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Bo MHOrHMX JIECHBIX 3allOBEIHUKAX U JAPYTUX 0c000 oXpaHseMbIX NpupoaHbix Tepputopusix (OOIIT), pacnonara-
IoIMxcsi Ha BocToke EBponbl 1 B CHOMpH, 3HAYNTENIBHOE Y4acTHE B COCTaBe (DPUTOLICHO30B MPUHIMAET €1b €BPO-
nieiickast (Picea abies) v enb cudupckas (Picea obovata). TpymHOCTH ¢ ONpeNeNiCHUEM BUIa M BHYTPUBHIOBOTO
pasHooOpasus eneid BozHuKaroT Ha OOIT, HaXosIMXCst B 30HE MX €CTECTBEHHOH (MHTPOTPECCUBHOI) THOPHTI3a-
1. OCHOBHBIM JMArHOCTHYECKHAM IIPU3HAKOM 3THX BUJIOB efieit co BpemeH JleneGypa (Ledebour) sBrsiercst opma
BEpXHEH YaCcTH CEMEHHBIX (IIMIIEYHBIX) YelTyl. Y eu eBpOMNeHCKOM OHa YIIIOBaT0-3a0CTPEHHAS U 3aMETHO BBITS-
HYyTasi, y eJI CHOMPCKOIi OlTM3Ka K OKpYIJION M MeHee BhITAHyTas. B momyrsiiusix enu Ha Boctoke EBporbl, copmu-
POBABILIMXCSI [TOJT BIMSTHUEM MHTPOTPECCHH, 3TOT IIPU3HAK UMEET IIPOMEXYTOUHBIN XapakTep. Popma BepxHel 4acTH
CEMCHHBIX YeIlyil ellf, OCTaBasiCh MOCTOSHHOM B TEUEHHE JKU3HHU JIEpeBa, 001anaeT OOJbIION M3MEHYNBOCTBIO B
Tpenesnax MOMyJLIIIA U MEKTy TONYJIAIIME. V3ydeHne GeHOTHIMYIEeCKOH CTPYKTYPhI OMYJIISLINIA eJIel BBITTOTHS-
€TCsI JI0 CUX ITOp IyTeM BU3yaJIbHO-ONHCATEIbHOM OLIEHKH, TO €CTh CyOBEKTHBHO. B pe3yrnbrare HepeKo nomyJatoTcest
HECOIIOCTAaBUMBIC PE3YJIBTAThI JAXKE NI OAHUX M TEX XKE pa1710H013. Hcnonb3oBanue MeTpH‘IeCKOﬁ OLICHKU IpU3HaKa
U BBIJICJICHUE HA ATOW OCHOBE (DeHOTHIIOB OCOOCH MO3BOJISCT IPOBOAUTH MATEMATHUCCKYHO 00pabOTKY pe3y/IbTaToB
1 TIOJTy4aTh OOBEKTHBHBIC JJAHHBIE 110 CTPYKTYpe MOmyisiiyit. Llenbro paboTsl siBisiercst n3yuyeHne (peHOTHIHYECKOTO
pazHooopaszust nomyssinuid e OOINT Ha Boctoke EBporsl 1 B CnOupy Ha OCHOBE METPHYECKON OIEHKH, MPEkKIIE
Bcero (hopMbl ceMeHHBIX delnyil. Hanbonee 0ObeKTHBHBIM IIPUEMOM H3yUYEHHS 3TOTO JMarHOCTUYECKOTO MPU3HAKA
MOKHO CUHMTaTh OIpezeseHue Kodpduumenton cyxenus (coefficient of narrowing — C ) 1 BeITsHyTOCTH (Ccocfficient
of projection — C) BepxHeii yactu yeutyn. Pastocts otux kosduipentos (C ~C ) bonee MHPOPMATHBHBII T10Ka-
3areyib 0COOEHHOCTEH 0cobeid, momysaimii u ux rpymi. Ha Boctoke EBpornst u B dn6npu ObLI0 BbIIENIEHO 9 paiio-
HOB PacIpoCTpaHeHHs IOy pa3HbIX rpyrn win (penorunos: Pe., P.eem., Pem., Pemm., Pm., Pmms., P.ms.,
P.mss., P.s. OHu xapakrepusyroTcsi CpeiHe BEeIMUMHOMN [OKa3aTes Cn—Cp: -50%, -40%, -30%, -20%, -10%, 0%,
10%, 20%, 30% cooTBeTcTBeHHO. Ha 0CHOBE 3TO¥ rpajanuy MOMyIIAIMI MPUHSTA aHAIOTMYHAS Tpajanus (peHoTH-
OB 0co0eii: e, eem, em, emm, m, mms, ms, mss, s. B pe3ynsrare m3y4enus paznoodpasus nomysii e OOIT Ha
Boctoke EBporib n B Crbupr Ha 0OCHOBE (DeHOTHIIOB, BBIICIISIEMBIX 110 METPHYECKHIM IapaMeTpaM CEMEHHBIX Yelllyi,
0Ka3aJIoCh, YTO BCE OHM CYIIECTBEHHO Pa3INyaloTCsl [0 BCEM aHAIM3UPYEMbIM IIpU3HaKaM. B HaroHasHOM mapke
«benoBexckas mymma» u Kapnarckom, Lienrpansao-Jlecrom, OKCKOM 3arioBeIHUKAX, PACTIONaratoxcs B Ipesenax
apeaJia eli eBpOIeHCcKoii, Ha0mroaeTest HanOoJbIast JUTHHA IIHIIEK, HAHOOMbIIIAs YacToTa 0co0eH (PeHOTHIIOB en
esporieiickoii (60—100%), OTCYyTCTBYIOT MIIM OYEHb MaJIO TIPOMEXKYTOUHBIX (DEHOTHIIOB, OTCYTCTBYIOT (DEHOTHIIBI €11
cuOnpckoii. [TpoTHBOIONOXKHYIO TPYTITY IO BCEM MOKa3aTessiM cocTaBisoT Jlamrannckuii, Bucumvckwit, FOranckuii,
COXOHIUHCKOM, BUTUMCKHIA 3alIOBEAHUKH, PACIIONATAFOIIMECS B IPEeiaxX apeaia efn CHOMpCckoi. B Hux HaOsro-
naetcst npeodnamanue (63—100%) ocobeii (heHOTHITIOB el CHOUPCKOM, OTCYTCTBYFOT (DeHOTHIIBI €M EBPOIICHCKOM.
[peobnananne MPOMENKYTOUHBIX (PEHOTHIIOB €I YCTAHOBJICHO B HAIMOHAILHOM Tapke «Yasarr Bapmane», B 3a-
noBeHUKax «Komorpusckuii rec», Bomkcko-Kamckom, [Traeskekom. [epeeie qse OOIIT HeCKOTbKO OMMKE K eITH
€BpOMEHCKOH, BTOPBIE — K el CHONpPCKOi. OOBEKTUBHBIN, JOCTATOYHO alpoOHUpOBaHHBII TIPHEM U3y4eHUs (DeHOTH-
MTIYECKOTO Pa3HO00PA3H OIS €T MOKET OBITh HCIIONB30BaH 1 Ha Apyrux OOIIT.
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Beenenue

Bo MHOTrHX 3armoBeIHUKAX, HAIIMOHATBLHBIX TIap-
KaX W Ha JIPYrHX 0CO00 OXPaHSCMBIX MPHPOIHBIX
tepputopusix (OOIIT) na Boctoke EBporisl u B Cu-
OUpH OMHMM M3 BEIYIIUX JIECOOOpa30BaTENCH SBIIS-
ercs enb. CoxpaHeHHe BUIOBOTO ¥ BHYTPHUBUIOBOTO
pa3Hoo0Opasusi enm, 00eCHeurBAaIOIIEr0 YCTOMYMBOE
OCYIIECTBIICHUE €10 (DYHKIMU HH(UKATOpa JECHBIX
HKOCHUCTEM B Pa3IMYHBIX reorpaguyecKux YCIIOBHU-
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X, ABJSIETCSl BakKHOM 3amadeit paborel OOIIT. Ha
JTAHHOW TEPPUTOPUH TPAUIIMOHHO BBIICIISCTCS 1B
BUa ey — eBporeiickas (Picea abies (L.) Karst.) u
cubupckas (Picea obovata Ledeb.). Bormpoc ux Bu-
JoBOM u(depeHIMaIK  YCIIOXKHIETCS B paiioHax
HIMPOKOTO pacrpocTpaHeHusi ruOpunHbx popm. Ha-
npumep, B Jlecnoit suimkmonenuu (1985) ykazaHo,
410 B JlanmaHackoM 3aroBeTHUKE «PaBHUHHBIC Jieca
00pa30BaHbl B OCHOBHOM €160 OOBIKHOBEHHOWY, HITH
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ernbio eBporieiickoil. Ho 6omnbiiiast yacTe Iureparypel,
HauuHas ¢ 1930-1940-x ., yka3biBaeT, uto Ha Koib-
CKOM TOJIyOCTpOBE (B TOM 4uciie U B Jlarmianackom
3aroBEHUKE) paclpoCTpaHeHa elb CUOUPCKAs, WU
«c TIpuMechio» e o0bikHOBeHHOU (boOpoB, 1971,
1978; llep6axosa, 1973; [IpaBaun, 1975; CokomnoB u
ap., 1977). o cnoxuBmmMcs npeacTaBieHusM, eilb
B JlanmanickoM 3armoBeTHUKe 1asieka 0T OOBIKHOBEH-
HOU (eBpomeiickoi) enu. MIMeroTcst CoMHEHHsI B BU-
JIOBOM OIPEIETIEHUH €111, HAIIPUMED, B 3alIOBEHUKE
«Konorpusckuii siecy. IlomruMo BHIOBOM NIpuHA[-
JIEKHOCTH, (PEHOTUNIMYECKAs! CTPYKTYpa MOMYJISILUI
em Ha OombiuuHcTBe OOIIT 1O OCHOBHOMY jaua-
THOCTMYECKOMY MPHU3HAKY €JIel €BPONEUCKON U CH-
oupckoii ((hopme BEpXHEH YacTH CEMEHHBIX YEITyH)
MpaKTU4ecKu He u3ydeHa. Mimerompecs 00 3ToM cBe-
JICHUS B HEKOTOPBIX 3aMOBETHUKAX MOIy4YeHbI Ha OC-
HOBE BU3YaJIbHOM OIIEHKH BeChbMa M3MEHYHBOTO TPH-
3Haka (LLlepbakoBa, 1973; MunsieB, Koneunas, 1976;
Tarapunos, 1987, 1989; KopeHHble TeMHOXBOIHbIE
neca..., 1988). Ilpu takoM npueme u3ydeHus NoIy-
JSIIME €11, 0COOEHHO Ha €BPOIENCKON TEPPUTOPHH,
HEPEKO TOMYYalOT Pa3HblE Pe3yJbTarhl JaKe JUis
omHuX U Tex ke paiionoB (IIpasaun, 1975; Oprosa,
Eropog, 2010; ITomos u mip., 2017).

Lenbto paboThI siBIseTCS M3ydeHue (heHoTUrmye-
ckoro pasnooopazust nomysiuid e Ha OOIT Boc-
Toka EBporel 1 B CuOMpH Ha OCHOBE METPUYECKOM
OLICHKU UX OCHOBHBIX CHCTEMaTHYECKUX TPH3HAKOB.

Marepuan 1 MeToabl

HNccnenosanns nposenens! Ha HekoTopbix OOIIT,
pacrionararomxcsi B pa3HbIX paloHaxX pacrpocTpaHe-
HUS eJIel eBporelicKoi 1 cuOupckoit (puc. 1).

COop 00pasiioB MIMIIEK €K MPOBOIIIN B T€UE-
Hue 2007-2015 rr. B 1ecopacTUTENbHBIX YCIOBHSIX,
OJNM3KUX K ONTUMAIBGHBIM B COOTBETCTBYIOIIUX Paii-
oHax. M3MeHYHBOCTh M ()EHOTUITHIECKYIO CTPYKTY-
Py NOMYJSAILMNA N3YYasy 10 IBYM PpU3HAKaM — JUIMHE
HIMIIEK U YacToTe (PEHOTHUIIOB 0COOEH, BbIICIAEMbIX
M0 METPUYECKUM TapameTrpaM (opMbl BepXHEH ya-
CTU CEMEHHBIX Yellyl, TOCKOIbKY OHa SIBISACTCA
OZIHUM W3 OCHOBHBIX IPU3HAKOB NPH pa3leieHUU
eneii eBporneiickoit Picea abies n cubupckoit P. obo-
vata (Teplouchoff, 1868; Temnoyxos, 1872; ['omyo6er,
1960; Bobpos, 1971, 1978; Schmidt-Vogt, 1972;
[IpaBoun, 1975). ®opMy BepxHEW 4aCTU CEMEHHBIX
YelIyid eJM ONpe/IeISUTH TI0 BETUIMHE KO PHITHEH-
ToB Cyxenus (coefficient of narrowing — C ) u BbI-
miayToCcTH (coefficient of projection — Cp) (TTomog,
1999). Pa3nocth 3THX K03(D(DUITMEHTOB (Cnﬁp) SIB-
nsiercst Oosnee MH(OPMATUBHBIM TOKAa3aTesieM OCO-
OEeHHOCTEH 0COOCH, MOMYIISAIMA U UX TPYIIIL.
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Puc. 1. Pacnonoxxenne OOIIT mast m3ydenus ¢denoru-
MMUYECKOTO pa3sHooOpasus enu Ha BocToke EBpombl u B
Cubupn: 1 — Kapnarckuii OnocdepHblii 3amoBeHUK; 2
— Hanuonaneusiii napk «benosexckas nymay; 3 — Llen-
TpanbHO-JIecHOW TroCymapcTBEHHBIH TPUPOAHBIH Ono-
cthepublii 3amoBegHUK; 4 — OKCKHIl rocymapCTBEHHBIN
MIPUPOIHBIN OMOChEPHBI 3aT0BEAHNK; 5 — TOCYIapCTBEH-
HBI npUpoAHbIN 3anoBenHUK «Komorpusckuil necy»; 6 —
Haunonanensiil napk «Yasam Bapmane»; 7 — Bomxcko-
KaMmckuii rocygapcTBEHHBIH HpHUPOAHBINH OnochepHbIi
3anoBeqHUK; 8 — [IMHEkCKUI rocy1apCTBEHHBIN NMPUPOA-
HbIM 3anoBeAHUK; 9 — Jlamnmanackuid rocynapcTBEHHBIN
npupoaHbI Onocdepuslit 3amoBennuk; 10 — Bucumcknit
rocyIapCTBEHHBIH IPUPOIHBIN OnoC(hepHbIi 3aII0BETHIK;
11 — ¥Oranckuii rocy1apCTBEHHbII NPUPOIHBIN 3am0BE-
HUK; 12 — COXOHAMHCKHUN rOCy1apCTBEHHBII MPUPOIHBIMA
6uocdepubiii 3anoBenHuK; 13 — BuTuMmckuii rocynap-
CTBEHHBIH IPUPOIHBIN 3aIIOBETHUK.

Fig. 1. The location of Protected Areas to study the phe-
notypic diversity of spruce in Eastern Europe and Siberia:
1 — Carpathian Biosphere Reserve; 2 — National Park «Be-
lovezhskaya Pushcha»; 3 — Central Forest State Natural
Biosphere Reserve; 4 — Oksky State Natural Biosphere Re-
serve; 5 — State Nature Reserve «Kologrivskiy Les»; 6 —
National Park «Chavash Varmaney; 7 — Volzhsko-Kamskiy
State Nature Biosphere Reserve; 8 — Pinega State Nature
Reserve; 9 — Lapland State Natural Biosphere Reserve; 10
— Visimskiy State Natural Biosphere Reserve; 11 — Yugans-
kiy State Nature Reserve; 12 — Sokhondinskiy State Natural
Biosphere Reserve; 13 — Vitimskiy State Nature Reserve.

Ha Boctoke EBpornbl u B Cubupu ObL710 BBI-
JIETICHO JICBATH PAOHOB PACIpPOCTPAHEHUS TI0-
MyJIAIUR pa3HbIX rpynn win ¢penotumnos (Ilomos,
2013; Popov, 2017): P.e., P.eem., P.em., P.emm.,
P.m., Pmms., P.ms., P.mss., P.s. Onu xapakrepu-
3yroTCs cpenner Benuunnoi mokasarens C —C :
-50%, -40%, -30%, -20%, -10%, 0%, 10%, 20‘%’;,
30% cootBeTcTBeHHO. Ha ocHOBE 3TOH rpajanuu
MOMYJISIUNA MPUHUMAeM aHAJIOTHYHYI0 Tpaja-
Mo (HEHOTUIOB ocoOel: e, eem, em, emm, m,
mms, ms, mss, s (Popov, 2017; Ilonos, 2018).
D10 Hanboyiee OOBEKTUBHBIA MPUEM BBIICICHHUS
¢dbenotunoB ocobeii B momysinusax. [loapasaene-
Hue ocolell 11000 Moy asirOHHON BRIOOPKH O
TaKUM KJlaccaM Ipe/ICTaBIIsIeT co00i BapualuoH-
HBIN psi, 00paboTka KOTOPOTO B HAIIEM cllydae
CBOJIMTCS K OMPEIEICHUI0 YacTOThl (PEHOTHUIIOB
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U I0Ka3aresis MHIUBUAYAJIbHOIO pa3HOOOpa3us
(OKusotoBckuit, 1982) nmo uacrore (peHOTHUIIOB,
KOTOPBIN onpenesnsercs no Gopmyne:

M=(/p +./p,+. [p,)

rae M — mokasarenb pasHooOpasus, p, p, ..
p,— 9aCTOThl ()EHOTHUIIOB B HOIAX CIHUHUIIBL.

[TepBrie Tpu Tpynmbl 0coOed TpeacTaBis-
10T (DEHOTHINBI €7 eBpoIelickoil (e, eem, em),
CIeAyIolIue TPU TPYIIBI MPOMEKYTOUHBIE (e-
HOTUMBI (emm, m, mms), MOCIEIHUE TPYIIIbI
¢deHorunsl enu cubupckoit (ms, mss, s). Takoe
pazaenenue (peHoTUnoB ocobeit 00yCIIOBICHO
€CTECTBEHHOW B PNy MOKOJECHUU (MHTpOrpec-
CHBHOW) THOpUIU3aIMEld eJeld eBPOINEeHCKOM
u cubupckoit (lanumos, 1943; boOpos, 1944,
1971, 1974; TlpaBnun, 1975; Lundkvist & Ru-
din, 1977; Lagercrantz & Ryman, 1990; Grahl-
Nielsen et al., 1991; Krutovskii & Bergmann,
1995; Koponaunnckuii, Muntotus, 2006) u pac-
NpPOCTPAaHEHHEM pa3HbIX Trpynn ((PpeHOTUIIOB)
nonynsiuuii (ITomos, 2013). ITonoxenue momy-
JSANHAA eIh B PErHOHE OTHOCUTEIHHO «3TaJOH-
HBIX» nonynsuuil Picea abies n3 YKpanHCKOTo
3akapnatbs u Picea obovata n3 Bocrounoii Cu-
oupu (Popov, 2012) onpenensinmu 1Mo BEJTUYUHE
KBajgpara aucTaHiuu Maxamanoouca (Squared
Mahalanobis Distaces — SMD) na ocHoBe cpen-
nux nokasareneir C u C  (boposukos, 1998).
Yucno ocobeit B BeiOOpkax (100 mT. u Gosee)
JOCTaTOYHO BEIUKO, TOJNYYEHHBIE PEe3yIbTaThl
CTaTUCTUYECKHU BBICOKO JJOCTOBEPHEI.

Pe3yabTarsl u 00cyxkaeHue

Ananuszupyemsble OOIIT pacnonararorcs Ha
00JIBIIIOM MPOCTPAHCTBE apEaAJIOB €Jiei eBpoTeii-
CKOM U CHOMPCKOM: OT YKpauHCKOTO 3aKapnaThs,
3amaaHbeIX panoHOB benapycm m MypmaHCcKoi
oOmactu g0 3abaifkaibsi M CEBEPO-BOCTOUYHOM
gactu Hpkyrckoit obmactu (puc. 1). 1o 00y-
CIIaBIMBAa€T BeChbMa 3HAUMUTEIbHYIO reorpadu-
YECKYI0 U3MEHYUBOCTH JJIMHBI HIUIIEK, (OPMBI
BEPXHEH 4YacTU CEMEHHBIX YECLlyH, CTPYKTYpHI
HNONYJISIUUNA U BHYTPUIONYJIAILIMOHHOIO Pa3HOO-
Opasus no yacrore peHorunon (tadiu.). Bes co-
BokynHocTh OOIIT uerko pasgensercs Ha TpU
IpyNIbl IO BCEM pacCMaTpUBAaEMbIM IOKa3are-
aam enu. OgHy Tpynny oOpa3yroT HallMOHAJb-
HbIA napk «benosexckas nymay», Kapnarcknii,
HenTpansuo-JlecHoit 1 OKCKUI 3allOBEHHUKH,
pacroJiararommecs B apealie €1 €BpOINeHCKOM.
Enp 31ech xapakTepusyercs OoJblieil BeJIn4H-
HOW keHCckuX muimek (90—114 mMm), OGombiiei
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oTpunarenbHoi pasHocThio (-57%...-24%) xo-
3G PULIHEHTOB CYKEHHS U BBITIHYTOCTH BEpX-
HEWl 4YacTH CEMEHHBIX YeIllyu (Cn—Cp), npeoo-
naganueM (60-100%) ocobeit heHOTUIIOB enu
eBpomnenckor, Oonpmiet aucranmuen SMD ot
«3TAIOHHOW» TMOMYISUUN €IU CUOUPCKOH, HO
3HAYUTEJIbHO MEHBIIEH IUCTAaHUHUEH OT «3Ta-
JIOHHOM» MONYJISALMU eau eBponelickoi. B be-
noBexckoil myme u KaprnarckoMm 3anmoBenHuke
OTCYTCTBYIOT (DEHOTHIIBI €I CUOUPCKOU U TIPO-
MexXyTouHOU ¢dopmbl (puc. 2A). INomynsuun
enu u3 paitoHoB pacnonoxeHuss 3tux OOIIT
CYIIECTBEHHO OTJIMYAIOTCAd YacCTOTOM HEKOTO-
peix amneneit (I'onuapenxo, [lamytos, 2001).
B ILlentpanbHo-JIecHoM 1 OKCKOM 3amOBEIHU-
Kax (QeHoTUNUYecKas CTPYKTypa MOMyIsSIUMi
OTIIMYAETCS OT MEPBBIX JIBYX: 3/1€Ch OKoJo 2/3
dbenoTunoB enu eBponeiickoil u 1/3 mpomexy-
TOuHbIX (eHoTunoB. Ocobeill peHoTUNOB enu
cUOUPCKON M 37eCh MPAKTUYECKH HE BCTpeda-
eTcs. Pasnuuus oOyciOBIIEHBI, NMPEXJE BCETrO,
reorpaduueckum nosioxkeHuem 3tux OOIIT wu
BIIMSITHUEM TOMYNSALMM, pacnoiararouxcs Boc-
tounee (bo6pos, 1974; Ilpasaun, 1975; I'onua-
penxko, [TagyTtos, 2001).

[IpoTHBOMOIOXKHYIO TPYIIIY MO BCEM IOKa-
3atensM oOpa3ytor Jlammanackuii, Bucumcknii,
IOranckuii, Coxonaunckuii, ButuMckuii 3amo-
BEJIHUKHU, pacriojararouecss B apeaje el CH-
oupckoil. Exp B HUX XapaKTepu3yeTcss MEITKUMU
mumkamMu (54-70 mMm), GONBIIMM TOKa3aTenem
C, 1 MeHpIINM 10Ka3aTesieM C , pa3HOCTh UX (mo
27%) mMeeT MOJIOKUTENbHBIN 3HAaK. B cocTaBe
nonynsnuii 6onpioe npeodnaganue (63—100%)
ocobeii HeHOTUTIOB €M CHOMPCKOM U MpaKTH4e-
CKH HE BCTPEYaOTCs ()CHOTHIIBI €M E€BPOIICH-
CKOM M TIpoMexxkyTouHou Gopmel (puc. 2C).

Exr B Jlammaanckom m BucmMckoMm 3armo-
BEJHUKAX, MO-BUIUMOMY, UCIBITHIBAET 3HAUM-
TEJIbHOE BIUSHUE €U €BPOIEICKON, MOCKOIIb-
Ky B COCTaBe MOMYJSALUN BCcTpedaeTcs a0 14 u
37% npomexxyTouHbIX ¢peHoTumnos. [lokazaTens
(GEeHOTUNHMYECKOTO pa3HOoOOpa3us B ITHUX JABYX
3alOBEJHUKAX HECKOJIbKO BhIlIe, ueM B KOran-
ckoM, CoxoHauHCKOM, BUTUMCKOM 3amoBeAHU-
KaX, pacmoJIOKeHHBIX Ha Tepputopun Cudbupu.
B mocnenHux oH modTH Tako# ke, Kak B beno-
BexkckoM nmynie u Kaprnarckom 3anosennuke. [1o
CpemHUM ToKa3aTelsiM (popMbl BEepXHEHW dacTu
cemennbix yemyi (C u C ) enp B 3THX 3armo-
BeIHHUKAaX oueHb Onu3ka (mo SMD) k «3TanoH-
HOW» MOMYJSALNU €U CUOUPCKOM, U OUYeHb Ja-
JIeKa OT €JIM €BPOTEHCKOM.
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Taoauna. @enoTunuyeckas CTPyKTypa monyssiiuii enu B Hekotopsix OOIIT na Boctoke EBponsl u B Cubupu
Table. Phenotypic structure of spruce populations in some Protected Areas in Eastern Europe and Siberia

Ne Ha Yacrora peHorunos, % > SMD
puc. 1 OOIT DL ST 34 5]6]7] 89| M [1-3[46]7-9] evr_med] sib-med
Tlonmynsiiuu eau eBponeicKoi
1 Kapnarckuii 3armoBeiHuk 370 |91 [ 57 |90 8 [ 2| —|—-|—-|—| — | — |1.88]100] — [ — 0.00 117.4
2 Hauunonanbublii napk «benopexckas ITyma»(193 | 114 =51 [71 | 15 |12 2 |- [ —[—| — | — |295[98 | 2 | — 0.36 85.05
3 IlentpanbHo-JIecHOH 3am0BETHUK 492 1108 -30 (16|19 [31|21 |9 |3 (1| — | — |588/67 |33 | 1 5.97 36.34
4 OKCKHi1 3aITOBEHUK 100 (90| -24 | 9 | 11 [30]26]9 |3 — | — [531]60]38] 2 9.89 45.30
Tomynsumu mpoMeKyTouHOH (hopMbl
5 3anoBenHuk «Komorpusckuii gecy 739 {80 | -13 | 1 3 11427 |28|15(10| 2 — 1646 18 | 70 | 12 | 22.29 24 .85
6 Harmonanpneiii mapk «Yasam Bapmane» 195177 -12 | — | 3 [12[33 (25197 | 1 | — |573| 15[ 77| 8 24.94 30.90
7 Bomkcko-Kamckuii 3anoBeHuk 270 {77 2 | = | = | 6 |13]20|27(23][ 10 | 1 [6.09] 6 | 60 | 34| 29.70 11.52
8 TTuHeKCKUit 3aMOBETHUK 200 | 68 | 1 — | 1 | 2] 8]19]24(29| 10| 7 [6.60] 3 | 51 | 46| 34.15 7.58
Tonyssiimu ey cuOUpCKoit

9 JlarmaHnackuii 3aroBeTHUK 117 | 57 8 — | - | =1619[22(29]|26 | 8 [550| — | 37 | 63 54.41 4.52
10  |BucuMCKHIi 3aTIOBEIHUK 10064 16 | — | — | = | = |77 27|34 (25454 — | 14|86 | 71.75 1.98
11 FOranckwuii 3a110BeIHUK 110 (70| 27 | = | = | = | = |—-12[5]26|67 287 — | 2 [ 98] 106.0 0.08
12 COXOHIMHCKHIA 3aITOBEIHHUK 13054 27 | - | - |- | —-|—-|—-14]|28|68|241| — | — [100| 116.9 0.15
13 Butumckuii 3a11oBeJHUK 150(61| 27 | —| — | —-|—-|—-]—-16]39]|55(2.60] — | — |100| 117.4 0.00

Ipumeuanue: n — aucno ocobell B BrIOOpKax, L, — mimHa mmmex, C,—C, — pasHocts ko3 duuuentos cyxenus (C ) U BBITAHYTOCTH (Cp) BEpXHeil yacTu
CeMEHHBIX Yellyii, GeHoTHIbI ocobeil: 1 — e, 2 — eem, 3 — em, 4 — emm, 5 —m, 6 — mms, 7 — ms, 8 — mss, 9 — s, M — mokazarenb pa3HOOOpa3us O YACTOTE
(eHoTHIIOB, Y. — 3HAaK cyMMBI yacToT (erorunos, SMD (Squared Mahalanobis Distances) — kBagpar qucranimy MaxanaHoOuca aHATH3HPYEMBIX TOIYII-
uit (med) oT «3TaTOHHBIX» MOMYIIAIMI €11 eBponeiickoil (evr) u3 YkpanHcKoro 3aKaprarhs ¥ eIm cHOUpCKoit (sib) m3 Boctounoit Cubnpw.

Note: n —number of individuals in the samples, L~ length of the cones, C ~C_— difference between the coefficients of narrowing (C,) and projection (Cp)
of the upper part of the seed scales, the phenotypes of individuals: 1 —e, 2 —eem, 3 —em, 4 —emm, 5 —m, 6 — mms, 7 — ms, 8§ — mss, 9 — s, M — indicator of
frequency variation of phenotypes, > — sign of the sum of frequencies of phenotypes, SMD —square of the Mahalanobis distance of the analysed populations
(med) from the «reference» populations of European spruce (evr) from Ukrainian Transcarpathia and Siberian spruce (sib) from Eastern Siberia.

Hammonansneii napk «Yasamr Bapmane» (Uy-
Bamickass PecryOnmka) u 3amoBemaukm «Komorpus-
ckmii Jiec» (Kocrpomckast oOmacts), Bomkcko-Kam-
ckuii  (Tarapcran), Ilunexckuili (ApxaHrenbckas
o0nacTb) ObUTM BBIJETEHBI B OTIEIbHYIO TPYIIILY,
NpEeXe BCEro, Mo (PeHOTUNUYECKON CTPYKType MOo-
MYJSIIUE ¥ TpeoOialaHiio B HUX TPOMEKYTOUHBIX
¢denorurioB (puc. 2B). OHu cyIIecCTBEHHO OTIIYA0T-
cs ot 1Byx Apyrux rpyrm OOIIT u no npyrum noka-
3arensiM. Enlb MMeeT 31ech CpeHIO JUIMHY IIHIIEK
70-80 MM, HpPOMEXYTOYHbIE MOKa3aTean (Hopmbl
BEPXHEH YacT! CEMEHHBIX Yelllyii, OONbIIMii oKa3a-
TeJb BHYTPHUIIOIYJISIIHOHHOTO pa3zHooOpasust. B 31oit
TpyIIe HaOMOOAIOTCS 3aMETHBIE Pa3IMIMs MEXKITY 3a-
MOBEIHUKOM «KOJIOrpUBCKUI JIeCy, HAIMOHAILHBIM
napkoM «Yapamr Bapmane» n Bomxcko-Kamckum u
[TnHeXCKHUM 3aroBeTHUKaMU 110 TOKa3aTesisiM (GOpMBbI
BEpXHEH YacTH CEMEHHBIX Yelryi (Cnijp), 4acToTe
¢denorunos. B mepeeix ayx OOIIT vactora mpome-
KYTOUYHBIX (DEHOTHIIOB COCTABIISIET COOTBETCTBEHHO
70% wu 77%, BO BTOpBIX COOTBETCTBEHHO — 60% u
51%. CoOTBETCTBEHHO N3MEHSIETCSl COOTHOILIEHUE Ya-
CTOTHI 110 pyruM (eHotunam. 1o nokazarensim SMD
st OOIIT Takke cymecTBeHHO pasimyatorcs. Eib B
HalMOHAJILHOM nlapke «Yagamn Bapmaney u 3anosen-
Huke «Komorpusckuii iec» u 1o BenanuuHe evr-med
u sib-med Heckonbko OMmmke K e eBporeiickoil. B
Bomxkcko-Kamckom m IImHEKCKOM  3aloBETHHKAX
0Cco0u OImIKe K €711 CHOMPCKOM 10 3THM ITOKA3aTesIM.

B cootBeTcTBHM €O CTPYKTYpOH MOMYJIALUN W3-
MEHSIETCSl M ToKa3aTellb pa3HooOpasusi MO 4acToTe
denotunon (Popov, 2017). B OOIIT u3 npomexy-

TOYHOU TPYMITBI OH UMEET HAUOOJBIIYIO BEJTHYHHY
(5.73-6.60). B KapmnarckoM 3amoBeHUKE, HaIHO-
HAJILHOM Tapke «benoBekckas myIa» 1 B 3aroBe/I-
HUKaX, pacrojiararouxcs B CHOMPCKON 4acTu ape-
ana emu (FOranckuii, CoxonauHckui, Butumckmii),
OH XapaKTepU3yeTCsl HAUMEHBIIEH BEIMIMHOM (2-3).
Oxckuit, Jlammanackuii 1 BucuMcKuii 3armoBeTHIKH
00pazyroT MPOMEKYTOUHYIO WITU MIEPEXOAHYIO IPyII-
TIBI 110 ATOMY TTOKa3aTeko.

B mopsinke oOcyneHus! MPUBEACHHBIX PE3yllb-
TaroB MOKHO OTMETUTH ciemytoriee. [lockonbky Bce
OOIIT naxozmsaTcst Ha OOJBIIOM PACCTOSHUU JIPYT OT
Jpyra, TIPEeXJIe BCETO, C 3arajia Ha BOCTOK, TO, €CTe-
CTBEHHO, YTO Yy €JIell B HUX IPOSIBIISIFOTCST OOJIbILINE
pa3IMUMs 10 PACCMOTPEHHBIM  (PEHOTHITHICCKUM
npusHakaM. CpemHsis AJIMHA [IMIIEK B KpalHUX 3a-
nagaeix OOIIT HanbonbIas, a B KpalHUX BOCTOU-
HbIX HauMeHbInast. [lokasarem C u Cp TaKXKe IMEIOT
MPOTHUBOIIONOXKHYIO TMHAMUKY U3MEHeHHs1. B epBbix
nokasarenb C | MeHpie nokasarens C, BO BTOpBIX,
HanpotuB, nokasarens C Gombie nokasarens C . Ilo-
3TOMY U pa3HOCTh UX (-57 ... -24% u +27%) cunbHO
pazmuuaercs. Otum o0bsicHstores pazmuuns OOIIT
1o (hEHOTUNUYECKON CTPYKType MOMyISIMi ey,
KOTOpBIE O0YCIIOBIEHBI KaK reorpauaecKiuM ToJo-
JKEHUEM MOMYJISILUIA, TaK U BIMSIHUEM €CTECTBEHHOM
(MHTpOTpECCHMBOM) TUOpHIM3AIIMEH enell eBporei-
ckoit u cubupckoit (anunos, 1943; bobpos, 1974;
Kopomnaunnckuid, 1992; Koponaunuckuii, MumoTHH,
2006). D10 BimsiHEE 00YCIOBUIIO 0Opa30BaHUE OOJIb-
II0TO KOJIMYECTBA 0COOEH MPOMEKYTOUHOTO (DeHOTH-
na (IIpaBaun, 1975; ITomog, 2018).
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Puc. 2. V3MeHeHHe CTPYKTYPHI MOMYJSIIUI €M 10 YacToTe
¢denorunos Ha OOIIT A: Kapnarckwuii 3anosenauk (1), Harm-
oHaNbHBIN napk «benoBexckas mymay» (2), LlentpansHo-Jlec-
HOI 3anoBenHUK (3), OKkckuii 3aoBenHuK (4). B: 3anoBeank
«Komorpusckwuii necy (5), HarmoHambHEIN apk «YaBamr Bap-
MaHe» (6), Bomkcko-Kamckuii 3anmoBeaauk (7), [TuHEKCKHI
sanoBenuuk (8). C: Jlammanackwuii 3amoBenuuk (9), Bucum-
ckuit 3anoBequuk (10), FOranckuit 3anosequuk (11), Coxon-
JMHCKHH 3anoBeanuK (12), Butumcknii 3anoBennuk (13).
Fig. 2. Changes in the structure of spruce populations in
terms of phenotype frequency in Protected Areas. A: Car-
pathian Biosphere Reserve (1), National Park «Belovezhs-
kaya Pushcha» (2), Central Forest State Natural Biosphere
Reserve (3), Oksky State Natural Biosphere Reserve (4).
B: State Nature Reserve «Kologrivskiy Les» (5), National
Park «Chavash Varmane» (6), Volzhsko-Kamskiy State Na-
ture Biosphere Reserve (7), Pinega State Nature Reserve (8).
C: Lapland State Natural Biosphere Reserve (9), Visimskiy
State Natural Biosphere Reserve (10), Yuganskiy State Na-
ture Reserve (11), Sokhondinskiy State Natural Biosphere
Reserve (12), Vitimskiy State Nature Reserve (13).

[Ipu cpaBHEHUH IPUBEICHHBIX PE3YyIHTATOB
HCCIIEOBAaHUS C ONMYyOJMKOBAHHBIMH JTAHHBIMHU
psna aBropoB (Lllep6akoBa, 1973; Munses, Ko-
HeuHas, 1976; Tarapunos, 1987, 1989) Bunns
KaK HEKOTOPBIE COBIAJACHUS, TAK U OYCHB 0OJIb-
[IUe Pa3JIMYMs, 9TO BIIOJTHE OOBSICHUMO HUCXOJIS
W3 METOAMYECKHUX MPUEMOB HccliefoBaHui. B
JIAaHHOM CJIydae, He TOBOPS O Pa3H4uiX MpPH-
€MOB BBIJICJICHUS (PEHOTUIIOB 0COOEH, MOXKHO
yKasaTh U Ha pa3indus B cOOpe UCXOAHBIX Ma-
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tepuaynoB: y Tarapunoa (1987) sto nepuonu-
YeCKUM cOOp MIHIIEK MO JHAroHaJ M ydacTka, y
Hac — cOOp MO OJTHOM HIWIIKE C KaXKI0TO JepeBa
Ha y4acTKe.

3ak0ueHune

YcTaHOBNIEHBI OONBIINE PAa3TUUUS BHYTPHU-
BHU10BOTO pasHooOpaszusa enu Ha OOIIT BocTO-
ka EBponsl 1 Cubupu no oco6eHHOCTAM (heHO-
THUIIOB, BBIJCISIEMBIX HA OCHOBE METPUUYECKUX
nokazaresaei opMbl BEpXHEN YaCTH CEMEHHBIX
Yyeuyi — IMTaBHOT0 IMAarHOCTUYECKOT0 MpU3HaKa
enei eBponeiickoi u cubupckoil. B Haunonanb-
HOM napke «benoBexckas nymay, Kapnarckom,
[HenTpanbHo-JIecHoM, OKCKOM 3amoOBEIHUKAX,
pacmoJIOKEHHBIX B Mpejesax apeana ejlu eB-
pormeiickoit, HaOmogaeTcs HauOombplIas AIWHA
IIMIIeK, HauOojplnas 4yacToTa ocobeil ¢eHo-
TUIIOB €JU €BPOMNEWCKOW, OTCYTCTBYIOT WIHU
O4YE€Hb HE3HAYUTEIbHO MPEICTABIEHBI IpOMeE-
KYTOUYHBbIE (PEHOTHUIIBI, OTCYTCTBYIOT (DEHOTHUIIBI
enu cubupckoil. IIpoTHBONONOXKHYIO TIpymiy
10 BCEM IIOKa3zaTenasM cocTaBidioT Jlanmana-
ckui, Bucumckuii, FOranckuii, CoOXOHIUHCKOH,
Butumckuii 3amoBeJHUKH, PACIOJArarouIuecs
B apeaine enu cubupckoi. IIpomexxkyTounyro
TpyImiy, COCTABISAIOT HAlMOHAJIbHBIN Mapk «Ya-
Baml Bapmaney», 3anoBegHuku «Konorpubckuii
nec», Bomxcko-Kamckuit, [Tunexckuii. B nep-
BBIX JIBYX €J1b HECKOJBKO OJIMKE K €JIM eBpOTeii-
CKOH, B OCTalIbHBIX — K cubupckoit. Mcnomas3o-
BaHHBIN, IOCTATOYHO alpOOUPOBAHHBIA MPUEM
U3y4YeHUs PEHOTUIINYECKOTO pa3HO00pa3us mo-
OYJSIAN €T, MOXET OBITh MCIOJIb30BaH M Ha
apyrux OOIIT.

baaroxapuocTu
PaboTta BbImONTHEHA B paMKax roc3ajaHus: IpoekT Ne
AAAA-A17-117050400146-5 HUP TromeHCKOTO HAYYHO-
ro rentpa CO PAH.
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PHENOTYPIC DIVERSITY OF SPRUCE POPULATIONS
IN SOME PROTECTED AREAS IN EASTERN EUROPE AND SIBERIA
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In many Protected Areas of Eastern Europe and Siberia, the European spruce (Picea abies) or Siberian spruce
(Picea obovata) plays a significant role in plant communities. Difficulties in determining the specific and in-
traspecific diversity of spruce in Protected Areas occur in the zone of natural (introgressive) hybridisation of
spruce. Since the time of Ledebour’s studies, the main diagnostic feature of these spruce species is the shape of
the upper part of seed (cone) scales. The European spruce has an angularly acuminate and noticeably elongated
cone scale, while the cone scale of the Siberian spruce has a close to rounded form and it is less elongated. In
East-European spruce populations, formed under introgression influence, this trait has an intermediate charac-
ter. The shape of the upper part of spruce seed scales remains constant throughout the whole tree life. And it is
characterised by a high variability within populations and between different populations. Nowadays, the study of
the phenotypic diversity of the spruce populations is performed using visual descriptive assessment, i.e. subjec-
tively. Consequently, disparate results are often obtained even for the same study areas. The applying of metric
assessment of a trait and the consequent distinguishing of the phenotypes of individuals allow to perform math-
ematical processing of the results and to obtain objective data about the population structure. We aimed to study
the phenotypic diversity of spruce in Protected Areas in Eastern Europe and Siberia on the basis of metric assess-
ment primarily of the shape of seed scales. The determination of the coefficient of narrowing (C ) and coefficient
of projection (Cp) of the upper part of seed scale can be considered as the most objective method to study this
diagnostic trait. The difference between these coefficients (Cn—Cp) is a more informative indicator to characterise
properties of individuals, populations and their groups. In Eastern Europe and Siberia, we distinguished nine
areas of distribution of different population groups (or phenotypes): P.e., P.eem., P.em., Pemm., Pm., Pmms.,
P.ms., P.mss., P.s. They are characterised by an average value of the Cn—Cp indicator: -50%, -40%, -30%, -20%,
-10%, 0%, 10%, 20%, 30%, respectively. On the basis of this gradation in populations, we adopted a similar
gradation of individuals’ phenotypes: e, eem, em, emm, m, mms, ms, mss, s. On the basis of study of the spruce
population diversity in Protected Areas in Eastern Europe and Siberia, considering phenotypes identified by the
metric traits of seed scales, we found that all of them significantly differed in terms of all analysed traits. In the
National Park «Belovezhskaya Pushchay, Carpathian Biosphere Reserve, Central Forest State Natural Biosphere
Reserve, and Oksky State Natural Biosphere Reserve (European range of spruce), we found the highest cone
length, highest phenotype frequency of European spruce individuals (60—100%). In these Protected Areas, there
are no or very few intermediate phenotypes, and no Siberian spruce phenotypes. The Lapland State Natural Bio-
sphere Reserve, Visimskiy State Natural Biosphere Reserve, Yuganskiy State Nature Reserve, Sokhondinskiy
State Natural Biosphere Reserve, and Vitimskiy State Nature Reserve formed the opposite group according to all
indicators studied. These Protected Areas are located within the range of the Siberian spruce. They are charac-
terised by predomination (63—100%) of phenotypes of Siberian spruce individuals, while there are no European
spruce phenotypes. We established the predominance of intermediate spruce phenotypes in the State Nature
Reserve «Kologrivskiy Les», National Park «Chavash Varmaney, Volzhsko-Kamskiy State Nature Biosphere
Reserve, and Pinega State Nature Reserve. Of them, the first two Protected Areas are a bit closer to European
spruce phenotypes, while the second two Protected Areas are characterised by similarity to the Siberian spruce
phenotypes. The objective, sufficiently tested method to study the spruce population phenotypic diversity can
also be used inother Protected Areas.
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