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COOBLIEHUA

CTOMATOIIUCTHI 30JIOTUCTHIX BOJOPOCJIEN (CHRYSOPHYTA)
BOJIOEMOB HAIIMMIOHAJIBHOTO ITAPKA “BY3YJIYKCKHNI BOP”
(JOTO-BOCTOK EBPOITEMCKOHN YACTU POCCHN)

© 2023 1.

. E. Urnarenxko*, T. H. fuenko-Crenanosa'
M. E. Urnarenxo’*, T. H. SJuenko-Crenanosa'-**
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[MpencraBiieHbl CBENEHMST O pa3HOOOPA3UY CTOMATOLIMCT 30JIOTUCTBIX BOTOPOC/Iei BOZOEMOB HAILlMOHAJb-
Horo Imapka “Bby3ynykckuii 60op”, pacmoioxxeHHoro B OpeHoyprckoii u CamapcKoii 061acTsIX (Foro-BOCTOK
eBporneiickoit vactu Poccun). BoisiBinenbr 10 MOpGhOTUIIOB CTOMATOLMCT, M3 KOTOPBIX CTOMATOLMCTA 67,
Van de Vijver et Beyens, 2000 BepBbIie 3aperucTprupoBaHa Ha Tepputopun Poccum 1 B TpeTuii pa3 B MUpPE;
st cromatouucThl 271, Gilbert et Smol in Gilbert et al., 1997 ykazaHo BTopoe MeCTOHaXOXIEHNUE B MUPE,
ee repBasi HaxoKa TaksKe 3aperucTpupoBaHa Ha Tepputopur Poccum. J1Jist Bcex 0GHapy>KeHHBIX CTOMATO-
LIMCT MPUBOASTCS ONUCAaHUsI, MUKpOodoTorpacdu U JaHHBIE TTO UX MecTOoHaxoxaeHuo. [TonyyeHHbIe pe-
3yJIBTAThl JOTIONHSIIOT CBEIeHUsI 00 9KOJIOTUM, apeajlax M BUJOBOM OOTaTCTBE 30JIOTUCTBIX BOIOPOCHEH

Poccumn.

Karoueswie crosa: cromarouctsl, Mopdotur, Chrysophyta, ckaHUpyolast 3JIeKTpPOHHAasE MUKPOCKOTIUS

DOI: 10.31857/S0006813623070025, EDN: EPJCFS

Chrysophyta — MoHOpUIeTUUECKAs JUHUS O -
HOKJIETOYHBIX WJIM KOJOHMAJIBHBIX T€TePOKOHT-
HBIX BOJOpOCIEi, 00bennHsroas okoao 1200 Bu-
noB (Kristiansen, Skaloud, 2017). OHu HacensIOT
IIPECHOBOIHBIC, COJIOHOBATO-BOMHBIE U MOPCKHUE
MecroobuTanus (Némcova et al., 2016; Kristiansen,
Skaloud, 2017; Gusev et al., 2020). OTau4uTeabHO’
0COOEHHOCTBIO XpU30(MUTOBBIX BOIOPOCIICH SIBISICT-
CsI CITOCOOHOCTh K (POPMUPOBAHUIO B OTBET Ha He-
OJ1aronpUsITHBIE YCIOBUSI OKPYXKaIoIel Cpeabl dH-
JIOTEHHBIX KPEMHMCTBIX CTAIUil IIOKOSI — CTOMATO-
nouct. HccnemoBanme cromaronmct Chrysophyta
SIBJISICTCSI BaXKHBIM HaIlpaBJIEHMEM B U3y4eHUU OMO-
pa3Ho00pa3us JaHHOM I'PYIIIbI BOIOPOCIIEH, X KO-
Jnoruun u 6uoreorpacduu (Voloshko, 2016; Pang, Van
de Vijver, 2021). CToMaTOLMCTHI IIUPOKO UCITONb3Y-
IOTCSI U B IIAJIEORKOJIOTMYECKMX UCCISIOBAHMUSIX B Ka-
YeCTBE MHAMKATOPOB, AEMOHCTPUPYIOIINX YYBCTBU-
TEJILHOCTb K U3MEHEHUIM KyimMmara, pH Boabl, 3j1eK-
TPOIIPOBOMHOCTH, TPO(UUIECKOIo cTaTyca BomoeMa,
NIYOMHBI 3aJieTaHus TPYHTOBEIX Bog, (Bai et al., 2018;
Pang, Van de Vijver, 2021).

Mopddonoruyeckoe pazHooOpa3rMe CTOMATOLIMCT

u3ydaetcs 1Mo BceMy mupy (Zeeb, Smol, 1993; Duff
et al., 1995; Brown et al., 1997; Vorobyova et al., 1996;

Van de Vijver, Beyens, 2000; Cabata, Piatek, 2004;
Piatek, Piatek, 2005, 2008; Wotowski et al., 2011,
2013; Pang, Wang, 2014; Pang, Van de Vijver, 2021).
B Poccun nmopmoOHbIE ucCIeOOBaHUS UMEIOT (par-
MEHTapHbI xapaktep. Ha cerogHsIIHuiA 1eHb €CTh
CBEJEHUS O CTOMATOLIMCTaX JIMIIIb HECKOJIBKUX PErr-
OHOB, B TOM uuciie u3 MypmaHckoii, ApociaBckoi
(Kapustin, Kapustina, 2018), Jlenunrpaunckoii (Vo-
loshko, 2016; Shadrina, 2019, 2021), Bonoroackoii
(Kapustin et al., 2016), Yensgounckoit (Snitko et al.,
2018, 2019), Openoyprckoii (Ignatenko, Yatsenko-Ste-
panova, 2022; Ignatenko et al., 2022), Omckoit (Bazhe-
nova et al., 2012; Bazhenova, Igoshkina, 2020; Bazheno-
va, 2021; Bazhenova, Kapustin, 2021), Mpkyrckoii (Vo-
robyova et al., 1996; Firsova, Likhoshway, 2006;
Firsova et al., 2017) obnacreii, KpacHosspckoro Kpast
(Firsova et al., 2019), pecniyoauku Komu (Kapustin
et al., 2019), Antas (Bazhenova et al., 2012; Mitro-
fanova, 2018), SAxyruu (Gilbert et al., 1997; Firsova
et al., 2020) u Bypsatuu (Firsova, Likhoshway, 2006;
Firsovaetal., 2017, 2018), ropona Cankr-IleTepOypra
(Shadrina, Safronova, 2020).

JanHast paboTa MOCBSIIEHA U3YYEHUIO CTOMATO-
muct Chrysophyta BonoemoB MI'BY HanmoHalbHbII
napk “by3ynykckuit 60p”, pacnoJIOXXeHHOTO Ha Tep-
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NTHATEHKO, AIIEHKO-CTEITAHOBA

Tabomuna 1. Xapakrepuctrka Touek coopa rnpoo
Table 1. Characterization of sampling localities

Ne ipo6bI Hara MecTomnoJioxkeHne KoopauHaThl T.oc | pH CoiteHOCTb, %0
Sample number Date Locality Coordinates ’ Salinity, %o
1 10.06.2020 | moiiMeHHbIi BomoeM p. Konrybankay | 53°2°15.61”N, | 18.2 7.35 0.213
noc. JlecHoii Camapckoii 06i., opuun-| 51°54°2.25”E
ajbHOE reorpaduyeckoe Ha3BaHUE
OTCYTCTBYET
Floodplain reservoir of the Koltubanka
River near Lesnoi settlement, Samara
Region; without an official placename
2 11.06.2020 | o3epo Caemnelitee, OpeHoyprckas oom. | 53°0°6.42”N, | 19.4 6.93 0.341
Svetleishee Lake, Orenburg Region 52°13’36.67"E
3 14.06.2020 | 3apacraroiiee o3epo B CaMapcKoii 52°59’11.51”N,| 19.1 7.81 0.259
0011., opumanbHoe reorpadudeckoe | 51°59°55.97”E
Ha3BaHUE OTCYTCTBYET
Overgrown lake in the Samara Region;
without an official placename

putopun OpeHOyprckoit u Camapckoit obnacteii
(10ro-BOCTOK eBporeiickoii yactu Poccumn).

HaumonansHbI napk “By3ynykckuii 60p” ObLT 00-
pasoBaH B 2007 T. B LIEJISIX COXpaHEHMST U BOCCTaHOBJIE-
HUSI YHUKAJBHBIX TTPUPOOHBIX KOMITIEKCOB. OO6Imast
IwIoIaak napka cocrasisgeT 106788.3 ra. Bospacr 6opa
npumepHo 13000—14 000 net (Chibilev, 2000).

Hcropusa wmccienoBaHust paitoHa by3ymykckoro
Oopa HacumuThIBaeT 6onee yem 250 net. Ha ceromnsii-
HUIi JeHb M3y4YeHBl €ro TeoJoro-reoMopgonornye-
CKMe, JaHIIAa(THRIE ¥ KIIMMaTHIeCKe OCOOCHHOCTH,
TUAPOIeOJIOrMYecKre YCJIOBUSI, TIOYBEHHBIN IOKPOB,
dJyopa U pacTUTENIbHOCTh, >XUBOTHBIIK Mup (Kin,
2009). OpHako McciaeqoBaHU aBTOTPO(MHBIX MUK-
pooOpraHN3MOB BOI0eMOB by3ynykckoro 6opa paHee
He MPOBOIUJIOCH, YTO U OMPEACINIO aKTyaJIbHOCTb
HacTosIIeil pabOTHI.

MATEPHAJI 1 METOJbI

MartepuaaoM jis1 MUCCAECIOBaHUSI TMOCTYKUJIU
otobpaHHEIe B utoHe 2020 T. TIpo6kI BOabI, oOpacTa-
HMI1 KAMHEN 1 BBKMMOK 13 BbICILIEM BOOHOM pacTU-
TEJIbHOCTU U3 TPeX BOJOEMOB, PacHOJOXEHHBIX Ha
TEePPUTOPUN HALIMOHAJILHOIO ITapka “By3ymykckmii
0op” (Tabi. 1). MccienoBaHHBIE BOJOEMBI IIPEACTAB-
JISTIIOT OO0 MaJible Mo pa3MepaM U rinyouHe (mpeoo-
napatomue rayounsr 30—50 cM), 3apacTaloniyue BbIC-
IIei BOMHOM pacTUTEIBHOCTHIO o3eplia. B mpoiiecce
cbopa MaTepuaia TeMmIiepaTypy BOIbl U €€ KUCJIOT-
HocTh (pH) m3Mepsuii ¢ IIOMOIIBIO ITIOPTATUBHOIO
ananuzatopa pH/°C H198127 (Hanna Instruments,
Inc., USA), coleHOCTh — aHaJIM3aTOpOM JabopaTop-
HbM cepur AHMOH 4100 (Poccust). ITpo6s1 pukcn-
poBaiu, 1o6asJsist 40%-Hblil pacTBOP (popMabaeruaa.

IIpu kamepanbHOIl 00pabOTKe COOpaHHBIX MPOO
AJIMKBOTY CKOHIIEHTPUPOBAHHOIO CEAMMEHTALIIOH-
HBIM METOJIOM 00pas1ia OTMBIBAJIM OT (PUKCcaTOpa AU-
CTWJUIMPOBAHHOIM BOMOIM C ITOMOIIBIO LEHTPUPYTU
Microspin 12 (TpexkpaTHO€ LEHTPUPYTrUpOBaHUE
ripu 3000 06./MuH, 5 MuH), HaHOCKJIM HA COM-cTO-
JIMKY W BHICYIIIMBAJIA TP KOMHATHOI TeMIlepaTrype.
Janee HaObLISIIU 30JIOTOM C MCIIOJIb30BAHUEM MOH-
HO-TIJITAa3MEHHOM HaITBIIMTENIbHON ycTaHOBKM Quo-
rum Q150R S plus. Mopdo010ruio CTOMaTOLIMCT U3y~
YaJIv C MOMOIIBIO CKAHUPYIOIIEH 2JIEKTPOHHON MUK-
pockoriuu (COM) Ha mukpockorie Tescan Mira3 B
LleHTpe BBISIBIICHUS U NOAACPKKYU ONapeHHbBIX AeTeil
“I'arapun”, OpeHOyprckast 0061acThb.

CToMaTOLMCTHI UACHTU(MUIIMPOBAIMI C UCTIOIB30-
BaHueM atiacoB (Duff et al., 1995; Wilkinson et al.,
2001; Firsova, Likhoshway, 2006; Bazhenova, 2021),
crareit (Zeeb, Smol, 1993; Brown et al., 1997; Vo-
robyova et al., 1996; Van de Vijver, Beyens, 2000;
Cabata, Piatek, 2004; Piatek, Piatek, 2005, 2008;
Wotowski et al., 2011, 2013; Pang, Wang, 2014; u np.)
u moHorpaduii (Pla, 2001; Pang, Wang, 2017).

PE3YJILTATbBI U OBCYXIEHHME

B pesynbTaTe mpoBeAeHHbBIX UCCIEI0BAHUI B BO-
JoeMax HallMoHaJbHOTO mapka “By3ynykckmit 6op”
3apeructpupoBaHo 10 MOpdOTHMIIOB CTOMATOIIMCT
30JI0TUCTBIX BOJAOPOCIEi, MepedeHb KOTOPbIX MpU-
BOJIMTCS HITXKE:

L Heopﬂameﬂmupoeaﬁﬂbte cmomamouucmaol

Cmomamouucma 1, Duff et Smol emend. Zeeb et Smol,
1993 (puc. 1, 1, 2).

Bunonas IIPMHAIJICKHOCTL: HCM3BECTHA.

BOTAHUYECKUM KYPHAJTT Tom 108 Ne7 2023
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Puc. 1. CToMaToImcThl ¢ HCOPHAMEHTUPOBAHHOM MOBEPXHOCTHIO, BBISIBJICHHBIE B BOJOEMax HAllMOHAIBHOTO MapKa “By3y-
snykekuit 6op” (COM): 1, 2 — cromarouucta 1, Duff et Smol emend. Zeeb et Smol, 1993; 3 — cromarouucra 49, Duff et Smol,
1991 emend. Zeeb et Smol, 1993; 4 — cromatonucta 134, Duff et Smol in Duffet al., 1992; 5 — cromatonucta 135, Duff et Smol
in Duffet al., 1992; 6 — cromaTtouucta 271, Gilbert et Smol in Gilbert et al., 1997. MacmtabHast 1uHeiika: I—4, 6 — 5 MKM, 5 —

2 MKM.

Fig. 1. Unornamented stomatocysts observed in the reservoirs of the Buzulukskii Bor National Park (SEM): I, 2 — stomatocyst
1, Duff et Smol emend. Zeeb et Smol, 1993; 3 — stomatocyst 49, Duff et Smol, 1991 emend. Zeeb et Smol, 1993; 4 — stomatocyst
134, Duff et Smol in Duffet al., 1992; 5 — stomatocyst 135, Duff et Smol in Duffet al., 1992; 6 — stomatocyst 271, Gilbert et Smol

in Gilbert et al., 1997. Scale bar: /—4, 6 — 5 um, 5 — 2 um.

MecToHaxoxmeHue: mpoosl Ne 1, No 3.
KonmyecTBo HabmM0OaeMBIX 3K3EMILISIPOB: 9.

OnucaHue: cToMarouucra chepuyeckas, IUam.
7.5—9.9 MxM, ¢ nipaBuibHOI Mopoii 0.8—1.4 MKM B
nraM. BoporHuuok orcytcTByeT. I1oBEepXHOCTh CTO-
MaTOLIMCTHI IaAKas UM MUKPOTEKCTYPUPOBAHHAS.

Pacripocrpanenne: Kanaga, CIIHA (Duff et al.,
1995), ucnanckas yactb Ilupeneen (Pla, 2001), ITonb-
ma (Cabata, 2002; Wotowski et al., 2013), Poccus
(Firsova, Likhoshway, 2006; Voloshko, 2016; Firsova
etal., 2019; Bazhenova, 2021), Kuraii (Pang, Wang,
2017; Bai et al., 2018), KamepyH (Piatek, 2017), OctpoB
IOxnas I'eoprus (Van de Vijver, Beyens, 1997).

Panee K.E. Duff u J.P. Smol (Duff, Smol, 1988)
U3 OTJOXEHUI OJMTOTPO(PHOTo 03epa Ha OCTPOBE
Dncmup (ApKTUKa) onMcaand Tpyu MOpdOTUIIa HEOP-
HaMEHTHUPOBAaHHBIX C(epuuyecKux CTOMATOILIMCT:
cromarouucta 1, 9 u 15. Ot MOpGhOTUIIBI TTO3THEE
ObLIM TIepeonucansl (Zeeb, Smol, 1993). YkazanHrbie

BOTAHUYECKHWM KYPHAJ ToM 108

Ne 7 2023

BBIILLIE CTOMATOLMCTBI MOPGOJIOTUUYECKU WACHTUY-
HBI, OTJIMYMS MEXOYy HUMU ONPEACSIOTCS JIUIIb
MOp(dOMETPUUESCKUMHU TTpU3HAKAMU: TUAMETP LIUCTHI
M MIOPHI U COOTHOIIIEHUE TUaMeTpa MOPhl K TUaMeTpy
nuctel. Kwuraiickue ucciaemoBarenau (Pang, Wang,
2014) BHociaeACTBUU TOCYUTAIU IOJOOHBIE pa3iv-
YUST He3HAYNTEIbHBIMU ¥ OOBEIUMHIINA JaHHBIE MOP-
¢dotunel B oguH — cromarouucta 1, Duff et Smol
emend. Zeeb et Smol, 1993, pacuiMpuB ero 1MarHos.
B Buay BbllllecKa3aHHOTO, OOHapy>XeHHbIE HaMU
CTOMATOLIMCTBI COOTBETCTBYIOIIE MOP(dOI0run ObI-
JIM uaeHTUGULMPOBaHbI Kak ctoMaTonucrta 1, Duff
et Smol emend. Zeeb et Smol, 1993 comracHo 110-
cinenHeit myonukauuu (Pang, Wang, 2017).

Cmomamouucma 49, Duff et Smol, 1991 emend.
Zeeb et Smol, 1993 (puc. 1, 3).

Bunosas npunamnexHoctb:  Chrysosphaerella
longispina Lauterborn (Pang, Wang, 2017).
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MecTtonaxoxnenmue: mpooda Ne 3.
KonmuecTBo HabmI0OgaeMBIX 3K3EMILISIPOB: 3.

Ommcanme: cromaromucTa cdepudeckas, 9.5—
10.0 Mmxm B nuaMm. ITopa BorHyTasi (BHELIHUM auaM.
1.7—1.8 MkM, BHyTpeHHUi1 auam. 0.8 MKM), OKpy-
JKeHHas B3OYTHIM TICEBIOAHHYTYCOM. BOpOTHHMYOK
oTcyTcTBYyeT. [I0BEpXHOCTh CTOMATOLIUCTHI T1aAKasl.

Pacnpoctpanenune: Kanaga, CIIA (Duff et al.,
1995), ucnanckass yactb I[IupeneeB (Pla, 2001),
IMonpumia (Cabata, 2002; Piatek, 2007), PymbiHUS
(Soréczki-Pintér et al., 2014), Poccusa (Voloshko,
2016; Shadrina, Safronova, 2020; Bazhenova, 2021),
Kwuraii (Pang, Wang, 2017), OctposB IOxHas I'eoprus
(Van de Vijver, Beyens, 1997).

Cmomamouucma 134, Duff et Smol in Duff et al.,
1992 (puc. 1, 4).

BunoBast nprHaIeskHOCTh: HEU3BECTHA.
MecToHaxoxneHue: mpooda Ne 3.
KonnyecTBo HabI0OaEMbIX 3K3EMILISIPOB: 1.

OmnucaHue: CTOMATOLIMCTA MOYTU CeprudecKoi
dopMbl, 6.57 MKM X 6.65 MKkM. BODOTHMYOK KOHUYE-
cKUii (anmuKajabpHBIN guaMm. 2.0 MKM, BBIC. 0.5 MKM), C
3arHyThIM BbICTyTIOM. Ilopa He Habmomanack. Ilo-
BEPXHOCTb CTOMATOLIMCTHI IJ1aaKasl.

Pacnipoctpanenne: Kanana, apxunenar Keprenen
(Duff et al., 1995), ITonsia (Cabata, 2002), Poccus
(Gilbert et al., 1997), Kuraii (Pang, Wang, 2017; Bai
et al., 2018).

Cmomamouucma 135, Duff et Smol in Duff et al.,
1992 (puc. 1, 5).

Bunosast mprHamieXkHOCTh: HEM3BECTHA.
MecToHaxoxaeHue: mpoosl Ne 1, Noe 3.
KonndecTBo HabI0maeMBIX 3K3EMILISIPOB: 16.

OnucaHue: CTOMATOILKUCTA OT OBAJILHOM 1O TIOUTH
chepuueckoit popmsbl, 8.1—11.0 MKkM X 6.7—9.5 MKM
B auaM. OTian4yaeTcs CJIOXHBIM CTPOEHHUEM BOPOT-
Huuka. ITopy oxkpyKaeT TepBUUYHBIA KOHWYECKUM
BOpPOTHUYOK 1.1—1.4 MKM B nuam. BTOpUUYHBII BO-
potHnYoK (muaM. 2.4—2.7 MM, BbIC. 0.9—1.1 MKM)
MMeeT BBICTYI, 3arudaloliuiicss BHyTpb U HaBHUCAlO-
1t Hag mopoil. TpeTUYHBIN BOPOTHUYOK IIUPOKUHA
(nuam. 4.4—7.8 MM, BbIC. 0.6—1.3 MKM), C pOBHBIM
WJIV BOJIHUCTBIM KpaeM. TpeTUYHBIiI BOPOTHUYOK
OTIeJeH OT BTOPUYHOIO TMJIOCKUM aHHYJIyCOM
mup. 1.6—1.9 MmkMm. [ToBepXHOCTb CTOMATOIIMCTHI
rjiaakas.

Pacnpoctpanenune: apxurnenar Kepreaen (Duff
etal., 1995), CIIIA (Zeeb, Smol, 1993; Duff et al.,
1995; Wotowski et al., 2011), Kanamga (Duff et al.,
1995; Brown et al., 1997), Aprentuna, I'epmanns, Uc-
manus (Duffet al., 1995), Utanus (Pang, Van de Vijver,
2021), Pymbiaust (Sordczki-Pintér et al., 2014),

NTHATEHKO, AIIEHKO-CTEITAHOBA

IMonwia (Piatek, Pigtek, 2008), Ykpauna (Kapustin,
2013), Poccusa (Gilbert et al., 1997; Firsova et al.,
2018; Bazhenova, 2021; Ignatenko, Yatsenko-Ste-
panova, 2022; Ignatenko et al., 2022), Kuraii (Pang,
Wang, 2014, 2017; Bai et al., 2018).

Cmomamouucma 271, Gilbert et Smol in Gilbert et al.,
1997 (puc. 1, 6).

BunoBast nprHaaiekHOCTh: HEU3BECTHA.
MecToHaxoxneHue: mpobda Ne 1.
KosnmuecTBo HaG0naeMbIX 93K3eMILISIPOB: 1.

OmnucaHue: croMatouucTa cheprudeckoit popmsl,
nuam. 12.0 mxM. BopoTHMYOK OYeHb HU3KUIA, LIMJIMH-
JIPUYECKU, C IMMPOKMM IUIOCKMM alleKCOM. ATKAJIb-
HBII auaM. BOpoTHUYKA 7.0 MKM. BOpOTHUYOK OKpy-
JKaeT MpaBWIbHYIO Hopy muaM. 1.0 Mxm. IToBepXHOCTb
CTOMATOLMCThI MUKPOTEKCTYPUPOBAHHASI.

PacnipocTpaHeHue: BiepBbie 3TOT MOP(MOTUIT OBLT
onucaH U3 Top¢sTHOIo KepHa B 6acceiiHe p. JIeHbI Ha
ceBepo-BocToke Cubupu, Poccus (Gilbert et al.,
1997). B HacTosI111eM HCcIenoBaHUM 3a(pUKCHPOBaHA
BTOpast Haxoaka cromarouucTsl 271, Gilbert et Smol
in Gilbert et al., 1997. CiienyeT OTMETUTb, UTO Ha Ce-
TONHSAILIHUIA NIeHb yKa3aHHbIII MOP(OTHUII 3aperu-
CTPUPOBAaH TOJILKO Ha TeppuTtopuu Poccum.

HaiineHHBII 5K3eMIUISIP COOTBETCTBYET ITPOTOJIOTY
(Gilbert et al., 1997), oTnyasicb 4yTb MEHBIIMM 1A~
meTpoM opsbl (1.0 MKM IpoTuB 1.2 MKM, COOTBETCTBEH-
HO).

11. OpuamenmuposarHvie cmMomMamouucmol

Cmomamouucma 67, Van de Vijver et Beyens, 2000
(puc. 2, 1-3).

BunoBast nprHaIeskHOCTh: HEM3BECTHA.
MecToHaxoxneHue: mpoda No 2.
KonnyecTBo HabMI0HaEMBIX 3K3EMILISIPOB: 22.

Omnucanue: cromarolucTa cdepuyeckasi, AUaM.
5.1—5.9 MKM co0 C/IOXXHBIM BOPOTHUYKOM. [TepBUUHbBIi
BOPOTHMYOK KoHMYeckuii, mmam. 0.89—1.14 mxm,
OKpYXKaeT NpaBWIbHYIO ITopy nuam. 0.44 MmxM. Bokpyr
IOPbI UMEETCsI B3AYTHIN nceBaoaHHyIIyC. I[Topy 3akphI-
BaeT nmpodouka 0.52—0.74 MmxmM B niam. BropuaHEbIii BO-
POTHUYOK IWUIMHApWYeckuii (muam. 1.1—1.7 MKM u
BeIC. 0.17—0.26 MKM). [ToOBEpXHOCTH CTOMATOLIMCTHI
OpHAMEHTHPOBaHA KOPOTKUMMU IINIUKAMU.

PacripocTpaHenue: BIiepBbie JaHHBIM MOPGHOOTHIT
ObLI omMcaH M3 BogoeMa B paitoHe 3aiuBa CTpoMm-
Hecc (Stromness Bay), B ceBepO-BOCTOUHOI 4acTU
cybaHTapkTHdeckoro octpoBa IOxwHas Teoprus
(South Georgia) (Van de Vijver, Beyens, 2000). ITo3x-
Hee OH ObLJT 3aperuCTPUPOBaH B BOMHOM BBDKMMKE 13
Sphagnum spp. u3 topdssHoro 6ojora TaTrpaHcKoro
HanmoHaiabHOro napka (Tatra National Park) ITosb-
mu (Cabata, Piatek, 2004). O6HapyXeHHbIEe HAMU B
HalroHaJbHOM mapke “By3ymykckuii 60p” 3K3eM-
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Puc. 2. CToMaToLMCThI C OpHAMEHTUPOBAHHOI IMTOBEPXHOCTBIO, BBISIBJICHHBIC B BOAOEMAaxX HAllMOHAJILHOIO napka “By3ynyk-
ckuii 6op” (COM): 1-3 — cromaronmcta 67, Van de Vijver et Beyens, 2000; 4, 5 — cromatonucra 136, Duff et Smol in Duff et
al., 1992 emend. Gilbert et Smol in Gilbert et al., 1997, forma A; 6 — cromatouucta 300, Gilbert et Smol in Gilbert et al., 1997,
7, 8 — cromarouucra 205, Duff et Smol, 1994; 9 — cromarouucra 11, Vorobyova et al., 1996. MaciurabHas ntuHeiika: 1—4, 9 —

2 MKM, 5—& — 5 MKM.

Fig. 2. Ornamented stomatocysts observed in the reservoirs of the Buzulukskii Bor National Park (SEM): 1—3 — stomatocyst 67,
Van de Vijver et Beyens, 2000; 4, 5 — stomatocyst 136, Duff et Smol in Duff et al., 1992 emend. Gilbert et Smol in Gilbert et al.,
1997, forma A; 6 — stomatocyst 300, Gilbert et Smol in Gilbert et al., 1997; 7, § — stomatocyst 205, Duff et Smol, 1994; 9 — sto-
matocyst 11, Vorobyova et al.,1996. Scale bar: /—4, 9 — 2 MKM, 5—& — 5 MKM.

IUISIpBI cTOMaTOIUCTRI 67, Van de Vijver et Beyens,
2000 Ha ceromHSIIIIHUK OeHb SIBJISIIOTCS TPEeTheil Ha-
XOOKOI B MUpe U ItepBoii B Poccum.

Mopdoirorus BEISIBICHHBIX B TAHHOM HCCIIET0Ba-
HUU 9K3eMIUISIPOB cTOMaTOLIMCThI 67, Van de Vijver et
Beyens, 2000, B meioM, COOTBETCTBYET MHPOTOJIOTY
(Van de Vijver, Beyens, 2000). UckioyeHne cocTaB-

BOTAHUYECKUM XKYPHAJI  Tom 108
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JISIET HaJIMYKME B3IyTOTO IICEBIOAaHHYyCa BOKPYT IO~
pHl (B nuarHo3e MopgoTUIa Hajudue IICeBIOaHHY-
JIyca aBTOpaMU He yKa3aHo). IIpucyrcTBue nceBgo-
a”HHysnyca oTmevalor takke J. Cabata u M. Pigtek
(Cabata, Piatek, 2004), onucbiBast CTOMaTOLMCTY 67,
Van de Vijver et Beyens, 2000 u3 TopdsiHoro 6oJjiota
TarpaHCKOTO HAlIMOHAJIBLHOTO TapKa.
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Cmomamouucma 136, Duff et Smol in Duffet al., 1992
emend. Gilbert et Smol in Gilbert et al., 1997,
Jorma A (puc. 2, 4, 5).

Bupnosast mpyHaIjIeXKHOCTh: HEU3BECTHA.
MecToHaxoxneHue: mpoosl Ne 1, No 3.
KonmyecTBo HaOmMI0OZaeMBIX 3K3EMILISIPOB: 5.

Onucanue: cToMarouucTa chepudyeckas, TUAM.
6.7—7.5 mxm. ITopa 0.8 MKM B AriaM., OKpy>KeHa HU3-
KUM KOHWYECKUM BOPOTHUYKOM, BOKPYI KOTOPOTO
pacnoiioxXeHbl 4 1 6osiee BEICTYIIOB C YITJIOLIEHHBIMU
KPYIJILIMU BEPIIVMHAMM, a TAKXKE Psi BEICTYIIOB aHAa-
JIOTUYHOU (hOpMbI, HO MEHbIIIETO pa3Mmepa. IToBepx-
HOCTh CTOMATOLIMCTHI DIagKasl.

Pacnpoctpanenue: apxunenar Keprenen, CIIA,
Kanana (Duffet al., 1995), Utanus (Pang, Van de Vi-
jver, 2021), ITonbiua (Pigtek, Piatek, 2008), PymbiHus
(Sordczki-Pintér et al., 2014), Poccus (Gilbert et al.,
1997; Bazhenova, 2021; Ignatenko, Yatsenko-Ste-
panova, 2022; Ignatenko et al., 2022), Kuraii (Pang,
Wang, 2017; Bai et al., 2018).

H3BecTHbI ABe hopMbI cTomMaTtoLcThl 136, Duffet
Smol in Duff et al., 1992 emend. Gilbert et Smol in
Gilbert et al., 1997, paznuuus Mexay HUMU omnpene-
JISTIOTCST MOpoJTorueii BRICTYIIOB. Forma A imeet psing
W3 JUIMHHBIX, U30THYTBIX, VIIOIIEHHBIX, C KPYTJILIMU
BepIIMHAMM BBICTYITOB, a TAKXKE PSII BHICTYITOB aHAa-
JIOTMYHOM (pbopMBI, HO MEHBIIIEro pa3mepa; forma B
XapaKTepu3yeTcs HaJIUu4YuMeM [IJIUHHBIX, 3arHyThIX
BHYTPb BBICTYIIOB, HE WMEKOIINX VIIOLIEHHBIX,
KPYTJIBIX BepiinH. OTMe4eHO, 9YTO 00e (popMBI 0OOHA-
PYXUBAIOT B CXOIHBIX 3KOJOTMYECKHUX YCIOBUIX
(Gilbert et al., 1997; Wilkinson et al., 2001). OgHaxo,
aHaJIN3 JTUTEePaTyPHBIX JAHHBIX MTOKA3all, uTo forma A
nuMeeT OoJiee mMpokoe pacrpocTpaHeHue (Duff et
al., 1995; Piatek, Piatek, 2008; Pang, Wang, 2014; Bai
et al., 2018; Pang, Van de Vijver, 2021), uyem forma B
(Gilbert et al., 1997; Ignatenko, Yatsenko-Stepanova,
2022).

Cmomamouucma 300, Gilbert et Smol in Gilbert et al.,
1997 (puc. 2, 6).

BunoBas mpuHagIesKHOCTh: HEU3BECTHA.
MectonaxoxneHue: mpobda Ne 1.
KonnyecTBo HabII0gaEMBIX 3K3EMILISIPOB: 1.

Ommcanme: cromaronucTa cepmaeckast, 10.1 MKm
B quam. Ilopa koHuuyeckasi. BHelIHU guaMm. MOpPbI
2.25 MM, BHYyTpeHHUI nuam. 1.3 MxMm. IToBepxHOCTh
CTOMATOLMCTHI MOKPHITA OKPYIJIBIMU YIJIyOJIeHUSIMU
pa3JIMYHOTO pa3Mepa.

PacnipocTtpanenmne: apxunienar HInunbepren
(Betts-Piper et al., 2004), Poccus (Gilbert et al., 1997,
Ignatenko et al., 2022), Kuraii (Pang, Wang, 2014; 2017).

HaiinenHslit HaMu 3K3eMIUISAp O pa3Mepam IIu-
CTBhI 1 MOP(OJIOTUH TTOPHI OTIANYAETCSI OT IIPOTOJIOTA
(10.1 mxM mpoTHB 8.7—9.4 MKM 1 KOHMYEeCKasl Iopa
MIPOTUB MPaBUJIbHOI TTOPHI COOTBETCTBEHHO). B ToXe

NTHATEHKO, AIIEHKO-CTEITAHOBA

BpeMsI, HEOOXOJIMMO OTMETHUTD, YTO B Bomoemax Ku-
tast (Pang, Wang, 2017) Takxke ObUIM OOHApy>XKEeHbI
ak3eMIusipbl cromarouucthl 300, Gilbert et Smol in
Gilbert et al., 1997 ¢ koHUYeCKOIi TOPOM M ATUAMET-
POM LIMCTHI, 3HAYUTEJIbHO TPEBOCXOASIIUM pa3Me-
pbI, yKa3zaHHbIe B ripoTojore (8.3—13.3 mxm). OnHa-
KO OT MOCJIeIHUX OOHapyKeHHAasT HAMU CTOMAaTOILIM -
cTa OTJMYaeTcss OOJbLIMM JIMAMETPOM  MOPHI
(BHELIHUI DuaM. TTOpHI 2.25 MKM, BHYTPEHHUM IV~
aMm. 1.3 mxMm npotuB 1.0—1.4 mxm 1 0.5—0.7 MKM, cO-
OTBETCTBEHHO).

Cmomamouucma 205, Duff et Smol,
1994 (puc. 2, 7, 8).

Buposast mpyHaIjIeXKHOCTh: HEU3BECTHA.
MecTtoHaxoxneHwue: mpoda Ne 1.
KonnyecTBo HabMI0gaEMBIX 3K3EMILISIPOB: 2.

Onucanue: cToMarouucrta chepuyeckas, TUaM.
12.7—13.9 mxM. ITopa koHnueckasi. BHyrpeHHuUi nu-
aMm. mopsl 1.1 MKM, BHemHMU auaM. 1.7—1.9 Mkm.
Ha paccrosanuu 0.9—1.5 MKM OT ITOpHI B BUe KOJIbLa
pacIiosoXeHbl 7 BEIPOCTOB HEIIPaBUJIBLHON (DOPMHEIL.
IToBepXHOCTb CTOMATOLIMCTHI IJIagKasl MJIM MUKPO-
TeKCTypUpOBaHHas.

Pacnipoctpanenue: CIHIA, Kanana, ApreHTuHa,
[Monbmia (Duff et al., 1995); Poccus (Bazhenova,
2021; Ignatenko, Yatsenko-Stepanova, 2022; Ignaten-
ko et al., 2022).

Cmomamouucma 11, Vorobyova et al.,
1996 (puc. 2, 9).

BunoBast nprHaaIesKHOCTh: HEM3BECTHA.
MecTtoHaxoxneHue: mpooda No 2.
KonmyecTBo HaGI01aeMBIX 3K3EMILISIPOB: 2.

OnucaHue: cTOMaTolUCcTa cdepudeckasi, aua-
meTpoM 5.1-5.8 MxMm. BopoTHUYoK IMIMHIpude-
ckuit (muam. 1.3—1.8 mxmMm, BbIC. 0.3 MxMm). TTopa nu-
aMm. 0.4 MKM, OKpYyKeHa IMJIOCKUM IICEBIOAHHYIYCOM
mmp. 0.2 MmkMm. TToBepXHOCTh CTOMATOLIUCTHI OpHa-
MEHTHUPOBaHA PAaBHOMEPHBIM PETUKYJIYMOM, chop-
MUPOBAHHBIM U3 JIaKyH, Kpasg KOTOPBIX 00pa30BaHbI
TOHKUMM TPEOHSIMU CO cJierKa 3aKpyTrJeHHBIMU Bep-
LIMHAMMU.

Pacripoctpanenne: Poccust (Vorobyova et al.,
1996; Ignatenko et al., 2022), Kurait (Pang, Wang,
2017). Mopdoaorudyecku cxomHasli LIMCTa, OIMM-
caHHas Kak cromarouucrta 95, Facher et Schmidt,
1996, otmeueHa B BomoeMax LleHTpanbHOI EBporibl
(Facher, Schmidt, 1996).

3AKJIFTOYEHHME

Takum o6pa3oM, B BomoeMax HaIlMOHAJIBHOIO
napka “by3yjykckuit 60p” HaMUu UAEHTUDUITUPOBA-
HO 10 MOP(OTUIIOB CTOMATOLMCT 30JIOTUCTHIX BOJIO-
pocieit (5 — U3 rpynibl HEOpHAMEHTUPOBAHHBIX U 5 —
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ob61amaronye OpHaMEHTUPOBAHHOM ITOBEPXHOCTHIO).
M3 Hux cromarouucra 67, Van de Vijver et Beyens,
2000 BmOepBbIe 3aperMCTpUpOBaHa Ha TEPPUTOPUU
Poccum n B TpeTuit pa3 B Mupe; IS CTOMATOIIMCTHI
271, Gilbert et Smol in Gilbert et al., 1997 ykazaHo
BTOpPOE MECTOHAXOXIEHNE B MHUpPe, 00 HaXOIKH 3a-
perucTpupoBaHbl Ha TeppuTopu Poccuu. [TomydeH-
HbBIE PE3YJIbTATHI JOTIOTHSIIOT CBEAEHMS 00 9KOJIOTUH,
apeajie 1 BUIOBOM OOTAaTCTBE 30JIOTUCTHIX BOIOPOC-
neit Poccun.

BJIATOOJAPHOCTHU

ABTOpBI BbIpaxaroT 0J1arogapHOCTb 3aBEAYIOLIEMY Ha-
YYHBIM CTallMOHApOM “By3ynykckmii 6op”, cTapiieMy Ha-
yqyHOMY coTpyoHUKY WHcTtutyTa ctenu OpeHOyprckoro
dbenepanbHOro MCCIEI0BATEILCKOTO LIEHTPa, K.T.H. [1aBy
BnanumupoBuuy BesibMOBCKOMY 32 OKa3aHHYIO TTOMOIIb B
MPOBEIEHUU TOJIEBBIX COOPOB, a TaKXXe PELEeH3EHTaM 3a
3aMe4yaHusl 1 MoJIe3Hble KOMMEHTapuu, KOTOpble MO3BO-
JIVJIW YIYYIIUTh PYKOTIUCh CTAThU.
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CHRYSOPHYCEAN STOMATOCYSTS (CHRYSOPHYTA)
IN THE RESERVOIRS OF THE BUZULUKSKII BOR NATIONAL PARK
(SOUTHEASTERN EUROPEAN PART OF RUSSIA)
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¢ [nstitute for Cellular and Intracellular Symbiosis RAS, Orenburg Federal Research Center
Pionerskaya Str., Orenburg, 460000, Russia
#e-mail: ignatenko_me@mail.ru
##e-mail: yacenkostn @gmail.com

The data on the diversity of the stomatocysts of Chrysophyta in the reservoirs of the Buzulukskii Bor National
Park are presented. The Buzulukskii Bor is located in the Orenburg and Samara Regions, southeastern Eu-
ropean part of Russia). Ten morphotypes of the stomatocysts were identified. Among them, the stomatocyst
67, Van de Vijver et Beyens, 2000 was registered in Russia for the first time and for the third time in the world.
The second locality in the world was recorded for the stomatocyst 271, Gilbert et Smolin Gilbert et al., 1997;
its first find was also registered in Russia. Descriptions, electron microscopical micrographs and data on lo-
calities are provided for all revealed stomatocysts. The results complement the data on the ecology, distribu-

tion and diversity of Chrysophyta in Russia.

Keywords: stomatocysts, morphotype, Chrysophyta, scanning electron microscopy
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ITo pesynbratam n3ydeHus repOapHBIX KOJJIEKIIMI U OPUTUHATBHBIX COOPOB, OXBATHIBAIOIIUX UHTEPBAJ
1915—2016 1T., Ha TeppuTopuu Pecnyoirku bamkopTocTaH BEISIBIEHBI 11 BUIOB XapOBbIX BOAOPOCIIE 13
Tpex ponoB: Chara, Nitella n Nitellopsis, BKiirouast HOBbII pon Nitellopsis, u Tpyu HOBBIX BUIA IJIsl perMoHa —
Chara papillosa, C. subspinosa, Nitellopsis obtusa. Ha ocHOBe 5TUX JaHHBIX KPUTUYECKHU OLIEHEHbI HAXOMIK!,
MU3BECTHBIE U3 HEMHOTUX JINTEPATYPHBIX ICTOYHUKOB T10 XapOBBIM BOIOPOCIISIM pernoHa. OxapakTepuso-
BaHa OMOTONMMYEcKasi U SKOperuoHaabHasi MpUypoOuYeHHOCTb BUAOB. BhIsSIBIEHO MpUCYTCTBUE OOJIBIINMH-
CTBa BUJOB Ha MPOTSKEHUU JJIUTEbHOTO BpeMeHU. O3epa ¢ 3KeCTKOM BOAOM U, 0COOEHHO, BOTOEMbI HU-
3MHHBIX KapOOHATHBIX MUHEPOTPOMHBIX OOJIOT SBJISIFOTCS TTPEANOUYTUTETbHBIMU MECTOOOUTAHUSIMU XapO-
BBIX Bofopocieit pernoHa. HecMoTpsl Ha 3HaUUTEILHYIO aHTPOIIOTEHHYIO TpaHCHOPMAaLIMIO TTPUPOTHOM
cpenbl baiikoprocrtaHa, MOXHO MpearosaraTh CTaOUIBHOCTD psijia TTOMYJISIUUA CTEHOOMOHTHBIX BHUIOB.
IMpennoxeH mpeaBapuTeabHbIN BapuaHT KpacHoro crcka xapoBbIX BOIOPOCTEil permoHa.

Karoueswie crosa: Chara, Nitella, Nitellopsis, KpacHblil ciicoK, oxpaHa, paclpocTpaHeHue, Pecny6ivka
Bamkoprocran, skonorust, KOxxHbI Ypan
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OO01upHass TeppuTopusl Ypalia, BKJIIOYalollasi
0OJIBIITIOE KOJIMYECTBO PA3HOTUITHBIX BOIOEMOB M BOIO-
TOKOB, TIO3BOJISIET MPEONoJaraTb BBICOKOE BHIOBOE
pasHooOpasue BoaopocJeii, B TOM Yrcie XxapoBbix. He-
CMOTPSI Ha JUIUTEIbHBII ITIepro O0TAHMIECKIX NCCIe-
noBaHMiA, cBooKM 1Mo Characeae MOAroToBJICHBI JINIIb
st Pecnyonuku Komu u YenssoOuHcKoil oGiactu
(Veisberg, Isakova, 2010, 2018; Romanov et al.,
2018b), xapoBble BOIOPOCIM BKIIOYeHBI B KpacHbie
kHurn Pecnybsmk  bamkoproctan u  Komu
(Krasnaya..., 2019, 2021), YenssbuHckoii obGiacTu
(Krasnaya..., 2017), Vomyptckoit PecmnyOaukmu
(Krasnaya..., 2012). Ins ocTaJIbHbIX aAMWHMUCTpPa-
TUBHBIX PETUOHOB CYIIIECTBYIOT JIMIIIb HEMHOTHE pa3-
poO3HEeHHBIe JaHHbIe. B yacTHOCTH, 11 Pecrryonmnkm
BamikopTocTaH M3BECTHO AeCATh BUIOB U3 psiia Me-
cronaxoxneHuit (Fedtschenko, Fedtschenko, 1894;
Vilhelm, 1930; Hollerbach, 1950; Kuzyakhmetov
et al., 1995; Krasnaya..., 2002, 2007, 2021; Shkundina
et al., 2013; Yamalov et al., 2014; Nurlygayanova, Ab-
dullin, 2016; Abdullin, Bagmet, 2018; Romanov, Ab-
dullin, 2018; Gulamanova, Krivosheev, 2020;
www.iNaturalist.org). Ileap maHHOII pabOTEI — BOC-
MOJTHUTDH CYIIECTBYIOIIMK TIPOOET MO M3YYEHHOCTHU

BUJOBOTO COCTaBa U paclpoCTpaHEHHUs XapOBbIX BO-
nopocieii Pecryonuku banikoprocraH, OLIeHUTH He-
00XOIMMOCTh OXpaHBI OTIAETLHBIX BUIOB Ha OCHOBE
HUCCeA0BaHUS BCEX NOCTYMHBIX repOapHbIX KOJJIEK-
LIIA ¥ OPUTUHATBLHBIX COOPOB.

MATEPUAJIbI U METObI

N3yuensr ob6pasusl 3 kKowtekuuii UFA, PVB,
LE, IBIW, ny6nukatsl oopasioB u3 UFA u PVB, a
TaKxXXe OpUTMHaIbHbIE COOpBI AenoHMpoBaHbI B LE.
dororpacduy ObUIM MOJYYEHBI C TOMOILBIO MUKPO-
ckoma Carl Zeiss Stereo Discovery V12. HoMmeHka-
Typa NpuBelieHa IO CBOJAKe “XapoBble BOIOPOCIU
I'epmanun” (Gregor, 2016) ¢ yyeToM OOIIOJIHEHUI
(Romanov et al., 2014; Romanov, Abdullin, 2018; Ro-
manov, 2022). Kaptel pacnpocTpaHeHUsI BUOAOB B
KOHTEKCTE 9KOPETMOHOB MOJATOTOBJIEHBI C TTOMOUIbIO
nmporpaMmmbl SimpleMappr (Shorthouse, 2010).

PE3VJIBTATBI U OBCYXIEHHWE

CI1CcOK MECTOHAXOXIEHUI COCTaBIIeH Ha OCHOBE
U3Y4EeHHBIX 00pa310B U JUTePaTypPHbIX JaHHBIX. CH1-
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HOHUMBI IPUBEASHBI IS CJIy9aeB, KOTIa BUIbI ObLIN
omnpeje/ieHbl WK YKa3aHbl 110 3TUMU Ha3BaHUSIMMU.
I1epBoic onpeaesieHUS yKa3aHbI Aj1s1 00pa3lioB, KOTO-
pbie ObUTA NASHTU(GUIIMPOBAHBL APYTUMHI aBTOPpaMMU.
DTUKETKU LIUTUPYIOTCS C OPpUTMHAJIbHBIMU HOMEpa-
MU U1 C COXpaHEHMEM UCXOTHBIX COKpaIeHUIA, KOTO-
pele B HEOOXOMMMBIX CJIydasx pacium@poBaHbBI B
KBaJpaTHBIX CKOOKaxX. B HUX e mpuBeneHbI 10O -
HEHMSI K JIJAKOHUYHBIM OPUTUHAIBHBIM 3THUKETKAM.
CokpalleHnsI B TEKCTe: KOJUIEKTOPHI (110 yOBIBAHUIO
KoamndecTBa oOpa3noB): AM — A A. Mynpaimes, BC —
B.H. CykaueB, 'H — I'W. Hypabirasiosa, UUI' —
N.H. I'puropreB, AU — A.B. UBanosa, BK — 6e3 Koi1-
nekrTopa; JII — mureparypHble naHHbie, BM — 0e3 Me-
CTOHaXOXIeHW1. BockimMiateabHblil 3HaK MOCie akK-
poHUMa repOapusi O3HAYaeT, YTO ITOATBEPKIAIOIINE
00pa3bl IJIST OITyOITMKOBAHHBIX JAHHBIX TIPOBEPEHHI.

Chara aspera Willd. (Puc. 1a, 2¢) — 1) FOxHbIi
Vpai, okpectHocTu MarHurtoropcka, o3. CabakThl,
nIyonHa okojio 2 M, coBMecTHO ¢ C. contraria n
C. globularis Thuill., 19 VIII 1945, BC, C. connivens
Salzm., C. contraria var. hispidula, onip. M.M. Ton-
nepbax (LE, Ne 51(13), 51(14), 51(15), 51(16));
2) Oxp. BepxHeypanbcka, 03epo VY3Kyidb [HBIHE
VYckynb|, coBmecTHoO ¢ C. contraria, 25 VIII 1945, BC,
C. abnormiformis Vilh., C. contraria, onp. M.M. T'on-
aepbax (LE: Ne 51(17), 51(18), 51(23), 51(24));
3) Okpyr BepxHeypanbcka, o3epo Konrybait [HbIHE
Kynnwi6aii], 25 VIII 1945, BC, onp. M.M. Tonnep-
oax (LE: Ne 51(21), 51(22)); 4) BM, coBmecTHO ¢
C. contraria A. Braun ex Kiitz., 20 VI 1963, BK (UFA,
LE); 5) JlyBanckuii p-H, [mamMsaTHUK npuponbi] Ka-
pakyneBckoe Oojioto, Kapbep, 04 VIII 1988, AM
(UFA, LE). — YI3yyeHHbIe 00pa31ibl XapaKTepPU3YIOT-
Csl KOPOTKMMU IIUIIAMM U JIMCTOYKAMU U COOTBET-
CTBYIOT var. subinermis Kiitz. (Puc. 1a), uro Taxxke xa-
PaKTEepHO ISl MOAABJISIIONIEr0 OONBIIMHCTBA TMOITY-
smii Asmarckoii Poccum (Romanov, Kipriyanova,
2010; Romanov et al., 2022; Romanov et al., unpubl.).

JII: 1) Youmckas ryoepuust, benedeeBckmii yes,
B coissHOM o3epe Karamaras 6im3 n. Mexkanieso [Ka-
3aHTYJOBCKasl BOJIOCTh, A. Mekain (Masi, Msika-
meBa, MansmeBa, HeiHe — MuxksieBo)], 31 VII—
2 VIII 1892 (Fedtschenko, Fedtschenko, 1894; Hol-
lerbach, 1950); 2) Rossia orientalis, gub. Ufa
(Baschkiria, canton Mossjagutovskij), prope p. Arkaul,
palus non procul fl. Juresan [Ydumckas ryoepHus,
bamkupuss, MSCOTyTOBCKUiI KaHTOH, OKOJO Iep.
Apkayi, 6o10oTo Hegaiieko oT p. FOpesans], 15 VIII
1928 (Vilhelm, 1930; LE!); 3) By3nsaxkckuii u dasne-
KaHoBckuii p-Hbl, BM (Nurlygayanova, Abdullin,
2016); 4) /laBlneKaHOBCKUI p-H, 03. ACIUKYIb, 25—
27 VI 2016 (Abdullin, Bagmet, 2018); 5) AG3enuioB-
ckuii p-H, 03. Cabakrsl, 30 VII 2009 (Romanov, Abdul-
lin, 2018; LE!). — ITocienHee MeCTOHAXOXAEHUE OTHO-
curcsa K C. contraria (cM. HIKe). — ['oapkTuyecKuit
Bun C. aspera U3BECTEH B peTrMOHE INIAaBHBIM 00pa3oM
W3 IIPECHBIX 03ep, HO TaKKe eMMHUYHO HalIeH B 00-
BOIHEHHOM Kapbhepe Ha MUHEPOTPO(GHOM O0JIOTE.
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Chara contraria A. Braun ex Kiitz. (Puc. 2d) —
1) Rossia orientalis, gub. Ufa (Baschkiria, canton
Mossjagutovskij), prope p. Arkaul, palus non procul
fl. Juresan, 15 VIII 1928, Vassiliev et Lind, C. aspera,
onp. J. Vilhelm (LE: Ch. 142); 2.1) FOxHsb1ii Ypan,
OKp. I. Marauroropcka, o3. CabakThbl, I1y0. OKOJIO
2 M, coBmecTHO ¢ C. aspera, C. globularis, C. papillosa
Kiitz., 19 VIII 1945, BC, C. contraria, C. contraria var.
hispidula, C. ceratophylla Wallr., orip. M.M. T'oitep-
0ax (LE: 51(13), 51(14), 51(25)); 2.2) Tam xe, 61u3
Oepera, rimyouHa 15—25 cm, 19 VIII 1945, BC, omp.
M.M. Tomnepbax (LE: Ne 51 (9), 51(11)); 3) Okp.
Bepxueypanbcka, o3epo Y3Kyab [HBIHE YCKyib|,
coBMmecTHoO ¢ C. aspera, 25 VIII 1945, BC, C. abnormi-
Jormis, onp. M.M. Tomnep6ax (LE: Ne 51(18));
4) BM, coBmectHO ¢ C. aspera, 20 VI 1963, BK (UFA,
LE); 4) Meney3oBckuii p-H, p. Hyryi y ¢c. CmaxkoBo,
B HEIIPOTOYHOI 3aBoau Ha Mmeau, 18 VIII 1982, AM,
Ne 818 (UFA, LE); 5) MusIKuHCKMiA p-H, B 5 KM K
fory ot ¢. KypmaHaiibali, CKJIIOHOBOE€ TPOCTHUKOBOE
6oJ10TO, B myxkunax, 23 VII 2014, AM, Ne 295 (UFA,
LE); 6) Xait6yummHCcKuit p-H, p. By3aBiabik (ITpuToK
peku Takanak) [ceBepHee nep. IleTrpomaBnoBckuii],
30—80 M Bbi11Ie [CaTMMOBCKOM | IVIOTUHBI, Y TPaBOTO
Oepera, BIOJb OeperoBoil JIMHWUM, THO TJIMHUCTO-
wiuctoe, myouHa 10—25 cm, coBmectHo ¢ C. vulgaris L.,
16 VIII1 2015, [TH], Ne 20 (UFA, LE). — O6pa3serr No 2.1
OTHOCUTCS K var. hispidula A. Braun, oOpasusi 2.2, 3 u
6 — COOTBETCTBYIOT MOP(MOTHITY, U3BECTHOMY IO Ha-
3BaHUSIMM var. capillacea Mig., C. inconnexa Allen.

JI: batimakckuii u bemopeukuii p-Hel, bM
(Nurlygayanova, Abdullin, 2016). — CybkocMomno-
JIUT, B UCCJIENYEMOM pEeruoHe HaiijieH B o3epax,
0OJIOTHBIX BOJAOEMaxX, peYHOM MpyAy U 3aJuBe pe-
KMU.

Chara filiformis A. Braun in Hertzsch — JIJI: Tyii-
Ma3uHCKUM p-H, 03. Kannprikyns (Krasnaya..., 2002,
2007, 2021).

VkazaHnus, TtpeOylolue ITOATBEepXIeHUsT ¢ep-
TUWJIBHBIMM OOpa3lamMu. DTOT OTHOOOMHBIA BUII
OYEHb XapaKTepPHOTro 00JMKa B CTEPUJIBHOM COCTOSI-
HUU HE OTJIMYaeTcs OT ABynoMHoro Buna C. kirghiso-
rum Less., TakxKe M3BEeCTHOTO u3 03. KaHapwIKyib
(Romanov, Abdullin, 2018). Ykazanus niasa YaMypT-
ckoit Pecriyonmuku (Krasnaya..., 2012) ocHOBaHbI Ha
yTpadeHHbIX obpasmax (N.P. Aksenova, pers. com-
ment). BkimtoueHue B KpacHyto kHury YensionHCcKo
00JIaCTH cIeIaHO JINIIIbL HA OCHOBAHUHY MPEIIOI0KEe-
HHS 0 BO3MOXHOM TipucyTcTBum Buaa (Krasnaya...,
2017). bmxaiiime [OCTOBepPHbIC MECTOHAXOXKICHUS
C. filiformis n3BecTHBI THIIbL 13 [1cKOBCKOIT 00OIacTH,
benapycu u JIuteel (Hollerbach, Krassavina, 1983;
Romanov, Abdullin, 2018; Sinkevic¢iené, 2019; Chara-
ceae..., 2023). [ToaTomMy maHHBIE O €TI0 HAXOXICHUU
(M1 HEOOXOOMMOCTh OXpaHbl) BOCTOUHEE Ilepeyumc-
JIEHHBIX PETMOHOB HE MMEIOT JOCTaTOYHBIX OCHOBA-
Huii. OueBngHO, cTouT UcKIoIuTh C. filiformis u3
CITMCKOB BUIOB XapOBBIX Bomopocieil Pecriyonukm
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POMAHOB, ABAYJIJIMH

bamkoprocran, Ymmyprtckoii Pecrryomukm, Kpac-
HbIX KHUT Pecnyb6nuku bamkoproctaH, YenssOuH-
CKolIt obylactu 1 YamypTtckoii Peciyonuku.

Chara globularis Thuill. (C. fragilis Desv.) (Puc.
1b—d, 2e) — 1) Okp. Ybb1, AHAHTHHO 03. [03. OHYy4H-
HO?], ¢ C. virgata Kutz. unu C. contraria (MaJleHbKUI
¢parment), 01 VII(18 VI) 1919, [1.A. Bepentunon?],
39, u3b repbapist .A. Bepeutunona / Flora Rossica /
ry6. Youmckas (LE); 2) FOxnrbiit Ypan, okp. Mar-
HUTOropcka, o03. CabakThl, DIyOMHA OKOJO 2 M,
¢ C. asperau C. contraria, 19 VIII 1945, BC, C. contraria
var. hispidula, C. connivens, omip. M.M. Tomrep6ax
(LE, Ne51(11)—51(16)); 3) Meney3oBckuii p-H, 6 KM
BBIIIE C. XydaibepmuHo, p. bemas, mnepekatsr,

26 VIII 1982, AM, Ne 990 (UFA, LE); 4) ApxaHreib-
cKuii p-H, p. 3mmM y ¢. KpacHbrif 3uimm, B IIPOTO-
ke, 26 VI 1987, AM, Ne 581 (UFA, LE); 5) baiimak-
CKUI p-H, JeBoOepexbe p. TaHAJIBIK B 5 KM BBILIE
n. baxturapeeBo, ¢ C. subspinosa Rupr. u C. fomentosa L.
unu C. papillosa, 22 VI 1989, AM, Ne 301 (UFA, LE);
6) ApxaHTeJIbCKUii p-H, B | KM HIXe 1. AG3aHOBO, Ha
JneBoM Oepery p. MH3ep, 23 VII 1988, AM (UFA, LE);
7) ApxaHreiabCckuii p-H, B 0.5 KM OT HaceJeHHOTO
nyHKTa A03aHOBO, JieBoOepexbe p. MH3ep, 3aBonb
p. Uusep, menkosonbe, 21 VII 1986, UI, Ne 175
(UFA, LE); 8) 3unaupckuii p-H, pyciio p. CakMapa,
y4JacTok Mexny ceiamu CraposKynoBo u Apajodae-
Bo, mryouna 20—30 cm, 07 VII 2008, AU (PVB, LE);
BOTAHUYECKWM XYPHAJT  tom 108
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A

Puc. 1. Iluarnoctuueckue nipusHaku Chara aspera var. subinermis (a), C. globularis (b—d), C. kirghisorum (e—g), C. papillosa (h—1)
u3 Pecnyonuku bamkopTocTaH: a — KOpOTKHE 3a0CTPEHHbIE IBYPSIAHbIE TIPUINCTHUKY (CTpeiKa), TPEXIoJ0CHas cTebieBast
KOpa C paBHOBEJIMKUMU KOPOBBIMU TPYOKaMU, KOPOTKKE 3a0CTPEHHbIE OMMHOYHBIC IIUITBI (ABOWHAs CTpesiKa), b — pyauMeH-
TapHbIe OBYPsIIHbIE MPUIMCTHUKY (CTpeJiKa), 00beIMHEHHbIC TaAMETaHTUU (aHTEpUINI yTpayeH; IBOMHAs CTpeJiKa), KOpOT-
KHe JIUCTOUYKH, C — TPEXITOJIOCHAsI CTeOJieBasi KOpa ¢ paBHOBEJIMKMMIU KOPOBBIMU TPYOKaMU U PYAUMEHTAPHBIMU CJIOXKHO pa3-
JIMYUMBIMU OOMHOYHBIMU KOPOBBIMU HIUIAaMU (CTPeSKU), OObeAMHEHHbIE TaMETAaHTUM (CTpesiKa yKa3bIBaeT Ha aHTePUIMI
o, OOTOHUEM), d — KOPOTKUIA IBYKJIETOUHBIII OECKOPOBBIN CETMEHT Ha OKOHYAHUM JINCTA, € — KOPOTKME JIUCThS (CTpeIKa) U
IUTUHHBIE MEXI0Y3Usl cTebis, f — KOPOTKUE JIMCThsI, ABYPSIAHBIE KOPOTKKE TYIble PUIMCTHUKY (CTPENIKa), TBYXIOJOCHAs
KOpa ¢ BBICTYIMAIOIIMMU TIEPBUYHBIMU KOPOBBIMU TPYOKAMK U OAMHOYHBIMUA KOPOTKMMMU TYIBIMU IIUTIaMU (IBOMHAsT CTPeE-
Ka), g — aHTEPUIUU Ha MyTOBKE JINCThEB MYKCKOTO pacTeHMs (CTpesIKu ), h — moHoCcThIO nuddepeHIIMPOBaHHbBIC JIMCThS, KO-
pOTKHUE 6ECKOPOBBIE CETMEHTBI TUCTHEB, i — OCHOBAHKE MYTOBKHU JIUCTHEB C HEPYAUMEHTAPHBIMU 3a0CTPEHHBIMU 3aIHUMM JI-
CTOYKAMM, 3a0CTPEHHBIMU Pa3BUTBIMU JBYPSIHBIMU MPWIUCTHUKAMU, j — OCHOBAHUE MYTOBKH JINCThEB C 3a0CTPEHHBIMU
Pa3BUTHIMU IBYPSITHBIMU MIPUJIUCTHUKAMM (IIBOIHAsI CTPEIIKa), IBYXITOJIOCHAs CTeOJIeBast Kopa ¢ BbIPasKeHHO BBICTYITAIOIIH -
MM MePBUYHBIMU KOPOBBIMU TPYOKaMM M MPEUMYILIECTBEHHO OMMHOYHBIMU 3a0CTPEHHBIMU Pa3BUTHIMU KOPOBBIMM IIMITAMU
(cTpenka), k — IByXmoJyiocHas1 cTe0JieBast Kopa ¢ BBIPaXKeHHO BBICTYITAIOIIMMU MEPBUYHBIMUA KOPOBBIMU TPYOKAMU U 3a0CTPEH-
HBIMU Pa3BUTHIMU KOPOBBIMU IIMITAMU B ITydKax (CTpesika), | — y3JIbl IMCThEeB C OObEIMHEHHBIMU TaMEeTaHTUSIMU (CTpeKa) 1
JIJIMHHBIMY TIEPEIHUMHU U 3aIHUMU JIUCTOYKaMu; a — 03. CabakThl, b—g — 03. ACIUKYJb, h, j — 03. Kanapeikyis, i, k, | — 06-
BOIHEHHBIN Kapbep Ha KapakyneBckom 6omore. Macmta6: (a—d, f, g) — 0.5 mm, (e, j—1) — 1 mmM, (h, i) — 2 mm.

Fig. 1. Key morphological traits of Chara aspera var. subinermis (a), C. globularis (b—d), C. kirghisorum (e—g), C. papillosa (h—1)
from the Republic of Bashkortostan: a — short aculeate diplostephanous stipulodes (arrowhead), triplostichous isostichous stem
cortex, short pointed solitary spine cells (double arrowhead), b — rudimentary diplostephanous stipulodes (arrowhead), con-
joined gametangia (place of lost antheridium is indicated with double arrowhead), short bract cells, ¢ — triplostichous isostichous
stem cortex with barely recognizable rudimentary solitary spine cells (arrowheads), conjoined gametangia (arrowhead indicates
antheridium below oogonium), d — short bicellulate ecorticate end segment of branchlet, e — short branchlets (arrowhead) and
long stem internodes, f — short branchlets, short diplostephanous obtuse stipulodes (arrowhead), diplostichous tylacanthous stem
cortex with short obtuse solitary spine cells (double arrowhead), g — antheridia at branchlets of male plant (arrowheads), h —
completely differentiated branchlets, short ecorticate branchlet segments, i — base of branchlet whorl with elongated pointed ab-
axial spine cells, aculeate elongated diplostephanous stipulodes, j — base of branchlet whorl with aculeate elongate diplostepha-
nous stipulodes (double arrowhead), diplostichous clearly tylacanthous stem cortex with mainly solitary elongated aculeate spine
cells (arrowhead), k — diplostichous clearly tylacanthous stem cortex with elongated aculeate clustered spine cells (arrowhead),
1 — branchlet nodes with conjoined gametangia (arrowhead) and elongated adaxial and abaxial bract cells; a — Lake Sabakty,
b—g — Lake Aslikul, h, j — Lake Kandrykul, i, k, I — inundated quarry at Karakul minerotrophic fen. Scale bars: a—d, f, g —
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0.5mm;e, j—1— 1 mm; h,i—2 mm.

9) baiimakckuii p-H, p. Ypraza [p. bonbias Ypra-
3WHKa B nmep. Ypraza?], 26 VIII 2015, [TH], Ne 648
(UFA, LE); 10) JlaBneKaHOBCKMI p-H, 03. ACIH-
KyJb, 26—27 VI 2016, 111.P. A6nynnun (UFA, LE).

JIO: 1) BM (Kuzyakhmetov et al., 1995; Shkundina
et al., 2013); ApxaHrensckuii 1 baiiMakcKuii p-HHI,
BM (Nurlygayanova, Abdullin, 2016); 2) Meey3oB-
cKuii p-H, p. benas, y 1oxxHoIT rpaHuLIbI T. Meneyaa,
25 VII 2012 (Yamalov et al., 2014; IBIW!). — KocMmo-
MOJINT, HalileH B 03epax U peKax permoHa.

Chara hispida 1.. — JI[: baiimakckuii, CanaBar-
ckuii, TylMa3umHCKUI, Y4YaqauHCKM p-Hb, BM
(Nurlygayanova, Abdullin, 2016). — IIpoBepka uc-
XOJHOTO MaTepuralia mokasajia, 4YTo TaK ObLIU MICH-
tuduupoBatbl oopas3usl C. papillosa, C. subspinosa,
C. tomentosa u C. vulgaris. HecmoTpst Ha psin yKasa-
HUIi 3TOro Buaa ajis1i Poccuu, mist Takoit oOIMIMpHO
TEPPUTOPUU O CUX MOP HEU3BECTHO HU OTHOTO Me-
CTOHAXOXIEHMsI, MOATBEPKICHHOTO oOOpa3laMu
(Romanov et al., 2018b; Characeae..., 2023).

Chara kirghisorum Less. (Puc. 1g—i, 2f) — JII:
1) TyiimazuHckuii p-H, 03. KaHIpbIKyIb, BOCT.
yacTh, B 80 M ot Gepera, 08 IX 1989; 2) AG3enunnoB-
cKuii p-H, 03. CabaxTtsl, 30 VII 2009 (Romanov, Ab-
dullin, 2018; LE!); 3) aBiekaHOBCKUii p-H, 03. Ac-
JIUKYJb, 26—27 VI 2016 (Abdullin, Bagmet, 2018; Ro-
manov, Abdullin, 2018; LE!); 4) baiimakckuii p-H,
03. Tankac, 18 VIII 2019 (Gulamanova, Krivosheev,

BOTAHUYECKUN KYPHAI ToM 108

Ne 7 2023

2020; www.iNaturalist.org). — IIpenmMyiiecTBeHHO
LIEHTPaJIbHOA3UATCKUIA BUI, W3BECTHBIN IUIINL U3
03ep pervoHa.

Chara papillosa Kutz. (C. intermedia A. Braun;
C. aculeolata auct. non Kiitz.; Hollerbach et Krassa-
vina (1983)) (Puc. 1j—I1, 2f) — 1) FOxHbIi1 Ypan, okp.
I. Marauroropcka, 03. CabaxkThl, TITy0. OKOJIO 2 M,
coBmecTHO ¢ C. contraria, 19 VIII 1945, BC, C. con-
traria var. hispidula, C. ceratophylla, onp. M.M. Toi-
nepb6ax (LE: Ne 51(25)); 2) baiimakckuii p-H, 1.5 km
Huke c¢. bakaeBo [bonbmiedbacaeso], p. Xynomnas [Ty-
raxxMmaH|, 18 VI 1989, AM, Ne 653 (UFA, LE);
3) TyiimasuHcKkuit p-H, 03. Kanapwikyns, 04 VIII
2006, AU (PVB, LE); 4) lyBaHckuii p-H, [[TaMSITHUK
npuponabl| KapakyneBckoe 6ooto y c¢. Kapakyneso,
KOTJIOBaH C CIJILHO KapOOHATU3MPOBAHHOI BOIOIA,
26 1X 2009, Ne 569 (UFA, LE). — HoBbrit Bug s pe-
ruoHa. — IlaneapkTuueckuit BUa, OMHOKpATHO Haii-
JIIEHHBII B 03epe, peKe 1 00BOOHEHHOM Kapbepe Ha
MUHEPOTPpOPHOM OO0JIOTE.

Chara subspinosa Rupr. (Puc. 2i) — baiitMmakckuii
p-H, 1eBobepexbe p. TaHaNBIK, S KM BhILIe 1. baxTu-
rapeeBo, coBmecTHo ¢ C. globularis u C. tomentosa
unu C. papillosa (manenbkuii ¢pparmeHnT), 22 VI 1989,
AM, Ne 301 (UFA, LE). — HoBblii BuJ 11l peruo-
Ha. — [TaneapkTuyeckuit BUI, OMTHOKPATHO HAlIeH-
HBII B peKe.



632 POMAHOB, ABAYJIJIMH

Puc. 2. PacipocTtpaHeHue XxapoBbIX Bogopocieii Pecryoimku bamkoproctad B KOHTEKCTe peiibeda (a) 1 3KopernoHoB (b—i):
a, b — Bce MecToHaxoxneHust, ¢ — Chara aspera, d — C. contraria, e — C. globularis, f — C. kirghisorum (1) u C. papillosa (2), g —
C. tomentosa, h — C. vulgaris, i — C. subspinosa (1), Nitella mucronata (2), N. syncarpa (3), Nitellopsis obtusa (4). Dxoperu-
OHBI: @ — CTelb, b — BOCTOYHO-EBpOIeiicKasl JIeCOCTeIb, C — CMeIIaHHbIe Jieca, d — ypaJbCKue TOpHBIE Jieca M TYHIIpa, € —
3araHoO-CcUOUpCKas Taiira, f — 3anmamHO-CMOMPCKasi U CeBEpO-Ka3axCTaHCKasl JIECOCTEIb.

Fig. 2. Distribution of charophyte species in the context of relief (a) and ecoregions (b—i) of the Republic of Bashkortostan:
a, b — all localities, c — Chara aspera, d — C. contraria, e — C. globularis, f — C. kirghisorum (1) and C. papillosa (2), g — C. tomen-
tosa, h — C. vulgaris, i — C. subspinosa (1), Nitella mucronata (2), N. syncarpa (3), Nitellopsis obtusa (4). Ecoregions: a — Pontic
steppe, b — East European forest steppe, ¢ — Sarmatic mixed forests, d — Ural mountain forests and tundra, e — West Siberian
taiga, f — Kazakh forest steppe.

Chara tomentosa L. (C. ceratophylla Wallr., C. ce- 03. Ypryn, 03 VII 1963, T.B. Ilonos (LE); 3) Cana-
ratophylla f. saviszi Vilh.) (Puc. 2i) — 1) okp. Marau-  BaTcKwuii p-H, B 1.5 KM ceBepHee c. Apkayn [Apkayno-
Toropcka, o3. CabakThl, IIy0. OK. 2 M, COMECTHO ¢  BO], TopdsHoe 6010TO, B Boae, 12 VII 1984 [AM?],
C. globularis, 19 VIII 1945, BC, onp. M.M. Tomnep- Ne 1486 (UFA, LE); 4) KapakyinoBckoe 60510TO,
6ax (LE: Ne 51(8), 51(11), 51(12)); 2) YuanuHckuii p-H, Kapbep, 04 VIII 1988, AM, Ne 987 (UFA, LE);
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5) TyitMasuHCKMiA p-H, 03. KaHOpHIKyib, BOCT. 4acTh,
B 200—250 M or Gepera, 07 IX 1989, UI, No 698
(UFA, LE); 6) TyitmasuHcKuii p-H, 03. KaHIpbI-
KyJib, BOCT. 4acTb, B 60 M ot Oepera, 08 IX 1989, UT,
Ne 699 (UFA, LE); 7) TyiimasuHckuit p-H, 03. KaH-
JIPBIKYJIb, BOCT. 4acTh, B 80 M oT Gepera, 08 IX 1989,
NI, Ne 700 (UFA, LE); 8) by3nskckuii p-H, B 1.5 km
K BocTOKy oT ¢. Kmiumoso, ozepo, 19 VII 2014, BK,
Ne 209 (UFA, LE); 9) JlaBnekaHCKMii p-H, 03. ACJIbI-
KyJIb, paccTossHue ot Oepera 10—14 m, 29 VI 2015,
II.P. Abonymaun, Ne 1 (UFA, LE).

JII: 1) Rossia orientalis, gub. Ufa (Baschkiria,
canton Mossjagutovskij), prope p. Arkaul, palus non
procul fl. Juresan [Ydumckast ry6. (bamkupusi, KaH-
TOH MsICOTYTOBCKMI1), OKOJIO Aep. ApKayiab, 00JOTO
Hepaneko oT p. KOpesansn] (Vilhelm, 1930; Holler-
bach, 1950; LE!); 2) lyBanckuii, MusskuHckwuii, Ca-
JaBatckuii u TyiimasuHckuii p-Hbl, BM (Nur-
lygayanova, Abdullin, 2016). — IlameapkTuyeckuii
BUJ, BbISIBJIEHHBI B 03€pax U BHYTPUOOJIOTHBIX BO-
JloeMax peruoHa.

Chara vulgaris L. (Puc. 2h) — 1) Crepauramak-
cKuii ye3n, p. Ycoska (0ac. benoii) HuxXe cepHO-CO-
JITHOrO Kio4ya 0Oymm3 3aBoma borosiBieHckoro,
08 VIII 1915, M.M. Unbun / .M. KpainieHuHHU-
koB, M.M. UnbuH, B.A. IleTpoB. botaHuko-reorpa-
dudeckoe obOciaemoBaHne YQGUMCKON TIyOepHUU.
Ne 761. Ydumckoe rybeprckoe 3emctBo (LE); 2) Ca-
JaBaTcKuii p-H, JlarepeBckoe 6oj0TO, JlarepeBo, B
koymektope, 03 VIII 1988, AM, Ne 88 (UFA, LE);
3) baiimakckuii p-H, B 1.5 kM Huxe n. bakaeBo
[bonpmebacaeBo] B p. Xymona3 [Tyraxman], 18 VI
1989, AM, Ne 648 (UFA, LE); 4) Baiimakckwii p-H, B
3 kM ot A. Tatbpi6aeBO Ha BOCTOK BHU3 MO TEUYEHUIO
oT ***[?], pycno peuku, 30 VII 1989, AM, Ne 875
(UFA, LE); 5) NnuieBckuii p-H, HA TepPUTOPUU
n. bumikypaeBo, okoyio ¢pepMsbl B 20 KM, BOOJb Oc-
perosoii muuuw, 13 VIII 2015, TH, Ne 28 (UFA, LE);
6) MnuiueBckuit  p-H, oKojio nA. Sl6anakoso,
18 VII 2015, TH, Ne 29 (UFA, LE); 7) Xaii0yaiuH-
cKuii p-H, p. By3aBnbik (riputox p. Takanak) [ceBep-
Hee 1. IlerponasinoBckuit], 30—80 M Beime [Canu-
MOBCKOM | IJIOTUHBI, Y TpaBoTo O6epera, BAOJb Oepe-
roBoii 1uHuu, copmectHo ¢ C. contraria, 16 VIII 2015,
I'H, Ne 20 (UFA, LE). — O6pa3zusl 1 1 2 npuHanie-
xar f. longibracteata (Kiitz.) H. Groves et J. Groves.

JII: 1) BM (Kuzyakhmetov et al., 1995; Shkundina
et al., 2013); baiimakckmii, MUnmmmeBckmii, CamaBaT-
ckuit u XaioymnmHckuii p-Hel, BM (Nurlygayanova,
Abdullin, 2016); 2) KapakymeBckoe 60710TO, 00BOI-
HeHHEBIN Kapbep (Krasnaya..., 2007, 2021); 3) JlaBie-
KaHOBCKMI p-H, 03. Aciukyiab, 26—27 VI 2016
(Abdullin, Bagmet, 2018). — ITo-BunumMomy, MecTo-
Haxoxnenue Ne 2 mpuHamiexut C. aspera u C. to-
mentosa, Ho He C. vulgaris (cM. Boie). — KocMoro-
JIUTHBIA BUO, HAWAEHHBIA MPEUMYILIECTBEHHO B pe-
Kax, pexe BO BHYTPUOOJIOTHBIX BOIOEMax,
€IUHUYHO — B 03€pPe 1 PEYHOM MpPY.Iy.
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Nitella mucronata (A. Braun) Miq. (puc. 2i) — Hy-
pUMaHOBCKUI p-H, 03. CBeTioe y ¢c. Humuciasiposo,
04 X 1989, AM, Ne1198 (UFA, LE).

JIA: BM (Kuzyakhmetov et al., 1995; Shkundina
et al., 2013). — IIpenmyIiecTBEHHO TOJIAPKTUISCKUMN
BUJI, U3BECTHHINM B perMOHE JIUIIb U3 OMHOTrO 03epa.

Nitella syncarpa (Thuill.) Chev. (puc. 2i) — Yua-
JmHCKUi p-H, B 1 XM K OB ot 03. Kaparaii-Kynb,
OCOKOBO-TPOCTHMKOBOE€  OOBOITHEHHOE  0OOJIOTO,
28 VIII 2014, AM, Ne 435 (UFA, LE).

JII: BM (Kuzyakhmetov et al., 1995; Shkundina
et al., 2013). — [IpeumyIecTBEeHHO 3aniaHONAJIEapK-
TUYECKUIA BUO, U3BECTHBIN B PETUOHE JIUILb U3 OOHO-
ro o3epa.

Nitellopsis obtusa (Desv.) J. Groves (puc. 2i) — AG-
3eJIMIOBCKUI p-H, 03. Yebapkynb, 26 VI 2001, AM
(UFA, LE). — HoBble pon u Bua aj1s1 peruoHa. — Ila-
JieapKTUYeCKUU BUI (MHBa3uBHBIN B CeBepHOIt AMe-
PMKE), U3BECTHBIN B pErMOHe JIIIb U3 OJHOTO 03€epa.

Takum o6pa3oM, OpUTHMHAIbHBIC TAHHBIC TOMI-
TBEPXKIAIOT MPUCYTCTBUE IMTOUTU BCEX OCTATBHBIX M3-
BECTHBIX U3 perMOHa BUIOB (3a MCKIIIOUYEHUEM, TT0-
BUIMMOMY, OIIMO0YHO yKa3aHHBIX Chara filiformis n
C. hispida), a Takke n1006aBIsIIOT HOBBIH pon Nitellop-
Sis 1 Tpu HOBBIX Buna: Chara papillosa, C. subspinosa,
Nitellopsis obtusa. Ha nannbIit MOMeHT 13 Peciry6mm-
k1 bamkoprocTaH u3BecTHoO 11 BMIOB XapOBBIX BO-
nopocieii u3 ponos Chara L., Nitella C. Agardh u Ni-
tellopsis (Ta6. 1). C BEICOKOI BEpOSITHOCTBIO MOXXHO
MpearnoaraTb HaJu4Kue B peruoHe MOIyJIsIUii BUTOB
pona Tolypella (B wactHoctu, T. prolifera (Ziz ex
A. Braun) Leonh.), a takxe Chara virgata, C. strigosa
A. Braun, Nitella flexilis (L.) C. Agardh u N. hyalina
(DC.) C. Agardh, u3BeCTHBIX U3 COIPEAETbHBIX pe-
TMOHOB (Tab. 2).

ITo BumoOBOMY 6OraTCTBY XapOBBIX BOAOpOCIIEil
Pecniybnmka bamkopTocTan 3aHMMAaeT BTOPOE MECTO
M0 CpaBHEHUIO C COCEIHMMHU PEervMoHamMu Ypaja u
IIpenypanbs (Tadi. 2). B nBa paza 0osbliie BUIOB BbI-
saBJIeHO B YenssOmHCKOM 001aCTH, YTO MOKHO OOBSIC-
HUTb KaK KOHTPACTHOCTbIO MPUPOIHBIX YCIIOBUI B ee
npezenaax, Tak U GOJBIIMM BHUMaHUEM K XapOBbIM
BOIOPOCJISIM TOCJICIHEr0 peruoHa Ha IPOTSKEHUU
JIOJITOTO BPEMEHU.

HauGonbime pasHooOpa3ue 1 BCTPEY4aeMOCTh Xa-
pakTtepHsl 11 poga Chara (puc. 2, Taba. 1), 4To sB-
JIIETCSI XapaKTepHON 4YepToM IJIsT OOJBIIEH YacTH
PErMOoHOB ceBepa, 3amnana u ieHTpa Espasun (Roma-
nov, 2018). Chara globularis, Bun-reHepaJIuCT B yme-
penHbix mmporax EBpasuu (Kolada, 2021), BeisiBiieH
B HauOOJIbIIIEM KOJMYECTBE MECTOHAXOXAeHW. Bu-
bl C. aspera, C. contraria, C. tomentosa v C. vulgaris
U3BECTHBI M3 HE MEHee IIECTU MECTOHAXOXICHWIt
Kaxawiii. s sunos C. subspinosa, Nitella mucronata,
N. syncarpa, Nitellopsis obtusa oOGHapyXeHBI Wb
eIMHCTBEHHbIC MECTOHAXOXICHUS B PETUOHE.
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Ta6mma 1. Bumbl XapoBBIX BOIOpOCIIeil, KOTUIECTBO NX MECTOHAXOXKICHUI 1 KaTeTOpUU CTaTyca penkocTu B Pecry6-

nuke bamkopToctaH

Table 1. Species of charophytes, number of their localities and conservation status in Republic of Bashkortostan

Buin/Species B}elf‘z) rlf‘l‘gf‘ o | 1963-1989 | 2006-2019 | XIX-2019 penK;i:f/r((:)gKfefvT;zi it
Chara aspera 3(1) 1 3 7(1) DD
C. contraria 3 1 2 6 DD
C. globularis 2 5 4 11 LC
C. kirghisorum — 1 4 5 vu
C. papillosa 1 1 2 4 vu
C. subspinosa — 1 — 1 VU
C. tomentosa 2 4 2 8 VU
C. vulgaris 1 3 4 8 LC
Nitella mucronata — - 1 1 VU
N. syncarpa — — 1 1 \'48
Nitellopsis obtusa — — 1 1 A48

TIpumeuanne: BpeMeHHBIE MHTEPBAIBI OTPAXKAIOT 0COGEHHOCTH MMEIOIIETOCS MacCHUBa TaHHbBIX 1ist pernoHa. Cokpamenus: VU —
ys13BUMBIA Bul, LC — BBI3bIBAcT HaMMEHbINNE ormaceHust, DD — HeIoCTaTOYHO JaHHBIX.
Note: Unequal year intervals are due to the features of regional data set. Abbreviations: VU — Vulnerable, LC — Least Concern, DD —

Data Deficient.

HecMmoTtps Ha TO, yTO JIMIIb 03epa KaHIPHIKY/b,
CabaxkTbl U Bogoembl KapakysioBckoro 6oJiota ObLIU
o0cienoBaHbl HEOJHOKPATHO, a 151 BCEX OCTAIbLHBIX
BOJIHBIX OOBEKTOB MIOCTYMHBI JMIIb OAHOKPATHBIE
HaOI0IeHUST, 0OJBIIMHCTBO BUIOB U3BECTHO B PETH-
OHE Ha TIPOTSDKEHUW 3HAYUTEJIbHOTO Tiepuoja
(Tabm. 1).

O3sepa ¢ XecTKOil BOmoil 1 0COGEHHO BOIOEMBI
HM3UHHBIX KapOOHATHBIX MHHEPOTPOMHBIX OOJIOT
SIBJISIFOTCSI HauboJiee LEHHBIMU MECTOOOUTaHUSIMU
XapOBBIX BOJOPOCIIEil pernoHa, IMOCKOJIbKY MOAIep-
KMBAIOT MOMYJISIIIUM CT€HOOMOHTHBLIX BUAOB. He-
CMOTpPSI Ha 3HAYMUTEIbHYIO aHTPOIOTEHHYIO TpaHC-
dopmanio npupomHoOil cpenbl bamkoprocTaHa
MOXHO TIpearoaraTb CTaOMJILHOCTD Psila TOITYJIsI-
LI CTeHOOMOHTHBIX BUIOB B 3TUX MECTOHAXOXIEe-
HUsIX. MuHepoTpodHbIe 60JI0Ta peTMOHA — OIHU U3
HanboJsee 3HAYMMbBIX MECTOOOUTAHUMN PEIKNX CTEHO -
OUOHTHBIX BUIOB pacTteHuii (Baisheva et al., 2018),
00J1aJaolIe BHICOKOM IIPUPOIOOXPAHHOM LIEHHO-
CThbIO BO MHOTMX pernoHax EBpaszun (Jiménez-Alfaro
et al., 2014).

Bce MecToHax0oXIeHMsI XapOBBIX BOIOPOCIIEit BBI-
SIBJICHBI JIMIIb HA paBHUHE U B TIpearopbsax KOxHoro
VYpana (puc. 2a). I[Toutn Bce JTOKAIUTETHl HAXOISITCS
B JIByX DKOPETMOHAX — BOCTOYHO-€BPOIIEICKOI Jie-
COCTEIM Y 3amnagHO-CUOUPCKOI-CceBepO-Ka3axXxCcTaH-
cKoii necoctenu (puc. 2b). Paznuums Mexmy HUMU
0OyCJIOBJIEHBI HaxXoIKaM1 TpeX BUIOB (pucC. 2i), 13-
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BECTHBIMM U3 €IMHUYHBIX MECTOHAXOXIACHUI B pe-
ruoHe B uenoM (Chara subspinosa, Nitella mucronata,
Nitellopsis obtusa). B cTemmHOM >KOpervoHe BBISIBICH
Tonbko C. fomentosa, B 3anagHO-CUOMPCKON Taiire —
TONbKO Nitella syncarpa. 9T 0COOEHHOCTY MOTYT ObITh
CITy4aifHBIMM, CBSI3aHHBIMU C HETIOJTHOTOM TaHHBIX O
pacnpocTpaHeHur 3TUX BUAOB B ballikoprocraHe.

OCco0eHHOCTH pacnpocTpaHeHUsT B UByYEHHOM U
COTIpeNeTbHBIX PErMoHaxX, OMOTONMYecKasl IPUypo-
YEHHOCTb, OCOOEHHOCTU OMOJIOTMU BUIOB MO3BOJISI-
10T MPENJIOKUTh MpeaBapUTe/bHbIN BapuaHT Kpac-
HOTO CIMCKAa XapoBhIX Bomopocieii (Ttadi. 1). Cemb
BUIOB MOXHO OTHECTM K KaTeropum “ysi3BUMBIE”.
[Ba Buna — aBpubuonTa, Chara globularis, C. vulga-
7iS, COOTBETCTBYIOT KaTeTOPWUM “BBI3BIBAIOT HaM-
MeHblMe ornaceHus”. TToka HemoCTaTOYHO JaHHBIX
JUJISI OLIEHKM KaTeropuM CTaTyca peaIKOCTU B peroHe
st C. aspera v C. contraria.

BJIIATOOJAPHOCTHA

ABTOpBI OJarogapHbl KypaTopaM rep0apueB 3a BO3-
MOXHOCTh U3y4yeHUsi kosutekuuii, A.B. MBaHoBoii (Ca-
MapcKuii ¢enepalbHbIIA nccaenoBaTeabckuii meHTp PAH,
NucTutyT 3Konorum BojKckoro 6acceitna PAH) 3a c60-
pPBI XapoBBIX BopopocJeii. Pabora BbInmosHeHa B paMKax
rmpoekToB Ne 121021600184-6 “diopa v cucteMaTuka BO-
IopocJieii, TUIaitHUKOB 1 Moxoo0pa3HbIX Poccuu u ¢pu-
Toreorpauueckd BaxKHBIX peruoHoB Mupa” BboraHnuue-
ckoro nuHctutyTa uM. B.JI. KomapoBa PAH, B pamkax ro-
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Ta6muna 2. Bunsl xapoBbix Bogopocieiit Peciybnuku baikoproctaH v conpenenbHbIX perMOHOB
Table 2. Species of charophytes from the Republic of Bashkortostan and adjacent regions

Bun/Species PB/RB | ITIK/PT | CO/SR | YO/CR | 0O/OR | PT/RT | YP/UR

Chara altaica A. Braun — — — + — _ _
C. aspera Willd. + — —

C. canescens Desv. et Loisel. — — —

+ o+ o+
!
!
!

C. contraria A. Braun ex Kiitz. + + —
C. filiformis A. Braun +) — — — — — -H)
C. fragifera Durieu - - () () - - -
C. globularis Thuill. +

C. kirghisorum Less. + — —
C. papillosa Kiitz. +

C. strigosa A. Braun — — +
C. subspinosa Rupr. + — —
C. tenuispina A. Braun — — — (+) — — —
C. tomentosa L. + — —
C. virgata Kiitz. — + —
C. vulgaris L. + +
Nitella confervacea (Bréb.) A. Braun ex Leonh. — —
N. flexilis (L.) C. Agardh — — —
N. gracilis (Smith) C. Agardh — — —
N. hyalina (DC.) C. Agardh - - —
N. mucronata (A. Braun) Miq. + — —
N. opaca (C. Agardh ex Bruzelius) C. Agardh — — —
N. syncarpa (Thuill.) Chev. + — —

+ + + + + + + + + + +
|
|
|

N. wahlbergiana Wallm. — — _

Nitella sp. — + _
Nitellopsis obtusa (Desv.) J. Groves + — — + _ _ _
Tolypella prolifera (Ziz ex A. Braun) Leonh. — — - + + _ _
KonunuectBo BunoB/Number of species 11(12) 5 4(5) 22(24) 6 4(5) 5(7)

ITpumeuanue: Pb — Pecnybiuka batkoprocran (opwur.), I1K — IMepmckuii kpait (Romanov, Heony6i1.; LE!, IBIW!; ykazanue Nitel-
lopsis obtusa (Romanov et al., 2015) ommu6ouyno), CO — CepmioBckas oonacts (Prisadskiy, 1914; Bogdanov et al., 2007; www.iNatu-
ralist.org; Romanov, Shakhmatov, Heony6:1.; LE!), HO — Yensounckas oomacts (Kulikov et al., 1977; Vesnin, 1984; Veisberg, Isakova,
2010, 2018; Romanov, Abdullin, 2018; Romanov, Heomny6u1.; LE!; ykazanus C. fenuispina, no-BUAMMOMY, OCHOBaHbI Ha oOpa3lax
C. strigosa (LE!)), OO — Openbyprckas o6iacts (Yatsenko-Stepanova et al., 2005; Romanov, Abdullin, 2018; Romanov et al., 2018a;
Kotkova et al., 2022; Romanov, Heony6.1.; LE!, MIRE!), PT — Pecnny6iiuka Tarapctan (Romanov et al., 2018a; LE!), YP — Yamyptckas
Pecny6nuka (Krasnaya..., 2012; Kapitonova, 2021; LE!; o6pasusl C. strigosa yrpauensl (H.I1. AkceHoBa, 1uuH. coo6ul.)). CKoOKu
03HAYaloT HEOOXOAMMOCTb MOATBEPXKIACHUST YKa3aHWM BUTOB, HAXOIKM KOTOPBIX HE COOTBETCTBYIOT IOCTOBEPHO U3BECTHOMY OOILIEMY
pacrnpoCcTpaHeHWIO U/UJIN 3KOJIOTHU BUAOB, KOJIMYECTBO BUIOB B CKOOKAaX MPUBEIEHO C YY4ETOM TaKMUX YKa3aHUIA.

Note: RB — Republic of Bashkortostan (this study), PT — Perm Territory (Romanov, unpubl. data; LE!, IBIW!; the record of Nitellopsis
obtusa (Romanov et al., 2015) is erroneous), SR — Sverdlovsk Region (Prisadskiy, 1914; Bogdanov et al., 2007; www.iNaturalist.org; Ro-
manov, Shakhmatov, unpubl. data; LE!), CR — Chelyabinsk Region (Kulikov et al., 1977; Vesnin, 1984; Veisberg, Isakova, 2010, 2018;
Romanov, Abdullin, 2018; Romanov, unpubl. data; LE!; the records of C. tenuispina are probably based on specimens of C. strigosa
(LE!)), OR — Orenburg Region (Yatsenko-Stepanova et al., 2005; Romanov, Abdullin, 2018; Romanov et al., 2018a; Kotkova et al., 2022;
Romanov, unpubl. data; LE!, MIRE!), RT — Republic of Tatarstan (Romanov et al., 2018a; LE!), UR — Udmurtian Republic
(Krasnaya..., 2012; Kapitonova, 2021; LE!; the specimens of C. strigosa were lost (N.P. Aksenova, pers. comment)). The brackets indicate
the records which need in confirmation because of their disagreement with reliable general area of species distribution and / or environ-
mental preferences of species. The numbers of species in brackets include these records.
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CyIapCTBEHHOTO 3amaHuss MUHHUCTEpCTBA HAyKu W
BhIcIIero obpasoBaHusi Poccuiickoit Denmepaunu (TeMa
Ne 121031000117-9).
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CHAROPHYTES (CHARALES, CHARACEAE)
OF THE REPUBLIC OF BASHKORTOSTAN (SOUTH URAL)
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Eleven species of charophytes from three genera, Chara, Nitella and Nitellopsis, were found in the Republic
Bashkortostan according to herbarium collections and field studies covering the years 1915—2016, among
them one newly recorded genus Nitellopsis and four new records of species, namely Chara contraria, C. papil-
losa, C. subspinosa, and Nitella obtusa. These data allowed re-assessment of few records known from pub-
lished sources. Biotope and ecoregion preferences of the species were outlined. Most species have been
known from the region of study for a long time. Hard water lakes and, especially, water bodies of rich min-
erotrophic fens are most important regional habitats of charophytes. Some populations of stenobiont species
seem to be stable despite significant human transformation of Bashkortostan natural environment. A tentative
Red List of charophytes of the Republic of Bashkortostan was suggested.

Keywords: Chara, Nitella, Nitellopsis, distribution, ecology, protection, Red List, Republic of Bashkortostan,

South Ural
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B pesynbrare MHOTOJIETHUX OPMOJIOTMYECKUX MUCCIIENOBAHUI JIECHBIX 00JIOT (COorp) 10XKHOI nepudepun
SamagHoii Cubupu BeIsiBIeHO 133 Buma MxoB. [IpuBoauTCcsa CBOTHEBIN CIIMCOK C YKa3aHMEM BCTPEIaCMOCTH
U pacrpeaesieHus ; 00CyXIaloTcsl 0COOEHHOCTY 9KOJOTMU HEKOTOPBIX BUIIOB. BEIsSIBIEHO, UTO Oepe30Bble U
eJIOBbIC COTPHI ((POHOBBIC U PENKHE I UCCIEAYEMOM TePPUTOPHUM TUTTBI COOOIIIECTB) ITPUMEPHO PABHBI 11O
OpHrodIOpUCTUUECKOMY OOraTcTBY; 60Jsiee TTOJOBUHBI BUIOB SIBJISIIOTCSI OOIIIMMMU 11 0OOUX TUIIOB COO0-
IIIECTB; C BEICOKUM ITOCTOSTHCTBOM BCTpevaroTcs He 6oJiee 1/5 3aperucTprupoBaHHBIX BUIOB, TOJABIISIONIEE
GOJIBIIMHCTBO OTMEUYEHBI eAIMHUYHO. BhIpaxkeHHbIIT MUKpOpebed B cOrpax U, COOTBETCTBEHHO, Pa3HOO0-
pa3re MUKPOMECTOOOUTAHUIA, 06ECIIeUnBaeT COCYIIECTBOBAHNE B OMHOM KOHTYPE BUIOB Pa3TMIHOMN KO-
JIOTUM U IPOUCXOXIeHUs. Ha IIMpoTHOM rpagreHTe, B JIECHBIX 00JIOTAaX I0XKHOM Talirv U MOATATY pa3Ho-
o6pasue MXOB IPUMEPHO OMUHAKOBO, ajiee K 10Ty OHO YMEHBIIIaeTCsl, a B CTEITHO# 30He coKpalaeTcst 60-
Jiee YeM HaroJIOBUHY, 10 Habopa u3 43 HauboJiee pacnpoCTpaHEHHBIX U TTOCTOSIHHBIX BUIOB.

Karoueswie cnosa: Mxu, 6puodiopa, 60j0Ta, 3a00J10U€HHBIE JIeca, Corpa, MoATaiira, JIecoCTellb, CTeIlb, Pel-

Kue BuIbl, Alnetea glutinosae
DOI: 10.31857/S0006813623070049, EDN: YCJYOI

Ha 3anangHo-Cubupckoii paBHUHE 00J0Ta B CyM-
Me 3aHUMalOT OKoJIo 50% ee TeppUTOPUM U UTPAIOT
Ccpenoo0pasyIollyo poJib: BIUSIOT Ha OOIIWI BOJO-
oOMeH, paagMallMOHHBIN OajlaHC, Ha TEIJIOBOM pe-
xuM U T.1. (Bolota..., 1976). O6ien3BecTHa yrie-
pon-nenoHupymoiiass @yHkuus 6osot (Titlyanova,
Vishnyakova, 2022). IlnanoMepHoe u3y4eHue 00J10T
3anagHoii Cudbupu npomoKaeTcs yxe 0oJjiee cTa JieT
(Lissetal., 2001). HakoruieH orpoMHBIf MacCUB JaH-
HBIX O (hakTOpax U MexaHu3Max 3a0oJlauMBaHUs, O
3aKOHOMEPHOCTSIX (popMUPOBaHUSI OOJIOT B pa3HBIX
reoMop@dOJI0TMYECKUX YCIOBUSIX, O CYKIIECCUSIX 0O-
JIOTHBIX OMOTE€OlIEHO30B, O MPOMUCXOXICHUU, BO3-
pacTte, CTPO€HUU U CBOMCTBAaX TOPMSHBIX 3aJIeXXel U
1.1. OnHako, mo MmHeHuto E.JI. Jlammmnoit (Lapshi-
na, 2003), dbopa u pacTUTEJILHOCTh 00JIOT 3amagHoi
Cubupu k Havany XXI Beka ocTaBajJUCh HU3YYCHBI
KpaifHe HeIOCTaTOYHO, 0OCOOEHHO B OTHOIIIEHUU MO-
Xoo0pa3HbIXx. bpuosornuyeckue paboOThl OBLIM He-
MHOTOYMCJIEHHBI, a OMyOJMKOBaHHbIE MaTepHasbl
4YacTO CKYIHBI; TaK, CTaTbsl C MHOTOOOCIIIAIOIINM Ha-
3BaHUEM “Marepuaibl K U3y4eHU10 OpruodIopkl JTy-
rOB U OOJIOT JIECOCTENMHOM U CTEeITHOM 30H 3amnaaHoii
Cubupn” (Logutenko, 1963) comep:kajia CIIMCOK Bce-
ro U3 26 BUAOB C yKazaHUeM It Kaxaoro 1—3 mecto-

HaXOXACHUIN (MCKITIOUEHUEM SIBIISETCS JUINL Dre-
panocladus aduncus (Hedw.) Warnst., njs KOoToporo
nepeuurciaeHo 12 Touek). JIecHble OoJioTa 10XKHOI ya-
CTU TEPPUTOPUM JOJITOE BpeMsl BOOOIIIE BhINATAIA U3
BHUMaHus wucciegoBareneii (Romanova, 1985).
I1pu 3TOM necHble GoyioTa (COrphl) MPEACTaBIISIOT
OCOOBII MHTEPEC: CPEeIN BCEX U3BECTHBIX TUITOB 6O-
JIOT COTPHI BBIIEISIOTCS HanOoJiee BLICOKUM (pIopu-
CTMYECKUM OOraTCTBOM, WUTpalOT BaXKHYIO POJb B
MOAAEPKAHUM OUOJIOTUYECKOTO Pa3HOOOpasust pe-
ruoHoB (Lapshina, 2003).

I1epBEIit CBOOHBII CTCOK, 00OOMIAIONINIA BCE CYy-
IIECTBYIOIIYE YKa3aHUSI pa3HbBIX aBTOPOB ITO0 COCTABY
pacTeHuii, OTMEYEeHHBIX Ha 00JI0TaxX B 11000 YacTu
3anagHoii Cnoupu OT TYHIPOBOM IO CTEITHOM 30HHI,
BKII04an 497 BUIOB BICIIMX pacTeHUi — 321 BUa co-
CYIUCTHIX pacTeHuit, 137 BumoB MxoB 1 39 BUIOB mie-
yeHouHuKOB (Liss et al., 2001); 13 HUX IJISI TYHAPO-
BOM 30HBI YKa3bIBAJIUCHh 75 BUOAOB COCYIMCTBIX U
109 BooB MXOB, IJIsI TaexkHOo — 287 n 81, m 1014 Jie-
cocrenmHoil — 206 M 62 BUIOB COOTBETCTBEHHO.
Crnucok npeciaenoBai o0lIe MHBEHTapU3allMOH-
HBIE 3aJa4yy, IIMPOTHO-30HAJIBHOE M HEHOTUYE-
CKO€ pacIipeneieHre BUIOB B HEM oXapaKTepHr30Ba-
Hbl cxemMaTudHo. OnyOJaMKOBaHHAsI yepe3 JABa rojaa
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“@nopa 6os0T 10ro-poctoka 3amagHou Cubupmn”
(Lapshina, 2003) cyliecTBEeHHO IOIOJIHUIA JaHHBIC
10 3KOJIOTHMU U PacIIPOCTPaHECHMUIO BUAOB; B paboTe
npuBeneHo 344 BMOa COCYOWUCTBIX pacTeHUid m 242
BUIa MOXOOOpa3HBIX, N3 KOTOphIX 181 — mxu. OnHa-
KO IJIsl 1okHO# nepudepumn 3anagHoit Cudbupu Mo-
"Horpadusmu Jlammwuuoit (Lapshina, 2003, 2010)
npobiaemMa ci1aboil M3y4eHHOCTH He ObLia 3aKphITa,
IOCKOJIbKY IOJIOKEHHBIE B OCHOBY 3THX pabOT MaTe-
pHabl 6bUTM COOpaHBl B OCHOBHOM B MOI30HE H0X-
HOIi Taliru, caMmbl€ I0XXHbIE KJIIOYEBbIE YYACTKU, 03€-
po Taprau u mocesiok 86-if KBapTaj, HaXOOATCS Ha
56°22" 1 56°15’ ¢. 1.

B BocmomHeHue mpo6Gesa MBI COCPEIOTOYMIIN
YCHWIWS Ha U3YYeHUH OOJIOT I0JKHEE PaCIIOIOXEHHBIX
paiioHOB — TOATAEKHBIX U JiecoCcTeMHbIX. [10 pe3ysib-
TaTaM WCCJIeNOBaHUII ObLIa OITyOJMKOBAaHA CEpUS
cTaTeil: BBIMTOJIHEHA XapaKTepUCTHKA (DUTOLEHOTU-
YeCKOIo pa3HOOOpa3us 3a00JI0UEHHBIX €J10BbIX U 0e-
PE30BBIX JIECOB, COCTaBJICH MPOAPOMYC 3a00JIOUECH-
HBIX JIeCOB I0XKHOM Tiepudepun 3anagHoii Cubupwu,
BKJIIOYAIOIIMIA TPU MOPSAKA, TPU COI03a, IEeBSITh ac-
coumanuii ¥ Tpu cydaccoumanuy kiacca Alnetea glu-
tinosae Br.-Bl. et Tx. ex Westhoff et al. 1946
(Lashchinsky et al., 2014; Lashchinsky, Pisarenko,
2016; Pisarenko, Lashchinsky, 2020). Bpuodmopu-
CTUYECKME MTaHHBIE 10 HACTOSIIErO0 BPEMEHM OCTa-
JIUCh B OCHOBHOM HE OOHApPOI0OBaHHBIMH.

Iems »T0i1 pabOTHI — OOOOIINTE W TTIPOAHAIM3U-
poBaTh HAKOIUIEHHYIO MH(MOPMAIUIO0 MO0 OPUOKOM-
IMIOHEHTY €JIOBBIX ¥ 0€Pe30BBIX COTP I0KHOI ITepude-
puu 3anagHoit Cnoupu.

MATEPHAJIBI U METOJbI

O06cnenoBaHUs GOJOTHBIX COOOIIECTB MPOBOAM-
muchk ¢ 1998 o 2016 r. B OMckoii, HoBocubupckoii,
KemepoBckoit 1 ToMcKOIf 00JIacTIX U B CEBEPHOM
paBHMHHOIT yacTu AiTaiickoro Kpasi. Beioop yuyacTkoB
OCYIIIECTBIISICSI HA OCHOBE aHaIM3a KPYyITHOMACIITa0-
HbIX Tororpaduyeckux kapt (1 :200000—1 : 25000) u
KOCMMYECKUX CHUMKOB cpeaHero (Landsat) u Beico-
koro (QuickBird) pazpemenus. [1pu moneBrix pabo-
TaX BBIIOJIHSIIOCH TTOJIHOE re000TaHUYECKOe Onuca-
HUe Ha MpOoOHBIX miomankax 20 X 20 M, mo cTaH-
maptHoit Metomuke (Polevaya..., 1964); misg Bcex
OMMCAaHUM ceaHa reonpuBsI3Ka ¢ UCIOJIb30BaHUEM
12-kanansHoro GPS B cucteme koopauHat WGS-84.
3aTeM OpOBOIMIOCH AeTaJbHOE OPUOOIIMCAaHUE, CO-
MIPOBOXKIaeMOe COOpaMy MXOB BC€X OCHOBHBIX KO-
TOMoB (MOACTWUJIKU, BajieXa, CTBOJIOB JEPEBbEB).
Bcero o6cnemoBano 302 ydacTka JIECHBIX OOJIOT,
MIaBHBIM 00pa3oM B MOATACKHOM M JIECOCTEITHOM
OMOKJIMMaTUYECKUX MToA30Hax 3anagHo-CuoupcKoi
paBHUHEI (puc. 1).

IeoboTaHuyeckre omucaHUSI U OPUOONMUCAHUS
pa3IUYHBIX YpOBHEM XpaHsaTcsa B UHTerpupoBaHHOM
OoTaHuyeckoil uHbopMauMoHHO cucteme I[BIS

ITMCAPEHKO

(Zverev, 2007). Bce cobpaHHbIe 00pa3bl peaKUX U
CITOPpaAUYHO BCTPEYAIOIIUXCSI BUAOB MXOB O(hopmIte-
HbI B repbapuii; Ijisi OTHOCUTEIbHO YacCThIX BUIOB
XpaHUTCS KaK MUHUMYM T10 OIHOMY oOOpasily mjis
KaXXJgoro paiioHa pa6or. Martepuaiabl HaxOIsITCS B
repobapumn lleHTpaJbHOrO CHUOMPCKOro OOTaHWYE-
ckoro caga CO PAH (NSK). /Iy6iersr Hanboiee nH-
TepPECHBIX U 00bEeMHBIX 00pa31oB IepeaaHsl B MHA
u LE. DTukeTkn repbapu3npoBaHHBIX 00pa31ioB Xpa-
HSTCSL B BUJIE JIEKTPOHHOI TaOJUIIBI U PETYISIPHO
KOHBEPTUPYIOTCSI B COCTaB OObEIMHEHHOM OHJIAMH-
6a3nl “I'epbapHbie 06pasubl Praopel MxoB Poccum™
(Ivanov et al., 2017; Herbarium ..., 2023). Ha3panus
BUIOB MXOB B CTaTbe CACAYIOT MPUHSITHIM BO “®Dope
MmxoB Poccun” (Ignatov et al., 2017, 2018, 2020, 2022;
Taxonomic..., 2023). HazBaHMsI COCYOMCTBIX pacTe-
HUii JaHbI coriacHo “KoHcneKTy Giopbl A3MaTCKOM
Poccun” (Malysheyv et al., 2012).

XAPAKTEPUCTHUKA PAUPIOHA
NCCIEOJOBAHUU

AOCOJTIOTHBIE BBICOTHI Ha paccMaTpUBAaEMOM Tep-
putopuu BapbupyroT oT ~100 1o ~350 M Hag ypoBHEM
MOpsI; TIOBEPXHOCTHb ITOBCEMECTHO CJIOXKEHA MOIII-
HOI, B AE€CATKU METPOB, TOJIILEH PBIXJIbIX YeTBEPTHUY -
HBIX OTJIOXeHU. B reoMopdoIornaeckoM oTHOIIIE-
HUM TEPPUTOPHS BKIIOYAET HECKOJIBKO PaiiOHOB,
pasnuyalommxcs, Ha ¢oHe oO1Ieit BBIPOBHEHHOCTH,
ocobeHHocTsMu penbeda (Gorodetskaya, Lazukov,
1975; Zanin, 1958; Nikolayev, 1988). Jl1s1 ceBepo-3a-
nagHoi yactu (MimmMmckasa n bapabuHckast paBHU-
HbI) crielUUUHON YepTOii SIBISIETCS BbIpaXKEHHbIN
Me3opeiabed, 00pa3oBaHHBIN YepeaOBaHNEM HEBbI-
COKUX IMOJIOTMX I'pUB (pa3mMepoM 110 2—4 KM B IJIMHY
¥ HECKOJILKO COT METPOB B IIMPUHY) U MEXKTPUBHBIX
MOHWKeHUH, ¢ mepermagamMu BeicoT 10—20 M. FOro-
3arnamHas Jyacth, KyjayHna — xapakTepusyeTcss MHO-
TOYMCICHHBIMU KOTJIOBUHAMU KOHEYHBIX 1 0€CCTOY-
HBIX 03€p M Pa3BUTHEM 3alaJIuHHOIO pejibeda; 3TO
CaMblii TOHMXXEHHBbIN U TNIOCKUI pailoH M3y4YeHHOM
TEPPUTOPUU: CpEIHME BBICOTBHI cocTaBistior 100—
140 M, BenIMYMHA BEPTUKAJIBHOIO paCUWICHEHUS B
npenenax 5—10 M. K BocTOKy TeppuUTOpHS MOBBIIIA-
ercs 10 300—350 M, TiepexoauT B MPEAropHbIe paB-
HUHBI Y ceBepHOro kKpast Ainrae-CassHCKOII TOPHOI
ctpanbl — [Ipuo6Gcekoe tiato, Ipucananpcekyro pas-
HuHy, KonbiBaHb-TOMCKYIO BO3BBHIIIEHHOCTD, CO-
BpPEMEHHBII pelibed 30eCh UMeeT 9PO3UOHHOE IIPO-
HUCXOXIEeHUE, eTo TJIaBHelIIeir 0COOEHHOCTHIO SIBJISI-
eTCsI CJIOKHAasI CHCTeMa OBpPaXKHO-0aJJOYHOM CceTu
(Zanin, 1958; Nikolayev, 1988); rmybuHa Bpe3a peu-
HBIX TOJUH MOXeT nocturaTth 100 m. Jlajee Ha BOCTO-
K€ IIPUMBIKACT IOJIOr0-XOJIMUCTAasl aJUTIOBUAIbHAs
I[IpuapruHckass HaKJIOHHasi paBHMHA, K CEBepy OHa
IUIAaBHO TIOHMKAETCSI A0 MMHUMAJIbHBIX OTMETOK
105 M. FOro-BocTouHast 4acTh UCCJIEIOBAaHHOM Tep-
putopun — Ky3He1kas KOTJIOBUHA — ¢ TeOMOP(dh0JIo-
IMYECKUM TOYKU 3peHUST OTHOCUTCS K AnTtae-CastH-
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Puc. 1. Jlokanusanust o6ciie1oBaHHBIX MACCUBOB JIECHBIX OOJIOT.

1 — Gepe3oBbIe COTPhI; 2 — €I0BbIE COTPHI; 3 — IpaHUIa OMOKIIMMAaTUYECKMX 30H U ITOI30H; C ceBepa Ha 10T — MOA30Ha I0XXHOM
Taiiru, MoA30Ha TOATATH, 30Ha JiecocTenu, 30Ha crenu (I1’ina, 1985); 4 — rpanuna Poccun.

Fig. 1. Localities of studied swamp forests.

1 — birch (Betula pubescens) swamp forests; 2 — spruce (Picea obovata) swamp forests; 3 — border of bioclimatic zones and sub-
zones; from north to south — south taiga, subtaiga, forest-steppe, steppe (I’ina, 1985); 4 — border of Russia.

cKoii ropHoit obsactu (Olyunin, 1975; Vdovin, 1988).
C Tpex CTOpOH KOTJIOBMHA OrpaHNYeHa TOPHBIMU CO-
opyxeHusiMmu — CaylaupckuM KpsixkeMm, T'opHoit 1lo-
pueit u KysHenkum AjaTtay, a Ha ceBepe HE MMEEeT
YeTKOI TpaHUIIbl U cmBaeTcs ¢ Janamadramu Ko-
JIbIBaHb- TOMCKOI1 BO3BBIIIIEHHOCTW; OCHOBHASI 4YaCTh
pacIiojloxkeHa B YCJIOBUSX JICCOCTEITHOM ITOM30HEI.
JIJ1s1 KOTJIOBUHBI XapaKTepeH XOPOIIo pa3paboTaHHBIN
B5PO3UOHHBIN pesibed ¢ TyCTOol CeThlo OBparoB 1 0ajiok.

KnuMar tepputopun pe3ko KOHTUHEHTAJbHBIM.
TunporepMudeckne mokKaszaTelM 3aKOHOMEPHO W3-
MEHSIIOTCS B IIMPOTHOM HaMpaBJIEHUU: CPEAHETOI0-
Basl TeMIIepaTypa BO3IyXa C ceBepa Ha IoT BO3pacTaeT
or —1°C go +1.5°C; romoBast cymma 3(hpdEKTUBHBIX
temneparyp (T > 10°C) Bospacraer ot 1700°C mo
2450°C (Novosibirskaya..., 1978). beamopo3HbIii ne-
puoxn coctasisieT 100—125 greii. CpemHeromoBoe KO-
JIMYECTBO ocaakoB Bapbupyet oT 450—500 MM Ha ce-
BepHOil okpamHe Teppuropun mo 250—300 MM B
crenHoit Kynyune. ITponomknuTeIbHOCTD TIEpUOIa C
YCTOMYMBBIM CHEXHBIM MTOKpOBOM — 140—160 mHeit
(Nauchno-prikladnoy..., 1993).
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[HIupoTHYy1O0 Moj0Ccy B Tpeaesiax MpuMepHo 55—
57° c.m. B 3anmagHoii CMOUPU BBIIEISIIOT B KAa4eCTBE
0C000I1 OMOKINMMATUUIECKOM MOA30HBI — MOATANTH;
30HAJILHOM PaCTUTENBbHOCTBIO BBICTYIIAIOT TPaBSIHEIC
ocuHOBbIe 1 O6epe3oBrie eca (Gorodkov, 1916; Kry-
lov, 1961; Ermakov et al., 1991). IOxHee, B moa3oHe
JIECOCTENHU, MPOLEHT JIECUCTOCTU TEPPUTOPUU CHU-
KaeTcsl; 30HAJIbHOM pPacTUTEIbHOCTBHIO CTAaHOBUTCS
Mo3anKa 0epe30BBIX 1 OCHMHOBBIX TPABSIHBIX JIECOB C
OCTEHEHHBIMHU JIyTaMU WJIX JIYTOBBIMM CTEISIMHU, B
TPaBOCTOE CHIDKAETCSl y4yacThe Me30TUTIPO(GUTOB U
me3odpurtos (Lavrenko, 1985; Makunina, 2016). Tpa-
BSIHbIC MEJIKOJIMCTBEHHEBIC jieca M JIYTOBbIE U CTEII-
HBIE COOOIIeCTBa MPUYPOYCHBI K IPEHUPOBAHHBIM
y4acTKaM, B OHVZKEHUSIX OIPOMHBIE IIPOCTPaHCTBA
3aHSATH pa3HOOOpa3HBIMU OoyioTamMu. B cxeme 00-
JIOTHOTO paroHupoBaHusa 3armagHoi Cubupu, B ce-
BEPHOM YaCTU MOATANUTU MPOUCXOAUT CMEeHa O0JI0T-
HBIX 30H: BEPXOBbIE OJIUTOTPOMHBIC c(parHOBBIE OO-
JIOTa, XapaKTepHBIE JJIsI TAXKHOI 30HbI, 3aMEIIAI0TCSI
K 10Ty Me30TpO(MHBIMU U €BTPO(PHBEIMU OCOKOBO-
TUITHOBBIMU M JiecHbIMU Oostoramu (Kats, 1971; Bo-
lota..., 1976; Liss, Berezina, 1981).
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Jlecurple 60moTa (corpel) B CuMOMpPU BBICTYIIAIOT
BUKapMaHTAMU €BPOIEHCKUM YEePHOOJIbIIAHUKAM
(Lapshina, 2010). O61uK u cocTaB JIECHBIX OOJOT Ha
IIUPOTHOM IpagueHTe udMeHsieTcs. B TaexxHoii 30He
3anagHoii Cubupu 3a11MpUKATOPHYIO POJIb B coTrpax
UTPAIOT XBOMHBIE TTOPOJIbl: TOMUHUPYET €1b, MHOTIA
NP 3HAYUTEILHOM y4acTUU Keapa, MHOTIa C IpruMe-
CbIO JIMCTBEHHULIBI WJIU (1) COCHBI; O€pe30BbI€ COTPhI
B TaeXXHOI 30HE BCTpevyaroTcsl u3peaka u, 1o MHe-
HITO JIanmmHOM, TIpeaCTaBIISIOT CO00M MMPOTreHHBIC
BapuaHThl (Lapshina, 2003, 2010). B nmonraiire 3a-
nmagHoit Cubupu Gepe3oBblie jeca SIBJSIIOTCS KOPeH-
HBbIMU; 3a00JI0YEHHbIE OCOKOBBIE U KOYKAPHO-0CO-
KOBbIe O€pEe30BbI€ COTPhI LIIMPOKO PACTIPOCTPAHEHHBI.
B bapabuHcKoli HUBMEHHOCTY OHY 3aHUMAIOT CJ1abo
JIPEHUPOBAaHHbIE MEXTPUBHbIE TPOCTPAHCTBA 1 TTOHU -
JKEHHbIE BPEMEHHO M30BITOYHO IEePEyBIKHEHHBIE
YYaCTKU B LIEHTPAJIbHbBIX YaCTSIX JIECHBIX MAaCCUBOB; Ha
MPUITOAHSTHIX TTPEATOPHBIX PABHUHAX B YCIIOBUSIX BbI-
paxkeHHOM OBpaXKHO-0aJIOUHOM ceTH, 0Opa3yloT IOo
IUIOCKUM JTHUIIAM JIOTOB TIOJIOChI B HECKOJIBKO Je-
CSITKOB METPOB IIIMPUHOMN U B HECKOJILKO COTEH MET-
poB miuHoi (Korolyuk, 1993; Lashchinsky et al.,
2014). B neBobepexbe B [IproOCKoii JecocTenu u B
CTeTHOIi 30He 6epe30BbIe COrPbl BCTPEUAIOTCS B LIEH-
TPAIBLHBIX MOHMXXEHHBIX YacTAX JIOXOWH OpeBHErO
CTOKa W KPYITHBIX OJTIOA1I€00pa3HbIX 3anmaanH. B ako-
JIOTO-(JIOPUCTUIECKOI KaccuuKalnuy 0epe30Bbie
COTphl OTHOCATCS K Kiaccy Alneteae glutinosae, 110-
pstnkaMm Alnetalia glutinosae Tx. 1937 m Salicetalia
auritae Doing 1962 (Pisarenko, Lashchinsky, 2020).

duznoHoMuyecku U QGIOPUCTUYECKM COOOIIEe-
CTBa JOBOJILHO OMHOOOpa3Hbl. Pa3pexeHHBbI Ape-
BECHBII sipyc coMKHyTOCThIO 0.3—0.4 (0.6) 0o6pazo-
BaH Betula pubescens Ehrh.; nepeBbsi HU3KOpPOCJIbIE, B
GOJILIIMHCTBE CJIydaeB He MpeBbIaioT 14—16 M mpu
auameTpe cTBoyioB okoyio 20—24 cMm. Ilomnecok ot
ITOJTHOCTBIO OTCYTCTBYIOIIETO OO JOBOJBHO T'yCTOTO,
C MPOEKTUBHBIM MOKPHITUEM 10 40—60%; OOBIYHBI
Salix cinerea L., Ribes nigrum L., Frangula alnus Mill.
[TpoeKkTHBHOE TTOKPHITHE TPABSIHOTO SIpyca BapbUpy-
et oT 20 1o 60—80% ; Hanbosiee ITOCTOTHHBI K OOUIb-
Hbl Filipendula ulmaria (L.) Maxim., Equisetum fluvi-
atile L., Thelypteris palustris Schott u KpyIHbIe KO4-
KooOpa3sytoiue ocoku Carex appropinquata Schum. u
C. cespitosa L. OCOKOBBIE KOUKH MOTYT UMETh BEICOTY
mo 50 cMm; 3aHMMaeMas MU TUIONIAIb BapbUpPYET B
pa3HBIX cooOlecTBaXx. MeXKOYbsl BECHOU U BO
BJIAXKHBIC TOIBI JIETOM 3aJIMTHI BOIOM, B CyXHe TIepH-
OJIBbI TOJA TIOJTHOCTBIO TIepeChIXatoT. JJoMrUHAaHTaMM 1
COIOMMWHAHTaMHU TPaBOCTOSI MOTYT TaKXKe BBICTYIATh
Carex rostrata Stokes, C. riparia Curt., C. acutiformis
Ehrh., C. elata subsp. omskiana (Meinsh.) Jalas,
C. juncella (Fries) Th. Fries, C. elongata L., Calama-
grostis langsdorffii (Link) Trin., C. canescens (Web)
Roth. OGBIYHO MPUCYTCTBYIOT B HEOOJIBIIIOM OOMINN
Phragmites australis (Gav.) Trin ex Steud., Lysimachia
vulgaris L., Naumburgia thyrsiflora (L.) Reichenb.,
Rumex aquaticus L., Scutellaria galericulata L., Epilo-
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bium palustre L. n npyrue BUIbI 00JIOTHOTO pa3HOTpa-
Bbsl. MOIIIHOCTh TOPGSIHOTO TOPU30OHTA COCTABJISIET
okono 20—40 cm. KomrmiekcHblit MUKpopeabed u
MEPEMEHHBI PEXUM YBIAXKHEHUS OOECIIeUMBAIOT
COBMECTHOE ITPOM3paCcTaHUE BUAOB C KOHTPACTHBIMU
9KOJIOTMYECKMMHU XapaKTepucTukamu. HarouBeH-
HBIIA MOXOBOM TOKPOB (dparMeHTapHBIA. MX1 OTCyT-
CTBYIOT Ha ydacTKaX C COMKHYTbIM TPaBOCTOEM, a
TaK:K€ B 3aJIMBAaeMBIX BOJOI MEXKOYbSIX U B MECTax
CKOIUIEHMSI O€pe30BOro oIlaga 1 OCOKOBOM BETOIIIN.

Enoseie (Picea obovata Ledeb.) corpel Ha pac-
cMaTpuBaeMoOil HaMM TEPPUTOPUM HAXOASATCS Ha
IOXXHOM IIpejielie pacIpoCTpaHeHMs eJIM Ha paBHUHE;
OHU OTOPBAHbI OT FOXKHO T'PaHUIILI CIUIOIITHOTO pac-
MPOCTPaHEHUSI TEMHOXBOWHBIX MOPOHA, PEAKU U
MpPEACTaBI€Hbl HEOOJNBIIUMU  HU30JIMPOBAHHBIMU
MaccuBaMu. OCHOBHBIM TUMUTUPYIOIINM (DAKTOPOM
SIBJISIETCSI HEJIOCTATOK BJIATW B MOYBE U MPU3EMHOM
cJIoe BO3[yXa B cepeauHe BETeTallMOHHOTO CE30Ha;
COOTBETCTBEHHO, €JIOBBIE COIPhI MIPUYPOYEHBI K Me-
CTOOOUTAHUSIM C TIOBBIIIEHHBIM W CTAOWJIbHBIM
YBJIaXXHEHUEM U IIOBBIIIIEHHOI BJIaXXHOCTHIO BO3-
JIyxa — K pedHbIM JojirmHaM. B skoioro-duopuctu-
YyeCcKoil Kimaccu(uKalnuu cooOIIeCTBa €JIOBBIX COTP B
OCHOBHOM TIIpuHamiIexar Iopsuky Calamagrostio
purpureae-Piceetalia obovatae Lapshina 2010 kiacca
Alnetea glutinosae; moapoOHOe omnucaHue coo0-
mectB gaHo Hamu paHee (Lashchinsky, Pisarenko,
2016).

PE3VJIBTATBI 1 OBCYXIEHHNE

Bcero B 06cliemoBaHHBIX O€PE30BBIX U €JI0BBIX CO-
rpax 3apeructpupoBaHo 133 Buma mxoB (Tadm. 1).
3HayuTeNbHAS YacTh BCTpeYaeTcs B COrpax PenKo:
55 BUIOB OoTMeUeHBI MeHee ueM B 10% obciiemoBaH-
HBIX KOHTYPOB, U3 HUX 22 BuAa HalIeHbI JUIIb 110
onHoMmy pa3zy. Perynsipno, ¢ 11I—V kiaccamu nocrto-
SIHCTBA BCTpedaeTcsd JUIIb 1/6 OT oO0llero 4ucia
(21 Bum).

Hawub6onee oobrueH u maccoB Plagiomnium ellipticum,
00pa3yllIrii Ha OTIEIbHBIX Y4acTKax MOHOBUIIOBbBIC
3apOC/IM TUIOLIANBIO O HECKOJIBLKUX KBAIPATHBIX MET-
poB. B ITOCTOSTHHO BIaXKHBIX M 00OTAIICHHBIX ITOTypa3-
JIOXUBIIIelics opraHuKoi Mectax opiBaeT oobuneH Cli-
macium dendroides. B 3anmaguHax ¢ OTHOCUTEILHO
JIOJITO CTosIIIell Bogoi paspactatorcst Calliergon cor-
difolium v Calliergonella cuspidata, yacTo BcTpevaeTcst
Drepanocladus aduncus. Mxu oOMJIbHBI Ha TTOHIKE-
HBIX y4aCTKax, HO OCHOBHOE pa3HOOOpa3ye CBSI3aHO
C TIOBBILIEHHBIMU DBJIeMEHTaMU MUKpopeabeda.
B sxoTtonuueckoii cTpykType 6pruoLeHOMIOPHI C 3a-
MmaguHaMu cBsi3aHO 22% BUIOBOTO cocTaBa, a 55%
MPUYPOYEHBI K TIPUCTBOJIBLHBIM TTOBBIIIICHUSIM 1 KOP-
HEBBLIM JIallaM JIEPEBbEB, BaJIEXy, BEPXYILKAM OTMEP-
IIIMX OCOKOBBIX KOUYEK M T.I. — OOBIYHBI Brachythecium
mildeanum, Aulacomnium palustre, Dicranum bon-
jeanii, Timmia megapolitana, Campylium stellatum;
BcTpevatorcst Helodium blandowii, Tomentypnum nitens,
BOTAHUYECKWM XYPHAJT  tom 108
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Tabomuna 1. BctpeyaeMocTh BUIOB MXOB Ha JIECHBIX O0JioTax ora 3ananHoin Cubupu
Table 1. Occurrence of moss species in swamp forests in the south of Westn Siberia
JlecHble 6ono0Ta/ BepHocTb
Swamp forests 0GOJIOTHBIM
. DKOTOIT/ | MECTOOOMT.
Buei/Species Ecotopé Swamp /
L2913 habitat
adherence
Amblystegium serpens (Hedw.) Schimp. III | III | III =| 2
Anomodon viticulosus (Hedw.) Hook. et Taylor u I 2
Anomodontella longifolia (Schleich. ex Brid.) Ignatov et Fedosov I 2
Atrichum flavisetum Mitt. + = 2
Aulacomnium palustre (Hedw.) Schwégr. Inr | 1v | 1Iv ~= 4
Barbula unguiculata Hedw. u = 2
Brachythecium campestre (Miill. Hal.) Bruch, Schimp. et W. Giimbel u = 2
Brachythecium mildeanum (Schimp.) Schimp. I11 IV | IV = 3
Brachythecium rivulare Bruch, Schimp. et W. Giimbel u ~ 2
Brachythecium rotaeanum De Not. 11 11 11 I 2
Brachythecium rutabulum (Hedw.) Bruch, Schimp. et W. Glimbel u = 2
Brachythecium salebrosum (Hoffm. ex F. Weber et D. Mohr) Bruch, Schimp. 11 11 111 =| 2
et W. Glimbel
Bryum bimum (Schreb.) Turner 1 1 1 = 3
Bryum creberrimum Taylor | | I1 = 2
Bryum lonchocaulon Miill. Hal. + = 2
Bryum moravicum Podp. u = 2
Bryum pallens Sw. u = 1
Bryum pseudotriquetrum (Hedw.) P. Gaertn., B. Mey. et Scherb. 11 11 11 4
Callicladium haldaneanum (Grev.) H.A. Crum II1 | III | III [ 2
Calliergon cordifolium (Hedw.) Kindb. I1 | II1 I1 ~ 4
Calliergon giganteum (Schimp.) Kindb. 11 1 ~ 4
Calliergon richardsonii (Mitt.) Kindb. 1 ~ 5
Calliergonella cuspidata (Hedw.) Loeske I | III 4
Calliergonella lindbergii (Mitt.) Hedends IT | III = 3
Campylium chrysophyllum (Brid.) J. Lange 1 = 2
Campylium protensum (Brid.) Kindb. 11 11 ~ 3
Campylium stellatum (Hedw.) C.E.O. Jensen I I1 ~ 4
Campylophyllopsis sommerfeltii (Myrin) Ochyra 11 | =| 2
Ceratodon purpureus (Hedw.) Brid. | 11 11 = 2
Cirriphyllum piliferum (Hedw.) Grout I + 1
Climacium dendroides (Hedw.) F. Weber et D. Mohr \% v 11 ~= 4
Conardia compacta (Miill. Hal.) H. Rob. u = 5
Cratoneuron filicinum (Hedw.) Spruce I ~ 2
Dicranum bonjeanii De Not. 11 11 1 = 3
Dicranum flagellare Hedw. 11 I 11 [ 2
Dicranum fragilifolium Lindb. I1 I 2
Dicranum fuscescens Turn. 11 11 I I 2
Dicranum montanum Hedw. 11 11 11 [ 2
Dicranum polysetum Sw. 1 1 = )
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Taomuua 1. [TponomkeHue

JlecHnie 6onoTta/ BepHocTth

Swamp forests OOJIOTHBIM

. DKOTOIT/ | MECTOOOMT.

Bunrpi/Species Ecotop g Swamp /
Lz 3 habitat

adherence
Dicranum scoparium Hedw. I + =| 2
Dicranum undulatum Schrad. ex Brid. | + = 3
Distichium capillaceum (Hedw.) Bruch et Schimp. I = 5
Ditrichum cylindricum (Hedw.) Grout u = 2
Drepanocladus aduncus (Hedw.) Warnst. I | 1v | 111 ~ 4
Drepanocladus polygamus (Schmp.) Hedenis | | | 3
Eurhynchiastrum pulchellum (Hedw.) Ignatov et Huttunen 11 + = 2
Fissidens adianthoides Hedw. | | = 2
Fissidens bryoides Hedw. I = 3
Fissidens osmundoides Hedw. I = 4
Funaria hygrometrica Hedw. u u = 1
Haplocladium microphyllum (Sw. ex Hedw.) Broth. I I 11 I 2
Helodium blandowii (F. Weber et D. Mohr) Warnst. 111 11 11 ~= 4
Herzogiella turfacea (Lindb.) Z. Iwats. 11 = 2
Homalia trichomanoides (Hedw.) Brid. 11 [ 4
Hygroamblystegium humile (P. Beauv.) Vanderp., Goffinet et Hedenés | II 11 ~ 2
Hygroamblystegium varium (Hedw.) Monk. u I I I 2
Hylocomiadelphus triquetrus (Hedw.) Ochyra et Stebel 111 | | = 2
Hylocomium splendens (Hedw.) Schimp. v I = 2
Isopterygiella pulchella (Hedw.) Ignatov et Ignatova | = 2
Jochenia pallescens (Hedw.) Hedends, Schlesak et D. Quandt I1 I | I I 2
Leptobryum pyriforme (Hedw.) Wilson I1 I1 I = 2
Leptodictyum riparium (Hedw.) Warnst. + 11 11 ~ 2
Leskea polycarpa Hedw. I I I 2
Lewinskya elegans (Schwigr. ex Hook. et Grev.) F. Lara, Garilleti et Goffinet | 1I I 11 I 2
Mnium marginatum (Dicks. ex With.) P. Beauv u + = 5
Mnium spinosum (Voit) Schwagr. I = 4
Mnium stellare Hedw. 111 I1 = 3
Mpyrinia pulvinata (Wahlenb.) Schimp. u u I 2
Mpyurella julacea (Schwéagr.) Schimp. u = 2
Myuroclada longiramea (Miill. Hal.) Min Li, Y.F. Wang, Ignatov et Huttunen | + = 1
Mpyuroclada maximowiczii (G.G. Borshch.) Steere et W.B. Schofield u = 2
Neckera pennata Hedw. | I 2
Nyholmiella obtusifolia (Brid.) Holmen et E. Warncke I I1 I I 2
Oxyrrhynchium hians (Hedw.) Loeske | = 1
Physcomitrium pyriforme (Hedw.) Hampe u = 2
Plagiomnium confertidens (Lindb. et Arnell) T.J. Kop. I = 2
Plagiomnium cuspidatum (Hedw.) T.J. Kop. I | III | III = 2
Plagiomnium drummondii (Bruch et Schimp.) T.J. Kop. + = 2
Plagiomnium ellipticum (Brid.) T.J. Kop. \% v | 11 4
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Taomuua 1. [TponomkeHue

647

JlecHnie 6onora/ Bepnocth
Swamp forests OOJIOTHBEIM
Bubi/Species Dkororn/ | MecTooour./
Ecotope| Swamp
L2 3 habitat

adherence
Plagiomnium medium (Bruch et Schimp.) T.J. Kop. 1 ~= 1
Plagiomnium rostratum (Schrad.) T.J. Kop. I I I = 2
Plagiothecium denticulatum (Hedw.) Schimp. I1 I1 I1 = 3
Plagiothecium latebricola Bruch, Schimp. et W. Glimbel + =| 3
Plagiothecium svalbardense Frisvoll | = 2
Platydictya jungermannioides (Brid.) H.A. Crum u = 5
Platygyrium repens (Brid.) Bruch, Schimp. et W. Gliimbel 11 11 11 I 2
Pleurozium schreberi (Brid.) Mitt. \% 111 11 = 2
Pohlia cruda (Hedw.) Lindb. + = 1
Pohlia nutans (Hedw.) Lindb. IT | II1 | IO = 2
Pohlia wahlenbergii (F. Weber et D. Mohr) A.L. Andrews | 1
Polytrichum commune Hedw. I + I ~ 2
Polytrichum juniperinum Hedw. | 11 = 2
Polytrichum longisetum Sw. ex Brid. u = 3
Polytrichum strictum Brid. I = 4
Pseudoamblystegium subtile (Hedw.) Vanderp. et Hedenis + I 2
Pseudobryum cinclidioides (Huebener) T.J. Kop. u ~ 4
Ptilium crista-castrensis (Hedw.) De Not. I1 | = 2
Pylaisia condensata (Mitt.) A. Jaeger I I I 2
Pylaisia polyantha (Hedw.) Bruch, Schimp. et W. Giimbel 11 11 111 [ 2
Rhizomnium pseudopunctatum (Bruch et Schimp.) T.J. Kop. I1 I ~ 4
Rhizomnium punctatum (Hedw.) T.J. Kop. IT + 4
Rhodobryum roseum (Hedw.) Limpr. 11 + = 1
Rhytidiadelphus subpinnatus (Lindb.) T.J. Kop. | = 1
Sanionia uncinata (Hedw.) Loeske IV | 11 | 10 = 2
Sciuro-hypnum curtum (Lindb.) Ignatov I I = 2
Sciuro-hypnum latifolium (Kindb.) Ignatov et Huttunen u ~ 4
Sciuro-hypnum reflexum (Starke) Ignatov et Huttunen I1 I1 I1 = 2
Sciuro-hypnum starkei (Brid.) Ignatov et Huttunen | = 2
Sphagnum angustifolium (Russow) C.E.O. Jensen + + = 5
Sphagnum balticum (Russow) C.E.O. Jensen + ~ 5
Sphagnum capillifolium (Ehrh.) Hedw. | = 5
Sphagnum centrale C.E.O. Jensen 1 = 4
Sphagnum divinum Flatberg et Hassel u u = 5
Sphagnum fimbriatum Wilson I = 3
Sphagnum fuscum (Schimp.) Klinggr. I = 5
Sphagnum girgensohnii Russow I I ~ 3
Sphagnum jensenii H. Lindb. u ~ 5
Sphagnum platyphyllum (Lindb. ex Braithw.) Warnst. u 5
Sphagnum russowii Warnst. 11 1 = 4
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JlecHsie 6o0Ta/ BepHocth
Swamp forests GOJIOTHBIM
Bub/Species DKoTorn,/ | MecTooouT. /
Ecotope| Swamp
1 2 3 habitat
adherence
Sphagnum squarrosum Crome 11 1 1 ~ 4
Sphagnum teres (Schimp.) Angstr. | I 11 5
Sphagnum warnstorfii Russow I11 I = 4
Stereodon pratensis (W.D.J. Koch ex Spruce) Warnst. 11 I | III I 4
Straminergon stramineum (Dicks. et Brid.) Hedenés u 5
Symblepharis elongata (1. Hagen) Fedosov, M. Stech et Ignatov I1 I = 3
Tetraphis pellucida Hedw. 11 I =| 2
Thuidium assimile (Mitt.) A. Jaeger 11 + = 4
Thuidium recognitum (Hedw.) Lindb. 111 I1 = 4
Timmia megapolitana Hedw. v | 111 = 4
Tomentypnum nitens (Hedw.) Loeske 11 | ~= 5
Warnstorfia pseudostraminea (Miill. Hal.) Tuom. et T.J. Kop. + 2
Weissia brachycarpa (Nees et Hornsch.) Jur. u = 2
Zygodon sibiricus Ignatov, Ignatova, Z. Iwats. et B.C. Tan u I 2
IIpumeuanue.
JlecHble 6ostoTa: 1 — eoBBIe COTPHI, 2 — GEPE30BbIE COTPHI TIOATANTY M JIECOCTETIH, 3 — GepPe30BbIe COTPHI CTEITHOM 30HbI. Bempeuae-

Mocmb BUIOB JaHa B Kiaccax rnmocrostHieTsa: V — 81—100%; IV — 61—80%; 111 — 41—60%; 11 — 21—40%; 1 — 11-20%; + < 10%; u —
eIMHCTBEHHasi HaXoIKa.

3aHUMaeMble DKOTOITbI:

~ MOHUXEHHbIE U YACTO OOBOIHEHHbBIE 3JIEMEHTHI MUKpopebeda, 3anaanuHbl;

= MOBBIIIIEHHBIE JIEMEHTbl MUKpOpebeda (TPUCTBOIbHbIE MOBBILLIEHUSI, OCOKOBbIE KOUKU, KOPHEBBIE JIalbl I€PEBbEB, BLIBOPOTHI,
BaJIeX);

|| cTBOJIBI HEPEBBEB.

bann BepHocTH 6010THEIM MecTooOuTaHusIM npuBeneH 1o E.JI. JlammmHoii (Lapshina, 2003): (5) Buabl 00JMTaTHO CBSI3aHBI ¢ TOPQSI-
HBIMU U BOJIHO-0OJIOTHBIMU OTJIOXEHUSIMU; (4) XapaKTepHBI U151 GOJIOT, UMEIOT 3[€Ch BHICOKYIO YaCTOTY BCTPEYaeMOCTH, HO MHOTIA
pacTyT U B IPYIUX TUIAX MECTOOOUTaHUI; (3) Ha 60JI0TaX IIMPOKO PACIIPOCTPAHEHBI M OOBIYHBI, HO LIECHOTUYECKU I ONTUMYM JIEXKUT
3a rpeaeaaMu O0JIOTHBIX MeCTOOOUTaHMI; (2) HeOomoTHRIE (MHAM(GEpEeHTHBIE) BUIBI, 3aX0ASIT Ha 60J10Ta ITO0 COOTBETCTBYIOIINM HU-
mram; (1) 3axomsT Ha 60JI0Ta PEIKO U CITydaiftHO.

Note.

Swamp forests: 1 — spruce (Picea obovata) swamp forests, 2 — birch (Betula pubescens) swamp forests in subtaiga and forest-steppe zone,
3 — birch swamp forests in the steppe zone. The occurrence of species is ranked: V — 81—100%; IV — 61—-80%; 111, 41—60%; 11, 21—-40%;
1, 11-20%; + < 10%; u — the only find.

Occupied ecotopes:

~ depressed and often flooded microrelief;

= elevated elements of the microrelief (trunk elevations, sedge tussocks, root paws of trees, eversion, fallen wood);

|| — tree trunks.

Swamp habitat adherence to mire habitats is ranked according to Lapshina (2003): (5) species are obligately associated with peat and bog
habitats; (4) species are common in bogs, but sometimes grow in other types of habitats; (3) widespread and common in bogs, but the
coenotic optimum is outside the mire habitats; (2) indifferent species, take place in mires in sutable habitats; (1) occur in mires rarely and
accidentally.

Mnium stellare, Thuidium recognitum v Ap.; U3peaKa Ha
TMPUCTBOJIBHBIX TTOBBIIICHUSIX TTPYCYTCTBYIOT HEOOb-
e KypTUHKA C(harHOBBIX MXOB, 13 KOTOPBIX OoJjee
0o0bIueH Sphagnum warnstorfii. Jlonst BUAoB 3nUTHO-
SIMMKCWIBHOTO KOMITIIEKca B 6prolieHo(IOpe COCTaB-
nsieT 23%; criopamudecKu BcTpedatorcs Amblystegium
serpens, Callicladium haldaneanum, Jochenia palles-
cens, Lewinskya elegans, Plagiomnium cuspidatum,
Platygyrium repens, Pylaisia polyantha, Nyholmiella
obtusifolia n np.

XopoI110 BEIpaskeHHBI MUKPOpeIbed U U3MEHSI-
IOIIUIACSI B TEUEHUE BEreTallMOHHOTO Mepuoaa ypo-
BEHb T'PYHTOBBIX BOI 06eCTIeYMBAIOT pa3HOOOpas3me u
KOHTPACTHOCTh YCIIOBUM MHUKPOMECTOOOUTAHUIA.
Ilo oTHOIIEHNIO K (DaKTOPY YBIAXKHEHUS CPEIU BHI-
SIBIICHHBIX BUIOOB IIpeo0JIamaloT TUTPOMe30(PUTH —
36%; 22% npuxomutcs Ha TUTPOGUTHI (TPUYpPOYEH-
Hble K 00BOmHeHHBIM 3amamuHam Calliergon spp.,
Calliergonella cuspidata, Cratoneuron filicinum, Dre-
panocladus spp., Plagiomnium ellipticum, Pseudobryum
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cinclidioides v np.); 34% cocTaBisTIOT Me30(UTHI U 8% —
KcepoMe30(UTHI, TIOCJIeAHME ABE IPYIINbl 00pas3yloT
B OCHOBHOM BHIbI 3MMU(PUTHO-3MTUKCUILHOIO KOM-
minekca. Ilo oTHOmEeHMIO K pakTOpy TpopHOCTH a6-
COJIIOTHO TMpeo0jagaloT Me30TpOo(dHBIE U ME303B-
TpodHBIe BUIBI — 79%; 21% COCTaBISIIOT OJINTO- U
Me3oomuroTpodsr (Sphagnum spp., Dicranum bon-
Jeanii, D. polysetum, D. undulatum, Hylocomium splen-
dens, Pleurozium schreberi, Polytrichum juniperinum,
Ptilium crista-castrensis u 11p).

CpaBHeHMe OpMOHACETICHS €JTOBBIX M O€pE30BhIX
COTp mokaszajo, YTo o6a TuIla COOOIIECTB IIPUMEPHO
paBHBI IO BUAOBOMY Pa3HOOOPA3UI0 MXOB — B HUX
obut0 oTMeueHo 104 m 109 BUIOB COOTBETCTBEHHO.
CrenyeT y4yecTb, YTO XapaKTepUCTHUKA €JIOBBIX COIp,
PEIKHMX Ha U3YYEHHOM TEPPUTOPUU COOOIIECTB, TTO-
JIydeHa B pe3yJibTaTe 00CIeTOBAHUS BABOE MEHBIIIETO
yucia IpoOHBIX MJIOIIAAeH, HexXeJIn (OHOBBIX Oepe-
30BbIX — 93 npoTtus 209. B 06oux TMnax npucyTcTBy-
10T 80 13 BBISIBJICHHBIX BUIOB; B IIEPBYIO OYEPEAb 3TO
HaunOoJiee TMOCTOSIHHbIE U MaccoBble Aulacomnium
palustre, Brachythecium mildeanum, Climacium den-
droides, Drepanocladus aduncus, Plagiomnium ellipti-
cum, Pleurozium schreberi, Sanionia uncinata, Timmia
megapolitana. ToJIbKO B €J10BbIX COIpax BCTpeYaloTCs
JIeCHBIE Me30(UTHI U Me3orurpodutsl Dicranum fra-
gilifolium, Fissidens bryoides, F. osmundoides, Herzo-
giella turfacea, Homalia trichomanoides, Isopterygiella
pulchella, Mnium spinosum, Myuroclada longiramea,
Neckera pennata, Plagiomnium confertidens, P. medi-
um, Rhytidiadelphus subpinnatus v np. Ilpenmyiie-
CTBEHHO ¢ 6epe30BBIMU COTPAMHM CBSI3aHO Pa3HOO0-
pasue cdarHoB (Sphagnum balticum, S. capillifolium,
S. fimbriatum, S. fuscum, S. jensenii, S. platyphyllum),
a TaKKe TOJIBKO 37eCh coopaHbl Polytrichum strictum,
Warnstorfia pseudostraminea. B 3HauuTeIbHOI CcTETIE-
HU pa3JInys COCTaBa OpMOHACEICHUS eI0BBIX U Oe-
PE30BBIX COTp 00eCTIeUnBaIOT EAUHUYHO HaIeHHbBIE
Bunbl: Conardia compacta, Myurella julacea, Platydic-
tya jungermannioides, Zygodon sibiricus v np. (Ta6u. 1)
B clIy4ae NepBbIX, U Brachythecium rutabulum, Barbu-
la unguiculata, Ditrichum cylindricum, Myuroclada maxi-
mowiczii, Physcomitrium pyriforme, Polytrichum longise-
tum, Weissia brachycarpa v p. B clydae BTOPBIX.

JI1s1 meCHBIX OOJIOT FOXKHOTAEXKHOM MOA30HBI 3a-
nagHoit Cubupu uzsectHo 149 Bunos mxoB (Lapshi-
na, 2003), mpuyeM 36 U3 HUX OTMEUYEHBI JIUIIb 10 O/~
HOMY pa3y; CIHCOK IIOJIydeH O00O0O0IIeHNEM TaHHBIX
365-u reoboraHndeckux omnucaHuii. T.e. oOuIMiA
YpPOBEHb OprOpa3HOOOpa3usi COTP B IIMPOTHOM PSIIY
IOXXKHOM 4YaCTU JIECHOM 30HBI OCTAeTCs IPUOIN3M-
TEJIbHO PABHBIM.

E.[A. JlammuHa npemiaraeT nuddepeHuupoBaTh
BUJIBI TTO CTETICHU BEPHOCTH OOJIOTHBIM MECTOOOMTA -
HUSM, PAHXUPYSI UX B TSITh TPYNI (OT OOJIMTaTHO
CBSI3aHHBIX C TOPMSIHBIMU 00JI0TaMU 10 HEOOJIOTHBIX
BUJIOB, 3axXOIAIIMX Ha 0OJI0Ta PemKo M CIaydaifHO
(Tabs. 1) 1 BeIIENsIst BEpHBIE OOJIOTHBIE BUIBI B Kaue-
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cTBe snpa 6ostotHOI hiopsl (Lapshina, 2003). B atux
TepMMHaX, K BEPHLIM OOJIOTHBIM BUJIaM CPEIM 3ape-
TUCTPUPOBAHHBIX B IOXKHOTAEXKHBIX COTPaX OTHOCUT-
cs 68 BUIoB (46%); a B corpax M3y4eHHOI HaAMU Tep-
puropun — 55 Bunos (41%).

Ilpu cpaBHEHUM BUIOBBLIX CIIMCKOB OBLIO BBISIB-
JieHo, uTo 109 BunmoB (1iu 6ojee 2/3) 13 OTMEUYEHHBIX
B IOXKHOTAeXHBIX COrpax BCTpPEUYaloTCs U B corpax
M3y4eHHOW HaMU TEPPUTOPUU; TIpUIEM 74 U3 HUX —
T€, YTO OTMEYCHEI 1 B €JIOBBIX U B O€pE30BHIX COrpax;
cpeoy mocIemHUX 54 OTHOCSATCS K BEPHBIM 0OOJIOT-
HBIM BUaM.

M3 BUIOB, OTMEYEHHBIX B I00)KHOTAEXKHBIX COTpax,
43 He HaleHBI B corpax IOATalru U JIECOCTEIIN;
MPakKTUYECKM BCE OHU U B IOXKHOTAEXHbBIX COTpax
HaiineHbl enMHU4YHO. [TooBMHA U3 HUX SBISIOTCS
HeOonoTHBIMU BunaMu (Abietinella abietina (Hedw.)
M. Fleisch., Atrichum tenellum (Roehl.) Bruch,
Schimp. et W. Gumbel, Brachytheciastrum velutinum
(Hedw.) Ignatov et Huttunen, Brachythecium eryth-
rorrhizon Bruch, Schimp. et W. Glimbel, Bryoerythro-
phyllum recurvirostrum (Hedw.) P.C. Chen, Bryum
caespiticium Hedw., Dicranella cerviculata (Hedw.)
Schimp., Hypnum cupressiforme Hedw., Plagiothecium
cavifolium (Brid.) Z. Iwats., Mnium Iycopodioides
Schwagr., Schistostega pennata (Hedw.) F. Weber
et D. Mohr, Tortella fragilis (Hook. et Wilson) Limpr
u 1p.). Ooun Bun — Elodium paludosum Austin — s1B-
JIIeTCSI KpaiiHe peakuM, u3BecTeH B 3anagHoil Cu-
OMpu JUIIb U3 IBYX To4deK B ToMckoit ob6iaactu (Lap-
shina, 2003; Ignatov et al., 2022).

Bonbimiit mHTEpEC IPEncTaBIsIoT “BepHbIe” 00-
JIOTHBIE BUIIBI, U1 KOTOPBIX MCU€3HOBEHME IMPU ITPO-
IBUKCHUU Ha IOT MOXHO CYMTATh 3aKOHOMEPHBIM.
Hanpumep, Sphagnum aongstroemii C. Hartm. — B 3a-
nagHoi Cuoupu pacrpocTpaHeH NPEeUMYIIeCTBEHHO
B TYHAPOBOI 30HE, B JIECHOU 30HE OYeHb PEIOK, ca-
MbI€ I0XXHBIC eIMHUYHBIC HAXOOKW — B IOKHOTAEXK-
HOI 30He, 56—57° c.u1. (Lapshina, 2003; Herbarium...,
2023); 103kHee BCTpevyaeTcsl B BBICOKOTOPbSIX AJITasl.

VY psina BUIOB LIECHOTUYECKUI ONITUMYM JICKUT B
JIPYTUX TUTIaX OOJIOTHBIX COOOIIECTB, B FOXKHOTAEXK-
HBIX COTpaX OHU OB OTMEUYEHBI SIMHUYHO, a I0X-
Hee, B corpax IoATaiiru 1 JecocTeny He ObLIM Haii-
neHbl BoBce. Tak, y Sphagnum obtusum Warnst. 1ieHO-
THUYECKUI OTITUMYM — B OCOKOBO-C(arHOBBIX TOTISIX,
MPEeUMYIIeCTBEHHO B TaeXXHOI 30He; Sphagnum fallax
(Klinggr.) Klinggr. ripenrmounTacT BepXoBhIe U IIepe-
XOIHBIE 00JIOTA; B I0KHOTAECKHBIX COTpaXx OTMEYeH
eIWMHUYHO, B MOATalire M JIeCOCTENM HE HaMIeH;
Sphagnum wulfianum Girg. B I0XHOTaeXHO 30HE
OOBIYEH, ITPOHMKAET Ha IOT IO AJTaiickoro kKpas
(53.9° c.111.), HO BCTpeyaeTcs 34eCh TOJIBKO B POCIIBIX
psimax;  Sarmentypnum  exannulatum  (Schimp.)
Hedenas — na 3anmagHo-CuOuUpcKoii paBHUHE caMble
IOXKHBIE HAXONKHU CleJlaHbl Ha I0XHOM mNepudepuun
Bonabmoro Bacioranckoro 6omora (56.3° c.ir.), ne-
HOTUYECKUI ONITUMYM BHUIIa — B ME30TPOMDHBIX 0CO-
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KOBBIX M1 OCOKOBO-MOXOBBIX TOIISIX; Warnstorfia flui-
tans (Hedw.) Loeske B noaTaiire BctpedaeTcsi, HO He
B corpax, lIeHOTUYECKH1iI1 ONITUMYM BUZIa B OCOKOBO-
carnoBeix Torsix (Lapshina, 2003; Herbarium...,
2023). Paludella squarrosa (Hedw.) Brid. — neHoTH-
YEeCKUI ONTUMYM B OCOKOBO-TUITHOBBIX TOIISIX, B
JIECHOM 30HE penoK, cuurtaercs pejukroMm (Lapshina,
2003; Herbarium..., 2023). Meesia triquetra (L. ex
Lolycl.) Angstr. — aHanoruyHo. Meesia uliginosa
Hedw. B tecHoif 30He KpaifHe peqoK; Ha fore 3amnaj-
HO-CuOUpCcKoi paBHUHBI HaliJIeH JTUIIIb IBaXKIbl HA
mupote 56—57° (Lapshina, 2003; Herbarium...,
2023), 10xxHee M3BECTEeH 110 €OIMHUYHBLIM cCOOpaM B
6omnotax Canaupa u KysHelikoro Anaray. ¥ Drepano-
cladus sendtneri (Schimp. ex H. Miill) Warnst. nieHo-
TUYECKUM ONTUMYM B OCOKOBO-TUITHOBBIX TOIISIX, B
corpax B I0XXHOI Taiire OTMeYeH €AMHCTBEHHbIN pa3
(Lapshina, 2003), B mograiire eqMHUYHBIC HAXOOKU
TOJIBKO Ha OTKPBITHIX O0JIOTaX.

C apyroii CTOpOHbI, B I0)KHOTAEXHbBIX COrpax He
OBUTM OTMEUYEHBI 23 BUIIa U3 BCTPESUEHHEBIX (B OOJIb-
IIMHCTBE CJydyaeB eAMHUYHO) B COTpax MOATANTU U
secoctenyd. I3 HUX TOJIBKO TPU OTHOCATCS K BEPHBIM
O0oJIOTHBIM BUIaM — Sphagnum balticum, S. jensenii,
S. platyphyllum — Bce OHU B JieCHOI 30He 3amamgHoit
Cubupu IMIMPOKO PacIPOCTPAHEHBI, [IEHOTUIECKUI
ONITUMYM B TONSX OTKPHITHIX 0070T. [Tpoune oTHO-
cSITCSl K HEOOJIOTHBIM BUIaM; U3 HUX YacThb CBSI3aHa C
nepeyBlaKHeHHBIMU MecTooouTanusmu (Cratoneu-
ron filicinum, Physcomitrium pyriforme, Sciuro-hypnum
latifolium, Warnstorfia pseudostraminea), npyrue mnpu-
YpPOUEHHBI K OOHAaXKeHHBIM cyocTpaTtam (Atrichum fla-
visetum, Barbula unguiculata, Ditrichum cylindricum,
Funaria hygrometrica, Myuroclada maximowiczii), Tpe-
TBU SBJISTIOTCS JIECHBIMU STTMOUTAMU U STTUKCUTIAMHU
(Brachythecium rotaeanum, Haplocladium microphyllum,
Nyholmiella obtusifolia, Pylaisia condensata v np.).

IIpu aBMXXKEHUM ¢ ceBepa Ha IOT, U3 IMOATANTU B
CTETIHYI0 30HY, pa3HOOOpa3ue ooOUTalIIUX B 0epe3o-
BBbIX COrpax MXOB IajaeT 0oJjiee YeEM Ha IOJIOBUHY,
penyumnpyeTcsi 10 Habopa caMbIX TOCTOSTHHBIX U Mac-
coBBIX BUIOB (Taba. 1). B mepByto ouepenp mpakTu-
YECKHU MOJIHOCTBIO BbINAAAl0T cparHbl 3a MCKIIOUE-
HueM Sphagnum teres v S. squarrosum, caMble 10KHbIE
HaxoAKW 3TUX JIBYX BUIOB — B OEpe30BbIX corpax
6113 03. BaBuson Anraiickoro kpas (52.0635° c.i.,
81.0628° B.n.). U3 enuHMYHO HalileHHBIX B COTpax
BUJOB MXOB HU OJIMH HE CBSI3aH C FOXXHBIMU BapuaH-
TaMu cooO1ecTB. B momHoM oObeMe coxpaHseTcs
TOJIBKO HA0OP 3MU(PUTOB, BCE U3 KOTOPHIX SIBJISIOTCS
JIECHBIMHU, a He OOJIOTHBIMY BUIAMMU.

B OpuodioprcTuyeckoM OTHOIIEHUU CPEIUN Ha-
LIUX HAXOA0K HanboJjiee UHTEPECHBI CAEAYIOINE.

Zygodon sibiricus. JIoBOJbHO peakuit 3mudur,
MPUYPOUYEHHBIN K CTApOBO3PACTHBIM TOJTUHHBIM JIe-
caM, MPEeUMYIIeCTBEHHO B TOpHBIX paitoHax. B 3a-
nagHoii CuGUpHM M3BECTHBI €NMHUYHBIC MECTOHA-
XOXIIEHUS;, ABE HAIllM HAXOOKW — EIWHCTBEHHBIC B

ITMCAPEHKO

HoBocnbupckoii o6macTh: B €10BBIX cOrpax Ha CTBO-
Jlax KpynHoMepHbIX ocuH (Pisarenko, 2012; Herba-
rium..., 2023).

Anomodontella longifolia. Bun oob1ueH B EBporieii-
ckoit Poccum, rae pacTeT Ha CTBOJIAX CTaphIX IIUPO-
KOJIMCTBEHHBIX JIEPEBbEB; HE peaokK Ha JlampHeM Bo-
cToke; Ha 1ore Cubupu BcTpedaeTcss B T'YMUIHBIX
TOPHBIX paifoHax, MPEUMYIIIECTBEHHO Ha 3aTCHEH-
HBIX OOHaXXKeHMSIX M3BECTHSIKOB. Ha 1ore 3amamHo-
Cubupckoii paBHUHBI U3BECTEH IO HECKOJILKUM Ha-
XOJIKaM Ha HEeOOJIbIINX CKAJIbHBIX OOHAXKEHUSIX B J10-
JIMHAX Manbix pek. OauH pa3 oOHapyXeH Ha CTBOJIax
eJieii, B OOJIbIIOM OOWJIMHU, B €JIOBOM COrpe B LICH-
TpaJbHOI YacTU KPyIMHOro 6010THOTO Maccuna (Pis-
arenko, 2016; Herbarium..., 2023).

Anomodon viticulosus. O6biueH Ha KaBka3se, B paB-
HUHHBIX paioHax eBpoIieiickoi dvactu Poccum
BCTpeYaeTcsl CIopaguyeckKyd B 30HE ILIMPOKOJIUCT-
BEHHBIX JIECOB, K CEBepYy peleeT; pacTeT Ha CTBOJIAX
CTapbIX IMMPOKOJUCTBEHHBIX IepeBbeB. B Cubmpn
SIBJISIETCSI SMUJIUTOM M BCTpEYaeTcsl TOJbKO B ropax
Anrasg n Camaupo-Kysneukoro pernona. Ha paBHu-
He eNMHCTBEHHAs HaX0aKa, B TOM Xe O0JIOTHOM Mac-
CUBE, YTO WM MpeAbIAyIIUiA BUA, BMECTE C HUM, Ha
ctBonax eneii (Pisarenko, 2016; Herbarium..., 2023).

Brachythecium rutabulum. HemopalibHbIil BUI; B
eBporeiickoii yactu Poccun oo6brueH, B Cubupu pe-
JIOK W MPUYPOYEH K T'YMHUIHBIM TOPHBIM palioHaM
Aunras u 3anmagHoro CasiHa. Ha paBHUHE eIUHCTBEH-
Hasl HaxodkKa, B 0epe30B0ii KOUKapHO-0COKOBOM CO-
rpe, Ha MPUCTBOJBbHBIX MoBhIIeHNIX (HoBocubup-
ckast 0071., CeBepHBbIii p-H, MeXIy noceakamMu Yysa-
mu u MBaHoBKa, 56.3523° c.11., 78.7968° B.1., 140 M
Hazg yp. M., 06.VI1.2009).

Fissidens adianthoides. Bun ¢ oOIIMPHBIM apeajioM,
HO Be3Ie NOBOJIbHO penok. s 3anagHo-Cubupckoit
PaBHUHBI UMEIOTCS €AMHUYHBIE HAXOIKU, B JIECHOI 30-
HE MPaKTUYECKU BCE — U3 €JIOBBIX U GEPE30BBIX COIP
(Pisarenko, Lapshina, 2021; Herbarium..., 2023).

Tpu cremyromux Buaa B paccMaTpuBaeMoii Opro-
1eHodI0pe MPEaCTaBISIOT MHTEPECHYIO TPYIIITY TIe-
PUIJISILIMAIBHBIX ~ PEJIUKTOB  TYHIPOBO-CTETHBIX
JaHmmadToB MO3THEro IIeCToIleHa — Havaja ro-
snoueHa (Lapshina, 2003); coBpeMeHHOE pacIpo-
CTpaHEeHUE STUX BUIOB CBSI3aHO MPEUMYIIIECTBEHHO C
apKTUYECKUMM W TOPHBIMU paiioHamu. Kpome HU-
XKemepeuncaeHHbIX, Ha TOPMSIHBIX O0ojloTax 3araj-
Hoii Cubupu 3Ty Trpynmy cocTaBiswoT Distichium
capillaceum, D. inclinatum (Hedw.) Bruch et Schimp.,
Saelania glaucescens (Hedw.) Broth., Tortella fragilis
(Hook. et Wilson) Limpr (Lapshina, 2003).

Conardia compacta. B Poccun BcTpedaeTcs B paii-
OHaxX pacIpoCTpaHEHUS KapOOHATHBLIX MOPOJ, IO-
BCEMECTHO PEIOK; TUITMYHBIE MECTOOOUTAHUS BUIA —
paclieuHbl CKaJl M Oorartast KapOoHaTaMu chipas
nousa. Ha rore Cubupu BcTpevaeTcs B LIEHTPAJIbHOM
" 10r0-BocTouHOM AJstae. B 3amamnoit Cubupu, mo
Hailtero coopa B e1oBoit corpe Omckoii 06:1. (Mamon-
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tov, Pisarenko, 2011), 6bUI0 M3BECTHO IBAa MECTOHAXOXK-
JIeHUsI. B €J0BO-0epe30BOii cOorpe Ha IOro-BOCTOKE
Tomckoit 0611. (Lapshina, 2003) u B paBHUHHOI YacTu
Adrraiickoro kpast (Nozhinkov, 2006).

Platydictya jungermannioides. B Poccuu 1mmpoxo
pacnpocTpaHeH B TOPHBIX paitoHax oT KaBkaza, AnTast
n CagH mo Konbckoro m-osa, TaiimMbipa 1 YyKOTKH.
Ha 3anagHo-Cubupckoii paBHMHE Hallla Haxoaka B
enoBoii corpe (HoBocubupckast 00:1., KbirroBckuii p-H,
OKp. oc. XyabIKa, 56.6387° c.ii1., 78.7968° B.4., 140 M
Haa yp. M., 11.VIL.2009) nononHsieT mpenbiayline
eqnHUYHBIe yKazaHus (Lapshina, 2003).

Mpyurella julacea. Bua muypoko pacrnpocTpaHeH B
XOJIOMHBIX paiioHax oboux moaymapuii; B Cubupu
BCTpevaeTcsl Ha OOJIbIIEH YaCTU TEPPUTOPUM OT BbI-
COKOM ApKTHUKU 110 Jaypuu 1 BBICOKOTOpUIi AlITast U
CagH. B ropHBIX paitoHax 0OBIUeH; pacTeT Ha CKajlb-
HBIX BbIXOJIaX (OCOOEHHO M3BECTHSIKOBBIX), Ha ITOY-
BEHHBIX OOHAXEHUSIX CpeIr KaMHel, 10 6opTaM py-
YbeB; B BBICOKOTOPHBIX M apKTHYECKMX TYHIpax
BCTpeYaeTcs Ha KpUOTYPOAILIMOHHBIX MSATHAX U B HU-
BaJIbHBIX cooOmiecTBax. Ha paBHUHE B OTCYTCTBUE
eOHMCTHIX CyOCTpaTOB OYeHb pemoK. Halre ykasa-
Hue (Kemeposckas 00Ji., MapuMHCKUI pP-H, OKp.
noc. Tenrynel, monuHa p. Kwua, 56.397° c.ui.,
87.5672° B.1., 120 M Hapg yp. M., 13.V1.2008) sBasieTcst
TpPETbUM IJIs1 JIeCHO# 30HBI 3amagHoit Cubupu; pa-
Hee ObLT HaiineH B corpax B CeBepHoM p-He HoBocu-
ompckoit 00i. n B Illerapckom p-He ToMcKoii 001.
(Lapshina, 2003).

SAKIIIOYEHHWE

Ha necHbix 0osioTax (0epe30BbIX U E€JIOBBIX CO-
rpax) IoaTairu u jecoctenu 3amagHoii Cuoupu BbI-
sBaeHo 133 Buga mxoB. I3 Hux auib 21 BUI MMEIOT
BBICOKME IIOKAa3aTeJIM BCTPEUYAEMOCTH M OTMEUYEHBI
6onee yeM B 40% o0clenoBaHHBIX KOHTYpPOB. bepe-
30BBI€ U €JIOBBIE COTPhI, COOTBETCTBEHHO, (PDOHOBHIE
U peaKwue IJisi 00CYKIaeMOii TEppUTOPUU TUITBI COO0-
IIIECTB, IIPUMEPHO PaBHBI 10 BUAOBOMY Pa3HOOOpa-
3110 MXOB; 60% BBISIBIICHHBIX BUIOB BCTPEUYAIOTCS B
o0oux TUIax coodIIecTB. Ha mmpoTHOM rpagreHTe ¢
ceBepa Ha IoT, 001Ul ypOBeHb pa3HOOOpa3rsi MXOB B
corpax IoXKHOM Talirid U nNoATaliru MpuMeEpHO paBEH,
Jlajiee pe3Ko IMajaaeT 0oJiee YeM B MOJIOBUHY, PEIYLIM -
PYSCH B CTEITHOM 30HE 10 Habopa 13 43-X CaMBIX I10-
CTOSTHHBIX 1 MAacCOBBIX BUIOB (Ta0. 1).

C yuerom manubix Jlanmmaoit (Lapshina, 2003),
CyMMAapHO€ YUCJIO BbISIBJIEHHBIX Ha JIECHBIX O0JI0Tax
fora 3amagHoit CubWpu BHUIOB cOCTaBiisieT 169.
B TepMuHax BepHOCTH OOJIOTHBIM MECTOOOUTAHUSIM
(Lapshina, 2003), 41% u3 HUX OTHOCSATCS K BEpHBIM
OOJIOTHBIM BUIaM, a 59% — K nHIUbGEPEHTHBIM U
CJIydailHbIM.

CBOICTBEHHBII COOOIIIECTBAM COTP BEIpaXK€HHBII
MUKpopeabed o0ycilaBauBaeT pasHOOOpasue MUK-
POMECTOOONTAHUI, UTO 00ECIIEYNBACT COCYIIIECTBO-
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BaHNeE B OJHOM KOHTYpP€E BUIOB Pa3IMUHOU 9KOJOTUUN
U mpoucxoxaeHusi. B rycroHaceieHHBIX pailoHax,
JIeCHbIe 00JIOTa SIBIISIFOTCSI OCTPOBKAMU €CTECTBEH-
HOI PacTUTEbHOCTU B OKPYXXEHUU INTyOOKO aHTPO-
MOTe€HHO TpaHCHOPMUPOBAHHBIX JaHAIIA(GTOB U
o0ecrieunBaloT BbIKMBAaHME MHOXECTBa BUIOB.
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MOSSES OF FOREST SWAMPS
IN THE SOUTHERN WEST SIBERIA
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Long-term bryological research in birch and spruce forest swamps in the southern periphery of West Siberia
are resulted in summary list of 133 moss species. Constancy and ecological features are given for all the spe-
cies; some examples are discussed. It is shown that birch and spruce forest swamps (background and rare
types of communities for the study area), are approximately equal in the diversity of moss species, and 60%
of the recorded species were found in both types of communities. On the latitudinal gradient from north to
south, the number of moss species in the forest swamps of the southern taiga and subtaiga is approximately
equal, further south it decreases and in the steppe zone it is reduced by more than half, to the set of 43 most
widespread and constant species. It was revealed that in forest swamp communities only a few moss species
have high occurrence rates (Plagiomnium ellipticum, Climacium dendroides, Calliergon cordifolium, Callier-
gonella cuspidata, Drepanocladus aduncus in depressions and Brachythecium mildeanum, Aulacomnium palus-
tre, Dicranum bonjeanii, Timmia megapolitana, Campylium stellatum and some others on elevated micro-
sites); the vast majority of species are rare. A well-developed microrelief determines the diversity of micro-
habitats, to ensure the coexistence of species of different ecology and origin. More than half of the recorded
species are indifferent to mires and random. The most interesting findings (Anomodon viticulosus, Anomodon-
tella longifolia, Brachythecium rutabulum, Conardia compacta, Fissidens adianthoides, Myurella julacea, Platy-
dictya jungermannioides, Zygodon sibiricus) are discussed. In densely populated areas, forest swamps are is-
lands of natural vegetation and ensure the survival of many species.

Keywords: mosses, bryoflora, wetlands, mire, swampy forests, subtaiga, forest-steppe, steppe, rare species,
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CIutaBUHHBIE KapCTOBbIE 00JI0TAa — YHUKAJIbHBIE IIPUPOIHBIE 9KOCUCTEMbI CpeaHePYCCKOI BO3BBIIIICHHO-
cTu. OHMU SIBJISIIOTCSI MECTOOOUTAHUSIMU PEIKUX BUJIOB U COOOIIECTB B PErMOHE C HU3KOI 3a00J10UeHHO-
ctbio (0.5%), a TakKe y4acTBYIOT B IENMIOHMPOBAHUM aTMOC(EPHOTO yriiepona. M3ydeHne pa3BUTHUS CILIa-
BUHHBIX KAPCTOBBIX 0OJIOT MTO3BOJIUT pa3paboTaTh IMOAXOAbI K UX COXPAHEHUIO.

B craThe npencTaBiieHbl pe3ybTaThl U3Yy4eHUsI OCOOEHHOCTE pa3BUTUSI CIUIAaBUHHBIX 60J10T CpenHepyc-
CKOI1 BO3BBILIIEHHOCTH, 00pa30BaHHBIX B ACMPECCUSIX KAPCTOBOI'O MPOUCXOXIECHUS, U OLIEHKA MHTEHCUB-
HOCTU aKKyMYJISILIMU YIJIEPOAA B UX TOPPSAHBIX OTIIOXKEHUSIX. OObeKTaMU UCCIIeJOBAHUS SBIISIIUCH 00JI0Ta
“I'maBHOe” n “Kouaku-1”, KOTOpbie pacIoIOXXKEeHbI B CeBEPO-BOCTOUYHOI yacTu CpenHepycCKoil BO3BBI-
LIeHHOCTHU. [Jis1 BBISIBIEHUSI FreHe3uca 60JI0T IIPOBEAeHO OypeHre TOPPSIHBIX OTJI0XKEHUN U U3ydeHue 060-
TaHUYeCKOro coctaBa TopdoB. B o6pasiax Topda onpeneneHo cogepxkaHue yriepoaa (%) u paccuuraHa
CKOPOCTb aKKYMYJISILIMU YIJIEPOAa MajeOLeHO3aMU OOJIOT.

Ha npumMepe ucciienoBaHHBIX OOJOTHBIX 9KOCUCTEM BBISIBJIEHBI 0COO€HHOCTHU 3a0071a4MBaHUsT KAPCTOBBIX
JIeTIpecCuii, corpoBoxaalolecs: (popMupoBaHueM ciuiaBuHbL. [TokazaHo, 4To HanboIee aKTUBHBIN Bep-
TUKAJIbHBIN IPUPOCT TOPPSHBIX OTIOXEHUI TPOUCXOIUT B YCIOBUSIX BBICOKOIO YBJIAXKHEHMST OOJTOTHBIX
GUOTONOB. DTO CIOCOOCTBYET MAKCUMAILHOM aKKYyMYJISIIUU aTMOCGhEPHOIO yIiiepoja najaeocoo0IecTBa-
Mu 60JI0T (B CpeIHeM 110 3a1exam 10 79.3—125 rC/m?/ron). Hanbosnee BEICOKME MOKA3aTe N JEITOHUPOBA-
HUS yIJIepolia CBOIICTBEHHBI CharHOBBIM U TPaBsIHO-c(DaTHOBBIM TaeoleHo3aM (1o 151—305 rC/m?/rom),
chOopMUPOBABLIMMCS Ha CIJIaBUHAX BO BTOPOIi ITOJIOBUHE—KOHIIE Cy0aTIaHTUYeCKOTOo IIepro/ia rojiolieHa.
ITonyuyeHHBIE pe3yIbTaThl CBUAETEILCTBYIOT O PAa3HOOOPA3MK T'eHe31ca CILIABUHHBIX 00JIOT 1 XapaKTepU-
3yIOT 3TH BKOCHUCTEMBI KaK “aeno” aTMochepHOro yriepoaa.

Karoueswie croea: xapcroBble 60J10Ta, CIUIABMHA, TEHE3MC, TAJIEOCOOOLIECTBA, IETOHUPOBAHNE YIJIEPO/a,
CpenHepycckast BO3BBIIIEHHOCTh

DOI: 10.31857/S0006813623070074, EDN: EPPUVW

BonoTHbIe 3KOCUCTEMBI pa3BUBAIOTCS IIPU OMpe-
JIEJIEHHOM COYeTaHUU TeoMOP(OJIOrMYeCKUX, THI-
pPOJIOTUYECKUX, TEOJOTMYECKUX U KIMMATHYECKHX
¢dakTopoB, 4TO obGecneuynBaeT (popMUpOBAHUE CIie-
nndudecKoil pacTUTEIbHOCTH 1 Topda. B mporrecce
pa3BUTUs OOJOT IPOUCXOAUT HAKOIUIEHUE TOpP(dsI-
HBIX OTJIOXXEHWIA, KOTOpPhIE SIBISIIOTCS CyOCTpaTom
JIJIsT HOBBIX pACTUTENbHBIX coob1ecTB. [1o Mepe Bep-
TUKaQJILHOIO IpupocTta Topda IPOUCXOIUT IOCTE-
MEHHOE U3MEHEHE YCIOBUIA MMPOU3paCcTaHUSI BUIOB
pacTeHuit, UTo oOecIeYnBaeT CyKIIECCUOHHYIO AUHA-
MUKY PACTUTEIBbHOCTU. [eHe31C GONOTHBIX 3KOCHU-
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CTEM XapaKTepU3yeTCs COYETaHMEM KaK 3K309KOoTre-
HETUYECKUX (AJIJIOTEHHBIX), TaK U 9HI09KOTeHETUYEe~
ckux (aBTOreHHBIX) nporeccoB (Sukachev, 1926).
ITpupocT TopdHBIX OTIOXKEHU COMTPOBOXKIACT-
Cs JETIOHUPOBAHKUEM YIJIEPOAA, UTO CBUACTEILCTBYET
0 BaXKHOI pOJIU GOJIOTHBIX SKOCHUCTEM B YIJIEPOIHOM
O0anaHce o6uocdepnl (Turunen, 2003; IPCC, 2013;
Ratcliffe, Payne, 2016; Zhang et al., 2018; Novenko
et al., 2021; Zalesov, 2021). UHTEHCUBHOCTB 3TOT'O ITPO-
1Liecca onpenessieT 3arnachl yriaeponaa B Topde 1, CooT-
BETCTBEHHO, CITeLIM(PUKY PYHKIIMOHUPOBAHUS 3KOCH-
crem (Hugelius et al., 2020). CkopocTh aKKyMyJISILIUKA
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yIJIepona 3aBUCHT OT THIPOJIOTO-THIPOXUMUIECKOTO
pexxuMa 60JIOT, BIUSIOLIETO Ha XapaKTep pacTUTENb-
HOCTHU U ero MpoaykTuBHocTh (McGuire et al., 2018;
Andreeva, 2022).

CpenHepyccKast BO3BBIIIIEHHOCTh XapaKTepU3yeT-
¢ HU3Ko 3abonoyeHHocThIo — 0.5% (Volkova, 2018,
2019), mpu 3TOM 00JI0Ta HA TAHHOI TeppUTOpUU (hop-
MHPYIOTCST B Pa3HBIX TeOMOP(DOIOTUIECKUX YCIIOBUSIX.
Ot xapakTepa MOACTWIAIOLIMX TOPOI Y TUIPOJIOTU-
YEeCKOTO pexkrMa OOJIOT 3aBUCHUT HampaBieHUE MX
CYKIIECCCHOHHON NIMHAMWUKH, CKOPOCTHb IIpUPOCTa
TOP(MSHBIX OTJIOXKEHWM W WHTEHCUBHOCTH JNETIOHU-
poBaHMs yriaepoa.

Ha CpenHepycckoii BO3BBIIIIEHHOCTH TPeo01anaoT
MOMMEHHBIE 6OJIOTa, 3aHUMAOIIE OKOJIO 85% OT 06-
I TTOIIAAM BCeX OOTOTHBIX 9KocucTeM. TopdsHbie
OTJIOKEHUST OONBIIMHCTBA TaKUX OOJIOT pa3paboTaHBbI.
BonopasnensHbie 00710Ta XapaKTepu3yloTcsl 00JIee BbI-
COKOI1 coXpaHHOCTBIO. Kak nmpaBmito, oHM 00pas3yroTcs
B JIETIPECCUSIX KapCTOBOIO MJIU KapCcTOBO-Cy(HPO3MOH-
HOTo IIpoucxoxneHus:. Hebdomnblme pa3smepsl (He 60-
Jee 1 ra) U MPUYypPOUYCHHOCTb 0OJOT K OOJIECEHHBIM
JlaHamadTaM yoeperiv ux oT IMpOMBIIIJIEHHBIX pa3pa-
0OTOK. DTO 00ECIIEUNIIO COXpaHEeHKE OMOJIOTMIECKOTO
pa3HOOOpa3usl YHUKAJIBHBIX SKOCHCTEM Ha IOXHOM
rpaHULIe 30HBI IUPOKOJIUCTBEHHBIX JISCOB.

BomnopasnensHbie 00o10Ta CpenHepyccKoii BO3BEI-
IIEHHOCTU (POPMUPYIOTCSI B Pa3HbBIX T€0JI0TO-TUAPO-
JIOTUYECKUX YCIOBUSIX. Ha TecyaHbIX 3aHIPOBBIX U
MOPEHHBIX OTJIOXEHUSIX, KOTOPBIMU TIePEKPHIThI 3a-
MaJgHbBIC ¥ CEBEpO-3allagHble CKJIOHbI BO3BBILLICHHOCTH,
pasBUTHE OOJIOT HAYAIOCh B GOpeaTbHOM TIepUOIE TO-
JonieHa. st aTux OOJIOT XapaKTepHa OJIUMTIoTpodHast
PaACTUTEIBLHOCTD U LIeJ0CTHAs (0€3 pa3phIBOB) CTPYKTY-
pa TOPMSHBLIX OTIOXEHUI. MOIIHOCTh 3ajeXeil He
MpEeBBIIIACT 3 METPOB, @ B UX COCTaBE MPUCYTCTBYIOT
MepexXoaHbIE ¥ BEPXOBBIE TOpda.

BHe MOpeHHBIX U 3aHAPOBBIX OTJIOXKEHU 6010Ta
MIPUYPOYEHBI K KAapCTOBBIM ASHPECCHUSIM LIIyOMHOM
mo 10—20 M, moncTuiaaeMbIM ICTIOBUAIBHBIMHU CY-
NIMHKAMM WJIM O3€pHBIMU ITTMHaAMU. Bonbl, muTaio-
e Takue 00J0Ta, MOTYT MMETb, IIOMUMO aTMO-
chepHOro, IIOBEPXHOCTHOE (IEIIOBUAIILHOE) WIN
IPYHTOBOE MpoucxoxaeHue. KoimyecTtBo HaKOMUB-
IIEICS BJIaTW 3aBUCUT OT COOTHOIICHMS ICTOYHUKOB
MMATaHUS, a TAKKE CBSI3aHO C ITTyOMHOI 1 BO3pacToM
KapCTOBOTO MpoBajia, ero reoMop@doJIOTUYECKUM IO~
JIOXeHHeM (BepIIrHa BOIOpa3aesia WIM €ro CKJIIOH) U
HaJIMuveM ApeHupylomein cuctembl. KomMOuHaims
yKa3aHHBIX (h)aKTOPOB BJMSIET HA CTeTIeHb OOBOAHEH-
HOCTH IIOHIZKEHMSI U PEryJIMPyeT OCOOCHHOCTU 3a-
0oJIauMBaHMSI, UTO ONpPEAEIsIeT Pa3IndnsI B CTPYKTY-
pe TopdsSHBIX 3aexXel (CIUIOLIHOM, pa30pBaHHOI,
craBuHHOM) (Volkova, 2010, 2011). IIpu 3ToM, 110
BPEMEHM BO3HUKHOBEHUSI OOJIOTHBIE 3KOCHCTEMBI
oTianyatorcs. Tak, pa3BuTue 00JOT C LIEJIOCTHOM 3a-
JIEXBIO IIPOMUCXOINJIO B pa3HbIE TIEPUOILI TOJI0LCHA,
a 60J10Ta C pa30pBaHHOI MJIM CTUIABUHHOM 3aj1eKaM#
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dopMupoBaIMCh, TTPEUMYIIIECTBEHHO, B CyOaTiIaH-
tuueckuii nepuon (Volkova et al., 2020).

ITo cocraBy pacTUTeNbHBIX OCTATKOB TOpPGsIHbIE
3aJIeK1 BOJOpa3aeIbHBIX 00JIOT Yallie 00pa30oBaHbI HU-
3UHHBIMU TOpdaMHU, pexke B COCTaBe 3aJiexKeil IpUCyT-
CTBYIOT TI€pEXO/IHbIE WU BEPXOBbIE TOpdha. DTO CBUE-
TEJICTBYET O MPEUMYILIECTBEHHO MUHEPAIM30BAHHOM
MUTAHUU Ha TIPOTSKEHUHN BCETO TeHe3uca 00J10Ta Wi
MPOAOJIKUTENbHON ero dactu. CilencTBUEM BbISIB-
JIEHHOH crieliu(PUKU BOTHO-MUHEPATbHOTO MUTAHUS
0O0JIOT SABJSIETCS] AJOMUHUPOBaHUE 9BTPOMHBIX COO0-
IIECTB B CTPYKType pacTutTejabHocTU. OmHaKo Ha
CIJIaBMHAX KapCTOBBIX OOJIOT B MUTAHUU y4aCTBYIOT
KaK TPYHTOBBIE Y TOBEPXHOCTHBIE BOMIbI, TAK U aTMO-
chepHble ocaiku, 4yTo obecrieunBaer (HOpMUpPOBa-
HUE ME30- U OJUTOTPO(HBIX PACTUTEIBHBIX COO0-
IIECTB, SIBJISTIOIINXCSI PEAKUMU B peTuoHe. BrisicHe-
HUE OCOOEHHOCTE BOZHUKHOBEHUS TAKMX LIEHO30B
1 TIOMCK ONITUMAaTbHBIX PEXKMMOB JUISI X COXPaHEeHUSI
SIBJISTFOTCST aKTYJIbHOU HAyYHOU TIPOOIEMOIA.

M3BecTHO, 4TO ONUTOTPO(HBIE LIEHO3BI Ha CIljia-
BUHHBIX 00JIOTaX XapaKTEepU3YIOTCSI MaKCUMAaJIbHbBI-
MU TTOKa3aTeIsIMU MHTEHCUBHOCTU CBSI3LIBAaHUS aT-
MocdepHoro yriepona (Olchev et al., 2012, 2013a, b,
2014; Karataeva et al., 2015; Leonova et al., 2021).
I1pu Takoii crienmduke GYHKIMOHUPOBAHMS CILIa-
BUHHBIE 00JI0Ta TOJIKHBI SIBJISIThCS “IeTIo” yriiepoa,
HaKarjnBasi ero B TOphsIHbIX 3ajexax. OTCyTCTBYIO-
II1e TO HACTOSIIIETO BpEMEHM CBEIEHUSI O TMHAMUKE
aKKYMVYJISIIMU yIylepoJa B TOPMSIHBIX OTIOXKEHUIX
CIUIABUHHBIX GOJIOT HE TTO3BOJISIIOT OLIEHUTh UX MC-
TUHHOE 3HAaYeHHUE B YIIIEPOIHOM OOMEHe.

Llenp maHHOM CcTaThM — MOKa3aTb OCOOCHHOCTHU
pPa3BUTHS BOMOPA3NEIBHBIX CIIABUHHBIX OOJIOT ce-
Bepo-BocToka CpemHepyCcCKOU BO3BBIIIEHHOCTH MU
WHTEHCUBHOCTb aKKYMYJISLIUH YTJIepoaa B X TOPdsi-
HBIX 3aJIekax Ha IIpUMepe MOIETbHBIX OOBEKTOB.

MATEPHAJIBI U METOJbI

OOBeKTaMu MCCIeAOBaHUs SIBJSUIUCH CIUIaBUH-
HEIe BojmopasaeiabHble 6ojtota “InmaBHoe” u “Koua-
K1-1”, pacrtonoxXeHHBIE B CEBEPO-BOCTOUYHOM YaCTH
CpenHepycckoii Bo3BbllIeHHOCTU (15—17 kM Ha
3103 u 103 ot r. Tyasl). bosora cpopmupoBaHbl B
KapCTOBBIX ITpOBaJlaX ITyOonHOIT 4—6 1 60Jiee METPOB.
TopdsgHpie 3ajiexku CIJIABUHHOM UM pa30pBaHHOMN
CTPYKTYPHI, IT0 OKpaiikaM 00JIOT TOP(PSTHBIE OTI0KE-
HUSI, IOMUMO YKa3aHHbBIX, MOTYT OBITh U LIEJIOCTHBI-
MU. PacTUTENBHBIN TTOKPOB OOJIOT XapaKTepru3yeTcs
KOMIUIEKCHOCTBIO — B HEM IIPEACTaBJIEHbI 3BTPOd-
HEBIe, ME30TpOMdHBIE U OJIMTOTPOMHEIE COOOIIeCTBA
(Zatsarinnaya et al., 2012; Zatsarinnaya, 2015; Volko-
va et al., 2017a).

B xomrmiekce Oonotr y moc. O3epHBIi 00J0TO
“I'maBHOe” (54.05667° c.u1., 37.58927° B.1.) 3aHUMAa-
eT momanbk 1 ra. OHo 06pa3oBaJioch B pe3yJibTaTe
00BbeIMHEHMSI HECKOJIBKMX KapCTOBBIX TPOBAJIOB 00-
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BOJIKOBA u np.

Raal 1

o2 R B4 [E1s N6 517 3

Puc. 1. KaprocxeMmbl pacTUTEIbHOCTH MOJIETLHBIX 00JIOT (0003HAaYEHUsI COOOIIECTB — CM. B TeKcTe). a — “[raBHoe”, b —

yaku-1”.

“Ko-

Fig. 1. Map of vegetation of model mires (see the text for designations of communities). a — mire Glavnoe, b — mire Kochaki-1.

e TopghsHOM 3ajIeXXblo B IIpolecce nX 3adomadn-
BaHUs. I1pu aTOM, LIEHTP U nepudepudecKast 4acTu
0o0JIoTa OTIMYAIOTCS IO CTPYKTYpPE PaCTUTEIHLHOIO
nokposa (puc. 1, a). OkparHHAasI 9aCTh XapaKTepU3y-
eTcsl BBTPO(MHOI PaCTUTEBHOCTBIO, KOTOpasl Mpeli-
craBjicHa coobmecTtBamu accoumanuii Filipendula
ulmaria (1), Calla palustris (2), Salix cinerea — Calla
palustris (3), Betula pubescens — Calla palustris (cy6-
acc. Betula pubescens — Thelypteris palustris) (4),
Betula pubescens — Menyanthes trifoliata — Sphag-
num riparium (5) (Volkova, 2018). Bce onu dopmu-
PYIOTCSI Ha LICJIOCTHOM MJIM pPa30pBaHHOM MO CTPYK-
Type 3ajexu. MuHepaauzanus 00JI0THBIX BOI (KOp-
HeoOuTaeMblii TOPU30HT) B yKa3aHHBIX COOOIIEeCTBax
OKpaMHHOI 4acTu 00JIOTa COCTaBJISIET, B CPEOHEM,
60—70 Mr/i1, omMHAKO B BECEHHMIA ITepuon IOBEpX-
HOCTHBII CTOK C IIPUJIETAIONINX MUHEPATbHBIX ITOYB
yBemuuBaeT TokaszaHus no 120—130 mr/n; pH =
=4.5-5.5.

LlenTpanbHas yacTh 60Ji0Ta 0Opa3oBaHa Me30- U
OJIMTOTPO(MHOMN PaCTUTEILHOCTRIO — acc. Betula pu-
bescens—Menyanthes trifoliata+Calla  palustris—
Sphagnum angustifolium+S. fallax (6) u KoMILIEKCOM
coob6iectB (7), Bkirovyaromux acc. Rhynchospora al-
ba—Sphagnum angustifolium+S. fallax, ¢puToLieHO3bI
KOTOPOM pacHpoCTpaHEHbI Ha KOBPOBBIX ydacTKax
crutaBuHBI, 1 acc. Chamaedaphne calyculata+Oxy-
coccus palustris—Sphagnum angustifolium, coo06iie-
CTBa KOTOPOII MPpUYpOYEHBI K MUKPOIIOBBIIICHUSIM
Ha crutaBuHe (puc. 1, a). Takue nneHo3bI GOpMUPYIOT-
Cs B YCJIOBUSIX O€IHOI0O BOJHO-MUHEPAJILHOIO MUTAa-
Husg (MuHepanmuzanust 30—42 mr/a, pH = 3.8—4.6).

Bbonoro “Kowaku-17 (54.05739° c.u1., 37.53072° B.11.)
nmeeT mioiank okono 0.5 ra. TopdssHbie oTIOXE-
HUS TIpeNCcTaBleHBI cIlaBUHONM. Ha okpaiike crima-
BUHBI C(DOPMUPOBAHBI 3BTPO(HBIE UBOBO-TPaBSIHbIE
(acc. Salix cinerea—Calla palustris, 3) 1 KaMBIIIIOBBIE
(acc. Scirpus sylvaticus, 8) coo6iiectBa (puc. 1, b).

Ilpu nBUXeHUU K LIEHTPY 00JIOTa OHU CMEHSIOTCS
Me30TpodHBIMU coobiecTBaMu acc. Betula pubes-
cens—Carex lasiocarpa—Sphagnum fallax (9). Llen-
TpaJibHasI YaCTh 00JIOTA MpeACTaBIeHA OJIUTOTPOd -
HBIMHU 1I€EHO3aMU, KOTOpbI€ 3aHUMAIOT OCHOBHYIO
YacTb CIUIaBUHBI. TaKOBBIMU SIBJISIFOTCS COOOIIE-
ctBa acc. Rhynchospora alba—Sphagnum angustifo-
lium+S. fallax (10), dbopmMupytoire KOBpOBYIO YaCTh
CILJIAaBMHEI, a TaK3Ke cooOmiecTBa acc. Chamaedaphne
calyculata+Oxycoccus palustris—Sphagnum angusti-
folium (11) (puc. 1, b), xapakTepusymolirecst Bbipa-
XKEHHBIM MUKpOpeabedoM C KPYIMHBIMU KOYKAMU
(Beicota mo 40—50 cMm, muameTrp 1—2 M) U y3KUMU
(10—20 cM) MOYaXkMHAMU MEXKITY HUMMU.

st n3ydyeHuns reHe3nca MOICIbHBIX 00JI0T Oype-
HUe TOP(MSHBIX 3ajieXeil MPOBOAWIM C MOMOIIBIO
TopdssHoro oypa koHctpykuuu MHctopda. Ha oc-
HOBaHMU 30HAMPOBAHUS TOPGSIHOM 3aexu (1mar —
10 M) BBISIBJISITM MAaKCUMAaJIbHYIO MOIIIHOCTb OTJIOXE-
HMIA, TOe NPOBOAMIM MOCIOMHBII OTOOp 0O0pa3loB
topda (xkaxapie 10 cM 1MOO IO Mepe M3MEHEHUS
MopoJIOTHYECKMX TToKa3aresieil Topda) B IIACTUKO-
BbIe ITakeThl. Ha cruraBuHax 6osor “ImaBHOe” 1 “Ko-
yakn-1” OypeHHe TpOBOAMIM B COOOIIECTBAx acc.
Rhynchospora alba—Sphagnum angustifolium+S. fallax
wim acc. Chamaedaphne calyculata+Oxycoccus palus-
tris—Sphagnum angustifolium. Ha 6omote “I'maB-
Hoe” OKpauHHasl YacTh UMeeT KaK LIeJIOCTHYIO, TaK
W pa3opBaHHYIO CTPYKTYpy TOp(SIHOI 3alexKu.
J111 BBISIBIIGHUS T€HE3MCca 3TOM 9acTh 00oJioTa Oype-
HUEe MpOBOIUIU B coobdiecTBe acc. Betula pubes-
cens—Menyanthes trifoliata—Sphagnum riparium.

Bo Bcex oToOpaHHBIX 00pa3uax Topda onpencsi-

JIV CTETIEHB pa3ioXeHUs (%) U COCTaB paCTUTEITLHBIX
octatkoB (Dombrovskaya et al., 1959) Mmukpockonu-
yecKnM MeTogoM. Ha ocHoBaHUM pe3y/IbTaTOB aHAJIM -
3a PACTUTEIBHBIX OCTAaTKOB OBUIM ITOCTPOSHEI CTPATH -
rpacdudeckre guarpaMMmbl TOPMSIHBIX OTJIOKEHHUI B
BOTAHUYECKUWH XYPHAJ ToM 108

Ne 7 2023
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Taomuna 1. PesynbTaThl pannoyrniepoaqHOro aHaiarM3a 00pa3ioB Topda CIUIaBUHHBIX KAPCTOBBIX O0JIOT
Table 1. The results of radiocarbon analysis of peat samples of float karst mires

HWuTepBan KaanObpoBaHHOTO
Imy6una, cm PannoyrneponHelii Bo3pacr, Bo3pacrta (16), Kai.J1.H. BeposiTHOCTB
Depth, cm 4C n.1. 14C age (BP) Calibrated age range (16-range), Probability
cal. yr BP
bosioto “ImaBHoe” /Mire Glavnoe
190—200* 945 + 65 789-918 1.00
460—470 2375 £ 110 2320—2539 0.71
Bonoro “Kouaku-1”/Mire Kochaki-1

90—100 210 + 60 139222 0.52
190—200 430 =90 428—536 0.72
240-250 510 £ 80 495—-563 0.65
290—300* 610 = 70 579—651 0.77
540—-550 950 =90 765—-935 1.0
590—600 1080 £ 90 918—1087 0.90
640—650 1300 £ 80 1173—1302 0.92

TTpuMeuyaHue: *HUXKHSISI YaCTh CIIJIABUHBI.
Note: * lower part of the float.

nporpamme “Korpi” (Kutenkov, 2013), 94To 1MO3BOINIO
PEKOHCTPYUPOBATh CTAAUM Pa3BUTUS OOJIOT.

JIs1 BBISIBJIEHUSI BpeMEeHU Hadaja 00JioTooOpa-
30BaTeIBHOIO IIPOLECCa M BO3pacTa KOHKPETHBIX ITa-
Jieocoo0111ecTB (YCTaHOBJIEHBI 110 pe3yjibTaTaM 0oTa-
HUYECKOro aHajau3a Topda, Ha3BaHUS JaHBI 10 J10-
MUHUPYIOIIUM BHUAAM PAaCTUTEIBLHBIX OCTAaTKOB), a
TaKK€ CKOPOCTH BEPTUKAJBHOIO MIpPHUpPOCTa Topda
MPOBEACHO OIpeAecieHue a0COJITHOrO Bo3pacTa
9-tu TOp(psaHBIX 00pa3LoB B PaguoyrieponHoii j1a-
ooparopuu UHctutyra reorpaduu PAH (Mocksa).
ITonyyeHHBIe pe3yjbTaThbl OBLJIM OTKAJIMOpPOBAHBI C
ncnoab3oBaHueM Iporpammsbl Calib 9.0 u kaauopo-
BoyHoro Habopa maHHbIX Intcal09 (Reimer et al.,
2013). ITpu pacueTtax BepTUKaJIbHOTO MIPUPOCTa TOP-
(SITHBIX OTJIOXKEHUIT MCITOIL30BAJIM KaJIMOPOBaHHbBIN
Bo3pacT oopasuoB (Volkova et al., 2020). IIpupoct
Topda paccUuThIBAIN, UCXOASI U3 MOILITHOCTU TOP(sI-
HBIX OTJIOKCHMI, 00pa30BaBIIMXCS 3a OIIpeAeeH-
HBIII BpeMeHHOI mepuon (oIpenesaeH Mo pa3HUle
MEXIy UMEIOLIMMUCS TaTUPOBKAMM).

OLIEHKY COIep>KaHUS OPraHUYEeCKOro yrjiepoia
(%) B ob6pasuax Topda mo npodIsIM 3ajiexeil mpo-
BOIWJIU, 3HASI OO0 OPraHUYSCKOTO BEIlIeCTBA B €11 -
Hu1e 00beMa Topda (%) U MacCoBYIO JOJIIO yIyIEpoaa
(%), monmyyeHHy10 ¢ ucroiab3oBanueM CHNSO-aHa-
ma3atopa LECO TruSpec Micro B MHECTHTYTE Opra-
Huyeckoit xumuu uM. H.JI. 3eannckoro PAH. oo
OpraHMYECKOTo BEIIECTBAa ONpEAessii Ha OCHOBa-
HUM TIOoKa3aTesieil 30JbHOCTU obpasna Topda (%) u
colep:KaHUs B HeM KapooHaToB (%).

g OIleHKWM CKOPOCTM HaKOIUJICHUsS yriepozaa
(rC/mM?/ron) masneocooblecTBaMu GOJIOT COIEpXKa-

BOTAHUYECKHWM XXYPHAJI  Tom 108 Ne 7 2023

HUe yriepoaa (%) yMHOXalIu Ha MOIIHOCTb TOPp(si-
HOTO TOPM30HTA, Ha €r0 0OBEMHBI Bec (r/cM’) 1 Ha
COOTBETCTBYIOIIYIO BEPTUKATHHYIO CKOPOCTh ITPUPO-
cra Topda (Mm/ron) (Turunen et al., 2003).

PE3VYJIBTATbBI 1 UX OBCYXIEHHUE

Pesynbratel aHainm3a OOTAHWYECKOTO COCTaBa
Topcda U3 pas3HbIX yacTei 60o10Ta “IaBHOEe” Mokas3a-
JIW, YTO COBPEMEHHAs PaCTUTEJIbHOCTb ChOpMUPOBaA-
Ha Ha TOPMSHBIX OTJIOXEHUSIX HE TOJILKO pa3HO
CTPYKTYpBbI, HO U pa3HOIo cocTaBa. Tak, Ha oKpaiike
00J10Ta OTJIOXKEHUSI SIBJITIOTCS LIEJIOCTHBIMU WJIW Pa3o-
PBaHHBIMU, HO 00pPa30BaHbl TOJIHKO HUZMHHBIMU TOP-
¢damu. Ilpu aTOM, TATUPOBKU HUXKHUX TOPU3OHTOB
3aiexu (Tabi. 1) mokKa3bIBarOT, YTO 3a00JIaYrMBaHUE
OKpaeK KapCTOBOTO MOHUKEHMSI Ha4YaJoCh B Hayaje
cy0aTIaHTUYECKOTO TTepuoa.

B aTOoT nepuon yBnaxHeHue ObLIIO YMEPEHHBIM 3a
CUET IPUTOKA MOBEPXHOCTHBIX BOJ HA OOJIOTO, YTO
obecITeunITo mpon3pacTaHue IpeBeCHBIX rTopo (Betu-
la sp., Salix sp.), Bnaroawo6uBbix TpaB (Menyanthes
trifoliata, Comarum palustre, Calla palustris, Calama-
grostis canescens) U MX0B (Sphagnum teres, S. obtusum,
S. riparium, penxo — Calliergon cordifolium, Drepano-
cladus aduncus). DTo TMarHOCTUPYIOT IPEBECHBINA U
JIpEeBECHO-TPABSTHOM (JIpeBeCHO-BAxXTOBBIN) Topda,
3ajierapline B HIXKHUX TOPU30HTaX TOPDSIHOM 3ajie-
Xxu (puc. 2) (B gajpHeliieM, Ha OCHOBaAaHUM COCTaBa
pPaCTUTENIbHBIX OCTATKOB TOP(OB OYAyT BbIIEICHBI
najieocoodbuiectBa). [loctenneHHOE HAKOIJIEHUE TOP-
(SIHBIX OTIIOXEHUIA CIIOCOOGCTBOBAJIO YBEJIMUYECHUIO
BIAXXHOCTU OOJIOTHOTO OMOTOITa, YTO IIPUBEIO K
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Fig. 2. Stratigraphic diagram of the structure of peat deposits on the marginal part of the mire Glavnoe and the stages of devel-
opment: 1 — woody-herb, 2 — herb-sphagnum, 3 — sphagnum (eutrophic stages).

CHIXEHUIO yYaCTHUSI IPEeBECHBIX TOPO, YBEJINYSHUIO
nonu tpaB (Menyanthes trifoliata — 25%) n cdarHo-
BBIX MXOB (Sphagnum teres —20%, S. riparium — 12%).
Takue n3MeHeHUsI CBOMCTBEHHBI TPABSIHBIM U TPABSI-
HO-c(arHoBeIM TOp(daM, 3aJleTaloluM C TIYOUHBI
3.5 M, popMupoBaHNE KOTOPHIX HAYAJIOCh IIPUMEPHO
1800 net Ha3zan.

B manpHeiinieM B CTpYKType 3ajiexKu HaOIro1aeT-
csl yepeaoBaHUE TPaBSIHO-C(ArHOBBIX U TPaBSTHBIX
TopdoB (c yauactueM Menyanthes trifoliata, Calama-
grostis sp., Comarum palustre, Carex vesicaria, Equse-
tum sp., Scirpus sylvaticum, Typha sp., Sphagnum teres,
S. palustre, S. riparium, S. obtusum), 9TO XapaKTepu-
3yeT JIOKaJIbHbIe U3MEHEHUSI peXrMa BOTHO-MUHE-
pajJbHOro IuUTaHUusl O00JJOTHOro O0uoTomna, oOyCJIOB-
JICHHBbIE WHTEHCUBHOCTBIO TMTOBEPXHOCTHOTO CTOKA.
C n1youHsl 165 ¢M B 3aj1eK1 NTOSIBJISIETCS C(harHOBBIM
HU3UHHBII TOp(d (ero opMUpOBaHUE HAYAIOCH
npuMepHo 740 JjieT Ha3zam), YTO CBUACTEIBCTBYET O
CHMXXEHUU MUHepaIu3aluy MUTAIONIMX Boa. B mo-
OOM cllyyae, JOMUHUPYIOLIMM BUIOM Topda B 3aje-
KV OKpanHHOM YacTh 60J10Ta ABIISIeTCS TpaBSTHO-cdar-
HOBBIM HU3UHHbIN. DTO 03HAYAET, UTO B TEUCHUE ITOYTU
2500 neT runpoJOrMYeCcKuiil pexkM 3TOl YacTh 6osioTa
OCTaBaJICS TOCTAaTOYHO CTAOWITEHBIM.

O1neHKa CKOPpOCTH TOP(POHAKOIUICHUST Ha OKpaii-
Ke cocraBwia, B cpeaHeMm, 1.8 mm/ron (Volkova,
2011). Cronpb BBICOKME TTOKa3aTeau OOYCIOBIEHBI
CTaOWJIBHBIM YBJIAXXHEHHEM 3TO dYacTH OOJIoTa.
B Takux ycrmoBUsSIX OTMepIME pacTUTENbHBIE OCTaT-

KU pasJiaraloTcst MeIJIEHHO U IIOTOMY CTEIEHB Pa3Jio-
XeHUs 00pasLoB Topda 1o MPOopUITIO COCTABIISIET, B
cpenHeM, 20—30%, yBeauuuBasich 10 45% TONbKO B
MPUIOHHBIX 0Opas3lax.

Takum o6pazoM, pa3BUTHE OKPAaMHHOM YacTu 00-
noTa “ImaBHOE” MIPOMCXOIMIIO TIPU AOCTATOYHO 00-
raToM BOTHO-MMHEPaJIbHOM IIMTAaHUM, O YEM CBUIEC-
TEJILCTBYET (pOpMUpPOBaHUE I3BTPOMHBIX MAJIE0CO00-
ILIECTB M, COOTBETCTBEHHO, HAKOIUIEHUE HU3UHHBIX
BHOOB Topda B 3anexxu. B mpoiiecce popMmupoBaHns
9TOit YacTu 60JI0Ta MEHSIIACh JIMIITb UHTEHCUBHOCTD
yBlaxHeHus1. Ha nepBoit ctanuu (mpumepHo 1800—
2500 net HaA3ad) yBIaXHEHUE OBLIIO YMEPEHHBIM U
MMOTOMY B COCTaBe MajecopacTUTEIbHOCTH ITPOU3pac-
TaJu JpeBecHble mopoabl (puc. 2, 1-g cramgus).
B nanpHeiliieM, yBIaXXHEeHHE CTaIO OOMILHBIM, YTO
CIOCOOCTBOBAJIO TIEpPeX0OAay K TUAPOMUILHO-MOXO-
BOM pacTurelbHOCTH (puc. 2, 2-g9 cTaaus).
[Ipu 5TOM, TTOCTEIIEHHO IIPOMCXOAMJIO CHIXXKEHUE
MUHEepaJIn3aluy MUTAIIINX BOJ, YTO 00eCHeumnsio
yBeJIMueHUe oOuIus carHoBbIX MXOB U (hopMu-
poBaHMe charHoBOro IajaeocoobiecTBa (puc. 2,
3-g cragus).

OnuroTpodHass pacTUTEIILHOCTh LEHTPATbHOM
yacTu 60J10Ta chopMUpOBaHa Ha CIUIAaBUHE MOIITHO-
CTBIO 2 MeTpa, KOTopasi 00pa3oBaHa c(parHOBBIM M Tpa-
BSIHO-C(DarHOBBIM TIepeXodHbIMU Topdamu (puc. 3)
¢ HU3KoM (5—15%) cTeleHbIo pa3lIoKeHUs U BBICO-
KOl BIAaXXHOCTBIO (B cpeaHeM, Mo MPpodUIIIo 3aie-
K1 — 1531%). B cocraBe Top(hoB 0OHAPYKEHBI OCTATKU
ToM 108  Ne 7
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Puc. 3. Crparurpaduyeckasi nuarpaMMa CTpoeHusi TOPMSIHBIX OTJIOXKEHW I CIUIaBUHBI B LIEHTPaIbHOM YacTu 6osiota [l1aBHOe
¥ CTaguu pa3BUTUS: | — TpaBsiHO-carHoBasi, 2 — carHoBast (Me30TpOMHbII 3TalIT)

Fig. 3. Stratigraphic diagram of the structure of float peat deposits in the central part of the mire Glavnoe and the stages of de-
velopment: 1 — herb-sphagnum, 2 — sphagnum (mesotrophic stages)

Sphagnum magellanicum, S. fallax, S. angustifolium,
Carex rostrata, C. lasiocarpa, Rhynchospora alba,
Scheuchzeria palustris, Oxycoccus palustris, Eriopho-
rum sp. B HixkHe yactu criaBuHbI (170—200 cm) co-
XpaHWJINCh Takxke octaTku Calamagrostis sp., Me-
nyanthes trifoliata n np. Takoe cTrpoeHHe TOP(PSIHOM
3aJIeXX1 CBUACTEIILCTBYET O TOM, UTO CILIaBMHA B TT0-
ciegnue 800—900 et ¢popMuUpoBaIachk B YCIOBUSIX
BBICOKOTO OOBONHEHHMs M OemHOro aTtMochepHOTo
nutanust. OOMIbHOE YBIAKHEHNE SIBUIOCH IIPUIMHOMN
HU3KOI CTeNeHM pasioxkeHus1 TopdoB, Oaaronapst ye-
MY BepTUKAIBHBIN TPUPOCT TOPMIHBIX OTIOXKEHHMI CO-
cTaBiIslL, B cpenHeM, 2.3 mm/ron (Volkova, 2011).

ITo Mepe yBeaWyeHUsS MOIIHOCTU CIUTABUHEI €€
KOPHEOOUTAaeMbI TOPU30HT MOCTENEHHO Mepexo-
IWJI HAa UCHOJIb30BaHUE aTMOC(EepPHOro NMUTaHUS,
YTO CMOCOOCTBOBAJIO MOSIBJICHUIO U pa3pacTaHUIO
ONUTOTPOGHBIX BUAOB TPAaB U MXOB, a TaKxe dop-
MHUPOBAHUIO TpaBsIHO  (OCOKOBO)-C(rarHOBBIX
(puc. 3, 1-g cragusi), a 3aTeM c(harHOBBIX Me30-
Tpo(dHBIX MMajicolieHO30B (puc. 3, 2-a cranus). [Ipu
3TOM, OT “OCHOBHOTO Tejia” CIUIAaBUHBI ITOCTEIIEHHO
OTIEJISUTUCh €€ HUKHUE YaCTH, KOTOPbIe 3aBUCAIN B
TOJILLIE BOABI WX OMYCKAJIUCh HA THO MMOHWXXeHUs. B
pesyJiibTaTe, TONIIMHA CTUIAaBUHBI COCTABJISCT 2 MeTpa
(Volkova, 2010). Takoe IpouCXOXICHUE CILJIABUHBI
OOBSICHSIET OTCYTCTBUE TOPU3OHTOB, COOTBETCTBYIO-
LIUX HaYaJbHBIM 3TaraM e pa3BUTHSI.

Kak BUIHO, HECHTPpaJbHadA U OKpaHHas 4aCTu 0o-
JIOTa UMEIOT pa3Hylo criein@uKy TreHe3unca, 4to o0y-
CJIOBJICHO OTJIUYUAMU B UX TMAPOJIOTO-TUAPOXUMM -
ToM 108 2023
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yeckoM pexnme. [Tpu aTom, n3HauyaapbHO 0Opa3oBaB-
1Iasicsi KapcToBasli AeMpeccusl XapakKTepu3oBasiach
BBICOKMM OOBOOHEHUEM M IIPEACTaBIIsijIa COOO0IM He-
oosbmioe o3epo. OO0 3TOM CBUIECTEILCTBYIOT CJIIOMU
O3epHBIX IJIMH, BBICTWJIAIOIIMX OHO ITOHMKECHUS.
B nanpHeliieM ruapoIoru4ecKuii peXXuM TeppUTO-
PUM U3MEHUJICSI, YPOBEHDb BOJBI B 03€pe MOHU3MJICS.
B a0 Bpems (cybaTiaHTUUYECKUI TTIepuOo ToJIoLeHa)
Havajoch 3a0ojayMBaHME, KaK OKPaMHHONM 4YacTu
MOHIKEHUSI, TaK U (POpMHUPOBAHME CIUIAaBUHBI B
neHtpe. IlocTeneHHOE CTeKaHUE IMOBEPXHOCTHBIX
BOJI B MOHVKEHUE, HAPSITY C BRIKIIMHUBAaHUEM TPYH-
TOBBIX BOJ, 00€CHEeYNIN yBeIUUeHNEe 00beMa BOJBI U
U3MEHWJIN TIOJIOKEHUE CIUIaBUHBI. BepTukajbHbIi
MIPUPOCT TOPDSIHBIX OTIOKESHU CIUIABUHEIL U €€ pa3-
pacTaHue B TOPM30HTAJIbHOM HallpaBJIC€HUM, HAPSIy
C MOBBIIIIEHUEM YPOBHSI BOJIbI B AEMPECCUU, CIIOCOO-
CTBOBAJIA TIEPEKPBHITUIO TOP(MSIHBIX OTIOXCHUIA Ha
OKpaiike. B pe3ynbraTe, B IEHTpaTbHOI YacTH 00JIO-
Ta TopdsiHast 3ajIeXKb OCTajach B BUJIE CIUTABMHbBI, a HA
OKpaiiKe 3aJIe3Kb MOXKET OBITh KaK LIEJIOCTHOM /CIUIONI-
HOI1, Tak 1 pazopBaHHoi1 (Volkova, 2010).

ITpu dhopmupoBaHUU pa3HbBIX YacTeil OoyioTa mo-
pa3HOMY IIPOMCXOINIO HAKOIUIEHUE yIlepoaa B TOp-
¢aHbIX oToxeHusix (puc. 4). B okpanHHOII yacTu
b6oJiota B Topdax, 06pa30BaBIIMXCS HAa HaYaJlbHBIX
aTamax 00JI0TOO0Opa30BaTEILHOIO IIpOolecca, Comep-
KaHMe yITIEPOIA COCTABIISIET, B cpenHeM, 17.7%, yse-
JmuuBasichk 10 34.3%. PacuyeT CKOpOCTH aKKYMYJISILIMKA
yIjepoja IokKa3aj, 4YTO B Hadajle Cy0aTJIaHTUYECKOrO
nepuona, Ha 1-# craguu pa3sBUTHS, TIPEICTABICHHOMN
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Puc. 4. ConepxaHnue yriepona (%) o npoduisiMm Topsi-
HBIX OTJIOXeHMIt 60710T [T1aBHOE 1 Kowaku-1.

Fig. 4. Carbon content (%) on the profiles of peat deposits
of the mires Glavnoe and Kochaki-1 (abscissa axis — car-
bon content, %; ordinate axis — age, years).

JIpeBECHBIMU U IPEBECHO-TPABSIHBIMU TaJICOLICHO3a-
MU, aKKyMYJISTIIUS yTiepoaa MPOXOIHIa CO CpeaHeit
ckopocteio 17.5 rC/m?/ron, Bapbupys or 1.5 1o
29.6 rC/m?/ron (puc. 5).

B TpaBsHBIX 1 TpaBstHO-c(arHoBbLIX Topdax, hop-
MUpPOBaHHE KOTOPHIX Hauaioch okoJio 1800 kanuo-
pOBaHHBIX JIeT Ha3am (KaJjl.JI.H.), COOepXXaH1e yrie-
pona yBenuuuBaercsa 10 33.3% B cpenHem (19.2—
45%) (puc. 4). DTO 03HAYACT, YTO Ha 2-If CTAIVN TeHe-
31ca OKpanHHOI YacTu 0oj1oTa “ImaBHOE” aKKyMyIIsi-
ML yIepoaa Iajeocoo0IecTBaMM COCTaBWIa, B
cpenHeM, 6.9 rC/m?/ron (rmokasareb MEHSETCs OT 1 10
14.1 rC/m?/ron) (puc. 5). DTOl CTaIUM COOTBETCTBY-
10T Topda, 3ayieraolie Ha rryorHe 165—365 cum.

IMpumepno 750 Kan.j1.H. B TeHe3Mce 00JI0Ta OTMe-
yaeTcs nepexon K c(parHoBOM CTaauu, XapaKTepu3y-
olIeiica Bo3pacTaHueM J0JIU CGarHOBBIX MXOB B
topdax 1o 65—70%. ConmepkaHue yriaepoaa B cdar-
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Fig. 5. Rate of carbon accumulation (gC/m2/year) in the
genesis of the marginal (top) and central (bottom) parts
of the mire Glavnoe (abscissa axis — age, years; ordinate

axis — rate of carbon accumulation, gC/m2/year).

HOBBIX HU3UHHBIX Topdax, 3ajeralolinX B BepxXHeM
165-caHTUMETPOBOM CJIOE TOPMSIHOM 3aeKU, CO-
craBisieT, B cpeaHeM, 34.1% (20—40.1%) (puc. 4).
DTO 03HAYAET, YTO IBTPpOPHBIC c(DarHOBBIC ITaIeOIIe-
HO3bl aKKyMYJIMPOBAJIU YIJIEPO CO CPEIHEt CKOPO-
ctbio 5.2 rC/M?/ron (nmokaszatenb MeHsercs ot 0.4 1o
19.7 rC/m?/ron) B yKasaHHbIii iepuon (puc. 5).

Takum 0o6pa3zom, B pa3BUTUM OKpPaUHHOI yacTu
oonora “I'maBHOE” HamboJiee aKTUBHAST aKKyMYJIsi-
LIMsl yIiiepoaa MpoucxXoAauiia B Havalie cyoaTiaHTuye-
CcKoro mepuona, Ha l-il ctamuu, Korma B YCIOBUSIX
YMEPEHHOIO YBJIAXHEHUS W JOCTaTOYHO OOraToro
BOAHO-MUHEPAJILHOIO IMTUTaHUsI ObLIN chopMUpPOBa-
HbI MaJIe0COOOIIECTBA C BBICOKOM A0Jeii IPpeBECHbBIX
nopon (Betula sp., Salix sp.). IlocreneHHOe HaKoOILIe-
HHE TOPPSIHBIX OTJIOKEHUT CITIOCOOCTBOBAJIO YBEIMYE-
HUIO BJIQKHOCTH OMOTOIA U CHUKEHUIO TOJIU APEeBEC-
HBIX MOPOJ1, 2 U3MEHEHUE TMAPOXUMUYECKHUX TTOKa3a-
TeJieil obecrieuymsio yBeIndeHrue OOWIMsI C(arHOBBIX
MXOB (Sphagnum riparium, S. teres). B nieiom, najeo-
coo0lilecTBa OKpanHHOI YacTu 60j10Ta AEMMOHUPOBa-
JIM YIJIEPOA cO cpemHeil ckopocthio 7.4 1C/M?/Ton
B T€UEHUE CyOaTIAHTUYECKOTO MEPUOIA.

CrraBMHa HEeHTpabHOIT JacTu 60i10Ta hopMu-
poBajlach B YCIIOBUSIX CTAOMIIBHO BBICOKOTO YBJIaXK-
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HEHUS U 6eTHOTO aTMOC(HEPHOTO IMTUTAHUS B TEUCHUE
nociaenHux 800—900 net. B Takmx yciaoBuUsIX comep-
XXaHue yriepoaa B TpaBsIHO-C(harHoBBIX M carHo-
BBIX TepeXonHbIx Topdax (c ydyactueM Sphagnum
magellanicum, S. fallax, S. angustifolium) Bapbupyer
ot 16 mo 39.8% (B cpemnem, 34.7%) (puc. 4).
ITpu 3TOM, CKOPOCTH AKKYMYJISILIAM YIJIEPOAa Ha pas-
HBIX CTAIVSIX Pa3BUTHSI CIIABUHBI MEHSIETCST, UYTO 00y~
CJIOBJICHO UHTEHCUBHOCTBIO BEPTUKAIBLHOTO TIPUPOCTA
Topda. Ha TpaBsiHO-charHoBOi cTaguu mnokKaszaTeslb
cocraBua 57.6 rC/m?/ron (ot 45.7 no 77.3 rC/m?/ron).
Ha carnoBoii ctagum reHe3uca CIJIaBUHBI CKO-
pOCTb JEMOHUPOBAHUS Yrjiepoia MajeoleHOo3aMu
yBeJIMYMIACh, B cpenHeM, 10 67.4 rC/m?/ron, a B
BepxHeM 50-CaHTUMETPOBOM cjoe — 10 146—
151.8 rC/m?/ron (puc. 5). B esioM, B pa3BUTUU CILIA-
BUHBI BO BTOPOI MOJIOBUHE CyOaTIaHTUUECKOTO TIe-
pyoaa akKyMyJIsSiLivsl yIiiepozaa IMpoTeKaja co CKOpO-
croio 79.3 rC/m?/ron (ot 8 no 151.8 rC/m?/rom).

CpaBHeHUe coaepKaHUsI yIepoaa mo npoduisiMm
TOPMSIHBIX OTJIOXEHMI pa3HBIX dYacTeil 0Oomora
“ImaBHOE” M CKOpOCTEI aKKyMYJISILIMU yIjIepoa Iia-
JIEOLIEHO3aMU CBUACTEIBCTBYET O TOM, YTO MMEHHO
CIUIABUHHBIE ME30- U OJIMTOTPO(MHBIC COOOIIeCTBA
SIBJISIFOTCSI OCHOBHBIMM pe3epByapamMu yriiepona. Ha-
TYpHbIE U3MEPEHUSI MOTOKOB yIjiepojia TakxKe MoKa-
3aJIu TIpeobaagaHue TMPOLECCOB CBS3bIBAHUS YIJIe-
KUCJTOTHI HAJl ee AMUCCUEll B aTMocdepy ISk pacTh-
TEJIBHBIX COOOIIECTB LIEHTPAIbHON YaCTU CITJIABUHBI
B TEYECHME BCErO BEreTallMOHHOTO ce30Ha. B coobiiie-
CTBax OKpaiiku 60JI0Ta MHTEHCUBHOCTh JCTTIOHUPO-
BaHUs yrjiepojia CHUXajach U MoKa3aTelb COOTBET-
CTBOBaJl UHTEHCUBHOCTU 3MUCCUU WUJIM CTAHOBUJICS
cymectBeHHO Humke (Olchev et al., 2012, 2013, 2014,
Volkova et al., 2017b; Leonova et al., 2021). D10 cBume-
TEBCTBYET O TOM, UTO OKpaiika 60710Ta MOXKET SIBISITh-
¢S KaK pe3epByapoM, TaK U UICTOYHUKOM YIJIEKMCIIOTO
raza. [Ipu aToM criaBMHa LIEHTPaJIbHOM YacTH, 0J1aro-
Japsi UHTEHCUBHOMY YBJIAXKHEHUIO, HU3KOM CTeNeHU
pa3noKeHUsI paCTUTEIbHBIX OCTaTKOB, OSTHOMY BOJ -
HO-MUHEPAJIbHOMY IMTAHUIO Y JTOMHWHUPOBAHUIO
carHOBBIX MXOB, XapaKTepPU3yeTCs] AKTUBHBIM Bep-
TUKAJIBHBIM TIPUPOCTOM TOp(da U BBICOKOIT CKOpO-
CThIO aKKyMYJISILIUM YIJIEpoa.

PactutenbHblii TOKpoB OGojiota “Kouaku-1”
cchopMupoBaH Ha criiaBuHe. OaHAKO MO AHY MOHU-
JKEHMSI TakxKe oOHapykeHbl TOp(MhsHbIE OTIOXEHNS,
YTO TMO3BOJISIET paccMaTpuBaTh 3ajieXb KakK pa3o-
PBaHHYIO U COCTOSIIIYIO U3 CIUIABUHHON U TIPUIOH-
HOM yacTeil, pa3ae/ieHHBIX “JIMH30M” Boabl. [11yOuHa
MpoBajia, B KOTOPOM C(hpOpMUPOBAHO OOJIOTO, TOCTU-
raet 7.5 M (Volkova et al., 2017a). TopdsiHBIE OTI0KE-
HUSI TIOACTWIAIOTCS O3€pPHBIMM DIMHamu. bBypeHue
3ayiexxu nposeaeHo B 2016 u 2020 rr. Pe3ynbraThl Oy-
peHUus TOoKa3ajiu, YTO KOJIOHKM OTJIMYAlOTCS IIO
MolitHocTH (7.5 u 5.7 M), 4TOo 0OycCOBIEeHO (hopMoii
JIHA KapCTOBOTO MOHMXKeHUs1. TeM He MeHee, CTPYK-
Typa M OOTaHUYECKUI COCTaB TOPMSHBIX KOJIOHOK
Be€CbMa CXOJIEH, YTO TTO3BOJISIET IKCTPAIoOJUpOBaTh
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pamnoymieponHbie matupoBKH 2016 T. Ha COOTBET-
CTBYIOLIIME MO CTPYKTYpE TOPU30HTHI TOPDSIHOMN KO-
JIOHKHU, oToOpaHHOI B 2020 T.

ITpunoHHasi yacTb 3aJ1eXK1 UMEET MOIIIHOCTb OKO-
J10 70 cM Mo THY MOHMXKEHMS U 3ajieraeT Ha IIyOrHe
ot 500—570 cM 1o 680—750 cm. DopMuUpPOBaHUE ITUX
OTJIOXKEHUI HaYaioCh B ceperHe CyOaTJaHTUIYECKO-
ro niepuoaa (mpuoausutesibHo 1200 KannOpoBaHHBIX
neT Ha3axd). Kak mokazanu pe3ynbraThl u3ydyeHus 60-
TaHUYECKOro cocTaBa TopdsHoi KoaoHKH 2020 ro-
nma, Ha moayomHe 520—570 cMm 3ajeraeT TWMITHOBBIH
Top®d, B KoTopom yuactue Drepanocladus sp. mocTu-
raet 60—90% (puc. 6). Ha rnyoune 500—520 ¢cM B co-
craBe Topda yBeJIUUMBACTCS HOJISI OCTATKOB TpaB —
Calamagrostis sp., Menyanthes trifoliata, Scirpus sylva-
ticus, Carex sp. (cymmapHo — 10 55%), a Takxe coar-
HOBBIX MXOB (Sphagnum palustre, S. teres, np.). DT10,
Hapsily ¢ coxpaHeHueM ocTtaTkoB Drepanocladus sp.
u Calliergon sp., obecneunio hpopMrUpOBaHUE TPaBSI-
HO-MOXOBOTO HM3MHHOro Topda mnpumepHo 800—
1000 net Ha3am. B yca0BUSIX BBICOKOTO YBIaXKHEHUS
CTeTeHb pa3JIoXKeHUsT TOP(HOB MPUIOHHOI YacTu 3a-
JIexXu He npeBbiiraeT 20—25%.

Hayiee B CTpyKType 3ajieXu UMeeTcsl pa3phiB (C
450 cm go 300 cm), IIpencTaBiIsIOIInil cO00i “IMH-
3y”’ BOIBI, BEIIIIE KOTOPOI c(hOpMUpOBaHa CIIJIAaBHHA.
Hwxnss yacts crimaBuHb! (200—300 cm) o6pa3zoBaHa
TPaBSIHBIM Y TPaBsiHO-C(arHOBbIM HU3UHHBIMU TOP-
damu (creneHb pasnoxkeHus — 15—20%) ¢ yuactuem
Menyanthes trifoliata, Scirpus sylvaticus, Comarum pa-
lustre, Carex sp., Calamagrostis sp., Equisetum sp., a
Takke Sphagnum palustre, S. teres, S. fallax n np. Ta-
Kol cocTaB TOphOB cxOoleH ¢ TOpHOM MPUIOHHOM
YacTH 3aJ1€XXU Y CBUAETEIbCTBYET O BO3MOXHOM “OT-
pbIBE” CIUIaBUMHBI B pe3yJibTaTe Pe3KOTro 0OBOAHEHUS
TMMOHUKEHUSI.

HanbHeiilee pa3BUTHE CIUJIABUHBI COMPOBOXKIA-
JIOCh MOCTENEHHBIM yBeJIMYeHUeM O0Jau aTMocdep-
HBIX OCaJKOB B MUTAHUU 00JIOTa U OOWIUS charHO-
BbIX MXOB B COCTaBe Maje0COOOIIECTB, YTO IUATHO-
cTupyeT c(harHoBBIiI HU3WHHBINA TOpd Ha IIyOMHE
80—190 cm, ob6pazoBaBimiics B mepuomn 130—530 kair.
JieT Hazaa. B BepxHUX ropuzoHTax TOpthsHOMN 3a1exu
Takoi Topd uepeayercst ¢ TpaBIHO-C(harHOBbIM JIMOO
MoxoBbIM (¢ Calliergon sp. Ha rmyouHe 30—40 cM) Top-
damu. CKopocTh IIpupocTa Topda Ha HavyaJIbHBIX
aTanax (GopMUpPOBaHUS CIJIaBUHBI COCTaBJIsljia
8.3 MMm/ron, 3aTeéM MHTEHCUBHOCTb TOp¢h0ooOpa3o-
BaHUSA CHM3WJIAch A0 3—5 mMm/ron. CoBpeMeHHas
pacTUTEeNbHOCTH 00JIoTa chopMUpPOBaHa HA TpaBSI-
HOo-c(arHoBoM Topde, UTO XapaKTepu3yeT OBICT-
pbIii TIepeXxo/ CTUIaBUHBI Ha aTMocepHOe TUTaHue
U “MOJIONOCTh” c(H)OPMUPOBAHHBIX ME€30- U OJIUTO-
TPOMHBIX COOOIIECTB.

Takum o6pazom, 3a00j1auMBaHe TOHUXKEHUS HA-
yaJloch C 3apacTaHusl Ha JHE HeOOJIbIIOW “JyXu”,
KOTOPYIO 3aCeIMJIU TUITHOBbIE MXU B CepeuHe CyO-
aTJaHTU4ecKoro miepuoma (puc. 6, l-g cramgus).
B nanbHeiimem, Ha TopdsHO# cyOcTpaT BCEIWIUCH
tpaBbl (Menyanthes trifoliata, Calamagrostis sp., Carex sp.)
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Puc. 6. Ctpaturpacduyeckasi muarpaMma CTpoeHUsI TOPMSTHBIX OTJIoKeH i 6oiota Koyaku-1 u cranuu pa3Butust: 1 — ruIrHO-

Basi, 2 — TpaBsIHO-MOXOBasl, 3 — TpaBsiHasi; 4 — carHoBasi, 5 — TpaBsiHO-cdarHoBasi (3BTpOGHBIM 3Tar).
Fig. 6. Stratigraphic diagram of the structure of peat deposits of the mire Kochaki-1 and the stages of development: 1 — hypnum,
2 — herb-moss, 3 — herb, 4 — sphagnum, 5 — herb-sphagnum (eutrophic stages).

¥ carHoBble Mxu. KoMOMHAIIMSI B MOXOBOM ITOKPO-
Be c(arHOBbIX M TUITHOBBIX MXOB CIIOCOOCTBOBaja
epexoay K TPaBIHO-MOXOBOM CTaIuK pa3BUTUS 00-
sota (puc. 6, 2-s ctagus). Beicokast B1akHOCTb GHO-
TOTIOB obecrieuunyia ciadoe pas3iokeHUEe pacTUTEb-
HBIX OCTaTKOB M, KaK CJIEACTBHUE, BLICOKYIO CKOPOCTh
npupocTta Topda.

HMmeronuiicss B CTpYyKType 3aj1eXKn pa3phiB ClIemy-
€T OOBSICHSITh PE3KUM U CUJILHBIM OOBOTHEHUEM 3TO-
ro MOHWXeHUs1 B nepuon 650—750 kan. jet Hazan,
YTO BBI3BAJIO OTPHIB BEpXHEH ci1abopas3ioXXUBIIECHCS
yacTu TOpGsTHOM 3a/IeXKu U ee BCIUTbIBaHUEe. B najb-
HeIeM, 13 3TOM OTOEIMBILIEICS YacTU ChOpMUPO-
BaJlach criaBuHa. Ha HavalabHBIX 3Tamax pa3BUTUS
CTIJTaBMHBI ObLJIU 00pa30BaHbI TPaBSIHbBIE MTAJIEOIIEHO-
35l (puc. 6, 3-51 cTagus).

INocrenenHo B mUTaHUM 0OJIOTA YBEJIMYNBAJIACH 10~
JIsT aTMOC(EPHBIX 0CATKOB, YTO OOSCTICUIIIO JOMUHI -
poBaHMe c(harHOBBIX MXOB U (popMUPOBaHNE 3BTPOd-
HBIX ¢(parHOBBIX TTAJICOLIEHO30B (puc. 6, 4-51 cTanus) B
Tedenune nocienyrommx 300 neT. Beicokass BIIaXKHOCTH
crutaBuHBI (B cpeqHeM, 1380%) criocobcTBOBaa cia-
OOMYy pa3JIOKEHUIO OTMEPIIMX YacTeil pacTeHUII U aK-
TUBHOMY BEPTUKAJILHOMY IIPUPOCTY Topda.

Paspacranme mo cparHoBoIi CriIaBuHE TpaB obec-
MEYUIIO TIEPEXO0]T K TpaBsTHO-C(parHOBOM CTaauu pas3-
BUTHUS 6os10Ta (puc. 6, 5- cTagus), 4TO IIPOU3BOIILIO
npumepHo 200 kan. net Hazan. CremyeT OTMETHUTH
HaJu4yue B CIUIaBUMHE TPOCIONRKU MOXOBOTO TOp(a,
KOTOpasi CBUACTEIILCTBYET 00 YBEIMUYCHUN YBJIAXKHE-
HUS U TPODHOCTU NUTAIOLIUX BOJ, UTO SIBJISIETCS, [1O-

BUIUMOMY, CJISACTBUEM YCUJICHUS BSPO3UOHHOTO
cMbIBa ¢ nipwieraioniux Teppuropuii (Volkova et al.,
2017a). BmocnencTBum IIPOM3OILIO BOCCTAHOBIIC-
HHUE, KaK OKPYXaIIINX JaHaIadTOB, TaK U TPaBsI-
HO-Cc(ParHoBKIX MaJICOLIEHO30B Ha CIUIaBUHE. AKTUB-
HBI BepTUKAJIbHBIA POCT CIUIAaBMHBI U Iepexod Ha
aTMocepHOoe MUTaHNUE CIIOCOOCTBOBAIN (POPMUPO-
BaHUIO ME30- M OJIMTOTPO(MHBIX LIEHO30B B COBpe-
MEHHOM PacTUTEJIbHOM MOKPOBE.

ITo mepe pa3BuTHs 60JI0Ta IIPOUCXOINITIA AKKYMY-
JISILMS yIJIepona B ero TOpGhIHBIX oTIoXeHUs X. Co-
IepkaHue yriepoaa o mpodito TophSHO 3amesku
6osora “Kouaku-1” BapbupyeT BecbMa CYIIECTBEH-
HO: oT 1 10 43.3% (puc. 4). [1pu 3TOM, MUHUMAJTBHOE
3HaueHHWE CBOMCTBEHHO TUITHOBOMY Topdy, chop-
MUPOBAHHOMY MO OHY MOHWXeHUs. CTOJIb HU3KUE
nokKaszaTesii OOyCJIOBJIEHBI BBICOKOM IIOJIC TJIMHU-
CTBIX YaCTHUII (30IbHOCTh NPUAOHHBIX 00pa3noB 70—
78.8%). anbHeiiee HaKOTIJICHNE TUITHOBOTO Topda
CITOCOOCTBOBAJIO YBEJIMYCHUIO OOJIU yIiepoaa g0 23—
24%. B cpemHeM, comepxXaHWe yIiaepoaa B MPUIOH-
HBIX TOPU3OHTAX 3aJiexku cocTasisieT 14.5%. [1pu aToMm,
CKOPOCTh aKKyMYJISILIMM yIjiepoda TajeoleHO3aMUu B
cepenrHe cybaTIaHTUYECKOTO Teproia Bo3pacraia oT
3.5 10 62.7 (8 cpenneM, 40.3) rC/m?/ron (puc. 7).

B TpaBstHBIX 1 TpaBsIHO-Cc(arHOBEIX TOpdax, pop-
MUPYIOIIMX HIXKHIOI 4YacTh CIUIAaBUHBI (IIyOMHA
190—300 cm), conepkaHUe yIiiepoaa yBeJIMUNBaCTCs
10 43.3%. UHTEHCUBHOCTD IeMTOHUPOBAHMUS YIJIEPO-
la TaKMMM I1aJieOlleHO3aMM BO3pacTaeT, B Cpel-
ToM 108 2023
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Puc. 7. CKopocTh aKKyMYJISILIMU YIJIEPOIa (FC/Mz/l"OI[) B
reHesuce 6osota Kouaku-1.

Fig. 7. Rate of carbon accumulation (gC/mz/year) in the
genesis of the mire Kochaki-1 (abscissa axis — age, years;

ordinate axis — rate of carbon accumulation, gC/ mj/year).

HeM, 1o 200.3 rC/m?/ron, uameHssach oT 148.5 no
303.9 rC/m?/ron).

Ilepexon kK ccharHOBOI cTaAyM pa3BUTHUS CILIABU-
HBI TIpou3olien npuMepHo 500 Kaj. JeT Has3am, 4To
IMarHOCTUPYIOT carHoBble Topda, 3aneraioiime B
ocHoBHOM yacTu criaBuHbI (0—190 cm). Conepxa-
HHE yIiiepoja B TaKUX TOpdax coCcTaBiseT, B Cpel-
HeM, 29.7% (puc. 4). B ykazaHHBII mepuom CKo-
pOCTb aKKyMYJISILMM yTJepojda COCTaBJsia MpU-
mepHo 148.7 rC/m?/ron (puc.7), yBeIMUUBASACH 10
305 rC/m?/ron B TpaBsAHO-C(MATHOBBIX IMAJEOLEHO-
3ax (COOTBETCTBYIOT Topdy Ha ryobuHe 20—30 cm),
chopmupoBasmmxcs B mociaenane 30—40 ner.

Taxkmm obpa3om, mo mepe pas3Butusg 6omnora “Ko-
yaku-1” mpoucxonuno ¢popMupoBaHue charHoBoit
CIUIaBUHBI, YTO COMPOBOXIAIOCH YBEJIUUYEHUEM WH-
TEHCUBHOCTH J€MIOHMPOBAHMS YIJiepoaa Majaeocoob-
IIECTBAMU U CIOCOOCTBOBAJIO YBEJIMYEHUIO COHEP-
XaHUs yriaeponaa B Topdax. Hanbosee akTUBHO 3TOT
mpoliecc NpoTeKan Ha cparHOBO# cTaauu pa3BUTHUS
6oJsoTa.

3AKJIIOYEHHME

IIpoBeneHHOE CpaBHEHME NMHAMMUKM pa3BUTUS
BOIOpa3AeabHBIX KapCTOBBIX 0OoyioT “InaBHOE” M
“Kogaku-1” moka3zajo, 4ro nx (popMHUpoOBaHUE Ha-
yajjoch B CyOaTJaHTUYECKMIA TIepuoid ToJIolleHA B
YCIOBUSIX BBICOKOTO yBIaxkHeHus. Crieruduka rui-
POJIOTUYECKOTO peXruMa OOJIOT WIM MX OTIACIbHBIX
yacTeit cnocobcTBoBaIa (GOPMUPOBAHUIO PA3HBIX 1O
CTPYKType TOPDSIHBIX 3anexeii. DopMupoBaHUe 1ie-
JIOCTHBIX WJIM Pa30PBaHHBIX OTJIOXKECHUIA HAUMHAJIOCh
Ha JHe noHMkeHus. [1pu yMepeHHOM yBJIaXKHEHUU
npoucxoaunio ¢GopMUpOBaHME NAJIEOLEHO30B C yJa-
CTHEM NPEBECHBIX IOPOHA, IPU BBICOKOM (HEOOJb-
10K 00beM “JIy>Ku” Ha AHE) — C YYaCTUEM 3€JICHBIX
MXOB. B manbHeiiiieM, Ha IpUpoCT TOPPSIHBIX OTIIO-
KEHUI CyIIeCTBEHHOE BIMSIHUE OKa3bIBa TUAPOJIO-
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rudeckuii pexuM. [Ipu cTaGUILHOM YyBJIAKHEHUU
BEPTUKAIbHBINA TPUPOCT OBbUI JOCTATOYHO PaBHO-
MEPHBIM, YTO CIIOCOOCTBOBAJIO (DOPMUPOBAHUIO 1IE-
JIOCTHOI CTPYKTYpHI 3ajieXu. [1pu pesakoM o6BoIHE-
HUU TPOUCXOANII OTPBIB CJI0SI TOPGSIHBIX OTJIOKEHUA
U HAYMHAJIOCh Pa3BUTHE CIUIABUHBI, T.€. 3aJIEXb CTa-
HOBUJIACh pa30PBAHHOIA.

CnaBuHHas —3ajeXb (QopMUpOBaliach IIpu
OOMJIBHOM YBJIaXXHEHUM (HA ITOBEPXHOCTU BOAHBI B
MOHMXKeHUM ). HavanbHbIe 3TAllbl €€ TeHe31uca MOTJIN
obITh pasznnyHbiMu (Volkova, 2010; Volkova, 2018),
HO WCIIOJIb30BaHME B IMMTAHMM KOPHEOOMTAEMOIO
TOPU30HTA MPEUMYIIECTBEHHO aTMOC(EepPHBIX Ocal-
KOB CIIOCOOCTBOBAJIO IEpexoay K Me30- U OJIUTO-
TpodHOMY 3Tanam pa3putus. CienoBaTeIbHO, €CIU
pa3HBIe 4YacTU OO0JIOTa OTIMYAIOTCS TI0 XapaKTepy
yBJIAXKHEHMUSI, TO 3a0oJlauvMBaHME IIPOUCXOIUT pas-
HBIMU IIyTSIMU, YTO B OaJbHEUIIEM CIOCOOCTBYET
GOPMHUPOBAHNIO KOMIIEKCHOTO PACTUTEIBHOTO T10-
KpoBa.

Takum obGpaszomMm, dopMuUpoBaHUE CIUIABUHHBIX
oonotr CpemHepycCKOM BO3BBILLIEHHOCTU, 00pa3o-
BaBIIIMXCS B ICMPECCHUIX KapCTOBO-CYy(h(HO3NMOHHOTO
MIPOMCXOXIEHHUS, TPOTEKAET IM0-Pa3HOMY, UTO I103-
BOJISIET BBIIECIUTHL TUIIBI 3a0ojauynBaHusi. BepTu-
KaJlbHOE HapacTaHue Topda MPOUCXOOUT IIPU Cia-
OOM MM YMEPEHHOM YBJIaXXHEHUU NEIPECCU, YTO
OOBIYHO CBOMCTBEHHO HAaYaJIbHBIM CTagusIM (OpMU-
poBaHUSI 00JIOTA WJIM COXPaHSETCS 110 OKpaiKaM.
CrraBUHHOE 3apacTaHue XapaKTepHO IS TITyOOKMX
U CUJIBHOOOBOTHEHHBIX OMOTOIIOB, PACIIONOXKEHHBIX
OOBIYHO B LICHTPAJILHOM YacTu Aenpeccun. I1pu mus3-
MEHUBIIEMCS PEXXKMME YBIAXKHEHUS IIPOUCXOIUT I10-
clieqoBaTeIbHOE 4YepeloBaHUE BEPTUKAJIbHOTIO Ha-
pactanust Topda (o THY MOHMKEHMSI) W CIIJIaBUH-
HOTO 3apacTaHus (IIOCJIe OTPhIBAa OTJIOXEHUM M MX
BCIUIbIBaHUS). Takxke BO3MOXHO OTHOBPEMEHHOE
BepTUKaJIbHOE HapacTaHue Topda mo oKpaiikaM U
CIJIaBUHHOE 3apacTaHUE I1IEHTPaJbHOM 4YacTu Ie-
MPECCUHU, UTO B JaTbHEMUIIIEM MOXET CITOCOOCTBOBATh
MEPEKPHITUIO CIUIABUHOI TOP(MSIHBIX OTIOXKEHHU Ha
okpaiike 6onora (Volkova, 2018). Kak BumHO, He-
CMOTPSI Ha HAIMYKE CTUIAaBUHBI, TeHe31UC TaKUX 00JIOT
BeChbMa pa3HOOOpa3eH.

O1eHKa pojiy CIIJIaBUHHBIX OOJIOT B IETIOHMPOBa-
HUU aTMOCGEpPHOTIO yIjIepoja mokKasaja, 4To Hanbo-
JIee BBICOKOE COAepXKaHUE yriepoaa XapakKTepHO s
TOpdOB C BBICOKOI H0JIeit c(harHOBBIX MXOB (KaK HU-
3UHHBIX, TaK U IIepexXomHbIX). [Ipm 3TOM, Makcu-
MaJIbHbIE CKOPOCTH aKKyMYJISIIUU yriepoaa (c yde-
TOM CKOPOCTU BEpPTUKAJIBLHOTO Npupocta Topda)
CBOIICTBEHHBI MAJIEOCOOOIIECTBAM, KOTOpPhIe Chop-
MHUPOBAJIMCH B YCIIOBUSIX BBICOKOTO YBJIaXKHEHUS, UTO
OTMEYEHO KaK B MPUIOHHOM, TaK U B CIJIABUHHON
yacTsax TopdsHoii 3anexu Oojora “Kouakwm-17.
I1pu a3TOM, UMEeHHO B c(harHOBOI CIUIaBUHE MOKAa3a-
TeJIU NOCTUTAIOT Haubojiee BHICOKUX 3HAYEHUN (OO
237-305.7 rC/m?/ron). B crutaBune 6omora “Inas-
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HOe” TaKKe OTMeUeHa BHICOKAsT CKOPOCTh aKKyMYJIsI-
umu yoiepona (mo 146—151.7 rC/m?/ron) 1o cpaBHe-
HHUIO C OKPaWHHOU YacThlo (MaKCUMaJIbHbIE 3Haye-
Husa — 29.6 rC/m?/ron).

ITpoBeneHHBIE HCCIETOBAHUS TIO3BOJISIIOT OXa-
paKTepu30BaTh CIUIaBMHHEBIE 00JI0Ta KaK “meno” ar-
MocdepHoro yriaepona. Hapsmy ¢ yHMKaabHBIM pac-
TUTEJIBbHBIM TTOKPOBOM, COYETAlOIIMM Ipou3pacTa-
HHE pEeIKUX BUIOB M COOOIIECTB, Takue OoioTa
JIOJDKHBI SIBASITHCSI OOBEKTOM OXpPaHbI M 3aCyKUBa-
10T ctatyc OOIIT. BaxkHO OTMETUTH, YTO TOAAEpKAa-
HHe UX QYHKIMOHMPOBAHUS BO3MOXHO IIPU COXpa-
HEHUM TUAPOJOTHMYECKOTO peXMMa OKpPYXKAIOIIUX
JaHAIAa@TOB.
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DEVELOPMENT OF FLOATING KARST MIRES
IN THE NORTH-EASTERN PART OF THE MIDDLE RUSSIAN UPLAND,
AND CARBON ACCUMULATION IN PEAT DEPOSITS

E. M. Volkova**, O. A. Leonova“*, and D. V. Zatsarinnaya®?##

%Tula State University
Lenina Ave., 92, Tula, 300012, Russia
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The floating karst mires are unique natural ecosystems of the Middle Russian Upland, since they are habitats
of rare species and communities in the region with low paludification (0.5%), and also participate in the
deposition of atmospheric carbon. The study of the genesis of the floating karst mires will allow to develop
approaches to their conservation.

The purpose of this work is to identify the features of development and to estimate the intensity of carbon ac-
cumulation in the peat deposits of the floating mires of the Middle Russian Upland. The objects of the study
were the mires Glavnoe and Kochaki-1, located in the north-eastern part of the Middle Russian Upland. To
identify the genesis of the mires, the peat deposits were drilled and the botanical composition of peat was
studied. The carbon content (%) was determined in peat samples and the rate of carbon accumulation by mire
paleocenoses was calculated.

The conducted studies have revealed different types of paludification in karst depressions, accompanied by
the formation of a float, depending on a hydrological regime. It is shown that the most active vertical growth
of peat deposits occurs in conditions of high moisture content of mire biotopes. This contributes to the max-
imum accumulation of atmospheric carbon by mire paleocommunities (up to 79.3—125 gC/m?/year). The
highest carbon deposition rates are characteristic of the sphagnum and herb-sphagnum paleocenoses (up to
151—305 gC/m?/year) formed on the floats in the second half of the Subatlantic Holocene period. The results
obtained indicate the diversity of the genesis of the floating mires and characterize these ecosystems as a “de-
pot” of atmospheric carbon.

Keywords: karst mires, float, genesis, paleocommunities, carbon accumulation, Middle Russian Upland
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[Toagpo6GHO u3yuyeHbl ycjaoBUSI mpouspactaHusi Pinguicula vulgaris B okpecTHOCTSIX moceiakoB [lygocTb
(moiiMeHHBIH J1yT) U [TIs1mmHO (CyXOmOJBHBIM JIyT, HU3BMHHOE KJII0UeBoe 00J10T0) JIeHMHTpamcKoii 001acTu
U BIEpBbIC TTPOU3BEICHA OlIeHKAa CEMEHHOI MPOAYKTUBHOCTHU €¢ 0co0ei B TaHHBIX yciioBusix. HecMmoTpst
Ha 6JIM3Koe reorpacrieckoe pacroiokeHHe U OOIIYI0 TPUYPOYEHHOCTh 00eUX MOMmyIsauii K Mkopckoii
BO3BBILIEHHOCTHU (K BBIXOJIaM KapOOHATHBIX MOPO/), OHU Pa3IMyaloTcs 10 3aHMMAaeMOM IO, MUK-
popenbedy, CTeTIeHU OCBEIIEHHOCTH 0CO0eit B XOIe CBETOBOTO JTHS U YBJIAXKHEHUIO TTOYB (XOTSI M OIM3KOM
KUCJIOTHOCTH), a TakKe MO BUIAOBOMY COCTaBY pacTUTENIbHbIX coobiiiecTB (6osee 6oratomy B [Tynoctu).
B T0 Xe BpeMsi, He3aBUCUMO OT Pa3JIMUMil B yCITIOBUSIX TTPOU3PACTaHUsI, YPOBEHB 3aBSI3bIBAEMOCTH CEMSTH Y
ocobeit P. vulgaris B 06enX MOMYJISILUSX BO BCE TOIAbI KCCIIEA0OBAHUI ObUT 1OCTATOYHO BBICOKMM (64—80% B
IMynoctn, 70—72% B [NssmHO), 4TO YKa3bIBaeT Ha BHICOKUIA TIOTEHIIMAI BO30OHOBJICHUS BUIA B TTOTTYJISI-
LIMSIX TOCPEACTBOM CEMEHHOTO pa3MHOXeHMsI. OTMEUYEHO, YTO OCHOBHBIE (DaKTOPHI, TUMUTUPYIOLINE YK C-
JICHHOCTB TOITYJISIIN I SKUPSTHOK B JIeHUHTpancKoit 061acTu, Te Ke, UTO U B APYTUX MOITyissunsax CeBepHOM
EBporbl: MHTEHCMBHOE 3acejieHre TepPUTOPUil BugaMu, (hOPMUPYIOLIMMU SIPYC C BBICOKOW COMKHYTO-
CTBIO M 3HAYUTEJIBHOM BBHICOTOI, BEITANITBIBAHNE, HEOJATOMIPUATHBIE TTIOTOMHBIE YCIIOBUS B IIEPUOI LIBETE-
HUS U TUIOJOHOIIIEHUSI 0CO0€eii, CYIIIeCTBEHHO CHIKAIOIINE X CEMEHHYIO IMPONYKTUBHOCTL. OIHAKO, B OT-
JIMYME OT psiia CyOapKTUIECKUX IMTONYJISIuid P. vulgaris, TIe CHYKEHUE YPOBHS CEMEHHOM MPOTYKTUBHOCTH
MMPOMCXOIUT U3-3a HU3KUX TEMITEPATYP B KOHIIE KOPOTKOTO CE30HA BEreTallii U HEPETYISIPHOCTH PEIpo-
IyKuy (0CoOOEHHO MpHU IMPOABIZKEHNH B TOPHEIE YCIIOBHS), B JIeHMHIpaacKoit o61actu (¢ 60j1ee IIUTelb-
HBIM CE30HOM BereTalM M PeryjsipHOCTbIO PEeNpOAYKIIMHU) YPOBEHb CHUXKAETCS, IJIABHBIM 0Opa3oM,
BCJIEACTBUE IJIUTETBHBIX 3aCYIIUIMBBIX YCIOBHUI BO BpeMsI IIBETEHUSI M TTIOMOHOIIEHMS 0OCOOEH 1 YCUIICHMS

3aTEHEHUS] pAaCTEHUI.

Karoueswie crosa: Pinguicula vulgaris, Lentibulariaceae, JlenuHrpanckast ooyactb, CeBepo-3anaaHblii peru-
oH Poccun, ceMeHHast IpOAYKTUBHOCTD, 9KOJIOIMYECKUE YCIOBUS IIPOU3PACTaHUs, pACTUTENIbHbIE CO00-

LIeCTBa
DOI: 10.31857/50006813623070037, EDN: ESITDK

Pinguicula vulgaris L. (xupsgHKa OOBIKHOBEH-
Hasi) — MHOTOJIETHEe TPaBIHUCTOE pacTeHUE, SIBJISI-
foleecst, Kak M Bce OCTaIbHbIe BUIBI ceM. Lentibula-
riaceae Rich., miorosaaeimMu opranuzmamu (Lloyd,
1942; Casper, 1966; Zemskova, 1981, u ap.). Cornac-
HO npu3HaHHOIT cucteMe S. Casper (1966), Bo MHO-
rOM TIOATBEPXIEHHOM JaHHBIMU MOJEKYJISIPHO-
dunorenernyeckoro aHanusa (Cieslak et al., 2005;
Degtjareva et al., 2006; Shimai et al., 2021), Bux oT-
Hocutcs K noapony Pinguicula Casper pona Pinguicu-
la L. (cexuus Pinguicula Casper).

ITpouspacranue P. vulgaris ipuypodeHo IJIaBHbIM
00pa3oM K ceBepHbIM paiioHamM EBporibl, 3anmagHoii
Cubupu 1 AMepuku (C yMEPEHHBIM U CyOapKTUye-

CKMM KJIMMAaTOM ), HO B TOPHBIX paliOHaX C XOJIOTHBIM
KJIMMaTOM OHa HEepeIKO BCTpedaeTcs: 1 Ha rore EBpo-
el 1 Cubupwm (Casper, 1966; Arkticheskaya..., 1983;
Legendre, 2000, u ap.). Bo MHOTUX permoHax, B TOM
yuciie Ha Teppuropun Poccum, 310 penkmii Bum C
OYEeHb MAJIOUYMCIIEHHBIMU MECTHBIMU MOMYJISLIUSIMU.
B JIenunrpanckoit oomactu u3BectHo 13—15 mecro-
HaxoxneHuit P. vulgaris, B TOM 4nClie B OKPECTHOCTSIX
noc. ITynocte u Imsinuno (IatynHckuii u JIomoHO-
COBCKHUII p-HBI COOTBETCTBEHHO). O0e TeppUTOpUU
OBLIN IIPEIIOKEHBI IJIsl BBEICHUS OXPAaHHOIO CTaTy-
ca (Boch, 1985, 1992; Vasilevich, 1992; Budantseyv,
2006), a BUI OTHECEH K Kateropuu 1 — “BHIBI, HAXO-
ISIIAECs MO YIPO30il NCYE3HOBECHMsI’, K IIOIKaTe-
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ropun — “ys3BUMbIC BHIBLI C HEOOJBIINM KOJIWYE-
CTBOM JIOKQJIWUTETOB WU MOJIOBO3PEIBIX 0CO0eii”
(Krasnaya..., 2018).

PaspaboTrka cTparerum coxpaHeHust P. vulgaris B
pPa3JIMYHBIX PETMOHAX HYXIaeTcsl B IeTAILHOM U3Y-
YEHUU DKOJIOTMUYECKUX YCIIOBUI ee Mpou3pacTaHus,
a TakXe B OLIEHKE €€ PENPOAYKTUBHOTIO yCIieXa B 3TUX
YCJIOBUSIX, U, B YACTHOCTU, TAaKOTO TOKa3aTessl KakK
ceMeHHasi NpOoAYKTUBHOCTb ocobeil. Kak n3BecTHoO,
MMEHHO B3TOT ToKa3aTenb (Hapsily CO BCXOXECTbIO
CeMsIH) TI03BOJISIET OLIEHUTD YCITeIITHOCTh BO30OOHOB-
JIEHUs BUZla TTIOCPEICTBOM CEMEHHOTO Pa3MHOXEHUS
B MOITYJISILUSIX, & €T0 CpaBHEHUE B Pa3IMYHbBIX YCIIO-
BUSIX MpPOU3PACTaHUSI CIIOCOOCTBYET BBISIBJEHUIO
¢dakTOpOB, OrpaHUYMBAIOIIUX pacceieHue ocobeit
BUJa Ha U3y4yaeMbIx TeppuTtopusix (Zlobin, 2009a, b).
OnHako cBeleHUs1 Takoro ponaa wist P. vulgaris, npo-
uspacratoiieit B latunHckoMm, JIoMOHOCOBCKOM U
npyrux paitoHax JIeHMHrpaackoi odsacTu, paHee B
JiuTepaTtype He MPUBOAUIUCH. B 3TOM OTHOLIeHUU
ropasiio IoJjiHee U3y4YeHbI LIBEACKUE, TPEHIaHICKUE
1 OpUTAaHCKME TIOMYJISILIMM TaHHOTO BUIA, MPUYEM
MPEUMYIIECTBEHHO B CY0apKTUUYECKUX YCJIOBMSIX
(Molau, 1993; Heslop-Harrison, 2004, u np.).

Llenp HacTostiieir paGOTHI COCTOsIa B CpaBHU-
TEJTbHOU OIleHKE SKOJIOTUYECKHMX YCIOBHUI TIPOU3-
pactanus Pinguicula vulgaris B nByx myHkTax JIeHUH-
rpajcKoii 001aCTH, a TaK>Ke pa3JIMYHbBIX MoKazaresieit
CEMEHHOM MPOIYKTUBHOCTHU €€ 0COOEIT B TaHHBIX Me-
CTOOOUTAHMUSIX.

MATEPHAJIBI U METObI

YcnoBus nipouspactanus P. vulgaris iccienoBaiv
B XOlIe MOJEBHIX paboT B uioHe u uioje 2021 1. B
oKkpecTHOCTsIx ItoceikoB Ilymocts (l'aTumHCKuUi
paiioH) u ImaaguHo (JlomoHOcoBckuit paiioH) Jle-
HUHTpanckoit ooi. ITox momysimeii B faHHOM pabo-
T€ TIOHMMAETCsI JIOKaJIbHAasi COBOKYITHOCTh BCEX 0CO0ei
KUPSIHKU B MccenyeMbIX TyHKTax. [lioians, 3aHu-
MaeMylo TIOIyJISILIME, €€ YMCIEHHOCTh, KOJIMYECTBO
TOJIOBO3PEJIbIX 0COOEI OLIEHUBAM BU3YAIBHO.

HaszBaHus pacTeHuit B cTaThe MPUBOASITCS B COOT-
BeTcTBUM ¢ WMIUIIOCTpUpPOBaHHBIM OMpeAeIuTeeM
(Illyustrirovannyi..., 2006) u AomoJHEeHUEM II0
(Tzvelev, 2000).

JJ1s1 Kaxkaoro cooOI1ecTBa ¢ y4aCTUEM KUPSHKUA
BBISIBJISUTM TIOJIHBIA BUAOBOII COCTaB COCYIUCTBIX
pPaCTeHUI1, YKa3bIBaju o0llee MMPOSKTUBHOE TTOKPhI-
te (OIII, %), npoekruBHoe mokpeiTue (II1, %)
KYCTapHUKOBOTO, TPaBIHOIO UM MOXOBOIO SIPYCOB,
OTOJIEHHOTO TpyHTa. JIJIs1 KaXA0T0 BUIA COCYIUCTHIX
pacTeHuii yKasblBajJloCh OOWIMe IO 1uKajae Hpyne,
JJ1s1 HanboJiee OOUIBHBIX BUAOB — MPOEKTUBHOE IO~
KpbITHE B %. MOXOBOI1 SIpyC OIIEHUBAJICS TOJHKO B
LIEJIOM, T.K. XKUPSIHKY TTIOYTU HE BCTPEUYAJIUCh B MOXO-
BOIi nepHuHEe. B 60Jiee OHOPOIHBIX YCIIOBUSX B OKP.
noc. [TymocTs (371aK0BO-pa3sHOTPABHBIN MOMMEHHBIN
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JIYT) TUIOIIAIKH! JJIsi OMMCAHUS BBIACISIACH IPOU3-
BOJIbHO U 0003HaueHkbl Kak P1, P2 u P3; B xone kame-
paibHOI 00pabOTKM TPU OMUCAHUS ITUX COOOIIECTB
CBeIeHbBI B OTHO, ¢ o06o3HaueHneM P1—P3. B I'maon-
HO XUPSHKHN 3acelisIioT 3 OJM3KOPaCIIONOKEHHBIX
MECTOOOMTAaHMSI C pa3HBIMU COOOIecTBaMu: 1 — pa3-
HOTpaBHBII pa3peKeHHbBIN JIyT HAa CKJIOHE Haj 00J10-
TOM, 2 — 3J1aKOBO-XBOILIOBO-MYIINIIEBO-3€JIEHO-
MOIIIHOE KJII0UEeBOE 00JI0TO, 3 — OTKPHIThIC TPYMIIH-
POBKM Ha O00OYMHAX IIMHUCTOI JIECHOM HOPOTU I10
Kpalo HEBBICOKOTO Jieca. DTU COOOIIIECTBA OIMChIBa-
JINCh ¢ 0003HAYCHUEM IIPOOHOI IJIOMIAJKU B KaX-
oM kak G1, G2 m G3 coorBeTcTBeHHO. Onncanne
G3 B cTaTbe He IPUBOAUTCS U3-3a OYSHB HEOOJIBIIION
TEPPUTOPUU, 3aCEJICHHON XKUPSIHKAMMU, U UX MaJIO-
YHUCJIEHHOCTH.

B 0601x myHKTax XXUPSTHKU MOCESIOTCS B MECTaxX
BbIXO/Ia Ha MOBEPXHOCTb CUJIbHO KapOOHATU3UPOBAH-
HBIX MOA3EMHBIX BOI, (DOPMUPYIOIINX CBOCOOPA3HYIO
KapOoHaTHYIO TopHyI0 Imopoay — raxy (Geologi-
cheskiy ..., 1973), nmpencrapJisitolyto codoii pacchimya-
TYIO TIOPOIIKOOOPa3HYI Maccy YIVIEKHUCIOTO Kallb-
1IMs1, CMEIIMBAIOIIYIOCS C INIMHAMU U 00pa3yollylo
TJIACThI TaK Ha3bIBA€MOI NIMHOU3BECTU; TTIOYBbI OTHO-
CSITCSI K TUIY IepHOBO-KapOoHaTHBIX (Natzionalnyi At-
las pochv ..., 2022). OnpeneineHrue MX KUCIOTHOCTU
(pH, BomHasi BHITSKKA) TPOU3BOIMIIM B JIa0OPaTOPHBIX
ycyioBusix mo MetonukaM E.B. ApuHymikunHoi (Ari-
nushkina, 1970) u JI.A. BopobbeBoii (Vorob’eva,
1998). C sT0li 1IeabI0 OTOOpaaud IPOOLI BEPXHETO
IMOYBEHHOTO CJIOSI Ha BCeX MPOOHBIX IIJIOIIAamKax
(Bcero 6 ipo6). I1o kaxknoit mpobe MpoBOAUIU 3 13-
MEpPEHUs1, BBIYMCIISIIU CPENHUE 3HAaUEeHUs 0e3 pacue-
Ta olIMOKY. BiIaskHOCTh ITOYBBI OLIEHUBAIN MOJIEBBIM
METOAO0M (TaKTUJILHO) C TpafaliusiMu: cyXasi, CBexas,
BJIaXKHas, cbipasi, Mokpas (Ipatov, Mirin, 2008).

HabGaromenust 3a coctossHUEeM ocobeit XXKUPSHKHA
poBoIWIN B TeueHue 6 jiet (¢ 2016 mo 2021 r.); uc-
cJIeJOBaHMS X CEMEHHOU MpOoAyKTUBHOCTU — ¢ 2019
o 2021 r. BKIIOYUTEIbHO, B COOTBETCTBUU C METO-
IudyecKuMu pekomeHmauussMu  T.A. PabGoTtHoBa
(Rabotnov, 1960) u M.B. Baitnarus (Vaynagiy, 1974).
B o06oux mmyHKTax, Ha KaXXmoi M3 MPOOHBIX TIIOMIA-
JIOK, 3aKJIaJBIBAIN TIOCTOSTHHYIO YYETHYIO TUIOIIAKY
pasMepoMm 2 X 2 M, aHaJIOTMYHO 0003HaYeHHbIe P1—
P3 1 G1—-G3. Ha xaxmoit ydeTHOH MJIo1aaKe OToM-
panu oT 10 mo 30 rmIogoB-KopoOoueK (B 3aBUCHUMOCTH
OT KOJIMYECTBA TJIOAOHOCSIIUX 0coOeii Ha Mo~
K€) U OlLleHUBaJIM MOKa3aTeju MOTeHUUaIbHOM, pe-
aJIbHOI CEMEHHOI MPOAYKTUBHOCTU U Koa(ddUiim-
eHTa MpoAyKTUBHOCTH. [lon moTeHIMabHO# ceMeH-
Hoil mpoayktuBHOCThIO (ITCII) monmManu 4wucio
3aJI0’KEHHBIX CeMsI3a4aTKOB B 3aBSI35IX PACTCHUIA, MO
peasbHOI ceMeHHo mnpoayktuBHocThlo (PCIT) —
KOJIMYECTBO MOJHOLEHHBIX CeMSH, MPOU3BOAUMBIX
pacteHueM, noa Ko3(hOUIIUEHTOM NPOIYKTUBHOCTU
(K;p) — cOOTHOLIEHHE MOTEHUUAILHON U pealbHOI
CEeMEHHOI TMPOAYKTUBHOCTU B IPOLIEHTaX, TO €CTh,
MPOLIEHT 3aBSI3bIBAEMOCTHU CeMsIH y pacTteHus (Levi-



672

na, 1981; Zlobin, 2009a, b). ITockoIbKy B 3penbIx
TUIOaX XXUPSTHOK HEOIUIOJOTBOPEHHBIE ceMs3adaT-
KM COXpaHSIOTCS, OTJIMYAsICh OT BBIIIOTHEHHBIX
(MOTHOLIEHHBIX) CEMSH KpaliHe MeJIKUMH pa3Mepa-
MU, MOTEHIUMAJbHYIO CEMEHHYIO MNPOAYKTUBHOCTh
ompelIe/suin IIyTeM IIoacyeTa MX KOJIMYEeCTBa.
He monHOCTBIO BBIIIOJIHEHHBIE CEMEHA BBIACISIIA B
OTIENbHYIO (DpaklinMio, HO OTHOCWIM K KaTeropuu
HEBBIIIOTHECHHEIX cCeMSTH. B ¢BsI3U ¢ X O4eHb He3Ha-
YUTENbHOI noiieit (MeHee 5%), a TaKKe OTCYTCTBUEM
MOBPEXICHUS HACEKOMBIMM IOKa3aTe/lb YCJIOBHO-
peajbHOIl CEMEHHOM MPOIYKTUBHOCTU HE BBOIWJIM.
Bce nokazaTtenu ceMeHHOIT IIPOAYKTUBHOCTH PacCUr-
ThIBaJIi Ha 0co0b. ColBetue y P. vulgaris BepxyiieqHoe,
MPEICTABICHO CUISIYMM 30HTHUKOM U3 HECKOJIBKUX
LIBETKOB, KOTOPBIi, OOTHAKO, YaCTO PEayLMPOBaH OO
omgHouBeTKoBoro 3oHTHKa (Degtjareva, Sokoloff, 2012),
BCJICACTBME Y€TO BO MHOTMX ITOITYJISILIVSIX, B TOM YHCJIC
B JIeHmHTpaacKoit o61acTv, MpeobIamaroT 0coom ¢
€IUHCTBEHHBIM I[BETKOM, M COOTBETCTBEHHO, C
€IMHCTBEHHBIM ILIOAOM (OOBIYHO OJHA OCOOb —
onHa kopobOouka). [Tocne aHanu3a mmokaszareneii B
JJabOpaTOPHBIX YCJIOBMUSIX CEMEHa pacCeMBaid B
npeaeiax nomyasauuii (Bo m3bexaHue CHUXEHMUS
YHCJIEHHOCTHU X 0CO0eit).

J1s1 oleHKM XapaKTepa aHOMaJIMi B CTPOCHUM He
MOJTHOCTBIO BBHITIOJIHEHHBIX CEMSIH UCITOJIb30BAJIM UX
9KCHPECC-AUArHOCTUKY C TIOMOIIBIO IIPeABaApUTEIIb-
HOTO IIPOCBETJICHUST B CMECH XJIOPAJITUIPAT : TIINIIE-
puH : nucT. Boga = 8 : 1 : 2 (Barykina et al., 2004) u
MOCJICIYIOIETO IPOCMOTpPa BpEMEHHBIX IIPEIlapaToB
Ha MuKpockorre Axioplan 2 ¢ ITO AxioVision (Carl
Zeiss, Germany) ¢ MCITOJIb30BaHMEM TUdPEpeHIIN -
ajlbHO-UHTepdepeHlIMoHHoro KoHTpacta (UK,
win TexHuka Homapckoro). Mukpodororpacdun
MOJIy4aJiu C MOMOIIIbIO IU(pPoBOit Kamepbl Axiocam
MRc3 (Carl Zeiss, Germany).

CTaTUCTUYECKYIO 00pabOTKY JaHHbBIX IIPOBOIMIIN
B riporpamMe STATISTICA 12 ¢ npumMeHeHHnEeM O -
caTeJbHOI CTATUCTUKM U TVCIIEPCUOHHOIO aHaJIM3a.
B cBs13u ¢ TeM, uTO pacmpeneiacHUsT OOJIBIIMHCTBA
TOKa3aTeNiel CEeMEHHOI MPOAYKTUBHOCTU OTJINYAIUCH
OT HOPMAJIBHOTO, OLIEHKY IOCTOBEPHOCTU pa3ivuduii
MPOBOIMIIN KaK C TTapaMeTpUIECKUM KputeprueM Du-
mepa (F), Tak 1 ¢ HermapaMeTpu4eCKMMI KPUTEPUSIMU
Manna—Yuthu (z) u Kpackena—Yomuca (H).

PE3VYJIBTATDbI

Xapaxmepucmuka ycaoeuii npouspacmanus
Pinguicula vulgaris u hexomopuie ocobenHocmu
pazeumusi ee ocobeil

O06e uccnenyembie ionyasiuuu Pinguicula vulgaris
pacrojioxXeHbl Ha WMXXOpCKoil BO3BBILLIEHHOCTHU, C
yaaJleHueM JOpyr oT aApyra npumepHo Ha 20 kM. He-
CMOTpSI HA OTHOCUTEIBHYIO TEPPUTOPUATLHYIO OV~
30CTh U IPUYPOYEHHOCTH K KApOOHATHBIM MOPOJaM,

HUKOJIAEBA (ITYIIKAPEBA) u np.

YCIIOBUSI TIPOM3PACTaHUS KUPSIHOK B 3TUX MECTO-
0o0UTaHUSIX pe3KOo pasnuyaroTcs (Tadin. 1).

IMonynsumus B Ilynoctu pacroioxeHa B LEHTPE
JIOJUHBI B BepxoBbsix p. Mxopa (mmpuHoit 100—
150 M), Ha OOIMIMPHOIT HAANIOMMEHHOM Teppace, 3a-
HSITOI O€3JIECHBIMU, TIPEUMYIIIECTBEHHO Pa3HOTPAaB-
HBIMU JIYTOBBIMU COOOIIIECTBAMU C HEOOJBIIIUM y4a-
CTHEM HEBBICOKMX KycTapHUKOB (Salix spp., Frangula
alnus) n oapocta Betula pendula v Populus tremula, a
B MOHMKEHUSIX U CTapbIX pycjax MPOTOK — OCOKOBO-
MOXOBBIMU U TPaBSIHO-OCOKOBO-MOXOBbIMU 0OJIOT-
1amu (0vke K 6opTaM JOJIWHBI — C KPYITHBIMU KY-
CTapHUKaMU UBBI U 0J1bX1 ). COOCTBEHHO MOIMYJISILUS
P, vulgaris pacrnoyioxxeHa B Tpejesax HU3KOTPaBHOTO
(BbICOTOI 15—25 cM) 371aKOBO-pa3HOTPABHOIO JIyra C
obunueM TpsiCyHKU Briza media — “TpsiCYHKOBBIA
Jayr” (Boch, 1985), ¢ HeOOJIbIIIUM ydyacTUE€M HU3KO-
pocabix (40—50 cm) kyctapHukoB Frangula alnus n
nonapocra 6epessl Betula pendula (puc. 1, 1a).

B I'mssauHO XKUPSTHKU 3aCeIsIOT MECTOOOUTAHUS
Ha ckioHe (15—20°) xoaMa, MOKPHITOTO €JI0BO-OJIb-
XOBO-0€pe30BbIM JIECOM, B KOTOPOM TMPOXOAMT JieCHast
IMHUCTAsT I0pOTa; HUXKE JOPOTU yXKe Oe3/IeCHbBIN OT-
KPBITBII CKJIOH C pa3HOTPABHbIM pa3peXXeHHbIM JIyTO-
BbIM COOOIIIECTBOM MEPEXOUT B MEJIKOBOJHYIO OKpau-
HY CKJIOHOBOTO TPaBSTHO-MOXOBOTO KJIIOYEBOTO 00-
JIoTa, B KOTOPOM XKUPSHKU TTOCEJISIFOTCS TOJbKO Ha
OTKPBITBIX TOPMSIHUCTO-IIMHUCTBIX BbIXOJAX Taxu,
n36erasi MOXOBOM MOKPOB U TYCTO 3aJepHOBaHHbBIC
Mecra (puc. 1, 2a, b).

Kak BugHO u3 Ta6a. 1, 06e momyasiuuu 3aMEeTHO
pa3andaloTcs Mo 3aHMMaeMO IIoIaay U €€ MUKPO-
penbedy, Mo IMPOIOIKUTEIBHOCTH OCBEIIEHHOCTH
0co0eil B X0[e CBETOBOTIO AHS, CTEIICHU YBJIaXKHEHUS
IOYBbI, XOTS M OJIM3KOTO YPOBHS KMCJIOTHOCTH (cJia-
OoiesouHoi). PaznuyHa M YMCIEHHOCTb TOMYJIsI-
nuii: B [Tymoctu oHa cocrasiisieT okojio 500 ocobeit,
B [nmannHo — okoiio 700.

OrnpeneyieHHBIE PA3TNIHS TTPOSIBIISTIOTCS Y B BUIO-
BOM COCTAaBE JIyTOBBIX COOOIIECTB, B KOTOPHIX ITOCEIIS-
1oTcs XUpsAHKU. [ToMUMO TpsICYHKU, XapaKTepHBIMU
MIpEICTaBUTEIISIMUI TTOMMEHHOTO JIyTa B [TymocTyt sTBITsI-
IOTCSI HEKOTOpbIe BUIBI 3J1aKOB (Molinia coerulea, Poa
angustifolia), ocox (Carex panicea, C.buxbaumii,
C. ornithopoda), opxunubix (Epipactis palustris, Dac-
tylorhiza incarnata, Gymnadenia conopsea, Listera ova-
ta, Orchis militaris), a takxe Inula salicina, Potentilla
erecta, Primula farinosa i np. (ta6:m. 2, P1—P3). Pacnpe-
neJieHre ocobeil JKMPSTHOK B TIpe/esiax Jiyra HepaBHO-
MepHOe — TpyIaMu 13 6osiee UiId MEHee MHOTOUMC-
JIEHHBIX PO3€TOK WM SOIWHWYHBIMM PAcTCHUSIMHU, W
CKOHIICHTPUPOBAHBI, TJIABHBIM 00pa3oM, Ha TIOCKOM
TMOBEPXHOCTH TePPAChI U TOJIOTUX (0KOJI0 2—5°) CKI10-
HaX HeOOIBITNX TOBBIIIeHUA. [1py 3TOM B cpemHeit 1
HIDKHEW YacTH IOBBIIEHUN (C YMEPEHHO-BIaXXHbI-
MU M BJIaXHBIMU YCJIOBUSIMU) pacTEeHMs OTJMYa-
I0TCsI 6ojiee KPYIMHBIMU JIMCThIMU M 60Jiee BBICO-
KMMU IIBETOHOCAMHM, HO MX PACCEICHUE OrpaHNIEHO
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Tabomuna 1. OCHOBHbBIE XapaKTepUCTUKU MecTooOuTaHuit Pinguicula vulgaris B nByX myHKTax JIeHuHrpanckoi obnactu
Table 1. Main characteristics of the Pinguicula vulgaris habitats in two localities of the Leningrad region

OCHOBHBIC XapaKTepUCTUKHA
mecroobutanuit P. vulgaris Main

characteristics of the P. vulgaris habitats

M 3ydeHHBIE ITyHKThI
Studied localities

Iloc. Ilymocth 'aTunHcKuMi
p-H Pudost’ settl. Gatchina

Ioc. Tnsauno
JloMoHOCOBCKUIi p-H
Glyadino settl.

district Lomonosovsky district
KoopnuHatel MecTa ncciienoBaHuit 59.620368° N, 59.729814° N,
Research site coordinates 30.030025° E 29.774868° E
[1nomwanp, 3aHMMaeMast 200—300 m? 50—100 m?

TOITYJISILIUE I XKUPSTHKU
The area occupied by the population
of Pinguicula

TTonoxeHue B penbede
Topography

Mukpopenbed
Microtopography

Hanuune/otrcyTcTBHE 3aTeHEHUS
The presence/absence of shading

VBIaxXHEHHOCTD [TOYBBI
Soil moisture

Kucnornocts mouBsl, pH
Acidity of the soil layer, pH

PacTurenbHbIe COOOIIECTBA,

B KOTOPBIX ITPOU3PACTACT XKUPSHKA
Plant communities with occurrence
of Pinguicula vulgaris

OO61Iee MPOEKTUBHOE TTOKPHITHE
coobutectsa (OTII) (%):

Total Community Projective
Cover (CPC) (%):

IIpoextuBHOE ToKpbITHE (ITIT)
KyCTapHUKOBOTO sipyca (%)
Projective cover (PC)

of the shrub layer (%)

I1I1 TpaBsiHorO sipyca (%)
PC grass layer (%)

ITIT moxoBoro spyca (%)
PC moss layer (%)

I1IT orosienHoro rpyHra (raxu) (%)
PC bare ground (carbonate rock) (%)

JlHu11Ie peYHOM JOJUHBI
The bottom
of the river valley

OTHOCUTEITBHO POBHBIA
Relatively smooth

OT1CyTCTBYET
Absent

YMepeHHO-BIaXXHast
(cBexast)
Moderately wet

7.20—7.40

3J1aKOBO-pa3HOTPaBHBIM
JIYT C KPYLLIMHOM 1 UBOM
Grass-forb meadow with
buckthorn and willow

70—-80

60-70

20-30

10-20

[Tonoruit (10—15°) CKJIOH BO3BBILLIEHHOCTH
Gentle (10—15°) hill slope

HepoBHbIii, ¢ yKIIOHOM OT OMYIIIKY Jieca

K 6oJioTY

Uneven, sloping from the edge of the forest
to the fen

IIpucyrcTByeT (4aCTUIHOE)
Present (partial)

BiakHasi, mo Kkparo 00JioTa — chipast
Moist, along the edge of the fen — wet

7.58—7.74
PazHoTpaBHBbI 3J1aKOBO-XBOIIIOBO-
pa3pekeHHBIH JIyT MYLIUIEBO-3€JIeHO -
Sparse forb meadow | MolIHOe (TUITHOBOE)
KJIIoueBoe 060JI0TO
Grass-horsetail-cot-
ton-grass-green moss
spring fen
50—60 90
5 <1
40—-50 60
20—40 80
20-30 10
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Tabomuna 2. CocTaB COCyIMCTBIX PAaCTeHUI COOOIIECTB C yUacTHeM XUPSHKU OOBIKHOBEHHOM B NBYX IMyHKTaX JIeHUH-
rpajackoii ooiaactu

Table 2. Vascular plant composition of the communities with occurrence of Pinguicula vulgaris in two localities in the Le-
ningrad region

TTyHKTBI VicCTTenOBaHWIA
Haspanus BumoB Study sites
Species names Moc. ITynocTs Moc. DaouHo Moc. DaouHo
Pudost’ settl. (P1—P3)| Glyadino settl. (G1) | Glyadino settl. (G2)
Kycrapauku u mogpocr: %, mikana Jlpyne %, mikana Jlpyne %, mikana JIpyne
Shrubs and undergrowth:
Frangula alnus Mill. 2-5 1 —
Salix myrsinifolia Salisb. 2 1 —
Salix rosmarinifolia L. 2 1 Sol
Betula pendula Roth. 2 5 Sp
Populus tremula L. Sp — —
Picea abies (L.) Karst. Sol 3 Sol
Tpassl: Herbs:
Molinia coerulea (L.) Moench 5 - 2
Centaurea jacea L. 2 2 Sol
Carex panicea L. 2 2 1
Briza media L. 2 Sp—Cop'gr Sp
Inula salicina L. 2 Sp Sol
Potentilla erecta (L.) Raeusch. 2 Sp Sol
Carex buxbaumii Wahlenb. 2 — —
Dactylorhiza incarnata (L.) Soo 2 - -
Vicia cracca L. 2 - -
Gymnadenia conopsea (L.) R. Br. 1 1 Sp
Poa angustifolia L. 1 — —
Geum rivale L. 1 - —
Carex ornithopoda Willd. 1 — —
Ranunculus acris L. 1 — —
Potentilla anserina L. 1 - -
Achillea millefolium L. 1 — -
Primula farinosa L. Cop'—Cop?er Cop'—Cop?gr —
Pinguicula vulgaris L. Cop!—Cop?er Cop'—Cop?er Sp—Cop'gr
Bistorta vivipara (L.) S. F. Gray Sp—Cop' Sp—Cop' Sp
Cirsium oleraceum (L.) Scop. Sp—Cop'gr - -
FEquisetum palustre L. Sp 1-3 20—-30
FEquisetum variegatum Schleich. ex Web. et Mohr. Sp 1 1-2
Pimpinella saxifraga L. Sp 1 -
Campanula rotundifolia L. Sp Sp —
Pyrola rotundifolia L. Sp Sp —
Crepis paludosa (L.) Moench Sp Sp —
Tussilago farfara L. Sp Sp —
Campanula glomerata L. Sp Sol —
Carlina fennica (Meusel et Kéastner.) Tzvel. Sp Sol —
Succisa pratensis Moench Sp — —
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HasBanusg BunoB

[TyHKTBI McCienOBaHUN

Species names

Pudost’ settl. (P1—P3)

Leucanthemum vulgare (Vaill.) Lam.
Orchis militaris L.

Galium album Mill.

Galium palustre L.

Carex serotina Merat.
Helictotrichon pubescens (Huds.) Pilg.
Valeriana officinalis L.

Listera ovata (L.) R.Br.

Pyrola minor L.

Epipactis palustris (L.) Crantz
Alchemilla glaucescens Wallr.
Lathyrus pratensis L.

Trifolium pratense L.

Geranium palustre L.

Polygala amarella Crantz
Galium uliginosum L.

Taraxacum officinale Wigg.
Filipendula ulmaria (L.) Maxim.
Knautia arvensis (L.) Coult.
Herminium monorchis (L.) R. Br.
Melampyrum nemorosum L.
Origanum vulgare L.

Juncus articulatus L.

Eriophorum latifolium Hoppe
Carex rostrata Stokes

Parnassia palustris L.

Study sites
IToc. IlynocTth IMoc. I'nsouHo IToc. I'nsaauHo
Glyadino settl. (G1) | Glyadino settl. (G2)

Sp — Sp
Sp — -
Sp — —
Sp - -
Sp — -
Sp — —
Sp - —
Sol Sp Sp
Sol Sp —
Sol - Sp
Sol — -
Sol — -
Sol — -
Sol — -
Sol - —
Sol — —
Sol — -
_ Sp _
— Sp —
_ Sp _
_ Sp _
- Sol —
- Sol Sp
— — 30
— — 1

IMpumeuanust: Lindbpamu 0603HaUEHO MTPOSKTUBHOE MOKPHITHE BUAA B %, OyKBaMK — 0OMIIKeE T10 1iKaie Jpye st BUIOB, Y KOTOPBIX
olpenesieHre TMOKPBITUS 3aTpyaHUTENbHO: Sol (solitariae) — emnHUYHO, Sp (sparsae) — paccesiHHO, Cop] (copiosae) — ITOBOJILHO
OOMJIBHO, HO C HE3HAYUTEIbHBIM MOKPhITHEM, COp” — 0OMJIBHO, HO C HE3HAYMTEIbHBIM OKPBITUEM, gr (gregaria) — rpymnamMu.
OO0611ee MPOEKTUBHOE MOKPBITHE COODIIIECTBA U SIPYCOB IMPUBENEHO B Ta0OM. 1.

Notes: Numbers indicate species projective coverage (%), letters indicate abundance on the Drude scale for the species for which it is
difficult to determine coverage: Sol (solitariac) — solitary, Sp (sparsae) — scattered, Cop1 (copiosae) — rather abundant, but with insig-
nificant coverage, Cop“ — abundant, but with a slight coverage, gr (gregaria) — in groups.

The total projective cover of the community and cover of different vertical layers are given in Table 1.

comkHyTocThIO (OITIT 70—80%) TpaBstHOTO SIpyca, a o
Mepe moapacTaHuss — M ero BbicoTtoil (40—50 cm).
HauGosnee yacTo XXUPSIHKM BCTPEYAIOTCSI HA OTKPbI-
TBIX y4acTKax, BOIM3u pacTteHuil BeicoToi 10—20 cMm
(Primula farinosa, Potentilla erecta, Pyrola rotundifolia,
Orchidaceae; puc. 1, 1b) U IpaKTUUECKU OTCYTCTBYIOT
B 3apocisax neBscwia (lnula salicina) m MOIMHUU
(Molinia coerulea).

B I'msopuHo HamOoJIblIasi KOHLEHTpaLusl ocooeit
P. vulgaris oTMeueHa Ha KOPOTKOM CKJIOHE, TTIPUMbI-
KalollleM K 00JIOTY — B pa3pekeHHOM Pa3HOTPaBHOM
BOTAHUYECKHNU XYPHAJTT  ToMm 108

Ne 7 2023

JIyTOBOM coo011ecTBe. B 3TOM cooOliecTBe 3HAUM-
TeJILHO MEHbIIIe BUIOB OcOK (Jiuiib Carex panicea) u
opxunHbelXx (Gymnadenia conopsea, Listera ovata n
Herminium monorchis), a TakxXe IeBsICUIA U TPSICYH-
KU, TIPU OTCYTCTBUM MOJIMHUU U PSIIA APYTUX BUIOB,
XapakTepHBIX IJIs1 TyroBoro coodiectsa B Ilynoctu
(tadmn. 2, G1). Kak u B Ilynoctu, mpearnoYTuTe IbHBIM
MECTOM MOCEJICHUST XXUPSHOK B [TISIAMHO TakKe sB-
JISIIOTCSI OTKPHIThIE YYaCTKU C HU3KUM U pa3peskeH-
HBIM TPaBSIHUCTBIM SIPYCOM, HEPEIKO BOIU3U pacTe-
HUU TIPUMYIBI M OpxUIHBIX (puc. 1, 2b). HamHoro



T

HUKOJIAEBA (ITYIHKAPEBA) u np.

Puc. 1. Mecrooburanus Pinguicula vulgaris B okpecTHOCTIX nocenkoB [lynocts u [siauHo.

la, 2a, b — o6muit Bug Mmectooburanuii (/a — [MymocTs, moiiMeHHBIM JIyT, 2a, b — [NsimuHO: 2a — Myt Ha CKJIOHE K 00JI0TY, 2b —
MyUIULEBO-XBOIIOBO-3€JICHOMOIIIHOE 00J10TO), /b, 2c — ocobu P. vulgaris psinoM ¢ HEBBICOKMMU PAaCTEHUSIMU APYTUX BU-
noB (1b — Ilynocts, 2c — Insaauno), 2d — ocodbu P. vulgaris (KpacHble CTPEJIKHN) Ha OTOJIEHHBIX BBIXO/IaX FaXu B KJIIOUEBOM 0O-

note [nmsouHo.

Fig. 1. Habitats of Pinguicula vulgaris in the vicinities of Pudost’ and Glyadino villages.

la, 2a, b — general view of habitats (/a — Pudost’, floodplain meadow, 2a, b — Glyadino: 2a — meadow on the slope to a
spring fen, 2b — grass-horsetail-cottongrass-green moss spring fen), 16, 2c — P. vulgaris plants near low plants of other species
(1b — Pudost’, 2c — Glyadino), 2d — P. vulgaris plants (red arrows) on carbonate ground outcrops in a spring fen at Glyadino.

MEHBIIIE XXUPSHKU BCTPEUAIOTCSI B CHIPOM TPaBSIHO-
MOX0BOM 6oJtorte (Tadi. 2, G2), rae OHU HOCEISTIOTCS
DIAaBHBIM 00pa30M MO KpasiM HeOOJIBIINX YITyOIeHIIA
Ha 0OCHIXaloNIeM JHHIIE 00JI0Ta — Ha OTOP(POBAHHBIX
OTOJIEHHBIX BBIXOIAX IraKW, HO U 31eCh MeCcTaMU ObIBa-
FOT OYEHb OOMIIBHBI — A0 60—75 pO3eTOK B HEKOTOPBIX
CKOIUIeHUsIX ocobeit (puc. 1, 2c). Ha obounHax noporu,
3aTeHEHHOM HEeBLICOKUM JiecoM (ydacTtok G3), ocodu
KUPSHOK HEMHOTOYMCIIEHHDI.

Perynsapabie (B TedeHue 6 jeT) HaOIIOOEHUS 3a
pa3BUTHEM PACTCHUI XKUPSTHOK B 00EUX MOITYJISILIASIX
MoKa3aJii, 4T0, HECMOTPS Ha OIpene/ieHHOe aHTPO-
MOreHHOEe BO3IeicTBUE (HaxoXAeHWe BOIM3M Hace-
JICHHBIX ITYHKTOB), OHU UMEIOT XOpOolllee XKU3HEHHOE
COCTOSTHHME, TIPW 3TOM IS [JISIMUHO XapaKTepHO
OOJIBITIIOE KOJTWYECTBO PACTECHHMI C OYeHb MEITKUMM
(MeHee 7—10 MM mauHOM) MUCTbIMU. OOe TOMYJIsI-
Y UMEIOT TIOCTaTOYHO BBICOKYIO JOJTIO IIBETYIINX 1
iogoHocamnx ocobeit — 40—50% (c npeobGiamaHu-
€M OIHOIIBETKOBBIX 0c00eil), MmpuyeM MNpPOAYKIIUS
CeMSH B HUX HaOJII0IaIach €XerogHo (He TOJbKO B
2019—2021 rr., HO U B IpenbIAyIIMe TOabl HaOIOae-

Huii). OgHaKO, pacTeHUsI HECKOJIbKO pa3IiMyaloTcs
MO0 CpoKaMm TIpoxoxaeHus: ¢peHodas, XOTs MPOdO0-
KUTEJTBHOCTh BETETALIMOHHOTO MepUoma B ILEIOM
ObL1a IPMMEPHO OMMHAKOBOI (5—6 Mec, ¢ Mast 1o Ha-
qaj10 OKTSIOps).

Tak, Hayayio OyTOHU3AIUH B ITyIOXKCKO TTOITYJISI -
uuu Pinguicula vulgaris oObIYHO OTMEYaAETCs B Havaie
HMIOHSI, a MAacCOBOE LIBETeHUE 0cobeii BO BTOPOI TO-
JioBUHeE uIoHs (TTpuMepHo ¢ 15 o 30 uioHs) — B Ha-
yajie pa3BUTHUsS TPABSHOTO SIpyca, IMPU TOCTVXKECHUU
UM BBICOTBI 5—15 cM (y KycTOoB — 110 25 cM); co3peBa-
HYE TIJI0IOB M TUCCEMMHAIIUST OTMEYAIOTCs C TPeTheit
JeKaabl MIOJIS 10 TIEPBYIO MeKaay aBrycra (BKITIOUM-
TeJbHO). s monyasiuuu B IJISAMHO XapaKTepHbI
HECKOJIBKO 00J1ee o3aHue dhasbl IIBETCHUS 1 TIJI0I0-
HOIIIEHUS (BCJIEACTBHE €€ YACTUIHOTO 3aTeHEHMS JIe-
COM): Hayajo OyTOHMU3allUM — BO BTOPOM jaeKaie
WIOHSI, C MAaCCOBBIM LIBETEHUEM 0CO0OEIT B TPEThE 1Te-
Kaje UIoHs — Havajie 1iojist (mpuMepHo ¢ 20 UIoHS 110
10 utons), co3peBaHuUe MIOAOB (IMCCEMUHALIUS) — C
KOHIIa MIOJIST IO cepeanHbl aBrycTa. [1o Mepe co3pe-
BaHUs TUIOJIOB U YBEJIWYEHUS BBHICOTHI U1 COMKHYTO-
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CTU TPABSIHOTO SIpyCa, PACTCHUS XUPSHKU, OCOOEH-
HO B Hy[lOCTI/I, HYaCTO CTAHOBATCA MaJIO3aMETHBIMU.
3aBepleHre BereTalnu (C oOpa3oBaHUEM 3UMYIO-
IIUX MOYEeK — TUOEpHAKYJ) MPOUCXOIUT B KOHIIE
CEHTSIOpST — B OKTSIOpE.

Crenyet, omHaKO, OTMEeTUTH, 9TO B 2020—2021 1T
13-3a paHHEN U TIPOIOJKUTEIbHOM NIOHBCKOM XKaphl
u 3acyxu (puc. 2A, B) B Ilynoctu Havano LiBeTeHUS
ocobeit P. vulgaris ObLJIO CIBUHYTO Ha 0o0Jiee paHHUE
cpokH (IepByIO AeKany UIOHS), C X MaCCOBBLIM 1IBE-
TEHUEM B CepeauHEe UIOHS U CO3pEBaHMUEM ILJIOAOB B
nepBoOii-BTOPOIi nekaae uiojisd. B oTanaune ot atoro, B
I'maguHO 3TOT CABUT OBLI HE3HAYMTEJECH U MPOSIB-
JISLJICSI, TJIABHBIM 00pa3oM, B HECKOJIBKO 00JIee YCKO-
PEHHOM CO3pPEBaHMU IJIOA0B, KOTOPOE 3aBEPIIAIOCh
B KOHIIE UIOJIsI — HavaJjle aBrycra.

Cemennas npodykmuenocms Pinguicula vulgaris

O1ueHKa mokKa3areeii oTeHIIaIbHOM, pealbHOMI
CEMEHHOH MTPOAYKTUBHOCTU 1 KO3 dUIMeHTa Mpo-
IYKTUBHOCTU Pinguicula vulgaris, ipou3pacTamoiieii
B Ilymoctu u Imsimmnao, B 2019—2021 rr. mokasana,
YTO B 3TUX YCJIOBUSIX JJIsl €€ 0COOEM B 1IEJIOM Xapak-
TePHBI UX BBICOKHE 3HAYCHUSI, XOTS 1 pa3Invaloniu-
ecs B pa3HbIe roAbl UcciaemoBaHus (Tadm. 3).

B o6oux myHKTax HaOJOAEHUI 3a BECh MEPUOL
UCclieoBaHUT MHTEpBaibl BapbUPOBAHUS CPETHUX
rmokasaTeJieii CEeMeHHOI MPOAYKTUBHOCTH (ITpU 00b-
€IWHEHWUU TaHHBIX M0 BCEM TPEM YUETHBIM IJIOIIA -
KaM B OIHY BBIOOPKY 3a KaXKIIbli1 TO UCClieTOBaHUIA)
ObLIM OJTU3KKW U COCTABUIIU COOTBETCTBEHHO 151 MO-
TeHIUAIbHON CEMEHHOM MPOAYKTUBHOCTHM — 139—
198 u 121-214 wrT., a1 peajbHON CEMEHHOU Mpo-
IyKTUBHOCTU — 97—136 1 86—159 wrt. I1pu 3TOM B
2021 r. 3HaYeHUS 9TUX TToKa3aTesieil B 00erX MOoTyJisi-
LUSIX ObIJTM MUHUMaJIbHBIMM, YTO OCOOEHHO HaIJIsII-
HO IIPOSIBJISIOCH B OKp. Toc. IanuHo (puc. 3A, B,
D, E). Cpennue 3HaueHUsT KO3 hUliMeHTa TPOAYyK-
tuBHOCTU B [lymoctu BapsupoBanu ot 64 o 80%, u
Takke ObUIM Hambosee HU3KUMU B 2021 1., TIpudem
pasinyus ObLIU JOCTOBEPHBI MO OTHOLLIEHUIO K JIpY-
ruM rogam umccienoBanust (H = 13.2, p = 0.0013).
B oTtainume ot 3Toro, B IssanHo 3HaueHUS KO3 du-
LIMEeHTAa MTPOAYKTUBHOCTHU BO BCE TOAbI OBLIIU CXOMHbBI-
MU 1 JOCTaTOUYHO BeIcOKUMU (70—72%), u nocToBep-
HO HE pa3jiIMYyajucCh 32 BECh INEPUOJ UCCIEAOBAHUS
(puc. 3C, F).

XapakTepHO TakxXKe, YTO 3Ha4eHUsT KoadhduIreH-
Ta MIPOAYKTUBHOCTHU Y ocobeit P. vulgaris, mpouspac-
TaIOIIMX B pa3HBIX COOOIIeCTBaX B OKp moc. Isau-
HO, 3HAYUTEJIBHO OTJINYAIMCh. B yacTHOoCcTH, Hau-
Gosbire 3HauyeHwus (ot 61 10 81%, B 3aBUCUMOCTH OT
roma MccjiefoBaHUI ) HaOIIooaaInch y 0co0eil, Ipon3-
pacTalolyx Ha CKJIOHE Haj 00J0TOM (4aCTUYHO 3are-
HEHHOM HEBBICOKMMM JICPEBbSIMHU U C MOATOKOM W3-
BECTKOBBIX BOM) U IO Kparo 00JI0Ta, Ha OOHAXKEHHBIX
yJacTKax raxu (C NOCTOSIHHBIM OCBEILIEHMEM COJTHEY-
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Puc. 2. CpegHeMecssuHbIe TeMITepaTyphl Bo3ayxa B bemo-
ropke (oavkaiiiias K nonyisuusaM [ssnuHo u Ilynocts
MeTeocTaHIMs) (A). MecsTaHbIe CyMMBbI BBITIABIIINX OCall-
koB B benoropke (B) (Pogoda..., 2021).

Ilo eopuzonmanu: mecsilibl HaOMIONCHUS, NO 6ePMUKANU:
rpanycsl Llenbcus (A), mum (B).

Fig. 2. Average monthly air temperatures in Belogorka (the
nearest weather station to the populations of Glyadino and
Pudost’) (A). Monthly amounts of precipitation in
Belogorka (B) (Pogoda..., 2021).

X-axis: month of the study, Y-axis: degrees Celsius (A),
mm (B).

HBIM CBETOM U BBICOKOM BJIAXXHOCTBIO I'pyHTa) (Y4eT-
aeie Toromanku GI m G2 coorBercTBeHHO). Ham-
MEHbIIIME 3HA4YeHUsI 3TOro mnokxasarensa (oT 54 1o
62%, B 3aBUCUMOCTH OT TOJla UCCIAECTOBAHNIA) NMe-
JI1 0cO0M, TIOCEIMBIINECS HAa 000YMHE JIECHO 10-
pOrM — Ha yJaJIeHUU OT 00JI0Ta U B YCJIIOBUSIX Hau-
OoJIbllIei 3aTEHEHHOCTH JIECHBIM MacCHUBOM (y4eT-
Hasg miaomanka G3). B oraumume ot 3TOro, B
MyI0XCKON TOIMyJsIliuu, ¢ 00jee OTHOPOIHBIMU
YCIIOBUSIMU TIpOM3pAcCTaHUsI 0cCOo0eil KUPSTHOK,
3HaueHusa K., Ha Bcex y4acTkax (y4eTHBIE ILIO-
manku P1, P2, P3) Bo Bce rogbl ObUIM TOCTaTOYHO
0IM3KMMU (C MHTEPBAJIOM BapbupoBaHUs oT 60 10
82%). 3HadeHMsT TMOTEHIIMAIBHOM U pealbHOM ce-
MEHHOM IIPOAYKTUBHOCTH B 00€UX MHOMYJSIIUSIX B
OTIENbHBIE TOMIBI OBLIN 00Jiee BBICOKUMMU Ha OTHUX
y4yacTKax, a B OTIEJbHbBIE TObl — HA JIPYTrUX, U HE
MPOSIBIISUIM KaKUX-JIUOO 3aMETHBIX TCHIOCHLIMWI B
pacipeneaeHnr, HWCKII0Yasi OTMEUYEHHOE BBIIIIE
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Puc. 3. [Tokazarenu ceMeHHO# NponyKTUBHOCTU Pinguicula vulgaris B okp. noc. [Tynocts (A—C) u B okp. noc. [nsiguno (D—
F) Jlenunrpanckoii obnactu 3a nepuon uccienoBanus 2019—2021 rr.

Ilo eopuzonmanu: Togpl UCCIENOBAHWS, Ho gepmukaru: A, D — moTeHIMaabHass ceMEeHHasl MPOnyKTUBHOCTH (miT.), B, E — pe-
aJibHasI CEMEHHasI TPOAYKTUBHOCTH (11T.), C, F — KoadduLIMeHT NpoayKTUBHOCTH, %.

Fig. 3. Seed productivity parameters of Pinguicula vulgaris in the vicinity of Pudost’ (A—C) and Glyadino (D—F) villages of the

Leningrad Region during 2019—2021.

X-axis: years of the study, Y-axis: A, D — potential seed productivity (pcs), B, E — real seed productivity (pcs), C, F — coefficient

of productivity (%).

cHUXeHue nokasateseil B 2021 T. Ha Bcex IUIoIagKax
0e3 uckimoueHus (tabi. 3). B To ke BpeMsi, cpaBHU-
TeJIbHasl OlLIEHKA 3TUX HAHHBIX C MCIOJb30BAaHUEM
kputepusi Puiepa rokasasna, yto 'y ocooeii P. vulgar-
is B oKp. moc. I'maagnHo moka3ateib KoadduiimeHTa
npoaykruBHoctu K ) B mpenenax miomanok GI, G2
u G3 moctoBepHoO pasnuuaics jguib B 2019 r. (F =
= 3.82, p=0.03), Toroa KaK y ee ocobeil B OKp. IIOC.
ITynmocTh JOCTOBEpHEIE pa3INuMs B 3HAYCHUSIX 3TOTO
rnokasarteJist Ha rutoiankax P1, P2 u P3 orcyrcTBOBa-
JI1 BO BCE TOIObl HcciaenoBaHus. Kcmoiab3oBaHue
kpurepust Ouniepa NpUMEHUTENBHO K IT0Ka3aTeIISIM
NOTEHUUAJIbHOM U pealbHON CEMEHHOM NPOAYKTUB-
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HOCTHM Tak>Ke He BbISIBUJIO KaKUX-JIM0O UX T0CTOBEP-
HBIX pa3Inyuii, UCKJII0Uasl pa3anuus B roKa3aTessx
MOTEHIIMATbHOM CEMEHHOI NMPOAYKTUBHOCTHU B IIs1-
auHo B 2021 r. (F = 5.4, p = 0.01). Tem He MeHee, B
LIEJIOM MOXHO OTMETUTh HaJIW4YMe ONpeaesieHHOIo
TpeHIa K YMEHBIICHWIO 3HaueHU Ko3ddunneHrta
MPOAYKTUBHOCTHU y ocobeii P. vulgaris, mpouspacraio-
IIUX B OKP. TToc. [TsIAnHO, Mpy UX Tepexoae OT Mpo-
U3pacTaHus B YCJOBHUSX BbICOKON BJIQXKHOCTU U
ocBeleHHOCTH (yueTHble Tuiomanku G1 u G2) k Ta-
KOBOMY B YCJIOBUAX MMOHWXEHHO! BIa’XHOCTU U HaU-
0oJbllieli 3aTeHEHHOCTU JIECHBIM MacCUBOM (TJ10-
manka G3).
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JlrcriepcMOHHBIN aHAJIM3 TT0Ka3aTeeit cCeMeHHOMN
NMpoAayKTUBHOCTU Pinguicula vulgaris B nByx paitoHax
JlenuHrpanckoit 00i1. 3a riepuon 2019—2021 rr. ¢ uc-
MOJIb30BaHMEM HellapaMeTpUIeCKOoro Kpurepust MaH-
Ha—YUTHU BBISIBUWI HEOMHO3HAYHOCTb MX U3MEHEHUIA
(Tab. 4). OTCyTCTBYE WY HAJTMYKE TOCTOBEPHBIX pa3-
JIMYMIA, CKOpee BCero, oOyCJIOBIIEHO BBICOKOI CTeIre-
HBIO BapraOeIbHOCTH TToKa3aTesiei CeMeHHOM MPOayK-
TUBHOCTH UCCJICAYEMOIO BUIA, O YeM MOXKHO CYIUTh I10
IIMPOTe MHTEPBaJIa BapbUPpOBaHUS 1 KO3 GUIIMEHTOB
Bapuauuu (taodi. 3).

OTnenbHO clieayeT NMOMYEPKHYTh BICOKOE KAueCTBO
ceMsiH, (hOPMUPYIOILIUXCSI B 000MX MECTOOOUTAHMUSIX.
DKcIpecc-IMarHocTUKa MX CTPOEHUS Mokaszaia, 4yTo
npeobiagaroiiee OONBIIMHCTBO CEMSIH B 00EUX TTOITy-
JISIUUSIX  SIBJSIACH  TIOJTHOCTBIO  BBITTOJTHEHHBIMU
(puc. 4, I). Kak oTMe4eHO BBIIIIEe, JOJIS HE IOJTHO-
CTbIO BBITIOJIHEHHBIX CEeMsIH Oblla OY€Hb HE3HAuM-
TeJIbHOM (MeHee 5% ), mpuyeM TaKue ceMeHa OOBIYHO
colepKalli WU HeIopa3BUTBIN 3apojbliil (B IJ100Y-
JIIPHOM CTaIuM Pa3BUTUSI), OKPYKEHHBIA TOHKHM
CJI0EM 3HIOCIiepMa, WIW JUWIlb HeIopa3BUTbINA, 8—
10-xmeTounblii 3HmocnepMm (puc. 4, 2—3b). Taxke
MPaKTUYECKU HE HaOJII0NAI0Ch MOBPEXAEHUS TJI0-
JIOB U CeMsIH KaKMMU-JIUOO0 HACeKOMBIMU, TO €CTb,
3HAYEHUS PEAIbHOM U YCIIOBHO-PEAIBHOU CEMEHHOM
MPONAYKTUBHOCTHU OBLIU OJTU3KHU.

OBCYXIEHUWE

ITpoBeneHHOE UCCaeaOBaHME MTOKA3aJI0, YTO, He-
CMOTpsSI Ha reorpaguyeckyro OJIU30CTh U OOIIYIO
MIPUYPOUYEHHOCTh K MXKOpPCKOiIT BO3BBIIIEHHOCTH (K
BbIXOJ1aM KapOOHATHBIX ITOPO/), UCCIIeIyEeMbI€ TTOITY-
nsuuu Pinguicula vulgaris pa3nuyaloTcs 10O UX Xapak-
tepuctukam. [Monymsumsa B IlynocTu oTangaercs cy-
IIECTBEHHO OOJBIIEH IUIONIANbIO — IIPUMEPHO B
3 pa3a Oosnblie, yeM B [isinrHO, 1 60jiee OMHOPO/I-
HBIMHU YCJIOBUSIMU IIPOU3PACTAHUS XUPSTHOK — B OT-
Jaue oT [ganHo, Toe 3T YCIIOBUS ropa3no Ooiee
nuddepeHIIMpoBaHbl (0XBAaThIBAIOT TPU PE3KO pasz-
JIMJYaloImuxcsl Mecroodburanus). Hecmorpst Ha 3TO,
YUCJIEHHOCTh Tonyysiuuu B Ilynmoctu 3HaYMTEIBHO
MeHbIe, yeM B [issnuHo (mpuMepHo B 1.4 paza), xo-
TSI IOJISI TIOJIOBO3PEJIbIX 0CO0OEll B HMX pa3inyaiach
HEe3HauYUTeJbHO. AHAJIM3 BHUIOBOTO COCTaBa pacTU-
TEJILHBIX COOOIIECTB, B KOTOPHIX IPOU3PACTAIOT XK1~
PSIHKM, IOKAa3aJl, YTO, HECMOTPS Ha HATMYNE MHOTUX
O0IIMX BUAOB, MOWiMeHHBIN Jyr B IlymocTtn 3HauM-
TeJIbHO Ooraye CyXoAoJibHOTrO Jiyra B IsimMHO, 4TO
MPOSIBISIETCS TAaKKe B MPUCYTCTBUM B MEPBOM psia
BUIIOB, OYTU HE BCTPEYAIOIIMXCS BO BTOPOM.

KoHkpeTHble JaHHBIE O MECTOOOUTAHUSIX 1 OTIU -
CcaHUS COOOILECTB, BKJIIOYass KOOPAMHATHEI MECTOHA-
XOXIECHU XUPSIHOK, paHee B IMTepaType He MPUBO-
JIUJINCh, 2 COOOIIAINCH TOJIBKO CBEASHUSI O MPOU3-
pacTaHUU KUPSIHKY OOBIKHOBEHHOM B 3TUX MYHKTaX
Jlennnrpanckoii o6mactu (Boch, 1985, 1992; Vasile-
vich, 1992) u oTHeceHuM ee K kareropuu 1 (BUmOB,

HUKOJIAEBA (ITYIIKAPEBA) u np.

Tabomna 4. JIocToOBepHOCTh pa3inuMii B TTOKa3aTesIX ce-
MEHHOI NpoayKTUBHOCTU Pinguicula vulgaris, nipouspac-
tatomux B JJomoHocoBckoM n I'aTumHCKOM paitoHax Jle-
HUHIpaacKoii 001.

Table 4. Validity of differences in the parameters of seed
productivity of Pinguicula vulgaris growing in the Lo-
monosov and Gatchina districts of the Leningrad Region

MoKasateis l'on nccnenoBanus/Year
Parameter 2019 2020 2021
[ICIT PSP | 2.03 (0.04)*| —1.73 (0.08) |—1.25 (0.21)
PCITRSP | 1.25(0.211) | —0.84 (0.40) |—0.26 (0.80)
Kyyp Cor ~1.96 (0.05) | 0.77 (0.44) | 2.40 (0.02)

IIpumeuanne. [1CI1 — moreHUManbHast ceMEHHAsI MPOMYKTUB-
HocTh (3k3.), PCIl — peanbHast ceMeHHasl MPOIYKTUBHOCTh
(9K3.), Knp — K03 PULUEHT IPOAYKTUBHOCTH (%). * YKa3zaHbI
3HaYeHUsT Kputepuss ManHa—YuTHU (z), B CKOOKax — ypOBEHb
3HAYUMOCTH (); MOJY>KUPHBIM IPHUGHTOM BbIIEIEHbI TOCTOBEP-
HbI€ pa3Juyusl.

Note. PSP — potential seed productivity (pcs), RSP — real seed
productivity (pcs), Cpr — coefficient of productivity (%).* Values
of the Mann—Whitney criterion (z), in parentheses —level of sig-
nificance (p); significant differences are highlighted in bold.

HaxOASIUXCS TI0J, YTPO30ii MCUE3HOBEHUS), K MO/~
KaTteropuu “Ysa3BUMbIE BUIIbI C HEOOIBIINM KOJNYE-
CTBOM JIOKQJIUTETOB W TOJOBO3pejbIX ocobeit”
(Krasnaya..., 2018).

BoabIIMHCTBO aBTOPOB, UCCIEA0BABIINX YCIOBUS
npouspactanust P. vulgaris, a Takke HIPYrux BUIOB
Pinguicula (Casper, 1966; Molau, 1993; Blanca et al.,
1999; Zamora, 1999; Legendre, 2000; Heslop-Harri-
son, 2004, Molano-Flores, 2018, u np.), coobmaior,
YTO ONTUMAILHBIMU MECTaMU IS X MIOCEJIEHUS SIB-
JITIOTCS  OTKPBITBIE MECTOOOUTAHUS, C XOpOIIei
OCBEIIEHHOCTBIO 1 BBICOKO BJIAXKHOCTBIO TTOYB, YTO
B 1IEJTOM COTJIACYeTCs M C HAITMMU TaHHBIMU. [109BbI
YacTo SIBJISIIOTCSI 00eTHEHHBIMU, OOBIYHO HEeNTpallb-
HBIMUY WM LIeJOYHbIMU; P. vulgaris Hepenko npous-
pacTaeT Ha BBIXOJAaX M3BECTKOBBIX ITOPOM, BOJIM3HU
POIHUKOBBIX, TPOTOYHBIX MU cTosTunx Bog (Casper,
1966; Legendre, 2000; Degtjareva et al., 2004, u 1p.),
YTO XapaKTEePHO U IS OOJIBIIMHCTBA €€ TTONYJISILIIA B
JleHmHATpaacKoi 001., TIe N3BECTHO OKOJIO 15 MecTo-
HaxoxneHuit (Krasnaya..., 2018, u 1p.). B To Xe Bpe-
MsI, HAIllM HaOJTIOMeHWs TTOKAa3ajid, 9TO paccelieHre
P. vulgaris B nccnenyemMbIx ImyHKTax JIeHMHTpaICKomi
00J1. BO MHOTOM JINMUTUPYETCS €11Ie U CTETIEHbIO CO-
MKHYTOCTU U BBICOTO TPaBSIHOTO spyca.

DTa 3aBUCUMOCTH 0COOEHHO YETKO MPOSIBIISIETCS B
Ilymoctu, THe 31aKOBO-Pa3HOTPABHEIN JIYT, B KOTO-
pOM MOCENMJIMCH XUPSHKUA, MMEET BBICOKYIO CO-
MKHYTOCTh TpaBsiHOTO sipyca (OITIT =70—80%), BbI-
coroii mo 40—50 cM, B CBSI3U C YEM UX pacceieHue
MIPUYPOYEHO INIABHBIM 00Opa3oM K yd4acTKaM C HU3-
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Puc. 4. CrpoeHue 3penbix ceMsiH Pinguicula vulgaris Ha npumepe nionysiuuu B [nssanHo (nuddepeHimanbHo-uHTepdepeH-

LIMOHHBIN KOHTPACT).

1 — TOJIHOCTHIO BBIMMOJTHEHHBIE ceMeHa, 2—3a — YaCTUIHO BBIITOJTHEHHBIE ceMeHa (2 — ceMsI ¢ HEIOPa3BUTHIM 3HIOCIIEPMOM,
3a — ceMsI C HeIOPa3BUTHIM 3apObIIIeM, OKPYKEHHBIM TOHKUM CJIOEM SHIOCIepMa, 36 — MUKPOITUJISIPHAST 9aCTh TOTO Xe Ce-
MEHH C 3apOJIBIIIEM YBEJIUYECHO). € — 3apOIBbIIIl, S ¢ — CEMEHHasi KOXypa, en — 3HAOCIepM. MaciurabHast iuHeika: 1—3a — 100,

3b — 10 MKM.

Fig. 4. Structure of Pinguicula vulgaris mature seeds on example of Glyadino population (differential interference contrast).

1 — completely filled seeds, 2—3a — partially filled seeds (2 — seed with underdeveloped endosperm, 3a — seed with underdevel-
oped embryo surrounded by a thin layer of endosperm, 36 — micropylar part of the same seed with embryo at large magnification).
e — embryo, s ¢ — seed coat, en — endosperm. Scale bars: /—3a — 100, 36 — 10 um.

KUM H pa3pekeHHBIM TPABSIHUCTHIM SIPYCOM (B TUIOT-
HBIX 3apOCIISIX TPAB M KYCTAPHUKOB XKUPSTHKUA OTCYT-
CTBYIOT WJIM €NUHUYHBI). B yroBoMm cooOiiiecTBe B
I'nanuro (G1) COMKHYTOCTb TpaBsIHOTO sipyca 0oee
nuskas (OITI1 = 50—60%), uTo oGyclIaBIUBAET Ipe-
WMYIIECTBEHHYIO KOHIICHTPAIIUIO XXUPSTHOK UMEHHO
Ha 3TOM yJacTKe ITOIYJISIITUN. AHAJIOTUYIHOE SBJICHUE
HabsonaeTcs U B 60J10THOM coobitiectBe (G2) ¢ BbI-
COKHMM y4YyacTHeM ITyLIUIbI, XBolei u MxoB (OIIII =
=90%). B aTuX ycl1oBUsIX 0COOM XMPSIHOK, KaK IIpa-
BUJIO, MAJIOYMCJIEHHBI, UCKJII0Uasl y4aCTKU C OTOJIEH-
HBIMH OTOpGOBAHHBIMU BBIXOJAMM TaXKH, TIE OHU
HEPENKO ITOCEIISTIOTCS B 3HAYUTEITEHOM KOJIMYECTBE.
OnHako, Ha 06oynHax JecHoii foporu (G3), Takke ¢
OTOJIECHHBIMM BBIXOZAMU TaXXW W HU3KUM IIPHUCYT-
CTBUEM NIPYTMX BUIOB PACTCHUI, OTMEYaeTCs UHasi
CUTYallUsl: XKUPSIHKU 3[€Ch BCTPEYAIOTCS B MaJbIX
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KOJIMYECTBAX, YTO SIBHO CBS3aHO CO 3HAYUTEJIbHBIM
3aTeHEHUEM yJyacTKa. DTO MOATBEPXKAAETCS U HAIIU-
MU MHOTOJIETHUMM HaOJIONEHUSIMU 3a TaHHOW TO-
MyJISILMEN: paHee Mo Kpato jieca (C I0XXHO CTOPOHBI)
Ha OTIEIbHBIX OTKPBITHIX MPOCTPAHCTBAX, 3aCEJIEH-
HBIX JIMIIb TPaBSIHUCTBIMUA BUIAMU PACTEHUM, XU-
psAHKY ObUTM OoJiee OOUJIbHBI, OAHAKO B IMOCJIEAHNE
roabl (BeposITHO, BCJIEACTBUE aKTUBHOTO HACTYILIE-
HMs Jleca Ha 00JIOTO) B 3TOM YaCTU MOITYJISILIAM OTME-
YaeTcs 3aMETHOE COKpaIlleHUe UX YUCTIEHHOCTU.

BinusiHue cTermeHM COMKHYTOCTU M BBICOTHI Tpa-
BSTHOTO sSIpyca pacTUTEIBLHBIX COOOIIIECTB Ha paccelie-
HUe ocobei P. vulgaris (m npyrux sunos Pinguicula)
paHee MOYTHU He oTMevasioch. McKiltoueHue cocTaB-
JISTIOT JIUIITG JaHHBIE HEKOTOPBIX OPUTAHCKUX aBTO-
poB (Gilmour, Walters, 1954; Heslop-Harrison,
2004), xoTopbie COOOIIAJIM, UYTO MpPOU3pacTaHUE
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P. vulgaris na bpuTtaHCKMX OCTpOBax HPHYpPOYCHO,
IJIaBHBIM 00pa3oM, K 00JioTaM, TpsSICMHAM UM BjaXx-
HBbIM TOP(MSHUCTBIM IIyCTOLlIaM, K y4yacTKaM C Mpe-
UMYIIECTBEHHO HU3KOPOCIBIMU COMYTCTBYIOLIUMU
pacTeHUsIMU, TTOYTU HE 3aTEHSIOLIMMU PO3ETKU XKU-
psiHOK. UMeHHO 3TUM (paKTOpoM (a TaKKe OCYIIIEHU -
€M MECTHOCTM) OOBSICHSJIaCh CpaBHUTEIbHAsI pell-
KocTb P. vulgaris Ha 6050Tax BocTtouHoit AHIIMU, C
Ype3MEpPHOI BBICOTOM paCTeHW B COOOIIECTBAX
(Gilmour, Walters, 1954), xors B Hopcere (1oxKHOE
nmodepekbe AHINIMM) €€ UCUE3HOBEHME 00JIee CBSI3bI-
BalOT C MOTEIUIEHUEM KiiuMaTa B pernoHe. CornacHo
Y. Heslop-Harrison (2004), B llotnanouu P. vulgaris
4acTO BCTpPEUYaeTCsl HA OTKPBITBIX KAMEHUCTBIX OTME-
Jsx (Mexny 0epe30BO-MOXKEBEJIOBBIMU JIeCaMM),
HO Tak>Ke C OU€Hb pa3peXeHHBIM TPABSIHUCTBIM SIpY-
coM (OIIIT menee 50%), npencraBieHHBIM OIpeIe-
JIEHHBIM Ha0OpOM BHUIIOB, HauboJiee paclpocTpa-
HEHHBIMM M3 KOTOPBIX ABIISIIOTCS ocoku (Carex de-
missa Hornem. = C. viridula ssp. oedocarpa
(Andersson) B. Schmid, C. panicea L.), 3naku (Fes-
tuca ovina agg. L.), cutHukoBsie (Juncus triglumis L..), a
takxke Saxifraga aizoides L., Thalictrum alpinum L.
u Blindia acuta (Hedw.) Bruch et Schimp. [Tomumo
3TOTO, aBTOP OTMeYaeT, uto Pinguicula vulgaris Hu-
KOIJla He MoceJssieTCs HeIoCpeACTBEHHO Ha cdar-
HyMe, BEpPOSITHO B CBSI3U C €€ HECIIOCOOHOCThIO K
KOHKYPEHILIUY C MHTEHCHUBHBIM POCTOM 3TOTO pac-
TeHuss. CxomHwle HabOmwogeHust Heslop-Harrison
(2004) npuBonut u aas P. lusitanica (L.) Raf. B
yclioBusX bputaHnuu, KoTopas TakxKe mpearnovyuTa-
eT IMOCeNAThCS B IIPOMEXYTKaX MeXy 00ojiee BbICO-
KuMuU pacteHussmMu (Myrica gale L., Pteridium aquili-
num (L.) Kuhn).

3akitouasi 000OIeHWEe MOaHHBIX IO YCIOBUSM
npouspactanus Pinguicula vulgaris B MccaemyeMbIX
nmyHKkTax JICHUHrpaackou odiacTu, MOXHO MpPEano-
JIOXUTH, YTO, HECMOTPSI Ha XOpoIllee XKN3HEHHOE CO-
CTOSTHME OCOOEM 3THX IOITYJISLNi, UX YUCIICHHOCTh
— B cJIyyae aKTUBHOTO Pa3MHOXEHMUST B HUX BUIOB C
OBICTPEIM (POPMHUPOBAHMEM BBEICOKOIO TPaBSIHOTO
sJpyca — MOXET CYIIeCTBEHHO COKpaTuTthbecs. Bos-
MOXHO TaKXe, 4To 0ojiee HU3Kasi YMCJIeHHOCTh MO-
nyisiuuua P vulgaris B Ilymoctn cBsi3aHAa MMEHHO C
9TUM TpoiieccoM. CokpalleHUIO YUCISHHOCTU 00e-
UX TIONYJISIIIUN MOXET CIToCOOCTBOBAaTh U aHTPOIO-
TeHHOE BO3ACMCTBHE: 00a MECTOHAXOXKICHMSI PacIlO-
JIOXXEHBI BOJIM3M HACEJIEHHBIX ITYHKTOB U, IO HAIIIMM
HaOIIOCHUSIM, HEPENIKO MOCEIIAIOTCS UX XKUTEJISIMU,
a B [lggyHO ToaBepraloTcsl W MPOe3dy TPaHCIOPTA.
CornacHo Heslop-Harrison (2004), BbITanThIBaHUE,
XOTSI U CITOCOOCTBYET OOJIbIIICH OTKPBHITOCTU TEPPUTO-
puu, TeM He MeHee, MPEICTABISCT IMOTCHLMAILHYIO
YIpo3y 11 yHAYTOXEHMSI MHOTMX BUIIOB PACTCHUIA.

[II1poko M3BECTHO, YTO YMCICHHOCTH IIOITYJIsI-
UM pacTeHUN TaKxKe BO MHOTOM oIIpenessieTcs 3¢ -
(GEKTUBHOCTBIO pa3MHOXEHUsST ocobeil. ComracHo
JIMTepaTypHBIM OAaHHBIM, IJIs ocobdeil P. vulgaris xa-
pPaKTepHO MPEUMYIIECTBEHHO CEMEHHOE pa3MHOXe-

HUKOJIAEBA (ITYIIKAPEBA) u np.

HUE; MTHTEHCUBHOCTh BEreTaTUBHOIO pa3MHOXEHUS
(mocpeacTBOM BBIBOJKOBBIX ITOYEK — “JTyKOBUYEK”),
0COOEHHO B apKTUYECKOI 1 Cy0apKTUUECKOM 30HAaX,
Hu3Kas (Soyrinki, 1938; Karlsson, 1986; Heslop-Har-
rison, 2004, u ap.). B psine apKTuuecKUX perioHOB
¢dbopmupoBaHue JIyKoBUueK y P. vulgaris oTCyTCTBYyeT
(Soyrinki, 1938), a B HEKOTOPBIX CyOapKTUIECKUX 00-
gactax IlBeuun mnpoucxoaut penko (Karlsson,
1986), xotsa B ycrmoBusax CpemHeit EBpombl Ux 1mpo-
IYKIUS SIBJISIETCS peryasapHbIM siBneHueM (Heslop-
Harrison, 2004). Hamu nHa6noneHus no P. vulgaris
B JIeHMHIrpaacKoii 06JIacTH MOKa3alid, YTO B 3THUX
YCJIOBHUSIX €€ 0CO0SIM TaKXKe CBOMCTBEHHO TJIaBHBIM
o0pa3oM ceMeHHOE pa3MHOXEHUE: BBIBOJIKOBbBIE
MOYKM OTMEYaJIMCh HE Yy BCEX pacTeHMM H, IO
npeaBapuTEeIbHbIM JaHHBIM, UX YUCJI0 OBbLIIO HEBE-
Juko (1-3). BTo, mo-BUAMMOMY, CBUIETEIbCTBYET
0 OoJblieil OGIM30CTH MCCICAYEeMBIX ITOIYISIIMA
P. vulgaris mo maHHBIM TTOKa3aTeJsIM K MOMYJISIIM-
sIM B cyOapKTHMYecKuUx obOjacTsax, yeM B CpenHeil
EBpome, nnm, mo KkpaiiHeil Mepe, MX IIPOMEXKYTOY -
HOM cocTtosgHuM. Eile oqHUM apryMeHTOM B MIOJIb-
3y CKa3aHHOIO SIBJSIETCS M MpeoOjagaHue OJHO-
LIBETKOBBIX 0cO0eil, XxapaKTepHoOe IJIsI CyOapKTHUUe-
ckux pernoHoB llIBenmu (Svensson et al., 1993; Molau,
1993, Méndez, Karlsson, 2007), Ucnanouu (Valdés
et al., 2022) u I'pennanmuu (Heide, 1912). Takoe ke co-
CTOSTHME CBOMCTBEHHO U P. vulgaris n3 bputanum n xa-
Haackoit AneGeptel (Worley, Harder, 1996; Heslop-
Harrison, 2004).

CpaBHUTEJILHBINM aHAJIM3 OKa3aTeJIell CeMEHHOMI
MPOLYKTUBHOCTHU y 0co0eii P. vulgaris B cciiemyeMbIxX
Monmyasusx JIeCHUHIrpaackoil 00JIacTH ToKas3ai, 4To
IIJT HAX XapaKTepHa BhICOKAs 3((MEKTUBHOCTh CEMEH-
HoM pernponykimn. CpenHne 3HaYeHUs Ko3hPUIEeH-
Ta MPOAYKTUBHOCTU B OOEMX TOMYJISILUSIX — WMHTe-
IrPaJIbHOTO MOKa3aTelsl OLIEHKM pPeIlpOayKTUBHOIO
ycnexa B monysistiyu (Zlobin, 2009b), mocturamm 60—
80%, a y psama ocobeit — cBriire 90% (cm. Tada. 3),
IIpUYeM NPOIYKIMS CEMSIH B HUX HaOJII04aj1ach exKe-
TOIHO, 2 CAaMU CEMEHa XapaKTepU30BaJINCh BHICOKUM
Ka4yeCcTBOM (3HAYEHUSI pPETbHOU U YCJIIOBHO-peEaslb-
HOM CEMEHHOM IMPOAYKTUBHOCTU IIOYTU HE OTJIMYa-
JINCBH). DTO CBUIETEIBCTBYET OO0 YCIIELIHOCTU IIPO-
LIECCOB OTBLJICHUSI B 00EUX TTOMYJISILIUSIX: U3BECTHO,
YTO OCOOSIM pas3iuyHbIX monyasauuit P vulgaris,
BKJIIOYasl IISIAMHCKYIO, CBOMCTBEHHO HaJMYMe KakK
ajijo-, TaK U aBTOraMMU, MPUYEM ITOCJIEeOHSISI, KakK
IIPaBUJIO, BBIMOJHSET CTPaxyolnylo QGYHKIUIO B
YCIOBUSIX OTCYTCTBUSI HACEKOMBIX B XOJOMHYIO U
noxmmupyto noroay (cMm. Pushkareva (Nikolaeva) et
al., 2018). B oGeux IOIyIsaLusIX OTMEYEH BBICOKUIA
YpOBE€Hb MOTEHLMAJIbLHONA CEMEHHOI MPOIAYKTUBHO-
CTH, XOTSI U C HECKOJIbKO OoJiee IIMPOKUM J1Marna3o-
HOM BapbupoBaHus B IssauHo, yem B [Tymoctu, uto
MOXKET YKa3bIBaTh Ha pa3jin4us B BO3PACTHOM COCTa-
BE BTUX MOMYJSIUMIA U Pa3HYIO CTeNeHb yJyacTUsl UX
ocobeil B BereraTMBHOM pa3MHoxeHuu (Zlobin,
2009a). Cnenyer, o1HAKO, OTMETUTD, YTO B 00E€MX MO~
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MYJISIIMSIX TIPUCYTCTBOBAIM OCOOU KaK ¢ MaJIbIM KO-
JIMYECTBOM CeMsI3a4aTKOB B 3aBsI35IX, TAK M C MaJIbIM
KOJIMYECTBOM CEMSIH B IUIOAAaX (C MOTEHIIUAIbHOI 1
peaibHOM CeMeHHOM MPOMYKTUBHOCTBIO MeHee 10% —
cM. Tabi. 3), HO UX JIOJS SBIISIACh OYeHb He3HAUM-
TeJIbHOM (MeHee 1%). DTU OTKIIOHEHUST TAaKXKE MOTYT
OBITH CBSI3aHBI C BO3PACTHBIM COCTAaBOM ITOIYJISILINIA:
HauOOJBIINN PENPONYKTUBHBIN BBIXOHI OOBIYHO
MMEIOT CpeOHEBO3pacTHBIC TI'eHepaTUBHBIE OCOOH,
TOIIa KaK TOHWXEHHBIM — cTapble U MOJIOIBIE
(Ivshin, 1998; Zlobin, 2009a, b).

HecMoTpst Ha pasnuuus B yCIOBUSIX IIpor3pacTa-
HUs1 ocobeil P. vulgaris B Ilynoctu u ImsauHo, pe-
3yJIbTaThl JUCIEPCUOHHOTO aHa/IM3a JaHHBIX II0 Ce-
MEHHOMW NPOAYKTMBHOCTH, COIIACHO KPUTEPUIO
ManHa—YuTHU, ObLIM HEOOAHO3HAYHBIMU. DTO CBU-
JIETEIBCTBYET, BEPOSITHO, O TOM, YTO Pa3INUMsl B 9KO-
JIOTUYECKHUX YCIOBUSX MECT mpouspactanus P vul-
garis B UCCIIeyeMbIX MOIMYJISILIUSX HE OKA3bIBAIOT Cy-
IIECTBEHHOTO BJIMSIHUS Ha YpPOBEHb MX CEMEHHON
MPOAYKTUBHOCTU, XOTS IJIsI TOATBEPXKASHUS 3TOTO
3aKJIIOYEHUS HEOOXOIUMO TMPONOJIKEHUE MCCIen0-
BaHMIA, C yBEIUMYCHUEM KOJIMYECTBA YYETHBIX ILJIO-
manok (1o KpaitHeit Mepe, 10 5) 1 0oJiee MPOIOJLKI-
TEJIbHBIM TIEpUOAOM HaoOmoaeHuit. OneHka A0CTO-
BEPHOCTU Pa3JIMYMiA C MCIIOJb30BAaHUEM KpPUTEPUS
Kpackena—Yoiimca BbeissBrIa 00jiee YETKYIO 3aKO-
HOMEPHOCTh CHUXKEHUS psiia Mokasartejieii oT roaa
¢opMupoBaHUs ceMsiH. B yacTHOCTH, TOCTOBEPHBIM
SIBJISITIOCH CYIIECTBEHHOE CHIDKEHHE ITOTEHIIMAIb-
HOM U peaJibHOI CEMEHHOM MPOAYKTUBHOCTHU B 00¢-
nx nonyysauusax B 2021 r. (1mo cpaBHeHuto ¢ 2019 u
2020 rr.), a TaKKe CHMXXKeHHe KO3 duimeHTa mpo-
JIYKTUBHOCTH B 3TOT IOl B ITyA0XKCKOM MomysiLiuu (ero
noHkeHus1 B [sinuHo He HaGmonanock). Hanbonee
BEPOSITHOE OOBSICHEHUE 3TOi 3aKOHOMEPHOCTU — pa3-
JIMYHBIE TTOTOHBIC YCJIOBUSI B XO/I€ BEreTallMOHHBIX TTe-
puonoB 2019—2021 rT., 9TO IMOATBEPKAASTCS JAaHHBIMU
METEOPOJIOTMYECKIX HAOIIONEHWI B paliOHE Paclojo-
XKeHUsT monynsaiuii (Meteoctannust “benoropka”,
latunackmit p-H). ComracHo 3TuM maHHBIM, 2020 n
ocobeHHo 2019 roanl (c HAUOOIBIIUMU 3HAYEHUSIMU
OOJBIIMHCTBA MOKa3aTeseil B 00euX MOMYJISIIIUSIX)
OTJINYAJIICH YMEPEHHBIMM JIESTHUMM TeMIIepaTypaMu
U1 OOJBIINM KOJIMYECTBOM OCAIKOB BO BpeMsl OyTO-
HU3alNU, LIBETEHUS U TJTIOAOHOIIEHUS XKUPSTHOK. A B
2021 r. (c HaMMEeHBIINMY 3HAYSHUSIMU ITOKa3aTeeii)
9TOT mepuoid ObLI XapkuM M 3acynuiuBbiM (Pogo-
da..., 2021, puc. 2), 4TO NO3BOJISIET cAeJIaTh BBIBOJ O
HETaTUBHOM BIIMSTHUU UINTEIHHBIX KApPKUX U 3aCyIIl-
JIMBBIX YCJIOBUI B IIEPUOI [IBETECHUSI M CO3PEBAHUS CE-
MsIH P, vulgaris Ha ypoBeHb €€ CEMEHHOM IMPOTYKTUBHO-
CTH, IIpUYEM TaKWe YCIOBUS, MO-BUAVMOMY, OOJIbIIIE
CKa3bIBAIOTCSI Ha TIOKa3aTesIssX OCOOei ITyIOKCKOM
MONyasiuuU (BCIEACTBUE ee OObIIeil OTKPBITOCTU
W MEHbIIEl YBIaXHEHHOCTHM MO CPaBHEHUIO C
DJISAUHCKOI).

3HAYMMBIMU TaKXKe OKa3aJiCh pa3imyusd B YpOB-
He 3aBSI3bIBAEMOCTU CeMSIH P. vulgaris Ha pas3JIMYHbIX
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yJacTKax IonyJIsIuuu B [ssnmHo — Hambonee nud-
depeHLIMPOBAaHHOI IO YCJIOBUSIM €€ Ipou3pacTra-
Hus. B yacTHOCTH, Ha y4acTKe 3TOM MONYJISIINU, 3a-
TEHEHHOI JIECOM C IOKHOM CTOPOHBI, KO3(PUIIUEHT
MPOAYKTUBHOCTU OBbLI HUXKE, YEM Ha ee ydacTKax C
MMOCTOSTHHOI OCBEIIEHHOCTBIO 1 OONBIIEH BIaXKHO-
CTBIO (CKJIOH OT Jieca K 00JIOTy 1 Kpaii 6010Ta ¢ Oro-
JIECHHBIMU OTOP(OBAHHBIMU BBIXOJAMU TaxKu), TIPU-
yemMm B 2019 1. paznuuusi ObUIM JOCTOBEPHBI.
DTOT (paKT, B COBOKYITHOCTH C BBINIE OTMEYCHHBIM
¢dakTOM 0OO0I1IETO COKpAallleHUST YUCIEHHOCTU 0Cco0ei
P. vulgaris Ha nanHOM ydacTke [nsimuHO, TTOATBEp-
XKIaeT HEraTUBHOE BIMSHUE Ha UX COCTOSTHUE CHUJIb-
HOTO 3aTCHCHMUA JICCHBIM MAaCCMBOM, UTO paHEC TaK-
XKe coolIanoch mis cpeauseMHoMopckoit P vallis-
neriifolia Webb (Zamora, 1999). OnHako, B CBSI3U C
BBICOKOI BaprabeIbHOCTBIO TIoKa3aTesieil ceMeHHOM
MPOAYKTUBHOCTU Yy P. vulgaris Ha psiie TUIOIIAA0K
0o0eunX IOITYJISILMi, TaHHBINA (PaKT BCE XKe HYKIaeTC s
B IIPOBEPKE.

CBeneHUS MO CEMEHHOU IMPOMXYKTUBHOCTH OCO-
6eit P. vulgaris, npouspacramoliux B yciaoBusix Jle-
HUHTpaACcKoii o0jiacTu (ceBepHEBIe paiiloHbl EBpoIIbI),
MOJIyYeHbI BIEPBBIE U TTO3BOJISIIOT BOCIIOJIHUTD MPO-
OeJIbl B TOM BoIlpoce. PaHee 3TOT acieKT perpoayK-
TUBHOI 6nonorun P. vulgaris nccienoBajcs ri1aBHBIM
o0pa3oM y ocobeit cydapKTrnuecKux nmonyasiinii Es-
poribl 1 CeBepHOIT AMEPUKM, TOTAa KakK JJIS TTOITYJIsI-
muit Bunga B CpenHeii EBporie coo01anuch Iuiib 00-
1II1€ CBEICHMSI O IPOU3BOACTBE €€ 0COOSIMU OOJIBIIIO-
ro konnyectBa cemsiH (Casper, 1966; Legendre, 2000,
Heslop-Harrison, 2004, u np.).

Hamv pgaHHblE O BBICOKOM YpPOBHE CEMEHHOI
MPOLYKTUBHOCTHU y ocobeit P. vulgaris B JleHuHrpam-
CKOM 00J1aCTH B LIEJIOM COIJIACYIOTCSl C aHAJIOTUYHBI-
MU JAHHBIMU MO CyO0apKTUUECKUM MOITYJISILIUSIM BU-
Ja. B gacTHOCTM, BBICOKME, HO TaKXe HECKOJBKO
pa3Hble 3HAYEHUS MOKa3aTeJel CEMEHHOM MPOayK-
THBHOCTU OTMedYeHBl y P. vulgaris w3 IllBenuu u
I'pennanauu. Mo nanaeiM U. Molau (1993), y P. vul-
garis, mpouspacralolleit B paiilone AOMCKO — caMoii
ceBepHoOIl yactu cybapkruueckoil IlIBennu, pacmo-
JoxeHHoM 3a [TonsipHbIM Kpyrom (68.21° N, 18.49°
E, 350 m Hag yp. M.), IPOAYKIIMS CEMSIH, KaK U Y XK1~
PSTHOK B JIeHMHIpaACKoi 001acTU, ObLTa €XKeroIHOIM,
C 3aBI3bIBa€MOCTBIO ceMsH 6ojiee 70%. B ee morysi-
ouu B paitoHe JlaTHsassype — 9yTh 3anagHee AOMCKO 1
B TOpHBIX yciaoBusx (68.22° N, 18.13° E, 1000 M Hax
yp. M.), a TaK:X€ B OOHOM U3 ITOMYJISILIMI Ha 3araje
I'pennanauu, Beiie CeBepHoro ¢wopaa (67.00° N,
50.27° E, 350 M Hax yp. M.), OTMEUEHHI enle bosee
BBICOKME 3Ha4YeHUs 3TOro mokasareiasa — 80 u 92%,
cooTBeTCTBeHHO. O BBICOKOII 3aBSI3bIBAEMOCTU CE-
MsiH Y P. vulgaris B Abucko (110—140 ceMsiH B I1oaax)
TakXke cooOllaay U OpYyrue aBTOPBI, YKa3blBasg, 4TO
nx popMupyIoT TUITh 14% 3penbiX pO3eTOK B MOITY-
JISIIMU, TOTAA KaK B BHICOKOTOPHBIX YCJIOBUSIX IIPO-
JIYKIIWSI CEMSTH ObLIa HEPETYJISIPHOI — C epepbIBAMU
B Heckonbko seT (Karlsson, 1986, 1988; Thorén,
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Karlsson, 1998). C Touku 3peHUST aBTOPOB, 3TO CBSI-
3aHO C HUBKMMU TeMIIepaTypaMu B KOHIIE CE30Ha Be-
reTally U JUIMTEJIbHBIM IIePHUOIOM BOCCTAHOBIICHUS
pecypcoB, HEOOXOIMMBIX IJISI YCIICIIHOTO ITPOMU3-
BOJICTBA CEMSIH B YCJIOBUSIX KOPOTKOro (2—3 mec.)
BereTallMoHHoTO nepuoaa (cM. takxke Heslop-Har-
rison, 2004).

MoXHO 3aKJII0YUTh, YTO Ha CEMEHHYIO MPOIyK-
TUBHOCTb P. vulgaris B cyOapKTMUECKUX YCIOBUSIX,
0COOEHHO IIPY MPOABMXKEHUM BUIA B TOPHBIE YCIIO-
BUSI, BEPOSITHO, OoJiee BIMSIOT TakKue (paKTOphI KaK
COKpallleHHe BeTreTallMOHHOTO Ieproaa ocobeii, He-
PErYJISIPHOCTD X LIBETEHMS 1 YaCThle HU3KME TEMIIE-
paTypbl B KOHIIE ce30Ha BereTanuu. B Jlenunrpan-
CKOI1 3Ke 00J1acT TaKMMU (pakTopaMu, KaK OTMEYEHO
BbIlIE, MPEUMYLIECTBEHHO SIBJSIOTCS JIMTEIbHbIE
XKapKue 1 3aCylUIMBbBIE YCIOBUS B IEPUO LIBETEHUS
1 TUIOJIOHOIIIEHUS 0COOE: 3aMOPO3KM B 3TOM PETruo-
He B MIOHE, KaK MpaBWIO, PEOKN W C HEOOJbIINMU
noHkeHusIMu TemiiepaTypsbl (Pogoda..., 2021), a Bere-
TaLMOHHBII nepros GoJtee MpoaorKuTeseH (5—6 Mec).

MHTepecHO TakXke, YTO, HECMOTPSI Ha CXOICTBO
KoaddurIMeHTa MPOAYKTUBHOCTU Y ocobeit P. vulga-
ris B JIeHMHTpaCKOM 00JIacTH U IIBEICKOM AOMCKO
(64—80% B Tlymoctu, 70—-72% B Imaguno, 77% B
AOUCKO), 0cOOM MOCJIEAHEro OTJIMYAIMCh O0Jiee BhI-
COKMMHU 3HAYEHUSIMMU TNOTEHUMAIBHONU CEMEHHOM
npoaykTuBHOCTU (272 B Aducko npotuB 140—200 B
IMymoctn n 120—210 B I'msimuuo). M3BecTHO, 4TO
HauOOoJIbIIAs TOTEHIIMATIbHAS CEMEHHAasi TPOIYKTUB-
HOCTb OOBIYHO CBOMCTBEHHA PACTEHUSIM, TPOU3PAC-
TAIOIIMM B YCIOBUSIX 9KOJIOT0-IIEHOTUYECKUX ONTU-
MyMoB (Zlobin, 2009a). HauGoJiee 61aronpusiTHbIMU
YCJIOBUSIMU JJIs1 Tipou3pacTaHus P, vulgaris cauTaior-
Csl palioHBbI C MPOXJAAHBIM M BJIAXHBIM KJIMMAaTOM
(Lloyd, 1942; Casper, 1966; Taylor, 1989; Degtjareva
et al., 2004, u np.). ITonynsauus B AGUCKO OJIVXKe OI-
TUMYMY, TaK KaK yCJIOBHUSI perMoHa 0oJjiee IIpoxJiai-
HbIe W BJaXXHBIE, YeM B JIeHMHTpaacKoii oOJyiacTu:
CpelHUe TeMIepaTyphl B MIOHE-aBryCcTe KOJIeOIIOTCS
ot +9 mo +12°C, a cpenHeMeCIYHBIN YPOBEHb OCall-
KOB — OT 35 mo 68 MM, Torna Kak B JIeHMHIpaaCcKoi
00J1acTH UX 3HadYeHUs cocTaBisiioT 15—18°C u 34—
44 MM, cooTBeTcTBeHHO (Swedish..., 2021; Pogoda...,
2021). Tem He MeHee, pPacCHOJIOXXECHHWE ITOITYJISIIINIA
P. vulgaris B JleHUHTpaackoil o0lacT 3a TpeaeasaMu
€€ 9KOJIOrO-IIEHOTUYECKOTO ONTHMYyMa B 1IEJIOM HeE
OKa3bIBaeT 3aMETHOIO BIUSIHUS Ha PEIIPOAYKTUBHOE
cocTtosiHue ee ocobeit. Kak oTMedyeHO BbIIIe, OOJb-
IIMHCTBO M3 HUX 00J1aJai0T BHICOKOI 3(PDEeKTUBHO-
CTBIO CEMEHHOI pEeNnpoayKLMH U, CIEAOBaTEJIbHO,
BBICOKUM MOTEHIIMAJIOM JIJIsI BO3OOHOBJIEHUSI BUIA B
MOITYJISILUSIX HOCPEACTBOM CEMEHHOIO pa3MHOXKe-
HUSI.

OnmHako, JIJIs1 OKOHYATEJIbHOM OIIEHKU PEIIPOayK-
TUBHOTO ycriexa P. vulgaris B ycioBusix JIeHMHTrpan-
CKOM 006JIaCTH HEOOXOIUMO M3yYeHUEe TAKOTO acleK-
Ta €¢ PEenpOAYKIIUU KaK OMOJIOTUsl MpOpacTaHUsl U

HUKOJIAEBA (ITYIIKAPEBA) u np.

BCXOXECTh CEMSTH — KOHEYHOTI'O 3B€Ha PEIPOIYKTUB-
HOro ycmnexa Buaa B mnonyjsiuuu (Zlobin, 2009b).
OTOT acMeKT paHee ObLI UCCAeA0BaH Julllb Y P. vul-
garis n3 Imaonno Jlenunrpanckoit oonactu (Titova,
2012), Torma Kak JaHHbIE TAKOTO poja IO ITyA0XKCKOM
MOITYJISILIUM HEU3BECTHBI, YTO MUKTYEeT HEOOXOmU-
MOCTh BOCIIOJTHEHMSI TIpodeiia B 3TOI 001acTH, 0CO-
OEHHO B CPaBHUTEJbHOM IJIaHE U3yYCHUSI.

SAKJIIOYEHHME

ITpoBeneHHOE UCcaea0BaHMEe TTOKA3aJI0, YTO, He-
CMOTpSI Ha pa3ivuusl B IKOJOTMYECKUX YCIIOBUSIX
npouspactanus Pinguicula vulgaris B 1ByxX IMyHKTax
JlenuHrpanackoit o6inactu (okp. moc. Ilymocts u Isi-
nuHOo — l'arunHcKuit 1 JIOMOHOCOBCKMIA p-HEI, COOT-
BETCTBEHHO), MPEANOYTUTEIbHBIMM MECTaMU I1OCEe-
JICHUsI e 0COoOei SABISIIOTCSI TaKUe XKe, YTO U APYTUX
peruoHax EBponbsl 1 AMepuKu. DTO — OTKPHITEIE M-
CTOOOMTAHMSI C XOPOIIEH OCBEIIEHHOCTbIO M BBHICO-
KO BJIAXKHOCTBIO TOYB (HEHTpaJIbHBIX WJIM CIab0-
IIEI0YHBIX, HEPEIKO M3BECTKOBBIX), cjabo3amep-
HEHHBIE TEPPUTOPUM C HEBBICOKMM TPaBSIHBIM
sspycoM. K OCHOBHBIM (haKTopam, JUMUTUPYIOITUM
YUCJIEHHOCTb ocobeii P. vulgaris B ycnoBusix JIeHUH-
rpajackoii 00J1acT, MOXHO OTHECTH 3alepHEHUE U
3aTeHeHUe (MHTEeHCUBHOE 3acejieHue BuaaMu, ¢hop-
MUPYIOIINMH SIPYC C BEICOKOM COMKHYTOCTBIO 1 BbI-
COTOI pacTeHMIi1) M BHITANTHIBAHUE BCJIEACTBUE IO-
CElICHUSI XXUTEJSIMA TPUJIETAloIINX HaceJeHHBIX
IIYHKTOB, YTO OTMEYaI0Ch U IJIsI APYTUX MOMYJISIIAIA
9TOro Buaa. B Ty mpeacraBieHns yKIIaabIBalOTCS U
HAaIllU JaHHbIE O HETaTUBHOM BJIUSIHUM HA OCOOU XKU-
PSIHOK aKTMBHOTO HACTYIUICHHMS jeca Ha ONUH M3
y4aCTKOB B [J1911HO, TIe B MOCAeIHNE TOIbl HAa0II0-
JlaeTcsl 3aMeTHOEe COKpallleHWe WX YMCICHHOCTU U
penKoe uBeTeHue (BCICICTBUE CUJIBHOIO 3aTEHEHUS
nepeBbsiMu). Henb3st mckimodaTh U Takou ¢hakTop,
KaK JUIMTeJIbHOE 3aToIuieHue ocobeii P. vulgaris Bo-
JI0it BO BpeMsl BECEHHMX Y OCEHHHMX aBOIKOB, paHee
OTMEUEHHBIH JISI IPYTUX BUIOB XKUPsIHOK (Molano-
Flores et al., 2018).

AHamu3 3¢p@(EKTUBHOCTH CEMEHHOM penpoIyK-
1 ocobeit P. vulgaris — OmHOTO M3 BaXXKHEMIIMX
¢aKTOpOB, ONMpPEACISIOIINX YUCICHHOCTb MOMYISILIUIA
pacTeHuii — B ycJIoBUSIX JIeHMHIpaacKoil 061acTv mo-
KazaJl, YTO OHM 00JIaJal0T BBICOKMM TTOTCHIIMAIOM [IJIST
BO30OHOBJICHUSI BUIA MOCPEICTBOM CEMEHHOIO pas-
MHOXEHUS, C €XXETOMHOM MPOAYKIIUE GONBIIIOT0 KO-
JINYECTBA CEMSIH BBICOKOTO Ka4eCTBa, YTO XapaKTep-
HO TakxXe W JUISI psifa cyOapKTUUECKUX OIS
3TOro Buaa B paiioHe mBenckoro Aducko (Karlsson,
1986, 1988; Molau, 1993). B To e BpeMs, B OTJIUUME
OT IIBEACKUX CyOapKTUUECKUX monyassumnii P. vulga-
7is, Tae TAKUMHU (paKTOPaMU OOBIYHO SIBJISIIOTCSI CUJTh-
HbIe 3aMOPO3KH B KOHIIE BEreTallMOHHOTO TIepruoaa
(0COOEeHHO TpU MPOABUXEHUU BUIA B TOPHbIE YCIIO-
BHs), OCHOBHBLIM (DAKTOPOM, TUMUTUPYIOLIM MPO-
IYKIIMIO CeMSIH B MOMyIIUusx JIeHMHTpaacKoil 00-
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JIACTU, SBIISIFOTCS IJIATENIbHBIE XXapKUe W 3aCYIIH-
BbI€ YCJIOBUSA BO BpEMSA LIBECTCHHUA U INIOJOHOILICHU A
0Cco0eii; Tpy 3TOM MX HEeraTUBHOE BIIMSIHUAE OoJiee cKa-
3BIBAETCS HA MPOMYKIINM CEMSH B ITyTOXKCKOM TOITYJIsI-
1M (BCJIEOCTBUE €€ OOJIbIIIEH OTKPBITOCTU U MEHBIIICH
BJIAXKHOCTH TI0YB I10 CPABHEHUIO C IISIIMHCKOI).

O1ueHUBAs B 1I€JIOM JaHHBIE TI0 COCTOSIHUIO OCO-
oeit P. vulgaris, mpou3pacTaronx B yCIOBUSIX IBYX
M3YyYEeHHBIX MOMyJsanuii JIeHMHrpamckoil obJiactu,
MOXHO 3aKJII0OYUTh, YTO, HECMOTpPsI Ha HaXOXIEHHE
ATUX TONYJISILIMI BHE 3KOJOro-(MUTOLIEHOTUYECKOTO
onTuMyMa (PEerMOHOB CEBEPHOTO IIOJIyLIapus ¢ Cy0-
apKTUYECKUM KJIMMAaTOM), MX OCOOM XapaKTepusy-
JOTCSI BBICOKOI >KM3HEHHOCTBIO Y BBICOKMM PEIpO-
IYKTUBHBIM ycrnexoM. OIHAKO TSI MOJIHOM OLIEHKU
TTOCJIeAHETO ImapaMeTpa HeOOXOTMMO N3yJeHEe OO0~
JIOTUM MpOpacTaHUsI U BCXOXKECTU UX CEMSH — KO-
HEYHOTO 3B€Ha PENpOIyKTUBHOTIO yCIleXa BU/Ia B II0-
OyJISIIUSX: HECMOTPsi Ha IIPOU3BOACTBO OCOOSIMU
P. vulgaris 60onpl10ro KoJIM4YeCcTBa CEMSIH, UX PENpo-
JIYKTUBHBII YCIIEX MOXET COKpalllaThCs 32 CUET HU3-
KO BCXOXECTU CeMSIH U TMOen 3HauYuTeIbHOMI Ya-
CTH IIPOPOCTKOB NpU HEeOJaronpUSTHBIX YCIOBUSIX
(Heslop-Harrison, 2004).

BJIATOOJAPHOCTHU

PaGora BbITloHEHa Tipu (UHAHCOBOW TIOMIEPKKE
Poccuiickoro doHma pyHmaMeHTaTIbHBIX WCCIEIOBaHUM
(rmpoexT Ne 20-34-90134 AcripaHThI) 1 YACTUYHO B paM-
Kax TeM rocylIapCTBEHHOTO 3agaHusi boTaHn4yeckoro mH-
crutryra uMm. B.JI. KomapoBa PAH: “IlonmmBapmnaHTHOCTH
MOpP(OreHeTUYECKHUX MPOrpaMM Pa3BUTHST PENTPONLYKTUB-
HBIX CTPYKTYP PaCTeHUI, ECTECTBEHHbIE M UCKYCCTBEHHbBIE
MoIenn uX peanmm3aunu’ (perucTpallMOHHEBEIM HOMep
AAAA-A18-118051590112-8); “PacturenbHocTb EBponeii-
ckoit Poccuu u ceBepHoii A3un: pa3HooOpasue, TMHAMU-
Ka, TIPUHIIMITBI OpTaHU3alnu (PeTUCTPAIlMOHHBIM HOMED
121032500047-1).

ABTOpBI Takke McKpeHHe ItpusHarteinbHbl [.1HO. Ko-
HEYHOI — 3a MOMOIIlb B ONPEeAEICHUM BUIOB PACTEHU B
coobmiectBax, O.B. lNayaHuHO#I — 3a KOHCYJIbTaIMU 1O
KJTIOYEBBIM 00JI0TaM 1 60JIOTHBIM pacTeHusIM, 1 O.B. Xu-
TyH 1 W.B. JIsHTry30BOI1 — 3a IIOMOIIb ITPU OOCYKISHUN
HEKOTOPBIX aCMEKTOB pabOThI.
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GROWING CONDITIONS AND SEED PRODUCTIVITY OF PINGUICULA

VULGARIS (LENTIBULARIACEAE) IN LENINGRAD REGION
L. A. Nikolaeva (Pushkareva)~*, T. M. Koroleva®, and G. E. Titova*

“Komarov Botanical Institute RAS
Prof. Popova Str., 2, St. Petersburg, 197022, Russia

*e-mail: pushkareva-lubov@mail.ru

The growing conditions of Pinguicula vulgaris in the vicinity of the villages Pudost’ (floodplain meadow) and
Glyadino (slope meadow, lowland spring fen) in the Leningrad Region were studied in detail, and the seed
productivity of its plants was evaluated in these conditions for the first time. Despite a close geographical lo-
cation and a general confinedness of both populations to the Izhora Upland (to the outcrops of carbonate
rocks), they differ in an occupied area and its microtopography, the degree of shading of plants during day-
light, and soil moisture (though of similar acidity), and also differ in the species composition of plant com-
munities (richer in Pudost’ than in Glyadino). At the same time, regardless of the differences in growing con-
ditions, the level of seed-setting in P. vulgaris plants in both populations during all the years of research was
close and quite high (64—80% in Pudost’, 70—72% in Glyadino), that indicates a high potential for the re-
newal of the species in the populations by seed propagation. It is noted that the main factors limiting the size
of Pinguicula populations in the Leningrad Region are the same as in its other populations of Northern Eu-
rope: intense settlement of territories by the species forming a layer with high closeness and height, trampling
of soils, unfavorable weather conditions during flowering and fruiting of the plants significantly reducing their
seed productivity. However, unlike some subarctic populations of P. vulgaris, where a decrease of seed pro-
ductivity occurs due to low temperatures at the end of a short growing season and irregular reproduction (es-
pecially at the species moving into mountain conditions), in populations of the Leningrad Region (with a lon-
ger growing season and regular reproduction), it decreased mainly due to a long dry periods during flowering
and fruiting of the plants.

Keywords: Pinguicula vulgaris, Lentibulariaceae, Leningrad Region, North-Western region of Russia, seed
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productivity, ecological conditions of growth, plant communities
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Assessment of the resistance of forest communities and individual species to external impacts requires re-
search on the possible response of species, communities and ecosystems in different regions to the changes
expected in the natural environment and climate. This study aimed to assess the variability of stem xylem an-
atomical and hydraulic traits and their coordination with leaf CO,/H,0O exchange parameters in evergreen
gymnosperm and deciduous angiosperm tree species during natural reforestation after clear-cutting of boreal
pine forest in the European North. We analysed the effects of plant growth conditions and climatic factors on
the structural and functional traits of regrowing trees in Scots pine (Pinus sylvestris L.), silver birch (Betula
pendula Roth) and aspen (Populus tremula L.) during four growing seasons in a clear-cut site and under bil-
berry-type pine forest canopy in the middle taiga of Karelia. Stem xylem anatomical and hydraulic traits and
leaf CO,/H,0 exchange parameters in the different tree species mainly demonstrated a similar response to
changes in plant growth conditions and climate. In the clear-cut, both Scots pine and the angiosperm tree
species had the highest tracheid and vessel hydraulic diameters and xylem potential hydraulic conductivity
while at the same time having the lowest specific density of tracheids and vessels. Analyzing the interannual
variation of climatic factors we found that the variability of annual increments was the highest in all the spe-
cies as compared to the other xylem traits, which were more conservative. Coordination between stem xylem
hydraulic traits and stomatal conductance, rates of photosynthesis and transpiration, and their variability in
evergreen gymnosperm and deciduous angiosperm tree species under environmental factors indicate different
hydraulic behavior (isohydric/anisohydric) strategies in silver birch, aspen, and Scots pine. The predicted in-
crease in the frequency of heat waves and droughts at Northern latitudes will promote the competitive ability
of Scots pine and aspen, which build a more efficient and safer hydraulic structure compared to silver birch
by raising CO, gas exchange and productivity in dry conditions.

Keywords: woody plants, hydraulic conductivity, photosynthesis, transpiration, environmental factors
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The assessment of the resistance of communities
and individual species to external impacts has current-
ly received great attention (IPCC, 2013; FAO, 2020).
However, the question of possible responses of species
(Niinemets, 2010; Bussotti et al., 2015; Reich et al.,
2018), communities, and ecosystems in different re-
gions to various external impacts (Price et al., 2013;
Groisman et al., 2017; Oliveira et al., 2021) still re-
mains open due to uncertainty in the assessment of the
ability of natural ecosystems to recover functionally
from catastrophic disturbances. This problem is espe-
cially acute in the European North considering chang-
es in the frequency, pattern, and severity of extreme
environmental conditions over the past few decades.

Perennial plants, and particularly trees, contribute
the most significantly to the biomass of terrestrial eco-
systems (Bonan, 2008). Through their ontogeny,
woody plants are continuously exposed to variations of

biotic and abiotic environmental factors. An under-
standing of wood formation under variable natural en-
vironment and climate conditions is one of the central
interests of plant anatomists and ecophysiologists
(Fritts, 1976; Vaganov et al., 2006; Hacke, 2015), since
the xylem, being the main water conducting tissue in
terrestrial plants, supplies water and nutrients to the
plant’s photosynthetic and growing tissues. The effi-
ciency and safety of xylem functioning largely deter-
mine the growth, productivity and survival of plants
(Hacke, Sperry, 2001; Fonti et al., 2010; Gleason et
al., 2016). The ratio of the transport, storage, and
structural support functions of tree xylem can change
over the gradient of ecological conditions as a result of
adaptive transformations (Lachenbruch, McCulloh,
2014; Kawai et al., 2022). The responses may, howev-
er, differ significantly among species due to specific
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growth strategies and xylem anatomy features (Hacke,
2015).

The traits of xylem hydraulic structure, such as the
arrangement, length, diameter, wall thickness and pit
features of conducting elements, determine the water
transport safety and efficiency (Sperry et al., 2006;
Venturas et al., 2017; Sviderskaya et al., 2021).
With longer conducting elements, water passes
through the pits fewer times, which reduces total xy-
lem hydraulic resistance (Choat et al., 2008). At the
same time, the wider conducting elements increase
the risk of embolism in both evergreen gymnosperm
and deciduous angiosperm tree species (Bouche et al.,
2014; Hacke et al., 2017). This leads to the reduced
competitive ability of trees with large vessels during
frosts and severe drought (Olson et al., 2018). Diffuse-
porous species, like members of the genus Populus L.,
lower the risk of cavitation and hydraulic failure under
water stress by producing numerous and interconnect-
ed vessels with narrow lumens (Rodriguez-Zaccaro et
al., 2021). The xylem of ring-porous species with large
vessels, namely Quercus spp., has been observed to be
highly vulnerable to embolism as water transport hap-
pens only in the outermost tree ring (Fonti et al., 2010;
Benson et al., 2022). Evergreen gymnosperm tree spe-
cies have a more universal structure of the xylem com-
pared to deciduous angiosperm tree species, with large
thin-walled tracheids in earlywood and smaller thick-
walled tracheids in latewood, which perform different
functions — efficient water transport in earlywood
and, to a greater extent, mechanical support in late-
wood (Hacke, 2015). Presumably, differences in the
tracheid characteristics of earlywood and latewood
help conifers adapt to variation in environmental con-
ditions, especially to frosts and droughts (Zheng et al.,
2022).

Woody plants utilize multiple strategies to avoid xy-
lem dysfunction caused by embolism (Nardini et al.,
2018; Anderegg et al., 2019). For example, at a certain
value of leaf water potential, stomatal restriction of
transpiration water loss occurs (Buckley, 2019) reduc-
ing the rate of xylem dehydration. The degree and in-
tensity of such hydraulic regulation vary among spe-
cies and depend on the age, height, xylem structure,
and functional type of plant (Manzoni et al., 2013;
Gleason et al., 2016; Martinez-Vilalta, Garcia-
Forner, 2017). According to our data (Sazonova et
al., 2019), stomatal restriction of water loss through
transpiration in boreal Scots pine trees begins when
the water potential of foliated shoot reaches
—1.0...—1.1 MPa. Dehydration of stem xylem in bore-
al silver birch trees occurs at higher values of the foli-
ated shoot water potential (Pridacha et al., 2018) since
the W range corresponding to the maximum rate of
water flux in silver birch is shifted towards higher val-
ues (—0.4...—0.6 MPa) compared to Scots pine
(—0.6...—0.85 MPa). This “threshold” value of W has
significant physiological implications as it points to
the relationship between the regulatory mechanisms of
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xylem water fluxes and water losses through transpira-
tion in conifer and angiosperm tree species (Brodribb,
Cochard, 2009; Urli et al., 2013). Another important
regulator of water transport is radial water fluxes be-
tween xylem, phloem, and the living parenchyma cells
which connect them hydraulically and thus can buffer
against water status fluctuations caused by water loss
from leaves and water supply to roots (Sevanto et al.,
2011; Stroock et al., 2014). In turn, the plant hydraulic
structure, which determines both qualitatively and
quantitatively the plant’s ability to conduct water from
the roots to the leaves, controls the maximum stomatal
conductance and thus affects photosynthesis (Bro-
dribb et al., 2017; Hacke et al., 2017; Xiong, Nadal,
2020). This close functional coordination ensures the
stability and competitiveness of plants in changing en-
vironmental conditions.

Members of genera Pinus L., Betula L., and Popu-
lus L. are common in the temperate and arctic zones of
Northern Eurasia and are the main forest-formative
tree species for boreal forests. Due to their wide eco-
logical amplitude, Pinus sylvestris L., Betula pendula
Roth, and Populus tremula L. are convenient objects
for studying the mechanisms by which plants adapt to
environmental impacts. In a previous study of the
functional traits of evergreen gymnosperm and decid-
uous angiosperm tree species along the “clear-cut
site — bilberry-type pine forest” gradient of environ-
mental factors, we revealed some non-specific chang-
es in stomatal conductance and rates of photosynthe-
sis and transpiration in Scots pine, silver birch, and as-
pen and, vice versa, species-specific changes in the
photosynthetic efficiency of water use and nitrogen
use (Pridacha et al., 2021). Here, to clarify the causes
of such species-specific response, we assessed the
variability of stem xylem anatomical and hydraulic
traits and their coordination with leaf CO,/H,0 ex-
change parameters in a evergreen gymnosperm (Pinus
sylvestris) and in deciduous angiosperm (Betula pen-
dula and Populus tremula) tree species during natural
reforestation after clear-cutting of boreal pine forest.
The key working hypothesis was that different tree
species co-occurring in the European North, regard-
less of the species’ ecological and biological traits,
would respond similarly to changes in environmental
factors limiting plant growth and productivity. To test
this hypothesis, we analysed the effects of plant growth
conditions (habitat) and climatic factors (temperature
and total precipitation in the growing season) on the
structural and functional traits of Scots pine, silver
birch, and aspen in a clear-cut site and under the can-
opy of an undisturbed bilberry-type pine forest in
southern Karelia during four growing seasons.

MATERIAL AND METHODS

Study area and vegetation. This study was carried
out in the European part of the middle taiga (southern
Karelia, Russia) on two adjacent sample plots (SP) sit-
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Fig. 1. Map of the study area. Locations of the clear-cut SP (a) and the forest SP (b), respectively.

uated in a 10-year-old clear-cut Scots pine stand
(62°10728.1”N, 33°59’58.8”E) and a mature 95-year-
old bilberry-type pine stand (62°10°10.8”N,
34°00°05.4”E) in July-August in the period from 2016
to 2019 (Fig. 1). The climate in the study area is of the
Subarctic type (Peel et al., 2007), characterized by a
relatively evenly distribution of precipitation over a
year (550—750 mm annual mean). The monthly mean
air temperatures in January and July are —11°C and
+16°C, respectively (Gromtsev, 2003). The growing
season with daily mean air temperatures above +5°C
lasts about 155 days from May to September. Total in-
coming solar radiation over the growing season does
not exceed 1130 MJ m~2. Previously, we noted (Prida-
cha et al., 2021) that moisture conditions during the

growing seasons (May through September) of 2016—
2019 were characterized by alteration of wetter (490
mm) and drier (250 mm) periods. The beginning of
2018 and 2019 growing seasons showed relatively dry
weather conditions. The total precipitation of the 2016
growing season was higher than the long-term climate
means (Nazarova, 2015) throughout the growing sea-
son. The growing season’s temperature pattern in
2016—2019 varied (—0.9 < AT £ +2.1) from warmer
(2016 and 2018) to colder seasons (2017 and 2019).
For this study, we used seasonal mean temperature
and seasonal total precipitation from May to Septem-
ber in 2016—2019 according to the Kondopoga weath-
er station (https://rp5.ru) located 20 km away from
SPs.

BOTAHUYECKWM XYPHAJT  tom 108

Ne 7 2023



SIGNIFICANCE OF COORDINATION BETWEEN STEM XYLEM TRAITS

The main condition for selecting SPs was the pres-
ence of at least 150 regrowth trees on the plots (Prida-
chaetal., 2021). The diameter at breast height (DBH)
and tree height (H) were measured for each tree in
each plot, and the average DBH and H for the plots
were calculated independently. The measurement of
the biometric parameters of all Scots pine, silver birch
and aspen regrowth trees in the clear-cut and forest
SPs allowed us to select the model trees for each spe-
cies having the average DBH and H in both plant com-
munities. The species sampled were Scots pine (Pinus
sylvestris), silver birch (Betula pendula), and aspen
(Populus tremula) regrowth trees of the same age group
(10—15 years old) growing in the clear-cut site and un-
der the canopy of bilberry-type pine forest. The age of
a tree was determined by the rings on cross-section of
wood sampled at the root collar in 5 trees of each spe-
cies in both SPs. Our previous study showed (Pridacha
et al., 2021) that the young growing stand formed in
the clear-cut site mainly consisted of Scots pine (about
70%) with a mix of silver birch and aspen trees.
The heights of Scots pine, silver birch, and aspen trees
in the clear-cut site were 2.3 = 0.1, 3.4 + 0.2, and 1.8
+ 0.5 m, and their diameters were 1.6 £ 0.1, 1.8 = 0.2,
and 1.2 = 0.4 cm, respectively. The mature tree stand
of bilberry-type pine forest mainly consisted of Scots
pine (90%) with a mix of silver birch (10%).
The heights of regrowing Scots pine, silver birch, and
aspen plants in the mature pine stand were 1.4 = 0.0,
2.2 £ 0.1, and 3.2 £ 0.3 m, and their diameters were
0.4 £0.0,09 £ 0.1, and 1.4 = 0.2 cm, respectively.
Characteristics of SPs (regrowth density, co-occurring
species) and soil properties were described in detail in
previous paper (Pridacha et al., 2021). The soil in both
SPs was sandy Podzol and the bulk of roots was con-
centrated within the upper 2—25 cm depth soil layer.
The water table in the clear-cut and the forest SPs was
at about the same depth (1.2 m).

Stem xylem traits. To determine xylem traits the
fragments of stem 2.0 cm long were sawn at 0.2 m
height from 5 model trees of each species in both SPs
on August 30, 2019. It should be noted that in the
study area, the period of cambial growth lasts from
May to the first decade of August (Kishchenko, Vant-
enkova, 2013, 2014). Since the differentiation of ves-
sels passes quickly (Jin et al., 2018), all vessels in silver
birch and aspen were fully formed by the date of selec-
tion. In Scots pine, the thickening of latewood tra-
cheid cell walls can continue for 30—60 days after the
cessation of cambial divisions (Vaganov et al., 2006).
Therefore, only fully differentiated latewood tracheids
were selected for measurements in Scots pine. Two
samples were taken from each saw cut, from the north-
ern and from the southern sides, which were fixed in
70° alcohol. Thin cross-sections (15—20 wm) were cut
from each sample using Frigomobil 1205 freezing mi-
crotome (Reichert—Jung, Heidelberg, Germany) and
stained with 1% safranin aqueous solution. The sec-
tions were mounted in glycerol on glass slides and ob-
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served under an Axiolmager Al light microscope
(Carl Zeiss, Germany) at X 10 magnification. Images
(Fig. 2) were recorded using an ADFPROO03 camera
(ADF Optics, China) and ADF Image Capture soft-
ware (ADF Optics, China).

Anatomical measurements were performed ac-
cording to the recommendations (IAWA list..., 1989,
Scholz et al., 2013). For xylem traits analysis, a series
of annual rings over the period 2016—2019 was select-
ed. We took 6 digital images per tree. Digital images
were processed with Imagel v. 1.50 (NIH, USA) to
measure xylem increments, cell wall thickness, and ra-
dial diameters of the lumen of xylem conducting ele-
ments, and to count the number of tracheids and ves-
sels per unit xylem area (Table 1). Xylem anatomical
traits in pine, birch and aspen were measured sepa-
rately for the northern and the southern sides of the
stem, and then the results were pooled together for
each tree. For tracheid diameter and tracheid wall
thickness, 50 tracheids were randomly measured in
earlywood and latewood subsection for each conifer
tree. The parameters of vessels were measured in 100
replications for each deciduous tree.

The hydraulic diameter D, was calculated as fol-
lows (Tyree, Zimmermann, 2002):

1

ol
D, = {ﬁ}
n

1)

where 7 is the number of vessels (tracheids) measured
and d is the diameter of the vessel (tracheid).

Potential hydraulic conductivity Kp was calculated
according to the Hagen—Poiseuille law (Sterck et al.,
2008):

Kp=|ZPx |5 Nx D 2
where p,, is the density of water at 20°C (998.2 kg m~3),
1 is the viscosity of water at 20°C (1.002 x 103 Pa s)
and N is vessel (tracheid) density. Vessel (tracheid)
density was the ratio of the total number of vessels (tra-
cheids) to the cross-sectional area (Chen et al., 2020).

Leaf gas exchange parameters. All gas exchange
measurements were performed using the portable
photosynthesis system LI-6400XT (LI-COR Inc.,
USA) fitted with the standard 2 X 3 cm leaf chamber
and a light source LI-6400-02B LED (LI-COR Inc.,
USA) in July 2016—2019. Field measurements of sto-
matal conductance (g, mol m~2 s~!), photosynthesis
(A, umol m—2s7!) and transpiration (£, mmol m~2s~!)
in the leaves (needles) of trees in both SPs were con-
ducted between 10 a.m. and 4 p.m. on fully expanded
leaves without visible damage located in the middle
third of the crown. The measurements were conducted
on three leaves per tree in five model trees per species
in both SPs. The water potential (¥, MPa) was mea-
sured in a detached foliated shoot using the Plant
Moisture Vessel device, SKPM 1400 (Skye Instru-



694

PRIDACHA et al.

Fig. 2. Examples of light microscopy images of transverse sections of wood anatomy of evergreen gymnosperm and deciduous
angiosperm tree species growing in the clear-cut SP (A, B, C) and the forest SP (D, E, F). The 2017 annual increment is indicated
by yellow. The numbers indicate the following: 1 — growth ring boundaries, 2 — earlywood, 3 — latewood, 4 — earlywood tracheid,
5 — latewood tracheid, 6 — fiber, 7 — vessel. It should be noted that the wood structure of Betula pendula (B, E) and Populus trem-
ula (C, F) is diffuse-porous with large vessels. Conducting elements of xylem in Pinus sylvestris (A, D) are earlywood and late-

wood tracheids. Scale bar = 100 um.

ments Ltd., United Kingdom) simultaneously with
measuring of photosynthesis and transpiration rates.
The methodological details of the leaf CO,/H,0 ex-
change measurements and data on leaf functional
traits were presented in previous paper (Pridacha et
al., 2021). The present study focused on stem xylem
changes and their relationship with leaf gas exchange
parameters across the gradient of environmental fac-
tors.

Statistical analysis. The data were analyzed with
Statistica 13.3 (TIBCO Software Inc., USA). The nor-
mality of the data was checked using the Shapiro-Wilk
test. The effect of plant growth conditions (df = 1) and
the year of the experiment (df = 3) on stem xylem traits
of the coniferous and deciduous tree species was as-
sessed by two-factor analysis of variance. To identify
interannual variability of key characteristics, the val-
ues of stem xylem traits were normalized relative to

their means per 2016—2019 for each tree species. Pear-
son correlation coefficients (r) and P value were used
to evaluated bivariate relationships between xylem
traits and the growing-season climatic factors in
2016—2019 (seasonal mean air temperature and sea-
sonal total precipitation from May to September).
The diagrams and tables show the means and their
standard errors. Significant differences between the
means were estimated using Tukey’s test. This study
was carried out using equipment of the Core Facility
of the Karelian Research Centre RAS.

RESULTS

The analysis of the effects of plant growth condi-
tions (habitat) and the year of the experiment (year) on
the stem xylem traits formed during four growing sea-
sons in pine, birch, and aspen trees (Table 2) showed
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Table 1. List of the stem xylem traits measured in this study with designations and units

Symbol Traits Units

Anatomic traits

TRW Tree-ring width mm

New Number of earlywood tracheids per unit xylem area N mm—2

Niw Number of latewood tracheids per unit xylem area N mm—2

WTew Earlywood tracheid cell wall thickness um

WTw Latewood tracheid cell wall thickness um

LDgw Lumen diameter of earlywood tracheids um

LDyw Lumen diameter of latewood tracheids um

TDgw Diameter of earlywood tracheids um

TDw Diameter of latewood tracheids um

Lw Latewood %

N Number of vessels per unit xylem area N mm—2

FWT Fiber cell wall thickness um

VWT Vessel cell wall thickness um

FLD Fiber lumen diameter um

VLD Vessel lumen diameter um

FD Fiber diameter um

VD Vessel diameter um
Hydraulic traits

Dhgw Hydraulic diameter of earlywood tracheids um

Dh;w Hydraulic diameter of latewood tracheids um

Dh Vessel hydraulic diameter um

Kpew Potential hydraulic conductivity of earlywood tracheids kgm~! MPa—!s~!

Kprw Potential hydraulic conductivity of latewood tracheids kg m~! MPa~!s~!

Kp Potential hydraulic conductivity kgm~! MPa—!s~!

that in most cases the key characteristics were more
significantly influenced by the “habitat” factor than
by the year. Importantly, for all the species the change
of plant growth conditions had the greatest effect on
xylem increment width and the smallest effect on cell
wall thickness in xylem conducting elements.

Effects of plant growth conditions on stem xylem
traits. A comparison of the 2016—2019 averaged values
of stem xylem traits in pine, birch, and aspen in the
clear-cut and forest SPs revealed a similar response of
various species to the habitat change (Table 3). Thus,
TRW values in pine, birch, and aspen in the clear-cut
SP were 5, 7, and 9-fold, respectively, higher than cor-
responding levels in the trees in the forest SP. De-
crease in TRW values in all tree species growing in the
forest SP resulted, in particular in pine, to an increase
in the content of latewood (44%) compared with the
clear-cut SP (31%). At the same time, the number of
vessels (tracheids) per unit xylem area (N) in pine,
birch, and aspen in the forest SP was higher than in the
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clear-cut SP by 45—50, 9, and 45%, respectively. On
the other hand, VLD and FLD, VD and FD values in
the angiosperm tree species in the clear-cut SP were,
respectively, 1.2—1.5 (in birch) and 1.2—1.3-fold (in
aspen) higher than in the forest SP. The xylem of co-
nifer trees in the clear-cut SP also featured tracheids
with large lumen diameters. Pine LDgy and LDy, as
well as of TDgy, TDyy increased 1.3—1.7-fold in the
clear-cut SP versus the forest SP. The influence of
plant growth conditions on the cell wall formation,
however, was less significant. The differences in the
wall thickness of xylem conducting elements between
pine, birch, and aspen in the clear-cut and the forest
SPs were only 2—4, 3—11, and 5—13%, respectively.

The greatest increase in Dh values in the clear-cut
SP was found in birch (41%) and the smallest in aspen
(30%) and pine both in early and late wood (30%).
The Kp value increase in the clear-cut SP was the
highest in birch (3.3-fold) and the lowest in pine (1.9—
2.3-fold) and aspen (1.9-fold). Comparison of xylem



696 PRIDACHA et al.

Table 2. Results of two-way ANOVA for the effect of habitat and year of the experiment on stem xylem traits in Scots pine,
silver birch, and aspen trees

Factors
Dep .endent n Habitat Year Habitat x Year
variables
p n? p n? p n?

Pinus sylvestris
TRW 10 ok 72.3 ok 7.7 ok 5.3
New 10 ok 38.3 ok 1.3 ok 11.4
Niw 10 ok 35.8 ook 1.4 ok 9.5
WTew 10 ok 1.1 ok 1.9 ok 32
WTw 10 ns 0.4 ok 4.8 ok 13.0
LDgyw 10 ok 38.2 ns 0.4 ok 9.7
LD;w 10 otk 43.6 ok 7.1 ok 1.4
TDgw 10 ok 35.5 ns 0.3 ok 10.7
TD;w 10 ook 35.1 ok 6.4 ok 4.0
LW 10 ok 24.1 ok 8.3 ok 28.7
Dhgw 10 ook 46.2 ns 0.4 ok 14.0
Dh;w 10 ook 44.2 ok 7.4 ook 5.2
Kpgw 10 ok 22.4 * 0.7 ok 9.2
Kprw 10 ok 22.1 ok 5.8 ok 3.6
Kp 10 ok 31.6 * 0.8 ok 7.1

Betula pendula
TRW 10 ook 89.5 ok 1.9 ok 1.1
N 10 ok 2.8 ok 17.3 ok 29.7
FWT 10 ok 0.6 ok 2.4 ok 1.1
VW1 10 ook 5.0 ok 2.5 ook 1.2
FLD 10 ok 29.6 otk 0.8 ok 2.1
VLD 10 ok 44.4 ok 1.9 ok 1.2
FD 10 ook 25.8 ns 0.1 ok 2.6
VD 10 ok 44.5 ook 1.9 otk 1.4
Dh 10 ok 70.6 ok 4.1 ok 2.1
Kp 10 ook 80.8 ok 2.3 ok 1.2

Populus tremula
TRW 10 ok 80.3 ok 1.4 ok 0.6
N 10 ok 33.2 ok 15.9 ok 3.8
FWT 10 ook 1.2 ook 2.7 ok 0.9
VW1 10 ok 6.3 ok 2.6 ok 0.9
FLD 10 ok 27.1 ok 1.8 ok 1.6
VLD 10 ook 25.1 ok 3.5 ok 1.3
FD 10 otk 24.3 ok 1.3 ok 2.2
VD 10 ok 26.7 ok 3.1 ok 1.3
Dh 10 ok 52.5 ok 6.0 ok 2.8
Kp 10 ok 41.4 ok 4.0 ok 2.7

Note. n — number of trees; n2 — effect size, %. Here and below: * p < 0.05, ** p < 0.01, *** p < 0.001, ns — not significant (p > 0.05). For
the designations of xylem traits see Table 1.
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Table 3. Stem xylem traits of Scots pine, silver birch, and aspen trees in the clear-cut site (SP1) and under pine forest canopy
(SP2) averaged over the 2016—2019 period

Parameter

SP1

SP2

Pinus sylvestris

TRW 2.4+0.0a(34) 0.5+ 0.0 5 (40)
New 393+ 5a(26) 586 + 55 (24)
Niw 611 £ 7a (23) 888 = 11 b (25)
WTEgw 4.6 £0.0a (18) 4.8 +£0.05 (18)
WTw 821 0.1a(19) 8.1 0.1 a(15)
LDgyw 49.5+0.5a(19) 35110456 (25
LDyw 20.3+0.3a(27) 12.1 £0.2 5 (29)
TDgw 58.7+0.5a (17) 44.6 = 0.4 b (20)
TDiw 36.7+0.3a(18) 28.2+0.25(17)
LW 33.1+£0.5a(29) 43.1+£0.45(19)
Dhgw 59.6 £ 0.4 a(14) 45.7+£0.3 b (15)
Dhy 37.2+ 0.3 a(15) 28.6 £ 0.2 b (14)
Kpgw 127.5+3.3a (52) 68.1 £ 2.1 b (62)
Kprw 339+ 1.2a(72) 14.9 £ 0.3 b(42)
Kp 161.4 = 3.4 a (43) 83.0 £ 2.2 5 (53)
Betula pendula
TRW 1.9+ 0.0 a (20) 0.31+0.05(42)
N 121 £ 1a(17) 131 £ 156(12)
FWT 2.31£0.0a(20) 221+0.05(24)
VWT 2.6 £0.04(20) 241£0.05(24)
FLD 10.4 £ 0.1 a (21) 7.6 £0.15(27)
VLD 51.5+0.3a(18) 34.6 £0.35(27)
FD 14.9 £ 0.1 a (16) 120 £ 0.1 5 (21)
VD 56.7+0.3a(17) 39.3+0.35(25)
Dh 58.6+0.1a(7) 41.6 £ 0.2 5 (16)
Kp 36.0+0.2a(19) 10.8 £ 0.2 b (50)
Populus tremula

TRW 1.6 £ 0.0 a (30) 0.2+ 0.05(58)
N 162 £ 1a (31) 234+ 1 b (23)
FWT 2.710.0a(22) 2.6 £ 0.0 (25)
VWT 3210.0a(21) 2.910.05(25)
FLD 122+0.1a(21) 9.1+0.15(27)
VLD 49.7+£0.3a(25) 34.0+0.25(25)
FD 17.7 £ 0.1 a (17) 14.4 £ 0.1 b (20)
VD 56.2 £ 0.3a(23) 42.7+0.2b(22)
Dh 58.6 £ 0.2a (14) 451%£0.15609)
Kp 4551 0.4 a (34) 24.5+0.2 5 (35)

Note. Values in parentheses are the values of coefficient of variation (C. V., %). Different small letters (a, b) indicate significant differences
of the mean values between plant growth conditions (p < 0.05). For the designations of xylem traits see Table 1.
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Table 4. Correlations between xylem structural and functional traits and the growing season climatic factors in silver birch
trees in the clear-cut SP (below diagonal) and the forest SP (above diagonal) in the 2016—2019 period

Traits | TRW N FWT | VWT | FLD | VLD FD VD Dh Kp Tair P
TRW -0.57 0.44 0.44 0.50 0.41 0.58 0.44 0.70 0.63 n.s. 0.57
N 0.24 —-0.10 | —0.09 | —0.12 | —0.26 | —0.14 | —0.26 | —0.41 | —0.32 n.s. —0.36
FWT —0.17 | —0.17 0.89 0.28 0.32 0.64 0.43 0.58 0.57 n.s. n.s.
VWT -0.17 | —0.17 0.78 0.28 0.32 0.46 0.58 0.58 0.57 n.s. n.s.
FLD 0.16 | —0.14 n.s. n.s. 0.17 0.92 0.20 0.28 0.28 n.s. 0.25
VLD 0.11 | —0.31 n.s. n.s. 0.09 0.27 0.99 0.56 0.55 | —0.12 n.s.
FD 0.08 | —0.19 0.36 0.11 0.92 0.09 0.34 0.47 0.46 n.s. 0.19
VD 0.09 | —0.33 0.12 0.32 0.09 0.99 0.13 0.61 0.59 | —0.11 n.s.
Dh 0.22 | —0.75 0.07 0.08 0.25 0.43 0.26 0.43 0.98 | —0.21 n.s.
Kp 0.55 | —0.39 n.s. n.s. 0.27 0.38 0.25 0.38 0.88 —-0.32 | —0.11
Toir 0.39 0.70 n.s. n.s. —-0.11 | —0.24 | —0.12 | —0.23 | —0.52 | —0.18 0.21
P 0.36 0.57 | —0.26 | —0.27 | —0.09 | —0.25 | —0.18 | —0.26 | —0.62 | —0.48 0.21

Note. For the designations of xylem traits see Table 1. T,;, — mean air temperature for the period from May to September, °C; P — total
precipitation for the period from May to September, mm. Significant correlations (p <0.01) are shown. Moderate and strong correlations

(Ir 2 0.5) are indicated in bold.

traits between the deciduous species showed that as-
pen had higher values of N (by 34—78%), VWT (20—
22%), and Kp (27%) than birch in both SPs. The Kp
value in pine was 4—8- and 3—4-fold that of birch and
aspen in the clear-cut SP and the forest SP, respective-
ly. Importantly, pine WT;y and Ny were 2- and
1.5-fold that the WTgy and Ngy values in both SPs.

Effects of interannual climate variability on stem xy-
lem traits. A comparative analysis of interannual dy-
namics of normalized values of xylem traits in different
habitats showed that in most cases the variability of the
parameters in birch, aspen (Fig. 3), and pine (Fig. 4)
during the 2016—2019 period was within 10 and 15%,
respectively, of their means for this period. We found
that the most variable parameter was TRW for aspen
(43—55%) and birch (22—38%) in the forest SP, and
for pine (20—38%) in both SPs. The number of vessels
(tracheids) per unit xylem area (N) was also showed
high variability in birch in the clear-cut SP (15—19%),
and in aspen (15—23%) and pine (16—18%) in both
SPs. Pine exhibited a considerable change in the LW
value in the clear-cut SP (20—38%) and the LDy, val-
ue in the forest SP (20%) over the four-year period.
An important pattern common for all the species is a
high interannual variability of the Kp value, which was
found in aspen in the clear-cut SP (13—21%), and in
birch (14—22%) and pine (22—35%) in both SPs.

Relationships between stem xylem traits and climat-
ic factors. Assessing the relationships between struc-
tural and functional traits and climatic factors in the
period from May through September 2016—2019 we
revealed some differences between the species. For
birch in the clear-cut SP (Table 4) positive correlations
were found for Kp with Dh (» = 0.88) and TRW (r =
= 0.55), VLD with VD (» =0.99), FLD with FD (r =

=0.92), FWT with VWT (r = 0.78), while a negative
correlation was detected between N and Dh (r = —
0.75). Growing-season averaged temperature and total
precipitation were positively correlated with N (r =
0.70 and r = 0.57, respectively) and negatively related
to Dh (r =—0.52 and r = —0.62, respectively) of birch
trees in the clear-cut SP.

There were more of significant correlations in birch
in the forest SP (20) than in the clear-cut SP (10). The
Kp value in birch trees growing in the forest SP was
positively correlated with Dh (» =0.98) and TRW (r =
0.63), VD (r =0.59), VWT (r =0.57), FWT (r =0.57),
and VLD (r =0.55). Correlations of the Dh parameter
followed the strength and direction patterns of Kp cor-
relations with xylem traits. We also detected positive
correlations of VD with VLD (»=0.99) and VWT (r =
0.58), FD with FLD (r = 0.92) and FWT (r = 0.64),
FWT and VWT (r = 0.89). TRW was positively cor-
related with FD (r = 0.58) and FLD (r = 0.50), and
negatively related to N (» =—0.57). Silver birch trees in
the forest SP exhibited also positive correlations be-
tween TRW and total precipitation over the growing
season (» =0.57).

In contrast with birch, the number of significant
correlations in aspen (Table 5) was higher in the clear-
cut SP (16) than the forest SP (8). The N parameter in
aspen trees growing in the clear-cut SP was negatively
correlated with Dh (r =—0.85), TRW (r =—-0.64), Kp
(r =-0.58), VLD (r = —0.56), and VD (r = —0.55).
Similarly to birch, aspen in the clear-cut SP showed
positive correlations of VD with VLD (r = 0.99) and
VWT (r = 0.51), FD with FLD (» = 0.92) and FWT
(r =0.53), FWT with VWT (r =0.69). Aspen Kp in the
clear-cut SP was positively correlated with Dh (r =
=0.90), VD (r =0.55), and VLD (r = 0.54). Positive
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Fig. 3. Variability (%) of stem xylem traits in Betula pendula (a) and Populus tremula (b) in the clear-cut and forest SPs in the pe-
riod from 2016 to 2019. For the designations of xylem traits see Table 1.

correlations in aspen in the clear-cut SP were also de-
tected for Dh with VD (»r =0.62), VLD (r =0.62), and
TRW (r =0.54).

Aswell as in the clear-cut SP, aspen trees in the for-
est SP showed a negative correlation between N and
TRW (r = —0.51). Positive correlations in this habitat
were found for VD with VLD (r = 0.99) and VWT
(r =0.50), FD with FLD (» =0.89) and FWT (r =0.53),
FWT and VWT (r =0.60), Kp and Dh (» =0.81). Like
in birch, aspen TRW in the forest SP was positively
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correlated with precipitation over the growing season
(r=0.60).

In pine, like in birch, the number of significant
correlations (Table 6) was higher in the forest SP (28)
than in the clear-cut SP (18). Positive correlations in
pine trees in the clear-cut SP were found for TDgy,
with LDy (r =0.99), TDy with LDy (# =0.89) and
WTw (r = 0.56), Dhgy with TDgyw (r = 0.78)
and LDgy (r =0.76), Dhy, with TD,, (# = 0.84) and
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Fig. 4. Variability (%) of stem xylem traits in Pinus sylvestris in the clear-cut and forest SPs in the period from 2016 to 2019. For

the designations of xylem traits see Table 1.

LD;yw (r = 0.78). In early and late wood, correlations
of similar strength and direction were also detected for
Kpgw with Dhgy (# = 0.82), TDgy (r = 0.65), and
LDgw (r = 0.63), and Kp;yw with Dh;y (r = 0.92),
TDyw (r =0.77), and LDy (r =0.74). Pine Kp in the
clear-cut SP was positively correlated with Kpgw
(r=0.93), Dhgyw (r = 0.72), TDgpw (r = 0.58), and
LDgy (r = 0.54). Pine TRW was positively correlat-
ed with precipitation over the growing season (r =

=0.67), and LW with growing-season mean tem-
peratures (r = 0.51).

In the forest SP, correlations between pine xylem
traits are comparable in strength and direction to those
in pine trees in the clear-cut SP. Meanwhile, positive
correlations in trees growing in the forest SP were de-
tected for LW with Dh;y (r = 0.56) and Kp;w
(r=0.51), Dhyy, with WTy (r =0.55), Ny with Ny
(r = 0.51). Pine in this habitat also showed negative
correlations of Dh;y, with Ny (# = —0.64) and Ngw

Table 5. Correlations between xylem structural and functional traits and the growing season climatic factors in aspen trees
in the clear-cut SP (below diagonal) and the forest SP (above diagonal) in the 2016—2019 period

Traits | TRW N FWT | VWT | FLD VLD FD VD Dh Kp Tair P
TRW —0.51 0.14 0.14 0.22 0.16 0.25 0.17 0.12 | —0.18 | —0.27 0.60
N —0.64 -0.11 | —0.11 | =0.32 | —0.09 | —0.32 | —0.11 | —0.27 0.25 0.43 | —0.31
FWT 0.05 n.s. 0.60 0.10 0.06 0.53 0.21 n.s. n.s. n.s. n.s.
VWT 0.05 n.s. 0.69 0.10 0.06 0.21 0.50 n.s. n.s. n.s. n.s.
FLD 0.24 | —0.26 0.15 0.15 n.s. 0.89 n.s. n.s. —021 | —0.17 0.14
VLD 0.42 | —0.56 0.06 0.06 0.24 n.s. 0.99 0.40 0.33 | —0.09 n.s.
FD 0.22 | —0.23 0.53 0.17 0.92 0.23 0.11 n.s. —0.18 | —0.15 0.14
VD 0.42 | —0.55 0.16 0.51 0.25 0.99 0.28 0.40 0.32 | —0.08 n.s.
Dh 0.54 | —0.85 0.07 0.07 0.32 0.62 0.30 0.62 0.81 | —0.18 n.s.
Kp 0.35 | —0.58 0.10 0.10 0.28 0.54 0.28 0.55 0.90 0.09 | —0.11
Tair —0.16 0.36 n.s. n.s. —0.13 | =0.25 | =0.10 | —0.25 | —0.37 | —0.19 0.21
P n.s. 0.13 | —0.14 | —0.14 | —0.15 | —0.17 | —0.17 | —0.18 | —0.31 | —0.36 0.21

Note. For the designations of xylem traits see Table 1. T,;, — mean air temperature for the period from May to September, °C; P — total
precipitation for the period from May to September, mm. Significant correlations (p <0.01) are shown. Moderate and strong correlations
(Ir] 2 0.5) are indicated in bold.
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(r=-0.59), and TD;y with N (r = —0.54). It is
noteworthy that the effect of precipitation to pine late-
wood parameters was higher in the forest SP as com-
pared to the clear-cut SP: Kp;y (# = 0.64), Dh;y
(r=0.65), TDyw (r =0.55), LDy (r =0.52), and LW
(r=0.51).

Coordination between stem xylem traits and leaf gas
exchange parameters. The analysis of the effect of en-
vironmental conditions on leaf CO,/H,0O gas ex-
change parameters in pine, birch, and aspen that we
have previously performed in the same SPs and indi-
viduals in July in the 2016—2019 period (Pridacha et
al., 2021) allowed us to assess coordination among Xxy-
lem functional traits and stomatal conductance, and
rates of photosynthesis and transpiration. Compari-
sons of the variability of the xylem and leaf character-
istics in birch, aspen, and pine in most cases showed a
different response of various species to the habitat
change (Fig. 5). Thus, birch proved to be more conser-
vative in the response to changes in ecological condi-
tions in terms of xylem anatomical traits (AN = 9%)
but showed the highest variability of functional char-
acteristics of the xylem (AKp =234% and ADh =41%)
and leaf (Ag, = 49%, AE = 39%, and AA = 36%) than
other species. Aspen, as opposed to birch, showed a
greater variation of xylem structure (AN = 45%) si-
multaneously with higher conservatism in the func-
tional traits of the xylem (AKp = 86% and ADh =
30%) and leaf (Ag, = 32%, AA = 27% and AE = 19%).
In pine, the variability of most of structural and func-
tional characteristics was similar to those of aspen
(AKp = 95%, AN = 50%, ADh = 30%, AA = 25%),
and some showed similarity to the variability in birch
(Ag,=45%, AE = 39%). Importantly, the highest vari-
ability of the water potential of foliated shoots between
the clear-cut and the forest SPs was found for aspen
(AY = 13%) and lower for pine (AY = 8%). This pa-
rameter in birch had similar values in both SPs (AY,
p > 0.05).

DISCUSSION

The seasonal and interannual variability of xylem
anatomical characteristics in woody plants is known to
reflect the processes of cells division in the cambial
zone, radial cell enlargement and cell wall formation,
which are under hormonal and genetic control and in-
fluenced directly and indirectly by external environ-
mental conditions (Fritts, 1976; Vaganov et al., 2006;
Hacke, 2015).

Effects of plant growth conditions on stem xylem
traits. Our previous study (Pridacha et al., 2021) of soil
and plant cover characteristics as well as meteorologi-
cal parameters in the clear-cut SP and the forest SP
revealed significant differences between the habitat
conditions of SPs. The differences were manifested in
the lower nutrient availability in the organic horizon of
the disturbed soil of the clear-cut SP versus the forest

PRIDACHA et al.
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Fig. 5. Variability (%) of stem xylem traits and leaf gas ex-
change parameters of Betula pendula (Bp), Pinus sylvestris
(Ps), and Populus tremula (Pf) across plant growth condi-
tions in the 2016—2019 period. For the designations of xy-
lem traits see Table 1; g, — stomatal conductance, A — pho-
tosynthesis rate, £ — transpiration rate, ¥ — water poten-
tial.

SP. The ground vegetation in the clear-cut SP featured
a higher diversity of light-demanding species of vascu-
lar plants and, vice versa, a pronounced degradation of
the moss and lichen layer compared to the forest SP.
Microclimate in the clear-cut SP in July 2016—2019
featured higher mean daytime values of photosynthet-
ically active radiation (1218 umol m~2 s~!), water va-
pour pressure deficit (2.2 kPa), air (27.1°C) and soil
(16.1°C) temperatures compared to the forest SP
(240 umol m~2 s~!, 1.3 kPa, 22.4°C and 13.8°C, re-
spectively). At the same time, the mean values of field
soil moisture of the root layer (0—50 cm) in the clear-
cut SP and the forest SP were similar (10.5 and 10.3%,
respectively).

The contrasting habitat conditions in the clear-cut
SP and the forest SP have significantly influenced the
cambial activity and formation of xylem structure in
all tree species (Table 2). Both pine and the angio-
sperm tree species in the clear-cut site demonstrated
the highest values of TRW, vessel (tracheid) cell wall
thickness, lumen radial diameter in the vessels (tra-
cheids), Dh, and Kp (Table 3). The unidirectional in-
crease in the lumen diameter of xylem vessels (trache-
ids) in pine and the angiosperm trees growing in the
high-light conditions of the clear-cut SP was appar-
ently due to a general intensification of growth pro-
cesses in all tree species, in particular extension growth
of cells (Olson et al., 2014). In turn, the increase of the
Kp value in the trees from the clear-cut SP is supposed
to promote water supply to leaves and the processes of
photosynthesis and transpiration (Bussotti et al., 2015;
Brodribb et al., 2017), in agreement with our data on
the highest values of stomatal conductance and rates
of photosynthesis and transpiration in conifer and an-
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giosperm tree species in the clear-cut SP (Pridacha et
al., 2021).

In the process of xylogenesis, substantial amounts
of organic matter get bound as cell wall polysaccha-
rides (Deslauriers et al., 2009; Simard et al., 2013).
The increase in cell wall thickness in the xylem of an-
giosperm trees growing in the clear-cut SP and getting
sufficient amounts of light can be explained by a high-
er supply of photoassimilates from the leaves to the
stem xylem cells, in also agreement with higher photo-
synthesis rates in birch and aspen in the clear-cut SP
(Pridacha et al., 2021). On the contrary, the reduction
in the cell wall thickness of earlywood tracheids in pine
trees from the clear-cut SP with a simultaneous in-
crease in their lumen diameter might be a conse-
quence of cells expansion. The reduction in this pa-
rameter in pine may have the aim of enhancing the wa-
ter supply to compensate for the transpiration losses
under high light conditions in the clear-cut SP as com-
pared to the forest SP. At the same time, the patterns
we observed in the thickness of cell walls of early- and
latewood tracheids in pine have been attributed both
to the various functions of early- and latewood cells
(Sperry et al., 2006; Hacke, 2015) and to cambial ac-
tivity decline during the growing season (Antonova,
Stasova, 1997; Olano et al., 2014). Indirect evidence of
the higher metabolic cost of water conducting ele-
ments in pine xylem due to a higher contribution to the
weight of cell walls compared to angiosperm tree spe-
cies is the higher specific carbon content per unit nee-
dle area that we observed in pine in both SPs (Prida-
chaet al., 2021).

Effects of climatic factors on stem xylem traits.
The fact that TRW showed the highest interannual
variability (Fig. 3, 4) among all other xylem traits in all
tree species was quite predictable given that this pa-
rameter is highly sensitive to variations in the natural
environment and climate (Babushkina et al., 2019;
Nola et al., 2020). The high variability of TRW is in
good agreement with the moisture conditions during
the study period (2016—2019), characterized by alter-
nation of wetter and drier periods. A majority of xylem
anatomical characteristics in pine, birch, and aspen
demonstrated higher conservatism in interannual vari-
ability than TRW. Moderate variability of the normal-
ized values of anatomical parameters in the 2016—2019
period suggests that different species respond similarly
to interannual variation of air temperature and precip-
itation close to the region’s climate normal. This pat-
tern may also indicate the ability of the tree species to
adapt to a wide range of environmental conditions
(Tikhova et al., 2017; Pridacha et al., 2018; Sazonova
et al., 2019). Non-specific changes in xylem anatomi-
cal and hydraulic traits in pine and the angiosperm
species might be due to the similarity of their evolu-
tionarily developed adaptations to changing environ-
mental conditions since these species grow in the re-
gions with the same climatic variability.
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At the same time, species-specific sensitivity of xy-
lem anatomical features to climate factors has been re-
ported for woody plants (Anderegg, 2015; Sperry,
Love, 2015). Thus, pine radial growth in the northern
European Russia showed a positive correlation with
warm and moist conditions in the current growing sea-
son, whereas TRW in spruce strongly correlated with
cool and moist conditions in the previous growing sea-
son (Hughes et al., 2019). We have also detected spe-
cies-specific features in correlations between stem xy-
lem traits and climatic factors in the period from May
to September 2016—2019, which differed between the
two habitats (Tables 4, 5, 6). The angiosperm trees un-
der forest canopy showed a significant (| > 0.5) posi-
tive correlation between TRW and precipitation in the
current growing season, whereas for pine in this habi-
tat precipitation had a positive effect on latewood
characteristics. In the clear-cut site, the warm and
moist conditions in the current growing season pro-
moted LW and TRW in pine, while in birch they had a
positive effect on N and a negative effect on Dh. In as-
pen in the clear-cut SP, no strong correlations were
found (|4 < 0.5) between xylem traits and air tempera-
ture (precipitation) in the current growing season.
A strong positive effect of precipitations on latewood
width in pine has also been reported for the South Si-
berian forest-steppe zone (Arzac et al., 2018).

Associations among stem xylem traits. Correlation
analysis showed that in most cases the angiosperm tree
species (Tables 4 and 5) exhibited correlations of sim-
ilar strength and direction for the parameters charac-
terizing cell wall formation (VWT and FWT), exten-
sion growth (VLD and VD), cell generation (TRW and
N), and water supply (Dh and Kp). Similar patterns
were found in pine as well (Table 6). The interspecies
comparison of xylem traits revealed similar Dh values
in pine and the angiosperm trees while Kp increased
along the birch < aspen < pine sequence in both SPs.
This fact might be due to the increase in N, which also
occurred along the birch < aspen < pine sequence in
both SPs. It is noteworthy that the actual hydraulic
conductivity may differ from the Kp value as calcula-
tions of the latter do not take into account the axial di-
mension of the vessel (tracheid), the number and
structural and functional characteristics of the pits
linking the vessels (tracheids). We know on the other
hand that tracheids in gymnosperms should experi-
ence greater specific hydraulic resistance than vessels
in angiosperms given that tracheids are approximately
10 times shorter than vessels of the same diameter
(Pittermann et al., 2005). Conifers, however, solve this
problem by maximizing the number of tracheids per
unit of wood area and maintaining the functional ac-
tivity of sapwood for several years compared to the sin-
gle outermost ring in ring-porous angiosperms (Ven-
turas et al., 2017). Also, angiosperms are known to
have functional limitations on the maximum vessel di-
ameter meant to make the xylem more resistant to em-
bolism after frosts (Hacke et al., 2017). Conifers, on
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the other hand, feature a nearly 60 times higher effi-
ciency in conducting water by the torus-margo pit
structure in tracheids compared to inter-vessel pit of
angiosperms (Pittermann et al., 2005). Owing to this
functional feature, conifers can reduce the hydraulic
resistance of the xylem and, furthermore, compete
with angiosperms in hydraulic efficiency and safety
(Choat et al., 2012). At the same time, many recent
studies demonstrate fairly close agreement between
the estimates of xylem hydraulic conductivity and cav-
itation resistance obtained by physical, optical, and
microscopic methods (Gauthey et al., 2020; Chen et
al. 2021). Therefore, we feel it quite safe to use the ob-
tained xylem traits for comparisons among tree species.

The comparison of xylem anatomical and hydrau-
lic parameters demonstrated a clear relationship of N —
Dh — Kp in all the species. Variations of the number
and diameter of xylem conduits play an important role
in the adaptation of woody plants to the habitat condi-
tions (Hacke, 2015). Wider vessels conduct water more
effectively while smaller and more numerous vessels
are less prone to embolism (Fonti et al., 2010; Chen et
al., 2020). In the trees growing in the forest SP an in-
crease in N led to a reduction in Dh and Kp in all the
species, whereas in the clear-cut SP, on the contrary,
a reduction in N promoted Dh and Kp in all the spe-
cies. The increase in N in pine, birch, and aspen can
be explained by their compensatory response to re-
duced xylem hydraulic conductivity versus that in the
clear-cut SP. The Kp reduction observed in all the
species in the forest SP is likely a result of the limited
availability of soil moisture due to higher competition
for water resources in a mature tree stand, caused in
particular by moisture interception by roots of adult
trees. Besides, the significant increase in N in aspen at
the forest SP apparently enables the water exchange
rate, in particular stomatal conductance and transpi-
ration rate, to be reduced less than in other species in
this habitat (Pridacha et al., 2021). Another supposi-
tion is that the higher VWT values in aspen versus
birch in both SPs would drive increased resistance to
xylem dysfunction due to possible vessel destruction
by high internal negative pressure. This is also indi-
rectly evidenced by previously detected highest values
of the calcium biological absorption coefficient and
calcium content in leaves in aspen versus other species
(Pridacha et al., 2021), considering that calcium en-
hances cell wall rigidity as it forms Ca-pectate com-
plexes with pectin components (Lambers, Oliveira,
2019). This fact, however, does not reduce the Kp val-
ue in aspen. Higher Kp values in aspen versus birch in
both SPs are due to higher N, which enhances the hy-
draulic efficiency of the xylem on the one hand and
provides the resistance to xylem embolism caused by
water potential drop on the other, as mentioned also by
other researchers (Rodriguez-Zaccaro et al., 2021).

Coordination between stem xylem traits and leaf gas
exchange parameters. Analysis of coordination be-
tween stem xylem traits and leaf gas exchange param-
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eters in different species shows the water-use strategies
to be different in birch, aspen, and pine. An increase in
N along with similar values of Dh in all the species
promotes Kp. In view of this, the hydraulic structure
seems to be more efficient and safer in aspen and pine
due to higher N and Kp values and thicker cell walls of
vessels (tracheids) in the xylem. High xylem resistance
to cavitation usually helps plants to survive under drier
environments (Fonti et al., 2010; Hacke, 2015).
Hence, aspen and pine can be expected to be more re-
sistant to the water stress than birch. In the habitat gra-
dient, aspen and pine exhibit higher variability of xy-
lem structural characteristics (AN) simultaneously
with greater conservatism in its functional parameters
(ADh and AKp) as well as more variable water poten-
tial of shoots (Fig. 5), indicating an anisohydric water-
use strategy. Birch, on the contrary, tends to the isohy-
dric water-use strategy, as corroborated by the results
of other authors (Klein, 2014; Meinzer et al., 2016;
Hochberg et al., 2018; Sellin et al., 2019). The greater
conservatism of the xylem structure in birch (AN) si-
multaneously with the greater variability of its func-
tional traits (ADh and AKp) with the most pro-
nounced changes in stomatal conductance (Ag,) and
transpiration rate (AFE) helps maintaining the homeo-
stasis of the water potential of shoots (AW) across the
habitats. This isohydric behavior leads to the most sig-
nificant change in the rate of photosynthesis (AA)
along the gradient of ecological conditions in birch as
compared to aspen and pine. On the other hand, the
less strict stomatal control (Ag,) for reducing transpi-
ration water loses (AFE) and preventing water stress in
aspen facilitates a higher photosynthetic activity (AA4)
than in birch. The strategy of adaptation to the habitat
change in pine is a compromise, with structural and
functional parameter responses similar to both aspen
(AN, ADh and AKp, AY, AA4), and to birch (Ag, and
AE), which probably provides the conifer with adapta-
tion advantage over the deciduous species in a wide
range of ecological conditions.

Importantly, the patterns described above were re-
vealed for local climate, forest and soil conditions.
We admit that under more contrasting climatic, topo-
graphic and edaphic conditions the functional rela-
tionships may prove to be different (Kannenberg et al.,
2022). Further experimental and modeling studies are
necessary to assess more accurately and comprehen-
sively the effects of spatial and temporal variability of
abiotic factors on the structural and functional traits of
evergreen gymnosperm and deciduous angiosperm
tree species.

CONCLUSIONS

The results of this experimental study supported
our working hypothesis that evergreen gymnosperm
and deciduous angiosperm tree species respond simi-
larly to changes in plant growth conditions and climate
in the European North. In most cases, different tree
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species demonstrated a unidirectional response of
stem xylem traits and leaf gas exchange parameters to
changes in the habitat and interannual variability of
climatic factors. At the same time, some interspecific
differences were found in the coordination of structur-
al and functional traits and their variability. The pat-
terns revealed suggest that the predicted increase in
the frequency of extreme weather events at high north-
ern latitudes, namely periods of heavy heat and
drought, will promote the competitive ability of Scots
pine and aspen, which build a more efficient and safer
hydraulic structure compared to silver birch, whose
xylem is more vulnerable to drought-induced cavita-
tion, by raising CO, gas exchange and productivity in
drier environments. This assessment is important for
better understanding the direction and magnitude of
the flora composition and ranges of boreal plant spe-
cies in changing the natural environment and the climate.
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3HAYEHHE COIVTACOBAHHOCTUA ITPU3HAKOB KCMWJIEMbI CTBOJIA

N ITAPAMETPOB I'ABOOBMEHA JIUCTA 1P ®OPMUNPOBAHNN
AJJAITITAIINN Y HEKOTOPBIX BOPEAJIbHbBIX BU/IOB B KAPEJINN

B. B. IIpunaua**, T. B. Tapeakuna“, 5SI. A. Heponona“, H. B. Tymanuk*

4 Uncmumym neca Kapeavckoeo Hayunoeo yenmpa PAH
ya. Ilywkunckas, 11, Ilempo3zasodck, 185910, Poccus

#e-mail: pridacha@krc.karelia.ru

OlieHKa YCTOMYMBOCTH JIECHBIX COOOIIECTB U OTAEIbHBIX BUIOB K BHEITHUM BO3AEHCTBUSIM TpeOyeT Mpo-
BEIEHUSI UCCIIeNOBAaHNI BO3MOXHBIX OTBETHBIX peaKIInil BUIOB, COOOIIECTB M 9KOCUCTEM B PAa3HBIX PETH-
OHaxX Ha MPOTHO3MPYEMble U3BMEHEHUSI IPUPOIHON cpenbl U Kinmara. Llenpio nccaeaoBaHus 6610 Olie-
HUTb U3BMEHUYMBOCTh AaHATOMUYECKUX U TUIPABINICCKUX XapaKTEPUCTUK KCUJIEMbI U X COTIAaCOBAHHOCTh
¢ nokazatenssmu CO,/H,0-ra3oo6MeHa y roJI0CEMEHHOTO U MOKPBITOCEMEHHBIX IPEBECHBIX PACTEHUI B
XOIe €CTECTBEHHOTO JIECOBOCCTAHOBJIEHHST Ha BBIPYOKEe COCHSIKA YepHUYHOTO B ycloBUSAX EBporieiickoro
Cegepa. 1151 3TOro mpoBev aHAJIU3 BIUSHUS (UTOLEHOTUYECKUX YCJIOBUI U KIIMMaTUYeCKUX (DaKTOPOB
Ha CTPYKTYPHO-(DYHKIMOHAIbHbBIE XapaKTEPUCTHUKU MOAPOCTA COCHBI OOBIKHOBEHHOI (Pinus sylvestris L.),
O0epesbl moBucioit (Betula pendula Roth) u ocunsl (Populus tremula 1.) Ha CIIIOLIHOI BBIpYOKe U IO IO~
JIOTOM COCHS$IKa YepHUYIHOTO B Te€UEHHUE YEThIPEX BEreTallMOHHBIX MIEPUOIOB B YCIOBUSAX CpEIHETAaeKHOM
non3oHsl Kapenuu. BeisiBieHa NpenMyllIeCTBEHHO CXOXasl HAMPaBJIeHHOCTbh PeakUii aHATOMUYECKUX U
TUAPABINYECKUX XapaKTePUCTUK KcuiieMbl U nokasarenein CO,/H,0O-razoo0MeHa 1ucTa pa3HbIX BULOB Ha
U3MeHeHre (UTOLEHOTUYECKUX YCIOBUI 1 KIIMMaTU4YecKux (hakTopoB. Ha BeIpyOKe KaK y COCHBI, TaK U Y
JIMCTOMAAHBIX BUJOB OTMEUEHBI MaKCHMMaJbHble 3HAYEHUS TUIPABINYECKOTO THMaMeTpa Tpaxeum U cocy-
JIOB, TTIOTEHIIMAJIbHOM TMAPABINYECKON MTPOBOIMMOCTHU KCUIEMBI U, HAITPOTUB, MUHUMAaJIbHbIE 3HAYEHUS
yIeJbHOM TJIOTHOCTU Tpaxeua U cocynoB. B MexXromoBoii tMHaMUKe KIIMMaTU4eCcKUX (haKTOPOB Y BCEX BU-
TTOB BBISIBJIEHA MaKCUMaJTbHAsi U3BMEHYMBOCTb TOJUYHBIX IPUPOCTOB IO CPABHEHUIO € OOJIbIIIE KOHCepBa-
TUBHOCTBIO IPYTUX XapaKTePUCTUK KCUJIeMbl. BMecTe ¢ TeM ImoKa3aHbl MEXXBUIOBbIE OCOOEHHOCTU CoTJIa-
COBAHHOCTU I'MAPABINYECKUX XapaKTEPUCTUK KCUJIEMbI, YyCTbUYHON MTPOBOAMMOCTHU, MTHTEHCUBHOCTHU (HhO-
TOCHHTE3a U TPAHCITUPAIIUU U X U3MEHYUBOCTD Y CUCTEMAaTUIECKU PAa3HBIX BUIOB, KOTOPbIE YKA3bIBAIOT
Ha pa3Hble CTpaTeruy ruapaBindeckKoro nopeaeHus (isohydric/anisohydric) y 6epe3bl, OCMHbI U COCHBI.
IMporHo3upyeMoe yBeandeHUe MOBTOPSIEMOCTHU TIEPUOIOB CUJIBHOM Xaphbl M 3aCyXU B BBICOKMX IIIMPOTaX
YCUJIUT KOHKYPEHTOCIIOCOOHOCTb COCHBI M OCUHBI, hopMUpYIOIIUX Oosiee 3(pheKTUBHYIO U 6e30IMacHyI0
TUIPaBINYECKYIO CTPYKTYPY OTHOCUTENBHO 6epe3bl, mocpenctsoM pocta CO,-razoobMeHa U MpoOgyKTUB-
HOCTH B 3aCyIIJIUBBIX YCIOBUSIX.

Karouegoie crosa: npeBecHbIe pacTeHUsl, TUAPABINYECKasi TPOBOAMMOCTb KCUJIEeMbl, DOTOCUHTE3, TPAHCTIN-
panysi, GakTOpBI CpeIbl
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6 aBrycta 2023 r. ucnoinHwioch 70 JIET U3BECTHO-
MY POCCHIICKOMY TMIPOOOTAHUKY, TOKTOPY OMOJIOTH-
yecKux Hayk, nmpodeccopy bopucy @enoposuuy CBu-
puaeHko. OCHOBHBIMM OOBEKTAMU €0 MCCIICTOBaHUI
SIBJISIIOTCSI MAKPOCKOITMYECKHE BOIHBIE PACTEHUS U UX
COOO0I1IeCTBa.

Bbopuc denoposuu poauiics B r. Anma-Ata Ka-
3axckoit CCP. Ve B IIKOJbHBIE TOIbI MPOSBUIICS
ero MHTepeC K U3YyYeHUIO MPUPOJIbl, OCOOEHHO MHTE-
pecoBaJicsi OpHUTOJIOTUE!, XOIWII B TIOXO/IbI B TOPBI U
MyCTBIHU, Ha o3epa u peku IOxHoro KaszaxcraHa,
IOHHaTOM paboTail B AJMa-ATHUHCKOM 300IIapKe.
B 1971 r. Bopuc ®enopoBrY NOCTYIUI HAa OUOJIOTO-
IMOYBEHHHBIN (PaKynbTeT TOMCKOTO rocyaapcTBEHHO-
ro ynusepcuteta (TTY). 3nech ero yuureassMu ObUIU
KpYIIHbIE YYCHBIC-UCCICOOBATEN, OCHOBOIIOIOX-
HUKJ HayYHBIX HanpasjeHuii, mpodeccopa A.B. ITo-
noxwuii, JI.B. Illymunosa, B.I'. Moranzen, H.H. Kap-
tamosa, W.I1. Jlantes, B.B. KpsrkaHoBckasi, molieH-
ol }FO.A. JIpBOB, E.I1. [Ipokomnses, JI.N. IToTtexuHa u
mHorue ap. HaumHast co 2-ro Kypca npuHUMAaN y4da-
CcTHe B OMOJIOTMYECKUX IKCIEANILINIX Kadeaprl 60Ta-
Huku TTY (Pecnyonuku Xaxkacusi u Teisa). B 1975 1.
OKOHYWJI YHUBEPCUTET MO CIeUaIbHOCTU “buono-
rvst”’, TIOJTydYnB KBauduKaumio “buosor, mpermogaBa-
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Teab ouonorun u xumun”’. B 1975—1982 rr. paboran
MJIA[IIIMM HayYHbIM COTPYOIHMKOM B JjabopaTopuu
G0pBl U pacTUTENBHBIX pecypcoB HayuHo-mccieno-
BaTEJICKOTO MHCTUTYTA Onoiornu n onopmsuku TT'Y,
y4aCTBOBaJI B peCypCoOBeIUYECKUX 1 (hJIOPUCTUUECKUX

Bopuc Penoposuu CupuaeHko Ha peke Taz, 2009 r.
Boris Fedorovich Sviridenko on the Taz River, 2009.
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OKCHEOULIMSIX B TOPHBIX paiioHax ThIBbI, XaKacHu,
KpacHosipckoro kpasi, UpkyTckoit ooinactu u bypsi-
mu. B TTY bopuc @enopoBud MO3HAKOMMUIICS CO
cBOei Oymymieil XeHoi, eTMHOMBIIIJIEHHNKOM W
BEPHBIM MOMOIIHUKOM — TarbsgHoli BukTopoBHOI
CBupuneHko. TaTtbssHa BUKTOpOBHA SIBJISIETCS CIie-
AAJIUCTOM IO XapOBBIM M HUTYATHIM 3UTHEMOBBIM
BOJOPOCJSIM, COAaBTOPOM psijia cTaTeii, MOHorpaduit
U Yy4€OHBIX ITOCOOUIA.

C 1981 o 1987 r. b.®. CBupueHKo padboTai Hayd-
HBbIM COTpYIHUKOM-ruapodoTtaHukoM B Cepepo-Ka-
3axcTaHCKoi Jraboparopuu Kazaxckoro Hay4HO-HC-
CJIeIOBATEILCKOTO MHCTUTYTa PBIOHOTO XO3SIICTBa,
y4acTBysI B MCCIeA0BaHUM (DJIOPHI U PACTUTEIBHOCTU
BOIOHBIX OOBEKTOB CeBEepHBIX objacrteii Kazaxcrana.
ITocie okoHyaHMs 3a04HOIl acmupaHTypel TI'Y B
1987 r. 3amuTUA  KaHOAUIATCKYIO AUCCEpPTALUIO
“Bomursie Makpodutel CeBepo-KazaxcraHckoit u
Kycranaiickoii obmacreil (BUZOBOII COCTaB, 9KOJIO-
rUsi, IIPOAYKTUBHOCTH)” MO CIleIMaIbHOCTU “boTa-
HMKA” TIOJ PYKOBOACTBOM Ipodeccopa, HDOKTOpa
ouonornyeckux HayK A.B. IMomoxwuii. C 1987 mo
1993 1. Bopuc PemopoBud paboTan IperomaBaTe-
JIeM, CTaplluM IIpelioJaBaTelieM, 3aTeM JIOLIEHTOM
Kadenpsl 0oTaHuKU B [1eTponaBIoBCKOM MeIaroru-
YeCKOM MHCTUTYTe, I03Xe Bolieniiero B coctaB Ce-
Bepo-KazaxcraHckoro yHuBepcureTa MeHn MaHa-
ma Koseibaesa. B 1993—1994 rr. oGyyascst B JOKTO-
pantype TT'Y, a ¢ 1994 o 2008 r. pa6oTan B OMCKOM
rOCyJapCTBEHHOM II€IaTOTMYECKOM YHUBEPCUTETE
(OMITIY) crapmmM HayYHBIM COTPYOIHHKOM, HO-
LICHTOM, TIpopeccopoM, 3aBeayIolnuM Kapeapoit 60-
TaHUKU U OCHOB CEJIbCKOTO XO3SMCTBa U JIeKaHOM
XUMUKO-0mojiornuyeckoro daxkynprera. B 2001 1. 3a-
IIUTWI JOKTOPCKYIO AUCCEPTALlUIO HA TeMy “DKo-
JIOTO-AMHAMUUYecKasi OpraHu3alvsl pacTUTEIbLHOTO
nmokpoBa BomoemoB CeepHoro KaszaxcraHa” 1o
crieMaabHOCTIM “boTaHmnka” n “Oxonorus” B 1uc-
cepTallMOHHOM coBeTe lleHTpalbHOro cMOMpPCKOTo
6oranunuveckoro caga CO PAH. HayyHbIM KOHCYJIb-
TAaHTOM OBLJI JOKTOP OMOJOTMYECKUX HayK, podec-
cop A.C. PesymknH. YuyeHoe 3BaHue mpodeccopa
npucsoeHo B 2012 1. C 2008 o 2018 rr. 5.®. CBupu-
JICHKO paboTaJl BEAYIIUM Hay4YHbIM COTPYIHUKOM,
3aBeAYyIOIINM JlabopaTopueit THIPOMOP(HBIX 3KO-
CHCTEM, 3aTEM INIABHBIM HAYYHBIM COTPYAHUKOM U
JIUPEKTOPOM HayYHO-MCCJIEeO0BAaTECIbCKOIO WH-
ctutyTta 3konoruu Cesepa (HUMDC) B Cypryr-
CKOM TOCYyIapCTBEHHOM YHMBEPCHUTETE, a TAKXKE IPO-
deccopoM Kadenpsl OOTAHUKM M 3KOJOTHH pacTe-
Huii B 3ToM yHuBepcutere. C 2020 1. mo HacTosiee
BpeMs1 paboTaeT nmpodeccopoM Kadeapbsl OMOJIOTUU U
ounoJyiornuyeckoro oopaszosanuss OMI'TIY.

C 2001 1. mo 2008 r. b.®. CBupuneHKO ObLT YWICHOM
muccepTanonHoro coBeta K 212.177.02 o cienmaiib-
Hoctr 03.00.16 “Dkonorus” B OMITIY. Ilox ero pyko-
BOICTBOM BBITIOJTHEHBI 4 AuccepTalluM Ha COMCKaHUe
YUEHOM CTeneHM KaHauaaTa OMOJIOrMYecKUX HaykK IO
cnemmaiabHocT  “boranuka”: O.E. Tokaps (2005),

TOKAPD u np.

I0.C. MawmonrtoB (2008), A.H. Edpemon (2010),
K.C. EBxenko (2011).

b.®. CBupuIeHKO y4yacTBOBaj B BBITIOJHEHUU
Hay4YHO-UCCIIEIOBATEeIbCKUX PaboT, B TOM YHCIHE:
“BmustHie HePTIHOTO 3arpsI3HEHMS TOYB Ha OMOXH -
MUYECKHEe MoKa3aTejqu CoAepKaHUs OMOIOTUYECKU
aKTUBHBIX BEIIECTB U MUKPORJIEMEHTOB pacTeHUM
HedTenooObIBaoIMX paiioHoB XMAO” (2012),
“bronHAMKAIIUS KAaYECTBEHHOIO COCTOSIHUSI BOJI-
HBIX 00BbeKTOB 3amamHo-CHuOMpCKOil paBHUHEBI Ha
OCHOBE BKOJIOTMYECKUX MapamMeTpoB THUAPOMAKPO-
dutoB” (2013), “Dkonoruyeckass TOJEPaHTHOCTh
ruapoMakpoduToB XaHThI- MaHCUIICKOTO aBTOHOM-
Horo okpyra — FOrp#sl u cornpeneabHbIX TePPUTOPUIL”
(2015—2017 rr.).

B mrepuon ¢ 1982 1o 1996 r. bopucom @enopoBu-
yeM Obl1a 00cIemoBaHa TEPPUTOPUS CEBEPHBIX paiio-
HoB Kaszaxcrana (CeBepo-Kazaxcranckas, Kycra-
Halickas, KokueraBckas, IlaBnomapckas, LlennHo-
rpamckast o0JiacTu), TAe€ BIEpBbIe BBIIOJHEHA
WHBEHTapu3anus QIopbl THIAPOMAKPO(PUTOB, N3yde-
Ha ee TaKCOHOMMYECKasl, XOPOJOTrndecKasi 1 9KOJI0-
rudeckasi cTpykrypa. OCHOBHBIE pPe3yJbTaThl 3TUX
HCCIeMOBaHWM ObLIU MpeaCcTaBIeHbl B MOHOTpahuu
(CBupunenko, 2000). B 1995 r. onucan Bun Clado-
phora koktschetavensis Sviridenko 13 ceBepokazax-
craHckoit gusbloHKuuKM (Boedeker, Sviridenko,
2012), mo3xe nociie creuraaibHbIX MOJIEKYISIPHO-TE-
HETUYECKUX UCCIIECTOBAHUM OTHECEHHBINA K OMHOM U3
dopm Aegagropila linnaei Kiitzing. B xone uccienoBa-
HUI1 ObLJIa 3aJToKeHa 0a3a KOJIMYECTBEHHOM 3KOJIOIMU
BOIHBIX MaKpPOCKOIMUYECKHUX PACTeHUI, B YACTHOCTH,
MOJyYeHBI OOIIMPHBIE JAHHBIE 00 SKOJIOTMYSCKON TO-
JIEpaHTHOCTHY BMOOB K O0IIIei MMHEepaIn3aluy, O01Ieit
KECTKOCTHU M aKTUBHOI peakKlIMM BOJBI HA TEPPUTO-
pun 3anagHo-CuOMpCcKoit paBHUHBI U COAEPKAHUIO
PacTBOPUMBIX (hOPM HEKOTOPBIX TSKEJIBIX METAJLIOB
"1 He(pTSIHEIX yrieBomoponoB. IIpoBenmeHo n3ydeHune
pacTUTEILHOCTU BOJOEMOB, CO3IaHBI KaaccuguKa-
1IUM BOOHOI M OOJIOTHOM PaCTUTEIbHOCTU CEBEPHBIX
paitonoB Kazaxcrana. O0OOCHOBaHBI IIPUHIINITHI BBI-
JIeJICHUSI TEPPUTOPHAJIBHBIX TUIIePLEHOTUIECKIX
eOIUHUL, PACTUTEIBHOCTU B pa3HOTUITHBIX BOOOEMAX,
orpezaescHa TPOAYKTUBHOCTb, BBITIOJIHEH aHaIu3
HaKOMNUTEJILHON CIIOCOOHOCTH THUIAPOQPUTOB CTOY-
HBIX BOJ Y BBISIBJIEHBI YCTOMYMBEIE K 3arpsi3HEHUSIM
Buabl. OcoOOro BHUMAHUS 3aCiIy>KMBaeT IMPEIjIo-
>KeHHasI KjaccuduKaLys 3Ku3HeHHBIX (OPM IIBETKO-
BBIX TUAPO(MUTOB, B KOTOPOIl KPYITHBIE TaKCOHBI
YCTaHOBJIEHHI 110 OOILIMM OMOIOTMYECKUM 1 MOP(O-
JIOTUYECKUM IIpU3HAKAM, TAKCOHbI HU3BIINX PAHTOB —
Ha OCHOBE YaCTHBIX MOP(MOIOTMYESCKUX U IKOJIOTH-
yeckux npusHakoB. b.®. Ceupunenko (1991, 2000)
MpeaIokKeHa METOIMKA N3ydeHUST 9KOOoMOpd BOI-
HBIX [IBETKOBBIX PACTCHUIA.

IMocnenymoiiye vccaemoBaHUs ObUIU COCPENOTO-
YyeHbl Ha TeppuTopuu 3anagHo-CuOupckoit paBHU-
HbIL. B 2009 1. ocHOBHBIE paiiOHBI UCCIIETOBAaHUI pac-
noJjiaraauchk B 6acceiiHax pek Ilyp u Ta3 B Amano-
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I'MAPOBOTAHUK BOPUC ®EAOPOBMUY CBUPUJEHKO

Heneukom aBToHOMHOM OKpyTe (CBUPHASHKO U IIp.,
2010). bpumn nccnenoBaHBl BOOTHEIE OOBEKTHI KPYII-
HEWIIUX MPUPOIHBIX MAapKOB XaHThI-MaHCHUIICKOTO
aBToHOMHOTrO okpyra — KOrpel (XMAQO) — “Cubup-
ckue YBanbl” (2006—2007), “KonmuHckne o3epa”
(2015) u “HymTo” (2016). Bcero B BOTHBIX 00BEKTaX
STUX IIPUPOIHBIX MMAPKOB 0oTMeueHO 90 BUIOB I'MAPO-
MmakpoputoB (CBupumeHko, CsupumeHko, 2009,
2016; Ceupunenko, 2017, CBupuneHko u ap., 2017).
B 2012 r. b.®. CBUpHUACHKO BBIIOJHWI TUAPOOOTA-
HUYECKHE UCCIIeIOBaHUSI Ha BOJOXpaHUIUIIE-0XJIa-
mutene ODkmbactysckorr ['POC-2 B KasaxcraHe
(CBupunesnko u ap., 2013). DkcneguiioHHas Oes-
TEJIbHOCTh CYIIECTBEHHO pacuupmwiach B 2015—
2017 rr. TIpy BBHITIOJTHEHUU HAYYHOI TEMBI 10 TPAHTY,
nogaepxanHoMy PoccuitckuMm ¢poHaoM dyHIaMeH-
TaJdbHBIX McciienoBanuii u [IpaBurensctBoM XMAO.
bouto n3yueHo 248 BOTHBIX 0OBEKTOB, B KOTOPHIX OT-
MeuyeHo 196 BumoB ruapoMakpoduToB (CBUpUIEHKO
n np., 2015; Sviridenko et al., 2015 u op.).

ITo pe3yabraTaM MHOTOJIETHETO U3Y4CHUS OTHEIa
Charophyta onmy0/JMKoBaHbI Cepusl CTaTeil U ABa U3-
JITaHUsS MOHOTpadUM IO XapOBBIM BOIOPOCISIM 3a-
nagHo-Cubupckoit paBHuHbl (CBupumeHko, CBu-
punenko, 2016, 2017). B MmoHorpaguu nMpuBOASATCS
CBeleHUS O 25 BUaX, CYLLIECTBEHHOE MECTO OTBEIe-
HO BONpOCaM 3KOJOTMU Xapo(UTOB, IpemIokKeHa
cuctema skobmomopd. Ha ocHoBanMu u3ydeHUsI
OTHEIbHBIX CHUCTeMaTUdecKux rpynn B “KpacHyio
kHury Owmckoit obmactu” (2015) BnepBbie ObLIU
BKJIIOYEHBI HEKOTOPHIE MaKpPOCKOIIMYECKHE BOIO-
pociun.

B mMoHorpadpuu “Hutuarbie 3uTHEMOBBIE BOAO-
pocnu (Zygnematales) 3anagHo-Cubupckoii paBHU-
HbI” (2019) 0000IIeHBI PEe3yJIbTAThl U3YYSHUST BUIO-
BOI'O COCTaBa, 9KOJIOTMY HUTYATHIX 3UTHEMOBBIX BO-
popocneir u3 600 BOOHBIX OOBEKTOB, W3Y4EHO
LIECHOTUYECKOe 3Ha4YeHUE, OMNUCaHbl OCOOEHHOCTHU
30HAJILHOTO pacnpenencHus BUIoB. B moHorpacduun
npuBoIsITCs cBenaeHus o 40 Bugax 3UTHEMOBBIX BOHO-
pocieil u3 5 poaoB U 3 ceMeliCTB, MHOTYIE€ BUABI ITPUBE-
JIeHBI BIiepBbIe I 3anagHo-CuoMpCcKoil paBHUHEL.

dakTuyeckuii Matepuall, HAKOIUIEHHEI B XOIe
SKCHEAULIMOHHBIX paboT, MO3BOIWI CHOPMUPOBATH
CUCTEeMY B3IJISIAOB Ha (DUTOMHIMKALIMOHHBIE CBOIi-
CTBa TUAPOMAKPO(GUTOB Y MPEMIOXKUTH IIPOCTHIE aJl-
TOPUTMbI OLIEHKH 3KOJIOTUYECKOIO COCTOSIHUSI BOMI-
HBIX 0OBEKTOB Ha OCHOBE CBEICHUI O TOJEPAHTHO-
CTU K BeayluM ¢akTopaM cpeabl OOMTaHUS. DT
MaTepuaiabl ObLIA OITyOJIMKOBAHBI B ABYX M3TaHUSX
MoHorpaduu “Mcnonb3oBaHre THAPOMAKPO(GUTOB B
KOMIUIEKCHOI OILIEHKE 3KOJIOIMYECKOr0 COCTOSIHUU
BOIOHBIX 00BEeKTOB 3anagaHo-CuOupcKoit paBHUHBI"
(2012). OpHUM 13 IPUJIOXKEHUI JaHHOI pabOTHI CTa-
JI0O WCCAeAOBaHWE BO3MOXHOCTU WCITOJIb30BaHUS
CITYTHUKOBBIX JAHHBIX IS IMCTAHLIMOHHOM OILIEHKU
MacIITaboB TPAHCTPECCUU BOIOEMOB 1 pPOCTA YBJIAX-~
HeHHOCTU TeppuTopun (OuHMIEHKO U Ap., 2009).

BOTAHUYECKUN KYPHAI ToM 108

Ne 7 2023

711

Bb.®. CBupuneHKO SBISIETCS OMHUM M3 OpTaHM3a-
TOPOB MOATOTOBKY 1 aBTOpoM “KpacHoit KHuru Om-
ckoit obimactu” (2005, 2015) 1 Ha IPOTSIKEHUU MHO-
TUX JIET yY4acTBYeT B peaau3allud rocy1apcTBEHHOM
MporpaMMbl MOHUTOPUHTIA OXpaHSIEMbIX OOBEKTOB
Owmckoit obsnactu. b.®. CBupuaeHKO NpUHUMAN
y4yacTue B MOoArotoBke “3eneHoit kHuru Cubupu...”
(1996) n “Kpacnoit kauru XMAO” (2013).

b.®. CBupuaeHKo SIBJISIETCS aBTOPOM M COaBTO-
poMm Oonee 350 HaydHBIX U yIeOHO-METOIMIECKIX
paboT, cpeau KOTOphIX 5 MoHorpadmii, 3 BBIITyCKa
pernoHabHbIX KpacHBIX KHUT, 2 y4eOHBIX TTOCOOUS
u 1 yuyebHO-MeTtomumueckoe Irocodoue. C 1984 mo
2012 1. oH sgBmsLICA WieHOM TOMCKOTO OTIENCHUS
Pycckoro 6otannyeckoro ob6iiectsa, ¢ 2005 1. cocTo-
uT B OMCKOM oTaeeHun Pycckoro reorpaguyecko-
ro obmecta. b.®. CBUpUIEHKO y4acTBOBaJl B JKC-
MEOUILIMOHHBIX MCCcaemoBaHusIX B KpacHOsSIpCKOM u
KpacHomapckom kpasix, Pecnyonukax bypsitust, Ca-
xa (Axytus), TeiBa, Xakacus, B MUpkyTtckoit, HoBo-
cubupckoii, Omckoii, TromeHckoi, Kypranckoit 00-
nactax, B XaHTeI-ManHcuiickom 1 Smano-Henenkom
aBTOHOMHBIX OKpyTax, B Kazaxcrane u MoHroamm.

Bb.®. CBupumeHKO HarpaxkaeH ITOYeTHBIMU Tpa-
MoTaMi MWHUCTEPCTBA MPOMBIIIICHHON TOJIUTUKH,
TpaHcnopTta u cBsi3u OMmckoii oomactu (2005), ITpaBu-
tenscTBa OMcKoi obmacti (2006), Pycckoro I'eorpa-
¢uaeckoro obmecrsa (2007), MuHMCTEpCTBa IIPUPOI-
HBIX pecypcoB U 3kojtoruu OMckoit odnactu (2016).

Hayunas nesarensHocTs Bopuca demoposrya He-
pPa3pbIBHO CBSI3aHA C TIPEIoJaBaTe/IbCKO esITelb-
HOCTBhIO. BhIcOKMiI ypoBeHb mNpodeccruoHanusMa,
BOCIIPUMMYUBOCTb K HOBOMY, CLIOCOOHOCTh T€HEPHUPO-
BaTh UJIEU, UCCIIENOBATENbCKII TATAHT XapaKTEePU3YIOT
€ro Kak MmpeKpacHOro renarora u uccienonaressi. bo-
puc ®enopoBud pazpaboTan yueOHbIe KypChl IJIsI CTY-
JIEHTOB ¥ MarCTPaHTOB: HU3IIIME PACTEHUS, BbICIINE
pacteHus1, putoreorpacdusi, METOAMKA IMOJIEBbIX O0Ta-
HUYECKUX UCCEN0BaHUM, (puTOLIEHOIOTUSI, OOTaHU-
yeckas reorpacduss Cubupu, BBeIeHUE B r'MApoOOTa-
HUKY U [Ip.; PYKOBOAWJ yUeOHbIMU MPAKTUKAMU, KYP-
COBbIMA M BBIIYCKHBIMU KBaTW(bUKALIMUOHHBIMU
paboTtamu; SIBJISICS WICHOM XKIOPU TMPEIMETHBIX
onuMmnuan To OoTtaHuke. B mensax mnpusieyeHuUst
IIKOJBHUKOB U CTYIEHTOB K U3YyYEHUIO PEAKUX U
OXpaHsIeMbIX BUJOB PACTEHU I TTOATOTOBJIEHO yueOHOe
nocobue (bekuinesa u ap., 2008). B yueOGHBIX TTOCOOHM-
SIX TTO MAaKPOCKOTTMYECKUM BOJOpOCIsIM U MxaM (CBu-
punenko, CsupuneHko, 2009, 2010; CsupuneHKo,
MamonTos, 2010) mpencraBieHbI KJIIOUM IJIsI OTIpeIe-
JICHUSI BUJIOB U MIPUBEIeHA OLIeHKA X SKOJIOTUYECKOM
TOJIEPAHTHOCTH K BeAyIIMM (haKTOpaM BOTHOM CpeIbl.

CBol1o Hay4yHYI0 aesiTelibHOCTh boprc denopoBuy
4acTO COBMeEIIIAeT C JIOOMMbBIMU YBJICUSHUSIMU — PbI-
OanKoit, 0X0TOIf, COOpPOM I'pHUOOB U SITO..

Mpu1 nozapasisieM bopuca ®enopoBuya ¢ rooue-
€M, XeJlaeéM eMy 310POBbsl, PalOCTH, OTIIMYHOTO Ha-
CTpOEHMS, yIauyu, MOpe MO3UTUBa, OJIATONOoJy4us
CeMbe U JaJIbHEHIIINX TBOPYECKUX YCTIEXOB!
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