylOTb HA 3HAYHUI aHTPOMIYHMIA TUCK Ha pnopy NPOEKTOBAHOro napky. MNMpoTe uji NOKasHMKNU MeHLLE 3a
aHanoriyHi Ha TepuTopii XapkiBcbkoi obnacTti. CnHaHTponisauis dpnopn BiabyBaeTbCs B OCHOBHOMY 3a
paxyHOK aBTOXTOHHMX CUHAHTPONHUX BuAiB. OgHak YacTka agBeHTMBHUX BUAIB 3Ha4YHa i cknagae 19,9 %.
Mig yac obcTexxeHb TepuTopii AOCNIoKEHHS BUSIBNEHO HOBI Ansi XapkiBCbkOI 06MacTi YyxopigHi Buan —
Bidens connata Muhl. ex Willd., Commelina communis tTa Sedum album L. NMonynsuii HOBOBUSIBIEHMX
BMAIB MalOTb NOKarnbHWUIN XapakTep, ane noTpebyoTb No4anbLOro JOCHIAXKEHHS Ta MOHITOPUHTY.

Ha TepuTopii gocnimpkeHb BUABNEHO WoHanmMeHwe 40 BuaiB, Ski MaldTb OXOPOHHI CTaTyCu pPi3HOro
piBHa. Ha 3aranbHogepxaBHOMY piBHIi oxopoHsoTecs 10 BusiBneHwx Buais (Botrychium lunaria (L.) Sw.,
Epipactis helleborine (L.) Crantz, Fritillaria ruthenica Wikstr., Iris arenaria L., Neottia nidus-avis (L.) Rich, Neottia
ovata (L.) Hartm., Pulsatilla patens (L.) Mill., Pulsatilla pratensis (L.) Mill., Stipa borysthenica Klokov ex Prokudin,
Tulipa sylvestris subsp. australis (Link) Pamp.). o Pe3sontouii 6 BepHcbkol KoHBeHLT, cepen 3HanaeHux suais,
BusBNeHo 3 Buawn (Jurinea cyanoides (L.) Rchb., Pulsatilla patens Ta Salvinia natans (L.) All.).

PerioHanbHux ctaTyc oxopoHu MatoTb 30 BusBneHux BuaiB. Cepen Hux ocobnuBoi yBarM Ta
OXOPOHHUX 3axofiB NoTpebyoTe BuAM 3 GopeansHuM Tunom apeany (Comarum palustre L., Dryopteris
cristata (L.) A.Gray, Hottonia palustris L., Pyrola rotundifolia L. Ta iH.), OCKiNbKM Ha AOCNIgXeHin Teputopii
BOHU NepebyBatoTb Ha MiBAEHHIN MeXi CBOro apeany.

BuasneHo nonynsauii Taknx pigkicHMx y Xapkiscbkii obnacTi Buais sik: Catolobus pendulus (L.) Al-
Shehbaz, Gratiola officinalis L., Jacobaea andrzejowskyi (Tzvelev) B.Nord. & Greuter, Lythrum hyssopifolia
L., Rubus polonicus Weston, Carex remota L., Luzula pilosa (L.) Willd., Peucedanum palustre (L.) Moench.
Lli Buau € pigkicHUmMun Ha TepuTopii XapKiBLLMHW, OAHAK HE MalTb PaKTUYHOIO 3aXMCTY.

Moasikn

AsTtop Bucrnosnioe noasaky B.HO. CipaHcbkomy, K.O. HectepeHko, Ta A.B. PokutgHCbKOoMmy
(XapkiBCbkuiA HauioHanbHU yHiBepcuTeTy imeHi B.H. KapasiHa) 3a gonomory y 36opi maTtepianis Ta ix
yacTtkoBoro aHanisy. Takox pgsakyio  [O.A. JasupgoBy, |.IL OnbwaHcbkomy  (IHCTUTYT  BoTaHiku
im. M.I'. XonogHoro HAH  YkpaiHn) Ta O.P. bapaHcbkomy (HauioHanbHuin  GoTaHiuHWA  capg
iMm. M.M. M'puwika) 3a gonomory y BM3HaYeHHi Oesdkux TakcoHiB. Bucnosniow nogaky O.I. Mamyni 3a
3aranbHe KepiBHULTBO AOCHiAKEHHAM Ta pobOTy Hag pyKonvMcom cTaTTi. ABTOp ASKYE peLeH3eHTOBI 3a
CNyLUHI 3ayBaXKeHHs Ta pekomeHgaldii. | faneko He B OCTaHHI0 Yepry, askyto 36porHnm Cunam Ykpaiiu Ta
BCiM, XTO LLOAHSA 3axuLiae YKpaiHy, Biagatoum CBOI 300POB’A Ta XUTTS.
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Jlodamok

AHoTOBaHU nepenik chropu 60poOBOI YAaCTUHN NPOEKTOBAHOIO
HauioHanbHOro npupogHoro napky “MxaHcbkumn”
An annotated list of flora of the pinewood part of the projected
Mzhanskyi National Nature Park

CRYPTOGAMEN
1. Lycopodiaceae
1. Lycopodium clavatum L. — nnayH 6ynaBsoBuagHuii. Range: CPol. Ecol.: Mesophyte; Per-acidophile;
Semi-oligotrophe; Sub-anitrophile; Mmeso-ombrophyte; Sub-continental; Sub-heliotrophe. PalSyl. CWU:
Tzvelev, 1953, No. 005204.
*Protection: regionally rare (Kh.R.).

2. Equisetaceae
2. Equisetum arvense L. — xBow, nonboBuin. Range: Cosmopol. Ecol.: mesophyte; acidophile; semi-
eutrophe; hemi-nitrophile; semi-aridophite; hemi-continental; sub-heliophyte. RuPr; euapophyte.
3. Equisetum fluviatile L. — xBow, 6arHoBuiA. Range: Holarct. Ecol.: per-hyhrophyte; neutrophile; semi-
eutrophe; nitrophile; meso-ombrophyte; hemi-continental; sub-heliophyte. AgPal.
4. Equisetum hyemale L. — xBouwy 3umytounin. Range: Cosmopol. Ecol.: hyhro-mesophyte; neutrophile;
seni-eutrophe; nitrophile; sub-ombrophyte; hemi-continental; hemi-scyophyte. Syl.
*Protection: regionally rare (Kh.R.).

3. Ophioglossaceae
5. Botrychium lunaria (L.) Sw. — rpoHsHKa niBmicsiLeBa, kntou-Tpaea. Range: Holarct. species with
disjunctive range. Ecol.. mesophyte; acidophile; mesotrophe; hemi-nitrophile; meso-ombrophile; hemi-
oceanic; sub-heliophyte. Pr. Literature: Ougrinsky, 1912.
**Protection: RDBU (vulnerable).
6. Ophioglossum vulgatum L. — Byxayka 3BuyanHa. Range: Cosmopol. Ecol.: hyhro-mesophyte,
neutrophile, mesotrophe, hemi-nitrophile, sub-aridophyte, hemi-oceanic, hemi-scyophyte. Pr. CWU:
Tzvelev, 1951, No. 52038.
*Protection: regionally rare (Kh.R.).

4. Athyriaceae
7. Athyrium filix-femina (L.) Roth — 6e3wunTHUK XiHoyin. Range: CPol. Ecol.: hyhro-mesophyte; sub-
acidophile; semi-eutrophe; nitrophile; semi-ombrophyte; hemi-continental; hemi-scyophyte. PalSyl.
*Protection: regionally rare (Kh.R.).
8. Cystopteris fragilis (L.) Bernh. — mixypHuusi namka. Range: Cosmopol. Ecol.: Hyhro-mesophyte;
Neutrophile; Semi-eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-continental; Hemi-scyophyte. Syl.
*Protection: regionally rare (Kh.R.).

5. Dennstaedtiaceae
9. Pteridium pinetorum C.N.Page & R.R.Mill (= P. aquilinum auct. non (L.) Kuhn) — opnsik cocHoBuUN.
Range: Euras. Ecol.: Mesophyte; Acidophile; Mesotrophe; Hemi-nitrophile; Meso-ombrophyte; Hemi-
continental; Sub-heliophyte. PsSyl.

6. Dryopteridaceae
10. Dryopteris carthusiana (Vill.) H.P.Fuchs — wutHuk octuctuin. Range: CBor. Ecol.: Hyhro-mesophyte;
Acidophile; Semi-eutrophe; Hemi-nitrophile; Semi-aridophyte; Hemi-oceanic; Hemi-scyophyte. PalSyl.
*Protection: regionally rare (Kh.R.).
11. Dryopteris cristata (L.) A.Gray — wnTHuK rpebensicTnii. Range: CBor. Ecol.: Per-hyhrophyte; Sub-
acidophile; Semi-eutrophe; Hemi-nitrophile; Meso-ombrophyte; Hemi-continental; Hemi-scyophyte. Syl.
*Protection: regionally rare (Kh.R.). Literature: Tokarskaya et al., 2017.

7. Salviniaceae
12. Salvinia natans (L.) All. — canbBiHia nnasatoya. Range: Palearct. Ecol.: Hydrophyte; Neutrophile;
Semi-eutrophe; Nitrophile; Sub-aridophyte; Sub-continental; Sub-heliophyte. Aq.
**Protection: RDBU (unvaluate); Resol. 6 BC.
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8. Thelypteridaceae
13. Thelypteris palustris Schott — Tenintepuc 6onotsaHuin. Range: Palearct. Ecol.: Hyhrophyte; Sub-
acidophile; Mesotrophe; Hemi-nitrophile; Meso-aridophyte; Hemi-continental; Sub-heliophyte. SylPal.
*Protection: regionally rare (Kh.R.).

SPERMATOPHYTA
Gymnospermae

9. Pinaceae
14. Larix decidua Mill. — mogpvHa eBponeiicbka. Range: CEu. Ecol.: Hyhro-mesophyte; Sub-acidophil;
Mesotrophe; Hemi-nitrophile; Meso-ombrophyte; Hemi-oceanic; Sub-heliophyte. Syl(Cul). Introduced.
15. Pinus nigra subsp. pallasiana (Lamb.) Holmboe (= P. pallasiana D. Don) — cocHa Nannacosa. Range:
Pontic. Ecol.: Mesophyte; Sub-acidophile; Semi-eutrophe; Hemi-nitrophile; Sub-aridophyte; Hemi-
continental; Sub-heliophyte. PtrSyl. Introduced.
16. Pinus sylvestris L. — cocHa 3BnyanHa. Range: Euras. Ecol.: Mesophyte; Sub-acidophile; Mesotrophe;
Sub-anitrophile; Meso-ombrophyte; Hemi-continental; Sub-heliophyte. Syl; hemiapophyte.

Angiospermae
Magnoliopsida s.l.

10. Amaranthaceae s.l. (incl. Chenopodiaceae)
17. Amaranthus retroflexus L. — wupuus 3anpokuHyta. Ecol.: Mesophyte; Sub-acidophile; Semi-
eutrophe; Eunitrophile; Sub-ombrophyte; Hemi-continental; Heliophyte. Ru. Adventive: NAm; xenophyte;
kenophyte.
18. Atriplex oblongifolia Waldst. & Kit. — nytura BugosxeHonucta. Range: EuSib. Ecol.: Mesophyte;
Neutrophile; Nitrophile; Sub-aridophyte; Sub-continental; Heliophyte. Ru, euapophyte.
19. Atriplex sagittata Borkh. (= A. nitens Schkuhr) — nytura 6nuckyya. Range: Sub-Med. Ecol.:
Mesophyte; Neutrophile; Glycotrophe; Eunitrophile; Sub-aridophyte; Sub-continental; Heliophyte. PrRu.
Adventive: IT; xenophyte; archeophyte.
20. Atriplex tatarica L. — nytura Tatapcbka. Ecol.: Sub-mesophyte; Neutrophile; Glycotrophe; Nitrophile;
Sub-aridophyte; Hemi-oceanic; Heliophyte. Ru. Adventive: Med-As; xenophyte; kenophyte.
21. Bassia laniflora (S.G.Gmel.) A.J.Scott (= Kochia laniflora (S.G.Gmel.) Borbas) — mitenbHuk
BOBHUCTOLBITUIA. Ecol.: Sub-xerophyte; Neutrophile; Eutrophe; Hemi-nitrophile; Sub-
aridophyte;Continental; Sub-heliophyte. Ps. Adventive: Med-IT; xenophyte; kenophyte.
22. Chenopodium album L. — noboga 6ina. Range: Palearct. Ecol.: Sub-mesophyte; Neutrophile;
Eutrophe; Nitrophile; Sub-aridophyte; Hemi-continental; Heliophyte. Ru; euapophyte.
23. Corispermum hyssopifolium L. — Bepbntogka ricononucrta. Ecol.: Sub-mesophyte; Sub-acidophile;
Semi-eutrophe; Sub-anitrophile; Sub-aridophyte; Continental; Heliophyte. Ps. Adventive: Med;
xenophyte; kenophyte.
24. Oxybasis rubra (L.) S.Fuentes, Uotila & Borsch (= Chenopodium rubrum L.) — noboga 4epBoHa.
Range: ?Holarct. Ecol.: Sub-mesophyte; Sub-acidophile; Sub-glycotrophe; Eunitrophile; Sub-aridophyte;
Hemi-oceanic; Heliophyte. PrRu. Adventive: CEu; xenophyte; kenophyte.
25. Salsola tragus L. (= S. iberica (Sennen & Pau) Botsch. ex Czerep.) — Kypan YinnsiHKOBURA, Kypan
ibepincokuin. Range: Euras. Ecol.: Sub-xerophyte; Sub-basophile; Sub-glycotrophe; Sub-anitrophile; Semi-
aridophyte; Sub-oceanic; Heliophyte. RuPs; euapophyte.

11. Anacardiaceae
26. Cotinus coggygria Scop. — ckymnis 3snyanHa. Ecol.: Sub-mesophyte; Neutrophile; Semi-eutrophe;
Hemi-nitrophile; Meso-aridophyte; Sub-continental; Sub-heliophyte. (Cul)PtSyl. Adventive: Sub-Med;
ergasophyte; kenophyte.
*Protection: regionally rare (Kh.R.).

12. Apiaceae
27. Aegopodium podagraria L. — arnuua 3BuyanHa. Range: Eu-Sib. Ecol.: Hyhro-mesophyte;
Neutrophile; Semi-eutrophe; Eunitrophile; Meso-ombrophyte; Hemi-oceanic; Scyophyte. Syl; occasional
apophyte.

28. Aethusa cynapium L. — cobadya neTpywka 3Bu4dariHa. Range: Eu-Sib. Ecol.: Mesophyte; Neutrophile;
Semi-eutrophe; Nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. Syl; occasional apophyte.
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29. Angelica archangelica L. (= Archangelica officinalis Hoffm.) — asrenb nikapcekmii. Range: Bor. Ecol.:
Hyhrophyte; Neutrophile; Semi-eutrophe; Eunitrophile; Meso-ombrophyte; Hemi-continental; Sub-
heliophyte. PalPr.

30. Angelica sylvestris L. — oyaHuk nicoBuii. Range: Eu-Sib. Ecol.: Hyhrophyte; Sub-acidophile; Semi-
eutrophe; Nitrophile; Meso-ombrophyte; Hemi-continental; Sub-heliophyte. PrSyl; occional apophyte.

31. Anthriscus sylvestris (L.) Hoffm. — Gyrmna nicoea. Range: Euras. Ecol.: Hyhro-mesophyte;
Neutrophile; Semi-eutrophe; Eunitrophile; Sub-ombrophyte; Hemi-oceanic; Sub-heliophyte. RuPrSyl;
occasional apophyte.

32. Chaerophyllum bulbosum L. — 6yteHb 6ynsbucTtnii. Range: Eu-Sib. Ecol.: Mesophyte; Neutrophile;
Semi-eutrophe; Eunitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. Syl.

33. Chaerophyllum temulum L. — 6yteHb n’'aHkmin. Range: Eu-Sib. Ecol.: Hyhro-mesophyte; Neutrophile;
Semi-eutrophe; Eunitrophile; Sub-ombrophyte; Hemi-oceanic; Sub-heliophyte. RuSyl; hemiapophyte.

34. Conium maculatum L. — 6onuronos nnsamuctuin. Range: Sub-Med-WAs. Ecol.: Mesophyte; Sub-
acidophile; Eutrophe; Eunitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. PrRu. Adventive:
Eu-WAs; xenophyte; archeophyte.

35. Eryngium campestre L. — mukonamumkm noneoBi. Range: Eu-WAs. Ecol.: Sub-mesophyte;
Neutrophile; Eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-oceanic; Heliophyte. RuStPr;
hemiapophyte.

36. Falcaria vulgaris Bernh. — pizak 3BunuanHuii. Range: Eu-Sib. Ecol.: Sub-mesophyte; Neutrophile;
Eutrophe; Hemi-nitrophile; Sub-aridophyte; Sub-continental; Sub-heliophyte. PrStRu; hemiapophyte.

37. Heracleum sibiricum L. — 6opuwiBHuk cnbipcbkuii. Range: Eu-Sib. Ecol.: Hyhrophyte; Sub-
acidophile; Eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. SylPrRu;
hemiapophyte.

38. Kadenia dubia (Schkuhr) Lavrova & V.N.Tikhom. (= Cnidium dubium (Schkuhr) Schmeil & Fitschen) —
CTOXUIbHUK cyMHiBHUI. Range: Bor. Ecol.: Hyhrophyte; Neutrophile; Eutrophe; Hemi-nitrophile; Meso-
aridophyte; Sub-continental; Sub-heliophyte. Syl. Rare.

39. Oenanthe aquatica (L.) Poir. — omera BogsiHa. Range: Eu-Sib. Ecol.: Sub-hydrophyte; Sub-acidophile;
Semi-eutrophe; Nitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. Pal.

40. Peucedanum oreoselinum (L.) Moench — cmoBgpb ripcbka. Range: Eu-WSib. Ecol.: Sub-mesophyte;
Sub-acidophile; Mesotrophe; Sub-anitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. (St)Ps.
41. Peucedanum palustre (L.) Moench — cmoBgb 6onotsHa. Range: Bor. Ecol.: Per-hyhrophyte; Sub-
acidophile; Mesotrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. SylPal.
Rare.

42. Torilis japonica (Houtt.) DC. — npuyena 3BudanHa. Range: Euras. Ecol.: Hyhro-mesophyte;
Neutrophile; Semi-eutrophe; Eunitrophile; Meso-ombrophyte; Hemi-continental; Sub-heliophyte. RuSyl;
occasional apophyte.

13. Apocynaceae
43. Vinca minor L. — 6apsiHok manui. Range: Sub-Med. Ecol.: Mesophyte; Neutrophile; Semi-eutrophe;
Nitrophile; Sub-ombrophyte; Hemi-oceanic; Hemi-scyophyte. (Cul)SylRu. Adventive: WEu; ergasiophyte;
archeophyte.
*Protection: regionally rare (Kh.R.).
44. Vincetoxicum hirundinaria Medik. — nactoBeHb nikapcekuii. Range: Eu-Sib. Ecol.: Mesophyte;
Neutrophile; Eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. SylSt;
occasional apophyte.

14. Aristolochiaceae
45. Aristolochia clematitis L. — xsuniBHuk 3BmyainHuii. Range: Eu-WSib. Ecol.: Mesophyte; Neutrophile;
Semi-eutrophe; Nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. PrSylRu; hemiapophyte.
46. Asarum europaeum L. — konuTHsK eBponencbkun. Range: Eu-WSib. Ecol.: Hyhro-mesophyte;
Neutrophile; Mesotrophe; Nitrophile; Sub-ombrophyte; Hemi-continental; Hemi-scyophyte. Syl.

15. Asteraceae
47. Achillea micrantha Willd. — gepeBivi gpibHouBiTun. Range: Pont-Casp. Ecol.: Sub-xerophyte; Sub-
acidophile; Eutrophe; Sub-anitrophile; Meso-aridophyte; Sub-continental; Heliophyte. Ps.
48. Achillea millefolium L. (= A. submillefolium Klokov & Krytzka) — gepesiv 3BnyanHmun. Range: Eu-Sib.
Ecol.: Mesophyte; Sub-acidophile; Semi-eutrophe; Nitrophile; Sub-ombrophyte; Hemi-oceanic; Sub-
heliophyte. PrRu; hemiapophyte.
49. Achillea nobilis L. — pgepesii 6naropogHuin. Range: Eu-Sib. Ecol.: Sub-mesophyte; Neutrophile;
Eutrophe; Hemi-nitrophile; Sub-aridophyte; Sub-continental;Heliophyte. SylPr; occasional apophyte.
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50. Achillea setacea Waldst. & Kit. — gepeBin wetuHnctun. Range: ?Euras. Ecol.. Sub-xerophyte;
Neutrophile; Eutrophe; Sub-anitrophile; Meso-aridophyte; Sub-continental; Heliophyte. RuSt;
hemiapophyte.

51. Ambrosia artemisiifolia L. — am6posia nonuHonucta. Ecol.: Sub-mesophyte; Neutrophile; Eutrophe;
Nitrophile; Sub-aridophyte; Hemi-continental; Heliophyte. Ru. Adventive: NAm; ergasio-xenophyte;
kenophyte.

52. Anthemis ruthenica M.Bieb. — pomaH pycbkuin. Range: EEu. Ecol.: Sub-mesophyte; Neutrophile; Sub-
glycotrophe; Hemi-nitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. Ps; hemiapophyte.

53. Arctium x nothum (Ruhmer) Hallier (hybrid: A. lappa L. x A. minus (Hill) Bernh.) — nonyx npumiTHu1iA.
Range: ?Eu-Sib. Ecol.: Hyhro-mesophyte; Neutrophile; Semi-eutrophe; Eunitrophile; Sub-aridophyte;
Hemi-continental; Sub-heliophyte. Ru; eupapophyte.

54. Arctium lappa L. — nonyx cnpaexHiin. Range: Eu-Sib. Ecol.: Hyhro-mesophyte; Neutrophile; Eutrophe;
Eunitrophile; Sub-aridophyte; Sub-continental; Sub-heliophyte. PrRu; euapophyte.

55. Artemisia absinthium L. — nonuH ripkuin. Range: WAs. Ecol.. Mesophyte; Neutrophile; Eutrophe;
Eunitrophile; Sub-ombrophyte; Sub-continental; Heliophyte. Ru. Adventive: IT; xenophyte; archeophyte.
56. Artemisia austriaca Jacq. — nonuH aBcTpiicbknii. Range: EEu-WSib. Ecol.: Sub-mesophyte;
Neutrophile; Sub-glycotrophe; Hemi-nitrophile; Sub-aridophyte; Sub-continental; Heliophyte. RuPs;
hemiapophyte.

57. Artemisia marschalliana Spreng. — nonuH Mapwanna. Range: EEu-WSib. Ecol.: Sub-mesophyte;
Neutrophile; Eutrophe; Hemi-nitrophile; Sub-aridophyte; Continental; Heliophyte. PrPs.

58. Artemisia vulgaris L. — nonuH 3BuyanHuii. Range: ?Eu-Sib. Ecol.: Mesophyte; Neutrophile; Semi-
eutrophe; Nitrophile; Sub-aridophyte; Hemi-continental; Heliophyte. Ru; euapophyte.

59. Bidens cernua L. — yepega noHukna. Range: Euras. Ecol.: Per-hyhrophyte, Sub-acidophile, Eutrophe,
Eunitrophile, Sub-ombrophyte; Hemi-continental; Sub-heliophyte. PrPal; occasional apophyte.

60. Bidens connata Muhl. ex Willd. — yepena 34enneHa. Range: NAm. Ecol.: Hyhrophyte; Sub-acidophile;
Semi-eutrophe; Eunitrophile; Sub-ombrophyte; Sub-continental; Sub-heliophyte. PalRu. Adventive: NAm;
xenophyte; kenophyte. New species to Kharkiv Region.

61. Bidens frondosa L. — yepena onucteeHHa. Range: NAm. Ecol.:Per-hyhrophyte; Sub-acidophile;
Semi-eutrophe; Eunitrophile; Sub-ombrophyte; Sub-continental; Sub-heliophyte. PrPalRu. Adventive:
NAm; xenophyte; kenophyte.

62. Centaurea jacea L. — Bonowka ny4yHa. Range: Eu-Sib. Ecol.: Hyhro-mesophyte; Sub-acidophile;
Eutrophe; Nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. RuPr; hemiapophyte.

63. Centaurea majorovii Dumbadze — Bonowka Mawnoposa. Range: EEu. Ecol.: Ps.

64. Chondrilla juncea L. — 6aTorn 3BmyaviHi. Range: Eu-Sib. Ecol.: Sub-xerophyte; Sub-acidophile;
Eutrophe; Hemi-nitrophile; Meso-aridophyte; Hemi-continental; Sub-heliophyte. Ps; occasional apophyte.
65. Cichorium intybus L. — lNeTpoBi 6atorn 3Bu4aniHi, umkopin ankuin. Ecol.: Mesophyte; Neutrophile;
Eutrophe; Nitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. Ru. Adventive: Med-IT;
xenophyte; archeophyte.

66. Cirsium arvense (L.) Scop. — ocoT nonboBuii. Range: Euras. Ecol.: Mesophyte; Neutrophile; Eutrophe;
Nitrophile; Sub-aridophyte; Sub-continental; Heliophyte. StPrRu; euapophyte.

67. Cirsium oleraceum (L.) Scop. — ocot ropogHin. Range: Bor. Ecol.: Hyhrophyte; Neutrophile; Semi-
eutrophe; Nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. PalSyl. Rare.

68. Cirsium vulgare (Savi) Ten. — ocoT 3BnyanHuin. Range: Euras. Ecol.: Hyhro-mesophyte; Sub-
acidophile; Semi-eutrophe; Eunitrophile; Sub-ombrophyte; Hemi-oceanic; Heliophyte. PrRu; euapophyte.
69. Crepis foetida L. — ckepena cmepptiya. Range: Eu-WAs. Ecol.: Sub-mesophyte, Neutrophile;
Eutrophe; Hemi-nitrophile; Meso-aridophyte; Continental; Heliophyte. SylRu; eupapohyte.

70. Crepis tectorum L. — ckepepfa nokpieenoHa. Range: Euras. Ecol.: Sub-mesophyte; Neutrophile;
Eutrophe; Nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. PsRu; euapophyte.

71. Erigeron annuus (L.) Pers. (= Stenactis annua (L.) Cass. ex Less.) — 3nuHka ogHopidHa. Ecol.:
Mesophyte; Neutrophile; Semi-eutrophe; Hemi-nitrophile; Sub-heliophyte. Ru. Adventive: NAm;
ergasiophyte; kenophyte.

72. Erigeron canadensis L. — 3nvHka kaHagcbka. Ecol.: Sub-mesophyte; Neutrophile; Eutrophe; Hemi-
nitrophile; Meso-aridophyte; Hemi-oceanic; Heliophyte. Ru. Adventive: NAm; xenophyte; kenophyte.

73. Eupatorium cannabinum L. — cigay koHonnsiHui. Range: Eu-Sib. Ecol.: Hyhrophyte; Neutrophile;
Semi-eutrophe; Eunitrophile; Meso-aridophyte; Hemi-oceanic; Sub-heliophyte. PrRu; euapophyte.

74. Euphrosyne xanthiifolia (Nutt.) A.Gray (= Cyclachaena xanthiifolia (Nutt.) Fresen.; = Iva xanthiifolia
Nutt.) — yopHowup HeTpebonucTuin. Ecol.: Ru. Adventive: NAm; xenophyte; kenophyte.
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75. Galinsoga parviflora Cav. — He30yTHMLA apidHouBiTa. Ecol.: Mesophyte; Sub-acidophile; Semi-eutrophe;
Nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. Ru. Adventive: SA; xenophyte; kenophyte.

76. Gnaphalium rossicum Kirp. — cyxougiT pociicbkuin. Range: EEu-Sib. Ecol.: Hyhro-mesophyte; Sub-
acidophile; Semi-eutrophe; Nitrophile; Meso-ombrophyte; Sub-continental; Sub-heliophyte. PrPs.

77. Grindelia squarrosa (Pursh) Dunal — rpuHgenia posyenipeHa. Ecol.: Sub-mesophyte; Neutrophile;
Eutrophe; Nitrophile; Heliophyte. Ru. Adventive: NAm; xenophyte; kenophyte.

78. Helichrysum arenarium (L.) Moench — uymuH nickoBuin. Range: Euras. Ecol.: Sub-xerophyte; Sub-
acidophile; Mesotrophe; Sub-anitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. Ps; hemiapophyte.
79. Heliopsis helianthoides (L.) Sw. — renioncuc wopctkyBatuin. Ecol.: RuCul. Adventive: NAm;
ergasiophyte; kenophyte.

80. Hieracium umbellatum L. — HeuynBiTep 30HTMYHMI. Range: Euras. Ecol.: Mesophyte; Acidophile;
Semi-eutrophe; Sub-anitrophile; Sub-ombrophyte; Hemi-continental; Heliophyte. SylPs.

81. Hieracium virosum Pall. — HeuynBiTep oTpynHuin. Range: Euras. Ecol.: Sub-mesophyte; Neutrophile;
Eutrophe; Hemi-nitrophile; Meso-aridophyte; Sub-continental; Sub-heliophyte. SylPs.

82. Jacobaea andrzejowskyi (Tzvelev) B.Nord. (£ Senecio andrzejowskyi Tzvelev) — xoBT03inns
AHpxenoBcbkoro, sikobess AHmxkenoBcbkoro. Range: ?Pont-Casp. Ecol.: Ps. Rare.

83. Jacobaea borysthenica (DC.) B.Nord. & Greuter (= Senecio borysthenicus (DC.) Andrz. ex Czern.) —
YKOBTO3iNns AHiNpoBcbke, sikobes gHinpoBcbka. Range: NPont. Ecol.: Sub-mesophyte; Neutrophile; Semi-
eutrophe; Hemi-nitrophile; Sub-aridophyte; Hemi-continental; Heliophyte. Ps.

84. Jacobaea vulgaris Gaertn. (= Senecio jacobaea L.) — xoBT03innga ny4He, skobes 3suyanHa. Range:
Euras. Ecol.: Mesophyte; Neutrophile; Semi-eutrophe; Hemi-nitrophile; Meso-ombrophyte; Hemi-
continental; Sub-heliophyte. RuPr. Adventive: As; xenophyte; kenophyte.

85. Jurinea cyanoides (L.) Rchb. (= J. centauroides Klokov, = J. charcoviensis Klokov) — Haronosatku
BOJIOLLIKOBI, topuHest BonowkoBa. Range: Eu-Sib. Ecol.: Sub-mesophyte; Sub-acidophile; Semi-eutrophe;
Sub-anitrophile; Meso-aridophyte; Hemi-continental; Sub-heliophyte. Ps.

**Protection: Resol. 6 BC.

86. Lactuca muralis (L.) Gaertn. (= Mycelis muralis (L.) Dumort.) — canat CTiHHWIA, MiLENIC CTIHHWNA.
Range: Eu-Cauc. Ecol.: Mesophyte; Sub-acidophile; Semi-eutrophe; Nitrophile; Meso-aridophyte; Hemi-
continental; Hemi-scyophyte. Syl; occasional apophyte.

87. Lactuca quercina L. (= L. chaixii Vil.) — canat gy6onucTtun, canat Le. Range: Eu-Cauc. Ecol.: Hyhro-
mesophyte; Neutrophile; Semi-eutrophe; Nitrophile; Sub-aridophyte; Hemi-continental; Hemi-scyophyte. Syl.
88. Lactuca serriola L. — canat komnacHui, canat gukumin. Ecol.: Sub-mesophyte; Neutrophile;
Eutrophe; Hemi-nitrophile; Meso-aridophyte; Hemi-continental; Heliophyte. Ru. Adventive: Med-CAs;
xenophyte; archeophyte.

89. Lapsana communis L. — npaseneHb 3BuyanHa. Range: Euras. Ecol.: Hyhro-mesophyte; Sub-
acidophile; Semi-eutrophe; Nitrophile; Meso-ombrophyte; Hemi-continental; Hemi-scyophyte. Syl;
occasional apophyte.

90. Matricaria discoidea DC. (= Chamomilla suaveolens (Pursh) Rydb.) — pomalluka amnckonogibHa,
pomawka naxyda. Ecol.: Hyhro-mesophyte; Neutrophile; Eutrophe; Nitrophile; Sub-aridophyte; Hemi-
oceanic; Heliophyte. Ru. Adventive: NAm; ergasiophyte; kenophyte.

91. Onopordum acanthium L. — TaTapHuk kontoumii. Ecol.: Sub-mesophyte; Neutrophile; Semi-eutrophe;
Eunitrophile; Sub-aridophyte; Hemi-oceanic; Heliophyte. RuSt. Adventive: Med; xenophyte; archeophyte.
92. Pentanema britannicum (L.) D.Gut.Larr., Santos-Vicente, Anderb., E.Rico & M.M.Mart.Ort. (= Inula
britannica L.) — omaH ny4Hun, neHtaHema 6puTaHcbka. Range: Euras. Ecol.: Hyhro-mesophyte;
Neutrophile; Eutrophe; Nitrophile; Meso-aridophyte; Hemi-continental; Sub-heliophyte. Pr; hemiapophyte.
93. Picris hieracioides L. — ripyaHka HeuvyiBiTpoBa. Range: Euras. Ecol.: Sub-mesophyte; Neutrophile;
Eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-continental; Heliophyte. Ru; hemiapophyte.

94. Pilosella echioides (Lumn.) F.W.Schultz & Sch.Bip. ( Hieracium echioides Lumn.) — He4yWBiTEP
cuHsikonogdiobHuii. Range: Euras. Ecol.: Sub-xerophyte; Neutrophile; Semi-eutrophe; Sub-anitrophile; Sub-
aridophyte; Continental; Sub-heliophyte. PsPr; hemiapophyte.

95. Pilosella officinarum F.W.Schultz & Sch.Bip. (£ Hieracium pilosella L.) — HevynBiTEp 3BUYaANHUIA.
Range: Eu-Sib. Ecol.: Sub-mesophyte; Sub-acidophile; Mesotrophe; Sub-anitrophile; Meso-ombrophyte;
Hemi-oceanic; Sub-heliophyte. PrPs.

96. Psephellus sumensis (Kalen.) Greuter (= Centaurea sumensis Kalen.) — Bornowka cymcbka. Range:
EEu. Ecol.: Mesophyte; Sub-acidophile; Semi-eutrophe; Hemi-nitrophile; Sub-aridophyte; Hemi-
continental; Sub-heliophyte. PtStPs.

97. Senecio vernalis Waldst. & Kit. —oBT03innsa BecHsHe. Range: Eu-WAs. Ecol.: Sub-mesophyte; Sub-
acidophile; Eutrophe; Hemi-nitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. Ru; euapophyte.
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98. Solidago virgaurea L. — 30n0oTywHuK 3en4yanHuin. Range: Euras. Ecol.: Mesophyte; Sub-acidophile;
Semi-eutrophe; Hemi-nitrophile; Meso-ombrophyte; Hemi-oceanic; Sub-heliophyte. StPs.

99. Sonchus asper (L.) Hill —>xoBTunin ocoT wopcTtkuii. Ecol.: Mesophyte; Neutrophile; Eutrophe; Nitrophile;
Sub-aridophyte; Hemi-continental; Sub-heliophyte. Ru. Adventive: Med; xenophyte; archeophyte.

100. Sonchus oleraceus L. —xoBTun ocot ropogHin. Ecol.: Mesophyte; Neutrophile; Eutrophe; Nitrophile;
Sub-aridophyte; Hemi-continental; Sub-heliophyte. PrRu. Adventive: Eu-As; xenophyte; archeophyte.
101. Tanacetum vulgare L. — nxmo 3BnyanHe. Range: Euras. Ecol.: Hyhro-mesophyte; Sub-acidophile;
Eutrophe; Nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. PrRu; occasional apophyte.
102. Taraxacum erythrospermum Andrz. ex Besser — kynb6aba yepBoHonnoga. Range: Euras. Ecol.:
Sub-mesophyte; Neutrophile; Sub-glycotrophe; Hemi-nitrophile; Meso-ombrophyte; Sub-continental;
Heliophyte. HalPrRu; occasional apophyte.

103. Taraxacum officinale Weber ex Wiggins — kyno6aba 3suyanHa. Range: Euras. Ecol.: Mesophyte;
Neutrophile; Eutrophe; Nitrophile; Meso-ombrophyte; Hemi-continental; Sub-heliophyte. Ru; euapophyte.
104. Tragopogon dasyrhynchus Artemczuk — ko3enbLj WwopcTkoHocukoBi. Range: EEu-Cauc. Ecol.: Sub-
mesophyte; Neutrophile; Eutrophe; Hemi-nitrophile; Sub-aridophyte; Continental; Sub-heliophyte. PsPr.

105. Tragopogon dubius subsp. major (Jacq.) Vollm. (£ T. major Jacq.) — KO3enbL,i CYMHiBHi, KO3€erbLli
Benuki. Range: Euras. Ecol.: Sub-mesophyte; Neutrophile; Eutrophe; Hemi-nitrophile; Sub-aridophyte;
Sub-continental; Sub-heliophyte. RuPr; euapophyte.

106. Tragopogon podolicus Besser ex DC. — kosenbui nogonbcbki. Range: EEu-Sib. Ecol.: Sub-
mesophyte; Neutrophile; Eutrophe; Hemi-nitrophile; Meso-aridophyte; Sub-continental; Sub-heliophyte. Pr.
107. Tragopogon tanaiticus Artemczuk — kosenbui goHcbki. Range: SEEu. Ecol.: Sub-mesophyte;
Neutrophile; Eutrophe; Hemi-nitrophile; Sub-aridophyte; Sub-continental; Heliophyte. Ps. Rare.

108. Tragopogon ucrainicus Artemczuk — ko3enbui ykpaiHCbki. Range: SEEu. Ecol.: Mesophyte;
Neutrophile; Eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-continental; Heliophyte. Ps.

109. Tripleurospermum inodorum (L.) Sch.-Bip (= Matricaria perforata Mérat) — pomallka Henaxyuya.
Ecol.. Mesophyte; Sub-acidophile; Eutrophe; Nitrophile; Sub-ombrophyte; Hemi-continental; Heliophyte.
Ru. Adventive: As; xenophyte; archeophyte.

110. Xanthium orientale L. (= X. albinum (Widder) Scholz & Sukopp) — HeTpeba cxigHa, HeTpeba
enbbcbka. Ecol.: Hyhro-mesophyte; Sub-acidophile; Sub-glycotrophe; Nitrophile; Sub-ombrophyte; Hemi-
continental; Heliophyte. Ru. Adventive: WEu; xenophyte; archeophyte.

16. Berberidaceae
111. Berberis vulgaris L. — 6apbapuc 3suyanHuin. Ecol.: Sub-mesophyte; Neutrophile; Semi-eutrophe; Hemi-
nitrophile; Sub-ombrophyte; Hemi-oceanic; Sub-heliophyte. Syl. Adventive: EAs; ergasiophyte; kenophyte.

17. Betulaceae
112. Alnus glutinosa (L.) Gaertn. — Binbxa knenka, Binoxa 4opHa. Range: Eu-Sib. Ecol.: Per-hyhrophyte;
Sub-acidophile; Semi-eutrophe; Nitrophile; Sub-ombrophyte; Hemi-oceanic; Sub-heliophyte. Pal.
113. Betula x aurata Borkh. (hybrid: B. pendula Roth x B. pubescens Ehrh.) — 6epe3sa 3onotucrta. Range:
Eu-Sib. Ecol.: Hyhro-mesophyte; Sub-acidophile; Mesotrophe; Sub-anitrophile; Meso-ombrophyte; Hemi-
continental; Sub-heliophyte. PalSyl. New hybrid to Kharkiv Region.
114. Betula pendula Roth — 6epe3a noBucna, 6epesa 6opogasdacta. Range: Euras. Ecol.: Hyhro-
mesophyte; Sub-acidophile; Mesotrophe; Sub-anitrophile; Meso-ombrophyte; Hemi-continental; Sub-
heliophyte. Syl.
115. Betula pubescens Ehrh. — Gepe3a nyxHacta. Range: Bor. Ecol.: Hyhrophyte; Acidophile;
Mesotrophe; Sub-anitrophile; Meso-ombrophyte; Hemi-continental; Sub-heliophyte. PalSyl.
116. Corylus avellana L. — niwmHa 3BnyanHa. Range: Eu-Sib. Ecol.: Hyhro-mesophyte; Neutrophile;
Semi-eutrophe; Eunitrophile; Meso-ombrophyte; Sub-oceanic; Hemi-scyophyte. Syl.

18. Boraginaceae
117. Anchusa arvensis (L.) M.Bieb. (£ Lycopsis arvensis L.) — BonoBuk noneosuin. Ecol.: Mesophyte;
Neutrophile; Semi-eutrophe; Nitrophile; Meso-ombrophyte; Hemi-oceanic; Heliophyte. Ru. Adventive:
Med; xenophyte; kenophyte.
118. Anchusa gmelinii Ledeb. — Bonosuk 'veniHa. Range: NPont. Ecol.: Sub-mesophyte; Neutrophile;
Eutrophe; Hemi-nitrophile; Sub-aridophyte; Sub-continental; Heliophyte. Ps.
119. Anchusa officinalis L. — Bonosuk nikapcokun. Ecol.: Sub-mesophyte; Sub-acidophile; Semi-eutrophe;
Nitrophile; Sub-ombrophyte; Hemi-oceanic; Heliophyte. RuPs. Adventive: Med; xenophyte; kenophyte.
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120. Asperugo procumbens L. — roctpuus nexada. Range: Euras. Ecol.: Sub-mesophyte; Neutrophile;
Semi-eutrophe; Eunitrophile; Sub-aridophyte; Hemi-oceanic; Sub-heliophyte. Ru; euapophyte.

121. Buglossoides arvensis (L.) |.M.Johnst. (= Lithospermum arvense L.) — Gyrnocogec nonboBuWM,
ropobenHuk nonsosuin. Ecol.: Sub-mesophyte; Neutrophile; Eutrophe; Nitrophile; Sub-aridophyte; Hemi-
continental; Sub-heliophyte. PsRu. Adventive: Med-IT; xenophyte; archeophyte.

122. Buglossoides rochelii (Friv.) Stoyanov, Matis & Sennikov (= B. czernjajevii (Klok. & Des.-Shost.)
Czerep.; = Lithospermum czernjajevii Klokov & Des.-Shost.) — 6yrnocogec Powens, ©yrnocogec
YepHseBa, ropobeliHuk YepHsiea. Range: SEEu. Ecol.: Ps. Rare.

123. Cynoglossum officinale L. — YopHokopiHb nikapcekui. Ecol.; Sub-mesophyte; Neutrophile; Eutrophe;
Eunitrophile; Sub-aridophyte; Hemi-oceanic; Sub-heliophyte. Ru. Adventive: Med; xenophyte; archeophyte.
124. Echium vulgare L. — cuHsik 3BnyanHuin. Range: Euras. Ecol.: Sub-mesophyte; Neutrophile; Semi-
eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. StRu; euapophyte.

125. Lappula squarrosa (Retz.) Dumort. — nunydka 3suyaiiHa. Ecol.: Sub-mesophyte; Neutrophile; Eutrophe;
Nitrophile; Sub-aridophyte; Sub-continental; Heliophyte. Ru. Adventive: Med-IT; xenophyte; archaophyte.
126. Memoremea scorpioides (Haenke) A.Otero, Jim.Mejias, Valcarcel & P.Vargas (= Omphalodes
scorpioides (Haenke) Schrank) — nyniBHuk nicosuii. Range: Eu. Ecol.: Hyhrophyte; Neutrophile; Semi-
eutrophe; Eunitrophile; Sub-aridophyte; Hemi-continental; Scyophyte. Syl.

127. Myosotis laxa subsp. cespitosa (Schultz) Hyl. ex Nordh. (£ M. cespitosa Schultz) — He3abyTka
aepHucta. Range: ?Bor. Ecol.: Hyhrophyte; Sub-acidophile; Semi-eutrophe; Nitrophile; Sub-aridophyte;
Hemi-continental; Sub-heliophyte. Pal. Rare.

128. Myosotis sparsiflora J.C.Mikan ex Pohl — He3abygka pigkougiTa. Range: Eu-Sib. Ecol.: Sub-
mesophyte; Sub-acidophile; Semi-eutrophe; Hemi-nitrophile; Sub-aridophyte; Hemi-continental; Sub-
heliophyte. PrRu; occasional apophyte.

129. Myosotis stricta Link ex Roem. & Schult. (M. micrantha auct. non Pall. ex Lehm.) — He3abygaka
apibHougiTa. Range: Eu-Sib. Ecol.: Sub-mesophyte; Acidophile; Semi-eutrophe; Hemi-nitrophile; Sub-
aridophyte; Hemi-continental; Sub-heliophyte. PrRu; hemiapophyte.

130. Nonea pulla (L.) DC. (= N. rossica Steven) — kypsiya cninota temHa. Range: EEu-As. Ecol.:
Sub-mesophyte; Neutrophile; Eutrophe; Nitrophile; Sub-aridophyte; Sub-continental; Heliophyte.
PrStRu; hemiapophyte.

131. Pulmonaria obscura Dumort. — megyHka TeMHa. Range: Eu. Ecol.: Mesophyte; Neutrophile; Semi-
eutrophe; Nitrophile; Meso-aridophyte; Hemi-oceanic; Hemi-scyophyte. Syl.

132. Symphytum officinale L. — xunBokicT nikapcekuin. Range: Eu-Sib. Ecol.: Hyhrophyte; Neutrophile;
Eutrophe; Nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. PrPal.

19. Brassicaceae
133. Alliaria petiolata (M.Bieb.) Cavara & Grande — kiHCbkMI YacHuK YepeluyaTuin. Range: Eu-Sib. Ecol.:
Hyhro-mesophyte; Sub-acidophile; Semi-eutrophe; Eunitrophile; Meso-aridophyte; Hemi-continental;
Hemi-scyophyte. SylRu; euapophyte.
134. Arabidopsis thaliana (L.) Heynh. — pisywka Tans. Ecol.: Sub-mesophyte; Sub-acidophile; Eutrophe;
Sub-anitrophile; Meso-ombrophyte; Hemi-continental; Sub-heliophyte. RuPs. Adventive: Med-IT;
xenophyte; kenophyte.
135. Barbarea vulgaris (L.) W.T.Aiton — cypinuua 3suyanHa. Range: Euras. Ecol.: Mesophyte; Neutrophile;
Semi-eutrophe; Nitrophile; Meso-ombrophyte; Hemi-continental; Sub-heliophyte. PalPr; hemiapophyte.
136. Berteroa incana (L.) DC. — rukaBka cipa. Range: Euras. Ecol.: Sub-mesophyte; Sub-acidophile;
Mesotrophe; Hemi-nitrophile; Sub-aridophyte; Sub-continental; Sub-heliophyte. PsRu; hemiapophyte.
137. Bunias orientalis L. — ceepbura cxigHa. Ecol.: Sub-mesophyte; Neutrophile; Eutrophe; Nitrophile;
Sub-ombrophyte; Hemi-continental; Sub-heliophyte. PrRu. Adventive: EMed; xenophyte; kenophyte.
138. Capsella bursa-pastoris (L.) Medik. — pyuukn 3BuyanHi. Ecol.: Mesophyte; Sub-acidophile; Semi-eutrophe;
Nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. Ru. Adventive: Med; xenophyte; archeophyte.
139. Cardamine impatiens L. — xxepyxa HegoTopkaHa. Range: Euras. Ecol.: Hyhro-mesophyte; Acidophile;
Semi-eutrophe; Nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. RuSyl; hemiapophyte.
140. Cardamine pratensis subsp. paludosa (Knaf) Celak. (= C. dentata Schult.) — xepyxa 3ybyacTa.
Range: Bor. Ecol.: Hyhrophyte; Acidophile; Semi-eutrophe; Nitrophile; Meso-ombrophyte; Hemi-oceanic;
Sub-heliophyte. Pal. Rare.
141. Catolobus pendulus (L.) Al-Shehbaz (= Arabis pendula L.) — rycumeupb nosucnuii. Range: EEu-As.
Ecol.. Mesophyte; Sub-acidophile; Semi-eutrophe; Hemi-nitrophile; Sub-aridophyte; Continental; Sub-
heliophyte. Syl. Rare.
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142. Descurainia sophia (L.) Webb ex Prantl — kyapsiBeub Codii. Ecol.: Sub-xerophyte; Sub-acidophile;
Semi-eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-continental; Heliophyte. Ru. Adventive: Med-As;
xenophyte; archeophyte.

143. Draba verna L. (= Erophila verna (L.) DC.) — kpynka BecHsHa. Range: Eu-WAs. Ecol.: Sub-
mesophyte; Neutrophile; Mesotrophe; Sub-anitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte.
RuPs; hemiapophyte.

144. Erysimum cheiranthoides L. — xoBTywHuK nakdionesngHuin. Ecol.: Hyhro-mesophyte; Sub-
acidophile; Semi-eutrophe; Eunitrophile; Sub-ombrophyte; Sub-continental; Sub-heliophyte. RuSyl.
Adventive: Med-CAs; xenophyte; archeophyte.

145. Lepidium densiflorum Schrad. — xpiHnus ryctougita. Ecol.: Sub-xerophyte; Neutrophile; Semi-eutrophe;
Hemi-nitrophile; Sub-aridophyte; Sub-continental; Heliophyte. Ru. Adventive: NAm; xenophyte; kenophyte.
146. Lepidium draba L. (= Cardaria draba (L.) Desv.) — xpiHuusa kpynkosmaHa. Ecol.: Sub-xerophyte;
Neutrophile; Sub-glycotrophe; Eunitrophile; Meso-aridophyte; Sub-continental; Sub-heliophyte. PrRu.
Adventive: Med; xenophyte; kenophyte.

147. Rorippa palustris (L.) Besser — BogsHun xpiH 6onotHuii. Range: Euras. Ecol.: Per-hyhrophyte; Sub-
acidophile; Eutrophe; Nitrophile; Meso-ombrophyte; Hemi-continental; Sub-heliophyte. Pal.

148. Rorippa sylvestris (L.) Besser — BogaHun xpiH nicosuin. Range: Eu-Sib. Ecol.: Hyhro-mesophyte;
Neutrophile; Eutrophe; Nitrophile; Meso-aridophyte; Hemi-continental; Sub-heliophyte. PalSyl;
occasional apophyte.

149. Sisymbrium altissimum L. — cyxopebpuk Bucokuit. Ecol.: Sub-mesophyte; Neutrophile; Eutrophe; Hemi-
nitrophile; Meso-aridophyte; Sub-continental; Heliophyte. PrRu. Adventive: Med; xenophyte; kenophyte.

150. Sisymbrium loeselii L. — cyxopebpuk Jlbosens. Ecol.: Sub-mesophyte; Sub-acidophile; Eutrophe;
Hemi-nitrophile; Meso-aridophyte; Hemi-continental; Sub-heliophyte. Ru. Adventive: Med-CAs;
xenophyte; kenophyte.

20. Campanulaceae
151. Campanula persicifolia L. — n3BoHukn nepcukonucti. Range: Eu-Sib. nemoral. Ecol.: Mesophyte;
Neutrophile; Semi-eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. Syl.
*Protection: regionally rare (Kh.R.).
152. Campanula rapunculoides L. — a3BoHukM pinvactoBugHi. Range: Eu-Sib. Ecol.: Mesophyte;
Neutrophile; Semi-eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. SylPr;
occasional apophyte.
153. Campanula rotundifolia L. — a3soHvku kpyrnonucti. Range: Euras. Ecol.: Mesophyte; Sub-
acidophile; Mesotrophe; Sub-anitrophile; Meso-ombrophyte; Hemi-continental; Sub-heliophyte. Pr.
154. Campanula trachelium L. — n3BoHukn kponmeonucTi. Range: Eu-Sib. nemoral. Ecol.: Mesophyte;
Neutrophile; Semi-eutrophe; Nitrophile; Sub-ombrophyte; Hemi-oceanic; Hemi-scyophyte. Syl.
155. Jasione montana L. — aranuk-TpaBa ripceka. Range: Eu. Ecol.: Sub-mesophyte; Acidophile;
Mesotrophe; Sub-anitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. Ps.

21. Cannabaceae
156. Humulus lupulus L. — xwvins 3snyanHmn. Range: Eu-Sib. Ecol.: Hyhrophyte;  Neutrophile;  Semi-
eutrophe; Nitrophile; Semi-ombrophyte; Sub-continental; Sub-heliophyte. PrRu; hemiapophyte.

22. Caprifoliaceae
157. Lonicera tatarica L. — xumonoctb TaTtapcbka. Ecol.: Mesophyte; Neutrophile; Semi-eutrophe;
Nitrophile; Meso-aridophyte; Sub-oceanic; Sub-heliophyte. StPtSyl. Adventive: As; ergasiophyte; kenophyte.
158. Sambucus nigra L. — 6y3nHa 4JopHa. Range: Eu-Sib. Ecol.: Mesophyte; Sub-acidophile; Semi-
eutrophe; Eunitrophile; Sub-aridophyte; Hemi-oceanic; Sub-heliophyte. Syl; occasional apophyte.
159. Sambucus racemosa L. — 6y3uHa 4YepBoHa. Range: Eu-Sib. Ecol.: Mesophyte; Acidophile; Semi-
eutrophe; Nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. Syl; occasional apophyte.

23. Caryophyllaceae
160. Arenaria serpyllifolia L. (= A. uralensis Pall. ex Spreng.) — niwaHka 4ebpeLenncTa, niwaHka
ypanbcbka. Range: Palearct. Ecol.: Sub-xerophyte; Sub-acidophile; Semi-eutrophe; Hemi-nitrophile Sub-
ombrophyte; Hemi-continental; Heliophyte. RuPs; occasional apophyte.
161. Dianthus campestris M.Bieb. — reo3anku nonebosi. Range: EEu-Sib. Ecol.: Sub-mesophyte; Sub-
acidophile; Semi-eutrophe; Hemi-nitrophile; Sub-aridophyte; Sub-continental; Heliophyte. PsPr.
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162. Dianthus polymorphus M.Bieb. (= D. platyodon Klokov) — rBo3amku MiHNuBI, rBO3AuMKM Nocko3yoi.
Range: EEu. Ecol.: Sub-mesophyte; Neutrophile; Semi-eutrophe; Sub-anitrophile; Sub-aridophyte; Sub-
continental; Heliophyte. Ps.

163. Dianthus superbus subsp. stenocalyx (Trautv. ex Juz.) Kleopow (= D. stenocalyx Trautv. ex Juz.)
— rBO3aMKM By3bkoyaweuykoBi. Range: EEu. Ecol.: Hyhro-mesophyte; Neutrophile; Semi-eutrophe;
Nitrophile; Sub-aridophyte; Sub-continental; Heliophyte. PrSyl.

*Protection: regionally rare (Kh.R.).

164. Gypsophila paniculata L. — newimus sBonotucta. Range: Eu-Sib. Ecol.: Sub-xerophyte; Neutrophile;
Sub-glycotrophe; Hemi-nitrophile; Sub-aridophyte; Continental; Heliophyte. StPsRu; occasional apophyte.
165. Herniaria glabra L. — octygHuk ronun. Range: Eu-Sib. Ecol.: Sub-mesophyte; Sub-acidophile;
Mesotrophe; Hemi-nitrophile; Sub-aridophyte; Hemi-continental; Heliophyte. PsRu; euapophyte.

166. Herniaria polygama J. Gay — ocTtygHuk 6aratownobHuin. Range: Eu-Sib. Ecol.: Xerophyte;
Acidophile; Semi-eutrophe; Hemi-nitrophile; Sub-aridophyte; Sub-continental; Sub-heliophyte. Ps.

167. Holosteum umbellatum L. — kocTsHeub napaconbkoBuin. Range: Eu-WAs. Ecol.: Sub-
mesophyte;’ Neutrophile; Sub-glycotrophe; Hemi-nitrophile; Sub-aridophyte; Hemi-continental; Sub-
heliophyte. PrRu; hemiapophyte.

168. Moehringia trinervia (L.) Clairv. — mepuHria Tpwkunkosa. Range: Eu-Cauc-Sib. Ecol.: Hyhro-mesophyte;
Sub-acidophile; Semi-eutrophe; Nitrophile; Sub-ombrophyte; Hemi-oceanic; Hemi-scyophyte. Syl.

169. Psammophiliella muralis (L.) lkonn. — nnwuyka nonboBa. Range: Euras. Ecol.: Mesophyte; Acidophile;
Semi-eutrophe; Hemi-nitrophile; Sub-ombrophyte; Sub-continental; Heliophyte. PsRu; hemiapophyte.

170. Rabelera holostea (L.) M.T.Sharples & E.A.Tripp (= Stellaria holostea L.) — 3ipo4HVK mnicoBuRn,
3ipoyHMK naHueTHUN. Range: Eu-Sib. Ecol.: Hyhro-mesophyte; Sub-acidophile; Semi-eutrophe; Nitrophile;
Meso-ombrophyte; Hemi-oceanic; Hemi-scyophyte. Syl.

171. Saponaria officinalis L. — cobaye muno nikapcbke. Ecol.: Mesophyte; Neutrophile; Semi-eutrophe;
Nitrophile; Sub-aridophyte; Hemi-oceanic; Sub-heliophyte. PrRu. Adventive: Med; ergasiophyte, kenophyte.
172. Scleranthus annuus L. — yepBeub ogHopiuHuiA. Ecol.: Mesophyte; Acidophile; Mesotrophe; Hemi-
nitrophile; Sub-ombrophyte; Hemi-oceanic; Heliophyte. Ps. Adventive: Med; xenophyte; archeophyte.
173. Scleranthus perennis L. — yepBeLb 0aratopidHuin. Range: Eu. Ecol.: Sub-mesophyte; Acidophile;
Semi-eutrophe; Sub-anitrophile; Sub-ombrophyte; Hemi-oceanic; Heliophyte. Ps, hemiapophyte.

174. Silene baccifera (L.) Roth (= Cucubalus baccifer L.) — cminka arigHa, gyTeHb arigHui. Range: Eu-
Sib. Ecol.: Hyhrophyte; Neutrophile; Eutrophe; Nitrophile; Sub-aridophyte; Sub-continental; Hemi-
scyophyte. PalPr; hemiapophyte.

175. Silene borysthenica (Gruner) Walters (= Otites borysthenica (Gruner) Klokov) — cMinka gHinpoBcbKa,
ywaHka gHinposcbka. Range: Eu-Sib. Ecol.: Sub-mesophyte; Sub-acidophile; Eutrophe; Sub-anitrophile;
Sub-aridophyte; Continental; Heliophyte. Ps; hemiapophyte.

176. Silene flos-cuculi (L.) Greuter & Burdet (= Coronaria flos-cuculi (L.) A.Braun) — kopoHapis 303ynsaya,
303ynuH uBiT. Range: Eu-Sib. Ecol.: Hyhrophyte; Sub-acidophile; Semi-eutrophe; Nitrophile; Meso-
ombrophyte; Hemi-oceanic; Sub-heliophyte. Pr.

177. Silene latifolia subsp. alba (Mill.) Greuter & Burdet (= Melandrium album (Mill.) Garcke) — cminka
LWwmpokonucTa, cminka 6ina. Range: Euras. Ecol.: Sub-mesophyte; Sub-acidophile; Eutrophe; Nitrophile;
Meso-ombrophyte; Hemi-oceanic; Sub-heliophyte. RuSylPr.

178. Silene nutans L. — cminka noHukna. Range: Euras. Ecol.: Sub-mesophyte; Neutrophile; Semi-
eutrophe; Hemi-nitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. SylPr.

179. Stellaria aquatica (L.) Scop. (= Myosoton aquaticum (L.) Moench) — cnabHuk BogsHWUIA, 3ipOYHMK
BoasHu. Range: Eu-Sib. Ecol.: Hyhrophyte; Neutrophile; Semi-eutrophe; Eunitrophile; Sub-ombrophyte;
Hemi-continental; Sub-heliophyte. SylPrPal; euapophyte.

180. Stellaria graminea L. — 3ipoyHuk 3nakonogibHuii. Range: Euras. Ecol.: Mesophyte; Sub-acidophile;
Semi-eutrophe; Nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. StPr; hemiapophyte.

181. Stellaria media (L.) Vill. s.l. — sipoyHuk cepefHin. Range: Eu-Sib. Ecol.: Hyhro-mesophyte;
Neutrophile; Eutrophe; Nitrophile; Hemi-continental; Sub-heliophyte. SyPrRu; euapophyte.

24. Celastraceae

182. Euonymus europaeus L. — OpycnuHa eBponencbka. Range: Eu-Cauc. Ecol.: Mesophyte;
Neutrophile; Semi-eutrophe; Nitrophile; Sub-ombrophyte; Hemi-oceanic; Hemi-scyophyte. Syl.
183. Euonymus verrucosus Scop. — OpycnvHa ©OopogaBdacta. Range: Eu. Ecol.: Mesophyte;

Neutrophile; Semi-eutrophe; Nitrophile; Sub-ombrophyte; Hemi-continental; Hemi-scyophyte. Syl.
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25. Convolvulaceae s.l. (incl. Cuscutaceae)
184. Convolvulus arvensis L. — bepiska nonboBa. Range: Euras. Ecol.: Mesophyte; Neutrophile;
Eutrophe; Hemi-nitrophile; Meso-aridophyte; Hemi-continental; Sub-heliophyte. Ru; euapophyte.
185. Cuscuta approximata Bab. — nosutuusa 3énmkeHa. Range: Euras. Ecol.: parasitic plant (occured on
Urtica dioica L.).

26. Cornaceae
186. Cornus sanguinea L. (= Swida sanguinea (L.) Opiz) — cBuanHa kpnBaBo-4yepBoHa. Range: Eu-WAs.
Ecol.: Hyhro-mesophyte; Neutrophile; Semi-eutrophe; Nitrophile; Sub-ombrophyte; Hemi-oceanic; Sub-
heliophyte. PtStSyl.

27. Crassulaceae
187. Hylotelephium maximum subsp. maximum (L.) Holub (= Sedum maximum (L.) Hoffm.) — ounTHuMK
Benukuin. Range: Eu. Ecol.: Mesophyte Neutrophile; Semi-eutrophe; Hemi-nitrophile; Meso-ombrophyte;
Hemi-continental; Sub-heliophyte. PtSyl; hemiapophyte.
188. Hylotelephium maximum subsp. ruprechtii (Jalas) Dostal (= Sedum ruprechtii (Jalas) Omelczuk) —
ounTHUK PynpexTta. Range: EEu-Sib. Ecol.: Mesophyte; Neutrophile; Eutrophe; Hemi-nitrophile; Sub-
ombrophyte; Hemi-continental; Sub-heliophyte. SylPs.
189. Sedum acre L. — ountok igkun. Range: Eu-Sib. Ecol.: Sub-mesophyte; Neutrophile; Eutrophe; Sub-
anitrophile; Meso-ombrophyte; Hemi-oceanic; Sub-heliophyte. PtPs; occasional apophyte.
190. Sedum album L. — ountok 6inun. Ecol.: Mesophyte; Neutrophile; Eutrophe; Sub-anitrophile; Sub-
ombrophyte; Hemi-continental; Heliophyte. PtPs. Adventive: Med-WAs; ergasiophyte; kenophyte. New
species to Kharkiv Region.
191. Sedum pallidum M.Bieb. — ounTok 6nignii. Range: Eu-WAs. Ecol.: Sub-mesophyte; Neutrophile;
Eutrophe; Hemi-nitrophile; Meso-aridophyte; Hemi-continental; Heliophyte. Ps.
192. Sempervivum ruthenicum Koch ex Schnittsp. & C.B.Lehm. — monoguno pyceke. Range: EEu. Ecol.:
Mesophyte; Acidophile; Semi-eutrophe; Sub-anitrophile; Meso-aridophyte; Hemi-continental; Sub-
heliophyte. Ps.

28. Elaeagnaceae
193. Hippophae rhamnoides L. — obninuxa 3snyariHa. Ecol.: Sub-mesophyte; Neutrophile; Eutrophe; Sub-
anitrophile; Sub-ombrophyte; Hemi-continental; Heliophyte. Cul. Adventive: Med-As; ergasiophyte; kenophyte.

29. Ericaceae s.l. (incl. Pyrolaceae)
194. Chimaphila umbellata (L.) W.P.C.Barton — 3umoniobka 3oHTM4Ha. Range: CBor. Ecol.: Hyhro-
mesophyte; Sub-acidophile; Mesotrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-continental; Scyophyte.
PalSyl. CWU: Tzvelev, 1951, No. 0257820; Kotov, 1922, No. 0257821.
*Protection: regionally rare (Kh.R.).
195. Orthilia secunda (L.) House — 6opoBuHka ogHob6oka. Range: CBor. Ecol.: Hyhro-mesophyte; Sub-
acidophile; Mesotrophe; Hemi-nitrophile; Meso-ombrophyte; Hemi-continental; Hemi-scyophyte. PalSyl.
CWU: Ermolenko, 1949, non coll.; Stakorsky, 1922, non coll.
*Protection: regionally rare (Kh.R.).
196. Pyrola chlorantha Sw. — rpylwiaHka 3eneHougita. Range: CBor. Ecol.: Hyhro-mesophyte; Acidophile;
Mesotrophe; Hemi-nitrophile; Sub-ombrophyte; Sub-continental; Scyophyte. PalSyl.
*Protection: regionally rare (Kh.R.). Literature: Ougrinsky, 1912.
197. Pyrola rotundifolia L. — rpywaHka kpyrnonucta. Range: CBor. Ecol.: Hyhro-mesophyte; Sub-
acidophile; Mesotrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-oceanic; Scyophyte. PalSyl.
*Protection: regionally rare (Kh.R.).

30. Euphorbiaceae
198. Euphorbia marginata Pursh — wmonoyain obnsmoBaHun. Ecol.: CulRu. Adventive: NAm;
ergasiophyte; kenophyte.
199. Euphorbia saratoi Ardoino (= E. virgultosa Klokov) — monoyan npytsHuin. Range: Eu-WAs. Ecol.:
Hyhro-mesophyte; Neutrophile; Eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-continental; Sub-
heliophyte. PrRu; euapophyte.
200. Euphorbia seguieriana Neck. — monouan Cer’e. Range: Eu-WAs. Ecol.: Sub-xerophyte; Neutrophile;
Sub-glycotrophe; Sub-anitrophile; Meso-aridophyte; Sub-continental; Sub-heliophyte. PtPs.
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201. Mercurialis perennis L. — nepenicka 6aratopiyHa. Range: Eu. Ecol.: Hyhro-mesophyte; Neutrophile;
Semi-eutrophe; Nitrophile; Semi-aridophyte; Hemi-oceanic; Hemi-scyophyte. Syl; hemiapophyte.

31. Fabaceae
202. Amorpha fruticosa L. — amopda kywioBa. Ecol.: Mesophyte; Neutrophile; Semi-eutrophe; Hemi-nitrophile;
Sub-aridophyte; Hemi-oceanic; Sub-heliophyte. SylCul. Adventive: NAm; ergasiophyte; kenophyte.
203. Astragalus glycyphyllos L. — actparan conogkonuctuin. Range: Eu-Sib. Ecol.: Mesophyte;
Neutrophile; Semi-eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-oceanic; Sub-heliophyte. PrSyl.

204. Astragalus varius S.G.Gmel. — actparan minnueuin. Range: EEu-Sib. Ecol.: Sub-mesophyte;
Neutrophile; Eutrophe; Hemi-nitrophile; Sub-aridophyte; Continental; Heliophyte. Ps.
205. Caragana arborescens Lam. — «kaparaHa pgepesonogioHa. Ecol.: SylCul. Adventive: As;

ergasiophyte; kenophyte.

206. Chamaecytisus ruthenicus (Fisch. ex Wol.) Klask. — 3iHoBaTb pycbka. Range: Eu-Cauc-Sib. Ecol.:
Sub-mesophyte; Neutrophile; Eutrophe; Hemi-nitrophile; Sub-ombrophyte; Sub-continental; Sub-
heliophyte. PtPs.

207. Coronilla varia L. (= Securigera varia (L.) Lassen) — B'si3inb 6apsuctuii. Range: Eu-WAs. Ecol.:
Mesophyte; Neutrophile; Semi-eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-continental; Sub-
heliophyte. RuPr; occasional apophyte.

208. Genista tinctoria L. — gpik kpacunoHui. Range: Eu-Sib. Ecol.: Mesophyte; Acidophile; Semi-
eutrophe; Sub-anitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. StSyl.

209. Lathyrus vernus (L.) Bernh. — ynHa BecHaHa. Range: Euras. Ecol.: Mesophyte; Neutrophile; Semi-
eutrophe; Nitrophile; Sub-ombrophyte; Sub-continental; Hemi-scyophyte. Syl.

210. Lotus corniculatus L. (~ Lotus x ucrainicus Klokov) — nagseHeub poraTuii, nagBeHeLb yKpaiHCbKUN.
Range: Eu-Sib. Ecol.: Hyhro-mesophyte; Neutrophile; Eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-
oceanic; Sub-heliophyte. StPrRu; hemiapophyte.

211. Medicago x varia Martyn (hybrid: M. falcata L. x M. sativa L.) — niouepHa minnuea. Ecol.: Sub-
mesophyte; Neutrophile; Eutrophe; Hemi-nitrophile; Meso-aridophyte; Hemi-continental; Heliophyte. Ru.
Adventive: Med; xenophyte; kenophyte.

212. Medicago falcata L. (= M. romanica Prodan) — niouepHa xo0BTa, ntoLuepHa pymyHcbka. Range: Eu-
Sib. Ecol.: Sub-mesophyte; Neutrophile; Eutrophe; Hemi-nitrophile; Sub-aridophyte; Hemi-continental;
Heliophyte. PrRu; hemiapophyte.

213. Medicago lupulina L. — niouepHa xmenesugHa. Range: Euras. Ecol.: Mesophyte; Neutrophile;
Eutrophe; Nitrophile; Meso-aridophyte; Hemi-continental; Sub-heliophyte. PrRu; eupapophyte.

214. Medicago sativa L. — niouepHa nocisHa. Ecol.: Sub-mesophyte; Neutrophile; Eutrophe; Hemi-nitrophile;
Meso-aridophyte; Hemi-continental; Heliophyte. CulRu. Adventive: Med; ergasiophyte; kenophyte.

215. Melilotus officinalis (L.) Lam. — OypkyH nikapcbkuii. Range: Euras. Ecol.: Sub-mesophyte;
Neutrophile; Eutrophe; Hemi-nitrophile; Sub-aridophyte; Hemi-continental; Heliophyte. PrRu; euapophyte.
216. Robinia pseudoacacia L. — pobiHia 3Bu4anHa, 6ina akauis. Ecol.: Mesophyte; Neutrophile; Semi-
eutrophe; Nitrophile; Sub-ombrophyte; Hemi-oceanic; Sub-heliophyte. StSylCul. Adventive: NAm;
ergasiophyte; kenophyte.

217. Trifolium arvense L. — koHoWwwnHa nonboBa. Range: Eu-Sib. Ecol.: Sub-mesophyte; Sub-acidophile;
Semi-eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-oceanic; Sub-heliophyte. PsRu; occasional apophyte.
218. Trifolium aureum Pollich — koHiowwnHa 3onoTtucta. Range: Eu-Sib. Ecol.: Sub-mesophyte; Sub-
acidophile; Semi-eutrophe; Sub-anitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. SylPr.
219. Trifolium campestre Schreb. — koHlowwnHa piBHNHHA. Range: Eu-Sib. Ecol.: Mesophyte; Neutrophile;
Eutrophe; Hemi-nitrophile; Sub-aridophyte; Hemi-continental; Heliophyte. Pr.

220. Trifolium hybridum L. — koHtowwuHa riopuaHa. Ecol.: Hyhro-mesophyte; Neutrophile; Eutrophe; Nitrophile;
Sub-ombrophyte; Hemi-continental; Sub-heliophyte. PrRu. Adventive: Med; ergasiophyte; kenophyte.

221. Trifolium pratense L. — koHowmMHa ny4yHa. Range: Eu-Sib. Ecol.: Hyhro-mesophyte; Acidophile;
Eutrophe; Nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. PrRu; occasional apophyte.
222. Trifolium repens L. — koHownHa nos3yya. Range: Eu-Sib. Ecol.: Hyhro-mesophyte; Sub-acidophile;
Eutrophe; Nitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. PrRu; euapophyte.

223. Vicia cracca L. — BuKa MuLLa4MiA ropoLlok, ropowok muwadmin. Range: Euras. Ecol.: Hyhro-
mesophyte; Neutrophile; Semi-eutrophe; Nitrophile; Meso-ombrophyte; Hemi-continental; Sub-heliophyte.
StPrRu; hemiapophyte.

224. Vicia pisiformis L. — Buka ropoxonogibHa, ropowok ropoxonogioHuin. Range: Eu-WSib. Ecol.:
Mesophyte; Neutrophile; Semi-eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-continental; Sub-
heliophyte. Syl.
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225. Vicia sepium L. — ropowok nnotoBuii. Range: Eu-Sib. Ecol.: Mesophyte; Neutrophile; Semi-
eutrophe; Nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. RuSylPr; hemiapophyte.

226. Vicia tenuifolia Roth — BMKka TOHKONUCTa, ropowok ToHkonucTuin. Range: Eu-Sib. Ecol.: Sub-
mesophyte; Neutrophile; Semi-eutrophe; Hemi-nitrophile; Meso-aridophyte; Sub-continental; Sub-
heliophyte. StPrRu; hemiapophyte.

227. Vicia villosa Roth — Brnka BonoxaTta, ropowwok Bonoxatuii. Ecol.: Sub-mesophyte; Sub-acidophile;
Semi-eutrophe; Nitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. StPrRu. Adventive: Med;
xenophyte; archeophyte.

32. Fagaceae
228. Quercus robur L. — ny6 3BnyanHun, gy6 yepewdaTtuii. Range: Eu-Sib. Ecol.: Hyhro-mesophyte; Sub-
acidophile; Semi-eutrophe; Nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. Syl.
229. Quercus rubra L. — ny6 4epsonuii. Ecol.: Cul. Adventive: NAm; ergasiophyte; kenophyte. Introduced.

33. Gentianaceae
230. Centaurium pulchellum (Sw.) Druce — 30nM0TOTUCAYHMK rapHeHbkuii. Range: Palearct. Ecol.: Hyhro-
mesophyte; Neutrophile; Eutrophe; Nitrophile; Meso-aridophyte; Hemi-continental; Heliophyte. Pr.
*Protection: regionally rare (Kh.R.).

34. Geraniaceae
231. Geranium collinum Stephan ex Willd. — xypaBeub narop6koBui, repaHb naropbkosa. Range: Eu-
Sib. Ecol.: Hyhro-mesophyte; Neutrophile; Sub-glycotrophe; Nitrophile; Meso-aridophyte; Hemi-oceanic;
Sub-heliophyte. PalPr.
232. Geranium pusillum L. — XypaBeub ManeHbkui, repaHb maneHbka. Ecol.: Sub-mesophyte; Sub-
acidophile; Eutrophe; Nitrophile; Sub-ombrophyte; Hemi-continental; Heliophyte. Ru. Adventive: EMed;
xenophyte; archeophyte.
233. Geranium robertianum L. — xypaBeLb cmepAto4umn, repaHb PobepTa. Range: Eu. Ecol.: Mesophyte; Sub-
acidophile; Semi-eutrophe; Nitrophile; Sub-aridophyte; Hemi-oceanic; Hemi-scyophyte. RuSyl; hemiapophyte.
234. Geranium sanguineum L. — XypaBeuUb KpUBaBO-4€PBOHUN, repaHb KpnBaBo-4yepBoHa. Range: Eu-
WAs. Ecol.: Sub-mesophyte; Neutrophile; Semi-eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-
oceanic; Sub-heliophyte. Syl.

35. Grossulariaceae
235. Ribes nigrum L. — cmopoauvHa YopHa. Range: Euras. Ecol.: Hyhrophyte; Neutrophile; Semi-eutrophe;
Eunitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. SylCul. ?Adventive.
236. Ribes uva-crispa L. — arpyc. Range: Eu-WAs. Ecol.: SylCul. ?Adventive.

36. Hypericaceae
237. Hypericum hirsutum L. — 3Bipobin wopcTkmun. Range: Eu-Cauc-Sib. Ecol.: Sub-mesophyte;
Neutrophile; Semi-eutrophe; Nitrophile; Meso-aridophyte; Hemi-continental; Sub-heliophyte. PrSyl.
238. Hypericum perforatum L. — 3Bipob6in 3su4anHuii. Range: Eu-Sib. Ecol.: Mesophyte; Neutrophile;
Eutrophe; Nitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. RuStPr; occasional apophyte.

37. Lamiaceae
239. Ballota nigra L. (= B. ruderalis Sw.) — Mm'aTodHuk qopHuii. Ecol.: Mesophyte; Neutrophile; Eutrophe;
Eunitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. Ru. Adventive: EMed; xenophyte; archeophyte.
240. Betonica officinalis L. — 6ykBuua nikapcbka. Range: Eu-Sib. Ecol.: Mesophyte; Neutrophile; Semi-
eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-oceanic; Sub-heliophyte. SylPr.
241. Chaiturus marrubiastrum (L.) Ehrh. ex Rchb. — koTauun xgicT waHgposui. Range: Eu-Sib. Ecol.:
Hyhro-mesophyte; Neutrophile; Semi-eutrophe; Nitrophile; Sub-aridophyte; Continental; Sub-heliophyte.
RuSyl; hemiapophyte.
242. Clinopodium vulgare L. — naxyyka 3Bu4dariHa. Range: Eu-WAs. Ecol.: Mesophyte; Neutrophile;
Mesotrophe; Hemi-nitrophile; Sub-aridophyte; Hemi-oceanic; Sub-heliophyte. Syl.
243. Galeopsis bifida Boenn. — xabpin geoginbHui. Range: Euras. Ecol.: Mesophyte; Sub-acidophile;
Semi-eutrophe; Nitrophile; Meso-ombrophyte; Hemi-continental; Sub-heliophyte. RuPrSyl; euapophyte.
244, Glechoma hederacea L. — po3xigHuk 3suyaiHuin. Range: Eu-Sib. Ecol.: Hyhro-mesophyte; Neutrophile;
Eutrophe; Nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. PrSylRu; occasional apophyte.
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245. Glechoma hirsuta Waldst. & Kit. — po3xigHuk wopcTtkuin. Range: Eu-Sib. nemoral. Ecol.: Mesophyte;
Neutrophile; Semi-eutrophe; Nitrophile; Sub-ombrophyte; Hemi-continental; Hemi-scyophyte. Syl.

246. Lamium amplexicaule subsp. amplexicaule L. — rnyxa kponuea ctebneobroptHa. Ecol.: Sub-
mesophyte; Sub-acidophile; Semi-eutrophe; Nitrophile; Sub-ombrophyte; Hemi-continental; Sub-
heliophyte. PsRu. Adventive: Med; xenophyte; archeophyte.

247. Lamium amplexicaule var. orientale (Pacz.) Mennema (= L. paczoskianum Vorosch.) — rnyxa kponusa
cxigHa, rnyxa kponuea lNavockkoro. Ecol.: Sub-mesophyte; Sub-acidophile; Semi-eutrophe; Nitrophile; Sub-
ombrophyte; Hemi-continental; Sub-heliophyte. PsRu. Adventive: Med; xenophyte; archeophyte.

248. Lamium maculatum (L.) L. — rnyxa kponuBa nnsamucta. Range: Eu-Sib. Ecol.: Hyhro-
mesophyte; Neutrophile; Semi-eutrophe; Eunitrophile; Sub-ombrophyte; Hemi-oceanic; Sub-
heliophyte. PrSylRu; hemiapophyte.

249. Leonurus quinquelobatus Gilib. (= L. villosus Desf. ex d'Urv.) — cobaya kponuea n'atunonareea,
cobaua kponuea Bornoxata. Range: Eu-Sib. Ecol.: Mesophyte; Neutrophile; Semi-eutrophe; Eunitrophile;
Sub-ombrophyte; Hemi-oceanic; Sub-heliophyte. Ru; euapophyte.

250. Lycopus europaeus L. — BOBKOHir eBponewncbkmii. Range: Eu-Sib. Ecol.: Per-hyhrophyte; Sub-
acidophile; Semi-eutrophe; Nitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. PrPal.

251. Mentha arvensis L. — m’sita nonboBa. Range: Euras. Ecol.: Hyhro-mesophyte; Neutrophile; Semi-
eutrophe; Nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. PalPr; occasional apophyte.
252. Origanum vulgare L. — maTepuHka 3BnyaviHa. Range: Euras. Ecol.: Mesophyte; Neutrophile; Semi-
eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. StPr.

253. Prunella vulgaris L. — cyxoBeplwkn 3BuyanHi. Range: Eu-Sib. Ecol.: Hyhro-mesophyte; Sub-
acidophile; Semi-eutrophe; Nitrophile; Semi-aridophyte; Hemi-continental; Sub-heliophyte. SylPrRu;
occasional apophyte.

254. Salvia nemorosa L. — waeniqa gibposHa, waeniqa ranosa. Range: Eu-WAs. Ecol.: Sub-mesophyte;
Neutrophile; Sub-glycotrophe; Hemi-nitrophile; Sub-aridophyte; Sub-continental; Sub-heliophyte. StPr.
255. Scutellaria altissima L. — wonomHunua Bucoka. Range: Eu-Cauc. Ecol.: Mesophyte; Neutrophile;
Semi-eutrophe; Nitrophile; Sub-aridophyte; Sub-continental; Hemi-scyophyte. Syl.

256. Scutellaria galericulata L. — wonomHnus 3BudaviHa. Range: Euras. Ecol.: Hyhrophyte; Sub-
acidophile; Semi-eutrophe; Nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. PrPal.

257. Stachys annua (L.) L. — unicteub ogHopiyHui. Ecol.: Sub-mesophyte; Neutrophile; Eutrophe; Hemi-
nitrophile; Sub-ombrophyte; Hemi-continental; Heliophyte. PtRu. Adventive: EMed; xenophyte; archeophyte.
258. Stachys palustris L. —uncteub 6onotaHuii. Range: Euras. Ecol.: Hyhrophyte; Neutrophile; Eutrophe;
Nitrophile; Meso-ombrophyte; Hemi-continental; Sub-heliophyte. Pal; hemiapophyte.

259. Stachys sylvatica L. — uncteub nicosuii. Range: Eu-Sib. Ecol.: Hyhro-mesophyte; Neutrophile;
Semi-eutrophe; Nitrophile; Meso-ombrophyte; Hemi-oceanic; Hemi-scyophyte. Syl.

260. Thymus pallasianus Heinr.Braun — yebpeup lNannacis. Range: EEu. Ecol.: Sub-mesophyte; Sub-
acidophile; Mesotrophe; Sub-anitrophile; Sub-aridophyte; Sub-continental; Heliophyte. Ps.

38. Lythraceae
261. Lythrum hyssopifolia L. — nnakyH ricononuctuii. Range: Eu-WAs. Ecol.: Hyhro-mesophyte;
Acidophile; Semi-eutrophe; Sub-anitrophile; Sub-aridophyte; Hemi-continental; Heliophyte. PrPs. Rare.
262. Lythrum portula (L.) D.A.Webb (= Peplis portula L.) — nnakyH-webpuk, webpuk 3snyariHuin. Range:
Eu-Sib. Ecol.: Hyhro-mesophyte; Acidophile; Mesotrophe; Sub-anitrophile; Semi-aridophyte; Hemi-
oceanic; Heliophyte. PsPal.
263. Lythrum salicaria L. — nnakyH Bepbonuctuin. Range: Euras. Ecol.: Hyhrophyte; Neutrophile;
Eutrophe; Nitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. Pal; hemaipophyte.

39. Malvaceae s.l. (incl. Tiliaceae)
264. Alcea rosea L. — poxa capoBa. Ecol.: Mesophyte; Neutrophile; Semi-eutrophe; Nitrophile; Semi-
aridophyte; Hemi-continental; Heliophyte. CulRu. Adventive: Med; ergasiophyte; kenophyte.
265. Malva pusilla Sm. — kanaunkmn gpibHeHbkn. Ecol.: Sub-mesophyte; Sub-acidophile; Eutrophe;
Nitrophile; Meso-aridophyte; Sub-continental; Heliophyte. Ru. Adventive: EAs; xenophyte; archeophyte.
266. Tilia cordata Mill. — nuna cepuenucta. Range: Eu-Sib. Ecol.: Hyhro-mesophyte; Sub-acidophile;
Semi-eutrophe; Nitrophile; Sub-ombrophyte; Hemi-oceanic; Hemi-scyophyte. Syl.

40. Nyctaginaceae
267. Mirabilis nyctaginea (Michx.) Mac Mill. (= Oxybaphus nyctagineus (Michx.) Sweet) — Hi4Ha kpacyHs
HiYHoUBITa, okcubadpyc HikTariHoBun. Ecol.: Sub-mesophyte; Neutrophile; Eutrophe; Hemi-nitrophile; Sub-
ombrophyte; Sub-continental; Heliophyte. Ru. Adventive: NAm; xenophyte; kenophyte.
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41. Oleaceae
268. Fraxinus excelsior L. — aceH 3BnyanHunii. Range: Eu-Cauc. Ecol.: Hyhro-mesophyte; Neutrophile;
Semi-eutrophe; Eunitrophile; Sub-ombrophyte; Hemi-oceanic; Hemi-scyophyte. Syl.
269. Ligustrum vulgare L. — 6uptounHa 3BuyanHa. Ecol.: Hyhro-mesophyte; Neutrophile; Semi-
eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-oceanic; Hemi-scyophyte. CulSyl. Adventive: Med;
xenophyte; kenophyte.

42. Onagraceae
270. Epilobium hirsutum L. — 3HiT wopcTkmii. Range: Euras. Ecol.: Hyhrophyte; Neutrophile; Eutrophe;
Eunitrophile; Sub-aridophyte; Hemi-oceanic; Heliophyte. RuPrPal; occasional apophyte.
271. Epilobium palustre L. — 3HiT 6onotsHun. Range: CPol. Ecol.: Per-hyhrophyte; Acidophile;
Mesotrophe; Nitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. Pal.
272. Epilobium roseum subsp. subsessile (Boiss.) P.H.Raven (= E. nervosum Boiss. & Buhse) — 3HiT
pPOXEBUI Mamxecugsaymn, 3HIT xunkyBaTuin. Range: Euras. Ecol.: Hyhrophyte; Neutrophile; Semi-
eutrophe; Eunitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. Pal.
273. Epilobium tetragonum L. — 3HiT YoTnpurpaHHuin. Range: Eu-Sib. Ecol.: Hyhrophyte; Sub-acidophile;
Semi-eutrophe; Nitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. Pal; occasional apophyte.
274. Oenothera biennis L. — eHoTepa gBopivHa. Ecol.: Mesophyte; Sub-acidophile; Mesotrophe; Hemi-
nitrophile; Meso-aridophyte; Hemi-continental; Heliophyte. PsRu. Adventive: NAm; ergasiophyte; kenophyte.
275. Oenothera glazioviana Micheli — eHotepa BenukokeiTkoBa. Ecol.. PsRu. Adventive: NAm;
ergasiophyte; kenophyte.
276. Oenothera villosa Thunb. — eHoTepa Bonoxara. Ecol.: PsRu. Adventive: NAm; ergasiophyte; kenophyte.

43. Orobanchaceae s.l. (incl. pars Scrophulariaceae)

277. Melampyrum nemorosum L. — nepecTpid ravosun. Range: Eu. Ecol.: Hyhro-mesophyte; Sub-
acidophile; Mesotrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. PrSyl;
hemiparasatic plant.

278. Melampyrum pratense L. — nepectpiy ny4yHuii. Range: Bor. Ecol.: Hyhro-mesophyte; Per-acidophile;
Mesotrophe; Hemi-nitrophile; Meso-ombrophyte; Hemi-continental; Sub-heliophyte. SylPs; hemiparasitic plant.
279. Odontites vulgaris Moench — kpaBHuK 3Bu4aiHuin. Range: Euras. Ecol.: Mesophyte; Sub-acidophile;
Eutrophe; Nitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. PrRu; hemiparasitic plant.

44. Oxalidaceae
280. Oxalis dillenii Jacq. (= Xanthoxalis dillenii (Jacq.) Holub) — kBaceHuusa LinneHs. Ecol.: Ru.
Adventive: Med; xenophyte; kenophyte.
281. Oxalis stricta L. (= Xanthoxalis fontana (Bunge) Holub) — kBaceHu1Us npsma, KcaHToKcanic Kno4oBUiA.
Ecol.: Ru. Adventive: Med; xenophyte; kenophyte.

45. Papaveraceae s.l. (incl. Fumariaceae)

282. Chelidonium majus L. — 4yncToTin 3BMYanHWA, YucToTin Benukun. Range: Euras. Ecol.:
Mesophyte; Neutrophile; Semi-eutrophe; Eunitrophile; Sub-ombrophyte; Hemi-continental; Sub-
heliophyte. SylRu; euapophyte.

283. Corydalis solida (L.) Clairv. — pacTt wineHuii. Range: Eu-Sib. Ecol.: Mesophyte; Sub-acidophile; Semi-
eutrophe; Eunitrophile; Sub-ombrophyte; Hemi-continental; Hemi-scyophyte. RuSyl; occasional apophyte.
284. Fumaria schleicheri Soy.-Will. — pyTtka LWnsaixepa. Ecol.: Mesophyte; Neutrophile; Eutrophe;
Nitrophile; Meso-aridophyte; Continental; Heliophyte. Ru. Adventive: Med; xenophyte; archeophyte.

46. Plantaginaceae s.l. (incl. pars Scrophulariaceae)
285. Gratiola officinalis L. — aBpaH nikapcbkuii. Range: Eu-Sib. Ecol.: Per-hyhrophyte; Sub-acidophile;
Semi-eutrophe; Nitrophile; Sub-ombrophyte; Sub-continental; Heliophyte. PrPal. Rare.
286. Linaria genistifolia (L.) Mill. — nboHok apokonucTun. Range: Eu-WAs. Ecol.: Sub-mesophyte; Neutrophile;
Semi-eutrophe; Sub-anitrophile; Sub-aridophyte; Sub-continental; Heliophyte. RuStPs; hemiapophyte.
287. Linaria vulgaris Mill. — nboHok 3Bu4anHUN. Range: Euras. Ecol.: Sub-mesophyte; Neutrophile;
Eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. PrRu; euapophyte.
288. Plantago indica L. (= P. arenaria Waldst. & Kit., = P. scabra Moench) — nogopoXHWK iHOIACBKURA, .
nickoBmi, n. wopcTkun. Range: Euras. Ecol.: Sub-mesophyte; Neutrophile; Eutrophe; Sub-anitrophile;
Sub-ombrophyte; Sub-continental; Heliophyte. RuPs; occasional apophyte.
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289. Plantago lanceolata L. — nogopoxHuk naHuetonuctuin. Range: Eu-Sib. Ecol.: Mesophyte;
Neutrophile; Eutrophe; Nitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. RuPr; hemiapophyte.
290. Plantago major L. — nogopoxHuk Benukuin. Range: Euras. Ecol.: Hyhro-mesophyte; Sub-acidophile;
Eutrophe; Nitrophile; Sub-aridophyte; Hemi-continental; Heliophyte. PrRu; euapophyte.

291. Veronica anagallis-aquatica L. — BepoHika pxepenbHa. Range: Palearct. Ecol.: Per-hyhrophyte;
Neutrophile; Semi-eutrophe; Nitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. PrPal.

292. Veronica arvensis L. — BepoHika nonboBa. Ecol.: Mesophyte; Sub-acidophile; Semi-eutrophe;
Nitrophile; Sub-ombrophyte; Hemi-oceanic; Sub-heliophyte. Ru. Adventive: Med; xenophyte; archeophyte.
293. Veronica catenata Pennell — BepoHika naHutoxkoBa. Range: ?Eu. Ecol.: PrPal. New species to
Kharkiv Region.

294. Veronica chamaedrys L. — BepoHika giopoeHa. Range: Eu-Sib. Ecol.: Mesophyte; Neutrophile; Semi-
eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-oceanic; Sub-heliophyte. RuSylPr.

295. Veronica dillenii Crantz — BepoHika [inneHs. Range: Eu-Sib. Ecol.: Sub-mesophyte; Sub-acidophile;
Semi-eutrophe; Sub-anitrophile; Sub-ombrophyte; Sub-continental; Heliophyte. RuPs; occasional apophyte.
296. Veronica longifolia L. — BepoHika gosronucta. Range: Euras. Ecol.: Hyhrophyte; Neutrophile; Semi-
eutrophe; Nitrophile; Sub-aridophyte; Sub-continental; Sub-heliophyte. Syl.

297. Veronica officinalis L. — BepoHika nikapcbka. Range: Eu-WAs. Ecol.: Hyhro-mesophyte; Acidophile;
Mesotrophe; Hemi-nitrophile; Meso-ombrophyte; Hemi-oceanic; Hemi-scyophyte. Syl.

298. Veronica prostrata L. — BepoHika nexaya. Range: Euras. Ecol.: Sub-mesophyte; Neutrophile;
Eutrophe; Nitrophile; Sub-ombrophyte; Sub-continental; Sub-heliophyte. StPr.

299. Veronica scutellata L. — BepoHika wutkoBa. Range: Eu-Sib. Ecol.: Per-hyhrophyte; Acidophile;
Eutrophe; Hemi-nitrophile; Meso-ombrophyte; Hemi-continental; Heliophyte. PalPr. Rare.

300. Veronica spicata L. — BepoHika konocucta. Range: Eu-Sib. Ecol.: Sub-mesophyte; Neutrophile;
Eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. PrSyl.

301. Veronica verna L. — BepoHika BecHsiHa. Range: Eu-Sib. Ecol.: Sub-mesophyte; Sub-acidophile;
Eutrophe; Sub-anitrophile; Sub-aridophyte; Hemi-continental; Heliophyte. Ru; euapophyte.

47. Polygalaceae
302. Polygala comosa Schkuhr — kutsiku yybari. Range: Euras. Ecol.: Mesophyte; Neutrophile; Eutrophe;
Sub-anitrophile; Meso-ombrophyte; Hemi-continental; Heliophyte. PrSt.

48. Polygonaceae
303. Bistorta officinalis Raf. — ripuak 3miiHMii. Range: Palearct. Ecol.: Hyhrophyte; Acidophile; Semi-
eutrophe; Nitrophile; Meso-ombrophyte; Hemi-continental; Sub-heliophyte. Pr.
*Protection: regionally rare (Kh.R.).
304. Fallopia convolvulus (L.) A.L6ve — BuTKka rpedka 6episkoBa. Ecol.: Mesophyte; Neutrophile; Eutrophe;
Nitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. SylRu. Adventive: As; xenophyte; archeophyte.
305. Fallopia dumetorum (L.) Holub — Butka rpeuka 4darapHukoBa. Range: Euras. Ecol.: Mesophyte;
Neutrophile; Semi-eutrophe; Nitrophile; Sub-aridophyte; Sub-continental; Sub-heliophyte. SylRu; euapophyte.
306. Persicaria hydropiper (L.) Delarbre (= Polygonum hydropiper L.) — ripyak nepuesuin. Range: Euras.
Ecol.: Hyhrophyte; Sub-acidophile; Semi-eutrophe; Nitrophile; Sub-aridophyte; Hemi-continental; Sub-
heliophyte. PrPalRu; euapophyte.
307. Persicaria lapathifolia (L.) Delarbre (= Polygonum lapathifolium L.) — ripyak wopcTkuid. Range:
Euras. Ecol.: Hyhro-mesophyte; Sub-acidophile; Sub-glycotrophe; Hemi-nitrophile; Sub-aridophyte; Hemi-
continental; Heliophyte. PrRu; euapophyte.
308. Persicaria maculosa Gray (= Polygonum persicaria L.) — ripyak nnamuctuin. Range: Eu-Sib. Ecol.:
Hyhro-mesophyte; Sub-acidophile; Eutrophe; Nitrophile; Sub-aridophyte; Hemi-continental; Sub-
heliophyte. PrPalRu; euapophyte.
309. Polygonum arenarium Waldst. & Kit. — cnopuw nickoBuii. Range: EEu. Ecol.: Mesophyte;
Neutrophile; Sub-glycotrophe; Hemi-nitrophile; Sub-aridophyte; Sub-continental; Heliophyte. Ps.
310. Polygonum aviculare L. — cnopuw 3snyanHuin. Range: Euras. Ecol.: Sub-mesophyte; Neutrophile;
Eutrophe; Nitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. Ru; euapophyte.
311. Polygonum novoascanicum Klokov (~ P. patulum M.Bieb.) — cnopuiu HoBoackaHincbkmii. Range:
EEu-Sib. Ecol.: Sub-mesophyte; Neutrophile; Eutrophe; Sub-anitrophile; Sub-aridophyte; Sub-continental;
Heliophyte. Ps.
312. Rumex acetosa L. — wasenb kncnuii. Range: Euras. Ecol.: Hyhro-mesophyte; Sub-acidophile; Semi-
eutrophe; Nitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. Pr.
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313. Rumex acetosella L. — waBenb ropobuHuii. Range: Eu-Sib. Ecol.: Mesophyte; Sub-acidophile;
Eutrophe; Sub-anitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. PsRu; euapophyte.

314. Rumex confertus Willd. — wasenb kiHcbkuin. Range: Eu-Sib. Ecol.: Hyhro-mesophyte; Neutrophile;
Eutrophe; Nitrophile; Sub-aridophyte; Sub-continental; Sub-heliophyte. PrRu; hemiapophyte.

315. Rumex crispus L. — waBenb kyapseuin. Range: Eu-Sib. Ecol.: Hyhro-mesophyte; Neutrophile;
Eutrophe; Nitrophile; Sub-aridophyte; Sub-continental; Sub-heliophyte. PrRu; euapophyte.

316. Rumex hydrolapathum (Scop.) Huds. — waeenb npubepexHuin. Range: Eu-Sib. Ecol.: Per-hyhrophyte;
Neutrophile; Semi-eutrophe; Nitrophile; Sub-ombrophyte; Hemi-oceanic; Sub-heliophyte. AqPal.

317. Rumex thyrsiflorus Fingerh. — waBenb nipamigansHuin. Range: Euras. Ecol.. Mesophyte;
Neutrophile; Semi-eutrophe; Hemi-nitrophile; Sub-aridophyte; Sub-continental; Heliophyte. PrPs.

49. Portulacaceae
318. Portulaca oleracea L. s.. — noptynak ropogHii. Ecol.: Sub-mesophyte; Acidophile; Semi-
oligotrophe; Sub-anitrophile; Sub-ombrophyte; Hemi-continental; Heliophyte. Ru. Adventive: Med-CAs;
xenophyte; archeophyte.

50. Primulaceae
319. Androsace elongata L. — nepenomMHuk BuaoBxeHuin. Range: Eu-Sib. Ecol.: Sub-xerophyte; Neutrophile;
Eutrophe; Hemi-nitrophile; Sub-aridophyte; Sub-continental; Sub-heliophyte. PsRu; euapophyte.
320. Hottonia palustris L. — nnaBywHuk 6onoTtaHmin. Range: Bor. Ecol.: Per-hyhrophyte; Sub-acidophile;
Semi-eutrophe; Nitrophile; Sub-ombrophyte; Hemi-oceanic; Sub-heliophyte. AgPal.
*Protection: regionally rare (Kh.R.).
321. Lysimachia nummularia L. — Bepbosinns ny4yHe, nyrosuin Yan. Range: Eu-Sib. Ecol.: Hyhrophyte;
Neutrophile; Eutrophe; Nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. PrSylRu; hemiapophyte.
322. Lysimachia vulgaris L. — Bep603inns 3sunyanHe. Range: Euras. Ecol.: Hyhrophyte; Neutrophile;
Semi-eutrophe; Nitrophile; Sub-ombrophyte; Sub-continental; Sub-heliophyte. PalPrSyl; hemaipophyte.
323. Primula veris L. — nepBouBiT BecHsHun. Range: Eu-Sib. nemoral. Ecol.: Mesophyte; Neutrophile;
Semi-eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-oceanic; Sub-heliophyte. Syl.
*Protection: regionally rare (Kh.R.).

51. Ranunculaceae
324. Anemone ranunculoides L. (= Anemonoides ranunculoides (L.) Holub) — BiTpaHuus XoBTeLeBa,
aHeMoHa xoBTeueBa. Range: Eu-Sib. Ecol.: Hyhro-mesophyte; Neutrophile; Semi-eutrophe; Nitrophile;
Sub-ombrophyte; Hemi-continental; Hemi-scyophyte. Syl.
325. Caltha palustris L. — kanioxHuuda 6onotaHa. Range: CPol. Ecol.: Per-hyhrophyte; Neutrophile; Semi-
eutrophe; Nitrophile; Meso-ombrophyte; Hemi-continental; Sub-heliophyte. PrPal.
326. Delphinium consolida L. (= Consolida regalis Gray) — cokupku nonboBi. Ecol.: Sub-mesophyte;
Neutrophile; Eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-continental; Heliophyte. Ru. Adventive:
Med-CAs; xenophyte; archeophyte.
327. Pulsatilla patens (L.) Mill. (= P. latifolia Rupr.) — coH po3kputun. Range: Euras. Ecol.: Sub-
mesophyte; Sub-acidophile; Semi-eutrophe; Hemi-nitrophile; Sub-aridophyte; Sub-continental; Sub-
heliophyte. SylSt.
***Protection: RDBU (unvaluate); Resol. 6 BC.
328. Pulsatilla pratensis (L.) Mill. (= P. nigricans Storck) — coH ny4Hui, coH YopHitoumii. Range: Eu. Ecol.:
Sub-mesophyte; Sub-acidophile; Mesotrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-continental; Sub-
heliophyte. SylPrSt.
**Protection: RDBU (unvaluate).
329. Ranunculus acris L. — xoBTeub igkmn. Range: Euras. Ecol.: Hyhro-mesophyte; Neutrophile;
Eutrophe; Nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. Pr.
330. Ranunculus auricomus L. — xoBTeub 3onotuctuii. Range: Eu-Sib. Ecol.: Hyhro-mesophyte;
Neutrophile; Semi-eutrophe; Nitrophile; Sub-ombrophyte; Hemi-continental, Hemi-scyophyte. Syl.
331. Ranunculus cassubicus L. — xo0BTeub kawyoOcbkuin. Range: Eu-Sib. Ecol.;: Hyhro-mesophyte;
Neutrophile; Semi-eutrophe; Nitrophile; Sub-aridophyte; Hemi-continental; Hemi-scyophyte. Syl.
332. Ranunculus ficaria L. (= Ficaria verna Huds.) — nwiHka BecHsiHa. Range: Eu-Sib. Ecol.: Hyhro-
mesophyte; Neutrophile; Semi-eutrophe; Eunitrophile; Sub-ombrophyte; Hemi-oceanic; Hemi-scyophyte.
SylRu; euapophyte.
333. Ranunculus flammula L. — xoBTeub BorHuctuii. Range: CPol. Ecol.: Per-hyhrophyte; Acidophile;
Semi-eutrophe; Sub-anitrophile; Sub-ombrophyte; Hemi-oceanic; Heliophyte. PrPal. Rare.
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334. Ranunculus minimus (L.) E.H.L.Krause (= Myosurus minimus L.) — miwauuni xBicT manuii. Range:
CPol. Ecol.: Hyhrophyte; Sub-acidophile; Sub-glycotrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-
continental; Heliophyte. PsPrRu; euapophyte.

335. Ranunculus pedatus Waldst. & Kit. — xoBTeub ctonoBuaHuii. Range: EEu-Sib. Ecol.: Sub-
mesophyte; Neutrophile; Sub-glycotrophe; Hemi-nitrophile; Sub-ombrophyte; Sub-continental; Heliophyte.
PsPr; occasional apophyte.

336. Ranunculus polyanthemos L. — xoBTeub OaratoksiTkoBui. Range: Euras. Ecol.: Hyhro-
mesophyte; Neutrophile; Eutrophe; Hemi-nitrophile; Sub-aridophyte; Sub-continental; Sub-heliophyte.
RuPr; occaional apophyte.

337. Ranunculus repens L. — xoBTeub noB3y4nii. Range: Euras. Ecol.: Per-hyhrophyte; Neutrophile;
Eutrophe; Nitrophile; Meso-ombrophyte; Hemi-continental; Sub-heliophyte. PalPrRu; euapophyte.

338. Ranunculus sceleratus L. — xoBTeub oTpynHuin. Range: CPol. Ecol.: Hyhrophyte; Neutrophile; Semi-
eutrophe; Eunitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. AgPal; occasional apophyte.

339. Thalictrum minus L. — pytBuua mana. Range: Euras. Ecol.. Sub-mesophyte; Neutrophile; Sub-
glycotrophe; Hemi-nitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. SylSt; occasional apophyte.

52. Rhamnaceae
340. Frangula alnus Mill. — kpywuHa namka. Range: Eu-Sib. Ecol.: Hyhrophyte; Acidophile; Mesotrophe;
Hemi-nitrophile; Sub-ombrophyte; Hemi-continental; Hemi-scyophyte. Syl.
341. Rhamnus cathartica L. — xocTip npoHocHuiA. Range: Eu-Sib. Ecol.: Mesophyte; Neutrophile; Semi-
eutrophe; Hemi-nitrophile; Sub-aridophyte; Sub-continental; Sub-heliophyte.Syl.

53. Rosaceae
342. Amelanchier x spicata (Lam.) K.Koch (hybrid: A. alnifolia (Nutt.) Nutt. ex M.Roem. x A. humilis
Wiegand) — ipra konocucTta. Ecol.: SylCul. Adventive: NAm; ergasiophyte; kenophyte.
343. Argentina anserina (L.) Rydb. (= Potentilla anserina L.) — nepctau ryca4uin. Range: CPol. Ecol.:
Hyhro-mesophyte; Neutrophile; Eutrophe; Nitrophile; Meso-ombrophyte; Hemi-continental; Sub-heliophyte.
RuPr; hemiapophyte.
344. Comarum palustre L. — BoB4e Tino 6onotsHe. Range: CBor. Ecol.. Sub-hydrophyte; Acidophile;
Semi-oligotrophe; Sub-anitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. Pal.
*Protection: regionally rare (Kh.R.).
345. Crataegus rhipidophylla Gand. (= C. curvisepala Lindm.) — rnig KpvBovallevykoBWW, rnig
Bignonuctun. Range: Eu-Cauc. Ecol.: Mesophyte; Neutrophile; Semi-eutrophe; Hemi-nitrophile; Sub-
ombrophyte; Hemi-oceanic; Sub-heliophyte. StSyl; occasional apophyte.
346. Filipendula ulmaria (L.) Maxim. (= F. denudata (J.Presl & C.Presl) Fritsch) — ragtouHuk B’a308un,
ragiovHuk ronuii. Range: Euras. Ecol.: Hyhrophyte; Neutrophile; Semi-eutrophe; Nitrophile; Meso-
ombrophyte; Hemi-continental; Sub-heliophyte. PalSyl.
347. Fragaria vesca L. — cyHuui nicosi. Range: Eu-Sib. Ecol.: Mesophyte; Sub-acidophile; Mesotrophe;
Hemi-nitrophile; Meso-ombrophyte; Hemi-continental; Sub-heliophyte. Syl.
348. Geum rivale L. — rpaBinat piukoBun, rpebiHHMK npndepexHuin. Range: CPol. Ecol.: Hyhrophyte;
Neutrophile; Mesotrophe; Hemi-nitrophile; Meso-ombrophyte; Hemi-oceanic; Sub-heliophyte. PrPal. Rare.
349. Geum urbanum L. — rpaBinat micbkuin. Range: Eu-Sib. Ecol.: Hyhro-mesophyte; Neutrophile; Semi-
eutrophe; Nitrophile; Sub-ombrophyte; Hemi-continental; Hemi-scyophyte. SylRu; hemiapophyte.
350. Potentilla argentea L. — nepctay cpidbnactuii. Range: Euras. Ecol.: Sub-mesophyte; Sub-acidophile;
Eutrophe; Sub-anitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. StPrRu; occasional apophyte.
351. Potentilla incana G.Gaertn., B.Mey. & Scherb. — nepctau nickosuin. Range: Eu-WSib. Ecol.: Sub-xerophyte;
Neutrophile; Semi-eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-continental, Sub-heliophyte. Ps.
352. Potentilla reptans L. — nepctay nos3y4uin. Range: Eu-WAs. Ecol.: Hyhro-mesophyte; Neutrophile;
Eutrophe; Nitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. Pr; hemiapophyte.
353. Potentilla supina L. — nepctay nexauyuii. Range: Euras. Ecol.: Hyhro-mesophyte; Neutrophile;
Eutrophe; Nitrophile; Sub-ombrophyte; Sub-continental; Heliophyte. PrRu; eupapophyte.
354. Prunus avium (L.) L. (£ Cerasus avium (L.) Moench) — yepewHs. Ecol.: Hyhrophyte; Neutrophile;
Semi-eutrophe; Eunitrophile; Meso-ombrophyte; Hemi-oceanic; Hemi-scyophyte. SylCul. Adventive: As;
ergasiophyte; archeophyte.
355. Prunus cerasifera Ehrh. — annuya. Ecol.: Mesophyte; Neutrophile; Eutrophe; Nitrophile; Sub-
aridophyte; Hemi-continental; Sub-heliophyte. SylCul. Adventive: As; ergasiophyte; archeophyte.
356. Prunus padus L. (= Padus racemosa C.K.Schneid.) — yepemxa. Range: Euras. Ecol.: Hyhrophyte;
Neutrophile; Semi-eutrophe; Eunitrophile; Meso-ombrophyte; Hemi-oceanic; Hemi-scyophyte. CulSyl.
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357. Prunus spinosa L. — TepeH konouunn. Range: Eu-WAs. Ecol.: Mesophyte; Neutrophile; Semi-
eutrophe; Nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. SylSt.

358. Pyrus communis L. — rpywa 3BnyanHa. Range: Eu. Ecol.: Mesophyte; Neutrophile; Semi-eutrophe;
Nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. CulSyl. ?Adventive.

359. Rubus x areschougii A.Blytt (hybrid: R. caesius L. x R. saxatilis L.) — oxxunHa Apecxyra. Range: Bor.
Ecol.: Syl. New hybrid to the flora of Ukraine.

360. Rubus caesius L. — oxuHa 3Bu4anHa, oxuHa cusa. Range: Eu-Sib. Ecol.: Mesophyte; Neutrophile;
Eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. SylPr; occasional apophyte.
361. Rubus idaeus L. — manvHa eBponevicbka. Range: Eu-Sib. Ecol.: Hyhro-mesophyte; Neutrophile; Semi-
eutrophe; Nitrophile; Meso-ombrophyte; Hemi-continental; Sub-heliophyte. CulSyl; occasional apophyte.

362. Rubus polonicus Weston (= R. nessensis W. Hall.) — oxxuHa nonoHcbka, oXuHa Heciicbka. Range:
Bor. Ecol.: Hyhro-mesophyte; Sub-acidophile; Mesotrophe; Hemi-nitrophile; Meso-ombrophyte; Hemi-
continental; Sub-heliophyte. Syl. Rare.

363. Rubus saxatilis L. — koctaHunusa. Range: Palearct. Ecol.: Hyhro-mesophyte; Neutrophile; Mesotrophe;
Hemi-nitrophile; Meso-ombrophyte; Hemi-continental; Hemi-scyophyte. Syl.

*Protection: regionally rare (Kh.R.).

364. Sanguisorba officinalis L. — poposuk nikapcebkun. Range: Euras. Ecol.: Hyhro-mesophyte;
Neutrophile; Semi-eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. PalPr.
*Protection: regionally rare (Kh.R.).

365. Sorbus aucuparia L. — ropobuHa 3BuyanHa. Range: Euras. Ecol.: Hyhro-mesophyte; Acidophile;
Semi-eutrophe; Hemi-nitrophile; Meso-ombrophyte; Hemi-oceanic; Sub-heliophyte. Syl.

54. Rubiaceae
366. Galium aparine L. — nigmapeHHuk Jinkmin. Range: Euras. Ecol.: Hyhro-mesophyte; Sub-acidophile;
Eutrophe; Eunitrophile; Sub-ombrophyte; Hemi-oceanic; Hemi-scyophyte. SylRu; euapophyte.
367. Galium odoratum (L.) Scop. — nigmapeHHuK 3anawHuin. Range: Eu-WAs. Ecol.: Mesophyte;
Neutrophile; Semi-eutrophe; Nitrophile; Meso-ombrophyte; Hemi-continental; Scyophyte. Syl.
368. Galium palustre L. — nigmapeHHuK OonoTtaHuin. Range: Eu-Sib. Ecol.: Per-hyhrophyte; Sub-
acidophile; Semi-eutrophe; Nitrophile; Meso-ombrophyte; Hemi-continental; Sub-heliophyte. Pal.
369. Galium rubioides L. — nigmapeHHMK mapeHoBuaHuin. Range: Eu-Sib. Ecol.: Mesophyte; Neutrophile;
Eutrophe; Nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. SylSt.
370. Galium semiamictum Klokov — nigmapeHHuK HaniBogarHeHuin. Range: NPont. Ecol.: Pr.
371. Galium uliginosum L. — nigmapeHHuk 6arHoBuin. Range: Euras. Ecol.: Hyhrophyte; Sub-acidophile;
Semi-eutrophe; Eunitrophile; Meso-ombrophyte; Hemi-continental; Sub-heliophyte. Pal.
372. Galium verum L. — nigmapeHHuK cnpaexHii. Range: Euras. Ecol.: Sub-mesophyte; Neutrophile;
Eutrophe; Hemi-nitrophile; Meso-aridophyte; Hemi-continental; Sub-heliophyte. RuStPr; occasional apophyte.

55. Rutaceae
373. Ptelea trifoliata L. — ntenes tpunucta. Ecol.: SylCul. Adventive: NAm; ergasiophyte; kenophyte.

56. Salicaceae
374. Populus x canescens (Aiton) Sm. (hybrid: P. tremula L. x P. alba L.) — Tonons cipa. Range: Eu-Sib.
Ecol.: Hyhro-mesophyte; Neutrophile; Semi-eutrophe; Nitrophile; Sub-aridophyte; Hemi-oceanic; Sub-
heliophyte. PrSyl.
375. Populus alba L. — Tonons 6ina. Range: Eu-Sib. Ecol.: Hyhro-mesophyte; Neutrophile; Eutrophe;
Nitrophile; Sub-aridophyte; Hemi-oceanic; Sub-heliophyte. Pr.
376. Populus nigra L. (incl. Populus nigra f. italica (Minchh.) A.Andersen) — Tonons 4YopHa. Range: Euras.
Ecol.: Hyhrophyte; Neutrophile; Eutrophe; Nitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. Syl.
377. Populus tremula L. — ocuka. Range: Euras. Ecol.: Hyhro-mesophyte; Sub-acidophile; Semi-
eutrophe; Hemi-nitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. Syl.
378. Salix babylonica L. — Bepba BaBinoHcbka, Bepba nnakyya. Ecol.: CulPal. Adventive: As;
ergasiophyte; kenophyte.
379. Salix caprea L. — Bep6a ko3a4a. Range: Euras. Ecol.: Hyhro-mesophyte; Neutrophile; Mesotrophe;
Nitrophile; Meso-ombrophyte; Hemi-continental; Sub-heliophyte. SylPal.
380. Salix cinerea L. — Bepba nonenscrta. Range: Eu-Sib. Ecol.: Per-hyhrophyte; Sub-acidophile; Semi-
eutrophe; Eunitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. SylPal.
381. Salix pentandra L. — Bepba n'atutninHkosa. Range: Euras. Ecol.: Per-hyhrophyte; Sub-acidophile;
Semi-eutrophe; Sub-anitrophile; Sub-ombrophyte; Sub-continental; Sub-heliophyte. SylPal.
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382. Salix triandra L. — Bepba TpboxTuimnHkoBa. Range: Euras. Ecol.: Per-hyhrophyte; Neutrophile; Semi-
eutrophe; Nitrophile; Sub-aridophyte; Sub-continental; Sub-heliophyte. SylPal.

57. Sapindaceae s.l. (incl. Aceraceae)
383. Acer campestre L. — kneH nonboBuii. Range: Eu-WAs. Ecol.: Mesophyte; Neutrophile; Semi-
eutrophe; Nitrophile; Sub-ombrophyte; Hemi-oceanic; Hemi-scyophyte. Syl.
384. Acer negundo L. — kneH amepukaHcbkui, kneH sceHenuctuin. Ecol.: Mesophyte; Sub-acidophile; Semi-
eutrophe; Nitrophile; Sub-aridophyte; Hemi-scyophyte. Syl. Adventive: NAm; ergasiophyte; kenophyte.
385. Acer platanoides L. — kneH roctponuctuii. Range: Eu-Sib. Ecol.: Hyhro-mesophyte; Neutrophile;
Semi-eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-continental; Hemi-scyophyte. Syl.
386. Acer pseudoplatanus L. — aBip. Range: Eu-Sib. Ecol.: Hyhro-mesophyte; Sub-acidophile; Semi-
eutrophe; Nitrophile; Sub-ombrophyte; Hemi-oceanic; Hemi-scyophyte. SylCul. Adventive: WEu;
ergasiophyte; kenophyte.
387. Acer tataricum L. — kneH TaTapcbkuin, YopHokneH. Range: Eu-Sib. Ecol.: Mesophyte; Neutrophile;
Semi-eutrophe; Nitrophile; Sub-aridophyte; Sub-continental; Hemi-scyophyte. Syl.

58. Saxifragaceae
388. Chrysosplenium alternifolium L. — xoBTaHMusa 4eprosonucta. Range: CPol. Ecol.: Hyhrophyte;
Neutrophile; Semi-eutrophe; Hemi-nitrophile; Sub-ombrophyte; Sub-continental; Scyophyte. PalSyl.
*Protection: regionally rare (Kh.R.).

59. Scrophulariaceae s.str.
389. Scrophularia nodosa L. — paHHuk By3nyeaTtuit. Range: Eu-Sib. Ecol.: Hyhro-mesophyte; Sub-acidophile;
Semi-eutrophe; Nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. Syl; occasional apophyte.
390. Verbascum chaixii Vill. — gnenHa LWe. Range: Eu. Ecol.: Sub-mesophyte; Neutrophile; Eutrophe;
Hemi-nitrophile; Meso-aridophyte; Continental; Heliophyte. StSyl.
391. Verbascum densiflorum Bertol. (= V. thapsiforme Schrad.) — guBmHa ryctoksiTkoBa. Range: Eu.
Ecol.: Sub-mesophyte; Neutrophile; Eutrophe; Nitrophile; Sub-ombrophyte; Hemi-oceanic; Sub-heliophyte.
PrRu; hemiapophyte.
392. Verbascum nigrum L. — guBuHa 4vopHa. Range: Eu-Sib. Ecol.: Mesophyte; Neutrophile; Semi-
eutrophe; Nitrophile; Sub-ombrophyte; Hemi-oceanic; Sub-heliophyte. RuStPr; hemiapophyte.
393. Verbascum phlomoides L. — gusnHa 3BuyariHa. Range: Eu. Ecol.: Sub-mesophyte; Neutrophile;
Sub-glycotrophe; Nitrophile; Sub-aridophyte; Hemi-continental; Heliophyte. PrRu; hemiapophyte.

60. Solanaceae
394. Lycium barbarum L. — nosin 3su4aviiin, gepesa. Ecol.: Sub-mesophyte; Neutrophile; Eutrophe; Nitrophile;
Sub-ombrophyte; Hemi-continental; Sub-heliophyte. CulRu. Adventive: EAs; ergasiophyte; archeophyte.
395. Solanum dulcamara L. — nacniH conogko-ripkuin. Range: Euras. Ecol.: Per-hyhrophyte; Neutrophile;
Semi-eutrophe; Nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. Pal; occasional apophyte.
396. Solanum nigrum L. — nacniH YopHuii. Ecol.: Mesophyte; Neutrophile; Semi-eutrophe; Eunitrophile;
Sub-aridophyte; Sub-continental; Sub-heliophyte. SylRu; Adventive: SEu; xenophyte; archeophyte.

61. Ulmaceae
397. Ulmus glabra Huds. — 8’43 ronuin. Range: Eu-Sib. Ecol.: Hyhro-mesophyte; Sub-acidophile; Semi-
eutrophe; Eunitrophile; Meso-ombrophyte; Hemi-oceanic; Hemi-scyophyte. Syl.
398. Ulmus laevis Pall. — 8’a3 rnagkuii. Range: Eu-Sib. Ecol.: Hyhro-mesophyte; Neutrophile; Eutrophe;
Nitrophile; Sub-aridophyte; Sub-continental; Hemi-scyophyte. Syl.
399. Ulmus minor Mill. (incl. = U. suberosa Moench) — B'a3 manui, B'a3 kopkosuid. Range: Eu-WAs. Ecol.: Syl.

62. Urticaceae
400. Urtica dioica subsp. dioica L. — kpornuea gsogomHa. Range: CPol. Ecol.: Hyhro-mesophyte; Neutrophile;
Semi-eutrophe; Eunitrophile; Meso-ombrophyte; Hemi-continental; Sub-heliophyte. SylRu; euapophyte.
401. Urtica dioica subsp. pubescens (Ledeb.) Domin (= U. galeopsifolia J.Jacq. ex Blume) — kponusa
Xabpionucta. Range: Euras. Ecol.: Hyhrophyte; Neutrophile; Semi-eutrophe; Eunitrophile; Sub-
ombrophyte; Sub-continental; Sub-heliophyte. PalPr.

63. Viburnaceae s.l. (incl. Adoxaceae)
402. Adoxa moschatellina L. — nvxmiBka 3BM4anHa, agokca myckycHa. Range: CPol. Ecol.: Hyhro-mesophyte;
Neutrophile; Semi-eutrophe; Eunitrophile; Sub-ombrophyte; Hemi-continental; Hemi-scyophyte. Syl.
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403. Viburnum opulus L. — kanuHa 3Bu4yariHa. Range: Eu-Sib. Ecol.;: Hyhro-mesophyte; Neutrophile;
Semi-eutrophe; Nitrophile; Meso-ombrophyte; Hemi-continental; Sub-heliophyte. PrSyl.
*Protection: regionally rare (Kh.R.).

64. Violaceae
404. Viola arvensis Murray — gisinka nonsoBa. Ecol.: Hyhro-mesophyte; Sub-acidophile; Semi-eutrophe;
Nitrophile; Sub-ombrophyte; Hemi-oceanic; Sub-heliophyte. Ru. Adventive: Med; xenophyte; archeophyte.
405. Viola canina L. — cisanka cobaya. Range: Euras. Ecol.: Hyhro-mesophyte; Acidophile; Mesotrophe;
Sub-anitrophile; Meso-ombrophyte; Hemi-continental; Sub-heliophyte. PsSyl; hemiapophyte.
406. Viola hirta L. — disinka wopcTka. Range: Euras. Ecol.: Mesophyte; Neutrophile; Semi-eutrophe;
Nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. StPrSyl.
407. Viola hymettia Boiss. & Heldr. (= V. lavrenkoana Klokov) — disinka rimeTcbka, disnka JlaBpeHka.
Range: SubMed. Ecol.: Sub-xerophyte; Neutrophile; Semi-eutrophe; Sub-anitrophile; Sub-aridophyte;
Sub-continental; Heliophyte. Ps.
408. Viola mirabilis L. — cisnka guBoBmxHa. Range: Euras. Ecol.: Mesophyte; Neutrophile; Semi-
eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-continental; Hemi-scyophyte. Syl; hemiapophyte.
409. Viola odorata L. — disinka 3anawHa. Range: Eu-Sib. Ecol.: Mesophyte; Neutrophile; Semi-eutrophe;
Nitrophile; Sub-ombrophyte; Hemi-oceanic; Hemi-scyophyte. SylPrRu; hemiapophyte.
410. Viola suavis M.Bieb. — bisnka npuvemHa. Range: Eu-Sib. Ecol.: Sub-mesophyte; Sub-acidophile;
Eutrophe; Hemi-nitrophile; Sub-aridophyte; Sub-continental; Hemi-scyophyte.StPr.

65. Viscaceae
411. Viscum album subsp. album L. — omena 3BuyanHa. Range: Eu-WAs. Ecol.: hemiparasitic plant; euapophyte.

66. Vitaceae
412. Parthenocissus inserta (A.Kern.) Fritsch — BuHorpag gisouni xxumonoctesuii. Ecol.: Ru. Adventive:
NAm; ergasiophyte; kenophyte.
413. Vitis vinifera L. — BuHorpag cnpaexHiii. Ecol.: SylCul. Adventive: SubMed; ergasiophyte; archeophyte.

67. Zygophyllaceae
414. Tribulus terrestris L. — axipui cnanki. Ecol.: Sub-mesophyte; Neutrophile; Eutrophe; Hemi-nitrophile;
Semi-aridophyte; Continental; Heliophyte. PsRu. Adventive: Med; xenophyte; archeophyte.

Liliopsida
68. Alismataceae
415. Alisma plantago-aquatica L. — 4actyxa nogopoxHukoBa. Range: Euras. Ecol.: Sub-hydrophyte;
Neutrophile; Eutrophe; Nitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. Pal; occasional apophyte.

69. Amaryllidaceae s.l. (incl. Alliaceae)
416. Allium oleraceum L. — uubynsa osoyeBa. Range: Eu. Ecol.: Sub-mesophyte; Sub-acidophile;
Eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-oceanic; Sub-heliophyte. RuStPr; occasional apophyte.
417. Allium rotundum L. — 4vacHuk kpyrnun. Range: Eu-WAs. Ecol.: Sub-mesophyte; Neutrophile;
Eutrophe; Hemi-nitrophile; Sub-aridophyte; Hemi-continental; Heliophyte. PrSt.

70. Araceae s.l. (incl. Lemnaceae)
418. Lemna gibba L. — psicka ropbata. Range: Cosmopol. Ecol.: Hydrophyte; Neutrophile; Sub-
glycotrophe; Eunitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. Aq.
419. Lemna minor L. — pdcka mana. Range: Cosmopol. Ecol.: Hydrophyte; Neutrophile; Eutrophe;
Nitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. Aqg.
420. Lemna trisulca L. — psacka TpmboposeHyacta. Range: Cosmopol. Ecol.: Hydrophyte; Neutrophile;
Eutrophe; Nitrophile; Meso-aridophyte; Hemi-continental; Sub-heliophyte. Aqg.
421. Spirodela polyrhiza (L.) Schleid. — psacka 6aratokopiHHa. Range: Cosmopol. Ecol.: Hydrophyte;
Neutrophile; Eutrophe; Nitrophile; Sub-heliophyte. Aq.

71. Asparagaceae s.l. (incl. pars Liliaceae)
422. Anthericum ramosum L. — Bixanka rinndcra. Range: Eu. Ecol.: Sub-mesophyte; Neutrophile; Semi-
eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-oceanic; Sub-heliophyte. PsSyl.
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423. Asparagus officinalis L. — xonogok nikapceknii. Range: Eu-Sib. Ecol.: Sub-mesophyte; Neutrophile;
Semi-eutrophe; Hemi-nitrophile; Sub-aridophyte; Sub-continental; Sub-heliophyte. RuSt.

424. Convallaria majalis L. — xoHBanisa 3BmyanHa. Range: Eu-Sib. Ecol.: Hyhro-mesophyte; Neutrophile;
Mesotrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-oceanic; Hemi-scyophyte. CulSyl.

425. Polygonatum multiflorum (L.) All. — kynuHa OaraTtokBiTkoBa. Range: Eu-Sib. Ecol.: Hyhro-
mesophyte; Sub-acidophile; Semi-eutrophe; Nitrophile; Sub-ombrophyte; Hemi-oceanic; Scyophyte. Syl.
426. Polygonatum odoratum (Mill.) Druce — kynuHa 3anawHa. Range: Euras. Ecol.: Sub-mesophyte;
Neutrophile; Semi-eutrophe; Hemi-nitrophile; Sub-ombrophyte; Sub-continental; Sub-heliophyte. PtSyl.
427. Scilla siberica Andrews — nponicku noHukri, nposickn cubipceki. Range: Eu-Sib. Ecol.: Hyhro-
mesophyte; Neutrophile; Nitrophile; Sub-heliophyte. Syl.

72. Asphodelaceae
428. Hemerocallis fulva (L.) L. — nininHuk pyaoyeatun. Ecol.: Cul. Adventive: EAs; ergasiophyte; kenophyte.

73. Commelinaceae
429. Commelina communis L. — komeniHa 3BnyariHa. Ecol.: CulRu. Adventive: EAs; ergasiophyte; kenophyte.

74. Cyperaceae
430. Carex acuta L. — ocoka roctpa. Range: Euras. Ecol.: Per-hyhrophyte; Sub-acidophile; Semi-
eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. PrPal.
431. Carex acutiformis Ehrh. — ocoka roctponogibHa. Range: Eu-Sib. Ecol.: Per-hyhrophyte; Neutrophile;
Semi-eutrophe; Nitrophile; Sub-aridophyte; Sub-continental; Sub-heliophyte. PrPal.
432. Carex caryophyllea Latourr. — ocoka BecHaHa. Range: Euras. Ecol.: Mesophyte; Sub-acidophile;
Eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. Pr.
433. Carex cespitosa L. — ocoka gepHucta. Range: Euras. Ecol.: Per-hyhrophyte; Sub-acidophile; Semi-
eutrophe; Nitrophile; Meso-ombrophyte; Hemi-continental; Sub-heliophyte. Pal.
434. Carex colchica J.Gay — ocoka konxiacbka. Range: Eu. Ecol.: Sub-xerophyte; Sub-acidophile;
Eutrophe; Sub-anitrophile; Sub-aridophyte; Sub-continental; Sub-heliophyte. Ps; occasional apophyte.
435. Carex digitata L. — ocoka nanbyacTta. Range: Eu-Sib-Cauc. Ecol.: Hyhro-mesophyte; Neutrophile;
Semi-eutrophe; Hemi-nitrophile; Meso-ombrophyte; Hemi-oceanic; Hemi-scyophyte. Syl.
436. Carex elata All. — ocoka Bucoka. Range: Eu-Sib. Ecol.: Per-hyhrophyte; Sub-acidophile; Semi-
eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-oceanic; Sub-heliophyte. Pal.
437. Carex elongata L. — ocoka BugosxeHa. Range: Eu-Sib. Ecol.: Per-hyhrophyte; Sub-acidophile; Semi-
eutrophe; Nitrophile; Sub-ombrophyte; Hemi-continental; Hemi-scyophyte. Pal.
438. Carex ericetorum Pollich — ocoka BepecHsaHkoBa. Range: Euras. Ecol.: Sub-mesophyte; Sub-
acidophile; Mesotrophe; Sub-anitrophile; Sub-ombrophyte; Sub-continental; Sub-heliophyte. Ps.
439. Carex hartmaniorum A.Cajander — ocoka XaptmaHa. Range: Eu-Sib. Ecol.: Pr. CWU: Tzvelev, 1951, non coll.
440. Carex hirta L. — ocoka wopcTtkoBonocucta. Range: Eu-Sib. Ecol.: Hyhro-mesophyte; Neutrophile;
Semi-eutrophe; Nitrophile; Meso-ombrophyte; Hemi-continental; Sub-heliophyte. RuPr; hemiapohyte.
441. Carex leporina L. — ocoka 3asda. Range: Euras. Ecol.: Hyhro-mesophyte; Acidophile; Semi-
eutrophe; Hemi-nitrophile; Meso-ombrophyte; Hemi-oceanic; Sub-heliophyte. PrPs.
442. Carex melanostachya M.Bieb. ex Willd. — ocoka 4opHokonoca. Range: Euras. Ecol.: Hyhro-
mesophyte; Neutrophile; Sub-glycotrophe; Hemi-nitrophile; Sub-aridophyte; Sub-continental; Sub-
heliophyte. PrPal.
443. Carex michelii Host — ocoka Mikeni. Range: Eu-Cauc. Ecol.: Sub-mesophyte; Neutrophile; Eutrophe;
Hemi-nitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. Syl.
444. Carex pallescens L. — ocoka 6niga. Range: CPol. Ecol.: Mesophyte; Acidophile; Semi-eutrophe;
Hemi-nitrophile; Meso-ombrophyte; Hemi-continental; Sub-heliophyte.
445. Carex pilosa Scop. — ocoka Bonocucta. Range: Eu-Sib. Ecol.: Mesophyte; Sub-acidophile; Semi-
eutrophe; Nitrophile; Sub-ombrophyte; Hemi-continental; Hemi-scyophyte. Syl.
446. Carex praecox Schreb. — ocoka paHHsi. Range: Euras. Ecol.: Sub-mesophyte; Neutrophile; Eutrophe;
Hemi-nitrophile; Sub-ombrophyte; Sub-continental; Sub-heliophyte. PrRu; hemiapophyte.
447. Carex pseudocyperus L. — ocoka HecnpaBxHboCMUKaBLeBa. Range: Bor. Ecol.: Per-hyhrophyte;
Neutrophile; Semi-eutrophe; Nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. PrPal.
*Protection: regionally rare (Kh.R.).
448. Carex remota L. — ocoka pigkokonoca. Range: Eu-Cauc. Ecol.: Hyhrophyte; Neutrophile; Semi-
eutrophe; Nitrophile; Sub-ombrophyte; Hemi-oceanic; Scyophyte. Syl. Rare.
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449. Carex riparia Curtis — ocoka nobepexHa. Range: Eu-Sib. Ecol.: Per-hyhrophyte; Neutrophile;
Eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. Pal.

450. Carex supina Willd. ex Wahlenb. — ocoka nexava. Range: CPol. Ecol.: Sub-xerophyte; Neutrophile;
Eutrophe; Sub-anitrophile; Sub-aridophyte; Sub-continental; Sub-heliophyte. PsPr.

451. Carex vesicaria L. — ocoka nyxmp4yacrta. Range: CPol. Ecol.: Per-hyhrophyte; Sub-acidophile; Semi-
eutrophe; Nitrophile; Meso-ombrophyte; Hemi-continental; Sub-heliophyte. Pal. Rare.

452. Eleocharis palustris (L.) Roem. & Schult. — cutHar GonoTtaHuin. Range: Holarct. Ecol.: Per-
hyhrophyte; Neutrophile; Eutrophe; Hemi-nitrophile; Meso-aridophyte; Hemi-continental; Heliophyte. PrPal.
453. Schoenoplectus tabernaemontani (C.C.Gmel.) Palla — kyra TabepHomoHTaHa. Range: Cosmopol.
Ecol.: Sub-hydrophyte; Neutrophile; Sub-glycotrophe; Nitrophile; Sub-ombrophyte; Hemi-continental;
Heliophyte. Pal.

454. Scirpoides holoschoenus (L.) Sojak — komuwHuk roniByactuii. Range: Palearct. Ecol.: Hyhro-
mesophyte; Neutrophile; Sub-glycotrophe; Hemi-nitrophile; Sub-aridophyte; Hemi-oceanic; Heliophyte. HalPr.
455, Scirpus sylvaticus L. — komuw nicosun. Range: Euras. Ecol.: Per-hyhrophyte; Sub-acidophile; Semi-
eutrophe; Nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. Pal.

75. Iridaceae
456. Iris aphylla L. (= I. hungarica Waldst. & Kit.) — niBHukn 6e3nucTi, niBHWKK yropcoki. Range: Eu-Sib-
Cauc. Ecol.: Sub-mesophyte; Neutrophile; Eutrophe; Hemi-nitrophile; Sub-aridophyte; Sub-continental;
Sub-heliophyte. St. Literature: Ougrinsky, 1912.
*Protection: regionally rare (Kh.R.).
457. Iris arenaria L. (= I. pineticola Klokov) — niBH1KK nickoBi, niBHukn 6oposi. Range: EEu. Ecol.: Ps.
**Protection: RDBU (as Iris pineticola Klokov; vulnerable). Literature: Viter, 2020; Ougrinsky, 1911.
458. Iris pseudacorus L. — niBHuMkn GonotsiHi. Range: Eu-Sib. Ecol.: Sub-mesophyte; Neutrophile;
Eutrophe; Hemi-nitrophile; Sub-aridophyte; Sub-continental; Sub-heliophyte. Pal.

76. Juncaceae
459. Juncus articulatus L. — cutHuk uneHuctuin. Range: CPol. Ecol.: Hyhrophyte; Neutrophile; Semi-
eutrophe; Hemi-nitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. HalPr.
460. Juncus bufonius L. — cutHuk ponyxoBuii. Range: Cosmol. Ecol.: Hyhro-mesophyte; Acidophile;
Semi-eutrophe; Nitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. PsPal.
461. Juncus compressus Jacq. — cUTHUK CTUCHYTUIR. Range: Euras. Ecol.: Hyhrophyte; Neutrophile; Sub-
glycotrophe; Nitrophile; Sub-aridophyte; Hemi-continental; Heliophyte. Hal PrRu.
462. Juncus effusus L. — cutHuk posnoruin. Range: Eu-Sib. Ecol.: Hyhrophyte; Acidophile; Semi-
eutrophe; Hemi-nitrophile; Meso-ombrophyte; Hemi-continental; Sub-heliophyte. PrPal.
463. Juncus inflexus L. — cutHuk cn3min. Range: Euras. Ecol.: Hyhro-mesophyte; Neutrophile; Eutrophe;
Hemi-nitrophile; Sub-aridophyte; Hemi-continental; Heliophyte. PrPal.
464. Juncus tenuis Willd. — cutHuk ToHkui. Ecol.: Hyhro-mesophyte; Sub-acidophile; Semi-eutrophe; Hemi-
nitrophile; Sub-ombrophyte; Hemi-oceanic; Sub-heliophyte. PrPsRu. Adventive: NAm; xenophyte; kenophyte.
465. Luzula multiflora (Ehrh.) Lej. — oxuka 6araToksiTkoBa. Range: CPol. Ecol.: Hyhro-mesophyte;
Acidophile; Semi-eutrophe; Hemi-nitrophile; Meso-ombrophyte; Hemi-continental; Sub-heliophyte. Pr.
466. Luzula pallescens Sw. — oxuka 6niga. Range: Euras. Ecol.: Hyhro-mesophyte; Acidophile; Semi-
eutrophe; Hemi-nitrophile; Meso-aridophyte; Sub-continental; Sub-heliophyte. SylPr.
467. Luzula pilosa (L.) Willd. — oxuka Bonocucta. Range: Bor. Ecol.: Hyhro-mesophyte; Sub-acidophile;
Semi-eutrophe; Hemi-nitrophile; Meso-ombrophyte; Hemi-continental; Hemi-scyophyte. PrPal. Rare.

77. Liliaceae s.str.
468. Gagea lutea (L.) Ker Gawl. — 3ipoykmn >xoBTi. Range: Eu-Sib-Cauc. Ecol.: Hyhro-mesophyte;
Neutrophile; Semi-eutrophe; Nitrophile; Meso-ombrophyte; Hemi-oceanic; Hemi-scyophyte. Sul.
469. Gagea minima (L.) Ker Gawl. — 3ipoykn maneHbki. Range: Eu-Sib-Cauc. Ecol.: Mesophyte;
Neutrophile; Semi-eutrophe; Nitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. RuSyl;
occasional apophyte.
470. Gagea pusilla (F.W.Schmidt) Sweet (incl. = G. pineticola Klokov) — 3ipo4ku HU3eHbKi, 3ipo4ku GOpOoBi.
Range: Eu-Sib. Ecol.: Sub-xerophyte; Neutrophile; Eutrophe; Hemi-nitrophile; Meso-aridophyte; Sub-
continental; Heliophyte. RuPrSt; occasional apophyte.
471. Tulipa sylvestris subsp. australis (Link) Pamp. (= T. quercetorum Klokov & Z0z) — TionbnaH nicoBui
niBaeHHWA, TionbnaH AibpoBHuiA. OxopoH.: YKY (ak T. quercetorum, Bpa3snueuii). Range: Eu-Sib with
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disjunctive range. Ecol.: Mesophyte; Neutrophile; Eutrophe; Hemi-nitrophile; Sub-aridophyte; Sub-
continental; Sub-heliophyte. PrSyl.
**Protection: RDBU (as Tulipa quercetorum Klokov & Zoz; vulnerable).

78. Melathiaceae
472. Paris quadrifolia L. — BopoHsiue oko 3Bu4yariHe. Range: Euras. Ecol.: Hyhro-mesophyte; Neutrophile;
Mesotrophe; Nitrophile; Meso-ombrophyte; Sub-continental; Hemi-scyophyte. Syl.
*Protection: regionally rare (Kh.R.).

79. Orchidaceae
473. Epipactis helleborine (L.) Crantz — kopy4yka 4yeMepHukonogibHa, kopydka wwumpokonucTta. Range:
Palearct. Ecol.: Mesophyte; Neutrophile; Semi-eutrophe; Nitrophile; Sub-aridophyte; Hemi-oceanic; Hemi-
scyophyte. Syl.
**Protection: RDBU (unvaluate).
474. Neottia nidus-avis (L.) Rich. — rHisgiBka 3BuyanHa. Range: Eu-Sib-Cauc. Ecol.: Mesophyte;
Neutrophile;  Semi-eutrophe;  Nitrophile;  Sub-ombrophyte;  Hemi-oceanic;  Scyophyte.  Syl;
heteromycotrophe. Literature: Filatova et al, 2019b.
**Protection: RDBU (unvaluate).
475. Neottia ovata (L.) Hartm. (= Listera ovata (L.) R.Br.) — 303ynuHi crnbo3u aviuenogibHi. Range: Euras.
Ecol.: Hyhro-mesophyte; Neutrophile; Semi-eutrophe; Nitrophile; Sub-aridophyte; Hemi-continental; Hemi-
scyophyte. Syl. Literature: Ougrinsky, 1912.
**Protection: RDBU (as Listera ovata (L.) R.Br.; unvaluate).

80. Poaceae
476. Aegilops cylindrica Host — oBogHuk umniHgpuyHuin. Range: Eu-WAs. Ecol.: Sub-xerophyte; Neutrophile;
Eutrophe; Hemi-nitrophile; Sub-aridophyte; Sub-continental; Heliophyte. Ru; occasional apophyte.
477. Agropyron cristatum (L.) Gaertn. (= A. pectinatum (M.Bieb.) P.Beauv.) — XuUTHSIK rpeGiH4acTuin.
Range: Eu-WAs. Ecol.: Sub-xerophyte; Neutrophile; Sub-glycotrophe; Hemi-nitrophile; Meso-aridophyte;
Sub-continental; Heliophyte. RuPsSt; occasional apophyte.
478. Agrostis capillaris L. (= A. tenuis Sibth.) — mitnmus ToHka. Range: Eu-WAs. Ecol.: Mesophyte;
Acidophile; Semi-eutrophe; Hemi-nitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. PrPs.
479. Agrostis gigantea Roth — miTnuuga BeneteHcbka. Range: ?Euras. Ecol.: Hyhrophyte; Neutrophile;
Sub-glycotrophe; Nitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. PalPr; hemiapophyte.
480. Alopecurus aequalis Sobol. — kntHuk piBHuin. Range: CPol. Ecol.: Per-hyhrophyte; Sub-acidophile;
Eutrophe; Eunitrophile; Meso-aridophyte; Hemi-continental; Heliophyte. PalPr.
481. Alopecurus arundinaceus Poir. — kUTHUK odepeTaHuii. Range: Euras. Ecol.: Hyhro-mesophyte;
Neutrophile; Sub-glycotrophe; Nitrophile; Sub-aridophyte; Sub-continental; Heliophyte. PalPr.
482. Alopecurus geniculatus L. — knTHuK koniHyactun. Range: Eu-Sib. Ecol.: Per-hyhrophyte;
Neutrophile; Semi-eutrophe; Nitrophile; Meso-ombrophyte; Hemi-continental; Heliophyte. PalPr.
483. Alopecurus pratensis L. — knTHUK ny4Huii. Range: Euras. Ecol.: Hyhrophyte; Sub-acidophile; Semi-
eutrophe; Eunitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. RuPalPr.
484. Anthoxanthum odoratum L. — naxyya TpaBa 3Bu4anHuii. Range: Eu-Sib. Ecol.: Hyhro-mesophyte;
Sub-acidophile; Mesotrophe; Nitrophile; Sub-ombrophyte; Hemi-oceanic; Sub-heliophyte. PsPr.
485. Anthoxanthum repens (Host) Veldkamp (= Hierochloe repens (Host) P.Beauv.) — naxy4mn konocok
nos3yyun. Range: Eu-Sib. Ecol.: Sub-mesophyte; Neutrophile; Eutrophe; Hemi-nitrophile; Sub-
ombrophyte; Sub-continental; Sub-heliophyte. Ps.
486. Arrhenatherum elatius (L.) P.Beauv. ex J.Pres| & C.Presl — copaHuUy3cbkuii pairpac sucokuin. Ecol.:
Mesophyte; Neutrophile; Semi-eutrophe; Nitrophile; Meso-ombrophyte; Hemi-oceanic; Sub-heliophyte.
PrRu. Adventive: WEu; xenophyte; archeophyte.
487. Beckmannia eruciformis (L.) Host — 6ekmaHis 3Bm4aiiHa. Range: Euras. Ecol.: Hyhrophyte;
eutrophile; Eutrophe; Nitrophile; Meso-aridophyte; Continental; Heliophyte. PalPr.
488. Brachypodium sylvaticum (Huds.) P.Beauv. — kyuoHikka nicoBa. Range: Euras. Ecol.: Hyhro-
mesophyte; Neutrophile; Semi-eutrophe; Nitrophile; Sub-ombrophyte; Hemi-oceanic; Hemi-scyophyte. Syl.
489. Bromus hordeaceus L. (= B. mollis L.) — ctokonoc m’'sikmin. Range: Eu-Sib. Ecol.: Mesophyte; Neutrophile;
Sub-glycotrophe; Hemi-nitrophile; Sub-aridophyte; Hemi-oceanic; Sub-heliophyte. PrRu; euapophyte.
490. Bromus squarrosus L. — ctokonoc koctpybatuii. Ecol.: Sub-xerophyte; Neutrophile; Sub-glycotrophe;
Nitrophile; Sub-aridophyte; Continental; Heliophyte. Ru. Adventive: Med-CAs; xenophyte; archeophyte.
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491. Bromus tectorum L. (= Anisantha tectorum (L.) Nevski) — CTOKONOC MOKpiBenbHWUIA, aHi3aHTa
nokpisenbHa. Ecol.: Sub-xerophyte; Neutrophile; Eutrophe; Hemi-nitrophile; Sub-aridophyte; Sub-
continental; Heliophyte. Ru. Adventive: Med-CAs; xenophyte; archeophyte.

492. Calamagrostis canescens (Weber) Roth — kyHn4HuK cipyBatuin. Range: Bor. Ecol.: Per-hyhrophyte;
Sub-acidophile; Mesotrophe; Nitrophile; Sub-ombrophyte; Hemi-continental; Sub-heliophyte. Pal. Rare.
493. Calamagrostis epigejos (L.) Roth — kyHu4HuK HasemHuii. Range: Euras. Ecol.: Mesophyte; Sub-
acidophile; Semi-eutrophe; Hemi-nitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. RuStPs.
494. Dactylis glomerata L. — rpactuusa 36ipHa. Range: Eu-Sib. Ecol.: Hyhro-mesophyte; Neutrophile;
Semi-eutrophe; Nitrophile; Sub-ombrophyte; Sub-continental; Sub-heliophyte. PrSylRu; euapophyte.

495. Digitaria sanguinalis (L.) Scop. — nanb4yaTka KpuBaBo-4epBoHa. Ecol.: Sub-mesophyte; Sub-
acidophile; Eutrophe; Hemi-nitrophile; Meso-aridophyte; Hemi-oceanic; Heliophyte. PsRu. Adventive:
Med; xenophyte; archeophyte.

496. Echinochloa crus-galli (L.) P.Beauv. — nnockyxa 3Bu4dainHa. Ecol.. Hyhro-mesophyte; Sub-
acidophile; Eutrophe; Eunitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. Ru. Advetive: As;
xenophyte; archeophyte.

497. Elymus caninus (L.) L. (= Roegneria canina (L.) Nevski) — nupin cobaunii, perHepis cobaya. Range:
Eu-Sib. Ecol.: Hyhro-mesophyte; Neutrophile; Semi-eutrophe; Eunitrophile; Meso-ombrophyte; Hemi-
continental; Hemi-scyophyte. Syl.

498. Elymus repens (L.) Gould (= Elytrigia repens (L.) Nevski) — nupi nos3yuyuin. Range: Euras. Ecol.:
Mesophyte; Neutrophile; Sub-glycotrophe; Nitrophile; Meso-aridophyte; Hemi-continental; Sub-heliophyte.
PrRu; euapophyte.

499. Eragrostis minor Host — rycatHuk manuii. Ecol.: Sub-xerophyte; Sub-acidophile; Semi-eutrophe; Hemi-
nitrophile; Meso-aridophyte; Sub-continental; Heliophyte. PsRu. Adventive: Med; xenophyte; kenophyte.

500. Eragrostis pilosa (L.) Beauv. — rycatHuk Bonocuctuii. Ecol.: Hyhro-mesophyte; Acidophile; Eutrophe;
Nitrophile; Meso-aridophyte; Sub-continental; Heliophyte. PsRu. Adventive: As; xenophyte; kenophyte.

501. Festuca trachyphylla (Hack.) Hack. — kocTpuusa wopcTkonucTa. Range: Eu. Ecol.: Sub-mesophyte;
Acidophile; Semi-eutrophe; Hemi-nitrophile; Sub-ombrophyte; Hemi-oceanic; Heliophyte. Ps.

502. Festuca valesiaca Schleich. ex Gaudin — kocTpuus Baniiceka. Range: Euras. Ecol.: Sub-xerophyte;
Neutrophile; Eutrophe; Hemi-nitrophile; Meso-aridophyte; Sub-continental; Heliophyte. PtStPs.

503. Glyceria fluitans (L.) R.Br. — nenewHsk nnasyuyun. Range: Eu-Sib. Ecol.: Per-hyhrophyte;
Neutrophile; Semi-eutrophe; Eunitrophile; Sub-ombrophyte; Hemi-oceanic; Heliophyte. AgPal.

504. Glyceria notata Chevall. (= G. plicata (Fr.) Fr.) — nenewHsk BigMideHUIA, NenewHaK cknag4acTui.
Range: Eu-WAs. Ecol.: Per-hyhrophyte; Neutrophile; Eutrophe; Eunitrophile; Sub-ombrophyte; Hemi-
oceanic; Heliophyte. AgPal.

505. Hordeum murinum L. — aumiHb muwauuin. Ecol.: Sub-mesophyte; Neutrophile; Eutrophe; Nitrophile;
Sub-aridophyte; Hemi-oceanic; Heliophyte. Ru. Adventive: Med-CAs; xenophyte; archeophyte.

506. Koeleria glauca (Spreng.) DC. — kenepiga cusa. Range: Eu-Sib. Ecol.: Sub-mesophyte; Neutrophile;
Semi-eutrophe; Sub-anitrophile; Sub-aridophyte; Sub-continental; Heliophyte. Ps.

507. Leymus racemosus (Lam.) Tzvelev — konocHsk YopHoMmopcekuin. Range: Euras. Ecol.: Xerophyte;
Neutrophile; Meso-halotrophe; Hemi-nitrophile; Meso-aridophyte; Sub-continental; Heliophyte. Ps.

508. Lolium giganteum (L.) Darbysh. (= Festuca gigantea (L.) Vill.) — kocTpuusi BeneTteHcbka. Range: Eu-
Sib. Ecol.: Hyhro-mesophyte; Neutrophile; Eutrophe; Nitrophile; Meso-ombrophyte; Hemi-continental;
Hemi-scyophyte. Syl.

509. Lolium perenne L. — naxunTHuus 6aratopiyHa. Range: Eu-Sib. Ecol.: Mesophyte; Sub-acidophile;
Eutrophe; Nitrophile; Sub-aridophyte; Hemi-oceanic; Heliophyte. PrRu; hemiapophyte.

510. Melica nutans L. — nepniska noHvkna. Range: Euras. Ecol.: Mesophyte; Neutrophile; Semi-eutrophe;
Hemi-nitrophile; Sub-ombrophyte; Hemi-continental; Hemi-scyophyte. Syl.

511. Melica picta K.Koch — nepniska 6apsucta. Range: Eu-Cauc. Ecol.: Mesophyte; Sub-acidophile;
Semi-eutrophe; Nitrophile; Sub-aridophyte; Hemi-continental; Hemi-scyophyte. Syl.

512. Melica transsilvanica Schur — nepniBka TpaHcunbBaHCbka. Range: Eu-Sib-Cauc. Ecol.: Sub-
xerophyte; Sub-acidophile; Semi-eutrophe; Sub-anitrophile; Sub-aridophyte; Sub-continental; Sub-
heliophyte. StPs.

513. Milium effusum L. — npocsHka po3snora. Range: Euras. Ecol.: Hyhro-mesophyte; Sub-acidophile;
Semi-eutrophe; Eunitrophile; Meso-ombrophyte; Hemi-oceanic; Scyophyte. Syl.
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514. Molinia caerulea (L.) Moench — 6e3koniHeub ©nakuTHuin. Range: Bor. Ecol.: Hyhrophyte; Sub-
acidophile; Eutrophe; Sub-anitrophile; Meso-ombrophyte; Hemi-oceanic; Sub-heliophyte. SylPal.

515. Phragmites australis subsp. australis (Cavanilles) Trinius ex Steudel — ouepeT 3BnyanHuin. Range:
Holarct. Ecol.: Hyhro-mesophyte; Neutrophile; Sub-glycotrophe; Nitrophile; Sub-aridophyte; Hemi-
continental; Sub-heliophyte. PrPal.

516. Poa annua L. — ToHKOHIr ogHopiyHui. Range: Eu-Sib. Ecol.: Hyhro-mesophyte; Neutrophile; Semi-
eutrophe; Nitrophile; Sub-aridophyte; Hemi-continental; Sub-heliophyte. Ru; euapophyte.

517. Poa bulbosa L. — ToHkoHir 6ynsbucta. Range: Eu-CAs. Ecol.: Sub-mesophyte; Neutrophile; Sub-
glycotrophe; Sub-anitrophile; Sub-aridophyte; Hemi-continental; Heliophyte. PrPsRu; hemiapophyte.

518. Poa compressa L. — TOHKOHIr cTucHytuin. Range: Eu-Sib. Ecol.: Sub-mesophyte; Sub-basophile;
Semi-eutrophe; Sub-anitrophile; Sub-aridophyte; Hemi-continental; Heliophyte. PrSt; occasional apophyte.
519. Poa nemoralis L. — ToHkOHIr giopoBHuin. Range: CPol. Ecol.: Mesophyte; Sub-acidophile; Semi-
eutrophe; Hemi-nitrophile; Meso-ombrophyte; Hemi-continental; Sub-heliophyte. Syl.

520. Poa palustris L. — ToHkoHIr 6onoTtaHuin. Range: CPol. Ecol.: Per-hyhrophyte; Neutrophile; Eutrophe;
Nitrophile; Meso-ombrophyte; Sub-continental; Sub-heliophyte. Pal.

521. Secale sylvestre Host — xuto anke. Range: EEu-CAs. Ecol.: Sub-xerophyte; Neutrophile; Eutrophe;
Sub-anitrophile; Meso-aridophyte; Continental; Heliophyte. Ps.

522. Setaria pumila (Poir.) Roem. & Schult. — muwin cusui. Ecol.: PsRu. Adventive: Med; xenophyte; archeophyte.
523. Setaria verticillata (L.) P.Beauv. — muwin kinbvactui. Ecol.: Mesophyte; Sub-acidophile; Eutrophe;
Nitrophile; Meso-aridophyte; Sub-continental; Sub-heliophyte. Ru. Adventive: Med; xenophyte; archeophyte.
524. Setaria viridis (L.) P.Beauv. — muwin 3eneHun. Ecol.: Hyhro-mesophyte; Sub-acidophile; Eutrophe;
Nitrophile; Sub-ombrophyte; Hemi-oceanic; Heliophyte. Ru. Adventive: Med; xenophyte; archeophyte.
525. Stipa borysthenica Klokov ex Prokudin — koBuna pgHinpoecbka. Range: Eu-Sib. Ecol.: Sub-
mesophyte; Neutrophile; Semi-eutrophe; Hemi-nitrophile; Sub-aridophyte; Sub-continental; Sub-
heliophyte. Ps.

**Protection: RDBU (vulnerable).

526. Thinopyrum intermedium (Host) Barkworth & D.R.Dewey (= Elytrigia intermedia (Host) Nevski) —
nupin cepegHin. Range: Eu-CAs. Ecol.: Sub-mesophyte; Neutrophile; Sub-glycotrophe; Nitrophile; Meso-
aridophyte; Sub-continental; Heliophyte. PtStPs.

81. Thyphaceae s.l. (incl. Sparganicaceae)
527. Sparganium erectum L. — xaya roniBka 3Bu4yaniHa. Range: Euras. Ecol.: Per-hyhrophyte;
Neutrophile; Eutrophe; Nitrophile; Sub-ombrophyte; Hemi-continental; Heliophyte. Pal.
528. Typha angustifolia L. — poriz ToHkonucTuini. Range: Euras. Ecol.: Sub-hydrophyte; Neutrophile;
Eutrophe; Eunitrophile; Meso-aridophyte; Hemi-continental; Heliophyte. Pal.
529. Typha latifolia L. — pori3 wupokonuctnin. Range: Euras. Ecol.: Sub-hydrophyte; Neutrophile;
Eutrophe; Eunitrophile; Sub-aridophyte; Hemi-continental; Heliophyte. Pal.

Remarks:

Range: As — Asian; Bor — Boreal; CAs — Central Asian; CBor — circumboreal; CEu — Central European;
Cosmopol — cosmopolitan; CPol — circumpolar; EAs — Eastern Asian; EEu — Eastern European; EEu-
Cauc — Eastern European — Caucasian; EEu-Sib — Eastern European — Siberian; EEu-WSib — Eastern
European — Western Siberian; EMed — Eastern Mediterranean; Eu — European; Eu-Cauc — European-
Caucasian; Euras — Eurasian; Eu-Sib — Euro-Siberian; Eu-WAs — European — Western Asian; Holarct. —
Holarctic; IT — Irano-Turanian; Med-As — Mediterranean-Asian; Med-Cas — Mediterranean — Central Asian;
Med-IT — Mediterraneaen-lrano-Turanian; NAm — North American; NPont — North Pontic; Palearct. —
Palearctic; Pont-Casp — Pontic-Caspian; SAm — South American; SEEu — Southeastern European; Sub-
Med — sub-Mediterranean; WAs — Western Asia; WEu — Western European; WSib — Western Siberian.
Ecology: Aq — aquatic plant; Cul — cultivating plant; Pal — plant of wetlands; Pr — meadow plant; Ptr — plant
of rocky outcrops; Ps — psammophyte; Ru — ruderal plant; St — steppe plant; Syl — forest plant.
Protection: Regionally rare (Kh.R.) — threatened plant species in the Kharkiv Region; RDBU — the Red
Data Book of Ukraine (2021); Resol. 6 BC — Resolution 6 of the Bern Convention.

Cepisi «Bionorisiy, Bun. 44, 2025
Series Biology, issue 44, 2025 ISSN 2075-5457 (print), ISSN 2220-9697 (online)



®riopa npoekmosaHo2o HauioHarnbHo20 npupodHoeo napky “MxaHcekull” (Xapkiscbka obriacme). YacmuHa 1: 6oposi komrnekcu

Flora of the projected Mzhasnkyi National Nature Park (Kharkiv Region). Part 1: Pinewood complex

Flora of the projected Mzhasnkyi National Nature Park (Kharkiv Region).

Part 1: Pinewood complex
H.M. Bondarenko

In the territory of the Kharkiv Region, pine forests are understudied, and only small areas of pine forests are protected.
At the same time, there are risks for the pine forests and their biodiversity associated with a high level of economic
activity, recreational load, and over the past 3 years, with active combat activity. This encourages research and
preservation of the most valuable areas of pine forests in the territory of the Kharkiv Region. To protect the valley
complexes of the Mozh River, including pine forests, a project for organizing the Mzhansky National Nature Park was
proposed. From 2023 to 2024, the flora of the designated park was studied using the route reconnaissance method. It
was established that the flora of the studied territory consists of 529 species, subspecies and hybrids of vascular plants.
The phytobiota is represented by 81 families, among which the leading ones are Asteraceae, Poaceae, Cyperaceae,
Fabaceae, Rosaceae, Caryophyllaceae, Lamiaceae, Brassicaceae, Plantaginaceae s.l., Apiaceae, Boraginaceae, and
Ranunculaceae. The analysis of the flora by the main edaphic factors showed that the hygromorphes spectrum is
dominated by groups of hygromesophytes (24.3%), mesophytes (23.4%), and submesophytes (23.0%). Compared
with other studied forests in the Kharkiv Region, the studied territory is characterized by more humid and diverse
conditions. In terms of nitrate content, general salt regime and substrate acidity, the studied territory has typical
conditions for forests in the Kharkiv region. According to the results of the analysis of the flora synanthropization, it was
established that the degree of transformation is 51.1%, which is less than similar indicators of other local floras in the
Kharkiv Region. Transformation occurs mainly due to apophytes (31.1%). At least 106 alien plant species occurred,
more than half of which are of Mediterranean or North American origin. Among them are new species to the Kharkiv
Region: Commelina communis, Bidens connata, and Sedum album. During the research, 40 protected plant species
were revealed. Among them, 30 are protected at the regional level (Bistorta officinalis, Comarum palustre, Dryopteris
carthusiana, Paris quadrifolia, Pyrola rotundifolia, Thelypteris palustris, etc.), 10 are included in the Red Book of Ukraine
(Botrychium lunaria, Epipactis helleborine, Neottia ovata, Pulsatilla pratensis, Stipa borysthenica, etc.) and 3 species
are included in Resolution 6 of the Bern Convention (Jurinea cyanoides, Pulsatilla patens, and Salvinia natans). Several
rare species in the region that do not have a protected status were also identified (Carex remota, Luzula pilosa,
Peucedanum palustre, etc.). A significant proportion of rare and protected species are at the southern limit of their
distribution, therefore they are particularly vulnerable in the study area.

Keywords: biodiversity, rare species, alien species, hybrids, Nature-Reserve Fund, protected species, Emerald
Network, Mozh River valley, Kharkiv Region
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NMPABUNA 0511 ABTOPIB
XypHany «BicHMK XapKiBCbKOro HauioHanbHOro
yHiBepcuTeTy imeHi B. H. KapasiHa. Cepis «Bionorisa»

Y XypHani nybnikytoTbCsl pe3ynbTaTi JOCAIMKEeHb 3a BCiMa HanpsiMkamy GionoriyHUX Hayk.
[o ny6nikauii npunmaroTbCa:
— 3aKiH4YeHi opuriHanbHi poboTw, WO AOoCi Hige He BuaaBanucs;
— onncK opuriHanbHMX METOAIB Ta Npunagis;
— TEOPETUYHI Ta OrNsAg0BiI CTaTTI;
— MaTepianu Ta NOBIJOMMNEHHS NPO NOAIT HAYKOBOTO XUTTH;
— peueHsii Ha KHUI.
CraTTi ApYKYIOTbCS YKPaAiHCLKOIO Ta aHrMiNCbKOK MOBaMU.

TekcT ekcnepuMeHTanbHOI CTaTTi Mae cknagaTtucs 3 HacTynHuUx poaainis: «Bctyny, «MeToanka»
(«OB’ekT Ta MeTOOM [OCNIMKEHHAY), «Pesynbtatn», «O6GroBopeHHs» (MoxnueuiA o6’egHaHWIA
po3ain «Pe3ynbtaT Ta 06roBopeHHs»), «lepenik nocunaHby». TeKCTM cTaTen NOBUHHI OyTW BUKOHaHI y
pegaktopi Ms Word 3 BukopuctaHHam wpudty Arial — 10 pt; ab3ay — 1 cM; MikpsgkoBui iHTepBan —
OAWHAPHUIN; Nonsa: BEepxHE Ta HWkHe — 3,5 cm; niBe — 2,5 cm, nNpaBe — 2 cM. TeKkCT cTaTTi
nounHaeTbesa 3 iHaekcy YOK, gani saronosok (Arial — 12 pt), iHiuianu Ta npissuwa astopis (Arial — 10
pt), MOBHIi Ha3BM HayKOBUX YCTAHOB, agpecu enekTtpoHHoi nowTtn (Arial — 9 pt). AHoTauis
PO3MILLYETBCA Mg «LIanko» cTaTTi MoBot opuriHany (Arial — 9 pt). MNig aHoTauieto OpYKYETbCA CNNCOK
knoyoBux cnie (He Ginbwe 10). Jani gpykyoTbea aHoTadii (Arial — 9 pt) aHrninceKkoro i ykpaiHCbKO
MOBaMW pPa3oM i3 TpaHCKpUMLUisMW MNpi3BuLLY, aBTOPIB, Nepeknagom Has3su poboTu i BigNOBIAHMMMU
cnuckamu knyoBmx criB. OBCAr KOXKHOMO 3 TPbOX pe3tome — He MeHLW Hixx 1800 poHeTnYHMX CMMBONIB.
Tabnuui i pucyHKn po3milLytoTbCs Y TekcTi. HazBu Tabnuub i pUCyHKIB Ta NPUMITKM A0 HUX NO4ATLCH
YKpaTHCbKOI Ta aHrMiicbKko MoBamu. [locnnaHHa Ha nitepaTtypy Y TEKCTi NOAaTbCSA Y KPYTNNX AyXKKax
i3 BKa3yBaHHsIM Npi3BuLLa aBTopa Ta poKy BuAaHHs. CNMCOK BMKOPUCTaHMX axepen opopMITioeTbCs 3a
andasiTom (cnovaTKy — [MXepena Kupunuueto, noTiM — naTuHuueto), 6e3 Hymepadii.

bibniorpadiyHnii onuc okepen Ta nocunaHb y TEKCTi BUKOHYETbCS BignosigHo no sumor MOH
Ykpainu, 3okpema — CTY 8302:2015, ane y BapiaHTi, HabnwkeHomMy 0o Hopm cturnto APA (American
Psychological Association). NMpu onuci gpykoBaHoro mkepena oOOOB’A3KOBO Criig 3a3HavaTu Micle
BYAAHHA (MICTO), BUAABHULUTBO, PiK BUAAHHS, 3aranbHYy KiflbKiCTb CTOPIHOK (Y NepioguyHUX BUOAHHAX —
CTOpiHKM cTaTTi). bibniorpadiyHnii onnc gxepen adrnincbkoto mMoBoto (References) ocdopmnioeTbes
BignosigHo o Hopm ctuno APA (American Psychological Association). Oxepena nicna cnosa
«References» poarawoByloTbCa 3a aHrninceknm andasitoM, 6e3 Hymepadii. [lo nocunaHb 060B'I3K0BO
Tpeba gogasatu DOI, AKLWO BiH NPUCBOEHNI.

EnekTpoHHi Bepcii cTatem HagcunawTbCa OO0 pefakuii enekTpoHHow nowTol. Pasom 3
eNeKTPOHHOI0 BepCiclo A0 pefakuii HaacunaeTbcs [ApykoBaHa Konisd, nignucaHa asTtopamu. Ha
OKpeMmii CTOpiHUi BKa3yloTb MNpi3BuLLa Ta iHiuianu ycix aBTOpiB, MOBHI Ha3BW HayKOBWUX YCTaHOB Ta
MOLITOBI aApecun yCTaHoB, adpecy enekTPOHHOI NOLWTK aBTOPIB Ta NOCUMaHHS Ha ix npodini y mepexi
ORCID. U# iHchopmauiss HaBOAUTLCSA YKPATHCLKOIO Ta aHrMNincbKo MOBaMu.

CraTtTq, fka HagxoauTb OO0 pefakuii, peecTpyeTbCa Ta HanpaBnseTbCs OO0 pPeLeH3eHTa, KU
nignucye cTatTio 0o ApyKy abo Biaxunsie ii. MNMpu HasiBHOCTI 3ayBaXkeHb CTATTIO NOBEpPTalTb aBTOpam
4N JoonpautoBaHHs.
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The journal publishes research findings across all areas of biological sciences. Submissions are
accepted in the following categories:
— Completed original studies that have not been published elsewhere;
— Descriptions of original methods and instruments;
— Theoretical and review articles;
— Materials and reports on scientific events;
— Book reviews.
Articles are published in Ukrainian and English.

The text of an experimental article must include the following sections: “Introduction,” “Methods”
(“Objects and Methods of Research”), “Results,” “Discussion” (or a combined section “Results and
Discussion”), and “References.” Articles should be prepared in MS Word using Arial font, 10 pt; paragraph
indent — 1 cm; single line spacing; margins: top and bottom — 3.5 cm, left — 2.5 cm, right — 2 cm.

The article text begins with the UDC index, followed by the title (Arial, 12 pt), authors’ initials and
surnames (Arial, 10 pt), full names of scientific institutions, and email addresses (Arial, 9 pt). An abstract in
the original language of the article is placed under the header (Arial, 9 pt), followed by a list of up to 10
keywords. Abstracts (Arial, 9 pt) in English and Ukrainian must also be included, along with the
transliterations of the authors' names, the translated title of the article, and the corresponding keywords.
Each abstract must be no less than 1,800 phonetic characters.

Tables and figures should be embedded in the text. Titles, captions, and notes for tables and figures
must be provided in both Ukrainian and English.

References in the text should appear in parentheses, indicating the author’'s surname and the year
of publication. The reference list is arranged alphabetically (first in Cyrillic, then in Latin script) without
numbering. Bibliographic descriptions must comply with the standards of the Ministry of Education and
Science of Ukraine, specifically DSTU 8302:2015, adapted to APA style (American Psychological
Association). Descriptions of printed sources must include the place of publication (city), publisher, year,
and total page count (or article pages for periodicals).

References in English should be formatted according to APA style and listed under “References”,
arranged alphabetically without numbering. DOIs must be included if assigned.

Electronic versions of articles should be submitted via email to the editorial office. Along with the
electronic version, a printed copy signed by all authors must also be provided.

A separate page should include the authors’ surnames and initials, full names of scientific
institutions, postal addresses, email addresses, and links to their ORCID profiles. This information must be
provided in both Ukrainian and English.

Articles submitted to the editorial office are registered and sent for peer review. The reviewer either
approves the article for publication or rejects it. If revisions are required, the article is returned to the authors
for correction.
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