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AHTpoONoreHHasi TpaHcpopManus pacTUTEJIbHbIX
€000111eCTB COCHOBBIX JIECOB B TOPOJICKOM cpeie

VccnenoBanue BBITIOIHEHO MU HHHAHCOBOM moanepkke PODU B pamkax HaydHOTO
npoekra Ne 16-05-00908 A u o nporpaMme rocynapcTBeHHOro 3aaanus deiepanbHoro
rOCYAapCTBEHHOTO OIO/KETHOTO yupeskaeHus L{eHTpasbHOro CHOMpPCKOro 60TaHMYECKOro
cayia Cubupckoro otaenenus Poccuiickoit akagemun Hayk Ne 0312-2016-0004, o nmpoexty
«lleHoTnueckoe pazHOOOpa3He pacTUTEILHOIO MOKpoBa 3ana Hoi CUOUpH U ee ropHOro
00paMIICHHSA: SKOJIOTHYECKUE U reorpadMIecKue 3aKOHOMEPHOCTH (QOPMUPOBAHHS.

Paccmampusaemes  3aKOHOMEPHOCMb — AHMPONOZEHHON — mpanchopmayuu
pacmumenvHuix jecHuix coodujecms Hosocubupcrkozo Axademeopooxka. Ommeuaemes
o0bwull npoyecc CUHAHMPONU3AYUU GIOPbLL, YMO NPUBOOUM K Y2pO3€ 6blMECHEHUs
OMOENbHBIX 6UO008 U 3aMeHe UX PYOepanbHbIMU U adgeHmusHuiMu. Ecmecmeennoie
COCHOBblE JleCHble COOOWeCmBa CMEHAIMCA HA  AHMPONOZEHHO  USMEHEHHbIE.
B 3asucumocmu om yoaneHHoCmu 1eCHbIX PACMUMENbHBIX CO00Wecms om 30aHull
u cmenenu ppacmenmayuu Bvl0€NEHO MPU YPOBHA AHMPONOEHHO20 CMpecca.
1. Coobujecmsa 6epe30680-cOCHOBbIX U COCHOBO-OEPE306blX PAZHOMPAGHLIX J1ECO8,
umerowgue paccmosanue 00 3oanuti 00 100 m, Haubdonee noosepocervl AHMPONOLEHHOMY
enuAHUI0 Ha aeca. dmo bOonee dpacMeHMuposaHHvie COobWecmed, 6 KOMOpPbIX
V8enUUUBaemces YUCIeHHOCIb py0epanbHblx 6udos. 2. Coobujecmea bepe3080-coOCHO8bIX
U COCHOBO-HEPE308bIX PASHOMPABHBIX 1ECO8 8 30HE 3ACMPOUKU C YOALEeHHOCMbIO
om arcunvix nocmpoex 6onee 100 m. B smux coobwecmeax ommeuena ymepenHas
AHMPONO2EHHAs HA2PY3KA, NPU SMOM 803DACHAen OO0 CUHAHMPONHBIX U008, MO
npueooum K ysenuuenuro ooujeeo yucia 6uoos. 3. Coobujecmea 6epe3o60-coCHOBLIX U
COCHOBbIX OCOKOBbIX J1eCO8, 6ePe30680-COCHOBbIX U COCHOBLIX KOPOMKOHONMCKOBBIX 1€CO8,
0epe3060-COCHOBYIX U COCHOBLIX PASHOMPABHBIX J1ECO8, HEPe3080-COCHOBbIX OPIAKOBbIX
J1eco8 pacnonodcensvl Ha paccmoanuu oonee 400 m om 30anuii. dmu necuvle coobwecmsa
3aHUMarom 0OIbULYI0 MEPPUMOPUIO, MeHee DpasMeHmuposanvl u 0onaoarom ooavuiet
yemouuusocmvlo K ungasuam. M3 HUX HaubOILUWLyIo YCMOUUUBOCIb K UHBASUAM
npossuiu bepe3060-coOCHOBbIE OPIAKOBbLE Necd.

KunroueBsble ciioBa: copodckue neca; anmponozenmoe gosoelicmesue; d08eHmMuHble
pacmenus; CUHAHMPONHbLe 8UObL, cenumebnvle meppumopuu, Hosocubupck.
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BBenenune

B HacTosiee BpeMst HEYKIIOHHO pacTeT aHTPOIIOIeHHOE BO3/ICHCTBHE HA OKpPY-
HKAIOIIYIO0 CPeAy, 9TO NPUBOAUT K TpaHc(opMallMu pacTUTETBHOIO MOKPOBA, CH-
HAHTPOITM3ALNH W TOCICAYIONIEMY TTOJHOMY YHHYTOKCHHIO S€CTECTBEHHOH pac-
TUTEIBHOCTH. JlecaM Kak IIaBHOMY KOMIIOHEHTY 3€JIEHOTO MOKpOBa MPUIAETCs
OCHOBHOC 3HauCHHE, M 0C000€ BHUMAHHWE YACISCTCS TMOHUMAHHIO MEXaHM3MOB
TpaHchOpMaIMK U YCTOMYMBOCTH JIECHBIX coodmiecTs [1, 2]. IIpu 3ToM BaKHOCTb
W3Y9ICHHS TOPOACKUX JICCOB OMPENEIIIETCS MX AKOJIOTHUSCKUM MTOTCHITHAIOM, KO-
TOPBIH ABJISAETCS BKHEHIINM (DaKTOPOM TIOBBILICHHUS Ka4eCTBa YKU3HEHHOH CpeIbl
ropoja. [loj BIMsSHMEM BBICOKOH aHTPOIIOIEHHON HArpy3KH YXyAIIaeTcsl o0Iee
COCTOSTHHE JIECOB, CHIDKAIOTCSl UX 3allIUTHBIC, CAHUTAPHO-TUTHEHUYECKUE U ICTe-
Trdeckne QpyHKIwH. K HacTosmeMy BpeMeHH H3ydeHbl TIOCIEeICTBIS pasHoo0pas-
HBIX (OPM XMMHUYECKOTO 3arpsa3HeHus [2, 3], uX BO3JEHCTBHE HA PACTUTENHLHOCTD
[1, 4], caHuTapHOE COCTOSIHUE U BO30OHOBIICHHE JIPEBOCTOA [ 5, 6].

[TepBble uccnenoBanus Tepputopun Oymymero Hoocubupckoro Akajaemro-
ponka (mamee — AKaJeMIoponka) MPUypPOYECHB! K CO3MAaHHUIO BOJOXPAHMIUINA H
KacaJich B OCHOBHOM 30HBI 3aToryieHus [7]. B mepruoa ctpouTesbcTBa HAyYHOTO
LICHTPAa OJHOBPEMEHHO C IOCTPOMKON M 3aCEICHUEM MHUKPOPAHOHOB MPOBOIHU-
JIUCh MCCTIeIOBAHUS BIMSIHUSA aHTPOIOTCHHBIX U3MEHEHUH Kak Ha caMy pacTu-
TEJIHHOCTh, TAaK M HA YUCIICHHOCTh BPEIUTENEH, cocTaB mouBkl U T.1. [8]. M.B. Ta-
pPaHOM yCTaHOBIIEHO, YTO UCKYCCTBEHHOE YIIJIOTHEHHE [TOYB, Pa3pyllIeHHUE JIECHON
TIOACTHIIKH, BEITANITHIBAHNE TPABSIHOTO TIOKPOBA, TIOBPEKICHHE TIOIECKa H MO~
pocTa HapylIaloT BOIHO-BO3AYIIHBIA U TEMIIEPATYPHBII PEKUM IIOUBBI, BBI3bIBA-
10T OcnallIeHue U IeTpaalnio JICCHBIX paCTUTEIBHBIX coolmecTB. B pesynsrare
9TO MPHUBOAUT B TIEPBYIO OY€pellb K BBIMAJCHUIO MAJIOCTOMKUX pPACTeHUH U yBe-
JTHUYCHUIO KOJMYECTBA PYACPATbHBIX BHUIOB, a IPH €Ile OONBIIEM yBEITHYCHUU
Harpy3KH — K HICYE3HOBEHHUIO TPaBSHOTO sipyca U MOACTHWIKY. [Ipu nonroBpeMeH-
HOM aHTPOIIOT€HHOM BO3/ICHCTBUH YINIOTHEHHUE ITOYBHI BECT K YTHETCHHIO MO~
pocra, ocnabneHuto u THOeNn B3pOCibIX AEPEBLEB, B EPBYI0 ouepenb Populus
tremula L. [9].

BeposTHOCTD BHEApEHHs aIBEHTHBHBIX BHJOB B COOOIIECTBAa YMEHBIIACTCS
IIpY yBEIWYCHUH BHIOBOTO OOTaTCTBA IIEHO30B, T.€. YBEIMYMBAIOTCS CTEICHD
WCIIOJIb30BAHUSI PECYpCOB M MeXBHIOBast KOHKypeHuus [10]. Panee ycraHos-
JIeHa TIpsIMasi 3aBHCHMOCTH YMCIIa aJIBEHTHBHBIX BUJIOB OT THIA COOOIIECTB M
MPOCTpPaHCTBEHHOM cTpyKTyphl [11-13]. Haubombiiee yuciio afBeHTUBHBIX BU-
JIOB TIPOM3PACTACT B MEPUOAMICCKH HAPYIIAEMbIX OTKPBITHIX coodmecTBax (ce-
retajbHble, pylepaibHble COOONIeCTBA U T.1.), 3TO CBA3aHO C HU3KHUM YPOBHEM
MEXBUIOBOH KOHKYPEHIIUH, IIPHYEM MPOTHO3UPOBATH HHBA3NOEIHHOCTH HEBO3-
MOJKHO, TaK KaK B Pa3HbIX DKOJIOTHYECKHUX YCIOBHIX OHA ONPEAEINAeTCs coueTa-
HUEM ONpEICIICHHBIX OMOTHYECKUX U aOMOTHYECKUX OaphepoB [14].

HeonHoponHOCTh U MO3aMYHOCTh XUMHUYECKOH 3arps3HEHHOCTH OKpPYKalo-
IIEH Cpenbl U U3MEHEHHUs II0YB MO BO3ACHCTBUEM aHTPOIIOTEHHONW aKTHBHOCTH
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BBISIBJICHBI B pe3yibrare uccieaoBanuit 1990—1994 rr., uro mo3Boswio paspado-
TaTh MEPONPUATHS [0 YXOAY, COXPaHEHHIO, PAa3BUTHIO PEKPEAIMOHHBIX JIECOB |7,
15]  cniocoObI BOCCTAHOBIICHUS JIECOB Ha TeppuUTOpHU AKanemropozka [3], xo-
TOpBIE B OCHOBHOM TaK U HE OBLIN pEan30BaHbl.

B nocnennee Bpems u3yuyeHHME PacTUTEIIBHOCTH OKPECTHOCTEW AKaJemro-
poaxa npooauniock H.H. Jlammuckum u ap. [7]. OqHako y4yacTKH MPUIOMOBBIX
TEPPUTOPUI OCTAINCH HE UCCIIEJOBAHBL, 3TO ¥ MOCIYKUJIO OCHOBAaHUEM IS IIPO-
BeJZIeHUs 00CJIeIOBaHUSI HE TOJBKO YYAaCTKOB €CTECTBEHHBIX JIECHBIX MacCHBOB,
HO U JIECOB CETUTEOHON TePPUTOPHH AKaIEeMIOPOIKA.

Henp nanHo# paboTHI — OLIEHUTH BIMSIHUE aHTPOIIOTEHHON HAarpy3ku Ha (io-
PHUCTHYECKHIT COCTaB JICCOB U BBLIBUTH YCTOWYHMBEIC K MHBA3MSIM JIECHBIE CO00-
IIeCTBa.

Bcenen 3a psiioM aBTOpPOB MbI IPEATOJIAraeM, YTO YMEPEHHOE aHTPOIIOTEHHOE
BIMSIHME IPUBOJIUT K YBEJIIMYCHUIO BUIOBOTO OOraTCTBA B JIECHBIX COOOIIECTBAX.
W3BecTHO, YTO MpU yMEPEHHOH HapyIIEHHOCTU YBEIMYUBAETCS YMCIO BUOB,
0COOEHHO BJI0JIb JIECHBIX JopokeK [16—18]. Taxoke Mbl 0)KHIa€M CHUKEHUS YUC-
J1a BUJIOB €CTECTBCHHON (PIIOPHI B TOPOACKHX YCIOBHSIX, UTO IIOATBEPKIACTCS Psi-
JoM yonukanmii [4, 19].

MpI npejmonaraeM, 9To y9acTKH Jieca OOJbIIel TuIommaay 0ojiee YCTOWIHBBI
K MHBa3UsIM, J1a)Ke B TOPOACKHX YCIOBUSAX. MHOTHE aBTOPBI CXOASATCS BO MHEHHUH,
4TO KpaeBble 3PPEKTHI MEPEeCTalOT CKA3hIBATLCSA Ha paccTosHUAX oT 30 10 70 M,
a JI0NIsl BUIOB €CTECTBEHHOM (DIOPHI B cOOOIIECTBaX SBJSETCSA MOKa3areieM UX
yCcTOH4MBOCTH. PaHee nmoka3aHo, 4To Ha y4acTOK Jieca IUI0IIA/bl0 | ra IpuXoauT-
cst 1% BUAOB ecTECTBEHHOI (DIOpEI, HAa y4acTOK miomaabo 2 ra — 14%, ydacTok
momaapio 3 ra — 24%, ydactok miuomaapio 5 ra — 36%, y49acToK Miomaabio
10 ra — 52% u y4actok miomaasio 50 ra— 77% [6, 19, 20].

MaTepnam,I U METOAUKHU HCCJTICT0OBAHUS

Hosocubupck (55°00'01"N, 82°55'00"E) sBnsieTcst KpynHeiumM ropojgom 3a-
nagaoit Cubupu. [IpeBbimenne npeaenbHo gonycTiMoi koHmenTpanuu (IT1K)
BpEIHBIX BElIECTB B aTMOC(HEPHOM BO3/yXe B T€UeHHE roja Habmronaercs B Ka-
nuauHcKkoM, Kuposckom, Jlennnckom, JKeneznomopokHoMm paiionax ropoga Ho-
Bocubupcka. [21]. Uccnenyemas tepputopus Haxonutcsi B COBETCKOM paiioHe
(puc. 1) 1 xapakrepusyeTcs HUI3KUM YpOBHeEM 3arpsisHeHus. K Tomy ke ceBepo-
3anajHas MpOCTPAHCTBEHHAs OPUEHTAIIMSI TIOBEPXHOCTHBIX BOJAHBIX MOTOKOB I10-
3BOJISICT BEIHOCHUTH 3arPsI3HEHMS, TOCTYTAIOIINE Ha TOYBEHHYIO TIOBEPXHOCTS, 32
MIPEJIeIIbl KHIIIBIX 3acTpoeK [7]. AkageMroponok pacrmoynoxke B 20 KM K 10Ty OT
neHTpa HoBocubupcka Ha mpaBom Oepery OOckoro BopoxpaHwimiia. Tepputo-
pust otHOocUTCs K [IprnoOGckoMy cOCHOBO-O00POBOMY JieCOCTETHOMY paiony [22].
B xoze paboThI HccnenoBaHbl pacTUTENBHEBIC COOOIIECTRA, HAXOIIINECS Ha pa3-
HOM yJaJleHHH OT 30HBI 3acTpoiiku. [lnomans ucciaeqoBaHHON TEPPUTOPUH CO-
crasisieT okono 2 500 ra, oHa pacrmoyioykeHa B 3armaiHON 9acTu AKaJIeMIopojKa,
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KOTOpasi pacceyeHa yIHLaMH U MarucTpajisiMH Ha HECKOJIbKO ¢parmeHtoB. Ha
9TOi TeppuTopuu npoxkusaet 6osaee 50 ThIC. YETOBEK.

) r. HoBocubupek
O 54°50'50"N, 83°04'47"E

[Novosibirsk
54°50'50"N, 83°04'47"E]

Puc. 1. Teppuropus uccnenoBanus. ToukaMu MoKa3aHbl MecTa
pacnonoxeHus NpOOHBIX TUIONIA e Te000TAHNIECKUX ONMCAaHUI
[Fig. 1. Map of the study area. The dots show the locations of sample plots of geobotanical descriptions]

UccnenoBanHas «3eneHasi 30Ha» UMEET CBOM OCOOEHHOCTH: YYacCTKHU Jiec-
HBIX MAaCCHBOB HE TOJBHKO NMPUMBIKAIOT K AKaJeMIopoJKy, HO ¥ BKIIFOYCHBI B
30HY 3acTpOoiKkU. CTOUT OTMETUTH, YTO B OTIMYHE OT PACIPOCTpaHEHHON IpaK-
THKH, TTOJIPa3yMEeBafOIIEH MOJTHYI0 OYUCTKY CTPOUTIIIONIAIKH OT JIEPEBLEB U Ky-
CTAapHHUKOB, MIPH CTPOUTENILCTBE AKAJEMIOpoJKa B CBOE BpEeMs MPUHUMAIHCH
OTIpeIeTIEHHBIE MEpPHI 110 3alINTe €CTECTBEHHBIX MAacCUBOB Jeca [23, 24], uro
JIaeT HaM BO3MOXHOCTh C YBEPEHHOCTHIO TOBOPUTH O JIECHBIX COOOIIECTBAX BO
JIBOPAax >KHUIIBIX JOMOB KaK €CTECTBEHHBIX OCTPOBKAX PACTUTECIBHOCTH. AHTPO-
MOTEHHOE BO3/ICIICTBUE HA JIECHBIE YYACTKHU BhIpakaeTcs B (GOPMUPOBAHHUH CETH
JIOPOXKEK CKBO3b JIEC U, KaK CIIEJACTBHE, BHITAITBIBAHUH PACTUTEILHOTO TIOKPO-
Ba. 3a4acTyl0 CIIOHTaHHAs HEKOHTPOJMpyeMasi MOCeIaeMOCTh JIECOB OT/bIXa-
FOIIUMU TIPUBOJUT K TIOXKAPaM M 3arPSI3HEHUIO OBITOBBIM MYCOPOM OTIEIBHBIX
yuacTkoB. Jleca cenuTeOHON TepPUTOPUHN UCIIBITHIBAIOT HauOoJee CHIIbHOE aH-
TPOTIOTCHHOE BO3JICHCTBHUE, BBIpaXkarolieecsl Kak B BHITAIITHIBAHUU U 3arpsi3He-
HUU, TaK U B IPUBHECEHUU B €CTECTBEHHbIE COOOIIECTBA, B TOM YHUCJIe HaMe-
PEHHOM, 9YXJIBIX BHJIOB.
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[TouBEI ecTeCTBEHHBIX TaHAITA()TOB AKaIEMIOpOAKa MPEUMYIIIECTBCHHO JIep-
HOBO-TIO/I30JIMCTHIC U Cepble JeCcHbIe. [lepHOBO-IIOA30IUCThIE TOYBBI COCHOBBIX
necoB Hambosee OemHBI CoAep)KaHUeM TyMyca M He 3aTpsI3HEHBI TSHKEIBIMA Me-
tajamu. Cepble JIeCHbIE ITOUBbI OepE30BBIX JIECOB U BTOPUYHBIX JTYTOB HA MOBHI-
IIEHHBIX QopMax penbeda SBISFOTCS CaMBIMH IIOTOpOAHEIME. [loncTrnaromas
MIOBEPXHOCTH CIOKEHA IPEBHEAJUTIOBHAILHBIMU TIECKAMH U CYIIIMHKaMU [25].

Ha Tepputopun BeLIEISIOT ypOOCTpaTu(UITMPOBAHHBIC ITOYBBI — ypOaHO3e-
MBI, PE3KO OTIMYAIONIMECS OT HATUBHBIX MOYB HE TOJIBKO 1O TeHe3ucy u Mopdo-
JIOTUH, HO W TIO0 cOocTaBy W cBoicTBaM [7]. i BepxHe# yactu npoduiis ypoa-
HO3EMOB XapaKTepHO HAJIUYHE JBYX CIOEB: BEPXHETrO — MEIKO3eMa C BBICOKUM
COZIEpKaHNEeM T'yMyca U HIDKHETO — 3aCBITAHHOTO CTPOUTEIBHBIM MyCOpOM. Yp-
0aHO3eMbI 3arps3HEHBI TSKETIBIMU METAJUIaMU, COJIEPIKaHHE MOJBHXKHON (POpMBI
KOTOPBIX MpeBbiiaet ¢poH B 4-20 pas [25].

Knumar paccMmarpuBaemMoro pailoHa pe3ko KOHTHMHEHTAJIBHBIA ¢ YMEPEHHON
00eCTIICYeHHOCTRIO TEIJIOM | Bitaroi [26]. B HoBocuOupcke cpenHsis mpoomKu-
TEJBHOCTh COJTHEYHOTO CUsIHUSA 3a ToJ1 cocTaisier 2 088 u. Cpennsis Temmnepary-
pa Bo3ayxa B siHBape —18,3°C, B urone +19,2°C. CpeHsisi MPOI0IIKUTEIHBHOCTh
0e3MOopO3HOro neproja konebnercs B npeaenax 124—142 nueit. Bo Bce nepuonsl
rofa mpeoOanaroT I0KHEIE U I0T0-3anafHble BeTphl. CpeTHEerooBoe KOMNIeCTBO
ocaakoB cocTasisieT 440 MM. ['ogoBbIe cyMMBI (hOPMUPYIOTCS ITIAaBHBIM 00pa3oM
3a CYET JIETHUX JOXKIECBBIX 0CaTKOB — 0K0JIO 320 MM. CpeHsst BBICOTA CHEXHOTO
nokposa coctasiseT 40 cMm [27].

B ocHOBy paboTh! e 232 1e000TaHMYECKHX OIMCAHWS, BBITOJHEHHBIX B
TeueHue mosneBbIx ce30H0B 2015-2016 rr. Onucanus B JECHBIX COOOIIECTBAX Clie-
JIAHBI Ha TUTOMIaAKax 25%25 M (625 M?). B OTaenbHBIX CiTydasx pa3Mep IUIOMaIKu
3aBHUCEIl OT €€ MECTOIOJIOKEHHUS, TAK KaK B TOPOJICKUX YCIOBHUSAX HE BCEr/a mpe/l-
CTaBIICTCS] BO3MOXKHOCTB TIOJTHOLICHHO 3AJI0KHUTH YUETHBIC TUTONIAIKH, H B ITHUX
ciydasx pasmep miomanok coctasmsia 10x10 m (100 M?) — 3710, Kak mpaBuiIo, pas-
PEKECHHBIE JIECHBIE YIaCTKA MEXIY JoMaMu. J[peBECHBIH SIpyC B 3THX YCIOBHSIX
yauThIBaicst Ha wionianu 250400 M2, [Ipu onucaHny pacTUTEBHBIX COOOIIECTB
MBI TIPUICPIKUBAIIICH OOMIETIPHHATHIX Te000TaHMIECKHX MeTOI0B [28]. B xaxaom
OIMCAHWU YYUTBHIBAJIMCh BCE COCYAMCTbIE pacTeHus. Ha3BaHHMsS TakCOHOB BBIC-
IIUX COCYIUCTBIX pacTeHnid npuBoasTces mo cogke C.K. Uepemanona [29], kaure
AWM. IlImakosa [30]; Mmoxoobpa3ubix — no cBoake M.S. Ignatov et al. [31]. Kuac-
CU(HKAITISI PACTHTEIILHOCTH MIPOBEJICHA COIACHO JOMUHAHTHOMY Tionxoay [32].

B coobuiecTBax BBISIBICH cOCTaB aOOpPUTe€HHBIX, aJIBEHTUBHBIX U PyJAepalib-
HBIX BUI0B. Kareropus abopuTreHHBIX BUOB, MU BHIOB €CTECTBCHHOH (DIIOPEI,
ompezenseTcs KaKk pacTeHUs, MOSBUBIIUECS HA JaHHOW TeppUTOpUHU Oe3 BIu-
staust genoBeka [33]. [lon agBeHTHMBHBIMU BUJAMH TTOHUMAIOTCS BHJBI, TIPH-
CYTCTBHE KOTOPBIX Ha JAHHOM TEPPUTOPUU HE CBA3AHO C €CTECTBEHHBIM XOJIOM
¢rroporenesa, a SIBISCTCS PE3yABTATOM IIPSIMON WIIM KOCBEHHBIH NEATEIFHOCTH
yenoBeka [34]. [pynna pyaepaibHbIX BUAOB MPUYPOUYCHA K HAPYLUICHHBIM Me-
crooburanusm [35].
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Hamu BRIZENEHO Tpu ypOBHS aHTPOIIOTEHHOTO cTpecca: 1) Hambosee BBICO-
KU — B IIEHTPE AKAJIEMIOpOJIKa ¢ HAMMEHBIICH YIAICHHOCTHIO PACTHTEIBHBIX
coo0mmIecTB OT KXWIbIX JToMOB (10 100 M); 2) cpennuit ypoBerb — B 500 M ot
LEeHTpa AKaJEeMIopojKa U C YNaJIEHHOCTBbIO OT JKHJIBIX JIOMOB Ha PacCTOSHHE
120-130 wm; 3) ast cooOIIEeCTB ¢ HU3KUM YPOBHEM CTpecca XapaKTepHO MaKCH-
MaJIbHOE yZlalleHHEe OT LEHTpa AKaJAEMIOpPO/Ka U SKMIBIX A0MOB (cBbImIe 400 M).
J71s1 OIIeHKH ypOBHS aHTPOTIOTEHHOTO CTPECcCca YUUTHIBAJIACh IUCTAHIINS OT [ICH-
Tpa IUIOMIAAKK 10 OMMKalIIMX 37aHUH M cTpoeHWH. JlaHHBIE O COOPYKEHHSIX
B BHJC NOJUTOHAIBHBIX OOBEKTOB MOIYYEHBI U3 OTKPBITHIX HCTOYHHKOB Open
Street Map [36], mpu 3TOM TOUKaMHU OTCUETA BHIOPAHBI IEHTPOU B! ONMIKAMIIIX
10 mosmroHoB. KoopinHATHI IeHTpa Te000TaHUYEeCKIX OMUCAHHUNA OTIPEIEIISITUCH
¢ nomoinsio GPS/TTIOHAC-npuemunka Garmin. Marpura paccTosSHUN paccuu-
TaHa B CBOOOTHON KpoccruiatgopMenHoi reonHopMmarmonHon cucteme QGIS
(xon mpoextu EPSG:32644). JIns 5TUX TaHHBIX O PACCTOSHUSIX PaCCUUTaHbI Jie-
CKpPUTITUBHBIE CTATUCTUKHU IO MaTpwuile pazmeproctu 2x2 320.

PacTutenbHOCTE IpescTaBiIsieT MHOTOMEPHYIO CHCTEMY, METpHKa KOTOPOW
OTIpEIETSIeTCS] KOJIMIECTBOM ONFCAHUHA W YHCIOM BHAOB B HUX, a IPHU3HAKAMH
SIBISIFOTCSL KOJIMYECTBEHHBIC XapPaKTEPUCTHKH BHJIOB, MPUCYTCTBYIOIIMX B OIH-
CaHWH, B HAIlIeM CITy4yae 3TO MPOCKTUBHOE ITOKPHITHE, BEIPAKCHHOE B IMTPOIICHTAX
[37]. Kimaccuduxarys pacTUTeIbHOCTH IPOBEJICHA IMBU3MMHBIM METOJIOM KJla-
crepuzaiuu (DIANA), py 3TOM YYUTHIBAIMCH BCE BUJBI PACTCHHM, 3a()UKCH-
pOBaHHBIE B IpeJiesiax YYeTHBIX IUIOIIA0K, Pa3MEPHOCTh MaTPHIBI COCTaBUIIA
232x342. ba3oBas 1eJb 3TOT0 aHalIM3a COCTOMT B TOM, 4TOOBI OOBEINHHUTH CO-
o0miecTBa B IPYMIIBI 10 MPUHIUITY CXOKECTH (DIIOPUCTHYECKOTO COCTaBa B KaxK-
JIOH TpymIe.

CBs13p MEX/Ty OOIIMM YKCIOM BUOB, YHCIOM BHJIOB €CTCCTBEHHOM (IOPHI,
YHCIIOM PYACPaTbHBIX U aJBCHTUBHBIX BUIOB U IUIONIAIBI0 3aHUMAEMOTO YIacT-
Ka KaXIbIM THUIIOM COOOIIECTB OLICHUBAIU C MOMOIIBIO HEMapaMeTPHUECKOTO
ko3 dunmenta koppemsinun CriupmeHa. Tak kak 00beM BBIOOPKH ISl BBIOpaH-
HBIX TapaMeTpoB sBisieTcs MaibiM (7 < 30), TO mpoBepKa HyJIEBOH THIIOTE3bI
OCYIIECTBIIIACH ITyTEM CPAaBHEHUS BBEIYMCICHHOTO KOA(PQUIINECHTA KOPPEILSIIHN
C KPUTUYECKUMHU 3HAYCHUSIMH, B3SITHIM M3 CTATHCTUUECKUX TAOJHII IPH YCTAHOB-
JIEHHOM ypoBHE 3HAYMMOCTH (p < 0,05). CX01CcTBO MKy 00BEKTAMH BHIYHCIICHO
Ipu oMoIM Mepsl cxoacTBa bpes—Kepruca [38]. Bee pacueTs! nponsBeeHs! B
cTarucTrueckou cpene R, makersr ‘vegan’ [39], ‘GGally’ [40], ‘yarrr’ [41].

Pe3ysbTarsl Hcciie0BaHNus U 00CYy:KIeHe

B coctase ¢mnops! 1ecoB Ha N3Yy4EHHONW TEPPUTOPHUH AKaJeMIOpOAKa HAMH
oTMedeHO 342 Bua BBICIINX PACTEHUH, U3 HUX 06 pyAepaIbHbIX U 72 aJJBEHTHB-
HBIX BHJ4, a TAKXKe 9 HAIIOUBEHHBIX JINCTOCTEOSITLHBIX MXOB.

IIpoBeneHHBIN KIACTEPHBII aHANN3 MOKA3a]d HE TOJIBKO CXOJCTBO BHUJOBOTO
COCTaBa JICCHBIX COOOIIECTB, HO M YETKOE paclpe/elIeHHe 10 YPOBHIO aHTPOTIO-
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TeHHOTo cTpecca. KimactepHsiit aHaam3 cooOmecTB BRISBII HA TIEPBOM YPOBHE
S rpynmn (puc. 2), py 3TOM Ha BTOPOM YPOBHE TaKyKe OTMe4aeTcsi HauOoJIbIee
pas3nuane KJIacTepoB, TAE U BEIICICHO 6 TPyYTIIL.

e rpymnms! (1-2-# kjacTepsl) pacnonokeHbl HEMOCPECTBEHHO B 30HE 3a-
cTpoiiku. [1epBrIii Ki1actep chopMHpPOBaIH OEPE30BO-COCHOBBIE U COCHOBO-0Oepe-
30BbIe Pa3HOTPaBHBIE Jieca (aHTPOIIOTeHHO TpaHc(hopMUpoBaHHBIe). Bo Bropoii
KJIacTep 0ObEAMHEHBI OEPE30BO-COCHOBBIC M COCHOBO-0EpE30BbIe Pa3HOTPABHEIC
Jieca, pacIoiiOKeHHBIE B 30HE 3aCTPOMKH.

Yersipe rpymibl (3—6-i KacTepbl) pacroyiaratorcss B 000COOICHHBIX JIECHBIX
MaccHBax, pas3JielIeHHbIX MaruCTPaIbHBIMK aBTO- M XKeJIe3HOH joporamu. B tpe-
THH KJTacTep BOILIN Oepe30BO-COCHOBBIE M COCHOBEIC OCOKOBEIE Jieca (pactio-
JIO’KeHBI BOJIM3M TJIABHBIX Marucrpaseii). bepe3oBo-cocHOBEIE U COCHOBBIE KO-
POTKOHOKKOBBIE JIeca 00pa30Baliil YeTBEPTHINA KilacTep (PacIoNI0KEHBI BTN OT
IIaBHBIX Maructpaneil). [IaTeiil kmactep oObenHUI OEpe30BO-COCHOBBIE U CO-
CHOBBIC pa3HOTpPABHBIC Jieca (PACIIONOKEHBI B IIEHTPATLHON YaCTH JIECHOTO Mac-
CHBa) M IIECTOH — OEepe30BO-COCHOBBIE OPIISIKOBBIE Jeca (3aHUMAroT Haubolee
YBIIQ)KHCHHBIE MECTOOOUTAHUS).

0.8

1; 50 2;34 |[3;25 4, 50 5; 24 6, 49
61 73 172 560 267 439

0.6
L

Puc. 2. JlennporpaMma KiIacTepHOTO aHAJIN3a PACTUTEIBHBIX coodmiecTB. [1o ocu
X — pacTuTenbHbIe COOOIIECTBA, 10 OCH Y — Mepa pa3nnyus. brnokamu BeiaeneHa
rpyInHpoOBKa Ha 6 ki1actepoB. Homepa reoboTanndeckux onucanuii He npuBonatca. Lugpa-
MH 0003HA4YEHBI: B YHCIHUTENIE — HOMEp KacTepa (THIAa paCTUTEIBHOTO COOOIECTBA); YHCIO
ONMCAHUI JAHHOTO THUIA; B 3HAMEHATEJe — UCCIIEeJOBaHHas IUIOLaAb JaHHOTO KJlacTepa, ra
[Fig. 2. Dendrogram of six clusters resulting from the Divisive Analysis (the Bray-Cur-
tis distance). On the X-axis - Vegetation relevés; on the Y-axis - Dissimilarity. The num-
bers are: in the numerator - Plant community type (cluster number); the number of vegeta-
tion relevés of this type; in the denominator - The studied area of this cluster, ha]

JlecHble cooOIIeCTBa B TOPOICKON CpEJie SIBISIOTCSA B TOW WM MHOW CTEIICHU
Tpanc(OPMHUPOBAHHBIMHE 10 CPABHEHHIO C TAKUMH YK€ COOOIIECTBAMH, PACIIOI0KEH-
HBIMH BJIaJIU OT YPOAHU3UPOBAHHBIX TeppuTopHil. B Akamemroposke GopMmupyercs
CBOeOOpa3Hasi rpyIia aHTPOIIOTeHHO TpaHCHOPMUPOBAHHBIX COOOIIECTB, Pa3BH-
BAIOIIMXCSI HA CETUTEOHBIX TEPPUTOPHUSIX, TJIC MAKCUMAIILHO MPOSIBILSICTCS BIIUSIHUC
AHTPOIIOreHHOTO (haKTOpa, U B 30HAJIbHBIX HEYPOAHU3UPOBAHHBIX paliOHAX.
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PaccTostHuUsI MeXK/Ly PACTUTENBLHBIMU COOOIIECTBAMH M CTPOCHUSMHU JUTS KaXK-
JIOTO U3 IIECTH MAaCCHBOB re000TaHUUECKUX OIUCAHUI OTPAXKEHBI B BUJIC SIIIHY-
HOW uarpaMMel (puc. 3).
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Puc. 3. PaccTostHus MeX Ty JTeCHBIMH coolmiecTBamMu 1 30anusMu (1B, 2B, 3B
u 1.71.). [Io ocu X — THIIBI TE€CHBIX COOOIIECTB; IO OCH Y — PACCTOSHUS MEXKIY
TUTIAMU JIECHBIX COOOIIECTB U 3aHUAMH, M. TOUKH — UCXOTHBIC JTaHHBIC
(TOKa3BIBAIOT PA30POC JAHHBIX); CEPBIE MOIUTOHBI — ITIOTHOCTH TOYEK; TOPU30HTATbHAS
yepHas MOJI0CKa — MEAMAHA; «CIIIUKY» — BEpXHUI KBAPTUIb U HUKHUN KBApTUIIb
[Fig. 3. The distance between plant communities and buildings (1<>B, 2B, 3B, etc.).

On the X - axis - Vegetation types; on the Y - axis - Distance between vegetation types
and buildings, in meters. The dots indicate source data (show data scattering); the density of the dots
is gray polygons; the Median is a black stripe; the “Box” is the upper quartile and the lower quartile]

Kak oTMeueHo BbIIIIe, HA OCHOBE 3TUX PACCTOSHHUH BBIICIICHO TPH YPOBHS aH-
TPOMOreHHOTo cTpecca. [1o ToukaM, pacroIoKeHHBIM BHYTPHU «SIIHUKOBY, MOKHO
CYIIUTh, KAKUE M3 TPYII HauOoJiee ylajeHbl OT CelMUTeOHOH Tepputopun. Yem
BBIILIE PACTIONIOXKEHA CPEAHSISI TMHUS (MEAMaHa), TeM JIajibllle HaXOIATCs coo01e-
CTBa OT 374aHWH. Ha nuarpamme nmujiepaMu SBISIIOTCS COOOIIECTBA TPEThEro-1Ie-
CTOTO KJIacTepOB: 0Epe30BO-COCHOBBIE  COCHOBBIE OCOKOBBIE Jieca; Oepe30BO-co-
CHOBBIC M COCHOBBIE KOPOTKOHOKKOBBIE Jieca; Oepe30BO-COCHOBBIC M COCHOBEIC
pasHOTpaBHbIE Jieca; Oepe30BO-COCHOBBIE OPIISKOBBIE Jieca. B cpennem 3tu co-
oOInIecTBa pacnojokeHbl Ha paccTossHUU Oosiee 400 M ot 3ganuid. [InmoTHOCTH TO-
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4eK 0epe30BO-COCHOBBIX U COCHOBBIX OCOKOBBIX JIECOB MMEET HPEPHIBUCTHIH Xa-
pakTep, 9TO CBA3aHO C TEM, YTO TaKue cOOOIIEeCTBa CKOHIIGHTPHPOBAHBI HA JBYX
MPOTHBOMOJIOKHBIX YYaCTKaX; HAHOOIbIAsS CKyYeHHOCTh TOYEK OTMEUYCHA IS
0epe30BO-COCHOBBIX OPIITKOBBIX JIECOB, TaK KaK OOJBITHHCTBO Fe000TaHMYSCKUX
OITMCaHHI PACIIOIOKEHBI B OTHOM MAaCCHUBE.

[To BBICOTE CaMUX «SIIMKOB» MOXHO CYIUTh O TOM, HACKOJIBKO KOMITAKTHO
pacnoniokeHbl coodriecTBa. Haubonee crpynmnupoBaHbl B MPOCTPAHCTBE T'e€O-
OOTaHUYCCKUE OMUCAHUS, PACIIONIOKECHHBIC HA CEIUTEOHOI TEPPUTOPUH, HA ITO
YKa3bIBaeT U IJIOTHOCTH ToueK. CoolmecTBa 0epe30BO-COCHOBBIX H COCHOBO-0e-
PE30BBIX PA3HOTPABHBIX JIECOB, HMEIOIINE HAUMEHBIIIee PACCTOSIHUE JIO 3JaHU,
B cpenHeM J0 100 M, Harboee oIBep KeHbI AHTPOIIOTCHHOMY BIIMSTHHIO Ha Jieca,
OTHOCSATCSI K NEPBOMY YPOBHIO aHTPOIOreHHOro crpecca. CpemHuil ypoBeHb
cTpecca XapaKTepu3yeTcsl YIaIeHHOCThIO JIECHBIX COOOIIECTB OT )KUIIbIX IIOCTPO-
ek (B cpeaneM Oonee 100 M), K ’TOMY YPOBHIO OTHOCATCSI 6€PE30BO-COCHOBBIE
COCHOBO-0Epe30BbIe Pa3HOTPABHbIE JIECa B 30HE 3aCTPOIKH.

PaccMmotpuM coo01iecTBa, 00bEJUHEHHBIEC B KIACTEPHI.

1. Bepe3oBo-coCHOBBIE Pa3HOTPaBHbIE Jieca (AHTPOIOreHHO TpaHcdop-
MHPOBaHHbIE).

B niepByro rpyIiiny BOIUIH Y4aCTKU, HaHOOIIEe MOABEPKEHHbIEC aHTPOIIOTCHHOM
Harpy3Ke, ¢ HAMMEHBIIIEH IUIONMIANbI0, BCero 61 ra, U CHIBHOW (parMeHTaIueH.
B niecax 3Toif rpyIibl pacroiokKeHbl AETCKHUE IUIOMIAAKU, ac(halbTHPOBAHHbBIE
WM OTCHIMTAaHHBIC TOPOXKKU. B mepeune Hanbosee pacipoCcTpaHCHHBIX BUIOB Ky-
CTapHUKOBOTO U TPABSHUCTOIO SPYyCOB B OCHOBHOM MIPUCYTCTBYIOT Py/iepasibHbIC
U aJ[BCHTUBHBIC BUJIBI.

CoMKHYTOCTB ApeBecHOTO sipyca 10 30%; OH IpenCTaBICH B OCHOBHOM Betula
pendula, Populus tremula n Pinus sylvestris. Bo BTopoii JpeBecHBIN SIpyC BXOIAT
Tilia cordata, Quercus robur BbICOTO# 5—6 METPOB.

KycrapHaukoBslii sipyc noctatouno pa3sut (1o 30%): Sorbus sibirica, Syringa
Jjosikaea, Syringa vulgaris, Acer negundo, Acer ginnala.

IIpoexTHBHOE MOKPBITHE TPABSIHOTO sApyca cocTaBnsaeT 60—70%. B Hem Haubo-
Jiee pacipoCTpaHeHbl pyAepalibHbIe U aJIBEeHTHUBHBIC BUIbL: Taraxacum officinale,
Plantago major, Poa annua, Amoria repens. Betpeuatorcsi: Medicago falcata,
Medicago sativa, Polygonum aviculare, Bromopsis inermis, Achillea asiatica.
Amoria hybrida, Trifolium pratense.

Bunosast mHaceienHocTh 12-41 Buaa Ha 100 M2, Becero Hamu oGHApyKeHO
195 Bu0B, 56 U3 KOTOPBIX — cOpHBIE (Elytrigia repens, Berteroa incana, Convol-
vulus arvensis u np.) u 40 — ansentuBneie (Cichorium intybus, Lactuca serriola,
Echium vulgare n np.).

2. Bepe30Bo-cocHOBBbIE Pa3HOTPaBHBIE Jieca (PACIOJIOKEHBI B 30HE 3a-
CTPOMKH).

B 3Ty rpyrmiy BOIUIM YMEPEHHO HapyIICHHBIE €CTECTBEHHbIE OEpe30BO-CO-
CHOBBIC JIeCa IUIOIIABI0 73 ra BHYTPH CEIUTEOHBIX TEPPUTOPHIL, (parMeHTUPO-
BaHHBIE JIOPOKKAMH M TPOITHMHKAMH, a TAKKe COCHOBO-0EPE30BbIe Pa3HOTPABHbIC
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coobmrecTBa. B cocTaBe TpaBsIHUCTOM paCTUTEIHFHOCTH OKA3aINCh KaK TUITHIHEIC
JICCHBIC BUJIbL, TAK U a[BEHTUBHBIC C PYIEPATbHBIMHU.

[IpoexTrBHOE TOKPHITHE OCHOBHBLIX JOMHUHAHTOB IPEBECHOTO sipyca Oepe-
30BO-COCHOBBIX COOOIIECTB cocTaBisier: Pinus sylvestris — no 45% wu Betula
pendula — 1o 30%; OAPOCT MPAKTHIECKH OTCYTCTBYET. B COCHOBO-0epe30BBIX
COO00IIECTBaX COMKHYTOCTh IIpEeBECHOro sipyca gocruraet 53%. [IpoekTuBHOE
nokpwITHE Betula pendula no 45% u Pinus sylvestris 1o 8%, Bctpeuaercst Populus
tremula. Bo BTOpOM JpeBecHOM sipyce MpHUCYTCTBYIOT Tilia cordata, Quercus
robur BHICOTOW 5—6 METPOB.

[IpoekTUBHOE MOKPBITHE KyCTapHUKOBOTO sipyca a0 20%, OH mpeacTaBieH
Padus avium, Sorbus sibirica, Acer ginnala, Syringa josikaea.

Cpenu TpaBSHUCTOrO sipyca MpeoOSalaloT aaBCHTHUBHBIC M PYyICpPalbHBIC
Bunsl: Urtica dioica, Plantago major, Geranium sibiricum, Chelidonium majus,
Impatiens glandulifera, Arctium lappa. B oTnenbHBIX COOOIIECTBAX OTMEUEHO J10-
MuHHpOBaHue Impatiens parviflora — no 50%, Urtica dioica — no 70% u Plantago
major — 1o 70%.

Bumosast HacseHHOCTH OT 13 10 52 BumoB Ha 100 M2, O61ee yncio ooHapy-
JKEHHBIX BHUIOB 285, OJIHAKO YMCIIO COPHBIX BUIOB CHHXKAETCS 110 49; U3MCHSET-
Csl BUJJOBOM COCTAB IO CPABHEHHIO C COOOIIECTBAMH MTEPBOH Ipymmbl. OTMEUEHO
23 aJBEHTHUBHBIX BHJA.

3. bepe3oBo-cOCHOBBIE U COCHOBBIE 0COKOBBIE Jeca (pPacmoJiokeHbl BOJIU-
3 INIABHBIX MarucTpaJei).

Coo0iecTBa 3TOM TPYIITBI 10 IDIONIAIH 3aHUMaroT 172 ra jeca ¢ HeOOlb-
moit pparmenTanueit. OHE OOBIYHO PACIIOIOKCHBI HA BBIPOBHEHHBIX yYacTKaX
U CKJIIOHAX, XOTS BCTPEUAINCH KaK Ha BEPIIUHAX JIOH, TAaK M B MEKAIOHHBIX TI0-
HIDKEHHSX, TEPPUTOPHAIILHO PACIIONOKEHBI ONMKE K MAarHCTPaIbHBIM J0pOraM
U KEIEe3HOAOPOKHBIM IyTAM. COMKHYTOCTh ApeBecHoro sipyca 70-75%, on
MIPEICTABICH B OCHOBHOM Pinus sylvestris, XOTs 3a4acTYI0 TIPUCYTCTBYIOT Betula
pendula, a Taxxe niocajku Picea obovata. Bo Bcex coo0IiecTBax BO30OHOBICHHE
HE3HAYHUTEIBHOE.

[IpoexkTuBHOE MOKPHITHE KyCTapHUKOBOTIO sipyca gocturaer 20%, 3HaUnTeIb-
HYIO JIOJIF0 B HEM COCTaBISIOT Sorbus sibirica u Caragana arborescens.

B TpaBsHOM spyce (mokpeitne 50-70%) 3HAUMTENBHYIO IOTIO 3aHUMA-
et Carex macroura Rubus saxatilis, npucyTcTBYIOT Brachypodium pinnatum u
Calamagrostis arundinacea. B nByx coobmiecTBax OTMeUeHa 3HAYUTEIbHAS JOIIS
Rubus idaeus (65—70%). B omHOM coo0111ecTBE OTMEYEHO 3HAYUTEIBHOE yUacTHe
Urtica dioica, pactioJIO)KEHHOTO BOJIM3U TPOTIHMHOK.

MoxoBoii spyc, npeacTaBieHHbI Pleurozium schreberi, IpUCYTCTBYET B He-
OOIBIIIOM KOJTMIECTBE, PEIKO MPEBHIMAeT 2—5%, XOTS B ABYX COOOIIECTBAX €To T10-
kpbiThe cocTaBisier 50%. Yaie Bcero oopa3yeT KypTHHBI Ha BaJICKHUKE M CTAPBIX
MTOBAJICHHBIX JCPEBbsIX. XBOWHAS MOJICTHIIKA B COOOIIECTBAX MOIIIHOCTBIO 3—5 cM.

BujioBast HaCKIIEHHOCTH B cpeaHeM 32—47 Buo Ha 625 M2, Hamo oTMeTHTh,
YTO HAMU BbISIBICHO 144 BHa, N3 HUX COPHBIX — 6, aIBEHTUBHBIX — 24.
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4. Bepe30B0-cOCHOBBIE H COCHOBbIE KOPOTKOHOKKOBBIE Jieca (pPacmosoiKe-
HBbI BAJIM OT INIABHBIX MarucrpaJieii).

Coo01recTBa 4eTBEPTOM TPYIITBI 3aHUMAIOT HAHOOJIBINYFO TuIomaak (560 ra),
MaJo (parMeHTUPOBAHBI M HANOOJIEE yIaIeHbl OT IIABHBIX MarucTpaiei. Pacmo-
JIOKEHBI HE TOJBKO Ha CKJIOHAX W BEIPOBHEHHBIX yYacTKaX, HO M B MEKIIOHHBIX
MOHW)KEHHSAX U Ha BEpPIIMHAX IIOH. J[peBeCHBIN sSpyC NPENCTaBICH B OCHOBHOM
Pinus sylvestris ¢ HeOONBITUM NMPUCYTCTBUEM Betula pendula. COMKHYTOCTB 65—
70%, BO30OHOBIIEHHE HEBEITUKO, MeHee 5%.

KycrapaukoBsIit sipyc c1abo pa3BuT, IpoeKTUBHOE TOKpBITHE 10—15%, 1 ipex-
CTaBJICH B 3HAUUTENbHOU Mepe Caragana arborescens ¢ HeOONBIIONW MPUMECHIO
Sorbus sibirica u Rosa majalis. B oTnensHBIX co00IIeCcTBAX KYCTAPHUKOBBIH SPYyC
nocruraet 30% u npeacrasieH Salix caprea, Viburnum opulus v Frangula alnus.

OCHOBHBIC JIOMHHaHTBI B TPaBSHOM sipyce: Brachypodium pinnatum — 20—
40%, Carex macroura — 10-25%, Rubus saxatilis — 5-10% wu Calamagrostis
arundinacea — 3—5%.

MoOXOBO-JHIIAHHUKOBBIN SIPYC pacrpeecH HepaBHOMEPHO, (GOpMHpPYsI [1aB-
HBIM 00pa30M KypTHHKH Ha BaJIC)KHUKE. B O0JbIIeH 9acTu ero mpoeKTUBHOE T10-
KpbITHE cocTaBisieT 1-5%, HO Ha wacTu miomanok gocruraer 50-70%. Ipen-
CTaBIICH B OCHOBHOM Pleurozium schreberi.

Bunosas HacelmeHHOCTh 18—54 Buma Ha 625 M2 OO0wmas 4MCIEHHOCTh BU-
JIOB YBEITMUUBACTCS B COOOIIECTBAX, I7I€ YBEINUMUBACTCS IPOCKTUBHOE MTOKPHITHE
JPEBECHOTO M KyCTapHUKOBOTIO, & TAKXKE BBICOTA TPABSIHOTO sIpycoB. Beero oOHa-
pyxeH 151 Bux, n3 HUX COPHBIX BUJIOB — 9, aIBEHTUBHBIX — 24.

5. bepe30B0-COCHOBBIC H COCHOBbIC PA3HOTPABHBIE Jleca (PACI0JIOKEHbI B
HEeHTPAJIbHOI YACTH JIECHOTO MACCUBA).

JaHHasi rpyrmmna Ha U3y4eHHO Tepputopun 3aHuMaeT 267 ra. CooOIecTsa pacmo-
JIO’KEHBI YaIlle BCEro Ha MOBBIIICHISX U BRHIPOBHCHHBIX YIaCTKaX, IPEUMYIIICCTBCHHO
B [ICHTPATILHON YaCTH M3Y4YCHHOTO JICCHOTO MacCUBa, (pparMeHTAaIlksT HEOObIIIAsL.

[oxkpriTne npesecHoro sipyca 60—75%. [pencrasnen on Pinus sylvestris ¢ Tipu-
cyrctBueM Betula pendula (menee 10%). [IpoekTnBHOE MOKPBITHE TIOAPOCTA 110 5%.

KycrapankoBsii sipyc BeIpaxeH cnabdo, 3aHIMAET OKOJIO 1% W TpencTaBiIcH B
ocHoBHOM Caragana arborescens n Sorbus sibirica.

TpasstHOH spyc 3aHmMaeT B cpeaneM 50-60%, B OTAETBHBIX COOOIIECTBAX
nocturaer 80%. B ocnoBHoM mpencraBnen Carex macroura w Calamagrostis
arundinacea, HO SIBHOTO TIpe00OTaaHus HaJ IPYTHMHU BHIAMH HET.

SIpyc MXOB IJTaBHBIM 0Opa30M pacIiojaracTcsi B IPHCTBOIBHOM YaCTH U Ha Ba-
JIS)KHUKE, B OTACIBHBIX COOOIIECTBAX €ro MPOSKTUBHOE MOKPBITHE TocTUraet 40%.

BujtoBast HaChIIIEHHOCTD 24—57 BHI0B Ha 625 M?. Hamu o6Hapysxero 132 Bua
,A3 HUX 6 COpHBIX 1 21 aJBEHTUBHBIX.

6. bepe3oBo-cocHOBBIE OPJISIKOBBIE Jieca (3aHUMAIOT HanGo1ee YBIaKHEH-
HbIe MECTOOOUTAHMST).

Ora rpynma no miomaau 3aHumaet 439 ra. CoolliecTa pacioioKeHbl Ha CKITO-
Hax, B HI3WHAX, YBIKHEHHBIX MECTaX F0KHOM YacTH UCCIICTOBAHHOTO MACCHBA.
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[oxperTue npesecHoro sipyca 65-70%. OcHoBy ero coctaBisitoT Pinus
sylvestris —40% u Betula pendula — 20-25%, nHor1a B TOHUKEHUAX BCTPEUACTCS
Betula pubescens. Ilonpoct menbe 1%.

KycrapuukoBslii sipyc 3aHumaer 20-30%, B OTHENBHBIX COOOIIECTBAX 0
50%. Ilpencrasien npenmytnecTBeHHO Sorbus sibirica u Caragana arborescens.

IoxpriTHE TpaBsHOro fApyca coctaBuseT 80—85%. lomunupyer Pteridium
pinetorum, €ro NPOEKTUBHOE NOKphITHE AocTuraer 70%. 3HAYUTEIbHYIO OO0
Takke 3aHuMatoT Carex macroura v Brachypodium pinnatum.

MoxoBoii sipyc c1abo BBIpaKEH, MXH BCTPEUAINCh HA BAJICKHUKE W ITHSIX,
JIUIIb B UCKITIOUUTEIBHBIX CIy4asx MOKpbIBas 50% MOBEPXHOCTH.

Bunosast HackImeHHOCTh 13—58 Bua0B Ha 625 M>. B maHHO# rpyIie BoIsSIBIIe-
HO 154 Bua, 5 U3 HUX pyAepaibHbIC U 24 aBEHTHBHBIC, YTO SBISICTCS HANMCHbB-
IIIM pE3yIIBTaTOM CPEIH BEISBICHHBIX TPYMIL. Hu3Kas OISt COPHBIX U aIBCHTHB-
HBIX BHJIOB B COCTaBE TPABOCTOS MO3BOJISIET HAM XapaKTEepPHU30BaTh 3Ty TPYIITY
cOO00IIeCTB KaK OoJiee YCTOMYMBEIC K aHTPOIIOTCHHOM HAarpy3Ke BCIICICTBHUE BEI-
COKOKOHKYPEHTHBIX criocoOHocTel Pteridium pinetorum [42].

Hame npenmonoxenue o ToM, 9T0 YMEPEHHOE aHTPOIIOT€HHOE BIMSTHUC TIPH-
BOJIUT K YBEJIMYESHUIO BUJIOBOTO OOTraTcTBa, MOATBEpAMIock. Hanbombiee yucio
BHJI0B (285) 0OHapyXeHO B COOOIIECTBaX ¢ YMEPEHHOW HapyIIEHHOCTHIO B Oe-
PE30BO-COCHOBBIX PAa3HOTPABHBIX JIeCax (B 30HE 3aCTPOUKN); HEOOXOJUMO OTMe-
THUTb, YTO YBEIWYCHHUE YUCIA BUIOB IPOU3OILIO 32 CUCT pyAepaiIbHbIX. OqHAKO
BTOPOE MECTO 110 00IIEMY YHCITy BUIOB OOHAPYKEHO B OEPE30BO-COCHOBBIX pa3-
HOTPaBHBIX JiecaX (aHTPOMOTCHHO TPaHC(HOPMUPOBAHHBIX) C HANOO0JIEE BBICOKUM
YPOBHEM aHTPOIOTEHHOTO BO3/ICHCTBUS, YTO MPOTUBOPEUHUT HAILIUM IIpECTaBIIe-
HUSIM O HETaTHBHOM BIMSHHUHN YelIOBeKa. XOTs IIPH OoJiee BHUMATEIIEHOM PacCMO-
TPEHUHU MBI BUJIUM HAaMMEHBIIIEE YHCIIO €CTECTBEHHBIX BUIOB (99) 10 cpaBHEHHIO
C IPYTHMH THIIAMH JIeCa, BEICOKOE YHCIIO BUAOB OOBSICHSACTCS HAJIHMIHNEM OO0JIb-
LIOTO YHCIIA PYyAEPanbHBIX (56) U aABEHTUBHBIX BUJOB (40).

Hecmotpst Ha pa3nuaHyro TIIOMIaah JECOB, MCHEE MOABEPKECHHBIX aHTPOIIO-
TeHHOM HarpysKe, YMCJIO BUJOB HE3HAYUTENHHO Pa3UyaeTCs: TaK, YUCIO pyle-
paJBHBIX COCTABISIET 5—9 BHUIOB, a YKCIIO aABEHTUBHBIX — 21-24 Buma, pu 3TOM
YHCJIO0 BUJOB €CTECTBEHHOU (iopsl cocTaBmsaeT 105—-125.

Ms1 oxunany oOHapYKUTh YETKYIO 3aBHCHMOCTh YCTOHYNBOCTH COOOIIECTB
U IUIOLIAH JIECOB: 4eM OOJblIe IJIOMAAb Jeca, TeM yCTOHYMBEEe COOOIIEeCTRa.
OTO TpeanonoKeHne MOATBEPANIOCH, XOTh U CIIaboH, OTPUIATEIHHON Koppe-
nsuert (—0,72) Mexay TUIOMIa b0 JIECOB M YUCIOM PYyAEpabHBIX BHIOB, T.€.
geM OOJbINe IIOMIAAb JIeca, TEM MEHBIIE JOJS aJBCHTHBHBIX BHIOB. M3 »TOTO
CJIE/IyET, UTO JIECHBIC COOOIECTBA, 3aHUMAIOIIUE OOMBIIYIO IUIONIA/Ib, Hanboee
YCTOMYMBEI K aHTPOIIOTE€HHOMY BO3JIEHCTBUIO.

Crnemyer OTMETUTH KOPPEISALUI0 MEKIY OOIIMM YHCIOM BCEX BHUJOB U YHUC-
JIOM BUAOB ectecTBeHHOU (topbl (0,87), a TakkKe YUCIOM pyAepaIbHBIX BHIOB
(0,81). B mepBoM cnyuae yBelTu4eHUE pyJepajbHbIX BUAOB IPUBOJINUT K YBEIHYE-
HUIO O0IIeH YMCICHHOCTH BUIOB B COOOIIECTBAX, BO BTOPOM — C YMECHBIICHHEM
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00IIero Yncia BUIOB YMEHBIIACTCS YHCICHHOCTh BHIOB €CTECTBECHHON (DIOPHL.
Koppensiuonnas cBsi3b MEXKIy OCTAILHBIME ITOKA3aTEIIME [IEHOTHYSCKUX CBSI-
3€d HE JOCTUTAET YPOBHS CTATUCTHYECKOW 3HAUUMOCTH.

Takum 06pa3oM, JecHbIE COOOIIECTBA, KOTOPBIE 3aHUMAIOT OOJBIIIYIO TEPPUTO-
pHO ¥ MeHee (parMeHTHPOBAHbI, 00T JAF0T OOJIBIICH YCTOHYMBOCTHIO K HHBA3H-
sim. Cnabo TpanchopmupoBaHHbIe Jieca (0epe30BO-COCHOBBIE 1 COCHOBBIE OCOKO-
BBIC Jieca, Oepe30BO-COCHOBBIE W COCHOBEIE KOPOTKOHO)KKOBBIE JIeca) TUIOIIAIBI0
oT 172 ra o 560 ra ¢ HU3KUM aHTPONOTEHHBIM BIUSHUEM MEHEE MOJBEPKCHBI
nerpamanun. B Tpex rpymmax (6epe3oBo-COCHOBEIE H COCHOBBIE OCOKOBEIE, Oepe-
30BO-COCHOBBIE 1 COCHOBBIE KOPOTKOHOXKKOBBIEC M OEPE30BO-COCHOBBIE 1 COCHOBBIE
pa3HOTpaBHEIE Jieca) 01 BUIOB €CTECTBCHHOH (IIOphI cocTaBisieT 87-89%. B Oe-
PE30BO-COCHOBBIX OPJISIKOBBIX JIeCaX JIOJISl BUJIOB €CTECTBEHHON (iopbl — 94%.

B coobmecTBax, kotopsie 6oiiee pparMeHTHPOBAHBI, YBEITHUUBACTCS YHCIICH-
HOCTh PYICpalbHBIX BUOB, YTO MPHUBOIUT K YBEIMUYCHUIO OOIICH YUCICHHOCTH
3THX (PUTOIEHO30B. B paifoHax kW0 3aCTPOUKH BBISBICHBI aHTPOIIOTCHHO H3-
MEHEHHBIE COOOIECTBA OEPE30BO-COCHOBBIX H COCHOBO-0EPE30BbIX JIECOB 00LIEH
IJIOMIAJIBI0 61 Ta, B KOTOPBIX JIOJIST BUJIOB €CTECTBEHHOM (h1opbl cocTapisieT 58%.

IIpu ymepeHHOH aHTPONOreHHOW Harpyske Ha Oepe30BO-COCHOBBIC PA3HO-
TpaBHBIC JIeca, PACIONIOKCHHBIE B 30HE 3aCTPOMKH, TUIOMIAh KOTOPHIX COCTaB-
nseT 73 ra, Bo3pacTaer J0Js CHHAHTPOMHBIX BUAOB 110 30%, 4TO MPUBOIUT K
YBEITMUCHHIO OOIIETO YHCIIa BUOB.

3akiouenne

Ha wsydennoit Tepputopun HoBocmOMpckoro AKajaeMmMropojka Hamu OT-
MeueHO 342 Buaa BBICIIMX COCYIUCTBIX PACTECHUH, U3 HUX 66 pyaepalbHBIX U
72 aIBEHTHBHBIX BHJA, & TAKXKe 9 BUIOB JIMCTOCTEOENBHBIX MXOB. B pesyinbrare
IIPOBEJICHHBIX UCCIIEJOBAHUN BBISBICHO YBEJINUEHHE AETPajaliui COOOIECTB MO
Mepe IpHOMIKEeHUS K ceuTe0H0H TeppuTopui. OIHAKO IIPH YMEPEHHOH aHTPO-
MIOTEHHOHN Harpy3Ke HaOMIofaeTcs yBEIHUCHUE BUIOBOTO OOraTcTBa COOOIECTB.
JlecHble MAacCHBBI C OOJIBIION IIOMAALI0 W HU3KUM YPOBHEM AHTPOIOTEHHOTO
CTpecca JOCTaTOYHO YCTOMUMBBHI K HHBa3UAM. ClefyeT OTMETUTb, YTO HAUOOIIb-
mIeil ycToiYMBOCTRIO 00/1a/1af0T OEpPe30BO-COCHOBBIE OPIITKOBEIE JIEca.

Aemopuvl 6razooapam Kano. OUON. HAYK, H.C. 1AOOpaAmopuu dKon02uu U 2e000maHuKu
M.A. Honsakosy 3a pekomendayuu 6 npoyecce padomvl Ha0 cmamvell U 0-pa OUOJ. HAYK, 2.H.C.
nabopamopuu sxonozuu u ceobomanuxu H.H. Jlawunckoeo (L{enmpanvhuiii cubupckuii 6oma-
nuueckuii cad CO PAH, 2. Hosocubupck) 3a yenHvle KpumuuecKkue 3ameuanus no giopucmu-
YeCKOMY COCMasy pacmumenbHbix cooouecms.
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Anthropogenic transformation of vegetation in urban pine forests

In the paper, we discuss anthropogenic transformation of forest plant communities in
Novosibirsk Akademgorodok. The aim of this study was to evaluate the anthropogenic
impact on the floristic composition and to identify forest plant communities resistant
to invasions. The explored area is about 2500 hectares, it is located in the western part
of Novosibirsk Akademgorodok, which is dissected by streets and roads into several
fragments (See Fig. 1). The basis of this work is 232 geobotanical descriptions, carried
out during 2015-2016. Descriptions of forest vegetation are made at the sites of 25%25 m
(625 m?) and 10x10 m (100 m?) of sparse forest areas between buildings (wood layer was
taken into account in the area of 250-400 m?). We took into account all vascular plants.
We used the dominant approach to classify vegetation. We identified the composition
of native, adventive and ruderal species. The degree of anthropogenic stress was
considered on the basis of distances from the center of the site to nearby buildings. The
geographical coordinates of the center of geobotanical descriptions were determined
using GPS/GLONASS. We identified three degrees of anthropogenic stress (See Fig. 3):
1) the highest is the center of Novosibirsk Academgorodok with the lowest remoteness
of plant communities from residential buildings (up to 100 m); 2) the average is 500 m
from the Akademgorodok center, and the remoteness from residential buildings at the
distance of 120-130 m; 3) low degree of stress is the maximum distance from the center
of Novosibirsk Akademgorodok and residential buildings (over 400 m). Vegetation
was classified by clustering (DIANA), the matrix of dimension was 232x354. We used
Spearman’s correlation coefficient to assess the relationship between the total number
of species, the number of natural flora species, the number of ruderal and adventive
species and the area occupied by each community type. The parameters are statistically
significant (p<0.05). The similarity between the objects was computed using the Bray-
Curtis similarity measure. All calculations are performed using the software R.

We identified the types of plant communities within the studied area (See Fig. 2).
1. Anthropogenic birch-pine forests. The closeness to the forest is 30%: Betula
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pendula, Populus tremula and Pinus sylvestris. The shrub layer cover is 30%: Sorbus
sibirica, Syringa josikaea, Syringa vulgaris, Acer negundo and Acer ginnala. In the
same layer are 7ilia cordata and Quercus robur. The herb layer cover is 60-70%. Among
these common ruderal and adventive species are Taraxacum officinale, Plantago major,
Poa annua and Amoria repens. Species richness is 12-41 species per 100 m?. We found
195 species, 56 of which are weed (Elytrigia repens, Berteroa incana, Convolvulus
arvensis, etc.) and 40 are adventive (Cichorium intybus). 2. Birch-pine forests in the
residential area. The closeness to the forest is 75%: Betula pendula is up to 40% and
Pinus sylvestris is up to 8%, Populus tremula is also encountered. The cover shrub
layer is 20%: Padus avium, Sorbus sibirica, Acer ginnala and Syringa josikaea. This
layer is composed of Tilia cordata and Quercus robur. The grass layer is dominated
by adventive and ruderal species: Urtica dioica, Plantago major, Geranium sibiricum,
Chelidonium majus, Impatiens glandulifera, Aegopodium podagraria and Arctium
lappa. Species richness is from 13 to 52 species per 100 m?. The number of species is
285, the number of weed species is 49 and 23 alien species. 3. Birch-pine and pine
sedge forests. The closeness to the forest is 70-75%: Pinus sylvestris, often Betula
pendula, and there are plantations of Picea obovata. The cover shrub layer is 20%:
Sorbus sibirica and Caragana arborescens. The grass layer is dominated by Rubus
saxatilis Carex macroura, there are Brachypodium pinnatum and Calamagrostis
arundinacea. The moss and lichen layer is represented by Pleurozium schreberi. It
forms clumps on old fallen trees. Coniferous litter is found in communities with a
capacity of 3-5cm. Species richness is, on average, 32 to 47 species per 625 m?. We
identified 144 species, including 6 weed and 24 adventive ones. 4. Birch-pine and
pine tor-grass forests. The closeness to the forest is 65-70%; the undergrowth is less
than 5%. The cover shrub layer is 10-15%: Caragana arborescens, Sorbus sibirica and
Rosa majalis. The vegetation shrub layer is up to 30%: Salix caprea, Viburnum opulus
and Frangula alnus. The grass layer is dominated by Brachypodium pinnatum 20-40%,
Carex macroura - 10-25%, Rubus saxatilis - 5-10% and Calamagrostis arundinacea
- 3-5%. The moss and lichen layer forms specimens on the fallen trees. Its projective
cover is 1-5%. Species richness is 18-54 species per 625 m?. In total, 151 species were
discovered, including 9 weed and 24adventive ones. 5. Birch-pine and pine grass
forests. The forest cover is 60-75%: Pinus sylvestris and Betula pendula (less than
10%). The cover of the undergrowth is 5%. The cover shrub layer is 1%: Caragana
arborescens and Sorbus sibirica. The herb layer covers 50-60%, and in some plant
communities up to 80%. It is represented by Carex macroura and Calamagrostis
arundinacea. The layer of mosses is located in tree trunks and fallen trees; its projective
cover reaches 40%. Species richness is 24-57 species per 625 m2 We found 132 species,
of them 6 are weed species and 21 are alien species. 6. Birch-pine bracken forests.
The forest cover is 65-70%: Pinus sylvestris is 40% and Betula pendula is 20-25%, in
depressions Betula pubescens is encountered. The undergrowth is less than 1%. The cover
shrub layer is 20-30%, in some plant communities it is up to 50%. It is represented by Sorbus
sibirica and Caragana arborescens. The herbaceous layer cover is 80-85%. It is dominated
by Pteridium pinetorum, its projective cover reaches 70%. There is a significant proportion of
Carex macroura and Brachypodium pinnatum. Species richness is 13-58 species per 625 m?.
In this group, 154 species were identified, 5 of them are ruderal and 24 are adventive, the
lowest result among the identified groups. A low proportion of weed and adventive species in
the composition of grass allows us to characterize this group of vegetation as more resistant
to anthropogenic pressures due to competitive abilities of Pteridium pinetorum. We should
note correlation between the total number of all species, the number of natural flora species
(0.87), and the number of ruderal species (0.81). This indicates that with a decrease in the
total number of species, the number of natural flora species decreases.
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Within the studied area, we determined 342 species of higher vascular plants:
66 ruderal species, 72 alien species, and 9 musci species. There was an increased
degradation of vegetation closer to residential areas. On the territories of residential
areas, we identified anthropogenically modified vegetation of birch-pine and pine-
birch forests with a total area of 61 hectares, in which the proportion of natural flora
species is 58%. We established that with a moderate anthropogenic load on birch-pine
grass forests located in the development zone, the proportion of synanthropic species
increases to 30%, which leads to an increase in the total number of species. Natural
forests (birch-pine and pine sedge forests and birch-pine and pine tor-grass forests)
with low anthropogenic influence are less susceptible to degradation. In the three
groups (birch-pine and pine sedge forests, birch-pine and pine tor-grass forests and
birch-pine and pine grass forests) the proportion of natural flora species is 87-89%. In
birch-pine bracken forests, the proportion of natural flora species is 94%. Thus, forest
vegetation, which is represented over large areas and less fragmented, is more resistant
to invasions, and an increase in the number of ruderal species increases the total number
of vegetation. Birch-pine bracken forests are most resistant to invasions.

The paper contains 3 Figures and 42 References.

Key words: urban forests; anthropogenic influence; adventive plants; synanthropic
species; residential zone; Novosibirsk.

Funding: This work was partially supported by the RFBR (Grant No 16-05-00908 A)
and conducted in the framework of base projects of the Central Siberian Botanical
Garden, Siberian Branch of the Russian Academy of Sciences (Project No VI.52.1).

Acknowledgments: We are grateful to researchers of the Central Siberian Botanical
Garden, Siberian Branch of the Russian Academy of Sciences, MA Polyakova, Cand.
Sci. (Biol.), for recommendations during the study, and NN Lashchinskiy, Dr. Sci.
(Biol.), for valuable critical comments on the floristic composition of plant communities.

References

1. Burova NV, Feklistova PA. Antropogennaya transformatsiya prigorodnykh lesov
[Anthropogenic transformation of suburban forests]. Arkhangelsk: Arkhangelsk State
Technical University Publ.; 2007. 264 p. In Russian

2. Shergina OV, Mikhailova TA. Sostoyanie drevesnykh rasteniy i pochvennogo pokrova
parkovykh i lesoparkovykh zon g. Irkutska [Status of woody plants and soil in park and
forest park zones of Irkutsk]. Irkutsk: VB Sochava Institute of Geography Publ.; 2007.
200 p. In Russian

3. Chernenkova TV. Reaktsiya lesnoy rastitel'nosti na promyshlennoe zagryaznenie [Reaction
of forest vegetation to industrial pollution]. Moscow: Nauka Publ.; 2002. 119 p. In Russian

4. Malmivaara-Lamsd M, Hamberg L, Lofstrom I, Vanha-Majamaa I, Niemeld J. Trampling
tolerance of understorey vegetation in different hemiboreal urban forest site types in
Finland. Urban ecosystems. 2008;11:1-16.

5. Selochnik NN. Factors of forest ecosystem degradation. Russian Journal of Forest Science
(Lesovedenie). 2008;5:52-60. In Russian

6. Shavnin SA, Veselkin DV, Vorobeichik EL, Galako VA, Vlasenko VE. Factors of the pine
stands transformation in vicinities of Yekaterinburg. Russian Journal of Forest Science
(Lesovedenie). 2015;5:346-355. In Russian, English Summary

7. Dinamika ekosistem Novosibirskogo Akademgorodka [Dynamics of ecosystems in
Novosibirsk Akademgorodok]. Zhimulev IF, editor. Novosibirsk: Siberian Branch of the
Russian Academy of Sciences Publ.; 2013. 438 p. In Russian



Anmponozennaa mpancgopmayua pacmumensHuix cooduiecme 93

8. Zubkus LP, Skvortsova AV, Kormacheva TN. Ozelenenie Novosibirska [Lanscaping of

Novosibirsk]. Novosibirsk: Siberian Branch of the Russian Academy of Sciences Publ.;
1962. 340 p. In Russian

9. Taran 1V, Spiridonov VN. Ustoychivost' rekreatsionnykh lesov [Stability of recreation

10.

forests]. Novosibirsk: Nauka, Siberian Branch Publ.; 1977. 179 p. In Russian
Elton CS. The ecology of invasions by animals and plants. London: Methuen; 1958. 181 p.
doi: 10.1177/0309133307087089

11. VilaM, Pino J, Font X. Regional assessment of plant invasions across different habitat types.

12.

13.

14.

15.

16.

17.

18.

19.

Journal of Vegetation Science. 2007;18:35-42. doi: 10.1111/j.1654-1103.2007.tb02513.x.
Brown RL, Peet RK. Diversity and invisibility of Southern Appalachian plant communities.
Ecology. 2003;84(1):32-39. doi: 10.1890/0012-9658(2003)084[0032:DAIOSA]2.0.CO:;2.
Fridley JD, Brown RL, Bruno JE. Null models of exotic invasion and scale-dependent
patterns of native and exotic species richness. Ecology. 2004;85(12):3215-3222. doi:
10.1890/03-0676.
Mirkin BM, Naumova LG. The vegetation adventivisation through perspective of current
ecological ideas. Biology Bulletin Reviews. 2002;63(6):506-508.
Okruzhayushchaya sreda i ekologicheskaya obstanovka v Novosibirskom Nauchnom Tsentre
SO RAN [Environment and ecological situation at Novosibirsk Scientific Center of the
Siberian Branch of the Russian Academy of Sciences]. Ermikov VD, editor. Novosibirsk:
Siberian Branch of the Russian Academy of Sciences Publ.; 1995. 251 p. In Russian
Kessler M. Maximum plant-community endemism at intermediate intensities of
anthropogenic disturbance in Bolivian montane forests. Conservation Biology.2001;15:634-
641. doi: 10.1046/j.1523-1739.2001.015003634.x
Westphal C. Theoretische Gedanken und beispielhafte Untersuchungen zur Naturnd he
von Wildern im Staatlichen Forstamt Sellhorn (Naturschutzgebiet Liineburger Heide).
Berichte des Forschungszentrums Waldoekosysteme/Waldsterben. Gottingen: Universitit
Gottingen Publ.; 2001;174:1-189. In German
Deutschewitz K, Lausch A, Kiihn I, Klotz S. Native and alien plant species richness in
relation to spatial heterogeneity on a regional scale in Germany. Global Ecology and
Biogeography. 2003;12:299-311. doi: 10.1046/j.1466-822X.2003.00025.x
Ewers RM, Didham RK. Confounding factors in the detection of species responses to habitat
fragmentation. Biological Reviews. 2006;81:117-142. doi:10.1017/S1464793105006949

20. Didham RK, Lawton JH. Edge structure determines the magnitude of changes in microclimate

21.

22.

23.

24.

25.

26.

and vegetation structure in tropical forest fragments. Biotropica. 1999;31(1):17-30.

Pikvin VM, Chindyaeva LN. Ekologicheskaya infrastruktura sibirskogo goroda (na primere
Novosibirskoy aglomeratsii) [Environmental infrastructure in Siberian cities (the example
of Novosibirsk agglomeration)]. 2nd ed. Novosibirsk: Sibprint Publ.; 2005. 194 p. In
Russian

Krylov GV. Lesa Zapadnoy Sibiri [Forests of West Siberia]. Kabanov NE, editor. Moscow:
AS USSR Publ.; Publ.; 1961. 255 p. In Russian

Priroda Akademgorodka: 50 let spustya [Nature of Akademgorodok: 50 years later].
Zhimulev IF, editor. Novosibirsk: Publishing House SB RAS; 2007. 250 p. In Russian
Plant diversity of Central Siberian Botanical Garden, SB RAS. Koropachinskiy IYu,
Banaev EV, editors. Novosibirsk: Academic Publishing House Geo Ltd; 2014. 492 p. In
Russian, English Summary

Syso Al, Smolentsev BA, Yakimenko VN. The soil cover of Akademgorodok and its eco-
agrocultural assessment. Contemporary Problems of Ecology. 2010;17(3):253-264. doi:
10.1134/S199542551003001X

Agroklimaticheskie resursy Novosibirskoy oblasti [Agroclimatic resources of Novosibirsk
region]. Chernikova MI, editor. Leningrad: Gidrometioizdat Publ.; 1971. 155 p. In Russian


http://journals.sagepub.com/doi/10.1177/0309133307087089
http://onlinelibrary.wiley.com/doi/10.1111/j.1654-1103.2007.tb02513.x/full
http://onlinelibrary.wiley.com/doi/10.1890/0012-9658(2003)084%5b0032:DAIOSA%5d2.0.CO;2/full
http://onlinelibrary.wiley.com/doi/10.1890/03-0676/full
http://onlinelibrary.wiley.com/doi/10.1046/j.1523-1739.2001.015003634.x/full
http://onlinelibrary.wiley.com/doi/10.1046/j.1466-822X.2003.00025.x/full
http://dx.doi.org/10.1017/S1464793105006949
http://link.springer.com/article/10.1134%2FS199542551003001X

94

10.C. Ommaxos, T.C. Yepnukosa, b.A. Tpemvakos

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Luchitskaya 10, Belaya NI, Arbuzov SA. Klimat Novosibirska i ego izmeneniya [The
Climate of Novosibirsk and its changes]. Novosibirsk: Publishing House SB RAS; 2010.
224 p. In Russian

Korchagin AA. Vidovoy (floristicheskiy) sostav rastitel'nykh soobshchestv i metody ego
izucheniya [Species (floristic) composition of plant communities and methods of its study].
In: Polevaya geobotanika [Field geobotany]. Vol. 3. Lavrenko EM and Korchagin AA,
editors. Moscow-Leningrad: Nauka Publ.; 1964. pp. 39-62. In Russian

Cherepanov SK. Sosudistye rasteniya Rossii i sopredel’nyh gosudarstv (v predelah
byvshego SSSR) [Vascular plants of Russia and adjacent states (the former USSR)]. St.
Petersburg: Mir & Sem’ya-95 Publ.; 1995. 991 p. In Russian
Shmakov Al Key for the ferns of Russia. 2nd ed. Barnaul: ARTHUKA Publ.; 2009. 126 p.
In Russian
Ignatov MS, Afonina OM, Ignatova EA, Abolina A, Akatova TV, Baisheva EZ, Bardunov
LV, Baryakina EA, Belkina OA, Bezgodov AG, Boychuk MA, Cherdantseva VYa,
Czernyadjeva IV, Doroshina GYa, Dyachenko AP, Fedosov VE, Goldberg IL, Ivanova EI,
Jukoniene I, Kannukene L, Kazanovsky SG, Kharzinov ZKh, Kurbatova LE, Maksimov
Al, Mamatkulov UK, Manakyan VA, Maslovsky OM, Napreenko MG, Otnyukova TN,
Partyka LYa, Pisarenko OYu, Popova NN, Rykovsky GF, Tubanova DYa, Zheleznova GV,
Zolotov VI. Check-list of mosses of East Europe and North Asia. Arctoa. 2006;15:1-130.
doi: 10.15298/arctoa.15.01.

Aleksandrova VD. Klassifikatsiya rastitel'nosti. Obzor printsipov klassifikatsii 1
klassifikatsionnykh sistem v razlichnykh geobotanicheskikh shkolakh [Classification of
vegetation. An overview of the principles of classification and classification systems in
different geobotanical schools]. Leningrad: Nauka Publ.; 1969. 275 p. In Russian
Pysek P, Richardson DM, Rejmanek M, Webster GL, Willamson M, Kirschner J. Alien plant
in checklist and floras: Towards better communication between taxonomists and ecologists.
Taxon. 2004;53(1):131-143.

Richardson DM, Pysek P, Rejmanek M, Barbour MG, Panetta FD, West CJ. Naturalization
and invasion of alien plants: Concepts and definitions. Diversity and definitions. 2000;6:93—
107.

Nikitin VV. Sornye rasteniya flory SSSR [Weed plants in the flora of the USSR]. Leningrad:
Nauka Publ.; 1983. 454 p. In Russian

Open Street Map project [Electronic resource]. Available at: http://www.openstreetmap.org/
(accessed 31.03.17).

Shmidt VM. Matematicheskie metody v botanike [Mathematical methods in botany].
Leningrad: Leningrad State University Publ.; 1984. 288 p. In Russian
Bray RJ, Curtis JT. An ordination of the upland forest communities of southern Wisconsin.
Ecological monographs. 1957;27:325-349. Available at: http://cescos.fau.edu/gawliklab/
papers/BrayJRandJTCurtis1957.pdf (accessed 31.03.17).

Oksanen J, Blanchet FG, Friendly M, Kindt R, Legendre P, McGlinn D, Minchin PR,
O’Hara RB, Simpson GL, Solymos P, Stevens MH, Szoecs E. Vegan: Community Ecology
Package. R package version 2.4-2. Date 2017-01-17. [Electronic resource]. Available at:
https://cran.r-project.org/web/packages/vegan/vegan.pdf (accessed 31.03.17).

Schloerke B, Crowley J, Cook D, Hofmann H, Wickham H, Briatte F, Marbach M, Thoen E,
Elberg A, Larmarange J. GGally: Extension to ‘ggplot2’ R package Version 1.3.0. Date
2016-11-13. [Electronic resource]. Available at: https://cran.r-project.org/web/packages/
GGally/GGally.pdf (accessed 31.03.17).

Phillips NA. Companion to the e-Book «YaRrr!: The Pirate's Guide to R'» R package
Version 0.1.4. Date 2017-02-07. [Electronic resource]. Available at: https://cran.r-project.
org/web/packages/yarrr/yarrr.pdf (accessed 31.03.17).


http://dx.doi.org/10.15298/arctoa.15.01
http://www.openstreetmap.org/
http://cescos.fau.edu/gawliklab/papers/BrayJRandJTCurtis1957.pdf
http://cescos.fau.edu/gawliklab/papers/BrayJRandJTCurtis1957.pdf
https://cran.r-project.org/web/packages/vegan/vegan.pdf
https://cran.r-project.org/web/packages/GGally/GGally.pdf
https://cran.r-project.org/web/packages/GGally/GGally.pdf
https://cran.r-project.org/web/packages/yarrr/yarrr.pdf
https://cran.r-project.org/web/packages/yarrr/yarrr.pdf

Anmponozennaa mpancgopmayua pacmumensHuix cooduiecme 95

42. Ershova EA. Anthropogenic transformation in suburban communities containing brakes
(Pteridium pinetorum) in the grass stand. Rastitel 'nyj Mir Aziatskoj Rossii. 2012;1(2):132-
138. In Russian

Received 06 June 2017; Revised 17 January 2018;
Accepted 27 February 2018; Published 30 March 2018

Author info:

Otmakhov Yury S, Cand. Sci. (Biol.), Junior Researcher, Laboratory of Ecology and Geobotany, Federal
State Budgetary Institution of Science Central Siberian Botanical Garden, Siberian Branch of the Russian
Academy of Sciences, 101 Zolotodolinskaya Str., Novosibirsk 630090, Russian Federation.

E-mail: otmachov@mail.ru

Chernikova Tatiyana S, Cand. Sci. (Biol.), Researcher, Laboratory of Ecology and Geobotany, Federal
State Budgetary Institution of Science Central Siberian Botanical Garden, Siberian Branch of the Russian
Academy of Sciences, 101 Zolotodolinskaya Str., Novosibirsk 630090, Russian Federation.

E-mail: hcernika@yandex.ru

Tretyakov Boris A, Student, Department of Botany, Institute of Biology, Tomsk State University,
36 Lenin Ave, Tomsk 634050, Russian Federation.

E-mail: temartret@yandex.ru


mailto:otmachov@mail.ru
mailto:hcernika@yandex.ru
mailto:temartret@yandex.ru

