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Conep:xanue u pacnpenesenue Mn, Fe, Ni, Cu, Zn u Pb
B aBTOMOP(HBIX mouBax [1o/imcTOBCKOrO 3ano0BeIHUKA

Pabora BeImonHeHa B pamMkax peanusanuu roczaganus OHI[ PAH na 2019 1,
Ne rp. mpoexra 01201363186 u npu noguepxke npoexra Ne MK-2973.2019.4.

H3zyuen snemenmuuiii cocmag asmomop@uuix nous Ilonucmoeckoeo 3anoseonuxa
(Ilckosckasn obnacmv, Poccust) Ha JOKATbHBIX BO3BbIUEHHBIX IEMEHMAx penveda:
OYpo3éMa  MUNUYHO20, PIHCABO3EMA  MUNUYHO20, OEPHOBO-OYPO-NOO30IUCMOU U
CePOSYMYCOBOll  OCMAMOYHO-KAPOOHAMHOU  Noue. Bulasieno cunvbHoe GausHue
JIUMONLO2UYECKOU HEOOHOPOOHOCMU NOPOO HA 9INEMEHMHbIU COCmas, @u3uyecKue
ceolicmea nous u npoyeccvl Nno4eoodpazosanus. Ycmanoeienvl 6onee GulCOKUe
sanosvle cooepicanus Fe, Ni, Pb 6 pocasozéme munuunom no cpagnenuio ¢ 6ypo3émom
TMUNUYHBIM U CEPOSYMYCOB0U OCMAMOYHO-KAPOOHAMHOU Noueol. Buvisenena npsmas
Koppenayus mexcoy 8anosuim cooepoicanuem Fe u sanosvim cooepocanuem Ni, Cu, Zn,
Pb. [Ipaxmuuecku 60 6cex nougax HaOMOOAemes 803PACMAHUE 8AI0B020 COOEPHCAHUS
Ni, Cu, Zn, Pb om 6epxHux 2opu3oHmos K HUNCHUM, d 8 CepPOSYMYCOBOU OCMAMOUHO-
Kapbonamnou — ymenvuierue. Taxas oupghepenyuayus s1eMeHmos coomeenmcmeayem
NPOGUILHOMY UBMEHEHUIO coOepicanus (uzuyeckoll enunvl. Haubonvuee cooepoicanue
noosucuvlx opm Mn, Fe, Ni, Pb nabmiooaemcs 6 0peano2enHblX 20PU3OHMAX NOYS.
Cooeporcanue noosudicnvix popm Mn 6 nousax 3asucum om Koiuuecmseda opeanuieckoeo
seujecmea. B cnabowenounvix 2opu3oHmax cepo2ymycosoll 0CmamoyHo-KapooHammot
NOUBbL NPOUCXOOUM YEeTUYEeHUe COOEPAHCAHUL NOOBUNCHBIX ¢hopm Ni u Mn, 6 Kucnvix
2opuzonmax 6yposéma u 0epHo8o-6ypo-noo030aucmoil noussl — nodeudicHozo Fe.

KiitoueBble CJI0Ba: MUKPOIIEMEHMbL; DNEMEHMHbIIL COCMA8 Noue, Oypo3eém
MUNUYHBIL 0ePHOBO-0YPO-NOO30IUCTNAS NOYBA, PICABOZEM MUNUUHDILL CePOSYMYCOB8AS
O0CMAamoyHO-KapOOHAMHAsL NOYEA.

BBenenune

B cBs13u ¢ Bo3pacTarommmu MacmTabaMy BO3ICHCTBHS UEIOBEKa HA TIOYBCH-
HBII TOKPOB Bce OoJiee aKTyallbHbIM CTAHOBUTCS BOIIPOC OXPaHbI 0YB. BaxkHyto
POIb B 3TOM UTparoT 0co00 oxpansemMblie nmpupoaabie Teppuropuu (OOIIT). Hc-



Cooepircanue u pacnpeoenenue Mn, Fe, Ni, Cu, Zn u Pb 7

CJIEZIOBAaHUE COJEPIKAHUsSI MUKPOIIEMEHTOB B Pa3jIMYHBIX KOMIIOHEHTaX JaH[-
madroB OOIIT umeer GonblIOE TEOPETHUECKOE U MPAKTUYECKOE 3HAYCHUE.
XapakTEepPUCTUKH ITO0YB 3TAJIOHHBIX YYaCTKOB CIIy>KaT OTIPABHOM TOUKOW IIPU MO-
HUTOPHUHTE 3KOJOTMYECKOr0 COCTOSIHUSI ITOYBEHHOTO MOKPOBA, pa3paboTke Mep
10 oXpaHe nmoyB ot 3arpsizHenus [ 1-3]. B HacTosee Bpemst 3TalOHHBIE YIACTKA
C HEHapyUIEHHBIMHU MTOYBAMH MOKHO BCTPETUTH B mpezenax HekoTopbix OOIIT,
Hanpumep B [lonucroBckoM 3anoBenannke ([IckoBckast o0nacTh). DTOT 3amoBeI-
HUK 3aHUMaeT 4acTh kpynHeimeid B Espome IlonucroBo-JloBarckoil cUCTEMBI
BEPXOBBIX OOJOT ¢ HEHAPYIICHHBIMH IPHPOAHBIMU KOMITICKCAMH, HMEIOIINMHU
OTPOMHOE 3HaUCHHUE ISl COXPAaHeHUs KUBO pupos!. [lInpoko pacnpocTpaneH-
HBIC HA €€ TePPUTOPHH TOPQSIHBIE 3AICKH CITykKaT HUIIBTPOM ISl aTMOC(EPHBIX
0CAaJIKOB, KOTOpPBIE uepe3 BoJocOop nocTynatot B peky HeBy u @unckuii 3amus.

OcHoBHas Tepputopus [10MMCTOBCKOTO 3alOBETHIKA 3aHATA BEPXOBBIM 0O-
JIOTOM C MHOXECTBOM 03€p U MajbIX peueK. BHyTpu OONOTHBIX MaccHUBOB pac-
MIPOCTpaHEHBl MUHEpaIbHBIC 0CTpoBa. OHH TPENCTABIIIOT COOO0M XOPOIIOo Ape-
HUPOBAHHBIE JIOKAJbHBIE BO3BBIINIEHHOCTH, CIOXKEHHBIC TOCIENeIHUKOBBIMU
MOPEHHBIMHU OTJIOKEHUSAMHU. YHUKAIbHOCTh MUHEPAIbHBIX OCTPOBOB COCTOUT B
TOM, YTO Ha 3TUX W30JMPOBAHHBIX 00pa30BaHUSAX, MO JECaMU U3 €M, Oepe3bl U
COCHBI, peke Ay0a u Iumbl, GOPMHUPYIOTCS HE THITHYHBIC TSI TaHHOH MECTHOCTH
ABTOMOP(HBIE MMOYBBL: Oypo3éM THIWYHBIH, P:KaBO3EM THUITUYHBIN, JEPHOBO-0Y-
PO-TION30IMCTAs] THIIYHASL 1 CEPOTYMYCOBasI OCTaTOYHO-KapOOHATHASI TOYBEI.

W3BecTHO, uTO OypOo3EMBI U CEPOrYMYCOBBIE OCTATOUHO-KapOOHATHBIE IO-
YBBI — a30HAJIBHBIE TIOYBHI I MOpeHHBIX paBHUH CeBepo-3amana Poccun [4-5].
B mouBeHHOM IMOKpPOBE HCCIEAYEeMOM TEppPUTOPUU, HApsAAy C JEPHOBO-TION30-
JTUCTBIMH, JOMUHHPYIOT JEPHOBO-OYypO-TIOA30JIMCTEIE MOYBEL. Ha Tepputopuu
Poccun Oypo3émbl, 1epHOBO-0YpO-TOA30IUCTHIE U CEPOryMYCOBBIE OCTAaTOYHO-
KapOOHATHBIC TIOYBHI ITUPOKO PACHIPOCTPaHEHBI [6]: OHI HOPMUPYIOTCS IO IIH-
POKOJIMCTBEHHBIMU M CMEIIAHHBIMU JIECAMH Ha IIFOBO-JICIIOBUH PA3IUYHBIX 110
rpaHysoMeTpudeckoMy coctaBy nmopos. B mpexenax OOIIT Poccun snemeHTHBIN
coctaB Oypo3¢MOB, AEPHOBO-KAPOOHATHBIX U APYTUX UCCIEAYEMbIX IOUYB OCBE-
meH B paborax [7-9].

ABTOMOp(HBIE TTOUBBI [10OIMCTOBCKOTO 3alOBETHUKA OCTAIOTCSI MAJIOU3yUCH-
HBIMH. MIX IuarHocTHKa W ompenesieHne KIacCH(PHUKAINOHHOTO MOJIOKEHHS 10
HACTOSILEro BpeMeHH He poBoawnch [ 10—12]. Brisapnenue ¢pakTopoB HaKorie-
HUS U pacIpeAeieHUs] XUMHUIECKUX 3JIE€MEHTOB B Pa3INYHBIX THIIAX aBTOMOP()-
HBIX 110YB [10JIMCTOBCKOTO 3aMOBEHUKA OCTAETCS AKTYaJIbHBIM BOIIPOCOM, KOTO-
PpBIN paccMaTpuBaeTCs B JJaHHOU padore.

Lenb HACTOSAIIETO UCCIEA0BAHUS — BBIIBUTH OCOOCHHOCTH HAKOIUICHUS U pac-
MIpeJICIICHUS BaJIOBBIX M MOJBMKHBIX coenuHennit Mn, Fe, Ni, Cu, Zn u Pb B pas-
JIUYHBIX TUMAaX aBTOMOPQHBIX MOYB [T0IMCTOBCKOTO TOCYIapCTBEHHOTO PUPOJI-
HOTO 3aMOBe/IHUKA. JJaHHBIE 2IEMEHTHI BRIOPAHBI 10 CIEAYIOMNM IpuarHaM. Mn
u Fe aBnstoTcst TAMOMOP(HBIME 3JIEMEHTAMH B MTOYBaX F'YMUJIHBIX JaHIIa()TOB
[13]. Ni, Cu, Zn npencTaBisitoT co00¥ BakHEHIITHE MUKPOAIIEMEHTHI [ 14], kKoTo-
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prlie, Hapsay ¢ Pb, mpu NOBBIMIEHHBIX KOHIICHTPAIHAX PacCMaTpUBAIOTCS B Kave-
CTBE OMACHBIX 3arPA3HSIOIINX BEIIECTB ITOYB B IPAKTUKE KaK POCCUHCKOT0, TaK U
MEKIYHapOIHOTO HKOJIOTHIECKOTO HOPMUPOBAHUSI U MOHUTOpHUHTA [ 15-17].

MaTepHaJ'lbI U METOAUKH HCCJTICT0OBAHUS

Nzydennbie aBToMOp(dHBIE TOYBBI C(HOPMUPOBAHBI HAa XOPOIIO APEHUPOBAH-
HBIX JIOKQJIBHBIX BO3BBLIMICHHOCTSIX B IIPEAETax CHUCTEMBI OOJOTHBIX MAacCHBOB
ITonucToBCKOrO 3anoBeIHUKA Ha TeppuTopuu IIckoBckoil obnactu. Mcnonab3oBa-
HbI TPOMUIIBHBIA W TEHETHUSCKUN METOJBI MCCIICAOBAHMSI. 3aJI0KEHO 5 TIOITHO-
IpOQUIBHBIX MOYBEHHBIX pa3pe3oB (puc. 1), o0pasisl 0TOOpaHBl U3 KaKAOTO
TeHETHYECKOTO TOpH30HTA. Jlmarnoctuka mouB mposezeHa no Kiaccudukarm
noyB Poccun [6], MexayHapoJHbIE HA3BaHUS MTPUBEICHBI COrTacHO MUpOBOH pe-
(hbepaTBHOI 0a3e JaHHBIX TIOYBEHHBIX pecypcoB Bepcuu 2015 1. [18].

o0& QD

Poccuiickasi ®edepayus
[Russian Federation]

MonncToBCKNi 3anoBeaHNK
[Polistovsky Reserve]

57010' N 30030'E

TTomoxeHIe palioHa HCCIe OBAHILT Pazpes 1. Byposem
[Study area arrangement] TIIOTUHBIIT
[Profile 1. Eutric Cambisol]

7 -

Paspes 2. Byposem

Paspes 3. JlepHOBO-Gypo-
THITYHBIT TO301ICTad THITTYHBIT
[Profile 2. Eutric Cambisol] [Profile 3. Haplic Luvisol] [Profile 4. Rubic Arenosol]

Paspes 4. PxaBosém Paspes 5. Ceporymycoad

0CT2'|T0‘IHO-I\"3P60HHTH€U{
[Profile 5. Rendzic Leptosol]

Puc. 1. Kapra-cxema paifoHa HCCIICIOBAaHUS U H3y4YCHHBIC IOYBEHHBIC Pa3pe3bl.

Astop ¢oro I'B. Hecrepyx
[Fig. 1. Schematic map of the survey area and photos of the studied soil profiles. Photos by GV Nesteruk]
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Pazpessr 1 (57°15'16,60"N, 30°38'7,10"E) n 2 (57°15'16,83"N, 30°38'5,92"E)
npezcTaBieHsl Oypo3émamu TunuuHbeIMU (Eutric Cambisols), paconoxKeHbl Ha
0. KpumaH B BepXHeEl M HUKHEH 4acTAX CKIOHA COOTBETCTBEHHO. [louBooOpa-
3yIOLIEH MOPO/I0H SABJIsIeTCsI MOPEHHBIN CYTTIMHOK. Ha CKIIOHE pacpoCTpaHeHbI
ny0, nwra, ocuHa, psOWHA, TPaBSHOW MOKPOB IIOXO Pa3BHUT, B HIDKHEH YacTH
nosiBIIsieTCs OarynbHUK OONOTHBIA. B BepxHell yacTu ckjioHa chopMHUpPOBaH
MaJIOMOITHBIN (2 CM) JINCTBEHHBIN OMaJl, B HW)KHEH 4acTW — JIeCHas TOJCTHII-
Ka ¢ Ooubliel creneHpio pasnoxkeHus. Paspes 3 (57°2'54,00"N, 30°25'55,50"E),
XapaKTepU3yIOMUH 1epHOBO-0ypO-TIOA30JUCTYI0 TUIHYHYI0 nouBy (Haplic
Luvisol), 3anoxen Ha 0. TeMHBIH, MO EIBLHUKOM KyCTapHHUKOBO-TPaBSHBIM
(ocoku, TpOCTHUK, en. Polytrichum). TpaBsiHOW SpyC CHIIBHO pa3peXeH, MOII-
HOCTh MOACTHIKU — 2 cM. [louBooOpasyromast mopoja MpeacTaBlIeHa MOPEH-
HBIM CyTITHHKOM. Ha 0. AnekceeBckuii Ha OKpamHe 0OJOTHOTO MacchBa pas3pes
4 (57°6'07,10"N 30°23'30,80"E) BckpbL1 prkaBo3éM TUNIUUHBIN (Rubic Arenosol)
Ha MOPEHHOM CYIJIMHKE C TIOKPOBHBIM IIECKOM IT0J] Oepe30-eIBbHUKOM C PIOH-
HOH B KyCTapHUKOBOM SIPYyCE U XBOIIOM, TPOCTHUKOM, OPYCHHKOH, OaryIbHHKOM
B TPaBSHO-KYCTapHIUYKOBOM. JIeCHas MTOICTHIIKA MOITHOCTBIO 3 CM COCTOUT U3
JIMCThEB, BETBEU U XBOM. Pa3pes 5 ceporyMmycoBoii ocTaTOuHO-KapOOHATHOH T0-
uBkl (Rendzic Leptosol) (57°6'55,70" N, 30°26'24,60"E) 3anoxen Ha 0. YucThIit
MOJI eTbHUKOM C IIPUMEChIO Oepe3bl U OCHHBI, UMEETCS MOJIPOCT OCHHBI U €JlH.
B xycrapHuKoBOM sipyce psOMHA, B TPaBIHO-KYCTAPHHYKOBOM — CHBITB, KOCTSI-
HUKa, OCOKH, KIIEBEp, 3eMJITHUKA U OaryiabHUK 0ojoTHBINA. [lonmcTuiika mainoi
MOIITHOCTH U BBICOKOH CTENeHHU pa3iokeHus. [louBooOpasyromas mopoma nMeeT
CyIHecuaHblil COCTaB.

OmnpeneneHs! CIIeAyIONIe CBOHCTBA IIOUB: TPAHYIIOMETPHUYECKHN COCTaB METO-
JIoM nuneTku KadynHckoro mpu pacTupanuu mpoosl ¢ nupodocdarom Harpus [ 19—
20], comepkaHue OPraHUIECKOTO YIIIEPOJIa — METOZOM OMXPOMATHOTO OKHCIICHHSI
no 1.B. Tropuny, pH conesoii u pH BogHOlM cycnieH3uU — NOTEHIIMOMETPUYECKUM
MeTonoM, oOMeHHbIe ocHoBaHMs (Ca*+Mg?") — KOMIUIEKCOHOMETPHYECKUM Me-
TOZOM, eMKOCTh KaTuoHHOTO 0OMeHa (EKO) — aMMOHMITHO-a1eTaTHBIM METOZ0M
[20-21]. Crenenp HachimeHHOCTH TI04B ocHOBaHMsAMH (CHO) paccunrana kak
noJist ooMeHHbIX ocHoBaHMi 0T EKO, BeIpaskeHHas B nporeHTax [21].

Banosoe conepxxanne Mn, Fe, Ni, Cu, Zn u Pb onpeneneHo B BO3ayIIHO-
CYXHX Ipo0ax MmouB MyTéM peHTreH-uyopecieHTHoro ananusa (POA) Ha criek-
tpomeTpe Criekrpockan MAKC-GV (Cnekrpon, Poccus). Paccuntanbl kitapku
kounentpanuu (KK), xnapku paccesaus (KP) ameMeHTOB AJisl BRISIBICHHS T'€0-
XIMAYECKOW HEOJHOPOTHOCTH MUCCIETyEMBIX TI0UB (KIapKH 36MHOM KOPBI IPH-
HATHL 10 [22]). [MonBuxkHbIe (HempodHo cBa3aHHbIE) hopmbel Mn, Fe, Ni, Cu,
Zn u Pb u3BnedeHsl U3 TOYB ¢ TIOMOIILIO0 1 H aMMOHHITHO-arieTaTHoro Oydepa
(NH,Ac) ¢ pH 4,8 nipu cootHomenuu noysa: pactsop — 1:10 (Bpems dKCTpak-
nuu — 18 4) [23]. JlanpHelimee onpe/esieHue 0CyIecTBIUIOCh aTOMHO-a0cop0-
LUOHHBIM METOAOM C HcIoib3oBaHHEeM crnekTpomerpa NOVAA300 (Analytik
Jena, I'epmanms).
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Koppensmurio Mexmy onpeneneHHBIMHA IEMEHTAMH W OCHOBHBIMH (DH3HKO-
XUMHYECKUMHU CBOMCTBAMU M3yUEHHBIX [TOYB OLEHUBAJIU C IIOMOMIBIO PAaHTOBOTO
Kod¢dunrenTa koppemun CoupMeHa, paCCIUTaHHOTO C UCIIOIH30BAHUEM TIPO-
rpammHoro naketa StatSoft STATISTICA 10 [24]. PaccMmaTpuBanuch cTaTHCTH-
yecku 3HauuMbIe 3HadeHus (p<0,05).

Pe3yJ]LTaTl)l HCCJIeJ0BaHUA

Dusuko-xumuyeckue ceoiicmea usyuaemplx noys. Hexoroprie xapaxrepu-
CTHKH TIOYB, BIMSIOUINE HA HAKOIUICHHE M pachpeiesieHHe B HUX COEAMHEHUH
Mn, Fe, Ni, Cu, Zn u Pb, npusenens! B Ta0n. 1. 3ameTHa OOJbIIast ONECYaHCH-
HOCTb M MEHbIIIEE COfIEPKaHNE UIUCTON (PpaKIUU B CEPOryMyCOBOH OCTAaTOYHO-
KapOOHATHOW TIOYBE U PKaBO3EME 110 CPAaBHEHHIO ¢ Oyp03EMOM U JAepHOBO-0ypo-
o301MCTOM MouBoii. [Iponieccs! ormuuuBanus B ropusoHTax BM u C Gypo3éma
THUIIMYHOTO MTOATBEPKIAIOTCS HA MAKPOMOP(OIOTHIECKOM YPOBHE: HAOIIOMaeTCs
JIAKUPOBKA HA TpaHsX meaoB. Ha rpaHsX CTPYKTYypHBIX OTJENbHOCTEH TOPU30H-
ta BT u wactuuno C JepHOBO-0ypO-TI030JIMCTON MTOYBBI HATMYUE KYTaH WILTIO-
BUUPOBAHUS CIY)KUT JTUATHOCTHYECKUM MPU3HAKOM MPOTEKAHUS MOJ30JUCTOTO
mporecca. Cozepikanue (GU3NIECKON TJIMHBI M Mjla 3aMeTHO Tu(depeHIpyeT-
¢Sl o MPO(UITIO, YTO SABISIETCSA CIEACTBHEM JIMTOJIOTHYECKOM HEOTHOPOAHOCTH
MOpEHHBIX OTIOKeHUH [25]. [TouBooOpa3yromias U MOACTHIIAONIAST TOPOJIBI OT-
JIMYAIOTCS [0 FPaHyJIOMETPUUYECKOMY cOocTaBy [26]. J{ng Oypo3éMa TUIIHYHOTO U
JIePHOBO-0YPO-TIOJ30IMCTOI OUBEI YCTAHOBJICHO YBEIWUICHUE CONEPKAHUS (H-
3udeckoi MIMHbI B ropuzoHTax BM (mubo BT) u C B 1,3-2,5 pa3a no cpaBHEHHIO
C BBINIENISKANTMMH TOpU30HTaMu. B ropuzonTax AY, AB Oypo3zéma THITMIHOTO U
JIepHOBO-0YPO-TIOA30IMCTON MOYBBI COiep)KaHNe (PU3NUECKOM MITUHBI BapbUPYET
ot 17 1o 26%, 8 BM (BT), C — ot 26 10 41% (cM. Tabm. 1). PxxaBo3ém THITHYHBIIH
OTJIMYAETCS OTIECYaHEHHOW BEpXHEH 4acThIo poduiis U Oombiueit nuddepeHu-
POBAaHHOCTBIO TIO CONEPKAHUIO (PU3NIECKON TIIMHBEI U Hia MEKAY ITOYBCHHBIMHU
TOPU30HTAMH M TIOYBOOOPA3yIOMIel MOpOIoH, B CPAaBHEHHH C JAPYTHMMHU IOYBa-
mu. Cozmepxanne Gpu3mdecKoi muHE B ropuzorTax BFM n BC — 9-12%, a8 C
Bo3pacTaeT 10 35%, 4To 00yCIOBIEHO ABYWICHHOCTBIO OTIIONKEHUH. B Oyposéme
THUIINIHOM, JIEPHOBO-0YpO-TIO30JIUCTON TIOUBE M P/KAaBO3EME TUIIMIHOM COZIEP-
JKaHHME WJa B BEPXHUX FOPU30HTAX MEHBIIE [0 CPAaBHEHMIO ¢ HWKHUMH. B ce-
POTYMYCOBOH OCTaTOYHO-KapOOHATHOW, HAIPOTHB, HAOMIONACTCS yMCHBIICHUE
coiepkaHus PU3NUECKON IIMHBI U WiIa ¢ TITyOMHOH (cM. Tabm. 1).

Mo 3naueHnsiM pH Oypo3éMbI THIIHYHBIC ONPEICIICHBI KaK KUCIIBIC TIOYBBI, B TO
BpeMsi KaK prkaBO3EM THUITMYHBINA — CJTa0OKUCIIbIA ¥ HEUTPaIIbHBIN, CEPOryMyCcoBast
0CTaTOYHO-KapOOHAaTHAsI TIOUBa — ciradoIenounas u menovHas (cM. taom. 1). C my-
6uHoii 3HaueHust pH Bo Bcex mouBax c1abo BO3PACTarOT, KPOME PrKaBO3EMa THITHU-
HOTO, B BEPXHHUX TOPU30HTAX KOTOPOTO HAOTIONAIOTCST MAKCUMAITBHBIC BETUIHHBI pH.

3nadenust EKO ceporymycoBoif 0cTaTro4HO-KapOOHATHO MOYBBI B CPETHEM B
2 pa3a HWXKe 10 CPAaBHEHHIO C JIPYTHMH mouBamH (cM. Tabi. 1). Bemmunasr EKO
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YMEHBIIAIOTCS OT BEPXHUX TOPU30HTOB K HIDKHUM M BO3pACTalOT K IMOYBOOOpA-
3ytomei mopoge. CymMmma 0OMEHHBIX OCHOBAHUII BBIIIE B PrKaBO3EME TUITMIHOM
U J€pPHOBO-OYPO-TIOA30IUCTON MOYBE THIIMIHONW MO CPABHEHUIO C CEPOTYMYCO-
BOI 0CTaTOYHO-KapOOHaTHOI 104BOH U Oyposzémom tunmunbiM. CHO Oypo3éma
THUIIMYHOTO W JIEPHOBO-0YPO-TIOI30JIUCTON TTOYBBl MUHIMAIbHA CPEAN HCCIIEIY-
eMbIX MouB. B ceporymycoBoii octarouno-kap6onarnoit nouse CHO Bcero mpo-
(UIIS TTOYBBI BBICOKAS, UTO CBSI3aHO CO CBOWCTBAMH MATEPUHCKOH OPOIIBL.

Bce m3ydeHHBIC TOUBBI OTIMYAIOTCSI PErPECCUBHO-AKKYMYIISITUBHBIM TUIIOM
pacrpeneneHus] OpraHMIeCKOTo YIIIepoa: IOBBIIIEHHOE COep)KaHIe B TOPH30H-
Te AY U pe3Koe MajJeHue B HIXKEIEKAIIUX TOPU30HTaX U OYBOOOpa3yoIeit mo-
pozie, 9To BHOJHE 3aKOHOMEpHO [9, 27]. P>kaBo3éM THMHUYHBIN XapaKTepu3yeTcs
KaK MaKCHMaJbHbIM HaKOIUIEHHEM Copr B ropu3oHTe AYao (cMm. Tabm. 1), Tak u
HanOoJee 3HAYNTENLHBIM CHIDKCHUEM €T0 COZIepKaHus ¢ TiryomnHoit. ConeprkaHue
C,pr B TOpH30HTE AY CEPOryMyCOBOH 0CTATO4HO-KApOOHATHOI 10YBEI B 2 pasa,
a B JIGpHOBO-0YypO-TI0/I30JTUCTON TI0YBE B Oypo3éMax B 4—7 pa3 HHUXKE 110 CpaBHE-
HUIO C PKABO3EMOM THIINYHBIM.

Ta6nuua 1 [Table 1]
Du3uK0-XMMHUYECKHUE CBOICTBA aBTOMOP(HBIX n04B I10/1MCTOBCKOrO 3a110BeTHUKA
[Physical and chemical properties of automorphic soils of Polistovsky Reserve]

T'opu- dusnyeckas MEK}(,%;)/ Obmennre
P opr [gn — ¢ OJIIF OCHOBaHNS, CHO
30HT, CM ay,

(Horizon, | (o | <t uml, | Physical clay | PHxer | [cEC, emomb(t)/xr | [BS],

cm] % A (<10 um)], % cmol(+)/ [Exchangeable %

ol ke] bases, cmol(+)/kg]
Pazpes 1. Byposzém TunmaHbIi
[Profile 1. Eutric Cambisol]

0 (0-2) - - - 5,0+0,2 | 22,7+0,9 15,6+2,3 1?7(1)
AY (2-13) f670 1 26 5,1+0,2 | 13,9+0,0 7,5+2,1 i;’f)
AB 0,7 59,5

s " " >
(13-21) | 0,1 4 21 5,7+0,1 | 10,1+0,2 5,0+1,9 12,0
BM 0,2 70,4

? + + + ’
(21-39) | 0,0 20 36 5,3+0,2 | 12,8+0,2 8,1+1,8 23
0,2 78,8
C (>39) 0.0 24 40 5,8+0,0 | 15,1+1,0 11,9+1,1 435

Pazpes 2. bypo3ém TunuuHbIil
[Profile 2. Eutric Cambisol]

0O (0-1,5) - - - 5,0+0,2 | 28,4+0,7 13,8+0,9 1(1)’2
AY 1,3 45,9

? + + + ’
(15-7) | 202 2 17 4,8+0,2 | 16,5+0,5 8,1£1,1 L18
0,5 57,0
AB (7-25) 0.1 2 18 5,340,2 | 14,0+0,8 8,8+2,0 113
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OxoHuanue Tabu. 1 [Table 1 (end)]

T'opu- " Dusnyeckas CMEIESL)/ Obuennie
30HT, CM P [Clj:y TJIMHA KT OCHOBAHMA, CHO
(Horizon, | (Cob | (<1 um)L | (Physical clay | PHxer | [cEC, emomp(+)/xr | [BS],
cm] % % (<10 um)], % cmol(+)/ [Exchangeable %
il ke] bases, cmol(+)/kg]
BM 0,2 62,0

(25-40) | 0.0 17 32 5,6+0,0 | 17,5+0,9 11,9+0,7 119

0,2 75,0

C (>40) +0.0 26 38 5,5+0,3 | 19,2+0,6 15,0+2,1 +1.9

Pa3zpes 3. [lepHOBO-0ypo-1oa30aHCTast THIIMYHAS

[Profile 3. Haplic Luvisol]
AY (2-12) 1,0 5 18 4,6+0,1 | 21,8+0,5 10,0+3,0 52,1
IEO,Z El s > > > > :l:4,0
BEL 0,5 62,8
(12-19) | 0.1 5 20 4,7+0,2 | 18,6+1,3 12,040,9 142
BT 0,3 80,6
(19-34) | 0.1 11 26 4,8+0,1 | 19,2423 15,442,1 17
0,2 83,3
C (>34 0.1 24 41 5,0+0,1 | 22,8+0,9 15,0+2,2 14

Pa3zpe3 4. P)xaBo3éM TUIIHYHBIN

[Profile 4. Rubic Arenosol]

0 (2-5) - - - 6,7+0,2 | 20,0+0,9 14,6+2,5 E’g
AYao 5,5 75,6
(5-12) | 02 0 3 6,2+0,2 | 19,9+0,6 15,2425 25
BFM 0,2 81,6
(12-33) | £0.0 1 9 6,0+0,1 | 18,2+0,7 13,3+0,9 43
BC 0,2 78,9
(33-53) | £0.0 2 12 5,8+0,2 | 16,2+0,3 12,5+0,9 24
0,2 86,8

C (>53) 0.0 19 35 5,7£0,1 | 21,6+0,4 18,8+1,7 147

Pazpes 5. CeporymycoBast ocTaTouHO-KapOOHATHas
[Profile 5. Rendzic Leptosol]
2,6 7,0 92,5
AY (2-8) 02 3 16 £0.1% 17+1,2 16,3+1,9 +0.7
AC', 0,8 7,5 91,2
s-14) | 0.1 4 14 0.1% 9,5+1,4 8,2+1,8 £1.0
e, 0,3 7.8 94,4

1434 | z01 | 8 1o1x | 6611 6,2£1,9 +1,0

. 0,1 82 98,2
C"., (>34) +0.0 <1 10 0.0 5,7+1,2 5,6£1,5 0.7

IIpumeuanue. EKO — emkxocTh KaTnoHHOTO 00MeHa; CHO — cTeneHpb HaChIIIIEHHOCTH MOYB OC-
HoBaHuAMY; * pH, ; «—» — IaHHBIH MOKa3aTeNb He ONpenesIcs.
. 2 . . . .
[Note. CEC - Cation exchange capacity; BS - Base saturation; * pH, ; "-" denotes undetermined index].
2

BanoBoe conep:xanue Mn, Fe, Ni, Cu, Zn u Pb B nouBax. B p>xaBozéme tummd-
HOM I10 CPABHEHHIO ¢ pyrumu rousamu conepskanue (Fe, Ni, Cu, Zn, Pb)_noBosbHO
BBICOKOE (Ta0i. 2). B pxaBo3éMe THITMYHOM BaJlOBOE coliepkaHue Mn BapbHpyeT
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or 484,3 o 4890,1, Fe — 20720-71820 mr/xt, Ni —15,3-57,7 mr/kr, Cu — 15,7-61,4 mr/kT,
Zn —30,1-63,3 mr/kr, Pb — 14,0-31,5 mr/kr. B 6ypo3éme TnmaHOM U IepHOBO-Oypo-
TO/I30JIMCTOM TOYBE HAOIIOMAroTCs Onmm3Kkue 3Hadenust Mn — 284,9-774,6 mr/kr, Fe —
12250-38010 mr/kr, Ni — 8,5-35,2 mr/kr, Cu — 9,0-35,0 mr/kr, Zn — 25,9—63,2 mr/
kT, Pb — 2,3-29,7 mr/kr. B ceporymycoBoii octatouHo-KapOoHaTHOM: Mn — 533,2—
2110,0 mr/xr, Fe — 13650-34720 mr/kr, Ni — 19,7-30,8 mr/kr, Cu — 12,8-28,7 mr/
KT, Zn — 26,4-43,1 mr/kr, Pb — 6,6-23,4 mr/kr. [loimydeHHbIC JaHHBIC TTO3BOJISIOT
MOCTPOUTH PsIJT TI0 YOBIBAHHIO BAJIOBOTO COJEPIKAHUSI IIEMEHTOB B aBTOMOP(HBIX
nousax [ToimcroBcekoro 3anoseanuka: Fe>Mn>Zn>Cu>Ni>Pb.

W3yueHHble MOUYBBI XapaKTepU3yroTcs nudQepeHuanueii BaJIoBoro couep-
JKaHHUS XUMHUYECKUX 3eMeHToB 1o npodmiro. Kormentpanuu (Fe, Ni, Cu, Zn,
Pb) . B Oypo3éMe TUIIMYHOM, IEPHOBO-OypO-TIOA30JUCTON MOYBE U PHKABO3EME
THUIIMYHOM YBEJMYMBAIOTCS C IIyOWHOH, TOTJa KaK B CEPOryMYCOBOH OCTaTodY-
HO-KapOOHATHOM MOYBE, HAIPOTUB, YMEHbIIAIOTCS (M. Tabu. 2). MakcuMaibHbIe
3Hadenus Mn  wHabmonarorcs B ropusontax O m AY (cm. Tabn. 2). Obennenne
Mn xapakTepHO IS OTIeCYaHECHHOTO FOpu30HTa AY prkaBo3éMa THITUYHOTO U TOP.
C'., C" ., ceporyMycoBoi 0CTaTO4HO-KapOOHATHOH ITOYBBL. YMEHBIICHHE COIEP-
xauuit Mn BHE3 110 Tipodmtto 6ypo3éMa THIIMYHOTO HE CTOJb PE3KOE, KaK B MPO-
(WX prxaBo3éMa THITMYHOTO M CEPOTYMYCOBOM 0CTaTOUHO-KapOOHATHOM MTOYBBI
(cm. Taom. 2).

Ta6numa 2 [Table 2]
BanoBoe conep:xanne u noasu:xkHble popmsl Mn, Fe, Ni, Cu, Zn u Pb
B aBTOMOpPdHBIX nouBax [1o/MCTOBCKOrO 3an0BeAHNKA, MI/KT
[The content of total and mobile forms of Mn, Fe, Ni, Cu, Zn and Pb
in automorphic soils of Polistovsky Reserve (mg-kg™)]

Topusonr,
cM Mn Fe Ni Cu Zn Pb

[Horizon, cm]

Pazpes 1. byposém TunmuHbIi
[Profile 1. Eutric Cambisol]
0 (0-2) 7,51/694,2 |2,02/14700| 0,36/8,5 |0,27/10,3| 0,96/33,0 0,54/6,9
AY (2-13) 6,48/725,6 |3,47/17220| 0,33/13,3 | 0,47/16,3 | 1,37/37,8 0,35/4,5
AB (13-21) | 3,62/454,4 |3,34/17360| 0,10/10,2 | 0,11/9,4 | 1,64/37,7 0,32/3,9
BM (21-39) | 1,28/328,4 |2,09/31290| 0,24/24,4 |0,40/23,7| 1,39/59,2 0,23/2,3
C (39 1,13/348,8 |1,72/34860| 0,30/33,0 | 0,27/28,1 | 3,47/63,2 0,45/11,7
Pazpes 2. byposém TunmaHbII
[Profile 2. Eutric Cambisol]
O (0-1,5) 7,51/774,6 |12,11/14980| 0,34/8,8 | 0,11/9,0 | 0,69/35,9 1,00/9,4
AY (1,5-7) | 5,11/328,2 |8,59/12250| 0,26/11,5 |0,26/10,9 | 1,43/25,9 0,59/13,4
AB (7-25) | 2,15/370,1 |2,28/13650| 0,22/19,4 |0,22/17,7| 0,82/27,2 1,04/12,8
BM (25-40) | 1,57/414,2 |3,66/25340| 0,27/23,7 |0,37/23,2| 1,23/49,1 0,39/15,6
C (>40) 1,57/475,7 |7,62/36680| 0,25/31,2 10,41/35,0| 0,86/58,8 0,71/14,3
Paspes 3. JleproBo-0ypo-niog30/1ncTas THITHYHAS
[Profile 3. Haplic Luvisol)
AY (2-12) 1,79/361,9 |10,79/14210| 0,29/20,4 |0,16/23,9 | 0,68/38,1 0,67/6,8
BEL (12-19)| 2,14/398,3 |4,56/14420| 0,38/22,1 |0,38/21,7| 0,59/38,3 0,63/9,2
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OxoHuaHnue Tabs. 2 [Table 2 (end)]
Topuzonr,
cM Mn Fe Ni Cu Zn Pb

[Horizon, cm]

BT (19-34) | 1,70/406,6 |5,87/18200| 0,72/20,3 |0,25/20,2| 0,70/45,7 0,52/15,3
C (>34 1,13/284,9 |16,26/38010| 0,86/35,2 |0,33/33,1 | 0,74/55,2 0,51/29,7

Pazpes 4. PxaBo3ém THIHYHBIN
[Profile 4. Rubic Arenosol]
0O (2-5) 58,73/4890,9 | 0,90/55090| 0,42/38,8 | 0,11/15,7 | 1,12/62,9 1,45/16,9
AYao (5-12) | 15,01/484,3 10,53/20720 | 0,29/15,3 |0,23/17,2| 0,55/30,1 0,90/14,0
BFM (12-33)|6,84/1326,9 | 8,13/28910| 0,94/21,7 |0,18/23,1| 0,46/31,1 1,43/18,6
BC (33-53) | 7,78/921,6 |1,59/33810| 0,44/27,7 | 0,11/29,9 | 1,00/50,4 0,30/20,0
C (>53) 5,33/1231,71,68/71820| 0,91/57,7 10,22/61,4] 1,36/63,3 1,23/31,5
Pazpes 5. CeporymycoBas 0cTaToO4HO—KapOOHaTHAS
[Profile 5. Rendzic Leptosol]

AY (2-8) 10,85/2000,0 {2,29/33250| 1,48/30,8 | 1,00/28,7 | 4,31/43,1 1,45/23,4
AC', (8-14)| 11,70/2110,0 | 0,94/34720| 1,23/25,3 |0,37/27,8 | 0,43/42,5 0,49/6,6
C'., (14-34) 10,15/824,1|1,44/20720| 1,83/19,7 | 1,29/12,8 | 1,32/40,2 0,64/16,6
C"., (>34) 5,78/533,2 |2,79/13650| 1,02/24,3 |0,42/26,5| 1,03/26,4 0,30/6,6

Ipumeuanue. llepen yepToii — conepkaHue MOABMKHBIX (HOpPM, 32 YEPTOI — BaJIOBOE CONEP-
JKaHue.
[Note. Before the slash - The content of mobile forms, beyond the slash - The total content of elements].

CornacHo paccuutansbiM 3HadeHUsIM KK u KP (ta6n. 3) Bo Bcex uccnenoBaH-
HBIX NOYBaX MMEETCS TEHIEHINs K Hakomenuo Pb. n Cu_ . B ceporymycosoii
OCTaTOYHO-KapOOHATHOW MOYBE aKKyMyJIUpyeTcss Mn_ , UTO CBS3aHO C HU3KOM
MHTEHCHBHOCTBIO MUI'PALIMU JAHHOTO 2JIEMEHTa B IIEJIO4HOH cpene. B pxkaso-
3éMe TUIMYHOM HakaruBaercs Fe . [lpoucxonut paccesnue Ni | u Zn B u3-
y4aeMbIX nouBax, Fe  —B Oypo3éme TUITMYHOM, CEPOTYMYCOBO OCTAaTOYHO-Kap-
Oonaroii 1 Mn__— B Gypo3éMe THIIMYHOM.

Ta6numa 3 [Table 3]
Psiabl KOHUEHTpaUKMu U paccesiHis 3JIeMEHTOB B aBTOMOP(HBIX Mo4Bax
IloJ1MCTOBCKOIO 32110BeIHUKA
[Consequences of elemental concentrations in automorphic soils of Polistovsky Reserve]

Knapku
xonnentpaun (KK)
[Clarkes of concentration]

ITouBa
[Soil]

Knapku paccestaust (KP)
[Clarkes of dispersion]

Bypo3ém Tunuunstii [Cambisol
Eutric] 1 IEpHOBO-0ypPO-TI0130ITH-
cras Tunu4dHas [Luvisol Haplic]

PbLOCuL0 an,zFethnl ,9Niz,o

P:xaB03éM TUITUYHBI [Arenosol Cambic) Pb, Cu [Fe Mn Zn Ni,

CeporyMycoBas 0CTaTOYHO-Kap-
OoHaTHas [Leptosol Rendzic)

Mnl.éPmeu],2 anFe].SNil,b

HonBuskubie popmbl Mn, Fe, Ni, Cu, Zn u Pb B nouBax. lccnenyembie aBro-
MOpP(QHBIC OYBBI XapaKTEPH3yI0TCs HU3KUM conepkannem Cu u Pb 1 BBICO-
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KnM coziepxkanieM Mn (M. Tabu1. 2). B Gypo3eme THIIMYHOM OTMEYIOTCS MHHH-
MasbHble conepxkanns Pb . B pxaBoséme tunmynoMm — Cu_nogs. B pixaBoséme
TUIMYHOM Benn4nHsl Mn, - Bospactaior (5,33-58,73 mr/kr). Conepxannus Cu_
B CEPOTyMYCOBOH OCTaTOYHO-KapOOHATHOI! BBIIIE 110 CPABHEHHIO C N3Y4YEHHBIMU
prkaBo3EMaMH U IEPHOBO-0yPO-TIOI30JMCTHIMHU TIOUBAMH, YTO COTIIACYETCS C JaH-
HbIMH Apyrux uccienosarenei [28]. Copepxanne Fe B Oyposemax THIMYHBIX
BBIIIIE, YeM B PIKaBO3EME THUITMYHOM U CEPOTyMYCOBOW OCTaTOYHO-KapOOHATHOM
nouse. B mesnom noaBrxHbIE (POPMBI 2IIEMEHTOB B IOYBaX (POPMHUPYIOT Psijl 110
yObIBaHMIO conepxannid: Mn>Fe>Zn>Pb>Ni>Cu.

Jlonst moABMKHBIX (OPM DIIEMEHTOB OT MX BAJIOBOTO COACPKAHHMS MUHHMAIIb-
ua g Fe (0,002-0,08%), 0coGeHHO B CEpOTYMYCOBOH OCTaTOUHO-KapOOHATHOM
noue (0,003-0,02%); g Mn B cpennem coctasiset 0,3—1,6%, mist Ni, Cu, Zn
u Pb — Bozpacraer 510 0,8—-10,7%.

Bo Bcex ucciemyembIx Mmo4Bax HaOIIONAETCS aKKyMYJSTHUBHBIA THI pac-
npezienienns Mn . a IMEHHO YMEHbLICHUE COACPKaHMs ¢ yOuHOi (Taldu. 2).
OtmeyaeTcst MIOBHATBHO-MILTIOBHABHOE pactipenenchne Fe B OGyposémax
THUIIWYHBIX, JEPHOBO-0ypO-TIOA30MCTON M CEpOTyMYyCOBOM OCTAaTOYHO-KapOo-
HATHOM 10YBaX, BBIPa)KEHHOE B CHIDKEHHH cofiepaHus oT ropu3oHToB O n AY
K CPEAMHHBIM TOPA30HTAM C MOCICAYIOMNM YBEIIMUICHIEM B TIOYBO0OPA3yOIIeH
nopozie. B pixaBo3éMe THIIMYHOM TOBBILIEHHbIC 3HaYeHUs Fe  — oOHapykeHbI B
Kele3ucTo-meramMmopudaeckom ropusonte. Bo Bcex mousax pacnpezencHue (Ni,
Cu, Zn)_ = OT paBHOMEPHOTO 110 BBIHOCA B HIKHUE TOPU3OHTBI B KUCJIOH cpere
MM TIecuanbIx ropuzontax. Copeprkanne Pb,  Bo BCex nmousax ciabo ymeHblIa-
eTcs ¢ ITyOUHOH.

Oo6cyxneHne pe3yIbTaTOB HCCJIAETOBAHMS

Bortee BbICOKOE BaJIOBOE COJIEpIKaHNE pacCMaTPUBAEMBIX IEMEHTOB HalOJIo1a-
eTcs B JICPHOBO-OYpO-TIOI30IMCTOM MOYBE, UYTO OOBICHSACTCS 0COOCHHOCTSIMH CO-
cTaBa IoYBOOOPa3yOIIMX 1Mopoa. Bo Bcex M3ydeHHBIX 1oYBax HAOMIONASTCS MOJIO-
JKUTEIbHAS KOPPEIBILIKUSL cofiepkaHust Mn, 0OMEHHBIX OCHOBAaHHUI M OPraHUYECKOrO
yoiepoza. [IpoduibHas muddepeHmanms conepikanus SIEMEHTOB HauboJee BbI-
pakeHa B ONECUYAHEHHBIX MOYBaX. BajoBoe cofepkaHne OOJIBIIHHCTBA IEMEHTOB
B HIDKHHUX TOPH30HTAX OypO3EMOB TUIUYHBIX U ISPHOBO-0YPO-TIO30JIUCTOM TIOYBE
BBIILIE TI0 CPABHEHUIO C BEPXHUMH T'OPU30HTAMH, YTO COIIACYETCSI C U3MEHEHHEM
IPaHyJIOMETPHYECKOT0 cocTaBa. [IpM ATOM IIOBBIIIEHHOE BaJOBOE COJEPIKAHHE
OOJIBIIMHCTBA 371eMeHTOB B rop. O HabmoIaeTes B pxkaBo3éMe TUIMYHOM. B cepory-
MYCOBOI 0CTaTOYHO-KapOOHATHOM MMOYBE COIEPIKAHUE HIIEMEHTOB YMEHBIIIACTCS OT
BEPXHUX TOPU30HTOB K HIDKHUM. J[11s OBIKHBIX (POPM OONBIIMHCTBA IEMEHTOB
B HCCIICAYyEMbIX [TOYBAX YCTAHOBIICHO YBEIMUCHHUE UX COACPIKAHMS IO MPOQIUITIO.

JInst OLleHKH B3aMMOCBSI3M MEXKIY (H3MKO-XHUMHYSCKUMH CBOMCTBAMH I104B
U COZIEP)KAHUEM JIEMEHTOB pacCUUTaHbI KO3()(OUIIMEHTHI PAaHTOBOW KOPPEIISAIIH
Crimpmena (Tabim. 4).
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Ta6nuna 4 [Table 4]
Kosdppuuuents! koppenassuun CnupMeHa Mexkay coep:KaHueM
Mn, Fe, Ni, Cu, Zn, Pb 1 no4YBeHHbIMH CBOiiCTBAMHU
[Spearman’s Rank Order Correlations between the content
of Mn, Fe, Ni, Cu, Zn, Pb and soil properties]

HO[IBPDKHBI@ OPMBEI BaHOBOC COoacpKaHUue
E;Ir):rhr/::;gsb]l [Mobile fogr)nsl]) [Total contgnt]
Mn|Fe | Ni|[Cu|Zn|Pb |[Mn| Fe|Ni|Cu|Zn|Pb
U [Clay] 0,8 0,3[-03]007]02]-0,1]-0,5/05]0,6]05]08]0,0
us. tmuna 01031 04101 |03 |-02[-0,5] 04 | 04| 040700
[Physical clay]
pH 0,5 ]-0,7[ 050202 01]06]04]0402]01]02
3 EKO [CEC] |-0,1| 03| 0,0 |-0,4|-04] 0,5 | 0,0]02]00]00]02]04
CPBOHCrf_Ba OG6MeHHbIe
[Properties] OCHOBaHI 0,1]001]02|-02|-02]06]02]|05|03]03][03]0,6
[Exchange-
able bases]
CHO [BS] 03 |-04]|08]04]00|01]05]|05]|05]|05]03]05
C, [C,] 0,5 [-0,1|-0,1{-0,1] 0,0 | 0,3 | 0,1 [-0,4|-0,6|-0,5|-0,5|-0,2
Tox- Mn —0,5] 0,5 [-0,1]-0,2] 0,4 [ 0,8 0,0 [-0,2]-0,3]-0,3] 0,1
Fe 0,2 0,0 |-0,2] 0,0 |-0,5|-0,3]-0,2] 0,0 |-0,2] 0,0
BIIKHEIC Ni 03]-02]02]06]03]03]|03]01]04
bopmsr Cu 0,3 |-0,2]-0,1] 0,0 | 0,1 | 0,2 | 0,1 |-0,1
g"ﬂ‘q’:’s‘]le Zn —02|-0,11 0,1 ] 0,1 ]00]03]00
Pb 04 ]01]01]-01]-01]0,5
Banosoe Mn 031021000103
conep- Fe 0,8 |06 08|05
JKaHUe Ni 08108105
[Total Cu 0,6 | 04
content] Zn 0,4

Ipumeuanue. EKO — emxoctb katnoHHOro oomeHa, CHO — cremeHp HACBHIIIEHHOCTH OCHO-
BaHWSIMU. [1oTy>KUpHBIM IIPU(TOM BBIIENICHBI CTATUCTUYECKH 3HaYUMBbIe pasimnaus (p<0,05).
[Note. CEC - Cation exchange capacity, BS - Base saturation. Statistically significant values are in bold

(» <0.05)].

Coneprxanne una npsmo koppemupyer ¢ coaepxkanuem (Fe, Ni, Cu, Zn)_,
BMECTE C TeM, HaOmomaeTcs oOpaTHas 3aBUCUMOCTB C colepkanueM Mn —wu
Mn_ (cm. Tabu. 4). VBenuuenue 10/mu PU3MIECKoi IIMHbI IPUBOIKT K YBETMYCHHIO
7Zn__wyMeHbIeHnIo Mn_ 1 Mn__ . TloBbimeHHbIe conepkanust (Mn, Ni) 1 Mn

BaJI BaJ To/1B To/1B Bal
HAOIONAIOTCS B MICTOYHBIX YCIOBHSIX, HAIIPHMEP, B CEPOTYMYCOBOW OCTATOYHO-
KapOOHATHOM MovBe, TorAa Kak Fe =~ — B KHCIBIX [0YBAX, TAKMX KaK AEPHOBO-
Oypo-To30iIKcTas TUIIHYHAs. BakHBIM (paKTOPOM, ONPEICIISIOIIUM HHTCHCHB-
HOCTh MUTPAIIIH DJIEMECHTOB, SIBISICTCSI CTENCHb HACHIIICHHOCTH OCHOBAHUSIMHU
[29]. Tlpn yBennuennu 3Hadennit CHO Bospacraer koHuentparus Ni u (Mn,
Fe, Ni, Cu, Pb)_ . Ycranosnena npsiMast CBA3b MEXKIy COAEPKAHUEM OpraHUYe-
ckoro yriepoga u Mn . obparnast csisb — ¢ (Ni, Cu, Zn)_ . Conepxanus mox-
BIDKHBIX (DOPM H BaJIOBOE COACp)KaHHE HEKOTOPHIX DJICMEHTOB TECHO CBSI3aHBI
Mexy coboit (cMm. Tabia. 4). OTMedaeTcsi TeCHas MOJIOKUTENbHAs CBA3b MEKIY
(Ni, Cu, Zn, Pb) cFe .

Ball Ba.

1
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Bapunanun Benmuuna KK Pb (1,0-2,0), Cu (1,0-1,5) u KP Zn (1,1-1,3), Ni
(1,2-2,0) B aBTOMOp(]HBIX MouBax [101MCTOBCKOTO 3aMOBEIHNKA CBA3aHbI C pa3-
HOOOpa3neM MOYBOOOPA3yIONIUX TIOPOI M OCOOCHHOCTSIMHA MX XUMHYECKOTO CO-
crasa. IlonmyueHHbIe pe3yabTaThl COMIACYIOTCS C JAHHBIMU JPYTHX HCCIEI0Ba-
tesneit [30-32] st cXOKHUX YCIOBHM B paloHaX paclpoOCTPaHEHUsI MOPEHHBIX U
BOJIHO-JIEJTHUKOBBIX OTIIOXKeHUW. 3HaueHus: KP taxke pasnuyarorcs B uccienye-
MbIX TIouBax: Fe Bam B Oypo3éme turmmuaoMm (1,8) 1 ceporyMmycoBoi OCTaTOYHO-
kapOoHartHol nouse (1,5), Mn_Ban B 6ypozéme tunuaaoM (1,9).

BriBoabI

HccnenoBansl aBTOMOp(HBIE OUBHI 110IMCTOBCKOTO 3alOBEIHUKA, cHOpMHU-
POBaHHBIC Ha PA3IHYHBIX O (PU3WYECCKUM CBOICTBAM M XMMHUYIECKOMY COCTaBY
MOPEHHBIX OTJIOKEHUSIX: OypO3EMbI THIINYHBIE, IEPHOBO-0YPO-TI030IUCTHIE, CE-
POTYMYCOBBIE OCTaTOYHO-KapOOHATHBIE M PyKaBO3EMBI TUIIMYHEIC. YCTaHOBIICHO,
YTO JIUTOJOTMYECKass HEOTHOPOJHOCTh MOYBOOOPA3YIOMIUX TOPOA ONpeaesseT
ypoBHH conepkanust Mn, Fe, Ni, Cu, Zn, Pb B u3yyaembIX movsax.

Banosoe conepxanue Fe, Ni u Pb BrIe B pxxaBozéme tunmanom (42900; 32,2
n 20,2 MI/KT COOTBETCTBEHHO) 110 CpaBHEHHIO ¢ Oypo3éMoM TurmuaHbIM (21700,
18,4 u 9,5 MI/KI' COOTBETCTBEHHO) U CEPOTyMYCOBOM OCTAaTOUHO-KapOOHATHOM
mouBoi (25600; 25,0 u 13,3 mMr/kr cooTBeTcTBeHHO). [0 npodumitro gepHOBO-Oy-
PO-TIO/130JIUCTOMN TIOUBBI U PKaBO3&Ma THIIMYHOTO BAJIOBOE COJCP KAHHUE HIECMEH-
TOB YBEIHMYHBACTCS, a B CEPOTyMYCOBOI OCTaTOYHO-KapOOHATHOH — yMEHbIIa-
eTcs, HaXOIsCh B MPSIMON 3aBUCHMOCTU OT COAEpKaHMs (PU3MYECKON IIMHBI B
mouBe. BanmoBoe comeprkanne Mn BO BCeX MOUBaX CHIKAETCS BHU3 10 TIPOQIIIIO,
IPSIMO IPONOPIMOHATIBHO YMEHBIICHUIO COJEPKAHMS TyMyca. YCTaHOBJIEH psift
[0 YMEHBIICHNIO BAJIOBOTO COACPKAHUS DJICMEHTOB B aBTOMOP(HBIX MOYBAX:
Fe>Mn>Zn>Ni>Cu>Pb.

Jorns moaBmKHBIX (HOPM OTHOCHTEIBEHO BaJOBOW KOHIICHT AU MHHUMaJIbHA
i Fe (0,002—-0,08%), ocobeHHO B CEpOTyMyCOBOI 0CTaTOYHO-KapOOHATHOM 110~
yBe (0,003-0,02%), anst ocTabHBIX 1IeMeHTOB oHa cocTtasisieT ot 0,3 mo 10,7%.
YcTaHOBIIEH PsJ] COAEPKaHUIM MOABUKHBIX (DOPM 3JIEMEHTOB B aBTOMOP(HBIX I10-
yBax: Mn>Fe>Zn>Pb>Ni>Cu.

Otmeuaercs yBenuueHue BasnoBoro coaepxkanus Fe, Ni, Cu u Zn ¢ Bo3pacra-
HHUEM JIOJTH WINCTHIX YacTHIl B TIOYBE. AKKyMyJLsIus Mn XapakrepHa AJisl OTec-
YaHEHHBIX TOPU30HTOB C BEICOKHM COJIEpKaHIEM rymyca. Bricokue 3Hauenus pH
MIPUBOIST K HAKOIUICHHWIO MOABIDKHBIX (hopM Ni ¥ Mn, HOBBIIICHAIO BaJIOBOTO
cozepkanust Mn, a HU3K1e — K HAKOIUICHHIO TTOJIBIDKHBIX (hopM Fe. B opranoren-
HBIX TOPH30HTAX M3YUYCHHBIX ITOYB HAONIOMAIOTCS MaKCHMAJbHBIC COICPIKAHS
noABWXHbIX (hopm Mn, Fe, Ni u Pb, Torna kak B HIXKHUX MUHEPAIbHBIX TOPU30H-
TaX (KpoMe JepHOBOW OCTAaTOUYHO-KapOOHATHOI) BBISBICHBI MTOBEIIICHHBIC BAJIO-
Bele copepkanus Fe, Ni, Cu, Zn u Pb. YcraHoBIeHa TeCHas KOPPEIISALUS MEXKTY
BaJIOBBIM cojiepkanueM Fe u Ni, Cu, Zn, Pb.
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The content and distribution of Mn, Fe, Ni, Cu, Zn,
and Pb in automorphic soils of Polistovsky Reserve

The intensive human impact on the environment leads to a significant change in the
components of landscapes, in general, as well as the soil cover in particular. Currently,
areas with undisturbed soils are mainly preserved within specially protected natural
areas. The characteristics of reference soils serve as a starting point for environmental
monitoring. One of these objects is Polistovsky Reserve in Pskov region, created to
protect the upper marshes. On the territory of the reserve among the wetlands, unique
landscapes are present, i.e. mineral islands, formed by postglacial morainic deposits,
not buried under a layer of peat, on which soils, that are unusual for the given terrain,
developed under mixed forests. Automorphic soils, formed within the boundaries of
these isolated formations, remain poorly understood. The relevance of the presented
research is due to the importance of mineral island soils as one of the key components of
the natural systems of the Polistovo-Lovatsky bog massif. Data on the composition and
properties of autonomous soils can be used in the planning of environmental protection
measures, as well as to predict their stability in the intensification of anthropogenic
impact. The aim of this research is to identify accumulation and distribution of total
content and mobile forms of Mn, Fe, Ni, Cu, Zn, and Pb in various types of automorphic
soils in Polistovsky State Nature Reserve.

The automorphic soils of Polistovsky Reserve (57°10'N, 30°30'E), formed within
the mineral islands, were investigated: Eutric Cambisol, Haplic Luvisol, Rendzic
Leptosol and Rubic Arenosol (See Fig. 1). We studied soils using profile and genetic
methods based on the Classification and Diagnostics of Russian Soils (Shishov LL et
al., 2004). International names are given according to the World Reference Base of
Soil Resources, version 2015 (IUSS Working Group WRB, 2015). The following soil
properties were determined: particle size fractions by pipet analysis (Katschinski NA,
1956, Burt R, 2011), organic carbon content by bichromate oxidation method according
to IV Tyurin, exchangeable bases by complexometric method, cation exchange capacity
by ammonium acetate method, KC1 pH and pH of aqueous suspension by potentiometric
method (Vorobeva LA, 2006; Burt R, 2011). The total content of Mn, Fe, Ni, Cu, Zn and
Pb was determined by X-ray fluorescence analysis using a spectrometer Spectroscan
MAX-GV “Spectron” (Russia), and the content of mobile forms extracted from the soil
by ammonium acetate buffer (Motuzova GV et al., 2014) was determined by atomic
absorption using a spectrometer NOVAA300 “Analytik Jena” (Germany). Clarkes of
concentration and Clarkes of dispersion of elements in the studied soils were calculated
relative to the clarke of elements in the soils according to AP Vinogradov (1957).
A correlation analysis was carried out to evaluate the relationship between the physical
and chemical properties of soils and the content of elements with the calculation of
Spearman’s rank order correlation coefficient.

In this research, we found out that the lithological heterogeneity of the soil-
forming rocks of mineral islands leads to a significant differentiation of soils both by
morphological features and by physicochemical properties. Eutric Cambisols form on
moraine loams on the slopes under oak forests with thin grass cover, while Haplic
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Luvisols are characteristic of spruce forests. Rubic Arenosols are common in binomial
deposits under a mixed birch and spruce forest. Rendzic Leptosols are confined to
sandy sediments. The considered soils are quite different in a range of parameters (See
Table I). The typical differentiation of the profile according to the content of physical
clay is characteristic of Eutric Cambisols and Haplic Luvisols. In terms of pH values,
Eutric Cambisols and Haplic Luvisols are defined as acidic soils, Rubic Arenosols are
slightly acidic or neutral, and Rendzic Leptosols are slightly or moderately alkaline.
The organic carbon content in the horizon AY of Rendzic Leptosols is 2 times lower,
while in Eutric Cambisols and Haplic Luvisols it is 4-7 times lower than in Rubic
Arenosols. The studied soils are differentiated by the content and profile distribution
of elements (See Table 2). With the depths, the total content of elements in Haplic
Luvisols and Rubic Arenosol increases, while in Rendzic Leptosol it decreases. It was
established that the total content of elements in automorphic soils was reduced in the
following order: Fe> Mn> Zn> Ni> Cu> Pb. The proportion of mobile forms relative
to the total content was minimal for Fe (0.002-0.08%), especially in Rendzic Leptosols
(0.003-0.02%), for other elements it varied from 0.3 to 10.7%. The total content of Ni,
Pb and Fe is higher in Rubic Arenosols than in a Haplic Luvisols and Rendzic Leptosols
(See Table 3). The chemical composition and physical properties of moraine deposits
determine the conditions for migration and accumulation of elements (See Table 4).
An increase in the total content of Ni, Cu, Zn, and Fe is linked with an increase in
the proportion of silty particles in the soils; their maximum values are noted in the
lower horizons of the soil. Mn accumulation was observed in sandy horizons with high
humus content. High pH values lead to accumulation of mobile forms of Ni and Mn,
while low values lead to accumulation of mobile forms of Fe. Mobile forms of Mn,
Fe, Ni and Pb are accumulated in the organogenic horizons. It was revealed that Fe
and Mn in the soils of the considered landscapes were typomorphic elements whose
content significantly influences the behavior of Ni, Cu, Zn and Pb. The results show
that the soils of autonomous positions, even despite the limited distribution area within
Polistovsky Reserve, demonstrated significant diversity. Differences in the composition
and properties of rocks affect soil properties, the severity of soil-forming processes,
and the contrast of geochemical differentiation of the profile, which should be taken
into account when planning environmental monitoring of both the lands protected and
affected by human activity in the territory under consideration.

The paper contains 1 Figure, 4 Tables and 32 References.

Key words: trace elements; elemental composition; Eutric Cambisol; Haplic
Luvisol; Rubic Arenosol; Rendzic Leptosol.
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BUOTEXHOJOI'UA U MUKPOBHNOJIOT' UA

VK 631.461:631.82
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A.B. Koziaos!, A.X. Kynmukosa?, O.B. Cennuxas®, IL.ILI. Ypomosa!

!Huoicecopoockuil 20cy0apcmeenvlil neda2oeuteckuil yHugepcumen
umernu Kozvmor Mununa, e. Husicnuii Hoseeopoo, Poccus
2Vbsano6ckuil 20cy0apcmeenblil azpaphblil YHUGepCUumem
umenu I1.A. Cmonvinuna, 2. Ynvsanosck, Poccus
3Poccutickuti 20cydapcemeennbitl azpapHolil yHUsepcument —
Mocrkosckas cenvckoxossiicmeennas akaoemus umenu K.A. Tumupszesa, e. Mocksa, Poccus

YeToi4nBOCTH MUKPOOHOJIOrHY€eCKO AaKTHBHOCTH
AEPHOBO-IIOA30JIMCTON NMOYBBI
B YCJIOBUAX IPUMEHEHHUS IMATOMUTA U LE0JINTA

Bnepevie onpedenena usmenuusocmv YUCIEHHOCMU OCHOBHBIX CANPOMPOGHHLIX
MUKDOOP2AHUBMO8 U (DepMEeHmamueHol  AKMUSHOCMU NOY6bl 8  MemoOUUecKOM
KOHMmMeKcme onpedeieHus YCmouyugoCcmi ee MUKpoOUOLo2UUecKoOU aKmMueHOCmU 8
DAMKAX OYEHKU PASHOCMOPOHHE20 63aUMOOEUCmBUs OUamomMo8ol U Yeoaumosot
nopoo ¢ 0epHOB80-NOO30IUCION TleeKOCyenuHucmol nousou. Ha ocnose nomyuenHvix
OAHHBIX PACCYUMAHbL UHMESPATbHble NOKA3Amenu HANpasienus mpaucghopmayuu
OpPeaHUUECKO20 Gewecmsa Nnousbl U YCMAHOBIEH YPOBEeHb ee MUKPOOUOIOSUUECKOl
cmabunbrocmu. 3aguxcuposana akmusuzayus AMMoHUGuUyUpyIowell u uneubuposanue
AMUTLOIUMUYECKOU (DYHKYULL MUKOOUOMbBL NOYGHL: 8 DoTbuLell CeneHl noo oelcmeuem
BbICOKUX 003 Ouamomumad, 6 Menvuiel — yeonumda. 100 enusHuem ouamomosou
NOpOObL  GbIAGLEHBI OMHOCUMENbHASL COXPAHAEMOCMb AMMOHUDUYUPYIOWel Yacmu
MUKPOOHO20 nyla 6 MNouge, CHUdCEHUe MUKPOOUOLOSUUECKOU MUHEPATU3AYUL ee
OpeaHUuecKoe0 eeujecmed U yeenuyeHue MUKPOOHOU Ouomaccvl. YcmauoeneHvl
onmumusayus OUOIO2UHECKOU OKYIbNYPEHHOCTU NOYEbL U NOBbIULEHIE YCIOUYUBOCHIU
ee MUKPOOUONIO2UYeCKOl aKMUBHOCU NpU NPUMEHeHUU Ouamomuma 6 003ax 6 u
12 m/ea. B omnowenuu 83aumooelicmeus yeoauma ¢ no4eoll cxoxcue HanpasieHus 6
AKMUBHOCTIU MUKPOOUOMbI HECMADUTLHYL 3A CYent OMCYMCMBUS NPOLOHSUPOBAHHOCHIU
U 8U0a MEHOCHYUU.

KuroueBbie ciaoBa: onan-kpucmodanumogvle u KIUHONMULOAUMOBbIE HOPOObL;
YUCTIEHHOCMb  CANPOMPOPHBIX MUKPOOP2SAHUIMO8, 2UOPONA3HASL (hepMeHmamueHas.
AKMUBHOCMb; MUKPOOUOTOSUYECKASL YCIMOUYUBOCIb NOYBDL.

BBenenune

TTouBa xax '{eTI)IpeX(l)aSHaSI JUHaMHU4YCCKas CUCTEMA q)yHKIII/IOHI/IpyeT B CIUH-
CTBC (bI/I3I/I‘IeCKI/IX, XAMHYECKHUX M OMOJIOTHUECKUX IIPOIECCOB ITOYBCHHOTO IIPO-
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¢wns [1, 2]. [Ipu OTCYTCTBHM CHCTEMAaTHUYSCKOTO HAONIOACHHUS 32 M3MEHCHHEM
MUKPOOUOIOTHYECKUX U OMOXUMUYECKUX ITOKa3aTeeH TOYBEHHOTO TTOKPOBa, Ha-
IpuMep, B yCIOBHUAX arpOdKOCUCTEM Halllel CTPpaHBI, s OTCICCTBEHHBIX U 3apy-
OexXHBIX (DyHAaMEHTANbHBIX padoT [3—6] yka3bIBaeT Ha MPHOPUTETHOCTh MOHU-
TOPHHTA JaHHBIX TApaMETPOB KaK IPH OIIEHKE YCTOWIMBOCTHU arpoiaHamagToB,
TaK ¥ [PU aHaJIN3€ TeOXUMHUUECKOI CTaOMIBHOCTH ITOYBEHHOTO TEJa B YCIOBUSX
€CTECTBEHHBIX M TEXHOTCHHBIX MpeoOpazoBaHuii. OCHOBHON MPUUYUHON CITYXKHT
9BOJIOLIMOHHO CIIOXKHUBIIEECs (DYHKIIMOHUPOBAHUE IOYBCHHOW CHCTEMBI uepes
Y3KyI0 MHKPOOHOTHYECKYIO HHUIIIY, TOCKOJIBKY OOOPOT MOCTyMAIomel MepTBOit
300- U (PUTOMACCHI HAMIPAMYIO COIPSIKEH ¢ ONOXUMUEH NeJ00MOThI, METa0O0IH3M
MTOYBEHHBIX MHKPOOPTAHW3MOB yUYaCTBYeT BO BCEX DJICMEHTAPHBIX IOYBEHHO-
OMOTHYECKUX TPOLECCaxX, a UX Macca COCTaBisieT 10 85% OT Bceil HaxonsIueii-
csl B Hel KUBOW OMoMacchl U 710 5% OpraHWYecKoro BelecTBa mouBbl. C oHOM
CTOPOHBI, 3TO JUHAMHUYECKUH MPHUTOK OPTaHOT€HHBIX KOMIIOHEHTOB B IOYBY,
KOTOPBIHA TOJDKEH IOJBEPTaThCsl ONTHMATIBHON UIS KaXKIOTO MOYBEHHOTO THUIIA
MUHEPAIH3alUuU C OTTOKOM U pe3epBalyeil CTaOUIbHBIX T'YMYCOBBIX BEIIECTB, C
JPYToi — 3TO (PU3NKO-XUMHUUECKOE B3aNMOJICHCTBIE TIOYBEHHOTO PacTBOpPa C Op-
TFaHOMHHEPAIBHON U KOJUIOUIHOM YacTsIMU KaJJOr0 IIOYBEHHOT'O TOPU30HTA U 110-
CIICTYIOIIAM DJTIOBHATEHO-MJUTIOBHATIBHEIM TIEPEHOCOM, COPOIMEH M OTIOKEHH-
€M TPOAYKTOB peoKC-TpaHCc(opmaruu. [Ipu 3ToM B 3KOTOTHUECKH YCTOHUMBOM
MTOYBEHHOM TeJIC 30Ha TOMEOCTa3a MUKPOOHOTO COOOIIECTBA, HHUIIMUPOBAHHOTO
OIIPE/ICTICHHBIM BO3ACHCTBUEM Ha IOYBY, HE JODKHA MPEBBINIATh €CTCCTBECHHYIO
Oy(epHyr0 eMKOCTh KOHKPETHOH reTepoTpOPHO MUKPOOHOTEI.

B cBs3u ¢ 3TUM B coBpeMeHHOH HayuHOil nuteparype [1, 3] mox crabumib-
HBIM (DYHKITHOHHPOBAHHEM MOYBEHHOTO ITOKPOBA CEITbCKOXO3IHCTBEHHBIX JIaH-
m1a)TOB MOHUMAETCSI ONTUMU3UPOBAHHAS CONPSKEHHOCTh (DU3UKO-XMMHUUECKUX
U MHKPOOHOJIOTHIECKUX POIIECCOB MOYBEHHOTO MPO(MIIsL, KOTOpas BO MHOTOM
UHUBUYaIbHO YCTAHABIMBACT CBOUCTBA A(P(PEKTUBHOIO IIOAOPOIHS TAXOTHO-
TO TOPU30HTA U ONITHMAIEHO BBICOKYIO TPOTYKTUBHOCTH arpO(UTOIIEHO30B.

Bonpoc 006 ycTOMYMBOCTH MUKPOOHOTHI TOYBEHHOTO MOKPOBA KaK TAKOBOH,
TaK ¥ K Pa3NIUIHBIM BO3JCHCTBHUAM B HAYYHOH JHTEpaType 0OCYKTacTCs CpaB-
HUTEIBbHO JaBHO [7—16]. Kpome Toro, cpean AaHHBIX HCCIEAOBAHUI MMOKA3aHBI
pesynbrarsl [9, 10, 16], KOTOphIE MOAYEPKUBAIOT MOJIIOKUTEIHHOE BIUSHUE T10-
YBOOOHTAIOMUX M HHBIX MHKPOOPTaHU3MOB Ha YCTOHYMBOCTBH CEJILCKOXO3Sii-
CTBEHHBIX KYJIETYp K HEOMAromoIyqIHbsIM sSBIeHUIM. OZHAKO B HACTOSIIICE BPEeMs
HET eIMHOT0 METOJ0JIOTHYECKOTO MOAX0Ja K OLEHKE YCTOHUMBOCTH MOYBBI KaK
€CTECTBEHHOUCTOPUIECKOTO TPUPOTHOTO 00pa30BaHNSI.

D¢ heKTUBHOCT, NPUMEHEHHS B arpo’KOCHCTEMax KpPEeMHUHCOIEPKAIIUX
MIPUPOTHBIX MATEPHANIOB B KauecCTBE yHTOOPEHHH, METHOPAaHTOB M ITOYBEHHBIX
KOHJMIIMOHEPOB TAK)KE paccMaTpUBacTCs yxe AnurensHoe Bpems [17, 18]. Omo-
KW, THATOMHTBI, TPETICNbI, IICOUTHl U Pa3INIHbIC TIIMHBI CIIOCOOHBI OKA3bIBATh
MOJOKUTEIBHOE BIMSIHUE HA (PU3UKO-XUMHUYECKHE U arpOXUMHUYECKHE CBOWCTBA
I0YB, ONTUMI3HPYS UX CTPYKTypHOE COCTOSTHHE W KHCIOTHO-OCHOBHOM PEXNM,
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a Taroke GochopHOE M KPEeMHHEBOE MUTAHNE KYJIBTYpPHBIX PACTCHUH, YTO B UTO-
re IMOJOKUTENILHO CKa3bIBaeTCs HA WX YPOXKAHHOCTM W KauyecTBE MOIy4aeMOil
npoaykiuu [19-21]. Kpome Toro, psiji TakKUX MaTepralioB CIIOCOOCH MPOSBIATH
COpOLIMOHHBIE CBOICTBA B OTHOIIEHHH HOHOB MHOTHX TSDKEJIBIX METAJIJIOB U aJTto-
MUHHS, OCTaTOYHBIX KOJMYECTB IECTHIUAOB U MOITHIIMKINICCKAX apoMaTHde-
CKHX yIJIEBOZOPOJIOB, MBIIIbIKA U JIPYTHX 9KOTOKCHKAHTOB. JlaHHBIE OKa3aTeIn
MIPEAyCMaTPUBAIOT MIHPOKHE BOZMOKHOCTH HCIIOTIB30BaHHSI KPEMHHUEBBIX ITOPOJT
B arposkocrcreMax. OHaKo K HaCTOSIIEMY BPEMEHHU B HEJIOCTATOYHOH CTENEeHH
HaKOIJICHO CBEJCHUH, OMUCHIBAIONINX MOBEICHIE MHUKPOOWOTHI ITOYBHI IIPH €€
B3aUMO/ICHCTBUH C BELIECTBOM KPEMHHEBBIX MaTrepuaiioB. Kpome Toro, ycroidn-
BOCTb TaKHMX 3HAUNMBIX aCIICKTOB, KaK YIJIEPOIHBII U a30THBIA IIUKIIBI ONOXUMU-
YeCKOT0 ITPEeBPAILeHHs BELIECTBA B [I0YBE, TPU NPUMEHEHHH BEICOKOKPEMHHUCTBIX
MIOPOJT HE paccMaTpUBAJIaCh.

Panee [22, 23] u3yueHbl MUKpOOHOTHYIECKHE OTKIMKU FeTEPOTPOQHBIX MPOKA-
puot L-ot6opa (Ha mpuMepe 1eIUTIoI030canpoTpodHbBIX OakTepuii), a Takke 0ak-
tepuii R- u K-crparernii (oamrorpods! n npencraButesn 6aKTepuagbHOTO aBTOX-
TOHHOTO MUKPOOWOHACENICHHNST) Ha BEIIECTBO MPUPOTHBIX KPEMHUHCOICPIKAIINX
MaTrepHaloB B YCIIOBUSX I0JIEBOTO OIbITa. Lleb JaHHOTrO HCccie0BaHus — OleH-
Ka COCTOSTHUSI 0a3MCHBIX MHUKPOOHBIX yYaCTHHUKOB L-0TOOpa CTpaTeruu BHDKH-
BaHMs (aMMOHUGDUIMPYIOIIAS ¥ AMUJIOJUTHICCKAs] KOHCOPIMK) B COMPSIKCHHH
C THUApOJNIa3HOW (HDEPMEHTATUBHOW aKTHBHOCTBIO JIEPHOBO-TIOA30IMCTON MOYBBI
TOJ1 JISHCTBHEM BBICOKHX /103 AMATOMOBOI U IIEOJIMTOBOM MOPOJI C OCIIEYIOIIEH
OIICHKOW CTaOMIIBHOCTH paccMaTpUBaeMON YaCTH MUKPOOHOTHI.

Marepuajbl 1 METOANUKH UCCJIeT0BAHUS

[Toneswie uccnenoBanus nposeneHsl B nepuoa 2015-2017 rr. Ha ombITHOM
y4acTKe KapTo(eeBOMIeCKOro MPeanpusITis bopckoro MyHHUIMIIANBEHOTO paii-
ona Hmwxkeroponckoit oomact OO0 «2iutx03» (56°31'13.00"N 44°06'57.37"E).
OOBEKTHI UCCIICIOBAHUS — TUATOMUT U3 MH3eHCKOro MecTopokaeHuUs (YbsHOB-
CKasi 00J1acTh) M IIEOJIHT U3 XOTBIHEIKOro MecTopoxaeHus (OpiioBckas 001acTh).

JMaToMUTBI BXOJAT B OMANI-KPUCTOOAIUTOBYIO TPYIIITY U IPEACTABISIOT COO0M
0CaJIOYHYIO TIOPOJIy OPraHOT€HHOTO IeHe3a, KOTOpas COCTOMT U3 OCTATKOB IaH-
nupeit TMaToMOBBIX BOJOpociieil. OTIHYUTENEHBIME OCOOCHHOCTSIMHU MaTepHaa
SIBIISIFOTCST €0 OMOTCHHOE MTPOUCXOXKIICHHE, HAJTMUUe HAHOIIOPUCTON CTPYKTYPBI
U BBICOKOE COJIepKaHUe aMOP(HHOTo (HEOKPHCTAIUTM30BAHHOT0) KpEMHE3eMa — /10
50%. JIlnaToMHTBI OONATAIOT PSJIOM Pa3IMYHBIX CBOMCTB, TUTATEILHOCTh U Ka-
TAJIUTHYCCKAsT CIIOCOOHOCTH KOTOPBIX SIBJISIOTCSI HANOOJICe 3HAYMMBIMHU C TOYKH
3peHHs] arPOHOMHYECKOTO MTOYBOBE/ICHHS. B BanoBom cocraBe jquaromutoB WH-
3EHCKOI0 MECTOPOXKJIEHHUS B CpeiHeM coepxkutces (%): SiO, — 83,1, CaO - 0,52,
MgO - 0,48, P,O, — 0,05, K,O — 1,25. KaTHOHOOOMEHHBIH KOMILIEKC MOPOIBI
BKJIFOUACT (MI/Kr) oOMeHHbIe coenuuenus kanbius (Ca*") — 10, maraus (Mg?") —
39 u docdopa (PO,*) — 37 [23]. OmmuuTenbHON 0COOEHHOCTBIO paccMaTpuBa-
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€MOTO TMATOMHTA SIBISICTCS OYCHB BBICOKOE CONEpKaHUE aMOP(HHOTO KPEMHUS
(Si0,) — 12 200 mr/kr u xamust (K*) — 350 MI/KT, 4TO ONpPENENSET BHICOKYIO €M-
KOCTh KaTroHHOTO 0OMeHa (EKO), xoTopast, 1o JaHHBIM Pa3HBIX aBTOPOB, MOXKET
nocturats 80—100 mr-sxB./100 r mopoasl. Takue cBoiicTBa MaTepuaa H3HAYAIIb-
HO MOTYT OIIPEIETISTh €€ BBICOKYIO TOCTYITHOCTh K OMOPA3I0KEHUIO TOYBEHHEI-
MU MHUKpOOpranu3Mamu. J[aHHbIe CBOICTBA ONMPEICISIIOT BRIPAYKEHHBIE HOHOO0-
MEHHBIE COCOOHOCTH MaTepHaia W €ro JOCTYHHOCTh K MHKPOOHMOIOTHYECKOM
MUHEpaTu3allnu.

LeomuTsl — 0camoYHbIC MTOIUTHIPATHPOBAHHBIC KAPKACHBIC aJTFOMOCIITHKATHI
MPEUMYIIECTBEHHO THPOTEPMATIBHOTO YK30TCHHOTO MPOUCXOXKACHHS, B COCTa-
BE KOTOPHIX IOMHHHPYIOT KIMHONTHJIONHUT, OMAI-KPUCTOOANUT, TUAPOCIIONHI,
KaJbLUT, KAONMHUT U Jpyrue MuHepansl. L{eonuT XOTBIHEIKOTO MECTOPOXKIC-
HUS cIOKeH Ooiee, ueM Ha 37%, KIMHONTHIIONNTOM, a TaK)Ke B CBOEM COCTa-
Be CONIEpKUT cBblme 15% oman-kpucrobanuta, okoio 11% ruppocmon, 10%
TOHKO3epHHUCTOrO KBapua u 8—10% monTMopmiionuTa [24]. B BanoBoMm cocra-
BE LIEONMTOBOM MOPO/IbI B cpeteM conepxkutes (%): SiO, — 56,6, CaO — 13,3,
MgO - 1,90, P,O, - 0,23, K,O - 1,82, Na,O - 0,23, SO, - 0,13, AL O, — 10,41,
FeO + Fe,0O, — 3,87 u npyrue snementsl. KaTHOHOOOMEHHBIH KOMIUIEKC MOPO/IbI
BKIItOUaeT (Mr-okB./100 r) o4eHb OOJIBIIOE COJIepKaHNE OOMEHHBIX COCAMHECHUI
kpemuus (SiO,>) — 900, Bricokoe coneprxkanne Maruus (Mg**) — 160 u eme 601b-
mre kanbist (Ca?’) — 480, a Takke TOCTATOYHO BBICOKOE COMCPIKaHHEe OOMEHHBIX
coequaenuit pocdopa (1o 26) u xanug (7o 25), YTO XapaKTepPU3yeT BBICOKYIO
MUTATEIHHYIO IICHHOCTh MaTepHaia Ul (PUTOIICHO30B U MOYBEHHON MHKPOOHO-
Thl. Takue cBoiiCTBa 1I€OMUTA H3HAYATBLHO MOTYT OIPENEIISATh €ro MOAATIMBOCTh
K OMOXMMHUYECKOH JAECTPYKINH MOYBOOOHUTAIOIIUMH MUKPOOPTaHU3MaMH H, KaK
CJIC/ICTBHE, BIMSHUC HA XUMUYECKHUE CBOMCTBA MOYBEI.

3a c4eT MONMMMHHEPAIHHOTO COCTaBa IEOTUTHI UMEIOT PSIIl OTIMIUTEIHHBIX
CBOMCTB, B YaCTHOCTH, TAKHE KaK COPOIIMOHHAsS aKTUBHOCTbD, HEUTpaIbHAs peaK-
IUS] ¥ BBICOKAs! KATHOHOOOMEHHOCTb.

B MHKpPOII0JIEBOM OIBITE OPOJIBI BHOCHIIH OHOKPATHO B ITAXOTHBIH TOPU30HT
B sieTHUH ce30H 2014 T. mpu 3aKimajKe omnbiTa U pa3OMBKE ydacTKa Ha JCISTHKH.
Cxema omblTa BKJIIOYQJIa BapUaHT Oe3 MCIoib3oBaHus yaoopenui (KoHTpob,
Control), a Takke BapHaHTBHl C BHECEHHEM B ITOYBY BBICOKHX 03 AWATOMHUTA U
neonurta — u3 pacuera 3 1/ra (Auatomut-1 (Diatomite-1) u LHeonut-1 (Zeolite-1)),
6 1/ra (JInaromut-2 (Diatomite-2) u I{eomut-2 (Zeolite-2)) u 12 1/ra (Anatomur-3
(Diatomite-3) u L{eonut-3 (Zeolite-3)).

OTBITHOE TIOJIE CIIOKEHO JIEPHOBO-TIOM30IMCTON CpEeTHENCPHOBOM HETTyOOKOO-
MOJI30JICHHON HEOIVIEEHHOMN JIETKOCYIIMHUCTON IOYBOH, ¢(OpMUPOBAHHON Ha MO-
KPOBHOM CYIIIMHKE; 110 [25] — T iepHOoBO-3moBo3eM TuinaHblii AY-EL-BT-D (C)
(mo WRB — Retisols). Ha MOMEHT 3akiafikil OIbITa MOYBA XapaKTepPHU30BaIach
cpennexucnoi peakuueit (pH, ., 4,8 en. pH), ruponuTH4eCKOi KUCIOTHOCTBIO
H, 2,83 mr-3kB./100 T, cpetHiM cofiepKaHueM OOMEHHBIX COEIMHEHUHN KaslbIus
(5,10 Mmr-3kB./100 T) 1 Mmaruus (1,17 mr-skB./100 T), cpetHe cTeneHbIo HAChIIICH-
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HOCTH T104BbI OcHOBaHuAMHE (V 69%), HU3KMM cozepxkanueM rymyca (1,21%),
cpenHel 00eceueHHOCThIO MO/IBIDKHBIMU COeAUHEHUAME (hocdopa (86 MI/kr) u
kamust (110 mr/kr) — mo KupcaHoBy, a Takke cpelHUM ypoBHEM Jedunura B Oa-
JaHce akTyaJbHbBIX (16 MI/KT) U MOTeHIUANbHBIX (213 MI/KT') COETUHEHUI KpeM-
HHUS — 110 MaThIYE€HKOBY.

B rozmpl nccienoBaHus BBIPAIIUBAINA 3€PHOBBIE KYJIBTYPBI, COpTa KOTOPBIX
paiioHHpoBaHbI 0 Bonro-BaTckoMy peruony: o3umasi MireHua copra MockoB-
ckas 39 (2015 r.), s;tumens copra Benec (2016 1) u ropox noceBHoi copra Ywm-
MuHCKUH 95 (2017 1.). ATpoTeXHUKa BBIpAIIMBAaHUS KYJIBTYP — OOMICTIPUHSATAS
JUTSL MEKPOTIOJIEBBIX SKCIIEPHMEHTOB, BCEe pabOTHI IPOBOAWIIN BPYyUYHY0. Y 4eTHas
UTOIIA/b JSTSIHKY — | M%, PacIioyoKeHUEe JeISIHOK PEeHAOMU3HPOBAHHOE, TOBTOP-
HOCTb B OIIBITE — YETBIPEXKpaTHas.

OO0pa3Iiel TIOYBBI OTOMpATH B THH YOOPKH yporKasi KyJIbTyp: TOYCUHBIC — Me-
TOJIOM KOHBEpTa U3 IIATH TOYEK C JICISHKH, COEUHAS UX B OJIMH OOBEHMHEHHBII
obpazer. OTOOp MPOBOAMIIH U3 TYMYCO-aKKyMYJIITHBHOTO (ITAXOTHOTO) FTOPH30H-
Ta, MOCKOJIBbKY UMEHHO B 3TOI 4acTH MOYBEHHOTO MPOMUIISL COCPEAOTOUEHA OC-
HOBHAS 9aCTh CAPOTPO(HBIX MUKPOOPTaHN3MOB, OTBEUAIOIINX 32 IIPEBPAIICHIEe
BEIIECTBA YIIEPOHOTO U a30THOTO IUKJIOB [26]. Jlanee nmouBeHHbIE 00pa3Libl 10-
CTaBJLUTH B J1a0OpaTOpHIo, OTOMpaNN MOCTOPOHHHE BKIIFOUCHUS M MPOCEHBAIN
4yepe3 CUTO ¢ AUAMETPOM SUEEK B 5 MM.

3areM IPOBOJIHIIN MTOJrOTOBKY 00pa3IoB K aHammu3aM 1o Metoanke B. /1. Myxu
n J.LW. BacuibeBoii ¢ onpeiesieHneM HHAKTHBUPOBAHHOTO 1 MOOMIIM3UPOBAHHO-
T0 KOJMYECTBA MHKPOOPraHu3MoB [27]. OObearHEHHBIH 00pa3ell BHICYIIHBATIH
€CTECTBEHHBIM ITyTE€M B TEHH, 3aTeM Pa3/IeNsuId Ha JBE 4acTH, OJHY M3 KOTOPBIX
OCTaBILLIN (MHAKTHBHPOBAHHBIN 00pasel), a Apyryio yBiaxusum 10 60% ot KB
U TIOMEINAIY B TEPMOCTAT HAa UHKYOanuto B TeueHue 12 cytok npu +28°C (MoOu-
JIU3UPOBAHHBIN 0Opaser).

Jlaee 4MCIEHHOCTh MUKPOOPTaHU3MOB OIPEJISIISITN JIBXK/IbI — B UHAKTHBH-
POBaHHOH M MOOMITM3UPOBAaHHOM moYBe MeTogoM Koxa ¢ pa3BeeHreM MOYBHI 110
[Mactepy [28] na maconentonnom (MITA, BEA) u kpaxmano-ammuaqaom (KAA,
Inorganic Salt Starch Agar) arapax. CoctaB MIIA, 1/ cpepl: THAPOIH3AT MaH-
KpeaTHueckuil — 12; mentoH (epMeHTaTUBHBIN — 12, HaTpuil XJIOpUCTHIH — 6,
arap-arap — 15. CocraB KAA, r/n cpenpr: kpaxmai — 10, cynbdar aMmMoHus — 2,
rugpooprodocdar kanus — 1, xaopua Hatpust — 1, cynsdar maraus — 1, kapoo-
HaT Kanmpuus — 3, arap-arap — 20. @epMEeHTATHBHYIO aKTUBHOCTH OMPEEISUIN
U3 CBEXKHMX 00pa3loB. AKTHBHOCTH IPOTEOIUTHYECKUX (PEPMEHTOB OIpeIeNsIn
CTIEKTPO(POTOMETPUICCKH HUHTHIPUHOBBIM METOJIOM I10 ["aJcTsSHy M ApyTIOHSH
npu nomonu crnekrpodoromerpa [13-5400 BU (OO0 «Dxpocxum», Poccus),
AKTHBHOCTH HHBEPTA3HBIX (DEPMEHTOB — IPaBUMETPHUCCKIM METOIoM 110 Kympe-
Buuy u lllepbakoBoii ¢ peaktuBom PemuinHra [29] npu HOMOIMIN CyX0XXKapOBOTO
mkada ['T1-40 CITY (OAO «Cwmonenckoe CKTB CITY», Poccus). Takxke B cBe-
KMX MOYBEHHBIX 00pa3Lax oNpeeNsii HHTEHCUBHOCTD Bhiaenenus CO, mouBoii
razoMeTpudeckum metogoM 1o [anctsany (CDT), oOnryro Guomaccy MHUKpOOp-
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TaHU3MOB OIICHUBAJH TI0 YIIIEPOAY MHKPOOHOI MaccChl, ONMPEAETICHHOMY pETH-
JpaTalMoHHBIM MeTofoM 1o braromarckomy (Cy . o). AHATUTHYECKAs YacTh
HCCIIeIOBAaHMS BBHIIOJNIHEHA Ha 0a3ze 1abopaToOpHOTO KOMIDIEKCa «DKOJIOro-aHa-
JIUTHYECcKas 1a00paTopusi MOHUTOPUHTA U 3AIIUTHI OKPYXKAIOLIEH cpeabh» U Ha-
Y4HO-00pa30BaTeNbHOTO HeHTpa «brnorexHomorms»y MUHHHCKOTO YHUBEPCUTETA
(r. Huxuwmii Hoeropona, Poccust) B mepuon 2014-2017 rr.

YCTOHUMBOCTD TOYBEHHOW MUKPOOHOTHI OlleHUBAIH 110 MeToauke B.J[. Myxu
u JLU. Bacunbesoii [27], paccuutbiBas koddduurent munepanmmsauuu (C,)
KaK ITOKa3aTellb, XapaKTepU3yIOMNi HHTEHCHBHOCTE MHUKPOOHOTO Pa3lOyKEHHS
OpPTraHUYECKOrO BEIIECTBA B IOYBE, CTENEHb N-MHKPOOHOIOTHUYECKOH YCTOIi-
uuBoctd (DMS ) akruBHOCTH amMmMornpuumpyromux (DMS ) u amuionuTa-
ueckux (DMS, ) rpynn MUKpOOHOTEI, @ TaKkkKe KOO()PUIMEHT HHTEHCUBHOCTH
MHUKpOOHO# Tpancdopmamun N-comepxkamux opranndeckux semects (IMT)) —
KaKk IOKa3aTelIM, OMHUCHIBAIOIINE CTAOMIBHOCTH CanpoTpO(GHOrOo MHUKPOOHOTO
myJ1a TouBbl. Kpome Toro, paccuuThIBaICS KOAPPUIIMEHT MUKPOOHOIOTHIECKOM
OKynbTypeHHOCTH 1o4Bbl (DMC, ) Kak yCIOBHBIH 10Ka3aTelb, OTPAKAKOIIMIH Xa-
paxTep ee MUKpOOHOTO HACHIIIEHHSI, CBOHCTBEHHOTO /ISl THIIMIHOTO KYJIBTYpPHO-
r'0 I04YBOOOPa30BaHMs (arporeioreHes3a).

Marematudeckyio 00paboTKy IOMYYEHHBIX TaHHBIX MPOBOAWIA METOJaMHU
BapuannoHHo# craructuku [30] (cpennee apudmMeTnueckoe, CTaHIAPTHOE OT-
KJIOHEHHE, KOAP(UIIMECHT BapHanuu U Kputepuit duiiepa) ¢ HCHONB30BAHAEM
nporpammuoro nakera Microsoft Office Excel 2007.

PesysabTarsl HccaeqoBaHus U 00CYKIeHIE

KuzHeneaTenbHOCTh MUKPOOPTraHU3MOB, yYaCTBYIOIIUX B OMOXMMHYECKOM
YHPOILEHUN OPraHMYECKUX BELIECTB, SABJSIETCA OJHMM M3 KJIOUEBBIX IMpOLEC-
COB IreHe3uca OYBEHHOTO PO, KOTOPBIK, B CBOIO 04epeib, (HOPMHUPYET €ro
€CTECTBCHHYIO TCOXUMHUECKYIO yCTOHUUBOCTD [31]. [Ipu 3TOM MUKpOOHBIE acco-
nuanuu L-ctparernu xxu3zneodecrnedeHus (IKOJI0rHYecKuil 0T00p HeCTaOMITbHBIX
YCIJIOBUI1) 37€Ch HPOSIBIAIOT ONPEAEISIONIYI0 POJib, IOCKOJIBKY UX HPEACTaBU-
TEJIM COZIEPKATCS B TIOYBAaX B HEOOJBIIMX KOJIMYECTBAX, HO MACCOBO U aKTUBHO
pearupyroT Ha CBEKEEe OpraHMYeCKOe BEIeCTBO. YUCIEHHOCTh JaHHBIX MUKPO-
OpPTraHU3MOB SIBIISICTCSI HHIUKATOPOM PEMUCCUHM BCETO MHUKPOOHOTO ITyja B JKC-
TpeManbHBIX ycinoBUaX. COINTacCHO MHOTOJIETHUM HCCIIeZIoBaHUSM [27] oleHka
COCTOSIHUSI CTA0OMIIBHOCTH MTOYBEHHON MUKPOOHOTHI BO3MOXKHA TIPH €T0 AByX(a3-
HOM aHaim3e. Pa3a HHAKTUBUPOBAHHOTO COCTOSHISI XapaKTEPHU3yeT CIIOCOOHOCTD
MOYBBI K COXPAHEHMIO OIpeIeIeHHOH MUKPOOHON HUIIK (MUKPOOHOIOTHYECKAs
YCTOWYHMBOCTE), B TO BpeMs KaK MOOWIM3UPOBaHHAS (ha3a OMUCHIBACT MTOTCHIIN-
AIbHYI0 MUKPOOHOJIOTHYECKYI0 aKTUBHOCTb B TI0YBE, T.€. HauOoJIee BO3MOXKHBIH
OMOXUMHUYCCKHI «3aI1acy UCCICAYeMOH MUKPOOHOW KOHCOPITUH.

[TockonbKy B HACTOSIIIEM UCCIIEI0BAHIH B3aUMOJICHCTBHE IUATOMHUTA U IIEOJIUTA
B IIOYBE COIPSKEHO UCKIIOYUTENILHO C €€ €CTECTBEHHBIMU OPIraHNYECKUMHU KOMIIO-
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HEHTaMH ¥ B TOM YHCIIE C TyMYCOM, HEOOXOMMOM OKa3bIBAaCTCs OIICHKA BapHadeIb-
HOCTH B KOJIMYecTBe canporpooB L-cTparerun B HHAKTUBUPOBAHHOM M MOOWIIH-
3WPOBAHHOM COCTOSTHUSIX, BO3HHUKAFOIIEH O] TEHCTBHEM N3yJacMBIX MAaTCPHAIIOB.

Januble Tabn. 1 oTpa)kaloT U3MEHEHHs YMCICHHOCTH aMMOHHU(UIMPYOIINX
1 aMIJIOUTHYCCKUX MUKPOOPTAaHN3MOB B TIOYBE, IPOUCXOISIINE MO IeHCTBHEM
HCCIIeNyeMbIX MaTepUalioB B TeYeHHE 3 JIeT.

[Ipexne Bcero Hy>)KHO OTMETHUTH CTaOMIBHOE YBEIWICHUE UHCICHHOCTH aM-
MOHH(UIMPYIOIINX ¥ YMEHBIICHHE YUCICHHOCTH aMHJIOIUTHYECKHX MHKPO-
OPTaHM3MOB B MIOYBE IO TOAM MCCIICIOBAHUHN, IIPOUCXOIUBINEE TION JCHCTBHEM
n3y4aeMbIX MarepuaioB. [IpuueM paHHBIE M3MEHEHHs IPOMCXOAWIN KaK HpH
WHAKTUBAIIMH TTOYBHI, TaK ¥ IIPU €€ MOOMIM3AIINH.

BeIsiBiIeHO, 4TO Ha BapHaHTaX ¢ IPHUMEHEHHEM JANaTOMHTA KOJIMYECTBO aMMOHH-
(pMKaTOpPOB B MHAKTHBUPOBAHHOM TTOYBE Bo3pacTaeT. PocT uncna maHHbIX OakTepHit
MPOJIOJDKAJICS JI0 2-TO To/ia, a MaKCUMalibHast 3((EKTHBHOCTD B OTHOILIEHHH ITOKa3a-
TeJISI TPOCTIEKUBAIACH HA BAPUAHTAX C BHECEHHEM B ITOUBY 6 T/Ta mopoms! — 10 31%,
46% u 43% COOTBETCTBCHHO 110 TOJaM HCCIICIOBAaHUI. AHAJIOIHYHAS, HO MCHEE aK-
THBHAs 3aKOHOMEPHOCTH OTpakajlach M B MOOMITI3UPOBAHHBIX 0Opa3max. [Ipu stom
aKTHBHOCTH TMOKa3aTess COXpaHsulach 10 3-TO roja MccieoBaHus. B cpennem 3a
BpeMsI TIPOBECHUS AKCIIEPUMEHTA YHCICHHOCTh MHAKTUBHPOBAHHBIX aMMOHH(H-
KaTOpOB MaKCUMAJIBbHO Bo3pacTana 10 42%, a MOOMIM3UpOBaHHBIX — 110 13%.

Tabnuna 1 [Table 1]
YuciaeHHOCTh aAMMOHUG(DUUIHMPYIOUIUX M AMHIOJIUTHYECKUX MUKPOOPTraHHM3MOB
B /IEPHOBO-II030/IUCTOM MOYBe U3 HHAKTUBHPOBAHHBIX (BepXHee 3HAUEHHE)
U MOOMJIU3HPOBAHHBIX (HMZKHee 3HAaYeHUE) 00pa310B B 3aBUCHMOCTH
OT BH/1a U [103bI BBICOKOKPEMHHUCTOI MOPOJbI
[Number of ammonifying and amylolytic microorganisms in the sod-podsolic
soil from inactivated (the top value) and mobilized (the lower value)
samples depending on the type and dose of high-siliceous rock]

JIMHAMHKA YUCIIEHHOCTH 10 TOIaM HCCIIEIOBaHUS B cpennem
Bapuant [Number dynamics by years of research] 3a 3 rona
[Variant] 2015 2016 2017 [Average
m+SD | V | m*SD | V m=SD | V| for3 years]
Ammvonundumpyroume Mukpoopranusmsl (MITA) x 107 KOE/r nousst
[Ammonifying microorganisms (BEA) x 107 CFU/g of soil]
Control 1,24+0,10 16 2,18+0,09 9 3,36+0,06 4 2,26
4,83+0,10 4 7,64+0.11 3 9,85+0,04 1 7,44
Diatomite-1 1,56+0,04 5 2,94+0,06 4 3,98+0,11 6 2,83
5,12+0,07 3 7,89+0,27 7 11,03+0,07 1 8,01
Diatomite-2 1,63+0,07 9 3,18+0,06 4 4,80+0,11 5 3,20
5,24+0,09 4 8,38+0,13 3 11,68+0,08 1 8,43
Diatomite-3 1,59+0,08 11 3,07+0,06 4 4,62+0,09 4 3,09
5,194+0,11 4 8,32+0,13 3 11,46+0.17 3 8,32
F, (F =3,86) 5,83 /3,58 37,76 / 7,89 120,35/ 50,08 -
Zeolite-1 1,34+0,07 10 2,44+0,14 11 3,44+0,05 3 2,41
cotte” 496+0.15 | 6 | 7924026 | 7 | 9924022 | 4 7.60
Zeolite2 1,39+0,03 5 2,60+0,18 14 3,67+0,05 3 2,55
5,03+0,19 8 8,00+0,09 2 10,19+0,33 6 7,74
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OxoHuanue Tabu. 1 [Table 1 (end)]

JlnHaMuKa YMCIEHHOCTH T10 TOJIaM MCCIeI0BaHuUs B cpennem
Bapuant [Number dynamics by years of research] 3a 3 romga
[Variant] 2015 2016 2017 [Average
m = SD Y m = SD A\ m =+ SD A\ for 3 years]
. 1,42+0,06 8 2,47+0,10 8 3,89+0,07 4 2,59
Zeolite-3
5,13+0,13 5 8,144+0.,31 8 10,31+0,13 3 7,86
F,(F,=3,86) 1,65/0,71 1,31/ 1,09 19,42 /1,36 —
Ammnonuriyeckue MukpoopranusMsl (KAA) x 107 KOE/r moussr
[Amylolytic microorganisms (Inorganic Salt Starch Agar) x 107 CFU/g of soil]
Control 1,38+0,03 5 2,33+0,11 9 4,66+0,08 4 2,79
4.92+0,12 5 7,86+0,19 5 8,80+0.16 4 7,19
Diatomite-1 1,01+0,03 6 2,08+0,04 4 4,.41+0,08 4 2,50
4,114+0,15 7 7,14+0,11 3 8,244+0,14 4 6,50
Diatomite-2 0,82+0,05 14 1,51+0,04 5 3,19+0,09 5 1,84
3,86+0,14 7 6,69+£0,36 11 7,39+£0,07 2 5.98
Diatomite-3 0,87+0,06 15 1,67+0,09 11 2,85+0,08 6 1,80
4.02+0,15 7 6,84+0,24 7 7.21+0,17 5 6,02
F.(F =3.86) 26,40/12.47 29.48 / 6,56 117,69 /21,95 —
Zeolite-1 1,04+0,07 13 2,26+0,05 5 4,57+0,03 2 2,62
0 430£019 | 9 | 7504020 | 5 | 8.62+009 | 2 6.81
Zeolite-2 1,01+0,09 19 2,18+0,07 7 4,43+0,04 2 2,54
4,20+0,16 8 7,32+0,18 5 8,54+0,09 2 6,69
Zeolite-3 0,93+0,07 16 2,01+0,08 8 4,394+0,08 4 2,44
comte 4184008 | 4 | 7224016 | 5 | 848+009 | 2 6.63
F,(F,=3,86) 7,16/ 5,05 4,77 /2,00 3,54 /1,65 —

IIpumeuanue. 3nech u nanee: m=+ SD — cpennss apudmernyeckas + CTaHIAPTHOE OTKIOHEHHUE;
V — koappunment papuaimu (%); F,— pacuetnsiit kpurepunii @uniepa B CpaBHEHAH BAPUAHTOB
[pHU CTATHCTUYECKOM ypoBHE 3HaunMoctu p<0,05; F = 3,86 — Teopernueckuii kpurepuii Ou-
wepa mpu n, = 3 u p<0,05.

[Note. Hereinafter: m + SD - Arithmetic mean + Standard deviation; V - Variation factor (%); F, - Settle-
ment Fisher’s ratio test in comparison of variants with statistical significance value equal to p < 0.05;
F,=3.86 - Theoretical Fisher’s ratio test at n, = 3 and p < 0.05].

HpI/I HUCIIOJIb30BAHUN HCOHI/ITOBOﬁ mopoJbl HaMe€4YCHa TCHACHU WA ONTUMMU-
3anuu 00enx (a3 aMMOHH(DHIHMPYFOIIEH TPYIITBl MUKPOOPTaHU3MOB, KOTOPast
TOJBKO Ha 3-# ToJ OKasajJlaCb CTAaTHCTHYCCKH CyHIeCTBeHHOﬁ B OTHOIICHUHU
WHAaKTHUBHPOBAHHOW MHKPOOHOW acconuanuu. [lo-BUAMMOMY, ONTHMHU3AIIMS
yCHOBI/Iﬁ JKUBHCACATCIBbHOCTU JAHHBIX I'PYIII MUKPOOPTraHU3MOB O6y0J'IOBJ'ICHa
KaK MMOBBIIEHUEM JJOCTYITHOCTHU KPEMHHUECBLIX BEIICCTB B ITIOYBE, TAK U YJIy4dIlIC-
HUEM €€ KHCJIOTHO-OCHOBHOI'O pE€KHMa, NPOUCXOAAIINM 3a CUHCT AUATOMUTA U
meonuta [21].

B ominuue ot aMMOHI/I(I)I/IHI/Ipy}OHII/IX L-CTpaTCFOB AMUWJIOJIUTHYICCKA rpyIina
MHKPOOHOTHI HHAYE pearupoBayia Ha B3aNMOJICHCTBUE N3yYaeMbIX MaTCPHAIIOB C
MOYBOM. 3I[eCI) YHUCJIICHHOCTh aMUJIOJIMTUKOB B HHaKTHBHpOBaHHOﬁ I1I04YBC€ CHHIKA-
JIach JI0 BapHaHTa ¢ 6 T/ra TUaToMuTa | J0 BapyuaHTa ¢ 12 T/ra meonura.

B Cp€AHEM 3a I'oAbl UCCIICJOBAHUS KOJIMYCCTBO aMUJIOJIMTUICCKUX MUKPOOP-
raHU3MOB YMEHBIINUIIOCH Ha 34% B yCIOBUAX IPUMEHEHUS JUATOMOBOM IOPOBI
u Ha 13% npyu NPpUMEHCHUH LICOJIHUTA. M06I/IJII/I3aIII/I$I IIOYBCHHBIX 06pa3u03 I0-
Kazalla CXOXKYI0, HO MEHEe HHTCHCHBHYIO MHTHOUPYIONIYIO 3aKOHOMEPHOCTD: JI0


http://www.translate.ru/dictionary/en-ru/Fisher's ratio test
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17% cHWXeHHs YUCICHHOCTH Ha BApUAHTaX C IMATOMUTOM U 10 8% CHUKCHHUS —
Ha BapHaHTaX ¢ LEOJUTOM. BeposATHO, YTO Takasi 0COOEHHOCTh B3aMMOACHCTBHS
TTOPOJT C TIOYBOM, MPOSBUBIIASICS HA KOIMUECTBE aMIJIONIUTHICCKHUX L-cTpaTeros,
CBSI3aHa CO CTENEHbBIO JOCTYMTHOCTH MUHEPAJIbHBIX COCMHEHUH a30Ta, a TAKXKe C
HaJIMYHEM JIETKOPA3IaraeMoro 6e3a30THCTOr0 OPTaHMIeCKOTO BEIIECTBA.

Kak nokazano panee [23], mpuMeHEHHE pacCMaTPUBAEMBIX BBICOKOKPEMHHU-
CTBIX IOPOJI CTIOCOOCTBOBAIO ONTHMHU3AINN PA3BUTHSI HEKOTOPBIX OIUTOTPO(OB B
[OYBE M CTAOMJIM3ALUH €€ TYMYCOBBIX KOMITOHCHTOB B BHJIC COXPAHEHHS KOJIHUC-
CTBa CIeNN(UIECKOTO OPTaHNIECKOTO BEIIECTBA HA OHOM YPOBHE B TEUCHHE JIET
WCCIIeZ0BaHMs. DTO, OUYEBUIHO, CBA3aHO C aKTHBM3allMed OMOXUMHUYECKOro 00-
Pa30BaHMS CIIOKHBIX KPEMHUHOPTAaHMYECKIX BEIICCTB B TYMYCO-aKKyMYJISTHB-
HoM yactu npoduist [32, 33]. B cBA3M ¢ 5TUM MOXKHO TpEAIonaraTb, YTo TPaHC-
(hopmaruss MOOMJIBHBIX OPTraHHMYECKUX MaTpHUIl B OONBIICH Mepe Ha BApUAHTAX C
JIMAaTOMUTOM U B MEHBIIIEH — C IICOJTUTOM, HAIIPABIICHA B CTOPOHY 3aMEIJICHUS UX
MUHEPAIH3alnH 10 MPOCTHIX KOMIIOHEHTOB. Hao00poT, CHIKEHNE aKTHBHOCTH
AMHJIOIUTHYCCKOM TPYIIIBI 3MIMOTCHHON HUIIIA MOTIIO OBITH OOYCIIOBJICHO BOBJIC-
uenreM NH,"-(popmbl a30Ta B IMKIIBI TTIOJTMMEPHU3ALMI U HOJUKOHIEHCAINH 6€3-
A30THCTOr0 OPTaHMYCCKOTO KOHTEHTA B MPEITIyMYCOBBIE MATPHUIBI ABTOXTOHHOM
KOHCOpIHEeH Mukpoopraau3mos [34, 35]. JlanHbIe TpoIIecChl CHUKAIOT KOHIICH-
TPALUI0 MHUHEPATBHOTO a30Ta U OTHOCUTEIBHO MPOCTHIX YITIEBOJOB B MUKPO30-
HaX MeTaboIM3Ma aMIUIONHUTHKOB, UYTO SIBHO HE CIIOCOOCTBYET ONTHMH3AINHU UX
pa3BUTHSL.

depMeHTaTHBHAS aKTUBHOCTDH TIOYBBI, OIPENICIICHHAS 110 BENUYNHAM HanOo-
Jiee 3HAYUMBIX THAPOJIA3HBIX (PePMEHTOB — IPOTEA3HBIX U MHBEPTA3HBIX, U3MCHSI-
JIach B CXOJKUX C YUCICHHOCTHIO MUKPOOPTaHU3MOB HAIIPABICHHSIX MO ICHCTBHU-
eM mopoy (Tabm. 2).

Tabnuna 2 [Table 2]
AKTHBHOCTH (pepMEHTOB 1ePHOBO-II030/IMCTOM OYBBI B 3aBUCHMOCTH
OT BH/Ia U /103bI BLICOKOKPEMHHCTOM MOPOAbI
[Activity of sod-podsolic soil enzymes depending on the type and dose of high-siliceous rock]

JluHamuka (epMEHTATUBHON aKTUBHOCTH
TIOYBBI 10 TOZJaM MCCIICIOBaHUA B cpeanem
BaprIaHT [Dynamics of soil enzymatic activity by years of research] 3a 3 roxa
[Variant] 2015 2016 2017 [Average
m=SD | V | m=SD | V | mzsp | v | lordvears]
[IpoTeasHast aKTUBHOCTb, MI" IJIMLIMHA/T TOYBBI/24 U
[Protease activity glycine, mg/g of s0il/24 h]
Control 2,12+0,02 2 3,21+0,04 3 3,96+0,05 3 3,10
Diatomite-1 | 2,69+0,01 1 3,90+0,03 2 4,60+0,05 2 3,73
Diatomite-2 | 3,03+0,03 2 4,68+0,10 4 5,13+0,02 1 4,28
Diatomite-3 | 2,90+0,06 4 4,57+0,07 3 5,02+0,06 2 4,16
F.(F,=3,86) 96,49 89,53 150,42 —
Zeolite-1 2,26+0,03 3 3,42+0,03 2 4,09+0,10 5 3,26
Zeolite -2 2,314+0,04 3 3,58+0,03 2 4,2140,05 2 3,37
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OxoHuanue Tabs. 2 [Table 2 (end)]

JuHamuka epMeHTaTHBHON aKTHBHOCTH
TTOYBHI 10 TO/IAM UCCIIEIOBAHUS B cpenrem
Bap IfIaHT [Dynamics of soil enzymatic activity by years of research] 3a 3 rona
[Variant] 2015 2016 2017 [Average
m=SD | V | m=SD | V | mzsp | v | lordvears]
Zeolite -3 2,38+0,03 3 3,64+0,05 3 4,29+0,05 2 3,44
F,(F,=3,36) 9,47 24,42 3,48 -
WHBepTa3Has akTUBHOCTb, MT TITFOKO3BI/T MTOYBBI/24 4
[Invertase activity glucose, mg/g of s0il/24 h]
Control 8,66+0,07 2 9,73+0,06 1 9,89+0,10 2 9,43
Diatomite-1 8,46+0,13 3 9,21+0,06 1 9,11+0,11 2 8,93
Diatomite-2 | 8,40+0,07 2 9,09+0,19 4 8,83+0,12 3 8,77
Diatomite-3 | 8,32+0,10 2 8,94+0,10 2 8,78+0,10 2 8,68
F,(F,=3.,86) 1,91 7,42 31,67 —
Zeolite-1 8,59+0,06 2 9,55+0,10 2 9,50+0,11 2 9,21
Zeolite-2 8,50+0,04 1 9,47+0,06 1 9,33+0,14 3 9,10
Zeolite-3 8,44+0,15 4 9,42+0,05 1 9,26+0,05 1 9,04
F, (Fl =3,86) 1,56 4,98 6,98 —

B xome mpoBezieHUs] MCCIEOBAHUS BBISBICHA aKTHBU3AIMS IPOTCONUTHYC-
CKOHM (hepMEHTHON CHUCTEMBI TIOYBBI, KOTOpasi BRIpaXkaJlaCh B YBEIIMYCHUU aKTHB-
HOCTH ee YH3UMOB Ha 30-46% Ha BapuaHTe ¢ 2-i 10301 TMaTOMUTA, HO B MEHb-
meii crenenn (Ha 8-13%) — Ha BapmanTe ¢ 3-if mo30if neonuta. B cpexnem 3a
3 rozma aKTHBHOCTh MPOTEA3HBIX (epPMEHTOB Bo3pocia 10 38% OT mpUMEHEHHS
JIUaTOMUTOBOM 1 110 11% — 1ieonmToBO# Opo7.

AKTHBHOCTb UHBEPTa3HBIX (DEPMEHTOB, OMOXUMHSI KOTOPBIX COMPSDKCHA C JIe-
rpajamnueil MOJICKYJ CIIOXKHBIX YIIIEBOJOB JI0 MPOCTHIX MOHOMEPOB, HavyaJia Jio-
CTOBEPHO CHIDKATHCS Ha 2-i O] HCCIICIOBAHUS C YBEIMYCHUEM JI03bI KOXKIOH U3
MOPOJT ¥ TIPOJIOHTMPOBAHHO YCHUIIMBAJIACh BILIOTH JI0 KOHIA dKcniepuMenTa. Of-
HAKO Mepa CHIDKCHHUS OKa3allaCh 3HAYMTENIFHEE HAa BAPHAHTAX C TUATOMHTOBBIM
MarepuanoM (1o 8—11%), gem ¢ rieomuroM (10 3—6%).

[NockonbKy akKTHBHOCTH (DEPMEHTHOM CUCTEMBI [TOYBBI, KAK [IPABHIIO, 3aBHCHUT OT
YHCIICHHOCTH €€ COOTBETCTBYIOIINX MHKPOOPTaHW3MOB, HA OCHOBaHHH COIIOCTaB-
JICHUSI IBYX TIAPaMETPOB MOKa3aHO, YTO aKTHBU3UPYIOIIEe IeHCTBIE HA aMMOHU(H-
UPYIONTYIO (DYHKITHIO ITOYBEI B OOJIBINICH CTETIEHH TPOSBIII IUATOMHUT, & HHTHOHPY-
foliee AeHCTBUE HAa aMUJIOUTHYECKYIO (DYHKIIHIO — IEOTUT. Takue 3aKOHOMEPHOCTH
MIPOSIBJISIMCH B OTHOIICHHY HHAKTUBUPOBAHHON YaCTH MUKPOOHOTEHI, 4TO TOBOPHT O
MPSIMOM TOJIOXKUTEITHHOM BO3IICHCTBUH JUATOMOBOM OPOJIbI HA COXPAHSIEMOCTh aM-
MOHHU(HITUPYIOIIEH YaCTH 3MMOTEHHOM SKOJIOTMIECKON HATH. MOOMIT3HUpOBaHHAS
YacTh MMOYBEHHBIX MUKPOOPTaHU3MOB TAKXKE IMO3UTUBHO PEarupoBajia Ha BEIIECTBO
JIMaTOMHUTA, YTO CBUJICTEIBCTBYET O BO3MOXXHOCTH €T0 BIIMSHUS HA CTAOMIIM3AIHIO
MOTEHIINAJIbHOTO MUKPOOHOTHYECKOTO 3armaca aMMOHHU (UKATOPOB.

OTpaxeHHEM TOJYYCHHBIX M3MECHEHUH B YUCICHHOCTH H3yYaeMbIX MHKPO-
OPTaHU3MOB CIIY>KUT MHUKPOOHOIOTUYECKUI KOIPDUIUSHT MUHEPATHA3AIUH Op-
TaHMYECKOTO BEIISCTBA MTOYBBI, JMHAMHKA KOTOPOTO TpeICTaBIcHa Ha pHcC. 1.
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Puc. 1. KoopuuueHT MEKpOONOTHYECKOH MUHEPAIU3allMi OPraHNYECKOro BEIeCTBA
B JIEPHOBO-TIO/I30JIMCTOM MOYBE B 3aBUCUMOCTH OT BHUJIA U JI03bI BBICOKOKPEMHUCTON TTOPOBI
(B cpeanem 3a 2015-2017 rr.). 1o ropuzonranu: Bapuant ucciegosanus, CM-IS u CM-MS —
KO3 PHUIUCHT MUHEPAIN3AI[MA HHAKTHBUPOBAHHOW U MOOMITU3UPOBAHHOI IMOYBBI COOT-
BETCTBEHHO; 10 BepTukaiu: C,, C.U. — KO3(QQHUIMEHT MUHEPATU3aIiH, YCIOBHBIC EIHHUIIBI
[Fig. 1. Coefficient of microbiotic mineralization of organic matter in the sod-podsolic soil depending
on the type and dose of high-siliceous rock (on average for 2015-2017). CM-IS - Coefficient
of mineralization of inactivated soil and CM-MS - Coefficient of mineralization of mobilized soil;
on the Y-axis: C,, c.u. - Coefficient of mineralization, conventional unit]

[loxazano, 4To MpUMEHEHHE 0OEHX MOPOX B IIEIIOM CHIDKAJIO 3HAYCHHE KO-
spduimenta C,,. Ilpu 3TOM B MHAKTUBUPOBAHHBIX OOpa3lax CTENEHb UX BO3-
NEWCTBUS HA TIOKa3aTeNlb OKasajgach 3HauuTenbHee. Hanmvenbmme 3nasenus C,,
YCTaHOBIIEHBI HA BapHaHTaX ¢ BHECEHHEM B MouBy 6 u 12 T/ra, TIe CHUKEHHE
Joxoaniio 10 54% Ha BapuaHTax ¢ JUATOMHUTOM U 10 24% — C TIEOTUTOM 110 OTHO-
LIEHUIO K KOHTPOJILHBIM 3Ha4eHUsAM. M3 X Moay4eHHOH BapuabeIbHOCTH MOKa-
3aTesiel ClemyeT, YT0 MPUMEHEHHE THaTOMOBOM TIOPOIBI, 1 OCOOCHHO B BBICOKUX
JI03aX CIIOCOOCTBOBAJIO CHUKEHUIO aKTUBHOCTH MHUKPOOMOJIOTHYECKUX MPOIEC-
COB Pa3NOKEHHS OPTaHMYCCKOTO BEIIECTBA B MOYBE (MHAKTHBHPOBAHHAS YaCTb
MHUKPOOHMOTHI) C OJHOBPEMEHHBIM COXpaHEHHEM IOTEHIMaNla JAHHOW (QyHKIUH
(YpoBeHBP MOOMITM3NPOBAHHOHN YacTH). BHeceHne neonnTa B IOYBY TaKkXKe B He-
3HAYUTEJBHOM CTENEeHU CHUXKAJIO0 paccMaTpUBaeMbli MoKa3areb, OHAKO OIHO-
3HAYHO HE CIIOCOOCTBOBAJIO TIOBBIICHHIO TIOTEHIHAIHHON MUKPOOHOIOTHYECKOM
AKTUBHOCTU B TpaHC(OPMALMU OPTaHUYECKOTO BEIIECTBA, MOCKOIbKY YPOBEHb
kpuBoii CM-MS 110 nieonury okasaics Hwke ero ypous C,, U3 yCTOHYMBOH CO-
CTaBIIAIOLIEH MUKPOOMOTHI (MHAKTUBUPOBAHHAS YaCTh).

[Tokazarenu o01ero koiamdecTBa MUKpoopranu3mMoB Ha MITA n KAA B uHak-
TUBUPOBaHHOM 00pasiie U B 00pasiie, MaKCUMalIbHO OMOJIOTHYECKU aKTUBHOM, T10-
3BOJISIFOT OTPA3UTh CTETIEHh MUKPOOHOJIOTHUECKON YCTOMYMBOCTH TIOUBHI (pHC. 2).

BcnenctBue m3aMeHeHUs YMCIEHHOCTH CalpOTPO(PHBIX MHKPOOPraHU3MOB B
I0YBE, MPOM3OIICAIICTO O] JCHCTBHEM THATOMHTA, CTETICHb €€ MHKPOOHOIIOTH-
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YECKOW YCTOMYMBOCTH IOBHIIANACH Ha 17-27% 1o aMMOHUHUINpPYOIEH QyHK-
WU U cHIKanach Ha 21-23% mo aMUIonUTHYeCKON (PYHKIIUH B 3aBUCUMOCTH OT

JTO3BI TTIOPOJIBI.

45 14

IMTy, c.u.

0.4
Control Diatomite-1 Diatomite-2 Diatomite-3 Zeolite-1 Zeolite-2 Zeolite-3

EmDMS-BEA CIDMS-ISAA -@-IMT-N

Puc. 2. Crenens MUKpOOHOIOTHUECKON YCTOIYMBOCTH JIEPHOBO-TIO30IUCTOMN MOYBBI
B 3aBUCHMOCTH OT BUJIa M JO3bI BEBICOKOKPEMHHUCTOH Opos (B cpexHem 3a 2015-2017 r.)
Mo ropusonTamm: Bapuant nccienosannsi, DMS-BEA n DMS-SAA — crenens
N-MHUKpPOOHOIOTHYECKOH YCTOWIMBOCTH aKTUBHOCTH aMMOHH(DUIIHPYIOMINX
Y aMIJIOTUTHYECKUX MUKPOOPTaHU3MOB COOTBETCTBEHHO, IMT-N — koaddurmeHT
HMHTCHCUBHOCTH MHKPOOHOI TpaHchopMarmy N-copepKamix OpraHnaecKux
BEIIECTB; 10 BepTukaan: DMS , % — MUKpoOHOIOrnIecKas yCTOHIHBOCTE
HOYBH, B IponeHTax, IMT,, c.u. — HHTEHCUBHOCTh MUKPOOHO# TpaHcopMaluu
N-coneprkalux opraHMueCKrUX BEIECTB, YCIOBHBIE €IUHHIIbI.

[Fig. 2. Degree of microbiological stability of the sod-podsolic soil depending
on the type and dose of high-siliceous rock (on average for 2015-2017). On the X-axis:
research variant, DMS-BEA - Degree of N-microbiological stability
of ammonifying microorganisms’ activity and DMS-ISAA - Degree of N-microbiological stability
of amylolytic microorganisms’ activity, IMT-N - Coefficient of microbic transformation
intensity of N-containing organic substances; on the Y-axis: DMS, % - Soil microbiological
stability, as percentage, IMT, c.u. - Intensity of microbic transformation
of N-containing organic substances, conventional units]

B pesynbrare dero moka3sareiab MUKPOOHOIOTHUECKON TpaHC(HOPMALUH a30T-
COJIeprKallero OPraHuYecKoro BemecTsa Bo3pacran 10 58—-60% 1o OTHOLIEHHIO
K KOHTPOJTIO.

Ha BapnaHnTax ¢ npMMeHEHHEM IIe0INTa B CPEJJHEM 3a 3 rojia HCCICI0BaHMS
HaOITI0aIach CX0XKasl, HO HE3HAUNTENIbHAS 110 aKTUBHOCTH T€H/ICHIIHA. 31eCh Mo~
kazarenb DMS | Bo3pactan na 12-14% na BapuanTax ¢ 2-i u 3-i 103aMu IIOpOJIBL.

B menom 1o akTHBHOCTH pacCMOTPEHHOM YacTH carpoTpoGHOro MHKpoOHOTO
IyJia JIePHOBO-TIOJ30JIMCTOM HOYBBI CTENEHb €€ MUKPOOHOJIOTMYECKOH OKYIIBTY-
PEHHOCTH BO3pacTalia pu NPUMEHEHUH 000MX Marepuaios (puc. 3).

Pacuer ganHOro ko3¢¢unueHTa mokasan, 4yTo Ha ()OHE OOILIEro YCHICHUS
MHKPOOHOIOTHYECKON aKTUBHOCTH IOUBKI (OoJiee 4eM B 2 pa3a Ha BapHaHTax C



38 A.B. Koznoe, A.X. Kynukosea, O.B. Cenuyxas, U.Il1. Ypomosa

nuatoMuToM 1 Ha 12-29% Ha BapraHTax € MEOJMTOM ) IOCTATOYHO BECOMO MTOBBI-
anach COXpaHieMOCTh MOTEHIIMAIILHOTO MUKPOOHOTO 3anaca L-ctpateroB (Ha
19-31% na BapmaHTax C AMATOMUTOM U Ha 7—14% Ha BapHaHTax C IIEOIUTOM).
Panee paccMOTpeHHOE OTHOCUTEIBHOE PACIIUPEHUE COOTHOILICHUS YUCIICHHOCTH
mukpoopranu3moB B cucteme «MITA : KAA» nuatomuTa mo3BOISET TOBOPUTH
0 €ro TOJIOKUTEIILHOM BIUSTHUM Ha MPOIECCHl HACBIIICHUS CanpoTpOPHOro Mu-
KpOOHOTO ITyia, 9YT0 B UTOTE TMPUBOAMIO K ONITUMH3ALINH MUKPOOHOIOTHYECKOM
OKYJIBTYPEHHOCTH TOYBbI, B OOBIYHBIX YCIOBHUSIX CBOWCTBEHHOH Il TUIIMYHOTO
KYJBTYPHOTO TIPOIecca CTA0MIBHOTO arpoIeHo03a AePHOBO-TIO30UCTHIX TIOYB.

25

—
~

20 + /1 %._/f—_—_*

DMCy, c.u.

Control Diatomite-1 Diatomite-2 Diatomite-3 Zeolite-1 Zeolite-2 Zeolite-3

©-~DMC-IS =0=DMC-MS

Puc. 3. Koo pummeHT MEKpOOHOIIOrHIECKOH OKYIIBTYPEHHOCTH HOYBBI
B 3aBHCHMOCTH OT BUJIA 1 JIO3bI BBICOKOKPEMHHCTOH IIOPOABI (B CpeTHEM
3a 2015-2017 rr.). ITo ropusonTamu: Bapuant uccienosanus, DMC-IS u DMC-MS —
K03 GUIMEHT MUKPOOHOIIOTHYECKOM OKYJIBTYPCHHOCTH HHAKTUBUPOBAHHOMN
¥ MOOWJIM3MPOBAHHOMN TOYBBI COOTBETCTBEHHO; 110 BepTukam: DMC , c.u. —
MHUKPOOUOIOTUYECKas! OKYJIBTYPCHHOCTh IIOYBBI, YCIIOBHBIC CTHHUIIBI
[Fig. 3. Coefficient of microbiological cultural level of the soil depending
on the type and dose of high-siliceous rock (on average for 2015-2017). DMC-IS -
Coefficient of microbiological cultural level of inactivated soil and DMC-MS -
Coefficient of microbiological cultural level of mobilized soil; on the Y-axis:
DMC,, c.u. - Microbiological cultural level of the soil, conventional units]

KonnuecTBeHHBIM OTpa)KEHHEM PACCMOTPEHHBIX BBIIIE OMOTHUECKHX MpOILEeC-
COB, MIPOTEKAOMINX B ITOYBE IO ICUCTBHEM H3yIaeMBIX ITOPOI, MOCTYKIIH OTHO-
CHUTENTbHOE YBEJIMYEHHUE B HEH MUKPOOHOW OMOMACCHI M ONTHMHU3ALIUS BbIICTICHUS
VITIEKUCIIOTO Ta3a («IBIXaHHsD) TOYBH), AMHAMUKA KOTOPBIX TPEICTaBICHa Ha pHC. 4.

[TokazaHo, 4TO Ha BapHaHTaX ¢ IPUMEHEHHUEM JUATOMOBOM MOPOJBI MPH TO-
CTETICHHOM €)KeTOTHOM YBEJIMUEHHUH YIJIepoa MUKPOOOMACCH B Imo4Be (C 5 10
11% na Bapuanre 1, ¢ 6 no 16% na Bapuante A2 u ¢ 7 no 15% Ha Bapuante
J13) akTHBHOCTH €€ BBIACICHUS YITIEKHUCIIOTO ra3a CHIYKaIach OTHOCUTEIHHO KOH-
TPOJIbHBIX 3HAYSHHI.

Ha BapranTax ¢ BHECEHHEM IIEOTITA OTMEUCHA CXOKast TCHICHITHS: Ooree cradast
B OTHOIIEHUH MUKPOOHOI OromMacchl (B cpenHeM 3a 3 Tozia Ha 4% BHE 3aBUCMOCTH
OT J103bI) ¥ CYIIECTBEHHO pe3Kasi B OTHOLIeHMH Tpancnuparmu CO, —na 11-21%.
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Puc. 4. Obmas duomacca MUKPOOPTaHU3MOB B AEPHOBO-TIO30JIMCTOMN ITOYBE
M aKTUBHOCTH Tpancnupannu CO, B 3aBUCHMOCTH OT BUJIA U JIO3bI
BBICOKOKPEMHHCTOH 1mopoabl. [1o ropu3oHTa m: BapuaHT uccienoBanus, Biomass 2015,
2016 u 2017 — buomacca MEKPOOPTaHU3MOB B ITOYBE IO TOAAM HCCIIEAOBAHUS,
Carbon dioxide transpiration 2015, 2016 u 2017 — HHTEHCUBHOCTb BBIJCIICHAS
YIJIEKUCIIOTO Ta3a («IBIXaHHsDy) U3 MTOYBHI 110 TOJIaM UCCIICOBAHMUS;
no Beprukamu: Cy o meg C/g of soil — xonmdecTBo MKT yriepona
MuKpoOHO#H 6romaccel Ha T moussl, CDT, ml CO,/10 g of s0il/24 h — xonmuaecTBO
MJT YIJIEKUCIIOTO Ta3a Ha 10 T ITOYBBI B CyTOYHOM IKCIIO3UIIUHU
[Fig. 4. General biomass of microorganisms in the sod-podsolic soil and activity
of CO, transpiration depending on the type and dose of high-siliceous rock. Biomass 2015, 2016 and
2017 - Biomass of microorganisms in the soil by years of research, Carbon dioxide transpiration 2015,
2016 and 2017 - Intensity of carbon dioxide release (“respiration”) from soil by years of research;
on the Y-axis: C; ..« mcg C/g of soil - Number of mcg of microbic biomass carbon in g of soil,
CDT, ml CO,/10 g of s0il/24 h - Number of ml of carbon dioxide in 10 g of soil in daily exposition]

[To-BuauMOMY, BEIIECTBO AUATOMHTA CIIOCOOCTBOBAIIO TIOBBIIICHUIO MHKPOO-
HOM OMOMAcChI MOYBHI 32 CUET aKTUBHOW MUKpOOHOM Nerpananuu. LleonnToBbie
KOMIIOHEHTHI TaK)K€ ONTHMH3MPOBAIM NAaHHBIA TOKa3aTellb, OAHAKO, CYIAS TIO
MHTEHCUBHOCTH ITOYBEHHOTO «JIBIXaHUs», B OOJBIIEH CTENEHH CIIOCOOCTBOBAIU
WHTHOUPOBAHUIO TIPOIIECCOB PA3TIOKEHHUSI OPraHMYECKOTO BEHIECTBA TOYBHI 10
KOHEYHBIX TPOYKTOB.

BriBoabl

1. B3aumopeiicTBUE BBICOKHX 03 JTUATOMMTA C JEPHOBO-IIOA30IUCTOM Jier-
KOCYTJIMHUCTOW TIOYBOW NPHBOAHUT K YBEIMUCHHUIO aKTUBHOCTH €€ aMMOHH(H-
uupytoneid MUKpoOHoi accoumanuu B 1,3—1,5 pa3a ¥ CHHKEHHIO aKTHMBHOCTH
aMUJIOIUTHYECKON TPyNIbl MUKpoopranu3moB B 1,4—1,7 paza. [Ipumenenue 1e-
OJIMTOBOM MOPOJIBI UIMEET aHAJIOTUYHOE, HO MEHEE BBIPAKCHHOE HANIPABJICHUE.

2. CreneHb yCTOMUNBOCTH MUKPOOHOJIOTHYECKOM aKTHBHOCTH TIOYBBI ITOJT G-
CTBHMEM JAMATOMUTA BO3pacTaeT Ha 17-27% OTHOCUTEIbHO aMMOHU(UIUPYIOIIIX
L-crpareros u caukaercst Ha 21-23% OTHOCUTENbHO aMUJIOIUTUYECKOH IPyIIIIbI
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OakTepuii. B JaHHBIX yCIIOBHSIX MMOKa3aTelh MUKPOOHOIOTHIESCKOM OKYIBTYpEH-
HOCTH TIOYBBI BO3pacTaeT 0ojiee ueM B 2 pa3a B COXpaHIeMOH 4acTH MUKPOOHO-
TeI 1 Ha 31-34% B OMOXMMHYECKH aKTHBHOW YacTH. AKTUBHOCTh MHUKPOOHOM
TpaHchopMaIu a30TCoAepKAIIET0 OPraHNUECKOrO BEIeCTBa YBEIMYUBACTCS J10
58-60%. [TockoJbKy B TEUEHHE JIET UCCIICAOBAHMSI Ha (DOHE NSHCTBYSI JHATOMHUTA
MHUKpOOHasi OroMacca B MO4YBe yBelW4MBajach B cpeaHeM Ha 11%, MHTEHCHUB-
HOCTh ee TpaHcnmpanui CO, TOCTENEHHO CHUKAIACh, & TYMYCOBOE COCTOSHUE
UMeeT YIepKHBAaeMbIil XapakTep, OYEBHAHO, YTO TPOLEcChl TpaHCcHOpMaIUH
OpPraHUYEeCKUX KOMIIOHEHTOB HallpaBlIeHbl B CTOPOHY YCJIOXKHEHHUS M aKTUBHO
BOBJICKAIOTCSl HEMOCPEICTBEHHO B METAa0O0IM3M OYBOOOUTAIONIUX MHKpPOOpPra-
Hu3MoB. [locnenHee, HECOMHEHHO, UMEET IIO3UTUBHOE 3HAUEHUE C TOUKH 3PEHMUS
AKTUBHOTO Y4acTUsi MUKpPOOUOTHI B 00pa30BaHUM T'YMYCOBBIX MaTpPHUIL B TIOYBE.

Konnexmue asmopog gvipasicaem 61a200apHOCMb 2eHEPATLHOMY OUPEKMOpY
000 «2numxo3» (bopckuil paiion Husicecopoockoii obracmu) Anamonuto Iep-
marnosuwy ITywko8y 3a npedocmagieHHy0 803MOHCHOCTb NPOBEOEHUS MUKPONO-
JLEBbIX UCCIeO08AHUTL — YUACHOK NOJIAL U GbICOKOKAYECMBEHHbIL NOCEBHOL Mame-
DU 36PHOBBIX KYIIbINYP.
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!Minin Nizhny Novgorod State Pedagogical University, Nizhny Novgorod, Russian Federation
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SRussian State Agrarian University — Timiryazev Moscow Agricultural Academy, Moscow, Russian
Federation

Stability of microbiological activity of the sod-podsolic
soil when applying diatomite and zeolite

At present, the analysis of the state of soil biotic complex when using non-
traditional materials, such as high-silicon rocks is an important problem in the field
of agronomic soil science. The aim of this research was to assess the state of the basic
microbial participants of the L-selection survival strategy (ammonifying and amylolytic
consortia) in conjunction with hydrolase enzymatic activity of the sod-podzolic soil
under high doses of diatomite and zeolite rocks with subsequent assessment of the
stability of the considered part of microbiota.

We studied the effect of different doses (3, 6 and 12 t/ha) of diatomite of the
Inzensky deposit (Ulyanovsk region) and zeolite of the Hotynetsky deposit (Oryol
region) on the number of ammonifying and amylolytic microorganisms and on
hydrolase enzymatic activity of soil in a microfield experiment (2015-2017) carried
out in the sod-podzolic light loamy soil (WRB - Retisols) of Nizhny Novgorod region
(56°31'13.00"N 44°06'57.37"E). Field experiments were conducted according to the
generally accepted rules for small-plot field studies (the registration area of the plot was
1 m?, the location of the plot was randomized, and replication was fourfold). Analytical
studies included the number of microorganisms with Koch’s pour plate method using
beef-extract agar (BEA) and Inorganic Salt Starch Agar (ISSA), protease enzymatic
activity using the ninhydrin spectrophotometric method, invertase using the gravimetric
method with Fehling’s solution, the intensity of carbon dioxide gas transpiration from
soil by standard gasometrical method, and the biomass of microorganisms in the soil
by rehydration method. The stability of the soil microbial pool was assessed by a two-
phase method, in which the inactivated state characterizes the soil capacity to preserve a
certain microbial niche (microbiological resistance), and the mobilized phase describes
the potential microbiological activity in the soil, that is the most possible biochemical
“reserve” of the microbial consortium under study.

The results of our three-year microfield experiment with the use of diatomite showed
that, on average, during a three-year microfield experiment with the use of diatomite,
the number of inactivated ammonifying microorganisms maximally increased up to
42%, and that of mobilized ones up to 13% (See Table 1). A similar, but a less active
pattern was observed in the mobilized samples. When using zeolite rock, we observed
a tendency to optimize both phases of the ammonifying group of microorganisms.
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The number of inactivated amylolytic microorganisms decreased by 34% when using
diatomite and by 13% when using zeolite, and when mobilizing the soil, there was a
decrease to 17% and 8% respectively. The activity of the proteolytic enzyme system of
the soil was found: on average, over 3 years the activity of protease enzymes increased
up to 38% due to the use of diatomite and up to 11% of zeolite rock (See Table 2). The
activity of invertase enzymes began to decline in the second year of the study with an
increase in the dose of each of the rocks and was prolonged to the end of the experiment.
The measure of decline turned out to be more significant in the variants with diatomite
material (up to 8-11%) than with zeolite (up to 3-6%). The use of both rocks reduced
the value of the mineralization coefficient of the organic matter of C,, (See Fig. I). In
inactivated samples, the degree of their impact on the indicator was more significant.
The smallest C,, values were established in the variants with 6 and 12 t/ha of application
in the soil, where the decline reached 54% in the variants with diatomite and up to
24% with zeolite. The use of diatomite rock, especially in high doses, contributed to
a decrease in the activity of microbiological processes of decomposition of organic
matter in the soil (inactivated part of the microbiota), while maintaining the potential
of this function (the level of the mobilized part). The application of zeolite in the soil
slightly reduced the indicator under consideration, but it definitely did not contribute
to an increase in potential microbiological activity in the transformation of organic
components. The degree of microbiological resistance of the soil, depending on the dose
of diatomite, increased by 17-27% in ammonifying function and decreased by 21-23%
in amylolytic one. The index of microbiological transformation of nitrogen-containing
organic matter increased up to 58-60% relative to the control group (See Fig. 2). In
variants with the use of zeolite, on average over 3 years of research, we observed a
similar trend but with an insignificant activity. Here, the exponent of N-microbiological
resistance (DMS ) increased by 12-14% in variants with the 2nd and 3rd doses of rocks.
The coefficient of soil microbiological cultivation DMC, showed (See Fig. 3) that
against the background of a general increase in soil microbiological activity (more than
2 times in variants with diatomite and by 12-29% in tests with zeolite) the persistence
of potential microbial reserve of L-strategies significantly increased (by 19-31% in tests
with diatomite and by 7-14% in variants with zeolite). We demonstrated (See Fig. 4)
that in the variants with the use of diatomite rock with a gradual annual increase in
carbon of the microbial mass in the soil (from 5% to 11% with D1, from 6% to 16%
with D2 and from 7% to 15% with D3) the activity of carbon dioxide release from it
decreased. The tests with the application of zeolite showed a similar tendency: a weak
one with respect to the microbial biomass (on average, for 3 years by 4%, regardless of
dose) and significantly sharp with respect to CO,transpiration by 11-21%. Due to the
above-described change in the number of basic saprotrophic soil microorganisms, its
hydrolase activity, soil microbial biomass and its “respiration” under the influence of
diatomite, as well as due to shifts in microbially-dependent indicators of the organic
matter mineralization, microbiological stability and soil cultivation, components are
subject to change under its action, are directed towards complication and are actively
and directly involved in the microbial metabolism. The latter, undoubtedly, has a
positive meaning in terms of active participation of the microbial pool in the formation
of humic substances in the soil.

The paper contains 4 Figures, 2 Tables and 35 References.

Key words: opal-cristobalite and clinoptilolite rocks; number of saprothrophic
microorganisms; gydrolase enzymatic activity; microbiological stability of soil.
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Seed distribution drivers at an early stage
of vegetation development in a sand quarry

Distribution of viable seeds on the bare ground slope in a sand quarry located
in the vicinity of Saint-Petersburg was studied in relation to the relief of the ground
surface, species composition of pioneer communities and surrounding vegetation, as
well as the timing of a growing season. Seeds were found even on bare ground and
poorly vegetated sites. Ground contains three times more seeds in autumn than in
early summer. Most of seeds belonged to perennial grasses (mainly anemochorous,
apophytes, and weeds), with a few coming from other life-forms (from annuals to trees),
which were spread in the quarry or in the surrounding vegetation. Seeds concentrated
on the slope, their number was the lowest in the quarry bottom in both observation
periods, since conditions favored to plant germination there. The microrelief of the
ground surface can also influence seed distribution: in June, viable seeds mostly located
in depressions. We suppose that in dissemination period, seeds of anemochorous plants
concentrate on hillocks which trap them; however, more data is needed to conclusively
prove this hypothesis.

The paper contains 3 Tables, 3 Figures and 49 References.

Keywords: seed bank; natural recovery; pioneer vegetation; viable seeds, seasonal
dynamics, relief; safe sites.

Introduction

Seed bank, consisting of all viable seeds present in soil [1, 2] is not only a
“common characteristic of many plant species, which allow storage of genetic
diversity” [3:29] or “plant regeneration strategy, buffering environmental varia-
tion to allow species persistence” [4:201], but also one of the mechanisms of plant
communities’ self-regulation [5] and the source of their hidden biodiversity.

Seed banks have been studied extensively since the 19-th century (the first
publication in 1825 belongs to Dureau de la Malle [6]), and the obtained results
showed that the role of the below-ground plant community is much more signifi-
cant than just the above-ground part we observe. Most research focused on com-
parison of plant community and seed bank species composition or assessment of
its quantifying changes, but “the processes that govern assembly of the soil seed
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bank following severe habitat disturbance are poorly understood” [7:58]. Little is
known about details of seed bank formation process during the early plant com-
munity development. E. Chaideftou and co-authors [8] noted that especially little
is known about the seed bank inter-annual temporal turnover, and they studied the
seed bank composition in permanent plots from year to year. However, the seed
bank dynamics during a single year period also has evident ecological importance
and must be investigated.

Nowadays, large areas of land are impacted by mechanical disturbances,
which destroy their soil and vegetation covers completely. The natural recovery
of these bare grounds and the set of colonist-species depend on local flora re-
sources [9-12]. Most of pioneer species are anemochorous [13], so the seed bank
should form via “seed rain”. Seeds inflow and outflow from the soil bank (via
germination, death, water erosion, etc.) happen constantly, so the seed bank is a
very dynamic unit.

The species diversity of pioneer communities does not only depend on the
success of seed distribution, but also on plant germination, growth, and endurance
[14]. The reserve of propagules is always more than the number of seedlings and
thriving plants, and the quality of substrate plays an important role in the safety of
pioneer species [15]. For example, the high ground density causes a reduction in
germination [16] or lack of moisture leads to the death of seedlings [17]. It is well
known that natural vegetation recovery is strongly influenced by substrate pro-
perties [18, 19]. Open grounds of disturbed sites are unfavorable to plant sprouts
because of intensive insolation, extreme fluctuations of soil temperatures, rapid
drying of substrate surface, etc. [20]. Plant individuals distribution depends on
micro-topography of the ground surface [21, 22], even small depressions con-
tributing to seed accumulation [23, 24]. Seeds gathering in depressions keep their
viability better [25], thanks to accumulation of fine material and snow, leading to
better moistening. The speed of colonization and pioneer species richness depend
on proportion of fine (clay) fractions in the substrate [12, 26-28], due to the fact
that the high content of these fractions increases water holding capacity of soil
[23]. At the initial stage of primary succession, moistening plays an extremely
important role, since plants suffer from nutrient deficit [26, 29], so the coloniza-
tion process always depends on ground moisture [30, 31].

The territory disturbed by bulldozing or other techniques is often a patch-
work of microhabitats (or “microsites”), which differ sharply in their properties
(temperature, moisture, nutrients, etc.), including their suitability for settlement,
survival, and growth of plants [1, 32]. The favorable microhabitats are referred
to as “safe sites” [1]. Natural vegetation recovery is controlled by various abiotic
factors, which can be unfavorable to plants (dryness, high temperature of ground
surface, excessive solar lighting, strong wind, etc.), and as a result, species are
able to survive within safe sites only [24].

The trend of regenerative succession depends on habitat local conditions, ac-
cording to one point of view [18, 29, 33], or on plant diasporas’ distribution at the
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beginning of colonization, according to another [15, 34]. One of the interpreta-
tions of the Egler’s Initial Floristic Composition model [35] suggests that seeds
from all seral stages are present in the initial vegetation [36], but another scenario
(gradual seed bank formation) is possible, as well.

The aim of our research is to receive data on seed distribution on the disturbed
territory under influence of the surface relief, the season of the vegetation pe-
riod and plant cover species composition. The study used the example of a sand
quarry, because such quarries are widespread in different regions, which gives an
opportunity to compare the obtained results in the future.

Materials and methods

The study was carried out in 2014, in the vicinity of Saint-Petersburg, Russia
(southern taiga subzone; 60°05'30"N, 30°26'52"E). A small sand quarry (about
7500 m?) was located on a hill, previously occupied by a grass birch forest. The
top of the hill and its eastern slope were completely destroyed by quarrying. In
spite of sand extraction ceasing in 2006, even 8 years later there were sites of open
ground within the quarry. In 2015, sand extraction was restarted, and we had no
possibility to continue our study, so all obtained results were collected during one
year.

The data were collected on a sandy slope (eastern exposition, approximately
30-35°, the length about 25 m) covered by patchy vegetation, so the total plant
cover varied from 0 to 20% in different places. Adjacent vegetation consisted of a
fragment of the birch forest, meadows with grasses and weeds, and communities
dominated by Chamaenerion angustifolium (L.) Scop. or Calamagrostis epigeios
(L.) Roth, occurring in spots at the quarry bottom.

We address the following questions: (1) Is the seed bank (consisting of viable
seeds) present at disturbed sites with bare ground and poorly developed pioneer
vegetation? (2) What is the difference between the seed bank composition
in the beginning and the end of a growing season? (3) How is the seed bank
composition influenced by the relief of the ground surface and the surrounding
vegetation?

Ground samples were taken by core with cross section of 4x4 ¢cm, immersed
to the depth of 5 cm [37], their number was determined in accordance with the
published recommendations [38] (See below). The samples were placed in craft-
paper bags and kept in a dark dry place. The plan of data collection allowed us to
assess such factors affecting the seed bank as:

Timing of the growing season. To reveal the dynamics of seeds in the ground,
we collected data when most of viable seeds germinated at the end of June
(28.06.2014), and at the end of the growing season (7.09.2014), when most of
new seeds had already matured.

Location. Ground samples were collected from 4 positions in the relief: top of
the slope, its middle and foot, and the bottom of the quarry (Fig. 1).
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15m
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Fig. 1. Sampling scheme: 4 positions in the relief of the quarry: top of the
slope (T), its middle (M) and foot (F), and the bottom of the quarry (B).
At each position, 3 depressions and 3 hillocks were sampled

Microrelief of ground surface. The surface of sand was not smooth, various
hillocks, small ridges as well as dimples and grooves formed an irregular microrelief.
Vertical and horizontal sizes of these elements varied from 10 to 40 cm. In each
of the aforementioned positions on the slope and quarry bottom, samples were
collected from 3 elevated elements of the microrelief (named as “hillocks™) and
3 from lower ones (“depressions”). Thus, 24 samples were studied in each from
two observation periods. Therefore, the total number of samples was 48.

Vegetation of the slope. Each ground sample was collected inside of 30%30 cm
plot, after all plant species were recorded. On 24 plots in June and another 24 plots
in September, the total list of species, total plant cover and each species percentage
cover estimations were made. As it was mentioned above, study plots were
established in correlation with elements of the microrelief, and one of each three
plots situated on hillocks or depressions was always located on a bare substrate.

Surrounding vegetation. The total list of species in the surrounding plant
communities was made in 2014, also we used the floristic data collected in 2012-
2013. Botanical nomenclature for plants is given by SK Cherepanov [39].

The protocol of sample treatment was established on the basis of the published
recommendations [40, 41], and the results of our preliminary experimental
selection of optimal methods for seed detection and their viability assessment.
Each soil sample was stirred diligently and divided into 2 parts. Later, all
manipulations were made sequentially with both of them. The ground was sifted
through a sieve with a cell diameter of 1mm, and the material remaining in
the sieve was examined to find seeds. The sifted ground was split into 2 parts
again, and each half was exposed to flotation. Detected seeds were dried at room
temperature. A special standard seed collection along with special guides and an
atlas [42, 43] to determine the species affiliation of seeds were used.

Without conditions favorable to germination, “dormant” seeds may stay in
soil keeping viability for a very long time [3]. Various special manipulations,
such as stratification, phytohormones, etc. are applied to force seeds to sprout, but
even in this case, we cannot be sure that all viable seeds have germinated and are
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accounted for. For this reasons, to assess seed viability we used the staining by
0.1% water solution of fuchsine [44]. Seeds were exposed to fuchsine for 1 hour.
Viable seeds had uncolored germ and embryo roots or faintly painted spots on
roots and cotyledons. Seeds with good colored germ or bright large spots on roots
and cotyledons were unviable.

Statistical data processing was carried out by StatSoft STATISTICA 10.
Distribution of viable seeds in the relief of the quarry was tested by the Kolmogorov-
Smirnov criterion and analyzed using non-parametric tests. So, the Kruskal-Wallis
Criterion is used for identification of differences between compared groups of
data. Also, we used the Mann-Whitney test (U-test) allowing us to evaluate the
performance differences between comparing groups in pairs for a more precise
description of the observed trends. We adopted a significance level of p < 0.05.

Results of research

Vegetation in the quarry and its neighborhoods

Natural recovery in the quarry developed during 8 years. The densest
vegetation occupied the bottom of the quarry, in the other part of disturbed
territory plant cover was patchy and absent in some places. The list of vascular
plants recorded in quarry in 2012-2014 includes 55 species: trees (Betula pendula
Roth, Alnus incana (L.) Moench, Populus tremula L., Pinus sylvestris L., Sorbus
aucuparia L.), shrub (Salix cinerea L.), and herbs; dwarf shrubs were absent.
Trees were represented by seedlings or young growth.

In the surrounding communities with predominance of Chamaenerion
angustifolium or Calamagrostis epigeios, 16 species of herbs were marked, and
only two (Erigeron acris L., Campanula rotundifolia L.) supplemented the list
obtained in the quarry. Obviously, the fragment of former birch forest differed
highly from other communities in species composition, and 5 species more
were added to the overall list: Rubus idaeus L., Arctostaphylos uva-ursi (L.)
Spreng., Convallaria majalis L., Hypericum maculatum Crantz, and Pimpinella
saxifraga L. Thus, in total, 62 species were noted in the quarry and the surrounding
vegetation.

Total number of seeds

The total number of seeds collected in 24 samples in September was nearly
double the number in June: 513 and 275 seeds, respectively. The percentage of
viable seeds became higher by autumn, as well. In the beginning of September,
the number of viable seeds revealed in the collected samples increased more than
threefold: from 94 to 343. The number of dead seeds was almost unchanged (in
June - 181, in September - 170).

Number of species

In relevés of 48 study plots, 20 species of vascular plants were noted. Seeds
from 18 of them were found in soil samples. Moreover, 3 species were present
as seeds only. Thus, the total number of species present on study plots as either
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plants or seeds was 23 or 37% of total number of species registered in the quarry
and the surrounding vegetation (Table 1). The majority of seeds (including viable
and unviable) belonged to perennial grasses, but other life-forms, such as trees
(Betula pendula, Sorbus aucuparia), dwarf-shrubs (4rctostaphylos uva-ursi), and
short-lived (annuals and biennials) herbs (Berteroa incana (L.) DC., Veronica
verna L. et al.) were present as well.

Table 1
Frequency of plants and/or seeds (viable and unviable) on study plots, %

No Species June (24 plots) September (24 plots)
plants seeds plants seeds
1 |Artemisia campestris 63 25 29 21
2 | Calamagrostis epigeois 46 17 42 54
3 |Festuca rubra 17 58* 33 50
4 |Rumex acetosella 21 38 17 17
5 |Hieracium pilosella 13 17 21 8
6 |Betula pendula 4 75 4 83
7 |Berteroa incana 4 42%* 0 33*
] C hama.ene.rion 3 17% 0 13
angustifolium
9 |Tussilago farfara 17 0 13 4*
10 [Achillea millefolium 13 0 8 8
11 | Cirsium arvense 0 17 8 13
12 |Erigeron acris 4 0 17 25
13 |Artemisia vulgaris 4 0 13 0
14 |Linaria vulgaris 17 0 0 0
15 |Veronica verna 4 0 0 8
Noted on 1 plot
16 |Sorbus aucuparia 4 4 0 0
17 |Hippophaé rhamnoides 4 0 0 0
18 |Knautia arvensis 4 0 0 0
19 |Taraxacum officinale 4 0 0 4
20 |Arctostaphylos uva-ursi 0 4 0 0
21 |Convallaria majalis 0 0 0 4
22 | Phleum pratense 0 0 0 4
23 | Agrostis tenuis 0 0 4 0
Total number of species 20 18
Seeds and plants 9 10
Plants only 9 - 2 -
Seeds only - 2 -

Note: * Only unviable seeds were found.

Vegetation on study plots

On 32 plots where vascular plants were noted (unlike other 16 plots located
on bare sand), the total plant cover varied from 5 to 20% in June, and from 1 to
10% in September. Artemisia campestris L., Calamagrostis epigeois, Festuca
rubra L., Rumex acetosella L., and Hieracium pilosella L. were the most fre-
quent in plots, but only two of them (field sagewort and chee reedgrass) were the
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most widespread all over the slope. Other plants distribution can be described as
irregular mosaic. There were no real dominants between species. The maximal
abundance (10%) was registered very rarely and for plants with large leaves or
rosettes.

There was no distinction in species composition between two elements of the
microrelief. No species was exclusive to only hillocks or depressions. On hillocks
the number of species per plot (excluding plots on bare ground) varied from 1-2
to 5 in both observation periods. In depressions, this parameter changed from
2-6 species in June to 3-4 species in September. The mode is equal for hillocks
and depressions: 4 species in June, and 3 in September. The average number of
species (3.5) was identical for different elements of the microrelief and months.
The average total cover on plots on both hillocks and depressions was 12-13% in
June and 7-8% in September.

Plant and seed composition on study plots

Five aforementioned species had the highest frequency in above-ground veg-
etation, and their seeds were frequently found in soil samples as well, but the
maximum frequency (about 80%) was noted in seeds of Betula pendula, despite
the fact that the young growth of birch was only observed on 2 of 48 plots. The
plants of Berteroa incana were registered on 1 plot in June, and their unviable
seeds were contained in 30-40% of samples in both observation periods. Viable
seed absence of short-lived weeds (from Brassicaceae and Chenopodiacea, for
example) is caused by 8 years of vegetation development: in 2014, pioneer spe-
cies were rare in the quarry unlike grass communities belonging to the next stage
of succession.

Seeds of 5 species (Artemisia vulgaris L., Linaria vulgaris Mill., Hippophaé
rhamnoides L., Knautia arvensis (L.) J.JM. Coult., Agrostis tenuis Sibth.) which
had been noted in relevés were not found in soil samples. 3 species (Phleum
pratense L., Convallaria majalis, Arctostaphylos uva-ursi) were present only as
a single seed, and their plants were very rare in the quarry outside the plots. It
should be emphasized that Convallaria majalis and Arctostaphylos uva-ursi are
typical species of forest communities, and Phleum pratense is one of a few grass
species (Poaceae), which are not pioneer plants on disturbed lands.

About a half of all species noted in relevés was found as seeds in ground
samples in both observation periods. In June, seeds of 9 species were absent,
and 2 species were present only as seeds. In September, the situation reversed
(Table 1).

The simultaneous presence of plants and seeds on the same plot was revealed
for Calamagrostis epigeios and Festuca rubra (in both observation periods), and
Erigeron acris (in September). The number of such plots was low and varied from
2 to 6 for the mentioned species.

Even on bare ground plots, the seeds of 2-4 species were present, and only
twice on 1 plot in June, and on 1 plot in September none was found, and the both
of the empty plots were located at the bottom of the quarry.
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Viable seeds
In September, the total number of seeds increased, together with the number of
viable ones, and practically all species had a relatively larger proportion of viable

seeds than in June (Table 2).

Table 2
Proportion of viable seeds of different species in soil samples, %
. June September
No Species (24 samples) (24 samples)
1 Betula pendula 47 65
2 Festuca rubra 0 77
3 Artemisia campestris 43 60
4 Rumex acetosella 82 100
5 Calamagrostis epigeios 0 72
6 Hieracium pilosella 13 67
7 Chamaenerion angustifolium 0 100
8 Cirsium arvense (100) (100)
9 Arctostaphylos uva-ursi (100) 0
10 Sorbus aucuparia (100) 0
11 Erigeron acris 0 80
12 Veronica verna 0 100
13 Phleum pratense 0 (100)
14 Achillea millefolium 0 100
15 Taraxacum officinale 0 (100)
16 Convallaria majalis 0 (100)

Note: Data are shown in parentheses, if the number of seeds per 1 sample is less than 4.

Only 16 out of 23 species noted on study plots contributed viable seeds to the
seed bank. Arctostaphylos uva-ursi, Convallaria majalis, Sorbus aucuparia were
represented by a single seed only, and Phleum pratense by 4 seeds. Such weeds as
Taraxacum officinale F.H. Wigg. and Cirsium arvense (L.) Scop. also had a very
low number (1-4) of viable seeds in the soil bank due to their high germination
capacity. No viable seed of Berteroa incana and Tussilago farfara L. was found.
The first species is a pioneer annual plant, which was in the quarry in 2012, but
it became very rare in 2014: we marked unique specimen on 1 plot in June. The
second one mainly follows the vegetative form of reproduction, and its seeds stay
viable for less than one year [45, 46]. Thus, the core of the seed bank consists of
seeds of 10 species (Table 2).

The viable seeds of many species (Festuca rubra, Calamagrostis epigeios,
Chamaenerion angustifolium, Erigeron acris et al.) were noted in autumn, only.
We can assume that all viable seeds of these species germinated in June. The
main stock of seeds was formed by Betula pendula, Calamagrostis epigeios,
Artemisia campestris, Festuca rubra, Rumex acetosella, which are typical
colonizers of disturbed lands. In the seed bank, the proportion of viable seeds
of the aforementioned plants reached 93% in June and 86% in September. These
high values were determined by a large number of birch seeds (62 and 65% of the
seed bank, respectively). Adjusting for 30x30 cm plot size, the maximal number
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of viable seeds of Betula pendula was more than 500 in June and about 3500 in
September.
Viable seeds distribution in the relief
Viable seeds of Betula pendula and Festuca rubra were widespread along the
slope and at the bottom of the quarry (Table 3). Seeds of 4 species (Artemisia
campestris, Calamagrostis epigeios, Cirsium arvense, Rumex acetosella) were
noted in 3 out of 4 positions in the relief, and most of them had a high frequency
in the vegetation of the study plots. Viable seeds of other species demonstrated
more a narrow distribution in 1-2 positions.

Table 3

Seed bank (viable seeds) distribution in connection with the position in the relief

Bottom Middle part
of quarry Foot of slope of slope Top of slope
N Speci o) o) o) o)
o pecies ° © S S ©
- o - o - o g =%
[ [ O (5]
1% n 1% 1%}
1 |Betula pendula 225 | 394 | 1350 | 1406 | 900 | 5794 | 788 | 4894
2 |Festuca rubra 0 113 0 281 0 338 0 1350
3 |Artemisia 13 | 225 | 0o | 225 | 731 | 225 | o 0
campestris
4 | Rumex acetosella 0 0 338 56 225 0 225 281
5 |Cirsium arvense 0 0 113 56 0 169 113 0
¢ |Catamagrostis 13 | 0 0 o | 675 | 0 | 225
epigeios
7 |Chamaenerion 0 0 0 0 0 56 0 | 281
angustifolium
Erigeron acris 0 0 0 0 0 731 0 169
9 | Veronica verna 0 0 0 0 0 113 0 169
10 | Achillea millefolium 0 0 0 0 0 506 0 0
1 | Faraxacum 0 0 0 0 0 56 0 0
campylodes
12 | Convallaria majalis 0 0 0 0 0 56 0 0
13 | Hieracium pilosella 0 0 0 0 0 0 56 113
14 |Arctostaphylos 0 0 0 0 0 o | 6 | o0
uva-ursi
15 |Sorbus aucuparia 0 0 0 0 0 0 56 0
16 | Phleum pratense 0 225 0 0 0 0 0 0
Total number of seeds 338 | 1070 | 1801 [ 2024 | 1856 | 8719 | 1294 | 7482
Number of species 2 5 3 5 3 11 6 8

Note: Number of seeds is given as recalculation on 30%30cm plots.

Full data from collected samples on the distribution of seeds according to
locations in the relief and microrelief are shown in Figure 2.
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Fig. 2. Seasonal distribution of viable and unviable seeds between elements
of the microrelief across the slope profile. Bar heights are numbers of seeds;
grey parts of bars are numbers of viable seeds. H - Hillocks, D - Depressions

In general, the position factor has an impact on the distribution of viable
seeds (Kruskal-Wallis test: p = 0.0405). The number of seeds at the quarry
bottom was the lowest in both observation periods. However, statistically
significant differences between the bottom and other slope positions are
revealed in the pairwise comparison by means of the Mann-Whitney test and
only in June (p votomrioor ~ 0-02395 D ommiaare = 0-0283; p bottom/top 0.0393). In
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September, there were no differences (p = 0.1127) in the distribution of seeds on
the relief because the number of seeds in samples varied greatly (Fig. 3).
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Fig. 3. Viable seeds distribution on slope and quarry bottom in two observation periods.
The first and third quartiles (25th and 75th percentiles, respectively), the median
(50th percentile) and the edges of the statistically significant sample are shown in the Box Plot

Influence of the microrelief

Analysis of the data by distribution of viable seeds on the microrelief showed
that the difference between hillocks and depressions is significant in June, only
(U-test p=0.0278). The samples collected in September revealed no influence of
the microrelief.

Discussion of research

23 species of vascular plants were recorded on study plots, and only 10 of
them (Betula pendula, Festuca rubra, Artemisia campestris, Rumex acetosella,
Calamagrostis epigeios, Hieracium pilosella, Chamaenerion angustifolium,
Erigeron acris, Veronica verna, and Achillea millefolium L.) had viable seeds in
soil. Among these vasculars forming the seed bank there were 1 deciduous tree
and 2 annual-biennial species, but most of them were perennial herbs, which are
mostly typical colonizers of open ground, sandy dunes and other habitats with
infertile soil. Many of them are considered weeds, and they have biological traits
(large number of seeds, light seeds, early germination etc.) that facilitate rapid
colonization and survival in such habitats.

The absence of viable seeds of the annual weed Berteroa incana in soil is
an example of started changes in the seed bank composition - a decrease in the
number of therophytes - observed in plant communities following restoration [47,
48]. The presence of species belonging to different life-forms in the seed bank
lend credibility to the suggestion that the Egler’s Initial Floristic Composition
model [36] works.

Among 10 aforementioned species contributing to the seed bank on study
plots, only 5 species are in the majority, with Betula pendula being the most
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prominent. The influence of vegetation surrounding the quarry also appeared as
the seed bank enrichment by seeds of some species (forest plants Convallaria
majalis and Arctostaphylos uva-ursi, for example). Even the low number of such
seeds can be effective if their inflow to quarry is annual.

The conclusion of M. Kalin with coauthors [49] that compositional similarity
and spatial matching between the seed bank and the standing vegetation is not
high was confirmed by our data. The presence of any species in the above-ground
plant community was not directly connected to its stock in the seed bank. 4 species
(Artemisia campestris, Calamagrostis epigeios, Festuca rubra, and Rumex
acetosella) had relatively high abundance on study plots, but the overwhelming
majority of the seed bank (more than 60%) belonged to Betula pendula, whose
young growths were observed on 2 plots out of 48.

The fact that the majority of the seed bank is formed by birch, despite this
species being present in the quarry only in unfruitful young growth birches, can
be an indirect confirmation of the Egler’s Initial Floristic Composition model.

The seed bank is influenced by many stochastic processes, habitat configuration,
land use etc. [7]. The relief of the quarry influences seed distribution. In September,
the greatest number of viable seeds was found on the top and in the middle part
of the slope. It is easy to explain, because during the dissemination period, seeds
of anemochorous plants land at first on the elevated terrain. Later, they can move
gradually down the slope under the influence of rain, wind, crumbling sand, and
snow. 4 priori assumption that seeds will always concentrate in the lowest part of
the quarry was not confirmed: the minimum number of seeds was marked at the
bottom of the quarry in both observation periods. There are the most favorable
conditions for plants in this lowest part of the quarry [12, 25], therefore seed
germination is very active there.

Different factors (rain, wind, erosion etc.) cause seed redistribution and
change viable seed pattern, which has no direct reflection in the above-ground
vegetation. The influence of the microrelief was statistically significant in one of
two observation periods.

The suggestion that in September seeds of anemochorous species primarily
filled the hillocks and afterwards moved to depressions seems most likely, and
we hypothesize that in dissemination period, seeds of anemochorous plants
concentrate not at “safe sites” (depressions), but on hillocks which trap them. In
the future, more data collection would be necessary to prove this hypothesis with
a statistically significant result. In June, the seed bank was significantly more
present in depressions.

The obtained data do not completely confirm the idea that species can survive
only within “safe sites” [1, 24]. Although in June, viable seeds concentrate in
depressions, we observed neither germination as active as that at the bottom of
the quarry, nor a difference between poor vegetation in either element of the
microrelief.
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Conclusion

Our results suggest that in the sand quarry the seed bank as a pool of viable seeds
exists even at sites with bare ground or less developed plant cover. The bank includes
seeds of species, which are spread in the quarry and the surrounding vegetation,
and consists of seeds belonging to plants of different life-forms. The seed bank has
temporal and spatial dynamics during a single year period. The number of seeds
varied greatly in the beginning and the end of summer. The seed bank also changed
in terms of its species diversity during the growing season. It also demonstrated
heterogeneity in seed distribution with regards to the quarry relief and microrelief.
A “paradoxical” result is that at the bottom of the quarry the number of viable seeds
is always minimal (because of favorable conditions for germination there). Our
results do not contradict the Egler’s Initial Floristic Composition model, but do not
support the hypothesis of plants survival at “safe sites”.

The seed bank comprising viable seeds with different time and strategy of
development is a complex composition. Obviously, in the field research we could
not consider all its specific and diverse features. Our goal, to reveal the influence
of the relief and season on seed distribution, was achieved, and the obtained data
show how complex in space and time the seed bank is, as well as allow us to
clarify some previously published information. We believe that our research of
the seed bank short-term dynamics adds new data to study seed redistribution
patterns.

Acknowledgments: The Authors thank their students Ya Dmitrakova and Yu Fedorova
(Saint-Petersburg State University, Saint-Petersburg, Russia) for help during the field period,
Dr. PJ Webber, Emeritus Professor (Michigan State University, East Lansing, state of Michigan,
USA) for valuable critical comments on our manuscript during its preparation.

References

1. Harper JL. Population biology of plants. London, New York: Acad. Press; 1977, 892 p.

2. Grubb PJ. The uncoupling of disturbance and recruitment, two kinds of seed banks and
persistence of plant populations. Ann. Zool. Fenn. 1988;25(1):23-26.

3. Koopmann B, Miiller J, Tellier A, Zivkovié D. Fisher-Wright model with deterministic seed
bank and selection. Theor. Popul. Biol. 2017;114:29-39. doi: 10.1016/j.tpb.2016.11.005

4. Plue J, Colas F, Auffret AG, Cousins SAO, Bekker R. Methodological bias in the seed bank
flora holds significant implications for understanding seed bank community functions.
Plant Biol. 2017;19(2):201-210. doi: 10.1111/plb.12516

5. Bossuyt B, Honnay O. Can the seed bank be used for ecological restoration? An overview
of seed bank characteristics in European communities. J. Veg. Sci. 2008;19:875-884. doi:
10.3170/2008-8-18462

6. Dureau de la Malle, AJCA. Mémoire sur I’alternance ou sur ce probléme: la succession
alternative dans la reproduction des espéces végétales vivant en sociéte est-elle une loi
générale de la nature. Annales des sciences naturelles.1825;5:353-381. In France

7. Helsen K, Hermy M, Honnay O. Changes in the species and functional trait composition of
the seed bank during semi-natural grassland assembly: seed bank disassembly or ecological
palimpsest? J. Veg. Sci. 2015;26(1):58-67. doi: 10.1111/jvs.12210


https://linkinghub.elsevier.com/retrieve/pii/S0040580916301009
https://onlinelibrary.wiley.com/doi/10.1111/plb.12516
https://onlinelibrary.wiley.com/doi/abs/10.3170/2008-8-18462
https://onlinelibrary.wiley.com/doi/abs/10.1111/jvs.12210

Seed distribution drivers at an early stage 61

8. Chaideftou E, Kallimanis AS, Bergmeier E, Dimopoulos P. How does plant species

composition change from year to year? A case study from the herbaceous layer of a
submediterranean oak woodland. Community Ecol. 2012;13(1):88-96. doi: 10.1556/
comec.13.2012.1.11

9. Hoekstra JM, Boucher TM, Ricketts TH, Roberts C. Confronting a biome crisis: global

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

disparities of habitat loss and protection. Ecol. Lett. 2005;8:23-29. doi: 10.1111/j.1461-
0248.2004.00686.x
Rehounkova K, Prach K. Spontaneous vegetation succession in gravel-sand pits: a potential
for restoration. Restor. Ecol. 2008;16(2):305-312. doi: 10.1111/j.1654-1103.2006.tb02482.x
Sumina OI. Sravneniye floristicheskogo sostava rastitel’nosti kar’yerov, raspolozhennykh v
raznykh rayonakh Kraynego Severa Rossii [Comparison of the floristic composition of the
vegetation of quarries located in different regions of the Far North of Russia]. Botanicheskiy
Zhurnal = Botanical Journal. 2010;95(3):368-380. In Russian

Sumina OI. Formirovanie rastitel’nosti na tekhnogennykh mestoobitaniyakh Kraynego
Severa Rossii [Development of vegetation in technogenic habitats of the Russian Far
North]. Saint-Petersburg: Inform-Navigator Publ.; 2013. 340 p. In Russian

Pakeman RJ. Consistency of plant species and trait responses to grazing along a
productivity gradient: a multi-site analysis. Ecology. 2004;92:893-905. doi: 10.1111/j.0022-
0477.2004.00928.x
van der Valk AG. Establishment, colonization and persistence. In: Plant succession. Theory
and prediction. Glenn-Lewin DC, editor. London, Glasgow: New York Chapman and Hall;
1992. pp. 60-102.

Walker LR. Patterns and processes in primary succession. In: Ecosystems of Disturbed
Ground. Ecosystems of the World. Vol. 16. Walker LR, editor. Amsterdam, New York,
Oxford: Elsevier Publ.; 1999. pp. 585-610.

Sheldon JC. Behavior of seeds in soil. 3. Influence of seed morphology and behavior of
seedlings on establishment of plants from surface-lying seeds. J. Ecol. 1974;62(1):47-66.
Chapin DM, Bliss LC. Seedling growth, physiology, and survivorship in a subalpine,
volcanic environment. Ecology. 1989;70(5):1325-1334.

Matthews JA. The ecology of recently-deglaciated terrain. A geological approach to glacier
forelands and primary succession. Cambridge, New York: Cambridge Univ. Press; 1992.
386 p.

Kapelkina LP, Sumina OI, Lavrinenko IA, Lavrineneko OV, Tikhmenev EA, Mironova SI.
Samozarastaniye narushennykh zemel” Severa [Natural revegetation on disturbed lands of
the North]. St. Petersburg: VVM Press; 2014. 204 p. In Russian

Chapin FS. III. Physiological controls over plant establishment in primary succession. In:
Primary succession on land. Miles ] and Walson DWH, editors. Oxford, London: Blackwell
Scientific Publications; 1993. pp. 161-178.

Matthews JA, Whittaker RJ. Vegetation succession on the Storbreen glacier foreland,
Jotunheimen, Norway. Arct. Alp. Res. 1987;19(4):385-395.

Chambers JC, MacMahon JA, Brown RW. Alpine seedling establishment: the influence of
disturbance type. Ecology. 1990;71(4):1323-1341.
Jumpponen A, Vare H, Mattson KG, Ohtonen R, Trappe JM. Characterization of “safe sites”
for pioneers in primary succession on recently deglaciated terrain. J. Ecol. 1999;87:98-105.
Walker LR, Bellingham PJ, Peltzer DA. Plant characteristics are poor predictors of microsite
colonization during the first two years of primary succession. J. Veg. Sci. 2006;17(3):397-
406. doi: 10.1111/j.1654-1103.2006.tb02460.x

Enright NJ, Lamont BB. Seed banks, fire season, safe sites and seedling recruitment in five
co-occurring Banksia species. J. Ecol. 1989;77:1111-1112.

Borgegard SO. Vegetation development in abandoned gravel pits: effects for surrounding
vegetation, substrate, and region. J. Veg. Sci. 1990;1:675-682.


https://akademiai.com/doi/abs/10.1556/ComEc.13.2012.1.11
https://akademiai.com/doi/abs/10.1556/ComEc.13.2012.1.11
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1461-0248.2004.00686.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1461-0248.2004.00686.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1654-1103.2006.tb02482.x
https://besjournals.onlinelibrary.wiley.com/doi/10.1111/j.0022-0477.2004.00928.x
https://besjournals.onlinelibrary.wiley.com/doi/10.1111/j.0022-0477.2004.00928.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1654-1103.2006.tb02460.x

62

Olga I. Sumina, Elena M. Koptseva

27.

Harper KA, Kershaw GP. Soil characteristics of 48-year-old borrow pits and vehicle tracks
in shrub tundra along the canol No.1 Pipeline corridor, Northwest Territories, Canada. Arct.
Alp. Res. 1997;29:105-111.

28.CannoneN,GerdolR. VegetationasanecologicalindicatorofsurfaceinstabilityinRock Glaciers.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Arct., Antarct., Alp. Res. 2003;35(3):384-390. doi: 10.1657/1523-0430(2003)035[0384:VA
AEIO]2.0.CO;2

Grubb PJ. The ecology of establishment. In: Ecology and design in landscape. Bradshaw
AD, Goode DA and Thorp EHS, editors. Oxford: Blackwell Sci. Publ.; 1986. pp. 83-98.
Komarkova V, Wielgolaski FE. Stress and disturbance in cold region ecosystems. In:
Ecosystems of disturbed ground. Ecosystems of the World. Vol. 16. Walker LR, editor.
Amsterdam, New York, Oxford: Elsevier Publ.; 1999. pp. 39-122.

Jorgenson MT, Kidd JG, Carter TC, Bishop S, Racine CH. Long-term evaluation of
methods for rehabilitation of lands disturbed by industrial development in the Arctic. In:
Social and environmental impacts in the North. NATO Science Series (Series: IV: Earth
and Environmental Sciences). Vol. 31. Rasmussen RO and Koroleva NE, editors. NATO
Science Series (Series: IV: Earth and Environmental Sciences). Dordrecht, Boston, London:
Kluwer Acad. Publ.; 2003. pp. 173-190. doi: 10.1007/978-94-007-1054-2 13

Reader R J, Buck J. Topographic variation in the abundance of Hieracium floribundum:
relative importance of differential seed dispersal, seedling establishment, plant-survival and
reproduction. J. Ecol. 1986;74(3):815-822.

Grubb PJ. Some generalizing ideas about colonization and succession in green plants and
fungi. In: Colonization, succession and stability. Gray AJ, Crawley MJ and Edwards PJ,
editors. Oxford: Blackwell Sci. Publ.; 1987. pp. 81-102.

Martineau Y, Saugier B. A process-based model of old field succession linking
ecosystem and community ecology. Ecol. Model. 2007;204(3-4):399-419. doi: 10.1016/].
ecolmodel.2007.01.023

Egler FE. Vegetation science concepts I. Initial floristic composition, a factor in old-field
vegetation development with 2 figs. Vegetatio. 1954;4(6):412-417.
Wilson JB. Does the Initial Floristic Composition model of succession really work? J. Veg.
Sci. 2014;25(1):4-5.

Forcella F, Webster T, Cardina J. Protocols for weed seed bank determination in agro-
ecosystems. In: Weed management for developing countries. Addendum 1. Labrada R,
editor. FAO Plant Production and Protection Paper. 2003;120(Add.1):3-18.

Dessaint F, Barralis G, Caixinhas ML, Major J-P, Recasens J, Zanin G. Precision of soil
seedbank sampling: How many soil cores? Weed Research. 1996;36:143-151.

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

40 Kemény G, Nagy Z, Tuba Z. Application of nested samples to study the soil seed bank in

41.

42.

43.

44.

semiarid sandy grassland. Acta Bot. Hung. 2003;45(1-2):127-137.

Gonzalez S, Ghermandi L. Comparison of methods to estimate soil seed banks: The
role of seed size and mass. Community Ecol. 2012;13(2):238-242. doi: 10.1556/
ComEc.13.2012.2.14

Maysuryan NA, Atabekova Al. Opredelitel semyan i plodov sornykh rasteniy [Guide of
seeds and fruits of weeds]. Moscow: Kolos Publ.; 1978. 288 p. In Russian

Bojnansky V, Fargasova A. Atlas of seeds and fruits of Central and East-European flora.
Netherlands: Springer Publ.; 2007. 1046 p. doi: 10.1007/s10933-009-9319-6

Mesgaran MB, Mashhadi HR, Zand E, Alizadeh HM. Comparison of three methodologies
for efficient seed extraction in studies of soil weed seed banks. Weed Research.
2007;47(6):472-478.


https://www.tandfonline.com/doi/full/10.1657/1523-0430%282003%29035%5B0384%3AVAAEIO%5D2.0.CO%3B2
https://www.tandfonline.com/doi/full/10.1657/1523-0430%282003%29035%5B0384%3AVAAEIO%5D2.0.CO%3B2
https://link.springer.com/chapter/10.1007/978-94-007-1054-2_13
https://ideas.repec.org/a/eee/ecomod/v204y2007i3p399-419.html
https://ideas.repec.org/a/eee/ecomod/v204y2007i3p399-419.html
http://www.akademiai.com/author/Gonzalez%2C+S
http://www.akademiai.com/author/Ghermandi%2C+L
https://akademiai.com/doi/abs/10.1556/ComEc.13.2012.2.14
https://akademiai.com/doi/abs/10.1556/ComEc.13.2012.2.14
https://www.springer.com/us/book/9781402053610

Seed distribution drivers at an early stage 63

45. Gubanov IA. Mat’-i-machekha obyknovennaya. Biologicheskaya flora Moskovskoy oblasti
[Coltsfoot. Biological flora of Moscow Region. Vol. 1]. Moscow: MGU Publ.; 1974.
pp- 169-181. In Russian

46. Sheptukhov VN, Gafurov RM, Papaskiri TV. Atlas osnovnykh vidov sornykh rasteniy
Rossii [Atlas of the main species of weed plants in Russia]. Moscow: Kolos Publ.; 2009.
192 p. In Russian

47. Bossuyt B, Butaye J, Honney O. Seed bank composition of open and overgrown calcareous
grassland soils - a case study from Southern Belgium. J. Environmental Management.
2006;79:364-371. doi: 10.1016/j.jenvman.2005.08.005

48. Fagan KC, Pywell RF, Bullock JM, Marrs RH. The seed banks of English lowland calcareous
grasslands along restoration chronosequence. Plant Ecol. 2010;208:199-211. doi: 10.1007/
$11258-009-9698-9

49. Mary Kalin T, Arroyo MTK, Cavieres LA, Castor C, Humana AM. Persistent soil seed
bank and standing vegetation at a high alpine site in the central Chilean Andes. Oecol.
1999;119:126-132. doi: 10.1007/s004420050768

Received 11 January 2019, Revised 28 March 2019;
Accepted 25 April 2019, Published 27 June 2019

Author info:

Sumina Olga I, Dr. Sci. (Biol.), Professor, Department of Vegetation Science and Plant Ecology, Saint-
Petersburg State University, 7-9 Universitetskaya emb., Saint-Petersburg 199034, Russian Federation.
ORCID iD:: https://orcid.org/0000-0001-6191-228X

E-mail: o.sumina@spbu.ru

Koptseva Elena M, Cand. Sci. (Biol.), Assistant, Department of Vegetation Science and Plant Ecology,
Saint-Petersburg State University, 7-9 Universitetskaya emb., Saint-Petersburg 199034, Russian Federation.
ORCID iD: https://orcid.org/0000-0003-4387-9521

E-mail: e koptseva@spbu.ru

For citation: Sumina OI, Koptseva EM. Seed distribution drivers at an early stage of vegetation
development in a sand quarry. Vestnik Tomskogo gosudarstvennogo universiteta. Biologiya = Tomsk State
University Journal of Biology. 2019;46:48-63. doi: 10.17223/19988591/46/3


https://www.sciencedirect.com/science/article/pii/S0301479705002550?via%3Dihub
http://nora.nerc.ac.uk/id/eprint/9832/
http://nora.nerc.ac.uk/id/eprint/9832/
https://link.springer.com/article/10.1007%2Fs004420050768
mailto:o.sumina@spbu.ru
mailto:e.koptseva@spbu.ru

Becmnuk Tomckozo zocyoapcmeennozo ynusepcumema. buonozua. 2019. Ne 46. C. 64-81

VIIK 582.623.2:575.222.72(571.17)
doi: 10.17223/19988591/46/4

A.B. Kaumos!, B.B. Ilpomkun’

000 HUnDkA-rkoncanmune, . Hosoxysueyx, Poccus
2 Hosocubupckuii 2ocyoapcmeennvlil azpaphviil ynugepcumem, 2. Hosocubupck, Poccus

HUcnonb3oBanue Mop¢o-aHATOMUYECKUX TPU3HAKOB
JJIS1 BbISIBJIEHUSI THOPHIHBIX PACTEHUI B 30HE €CTECTBEHHOM
rudpuauzaunu Populus laurifolia n P. nigra 8 Cuoupu, Poccus

B Anmae-Casnckoii eopnoii cmpatne npoucxooum Hanoxcetue apeanog Populus
laurifolia (cexyus Tacamahaca) u P. nigra (cexyus Aigeiros). B 30me coémecmnozo
nPOUPACManus  HabIOOAemcs Nnpoyecc Ux ecmecmeeHHo020 CKPeuusanus ¢
obpasosanuem eubpuonoeo euoa P. X jrtyschensis. Ilpeocmasnenvi pesynvmamuol
UzyueHus  MOpQONOSUYECKUX U AHAMOMUYECKUX — NPUSHAKOS,  NO36ONAIOUUE
uoenmugpuyuposams  eubpuonvie pacmenus. Popma NOBEPXHOCMU NOPOCIEBbIX
nobe206 no3eoinsgem 0cobeHHo HA0eHCHO duasHocmuposams ocoou P. ¥ jrtyschensis
MONIOOOM 803pacme HA PAHHUX CMAOUSX pazeumus Hacaxcoenuil. /Jupgepenyuayus
VKOPOUEHHbIX n06e208 KpOHbl HA J1enmoOnacmsl u OUCKOONACMblL U PACHONONCEHUEe
2EHEPAMUBHBIX NOUEK CIAHOBAMCA BANCHLIMU NPUSHAKAMU OnpedeeHus 2ubpudos no
docmudrcenuto pacmenusmu 10-nemneo 6ospacma. Hcnonvsosatie mopgonocuueckux
NPUSHAKOS JUCTNOBLIX NAACMUHOK mpebyem Hagvika pabomwsl ¢ P. X jrtyschensis u
01l WUPOKO2O npuMeHeHus He pekomenodyemcs. Mopghonoeusn uepewika noseonsem
Xopouto ouaenocmuposamsv P. laurifolia u P. nigra, no npu onpedenenuu 2ubpuoos
O0IHCHA UCNONL3068AMBCA MONLKO 6 KOMNIIEKCe ¢ Opyaumu npusHakamu. [Ipakmuyeckoe
UCNONb308AHUE MOPPONOZUU 2EHEPAMUBHBIX OP2AHO8 UMeeN 3ampPYOHEHUsl, C6A3AHHbIE
6 NepeyIo 0uepedsb ¢ OYeHb HENPOOOIHCUMENbHBIM NepUodoM yeemenus. IIpumenenue
110008 02PAHULEHO CIPO2OTL 08YOOMHOCbIO MONOel U NPeodaadanuem 8 NONYIAYUAX
mysrcekux — pacmenuil.  Fcnonv3oeanue npusHakog — AHAMOMUHECKO20 — CIMPOeHUe
YepeuKos y UCCi1e008aHHbIX 81008 NE2KOOOCHYNHO U ABIACMCA CAMbIM HAOEHCHbIM
KauecmeeHHbIM NPUHAKOM OJiA UX UOeHMUDUKAYUU.

KuroueBble cioBa: Populus; ecubpuouzayus; udenmugukayus, mopgonocus;
NeMUONAPHASL AHAMOMUSL.

BBenenune

CoxpaHeHHE ¥ palMOHAIBHOE HCIOIB30BAHUE JICCHBIX T'€HETHYECKUX pe-
cypcoB Cubupu u 60peaabHbIX JECOB B IIEJIOM SIBIISICTCS OJHON U3 Ba)KHEHIINX
MIPUPOJOOXPAHHBIX U YKOHOMHYECKUX 3aj1ad. DPDEKTUBHOCTh €€ pelIeHus 3a-
BHCHT OT CTEIICHU U3YYCHHOCTH JICCHBIX TeHETHICCKUX PEeCypcoB. BumoBoii co-
ctaB JgeHaApodaopsl CHOMPU OTHOCHUTEIILHO O€JieH, HO €ro U3yYeHHE OCJIOKHS-
€TCsI OTPOMHOM BHYTPUBHIOBOM U3MEHYUBOCTBIO, POPMHUPYIOMICHCS B YCIOBHUIX
OOIIMPHBIX FKOJOTHUECKH FETEPOreHHBIX apeasioB JIecO00pasyoIINX BH/IO0B, YTO
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CYIIECTBCHHO TIOBBIIIACT YPOBCHb OMOPa3HOOOpas3ms JEeCHBIX dkocucTteM. [lpn
9TOM HauOOoJIblIIee 3HAUCHNEe UMEeT HacleICTBEHHAs U3MEHUHMBOCTD APEBECHBIX
pacTeHHii 1O aJanTHBHBIM W XO3SHCTBCHHO IIEHHBIM TIPH3HAKaM, OT YPOBHS U
O0COOCHHOCTEW KOTOpOii, B KOHEYHOM CUETE, 3aBUCIT YCTOWYMBOCTH U MPOIYK-
THUBHOCTP JICCOB, @ TAK)KE ITEPCIICKTUBEI BEIBEJICHUS COPTOB C XO3SIHCTBEHHO TI0-
JIe3HBIMU cBoiicTBaMu. Hapsity ¢ aTuM B 3Bomtonnu poaa Populus L. 3HaunTeNb-
HYO pOJIb HTPAOT TpoIiecchl rudpuan3anuu [1-3], odecriednBaronue He TOIBKO
yBEJIIMYECHHE OOIIEH M3MEHYMBOCTH, HO M, BO3MOXHO, HHTPOIPECCHIO LIEHHBIX
aJIAITUBHBIX TPU3HAKOB [4], OTHAKO 3TH MEXaHHU3MBI eIIle KpailHe HeI0CTAaTOYHO
uccieaoBanbl B CHOUPCKOM peruoHe.

B MmpoRBoii mpakTHKE TOMOIH OYEHb IHUPOKO MPUMEHSETCS IS PEKyIBTHBA-
LMY HAPYUICHHBIX TEPPUTOPHIA, CO3IaHUN OaPHEPOB U KOHCEPBATUBHBIX MIPErpaj
IUTSL KYTTUPOBAHUS 3arPS3HEHHBIX TEPPUTOPHIA, B TOM YHCJIE TOPOICKHX H TIPO-
MBIIUIEHHBIX CBAJIOK, PEANPUATHI HEPTEAOOBIYH 1 TIepepadOTKH, XMMUYECKOTO
MIPOM3BOJICTBA, UCIIONB3YETCS B O3EJICHEHHH, CEIBCKOM XO3SHCTBE M MPOMBIII-
JIEHHOM JiecoBoACcTBe. OiHaKo B yciaoBUsAxX CHOUPHU 3TOT MUPOBOM OMBIT HE HAXO-
JIUT Ha COBPEMEHHOM JTalle HUKAKOW MPaKTUYECKON peanu3anuu. boapmmHCTBO
MOCAJIOK BBIIOJIHEHO C KUCIMOJIb30BAHUEM DK30TOB €Ie B MPOIILJIOM CTOJICTHH H
HYXXIIaeTCs B 3aMEHE.

['ubpunHbie 30HBI TOTOJEH SBIAIOTCS NTUHAMUYECKHMMHU IIEHTPAMHU JKOJOTH-
YECKUX W DBOIIOMHOHHBIX IPOIECCOB, a TaKKe KOHIIEHTPATOPAMH LECHHBIX U
CEJIEKLIMU THOPUIHBIX (OpM, B CBS3H C YeM OHU TPeOYIOT TIIATEIHHOTO HU3yye-
HUsl. EcTecTBeHHBIC 30HBI, BOHUKAIOIINE TP KOHTAKTE apeajioB BHIOB CEKIHH
Aigeiros Lunell u Tacamahaca Mill., nzyuatorcs ¢ 80-x rr. mporuuioro Beka [5—7].
B CeBepHoii AMepuke apealibl YepHBIX U 0alTb3aMHUECKUX TOIOJCH M0 OOMbIIeH
YacTU CUMIATPUYECKHE, C TIEPEKPHIBAIOIIUMHCS MECTOOOUTaHUAMHU. BonbimH-
CTBO THOPUAHBIX 30H B TOM PETHOHE IBYBUIOBEIC, T.€. POAUTEIH MPEICTABICHBI
OJTHUM BHJIOM CEKIIUU Aigeiros u OMHUM U3 ceKunu Tacamahaca, HO 0OHAPYKEHBI
u Ooee cioxHbIe 30HBI. Harmpumep, Ha p. Onnmen (FOxnas Anboepra, Kanana)
BBISIBJIEHBI 30HBI COBMECTHOTO ITpou3pacTanus u rudpunusanuu P, deltoides Bartr.
ex Marsh., P. balsamifera L. u P. angustifolia E. James. B nieiiom Ha Tepputopun
CeBepHOIl AMEPUKH U3BECTHO IATh 30H THOPUIN3AINN BUAOB CEKIIUH YEPHBIX U
Oanmp3amuueckux Toroliel [8]. OHM OTHOCHTENBHO TIOJHO U3YYCHBI C TIOMYJISIIH-
OHHO-TEHETHYECKOM TOYKH 3pEHUs], HO HEJOCTAaTOYHO — C MOMYJSIIHOHHO-IKOJIO-
THYECKOH, CEIEKIIMOHHO-TEHETHICCKON U MOP(OIOTHYECKOH.

JlaHHBIX 0 TMOPUIHBIX 30HAX B A3HH BECbMa MaJIo, YTO BIOJIHE OOBSICHUMO, TaK
Kak ceknus Aigeiros 31ech IpeicTaBiIeHa onHuM P, nigra L., apean KOTOpOro Toib-
KO Ha BOCTOYHOW OKpanHe MEepPEeKpPhIBAETCS C HEKOTOPBHIMH 0aib3aMUYECKUMH TO-
nosivu. C JIpyroit CTOPOHBI, 3TO CBA3aHO U € KpaiiHe c1a00i M3yIEeHHOCTBIO ATHX
30H. Bo BceM A3uarckoM pernoHe U3BECTHO TOJBKO JIBE TaKUX 30HBI [ Tam xe].

P. xjrtyschensis C.Y. Yang in C. Wang & S.L. — ecrectBennbii rudpun P. lau-
rifolia Ledeb. (cexuus Tacamahaca) v P. nigra (cexuus Aigeiros), pacnpoctpa-
HEHHBIM B MeCTax HaJOXKEeHHs uX apeanoB B Antae-CasHCKOW TOpHOU CTpaHe.
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Kwuraiickumu yuensivmu B nonmue p. YUepHsiid UpThIT mpoBOASTCS MHTCHCHUBHBIC
MOMYJISIIUOHHO-TCHETHYESCKIE UCCIICIOBAHMUS THOPHIHOTO KOMIUIEKCA C y4acTH-
eM P. x jrtyschensis, P. nigra u P. laurifolia [9]. Ilpu 3TOM JIydIivie TeHOTHITHI U3
rubpunoB P. X jrtyschensis BBeneHbI B KynbTypy. OMHAKO JaHHBIC IO U3MEHYU-
BOCTH MOP(OJIOTUIECKAX M aTaNTHBHBIX NPU3HAKOB MOIMYILIIINA M3 dTOH 9acTH
30HBI THOPUAM3AIIH OTCYTCTBYIOT. C Ipyroil CTOPOHBI, TOIOJb HPTHINICKHHA, BbI-
SIBTICHHBIN Ha TeppUTOpHH Poccuy erie B IpOIIoM BeKe, Hadall H3ydaThCsl JHIIh
B mocieaaee BpeMsi. OH He TOJNIBKO HE HAllleNl IPAKTHIeCKOro IPUMEHESHNUS, HO U
JI0 CHX TIOp HE IPUBOAUTCS BO (DIIOPUCTHUCCKUX CBOJKAX M KITIOUAX OIPEACITHTE-
neit peruonoB Cubupu. [locnenanee, 6e3yciI0BHO, CBSI3aHO C OTCYTCTBUEM YETKHX
MIpeACTaBICHUN 0 MOP(HOTOTHIECKHUX MTPU3HAKAX, BYKHBIX JUIS €TO BBIIBICHHS.

Lenp HACTOSIETO UCCIENOBAHKS — H3YYUTh MOP(HO-aHATOMUYECKUE TIPU3HA-
ku P. nigra, P. laurifolia v P. X jrtyschensis niisi OLIGHKA BO3MOXXHOCTEH UX TIPH-
MEHEHUS B UICHTH(OUKAIIMN €CTECTBEHHBIX THOPHUJIOB.

MaTepnanbl U METOIUKH HCCJICT0OBAHUSA

OcHOBHasi 4acTh WHCCIEIOBAaHMI BBITIOJIHEHA B OacceiitHe peku Tomwu.
P. X jrtyschensis He 00pa3yeT 371eCh OOJNBIITNX YUCTHIX HACAXKICHUH, THOPHIBI OT-
MEUCHBI SIMHIUYHO WA HEOONIBIIMMH KJIOHAMU B COCTABE CMEIIIAHHBIX JIECOB PO-
IUTENBCKUX BHIOB. OHAKO HA OTJACIBHBIX YIaCTKaX OHU BCTPEUAIOTCS CTA0MIIb-
HO ¥ B 3HAYUTEJBHOM KollndecTBe. B xoze moneBbix uccnenosanuii 2015-2017 rr.
BBISIBJICHO YETHIPE TaKWe TOMYISIUN. DT HACAKICHHS UCTIONB30BATH KaK KITFO-
YeBbIC MPU UCCIICIOBAaHUU MOPdOIOruK TakcoHa. YacTh MaTepranoB IJisl aHATO-
MHYECKUX UCCIIEIOBAaHUN 0TOOpaHa B HacaxeHusx pek bus u Karyns (Tadm. 1).

Mopdonorudyeckre MPU3HAKA BETETATUBHBIX OPraHOB HCCICIOBAIMA C HC-
MIOJTF30BaHMEM CpPaBHHUTENbHO-MOpdomornyeckoro Merona. [lpu sToM m3ydamm
KOMIIJICKC Ka4€CTBEHHBIX MPU3HAKOB: (popMa MOBEPXHOCTH YIIMHEHHBIX TIOPOC-
JIEBBIX 1T00ETOB, (hOpMa MOBEPXHOCTH YUTMHEHHBIX II00ETOB KPOHBI, THITHI YKOPO-
YCHHBIX TOOETOB KPOHBI, MOP(MOJIOTHS JINCTOBBIX TNIACTUHOK U YEepeIlIKa.

Ta6Gnuma 1 [Table 1]
HccnenoBaHHble Nomy sty TonoJst [Studied poplar populations]

KormuecTBo 1epeBbeB / TUCTHEB / YepEIIKOB
[Number of trees / leaves / petioles]
P nigra | P. laurifolia |P_ X jrtyschensis
Pexa Tomb [Tom River]

Ha3Banue nomyssitmun KoopnuHaret
[Name of the population] [Coordinates]

Benbey 53°41'35"N,
[Belsu] 88°22'44"E - 30/450/0 —
Crynenstii [Tnec 53°39'49"N,
[Studenyy Ples] 88°20'01"E - 30/450/0 —
Bopormii 53°66'T0"N,
[Voroniy] 88°29'52"E - 30/450/0 —




Hcnonvzoeanue Mop¢0anam0ﬁmuecxux RPpU3HAKO6

67

OxoHuanue Tabu. 1 [Table 1 (end)]

Haspaue nOmy/mHy Koop/mars: KosnuecTBo iepeBbeB / TUCThEB /.‘{epeLHKOB
[Name of the population] [Coordinates] [Number of trees./ 16? ves / pe'tloles] -
_ I P._nigra | P laurifolia |P. % jrtyschensis
(Chenkiy P e -
?1/\[411;225] 581317224‘;12 30/450/9 | 30/450/9 39/585/9
et ey | 0800 |~ |-
Eg‘frfy"lg‘ %37‘;9820131; 30/450/9 | 30/450/0 |  41/615/9
Hosomeers oy | 2000 || aanesn
s o e | |
Com TN | |
F\felzl’(‘h‘fy’; yTaelT’gri] ey |- 30/450/9 | 10/150/9
e R
PeKoa B'I/I}I ‘!Biya River]
e sae | 309 | 309 | -
Do Srsse | - | 309 | -
o) seweer | - | - | o
Peka E(aT?/HI; [Katun River]

oo e | 31009 3/0/9 3/0/9
s sopsey | 900 | 09 | -
Hroro [Total] 249/3600/54]252/3600/54 | 119/1695/54

Jns m3ydeHuss BapraOETB-HOCTH MOP(OJIOTHYECKIX MPU3HAKOB HA Ka)KIOU
poOHoi turomaau ¢ 30 penponyKTHBHO 3pEJbIX YAaJCHHBIX JAPYT OT JIpyra aepe-
BBEB C IO’KHOM CTOPOHBI CPEAHEH YacTH KPOHBI IPOBOIIIIH cOOp TepOapHOro Mare-
puana. C ka0 ocoOu oTOMpay 1o 15 NoNMHOCTHIO Pa3BUTHIX, HEMOBPEKAECHHBIX
JIFCTHEB, TOJIBKO CO CpemHel YacTH YKOPOUCHHBIX To0OeroB. J{is aHamms3a GpopMbl
IUIACTUHKHY HA KAXKIOM JIUCTE m3Mepsiti ero JuinHy (L) u paccrosiHue Mex Iy camoit
MIHPOKOH YacThi0 1 ocHOBaHMEM (A). OnpeneneHue GopMbI IPOBOIUITH ITyTEM BbI-
yuciennst uHaekca A/L. Tlpu 5ToM HCTONB30Ba M CICAYIOLIME €ro ITUara30HbL:
< 0,25 — rpeyrompHas; 0,25-0,35 — siineBuano-TpeyronbsHast; 0,35-0,45 — siineBua-
Has; 0,45-0,65 — smmuntuyeckast; 0,65 > — obparnosiinesuanas [10]. M3mepenust
OCHOBHBIX IPU3HAKOB TIPOBOJIVIIH € IIOMOIIBIO ITPOrpamMMbl «Axio Vision 4.8.2».
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s mccnenoBaHus paciioioKeHNsI TCHEPAaTUBHBIX TTOUEK Ha ToOerax m Mop-
(onorun 1BeTKoB ¢ 10 Mozeeit KaXJI0ro TaKCOHA BECHOM, /1O HadaJla IIBETEHHs
(B KoHIIE MapTa), MPOBOIIIIN 3aroTOBKY BETBCH C TCHEPAaTHBHBIMH IOYKAMH.
CorBerust Mojydalii Ha CPEe3aHHbBIX BETBSIX, MOCTABJICHHBIX B COCYIbBI C BOIOM
(mpu Temmeparype 20...24°C) u pUKCHPOBATIN B CMECH CITUPTA 3THIOBOTO 96%
W BOJIBI B cOOTHOIIEHNH 1:1. BrIsiBIeHne MOponornyecknx 0coOeHHOCTeH po-
BeJIcHO 1pH yBennueHuu 16,3% («MBC-10», JI3OC, Poccust). M3yuenue mopdo-
JIOTUH TIO/I0B TPOBOAMIIN Ha 30 TIIONYIINX cepekKaX OTOOPaHHBIX C IEPEBbEB B
TIEPUOJT TUTOIOHOIICHHS.

W3BectHO, 4To jUId TIpecTaBuTenell Salicaceae XapakTepHa KpaifHe HU3Kas
WHINBUIyaTbHAS U MEXKIOMYIAIHOHHAS H3MEHINBOCTh aHATOMHYECKIX CTPYK-
Typ nucrta [11, 12]. B psie nomysnsimuii B 0acceiinax pek Toms, bust u KatyHs pan-
JOMH3HPOBAHHO C TPEX 0CO0el MCIOIB30BANN JIUCTHS Ui MOp(o-aHATOMITIe-
CKHUX HCCIIeI0BaHMi ueperika (cM. Tadi. 1). OTéop npoBoauIn co cpeaHeil yactu
KPOHBI PETPONYKTUBHO 3PENBIX JAEPEBHEB, ¢ YKOPOUCHHBIX 1M00OETOB. Yepemkn
OTJIEJISUTH OT ITACTHHOK JINCTHEB YKOPOYEHHBIX TI00ETOB U (PMKCHPOBAIIM B CMECH
cnupTa 3TuiI0Boro 96%, runepuna u Bojsl B cooTHomenuu 1:1:1. Ilonepeunsie
Cpesbl Jeai B BepXHel 4acTH yepenika (y OCHOBAaHUS JIMCTOBOW IUIACTHHKM),
MTOCKOJIBKY UIMEHHO €€ XapaKTePHUCTHKY HCIONB3YIOT B KITF0UaX OMpEIeIUTeNeH
KaK Ba)XHBIH IIPU3HAK JUIS pasrpaHUueHNs BUJIOB CeKLi Aigeiros n Tacamahaca
[13, 14]. IlomydeHHBIE Cpe3bl OKpAIIUBaiIN 2%-HBIM BOIHBIM PacTBOpOM cad-
paHuHa. AHaTOMHYECKHE 0COOCHHOCTU M3ydanu Ipu yBenuueHun 100x («Mu-
kpomen—1», OO0 «HabmonarensHble TpuOOpBD», Poccus). C kaxmoi Momenu
aHaNMM3UpoBaIM 9 uepemkoB JMcTheB. [Ipu aHanm3e psiga MEpHBIX NMPU3HAKOB
PaCCUMTHIBAIM: CPENHME apu(pMeTUIECKHUE (X) U OMMOKU CPETHUX apupMeETHYE-
CKHX (m), MaKCUMaJIbHbIe 1 MHHUMAJIbHbIC 3HAYEHHs1, CTaH/IapTHBIE OTKJIOHEHHS
(o) u xoxpPurnents! Bapuanun (CV, %).

Pe3ysbTarsl Hcciieq0BaHus U 00CYy:KIeHe

Mopgonozun nobezos

Hns P nigra XapakTepHbI MOOSTH MIIMHAPHYSCKUE MO BCEH IUTHHE, PEIKO Y
OTAEIBHBIX 0cOo0CH HaOIIOIaeTCs YIIIOBAaTOCTh B BepXHel ux yactu. Y P. laurifolia
MOPOCIIEBbIC YIIMHCHHBIC TIOOETH Beerna peOpucTeie, pedpa HUCXOMAT MO 3 OT
Ka)KJIOTO JINCTOBOTO pyOIla M XOPOIIO IPOCMATPUBAIOTCS Hake Ha 2—4-IIETHUX
noberax. ¥ OOJNBIIMHCTBA MCCIEAOBAaHHBIX 0co0ei P. X jriyschensis cpenu mo-
POCIIEBBIX TTOOETOB MPeodIaaaoT peOpPHUCThIC B BEPXHEW W NWIMHIAPUYCCKUE B
HIDKHEH yacTu. [IpuMeHeHne 3Toro mpru3Haka 0COOCHHO BaXKHO TPU UICHTUU-
KaIliy THOPUIOB HA PAaHHUX CTAIUSIX Pa3BUTHS HACAKICHHUN — (ha3bl CESHIIECB U
MOJIONBIX JiepeBbeB [15]. VanuHeHHbIe MOOETH KPOHBI, B OTIMYHE OT IOPOCIIe-
BBIX, MEHee HH(OPMATUBHBI [T UICHTA(DUKAIINH, TOCKOJIBKY Aaxe y P. laurifo-
lia cper HUX HAOIIOIAIOTCS IMJIMHAPUUECKUE, YIIIOBaThie U peOpucToie. Takoe
K€ BapbHPOBAHHE XapaKTSPHO U JJISI THOPUIOB.
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Mopdosorudeckue METo/bl O3BONISOT TOCTATOYHO HAJCKHO HACHTU(DHIIU-
pOBaTh THOPHIIBI, BOZHUKAOIINE MEXTy BUIAMU ceKLuit Aigeiros u Tacamahaca
Mo Xapakrepy nuhGHepeHIIMPOBKHA YKOPOUCHHBIX MOOETOB KPOHBI. Y BHJIOB CEK-
uun Tacamahaca AMEIOTCS CTICIMATIM3UPOBAHHBIC YKOPOUCHHBIE MOOCTH — JIUC-
KOOJIACThI, Y TAKCOHOB CEKIMU Aigeiros UX HET, U yKOPOUCHHbIE MTOOETH KPOHBI
MPEICTABICHBI TOJBKO JenToonactamu. ClienyeT OTMETHTh, YTO TUCKOOIACTHI
BCerJa HaClIeAYITCs KaK €CTECTBEHHBIMU, TaK U KYJIBTYPHBIMH THOpUAAMH H
COXPAaHSIOTCS JaXke MPU BO3BPATHBIX CKpelmBanusx [16]. Hamuuue muckobma-
CTOB IO3BOJISIET HA/IS)KHO HICHTHOUIUPOBATh P. X jrtyschensis Mo T0CTHKESHHIO
pactenussMu 10-JIeTHEr0 BO3pacTa, Aaxe IpPU BHEIIHEM CXOJCTBE JIMCTOBOM IUIa-
cTuHKY ¢ P, nigra (puc. 1).

Puc. 1. Pacnionoxxenue reHepaTuBHBIX MOYEK
[Fig. 1. Location of generative buds]:
A — Populus nigra, B — P. x jrtyschensis, C — P. laurifolia.
Turet o6eroB [Types of shoots]: / — aykenOmacT [auxiblast]; 2 — enrrobnacr [leptoblast];
3 — muckobmnact [discoblast]; ¢ — TeHepaTUBHBIEC MTOYKH [generative buds)

Mopdghonozus nucmogwvix niacmunox

VY U3y4YeHHBIX TAKCOHOB HAOIIOAAIOTCS YeThIPE (POPMBI JIUCTOBOM ITACTHHKU:
TPeyroyibHasi, SHIEBHHO-TPEYTONbHAS, SHIIEBH/IHAS U duTUnTHYecKas. Ha sHo-
TeHHOM YPOBHE B IIpeJieIaX OJJHOTO JiepeBa MOKHO HAaOJIOAATh Cpa3y HECKOJIBKO
(hopM, HO pe3ko TIpeodaaeT oJJHa U3 HUX.

Hnst P nigra XxapakTepHbl TPEYTOJIbHBIC U SHIIEBUIHO-TPEYTOJIbHBIC JIUCTHS,
mocieHue peodmanany Bo Beex momysimusx (78,0-96,0%). Y P. laurifolia Tpu
THUIA JIUCTOBBIX IUIACTHHOK: SIMIICBUIHO-TPEYTONbHAS, SHIICBUIHAS U JJUTHIITH-
yeckas. B OOJbIIMHCTBE M3YYCHHBIX HACAXKICHUI HanOojee pacripoCTpaHeHbI
siteBuHbIe TUCThA (50,0-70,0%). P. X jrtyschensis xapakrepusyercs HaJlu4u-
eM Bcex (opM, OTMEUEHHBIX Y POAMTENBCKUX BUIOB. B momysmsinusx ruGpuios
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peo0IaaloT SHICBUIAHO-TPEYTONbHBIE JTHCTh (55,0-82,0%), TpeyronbHbe H
JIUTUNTHYCCKUE OTIIMYAIOTCS KpaifHe HU3KO# 4acToTol BCTpeuaeMmoctu. Ha yxko-
POYEHHBIX Mo0eTaxX B CPEAHEH YacTH KPOHBI y BCEX JIMCTHEB OHOTO JICpeBa BCET-
Jla BBIPAXKECHA TOJIBKO OfiHa (hopMa BEpPXYIIKHA U OCHOBAHHUS JINCTOBOH TIACTUHKHU.
Jluctest P nigra Bo BceX M3YYEHHBIX IMOMYIAUSIX UMETH HCKIIOUUTEIBHO Y-
JIMHEHHO-OCTPOKOHEUHYIO BEPXYIIKY M KIMHOBHIHOE OcHOBaHue. Y P. laurifo-
lia o hopme BepxyIKa BceX JUCTHEB 3a0CTPEeHHAs. BappupoBanne ocHOBaHMS
JIUCTOBOM IJIACTUHKH Y JJAHHOTO BUJIA B Mpe/esiaX U3y4YCHHOW TEPPUTOPHHU CBS-
3aHO ¢ HaJTMYHEeM (OPM, OTIMYHBIX HE TOJIBKO MO paccMaTpUBaEMOMY MpH3HA-
Ky, HO 1 110 okpacy kopsl [10]. Haubonee pacnpoctpanennas cepokopas hopma
UMEET OKPYIIICHHO-KIMHOBHIHOE, a IPUYPOUCHHAS K MOMYISIISIM CPEIHETO Te-
4yeHus1 Oenokopast — cepueBuanoe ocHoBanue [17]. JIyist IMCTOBBIX IIACTUHOK
P x jrtyschensis XapakTepHBI IPOMEKYTOUHBIC TIPU3HAKU: YIITHHEHO-OCTPOKO-
HEYHast BEPXYIIKa U OKPYIJICHHO-KIMHOBUIHOE OCHOBAHUE.

Jns MHOTHX BHIIOB TOMOJS XapaKTepHA TeTepOQHIUTHS HA YUIMHCHHBIX U
YKOPOYCHHBIX moderax. Panee Mbl y:ke OTMEUald, 4TO MPHUMEHEHUE B HCCIICIO0-
BaHUSX JTUCTHEB OpaxuOIacToOB Oosiee HAICHKHO TP MOP(HOIOTrHUSCKON UIACHTH-
(dbuKanuu BUIOBOIM TPUHAICKHOCTH. YKOPOUCHHBIC MOOSTH JTOBOJBHO PaHO B
BO3pacte 3—4 NeT pa3BUBAIOTCS HA MOJIOJBIX OCOOSX, XOTS MPH 3TOM UX IMOJTHO-
uenHas auddepennuanus npoucxoaut K 10 romam. Mcmons3oBaHue mpu 3TOM
uHIeKca (GOpMBI IMCTOBBIX IUTACTHHOK IyTeM BBIYHCIICHUS COOTHOIIeHHs A/L,
HA HAIll B3[JIS, SIBJSICTCS] KpaiHEe MEePCHeKTUBHBIM HAIIPABICHUEM, TIOCKOIIBKY HE
TOJNBEKO CHUMAeT TPEYBETMUCHHOCTD MPEICTABICHN 00 X UPE3BBIYAHO BBICO-
koii BapuabenbHOCTH [18-20], HO M MO3BOJNIsAET M30eraTh CyOBEKTUBHOCTH B UX
orieHke. Mopdonorndeckne MPU3HAKA JUCTOBBIX IUTACTHHOK BaYKHEI TIPH U3yde-
HUH U3MEHYUBOCTH HCCIICIOBAHHBIX TAKCOHOB, HO MPUMEHECHUE MX JIJIsI HJCHTH-
¢bukamuu P. X jrtyschensis, Ha Halll B3NS, TPeOyeT OOJIBINNX HABBIKOB.

Mopdghonozun uepewka rucma

Uepemiok nucra y P. nigra iockuil Ha OoJbIei yacTu AIUHBI 0e3 xKeao0ka
HAa aJlaKCHaIbHOM cTOpoHe, Y P. laurifolia — munuHApUYECcKHi ¢ xkeno0koM. Uepe-
oK y P. X jrtyschensis II0CKUil TONBKO B BEpXHEN 4acTH, ’KeI0OOK XOPOIIO BbI-
paXeH B OCHOBaHMM YepelllKa, HO IOCTEIIEHHO YMEHBIIAETCS U B BEpXHEH 4acTu
npocmatpuBaercst HeOonblas BeleMka. M.B. Koctuna u ap. [21] yka3bpIBatoT Ha
3HAUYUTEIFHOE BapbHPOBAHIE BHIPAKCHHOCTH KeJT00Ka Yy THOPHIHBIX pacTECHUHA
tononsi. MccnenoBanust P X jrtyschensis B nonynauusx ora Cubupu noarsep-
JIFJTH TIOCJIEHUE TIPEACTaBICHMS. B 11e71oM MOpgoIoris 4eperika mo3BoisieT X0-
poto auarHoctupoBars P. nigra u P. laurifolia, Ho ipu onpeneneHnu rTuOpuioB,
€ro MpU3HAKHU J1OJDKHBI HCIIOIB30BATHCS B KOMIUIEKCE C IPYTHMU.

Pacnonooicenue cenepamusnvix nouexk na nobezax kpouwi. J1jis cexunu Aigeiros
XapaKTEepHO OYEPETHOE TTOJI0KEHIE TeHEPATHBHBIX ITOYEK Ha JIENTOOIACTaX U OC-
HOBaHHUHU ayKCUONACTOB, IS ceKUun lacamahaca — ouepeHOE Ha enTodIacTax
u 1o 1-2 Ha BepxyllIKe TUCKOOIACTOB B IMa3yXe BEreTaTUBHOM MoYku. Y P X jr-
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tyschensis pa3MereHre TeHEPATHBHBIX ITOYEK COBMEIIACT OCOOEHHOCTH CEKITHIA.
[pu3Hak mone3eH i uACHTH(OUKAIINN PEIPOIYKTHBHO 3pEJIbIX THOPUIHBIX pac-
TEHHUH B 3UMHE-BECEHHHI TIEPHO IIPH COBMECTHOM HCITOIB30BAHUN ¢ MOPQOIIO-
rueii moderos (cM. puc. 1).

Mopdgponozus yeemkos u nnodos

B n3y4eHHBIX TOMYISIIASX KaK PONUTEIBCKUX BUIOB, TaK U P. X jrtyschensis
pesko mpeobnagaT Myxckrue ocoOu. ThIYMHOYHBIE IIBETKH M3YUYEHHBIX TaKCO-
HOB UMEIOT OJTFO/IIEBUIHBIC JIUCKH TruameTpoM 2,5-3 mm y P. nigra; 3—4 MM — y
P laurifolia n 2,5-4 mm —y P. X jrtyschensis. Y P. nigra OHU 1O Kpalo TIOCKHE, Y
TOTIOJIS JTABPOJIMCTHOTO M TOOJS UPTHIIMICKOTO — BOJTHUCTEIC. Y P. X jrtyschensis
B IIpe/ieTiaX OIHOM CEPEekKHU BCTPEUAIOTCA KakK LEeTbHbIE, TaK U JIONACTHBIE, FOJIbIe
U OIyIICHHLIC TUCKH, Y POAUTCIHCKUX TAKCOHOB OHH BCETZA IEIHHBIC W TONBIC

(puc. 2).
B .
C

1 mm
—

Puc. 2. JIucku THIYMHOUHBIX 1IBETKOB [Fig. 2. Discs of staminate flowers]:
A — Populus nigra, B— P. x jrtyschensis, C — P. laurifolia

Y P. nigra Ha >HIOTEHHOM ypOBHE KOJHYECTBO THIYMHOK BapbupyeT oT 20—
30 wrt., CV —8,60%; y P. laurifolia — 55-65 wrt., CV — 5,16%. HTEepecHo, 4yTo y
P. X jrtyschensis uccienoBaHHbIe 0COOHM PACTIAIKCH HA TPH TPYIIIIBI, 00pa3yroIine
MEPEX0l OT POAUTEIBCKUX TAKCOHOB. B MepBoii rpyre KOIUYeCTBO THIYHHOK Y
ocobeii BapprpoBaiio ot 32 o 36 wr., CV — 4,90%, Bo BTOpOit 42—46 mit., CV —
3,18%, B Tpetheit — 50-54 mt., CV — 3,07%. B cpennem mno BeIOOpKaM KoJHye-
CTBO TBIYMHOK cocTaBmwio y P. nigra — 30,0 £ 0,816 (25-35 mt., CV - 8,82%); y
P, laurifolia — 60,0 £ 0,557 (55-65 wrt., CV - 6,05%); y P. X jrtyschensis — 42,0 +
1,430 (3254 w., CV — 18,46%).
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[Tectnunsie BeTkn y P. nigra: ueronoxka 0,5—2 MM, TUCKHA BOPOHKOBHTHBIC
CILTIOCHYTBIE C OOKOB, IeJIbHOKpaiiHKe, Tojble. Kpast AMCKOB 0 cepelMHbI 0XBa-
TBHIBAIOT SUIICBUIHYIO, TIAIKYIO, TONYIO 3aBsA3b. PHUTbIIE KPYyIHOE IBYIOIACTHOE,
Ha KOPOTKOM CTONIOMKe. JIomacTu IUIOTHO COMKHYTBI M IIPIIKATBI K 3aBsi3U, HE
cpacraroTcsi, o gopme V-o0pa3Hbie, OTOTHYTHI BBEPX, IIOBEPXHOCTh Oyropuaras
(puc. 3, A). Y P, laurifolia: ueronoxxka 0,51 MM, 1uCKH OIIOLEBUIHBIE, I10 KPAIO
BOJTHHCTHIC, OIyIICHHEIC. 3aBs3b SMIEBUIHAS, CKIIaI9aTo-0Oyropyarasi, OmyIIeH-
Hast. PeIIblie KpyITHOE TpexJionacTHoe (peke JABYX- U YEThIPEXJIONAcTHOE ), JIOTIa-
CTH KOTIbCBHJIHBIC TUIOCKHE, CBOOOIHBIC, TOBEPXHOCTH Oyropyaras (puc. 3, C).
P. % jrtyschensis: useronoxka 0,5-3 MM, TUCKH BOPOHKOBUIHBIE CILTIOCHYTBIE C
OOKOB, IIETHHOKPAITHIE, PHIXJIO OITYIICHHEIE C OKPYTIIBIMH COCOUYKAMH Ha TOBEPX-
HOCTH. 3aBsi3b siileBUIHAs, Oyropyaras, ¢ COCOYKaMH, rojas. Peuibiie KpymHoe
IBYJIONACTHOE, Y HEKOTOPHIX IIBETKOB TPEXJIOMACTHOE, HA KOPOTKOM CTOJIOWKE.
JlomacTH IIOTHO COMKHYTHI U TIPIIKATHI K 3aBsI3U, HE CPACTAIOTCSI, JIUPOBUIHBIC,
OTOTHYTHI BBEPX, IIOBEPXHOCTh CKJIaquaTo-Oyropyaras (puc. 3, B).

[non P. laurifolia 2—4-ctBopuarasi KOpoOOUKa, OOBIYHO Ha CEPEXKEe OCHOB-
HYIO JTOJIO COCTABIISIOT 3-CTBOPYATHIC TUIOABI, 2-CTBOPYATHIC KOPOOOUKH pactio-
JIO)KEHBI TPEUMYIIIECTBEHHO B €€ OCHOBAHMH, a 4-CTBOPUYATHIC — B BEPXHEH YacTH.
VY P, nigra nnojpl peCTaBIeHBI TOJIBKO 2-CTBOPYATHIMHU KOPOOOUKaMu. Y P. X jr-
tyschensis Ha cepexke MpeodIaaatoT 2-cTBOpUaThie KOPOOOUKH, Ha 3-CTBOpUAThIE
npuxoautcs 13,0-22,0%, oHE cOoCpenoTOYeHbl NPEUMYILIECTBEHHO B BEpXHEH
yacTH cepexxku. Kopobouku 4-cTBopuarsle, BeTpedatomuecs y P, laurifolia, y tu-
OpHUI0B HE OOHAPYIKEHBI.

Puc. 3. lsetku [Fig. 3. Flowers]:
A — Populus nigra, B — P. X jrtyschensis, C — P. laurifolia

OO011en3BeCTHO, YTO MPU3HAKH T€HEPATUBHBIX OPraHOB OTIMYAIOTCA HU3KOH
W3MEHUYMBOCTHIO, 3TO MOATBEPININ M HACTOSIINE UccienoBanus. I Ha mepBbIid
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B3[VII, MX IPAMEHECHUE OTPAaHMYCHHO TOJIBKO BPEMEHEM JOCTIDKEHHUS PETIPOITYK-
TUBHO# CTa[ (K B OHTOreHe3e. TeM GoJiee YTO THIYMHOYHBIC U MIECTHYHBIC I[BETKH
P, nigra, P. laurifolia u P. X jrtyschensis pa3ia4aroTcs MO CTPOSHUIO IUCKA, PhLTh-
[a ¥ OIYyIICHHUIO. J[narna3oHbl KOJIUYECTBA THIYMHOK Y UCCIICIOBAHHBIX TAKCOHOB
HE TIePEKPBIBAIOTCS, M OTH MPHU3HAKKA MOKHO PACCMATPUBAThH KaK HAJCKHBIC TIPH
nuarHocTuke. OHAKO MPAKTUYECKOE MPUMEHEHHUE MOP(OIOTUH TeHEPATUBHBIX
OPTaHOB UMEET OTPAaHUICHHSI, KOTOPBIE HEOOXOIMMO YIUTHIBATD IIPH INTAHHPOBA-
HUH UCCIICIOBAaHM: 1) HE TO3BOJSIIOT UACHTU(DUIIMPOBATH PACTECHHS, HE JOCTHT -
IIUEe PENPOAYKTUBHOTO BO3PACTA; 2) TOMONH — ABYIOMHBIE PACTEHUS; 3) UMEIOT
HETPOIOJDKUTEIBHBIN EPUOJT IIBETCHHUS M IUIOJJOHOIICHUS;, 4) IIBETKOBBIC U ILIO-
IyIINAE CEPEXKH HETOITO COXPAHSIIOTCS B ITOJCTHIIKE.

Anamomuueckas cmpykmypa 1ucmosslx UepeuKos

Uepewku P. nigra v P. laurifolia xopo111o pa3auyaroTcs 1o Gopme MmonepedHo-
T'O CEYCHUS K OCOOCHHO TI0 KOHTYPY aIaKCHAIBHOM CTOpOHBI (Tabm. 2). Y P. nigra
BEpXHsA CTOpOHA Bcerna okpyriast, y P. laurifolia — cepaneBuiHast BCIEACTBHIE
XOPOIIIO BBIPaXKEHHOTO KeoOKa. [TpoBojsimas cucrema P. nigra JWHeWHas, y
P. laurifolia — BricOKOapkoOOpa3Hasi, 00pa3oBaHHAas OTIMYHBIMU 1O POPME KOJIb-
[IaMH 3aKPBITHIX KOJUIATEPATbHBIX MPOBOMSAIINX IIYIKOB. P X jrtyschensis, Kak u
CJICIOBAJIO OXKUIATh, B TOW I MHOW MEPEe HACIEAYIOT YePThI POJUTEIECKUX BHU-
JIOB, HO XOPOIIIO HICHTUPHUIUPYIOTCS IO (POpPME MTOTIEPETHOTO CCUCHHUS YepeIka,
KOHTYPY a1akCHaJILHOM CTOPOHBI U (hopMe MpoBOJIAIIeH cucTeMsl (puc. 4).

&

o D O

A B C

|:| Parenchyma Xylem . Phloem . Sclerenchyma

Puc. 4. Cxema anatomun ueperka [Fig. 4. Diagram of petiole anatomy]:
A — Populus nigra, B — P. X jrtyschensis, C — P. laurifolia
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TMocKkombKy aHATOMHYECKUE HCCIISIOBAHMUS YEPEIIKOB JIMCTHEB JIETKOIOCTYII-
HBI, @ YKOPOYEHHBIE [T00ETH JJOBOJBEHO PAaHO Pa3BHUBAIOTCS Ha MOJIOJBIX 0COOIX,
MCIIOJIb30BaHHE PU3HAKOB TIETHOJSIPHOM aHATOMMUH, HA HAIIl B3IJISI, CAMBIN Ha-
JIeKHBIA METOJ| HAeHTU(HKAIMY rHOpH10B. OHAKO, KaK MMOKa3bIBAIOT HAIIH IO~
CIIeTHUE MCCIISIOBAHUS, B aHATOMUH YePELIKOB P, nigra MOTYT HaOJFOIaThCSI IPO-
SIBJIEHHsI UHTpOrpeccuu. [103TOMy MeTHoIIpHas aHATOMUS YKa3aHHbBIX TAaKCOHOB
TpeOyeT JOMOJIHUTENBHBIX UCCIACIOBAHMN Ha MOMYISIIMOHHOM YPOBHE.

Anannz MopQONOrHYecKnX ¥ aHATOMHYECKHX NpH3HaKoB P nigra, P
laurifolia w P. X jrtyschensis B 30He eCTECTBEHHOW I'MOPHIN3AIIUH TIOKA3all, YTO
POIUTENIECKHE TAKCOHBI M THOPHBI XOPOLIO HACHTH(OUINPYIOTCS 110 XapaKTepy
T depeHIanyy moderoB KPOHbI, PacloIOKEHUIO TeHEPATHBHBIX MOYEK, MOP-
(oyoruy BETKOB M aHATOMUYECKOMY CTPOCHUIO 4epeluka jmcrta. [lomydeHHble
HAMH JIaHHBIE TIOITBEPIKIAFOT PE3YJIBTATHI MOJIEKYIISIPHO-TEHETHYECKUX HCCIISI0-
BaHUN THOPUIHBIX 30H BUAOB Aigeiros u Tacamahaca [5-10, 22-24], cornacHo
KOTOPBIM X TCHETUYECKHI COCTAB OMPEIEIIIETCS ISHCTBIEM €CTeCTBEHHOTO OT-
Oopa, NMPUBOAAIIETO K YaCTUYHON OJOKMPOBKE MHTPOIPECCHH, MPe0dIagaHHIo
rubpunos F, 1 coxpaHeHHIO BUI0BOH crIelU(pUIHOCTH POIUTENBCKUX TAKCOHOB.

Tabnuma 2 [Table 2]
JluarnocTuyeckue NPpU3HAKU AHATOMUM YepelIkoB JucTbeB Populus nigra,
P. laurifolia u P. x jrtyschensis
[Diagnostic characteristics of petiole anatomy of Populus nigra, P. laurifolia
and P. X jrtyschensis leaves]

Oco0eHHOCTH NPOSBICHUS TPU3HAKOB

[Cha rr; ct3eritics] [Peculiarities of the characteristics in species and hybrids]
P, nigra P x jrtyschensis P, laurifolia
dopma 1onepeyHoro CeueHust I
yeperika B BEpXHEH 4acTi TaecKas Dnmunruyeckas SliiueBunnas
[Form of the cross-section of [Elliptical] [Elliptical] [Ovoid]
the petiole in the upper part] P
Kontyp anakcuanbHoM o . | Yceuennsrii, Belemuarsiii | CepAmeBUIHBIN
CTOPOHBI [gpyrgb(;]n [Truncated, emarginate] [Heart-shaped]
. ounde
[Adaxial surface contour]
. | 1 snmnunruyeckoe
2 NIUNTHYECKUX JIMHEH- o
3.5 Ha abaKcHaTbHON
—5 oKkpy- HO pacIIOJIOKEHHBIX Ha
dopma KoJjIell 3aKphIThIX N cTopoHe U 2—4 na-
KOJUTaTepajIbHbIX MyY- D abaKcHabHOI CTOPOKE i aJIJIENIBHO PacIo-
JIMHEHHO 2 mapaenbHo pacio- P p
KOB M UX pa3MelleHue JIOXKEHHBIX Ha aJaK-
fri £ closed PAaCTIONOKEH- | JIOKEHHBIX OKPYIVIBIX Ha .
[Form of rings of close . CHAJILHON CTOPOHE
collateral vascular bundles HEIX KOHIZIH;I AaKCHATILHOM CTOPOHC [1 elliptical on the
and their placement] [3—5 rounde [2 linearly arranged elliptical abaxial side and 2-4
linear rings] and 2 parallelly arranged
rounded at the adaxial side] parallelly arranged
at the adaxial side]
ApxooOpasHast repe- BICOKOADKO-
®dopma npoBozsiie cucTeMsl | JIuneiHas XOJILast B IMHEHHYIO 06 a3Hzﬂ
[Form of the vascular system] [Linear] [Arch-shaped trans- P
L . [Arched]
forming into linear]
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3akir0ueHne

B 30ne Hanoxenus apeanos P. nigra u P. laurifolia B Antae-CastHCKOM ropHOH
CTpaHe pacipoCTPaHEeH UX €CTeCTBEHHBIN ruOpu P. X jrtyschensis. AHaIu3 MOp-
(bonoruyeckux U aHATOMUYECKUX MPHU3HAKOB TAKCOHOB B MCCIICIOBAHHON 30HE
€CTeCTBECHHOW THOPUAM3AIMU TI0KA3aJl, YTO POIMTEILCKUE TAKCOHBI XOPOIIO
AJACHTU(UITUPYIOTCS TI0 MOP(OIOTHH TTIOOETOB, JTUCTOBBIX IIACTHHOK, Yepell-
Ka, PaCIOJIOKECHUIO TEHEPATUBHBIX MTOYEK, MOP(HOIOTHH TeHEPATUBHBIX OPraHOB
M aHATOMHYECKOMY CTPOCHHIO uYepelka JucTa. PacCMOTpeHHbIe MPU3HAKU TH-
OpHIIOB MPEUMYIIECTBEHHO MPOMEKYTOUHBIE, XOTs 1Mo auddepeHnuanum mode-
TOB KPOHBI MIPOCIICKUBACTCS aCUMMETpHsl B cTpoHy P. laurifolia. B n3y4eHHOM
THOPUIHOW 30HE MO MOP(O-aHATOMUYECKUM IMPU3HAKAM HAOIIOMACTCsT YETKOE
MOIpa3/ielieHHe B3POCIbIX AEPEBLEB HA TPH IPYIIIbI — JIBE MPEACTABICHBI POIHU-
TENLCKUMHU BUJIAMH U OJTHA THOPUIAMH.
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Using morphological and anatomical characteristics
to identify hybrid plants in the area of Populus laurifolia
and P. nigra natural hybridization in Siberia, Russia

Inthisresearch, werevealed the overlapping of the areas of P. laurifolia (Tacamahaca
section) and P. nigra (Aigeiros section) in the Altai-Sayan mountain country. There is
a process of natural crossing with the formation of a hybrid species P. x jrtyschensis in
their common habitat. Hybrid zones of poplars are interesting for selection; therefore,
careful study is required. There is no practical using of P. x jrtyschensis and they are
not yet included in floristic lists and identification guides of Siberian regions. The last is
related to the lack of clear morphological characteristics important for its identification.
The aim of this study was to examine morphological and anatomical characteristics of
P. nigra, P. laurifolia and P. x jrtyschensis to assess the possibilities of their using in
natural hybrids identification.

We conducted the main part of the studies in the populations of P nigra,
P laurifolia, and P. x jrtyschensis of the Tom River Basin. A part of the samples for
anatomical studies was taken in the populations of the Biya and Katun river basins (See
Table 1). The morphological characteristics of the vegetative organs were examined by
the comparative morphological method. We studied such qualitative characteristics as
surface shape of elongated coppice shoots, surface shape of elongated canopy shoots,
types of shortened canopy shoots, morphology of leaf blades and petioles. We collected
herbarium material from each sample plot, from 30 reproductively mature trees distant
from each other, at the southern side of the middle part of the canopy with the aim of
researching the variability of morphological characteristics. 15 fully developed intact
leaves from each individual from the middle part of shortened shoots were collected.
The length of the leaf blade (L), the distance between the widest and basic parts (A) were
measured for analyzing the shape of each leaf blade. Form determination was performed
by calculating the A / L index. We used the following ranges: < 0.25 - triangular; 0.25-
0.35 - egg-shaped triangular; 0.35-0.45 - egg-shaped; 0.45-0.65 - elliptical; 0.65 > -
reversed egg-shaped. Branches with generative buds were collected from 10 models
of each taxon in the spring before the beginning of flowering (at the end of March) for
studying the location of generative buds on shoots and flower morphology. We detected
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morphological features at a magnification of 16.3x. Inflorescences were taken from
cutting branches placed in vessels with water (at a temperature of 20...24°C) and
fixed in a mixture of 96% ethyl alcohol and water in a 1: 1 ratio. The study of the
fruit morphology was performed on 30 fruitful catkins selected from trees during the
fruiting period. The leaves for morpho-anatomical studies of the petiole were collected
randomly from three individuals from populations in the Tom, Biya and Katun river
basins. The selection was carried out from the middle part of the crown of reproductively
mature trees, with shortened shoots. The petioles were separated from the leaf blades
of shortened shoots and fixed in a mixture of 96% ethyl alcohol, glycerol and water at
the ratio of 1: 1: 1. Cutting sections were made in the upper part of the stem (fan). The
cutting samples were stained with 2% safranin aqueous solution. Anatomical features
were studied at a magnification of 100x. The reliability of the results was achieved by
studying the petioles of 9 leaves from each model.

Coppice shoots of P. nigra have acylindrical form along the entire length, rarely
angulated in the upper part. Elongated coppice shoots of P. laurifolia are always ribbed.
The majority of examined coppice shoots of P. jrtyschensis are mostly ribbed on top
and cylindrical on bottom shoots. This feature is important for identifying hybrids at
the early stages of the population development. Elongated canopy shoots, in contrast
to coppice shoots, are less informative, because even P. laurifolia has cylindrical,
angular and ribbed shoots. The same variation is typical of hybrids. The reliable hybrid
identification between the species of Aigeiros and Tacamahaca sections according to the
nature of the shortened canopy shoots differentiation is possible due to morphological
methods application. Species of Tacamahaca section have special shortened shoots,
discoblasts, species of Aigeiros section do not have them, and shortened shoots of
the canopy are represented only by leptoblasts. It should be noted that discoblasts are
always inherited by hybrids and are preserved even with return crosses (See Fig. I).
The studied species have four lamina forms: triangular, ovate-triangular, ovate and
elliptical. At the endogenous level, several lamina forms can be observed at one tree,
but one of them sharply prevails. P. nigra is characterized by triangular and ovate-
triangular leaves, the last prevails in all populations (78.0-96.0%). P. laurifolia has
three types of leaf blades: ovate-triangular, ovate and elliptical. Ovoid leaves are
most common (50.0-70.0%) form for the studied populations. P. X jrtyschensis is
characterized by the presence of all forms noted in the parent species. In populations of
hybrids, ovate-triangular leaves (55.0-82.0%) are predominant, triangular and elliptical
leaves are distinguished by an extremely low frequency of occurrence. Only one form
of the leaf top and fan on shortened shoots in the middle part of the canopy for all the
leaves of one tree is always expressed. The leaves of P. nigra in all studied populations
have an exceptionally elongated pointed tip and a wedge-shaped fan. The shape of
P. laurifolia leaf top is pointed. The intermediate characteristics are typical of P x
jrtyschensis leaf blades: the pointed elongated tip and the rounded wedge-shaped fan.
Staminate and pistil late flowers of P. nigra, P. laurifolia and P. x jrtyschensis differ
in the structure of the disc, flowers and pubescence (See Fig. 2-3). The ranges of the
stamens number of the studied species do not overlap, and these characteristics can
be considered as reliable in their identification. The fruit of P. laurifolia is a 2-4-fold
capsule, usually a 3-fold capsule; 2-fold capsules are located mainly at its base, and
4-fold are in the upper part. Fruits of P. nigra are represented only by 2-fold capsules.
2-fold capsules predominate for P. x jrtyschensis, 3-fold capsules account for 13.0-
22.0%, concentrating mainly in the upper part of the catkins. The petioles of P. nigra
and P, laurifolia differ in the shape of the cross section and, especially, in the contour
of the adaxial side (See Table 2). The upper side of P. nigra is always round, that of
P, laurifolia is heart-shaped due to a well-defined groove. The conductive system of
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P, nigra is linear, that of P. laurifolia is arciform, formed by different rings of closed
collateral conductive beams. P. x jrtyschensis inherits the characteristics of the parent
species, but is well identified by the cross section of the stem, the contour of the adaxial
side, and the form of the conducting system (See Fig. 4). Due to the availability of
anatomical studies of the petiole and a quite early development of shortened shoots in
young individuals, the use of petiole anatomical characteristics is, in our opinion, the
most reliable method for hybrid identifying. The analysis of the morphological and
anatomical characteristics of species in the natural hybridization zone showed that the
parent species are well identified by morphology and petiole anatomy. The considered
characteristics of hybrids are predominantly intermediate, although asymmetry of
P, laurifolia is traced by the differentiation of canopy shoots. There is a clear division
of adult trees into three groups - two are represented by parental species and one by
hybrids - in the studied hybrid zone according to the morpho-anatomical characteristics.

The paper contains 4 Figures, 2 Tables and 24 References.

Key words: Populus; hybridization; identification; morphology; petiolar anatomy.
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CoBpeMeHHbIE NOAX0bI K MOIEJIMPOBAHUIO PA3HOOOpa3us
U NPOCTPAHCTBEHHOMY paciipe/ieieHHI0 BUI0B
pacTeHuii: nepcneKTUBbI UX NpuMeHeHus B Poccun

Pabora BeinonHeHa npu nouepxke rpanra POOU (mpoekr Ne 19-54-53014)
1 4yacTHUYHO 1o Oro/pxeTHOM Teme Ne AAAA-A17-117011810036-3.

Buinonnen 0030p HayuHou aumepamypol no CO8PEMEHHbIM MEMOOAM MOOETUPOBAHUSA
811008020 602aMCMEA U NPOCMPAHCIMBEHHO20 PACTpedelleHUs U006 pacmenuil. [Iposeden
AHANU3 OCHOBHBIX 2UNOME3 WUPOMHO20 2PAOUEHMA PA3HO00PA3Us pacmeHull — 0OHOU
u3 Haubonee obcyxcoaeMvlx npobiem usyuenus umopaznoodpasus. Paccmompenvi
cospementvie No0X00bl K MOOEIUPOSAHUI0 PACHPOCMPAHEHUA 6U008 PACMEHUll C
UCNOTL30BAHUEM  DAZTIUYHBIX NPOSPAMMHBIX cpedcms. Tloouepkusaemcs 6axicHOCHb
UCNONB306AHUA OOCMOBEPHLIX OAHHBIX U BANUOHBIX MeENO0008 MOOEIUPOBAHUs O
NOIyYeHUsI KOPPEKMHBIX Pe3YIbmamos u npoeHo308. Ilpusedenvl cosemvl no peanuzayuu
HAUANbHLIX — UCCe08aHUll  no  Moldenuposanuto. Paccmompena — 6803m0xcHOCHIb
UCNOTBL308AHUA paHee OnyONUKOSaHHbIX 6 Poccuu mamepuanos no pacnpocmpaHeHuro
81006 pacmenuti 8 cogpeMennbx uccieoosanusax. Ommevena Hu3Kkas nyonUKayuoHHas
AKMUBHOCMb ~ POCCULICKUX — ucciedosameneli  no  00cyxcoaemoll  npoonemamuxe.
B cospemennvix poccutickux 6omanuyeckux nyonukayuax npossisemcs meHOeHyus K
aKmueU3aYULU UCC1e008anULl No CO30aHuUI0 6a3 OAHHBIX, OYUDPOBKe 2epbapHblX POHO08
u nyoruxkayuy uH@opmayuy no pacnpoCmpaneHuio pacmenull 8 c60O0OHOM docmyne.

KuiroueBble ciioBa: ecozpadust pacmenutl; wupomublii 2paoueHm pasnooopasusi,
810060€ 602aMCMBO; MOOETUPOBAHUE PACNPOCMPAHEHUS 8UO008; OA3bL OAHHBIX.

BBenenune

Nzyuenue dopMupoBaHusi pazHooOpa3us OHOTHI SIBISIETCS JaBHUM M HACYIII-
HBIM BOIIPOCOM OHMOJOTHH. 3aKOHOMEPHOCTH CHIDKCHHSI BHIOBOTO OOTaTcTBa OT
9KBATOpa K MOJTI0CAM BCETJla HHTEPECOBATIM OHOJIOTOB M 3KOJIOTOB CO BPEMEH HC-
cienoBanuil Astekcannpa ['ymbonbara, Anbdpena Paccena Yomteca u Yapibsa
Hapsuna [1]. B mocieanue roasl mpoBeeHbl MacIITaOHbIE HCCIIEI0BAHUS 110 pa3-
HOOOPA3MIO )KUBOTHBIX, HO TIPH 3TOM OIICHKA BEAYIIHX (PaKTOPOB, OIPEICIIIONINX
3aKOHOMEPHOCTH PACIpPEAEIeHHs] BUIOBOIO OOraTcTBa pacTeHUi, OCTaIach Hau-
MeHee pa3paboTanHoH [2, 3]. PacTUTENbHBINM TOKPOB SBISETCSI OCHOBOM HA3eMHBIX
9KOCHUCTEM, U BOIIPOCHI U3yUYEHUSI €TO Pa3HOOOpas3Hs B MUPOBOM MacITade BecbMa
AKTyaJIbHBI.
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CornacHo HMCCIEAOBAHUAM ICTEPMUHUPYIONIMMA (PaKTOpaMu BHAOBOTO 0O-
rarcTBa YacTo SBJIAIOTCS YCIOBUS COBPEMEHHOTO KiiuMmara [4], ToJIroBpeMeHHbIe
KIIMMaTHYeCKHe U3MEHEHUS 5], TeTepOreHHOCTh MeCcTOOOUTaHw i [6], mpocTpaH-
CTBeHHbIe orpannyenus [7]. U3 kmumMaTudeckux GakTopoB KIHOYEBBIMU SIBIISIOT-
Csl TTapaMeTpPhl TEMIIEPATyphl M YBIAKHEHHS, YTO OBUIO NOKA3aHO Ha IpHMEpe
MHOTHX TaKCOHOB M B pa3in4yHOM Maciutade [8, 9]. ['eTeporeHHOCTh MecTOO-
OWTaHWH MOXXET OKa3bIBaTh BIHSHHEC HAa BHIOBOE OOTaTCTBO 3a CUET HAIMIUS
OOJBIIOTO YHCIa YKOJOTHUECKUX HHII U BO3MOXKHOCTEH Ui TUBEPCU(UKAIIH
BHJIOB [6]. BmecTe ¢ TeM ¢parMeHTaIus MecTOOOUTaHMIA, BRI3BaHHAS aHTPOIIO-
TeHHBIMU HapyIIEHUSIMHU, MOKET HUMETh O0NbIINK 2PPEKT Ha COKpallleHHE Yrcia
BHJIOB B CPAaBHEHHH C TIporieccamu noteruienns knnMmarta [10]. Kimmvarngeckue
(iryKTyalluu B 4eTBEPTUYHOM IEPUOJIE TAK)KE OKa3bIBAIN BIMSHUE HA BUIOBOE
6orarctBo. Hampumep, BHIBI C HU3KOH CITOCOOHOCTBIO K PACCEICHHUIO TIPHYPO-
YeHbl K peyruymam, Tie COXpaHsIMCh CTa0MIbHbIE KIMMAaTHYeCKUE YCIOBUS B
niepuosiel oneneHeHuid [S5, 11]. OneHka MUPOTHBIX TPaJUeHTOB (HUTOpa3HOOOpa-
3Ms Ha 100aJbHOM YPOBHE IOKa3aja, 4TO LEHTPbI pa3sHoOOpa3usi HaOII0AaloTCs
B XOPOIIO CTPYKTYPHUPOBAHHBIX M T€OIKOJOTUYECKH Pa3HOPOTHBIX TEPPUTOPHSIX
TPONMKOB U cyOTporukoB [12, 13]. Bombias 4acTh ruNoTe3 pa3sHOOOPa3Hsi BUOB
MIPOTECTHPOBAHA C MCIIOIH30BaHUEM JaHHEIX 13 CeBepHOit AMepuku 1 EBporsr,
B PEIKHX CIIydasX ¢ TeppuTopuu As3uu. OTMETHUM, YTO UMEETCS DSl UCCIIEN0-
BaHM Ha TeppuTopuu Kurtas m HexkoTopsix ctpaH IOro-Bocrounoit Aswm, riue
BBIJICJICHBI KJIIOUEBBIE YUaCTKU C BBICOKUM OumopasHoobOpasueM (hot-spots) [14,
15]. TToaToMy aKTUBH3AIUS UCCIIEIOBAHII B ’TOM HAIIPABICHUN HA TEPPUTOPUHU
Poccuu umeer nepBoCTEeNeHHOE 3HAUCHUE.

B nociiesiHne TopI MPOBOAUTCS BCE OOIBIIIE UCCIISIOBAHMIA 110 JJAHHOW TeMa-
THKE, B OCHOBHOM pa0oThI 3apyOeKHBIX KOJUIET. B uTore Hazpena He0OXOIMUMOCTD
Iy OITMKAIIAH JJIS1 POCCHHCKUX OHOJIOTOB M 3KOJIOTOB 0030pa [0 OCHOBHBIM HaIPaB-
JICHUSAM HU3y4aeMoil TpoOiieMbl, 4To OyJeT B JaibHEUIIeM criocoOCTBOBAaTh UHTE-
Tpaliy OTEYECTBCHHBIX OOTaHUKOB B ME)KITyHApPOIHBIC HCCICIOBaHI. B mpemma-
raeMoM 0030pe MPOBEICH aHaJIM3 THIIOTE3 MIMPOTHOTO TPaJHEeHTa Pa3HOOOpa3us
BUJ/IOB PAacTEHHH, 0003HAUCHBI OCHOBHBIC METO/IBI M3YUCHHUS IIPOCTPAHCTBEHHOTO
pacrpezienieHns: BUJI0B paCTEHHIA 1 MOACIMPOBAHUS X Pa3HOOOpa3usl, paccMOTpe-
HBI TIPEITOCHUTKH JUTS TadbHEHIIIEro pa3BUTHS UCCIIEIOBAHMI 110 Teorpadmn pac-
TeHU! Ha Teppuropuu Poccun.

ITuporHbiii rpagueHT GUTOPa3HOO0OPaA3H:
OCHOBHbIC THIIOTE3bI U KJII0YeBbIe MOJI0KEHHA

XapaxkTeprucTuka OCHOBHBIX THUIOTE3, HCIIOIB3YEMBIX NP H3YUYCHHH IIpPO-
CTPAHCTBEHHBIX TPEHIOB Pa3HOOOpA3usi, XOPOIIO IMPEACTABICHA B IyOIHKAIMH
O.B. Mopo3oBoii [16]. B nanHOM 0030pe yaesneHO BHUMaHHE HanboJee pacipo-
CTPaHECHHOMY HAIPaBJICHUIO UCCIICOBAHUI — IIMPOTHOMY TPAIMEHTY pa3HOOOpa-
3us (latitudinal diversity gradient) ¢ mpuBIieueHHEM COBPEMEHHBIX ITYOIHKAIINH.
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OteHka BIMSHAS MUPOTHOTO TPaJreHTa Ha pa3sHOOOpasue BUIOB (T.e. yMCHb-
IIEHHE BUIOBOTO OOraTrcTBa OT 3KBAaTOpa K IOJIOCAM) SIBISETCS OJHUM M3 IIEH-
TPaJbHBIX BOIPOCOB OMOJIOTHH B TEYCHHUE IMOCIEIHUX JABYyX cToietni [17]. Bee
Ha4anaoch ¢ 0030pHBIX padboT Anexcanapa ['ymOo0ibATa, KOTOPBI MEPBBIM Havall
00CyX/1aTh KOINYECTBCHHOE M3MEHEHHE PACTIPEIICTICHIS BHIOB 110 3€MHOMY IIapy
[18]. IToMumo ananm3a oOmuUX 3akoHOMEepHOCTENH A. ['yMOONBAT mpennonoxXu,
YTO ONMPEHCIBIIOMNMH IIHPOTHBIA TPAJUCHT Pa3HOOOpasus SIBISIOTCS XapakTe-
PHCTHKH KJIMMaTa (B 4aCTHOCTH 3UMHHUE TEMIIEPATypbl), a TAKXKe YCTOMIUBOCTb
pactenuii Kk xomogoBoMy ctpeccy [17]. TlepBast mpenBapuTenbHas KOJTUYIECTBEH-
Hasl OLICHKA pa3Ho00pa3us BUAOB Ha 3eMHOM IIape Obuia mposeneHa E.B. Bymb-
(oM [18]. [TomoOHBIE pacueThl KOJHMYESCTBEHHBIX IOKa3aTeNiei KOHKPETHBIX (IIop
Ha IIUPOTHOM IpaJUeHTe MOo3AHEee ObUIN OCYIIECTBICHBI Ul eBPONEHCKON yacTu
CCCP [19], Bocrounoii EBporibl [20] 1 Cubupu [21]. AHAJIN3 METOIOIOTHH TAaKUX
UCCIEA0BAaHUN U KOIUYECTBEHHAs! OLCHKA (DIOPUCTUYECKOTO Pa3HOOOpasus s
tepputopun Coserckoro Coroza nposenens! JI.W. ManpimeBem [22].

I'mnore3a KOHCEPBAaTUBHOCTH IKOJOTMUECKUX HUII (TOCTYJIUPYET, UTO OmM3-
KOPOJICTBCHHBIC BUIBI XapaKTEPU3YIOTCSI CXOMHBIMH JKOJOTHUYCCKAMHE MPE/IIIo-
YTEHUSIMM) OLICHUBAETCSA KAaK OflHA M3 HamOojee 3HaYMMBIX NPU OLIEHKE CBS3CH
MIMPOTHOTO TPaJMEHTa U pa3HooOpa3us BUIOB [23, 24]. CoriacHo 3To# TUIIOTE3e
pacnpocTpaHeHHEe BUJIOB TPOIHUECKOTO MPOUCXOKACHUS B MPOLECCE HBOIIOLUU
0CTaeTCsI IPUYPOUCHHBIM K YCIIOBUSM TPOIMYECKOTO KIIMMaTa, Kak M B TPOILIHIE
reojoruueckue 3moxu. Ilostomy HaOIIOMAETCs JIUIIL HEOOIBIIOE YUCIO TPOIH-
YEeCKHUX BHJOB, CIIOCOOHBIX K PaCHpOCTPAHEHHIO B APYTHE KIMMATHYCCKUE 30HBI
BCJICZICTBUE CIIOXKHOM ajanTalyy K YCIOBHAM XOJOTHOro Kiumara [24, 25]. D1o
MTOKA3BIBACT, UTO 3MMHHE XOJIOZa JUMHUTHPYIOT PACTIPOCTPAHEHUE TPOIMUYESCKUX
BUJIOB B YMEPEHHYIO 30HY [26—28]. Busbl, nprypoueHHbIE K YMEPEHHOMY I10SCY,
HUMEIOT OoJiee MUPOKHE SKOJIOTMIECKUE MPEIIIOYTEHHS B IOATOMY MOTYT BCTpE-
YaThCsl B IIUPOKUX MPEAENaX, BKIIOUAs U TPOIMUUECKYIO 30HY, OTHAKO 3[€Ch OHU
MPEUMYIIIECTBEHHO BCTPEYAIOTCSI Ha OOJNBIKMX aOCONMFOTHBIX BhicoTax [15]. HeoO-
XOZMMO TAKXKe OTMETHTh, YTO COBPEMEHHAs] YMEpEHHas! 30Ha Oblla MOABEpKEHA
OJIEZICHEHHIO BO BpeMsI TIOCIISTHETO JISTHUKOBOTO MakcumyMma [5]. JlokasaHo, 9To
KJIMMaTH4YeCKUe (PIyKTyallud B YETBEPTUUHOM IEPUOJIE CIIOCOOCTBOBAIIM yTpaTe
MECTOOOUTAHUH, OTPaHIYMBANN PACIPOCTPAHEHHE BUIOB U MIPUBEIH K HCUC3HO-
BEHHIO HEKOTOPBIX M3 HUX, YTO B KOHEYHOM HUTOTe MPHUBEJIO K yTpare BHIOBOTO
pa3HooOpa3zus B OonbiioMm mMactirade [29]. HecMoTpst Ha 3TO TOpHBIE PETHOHBI 00€e-
CIEUUBAIN OOJIBIIOE YUCIIO KIUMATHUECKUX HUII U BO3MOXXHOCTH JUISl aJalTallN
K pa3nugHbIM MecTooOuTaHusM [30] U MOTYT paccMaTpuBaThcs Kak pedyrmyMbl
[31]. ITaneopekOHCTPYKINH BHOBOTO OOraTCTBA APEBECHBIX PACTCHUIl BBISBUIIH,
YTO TOCTIE TUTHOIIEHA BEKTOP IIUPOTHOTO TPaJIMCHTA CTal OoJiee SiBHBIM [32].

OnHOI U3 HHTEPECHBIX TPOOIEM SKOIOTUH SBISIETCS OLICHKA BIMSIHUS COBpeE-
MEHHOTO KJIUMaTa Ha paclpOoCTpaHCHHUE PACTCHUI C yUETOM HX BOIIOIIHOHHON
UCTOPUH. DTHU UCCIEA0BAHUS TOMOTAIOT OHSTh, KaK YBOJIOLUOHHAS HCTOPUS BU-
JIOB ¥ MI3MEHEHNS KIIMMara B IPOIIIOM M HACTOSAIIEM OIPEIEIISIIOT MacIITaOHbIe



Cospemennbvie n00X00bl K MOOEIUPOGAHUIO PAZHOO0OPA3UA 61006 PACIMEHUIL 85

3aKOHOMEPHOCTH BHJIOBOTO pazHooOpasus [23, 26, 33]. OnHoW U3 CBS3aHHBIX C
HUMH THIIOTE3 SIBJSICTCS] THIIOTE3a XOJIOJ0BOM TOJIEPAHTHOCTH MM TPOIHYECKO-
TO KOHCEPBaTH3Ma, KOTOpasi IPOTHO3HUPYET, YTO IIHPOTHEIC TPATUCHTHI BHIOBOTO
pa3HO00pa3us SBIAIOTCS Pe3yIbTaToM KOMOMHMPOBAHHOIO 3(deKkTa KoHCcepBa-
TH3Ma SKOJOTMIECKHUX HUII, COBPEMEHHOTO KJINMAaTa U THHAMHUKH MTAICOKIIMaTa
[15, 23, 26, 34]. HecMOTps Ha HAJIM4KMEe MHOTOYHCIICHHBIX HCCIIEIOBaHU, BOIIPO-
CBI 3BOJTIOIIMHU B3aMMOOTHOIICHUH pa3Ho00pa3us BUIOB M YCIOBUH OKPYKAIOIICH
Cpelibl BCe elle OCTaroTcs ¢inabo packpeIThiMu [35]. Mcnons3oBaHue BhILIEyKa-
3aHHOTO MOAXO0/a OTPAHHIHBACTCS TPYIHOCTHIO OIIEHKH OTHOCHUTEIFHOTO BKIAIa
9KOJIOTUYECKHUX U JBOJIOIHOHHBIX IPOIECCOB, a TAKXKe HEOCTATOYHOCTHIO JI0-
CTOBEPHBIX JIAHHBIX TI0 PACIIPOCTPAHEHHUIO BUIOB M UX IBOJIIOIOHHON HCTOPHH.
PasHple runoressl 3aTparvBarOT OT/AENBHBIE ACHEKTHl paccMarpuBaeMoil Ipo-
OJIEMBI, ¥ €€ peIIeHIe BO3MOYKHO Yepe3 CONMPSDKCHHBIN aHaIN3 BCEX BO3MOXKHBIX
MPUYMH IIUPOTHOTO TpajueHTa pasHooOpasus [36]. Hanpumep, mocnennue uc-
CIICIOBAHUS MTOKA3BIBAIOT, YTO IMUPOTHHIN TPaJNEHT IS TPEBECHBIX PACTCHUH,
MXOB U TICYEHOYHUKOB MOXKET OINPEHCIITHCS KapIUHAIBHO Pa3INYaOIAMUICS
BKJIQJIaMU ¥ COOTHOIIEHUEM IKOJIIOTHYECKHUX TTPETUKTOPOB [37].

HexoTopsle ucciejoBaHUs He MOATBEPKAAIOT HAJIMYHE IIMPOTHOTO I'paIieH-
Ta PasHOOOpa3usl WIN YKa3bIBAIOT HAa €T0 aCHMMETPUYHOCTD HJIM Pa3HOHAIIPAB-
JIHHOCTb TPEHJI0B. Tak)ke OTMEYaeTcsl, YTO BapbUpOBaHHE TPEHIOB pa3HO0Opa-
3Ws1 OMOTHI B OCHOBHOM IIPOWCXONIUT HE C U3MCHEHHEM IIHPOTHI, a BCIICICTBHE
M3MEHEHUs TPaJIHeHTa CPe/ibl: YMEHBILEHHE Pa3HOo00pasust MPOUCXOIUT B TIec-
CHMAJIbHBIX yCIOBUsX. Tak, M3yueHne MUPOTHOTO TPAaIHeHTa IS TIO3BOHOYHBIX
JKHBOTHBIX C UCIIOJIb30BAHUEM CYPPOTaTHBIX IIKAJ, OCHOBAHHBIX HAa BapHaOeih-
HOCTH TEMIICPATYPHBIX 3HAYCHHH, BBIIBUIO €TO HECOOTBETCTBHE B Pa3HBIX pe-
TMOHAX M pa3imuHoM MaciuTtabe. OcoOble pa3nuuus HaOIIOfANINCh B 00JIacTH
Cesepnoro nonymapus [38]. zydenue pacrpelieieHus KIIaBapHOUIHBIX TPHOOB
Ha MPOTsLKeHHOU mupoTHOoi TpaHcekTe (6 300 kM ot 20° 1o 80° c.1m1.) Taxxke He
MTOKa3aJ0 YMEHBIICHNSI BUIOBOTO OOTATCTBa, HAMOOJbINEEe pa3HOOOpa3ne MUKO-
OuoTHI HabroMANOCH B Tipeaenax 50°—60° c.u1. [39]. Tem He MeHee MPOBEICHHBIH
METaaHallu3 C HCIOJh30BAHWEM OTPOMHON BHIOOpKH (OakTepuu, mpocTeuIine,
pactenust, rpuOBI U )KUBOTHBIE) JI0Ka3aJl HAIMYUE OOIIEro MIMPOTHOTO TPaueHTa
paznooOpasus [40].

Kparkuii 0630p nokassIBaeT, 4To mpodnemarika, KoTopas o0Ccyxaaercst ouo-
noramu yxxe 6omnee 200 e, eme aneka oT pa3pemieHusl U ITO3TOMY HEOOXOTUMBI
HOBBIE JJAaHHBIE ¥ Pa3pabOTKa METOOB IS HX KOMIUIEKCHOTO aHaJIN3a.

CoBpeMeHHbIEe METObI H3y4YeHHs IPOCTPAHCTBEHHOTO
pacnpenejieHHs BUI0B PACTeHUI

[IpuHuMas BO BHMMaHUE JUHAMUKY KJIMMara M HapacTarollyl0 aHTPOIOI€H-
HYIO TpaHC(OPMAIMIO PACTUTENBHOIO IMOKPOBA ILIAHETHI, HAa MEPBbIH IJIaH ce-
TOIHSI BBEIXOMISAT BOIPOCHI paclpoCTpaHEHHUs BHIOB, MX Ipomuioe U Oymayiee, a
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TaKKe aCIIEKTHI COXpaHEHUs PEIKIX M NCUE3AIONINX BHIOB pacTeHuil. C mossie-
HHEM HOBBIX METOOB M TEXHOJOTHH MOSBUIACH BO3SMOKHOCTh MOJEIIMPOBAHHS
IIHAMUKH apeaioB BUIOB HA OCHOBE OIIEHKH CBS3€H ¢ KIMMAaTHYeCKUMH Hapa-
METpPaMH, TeOCUCTEMHBIMU XapaKTEPUCTUKAMHU U CTPYKTYPOH OCHOBHBIX MECTO-
obuTanwmii [41]. Psan Mojieieli TakyKe OXBaThIBAET 0COOCHHOCTH PaCIPOCTPAHCHHUS
BHJIOB B 3aBUCUMOCTH OT YCIIOBHIA IPUPOIOTIONB30BAHMUS U MHBa3HOHHBIX XapaK-
TepucTuk [42]. Micnonb3oBaHUEe MOJICIMPOBAHUS MTO3BOJISIET JTyYIlle TIOHATH OHO-
JIOTHIO U3y4aeMoro Buja [43], 3akoHOMEpHOCTH O6MOpa3HO00pasns U MEXaHH3MBI
COCYIIIECTBOBaHUS BUIOB [44], onIpeienuTh CTPATETHIO U TIPOBOIUTH INTAHUPOBA-
HUE MPUPOJOOXPAHHBIX MEPOIIPUATHH [45], OLICHUTh U3MEHEHUS SKOJIOTHUECKUX
YCJIOBHI IPOU3PACTaHUS BUJIOB U PA3IMYHBIX TAKCOHOMUYeCKux rpynmn [46]. n-
(hopMaTUBHBIA 0030p METOMIOJIOTHH, CIIOCOOOB MOJAETMPOBAHUS U ACIIEKTOB HC-
MTOJTL30BAHUS MOJIeJIei TipuBejieH B myonukanuu Jx. Dmut u JIk.P. Jlupsuk [47].

Camble TiepBbIe MOJIENIM YaCTO HMMEHOBAJHCh MOJEISMH «KIMMAaTHYECKUX
KOHBEpTOBY (climatic envelops) v TIO3BOJISIIN BU3YaTM3UPOBATH SKOJIOTHYCCKYTO
HUIIy BUJA, OCHOBAaHHYIO Ha KIMMAaTM4YeCKUX Mapamerpax. B mocienyroiem
MOJIETIH CTAJIH CTPYKTYpHO OoJiee CIOKHBIMH M MOSBIJIACH BOBMOKHOCTB COTIO-
CTaBIIATh JAOCTYITHBIC JAHHBIE [0 MECTOHAXOKICHUIO C PA3IMYHBIMH SKOJIOTHYe-
CKUMH TIEPEeMEHHBIMHI IS TATFHEHUIIIEr0 MOICTHPOBAHUS T€OrpaIeCcKOro pac-
MIPOCTPAHEHUS PEAIM30BaHHBIX KOJIOTHYECKHUX HUII BUOB. [t Takux Mozaeneit
Hamboee MHUPOKO HCIONB3YeTCsl TEPMUH «MOJENb PACHpPOCTPAHEHHS BUIOBY
(Species Distribution Model) (ta6n. 1). B coBpeMeHHBIX MyOIrKausax oTMeya-
eTcs, 9To Ooliee MPUEMIIEMBIM CIICAYEeT CUUTATh TEPMUH «MOJIECTh NPUTOAHOCTH
mecroobutanus» (Habitat Suitability Model) [48].

Ta6nuua 1 [Table 1]
Yuco nydinkanuii B pepepaTHBHBIX 023aX JAHHBIX € HCNIOJIL30BAHUEM
METO/10B MO/IeJINPOBAHUsI POCTPAHCTBEHHOI'0 pacipeie/ieHusl BUA0B
[Number of publications in databases using modeling of spatial species distribution]

Hncxno crareii Yucio crareii B
B Oaze Web

TepmuH Ha aHmIMIICKOM| PyccKoA3bIYHBIN SKBUBAIEHT . % 6aze Scopus*
of Science

[Term in English] [Equivalent in Russian] [Number of papers
[Number of papers in Scopus database]
in WoS database]

Spemes distribu- Mopeins pacmpo- 1020 3144
tion model CTpaHEHHs BUJIA

Ecological niche model [Moenp 9kolornueckoil HUITH 299 906
Habitat suitability Mopenb IpUroaHo- 248 552
model CTH MECTOOOHMTAHUS

En vironmental Mojieib KOJIOTHYECKON HUIIH 31 116
niche model

Species niche model Mojienb HUIIU BHJIA 5 19

* TlpencraBnensl naneeie 3a nocieanue 10 mer (¢ 2009 mo 2018 1), mara oOpaiieHus:
13.02.2019.
[Data are presented for the last 10 years (from 2009 to 2018), accessed at 13.02.2019.]
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[IpoBeneHHBIN MOMCK YCTOWYHMBBIX CIIOBOCOYETAHWH, 0003HAYAIONIUX METO-
JIbl IPOCTPAHCTBEHHOTO MOCTMPOBAHUS pacpeeTIeHUs BUAOB U UCCIICIOBAHUS
9KOJIOTHYECKOH HUIIH, B pepepaTHBHBIX 0a3ax MJaHHBIX 3a mocnenHue 10 et BhI-
SIBUJI, YTO JIOJISI TyOJMMKAIMKA POCCUHCKUX YYEHBIX TIO BCEM HAIpaBJICHUSIM CO-
craBisieT <1%. Oro sABIseTcs KpaliHe HEAOCTAaTOYHBIM Ipu Hannuuu B Poccun
TEPPUTOPHUIL ¢ OoraTeIM OMOPA3HOOOPA3HEM, KOTOPBIE EIIIE KAYT CBOUX HCCIIEN0-
Bateneil. B msatepky Hanbosee myOarMKyeMBbIX HCCIIeIoBaTelIel 10 paccMaTprBae-
Moii TeMatuke Bonun Antoine Guisan (Jlo3anHckui yausepcurer, LlBeiinapus),
Dennis Rodder (3oomornveckuii HaydHO-HUCCIIEIOBATEIbCKII My3ei AJieKkcaH-
npa Kenura, I'epmanus), Wilfried Thuiller (HaumonanbsHbIi HEHTp HAy4HBIX UC-
cienoBanuii, ®pannms), Niklaus Zimmermann (denepanbHbIi HaydHO-HUCCIIENO0-
BaTeNbCKUI MHCTUTYT Jieca, cHera u janamadra, Ilseitnapus), Loic Pellissier
(IIBetimapckast BeICIIAs TEXHHUYECKas mkoia [{ropuxa).

Pannmne Monenu 3a4acTyro MoJBeprajich KPUTHUKE 32 OLIMOOYHBIE pPe3ylibTa-
TBI IPY OLICHKE BO3MOYKHOCTEN MUTPALIMN BUJIOB, MEXBUOBBIX B3AUMOJECHCTBUN,
JUHAMUKU TOMYJALUMI BUIOB Ha Kpalo apeaia, B3aMMOACHUCTBHI MEXIy KIH-
MaTOM M MHTEHCHUBHOCTHIO Tipupoaomnons3oBanus [49, 50]. [Ipu ananuze BaxHO
YUUTBIBATh, YTO PACIIPOCTPAHEHUE BUIOB MOKET JIUMUTHPOBATHCS OMOTHYECKUMHU
B3aMMOOTHOIICHUSIMH, PETPOTYKTUBHBIMA MEXaHI3MaMH U 3aKOHOMEPHOCTSIMH,
CHOCOOHOCTBIO BUJIOB K PACCENICHHIO, HATMYUEM Pa3INnYHbIX (PU3UYECKUX U KO-
JIOTHYECKUX 0apbhepoB, NCTOPHEH pacTIpOCTpaHEHHS BH/A B TIPOIIJIOM, KOTOpast B
OopeasibHOI 30HE YacTo CBs3aHa ¢ reorpadueil oneneHenuil. B negom yuer us-
BECTHBIX METOIMYECKUX OTPAHUYCHHUN MPU TPAMOTHOM HCIIONB30BAaHUU MOJIEICH
MOXET OBITh XOPOILIEH OCHOBOM ISl OLIEHKH MOCIJIEACTBUI KIIMMATHYECKUX H3Me-
HEHWIA U pa3pabOTKH pallMOHAIBHBIX CIIOCOOO0B MIPUPOIONIONL30BaHus [48, 51].

g noy4eHus: BaUAHBIX Pe3yJbTaToOB MPU MOJEIUPOBAHUH BAXKHYIO POIb
UTPAIOT MPEIBAPUTEIBHBIN aHAN3 U TECTHPOBAHNE TaHHBIX, BEIOOP ONTHMAIIh-
HOTO MeTofla / METO/IOB MoAenupoBanus. [Ipy MpOrHO3HOM MOAETUPOBAHUH He-
00XO0/IMIMa OIICHKA C MCIIOIh30BAaHNEM PA3HBIX MUPKYIAIHOHHBIX MOJIENICH 1 KITH-
MaTHYEeCKUX ClieHapHueB. VcciieoBaHus MOKa3bIBAIOT, YTO BHIOODP MOIXOASIIETO
METOJa MOJICTHPOBAHMSI M COOTBETCTBYIONINX MUPKYIIIUOHHBIX MOjenei (1o
BO3MOXKHOCTH HCIOJIb30BAHUE U TECTUPOBAHUE HECKOJBKUX BApUAHTOB) UTPAET
HaUOOJIBIIYIO POJTh B TIOJYYCHUU KOPPEKTHBIX PE3YIIBTATOB MOJCITUPOBAHHS [52].

CoBpeMeHHbIE MOJICIHN UCTIONB3YIOT Bce Oosiee CIOXKHBIE alTOPUTMBI pacue-
TOB, YTO TMO3BOJIIET OIEHWBATh KOHKYPEHIMIO MEXKTy Buaamu [43, 53] u kom-
IJIEKC APYTHX OMOTHYECKHUX B3amMojeicTuii [54—56]. B mocnennee Bpems Ha-
OromaeTCst TCHACHISI K IPOCTPAHCTBEHHOMY aHAIU3y OOJBIIOr0 YHCIa BHIOB
(Bxirouast ¥ (hIOpHI KPYMHBIX PETHOHOB), UCTIOJIB30BAHUIO 3HAYUTEIHHOTO 00B-
emMa mHpOpMAIMK U3 TIO0ATBHBIX 0a3 JaHHBIX 10 OMOPa3HOOOPA3HI0 U MPOBE-
JICHHUIO Bce OoJiee JeTaabHBIX UCCIEIOBAHUN 3aKOHOMEPHOCTEH pacipeeneHus
(topel B MUpOBOM Macitade [57]. OmHako aHAIN3 TI00ALHOTO pacpoCTpaHe-
HUS IPEBECHBIX PACTEHUN C UCIIOJIb30BAHHMEM OCHOBHBIX OTKPBITHIX 0a3 TaHHBIX
MMOKa3aJ HAJIMYKE TOYCK NMPHUCYTCTBHUS BBICOKOTO KadecTBa JHIIb Mt 17,5% ot
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obnrero oobema BeIOOpKkH [58]. [ToaTOMy 710 Hauaa uccie0BaHUN HEoOXorMMa
IpeABapUTEIbHAS OLEHKA U 00pabOoTKa BCEX UMEIOIUXCSI JaHHBIX (Tabm. 2). D10
MOXeT ObITh MH(pOpMAIHS TT0 TepOapHBIM cOoOpaM W JIPYTHM TOJIEBBIM MaTepH-
anam ((ropucTuyeckuM CHHMcKaM, KOHCHEeKTaM (uiop, GoTorpadusiM pacTeHHH
C TCONPUBSI3KOW U T.JI.), U3 PA3IMYHBIX IMyONHKANUK (pErHOHAIBHBIX (Iiop, ar-
JIacoOB, OIIpe/ieNTuTelIei), BRIOOPKH N3 OTKPHITHIX 0a3 JaHHBIX. J{i1s Bcero nmeto-
IIETO MAacCHBa JAHHBIX BaYKHO OMPEIEIUTh TOYHOCTH TEOMPUBSI30K, BHIBEPUTDH H
YIOPSIIOYUTH TAKCOHOMHIO BHJIOB, TIPOBECTH aHAJIN3 HMPOCTPAHCTBEHHOW OJIHO-
POAHOCTH JaHHBIX. B 9TOM ciTydae XOpOoIIuM MOACTIOPEEM MOXKET CITY>KUTD TTaKeT
SDMtoolbox 2.0 (http://www.sdmtoolbox.org), KOTOpBIi MO3BOJSET ABTOMATH3H-
POBATh CIIOKHBIE PACUCTHI HIIH IIUKIIBI PACUETOB TIPH IPOBEICHUH IIPOCTPAHCTBEH-
HOTO aHaJn3a, MPOBOAWTD TIIATEIBHYIO MapaMeTPU3aLMI0 MOJeliell ¢ yBeaude-
HUEM WX M30MpaTelbHOW CIOCOOHOCTH ¥ MUHMMHU3AIIUCH W3JIMITHETO O00yUYeHHs
Mozenu (over-fitting). Mcrmonbp3oBaHue JaHHOTO MakeTa TaKKe MO3BOJSET IPO-
BECTH IpeIBAPUTEIBHBIN aHATH3 UMEIOIINXCS TaHHBIX M0 PACIPOCTPAHCHUIO H
BbIOpaTh ONTHUMAaJIbHBIC MapaMeTpsl MofenupoBanus [59]. CrannapTU3HpPOBaH-
HYIO MOATOTOBKY JAHHBIX IO PACIPOCTPAHEHHIO PACTEHHH MOKHO TaKXe Ipo-
BecTu ¢ ucnonb3oBanueMm makera CoordinateCleaner B cpene R (https://github.
com/ropensci/CoordinateCleaner). Mcnonp3oBaHue 3TOH MPpOTpamMMBI MTO3BOJISIECT
aBTOMAaTHU3MPOBATh NPOIECC aHAIN3a MMEIONIUXCS TeorpadUuecKuX KOOpAUHAT
U BBIIBICHUS «IIPOOJIEMHBIX» MECTOHAXOKICHHH Ha OCHOBE aHAIN3a Teorpa-
(uyYecKnX CIPaBOYHHMKOB, TAKXKE B HAJIMYMKM MMeeTcs TIo0aibHas 0a3a JaHHBIX
koopauHaT 9 691 OHOIOTHYECKOTO HAYYHOTO M 00pa30BaTeIbHOTO YUPEIKICHUS,
KOTOpasi MO3BOJIAET HAWTH T€ONPUBS3KH, OTHOCSIIUECS K STHM Jiokauusam [60].
Bo-1iepBEIX, 3TO MO3BOISAET yIAIUTh HEHYKHBIC JaHHBIC (HAIIPHIMEp, KOOpANHA-
TBI caMoro repOapusi) IpH OLEHKE apeajioB BHUIOB; BO-BTOPBIX, BBISIBUTH BUJIBI
pacTeHHil B YCIIOBHSX KYJABTYPHI WIM BUABI, TOKWHYBIINE HHTPOLYKIHOHHEIE
KOJUIEKIIMH U paclipocTpaHeHHbIe B HacTosmee Bpems B pupoxe. B makere Co-
ordinateCleaner 3amyIieH COBPEMEHHBIH aJTrOPUTM paclio3HaBaHHUS HAOOPOB C
pacTpOBBIMH JaHHBIMH, OMIMOOK NPH KOHBEPTALMK KOOPAMHAT U PE3yJIbTaToB
JECSITUIHOTO OKPYTJICHHUS JaHHBIX. Bee mepeunciieHnpe mporpaMMHBIE CPEICTBa
MO3BOJISIOT paboTaTh ¢ OOJIBIIMMH MACCHBAMH JaHHBIX U B 3HAUUTEJILHOM CTere-
HU 00JIEryaroT MOATOTOBKY JaHHBIX JUIS TATbHEHINIETO MOICTHPOBAHIISL.

B Hacrosiiee BpeMsi pa3paboTaHO TPU OCHOBHBIX THIIA MOJICIUPOBAHUS, OC-
HOBAHHBIX Ha Pa3HBIX alropuTMax: 1) mpoduibHbIH MeTox (0OCHOBAH Ha 00paboT-
Ke K03(P(UIIEHTOB pa3pexeHHbIX MATPHUIL); 2) PErPECCUOHHBIN METOA; 3) METOA
MAIIUHHOTO O0y4YeHHs. B coBpeMeHHBIX OOTaHMUECKUX HCCICHOBAHUSIX YaIlle
BCEr0 HCIOJB3YIOTCS PErpecCHOHHBIE MOJEIH (TeHepaIM30BaHHbIC JIMHEHHBIE
Generalized Linear Models — GLM u no6asounsie monenu Generalized Addi-
tive Models — GAM) 1 MeTO/[bI MAIIIMHHOTO 00YYEHUs], TAKUE KAK METOJ MAKCH-
MaJbHOH 3HTpormu Maximum Entropy Methods — nporpamma MaxEnt (https://
biodiversityinformatics.amnh.org/open_source/maxent/), perpeccuoHHbIE Jepe-
BbsI M HCKyCCTBEeHHBIC HelipoHHbIe ceTh Artificial Neural Network — ANN. Ilpo-
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rpaMMBbI Ha 0cHOBe TipodribHOTO MeTona (BIOCLIM, DOMAIN, GARP) ceituac
OYEHb PEJKO UCIOJIB3YIOTCS, O0siee COBPEMEHHOM pa3padoTKoil B 3TOM Hampas-
JICHUH SIBISICTCST MeTOA (pakTOpHOrO aHanmm3a skosiorndeckux Huil Ecological
Niche Factor Analysis — ENFA, peanuzoBannslii B mporpamme BIOMAPPER.
H3BecTHO 71Ba OCHOBHBIX THITa MOZEJNEH 10 OTHOLIEHHIO K HCIIONB3yeMbIM JaH-
HbIM: Mojenu npucyTtcTBus (mporpammsl BIOCLIM, DOMAIN, ENFA, GARP,
MaxEnt u Maxlike) u monenu npucyrctusi-orcytetBus (GLM, GAM, a Takke
MHOTOBAapHAHTHBIE a/JalTUBHbIC PErpecCUOHHbIE cIutaiinbl Multivariate Adaptive
Regression Splines — MARS, knaccudukannonnsie nepeBbs Classification and
Regression Tree — CART). O630p Oosee paHHUX HNPOrPaMMHBIX IaKETOB MpH-
BeJICH B IyOnmukanmsx [61, 62].

Tabmauma 2 [Table 2]
HpOCTpaHCTBeﬂﬂoe paspenienue 1Jd JaHHBIX Pa3JIMYHOI0 TUIA,

HCIOJIb3YEMBbIX IIPU MOJAETHPOBAHUU
[Spatial resolution for different data types used in species distribution modeling]

Tun
HcTouHnkM TaHHBIX 1-1000 m | 1-5 &M | 1-15 mum |0,25-1 rpagyca|1-5 rpagyca
[Data sources] HAHHBIX | 11 1000 m] | [1-5km] |[1-15 minutes]| [0.25-1 degree] | [1-5 degree]
[Data type]
IIpucyr-
I'epbapuble nanHbBIE PHCYT
. CTBUE < P
[Data from herbarium]
[Presence]
IIpucyt-
[lepuonnue- cTBHE/
CKUE U3JaHUs OTCYTCTBHE < >
[Periodicals] [Presence/
absence]
IIpucyr-
JlanHble obceno- cTBHE/
BaHUsI TEPPUTOPUU OoTCyTCTBHE | ¢ >
[Survey data] [Presence/
absence]
IIpucyr-
cTBHE/
IloneBwie 1aHHBIE
. —>
[Field data] OTCYTCTBHE
[Presence/
absence]

[Tocite moadopa MoAXOASIIET0 METOIa MOJISITMPOBAHUS HEOOXOIUMO OTIpe/ie-
JUTHCS C BBIOOPOM IKOJIOTHYECKHX MEPEMEHHBIX. DTO JIOIKHO COOTBETCTBOBAThH
0003HAYCHHO 11eJI MCCIISIOBAHMUS, TOCTYITHOCTH JAHHBIX, OMOJIOTHU U pa3Mepy
apeasa nzydaeMoro Bujaa. KoppekTHoe UCIoNIb30BaHHEe PA3IMYHbBIX IEPEMEHHBIX
MIPOBOJIUTCSI C YY4ETOM U3y4aeMOoTo IPOCTPAHCTBEHHOTO YpOBH (Tabum. 3). Dkoso-
TUYeCKUe MepeMeHHbIe IS 1eNiei MOAETUPOBAHUS MOKHO Pa3IeNITh Ha IPSIMbIe
¥ KOCBEHHbIE, HCIIOJIh30BaHUE KAXKJIOTO THIIA UMEET CBOU TPEUMYIIECTBA U He-
JocTarku (taom. 4). OTMETUM, YTO B MOJICIISIX TIOMUMO KOJIMYECTBEHHBIX MOXKHO
HCTIOJIh30BaTh U KaTCTOPHIHBIC TIepEMEHHBIC (BBIpKCHHBIC B IIM(DPOBOM BHUJIE),
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YTO MTO3BOJIET IPOAHAIN3UPOBATH JOIOITHUTEIbHBIC JaHHBIC IO PAa3IHYHBIM I1a-
pameTpam cpeibl (Harmpumep, KJIacchl MOTEHIIMATBHON PACTUTEIBHOCTH, CTCIICHb
BBITIACA U T.1T.).

Tabauma 3 [Table 3]
IIpocTpaHcTBeHHOE pa3penieHHue IKOJIOrHYeCKHX NepeMeHHbIX,
HCIOJIb3YEMbIX IIPU MOAETHPOBAHUHU
[Spatial resolution of environmental variables used in species distribution modeling]

IIpocrpancTBeHHbII ypoBeHb [Scale domain]

KonTtrnen Jlann-
I - P - - . Mu-
BKEEZI‘I/:IGCKZIC HES?I;IIL AL HELH Hail:;m ::L?ﬁ Jloxans-| Caiir Kpﬁ
TepeMEHHBI o -
[Environmen- >10000 2000 200— 10-200 HbIH 10 calT
- 10000 kM 1-10 xm | 1000 m
tal variables] KM [Conti 2000 kM KM [Local] | [Site] <10 M
[Global] - [Regional] [Land- [Micro]
nental]
scape]

Knumar
[Climate]
Tomorpadus
[Topography]
[Ipupononons3o-
BaHue [Land-use]
Turmsr mouB
[Soil type]
buornueckue
B3aUMOJICUCTBHS
[Biotic interaction]

Ipumeuanue. Cepoid 3aTMBKOM 0003HAYCHBI MPOCTPAHCTBECHHBIC YPOBHH, ISl KOTOPBIX peie-
BAaHTHO IIPUMEHEHUE DKOJIOTHYECKUX IIEPEMEHHBIX.
[Note. Grey columns show the scales relevant to application of environmental variables.]

Tabnuna 4 [Table 4]
I[IpenmyecTBa U HEIOCTATKH MCI0JIH30BAHMA B MOEJIHPOBAHUU
Pa3/IMYHBIX THIIOB IIEPEMEHHbIX
[Advantages and drawbacks of different types of variables in modeling]

ITokazarenb IIpsimblie [Direct] KocseHnHbIe [Indirect]

IlepemenHsble, UMEIOIIME ONIOC-
[IepemenHbIe, UMEOILIKE TIPSI-
PEenOBaHHbIE CBSI3U C U3yYaeMbIM
MBbIE YKOOHOIOTUIECKUE CBSI-
Ormpenenenue BHJIOM Y€pE3 CEPUIO TPOMEKY-
[Definition] 31 C U3y4aeMbIM BUOM
Variabl th di biological TOYHBIX MPSIMBIX (PAKTOPOB
[Variables with direct eco-biologica . . ; .
. A . h [Variables that correlate with studied species
relationship with studied species] . . . .
through series of intermediate direct factors]

Krumar, mouBeHHBIE MakpodIe-
MEHTBI, B3aUMOJIEHCTBYIOIINE
[Ipumepsl BH[IBI paCTCHHUI B COOOIIECTBE,
[Examples] M30ISAIAS MECTOOOUTAHHS
[Climate, soil nutrients, interact-
ing plant species, site isolation]

BricoTa Han ypoBHEM MOps, penbed,
TIOYBCHHBIC XaPAaKTCPUCTUKH, T€OIOT U
[Elevation, soil, topography, geology]
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OxkoHuaHue Tabn. 4 [Table 4 (end)]

[Tokazarenn IIpsimble [Direct] KocBennbie [Indirect]
CTPYKTYDa MOIEIH JIETKO HITE Habops! gaHHBIX J1€rKO JOCTYIHEI B
PYKIYP P T'C-dpopmare. MoryT ObITh 3 dek-
MIPETHPYETCS B 3HAYUMBIX OHO-
TUBHBIMH IPEAUKTOpaMH (Hampumep,
JIOTHYECKUX TepMUHAX. MOMKHO
JTAaHHBIE TI0 BBICOTE U pebedy mpu
MIPOBOJUTH dKCTpanosiuio. bonee
MOJIEJIMPOBAHUU TOPHBIX TEPPUTO-
3 PEKTUBHBI IPH COCTABICHUU .
puii). OOBeIUHSAIOT Iy CBA3aHHBIX
TIpermy- MPOTHO30B, CBA3aHHBIX C U3MCHCHU-
peumy JIpYT € APYTOM MEPEMEHHBIX, 110~
eCTRA em kiumara. ObecrieunBaet 00bIe
ot HH(OPMAIHH U3 5hEKTHBHOTO 3TOMY IIPU MOJEJIMPOBAHUHN MOXK-
[Advantages] P HO MCTIONB30BATh MEHBIIEE YHCIIO
MIPUPOAOOXPAHHOTO YIIPABIICHUS
g 9KOJIOTMUECKUX MEPEMEHHBIX
[Model structure easily interpret- . . .
Lo . - [Data sets widely available in GIS. Can
ed in biological meaningful terms. . : .
. . be effective predictors, e.g. elevation and
More effective for climate change . . .
; . - ;i relief data in mountainous areas. Encom-
modeling. Provide more information :
. pass a range of correlated variables, help
for conservation management] . . .
to use fewer variables in modeling]
OrpaHn4eHus B MHTEPIIPETAnN
TpebyroT Gonblile BPEMEHM U 3aTPaT| JaHHBIX, TTIOPOM CI0KHO HAWTH «OHO-
VTS TIONTOTOBKH (KPOME JTOCTYTI- JIOTUYECKUI CMBICID MTOTyYEHHBIX
HBIX KJIMMaTHYECKHUX JIaHHBIX ). pe3yabrartoB. Ecinu ecth koppensinus ¢
Henocrarku He Bcerna ynaercs NOArOTOBUTE | IIPSIMBIME TIEPEMEHHBIMHU, TO PE3yIIbTa-
[Drawbacks] Ha0bOp MEePEMEHHBIX HY)KHOTO TBI aHAJIM3a MOTYT OBITH TPUMEHUMBI
MPOCTPAHCTBEHHOTO pa3peIIeHMs TOJIBKO K JIOKAJIbHBIM YCIIOBUSIM.
[Require greater efforts to record. [Limited interpretation — biological
Need to prepare data sets with meaning inferred, resulting in increased
appropriate spatial resolution] uncertainty. Correlation with direct
variables tends to be location specific]

Ha cerogusmamii neHs mpoBeeHe pasIMIHbIX 3TAlOB MOICITUPOBAHMS M KOM-
ITUICKCHBIN aHAJIN3 JaHHBIX BO3MOXKHBI B cpefie R ¢ HCIoIb30BaHIEM CIICIHAIN3HPO-
BaHHBIX CTATUCTUUECKHX TTakeToB [48]. B wactHOCTH pa3paboranbl Momyii Biomod,
Biomod?2 [63] u Ecospat [64], koTOpble TIO3BOJISIIOT MPOBECTH MMOJHOMACIITAOHBII
QHAJTI3 C UCTIONB30BaHUEM PA3TNIHbBIX MOZCNCH 1 crieHapreB. HemanoBaxHbIM ax-
TOPOM SIBJISIETCS TO, YTO R — 3T0 cBOOOMHAS IpOrpaMMHasi Cpefia ¢ OTKPBITHIM HC-
XOIHBIM KoZtoM. B Hacrosiiee Bpemst B cetrn MIHTepHET HOCTYITHBI MHOTHE TOTOBEIC
KOITbI, HEOOXOMUMBIE [Tl MOJIETpoBaHusl. Kpome Toro, mpu HaIUYHU BEKTOPHBIX
U PacTpOBBIX JAHHBIX cpela R 1M0o3BoIsIeT 0opMITATE BEIXOAHBIC KapThl Pe3yibTa-
TOB MOJICITHPOBAHMUS ¢ HACTPAUBACMBIMU XaPAKTEPUCTHKAMH, YTO MO3BOJISICT HE HC-
nonp30Bath goporocrosime I'UC-porpamMmel. CTOUT YIOMSHYTh, YTO B TIOCIICHIE
rozp! nosieuiics psaa I IC-naketoB, HaxoasAmmxcs B cBoOoHoM joctyrne (DIVA-GIS,
QGIS). MuorodyHkmoHanpHOU miardopmoii ¢ uHTepdeticom mon Windows u Ma-
cOs sBnsierca nporpamma OpenModeller (http://openmodeller.sourceforge.net/), ko-
TOpast TAKXKE JAeT BO3MOKHOCTB pabOTaTh C pa3HBIMHU allTOPHTMAaMK MOJICTHPOBAHFIS
B 3aBUCUMOCTH OT THUIA UMCIOIIUXCS TAHHBIX IO PACIIPOCTPAHCHHUIO.

Haunaaromumm uccmenoBarensiM MOKHO IPHOOPECTH MPAKTHISCKUE HABBIKU C
WCTIOJIb30BaHUEM Y4eOHO-METOIMYECKUX MOCOOM MO MOJAENIMPOBAHUIO PacIpo-
CTpaHeHUs] BUJIOB [65, 66], T1e B JOCTYIHOW (QopMe TPUBOAATCS BOSMOXHOCTH
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paccMaTpuBacMBIX METO/IOB, YKa3aHBl HEOOXOANMBIE CCBHUTKH, TI0 KOTOPBIM MOYKHO
CKa4aTh HEOOXOIMMBIC IIPOTPAMMBI, IAHHBIC U CJIOU ISl IPAKTUUECKOTO TPEHUHTA.

s Goee OMBITHBIX MCCIIEIOBATENEH MOXKHO MPUBECTH HECKOIBKO MPaKTH-
YECKUX COBETOB:

1. Ha mepBOHa4YaqpHOM 3Tale OYeHb BakKHA padOTa ¢ JAHHBIMH IO PacIpo-
CTpaHEHUIO BUIOB. ECIIM MaHHBIX HEIOCTATOYHO, TO HY)KHO H00parh HEOOXO-
nuMyro uHpopMmanuio. CieayeTr Takke ydecTh BOSMOXKHYIO HEpaBHOMEPHOCTD
cOopa JaHHBIX (HampuMep, Y HACEICHHBIX MYHKTOB U JIOPOT) U OJHOPOIHOCTH
9KOJIOTO-KITMMAaTHYECKUX YCIOBUHA. Bce 3TO MO3BOMUT mpoBecTH OTOOP JOCTO-
BEPHBIX JIaHHBIX, YTOOBI CHU3UTH BIUSHUE HETaTUBHBIX (PAKTOPOB HA KOHCUHBIH
pesynbrar [41, 42, 59, 60].

2. Koppemsiuu 5KOIOTHYECKUX MEePEeMEHHBIX (TPEIUKTOPOB), HCIONb3Yye-
MBIX B aHallM3e, He JOJKHBI MpeBbimarh 3Hauenus 0,7 [41, 42, 48, 49]. Heno-
CTAaTOYHBIH YYeT MPOCTPAHCTBEHHON aBTOKOPPEIIIUH JAHHBIX, IEPEMCHHBIX W
3aKOHOMEPHOCTEH PacIpOCTPaHEHHS BUIOB MOJKET IMIPUBECTH K HETOCTOBEPHBIM
pesyibraraM MoaenupoBanus [49, 65, 67, 68]. CooTHOIIEHHE TPETUKTOPOB U TO-
YeK NMPUCYTCTBUS HE TODKHO ObITh MeHbIne 1:10, T.e. Ha OJMH MPETUKTOP XKella-
TEJNBHO UCTI0IBb30BaTh He MeHee 10 Touek npucytcTus Buaa [41, 48]. B cpennem
B MOJEISIX HCHONb3yercss 5—10 mpeauKTopoB, MOATOMY I 0a30BOTO aHAIH3a
HeoOxoaumo Hajmuue oT 50 10 100 MecToHaXOXKIeHHIA BUA.

3. BaxxHo coOmonare OamaHC MEKAY TOUKAaMHU MPUCYTCTBUS M OTCYTCTBHS
(nceBnooTcyTcTBUA) BUIOB [48, 68].

4. Ilpu WCTIONH30BaHUN TAHHBIX TIOJICBBIX HAOJIOICHUI MOJENN MOTYT IIO-
Ka3bIBaTh HU3KYIO TOYHOCTH HPH HCIIOJb30BaHUU MeHee uem 100 HaOmromeHwuit
[48]. OTMeTHM, YTO 3TO KacaeTcs TOJNBKO TOJIEBBIX JaHHBIX, COOPaHHBIX HA HE-
OonbIuX TeppuTOopHsx. Jist Apyrux HabOpoB JaHHBIX (repOapHbIC MATECPUAIIBL,
JAHHBIC U3 onpeenuTeneii u Giop) 0coObIX orpaHHYeHHUN HeT. I peIKuX Ml
MaJIOM3yUYSHHBIX BUOB MPEJIATaIOTCsl CIICIIUATBHBIC aJTOPUTMEBI il paboTHI ¢
HeOOIBIMMH BbIOOpKamu [69, 70].

5. ITo BO3MOXKHOCTH KCIIOJIL30BaTh Pa3HbIE METOMIbI MOJCIUPOBAHUS (METO
MaKCHMAaJIbHOH SHTPOIIH, MHOTOMEPHAS U JIOTHCTHYECKAs perpeccusi, HeWpoH-
HBIC CETH, TCHETHYCCKHIA aJlTOPUTM U T.J1.) JJIsl CPABHEHUS PE3YJIBTATOB U BEIOOPA
HanOoJjee nmoaxozsiero metoza [48, 49, 52, 63].

6. BaxxHO OlICHMBATh TOYHOCTH MPOTHO30B C HCIOIb30BAHHEM PAa3IUYHBIX
CTaTUCTHUYECKUX KpuTepues, Takux kak AUC (Area Under Curve of the Received
Operating Characteristic) — miomanas nog ROC-kpuBoit, k03(h(pUIMEeHTHI Kanmna-
craructuku (Kappa, MaxKappa), cratuctuaeckuii manaexc TSS — “True Skill Sta-
tistic”, 0603Ha4aOMINI TOPOT YCIEIIHOCTH MPOrHO3a sl TOUEK NPUCYTCTBUS U
orcyTcTBus [41, 44, 47, 48].

Ilpeonocvinku u napadomku no usyuenuio zeozpaguu pacmenuit ¢ Poccuu
OnuH U3 OCHOBOIONOXKHUKOB OoTaHnueckoit reorpaduu B Poccun A.U. Ton-
maueB otmedal [71. C. 4]: «...ocBeleHHe JIFOOBIX MPUPOTHBIX SBJICHUN B reorpa-
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(brdecKoi mepcreKTHBEe UMEeT 0COOCHHOE 3HaUYeHue. .. B To e Bpems, ¢ 6oTaHu-
KO-reorpau4eckoil TOYKH 3peHust, OOIIMPHOCTh TEPPUTOPUH, HA KOTOPOH MOXKET
MIPOBOUTHCS Takasi padoTa y HaC, OTKPBIBACT IIMPOKHE MEPCIIEKTUBBI PACKPBITHS
Pa3JIMYHBIX 3aKOHOMEPHOCTEH pacHpoCTpaHEHHs pacTeHUI Ha 6aze U3ydeHUs
otedecTBeHHOTO Marepuana». CornacHo A.M. TommaueBy [72], pacmpocTpane-
HHUE PACTEHUI MOXKHO OTOOpas3sUTh TpeMs CIIOCOOAMHU KapTHPOBAHUS: TOUCUHOE,
KOHTypHOE H cetounoe. B.B. Uenunora ¢ coaBropamu [73] orMedaer, 4To HWH-
(dopmanus o pacpoCTpaHEHHUIO PACTEHUI ITOMUMO repOapHbIX JaHHBIX MOXKET
OBITh IIPEJICTABIICHA BO (PIIOPUCTUICCKUX CIUCKAX, TCOOOTAHNUECKUX OTMMCAHUSIX
u mybnukanusax. PaccMorpum 0osee moapoOHO poccHiickue pa3paboTKH B 3TUX
HaIpaBJICHUSX.

Toueunoe kapmuposanue. SIBnseTca Hanboee MUPOKO UCTIOIB3YyEMBIM METO-
JIOM M3Y4YEHHsI pacrpocTpaHeHus pacteHuid B Poccun. IlepBoHayanpHbIe Hcciie-
JoBaHMs ObLTM Hauatel B 1958 1. mox pykosoactsoM A.U. TonmaueBa, akTUBHAS
paboTta npoomkanack o 1986 r. 3a 3ToT mepro ormyOoIMKOBaHO MHOTO paboT 1o
reorpadun BaxxHemmx rpymni pacteHuid giaopsr CCCP [74—76], nepBblii U3 BbI-
ITyCKOB OBLT JakKe M3/aH 3a pyOe:KoM Ha aHTIIMICKOM sI3bIKe. B pamkax sTux mc-
CJICIOBAHUI ITOTOTOBJICH KPYIIHBIA MacCHB KapTOrpad)uuecKux MaTepHaioB Mo
apeanam pacteHui. [IoMIMO IeTambHBIX TOUEUHBIX KapT IS BUIOB C IIMPOKUM
apeajioM COCTaBIISUINCh M KOHTYPHBIE KapThl. B rmocieayromem qpyrum He MeHee
LICHHBIM 0000IIICHNEM SIBUIICS «ATIIAC apeasoB U PeCypCcoB JICKApCTBEHHBIX pac-
TeHui» [77], B KOTOPOM ITOMUMO PaCIpOCTPAHEHUsI BUIOB MMPHUBEICHBI TaHHbIC
10 WX MPHUPOTHBIM 3amacaM. B 9ToT jke mepnop omyOIrKOBaHBl TPH TOMa CBO-
K1 «Apeansl aepeBbeB U KycTapHUkoB CCCPy» [78—80]. ToueuHoe xapTupoBa-
HHUE UCTIONB3YETCS TIPH MOATOTOBKE (DIIOP ¥ aTiIacoB ISl OONBIINHCTBA PETHOHOB
Poccun. 3ToT Marepuan umeeT OOIBIION MOTEHIMAN ISl IATbHEHIINX HCCIIeN0-
BaHUI 110 reorpaduu pacTeHUH.

OJHO¥ M3 MHTEPECHBIX COBPEMEHHBIX Pa3paboToK sBIseTcs u3aaHue online
(http://www.agroatlas.ru/) u Ha DVD «Arposkonorndeckoro ariaca Poccuu u
conpenebHBIX cTpan» [81], B KOTOPOM IOMHUMO apeajioB Ba)KHBIX CEJIbCKOXO-
3SIMCTBEHHBIX KYJIBTYp TpUBEACHO 560 MOAPOOHBIX KapT WX JUKHX COPOAMYEH
B ['MIC-dopmare ¢ TOUYCUYHBIMU U TIOJIUTOHAIBLHBIME CIOSIMH. Apeall KyIbTypHBIX
BHZOB OOJNBIICH YacThI0 0003HAYEH KOHTYPAaMH, TOUKAMH BBIACIIIIOTCS OTICIIh-
HBIC MECTa BO3JCIBIBAHHS. DTH UCCICIOBAHUS SBISIFOTCS XOPOIIUM MPHMEPOM
TOTO, KaK UMEIOIIHUNCS OOMMPHBIA MaTepra Mo pacnpoCTPaHESHUIO PacTCHUM
MOXKHO HMCIIOJIb30BaTh B COBPEMEHHBIX UCCIIEI0BAHHSX.

JpyruM TEepCIeKTHBHBIM HAIIPABICHUEM SIBISICTCS M3YYCHHE PacIpocTpa-
HEHUsI HHBa3MOHHBIX BUJIOB pacTeHuil. Ha manHblil MOMEHT uMeeTcs 0as3a qaH-
HBIX aJIBEHTUBHBIX BUJIOB pacTeHuii Boctounoit EBporer (http://geocnt.geonet.
ru/googlemap/) [82—84]. Ha Tepputopuu Poccun pabotaeT otraenbHas rpymnmna
CICTIHAJICTOB, B TIOCJIEIHIE TOIBI HCCICOBAHMUS IO JaHHON TEeMaTHKe IPOBO-
JSITCSI OOJIBIIIMM COBMECTHBIM KOJUICKTHBOM POCCUICKHX M 3apyOe:KHBIX OOTa-
HUKOB.
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Ha cerognsmmauii JeHb TPOBOAUTCS Oobiias pabota mo onudpoBke repda-
pust MOCKOBCKOTO TOCYHHBEPCUTETA U TIOITOTOBKE T'€OMPUBS30K JIJIsl TepOapHBIX
MarepuayoB. MiMeromuiicss MaccuB HH(MOPMAIINHU O3BOJISIET pacCMaTpUBaTh IU}-
poBoii repbapuit MI'Y kak kpymnHeinryto 6a3y JaHHBIX 0 OHOPa3HOOOPA3HIO B
Poccun [85]. [ToMrMO 3THX HCCIIEIOBaHUI COTPYTHUKAMH YHUBEPCUTETA Ty OJTH-
KYIOTCsl HA0OPBI JJaHHBIX 110 PACIPOCTPAHEHHIO pacTeHuil. B umcne nocneanux
1 XOPOIIIO MPOpabOTaHHBIX CTOUT OTMETUTH 0a3y JaHHBIX IO PACIPOCTPAHCHUIO
103 BUI0OB COCYIUCTBIX pacTeHuil 6acceitna p. AMyp, 0a3upyIOLIyIOCs Ha aHATH-
3¢ OCHOBHBIX repOapHbIX KoJuteknuid Poccuu [86], Bce manubie st 12 371 no-
KanmuTeTa BUJOB A0OCTynHBI 1o aapecy (https://www.gbif.org/dataset/Oc7bd9e3-
ded7-4de4-99ec-d51453611t48).

Koumypnoe xapmuposanue. JlaHHbBIi METOJ SIBISIETCSI MEHEE TPYIOEMKHUM IO
CPaBHEHUIO C TOYCTHBIM KapTHPOBAaHIEM, HO HE 00IagaeT neTanu3anneii u cogep-
JKHT IEMEHTBI KCTPATIONISAIMK JaHHBIX. [Ipy 0000IIeHH KOHTypaMu KPaeBbIX
TOYEK PacIpOCTPaHEHUs BHIA BBHIIIATACT HHPOPMAINSI O €TO MECTOOOUTAHMUAX C
YUETOM T'€TePOTCHHOCTH JKOJIOTHYECKUX ycioBuil. [loaToMy Takue marepualsi
HUMEIOT MEHBIIYIO IICHHOCTh TIPH MOJCTHPOBAHUN apeaioB PaCTCHHUI.

Hamu mpoaHamu3upoBaHO paclpoCTPaHEHUE ABYX KPYIHBIX CEKIUH IMOJH-
MopHoro poxa Oxytropis DC. (puc. 1). KoHTYpBI apealioB CEKIHi IMOIrOTOB-
JICHBI HA OCHOBE OOJIBIIIOTO YHCIIA TOUSUHBIX HaHHBIX: 1202 KOHKPETHBIX MECTO-
HaXOXJICHUH Il BUAOB ceKiuu Xerobia Bunge u 913 MecTOHAXOXKICHUH IS
cexuuu Verticillares DC. BrisBneHo, 4To apeai cekiuu Xerobia xapakTepusyer-
Csl IPUYPOUYCHHOCTHIO K LleHTpanbHoil A3uH, K 3TOH K€ TEPPUTOPUH TATOTEIOT U
apeassl OonblIel 4acTu BUAOB cekuuu Verticillares. CeBepo-BOCTOUHBIHN aHKIaB
cexmu Verticillares nimeeT cXOmHOE paclpoOCTpaHEHUE ¢ BUIAMHU CEKINN Arcto-
bia Bunge.

s HaunHAIONINX HMCCIeIoBaTeNeil HanIne KOHTYPHBIX KapT pacipocTpa-
HEHHSI BUJIOB MO3BOJISIET MPEIBAPUTEIHHO OIICHUTD UX 00IIee pacpoCTpaHeHNUE,
9TH JaHHBIC TaK)KE€ MOTYT OBITH TIOJIC3HBI MIPU MOATOTOBKE HAaOOpa JaHHBIX IO
OTCYTCTBUIO («IICEBIOOTCYTCTBUIO») BH/IA HA U3y4aeMOU TEPPUTOPUH. XOpOoIias
popaboTKa KOHTYPHOTO KapTHPOBAHMS PACTIPOCTPAHEHUS BHIOB B paMKax CO-
BETCKOM (hUTOTreorpapuyecKoil MIKOJIbI MO3BOJISICT MCIIOIb30BaTh 3TH JAHHbIC B
COBPEMEHHBIX HCCIICTOBAHMIX.

Cemounoe xapmuposanue. [1ogpoOHBI 0030p NPUHIMIIOB U METOIOB Kap-
THUPOBAHMS Ha OCHOBE PETYISIPHOW ceTKH mpuBeneH B 063ope A.Il. Cepernna
[87]. JlaHHBII METO MIMPOKO MCIONB3YETCs B 3apyOCKHBIX HCCICIOBAHUX, TAK
KaK KapTHPOBAaHHNE HA CETYATOH OCHOBE MO3BOJSET N30€XKATh MPEIB3ATOCTH IIPH
OLICHKE apeaioB BUJIOB, BBISABISIECT TEPPUTOPHHU, HEOOXOUMBIC JUIsl AabHEHIIET0
HCCIICIOBAHMS, TTO3BOJISICT IIAHUPOBATh (PIOPUCTHICCKHE HCCIeqOBaHMsA. Bo3-
MOXXHOCTH METOJIa UCTIONB3YIOTCS MPH OI[CHKE BUIOBOIO OOTaTCTBA PACTCHUM U
3aKOHOMEPHOCTEH €ro pa3Ho0Opa3ws Ha OCHOBE MEITKOMACIITA0HOTO M KPYITHO-
MacitabHoro kaprorpaguposanus. B.B. Uenmuora ¢ coasropamu [73] npearno-
maraet, 4yTo aBroputeTHoe MHeHHE A.M. TomMaueBa [72] 0 CIIO)KHOCTH TIpHMeE-
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HEHHSI CETOYHOTO KapTHPOBaHMSA B Poccuy B CBS3M ¢ HETIOTHOTOH M3YYEHHOCTH
(Gopsl 0Ka3ajo BIMSHHE HA HEAOCTATOYHOEC BHUMAHHUE K 3TOMY METOIY U €ro
ciraboe pa3BuTHE B Halel cTpaHe. [IepBblii ONIBIT PabOThI ¢ PETYASPHON CETKOM
pu GIOPUCTHYSCKUX MCCIICIOBAHUIX BCTPEUACTCS IPU U3yUeHUH (IIOPHI TLIATO
[Tyropana [88], B moyHOM Mepe JaHHBIA MeTOA ObUT MCIOJIB30BaH IMPH TOMATO-
ToBKe cBoAKHM «Dnopa Lentpansuoit Cudupu» (1979) [73, 87]. Kaptel pacmpo-
CTpaHEHUsI PACTCHUI HA CETOYHON OCHOBE MOTYT OBITH PACIIO3HAHBI C HCIIONB30-
BaHHEM COBPEMEHHBIX MPOTPAMMHBIX CpelncTB. Tak, pa3paboTka CreuaaIbHOTO
QITOPUTMA PACIO3HABAHMUS ITO3BOJIMIIA TIEPEBECTH B IH(poBoN (opmaT KapThl
apeayioB /uisi 1 284 BUIOB U MOABHUIOB COCYIUCTBIX pacTeHui u3 cBoaku «Diopa
HenTpanproit Cubupu» [73]. MaccuB GproprcTHIECKUX TAaHHBIX 110 (II0pe Im1aTo
[TyTopaHa B moCIeayIOIEM TaKKe MOKET ObITh IEPEBE/ICH Ha IIH(DPOBYIO OCHOBY.
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Puc. 1. Apeans cexuwuii Verticillares DC. u Xerobia Bunge pona Oxytropis DC
[Fig. 1. Distribution of sections Verticillares DC. and Xerobia Bunge of the genus Oxytropis DC]

B coBpeMEHHBIX POCCUHCKIX HCCIIEAOBAHUIX CETOYHOE KAPTUPOBAHUE MIPE/I-
craBiieHo B pabotax A.Il. Cepernna no Bnagnmupckoii oomactu [87]. Hamu He-
JIaBHO 3aBepleHa padoTa 1o co3AaHuio Ha ceTouHoi ocHose (100x100 kM) Oa3br
JIAHHBIX TI0 PACIpPOCTPAHEHHIO JIpeBeCHBIX pacTeHuil Boctounoit EBpazun [§89].
[IpenBapuTenbHBII aHATH3 UMEIOIIHMXCS TAHHBIX MOKA3bIBACT MEPCIEKTHBHOCTD
JTaTbHEUIINX UCCIIeIOBAHUN, KOTOPHIC TIO3BOJISIOT IIPOBECTH JETATBHYIO OIICHKY
3aKOHOMEPHOCTEH PaclpOCTPaHEHHs IPEBECHBIX PACTCHUI HA U3ydaeMOM Tep-
putoprn. OCHOBOW TaHHBIX ITO PACIIPOCTPAHCHHIO IPEBECHBIX BUIOB A3HATCKOM
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Poccun 6puta myonmukamnus M.1HO. Koponauunckoro u T.H. Berosckoit [90], Best
uMeroniascsa nHhopmalus J0MoJIHEHa HOBBIMU JTaHHBIMU (puc. 2). Hanbonbiee
BHJI0BOe OorarcTBo HabOmromaercs Ha rore Cubupu u JlanmsHero Boctoka. D10 B
HEKOTOPOH CTENEHU COMIACYETCs C MPEAbLIYIIUMU UCCIEAOBAHUSIMHE 110 PacIpo-
CTPaHEHHIO PEAKUX W IHJIEMHUYHBIX pacTeHui Ha Tepputopuu Poccunm [91], roe
9TH K€ PETHOHBI BBIJICICHBI KaK KIFOYEBbIE YYACTKH C MAKCUMAIIbHBIM BUJIOBBIM
pasHooOpasueM. Mmerommiicss MacCHB TaHHBIX TaKKe OTOOpa)kaeT OIpeaeiIeH-
HBIN IUPOTHBIN TPAJUEHT pa3HOOOpa3us APEBECHBIX BUIOB A3uarckoil Poccun.
Panee namu st reppuropun BoctouHol A3nn 0TMEUEeH 3HAYMMBIA BKIIAJ IKO-
JIOTUYECKON IEPEMEHHOM KaK aHOMAJIMU CPEIHEN TeMIIepaTypbl caMON XOJIOJHON
YETBEPTH TOAA C TEpPHOJa TOCIEIHETO JICTHIKOBOTO MaKCUMyMa (IepeMeHHas
paccUuTHIBAIACH 110 OOIIENPUHATON METOUKE [92]), 4TO MOXKET CBHIIETENLCTBO-
BaTb O OOJIBIIOM BIFSIHUH OJEACHEHHS HA PACIPOCTPAHEHHE IPEBECHBIX pacTe-
HUM ymepeHnHoro nosica [93]. JleTepMUHUPYIOMMME (haKTOpaMU TAKKe SIBIISIOTCA
CpenHss TeMIeparypa caMOi XOIOJHOM YeTBEPTH Tofia U CPETHETOIOBAs TEMIIe-
parypa (OHMOKIMMaTHUECKUE NepeMeHHbIe ObUTH MOMTyueHs! ¢ caifta http:/www.
worldclim.org). Pacder KIFOYEBBIX NEPEMEHHBIX JIISI TEPPUTOPUU A3HATCKON
Poccun B mpoTuBOBEC BBISIBUI OOJIbILIEE BIUSHUE OCAIKOB B CAMYIO TEILTYIO U Ca-
MYI0 BIQKHYO 4eTBepTh rona. ['opel rora Cubupu u JansHero BocToka xapakre-
PHU3YIOTCS JIyUIINM YBIQKHEHHUEM, YTO CIIOCOOCTBYET (POPMUPOBAHUIO BBICOKOTO
BHIOBOTO OOTaTCTBa IPEBECHBIX PACTCHUI.
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Puc. 2. BunoBoe 60rarcTBo qpeBecHbIX pacTeHnid Asuarckoil Poccun
[Fig. 2. Species richness of woody plants in Asian Russia]
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HccnenoBanus B 5TOM HampaBJICHHN HEOOXOIMMO HPOIOIDKHUTE. B ToM ke
Mmacmrabe (100x100 kM) HAMU NPOBEIEHO CETOYHOE KapTHPOBAHHUE apHIHBIX
Tepputopuii BHyTpeHHEH A3UHM W BBISBIEH PA3INYHBIA OTKIHMK JPEBECHBIX U
TPaBSHUCTBHIX PACTCHUI HA U3MCHEHHS KIIMMaTa B IPOILIOM U HacTosIeM [94].
Kommeke ¢akTopoB, AeTepMUHHPYIONIMX pa3HOOOpa3ne W pacrmpoCTpaHCHHE
BUJIOB, OTJIMYAJICS HE TOJNIBKO Y BHIOB Pa3IMYHBIX )KU3HCHHBIX (hOPM, HO U C pa3-
HOH pa3MepHOCTHIO apeanoB. /st apuanHbix Tepputopuii BayTpenneit A3un He
BBISIBJICHO B2)KHOU POJIM TEMIICPATypHBIX MOKA3aTeied, B OCHOBHOM KIIFOYEBOE
3HAUCHNE MMEH MapaMeTphl YBIaXHEHHS. McXons W3 MpOrHO3MPYeMBIX TpeH-
JIOB apHIM3alUH B U3y4aeMOM PErHOHE, B OY/IyIIeM B TPABIHUCTBIX IKOCHCTEMAX
BryTpenHe# A3uu MoXeT HaOIONaThCsl CHIDKCHHUE pa3Hoo0pa3us, B 0COOCHHO-
CTH JIJIsl BUJIOB C Y3KUM apeasioM.

Ha cerognsmHuii 1eHb MHOTHE PETHOHBI POCCHU ABIISIIOTCS XOPOIIO U3y4EH-
HBIMU BO (propucTHveckoM IuiaHe. B psijie uMeronuxcest CBOJJOK MOMUMO OOIINX
JaHHBIX [0 BCTPEYaCMOCTH BUIOB B PA3JIMYHBIX PETHOHAX MPEACTABICHEBI KAPTHI
UX pACIPOCTPaHCHUS. JTH JaHHBIC MOKHO HCIIOJb30BaTh MPH CETOYHOM Kap-
THpoBaHNH. [loka HaMMEHBIIAsT M3YICHHOCTh HAONIONAeTCS Ha CEBEPO-BOCTOKE
Poccun (Slxytus, Marananckas obnacts, Uykotka u 1.1.). Madopmarms o pac-
MIPOCTPAHEHUH BUIIOB PACTCHUI HAa ITHX TEPPUTOPHUSIX MMEET HH3KOE paspere-
HHeE, TI09TOMY HEOOXOMMBI OoJiee AeTallbHbIe HCCIIEJOBAHUS.

Jloxanvnvie / konkpemuwie ghnopul. IHGOpMAIUS 0 pacipoCTpaHSHUH pacTe-
HUI MOXKET OBITh COPMUPOBAHA HA OCHOBE (DIIOPUCTUUCCKUX CITUCKOB JIOKAJIh-
HBIX / KOHKpETHBIX (iiop. [TogapoOHbIe paboThI 10 JaHHOW TEMaTHKE IMPOBEIACHBI
Ui Azuatckoil ApkTuki [95, 96]. Paspaborannas corpyaaukamu boranngecko-
ro uactutyTa PAH (101 pykoBozcTBoM B.A. IOprieBa) cetb MOHUTOpHHTA OHO-
pasHooOpasusi APKTUKH Ha YPOBHE JIOKATbHBIX (IOP SBISIETCS IICHHBIM MacCH-
BOM mH(popManuu. MMeromuecss MaTepHuaibl TO3BOJIMIN BBIIBHTH IOJITOTHYIO
nuddepeHImaio JOKaIbHbIX (I0p, U3MEHEHHS Ha TPAJUCHTE OKCAHUYHOCTH-
KOHTHHEHTAIILHOCTH, 0003HAYUTH (IOPUCTHUYCCKUE PyOSKH Ha TEPPUTOPUH A3H-
arckoit Apktuku [97]. I3 uMeronuxcs TaHHbBIX 110 3TOMY PETHOHY B OTKPBITOM
JIOCTYIIE €CTh onrcanus 148 okanbHBIX Giop 1 HHOOPMAITHS IO pacpocTpaHe-
HUIO cOCyAUCThIX pacTeHuit (opsl Taitmbipa (http://byrranga.ru/, aBTops! 0a3sl
nansabiX E.B. ITocnenosa, M.H. [TocnienoB). Criucky BUJIOB M ONTUCAHUS JIOKAITb-
HBIX (QJIOp MPHUBECHBI B PA3IMYHBIX MyOnuKkanusax. [loMumMo paHee ymoMsHyThIX
MyOJMKAUH MOYKHO OTMETHUTH (DIOPHCTHUCCKUE MUCCICIOBAHNS HAa TEPPUTOPHH
Bsrcko-Kamckoro mexaypeuns [98], FOxuoro 3aypanes [99] u np. Hecmotps Ha
OOJIBIIIOE YHCIIO MCCIIEOBAHMI Ha OCHOBE METOA JIOKAJIBHBIX (IIOp, B MEHBIICH
CTETIeH! HaOMIOAeTCs aHAIM3 MMEIOIIMXCS JIAaHHBIX C HCIIOJIb30BaHUEM COBPEMEH-
HBIX METOJOB. M3 TIOCIETHNX MOXXHO OTMETHUTH HCCIICIOBAHNE 3aKOHOMEPHOCTEH
TaKCOHOMHYECKoro Gorarctsa (iopsl Boctounoli EBporibl B CBsI3M ¢ pa3indHbIMU
aKkosornueckumu (hakropamiu [16, 20]. laHHBIE JIOKATBHBIX (IIOP MOTYT OBITH OC-
HOBOU ISl IPOBENICHUS CPAaBHUTEIBHOTO aHaJIKM3a pa3HooOpasust (uiopsl OOIBIINX
TEPPUTOPHH, a TaKKe JJIsl OIIEHKH (huTOpazHooOpasus B meioM. Heobxomumo ot-
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METHTh, YTO OJJHA M3 OCHOBHBIX KapT II00AJBHOTO pazHooOpasus pacteHwid [12]
MOCTPOCHA TI0 JaHHBIM, OJHM3KUM K JIOKaIbHBIM (ropam. JlokanbHbie (IIopsl B
OOJBITMHCTBE CITyYacB HEOOBIIIHE 0 IUIONIA M, TOITOMY Ha OCHOBE MIMEIOIIIHX-
CsI JaHHBIX MOXKHO COCTaBHUTh O0IIEe PACIPOCTPAHEHHUE BUIOB JIJISI ONPEICICHHBIX
Tepputopuii. [lomydeHHbIe JaHHbBIE TAKKE MOTYT OBITH JIETKO BCTPOEHBI B PETYIISIP-
HYIO CETKY Pa3JIMYHOro Macimirada. Bce 3To cBHIETENbCTBYET O TOM, UTO PE3yiib-
TaThl (UIOPUCTUICCKUX UCCIICIOBAHNI UMEIOT B Oy/IyIiieM OOJIbIION MOTESHITAAL.

T'eobomanuueckue onucanua. Vadopmanys U3 reo0OTaHNYECKNX OIMHMCAHUN
TIOMHMO JTaHHBIX TI0 PACTIPOCTPAHCHUIO BUIOB TAKXKE COACPIKUT LICHHBIC CBEICHIIS
00 ux sKojorun. Tak, MOXKHO ITPOAHATHM3UPOBATH TPAHUIIBI APEaIOB CHUHTAKCOHOB,
OLICHUTH aKTHBHOCTH M3yYaeMBIX BHJIIOB, UX PACIIPEACICHHE MO AKOJIOTHUCCKUM
IIKaJIaM U B CBSI3U C Pa3IMYHBIMU (paKkTopaMu cpernsl. B mocnennue roab reodora-
HUKH Bce gamie uenoms3yioT GPS-raBuraTops! it 0003HaYeHHS IDIOMIAI0K, YTO
M03BOJISICT MPU HAJMYUU CEPUH ONMCAHUI HA ONPEICICHHOM KOHTYPE PaCTHTEIb-
HOCTH COCTaBHTb JIeTaTbHBIC KAPTHI PACIIPOCTPaHeHNUS BHIOB. MIMeroTcst 0a3pl qaH-
HBIX reoOoTaHnueckux onucanuii, Takue kak FORUS (http://cepl.rssi.ru/bio/flora/
reestrl.htm), vHGOpPMAIHS 13 KOTOPBIX MOXET OBITh ITPECTABIICHA TI0 3aIIPOCY HC-
crefioBaresell U HayuHbIX opranu3anuil. Jlimst Aznarckoit Poccun pazpaborana 6aza
JaHHBIX pactutenbHocTH CuOupH [100], KoTopast BritodaeT okosio 31 000 reobo-
TAHUYECKHUX OMHMCAHUH, 6a3a JTaHHBIX 10 BOAHOHN U MPUOPEIKHO-BOITHOMN PaCTHTEITb-
HocTH batikanmsckoit Cubupu [101], Brirogaromas 6osee 2 500 reoboTaHUIIECKHX
omucanuii. B 1emom ormeuaercst ciabasi MPEACTaBICHHOCTh T'€000TaHMYECKUX
OITCaHMI B OTKPBITOM JOCTYTIE, YTO CHIDKACT 3(P(HEKTUBHOCTE MX MUCIIONB30BAHMS
JUTSL IOy YeHUsI UHGOPMAIIMHU O PACTIPOCTPAHCHUH BHIOB PACTCHUIA.

baser oannvix no pacnpocmpanenuio pacmenuii. PazpaboTka pazanaHbIX 0a3
JIAHHBIX U BEO-CEPBICOB HA CETOMHSAIIHIN JICHB SIBIICTCS aKTYaJIbHOM 3a/1auei, TaK
KaK TI03BOJISIET CHCTEMAaTH3UPOBATh MMEIOTYIOCS HH(POPMAIIHIO TI0 paclpoCTpaHe-
HUIO BUJIOB PACTCHHIA, OTKPhIBACT BO3MOXKHOCTH JIJIsSI KOMILICKCHOTO aHAJIHM3a HX ape-
aJIOB, MO3BOJISIET COCTABILITE MIPEIBAPUTEIHHBIC TIPOTHO3BI 110 TMHAMUKE apeaioB
U3y4aeMbIX BUIOB. B mocineHue rojisl mpoBomuTest 6oibiiiast paboTa Mo CO3IaHHI0
PETHOHATIBHBIX 0a3 TaHHBIX 110 OMOPa3HO00pa3nto. YacTh pOCCHIICKNX 0a3 JTaHHBIX
npezcTapieHa Ha Beb-caiite poccuiickoro npencraBurenscTsa [ nodansHoi uHdop-
MAaIMOHHOM cucTeMbl o oropasnooopazmuto GBIF (http://gbif.ru/). K coxanenuro,
OCHOBHBIM HEJIOCTATKOM OOJBIIUHCTBA POCCHUCKHUX 0a3 JTAHHBIX SBIICTCS 3aKPbI-
TOCTh MH(POPMAITIH ¥ HEBO3MOKHOCTh UX HCIONB30BaHms. Hamane uagopmarim
B CBOOOHOM JIOCTYIIEC SIBISIETCS OTHAM U3 OCHOBHBIX YCIIOBHUI ISl TAJTbHEHIIIEro
pa3BuTns reorpadun pacrernii B Poccuu. 310 mo3BONISET MOKa3aTh BOCIIPON3BO-
JIMMOCTB TIPOBEJICHHOTO aHaJIM3a JUIsl TIOJTBEPIKICHHUS PEe3yIIbTaTOB HCCIICIOBAHHUM,
a TaxoKe SBISIETCS] OCHOBOM TS pa3pabOTKK HOBBIX TTOIXOIOB U HAYYHBIX THITOTE3.
HecMoTpst Ha akTHBU3ALUIO UCCIICOBAHMN (ITyOIMKAIIUs HOBBIX JTAHHBIX 110 Pac-
MIPOCTPAaHEHHUIO BUIOB PACTCHHUI, CO3MAaHNE PA3TMIHBIX 0a3 JaHHBIX, OIH(pOBKaA
U TEOKOMPOBaHUE repOapHbIX Marepuaiio), Poccus Bee erie octaercst GONbIITNM
«OeJBIM TIATHOM) Ha BCEMHUPHOI KapTe pacTUTEIHHOTO pa3HOO0pasusl.
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3akir0ueHne

HecMoTpst Ha MIMPOKOE UCTIOIB30BaHUE B MUPOBOM HAYYHOU IIPAKTHKE METO-
JIOB MOJICIMPOBAaHUS, JaHHOE HAMPABJICHUE ITOKa HEJOCTATOUHO MPEACTABICHO B
pOCCHHCKIX OOTAaHMYECKUX HCCIIENOBAaHUAX. B OCHOBHOM IPOBOAATCS pabOTHI
10 MOZEIMPOBAHUIO apeajoB BUJIOB PACTCHUN HA OCHOBE 3HAYMMBIX KIUMATH-
gecknx mapaMeTpoB. B Poccum mmeroTcs Bce MPeANOCHIIKE U HapaOOTKU I
JabHEHIIEeTro MI010TBOPHOT0 N3yueHus reorpaduu pacrenuil. Heooxonumo ot-
METHUTb, YTO B TIOCJICTHHIE TO/IBI aKTUBH3UPOBAIICEH HCCIIEIOBAHNS 110 CO3AHHUIO
pa3nuYHbIX 06a3 NaHHBIX, oLU(POBKE repOapus, MyOIuKauu HHPOPMAIUU 110
pPacnpoCTpaHEHUIO PACTEHUH B CBOOOHOM JIOCTYIIC OHJIAHH, OOJIbIIEH JacThiO
Ha iatdopme GBIF — I'mob6anbHO# HH(DOPMALIMOHHON CUCTEMBI IO OHOPa3HO-
obpasuto. [Tox srunoit GBIF mpoxoasaT reMarnueckue paboune ceMHHAPHI, KOH-
(epeHIMU 1 MacTep-KiIaccel. Bee 3T0, HECOMHEHHO, CIIOCOOCTBYET BHEAPEHUIO
COBPEMEHHBIX TEXHOJIOTHH W METOJ0B MOAEINPOBAHUS U aHAIN3a HE TOIHKO
pacnpocTpaHeH!s OTAEIbHBIX BUOB, HO TAKXKe ISl OLIEHKH (PUTOPa3HOOOpas3Hs
B 11eToM. Pa3BuTHe 3THX nccnenoBannil MO3BOINT MIy0XKe H3yUHTh YHHKAIbHBIE
6oTtannueckue o0bekThl CeBepHOil EBpaszuu, NOHATH 3aKOHOMEPHOCTHU paclpe-
JETeHUs] PaCTUTEIBHOTO Pa3sHOOOpa3ys, ONEHUTh JUHAMHKY PacIpOCTpaHEHHS
BUJIOB, TPYIII pacTeHUi, (PUTOLIEHO30B B CBETE U3MEHEHUI KJIMMaTa U aHTPO-
MOTE€HHBIX TpaHCHOpManui, pa3paboTaTh MPaKTHIECKHE PEKOMEHAANH 110 UX
OXpaHe.
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Modern approaches to modeling plant diversity and spatial
distribution of plant species: Implication prospects in Russia

What determines patterns in species richness is one of the oldest unresolved
questions in biology, which attached increasingly more attention of ecologists under
climate change and human impacts on ecosystems. The mechanisms of the decrease in
species richness from the equators to the poles have intrigued ecologists since the era
of von Humboldt, Wallace, and Darwin (Brown, Lomolino, 1998). Nowadays, studies
on plant diversity modeling and spatial distribution of plant species are on the edge
of modern biological and ecological research. The basic idea of the given review is
to summarize the key points of modern methodology and methods of the discussed
topic. Firstly, the main directions of studies on latitudinal diversity gradient (i.e., the
decrease in species diversity with latitude) as freezing-tolerance hypothesis (or tropical
conservatism hypothesis) and niche conservatism hypothesis have been discussed. It
is mentioned that understanding the latitudinal gradient in species diversity has been
one of the central questions in biology for two centuries, and yet it remains a major
challenge to biologists. Analysis of recent publications unfolds that this problem
still remains controversial. Compiling new datasets for species distribution and their
ensembles along latitudinal gradient and complex analysis by new methods will be
useful for future studies. Secondly, modern approaches to species distribution modeling
(SDM) have been analyzed. In the past decade, the number of publications on that
topic rapidly increased (See Table 1). Publication analysis concerning studies on habitat
suitability modeling (HSM) or species distribution modeling (SDM) revealed poor
involvement (less than 1%) of Russian scientists in the discussed topic. The importance
of using high-quality data of species occurrences and valid modeling approaches to
get reliable results and prognostic maps has been highlighted (See Tables 2-4). 1t is
marked that today different algorithms can be applicable in R, which provides many
useful tools for SDM, such as Biomod2 platform and other specific packages. Brief
practical rules for good SDM practice have been presented. For beginners, information
on training manuals, the main books and papers, describing SDM methods is provided.
In the third part of the review, previous studies on plant geography in Russia have been
analyzed. The baseline of these studies is very important and a brief overview shows
good perspectives. It is necessary to point out that previously obtained data on plant
species distribution can be used in modern research and be successfully involved in the
modeling of plant diversity and species distribution (See Fig. I and 2). Different kinds
of available data (point, contour, grid mapping, floristic species lists, and relevés) have
been reviewed. There are a lot of elaborated databases on plant species distribution in
Russia, but most of them are not available online and do not have free access to data.
The first overview on Russian plant diversity revealed that some territories, such as the
European part of Russia, were investigated quite well. Plant species distribution data
for the north-eastern part of Russia have low resolution and more botanical studies
necessary for that region. Analysis of modern Russian botanical publications revealed
an increase in studies on creating new databases on plants and vegetation, herbaria
digitizing, and publishing species occurrences data online, mostly on the Global
Biodiversity Information Facility (GBIF) platform (http://gbif.ru/). Studies on the
base SDM methodology are not common, and mostly single species or plant group
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distribution are analyzed. There is a lack of research covering plant diversity for the
whole territory of Russia and big regions within the country. Such studies for the Asian
part of Russia become more and more important. Russian GBIF team usually organizes
conferences, workshops and training courses which are helpful in promoting SDM
studies in Russia. Development of such research will give an opportunity for detailed
analysis of unique plants and vegetation in Northern Eurasia, and a better understanding
of the main patterns of plant diversity in Russia, will help to estimate the distribution
dynamics of species and plant communities under climate change and human impact
processes and will elaborate practical tools for conservation of rare and endangered
plant species.

The paper contains 2 Figures, 4 Tables and 106 References.

Key words: plant geography; latitudinal diversity gradient; species richness;
species distribution modeling; databases
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A.A. Kucaprii!, }0.C. Papkun'?, 1.H. Boromo.iosa',
B.I1. Crapukos?, C.M. Lpi6ysun’, B.C. ’Kykos'

! Hnemumym cucmemamuku u sxonozuu scusomuvix CO PAH, . Hosocubupck, Poccus
? Tomexuil 2ocyoapemeennulil ynueepcumem, 2. Tomck, Poccust
3 Cypeymexuii 2ocyoapemeennuiil ynusepcumem, 2. Cypeym, Poccus

IIpocTpancTBeHHAS K3MEHYHUBOCTH O0OMJIUSI CHOMPCKOTO
JemmuHra Lemmus sibiricus (Kerr, 1792) B 3anagnoii Cudupu:
HaceJleHYeCKHe MOAX0bI IPH aHAJIU3e pacipeaeeHus

Hccnenopanue BoinonHeHo 1o nporpamme ®HU rocynapcTBeHHBIX akageMuil
Ha 2013-2020 rr. AAAA-A16-116121410122—4 1 yacTUUHO
B pamkax «IIporpaMmbl noBbIIeHNS! KOHKYpeHTOcIocoOHOCTH TI' V).

IIposedenvl yuemvr meaxkux miekonumaowux Ha 3anadno-Cubupckoil pasHune, 6
Anmaiicrkou u Kysneyko-Canaupckoii 20pHbIX 001acmsx 60 6Mopoil NOJIOGUHe emd 6
nepuooc 1954 n0 2016 2. Mamepuanvl 3a 6ce 20061 N0 6CeM 8UIAM YCPEOHEHbI N0 SPYNNAM
8610108 KAPM PACIMUMENbHOCTNU 8 NPEOeLax 20PHbIX NPOGUHYULL, PASHUHHBIX BPUPOOHBIX
30H, NOO30H U NOO30HAILHBIX NONOC. Buvlagnenvl bGuomonuueckue npeonoumenus u
paccuumana YucIeHHocms cubupckoeo aemmunea. Ha ocnosanuu konyenmyansho
UO0eanU3UPOBAHHLIX PE3YIbMAMO8 KIACMEPHO20 AHAU3A COCMABIEHA KAACCUPUKayus
MeCmooOuUmanull pasHuHbl NO CMeneHu OIA2ONPUSMHOCIU VCI08Ull Cpeodbl 0Jis
cubupckoeo nemmuned. Bvloeneno namb munog 61a2onpusimHOCmu: ONMUMATbHBI,
CyOONmMuUManbhblll, CYONecCUMAanbHblll, NECCUMATbHLIL U IKCmpeManvHull. bonvuie
6ce2o omuocumenvroe oounue (ocobeit/100 yurunopo-cymok) cubupcko2o nemmuned
6 MYHOPOBYIX U JY2080-UBHAKOBLIX OOJIUHHBIX COOOWECmMBax NOO30HATLHOU NOIOCHL
CEBEPHBIX MOX08bIX cyOapkmuveckux myHop. B smou nonoce cocpeoomouenno 89%
YUCTEeHHOCIU DMO20 TeMMUHea Ha ucciedogannoll meppumopuu. Ilo pesynomamam
Kraccupurayuy Guls61eHO GIUSHUE HA PACHpedeNeHue CUOUPCKO2O JIeMMUHea psod
¢haxmopos, cpedu Komopulx Hauboree UHGOPMAMUEHLL MENI00DeCneyeHHOCb,
30HANLHOCHL U NOO30HATLHOCMYb HA PAGHUHE.

KuarwueBble caoBa: Lemmus sibiricus, 3002eoepagus, cpeda; KiacmepHulil
ananuz; Pakmopwl; OYeHKd Ces3u.

BBenenune
B 3anagnoit Cubupu cHOMPCKUI JIEMMUHT paclipOCTpaHeH Ha PaBHUHE OT ap-

KTHYECKUX TYHJp JI0 CEeBEpHOIl Taiirn BKiIrouuTensHo [1]. IIpu aTom ero obumnue
MHOTOKPaTHO CHMKAETCsI 110 HAIPaBIECHUIO OT TYHJIPOBOH 30HBI K MPEATYHIPO-



116 A.A. Kucnwi, 10.C. Pagxun, H.H. Bozomonoea u op.

BBIM PEJIKOJIECHSIM M JIaJiee — K CEBEPHOM Taire. B TyHapax 3TOT JIEMMUHT IIpe-
MOYUTaeT He3a000YeHHbIE U HE3aCTPOCHHBIE MECTOOOUTAHHUS BHE MOWM KpYyII-
HBIX peK. MeHbIIIe ero Ha 00JI0Tax U B TIOMMax.

Jns cubupckoro IeMMUHra XapakTepHa SIPKO BBIPAKEHHAs [IUKJIMYHOCTD YHUC-
JIeHHOCTH. Yariie BCcero MoJHbIA MUK 3aHUMaeT TpH rojia (MUK, criaj (Iermpeccus)
U POCT), pexe — 7Ba rofa unu 4-5 net. 3a 42 rona HabmoneHuit B nepuof ¢ 1971 mo
2008 1. B TyHIpOBOIi 30HE 3araHo-CHOMPCKON paBHUHBI OTMEYEHO 14 ITMKIIOB YHC-
JIEHHOCTH, U3 HUX |2 3aHMMaJIu 10 TPH TO/a U JIBa — OKOJIO ABYX JeT [2, 3]. Ha atoit
TEPPUTOPUM YUETHI MEJIKUX MJIEKOIMUTAIOIIMX MPOBEAEHBI Ha 19 KIltoueBbIX yyacT-
kax B Teuenue 10 et (1979-1982, 1986—-1991 rr.), mpu 5T0M TpH yuacTka Ha Smane
00CIIeIOBaHbI €KETOIHO B TIepBbIe YeThipe roja [4. Puc. 1]. B apkTtuueckux TyH-
Jipax OLIEHKH OOWJIMS IIPOBEJICHBI 10 MATH IoJlaM, B CEBEPHBIX MOXOBBIX U FOXKHBIX
KyCTapHUKOBBIX CyOapKTHIECKUX TYHIPAX — IO IIECTH, a B HI3KOKYCTAPHHKOBBIX
cyOapKTHUYeCKHX — 3a Tpu roja. [1pu 9ToM Ha Kax bl ypoBeHb 00MIHS (Cial, pOCT
U TIUK) TIPUIILUIOCH COOTBETCTBEHHO IO YETHIPE U TPH CE30HA. B ceBepHBIX MOXOBBIX
CyOapKTHUYECKHX TYyHJpax, IJle B CpeIHEM CHOMPCKOTO JIEMMHHIA OOIbIlE BCETO,
YUETHI IPOBE/ICHEI TI0 JBa TO/a B KaXKIOH U3 (ha3 IMKIIa YICICHHOCTH TaK XKe, KaK 1
B FOXKHBIX KyCTQpPHHKOBBIX TyHIIpaX. B apKkTrieckux TyHApax NpH Crajie YuCIeHHO-
CTH y4€eThl IPOBEJIEHBI B OIMH I'0J1, IIPH pOCTE U MUKE — 110 J1Ba rozia. B Hu3kokycrap-
HHUKOBBIX CYOapKTHUECKHUX TYHJpaxX MCCIIEAOBaHUs MPOBEJCHBI B JIBA rojia pocTa 1
B OJIMH — TIMKa YHCICHHOCTH ATOTO BUIa. TakuMm o0pa3oM, apKTHYecKas MOI30Ha
Y TIO/I30HAJIbHBIE TIOJIOCHI CyOapKTUYECKOH MOJ30HBI TYHIIP B LIEJIOM 00CIIeJOBaHbI
XOTS U B pa3HbIE I'OJIbl, HO B COIIOCTABUMOM YHCJIE KIIOUEBBIX YUaCTKOB U JIET IPO-
Be/ieHHs1 paboT, a TakkKe YPOBHEH YHCIIEHHOCTH CUOMPCKOTO JIEMMUHTA.

B noaszone apkruueckux TyHAP ['blIaHCKOrO MOJyOCTPOBA BO BpeMs JAEIpec-
CUH YHCIIEHHOCTH OOJIbIIIe BCETO CHOMPCKOTO JIEeMMUHTa OTMEYEHO B CYXHX OCO-
KOBO-MOXOBBIX UBHSIKaX U 3apOCIIAX €PHUKA, B KyCTapHUYKOBO-OCOKOBO-MOXOBBIX
TyHJpax 3a00JOYEHHBIX O3EPHBIX KOTIOBHH M KOYKAaPHBIX OCOKOBO-MOXOBO-ITY-
MIWIEBIX TYHIPax [S]. B mon3oHambHOM Mojioce FXKHBIX CyOapKTHISCKUX TYHIIP
n-Ba SIman (6acceiin p. XajpiTasixa) CHOUPCKUI IEMMHHT OXOTHEE 3aHUMAeT yB-
NaYKHEHHBIE, 3a9aCTYI0 HU3MHHBIE yU9acTKU TYHAPHI [6]. B 30l ke moa3onamsHON
MoJIoce, HO CEBEpHEeEe Ha IPaHUIle C HU3KOKYCTAPHHKOBBIMH CYOApKTHUECKUMHU
TyHApamu Smaina (paiioH p. [larorasxa) 3TOro JIEMMHHTA YaIlle BCETO BCTPEUYATH
Ha BBICOKOM O€pery ¢ 3aX0/I0M B TPaBSHO-KyCTaPHUKOBO-MOXOBBIE TYHJIPBI, PEkKe
— B €pPHUKOBO-KYCTapHUKOBO-JIUILA{HUKOBO-MOXOBBIX TyHApax [7].

Hcnonp3oBaHHbIe HAMU MOJIXOJbl MU MPOrpaMMHOE OOECTIEYEHHE CIICIUAIIb-
HO pa3paboTaHBl M anmpoOMUpPOBAHBI IS PEIICHHS 3a4ad IO BBIIBICHHUIO IPO-
CTPaHCTBEHHO-TUTIOJOTMYECKOH H3MEHUYMBOCTH IKMBOTHOTO HACEJCHHS [0
3HAYUTEIBHBIM AMITUPHIECKAM BBHIOOpKAM, COCTABICHHBIM IO Pe3yJbTaraM Ko-
JIMYECTBEHHBIX yueToB. OOBIYHO TaKUE UCCIIEIOBAHUS MPOBOJAAT M0 OTACIHHBIM
mapameTpaM Onopa3HooOpasus, HampuMep, MPU HCCIICTOBAHISIX H3MEHEHUH O
mupoTHOMyY TpaaueHTy [8]. Kak mpaBuio, UCHoOIb3YIOT JaHHBIE MO BHUAOBOMY
00TaTCTBY TEX WU WHBIX TPYIII KUBOTHBIX MITH PACTCHUH IT0 KBaJpaTraM 3eMHON
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MMOBEPXHOCTH WK okeaHa [9—12]. [TomoOHbIe paOOTHI HA YPOBHE MECTOOOUTAHUI
MIPOBOJAT Yallle JIJIsl U3yUeHUs BIUSHUS OTACIbHBIX, 3aJJaHHBIX UCCIE0BaTEeIeM
(haKTOpOB — MMOXKAPOB, BRIPYOKH JIECOB, XapaKTEPHCTUK CHEKHOTO TTOKPOBA, BEI-
COTHOM TosicHOCTH | 1p. [13-16].

MeTozp! ¥ TOIXOABI, 0OBITHO UCTIONB3YEMBIC TSI aHAIN3a HACETICHNUS B [IEJIOM
[17], ycriemHo mpuMeHeHbI JUIs U3y4YEeHUsI HEOTHOPOAHOCTH OOMIINS OTHOTO BHJIA
[4] B pamMKax UCCIICIOBAHHS PACIIPENEIICHHUS 3aMaIHOCHONPCKIX MEIIKHX MIIEKO-
nuTaromux [18]. DTy monxosl U crienuanbHOe IPOrpaMMHOE 00ecTiedeHHe To-
3BOJISTIOT 3aKPETIUTH B )KECTKUX paMKax C TIOMOIIBIO (PAKTOPHOM KIacCHU(PHUKAIIH
pazzaeneHue MeCTOOOUTAHUHN 110 CXOJICTBY B OOMJIMH )KMBOTHBIX M TEM CAMBIM U3-
OexaTh CyObEeKTHBH3MA IIPH JETICHUH MX Ha IPyIIsl. KpoMme Toro, MO>KHO HCTIONB-
30BaTh IKCIEPTHBIC KaYECTBEHHBIE OLIEHKH HEOTHOPOAHOCTH CPEAbI, OJHO3HAYHO
BBISIBILITE M OIICHUBATH KOPPEISTHBHYIO CBA3B C (DAaKTOpaMH CpeIbl X IPUPOIHO-
AHTPOIMOTEHHBIMHU PEXKUMaMH KaK Hepa3JeIMMbIMU COUETAaHUAMU (PaKTOPOB. DTO
COKpaIIaeT CHHCOK (haKTOPOB IO CPaBHEHHIO C HANPSAMYIO MPOBEPSCMBIMH Ha
CTEIEeHb KOPPEISIUH C paclpeelIeHUEM, TI03BOJIET BEIIBUTH MUHIUMAJIbLHBIN Ha-
60p (GaKTOPOB, COCTABIMIOMINX PEKUMBI, OLIECHUTH UX UEPAPXUI0 1 MUHAMHU3UPO-
BaTh CUCTEMY YCIIOBHH Cpe/ibl, alIPOKCUMUPYIOLINX paclpeieleHue 5KUBOTHBIX.
OnuHakoBas cTeneHb (popMaTH3auy METOIOB U MTOIXOIOB BUIOBBIX HCCIEI0BA-
HUI pa3MEIICHUS MEJIKAX MIICKOIUTAIOIIUX IPUBOJIHUT K OTYUSHHIO CPABHUMBIX
PE3yIBTaTOB U B NAIBHEHIIIEM — K BO3MOKHOCTH HX KOPPEKTHOTO 0000IICHNSI.

OcHoBHas 3ajaya HalUX MCCIIEOBAaHUI COCTOUT B COTMOCTaBICHUH OHOTO-
MTUYECKUX MPEATOYTECHUN, OOMIIHS U YHCICHHOCTH IO BCEM BHIaM MEJIKHX MJIe-
KOMHUTAIOIIMX M B COCTAaBIEHUH 110 HUM OOMIeW Kiaccu(UKallUK, OTpaKkarolei
CXOJICTBO M PA3JIMYMsI B UX pacIipeAeIeHUH B IiesioM no 3anaanoit Cubupu. Takwe
WCCIICZIOBAHUS HOCAT HE HKOJIOTUYECKHU, a 300reorpaduyeckuii xapakrep, mo-
9TOMY CPOKH paboT TOJDKHBI OBITH €IMHBIMH, IT0 KpaifHel Mepe, B CE30HHOM TIIa-
He. Hamu BbIOpaH mepuoj BTOPOi MOJOBUHBI JIeTa, KOT/Ia Yallle BCero MPOBOJISAT
YYeTHl MENKUX MJICKOIUTAIOMUX. JKeraTenbHOCTh cOopa MHOTOJICTHIX TaHHBIX
HECOMHEHHa, HO HE pealibHa IO CTOJIb OOIIMPHON TeppUTOPHUH, KaK 3amaHast
Cubnpp, BKITIOUas €¢ paBHIHHHYIO 1 TOPHYTO YacTH. CoOpaHHas U IPOaHAIN3UPO-
BaHHasi HHPOPMALIUS MOXKET ObITh HCIIOIB30BaHa B MIPUPOAOOXPAHHBIX IIETAX, B
OIICHKE TEPPUTOPHATEHON N3MEHYMBOCTH KOPMOBBIX PECYPCOB XHITHBIX MTHI U
OXOTHHUYbE-TTPOMBICIIOBBIX IYIIHBIX 3BEPEH, YNCIEHHOCTh KOTOPHIX CYIIECTBEH-
HO 3aBHCHT OT YPOBHS OOWJIHS MEIKHAX MJIeKomuTaonmx. OCHOBHOE 300Teorpa-
(hruueckoe 3HaYCHHUE UCCIICOBAHMS COCTOUT B BBISBJICHUN OOIIMX 3aKOHOMEPHO-
CTell pacTpeeNieHHs] UCCICIYEMbIX BUIOB H (DaKTOPOB CPEIBI, KOPPETUPYIOIIIX
C MIPOCTPAHCTBEHHON HEOAHOPOIHOCTHIO MX 00uiHs. [loaToMy IpenBapuTebHOE
pasnerneHne TePPUTOPUH Ha MECTOOOUTAHHS, & TAaK)Ke KITIOUEBBIC YIACTKH U Bpe-
Ms1 HaOJIOICHUH JTOJKHBI OBITh SIUHBIMU JIJIsI BCEX BHIIOB MEIKUX MIICKOIUTA-
fonmx. Llems marHO# pabOTH — aHANN3 pacHpenesieHus CHOMPCKOTO JIEMMIHTa
B 3ananHoil CuOMPH U OIICHKA BIMSHUS HA HEOJHOPOIHOCTb €ro OOMIIUS BbISB-
JICHHBIX (DaKTOPOB CPEIBI ¢ MPUMEHEHHEM HACEICHYSCKIX METO/IOB U TTOIXOIO0B.
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MarepuaJjbl 1 METOANUKH HCCJIET0BAHUS

B pabote mpoanann3upoBaHEl PE3yNETATH YUETOB MEIKUX MIICKOTIATAIOIIIX
BO BTOpPOIl moyioBuHe jera B nepuox ¢ 1954 mo 2016 . B 3 479 Guotonax 3a-
nagHo-Cubupckoit paBHUHBI, Anratickoi u KysHerko-Cananpckoit TopHBIX 00J1a-
CTeii, cuMTas MecTa MOBTOPHOIO COOpa IaHHBIX B aHAJIOTUYHBIX MECTOOOUTAHUSIX
B pa3HbIe Toabl. CBeeHNs 00 OOMIIIH METTKUX MIICKOTIMTAIOIINX B3STH 3 OaHKa
JaHHBIX TabopaTtopuu 3001oruueckoro Monutopurra MCu2XX CO PAH (1. Hogo-
cubupck, Poccus) [19]. Beero B uiccnenoBannu ydacTBoBaiu 80 CHEIMAaINCTOB,
CUMTasi COABTOPOB MCIOJIB30BAaHHBIX MyOMuKaimii. X crucok omyOnrukoBaH pa-
Hee [4]. Y4eTsl 3BepbKOB MPOBEIEHBI C MTOMOIIBIO JABUIIOK, JOBYMX KaHABOK U
3a0opunkoB. Bece mokazatenu obunus naHsl B nepecuete Ha 100 mumuHIpo-cy-
ToK (11.c.). st atoro wucno ocobeid Ha 100 JaBHITKO-CYTOK CHadaja IMPUBEICHO
K ux KonmdectBy Ha | km? (ymHOxenuem Ha 400), a mOTOM yMeHbIIeHO B 145
pa3 (MaOXwHTeNb mepeBoaa 1 km? Ha 100 1.c.) [17]. YepenHneHHble moka3arenn
paccunTanbl 0e3 yueTa COOTHOLICHHUs TUIOIIae Mectoobutannii. CuOMpckoro
JIEMMHUHTA CYUTAIN MHOTOYHCIICHHBIM B TEX MECTOOOHMTAHUSX, IIe ero oOmime
cocrasinser 10 u 6onee ocobeit Ha 100 1.c., 00bIYHEIM — OT 1 10 9, penkum — oT
0,1 10 0,9, ouens penkum — menee 0,1 [20].

Juia onmcaHus pacrnpeneneHns CHOMPCKOTO JIEMMHUHTa, KaK U MPOYUX MEIl-
KHUX MJICKOTIHTAIOIINX, MaTepHaIIbl YCPETHECHBI 32 BCE TOABI TIPOBEACHUS YIETOB
10 TPyIIaM BBIAENOB KapThl «PacTuTensHoCTh 3anaaHoi-CuOupckol paBHUHBD)
[21] pa3menpHO TO 30HAM, MOA30HAM W TOA30HAIBHBIM ToJIOcaM. B cooTser-
CTBHUH € Te000TaHUYECKUM palioHMpoBaHUEM [22] TyHIpOBas 30Ha pa3/esieHa Ha
JIBE TTOJ30HBI — aPKTUUECKUX U CYyOAPKTHIECKUX TYH/P, U3 KOTOPBIX TTOCIIEIHSI,
B CBOIO O4Yepe/ib, MMOJIeNIeHa Ha TPU MOA30HAJIBHBIE TIOJIOCHI: CEBEPHBIE MOXOBBIE,
HU3KOKYCTapHHUKOBEIC U IOXKHBIC KyCTapHUKOBEIE CyOapKTHieckne TyHapsl. [loxa-
30Ha CEBEPHOM Talru paszenieHa Ha JBe MOJ30HaIbHbIE TIOIOCHL: | — PeAKOCTOM-
HBIX JINCTBEHHUYHBIX W JINCTBEHHUYIHO-CIOBBIX JIECOB, 2 — CEBEPOTACIKHBIX JIH-
CTBEHHUYHO-KEJIPOBBIX U COCHOBBIX JIECOB, T.€. CEBEPOTACKHBIX PEIKOCTONHBIX
JIECOB ¥ TUITUYHOM CEBEPHOM TalTH.

J1s TOpHOM YacTH UCCIIEIOBAaHHON TEPPUTOPUH JTaHHBIE YCPEAHEHBI TIO BBI-
nenam pykorrcHol kaptel B.I1. CenenbHuKOBa « IKOCHCTEMBI pecyOIuKu AJl-
Tail» pas3leNnbHO M0 MPOBUHIUAM ¢ yTouHeHueM 1o «JlanmmadTHol kapre An-
Tae-CastHCKOTO dKopernoHa» [23]. DT0 B 3HAYMTENHHON CTETICHH BHIPABHHUBAET
MEXKTIOZI0BbIe KoJieOaHUsl OOMIIUS HCCIeqyeMoro BuAa. B yka3aHHbIE B TEKCTe
TPYIIIBI BBACTIOB BXOAAT KOPEHHBIC (POPMAIMU M UX MIPOU3BOIHBIC, 33 MCKITIOUe-
HHEM MEIKOJHUCTBEHHBIX JIECOB, a TAK)KEe IMOJHOCTHIO MM YAaCTMYHO pacraxaH-
HBIX yYacTKOB, KOTOPBIC PACCMOTPCHBI B KaUECTBE OTACIBHBIX MECTOOOUTAHUH.
[ToaToMy ecnu B TekcTe Ha3BaHa JIMIIL KOpeHHas Gopmalusi, CKa3aHHOE O Hel
OTHOCHUTCS U K OOJBIIIeH 9acTH €€ TIPON3BOJHBIX, KPOME OTOBOPCHHBIX.

[IpocTpaHCcTBEHHO-THUIIONOTHYECKAs OpPTaHU3aIUsl OMOTOIMYECKOro pacipe-
JeTIeHNsT CHOMPCKOTO JIEMMUHTA, KaK ¥ MPOYMX BHIIOB, BHISIBICHA C MOMOIIBIO
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OIHOTO M3 METOJIOB KITACTEPHOTO aHaJIH3a C UCTIOIB30BaHIEM IPOTrpaMMbI «Dak-
TOpHAas Ki1accuukarus» [24]. B kauecTBe Mephl CXOACTBA BBIOpaH K03 (HUIIUEHT
JKakkapa miist KOMMYeCTBEHHBIX PU3HAKOB [25]. ANTOpUTM MporpamMmsbl TIpeTy-
CMAaTpPUBAET arperaluio BCeX UMEIOMUXCS P00 B HE3aJaHHOE YHCIIO TPy, Ta-
KHM 00pa3oM, 9TOOBI yUuThIBaeMasi 00bETUHEHUEM YacTh JUCIICPCHH MaTPHIIBI
CXOJICTBA CTaja MakcuMaibHOH. J[is 3Toro cHadama u3 BceX KOA(QUIUEHTOB
BEIYUTAIOT CpEeHEE [T0 MAaTPHIIE 3HAYCHUE. B pesynpraTe mokasaTesn HIKe 3TO-
rO TIOpOra CTAHOBATCS OTpHULIATENbHBIMU. Jlanee CTPOKHU C MOJOKHUTEIbHBIMH B
CyMMe 3HAYCHHSIMH TTOITApHO OOBEIMHSIOTCS U BEIOUpAeTCs Ta mapa CTpOK, 00b-
e/IMHEHNE KOTOPBIX YYUTHIBACT HAUOOIBIIYIO YaCTh TUCTIEPCHH. JJaHHBIE MO ATOH
mape oOBEAMHSIOT, a 3HAUCHUSI CXOACTBA yCpenusioT. [locme atoro mpouexypy
MIOUCKA U arperanuu noropsoT. [TogobHoe npeobpa3oBaHue MPOJOIKALOT, TOKA
YUHThIBaEMAas €T0 pe3ylibTaTaMu TUcTiepcHsi Bo3pacraet [24, 26]. [Ipu HeoOxomam-
MOCTH KPYTIHBIE KJIACCHI C TIOMOIIBIO TOH K€ MPOTPaMMbI MOT'YT OBITh JIOTIOJIHU-
TENBFHO pa3/ieieHbl Ha TIOIKIIACCHL.

Iocne ¢opmann3zoBaHHOTO pa3OUEHMsT COCTAB BBIJCICHHBIX KJIACCOB HE-
AIN3UPOBAH, T.€. KOHIENITYyaIbHO TiepepaboTaH. sl 9TOro OTKIOHSIONINECS OT
pa3paboTaHHOW KOHILIETIIUM MPOObI NepeHEeCeHbl B T€ TPYMIbI, B KOTOPhIE OHU
JOJDKHBI BXOJUTH B COOTBETCTBUH C MIPUHATHIM oOBsicHeHHeM. [Ipn 3Tom, ¢ ox-
HOM CTOPOHBI, OlleHKa MH()OPMATUBHOCTH Kiaccu(UKAUK (0 YUYTEHHOH €10
IHCTiepcun) cHIbKaeTcs. C Apyroil CTOPOHBI, MOI00HAS ITEPEeCTAHOBKA YIIPOIIACT
MMOHUMaHUE U OTHO3HAYHOCTH KJIacCU(UKAILIUU, IPUBOJIS €€ B COOTBETCTBHUE C pe-
AIEHBIMH TIPEACTABICHUSMH O MIPEAMETE UCCIICTOBAHMS.

Ha ocHoBanum mnosnydeHHOW KiIacCH(PHUKALKUKA MECTOOOWUTAHHIA MO CTENEeHU
WX ONTUMATIBHOCTH JJISI CHOMPCKOTO JIEMMHHTA MIPOCIICIKEHO BIUSHAE (aKTOPOB
Cpebl, ONPEACISIONINX MEKTHIIOBYIO HEOAHOPOIHOCTh OJIaronpuiaTHOCTH OHO-
toroB. Tak, HampuMmep, OTHECEHHE MPU KIACTCPHOM aHAIN3Ee B Pa3HBIE TaKCO-
HBI KJIaccu(UKAIIMK BHETIOMMEHHBIX OOJIOT U He3a000YEHHBIX MECTOOOUTAHUH
BBISIBIIICT BIIMSTHUE HA pacrpeesicHre BUIa 3a00JI09eHHOCTH, a pa3Has CTEICHb
ONaronpusTHOCTH Ui BUAA JIECOB M TYHIpP JaeT OCHOBaHHE BBIJIEIUTH KaK OT-
JeTBHBIC (PaKTOPBI THUII PACTUTENBHOCTH M 00JeceHHOCTh. OIeHKa CBS3H pac-
mpejesieHus] CHOMPCKOro JeMMHHTa ¢ (PaKTOpaMu CPeAbl U PeKUMaMHU KakK CO-
BOKYITHOCTBIO HEepa3IeIMMbIX coueTaHuil pakropos [17] nmpoBeaeHa ¢ MOMOIIBIO
JIMHEMHOM KaueCTBEHHOM anmpoKCUMAIMK MaTpHIl cBsizu [27].

[Ipumenenne MeTona (GakTOpHON KIacCU(PHUKAINK B W3YUCHUH pacIipeaeie-
HUS OTHOTO BHJIa BBI3BAJIO HEOOXOUMOCTh HEKOTOPOH KOPPEKTUPOBKU METOAMKH
pacdera. Hanmpumep, HymieBbIe 3HaYCHUS OOWIHS JAfOT HyJICBBIE 3HAYCHHS KOd(-
(unueHTa CX0ACTBA, T.€. A0COMOTHOE HECXOCTBO JJaKe OMOTOMMYECKH OIM3KUX
CMEXHBIX MecTooOuTaHui. [Tpu 3TOM KIacTepHbBIH aHAIN3 TAKWX JaHHBIX TPH-
BOJIUT K TPYAHOMHTEPIPETHUPYEMBIM pe3yjbTaTaM, Il HyJeBble BAPHAHTHI 00U-
TSI 00pa3yIoT 3HAUUTEIHHOE KOIMIECTBO ONMMHOYHBIX KITaccoB. B To ke Bpems
JIBa PaBHBIX, HO OECKOHEYHO MaJIbIX YKciia, (PaKTHUYECKH MaJl0 OTIIUYAIOIIUXCS OT
HyIs1, cxoqasl Ha 100%. [t yeTpaHeHNS TOMOOHBIX NCKaKEHUH HYJIEBBIC BapH-
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QHTHI BKJIIOUYEHBI B ONKAMIINE TT0 YCIOBHSIM CPEBI TPYIIIHI BBIICIOB C OTIHY-
HBIM OT HyJIs1 o0mreM. Tak, oOure CHOMPCKOTO JIEMMUHTA YCPEIHEHO B CIICY-
IOIIHX TPYIIax MECTOOONTaHHH:

1) B HM3KOKYCTAPHUKOBBIX U FOKHBIX KyCTAPHUKOBBIX CyOapKTHUCCKUX TYH-
JPOBBIX MOA30HAIBHBIX MTOJI0CAX: JIYTOBO-KYCTAPHUKOBBIC JONMUHBI PEK; KyCTap-
HUYKOBO-JTAIIAHHIKOBO-MOXOBBIC TYH/IPBI; TUIIAHHUKOBO-KYCTAPHHUIKOBBIC TYH-
JPBI; ePHIKOBO-UBHSIKOBBIC TYHIPBI;

2) BMECTE B SpPHUKOBBIX, HUBHSIKOBBIX U €PHUKOBO-MBHSKOBBIX TYHIPAX B IIPE/I-
TYHAPOBBIX PEIKONICCHIX;

3) B IPENTYHAPOBBIX PEAKOICCHIX U CEBEPOTACIKHBIX PEIKOCTONHBIX Jiecax:
CEMUTEOHbIE MECTOOOWTAHHS; JIMCTBCHHHUYHBIC PEIKOJIECHS; JHUCTBEHHUIHEIC
PEIKOCTOMHBIC Jieca; MOMMEHHBIC U TOJTMHHBIE COOOIIECTBA,;

4) BMecTe B JIECHBIX yUaCTKaX B CEBEPOTACKHBIX PEIKOCTONHBIX JIecax;

5) Ha 60J0Tax ceBepHEe TUIMMYHOM ceBepHOIl Taiiru.

Hynessie 3HaueHMs 7151 BCeX TOPHBIX M PABHUHHBIX, IOKHEE CEBEPOTACIKHBIX
PEIKOCTOMHBIX JIECOB, BAPHAHTOB, KyJla CHOMPCKHI ICMMHUHT HE TIPOHUKAET, 3a-
MEHEHBI TIPY KIIaCCH(DUKAIMU MECTOOOMTAHMH Ha OSCKOHEYHO MaJy BEIHYH-
Hy oOumusl (IecsATasl 4acTh HAUMEHBINETO MO BBIOOPKE HEHYJIEBOIO 3HAUCHHS —
0,002 0co6u/100 11.c.). DTO MPUBOIUT K UX OOBEIUHEHHIO B OJIMH Kiacc. OTieHKa
HHPOPMATUBHOCTH (HAKTOPOB CPEIbI M PEKUMOB MPOBEICHA HA OCHOBAHUU Ma-
TPHIIBI CXOJICTBA IO PEaTbHOMY OOMJIMEO O€3 TaKOH 3aMEHBI.

Pacnpoctpanenue BXOIAIMINX B TUIIBI M MOATHUIIBI KIIACCU(PUKAIIUN MECTOOOH-
TaHU{ M MTOKA3aTeIHN YHCICHHOCTH CHOMPCKOTO JIEMMHHTa OTPa’KCHBI HA KapTe
macmraba 1:30 000 000, BHIMONHEHHONM B HOPMAJIbHOM PaBHOIMPOMEKYTOUHON
KoHM4Yeckoi nmpoekmn Kaspaiickoro. [Tox uncnennocTsio Mbl, Besen 3a B.H. be-
KJIeMUIIEeBbIM [28], moHMMaeM of1ee KoIm4ecTBO 0coOeil Ha Toi niin HHOU Tep-
PHUTOPHH, B TOM YHCIIC U TIOTyYCHHOE ITEPEBOIOM ITOKa3aTeNIeH OTHOCUTEIFHOTO
o0mnus B aOCONIIOTHOE IO MPUHATHIM B (PakTOpHOI 300reorpadun kKodduireH-
tam [17]. O600meHHas OlleHKa YUCICHHOCTH CHOUPCKOTO JICMMHUHTa, €€ OTHOCH-
TEeNbHAs OMIMOKAa U HECUMMETPHYHBIC JOBEPUTEIbHBIC HHTEPBAIBI PACCUUTAHBI
pu toBeputenbHOU BepositHocTH 0,9 mo dopmynam E.C. Papkuna u H.I. Ye-
nuHIesa [29].

Pe3yabTarsl Hecaeq0BaHus U 00CYKICHIE
Pacnpeoenenue

Ha uccnenoBanHOl TeppUTOpUH CHOUPCKUIT IEMMUHT PACIPOCTPAHEH OT ap-
KTHYECKHX TYHJIP JI0 CeBEPOTASIKHBIX PEAKOCTOHHBIX J1ecoB 3anano-Cubupckol
PasHuKbl BKIIOUUTENBHO. B 11e70M MO 3TUM MECTOOOUTaHUSAM BMECTE OH PEIOK
(0,3). Ocobu BWIa MOTYT IPOHUKATh M IKHEE, B THIMUHYIO CEBEPHYIO TaWry
[30], HO, BEpOSITHO, B CTOIb HEOOIBIINX KOJINYECTBAX, UTO UX HU pa3y He BCTpe-
THJIN 32 TOJIbl YYETOB B 3TOM MOA30HAIBHOM IOJIOCE.
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B apxmuueckux mynopax cuOMpCKAil JEMMUHT B cpetHeM 00bIueH (2). bosbiire
BCETO €r0 JIOBHUJIU B MOXOBO-JIHIIIAHHUKOBBIX TYH/IPaX, IPUMOPCKHUX JIyTOBO-00JIOT-
HO-TYH/IPOBBIX W JIONWHHBIX MBHSIKOBO-TYTOBBIX MECTOOOMTaHHX (110 3). B mom-
TOpa pa3a MEHbIIIE ITOT0 JIEMMHHTA B JTUIIAHHUKOBO-, TPABSHO- M KYCTapHIYKOBO-
MOXOBBIX TyHZIpax. Ha TpaBsSHBIX 1 TpaBTHO-MOXOBBIX 000Tax OH penok (0,5).

B cegepnuvix moxosvix cybapxkmuueckux myHopax CUOUPCKUN JIEMMUHT B
nesiom MHorouuciteH (30). B 3Toit moj3oHansHOM monoce ero oowmiue Hanbomee
BEJIUKO B MOXOBO-TPAaBSHBIX TYHIpPax (52), 3aTeM CHUYKAETCS K TOJTUHHBIM JIYTO-
BO-MBHSKOBO-MOXOBBIM cooOmmiecTBaM (32) u najee — K KyCTapHHUYKOBO- M JIU-
[IAHHIKOBO-MOXOBBIM TyHApaMm (25). Kak 0ObIYHBINH BUJI ATOT JIEMMHHT OTMEUYCH
B CeNMUTEOHBIX MecTooOuTaHusX (1).

B nuskoxycmapHuxosvix cybapxmuueckux myHopax CUOMPCKUN JEMMHHT B
cpenteM oObrdeH (1), mpeamoynTas epHAUKOBO-UBHIKOBBIC M SPHUKOBO-OIBXOB-
HUKOBBIE TYHAPOBBIE MecTo0OUTaHus (110 2). BiBoe MeHblle ero B CeTUTEOHBIX U
JONUHHBIX TyTOBO-KYCTAPHUKOBBIX MECTOOOUTAHMSX, @ TAKXKE B JIMIIAHHIKOBBIX
HU3KOKYCTapHUKOBBIX TYHIpax. B KycTapHHUYKOBO- ¥ JIHIIAWHHUKOBO-MOXOBBIX
TYHJpax U Ha 00J0TaxX ATOT JeMMHUHT penok (0,9).

B 1001cHb1X KYCmMapHuKoguix cybapkmuieckux myHopax CuOUPCKUM JIEMMUHT
B 1ienoM peaok (0,4) U mpearnounuTaeT JIyroBO-KyCTapHUKOBBIC JOJMHHBIC Me-
crooburanus (0,8). Ha 6on0Tax, B TUIIAHUKOBBIX PEAKOKYCTapHUKOBBIX, Ky-
CTapHIIKOBO-MOXOBO-JTUIIATHIKOBEIX, EPHUKOBBIX U HBHSIKOBBIX TYH/IPaxX OH HE
BCTpPEUCH.

Takum 00pazoM, 6 myHOposoll 30He CHOUPCKUI JIEMMHHT PACIIPOCTPAHEH TI0-
BCEMECTHO B apKTHYECKUX M CEBEPHBIX MOXOBBIX CYOAPKTHUYCCKUX TYHIPAX, B OT-
JIIYHE OT IOKHBIX CYOapKTUYECKUX, TTIE B PSS MECTOOOUTAHHUI OH HE BCTPEUCH.
B 1iermom 1o TyHIpOBOY 30HE JIEMMUHT HPE/IIOYUTACT TYHIPOBBIC MECTOOOUTAHUS,
a TaKke WBHIKOBO-ITYTOBBIE, JTyTOBO-UBHIKOBO-MOXOBEIE M JIyTOBO-KYCTapHHUKO-
BbIE COOOINECTBA TOMMH peK. [Ipyu COMOCTaBICHUU MO TOA30HAIBHBIM I0JIOCAM
€r0 3aMETHO OOJIBINE B CEBEPHBIX MOXOBBIX CyOapKTHICCKHUX TYHAPAX.

B npeomynoposuix pedxonecvax oH B uenaom peaok (0,2), npearnodutas epHU-
koBbIe TyHJpHI (0,6). BiBoe MeHbIIIe CHOMPCKOTO JIEMMHUHTA 371€Ch B CEITUTEOHBIX
MECTOOOHMTAHHSAX, BTPOC — B JIMIIAWHUKOBBIX PEIKOKYCTAPHHUKOBBIX TYHIPaX W
JHCTBEHHUYHBIX PEIKONIECHIX, BIIECTEPO — B EPHUKOBO-MBHIKOBBIX TYHApax U
JIUCTBEHHUYHBIX PEIKOCTOMHBIX JiecaX. B JIyroBo-KyCTapHUKOBO-PEIKOICCHBIX
JIOJIMHAX MTPUTOKOB KPYITHBIX PEK ATOT JISMMHUHT KpaiiHe penok (0,08), a Ha 6oo-
TaX ¥ B UBHSKOBBIX TYHJPaX — HE BCTPCUCH.

B cesepnoii maiice cnOMPCKUH JIGMMUHT YPE3BBIYAHO PEIIOK B HOO30HAIb-
Hotl nonoce peokocmotinwix necog (0,009). 3neck oH penok Ha aana-6onotax (0,1)
U OYeHb PEJOK B YYAaCTKaX COCHOBBIX U JIMCTBEHHUYHBIX PEIKOCTOHHEIX JIECOB
(0,07 1 0,02). B cenuteOHBIX MECTOOOUTAHUSX, INCTBEHHUYHBIX PEKOIECHIX, B
TEMHOXBOWHOM Talire, Ha OTKPBITBIX OOJIOTaX U B JIyTOBO-00JIOTHO-COPOBBIX CO-
00IeCTBaX MOMM KPYIHBIX PEK ATOW MOJ30HAIBLHON MOJOCHI CHOUPCKHUIL JieM-
MUHT HE BCTPEUCH.
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Takum oOpazom, oOmiHe CHOMPCKOTO JIeMMUHra Ha 3anaouo-Cubupckotl
pasHuHe B CpeiHEM HanOoJiee BEITMKO B MOI30HAIBHOM 110JI0CE CEBEPHBIX MOXO-
BBIX CYOapKTHYECKUX TYHJp, K CEBEPY M K OTY OT KOTOPOH OHO yMEHBIIIAETCSI.
[IpocTpancTBeHHAs H3MEHUYMBOCTD TIOKa3arelieii HOCUT POMOOBHIHBINH XapaKkTep

(puc. 1).

ADPKTHIECKHIE TYHIIPBL. ... oiootet ettt ettt 2
[Arctic tundras]

Cepeprble MOXOBBIE CyOapKTHUECKHE TYHAPDL............. 30
[Northern moss subarctic tundras]

HU3KOKYCTAPHUKOBBIE CYOAPKTUUECKHE TYHIPBL. ...t 1
[Low-shrub subarctic tundras] _

FOsKHBIE KyCTAPHUKOBbBIE CYyOAPKTHIECKHME TYHAPDL.......o..ovooeieeieeienieen 0,4
[Southern shrub subarctic tundras]

TIpenTyHapoBBIE peRKONEChS
[Pre-tundra open woodlands]

CEBEPOTACKHDBIE PEIIKOCTOMHBIC JIECA.............e..oevsoveseseesesesese oo 0,03
[Northern taiga light forests]

TUMHYHAS CEBEPHAS TATIA — CTETHAT BOHA. ............ovovoeeeoeeoiseessseseeeeessesee s 0
[Typical northern taiga - steppe zone]

Oco6eit/100 w.c.
[Individuals/ 100 cylinders-days]

Puc. 1. lllupotHas uamenunBocTh 06mins Lemmus sibiricus Ha 3anagno-CuOupckoil paBHUHE
[Fig. 1. Latitudinal variation of Lemmus sibiricus abundance within the West Siberian Plain]

Cubupcknii JEMMHUHT TPEATIOYNTACT TYHIPOBBIC MECTOOOWTAHHS W JIyTO-
BO-KyCTapPHUKOBBIC JOJIMHHBIE COOOILIECTBA CEBEPHBIX CyOapKTHUECKUX TYHJP.
B npounx cyb6apKTHIecKHX MOA30HAIBHBIX ITOJI0CAX U B APKTHUECKUX TYHIpPaX
9TOTO JIEMMHUHTa TOXe OOJIbIIEe B TYHAPOBBIX OMOTOMAX, a TaKkKe B JOJMHHBIX
HBHSIKOBO-JIyTOBBIX, JIyTOBO-UBHSKOBO-MOXOBBIX M JYI'OBO-KYyCTapHHKOBBIX CO-
o01IecTBax, C yMEHBIICHUEM IUIOMIA N KOTOPBIX K IOTY, B MPEATYHIPOBBIX Pell-
KOJIECBSIX, OH 3aceiisieT O0JI0Ta, PEIKONIECh U PEAKOCTOWHBIE Jieca U 3aTeM — 00-
JIOTA U JIECHbIE MECTOOOUTAHUS B TIOJIOCE CEBEPOTACKHBIX PEIKOCTOMHBIX JIECOB.
B nccieoBaHHBIX TOPHBIX TEPPUTOPUSIX HE BCTPEUEH.

I'paouenmut cpeovl, evis6/1€HHBIE RO CXOOCMEY 8 OOUNUU

Ha ocHoBanmm kacTepHOTO aHAIN3a MAaTPHITH KOA((HUINEHTOB CXOCTBA IMO-
Kazaresnei 00WIIHsI, yCPEIHEHHBIX 0 MPYIINAM BBIICIIOB YKa3aHHOM KapThl, COCTaB-
JIeHa KiacCU(UKAIMs MECTOOOUTAaHUH CHOMPCKOTO JIEMMHHTA TI0 CTEIICHH OITH-
MAaJIbHOCTHU YCJIOBHH Cpenbl (O1arompusTHOCTH) Jyis 3Toro Bujma. OJJHOBPEMEHHO
TaKast KacCH(pUKamus IpecTaBIsIeT cO00H KITacTepHOE yIOPSI0UCHNE IPEICTaB-
JIEHUH 10 ero OOMIIMI0 Ha paccMaTpuBaeMoil Tepputopuu (puc. 2).

Haubotee npennoyntaeMbl CHOUPCKUM JIEMMHHIOM TYHJIPOBBIC MECTOOOHTA-
HUSI U JIyTOBO-UBHSIKOBO-MOXOBBIC COOOIIECTBA JOJIHH PEK B IMOJ30HATIBHON I10-
JI0CE CEBEPHBIX MOXOBBIX CYOapPKTHUECKUX TYHIP.
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Yc10Bust Cpeapl B MECTOOOUTAHHUSIX .
[Environmental conditions in habitats]

1 — OOTHMAJIE HBIX A
(TYHAPOBBIX U JOJMHHBIX JIy FOBO-UBHAKOBO-MOXOBBIX

B CCBCPHBIX MOXOBBIX CyOApPKTHUCCKUX TYHIPAX,

obunnme 25-52 ocode#t/ 100 numHHAPO-CYTOK |

B CpeOHEM - 36) [optimal (tundra and valley meadow-willow-
moss habitats in the northern moss subarctic tundra; abundance,
individuals per 100 cylinders-days; average value)]

)]

UTAHUH

e favorability of habitats]

2 — cy0onTHMAJTHHBIX
(TYHIPOBBIX, MPUMOPCKUX JIYTOBBIX U JOTUHHBIX
HMBHAKOBO-TYTOBBIX B APKTHYECKUX ax; 1-4; 2)
[suboptimal (tundra, coastal meadow and valley willow-
meadow habitats in the arctic tundra)] 23
3 — cyOmeccHMAILHBIX
(OOJIOTHBIX CEBEPHES THITHIHOMN CCBCPHOM TalTH, a
TaKKE MPOYUX OT HU3KOKY CTAPHUKOBBIX
CyOapKTHUCCKUX TYHAP A0 CEBCPOTACIKHBIX

€IKOCTOMHBIX JIECOB, KpOME MeccuManbHblx; 0,02-1;

,4) [subpessimal (wetlands to the North of the typical northern
taiga, as well as other habitats from the low-shrub subarctic
tundras to the northern taiga light forests except the pessimal 20
habitats)]

USITHOCTb MECTO00

h

[

4 — HeCCHMAJILHBIX 4@
(AeCHBIX B MPEATY HAPOBBIX PEAKOJIECHIX H
CEBEPOTACKHBIX PEAKOCTOMHBIX necax; 0,03-0,05; 0,04)
[pessimal(forests in the pre-tundra open woodlands and the
northern taiga light forests)|

Brnarono

Q

5 — 3rcTpEeMAIbHBIX

(TOPHBIX M PABHHHHBIX KYKHEE CEBEPOTACIKHBIX
€/IKOCTOMHBIX JIeCOB; 0) [extreme (mountain and plain
to the South of the northern taiga light forests) habitats)]

Puc. 2. [IpocTpaHCTBEHHO-TUIIOJIOTHYECKUE U3MCHEHSI OJIarONPUSITHOCTH
ycioBui cpeasl st Lemmus sibiricus 1o ero oommto B 3amaanoi Cnbupm.

I'pad nocrpoen npu nopore 3naanmocty cxonacrsa 20%. [{udps! y cesizeit Mexxy
TaKCOHAMHM, 0003HAYCHHBIMH KPY>KKaMH, 03HAYAKOT CPEITHEE CXOJCTBO MEXK/Y HHMH,
BHYTPH — HOMEp TAaKCOHa, a PSIIOM, HHJICKCOM — CPEHEE CXOCTBO BOLICNINX B HETO Mpo0.
Crpernoii yka3aHO MOBBIIICHUE OIArONPUSTHOCTH MECTOOOUTAHUH ISl CHOMPCKOTO JICMMUHTa
[Fig. 2. Spatial-typological changes in the favorability of environmental conditions
for Lemmus sibiricus according to its abundance in Western Siberia.

The graph is drawn at the threshold of similarity significance of 20%. The numbers near
the links between the taxa, indicated by circles, mean the average similarity between them,
inside - the taxon number, and next, the index - the average similarity of the samples included
in it. An arrow indicates an increase in the favorability of habitats for Siberian brown lemming]

Ot Hee oOWIME YMEHBIIACTCS K CEBEpy B aPKTHUCCKHUX TYHAPax. JTO MOXKET
OBITH CBSI3aHO C OTCYTCTBUEM 3/IECh XapaKTEPHBIX JJIsl 3arma HOCUOMPCKON Mo~
MPOBUHITNK CYOApKTHUECKUX TYHAP [31] KOUKapHHUKOB CO 3HAYMTEIHHBIM yua-
CTHEM apKTUYECKUX MpecTaBuTeNneld cemeiictBa OCOKOBBIX. DTH PacTEHUs CO-
CTaBIISIIOT OCHOBY JICTHETO PaIlliOHA CHOMPCKOTO JIeMMHUHTa [32]. VBenuueHue K
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IOTY OT CEBEPHBIX MOXOBBIX CyOapKTHICCKHUX TYH/IP KYCTapHUKOBOU U IPEBECHOM
PacTUTENBHOCTH, BEPOSITHO, OIPEENsieT YMEHbIIEHHE ONaronpusTHOCTH yCIo-
BHH JUIS STOTO JIEMMHHTA BIUIOTH A0 MECCHMAIBHBIX JIECHBIX MECTOOOMTAHMIHA
MPEATYHAPOBBIX PEAKOIECUI M CEBEPOTACKHBIX PEAKOCTOHHBIX JIECOB. 37€Ch
JIEMMUHTa MEHbIIe Bcero. Ha 0ooTax ceBepHee TUIMMYHON CEBEPHOM TalTH CH-
OMPCKUIl IEMMHUHT B 11€JI0M penok (puc. 3, A). B 3anannoii Cubupu oH HacemsieT
MECTOOOHTAHHS C BKIIOYCHUSAMH 3a00JI0YEHHBIX YYACTKOB B ITOHIKCHUSX, HO
OOIIMPHBIX OOJIOT U MOMM KPYITHBIX peK JIEMMUHT n3beraet. B ropHoii vactu uc-
CJIEZIOBAHHOW HAMH TEPPUTOPUU CHOMPCKHUN JIEMMUHT He BcTpedeH. [Ipu aTom,
€ro OTMe4alii B ropHbIX TyHApax CeBepHoro Ypana [33].

Opzanusayus pacnpeoenenus

Hawubonpmias cBs3b ¢ pachpeieieHUeM CHOMPCKOrO JIEMMHHIA 10 MECTO-
obuTanusaM 3anajHoi CHOMpPH paBHUHBI MPOCIEKEHA I MPOCTPAHCTBEHHOM
HU3MEHYMBOCTH TEIUIO0OECIICYCHHOCTH KaK PEXKUMa 30HATbHOCTU M TIO/I30HaIb-
HOCTH Ha paBHHHE, BRICOTHOH IOSCHOCTH ¥ IIPOBHHIIMATEHOCTH B TOpax, a TaK-
K€ 30HAIBHOCTH U MOJ30HAILHOCTH Ha paBHUHE KaK OTHenbHOTO (pakropa (61%
YYTCHHOU JMCIIEPCHUN KaXKblid). Makpopenbed Tepputopun (paBHUHA-TOPHI) U
THII PACTUTEIBHOCTHU, PACCMaTPUBAEMBbIe KaK 00YCIIOBIMBAIOIINE PACIIPE/ICIICHIE
JIeMMHUHTa (PaKTOPBI cpesibl, MasonH(popMaTuBHEI (Tadi. 1). Takue hakTopsl, Kak
00JICCEHHOCTD, 3a00JI0YCHHOCTD, 3aJIMBAaHKE B MOJOBOABE M AHTPOIIOICHHAS 3a-
CTpoliKa OOBSICHSIOT MeHee 1% yUTeHHOH AMCTIePCHN KasKIbIH.

Ta6numa 1 [Table 1]
OneHka cHJIbI M O0LLIHOCTH CBSI3U (PAKTOPOB Cpebl
u o0unus Lemmus sibiricus B 3anagnoii Cudupu
[Estimation of strength and commonalities among environmental factors
and abundance of Lemmus sibiricus in Western Siberia]

YureHnHas aucnepcus

daxkTop, pexum [Accounted variance], %
[Factor, regime] HWHMBUIyaJIbHO | HAPACTAIOIIUM UTOTOM
[individually] [cumulative sum]

Temnoo0ecneyeHHOCTH [Heat availability] 61 61
30HAIBHOCTH U MOJ30HAILHOCTD 61 61
[Zoning and subzoning]
Maxkpopensed (paBHUHA—TOPHI) 3 61
[Macro relief (plain-mountains)]
Tun pacturtenbHOCTH [Vegetation type] 2 61
Oo6neceHHOCTh [Forest cover degree] 0,9 61
3anuBaHue B MOJI0BOABE [Pouring in the flood] 0,3 61
3acTpoeHHOCTH [Development degree] 0,2 61
3a00J104€HHOCTh [Swampiness] 0,03 61
Pesxxumebr o kitaccupukanusm (ONTHMATb-
HOCTB YCJIOBHI CpEIIbI B MECTOOOUTAHUSIX ) 65 78
[Classification modes (optimality
of environmental conditions in habitats)]
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300 600 900 km

O6uime (A) 1 yncaennocrs (B) cuduperoro jemvunra na 3anaano-Cudupcroii papuune
[Abundance (A) and number (B) of Siberian brown lemming on the West Siberian plain]
YenoBHbIe 0003HAYCHUS [Legend]

ART - apxruueckue Tynapsl. Cybapxruueckue Tynapei: NMT — ceBeprbie MoxoBbie, LST — Husko-kycrapuukossie, SST —
107KHBIe KycTapHuukoBeie, POW — nperynapossie peaxonecks. Taiira: ceepuas (NTL — penkocroiiusie neca, NTT —
TunuyHasi), MTG — cpexnusist, STG — 1oxxnas. STF — noaraexusie neca. FST — necocrens. STP — crenHas 30Ha.

[ART - Arctic tundras. Subarctic tundras: NMT - Northern moss, LST - Low-shrub, SST - Southern shrub, POW - Pretundra open woodlands. Taiga:
Northern (NTL - light forests, NTT - typical), MTG - Middle, STG - Southern. STF - Subtaiga forests. FST - Forest steppe. STP - Steppe zone].

Oo6umme, ocodeit Ha 100 1.c. [Abundance, individuals per 100 cylinder-days]

(25-52; B cpexHeM 36) TYHAPOBBIC H TOTHMHHBIS JIy TOBO-HBHAKOBO-MOXOBbBIC MECTOOOHTAHHSA B
CCBEPHBIX MOXOBBIX CYOAPKTHUCCKUX Ty HApPaX [tundra and valley meadow-willow-moss habitats in
the NMT]

(1-4; 2) TYHIPOBBIC, PUMOPCKHC TYTOBBIC H JOTHHHBIC HBHAKOBO-TYTOBBIC MCCTOOOUTAHHS B
APKTUYECKHUX TYHAPAX [tundra, coastal meadow and valley willow-meadow habitats in the ART]

(0,02-1; 0,4) GomoTa ceBepHEE THITMYHON CCBCPHOM TATH U HE JCCHBIC MCCTOOOHTAHMUS OT HU3K
KYCTAPHHKOBEIX CyOapKTHUECKHX TYHAP 0 CEBEPOTACIKHBIX PEKOCTOHHBIX JIeCOB [wetlands to th
North of the MDT and non-forest habitats from the LST to the NTL]

(0,03-0,05; 0,04) nccHbIC MCCTOOOUTAHKS B IPCATY HAPOBBIX PCAKONCCHIX H CCBCPOTACKHBIX
PEIKOCTOMHBIX Jecax [forest habitats in the POW and the NTL]

(0) MeCTOOOHTAHMS HJKHEE CEBEPOTACIKHBIX PEIKOCTOMHBIX JIecoB [habitats to the South of the NTI

JO BN

UuCAeHHOCTH, MJIH. 0co0eH [Number, millions of individuals]

333 12-20 0,8-5 0

Puc. 3. Pacnipenenenye u ncineHHoCTs U Lemmus sibiricus Ha 3amagno-CHOUPCKOi paBHUHE
[Fig. 3. Distribution and number of Lemmus sibiricus within the West Siberian Plain]

WadpopMaTHBHOCTS HAIIMX TPEICTABICHUI O BIMSHUHM TEIUIO00ECIICYCHHO-
CTH TIPH allPOKCUMAIIUH HAPACTAIOIIUM UTOTOM C YYETOM JPYTHX (haKTOPOB cpe-
JIbl OCTAETCs HEU3MEHHOM, TOCKOJIBbKY OHU ITOJHOCTBIO CKOPPEIUPOBAHBI C 3TUM
pexumom. Kitaccudukannonusie pesxumbl (ITpeCTaBIeHHbIE IO ONTUMAaIbHOCTH
MECTOOOWTAHMI) JatoT npupanieHue B 17%. MHOKXECTBEHHAsT OLIEHKA CBSI3H CO
BCEMH BBISIBICHHBIMHU (haKTOpaMU CpeIbl U UX COUeTaHMAMHU JaeT 78% ydreH-
HOW nucniepcuyl (MHOKECTBEHHBIN KoapduiueHT koppessiinuu 0,88), 94To 3HAUH-
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TEJILHO OOJIBIIE, YeM aHaJOTHYHBIN IMOKa3aTelb Ui KpacHOW moyieBku (Myodes
rutilus Pallas, 1779) [4]. Uem mupe BuA pacrpoCcTpaHeH Ha UCCIIEI0BaHHON Tep-
PHUTOPHH, TeM OOJIBIIE Ha HEOJHOPOIHOCTD €T0 OOWITHS BIIUSIOT YaCTHBIC JTOKAITh-
HBIE pa3INyrs YUCIECHHOCTH, KOTOPBIE CII0KHEE HUBEJINPOBATh YCPETHEHUEM Ma-
TEpUajoB IO rojlaM U IpyIaM BbIIEIOB KapT PaCTUTENBbHOCTH.

0000mennan oueHKa YUCIeHHOCMU

B nierrom 1o 3anaiHoit CuObUpy YMCICHHOCTh CHOMPCKOTO JIEMMHUHTA OIICHEeHA
B 374 muH ocobeii, mout 90% ee CKOHIIEHTPUPOBAHO B CEBEPHBIX CyOapKTH-
YECKHUX TYHAPaX PaBHHUHBI 32 CUET BBHICOKOH OIarONpHATHOCTH MECTOOOMTaHMIMA
9TOH MOA30HANBHON MOJOCHL. B apKTHYecKWX M HHU3KOKYCTAPHHUKOBBIX CyOap-
KTHYECKUX TYHIpax €ro MEHbBIIC Ha MOPSIOK, a B IOXKHBIX KYCTapHHUKOBEIX CY-
0apKTUYECKHUX TYHJpaX, IPEATYHAPOBBIX PEIKOIEChIX U CEBEPOTACIKHBIX PE-
KOCTOMHBIX Jiecax — Ha JBa mopsiaka. KOxHee mo paBHHHE 3TOTO JTEMMHHTa HET
(puc. 3, B; Tabn. 2). O0mumid xapakTep MpOCTPAaHCTBEHHONH HEOAHOPOIHOCTU B
pa3MeIIeHnH CHOMPCKOTO JIEMMHUHTA OIIPEAEISIET CPEIHSS ONTUMAIBLHOCTD IO~
30H U MOJ30HAIBHBIX TIOJIOC, UX OOIIast IIOMIA/h U COOTHOIICHUE TUIOMIAICH Me-
CTOOOWTAHMI PA3HOH JUIsl CHOMPCKOTO JISMMHHTA OJIAarOTPUSTHOCTH.

Tab6numa 2 [Table 2]
YuciaeHHoctb Lemmus sibiricus no 30HaM, MO30HAM H MOA30HAJIbHBIM
nosiocaM 3anagHo-CuoupcKoii paBHUHBI
[Number of Lemmus sibiricus according to zones, subzones
and subzonal belts of the West Siberian plain]

Hecumme-
YucneHHocts, | OTHOCHTEND- TPHHHBI
30Ha, IMoI30Ha, MO~ N JIOBEPHUTEIIb- Homst
MJIH ocobeii | Has ommobka
30HaJIbHaJ 110J0Cca . . HbBIN HMHTEpBal YHUCJIICHHOCTHU
[Number, mil- | [Relative error] ” o
[Zone, subzone, subzonal belt] Jion individuals] (p=0,1),% [Asymmetric | [Percentage], %
e confidence
interval]
ApKTHuecKHe TYHAPbI .
[Arctic tundras] 20 21 15-27 3
CeBepHbIC MOXOBBIC
Cy0-apKTH4ecKue TyHIPHI 333 34 213-521 89
[Northern moss sub-
arctic tundras]
HuskokycrapHukoBbie
cyOapKTHYECKHe TyHAPHI 12 23 916 3
[Low-shrub
subarctic tundras]
O>xHBIE KycTapHUKOBBIC
CyOapKTU4eCKHe TyHIPHI 112 5
[Southern shrub > %
subarctic tundras]
Cy0bapKTH4ecKue TyHIpbl -
[Subarctic tundras] 350 33 227-538 94
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OxoHuaHnue Tabu. 2 [Table 2 (end)]

Hecumme-

3 YucneHHocTs, | OTHOCHTENB- TPHHEI Tons
OHa, OA30HA, MO/~ MUTH ocobeil | Has ommoKa IIOFCpPITEJIL- e
e e byl | [Number, mil- | [Relative error] |Fb¥ MHTEPBAT .

[Zone, subzone, subzonal be t] lion individuals] (p =0 1) % [Asymmetrlc [Percentage], %
> confidence
interval]
Tynnposas 3012 370 31 245-558 99
[Tundra zone]
IIpentyHnapoBsie peakonechs
[Pre-tundra open woodlands] 3 31 25 0.8
CeBepoTae)xHbIe
penKocToiiHbIe eca 0,8 40 0,5-1 0,2
[Northern taiga light forests]
TunuuHas ceBepHas Taiira —
TOATACKHBIE JIeca 0 -~ - -~
[Typical northern taiga —
subtaiga forests]
Jlecnas 30Ha 4 25 36 1
[Forest zone]
Jlecocrens u crenHast 30Ha 0 _ _ B
[Forest-steppe and steppe zones]
Bcero [Total] 374 31 249-563 100
3akioueHue

B 3anannoii CuOupu Bo BTOPOH MOJIOBUHE JIeTa CHOUPCKUH JIEMMHHT BCTpPe-
YCH TOJBKO HA PaBHUHE CEBEPHEEC THIUYHOW ceBepHoW Taiiru. [Ipemmounraet
OH TYHJPOBEIC U JOJHHHBIC JIYTOBO-HBHSIKOBO-MOXOBBIE MECTOOOUTAHHSI CEBEP-
HBIX MOXOBBIX CyOapKTHYECKHX TYHJP C BKJIIOYCHHEM 3200J0YCHHBIX YYaCTKOB
B MOHIKEHISIX. [1o pesyapraraM KIacTepHOTO aHaNW3a BEIIENIEHO MSATH THUIIOB
OJarOMPHUSTHOCTH YCIOBUI CPEIbl B MECTOOOHTAHUSIX OT ONTUMAIIBHBIX, T
CHOMPCKHUI JEMMHUHT B CPEIHEM MHOTOUHCIICH, A0 SKCTPEMAJIBHBIX C HYJIECBBIM
obmmueM. XapaKTepUCTUKA YCIOBHIA CPEIIbl, BEPOSTHO, CBA3aHA C JOCTYITHOCTHIO
BHIOB PACTCHUI, COCTABIIIIONIIX OCHOBY paIflioHa JJIeMMHUHTa. C TOMOIIBIO KJTac-
CU(UKAIMK BBISBICHBI BIUSIOIIUE HA PACIIPEACICHUE STOTO JIESMMHHTA (haKTOPBI
Cpeibl, Cpel KOTOPBIX Hauboliee HHPOPMATHBHA TEIIO00ECIIEUeHHOCTh, OTIpe-
JeTISIIOINAs 30HAIBHOCTD U MOJI30HAIBHOCTE. VX BIUSTHHE MPOSBIIAETCS, BUIUMO,
Yepe3 3anachl apKTHICCKUX BUTOB OCOKOBBIX, KOTOPEIE CIY)KaT OCHOBOM JIETHETO
paruoHa CHOMPCKOTO ICMMUHTA.
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Spatial variability of the Siberian brown lemming Lemmus sibiricus (Kerr, 1792)
abundance in Western Siberia: Population approaches in distribution analysis

Analysis of small mammal distribution in Western Siberia is often carried out for a
group of species as a whole or for one species in a relatively small area. In both cases, the
research results are species essays with a brief description of the spatial heterogeneity
of quantitative indicators to the placement of animals on the accepted level of data
aggregation. The influence of environmental gradients on the distribution of species or
groups is usually assessed by given natural and anthropogenic factors; their composition
is not formalized and varies depending on the objectives of a particular study. All of the
above makes it difficult to generalize the results of studies of the species distribution in
different areas, as well as the comparison of data on the spatial variability of biotopic
preferences and its causes for different species in the same territory.

The main tasks of our research were to compare biotopic preferences, abundance and
number across all species of small mammals and to develop a general classification reflecting
similarities and differences in their distribution across Western Siberia as a whole. The study
is not ecological, but zoogeographic, so the terms should be uniform, at least in seasonal
terms. The main zoogeographic meaning of the work is to identify the general patterns of
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distribution of the studied species and environmental factors that correlate with the spatial
heterogeneity of their abundance. Therefore, the preliminary division of the territory into
habitats, as well as key sites and time of observations should be uniform. The collected and
analyzed information can be used for environmental purposes, in assessing the territorial
variability of prey resources for hunting birds and commercially sold fur-bearing mammals,
the number of which depends significantly on the level of abundance of small mammals. The
aim of this research was to analyze the distribution of Siberian brown lemming in Western
Siberia and to assess the impact of the identified environmental factors on its abundance
heterogeneity using population methods and approaches.

The methods and approaches implemented to study the animal population were
successfully used to analyze the distribution of individual species of small mammals. It
allows to secure within the limits of strict separation of habitats according to similarities
in the abundance and avoid their subjective dividing into groups. The distribution of the
Siberian brown lemming was analyzed by the results of small mammal surveys carried out
in the second half of the summer from 1954 to 2016 in the plains and mountains of Western
Siberia. The abundance indices for all years were averaged by groups of vegetation maps
within the zones, subzones and subzonal belts of the plain and mountain provinces. The
spatial-typological organization of the biotope distribution was revealed by means of factor
classification, one of the methods of cluster analysis. As a measure of similarity, the Jaccard-
Naumov coefficient for quantitative characteristics was chosen. To evaluate the relationship
of habitat classification, we used the linear quality approximation of the coupling matrix.
The total number of Siberian lemming was obtained by converting the relative abundance
indicators into absolute ones taking into account the areas of natural zones, subzones and
subzonal belts. The relative error and asymmetric confidence intervals of the generalized
population estimate are calculated with a confidence probability of 0.9.

Siberian brown lemming within the West Siberian plain is widespread to the
North of the typical Northern taiga (See Fig. I). It was not encountered in the Altai
and Kuznetsk-Salair mountain regions, although literary sources note its presence in
the mountain tundra of the Northern Urals. In structured classification, five types of
habitats are identified according to their degree of favorability for the Siberian brown
lemming: optimal, suboptimal, subpessimal, pessimal and extreme (See Fig. 2). Most
of its abundance is in the tundra and lowland meadow-willow-moss communities in the
Northern moss tundra subzone belt (See Fig. 34). Slightly less favorable are habitats
of Arctic tundras. The next type includes swamps to the North of the Middle taiga and
non-forest biotopes from low-shrub subarctic tundras to the Northern taiga light forests.
The environmental conditions in pre-tundra open woodlands and the Northern taiga
light forests are severe for the Siberian lemming. The last, extreme, type of favorability
combines areas of the plain to the South of the Northern taiga light forests and mountain
areas, where this lemming does not enter.

Using the cluster analysis, the list of environmental factors is revealed: heat
availability (the mode of zoning and subzoning on the plain, altitudinal zonation and
provinciality in the mountains), zoning and subzoning on the plain separately, macro
relief of areas (plain-mountains), type of vegetation, forest cover degree, swampiness,
pouring in the flood and human development degree. The greatest connection with the
heterogeneity of the abundance of Siberian brown lemming is traced for heat availability
and zoning and subzoning (See Table ). The other factors are less significant, their local
influence is undoubted, but small, in general, for the studied area. Multiple evaluation
of the relationship with all identified environmental factors and their combinations
gives 78% of the recorded variance (multiple correlation coefficient 0.88).

In total, the number of Siberian brown lemming in Western Siberia is estimated as
374 million individuals, almost 90% is concentrated in the Northern subarctic tundra
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of the plain (See Fig. 3B, Table 2). The total number of species depends on the areas
of habitats of different favorability by zones, subzones and subzonal belts. Spatial
variability of relative abundance (individuals per 100 cylinder-days) and total number
(million individuals) is diamond-shaped. These values are declining from the Northern
moss subarctic tundras to the North, in Arctic tundras, and to the South from low-shrub
subarctic tundras to the Northern taiga light forests.

The paper contains 3 Figures, 2 Tables and 33 References.

Key words: Lemmus sibiricus; zoogeography; environment; factors; correlation.
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B.B. Tapacos, A.B. Psaounes

HUnemumym sxonoeuu pacmenuil u sxcueomuwvix YpO PAH, e. Exkamepunbype, Poccus

PacnpocTpaHeHne U YHCJIEHHOCTH KYIPSIBOr0 MeJIHKaHa
Pelecanus crispus (Aves: Pelecaniformes) B Uesisiounckoii od1actu

Pabota BrIONHEHA B paMKax roc3afanus HCTHTYTa SKOJIOTHH pacTeHui 1 skHBOTHBIX YpO PAH.

Ilpusedenv pesyrbmamvl yuéma KyOpsGblX NEIUKAHO8 HA 2SHe300NPUe0OHbIX
6000émax Yensbunckou obnacmu ¢ mae 2018 2. npu nomowu KeaopoKONmMepos.
Onucanvl ucmopus 3acenenust JAHHbIM BUOOM MePPUMOPUL 0OIACMU, €20 COBPEMEHHOE
cocmosinue, pasmeujeHue 2He3008blX KONOHULL U UX YUCTEHHOCTIb.

KuarwueBble caoBa: Pelecanus crispus; eHe3006as  KOTOHUS,  OUHAMUKA
YUCTIEHHOCMU, PACCeNeHUe; IKOLO2UUECKUE (PaKmopb.

BBenenune

KynpsBeiii nesmkan Pelecanus crispus Bruch, 1832 — miobaisHO peakuid, «Omm3-
KU K ysI3BUMOMY TOJIOXKeHHIO», BUJ [1]. B UensOuHckoil 0061acTi OH rHe3amiICs
B niepBoii ostoBuHe XIX B. y . EMamkenuncka [2], 3arem ucye3. B 1930-1960 .
OTJIeNTbHBIE 0COOM Havya Iy BHOBB IOSIBIISITHCS BO BHETHE3JOBOE BPEMS B OKPECTHO-
cTax . Muacca [3, 4] u 3arem B 1970-X IT. Ha pa3mUUHBIX 03E€pPax FOKHOM JIECOCTETH.
B 1990-x . Betpeun rpynm u3 620 ocobeil cranu peryaspHbIMHE YKe U JIeToM [5].
Ha 03. Kypnane! y 1. Koneticka B 1991 1. Bech JISTHHIA CE30H B KOJIOHUH OOJBIITHX
OakianoB Phalacrocorax carbo (L.) nepxamuch 4 ntutpl, B 1994 . — 7 (BO3MOXKHO,
yxe raeauBimecs), B 2000 u 2001 . — 40 [6]. B 1998 1. rHe3noBanme Buaa ycra-
HoBJeHO Ha 03. CenessH B ETkyibckoMm paiione, rae oOHapy>KeHbI B3pOCIIbIe 0COOH
¢ 4 Henérapivu niteHriamu [7]. Ocenpro 2000 1. Ha 03. Kypnas! noObkiTa HeyBepEeHHO
JreTaroras Mojonas rtuia, B 2001 r. Haiiens! 4 THe31a ¢ kiaakamu, B 2002 I THe3-
ek MEHUMYM 14 map [6]. B 1990-2000-x 1T. j1eTHee NpeObIBAHUE HECKOIBKHX
0co0el MouTH eXeroHo oTMedany B KyHamakckoMm paiioHe (ceBepHast JIeCOCTeTIb)
Ha 03. MasiH 1 coceiHeM Oostote Anakyib [8], mpraéM Ha AJakysie, 1o CJIOBaM MecCT-
HBIX OXOTHUKOB, OHU THE3HIUCH [9].

B 2010-x rr. yncinenHocts Buja 3aMeTHO Bo3pocia. B mae 2010 . oxomno
150 nmenukaHoB oTMeueHbl Ha 03. CenessiH, 4acTh U3 HUX, [0 MHEHHIO ereps,
THE3IUIICEH Ha TPUMBIKAIOIIEM K 3TOMY 03€py C I0T0-BOCTOKa 0OIIHPHOM 00JI0TE
[10]. Komonus Ha 03. Kypianasr B 2014 1. cocTosina yke Mo MEHbLICH Mepe U3
88 ocobeii, a B cTasx, peryisipHO KypCHPOBABIINX MEKIY STHM 03€POM H COCE/I-
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HUM 00s10ToM JI0oHTY311bI, HacunThiBaioch 1o 120 ntur [11]. B urone 2016 . Ha
6onote J{oHry3bl 0OHapyKkeHa KOJOHUS KaK MUHUMYM U3 236 B3pOCIBIX 0C00ei
¢ MyxoBbIMU TiTeHIaMu [12]. Ha npyrux o3épax oOJIacTH y9aCTHIIMCh BCTPEUH
MUTPUPYIOIIUX U JIETYIOUIUX NEeTUKAHOB [13—15], HO OOMBIIMHCTBO 3THX JAHHBIX
MIOJTYYEHO B X07ie onpocoB. COBpeMeHHas! OIIeHKa, COTIIAaCHO KOoTopoii B UensOnH-
cKoil obmactu rHe3nsaTcst okoso 200-300 map [16], BecbMa mpuOIM3UTENBHA U
HYXIaeTcsl B yToYHeHUH. OTCYTCTBYIOT M TOCTOBEPHBIC JaHHBIC O Pa3MEIICHIH
THE3/I0BBIX KOJOHHH.

Lens paGoThI — BELICHUTH TOYHYTO YHCICHHOCTh U ACTANN PACTIPOCTPAHCHUS
KyApsIBOTO MeJIMKaHa Ha TeppuTtopun UensOuHCKol 00nacTu.

MaTepnanbl U METOAUKH HCCJICT0OBAHUSA

Uccnenosanune nposeneHo ¢ 1 mo 27 mag 2018 1. Ha Bcex KPYIMHBIX BOJO-
émax paBHUHHOHN yacT YemstONHCKOH 001acTH, IIe MOKHO OBLIO OJKHJATh HaXO0-
JIOK THE3JIOBUI KyJIpPSBBIX METUKAHOB. DTO PACIIONIOKEHHBIE B OCHOBHOM B 30HE
JIECOCTEIT MEIIKOBOJHbBIE (IIyOHHOM 710 5, 00bI9HO 2—3 M) 3BTpOdHBIC 03&pa ¢
Ooraroil HaJJIBOAHON PacTUTENFHOCTBIO U 3aliMuIna. B mepByto ouepens it 00-
CJIEZIOBAHUS BBIOMpAIIN Te, HAa KOTOPBIX paHee 3a(UKCHPOBAHO OOUTAHHE TICIH-
KaHOB I10 TUTEPaTypHBbIM U OIIPOCHBIM CBEJCHUSAM, MU ONHOTUIIHBIE. OCHOBHBIE
nuccaenoBanus BeimoaHeHb ¢ 10 mo 20 mast — B pa3rap neproaa HaCHKUBAHUS
k1ag0Kk. MecTa 1 1aThl pabOT Ha Ka)X/I0M BOAOEME, a TaKKe PE3yJIbTaThl YUETOB
MIPUBE/ICHBI B TAOIHUIIE.

OcmoTp BOI0EMOB MPOBEAEH Npu momoliu kaapokontepos DJI Phantom 3
Adv. (c yBenmueHHOH J1o 6 KM IanbHOCTHIO TIosiéroB) u DJI Mavic Pro Platinum
(SZ DJI Technology Co., Ltd., Chine). Pe3ynbrarsl y4éTOB B THE3/I0BBIX KOJIOHH-
sIx OoJIee ToTHBIe, KaK MPaBHiIo, B BeUepHEe BPeMsl, KOT/Ia IITHITH BO3BPAIIIAIOTCS
C KOPMEKKH, U MOXKHO MTPOU3BECTH MOACUYET HE TOJIBKO HACHKMBAIOMIUX KIIaIKH
ocobeil (THE3M), HO M UX CYNPYTOB, a TAK)KE HE 3aHATHIX PA3MHOKEHHEM IITHII.
Ecnu npu HeoJHOKpaTHBIX y4é€Tax Mbl OOHAPYKHMBAJIU B OAHON U TOH ke TpyI-
Te pa3Hoe KOJMUECTBO 0COOCH, 32 HTOTOBOE 3HAYCHIE IPUHIMAIN HANOOIIBIIIEE.
Uwucno nTui, 6aarofaps UX KpyImHBIM pa3MepaMm U SpKoil 0esoil okpacke, MOKHO
YBEPEHHO ompeneyarth ¢ pacctosHus 100—150 M (B 3aBUCUMOCTH OT OCBEILICHHUS).
Ho, ans Toro yto0bl yOEAUTHCS B TOM, YTO CHAALIAs HA OCTPOBKE MTHIA CHIUT
MMEHHO Ha THE3JIe, a He Ha TIOXO)KeH Ha HEro KOYKe WIIH ITyCTOM IPOIUIOTOTHEM
rHe3/1e, MPUXOAUIOCH CHIXKATHCS 10 BBICOTHI 20-30 M.

Peaxnus menmmkaHOB Ha IPOHBI OBUTA paziaudHa. [ITHIBI, HE HACHKMBABIINE
KJIaJIKU, TTOJITYCKaIH TsOKEIBIN U NIyMHBIN, Oenblit U sipkuit Phantom na paccro-
stane 20—40 M, 3aTeM OOBIYHO OTJIETAM Ha HECKOJBKO JICCSITKOB METPOB H Ca-
JUIIACH HA BOJY, PEXKE HAUMHAIIUM KPY)KUThCS B BO3AyXe. YacTh HACHIKUBAIOIINUX
IITHI] cJIeTaNxa ¢ THE3M MPH MPHONKEHIH 3TOTO KBAJIPOKONTEpa Ha PACCTOSHIE
10—15 m. CoOCTBEHHO, MBI M HCHONB30BAIN 3Ty MOAENb, KaK MPAaBUIIO, IJIST TOTO
9TOOBI 3aIMITHYTh B THE3/MA M YOSAUTHCS B HAMHYNH KiIaqoK. OIHAKO Nake MpH
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npuOJIMKEHNH Ha pacctosiHue 5—10 M ¢ THE3N citetanu He Oojiee TPETH ITHIL.
Bonee nérkas u MeHee myMHasi, cepas 1o 1BeTy Mozeiab Mavic BooOIe npakTu-
YEeCKH He TIPUYHHSIIA TIeTTMKaHaM OSCIIOKOWCTBA, U JIaXKe HE 3aHSAThIC HACHIKHBA-
HHEM 0COOM 4acTO HHKAaK He PearupoBalid Ha ATOT APOH, BUCALIMHA B BO3AyXE B
2—5 M OT HUX.

Mecta NnpoBe/IeHus, 1aTbl U Pe3yJibTaTbl y'-léTOB KYApPABBIX IIEJIUKAHOB

Ha TeppuTopun Yenssounckoii odsnactu B 2018 r.
[Sites, dates and results of Dalmatian Pelican population census in Chelyabinsk region in 2018]

AnmuHHUCTpa- Tater yuéTa LIHC6H(1 Yucio
THMBHBIH paiioH Bomoémsl Koopnunarst [Accg’um_ [(;\;:0 gn ——
[Administra- [Waterbodies] [Coordinates] . umoer [Number
. o ing date] of indi-
tive district] . of nests]
viduals]
AWnpIKyTb, MaMBIHKYITb N55°48', 1.05.2018 40 7
[Aydykul’, Mamynkul’] E61°55' 20.05.2018
o Masn, Kypaxiu-Ma- ,
9 N O,
?&iﬁi‘ﬁ;‘:&c gl Aunakyib [Mayan, Eé? 0(5)3,’ 20.05.2018 0 0
Kurakli-Mayan, Alakul’]
. N55°48',
Venru [Uelgi] E61°35' 18.05.2018 0 0
. N55°02', 10—
KpafHoapMeH- Jlonrysinsl [Donguzly] E61°50" 13.05.2018 329 132
ckuit [Krasno- N55°04"
armeyskiy district] Kypunazs! [Kurlady] E61° 43,’ 12.05.2018 0 0
elezyan, 0gq
Atkul’, Chumlyak] E61°53 14.05.2018
v o '
ETxynbckmit BOHLI,HOH CapHK}fHL N54o42 N 15.05.2018 0 0
e [Bol’shoy Sarykul’] E61°23
[Etkul” district] = o1
Mausriit CapbIKyib N54°42', 17.05.2018 0 0
[Maliy Sarykul’] E61°38' T
N54°35',
Byraiu [Butash] E62°04" 27.05.2018 0 0
VBenbCckuii , N54°35',
[Uvel'skiy district] JyBankynb [Duvankul’] E61°35' 14.05.2018 0 0

Cremyer 3aMETHTh, YTO YUCIIO MPUCYTCTBYONINX B KOJIOHUSX, HO HE THE3/s-
IIUXCsl 0cO00el MOYKHO OBIIIO MPUOIU3UTEIBHO BEIYUCIUTE TOIBKO apu(pMeTHYe-
ckuM criocobom. [To BHENTHUM TPU3HAKAM OMPEICIUTH BO3PACT MTHIL C BO3IyXa,
KOIJIa y HUX BUJIHA JIMIIb BEPXHSISI 4YaCTh Tella, CIOKHO. Y Y4acTH MTHUI] yIaBaIOCh
pa3mIsaeTh BET KOKUCTOTO MEIIKa, HU OJIHOW roJJ0BaJioif 0co0H (¢ cepoBaro-po-
30BBIM HJIH JKEJITOBATHIM MEIIIKOM) CPE/IM HUX MbI HE BUJICIH, XOTs, HCCOMHEHHO,
B KOJIOHUSIX MPUCYTCTBOBAJIH HEMOIOBO3PEIbIe 2—3-JICTHUE MTHUIIBI, BHEIIIHE HE-
OTJIMYHUMbIE OT MOJIOBO3PEIIBIX.
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PesysabTarsl HeccaeqoBaHus U 00CYKIeHAE

[Tenukanbl oOHapyxeHbl Ha TpEX Bojoémax: Oomorax Jourysnsl (y r. Ko-
neiicka), MaMbIHKYITb (Ha CeBEpPO-BOCTOKE O0JIACTH) U B TPOCTHUKOBBIX 3aBOJISIX
p. Uymisik mexy o3é€pamu CenessiH U ATKynb (puc. 1), THE310BbIe KOJIOHUU —
TONbKO Ha Oonorax JloHry3mel 1 MambiHKyab. Ha p. UyMiIsK OTMEYCHBI JIMIID
HEepa3MHOXKaloMMecs 0coOu, OHU JIePKaiCh ONHOW cTaci B 3aBOMSX MPEHMY-
IIECTBCHHO y BOCTOUHOTO Oepera 03. CenessH, MHUPOKO MepereTast ¢ OJHOTO TUIE-
ca Ha JIpyroil (4To MblI HaOmOnanu U ¢ Oepera), He MPHUACPKUBASICH KAKOTO-TO
ornpenenéHHoro Mecta. Ha npotshkeHnn TpEX THEH HaOONEHH 9Ta cTas HEe U3-
MEHSJIach B pa3Mepax, OCHOBHYIO 4aCcTh BPEMEHHU MTHIIBI POBOAMIIHN, CUJS Ha
TBEPAOM cyOCTpare y BOIBI, M3 UYEr0 MOXXHO CHIEJIaTh BEIBOJ, YTO COCTaB ATOM
cTau ObLJI MOCTOSIHHBIM U B HEM OTCYTCTBOBAJIM NTHULBI U3 APYTUX KOJIOHUH.

Ha 6omore MaMBIHKYITB, TIPUMBIKAIONIEM C BOCTOKA K KPYITHOMY OTKPBITOMY
03. AWIBIKYJIb, IO CBUAETENBCTBY MECTHBIX KHUTEJICH, TeTUKaHbl OOUTAIOT yiKe
HECKOJIBKO JieT, Ho 1o 2018 1. He rHe3mmmch. [Ipu mepBoM ocMOTpe KOJIOHUA
1 Mast OTMEUEHO HayaJlo CTPOUTENHCTBA THE3M: OBLIO yXKe MPUHECEHO U yTpaM-
00BaHO HEOOIBIIOE KOMUIECTBO TPOCTHHKA B X OCHOBaHUH. KomoHus pactmomna-
rajach B TPYAHOIOCTYITHOM MeCT€ B LIEHTpe 0010Ta, B 3,5 KM K IOTO-BOCTOKY OT
1. KybarymieBa (9Ta 9acTh BofoéMa 00BsIBICHA 30HOW OXPAaHBI PECYPCOB OXOTHH-
Ybero X03sicTBa «MaMbIHKYIb»). OTCYTCTBUE MPOLUUIOTOAHUX MOCTPOEK YKa3bl-
BaJIO HO TO, YTO MEJIMKAHBI IPUCTYIUIMN K THE30BAHUIO 3/1€Ch BriepBble. CIycTs
TPH HEIEIM NTHILbI HACKKUBAIM KJIaJIKU, THE3AA (1 = 7) pacmojaraiuch OJHOH
IJIOTHOM TPYIION Ha HEOOJIBIIIOM OCTPOBKE.

I'mesnoBas xononust Ha 6onote JoHrysnsl cocrosna u3 10 rpymm, pacmoso-
JKEHHBIX Ha 7 000CcOOIeHHBIX TUI€cax (puc. 2), B TpyIax HACYUTHIBAIOCH OT 2 JI0
56 map (THE3M), pacCTOsIHUE MEXKAY HanOosee yIanéHHbIMU THE3AaMU COCTaBH-
710 2,7 kM. B o011eld ci10)XHOCTH MBI OOHAPYKWIIM HA 3TOM BogoéMe 132 KHITbIX
rHe3/1a, Bce OHU ObLTH YCTPOEHBI Ha OCTPOBKaX (He crjlaBuHax). Bosie ruésn Ha
OCTPOBKaxX W BOJE ACpKaNNCh 197 mTHIl, OONBIINHCTBO U3 KOTOPBIX, OYEBUIHO,
ObUTH MapTHEPAMU HACK>KUBAIOIIUX KIIAJKU 0CO0eH, a ocTanbHble 65 ntuil (20%)
HE UMEJIA THE3N. bmmkaime coceaHue MmIEChl, Ha KOTOPBIX THE3AMINCH IEIIH-
KaHbI, HAXOJWINCH JpYyT OT japyra Ha paccrosHuu 0,2—1,9 kM (B cpeanem 520 +
170 M, n = 10).

Brepseie THe3aAmIMXCA NenuKaHOB Ha Oonore JloHrysnbl (oHTy3moBCKuit
TOCY/IapCTBEHHBIN MPUPOIHBIN OMOIOTHYECK I 3aKka3HuK) oOHapyxwm E.A. To-
noB 1 M.E. Paccomaxuna [12] ¢ momombsto kBagpoxontepa Phantom-3 B uroHe
2016 . B nByx KOJOHWAX B IEHTPAJIHLHOW M BOCTOYHON HYACTSAX BOAOEMA OHHU
HacYUTalIu cooTBeTCTBEHHO 40 U 196 B3pocibIX 0cobei, emeé HEeKOTopoe KOu-
9YeCTBO ITHII, 10 UX MHEHHIO, HE IOTAN0 B OOBEKTHUB KaMephl KBaJIpPOKOIITEpa.
[Ipu nomymieHuy, 4yTO BCE NTHIIBI UMEIH THE3/A, ITO YKa3bIBAJIO Ha THE30Ba-
HUe MUHUMYM 120 map. A MOCKOJIBKY aBTOPBI 00CIIeI0BAIIH JIUIIb MaTy0 YacTh
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3TOTO OOMIMPHOTO OO0JIOTA, OHU MPEIOIOKHIM, YTO HEOOHAPYKECHHBIMH MOTJIH
OCTaBaThCsl I CTONBKO e THE3IALIMXCS Map, ¥ rpy0o OLEHWIH OOIIyIO YuC-
JIEHHOCTH BU/Ia Ha 1anHOM Bojoéme B 120250 map. Ha mam B3msiz, 6mmxe K pe-
aJbHOMY HW)KHEE 3HaueHHe, HO JIaKe ¥ OHO MOXKET OBbITh 3aBBILICHO, TIOCKOIBKY
E.A. TloroB n M.E. Paccomaxnna He y4iu TOTO, 9TO B KOJOHHUSX 3a9aCTyI0 TIPH-
CYTCTBYIOT M HE yYacTBYIOIINE B pa3MHOKEHHH 0co0u. Cy/isl IO BCEMY, KOJIOHHS
MIEIMKAHOB Ha TaHHOM 00JIoTe Mpojoinkaet pactu. Oomiee yuciio ocodei, B ToM
yyclle HeTHe3AsIuXcs, ecnu fanubie yuétoB E.A. ITonosa u M.E. Paccomaxunoii
[12] cynTaTh MOTHBIMH, 3a J1Ba TOJa YBENUIWIOCH Ha 39% (B peanbHOCTH, Ode-
BHJTHO, MEHBIIIE, HO BCE JK€ YBEIMUYEHHE CYLIECTBEHHOE).
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Puc. 1. PacnipocTpaHeHue KyIpsBOro neimKaHa Ha Tepputopun HYensOuHckol oonacTu
[Fig. 1. The Dalmatian Pelican distribution in Chelyabinsk Region]:
— MECTOITOJIO’KEHNE THE3I0BBIX KOJIOHUM [Location of breeding colonies],
O _ vecro netnero o6uTanus He THE3/ISIIUXCS 0C00eH
[Summer habitat of non-breeding individuals]

BwMmecTe ¢ Tem nMeeT MecTo HEKOTOpOE IepepacipeiesieHue ITHI] BHYTPH BO-
noéma oT rojia K rofay. [IIoTHbBIe CKOIUIEHUsI TIeTMKAHOB XOPOIIO BHIHBI Ha KOC-
MHYECKHUX CHUMKaX. AHaIN3 HCTOpHUecKuX CHUMKOB Google Earth mokasbiBaer,
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4710 HanboJiee KPyIMHOE CKOIJICHHE, PACIIONOKEHHOE B BOCTOUHON YacTh 0oJ0Ta
(8 2018 . B HéM 3adurcupoBaHo 56 ruésn), mosBwioch B 20102011 rr. (He-
CKOJIBKO THE3JT), MAKCUMAIIBHBIX pa3MepoB JjocTurio k 2015 1., a emé rox cy-
ctst E.A. TTonoB u M.E. Paccomaxuna Hacuntanu B HEM 196 nun. Eciu npenmo-
JIOKUTh, YTO COOTHOIIIEHUE yYACTBYIOIIUX W HE YYACTBYIOIINX B Pa3MHOKCHHUU
ocobeil B TOT Tof] ObLIIO TAKHUM K€, KaK 10 pe3ysibTaTaM HallluX y4€TOB, BEPOSTHO,
TOT/Ia HA 5TOM TUTIECE THE3MMIHUCH Topsiaka 80 map, OKoso 25 U3 KOTOPHIX B TOCTe-
JYIOLIHE TOBI MEPEMECTHIINCh Ha Apyrue miécbl. BuaHo, 4TO pacceneHue nTull
W3 3TOU TPYIITUPOBKH IMTPOUCXOUIIO B IEHTPAIBHYIO YaCTh BOJOEMA (BEPXHHUIH Jie-
BBIi yTon Ha pHc. 2), e OONBIIMHCTBO THE3] MOSBUIIOCH He Oonee 1-2 et Has3az.

Puc. 2. Pa3zmemienue u pa3mMepsl KOJIOHHH KyZIPSIBBIX METMKaHOB Ha O00Te
Jonrysnel B 2018 1. Luppamu 0003HaUEHO YUCIIO )KUIBIX THE3
[Fig. 2. The location and size of the colony of Dalmatian Pelicans on the Donguzly swamp in 2018.
The figures indicate the number of occupied nests]

Bonpeku HammM oXuAaHUAM, HUTIE HA APYTUX BogoéMax YensOuHckon 00-
JIACTH THE3ISAIINXCS MITHII MBI HE OOHAPYKWIIN, B TOM YHCIIE TaM, TJIe paHee OHH,
[0 Pa3JINYHBIM CBEJCHUSM, THE3MMWINCh. TOT (hakT, uTo 00a CyLIECTBYIOIINE B
HACTOsIIIIeE BPEMsI THE3IOBbS PACIIONOKECHBI HA TPYIHOMOCTYITHBIX, OXPAHIEMBIX
(OHO — B 3aKa3HUKE, IPYTO€ — B 30HE MTOKOSI OXOTHUYBETO XO3IHCTBA) TPOCTHUKO-
BBIX BOJIOEMAX, TTOJATBEPIKAAeT HAIH [ 17] BEIBOJBI O TOM, YTO OAHUM W3 TJIABHBIX
JUMUTHPYIOMUX (PAaKTOPOB ISt 3TOTO BUJA sIBIsieTcst OecrokoiicTBo. B Kypran-
ckoi 1 TrOMEHCKOH 00JacTsAX ATH MTHUIIBI TOKE BBIHYKJICHBI CEJIUTHCS MPEHMY-
IIECTBEHHO HA 0CO00 OXpaHAEMBIX MPUPOJHBIX TEPPUTOPUSX (B 3aKa3HUKAX) C
OTHOCHTEIFHO HU3KUM YPOBHEM 3TOTO (pakTopa. bodbIIMHCTBO 00CIeI0BaHHBIX
BOJ0EMOB UensaOMHCKOI 00J1aCTH 4aCTO MOCEIIAIOTCS JIFOIbMH, [0 OEperoBoii Jiu-
HUH PACIIONIOKEHBl MHOTOUNCIICHHBIC OXOTHUYBH 0a3bl U PHIOAIIKHE BATOHUUKH.
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Cogepriast 00JETHI, MBI IOBCEMECTHO BUICITU aBTOMOOMIIN Ha Oeperax 1 pbl0akoB
HA JIOIKaX, B TOM YHCJIe MOTOPHBIX. MHOTO JIIOZIel 3aMEUEHO U Ha TeX BOJOEMaAX,
TIe paHee THE3IWINCH MemuKanbl, — 03. Kypuamgsl y . Kometicka u p. Uymirsk
y ¢. Cenessin. Ha 03. Kypnazapl, kpoMe TOTo, K HACTOAIIEMY BPEMEHH MOYTH HE
OCTaJIOCh TPOCTHUKOBBIX 3apocieit. B 1990-x rr. crenens ero 3apactanus 10CTH-
rana 60% [18], Ho yxe B Te rofsl, ¢ MOABEMOM YPOBHS BOJIBL, IJIOIIAAb 3apOCieii
Ha 03€pax ATOTO THTIA cTasla pe3Ko cokpamarbes [5]. [locnennuit pa3 rue3nsmmx-
Csl TIETIMKAHOB Ha 3TOM o3epe peructpuponanu B 2014 r. (88 ocobeil, HeCKONBKO
necatkoB THE3N) [11].

B nporiecce pacceneHus nelyMKaHbl 4acTo CIEAYIOT 3a Oosee MIacTUYHBIM U
MEHee YyBCTBHUTENBHBIM K (hakTopy OecrokoiicTBa OonbmM 6akianoM. Ko Bpe-
MEHH HayaJa 3acelieHus nenrkanamMu 03. Kypnaabl Tam yke cyliecTBoBajia Kojio-
HUs OAKIIAHOB, U IMEHHO B Hel TOSBUIIMCH TIepBbIe THE3MA niesinkaHoB. [1o Mepe
COKpAIIeHHs TUIOIIAN TPOCTHUKOBBIX 3apociieil 00a Bua CTaJId MepeMeIaThes
Ha cocetaee 0071010 JIOHTY3IIbI, TIe THE3ASTCS ceifuac 1mo OONbIIeH YacTH pa3oo-
méHHO. MBI Buzienu ¢ Bo3ayxa okono 100 ruésn 6akiaHoB B IICHTPAJIbHOM YacTH
OoroTa, cpenu KOTOPHIX pacIojiaraiiuch KpaifHHe ceBepo-3amaaHble HeOOoIbIIre
rpymibl THE3N enuKaHoB (U3 5, 2 1 9 THE3M — cM. puc. 2). BHOBb 0OHapykeHHas
THE3710Basi TPYIIIIA ITETMKaHOB Ha 00710Te MaMBIHKYITh TAKKEe 0Ka3aIach paclono-
JKEHa Cpesiu T0BOJILHO o0ImupHOH (okono 30 ruésn) kogoHuU O6axnaHoB. OTpaj-
HO, 9TO B KoHIIe JieTa 2018 T. Ha 3TOM 00JI0Te BUACTH TOIYONIePEHHBIX TITEHIIOB
nenukanoB [19], — 9To TOBOPUT O TOM, YTO MEPBOE Pa3MHOKEHHUE 3/1€Ch MPOILIO
YCIICIIHO, ¥ TTO3BOJISICT HAZICSATHCS, YTO MPOJOIDKUTCS B TTOCIICTYIOIIHE TOIbI.

OOmmpHEIe, IUIONIAIBI0 0KOJIO 5 U 2 ThIC. ra 6osota JloHry3mbl 1 MaMbBIHKYIIb
C UX XOPOIIMMH 33U THRIMH (IPUPOTHBIMH 1  IMAHUCTPATHBHBIMHA) YCITOBISIMA
U KpYIHBIE, OOraThie PhIOOH COCENHIE KOPMOBBIC BOTOEMBI, BEPOSITHO, CMOTYT
00eCTIIeYnTh JTATBHEHITHI POCT YHCICHHOCTH THE3I0BOM TPYMITUPOBKHA BHJA B
Yenstbunckoii oonactu. HemanoBaxHbIM (pakTOPOM TAKOTO POCTA MPEICTABISICT-
Csl CIOCOOHOCTH MENMKAHOB K TATGHUM KOPMOBEIM TIepenéTam, KoTopas JeaeT
UX MaJ03aBHCUMBIMHE (B CPABHECHHH C TEMH e OaKTaHaAMU) OT PE3KHUX KoJieOaHHi
oOWIIHS PBIOBI B THE3I0BOM Boji0éMe. PaHee MBI IMETH BO3MOXKHOCTh YOSTUThCS
B 9TOM HeopHOkpaTHo. Hanpumep, koraa BecHoit 2012 1. B 03. bossmioe benoe B
ApMH30HCKOM paiioHe TroMEeHCKOW 0OJIACTH CITYYHJICS MacCOBBIH 3aMOpP PBIOHI,
BMECTE C HEH MCYE3NI U OAKIAHBI, KOTOPBIC TOJITHE TOJbI THE3IUINCh HA ATOM
o3epe BMecCTe C melukaHamu. PeiObI He ObUI0 4 TOna, HO menukaHbl (0T 50 10
100 map), B ominume OT OaKIaHOB, BCE TH TOABI MPOJODKAIN 3[ECh YCIEIIHO
Pa3MHOXATHCSI, OUEBUIHO, TPUHOCS PHIOY MTEHIIAM 110 OONBIIeH YacTH ¢ OKpecT-
HBIX BOJJOEMOB. BMecTe ¢ Tem, 10 IpyruM HaIuM HAOIONCHHUSIM [HEOmyOIl. 1aH-
seie], B 20042011 rr. rpynma u3 30-35 mennkaHoB €XEeToHO MPOBOAMIIA JIETO
Ha 03. Kpyranu oxono r. Kyprana, u tonasko B 2012 I. OHM IpeANpUHSUIN TEp-
BYIO TIONIBITKY THE30BaHUS. B cepenmHe mast MbI 0OHApYKWIH 31ech 19 THE3N
C KJIaJIKaMH, OJTHAKO Y>K€ K MIOHIO M3-3a CHJIBHOH 3acyXd 03epo oOMenesno, U B
HEM TaroKe CIyYrIIcs 3aMop peIObI. Kimaaku moruOmu (ITHIIE! IPEKPaTIIIN UX Ha-
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CIDKUBATH), JIUIIb ONHY Iapy B KOHIIE JIETa MECTHBIC JKUTEIH BHICIH C IITCH-
LIOM, HO B JIEHb OTKPBITHS OCEHHEH OXOThl MX 3acTpenwin OpakoHbepbl. C Tex
mop rpynna n3 30-50 mennKaHoB MPOAOIKAET €XKETOAHO JAePKATHCI HA TOM U
COCeHHUX 03€pax, HO MOIBITOK THE30BaHMs OOJbIe HE OTMEUYEeHO. BO3MOXKHO,
B JIaHHOM CJTydae NTHIBI OPOCHIIN THE3[a B TOM YHCIIC B CHIIy CBOETO OTHOCH-
TEJIBHO MOJIOZIOTO BO3pacTa WM HEONBITHOCTH B THE3J0BaHUM, HO HEKOTOPBIH
MHUHHUMAaJbHBII YPOBEHb KOPMHOCTH THE30BOTO BOAOEMA, 110 BCEU BEPOSTHOCTH,
BCE ke HEOOX0IUM, YTOOBI 00ECTIeUUTh TUTAHUEM MITUI] BO BpeMs JIMHbKH, KOTJIa
OHH, Kak u3BecTHO [20], TepsoT crocoOHOCTh K MoNéTy. [Toatomy dakTopom,
CAEP>KUBAIOLINM POCT YUCIEHHOCTH THE3/AIUXCs Ha O6onorax J{oHrysnel u Ma-
MBIHKYITb TIEJTMKAHOB, MOKET OKa3aThCsl HEAOCTATOK OOMIIUS WM JOCTYIHOCTH
PBIOBI B camMux 3TuX Bopoémax. [Toka ke, kak Mbl BUAUM, cuiibHOE (Ha 80-90%)
3apacTaHne TPOCTHUKOM 3THX OOJOT HUCKOJIBKO HE METIACT MEIMKaHaM yCIICIITHO
THE3/IUTHCS 3/IeCh HA TeX HEMHOTUX M30JIMPOBAHHBIX OTKPBITHIX TUIECAX, KOTOPbIE
BPSIZT JTN TIPEIOCTABILIIOT UM XOPOIIIHE YCIOBHS TSI KOPMEKKH.

B npenenax FOxHoro Ypasa rae3fioBbs KyIpsABbIX MEIMKAHOB, IOMHUMO OIH-
CaHHBIX BBIIIE, N3BECTHHI Ha 10T0-BocTOKe OpeHOyprekoit oomact — B Llankapo-
XKetbikonbckoM 03épHOM paitone [21]: B 2017 u 2018 TT. TaM rHE3MINCH OKOJIO
200 ocobeii. C yueToM 3THX JTAaHHBIX 00Ias YACICHHOCTh BHJIAa B a3UATCKOH ya-
ct PO cocrasnser 1,1-1,3 Toic. rHesasmuxcs nap [17, 21, Hamu ganHbie].

BaxHbIM ycroBHeM yBeNWYEHHS YHMCICHHOCTH BHIAa Ha Tepputopun Yems-
OUHCKOM 001acTH BUANTCS pacIIMpeHUe TPaHuUll JIOHTy3/I0BCKOTO 3aKa3HUKa. 3a
BpEMsI CBOETO CYIIECTBOBAHHS IIOMIAAh 3TOTO 3aKa3HIKA H3MEHSIIACh HECKOIBKO
pa3, B 1988 I. oHa cocTaBisiia 15 ThIC. Ta, B HACTOAIIEE BpeMsl — JIUIIb O ThIC. Ta.
B rpanutipl 3aka3HuKa HeOOXOIMMO BKITFOUNTH 03€pa Kypnaner, ATkyib u CenessH,
7€ eTMKAHbI PaHee THE3AMINCH U KOTOPBIE CIy)KaT UM KOPMOBBIMH CTALIUSIMH.

3akrouenne

Utak, ToTanbHbIA YIET KyApSIBBIX MIEIIMKAHOB Ha BCEX THE3OMPUTOIHBIX BO-
noémax Yensaouuckoit ooactu B Mae 2018 . mokazan Hamuuue 132 KuibIxX THE3L
B cymecTBytomend npudnusutensHo ¢ 2010 r. komonun Ha Oonote J{OHTY3IbI B
Kpacnoapmetickom paiione. Emé ongna HeOombIas kooHus (7 THE3M) MOSBUIACH
B 3TOM roxy Ha Oomore Mambinkyib B KyHamiakckom paiione. Beero Ha Teppu-
TOpPHUHU 00JIACTH HACUUTAHO 427 B3POCIBIX 0CO0EH, M3 KOTOPHIX ABE TPETH (65%)
Pa3MHOXKAITUCh. AHAIHM3 TUTEPATYPHBIX HCTOUHHKOB ITOKA3all, YTO TIePBBIC THE3-
JAIIAECs NTHIBI TOSBUINCE B YensOnnckoi obmactu 20-25 et Haszam, U ¢ TeX
[Op UX YHCJIO HEYKIOHHO pacTéT. MOXHO 0XHIaTh POCTAa YUCICHHOCTH BUAA U
B JanmpHeWIIeM. BmecTe ¢ TeM 4yBCTBUTEIBHOCTD MEIMKAHOB K (hakTopy Oectio-
KOWCTBAa BBIHY)KJA€T UX BBIOMPATH ISl PA3MHOXKEHUsI HAHOOJIee TPYIHOIOCTYII-
HBIC ¥ OXpaHsIeMbICe BOTOEMBI U TIPETIATCTBYET UX pacceleHuro. s yBemuueHus
YHCICHHOCTH BHJIA HA TEPPUTOPUH OOJNACTH CIIEAYET PACIIUPUTH rpaHuibl JloH-
T'Y3JIOBCKOTO 3aKa3HHKA.
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In Russian, English Summary

Vladimir V. Tarasov, Artur V. Ryabitsev

Institute of Plant and Animal Ecology, Ural Branch of the Russian Academy of Sciences, Yekaterinburg,
Russia

Distribution and number of Dalmatian Pelican
Pelecanus crispus (Aves: Pelecaniformes) in Chelyabinsk Region

The planning of actions for the conservation of a rare species calls for information
about the species population size and dynamics. We are concerned with the abundance
of Dalmatian Pelican in Chelyabinsk region. The available reliable data on the regional
population of the species is scarce. This paper presents the results of the species census
which we conducted in Chelyabinsk region in May 2018.

For the census, we used the drones DJI Phantom 3 Adv. (with an increased range
of up to 6 km) and DJI Mavic Pro Platinum. We counted breeding Pelican pairs on
lakes and swamps of the region suitable for nesting. We examined large shallow
eutrophic waterbodies overgrown with abundant surface vegetation and reed beds.
The waterbodies were located in the flat forest-steppe part of Chelyabinsk region.
Information on the places and dates of our research on each waterbody, as well as the
results of the counting is provided in the Table. First of all, for the survey we chose the
waterbodies previously known as sites of Pelican habitation or similar waterbodies.
The results of bird counts in the colonies were more accurate in the evening when
Pelicans returned from feeding. When we found different numbers of individuals
in the same group at different times, we took the biggest value as the final counting
result. The number of birds, due to their large size and bright white color, could be
assuredly determined from a distance of 100-150 m. Birds incubating eggs left their
nests reluctantly, and even the drone approaching at a distance of 5-10 m drove not
more than a third of the birds from their nests.

Since the late 1990s to the early 2010s, at different times a few colonies of Pelicans
existed on three waterbodies (Kurlady, Salesian, and Donguzly) near the town of
Kopeysk. As for other areas of the flat part of Chelyabinsk region, Pelicans had not
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been recorded breeding there, but many respondents observed flocks of migrating and
feeding individuals there from time to time. In 2018, we found nesting Pelicans only on
the Donguzly swamp (See Fig. 1) located in the Donguzly Nature Reserve. Their large
colony consisted of 132 breeding pairs (nests) and 65 birds (20%) that had no nests.
The colony seemed to be at the growth stage and possibly it had absorbed the birds that
used to nest on the neighboring ponds. This colony comprised ten groups located on
seven separate stretches (See Fig. 2). Each group included from two to 56 nests, and the
distance between the remotest nests was 2.7 km. Another known nesting Pelican colony
had existed on the neighboring lake Kurlady at least from 2001 to 2014, but at the time
of the census it turned out to be abandoned, probably due to the rise of the water level
which led to a reduction of the reed bed area. The third known breeding colony once
located on lake Selezyan no longer existed, in our opinion due to the fact that many
fishermen and camping people disturbed Pelicans there. In 2018, we recorded only
58 non-breeding individuals on the lake, they kept in the backwaters as a flock, flying
from one shore to another without staying in any particular place. In 2018, we found a
new nesting Pelican site on the swamp Mamynkul in the northeast of the region (See
Fig. I). Even though the swamp is not a reserve area, it is almost never visited by
people as it is difficult to access and hunting is prohibited there by the local hunting
management authority. On the swamp Mamynkul, we counted 40 individuals, of which
7 couples arranged their nests in a close group on a small island. The absence of last-
year nests suggested that the Pelicans had just started breeding there. According to
our data, the total number of Dalmatian Pelicans in Chelyabinsk region in 2018 was
427 individuals, with 65% of them breeding. Taking into account these data, the total
population of this species in the Asian part of Russia is estimated at 1.1-1.3 thousand
breeding pairs. Analysis of literature sources shows that breeding Pelicans first appeared
in Chelyabinsk region 20-25 years ago, and since then their number has been growing
steadily. We can expect an increase in the number of the species in the future. At the
same time, Pelicans’ high sensitivity to the disturbance factor forces them to choose
protected and most inaccessible areas for breeding and prevents their dispersion over
other waterbodies of the region.

The paper contains 2 Figures, 1 Table and 21 References.

Key words: Pelecanus crispus; breeding colony; population dynamics; dispersion;
environmental factors.
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' Hnemumym pusuko-xumuueckux u 6uonocudeckux npobiem nougogedenusi PAH,
2. Ilywuno, Poccusa
’Unemumym monumopunea kaumamuieckux u skonocudeckux cucmem CO PAH,
2. Tomck, Poccus

Bausinue abuornveckux GakTopoB Ha pas3JioKeHHe OMaaa
pacrenuii-ropgoodpa3zoBaresieil B MHKY0AIMOHHOM IKCIIEPUMEHTeE

Pabora BbInonHeHa B paMkax rocygapcrenHoro 3aaanus ®UIL ITHIIBW PAH
(Ne roc. peructparn AAAA-A18-118013190177-9) npu noxnepxke Poccuiickoro
tdhoHa GpyHnamMeHTaIbHBIX HccnenoBanuii (mpoekt Ne 17-34-50041).

Ilpedcmasnenvt  pesynvmamol  UHKYOAYUOHHO2O IKCHEPUMEHMA NO  GIUAHUIO
abuomuyeckux Gaxmopos (memnepamypor (2, 12, 22°C) u eradxcnocmu (30, 60
u 90% nonnoii enrazoemxocmu, IIB)) na ckopocmv pasnodicenus pacmumensHo2o
0nada OCHOBHBIX pacmeHuti-mopgoodpasosameneil GOIOMHBIX IKOCUCTHEM HOHCHO-
maedxcHoll noo3onwl 3anaonou Cubupu (Sphagnum fuscum, Chamaedaphne calyculata,
Eriophorum vaginatum) nma nauanvmulx smanax pasiodxcenusa (3 mec). Ilokasano,
umo na ounamuxy u unmencusnocmo evioenenus C(CO,) 6 npoyecce sxcnepumenma
3aMmemHoe  BNUAHUE OKA3BIBAIOM —6CE  usyudeMmvle (DAKMOpvl: memnepamypd,
6IIANCHOCHL U U0 pACMUMENbHO20 onadd. Bo ecex pacmumenvhvix 06pasyax
HA HAYaTbHBIX Omanax pasiodcenus naomooanu ycunenioe eviderenue C(CO,),
6bI36AHHOE BCNIIECKOM AKMUBHOCU MUKDPOOPSAHUZMO6-0eCIPYKMOPO8 U HAIUYUEM
JIe2KOOOCIYNHbIX COeOUHEHUll 6 cocmage onaod. Yeenuuenue cKOpOCHU pa3ioHCeHUs
cnavana ¢uxcuposanu npu 22°C u cnyemsa 1-2 neoenu — npu 2°C. Pesynvmamul
Mpexghaxmopro2o OUCNEPCUOHHOLO AHAUZA NOKA3ANU, YO NO CULe 6IUAHUA HA 00ujue
nomepu C(CO,) 6 npoyecce paznodicenus pacmenuii-mopgoobpazosameineii ¢ pamrax
3A0aHHBIX OUANA30HO6 MEMNEPAmypbl U LAHCHOCU U3yUaemble aKmopbl MOHNCHO
pacnonoxcums 8 ciedyroujem nopsaoKe: 8ud pacmumenbHo20 onadd > memnepamypa
> gnaxcnocmo.  Tevnepamyphoul kodgpuyuenm Q, 6 s3asucumocmu om 6udd
PACMUMENbHO20 0NA0A U €20 GIAXCHOCIU 8 HUSKOmemMnepamyprom ouanaszoue 2—12°C
sapvuposan om 0,97 0o 1,53 u cocmasnan 1,05-2,18 ¢ memnepamyprnom unmepgane
12-22°C. Ilpu nosviuenuu memnepamypul 0 6cex 00pasyo8 Haba00anIU 3HAYUMOe
yeenuuenue KOHCmanmol pasnodxcenus. Ilonyyennvie pesyibmamvl UMEIOn 3HAYeHUe
07151 MOOENUPOBAHUA U NPOSHOSUPOBAHUS CKOPOCIU MPAHCHOPMAYUU OP2AHULECKO2O
sewecmea mopga npu USMEeHeHUU KIuMamu4eckux yciosul.

KuroueBsbie cinoBa: Sphagnum fuscum, Chamaedaphne calyculata; Eriophorum
vaginatum; euopomepmuyeckue ycinosus; évioerenue CO,; KOHCMAHMa pasioncens;
memMnepamypHas 4yecmeumenbHoCmb.
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BBenenune

Ha teppurtopun 3amagroit CHOMpH COCpPETOTOYCHBI KPYITHEUIIHE 3arachl
Topda, cocramstomue npudausurensHo 22 muapa T [1]. OcHoBHas macca yrie-
pona (C), cBsa3anHOTO B Opranndeckom Bemectse (OB) Topda u pacTuTensHOTO
onaja, BbIcBOOOKaeTcs B Bujie CO, B IIpoLeCCe PasIiOKeHUs B PE3YIIBTATE KU3-
HENESITeTHHOCTH TeTePOTPOPHBIX MUKPOOPTaHN3MOB. PacTHTENBHEIN oman moa-
Bepraercs IepBUYHON JIECTPYKINH MUKPOOPTaHW3MaMH, aKTUBHOCTh KOTOPBIX B
3HAUUTEIBHON CTETIEHH OMPEACISAETCS THAPOTCPMUICCKUM PEKIMOM TOPQSTHOM
3anexu [2—4]. YBenuueHue TEMIEpaTypsl, Kak MPaBUIIO, YCUIUBAET MUKPOOHO-
JIOTHYECKYIO aKTHUBHOCTh M TEM CaMbIM MOYKET YCKOPHTDH HPOIIECC PA3IIOKEHUS
[5, 6]. [ToHmxkeHne ypoBHS OOJOTHBIX BOJ MMPUBOANT K YMEHBILICHHIO BIaKHOCTH
BEPXHHX CIIOEB TOP(SIHOU 3aJEKH, YTO TAKKE CIIOCOOCTBYET YCKOPEHHUIO TPO-
Hecca pasjoKeHus Topda, B TO BpeMs KaK IPH BBICOKHX YPOBHSX OOJOTHBIX
BOJIl HAOJTFOJIAEeTCSl yTHETCHHE a3pOOHOT0 MUKPOOHOTO COOOIIEeCTBa, 3a CUET Yero
POJIb TeMIIepaTypsl 3aMeTHO cHukaercs [7]. CornacHo uccnenoBanusm [3, 8, 9],
HanboJee MHTCHCUBHO TPOIECCHl pasnoxkeHus OB mporekaroT Ha MEpBBIX dTa-
nax AECTPYKLHH, IPH 3TOM Ha KPaTKOCPOUYHBIE JIaHHBIE 3HAYUTEIbHOE BIUSHUE
OKa3bIBAIOT KOJICOAHMS BIAXXHOCTH W Temreparypsl [10, 11]. Ograko Hapsmy
BIIMSTHHEM a0MOTHYECKUX (aKTOPOB, TAKUX KaK TeMIIepaTypa M BIAKHOCTb, CKO-
POCTB TECTPYKIUHU PACTUTEIBHBIX OCTaTKOB B TOP(MSHOHN 3aJIe)KN B 3HAYUTEIh-
HOM CTEIeHH OIpEeAEeNseTCs WHMBUIYaIbHBIMA OCOOCHHOCTSMH XHMMHYECKOTO
cocTapa omnaja pacteHui-Topdoodpazosareneii [3, 4, 12—14]. OcoObIii HHTEpEC
BBI3bIBACT HEAITUTUBHBIA 3(QEKT, MPOSBISAIOMINICS IPU CMEIIUBAaHUN Olaja
pa3HbIX BUAOB pacteHuil [15, 16]. B HAaTUBHBIX yCIOBHSIX BCE MEPEUHCICHHBIC
(haKTOpB!I OKa3bIBAIOT CONPSKEHHOE BIIMSIHUE HAa CKOPOCTh PA3IOKEHMS OMaja,
U BBEISIBUTH BKJIAJ KaXKIIOTO W3 HUX B Iporeccs TpaHchopmannn OB Bo3MOKHO
JIMIIB B YCIIOBUSIX MOJIEIIBHOTO SKCIIEPUMEHTA ITPHU 33/IaHHBIX ¥ KOHTPOJINPYEMBIX
BHEIITHUX YCIIOBHSIX.

Lenb uccienoBaHms — KOJIMYECTBEHHAS OLEHKA BIHMSHHS a0HOTHYECKHX (haK-
TOPOB (TEMIEpaTypsl U BIAKHOCTH) Ha CKOPOCTH PA3JIOKEHHUS OTIaga OCHOBHBIX
pactenuii-rophoodpazoBareneld OMUroTPOPHBIX OOIOT IHKHO-TACKHOHN MOJ30HbBI
3armrajgHoi CHOMPH B yCIIOBHSX MOJICIBHOTO SKCIICPUMEHTA.

Marepuajbl 1 METOANKA UCCJIeT0BAHUS

Xapaxmepucmuxa pacmumenvhvix obpaszyos. JIMHAMUKY CKOPOCTH pPasio-
xenust OB onpenensiin Ha MpUMeEpe Omaja OCHOBHBIX pacTeHHH-TOphooOpa3o-
BaTeNel, XapaKTepPHbIX JJISI COCHOBO-KYCTapHHYKOBO-C(ATrHOBBHIX (PUTOIICHO30B
onmurotTpoHeIx 0050T: NMHUCThs Kycrapuuuka Chamaedaphne calyculata Mo-
ench. — MupT OONOTHBIN, WM KaccaHipa (cemeiicTBo Ericaceae Juss. — Bepe-
CKOBBI€), BETOIIb TPABSIHUCTOTO pacteHust Eriophorum vaginatum L. — mymmna
pnaranuiHas (cemercTBo Cyperaceae Juss. — OCOKOBbIC) U odec carHOBOTO
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mxa Sphagnum fuscum Klinggr. — caraym Oypwiii (cemelictBo Sphagnaceae
Martynov — Carnoseie). PacturenbHblil onaa cobupanu B centsiope 2017 1. Ha
TeppuTOpHUu cTanmoHapa «Bacroranpe» (MHCTHTYT MOHHTOpPHHTA KIMMAaTHUe-
ckux u sxonoruueckux cucreM CO PAH, . Tomck) Ha onurorpodHOoM O0s0TE
«baxuapckoey» (bakuapckuii paiton, ToMmckas o6mactb, 56°58'N, 82°36'E). Kpome
OTajia OTAETbHBIX BUJIOB PAacTEHM, TOTOBUIM CMELIAHHBIN oOpaser u3 S. fiis-
cum (60%) u Ch. calyculata (40%). om0 omanga Ka>KA0TO BHIA PACCUNTHIBAIH
B COOTBETCTBHUM C BKJIAJOM BHJAa B CyMMAapHBIH OIaJ] COCHOBO-KYyCTapHUYKOBO-
carroBoro ¢uroneHo3a Ha Teppuropuu Oonota «bakdapckoe». CoOpaHHBIH
OTaj pacTeHuil B J1aOOPaTOPHBIX YCIOBHUAX BBICYIIHBAIU IO BO3MYLIHO-CYyXOTO
COCTOSTHHS TIPH KOMHATHOH TeMIiepaType.

B HCXOIHBIX pacTUTENBHBIX 00pa3Iiax ONpeaessuIN 30JbHOCTS [ 17], Benmuuuny
pH B BomHOU U coneBoit (1M KCl) BITSDKKAx (MPH COOTHOIICHHM OTIAJ] : pac-
TBOp = 1:25) [18], TUTPOCKONIMYECKYIO BJIAXKHOCTh M BETMYMHY MOJHOW Biaro-
emroctu (I1B, %), COOTBETCTBYIONIYIO BIaKHOCTH, TIPH KOTOPOH MPOMCXOIIIO
MOJHOE HAChIIIeHNe 00pasiia BOJOH, C MOCIEAYIOIIUM OTTOKOM I'PaBUTAIIMOHHON
puaru [19, 20]. s kaxmaoro oOpasia pacCYUTHIBAIN aOCOIIOTHO CYXYI Mac-
CY, KOTOPYIO UCIIOJIb30BAJIM MIPU JabHEHIIEM ONPECICHUN CKOPOCTH Pa3IokKe-
HUs. B pacTuTenbHBIX 00pasiax Takke onpeaensum coaepkanue yniepoaa (C)
u asora (N) Ha aBromarnueckoM CHNS-ananuzarope Leco (LECO Corporation,
CIIA). Conepkanue criupropacTBopuMbIx coenaunerni (Eth-Ext, Bkirrogaronmx
apoMaTH4ecKue W anu(aTrudeckue yIIIeBO/bl, TePIEeHbI, KapOOJIOBbIe KUCIOTHI,
CMOJTBI ¥ JKUPHBIE KUCIIOTEL, (UPHBIC Macya, SKUPBI, (PUTOCTEPHHBI), TICTUTIONO3BI
(Cel), nurauHa ¥ AMrHUHONIOAOOHBIX BemiecTB (Lig) olleHUBAIN TpaBUMETpHUE-
ckum metozioM (J. Klasson, K. Kurschner) [21, 22] Ha 6a3e aHamuTHYSCKOH J1ab0-
paropuu (MucTuTyT eca Kapesnbckoro Hayunoro nientpa PAH, 1. IlerposaBosck)
[23]. JIurHMH ¥ OMOTEHETHYECKH POJICTBCHHBIC €My JIMTHAHBI M (DIIABOHOWIBI
OTIpEIETISUTN TOCIE YAATICHUS! OUTYMHHO3HBIX BEIIECTB U 00paboTku 72% cepHoit
KUCHOTOH. L{emItono3y 3KCTparupoBajd CMEChIO KOHIIEHTPUPOBAHHON a30THOMN
KHCIIOTHI U 3TaHoNa (00beMHOE cooTHolieHue 1:4). buoxuMuuecknue aHaau3bl,
OTIpeZIeTICHNE 30IbHOCTH M BeMUUMHBI pH mpoBeneHsr 0e3 aHaTHUTHYECKUX II0-
BTOPHOCTEI1: MMOJTyYeHHbIE 3HAUYCHUS! COMOCTABHMBI C JIAHHBIMH, TTOJY4YE€HHBIMH
paHee JUIs UCClieyeMbIX 00pa3ioB onana [4, 24, 25].

Onucanue sxcnepumenma. OTNpeaeneHnue BIUSIHUS aOMOTUYECKUX (DaKTOPOB
Ha CKOPOCTD Pa3JIOKCHUSI OPraHMUECKOTO BEUIECTBA B JIAOOPATOPHBIX YCIOBUSIX
IIPOBOAAT AJISI TIOUBEHHBIX CyOcTpaToB [26, 27]. OCHOBBIBasICh HA JAHHBIX pa-
00Tax, B YCIIOBHSAX MHKYOAIIMOHHOTO DKCIICPUMEHTa IPOBEICHO HCCIICTOBAHIE
BIIMSTHUS TEMIIEpaTypPhl M BIQKHOCTH Ha CKOPOCTh Pa3JIOKEeHHs OI1a/ia pacTeHHH-
TopdoobdpazoBareineit. [l 3TOro HaBeCKH pacTUTeNbHOro Matepuaina (1-3 T Bo3-
JYIIHO-CYXOH Macchl) MOMEIIATN B CTEKJISHHbIC (prakoHbl 06beMoM 110 mi u
YBIQXHSUIA JI0 COCTOsIHUS, cooTBeTcTBytomero 30, 60 u 90% wux momHO# Bna-
TOEMKOCTH (MM BOJOYJAEP KUBAIOIIEH criocoOHOCTH). J{s yBIa)KHEHUS UCTIONb-
30BaJi OOJIOTHYIO BOJY, KOTOpasi COACPKUT HATHBHYIO MHUKPO(IIOpY, XapakTep-



Bnuanue abuomuueckux ¢pakmopoe na pasnoscenue onaoa 151

HYIO JUISl TOTO MECTa, T/ie MPOM3pacTain pacTeHus. DIakoHBI ¢ paCTUTEIHHBIM
OIIaJIOM BBIEPKMBAIN 7 JHEH NPH KOMHATHOW Temrieparype (IpeIbIHKyOarms)
[28, 29], a 3aTem momeImanu B TEPMOCTATHI ISl TTOCIIEIYIONIETO HEMPEPHIBHOTO
MHKYOMpOBaHUS B TeueHHEe 3 Mec npu Temmeparypax: 2, 12 u 22°C. Bo Bpems
9KCIIEPUMEHTA BIAKHOCTh PACTUTEIHHOTO MaTepraia MOAAep KUBAN Ha 3a/1aH-
HOM ypOBHE IyTeM J00aBICHUSI OOJIOTHOI BOABI B KOJIWYECTBE, HEOOXOJUMOM
IUTSL TIOAJICPYKAHMUS TIOCTOSTHHOM MAacChl MCXOMHBIX HaBeCOK. OTBIT TPOBEACH B
3-KpaTHOil MOBTOPHOCTHU.

Onpenenenne ckopoctu Boiaenaenus CO,, WM MHTEHCUBHOCTH PA3JIOKEHHUSI
(decomposition rate, DecR) onaaa pacteHuil-ropdoodpasoareneii, mpoBoauIn
perymspHo: 3—5 pa3 B HEAENI0 B TeUEHHE |-TO Mecsia IKCIepuMeHTa u 2 pasa
B HEJEII0 Bce TMocneayromiee BpeMs. B eHb npoBeneHus 3amepa (hIakoHbI U3-
BJIEKAJH W3 TEPMOCTaTa, IPOBETPHUBAIN B TeueHre 10 MHUH B TOKE BO3IyXa, Tep-
METHYHO 3aKPbIBAIM PE3UHOBBIMU KPBIIIKAMH H OIISTh IIOMEIald B TEPMOCTAT.
Cryctst 3—4 9 poBOaMIH OIpeieTIieHNe KOHIIEHTPAITIH CO2 C MOMOMIBIO TPO-
TOYHOTO HH(ppakpacHoro razoananuzaropa LI-820 (Li-COR Biosciences, CILIA).
Mexy 3amMepaMul (pIIaKOHBI 3aKPBIBAITN TTOMHUATHIICHOBBIMH TICHKAMH, KOTOPEIE
IIPOITYCKAJIK BO3/LyX, HO CYILIECTBEHHO CJICPKUBANIN HCIApEHHE BIIAru.

s pacuera DecR (Mkr C/r oOpasna/g) ucronb3oBaimu ¢popmyiy [30, 317:

dCxM(C)xV, =10

mxV xt

rae dC — mokazaHWs TpHOOpa C YYETOM HYIIEBOTO 3HAYCHUS, OOBEMHEIE %;
M(C) — monsipuas macca yriepona, 12 r/mons; V, — o0bem ¢makona, MiI; m —
Macca abCoIIOTHO CyXoro o0pasua, r; ¥, — MonspHbIi 00beM rasa, 22,4 11/MoIb;
¢t — Bpemst nHKyOaru, 4; 10 — nepeBoaHOM KO3 UITHEHT.

BnmstHne TemmepatypHOTo (hakTopa OIEHUBAIH C IOMOIIBIO TEMIIEPATyPHOTO
koo dunmenta Q,, TOKa3bIBAIOIIEIO, KaK HM3MEHAETCS HWHTEHCHBHOCTD
pasiokeHus oOpasna Npu H3MeHeHWH Temreparypel Ha 10°C, wucmosib3ys

(opmyiy [32]

DecR = (1)

ol

D R T2-T1

0, =| =2 , )
DecR

e DecR, u DecR | — cpenHue CKOpOCTH OMOTEHHOTO PAa3JIOKEHUs IPH TEMIIEPa-
Typax T2 (6oiiee BrIcoKas Temneparypa) u 71 (6osiee HU3Kas TeMIiepaTypa).
Bemuuuny TemmneparypHoro koddduumenta QB HamIEM SKCIEPUMEHTE
OTIPEICIISIITN JIIISl ABYX TeMITepaTypHbBIX HHTEpBaioB: 2—12 n 12-22°C.
KoHcTaHTy CKOPOCTH Pa3IoKeHUs paCTHTEIHHOTO OMajia ONpeaessiiii Ha OC-
HOBE SKCIIOHECHIHAJIHHOW pPErpecCHOHHON MOJENHU, MCIIONB3YsI KyMYISITHBHEIC
kpusble noreps yriuepoaa (C) B popme CO, 3a Bce BpeMs skcniepumenta [33]:

Copp =C, x (1= 7)) | 3)

cum
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rne C  — cymmapusie otepu C(CO,) B pesysbrare pasnokeHus pacTeHHI-TOp-
(poobpasosareneit (mr C/r cyberpara); C| — MCXOIHOE COEPKAHUE OOLIETO yIIIe-
pona B o6pasie (Mr C/r cyderpara); T — Bpemsl HHKyOamuu, cyT; kK — KOHCTaHTa
pasnoxeHus, cyT .

Craructudeckass 00pa0OTKa AKCIEPUMEHTANBHBIX JAaHHBIX IIPOBEICHA C
ucronp3oBaHueM makera mnporpamm Microsoft Office Excel 2007 u StatSoft
STATISTICA 6.0. KommndecTBeHHast OIICHKA BIHUSHUS TeMiiepatypsl (7)), BIaxKHO-
cru (W) u Buna cyberpara (P) na enmuuny C (cymmapubie notepu C(CO,) 3a
BpEMsI BCETO DKCIICPUMEHTA) MPOBENCHA TIPH TTOMOIIH ABYX- M TPEX(PaKTOPHOTO
qucriepcruonHoro aHanuza (ANOVA). Bee cratuctudeckre aHajau3bl BHITTOJTHEHBI
pu ypoBHe 3HauuMocTH o = 0,05. Ha prcyHkax i B TaOnumax JaHHbIC IPEICTaB-
JICHBI B BUJIC CPEIHEH apuU(PMETHUSCKON BETHMYMHBI CO CTAHAAPTHON OMIMOKOI
(m=£SE).

Pe3ysbTaTsl Hcciie0BaHus U 00CYy:KIeHe

Hanbomnee akTuBHBIC MPOIECCH ASCTPYKIIMHA OPTaHUIECKOTO BEUIECTBA pac-
THTEJILHOTO OMa/la MPOUCXOAT Ha HAadaJIbHBIX dTarnax TpaHcdopmanuu. B 3a-
BHCHIMOCTH OT XHMHYECKOTO COCTaBa PAaCTEHHH M THIPOTEPMUUECKUX YCIOBHMA
tpanchopmanuss OB mporekaeT ¢ pasHONH MHTEHCHBHOCTBIO. Ui BBISBICHUS
0COOCHHOCTEW XMMHYECKOTO COCTaBa MCCIEIYEMBIX pacTeHHH-TopdoobOpa3oBa-
TeJlel POBeJIeH aHaIN3 (PU3UKO-XMMHUYECKHX ITOKa3aTesiel pacTUTEIBHOIO OIla-
74, COTIIAaCHO pe3yNbTaTaM KOTOPOTO, CBOIMCTBA M COCTaB M3YyJaeMBIX 00pa3IoB
3aMeTHO oTnuyanauck (tabdm. 1, 2). Tak, aus obpasua S. fisscum MOTy4eHBI CaMble
HU3KHE 3HaYeHNs pH 1 30JIbHOCTH, HO BMECTE C TEM U CaMble BEICOKHE ITOKa3are-
JIM TUTPOCKOITMYECKON BIa)KHOCTH M MOJIHOH BiaroeMkoctH (cM. Tabi. 1). Taxoke
B THX 00pa3max BBELBICHO camoe Hu3koe comepxkanne C, N 1 IeIUTIoNo35l, IpH
HanboJee BEICOKOI 000ranieHHOCTH JIMTHUHOIO0OHBIMHU M CTUPTOPACTBOPHMBI-
MU BerecTBamu (cM. Tabi. 2). Benmmuuast otHomenuit C/N n Lig/N st odpasia
S. fuscum okazanuck HanOosee mHUpokuMU. Cpeay BceX UCCIeayeMbIX 00pa3IoB
muctbst Ch. calyculata XapakTepu30Bairch HanOoee BRICOKHM conepkanuem C
u N u Haubonee y3xum orHomeHrneM C/N n Lig/N. ITo MHOTHM aHATH3UPYyEMbIM
mapamerpaM obpasent £. vaginatum 3aHIMAI TPOMEKYTOUHOE TIOIOKCHUE MEXK-
ny obpasuamu S. fuscum u Ch. calyculata, HO BMecTe ¢ TeM OH XapaKTepH30BaJICs
CaMbIM BBICOKHM COZIEPKAHUEM I[CIUTIONO3HI.

JUost )KM3HEIeSITeIbHOCTH MHUKPOOPTaHU3MOB-/I€CTPYKTOPOB KHCIIast Cpeia sB-
JseTCsl HeOMaronpusaTHBIM (hakTopoM [34], 4TO MOXKET CYIIECTBEHHO TOPMO3UTh
IpolLiece pa3iIoKEHNsI OPraHMYeCcKOro BellecTsa. Takke Oosiee MeaIeHHas MUHe-
panu3anys, Mo MHCHHIO MHOTHX aBTOPOB, XapaKTEepHA Ui CyOCTPaToOB C IIHPO-
kuM cootHomenueM C/N u Lig/N [35, 36]. MoxxHO IPeANoNoKHUTh, YTO Hanbomee
ONaroNpUsITHRIMHU JIJISL pa3jioKeHUs cBoiicTBaMu obnanaet onan Ch. calyculata, a
S. fuscum GyneT oTnn4aTh Hanbonee BHICOKAsl yCTOWYUBOCTD K Pa3I0KEHUIO.
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Ta6numa 1 [Table 1]
Hexotopsle cBoiicTBa onajga pacrenuii-ropgoodpasosareneii
[Some properties of the litter of peat-forming plants]

ITokazarenb
[Parameter]|  307b- pH ['urpockonuue- [lonnas

HOCTD CKasl BJIAYKHOCTH | BIAaTOEMKOCTh
Pacrenne [Ash], % | IM KCl H,0 Eiﬁf:s:ec]o%l/c [X&;)tz;?;ld;lg
[Plant] e >0
Sphagnum fuscum 0,74 2,5 3.4 13,7 25414241
Eriophorum vaginatum 2,25 43 4,8 3,9 178+3
Chamaedaphne calyculata 2,23 4.5 4,9 7,6 244+1
Cmemaniii oGpasen 1,53 3,7 3,0 9,3 1203455
[Mixed sample]

Ipumeuanue. * — naHHBIC TIOJIHOW BIATOEMKOCTH ITPEACTABICHBI B BUC CpeaHEN apudmMeTnde-
CKOM BEJIMYMHBI CO CTAHAAPTHON OIIMOKOM.

[Note. *Water holding capacity data are shown as the arithmetic mean and the standard error for each
sample].

Tabauma 2 [Table 2]
Buoxumuyeckuii coctaB onajga pacrenuii-ropgoodpasoBareeit
[Biochemical composition of the litter of peat-forming plants], %

Coneprxanue
[Content] Eth-
C, % N, % C/N Cel, % | Lig, % | Lig/N
Ext, %
Pactenne
[Plant]
Sphagnum fuscum 44,0+0,6 [0,37+0,01 | 118+1 3,9 253 12,2 32
Eriophorum vaginatum | 45,4+0,4 10,93+0,01 | 49 +0,1 | 11,3 35,3 20,3 22
Chamaedaphne 51,8£1,1 |1,15£0,03 | 45+1 | 334 | 12,1 | 285 | 24
calyculata
Cumemannblii 06pasell | 45 .0 7 | 0,66:0,01| 70:0 | 192 | 192 | 208 | 32
[Mixed sample]

Ipumeuanue. Eth-Ext — cnmpropacTBOpHMBIE COCIMHEHHS (apoMaTHUECKUEe M anmudarude-
CKHE YIJICBOJIbI, TCPIICHBI, KAPOOJIOBBIC KHCIOThI, CMOJIBI U JKMPHBIC KUCIOTBI, d(GUPHBIC Mac-
na, xupsl, putoctepunsl); Cel — nemmonosza; Lig — TMTHUH W TUTHUHONOIOOHBIE BEIIECTBA

m=SE).

%Note. E)th-Ext - Alcohol-soluble compounds (aromatic and aliphatic carbohydrates, terpenes, carbolic
acids, resins, fatty acids, essential oils, fats, phytosterols); Cel - Cellulose; Lig - Lignin and lignin-like
substances (m+SE)].

Ha punamuky u unrencuHocTs Bbinenenus C(CO,) B mpouecce sKcrepu-
MEHTa 3aMETHOE BIIMSHHE OKa3bIBAIM BCE TPH M3ydaeMbIX (hakTopa: TeMIepary-
pa, BIQXHOCTh U BHJ] pacTUTENbHOro o0pasua (puc. 1-3). /luHamuka BbIICTICHUS
C(CO,) u3 obpasua S. fiscum NEMOHCTPUPOBAA HAMOOINBILIEE CXOICTBO CO CME-
LIaHHBIM 00pa3LoM, KOTOpbIi Ha 60% COCTOSN U3 OCTATKOB C(hparHOBOro Mxa. Pas-
HUIIA 3aKJTI0YaIach B MHTEHCUBHOCTH PasJIOKEHUsI, KOTOpasi B TiepBhIe 1,5 Mec akc-
MepuMeHTa JUId onaja S. fuscum B 2—3 pasa HIDKe, 4eM JUI1 CMELIaHHOTo o0pasia.
DTy 3aKOHOMEPHOCTh HAOIFOIAIH MTPAKTHUESCKH TPH BCEX UCCIISTYEMBIX TeMITepa-
Typax ¥ YpOBHsX BIaxHOCTU. [lepron HamOosee akTMBHOTO Pa3lIOKEHHs Omaja
S. fuscum cylecTBEHHO KOpode, 4eM JJIsl BCeX JIPYTHUX 00pasIoB, H HE TIPEBBIIIACT
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5 mHei. Takoit xapakrep pasiioxeHus S. fuscum oObSCHIETCS 0COOCHHOCTSIMH €TI0
XUMHYECKOTO COCTaBa — CAMBIM BBICOKUM COZICPKAHHEM CITUPTOPACTBOPHMBIX Be-
mecTB ¥ caMbIM MHPOKuM cooTHomenrneM C/N u Lig/N (cm. taom. 1, 2).

KpuBble, omuceiBarolue AWHAMUAKY BennuuHbl DecR  mmst  oOpasma
E. vaginatum, 3a BpeMsl BCETO HKCIIEPUMEHTA HICHTUYHBI IIPH BCEX 3aJaHHBIX
TEeMIIepaTypax M YPOBHSX BIaXHOCTH. CaMyl0 BBICOKYIO CKOPOCTH pPa3JIokKe-
HUs omana E. vaginatum HaOIIODATHN B TIEPBBIC THH dKCIEpUMEHTa. YeM BbIIIe
TEeMIIepaTypa U BIaXHOCTh, TEM MHTCHCHUBHEE HAYAIbHBIA BCIUICCK BBIICICHHS
C(CO,), nabmonaemslii B Iponecce pasioxenus onana E. vaginatum. Ilpn 22°C
MHTEHCUBHOCTD BhiaeneHus C(CO,) mocturana, B 3aBUCMMOCTH OT BIIQXKHOCTH,
150-200 mkr C/r/4, a nipu 12 u 2°C makcumainbHas ckopocTs Beienenus C(CO,)
He npesblmana 55-85 mMxr C/r/4. Ilepuon, B TeueHHEe KOTOPOTO HAOIIOAAIM Ca-
MBIE BBICOKME CKOPOCTH pa3lioKeHus onana E. vaginatum, coctaBisi 1-5 naen
npu Temneparype 22°C, npu Oojee HU3KUX TeMIepaTypax UHKyOHpOBaHUS JJTH-
TEJIBHOCTH ATOTO MEePHOJIa yBeInunBaiach 10 25-30 qHeit. Uem Huxke Oblia BI1aXx-
HOCTh MHKYOHpPYEMBIX 00pa3IloB, TeM 0oJiee JUTUTEIBHBIM OKA3bIBAJICS MEPUOJ
unTeHCHBHBIX noTeph C(CO,). Crycetsa 30-35 nHel nocie Hayasia SKCIepUuMEHTa
Habrofany BeIxol uHTeHcuBHOCTH BhiAenenus C(CO,) us obpasua E. vaginatum
Ha CTaIlMOHAPHBINA YPOBECHB C AaJbHEHITNM MOCTETICHHBIM U MEIJICHHBIM CHIDKE-
HueM BenuuuHbl DecR 10 3HaueHwuit, He npeBblmaronmx 5—25 Mxr C/I/4 K KOHILY
3-ro MecsIia SKCIePUMEHTA.

Pasznoxenue onana Ch. calyculata B HanOoJbIIel CTETIEHN 3aBUCENIO OT TeM-
MepaTypbl ¥ BIAKHOCTH WHKyOMpoBaHus. [Ipu temmneparype 22°C U ypOBHSX
BrnaskaoctH 60 u 90% I1B, Benmunuuna DecR mocTurana MakcuMaiabHBIX 3HAYEHHH
(50-150 mkr C/r/4) B TeueHHUE MEPBBIX 2 HE SKCIICPUMCHTA.

CHIDKEHHE TeMIIepaTyphl M BIAXXHOCTH BBI3BIBAJIO HE TOJBKO 3aKOHOMEPHOE
YMEHBIIICHHE MaKCUMaITbHBIX 3Ha4eHui DecR o 2540 mxr C/r/4, HO 1 yBennde-
HUE TPOIODKUTEILHOCTHU MEPHO/IA C BRICOKOW CKOPOCTBIO PA3JIOKEHHUS H €r0 CMe-
IIeHUE Ha OoJIee O3/ THUE CPOKH (CM. pHC. 2, 3). BBIX0 MHTEHCHBHOCTH BBIJICIICHUSI
C(CO,) na cranmonapusiii yposenb (10-20 mxr C/r/gac) nyst onana Ch. calyculata
Habmonanyu Toipko npu 22°C u Bnaxknoctu 60 1 90% ot [1B (cm. puc. 1).

Takum 00pa3oM, Ha HAYANBHBIX JTAlaX Pa3IMKCHHs HAOTIOIATH YCUICHHOES
Boigenenue C(CO,) U3 BCEX pacTHTENBHBIX 00pPa3loB, BEPOATHO, BBI3BAHHOE
BCIUICCKOM AaKTUBHOCTH MHKPOOPTraHH3MOB-ICCTPYKTOPOB, KOTOpPOE CHadvaja
¢ukcuposanym nipu 22°C u tonbko ciycts 1-2 Hen — npu 2°C. TIpu aToM cHIbKe-
HUE aKTUBHOCTH pa3iokeHus onana mpu 2°C MpoucXoIiiIo HAMHOTO Me/JICHHEE,
yem nipu 22°C. Tak, nHanpumep, y onaaa E. vaginatum npu 22°C MakcuMaibHbIC
3HaueHus: DecR ¢ukcupoBanu gepes cytky, a mpu 2°C — TOJIBKO Ha 7-€ CyT Ioce
Hagaja SKCIepuMeHTa. [ImHaMuKa pa3ioyKeHus] CMEIIaHHOTO 00pasia nmpuMeda-
TeJNbHA TEM, YTO MaKcUMallbHast BennurHa DecR mpeBbliana COOTBETCTBYIOIIUE
nokaszareiu s onana S. fuscum u Ch. calyculata. Kak ipaBuio, npu OJHUX H
TeX JKe TeMIIepaTypax MakcuMalbHbIe 3HaueHus1 DecR Habmonamu npu BEICOKHX
ypoBHAX BiIaxxHocTH (60 11 90% I1B).
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T=22°C,W=90%
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[Mixed sampls]

Puc. 1. Jlunamuxa ckopoctu Bbinenenus C(CO,) U3 pasmMuHbIX BUIOB PACTHTEILHOIO ONaja
nipu temmeparype 22°C u pa3HbIX ypoBHX BiaxkHocTn (W): 30, 60 u 90%
WX TOJTHOM BitaroeMkoct (m=SE)
[Fig. 1. Dynamics of C(CO,) emission rate from various types of plant litter at a temperature
of 22°C and different moisture levels (W): 30, 60 and 90% of their water holding capacity.
On the X-axis - Incubation time, days; on the Y-axis - C(CO,) emission rate, mkg/g/h (m=SE)]
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[Mixed sample]

Puc. 2. J[lunamuka cropoctu Boienenus C(CO,) u3 pa3IMUHbIX BHIOB
pactuTenbHOro onaja npu temmneparype 12°C u pasHbIX ypoBHsX BiIakHOCTH (W):
30, 60 1 90% ux nonHoit Braroemkoct (m+SE)

[Fig. 2. Dynamics of C(CO,) emission rate from various types of plant litter at a temperature
of 12°C and different moisture levels (W): 30, 60 and 90% of their water holding capacity.
On the X-axis - Incubation time, days; on the Y-axis - C(CO,) emission rate, mkg/g/h (m=SE)]
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T=2°C,W=90%

75 85 %
Bpews (cyT)
--e~-Sphagnum fuscum ~ —o— Chamaedaphne calyculata  —— Eri inatum e [e i obpasen [Tme D3]
[Mixed sample]

Puc. 3. Jlunamuka ckopoctu Beiaenenus C(CO,) u3 pasnnynbix
BHUJIOB PACTUTENIBHOIO oMaja pu temueparype 2°C u pa3HbIX YPOBHIX
BiiaxkHoctu (W): 30, 60 1 90% ux nonnoii Bnaroemxoctu (m+SE)
[Fig. 3. Dynamics of C(CO,) emission rate from various types of plant litter at a temperature
of 2°C and different moisture levels (W): 30, 60 and 90% of their water holding capacity.
On the X-axis - Incubation time, days; on the Y-axis - C(CO,) emission rate, mkg/g/h (m+SE)]

Bricokue ckopocT pa3noKeHUs paCTUTENFHBIX 00pa3I0B HAa HAYaJIFHOM 3Ta-
I€ KCIIEPUMEHTA O0BSCHSIFOTCS, TO-BUAUMOMY, TEM, YTO B CBEIKEM PaCTUTCIHHOM
OTIa I CONEPIKUTCS OONBIIOE KOTMYECTBO BOJOPACTBOPUMBIX U JICTKOTHIPOITH3Y-
€MBIX BEILIECTB, KOTOPBIC TOTPEONISIOTCSI MUKPOOPTaHU3MaMHU-IECTPYKTOPaMU B
nepByto ouepens [14]. B xome mocnenyroniero pa3uoxKeHus Conep kKaHnue JeTKO-
JOCTYITHBIX KOMIIOHEHTOB YIJIEBOJIHOTO U MOJHUIEITHIHOTO KOMIUIEKCOB CHIDKA-
€TCSl U COOTBETCTBEHHO yYMEHBINAIOTCS MOTEPH OPraHWMYECKOTo Bemiectna [12,
37-39]. Takum 00Opa3oM, KIIOYEBYIO POJIb B TUHAMUKE Pa3JIOKEHHs PAaCTCHUH-
TopdooOpa3oBareliell UTpacT UX XUMHUYSCKUH COCTaB, KOTOPBIA M OIPEICIISET,
KaK XapakTep pa3JioKeHUs, TaK M BEIMYMHY MaKCUMaJbHBIX 3HaueHui DecR.

Makcumanbneie o6mme norepu C(CO,) U3 pacTHTENBHBIX 00pa3IoB 3a 3 MeC
(C,,,) dxcnepuMenta Habmonamu B obpasuax Ch. calyculata n E. vaginatum.
Bennuuna C_ B 3aBUCHMMOCTH OT TEMIEPATyphl MHKyOAllMKu U3MEHAIACh OT 67
10 93 mr C/r npu temneparype 22°C no 29-46 mr C/r npu temneparype 2°C
(puc. 4, A-C).

CHIDKCHUE TeMITEPaTyPhl U BIAYKHOCTH, IIPH KOTOPBIX IMTPOBOAMIN HHKYOAIHEO
pPacTUTETBHBIX 00pPa3IOB, KaK MPABHUJIO, BEI3HIBAJIO YMEHBIICHHE OOIINX TOTEPh
C(CO,) B mporecce pasnoxenus. Haubonee sametno (8 1,5 pasza) ymenbmminach
sermuuba C B oOpasuax Ch. calyculata mpu CHUKEHMHU TEMIIEPATyphl ¢ 22 10
2°C (cm. puc. 4, C). Obpasupl S. fuscum 0XUnaeMo JEMOHCTPUPOBAIU CaMYIO
BBICOKYIO YCTOMYMBOCTD K pasiioxkenuro: norepu C(CO,) npu 22°C npakTuyecKu
HE 3aBHUCEJIH OT BIAXHOCTH, cocTaBisia 19-20 mr C/t (cm. puc. 4, 4). Haubonee
3HAYUTEJILHOE CHIKeHHE cymMmapHoro Beienenus C(CO,) u3 obpasua S. fuscum
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nabmonam npu temneparype 2°C (cm. puc. 4, C). Bemmuuna C_ i cMennan-
HOTO 00pasia MpUHUMAasIa MPOMEXKYTOUHOE 3HaueHne Mexy norepsmu C(CO,),
MTOJTyYEHHBIMH JUIS €r0 OTACIBHBIX KOMIOHEHT (S. fuscum n Ch. calyculata), u,
KaK [PaBHJIO, YMEHbINATACh IPU Oollee HU3KUX Temreparypax (cM. puc. 4, A-C).
YMEHBIIIEHHE BIaKHOCTH 00pa3IoB MPH pa3HBIX TEMIIEpaTypax pasHOHAIpaBIIe-
HO BiMsI0 Ha BenuuuHy norepb C(CO,): npu 22°C NpOUCXOAUIIO CHHKEHUE BE-

o
mnuunel C , a ipu 12°C — ee noseimenue (cm. puc. 4, 4, B).
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Puc. 4. Cymmapneie notepu C(CO,) U3 pa3iuYHBIX BUIOB PACTUTENHHOTO OMaIa
npu Temmeparypax (2, 12, 22°C) u pasubIx yposHsx BiaaxuoctH (30, 60 n 90%
UX TONHOU BaroeMkocTh): 4, B, C — mr C/T pacTUTENBHOTO ONaja;

D, E, F — % ot ucxonHoro koiudectsa C B oopasie (m+SE)

[Fig. 4. Total losses of C(CO,) from different types of plant litter at temperatures (2, 12, 22°C)
and different moisture levels (30, 60 and 90% of their water holding capacity):

A, B, C - mg C/g of plant litter; D, E, F - % of the initial amount of C in the sample.

On the X-axis - Total losses of C; on the Y-axis - Plant samples (m+SE)]

Komgecteo C(CO,), BienmBIneecs 3a 3 MeC SKCIEPUMEHTA, OLEHUBAIN
TaKkKe Kak JoIto (B %) 10 OTHOILIEHHUIO K HCXOTHOMY KosmdecTBy C B pacTUTEINb-
HbIX oOpasmax (puc. 4, D-F). 3a 3 mMec akcriepuMeHTa B 3aBUCHMOCTH OT TEM-
nepaTypsl U yBIQXKHEHHs. 00pa3usl S. fiuscum noTepsiiu Bcero 3—5% HCXOIHOTO
konmdectBa C, cMemanHbli o0pasen 9yTh Gonbure — 6-11%, a morepu C(CO,)
u3 onana Ch. calyculata w E. vaginatum coctaBunu ot 6 10 18% ucxoanoro co-
nepkaHus yriepona. [lomydeHHble HAMU TaHHBIE COTIIACYIOTCS C Pe3yiIbTaTaMH
HaTypHOTO HKCIIEPUMEHTA 10 PA3I0KEHHUIO PACTUTENILHOTO onaja [24], cormacHo
KOTOpOMY 3a 1 TOJ KCIIEpUMEHTA B 3aBHCHMOCTH OT yCJIOBHH YBIaKHEHHS 00-
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pasubl S. fuscum Tepsuld MEHbIICe KOJMYECTBO YIVIEPOAa B OTIIMYHE OT Oraja
Ch. calyculata v E. vaginatum.

B pesyssrare 3-(hakTopHOTO AMCIEPCHOHHOTO aHAM3a BBISIBIICHO, YTO BCE H3y4a-
eMbIe (akToOphl (BUI PACTUTEIBHOTO OMaja, TEMIIEPaTypa U BIaXKHOCTH) OKa3bl-
BaJlM 3HAYMMOE BIMSAHHE Ha BapHabenbHOCTh BemuuuHbl C 32 3 Mec dKcrepH-
MeHTa (Tabi. 3). BMecTe ¢ TeM 0CHOBHOE BIMSHHUE HA KOTMYECTBO OOIIMX MTOTEPh
C(CO,) okaspiBan BU1 onaja, 00bACHAA 61% o0mel nucnepcun Bennaunbl C_ .
Ha nonro Temmeparypbl U BIaXXHOCTH TPUXOAWIOCHh 31 1 2% 00bsICHEHHOH auc-
MePCHUU COOTBETCTBEHHO. 3HAYMMOE, HO JIOBOJIBHO ¢cl1ab0e BIMSHUE HA BETUUHHY
o6umx noreps C(CO,) u3 pacTUTENBHBIX 00Pa3L0B OKA3BIBATIU U PA3IMIHbIE CO-
YeTaHus U3y4aeMbIX (PaKTOPOB, 38 UCKIFOUYEHHEM COBMECTHOI'O BIIMSHUS TEMIIe-
paTypsl U BIQXKHOCTH (CM. Ta01. 3).

Tabauma 3 [Table 3]
Jons nucnepenn (n, %), 00bsICHEHHOI BJIMSHUEM BHIa
pactureabHoro onajaa (P), remneparypsi (T), B1axunoctu (W)
M X COYETAHUSIMHU HA BeIMUUHY 001X noreps C(CO,) 3a 3 Mec IKcnepuMenTa
[The dispersion percentage (n,%), explained by the influence of the type of plant lit-
ter (P), temperature (T), moisture level (W) and their combinations
on the total loss of C(CO,) for 3 months of the experiment]

daxTo
[Factorl]) n % F P
P 61,0 450 <0,0001
T 31,2 230 <0,0001
AW 2,1 15 <0,0001
P*T 4,3 32 <0,0001
P*W 0,6 4 0,001
T*W 0,3 2 0,129
P*T*W 0,4 3 0,001
uv 0,1

Ipumeuarue. UV — HeOOBSICHEHHAS IUCTICPCHUST; )KUPHBIM IIPUDTOM MTOKA3aHO 3HAYMMOE BIIH-
staue axtopos (p<0,05).
[Note. UV - an unexplained variance; the significant influence of factors is in bold (p<0.05)]

Pesynbrarsl 2-(hakTOPHOrO IUCNIEPCHOHHOTO aHAIN3a, IMPOBEACHHBIC IS
Ka)KIIOTO M3 PaCTUTEIBHBIX 00pa3I0B HHANBHIYAIHLHO, TIOKa3aJIH, 9TO OCHOBHOE
BIMSAHME Ha BenuuuHy oOumx norepb C(CO,) u3 00pasiuoB U3yvaeMbIX BUIIOB
omaja OKasblBala TEMIlEparypa, KoTopas oObsacHsaeT 75-90% mucnepcum C_ .
BnusiHue BIaXHOCTH OKa3aJIoCh 3HAYMMBIM JUISL BCEX M3y4YaeMBIX BUAOB pacTe-
HUH, KpOME CMEIIaHHOTO 00pasiia, XOTs IO 00BICHEHHOH IHUCIICPCHH 3a CUCT
M3MEHEHHs 9Toro (akTopa He npeBbimaet 9% (tadmn. 4). ConpsyKeHHOE BIUSHUE
TEMIIEPaTyphl U BIAKHOCTH HE OKA3BIBAJIO JOCTOBEPHOTO BISIHUS HA BETUIHHY
o6umx noreps C(CO,) U3 OTAENBHBIX BUIOB PACTUTENBHBIX 00PA3IIOB.

Takum 06pazom, 1o cuiie BiusaHus Ha obmue norepu C(CO,) B nponecce pas-
JIOKEHMsS OIaJla OCHOBHBIX BUAOB pacTeHuii-ropdoodpazoBareneii B paMkax 3a-
JTAHHBIX TUAMA30HOB TEMIEPATYPhl M BIAKHOCTH H3ydaeMble (PaKTOPHI MOKHO
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PacHOJIOKUTh B CIEAYIOLIEM MOPSAJKE: BUJ PACTUTENBHOIO OIajia > TeMIlepary-
pa > BIIAXKHOCTb.

Tabnauna 4 [Table4]
Jons nucnepeuu (p, %), 00bsicHeHHO BiaussHHeM Temmnepatypsl (T),
BaaknocTu (W) u ux coyeranuem (T*W) na odmmue norepu C(CO,)
U3 pa3/IM4YHbIX BU0B pacTeHuii-ropgoodpasoBareiieii
[The dispersion percentage (n, %), explained by the influence of temperature (T), moisture level
(W) and their combination (T*W) on the total loss of C (CO,) from various peat-forming plants|

Sphagnum Chamaedaphne Eriophorum Cwvemanmbiii
Paxrop fuscum calyculata vaginatum o6pasen
[Factor] [Mixed sample]
n% [ p n% | p n% | p n% | p
T 86,1 | <0,0001 | 90,3 <0,0001 | 86,7 | <0,0001 | 74,7 | 0,001
Y 7,8 0,006 9,0 <0,0001 5,6 0,048 1,9 0,753
T*W 4,9 0,014 0,4 0,31 6,2 0,017 16,8 | 0,074
uv 1,2 0,3 1,5 6,6

IIpumeuanue. UV — HeOOBbACHEHHAS IUCTICPCHUSL; TOIY)KUPHBIM IIPH(TOM BbIIEIEHO CTAaTHCTH-

4Yecku 3HaunMoe BiusiHue (akTopoB (p<0,05).
[Note. UV - an unexplained variance; the significant influence of factors is in bold (p <0.05)].

Kymynsarusnbie kpusbie notepb C(CO,) U3 pacTHTENBHBIX 00pa3sLoB 3a 3 Mec
9KCIIEPUMEHTA alPOKCUMHUPOBAIUCH TPU MOMOIIX SKCIIOHEHIIMAILHON perpec-
CUOHHOU MojienH [ypaBHeHHe (3)], 4TO O3BOIMIIO OIEHUTh KOHCTAHTBI CKOPOCTH
Pa3iIoKeHUs PACTUTENLHBIX 00Pa310B 3a ATOT MEPUOJT ITPH PA3TUYHBIX COYETAHU-
SIX TEMITEPATYPhI ¥ BIAXKHOCTH (pHC. 5).

0,0025

0,0020

-
5

KoHCTAHTA PA3TOKeHHS, CyT!
[Decomposition constant, day™']
=
g
5

0,0005

0,0000

12°C
060%

m90% 530%

Puc. 5. Koncrautsl pasnoxenus (k, CyT") OCHOBHBIX pacTeHHI-TOp(HOOOpasoBareneit
MU Pa3IUIHOM COUSTaHHU aOUOTHYECKUX (PaKTOPOB
[Fig. 5. The decomposition constant (k, day') of the main peat-forming plants
under different combinations of abiotic factors]: 1 — Sphagnum fuscum,
2 — Chamaedaphne calyculata, 3 — Eriophorum vaginatum,
4 — Cmeranssii oopasen [Mixed sample] (m+SE)
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MuHnManbHbIe 3HaYeHusT KOHCTaHThI pazaokerus (k = 0,0003-0,0004 cyt )
XapaKTepHBI I onaza S. fuscum npu Temneparype 12 u 2°C, 4To XopoIo coria-
Cyercs ¢ He3HauuTeabHbIMU 0Omumu notepsamu C(CO,) 3a BpeMst 9KCTIEpUMEHTA.
Onan E. vaginatum u Ch. calyculata npu Bcex TeMIiepaTypax XapakTepr30Bajcs
OJM3KIMU W CAMBIMU BBICOKUMHE CPEIN HCCIICTyEMBIX BUIOB BEIHIMHAMH KOH-
crantsl pasnoxenus (k> 0,001 cyr™'; cM. puc. 5). [l Bcex BHIOB oma/ia IpH 110-
BBIIICHUH TemIreparypsl oT 12 10 22°C HaOmonand 3aMeTHOE YBEITHUCHHE KOH-
CTaHTBI Pa3JIOKEHHs, B TO BpeMs KaK 3Ha4eHHs K MPaKTHYECKH He N3MEHSIINCH B
uHTepBae Temieparyp 2—12°C. Xapakrep 3aBUCMMOCTH BEJIMYUHBI kK OT Biax-
HOCTH OHpeJIeIsUICS KaK BUIOM PaCTHTEIBHOIO OI1a/1a, TaK ¥ TeMIepaTypoi, IpH
KOTOpOH TpoBOMiIH dKcriepuMenT. Tak, pu 12 u 2°C s onana E. vaginatum n
Ch. calyculata nabmonanu OTYETIIMBYIO TEHCHIIMIO CHIDKEHHSI KOHCTAHTHI pa3-
JIOKEHHSI ¢ YMCHBIIEHHEM BIXHOCTH. OHAKO IUIST CMEIIaHHOTO 00pasna Ipu
TeX e TeMIlepaTypax BbISBIEHA IPSMO MPOTHBOIIOIOXKHAS 3aBUCHMOCTD BEJIH-
YHHBI K OT BIQ)KHOCTH.

B uccrenoBaHusx Mo passIoxKEHUIO TEX XKe BUJIOB PACTECHUI B cioe Topda B
YCIOBHSAX HATYPHOTO SKCIIEPUMEHTA BEBISIBICHBI OJMHM3KHE KOHCTAHTHI CKOPOCTH
pasnoxenust anst onana S. fuscum u E. vaginatum na TuMmupsseBckoMm 6ooTe
Tomckoii obOmactu [24]. B skcniepuMeHTax Mo pa3jiokEeHUIO PACTUTEILHBIX 00-
pasuoB B Topde 0omota KykymkuHO (OKpecTHOCTH I. XaHTbI-MaHCHICK) MaKcH-
MaJIbHasI CKOPOCTh PA3JIOKEHHUS OTMEJaIach Ha HAa9aJbHBIX dTalax JeCTPYKIINH,
3aTeM CKOPOCTh PA3JIOKEHHs PACTUTEIBHBIX 00pa3lloB 3aMETHO CHMXKAlach, U
YMEHBIIIAJCS THAIAa30H, B IIpeeax KOTOPOTro BapbUpoBajia KOHCTaHTa pa3ioxKe-
uus [40]. B pabote A.A. JlapnoHoBoii ¢ coaBT. [36] KOHCTAHTa CKOPOCTH PasJo-
JKCHUSI JINCTBEHHOTO OMaja, ONpeIeICHHAs B [UTUTEIFHOM MOICIFHOM dKCIIepH-
MEHTe, YBEIIMYHBAJIACh C POCTOM TEMIIEpaTyphl, OJHAKO yBEINYEHHE BIaXXHOCTH
MIPUBOIMIIO, KaK TPaBIJIO, K YMEHBIICHHUIO 3HAYCHUH K, uTO Hambomee 3aMeTHO
MIPOSIBIISIIOCH MTPU CaMO BBICOKOH TeMIiepatype — 22°C.

Ha naganmpHBIX cTaANAX pa3IoKeHUS PaCTUTEIRHOTO OIaa MUKpodIopa, Kak
MIPaBHJIO, HE HCIBITHIBAET HEIOCTAaTKa B JJIeMEHTaX MUHEPAJIbHOTO IIMTaHus Oi1a-
rofapsi HAJMYUIO JOCTATOYHOTO KOJMHUYECTBA JIETKOPA3IaraeMbIX OpraHHIECKUX
BEIIECTB, X MOITOMY CKOPOCTh MMHEPAIN3AI[MHU MOXKET HE BCEr/a OTUETINBO 3a-
BHCETD OT TEMIIePaTyphl. Tak, B COOTBETCTBHH C IPOBEACHHBIMH PacUeTaMH, TEM-
neparypHblil kKo3pGuIMeHT Q, | B 3aBUCMMOCTH OT BU/Ia PACTUTENBHOIO OMNajia H
€ro BIXXHOCTU B HU3KOTEeMIleparypHoM auamazone 2—12°C Bapsuposan ot 0,97
1o 1,53 u cocrasmsut 1,05-2,18 B remneparyprom unrepsaie 12-22°C (puc. 6),
YTO YyTh HIDKE THITUYHBIX BEJIMYMH KOHCTAHTH BanT-Iodda, XapakTepHbIX I
xumuueckux peakuuit: Q, = 2-3. Cambie BBICOKHE 3Ha4YeHUs Q) XapaKTEPHbI B
000MX TEeMITepaTypHBIX Auana3zoHax st onana Ch. calyculata w E. vaginatum.
IIpu W=30% yBenuuenue temneparypsl ¢ 2 1o 12°C oka3bplBalo MEHEE 3aMeT-
HOE BIISIHHE HAa CPEMHIOI0 CKOPOCTH PA3JIOKEHUs PACTHTEIBHOTO OmMana HMc-
CJIelyeMBIX BUJOB, YEM MOABEM TeMmeparypsl ¢ 12 no 22°C, 3a UCKIIOUEHHEM
CMeIIaHHoTO obOpa3na. B mureparype MMeIOTCs yKa3aHUs HA TO, YTO BEIHMYMHA
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Q,, VI CKOPOCTH PA3NIOKEHHsI OPraHUYECKOTO BEMIECTBA MOYBBI U HEKOTOPBIX
pacTUTEIbHBIX CyOCTPaToB, KaK MPAaBUIIO, YMEHBIIAETCS] C POCTOM TEMIIEPATyPbl
¥ BO3pACTaeT MPH Pa3IOKEHUH YCTOWYUBBIX OPraHMUECKUX coennHeHuni [36, 41,
42]. B HamieM 5KCIEPUMEHTE YMEHBIIECHUE BEIMYMHBI Q € POCTOM TeMIepa-
Typhl He OOHapyxkeHo, u Q,, paccuMTaHHbIA B nHTEpBane 12-22°C, Bpiue, yem
B HM3KOTEMIIEpaTypHOM JuamnazoHe 2—12°C, 4To, Ho-BHIUMOMY, MOXKHO OOBSIC-
HUTD Pa3INIUIMH B COCTAaBE HCCIIETyEMBIX OPraHMIECKHUX CyOcTpaToB. Bmecte ¢
TeM TeMIepaTypHble KOA(P(PUIMEHTHI, pACCUUTAHHBIE AJISI CKOPOCTH Pa3JIOKECHUS
cyOcTpara Ha OCHOBE KOpbl OCHHBI [30], Takke Bbile B HHTepBasie 12-22°C, yem
2—-12°C, u oka3anuch ONMU3KH M0 BeTMYHUHE K 3HA4YeHUsIM Q| , TOJTy4YeHHBIM B Ha-
CTOSIIIIEM MCCIIEIOBaHNH.

10°

Cyemannakiii obpazen
[Miixed sample]

Eriophorum vaginatum

30%

Ch dan ik I Tt
+

Sphagnum fuscum

CMemanALIii obpazen
[MMixed sample]

Eriophorum vaginatum

60%

A P | A
Ci p

Sphagnum fuscum

CMemaHALI obpazen
[Mixed sample]

Eriophorum vaginatum

90%

A Ea P
Ci p

Sphagnum fuscum

0,00 0,50 1,00 1,50 2,00 2,50
212 ®1222

Puc. 6. TemneparypHblit ko3ppuiment Q) 1ist cpeiHeil CKOPOCTH PA3IOKEHHS PA3TUIHBIX
BUJOB PACTUTEIBHOTIO OMa/ia B Pa3IMuHbIX TeMIIepaTypHbIX HHTepBanax 2—12 n 12-22°C
B 3aBHcHMOCTH 0T BiaxkHoctu (W=30, 60 u 90% ux nomnHoii Bnaroemxocty) (m+SE)
[Fig. 6. Q,, temperature coefficient for the average decomposition rate of various types of plant
litter in different temperature ranges of 2-12 and 12-22°C N (W = 30, 60 and 90% of their
water holding capacity) (m+SE). On the X-axis - Q  values; on the Y-axis - Plant samples]

TemniepaTypHasi 4yBCTBUTEIBHOCTh OPTaHUYECKHX CyOCTpaToB B Mpoliecce
JUTATEIIEHOW WHKyOarmu (0T 12 Mec), Kak MpaBUII0, YMEHBIIAETCS, IEMOHCTPH-
pysl Cambl€ BBICOKHME 3HAYEHHUs BENMYMHBI Q &~ B MEPBBIA MECSI SKCIIEPUMEHTA
[30, 36]. Ha mo3muux cTaamsix pas3iioKEHUSI B CBSI3M C BO3HUKHOBEHHEM aJiall-
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Tallud coo0mecTBa MHUKPOOPTaHU3MOB-IECTPYKTOPOB K THIAPOTCPMHUYECCKIM
YCIOBHSIM TPOJODKUTENIFHOW HMHKYOAIIMK TeMIlepaTypHas 4YyBCTBUTEIBHOCTD
CKOPOCTH Pa3JIOKeHNs, KaK MpaBuio, ocnabdenaeT. Tak, Ha IpuMepe AITUTENEHON
WHKyOaIlMK JIMCTBEHHOTO OMajia MOKa3aHo, YTO CKOPOCTh Pa3jOKEHHUs OpraHu-
YEeCKOTO BeIIecTBa Ooiee TyBCTBUTEIbHA K N3MEHEHHSM TEMIIEPaTyphl U BIaX-
HOCTH B TI€pBBIe MecsIbl pasiokeHus [36, 43, 44], Torna kak B JaibHEHIIEM B
JUTUTEIBHBIX AKCIIEPUMEHTAX CKOPOCTH PA3JIOKECHUSI OPTaHUICCKUX MaTepHalioB
c1abo KoppenupyeT ¢ Temrneparypoi [33, 45].

BriBoabl

1. Temmeparypa, BIQXKHOCTb M BHJl PACTUTEIILHOTO OTaJla OKa3bIBAIOT 3HAUU-
MO€ BIUSIHUE HA JTUHAMUKY W WHTEHCHBHOCTH BBIJCIICHUS C(COz) B TIpoIiecce
HMHKYOAIIMOHHOTO JKcriepuMeHTa. Ha HayanmpHBIX CTaAMSIX pasziIokKeHHUs B pac-
TUTENBHBIX 00pasnax, coctosmux u3 S. fuscum, Ch. calyculata, E. vaginatum,
npoucxonut ycunennoe soiienenue C(CO,), kotopoe npu 22°C peructpupyer-
Csl B TEUEHHE TMEPBBIX JHEH HKCIEpUMEHTa, a npu 2°C HacTymaeT TOIBKO Yepe3
1-2 nenenu. IIpu 5TOM CHMKEHHE CKOPOCTH PA3JIOKEHHS PACTUTEIBHBIX OCTAT-
KOB 1pu 22°C MPOUCXOUT 3HAYUTEIILHO ObIcTpee, ueM mpu 2°C.

2. MuHMManbHas BeIMYUHA KOHCTAHTHI Pa3joKEHUs] XapaKkTepHa JJIsl omnaja
S. fuscum. Ilpu TOBBIICHUN TEMIIEPaTyPHI AJIsl BCEX BHIOB PACTHUTEIHLHOTO Ola-
Ja HaOMroaeTcsl yBEJIMYEHNE KOHCTAHTBI Pa3JIoKEHHsI, B TO BpEMsI KaK BIIUSHUE
BIXHOCTH Ha BEIMYHHY KOHCTAHTHI PA3JIOKCHUS UCCICIYEMBIX PacTeHUH-TOP-
(hooOpazoBareneil HEOMHO3HAUHO U B 3aBUCUMOCTH OT TEMIIEPATypsl U BUA pac-
TUTEIBHOTO OIaa MOXET OKa3bIBaTh Pa3HOHAIPABICHHBIN d(D(EKT.

3. B pamkax 3alaHHBIX JHMANa30HOB TEMIIEPATYPhl U BIAKHOCTH B IIPOILEC-
Ce pasJIoKEHHs OIaga OCHOBHBIX BUAOB pacTeHUH-TOp(ooOpa3zoBaTeneli n3yda-
embie (akTophl 10 cuie BiusHus Ha oOuwme norepu C(CO,) pacnonararores B
CIIETyTOIIeM TOPSIIKE: BUA PACTUTEIHFHOTO OIaja > TeMIeparypa > BIaKHOCTb.

4. TemneparypHblii Kodpduunent Q, B 3aBUCUMOCTH OT BU/Ia PACTUTEIBLHOTO
OTaJia M €r0 BIAKHOCTH B HU3KOTEMIIeparypHoM auana3one 2—12°C Bapeupy-
et ot 0,97 no 1,53, a B TemneparypHoM uHTepBasie 12—22°C OH HE3HAYUTENILHO
BBIIIE U cocTanisgeT 1,05-2,18.

Jumepamypa

1. Mnwmesa JI.U. Topgsiasie pecypchl n nx xapakrepuctuka // bonora 3amagHoi Cnbupu — ux
poib B 6uochepe / mon pen. A.A. 3emnosa. Tomck : TT'Y, CuoHUUNT, 2000. 2-¢ uzz. 72 c.

2. Guo X., Lu X, Tong S., Dai G. Influence of environment and substrate quality on the
decomposition of wetland plant root in the Sanjiang Plain, Northeast China // Journal of
Environmental Sciences. 2008. Ne 20. PP. 1445-1452. doi: 10.1016/S1001-0742(08)62547-4

3. Peltoniemi K., Strakova P., Fritze H., Iraizoz P.A., Pennanen T. Laiho R. How water-
level drawdown modified litter-decomposing fungal and actinobacterial communities in
boreal peatlands // Soil Biology and Biochemistry. 2012. Ne 51. PP. 20-34. doi: 10.1016/j.
s0i1bi0.2012.04.013


https://doi.org/10.1016/S1001-0742(08)62547-4
https://doi.org/10.1016/j.soilbio.2012.04.013
https://doi.org/10.1016/j.soilbio.2012.04.013

Bnuanue abuomuueckux ¢paxkmopoe na pasnosicenue onaoa 163

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

TonoBankast E.A., Huxonoa JI.I. BimsiHHe ypoBHs OOJOTHBIX BOJI Ha MPOIECCHI
TpancopManuy CcHarHOBEIX MXOB B TOp(dsHOM mouBe oimrorpodHsIx Oomor //
ITouBoenenne. 2017. Ne 5. C. 606-613. doi: 10.7868/80032180X17030030

Domisch T., Finér L., Laine J., Laiho R. Decomposition and nitrogen dynamics of litter
in peat soils from two climatic regions under different temperature regimes // European
Journal of Soil Biology. 2006. Ne 42. PP. 74-81. doi: 10.1016/j.ejsobi.2005.09.017
Vanhala P., Karhu K., Tuomi M. Bjorklof K., Fritze H., Liski J. Temperature sensitivity
of soil organic matter decomposition in southern and northern areas of the boreal forest
zone // Soil Biology and Biochemistry. 2008. Ne 40. PP. 1758-1764. doi: 10.1016/j.
s0i1bi0.2008.02.021

Hogg E.H., Lieffers V. J., Wein R.W. Potential carbon losses from peat profiles: effects
of temperature, drought cycles, and fire // Ecological Applications. 1992. Vol. 2, Ne 3.
PP. 298-306.

MuponsiueBa-Tokapea H.IL, Koceix H.II., Bumnuskosa E.K. IlpogykuuonHo-
JECTPYKIMOHHBIC IIPOLeCCHl B OONOTHBIX dKOocucTeMax Bacrorames // JluHamunka
OKpyKaromieil cpensl M miodaneHble n3MeHeHus kuMara. 2013. T. 4, Ne 1. C. 1-9.
BummnsixoBa E.K., Koponaroa H.I', Muxaiinoa E.B. Tpancdopmarnmu coenunennit
yraepoga M MaKpOdJIEMEHTOB B TOP(MSHBIX 3aiexkax O00J0T pa3nuuHoil TpodHOCTH //
Wnrepokeno ['eo-Cubups. 2017. T. 4, Ne. 2. C. 137-140.

Koponarosa H.I. MccnenoBanne paznoxenust Topda B 6onorax METOZOM HHKyOammu
CYXUX M BIIQKHBIX 00pa3oB // JlnHaMuKa OKpy»Karolel cpe/ibl U III00aTbHbIe N3MEHEHHS
kauMmara. 2010. T. 1, Ne 1. C. 77-84.

Filippova N.V., Glagolev M.V. Short-term standard litter decomposition across three
different ecosystems in middle taiga zone of West Siberia / IOP Conf. Series: Earth and
Environmental Science. 2018. Vol. 138,Ne 1.012004. doi: 10.1088/1755-1315/138/1/012004
OyHKIMOHNPOBAaHHE MUKPOOHBIX KOMIUICKCOB B BEPXOBBIX TOP(SHUKAX — aHAIM3 MIPUIUH
MeIeHHOU necTpykuuu topda / mon pen. W.IO Yepnopa. M. : ToBapuinecTBO Hay4IHBIX
m3naanii KMK, 2013. 128 c.

Bummnskosa E.K., MuponsrueBa-Tokapesa H.IL., Kocbix H.II. Jlunamuka pasinoxeHUst
pacrenuii Ha 6oorax Bacroranss / Bectauk TI'TIY. 2012. Ne 7. C. 88-93.
Dobrovol’skaya T.G., Golovchenko A.V., Zvyagintsev D.G. Analysis of ecological factors
limiting the destruction of high-moor peat / Eurasian Soil Science. 2014. Vol. 47, Ne 3.
PP. 182-193. doi: 10.1134/S106422931403003X

Leroy F., Gogo S., Buttler A., Bragazza L., Laggoun-Defarge F. Litter decomposition in
peatlands is promoted by mixed plants // Journal of soils and sediments. 2018. Ne 18(3).
PP. 739-749. doi: 10.1007/s11368-017-1820-3

Zhou G., Cao W., Bai J., Xu C., Zeng N., Gao S., Rees R. Non-additive responses of soil C
and N to rice straw and hairy vetch (Vicia villosa Roth L.) mixtures in a paddy soil // Plant
and Soil. 2019. Vol. 436, Ne 1. PP. 229-244. doi: 10.1007/s11104-018-03926-6
Hypsiauna E.I1., Eropos B.C. Arpoxumudeckuii aHaiu3 II04B, pacTeHH, ynoopeHui. M. :
MI'Y, 1998. 113 c.

Bopo6seBa JI.A., Jlagonnn [I.B., Jlomyxuna O.B., PymakoBa T.A., Kuprommua A.B.
Xumuueckuii ananu3 nous. Bompocs! u orsetsl. M. : MI'Y, 2012. 186 c.

I'urnés B.1O. ®uznka nous : yueb.-merox. nmocobue. Ilepms : M3n-Bo Ilepmckoro yH-Ta,
2012.37 c.

Kaypuues U.C. Ilpaktukym 1o nousoseaenuto. M. : Konoc, 1980. 272 c.

Browning B.L., Methods of Wood Chemistry. New York ; London : Intersci. Publ.; 1967.
Vol. 2. 498 p.

Dence C.W. The determination of lignin // Methods of Lignin Chemistry. Berlin : Springer-
Verlag, 1992. PP. 33-61. doi: 10.1007/978-3-642-74065-7 3


https://doi.org/10.7868/80032180X17030030
https://doi.org/10.1016/j.ejsobi.2005.09.017
https://doi.org/10.1016/j.soilbio.2008.02.021
https://doi.org/10.1016/j.soilbio.2008.02.021
https://doi.org/10.1088/1755-1315/138/1/012004
https://doi.org/10.1134/S106422931403003X
https://doi.org/10.1007/s11368-017-1820-3
https://doi.org/10.1007/s11104-018-03926-6
https://doi.org/10.1007/978-3-642-74065-7_3

164 JLI. Hukonoea, U.H. Kypzanoea, B.O. JIonec oe I'epento u op.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Oo6omnenckast A.B., Ensrunkas 3.1I1., JleonoBuu A.A. JlaGopatopusle paGOTHI M0 XHUMHUH
JIPEBECHHBI U MIEJUTONIO3EI : y4eO. mocobdue st By30B. M. : Dkomorus, 1991. 320 c.
TonoBankast E.A., Hukonosa JLI. Pa3noxkeHne pacTHUTENBHBIX OCTATKOB B TOP(SHBIX
MOYBaX OJIMTOTPOGHEIX 6onoT // BecTHHK TOMCKOTO TOCYIapCTBEHHOTO YHHBEPCHTETA.
Buonorus. 2013. Ne 3 (23). C. 137-151.

Nikonova L.G., Golovatskaya E.A., Terechshenko N.N. Decomposition rate of peat-
forming plants in the oligotrophic peatland at the first stages of destruction // IOP Conf.
Series: Earth and Environmental Science. 2018. Vol. 138, Ne 1. 012013. doi: 10.1088/1755-
1315/138/1/012013

Katterer T., Reichstein M., Andren O. Temperature dependence of organic matter
decomposition: a critical review using literature data analyzed with different models //
Biology and Fertility of Soils. 1998. Vol. 27, Ne 3. PP. 258-262. doi: 10.1007/s003740050430
RoviraP., JorbaM., RomanyaJ. Active and passive organic matter fractions in Mediterranean
forest soils // Biology and Fertility of Soils. 2010. Vol. 46, Ne 4. PP. 355-369. doi: 10.1007/
s00374-009-0437-0

Huang Y., Zou J., Zheng X., Wang Y., Xu X. Nitrous oxide emissions as influenced by
amendment of plant residues with different C : N ratios // Soil Biology and Biochemistry.
2004. Vol. 36, Ne 6. PP. 973-981. doi: 10.1016/j.s0ilbi0.2004.02.009

Ananyeva N.D., Susyan E.A., Ryzhova [.M., Bocharnikova E.O., Stolnikova E.V. Microbial
biomass carbon and the microbial carbon dioxide production by soddy-podzolic soils in
postagrogenic biogeocenoses and in native spruce forests of the southern taiga (Kostroma
oblast) // Eurasian Soil Science. 2009. Vol. 42, Ne 9. PP. 1029-1037. doi: 10.1134/
S1064229309090105

Kurganova 1., Lopes de Gerenyu V., Galibina N., Kapitsa E., Shorohova E. Coupled effect
of temperature and mineral additions facilitates decay of aspen bark / Geoderma. 2018.
Ne 316. PP. 27-37. doi: 10.1016/j.geoderma.2017.12.014

Kurganova I.N., Lopes de Gerenyu V.O., Gallardo Lancho J.F., Ochm C.T. Evaluation of
the rates of soil organic matter mineralization in forest ecosystems of temperate continental,
mediterranean, and tropical monsoon climates // Eurasian Soil Science. 2012. Ne 45 (1).
PP. 68-79. doi: 10.1134/S1064229312010085

Chen H., Dong S., Liu L., Ma C., Zhang T., Zhu X., Mo J. Effects of experimental nitrogen
and phosphorus addition on litter decomposition in an old-growth tropical forest // PLoS
One. 2013. Ne 8 (12). PP. 84-101. doi: 10.1371/journal.pone.0084101

Berg B. Decomposition patterns for foliar litter: A theory for influencing factors // Soil Biol.
Biochem. 2014. Vol. 78. PP. 222-232. doi: 10.1016/j.s011bi0.2014.08.005

JNenncenkoB B.I1. OcHoBBI OonoToBeneHus : yuebd. mocooue. CII6. : U3zn-so CII6. yH-Ta,
2000. 224 c.

Kosnosckas JI.C., Measenesa B.M., IIbsiBuenxo H.W. Jlunamuka opraHn4eckoro Bemecrsa
B niporiecce Toppoodpaszonanust. JI. : Hayka, 1978. 172 c.

Jlapuonosa A.A., Mansuesa A.H., Jlonec e I'epento B.O., Ksutkuna A.K., beixosen C.C.,
3onorapesa b.H., Kynespos B.H. Biusinue TeMneparypsl ¥ BIaKHOCTH Ha MUHEPAJIN3aLHIO
1 TyMHU(UKaIUo JUCTBEHHOTO ONafa B MOJEITHHOM HHKYyOalMOHHOM J3KCIIepuMeHTe //
ITouBoBenenne. 2017. Ne 4. C. 438-448. doi: 10.7868/S0032180X17020083

Bambanos H.H., Xopyxuk A.B., Jlykomrko E.C., Crpurynkuii B.I1. IIpeBpamienue
OTMEpIINX PAacTEeHHIl B OOJIOTHBIX OHMOreoneHo3ax // DKCIEpUMEHT M MaTeMaTHIecKoe
MOJICIMPOBAHNE B H3yUEHUH OMOTe0IIeH030B JiecoB 1 0o01oT. M. : Hayka, 1990. C. 53-63.
Fioretto A., Di Nardo C., Papa S., Fuggi A. Lignin and cellulose degradation and
nitrogen dynamics during decomposition of three leaf litter species in a Mediterranean
ecosystem // Soil Biology and Biochemistry. 2005. Ne 37. PP. 1083—-1091. doi: 10.1016/].
s0i1bi0.2004.11.007


https://doi.org/10.1088/1755-1315/138/1/012013
https://doi.org/10.1088/1755-1315/138/1/012013
https://doi.org/10.1007/s003740050430
https://doi.org/10.1007/s00374-009-0437-0
https://doi.org/10.1007/s00374-009-0437-0
https://doi.org/10.1016/j.soilbio.2004.02.009
https://doi.org/10.1134/S1064229309090105
https://doi.org/10.1134/S1064229309090105
https://doi.org/10.1016/j.geoderma.2017.12.014
https://doi.org/10.1134/S1064229312010085
https://doi.org/10.1371/journal.pone.0084101
https://doi.org/10.1016/j.soilbio.2014.08.005
https://doi.org/10.7868/S0032180X17020083
https://doi.org/10.1016/j.soilbio.2004.11.007
https://doi.org/10.1016/j.soilbio.2004.11.007

Bauanue abuomuueckux pakmopoe na pasnoscenue onaoa 165

39. Hajek T. Habitat and species controls on Sphagnum production and decomposition in a
mountain bog // Boreal Environmental Research. 2009. Ne 14. PP. 947-958.

40. Koceix H.II., MuponsiueBa-Tokapesa H.IIL., ITapmuna E.K. durtomacca, nponykuust u
Pa3JIoKEHUE PACTUTEIIBHBIX OCTATKOB B OJIMTOTPOGHBIX 00JIOTaX CpeHei Taiiry 3amnaaHoi
Cubupu / Bectauk ToMcKOTo rocyapcTBEHHOTO Iearorudeckoro yausepceutera. 2009.
Ne 3. C. 63-69.

41. Fierer N., Craine J.M., McLauchlan K., Schimel J.P. Litter quality and the temperature
sensitivity of decomposition // Ecology. 2005. Vol. 86. PP. 320-326. doi: 10.1890/04-1254

42. Davidson E.A., Janssens I.A. Temperature sensitivity of soil carbon decomposition
and feedbacks to climate change // Nature. 2006. Vol. 440. PP. 165—-173. doi: 10.1038/
nature04514

43. Preston C.M., Nault J.R., Trofymow J.A., Smyth C. Chemical changes during 6 years
decomposition of litters in some Canadian forest sites / Ecosystems. 2009. Vol. 12.
PP. 1053-1077. doi: 10.1007/s10021-009-9266-0

44. Prescott C. Litter decomposition: what controls it and how can we alter it to sequester
more carbon in forest soils // Biogeochemistry. 2010. Vol. 101. PP. 133-149. doi: 10.1007/
$10533-010-9439-0

45. Tpooumor C.5., boruep II., Kyry M.M. Pa3snoxkeHue OpraHHMYECKOro BEIIECCTBA
OpraHOTeHHBIX TOPU30HTOB JICCHBIX IOYB B J1aboparopHbIX ycioBusix // TlouBoBeneHHeE.
1998. Ne 12. C. 1480-1488.

Hocmynuna 6 pedaxyuro 01.05.2018 2.; noemopno 08.02.2019 2. u 23.05.2019 &.;
npunsima 29.05.2019 e.; onyonukosana 27.06.2019 .

AsmopcKuil Konnekmug:

Huxonoea Jlunus Iapugynnoena — actiipant, M.H.C. Jabopatopu (QU3MKH KIMMATUYECKUX CHCTEM,
MHCTUTYT MOHUTOPUHTA KJIMMaTH4eCKuX U 3kosoruueckux cucreM CO PAH (Poccusi, 634055, . Tomck,
mp. Akagemuueckuid, 10/3); M.H.c. 1a00paTOpUH MOYBSHHBIX LIUKIIOB a30Ta U yriieposa, MHCTUTYT (usuko-
XUMHYECKHX U Ononormdeckux mpoorem nousosenenus PAH (Poccus, 142290, . ITymuno, MockoBckast
obnacts, yin. Uncruryrckas, 2/2).

ORCID iD: 0000-0003-1759-5082

E-mail: 1ili112358(@mail.ru

Kypzanosa Hpuna Hukonaeena — 1-p 61oil. HayK, JIOLEHT, B.H.C. JJAOOpaTOPHHU ITIOYBEHHBIX IIUKJIOB a30-
Ta u yniepona, THCTHTYT (U3NKO-XHUMHYECKHX U OHonorndeckux npoodnem nousosenenns PAH (Poccus,
142290, r. ITyuao, MockoBckasi obnacts, yi. HctuTyTCKast 2/2).

E-mail: ikurg@mail.ru

Jlonec e I'epento Banenmun Osuduoguy — KaHj. TEXH. HayK, B.H.C. JaOOPATOPHH IOYBEHHBIX LHKIOB
a30Ta u yriepoza, MHCTHTYT QH3HKO-XUMUUECKUX H Ouonornueckux mnpodiaem nousosenenust PAH (Poc-
cusi, 142290, r. ITymuno, MockoBckast 00macts, yi. MHcTuTyTCKAst, 2/2).

E-mail: vlopes@mail.ru

ZKmypun Bacunuit Anamonseguu — aCliipanT, M.H.C. JaOOpaTOPHU IIOYBEHHBIX [IUKJIOB a30Ta U yIIIepoJa,
WHCTUTYT QU3NKO-XUMHUYECKHUX U OHoIorndeckux npoonem nmousosenenus PAH (Pocens, 142290, r. ITy-
muHOo, MockoBckast 06nactb, yin. HcTuTyTCKas, 2/2).

E-mail: zhmurin.vasya@mail.ru

Tonosauxan Eecenun Anexcandposna — 1i-p 6uon. Hayk, npodeccop PAH, mupekrop, VIHCTUTYT MOHHTOpHHT
KkimMarraeckux u sxonormdeckux cuctem CO PAH (Poceust, 634055, . Tomek, rip. Akagemudeckuid, 10/3).
E-mail: golovatskayaea@gmail.com

For citation: Nikonova LG, Kurganova IN, Lopes de Gerenyu VO, Zhmurin VA, Golovatskaya EA.
Impact of abiotic factors on the decomposition of litter of peat-forming plants in the incubation experiment.
Vestnik Tomskogo gosudarstvennogo universiteta. Biologiya = Tomsk State University Journal of Biology.
2019;46:148-170. doi: 10.17223/19988591/46/8. In Russian, English Summary


https://doi.org/10.1890/04-1254
https://doi.org/10.1038/nature04514
https://doi.org/10.1038/nature04514
https://doi.org/10.1007/s10021-009-9266-0
https://doi.org/10.1007/s10533-010-9439-0
https://doi.org/10.1007/s10533-010-9439-0
https://mail.rambler.ru/m/redirect?url=https%3A//orcid.org/0000-0003-1759-5082&hash=abdcbbccd9ed24de8e613895447cc9ad
mailto:lili112358@mail.ru
mailto:ikurg@mail.ru
mailto:vlopes@mail.ru
mailto:zhmurin.vasya@mail.ru
mailto:golovatskayaea@gmail.com

166 JLI. Hukonoea, U.H. Kypzanoea, B.O. JIonec oe I'epento u op.

Liliya G. Nikonova'?, Irina N. Kurganova', Valentin O. Lopes de Gerenyu!,
Vasiliy A. Zhmurin', Evgeniya A. Golovatskaya?

nstitute of Physicochemical and Biological Problems in Soil Science, Russian Academy of Sciences,
Pushchino, Russian Federation

’Institute of Monitoring of Climatic and Ecological Systems, Siberian Branch of the Russian Academy of
Sciences, Tomsk, Russian Federation

Impact of abiotic factors on the decomposition of litter
of peat-forming plants in the incubation experiment

In bog ecosystems, the decomposition rate of plant residues is largely determined
by the combined effect of abiotic (temperature and moisture of peat) and biotic
(properties of peat-forming plants) factors. Model experiments under well controlled
external conditions are a good tool to determine the contribution of each factor to the
decomposition process. The aim of the research was to quantify the effect of temperature
(T) and moisture (W) of peat on the decomposition rate of the main peat-forming plant
residues of the oligotrophic wetland in the southern taiga subzone of Western Siberia.

In a 3-month incubation experiment, we studied the initial stages of decomposition
of 4 types of plant substrates at various temperatures (T = 2, 12, 22°C) and contrasting
moisture levels corresponding to 30, 60 and 90% of their water holding capacity
(WHC). We collected plant residues of Sphagnum fuscum Klinggr., Chamaedaphne
calyculata Moench., and Eriophorum vaginatum L. in the Bakcharskoe oligotrophic
bog (Bakcharsky district, Tomsk region, 56°58'N, 82°36'E) in September 2017.
Besides the individual types of plant residues, a mixed sample of S. fisscum (60%)
and Ch. calyculata (40%) was also studied. We determined the basic physicochemical
characteristics in the original plant substrates: pH value in water and salt extracts (1M
KCl) (litter : solution = 1:25), WHC, hygroscopic moisture, ash content, total carbon
(C) and nitrogen (N) content, C to N ratio, and some organic compounds (alcohol-
soluble compounds, cellulose, lignin and lignin-like substances) by the gravimetric
method (See Table 1-2). Lignin and biogenetically related lignans and flavonoids were
determined after removal of bituminous substances and treatment with 72 % sulfuric
acid. Cellulose was extracted using a mixture of concentrated nitric acid and ethanol.

For the experiment, we placed plant residues (1-3 g of air-dry mass) in 110-ml glass
bottles and moistened to 30, 60 and 90% of their WHC with bog water, which contained
native microflora. The bottles with moistened plant residues stayed at room temperature
for 7 days (pre-incubation period) and, then, were placed in thermostats for a 3-month
incubation at 2, 12, and 22°C. During the experiment, the moisture content of plant
material was maintained at a constant level by adding bog water. The experiment was
conducted in 3 replicates. CO, emission rate (or decomposition rate, DecR) of the main
peat-forming plant residues was measured using LI-820 (USA) infrared gas analyzer
3-5 times per week for the 1st month of the experiment and 2 times per week over
the next 2 months. The decomposition constant (k) of plant residues was calculated
based on the curves of cumulative C(CO,) losses over the entire experiment using an
exponential regression model. DecR (nug C/g sample/hour) was calculated according to
Kurganova I et al. (2018), Kurganova I et al. (2012). The impact of the temperature
factor was estimated using Q temperature coefficient according to Kurganova I et al
(2012), which was determined for two temperature intervals (2-12°C and 12-22°C).

We demonstrated that the dynamics and intensity of C (CO,) release during the
experiment were significantly influenced by all three factors: temperature, moisture
content, and type of plant residues. In the initial stages of decomposition, we observed
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an enhanced release of C (CO,) for all plant samples caused by a surge in the activity
of destructor microorganisms and the presence of readily available compounds in the
litter composition. An increase in the decomposition rate at 22°C was recorded during
the first 1-2 days of incubation and at 2°C after 1-2 weeks of experiment. At the same
time, the decrease in the decomposition activity of plant residues at 2°C was much
slower than at 22°C (See Fig. I-3). The temperature coefficient Q, for DecR depended
on the type of plant residue and its moisture and varied from 0.97 to 1.53 in the low
temperature range (2-12°C) and from 1.05 to 2.18 in the temperature range of 12-22°C
(See Fig. 6). The highest total C (CO,) losses throughout the 3 months of the experiment
(C,,.,) were observed for Ch. calyculata and E. vaginatum. C__value varied from 67 to
93 mg C/g at 22°C and decreased to 29-46 mg C/g at 2°C (See Fig. 4, A-C). Depending
on temperature and moisture, S. fuscum lost only 3-5% of the initial amount of C over
the 3 months of the experiment. The mixed sample lost 6-11% of the initial C content
whereas the C(CO,) losses from Ch. calyculata and E. vaginatum varied from 6 to 18%
(See Fig. 4, D-F). Based on the result of 3-way analysis of variance (ANOVA), we
revealed that all the factors studied (type of plant substrate, temperature and moisture
content) significantly influenced the variability of C_ value for 3 months of the
experiment. The type of substrate is the main factor which affected the total C(CO,),
explaining 61% of the total variance of C__(See Table 3). Temperature and humidity
accounted for 31 and 2% of the variance explained, respectively. The 2-way ANOVA
was carried out individually for each plant substrate and showed that the temperature
was the main factor that affected the total C(CO,) loss from the studied plant substrates
explaining 75-90% of the C_  dispersion (See Table 4). The lowest values of the
decomposition constant (k = 0.0003-0.0004 day™') were attributed to the S. fuscum at
12 and 2°C. Decomposition constants for E. vaginatum and Ch. calyculata were the
highest (k> 0.001 day) at all studied temperatures among all types of plant substrates
(See Fig. 5). We can conclude that due to the slow decomposition rate, S. fuscum makes
a major contribution to peat formation process.

The paper contains 6 Figures, 4 Tables and 45 References.

Key words: Sphagnum fuscum; Chamaedaphne calyculata; Eriophorum
vaginatum; hydrothermal conditions; CO, emission; constant of decomposition;
temperature sensitivity.
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