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IHOYBOBEJEHHUE

Hayunas cratbs
VK 631.41(631.445)
doi: 10.17223/19988591/66/1

BapuaTuBHOCTH NOBEPXHOCTHBHIX TOPU30HTOB MOYB
ropoaa Tiomenu (Poccus)

Eaunsasera IOpresna Koncrantunosa',
Aunexcanap OJeropuy Koncrantunos?, Anuna Onerosna Kypacosa®,
Tatesana Muxaiiiopna Munkuna®

L4 [Oxcnwiii hedepanvuwiii ynusepcumem, Pocmos-na-Zlony, Poccus
? Tiomencxuii 2ocyoapcmsennuiii ynugepcumem, Tiomens, Poccus
3 Hayuonanvmuiii uccnedosamenvcxuii Tomcxuii 20cydapcmeentuiii yHusepcumen,
Tomck, Poccus
L http://orcid.org/0000-0002-9836-8721, konstantliza@gmail.com
2 hatps://orcid.org/0000-0002-6950-2207, konstantinov.alexandr7 2@gmail.com
3 https://orcid.org/0000-0003-4479-3789, kurasovalina@gmail.com
* http:/forcid.org/0000-0003-3022-0883, tminkina@mail.ru

AHHoTauus. B rpanunax ropona TioMeHH B COBpEMEHHBIN MEPUOJ MPOUCXOIUT
MHTEHCUBHAs ypOaHHU3aLUs, KOTOpas PUBOIUT K 3HAYUTEIBHON TpaHCHOpMaLUK IpH-
POIHOM cpe/ibl. AKTHBHOE PACLIMPEHUE CETUTEOHBIX U IPOMBIIUICHHBIX 30H IPOUCXO0-
IIUT B YCIOBHUSIX HEMPEPBIBHOH 3aCTPOMKU MPHICTAIONIMX TEPPUTOPHUil, OBIBIIMX B
CEIIbCKOXO035IHCTBEHHOM HCIOIb30BAaHUH UIIH €CTECTBEHHOM COCTOSIHUM. JIaHHBIH npo-
LIECC CONPOBOXK/IACTCS CMEHOH €CTECTBEHHBIX II0YB aHTPOINOrE€HHO-IPeoOpa3oBaH-
HBIMH, KOTOPbIE 3aHUMAIOT 3HAYUTEJIBHBIE IUIOIA1 U BCTPEYAIOTCS BO BCeX (YHKIHU-
OHAJIbHBIX 30HaX ropojia. AHTPOIOTeHHAs IEATEIbHOCTh KaK (GakTop noyBoodpa3oBa-
HUSL TPOSIBISIETCS B OCOOCHHOCTSX MOP(OIOrHYECKOr0 CTPOCHHs MOYB, OCOOCHHO
BEpPXHEro TOpu3oHTa. B ajaMuHHCTpaTuBHBIX rpaHunax r. Tromenu (57°09' c.m,
65°32' B.1.) uccnenoBaHbl MOP(OIOrHYECKHe OCOOCHHOCTH U (DH3UKO-XHUMHYECKUE
CBOHCTBA MOBEPXHOCTHBIX TOPU30HTOB (0—10 cM) MOYB U TEXHOIEHHBIX MOBEPXHOCT-
HBIX oOpa3oBanuii (241 obpasery). [TokazaHo, 4TO B MOYBax BceX (PYHKIMOHAIBHBIX
30H, KPOME PEKPEAIlMOHHOH, OTMEYAIOTCsl MPU3HAKK AHTPOIOTEHHOI'O BO3/ICHCTBUSL.
IMpsiMoe BO3/ieHiCTBIE NPUBOAUT K IIEPEMELIMBAHUIO BEPXHHUX OYBEHHBIX TOPU3OHTOB,
HOrpeOCHHUIO €CTECTBEHHBIX M aHTPOIIOI€HHO-IIPE00Pa30BAHHBIX OPraHOICHHBIX FOPH-
30HTOB, MOSIBJICHUIO CPEIMHHBIX TOPU30HTOB Ha MOBEPXHOCTH MIJIU CBEICHHUIO TIOYBHI,
CO3JIaHHIO HOBBIX T'OPU30HTOB U 10YB. TakuM 00pa3zoM, ocoOeHHOCTH MOpGOIOruye-
CKOT'O CTPOCHHSI I10YB SIBJISIOTCS PEeNPE3eHTaTUBHBIM HCTOYHUKOM HH(MOpMaliu 00 uc-
TOpUM TpaHchOpMaIUK JIaHAA(TOB TOPOJICKUX TEPPUTOPHH B CBSA3M C XapaKTEPOM U
MacIITaboM X03sHCTBEHHOM NeATEIbHOCTH YeI0BEKa.

KiroueBble ciioBa: ropozickue 1ouBsl, ypoonanamadTl, HCTOPHS 3€MIIEIIONb30-
Banusi, Urbic Technosol, puznko-xumudeckue cBOWCTBa ouB, 3ananaHas Cuoups

Hcroynuk puHAHCHPOBAHUS: MCCIIEIOBAHUS BBITIONIHEHBI P noanep:kke Poccuid-
ckoro HaydHoro onma (mpoekt Ne 22-77-00099; uHTeprperanus pe3yibTaTtoB), a
TAKKe B paMKaXx roCyJapCTBEHHOrO 3a/laHusi MUHUCTEPCTBA HAYKU U BBICILEro oOpa-
3oBanus Poccuiickoit @enepanun (mpoekt Ne FSWM-2024-0006; ananutuyeckue pa-
0OThI).
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Summary. Urbanization is one of the main trends of the modern world. The growth
of the urban population, and, as a consequence, the increase in the area of urban land-
scapes, leads to a significant transformation of the environment due to comprehensive
human economic activity or anthropogenesis. Such changes affect not only natural land-
scapes as a whole, but also their individual components, such as soil cover. Anthropo-
genically transformed soils occupy significant areas within urbanized territories. The
nature of the anthropogenic impact on soils is determined by the type of land use and is
reflected in the profile of urban soils in the form of formation of corresponding anthro-
pogenic horizons or changes in the properties of surface horizons.

Field work was carried out within the boundaries of the city of Tyumen (57°09' N,
65°32" E), including both the core of dense urban areas and peripheral agricultural and
recreational areas. The object of the study in this work is anthropogenically modified soils
of the city of Tyumen. The description and diagnostics of horizons and characteristics
were carried out on the basis of the “Classification and Diagnostics of Soils of Russia”
[2004], taking into account proposals for the introduction of urban soils into the soil clas-
sification system of Russia. The research methods included morphological analysis of
soils, determination of acidity, organic carbon content by the titrimetric method, soil tex-
ture by sedimentation method with pyrophosphate preparation. Statistical analysis of the
data was carried out using the STATISTICA 12 “StatSoft” package (USA).

The results showed that natural surface horizons are typical only for undisturbed
soils of the recreational area. The soils of other functional zones demonstrated signs of
anthropogenic impact, which were expressed in the form of changes in both the soil
profile as a whole and surface horizon. The direction and intensity of anthropogenic
impact correspond to the severity of the transition from natural to anthropogenic land-
scapes.

The reaction of the surface horizons varies from acidic to strongly alkaline. The
largest area within the city is occupied by alkaline soils. The Corg values fluctuate
within 0.01-22.84%, with an average value of 2.7%. Loamic and siltic varieties pre-
dominate, among which silt loams are the most widespread. The composition of the
major oxides is consistent with the soil texture. The contents of Fe2O3; and Al>Os vary
between 0.7-7.7 and 1.5-13%, their increased values are typical for soils on cover and
loess-like loams. The SiOz content in most urban soils is 60-70%.

Within the urban area of Tyumen, 5 districts are distinguished according to with the
morphology and properties of surface soil horizons. In the city center, urban stratified
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soils on sandy and silty loamy technogenic deposits with elevated pH and average con-
tent of Corg predominate. The northern part of the city is occupied mainly by peat soils
on the site of mined-out areas of the Tarman bog massif with an alkaline reaction and a
high content of Core. In the western part on the city periphery, agrogenically transformed
and postagrogenic soils with slightly acidic and neutral reaction and average content of
Corg on loess-like loams can be found. In the northeast of the city alkaline agricultural
soils predominate. In the southeastern part within the lacustrine-alluvial deposits,
slightly altered soils with low pH values and low Core content can be found.

The article contains 4 Figures, 33 References.

Keywords: urban soils, urban landscapes, history of land use, Urbic Technosol,
soil physico-chemical properties, Western Siberia
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BBenenne

B coBpeMeHHOM MUpe OTHOM U3 BAXKHEUTIINX Ielield B 00JIaCTH YCTOWYUBOTO Pa3-
BUTHS ABJISICTCSI 0OECIICUSHNE JKU3HECTOUKOCTH 1 DKOJIOTHIECKON YCTONYMBOCTH Y-
OaHM3UPOBaHHBIX TeppUTOpHi. HaceneHre ropomos 1ocTuriio 4,4 MIIpI 4eIOBeK K
2021 r., umu 56% OT YHUCIEHHOCTH MUPOBOI'O HacelIeHHs, U pofoiikaer pactu [1].
K uncnmy miaBHBIX TOCHENCTBHIA ypOaHW3AIMU OTHOCSTCS Pa3BUTHE TOPOICKOH
TPAHCIIOPTHOM M COIMANILHON WH(PPACTPYKTYPHI, YBEMMIEHIE SKOHOMUIECKOH aK-
THBHOCTH, B TOM YHCII€ B CBSI3U C PACIIMPEHHEM ITPOMBIIIICHHOTO TIPOM3BOICTBA.
VHTeHCHBHBIN TEXHOTEHE3 KaK pe3yJbTaT Pa3iIYHbBIX B3aNMOCBSI3aHHBIX ITPOIIECCOB
MIPUBOJUT K NTYOOKOMY ITPE0OPa30BaHUIO NCXOIHBIX IIPUPOAHBIX JJAHIIIA(TOB 1 OT-
JIETBHBIX MX KOMITOHEHTOB, B YaCTHOCTH, UX CBOMCTB U (DYyHKITH [2].

Tpancdopmannss MOYBEHHOTO TOKPOBA B PE3yIbTATE IPOIECCOB ypOaHM3a-
IIUH SIBIISICTCS] OOHUM U3 IPUOPUTETHBIX HAIPABJICHHUIA UCCICIOBAHUNA B ITOCTE-
HUE necaTuaeTus [3—5]. AKTyaJIbHOCTh TaHHOW MPOOJIeMaTHKU 00YyCIIOBJICHA, C
OIHOM CTOpPOHBI, MAacIITabOM, a ¢ JPYTOil — CIOKHBIM, HE BCETrJa OXHO3HAYHBIM
XapakTepoM [aHHOTO siBJeHUS [6—7]. Bo3HWKHOBEHHE W pa3BUTHE AHTPOIMO-
TeHHO-TIpeoOpa3OBaHHBIX ITOYB M TEXHOT€HHBIX ITOBEPXHOCTHBIX 0Opa30BaHUIA
(TIIO) ompenenstoTcss UCTOPUEH M JITHUTEIBHOCTHIO YpOaHU3AIMH, XapaKTepOM
3eMJICIIONB30BaHMsL. [ OpOICKIe TIOUBEI, C OHOM CTOPOHBI, HACIEAYIOT IIPH3HAKH
€CTECTBEHHBIX IT0YB, C APYTOH — (QOPMHUPYIOTCS IO BIUSHUEM IEATSILHOCTH Ye-
JIOBEKa, MPUBOAIICH K N3MCHEHHIO WM YHHUYTOKEHHIO IIPHPOIHBIX 00pa3oBa-
Huti [§8]. HecMOTpst Ha pocT urcia uccie0BaHui, MOCBSIIIEHHBIX BOITPOCAM KJTac-
cu¢ukanuu roponackux mods U TI1O [9-13], mpobiieMa WX BKIIIOYCHHUS B COBpE-
MEHHYIO KiaccupuKanuio mouB Poccuu mpomomkaeT ocTaBaThCsl AUCKYCCHOH-
HoH [14].
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XapakTtep OCBOCHHS TEPPUTOPHH, 0COOCHHOCTH TOPOICKOH CTPYKTYPEI, CIICITHA-
TH3aIMs U pa3MEIleHne IIPOU3BOICTB SBIIIFOTCS CHEM()UIHBIMI TPH3HAKAMHA KaK-
JIOTO KOHKPETHOTO Topojia. Bo3pacT ropoickoii 3acTpoiiky, (GyHKIIMOHATLHOE 30HH-
pOBaHMe, ITIOTHOCTh HACEIEHNS, ITIOTHOCTD JTIOPOXKHON CETH, PacCTOSHUE OT TOPOII-
CKOT0 IIEHTpa OMPENeISIOTCS YPOBHEM YPOAHHM3AIMH U SIBIBTIOTCS BAYKHBIMH (DaKTO-
pamu hopMHPOBaHUS TIOYBEHHOT'O MTOKpPOBa TopojioB [15]. KpoMe Toro, kak moka-
3aIIM Pe3yNbTaThl COBPEMEHHBIX HCCIEIOBaHHUN, MCXOOHBINA (H3MKO-Teorpadmde-
CKHIA KOHTEKCT MOYKET TAKXKE SIBISITHCS (JaKTOPOM 3HAUUTENLHOM UG hepeHIHAIN
MTOYBEHHOI0 TIOKPOBA [ 16—17], 94TO MOTEHIMAILHO CITOCOOHO OKa3bIBATh CYIICCTBEH-
HOE BIMSIHUC Ha SKOCHCTEMHBIEC (DYHKIIHH 1 SKOJIOT0-T€OXHMMHIYECKYIO CIICIHan3a-
MO TIOYBEHHOTO MOKpoBa [ 18—19]. Takum 00pa3oM, COBOKYITHOCTh €CTECTBEHHBIX
0COOCHHOCTEH TEPPUTOPUH M XapaKTepa MPOIECCOB YpOaHU3AINH SIBIITIOTCS KITO-
YOM K IIOHIMAHHIO COBPEMEHHOT'0 Pa3HOO0Pa3Hst II0UB TOPOICKIX TEPPUTOPHIA U UX
MOTEHIHAIEHOM oK B (YOPMHUPOBAHUY TIOIOOHBIX JTaHAIIA(TOB.

B Poccun nacuuteiBaercs 1 118 ropogos, B kotopsix npoxkuBaet 110,1 muH
yen. [20]. Tromenb 3aHnMaet 18-e MecTo o YMCICHHOCTH HACETIEHUS CPEIn TO-
poxoB Poccun m Xapaktepu3yeTcs BHICOKOH AMHAMHKOH IPHPOCTa HACETICHUS.
TroMeHB SIBISETCS KPYITHBIM TPAHCHOPTHBIM M TOPTOBBIM IICHTPOM C Pa3BHTON
cepoii CTPOUTENHCTBA, OCHOBOW IMPOMBIIIICHHOCTH KOTOPOTO CITYXKaT KPYITHEIE
U cpenHue 0OpabaThIBarOIIIE IPOM3BOACTBA. B HacTosIIee BpeMs ropos mpoIo-
’KaeT MHTEHCUBHO Pa3BUBATHCS MPU JOCTATOYHO HU3KOM POCTE IPOMBIIUICHHO-
ct. COOTBETCTBEHHO, TpuMep TIOMEHN MOXKET pacCMaTpPUBATHCS B KAYECTBE OJ1-
HOT'O U3 BO3MOXKHBIX ITyT€H MOCTHHIYCTPHATIBHOTO Pa3BUTHs ypOomaHamadToB
Poccrn, BO3MOXKHBIE TTIOCTIEICTBUSL KOTOPOT'O BaKHO U3YyUYHTh, B TOM YHCIIE C TI0-
3ULHANA UCCIENOBAHUN TOPOICKUX TOYB.

WzyyeHne mOYBEHHOT 0 IIOKPOBA B OKPECTHOCTSIX TIOMEHH ITPOBOAMIOCH B 80—
90-¢ rT. XX B., 10 HaYajla ”HTEHCHBHOI'O Pa3BUTHS YpOOITouBOBeAcHUS B Poccu.
JLH. Kaperuasim 1 1.M. l'axueBbIM cocTaBiieHa MOYBEHHAs KapTa fora Tro-
MEHCKOW obnacTu [21], maromasi mpeAcTaBICHHE O TIOYBEHHOM MOKPOBE ITPUTO-
poxnHoii 30HbI TromeHnn. CBezieHUs 0 MOP(OJIOTHUECKUX 0COOEHHOCTX, (PU3HKO-
XAUMIYECKIX CBOWCTBAX HMPUPOIHBIX U MUCIIONB3YyEMBIX B 3eMIICICIINU TIOYB JIaH-
HOW TeppuTOpuHn conepxarcs B padotax JI.H. Kapernna [22] u B.Sl. XpeHosa
[23], roe ans onpeneneHust TAKCOHOMHYECKOH MPUHAIEKHOCTH TIOYB HCIIOIB30-
BaHa (akTopHO-3KONorndeckas knaccuduramus mous CCCP [24], He mo3BoIIsIO-
mas oxXapaKTepH30BaTh aHTPOIOT€HHO-IIPeoOpa3oBaHHBIE IOYBEL. AHTPOIIO-
reHHO-TpeoOpa3oBanHbie T0uBbl U TI1O 3acTpoenHoi yacTn TroMeHU 00CyXIa-
torcs B padote A.H. ['yceitHoBa [25], B KOTOpPOH HCIIONIB30BaHA CHCTEMAaTHKA T'O-
pornckux mous, npemoxkeHHas M.H. Ctporanosoit u M.I'. Arapkosoii [9].

Lens HACTOSAMIETO UCCIIETOBAHUS COCTOUT B AHAIIN3E BAPHATHBHOCTH CBOWCTB
1 MOP(OIOTHH TOBEPXHOCTHBIX TOPH30HTOB IMOYB TIOMEHH B KOHTEKCTE 0COOEH-
HOCTEH ypOaHU3aIK U CBOCOOPA3HsI HCXOMHBIX JIAH A TOB.

MarepuaJibl © METOABI

[loneBble TOYBEHHO-TEOXUMHUYCCKHE HCCICAOBAHMS IIPOBENCHBI JIETOM
2016 T. B aAMHHUCTpaTHBHBIX TIpaHulax TromeHnu (puc. 1). I'oponm TromeHb
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(57°09' N, 65°32' E), ocHoBaHHBII B 1586 T., ¢ Hacenenuem 861,1 ThIC. Yel. u
mromanpo 698,5 KM2, pacIoyio)keH Ha roro-3amnajae 3amnajaHo-CHOHUpCKOW paB-
HuHEL. [IpoTekaromasi ¢ 3amaaa Ha BOCTOK p. Typa IemuT TeppuTOpUIO Ha IBE Ya-
CTH: JIeBOOEpEKHYIO Ha HU3KoH | HaamoitmenHo# Teppace (HIIT), nepexonsmnieit
B TapMaHCKH OOJOTHBIH MAcCHB, M MPABOOCPESIKHYIO, 3aHUMATOIIYIO KOMITIIEKC
BoicokuX HIIT u gacts Typa-IIsmmmMuHCcKOrO MEXIypeuns. Tepputopus Xapak-
TEPU3YETCSI YMEPEHHBIM KIIIMATOM C TIPOIOJDKATEIHHON XOJIOTHOM 3UMOH U KO-
POTKHM TETUIBIM JIETOM; IPe00IIagatoT I0T0-3ana Hble BeTpsl. TIOMEHb PacIoio-
’KCHA Ha TPaHUIIE IBYX IIOYBEHHBIX IIPOBUHIIH: JIeBOOSpEKHAS YaCTh TOPOIa OT-
HocuTCs K 3anaaHo-CHOnpcKoit 10)KHOTaEKHON IEpHOBO-HETITYOOKO- U TITyOOKO-
MOJ3O0HCTHIX TI0YB, NEPHOBO-TION3OIUCTHIX W JEPHOBO-TION30IHCTO-TIICEBBIX
MIOYB CO BTOPBIM TYMYCOBBIM TOPU30HTOM, TOP(SHBIX OOJIOTHBIX U IEPHOBO-TIIC-
€BBIX T10YB, ITpaBoOepekHas — kK 3anaaHo-CHOMPCKOH TUCTBEHHO-JICCHOH CEephIX
JIECHBIX, CEPBIX JIECHBIX OCOJIONEIBIX, JTYTOBO-UYEPHO3EMHBIX M JIYTOBBIX OCONO-
JIEJTBIX U COJIOHIIEBATHIX M JIyTOBO-OOJOTHBIX TTOYB [26].

65° 36'E 65°48' E

PyHKumoHanbHbIe 30Kl [LUA] | 24° B
A

o
M r
S
YuacTkn oT60pa npob
& [Sampling sites]

65°24'E 65°48'E

Puc. 1. PacrionoxeHnue mwiomaaok onpodoBaHus IOYB B Mpeeiax Pa3iIndHbIX
(GyHKIMOHANBHBIX 30H TroMeHH: A — CelbCKOXO03sHCTBEHHAs,
I — mpomblnuieHHO-CcKIaACKas], R — pekpeatrionHas, S — cenureOHast
[Fig. 1. Location of soil sampling sites within various functional zones of Tyumen city:
A - agricultural, I - industrial and warehouse, R - recreational, S - residential]

Jutst oreHkn TpaHchopManuy BepxHEH 4acTH MPO(UIS TOPOICKUX HOYB IO
PETYISIPHON KIIIOMETPOBOM CETH 3aJI0KEHBI IUIOMIAIKH OIPOOOBAHUS HA yJIacT-
KaxX C HEHApyMICHHBIM MOYBEHHBIM M PEIKHM PACTUTEIBHBIM MOKPOBOM [27].
Ha He3zacTpoeHHBIX TOPOIACKUX TEPPUTOPHSIX B PEKPEAITMOHHON U CETbCKOX 035~
CTBEHHOI 30HaX IUIOTHOCTH CETH cocTaBmia 1 mromanka ua 4 kM2, B pe3ynbTare
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BbIAeTeH 241 ydyacTok ompoboBanwms (puc. 1). s mopdomorndeckoit xapakre-
PUCTHKH BEpXHEW YaCTH ITOYBECHHOTO IPOQ IS B IISHTPE ILIOMIAJKH 5X5 M 3aKIia-
JBIBaJIach MPHUKOITKA rTyonHoi 1o 40 cM. Kimaccudukariust mous mpoBOAMUIIACh C
YYeTOM IPeUIOKEHUH 0 BBeZieHnH roponckux mouB U TT1O [9-14] B Knnaccudu-
KaIllMIo0 ¥ JUarHocTUKy o4 Poccnu [28] u cormacHo MupoBoii pedepaTnBHOM
0a3e MOYBEHHBIX pecypcoB [29]. Ha kaxaoil momiaake MeToJoM KOHBEpTa OT-
Oupasiach cMeIlIaHHas mpoda moBepxHOCcTHOTo (0—10 ¢cM) MOYBEHHOTO TOPU30HTA
(uckIroYas onaj, MOACTHIIKY, Mycop, KaMHH U 11p.) [30].

B oTobpannsIx 00pa3nax ompeneneHsl pH MOTeHIHOMETPHIECKAM METOIOM
B cycrieH3un nouBa:Boja (1:2,5) ¢ momomsio pH merpa 206-pH1 «Testo» (I'ep-
MaHHus), cofepikanue opranmaeckoro yriepona (Copr) THTPUMETPUIECKAM BapH-
aaTom Mmerona U.B. Tropuna [31], conepxkanue Al,Os, SiO2 u FeO3 peHTreHo-
(dayopecueHTHBIM criekTpoMeTpoM Criektpockan Makc-GV «Crekrpon» (Poc-
CHsl) ¥ pa3MEPHOCTD ITOYBEHHBIX YaCTHIL JIa3epHBIM audpakTomeTpom LS 13320
«Beckman Coulter» (CIIIA) ¢ npenBapuTeIbHBIM JUCIICPTHPOBAHUEM MIPOO TTH-
podocdaTtom HaTpHsL.

OOpaboTka W aHaNM3 JAaHHBIX IIPOBEACHBI C HCIONH30BAaHMEM IIaKeTa
Statistica 12 «StatSoft» (CILIA). Paccuntansl onucarenbHbIe CTATHCTHKH W3Y-
YEHHBIX [TApaMETPOB U MPOBeeHa MTPOBEPKa HOPMAaJIBHOCTH PacIpeIeIeH s BbI-
60pok ¢ momorbio W-tecta [llampo—Yuika.

Pe3yabTarhl ncciief0BaHus U 00CY:KIeHUE

Bempeuaemocme pasnuunvix munog no8epxHOCMHbIX 20pU3OHINOE 68 HOYBAX
Tromenu u ux ceoticmea. I1oneBpie HCCIIETOBAHNUS ITOKA3aJIH, YTO €CTECTBCHHBIC
MTOBEPXHOCTHBIE TOPH30HTHI XapaKTEPHBI TONBKO U HEHAPYIICHHBIX IIOYB pe-
KpearnoHHOH 30HBEL. B mouBax BceX OCTaJIbHBIX (PYHKIMOHAIBHBIX 30H OTMEYa-
FOTCSI IIPA3HAKA aHTPOIIOT€HHOT'0 BO3ICHCTBH, KOTOPBIE BEIPA)KAIOTCS B BHIIE H3-
MEHEHUS KaK MMOYBEHHOTO MPO(IIISL B LIEIOM, TaK M MOBEPXHOCTHBIX TOPU30HTOB
(puc. 2). HampaBieHHOCTP M MHTEHCHBHOCTH MPOIIECCOB AHTPOIOI€HHOTO BO3-
JEHCTBHS COOTBETCTBYIOT BBIPAKEHHOCTH IEpeXoia OT €CTECTBEHHBIX K aHTPO-
MOTCHHBIM JIAHMAPTAM.

B mpupomHBIX mOYBaxX HEHAPYIICHHBIX JaHAMA(TOB pEKpEarlmOHHON 30HBI
MTOBEPXHOCTHBIEC TOPU3OHTHI IIPEICTABICHBI €CTECTBECHHO-3AJIETAIOIIMMHI TYMYCO-
BBIMH U OpraHoreHHbIMU ropr3oHTaMu AY, AU u H 6e3 npu3HakoB IpsMoro aH-
TPOIOT'eHHOT 0 Bo3eicTBHUSA (prc. 2). CeporyMycOoBbIi TOpU30HT AY XapaKkTepeH
IUTSL IEPHOBO-TIOAOYPOB | ISPHOBO-ITO30MCTHIX IOYB, AJUTFOBHATBHBIX TYMYCO-
BBIX (AepHOBBIX) 04B, AU — JuTst TEeMHO-CEephIX o4B, H — 17151 mepernoiino-Tiie-
eBbIX mo4B. CeporyMmycoBbie TOPH30HTEI AY HUMEIOT PEaKIUIO CPEIbI OT KUCIION
1o HelitpaneHo# (pH 4,0-6,7, B cpeareM 5,8), cOCTaB OT CyNMeCcYaHOro J0 Cpe-
HECYTIIMHUCTOTO, conepxat 0,5-4,5% (B cpemaeM 1,6%) Copr. TeMHOTYMYCOBBIE
ropu3oHTEl AU XapakTepusyroTcs Oonee menoynoi peaknuei (pH 6,6-7,9, B
cpemreM 7,5), 6omee BoicoknM conepykanueM Copr (1,3-5,1, B cpemrem 2,9%).
B nepernoitapix roprzonTax H ormeuaercs MakcumanbsHoe conepkanue Copr (IO
23%) (puc. 3).
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CeJIbCKOXO0351iicTBeHHas1, T — TpaHCOpTHAs, | — MpOMBIIITIEHHO-CKIIaACKast

[Fig. 2. Occurrence (%) of topsoil horizons (N - quantity) depending on the land use area within Tyumen:
V - residential villatic, L - residential low-rise, M - residential mid-rise, H - residential high-rise,
R -recreational, A - agricultural, T - transport, I - industrial]
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Puc. 3. BapbupoBaHue cBOWCTB U3y4EHHBIX MOBEPXHOCTHBIX TOPU30HTOB MOYB
1 TeXHOT€HHBIX OBEPXHOCTHBIX 00pa30BaHUi
[Fig. 3. Variation in the properties of the studied surface soil horizons and technogenic soil-like formations]

B 30HE cenbCck0oX 0351 CTBEHHOTO HAa3HAYCHUS B PE3yNbTaTe JUIMTEIHLHONW pac-
Mmamkd  (GOPMHUPYIOTCS  arpOreHHO-IIPEOOpa30BaHHBIE ITOBEPXHOCTHBIE TOPH-
30HTH P, PU 11 PTR (puc. 2), KOTOpbIE ABISAIOTCS IUATHOCTHICCKAMHE JIJISI arpoce-
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PBIX, arpoOTEMHO-CEPHIX MOYB W TOPPO3EMOB arpoOMHUHEPAIBHBIX, COOTBET-
CTBEHHO. ATPOTyMYCOBBIE TOpH30HTHI P mo cpaBHeHuio ¢ AY o6emHeHbl Copr
(0,8-2,3, B cpemrem 1,5%), ominuaroTcs Oonee menouHon peakuei (pH 5,6-7,2,
B cpeaHeM 6,6), Ooliee TSHKEIBIM TPAHYJIOMETPHYCCKUM COCTaBoM. Peakitus B ar-
POTEMHOT'YMYCOBBIX Tropu3oHTax PU BappupyeT OT c1abOKUCIION A0 IMIEeI0YHOMH,
HO Tpeobnanaer HerrpanbHas (pH 7,1); comepxanne Copr COCTABIISIET B CPETHEM
3,6% (ot 1,7 mo 7%) (cMm. puc. 3). CenbCKOoX03sIHCTBEHHAS 30HA CEBEPHON YaCTH T'O-
poza 3aHIMaeT OOIIMPHBIC PEKYITFTHBHPOBAHHEIE TEPPUTOPUH BEIPAOOTaHHBIX TOP-
(sHUKOB. 3eMIleeNbYecKoe OCBOCHHE NaHHBIX TEPPUTOPHIA TPUBEIO K 00pa3oBa-
Huto arporopdsHo-MuHepanbHBIX PTR ropr3oHTOB. JIsi HUX XapaKTepHBI JISTKUI
cocras, BeIcokue 3HaueHns pH (7,2-8,4, B cpemreM 8,1) i Copr (10 18,4, B cpemreM
8,1%). BeencTBre akTHBHOW ypOaHU3AIMH YacTh 3eMelTh BBIBEIICHA U3 CEITLCKOXO0-
3AHUCTBEHHOTO 000pOTa, HO He OblIa 3acTpoeHa. [10UBbI TaKMX TEPPUTOPHI pa3ITiy-
HOro (hyHKIMOHAIFHOT'0 Ha3HAYEHHS COXPAHSIOT B CBOEM OOJIFIKE OCTATOYHBIC arpo-
TeHHBIC TPU3HAKHA, B HUX BBIICISIOTCS ITOCTarpOr€HHBIE TyMYCOBEBIE TOPH3OHTHI
AYpa u AUpa, 1o CBOMM CBOWCTBAM 3aHHUMAIOIIIE MPOMEKYTOYHOE TOIOKEHHE
MEXIy MPUPOAHBIMA U arpOr€HHBIMU TOpU30HTaMu [31], 9TO CIIy>KUT OCHOBaHHEM
TSI BEIZIETIEHHST TEMHO-CEPBIX M CEPBIX ITOCTAT POT'CHHBIX TIOYB.

JlocTaTOYHO YacTo BCTpedYaeTcsl Cpe3aHne BEpXHEH JacTH MPOQUIIL 3a CUET
IeISIUN WK SPO3HH, BHI3BAHHOW CBEIEHHEM pPACTUTEIBHOrO ITOKPOBA, IPO-
KJIaIKOW TPYHTOBBIX TOPOT, YTO MPUBOIHT K BEIXOY Ha IMTOBEPXHOCTH JTHOO ecTe-
CTBEHHO 3JICTAFOIIUX CPpeMUHHBIX Tropu30HTOB BF mim BT u ¢hopmupoBanuto abd-
pasemoB, 00 ToYBOOOpasyrImux mopod C W BO3SHUKHOBEHHUIO a0OpajuTOB
(puc. 4). CBoiicTBa TOPU30HTOB JaHHBIX TIOYB IIUPOKO BAPbHPYIOT (CM. pHUC. 3).

VzmeHeHne TOYB B TOPOJCKHUX YCIOBHUSX IPOUCXOIUT KaK 32 CUET IIOBEPXHOCT-
HOU, TaK ¥ TIyOoKo# Tpanchopmanmu nmpodusis. [ToBepxHocTHas TpaHchopManus,
3aTparuBaromas npoQmwib Ha TryonHy 10 50 ¢M, TIPOSBIIETCS B ITepeMEIINBAHIH
MaTepualia BEpXHUX TOPH30HTOB, IIPHBHECEHUH apTe(haKTOB aHTPOIIOTSHHOT'O ITPO-
HCXOXKICHUS B HeOobIIoM KoimaecTBe (10 10%); Ipr 3TOM HIDKENeKaIye TopH-
30HTHI OCTAlOTCS Hen3MeHHbIMH [ 12]. B Takom cirydae BBIEIEHBI CEpOTyMYCOBBIE
AYur 1 TemHorymycoBsle AUur TOpHU30HTHI C MpH3HaKamMu ypOoreaoreHesa. Ce-
POTYMYCOBBII TOPH3OHT XapaKTepeH sl ypOOCEPhIX IMMOYB H ypOOIepHOBO-TI0A0Y-
POB, TEMHOT'YMYCOBBIA — JUIS YPOOTEMHO-cepbIX. Ypooropu3onTel AYur u AUur
OTJIMYAIOTCS TTOBBIIEHHBIME 3HaueHnsIME pH (B cpemaem 7,5 1 8,7) 1 Copr (2,1 1
4,6%). I'myboxoe mpeoOpa3oBanmne MPOQPUIIA B pe3yIIbTaTe NI TEIBHOTO OCTEICH-
HOTO TPUBHECECHHSI Pa3NMYHBIX CYOCTPaToB B CENMMTEOHOW, MPOMBIIIICHHOH H
TPAHCIOPTHON 30HAX MPUBOIUT K (POPMHPOBAHWIO OCOOOr0 TOPH30HTA YPOHK
UR — n@arHoCTHYecKoro ropu3oHTa ypooctpatozémoB. UR oTimyaercss MOIIHO-
CTBI0, OJIM3KOM K IMET0YHOM PeaKIiy CPEIbl, COACPKAT 3HAUUTEIHHOE KOJIMIECTBO
AHTPOIIOTeHHBIX BKITOueHui (6onee 10%). Coneprxanne Copr BappupyerT ot 0,9 1o
7,9, B cpeareM 2,9%. OTnenbHO BBIACISIETCS OMM3KHIA 110 CBOMCTBAM JUTUTEIBHO
obOpabartsiBaeMbIii Topru30oHT URau, XapakTepHbIi TS KYIBTYpO3EMOB (CM. prc. 3).

Ha teppuropuu ropoaa mmpoko pactnpoctpanenst TI1O, moBepxHOCTHBIE TO-
PH30HTBI KOTOPBIX HPEICTABISIOT COOOH CIOM NMPHUBHECEHHOT'O TEXHOTEHHOTO
WIH peKyITHBALMOHHOT0 MaTepHraa, ciado mpopaboTaHHOTO IPOLECCaMH MOY-
BooOpaszoBaHus [14].
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pacmnpocTpaHeHHbBIX Ha TEpPUTOPUH ropoaa TromeHb
[Fig. 4. Profiles of the main types of soils and technogenic soil-like formations distributed
in the territory of Tyumen city]
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[Ipu nmaHnpoBaHNK YYacTKOB MO 3aCTPOUKY WM pa3MeIIeHNe HHPPACTPYK-
TYpBl CHUIMAETCsI BEpXHHIA TOYBEHHBIA CJIOH, IT0 OKOHYAHHH padoT B cioydae OJa-
rOyCTpOUCTBA U O3EIEHEHUs] TEPPUTOPUN Ha IOBEPXHOCTh YKJIAABIBAETCS HACKIII-
HOW KOMITOCTHBIH, TOP(HOKOMIIOCTHBIN HITH T'YMYCHPOBaHHBIN MaTeprai — GopMH-
pyeTcs peKyabTUBAIIMOHHBIA Topu30HT RAT ym60 Topdstaoi cnoit — RT. J{ns nan-
HBIX CJIOEB-TOPH30HTOB XapaKTEPHBI MaJiast MOIITHOCTH (10 10 cM), poBHasI TpaHUIIa
U PE3KUH Mepexoi] K HIDKENEKalluM T'OpU30HTaM, €IMHUYHbIE aHTPOIOr€HHbIE
BKJIIOUEHMs. Hannune naHHbIX TOPU30HTOB MO3BOJISAET BBIIEIUTH PEINIAHTO3EMBI U
pekpea3éMbl COOTBETCTBEHHO. HYallle Bcero Ha IHEBHOM IOBEPXHOCTH OKa3bIBAaeTCs
OTCHITIAHHBIN CIIOH MCKYCCTBEHHOTO MaTepualia — TeXxHOTeHHbIH ropu3oHT TCH, B
TaKOM cJIy4ae IMarHocTUpyeTcs IurocTpaT. OT APYruX rOpU30HTOB OH OTIIMYAETCS
OTCYTCTBHEM CTPYKTYPHI, 3HAUNTCIGHBIM KOJIHYIECTBOM OBITOBOTO W CTPOHTEIB-
HOT'0 MycOpa B 04eHb HI3KUM cofepkanneM Copr (CM. puc. 3).

Tousennviii nokpos, e2o paznoobpasue u c6s3u ¢ QYHKYUOHATLHBIM 30HUPO-
8anueM U 0COOEHHOCMAMU UHUYUATbHO20 NOYEEHHO20 NOKPOBA U NAHOUAGMOS.
Ha ocHOBe coBpeMEHHBIX MPECTaBICHUH O KiIacCH(UKANN U THATHOCTHUKE TO-
ponckux mous [8—14, 28, 32] 1 10 cOOCTBEHHBIM MaTepHaiaM COCTABJICH CITHCOK
OCHOBHBIX THITOB 1TouB U TI1O, BcTpeuaeMbIx Ha TeppuTopuu TromMeHu (puc. 4).
B rpanunax ropoma ecTeCTBEHHBIC THIIBI IIOYB BCTPEYAIOTCS (PparMEHTapHO BHE
CENMUTEOHBIX U MPOMBIIIUICHHEIX 30H, B IOYBEHHOM IIOKPOBE IOMIHHUPYIOT aHTPO-
MOTeHHO-TIpe0Opa30BaHHbIE TTOYBHI, MIHPOKO PACHPOCTPAaHEHBI aHTPOIIOTCHHEIE
00pa3oBaHusI.

B pekpeannonHOl 30HE ropoia COXpPaHWIMCh €CTECTBEHHBIE THIIBI IOYB.
Ha I-II HIIT nox ocrHOBO-0epe30BbIMH M OSpe30BBIMHU JiecaMu (HOPMHUPYIOTCS
JCPHOBO-TIOI30JIUCTEIC MTOYBHI HA OECKapOOHATHBIX CYINTMHKaX M TEMHO-CEphIe
MOYBHl Ha KapOOHATHBIX ITOKPOBHBIX M JIGCCOBHIHBIX CYTTHMHKAX, ACPHOBO-
mon0ypsl IO COCHOBBIMH JIECAMH HA IIECUYaHBIX Cy0a’pajbHBIX OTIOKEHISIX H
MePETHOHHO-TIIEEBHIE MOYBHI O] 320070YEHHBIMH JTyTaMH B JIOKAJIHHBIX MTOHU-
xeHusx penseda. [loiimy Typsl 3aHIMAIOT aJUTFOBHANBHBIE TYMYCOBBIE (IEpHO-
BEIC) ITOYBBI MO JIyTaMH U MBHIKAMH.

3HauUMTENBHYIO IUIOUIa/lb B TPaHULAX TOpoJa 3aHUMAIOT 3€MJIM CEIbCKOXO-
3sICTBEHHOr0 Ha3HaueHHs. VX UIMTenbHOE HCIONIb30BaHUE O] MAIIHIO MpH-
BeJIO K GOPMHUPOBAHUIO arporeHHoO-peoodpa3oBaHHbIX MouB. Ha Typa-ITsmimMuH-
ckoM Mexaypedbe U Beicokux HIIT pacnpocTpaHeHbl arpOTEMHO-CEPBIE TOYBBI
Ha TIOKPOBHBIX U JIECCOBUIHBIX CYTTTMHKAX, Ha 00Jiee HU3KUX TO3UIHAX — arpoce-
pble ouYBbl. XapaKTEPHbIMU IIOYBaMHU B CEBEpHOU yacTu TroMEHU ABJISAIOTCS TOP-
(h03EMBI arpoMUHEpaIbHEIE, CHOPMUPOBAHHEIC B pe3yNIbTaTe OcyIeHus TapMaH-
CKOTr0 OOJIOTHOT'O MacCHBa, UCIIONB3yEeMBIC IOl CEHOKOCHBIE YTOIbs, IIOCEB KOp-
HETITO/IOB M KOPMOBBIX KyIbTyp [33]. YBenudenwne miomaum 3acCTpOUKY MPUBEIIO0
K BEIBOAY M3 000pOTa YaCTH CEIHCKOXO3SMMCTBCHHBIX 3eMeNb. B mouBax Takmx
TEPPUTOPUI COXPAHSIOTCA MPU3HAKU paCIallKy, I0ATOMY JaHHBIE I0YBBI MOXKHO
paccMaTpuBaTh Kak cepble U TEMHO-CEpbIE IOCTarporeHHkIE.

Bo Bcex (yHKIIMOHATBHBIX 30HAX ropoja, KpoMe CEelTbCKOXO3SHCTBESHHOM,
BCTpedaroTcs cado HapyIIeHHBIE TOBEPXHOCTHO TPaHC(HOPMUPOBAHHEIC TIOUBEI:
ypbocepbie, ypOoTeMHO-cepble, ypOoaepHOBO-TOAOYPHI (pHC. 4). OT MPHUPOTHBIX
aHaJIOrOB OHH OTJIMYAIOTCS HAJIMIHEM apTe(akToB B HEOOIBIIOM KOJIMIECTBE (10
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10%), He3HAYUTEIHHBIM MEXaHWYCCKUM HapyIIEHHEM HOBEPXHOCTHOTO TOPH-
30HTa. [loHOE pa3pymieHne MOBEPXHOCTHOTO TOPH30HTA B Pe3yiIbTaTe aHTPOIIO-
TEHHOTO BO3IEHCTBHSA, HAIIpUMEp, BOIU3H IPYHTOBBIX JJOPOT, OBPAroB U Jp., IPH
COXpaHEHUH CPEeINHHOTO TOPU30HTA IIPHBOAUT K (popMIpoBaHUIO aOpa3éMOB.

[TouBeHHBII TIOKPOB «TOPOICKOTO SIIPa» — CEMUTCOHBIX, TPAHCIOPTHBHIX U
MPOMBINIUICHHBIX TEPPUTOPUI — IPENCTABICH TITyOOKO-TPaHCPOPMUPOBAHHBIMH
aHTpOITOreHHO-TpeoOpa3oBaHHbIMU TTouBaMH U TTIO (puc. 4). CobcTBEHHO TO-
POZACKHE TIOYBEI — ypOOCTPaTO3eMbl, CHOPMHUPOBAHHEIC B PE3yIbTATE UIUTEIIh-
HOT'O HaKOIICHHUS IIPIBHECEHHBIX CyOCTPAaTOB Ha THEBHOM MMOBEPXHOCTH, XapaK-
TEpHBl TSI CTApPOIPOMBIIIICHHBIX PallOHOB, KBapTaJOB HMCTOPHYECCKOW 3a-
CTPOMKH, TOPOJICKUX CKBEpOB. bim3kne K HUM 110 MOP(OIOTHIECKAM CBOWCTBAM
KYJITYpO3eMbI QOPMHUPYIOTCS TIPH U TEIHHON 00pab0TKe IOYB CTAphIX CaZ0B U
oroponoB. K ropoickumM mouBaM Taxke OTHOCSATCS TOYBHI KIIAJOWII — HEKPO-
3eMBI, HE paccCMaTpUBaeMbIe MMOIPOOHO B TaHHOU paboTe. B COBpeMEHHBIX MHK-
popaifoHaX M KOTTEIPKHBIX ITOCENIKaX, OJIar0yCTPOSHHBIX MPUIOMOBBIX H MIPUIO-
POXKHBIX TEPPUTOPHUSIX PACHpPOCTPaHEHBI PEKpea3eMbl M PeruiaHTO3eMEl. B ToM
cllyyae KOT/a IOCIIe 3aBEPIICHUS CTPOUTENECTBA CIIEIUAILHBIC MEPOIPUATHS He
MIPOBOJIATCS, HA THEBHOM ITOBEPXHOCTH OCTACTCSA JIMOO HACBHIITHOW MCKYCCTBEHHBIN
IPYHT — JIATOCTPATHI, JTNOO €CTECTBEHHO 3aJIeTaloIIne MOpoIbl — abpaiuThl. [TocTe-
MIEHHO TaKWe YYacTKH 3apacTaioT, U (OPMHUPYIOTCS CIabOpa3BUTHIC TEXHOTCHHBIE
mouBsl. B 0co0yro rpymiry 5KpaHO3eMOB BBIIEISIOTCS TIOUBHI 1107 (DyHIaMEHTAMH
3IMaHUHN WM JOPOXKHBIMH ITOKPBHITHSMHE; K 3aIle9aTaHHBIM TPYHTaM OTHOCST 3aKpbI-
1o TI1O [10]. [TogoOHBIe 00pa30BaHUs TIOBCEMECTHO PACIPOCTPAHEHBI HA TEPPH-
TOPHUH TOPOJIa, HO UX U3YdCHHE HE OCYIICCTBIUIOCHh B paMKaX JaHHOTO MCCIIeI0Ba-
HIISL

3akioueHne

WNuTencuBHas ypbanu3amus . TIOMEHU B COBPEMEHHBIHN MEPHUOJT BEAET K 3Ha-
YUTENFHON TpaHC(hHOpPMaIUU MIPUPOTHON Cpedbl. AKTUBHOE PACIIMpPEHHE CEIIH-
TeOHBIX M TIPOMBINIICHHBIX 30H MPOUCXOIUT BCJIEACTBHE HEIPEPHIBHOHM 3a-
CTPOWKH TPHIIETAIONNX TEPPUTOPUI, OBIBITUX B CEIBCKOXO3SHCTBEHHOM HC-
MOJB30BAaHUH WJIM E€CTECTBEHHOM cocTosHUH. [Iponmcxomut TpaHC)OpMAITHs
€CTECTBEHHBIX JaHamadToB. JJaHHBIH IpoIecC COMPOBOXKIAECTCS CMEHOH ecTe-
CTBEHHBIX ITOYB aHTPOIOT€HHO-TIPe0Opa30BaHHBIMU, KOTOPHIC 3aHUMAIOT 3HAUH-
TeNbHBIC TUIOMIAA U BCTPEUAIOTCS BO BCEX (DYHKIIMOHAIBHBIX 30HAX TOPOJA.

AHTpomoreHHas AeSTeTbHOCT KaK (haKTop MOYBOOOPa30BaHSI IPOSIBIISETCS
B OCOOCHHOCTSX MOP(OJOrHYECKOr0 CTPOSHHS TI0YB, 0COOSHHO BEPXHETO rOpH-
30HTa. [IpsiMoe BO3elicTBHE IPUBOAUT K TIEPEMEIINBAHUIO BEPXHUX TOYBEHHBIX
TOPU30HTOB, TOTPEOCHUIO0 €CTECTBEHHBIX W AHTPOIOTCHHO-IIPE0Opa30BaHHBIX
OpPraHOT€HHBIX TOPH30HTOB, TOSBICHUIO CPEINHHBIX TOPH30HTOB Ha TIOBEPXHO-
CTH WJIH CBEIECHUIO ITOYBBI, CO3IaHIIO HOBEIX TOPH30HTOB U TIOYB.

Takum 06pa3oM, 0OCOOCHHOCTH MOP(OIOTHIECKOTO CTPOCHHSI TIOYB SBIISIOTCS
peNpe3eHTATHBHBIM HCTOYHUKOM HH(OpMAIu 00 HCTOPHH TpaHCHOpMAaIUU
TaHAMmAPTOB TOPOACKUX TEPPUTOPHIl B CBSA3M C XapaKTEpOM M MacCIITa0OM XO-
3IUCTBEHHOHN OESITEIHLHOCTH YEJIOBEKA.
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AnHoTanus. B 3anaaunHax necocrenn GpopMHUPYIOTCS YHHKAJIBHBIE MOYBBI, PE3KO
OTJIMYAIOIIMECS 110 CBOMM CBOMCTBAM OT 30HAJIBHBIX YEPHO3EMOB HAIMYMEM CBETIIOrO
KHUCJIOrO TOPU30HTA U OTCYTCTBHEM KapOoHaToB. [To HAOOpy AMArHOCTHMYECKUX T'OpH-
30HTOB II0YBBI 3a11a/IH 00JIee BCEro COOTBETCTBYIOT AaIbHEBOCTOYHBIM 1T0A0E1aM, Ofi-
Hako (GakTopbl IOYBOOOPA30BAHUA U PEXKUMBI ITHX I104B, & CI€0BATEIILHO, U TEHE3HUC,
3aMeTHO oTiauyarorcsa. CraThs MOCBSLIEHAa MHTEPIPETALMU I'eHe31ca U AUarHOCTHKE
Mo4BkI HeHTpa 3anaaunbl (Okcko-JOHCKas HU3MEHHOCTb) Ha 0a3e COMPsHKEHHOrO aHa-
JM3a ee MaKpo- U MHUKPOMOP(OIOrMIeCKHX, XUMUUECKUX (OOLIMi yriepon, MUHepa-
JTU3aLHsl ¥ COCTaB BOAHOM BBITSDKKH, GOpMBI xere3a), Gu3ndeckux (rpaHyaoMeTpuye-
cKkuil coctaB) U pusznko-xumudeckux (pH, eMKoCcTh KaTHOHHOrO 0OMEHa, COCTaB 00-
MEHHBIX KATHOHOB) CBOMCTB, 3Ha4YCHHI KOI(P(PHUIHESHTOB CTENEHH THAPOMOphU3Ma U
[lIBeprmana. BbLsaBieHo, 4TO BeaylM MpoLeccoM (OpMUPOBAHKS OCBETIEHHOI'O 0~
PH30HTA SIBJISCTCS TNICEBO-3JII0BUAJIBHbIH, TMArHOCTUPYEMBbIIl HA MAKpPO- U MUKPOMOD-
(boJIOrnuecKoM ypoBHE OOMIIEM B HEM KOHKPELIMH, HATMYHMEM KYTaH B HHOKEJIexKalleM
TOPU30HTE U Ha OCHOBaHHM pacyeToB kod(duimenros [lIBeprmana runpomophusma;
JIOTOJIHUTENbHBIM (haKTOPOM MOXKET SIBISTBHCS IPUCYTCTBHE OOMEHHOro HaTpus (110
14% ot emkocTH KaTnoHHoro oomeHa). Habop ropusonto AH-ELhi,g-BTg uactuuno
COOTBETCTBYET COJIOJIM MIEPErHOMHO-TEMHOI'yMYCOBOM KBa3HUIJICCBOM, [OA0ETY TEMHO-
I'YMYCOBOMY IiieeBaToMy M oTcyrcTByeT B Knaccudukanuu nous Poceuu; uis Takux
[OYB TPEIJIOKEHO BBIJEIICHHE THIA NEPErHOWHO-TEMHOTYMYCOBBIX OHOJ30JICHHBIX
IJIEEBbIX [IOYB.

KiroueBble c/10Ba: 4epHO3EMOBHIHBIE OINOI30JICHHBIE TIOYBBI, NOA0EIIbI, COJIOMH,
MuKpomopdonorus, rieit, TamGoBckas o6nacth
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TIOJIEBBIX HUCCIIEIOBaHUI.

s vurupoBanusi: CmupHoBa M.A., ITnotHukoBa O.O., bapmamos [.P., Tep-
ckast E.B. T'enetnueckue 0COOCHHOCTH JIECOCTEITHBIX MMOYB C OCBETIICHHBIM TOPH30H-
ToM (Ha mpuMepe nouBbl 3anaauHbl Okcko-JloHckoii Hu3menHoctn) // Becthuk Tom-
CKOr0 TOCyAapCTBeHHOro yHuBepcurera. buomorms. 2024. Ne 66. C. 22-41. doi:
10.17223/19988591/66/2

© CmupHoBa M.A., ITnotaukosa O.0., bapgamos JI.P., Tepckas E.B., 2024



Cmupnosa M.A. u op. I'enemuueckue 0cobeHHOCHU 1€COCHIENHBIX NOYE

Original article
doi: 10.17223/19988591/66/2

Genetic features of forest-steppe soils with albic horizon:
a case study in the Oksko-Don Lowland

Maria A. Smirnova', Oksana O. PlotnikovaZ,
Danila R. Bardashov’, Elena V. Terskaya*

123 FRC V.V. Dokuchaev Soil Science Institute,
L34 Lomonosov Moscow State University, Faculty of Geography, Moscow, Russia
LI https:/forcid.org/0000-0002-5256-4348 summerija@yandex.ru
2 https://orcid.org/0000-0002-7719-2915, mrs.plotnikova@mail.ru
3 https://orcid.org/0009-0007-2425-1911, bardashovdr@my.msu.ru
* elena_terskaya@mail.ru

Summary. In the closed depressions of the forest-steppe, unique soils form that
differ significantly in their properties from the zonal Chernozems. These soils have a
light-colored, acidic Albic horizon and the complete absence of carbonates. They re-
semble podbels, which are formed in the southern Far East of Russia, with their differ-
ent soil-forming processes, regimes, and genesis. The aim of this study is to interpret
the genesis of the soils in the center of the closed depression by analyzing their mor-
phological, micromorphological, chemical, physical, and physico-chemical properties.
This will help to determine the main diagnostic criteria for their classification. The de-
pression is located in the Oka-Don Lowland, in Tambov Oblast (52.0398°N,
41.1839°E, See Fig. 1a). We collected a total of 39 samples, from three walls of soil
pit, at 10-centimeter intervals, to a depth of 130 centimeters. For micromorphology, we
took samples from all genetic horizons, in triplicate (12 samples). In the pre-dried and
homogenized samples, we determined pH values, total dissolved salts and soluble salt
content (conductivity), particle size distribution (laser granulometry, with preliminary
ultrasonic treatment at an energy level of 450 joules per milliliter), total carbon (by dry
combustion), cation exchange capacity, exchangeable cation composition (using Pfef-
fer's method), and iron content in oxalate extracts (Tamm's method) and dithionite-cit-
rate extracts (Mehra-Jackson method). We also calculated the Schwertmann ratio and
and the degree of hydromorphism were calculated as indicators of soil overmoisture.
The diagnostic properties of the studied soil (See Fig. 1b) include: (1) a thick (30 cm)
mollic horizon, rich in organic carbon, with a loosely aggregated structure and varying
degrees of organic matter decomposition; this horizon is overlain by a (2) light-colored
albic horizon, which has signs of humus leaching and contains up to 5% of small-sized
iron-rich concretions, and (3) an illuvial horizon that has a weaker structure and a higher
concentration of concretions than the overlying horizon. This horizon also has cutans
along the edges of ped. The soil demonstrates a sharp decrease in carbon and a gradual
increase in pH from slightly acidic to neutral values with depth (See Fig. 2). The middle
part of the profile has a slightly higher clay content compared to the mollic horizon.
The top 10 cm of the soil contains soluble salts at a concentration of 106 mg/ L (0.14%
of soil dry mass), classifying this layer as slightly saline and chloride-magnesium. How-
ever, at the lower boundary of the soil surface (20-30 cm), the salt content drops sharply
to 27 mg/L (0.04% of the dry soil mass) and does not exceed 50 mg/L in deeper layers,
indicating that the soil is not saline. The anion-cation composition of the soil in the
depression remains consistent throughout the profile. There are two peaks in the cation
exchange capacity, one in the humus layer and another at a depth of 100-130 centime-
ters. This latter peak is likely due to an increase in exchangeable Ca®*, which is probably
caused by its influx from solutions in the underlying carbonate parent material. The
relatively high content of soluble salts and exchangeable sodium in the topsoil can be
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attributed to lateral water flow from surrounding depressions with solonetz and
meadow-chernozem soils. Based on the Schwertmann's and hydromorphic criteria, the
upper part of the soil profile, particularly the mollic and albic horizons, experience pro-
longed surface overmoisture. These coefficients decrease sharply in the gleic horizon.
Based on a comprehensive study of soil properties, we can conclude that the light-col-
ored horizon of the depression soil we studied is predominantly eluvio-gleyic in nature,
with concretions (See Fig. 3 d, f) and cutans (See Fig. 3 ¢, e). In the underlying horizon,
Schwertmann and hydromorphic criteria indicate seasonal surface overmoistening and
periods of drying. The additional factor contributing to the formation of the light-col-
ored horizon may be the presence of sodium in the upper horizons of the soil-absorbing
complex, ranging from 4 to 14%. The soil profile formula of the studied depression soil
is AH- AHel-ELhi,g-BTg (according to WRB, Ah-Eg-Btg); in terms of the genetic ho-
rizons it is absent in the Russian Soil Classification, partially corresponding to dark-
humus pseudo-gleyic (AH-EL-BTg-BCA-Q; Calcic Albic Mollic Planosol, A-Eg-Bt-
Bk-Bgk), dark-humus podbel gleyic (AU-ELg-BTg; Mollic Albic Stagnosol, A-Eg-
Btg). Unlike the dark-humus pseudo-gleyic soil, the studied soil does not contain car-
bonates, which are leached from the soil due to its large catchment area (55 hectares).
Different from dark-humus podbel gleyic, the studied soil differs in the nature of the
upper horizon and less pronounced processes of iron segregation in the lightened hori-
zon (a lower quantity of concretions). We hypothesize that the water regime of the de-
pression soils is less contrasting, with a smoother alternation of periods of overmois-
tening and drying compared to the podbels of the Far East, which may explain the lower
quantity of concretions in the depression soil. Following the classical tradition of Rus-
sian soil science — reflection of the major soil-forming processes in the soil name — the
studied depression soil can be termed as dark-humus elluvial gleyeic. With the expan-
sion of soil studies in depressions and the identification of soils with a similar profile
structure, introduction of an independent type of peat-dark-humus gleic soils into the
Russian Soil Classification may be proposed.

The article contains 3 Figures, 41 References.
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BBenenne

[TouBsl NecocTeny ¢ OCBETICHHBIM TOPH30HTOM HMEIOT TABHIOK HCTOPHIO
M3y4YeHUS] — HAaYMHAasi co BpeMmeH skcrnenunnid B.B. JlokyuaeBa u ero yueHUKOB
[1]. OHu QopMupyIOTCS B AHMINAX 3alaJWH B YCIOBHSAX JOMOJHHTEIHLHOTO
YBIIQYKHEHHS — KaK OBEPXHOCTHOTO (TIOCTYIIAIOMIETO ¢ JIATEPATEHBIM CTOKOM C
OKPYKAOIIIX IIPOCTPAHCTB) MOCIE CHETOTAsSHIS U HHTCHCUBHBIX JOXKACH, TaK U
rpyaToBOrO [2]. [ToMUMO HamU4wsl OCBETIIEHHOTO TOPU30HTA, 3TH MOYBHI PE3KO
OTJIMYAIOTCS. OCOOEHHOCTSIMU BOAHOTO PEKUMA OT OKPY’KAIOIINX UX YePHO3EMOB
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BOZIOpA3/IENbHBIX IPOCTPAHCTB: IMOYBHI 3allaliH JIUTEIFHO TEPEYBIAKHEHBI —
OHH MOT'YT OBITh 3aTOIJICHBI BOJIOW Ha mepuo Ooiee 3 Mecses [3, 4]. B ycio-
BHSIX JIECOCTEIN 3TH ITOYBHI UTPAIOT BAKHYIO THAPOIOTHYECKYIO (PYHKITHIO — ITe-
PEBOJISI TIOBEPXHOCTHBIN CTOK BO BHYTPUIIOYBEHHBIN, OHU IIOAIEPKUBAIOT YPO-
BEHb TPYHTOBBIX BOJI OKpYXalomiei Teppuropun [S].

Bonpioit BiTag B H3ydeHNE OB JIECOCTEITHBIX 3allaliH C OCBETIEHHBIM T0-
PH30HTOM BHECITH paboThI, BEITIOJHEHHBIC IO pyKoBoacTBoM H.U. basunernu
[6, 7], E.M. CamoitnoBoii [2, 8, 9], ®.P. 3aitnensmana [10-14], A.b. AxTeiprieBa
[3, 15, 16]. I1ouBsI 3anaWH C OCBETJICHHBIM TOPHU30HTOM ITUPOKO PacHpoCcTpa-
HEHBI B TIpe/ieiaX F0’KHOTAEKHBIX, JIECOCTEITHBIX U CTECITHBIX JIaHAa(TOB 3ama-
Holt CHOMpH, pacCMOTPEHHIO TeHE3MCa U reorpaduu KOTOPHIX ITOCBAIICHBI He-
nasHUE pa0oThl [ 17—19]. Cpeny OCHOBHBIX CBOWCTB ITOYB 3aIaInH MEPEUHCIICHBI:
codeTaHHe TEMHOTO, OOraToro ryMycoM M XOPOIIIO OCTPYKTYPEHHOTO TOPH30HTA
BMECTE C KHCJIBIM OCBETICHHBIM TOPH30HTOM, Yallleé BCEro MOACTHIAEMOrO Ha
rITyOWHE CpeINHHBIM OTJICCHHBIM TOpH30HTOM. [104BHI 3amamuH, Kak MpaBHIIO,
BEIIIENIOYCHBI OT KapOOHATOB U COIEP KaT OOJIBIIOE KOIMIECTBO KeJIe30-MapraH-
[eBBIX KOHKperuit. HecMoTps Ha To, uTo B Kimaccngukanuu 1 JHarHOCTHKE TI0YB
Poccum [21] ocBeTIIEHHBIN TOPU3OHT SIBISETCS MUATHOCTUYECKUM IS IEIOT0
CIEKTpa MPUPOTHBIX CYTIMHHUCTHIX MTOYB, OMPEeICHNE MECTa TI0YB 3alaInH Jie-
cocTend B KiIaccH(UKAIMU JI0 CHX IOp OCTaeTcs MpoOJeMaTHYHBIM; 1Mo (Hop-
MaJEHOMY HaOopy AMarHOCTHYECKUX TOPH30HTOB IIOYBHI 3aIlauH Hanboee co-
OTBETCTBYIOT TEMHOT'YMYCOBBIM HOAOENaM TJICEBBIM, IMIHPOKO PacHpoCTpaHEeH-
HBIM Ha fore JlanpHero Bocroka n (popMUPYIOIIUMCS B YCIOBHSIX MYCCOHHOT'O
KJIUMaTa ¥ TIyOOKOro 3MMHET0 IIpoMep3aHus [22—24], Wi coioasaM, 3a TeM Hc-
KIIFOYEHHEM, 9TO B OTIIMYIHE OT COJO/IEH ITOYBHI 3aIIa IHH JIECOCTENH YacTO HE CO-
Jepkat kapOooHaTsl [4, 16]. BMecTe ¢ TeM ycnoBus (opMHpPOBaHHMS, MOP(OJIOTHS,
XMMIYECKIE CBOUCTBA, a CIEIOBATENBHO, H TeHE3UC OCBETICHHBIX TOPU30HTOB
mo0eNoB, COIOACH U MOYB JIECOCTETHBIX 3aMaiH 3aMETHO OTIIHYAIOTCS. AHAIN3
TEHEeTHYECKUX OCOOCHHOCTEH IMOYB 3aMaIiH, MX AUATHOCTHKA U KIacCH(PUKAITHS
HY)KIAIOTCS B JalibHEHIIel pa3paboTke.

Lexnp HacTosIelt pabOTHI — HHTEpIpETANIS TeHEe31Ca TOUBHI 3aI1aIHEL, OIpeie-
JICHUE OCHOBHBIX JMAarHOCTUYCCKUX KPUTEPHEB I BBIICHEHHS €€ KIIacCH(puKaIu-
OHHOT'O TIOJIOXKEHHMS ITyTEM COTIPSHKEHHOTO aHAI3a €€ MOP(OIOTHYECKIX, MUKPO-
MOP(DOTOTUICCKHUX, XUMUICCKHX, (PH3NICCKUAX 1 (PU3MKO-XHUMHUUECKUX CBOHCTB.

MartepuaJibl U METOABI

Teppuropus uccinenoanus (TamOoBckas obiacth, TokapeBckHid palioH, Kpe-
CThSIHCKO-(hepMepckoe X03iUcTBO «ToMaueBy) mpencTaBisieT OO0l TUIOCKYIO
CI1abopacwICHSHHYIO BRIPOBHEHHYIO ITOBEPXHOCTH, OCIOKHEHHYIO 3aMKHYTBHIMH
00/ 111e00pa3HBIMU 3aMauHaMy TIyOHHOH 10 1-3 M 1 muamerpom B 30-300 M,
COOTBETCTBYIOIIYIO HEPEHUPYEMOMY THUITY MECTHOCTH [25]. 3amamuHbl Ha Tep-
PHUTOPHH PACIIOIIOKEHBI HE OECIIOPSAIOUHO, @ 00pa3yIOT H30THYTYIO IIETIOYKY; MO
mueanio E.M. CamoitnoBoil [2], mpoBoauBIIEH MOYBEHHBIE MCCICAOBAHUS Ha
JAHHOM YYacTKe, 3allaiHBl MOTYT OBITh NMPHYPOUYCHBI K PYCIy IPEBHEH pPEKH,
MPOTEKAaBIIeH 37ieCh B OoJiee BIaKHBIM KITMMAaTHYeCKHid ieproz. MccnenoanHas
3amaHa (KOOpAMHATH eHTpa — 52,0398 c.m., 41,1839 B.1.; puc. 1, a) umeet
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OBaJILHYIO (POPMY, MIPOTSHKEHHOCTH C CEBEPO-3aMaia Ha FOT0-BOCTOK COCTABIISET
280 M 1 ¢ ceBepo-BOCTOKA Ha toro-3amaj — 170 M; TIIyOrHa 3aaJInHbI COCTABIISAET
1,5 M. [Tnomrans BogocObopHOTo OacceiiHa 3amaJuHbl, pacCYMTaHHAS HA OCHOBA-
HUUW BBICOKOTOYHOM JINJApHOW CheMKH penbeda, coctaBiser 55 ra. OmHako oT-
METHM, YTO HE BCSI BOAA C ATOT0 OacceifHa MOXKET MOCTYIIATh B HCCIIEIOBAHHYIO
3amaJuHy, ITOCKOJIBKY Ha y4acTKe MPHCYTCTBYIOT OoJiee MEJIKAE CMEKHBIE 3ama-
IIMHBI, KOTOPBIE YaCTHYHO MOTYT IIEPEXBATHIBATh BOJIHEIE TOTOKH.

3amaznHa pacnoNoKeHa Ha MallHe, HO CaMH MTOYBHI 3allaAWHBI HE TTANTyTCs; B
COCTaB MOYBEHHOTO ITOKPOBA IAIIHU BXOIAT JIyTOBO-UYEPHO3EMHBIC II0YBHI, B TOM
YHUCJIE COJIOHYAKOBAThIE M COJIOHIIEBATHIC, a TakKXKe CONOHIBI [2]. 3amaawmHa
OKallMJIEHa OCHHHHKOM pa3HOTPaBHO-UYCPEMHIINEBEHIM, CMEHSIOMIMMCS 10
HAIIPaBIICHHUIO K LIEHTPY 3aIlaMHBI CHaYajla OCHHHUKOM €KEBHYHBIM, 3aTEM 0CO-
KOBBIM. J{HUIIIE 3ammainHBI 3aHATO OCOKOBO-KOYKAapHEIM OomoroM. [louBoobpazy-
IOIIMMH TIOPOIAMH BBICTYTIAIOT JIETKHE JICCCOBUAHBIC TIINHEI, IIOICTAIaEMBIC Ha
rIyOuHEe OKOJIO 8 M JHENPOBCKOW MopeHoW. Tomma Ham MopeHo# (2,5-3 M)
CHIUIBHO OTJIeeHa, YTO MOKET CBUAETEIHCTBOBATH O POJIM MOPEHBI KaK BOAOYIIOPa
IUTSL TaHHOH TeppuTopui. [1o pe3ynpraTaM BRIIOIHEHHOTO HaMu OypeHus Ha TITy-
OWHY 5 M BBIBIEHO, YTO TOYBOOOPA3YIOIINE TIOPOIBI B JHUIIE 3aIIa IIHEI COAEP-
KaT KapOOHATHI ¢ TIYOHHBI 2 M, MOP(OIOrHUYECKH BhIpakeHHBIE HOBOOOPA30Ba-
HUS OTCYTCTBYIOT B TIpeJieliaX BCEH CKBAKUHBL.

KnmmMar tepputopun yMepeHHO KOHTHHEHTAIBHBINA ¢ HEPaBHOMEPHBIM KOJIH-
YEeCTBOM OCAJIKOB KaK IO Ce30HaM, TaK M OT rojfa K roxy. CpegHerogoBoe KOJu-
9YEeCTBO OCAIIKOB IO JaHHBIM MeTeocTaHIUH TaMO0B (pacnonokena B 80 KM K ce-
Bepy OT ydacTKa MccliefioBaHus) BapbupyeT oT 350 g0 800 MM/Tox co cpeqHuM
3HadeHueM B 510 mm/ron. CpeHss MpooKATEIBEHOCTD BETeTallMOHHOTO TIEPH -
ona cocrasisiet 150 nueii. CpenneronoBas temneparypa +6,5°C.

[TouBeHHBIN pa3pe3 3aJI0KEH B IEHTpE 3amaauHbl (cM. puc. 1). OmucaHue
MOYBHI TPoBeeHO moropu3oHTHO cormacHo KuITIP 2004 [26], ompenenenue
I[BETa BHIMTOIHEHO MO0 MmKaie MaHcena. J[marHocTrka MOPQOTHIIOB TJIes BHITON-
HeHa corjacHo pabote [27]. OT6op 00pa3oB MOYB JJIS BBITOJHEHHUS XUMHYC-
CKHX aHAJIM30B MPOBECH ¢ HHTepBaioM B 10 cM 1o riryouHs! 130 cM B TpexkpaT-
HOW TIOBTOPHOCTH (BCETO OTOOpaHO M MpoaHamu3upoBano 39 obpasios). C riy-
ouH 8—13, 32-37 u 4248 cM B TpeXKpaTHOH MOBTOPHOCTH OTOOPAHBI TOYBEHHBIC
MOHOJHTHI (BCETO 9 MIT.) IS BEITOTHEHUS MEKPOMOP(HOIOTHYECKOTO OIMACAHHUS
C IMOMOIIIBIO MOJIAPU3aIMOHHOr0 MUKpockona Olympus BX51 ¢ nudporoii kame-
poii Olympus DP26 (o6opynoBanue [{eHTpa KOJUIEKTHBHOTO ITOJIE30BAHUS HAY4-
HBIM 0OopynoBaHneM «QDYHKIIMH W CBOWCTBA IIOYB W MOYBEHHOT'O IOKPOBA
OI'BHY ®UI] «IlouBeHHbIl HHCTUTYT UM. B.B. JlokyuaeBay).

B mabopaTopHBIX YCIOBUAX B IPeIBAPUTEIHHO BBICYIIIEHHBIX, OUUIIIEHHBIX OT
BHJMIMBIX PAaCTUTEIHHBIX OCTaTKOB M TOMOT€HE3NPOBAHHBIX 00pa3ax MpoBeIeHO
onpenenenne pH n obmield Muaepanu3anud (TDS) BOTHBIX BBITSKEK METOIOM
KOHIYKTOMETpHH. JJaHHEIE 0 comepkaHiK 00IIEero ¥ HEOPraHWIECKOT0 YIiiepoaa
MOTyYeHB METOZOM CYXOro CKUTaHUs Ha mpubope MeTaBak, TaHHBIE O COOEP-
YKaHUHU OPTaHUIECKOT0 YTIIepoia MOyIeHbl MeTOIOM TIOpHHA ¢ KaTain3aTopoM
Ag>SOy4. Jlanable 0 pacmpeAeNeHUH YacTHI] M0 pa3MepaM MOIYYeHBI METOAOM
Ja3epHO JUdpaky Ha aBTOMAaTHYeCKOM aHaim3atope Microtrac Bluewave
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(CHLIA). [IpenBaputenbHO CyCICH3HS ITOYB IOABEPrallach YIETPa3BYKOBOMY BO3-
NIEHCTBHIO ¢ CYMMapHOM SHepruei, paBHoi 450 JIx/mit.

0 10°E 20°C 0L 40°LE S0°E 60°E  TO°E BO°L b

s arno Lo

Paspes [soil pit]

S0°E 60°E T0°E B0°E

Puc. 1. PacionoxeHue onucanHOro pa3pes3a Ha KapTe:
a — Bocrouno-EBporeiickoit paBHUHBL, b — Mpo(uITb OMHCAHHOTO pa3pe3a
[Fig. 1. a - location of the sampled soil pit, b - picture of the soil profile taken during field sampling]

BrimonaeHo onpenenenne aHHOHHOTO M KATHOHHOTO COCTaBa BOAHBIX BBITSHKEK
METOIIOM MOHHOW xpoMarorpaduu. [IpoBeneHo BhIAeneHne 0OMEHHBIX KaTHOHOB
o metony [lpeddepa B Momudpukamm MonomioBa n Urnarosoii [28]. Ompene-
JIeHNE cocTaBa OOMEHHBIX KaTHOHOB B MTOJTYYEHHBIX BBITSDKKAX MPOBOAMIIOCH Me-
TOJIAMH IJIAMEHHOH (POTOMETPHH, a TAaKXKe aTOMHO-a0COPOIIMOHHON CIIEKTPOMET-
puH. AMOpQHOE JKeJIe30 ONMPEAeIsIOCh B OKCAIaTHON BBITSDKKE 1o Tammy, Bajio-
BOE HECHJIMKATHOE — B TUTHOHUT-IIUTPATHON BBITSDKKE 10 Mepa-JI>kekcony, ompe-
IeTICHHUE MTPOBOAMIIOCH OTOMETpPIUYECKH. B KauecTBe MHIMKAaTOpa IIOYBEHHOTO TIe-
PEYBIQXKHEHUS paCCUUTHIBAIHCH 3HaueHus kputepus [lIBeprmanna [29] — cooTHO-
IICHUE OKCAJIaT- ¥ JJMTHOHUT-PACTBOPHMOM (popM xkenesa, a Takxke KoddduiueHt
CTETIeH! THAPOMOP(H3Ma, PaBHEIA OTHOIICHHIO ONTUIECKHUX IUIOTHOCTEH MIeI0d-
HOU 1 ipodocdaTHOH BBITSDKEK MTPH JIHHE BOIHBI B 440 HM [30].

Pe3yabTarsl u 00cy:k1eHue

B pasnene npuBoautcs Mopdosorndeckasi  MUKpoMopdoornieckas xapak-
TEPHUCTHKA OMMCAHHOTO pa3pe3a, pe3yabTaThl XHMUYECKHX aHAJIN30B, BBIOIHEH-
HBIE B 00pa3lax, B3ATHIX 0 IITyOWHE ¢ HHTepBajioM B 10 cM 1 0OCYyXIIeHHE TI0-
JIy4EHHBIX PE3yJIbTATOB.

B npodune vicciaenoBaHHOM OUBHI BhLASSIETCS TpU YacT (puc. 1, b): Bepx-
Hs1sI, TEMHAs, COOTBETCTBYIOIIAs 00JIACTH HAKOILUICHUSI OPraHHMYECKOT0 BEIeCTBa
(0-32 cm); cpenmHsis — HEOAHOPOIHAS 110 OKpacKe W HanboJiee cBeTIas B Ipezesax
mouBeHHOT0 Tpots (32—39 (42) cM); HIXKHSSA — OXPUCTO-Oypasi ¢ CH30BATBIMHU
msaTHaMu (39(42)—-80 cm). OctaHoBUMCs Oosee monpoOHO Ha MaKpo-, MEKPOMOP-
(hOJTOTrMYECKOM, aHATMTHICCKOM (pHC. 2) XapaKTEPUCTHKE KaXI0T0 U3 BBIICIICH-
HBIX TOPU30HTOB.
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Puc. 2. AHanuTHYeCKHE CBOWCTBA ONMCAHHOM MOYBBI 110 INIyOHHE: a — COAepIKaHUE
00MeHHBIX KaTHOHOB (MMOIIB(+)/100 1); b — KATHOHHBIN M AHUOHHBII COCTaB BOJHOU BbI-
TsoKKd (MMonib(+)/100 r); ¢ — copeprxanue opranndeckoro (Copr) 1 MUHEPATBEHOTO (Chum)
yriiepona, %, d — pH; e — cooTHolIeHHe rpaHyoMeTpuueckuX (ppakiuii; f — 3HaYeHus kpure-
pust LIBeprmana (Fe okcanar-pacrBopumoe / Fe aurnonur-pactBopumoe). JlaHHbIE MpeCTaB-
JIEHBI B BUJIE cpeiHero apudMeTnyeckoro ¢ 95% noBepuTenbHbIME MHTEpBaIaMu. J{jisi 0OMEHHBIX
KaTHOHOB (a) U coneBoro cocraea (b) naHHbIe Ha rpadUKe IPUBEICHBI C HAKOILUICHUEM
[Fig. 2. Analytical properties of the described soil by depth: a - exchangeable cations content
(mmol(+)/100 g); b - content of soluble salts (mmol(+)/100 g); ¢ - organic (Copr) and mineral (Cyym)
carbon content, %; d - pH; e - particle size distribution; f - Schwertmann ratio (Fe oxalate-soluble / Fe di-
thionite-soluble). Data are presented as the arithmetic mean with 95% confidence intervals. For exchange-
able cations (a) and soluble salts content (b), the data presented on the graphs are cumulative. On the
Y-axis — depth, cm. On the X-axis: a, b - cmolexkg™!; ¢ - soil C content, %; d - pH; e - particle size
distribution, %; f - Schwertmann ratio (Fe€oxatate/ F €dithionite) ]
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Puc. 3. Oco6eHHOCTH MUKPOCTPOCHHSI JIECOCTEITHOM MOYBbI C OCBETICHHBIM TOPU30HTOM
(3anaauna necocrenu OKCKo-J[OHCKOI HUI3MEHHOCTH): a — MaTepual FTOPH30HTA MPAKTHICCKH
TIOJIHOCTBIO COCTOUT U3 PACTUTEIBHBIX OCTATKOB, MEJIKO3EMa CYIIECTBEHHO MEHBIIIE U OH
MacKupyeTcst YepHbIM rymycom (8—13 cm); b — 3aHeceHHbIe arperarsl ¢ FIMHUCTHIM TOHKO-
JICIIEPCHBIM BelllecTBOM (JIeBast CpeHsisl 4acTh CHUMKA) (8—13 cM); ¢ — MIMHUCTO-XKeNne3u-
crbie KyTanbl (32-37 cM); d — xene3ucTble U Kele30-MapraHieBble HOLYIH Pa3HbIX pa3Me-
POB, MENKUE TITUHUCTBIE KyTaHbl (32—37 cM); € — TTIMHUCTBIE U JKeJIe3UCThIE KyTaHbl, XKeJIe3U-
CThIC U XKee3oMaprauieBbie Honymu (42—48 cm); f— xene3nucTrlit HOAYNb KOHLICHTpUYe-
ckoro crpoenusi (42—48 cm). CHUMKH BBITIOJIHEHBI B [UIOCKOMOISIPU30BAHHOM CBETe (a—¢)

u B oTpaxkeHHOM cBete (f): a, b — chemka Oe3 aHanmM3aTopa; c— — CheMKa C aHAJIU3aTOPOM;
mm — MM, M — MKM
[Fig. 3, Features of the microstructure of forest-steppe soil with a leached horizon situated in the de-
pression of the Oka-Don lowland: a - the horizon consists almost entirely of plant residues (8-13 cm);
b — aggregates with clay-size particles (middle-left part of the image) (8-13 cm); ¢ - clay-iron cutans
(32-37 cm); d - iron and iron-manganese nodules of different sizes, small clay coatings (32-37 cm);
e - clay and iron coatings, iron and iron-manganese nodules (42-48 cm); f - iron nodule of concentric
structure (42—48 cm). The images were taken in plane-polarized light (a-¢) and in reflected light (f):
a, b - without an analyzer; c-e - with the use of an analyzer; mm — millimeters, pm — micrometers]
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Topuzonm 0—32 cm. HeomHopoaHbId MO IBETY, MpeodiagacT TEMHO-CEPhI
¢on (10 YR 4/1; 3mecy n manee 1BeT 1o mkajie MaHcena MpUBEACH JUIS BBICY-
IIeHHOTO 00Opa3ia). B Bepxaux 15 cM BO3MOXKHO BhIeieHre Ooree TeMHoro (10 YR
3/1), oOMJIBHO TPOHWU3aHHOTO KOPHSMH TOATOPH30HTA JepHUHBL. B cioe 15—
32 cM IIPOMCXOUT MOCTENICHHOE OcBeTiieHne ropu3onTa (k 10 YR 5/1), Bcrpeva-
roTcs Menkue ocBemieHHbIe maTHa (10 YR 7/2; meHee 5% oT 1uromany ropu-
30HTa). B MOMeHT onucanus Bech Topu3oHT 0—32 CM MOKpBIH, OH CpeaHe- H
MEJIKO-KOMKOBATO-0peX OBAThIN, YILIOTHEHHBIH, TITHHUCTBIA. Cpet HoBooOpa3o-
BaHUIA THaTHOCTHPOBAHEI 30HBI OCBETJICHHSI C OTMBITHIMHU 3€PHAMH KBapIia B CII0€
15-32 cMm. MukpoMop¢otorndyeckas JUarHoCTHKa CBUICTELCTBYET O BHICOKOM
JI0JIe PKCKPEMEHTOB U PACTHUTEIBHBIX OCTATKOB (OT CBEXKUX JI0 CHIIBHO Pa3JI0KHB-
IIUXCS), CIAUIIIAXCS MEKAY COO0H B IIOPUCTHIC arperaThl; B TOPH30HTE AUATHO-
CTHPOBAaHO OYCHH OOJBIIOE KOJNMYECTBO YIIIC(HUIIMPOBAHHBIX PACTHTEIBHBIX
0CTaTKOB (pHC. 3, @), TeHEe3K1C KOTOPBIX 00YCIOBIICH IEPHOTUIESCKUM ITePEYBIIaXK-
HeHueM ropusonTa [31, 32]. [1pu nepeyBiiaxxHeHUH (HOPMUPYIOTCS BOCCTAHOBH-
TEeNIbHBIC YCIOBHS, B KOTOPBIX B OTCYTCTBHE KHCIOPOIA PACTHTEIBHBIC OCTATKH
OKHCIISIFOTCSL 32 CUET KUCIOpOoJa, coaepkarierocss B Hux camux [33]. Mukpo-
CTPYKTypa KOIPOTEHHAs, TIOPOBOE IPOCTPAHCTBO XOPOIIO Pa3BUTO, TOHKOIC-
MEPCHOE BEIIECTBO — T'yMYCOBO-TIIMHUCTOE M30TpomHoe. IIpucyTeTBytoT arpe-
TaThl C TIIMHUCTO-KEIE3NCTHIMI KyTaHAMHI U HOIYIISIMH, 3aHECEHHEIE M3 HIDKEIe-
JKallero ropu3onTa (puc. 3, b).

Bricokast 1oyl CHIIBHO pa3IoKUBIIMXCS OPTraHUIECKIX OCTATKOB B TOPH30HTE
MOATBEPKAACTCS M aHAJUTHICCKH — COACpP)KAaHHE OPraHMYECKOTro yIiiepoaa B
BepxHHX 10 CM 3HAYUTETHHO BAPHUPYET U IIPEBOCXOJUT BEPXHUHN MpEIeI auarma-
30Ha JOCTOBEPHOTO aHAIUTHYECCKOTO OIPENEICHHUS HCIOIB3yeMOro METOJa.
Cpennue 3HaueHHsI copepxkanus Ha riryonHax 10-20 u 20—30 cM paBHBI, COOT-
BETCTBEHHO, 6,4 1 2,5% (cM. puc. 2, ¢). Conepxanue Gu3nIecKoi TIIMHEI OoJee
50%, ToHKOU (hpakumu (3meck U ganee mo TekcTy — < 0,002 MM) — BappHpYyeT OT
9,3 no 13,8%. 3Hadenus pH cirabokucibie, YBETUIHBAIOTCA C TIyOWHOH OT 5,6
mo 6,3. Bepxaue 10 cMm comepkaT IErkKopacTBOPHMEBIE CONM B KOJIHYECTBE
106 mr/n (0,14% cyxoif MacchI MOYBHI), UTO MO3BOJISET OTHECTH Ty TONITY K CIIa-
003aCOJICHHOM, XJIOPUIHO-KANBIHEBO# 1m0 [34]. OMHAKO Y HUXKHEH TpaHHUIlBI TO-
pHU30HTa colepikaHue coiel pesko mamaer mo 27 mr/a (0,04% cyxoif Maccel
MOYBBI), YTO CBUETEIBCTBYET O TOM, YTO OOJbIIIAsI YACTh TOPU30HTA HE3ACOJCHA.
Emxocts kaTHOHHOTO 0OMeHa cpemuss (ot 10,3 B mHTepBane riuyoud 20—30 cm
1o 19,3 mmonb(+)/100 T mouBsl B wHTEpBaJie Tryoun 10-20 cMm), B coctaBe 00-
MEHHBIX KaTHOHOB ITpeolIagaeT KalbIHii, 0O HaTpus BapeupyeT oT 4 1o 14%
(B cpemHeM B BepxHeM ropu3oHTe 7,4%) — T.€., cormacHo [35, 36], Topu30HT MO-
XKeT OBITh AMAarHOCTHPOBAH KaK CPEIHECONOHIIEBATHI. BmMecTe ¢ TeM Makpo- u
MHUKPOMOP(OJIOTHIECKH BBIPAKEHHBIX MPU3HAKOB COJIOHIICBATOCTH B BUE TIIH-
HUCTBIX KyTaH II0 TPaHsIM arperaToB W IUIOTHOH C AIIEMEHTAMH IPH3MAaTHIHOCTH
CTPYKTYPHI B 9TOM TOPHU30HTE HE TUarHocTupoBaHo. ComepikaHUe OKcaaT-pac-
TBOPHUMOTO KeJie3a B BepxHHX 20 cM kpaiiHe Hu3koe (o 0,04), TuTHOHUT-pac-
toppumoro — 1,1-1,3. B amxkHnx 10 cM ropu3oHTa HabIrOAaeTCs PE3KOEe yBEIH-
YeHUE OKCANIAT-PacTBOPUMOTO xese3a 10 0,2 Mpu OTHOCUTENBHO CTa0MIBHOM CO-
IepKaHUM JAUTHOHHUT-pacTBOpUMOro. B pesymbraTte 3HaueHHS KOd(QHIIACHTA

30



Cmupnosa M.A. u op. I'enemuueckue 0cobeHHOCHU 1€COCHIENHBIX NOYE

[IsepT™ana critbHO BappupyroT — oT 0,02 10 0,2; 3HaueHUs KOdPPHUIIMEHTA CTETICHN
rHIpoMOophU3Ma TOCTATOYHO BRICOKH, BAPBHPYIOT OT 17 10 55. MakchMabHbIe 3Ha-
YeHns1 B 000MX CITyJasix TOMy9IeHbI IS HIDKHEH TPpaHUIIbl TOPH30HTA.

Takum 00pa3oM, OCHOBHBIC YEpPTHI TOPH30HTA CIEHYIOUINE: TEMHBIA IIBET,
OO0IBIIIOE KOMMYECTBO CIIa0O0Pa3IOKHUBIIETOCS OPraHMYECKOTO BEIIECTBA, CHIIb-
Has OWOreHHas IpopaboTKa, HEMPOYHOCTh CTPYKTYPHI, CIA0OKUCIIAs PEeaKIIHs
cpenbl, CpeHss eMKOCTh KaTHOHHOro obmeHa. CoryracHo [21], 3TOT TOPU30HT
MOXKET OBITh JMATHOCTHPOBAH KaK IMeperHoNHO-TyMycoBbld AH W pasnereH Ha
2 moaropu3onta: AH-AHel.

Topuzonm 32—39 (42) cm. HeoqHOPOMHBIH 110 IIBETY: HA CBETIIO-CEPOM C CH-
30BateiM oTTeHKOM (pore (10 YRS/1; 80% oT miomaan ropu30HTa) IATHA CEPO-
Bato-cm3oro (10 YR 7/1; 10%), remuo-ceporo (10 YR 3/1; 5%) u xenro-oxpu-
croro 1Bera (10 YR6/6; 5%). I'opr30HT MacCHBHEI, IIIOXO OCTPYKTYPEH, TIIH-
HHUCTBIN, OYCHD IUIOTHBIA U HA MOMEHT ONMCAHKS CBEXKUH (HECMOTpS Ha TO, YTO
OIMHCaHuE MPOBEACHO IOCIIE IO U BEPXHUI TOPU30HT MOKpPHIi ). B ropuszonTe
coIepIKaTCs JKENE3UCTHIC U JKeJIe30MapraHIleBble KOHKPEIUHU 1 IPUMa3KH (MeHee
5% oT BMemaroeil Maccel ropu30HTa). B BepXHeit yacTi TOpu30HTa JHATHOCTH-
pyerTcst cepasi TyMycoBast MpoIuTKa. MHUKpPOCTPYKTypa TOPH30HTA MacCHBHAS C
OONBIINMH TPEUIMHAMH, TOHKOIAWCIEPCHOE BEUIECTBO TIIMHHICTOE, pa3leibHO-
MelnKo-gernryituaToe. [1opsl 0OMIBHO MOKPBITH TIHHACTO-KETIC3UCTHIMU U TIIH-
HUCTBIMHU KyTaHamu (puc. 3, ¢). [locnennue npuypodeHsl, Kak MPaBUiI0, K TOHKAM
opaM; OHH THITWYHBIC HAaTeUHbIe. [ TMHICTO-KeNMe3NCThIe KYyTaHbl Oolee KpyT-
HBIE, TPEUMYIICCTBEHHO THUIOKYTaHB. [lo pa3noXUBIIMMCS pacTUTEIHHBIM
0CTaTKaM BCTPEYAIOTCSI KYTaHBI C OpraHHIeCKUM BelecTBoM. B numge Berpeuaercst
MHOYKECTBO MEJIKHX TIAITyJI — BEPOSTHO, (PParMEHTOB TMIMHUCTHIX HATEYHBIX KyTaH.
OOWIBHBI TIHHUCTO-(OpraHo)-KeJIe3UCThIe HOMYIH C Pe3KOH TpaHHIeH (pa3Mepsl
50-800 mMkM) U xene3ucTbie HOMY M (pasmepsl 2002000 MxM) ¢ auddy3HOH Tpa-
HHUILICH; HEKOTOPHIC KEIE3NCThIe HOMYM MMEIOT B cocTaBe Maprasen (puc. 3, d).
[paxTrdeckn BO BCeX HOMYISX BHIHBI BKITIOUCHUS 3€peH cKeieTa. Bo BHyTpHITe -
Holt Macce (BIIM) BcTpewaroTcst CKOIICHUS MENKUX Yriie(UIMPOBaHHBIX PaCTH-
TEJBHBIX OCTATKOB; 9KCKPEMEHTHI ¥ PACTHTEIBHBIE OCTATKH B ITOPAX OTCYTCTBYIOT.

ConeprkaHue opraHn4eckoro yriaepoza B ropuzonTe 0,9%; 1o cpaBHEHHUIO C BbI-
IIeIeKaIliM OH O0OrallieH YacTHIIAMH TOHKOW (Ppakiuu W (PH3WICCKOW TIIMHON
(momm, cooTBETCTBEHHO, paBHEI 17,9 1 56,5%). Peakums pH mo-mpexxuemy crmabo-
kucias (6,3). JlerkopacTBOpUMEBIE COITH CONEPKATCS B HE3HAUNTEITFHOM KOMMIECTBE
(38 mr/m — 0,07% oT Cyx0if Macchl IOYBHI); CpEM KATHOHOB B BOTHOH BEITSDKKE a0-
comoTHO Tpeobanaer kanbiwid (0,3 Mmoib(+)/100 T MOYBHI, CpeHEe COICPIKAHNE
B TOPH30HTE), CPEIIM aHHOHOB — THIpoKapOoHaT-uoH (0,6 MMoik(+)/100 T, cpenHee
comepkanue B ropu3oHTte). ['opm3oHT HezaconmeH. EMKOCTh KaTHOHHOrO oOMeHa
Omm3ka k Huskoi (10,7 Mmonb(+)/100 T mouBsI), 1071 HATPHS cocTaBisieT 9,7% — ro-
PpH30HT crabocomoHIeBaThIi. [1o-BHauMoMy, THarHOCTHpyeMas Ha MaKpoMopdgoIto-
THYECKOM YPOBHE IPOMUTKA M HA MUKPOMOP(OIOTHISCKOM YPOBHE KyTaHBI 00Yy-
CITOBIICHBI ITPHCYTCTBAEM B 3HAYUTEIIFHOM KOIMYECTBE HATPHS B [IOYBEHHOM IIOTIIO-
marormeM komruiekce. ComeprkaHue pa3nuaHBIX (opM Kele3a B 9TOM TOPH30HTE
MPAKTUYECKHU UIEHTUYHO HIPKHUM 10 cM BbILLIEIEKAIero TOpU30HTa. 3HAYEHUE KO-
a¢dumenTa ruapomopdusma — 8,9, koaddurmenta [Iseprmana — 0,21.
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CaolicTBa TOPU30HTA, & IMEHHO OCBETJIICHHAS MHUHEpalbHAs Macca, CH30Ba-
TBII OTTEHOK, HaJJMYME OXPUCTHIX 30H, KEIE3UCTHIX U KEIC30MapraHIEeBbIX KOH-
Kpeuui, CBUACTEIBCTBYIOT O €r0 IMEPHOIMUECKOM IIOBEPXHOCTHOM IEPEyBIaXK-
HeHun. B knmaccudukanmu WRB [37] Takue cBoicTBa AMAarHOCTHPYIOTCS Kak
CTarHUKOBBIE (Stagnic properties), BOSHUKAIOIINE B YCIOBHUAX M30BITOYHOTO aT-
MOC(EPHOTO YBIaKHEHHUS B MOYBAX HA TSHKENBIX MO TPaHyJIOMETPHIECCKOMY CO-
craBy mopoxax [38]; kpome TOro, i TaHHOTO TOPH30HTA MOTYT OBITH HCITOJIb-
30BaHbl TEPMUHBI «IICEBAOTIIEH», «IEPUOAUUYECKUID» WU «IIEPEMEHHBII» Iiei
[27]. CornacHo [27], TOPU30HT COOTBETCTBYET OCBETIICHHOMY (cepo-0OenecoMy)
KOHKPEIMOHHOMY KPHIITOTIICEBOMY MaKpOMOP(HOTHITY; TPEIIMHHOMY, BHYTPHITE/I-
HOMY U TPUKOPHEBOMY Me30MOpP(OTHIIAM; IIPEUMYIIECTBEHHO IIa3MEHHOMY XJIO-
MBEBUIHOMY CETPETAIlIOHHOMY MHKpoMopgoThiry Tiies. CoracHO Kiaccuguka-
MU ¥ TUarHoctuke mouB Poccun [26], maHHBIN TOPU3OHT HE OTHOCHUTCA K TIiee-
BOMY, ITOCKOJIBKY OTCYTCTBYET TJIaBHBIA TMATHOCTHYCCKUNA KPUTEPHid — SIBHO BEI-
pakeHHas CH3as1/3eJIeHOBATast OKPAcKa, a SBISIETCS DIFOBUAITBHBIM Topr30HTOM EL.
JlononHUTENBHBIM (HE00A3aTeIbHBIMI) TIPU3HAKOM JUIS DJIIFOBHAJIBHOTO TOpPH-
30HTA, HO AUATHOCTUPYEMBIM B HCCIIEIOBAHHOM ITOYBE 3aIlaJHHBL, SBIISIETCS TEMHO-
cepast TyMyCOBasl ITPOIUTKA M KyTaHBI, YTO MOXKET OBITh OTPa’KEHO B JJOOABIICHUH
MIPOLIECCHOTO MpU3HAaKa hi K HHAEKCY TOPU30HTA, a TAKKE HAJIMUNE OXPUCTHIX 30H
1 KOHKpeImi (epexoHbIi mpr3HaK g). Hammare kyTad B mopax Mmo3BOIISET CIe-
JaTh BBIBOJ O MEPUOANIECKOM (HhOPMUPOBAHUN YCIOBHH CBOOOZHOTO JpeHaXka B
mouBax. KyTaHel MOTYT SIBISTECS pe3yJIBTATOM JIECCHBAXKA, 8 TAK)KE OCOJIOHIICBA-
HUS (32 CYET IPUCYTCTBHUS HATPHS B TOYBEHHOM ITOTJIOMIAIOIIEM KOMIDIEKCE B 3Ha-
guMoM KonmuecTBe). ConeprkaHne KOHKPEUA He TIPEeBHIIIaeT 5%, MoITOMY IpH-
3HaK nn (KOHKPEIIMOHHBIH) HEe MOXET OBITh 31€Ch MCIOIB30BaH.

Topusoum 39(42)—56 cm. HeomHOpoaHBIN 1O OKpacke: MpeolianacT OXpH-
cto-Oyperit 1Bet (10 YR 5/6), BcTpewarotcss cusble msaTHa u moiockl (Gley2
8/10BG; okono TperH IUIOmMAAW TOpU30HTA). ['OpU30HT MAacCHBHBIH, C€i1abo
OCTPYKTYpeH (HESICHO OpeXOBaTBI C AJIEMEHTAMH IMPH3MATHYHOCTH), TIHHH-
CTBIi1, HA MOMEHT OIIMCaHHS CBSXKUH. B Topi30HTE 00IBIITI0E KOINIECTBO KOHKpE-
it (OoIbIle, 9eM B BBIMIENESKAIIEeM, HO MeHbIe, yeM 10%), 1Mo rpaHsM CTpyK-
TYPHBIX OTAEIBHOCTEH BCTPEYaOTCs KyTaHbl. MHKPOCTPYKTypa TOpH30HTA TIpe-
HMMYIIECTBEHHO YIIIOBATO-0JI0KOBAsI, €CTh OKPYTJI0-0JI0KOBBIE arperarthl, HaOJo-
naercs OOmiIue TpemuH. TOHKOAWCIEPCHOE BEHmIECTBO TIHMHHUCTOTO COCTaBa
HAMEET Pa3lIeIbHO-KPYIHOUCIIYHYATYI0 U CTPYHMYAaTyH) ONTHYECKYI0 OpPUEHTa-
nuto. B BIIM 11oBoJIEHO MHOT'0 OYE€Hb MENKHX YTIe()UIMPOBAHHBIX PACTHTEIh-
HBIX OCTaTKOB. B mopax pacTUTeNbHBIE OCTATKA M SKCKPEMEHTHI OTCYTCTBYIOT.
B mmde muaraocTupoBaHO MHOTO KENE3UCTHIX U TIIMHUCTO-KENE3UCThIX KyTaH
(puc. 3, ), MHOTO HOBOOOpa30BaHMI HA TPOMEKYTOUHON CTAMH MEKTY KyTaHOU
1 HomyneM. JlmarHoCTHPOBaHO OONBIIOE KOMMIECTBO JKEIE3UCTHIX U TIIMHUACTO-
KeNe3ucThIX HomyeH (pasmepbl 100—1300 MKM), MPEUMYIIIECTBEHHO C BKJIFOUC-
HUSIMH; €ITHIYHO BCTPEYAIOTCS KOHIIEHTpHIecKre (pUc. 3, f) M ICHIPHTHL.

TFopuzont comepxur 0,7-0,9% opranmueckoro yriepoaa 10 riryouHsr 60 cM,
HIDKE — €T0 COeprkaHie yMEHBIIAeTCs MOUTH B JBa pasa. Comepanne (pu3mue-
CKOW TJIMHBI ¥ TOHKOH (DpaKIH OCTAEeTCS BBICOKUM, UyTh MPEBBIIIAsT aHAJIOT Y-
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HBIE XapaKTEePUCTUKH BhImIenexamero ropuzonta. C 60 cm 3Hauenust pH crano-
BSITCS HEUTpaJIbHBIMU. [ OpU30HT COOEPKUT HEZHAUUTENBHOE KOJIMYECTBO JIETKO-
pactBopuMbIX coneit (Meree 50 mr/m — 0,05% cyxoif Macchl TOYBHI, TOPH30HT
HE3aCOJICH); KaK M B BBIIIEIISKAIIEM TOPH30HTE B COCTABE BOJHOM BBHITSDKKH, TIPe-
001aIatoT THAPOKAPOOHATHI KAIBIH. EMKOCTE KATHOHHOI'O OOMEHA ¢ TIIyOHHOMN
yBeNM4YuBaeTcs 710 25 MMoib(+)/100 T TOYBBI, B OCHOBHOM, 33 CYET YBEITHUICHUS
conepkaHus oOMeHHOro Kanpius. CpeqHee comepikaHine 0OMEHHOTO HATPHS —
6% ot EKO, ropu3oHT OTHOCHTCA K CIIa00COMOHIIEBAaTHIM. FIMEHHO B 3TOM TOpH-
30HTE IUMArHOCTUPYETCS CaMO€ BBICOKOE COJEpXKaHHe OKcanaT U JUTOHHUT-pac-
TBOPHUMOTO JKeJie3a, JOCTHTaloIIee, COOTBETCTBEHHO, 4,7 U 51 T/kr B cnoe 40—
50 cm. 3Hauenus kputepus l1IBeprMana nocrarouno Hu3kue, MeHee 0,1 (pa3dpoc
sHadeHuid ot 0,04 1o 0,09). KoadduumenT crenenn ruapoMoppusMa B cpeHEM
paBeH 3.

JmarHoctika JaHHOTO ropm3oHTa cornacHo Kiaccudukanuu mous Poccun
[26] BBI3BIBaET HEKOTOPHIE 3aTPYAHCHHS; B TOPH3OHTE TIPOCICKUBAIOTCS SIBHBIC
MpU3HAKHI epEYBIIAKHEHUS (OXPUCTHIE 30HBI, OOMIIIE KOHKPEI[Hii), BMECTE C TEM
peodIIaalonIiM IBETOM SIBIISIETCS OypOBaTO-OXPHCTHIN, 8 HE CHU3BIH — KITIOUe-
BOM JMAarHOCTHYECKHI TpU3HAK TieeBoro ropusoHta [21]. I'opu3oHT citabo
OCTPYKTYpPEH, OJIHAKO Ha IpaHsX arperatoB MPUCYTCTBYIOT KyTaHbl. Bmecrte c
TEM TOPU3O0HT CNa00 OTIMYAETCS IO TPAHYIOMETPHUECKOMY COCTaBY OT BEIIIE-
nexaniero (koadouruent quddepernuanuu o uwiy (KJI) pasen 1,1), Ho oiin-
qaercs oT neperaoiHo-reMHorymycoBoro AHel (K] pasen 1,3). ITo coBokymHO-
CTH TIPU3HAKOB TAHHBIA TOPU30HT MOXKET OBITh TNAaTHOCTHPOBAH KaK TEKCTYPHBIH
rireeBathid (BTg); mo-BUAMMOMY, MEPHOAMYECKOE TEPEYBIIAXKHEHHE MPETIsT-
CTBYeT (DOPMHPOBAHUIO XOPOIIO BHIPAYKEHHOH MHOTOMOPSIKOBOH OpexoBaTo-
MPU3MATHYECKON CTPYKTYPhL, CBOMCTBEHHON TEKCTYPHBIM TOPU30HTAM, a 3aCTOM-
HBI PEKUM, YCHIJICHHBIH CIaOBIMH (DHIIBTPAIlMOHHBIMH CBOHCTBAMH IIOYB, HX
TJIMHUCTBIM COCTaBOM, ocabiser TekeTypHyro nuddepennuanyio. Ciaabas Tek-
cTypHas qudQepeHIuanus IouB 3aIaiiH ¢ KHCIBIM ATIOBHATEHBIM TOPU30HTOM
TJIMHUCTBIM I'PpaHyJIOMETPUIECKAM COCTaBOM ObliIa OTMEUeHa B paboTax [11, 16].

Takum 006pa3oM, TMarHOCTHYECKUMH CBOMCTBAMH HCCIICIOBAHHOM ITOYBHI SIB-
nsrotest: (1) mocrarouno MomHbIH (30 ¢cM) U OOTaThIii OPraHUYECKUM YTIISPOIOM
MEPErHOMHO-TEMHOT'YMYCOBBIM TOPU30HT C HEMPOYHOM OPEXOBATO-KOMKOBATON
CTPYKTYpPOH U BKJIIOUYEHUSIMH OpPraHMYECKUX OCTATKOB Pa3HOW CTENEHH pa3io-
KEHHOCTH OPraHUYECKOrO BEIIECTBA, 3aJIeTAlOIMNi Ha (2) DIIIOBUAIEHOM C TIPH-
3HaKaMM MOTE€YHOCTH T'yMmyca FOpH30HTE, coepkaleM 10 5% OT Macchl TopH-
30HTa HEOONBIIUX IO pa3Mepy M MPEUMYIIECTBEHHO KEJIE3UCTHIX IO COCTaBY
KOHKpeIni, a Takke (3) OrJIeCHHBIH CPEeTUHHBIA TOPU30HT CO CIIa00 BBIPaKEH-
HOM, HEMPOYHOH CTPYKTYPOH M C OOJNBIIAM, YeM B BBIIICIICKAIIEM TOPH3OHTE,
KOJINYECTBOM KOHKpEIMH, KyTaHaMU 1O TPaHSIM CTPYKTYPHBIX OTIENIbHOCTEH.
OTHOCHTENHHO TTOBHIIIEHHOE COACPKAHNE JITKOPACTBOPHMEBIX CONICH W OOMeEH-
HOT'O HATPHS B IIOBEPXHOCTHOM 10-CM CIT0€ TOYBBI MOKET OBITH OOYCIIOBIEHO MX
MOCTYIJIEHUEM C JIaTEpalbHBIMU BOJHBIMU IMOTOKAMH OT OKaWMJISIOLIMX 3ara-
JMHY COJIOHIIEBATBIX U COJIOHYAKOBAThIX JIYTOBO-YEPHO3EMHBIX MT0OYB. AHHOHHO-
KaTHOHHBII COCTaB IMOYBHI 3alaWHBI MOCTOSHEH B Ipenenax Mpopuist; HaOIo-
JaeTcsl pe3K0oe YMEHBIIIEHUE CONEPKAaHUs YrIlepoa ¢ TIIyONHON U OCTEICHHOE
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yBenmyeHne pH OT clIabOKMCIIBIX 10 HEHTpalbHBIX 3HaueHH. CpelHss JacTh
poHIIsl HECKOIBKO 00OTaleHa iIoM, OCOOCHHO 110 CPaBHEHHIO C MEPErHOMHO-
TEMHOTYMYCOBBIM TOPH30HTOM. EMKOCTH KaTHOHHOrO oOMeHa OOHapyKHBaeT
JIBa MAaKCUMyMa — B TYMYCOBOM ropu30HTe W Ha nryoune 100—130 cm. Iocnen-
HUH JOCTHTAETCS 33 CUET YBEIMUYCHUS COACpKaHUS OOMEHHOTO KallbITHsL, BEPO-
SITHO, B PE3YINIFTATE €r0 IOCTYILICHHUS C PACTBOPAMHU W3 KapOOHATHBIX ITOYBOOO-
pasyromux mopo (TIopoAbl BCKUIAIOT ¢ ITyOuHsBI 2 M). HaubombIee comepika-
HUE OKCaJaT-pacTBOPHMOrO >Kelle3a MPHXOIUTCS Ha KOHTAKT OCBETIEHHOTO U
TEKCTYPHOT0 TOpU30HTOB. CorracHO KO3 HUITHEHTAM CTETIEHH THAPOMOpPHU3Ma
u lllBeprmana, Hambolee MPOJOIDKUTEILHOE IIEPEYBIIaXHEHHE HCIBITHIBACT
BEPXHSS YaCTh IIOYBEHHOT'O MPOGIIISI — 2 UMEHHO ITePEerHOWHO-TEMHOT'YMYCOBBIH
U OCBETJICHHBIM TOPHU30HTHL. 3HAYCHHUS ATUX KOA(PQPHUINCHTOB PEe3KO MAIaloT B
TEKCTYPHOM TJIEEBATOM TOPHU30HTE.

Ha ocHOBaHNM MPOBENEHHOT0 KOMIUIEKCHOTO HCCIECIOBAHMS CBOMCTB IOYB
MBI MOKEM CIIENIATh BEIBOA O MPEUMYIIECCTBEHHO TICEBO-3IFOBHAIBHOMN IIPHPOIE
OCBETIICHHOTO TOPU30HTA MCCIEIOBAHHON ITOYBHI 3alaIUHEI. | IeeBo-3II0BHAIE-
HBII MIPOLIECC SABIIIETCS OMHUM U3 Hanbojee YacTo YIOMIHAEMBIX IIPH HHTEPIpPe-
Talliu TeHe3nca 1mouB 3anaquH [11, 15] Hapsmy ¢ mpUCyTCTBHEM OOJBIIOTO KO-
JIMYECTBA HATPUA B IOYBEHHOM TOTIIOMaoeM Komiiekce [6, 10], peskum cHU-
KEHUEM OKHCIUTEIbHO-BOCCTAHOBUTENFHOTO PEXKUMa TI0YB B PE3YyIIbTaTe BOIO-
ponHbIx dMaHanwii [39, 40]. JluarHoctupyeMble Ha MAKpO- 1 MEKPOMOP( OJIOTH-
YECKOM YPOBHE KOHKPEIIUH B OCBETIICHHOM FOPH30HTE, KyTaHBI B HIDKEIICKAIIEM
TOPH30HTE, a Takke 3HaueHHs ko3 dunmenTor IlIBeprMana u ruapoMopduzmMa
CBUICTEIBCTBYIOT O CE30HHOM ITOBEPXHOCTHOM IEPEYBIaXHEHUH TI0YB W HAJIH-
YUY IEPHOIOB HCCYMIEHNUS. JIONONHNTENFHON IPHIHHON (HOPMUPOBAHHSI OCBET-
JICHHOTO TOPU30HTa MOXKET SIBJIATHCS MOBBIIMICHHOE CONEpKaHNE HATPHS B IIOY-
BEHHOM IIOTJIONIAIONIEM KOMIDIEKCE BEPXHUX HMOYBEHHBIX TOPH30HTOB (0T 4 10
14%), oOycnaBIrBaroIee BEIHOC TITHHUCTHIX YaCTHI] X MUTPAIIIO OPraHIYECKUX
COCIMHEHHH B HUKHIOO YacTh PO

®opmyna mpoduis HCceTOBaHHOMN TOUBHI 3allaINHEI MOKET OBITH 3aIcaHa
kak AH—AHel-ELhi,g-BTg. ITo cBoeMmy MOP(OIOrHIeCKOMY CTPOSHHIO TIOYBa
YaCTHYHO COOTBETCTBYET COJIOIM IEPErHOMHO-TEMHOI'YMYCOBOH KBa3UTJICEBON
(dbopmyia mpodpmnst AH-EL-BTg-BCA—Q). B ominuue ot Hee, rcciaenoBaHHAS
HaMH TI0YBa HE COICPXKHUT aKKyMYJSTHBHO-KapOOHATHOT'O M KBAa3WIIIECBOTO TO-
PH30HTOB; MTO-BUANMOMY, HU3Kasi HHTCHCUBHOCTD JIATEPaIbHOTO BHYTPHIIOUBEH-
HOT'O CTOKa, 00YCIIOBJICHHOT'O CITA0BIM pa3BUTHEM 3PO3MOHHOHN CETH, U OOJIbIIas
BOI0COOpHAs TUTOMAb 3alauHBI (55 ra) COCOOCTBYIOT BBIMIEIAYHBAHUIO TIOYB
0T KapOOHATOB (INATHOCTHYECKOT0 MPU3HAKA [UIS HIYKHAX TOPH30HTOB IIOYB CO-
Jozei), B JaHHOM CIy4ae Ha TIIyOMHY 2 M M OTCYTCTBHUIO B ITOYBaX OJMBKOBOTO
OTTEHKA (IMarHOCTHYECKOT O PH3HAKA KBa3UIiIeeBaTocTr ). OT TEMHOTYMYCOBBIX
monoenoB rieeBblx (AU-ELg—BTg) uccnemoBanHas mousa oTIMYacTCs XapakTe-
POM BEpXHETO TOPHU30HTA, a TAKKE MEHEE BBIPAKEHHBIM IIPOIIECCOM CETPeraui
’KeJe3a B OCBETICHHOM TOPH30HTE (MCHBIINM KOIWYECTBOM KOHKpEHIHi). MBI
MpeAroaaraeM, 9YTO BOAHBIA PEKUM ITOYB MCCICAOBAHHOW 3aMaJnHbBI SBISCTCS
MeHee KOHTPAaCTHBIM — ¢ Oolee TUIaBHOW CMEHOM ITEPHOJIOB TIEPEYBIIAKHEHIS 1
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HCCyIIeHns, 4eM y nonaoenos Janpaero BocToka, 9T0 MOXKET OOBSACHSITH MEHB-
1Iee KOIMYECTBO KOHKPENHi B mouBe 3ananuasl [23, 41]. [To xapakrepy BepxHETo
TOPU30HTA HCCIICIOBAHHAS IT0YBA TAKXKE OTIMYACTCS W OT YEPHO3EMOBHIHBIX
onon3oneHabix orneeHHbIX 1ouB (AU-ELnn,g-BTg-G; TepMuH mpennoxeH
®.P. 3aiinensmanom [ 11] 1715 MOYB 3amaivH JIECOCTEIN ), & TAKIKE CEPBIX MTOBEPX-
HOCTHO-TJICCBO-2TIOBHAJIBHBIX [TOYB aBTOPCKOM KITacCH(PHUKAIIIH epeyBIIaKHEH-
HBIX TouB necoctenu A.b. AxTeiprieBa [3]; B 3TUX mMOYBax BEPXHHUUA TOPU30HT
MIPEACTaBIICH TEMHO- WIH CEPOTyMYCOBEIM, a HE MEPErHOMHO-TEMHOT'YMYCOBO-
BIM TOPH30HTOM, KaK B HICCIICIOBAaHHOW HaMH IMOYBE 3armaanHbl. GopMupoBaHme
MePETHOHHO-TEMHOTYMYCOBOT'O TOPU30HTA B BEPXHEH YaCTH HCCIICIOBAHHOTO IT0Y-
BEHHOTO TIPO(HJISL, BEPOSITHO, IPOUCXOINT KaK 32 CUET CIEM()UIECKOM IS J1eco-
CTEIN OCOKOBOH PacCTUTENBFHOCTH, (DOPMUPYIOMICHCS B THUINE 3alaidHbl, TaK H
OYCHB MPOIODKUTENBFHOTO MEPEYBIAKHEHHS, 3aTOIUICHHUS T0UB. Cieys KIaccu-
YEeCKON TpaJWIAU PYCCKOTO MOYBOBECHISI — OTPAYKCHUN B HAa3BAaHWHU MOYBEI OC-
HOBHBIX IIOUYBEHHBIX IIPOIIECCOB, €€ (POPMHUPYIOLIHX, HCCIECNIOBAHHYIO TIOUBY 3aIla-
JTIMHBI MOJKHO Ha3BaTh IEPETHOMHO-TEMHOT'YMYCOBOW OMO/30JIEHHOM TieeBoi. [1pn
pacIIMpeHny NCCICIOBAHMUI 0B 3aIaIMH M BBISIBICHUH ITOYB CO CXOIHBIM (C HC-
CJIEJIOBAaHHOW HAMH) CTPOCHUEM IPOMHUIIS MOXKET OBITh MPEIIOKEHO BHECCHHE Ca-
MOCTOSITEIIFHOTO THITA TEPETHOHHO-TEMHOTYMYCOBBIX OIOA30JICHHBIX TJICEBBIX
MTOYB B OTJEN TeKCTypHO-THDdepeHImpoBaHHbIX T04B B Kitaccudukanmro u nua-
rHocTuky 1mouB Poccum [26]. CormacHo Kiaccupukanuu ¥ ITUMarHOCTHKE TOYB
CCCP [35], uccnemoBaHHas 1MoYBa HAUOOJEe COOTBETCTBYET JYTOBO-OOJIOTHBIM
COJIONSIM, HE IMEFOIIAM aKKyMYJISTBHO-KapOOHATHOTO TOPH30HTA.

BriBoabI

Ha ocHOBaHMM KOMILJIEKCHOTO MCCIJIEZIOBAaHHUS MOYBbI JHHUIIA 3allaJIuHbl HE-
IPEHUPYEMOTO THITa MeCTHOCTH OKCKO-/[0HCKOH paBHHHBI MOTYT OBITE CICIAHBI
CJIeyIOLI1eE BBIBOABIL:

1. I'meeBo-31MOBHANBHBIA TIPOIECC SBISETCS BEAYIIMM B (OPMHUPOBAHHUU
OCBETJIEHHOTO TOPU30HTa B MOYBE 3allaJIMHbI, O YEM CBHUAETEIbCTBYIOT IUATHO-
CTHpYEMbIe Ha MaKpo- 1 MUKPOMOP(OIOTHIECKOM YPOBHE KOHKPEIHH, KyTaHBI
B HIDKEJEXKAaIIeM TOPU30HTE, a TakKe 3HaYeHUs kodp¢unreHToB llIBeprMana u
rugpoMopdusmMa. Hammame oOMeHHOro HATpHsI B BEpXHEH 4YacTH IMOYBEHHOT'O
npoduist (4—14% OoT eMKOCTH KaTHOHHOTO OOMEHa) MOXKET SIBIATHCS JTOTIOTHH-
TENBHON MPUYNHOW (HOPMHUPOBAHUS OCBETICHHOTO T'OPH3OHTA HCCICIOBAaHHON
MIOYBBI.

2. [TouBeHHBII TPOPHUIH COCTOUT U3 CIIEAYIONIET0 Ha0opa AUATHOCTHYECKUX
ropu3oHToB: AH— AHel-ELhi,g—BTg. Takoif HaOOp MOYBEHHBIX TOPH3OHTOB OT-
cyrctByer B Kimaccudukanum 1 AHarHOCTHKE 0YB Poccru, 9acTHYHO COOTBET-
CTBYeT MPOGHUIIO COJOIU IMEePErHONHO-TEMHOTYMYCOBOH KBasuriieeBod (AH—
EL-BTg-BCA—Q), nonbena temHorymycosoro riaeesoro (AU-ELg—BTg). Or-
JIUYATEITBHOW YepTOH MCCIIeOBAaHHON TTOYBBI 3aIlaJIMHbI SIBJISCTCS (HOpMUpOBa-
HUE MOIIHOTO, 00raToro OpraHuIecKuM YIIepoIoM IepeTHONHO-TEMHOTyMYCO-
BOr'0 TOPU30HTA C HEMMPOYHON OpEX0OBATO-KOMKOBATON CTPYKTYpOH B COUYECTAHUU
C BBIMIEIIOYEHHOCTHIO ITOYBEHHOTO PO OT KapOOHATOB.
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3. IleperHOIHO-TEMHOTYMYCOBEIE OIOA30JIEHHBIE TJEEBhIE IMOYBHI MOTYT

OBITh BHECEHBI B OTJIENT TEKCTYpHO-IU (D PepeHnmpoBanHbIX ouB B Kitaccuduka-
[UIO ¥ TUAarHOCTUKY MoYB Poccum B ciyyae pacminpeHMs HCCIIEIOBAHMIN T0YB
3aImaJiiH U JHarHOCTHUKH MOYB co cTrpoeHneM npoduiss AH-EL-BTg.
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Ha TepPUTOPUIO, paHee 3aceseHHyto P. laurifolia. Ha paccMaTpuBaeMoli TEppUTOPHH B pe-
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Knumoe A.B., [Ipowkun b.B. Populus x moskoviensis na roze Bocmounoii Cuéupu

between the ranges of P. laurifolia and P. suaveolens in the south of Eastern Siberia are
presented. As preliminary studies showed, trees similar to P. suaveolens grow in the
studied area, but their shoots were ribbed like those of P. laurifolia. Therefore, the au-
thors of this work put forward the hypothesis that the studied plants currently represent
a hybridogenic species (P. X moskoviensis), which was formed as a result of frequent
crossings with each other and, possibly, P. suaveolens might be from both P. laurifolia
and P. suaveolens. This work aims to study the features of the morphological charac-
teristics of poplars and the phenotypic composition of the studied plantings, their com-
parative analysis with P. laurifolia and P. suaveolens to identify the nature, type of
hybrid zone and its structure.

To achieve this aim, the authors studied two populations of P. x moskoviensis located
in the valley of the Irkut River (in the vicinity of Shelekhov) in the Irkutsk region. The
comparative morphological analysis used materials from the studied populations of
P. laurifolia from the territory of the Altai-Sayan mountainous country and P. suaveolens
of the Chukotka Autonomous Okrug, remote from the hybridization zones (See Table 1).
In each population, 30 reproductively mature trees were randomly examined. Herbarium
material was collected from the southern side of the middle part of the crown. From each
individual, 15 fully developed, undamaged leaves from shortened shoots were selected.
At the same time, a complex of characteristics, which were considered qualitative by the
authors, was studied, namely, the shape of the leaf blade, its apex and base, and the pres-
ence of basal glands (glands on top at the junction of the petiole and the leaf blade). For
each population, morph frequencies and indicators characterizing phenotypic variability
were calculated. The belonging of individuals to a certain phenotype was determined by
a combination of morphological qualitative characteristics.

The investigation of the morphological characters of P. x moskoviensis individuals
in the studied populations showed that they, like all representatives of the Tacamahaca
section, including parental taxa, are characterized by differentiation of shortened crown
shoots into discoblasts and leptoblasts (See Fig. I). The elongated shoots of the crown
are cylindrical, while the shoots of the coppice shoots are ribbed to the very base (See
Fig. 2), ribs descend in threes from each leaf scar; in young individuals, ribbing is often
visible on the shoots of the second year, which is generally characteristic of P. lauri-
folia, and according to this trait, P. X moskoviensis completely deviates from this parent
species (See Fig. 3). The morphological characteristics of the leaf are intermediate in
nature - the leaf blades on short shoots are ovoid or elliptical, with a rounded wedge-
shaped base and a gradually pointed apex (See Table 2). Hybrids, like P. suaveolens,
are characterized by the presence of a finely wrinkled, “shagreen” upper side of the leaf
plastic, a feature not noted by P. laurifolia. The ovate-triangular plates typical of P. lau-
rifolia and the obovate plates typical of P. suaveolens were not observed, as is the short
pointed apex characteristic of the latter. P. laurifolia is not characterized by the devel-
opment of basal glands. On the contrary, in P. suaveolens stands, individuals with a
pronounced trait predominated, although at the endogenous level it varies greatly from
complete absence to 1-4 glands at the base of the plate. In P. X moskoviensis plantations,
glands were found in only 10 individuals of one of the studied populations. Pairwise
comparison of the phenotypic composition of all samples using the chi-square test and
Zhivotovsky’s I-test of identity showed that the observed differences between the stud-
ied populations are reliable. At the same time, in terms of the phenotypic similarity of
populations (r), the studied stands within the same species are 67.0-93.7% similar, and
the populations of P. X moskoviensis are closer to P. laurifolia (See Table 3). Based on
the combination of the studied qualitative morphological characters, 9 phenotypes were
identified in the studied populations of P. laurifolia, 12 of P. suaveolens, and only 6 of
P. x moskoviensis (See Table 4). The territory of the historical overlap of the ranges of
P. laurifolia and P. suaveolens in the south of Eastern Siberia from the river. Kan in the
northwest and eastern edge of the the Selenga River basin. The Selenga in the south is
a zone of wide-type sympatric hybridization. The crossing zone between P. laurifolia
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and P. suaveolens identified in this study is an evolutionarily new hybrid zone. This
type of hybrid zone is not typical for Populus in Siberia. Throughout the entire area of
overlapping habitats, the hybrid species P. X moskoviensis is widespread, resulting from
numerous crosses between hybrids of different generations and their backcrossings with
P. suaveolens, while P. laurifolia and, as a consequence, Fi hybrids are not recorded.
In common hybrid individuals, while externally similar to P. suaveolens (primarily the
“shagreen” upper side of the leaf blade), a set of qualitative morphological characteris-
tics of the leaf, different from the parent species, is observed. A sign that indicates the
parental participation of P. laurifolia is the ribbing of the surface of the shoots. It shows
high heritability across different hybridization patterns in Populus species. The ob-
served structure of the hybrid zone in the Baikal region might have been formed as a
result of long-term asymmetric introgressive hybridization provoked by the expansion
of P. suaveolens after glaciation into the territory previously inhabited by P. laurifolia.

The article contains 3 Figures, 4 Tables and 38 References.

Keywords: Populus, introgressive hybridization, hybrid zones, morphological
characters, phenotypes, populations

For citation: Klimov AV, Proshkin BV. Populus X moskoviensis in the south of East-
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BBenenne

Teppuropus rora Bocrounoit Cubupu ot p. Kan (npassiii nputoxk Enmces),
kirouas [Ipubaiikanse 10 AHrapsl Ha C€Bepe M BOCTOYHON OKpaWHBI OacceiHa
CeneHru Ha 1ore, SIBIISIETCSA 30HOHM CYIIECTBOBABIIETO B HCTOPHUYECKOE BpeMs
HajoxeHus apeanoB P. laurifolia Ledeb. w P. suaveolens Fish. (cekmus
Tacamahaca). M.B. Koctrna ¢ coasr. [ 1] oTMe4aroT, 4To Ha JaHHOH TEPPUTOPUHI
IIPOU3PACTAIOT JIEPEBbsS, KOTOPBIE COOTBETCTBYIOT P. suaveolens, omHako HX
YAJMHEHHBIE TIOPOCIeBbIe MOOErn peOpPUCThIE M0 BCEH UIMHE, YTO XapaKTEPHO
st P. laurifolia. Tlpu 9TOM 31€Ch HE BBISBIECHO B3POCIBIX 0CO0€EH, KOTOPEIE CO-
OTBETCTBYIOT OIIMCAHHUIO TOIOJS JJABPOJIUCTHOIO. B repOapHbIX KOUIEKIUAX, CO-
OpaHHBIX Ha JAaHHOW TEPPUTOPUH, BUIAOBAS IIPUHAIICIKHOCTD OMPEACIICTCS Xa-
pakTepoM cOopa MaTepralia: BETKH KPOHBI C YKOPOUECHHBIMH IUIMHIPHYCCKUMH
noberamu — P. suaveolens, opociieBbie Mo0eru ¢ peopaMu U yrioBaThie YKOPO-
yeHHbIe 1mo0eru Kpousl — P. laurifolia. M.B. KoctuHa ¢ coaBT. [1] IpuxomiT K
BBIBOJLY, YTO Ha M3y4eHHOW Teppuropuu P. laurifolia ne nponspacraer. C BO-
CTOKa Ha 3amajJ HaOmoJaercs KIWHAJIbHAS HW3MEHYHMBOCTh IPHU3HAKOB
P. suaveolens B ctopony P. laurifolia. T1lo nanuasiM F0.A. HacumoBHUa ¢ coaBT.
[2], BocTouHast Tpanuna P. laurifolia B Cubupu ipoxomuT B miokime p. KaH, rue
pacrnpocTpaHeH HMEHHO TOIOJIb JIABPOJMCTHBIA M TIOJHOCTBEO OTCYTCTBYET
P. suaveolens. Ognako emie B.S1. TTonsikoB [3] oTMedat, 9To B IOMMe BEPXHETO U
cpenHero TeueHus p. KaH BerpewaroTes «(hOpMBI TOIMOJNIEH, MTOXOXKHE, ¢ OJXHOU
CTOPOHEI, Ha TOIOJb JIABPOJIMCTHEIN, C APYTOii CTOPOHBI, HA TOIOJb JTYIITHCTHIN.
H.A. SctpeboBa [4] Takke yKa3pIBae€T Ha HaJIMYHE 37€Ch B CPEAHEM TCUEHHUHU B
OKPECTHOCTSIX ceia bpaxnoe Gpopm Torors, ompeaensieMoro pa3HbIMH aBTOPaMH
TO Kak P. suaveolens, To kax P. laurifolia, HO OTIIMYHBIX OT MOCIICAHETO, TIPOH3-
pacTaromiero B MuHycHHCKO#M KoTiioBuHE. ClieI0BaTeNIbHO, yYUTHIBAS IPUBE/ICH-
HbIe (aKTBl, MOXKHO TIOJIaraTh, 4To OT p. KaH W Ha BOCTOK HaOIIOMacTCsA 30HA
ecTecTBeHHON TnOpuam3anuu P. laurifolia v P. suaveolens, cBeneHnii 0 KOTOpou

44



Knumoe A.B., [Ipowkun b.B. Populus x moskoviensis na roze Bocmounoii Cuéupu

B siTepatype HeT. OJHAKO CIOHTAaHHBIM THOPHJ YKa3aHHBIX BHJIOB OIHCaH B
KynbType eme B XIX B. Kak TOMOJIb MOCKOBCKHEH — Populus x moskoviensis
R.I. Schrod.

B 2021 r. aBTOpHI HccliemoBadd BHABI POJA TOIONbL, IPOM3pACTAIONINE B
moiime p. BuxopeBka (B okpecTHOCTsX I. bparcka) u B goiaune p. UpkyT (B
okpecrHocTsx T. IllenexoB) Upkyrckoi obmactu. B okpectHoctssx bparcka yna-
JIOCH OOHAPYKUTH TOJBEKO OJMH KIJIOH TOITOJISI, KOTOPEIH 10 opMe OOmbIIeH Ja-
CTH JINCTOBBIX IUIACTUHOK YKOPOUSHHBIX MOOETOB, MOPIIUHUCTOCTH BEPXHEH T10-
BEPXHOCTH JIUCTHEB U LIIMHAPUYCCKUM YIJIHHEHHBIM I100eraM KPOHbI COOTBET-
ctBoBaji P. suaveolens. OaHako B3pocibie IepeBbsl ObLIH OKPY)KEHBI MHOTOYUHKC-
JIEHHBIMH MOJIOABIMH OCOOSIMHU ITOPOCJEBOI0 MPOUCXOXKICHHS C XOPOIIO BhIpa-
JKEHHON PeOPHCTOCTRIO YVIJIMHEHHEIX ITOOETOB 0 BCEM MX UIMHE, BBIPAKEHHON
Jaxke y aByleTHHUX moderos. B okpecrHocTsX T. lllenexoBa Takxke npeodiiagaiu
0cobu, Mop(hOJIOruUecKH OJIM3KHE K TOIMOIIO TYIIHCTOMY, HO HX IIOPOCIIEBBIE I10-
6ern OblIM peOpUCTHIMU. JIMCTOBBIE IUIACTHHKN Yy BCEX MCCIIENOBAHHEIX pacTre-
HHH UMEITH TOJILKO 320CTPEHHYI0 (HOPMY BEpXYIIKH KaK Ha YKOPOUSHHBIX, TaK 1
VIJIMHEHHBIX TI00eraxX, THNW4YHYI i P. laurifolia, xapaktepHas s
P. suaveolens xopoTko-3a0CTpeHHass opMa OTCYTCTBOBAJIA.

Kak ormeuanmu M.B. Koctuna ¢ coaBt. [1], 1/3 repbapHbIX cO0opoB 13 3anai-
Horo [Tpubaiikanbs UMeeT XOTs ObI ITO OJTHOMY JIUCTY ¢ 0a3aJIbHBIMU KeTIE3KaMHU
(>kené3KM B OCHOBAHWH JINCTOBOM TUTACTHHKH HA Y9acTKE COSIMHEHHS C Yepel-
KoM). Harm uccnenoBanus Takke IMOKa3add HAJTHYHE 0COOCH ¢ jkené3kaMu Ha
mucte. Ha mcciieioBaHHON TeppUTOPHH TaKXKe HE yIaloch 0OHAPYKUTh B3pOC-
JBIX 0co0ei Tomosi, cooTBeTcTBYOMUX P. laurifolia. TloaToMy aBTOpBI TaHHON
paboTHl BBIIBUHYJIH TUIIOTE3y O TOM, YTO H3yYEHHBIC PACTCHUS MPEICTABIISIOT
coboii THOpUAOTreHHBIH BUA (P. X moskoviensis), CTIOXXABITUICS B pe3yiIbTaTe ya-
CTBIX CKpEIIMBaHUI MEXITy COOOM, U, BO3MOXHO, P. suaveolens, OTIIMYHBIA U OT
P. laurifolia, n ot P. suaveolens. ccnemyemast TEppUTOPHUS OTIIMYAETCS OT JIPY-
rux ruopuaHsix 308 Populus B Cubupu. IlosToMy 1enb HacTOsIIer padoThl —
H3y4UTh OCOOECHHOCTH MOP(OIOrHYECKUX MPHU3HAKOB TOMOJIEH M (DEHOTUITHYE-
CKOI'0 COCTaBa MCCJICAOBAHHBIX HACAKICHUH, 1aTh MX CPAaBHUTEIbHBINA aHAIU3 C
P. laurifolia n P. suaveolens nns BBISBICHHS IPUPOIBI, TUIIA THOPUIHOMN 30HBI U

€€ CTPYKTYpBHI.

MarepuaJibl U METOABI

JIst MOCTHDKEHHs TOCTaBJACHHOW IICIM aBTOPhI M3YYMIIM [BE IOMYJISLIHU
P. x moskoviensis, pactionoxeHnsie B gonuHe p. UpkyT (B okpecTHOCTSX T. Ille-
nexoBa) Mpkyrckoi obmactu. MccnenoBaHHble y4acTKM B 3HAUYMTENIHHOM CTe-
IIEHH ITOJIBEPIINCH aHTPOIOreHHOM TpaHC(hOpMAaLMK B XO/I€ UX X031 CTBEHHOI'O
ocBoenus. [lepBoe HacakaeHE IPUYPOYEHO K noiime p. Oaxu (IIpaBbIi TPUTOK
HpkyTa), 1[peBOCTOM HE COMKHYT, U3 OTICIIBHBIX POIL U KJIIOHOB CO 3J1aKOBO-pa3-
HOTPaBHBIM TPABOCTOEM, Pa3JICICHHBIX JIOPOTaMH M CEHOKocaMH. BTopas morry-
nsmast B moMe p. IpkyT — ApeBoCcToi COMKHYTHIH, momHoTo# 0,4—0,5, TpaBoCTOM
37IaKOBO-Pa3HOTPaBHBIH (Tabm. 1).
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Ta6nuna 1 [Table 1]

Mecra cOopa moJjieBoro MarepuaJia
[Sites for collecting field material]

HazBanue KonuuectBo
I'eorpaduueckue
Bun MO YJISILIA o0 a JIepEBbEB/ITUCTHEB
[View] [Name [G }I;HHH T;I tes] [Number of trees /
of the population] cograpiic coorcinates leaves]
Benbcy 53°41'35" N
- [Belsu] 88°22'44" E 30/450
P. laurifolia Scem o
Uyneimman 50°5536" N 30/450
[Chulyshman] 88°11'07" E
Onxa 52°13'32" N
N [Olkha] 104°07'43" E 30/450
P. X moskoviensis Ty
Upkyr 52°11'41" N 30/450
[Irkut] 104°04'11" E
Banmka 66°32'39" N
P . [Baimka] 164°15'50" E 30/450
- sudveotens Tannar 66°3046" N 30/450
[Tallaght] 164°2822" E
Uroro: [Total:] 180/2 700

WnenTudukarmst rabpuIHOTO MPOMCX 0XKIECHIS Y TOMOIEH BO3MOXKHA Pa3in-
HBIMH MeTOIaMH. MONEKyISIPHO-TEHETHIESCKAE METONBI TIOKA Majo IOCTYITHBI
IUTS MHOTHX TIPHKJIAIHBIX HCCIIEAOBaHNHN. B ncciaeqoBaHIsIX aBTOPOB OOBITHO HC-
MTOJIB30BAJICS CPABHUTEIFHO-MOP(OIOTHYECKHI METO/] H3YIEHISI KOMITIEKCa Ka-
YECTBCHHBIX IIPH3HAKOB M IPH3HAKOB ITETHONSIPHON aHaToMuu. [lockoibpKy aHa-
TOMUYECKHE FCCIECAOBAHIS YEPEIIKOB JHCTHEB JIETKOIOCTYITHBL, TO UX IPAMEHE-
HUE, Ha HAIII B3TJISI, CAMBI HAIEKHBIA METO HICHTU(UKAIINY THOPUIOB, POIH-
TEJIN KOTOPBIX OTIMYAIOTCS IO IIPH3HAKAM IIETHOISIPHONH aHATOMHH, T.€. OTHOCS-
IIUXCSI K Pa3HBIM CEKIUSIM WM MoAceKnusM [5]. OgHako BHYTPH CEKIIMH BCE
BHIBI ¥ THOPHUIBI HIMEIOT OMMHAKOBOE aHATOMHYECKOE CTPOCHUE YEPEIIKOB, II0-
3TOMY B ciydae ¢ P. x moskoviensis BOSMOKHO HCIIONB30BaHIE CPABHUTEIHHO-
MOpP(OIOTHYECKOr0 METOJa B COYCTAHUH C MOIMYJISIIHOHHBIME HCCIICIOBAHUSIMH
KaueCTBEHHBIX IPU3HAKOB ((DEHOB).

B kaxao#l momyysiiMy paHAOMH3HPOBAHHO 00ciemoBaHbl 1o 30 penpoayk-
THBHO 3PEJbIX JIEPEBhEB (C YIETOM CKIIOHHOCTH 0aIb3aMHYECKUX TOIOJICH K 00pa-
30BaHUIO KJIOHOB). C I0KHON CTOPOHBI CpemHEH JacTH KPOHBI IPOBOIHIICS COOp
repbapHoro Matepuana. C Kaxmaoi ocoOu oTOMpaioch MO 15 MOTHOCTBIO Pa3Bu-
THIX, HEMOBPEKICHHBIX JIUCTHEB C YKOPOUCHHBIX 1moberoB. Ilpm sToM m3ywancs
KOMIUTEKC TPU3HAKOB, paCCMaTpPHBAaEMbIX aBTOpaMH KaK KadecTBEHHEIE: opma
JIMCTOBOH TUIACTUHKH, €€ BEPXYIIKA i OCHOBAHWS, HAMMUNE 0a3aIbHBIX JKEIE30K.

Onwucanue MOpGhOJIOTHH MPOBOIMIOCH 10 Al A. DenopoBy ¢ coasT. [6]. Ompe-
nenenrne GopMbl JIMCTOBOM INIACTHHKU MPOBOMIIM 110 HMHICKCY A/L [7], Tme A —
pPacCTOsSHIE MEXAYy CaMOM IMPOKOW YacThIO JMCTOBOM TIIACTHMHKH U €€ OCHOBa-
HUEeM (MM), L — JyiMHA JTMCTOBOW IUIACTHHKH (MM), HCIIOJIB30BAUCH CIICAYIOIINE
muana3onsl: < 0,25 — tpeyrompHas; 0,25-0,35 — siineBumHO-TpeyronpHas; 0,35—
0,45 — situesuanas; 0,45-0,55 — smunryeckast; 0,55-0,65 — oOpaTHOSHTICBH/I-
Has; 0,65-0,75 — BeIcOKOOOpaTHOsIHTIeBH THAS, >(,75 — 00paTHO-TPEyTOIbHASL.
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Omnymenne modera, Yepelka, JICTa, a TAKKE HAIMYUE JKEJIe30K MCCIe0Ba-
JIUCh ¢ TIOMOIIBIO cTepeockomuueckoro Mukpockona MBC-10 (JI3OC, Poccus)
npu yBenudeHuH 16,3x. CTerneHb pa3BUTHS TPUXOM (MOP(OTHUIT) OLIEHUBAIH 110
mkaie: 1011 — cirabo omymeHHBIA, TPHXOMBI pacCesHbI 1Mo moBepxHocTh; 2011 —
TYCTO OIYILIEHHBIN, TPUXOMBI IOKPBIBAIOT 10 50% noBepxHocTH; 3011 — cuitbHO
(TmepcTrCTO) OMYIMIEHHBIN, omymeHo 6omnee 50%.

J7st cpaBHITETEHO-MOP(OIOTMYECKOr0 aHaI3a UCCIIEOBAHHBIX PACTEHHI C pO-
JIATEIHCKAMI TaKCOHAMH OBLTH MICIIONIH30BAHBI H3y9ICHHEBIE AaBTOPAMH PaHEe PaBHBIC
BBIOOpKH P. laurifolia n P. suaveolens W3 yIaJieHHBIX YacTel MX apeaioB Ha yJ9acTKax,
TJic He OTMEYCHA MX THOPHA3AIHSI C IPYrUMHA BrZamu (cM. Tadi. 1) [7, 8].

IBe nonynsmuu P. laurifolia orobpansl Ha Tepputopun Aunrae-CasHCKON
ropHo#t cTpansl. [lonymsamnus benbcy mpuypodeHa K moliMe OJHOMMEHHOTO TIpa-
Boro nputoka p. Tomu (KemepoBckas obmacts — Kysbace). JIpeBocroii HE co-
MKHYTBIH, C CTPayCHUKOBO-BBEICOKOTPABHBIM TPaBOCTOEM. TOIOJNB JIABPOIHCT-
HBIIA 00pa3yeT YMCThIe HACAXKICHHUS M MPEICTaBICH OJHOW CEPOKOpOoi (hopMoii
[8]. TTomyssiiust YyapIMaH oToOpaHa Ha MpaBoM Oepery YKa3aHHOW PEeKH B paii-
one niepeBana Kary-Spbik (Pecriyonmka ['opHbiid Anraii). TonmonbHUKH 311eCh 00-
pa3oBaHbI HCKITIOUUTENBHO P. laurifolia n cocpeaoToYeHBI B IPUPYCIOBOM YacTH.
Pacrenns Hm3kue, ¢ MCKPHBIECHHBIM CTBOJIOM, YacTO 00pa3yioT HeOombpIme
KIIOHBI W TIPEJICTaBIIeHBI OEIIOKOpOl B cepokopoit hopmamu [9]. JIpeBocToi co-
MKHYTBIH, C 371aKOBO-Pa3HOTPABHBIM TPABOCTOEM.

[omynsmuu P. suaveolens — banvka, Tamnar — oro6pansl Ha mmpoTe CeBep-
HOTO IMOJIAPHOTO Kpyra B MOHMaxX OAHOMMEHHBIX pek B OacceiliHe p. bombimoit
Amntoii (UyKoTCKAH aBTOHOMHBIH OKPYT) B TOITOJIEBO-YO3CHUEBBIX IMOHMEHHBIX
necax. J[peBocToil COMKHYTHIH, 00pa30BaH TOIMOJIEM AYIIHUCTHIM C Pa3BUTHIM K-
CTapHUYKOBO-PAa3HOTPABHEIM TTOKPOBOM [7].

J71st Ka)K oM MOITYIISIIH PACCIUTAHBI YaCTOTH MO U TIOKa3aTeNH, XapaKTe-
pu3syronue (EHOTHITHYECKYI0 U3MEHYHBOCTD, TIPH 3TOM HCIIOJIB30BaHbI 0000-
meHHbIe ToKa3aTend, npempioxeraase JI.A. JKusorosckum [10], B.I1. Ilyrennxn-
HBIM C coaBT. [11].

Yacrotel Mopd omnpenenens mo gopmyie [10]

p=r, (1)
TJIe 71 — KOJIMYECTBO ClIydaeB 0OHAPYKEHHUS MCCIeIyeMbIX Mopd B BeIOOpKe; N —
o01IHif 00beM BEIOOPKH.

OmmOKH 4acTOT OMpeAeIsuTH 1Mo hopmylie

_ [p(-p)
Sy = ’T 2)

J1J1s OTIeHKH ypOBHEH H3MEHYMBOCTH U CPAaBHEHUS MOMYJIAIINAHN IO TIOITHMOPQ-
HBIM ()EHOTUTTMYECKUM MPH3HAKAM HCIIOJIh30BaH IOKa3areib (MHACKC) BHYTPH-
MOMYJIAIIMOHHOTO pa3Hoobpasus XKusorosckoro (W) [10]:

= (JP1+ P2+t fPm) - 3)

TIe pi, ..., Pm — IACTOTHI MOP(Q B TTOITYIISIIHH.
Ommbka (Su) onpenenena mo gopmyie [10]
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_ fu(m—u)
Sp, - T: (4)

TJIe 71 — KOJIMYECTBO MOP( B MOMYJISITHH; N — 0OIIHH 00beM BBIOOPKH B MTOIYJISIIHH.

[MpunaaexHOCTh 0CO0EH K OpeeieHHOMY (DeHOTHUITY OIPEIeIIsIH 110 CoYe-
TaHU0 MOP(OJIOTHYECKUX KAUECTBEHHBIX IIPH3HAKOB. J{JIs OL[EHKH BHYTPHIIONY-
JSIMOHHOW U MEXKIOMYJISIIMOHHON H3MEHYMBOCTH HCIIONB30BAIN KPUTEPHI XU~
KBaJIpaT, AJsi TOMapHOr0 CpaBHEHHs BHIOOPOK — MOKa3atelb (DEHOTUIIUIECKOTO

CXOJICTBA TIOIYJISIIIUH 7
r=X.Di X q, (5

TZie p1 — BCTPEYaeMoCTh 1-To eHoTHIa B BEIOOPKE M3 TIEPBOM MOMYJISINH, ¢ —
BCTpEYaeMocTh 1-ro (heHoTHTIa B BBIOOPKE U3 BTOPOH mommyisuu [12].

CratucTHyeckyro 3HaYUMOCTh MTOKa3aTellsl CXOICTBA OICHUBAIMN 1O [-KpHTe-
puto uneaTuaHOCTH JKuBotoBckoro [12]:

[ =022 50 (1 - — Pethoy, (6)
ny+n, 4
TZe po — CyMMa 9acToT ()CHOTHUIIOB IEPBON BBEIOOPKH, HE MPEICTABICHHBIX BO
BTOPOH, ¢o — CyMMa 9acTOT (hEHOTHIIOB BTOPOH BHIOOPKH, HE TIPEICTABICHHBIX B
TIEPBOii, a 11 ¥ 112 — 00BEMBI TIEPBOIA U BTOPOI BHIOOPOK.

Kpurepuit mpeatnanocti JKHBOTOBCKOTO MMPOBEPSIET HYJIEBYIO THIIOTE3Y O MPH-
HQUISKHOCTH 00E€UX BBIOOPOK K OIHOM TeHepallbHOW COBOKYIMHOCTH. CaMa BemH-
unHa [ UMeeT NpUOIU3UTENBHO pacipeieleHie KpUTepUs XU-KBaJIpaT ¢ 71| cTerle-
HSAMH CBOOOIBI, TJIC /1 — KOJTIMYECTBO MOP(, B HaIIeM cirydae — peHoThrIoB [12].

Pe3yabTarhl ncciiefoBaHus U 00CyKIeHUE

Nzydenune Mmopdonornyeckux Mpu3HakoB ocoderd P. X moskoviensis B uccie-
JIOBaHHBIX MOMYJIALMIX II0KA3aj10, YTO IS HUX, KaK M I BCEX MpeACTaBUTeIeH
cekiun Tacamahaca, B TOM YHCIIE POTUTEILCKMX TAKCOHOB, XapakTepHa audde-
peHuMaIys YKOPOYEHHBIX IMOOETOB KPOHBI HA JMCKOOJIACTBI M JIEITOOIACTHI
(puc. 1). YymmHeHHbIE MOOETH KPOHBI WIHHIPUICCKAES, B TO BpeMs KaK IOpoC-
JIEBBIE PEOPHCTHIE 0 CAMOro OCHOBaHHS (pHcC. 2) pedpa HUCXOIIT 110 3 OT KakK-
JIOTO JINCTOBOI'O PyOI1a, HEPEAKO Y MOJIIOILIX 0CO0EH peOPHCTOCTE TPOCMAaTPHBAa-
eTCs ¥ Ha Imoderax BTOpOro Tojia, uTo B IEJIOM xapaktepHo s P. laurifolia, v o
JAaHHOMY TIpU3HAKY P. X moskoviensis TIOHOCTBIO YKJIOHSIETCS K 3TOMY POJIH-
Tenbckomy BuAy (puc. 3) [13].

BakHelmM KaueCTBEHHBIM IIPU3HAKOM, MapKUPYIOIIUM P. suaveolens, sBs-
eTCsl MEIIKOMOPILIMHKCTAS], «IIarpeHeBasy BEPXHsII CTOPOHA JIMCTOBOHM ILIACTUHKH,
410 aOCOITFOTHO HE XapakTepHO 1y1st P. laurifolia v IOMHOCTBIO yHACIIEIOBAHO BCEMHU
ocobsiMu P. x moskoviensis. JINCTOBBIE IJITACTHHKU Ha IIOPOCIIEBBIX II00Erax y TOMOJISA
JIABPOJIMCTHOTO IIPOOJIrOBaThIe, PeKe JaHIETOBHHBIE C KIMHOBHUIHBIM OCHOBA-
HHEM U 3a0CTPEHHOI BEPXYILKOH, 10 KParo JKeIe3uCTo-Inbuareie. Y P. suaveolens —
00paTHOSHIIEBHHBIC, JUTHIITHICCKAE C KITMHOBUIHBIM WITH OKPYTIIO-KITHHOBHIHBIM
OCHOBAaHMEM W 3a0CTPEHHOM WM KOPOTKO 3a0CTPEHHOM BepXymrkou. Jlms
P. X moskoviensis XapakTepHbI 3a0CTPEHHO SIMIIEBUIHBIC, SHIIEBUIHBIE JHCTOBLIE
TJTACTAHKH C OKPYTIIO-KIIMHOBUIHBIM OCHOBaHHEM M 320CTPEHHON BEPXYIIIKOM.

48



Knumoe A.B., [Ipowkun b.B. Populus x moskoviensis na roze Bocmounoii Cuéupu

Puc. 1. [Toberu kpoust: A — P. laurifolia, B — P. x moskoviensis, C — P. suaveolens
[Fig. 1. Crown shoots: A - P. laurifolia, B - P. X moskoviensis, C - P. suaveolens]

Ha ykopoueHHbIX 1moberax KpoHbl 411 P. laurifolia XapakTepHbI JIMCTOBBIE ILIa-
CTHHKH SHIIEBUITHO-TPEYTONbHON W stdnieBuaHON (hopmbl. st P. X moskoviensis
TaKKe OOBIYHBI SUIIEBUTHBIE JTUCTOBBIC TUTACTHHKH, BOOOIIIE HE OTMEUEHEI sIiIIe-
BHJTHO-TPEYTOJIbHBIE JINCTOBBIC TUTACTHHKH, CBOMCTBEHHBIC P. suaveolens (cM.
puc. 1). IImacTHHKY 3IIUOTHYECKON (POPMBI B Pa3HOM J0JI€ OTMEYEHBI y BCEX
TPEX UCCIIEAOBAaHHBIX BUAOB. JIJ1s OONBIMUHCTBA AEPEBbEB P. suaveolens xapak-
TEPHBI OOPATHOSHIICBUIHBIC JINCTOBBIC IJIACTUHKH, HE OTMECUCHHBIE Y JIPYTHUX
TaKCOHOB (cM. puc. 1; Tadmn. 2). CnemoBaTenbHO, IO (popMe THCTOBBIX ITACTHHOK
TUOPHIHEINA P. X moskoviensis HaclienyeT 4acTh MPU3HAKOB POJUTEIHCKIX BHUJIOB
1 HE XapaKTepU3yeTcs MOTHBIM YKIIOHEHUEM K TOMY HIIH IPYTOMY U3 HUX.

Puc. 2. ITopocneBoii yamuHeHHbIH noder P. X moskoviensis:
A — HIKHSS YacTh, B — BepxHsA 4acTh
[Fig. 2. Copper elongated shoot P. x moskoviensis: A - bottom part, B - upper part]

dopma ocHoBaHuA IACTUHKH Y P. laurifolia oTpakaeT ero popMoBoe pasHo-
oOpasue. B yactHocTH, B monyisaiuu YynbliMaH oTMe4eHO 12 nepeBbeB Oelno-
KOpoi#l (hOPMBI C XapaKTEPHBIM CEPAIIEBUAHLIM OCHOBAHMEM U 18 CEpOKOPHIX C
OKPYIJIO-KJIMHOBUAHBIM, B HacaXXI€HUU belbcy Bce 0COOM CepoKophIe ¢ aHallo-
TUYHBIM OCHOBaHWEM. B HccieioBaHHBIX ONYIAIUAX P. suaveolens, B OTIHYNE
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ot P. laurifolia, npencraBiieHbl IepEBbs HE TOIBKO C OKPYIIIO-KIMHOBUIHOM, HO
Y HE XapaKTepHOU IS TIOCIICTHETO KIIMHOBUIHON (POPMOI OCHOBaHUSI JIMCTOBOM
IUTACTHHKA. Y THOpuAHOTO P. X moskoviensis ennHAYHBIC nepeBbs (2—3 mT.) ¢
KJIMHOBUIHBIM OCHOBAaHHWEM JIMCTOBOW IUIACTHHKA OTMEYEHBI B HW3yYCHHBIX
HacaxaeHusX (Tadi. 2).

Ha yxopoueHHbIX moberax B cpeHEH 4acTH KPOHBI y BCEX JIHCTHEB OXHOTO
ZiepeBa BCer/ia BeIpa)keHa TONBKO OfHa opMa BEpXYIIKH U OCHOBAHHS JIMCTOBON
IUTACTHHKA. Bo BCeX M3yUeHHBIX MOMYIAIISIX P. suaveolens mpeodiaganu ocoou
¢ KOPOTKO 320CTPEHHOH (Pe3KO 3a0CTPEHHOW) BEpXYMIKOW. Y BCEX M3YUEHHBIX
ocobeit P. laurifolia m P. X moskoviensis OTMEYCHa TOJILKO 3a0CTPCHHAS BEp-
xymika (cM. Tabm. 2).

Puc. 3. ITopocneBoii yanunenHsiit moder: A — P. laurifolia, B — P. suaveolens
[Fig. 3. Copper elongated shoot: A - P. laurifolia, B - P. suaveolens)

ITockoneky pomurensckue Buabl P. laurifolia n P. suaveolens xapakTepusy-
FOTCSI Pa3BUTHIM OITYIIIEHHEM YepeIKa, TO JaHHbIH IPU3HAK HE ABJISIETCS BaYKHBIM
IUTS HIeHTH(HUKAIN UX THOpuaa P. X moskoviensis (cM. Tadi. 2). Ho oH BaxkeH
IUTS BBISABJICHHUS (DEHOTHIIOB POANTEIBCKMX TAKCOHOB M THOPHIOB.

B nccnenoBaHHBIX apTOpaMu onyasauusax P. laurifolia He OBIIO BBISIBIIEHO HA
OJIHOT'O JIEPEBA C Pa3BUTHIMU 0a3aIILHBIMU KEIE3KAMHU, M B I[EIOM STOT IPU3HAK
HE XapakTepeH I JaHHOTO TakcoHa. Hampotus, B HacaxaeHusx P. suaveolens
npeobiaaani 0coOu ¢ BRIPaKEHHBIM IMPHU3HAKOM, XOTS Ha SHJIOTCHHOM YpPOBHE (B
mpemenax oco0M) OH CHIIBHO BapbHUPYET OT HOJHOI'0 OTCYTCTBHUSA 10 1—4 *xené30K
B OCHOBaHUWH TUIACTHHKH. TOJIHKO B HONMYJIAMAX buimubuHo oTMedeHo 1o 3 ocodn
(10%), TUCTBS KOTOPBIX HE UMEIIN JKEJIE30K. 371eCh CIIEAYET, OJHAKO, OTMETHTD,
YTO HaJMYKE TOT0 Mpu3HakKa y P. suaveolens OTHIONb HE SBJSETCS OOIIEHPH-
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3HAHHBIM. W, KaK MBI YK€ OTMeJalH paHee [7], a TakKe yKa3bIBaeTCs B PsIe pa-
60T, B yacTHOCTH, B cBOnKe «COoCyQuCTRIX pacTeHuii copeTckoro Jlansaero Bo-
croka» B.A. Hemonysxkko [14], B kirrode [uist onpenesenus BuaoB poga Populus
OTCYTCTBHE JKEIE30K pacCMaTPHBACTCS KaK XapaKTEPHBIH MMPU3HAK BCEX IYIIIH-
CTBIX» TOIIONICH pernoHa. JTo, BEPOATHO, yKa3bIBaeT HA Pa3HYIO CTEIEHb BHIpa-
KEHHOCTH TIpU3HAKA HAJMYHsI 0a3alIbHBIX JKENE30K B Ipeaeax OOMIMPHOTO ape-
ana P. suaveolens, aTo HaOMIOJaeTCsI, HAIIPUMED, Y CEBEpoaMepuKaHckoro P. del-
toides W. Bartram ex Marshall B wuccienoBaHHBIX  HaCaXICHUSIX
P. x moskoviensis xené3ku 0TMEUeHBI TOJIbKO Y 10 ocobeit B momyirsuu Oirxa.

[omapHoe cpaBHeHHE (PEHOTHITMIECKOTO COCTaBa BCEX BHIOOPOK C MCIIOINb-
30BaHHEM KPHUTEPHS XH-KBAAPAT U [-KPUTEPHsI HACHTUIHOCTH JKIMBOTOBCKOTO
MoKa3ao, 9YTo HabIromaeMble pa3Iuirs MEXKIy WCCICIOBAHHBIMHU IOIYJIISIIH-
SIMH JOCTOBEPHEI. B TO ke Bpems o moka3aTemio ¢eHOTHIITHISCKOT'0 CXOICTBA
OIS (7)) McClleOBaHHBIC HACAXKICHHUS B IIpeeiaX OMHOr0 BHIA CXOTHBI
Ha 67,0-93,7%, a momynsamuu P. X moskoviensis 6onee 6nusku k P. laurifolia
(Tabmn. 3).

[To coueranuo N3yIEHHBIX Ka4ECTBEHHBIX MOP(HOJIOTHMUECKUX ITPU3HAKOB B UC-
CJIEJIOBAHHBIX Tonysuusx P. laurifolia BeisBiieHO 9 GeHOTHTIOB, P. suaveolens —
12, a P. X moskoviensis — Tonbko 6 (Tabn. 4). B yacTHOCTH, B omyJisinuu benbcy
TOIOJISI IABPOJIMICTHOTO OKA3aJIMCh MIHPOKO PAaCHpPOCTPaHEHEI IEPEBhS C TYCTHIM
OITyIIICHUEM YepelnKka, SUIeBUIHON (HhOPMOH JIMCTOBOW IUTACTHHKH C OKPYTJIO-
KIIMHOBHIHBIM OCHOBaHHMEM U 3a0CTPEHHOM BepXymkoii (43%), a momyisiuu ba-
uMKa P. suaveolens — nepeBbsi C TYCTBIM OITyIIIEHUEM YepelIka, 0OpaTHOSHIICBHI-
HOW (hOPMOI1 JTMCTOBOM TTACTUHKU C KIIMHOBHUHBIM OCHOBAaHMEM M KOPOTKO 3a-
ocTpeHHOH Bepxymkoit (37%). Jons ennHUYHBIX (EHOTHIIOB HE IpPEBHIIIANA
10% B HOMYISIUSAX POAUTENBCKUX TAaKCOHOB B 6—7% y P. X moskoviensis, 94To
MTOJITBEPIKIATIO 3HAYHTEIBHOE JICHCTBHE CTA0MIM3HPYIONIET0 0TOO0pa.

B panee n3ydeHHBIX HAMH 30HAX THOpHIM3aNWU BUIOOB Populus, puHamie-
KAIIX K pa3HbIM CEKIUSIM, B €CTECTBEHHBIX YCIOBHSIX KOIHMYECTBO (PCHOTUIIOB
y THOPHIOB OOBIYHO MPEBOCXOANIO POIAUTENBCKIE TAKCOHBI. [IaHHBIX O pa3HO-
00pasuu (pEeHOTHIIOB B 30HAX CKPEIINBAHI TAKCOHOB B MPEIEIaX OTHON CEKITHH
B JINTEpaType HaM BBIIBUTH HE yaanock. OTHAKO B M3YUCHHBIX 30HaX MBI BCETa
HaOJII0Ia)H 110 MEHBIIIEH Mepe TPH TPYIIEI PACTEHUI: IBE, IPEICTaBICHHBIC PO-
IUTEIECKIMH TaKCOHAMH, W ofHy ruOpupl. [locnennue B OONBIIMHCTBE CBOEM
XapaKTEePU30BATUCH ITPOMEKYTOUHBIMH TPH3HAKAMHA H PACCMaTPUBAINCH HAMH
kak TuOpuns! Fi. Ilmtoc, kak cineacTBie aCHMMETPUIHON HHTPOT PECCHH, BBIICTIS-
Jach Tpymmna oco0ei, BO3HHUKIIAS B PE3yNIbTaTe BO3BPATHBIX CKPEIIMBAHUH C OJ1-
HHUM W3 POAUTENHCKUX TakcoHOB [15]. CremoBaTtensHO, TP €CTECTBEHHON TH-
OpHUIM3allMY B ClTydae MmepeKpbIBaHus apeanoB P. laurifolia w P. nigra, P. alba n
P. tremula, v mpn aHTPOIIOT€HHO CITPOBOIIIPOBAHHOM CKPEIIMBAHUH KyJIbTHBAPA
P.x sibirica G.V. Krylov & G.V. Grig. ex A.K. Skvortsov ¢ abopureHHbIM
P. nigra Mul ©MeeM JIeNI0 ¢ CHMITATPUYECKOHN JIOKAJTM30BaHHON THOpHIN3aIUEH.
DTO 0O3HAYaeT MMPOKOE MEPEKPHIBAHUE apeaioB POAUTEIHCKUX BHIOB, HO HX
CKpEIIMBaHNE TTPOTEKAET JIUIIH Ha OTAEIHHBIX, H30JIMPOBAHHBIX ydacTKax [16] —
ouarax ruopuamn3anuu [15].
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Ta6nuna 2 [Table 2]
BerpeyaemocTh KauecTBEHHBIX NPU3HAKOB B HACAXKIEHUSIX
10 HeCMellIeHHOii oLeHKe, YacToTa (p = Sp)
[Occurrence of qualitative traits in stands according to unbiased estimation, frequencies (p + Sp)]

P. laurifolia P. X moskoviensis P. suaveolens

[Ipuznak | Bapuarum

[Trait] | [Variations] benwscy | Uynbliman Onxa Upkyr | baumka | Tamnar

[Belsu] |[Chulyshman]| [Olkha] [Trkut] [Baimka] |[Tallaght]

Siine-
BUJHO-
TPEYTrOJIb- 156/0,347 | 340/0,755
Hasi +0,022 + 0,020
[Ovoid-tri-
angular]

dopma

mmcronoii || UCBHA | 989/0,627 | 110/0,245 | 21000467 33000733 -
IUIACTHHKH E‘gfoi N +£0,022 | £0,020 | +0,023 | +0,021

[Leaf blade Y —

shape] 12/0,026 - 240/0,533 | 120/0,267|193/0,428 [169/0,375
HecKas +0,007 £0,023 | £0,021 | £0,023 | 0,021
[Elliptical]

OO6parHo-
SIALICBUI- 257/0,572|281/0,625
Hast +0,023 | £0,023
[Obovate]

Cepare-
BUIHAA 12/0,400
[Heart- + 0,089
shaped]

dopma oc- |[Knuno-
HOBaHUS |BUIHAA 2/0,067 3/0,100 | 18/0,600 |10/0,333
wiacTuHky |[Wedge- + 0,045 +0,054 | £0,089 | £0,086
[Blade base |shaped]

shape] Oxpyrio-

KJIMHO- 30/1,000 | 18/0,600 | 28/0,933 | 27/0,900 | 12/0,400 |20/0,667
BRIHAA + 0,000 + 0,089 +0,045 | £0,054 | +0,089 | +0,086

[Rounded-

wedge]

Kopotko
dopma 3a0CTpEH- 26/0,866 |24/0,800
BEpXYILIKH |Hast [Short B B B B £0,062 | 0,073

IJIACTUHKY [pointed]

[Blade top |3aocTpeH-
shape] Has
[Pointed]

30/1,000 | 30/1,000 | 30/1,000 | 30/1,000 | 4/0,134 | 6/0,200
+ 0,000 + 0,000 +0,000 | £0,000 | +0,062 | £0,073

Cnabo
omymernpii| 5/0,167
[Slightly | =+ 0,068

pubescent]
Mop- Onmymen- | 550733 | 16/0,533 | 23/0.766 | 24/0,800 | 28/0.933 |20/0,667
%’v‘[’gf“ ;:igescem] £0,080 | +0,091 £0,077 | £0,073 | £0,045 | 0,086

photype]  |CuimbHO

OMYWCH- | 3/0100 | 14/0,467 | 7/0,234 | 6/0,200 | 2/0,067 |10/0,333

HEIH £0,054 | 0,091 £0,077 | £0,073 | +£0,045 | +0,086
[Heavily

pubescent]
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Mpusrax |Bapuammn P. laurifolia P. X moskoviensis P. suaveolens
FTrait] [Vegiations] benwscy | Uynbliman Onxa Upkyr | baumka | Tamnar
[Belsu] |[[Chulyshman]| [Olkha] [Trkut] [Baimka] |[Tallaght]
Bonee uem
y 50% B B 3/0,10 B 20/0,667 |25/0,833
[More than + 0,054 + 0,086 | + 0,067
50%]
Menee
Kenesku |2M Y 7/0,233 7/0,233 | 5/0,167
[Glands]  |20% - - + 0,077 B +0,077 | 0,067
[Less than
50%]
He BoIpa-
JKCHBI 20/0,667 3/0,10
[Not - - + 0,086 B + 0,054 B
expressed]

Ipumeuanue. p — yacrora mopd, Sp — omnbdKa 4acToTel MOPd.
[Note. p - Morph frequency, Sp - Morph frequency error].

Tab6nauna 3 [Table 3]
Pe3ysibTaThl NIONAPHOI0 CPaBHEHUS (PEHOTUNIHYECKOI0 COCTABA BHIOOPOK
[Results of pairwise comparison of phenotypic composition of samples]

P. laurifolia P. X moskoviensis P. suaveolens
o Benbcy | Uynpimman Onxa Upkyr baumka | Tamnar
[Belsu] |[Chulyshman] [Olkha] [Trkut] [Baimka] | [Tallaght]

S Fgg:&y 0,670/21,60%%|0,569/32,76** | 0,642/23,04**| 0/60** |0,012/61,56**
QS
'\b
S |Yynsimman
E_ [Chulysh- | 21,20%** 0,330/41,40%*|0,420/37,68**| 0/60** | 0/60**
A |man]
2 o

JIXa *ok *k ok ok
.§ [Olkha] 29,70 41,05 0,937/7,56 | 0/60** |0,196/52,56
3
g %/IIPKYT 22,53%%| 28 16%* 6,93 orex |141/52,08

. rkut]

R
g |bammxa *k *k ok ok *
3 [Baimka] 60 60 0/60 0/60 0,699/20,16
S
=
S
> |Tamnar *ok *k *k ok *
& |[Tallaght 57,33 60 51,14 52,00 19,90

Tpumeuanue. Britie quaroHany TabauLpbl — MOKa3aTelb PEHOTUIMIESCKOr0 CXOACTBA MOIMYJIsi-
uuii (7) / kputepuit uaentnaHoct XKusorockoro (/). Hmwke nquaronanu tabuuisr — y2.
[Note. Above the diagonal of the table is the indicator of phenotypic similarity of populations () / Zhivotov-

sky identity criterion (/). Below the diagonal of the table is - ¥2].
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Tab6auma 4 [Table 4]
BCTpe‘laeMOCTb (I)eHOTlflIIOB M nMoKasarteJjib

BHYTPUIIONYJISILMOHHOI0 pa3Hoodpa3us ZKuBOTOBCKOro
[Occurrence of phenotypes and Zhivotovsky’s indicato of intrapopulation diversity]

denorun
[Phenotype]

P. laurifolia

P. X moskoviensis

P. suaveolens

Benbcy
[Belsu]

Uyneimman
[Chulyshman]

Onxa Upkyr
[Olkha] [Irkut]

Banmka
[Baimka]

Tannar
[Tallaght]

1 OI, 41, OK, 3A
[10P,1,OK, ZA]

2/0,067

1 OIL T, OK, 3A
[10P, YT, OK, ZA]

3/0,1

2 OI, 4T, OK, 3A
[2OP, YT, OK, ZA]

8/0,267

7/0,233

2 OIL 41, OK, 3A
[2OP, 1, 0K, ZA]

13/0,433

7/0,233

9/0,3 17/0,567

2 OI1, 9J1, OK, 3A
[2OP, EL, OK, ZA]

1/0,033

12/0,401| 4/0,133

2/0,067

2 OI1, BJ1, OK, K3
[2 OP,EL, OK, KZ]

5/0,167

3/0,1

2 OI1, O41, OK, K3
[2 OP, OY, OK, KZ]

7/0,233

7/0,233

2 OI, 51, KJI, 3A
[20P,1, KL, ZA]

1/0,033 | 1/0,033

2 OI1, O41, KJ1, 3A
[2 OP, OY, KL, ZA]

4/0,133

3/0,1

2 OI1, O41, KJI, K3
[2 0P, OY, KL, KZ]

11/0,368

4/0,134

2 OI1, 3J1, KJI, K3
[2 OP, EL, KL, KZ]

1/0,033

2 OI1, BJI, KIL, 3A
[2 OP, EL, KL, ZA]

1/0,033 | 2/0,067

1/0,033

2 OIL AT, C, 3A
[20P, YT, C, ZA]

2/0,071

3 OIL T, OK, 3A
[3OP, YT, OK, ZA]

1/0,033

3/0,1

3 OI1 9J1, OK, K3
[3 OP, EL, OK, KZ]

1/0,033

3 OIL 4T, C, 3A
[3OP, YT, C, ZA]

10/0,33

3 OI, 4, OK, 3A
[3 OP, 1, OK, ZA]

2/0,067

1/0,033

4/0,133

3 OI1, 041, OK, K3
[3 OP, OY, OK, KZ]

7/0,233

3 OI1 9J1, OK, K3
[3 OP,EL, OK, KZ]

1/0,033

3 OI1 9J1, OK, 3A
[3OP, EL, OK, ZA]

3 OI1 9J1, KJI, K3
[3 OP, EL, KL, KZ]

1/0,033

3 OI1, 041, KL, K3
[3 0P, 0Y, KL, KZ]

2/0,067
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BT — P. laurifolia P. X moskoviensis P. suaveolens
[Phenotype] benwcy |Uynmpimman | Onxa Upkyr Banmka Taar
[Belsu] | [Chulyshman] | [Olkha] [Irkut] [Baimka] [Tallaght]

KomnuuectBo de-
HOTHIIOB B IIOIY-
TS 7 6 6 6 7 9
[Number of pheno-
types in the popula-
tion]

KomnuuectBo de-

HOTHIIOB HA BCIO

BbI60pKy* 9 6 12
[Number of pheno-
types for the entire
sample*]

Hroro: [Total]] 30 | 30 30 [ 30 30 | 30

Tpumeuanue. Mopdotum: 10I1 — cnabo OmyIIeHHBIH, TPUXOMBI PACCESIHBI 10 TOBEPXHOCTH;
20I1 — onymmeHHsIN, TPHXOMBI TOKPbIBAOT 10 50% noBepxHocTH; 3011 — cHIIbHO OMYIIEHHBIH,
omnyuieHo 6omnee 50%. opma nucroBoit wiactunky: AT — siiueBuHO-TpeyronpHas, 5 — siiue-
BuaHas, JJI — smmunruueckas, O — oOpatHostiineBuHas. OCHOBaHUE JIMCTOBOM MJIACTUHKH:
C — cepauesuanoe; KJI — knmunoBuanoe, OK — okpyrieHHO-kIMHOBHIHOE. Dopma BepXyIKu
JUCTOBO# rmacTUHKU: K3 — kopoTko 3aocTpéHHast, 3A — 3a0cTpEHHAsL. * — C y4eTOM MePeKPbI-
BaIOIIUXCsl (PEHOTHIIOB.
[Note: morphotype: 10P - slightly pubescent, trichomes scattered over the surface; 20P - pubescent, tri-
chomes cover up to 50% of the surface; 30P - heavily pubescent, more than 50% pubescent. Leaf blade
shape: YT - ovate-triangular, I - ovate, EL - elliptical, OY - obovate. Base of leaf blade: C - heart-shaped;
KL - wedge-shaped, OK - rounded wedge-shaped. Shape of the tip of the leaf blade: KZ - short pointed,
ZA - pointed. *- taking into account overlapping phenotypes].

B u3yuenHoli B HacTosiIIee BpeMst 30HE THOPUAN3ALNH OTCYTCTBYET OIUH U3
ponureneii — P. laurifolia, a y umeronuxcst ocodeii HabmogaeTcs CoueTaHue MpH-
3HAKOB POAMTEINEH MPH BHEIIHEM CXONCTBE ¢ P. suaveolens (B IepByro ouepeap,
10 «IIarPEHEBOH» BEPXHEN CTOPOHE JINCTOBOM IUIACTHKH), T.€. HE HAOIIOZaeTCs
COBpPEMEHHAS THOPHIN3AINS MEXKITy MCXOIHBIMH POIUTEIHCKAMHI TAKCOHAMH C
obpazoBanneM THOpunoB Fi. Ilepen HaMu «yHUMOJAIbHAS» THOPHIHAS 30HA
P. x moskoviensis, B KOTOpO# TpeICTaBICHE B OCHOBHOM OCOOW, BO3HHUKIINE B
pe3ylbTaTe CKpEIIMBaHUs THOPUAOB Pa3MYHBIX ITOKOJICHHH MEXIy coOoi, a
TakKe 00paTHBIX ckpermuBanuii [17-20]. dopMupoBaHME TaKOW CTPYKTYPHI
BTIOJTHE MOTJIO IPOU30MTH BCIIEACTBUE JUTUTEIHFHOW ACHMMETPUYHON HHTPOTPEC-
cuBHOW ruOpumu3anuu [21]. Tem Oonee, 4YTO ONM3KOPOJICTBCHHBIE BHJIBI
CKJIOHHBI K THOpuAnM3ayu vamnie [22, 23], kak 1, BeposTHO, K HHTporpeccuu. OT-
HOCHTEIBHO YaCTOe BO3HUKHOBCHUE ACHMMETPHYHOTO TIOTOKA TEHOB B THOPHI-
HBIX 30HaX yKa3bIBACT Ha PsX (PaKTOPOB, KOTOPHIE MOTYT BBICTYIIATh B KAUECTBE
MPUYHH JTOTO SBICHUS, HAIPUMEp, pa3iIndHasl YHCIEHHOCTh 0co0ei poanTeIh-
CKUX BHIIOB, Pa3JIHYUs B IPOM3BOACTBE U OIIOAOTBOPEHIH TaMET, a TakKe B pa3-
BHTHHU SMOPHOHA U BBDKMBAaHUU MTOTOMCTBA [24—26]. Takke OJHUM U3 BO3MOXK-
HBIX BapHaHTOB BO3HHKHOBCHHS aCHMMETPUYHOW CTPYKTYPHI C IIOCTECHEHHBIM
MOTJIOMIEHUEM OIHOTO M3 PONUTENHCKHUX BHJIOB SIBIISICTCS BTOp)KEHUE-paccese-
HUE BTOpOro pomutelsi. VI3BecTHO, 4TO KOTra BHI BTOpraercsl B 00JIacTh, 3aHs-
TYIO IPYTUAM, U MEXKIYy HIMH IPOUCXOIUT THOPHIN3AIIHS, TO OJHOHATIPABIICHHAS
HHTPOTPECCHS IIPU STOM OOBITHO HPOJOIDKAETCS B CTOPOHY BTOPTalOMIEroCs TaK-
coHa [27], B HaIIeM ciy4ae — B CTOpPOHY P. suaveolens.
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CrnenoBaTenbHO, UCTOKH (hOPMHUPOBAHHUS CTPYKTYpPBhI COBPEMEHHOW THOpH/I-
HOW 30HBI CJICAYEeT HCKATh B UCTOPUH PACCEIICHUS 3]1€Ch POAUTEIHCKIX TAKCOHOB.
Kak n3BecTHO, TONONb JaBPOIUCTHBLIN BO3HUK B HEOTE€HE, HAa CThIKE TYMHUIHON 1
apugHON obOmacteld Ha Tepputopun Antae-CassHCKOM TOpHOHM crpaHbl [28].
ITo nannbiM A. Narita et al. [29], P. suaveolens BcTpedaercs B HCKOIIAEMOM BHJIE
C IO3HEr0 MHUOIIEHAa BO (hitopax ceBepHoi Smonnn. Bosmoxno, uro P. laurifolia
pacceNMICs Ha ATOM TEPPUTOPHUH PaHblie P. suaveolens, IpoaBHUrasch o pyciam
pek ot 1enTpa apeana (Anrae-CasHCKOM FTOpHOM CTpaHbI) Ha CEBEP U CEBEPO-BO-
CcTOK. B yacTHOCTH, H3BECTHO, YTO MAaKCHMaJIbHOE pacipocTpaHeHue (HopMamum
JIAaBPOJIMCTHEIX TOMOJIBHUKOB IIPUIIIOCH Ha cpeJHUH HeorekcroneH [28]. B me-
PpHOI YSTBEPTUYHOrO OjeAeHeHHs apeanibl P. laurifolia u P. suaveolens moriu
OBITH M30JIMPOBAHBI APYT OT Apyra. [lepekuB JECAHHKOBYIO SII0XY B CEBEPO-BO-
crouHbIX pedyruymax [30, 31], Tomons AyMIMCTEINA HaYal aKTHBHO PacCeIsaThCs,
B TOM 4YHCJIe Ha toro-3amnajn B [Ipubaiikanbe, 3acemss 00JI1acTh paclpoCTpaHeHHs
TOIIOJIS JIABPOJIUCTHOTO.

Kak MBI yxe oTMeuas BhIIIE, IPU U3ydeHHUH THOPUIU3AIMH Y PACTEHUH TTpH-
HATO BBIACTATh THOPHIHBIC 30HBI B 3aBUCHMOCTH OT TOT'0, KaK 0TOOp JNelCTBYeET
Ha THOPUIBI U POAUTENbCKHAE BUIBI. C ATOH TOYKW 3PEHHMS, €CIIH PacCMOTPETh
n3BectHbie B CHOWpPH 30HBI THOpuAmM3auu Mexny P. laurifolia w P. nigra, ux
MOYKHO OXapaKTepHU30BaTh KaK COOTBETCTBYIOIIME MOJIEIH OTPaHWYCHHOTO T'H-
OpumHoro mpeBocxoncTBa [32]. MX ecTeCTBeHHBIH THOPUIOTCHHBIH B
P. irtyschensis Chang Y. Yang. oOBIYHO BCTpEUaETCs SIUHUYHO B CMEIIAHHBIX
HaCaXIICHHUSIX POAMTEIBCKUX BUIOB H 00pa3yeT CKOIUICHHUS Ha OTIENbHBIX 3KO-
TOHHBIX yYacTKaX, TJe oclabeBaeT KOHKYPEHITUS CO CTOPOHBI POJTUTEIILCKUX BH-
noB. OH mpown3pacTaeT Ha yJacTKaxX, HapyImIeHHBIX XO3SHCTBEHHOH NesTelbHO-
CTBI0, 32 MpeeNIaMy ITONMBI, T1Ie AeHCTBUE €CTECTBEHHOIO 0TOOpa OMPEIEIISIOT
nHbIe (HaKTOpHL. B CBA3M ¢ MPHUYpPOUCHHOCTHIO POJUTEIHCKUX BHIIOB K pa3jiny-
HBIM cpeliaM OOHTaHHMS MO3aWn4YHBIMH [33] MOKHO CYMTATh BCE H3BECTHBIC 30HBI
ckpemuBanus P. alba L. v P. tremula L., a Takxe BechbMa OOIIAPHBIE TEPPUTOPHH
AHTPOITOTEHHO CIIPOBOIMPOBAHHOW THOpUIM3alMK KyibTuBapa P.X sibirica ¢
abopureHHbIM P. nigra [34, 35].

Ha paccmaTtprBaeMoii TEppUTOPHH B PE3YJIbLTATE JIIUTEILHOI0 0TOOpa B IOM-
MEHHBIX YCIOBHIX (PEHOTUIIMYECKUM COCTaB THOPHIHOr0 KOMILIEKCa CTaOMIIH3H-
POBaJICS, ¥ MBI, BEPOSTHO, KMEEM JIEJIO C 3aBEPIIAIOIIUM STallOM I'MOPHIHOIO BH-
JI000pa3oBaHus. B omiudne ot paHee pacCCMOTPEHHBIX HAMU THOPHIHBIX 30H TO-
monst B Cubupw, 30Ha tnOpunuzanuu P. laurifolia n P. suaveolens sBiseT Ham
MIPUMEP CUMIIATPUUECKON THOPUIU3aLN IIIHPOKOr0 TUIIA C 30HOM, 3aCeIEHHON
rubpuaamMu 1Mo Beer mromaay. ITomo0HbIe 30061 X0pomo n3BecTHsl B Cubupu, B
YaCTHOCTH, MEXKAY POACTBeHHbIMH BuIamu Larix Mill. [36]. Taxxke ee He cTOHUT
OTHOCHTH K OTpaHUYCHHBIM 30HaM THOPHIIHOTO MIPEBOCXONCTBA U MO3aWYHBIM,
3TO ABOJIOIMOHHO-HOBAs THOpHIHAS 30Ha [37], T1e Ooree BBICOKAs MPUCIIOCO0-
JIEHHOCTh HEKOTOPBIX THOPHIOB TTO3BOJISIET UM 3aHMMATh HOBBIC MECTOOOMTAHHUS
WJIH BBITECHATD POJUTEILCKUI BHJI U3 cpebl ooutanus [17, 38].

K macrosimeMy BpeMeHH B HEH CIIOKHIICS THOPHIOT€HHEIN BH I, MOP(OJIOTH-
YeCKH OJIM3KHH K TYIIHCTOMY TOIOJIO, B PE3YJIbTaTe MHOTOYMCICHHBIX CKPEIITH-
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BaHMI MeXay coO0i rHOpUI0B Pa3IMYHbBIX ITOKOJCHUN M UX BO3BPATHBIX CKpe-
mBaHui ¢ P. suaveolens (dKCIaHCUs KOTOPOro, BO3MOXKHO, €Ie IMPOAOJDKa-
ercs). B pesynbraTe acummerpuaHoi naTporpeccuu P. laurifolia OykBansHO pac-
TBOpHIICA B P. suaveolens, v, BO3MOKHO, O HEM ¥ HE BCTIOMHUJIU Obl, €CiId ObI He
OJIMH, HO Ba)XHEUIIMH MapKUPYIOIIUH NaHHBIA BHI MOPQPOJOTHYSCKUN IIPH-
3HaK — peOpHCTOCTH (hOPMBI TOBEPXHOCTH TTOPOCIIEBHIX MoOeroB. Kak yxe oTMe-
4aJIoch, THOPHIIHBIC 30HBI JIOMYCKAIOT OTHOCHUTEIIEHO OCCIpEnsATCTBEHHYIO WH-
TPOTPECCHIO TMOJIC3HBIX aJANTHBHBIX ajuiesiel. PeOpuctocTh mobdera — npu3Hak,
KOTOPBIH JEMOHCTPHPYET BBICOKYIO HACIEyEeMOCTh ITPH pa3HbIX BapHAHTaX TH-
Opuau3anuy y BUI0B Populus.

Onwmpasich Ha UMEIOIIUECS JaHHbIC, MOXKHO MPHOIM3UTENIHFHO OYEPTHTh TI'pa-
HHILBI 30HBI THOpUau3annn Mexay P. laurifolia n P. suaveolens. Ha 3anmane ona
npoctupaercs oT p. KaH, oxBaThiBass Ha BOCTOKE JICBBIC IIPUTOKM AHrapbl, a Ha
FOTO-BOCTOKE IIPOCTUPAETCS MO BOCTOYHOH TIpaHuIlbl OacceiiHa p. CeJIeHIH.
VIMeHHO Ha TOHM OOLIMPHON TEPPUTOPHH, KakK cipasBedinBo ormeyasn M.B. Ko-
cThHa ¢ coaBT. [1], BHOOBas MpPHMHAIEKHOCTL 00pasuoB K P. laurifolia wnmn
P. suaveolens onpeensercs: HCKIIOYUTEIBHO XapaKTepoM cOopa MaTepraia — Kak
TOBOPHUTCS, «IOKY/Ia JOTAHYJICS. BOIBIIMHCTBO HCCiIeI0BaTENEH TBITAETCS HANTH
HMEHHO POIAUTEIbCKUE BHUIbI, @ HAXOIUT TOJBKO HX OTACIbHBIC TUATHOCTUYCCKHUE
npusHakd. B gactHoctr, 10 p. CeneHrn B 3TOH 30HE THOPHAM3ALMK JOXOANUT HE
P. laurifolia, a TONbKO OIUH U3 MAPKUPYIOIIHMX €r0 MPU3HAKOB — PEOPUCTOCTh MO~
POCJIEBBIX ITOOEroB, KaK M «IIAarpeHEBOCThY BEPXHEH CTOPOHBI JHUCTOBOM ILIa-
CTHHKH Ha 3arajie MpoHuKaeT J1o p. KaH, Ho He uncThIid P. suaveolens.

BriBoabI

1. FOro-Bocrounas Cubnps ot p. Kan Ha ceBepo-3amae 1 10 BOCTOYHOH OKpanHbI
Oaccetina p. CeJIeHTH Ha 10re OTHOCUTCS K TeppUTOpHy Tudpuu3aimu P. laurifolia n
P. suaveolens. PaccMoTpeHHast 30Ha SBIISIET IPUMEP CHMITATPHIESCKON THOPHIA3AITAH
IIUPOKOro THIIA C «YHHMOJAILHOM» CTPYKTYpoi. To ecTh OOIIMPHON TEppUTOpHEH,
3aCEJIEHHOM 10 BCeH IIIONIA A THOPHIOTCHHBIM BUIIOM — TOIIOJIEM MOCKOBCKHM (P. X
moskoviensis). Takoid TAIT THOPHIHOM 30HBI He TUTIMYCH W11 Populus B CrOWpH.

2. B macrosiiee BpeMs (DEHOTHITMYECKHH COCTAB THOPHUIHOIO KOMILJIEKCA B
HM3YYCHHOM 30HE CTAOMIIM3UPOBAJICS: B HeM He pukcupytotces P. laurifolia u xak
caeAcTere THOpuan Fi, a y paciipocTpaHeHHBIX THOPUIHBIX 0COOCH Mpy BHEIII-
HEM CXOZCTBE ¢ P. suaveolens (B IEpBYIO 04Eepelb, IIAIPEHEBOM» BEPXHEH CTO-
POHE JIUCTOBOM TUTACTUHKH ) HAOJI0JAETCS COBOKYITHOCTh Ka4eCTBEHHBIX MOP(]O-
JIOTUYECKUX MPU3HAKOB JINCTA, OTJIMYHBIX OT POJUTEIBCKUX BUIOB.

3. [IpusHakoM, GUKCUPYIOIUM poAMTeIbckoe ydactue P. laurifolia, sBns-
eTcs peOpUcTOCTh (HOPMBI TOBEPXHOCTH TOPOCIIEBBIX T00eroB. OH JEMOHCTPH-
PYeT BBICOKYIO HACJIEIyeMOCTh IIPH Pa3HbIX BapHaHTaX TMOPUAM3AINH Y BUJIOB
Populus. Kpome Toro, 1mo mokasareino (eHOTUITHISCKOr0 CXOICTBA TTOMYJISIIHA
HCCIIeIOBaHHbIE HacakaeHus P. X moskoviensis 0onee onusku k P. laurifolia.

dopMupoBaHHUE COBPEMEHHON CTPYKTYpHI THOPUIHON 30HBI BIIOJHE MOTJIO
MIPOM30UTH BCIIEACTBUE JITUTSIHLHOW aCHMMETPHYHONW HHTPOTPECCUBHOW THOPH-
JIM3aIH, CIIPOBOIIMPOBAHHON SKCHaHcHel P. suaveolens TOCIIe Y€TBEPTUIHOTO
OJICJICHECHUS Ha TEPPUTOPHIO, paHee 3aceneHnyro P. laurifolia.
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LlenoTH4eckHe NO3MIMHU CY0OOKEeAHHYECKHUX IIyCTOIHO-00POBBIX
U BJIA’KHOJIYTOBBIX BH/I0B PACTEHHMI B Tae:KHOM 30He
EBponeiickoii Poccun

Wibs Bopucosny Kyuepos!, Auzpeii Anatoanesny 3sepes™?

! Bomanuyeckuti uncmumym um. B.JI. Komaposa Poccuiickoti akademuu Hayx,
Canxm-Ilemep6ype, Poccus
? Hayuonanvmuiii uccredosamenvcxuii Tomcxuii 20cydapcmeentuiii yHusepcumen,
Tomck, Poccus
} Henmpanvmuiii Cubupcruii 6omanuseckuii cad Cubupckozo omoenenus
Poccuiickoti akademuu nayk, Hogocubupck, Poccus
! https://orcid.org/0000-0002-4827-4575, atragene@mail.ru
23 https:/forcid.org/0000-0002-4827-4575, ibiss@rambler.ru

AHHOTaUA. AHUTM3UPYIOTCS LIGHOTHYECKHE TTO3ULIMU OKCaHUYEeCKUX U cyOokea-
HUYECKHUX BHJOB COCYIMCTBIX PACTEHHH B Pa3iUYHBIX MOA30HAX TAeKHOW 30HBI EBpo-
neiickoii Poccuu B cpaBHenuu ¢ Atnantudeckoil u Llentpansroii EBponoii. B ocHoBy
aHau3a MooXeHa BhIOOpKa u3 5 844 reo0OTaHMYECKUX OIMMCAHMIA, BBIMOTHEHHBIX B
19962018 rr. Mcnionb30Banbl AaHHbIE 1O BYM mycTomHo-60poBbiM (Calluna vulgaris
u Empetrum nigrum s.str.) u 8 Me30TpOdHO-BIKHOIYTOBBIM CyOOKEAaHUYESCKUM BHIIAM,
a taxxe Molinia caerulea, oTHOCsIIe#CsT K 0OenuM rpymmnaM BuaoB. CyOokeaHH4IecKue
JIOMUHATHI aTJAHTHYECKUX M LEHTPAIbHOEBPONEHCKUX OE€3JIECHBIX KyCTapHUYKOBBIX
nycroued Calluna vulgaris u Empetrum nigrum B Bocrounoit EBpore nepexomsit oz
TOJIOT COCHOBBIX OOPOB HAa MeCcKaX ¥ / WM Ha KOYKH U TPsiIbl BEPXOBBIX OOJIOT B 3aBU-
CHMOCTH OT KIIMMaTHYECKMX OCOOCHHOCTEH PEroHa 1 3KOJIOIHUECKHUX MPEIIIOYTeHUI
BUJIOB. BocTouHoeBponeiickas LeHO(IIOpa MEIKOOCOKOBBIX JIyrOB C T'OCHOZCTBOM
Carex nigra chopMupoBasiach B pe3yjbTare CIHSHUS LHEHO(PIOP ME30TPO(HBIX OCO-
KOBO-C(harHOBBIX OOJIOT 1 OEI0YCOBBIX IMYCTOIICH B JIeCHOM Tosice rop LleHTpanbHoit
EBpornbl. CTaTHCTHYECKH 3HAYUMOE CHIKEHHE NPOSKTHBHOIO IOKPBHITHS OOJIbIIMH-
CTBA paccMaTpUBAEMbIX BUIOB C YBEIMYEHHEM KOHTHHEHTAIBHOCTH KJIMMaTa co4eTa-
€TCsl ¢ HEUTPAIBHOCTBIO 3TUX BUJIOB 110 OTHOLICHHUIO K (haKTOpaM TeruioodecedeHHO-
cru Bereraiuu. KoHTpacTHbIe M3MeHeHHs puypodeHHocTH Molinia coerulea k coo0-
IIECTBAM C PA3IMYHBIM YPOBHEM MHHEPAIBHOr0 OOrarcraa Io4B B Pa3HbIX YaCTAX €€
apeana He 00yCIIOBJICHBI TeHETHYECKH U TPEeOYIOT IKOJIOrudeckux oobscHeHuit. Oc-
HOBHBIC BOJIHBI PACCEJICHUsI OKEAHNYECKHX BUIOB Ha BOCTOK B YETBEPTUUHOM NEPUOJIE
EBponetickoit Poccun npunuinck Ha MUKYITHMHCKOE MEKIETHUKOBbE U aTIIAaHTUYECKUI
onTuMyM ronoueHa. Apeanst Calluna vulgaris v Molinia coerulea B 3anaanoit Cubupu
copMUpOBAIUCH B IEPBYIO U3 BOJIH, Empetrum nigrum — BO BTOPYIO.

KitioueBble ci10Ba: BepecKkoBbIC ITyCTOLIN, BepXoBble OonoTa, EBporneiickas Poc-
cusi, ucTopusi (BJIOpbl U PACTHTEIBHOCTH, JIyra, OKCaHHYECKUil (IIOpO3JIEMEHT, OKea-
HUYHOCTH / KOHTHHEHTAIBHOCTh KIIMMAaTa, COCHOBBIC Jieca, CYOOKeaHUUeCKuit (opo-
JIIEMEHT
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Phytocoenotical positions of suboceanic heath and wet-meadow
plants in boreal-forest zone of European Russia

Ilya B. Kucherov', Andrei A. Zverev>*
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2 Tomsk National Research State University, Tomsk, Russian Federation
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Summary. The study is aimed at revealing changes in phytocoenotical positions of
oceanic and suboceanic vascular plant species in different subzones and longitudinal sec-
tors of boreal-forest zone of European Russia in comparison with those in Atlantic and
Central Europe. For this purpose, we use the set of 5844 relevés made in 19962018 (see
Fig. 1). We analyze changes in constancy and cover of the two heath-redwood (Calluna
vulgaris and Empetrum nigrums.str) and 8 mesotrophic wet-meadow suboceanic
species, also Molinia caerulea, referred to both species groups, and Nardus stricta, closely
related to the latter in the observed plant cover. Species positions are checked in vegetation
units distinguished by means of the dominant-determinant approach to vegetation (see
Table ). Geographical changes in species positions are traced following the combinations
of these units in rows for analogous habitats in different subzones.

The oceanic species either never reach the western borders of Russia (Erica tetralix,
Narthecium ossifragum), or occur at the easternmost limits of their distribution along
the Gulf of Finland shores (Juncus squarrosus, Myrica gale, Drosera intermedia) or in
relict isolates of the Riss-Wiirm (Corynephorus canescens, Sieglingia decumbens) or
Atlantic (Festuca filiformis) ages. But Calluna vulgaris and Empetrum nigrum s.str.,
the suboceanic dominants of treeless Atlantic- and Central-European dwarfshrub
heaths, are common under the canopy of Scots pine forest and/or on peatmoss hillocks
and ridges in raised bogs of East Fennoscandia and the North-West of the Russian Plain.
Calluna vulgaris prefers warm soils and fails to withstand their prolonged frost pene-
tration. Hence it escapes from bogs but keeps on growing in pine forests in the North-
East of European Russia. It also occurs in the Upper and Middle Volga areas, reaches
the Middle Urals, and penetrates the West-Siberian hemiboreal subzone, with its relict
findings also known from the Western Sayan Mts. On the contrary, Empetrum nigrum
remains only in bogs in the middle- and southern-boreal subzones of the Dvina-Pechora
area. But it reaches the Middle Urals as well and occurs in raised bogs of southern-
boreal Western Siberia.
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The East-European low-sedge meadows with the dominance of Carex nigra origi-
nated as a result of integration of mesotrophic sedge-peatmoss mires and matgrass (Nar-
dus stricta) grasslands in the montane belt of the east of Central Europe. Many species
which constantly occur in such meadows (Agrostis canina, Carex echinata, Juncus con-
glomeratus, Viola palustris, etc.) also reach the Urals and the Trans-Urals but do not
penetrate further eastwards. Carex nigra, Potentilla erecta, and Succisa pratensis serve
as exclusions as they also occur in Southern Siberia. In the North-West of Russia, Carex
nigra grows not only in meadows but also in Scots pine bog forests. The other two
species are typical for both meadows and small-leaved forests which replace the latter
in the course of the succession both in European Russia and Western Siberia.
The genesis of meadow community types is considered natural because these commu-
nities occur at the initial stages of secondary successions, driven by both natural and
anthropogenic causes.

The decrease in cover of the most of the studied species with an increase of Conrad
continentality index, statistically testified by means of Spearman rank correlations rs,
typically coincide with the lack of correlation between the cover of these species and
the vegetation period warmth supply (see Table 2). As regards mineral nutrition and
soil acidity requirements, the studied plants belong to acidophytes, oligotrophic or
mesotrophic in cases of heath or wet-meadow plants, respectively.

Molinia coerulea is typical for heaths and mires as well as meadows of different
types, developed on both acidic soil (with Calluna vulgaris and Nardus stricta) and
limestone, in Atlantic and Central Europe. It also occurs in beech, oak, birch-oak, and
Scots pine forests on nutrient-poor acidic soil there. But the same species is restricted
to aapa-mires and spring peatmoss pine forests, i. e. minerotrophic conditions, and
avoids the oligotrophic ones in northern-boreal Fennoscandia. In the meantime, it grows
and is often abundant in oligotrophic pine and birch forests at the initial stages of palu-
dification but avoids the eutrophic conditions in the southern-boreal subzone of North-
West Russia and the Cis- and Trans-Volga areas. In the Trans-Urals, the species occurs
in meadows on rich soil again and even prefers the increased salinity conditions. These
contrast changes in soil nutrition preferences in different parts of the Molinia coerulea
area in Eastern Europe and Western Siberia influence the character of correlations when
testifying the suboceanic character of species ranges. But they are not confirmed by any
genetical differences (ITS) and should be explained in terms of species ecology.

Dry-grassland records of Nardus stricta which mark its Middle-Pleistocene peri-
glacial distribution are known for Eastern Europe. But the main Quaternary migration
flows of warmth-demanding suboceanic plant species to the east correspond to the Riss-
Wiirm interglacial or the Atlantic thermal optimum of the Holocene in European Rus-
sia. The West-Siberian parts of areas of Calluna vulgaris, Carex nigra, Potentilla
erecta, and Succisa pratensis originated due to the first flow mentioned, and that of
Empetrum nigrum due to the second one. Calluna vulgaris also penetrated Karelia and
the south of the Kanin Peninsula in the Atlantic period. But many Atlantic migrants
from Europe could not achieve their far-off distribution in Siberia because of the pre-
Atlantic Boreal thermal optimum there, preceding that in Europe. Populations of
Molinia coerulea, asscociated with the eutrophic and oligotrophic soil, respectively,
probably migrated in different areas and periods: the former in the Riss-Wiirm
interglacial of Siberia and then in the Atlanticum of the European North, and the latter
only in the Atlanticum of the Russian Plain. The post-Atlantic species migration has
played a minor role in the community flora formation.

The paper contains 2 Tables, 1 Figure, and 80 References.

Keywords: bogs, boreal-forest zone, climate oceanicity/continentality, European
Russia, heathlands, history of flora and vegetation, meadows, oceanic floristical ele-
ment, pine forests, suboceanic floristical element
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BBenenmne

Bcnen 3a paccmoTpeHreM MIXPOTHON H3MEHYMBOCTH IIEHOTUYECKUX TTO3UIIHNA
pacternnii [1-4] cneayer mpoaHaMM3WPOBATH AHAIOTHYHBIE SIBJICHUS TOITOTHON
(cexTopanbHOI) M3MEHIUBOCTH. HacTosImas cTaThs MOCBAIIEHa POIN OKECaHIUe-
CKUX U CyOOKEaHHIECKHUX BUIOB B COOOIIECTBAX TACKHOHN 30HBI H COMPEIECITBHBIX
30HAIBHBIX BBIIENOB EBponeiickoii Poccuu, oTuacTr Takke 3amaaHoi CuoupH.

1151 OONBIIMHCTBAa OKEAHUIECKUX U CYOOKEaHNIECKHUX BUIOB XapaKTEPHBI aM-
¢dHuaTIaHTIHYECKIE, EBPOIIEHCKIE U EBPOIECHCKO-CPEAN3EMHOMOPCKHE, peske aM(u-
OKEaHWYeCKHe WIH (B Clydyae HEMOPAIBGHBIX BHIIOB) NTM3BGIOHKTHBHBIC €Bpas3uat-
CKHe apeatbl ¥ IieHoapeanbl [S]. CoOCTBEHHO OKeaHWYeCKUe (ATJIaHTHUECKHE H aT-
JIAHTHKO-IIEHTPATEHOEBPOIICHCKIE) BUIBI B COBPEMEHHYIO AIIOXY He 3aX01T B Bo-
cTOYHYIO EBpoITy HiTH e/1Ba TOCTHTAIOT 3anaIHbIX obnacteit Poccun. [TpoHnKHOBE-
HUE 3THX BHIIOB HaOmromaercs Baoib Oeperor dunckoro 3amiBa (Rhynchospora
fusca (L.) Aitfil., Juncus bulbosus L., Myrica gale L., Drosera intermedia Drev.
et Hayne) nmubo Taxke B 3anamHoi Kapenun (Carex pulchella (Loenn.) Lindm.,
Juncus squarrosus L.) wmun B Oacceline p. 3anmamgHod Jlpunbl (Rubus plica-
tus Weihe et Nees s.1.). B To e BpemMs MHOTHE CyOOKeaHUUeCKHe (CyOaTiIaHTHe-
CKH€) BUBI IIMPOKO paclpoCTpaHEHbI Ha 3amajie u ceBepo-3amane EBpomeiickoii
Poccun. Hexoropeie n3 Hux mocturatotr [loBomkest (Cynosurus cristatus L.,
Holcus lanatus L., H. mollis L., Sieglingia decumbens (L.) Bernh., Carex
pilulifera L.) n Ypana (Nardus stricta L., Carex flava L., Linum catharticum L.)
1 ke rora 3amanHoit (Molinia caerulea (L.) Moench, Potentilla erecta (L.) Rae-
usch., Succisa pratensis (L.) Moench) u Cpenneii (Calluna vulgaris (L.) Hull) Cu-
oupr. OJTHAKO MTPH 3TOM OOJIBIIUHCTBO M3 YIIOMSIHYTHIX BUJIOB PEAKH K BOOOIIIE
otcyTcTBYIOT B JIBHHO-IIeqopckom permone. CeBepo-BOCTOUHBIEC TPAHUIIBI apea-
JIOB MHOTHX U3 HUX MPoxoiT mo p. Onere, kotopyto A.Il. [llennnkoB [6] cunTtan
OCHOBHBIM OOTaHHUKO-T€OrpauIecKuM pyOeKOoM, HCTOPUUYECCKH Pa3JICISIOIINIM
®ennockanmio u Pycckyro paBanHy. OuepTaHus apeayioB, B3ATHIE B IIETIOM, BO
MHOTOM OTIPENENSIOTCS MUPOTHOW MHTEHCHBHOCTBIO aTIAHTHYECKOU ITHPKYJIS-
UM BO3IYIIHBIX MAacC W 3aBHCAT OT IOJIOKECHUS OaphepHBIX TOPHBIX MAacCHBOB
Ha ITyTH 3aI1aJHOT0 IepeHoca.
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Hame nmoxmManne okeaHWYECKMX M CyOOKEaHHMUECKUX BHIIOB PACTEHHH CO-
3BYYHO TaKOBOMY B pabotax H.A. MunsieBa [7—8], HO OTJIMYAETCS OT UX TPAKTOBKH
3amaHoeBponerckumu apTopamu [9, 10], paccMaTpHBaIOIMMU TEPPHTOPHIO B 60-
Jiee KpyIHOM MaciiTtabe. B ¢putonHmkannonHbIX mkanax ['. Dmienoepra [9] oke-
AHMYECKMMHU CUMTAIOTCS BUJBI, paclpocTpaHeHHbIe B ATimanTudeckoil EBpore u
JIMIIL OTYACTH — B 3amajgHoi dactu [lenTpansHoit EBponbl. K cybokeanmueckum
OTHOCSTCS IICHTPAIGHOEBPOIICHCKIE BUABI, IPOHUKAIOIINE B COIPECITBHBIE BO-
CTOYHOEBPOIICHCKAE paiiloHbl. BUpl, 0OBIYHBIC M OOWIIBHBIC B CYOOKEAaHHUECKOM
HenTpansroit EBporne, HO mmpoKo pacrnpocTpaHeHHbIE B B BOCTOUHOIA, 9acTo OT-
HECEHBI YK€ K HEUTPaTbHOMY HITH JTaKe K CYOKOHTHHEHTAIBHOMY THITAM PACIIPO-
cTpaHenus. TeM He MEHEe OLIEHKH OKCaHHYHOCTH BHIIOB, TIOTy9IeHHBIC HAMH H OJI-
JIeHOeproM, TIOYTH BCETia COBNAAIOT (CM. HIIKE).

Hcropryeckie CBUTH OKEAHMYECKUX (B IIHPOKOM CMBICIIC) BHIOB BEChMa pa3-
HOOOpa3Hbl. HekoTophie U3 9THX CBHUT yKe paccMaTpUBAJIMCh HAMH, @ IMEHHO: He-
MOpaJIbHbIe (THIIMETAIbHEIC, (hareTalibHbIe) U OOpeoHeMOpalbHbIe (KBEpIeTab-
HbIC) [2] M MYCTOMHO-O00POBBIEC THITOAPKTHUYECKHE [3] BUIBI, a TAKXKE TPEICTaBHU-
TEJ TUTIOAPKTO-00pealbHBIX BHIOB, Mo00HbIe Avenella flexuosa (L.) Drej. [4].
3Ota cTaThs MOCBAIICHA OOpEaTbHBIM B 00peaTbHO-TI0TH30HATBHBIM ITyCTOITHO-00-
POBBIM H CONIPSDKEHHBIM C HUMHU B PACTUTEIHHOM IIOKPOBE ME30TPO(hHO-BIaXKHO-
JYTOBBIM CyOOKEaHNUECKUM BHIaM. PaboTa cTaBUT CBOEH 1ENbI0 CpaBHEHHE IIEHO-
THUYECKUX TTO3UIMHA STUX BUJOB B Pa3JIMIHBIX MIMPOTHHIX U TOITOTHBIX BBIIENAX,
OLICHKY 3aBHCHMOCTH THX MOZUIUH OT KITMMATHIECKUX U TOM0ATa(QUIECKAX YCIIO0-
BUI U BEISIBIICHIE HCTOPHYECKUX ATAIIOB PACCEIICHHUS BHIOB. Me309BTPO(HBIE aTb-
HeTaIbHbIe CyOOKeaHmYecKrue BUABI IPEBHECPEIM3EMHOMOPCKOTO TeHEe3Hca TIa-
HHUPYETCS pACCMOTPETH B OTIEIBHOM ITyOITIKAITHH.

MarepuaJibl 1 METOAMKA UCCJIETOBAHUS

B kadectBe MOJENBHBIX W30paHBl JBa ITyCTONIHO-OOPOBBIX (Empetrum
nigrum L. s.str., Calluna vulgaris) n 8 Me30TpoHO-BIIAXXKHOIYTOBBIX (Agrostis
canina L., Carex echinata Murr., C. flava, C. nigra (L.) Reichard, Juncus con-
glomeratus L., Potentilla erecta, Viola palustris L., Succisa pratensis) cyookea-
HUYECKIX BHJIOB COCYIOUCTBIX pacTeHui, a Taxke Molinia caerulea, KoTopyio
MOYKHO OTHECTH K 00OCHM CBHTaM. YUYTEHBI H HHBIE, OOJiee peikue cyOoKeaHmye-
ckue Bunbl (Chrysaspis spadicea (L.) Greene, Ptarmica vulgaris Blakw. ex DC.
U 7p.), TATOTEIONHE K BIaKHOIYTOBOW CBUTE M COMNPSDKEHHBIE C MOICIHHBIMU
BHIaMH B CBOEM pacmpocTpaHeHnr. Kpome Toro, BHOBb 00CYKIAr0TCS TIO3UITHH
Nardus stricta [3], 6e3 yueTa KOTOpOro HEKOPPEKTHO pacCMaTPHBATh 00€ CBUTHI.

B ocHOBy aHamm3a moyioykeHa BbIOOpKa u3 5 844 onmcaHHl PacTHTEIBHOCTH,
BBITTOJTHEHHBIX MIPY 00CIICIOBAaHISIX MAIOHAPYIICHHBIX, B OCHOBHOM OXPaHSIEMBIX
MIPUPOIHBIX TeppuTOpuii EBponetickoit Poccun B 19962018 rr. (puc. 1; Tadm. 1).
N3 mux 4 720 cnenansr W.b. KydepoBbIM nHYHO JTHOO BMECTE C TOBapHIIAMH IT0
skcriequiysM [2—4, 11]. Ommcanust TPOU3BOAMINCEH B TIPOIIEHTHOM IIKAJe TIPOEK-
TUBHBIX MOKpbITHi (I11) 10 pycam B rpaHHIIAX OJHOPOIHBIX YIACTKOB: JIYTOB — Ha
wiomaay ze meree 100 M2, n1ecoB — e mMenee 400 m? TIpH APEBOCTOE TTIA30MEPHO HE
Monoke VIkmacca Bo3pacta. Meromuka ToapoOHO w3NokeHa panee [11].
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Eme 673 onmcanust mpeaocTaBIeHbI aBTOpaM uX Komuteramu: 554 onmcanwns u3 [1u-
HEXCKOT0 3aroBeTHuKa 1 paitona Koctpomckoii Taexxuoit cranmmu — C.1O. Tlomo-
BbIM (MI'Y um. M.B. JIomoHOCOBa), 115 onmcaHuii U3 OKPECTHOCTEH 3allOBETHIKA
«Kocromyxkmickuit» — C.A. KyrenkossiM (b KapHI[ PAH), 4 onmcanwus ¢ octpo-
BoB benoro mopst — JI.E. l'umensOpantom (BMUH PAH). U3 ymtepatypsl B3TO
451 ormmucanue [12-22]. Bee onricanus XpaHATCS B 0a3€ TAaHHBIX HHTETPHPOBAHHON
OoTaHnveckor HpopMaIoHHOH cucteMsl IBIS 7.2 [23]. Onucanus, cienaHHbIe
B mkanax panroB JK. bpayn-bnanke u O. Jlpyne, mpusenenst k mkae 111 [3, 11].
[Tpu BEIOOpE MOIETBHBIX BHIOB YUUTHIBAJIACH UX MTPEACTABICHHOCTD B ONMCAHUSX.
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Puc. 1. Mecromnonoxenue 00cie0BaHHbIX TeppuTOpuii. 3anoBenHuku: 1 — «Jlammanackuii»;
3 — «Kocromykuickuity; 5 — «[Tunexckuit» (BMecTe ¢ BepxoBbsiMuU p. Kymnoit); 7 — «KuBauy;
11, 12 — «Ileyopo-Unbruckuit», necanuectsa: 11 — Sxmmunckoe, 12 — Bepxaeneuopckoe;
19 — «llenTpanbHo-JlecHoil» (BMecTe ¢ HU30BbAMU p. Méxn); 20 — «Kamyxckue 3acekny;
21 — «MopnoBckwuit». Harmonaneusie mapku: 8 — «Kenozepckuity; 17 — «Bangaiickuii».

2 — 1okHbIi Oeper ryosl Uyna; 4 — 3enenast 30Ha r. Onera; 6 — okpectHocTH 1. HinkHuit
Opec; 9 — cpennee Teuenue p. Ycrbu; 10 — HU30Bbs p. Boruerpr; 13 — ceBepHOe nobepeskbe
®dunckoro 3anuBa; 15 — 3aka3Huk «JIucunckuiiy; 16 — okpecrnoctu . ComuHo; 18 —
Kocrpomckas TaexxHas cranuust. 30HbI U oa30Hb! [25]: I — TyHapsr; 11 — npearynapoBbie
peaxonechs; III-VI — raiira: III — ceBepnas, IV — cpennss, V — 1oxkuast, VI — noaraiira;
VII — mupokonucrBenuHslie neca; VI — myroseie crenu
[Fig. 1. Location of the study areas. Biosphere and strict nature reserves: 1 - Lapland; 3 - Kostomuksha;
5 - Pinega (together with the Kuloy River upper reaches); 7 - Kivach; 11, 12 - Pechora-Ilych:

11 - Yaksha Forestry, 12 - Upper-Pechora Forestry; 19 - Central-Forest (together with the Myozha River
lower reaches); 20 - Kaluzhskiye Zaseki; 21 - Mordovian. National parks: 9 - Kenozero; 17 - Valday.
2 - Chupa Bay southern shore; 4 - Onega Town green belt; 6 - Nizhniy Odes Stlmnt vicinities,

9 - Ustya River middle reaches; 10 - Vychegda River lower reaches; 13 - northern coast of the Gulf of
Finland; 15 - Lisino Partial Nature Reserve; 16 - Somino Stlmnt vicinities; 18 - Kostroma Taiga Perma-
nent Study Area. Zones and subzones [25]: I - tundras; II - open subarctic woodlands; I1I-VI - boreal
forests: I1I - northern-boreal, IV - middle-boreal, V - southern-boreal, and VI - hemiboreal subzones;
VII - broadleaved forests; VIII - meadow steppes]
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[Tomumo onrcaHui, UcToNb30BaHbl HAOMoAeH!S .b. KydepoBa B HanmoHab-
HbIX mapkax «Heiliges Meer» (I'epmanns) u «Hoge Veluwe» (Hunepmanmsr), cae-
nansbie B 2001 T.

[Ipu pacnpenenennn onvcanuii mo neHodaopam B oo0beMe hopMaruii u rpymn
accolpanuii WCIONB30BaHA TOMHHAHTHO-JCTEPMUHAHTHAS KIAaCCH(pUKAIUSI B
tpaaunusx mkonsl B.H. Cykauesa [24] ¢ yrounenusmu [11]. B gannoi# cratbe
BEIJICJICHBI CIIEIYIOMINE YKPYITHEHHBIE THITHI COOOIIECTB.

I— enpaukm (M3 Picea abies (L.) Karst. s.l.): 1.1 — 30HanpHOTO psima (Bopo-
HUYHO-YepHUYHBIC (¢ Empetrum hermaphroditum (Lange) Hagerup u Vaccinium
myrtillus L.) 3enenomonnsie (¢ Pleurozium schreberi (Brid.) Mitt. u Hylocomium
splendens (Hedw.) Bruch et al.) B ceBepHO#1, UepHUYHBIE 3eJICHOMOIIHEIC B CPEJI-
Hell, kucmuaable (¢ Oxalis acetosella L) B FO)XKHOW Talire, MIMPOKOTpPaBHEIEC (C
Aegopodium podagraria L., Pulmonaria obscura Dum. u 1p.) B moaTaire ¥ Mmpo-
KOJINCTBEHHBIX JiecaX), 1.2 — BeIcOKOTpaBHbIe (¢ Aconitum septentrionale Koelle,
Geranium sylvaticum L. s.l. wmn Filipendula ulmaria (L.) Maxim.), 1.3 — Me309B-
TpodHBIe charHoBbie (co Sphagnum warnstorfii Russ.), 1.4 — me3otpodHbIe (CO
S. girgensohnii Russ.) n onurorpodusie (co S. angustifolium (C.Jens. ex Russ.)
C.Jens.) carHossle.

I — cocusikn (u3 Pinus sylvestris L.): 11.1 — mumaitHIKOBBIE W JIAIIIARHHKOBO-
3eJICHOMOIIHBIE (C corocrmoacTBoM KycTHCThIX Cladonia spp. u Pleurozium
schreberi), 11.2 — kyctapaudakoBsie (¢ Vaccinium myrtillus v V. vitis-idaea L.) 3e-
neHoMoIHbIe, 11.3 — Me3oTpodHbIe U oMUToTpodhHBIC C(harHOBHIE.

III — kycrapaudkoBble (BepeckoBbie ¢ Calluna vulgaris, IpuUMOpPCKUE BOPO-
HUYHBIE ¢ Empetrum hermaphroditum, NanianaCcKAe MPUO3EPHBIE TOIyOHMYHBIE C
Vaccinium uliginosum 1L.) 1 opcsiHuIeBbIe (¢ Festuca ovina L.) mycToniy.

IV — cepoonemanuku (u3 Alnus incana (L.) Moench, Bcex Tumnos). MHorue
PacTEeHHs CHIPBIX JIYTOB YACPKUBAIOTCS O] TIOJIOTOM MEJIKOJIECHH 3Toi (opma-
UM B KAUECTBE CYKIIECCHOHHBIX PETHKTOB (CM. HIDKE).

V — ceipeie nyra: V.1 — myukobie (¢ Deschampsia cespitosa (L.) P.Beauv.),
V.2 — BIa)XHOPa3HOTPABHEIE (C TOCIIOACTBOM JIBYIOJIBHBIX TUTPOME30(ILTEHBIX
tpaB: Trollius europaeus L., Geranium sylvaticum, B ro)xHod Taiire — G. palus-
tre L., Succisa pratensis), V.3 — monunueBblie (¢ Molinia caerulea), V.4 — menxo-
ocokoBkIe (¢ rocrogctBoM Carex nigra, yuactueM C. echinata, C. flava n npyrux
Me30rurpoHIIBHBIX 0COK), V.5 — GenoycoBble (¢ oommeM Nardus stricta).

VI— oOomora: VI1-— cdarHoBele Kkoukd U rpaasl (M3 Sphagnum
fuscum (Schimp.) Klinggr., S. magellanicum Brid. s.l. wim S. angustifolium),
V1.2 — ccharnoBeie KoBpsI (U3 S. angustifolium, S. fallax (Klinggr.) Klinggr. u np.)
u MoyaxxuHbl (co S. fallax, S. majus (Russ.) C.Jens. u np.), V1.3 — runHOBBIC (B
TOM YHCIIe KITtoueBbIe, ¢ Warnstorfia spp., Calliergon spp. u ap.) 60510Ta 1 BOJO-
TOKH aara-00JIoT.

Hannslie o nocrostHCTBE (%) 1 I111 (%) MOIEeTBHBIX BHIIOB, 8 TAKXKE pacIpene-
JICHWE OMHCAHMH IO THIIAaM COOOIIECTB M TeorpaMuecKiM MyHKTaM IIpeIcTaB-
neHsl B Ta0n. 1. TaexHble Oepe3oBbie (M3 Betula pubescens Ehrh.) m ocnHOBBIC
(3 Populus tremula L.) Tleca HCKITIOYCHBI U3 TAaOJIHIIBI H3 COOOPaXKCHHH €€ 00b-
eMa, HO 00CYXKIaroTCs B TCKCTE.
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Ta6nuna 1 [Table 1]
IlocTOSIHCTBO M MPOEKTHBHOE MOKPbITHE CYOOKEAHNYECKUX BUIOB COCYAMCTHIX

pacTeHuii B c0001eCTBAX TAEKHOM M HIMPOKOJIUCTBEHHO-JIECHOI 30H
EBponeiickoii Poccun
[Constancy and cover of suboceanic vascular plant species in boreal- and nemoral-forest zone
communities in European Russia]

Bunbr [Species]

Tumbl coobiects [Community types]

L1213 [14 [mafm2fu3] ur [1v [vV.a[v2][v.3[V.4][V.5[VLI]VI2[VL3

[Lapland Biosphere Reserve, northernmost-boreal forest belt], 68°N,

1. 3anoBennuk «Jlamnanackuii», kpaiiHeceBepHas Taira

31°E; GDD =208; K=32,2

70

Molinia caerulea | — | — |11'| 3" | — | — [16750° 60°(1004 — | 13 |454]19'|50*
\Nardus stricta === =-1=-1-1-1=-|-—-12*] - |3|-|-]|-
Carex flava =1 =1=1=1=|-/33% - |- |207|50% — | — | 27|27 |4"
Potentillaerecta | — | — | — | = | = | = | = | = | = | = [40%333| — | - | = | - | -
Calluna vulgaris | 47| — | 2" |137|33!|46'|787|67*| — | — [207|50?| — | 3% |61%]| 6" | 8"
n (> =419) 55]24145]40(42|13(37|12| 7|0 5]6]0]3]51]|53]26
2. FOsxHetii O6eper ryosr Uyna, «Tunu4Hashy CeBepHas Taiira
[Chupa Bay S shore, “typical” northern-boreal belt], 66°N, 33°E; GDD =281; K = 34,4
\grostis canina == 1==-1=1-1-1]-|-[117 — |448| — | 4" | 3"|5"
Molinia caerulea | — [133| — | 17| — | — [47] — | 28| — | — [200|11"] — |222| 5" 273
Nardus stricta == === [1"] - 022" — 11710084 — | — | -
Carex echinata - =1=1=-1-1=-13|-1=-1-|-1-1-1-1-1-14
C. flava — = === =1=1=]—-(—|22f| = |11 = | = |- |2F
C. nigra — | = (117} 77| 27| — | 47| 47| — [30%33F| — [1004832| 2" | — | 7*
\Potentillaerecta | — | — | — | —| - | —-|—-|—-|—-|-|117| = | - [17°] - | = | -
Empetrum nigrum | — | — [ 67167 91| — 324 — | — | = | = | = | = | — |18 3" | -
Viola palustris === =1==1-1-PB0 - 117 =] -] |2
Calluna vulgaris | 97| — | — | 57 |55%[147|516(4"°| — | - | — | = | = | — [43%]|8' | 9!
n (3. =531) 5718 |18]76|56|56|75|4 310019 ]2]9]6[49]38]55
3. 3anoBeaHUK «KOCTOMYKIICKHIA», «TUMWYHAS) CEBEPHAs Talra

[Kostomuksha Strict Nature Reserve, “typical” northern-boreal belt], 64°N, 30°E; GDD = 382; K = 36,0
\Ugrostis canina - =1=1=-1-1=-1-1-1=-1-1-1=-1-1-1-12"|-
Molinia caerulea | — | — | — |47 | — | = |8 | - | = || = | = | = | — |623|36%|43!
Carex echinata - =1=1=1=-1=-1-1-1=-1-1=-1-1-1-[167117| -
C. flava -l =1 =1=1=1=1=1=1-1-|-1-|-1-|- 4|4
C. nigra — =1 =12 === 1-1-1-1-|-1- 37| - (147
Calluna vulgaris | 8| — | — | 67(93144% 1571008 — | —| — | — | — | = |53} 97| -
n (3. =269) 12/ 0 [19]53]40]27]13]12]1JoJoJo]o]o]32]53]7

4. 3enenas 30Ha r. OHera, «THIIMYHAs) CEBEpHAs Taiira

[Green belt of the Onega Town, “typical” northern-boreal belt], 63—64°N, 38°E; GDD =471; K=37,3
\Agrostis canina — =207 27| = | = |27 |- (13F| - |- |—-|—-|—-|—-|—-1]25
Molinia caerulea | — | — | — | = | - | = |2 - |-|-|—-|-|—-|—-|-|—-|-
\Nardus stricta e e B e S I b K L I e e
Carex echinata - =1=1=-1-1=-19|-1-1-1-1-1-/-1-|-1-
C. nigra e I Rt I R i o7 2l I B I B I O A I
Empetrum nigrum | — | — | — | 27|45°| 92 415 — | = | = | = | = | = | = | 2*| - | -
Viola palustris e e e T I b e I e R T e e e
Calluna vulgaris | 7| — | — | — 949363'26°| — | - |- | - |- | - | - [1"°] - | =
n (3 =231) 4516 | 5[52]31]35]46]/0|8|0]J0|J0|JO0]JO0|2]0]]1

5. 3anoBeanuk «I Iunexxckuin» u BepxoBbs p. Kynoi, «tumuuHasy ceBepHas Taira
[Pinega Strict Nature Reserve and Kuloy River upper reaches, “typical”” northern-boreal belt],
64°N, 43°E; GDD =451; K=138,4

& e e e e e I e e e B e I I I e
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Biet [Species] Tumsl coobiectB [Community types]
L1 |12 |13 |14 |ILT |2 [IL3| IO [ IV [V.1|V.2|V.3|V.4|V.5|VLI|VI.2|VL3
C. nigra =1 =1=-1=|=-=-[11=]=|=3% |- |17 -
[Empetrum nigrum | — - | - 42| — = =1--1-1-
Callunavulgaris | 17| — | - | 17|77 - | - | - |- |-|-|-|-|-|-1|-|~-
n (3 =577) 61168126|83(48(61(28| 6 (9[04 ]|0]|3]0/]60]|92|28
6. OxpectHocty 1. Hwxuuit Onec, «TUU4HAas CeBepHas Taira
[Nizhniy Odes Stlmnt vicinities, “typical” northern-boreal belt], 64°N, 55°E; GDD = 410; K = 44,1
Carex nigra Fl-1-1-1-1-1-1-1-1-1-1-1- - -
n (3 =275) 3616 |17|85(12( 8 (76|13 (0[0[1]0]|0[0]7]|24|0
7. 3anoBeanuk «KuBauy, cpenHss Taiira [Kivach Strict Nature Reserve, middle-boreal subzone],
62°N, 33°E; GDD =484; K=35,6
\Agrostis canina - |5 — [ 1713 57| 7| — | 2% |67%[18% — |10%|11*
Molinia caerulea 6| = | —| = |17 - |16"|147 — |4¥ 17" — | = | - | -
INardus stricta o e e e TH 7T 1|50t 82 — | — | —
Carex echinata 2" == = |5 = = |7 - | 1"]|503|45%| — | — [117
C. flava 3" = = = | = | = |5 29%21"| 13 |674|913| — | — | —
C. nigra — 35T = = |1 = = 29" — | 1" [100464!| — | — (33!
Yuncus S (R R (R R N R A O I I T Ad b R I
conglomeratus
\Potentilla erecta — |3 = | = | 47| 3| — |14"714575] 25 | 1009100 — | — [227
\Empetrum nigrum — 5T =523 - == === 13 -|-
Viola palustris - =1 =1-|-1|- 47 - |- 1|33"18! — | — |11!
Calluna vulgaris | 57| — | — | — [92°[66'|18*1004 — | - | — | — | = | — [10'] -
\Ptarmica vulgaris - === =-1=1=-I3|-|-|-|-19|-1-|-
(3 = 50) 4028166 41|37]47]80] 8 |44 |14 14] 46 [11]31]29] 9
8. HaumonaneHslil napk «KeHozepckuiiy, cpeqHss Taiira
[Kenozero National Park, middle-boreal subzone], 61°N, 38°E; GDD = 544; K = 38,4
\Agrostis canina — 4 == =27 -] - 15 WJ 604 — | — | - | -
Molinia caerulea | =1=1=-1=-|-|-18"]-]- 1009207 — | = | = | -
INardus stricta | =1=1-1-|-|40%] — |8"| & |167| — 1007] — | — | -
Carex flava R e e e e VA I B D L e e e e
C. nigra — | 87| — | — | = |11%]20"] 2" [30"| — [32*[100%50"|14"| — [13*
\Potentilla erecta | 57| — |47 | — | — | 2| 37]20%| 9" |157]17%|79'|20" 50" — | — | 5"
\Empetrum nigrum — === 16"(3|-|-|-1-|-|-|-|5]|-|-
Viola palustris 25 2" = = = - |- |6"]8] —|5160* —| - | -]~
Calluna vulgaris — | = - [822[34'| 6" |407| 2" | - | — |16 — |17 9*| - | -
n (3. =502) 4316949 (42| 11|47|65| 5 |53|13]12|19| 5|6 (22| 3 |38
9. CpenHee TeueHue p. Y CThH, CpeAHss Taira
[Ustya River middle reaches, middle-boreal subzone], 61°N, 43°E; GDD = 595; K= 40,3
\Agrostis canina === =1=1-1-1-1-1-12"|-|-|-12
Carex nigra = =1=1=|==]—=|17] = - |39%] |- |1"2}
\Potentilla erecta o e S T B e e e I e e A e B I I
Viola palustris L e e e e e e e e e e e
n (3. =276) 2114219 (7814321380 (23|43 |0|3|0|3|4]|2
10. HuzoBba p. Berderast, cpennsist Taiira [Vychegda River lover reaches, middle-boreal subzone],
62°N, 49°E; GDD = 573; K=40,7
Carex nigra == 1=-1-12=-|-1-1-/-/-|1-1-1-|-
\Empetrum nigrum == 1=-1=-1=-1=-1-1-1-/-1-|1-15]|-|-
Calluna vulgaris |- -18* - |5 |- |-|-|-|-|-1-15]-]-
n (3. =184) 111261312828 714411 ]10]2]2][0]0]0]19]3]0
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Bust [Species] Turmbl coobiecTB [Community types]

L1213 [14 [mam2fu3]u [1v [vi[va][vi[v4]v.s]vLi]vi2]vi3
11. 3anoBennuk «llewopo-Mnbrackuity», SIKIMMHCKOE TECHUYECTBO, CPEAHsA Talra
[Pechora-Ilych Biosphere Reserve, Yaksha Forestry, middle-boreal subzone],

62°N, 57°E; GDD = 468; K=44,4

Nardus stricta e e e e e A S R R 177 1 R (i
Carex nigra — == === 12"=-|=-1-|=-|-1-1-|-|-|-
Empetrumnigrum| — | — | = | = | = | = | == |-|-|-|-1~-|-|3"| -

Viola palustris — =6 == =|=|-|6|-|-|-|12|-|-|-]|-
n (3. =291) 1817]16]18]25|25]47|3 |16]/7| 5|01 |1]31|58]|3

12. 3anoBennuk «llewopo-Uneruckuii», Bepxueneuopckoe 1eCHUUECTBO, CpeAHss TalTa
[Pechora-Ilych Biosphere Reserve, Upper-Pechora Forestry, middle-boreal subzone],
62°N, 58°E; GDD =388; K=45,6
Viola palustris - |- 8] - —
n O =177) 8 142(12]21]10]1 9142 [3]0[10/0|0]0]11]12]33
13. CeBepHoe mooepexbe OUHCKOro 3aj11Ba, IPAHUIIA CPEAHEH 1 KKHOW TalTru
[Northern coast of the Gulf of Finland, transition between middle- and soutern-boreal subzones],

60°N, 29°E; GDD =619; K=31,2

\Agrostis canina - = —-12"] - 6" =] =]=]1=1=11
WMolinia caerulea | — | — | — |18 — | = 403 — | = | = | = | = | = | = | = |3"]| =
Carex echinata =5t = =15t === == =]=]=]8]|=
C. nigra 3 =13 = =23 = == = = == |137]182] —
Vuncus S N I A N I N O O IO e
conglomeratus
\Potentilla erecta |57 | — | — |47 | - | = [11"| = | = |—-|=|—=-|—=|—-|-13"| -
Empetrum nigrum | — | — | — | — [33%[197(32!| — | — | = | = | = | = | — |94%|117| —
Viola palustris — == 3| =] =27 -] -]- N I R D R
Calluna vulgaris | — | — | = |47 100775353 = | - |- | - |- | - | - [713"98" | -
n 5. =249) 19(26| 6 |61 6 [16(53| 1|70/ 0|0|0]|0|15[38]|1

14. Bacceiin p. Kemsl, rpanuia cpeaseil U 10>kHO# Taiiru [Kema River basin, transition between

middle- and southern-boreal subzones], 60°N, 37°E; GDD = 569; K = 36,9
\dgrostis canina — =2 === 3= =]=|=|=|=1=1=1=I25"
\WWardus stricta == =4 = ===l =|=|=]=]1=|=1|=
Carex echinata et 3 = =3 === == =|=]=]=1]=
C. flava = === =]=]=1==|=1=1=|=|=|-=
C. nigra — | = 1824t — | = 130" = | = |1 == =] =|~=1|=|25"
\Potentilla erecta |47 | — |67 37| = | = |37 |17 = |1+ = | = | = | =| =] -] -
Empetrum nigrum | — | — | — | — [47 |27 [15Y — | — | = | 3" | = | — | — |22"|22F| -
Viola palustris — === ==3 === =|=-1=1=-1=-1-
Calluna vulgaris | — | — | — |37 [100972"| 3" 17| = |- | - | - | - |- | - | - |~
n (3. =269) 25(15(17129(23(50(40| 6 (21|23 (0| 0|0 |9 |21|8
15. 3aka3uuk «JIucuHCKHIi», F0XKHAS Talra
[Lisino Partial Nature Reserve, southern-boreal subzone], S9°N, 30°E; GDD = 686; K= 32,3

grostis canina |27 187|437 1217 — | = | = | = | = || = |- |+ |27 - | - |507
WMoliniacaerulea | — | — | - | = | = | =67 | = | -|=-|=-|=-|=-|=-|-|-1-
\Nardus stricta SN I U N [ I A U (U U U < N N
Carex echinata — =l =16"|=|=16"|=-|-|-|=|=1=11"] == 13"
C. flava === === |--]-|05]-|-]|- |25
C. nigra — === ==-1163 =] =12 = =122 -|-|-
Vuncus Y s
conglomeratus
\Potentilla erecta | 9| — [147| 3| — | = |67 |2 | = [1'| = | = | 5|30 — | — | -
\Empetrum nigrum | — | — | — | — | — | — 167 — | = | = = =] =] = 1943 — | —
Viola palustris S U N R (R S 1 5 S U [ B B N I 3 ) R R
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Tumsl coobiectB [Community types]

Buster [Species] Mo T3 114 TiL 12 [1L3 ] 10 [ 1V V1] V2 | V.3 [VA[V.5 [VLIVI2[VI3
Calluna vulgaris | — === 13 (10| -|-|-{-]-[2"[28] - | -
Succisa pratensis | 2" | — [36"|3" | - | - |3 | - | - |1'| - |- [3 || -|—-|~—
n O =185) 4311111412910 | 3 {311 |[13]4[0]0| 1|3 |18] 6|8

16. OkpectHocTH 1. COMUHO, F0’KHasI Taira [Somino Stlmnt vicinities, southern-boreal subzone],

59°N, 35°E; GDD = 658; K=36,1
\Agrostis canina | — 3B === |4|-|-|-]2"|-|-|16" -
Molinia caerulea | — — |2t =39 - = | = =30 - | - |37 - |-
Nardus stricta - e I T I 7 L b A I I B N [ I R I A
Carex echinata - {1 = =8 === == |1 =] -5~
C. nigra - S T4 S I N YUY B
Vuncus I
conglomeratus
\Potentilla erecta |21* — | = = |7 |157]28*| 47 |80%| 26| 3 [ 2| — | — | 77 |29"
\Empetrum nigrum | — = =78 = === |545]|-
Viola palustris 5* | === |4"]-|- 10" 22| -] -5~
Calluna vulgaris | 5* — | = 0047641231394 — |- | - | - | - 3| -
Succisa pratensis | — === l4po]|-|-|-]-]-1-
n O =229) 1916 | 0| 4]10{29(26|18|24|10] 3 |1 |3 |0 |35(44|7
17. HanmonanbHeli napk «Bangalickuii», 10)kHas Taira
[Valday National Park, southern-boreal subzone], S8°N, 33°E; GDD =727; K = 34,9
\Agrostis canina | — = === ]=5]-|11"] - [80°| — | — [10"| 4"
Nardus stricta - e e I e e e 1 (0 I Y N 1A I
Carex echinata - {1 == === 1-—-]-|60*1"|5| -]~
C. flava - — == =1=1|=1]3"[10Y22%| — |60* — | — | — |4"
C. nigra - — | = = =13338" | —|—|33* — |100% 23 |14%|35!|38!
Yuncus - S I R R N R R R U /70 5 A N I o IS
conglomeratus
\Potentilla erecta | — — | = = |- |6"]4"|3"40% 784 — [80°|2"| — | — | 8"
\Empetrum nigrum | — I I I U I e e B I e e A B
Viola palustris — |1 =1 = = | = | = |17 = | = | = |40'|214] — | 57| 4"
Calluna vulgaris | 6° — | = [100"85'22*(16!| — | - | — | = |20 = | 57| - | -
Succisa pratensis | — | === =43 |- - |- || -|-]-
n 5 =235) 181 3 151319 1(27[18[25|36(101 9|0 |5 |2]21]|20(24
18. Koctpomckas TaeskHast CTaHIMsA, F0yKHas Taiira [Kostroma Taiga Permanent Study Area,
southern-boreal subzone], 58°N, 45°E; GDD = 766; K = 40,9
\Agrostis canina | — =1 === =12071" = | = | =] -~ [13"]11?
Molinia caerulea | — | 4" | — |20°| — |54951" — | — | —| — | — | — | — |40"|13"| -
Carex echinata - === 1-1-17|-|-1-1-1-1-1-1-
C. nigra - === 1=-1=/=-1-1=-1=-120|=|-1-1-
Vuncus B S I U I I IO A A AT (N A A
conglomeratus
\Potentilla erecta | — - === 13-1-|-|-1-1-1-1-1-1-
Viola palustris - === 1-1-17|-|-1-1-1-1-1-1-
Calluna vulgaris | — — | - 8383544342 - | - |- |- |-|-|-|-1-1~-
n O =167) 8 27|75 |18|24[|35{2 (151300 1]0|5]|8]|9

\Ugrostis canina
WMolinia caerulea
\WNardus stricta
Carex echinata

and hemiboreal subzones], S6°N, 32°E; GDD =769; K = 33,9

- 10,5 — 20717
177]30"

— |40t

10*

435

42?
g
8+

19. LenrpansHo-JlecHoit 3anoBeIHIK 1 Oacceitt p. M&xu, rpaHuIia IKHOW TalTH U MOATANUTH
[Central-Forest Strict Nature Reserve and Myozha River basin, transition between southern-boreal
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Tumsl coobiectB [Community types]
11|12 |13 |14 [IL1|IL2 |13 1OI | IV |V.1|V.2|V.3|V.4|V.5|VL1|VL.2|VL3

Bunbr [Species]

C. flava e I e T R B e e R U I B i - |-
C. nigra | =1=1=1=1=|-1-1- 404217 — [15] 17| 1! |17%| -
Vuncus S I U I N 21 R I AN (RS RN (PS8
conglomeratus

Potentilla erecta | — | — | — | = | = | = [177] — |117|80%|100°% — | + | 33| — | 8" | -
Empetrumnigrum| — | — | — | = | - | = |- |—-|-|-|-|-|—-|—-1]—-|8 |-
Viola palustris = =1==-1--1-|-10"21% = | = | 17| = [17"] -
Calluna vulgaris | — | — | = | = [18(8067"| = | - |- |- |-|-|-|-|-]|~-
Succisapratensis | — | — | = | = | = | = | — | = [16750%75" — | 1 |3%| - | — | -
n (> =137) 19/120{ 0|1 ]2 |5]6[10]19]10/24|0 |1 [4]2]12]|2

20. 3anoBennuk «Kamyxxckue 3acekny», 30Ha IUPOKOIMCTBEHHBIX JIECOB
[Kaluzhskiye Zaseki Strict Nature Reserve, nemoral-forest zone], 53°N, 35°E; GDD = 989; K = 38,1
\Ugrostis canina == =]=1=]=|=1=11]=]1=/=1=-1-=-1-=1-
Molinia caerulea | — | — | = 67| = |19 = | - | = || - |-|-|—-|-|—-1|—-
Carex flava S N (R B N U B I D N R (R R R B
C. nigra ol mag - === == == =]=]=]=]|=
\Potentillaerecta | — | - | - | = | -|-|-|=-|=|=-|3"|=-|=-|=-|-|-1]-
Callunavulgaris | — | - | - | - |- |6 |- |- |-|-|-|-|-|-|-1-1|~-
n O =64) 11/5/0]9]0|16/0]8]0]1]4]0]0]0|0|6]4

21. MopnoBckuii 3a0BeTHHK, 30Ha IUPOKOJIIMCTBEHHBIX JIECOB
[Mordovian Strict Nature Reserve, nemoral-forest zone], 54°N, 43°E; GDD = 1075; K=42.7

\Ugrostis canina - -+ =-]-=-1-]- - =l =]=1I7"=
\Molinia caerulea | 17| — [10]3*| + |56°188% — | — | - | — | = | = | = | — |20%| -
\Nardus stricta ==l =l=]=]=1=l=1=1=150l=1=1=
Carex nigra — === ==-18]=|=1=|=-|-1=-1-|-17|-
\Potentillaerecta | — | — | = | = | = | = | = | = | == =|=|=|=|=|=1]=
Viola palustris — == =]=|=l6=|=1=|=|=-1=-1-|-1-|-
Callunavulgaris | — | — | = | 17| —[672]18| — | - |- | - |- |- |-|-|-|~-
n (3. =68) 4101319174001 ]|0]|0]|1|8]|15|4

Tpumeyanue. Turnbl coodiiects: | — enpruku: 1.1 — 3oHanbHOrO psiga, 1.2 — BeicokoTpaBHbie, 1.3 —
Me303BTpodHbIe charHoBbie, 1.4 — Me3orpodHbie 1 onurorpodHsie charHossie. 11 — cocrsiku: 1.1 —
JIMIIAHHUKOBBIE U JIMIIAHHUKOBO-3€IeHOMOIIHbIe, 1.2 — KycrapHuuKoBBIe 3eneHoMomHbie, 1.3 —
Me30TpodHbie 1 onurotpodHbie cdarropbie. Il — KycTapHUYKOBBIE 1 OBCSIHULIEBBIE mmycTowu. [V —
CEPOONIBbLIAHMKH. V — chIpble yra: V.1 —ydkoBble, V.2 — BIaKHOPA3HOTPaBHbIE, V.3 —MOIUHHE-
BbIe, V.4 — MeNIKoocoKoBbIe, V.S — Genoycosbie. VI— 6onora: V1.1 — cdarHoBbie KOUKH U TPSIIbI,
V1.2 — ctharHoBbie KOBpbI U MOYQXHUHBI, V1.3 — TUIHOBBIE 60IOTA U MOYaXKHHBI aana-0omot. Jst
BHUJIOB TIPUBOJATCS OCTOSHCTBO (%) U (B HAACTPOIHOM PETUCTPE) CPEAHEE MPOSKTUBHOE MOKPHI-
tue (IIII) (%). IIpu uucne ommcaHuii MeHee 5 MOCTOSIHCTBO BBIPKEHO KAK YUCIIO PETUCTpPALIHIL.
J1J1s1 € IMHCTBEHHOT'O OMMCAHHS JAIOTCS TONBKO MOKPBITHSL. 3HaueHust noctosHcrsa u I nomunan-
TOB ¥ CyOIOMMHAHTOB BBIJIEJICHBI TIOMYXUPHBIM HipudToM. TIIT meHee 0,5% oTMeueHsl 3HAKOM
«+». [Ipouepk «—» 03HaYaeT OTCYTCTBUE BUAA; /1 — YUCIO omucanuii. GDD — cymma rpaayco-IHeit
Boie 10°C; K — koadduiment kontuHeHTansHoct Konpana.

[Note. Community types: I - Norway/Siberian spruce forests: 1.1 - zonal, 1.2 - tall-herb, 1.3 - mesoeutrophic peat-
moss, 1.4 - mesotrophic and oligotrophic peatmoss. II - Scots pine forests: II.1 - lichen and lichen-feathermoss,
11.2 - dwarfshrub feathermoss, 1.3 - mesotrophic and oligotrophic peatmoss. III - dwarfshrub heath or dry fescue
grasslands. IV - gray alder groves (all types). V - mesic to wet meadows: V.1 - limegrass, V.2 - mesic forb, V.3 -
purple moorgrass, V.4 - low sedge, V.5 - matgrass. VI - mires: V1.1 - peatmoss bog ridges and hillocks, V1.2 -
peatmoss bog carpets and hollows, V1.3 - brownmoss fens and aapa-mire hollows. Constancy (%) and average
cover (% in superscripts) are given for species. Constancy values are represented as numbers of relevés for com-
munity types with less than 5 relevés, and only cover values are listed for single relevés. Cover and constancy
values are shown in bold for dominants and subdominants. Average species cover less than 0,5% is given as “+”;
missed species are marked with “-”’; n is number of relevés. GDD is a sum of growing degree-days above 10°C,
and K is Conrad continentality index].
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J71s1 BEISIBIICHUS BIIUSTHASI 30HANBHOCTH Ha IIEHOTUYECKHE TIO3UIIH BUIOB CO-
obrrecTBa 0OBEIMHEHBI B CIIEAYIONINE IMUPOTHBIC psiabl. 1) P B cocHskax nu-
MIAHAKOBBIX U JINIIAHAKOBO-3EICHOMOIITHEIX Ha O€THBIX MTECYaHbIX H KAMEHH-
CTBIX TIOYBaX. 2) Psiy1 B cocHsIKaX Ha 3a00JIOUEHHBIX KHUCIBIX ITOYBAX C HEry0o-
Koi TOopdstHO# 3aexbio. 3) Psaa Ha TOpAHBIX TpsAAax M KOYKaX OJATOTPOPHBIX
1 Me30TpodHBIX 60J0T. 4) Psim Ha charHOBBHIX KOBpax M B MOYakKWHaX (aHaJo-
TUYHO). 5—7) PAIBI COOTBETCTBEHHO HA IITyYKOBHIX, BIIAYKHOPA3HOTPABHBIX M MEJl-
KOOCOKOBBIX JIyTax.

Jlst onieHKw 3HauMMOocCTH M3MeHeHu# BuaoBhIX [1I1 st kaxkmoro u3 psaoB B
nporpamme Statsoft Statistica 7 paccuuTaHbl paHTOBEIE Koppensaiuu CrimpMeHa
(75) [26] mMexmy Il 1 xapakTepuCTHKaMHU TEIJI000SCIIEYSHHOCTH W KOHTHHEH-
TaJabHOCTH KrMata (cM. Tabi. 1). TeroobeceueHHOCTh OlEHEHA M0 CPeAHETO-
JOBO# cymMme Tpaayco-nHeit Beitie 10°C (GDD, °C) (HaubombIieMy ciiaracMoMy
cyMMBI 3¢ (DEKTHBHBIX TEMIIEpaTyp) 0 TaHHBIM ceTH MHOroseTHel (1983-2004)
CITyTHUKOBOW MeTeocheMKH [27]. sl OlleHKr KOHTHHEHTAIBHOCTH Ha OCHOBE
CBEICHUH W3 3TOH CETH pacCUMTaH KO3(Q(UIMEHT KOHTHHEHTaIbHOCTH KoHpana
(K), yIuTBIBAIOIIII Pa3HOCTH CPEAHEMHOTOJIETHUX TEMIIEPATYP CaMOT'0 TEILIOr0
M CaMOoT0 XOJIOJHOTO MecsIa U reorpaduueckyro mupoTy [28]. 3HaueHus s mpu-
BozsaTcs B Tab0u. 2. Koadduument Crimpmena u30paH AJis pacyeToB, MOCKOIBKY
BBIOOPKH ONMCAaHWK HepaBHOBENUKH [3]. JlaHHBIC TIO psiiaM B eJIbHHUKAX Ha Tia-
KOpax M B BEICOKOTPABHBIX €IbHMNKAX Ha OOTaTHIX MMOYBAX HE BHECEHHI B TA0M. 2:
POJb BUIOB OOCYKIaEMBIX CBUT B JIECaX 3THX THIIOB HE BHIpaXKeHA. SHAUCHUS 7
IUTSL BUJIOB Ha OEITOYCOBBIX JIyraxX ONW3KH K TAKOBBIM JIJISI METKOOCOKOBBIX JIYTOB.

[Ipu aHamm3e YETBEPTUIHOTO PACCEICHHS PAaCCMAaTPUBACMBIX BUIOB IIPHBIIC-
YCHBI TaHHBIC O PACTUTENBHOCTH Oojiee OOMMPHBIX TEPPUTOPUIl — OT ATIaHTH-
yeckoi u L{enTpanbnoi EBponbl 10 Cubupu. CHHXpOHHAS ITEPUOAN3AIINS 00~
[IeHa JUTsI BceX perrnoHoB nmpuHsTa o H.A. Xoruackomy [29].

Homenknatypa cocymucteix pactenuit mana mno C.K. UepemanoBy [30],
Mx0B — mo M.C. UrnaroBy c coart. [31]. Buzasl, oTcyTCTByIOmMME B 3TUX UCTOU-
HUKaX, IPUBEICHBI 110 YeK-JINCTY MUpPOBOH ¢utopsl [32]. ['eoboTaHnKa TpeOyeT
CTaOMIIFHOCTH TaKCOHOMHYECKOH HOMEHKIATYPBI, 1 MBI OCO3HAHHO MPUICPKH-
BaeMCs KOHCEPBAaTHBHOTO ITOIX0/1a, IT0 BO3MOKHOCTH CIIEAYS TAKCOHOMHYECKAM
CTaHJApTaM COBETCKUX M ITOCTCOBETCKUX JIET. DTO HE TOJIBKO YIPOIIAET COIIO-
CTaBJICHHUE Ire000TAHMYECKIX OMUCAHHIA, CITUCKOB (DIJIOp U IIEHO(IIOp, BHITIOIHEH-
HBIX Pa3HBIMH aBTOPAMH, HO U OJIaTONPHATCTBYET PEKOHCTPYKIIIMH HCTOPUH IIe-
HO(JIOp, TaK KaK HEPEIKO TMO3BOJISIET ONEPHPOBATH TAKCOHAMH OOJBINEro 00h-
ema. FIMEeHHO TaKoro moaxoza MPHISPKUBAJICA B CBOMX padoTax Kiaccuk (io-
poreneruku P.B. Kamennn [33, 34 u np.].

Pe3yabTarhl ncciiefoBanns U 00Cy:KIeHUE

1. Ilenomuueckue no3uyuu U006 NyCHIOUIHO-00POBOIL CEUMbL
1.1. CambIMH U3BECTHBIMH cOOOIIeCTBAMH, C(HOPMUPOBAHHBIMKI BUIAMH ITy-

CTOIIHO-00POBOI CBUTHI, ABJISIOTCS 3am1aIHOEBPOICCKIe BepemaTHuky. Ha 6en-
HBIX CyXHMX IECKax MIeHcToneHoBsIX paBHUH CeBepo-3anamnoi ['epmanuu u Hu-

75



bomanuxka / Botany

nepiannoB rocrnoacteytomieMy Calluna vulgaris conytctByroT Festuca fili-
formis Pourr., Avenella flexuosa, Nardus stricta, Sieglingia decumbens, Carex
pilulifera, Cladonia portentosa (Dufour) Coem. u ap. AKTHBH3ALUS POJH TICHXPO-
(IIBHBIX BUIOB 31aKOB XapaKTepHA U1 PETHOHOB C aTIIAHTHYESCKAM KIMMAaTOM
[35]. BepeniatHukr TiepeMekaroTcsl ¢ OBCSHUIECBBIMU (Festuca filiformis) mycro-
[IaMH WM OET0yCHUKAaMU C TOCHOACTBOM Nardus stricta. Ha ygacTkax ¢ TIOBBIIICH-
HOH BJIaroeMKOCThI0 TI0uBHI K Calluna vulgaris npumenimBaercs Erica tetralix L.

[Ipu 3apactanuu aroH o Oeperam CeBepHoOro u bantuiickoro Mopei Beperar-
HUKaM TPEAIIeCTBYIOT BOPOHHYHUKH C TYCTBIMHU INNANepaMu Empetrum nigrum
S. str. OHU Pa3BUTHI HA MOJBIDKHBIX ITECKaX M CMEHSIOTCS BEpEIIaTHIKAMU ITOCIIe
crabmnm3anuu qoH. CMEHBI He IPOUCXOAUT JIUIIE Ha ocTpoBax CeBepHOT0 MOPs
u Ha mobepexse HunmepnanaoB, rie BOPOHHYHUKH yCTOHYUBEL, XOTSI TIOCIIE Hapy-
mennid Calluna vulgaris mosiBIsieTCs ¥ B HUX. B coo0IIecTBax MPUCYTCTBYIOT TAKKE
Corynephorus canescens (L.) P. Beauv., Ornithopus perpusillus L., Lotus cornicula-
tus L. s.1. u ipyruie pacTeHuUs 3amaJHOEBPOITCHCKON IFOHHOU (ItopkI [36].

Ha moyBax Oonpiero MHHEpalIbsHOro OOraTcTBa B MaTEPHKOBBIX paiioHaX,
KaK, Harpumep, Ha oOmmpHON JIFoHeOyprckoi MmycTommm rokHee T. [amOypra
obwne Empetrum camxkaercs. OnaoBpeMeHHO K Calluna vulgaris, Erica tetralix
Y TIyCTOIIHBIM BHJIaM 371aK0B f00aBistores Genista anglica L., G. pilosa L., Po-
tentilla erecta, Polygala serpyllifolia Hosé, Galium hercynicum Weig. [36]. Ilo-
siBIIeHHE BUIOB Genista 3HAMEHYET TEePBEIH 3Tall B PALY MTOCTEIIEHHOT 0 IIepexoa
OT CEBEPOATIAHTUIECKIX BEPEIIATHIKOB K CPEIN3EMHOMOPCKUM COODIIeCTBaM
KCcepo- M TepMOPHIBHBIX KYCTAPHHKOBBIX M KYCTapHHUYKOBBIX 0000BBIX [33].
B I'epmanum 1 Hugepnanaax Hepellkd W KyCTapHHKOBBIE cooOiecTBa u3 Ulex
europaeus L., Sarothamnus scoparius (L.) Koch u Rubus plicatus s.1., npencras-
TSIoIIre co00i OHY M3 MEPBBIX CTA M 3apacTaHus BEPEIIaTHIKOB U OelI0yCHU-
KoB JiecoMm [36]. Kpome Toro, BepeckoBbI€ IMMyCTOITN YacCTO COUETAIOTCS C 3apOC-
JSIMH IPEBOBUIHOTO Juniperus communis L. TI0 ©X OKpamHaM.

C nmpyroii CTOpOHBI, OYEBUIHO POJICTBO ATIAHTHUECKUX KyCTapHUIKOBBIX CO-
0O0IIECTB U COMPSKEHHBIX ¢ HUMH O€JI0OYCHUKOB C TUNTAKOPHBIMA OJTUTOTPOPHBIMH
KyCTapHHYKOBBIMU TyHApamu | mmoapkruku [35]. B mepByto ouepens 3To kaca-
eTcs BopoHWYHHKOB. [To Geperam bapennesa n Bemoro mopeii ux dopmupyer
yke He Empetrum nigrum, HO THIIOApKTOMOHTaHHAs E. hermaphroditum [3].

Ha chipax skotonax rocroactBo ot Calluna vulgaris nepexonut k Erica tetra-
lix. ITocnenaemy conyTctBYIOT Molinia caerulea, Myrica gale, Trichophorum ces-
pitosum (L.) C.Hartm. subsp. germanicum (Palla) Brodd., Agrostis canina, Mmox
Hypnum jutlandicum Holmen et E.Warncke, a B 3a00709¢HHBIX TOHM)KEHUAX —
Rhynchospora fusca, Juncus bulbosus, J. squarrosus, Drosera intermedia n (Bo-
Kpyr 03epkoB) Hydrocotyle vulgaris L. Yacto hopMHPYIOTCSI CharHOBBIC KOBPBI H3
Sphagnum papillosum Lindb. ¢ mpumechio S. molle Sull., o koTopbIM pacrer Nar-
thecium ossifragum (L.) Huds.

B mpomeskyTodHbIX yenmoBusax yBinaxkHeHust Calluna vulgaris v Erica tetralix
COTOCIIOZICTBYIOT. 3HAYMMOTO OOWJIHSI IPU DTOM MOXKET NOCTHTaTh U Molinia
caerulea, 0coOEHHO TIpH ABTPODHUKAIIMH TTOYBBI U3-32 KUCIIOTHBIX AOXKICH. Xa-
PaKTepHHI Takxke Juncus squarrosus u Trichophorum cespitosum subsp. germani-
cum. Ha Boctoke Bepematauku ¢ Calluna vulgaris v Erica tetralix (acc. Genisto-
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Callunetum Tixen 1937) nocruraroT T. I'manbcka B [lonblne, a BOPOHUYHHUKH
pacnpocTpaHeHbl U BocTouHee [36].

B BeIpaxkeHHO OKeaHnueckoM kiumate Hopmauanu n BpuTaHCKIX OCTPOBOB
B IIeHO(DIIOPY CHIPBIX BepelaTHUKOB BkItodaroTces Ulex minor Roth (¢ Tennen-
el k roctionctBy), U. gallii Planch., Lobelia urens L. [37]. B lllomnanmuu onu-
CaHBI MUKINIECKUE CYKIIECCHH, 00ECTIEINBAIOIINE YCTOMIHMBOCTh BEPEIIATHUKOB
[38, 39] B cuiy B3aMMHO# JOTIOHUTENBHOCTH cTpaTeruid sku3nu Calluna vulgaris
W ero CIyTHHKOB. Erica cinerea L. moxer pactu B teHu Calluna vulgaris;,
Potentilla erecta cocymecTByeT ¢ HUM OJlaroiapsi BEIHOCY TOJJMYHBIX ITOOETOB 32
MIpeJIeITbl BEPECKOBOM KYpPTHHBI; TApIHalbHbIC KYCTHI Vaccinium vitis-idaea 3anon-
Hst0T miporanuael U T.1. [40]. OgHako B maTepukoBod EBporie BeperaTHUKA
YCTOHYMBHI KpaitHe peako. OOBIYHO OHU 3apacTaroT COCHOBBIM JIECOM HUTH W3-32
SBTPOGUKAIINH CMEHSIOTCS MOJNWHHECBBIMU JIyTaMH, TAE BEPECK COXPaHICTCS
JIUITH B KAYECTBE CYKIIECCHOHHOT'O peNnKTa [36].

B cyOkoHTHHEHTAIBHBIX paiioHax lleHtpansHol EBponbl Calluna vulgaris
coueraercs yxe ¢ Genista germanica L., a BepemaTHUK oOoramaercsi Kaiblie-
(bMIBHBIMH JIYTOBBIMU W JiecOCTeNTHbIME Buaamu (Helictotrichon pratense (L.)
Bess., Carex caryophyllea Latourr. u nip.). B To ske Bpems Ha rurcax B TIOpHHTHH
armnodmiteabie Calluna vulgaris n Artemisia campestris L. OOBIYHBI Ha JIyTax U
(OPMHUPYIOT IO CBOMMH KYPTHHAMU KUCITYIO TIOACTHIKY. BepemaTHuky Ha F0K-
HBIX CKJIOHAX IPEATOPHA AJBI YKOJOTHYECKH OTIMYHBI OT CEBEPHBIX THIIOB H
MPUOIIKAIOTCS K CPeAN3eMHOMOPCKHM, CYIIECTBYIOIINM Ha (POHE BHIPaKEHHBIX
JIETHUX 3acyX [36].

[lo maHHBIM CIIOPOBO-TIBUIBIIEBOTO aHAJM3a, MHOTHE IEHTPaJIbHOEBPOIEH-
CKHE MaCCHBHI BEpPEIIATHUKOB BO3HHUKIIH €IIIe B KOHIIE aATIIAHTHICCKOr0 TIEpHOa
ronoreHa 4 600 1. H. PactipocTpaHEeHHIO 3THX COOOIIECTB CITIOCOOCTBOBAIIO COYE-
TaHWE OKEAHHYECKOro KIIMMaTa C XO3SHCTBEHHON NESTEIHHOCTHIO YETIOBEKa B
CpenHue Beka, BKIHOYast BRIPYOKY JIECOB, BBITTAC OBl U Maitbl [36]. B To e BpeMs
Pa3BUTHIO BEpEeIaTHUKOB 1 BOpoHNIHUKOB LlloTmanann u Hopeernn 6marompu-
SITCTBOBAJI COOCTBEHHO IPOXJIAIHBIN 1 BIIAYKHBINA KIIMAT CyOaTIIAHTHYECKOTO I1e-
puozaa ronorena [39, 41]. MHorue BepellaTHUKA Ha OANTHHCKHAX JIOHAX, BH-
IIMO, TOJKE MOJKHO CUUTATh TICPBHYHBIMH.

[Momumo niycromeid, Calluna vulgaris 00b19eH 1 0OHIIEH Ha KOYKaX BEPXOBBIX
601101, chopMupoBaHHBIX Sphagnum magellanicum s.1., B oMOpOTpOdHBIX, aIu-
TO(IIBHBIX, CPABHATENBEHO CYXHX YCIOBHSIX. 31€Ch O BIUSHUEM KIMMaTa OH
JOMHHHPYET HE3aBHUCHMO OT YAacTOTHI ITOKapoB, HEPEIKO BMecTe ¢ Empetrum
nigrum, KOTOPOH, OJJHAKO, Ha 00I0Tax TpedyeTcs Ooiblliee MHHEpaIbHOE OOraT-
CTBO cyOcTparta, Hexenn Bepecky. B ropax Tapnia Calluna vulgaris BMecte ¢
Trichophorum cespitosum subsp. germanicum TUTHYCH U UL SPOTUPOBAHHON
MTOBEPXHOCTH OCYIIEHHBIX 00J0T. MeHee 0ObIueH OH Ha MEPeXOMHBIX 00IOTax.
Onnako Erica tetralix B ceBepo-3amaHbIx paiioHax llentpansHoi EBpornsl pac-
TeT W Ha BEPXOBBIX, U HA MEPEXOMHBIX 0OJOTaxX, KaK Ha KOYKAX, TAK U B MEXK-
Koubsx [36, 42].

1.2. U3BecTHO, 4TO YeM MpoxJiaHEe U BIaKHEE KIMMAT, TEM BBIIIIE YPOBEHD
MHHUMAJIEHOW OCBEIIEHHOCTH, HEOOXOAMMOM JII000MY BHILy pacTeHHi. TeHeBbI-
HocnuBocTh Calluna vulgaris B CyOKOHTHHEHTAJIBHBIX pallOHaX MHOTO BBIIIE,

77



bomanuxka / Botany

9YeM B OKCaHWUECKHX. B pe3ynbraTe OH MPOHUKAET MOA MOJIOT Jieca, JOMUHUPYS
B 0epe30Bo-1y00BBIX (¢ Quercus robur L. u Betula pubescens) necax Ha OeTHBIX
kucabIx mouBax CeBepHoii ['epmanum BMmecte ¢ Avenella flexuosa, Holcus mollis,
Vaccinium vitis-idaea v V. myrtillus [36, 43]. Calluna moctosiHeH 1 B auaoQur-
HBIX OYyKOBBIX (U3 Fagus sylvatica L.) necax, 1 B CyOOKEaHWYECKUX IyOpaBax C
cocHoii 6e3 yyactus Oyka. B HUX oH orMeueH BMecte ¢ Pyrola chlorantha Sw.,
Moneses uniflora (L.) A.Gray, Chimaphila umbellata (L.) Barton, Goodyera re-
pens (L.) R.Br. u onsatb-taku Avenella flexuosa. B Tlonbiie Bua 0ObIYeH B COCHS-
Kax ¢ JJyOOM YepHUYHBIX, HO OOJIBIIET0 OOMIIMS JIOCTUTAET B COCHSKAX JIUIIIAK-
HHKOBO-3EJICHOMOIIIHBIX Ha IeCKaxX 1Mo MOKpoBY Leucobryum glaucum (Hedw.)
Aongstr., Pleurozium schreberi, Dicranum polysetum Sw. u Cladonia spp. [36].
B Kapmarax Calluna vulgaris Toxe HacelIeT COCHSKH ¢ JyOOM, HO H 3]IeCh OH
0oJiee THITHYEH JUTSI YACTHIX COCHSIKOB [43].

B cyOKOHTHHEHTANBHBIX palioHAX OKEAHWYECKHE BEPEHIATHUKU B KaKOW-TO
Mepe 3aMeIaroTcs 3apocisiMe Juniperus communis, pa3BUTHIMH YaIle BCETO IO
OKpamHaM OonpIInX roponoB ot bpannenOypra no KanmauHrpama, HO Takke Ha
J0JIOBBIX TIECKaX U MPUOANTHHCKUX allbBapax [36].

Boponwunukn w3 Empetrum nigrum BCTpedaroTcs mo Oeperam bantuku
BIDIOTH 10 DHUHCKOrO 3aimBa Hapsay ¢ Ooiee OOBIYHBIMH 3/1€Ch BOPOHHIHBIMH
cocusikamu [ 11, 44].

1.3. B taexxno# 3o0e HopBerun Calluna vulgaris XxapakTepeH Kak Jiis IPIMOp-
CKUX BEPEIIaTHUKOB M BOPOHUYHHKOB, 3apACTAOMINX [FOH, KOYKAPHBIX OMOpPO-
Tpo(pHBIX OOJIOT, TAK U UL COCHSIKOB Pa3HBIX TUIIOB, MPEKIE BCEro JMIIANHNKO-
BBIX W 3€JICHOMOIIHBIX. [IprMedaTensHo, 94To i HEKOTOPHIX THITOB ITyCTOIICH B
YuCJIe COMYTCTBYIOIIMX BHJOB OTMEUEHBI HE TONbKO Nardus stricta, Molinia
caerulea, Agrostis canina w Potentilla erecta, Ho Tarkke Carex nigra M
C. panicea L. (cM. Hke). B ropax Calluna vulgaris momHAMAETCS B B THTIOAPKTO-
KYCTapHUYKOBEIE TYHAPHI [45], HO pacTeT Wb TaM, TIe 3UMOH YKPBIT I0CTATOYHO
MOIHBIM cnoeM cHera [43]. B 3onanpHBIX TyHApax CeepHoit DeHHOCKaHIUN
C. vulgaris BcTpedaercs TUIIb B NX OKEAHNYECKUX U HEHTPABHBIX (B OTHOIICHUN
KOHTHHEHTAJIbHOCTH) MOXOBBIX THTIaX BJOJb IPAaHUIIBI C KpaifHECEBEPHOM TalTroH,
TOXKE€ B ME30XHOHHBIX YCIOBUSIX [46].

K mormxeHnsM ¢ ymepeHHbIM HakorieHneM caera Calluna vulgaris taroteer
U B BBICOKOTOPBSIX AJbI. B TO ke BpeMs OH HacelsieT U TEIUI000eCICUCHHBIC
CKJIOHBI B HIDKHEW YacCTH allbIIUHCKOro Mosica, Te CHET CTamBaeT paHo. B cy0-
ANBIIMHACKOM TIOSICE BEPEUIATHHKH CMEHSIOTCS coolmecTBaMu Rhododendron
ferrugineum L. wim Vaccinium uliginosum s.1. pu 6ojee MO3JHEM CTaWMBaHUU
CHeETa ¥ / WK TIpH BBITIace, HO ISP KUBAIOTCS Ha BepinHax Hu3koropui (1 400—
1 600 M Haza y. M.), TIIe CHEXKHBIN MTOKPOB HE CTOJNb 3HaunTeNieH. B Cyznerax k Ta-
KAM BepeIaTHUKAM IPHYPOUEHBI HAXOIKH apKTOATBIHICKUX TIIIIHAIBHBIX pe-
muktoB: Hieracium alpinum L. s.1., Carex bigelowii Torr. ex Schwein., Juncus
trifidus L., Alectoria ochroleuca (Hoffm.) Massal. u ap. [36].

CpenmzeMHOMOpCKHE U MakapoHe3niickue n3oiatel Calluna vulgaris va Kop-
cuke, Capmuany, A30pCKHX 0-BaxX U B ropax ATiaca [5] mprypodeHbl K BEICOTaM
1 6002 100 M Haxy. M. 371eCh BIAXKHOCTD BO3TyXa JJOCTATOYHO BBICOKA JIIS hop-
MHUPOBaHUS CaMbIX F0XKHBIX TOPHBIX BepematHukoB. Hike mo ckiony C. vulgaris
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BCTpeYaeTcss PeaKo, B MaJlloM OOMIJIMH, JIMIIF BO BTOPHYHBIX COOOIIECTBAX.
Haxonku Buza B Typerikom Jlazucrane cenansl yke B cOcHsIKax [43].

1.4. Ha Cesepo-3anane Poccuu, Brirouas ror Kapemuw, Calluna vulgaris n
Empetrum nigrum COBMECTHO IPOHM3PACTAIOT B COCHSAKaxX Ha OOPOBBIX IECKax
(OpyCHHYHBIX JTHIIAWHUKOBO-3€JICHOMOIIHBIX U OPYCHHYHO-YEPHUIHBIX 3€IEeHO-
MOIITHBIX ) ¥ IT0 OKpanHaM OOJIOT, & TaKXKe Ha OMOPOTPO(GHBIX CPArHOBBIX KOUKAX
U TpsAOax B ICHTPAJBHON YacTH MOCIEAHHUX (34eCh W Jajee A0 KOHIA pasmena 2
tadn. 1). Calluna vulgaris 0coOEHHO XapaKTepeH IUIsl COCHSIKOB JIMIMAMHUKOBBIX,
T'JIe 9acTO JOMHUHHPYET. B TakuX cirydasx HepeIKo OMMCHIBAIOT OCOOBIN THII Jieca —
Pinetum callunosum. Obuve BepecKka U B 3THX JIecax, U Ha 00JI0TaX 3aBUCHT OT
MIePUOMYHOCTA U MHTEHCUBHOCTH HU30BBIX TOkapoB [11]. B Mayiom oOmimin Bu
MOXET IIPHUCYTCTBOBATH U B CIBHIKAX 3€IICHOMOIITHBIX, OCOOCHHO Ha MPOrajnHaX,
a TaKoKe Ha KOUKaxX 00JIECEHHBIX MOIMHUEBBIX OONOT CMEIIAHHOTO MM KIFOUEBOTO
muTaHus. B cocHsikax cdarnoBo-3eneHoMomHbIX Calluna vulgaris Toxxe Hepenko
pacret 1o cocencTBy ¢ Molinia caerulea.

MoHo- wim OuoMuHaHTHBIE (¢ yaactueM Avenella flexuosa) BepeckoBbIe Ty-
CTOIIH PAa3BUBAIOTCS JIUIIH Ha TapsX U IMEIOT KPAaTKOBPEMEHHO-TIPOM3BOAHBIH Xa-
paxTep, 04eHb OBICTPO 3apactas COCHOW. DTH coolIIecTBa OCHBI BUAAMH COCY/IH-
CTBIX PACTEHHI, B TOM YHCIIE M €BPOIIEHCKUMH CITyTHIKaMH Bepecka. Horma 31ech
MOXHO BCTpeTuTh Nardus stricta wma Potentilla erecta, Ho He Empetrum nigrum.
B manom obmmu Calluna vulgaris MOXXET TaKkke MIPUCYTCTBOBATH HAa OOPOBBIX Iy~
CTOIIAxX C TOCIOCTBOM Festuca ovina n Ha OETOYCOBBIX JIyTax.

[pumeuatensHo, uto Carex panicea u Linum catharticum, CIIyTHUKA BepecKa
¥ MOJIMHUY Ha 3aIlaJHOEBPOICHCKUX ITyCTOIIaX Ha OeMHBIX MMOoYBaX, B JIeHWH-
rpanckoit 001 n Kapenun mepexomsaT Ha ChIpbIe MEIIKOOCOKOBEIE JTyTa OOraThIx
MOYB U JaXKe Ha KIrfoueBble OooTa. Ha mycromax oHu Oojee He BCTpEYaroTcs.

B Kapenmnn u Mypmanckoit ooit. Calluna vulgaris mocturaer ceBepHBIX TIpe-
JIETIOB TaeKHOH 30HHL. K crimcKy XapakTepHBIX I HEro COOOMIECTB 311ech 100aB-
JISTFOTCSL COCHSIKM CKAJIBHBIC Ha CHJIMKATHBIX ITOPOJax, MPEeKAe BCEro JNIIaiiHu-
KOBBIE, TJIe BEpeCK OOMIICH, KaK U APYTHE IPUKOUAHBIC KYCTAPHUIKH, HO TaKXKe
3eJICHOMONTHBIC U carHoBo-3eneHomornnbie [11]. Ha KomsckoM m-oBe BU BbI-
XoauT Ha MypmMmaHckoe obepexbe [48]. 3mech ero pacnpocTpaHeHHE TPUMEPHO
COBIAAET ¢ TaKOBEIM Nardus stricta u Potentilla erecta, XOTs TIOCTISTHIA BUL
TATOTEET HE CTONIBKO K TYHAPaM H ITyCTOIIAM, CKOIIBKO K TPaBsHBEIM Oepe30BbIM
kpuBonechbsiM [49]. B Xubunax Calluna vulgaris pactet B npuMmecu K Betula
nana L. B TOTMHHBIX TYHAPaX JIECHOTO MOSICA U 3aXOAUT B HIDKHIOIO ITOJIOCY TOP-
HBIX TyHJIp [43], a B Jlanmanickom 3amoBeAHIKE IPUYPOUEH K ITyCTOIIaM CEBep-
HBIX CKJIOHOB TOp CO CHHYKEHHOW BEPXHEW IpaHULIEH Jieca.

Empetrum nigrum mMoxer OBITh OU€Hb OOMIIFHOM B COCHAKAaX BOPOHUYHBIX IO
Oeperam duHCKOrO0 3aMBa 1 JIaI0KcKoro o3epa (camu 3TH coo0IIecTBa, OJJHAKO,
BCTPEYAIOTCS HE TaK YacTo) U OCOOCHHO Ha 00JI0TaX, B TOM YHCJIE B OTCYTCTBHE
Calluna vulgaris. A.A. Hunienko [47] Ha CeBepo-3amane 6biBiiero CCCP otHO-
cut Empetrum nigrum K omUroTpo(HOH TPsIIOBO-00JIOTHOM KOO 0-TICHOTHYE-
cKoii cBuTe, TOorna Kak Calluna vulgaris — kK ceBepHOOOPOBOH, yKa3bIBas, OJHAKO,
Ha CBsI3b BHUJIOB ATOW CBHUTHI HE TOJIBKO C COCHOBBEIMH OOpamm, HO W C TpsIaMu
BEPXOBBIX OOJIOT.
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B cesepnoii Taiire Kapemum Empetrum nigrum yCTymaer CBO€ MECTO
E. hermaphroditum xax B He3a00JIOUYEHHBIX Jiecax, Tak U Ha MOpPCKoM Oepery. B
MaJjioM OOMJIMH OHA COXPAHSIETCS JIMIIh B COCHSAKAX OarylbHHKOBBIX (¢ Ledum
palustre L.) charHoBbeIX 1 Ha BepxoBbIX OonoTtax. Boone OnHexckoro 6epera be-
soro Mopst E. nigrum oObIYHA B COCHAKAX HA MPUMOPCKUX Teppacax aTiIaHTHIe-
cKoro Bo3pacta. Ho Ha OONBIINX BRICOTaX OHA BCTPEYAETCS PEIKO W TOXKE JINIIH
Ha 00JIOTax W B 3a00JIOUCHHBIX COCHSIKaX, B TO BpeMs Kak E. hermaphroditum
paBHO 0OBIYHA TIPH JTFO00H cTeneHu 3abomoueHHocTH [11]. B MypMaHckoii o0u1.
E. nigrum penxa, m3BectHa B ocHoBHOM 1o Kanmamakmickomy Oepery bemoro
MOpsI, HO OTMeYeHa Takke B JIoBo3epcKux ropax u Ha AMHOBBIX ocTpoBax [48].

1.5. B ABuno-Ileuopckom pernone, a Takke K 10ry ot Hero B [loBomkse 11e-
Horuueckue nozutuu Calluna vulgaris w Empetrum nigrum CTaHOBSATCS pa3-
nuyHbL. B ceBepHO# Taiire 10 p. Me3eHb, 10 KOTOPO# TPOXOJUT CEBEPO-BOCTOU-
Has rpanuna apeana Calluna vulgaris [5, 50], Bua npouspacraeT ¥ B JIMIIAWHU-
KOBBIX M OpyCHHYHBIX COCHSKAaX Ha TEeCKaX, W B 3a00J0YEHHBIX COCHAKAX W Ha
BepXxO0BBIX OonoTax. OH MOXKET OBITH OOHMJICH B COOOIIECTBaX BCEX 3TUX THIIOB (B
oM uncie ¢ [1I1 20% Ha 6onore B BepxoBbsx p. Kymoit), HO TONBKO Ha CHIIHKA-
TaX. Ha MHEXCKUX THUIICaX BepecK OTMeUeH HaMH JIMIIH OJHAXKIBI Ha HapyIIeH-
HOM OTpe3Ke IMPOCEKH CPEH eIbHUKA.

Calluna vulgaris BcTpedaercs M Ha fore n-opa KaHWH, HO TOJNBKO B JIECHBIX
«OCTpOBax» M Ha TOPDSIHBIX OONIOTaX, HE MPOHHUKAsI B TYHJIPOBBIE coolOmecTsa [51].
Bocrounee B TyHApOBOIA 30HE BUJ Takke He HaiineH. Pacnpocrpanenue C. vul-
garis Ha 3anomsipaoMm CeBepo-Bocroke Epomeiickoit Poccuu orpakeHO U B
SI3BIKE KOPEHHOT 0 HaceneHus peruona. ClioBo xapuunaye, 0003Havaromee BepecK
MMO-HEHEIIK!, IMEETCS JINIIh B KAHMHCKOM TOBOPE 3TOTO s3bIKa [52], HO OTCyT-
CTBYeT B OOJIBIIIE3EMETBCKOM U TEM 0oJiee B IMAIbCKUX roBopax [53].

B cpenneii Taiire C. vulgaris o cocHAKaM Ha TIeCKaX JIOCTHUTaeT HUXKHETO Te-
yeHus p. Beraermel. Ha 3amane Apxanrenbckoid 0071, oH ObII OTMEUCH M Ha Oero-
YCOBEIX JIyTax 1o 6eperam o3ep KeHozepckoit cHCTEMBI, B TOM YHCIIE Ha M3BECTHS-
Kax, IePEKPBITBIX TOHKUM ci1oeM Topda. I1pu 3ToM BI MOBCIOMY MicUe3aeT ¢ 3a00-
JIOYEHHBIX HKOTOIOB, IO KpaifHel Mepe HEHapYIIEHHBIX, O YeM IHCAIH U paHee
[43]. [To Harmm HaOmonerrsM 2008 T. B HU30BBsIX Boraermpl, C. vulgaris 0OHMIEHO
POC Ha TIpoceKe, MPOJIOKEHHOHN uepe3 OaryJIbHHKOBBINA C(harHOBBIH COCHSK, HO HH-
rZie He IPOHMKAN Ha KOYKH BIOJH Kpas mpoceku. OmaoBpemenno ¢ C. vulgaris ¢
3a00JI0YEHHBIX YKOTOIOB HCUE3aCT U Juniperus communis.

[Ipu kmaccudukanuu COCHIKOB CpelHEed W ceBepHOW Taiirh EBpomeiickoit
Poccun Calluna vulgaris BricTynaeT HanboJiee 3HAYUMBIM BUIOM M3 YKciia TUQ-
(hepeHIUPYIOIKX 3arma Hble (KapelbCKue B KapelbCKO-CEBEPOIBUHCKHE) BapH-
AHTBI ACCOITHAIMKA OT BOCTOYHBIX (IBUHO-TICUOPCKUX M Mevopckux) [11]. B rox-
HOH Taifre, omHako, C. vulgaris BHOBb TOSBISETCS B 3a00JOYEHHBIX COCHSIKAaX
[ToBomkbst 1 3aBOIKBS, HO HUKOT/Ia HE TOMHHHPYET B HUX W HE MPOHUKAET Ha
OeznecHbIe 00T0Ta.

Empetrum nigrum B JIBUHO-IIe4OopcKkOM pernoHe NOJTHOCTHIO OTCYTCTBYET B
CEBEPHOI TalTe U B OOPOBBIX JiecaX CPEeHEH TalTH. YKa3aHUS Ha Hee B JJAHHBIX
yenoBusx [50] otHocsTes K E. hermaphroditum. Bmecre ¢ TeM E. nigrum penko,
HO PETYJIIPHO BCTPEUYAETCs Ha TPAIax BEPXOBBIX OOJOT M Ha KOYKAX B CPArHOBBIX
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COCHSIKax cpenHel Taiiru Ha BocTok 10 [ledopckoro [pemypanss. Mrade roBops,
€¢ IEHOTHYCCKHE MO3UIIUN MEHSIOTCS MPSIMO MPOTHUBOIIOIOKHO TakoBBIM Cal-
luna vulgaris. B roxxHol Talire [1oBOKbS B 3aBOJDKBS BUJ B OIMMCAHUSAX HE OT-
MEUeH.

1.6. Calluna vulgaris v Molinia caerulea Bmecte ¢ Nardus stricta, Potentilla
erecta, Succisa pratensis 1 paIoM O0OpearbHO-JIECHBIX BUIOB OBUTH OTMEUYCHBI Ha
carHoBBIX 0ONOTaxX B OKPYXEHHH JYTOBBIX cTernel mox T. Kypckom. B atom xe
peruoHe cpeu IyOopaB HepeIKu 3ananHsbl ¢ Betula pubescens n Molinia caerulea
[54], 9TO MOXKHO CUMTATH (PparMEHTAPHBIM JICPUBATOM IICHTPATLHOEBPOIICH CKIX
Oepe3oBo-ay00BbIX JiecoB [36]. BocTouHee B moaTaiire u Tem 6oiee iecoctenw [1o-
BOJDKBsI M 3aBOIDKbsI Calluna vulgaris ucdesaeT He TOJNBKO ¢ OOJIOT W U3 3200710~
YEHHBIX COCHSKOB, HO M ¢ OOPOBBIX ITyCTOIICH, Tapeil u BeIpyOok. Camasi BOCTOY-
Has BRIpPyOKa ¢ BepeckoM omrcana ¢ p. bonbmnoir Kokmraru B PeciyOmmike Mapuit
3On [43]. EavaCcTBEHHBIM THIIOM coolriecTB, HacenseMbiM C. vulgaris, OCTaIOTCS
COCHOBBIE OOpBI, ITYCTh JTa’Ke IO OKpanHaM OOJIOT, HO Ha CyXoM Iecke. iMeHHO B
coctaBe O0poBBIX IIeHODIIOp BHI TponspactaeT B MopmoBuu [55], Tlen3zeHckoit
[56] u CapartoBckoii [57] obnmactsax u jocturaet Cpeanero Ypana.

Ha Boctoke CBepanioBckoit o0i1. Calluna vulgaris ormedeH B 0opax Ha Ieckax
o Oeperam o3ep WM OJM3 TOJIOCH KOHTaKTa ¢ Ooioramu. Ha Yparne oH cuuta-
€TCS PEJIKUM BHJIOM, OJTHAKO Ha Fore TaeKHOM 30HbI 3amaiHoil CHOUpH U B Jieco-
CTEeTHOM 3aypalibe BHOBB JJOCTUTAET MaCCOBOCTH. 37I6Ch BEPECK TATOTEET K KPYTI-
HBIM MacCHBaM COCHOBBIX OOPOB-OPYCHWYHHKOB B OacceifHe JIeBBIX MPHUTOKOB
p. Uptemm Ha 1or go 1. Kyprana. iHOrma oH BCTpedaeTcs U B COCHsIKAax Ha Iecya-
HBIX OCTPOBax cpeau OOJNOT, HO HE 3acelsieT caMi 0OlIoTa, a TAKXKE Tapd U BEHI-
pyOxu [43, 58]. PenmukroBbie m30msIThl C. vulgaris oTMEUeHBI B XaKacHH, Ha FOTe
KpacHosipckoro kpas (B ToMm uncie B 3anagHom Casne) u B 6opax Kazaxckoro
MeJKOCOIoYHrKa. b3 1. bepacka B HoBocrOupcekoit 00J1. Bepeck ncues JINIIb B
XX B.[58, 59].

Empetrum nigrum npuoamnack K.®. JleneOypom st okpecTHOCTEH T. [1eH3bI
[56]. BocTouHee oHa OYeHb pellka Ha BEPXOBBIX M MEPEXOTHBIX OONOTaX B ICH-
TpaibHOH yacT Y aMypTru [60]. Ha BepXoBbIX OostoTax B H3BeCTeH U Ha Cpet-
HeM Ypaje, a TAK)Ke B ITOJI30HE I0XKHOW Tairy 3amanaoi Cubrpu ceepHee T. To-
0oJIbCKa, TJe OH BHOBb CTAHOBUTCA OObIYHBIM [58]. OpjHako ykKazaHWS
E. nigrum s.str. ans 3anmonsipHoro ceBepa Cubupu [61] criemyeT OTHOCHTh K HHOMY
Takcony — E. stenopetalum V.Vassil., a Ha JJaisHem BocToke — takxke x E. sibiri-
cum V.Vassil. [62].

2. Ilenomuueckue no3unyuu U008 Me30mpoQHO-61a)HCHONY20601i CEUMbL

2.1. Ucrounukamu asst popMUpOBaHUSI ME30TPOGHO-BIAKHOIYTOBOW CBUTHI
CcyOOKEaHHUYECKHX BHJIOB CIIY)KaT IIEHO(IJIOPBI OCOKOBO-C(ParHOBBIX Me30TpOd-
HBIX 00JIOT, OEIIOYCHUKOB ¥ MOJIMHUEBBIX JIYTOB HA OCTHBIX ITOYBaX.

ITo Bcerr llenTtpansHoit EBpome OT paBHMH [0 anmbIUIICKOTO TOsica TOP
00OBIYHBI 0COKOBO-CharHoBwie Oonota ¢ Carex nigra, C. echinata, C. canescens L.
u C. paupercula Michx. o xoBpy Sphagnum fallax, S. girgensohnii, S. molle n
Ipyrux BUAOB c(harHoBbix MX0B. Takue 00I0Ta 4aCTO PA3BUBAIOTCS 110 OKpAHHAM
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MaccHBOB ONHUTOTPO(HEIX TopdsHUKOB. Kak mpaBmio, Ha HUX IOMHHHUPYIOT
Carex nigra n C. canescens. [1epBblii U3 BUJIOB Y4acTBYET U B ()OPMHUPOBAHHH
YepHOOCOKOBO-CUTHHKOBBIX ~ C(DarHOBBIX TOMSHBIX Oo0j0T W (BMecTe C
C. trinervis Degl. u Salix repens L.) Me30TpodHBIX 0OJIOT MEKIFOHHBIX TTOHHKE-
Huii. B T0 xe BpeMs oH BMecTe ¢ Carex panicea IPOHUKAET HA CHIPHIC IITYIKOBHIC
(c Deschampsia cespitosa) nyra. Beliie BepxHel rpaHuIibl Jieca B Anbriax Carex
nigra COIMyTCTBYET apKTOAIBITUNCKOH Eriophorum scheuchzeri Hoppe Ha 6oio-
TaX BOKPYT TOPHBIX 03€p.

Jy1s 0cOKOBO-c(harHOBBIX KOBPOB XapaKTEPHBI Takxke Agrostis canina u Viola
palustris, THIAKATOPE HETIIyOOKOTO 3ajJeraHus MHHEPaJbHOW MOYBBEL. Kpome
HUX Ha paBHUHHBIX 00J0TaX MOYTH BCETJa MPUCYTCTBYIOT JIYTOBBIC BUBI, BKITIO-
yasi Molinia caerulea u Succisa pratensis. Ha3BaHHbIC BUABI TOMUHUPYIOT MIPH
CHIDKCHHH YPOBHS TPYHTOBBIX BOA M TEM MapKUPYIOT IIEPEXOJ OT OOJIOT K JTyTaMm.
Molinia caerulea ocTossHHA W Ha Me30TpOHBIX OonoTax B 'apiie Ha BhICOTE
800 m Han y. M. [36]. B okeannueckom kimmmate Yanbca u FOxxHOM AHTINH Onu-
caHbI Kak OeTHBIe BUIAMH, TIEPEXOIHBIC K ITCTOIaM, TaK I MHOTOBHIOBBIE KITFO-
YyeBble MOJMHHUEBBIE OoroTa. [Tocnennum cpoiictBenna u Carex flava [37], B To-
pax Llentpansaoit EBponsr Oonee THIHYHAS JJIsI METKOOCOKOBBIX OONOT Ha M3-
BecTHsKax [36].

2.2. U Ha paBHUHE, H 0COOEHHO B JIeCHOM Tosice Top LleHTpasibHoi EBportbl
YEPHOOCOKOBBIE OOJIOTA PETYISIPHO COUETAIOTCs ¢ OemoycHukaMu. J{inst mocien-
HUX B IPUMECH K TOCIIOACTBYIOIEeMY Nardus stricta XapaktepHsl Avenella flexu-
osa, Festuca rubra L., Sieglingia decumbens, Holcus lanatus, Potentilla erecta,
Galium hercynicum, Succisa pratensis, Ha paBHHHE Festuca filiformis. Ilocto-
stHHBI Takke Calluna vulgaris, Genista anglica u G. pilosa, Vaccinium myrtillus,
V. vitis-idaea n Pleurozium schreberi, 9To yKa3bIBaeT Ha TECHYIO CBS3b IICHO(JIOP
0eOYCHUKOB W BEpeNIaTHUKOB. 1 Te, W Ipyrue 9acTo MPOU3pacTaloT Ha MECTe
CBEJICHHBIX OYKOBBIX JIECOB, T.€. IPEAIIECTBYIOT HM B Ka4eCTBE MHOHEPHOH CTa-
I BTOPUYIHOM cyKieccuu. PacpocTpaHeHnio OEOYCHUKOB CIIOCOOCTBYET BEI-
ac CKOTa, 0OCOOEHHO B YCIIOBHSIX JOXKITUBOTO KiuMarta. OIHAKO JTOMIHHPOBA-
Hue Nardus stricta BOSMOKHO U B CHITy €CTECTBEHHBIX IIPHYHNH, HAIIPAMED, B IO~
HIDKCHISIX C PETYJSIPHBIM YepelOBaHUEM IIEPHOIOB HENOCTATOYHOrO W M30BITOU-
HOro yBIaKHeHWs. [lprMmedaTensHa accoryanysl aTIAHTUYCCKUX OCIOYCHHKOB
Gentiano-Nardetum Preising 1950. B umciie ee auarHocTHdeckwx BWIOB Erica
tetralix codetaercsi ¢ CyOKOHTHHEHTaNbHOU Gentiana pneumonanthe L., IAPOKO
pacrpocTpaHeHHON B MTOJITACKHOW W JIECOCTEITHON 30HaxX EBpometickoit Poccun n
Cubupu, ¥ B TO e BpeMsI ¢ HEMOPAIGHBIM aTJIAHTHKO- U IIEHTPAIEHOEBPOIICHCKIM
Cirsium dissectum (L.) Hill. B cybatnanTryeckux OemoOycHHUKax BCTpeyaeTcs U Ag-
rostis canina, a s TIOATOIUICHHBIX YYaCTKOB C OOMIEM Juncus squarrosus Xapak-
TepHbI Taroke Carex nigra u Molinia caerulea.

C OerroycHHKaMU COTIPSsDKEHBI U TyTa U3 M. caerulea Ha CHIPBIX KUCIBIX TTOY-
Bax, BXOISIIHNE B PAIBI ICMYTAIIMA 3a00JI0YCHHBIX OEpe30BhIX U BIAXKHBIX Oepe-
30BO-Ty0OBBIX JiecoB. Ha aTux sryrax o0sranbl Potentilla erecta u Succisa praten-
sis, o0IIKe ¢ OEII0YCHUKAaMH, a KpoMe Toro — Juncus conglomeratus BMeCTe C aJib-
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HeTaIBHBIM J. effusus L. IHOTIa crofa MPOHUKAIOT W ITyCTONTHBIC 3JIaku — Sieg-
lingia decumbens n cooctBenHo Nardus stricta. [Ton BIUssHUEM JUTUTEILHOTO BbI-
raca MOJMHHUEBEIA JTyT MOXKET U CaM CMEHHUTHCS OEITOYCHUKOM.

BenoycHuky anpmuiickoro mosica OT paBHUHHBIX U HU3KOTOPHBIX OTIMYAIOT
Anthoxanthum alpinum A. et D.Love, Leucorchis albida (L.) E.Mey. u npyrue ru-
MMOapKTOMOHTAaHHBIE BUBI [ 36]. HekoTopbIe N3 HUX MPOHUKAIOT U B KPAEBYIO YacTh
C000IIeCTB TOPHBIX 60110T U3 Eriophorum scheuchzeri n Carex nigra (CM. BBIIIIE).

2.3. B Hopeeruwn, kak u B LleaTpansaoit EBpone, paccmarpruBaembie BUIBI TS-
TOTEIOT K IIeHO(II0paM Me30TpOodHBIX 0OJOT M OEINOyCHUKOB (Agrostis canina,
Molinia caerulea, Carex echinata, C. nigra, Viola palustris) v TOJBKO K TIO-
cinenauM (Nardus stricta, Juncus conglomeratus, Potentilla erecta, Succisa
pratensis). Me3otpohHO-0010THBIC BHIBI U Potentilla erecta XapakTepHBI U IS
0COKOBO-C(harHOBBIX COCHSKOB TI0 Kparo 0omor [45]. B atux coobmiectBax OHU
HabmromatoTes 1 B Boctounoit deHHockaHaMK BILIOTH 10 Kapenmbckoro mepe-
meiika. [Tomumo atoro, Viola palustris n Succisa pratensis BMecte ¢ Potentilla
erecta NppaIUHApPYIOT B He3a00II0UCHHBIE THIIHI COCHOBBIX, 0€PE30BBIX U JAXKE [N~
POKOJIMCTBEHHBIX JIECOB, a TIEpPBEIC 1Ba BUIa U Carex nigra TPOHUKAIOT Ha BIIAYKHO-
pasHOTpaBHBIC U TaBONTOBEIC (¢ Filipendula ulmaria) nyra. Viola palustris xapak-
TEpHA | IS THTI0APKTOKYCTAPHUYKOBBIX TOPHBIX TYHIP C TOCIIONICTBOM Vaccinium
myrtillus v Empetrum hermaphroditum. Carex flava mpon3pactaer Ha KITFOYEBBIX 00-
JIOTaX ¥ Ha MOJIMHHUEBBIX JIyraX Ha OOraThIX mouBax [45].

2.4. BzanmMHoe oborarieHue ieHodaop 4epHOOCOKOBEIX 00IO0T, OSIIOYCHUKOB U
MOJIMHHUEBHIX JIyTOB, HAOJIOIAIOIIEECs B JIECHOM ITOSICE TOP, IIPUBOIUT K TOMY, UTO
B YMEPEHHO KOHTUHEHTAIBHOM KIMMAaTe BOCTOKA L{eHTpansHoM EBpoIiel mponcxo-
IUT MHTETPAISI ATUX IEHO(IOp ¢ 00pa30BaHUEM HOBBIX THIIOB TOPHO-TYTOBBIX
coobmrects. Kak Me30TpodHO-00IOTHEIMH, TaK U ITyCTONTHBEIMA BHIAMH 00OTaIla-
FOTCSI M BIAYKHOPa3HOTpaBHEIE JTyra. Tak, Ha KUCIBIX ITOUBax B boreMckom MaccuBe
u Cynerax onwmcana jgyrosas accoumanusi Angelico sylvestris-Cirsietum palustris
Darimont ex Balatova-Tulackova 1973. B neii Hapsany ¢ Caltha palustris L. nomu-
HupyroT Carex nigra v Juncus filiformis L. B uncie qMarHoCTHYECKUX BUIOB OT-
Meuensl Carex echinata, C. panicea, Nardus stricta, Agrostis canina, Holcus la-
natus, Juncus conglomeratus, Potentilla erecta n Viola palustris. Pa3sut koBep u3
Me30TpOHBIX BUAOB MXOB [63]. OueBHIHA OJIM30CTh JYTOB JaHHOTO THIIA K MEJ-
KOOCOKOBBIM JTyram Boctounoit EBporsr ¢ rocionctBom Carex nigra.

K. Jleitmuep u I'. Dnnenbepr [36] cYATAIOT, YTO MEITKOOCOKOBBIM JTyTaM, KaK U
0eJI0yCHIKaM, CBOMCTBEH JIMIIb aHTPOITOTSHHBIA TeHe3uc. OHAKO HaOII0CHUE
9TUX COOOIIECTB Ha 3aIOBEIHBIX Tepputopusax Poccun ybexnaer B mHoM. Lleno-
(hITOpBI MEITIKOOCOKOBBIX JIYTOB M OEJI0YCHUKOB C(HOPMUPOBAIIMCH IO/ BIUSHUEM
€CTECTBEHHBIX MPUYMH, XOTS MPAKTHKA 3eMJICTIONB30BAHMS B ITOCIIEIHEE THICSUC-
nerue, 6e3yCIIOBHO, MHOTOKPATHO YBEJIMYMIIA TUIOMAAN, 3aHSATBIEC STUMHU COOOIIIe-
ctBamu. B EBporietickoit Poccrnu 6eoyCHUKH W METTKOOCOKOBBIE JTyTa BBICTYIIAIOT
CTaMsIMHA BO30OHOBIICHNMS OCPE3HSKOB U / HJIM COCHSKOB Ha BIIAKHBIX IIOUBAX Me-
30TpOpHOTO psifia HE3AaBHCHMO OT MPUYWHEBI, IPUBEIMICH K HAYAly BTOPHYHOM
cMenbl. Bummmo, 1o cipaBeuyBo u st LeaTpansHoit EBporsl, a Taroke 3aman-
HoW DeHHOCKaHINH, CyIs 10 00BIYHOCTH Potentilla erecta B 6epe30BbIX, COCHOBBIX
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W IUPOKOJIMCTBEHHBIX Jiecax [36, 45] (cM. Boimie). s [ToqMoCcKoBbs aHaIOTHY-
HbIE BBIBOIBI ObLH clieniaibl C.M. PasymoBckiM [64], 11, BEpOSTHO, CIEIYET C HUMH
cornmacuthest. Kak penukT BTOPUYHOM CYKIIECCHH MOXKHO PacCMaTpuBaTh U Succisa
pratensis B Oepe3HsIKax, OCHHHUKAX U Jalee eIbHIKaX. BMecTe ¢ TeM BO3MOXKHA U
HOBEHIIAst SKCITAaHCHSI ATOTO BHIIA, O0YCIIOBIICHHAS YBEITMUCHAEM KOJIMIESCTBA OCAl-
KOB, KaK B Jiecax 3aka3HHKa «JIucuHckuii» B JIeHnHTpagackon 001, CrioxHee ciaydai
¢ Molinia caerulea. OHa cToIb OOBIYHA B IIEHTPATLHOCBPOIICUCKHX aIiAO(QUTHBIX
IyOOBBIX, OYKOBBIX M XBOMHBIX JIECaX, UTO €€ MOYKHO PaCCMATPUBATH HE KAK PEITUKT
CYKIIECCHH, HO KaK BH]I, NU3HAYATEHO CBOMCTBEHHBIHN 3TUM JiecaMm [36].

2.5. B Jlenunrpanckord u HoBropojackoi obmactsax u B FOxHoit Kapemuun
HaAOJIOAIOTCS YoKE TUITMYHBIE MEIKOOCOKOBBIE JIyTa ¢ rocrionctBoM Carex nigra
u Juncus filiformis 10 KOBpY Sphagnum spp. ¥ Ipyrux Me30rurpoUIbHBIX BUIOB
Mx0B. Ha atux nyrax oObranbl Potentilla erecta, Viola palustris, Agrostis canina,
B MTOJ30HE FOKHOM TalTh — Juncus conglomeratus n Succisa pratensis. Betpeua-
totcst u Nardus stricta u Carex echinata. Ilocnenssis, oqHaxo, Ooee THIIIMYHA TSI
c(harHOBBIX COCHSKOB ¥ €IFHUKOB II0 Kparo OOJOT, T/Ie OHA COMYTCTBYET TOCHO-
creytomuM C. nigra n Eriophorum vaginatum L. Kak yxe ropopmiiacek, Carex
panicea TIEPEXOMUT Ha JIyra Ha MOYBax OOJBIIET0 MUHEPAIHHOTO OOraTcTBa.
BwMmecro Hee B ieHO(II0pY METKOOCOKOBHBIX JIYTOB U3 COCTaBa OOJIOTHO-KITFOUEBON
neHodmopel uaTerpupytorcs C. flava n Gonee peakas Eriophorum latifolium
Hoppe, a u3 moliMeHHO-IyroBOM TieHOGIOpsl — Ptarmica vulgaris. Molina
caerulea B YOxuoii Kapennu Bce emme ¢popMHpYeET U3peKa BCTPEUAFOIIHAECS MO-
JTHAEBBIC JIyTa Ha KUCIBIX MTOYBAX, a TAKXKE 3aXOAUT IO/ IOJIOT CEPOONTbIIaHM-
KOB, KOTOPBIMH 3apacTaroT 3TH Jiyra. B JIeHuHrpanckoit ooi., onnako, M. caeru-
lea mpom3pacTaeT yxe He Ha TMOJOOHBIX JIyraxX, a MOJ] MOJIOTOM XBOWHBIX JIECOB
c(harHoBO-3eJICHOMOIITHOTO THIIA.

dopmupyrommecss MO COCEACTBY C MEIKOOCOKOBEIMH CHIpBIE OEJI0yCOBEIE
nyra oboramensl Carex nigra u C. flava, a Potentilla erecta n Viola palustris
CTaHOBSITCS Ha HIX JOMHHAHTaMH HapaBHe ¢ Nardus stricta. Bnpodewm, B mocien-
HUE JIECSITUIICTHS Ha 3TUX JIyraXx HaONoaeTcs CHKeHue oownust Nardus v 3a-
MelieHne ero Ha Festuca rubra. Potentilla erecta v (B ¥0O)KHOW Taiire) Succisa
pratensis OOWIBHBI U Ha JIyTaX C TOCIIOACTBOM Deschampsia cespitosa.

Cornacuo A.A. Huuenko [47], Nardus stricta, Potentilla erecta u Succisa
pratensis OTHOCATCS K OETI0OYCOBOI CBUTE, CBSI3aHHOH € IyraMH Ha OCJHBIX OO~
30JICHHBIX TIOYBaX, Torna kak Carex nigra, Agrostis canina u Viola palustris — x
TOP(SIHUCTO-ITYTOBOH, ACCOIMUPOBAHHON C OTOP(OBAHHBIMU KHCIBIMH OTJICEH-
HbIMH TIouBaMH, a Carex flava — Kk JIyroBo-00JIOTHOH. DTOT k€ aBTOp [65] yKa3bl-
BaeT Ha MPOHUKHOBEHHE MHOTHX M3 pacCCMAaTPHBAEMBIX HAMHU BHIOB IO TOJIOT
BTOPHYHBIX MEJKOIUCTBCHHBIX JiecoB. Ha mMecTe enmpHHKOB c(harHOBO-3€JICHO-
MOIITHEIX (YOPMHUPYIOTCS IONTOMOIITHO-METKOOCOKOBEIE H JIOITOMOIITHO-MOJIH-
HHEBbIC OEpe3HSKH, OCHHHHKH W cepooiibliannku ¢ Carex nigra u Molinia
caerulea. JIns necoB NMepeyrcICHHBIX (hopMaIyii Ha ICHXPOPHIBHBIX MECTOOOH-
TaHUSIX, 0COOCHHO IIPH BHITIACE ¥ CEHOKOIICHNUH, XapaKTepHbI Nardus stricta, Suc-
cisa pratensis v (daie Bcero) Potentilla erecta. TlocnenHuii BUA BCTpeUaeTcs U B
OepesHsAKax Ha MECTE CILHUKOB YCPHUYHBIX Ha MTOYBAX CPEIHETO YBIIAKHCHII.
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B ceBepHoii Taiire Kapemmu Juncus conglomeratus, Succisa pratensis n Ptar-
mica vulgaris ncue3aroT. Carex echinata v Agrostis canina U3peKUBAIOTCS B €€ TH-
MMUYHOH (FO’KHOM) ITOJIOCE, T7Ie BHOBB ITPUYPOYEHBI K 00JI0TaM, ¥ He 3aXOST B Kpai-
HECEBEPHYIO Tairy MypmaHckoi 00:1. [48]. Carex nigra enie JOMUHUPYET Ha M-
KOOCOKOBHIX ITyrax B Keperckom benomopre, 1 IMEeHHO Ha HUX HaMH ObIIT OTMEUCH
Chrysaspis spadicea. Ho nmanee x ceBepy ucuesaer u oHa. [lo Geperam o3ep B
JlanmaHackoM 3aroBeHUKE HAOIOMAIOTCA JHING J1yra u3 Molinia caerulea c
obweHOU Carex flava. Viola palustris ipy 3TOM HepelKa 10 BceMy T00EPEKbIO
Komnbckoro m-oBa 1 6os1ee 0ObI4HA, 4eM B ceBepHOi Taiire Kapemnu [48]. Dto Hamo-
MHHAET O IIPOU3PAacTaHN! BUA B TOPHBIX TyHIpax Hopeernu (cM. BeIIIe).

2.6. Ha 1oro-3amazic ApXaHreJIbCKoH 00J1. ellle BCTPEYatoTCS MOJIMHUEBEIC JTyTa
¢ Nardus stricta, Potentilla erecta u Calluna vulgaris. OiHako BOCTOYHAs TpaHUIA
apeasia Molinia caerulea npoxomut o p. OHere (cMm. Boite). Y Chrysaspis spadi-
cea aHAIOTWYHAs TpaHuma uaeT mo pekam Kymoro u [lunere, a y Ptarmica vul-
garis — 110 Me3eru. K BOCTOKyY 1 ceBepo-BOCTOKY 00JIaCTH H3PEKUBAIOTCS Agrostis
canina, Carex echinata, C. flava, Potentilla erecta [50], a Viola palustris XoTs 1
JOCTUTAET Ypalia, HO TOXKe CTAHOBUTCS pelKoi. Nardus stricta Ha rore ApXaHTeNb-
CKOH 00II. TATOTEET K TPOIaM 1 IIpoceKaM B 32a007I0UEHHBIX XBOHHBIX JIECaX M JIHIIh
B [Ipenypanbse BHOBb JOMUHHPYET Ha JIyTax, a Ha CeBepHOM Y palie — Ha IyCTomIax
7 B TOpHBIX TyHApax. [IpuMmeuaTensHO, 9YTO B paBHUHHON dactu JBuHO-Ilewop-
CKOTO PETMOHA ATOT BHUJ HE JOXOAWUT JI0 CEBEPHOM TpaHUIlBI Jeca [3, 5]. Jlummb
Carex nigra ocTaercs OOBIYHBIM BIa)KHOIYTOBBIM BHIIOM H TOXe oTMedcHa B [le-
gopckoM Ilpenypanbe. Bo3MokHO, OHAKO, UTO 32 HEE YacTO MPUHUMAIOTCS JIep-
HOBHHHBIC (hOopMBI eBpocubupckoir 6opeanshoit C. juncella (E.Fr.) T.Fr., 6onee
OOBIYHOM B KOHTHHEHTAJIBHBIX YCIIOBUSX.

2.7. B Cpennem IloBomkbe 1 3aBOIKBE IIEHOTHYECKAS TPUYPOUECHHOCTD U3Y-
JaeMBIX BHJIOB aHAJIOTHYHA TakoBoi Ha CeBepo-3amane Poccun, HO caMul BUABI
Oonee penku. VckimroueHne BHOBb COCTAaBILIIOT Carex nigra, OOBIYHAS M YacTO
MaccoBasi [55, 56, 60], u Molinia caerulea. Ilocnennss oOnIbHA HA CBHIPBIX JyTaXx,
0COOCHHO B ITOJBEpraBIIcHCs OJICICHEHUIO 3allafHON YacTH pervoHa [S55, 56].
Emre 6onee mpumMeuarenbHbl TOCTOSHCTBO U 111 MonuHWYU B COCHSIKaX, Oepe3Hsi-
Kax U (OTYACTH) EIbHUKAX CParHOBO-3eJICHOMOITHBIX 0 Kparo O0JIOT Ha 3amaje
MopnoBun. OHE COIOCTaBUMEBI C aHAJIOTHYHBIME MTOKa3aTeNsIMH B Jiecax Llen-
TpaibHOW EBpOITEI 1 1axke peBhIIaioT uX. [1pu HeriryOoKoM 3ajieraHiy TPyHTO-
BBIX BOX M. caerulea BCTpedaeTcs W B COCHSKaX TPaBSHO-3€ICHOMOIIHBIX C
Pteridium aquilinum (L.) Kuhn. u Convallaria majalis L. Ha npeBHE# Teppace
[IpuBOIDKCKOM BO3BBIICHHOCTH. B 3THX Jiecax oObiuHa U Potentilla erecta [66].
U tpaBsiHO-, 1 c(harHOBO-3€JICHOMOIITHBIE COCHSKH C MOMMHUEH THUITHYHBL U IS
rokHOoTaexkHoro IlpuBernyxkps. OmHako B [Ipumkambe m3peaka BCTpeUaArOTCS
numrs BTopeie [60]. bemoycoBbie iayra v MycTOMIN, PaBHO CyXH€ M CBHIPBIC, W3-
BecTHBI B [leH3eHckol [56] u YibsHOBCKOH [66] 00MacTsax, cyXue Takxke 10
OITyIIKaM COCHOBBIX OopoB B Yamyptuu [60]. Ha Takux mycromax Nardus
stricta, BEpOSITHO, SBIISETCS TIEPUTIIAIAATBHBIM PETUKTOM [3]. DTOT B 0OBIYEH
1 B TOpHEIX TyHpax oT [Ipunonsipaoro no Cpennero Ypaia, B TOM 4rcie Ha €T0
BOCTOYHOM MakpockioHe [3, 5]. Ho B FOxHo#t Cubupu, BKITIOYask OKPECTHOCTH
r. KeMeporo u ropHbie nyra Xamap-/labana [67], oH, CKOpee BCero, 3aHOCHBIH.
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Ha Cpemnem Vpaie ver Carex flava, a C. echinata penka. Agrostis canina
00BIYHA, HO y)Ke B 3aypalibe 3aMemIacTCsl POACTBEHHBIMH CHOMPCKAMHU TaKCO-
Hamu [5]. TIpoune paccmaTpuBaembie BHABI MPEICTABICHBI M HAa CBHIPBIX Jyrax
3aypanbs, HO B TOH WM WHOW Mepe PEIKH U IO OOJBbIIeH YacTH HAXOAIATCA Ha
BOCTOYHOM TIpE/IeNie CBOETo pacrpoctpaneHus. Jlums apean Carex nigra uppa-
JUUPYeT Ha BOCTOK BILUIOTH 0 Anrtas u OacceitHa p. AHrapsl [58], a Molinia
caerulea — 1o ieHTpaLHOTO cekTopa 3ananHoi Cubupu [68], a Takke Ha 10T, B
Apano-Kacnmiickuit peruos. [Ipu aToM He TOTBKO B HEM, HO erle B bamkupckom
3aypanbe [69] 3aMeTHO TATOTEHWE MOJIWHWU K 3aCONICHHBIM MOYBaM. Apearbl
Potentilla erecta u Succisa pratensis Toxe gocturatotr Antast. IlepBrlit u3 BHIOB
MpUYpPOUEH 31eCh HE CTONBKO K JIyraM, CKOJNBKO K pa3peKCHHBIM JiecaM IMOJ-
TalTH — COCHOBBIM JTHOO Oepe30BbIM U3 Betula pendula Roth.

3. Brusnue Knumamuieckux u monoiloauueckux gpaxmopos
Ha yenomuyecKue nO3UYUU U008

3.1. CrarucTrdecky 3HaUNMEbIe HeraTuBHEIE 3aBrcuMocTH [111 onpmHCcTBa MO-
JeBHBIX BAIOB OT K (Ta0J1. 2) MONTBEpyKIAI0T XapaKTEPUCTHKY STHX BHIIOB Kak CyO-
okeanmueckux. st Calluna vulgaris v Empetrum nigrum 3aBUCUMOCTH ITOJTBEP-
JKIArOTCS B COCHSKAX Ha O€IHBIX IMoYBax v/ M Ha Oomorax, i Carex echinata —
B 3a00JTOYEHHBIX COCHSKAX, JUIA MPOYMX BUJIOB OCOK, Potentilla erecta w Succisa
pratensis — Ha JIyrax pa3MIHbIX THIIOB, W1 Carex nigra u Juncus conglomeratus —
Ha c(harHOBBIX KOBpaxX U B MOYaKHHAX O0ooT. HeoxkumanHo no3uTtrBHas cBsizb [111
Carex nigra c K Ha MEIIKOOCOKOBBIX JIyTaX, BUIUMO, OOBSICHSCTCS OIMOKAMH HIICH-
tudukamu Buna B [Tuaexose u [Ipemypanse, rie 3a Hero Obiia MPUHATA KOHTHHEH-
taisHas C. juncella (cM. BoIe). AHanorm4aHbIe 3aBucuMocty 11st [ Nardus stricta
obocHoBaHbI paHee [3]. B To sxe BpeMst st Viola palustris, Agrostis canina, Chrysas-
pis spadicea v Ptarmica vulgaris (TIOCNeHVE TPH BUIAa HE BHECEHBI B Ta0M. 2) CBS3H
OKa3aJIMCh He3HAUMMBI. B 4rciio Takux BUIOB Bonwia U Molinia caerulea, dei cy0-
OKCAaHHYECKHI apeat CITY)KUT XPECTOMATHHHBIM TIPHMEPOM B Teorpaduu pacTeHHI.
[prumHOH TOMY SBILSIOTCS H3MEHEHHS €€ IEHOTHIECKOH IPUYPOIEHHOCTH B Pas3-
HBIX YacTsx apeaa [70], o ueM OyIeT cka3aHo HIDKE.

3ameTHM, 9TO KBl DteHOepra [9] XapaKTepu3yroT BCe Ha3BAHHBIC BHIBI,
BKJTIOYAst M HEUTPaJIbHBIE IO TAHHBIM Hamlel BRIOOPKH, KaK CyOOKeaHYeCcKue, He-
CMOTpsI Ha Tipon3pactanue ux B Bocrounoit EBporre.

Tab6nauua 2 [Table 2]
3HaveHus1 K03 PUIMEHTOB PAaHIOBOIi Koppeasiuuu CniupmeHa rs

MesKAy NPOEeKTUBHBIMH NMOKPBLITUAAMY BH/AOB U BeIMYMHAMHU MeTeonapaMeTpoB
[Coefficients of Spearman correlation rs between species cover and climate parameter values]

Phls Psnpl 30HaNBHBIX CpaBHEHHUH [Series of zonal comparisons]
Bunpt [Species] Im PB R H L MF LS

Ts|Ke|GDD| K |GDD| K |GDD| K |GDD| K |GDD| K |GDD| K |GDD| K
Molinia caerulea| = | 3|04 | 03 | 0,4 |-0,4|-0,4|—0,3|—0,1|-0,2|-0,3|-0,2|—0,4|—0,4|-0,5|-0,2
Carex echinata | *|3| % x 10,04 |-05%(—-0,1|—0,1{ 0,2 [-0,4|0,02(—0,4| x x 10,1 (-0,2
C. flava x|2] x X X x 1-0,4]/-0,3(-05*%|—0,3| 0,2 |-0,5|—0,3[-06*| 0,2 |-08*
C. nigra x|31-0,3|-0,3| 0,4 |—0,4|0,05[-05*%|0,7*|—0,3|—-0,2|-0,6%| 0,2 |-06%|—0,4|0,7*
Juncus 5030 x | x |01]-04] x | x |04 |05 04 |-06| x | x |05]-02
conglomeratus
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Psnpl 30HaNBHBIX CpaBHEHHUH [Series of zonal comparisons]

Bunpt [Species] Im PB R H L MF LS
Ke|GDD| K |GDD| K |GDD| K |GDD| K |GDD| K |GDD| K |GDD| K

Potentilla erecta| x | 3| x | x [0,6%*|-0,3] x | x |03 |-0,4|-003|-0,5| 0,2 [—08*|—0,1|—0,6
3
3
3

Empetrum
nigrum
Viola palustris | x
Calluna
vulgaris
Succisa pratensis | 5 | 3 |[-004|-0,2] 0,1 |-0,3|-0,1|-0,1| x x |04 [-06% 0,5|-0,5(0,5 [-0,7¢
Tpumeuanue. Phlg — 3HaueHNs: GUTOMHANKALMOHHBIX HHIEKCOB BUJIOB 110 1KaiaMm ['. Dmien-
6epra [9] ws Lenrpansroit EBponsi: Te — TemnoodecnieyeHHOCTh, KE — KOHTHHEHTaIbHOCTb.
3oHanbHbIe psiabl: Im — 00etHeHHbIH Ha eckax, PB — cocHsiku Ha 3a00104€HHbBIX KUCIBIX 104~
Bax, R — rpsiibl 1 Kouku Ha carHoBbIX Oon0Tax, H — Mo4akuHsl U KOBpbI (aHamOru4Ho), L —
urydkosslie, MF — BraskHOpasHOTpaBHbIe, LS — MenkoocokoBbie j1yra. 3Ha4eHus s, IOATBEP-
JKIIeHHbIC Ha ypoBHE 3HauuMocTH o = 0,05, BbIIEICHBI MOMY)KUPHBIM HIPUPTOM U MOMEUYCHBI
3Be3104KoH (*). X — uHzaekce / ko3 ¢puuuent He onpenenex. [Ipodee kak B Tadum. 1.

[Note. Phlg are phytoindication indices for Central Europe according to H. Ellenberg et al. [9]: Tg is warmth
supply, and Kg is continentality. Zonal series: Im - species-poor pine forests on sand, PB - pine forests on
bogged acidic soil, R - bog ridges and hillocks, H - bog moss carpets and hollows, L - limegrass meadows,
MF - mesic forb meadows, LS - low sedge meadows. The rs values, confirmed at the significance level a
= 0.05, are shown in bold and marked by the asterisk (*). “x” means lacking definition of index or coeffi-
cient. For other notes, see Table 1].

-0,2|-0,4|-0,1|-0,4| 0,2 [-05*% 0,1 |-05% 0,2 |-0,2| x x 10,3 (-0,2
X X 10,5%-0,2| x x 104 (-03]|-03(-0,4| 0,3 |-0,4{—0,3| 0,3

X

0,2 |-05%| 0,1 |-0,5(—0,2|-0,7%|-05%|-0,6%| x x |-0,4[-04| x x

B cpenneii u ceBepHol Taiire Epporteiickoit Poccuu mpu pacuere koddduimeH-
TOB Koppesun [Iupcona r HeratuBHbIe 3aBucuMocty 111 ot K Habmonamice y
Calluna vulgaris B obmeit BIOOpKe cocHAKOB (72 0,5%) 1 B ebHUKAX YePHHYHBIX,
a taxoke y Molinia caerulea B cocrsikax 6omotHO-KimoueBkix (72 0,6%). TTocnemmmit
BuJ Berpeyaercs B Kapenuu nipu K < 36 u ucuesaer B JIBuno-Iledopckom peruone
Tpu anbHeimemM pocre 3HaueHuit K [11].

He menbIee BrmsiHme, YeM NIepenapl TEMITEPATYp, Ha OKeaHMIECKUE BAIBI OKa-
3BIBACT PEKAM BIKHOCTH. OCHOBHAS YaCTh BEPEIIATHUKOB U OCIIOYCHUKOB ATJIaH-
Tiieckor u Llearpansaoit EBporbl pa3BUBaeTCsl BO BIAXKHOM U MSTKOM KIIMMATE C
OOHMIBHBIMU Ocanikamu [35, 36]. Jlis cyniecTBOBaHUS BepeniaTHHKA HEOOXOMMO He
meHee 115 goxmmBeIx qael B roay [39]; mpu sTom 3HadeHus K He peBbImaroT 12—
15 [11]. Ot BnaskHOCTH TIPU3EMHOI'O CJI0S1 BO3[TyXa 3aBUCUMA U Empetrum nigrum B
MPUOAITHHCKHX COCHSKaX BOPOHWYHBIX [44]. BHyTpH KypTHH E. nigrum n Calluna
vulgaris hopMupyeTcst COOCTBEHHBI MUKPOKIIUMAT C TIOBBIIICHHOM BJIAYKHOCTBIO M
CIIaXKCHHOW aMILTATYION KoyleObaHui Temieparyp [36]. Apeasibl OKeaHHUECKIX BH-
JIOB MXOB TOX€ JINMUTAPOBAHBI YACTOTON W MHTEHCUBHOCTHIO 0cankoB [10].

3.2. IlosutueHble cBs3u 111 ¢ GDD BoIsIBIEHBI TONBKO Y Viola palustris u Poten-
tilla erecta B 3a00JI04EHHBIX COCHsIKAxX U 'y Carex nigra Ha KOBpax Me30TpoHBIX 60-
o1, tae C. flava, HanpOTUB, TEMOHCTPHUPYET HETAaTUBHEIEC 3aBICHMOCTH. B 0CHOB-
HOM >K€ MOZEITBbHBIC CyOOKCaHMIECKHE BUIbI HEHTPaIbHBI B OTHOIICHUH (PaKTOpPOB
TEII000ECIIeICHHOCTH (CM. TaOJI. 2), YTO 3aKOHOMEPHO. DTHM OHH OTIIMYAIOTCS OT
AIBHETANBHBIX C BRIPAXKEHHBIMU MO3UTUBHBIMU cBsi3sivu 11 1 GDD, xak, Hanpu-
Mep, y Juncus effusus (rs 0,6 B 3a005104eHHBIX COCHsIKaxX W 0,8 Ha IIIyYKOBBIX JIyTax).

B cocnsikax cpennHeit u ceBepHoit Taiiru EBponeiickoii Poccun I Calluna vul-
garis n Molinia caerulea ¢ poctom GDD naxe crmxkanock (72 0,5-0,8%) [11].
OpHAKO pacyeThl BENMCh 0e3 yJeTa FO)KHOM TalTH W MOITAWTH, YTO CKa3aJioCch Ha
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pesynbratax. Calluna vulgaris TpeGyercss CpaBHUTEIBHO TEIIBIA U MPOIOIIKH-
TENBHBINA TTepro Beretanui. Ero mouku pacKpbIBatoTCs JIMIIH IPH TEMIIEpaType
Bozmyxa 7,2°C [36]. B menom, ogHako, apeaiibl OKEaHMYECKUX BHJIOB COCYTUCTBIX
pacTeHHid JIMMHATHPOBAHBI HE TEIIO00ECTICYCHHOCTRIO BEreTallui, HO 3MMHHUMH
Mopo3zamu. . Jlank [10] otHOCUT Narthecium ossifragum wn Erica tetralix x ckaH-
IMHABCKO-ATIIAHTUIECKOMY CyO2JIEMEHTY: MX apeaiibl OrpaHUYEeHB M30TepMaMU
suMHUX Temiiepatyp —4°C. Ilouku E. tetralix v Calluna vulgaris dpaxtiiaecku -
IIEHBI TIOKPOBHBIX YEITyH, YTO YKa3bIBaeT Ha IOXKHOE IMPOUCXOXKICHUE BHIIOB.
B Anpnax u ropax Hlommanmun yacto HabmomaeTcss MOpo3Hoe odypeHue mooe-
roB C. vulgaris u3-3a 00€3BOKMBAaHHA. DTOTO HE IPOMCXOAUT, CCIH PACTCHHUS
VKPBITBI CHETOM WM PACTYT IO ITOJIOrOM Jieca. Empetrum nigrum MeHee IyBCTBU-
TeNbHa K Mopo3aM, yeM Calluna vulgaris [10, 36].

Ha Vpane C. vulgaris taroteer k 6oee mporpeBacMbIM, ObICTPO TPOTAWBAOIIAM
TIOYBaM 1 HE 3aCeJIsIeT Fapy ¥ BEIPYOKH M3-32 PE3KIX KOIMeOaH i TeMIIepaTyp Ha OTKPbI-
ThIX 9KOoTOMax [43]. [ToTpeGHOCTh BU/Ia B MPOrpeBAEMBIX ITOYBAX OOBSICHSET €ro ncyes-
HOBeHHe ¢ 60710T B [IpuHO-ITedopckoM peruone, [ToBomkbe 1 3anaroi CHonpy.

Apean Molinia caerulea B CeBepHoii EBporie orpaHuueH M30TepMOM SHBAPS
—11°C[10]. 13-3a cypoBOCTH 31M, a e111e Ooiee n3-3a paHHUX 3aMOPO3KOB STOT BH/T
C TIO3JTHUM HAYaJIOM BEreTallly BCTPEUAETCs JIUIIG K 10Ty oT /IBrHO-IIewopckoro
peruona. B To xe Bpemst Nardus stricta B EBporie 0OTHECEH K «IIIHPOKO pacipocTpa-
HEHHOMY OOpeabHOMY DIIEMEHTY», UeH apea IMMATHPOBAH He SUMHIMH, HO MaK-
CHMaJTbHBIMHA JIeTHUMH Temrepatypamu +33°C [10].

3.3. Bce paccMarpuBaeMble BUABI TATOTCIOT K YMEPEHHO WM CHIIBHO KHCITBIM
MOYBaM C HU3KOH HACHIIIEHHOCTHIO OCHOBAHMSIMH H HEIOCTATKOM a30Ta U ocopa.
B psine ropabix paiionos L{erTpaisHoii EBporter Calluna vulgaris mpouspacTaeT v Ha
W3BECTHSIKAX, HO OTIIMYASTCSI TIPH STOM HHU3KOH KOHKYPEHTOCIIOCOOHOCTEIO.

BepenmaTHUKY 1 OETOYCHHKH OTKJIQJBIBAIOT TPyOBIA T'yMYC, 3aKHUCIISFOIIAN
mouBy 110 pHu20 < 5. Molinia caerulea Ha chIpbIX JTyrax ¥ 00JI0TaX OTKJIAIbIBACT
Me30Tpo(dHBIH TOpd, HO CIIOCOOCTBYET Pa3iIOKEHHIO IpyOOro rymyca Beperar-
HUKOB, TaK KaK B ee pr3ochepe ObICTpee MIHEPATH3YIOTCS OPraHUIECKIE COCIH-
HeHHs a30Ta. Ee KOpHU 09eHb UyBCTBUTENBHBI K THIIOKCHH, YTO OOBSICHSET 3aBH-
CHMOCTB BHJIa OT OJTM3KOT0 3aJIeraHus TPYHTOBBIX BOJI.

Calluna vulgaris XOpOIIIO PacTeT MpH MUTAHUH AMMHAYHBIM a30TOM HJIH CMECBIO
NH;"/NOs~, HO HE YMCTHIM HUTPATHBIM a30TOM: B €r0 KOPHSIX IIOYTH HE HIET CUHTE3
HUTpaTpenykTassl. Nardus stricta v Avenella flexuosa Toxe TPeIIOYATAIOT aMMHUAY-
HBII a30T, HO yCBaWBAIOT W HUTPATHBIA. JTO emie Ooiee xapakTepHo miss Molinia
caerulea. Ee 111 Ha GonoTax Bo3pacTaeT H3-3a UX ABTPOMUKAIMHI BCIISIICTBHE KHCIIOT-
HBIX J0XIeH. ApOycKyIsipHas MAKopu3a M. caerulea IOBBIIIACT e KOHKYPEHTOCIIO-
COOHOCTB TIPH HA3KOM cojiepkanun Gochopa, uTo oT™MeueHo U 'y Nardus stricta [36].

[Toxkapel co3maroT OGIaronpusATHBIE YCIOBHS 15 mpopactanus ceMsH Calluna
vulgaris v Erica tetralix, ocobeHHO Ha OemHBIX TIouBax [39]. OHU KOoCcBEeHHO OJa-
TONPUATCTBYIOT U Molinia, 9bn TpyOble OCHOBaHHUs CTeOJIeH, CiTyKalue opra-
HaMH 3aracaHus, CIIOCOOHBI ITOCTIe MoKapa OBICTPO JTaBaTh HOBBIC Mmoberu [36].

4. @enomen uzmenuueocmu yenomuueckux nosuuuii Molinia caerulea

Y Molinia caerulea B pa3HBIX YacTsIX apeayia HaOJFOJAIOTCS KOHTPACTHBIE
THUIIBI [EHOTHYECKON MPUYPOYCHHOCTH.
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B Ceepnoii ®eHHOCKaHIH, BKITFOYass MypMaHCKYIO 00JI., CEBEpHYIO TalTy
Kapenmuu u ceBepo-3aman ApxaHrenbckoi 00i1. 1o p. Oneru, Molinia caerulea
mpUypodeHa K KOBpaM W MOYaKHHAM aara-00JIoT W K COCHSIKAM IO OKpanHaMm
MOCIICAHUX, @ TaKXkKe K C(ParHOBBIM COCHSIKaM KITIOYEBOTO MUTAHUS, T.€. K CO00-
IIECTBaM C ITOBHIIICHHBIM YPOBHEM OoraTcTBa 1mouB. [Ipn 3TOM BUA OTCYTCTBYET
Ha OeIHBIX IIOYBaX M OYCHB PEIOK Ha JIyraX. VICKIIIOUeHHEM CITy»KaT JIUIIb MOJIH-
HUEBBIC JIyTa Ha BBIMIEIIOUCHHOM IETIOBHH M3BECTHsIKA 10 Oeperam ozep Keno-
3€PCKOIl CUCTEMBI.

B T0 xe Bpems B benopyccun, Ha roxHOTac)kHoMm CeBepo-3amane Poccum, B
Bepxuem u Cpeanem [ToBomkbe 1 3aBomkbe M. caerulea BeTpedaeTcs v 3a9acTyrO
JOMHUHHUPYET JIUIIH Ha O¢THBIX TOYBaX, IPESUMYIIECTBEHHO B COCHIKAX U €IEHUKAX
c(harHOBO-3EIIEHOMOIITHOM M c(harHOBOM TPYIIT TUIIOB IO OKPAaWHAM BEPXOBBIX H
MepexXOIHBIX OO0JIOT, Ha 3arajie TePPUTOPHH Takke Ha caMux Oonorax. Pexe Bun
MIPOHUKAET B HE3a00II0YEHHBIE COCHSKH 3€JICHOMOIIHEIC ¥ TPaBsIHO-3€ICHOMOIII-
HBIE Ha IIECKaX MpU HETTYOOKOM 3aJIeTaHHUH TPYHTOBEIX BoJ. Ha Gorateix sxoTomax
OH 0oIlee HE BCTpeYaeTcs, pa3Be UTO CIIyYaifHO 3aXOMUT Ha HapYIIEHHBIE BTOPHY-
Hele nyra [70].

[epexonuas nmonoca, rae M. caerulea mpon3pacTaeT Ha TIOYBaX 00OUX THIIOB
OorarcTBa, B EBponeiickoii Poccnn oxBaTbhIBaeT UMb CpeiHIO Talry FOxHOM
Kapennu u ceBepo-BocToka Kapenbckoro nepermieiika. 9T1o, o CyTH, BOCTOYHAs
TpaHMIla ATIAHTUKO- U IEHTPAIIHOSBPOIICHCKOM YacTH apealia BUa, B Ipeesiax
KOTOpOH OH PaBHO XapaKTepeH Kak I IyOpaB, COCHSIKOB, BEPEIIATHUKOB 1 Oe-
JIOYCHUKOB Ha OCTHBIX KUCIBIX ITOYBAX, TAK M IS KIIFOYEBBIX OOJOT U OOTaThIX
BHJaMU JIyTOB Ha M3BECTHIKAX W MpaMopax. [Ipu aToM mpecTaBieHbl U MOJIH-
HUEBBIE JIyra Ha OCOHBIX IMOuYBaX. VX JMarHOCTHYECKHMMH BHIAMHU CIyKaT
Calluna vulgaris, Nardus stricta, Carex pilulifera w np., Toria Kak y J1yrop Ha
m3BectHsAKax — Selinum carvifolia (L.) L., Serratula tinctoria L., Cirsium tu-
berosum (L.) All., Sanguisorba officinalis L., Silaum silaus Schinz et Thell. Ha
myrax oOOWX THIIOB TIOCTOSHHBI Succisa pratensis, Potentilla erecta,
Deschampsia cespitosa, Sieglingia decumbens, Holcus lanatus, B MeHbIIIEH cTe-
nenu Carex panicea, Linum catharticum, Ptarmica vulgaris, Gentiana
pneumonanthe [36, 37, 71-73]. KpallHUM BOCTOYHBIM (pOPIIOCTOM MOJMHHEBBIX
JIYTOB Ha M3BECTHSIKAX BBICTYIIAET JIYTOBOW MACCHUB ¢ corocnoictBoM Molinia
caerulea v Sesleria uliginosa Opiz B oiime p. Wxops! 65u3 1. [Tynocts B JIeHuH-
rpajackoi 061. JIns myroB Ha u3BecTHAKaX KeHosepbs TunindHbI ke Calluna vul-
garis, Nardus stricta u npyTue pacTeHHS KUCIBIX ITOYB.

Ha KaBkase Molinia caerulea B cpeTHETOPbAX TATOTEET K JIyraM Ha OOTaThIxX
moyBax (HampuMmep, Ha r. bemtay) u Me30TpodHBIM 060JI0TaM, HO B HU3KOTOPbIX
Y TIPEATOphsIX — BHOBB K JIyOpaBaM Ha OeHBIX 1mouBax [70].

B HOxHOM 3aypanbe u 3anagaoit Cubupu M. caerulea onsth NpuypodcHa K
OoraTbIM, BIOOABOK 3aCOJICHHBIM ITOUBaM, B Ka3axcraHe BIIOTH IO MOKPBIX CO-
noH4akoB. B UensiOnHckol 00J1. OHa BCTpeyaeTcss Ha ME309BTPOPHBIX 0ONOTaX,
a B JIecocTerrHOM 3aypanbe bamkoprocrana xapakTepHa IIs 3aCOICHHBIX JIYTOB,
rae mpouspacraet BMecte ¢ Cirsium canum (L.) All., C. esculentum (Siev.)
C.A. Mey., Serratula coronata L., Inula aspera Poir. u Sanguisorba officinalis
[69]. B necoctenm Tobon-Hpteimickoro u O0b-MPTHIICKOT0 MEXIypednit 1mo
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Kparo 00JI0T Pa3BUTHI PIIOPUCTHUYECKH OJIM3KHE ClIa003acoJICHHBIC JTyra Ha IOy~
rUApoMOopdHBIX MouBax. 3neck Molinia caerulea cormyTcTBYyeT 60JIee OOBIYHBIM
Cirsium canum, Serratula coronata v Calamagrostis epigeios (L.) Roth [68].
3amaHOeBpoIIeiickie OOTAaHUKHU MPHUBLIKIM cuuTaTh Molinia caerulea BUnoM ¢
OMMOIANBHBIM pacpeeNIeHHeM I10 TPaAueHTY OOTaTCTBa IIOYBHI, HE 33/1aBasICh BO-
MpocoM, UeM OOYCIIOBIEHO Takoe pactpeaeneHne. OTHaKO HA OCTAIBHON YacTH
apeaja pafOHBI C Pa3TMIHBIME TUIIAMH [IEHOTHIECKOI IPIypOIEHHOCTH BHIA pa3-
obrieHsl reorpaduyecku. Y M. caerulea BbISBICHO HECKOIBKO IIATOTHITOB, HO T€0-
rpadust UX pacrpocTpaHEeHHS HE COOTBETCTBYET TAKOBOW THUIIOB IEHOTHIECKOM
npuypodeHHOCTH. 1 Ha OeaHBIX, U Ha OOraThIX IMOYBaX MPeodIaaaeT TeTPAILION I-
HBIW mATOTHII ¢ 271 = 36 [70]. Paznmumst Mornm ObI OOBSICHATHCS TEM, YTO B paMKax
KoMmIuiekca M. caerulea CymecTBYIOT pa3HBIC KPHIITOBHIBI — <OBTPO(HEIN» H
«omuroTpodHbIiy. OmHako 1o pe3ynbratam cekBenupoBanus JTHK (ITS) sta rumo-
Te3a He MOITBEPANIIACk, T.e. B penenax EBporeiickoit Poccun n 3aypanbs Bee mo-
nysiia M. caerulea Tenetnaeckn omHopoaHbl [N.N. Nosov, pers. comm.]. ITpu-
YHUHY pa3IA9ril OCTaeTCs NCKATh JIUIIH B 00JIACTH SKOIOTHH M KO I3AOIOIAH BHA.

5. Pacnpedenenue okeaHuueckux éuoog
N0 IKOYEHOMUYECKUM U YEHOZEHEeMUYECKUM ITNeMEHMaM

5.1. HanGornee IpeBHUMH TUIIAMI COOOIIECTB OKEAHWIECKUX BHIOB M3 UHCIIA
paccMaTprBaeMBIX HAMU MPEACTABISIOTCS BOPOHHYHHUKA U BEPEIIaTHUKH, CYIIIE-
CTBOBaBIIIKE HAa IIPIMOPCKHUX IMYCTOMIAX U TIOHAX BJIOJIb OeperoB ATIAHTHKH €I11e
B OJIUTOLICH-MUOIICHOBOE BPeMsI OJHOBPEMEHHO CO CTAHOBIICHHEM TYpPraicKon
(bnopsl.

b.A. FOpues [35] npennonaraer aTiaHTHYECKUNA MyCTONIHBIN TeHe3uc poaa Em-
petrum L. B ero IPOUCXOXKICHHE OT KaKOTo-JTHOO0 M3 JIBYX 00JIee I0KHBIX POIIOB 60-
POBBIX KyCTapHHUKOB — ampuaTiantuaeckoro Corema D.Don mmi BocTouHOaMepH-
kaHckoro  Ceratiola Michx. MoIeKyapHO-TAKCOHOMHYECKAsT  PEKOHCTPYKIIUS
(nrDNA ITS, matK [74]) moaTBep>kKaaeT aTIaHTHUSCKHI TeHE3KC PoJia, OHAKO IT0-
CIIeTHUH MPEICTaBIIET COOOH CECTPHHCKYIO KiIaJTy OTHOCHTEIBHO JIBYX IPYTUX pO-
noB Empetraceae. Hanbomnee mpuMHTHBHEI B ponie Empetrum TBYIOMHBIE KpacHO-
TUTOJIHBIE TUTUTONTHBIE (21 = 26 [75]) BuabI poacTsa E. rubrum L., coxpaHuBIIIecs
B cybaHTapkTHueckoi FOxHON AMeprke, paHee e, BUANMO, PaclpOCTpaHCHHBIE
ounonsapuo. Oxgnako E. rubrum TecHee CBS3aH HE C CEBEPOAMEPUKAHCKAM KpPacHO-
WIONHEIM E. eamesii Fern. et Wieg.,, a HMEHHO ¢ €BpOICHCKHUM YEPHOIUIOMHBIM
E. nigrum s.1., Toxe TBYTOMHBIM 1 IUTUIOMIHBIM. DTO OTOABUTAET BpeMst (OpMHUPO-
BaHMS KoMIUIeKca E. nigrum s.l. B onmmromneH, korma EBpoma eme coemmHsachk ¢
I'pennanmueit, ecny He B 30IEH — AMOXY MOCTa cymu Mexxay EBporoii n CeBepHoi
AMepuKon.

B pannem mmoneHe u3 BHIa, MPEIKOBOTO MO OTHOIICHHIO K E. nigrum s.str.,
BBLICITIICS OJTHOOMHBIHN TeTparuiona (2n = 52 [75]) E. hermaphroditum, Bumumo,
TOXXEC Ha MpUMOpCcKHX mycromax. OH oOKazajcs HE MPOU3BOAHBIM OT
E. nigrum s.str., kak Mpl cunTanu paHee [3], a CECTPHHCKHAM MO OTHOMICHHIO K
HeMy. MexXIy TeM aTIaHTHYeCKUi Mpenok E. nigrum paccemmiicsi BOOIb CeBeEp-
HOro mobepexbst EBpasuu Ha BOCTOK, HaBCTpeuy Vaccinium uliginosum s.str. 1
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JPYTUM BUJAM PUKOUIHBIX KyCTAPHUYKOB, MUTPHPOBABLIMM C BOCTOKA Ha 3amaj
[4, 42]. K Hagairy mieiicTorieHa mpon3o0Iinia ero ANBEPreHIHs Ha eBpOoneckuil Em-
petrum nigrum s.str. ¢ KOPOTKOXKEJIE3UCTHIM OITYIIIEHHEM TOIMYHBIX T0OEroB, ma-
muduaeckuid E. sibiricum ¢ MEPCTACTHIM OMYIICHHEM U3 MPSIMBIX BOJIOCKOB U ITe-
pexonHbIi cubupckuit E. stenopetalum. IlnedcroneHoBas KOHTHHEHTATA3ALUS
MOCJIEIHET 0 BUJIA IPUBEJIAa K CMEIIEHUIO BPEMEHH €0 1IBETEHUS C PaHHEH BECHBI
Ha cepeuHy jera [62]. DTo mo3BOIUII0 eMy IPOM3paCcTaTh B 30HAIBHBIX KyCTap-
HUYKOBBIX TYHJpaX, HOTHATHCS Ha TONBIBI U HAPSAAY C TETPAIUIOUIHBIM E. sub-
holarcticum V.Vassil., BeinenuBmmMcs yxe u3 E. sibiricum, chopMUpoBaTh TH-
MMOapKTOMOHTAHHBI KOHTHHEHTAIBHBIN apead.

Buimo, BOpOHUYHHKY HCTOPUYECKH MOJIOXKE BEPEILIATHUKOB, TaK KaK CYKIEC-
CHOHHO IPEALIECTBYIOT UM IIPH 3apacTaHUU [foH. Bellie roBopuiiocs o cBs3M at-
JMAHTHYECKUX BEPCIIATHUKOB C (POPMAIISIMU CPEI3EMHOMOPCKHUX KYCTapHIIKO-
BBIX M KyCTapHHKOBBIX Fabaceae. OueBuHa 1 UX CBS3b C COOOIIECTBAMH JIPEBO-
BUIHBIX BUAOB Erica [33]. [Ieubua Calluna vulgaris n3BecTHa M3 TPETUYHBIX OT-
noxennit EBportel [42]. Potentilla erecta Taxxe IpUCyTCTBYeT B EBporie u31aBHa,
YUUTBIBasi BEPOATHBIN JpEBHECPEIU3EMHOMOPCKUN T€HE3UC ITOTO BUIA.

Leno¢mops! aTIaHTHYECKUX KIIFOYEBBIX OOIOT, B OCHOBE CBOEH HEMOpPAIIb-
HBIE, BUINMO, TOKE Hadalll ()OPMHPOBATHCS €IIe B Typraiickoe BpeMs 1 OKOH-
YaTeNbHO CIOXKUJINCH IPU YTpaTe TPETHUYHBIMH JIECHBIMH OOJOTaMH ApEBEC-
HOTO sIpyca B MO3[IHEM IUTHOIeHE [76]. ATIIAaHTHYECKUM W MO3AHETPETHIHBIM
MPEJICTABIACTCS U T'eHe3UC MepBBIX 0eI0ycHUKOB [3, 35]. OnHako meHodIops
COBPEMEHHBIX OEIOYyCHHKOB CPAaBHUTEIBFHO MOJOJBI, TaK KaK CIOXKEHBI pas-
HBIMH CTa/IMaJIbHBIMU JIEMEHTaMU. DTO BUIHO Ha IPUMEPE YIOMSIHYTOM BbIIIE
acconuanuu Gentiano-Nardetum. Nardus stricta paccensuics B COCTaBe KOM-
IIJIEKCOB MEPUTIISIIUAIBHON PacTUTENBHOCTH, XOTSA U HE B KPHOKCEPOTHUECKHE
MaKCHMYMBI OJICICHEHHIA, a B TUTPOTHUYECKIE (a3bl IerpataIiiy JIeTHIKOBBIX
mwutoB. Gentiana pneumonanthe — Hacleane eBPOCHONPCKOH IUIEHCTOIEHOBOH
JIECOCTENH, 110 JaHHBIM NAJIMHOIOTHYECKUX PEKOHCTPYKLUUN JocTUraBIiend AT-
JAHTHYECKOH EBPOMBI B MAaKCUMYM BallJaiicKOTO oyieieHeHus [77] 1 TeM Ooee
B CpelHeM IuielicromneHne. B To ske Bpems Erica tetralix w Cirsium dissectum
MOTJIM PacCeIAThCA JUILb BO BIA)KHBIE U TEIJIble MHTEPBAJIbl MEKIIETHUKOBUN
Y TIOCTIEJIETHUKOBBSL.

YunTeiBas aMmpuatianTHueckuid apean Carex nigra M ceBepOaMepUKaHCKAN
LEHTP Pa3HO0Opa3usl POICTBEHHBIX €l BUJIOB U3 CeKIuK Phacocystis Dumort., oHa
00 ee MPeIoK TOJKHBI ObUIA IIPOHUKHYTH N3 AMepuku B EBpomy erie Bo BpeMst
CYIIECTBOBaHHSA aTJIAHTHYECKOTO MocTa cymm. OcraTku MemodkoB C. cf nigra u3-
BecTHBI U3 TmoreHa Cpearero [ToBomxkes [78]. B Aurmum nocroBepuas C. nigra
00HapyXHBAETCS YK€ B KPOMEPCKHX CIIOSX MHUHJCIb-PUCCKOTO (JIMXBHHCKOTO)
MEKICTHUKOBBSL. K 3TOMy ke BpeMEHH OTHOCAT ()OPMHPOBAHUE YCTBEPTUIHBIX
THTIOB €BPOIEHCKHX OCOKOBBIX OOJIOT ¢ sipycoM carHoBeIX Mx0B [42]. Boiee Mo-
JIOABI BIAXKHOIYTOBBIE IIEHO(IIOPEI, 0COOCHHO BTOPUYHBIC ITYYKOBEIC JIyTa, CIIO-
JKEHHBIE BUIAMH C Pa3HOTHITHBIME apeajaMi B (hOPMUPOBABIINECS YIKE TIO BIIU-
stareM 4enoBeka [33, 36]. OmHako MOMHUEBBIE JIyTa HA KACHBIX ITOYBAX APEBHEE
nrygkoBbIX. VX 1ieHo(hopa 0oiee 0mHOPOIHA XOPOIOTHYECKH, 1a ¥ HKOIOTHYECKH,
XOTsI €€ BO3pacT BCE JK€ BPSI/ JIU NIPEBBILIACT MUKYIMHCKHUH.
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5.2. Bo ¢nope Cerepo-3anaza oeiBirero CCCP Calluna vulgaris v Empetrum
nigrum s.str., a Taxke Erica tetralix, Corynephorus canescens, Sieglingia decum-
bens, Rhynchospora fusca, Carex pilulifera, Juncus squarrosus, Drosera inter-
media N Ipyrue pacTeHUs BEPEHIaTHUKOB, OCIIOYCHUKOB M MOJHHHUEBBIX JIYTOB
otHeceHB! H.A. MuHseBbIM [7—8] K HEMOpaJILHOMY OKEaHHMYECKOMY (aTJIaHTHYC-
CKOMY) MHTPaIlMOHHO-TEHETHYECKOMY ayieMeHTy. Molinia caerulea w Linum
catharticum OTHECEHBI K HEMOPAIIbHOMY CYOOKeaHHIeCKOMY dJIeMeHTy, a Carex
nigra, Potentilla erecta v Succisa pratensis — Ha HaIll B3TJIs1, OIIMOOYHO K TeMHU-
HEMOPAIIEHOMY CYOKOHTHHEHTAJIHHOMY.

[IneficTonieHOBBIE BOIHBI PACCENECHUS OKCAHUICCKIX U CYOOKCaHNIECKIX BH-
JIOB C 3aI1ajja Ha BOCTOK IPOUCXOMIIN B ICPHO/IBI TIOBBIIIEHHOH BIa>KHOCTH KITH-
MaTa, MPENMYIIECCTBEHHO (XOTS 1 He BCer/ia) Bo BpeMs nmoreruieHnii. Cyms mo pe-
JUKTOBBIM H301sTaM Juncus squarrosus B 6acceitae Jlona u Drosera intermedia
B cpenHeM TeueHun J{Henpa [5], pacmpocTpaHeHe BUIOB, XapaKTEPHBIX IS ChI-
PBIX BEPEIIaTHUKOB, NMENIO0 MECTO B JJUXBHHCKOE MEXIIECTHUKOBEE [ 7—8]. 3atem
B nepurianuaine [loBomxes u [IprkaMbs Ha 3aBepIIAIONINX dTalax CPEAHEILICH-
CTOIIEHOBOTO OJIEZICHEHU S, T.€. Ha HCXOJIE TIOXOJIOJaHUs, paccersuics yxe Nardus
stricta [3, 60]. OcHOBHAas ke BOJIHA pacCECHHs aTIAHTHYCCKHX M CyOaTIaHTH-
YEeCKUX BHJOB HAa BOCTOK CBSI3aHA C HACTYMUBIINM BCJIEI 38 STHM MHUKYJIHHCKUM
MEKIETHUKOBBEM.

B mepByto mMon0BHHY MEXIICTHUKOBBS IIIIA MUTPAIUs CyOCpeIn3eMHOMOPCKIX
KBEpILETAIBHBIX BHJIOB C IOT0-3aI1a/1a Ha CEBEPO-BOCTOK B TIOJIOCE COBPEMEHHOM JIe-
coctend. 3aTeM 10 Mepe YBEIMUYCHHS BIaXHOCTH KIIMMAaTa €e CMEHUIIA MUTPALIHST
[EHTPATFHOCBPOIIEHCKIX (hareTabHBIX M THIIHETAIBHBIX BHJIOB C 3arajia Ha BO-
CTOK ¥ CEBEPO-BOCTOK B 30HE ITHPOKOIMCTBEHHBIX JIECOB U B TIOATANTE, HO OTYACTH
U B FO’KHOU TaiiTe, TOCKOJIBKY KIIMMAT OBLI Teriee coBpeMeHHoro. O0e BONHBI pac-
CETICHUS B CHUTY UX IIAPOTHOMH JIOKAJIM3aIMy OBLUTH IIPHYPOYEHEI K TSLKEIIBIM, B TOM
qucie kKapOOHAaTHBIM MmouBaMm [79]. Paccenennto ¢areraabHBIX BUIAOB COMYTCTBO-
Baja murpanus Potentilla erecta u Succisa pratensis, a Taxke Me30Tpo(hHO-00JI0T-
HBIX BUAOB CUHY3UH Carex nigra, IprmdeM YIIOMSHYTHIA BU YCIEN JOCTHYH FOra
Cpenneit Cubupu. B 370 e Bpems B 3anmaanyro Cubups n Kazaxcran pacnpoctpa-
HWIach Molinia caerulea, acconuupoBaHHas ¢ OOTaTHIMH, B TOM YHCIIE 3aCOJICH-
HBIMH TTOYBaMH (ecd TONBKO B Kazaxcrame 3TOT BHI HE OTHOCHTCA K Oolee
JIPEBHUM PENUKTaM JIPEBHECPEIM3EMHOMOPCKO TTPHPOIE).

Calluna vulgaris v npyrue pacTeHHS BEPEIATHAKOB M TECHO CBSI3aHHOW ¢ HUMH
JIFOHHOM (DITOPBI MOTJIM PacCeNAThCS KaK CO BTOPOM, TaK OTYACTH U C MTEPBOM BOJI-
HOH MUKYJIHHCKAX MUTPaHTOB. VIMEHHO pelIMKTaMi MUKYJIHHCKOTO BPEMEHH ClIe-
IyeT CUMTATh HAXOIKH ATUX BHOB MMApaUICIFHO JIMHUH, MAPKUPYIOIIei Kpait Ma-
TEPUKOBOTO JIbJ]a MAKCUMAJIFHOH CTaINH paHHEBAIIAHCKOTO (KAIMHIHCKOT0) OJIe-
nenenus. Iro Corynephorus canescens Ha 00pOBBIX Tieckax 1o J{aecrpy, Oke u B
BepxoBbsx JloBatu, Sieglingia decumbens B BepxHeM TedeHHH [IHETpa 1 Ha 3arajie
BepxHe-BomkcKoro pernosa, aHaJOTHYHbIE HAXOIKU Juncus squarrosus, Drosera
intermedia N OPyTUX OKEAHMIECKHUX BUAOB. K TIOCIETHIM MOKHO OTHECTH M BOII-
Hy¥0 Lobelia dortmanna L. B BepxoBbsix JHenpa. OHaKo OCHOBHAS YacTh apeasia
storo Buza Ha CeBepo-3anane Poccuut copmMupoBaiack IUIIE B IIOJIOBEIKOE IT0-
TEIUICHHE» TTpeOopealbHOTO Meproa royomexHa [5, 8].
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Buaumo, MUKYTHHCKAM SIBISIETCSI 1 PENUKTOBEIA u3onat Calluna vulgaris B
CaparoBckoid o0i1., xots .M. JlutBuros [66] u N.U. CupeiruH [57] cuuTaroT
9TOT BHJ (KaK U JPYTHE PACTCHUS 3€JICHOMOITHBIX COCHSIKOB) CBOMCTBCHHEIM €I11e
MTOBOJDKCKHAM «TOPHBIM COCHSKaM IMO3IHETO IunoneHa. Bpsn mu, omHako, Be-
PECK, He BBIHOCSIIHIA MOPO30B, OECCHEXbBS, CYXOCTH BO3IyXa M IpPOMEpP3aHUS
MOYBHI, ]a ¥ CAMH «TOPHBIE COCHSKID MOTIIHU IIEPEKUTH KPHOKCEPOTUICCKUI NH-
TepBaJ CPeIHETO0 IUICHCTOIEHA Ha CBOMCTBEHHBIX MM HEIHE KOTOIAX.

[IponukHOBeHUE C. vulgaris Ha ror 3anaaHoi CHOMpPH 1 €0 HaXOIKY Ha 3ariaTHOM
Casre, Ha HaIlI B3I, TOXKE CIEAYET NATUPOBATH MAKYJIMHCKOM 3M0X0i. Bpemenem
MUrpaniu o0bscHsAeTCS U MaccoBocTh C. vulgaris u Molinia caerulea B nipenenax
CPaBHHUTEIIBHO Y3KOH MOATACKHO-JIECOCTEITHON OIOCH MIX PACCENICHHS B 3aypalbe.
[NocnenoBaBmie 3a MEKITCTHIKOBEEM 3BIPSTHCKOE, & 3aTEM M CAPTAHCKOE OJICICHEHHUST
ceBepa 3anaHoi CuOrpy He OBUTH CTONBL CYPOBBI, KaK BaJlialickoe onenaeHeHue B EB-
pore [58]. DTo mOATBEP)KAAIOT M MAIMHOIIOTUIECKHE JAHHBIE, YKA3hIBAIOIIME Ha CY-
mectBoBanue 16 000 1. H. B 3aypaibe Ha MIMPOTE COBPEMEHHBIX MMONTANUTH H JIECO-
CTEMM KOMITJICKCOB TA€KHO-JIECHON PACTHTENLHOCTH [77], T.€. YCIOBHM, B KOTOPBIX
MecTHbIe ionyisiia Calluna vulgaris v Molinia caerulea Moria G1aronoiy9Ho Jo-
AT JI0 TTOCTIENeTHUKOBESL. K 3amay ot ¥Ypana kimmMat 3ToMy He OJ1aronmpHsTCTBOBAIL

Crnenyer yuecTb, ofHaKo, uto P.B. Kamenun, ucxoas n3 naxonok Calluna vul-
garis B KokderaBckoii 0071. Kazaxcrana, oTomBUTaeT ero pacceieHue Ha rore 3a-
nagHoit CHOMpPH B IUTIOBHATIBHBIA IEPHOJ CPEIHETO IUIEHCTOIeHa, COOTBETCTBY-
IOIAH MaKCUMyMy THETIPOBCKOTO OJIEICHEHHS. B 3To BpeMst Moria cyImecTBo-
BaTh ITOJIOCA COCHOBEIX 00poB 0T Ypana n Myromxkap no FOxuoro Anras, obec-
TIEYUBINAs BUIY MUTPAIMOHHBIA KOopuop [34].

5.3. HoBas BONHA pacmpoCTpaHEHUs pacTeHHH aTIAHTHYCCKUX BEPECKOBBIX
MyCTOIICH PEKOHCTPYHPYETCsS JIsI COMHHCKOTO WHTEPIIIAUalia BaTaiiCKOro
oJIeeHEHNS Ha (POHE MOBBIIIEHHOH BIAKHOCTH KITMMAaTa M SKCIIAHCUH ITHPOKO-
JMICTBEHHBIX BHIOB JIEPEBBEB B CEBEPO-3amMaJHOM ceKTope BocrounoeBporeii-
CKOW paBHHHBEL. B wmcne stux mycromusix BunoB Corynephorus canescens,
Sieglingia decumbens, Drosera intermedia, B 3amaTHON 4acTH pErHOHA TaKKe
Rhynchospora fusca. HadanmpHble 3Tambl OTCTYIUICHHS TO3THEBAIIANCKOTO
(OCTamIKOBCKOr0) JIEAHUKOBOTO INWUTa MAapKHPOBAaHBI paccelieHueM Juncus
squarrosus [8]. bonee mo3aHUEe oCHMILTSNNYT apeana Nardus stricta B TIO3HENE -
HUKOBBE CeBepo-3amaHoro pernoHa JOKYMEHTHPOBAHEI IS CPETHETO U BEpX-
Hero nmpuaca [3]. [Ipu 3ToM B MEXKIICTHUKOBBIX OTIIOKEHHUSAX OEIUIMHTA U ajlie-
péna Kapenuu ooHapyxusatorcs yxxe Calluna vulgaris v Empetrum nigrum s.l.,
a Taoke BogHas ampuokeannueckas Myriophyllum alterniflorum DC. [48].

B cepennne mpebopeanpHOro meproaa rojiouneHa («IOJOBENKOE IOTeruie-
HUe») paccenenue Juncus bulbosus, Drosera intermedia v ocobenno Myrica gale
npociiexuBaercs B Bocrounoit [1pubantuke o 6eperam Mo aueBoro mopsi. Bu-
JIIMO, BMECTE C 3THMH BHJAMH paclpocTpaHsuiuch Takke Carex pilulifera n
C. hostiana DC. [8].

HoBerit uMITyIbC K paccerIcHUI0 OKeaHMIECKIE BUABI ITOMYJalOT B aTIAHTHIC-
CKOM Teproze. B 3To BpeMs MuTpanus BUIOB IIPOXOJMIIA CEBEpHEES, YEM MHKY-
JHCKAs, TI0 TEPPUTOPUN COBPEMEHHOM TaeKHOMU 30HbI, Ha OeckapOOHATHBIX JIec-
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HBIX [T0YBAX, B TOM YHCJIE JIETKOT'0 TPaHyJIOMETPHIECKOro coctasa [79], uro Oma-
TONPUSATCTBOBAIIO PACTCHUSAM BEPEIIATHUKOB. B0k obepexuii JINTOpHHOBOTO
MOps Ha BOCTOK MPOABHHYIHUCH Erica tetralix, Corynephorus canescens, Sieglin-
gia decumbens, Rhynchospora fusca, Juncus squarrosus, Salix repens, Myrica
gale m npyrue pacTeHHUs ITyCTOMICH M COOOIIECTB, ACCOLUMPOBAHHBIX C HUMH, a
takxke Galium hercynicum [7-8]. OgaoBpemenHo Calluna vulgaris MaccoBo mpo-
clexuBaeTcs B anaHTH4YeckuX Topdax Kapennu [48] u mocturaer Me3eHH U rora
n-oBa Kanun [51], a Empetrum nigrum s.str. — Kapensckoro u OHexckoro 6epe-
roB beioro Mops [11]. ATiIaHTHYECKHE H3OJISITHI Festuca filiformis BBISBICHBI HA
Bepxneit u Cpenneii Bonre [80]. B IloBomkbe ¢ 3anana npoHukaetr u Molinia
caerulea, Ha STOT pa3 aCCOLUUPOBAHHAS C ONMUTOTPOGHBIMH ITOUYBaMU. B moBomx-
CKUX COCHOBBIX JIeCaX 3TOT BHJ JOCTUTaeT MaccoBOCTU. OHOBPEMEHHO 110 Me-
303BTpO(HBIM 3KOTOIMaM aarma-60or denHockanmuu M. caerulea paccensercs
Ha ceBep 1o Mypmanckoro 6epera Konbpckoro m-oBa i Ha ceBepo-BocTok 10 Ke-
HO3epbs U kpsika Berpensrit [losic.

Calluna vulgaris IO COCHOBBIM 0OpaM FOKHOW TalTH W TOATAWTH OCTHUT
Cpenmnero Ypana [43]. He3aBUCHMO OT HEro Mo BEpXOBBIM 00JIOTaM BILJIOTH J[O
VYpana paccenminace u Empetrum nigrum [58]. Kak uszsectno [29, 42, 48], mo-
b BEPXOBBIX OOJOT BO3pOCia K KOHITY aTIAHTHYECKOTO MEPHO/a; OTHOBpE-
MEHHO C 3THUM II0 Mepe HapacTaHHUs MOITHOCTH TOP(SHBIX 3aJIeKei CHI3UIIACH UX
TpO(HOCTE.

MHorue cyOoKeaHH9IecKHe BHIBI ME30TPO(HO-BIAXHOIYTOBOH CBUTHI IPO-
HUKM U B 3aypanbe. OMHAKO 31eCh UX MO3UIUH OKA3AINCh TOCTATOYHO CIIA0bI,
U, B OTJIMYUE OT MUKYJIUHCKUX MUTPAHTOB, 3T BUJbl HE paCIPOCTPaHUIIUCH J1a-
Jiee Ha BOCTOK [58]. OObsICHEHHE ATOMY KPOETCS B ACHHXPOHHOCTH TEPMUYECKUX
ONTHMYMOB, a TaKke THrpoTHdeckux (a3 B ronomnene Erpomelickoit Poccuu u
Cu6bupu. CHOMPCKUH TEPMUYECKHIA ONTTUMYM HACTYITHJI €€ B IIEPBOH IMOJIOBUHE
OopeanpHOTrO Meproaa. K Hadgaxy aTnaHTHYIeCKOro IMepruoia OH yKe 3aBepIIajcs.
Brnaxxnast kimpMaTtrdeckas asa mpomoipKanachk emie 10 CEpeauHbl mepruoa, HO
3aTeM KJIUMaT CTall 3acyluTuBEIM [29]. Bo Bpemst cuOupckoro 6opeaibHOro om-
THMYyMa €BPONeNCKUEe OKeaHNUYECKUE MUTPAHTHI €1lle HE PaccesUICh Ha BOCTOK.
Ho B aTiranTHYecKOM Iepro/ie OHU YK€ HE MOTIIN pacpocTpaHsaThes mo Cudupu
13-32 HeOIATOMPHSITHOTO U HUX KITMAaTa, OTIIMIHOTO OT €BPOIEHCKOro, U 0cTa-
HOBHJIACH BOJM3K Ypaina. VICKITIoueHHeM CITY>KUT JIMIIb Empetrum nigrum, mpo-
HUKIIas Ha BepxoBble Oonota 3amamHold CHOMpPU W3 aHATOTHYHBIX COOOIIECTB
CpenHero Ypana, MMEHHO B ITOJI30HE FOJKHOM TaiTu. B GoJiee 10)KHBIX 30HATHHBIX
BbIETaX 3aypaibg 3TOT BUJI, BUAUMO, OTCYTCTBYET.

5.4. K 3amany ot Ypana rurpornueckas ¢aza mpoJoDKUIIach U MOcCie TOXO0-
JOJaHus KIMMaTa B cyb0opeansHoM Tnieprosie [29]. B cyobopealte mporCcXoIuio
pacceneHne psiia aTIaHTHIeCKUX BUIOB, BKIIoUas Myrica gale, 10 TATOPAHOBOM
Teppace OUHCKOTO 3aJIMBa, a TAKKE BHEAPEHHE ATOTO BU/IA B CPATHOBBIE COCHSKU.
B cybaTnanTHdeckoM meprojie Bo BpeMsi MaJiok JISTHUKOBOH 3ITOXH BIOIb Oepe-
TOB 3a1MBa paccensuace u Empetrum nigrum [8, 11]. Brutots mo XX B. yBenuue-
HUE 3aHATHIX IUIOMAACH HaOIIOIaJIOCh B Y BCEX IMPUMOPCKUX THITOB BEpEIIATHU-
KOB, XOTSl B HaIll JIHU B cTpaHax llenTpansHOi EBpornbl nX oTHOCAT K cooOiie-
CTBaM, HaXOJISIIIIMMCS TTO/T YTPO30i ncue3HoBeHus [36].
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OCHOBHBIX BOJH pacCelICHHs] OKeaHWYECKUX BHIOB B EBpomeiickoii Poccnn,
OJTHAKO, BCE JKE€ OBLIO TOIBKO JIBE — MAKYIIMHCKAS U aTIIAHTHYCCKAsL.

BriBoabI

1. CyOokeaHNYECKIEe TOMIUHATH O€3IECHBIX ATIAHTUIECKUX U IEHTPaJIbHOEB-
pOIEHCKUX KyCTapHUUKOBHIX mycromeid Calluna vulgaris v Empetrum nigrum
s.str. B Bocrounoii EBpore mepexonsT moj moior COCHOBBIX OOpPOB Ha IeCKax
U / A7 Ha KOYKH ¥ TPSIBI BEPXOBBIX OOJOT B 3aBHCUMOCTH OT KIMMAaTHYECKUX
0COOCHHOCTEH pernoHa W PKOJOTHYECKUX TPeOOBAHUN BUJIOB.

2. BocTounoeBpomneiickas meHo(Iopa METKOOCOKOBBIX JIYTOB C TOCIIOICTBOM
Carex nigra copMHpOBaNIach B Pe3yJIbTaTe CIHHSIHHS [EHODIOp Me30TPO(HBIX
0COKOBO-C(harHOBBIX OOJIOT U OEIIOYCOBBIX ITyCTOIICH B JIECHOM Tosice rop 1{en-
TpanbHON EBpOrbI.

3. CratucTHyecky 3HAUNMOE CHIYKEHHE MTPOSKTUBHOTO TIOKPBITHS OONBIINH-
CTBa PACCMAaTPUBAEMBIX BUIOB C YBEITHUCHNEM KOHTHHEHTAJIHHOCTH KIMMATa CO-
9geTaeTcs C HeHTPaTbHOCTHIO ATHX BHJIOB ITO OTHOMICHUIO K (pakTopaM Tertoodec-
MEUYEHHOCTH BETCTaIlHH.

4. KonTpacTHbIe M3MEHEHUS puypodeHHOCTH Molinia coerulea x cooOiie-
CTBaM C Pa3IMYHBEIM YPOBHEM MUHEPaIHHOTO OOraTCTBa MOYB B PAa3HBIX YACTIX
ee apeaia He HIMEIOT 1101 OO0 TeHEeTHUECKOW 00YCIIOBICHHOCTH | JIOJIKHBI 00b-
SICHSITBCSL ICXOJIS M3 HEYUTEHHBIX MTOKA IKOIIOTHUECKUX 0COOEHHOCTEH BHIA.

5. Apeanst Calluna vulgaris v Molinia coerulea B 3anamgnoir Cubupu chop-
MHUPOBAJIFCh BO BPEMSI MUKYJIIHCKOTO MEXIICTHUKOBBS, TOTIa KaK aHAJIOT MIHBIH
apean Empetrum nigrum — B aTIIaHTHIECKOM IIEPHOJIE TOIOICHA.
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AnHoTranusi. O000IICHBI MHOIOJIETHHE MaTEepUaJIbl 110 PACIPOCTPAHEHHIO KPO-
reqHoi O0ypo3yoku Ha CeBepo-Bocroke eBporeiickoit uactu Poccun, ee Ouoromnuye-
CKOM pa3MeLICHUH W YUCICHHOCTH. B HacTosIiee BpemMst U3BECTHO TONBKO 19 Touek
HaxOJI0K JaHHOT0 BK/a. Bee oHM pacnionoxensl B 30He GopeanbHbIX JiecoB. Camble ce-
BEpHBIEC U3 HUX HAXOAATCS B OA30HE KpaiiHeCeBEepHOH (PeIKOCTOIHOI) Takru. B mpe-
JieTIax Kak/I0ro JIOKaJIMTeTa KpoleyHast 0ypo3yOKka BCTpeyaeTcsi B pa3HbIX MECTOOOM-
TaHUSX — OT eJIbHUKOB M COCHSKOB PA3HOIO THIIA 110 BBIPYOOK, JIYTOB M BEpXOBbIX 00-
not. Ucnone3zoBanue ko3 duiverTa BepHOCTH OHOTOIY MO3BOJIHIIO KOJIUYECTBEHHO
OLICHUTb CTENEHb MPEIOYTEHHs BUJIOM TeX WM HHBIX MecrooOutaHuii. [TokasaHo,
YTO B pEerdoHe HAOII0AaeTCsl CBSI3b KPOIIEUHOH 0ypo3yOKH ¢ COOOIIeCTBAMU TACKHOTO
Tuna (eNbHUKYU 3€JICHOMOIIHBIE, SIbHUKU carHoBbie). 3HaYeHus K03 duluenTa Bep-
HOCTH 3THM OHOTOIaM BO BCEX JIOKAIUTETAX MOJOKHUTEIbHbL. YUCICHHOCTb TaHHOIO
Buaa Ha Teppuropun CeBepo-Boctoka eBponeiickoii yactu Poccun moBceMecTHO HU3-
kag. CpenHue nokasarenu oOMIKs B pa3sHbIX pailoHax BapsupyroT oT 0,2 1o 1,2 oc. Ha
100 xoH.-cyT. B O0NnbIIMHCTBE JTOKAIUTETOB KpoLedHasi Oypo3yOKa JIOBUIJIACH IAJIEKO
HE KaXAblil roJ. B cyMMapHBIX y0BaX 3eMJIEPOCK OHa 3aHUMAET OJIHO U3 IOCIEIHUX
mect (ot 0,1 10 1,8%). B cuity 3HaUMTEIBbHBIX 3HEPreTHYECKUX 3aTpaT Ha 00ecreyeHne
CBOEH JKU3HENEATEIBHOCTU 3TOT BHA TPeOOBATENeH K JIOKAIBHBIM YCIOBHUSM CyIIe-
CTBOBaHUS (BJIaYKHOCTh, MUKPOKJIMMAT, KOPMOBBIE pecypchl). X onTumalbsHble ycio-
BUSI CKJIAJIBIBAIOTCSL HA HEOOJIBIIMX MO IUIOMIAJM MHUKPOCTALMAX, BCTPEUAIOIIUXCS B
pa3HbIX MecTooOuTaHusIX. HesHauuTenbHas 3KOJIOrM4eckasi eMKOCTh MUKPOCTalUi U
(bparMeHTalMs HaceNeHHUs BHAA OTPAaHUYMBAIOT YPOBEHb YHCICHHOCTH IOMYJISLUM
KpOILIEYHOW OypOo3yOKH.

KioueBrble cioBa: Sorex minutissimus, reorpauieckoe pacrpocTpaHeHHe, Me-
CTOOOMTAaHMsI, YUCIICEHHOCTD, eBporneiickuii CeBepo-BocTok
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Summary. Eurasian least Shrew, Sorex minutissimus, occupies large area in North-
ern Eurasia from Norway, Sweden, and Belarus to the Pacific Ocean shore, and Sakha-
lin and Hokkaido islands. It is marked in Mongolia and China, in Northern America
(Alaska) and in western part of Canada. Sorex minutissimus can be met in different
zones from forest tundra in the North through boreal spruce forests to mixed forests and
forest steppe in the South. The Eurasian least Shrew is rare species all over this area. In
addition, it is very difficult to catch shrews with usual catching methods. Thus, the dis-
tribution and ecology of this species have not been studied enough until now. The north-
ern boundary of this area, within North-East of European part of Russia, is almost un-
known. Until recently, only five records of Sorex minutissimus were registered on the
region territory. This work aims to analyze all materials of the last decades on Eurasian
least Shrew distribution in the North-East of European Russia and summarize the data
on biotopic distribution of this species and its number.

To catch and count shrews, we used standard SOm length trench with five catching
cones embedded in the bottom. We considered the number of caught animals per
100 cone-days as count index (an. per 100 c-d.). Mean indexes of species abundance
were indicated based on long term counts in eight locations. Three of them (Yany-Pu-
punyor, Garevka, and Kybla-Kyrta) are located in the Ural Mountains, one in extremely
northern taiga subzone (Karpushevka), one in plain northern taiga subzone (Kamenny),
and the last two in medium taiga subzone (Dan’ and Yaksha).

Over the last 30 years, we could discover 14 new habitats of Eurasian least Shrew.
It undoubtedly inhabits wider area, but catching trenches, which can catch this species,
were used in very little number of habitats. For example, this only can explain the ab-
sence of the Eurasian least Shrew species in the Subpolar Urals.

All records of Eurasian least Shrew are located in taiga zone of the region. This
species was not found in European plain tundra and forest-tundra. The northern bound-
ary of this area from Pinega State Reserve to the East crosses of the Mezen’ River in its
lower course. On the territory of the Republic of Komi, the most northern habitats where
the species was found are the middle stream of the Tobysh River (66°00'15"N,
51°0829"E) and the outskirts of Karpushevka village (See Fig. 1, See Table 1) in ex-
tremely northern (thin) taiga subzone. From here, the northern distribution boundary of
the Eurasian least Shrew in the region goes to the central Polar Urals, where it was
caught on the eastern slopes of Rai-Iz Mountain. In the Northern Urals on the territory
of Pechora-Ilych State Reserve, it was found both in the South (Yany-Pupunyor Moun-
tain Ridge) and in the North (Saran-Iz Mountain Ridge) of the mountain area.

The Eurasian least Shrew is considered as the one of most eurytopic species of
shrews. In taiga zone of the North-East of European part of Russia it inhabits different
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biotopes: spruce and pine forests, cleared spaces, meadows, upland bogs, and ecotones
(boundaries of biotopes). The use of index of fidelity to biotope made it possible to find
preference of Eurasian least Shrew to communities of taiga type (See Fig. 2). This con-
nection occurred in all studied habitats. Shrubby green-moss spruce forests are the op-
timal stations. In these biotopes, were caught 90.9% of all animals in Kamenny locality
and 85% in Yaksha, respectively. In Dan’ habitat, more than 50% of all shrews were
caught in two biotopes — sphagnum-moss spruce forest and shrubby green-moss spruce
forest. Similar biotopic preferences were registered in other areas on European North
as well [12]. In some localities, cleared places of different type and green-moss pine
forests were also among the preferred biotopes.

A specific feature of Eurasian least Shrew is omnipresent low abundance. This is
also typical for territory of the North-East of European part of Russia, where mean
abundance indexes in different locations vary from 0.2 to 1.2 an. per 100 c-d. (See Ta-
ble 2). The Sorex minutissimus occupies one of the last positions in the population of
shrews with its share ranging from 0.1 to 1.8% in different regions.

Some possible causes of habitat versatility and low abundance of least shrew may
be due to energetic features of this species. Very small body size requires significant
energy loss for survival of this species. Therefore S. minutissimis is exigent to local
environmental factors (humidity, micro-climate, and food resources). Micro-stations,
which occupy small territory in different habitats, are the optimal environment. Small
(< 4-5 mm), abundant and accessible arthropods with high occurrence are prevalent in
feeding of least shrew; thus, this species (if relevant environmental factors are present)
occupies many biotopes, including poor habitats. However, the abundance of least
shrew is restricted by fragmentarity of its population and low ecological capacity of
micro-stations.

The paper contains 2 Figures, 2 Tables and 39 References.

Keywords: Sorex minutissimus, geographical distribution, habitats, abundance,
European North-East

For citation: Bobretsov AV, Petrov AN, Bykhovets NM. Distribution, habitats and
abundance of the Eurasian least shrew Sorex Minutissimus (Eulipotyphla, Soricidae) in
the north-east of the European part of Russia Vestnik Tomskogo gosudarstvennogo
universiteta. Biologiya = Tomsk State University Journal of Biology. 2024;66:104-121.
doi: 10.17223/19988591/66/5

BBenenne

Kpomeunas Oypo3yoOka (Sorex minutissimus Zimmermann, 1780) 3aHuMaer
oOmmMpHBINA apeast B ceBepHoi EBpasun ot Hopseruw, IlIBenun u benapycu mo
THXOOKEaHCKOT0 TI00epexbs U ocTpoBoB CaxanuH u Xokkaio [1]. OTMeueHa B
Momnromuu u Kutae, a Takke B CeBepHoit AMepHrKke Ha AJISICKE U 3aI1aTHON 9acTh
Kananer [2]. Berpedaercst oT 30HBI JISCOTYHAPBI Ha ceBepe depe3 OopeabHbIe
XBOIHBIE Jieca, 30HY CMEIIaHHBIX JIECOB U JIECOCTEIh, BKIIIOUUTEIHHO 10 30HBI
creneil Ha fore. CAUTAETCS, UTO TSI CYIIECTBOBAHUS KPOIIEUHOH Oypo3yOK: B
HACTOSIIECE BPEMsI CEphe3HBIE YIPO3bI OTCYTCTBYIOT, ITOITOMY B CIIMCKE BHJIOB
MCOII ot Bug otHocutes k kareropuu LC [3]. Bimsiaue n3meHenns kammara
Ha ee pacIpoCTpaHEHHE OCTaeTCsl HeolpeneleHHpIM. HekoToprie Mopenn mpen-
CKa3bIBalOT coKpaleHue apeana Ha 15% k 2100 r. [4].

Ha Bcem mpoTspkeHnH apeana KpomedHas 0ypo3yOKa sSBISIETCS PeAKUM BH-
oM. Kpome Toro, ee oueHb TpyaHO MOHMAaTh OOBIYHBIMU METOJaMH OTIIOBA [3,
5]. B cuity 9THX IpHYIH pacIpoCTpaHEHIE U SKOJIOTHS TaHHOTO BU/IA IO CHX TI0p
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M3y4deHbI ciabo. Tak, ceBepHas rpaHuIla ero apeana B mpenenax Cerepo-BocToka
eBporielickoi yactu Poccun mpakTudecku HeW3BECTHA. B mocneaneit cBoake mo
HaCEKOMOSTHBIM MIIEKOMUTAIONMM Poccuy W conmpenenbHBIX TEeppUTOpHi [6]
oHa mpoBouTcs 0T OHEKCKOTO0 IOIYOCTPOBA HA BOCTOK [0 T. [Iedops! u manbpmie
Ha p. O0b, KoTOpYy!O TIepecekaeT B paiione Canexapna. Ha Ypaie pacrpocrpaHe-
HUE KpoImeuHoi Oypo3yOku Takxke He BBLICHEHO. [0 HemaBHEro BpeMEHH CUHTa-
JIOCh, YTO CEBEPHON TOYKON HaXOXKIEeHUS BUA siBisieTcst ropa Yucton Ha Cesep-
HOM Ypaie [7]. A Ha obmpHOU TeppuTopru CeBepo-BocToka eBporielickoii ya-
cti Poccuu OBIIIO M3BECTHO TOJIBKO ITSITh TOYCK HAXOMOK Sorex minutissimus [8].

Lens maHHOTO COOOIICHHS — MPOAHATIM3UPOBATH BCE HAKOIUICHHBIC HA aH-
HBII TTepHUOJl MaTePHAITBI 10 PacIPOCTPaHEHUIO KporiedHol O0ypo3yoku Ha Ce-
Bepo-Bocroke eBporerickoit yacti Poccun, a Takxke 0000IUTh TaHHBIC IO OHO-
TOMMYECKOMY Pa3MEIICHHIIO JAHHOTO BUJIA M €r0 YHCICHHOCTH.

MarepuaJibl © METOABI

[Ipu cocraBneHNn KagacTpa HAXOIOK KPOIIEUHOH Oypo3yOKH Ha TeppUTOPUN
CeBepo-Bocroxka eBpornerickoit gactu Poccnu mpoaHani3npoBaHbl BCE MMEIOTIIH-
ecst MyOJIMKaIKy, apxuBHbIe MaTepuaibl MactuTyTa 6uonornn ®UIl Komu HIT
¥YpO PAH, a taxxe nCnoib30BaHbl TJAHHBIC TTOJIEBBIX MCCIIECAOBAHUN CaMUX aB-
TOpOB. B pe3ynpraTe pacupocTpaHeHHEe BUIAa B PETHOHE YIAIOCh 0XapaKTEepU30-
Bath 10 19 Toukam (puc. 1). MapopManus 0 HUX, BKITFOYArOIIas Ha3BaHUs JIOKa-
JTUTETOB, PaliOH, a TakKe reorpauueckue KOOPANHATEI, IOMeIIeHa B Ta0. 1.

JI31s1 KOJIMYeCTBEHHOM OIIEHKH pa3MeIIeHHUs KPOIIeUHOH Oypo3yOKH 110 OMoToImamM
HCITONB30BAN KOI((HITEHT BEPHOCTH OHOTOITY [9], orpenesseMslii 1o ¢popmyie

g MM
o

rne M| — cpemHsisi MHOTOJNICTHSISL YHCIEHHOCTh BHIAa B JaHHOM Oworore; M> —
CpemHsis MHOTOJICTHSISL YHCICHHOCTD B PETHOHE; G — CpeqHee KBaJpaTHIHOE OT-
KJIOHEHHE YMCIICHHOCTH IS peTHOHa. 3HaUYeHHS JaHHOTO KOd(PPHUIHEHTa MOTYT
OBITH TOJOKUTEIHHBIMA W OTPHIIATEIEHBIMI. MaKCHMalbHO TONOKHUTEIEHBIC
3Ha4YeHHs OyIyT NMEeTh XapakTepHbIe U pedepeHTHRIC BUABI, OTPULIATCIBHBIC —
qy’KIble U1 JaHHOTO MECTOOOUTAHMSI BUIBI. BHUIbI, MMEIOIHE TONOKUTENEHBIC
3HauYeHHs KO3()PHUIIMEHTOB B HECKOIBKUX OHOTOMNAX JIN0O 3HAUCHHS, OJM3KHE K
HYJITI0, OyIIyT ABAAThCS WHAR(PPEPSHTHBIMH.

UwrcneHHOCTh 3eMIIEPOSK OIIEHUBANM MTPU IIOMOIIH JOBYMX KaHaBOK. M cromns-
30Balii CTAaHAAPTHBIE S0-METPOBEIE TPAHIIICH C TATHI0 KOHYCaMH, BKOITAHHBIMU B
nHo. Konychl Ha 1/3 3anmuBany Bomoi Ai1st OBICTpOM THOCITH KHUBOTHBIX. 3a IOKa-
3aTelNb y4eTa MPHHUMAIOCH YMCIIO OTIIOBIEHHBIX 3BephKOB Ha 100 KOHyCO-CyTOK
(oc. Ha 100 KOH.-cyT.). B HaBWJIKM NaHHBIA BHIl OTJIABIMBACTCSA KpalHE PEaKo.
Cpennre oreHKH OOMIIMS BHA TOMYyYCHBI HA OCHOBE MHOTOJCTHHX y9YETOB Ha
BOCBbMH cTannonapax. Tpu u3 aux (Auel-Ilynynép, 'apepka, Keioma-Keipra) pac-
TIOJIOKEHBI B YPaJbCKOW TOPHOW CTpaHe, OAWH — B KPaWHECEBEPHON MOI30HE
taiirn (KapnymeBka), onuHa (KaMeHHBIN) — B MOA30HE PaBHUHHOW CEBEPHOU
TairH, octaybHbIe (Jlank, SKima) — B oA30He CpeTHer TalTH.
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60°

Puc. 1. Pactipocrpanenue kpomieunoii 0ypo3yOku Ha CeBepo-Bocroke eBporneiickoit yacti
Poccuu. Ha Bpeske kapts apean Buaa [10]. LHudpamu 0603HadCHBI TOKATUTETHI,
uHpopMaIHs 0 KOTOPBIX HpHBeeHa B Ta0u. 1
[Fig. 1. Distribution of the eurasian least shrew in the North-East of the European part of Russia.
On the inset of the map the area of the species [10] is shown. The numbers indicate the localities,
information about which is given in table 1]

Bce BeUuCneHns MpOBOAMIIMCEH C IIOMOIIBIO ITPOTpaMMHOTro makera StatSoft
STATISTICA for Windows 6.0.
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Ta6nuna 1 [Table 1]

MecTomnoJioKeHne TOUYEK HAX0N0K Sorex minutissimus
Ha CeBepo-BocToke eBponeiickoii yactu Poccnu

[Location of eurasian least shrew discovery points in the North-East of the European part of Russia]

I'eorpaduueckue
o I'eorpaduueckoe MeCTOMOIOKEHHE KOOPJIUHATHI
- [Geographical location] [Geographical
coordinates]

1 [P To6bim, Ycre-Lunemckuit paiton, PK 66°00"15” N,
[Tobysh river, Ust-Tsilemsky district, Komi Republic] 51°08’29” E
Ypouume Kamennsiii, p. [Tewopckas [Tmxma, Y crp-Lnnemckuii Y~

9 . . > 64°52°60” N,

2 |paiion, PK [Kamenny location, Pechora Pizhma river, 5192843 E
Ust-Tsilemsky district, Komi Republic]

3 |2 Kapnymeska, Ycrb-Llunemckuii paiion, PK 65°25’45” N,
[Karpushevka village, Ust-Tsilemsky district, Komi Republic] 52°14'33” E

4 |1oc. 3enenoGopex, Ileuopekuit paiion, PK 64°28'55” N,
[Zelenoborsk village, Pechora district, Komi Republic] 55°14’53” E

5 |3 Ynsmogo, Meopexuii paiton, PK 65°26'07” N,
[Ulyashovo village, Pechora district, Komi Republic] 57°00'56” E

¢ |r- Paiins, Monspuetit Ypan, [puypansckuit paion, THAO 66°54'21” N,
[Rai-Iz Mountain, Polar Urals, Priuralsky district, Yamalo-Nenets autonomous okrug] 65°42’12” E

7 |Xpeber Capambus, Ceseprbiii Y pai, Tpoutko-Tlewopekuii paiion, PK 63°0915” N,
[Saran-Iz Ridge, Northern Urals, Troitsko-Pechorsky district, Komi Republic] 59°02'58” E

g |oxamirer Kei6na-Keipra, p. Wotbra, Tponko-ITesopexnit pation, PK 62°38'39” N,
[Kybla-Kyrta location, Ilych river, Troitsko-Pechorsky district, Komi Republic] 58°54'01” E
I'opa SAnsi-ITymynép, Ceepnslit Ypan, Tpoutko-Ileuopckuit paiion, PK 62°05°05” N

9 |[Yany-Pupunyor mountain, Northern Urals, Troitsko-Pechorsky district, 50°05728” E,
Komi Republic]

10| Yerpe pexu Iapéka, Tpounxko-Iledopeknii paiion, PK 62°03'44” N,
[Garevka river, Troitsko-Pechorsky district, Komi Republic] 58°2822” E

11 [moc. Slkua, Tpounko-Iledopckuii paiion, PK 61°49'15” N,
[Yaksha village, Troitsko-Pechorsky district, Komi Republic] 56°53’21” E

12 [moc. Jlann, Koprkepocekuit paiion, PK 61°22'20” N,
[Dan' village, Kortkerossky district, Komi Republic] 51°48’12” E
Buocrannus CEIKTIilBKapCKOFO YHUBEPCHUTETA, 61°47'54” N,

13 |KopTkepocckuii paiion, PK 51°49'31” E
[Syktyvkar University biostation, Kortkerossky district, Komi Republic]

14 [P- Jlemnbro, ChIKTBIBIMHCKHH paiioH, PK 61°38’17” N,
[Lemyu river, Syktyvkar district, Komi Republic] 51°09°46” E

152 JIstu, Kaspknorocrekuii paiion, PK 62°16"34” N,
[Lyali village, Knyazhpogostsky district, Komi Republic] 50°14’10” E

16 1% Oksaj, Yerb-BeiMekuid paiion, PK 62°12'31” N,
[Okwad village, Ust-Vymsky district, Komi Republic] 50°40°56” E

|7 |moe. Yerb-Oues, Jlenckuit paiion, AO 62°24'39” N,
[Ust-Ocheya village, Lensky district, Arkhangelsk Region] 48°36’15” E

18 | J1éxra, Tlpunyscuii pation, PK 60°38'46” N,
[Luokhte Village, Priluzsky district, Komi Republic] 48°42’36” E

19 |moc: Ibipcknii, Kotnacckuii paiion, AO 61°13’59” N,
[Pyrsky village, Kotlassky district, Arkhangelsk Region] 46°57'54” E

Tpumeuanue. crounnku naunsix: 1 — E.A. TTopomun; 2 — A.B. boopeuos [11]; 3 — A.B. Bo6-
peuos; 4 — B.M. Anydpues; 5 — .®. Kynpusinosa, A.B. boopenos [12]; 6 — H.A. JIo6aHoBa,
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B.C. banaxonos [13]; 7 — A.B. bo6penos; 8 — U.®. Kymnpusinosa u np. [14]; 9 — A.B. Bobpe-
uoB; 10 — A.B. BoGperios u ap. [15]; 11 — A.B. Bobperos; 12 — N.®. Kynpustosa [16]; 13 —
E.A. Ilopoumn; 14 — 3.H. HoBoxxunosa; 15 — A.H. IIeictun [17]; 16 — N.JI. Kynuk, H.A. Hu-

kutuna [18]; 17 — H.U. Konockosa [19]; 18 — E.A. Ilopoummn; 19 — E.A. ITopomus.

[Note. Data sources: 1 - E.A. Poroshin; 2 - A.V. Bobretsov [11]; 3 - A.V. Bobretsov; 4 - V.M. Anufriev;
5 - L.F. Kupriyanov, A.V. Bobretsov [12]; 6 - N.A. Lobanova, V.S. Balakhonov [13]; 7 — A.V. Bobretsov;
8 — LF. Kupriyanova et al. [14]; 9 - A.V. Bobretsov; 10 - A.V. Bobretsov et al. [15]; 11 - A.V Bobretsov;
12 - LF. Kupriyanova [16]; 13 - E.A. Poroshin; 14 - E.N. Novozhilova; 15 - AN. Pystin [17]; 16 -
I.L. Kulik, N.A. Nikitina [18]; 17 - N.I. Koloskova [19]; 18 - E.A. Poroshin; 19 - E.A. Poroshin].

Pe3yabTarhl ncciiefoBaHus U 00Cy:KIeHUE

Pacnpocmpanenue. VI3ydeHue pacnpOCTpaHCHHS KpOIIECYHOH Oypo3yOKu
OCJIOKHEHO PSIOM MPUYHH. Bo-11epBEIX, OHA JIOBUTCS TONBKO B JIOBUNE KAHABKH
i OaHKH, 3apBITHIC B 3¢MITI0. BO-BTOPBIX, B OMHOM M TOM K€ JIOKAJIHTETE OHA
PETHCTpUpPYETCs TaNeKo He KaKIbIi roa. BemeacTBie 3Toro JanHbIe IO pacpo-
CTpaHEHUIO BHa HAKAIUIMBAIOTCS MEJICHHO. B mmepBoii cBoake 1o (ayHe Mieko-
MATAIOIINX PETHOHA OBLIO H3BECTHO TOJBKO 5 TOUEK HaxooK [8]. 3a mocnemaue
30 mer Ha Tepputopun CeBepo-Boctoka eBponeiickoit yactu Poccuum ymamoch
BEISIBUTH JIUIIG 14 HOBBIX JIOKAJIHUTETOB, B KOTOPBIX OOMTAaeT KpomedHas 0ypo-
3yOka. be3yciioBHO, B peTHOHE OHA BCTPEUACTCS 3HAUUTEIBHO IIMPE, HO OTIIOBBI
3eMIIEpOCK KaHABKAaMH IPOBOIIUINCH B O'PAHUYICHHOM UHcie paiioHoB. Hampu-
Mep, oTcyTcTBue ee Ha [Ipumonsprom Ypane MOKHO OOBSCHHUTH TONBKO JTOU
TIPUIHHOM.

Bce Touky HaxomoK BUIa IIPHYPOUICHEI K Tae)KHOU 30HE perrnoHa. B eBporeii-
CKOI paBHHHHOM TYHJpPE U JISCOTYHAPE KpoledHas Oypo3yOka He HalineHa. biu-
XKalilliee MECTOHAXOXKIEHHE ee Ha ceBepo-3amane — [InHexcKuil 3armoBeqHUK
[20]. lanee Ha BOCTOK CeBepHas TpaHWIIA apeaia BUa mepecekaer p. Me3eHb B
ee HIOKHeM TeueHnn. Ha tepputopun Pecrryonmukn Komu campiMu ceBepHBIMU
TOYKaMH, Tl OHa OOHApyXKCHa, SBILIIOTCS cpeaHee TedeHue p. ToOBImm
(66°00’15” N, 51°0829” E) u okpectaoctd A. KapylueBka B KpaiHeceBepHOU
(penkocTolHOI) TToa30He Taiiru. OTCI0a ceBepHas TPaHMIIA PACIIPOCTPAHCHHUS
KpomredHold Oypo3yOKd B perroHe HIeT Ha LEHTPaTbHyI0 4YacTb [lomspHoro
VYpaita, T/ie OHa TOBIIIACH HA BOCTOYHBIX CKJIIOHAX ropsl Paiim3 [13].

Ha [pumonspaom Ypaie 3ToT BH] TTOKa He 0OHapyxeH. ClieyeT OTMETHUTD,
9TO Ha TOH TEPPUTOPUN KONWICCTBCHHBIC YUCTHI JIOBUYMMHU KaHABKAMH IPOBO-
JIMTFICH HA BOCTOYHOM MaKpockIioHe Topsl Hepotika [21] Tonsko oawH ce30H. On-
HAKO M3-32 CBOCH PeIKOCTH KpomleuHast 0ypo3yOka He peructpupoBaiacs. Ha Ce-
BEpHOM Ypaje Ha Tepputopu 1leqopo-Mnbrackoro 3amnoBeTHAKa OHA OTMEYEHA
Kak Ha camoM tore (xp. Ansl-ITymyHép), Tak 1 Ha camoM ceBepe (Xp. CapaH-u3)
TOPHOTO paloHAa.

Mecmoobumanus. B Taexxuoi 30He CeBepo-BocToka eBponetickoii yactu Poc-
CHM KpollledHasi Oypo3yOKa HacelseT pa3Hble MeCTOOOMTaHHs. B ceBepHoIi Taiire
3TOT BHJ B HEOONBIIOM KOJIMYECTBE BCTPEUAIICS BO BCEX MCCIEAOBAHHBIX MECTO-
obutanusx [12]. Tak, B mokaauTere YSAIMIOBO OH ObII OTMEUCH B €IbHHUKAX pas-
HOT'O THIIA, COCHOBBIX JIecax, Ha BRIpyOKax, Tapd U Ha CyXOAoIbHOM JIyTy. [1omo0-
Has cHTyarus Habmromanack u B [IMHeXCKOM 3amoBeTHHKE, TIe KpomeuHas 0ypo-
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3yOKa ITOMHMO JIECHBIX OMOTOIOB BCTpEUaiach Ha BRIPYOKax pa3Horo tuma. B ypo-
yumie Kamennsrit vHa [ledopckoit [Tmkme oHa oTnaBnmMBanachk B €MbHUKE KycTap-
HIYKOBO-3€JICHOMOITHOM, B €JIbHUKAaX BEICOKOTPABHBIX M Ha JIyTaX OMMEHHBIX.

B cpemneii Taiire (mmoc. [laHp) kpoieuHas Oypo3yOka OTMEUeHa BO BCEX JIEBSITH
CTaIHsIX, B KOTOPBIX OBLTH YCTAHOBJICHBI JIOBUHME KaHABKH [16]. 31ech MOMUMO Jiec-
HBIX MECTOOOHUTAHHIA OHA PETUCTPUPOBATIACE B YIIOBAX HA BRIPYOKaX, B UBHSKAX Tpa-
BSIHBIX U Ha Jyrax. Bocrounee B SIKiie STOT B JIOBHJICS BO BCEX MCCIEIOBAHHBIX
THIAX JIECHBIX COOOIIECTB 32 HCKITFOUEHHEM COCHSKOB JINIIIAHIKOBBIX.

B nipenroprom paiione CesepHoro Ypaina (I'apéBka) B SIMHAYHOM YHCIIe OTME-
YeHa B eIbHUKE KyCTapHIIKOBO-3EIICHOMOIITHOM, €JIEHHKE 3€JICHOMOIITHO-TTAITOPOT-
HUKOBOM H Ha JIyry. OHaKo 3a 36 JIeT y4eTHBIX paboT OTCYTCTBOBAJa B OTJIOBAX B
SITbHUKE TPABSHUCTOM TIOMMEHHOM. B ropHOM paiione (xp. AubI-ITymyHEp) BCcTpeua-
Jlach BO BCEX BBICOTHBIX TosicaX. Kakux-1mmuOo0 MpeamouTeHuid B BRIOOPE MECTOOOH-
TaHHUHU BBIJIEIUTH HE yIAJIOCh. B HEOOMBITOM KOTMYeCTBE KpoleyHas Oypo3yoka Jio-
BUJIACh B CIIBHUKE 3€IICHOMOIITHOM, IHXTO-CIIFHUKE MATIOPOTHHKOBOM, Oepe3HsKe
TPaBSHUCTOM TOATOJIBIIOBOM, Ha JIYT'Y ¥ B TOPHOH TyHIpe. B TOPHBIX TpaBsiHO-MO-
XOBBIX TyHZpax oHa otMeueHa Ha SAHbI-IIynynép u Capan-u3. Ha rope Uncror (Ce-
BEpHBIN Y palr) eAMHCTBEHHBIH SK3EMILUISIP STOTO BHIA OTIOBICH B JINCTBEHHUIHOM
PEIKONEChE C IMIIIAWHUKOBEIM MTOKPOBOM B ITOATONIBIIOBOM TTosice [7].

Kpormeunas 6ypo3yOka cunTaercss OOHIM U3 CAMBIX SBPHTOIHBIX BUIOB 3eMIIe-
poek [22]. OxgHako n3-3a KpaitHe HU3KOW YMCIIEHHOCTH COCTaBUTH MPEACTABICHHUE O
€ro OMOTOIMYECKOM PACIIPEICIICHIH OYeHb CJIOKHO [23], OHO HOCHT «CMa3aHHBII)
xapaktep [24]. [Ipumenenne ko3 durmenTa (MHIEKCAa) BEPHOCTH OHOTOITY TI03BO-
JIAJIO KOJIMYECTBEHHO OLEHHUTH CTEMIeHb PEITOYTEHISI BUAOM TEX FJIM HHBIX MECTO-
oourannii. Ha Ceepo-BocToke eBponelickoii yacti Poccun HaOmmomaercst siBHas
CBSI3b KPOIIIEYHOH OYpOo3yOKH ¢ COOOIIECTBAMH TacKHOTO THIIA (€IIBHUKH 3eJICHO-
MOIIIHBIC, ETBHUKU C(harHoBbIe). 3HaUCHUS KO (GHUIIMEHTa BEPHOCTH 3TUM OHOTO-
TaM BO BCEX JIOKATUTETAX MOJIOKHUTENBHBI (pUC. 2). ONTHMAILHBIMA CTAIHSAMH SIB-
JUSTIOTCS €TBHUKN KyCTapHITYKOBO-3eNIeHOMOIIHEIE. B mokanntere KameHHsIi B HUX
omtoBieHo 90,9% Bcex ocobeit, B Skiire — 85%. B Jlanu 6oiee 10I0BUHBI BCEX 3€M-
JIEPOEK MOMMaHO B IBYX OHOTOMAax — eNbHUKE CarHOBOM U EIFHUKE KyCTapHUY-
KOBO-3eIeHOMOIITHOM. [10100HbIe IpeAnouTeHNs Y BUIa B OTHOIICHUH JAHHBIX Me-
CTOOOUTaHMIA OTMEUEHBI Takke B Benbckom u [TuHexckoM paiioHax ApXaHTelThbCKO
obmactu [12]. B eBporieiickoit 4acTu apeaiia KporreuHast 0ypo3yOka sBHO MpeIovH-
TaeT BJIAXKHBIE Jieca C MPpeo0IIalaHieM €M B I'yCThIM MXoM [5]. Ha Banmaiickoit Bo3-
BBILIIEHHOCTH BCE IIOMMKH 3TOr'0 BUJ1a OBUIH CIEJIaHbI B COOOIIECTBAX TAEKHOIO 00-
mka [25]. B KoctpoMckoii 00J1acTH ero ONTHMATLHBIMA CTAITHSAMHE TAKKe SBIISFOTCS
XBOIHBIE JIeca ¢ MOIITHOW MOXOBOM MOTYIITKOM [26].

Tem He MeHee B HEKOTOPHIX JokanuTeTax CeBepo-BocToka eBpomneiickoi 9a-
ctu Poccnn y kporeuHoii 6ypo3yOKH OTMEUeHB! BRICOKHE TTOJIOKHUTEIBHBIC 3HA-
YeHHs MHJIEKCa BEPHOCTH M JpyruM Oworonam. Tak, B Yismoso u JlaHu oHa
HAXOIUT BIIOJIHE OJArONMpPUSATHEIE YCIOBUS Ha BBIPYOKax pa3HOrO THIA M B COC-
HSKaX 3EJICHOMOIIHBIX. B permoHax, rie COCHOBEIE Jieca 3aHUMAIOT OOJBIIHE
TUTOIA/IN, STOT BHI Yallle JIOBUTCS B HUX. Takoe OMOTONMHYECKOe pasMeIlleHHe
xapakTepHo jius OHexckoro nomyoctposa [27] u Kapenuu [23]. B Mopnosun

111



3oonozua / Zoology

OJaroNpUsATHBIC YCIOBUS UL 3eMIIEpOeK (OPMHUPYIOTCS Ha yIacTKaX CMeEIIaH-
HBIX JICCOB Ha MOWMEHHBIX BO3BHIIICHHUSAX 1 B IPUIIOHMEHHBIX IFHUKAX, OKaHM-
JISIONIMX TTOWMBI pek [28]. B moiMeHHBIX cTamusax (JIyra, HBHSIKH) KpOIIeUHas
Oypo3yOKa oTMEeueHa B €AMHUIHOM YHCIIE, YTO CBOMCTBEHHO B LIEIOM UISI BCETO
apeana Buja [6].
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Puc. 2. [Toka3arenu BepHOCTH OHOTONAM KPOIICYHOIH Oypo3yOKH B pa3HbIX JOKaIUTETaX
CeBepo-Bocroka eBponeiickoit uactu Poccun (1o oTi10BaM B KaHABKHU BO BTOPYIO TOJIOBUHY
neta). buorormnsl: 1 — e1bHUK KYyCTapHUYKOBO-3€JIEHOMOILIHBIN; 2 — ETBHUK
MEJKOTPaBHO-3€JICHOMOILIHBIH; 3 — €lbHUK 3€JIEHOMOIIHO-TTaIOPOTHUKOBBIN; 4 — €TBHUK
carHoBBbIif; 5 — ebHUK BBICOKOTPABHBIN; 6 — OEPE3HsIK MEIKOTPABHO-3€ICHOMOLIHBIN;

7 — COCHSIK 3€JICHOMOILIHBII; 8 — COCHSIK JIMIIAMHUKOBBII; 9 — BEIpYOKa 3eJI€HOMOILIHAS;
10 — UBHSK BBICOKOTpaBHbIH; 11 — myr pasHOTpaBHBIHA
[Fig. 2. Indicators of fidelity to the biotopes of the Eurasian Least Shrew in different localities of the
North-East of the European part of Russia (grooves, the second half of summer). Biotopes: 1 - shrubby
green-moss spruce forest; 2 - grassy green-moss spruce forest; 3 - green-mossy fern spruce forest;

4 - sphagnum-moss spruce forest; 5 - high-grass spruce forest; 6 - grassy green-moss birch tree forest;
7 - green-moss pine forest; 8 - lichen pine forest; 9 - cleared space on the place of former green-moss
spruce forest; 10 - high-grass willow forest; 11 - herb meadow]

B asmatckoii yacTu apeania CIEKTp 3acelIIEMBIX MECTOOOUTAHUI JTaHHBIM BH-
JIOM 3HAYUTENBHO Impe. B 3anoBenanke «Mainast CocbBa» KpoieuHas 0ypo3yOka
OTJIaBIIMBAJIAch B 8 U3 12 McCIIeIOBaHHBIX OMOTOIIOB, YaIlle B COCHSIKAX C(harHOBBIX
W elbHUKaX 3esieHoMoIHbIX [29]. B IIpubaiikainbe oHa otMedeHa B 23 u3 27 Me-
croooutanuid [30]. B IlenTpanbHo-CHOMPCKOM 3aloBEIHUKE KpolleuHas Oypo-
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3y0Ka 3acesieT caMble pa3HOOOpa3HbIEe CTAIUH, YACTO C XOPOIIO Pa3BUTHIM MOXO-
BbIM ITOKpoBOM [31]. OTHAKO TIPH 3TOM MPEAIIOYUTACT SKOTOHAIBHBIE MECTOOOH-
TaHWsI, HAPEMEP TPaHUIBI TACKHBIX JiecoB U O0oiioT. Ha eBpometickom Cepepo-
Bocroke B ceBepHoit Taiire (KameHHBIH) KpomiedHas Oypo3yOka 3a AeBAThH JICT yde-
TOB OTCYTCTBOBAJIA B YJIOBaX Ha JIYTY U B Oepe3HsIKE MEITKOTPABHO-3€JICHOMOIITHOM,
HO JIOBHJIACh Ha T'paHMIIC dTHX OHOTONOB. B 3TOM permone Sorex minutissimus
BcTpevaeTcs B OMOTONAXx, Tie IPyrHe BUIBI Oypo3yOOK OTCyTCTBYHOT. Tak, B JloKa-
muTere YsimoBo PecriyOmiky KoMy B ceBepHOI Taiire OHa SIBISCTCS SIMHCTBEH-
HBIM MIPEACTaBUTEIIEM 3eMJIEPOCK Ha BEPXOBBIX OONOTaX.

Tem HEe MeHee TIpH BCeW CBOEH SBPUTOITHOCTH JAHHBIN BUJ B €BPOIEHCKOMN
gacti Poccuut IBHO TSATOTEET K COOOIMIECTBAM Ta€KHOTO THIIA, O YeM CBUACTEIh-
CTBYIOT 3HAUCHHS ITOKA3aTEeNs BEPHOCTH OnoromnaM. KitacTepHbIit aHaN3 TaHHBIX
0 CTAIMAIEHOMY PacHpeeIeHUIO 3eMIIepoek Ha Banmaiickoll BO3BBIIICHHOCTH
n OHexxckoM normyoctpose, mpoBeaeHHbIN E.A. [lIBapuem c coaBr. [25], mokazain
OOJIBIIIOE CXOJICTBO B BEIOOPE MECTOOOUTAHWH MEXITy KPOIIICUHOU U CpefHel Oy-
po3yOkamu. MI3BECTHO, YTO ONTUMAIBHBIMH CTAITUSAMU CpEIHEH Oypo3yOKH sSBIIs-
FOTCSI COOOIIIECTBA C XOPOIIO PAa3BUTHIM CILIONTHEIM MOXOBEIM ITOKPOBOM M3 3€-
JICHBIX U C(harHOBBIX MXOB.

Yucaennocms. BuIoBol 0cOOEHHOCTHIO KPOIIEYHOH OypO3yOKH SBIISETCS T10-
BCEMECTHO HU3Kas YUCIeHHOCTH [6]. OHa xapaktepHa u s repputopun CeBepo-
BocTtoxka eBporetickoii gacti Poccuu, T1ie cpeiHre MOKa3aTe) I OOUIIHS B pa3HBIX
JokanmuTerax BappupytoT oT 0,2 1o 1,2 oc. Ha 100 koH.-cyT. (Tabi. 2). Heckonbko
BEIIIIE 3HAYEHUE ATOTO MHJIEKCAa B OKPECTHOCTX 1. KapmyreBka B kpaitHeceBep-
HOU TOA30HE Taiiru. B OONBIIMHCTBE JTOKAINTETOB STOT BH JIOBUJICS AaJICKO HE
Kaxxnerid rox. Hamprmep, B SIkmie kpormrednas 6ypo3yOka OTCYTCTBOBaia B yiIO-
Bax 13 et u3 34, Ha I'apeBke (npearopest CeBepHoro Ypana) — 27 et u3 34.
Jlnms B laaw, TIIe cpeqHss YHCIEHHOCTh HECKONIBKO BEIMIE, OHA PETHCTPUPOBA-
JIach €KETOHO, HO IIPH ATOM YHCIIO HOHMAaHHBIX 3eMJIEPOEK U3MEHSIIOCH OT 1 10
36. B HekoTopble TOABI B OTHEMBHBIX MECTOOOMTAHHAX 3EMIIEPOCK OBLIO I10-
BobHO MHOTO. B 2011 1. B OKpecTHOCTSIX SIKIIM B €IhHUKE KYCTapPHIUYKOBO-3€-
JIEHOMOIITHOM TTOKa3aTeJh YUCIEHHOCTH Bra coctaBuna 8,2 oc. Ha 100 koH.-CyT.,
B Jlanu B enbHUKE charHoBoM — 5,8 oc. Ha 100 KOH.-CyT.

B cymmapHBIX yrmoBax 3emMiiepoeK KpomiedHas Oypo3yOka 3aHHMaeT OTHO U3
nocienHux MecT. Ee 1o cpeqrt HuX B pa3HbIX JIOKanHuTeTax Konebanack ot 0,1 mo
1,8%. JIums B okpecTHOCTAX 1. KapnymeBka oHa cocraisia 5,4%. OtmeuenHas
BBIIIIE OTHOCHTEITFHO BEICOKAS YHCICHHOCTD KPOIIEYHOH OYpO3yOKH B €IBHHKE KY-
CTapHUYKOBO-3€JICHOMOIITHOM B SIKiie Habmromanack Ha (poHe IenpeccHu Ipyrux
BUJOB. Kak ciencreue sToro, A0 BUIa B CyMMapHbBIX coopax gocturia 18,4%
(BTOpOE MeCTO B HaceJICHHH 3eMJyiepoek). B ceBepHOit Taiire [ledopckoro paiioHa
(Yns11oBo) B TO/IbI HU3KOW YHCICHHOCTH 3eMJIEPOCK 3HAYMMOCTh KPOIIIEYHOH OY-
PO3YOKH TaKKe yBeIMIuBaiachk 10 12% B cymMapHbBIX cOopax [12].

B npyrux pernonax Erpornetickoro CeBepa o0mIIMe BHJIA TAKXKE PEIKO MTPEBBI-
maet 1,2 oc. Ha 100 xoH.-cyT. Tak, B pa3HpIx parionax Kapemuu cpemnve 3HaueHUS
nHzekca yrciaenHocT Bapeuposaiu ot 0,2 [23] mo 0,5 3x3. Ha 100 kon.-cyT. [34], a
JIOJIsI BHJIA B yiioBax 3emiepoek — ot 0,6 o 0,8%. Ha rore Apxanrenbckoit ooma-
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CTH 3TH IIOKA3aTeNIM COCTABIISIIN, COOTBETCTBeHHO, 0,5 3Kk3. u 1,3% [35], Ha ce-
Bepe ([lunexckmit 3amoBequuk) — 1,2 oc. u 3,6% [20]. Ha BocTouHOM Makpo-
ckione CeBepHoro Ypana (3anoBeaHuK «JleHexxknH KaMeHb») OHU Takxke OBbIITH
HesHauntenbHBl — 0,5 oc. u 0,6% [36], a Ha 3anagHoM ckiore Cpemnero Ypana
(3amoBemumk bacern) — 0,2 oc. u 0,6% [37]. Ouenp Onu3KUe 3HAYCHUS IS KPO-
mieyHold Oypo3yOku oTMeueHbl B 3amaaHoii CuOupu B 3amoBeqHuKe Mamas
CocsBa — 0,4 oc. u 0,6% [29] u B CeBepupix YBamax — 0,08 oc. u 0,5% [21].
B LlentpanpH0-CrHOUpCKOM 3aIIOBEAHUKE ITOKA3aTENb CPEAHEH YHCICHHOCTH CO-
crasnsiet 0,5 oc. Ha 100 koH.-cyT. [31].

Ta6nuna 2 [Table 2]
OTHOCHMTE/IbHASL YHCJIEHHOCTH KpoueyHoii 0ypo3yoxku Ha CeBepo-BocToke
eBponeiickoii yactu Poccuu (1o AaHHBIM OTJIOBA KAHABKAMU
BO BTOPYIO [I0JIOBHHY JieTa, oc. Ha 100 KoH.-cyT. )
The number of tiny eurasian least shrew in the NorthEast of the European part
of Russia (august, ind. per 100 grove-days)

ITokazaTenu yncaeHHOCTH [Abundance index]

Jlokanurer Cpe Honst cpeau 3emiie- Hcrounuk
[Location] g/[f;;][ﬂ Min—max poex, % [Source]
[Share among shrews]

Pycckast paBHMHA: KpaliHeceBepHas Taiira [Russian plain: the extreme Northern taiga]

Kapnymeska
[Kgpﬁevka] 2,0+0,15 - 54 A.B. BoGpeLos
Pycckast paBanHa: ceBepHas taiira [Russian plain: Northern taiga]
KamenHnsrit [Kamenny] 0,6 0,11 0-1,4 0,7 [11]
Vnsioro [Ulyashovo] 0,4+0,09 0,2-1,2 0,8 [12]
Pycckast paBHMHA: cpenHsia Taiira [Russian plain: Middle taiga]

Jaub [Dan'] 1,2+£0,23 0,2-2,6 1,8 [16]
Slxia [Yaksha] 0,6 0,14 0-2,0 1,2 A.B. Bobperios
VYpanbckas ropHas crpasa [Ural mountain country]

Kei6ma-Ksipra

[Kybla-KyrtaI.)] 0,2+0,09 0-1,6 0,3 [14]
I'apeBka [Garevka] 0,2+0,06 0-1,2 0,1 [15]
Supr-I1 &

[Yany_Pﬁaf:y(g] 0,5+0,18  0-2,0 0,6 A.B. Bobperos

Tpumeuanue. TonoxeHue nokanuteroB Ha puc. 1 u Tabdm. 1.
[Note. The position of the localities in fig. 1 and table 1].

[TpuarHBI 5BPUTOITHOCTH W IIOBCEMECTHO HU3KOW YHCICHHOCTH TAHHOTO BHIA
He SICHBI. BO3MOXKHO, HX CIIEIyeT NCKaTh B OCOOCHHOCTSX YHEPIreTUKU KPOIIed-
HOW Oypo3yOku. OYeHb MeNKHEe pa3Mephbl TPeOYIOT 3HAUMTEIBHBIX dHEpPreTHYe-
CKHUX 3aTpaT Ha 00eCIeUeHHE KU3HENSATENEHOCTH BUA: CYTOUHOE ITOTPEOICHHE
kopMma coctaisier 420% (OorbIle, yeM y ApyTUX BHAOB Oypo3yOOK) OT MacChl
tena [38], oTcroma u Beicokasi yactoTta nutanus — A0 120 pa3 B cytku [39]. Ilo-
aTOMYy Sorex minutissimus TpeOOBaTeIbHA K JOKAIEHBIM YCIOBHSIM (BJIa)KHOCTB,
MHUKPOKITIMAT, KOPMOBBIE PECYPCHI) CymiecTBOBaHUS. ONTHMAIbHBIE YCIOBHUS
CKJIaJBIBAIOTCS Ha HEOONBIINX IO IUIOMANN MUKpocTanmsiX. Ha aTo ykaspiBaer
MPUYPOYIEHHOCTH BH/Ia K 9KOTOHAM, KOTOPBIE XapaKTepH3yIOTCsS pa3HOOOpa3HBIM
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Ha0OpPOM CPEIOBHIX YCIOBUH. Takine MUKPOCTAITNH BCTPEIAIOTCS M B IPYTUX OHO-
tomax. [IpeBamupoBaHre B MATAHHHA KPOIIEYHOH Oypo3yOKH MeENKuX (MeHee 4—
5 MM), MHOTOUYHCIICHHBIX M JIOCTYITHBIX WICHHUCTOHOTHX C BBICOKOH YacTOTOW
BCTPEYaEMOCTH TO3BOJISIET 3TOMY BHILY IIPH HAJIHYHUH ONPEICICHHBIX CPEIOBBIX
(haKTOpOB 3acelATh MHOT'HE OMOTOIBI M B TOM YHCIIEC W OCTHBIC MECTOOOUTAHMS
[32, 33]. OmHako hopMHUPYOMIASCS TPHA 3TOM (GParMEeHTAPHOCTh HACEIICHUS BHIA
1 He3HAYUTENIbHAS DKOJIOTHYECKasi eMKOCTh MECTOOOUTAaHUN OTPaHUIMBAIOT YPO-
BEHb YHCJICHHOCTH TIOMYJISAIINH KPOIIeUHOH OYpO3yOKH.

3akioueHne

Kpomreunas 6ypo3yOka mupoko pacnpocrpanena Ha CeBepo-Bocroke eBpo-
netickoit wactu Poccuu. CeBepHasi TpaHuIa apeana BUAa OTpaHUYCHA TACKHOU
30HOM, TIIe OHa BCTPEUaeTCs BO BCEX MOA30HAX OopeanbHBIX JecoB. K HacTos-
meMy BpEeMEHH Ha TEPPUTOPUU PETHOHAa M3BECTHO TONBKO 19 TOUek HaxOmoK
3TOro BUAa. MemieHHbIH Iporpece B HAaKOIUIEHUH JaHHBIX 110 €r0 PacIpocTpa-
HEHHIO CBSI3aH C TEM, YTO ATOT BUZ JIOBUTCS MOYTH HCKIIOUATENHHO B JIOBUHE
KaHaBKU U OaHKH, BPBITHIC B 3EMIIIO.

Sorex minutissimus CAUTaCTCSI OJHUM U3 CAMBIX IBPUTOITHBIX BHJOB 3eMJIC-
poek. OHa HacelseT pa3sHoOOpa3HbIe MECTOOOUTAHMS U B JIOKAJTUTETaX PEruoHa.
B ux 9mcio BXOAAT eMbHUKHI U COCHSKH Pa3HOTO THITA, BEIPYOKH, JTyTa, BEPXOBBIC
6omora 1 3K0TOHBL. B ropax CeBepHOro Ypana BCTpedaeTcsl BO BCEX BBICOTHBIX
mosicax, B Ipenesax KOTOPHIX PErMCTPHPOBANACH B Pa3NUYHBIX Onoromax. On-
Hako rpu 3toM Ha CeBepo-Bocroke eBporeiickoid wactu Poccun HabmronaeTcs
sIBHAS CBA3b KPOIICUH O OYp0o3yOKH ¢ MOXOBBIMH COOOIIIECTBAMH TACKHOTO THTIA
(eTPHUKU KyCTapHIYKOBO-3€JICHOMOIITHEIE, ENEHUKN CarHOBBIE). B oTnenpHBIX
JOKAIUTETaX €€ ONarONpUSATHBIMU CTAlMSMH SIBIISTIOTCS BBEIPYOKH Pa3sHOTO THIA
U COCHSIKH 3€JICHOMOIITHBIE.

Bu1oBo#1 0c06EHHOCTBIO KPOIIEUHOM OYPO3yOKH SIBJISETCS TOBCEMECTHO HU3-
Kasl 9uCcIIeHHOCTh. CpeIHre TOKa3aTenn e¢ OOMIIHS B pa3HBIX JIOKANTETaX PEerH-
OHa yaire Bcero He npeBbimaloT 1,2 oc. Ha 100 koH.-cyT. B cymmapHBIX ynoBax
3eMJICpOEK ATOT BUJ 3aHUMAET OJTHO U3 mocienaux mMect (ot 0,1 mo 1,8%).

[Ipu4mHBI 3BPUTOMTHOCTH W HU3KOW YHUCIECHHOCTH Sorex minutissimus, BO3-
MOYXHO, 00YCIIOBIICHBI 3HAUNTEIIFHBIMA SHEPreTHUECKUMH 3aTpaTaMH Ha obecrie-
YeHUE ee KU3HeaesITebHOCTH. [109ToMy OHa TpeboBaTembHA K JTOKAIBHBIM yCIIO-
BHSIM CYILIECTBOBAHUS (BJIQKHOCTD, MUKPOKIIIMAT, KOPMOBEIE pecypchl). Ux om-
TUMAIbHBIE YCIIOBHUS CKIIAIBIBAIOTCS HA HEOOJBIINX 110 IUIOMIAIH MHUKPOCTAITHSIX,
BCTPEUAIOIINXCS B Pa3HBIX MecTOoOOWTaHUAX. HesHaunTenpbHAS 3KOIOTHYECKast
€MKOCTh MUKPOCTAIlMi U (pparMeHTanusl HaCeICHHUsI BUa OTPaHUIMBAIOT YpO-
BEHb YHCJICHHOCTH TIOMYJISIHNH KPOIIeUHOH OYpO3yOKH.

CnucoK HCTOYHUKOB

1. TIlaBnunoB W.4., JlucoBckuii A.A. (pea.). MnekonuTtaronie Poccuu: cucremaTuko-reorpa-
¢uueckuii cipaBounuk. M. : ToapuiectBo HayuHbix uznanuii KMK, 2012. 604 c.

2. Cook J.A., McLean B.S., Jackson D.J., Colella J.P., Greiman S.E., Tkach V.V., Jung T.S.,
Dunnum J.L. First record of the holarctic least shrew (Sorex minutissimus) and associated

115



3oonozua / Zoology

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

helminths from Canada: New light on northern Pleistocene Refugia // Canadian Journal of
Zoology. 2016. Vol. 94, Ne 5. PP. 367-372. doi: 10.1139/cjz-2015-0212

Henttonen H., Sheftel B., Stubbe M., Samiya R., Ariunbold J., Buuveibaatar V., Dorjderem
S., Monkhzul Ts., Otgonbaatar M., Tsogbadrakh M. Sorex minutissimus // The [IUCN Red
List of Threatened Species 2016: €. T29666A115171049. doi: 10.2305/TUCN.UK.2016-
3.RLTS.T29666A22316786.en

Baltensperger A.P., Huettmann F. Predicted shifts in small mammal distributions and bio-
diversity in the altered future environment of Alaska: an open access data and machine
learning perspective / PLoS ONE. 2015. Vol. 10, Ne 7. PP. €0132054. doi: 10.1371/jour-
nal.pone.0132054

Sulkava S. Sorex minutissimus // The Atlas of European mammals / eds. by A.J. Mitchell-Jones,
G. Amori, W. Bogdanowicz, B. Krystufek, P.J.H. Reijnders, F. Spitzenberger, M. Stubbe,
J.B.M. Thissen, V. Vohralik, J. Zima. London : Academic Press, 1999. PP. 52-53.

3aiitieB M.B., Boiita JIJIL., llledtens b.1. Mnekonuraromue daynsl Poccuu u conpenesnsb-
HbIX Teppuropuii. Hacekomosiaubie. CI16., 2014. 391 c. (Onpenenurenu no ¢ayne Poccun,
n3gaBaemMble 3oomorudeckuM HHCTUTYToM PAH. Brim. 178).

Bonpemakos B.H., Bacunse A.I'., Illaposa JI.II. dayna u nomynsnroHHAst SKOJIOTHUS 3€M-
nepoek Ypana (Mammalia, Soricidae). ExarepunOypr : ExarepunOypr, 1996. 268 c.
Muexonuraromive. HacekomosiiHble, pyKOKpbUIbIe, 3aiineoOpasnbie, rpei3yHbl. CIIO. :
Hayxka, 1994. 280 c. (dayna eBpormeiickoro CeBepo-Bocroka Poccuu. Mnekonuratorue.
T.2,u. 1)

Epnakos JI.H., Epumos B.M., I'anakruronos 10.K., Ceprees B.E. Konuuecrsennast orienka
BepHOCTH MectoobuTanuto // Dxomorus. 1978. Ne 3. C. 105-107.

[Mo3BoHouHble xuBOTHBIE Poccum (MH(opmaimonHo-ouckoBasi cucrema). M., 2012.
URL: http://www.sevin.ru/vertebrates/ (nara obpamenus: 20.11.2023).

. bobpenoB A.B. Hacenenue MeNKUX MIEKONUTAIOMIKX BOCTOYHOM yactu Cpennero Tumana

// Bectauk Tomckoro rocyaapcTBeHHOro yuuBepcurera. buomorns. 2017. Ne 37. C. 105—
121. doi: 10.17223/19988591/37/6

Kympusinopa 1.®., BobpeuoB A.B. PaBno3ybGast (Sorex isodon) m xpoueunas (Sorex
minutissimus) 0ypo3yoku Ha EBponetickom Cesepe // Tpyast Iledopo-Hnbruckoro 3ano-
Beguuka. CoikteiBKap, 2007. Bemm. 16. C. 151-157.

Jlo6anoBa H.A., banaxonos B.C. Hacekomosianbie muekonuratoiue [lomsiproro Ypana u
Cesepnoro [Tpuo6sst // Tesuckr noknanos I Beecoro3noro coBeranus mo OHOIOrUH Hace-
KOMOSIIHBIX MilekonuTaroumx. HoBocubupek, 1992. C. 99-100.

Kynpusinosa U.®., Kanunun A.A., Yepnsaxosckuit M.E. JluHaMyka YuCICHHOCTH MEJIKHUX
MJICKOIMTAIONIMX B NPUIIIBIYCKON dacTu [ledopo-Inbruckoro 3anoseanuka // Tpyasr Ile-
yopo-Uneruckoro 3anoBennuka. Sxuma, 2020. Beim. 18. C. 52-60.

Bobperos. A.B., JIykbsinosa JLE., TlerpoB A.H., Berxosery H.M. Pe3ynbratel MOHHTOpUHT
HACEJICHUSI MEJIKUX MJICKOMMTAIOMIMX B MPHUIICUOPCKOI YacTu mpearopHoro paiiona Ile-
yopo-Mnbruckoro 3anoBeguuka // Tpymst Ilewopo-Wnbruckoro 3amoBemnuka. 2020.
Bein. 18. C. 12-23.

Kympusinoa 1.®. Bypo3yOku B cpenHeii Taiire Oacceiina pexu Boruerapt (Komu ACCP) //
DKOJIOr sl >KMBOTHBIX JIECHOM 30HBL. M., 1990. C. 97-111.

[Ieictun A.H. buotonuyeckoe pacnpeaeneHie JOMUHHPYIOIUX BIIOB HACEKOMOSITHBIX B
necax cpezneii taiiru Pecriyonuku Komu // Becruuk Uuctutyra 6uonorun Komu HIL VpO
PAH. 2003. Ne 6 (44). C. 9-10.

Kynux N.JI., Hukutnna H.A. ®ayna menkux muexonuraromux JiecHo 30us1 Komu ACCP
// BronnereHb MockoBckoro obiectBa ucnbiTaTesneld npupoasl. OTaen OHONOrMIecKuit.
1960. T. 65, Boim. 6. C. 3—16.

KonockoBa H.W. Dxonoro-payHucTHUeCKUii aHaIH3 MEJIKUX MJICKOITUTAIOIMX BOCTOUHO-
eBporeiickoil TyHapbl // dayHa U IKOIOr sl HA3eMHbIX TO3BOHOYHBIX KHUBOTHBIX. M., 1981.
C. 81-100.

KympusinoBa 11.®., CuBkoB A.B. CoobuiectBa Menkux miekonuramouumx / CTpykrypa u
JMHAMUKa TPUPOIHBIX KOMIOHEHTOB lIunexxckoro 3anoBennuka (CeBepnas Taiira ETP,

116



boopeuoe A.B., Ilempoe A.H., bvixosey H.M. Pacnpocmpanenue, mecmoobumanus

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Apxanrenbckast obnacts). buopaszHoobpasue u reopazHooOpa3ue B KApCTOBBIX 00JIACTSIX.
Apxanrensck, 2000. C. 168—178.

CrapukoB B.I1., Maiioposa A./l., Bepmunun E.A., Eropo C.B., Kpasuenko B.H., Haxo-
Heunslid H.B., bepuukoB K.A., Capanyneuesa E.C. [lapasurudeckue 4ieHUCTOHOTHE METI-
kux MiekonuTaroumx [punonspraoro Ypana (Bocrounslii Makpockion) // Bectank Huxk-
HEBapTOBCKOI'0 TOCYAAapPCTBEHHOr0 yHUBepcuTeTa. buon. mayku. 2022. Ne 4 (60). C. 78—88.
doi: 10.36906/2311-4444/22-4/08

Hounros B.A. Bypo3y6ku Craporo Csera. M. : U3a-Bo Mock. roc. yu-ta, 1985. 221 c.
Usanrep D.B., MakapoB A.M. TeppuropuanbHas 3KOJOTHS 3eMIIEPOSK-0Ypo3yOoK
(Insectivora, Sorex). [Terpo3aBonck, 2001. 272 c.

Pesun 10.B. Mnekonuratorue FOsxuHoit Sxyrun. HoBocubupck : Hayka, 1989. 321 c.
IBapi E.A., Jemun .B., 3amonomuukoB JI.I'. Dkomorust cooOIIecTB METKHX MICKOIMH-
TAIOLIMX JIECOB YMEPEHHOro mosica (Ha mpumepe Banpaiickoil Bo3BblleHHOCTH). M. :
Hayxka, 1992. 127 c.

3aiiueB B.A. [1o3BoHOYHBIE )XKUBOTHBIE CeBepo-BocToKa LleHTpansHoro peruona Poccun
(Buzp! dayHbl, YUCIEHHOCTh U ee u3MeHeHus). M. : ToBapuilecTBO Hay4HBIX HU3IAHHUNA
KMK, 2006. 513 c.

IyuakoBckuii C.B. Ocobennoctu pacnpenenetust 6ypo3yook (Insectivora, Soricidae) mo
6uoronam B Taiire OHexckoro moiayocrposa // dayHa, FKonorus u reorpadus »KUBOTHBIX.
M., 1969. C. 100-109.

Boponun I1.JI. Kporeunast 6ypo3yoOka B hayne Mopaosckoro 3anoseanuka // Tpymst Mop-
JIOBCKOT'O TOCYJapCTBEHHOr0 mpuponHoro 3anoeguuka uM. [LT. CvugoBuua. CapaHck :
ITymira, 2014. Bein. 12. C. 264-277.

Bacun A.M., JIsixBaps B.IL., Byiinanuna ®.P., 3aryzos A.B., Ceixko B.B. [lo3BoHOUHBIE
KUBOTHBIE 3anoBenrka «Mainas CocbBa» (CeBepHoe 3aypaiibe) : aHHOTUPOBAHHBIN CIIU-
COK U KpaTkuii ouepk. IxkeBck, 2015. 136 c.

Mansrnes F0.C. Kpouteunast — Sorex minutissimus Zimmermann, 1780 u manas — Sorex
minutus Linneus, 1766 6ypo3yOku BepxHeaHrapckoil KOTJIOBHHBI: YHCICHHOCTb, JaH/-
ma)THOE pachpeielieHne, 0COOCHHOCTH CTPYKTYPhI U PENpONyKIMK Homysiiui // Baii-
KaJIbCKUH 30010rmyeckuit xxyprai. 2017. Ne 1 (20). C. 85-90.

edrens B.M. Menkue mnexomuratomue // Tpyapl rocyaapcTBEHHOTO 3amOBEIHHKA
«entpansHocuOupckuii». Kpacnospck : [Tonukop, 2012. Beim. 2(4). C. 68-77.

Hanski I., Kaikusalo A. Distribution and habitat selection of shrews in Finland // Annales
Zoologici Fennici. 1989. Vol. 26, Ne 4. PP. 339-348.

Churchfield S. Why are shrews so small? The costs and benefits of small size in northern
temperate Sorex species in the context of foraging habits and prey supply // Acta Therio-
logica. 2002. Vol. 47, Suppl. 1. PP. 169-184.

SxumoBa A.E. Pe3ynbraThl MOHUTOpPHHTa MENKHX MilekonuTatoumx B Cpenueit Kapenun
// Tpynst Kapenbsckoro nayanoro ientpa PAH. 2018. Ne 1. C. 67-80. doi: 10.17076/bg642
Kympusinoa 1.®. Bypo3yOku ceBepa eBporetickoii yactu Poccun // TIpoGnemsr u3ydeHust
U OXpaHbl )KUBOTHOrO Mupa Ha CeBepe : Marepuans! noki. 11 Beepocceuiickoii koH(pepeH-
UM ¢ MeXAyHapoaHbIM yuactueM. CrikTbiBKap, 2013. C. 117-119.

Bobpernios A.B., Cumakut JI.B. OcoGeHHOCTH CTPYKTYPhI HACEICHHST MEJIKUX MJICKOITUTA-
IOIIMX pa3HbIX MakpockioHoB CeBepHoro Ypana // Dxomorus. 2015. Ne 5. C. 381-386.
doi: 10.7868/S0367059715050066

AxumoB B.A. Menkue mnekonuTaromye 3anosegiuka «bacerm». O0iee npeacTapBieHne
o cobpannbix marepuanax // [Ipupona Bacer: 30 net oxpaHbl 1 HaAy4YHBIX HCCIICIOBAHUMN //
Tpyas! rocyaapcTBEeHHOr0 MPUPOAHOro 3anoBeanuka «bacerm». Brim. 2. Ilepms : Boratsl-
pes ILT"., 2012. C. 143-159.

BbnarockinonoB K.H. O nutanuu u xapaktepe CyTO4YHON aKTHBHOCTH KpOLICYHOH Oypo-
3yoku (Sorex tsherskii Ogntv) // 3oonoruyeckuii xxypHain. 1957. T. 36, Beim. 3. C. 465-467.
TynukoBa H.B. I[lutanue u xapakrep CyTOUHON aKTUBHOCTH 3eMJIEPOEK CPeAHEH MOJIOCHI
CCCP // 3oonoruueckuit sxxypHain. 1949. T. 28, Boim. 6. C. 561-572.

117



3oonozua / Zoology

10.

11.

12.

13.

14.

References

Pavlinov IYa, Lisovskiy AA. (red.). Mlekopitayushchie Rossii: sistematiko-
geograficheskiy spravochnik [Mamalia Russia: referensi sistematis dan geografis].
Moscow: Tovarishchestvo nauchnykh izdaniy KMK Publ.; 2012. pp. 604. In Russian.
Cook JA, McLean BS, Jackson DJ, Colella JP, Greiman SE, Tkach VV, Jung TS, Dunnum
JL. First record of the holarctic least shrew (Sorex minutissimus) and associated helminths
from Canada: New light on northern Pleistocene Refugia / Canadian Journal of Zoology.
2016; 94(5):367-372. doi: 10.1139/cjz-2015-0212

Henttonen H, Sheftel B, Stubbe M, Samiya R, Ariunbold J, Buuveibaatar V, Dorjderem S,
Monkhzul Ts, Otgonbaatar M, Tsogbadrakh M. [errata version of 2016 assessment]. Sorex
minutissimus // The IUCN Red List of Threatened Species 2016: €. T29666A115171049.
doi: 10.2305/IUCN.UK.2016-3.RLTS.T29666A22316786.en

Baltensperger AP, Huettmann F. Predicted shifts in small mammal distributions and
biodiversity in the altered future environment of Alaska: an open access data and machine
learning  perspective  //  PLoS  ONE. 2015; 10(7):e0132054. doi:
10.1371/journal.pone.0132054

Sulkava S. Sorex minutissimus // The Atlas of European mammals. AJ. Mitchell-Jones, G.
Amori, W. Bogdanowicz, B. Krystufek, PJH. Reijnders, F. Spitzenberger, M. Stubbe, JBM.
Thissen, V. Vohralik, J. Zima (eds.). Lo ndon: Academic Press; 1999. P. 52-53.

Zaytsev MV, Voyta LL, Sheftel' BI. Mlekopitayushchie fauny Rossii i sopredel'nykh
territoriy. Nasekomoyadnye [Mammals of the fauna of Russia and adjacent territories.
Insectivores]. Saint Petersburg: Nauka; 2014. 391 p. (Opredeliteli po faune Rossii,
izdavaemye Zoologicheskim institutom RAN. Vyp. 178). In Russian.

Bol'shakov VN, Vasil'ev AG, Sharova LP. Fauna i populyatsionnaya ekologiya zemleroek
Urala (Mammalia, Soricidae) [Fauna and population ecology of shrews of the Urals
(Mammalia, Soricidae)]. Ekaterinburg: Izd-vo Ekaterinburg; 1996. 268 p. In Russian.
Mlekopitayushchie. Nasekomoyadnye, rukokrylye, zaytseobraznye, gryzuny [Mammalia.
Insektivora, Chiroptera, Lagomorpha, Rodentia]. Saint Petersburg: Nauka; 1994. 280 p.
(Fauna evropeyskogo Severo-Vostoka Rossii. Mlekopitayushchie. T. 2, ch. 1). In Russian.
Erdakov LN, Efimov VM, Galaktionov YK, Sergeev VE. Kolichestvennaya otsenka
vernosti mestoobitaniyu [Quantification of habitat fidelity]. Ecology. 1978; 3:105-107. In
Russian.

Pozvonochnye zhivotnye Rossii (Informatsionno-poiskovaya sistema) [Vertebrates of
Russia (Information search engine)]. Moscow, 2012. Avaliable at: http://www.sevin.ru/
vertebrates/ (accessed 11.20.2023). In Russian.

Bobretsov AV. Naselenie melkikh mlekopitayushchikh vostochnoy chasti Srednego
Timana [The population of small mammals in the eastern part of the Middle Timan]. Vestnik
Tomskogo gosudarstvennogo universiteta. 2017;37:105-121. doi: 10.17223/19988591/
37/6. In Russian.

Kupriyanova IF, Bobretsov AV. Ravnozubaya (Sorex isodon) i kroshechnaya (Sorex
minutissimus) burozubki na Evropeyskom Severe [The taiga shrew (Sorex isodon) and the
eurasian least shrew (Sorex minutissimus) in the European North]. Trudy Pechoro-
Ilychskogo zapovednika — The works of the Pechora-Ilych Reserve. Syktyvkar,
2007;16:151-157. In Russian.

Lobanova NA, Balakhonov VS. Nasekomoyadnye mlekopitayushchie Polyarnogo Urala i
Severnogo Priob'ya [Insectivorous mammals of the Polar Urals and the Northern Ob
region]. Tezisy dokladov I Vsesoyuznogo soveshchaniya po biologii nasekomoyadnykh
mlekopitayushchikh. Novosibirsk; Moscow. 1992. pp. 99-100. In Russian.

Kupriyanova IF, Kalinin AA, Chernyakhovskiy ME. Dinamika chislennosti melkikh
mlekopitayushchikh v priilychskoy chasti Pechoro-Ilychskogo zapovednika [Dynamics of
the number of small mammals in the Priilych part of the Pechora-Ilych Reserve]. Trudy
Pechoro-Ilychskogo zapovednika — The works of the Pechora-Ilych Reserve. Yaksha,
2020;18:52-60. In Russian.

118



boopeuoe A.B., Ilempoe A.H., bvixosey H.M. Pacnpocmpanenue, mecmoobumanus

15.

16.

17.

18

19.

20.

21.

22.

23.

24.

25.

26.

27.

Bobretsov AV, Luk'yanova LE, Petrov AN, Bykhovets NM. Rezul'taty monitoringa
naseleniya melkikh mlekopitayushchikh v pripechorskoy chasti predgornogo rayona
Pechoro-Ilychskogo zapovednika [The results of monitoring the population of small
mammals in the Pechora part of the foothill area of the Pechora-Ilych Reserve]. Trudy
Pechoro-Ilychskogo zapovednika — The works of the Pechora-Ilych Reserve. Yaksha,
2020;18:12-23. In Russian.

Kupriyanova IF. Burozubki v sredney tayge basseyna reki Vychegdy (Komi ASSR)
[Shrews in the middle taiga of the Vychegda River basin (Komi ASSR). Ekologiya
zhivotnykh lesnoy zony. Moscow, 1990. pp. 97-111. In Russian.

Pystin AN. Biotopicheskoe raspredelenie dominiruyushchikh vidov nasekomoyadnykh v
lesakh sredney taygi Respubliki Komi [Biotopic distribution of dominant insectivorous
species in the forests of the Middle taiga of the Komi Republic |. Vestnik Instituta biologii
Komi nauchnyy tsentr Ural'skogo otdeleniya RAN — Komi Scientific Center of the Ural
Branch of the Russian Academy of Sciences. 2003;6 (44):9-10. In Russian.

. Kulik IL, Nikitina NA. Fauna melkikh mlekopitayushchikh lesnoy zony Komi ASSR

[Fauna of small mammals of the Komi ASSR forest zone]. Byulleten' Moskovskogo
obshchestva ispytateley prirody. Otdel biologicheskiy — Bulletin of the Moscow Society of
Nature Testers. The department is biological. 1960;65(6):3-16. In Russian.

Koloskova NI  Ekologo-faunisticheskiy analiz melkikh  mlekopitayushchikh
vostochnoevropeyskoy tundry [Ecological and faunal analysis of small mammals of the
Eastern European tundra). Fauna i ekologiyva nazemnykh pozvonochnykh zhivotnykh.
Moscow, 1981. pp. 81-100. In Russian.

Kupriyanova IF, Sivkov AV. Soobshchestva melkikh mlekopitayushchikh [Communities
of small mammals]. Struktura i dinamika prirodnykh komponentov Pinezhskogo
zapovednika (Severnaya tayga ETR, Arkhangel'skaya oblast'). Bioraznoobrazie i
georaznoobrazie v karstovykh oblastyakh. Arkhangel'sk, 2000. pp. 168-178. In Russian.
Starikov VP, Mayorova AD, Vershinin EA, Egorov SV, Kravchenko VN, Nakonechnyy
NV, Bernikov KA, Sarapul'tseva ES. Paraziticheskie chlenistonogie melkikh
mlekopitayushchikh Pripolyarnogo Urala (vostochnyy makrosklon) [Parasitic arthropods
of small mammals of the Circumpolar Urals (Eastern macroscline)]. Vestnik
Nizhnevartovskogo gos. universiteta. Biologicheskie nauki — Bulletin of the
Nizhnevartovsk State University. university. Biological sciences. 2022;4(60):78-88.
doi:10.36906/2311-4444/22-4/08. In Russian.

Dolgov VA. Burozubki Starogo Sveta [Old World shrews]. Moscow: 1zd-vo Moskovskogo
gosudarstvennogo universiteta, 1985. 221 p. In Russian.

Ivanter EV, Makarov AM. Territorial'naya ekologiya zemleroek-burozubok (Insectivora,
Sorex): Monografiya [Territorial ecology of shrews (Insectivora, Sorex): Monograph].
Petrozavodsk: PetrGU; 2001. 272 p. In Russian.

Revin YV. Mlekopitayushchie Yuzhnoy Yakutii [Mammals of South Yakutia Mammals of
South Yakutia]. Novosibirsk: Nauka; 1989. 321 p. In Russian.

Shvarts EA, Demin DV, Zamolodchikov DG. Ekologiya soobshchestv melkikh
mlekopitayushchikh lesov umerennogo poyasa (na primere Valdayskoy vozvyshennosti)
[Ecology of small mammal communities in temperate forests (using the example of the
Valdai Hillso]. Moscow: Nauka; 1992. 127 p. In Russian.

Zaytsev VA. Pozvonochnye zhivotnye severo-vostoka Tsentral'nogo regiona Rossii (Vidy
fauny, chislennost' i ee izmeneniya) [Vertebrates of the North-east of the Central region of
Russia (Species of fauna, abundance and its changes)]. Moscow: Tovarishchestvo
nauchnykh izdaniy KMK Publ.; 2006. 513 p. In Russian.

Puchkovskiy SV. Osobennosti raspredeleniya burozubok (Insectivora, Soricidae) po
biotopam v tayge Onezhskogo poluostrova [Features of the distribution of brown-toothed
beetles (Insectivora, Soricidae) by biotopes in the taiga of the Onega Peninsula |. Fauna,
ekologiya i geografiya zhivotnykh — Fauna, ecology and geography of animals. Moscow,
1969. pp. 100-109. In Russian.

119



3oonozua / Zoology

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Borodin PL. Kroshechnaya burozubka v faune Mordovskogo zapovednika [Eurasian least
Shrew in the fauna of the Mordovia Nature Reserve]. Trudy Mordovskogo
gosudarstvennogo prirodnogo zapovednika im. P.G. Smidovicha — Proceedings of the
Mordovian State Nature Reserve named after P.G. Smidovich. Saransk: Pushta; 2014.
12:264-277. In Russian.

Vasin AM, Lykhvar' VP, Buydalina FR, Zaguzov AV, Syzhko VV. Pozvonochnye
zhivotnye zapovednika «Malaya Sos'va» (Severnoe Zaural'e): Annotirovannyy spisok i
kratkiy ocherk: Nauchnoe izdanie [Vertebrates of the reserve "Malaya Sosva" (Northern
Trans-Urals): An annotated list and a short essay: Scientific publication]. Izhevsk, 2015.
136 p. In Russian.

Malyshev YS. Kroshechnaya — Sorex minutissimus Zimmermann, 1780 i malaya — Sorex
minutus Linneus, 1766 burozubki Verkhneangarskoy kotloviny: chislennost', landshaftnoe
raspredelenie, osobennosti struktury i reproduktsii populyatsiy [Eurasian least Shrew Sorex
minutissimus Zimmermann, 1780 and Eurasian Pygmy Shrew Sorex minutus Linneus,
1766 of the Upper Angara basin: abundance, landscape distribution, features of the structure
and reproduction of populations]. Baykal'skiy zoologicheskiy zhurnal — Baikal Zoological
Journal. 2017;1(20):85-90. In Russian.

Sheftel' BI. Melkie mlekopitayushchie [Small mammals]. Trudy gosudarstvennogo
zapovednika «Tsentral'nosibirskiy» — Proceedings of the Central Siberian State Nature
Reserve. Krasnoyarsk: OOO Polikor. 2012;2(4):68-77. In Russian.

Hanski I, Kaikusalo A. Distribution and habitat selection of shrews in Finland. Annales
Zoologici Fennici. 1989;26(4):339-348.

Churchfield S. Why are shrews so small? The costs and benefits of small size in northern
temperate Sorex species in the context of foraging habits and prey supply. Acta
Theriologica. 2002;47(s1):169-184.

Yakimova AE. Rezul'taty monitoringa melkikh mlekopitayushchikh v Sredney Karelii
[Results of monitoring of small mammals in Central Karelia]. Trudy Karel'skogo
nauchnogo tsentra RAN — Proceedings of the Karelian Scientific Center of the Russian
Academy of Sciences. 2018;1:67-80. doi:10.17076/bg642. In Russian.

Kupriyanova IF. Burozubki severa Evropeyskoy chasti Rossii [Brown-toothed Shrews of
the north of the European part of Russia). Problemy izucheniya i okhrany zhivotnogo mira
na Severe — Problems of studying and protecting wildlife in the North: Materialy dokl.
II Vserossiyskoy konferentsii s mezhdunarodnym uchastiem. Syktyvkar, 2013. pp. 117-
119. In Russian.

Bobretsov AV., Simakin LV. Osobennosti struktury naseleniya melkikh
mlekopitayushchikh raznykh makrosklonov Severnogo Urala [Features of the population
structure of small mammals of different macrosclines of the Northern Urals]. Ekologiva —
Ecology. 2015;5:381-386. doi:10.7868/S0367059715050066. In Russian.

Akimov VA. Melkie mlekopitayushchie zapovednika «Basegi». Obshchee predstavlenie o
sobrannykh materialakh [Small mammals of the Basegi Nature Reserve. General idea of
the collected materials]. Priroda Baseg: 30 let okhrany i nauchnykh issledovaniy. Trudy
gosudarstvennogo prirodnogo zapovednika «Basegi» — Proceedings of the Basegi State
Nature Reserve. Perm!, Izdatel'stvo Bogatyrev P.G. 2012;2:143-159. In Russian.
Blagosklonov K.N. O pitanii i kharaktere sutochnoy aktivnosti kroshechnoy burozubki
(Sorex tsherskii Ogntv) [On nutrition and the nature of the daily activity of the tiny brown
tooth (Sorex tscherskii Ogntv)]. Zoologicheskiy zhurnal — Zoological Journal.
1957;36(3):465-467. In Russian.

Tupikova NV. Pitanie i kharakter sutochnoy aktivnosti zemleroek sredney polosy SSSR
[Nutrition and the nature of the daily activity of shrews in the middle zone of the SSSR].
Zoologicheskiy zhurnal — Zoological Journal. 1949;28(6):561-572. In Russian.

120



boopeuoe A.B., Ilempoe A.H., bvixosey H.M. Pacnpocmpanenue, mecmoobumanus

Hugpopmayusa 06 asmopax:

BoopeunoB Anartouuii BacnabeBuy, kana. 6uon. Hayk, B. H. €. [ledopo-Inbruckuii rocynap-
CTBEHHBI NPUPOIHBIH 3amoBeHuK (Skma, Poccus).

ORCID iD: htts://orcid.org/0000-0002-0921-2566

E-mail: avbobr@mail.ru

MerpoB Anarommii HukonaeBuy, xana. OWON. HAyK, H.C., OTACN DKOJIOI'MH KUBOTHBIX,
Uucruryr 6uonorun Komu Hayunoro nenrpa YpO PAH (CoikreiBkap, Poccust).

ORCID iD: htts://orcid.org/0000-0002-7118-1916

E-mail: tpetrov@ib.komisc.ru

Boixoenn Haranbst MuxaiiioBHa, kaHa. OHOJ. HAyK, H. C., OT/AEN JKOJIOIMH JKHUBOTHBIX,
Uucruryt 6uonorun Komu Hayanoro nenrpa YpO PAH (CoikreiBkap, Poccust).

ORCID iD: htts://orcid.org/0000-0002-9102-0693

E-mail: bykhovets.n@ib.komisc.ru

Asmopul 3aa6na10m 06 omcymcmeuu KOHQuKma unmepecos.

Information about the authors:

Anatoly V. Bobretsov, Cand. Sci. (Biol.), Leading Researcher, Pechoro-Ilych State Nature
Reserve (Yaksha, Russian Federation).

ORCID iD: htts://orcid.org/0000-0002-0921-2566

E-mail: avbobr@mail.ru

Anatoly N. Petrov, Cand. Sci. (Biol.), Researcher, Department of Animal Ecology, Institute of
Biology Komi Science Center Russian Academy of Sciences (Syktyvkar, Russian Federation).
ORCID iD: htts://orcid.org/0000-0002-7118-1916

E-mail: tpetrov@ib.komisc.ru

Natalia M. Bykhovets, Cand. Sci. (Biol.), Researcher, Department of Animal Ecology, Insti-
tute of Biology Komi Science Center Russian Academy of Sciences (Syktyvkar, Russian Fed-
eration).

ORCID iD: htts://orcid.org/0000-0002-9102-0693

E-mail: bykhovets.n@ib.komisc.ru

The Authors declare no conflict of interest.

Cmamws nocmynuna é pedaxyuto 07.02.2024;
00o06pena nocne peyenzupoganusil3.04.24; npunsma k nyonuxkayuu 14.06.2024.

The article was submitted 07.02.2024;
approved after reviewing 13.04.24; accepted for publication 14.06.2024.

121



Bectauk Tomckoro rocynapctBeHHoro ynusepeurera. buonorus. 2024. Ne 66. C. 122—-141
Tomsk State University Journal of Biology. 2024;66:122-141

Hayunas cratbs
YK 598.26
doi: 10.17223/19988591/66/6
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AnHotauus. B pabore npuBozsTcs cBeaeHust mo GOPMUPOBAHUIO TOPOICKOM MO-
nyssiuuy Bsixups B r. Oplie, MOsBICHUE KOTOPOH, KaK M B APYrux roponax EBpomsl,
HayaJoch C THE3JI0BaHMS NTHUIl Ha nepudepun ropoga B ManoTpaHcHOPMUPOBAHHBIX
mecroobutanusx (¢ 2006 r.) u ganee MpoaOJKAIOCH THE3I0BAHUEM B 3aCTPOCHHON
Y4acTH ropoyia, BKJII0Yast ero HeHTPaIbHYIO 4acTh. [1epBblii pakT rHe310BaHUS B 3aCTPO-
eHHOI yactu ropozaa gatupyercs 2016 r. B Hacrosiee Bpems BUI BCTpeuyaeTcsi Ha
THE3/I0BaHUHM B JIECOMapKax, Mapkax, Ha KJIaJA0HIIax, B MHIUBUIYaIbHON 3aCTPOHKE U
03eJICHEHHOH KIJI0H 30He. B ykazaHHBIX OHOTOMAaxX CpeaHss IVIOTHOCTh HACEIEHHS KO-
ne6nercs ot 0,5 1o 1,5 mapsr/10 ra. CpeaHsist ITIOTHOCTh HACEIICHHS BIXUPS T10 TOPOLY
cocrasuina 0,8 map / 10 ra. Haunbornee BbicOKast INIOTHOCTh HACETCHUS 3aPETHCTPHPO-
BaHa Ha Kiaaoumax (1,5 map/10 ra) u B neconapkax (1,1 mapei/10 ra). IInorHocTs Hace-
JICHUsI B O3CJICHEHHOM JKIJION 30HE ¢ MpeodiialaHueM S-3TaXKHBIX TOMOB JIOCTUTAET
0,9 map/10 ra. B uenom mioTHOCTh HaceneHust Baxupsi B I. Opiie 3HAYMTENbHO HIXKE B
CpaBHEHHMH ¢ OOJNBIIMHCTBOM Jpyrux ropomaoB EBpombl, a takke CeBepo-3amagHoit
Adpuku, 4TO CBsI3aHO C OOJiee ATUTEIbHON UCTOPHEH CYIIECTBOBAHUS TaM FOPOJCKUX
nonysinuii. Bce HalineHHble THe3Oa pa3MeIlainch Ha AEPEBbAX U KyCTapHHUKAaXx.
I'nesna, pacnonararomumecst Ha COOPY)KEHHSIX 4elIOBeKa, He oTMeueHbl. brarompusr-
HBIMHU YCIIOBHSIMHU JUISl TIOSIBJICHHS TOPOJICKOW MOMYJISILMK BAXUPS B T. Oplie SBISIOTCS
HM3Kasi YUCIIEHHOCTb CEPOil BOPOHBI, KOTOpast B IPYTMX €BPONCHCKUX TOpoJax orpa-
HUYMBACT I'HE3JI0BAHME BSXUPS, a TAKKE HAJIM4Me OOJBIIMX IUIONAJeH 3epHOBBIX
KYJIBTYP, OKPY)KQIOLIUX FOPOJ, I'/Ie NTULIBI ITOITYYaroT JONOIHUTEIbHYIO THILY.

KiroueBble ci10Ba: BAXUPb, NTHIBI TOPOAA, CHMHAHTPOIM3ALUs, THE3/I0BaHMUE,
IUIOTHOCTb HACEICHUS

Jnst uurupoBanus: JleikoB EJI., Ceupunos [.A. O ¢opmupoBaHHU TOPOACKOIL MMO-
nymsiimu Bsixupst (Columba palumbus L.) B r. Opne // Bectauk Tomckoro rocyaap-
CTBEHHOro yHuBepcurera. buonorms. 2024. Ne 66. C. 122-141. doi:
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On the formation of the urban population of the Woodpigeon
(Columba palumbus L.) in the city of Oryol
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Summary. To date, the Woodpigeon has formed specialized urban populations in
many European cities and towns. A steady trend towards synanthropization is also ob-
served for this species in some Russian urban areas. In the city of Oryol, no dedicated
studies of the local urban Woodpigeon population have been carried out until recently.
This paper aims to evaluate the status of the urban Woodpigeon population in Oryol.

The field observations were made in the city of Oryol (52°58' N, 36°05' E) located
in the Central Federal District of the Russian Federation and having an area of
121.2 km?, with a population of 303.7 thousand and distance from Moscow of 368 km.
The studies began in 2006, at the moment when the urban population of the Woodpi-
geon started to form within the Oryol administrative borders, and ended in 2021.
In June 2019 and July 2021, counts of singing individuals and nest search activities
were carried out in forest and recreational parks, squares, cemeteries, on specially se-
lected plots among individual houses, and in green residential areas with predominantly
five-storied apartment buildings. In total, 26 census plots with an aggregate area of
about 228.9 ha were surveyed. Associated observations were also made, including
Woodpigeon nest search in all administrative districts of the city. The degree of intro-
duction of the Woodpigeon into the Oryol urban landscapes was evaluated by the use
of five synanthropization stages (from 0 to 4).

The paper shows that the urban population of the Woodpigeon in Oryol, as it was
the case in other European urban areas, started from the birds which began to nest at
the urban periphery, in less transformed habitats, and is dated back to 2006. Afterwards
the birds were reported breeding in the built-up part of the city, including the city center,
with the first breeding case in the built-up part reported in 2016. The number of nests
found in the built-up part of the city grew in the following years. Now the birds nest
across the entire city, including its central part, where their nests are found both along
highways with intense traffic and in yards in residential areas with predominantly five-
storied apartment buildings. The species is registered as breeding in forest and recrea-
tional parks, cemeteries, among individual houses and in green residential areas. The
average population density in the said habitats ranges from 0.5 to 1.5 pairs/10 ha, with
the average for the entire city being 0.8 pairs/10 ha. The highest population density is
registered in cemeteries (1.5 pairs/10 ha) and forest parks (1.1 pairs/10 ha). The popu-
lation density in green residential areas with predominantly five-storied apartment
buildings is 0.9 pairs/10 ha (see Table I). In general, the Woodpigeon population in
Oryol is much smaller than in many other urban areas in Europe and in Northwest Af-
rica (see Table 2), which is attributed to the longer history of urban populations there.
All nests found were located on trees and bushes, with none found on man-made struc-
tures.

The high numbers of the Hooded Crow are among the factors hindering coloniza-
tion of urban habitats by the Woodpigeon in European cities and towns. At the same
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time, the Hooded Crow is an uncommon breeder in Oryol. The Magpie, another nest
predator, is a rather common breeder in the city: its breeding density was 2.2 nests/10
ha in green residential areas and 1.5 nests/10 ha among individual houses. Urban-breed-
ing Woodpigeon aggregations generally make long-distance foraging movements to
nearby farmlands where the birds obtain additional food. The agroclimatic conditions
of Orlovsky District, which surrounds the city, are characterized as the most attractive
for crop cultivation. Thus, the low numbers of the Hooded Crow and presence of large
areas occupied by grain crops around the city make up favorable conditions for the
establishment of an urban population of the Woodpigeon in Oryol.

The urban Woodpigeon population in Oryol is at the stage 3 — breeding in urban
parks in a high density and regular breeding in residential areas (on residential streets).
The population under study has not yet reached the synanthropization stage 4, when the
species breeds in a high density in urban parks and residential areas, with individual
pairs transitioning to breeding on man-made structures.

The article contains 2 Tables and 52 References.

Keywords: Woodpigeon, city birds, synanthropization, breeding, population density

For citation: Lykov EL, Sviridov DA. On the formation of the urban population of the
woodpigeon (Columba palumbus L.) in the city of Oryol. Vestnik Tomskogo gosudar-
stvennogo universiteta. Biologiya = Tomsk State University Journal of Biology.
2024;66:122-141. doi: 10.17223/19988591/66/6

BBenenne

PazpacTtanne ropomoB mpuBesno K KpaitHe (hparMeHTHPOBaHHOMY JIaHAIAPTY
C OCTPOBKaMU HOAXOJSAIIEH Cpeabl OOUTAHUS IS IITHII, OKPY>KEHHBIMH aBTOMa-
TUCTPAJIAMH U 3[aHUSAMHU. 3@ CUET ITUX YCIOBUM MPOUCXOAAT U3MEHEHUS OpHU-
To(hayHBI, PUYEM MHOTHE BBl IITAL] UCUE3AIOT ITOCTe YpOaHU3AINN PalioOHOB,
YTO IPUBOIUT K 3HAYUTEIBHON MOTepe MecTHOTr0 Oropa3Hoodpasus [1]. Bmecte
C TeM psiZ BUJOB ITHII KOJIOHH3UPOBAIN TOPOJCKYIO Cpey OOMTaHUS U CMOTIIH
TaM C(OPMHPOBATH CIIEIUAIM3UPOBAHHBIC TOPOJCKKME Tomynsnuu [1-6].
B uuncno Takux BuaoB Bxomut Bsaxupb (Columba palumbus L.), y xoroporo
HAYaJI0 3aceJICHUsI TOopolnoB 3aduKkcupoBaHo B EBpome (ropomckue mapku Ila-
prka) npubmusuTensHo B 1830-1840-x rT. [7].

Bsxupst ¢ yBepeHHOCTBIO MOKHO OXapaKTEpPH30BaTh KaK YIOOHBIA 00BEKT
W3Y4YE€HUsI CHHAHTPOIU3ALMH NTUL. DTOT BUJ ABJISETCA CAMBIM KPYIHBIM IPE.-
craButeneMm otrpsna [omybeoOpasHble, UMEET MIMPOKOE pacCIpOCTpaHEHUE B
FOKHOM U 3amannoi [laneapkTuke, 1erko oTMedaeTcs Kak BU3yallbHO, TaK U IO
ronocy [8] ¥ akTHBHO KOJIOHU3HUPYET EBPOIEHCKIE TOPOaa C MOMEHTA TTOsIBIIE-
HHSI TaM TIEPBBIX TOpOJCcKuX momyisiuid B XIX crometnn u mo Hacrosmiee
Bpemst [7—11].

Ha ceromusmaunit neas Bo MHOTHX ropogax Espomsr [7, 10, 12—17], a takxke
B CeBepo-3anaanoit A¢puke B 1. Ampkupe [18—19] BSXupb chopMupoBall Crieiu-
aIM3UPOBAHHBIE TOPOJICKUE TONYIISAIMH. YKa3aHHbIE OMYJIALUN OTIIMYAI0TCS OT
MPUPOIHBIX MOMYISAIUI PIIOM 0COOCHHOCTEH, HaIIpUMep, PACIIUPESHUEM CIEK-
Tpa THE3IOBBIX OMOTOIOB, OoJiee BBHICOKOH IJIOTHOCTBIO HACEIEHHS IO CpaBHE-
HUIO C IIPHPOIHBIMH OMOTOIIaMH, HCIIOIB30BAHUEM IIPH CTPOUTENBCTBE THE3]] Ma-
TEpUajoB AaHTPOIIOI€HHOT'O IIPOUCXOXKAECHUS, YUIMHEHUEM CE30HA Pa3MHOKEHUS,
TOJIEPAaHTHOCTHIO K uenoBeky [7, 10, 20-23].
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B oTaenbHBIX pOCCHUCKHIX TOPOJAX Y BIXUPS TAKKE OTMEYAETCS YCTONINBAS
TeHIeHNHA K cuHaHTporu3armu. ChopMUpOBaHHEIE TOPOICKHE TIOMYILIIIUH OT-
MeueHbl B Kamuaunarpazge [10, 22-24] u ropomax KamuHuHrpanackoi obimactu
(Ceemitoropck, bantmiick, CoBerck, UepHsaxoBck u ap.) [23, 25]. Kpome Toro,
TPYNIUPOBKA, HAXOMIIIHECS HAa HAYAIBHOM d3Tare (OpMHUPOBAHUS TOPOICKIX
OIS, 3aperucTpupoBansl B T. Tyie [26], T. Bobpose Boponexckoii o6ma-
ctu [27], r. BmagukaBkaze [28], r. KucnoBomncke CraBpomnonbckoro kpas [29]
psie Ipyrux TOpoJIoB.

J1o HacCTOSIIIEro BpeMEHH CIICIHAIbHEIC HCCICAOBAHNS B OTHOIICHIH TIOMY-
TSN BAXUPS, chopMupoBaBIeiics B T. Opie, He MPOBOIHIIICE.

Lenpio paOOTHI SIBUJIACH OIICHKA COCTOSHHS TOPOICKON HOMYIIANHN BIXUPS B
aJIMUHHUCTPaTUBHBIX rpaHunax r. Opra.

MarepuaJibl © METOABI

HUccnenoBanus nposeaeHs! B T. Opire, pacmonoxeHHoM B LleHTpaasHOM de-
nepanbHOM okpyre (52°58" N, 36°05’ E), xoTophlii SBJISACTCS aAMHHUCTPATHB-
HBIM, TPOMBIIIUICHHBIM, KyJIbTYPHBIM U HAYYHBIM HeHTpoM OpIIOBCKOI 00iacTH.
lopon ¢ mpueraromiMi MOCENEHISIMH COCTAaBIIIET CBOCOOPa3HYIO arjomepa-
U0, 3aHIMAIOIIYIO IICHTpaIbHOE MoJokeHre B OpioBcKoit obactu 1 B OpIiioB-
CKOM MyHHIIHIansHOM paifone. Teppurtopus r. Opna coctapiser 121,2 xm?, pac-
crosiaue 10 MockBel — 368 kM [30]. Ynco skuTenei mo cocrosamio Ha 1.01.2021
cocraBmio 303,7 teic. gemn. [31]. T'opox ocHoBaH B 1566 T. Ha MecTe CIUSHAS PEK
Oxa u Open (¢ konna XVIII 8. — Opnuk). KimuMaTt yMepeHHO KOHTHHEHTAIbHBIH.
Cpennsist emniepatypa ssaaps ——8...+10°C. Cpegnsist TeMiepaTypa caMoro Tem-
moro mecsima — utonst — +18...19°C. 3a rox BeImagaeT yMEpeHHOE KOJIUYECTBO
ocaskoB. CBoeoOpas3He CIIOKUBIIEHCS TUTAHUPOBOYHON CTPYKTYPBI, B OCHOBHOM,
00YCIIOBIICHO pa3BUTHEM ropoza BIoib pek Oka u OpiruK — OCHOBHBIX IUTAHHPO-
BOYHBIX U TAaHIIMA(PTHRIX TOMHHAHT.

B ropone Beieneno 4 agMuHUCTpaTUBHEIX paiioHa: CeBepHbliil, COBETCKUH,
JKeneznompopoxusiil 1 3aBoackoi. OCHOBY MPUPOTHO-IKOIOTHIECKOT0 KapKaca
r. Opna cocTaBmusioT o3eneHennbie Jonuabl pek Oxu u Opnuka. Tepputopust ro-
POACKHX TAapKOB, CKBEPOB, CaloB, OYJIbBapOB W HAOEPEKHBIX COCTABISICT
632,5 ra, 30Ha JIeconapkoB u ropojckux yecoB — 1 251,1 ra [30].

Habnromenns 3a BIXUpEM OCYIIECTBILUN, HAUMHAS C MOMEHTAa Hadana Qop-
MHPOBaHUS €ro ropojackoi monymsuu B . Oprne B 2006 r. u mo 2021 r. B utone
2019 1 2021 rr. mpoBOAMIN YYETHI TOKYIIUX IITHII, TIONCK THE3 B JIECOMApKaXx, map-
KaX, CKBepax, Ha KIAIOMIIAX, a TakKe Ha CIICNUAIFHO BBIICTICHHBIX IUIOMAKaX B
WHIUBUTYaJTbHOW 3aCTPOMKE 1 03eJICHEHHOM KUJION 30HE ¢ ITPpeo0IajaHueM S-3Tax-
HBIX JOMOB. Ha Ka)k/mo# ITomaKe yaeTsl MpOBOAMIIICE, KaK IIPABHIIO, OMHOKPATHO.
B kauecTBe MCKIIOUEHMS M1 WHAUBUIYaJIbHOH 3aCTPOHKH MCHONIB30BAHBI TAKKE
JTaHHEIe, ToTy4YeHHbIe B anpere 2019 r., koraa Ha OAHOW U3 TUIOMIAI0K OTMEYAIINCh
JIBa TOKYIOIIMX caMIla BAXUPs. UYHMCIIO THE3IAMMXCS Map Ha KaKIO0i YIETHON ITO-
MIaJKEe OMPEACIUIOCh IO YHCITY TEPPHTOPHATIBHBIX ITHI, TOKYIOIIMX CAMIIOB H
HaWICHHBIM >KIIIBIM THe3maM. [Iponeraroniye TpaH3UTHBIE ITALE HE OTMEYAITHCE.
Hannbie 3a 2019 u 2021 rr. ObU1H 00bEqMHEHBL.
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B o01miet cioyKHOCTH B TOPOJIE YUETHI TPOBEACHBI HA 26 YUSTHBIX TUTOMIaIKaxX
obrmred Turomaap okoo 228,9 ra. Takke OCYIIECTBIISIIUCH MOIMYTHBIE HAOIIO-
JCHUS, BKIIIOYAsl TIOMCK THE3]I BAXHAPS BO BCEX aJIMUHHUCTPATHBHBIX pailOHax To-
poxna.

Kpowme Toro, B ensix orieHKH BIHSTHUS MIPEICTABUTEIICH CEMEHCTBA BPAHOBBIX
Ha TOMyYJISIHIO BIxups B anpene 2019 1. mpoBeneHb! y4eTsl THE3/ CEPOi BOPOHBI
(Corvus cornix L.) n copoku (Pica pica L.) Ha TeX ke yYETHBIX IIIONIAJIKAX B
WHIUBUIYyaIbHONH 3aCTpOHKE M O3€JICHEHHOH JKWJIOH 30He ¢ TpeoliaaHueM
5-aTaxHBIX 1oMOB. OOIIas IIIOMaas YYETHBIX IUIOMAJ0K B YKa3aHHBIX MECTO-
oburanusx cocrasuia 106,4 ra.

CrenieHb BHEIPECHUS BAXHUPS B TOpoacKue TaHmmadTel . Oplia B HACTOSIICH
CTaThe OLICHUBAIIH, UCIIONB3YS IISATh CTAAWH CHHAHTPOIM3AIlNH, KOTOPbIE OBLIH
paspaborans JI. Tomsutoitem [7]:

cramus 0. [He3moBaHME B JiecaxX M poIiaxX BIAJH OT HACEICHHBIX ITYHKTOB;

cramus 1. [He3mOBaHWE OTHENBHBIX Iap B TOPOACKHX JIECHBIX MAacCHBaX, a
TakXke B epu(eprIeCKuX MapKax Ha OKpanHaX TOPOJIOB MK OOJiee MEJIKHIX Hace-
JICHHBIX ITyHKTOB;

cramus 2. ['He3moBaHME B TOPOACKUX MapKax ¢ 0oiiee BBICOKOM IIIOTHOCTBIO,
9YeM B IIPHPOAHBIX OHOTOMAX;

cramus 3. [He3m0BaHME B TOPOACKHX MapKaX ¢ BEICOKOH INTOTHOCTEIO, a TAKKE
PETYIIpHOE THE3IOBaHUE B XKUJIOH 30HE (Ha YIIUIAX);

cramus 4. [He3m0BaHME B TOPOACKHX MapKaX ¢ BEICOKOH INTOTHOCTEIO, a TAKKe
Ha yJIHIaX, B TOM YMCIE M B IEHTPAIBHON YacTH ropoja, cIydau YCTpOicTBa
THE3]] Ha COOPY>KEHHSIX JeIIOBEKa.

OOpaboTka TEPBHYHBIX JAHHBIX MPOW3BEIEHA C HCIOIB30BAHHEM IIPO-
rpammbr Stat Soft STATISTICA 6.0. /1)1 TUIOTHOCTH HaCENICHUS BIXUPS pacCcuu-
TaHbI CpejiHee 3HaueHHe U ommobka cpenHero (M + SE). CpaBHeHHE IIOTHOCTH
HACEJICHUS BIXHPS MEXKIY PAa3HBIMU OHOTOIIaMHU MPOBOAMIIN C TIOMOIIBIO HEMa-
pametprueckoro kputepus Kpackema—Y omnuca.

Pe3yabTarhl cciieo0BaHUS U 00CY:KIeHNE

O dopmuposanuu 2opoockoti nonyasiyuu eéaxupsi. Kak m OONBIIMHCTBO BIIOB
TITHII, 3aCEITIOIINX TOPOJCKYIO CPENY, BSIXUPH MPOHUKAET B KOXKIBIH OTACTBHBIH
TOpOI TOCTENECHHO, HaYMHAs KOJIOHM3AIMIO C €0 MaJOoTPaHC(HOPMUPOBAHHOM
OKpamHEI U [lajiee 3aceisisi Bce 0ojee TpaHC(hOpPMUPOBAHHBIC TEPPUTOPHH, TBUTA-
sSICh B CTOPOHY ypOaHH3UpOBaHHOTO IeHTpa [12, 15, 24 u np.]. 'opox Open B 3TOM
IUTaHe He ABJICTCS NCKITIOYCHHEM. B ropoie mepBbie BCTpEUn ¢ NTUIIAMH, BKITIO-
Yasi TOKYIOIIMX CaMIIOB, Ha4aJIl PErHCTpUpoBaThcs HaumHas ¢ 2006 r. B mepude-
pHUYECKHX YacTsX Topofa, B ToM uncie Ha Hayropckom xranoumie, 3HaMEeHCKOM
Jecomapke, Ha TEeppUTOPUH ATpoOMOCTAHIINH, B CaJOBOMICCKOM OOIIECCTBE B
okpecTHOCTIX o3epa CBernas JKus3nb. [lepBrrii pakt rHe3MOBaHUS BSIXUPS B 3a-
CTpOEHHOH "acTu roponaa patupyetcst 2016 r. — Ha mepecedennn ynun MaTBeeBa
u raaToBa HaiiieHO cTposiimeecs THEe30, KOTOPOE pa3MeIanoch Ha KIEHe sce-
HENMCTHOM (Acer negundo) psaoM ¢ Ipoekeil 4acThi0 TOPOTH Ha BBICOTE IIPH-
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MEpHO 6 M HaJl TOBEPXHOCTBIO 3eMii. IIpi aTOM, HECMOTpsI Ha OIHU30CTh K JKH-
JBIM IOMaM U OKHBJIICHHOMY YYaCTKYy aBTOZOPOTH, THE3IOBOE IEPEBO pacIoia-
rajloch Ha y9acTKe, Te JIIOAN MepeMeIanuch KpaifHe peiKo M3-3a OTCYTCTBHUS
TpoTyapa. B mocneyromrie rogbl rHE3a, pacloIararomiecs B 3aCTpOCHHOH Ya-
CTH TOPOJIa, OTMEYAIIUCH PErYIIPHO. VX YMCITO ¢ KasKABIM TOIOM POCIIO.

[lo maHHBIM IUTEpaTypEl, B X0A€ (GOPMUPOBAHUS TOPOICKAs MOMYJISIIAS BS-
XHpPsI OIAPOKO PACIPOCTPAHACTCS MO TEPPUTOPUU TOPOIA, BKIIOYAS €ro IeH-
TpanpHy!0 4actb. Hanpumep, B JIonnone, bproccene, bepnune, 1lnuze, OnopeH-
UM OH MMEET TOCTATOYHO IIHPOKOE PacpocTpaHEHHE 110 TEPPUTOPUHU TOPOIOB,
rae3mick B 100, 99, 91, 88 u 84% xBagpatoB coorBercTBeHHO [13, 14, 21, 32—
33]. B Kanununrpazae Baxups 3acenset 66,5% kBaapatos [10].

B nacrosmee Bpemst B T. Opiie BIXHPh THE3IUTCS HA TEPPUTOPHUU BCETO TO-
poxa, ero THe3a BCTPEYAIOTCsI B TOM YHCIIE U B IICHTPAIILHON YaCTH Tropofa Kak
BJIOJIb OKHBJICHHBIX aBTOAOPOT, TAK U BO ABOPAX JKWJIOH 30HBI C IIPeodiafaHueM
5-3TakHBIX JIoMOB. B 2021 T. B IeHTpe TOpoa BHE Meproia THE3I0BaHUS B 0€3-
JICTBEHHBIN IIEPHOJ HAa yIacTKE OT MOcTa y p. OpJHK 10 31aHUS MPAaBUTEIHCTBA
HAfICHO TpH THe3la, KOTOPHIC paCIONaralinch Ha MPUIOPOXKHBIX JIHIAX
(Tilia sp.) Ha BBICOTE OKOJIO 5 M HaJ[ 3eMJICH.

Ilnomuocmo Hacenenusi 6axupsi 8 pa3iUdHbIX 20POOCKUX OUOMONAX 20pood.
Bsixups B 1. Opiie oTMedeH Ha THE3I0BAHWHU B IIHPOKOM CIEKTpe OHOTONOB — B
Jecorapke, mapkax, Ha KjiaI0uIie, B *HANBUIyaIbHON 3aCTPOHKE U 03eJICHEHHOM
JKHUJIOH 30HE ¢ MpeobIaaHueM S-3TaXHBIX JIOMOB. B ckBepax B mepuoj HaoIo-
JCHUH Ha YYETHBIX IUTOMIaKaX OTMEUYCH He OBLIL

B unccnemyempix OmoTomax CpemHss IJIOTHOCTH HACEJCHUs BAXUpS Koieba-
nack ot 0,5 no 1,5 mape1/10 ra. HauGoiree BbICOKas MIOTHOCTh HACENICHHS 3ape-
rucTpupoBana Ha kmamoumax (1,5 + 1,7 maper/10 ra) u B necomapkax (1,1 +
0,8 mape1/10 Ta). Ho BMecTe ¢ TeM IIOTHOCTh HACEJICHHS B O3CJICHEHHOW KIITOH
30HE C peoliaaHueM S-3TaXKHBIX TOMOB OKa3ajach HEe3HAUNTEILHO HUKE, 9eM
B JIeconapkax M Ha kiaaoumax, nocturas 0,9 + 0,4 mape1/10 ra. CpenHss mior-
HOCTb HaceJIeHHsI BIXUpS 1o ropony cocraBmia 0,8 + 0,2 mapel/10 ra (Tabm. 1).

[IpoBeneHHBIN CTATUCTHYECKUI aHAN3 CPAaBHEHMS IUIOTHOCTH HACEICHUS Bs-
XHpPs. MEXKITy TpeMsI OMOToraMu (JIecomapK, MapK W 03eJIeHeHHAas JKIIast 30Ha C Ipe-
o0NamaHreM S5-3TaXKHBIX IOMOB) C HCTIONB30BaHUEM Kputeprs Kpackema—Y omrca
MOKa3aJl OTCYTCTBHE cTaTucTHUeckuX pasnuuuid (H = 0,22; df =2; p=0,898).

CaezmeHus 1O 3HAYCHHSM IUIOTHOCTH HACENEHUS BSXHPS B MPUPOIHBIX Jiec-
HBIX MecTooOuTaHusx OploBCKoi obmacTa oTcyTcTBYIOT. HoO, cyms mo Bcemy,
IUTIOTHOCTDh HACEJICHUsI BSXHPS B HalMOHANbHOM mapke «OpioBckoe [lomecke»
HIDKE, 9eM B TOPOACKHX MecTtooOmTaHusx r. Opna. B HarmoHampHOM mapke B
1998 1. OTMEUYEHBI OTHENBHBIE 0COOM, B TOM YHCIIE TOKYIONIHE Ha THE3JI0BBIX
yuactkax camisl; B 1999 r. Haiineno omHo xxwmioe Te3no [34]. B Boporexckoit
obactu B XpeHoBcKoM 00py B 2010 T. ITOTHOCTH HACEICHHSI BIXHPS COCTAaBUIIA
1 mapy/xkm?, B 2011 1. — 2 mapsr/km? [35].

Cpasnenue n1omHocmu HaceaeHus ¢ opyeumu 20podamu. B IenoM mioTHOCTh
HaceJIeHus BIXups B T. Oplie 3HAYNTETHHO HIDKE B CPABHEHHUH C OOJIBITHHCTBOM
nIpyrux ropoaoB EBporbl, a Takke Cepepo-3anamHord Adpuku. bonee Bricokas
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IUTOTHOCTH HACEJICHUS BSXHPS B MHBIX TOPOJIaX CBs3aHa ¢ Ooliee INTETBHOM HC-
TOpHEH CyIIECTBOBAHUS TaM TOPOACKUX MONy siiuid. [Ipu 7ToM B OT/IENBHBIX TO-
ponax Kammaunrpanckor oonactu (I'Bapneiick, JJo6poBoinbck, [Tpumopck, ban-
THHCK), mapke JlazeHku u paiionax Pakorie u BexOHo B T. Bapiiase u mapke ne
na KonomOpep B T. J[MkOH IJIOTHOCTH HACENEHUS BIXUPS COIMOCTaBHMA C ILIOT-
HOCThIO B T. Oprre.

Ta6nuna 1 [Table 1]

I[InoTHoCTH Hacenenusi Baxups (Columba palumbus L.)
HA YYeTHBIX ILIOaAKax B . OpJie
[Population density in the Woodpigeon (Columba palumbus L.) at census plots in the city of Oryol]

Yucnen- [Tnomanpe | IlnorHOCTH
Mecro pacnonoKeHHst  |HOCTh, YMCIIO| YYETHOH | HaceneHwus,
o buoron Y4ETHOH IUIOIAKK nap Iom@anky, | nap/10 ra
- [Biotope] [The location [Numbers, ra [Population
of the census plot] number [Census plot density,
of pairs] area, ha] pairs/10 ha]
Jlecomapk IIpokypoBckuii
L [Forest p]zrk Pfoku}rlgvskiy] 2 7.7 2,6
[Tapk KynbTYypbL
2 u otabixa «boranukay» 0 20.1 0
[park of culture and recreation ’
| |Jecomapk Botanikal]
[Forest park] [Napk «/IBopsHcKoe
rue3aoy», napk [lodempt
3 (0OBbeuHEeHHAs TEPPUTO- 6 440 1.4
pusi) [Dvoryanskoe Nest park, ’ ’
Pobedy Park (combined
territory)]
Cpennsist woTHocTh HaceneHns M + SE [Average population density M + SE] 1,1 +0,8
I'oponckoii mapk KymnbTypbl
4 u otabixa [City park 1 13,0 0,8
| of culture and recreation]
[apk arpapaoro
5 |ITapk yYHUBEpCUTETA 1 21,5 0,5
| |[Park] [Agricultural university park]
6 Haplf CemuHapcKuit 1 3.6 2.8
] [Seminarsky park]
7 CKBQp I'ypreeBa* 0 32 0
[Gurtiev square*]
Cpennsist woTHocTh HaceneHns M + SE [Average population density M + SE] 0,7+ 0,6
] Tpowunkoe kiaadwuiie 0 7,6 0
Knanbume [Troitskoe Cemetery]
9 [Cemetery] Kpecrurenbckoe knanduiie 2 6,0 3,3
[Krestitel'skoe Cemetery]
Cpennsist moTHocTh HaceneHns M + SE [Average population density M + SE] 1,5+ 1,7
yn. Conparckasi, yi. Y puu-
Wnpusunyans-  |koro, yi. ConHIEBCKas,
10 |nas 3acrpoiika |y Yepenmunas [st. Soldat- 2 11,3 1.8
[Individual houses] skaya, st. Uritskogo, st.
Solntsevskaya, st. Cherepichnayal]
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lodnaya, st. Peskovskaya,
st. Mayakovskogo,
st. Normandiya-Neman]

Yucen- IMnomwans | InoTHOCTH
MecTo pacnonoXeHust  |HOCTb, YMCIO| YYETHOH | HaceneHus,
N buoron Y4ETHOH IUIOIAKH nap miomaaxky, | map/10 ra
- [Biotope] [The location [Numbers, ra [Population
of the census plot] number [Census plot density,
of pairs] area, ha] pairs/10 ha]
ya. JocroeBckoro, Bonro-
rpajckuii mepeynok, yi. Ka-
11 JIMHMHA, Y. AHIpeeBa 0 14,0 0
[st. Dostoevskogo, lane Vol-
gogradskiy, st. Kalinina,
L st. Andreeva]
ya. KonxoszHast, mpoesn
[opca, yn. Yanaesa,
12 ya. YatikuHoi, yn. Konxos- 0 16,2 0
Hai [st. Kolkhoznaya, Passage
Shchorsa, st. Chapaeva, st.
Chaykinoy, st. Kolkhoznaya]
Cpennsist moTHocTh HaceneHns M + SE [Average population density M + SE] 0,5+0,6
CkBep y 00nacTHoit 610-
13 JIMOTEKH [Square near the re- 0 1,5 0
L gional library]
14 Komcomonbckuii ckBep 0 43 0
| [Komsomolsky square]
Ckaep Tankucros
i [Tanin)StOV square] 0 1,1 0
16 TpamBaiinslii ckBep 0 0.8 0
| [Tramvaynyy square]
17 |Cxep (Il)mls_ip [onukapnosa 0 1.0 0
- [Square] [Polikarpova square]
18 Ckaep Epmornoa 0 12 0
| [Ermolova square]
19 Ckaep JleckoBa 1.3
L [Leskova square]
120 | CkBep CembH [Sem'i square] 1,2
21 CKB@p ApTHnnepHCTOB 0 0.9 0
L [Artilleristov square]
Ckaep ['epoeB I'paxnan-
22 CKOM BOMHBI [Geroev 0 1,0 0
grazhdanskoy voyny square]
Cpennsist woTHocTh HaceneHns M + SE [Average population density M + SE] 0
yn. Komcomonbckas,
ya1. Jlateimckux CTpenkos,
Komcomonbckuii nepeyioxk,
23 OsenexenHast Kapauesckuii nepeynok 1 8,9 1,1
JKuiast 30Ha ¢ [st. Komsomol'skaya,
npeobinaganuem |st. Latyshskikh Strelkov,
5-3Ta%HbIX lane Komsomol'skiy, lane
| |nomos Karachevskiy]
[Green residential |y1. MOIIPa, yi. Xonoznuas,
areas with predom- |yi1. ITeckoBckas, yn. Mas-
inantly 5-store KOBCKoOro, ya. Hopmanus-
24 |housing blocks] Heman [st. MOPRa, st. Kho- 0 17,2 0
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Yucnen- [Tnomane | ITnorHOCTH

MecTo pacnonoXeHust  |HOCTb, YMCIO| YYETHOH | HaceneHus,

N buoron Y4YETHOH IUIOIAAKU nap IIoI@aaky, | nap/10 ra

- [Biotope] [The location [Numbers, ra [Population
of the census plot] number [Census plot density,

of pairs] area, ha] pairs/10 ha]

yin. Komcomonbckas,

ya. MOIIPa, yn. JlaTbm-
ckux Crpenkos, Komco-
25 MOJIbCKUH MEPEYIOK [st. 2 9,9 2,0
Komsomol'skaya, st. MOPRa,
st. Latyshskikh Strelkov, lane
Komsomol'skiy]

yi. Komcomonbckas,

26 Kapaqucxoe' mocce 1 10,2 1,0
[st. Komsomol'skaya,
Karachevskoe highway]
Cpennsist wioTHocTh HaceneHns M + SE [Average population density M + SE] 0,9+0,4

Tpumeuanue. * — ¢ y4eTOM IUIOIIAAM M CTPYKTYPBI 3eJICHbIX HacakaeHud cksep ['ypTbeBa

YCIIOBHO OTHECEH K IapKaM.
[Note. *Taking into account the area and the structure of green spaces, Gurtiev Square is conventionally
classified as a park].

Ta6auna 2 [Table 2]
I[InoTHOCTH HacesneHusi B apeaJie Baxups (Columba palumbus L.)

B F'OPOACKUX MeCTOOOHTAHUSIX
[Population density in the Woodpigeon (Columba palumbus L.) range in urban habitats]

ILnoTHOCTB Hacese-
I'oner mpoBene-

o T'opon (crpana) U5 VUCTOB nust, map/10 ra Hcrounuk
- [City (country)] [ Coug:lyears] [Population density, [Source]
pairs/10 ha]

1 Open (Poccus) 2019. 2021 0.3 CoOcTBeHHbIE
[Biotope] ? > JaHHbIE
Kanununrpazg (Poccust

2 |iaanp (Ru(ssia)] ) 2008-2010 2228 [24]
l'opona Kanununrpan-
ckoit obnactu (Poccus): 8,0-10,0
Caetmnoropck, CoBeTck
[Svetlogorsk, Sovetsk]

Hewman, ITnonepckuit,
Barparnonosck,
Sutapssiii, MaMOHOBO 4,0-6,0

[Neman, Pionerskiy,
Bagrationovsk, Yantarny,
3 Mamonovo] 2011 [25]
3eneHorpaack, JloHckoe,
[onecck, I'yces, Hecre-
poB, Jlagymkun, CnaBck 2739
[Zelenogradsk, Donskoye, T
Polessk, Gusev, Nesterov,
Ladushkin, Slavsk]
UepnsixoBck, CBETNbIH,
I'ypreBck, [IpaBaunck 2.0-2.3
[Chernyakhovsk, Svetly, T
Guryevsk, Pravdinsk]
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T'opon (cTpana)

I'oner mpoBene-

IlnoTHOCTB Hacese-
nust, map/10 ra

Hcrounuk

Ne i HHS YYETOB . .
[City (country)] [Population density, [Source]
[Count years] pairs/10 ha]
I'Bapnetick, J]oOpOBOIBCK,
[Ipumopck, banruiick 0.9-1.8
[Gvardeysk, Dobrovolsk, Pri- 7
morsk, Baltiysk]
Jlernuue (Ilonpma): 1966 20
napk LleHTpanbHelii (ueH- 1967 68.6
”[ILI?aJ]bHaZ[PH?CT(; ropo;:[a) 1972 65:7 [36]
egnice (Poland):
4 |Central Park (central part of %882 gg’g
the city)] ’
2004 28,4
KnanGuue 2005 26,4 371
[Cemetery] 2006 33 ’ 2
Bporyias (Ilonbma):
napk Luraumkmii .
[Wroclaw (Poland): 2009-2010 10,7 [38]
Schitnitsky park]
IMapk Croarikuit 1970-1973 61,8
[park Slovatskiy] 20082010 11,8
[Napx buckynuubckuit
5 [Biskupinskiy park] 2011 4,6
[onynueBsii mapk 2013 220
[Poludnevyy park] > [39]
Boranuueckwuii can
[Botanical Garden] 2013 10.8
Oco0oBHIIKOE KIaa0HuIIIe 2008 53
[Osobovitskoe cemetery] ?
Lentp ropona 2016 4.6
[City center] ’
JTro6mun (TTosba):
napk «Caz Cackuii» -
[Lublin (Poland): 1988-1990 37
Park “Garden Sasky”]
[Napk JIronoBsl
[Ludova park] 1982-1984 1,2
[Tapk Axapemuueckuit
[Academic park] 1988-1990 6,1
[Napx BpoHoBHUIIKHX 1987-1990 30
[Bronovitsky park] >
Boranuueckwuii can
6 |[Botanical Garden] 1989-1991 6,3 [40]
Knan6ume na yi. JIunosa | | ges 194 20
[cemetery on st. Lipova] >
Kran6umie
Ha yi1. YHHUIKOW 1987-1989 2,1
[Cemetery on st. Unitskaya]
Krnan6ume Maiinanex
[Majdanek cemetery] 19881990 3.2
Kran6umie
Ha yn. KanuHoBmun3Ha 1988-1990 37

[Cemetery
on st. Kalinovshchizna]
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Tomst mposee- [InotHOCTH Hacene-
o T'opon (crpana) nust, map/10 ra Hcrouynux
[ - HUSl y4ETOB . .
[City (country)] [Count years] [Population density, [Source]
pairs/10 ha]
Teppuropus, 3acaxxeHHast
nepeBbsimu (Uexyes) 1989-1991 6,7
[Forested area (Chekhuev)]
Cnynck (ITonpra): 1974-1977 9.4
MIPUTOPOJHBIE TAPKH .
[Slupsk (Poland): igggiggg g’é
7 [suburban parks] ’ [20]
1974-1977 2,0
T'oponckue napxn 19851989 21,6
[City parks] 1990-1997 52.4
Bapmaga (ITonpia):
napk JlazeHku Komnerng 0.8
[Warsaw (Poland): 1980-x rr. ’
Lazienki park]
Paiions PakoBue, Bex6Ho Konen 0.15%
[Districts Rakovce, Vezhbno] 1980-x rT. ’
g |Knanbunie-massonei [41]
CoOBETCKUX BOMHOB 2000 5. 6%
[Cemetery-mausoleum ’
of Soviet soldiers]
VYcannba Ha
yi1. JlomOpoBcKoro 2000 4.5%
[Homestead at ’
st. Dombrovsky]
Jwxon (Opanims):
napk CriopTUBHBIN
9 [Din)on (FraIx)lce): 1980-1984 1.6 [42]
park Sports]
IMapk e 1a KomomObe
[Pa}*)k de la Colombiére] P 1980 0.8
10 |JIonnon (Benukobputa-
Husl): napk KeHcuHrron-
CKHE CaJibl 1974 10 [43]
[London (Great Britain):
Kensington Gardens park]
ITapk Cent-/Ixeiimc
[St.pJames ParIk[] 1974 40
11 |Amxup (Amxup):
MapK HAI[MOHAIBbHOMN BBIC-
IIEH IIIKOJIBI arpoOHOMHUHU 2008 57 [19]
[Algeria (Algeria):
park of the National High
School of Agronomy]

Tpumeuanue. * — B ICTOYHHKE IUIOTHOCTH HACEJIEHHSI IPUBOAMTCS Ha 1 kM2,
[Note. * Population density in the source is given per 1 km?].

Kak nokazaHo Ha nmpuMepe IpyTrux TOpoNIOB, B TEUCHHE BPEMEHHU B XOJI¢ CTa-
HOBJICHUS TOPOJICKOW TOMYJISAIUU TUIOTHOCTh HACEJICHHS BIXHUPS, KaK MPaBHIIO,
pacter [7, 19, 20, 24 u np.]. Yka3aHHBIE TaHHBIE MOTYT CBHJICTEIHCTBOBATH O
TOM, YTO B OJIMKAMIIE TOMBI MOYKHO OXKHJATh YBEIMUYCHHE TUIOTHOCTH Hacele-
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Hus Baxups B T. Opie. Ho manee mocie 3HAYUTEIBHOTO POCTA ITIOTHOCT TOPOJI-
CKOM MOMYJISIUA BUJA MOXKET CHMKAThCS [36, 39]. [IpnunHON CHIKEHUS TUIOT-
HOCTH HACEIICHHS BSIXUPS SIBIISCTCS TOSBICHUE U / FUTH YBEINICHUE YHCIIA TITHIT
ceMeiicTBa BPaHOBBIX, B OCOOCHHOCTH CEPOil BOPOHBI / YSPHOM BOPOHBI, KOTOPBIC
SIBJISIFOTCST OCHOBHBIMY THe3A0BbIMU xummHuKamu [20, 43—47]. Beicokas uncien-
HOCTh cepoid BopoHbI JI. Tomsoiitiem [44] oTHeceHa K (pakTopaM, 3aTpyIHSIO-
MM KOJIOHH3ALHUIO BIXUPEM TOPOICKON CPEIIBL.

B r. Oprne, mo HamuM NaHHBIM, cepas BOPOHA SIBIISETCS MAJOYHCICHHBIM
THE3IUMCS BHIOM. Ha y9eTHBIX IIIomankax B O3€ICHEHHOW JKIIIOW 30HE
THE3[Ja yKa3aHHOTO BUJAa HAMH OTMEUYCHBI He OBLIM, B WHAWBUAYaJbHOH 3a-
CTpOMKE 3aperuCTPHUPOBAHO JHIIHL ONHO THE3NO (IUJIOTHOCTh THE3TOBAHHUS
0,2 rae3aa/10 ra). Cepast BOpoHa B TOpOJie B HEOOIBIIIOM YUCIIC THE3IUTCS B TO-
pOoACKHX Jeconapkax. Jpyroi BHI BPaHOBBIX — COPOKa, KOTOPAsI TAKXKE SBIICTCS
THE3J0BBIM XHIIIHUKOM, B TOPOJE JOBOJHHO OOBIYHA Ha THE3IOBAHMH, Ha YUETHBIX
IUIOIIA/IKaX €€ TUIOTHOCTh THE3MOBAHUS B O3ENICHEHHOW JKWIION 30HE COCTABHIIA
2,2 THe3na/10 ra, B MHIMBHAYalIbHOM 3acTpoiike — 1,5 rHe3na/10 ra.

Mecma pasmewenus eneszo. Hatinennsie THe3ma Bsxupst B T. Opie pa3Mmernia-
JICH Ha Pa3MUYHBIX BHIAX IPEBECHO-KYCTAPHHUKOBBIX PACTEHUIl: JIMITE, TOMONE
(Populus sp.), KIIeHE sICEHEIMCTHOM, psiOnHE 0OBIKHOBEHHOM (Sorbus aucuparia),
yepemyxe OOBIKHOBEHHOUH (Prunus padus), sonone (Malus sp.), rpyme (Pyrus
sp.), e 0OBIKHOBEHHOH (Picea abies), cocHe 0OBIKHOBEHHOU (Pinus sylvestris),
muctBennute (Larix sp.), tye (Thuja sp.). HaiinenHsle THe31a pa3Meniainch Ha
BoicoTe OT 4 10 10 M oT moBepxHOCTH 3emur. [ He3/a Ha MOCTPOMKAaX YeIOBEKa
HaiiieHsl He ObuTH. BMecTe ¢ TeM B Ipyrux ropojaax, rie TOPOACKUE MOMYIISITHH
BAXHPS UMEIOT OoJiee NIUTENbHYI0 UCTOPHIO (POPMUPOBAHMS, THE3/1a BCTpeUa-
IOTCSI HE TONBKO Ha NIEPEBBSIX U KyCTapHUKAX, HO TAKXKE M Ha COOPYKCHHUSX Ue-
noBexa [7, 10, 21-23, 48].

Kopmosvie nepemewenus nmuy na cenbckoxossiicmeennvie y2oows. Js
TPYIIHPOBOK BSIXHPSL, THE3MAMINAXCS B TOPOIAX, XapaKTePHBI JaJIbHAE KOPMOBBIE
MepeMeIIeHus] Ha OKPECTHBIE CENbCKOXO03IHCTBEHHBIC YTOAbS, TJ¢ ITUIIBI MOTY-
YafOT TOMOTHUTENBHYIO ITHATTY TOMAMO KOpMa, KOTOPEIH OHH COOMPAIOT B CAMOM
ropoze [7, 19, 37, 49]. 'ne3asiuuecst ocoOU CITOCOOHBI K PETryJIIPHBIM KOPMOBBIM
TepeMeIIeHUsM Ha paccTosSHUM 110 15 kM u Gonee [7]. Ha cenbckoxo3siicTBEH-
HBIX YTOIBSIX IITHIIBI KOPMSTCS B OCHOBHOM 3€pHAMH M MOJIOABIMH ITOOETaMH 3ep-
HOBBIX, BKITt04as miueHumy (Triticum sp.), poxsb (Secale cereale), Kykypy3y (Zea
mays), parc (Brassica napus), Topox (Pisum sp.) [7, 49-51].

TI"opox Opert co Beex CTOpOH okpyskaeT OpioBcKuii paiion miomaso 1700,3 kv?,
TJIe, TI0 BCEH BUIMIMOCTH, KOPMSITCS BSIXHPH, THE3[LIIIHECS B TOPOE. ATpOKITNMAaTH-
geckre ycrmoBusi OpIIOBCKOTO paiioHa XapaKTepH3YIOTCS Kak HawmOoJee MpUBIIeKa-
TEeNbHBIE [UTS BBIPAIIMBAHUS CEMBCKOXO3SMCTBEHHBIX KYIbTyp. I1o cocTostHmIo Ha
1.01.2017 r. 3epHOBBIE TaM 3aHUMaM 75% TIOCEBHBIX IUIOMIAJICH, OCTATHLHYIO
JIOJTFO — KOPMOBBIE KYJIBTYPBI, KapToeb, TEXHHIESCKHE KYJIBTYPBI B OBOITH [52].

B 3anazgHoii yacTu ropona (Haa KBapTaJioM MHUKpopaiioHa «3apedeHCKHIN)
PETYIISIPHO OTMEYAIINCh KOPMOBEIC TIEPENIETH U, BUIUMO, IIEPEJICTHl Ha BOIOIIOM
OIMHOYHBIX IITHI] ¥ TPYIII J0 4—6 0COOCH B FOT0-3aI1aJHOM | 3aI1aTHOM Harpas-
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neHusx Ha BeicoTe mpumepHo 40—50 M oT moBepxHOCTH 3eMiu. Kpome Toro, Kop-
MSIIIHECS ITUIB HeJacTo HaOMI0AAI0TCS Ha ra30oHax ropoga. [lo raHHBIM HEKo-
TOPBIX aBTOPOB, HA Ta30HAX MTHIBI TUTAIOTCS TPABOH, IOYKAMH U JIUCTBIMH Ky-
CTapHHUKOB, ceMeHamu [50].

l'opoxn Open HaxoaWTCs B IIOAOPOAHON 30HE HA FOTE cpeaner momockl Poc-
cun. Kak momaraer JI. Tomsuoiir [7], pacnonoxeHHe ropofa B JOIHHE PEKU
Cpeau TUIOJOPOIHBIX MOYB, TpaHC(HOpMALIHs OKPYKAIOMIEro ropox Tanamadra B
00JIeceHHBIE TEPPUTOPUH C Pa3BUTHIM CEIBCKHM XO3SHCTBOM B BHIIE 00pabaThI-
BaeMBIX MOJIEBBIX YTOANH OTHOCSITCS K OJHOMY H3 YCIOBHH, CIIOCOOCTBYIOIIEMY
(hOPMHUPOBAHHIO YCTOHYNBON TOPOACKOH MOIMYJIISIINA BIXUPSI.

Hnvie ocobennocmu copoockoti nonynayuu. B r. Opie ITHAIBI COBEPIIAIOT TO-
KOBBIC TTOJICTHI HAJ| OKUBJICHHBIMH YIHIIAMH M TBOPAMU, IUIS TPHCA] HEPEAKO
HCIOJB3YIOT IPOBOJIA, POHAPHBIC CTOIOBI U AHTCHHBI.

B ropoze cymecTByer kak MUHUMYM OIHO MECTO MacCOBOH HOYEBKH BSIXH-
peit, koTopoe pacronaraercs B mapke [loGensl, rae cKamInBaeTcst mopsaKa He-
CKOJIBKMX JIECATKOB IITHII, OTHAKO TTOCIIE PEKOHCTPYKIMH napka B 2021 r. cymie-
CTBOBaHME HOUEBKU HE IMOATBEPAMIOCE. KpoMe Toro, Oonee MenKue KOJUIEKTHB-
HBIE MECTa HOYCBOK BSIXHpsI 0OHapy>XEHBI B IMTOPOCIH BOKPYT o3epa Becenoro B
[EHTpe TOpona, a TAKXKE B €IX y aIMUHHUCTPAIlH 3aBOICKOTO paiioHa, B IIO-
POCIH UB BAOIH XeJIe3Hoi noporu Open — BpstHCK ¢ TBUTBHON CTOPOHBI TOPrOBO-
pa3BiieKkaTeIbHOr0 KoMIniekca «Meral pura» B 3aBOICKOM paiioHEe.

Ucnons3ys paspabdorannsie JI. Tomsutoiniem [7] cTaiuyi CHHAHTPOITH3AIIHH,
TOPOJICKYIO TIOMYIISIITUIO BAXHPS B T. Opiie YCIIOBHO MOXXHO OTHECTH K 3-1 CcTainn
CHHAHTPOIHU3AIMH — THE3JIOBAaHHUE B TOPOICKUX MapKaX ¢ BHICOKOH ITOTHOCTEIO,
a TaKkXKe perysipHOe THE3MOBaHME B JKIUION 30HE (Ha ynumax). Mccnemxyemas mo-
IyJIIIAS TIOKA ellle He JOCTUTIIA TToceqHeld, 4-if cTaiuy CHHAHTPOIIH3aLiH, KO-
TZIa BUJ THE3IUTCS C BEICOKOH IJIOTHOCTBIO B TOPOACKUX MApKax, a TAKKE B JKH-
JIOH 30HE M OTJENIbHBIC Taphl HAUMHAIOT Pa3MeIaTh THe31a Ha COOPYKEHUIX e-
JIOBEKa.

3akioueHne

[IpoBeneHHbIe HCClIeOBaHUS CBUAETENBCTBYIOT O HAIU4UUH B I. Opiie ropos-
CKOW TOMYJISINUN BAXUPSA, HAXOQAMIEHCA Ha OJHOM U3 3aKIIOYUTEIbHBIX CTaIul
cuHaHTponu3auuu. [ITUIBI THE3AATCA HE TOJBKO B Jecomapkax U Hapkax, HO
TAKKE€ KOJTOHU3UPYIOT HHAUBUAYAJIBHYIO 3aCTPOMKY, IBOPHI 03€TI€HEHHOU KIIION
30HBI ¥ MIPUJIOPOKHBIE 3€JIEHbIE HAacaXIeHUsI B CAMOM LIEHTpe ropoja. Bsaxups,
KaK U B IpyTUX ropojax, e NpocieXeHa UCTOPHS MOSBICHUS TOPOJICKUX MOITY-
TSui, ocBamBal T. Opelt MoCTeeHHO, HauHasl THE3JUTHCS B MAIOTPAHC(OPMHU-
POBaHHBIX MECTOOOMTAHHSX (JiecomapKax), 3aCeJIB B UTOTe BEICOKOYPOaHU3HPO-
BaHHBIA 1IEHTp ropoxa. IIpu 3ToM B Hacrosiiee BpeMsl IUIOTHOCTh HACEIEHUS
BHJa B HCCIENyeMBIX TpaHCc(HOopMHpPOBaHHEIX OmoTomax r. Opla 3HAYUTENHEHO
ycTymaer apyruM ropojam 3anaaaod u llentpansnoit EBpornst u CeBepro-3a-
nagHoi AQpPUKH, UTO CBA3aHO ¢ HEOOIBIIOH T TENEHOCTHIO CYIIECTBOBAHMUS T'O-
POACKOW MOMYALUHN BAXUPS B UccieayeMoM ropoze. B r. Opre 1o cux nop He
OTMEYEHBI THE3/1a, paclojararolecs Ha COOPYKEHUAX YeloBeKa.
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K OmaronpusSTHBEIM YCIOBHSM MOSBICHUS TOPOICKOH MOITYJISIHA BSXHUPS B

r. Opie MOXKHO OTHECTH HU3KYIO YUCIIEHHOCTh CEpON BOPOHBI, a TAKXKE HaJIUYUe
3HAYUTENbHBIX TUIOWAJEH 3€pHOBBIX KYJIbTYP, OKPYXAIOIIKUX FOPOJ, A€ NTHLBI
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Abstract. The study aims to analyze the dynamics of the Eurasian lynx in the moun-
tain taiga, and to search for the factors affecting the numbers of this predator. The study
was conducted in the Southern Urals (Russia) from 2008 to 2019. The dynamics of lynx
and its main prey numbers Capreolus pygargus, Lepus timidus and L. europaeus,
Tetrao urogallus and Bonasa bonasia is based on the data obtained during the complex
winter census (CWC). Annual CWCs were performed in Chelyabinsk Oblast with total
area of 23.445.5 km2 The hypotheses on the influence of snow depth on the number of
lynx and the relationship between the dynamics of the predator and prey abundances
were tested using regression method. The relationship between the number of lynx and
snow depth were obtained using Spearman's coefficient. The number of lynxes varied
from 51 to 281 individuals, population density - from 0.09 lynx/100 km? to
0.48 lynx/100 km?. The lowest abundances were recorded in 2013 and 2016. In the
winters of 2013 and 2016, the snow depth was 2.0-2.5 times greater than on average for
long-term observations. However, no significant decrease in the number of the Siberian
roe deer was observed in these years, while the number of lynxes decreased by 2 times
compared to the previous years. No significant correlation was found between the abun-
dance of lynxes and the Siberian roe deer, r = 0.25 + 0.3. A negative relationship was
found between the amount of precipitation and the winter number of lynxes
(r=-0.717 £0.22; p <0.05). The amount of snow cover in the Southern Ural Mountains
is an important factor affecting the distribution of ungulates. The snow depth may de-
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AnHoTrauus. Llenbio uMccneqoBaHMS SIBIACTCS aHANIU3 JMHAMMKY YHCICHHOCTH
PBICH B TOPHOI Taiire ¥ MoucK (hakropoB, BIMSIONIMX HA YUCICHHOCTb 3TOr0 XHUIIIHUKA.
HUccnenoBanue npoBoaunock Ha FOxxnom Ypane (Poceus) B 20082019 rr. /lunamuka
YUCIIEHHOCTH PBICH U €¢ OCHOBHBIX xepTB — Capreolus pygargus, Lepus timidus n
L. europaeus, Tetrao urogallus v Bonasa bonasia — 0CHOBaHa Ha JaHHBIX, IIOTy4€HHBIX
B xoz1e komIuiekcHoro 3umHero yueta (K3VY). Exeronusie K3V npoBogunucek B Yens-
OuHCKOH 06macTy Ha obuieii wiomanu 23 445,5 km?. TUNOTe3bl O BIMAHUM IIyOUHBI
CHEra Ha YHMCJIEHHOCTh PHICH M B3aMMOCBS3U MEXKy AMHAMUKOM YUCICHHOCTH XHII-
HUKa U XKePTB ObLIN MPOBEPEHBI C HCIIOIb30BAHUEM METO/Ia IMHEHHOM perpeccuu. B3a-
HMMOCBSI3b MEX/y YHCICHHOCTBIO PHICH U TNIyOMHOM CHera Oblia BRISICHEHA C UCIOJb-
30BaHHeM KOd(duiireHTa paHrooii koppessinuu Criupmena. UnCIeHHOCTh PhICH Ba-
pbupoBana or 51 g0 281 ocobu, wioTHocTh momyisuun — o 0,09 peick/100 kM? 10
0,48 ppicu/100 km?. HaumeHbluas 4ucieHHOCTh ObLia 3adukcupoBaHa B 2013 u
2016 rr. 3umoii 2013 1 2016 rogoB TONIIKMHA CHEXHOro OKpoBa Obuia B 2,0-2,5 pasa
GoJiblile, 4YeM B CpeIHEM 32 MHOroJIeTHHE HaOroaeHus. OJIHAKO CYIECTBEHHOTO CHU-
KEHHUS YUCICHHOCTH CUOMPCKON KOCYIIM B 3TH TOZIbI HE Ha0JII01a10Ch, B TO BpeMs Kak
YUCIIEHHOCTh PHICH COKpAaTWJIach B 2 pas3a 10 CPABHEHMIO C MPEbIAYLIIUMU TOAAMHU.
He 6b110 00HAPY)KEHO 3HAUMMO KOPPEIILIMU MEXK/Yy YUCICHHOCTHIO PHICH U CHOHP-
ckoit kocynu, r = 0,25 £ 0,3. OrpunaresnbHas 3aBUCUMOCTb ObLIa OOHAPYKEHA MEXKITY
KOJIMYECTBOM OCAJKOB M 3UMHEW YMCIEHHOCTHIO phicu (r = -0,717 £ 0,22; p < 0,05).
KomnudecTBo cHexHOro mokposa B ropax FOxHoro Ypana siBisieTcst BaxKHbIM (PaKTo-
POM, BIHMSIOIIMM Ha pacIpe/ieNieHHe KOMBITHBIX JKMBOTHBIX. [7IyOMHa cHera Moxer
OIpEeENIATh MPUCYTCTBUE PHICH KaK HEMOCPEICTBEHHO, TAaK U 110 U3MEHEHHUIO YUCIICH-
HOCTH €€ OCHOBHO# JOOBIYH.

KuroueBble ciioBa: Lynx lynx, TMHaAMHMKA YHCIEHHOCTH, IIIyOMHA CHEXHOIO IO-
KpOBa, B3aMOOTHOIIICHUS XUIIHUKA U 5KepTBbl, FOxHbIH ¥Ypan
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Hol peructparmu 01201165313.
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Introduction

Estimation of animal population density is a key step in providing sound con-
servation and management strategies for wildlife [1]. Eurasian lynx Lynx lynx
(L 1758) (here in after: lynx and Eurasian lynx) is a widespread Palaearctic forest
species inhabiting different natural zones. The abundance of lynx is believed to
be closely related to that of its main prey [2-3].

The highest population density of the Eurasian lynx in Europe is due to a high
proportion of roe deer in its diet, and its population density is lower if it feeds on
hares and tetraonids [4]. The number of predators is often closely related to the
abundance of their prey, therefore, in order to understand the peculiarities of lynx
dynamics, it is necessary to consider features of spatial placement of prey and its
abundance.

Eurasian lynx is versatile in prey selection [4]. Over 30 different species have
been recorded as the prey of the Eurasian lynx [5]; its diet varies significantly in
different regions [6, 4]. The European roe deer Capreolus capreolus (L 1758) is
the preferred prey for lynx in Norway, Sweden, Estonia, Latvia, Poland, Switzer-
land [7-8], Slovenia, Croatia [9], the Czech Republic [10], and countries of the
Balkan region [11]. In the northern and lowland taiga regions, lagomorphs and
Tetraonids form the basis of the lynx diet [11, 12-15]. When the main prey is
lacking, the Eurasian lynx hunts for rodents and birds. It has been reported that
rodents make up < 1% of the biomass consumed by the lynx [5, 14]; the lynx
hunts for rodents relatively rarely throughout its range [6]. However, in the north-
ern Dinaric Mountains of Croatia and Slovenia, dormouse Glis glis (L 1766) is an
alternative prey for lynx, which may constitute 7% of the total ration [9]. On the
Putorana Plateau, the occurrence of the northern pika Ochotona hyperborean (Pal-
las 1811) in the feces of the lynx exceeds that of the mountain hare, while willow
ptarmigan Lagopus lagopus (L 1758) is the most frequent part of the diet [15].
In the northern Far East, the average annual share of small mammals (lemmings,
mice, voles, etc.) may reach 25% [3].

The diet of the lynx in the [lmen State Nature Reserve is known from 343 sam-
ples of lynx feces collected in different types of mountain taiga. There, the main
prey for the lynx are the hares and birds (mainly black grouse), ungulates (mainly
the Siberian roe deer Capreolus pygargus (Pallas 1771), and small mammals. The
other remains namely, squirrel, muskrat Ondatra zibethicus (L 1766), and European
hamster Cricetus cricetus (L 1758), moose Alces alces (L 1758) were rarely found
in the feces of the lynx [16]. In another area of the Southern Ural (the Bashkirsky
Nature Reserve) in the feces (n = 64) of the lynx, the remains of hares accounted
for 72% Tetraonids 12% ungulates 12% (including red deer) [17]. Therefore, the
lynx's diet was similar in different areas of the Southern Urals, the most important
prey for the lynx were hares, ungulates, birds (Tetraonids), and small mammals —
an important feed for yearling Eurasian lynxes.

In recent decades, the abundance of lynx and its prey in Russia has been esti-
mated based on direct counts of animals or their tracks [4]. There are few data
obtained as a result of long-term tracking [15], radio telemetry techniques [18] or
using camera traps, and they are fragmentary.
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The purpose of our study is to analyze the abundance and dynamics of the lynx
population in the mountain taiga of the Southern Urals and search for factors af-
fecting the numbers of this predator, compare the dynamics of the lynx population
and its main prey, and test the hypothesis about the effect of snow depth on the
number of lynxes.

Material and methods

Study area. Chelyabinsk Oblast belongs to the Southern Urals; it is located in the
center of the Eurasian continent, its area is 87.9 thousand km?; the length from north
to south is about 490 km (from 51°57" N to 56°22" N), from west to east, about
400 km (from 57°05E to 63°25°E). The region borders the Republic of Bashkorto-
stan and Sverdlovsk Oblast. Ilmen State Nature Reserve is located on the eastern mac-
roslope of the southern Ural Mountains, its area is 303.8 km2. The southern border of
the forest zone and the northern border of the steppe zone, both adjoined by the forest-
steppe zone, pass through Chelyabinsk Oblast. More than three-quarters of Chelya-
binsk Oblast is located in the forest-steppe and steppe zones of Trans-Urals, the rest
of the territory is covered by mountain taiga (Fig. 1). The Southern Ural Mountains
are a system of meridional ridges of various heights from 400-600 to 1000-1400 m
above sea level, separated by wide intermontane depressions. Despite the low altitude,
the Southern Ural is an important climatic boundary dividing the region into climatic
zones of varying degrees of continentality. The climate is cool and humid; the tem-
perature regime largely depends on the land relief. Permanent snow cover forms from
October 25 to November 5 and lasts until the end of April, in some years, until mid-
May. The snow depth is uneven; it reaches 1.5-2.0 m on the northern slopes, in the
ravines and valleys, but only a few centimeters in the upper part of the southern slopes
and on the ridges.

Deep snow is the main reason for pronounced seasonal migration of ungulates
in mountainous areas. In autumn, the Siberian roe deer move from eastwards and
northeastwards of the ridge to the [lmen Mountains, some of them go further east
and southeast into the forest-steppe, reaching Kazakhstan. A moose migration dis-
tance is about 250 km [19-21].

The diversity of the relief determines the great diversity of microclimatic pa-
rameters of the environment and significant meteorological differences even be-
tween the territories slightly distant from each other.

The dynamics of lynx and its main prey (Siberian roe deer, hares, and Tetraon-
ids) numbers are based on the data obtained during the complex winter census
(CWC) (which is called Winter Route Census in Russia). The latter consists of a
registration of tracks on the snow cover (and following the daily track in order to
obtain a conversion factor, so that the trace index can be then converted into the
number of individuals using Formozov-Malyshev-Perelishin (FMP) formula [22];
the formula based on the Buffon's needle problem). For many decades in Russia,
CWC in areas with stable snow cover in winter has been the main type of regis-
tration of game animals. These data are used to assess the population density of
each species; when recalculated for the habitat of each species, the absolute num-
ber of most species of game animals in certain area is determined. The CWC is
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held annually throughout Russia in accordance with the "Methodological Guide-
lines for the Implementation of State Monitoring of Hunting Resources and Their
Habitat by the Method of Winter Route Census" [23]. On the territory of Chelya-
binsk Oblast, accounting is carried out on 1100-1200 routes [24].

The CWC is held within two days. On the first day of counting, the tracks of
animals are wiped out along the survey route, which allows determining the next
day fresh tracks left within 20-28 hours after the wiping out. At the same time, the
length of the daily trace of at least five lynx individuals is found on this territory
and the average value is used to calculate population density according to the FMP
formula [23]. As practice has shown, this coefficient varies little over the years in
lynx. The regional conversion factor for lynx in Chelyabinsk Oblast is 1.0.

Counting of game birds during the CWC is carried out simultaneously with
that of the mammals’ tracks, but the seen birds are counted on a 50 m wide transect
(25 m apart from the route left and right). Bird counting on the route is carried out
twice, on the day of wiping out the tracks and on the day after. The average num-
ber of birds of each species per 10 km of the route is determined (the "counting
rate"). The population density of birds of each species is determined (individuals
per 1000 ha, or per 10 km?). The snow depth is measured several times in each
category of landscape.

forest-steppe zone
mountain taiga
steppe zone

island forests

ACNE

0 75 km
| I —

Fig. 1. Study area:
Z+ - The Ilmen State Nature Reserve; 1-3 - the number of a pair of neighboring
game husbandries of Chelyabinsk Oblast and the Republic of Bashkortostan
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In many regions, ungulates move to areas with a lower depth of snow during
snowy winters and are followed by predators [3, 21]. Therefore, we have collected
the CWC data on the number of lynx in Chelyabinsk Oblast and in the Republic
of Bashkortostan (Table 1) and in the three districts of the Republic of Bashkor-
tostan [25] adjacent to Chelyabinsk Oblast in 2014-2019 (Fig. 1; Table 2). We
compared the data on the lynx population in these and neighboring game husband-
ries of Chelyabinsk Oblast: Beloretskoe and Katav-Ivanovskoe (53°44°-54°89" N,
57°657-59°93" E), Uchalinskoe and Miasskoe (54°03°-55°38" N, 59°09°-60°42" E),
Salavatskoe and Katavskoe (54°31°-55°24" N, 58°64°-58°33" E). Uchalinskoe
and Salavatskoe game husbandries are located in the forest-steppe landscape, the
rest in the taiga (Table 2). The territories of Beloretskoe and Katav-Ivanovskoe
game husbandries are mountainous, with highly rugged terrain resulting in great
landscape diversity and, thus, a very uneven distribution of snow cover in winter.
The second pair of game husbandries, Uchalinskoe and Miasskoe, adjoin each
other, but they are located in different natural zones. Uchalinskoe game husbandry
is located in the forest-steppe zone, whereas Miasskoe in the mountain taiga. Sala-
vatskoe and Katavskoe game husbandries are also united geographically, but there
are few mountainous areas in the Salavat District, mainly the northern forest-
steppe there; Katavskoe game husbandry is located in the remote mountain taiga.

In our study, we consider changes in the number of lynx and its main prey: two
species of hares Lepus timidus and L. europaeus in total, hereinafter — hares (two spe-
cies were combined as their tracks are not distinguishable with certainty according to
the CWC; although it is known that L. timidus is common in the mountain taiga, while
L. europaeus is rare), the Siberian roe deer, the western capercaillie Tetrao urogallus
(L 1758), and hazel grouse Bonasa bonasia (L 1758). The numbers are based on the
annual CWC in 13 game husbandries, five game reserves, two national parks, and one
nature reserve in Chelyabinsk Oblast, which altogether covered an area of 23445.5
km? for the period from 2008 to 2019. Data on the lynx CWC counted in the Ilmen
State Nature Reserve (54°48° N, 58°53" E) in 2017 and 2019, and expel (run) animals’
method [16] in 1975, 1976, and 1983 are given based on the annual Reserve Chroni-
cles of the Nature. The CWC-based data on the number of lynx in the Republic of
Bashkortostan (Table 1) are provided by the Ministry of Nature Management and
Ecology of the Republic of Bashkortostan [25, 26]. Freely available meteorological
data are provided by the Chelyabinsk Center for Hydrometeorology and Environmen-
tal Monitoring [27].

The hypotheses on the influence of snow depth on the number of lynx and the
relationship between the dynamics of the predator and prey abundances were
tested using the linear regression method. The monthly average data on the
amount of precipitation for December-March was set as a predictor. Statistical
analyses were carried out using StatSoft Statistica 12.0 and Microsoft Excel 2016.
Arithmetic means (m), standard deviation (SD), and minimum/maximum (limits)
were calculated. Statistical significance was set at p < 0.05. The Mann-Whitney
test was used to assess the differences between the number of lynx from different
types of landscape and the relationship between the number of lynx and snow
depth was established using Spearman's rank correlation coefficient.
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Table 1
The abundance of Eurasian lynx Lynx [ynx in Chelyabinsk Oblast
and the Republic of Bashkortostan in 2008-2019
Abundance of lynx, individuals | Snow depth (cm)
o Island forests The Republic | . .
Mountain taiga, . in the mountain
Year . in the forest-steppe and of Bashkorto- | . .
Chelyabinsk . taiga, Chelyabinsk
Oblast steppe zone, stan (entire Oblast
Chelyabinsk Oblast area)
2008 159 22 no data 85
2009 104 44 no data 90
2010 165 16 no data 76
2011 152 46 145 85
2012 122 67 160 70
2013 51 31 235 157
2014 132 29 291 61
2015 153 23 no data 90
2016 84 23 232 137
2017 173 37 301 68
2018 264 37 419 93
2019 281 75 381 65
Table 2
The abundance of lynx in neighboring game husbandries
of Chelyabinsk Oblast and the Republic of Bashkortostan
The number of Years
a pair of neigh- | Name of game 2014 | 2015 [ 2016 |2017[2018]2019
. Landscape
boring game husbandry o
. Abundance of lynx, individuals
husbandries
Beloretskoe* . 31 9 43 33 | 54 | 34
1 Katav- Mountain
taiga 5 16 14 30 | 34 | 30
Ivanovskoe
Uchalinskoe | Forest-steppe| 11 6 6 4 6 2
2 Miasskoe | Mountain |55 |33 4| 41 | 39 | 42
taiga
Salavatskoe | Forest-steppe| 8 4 19 26 | 23 19
3 Katavskoe | MU | o5 | oy3 | 65 |0 [ 6 | 7
taiga

Note. * The game husbandries located on the territory of the Republic of Bashkortostan are
highlighted in bold.

Results and discussion

In 2008-2019, the number of lynxes in Chelyabinsk Oblast varied from 51 to
281 individuals, population density: from 0.09 lynx/100 km? to
0.48 lynx/100 km?, three minimums and three peaks of the abundance were noted.
The lowest abundance was recorded in 2013 and 2016 (Fig. 2, A).

In the entire observation period, the largest amount of snow falls in December-
March of 2013 and 2016 (Table 1). A negative significant relationship between
precipitation and lynx abundance has been found (r = -0.717 £ 0.22; p < 0.05)
(Fig. 2, B). The depth of snow has a negative impact on the number of hares, but
it is insignificant at the level of significance (r =-0.19 = 0.3; p > 0.05).
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Since 2010, the number of hares in the mountain taiga declined gradually. In
2013 and 2016, the number of hares decreased by 1.4-1.5 times compared to 2012
and 2015 (Fig. 2, C). The strong decrease of 2009-2011 did not coincide with
particularly snowy winters but winter temperatures were as low as -35°C and
-40°C, and the summer was dry. When considering the relationship between the
number of lynx and hares, data for 2013 and 2016 were excluded from the analy-
sis, because in these years the winter seasons were characterized by an abnormally
high level of snow cover which could have a significant impact on the number of
both these species and their relationships. A negative, but insignificant relation-
ship between the numbers of lynx and hares has been found (r = -0.587 £ 0.3)
(Fig. 2, D).
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Fig. 2. The dynamics of abundances of lynx Lynx Iynx, hare Lepus timidus and L. europaeus,
and the Siberian roe deer Capreolus pygargus in Chelyabinsk Oblast mountain taiga in
2008-2019 and their interrelations: A - the lynx abundance dynamics; B - the dependence
of lynx abundance on the amount of snowfall in December-March 2008-2019; C - the hare
abundance dynamics; D - the dependence of lynx abundance on hare abundance (excluding
the years of 2013 and 2016); E - the Siberian roe deer abundance dynamics;
F - the dependence of lynx abundance on the Siberian roe deer abundance

The number of the Siberian roe deer was the lowest at the beginning of the
study period; it slightly increased by 2010. In 2011-2013, the number of this spe-
cies did not change significantly, but the maximum was observed in 2014. After
a decline in 2015, the number remained at the same level for three years; in 2018,
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it increased again. No significant correlation was found between the abundance
of lynx and the Siberian roe deer, r = 0.25 + 0.3 (Fig. 2, E).

In the snowy winter of 2013, the number of Western capercaillie decreased by
2.3 times compared to 2012 (Fig. 3, A), while the number of hazel grouse de-
creased by 1.8 times (Fig. 3, B).

We analyzed the CWC data for 2014-2019 on the depth of snow cover and the
number of lynx in Chelyabinsk Oblast and the Republic of Bashkortostan (Table 1).
To identify possible movements of predators, we conducted an analysis of the number
of game husbandries located nearby, but differing in landscape features (Fig. 1; Ta-
ble 2). Analysis of changes in the number of lynx on the territories of neighboring
game husbandries with landscape differences over the period from 2014 to 2019
showed that in each of the neighboring husbandries there were interannual changes in
the number lynx (Table 2). In some years, the number of lynx in certain game hus-
bandries could decrease, in others it could increase in the same year; in some years it
could remain constant. For example, 65 lynxes were registered in the Katavskoe game
husbandry (mountain taiga) in 2016; the following year not a single individual was
registered, but in the adjacent Salavatskoye game husbandry (forest-steppe), the num-
ber of lynxes increased (Table 2). In Miasskoe game husbandry (mountain taiga), the
number of lynx is usually higher than in Uchalinskoe game husbandry (forest-steppe),
but in 2016, the opposite phenomenon was observed (Table 2). In game husbandries
located in different types of mountain taiga (Beloretskoe and Katav-Ivanovskoe), in-
terannual changes in the number of lynx were also observed, the differences are sta-
tistically significant for game husbandries Uchalinskoe and Beloretskoe (p = 0.02),
and Uchalinskoe and Miasskoe (p = 0.03).

The territories of Beloretskoe and Katav-Ivanovskoe game husbandries are
mountainous, with highly rugged terrain. This results in landscape diversity and
the mosaic of the environment parameters and, consequently, to a very uneven
distribution of snow cover in winter and more places with suitable conditions for
feeding ungulates and lynxes. We believe that the landscape features allow the
lynx to move to areas with more suitable conditions in unfavorable seasons.

Undoubtedly, the predator movements take place not only between these game hus-
bandries, as there are other areas nearby. Therefore, if we take into account the abun-
dance of lynxes in administrative territories, then sharp "declines" and "rises" in num-
bers are obvious. In fact, they are most likely associated with predator movements, when
lynxes either follow migrating ungulates or seek more optimal conditions, especially in
snowy winters. Meteorological factors in 2013 and 2016 were characterized by sharp
contrasts during the seasons. In the winter of 2013 and 2016 there were severe frosts
down to -36°C and -45°C, the snow depth was 2.0-2.5 times greater than on average for
a long-term observation period (Table 1). There was a sharp decline in the number of
hares, western capercaillies, and hazel grouses. However, no significant decrease in the
number of the Siberian roe deer was observed in these years, while the number of lynx
decreased by 2 times compared to previous years.

Due to the weather features of the winter seasons of 2013 and 2016 and the large
depth of snow, the predators seem to have left Chelyabinsk Oblast and migrated to
the western slopes of the Ural Mountains, i.e. to the territory of the Republic of Bash-
kortostan, where the number of lynx increased significantly at that time (Table 1).
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Fig. 3. The dynamics of abundance (ind. - individuals) of the western capercaillie
Tetrao urogallus (A) and hazel grouse Bonasa bonasia (B) in the mountain taiga
in 2008-2019

In Chelyabinsk Oblast, 75% of the lynx population inhabits the mountain taiga
[24]. According to the survey results in the Ilmen Nature Reserve, the population
density of lynx in the winter of 1973-1974 was 2.5 lynx/100 km?, in the winter of
1974-1975 — 3.5 lynx/100 km?, in February 1983 — 1.0 lynx/100 km? [26].

For 12 years (2008-2019), the population density of lynxes varied from
0.09 lynx/100 km? to 0.48 lynx/100 km?. This is two and ten times lower than the
population density obtained by the same method in the same area in 1983, and
seven and thirty-five times lower than the population density obtained by the
method of absolute population accounting (run method) in this area in 1974-1975.
The population densities in Chelyabinsk Oblast are lower or approximately the same
for those obtained for different areas in Western Europe: 0.58 + 0.13 lynx/100 km? in
the Stiavnica Mountains, and 0.81 £ 0.29 lynx/100 km? in Vel’ka Fatra National
Park in Slovakia (by camera-trapping surveys) [28-29]; 0.4 individuals/100 km?
from camera trapping data or 0.9 individuals/100 km? from telemetry data within
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the Bavarian Forest National Park [30], and between 0.24 and 0.91 lynx/100 km?
from camera trapping data in the French Jura and Vosges mountains [31].

In the Ilmen Nature Reserve, the population density of lynx in 1970s and 1983
was from 3.5 lynx/100 km? to 1.0 lynx/100 km? [26]. In nature reserves, the pop-
ulation number of predators is usually higher than in hunting areas [4, 32]. In
addition, in the 1970s and 1980s, there was an increase in the population of lynx
on the territory of former USSR after the abolition of its unlimited production as
an animal harmful to hunting farms. At that time, lynx population densities ranged
from 1-2 to 5-8 lynx/100 km? in Karelia, 3.2-4.0 in the Vyatka-Kama Region, 0.5-
2.0 in the Yenisei Region of Siberia, 0.1-4.0 in the Sayan Mountains, 2.0-6.0 in
the Tien Shan Mountains in Kazakhstan, 2.0-4.0/lynx/100 km? in the south of
Amur Oblast [4].

The Russian Federation has large hunting territories and a service for protec-
tion and accounting of game animals. Experts of the service periodically publish
reports on different species of animals. Therefore, in their opinion, over the past
30 years (since early 1990s), there has been a steady decline in the number of lynx
in Russia [33].

In 2017, the number of lynx slightly increased from 30.1 to 30.9 thousand in-
dividuals [34]. It is impossible to assess the trends in dynamics unambiguously
due to the vastness and diversity of the territory inhabited by the lynx. It is also
difficult to identify the limiting ecological factors.

The Ural Mountains is inhabited by L. lynx (L 1758) [28]. In the Middle Urals
bordering with Chelyabinsk Oblast and Bashkiria on the south, the mountain hare
is the main food item for the lynx [34], its share in the lynx diet varies from 30% to
35.1%; however, in the southern part of this region, the share of the Siberian roe
deer increases significantly, up to 21% of frequency of occurrence [13, 34]. For
these flat areas, Malafeev, Mikheeva [35] found that the population cycles of the
lynx and mountain hare are closely linked. In different parts of the Ural Mountains,
populations of the Eurasian lynx and hare (Lepus sp.) may be closely related.

In recent decades, the number of the European (brown) hare and mountain hare
has decreased significantly in different regions of Russia [36] as well as, for ex-
ample, in Fennoscandia [37]. In 2015-2017, the total number of hares in the game
husbandries of Chelyabinsk Oblast reached an absolute minimum over the past
30 years; the hunting of these animals in some game husbandries was banned for
one to three years [24]. The population of mountain hare continues to decline in
Chelyabinsk Oblast. The reasons for this decline in numbers have not been estab-
lished. During this period of low hare numbers, a negative significant relationship
between the number of lynx and hares was obtained (r =-0.587 £+ 0.3). Obviously,
when the number of hares is very low, the lynx switches to preying on ungulates.

For any predator, the abundance of prey is one of the priority factors. A stable
and high number of prey allows the predator to maintain a high level of its own
numbers. In the Southern Urals, the number of roe deer is stable and quite high,
and even with very low number of hares, the number of lynx is maintained at a
high level. There is no significant correlation between the number of lynx and
Siberian roe deer (r = 0.25+ 0.3), it is likely that the interannual fluctuations in the
number of lynx are not due to nutritional factors.
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One of these factors may be an increase in the number of wolves. It is known
that the lynx disappeared in eastern Slovakia after the number of wolves increased
after the Second World War [28]. Over the past ten years, the number of wolves
in the entire territory of the Southern Urals has increased by three to four times
[24]. With such a large number, wolves can influence the lynx population both
directly and through competition for food, but there is no data on the number of
wolves in the mountain taiga to assess this influence.

A deep and loose snow cover can significantly reduce the success of hunting.
In snowy winters, lynxes often die of exhaustion, go hunting to poultry farms, and
hunt domestic dogs and cats [4]. Snowy winters constrain the animals to find areas
characterized by lesser snow depth and more food [38-39]. Snow forces ungulates
to move to less snowy places and lynxes move behind them. A negative signifi-
cant relationship between precipitation in December-March and lynx abundance
(r=-0.717 £ 0.22; p < 0.05) (Fig. 2, B) confirms the hypothesis on the influence
of snow on the lynx population.

Weather events can cause reduction in the number of preys. A thick ice crust
can cork grouse birds (Poddubnaya, unpublished data) in the snow and close the
access of predators to forest rodents; an ice crust wounds ungulates and lynxes.
The inclement weather, usual in the beginning of winter, a sharp change in air
temperature, and alternation of heavy snowfalls and rain may completely suppress
the activity of the lynx for up to three days [40]. The continuous repetition of such
phenomena, up to several times during the winter, may be accompanied by a high
mortality of young animals in different carnivorous species. Rainy cold spring and
extremely dry hot summer can also reduce the number of prey and predator pop-
ulations. The weather in 2013 and 2016 was characterized by sharp contrasts
throughout all seasons. The summer of 2016 was extremely hot and dry, being the
most extreme (since 1864) for the entire period of instrumental observations on
the territory of Chelyabinsk Oblast. Most rivers had a reduced water level (20-
60% of the norm), small rivers dried up completely [27]. The number of forest
rodents, for example, in the [lmen Nature Reserve, dropped to a multi-year mini-
mum [41]. Summer heat and drought could have a negative impact on the lynx
during the rearing period. First of all, due to the lack of important food for cubs —
small mammals and birds, and possibly due to the lack of water to drink during
the period when 2.5-3-month-old cubs left the family shelter and started moving
around the territory with their mother.

Cold and wet weather can contribute to high mortality of cubs at their early
age [7]. Cubs have not yet established homeostatic body functions, which leads
to easy overcooling or overheating (dehydration), as is known for other mammals
[32]. Small mammals are primarily exposed to direct adverse effects of meteoro-
logical factors and since small mammals absolutely dominate in the diet of young
lynxes up to 1.5 years of age [3], their low availability may cause low survival of
young predators. Thus, a rainy cold spring and extremely dry hot summer can
have a negative effect on the number of Iynx both directly and through prey.

The number of animals can be significantly affected by intensive hunting. In
five different regions of Scandinavia, poaching accounted for 46% of adult lynx
mortality, but legal hunting also significantly reduces population growth [42].
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Could hunting have influenced the abundance of lynx in Chelyabinsk Oblast in
2008-2018 and interfere with the identification of natural population dynamics?
Lynx hunting in Chelyabinsk Oblast is allowed, the size of the possible lynx catch
varies as 3 to 10% of the population. The catch limit for specific game husbandries
is set at no more than 10% of the species population in each of them. In 2014-
2016, the annual limit of lynx catch in Chelyabinsk Oblast was set to 2.8-5.2% of
the abundance, which were not fewer than 7 and not more than 25 individuals. In
2015, no more than 60% of the established limit was harvested; in 2016, it was
0% of the established lynx catch limit. No facts of illegal hunting (poaching) of
lynx were revealed during the period under review [24]. Therefore, legal hunting
and poaching could not be the reasons for the sharp drop in the number of lynx in
Chelyabinsk Oblast in 2008-2018, and especially in 2016. The population de-
clines of 2013 and 2016 were not caused by an anthropogenic factor.

Conclusions

Therefore, in the Southern Urals, the lynx has no shortage of fodder. Unlike
other regions of Europe, where the number of lynx depends on the population of
ungulates, the Siberian roe deer ensures the sustainability of the lynx population
in the Southern Urals, and apparently reduces the amplitude of long-term popula-
tion dynamics. Anthropogenic factors are insignificant; the number of lynx, in our
opinion, is regulated by a complex of natural factors, among which the level of
snow in winter in the mountains directly or indirectly affecting the placement of
lynx during the population census in January-February.
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Du3u0JI0rHYecKre MOKa3aTe/J i paBHo3y0oii 0ypo3yoku
(Sorex isodon, Eulipotyphla) npu Henmpoao/zKuTEIbHOM
npedbLIBAHUM B X0JI0IHOM BojI€e

Cepreii Buktopouu Kuceses'
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AnHoranus. Pusznonoruyeckue MoKazaTeNd JOOBITHIX B €CTECTBEHHOH cpene
MEJIKMX MJIEKOIUTAIONIMX MCTIONB3YFOTCS JUISl OLCHKH YCIIOBUI MX OOUTAHMUS, aHATIHM3a
BJIMSIHYA HA IOIMYJISILMHA BCEBOSMOMKHBIX (DaKTOPOB, BBISBICHUS MEXaHU3MOB ajanTa-
L(MH )KMBOTHBIX K 3TUM (haKTOpaM U B IIPOYMX LessaX. [Ipy 3TOM J1s OTJIOBA JKMBOTHBIX,
B 0COOCHHOCTH Oyp03yOOK, 3a4acTyr0 MPUMEHSIOT JIOBYIIKH-KOHYCHI ¢ BoJoM. Temrie-
parypa BOZBI B TAKHX JIOBYILIKAX XapaKTEPH3yeTCs JOBOJIBHO HU3KHMMH 3HAYCHUSMHU.
Jlaxce OTHOCHUTENBHO KPaTKOBPEMEHHOE IIPeObIBaHME KUBOTHBIX B XOJIOAHO BOJIE MO-
XKET IPUBECTH K U3MEHEHHUIO MX (PU3UOJIOTMYECKHUX ITapaMETPOB, YTO HEOOXOIUMO YUH-
ThIBaTh. Llenblo TaHHOTrO McClleIoBaHUs Oblila SKCIIEPUMEHTANIbHAS OLEHKA TaKUX W3-
MeHeHH# y 0ypo3y0Ook Ha npumepe Sorex isodon. HenponomxkurenbHoe npeObiBaHue B
xononHo# (4,5-9°C) Boze mpuBeNo K Pe3KOMY MaJeHUI0 KOHIEHTPALUH TIIUKOTeHa B
[IEYEHH, YBEJIMUECHHIO YPOBHS IIFOKO3bI B KPOBH, M3MEHEHHIO MACChl JKMPOBOM TKaHU
U HEKOTOPBIX OPraHOB XHBOTHBIX. [loNydeHHBIE pe3yabTaThl, IOMUMO IIPOYETo, IPo-
SICHSIIOT HEKOTOpPbIe OCOOCHHOCTH (PH3HMOTIOTHYECKON peakiun Oypo3yOoK Ha ocTpoe
XOJIOIOBOE BO3JEHCTBHE. B 4acTHOCTH, CHIKEHHE MACChl UX KHUPOBOM TKaHU IPH XO-
JIOIOBOM CTpecce ObLIO CPAaBHUTEIBHO ObICTPBIM. BbICOKasi HHTEHCHBHOCTbD )KUPOBOI'O
oOMeHa, Cyls O BCeMy, SIBISICTCS Ba)KHOW ajamnrtarmeil Oypo3yOok K OOMTaHHIO B
YCIOBHSIX XOJIOAHOTO KJIMMATa.

KioueBble ciioBa: Menkie Miekonuraromme, 0ypo3yoku, Sorex isodon, ocTpbiit
XOJIOZIOBOH cTpecc, (U3MOIOrHYecKHe MOKa3aTenn
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Ne 123032000021-4 u 124050700005-0).
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Physiological indices of the even-toothed shrew (Sorex isodon,
Eulipotyphla) during short-term exposure to cold water

Sergey V. Kiselev'

! Institute of the Biological Problems of the North, Far-East Branch of the Russian Academy
of Science, Magadan, Russian Federation, kiselevmagadan@mail.ru

Summary. The physiological indices of small mammals caught in the natural envi-
ronment are used to assess their living conditions, analyze the impact of various factors
on populations, identify the mechanisms of animal adaptation to these factors, and for
other purposes. At the same time, pitfall traps with water are often used to capture animals,
especially shrews. The water temperature in such traps is characterized by rather low val-
ues. Even a relatively short stay of animals in cold water can lead to changes in their
physiological parameters, which must be taken into account. The aim of this study was to
evaluate such changes in shrews, on example of Sorex isodon. The variability of the phys-
iological parameters of shrews during immersion in cold water is also of interest from the
point of view of their physiology of thermoregulation. Shrews are among the smallest
mammals, and therefore are characterized by high rates of heat loss. At the same time,
these animals are active all year round and are widely distributed in the northern regions,
where they are often exposed to acute cold exposure. The physiological mechanisms of
adaptation of shrews to such conditions are still insufficiently studied.

The study was conducted in late July-August 2016 on immature young-of-the-year
even-toothed shrews (Sorex isodon Turov, 1924). The capture of shrews was carried
out in the vicinity of Magadan (Russia). Before the start of the experiment, the caught
animals had been kept individually for 2 days in plastic containers (37x26x26 cm) at
room temperature with the provision of water and food ad libitum. Control animals
were decapitated under ether anesthesia after keeping. The experimental animals were
placed in a container with water preliminarily cooled to 4.5-9°C (6.5°C on average).
After the swimming intensity of the shrews significantly decreased, they were also sub-
jected to anesthesia and decapitation. The experimental group consisted of 22, and the
control group consisted of 21 animals. The following physiological indices were deter-
mined in the shrews: blood glucose level, glycogen and lipid content in the liver, mass
of internal organs and fat reserves, and the number of bone marrow cells in the femur.
For statistical analyses, the Mann-Whitney U-test was used.

The average swimming time of S. isodon in the experiment was 5.8 minutes. A rel-
atively short immersion in cold water led to a significant change in the values of some
physiological parameters in S. isodon. The indices of energy metabolism showed great-
est differences between the control and experimental groups of animals. The level of
blood glucose in S. isodon in the test group was significantly higher (See Fig. 1). On
the contrary, the liver glycogen content in shrews sharply decreased after the experi-
mental treatment. The level of this carbohydrate in the experimental group was 80%
less than in the control. Acute cold exposure also provoked a fairly rapid change in the
mass of fat reserves in S. isodon. The absolute and relative mass of the interscapular
adipose tissue of S. isodon decreased by 11.9% and 10.7%, respectively, and that of the
inguinal adipose tissue, by 20.9% and 18.8%, respectively (See Table I). Differences
in the mass of some shrew organs were also significant. The absolute and relative
weight of the spleen was higher in the experimental animals. After exposure to cold
water, S. isodon also had a higher relative heart mass than controls, although the differ-
ences in the absolute mass of this organ were insignificant. On the contrary, the absolute
mass of shrew kidneys decreased after immersion in cold water. All other physiological
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indices showed no significant differences between the groups of control and experi-
mental S. isodon.

Thus, a relatively short stay of shrews in cold water provokes a significant change
in the mass of their adipose tissue and some organs. High demand for glucose during
acute cold stress leads to rapid depletion of liver glycogen. The rate of reduction of fat
reserves in shrews under cold exposure is also quite high and exceeds that of most other
mammals. It is known that in regions characterized by severe climatic conditions, the
rate of reserve fat mobilization is of great importance for the survival of small mam-
mals. The ability to quickly store and spend fat reserves, therefore, seems to be an im-
portant adaptation of shrews to living in cold climates.

The article contains 1 Figure, 1 Table, 41 References.

Keywords: small mammals, shrews, Sorex isodon, acute cold stress, physiological
indices

Funding: The research was carried out within the state assignment of Ministry of Sci-
ence and Higher Education of the Russian Federation (Ne 123032000021-4 and Ne
124050700005-0).
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BBenenne

duznonormyeckue moKasaTenn JOOBITHIX B €CTECTBEHHOU Cpelie MEIKHUX MIIe-
KOMHTAIOIINX, BKJIFOYas Oypo3yOoK, HCIONB3YIOTCS ISl ONICHKH YCIIOBHI MX O0H-
TaHWs, aHAJIM32 BIVSHIS Ha OMYIBIUN BCEBO3MOXKHBIX (DAKTOPOB, BBISBICHHUS Me-
XaHM3MOB aJIalTallNi YKUBOTHBIX K 3TUM (PaKTOPaM U B IIPOYHX IEISIX (HAIIpUMED,
[1-6]). i1 oTiioBa MENKHX MJICKOMHTAIOIIUX OOBIYHO MPHUMEHSIOT JIOBYIIKH C
MPUMaHKOH (KMBOJIOBKW W JTABWJIKW) WM BPBITHIC B YPOBEHH C ITOBEPXHOCTHIO
MTOYBBI OTKPBITEIE EMKOCTH (OOBIYHO KOHYCHI, XK€ IIUIMHAPEI ), B KOTOPEIE KUBOT-
HBIE TIOMAJAIOT CIy9YaifHO IPH IEepEeMENIeHUH M0 3eMHOH ITOBEpXHOCTH. BriOop
THIIa JOBYIIIEK OCYIIECTBIIIETCS B 3aBUCHMOCTH OT IeNiel nceienoBanus. Baxasim
aCIIEKTOM ITPH IOAOOPE JIOBYIIEK TAKKE SIBIISCTCS PUBIICKATEIILHOCTD IS KUBOT-
HBIX IpUMaHkd. MHorHe BUIBI Oypo3yOOK, HaIpuMep, Ha IPAMAHKY PearupyroT
IUIOXO0, U OTJIOB KOHYyCaMH sIBJIsieTCsl Hauboiee 3h(heKTHBHBIM METOIIOM UX cOopa
[7-9]. ITpu aTOM sl yCKOpEHHsI THOESIH 3BEPHKOB B KOHYCHI OOBIYHO HAJIMBAIOT
BOy, TEMIIEpaTypa KOTOPO#, M0 KpaifHEeH Mepe B PETHOHAX C XOJOAHBIM KIIMMa-
TOM, XapaKTepU3yeTcs IOBOJGHO HU3KAMH 3HAUCHWSAMHU. Tak, HampuMep, IO
HaImmM JaHHbIM, Ha Kpaitiem CeBepo-BocToke A3uu (B JIeCHBIX OHOTOIAX) TEM-
mepaTypa BOIbI B KOHYCaX TaKe B CaMble TEIUTBIE JICTHIE MECSIIBI, KaK IPaBHIIO, HE
npeBbimaet 10°C. HecMoTpst Ha TO, 9TO BpeMs KU3HH Oypo3yOOK P HAX 0XKICHUH
B CTOJIb XOJIOMHOW Boje coctaBiisgeT MeHee 10 muH [3, 10] (muT. mo: [11]), atoro
MOXET OBITh TOCTaTOYHO JUTS N3MEHEHUS Psifia MX (GU3HOMOTHIECKIX MapaMeTpPOB.
C 1enpio OIEHKH BIMSHUS STOT0 (paKTopa Ha HEKOTOPBIEC (PH3HNOIOTHYECKIE TTOKa-
3arenm 0ypo3yO0oK 1 ObLIO CIJIAHUPOBAHO JTAHHOE MCCIICOBaHHE.

N3MeHYrBOCTh (PU3HOJIOTHYECKHIX MTOKa3aTelel Oypo3yOoK Py NMMEPCHH B
XOJIOTHOH BOJIE IIPEICTABIIET HHTEPEC U C TOUKHU 3PEHIHSI HX (PU3HOIOTHH TEPMO-
perysanuu. 3eMIIepoiKu-0ypo3yOKH SBISIFOTCS OHUMH M3 CAMBIX MEIKUX MJIe-
KOIUTAIOIINX, B CBSI3M C YeM XapaKTEPU3YIOTCS OONBIIMMH OTHOCHTEIHHBIMH
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terutonorepssmu. OHE 00J1aAa0T KpaifHe BRBICOKUM YPOBHEM METa0O0IM3Ma U BHI-
HYXKJIEHBI 9acTO ¥ MHOTO TTuTaThes [12, 13]. B To e BpeMst 3Th KUBOTHBIE IITH-
POKO pacIpoCTpaHEHHI B peTHOHAX, XapaKTePU3YIOIINXCSl XOJIOAHON MPOIOIKHU-
TEJIEHOM 3UMOH 1 OONBIIMMY TIEperaaMi TeMITEpaTyphl CPEIbl B TCUCHHUE CYyTOK.
W3-3a KpyTioromuuHo# aKTUBHOCTH W HEOOXOAWMOCTH IOCTOSHHOT'O ITOHMCKA
numy Oypo3yOKH HEpeaKo MOABEPraroTcsi OCTPOMY XOJIOIOBOMY BO3ICHCTBUIO.
Bo Bpemst paccenenust 0ypo3yOKH JOCTaATOYHO YacToO (POPCHPYIOT XOJIOAHBIE BOI-
HEBIE TIPETPaJibl, B TOM 4Kciie o3epa v peku [11, 14, 15]. MexaHu3MsI, CIIocoOCTBY-
FOIIYE TIOANCPKAHUIO FX KU3HESSITEIIFHOCTH B TIOZOOHBIX YCIOBHSIX, BCE €IIe He-
JOCTATOYHO SCHBI U TpeOyIOT BCECTOPOHHUX HccaenoBanmii. K Hacrosmemy mMo-
MEHTY IMEETCSI MHOJKECTBO TAaHHBIX 110 CE30HHBIM aJallTHBHBEIM M3MCHEHHSIM pa3-
JIMYHBIX (PU3HOIOTHYECKUX TI0KazaTeseld Oypo3yOoK, 0JJHAKO H3MEHUYNBOCTh TAKO-
BBIX IIOKA3aTeJIeH IIPH OCTPOM XOJIOJJOBOM CTpecce MPaKTUIECKU HE H3ydalach.
Taxum 00pa3oM, HEIbI0 JAHHOTO UCCIIENOBAHUS SBIISETCS SKCIIEPIMEHTAIBHAS
OICHKA BIIMSTHIS OTI0Ba KOHYCAMH C BOJOM Ha (hH3HUOIIOTMUECKIE TOKa3aTer Oypo-
3y0OoK (Ha pumepe S. isodon), a TakKe BIABICHHE (PH3HOTIOTMUSCKAX H3MCHEHHH,
MIPOMCXOJSIIINX B UX OPraHM3ME P OCTPOM XOJIOIOBOM BO3ICHCTBUH.

MartepuaJibl © METOABI

UccnenoBanue BRIMOTHEHO B KOHIE WO — aBrycte 2016 r. Ha HemomoBo3pe-
JIBIX CEroJIETKax paBHO3Yy0o0# 0ypo3yOku (Sorex isodon Turov). OTiioB 6ypo3y-
OOK OCYIIECTBILIICA B OKPECTHOCTSX T. MaragaH mpy MOMOIIY IAJIWHAPOB, CHA0-
KEHHBIX KOPMOM W THE3ZOBBIM MaTepraioM. [loiiMaHHbBIX )KHBOTHBIX 10 Hadaja
MIPOBEICHNUS IKCIIEPIMEHTA B TEUCHHE 2 CYTOK IIepeIep KUBaTH HHINBHIIYaTbHO
B IUTACTHKOBBIX KOHTEHHepaX (37x26x26 cM) pu KOMHATHOM Temriepatype (20—
22°C) ¢ mpegocTaBiIeHHEM BOJIBI M KopMa ad libitum. [lonpoOHOe onvcanue mpo-
HeAyp OTIOBa M coiep)kaHUs Oypo3yOOK B HEBOJIC NPHUBOAMIIOCH paHee [16].
B xavecTBe KopMa ISt )KHBOTHBIX B TaHHOW paboTe WCHONB30BAINCH KypPHHBIH
(api, a Takke 6eCITO3BOHOYHEIC, COOpaHHBIE B MECTaX OOUTaHHS 3eMJIEPOCK MPH
oMo JIoBymrek bapoepa. Bee mpomenypbl, BEIITOTHEHHBIE B HCCIETOBAHUSIX C
y4acTHEM >KUBOTHBIX, COOTBETCTBOBAJIH STHUSCKAM CTaHIAPTaM, YTBEPKICHHBIM
npaBoBeIMH akTamMu PO, nmpuanmmamu bazensckoii neknapamnum.

KoHTpoIbHBIX )KUBOTHBIX (21 9K3.) IOCTE TIepeIep>KKH B HEBOJIC B3BEIITHBAIN
Ha Becax ¢ TOYHOCTHIO J10 0,1 T M IeKaTUTHPOBAITH 0] 3PUPHBIM HAPKO30M. DKC-
MTePUMEHTAIBHBIX JKUBOTHBIX (22 3K3.) TaKKe B3BCIIMBAIA M BPYYHYIO TIOMe-
)T B TUTACTHKOBBIE eMKOCTH (BbIcoTa — 30 cM, tuametp — 25 cM) ¢ ipeaBapu-
TENBHO OXJaxneHHoH 10 4,5-9°C (B cpeaneM — 6,5°C) BojoOH, T/ie OHU OJHO-
KpaTHO IMOJIBEPrajich CBOOOJHOMY TUTaBaHHIO. B KaXkIol eMKOCTH ¢ BOJIOH Ha
MPOTSHKEHUH BCETO SKCIEPUMEHTa HAXOIHMIIOCHh JIMIIb OJHO kuBOoTHOE. [ocie
TOr0 KaK MHTEHCHBHOCTH IUIaBaHUS Oypo3yOOK CYIIECTBEHHO CHIDKANach (K-
BOTHBIC MTPAKTHIECKH IIEPECTaBaAIN PaOdOTATh KOHEUHOCTSIMH, HO OCTAaBAJINChH Ha
MOBEPXHOCTH BOIBI, MPHUIIOTHIB HOC JUIS ABIXaHHS), X TaKXKe IMOJBEprajiu
HapKO3y M JOekamuTanuu. KpoBb OT >KMBOTHBIX coOmpanach B damku llerpu.
VY mepBbIX 6 OMBITHBEIX 0cOOEH B KOHIIE AKCIIEPUMEHTA MacCy Tela U3MEPSITH T10-
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BTOpHO. [IpH 3TOM >KHBOTHBIX TIPEABAPUTENHHO TIIATEIFHO MPOTHPATH candeT-
KaMU Ui yhajdeHus Brard. K macce Tymiku mprOaBIsUin MaccCy IONyYeHHON
KpoBH. Tak kKak Macca Texa 10 M IOCIe IPOBEICHUS SKCICPUMEHTa He OTIHYa-
JIach, B TATBHEHIIIEM OIIEHKY ATOT'O TIOKA3aTeNs IIPOBOIIIIN TOIBKO MEPes IIOTPy-
XKeHueM Oypo3yOOK B BOLY. DKCIIEPUMEHTHI OBUIH BHIITOTHEHBI B CBETIIOE BPEMs
cytok mexay 12.00 u 16.00.

Y Oypo3y0oK oIpenelsiii cieayronme (GU3H0IOrHIecKue TOKa3aTeln: ypo-
BEHb TJIIOKO3HI B KPOBH, COIEPKAHWE TIIMKOTCHA W JIAIHIAOB B TICUYCHH, Maccy
BHYTPEHHHUX OPTraHOB W >KUPOBBIX PE3EPBOB, a TAKXKE KOITHMUECTBO KIETOK KOCT-
HOTr'0 Mo3ra B OelpeHHOM KOCTH. [1axoBYyI0 (C OMHOI CTOPOHBI), MEKIIONATOUHYIO
XKHUPOBYIO TKaHb W OpPraHbl KMBOTHBIX B3BEUIMBAJIM Ha aHAJMTUYCCKHX Becax
«WAGA Torsyjna-WT, Techniprot» (ITonbia) ¢ TouHOCTBIO 710 1 MT. OTHOCHTENB-
HYI0 Maccy (MHIEKC) TKaHEH U OpraHoB BeIpakaiu B Mr/r Tena (%o). Onpenene-
HUE TPOIICHTHOTO COACPKaHM BOABI B OpraHax (BO BceX, 332 HCKITIOUCHHUEM IIe-
YEeHU, KOTOPast HCIONB30BANIACH ISl aHAIM30B Ha CONEep KaHUe TIMKOreHa U JIn-
MUI0B) IPOBOIIIIN TIOCTIE UX BBICYIITMBAHHUS JIO IIOCTOSIHHOTO BEca.

KoHmeHTpanmnto riroKo36I KPOBU OIMPEAEIISIIN, UCIIONB3YS aBTOMAaTH3HPOBAH-
HEIi TrokoMeTp «Accu-Chek Performa Nano, Roche Diagnostics» (I1IBeitapus)
n tect-mosocku (Accu-Chek Performa) x mannomy mpubopy. Tecr-momnocky,
HAXOIUBIIYIOCS B TIIIOKOMETpE, OIMyCKaJM B YamKy [leTpy ¢ meiapHOM KPOBBIO,
MIOCIIC Yero MPOU3BOIMIICS aBTOMATHUYECKHH ITOICYET pe3yibTaToB. | MHKOreH
OCa)kIalik 3TAHOJIOM IociIe 00pabOTKH MPEABAPUTENFHO B3BEIICHHON YaCcTH Iie-
yeru 30% KOH u ruaponmzoBamu 10 rmroko3sl B 2 N HaSO4 [17]. KomnuectBo
TJTFOKO3BI B THIPOJIM3ATE BBISIBIBUIA OPTOTONYUIMHOBBIM MeTonoM [18]. Comep-
YKaHUE TIUKOreHa B IIEYEHH BBIPaXKallll B MT TJIFOKO3BI Ha 1 T CBIpOH Macchl op-
rara. OOmue TUIH B! AKCTPATHPOBAIN U3 APYTOH YaCTH IIEYCHN CMECHIO ATaHOIA
u auaTIIIoBoro 3dupa (3:1) B TeueHue 48 4 U OLEHUBAIN TYPOHANMETPHICCKAM
MetozaoM [19]. TToxcyer obmiero KommyecTBa KIESTOK KOCTHOTO MO3ra B OelpeH-
HOM KOCTH OCYIIECTBIISLTN TIpH momoIy kamepsl ['opsiea [20].

CratucTryeckass o0paOOTKa NaHHBIX BhImoiHeHa B Statistica 10.0 (StatSoft,
Inc.). JlocToBepHOCTD pa3nHdmii IO (PU3MOIOTUTICCKAM TOKA3aTENIM MEXKIY KOH-
TPOJILHOW M SKCIEPUMEHTAIBHON TPYIIaMH JKHBOTHBIX OIPEAEIUIN, UCIIONB3YS
HerapaMeTpHIecKuil KpuTeprid MaHHa—YHUTHH IJIsI IBYX HE3aBHCHMBIX BEIOOPOK.
Tax Kak JOCTOBEPHBIX IOJOBEIX PA3IIMUHI ITO MCCIIEAYyEMBIM TIOKA3aTEIsIM y CEro-
JIETOK Oypo3yOOK BBISIBIICHO HE OBLIIO, TAaHHBIC TTO CaMIlaM M caMKaM OO0beIUH ST
st aHam3a. OLEHKY CBSI3M MEKIy TEeMIICpaTypoil BOIBI M BPEMEHEM IUIABAHHSI
Oyp0o3yOOK ITPOBOIHITH C TIOMOIIIBIO PAHTOBOTO KO3 duimenTa koppensunu Crvp-
MeHa (Rs). Bece nanHbIe ipeicTaBIIeHBI KaK CPETHAC U OITHOKU CPEIHUX.

Pe3yabTaThl HecIe10BaHUSA
CpenHee BpeMs TutaBanus S. isodon B SKCIIEPUMEHTE COCTABHIIO 5,8 MUH (OT
3,1 10 9,8 muH). 3HAUMMO¥ CBSI3H 3TOTO IMapaMeTpa ¢ TEMIEPATYPOIl BOIBI yCTa-

HoOBJIeHO He 0110 (Rs =—0,1; p > 0,05). IMMepcHst B XOI0JHOH BOJIE TIPUBENTa K
JIOCTOBEPHOMY YBEITMYCHUIO YPOBHS TIIOKO3BI B KpoBU S. isodon (Z = 2,0;
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p <0,05) (puc. 1). ConepkaHue IIMKOreHa B IeYeHH Oypo3yOOK MOCIIE DKCIICPH-
MEHTAaJIBHOT'0 BO3/ICHCTBUS, HAIPOTHB, PE3KO COKPATHUIIOCH. Y POBEHB ATOT'O yIile-
BOJIa ¥ KMBOTHBIX B ONBITHOH Tpymie Obul Ha 80% MeHbINE, YeM y TaKOBBHIX B
koHTpone (Z=2,9; p<0,01). OcTpoe X011010BOC BO3ICHCTBUE TAKKE CIIPOBOITH-
POBAJI0 CHUKEHHE MACCHI )KHPOBBIX pe3epBoB S. isodon (abCOMOTHAS U OTHOCH-
TeTbHAs Macca MaxOBOW >KUPOBOM TKaHU: cOoTBeTCTBEHHO Z = 2,8; p < 0,01 n
Z=27; p <0,01; MexIIONaTOYHON >KUPOBOW TKAHH: COOTBETCTBEHHO Z = 2,1;

p<0,05uZ=2,0;p<0,05) (Tabnuma).
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Puc. 1. Coaeprxanue riroko3bl B kpoH (1), raukorena (2) u nunuaos (3) B neyeHu

y Sorex isodon B KOHTpOIIe U MOCIe MPeObIBaHUs B XOJIOIHOM Boze: *, ** — ypoBeHb CTAaTH-
CTHYECKOM 3HAYMMOCTH PA3JIM4Ki [0 OTHOIIEHHUIO K KOHTPOJIIO COTJIACHO KpUTEpHI0 MaHHa—
VYuruu (* —p < 0,05, ¥* — p < 0,01). lanHbIe npeaCcTaBICHbI KAK CPSIHUE U OLIMOKU CPEIHUX

[Fig. 1. Contents of blood glucose (1), glycogen (2) and lipids (3) in the liver of Sorex isodon in control

and after exposure to cold water: *, ** - level of statistical significance of differences in relation
to control according to the Mann-Whitney test (* - p <0.05, ** - p<0.01).

Data are presented as means and SEM

Du3nosIornYecKue noKasaresu Sorex isodon B KOHTPOJIbHOMI
M 3KCIIePUMEHTATbHON rpynnax
[Physiological indices of Sorex isodon in the control and experimental groups]

Konrtponphas DKCIepUMEHTAIbHAs
[okazarens
[Index] rpymnmna rpymnmna
[Control group] [Experimental group]
Macca tena, r 870,13 8.5+0,12
[Body mass, g]
[TaxoBas xHUpOBas TKaHb:
[Inguinal adipose tissue:]
macca, Mr' [mass, mg] 41,7+2,09 33,0+ 1,75%*
HUHACKC, %o [relative mass, %o] 4,8+0,26 3,9+0,19%*
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Kontponbhas DKcIepuMeHTalIbHAS
IToka3zarenn rpymma rpymma
[Index] [Control group] [Experimental group]
Mesxnonaro4Has >KupoBast TKaHb:
[Interscapular adipose tissue:]
Macca, Mr [mass, mg] 265,6 £ 9,81 233,9 +£9,43*
HHACKC, %o [relative mass, %o] 30,8+ 1,18 27,5 +1,00%*
[Teuens:
[Liver]
Macca, Mr [mass, mg] 517,3+ 15,17 530,3+ 15,38
HHJEKC, %o [relative mass, %o] 59,7+ 1,43 62,4 +1,28
Cepaue:
[Heart:]
macca, Mr' [mass, mg) 91,8+ 1,74 98,9+ 3,02
HUHACKC, %o [relative mass, %o] 10,6 £ 0,21 11,7 £ 0,36*
coziepKaHue BOAbL, % [water content, %] 72,2+0,19 73,9 £0,72*
[Touku:
[Kidneys:]
macca, Mr' [mass, mg] 1184+ 1,84 112,0 £ 1,67*
HHJEKC, %o [relative mass, %o] 13,8+ 0,20 13,2+ 0,19
coziepKaHue BOAbL, % [water content, %] 72,0+ 0,33 72,3 £0,46
CeneseHka:
[Spleen:]
macca, Mr' [mass, mg] 63,1 £7,28 78,1 £ 6,65*
HUHACKC, %o [relative mass, %o] 7,3+0,77 9,1 +0,73*
cofiep>kaHue BOIbl, % [water content, %] 76,1 £0,56 74,7+ 0,29*
Bonbiioii mumdonanslii oprat:
[Pancreas of Aselli:]
macca, Mr' [mass, mg) 72,4+ 1,80 68,2 +£2,57
HUHACKC, %o [relative mass, %o] 8,4+0,20 8,0+ 0,24
coziepKaHue BOAbL, % [water content, %] 78,6 0,27 77,8 £0,34
Tumyc:
[Thymus:]
macca, Mr' [mass, mg) 15,1 +2,27 13,3+ 1,24
HHJEKC, %o [relative mass, %o] 1,8+ 0,27 1,6 £0,15
coziepKaHue BOAbL, % [water content, %] 77,4 £ 0,99 78,5+ 0,75
KneTouHocTh KOCTHOMO3IOBOM TKaHH,
KIIeTOK Genpa/r Tena x 103 6.7+ 043 6.1+ 032

[Bone marrow cellularity, cells per femur/g

of body x 10°]

Tpumeuanue. JlanHble IPeCTaBICHBI KaK CPEIHUE U OIIUOKH cpeaHuX. *, ¥* — ypoBeHs cra-
TUCTHYECKOW 3HAUUMOCTH Pa3IMYUi IO OTHOIIEHHUIO K KOHTPOJIBHOH IPYIIIE COrJIACHO KPUTe-

puto Manna—Yutau (* — p <0,05, ** —p <0,01).

[Note. Data are presented as means and SEM. *, ** - level of statistical significance of differences in rela-

tion to control group according to the Mann-Whitney test (* - p < 0.05, ** - p<0.01)].

OKCHepuMEHTaIbHOES BO3ACHCTBHE MPHBEIO K TOCTOBEPHOMY H3MEHEHHIO
MacChl HEKOTOPBIX OpraHoB Oypo3yOok (cM. Tabnuiry). [Tocite mpeObiBaHus B X0-
JIOAHOH BOJE 3BEPHKU UMENH OOIBITYI0 OTHOCHTEIBHYIO MacCy Cepia, YeM B KOH-
tpoite (Z = 2,1; p < 0,05). [IporieHTHOE comepkaHue BOJBI B 3TOM OpraHe ObLIO
TaKKe 3HAYAMO BBIIIE Y SIKCIIEPHMEHTAJIBHBIX JKUBOTHBIX (Z = 1,2; p < 0,05). Pa3-
JYUs 110 aOCONMIOTHOM Macce cepiia OKa3allich He3HaYuTeNbHbIMU (Z = 1,7;
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p = 0,10). AGcomoTHAas B OTHOCHTEIbHAs Macca CeJIe3CHKH ObLIA BBINIC Y MOJ-
BEPIIIMXCS SKCIIEPHMEHTAIBHOMY BO3JIEHCTBHIO Oypo3ybok (Z = 2,1; p < 0,05
KaK Jutst aOCOITFOTHOM, TaK M Il OTHOCHUTENbHON Macchl). [IporieHTHOe conmepika-
HUE BOJBI B CENE3EHKE, B OTIMYNE OT TAKOBOT'O B CEPALC, ¥ )KHBOTHBIX B JKCIIE-
PUMEHTaIBHOM rpyIie ObUTI0 3HaUMMO MeHbIe (Z = 2,3; p < 0,05). AGcomoTHas
Macca modek S. isodon mocie mpeObIBaHMs B XOIOTHOH BOAE CYIIECTBEHHO CHH-
smack (Z = 2,5; p < 0,05). OTHOCHTENbHAS Macca IMOYEK y OMBITHBIX Oypo3yOoK
Takke OblJIa MEHBIIE IO CPABHEHUIO C KOHTPOJIEM, HO ATH Pas3Indus ObUIN HEIO-
croBepHbl (Z = 1,8; p = 0,08). CTaTUCTHYECKH 3HAYMMBIX Pa3IHYdil 10 BCEM
OCTAIFHBIM (PH3HOIOTMYECKUM TTOKa3aTEISIM MEXKIy KOHTPOIBHBIMA M 3KCIIEPH-
MEHTaJIbHBIMU JKABOTHBEIMHA BBISIBIICHO HE OBLIIO.

O0cyxkaeHue pe3yIbTaTOB HCCIEA0BAHUS

[IpeOriBanme B XOIOIHOM BOJIE TPUBEIIO K TOCTOBEPHOMY H3MEHCHHUIO 3HAUC-
HUH HEKOTOPBIX (PU3HOJOTHUYECKHIX ToKazarenel S. isodon. [ToMuMo coOCTBEHHO
TEMIIEpPaTyPHBIX YCIOBHUH, ONPEIeIICHHOE BIUSHIE Ha UCCIEAyeMbIe TTOKA3aTeIH
MOTJIa OKa3bIBaTh (PM3MYECKasi aKTUBHOCTH 3BEPHKOB. M Bce ke, mpHHUMAs BO
BHUMAaHNE OTHOCHUTEIFHO KOPOTKYIO MPOIOIDKUTEIHHOCT IKCIIEPUMEHTA, TIPE-
MOJIaraeTcsi, YT0 OCHOBHOE BO3/ICHCTBHE HA (PH3HOJIOTMIYECKUE TapaMeTphl Oypo-
3yOOK OKa3BIBaN XONOAOBOU cTpecc. Hambonpmme paznmanus MeKIy KOHTPOIb-
HOU W DKCIIEPUMEHTAIBHOM TPyIIIaMy >KUBOTHBIX IIPOSIBIUTN ITOKA3aTENN SHEpre-
THYECKOro oOMeHa. Y poBEHb TIIIOKO3BI KPOBH Y S. isodon B SKCIIEPUMEHTAIBHOM
rpymmne ObLUT TOCTOBEpHO BHIIe. Kak M3BECTHO, pa3BUTHIO TUIIEPTIINKEMHH Y JKH-
BOTHBIX B HAaYaJIBHBIN MEPHOA OCTPOTO CTPECca, B TOM YHCIIE XOIOIO0BOrO, CIIO-
coOcTByeT OBICTpOE pacIieIUIeHIE TIMKOreHa eUSHH 0] BIMSIHUEM psiia TOp-
MOHOB, TJIaBHBIM 00pa3oM, aapeHanuHa [21-24]. ConepxaHue TIIMKOTeHA B Tie-
9eHU y S. isodon TOCIIe AKCIIEPUMEHTANBHOTO BO3ICHCTBHUS OBUIO B 5 pa3 HITKE,
9geM B KOHTpoIe. McTomeHre NeueHOYHOro TIIHKOTreHa y 3BEPhKOB TI0CIIE ITOTPY-
KEHUS B XOJIOJHYIO BOXIY, TAKAM 00pa3oM, IIPOUCXOIUT OYEHBb OBICTPO, U TOMH-
MaHHBIEC [P TOMOIIHA KOHYCOB OypO3yOKH WMEIOT JIMIIh OCTATOYHBIC KOJIHMUE-
CTBa ATOTO YTIIEBOJA.

Octpoe XOI0moBOE BO3ICHCTBHE HPHUBEIO K CYNICCTBEHHOMY CHIDKECHHIO
MAacChI JKUPOBBIX PE3EPBOB S. isodon. 3eMieporKu-0ypo3yOKku 00I1aaroT BBICO-
KHM YPOBHEM KHpOBOro oOMmeHa [25]. OTHOCHTEIHHO OBICTPOE PacxOJOBaHKE
KHPOBBIX 3aI1aCOB Y IPEICTaBUTEINEH posa Sorex, BKIIoUast S. isodon, Habnroma-
JIOCh W TIpH ToJioanuu [2, 7, 16, 25]. O6mipHOe MuTaHue 6ypo3yOoK IMpH Heorpa-
HUYEHHOM JIOCTYIIE K THIIE, HAIPOTHUB, IIPHBOAUT K OBICTPOMY IETTOHHPOBAHUIO
OOJIBIITNX KOJUYECTB JKHPOBBIX OTIOXKeHUH [2, 7, 16]. CKOpPOCTh CHUXCHHS
MAacChl )KHUPOBOH TKaHU ¥ S. isodon TIpH HAXOXKIICHUHN B XOJIOTHOM BOJIE OKa3alach
Oornee BBICOKOM, UeM IpH roixogaHu. MeHee dyem 3a 10 MHH SKCIepHMEHTAIIb-
HOT'O BO3JICHCTBHS aOCOIOTHAS H OTHOCHTENBHAS Macca MEKIOMAaTOTHOU KUPO-
Boi S. isodon cHu3miIack cootBeTcTBeHHO Ha 11,9 1 10,7%, nmaxoBoii )KUPOBOM
TKaHu — cooTBeTcTBeHHO Ha 20,9 u 18,8%. JanHas 0COOEHHOCTB, I10 BCEH BUIU-
MOCTH, CBsI3aHa ¢ MHTEHCH(UKAIIe METa0OIMIECKIX MPOIIECCOB BO BPEMS XO-
JIOJIOBOTO CTpecca M HEKOTOPHIMH OCOOCHHOCTSIMH KHUPOBOW TKaHU Oypo3yOOK.
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Tak ke, Kak U y IpYTUX MENKHX MIICKOIMHUTAIOMIX, BO3ACHCTBIEC HU3KUX TEMIIE-
paTtyp Ha opraHu3M Oypo3yOOK NMPHBOAMT K YBEIIMYCHHIO YPOBHS UX MeTabo-
nu3Ma u Tertonponykun [12, 26-28]. IIpu 3TOoM, Kak 0TMEYanoCh Ha IPUMEPE
Sorex araneus u Sorex minutus, COTIIACHO THCTOIIOTUIECKON CTPYKTYpeE, IPAKTH-
YEeCKH BCS JKUPOBas TKaHb 0ypo3yOok siBiisieTcs Oypoi [29]. U xots npenmnonara-
70ck [16], 9TO TOMUMO COOCTBEHHO OYpHIX JKHPOBBIX KJIETOK 3HAYHTEIBHYIO
4acTh 3TOW TKaHH Y Oypo3yOOK MOTYT MPEACTaBIATh OCKEBBIC aUITOIIUTHI, 00a
STHX THIIA KJIETOK IPUHIMAIOT aKTHBHOE YUacTHE B HECOKPATUTEIHLHOM TEPMO-
rerese [30, 31]. YBenudeHne TEIIONPOAYKIINU B OTBET Ha BO3ACUCTBHE HU3KHIX
TEMIIEpaTyp, TAKIM 00pa3oM, MOXKET 3HAUUTENFHO YCKOPHUTH TEMI BBIPaOOTKH
XKHUPOBBIX OTIIOKCHUU Y dTHX KUBOTHBHIX. COueTaHNEe OCTPOTrO XOIIOIOBOTO BO3-
JICCTBUS M TOJOJAHHS TPUBOIUT K OCOOCHHO OBICTPOM PEIyKIIMH KHPOBOU
TKaHH Oypo3yOok. Tak, HarmpruMep, 0TMEUaIOCh, UTO MPH TIONAaJaHuH B KOHYC 03
BOJIbI Oyp03yOKH TTOTHOAIOT B TEUEHUE Yaca, )KUPOBBIC OTIOXKEHHUS K 3TOMY Bpe-
MEHH y HUX YK€ TPAaKTHUECKHA OTCYTCTBYIOT [2, 7]. VI3BecTHO, 4TO B pernoHax,
XapaKTEePU3YIOIIUXCS CYPOBBIMHU KITMMATHYECKAMHE YCIIOBHSIMHA U YaCTHIMH O0JIh-
MM TIeperiaaMy TEMIIEPATyp Cpebl B TEUCHUE CYTOK, CKOPOCTh MOOMITA3aIIH
PE3epBHOTO KHUPa MMEET OOJBIIOE 3HAYCHHE IS BEDKUBAEMOCTH MEJIKIX MJICKO-
nutarormx [32]. CtocoOHOCTh K OBICTPOMY 3allaCaHHIO M PACXOA0BAHHUIO YKUPO-
BBIX 3aI1aCOB, TAKIM 00pa30M, CYIs 110 BCEMY, SBIIICTCS BaXKHOU amanranueii 0y-
PO3yOOK K OOMTAHUIO B YCIOBHSIX XOJIOTHOTO KiuMara. [[iis BBIABICHUS Mexa-
HU3MOB, JIEXKAIIUX B OCHOBE CTOIb BHICOKOH M3MEHIMBOCTH JKHPOBBIX PE3CPBOB
Oypo3yOOoK IOJl BIUSHUEM KOPMOBBIX M TEMIIEPATYPHBIX YCIOBHH, TPeOYIOTCS
CHenuaNbHble HccleoBannsi. MHTepecHO, YTO HAa OCHOBE OICHKHA YPOBHS
['JI®-cBsi3pIBaHUS METOXOHIPUSAMU OypOl )KHPOBOM TKaHU y Sorex vagrans ObII
c7ieTlaH BBIBOJI O CPABHUTEIIEHO HEBBICOKOW €€ TEPMOTCHHON CIIOCOOHOCTH [26].
Macca HEKOTOPBIX OPraHoB S. isodon TIOCIie IMMEPCHU B XOJIOAHOU BOJE JO-
CTOBEpHO OTJIMYANIACh OT TAKOBOH B KOHTpoJe. VI3BeCTHO, 9TO AIHUTENBHOE TIpe-
ObIBaHME MEIKUX MJIEKOITUTAIONINX B YCIOBHAX HA3KHUX TEMITEPATyp CPeIbl po-
BOLIMPYET THIIEPTPO(UIO M COOTBETCTBYIOIIEE YBEIHMICHIE MACCHI Pa OpraHoB
[32-35]. OTHOCHTENHEHO KOPOTKOE BpeMs IKCIIEPUMEHTA, OJHAKO, TIPE/IITOJIaraeT,
YTO HaOJIFOTaeMbIe PA3IINYHsI B MACCE OPTaHOB Yy S. isodon OBIIH CBSI3aHBI C JIPY-
THMH IpUYUHAMU. BEISBICHHBIC H3MEHEHNUS B ONPEIEIEHHON Mepe MOTIH OBITh
CIICZICTBHEM BIMSIHHS XOJIOIOBOTO CTpecca Ha TEMOANHAMUKY OpraHN3Ma >KHBOT-
HBIX. OCTpoe OXJIaXKICHNE OpraHu3Ma IMPUBOIUT K pa3IMIHBIM CABATAaM B (pyHK-
[MUOHUPOBAHUH CEPACYHO-COCYIUCTON CHCTEMBI, BKIIIOUYAs IepepacipeelicHe
KpPOBOTOKAa OT MOBEPXHOCTHBIX TKAaHEH K BHYTPEHHHM OpraHaM H >KHPOBOU
TKaHH, TIOBBIIIICHIE KPOBSHOTO JABJICHUS U pabodei Harpy3ku cepama u ap. [24,
35, 36]. OTu U3MEHEHH S, TOMUMO TIPOYET0, HAMPaBIEHBI HAa CHIDKEHUE TETIONO-
TEepb M aKTHBAIMIO TepMoreHe3a. Hapsty ¢ Oolblieid OTHOCHTEIIEHOW Maccoi
cepAna dKCIepuMEHTANbHEIE S. isodon XapaKTepU30BaJHNCh TOCTOBEPHO OOJb-
MM MIPOIIEHTHEIM COZIEPKaHNEM BOIBI B 3TOM OpraHe. JTo MOKET YKa3bIBaTh Ha
MOBEIIIICHAE COAEPKaHMsI KPOBH B CEepAIe KUBOTHBIX. Cxokas 0cOOEHHOCTB
HaO0JII0IAJIOCh PaHee U y Ipyroro Buaa 0ypo3yook — Sorex caecutiens. IlolimMaH-
HBIE TIPH IIOMOIITN KOHYCOB C BOJOH OCOOH 3TOT0 BUIAa UMETH JOCTOBEPHO OO0JIh-
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IIyI0 a0CONMIOTHYIO W OTHOCHTENBHYIO CEPACYHYI0O MAcCy IO CPaBHEHHIO C XKH-
BOTHBIMH, TTIOWMAaHHBIMU TIpH oMoty aaBmiok [37]. Kak ormedanocs aBTopom
3TOT0 MCCIIEIOBAHMS, CepIle OrHONX B KOHycax Oypo3y0oK XapaKTepH30Ba-
JI0Ch OOJNBITUM HaTIOJTHEHUEM KpoBbio. ColepkaHue BOIBI B CEPICUHOM MBIIIIIIE
Yy HUX Taloke OBUIO 3HAUUTENHHO BBIMIE Ja)KEe MOCIHE YIAICHHS KPOBH W3 Kamep
aTOr0 oprana. [IpuToK KpoBH K MOYKAM IPH OCTPOM IIEPEOXIJIAKICHUN MOXKET,
HaIpoTuB, CHUXaThCs [38, 39], y KpbIC B HAYaIBHBIN MTEPHOJ] TUTIOTEPMUN OTME-
yayiach peskast umemus nodek [40] (umt. mo: [24]). Bo3MoxHO, ¢ MOTOOHBIMHI
0COOCHHOCTSIMHU W OBLIO CBSI3aHO CHUKECHHE MTOYSUYHONW Macchl y S. isodon mocie
AKCIIEPAMEHTATBHOTO BO3ICHCTBISL.

OKCHepruMEHTaIBHEIC JKUBOTHEBIE XapaKTepU30BAINCH 3HAYMMO OOJIbIIeH a0-
COJIIOTHOM M OTHOCUTEJIbHOW Maccoil cene3eHku. i BBIACHEHUsI IPUYMH ITUX
pa3nuanii HeoOX OAUMBI CIICIIHATBHBIC HCCIICIOBAHIS, OHAKO JOCTOBEPHO MEHB-
mIee cofiep>kaHue BOABI B CENE3eHKE Y S. isodon TMOcIe SKCIIEPUMEHTATBHOTO BO3-
NEeHCTBHS CBUICTEIBCTBYET, YTO YBEITHUCHHE €€ MAaCChI IIPOMCXOIMIIO HE 32 CUET
MIPOCTOr0 HAIMTOMHEHUS KpoBbI0. CKOpee 3TO OBIIO CBS3aHO C IOBBHIIIEHUEM CO-
JepKaHIsl B CeJIe3eHKE ONPEISIICHHBIX KPOBSHBIX KIIETOK B pe3yJbTaTe, HallpH-
Mep, YBEITUYEHHUS ¢ (HIBTPAMOHHOW (DYHKITUM, aKTHBAIUU TeMOjIr3a / reMo-
mo33a u T.J1. B 1ierrom cenesenka 6ypo3y0OoK 1o cOCTaBy, MOP(HOJIOTHH U (PYHKITH-
OHAJBHO CXOXKa C TAKOBOW Y APYTUX MIICKOIMHUTAIOMINX, HO €€ TeMOMOITHYEeCKast
(YHKIMS COXpaHseTCs Ha IPOTSHKEHUH BeeH sku3HU [41].

Macca neueHn y SKCIIEpUMEHTANBHBIX S. isodon TakKe UMela TeHICHINIO K
Ooree BRICOKAM 3HAUCHHSIM 10 CPABHEHHIO C KOHTPOJIEM, OTHAKO Pa3Inins ObLTH
HEIOCTOBEPHBL. B TO ’ke BpeMs y OTIIOBIICHHBIX IIPH IIOMOIIN KOHYCOB C BOJIOH
S. caecutiens OTHOCHTENBHAS Macca dTOTO opraHa ObUIa 3HAYMMO OOJNbIIIe, YeM Y
TaKOBBIX, OTJIOBJICHHBIX MPU MOMOIIHX AaBUJIOK [37]. I3MeHUnBOCTH Macchl Tie-
9YEeHU y JOOBITHIX B €CTECTBEHHOM Cpe/ie METKUX MIICKOIMHUTAIOMINX, B TOM JHCIIe
y O0ypo3yOOK, OOBIYHO CBS3BIBAIOT C JWHAMHKOW COIEp)KaHUS B HEH pe3epBHBIX
JHEPreTUYECKUX BEIIECTB, B OCOOCHHOCTH IiuKoreHa [1, 32]. TeHneHnus K yBe-
JTIYEHAIO0 MACCHI TIEYCHH Ha ()OHE PE3KOTr0 CHIKEHUS KOHIICHTPAIUH TIIMKOreHa
y S. isodon ocrne peObIBaHMS B XOJIOJHOM BOJE CBUIETENBCTBYET, UTO, IO Kpaii-
Hel Mepe y MOifMaHHBIX KOHyCaMH JKHBOTHBIX, Macca JaHHOTO OpraHa MmoKasare-
JIeM YPOBHS SHEPreTHUECKAX 3aI1aCOB CIIY)KATh HE MOXKET.

3akioueHne

Takum 00pa3oM, BBISBIICH PsiJl 0COOCHHOCTEH, KOTOPbIE HEOOXOIUMO YIUTHI-
BaTh IIPH BHIITOTHEHUH Pa0OT, CBSI3AHHBIX C OLIEHKOH (PH3MOIIOTMIECKAX MTOKa3a-
Teleit TOOBITEIX KOHYCaMHt KHBOTHBIX. OTHOCHTENBEHO HEMPOIOIDKATEIEHOE TIpe-
ObIBaHHE Oypo3yOOK B XOJIOAHOHM BOJIE TIPOBOLHPYET AOCTOBEPHOE U3MCHCHHE
MAacchl X KUPOBOH TKaHU M HEKOTOPBIX OpraHoB. Bricokas moTpeOHOCTh opra-
HU3Ma B TIIIOKO3€ IIPU OCTPOM XOJIOZOBOM CTPECCE MMPUBOAUT K OBICTPOMY HCTO-
IICHHUIO MMEYEHOYHOro rinKoreHa. I[loiiManHble IpH NOMOIIKA KOHYCOB C BOJOH
KHUBOTHBIC UMEIOT JTUIIIb OCTATOYHBIC KOJTHMYECTBA 3TOrO YIICBOIA.

Temrr BBIpaOOTKH KHPOBBIX PE3epBOB Oypo3yOOK MPH XOJIOJTOBOM BO3JEH-
CTBHH TAaKKe JTOCTATOYHO BBICOK W MPEBBINIAET TAKOBOH Y OOJBITHHCTBA IPYTHX
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MtekonuTaromux. Kak #3BECTHO, B PErHOHAX, XapaKTePH3YIOIIUXCS CYPOBBIMU
KJIMMaTHYECKUMH YCIIOBHSIMH, CKOPOCTh MOOHITH3AIIMH PE3EPBHOTO KHPa HMEET
OO0JIBIIOE 3HAYCHHUE [T BBKUBAEMOCTH 3BepPbKOB. CIIOCOOHOCTH K OBICTPOMY 3a-
MACaHUIO W PACXOMOBAHHIO )KUPOBBIX 3aI1aCOB, TAKUM 00Pa3oM, CYIs [0 BCEMY,
SIBJIICTCSI BAKHOW ajanTarueld Oypo3yOOK K OOMTaHHWIO B YCIOBHUSAX XOJOIHOTO
KIIMATa.
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AnHoTraumusi. B pabore mpencraBieHsl pe3ylbTaTbl UCCICAOBAHUS COACPIKAHUS
0eJKa ¥ aKTUBHOCTH ()ePMEHTOB — KaTasiasbl U CYNEPOKCHUIUICMYTa3bl B TAJUIOMAX JIH-
CTOBATBIX JIMIIAWHUKOB Peltigera praetextata v Hypogymnia physodes. ®oTo6uoHTOM
Buna P. praetextata sisioTcs 1manobakrepun poma Nostoc, Bun Hypogymnia
physodes copepxuT 3enenbie Bonopocinu poaa Trebouxia. B xone uccnenoBanus ana-
JIM3UPOBAIIMCH TAJUIOMBI Pa3HOM CTaJIMM OHTOI'€HE3a U3 JIECHBIX COOOIIECTB CpeAHEH U
ceBepHO# Taitru. [lyis TayuioMoB nunMaHonuiaitnuka P. praetextata G110 BbISBICHO 00-
nee HHU3Koe (B 2 pa3a) comeprkaHue Oenka u Oonee Bbicokas (B 45 pa3) akTHBHOCTh
CYNEPOKCHAZMCMYTA3bl M KaTajasbl B CPABHEHHU C XJIOPOOMOHTHBIM JIMLIAHHUKOM
H. physodes. Paznnunii B aKTUBHOCTH CYIIEPOKCHIIMCMYTa3bl TAJUIOMOB Pa3HbIX OH-
TOr€HETHYECKUX CTaJMi y UCCIIEIOBAaHHBIX BUJIOB HE BBIABICHO. Y 00OMX BHJIOB JIU-
IIaHUKOB MAaKCHMAaJIbHbIE 3HAUECHHUs aKTUBHOCTH KaTalla3bl yCTAHOBJIEHBI Ul BUPTHU-
HWIBHBIX TAJUIOMOB, 8 MUHUMAJIbHBIE — JUIS1 CCHUIIbHBIX TAJUIOMOB. Cozieprxanue Oenka
U aKTHBHOCTb KaTaJjia3bl Y 00OMX HCCIEJOBaHHBIX BU/IOB OBLJIO BBILIE B TAJUIOMAaX M3
CEeBEPOTACHKHBIX COOOLIECTB.

KiroueBble ciioBa: karanasa, CyNepoKCHUIANCMYTa3a, [MAHOIUIIANHUK, XJIOPO-
OMOHTHBIN TUIIARHUK, Peltigera praetextata, Hypogymnia physodes
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Vera I. Androsova', Elena N. Terebova?, Anastasia D. Bykova3

1.2.3 Petrozavodsk State University, Petrozavodsk, Russian Federation
Ivera.androsova28@gmail.com,
2 eterebova@gmail.com,
3 starostabiologov31@gmail.com

Summary. Data on the activity of catalase and superoxide dismutase in the thalli
of the cyanolichen Peltigera praetextata and the green algal lichen Hypogymnia
physodes (See Fig. 1) at different ontogenetic conditions are not available in the
literature. At the same time, the study of antioxidant system of lichen thalli with
different photobionts during ontogenesis is relevant and can contribute to understanding
the mechanisms of adaptation of symbionts to changing environmental conditions, and
also serve as indicators of the functional state of the organism. The aim of the study
was to investigate the activity of catalase and superoxide dismutase enzymes in lichen
thalli P. praetextata and H. physodes at different stages of ontogenesis.

P. praetextata and H. physodes thalli samples were collected from aspen and pine
trunks under similar ecological conditions of mixed aspen-spruce communities in the
middle taiga (62°15'15.9" N, 33°58'746.1" E, 61°50'17" N, 34°23'13" E, the Republic
of Karelia) and northern taiga (64°34'13.9' 'N, 43°15'48" E, Arkhangelsk Oblast, 64°
33'19"N, 30°20'46" E, the Republic of Karelia). Based on morphological features, thalli
samples were divided into groups of different age. P. praetextata thalli were divided
into 3 groups: virginal (pregenerative, young thalli without reproduction structures),
generative (thalli with apothecia and phyllidia — structures of vegetative reproduction),
and senile thalli (thalli with signs of degradation over a larger area). H. physodes thalli
were divided into 2 groups: virginil and senile thalli; generative thalli with apothecia
are extremely rare in the study areas. Catalase activity measured based on enzymatic
degradation of hydrogen peroxide, superoxide dismutase activity was determined
spectrophotometrically by inhibition of photoreduction of nitroblue tetrazolium, protein
content was determined by the method Bradford. Statistical analysis of the data was
carried out using one-way analysis of variance.

The protein content (mg/g dry mass) in P. praetextata thalli within the studied
sample averaged 1.12 £ 0.09, in H. physodes thalli — 2.45 + 0.32. The activity of
superoxide dismutase (units/mg of protein) in thalli of P. praetextata reached an
average of 0.34 + 0.12, in thalli of H. physodes — 0.09 = 0.01. The values of catalase
activity (umol H2O2/pg protein) in P. praetextata thalli averaged 2.06 + 0.48,
H. physodes — 0.49 + 0.07.

For the thalli of the cyanolichen P. praetextata, a lower (2 times) protein content
(See Fig. 2) and a higher (4-5 times) activity of superoxide dismutase (See Fig. 3) and
catalase (See Fig. 4) were found in compared with the chlorobiont lichen H. physodes.
The species P. praetextata belongs to the group of cyanolichens, and its photobiont is
cyanobacteria of the genus Nostoc located in the algal layer of the thallus.

In both lichen species, the maximum values of catalase activity were established
for virginal thalli, and the minimum values for senile thalli. Perhaps this is due to the
high intensity of "growth respiration" of young lichen thalli, which leads to the
formation of reactive oxygen species. Differences in the activity of superoxide
dismutase in thalli of different ontogenetic stages in the studied species were not shown.
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In the thalli of P. praetextata and H. physodes, the activity of catalase in thalli from
the northern taiga communities is higher than in the thalli of the middle taiga, while the
activity of superoxide dismutase, on the contrary, was on average higher in the lichen
thalli of the middle taiga. This might be due to variability in the intensity of
photosynthesis and respiration along the latitudinal gradient. In lichens, catalase activity
can be a marker of mycobiont respiration, and superoxide dismutase activity is a marker
of photobiont photosynthesis.

The question of contribution of the fungal or algal components of the lichen thallus
to the activity of antioxidant enzymes remains open.

The article contains 4 Figures, 51 References.

Keywords: catalase, superoxide dismutase, cyanolichen, chlorobiont lichen,
Peltigera praetextata, Hypogymnia physodes
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BBenenne

JIMImafHIKA TIPEACTaBISAIOT COOOH yHUKANbHBIE CHMOHMOTHYECKHE Opra-
HU3MBI, KOTOPBIE CIIOCOOHBI OCBAaMBATh PA3NIMUHBIE MECTOOOWTAHHS, BKIIOUAS
SKCTPEMaNBHEIC, 33 CYET Pa3HOYPOBHEBEIX alanTanuii (KICTOUHbIE, OpraH3MEH-
HBIC, MOIMYJISIIOHHBIC), CBSI3aHHBIX BO MHOTOM CO CTPYKTYPHO-(H3HOJIOTHYE-
CKAMHU 1 OMOXUMHUYECKUMH OCOOCHHOCTSIMH ()OTO- U MHKOOHOHTOB [ 1-3]. Dep-
MEHTHI KaK OMOJIOTHYECKIE aKTHBATOPH XUMHUECKUX PEaKIIHii, MEHSS CBOIO aK-
TUBHOCTb, IPUHUMAIOT YIaCTHE B PETrYILSIIHHA MeTabOIHMYECKUX IIPOIIECcCOB, oOec-
MeYNBasi TEM CaMbIM COOTBETCTBHE OOMEHA BEUICCTB OPTaHU3MOB MEHSIOIINMCSI
yenousM cpenpl. Depmentsl katanaza (KAT, Kd 1.11.1.6) u cynepokcuuc-
mytaza (COJl, Kd 1.15.1.1) otHOCsTCS K aHTHOKCHIaHTHOH cructeme (AOC), Ko-
TOpast, SIBIBLICH CIIOKHOW M MHOTOYPOBHEBOH, 3aIIUIIAET KJIETKA OPTaHU3MOB OT
HETaTUBHOTO JICHCTBHSI aKTUBHBIX (hopM kuciopozaa (ADK), BEI3bIBAIOIINX OKHC-
JTUTENBHBIN cTpecc. CyNepoKCHIIMCMYTa3a U KaTajla3a — BaKHEHITHe (epMEHTHI
aHTUPAIUKAJIHHON 3aIIATHI, KOTOPhIe OOHAPYKEHBI Y BCEX adpoOOB, U, COTIIACHO
SBOJNIONMOHHBIM HCCIIEIOBAHUSM, TOSBIIINCH y OPraHM3MOB pPaHBINE IPYTHX
(hepMEHTOB aHTHOKCHIAHTHOW CUCTEMBI [4].

CymepokcumcMyTasa KaTaliu3upyeT IIpeBpalleHne CylnepoKCHIaHnOHpa-
mukana (O2), IMEIOIIEro 04eHb BHICOKYIO OKHCIUTENBHYIO CTIOCOOHOCTD, B Te-
pexuch Bomopona (H202) n Mmonekyisapabiid kucnopon (O2). Dta yHHBepcalbHas
peaKIus TUCMYTAIIUH CIUTACTCS IEPBHIM PyOEKOM 3aIIUTHI OT OKUCIUTEIHHOTO
cTpecca y 9yKapHOTHIECKUX KIETOK. AKTUBHOCTD CYIIEPOKCHIIUCMYTA3HEl pery-
THpyeT OaraHC MEXIY CYIEPOKCHII-PaIUKaIOM U IEPEKHUCHI0 BOIOPOIa, KOTO-
pBIE UTPAIOT POITE BTOPHYHBIX MECCEHIKEPOB BO MHOTHX Iporeccax. Karamassl

175



Duszuonozua u ouoxumusa pacmenuii / Plant physiology and biochemistry

pasnaraioT IepeKuch BOIOPoaa ¢ 00pa30BaHHEM BOABI U MOJICKYIISIPHOTO KHCIIO-
poma. 02" 1 H,0, ABISAIOTCSA MPOLYKTAMH a3pOOHOT0 METabO0mH3Ma KIETKH, 00-
Pa3yIomuMCsI B pe3ynbTare psiaga GepMEHTATHBHEIX H HEEepMEHTATHBHBIX peak-
owii [4-6].

BHuMaHue K M3yuyeHUI0 aHTUOKCUIAHTHOW CHCTEMBI JIMIIAMHUKOB BO3POCIIO
B mocnenHee aecsatuierne. Cpens COBpeMEHHBIX OMOJIOrTIECKUX UCCIECOBAHMIMA
H3ydaeTcs o0Ias aHTHOKCHIAHTHASI aKTHBHOCTD Pa3HBIX BHIIOB JIMIIAWHIKOB [ 7—
10], akTHBHOCTh WX HedepMeHTaTUBHBIX KoMroHeHToB AOC [11-12], akTue-
HOCcTh AOC (hepMEHTOB B MPUPOIHBIX YeIoBUAX [ 13—14] u mox BiavsIHUEM cTpec-
coBBIX (pakTopoB [15—18], BemeTcs MOUCK MPUPOTHBIX AaHTHOKCHIAHTOB JIMINAK-
HUKOB JIIs papMarieBTHYecKuX 1eneit [19].

Buner ymmiaiinukos Peltigera praetextata (Florke ex Sommerf.) Zopf (nens-
TUTepa okaiiMmiieHHast ) (puc. 1, A) u Hypogymnia physodes (L.) Nyl. (rumoruMHust
B3aytas) (puc. 1, B) ABIAIOTCS MOMYJISIPHHIMA MOAEIHHBIMU OOBEKTaAMH HCCIIC-
JOBaHWUN pa3IMYHBIX HAIPaBJICHHH, HCIONB3YIOTCSA KaK OOBEKTHl MOHHTOPHUHTA
[20-23]. OTH mmpoKOpacIpoOCTpaHEHHBIE B OOpeaIbHBIX JIeCax JHUCTOBATHIE JIH-
MIAHHAKH pa3nyaroTcs coctaBoM (HoToOonoHToB. Bun Peltigera praetextata or-
HOCHTCS K TPYIIIIC ITHAHOIUIIAHHUKOB, ¥ €r0 (POTOOMOHTOM SBJISFOTCS [IMaHOOAK-
Tepun poma Nostoc [24], pacnonoXeHHBIE B alblrajdbHOM CIIO€ TalioMa. Bun
Hypogymnia physodes sBnseTcs XIOpOOHMOHTHBIM JIMIIIAWHUKOM, ()OTOOMOHT KO-
TOPOTO MPEJCTABIICH 3eJICHBIMU BOOPOCISIME poza Trebouxia [25].

B coBpeMeHHBIX HCCIENOBAaHHUAX 0C000€ BHUMAHWE YICTACTCS H3YUCHUIO
XO/Ia OHTOTEHE3a OPraHU3MOB C aKIEHTOM Ha MPOUCXOISIINE B TEUCHHE ITOT'O
mporiecca M3MEHEHHUS CTPYKTYPHO-(DH3HOJIOTHISCKAX XapaKTepUCTUK [26-27].
BuprunmibHsIe, TeHEpaTUBHBIC U CEHUIBHBIE 0COOM Ha Pa3HON CTaIiH OHTOTE-
He3a I0-pa3HOMY Pa3BHBAIOT PEAKIUH AANTAlUN K MEHSIOIINIMCS YCIOBHSM
cpenbl. Tak, M3BECTHO, UTO HA HAYAIBHBIX 3TalaX )KU3HEHHOTO IIKJIA MOTYT OCY-
IIECTBIIATHCS MHOTOUUCIICHHBIE MPUCIIOCOONTENBHBIC PEaKIUH (B TOM YUCIE H
HM3MEHEHHUE HKCIIPECCHH TeHOB (DEPMEHTOB, N3MECHEHIE HHTCHCUBHOCTH (DH3HO-
JIOTMYECKUX TPOIECCOB, BKITIOUEHHUE ITYHTOBBIX MEXaHU3MOB OOMEHA: CHIKCHUE
WHTEHCHBHOCTH ITMKJa KpeOca mpu yBennueHN HHTEHCUBHOCTH TIIMKONIN3a [ 28],
paszo0rieHne oKuciieHus u HocHOopHUITHPOBaHUS B MUTOXOHIPHUAX [29], Bo3pacTa-
HHUE JTOJTM NTMKAMATHOTO MyTH CHHTE3a BTOPUYHBIX MeTabonmuToB [30]). Obmas
YCTOWYIMBOCTH MOJIOIBIX 0COOEH MOJKET OBITh HIDKE, TI0 CPABHEHHIO CO 3PEIBIMH,
W C MPOXOXKIIeHNEeM (Da3 OHTOreHe3a MOKeT ToBhIaThes [30].

Bronorust u ¢pu3n0I0THs IUIIAHIKOB B XOJIe UX OHTOTeHEe3a M3ydeHBI crado.
JHannpie 00 aKTHBHOCTH (DEPMEHTOB KaTalla3bl M CYyIIEPOKCHAIUCMYTA3HI B TaJUIO-
Max JIMIAHUKOB Peltigera praetextata n Hypogymnia physodes pa3HBIX OHTOTe-
HETUYECKAX COCTOSHUM B JINTEPAaType OTCYTCTBYIOT. BMecTe ¢ TeM m3ydeHne 0co-
OEHHOCTEH aHTHOKCHIAHTHOM CHCTEMBI TAIJIOMOB JIMIIAHHUKOB ¢ Pa3HbIMHU (POTO-
OMOHTaMH B TEUCHHE OHTOT€HE3a aKTyallbHO M MOYKET BHECTH BKJIA]l B IIOHUMAaHIe
MEXaHN3MOB aJIAITANA CHMOMOHTOB K MEHSIOIMMCS YCIIOBHSM CPEIBL,  TAKKe
MOCITY>KUTh MHIMKATOPaMH (YHKINOHAIBHOT'O COCTOSHUS OPraHu3Ma.

Lenpro uccienoBaHus SBISUIOCH N3YdEHUE aKTUBHOCTH (DepPMEHTOB KaTaja3bl
U CYHEpPOKCHAIMCMYTa3bl B TalUIOMax IHINAWHUKOB Peltigera praetextata u
Hypogymnia physodes pa3Hoii cTaiuyl OHTOTeHe3a.
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Puc. 1. Peltigera praetextata (A) u Hypogymnia physodes (B) (poto B.1. Auapocoa)
[Fig. 1. Peltigera praetextata (A) and Hypogymnia physodes (B) (photo VI Androsova)]

MaTepna.n bl 1 METOAbI

O06pa3usl Ta;uioMoB P. praetextata u H. physodes coOpaHBI cO CTBOJIOB OCHH
(Populus tremula L.) n cocen (Pinus sylvestris L.) B CXOXHX 3KOJOTHYECKHX
YCIIOBUSX CMEIIAHHBIX OCHHOBO-EIOBBIX COOOIIECTB CPEAHEH TalTH HA TEPPUTO-
pHH TOCYIapCTBEHHOTO MPHPOIHOro 3amoBenHukoB «KwuBau» (62°15'15,9" N,
33°58'746' 'E, PecniyOnuka Kapenus, cpemaeraéxnas noa3oHa), «[TMHeKCKUi»
(64°34'14" N, 43°15'48" E, Apxanresnbckas o0I1., ceBepHas Taiira), «KocTtoMyk-
mickuii» (64°33'19" N, 30°20'46" E, Pecriyonuka Kapenwus, ceBepora&xHas mo-
30Ha) 1 Ha Tepputopuu boranmyeckoro caxa [lerpl'y (61°50'17" N, 34°23'13" E,
Pecrrybnuka Kapemus, cpenneraéxaas mom3ona). O0pasimsl IUIIARHAKOB COOH-
PAaICh B CYXYIO IOTOY M XPaHWINCH B CyXOM, TEMHOM MECT€ MHHUMAIIFHO BO3-
MOJKHBIN cpok mpu Temiepatype 15°C. Cpennee conepixaHue BoAbl B TasIOMax
He npespimano 10%.

OCHOBBIBasICH Ha MOP(OJIOTHMUCCKUX MPH3HAKAX, 00pa3Ibl TAJUIOMOB OBLIH
pa3meneHsl Ha TPYIIEI Pa3HOTO BO3PACTHOT'O COCTOSHUA. TamtoMer P. praetextata
ObUTH pa3zeNneHbl Ha 3 TPYIIB: BUPTHHWIBHBIE (IpereHepaTUBHBIC, MOJOMIBIC
TaJUIOMBI 0€3 CTPYKTYP Pa3MHOKEHUS ), TCHEPATHBHBIC (TAJZIOMBI C TUIOJIOBBIMHU
TeNaMi U (PHIUTHAUSMHA — CTPYKTYpPHI BET€TATUBHOI'O Pa3MHOKCHHS) U CEHUIIb-
HbIe (TAJUIOMBI, UMEIOIIUE MPU3HAKYU JIerpajaluy Ha Oomblired ruromany) [31].
Cpensl TaimoMoB H. physodes BbIeIeHB 2 TPYIIIB: BUPTHHAIBHBIE W CEHIIIb-
HBIE, TCHEPAaTHBHBIC TAUIOMBI CO C(POPMHUPOBAHHBIMHU IUIONOBBEIMH TEIAMHU Y
3TOT'0 BHU/Ia BCTPEUAIOTCS KpaHE PEJIKO B paiOHAX MCCIICAOBAHMSI.
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Memoowl onpedencHuss AKMUSHOCMU HEPMEHMO8 AHMUOKCUOAHMHOU CU-
cmemvl. bBnoxuMudeckue nccae0BaHus MPOBOAMINCE Ha 6a3e 1abopaTopuu Ka-
(dbenpsl 6oTaHUKU U Pu3nonoruu pacrenuit Ilerpl’Y u mabopaTopun HaydHO-HC-
CIIEIOBATENBCKOTO IIEHTPA aKBaKyIbTyphl IHCTHTyTa OHOJIOTHH, SKOJIOTHH 1 ar-
porexnonoruti  Ilerpl'Y. TammomMbl  JIWMIAHHUKOB  TOMOTE€HU3WPOBAIA
(«TissueLyser LT», «QIAGEN», I'epmanusi) B cpefe CIEIyIOMIEr0 COCTaBa:
67 MM K, Na-pocharusiii 6ydpep (pH = 7,8), 0,5 MM DJITA; cooTHOmCHHE
TKaHb: Oydep — 1:10. [Tocne 20-MuHyTHOH 3KCTpaKiyy mpu 4°C roMOreHar JiBa-
1161 eaTpudyrupoBasm npu 10 000 g B reuenune 20 muH («Centrifuge 5804 Ry,
«Eppendorfy, llIBerinapus) [32].

OO0 aKTHUBHOCTH CYHEPOKCHUIUCMYTA3bl CYIHIIA 110 HHTHOUPOBaHUIO (HOTO-
BOCCTAHOBIICHHS HUTPOCHHETO TeTpa3onus. MIHKyOaimoHHAas cpesa s ompee-
JIHUS] aKTUBHOCTH CYIEPOKCHITUCMYyTa3bl copepkana 67 MM K, Na-docdat-
He1id 6ydep (pH 7,8), 172 MkM HHTpOCcHHETO TeTpazonus, 210 MKM MeTHOHUH,
24 MxM pubodasus, 0,1% Tpuron X-100. Komngectso cynepratanTta 100 Mxi1.
J7s onpeneneHusl akTHBHOCTH CYIIEPOKCHIIACMYTa3bl N3MEPSUIH YMCHBIIICHHE
ONTHYECKOH TUIOTHOCTH TIpH 560 HM Tociie 30 MUH MHKYOAIuu 1oJ| cBeToM (Iy-
OpECLEHTHBIX JIaMIT. AKTUBHOCTh CYIIEPOKCHIANCMYTa3bl BEIPAXKalld B YCII. €1I.
Ha 1 mr Oenka 3a 30 muH (ycir. en./mr Oenka) [33—-34].

OO0 aKTHBHOCTH KaTaxasbl CyIIIIN 110 (ePMEHTATUBHOMY Pa3IOKEHHIO TIepe-
KHcH Bomopona. HkyOanmonHast cpeaa coaepkana 67 MM K, Na-docdaTHbrit
oydep (pH 7,8) u 10,3 MM nepekuch BoJopoja, KOJMIECTBO cyrepHaTanTa 50—
200 MKJI B 3aBHCHMOCTH OT aKTUBHOCTH (pepMeHTa. JIMHelHas 3aBUCUMOCTD aK-
TUBHOCTH KaTalla3bl OT BPEMEHH Peakiiny HaOoanacs B Tedenne 30 MuH, I
peakiiy ObUTO BRIOpaHO BpeMst HHKyOauu — 20 MuH. 11 onpeneneHns akKTuB-
HOCTH KaTajia3bl U3MEPsUIH YMEHBIIEHUE ONTUYECKOW TUIOTHOCTH TipH 240 HM,
coJepikaHIe EPEKUCH BOAOPOIA PACCUUTHIBANIH TI0 TIPEABAPUTEIEHO TOCTPOCH-
HOMY TpaayHpoBOYHOMY Tpaduky B amamazoHe 1,5-20,6 MM mepekucu BOJIO-
poxa. AKTHBHOCTB KaTajas3bl BEIPaXKalld B MKMOJIb BOCCTAHOBIICHHON TTEPEKUCH
Bojopoja Ha 1 mr Oenka 3a 20 muH (MkMoitb HoOo/Mr Genka) [32, 35].

Conepkanue Oenka onpeaensui o Merony bpendopna [36] u BeIpaxkayii B
Mr OeJika Ha T CyX. Macchl (Mr Oenka/r cyX. macchl). ConeprkaHue Oenka ornpene-
JSUTK B CyTIepHATaHTe (MapauIeIbHO OMpPENEICHII0 aKTHBHOCTH KaTaja3sl U Cy-
MEPOKCUAMNCMYTA3bl), KOTOPBIH MONydYalld, KaK OIMHMCaHO BHIMIE, HA OcHOBE pH
¢docharnoro 6ydepa 7,8.

Bce ananu3pl ObUTH BBITIOTHEHBI B TPEXKpaTHON OBTOpHOCTH. OOBEM TOITy-
YEHHON BBIOOPKH LTS KaXKIOT'O MTOKA3aTellsl OMHOM CTaiy OHTOTCHE3a Ka)IIoro
BHJIa cocTaBui 27 o0pasnoB (n=27). CTaTUCTUYESCKUI aHAIN3 JaHHBIX MPOBE-
IEH C UCIONIb30BaHueM ofHo(pakTopHoro muctnepcruonHoro (OA) [37] B cpene
Microsoft Office Excel 2010. JlaHHbIC Ha pUCYHKaX W B TaOJIHIIAX PUBEICHBI B
BHJIE CPETHUX apH(PMETHICCKUAX C OMTHOKAMH CPEITHUX.

Pe3yJIBTaTbl HCCJIeJ0OBAaHUA

B xome paGoThl OBUIM TONYYEHBI 3HAUCHHSI COACPKaHUs OenKa, aKTHBHOCTH
AOC ¢pepMeHTOB — KaTanas3bl U CYIMePOKCHTUCMYTa3bl B TAJIIOMAaX JIMITAHHUKOB
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P. praetextata v H. physodes n TipoBelleH CpaBHHUTENBHBIA aHAIN3 3HAYCHHN
MEXIy BUPTHHIIBHBIMHU, TEHEPATUBHBIMA U CEHIIBHBIMH TAJJIOMaMH JIECHBIX
COOOIIECTB CPEeTHEH U CEBEPHOM TalTH.

Cooepoicanue beaxa. COTIACHO TONYYCHHBIM JIaHHBIM, COJIEpXKaHue Oelka
(MI/T cyXx. Macchl) B TaJioMax P. praetextata B mipenenax Bcel M3yUCHHOH BbI-
0opku cocTaBmiio B cpeareM 1,12 + 0,09. Coneprkanue Oenka pa3imyaioch B Tajl-
JIOMaxX pPasHBIX OHTOTCHETHUYECKMX CTaIWi: HamOombpliee corepikaHue Oernka
OBLTO OOHAPYKEHO B BUPTUHIUIBHBIX TAJUIOMax P. praetextata n3 cooOIIECTB ce-
BepotaexkHor mom3oubl (OJIA, p <0,01) (puc. 2, 4). Kpome Toro, cpentHee 3Ha-
YeHUE ColepKaHus OelKa B TaJUIoMax P. praetextata ceBepoOTaeKHBIX COOOIIECTB
(1,34 £ 0,06) B 1,5 pa3a nmpeBbIIaIo TAKOBOE B TAJNIOMAaX CPEIHETACIKHBIX COO0-
miects (834,61 + 103,31), e HanbombIee copepkanue Oeka 3a)uKCHPOBAHO B
CeHWIBHBIX oOpasnax (OJIA, p < 0,01).
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Puc. 2. Coneprxanue Oenka B TaJuIoMax Julnainuka Peltigera praetextata (A)
u Hypogymnia physodes (B) pa3HbIX OHTOI€HETHYECKHUX COCTOSIHUIL B JIECHBIX COOOIIECTBAX
CEBEPHOM U CpeZHEeH Tallru: v — BUPTUHUIbHbIE TAJUIOMBL,
g — T€HEPATUBHBIE TAJIOMBI, S — CCHWIBHBIE TAJJIOMBI
[Fig. 2. Protein content in lichen thalli of Peltigera praetextata (A) and Hypogymnia physodes (B)
at different ontogenetic stages in forest communities of northern and middle boreal subzone.
On the X-axis - Ontogenetic stages; on the Y-axis - Protein content, mg/g dry weight
Note (hereinafter): white columns - northern boreal subzone, bold columns - middle boreal subzone,
v - virginal thalli, g - generative thalli, s - senile thalli]

Coneprkanue Oenka B TayuioMax H. physodes B WcCeOBaHHOW BBIOOPKE CO-
cTaBWIIO B cpeHeM 2,45 + 0,32. Hanbosnpiee conepxanue OenKka ycTaHOBJICHO B
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BHPTHHWIBHBIX TaJuToMax (4,29 = 0,55) (OA, p <0,001) (puc. 2, B). Konmue-
cTBO Oenmka B TaymioMax H. physodes W3 CeBEpOTaCkKHBIX COOOIIESCTB
(3579,99 +£257,11) B 2-3 pasa npeBsIIIao ero coaepKaHnue B TAIUIOMaX CPeIHEH
taitru (1,31 + 0,10)) (OA, p < 0,001).

Takum o0OpazoM, cojepkaHue Oellka B TAJZIOMaxX XJIOPOOWOHTHOTO JIUIIIAM-
Huka H. physodes moutn B 2 pa3a BbIIIIE, [0 CPABHEHHUIO C MAHOOWOTHBIM JTH-
maiHuKOM P. praetextata. Conepkanue Oenka y 000UX HCCIeTOBaHHBIX BHIOB
BEIIIIE B TAJUIOMAaX U3 CEBEPOTACIKHBIX COOOIIECTB.

Axmugnocms cynepoxcuooucmymasuvl. AHaIA3 MOXYUYSHHBIX JaHHBIX 00 ak-
THBHOCTH CYNEPOKCHIIHCMYTAa3bl (YCII. elI./MT Oenka) B TaJmioMax P. praetextata
MOKa3ajl, YTO aKTHMBHOCTH (pepMEHTa B MpenesiaX Bcel BBEIOOPKH COCTaBHIA B
cpenrem 0,34 + 0,12. HanGonpmas ak THBHOCTD CYTIIEPOKCHITMCMYTa3bI ObLIa OT-
MEUeHa UIS BHPTHHIIBHBIX TAIJIOMOB CpemHeTaekHBIX coobmectB (O/IA,
p <0,01) u cocrabiszia 0,90 + 0,17 (puc. 3, 4A). Pasnuuunii B akTHBHOCTH CyTIie-
POKCHIINCMYTa3bl CEBEPOTACKHBIX TaJNIOMOB P. praetextata Ha pa3HOU CTamuul
OHTOT€HE3a BBISBJICHO HE OBLIO.
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Puc. 3. AktuBHOCTSH cynepokcugucmyrassl (COJl) B TaJoMax JUIIARHUKOB
Peltigera praetextata (A) nu Hypogymnia physodes (B) pa3HbIX OHTOI€HETUYECKUX CTa i
U3 JISCHBIX COOOILECTB CPEIAHEH U CeBEPHOM Talru
[Fig. 3. Superoxide dismutase activity in lichen thalli of Peltigera praetextata (A) and Hypogymnia
physodes (B) at different ontogenetic stages in forest communities of northern and middle boreal subzone.
On the X-axis - Ontogenetic stages; on the Y-axis - activity of catalase, pmol H,O,/pug protein]
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3HayeHNne aKTUBHOCTH CYNMEPOKCHITNCMYTa3bl B TaimoMax H. physodes B
mpejernax ucciaenoBaHHoN BEIOOpKH cocTaBuio B cpenHeM 0,09 + 0,01. CortacHo
MOTYYEHHBIM TaHHBIM (puC. 3, B), akTHBHOCTb CYIIEPOKCHIINCMYTA3Hl BEIIIEC B
3 pa3za B ta;moMax H. physodes u3 cpenHeraexubix coodmects (0,14 +0,03) B
cpaBaennu ¢ ceBeporackasiMu (0,04 +0,01) (OA, p<0,01). Cpenu usyden-
HBIX OHTOTCHETHUYECKHX CTaIui HAamOONbIIas aKTUBHOCTH CYHNEPOKCHITICMY-
Ta3bl ObLIA IMOJTydeHa JUTsl CEHIIIBHBIX TAIUIOMOB H. physodes (OJ1A, p < 0,01).

Taxum oOpa3zoM, JJIs TAJJIOMOB JIMIIAHHUKA P. praetextata Oblna BISIBICHA
Ooiiee BhICOKas (B 4—5 pa3) akTHBHOCTH CYIEPOKCHIMCMYTAa3bl B CPABHEHUH C
taimomMamu H. physodes. OpHako IOCTOBEPHBIX pa3lu4Wii B aAKTHBHOCTH
CYHNEPOKCHITUCMYTA3HI IS TAJNIOMOB Pa3HBIX OHTOTCHETHUECKHUX CTaIuil H3y-
YCHHBIX BUJIOB HE BBIIBICHO. MOKHO OTMETHTH TOIBKO MaKCHMAIBHYIO AKTHB-
HOCTH (hepMEHTa U BUPTHHWIBHBIX TAJUIOMOB P. praetextata W3 cpemgHETacK-
HBIX JIECHBIX COOOIIECTB H 00JIee BRICOKYIO aKTHBHOCTH CYIEPOKCHIIICMYTa3bI
Y CEHUJIBHBIX TAITIOMOB H. physodes B H3y4eHHBIX MECTOOOUTAHUSX.
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Puc. 4. AKTUBHOCTH KaTala3bl B TAJUIOMaX JIUIIAWHUKOB Peltigera praetextata (A)
u Hypogymnia physodes (B) pa3HbIX OHTOr€HETUYECKHUX CTa/INi
13 JISCHBIX COOOILECTB CPEAHEH U CeBEPHOM Tairu
[Fig. 4. Catalase activity in lichen thalli of Peltigera praetextata (A) and Hypogymnia physodes (B)
at different ontogenetic stages in forest communities of northern and middle boreal subzone.
On the X-axis - Ontogenetic stages; on the Y-axis - activity of superoxide dismutase, units/mg of protein]

Axmugnocmos kamanazel. CoracHO MOTYYCHHBIM JTaHHBIM, 3HAUCHUS aKTHB-
HOCcTH KaTanasbl (MkMonb H>O/MKr Oenka) BceX HCCIEHOBAaHHBIX TaJJIOMOB
P. praetextata cocraBuna B cpenuem 2,06 = 0,48. AKTUBHOCTh KaTana3bl B BUP-
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TUHHJIBHBIX TaluioMax P. praetextata B 2—3 pa3a IpeBbIlIaia aKTUBHOCTE (ep-
MEHTa B TaJUIOMax JIpyrux craamii onroreHesa (OJA, p < 0,01) (puc. 4, 4). Ilpu
9TOM OoJiee BBICOKAs aKTUBHOCTH KaTajas3bl 3apeTHCTPHUPOBAHA JUISA TaJIOMOB
P. praetextata w3 ceBepoTaeKHBIX coo0mecTB (2,48 £ 0,28) 110 cpaBHEHHIO € Tal-
smoMaMu u3 cpemHeTaexHbix (1,53 £0,12) (OJA, p < 0,01), 3a HCKITIOYCHHEM Ce-
HWIBHBIX TAJDIOMOB, JJISI KOTOPBIX Pa3IHYHs B 3aBUCHMOCTH OT MECTOOOUTAHUS
HE BBISBIICHO.

B nccnemyemoii BEIOOpKE 3HAYCHHS aKTHBHOCTH KaTajasbl B TaJUIOMaX JIH-
maiianka H. physodes cocrasmmm B cpenaem 0,49 + 0,07. CornacHo OTydeHHBIM
JTaHHBIM, aKTHBHOCTH KaTajas3bl BUPTUHIUIBHBIX TAIUIOMOB H. physodes 3Haun-
TENBHO (B 6—7 pa3) BhIIIE, 4eM CeHIITBHBIX TauToMOB (OZ1A, p < 0,01) (puc. 4, B).
B Tanmomax H. physodes 13 cooOIIECTB CEBEPHOM TATH aKTHBHOCThH KaTalla3bl
Obuta HesHaunTenbHO BhIme (0,50 £0,19), yeM y cpeaHETaeKHBIX TaIIOMOB
(0,46 = 0,09) (OA, p <0,05).

Taxum 00pa3oM, aKTHBHOCTH KaTalla3el B TaJUIOMax P. praetextata BEHIIIE B
4 pasza o cpaBHeHHIO ¢ H. physodes. Y 000HX BHIIOB JIMIIIAMHUKOB MaKCHMaJIb-
HBIC 3HAYCHUS aKTUBHOCTH (pepMEHTA YCTAHOBJIEHBI U BUPTUHIUIBHBIX TaJlIO-
MOB, @ MUHAMAJIbHBIE — JUISI CEHUIIBHBIX TaJlIIOMOB.

O6cyxaenue

B xone paGote ObLTH WCCIIENOBaHBI CONEpKaHKWe Oelka W aKTUBHOCTH (ep-
MEHTOB KaTajasbl ¥ CyHepOKCHAIICMYTa3bl B TAIJIOMAxX pa3HOi CTaJuu OHTOTe-
He3a [IMaHOOMOHTHOTO JHINaiiHuKa P. praetextata M XJOPOOMOHTHOIO JIHINAK-
HUKa H. physodes 13 NecHBIX cOOOIIECTB cpemHell 1 ceBepHOH Taiiru. CoritacHo
MOJTyYCHHBIM JIAHHBIM, B TaymioMax H. physodes conepxanue Oenka B 2 pasa
BBIIIIE, ITO CPAaBHEHUIO ¢ TajutoMaMu P. praetextata (cM. puc. 2). Kpome toro, Tan-
JIOMBI U3yYEHHBIX BHJIOB U3 CEBEPOTACKHBIX COOOIIECTB CONEpP)KaIH OOIbIIIe
Oenka, 9eM U3 CpeIHETaeKHBIX coo0mecTB. CormacHO MEIOIUMCS JaHHBIM, M3~
BECTHA PO OCTIKOB B MEXaHM3MaX aJalTalliy JIUIIAHHAKOB K SKCTPEeMaIbHBIM
ycroBusM Apktuku [38]. Pasnnumst B comepikaHuy Oelka B TaNIOMax PasHBIX
OHTOTCHETHYECKMX CTaJIUH ObLIH BRIPAKEHBI B CEBEPOTACKHBIX 00pa3iax 000ux
BHJIOB JIMIIAWHIKOB: BHPTUHHUIIBHBIC TAJUIOMBI XapaKTEPU3YIOTCS Ooiee BBICO-
KAM cofiep’kaHueM Oeika. B nurteparype maHHBIE 10 cOIepKaHMUIO Oeika B Tall-
JIOMaX pa3HBIX OHTOI€HETHYECKUX CTAANH HMEIOTCS TOJIBKO IS Ie(haIoIieBOro
XJIopoOHOHTHOTO JTnmaiHuka Lobaria pulmonaria (L.) Hoffm., mpu uccnenora-
HUH KOTOPOTro OBLIO YCTaHOBJICHO, UTO colepkaHue Oellka B TaUIOMax HE 3aBHU-
cut ot craanu ontoreHesa [39—40]. [loxyuennsle aBTOpaMy 3HAYEHUS COZIEPKa-
HUs Oenka B tayutoMax L. pulmonaria (3,32 = 0,01 Mr/r cyX. Maccel) comocra-
BHMBI CO 3HAUCHHSIMH 3TOTO TIOKa3aTels y H3y4eHHOro Buna H. physodes. Oba
9TH BHUJIA SBILIOTCS XJIOPOOMOHTHBIMHE JIMIIARHUKAMH, CONEPKAIIMA B TaJLIO-
MaX B Ka4eCTBEe OCHOBHOTO (poToOMOHTA 3eneHble Bogopocin. Kpome Toro, Buxa
H. physodes, 11 KOTOPOTro 0TMEYeHO OoJiee BBICOKOE CoJiepKaHue Oellka, KaK u
Bun L. pulmonaria, sBisieTcs SMUGUTHBIM JHIIAHHIKOM, OOUTAIOIINM Ha CTBO-
Jax NIepeBbEB, TOT/A Kak BUI P. praetextata oOWTaeT MPEUMYIIECTBEHHO CpeIH
MXOB Ha OCHOBaHHH CTBOJIOB IEPEBLEB. beIIki MOTYT y4acTBOBaTh B MEXaHM3MaX
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PETYIHPOBaHIS BOAHOT'O 0OMEHA TAJUIOMOB JINIIAHUKOB ITyTEM CBSI3BIBAHUS MO-
JIEKYJI BOJBI M MOBBIIAS BOAOYIEPKHBAIONIYIO CIIOCOOHOCTh TaJlIoMoB [41—42].
BeposiTHO, 3T0 MOXKET 00BACHATHL O0JIce BRICOKOE CoiepykaHre Oellka B TaJLTOMax
Buna H. physodes, KOTOpbIi 00MTAET B YCIOBUSAX HEIOCTATOYHOI'O YBIAKHCHHS
0 CpaBHEHUIO C P. praetextata. Takum o0pa3oM, comepikaHue OelKa SBISIeTCS
BHJIOCTICIT(PIMYHBIM TI0KA3aTEIeM, 3aBUCIIUM OT 0COOCHHOCTEH MeTaboIn3Ma 1
HKOJIOTUIECKUX YCIOBHIA MECTOOOHTAHUSI.

UzBectHO, uro ADK y rpuboB perymupyroT BCEe XH3HEHHO BajKHBIC IIpO-
IIECCHI: CMEHY (ha3 pa3BUTHSL, MEKKICTOYHBIC B3aUMOACHCTBHS, 3aIUTY OT MEXK-
BHJIOBOM KOHKypeHIHH [6]. B pa3snnuHbIX riccnenoBaHMSIX MMOKA3aHO, YTO HAIIH-
qre pa3MnIHbIX UCTOYHUKOB ADK U crcTeM MX JeTOKCHKAINH TO3BOJISIET TPH-
06aM ToAIep)KUBATh KOHIIEHTPALHIO ATHX COSAWHEHHUH, HEOOXOIUMYIO IUIS BEI-
MOJTHEHUSI UMH CHUTHANBHBIX (QYyHKIWHA. JIMXeHH3upoBaHHBIE TPHOBI TOABEPra-
FOTCSI AEHCTBUIO HE TOIBKO «COOCTBEHHBIX», HO M 00pa30BaHHBIX BOJAOPOCIEBEIM
kommoneHToM ADK [6]. OcHoBHbIMU ncTouHUKaMU ADK y TUITaWHUKOB SBIIS-
FOTCS DJIEKTPOH-TPAHCIIOPTHBIE IEMH JBIXaHUS MHUKOOHMOHTa M (hOTOOMOHTA, a
Takke ¢porocuHTe3a PorodroHTa. CpaBHEHHE MOMYYCHHBIX 3HAYEHUH aKTUBHO-
ctit AOC hepMeHTOB B TaJITIOMaX JIMINIAHHIKOB CO 3HAYCHUSAMU, H3BECTHBIMH JIJIS
BBICIINX PACTEHHH, BEISBHIIO pas3iumyusl. Tak, 3HaUeHHUsI aKTUBHOCTH CYTIEPOKCH/I-
JVICMYTa3bl, MPHUBOJMMBIC HCCIICAOBATSIIAMU JIIs Oepe3sl ToBHCION (Betula
pendula Roth var. pendula) n xapensckolr 6epesbl (B. pendula var. carelica
(Mercklin), B 3—4 pa3a Boite [33], a karana3sl — B 3—4 pa3a Hroke [32] monydeH-
HBIX B JAHHOM HCCIICIOBAHUH 3HAYCHUH VIS TAJJIOMOB JINIIAHHNKOB.

B nccnenoBannm ycTaHOBIICHO, YTO aKTUBHOCTD CYTIEPOKCHAIICMYTa3bI H Ka-
Tajaspl B TaJuIoMax Buaa P. praetextata B 4-5 pa3 Beime, 4yeM y H. physodes.
Bunsr P. praetextata u H. physodes — rerepoMepHBIE TICTOBATHIC JIUITAWMHIKH,
pasnryaroniuecs cocTaBoM (OTOOMOHTOR U, CIIEIOBATEIbHO, UMEIOIINE MeTabo-
nudeckne ocooeHHoctd. @otoOnoHTOM BUAa H. physodes SBASIOTCS 3eNIEHBIC BO-
nopociu pona Trebouxia. Bun P. praetextata OTHOCUTCS K TPYIITE [IMAHOJUIIIAK-
HHUKOB, U €ro (POTOOMOHT — naHoOaKTeprH poaa Nostoc. CorilacHO HMEIOITUMCS
B JINTEpaType JaHHBIM, JTUIIAHHUKN TTonoTpsaa Peltigerineae, kK koTopomy mpH-
HAIJIESKUT P. praetextata, OTIMYAIOTCS BRICOKOH PEeOKC-aKTUBHOCTBIO H B IIEJIOM
BBICOKMMH MHJIEKCAMHU METa00IMUecKol akTHBHOCTH [43]. Bo3MOXHO, B CBSI3H C
3THM B TaJuToMax P. praetextata aktuBHOCT AOC (pepMEHTOB BBIIIE Y 3TOTO I~
aHONMIIaiHUKa. AKTHBHOE 06pa3oBanue O, B TaaloMaX MENLTUTEPH B TOM
YHCIIEe PACCMATPHBACTCS MCCIIETOBATEISIME U KaK 3alUTHAS PEaKIHs IIPOTHB Ta-
TOreHoB [43].

AHanm3 aKTUBHOCTHU CYTIEPOKCHIIICMYTAa3kl B TAJUIOMAX UCCIICJOBAHHBIX JIH-
MIAHAKOB HE BBISBUJI €€ 3aBHCHMOCTH OT CTaJluii OHTOreHesa (cM. puc. 3). Bos-
MOYXHO, pa3HOHAIIPABIICHHBINA XapaKTep N3MEHEHNH aKTHBHOCTH ATOT0 (hepMeHTa
CBsI3aH C 0COOEHHOCTSAMH MeTaboIu3Ma HMEHHO (POTOOMOHTA JIMINAHNKA, TTPO-
IyIHUPYIOMIETO CYNEPOKCHAAHNOH PaJWKal B OKHCIHTEIEHO-BOCCTAHOBUTEIID-
HBIX peaKIusIX (POTOCHHTE3a. ITO MOATBEPIKAACT HEOOXOMMOCTE TTONICPKAHHST
CTaOMIIBHOTO ITOCTOSIHHOTO YPOBHS aKTUBHOCTH UMEHHO CYIEPOKCHIIICMYTa3bI
B CHMOMOTHYECKOM OpraHM3Me Ha BCEH MPOTSDKCHHWH JKU3HCHHOTO IHKIA. Tak,
KaK ITOKa3bIBAIOT HCCIICIOBAHUS, 00¢ POPMBI (pepMEHTA CYITePOKCHIINCMYTa3bI:
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Cu, Zn COZl u Mn COJ/l — HEOOXOAMMBI JUTS MPOXOXKIACHUS HOPMATBHOTO JKH3-
HEHHOTI'O ITMKJIAa y TpUOOB [6] 1 0OHAPYKEHBI y THXECHU3UPOBAHHBIX TPpHUOOB [44].
MyTaHTBI TPHOOB IO CYIIEPOKCHAIICMYTA3e XapaKTePU3YIOTCS CHIKEHUEM IIPO-
TOJDKUTENFHOCTH KHU3HHU, PEIyKIHEH IMOJIOBOr0 MpoIecca W MOHIKSHHON CIIo-
cOOHOCTBIO K 00pa30BaHWI0 KOHUIMK [45], HaOII0AaI0Ch YBEIMYCHUE YPOBHS
CIIOHTaHHBIX MyTalui [46], 9TO yKa3bpIBaeT Ha ydacThe 3TUX (PEPMEHTOB B 3a-
nuTe KiIeTok oT ADK 1 MX BaXXHYIO pojlb B peryJisaiuu pa3sutus [6]. Takum 00-
pa3oM, B TEUCHHE BCETO JKU3HEHHOTO ITHKJIA aKTHBHOCTH CYIEPOKCHITUCMYTa3hI
JIOCTATOYHO CTaOWIbHA.

JnHamMHKa aKTUBHOCTH Ha Pa3HBIX CTAIHsIX OHTOTCHE3a TAJJIOMOB BBISBIICHA
TOJILKO JUTSI KaTaja3bl y 000MX MCCIICAOBAHHBIX BHIIOB JIMIIAHHUKOB (CM. pHC. 4).
Y MOJOABIX TaJZIOMOB BHPTHHIIIBHOM CTAIWM aKTHBHOCTH KaTaiasbl OblIa 3Ha-
YHUTEIFHO BHIIIE B CPABHEHIH C CEHIIIBHBIME. BO3MOXKHO, 3TO CBSA3aHO C BEICOKOMH
WHTCHCHBHOCTBIO MeTa0ONIHM3Ma MOJOINBIX TAJDIOMOB ITHIIAHHHUKOB, MPUBOIS-
IIero K 00pa30BaHUIO MEPEKHCH BOAOPOaa. BEICOKas HHTEHCUBHOCTD ABIXAHHUS
(Tak Ha3BIBAEMOE «IBIXaHHE POCTA») IIPA AKTHBHOM POCTE OPTaHU3MOB N3BECTHA
JUIS pacTeHuil [47], Torna Kak JaHHbIe 00 WHTEHCHMBHOCTH JIBIXaHHS TaJJIOMOB
TMUIIAAHUKOB B XOJIE X PAa3BUTHUS OTCYTCTBYIOT B JIUTeparype. M3ydenne akTus-
HOCTH CYTIEPOKCHIINCMYTa3bl U KaTala3bl ¢ YIETOM OHTOTCHETHUCCKHUX CTaIIHiA
TUmaiauKa L. pulmonaria Taxxe BBRISBIIIO Pa3Iniys MKy CTaIISIMHA B yPOBHE
aKTHBHOCTH TOJIBKO KaTalla3bl: y BUPTHHIIIBHBIX TAJJIOMOB OHa ObLTa B 2,5 paza
BoIme [39].

YyBCTBUTEIHHOCTH KaTaIa3bl OTMEYAETCS B HCCIICAOBAHMSIX BIIHSHUS 3arpsi3-
HEHHsI Ha aKTUBHOCTh aHTHOKCHIAHTHBIX (pepMeHTOB. Tak, B TauIoMax SIH(UT-
HOT0 JINCTOBATOI0 JIUIIAWHNKA Pyxine cocoes (Sw.) Nyl. I(MEHHO aKTHBHOCTD Ka-
Tanasbl pe3KO YMEHBIIAIACH C YBENUICHUEM BPEMEHH YKCIIO3UINN BO3ICHCTBUS
3arpsizauTens [17] B omane 0T CynepoKCHIANCMYTa3bl, 171 aKTHBHOCTH KOTO-
poif 4€TKOM 3aKOHOMEPHOCTH HE BBISIBIICHO.

B tamtomax P. praetextata v H. physodes akTHBHOCTB KaTasiasbl (CM. puc. 3)
B TAJUIOMaxX W3 CEBEPOTAEKHBIX COOOIIECTB BEHINIE, YEM B TaJNIOMaX CpeIHEH
Ta¥TH, a aKTUBHOCTh CYIEPOKCHIINCMYTa3a, HAIPOTUB, ObLIA B CPSAHEM BHIIIE
Y CPEHETAaeKHBIX TAJUIOMOB JHIIAHHUKOB. BO3MOXKHO, 3TO CBSI3aHO C Bapua-
OENBHOCTRI0 WHTCHCHUBHOCTH IIPOIECCOB (POTOCHHTE3a W ABIXAHUS IO IIHPOT-
HOMY TpagueHTy. [y pacTeHui H3BECTHO, YTO HHTCHCUBHOCTD IBIXaHHUS YBEIHU-
yuBaercs [48], a porocuHTE3a CHIDKAETCs [49] ¢ MPOABIKEHUEM B CEBEPHBIC I~
poTEl. BO3MOXHO, y JIHUIAHAKOB aKTHBHOCT KaTaja3bl BEICTYIIAET MapKEpOM
MIPOLIECCOB BIXaHUSI MUKOOMOHTA, @ aKTHBHOCTH CYMEPOKCHIINCMYTa3bl — (o-
TocuHTe3a (orodmonta. Kpome TOro, s TpencTaBUTENCH IOXOTpsIa
Peltigerineae orMedeHa kaTajiazarono0OHas aKTHBHOCTh (hepMEHTa THPa3MHA3bI,
KOTOpasi TaKKe aKTHBHO YJacCTBYeT B pasnokeHnu H,O», 3amumas mumaiHukm
oT HeratuBHOTO neiicteus ADK [50].

WHTEpeCHBIM OTKPBITHIM BOIPOCOM OCTAeTCs BKIIAJ TPHOHOTO U BOJOPOCIIE-
BOT0 KOMITOHEHTOB TaJUIOMA JIMIIAWHUKA B aKTHBHOCTh aHTHOKCHIAHTHBIX (ep-
MEHTOB. Ha ceromHsmHmiA NeHb MPaKTUIeCKH HEBO3MOXKHO BBIICITHTH KOMIIO-
HEHTHI TAJIJIOMA JIMIIaiHIKa 0e3 nX OMOXMMHYECKUX n3MeHeHni. OIHaKo, ¢ o/1-
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HOU CTOPOHBI, YIUTHIBasl TOT (PaKT, 4To 0Koi0 90% TarmioMa numaiHKa chop-
MHPOBaHO MHKOOHOHTOM, BO3MOXKHO IIPEIIONIOKUTH, YTO OOJBIICH YaCThIO OIle-
HUBaeMasi aKTUBHOCTH ()EPMEHTOB OTPa’kKaeT COCTOSHHE aHTHOKCHAAHTHOH CH-
cTeMbl TpuOHOrO KoMmmoHeHTa. C Apyrod CTOpPOHBI, Y MUKOOMOHTa OCHOBHOW
nporiecc oopaszoBanus ADK — 3o mapixanue, y GoTOOMOHTA 3TO €Ille U MPOIece
¢dorocuHTE3a, KOTOPBIA, CINTACTCS, BHOCHT HaMOOJBIIUHA BKIIAJ B MPOLYKIIUIO
A®K [51]. [ToaTOMY CIOXKHO YTBEPXKIATh 0 OOJIBIIIEM BKIIAJIE B TOTydSHHBIC 3HA-
YCHUST aKTUBHOCTH aHTHOKCHAAHTHBIX ()EPMEHTOB OJHOT'O U3 KOMIIOHEHTOB JIH-
IIAMHUKOBOU acCOL[AAIHH.

3akiroueHne

Takum 00pa3om, BIiepBbIe OBUIH MTOTyYCHBI 3HAUCHHS AKTHBHOCTH (DEPMEHTOB
AHTHOKCHUIaHTHOIO KOMIUIEKCA — KaTalasbl U CYMEePOKCUIANCMYTa3bl — B TAJLIO-
Max JHiaiHukoB Hypogymnia physodes n Peltigera praetextata Ha pa3Hbix cTa-
JIMSIX OHTOTeHe3a. AKTUBHOCTh KaTasasbl H CYHEPOKCHAIHUCMYTA3bl BBIIIC B Tall-
JIOMax HHaHOOMOHTHOIO JHINAWHKUKA P. praetextata o CpaBHEHHUIO ¢ XJIOPOOHO-
HTHBIM JMIIAHUKOM H. physodes, 4to, BeposITHO, 00YCIOBIEHO BBICOKOH HHTEH-
CHBHOCTBIO OKHCIIHTEIbHO-BOCCTAHOBUTEIBHOTO METa00IM3Ma [[HaHOJIHUINA-
Huka. OTHOCHTENBHO CTa(Hii OHTOTeHE3a MOXKHO OTMETHTh 3aBUCHMOCTD aKTHB-
HOCTH KaTaja3bl, KOTOpas MaKCUMallbHa Yy BUPIUHIIBHBIX TAIUIOMOB O0OOUX BHU-
JIOB JIUIIAHHUKOB. B X071 McCleIoBaHus I aKTUBHOCTH KaTalias3bl B TAJLIOMAaX
JHUIIAHHUKOB BBISBICHA OOJbIAs 4yBCTBUTEIBHOCTh K CTa[{MM OHTOI€HE3a U K
YCIIOBHSIM OOUTaHUS.
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Annoranus. [To matepuanam uccienoBanuii purorankrona CouiBeHcko-Yycos-
ckoro mieca Kamckoro Bonoxpanuiuiia B utosne 2020 u 2022 rr. u3y4eHsl ero Takco-
HOMHYECKHH COCTaB, 9KOJIOro-reorpaduyeckast CTpyKTypa M KOJIM4YeCTBEHHbIE IT0Ka3a-
tenu. Unenruduimpoano 267 BUIOBBIX U BHYTPHBUAOBBIX TAKCOHOB BOJOPOCIIEi U3
9 0oTzenoB, OCHOBY BUZOBOIO OOraTCTBa CO3/IAl0T IMATOMOBBIE, 3€JICHbIE, 30JI0THUCThIC
BOZIOPOCIIU U 1IMAHONPOKAapUOTHL. I1o Beell akBaTopuM HaOMIOAAETCS MAacCOBOE Pa3BHU-
THe 0e3reTepoLMCTHRIX IUAHOIPOKAPHOT Aphanocapsa holsatica, A. inserta, Anathece
clathrata, Planktolyngbya limnetica, Aphanothece bachmannii. Tpopudeckuii cratyc
Chu1BeHCKO-UyCOBCKOro Iuieca 1o COCTaBy CTPYKTYPOOOPA3yIOIIMX BUIOB U YPOBHIO
Gromacchl onpezeseH kKak Me30TpodHbIii (cpenHsist 6rnomacca 2,68 mr/i). K ocHOBHBIM
U3MEHEHMSIM (UTOIUIAHKTOHA OTHOCHUTCS 3HAYUTEJILHOE BO3PACTAHUE TAaKCOHOMHYE-
CKOT'0 pa3H000pa3us 30JI0TUCTHIX BOJIOPOCIIEH, a TAKKE YCHIICHHUE LIEHOTHYECKOM POITU
JI13230TPOQHBIX IIMAHONPOKAPHOT U TUHOPUTOBBIX BOJIOPOCIIEH, YTO CBUIETEIbCTBYET
o mporpeccupyromiel 3BTpodukanun Box ChuiBeHCKO-UyCOBCKOro Iuieca Mpu COB-
MECTHOM BJIMSIHMM aHTPOIIOr€HHbIX (PaKTOPOB M NOTEIUICHUS KIIMMaTa.
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XapaKTepUCTHKA, CTPYKTypa COOOILECTB, IOMUHUPYIOIIMNA KOMIUICKC, TPOPUICSCKHIA
craryc, CpuiBeHCKO-UycoBckoit miec, Kamckoe BomoxpaHuimie
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Summary. Based on the materials from studies of phytoplankton in the Sylvensko-
Chusovsky reach of the Kama Reservoir in July 2020 and 2022, its taxonomic compo-
sition, ecological-geographical structure and quantitative indicators were studied. The
large marginal Sylvensko-Chusovsky reach of the Kama Reservoir is formed by the
confluence of the Sylva and Chusovaya rivers and includes two districts and three sec-
tions (See Fig. I). The mineralization of water throughout the reach varies significantly,
from 225 to 1000 mgL-1, which is associated with the influx of river water. In the Sylva
River, the average mineralization values in summer are significantly higher (650 mgL-1)
than those of the Chusovaya River (250 mgL-1). Precipitation and surface inflow vol-
umes in the study area (July 2020 and 2022) were below long-term averages. The years
of research varied significantly in temperature regime: the water temperature of the
Sylvensko-Chusovsky reach in 2020 was 30.3 + 1.6°C, in 2022 — 20.3 + 0.6°C.

As a result of the study, 267 species and intraspecific taxa of algae from 9 depart-
ments were identified in the phytoplankton composition of the Sylvensko-Chusovsky
reach of the Kama Reservoir. The basis of the species richness was formed by diatoms
(36.0%), green (28.5%), golden (12.5%) algae, and cyanoprokaryotes (11.6%); the
share of other algae departments totaled 11% (See Table 1). The species composition
of phytoplankton differs in various parts of the reach, which is associated with the flow
of river waters from the Sylva and Chusovaya rivers into the bays; the degree of floristic
similarity according to the Serensen-Chekanovsky coefficients is low and ranges from
0.41 to 0.68 (See Fig. 2). As a result of the carried-out work, the floristic list of algae
of the Sylvensky Bay was replenished by 41%, previously numbering 69 species and
varieties from 5 departments (See Fig. 3). In the ecological and geographical aspect, the
algal flora of plankton is represented by typically planktonic species, widespread in
water bodies of the globe, indifferent to water salinity, living only in fresh water bodies
and preferring neutral waters (See Table 2). In Sylvensky Bay, the ecological structure
of algocenoses retained its proportions from 2004 to 2022.

During the summer low-water period of algal flora, the most significant contribu-
tion is made by cyanoprokaryotes, which appear with diatoms and green sea waves (See
Fig. 4). Quantitative indicators of phytoplankton development varied significantly:
abundance from 0.9 to 85.0 million cellsL-1, biomass from 0.39 to 13.02 mgL-1. Dif-
ferences in the temperature regime during the years of the study determined the level
of phytoplankton development; in 2022, the abundance and biomass values were three
times higher compared to the abnormally hot 2020 (See Table 3). Throughout the entire
water area, the dominant complex in number is represented mainly by species indicators
of anthropogenic eutrophication (Aphanizomenon flos-aquae, Aphanocapsa holsatica,
Aulacoseira granulata, Stephanodiscus binderanus) and there is a massive develop-
ment of non-heterocyst cyanoprokaryotes (Aphanocapsa holsatica, A. inserta,
Anathece clathrata, Planktolyngbya limnetica, A. phanothece bachmannii). Dinophyte
algae (Apocalathium aciculiferum, Peridinium cinctum, P. willei, Peridinium sp. and
Gymnodinium sp.) played a significant role in the composition of dominant species by
biomass, along with diatoms (See Table 4). As a result of the development of small-
sized algal species, phytoplankton abundance values have increased more than 20-fold
from 2004 to the present, while phytoplankton biomass has increased only twofold.
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The Shannon species diversity index values (2.96-5.02) indicate a complex struc-
ture and high biodiversity of phytoplankton. Higher index values were characteristic of
riparian areas in 2022. Simpson's indices, reflecting the degree of expression of domi-
nance of certain species, vary from 0.04 to 0.36 in the Sylvensko-Chusovsky Bay. The
decrease of the index in the Chusovsky Bay (0.15 =+ 0.03) is associated with a higher
diversity of phytoplankton compared to the Sylvensky Bay (0.23 = 0.05).

Based on the composition of structure-forming species and the level of biomass, the
trophic status of the Sylvensko-Chusovsky reach is determined as mesotrophic. Since
the distribution of phytoplankton across the water area is uneven, the trophic state was
assessed from B-oligotrophic in the Sylvensko-Chusovsky area to mesotrophic in the
bays in 2020, and from mesotrophic to a-eutrophic level in 2022. The main changes in
phytoplankton include a significant increase in the taxonomic diversity of golden algae,
an increase in the coenotic role of disazotrophic cyanoprokaryotes and dinophyte algae,
which indicates the progressive eutrophication of the waters of the Sylvensko-Chusov-
sky reach under the combined influence of anthropogenic factors and climate warming.

The article contains 4 Figures, 4 Tables, 52 References.

Keywords: phytoplankton, species composition, ecological-geographical characteris-
tics, dominant complex, trophic status, Sylvensko-Chusovsky reach, Kama Reservoir
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BBenenmne

HccnenoBanust (GUTOIIAHKTOHA TO3BOJISIIOT BBIIBUTH COBPEMEHHOE COCTOSI-
HUE BOIOEMOB, OIICHUTH Ka4ECTBO WX BOJ, NaTh IPOrHO3 U3MEHEHHUSIM YKOCHCTEM
U TIOATOMY SIBIISIIOTCSI BAYKHEHIINMH KOMITOHEHTaMH B CHCTEME OHOIIOTHIECKOTO
MoHUTOpHHTA. OTHON M3 OCHOBHBIX 33724 COBPEMEHHBIX THAPOIKOIOTHICCKIX
HCCIIeIOBAHUI SIBIACTCS N3YICHNE TAKCOHOMUYIECKON CTPYKTYPHI U DKOJIOTO-T'€0-
rpaUyecKoil XapaKTepHCTUKHA BOIOpOCIeH IaHkToHa. Cpenu mapaMeTpoB
CTPYKTYPBl (PUTOIUIAHKTOHHBIX COOOINECTB 0CO0OC 3HAUYCHUE MMECT MU3ydYCHHE
COCTaBa JOMHHHUPYIOMINX BUIOB M IOKA3aTeJe UX pa3BUTHS, KOTOPBIE paccMaT-
pHBArOTCS Kak HanOoee HH(POPMATHBHEIE [UIS OIEHKH YKOJIOTHIECKOT'0 COCTOSI-
Hus [1]. KonmnyecTBeHHBIC OIEHKH, CBS3aHHBIC C pa3BHTHEM (PUTOILIAHKTOHA,
TaK)Ke CYUTAFOTCS IPUOPUTETHBIMH CPEAH OMOJOTHUYECKIX MTOKa3aTeneit [2].

Co3nmaHme MCKYCCTBEHHBIX BOJOEMOB (BONOXPAHIIIHII, MPYIOB) HapyIIaeT
(YHKITMOHHUPOBAHHUE PEYHBIX OMOICHO30B, CHJIBHO M3MEHSIS YCIOBUS OOUTAHHUS
THAPOOMOHTOB M OOJHK MX cooOIecTB. Kamckoe BogoxpaHumie, o0pa3oBaH-
Hoe B 1954 1. B pe3ynbTaTe nepekpoitus p. Kamel miotunoit Kamckoro rugpoysna
B paifone r. Ilepmm, sBIsIeTCS TEPBOH CTYIEHBIO KacKaJa BOIOXPAHFLTHIL.
B BepxHem Onehe Kamckoro BomoxpaHmiHIa HIKE CIUSHHUA peKk UycoBoit u
CBIIBBI pacIioNioxXeH OCHOBHOH BOH03a00p KPYITHOTO IMPOMBIIUIEHHOTO IIEHTpPa
Ha Ypane — 1. [lepmu. UccnenoBanue Bogopocieit minankroHna p. Kamer u xpyt-
HEHIINX BOJIOEMOB €€ OacceifHa MOJIoXKEeHO erle B Havalie XX B. [3—6], omHako
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cBeneHns O purorurankToHe ChUIBEHCKO-UyCOBCKOTO TUIECa 10 CHX TOp OTCYT-
CTBYIOT.

Lenps pa®oTH — OIEHUTH COBPEMEHHOE AKONIOrHmYecKoe cocTosiHne ChIIBEH-
cko-UycoBckoro mieca KaMckoro Bomox paHIIIUINA IO TOKA3aTeNsIM (DUTOILIAHK-
TOHA.

MarepuaJibl © METOABI

Kamckoe BomoxpaHIUIIE — 3TO Y3KUH CO 3HAYUTEIHLHON N3BUIIMCTOCThIO Oe-
PETOBOM JTMHUHM BOIOEM IOJIMHHOTO THIA C CE30HHBIM PEryIUPOBAHHUEM CTOKA.
[Tmomans BomHoro 3epkana nmpu HITY cocrasnsier 337,6 KM2, JUTHHA BOJIOX PaHU-
mumia 219 kM, cpenuss mmmpuaa — 1,8 kM, MakcuManbHas — 5,1 KM, CpeaHsist TIy-
OuHa — 7,2 M, MaKCUMallbHasl riryonHa — 28,9 M. MopdomeTpuieckn B BoJoXpa-
HUJIUIIE BBIACTSIOT JBa TJieca: aBHbIN — Kamckuii m KpymHbIA KpaeBoi Chli-
BeHCKO-UyCcoBcKoO#, oOpasoBaHHbId ciausaueM pek CeuiBa u Uycosas [7]. Tlo-
CIIETHUH BKITIOYaeT B ceOs IBa paiioHa U Tpu ydactka (puc. 1). Ilnomans Menko-
BOAHOM 30HBI 10 2 M coctaBisiet 16,4% B UycoBckom 3anuse, 17,0% B CrliBeH-
ckoM u 3,8% B CruiBeHCKO-UycoBckoM yuacTke. BomoToku, obpasyromue Kpae-
BOI IIeC, OJIM3KHU 10 BOJOCOOPHOM IUIOMIA M, B HIDKHIX TCUCHUSIX paBHUHHBIC,
UMEIOT MPEUMYIIECTBEHHO CHETOBOE IMUTAHUE C KOPOTKAM IIEPHUOIOM CTOKA Ta-
JIBIX BOJ, B JISTHE-OCEHHUM IIEPHUO]] CO 3HAYUTEIEHON POJIBIO JOXKIECBHIX ITaBOJ-
KOB, 1 J1is1 p. CBUIBBI — TPYHTOBBIX BOJ [8].

I'moponuHamirdeckas akTUBHOCTD B IIece HEBBICOKas, Ooiee cradas B Coui-
BEHCKOM 1 UyCOBCKOM 3aJIMBaX 3a CUET ITOBBIIIIEHHON M3BHIMCTOCTH peK. Bomsl
CruiBeHCKO-UyCOBCKOT0 ITECa OTHOCATCS K THAPOKAPOOHATHOMY KIIACCy Kajlb-
IIUEBOI TPYNIBI C OONBIINM KOJTHYECTBOM CYIb(paToB. V3-3a IMOUBEHHO-TEOXH-
MHUYECKIX 0COOEHHOCTEH BOIOCOOPHBIX IUIOMAIEH PEK XMMUIECKHI COCTaB BOJ
Pa3HBIX YIaCTKOB IIIeca CYIIECTBEHHO pa3nnyaercs. MuHepaiu3anus BOJ 110 ak-
BaTOPHH IJIeca 3HAUMTEIILHO BapbHpyeT, oT 225 10 1000 Mr/i1, 9TO CBSI3aHO C TI0-
CTYIUICHHEM peuHbIX Bo. B p. CpuiBe cpenHue 3HaUYCHIS MUHEPATM3alliH B JICTHEE
BpEMsl 3HAYUTEITLHO BhImIe (650 MT/iT) MUHepai3auy Boab! p. YycoBoit (250 mr/i)
[9]. B cBs131 C CyIIeCTBEHHBIM PA3IMUHNEM MUHEPATU3AIIH PACCMATPUBAEMBIX BOIO-
TOKOB HIDKE UX CIFSTHHS HAOIFONACTCs 3HAUNTENBHAS BEPTUKAIBHAS HEOTHOPOI-
HOCTb U3-32 «IIOATEKAHUSD) M «HATEKaHWsD) BOJ| pa3Hoi ruiotHocTH [10].

MartepuayioMm JuIs pabOoThI TTOCITYKHIIN 0aTOMETPUYECKHE MTPOOBI PUTOTUIAHK-
ToHa (42) oobeMoM 1,0 1, oToOpaHHbBIE B pa3HbIX yuyacTkax ChuiBeHCKO-YyCoB-
ckoro 1reca (cM. puc. 1) B moBepxaocTHOM (0,5—1,0 M) cnoe Bomsr 16—17 urons
2020 r. u 5-7 wronsg 2022 1. Ha 8 cTBOpax (JIeBwIid Oeper, (GapBatep, MpaBbli Oe-
per). O6paboTKy Mpod MPOBOAMIN CTAHIAPTHHIMH MeToaaMH. [IpoOBl KOHIIEH-
TPUPOBAITH METOJIOM (PIIIBTPAIIMHU Yepe3 MeMOpaHHbIe (GUILTPBI «Biaaumopy ¢
muamerpom mop 1,2-3,0 MkMm. YueT BoOpocCiel MpOBOAWIN B KaMepe «YUrH-
ckas» oovemom 0,01 mur, GuoMaccy OnmpeneNsiii CY4EeTHO-OOBEMHBIM METOIOM
[11, 12]. IlnaToMOBBIE BOXOPOCIH OMPEAETISUTH TTOCIIE CKUTAHUS OPTaHUKH XPO-
MOBOI CMECHI0 B MOCTOSHHBIX IIpeHapaTax ¢ MpuMeHeHHneM cMmoisl Naphrax B
ceetoBoM MuKkpockore (ZEISS Axiostar Plus, 'epMaHus) ¢ HCIONB30BaHUEM

196



benaesa IL.I. Cocmae u cmpykmypa gpumonnanxkmona Coineencko-4ycoseckozo nieca

MacistHol ummepcun (x2500) [12]. TakcoHOMUYECKYIO TPUHAIISKHOCTL pas-
JIMYHBIX TPYIII BOXOPOCIIEH YCTaHABIMBAJIHN 10 OIPEASIUTENSIM U CIIPABOYHUKAM
[13-23]. OTnenbl BOAOPOCIEi MPUBEACHBI COTIACHO KIIACCH(UKAIMN, TIPUHATON
B cripaBouHuKe «Bomopocmmy [11]. J{mst coBpeMeHHONH HOMEHKIIATYPBI BHIOB HC-
MTOJTL30BAIA MEKAYHAPOIHYIO 0a3y JJaHHBIX HHTEpPHET-pecypcoB Algaebase [24].
Okonoro-reorpaduyaeckas XapaKTepICTHKa BOIOPOCICH COCTaBlICHa MO HanOo-

Jiee pa3pabOTaHHBIM CHCTEMaM, IPUHATHIM B 3KOJIOTHU U Ouoreorpaduu Bojo-
pocneit [25-28].
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B ChuteHcko-YycoBckom miece Kamckoro Bonoxpanmmiia (1-8 — crBopsr or60pa mpood)
[Fig. 1. Map-scheme of phytoplankton sampling sites in the Sylvensko-Chusovsky reach
of the Kamskoye reservoir (1-8 sampling sites)]

[omydeHHble pe3ymbTaTBl CTATHCTUYCCKH 00padaThIBald C MPUMEHEHHEM
nporpamm Microsoft Excel u STATISTICA 6.0. CxoacTBO aIbromneH030B OleHH-
BaJIM 110 BUJIOBOMY COCTaBY METOJOM IIOIAapPHBIX CPaBHEHHU C HUCIIOIB30BaHUEM
kadecTtBeHHOUN Mepbl CepeHceHa—YUekanoBckoro [29]. JlenaporpaMMbl nepapxu-
YECKOM KIaCTepU3aIiy CTPOUIIN C UCIIONIb30BaHneM Metona Bapaa. K nomunranT-
HBIM OTHOCHJIM BHJIBI C OMOMACCOH MIIM YMCIIEHHOCThIO, OombIneit 1 paBHOi 10%
oT o0mux BenuanH [29]. JInsg kaxmaoit mpoObl M0 YMCICHHOCTH U OHoMacce OT-
IETBHBIX BHIIOB BBIYMCIIUIN WHAEKC BHIOBOTO pa3HooOpasmst — llleHHOHA—
VYusepa u nomuanpoBanus — Cumricona [29, 30]. JIns omeHKH CTeeHn OpraHu-
YEeCKOro 3arps3HeHus Bon mpuMensum Meror [lantie n Bykka B Mmogndukarim
Cnanedeka [31]. Jlns onpenenenus TpopHOCTH BoJioeMa IMpUMEHEHa KitacCHupu-
karmst C.I1. Kuraera [32]. OnHOBpeMeHHO U3MeEpsUTA Temnepatypy, pH Boas u
conepkaHue Kuciopona. st oneHkn m3MeHeHni B (uTomiankTone ChUIBEH-
CKOT0 3aJIMBa IIPUBJICUCHBI JaHHBIC O0Jiee paHHUX UccleaoBanmii [33].

197



Okonozusa / Ecology

Pe3yabTarhl ncciiefoBanus U 00Cy:KIeHUE

T'oxpl nccnemoBaHuii OTHOCHINCH K TEIUIBIM M MaJIOBOIHBIM. KoimuecTtBo
0CaJIKOB ¥ 00BEM TTOBEPXHOCTHOTO IMPUTOKA OBUIH HUKE CPEIHUX MHOTOJICTHUX
BenuuuH: B 2020 1. ocanxu cocraBuiu 51% ot HopMmbl, B 2022 1. — 10% [34].
Bona B CeinBencko-UycoBCKOM Iiece 3HAYUTENBHO pa3indyaiach 1Mo TeMIepa-
TYpPHOMY peXHUMY: cpenHss temmeparypa cocrasisuia 30,3 = 1,6°C 8 2020 1. n
20,3 £ 0,6°C B 2022 r. 3Hauenust pH BOIBI 1 KHCITIOPOTHBIN PEXKUM BapbUPOBAIIA
HesHauntenbHO: pH — 8,00 + 0,27 u 7,81 + 0,36, conepxkanmne O, — 8,10+ 0,41 n
6,84 + 0,26 mr/a B 2020 1 2022 1. COOTBETCTBEHHO.

B nepuon uccenoBanus B cocraBe GUTOIUTAHKTOHA CHUIBEHCKO-YYCOBCKOTO
meca KaMckoro BooXpaHmIIAIa BEISIBICHO 267 TaAKCOHOB BOJOPOCIIEH paHTOM
HIKe pona (254 Buna) u3 9 oraenos (tabdn. 1). HanGoapmmuM BUAOBBIM OOTaT-
cTBOM omHyaics otaen Bacillaiophyta, B cocraBe koToporo 0bi10 3ahHKCHPO-
BaHO 36% o011ero yrcia TakcoHoB. Hapsiay ¢ TMaTOMOBBIMH BOJIOPOCIISIMA T'OC-
MTOJICTBYIOIIEE ITOJIOKEHNUE 0 YMCITy TIpecTaBuTesne 3annmanu otaensl Chloro-
phyta, Chrysophyta u Cyanoprokaryota, Ha UX J0Jt0 mpuxoauiock 28,5; 12,5 u
11,6% cootBercTBeHHO. [lons mpemcTaBUTENEd APYyTrUX OTHEIOB COCTABIIUIA
okono 11%: Dinophyta — 4%, Euglenophyta — 4%, Cryptophyta — 1,5%,
Charophyta — 1% u Raphidophyta — 0,4%. CooTHoIIeHIE OTIENOB (PUTOIIIAHK-
TOHA KaK B 3aJIMBAX, TAK U JUIS BCETO IIECa BOAOXPAHMIIAIIA 32 TIEPHOL HCCIIET0-
BaHUS COXPAHSIIOCH.

VY aensHOE BHIOBOE OoratcTBo uTorutankToHa (YBB) BapeupoBaiio ot 44 1o
106 BuIOB, pa3sHOBUIHOCTEH U (opM Bomopocieii: B UyCOBCKOM 3ajIMBE BBISB-
JieHa Haubolee pasHooOpa3Has diopa, YBB cocrasnsuio 78 £ 6 Bunos, B Cbul-
BeHCKOM — B 1,3 pa3a Hike (cM. Tabm. 1). Haumensmee YBB (57 £ 5 BuioB) xa-
paxtepHO s ChUIBEHCKO-UyCOBCKOTO yUacTka. JTO, MO-BHINMOMY, OIpPEIes-
eTcsl U3MCHEHUEM THIPOIMHAMUYIECKON aKTHBHOCTH IO aKBATOPUH ILIECa, TeTe-
POT€HHOCTHIO CMEIITHMBAEMBIX BOJI IO XHMUYECKOMY COCTaBY M MUHEpaIIN3alllH.
B BepxHUX 110 TedeHHI0 Toukax oToopa mpod CeuiBeHckoro (ct. 1 u 2) u Yycos-
cKoro (cT. 5 u 6) 3aTMBOB (hOPMHPYIOTCS COOOIIECTBA C CAMBIM BBHICOKUM BHJIO-
BbIM OorarcTBoM (YBB — 91 u 87 cOOTBETCTBEHHO) U, KaK IMPABUIIO, BEICOKIMH
mokaszatensamu ooums. Munekc cxoxcrBa (CepeHceHa—UekaHOBCKOT0) (UTO-
MJIAHKTOHA Pa3HbIX YYaCTKOB KpaeBoro rmieca Bappuposai ot 0,41 10 0,68 u cBu-
JETETECTBOBAJI O HEBEICOKOM CXOJICTBE COCTaBa BOIOPOCIIEH B CBSI3U C Pa3HOPO-
HOCTBIO BoJ. Ha nenaporpamme BeIsSBIIEHO 3 Kiactepa (puc. 2), 9TO Ompeness-
eTCs CHEeU(pUIHOCTHIO CTAaHIMKA BepxXxHUX 4acTeil ChIBeHCKOro U UycOoBCKOTO
3aJIMBOB 10 COCTABY BHJIOB U T'JIe IUTAHKTOH Hambolee pazHooOpaseH. Beipaskena
Takke 000COOJIEHHOCTh Pa3HOPOAHOTO yUacTKa mieca (CT. 8) M HUKHUX CTaHIIAH
3amuBoB (cT. 7 U 4). HanpuMep, GPUTOMIAHKTOH CT. 7 OTJIMYAETCS OT COCEIHUX
YYaCTKOB IPHCYTCTBUEM KPYITHOPa3MEpHBIX THATOMOBBIX Bomopocieit (Ulnaria
acus (Kiitz.) Aboal, Surirella librile (Ehrenb.) Ehrenb., BunoB pomna Navicula
Bory) u pazsutuem Pandorina morum (O.F.Miill.) Bory (20-25% oOmmeii amc-
JICHHOCTH (DUTOIJIAHKTOHA).

[lo cpaBHEHHMIO ¢ JaHHBIMH 1O (DUTOMIAHKTOHY CBIIBEHCKOT'O 3alliBa 32
2004 r. [33] B mepuoA MCCIEeIOBAHUS YHCIIO BUJIOB YBEIIMUIUIIOCH 37ech Ha 41%
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(c 69 1o 168 BumOB). PaHee BBISBIICHBI IPEACTABUTENHN 5 OTACIOB BOIOPOCIEH, B
aJBroleH03ax TaKxke mpeobianany auatoMoBbie (45%, ceiiuac 32%), 3eneHbie

Bomopocinu (37%, ceituac 31%) u B MeHbIIeH crerneHN nuaHonpokaprotsl (L[IT)
(12%, ceitgac 12,5%).

Ta6auna 1 [Table 1]
TakcoHoMu4YecKasi CTPYKTypa puTOIaHKTOHA ChliBeHcKo-UycoBCcKoro njieca
Kamckoro BogoxpaHuuma
[Taxonomic structure of phytoplankton in the Sylvensko-Chusovsky reach of the Kama Reservoir]

Crunsenciuii | Uycorckoi CpuiBeHCKO-YyCOB- CbLIBEHCKO-
CKOM y4acTOK UycoBcko# mec
Taxcon [Taxon] s 1;?:1? BBa ] [Chu:oa;/zykIB Bay] [Sylvensko-Chusovsky | [Sylvensko-Chusovsky
Y y Bay y Bay section] reach]
Chlorophyta 52 60 24 76
Cyanoprokaryota 21 25 7 31
Bacillariophyta 54 77 34 97
Dinophyta 9 5 2 11
Chrysophyta 19 33 13 33
Cryptophyta 4 3 2 4
Charophyta 1 3 1 3
Euglenophyta 8 8 1 11
Raphidophyta - 1 1 1
Bcero [Total] 168 215 85 267
Tpumeuanue: «—» — TaHHBIC OTCYTCTBYIOT.
[Note: "-" - no data].
EsrumioBo paccrosame (Meto Bapmoa)
[Euclidean distance (Ward's method)]
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Puc. 2. [lenaporpamma CXOACTBa BUIOBOIO COCTaBa (PUTOILIAHKTOHA
CpuiBeHcko-YycoBckoro mieca Kamckoro Bogoxpanunuiia. [1o ocu opaunat — paccrosiHue
oobenunenus (1-Ks), mo ocu abeuuce — craniwu orbopa npod
[Fig. 2. Dendrogram of similarity of the species composition of phytoplankton
in the Sylvensko-Chusovsky reach of the Kama Reservoir. The ordinate axis is the merging distance
(1-Ks), the abscissa axis is the sampling station]
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XapohuTOBEIE BOJOPOCIH, IMPEACTaBICHHBIC NECMUANEBBIMHU, COCTABIISIIA
5% ¢mopsr, 3omotucteie — 1%, ceifgac YMCIO BUAOB 30JI0THCTHIX BOAOpPOCIEH
yBemmuminock 10 19 (11% BumoBoro cocrasa) (puc. 3). HecmoTpst Ha paBHYIO
nomto LI B anprormeno3ax, UMEHHO B 3TOM OTJIENIE BEISBIICHBI Hamboiee cymie-
CTBEHHBIC U3MCHEHISI B COCTaBe: COKpaTIuIochk uncio BuaoB LT azordukcaropo
(retoportucTHBIX Anabaena Bory ex Born. et Flah., Dolichospermum (Ralfs ex
Born. et Flah.) P. Wack., Hoff. et Komarek) u Bo3pocio guciio npencraButeneit
ra3oTpodoB (6e3reTepoucTHHIX Aphanocapsa Nag., Planktolyngbya Anagn. et
Komarek, Anathece (Komarek & Anagn.) Komarek, Kastovsky et Jezberova).
B nenom yBenmuueHne paznooOpasus 30I0TUCTHIX U qua3oTpodubIx LT B Chui-
BEHCKO-UyCOBCKOM ILTece CBSA3aHO KaK C TEPHOIOM 0TOOpa Mpod (MI0Jh), Koraa
B BOZIOEMAaX YMEPCHHOW 30HEI TOIyYarOT Pa3BUTHE 3€JICHBIC, THATOMOBBIC BOIO-
pocnu, dacto npu ydactuu 3omotucteix u LI [35-36], Tak u ¢ «uBeTeHHEM
BOJIBI» H3-32 MMPOUCXOJAIINX IT00aTbHBIX KIMMATHYCCKAX U3MeHeHHH [37—40] u
YCIOBUAMH JIeT HaOmroneHni. Taxke THITHIHBIM SIBIISICTCS YBEIHMUCHUE OOWITHS
MHKCOTPO(GHBIX (DHTO(IIATEIUIAT, CIIOCOOHBIX HCIIOJIB30BATh JOMOTHUTEIbHBIE
HCTOYHHKH (ocdopa.

Chlorophyta
60

- ~

Ch;fs'aﬁhyta
—-2004 ——2022

Puc. 3. TakcoHoMuueckas cTpykrypa ¢puroruiaHkroHa ChIJIBEHCKOTO 3aJIMBa
Kamckoro Bogoxpanunuina
[Fig. 3. Taxonomic structure of phytoplankton in the Sylvensky Bay of the Kama Reservoir]

Jkoioro-reorpaduyeckas XapakTeprucTHKa BOIOpOciei TurankToHa ChlUIBEH-
cko-UycoBCKoOro Iieca mpejicTaBiieHa B Ta0i. 2. BoinbIIMHCTBO BUIOB BOJIOPOC-
JIel SBISUINCH UCTHHHO IUIAHKTOHHBIMU (64%); MEHBIIYIO 9acTh allbrOLIEHO30B
cocTaBisud OeHTOCHBIE TIpencraBuTenn (18%), erie MeHbIE IIIAHKTOHHO-OCH-
TOCHBIX BHIOB (9%). OCHOBY ITAHKTOHA COCTaBJIUIM IMIMPOKO PACIIPOCTPaHEH-
HBIE BHJIBI U KOCMOMOJIATHI — 84%. [To oTHOMIEHUO K conepkanuio NaCl B Boze
MPaKTUIECKH BECh IIEPEUCHb MHANKATOPOB 00pa30BaH IMPECHOBOIHBIMU BHIAMH
C HU3KOH COJICHOCTBIO — oiuroranodamMu. Bumsl-uHmuddepeHTsl COCTaBISIOT
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72%., TaNO(UIOB, BETETUPYIOIINX B IPECHOBOAHBIX MIIN CIIETKa COJIOHOBATO BOJ-
HBIX MecTooOuTanusaX, — 19%. Jlons ranodoOoB, Morudarommx naxe oT He3Ha-
YUTEIhHOTO MoBbIMeHMs conepxkanus NaCl B Boxe, coctaBiisiia 5% cocraBa WH-
JMKATOPOB COJICHOCTH BOJIBI, M€30Taio00B — 4%. [1o OTHOIIEHHO K CTETIEHH KU C-
JIOTHOCTH BOJHBIX MacC COCTaB IMOKa3aTEIbLHBIX B 9TOM OTHOIIEHHH BHUIOB BOZO-
pocneit Ha 60% chopmupoBaH uHAHDDEpeHTaMH, anKaMIIBL 00pazyoT 37%
1 TOJIbKO 8% — MPEICTaBUTEH KUCIIBIX BOJ — alliI00MOHTHI. BUIBI-HHIUKATOPBI
canpoOHOCTH BOJIBI BKITIOYAITH B ce0st Ooiee 65% OT CITMCOYHOr0 COCTaBa, Cpean
HUX 43% — f-Me30canpobsl, 32% OTHOCHIHCH K TPYIIIE f-0- U 0-f-Me30catpo-
00B. ITHIMKATOPBI OJUTOCAITPOOHBIX, a TAKKE 3arPA3HESHHBIX BOJ MPEIICTABIICHBI
B MEHBIIICH CTEIICHH.

Ta6auna 2 [Table 2]
JKoj0ro-reorpadpuyeckass XapaKTepucTUKa (PUTOMIAHKTOHA
CoLiBeHcko-YycoBckoro mieca Kamckoro Bonoxpanuinia
[Environmental and geographic characteristics of phytoplankton of the studied
Sylvensko-Chusovsky reach of the Kama reservoir]

% oT uncna % OT WHCHA BIIO
XapakTepHuCcTHKa BUJIOB XapaKTepHucTHKa O[O/To?glenn 1;;13;;3
[Characteristic] [% of the number [Characteristic] ° £ u
of species] of species]
Pacnpoctpanenue [Distribution] pH npuypouenHocTs [pH]
KocMmononutet Auunpnoduist
[Cosmopolites] 162 (84) [Acidophilic] 3(2)
Bopeasnbhbie Uumud depenrst
[Boreal] 16(8) [Indifferents] 93 (60)
ApKTO-abnuicKie Ankanuduist
[Arctic-alpine] 15(8) [Alkaliphilic] >737)
AJNKaIHOUOHTBI
T"ano6HocTh [Halobnost] [Alkalibiontic] 2(1)
I"anodusl [Halophiles] 22 (19) CanpoOHOCTB [Saprobity]
H’Eﬂ%‘ﬂ?;fgﬁgm 86 (72) 0-canpoGEL [o-saprob] 1(0,5)
Me3orano0st 0-0-Me30canpoObI
[Mezohalobes] 5 (4) [0-a-saprob] 10(6:4)
-B-(-0)-Me30canpod
Tanodo6si [Halophobes] 6 (5) op [(f ﬂc_'gﬂl_‘f) oA pooH 50 (32)
. [-Me3ocanpoOst
Mecrooburanue [Habitat] [f-mesosaprob] 67 (43)
. a-f-(f-o)-me30canpodbl
[InankroHHbIE [Planktonic] 129 (64) [-p~(f-a)-mesosaprob] 10 (6,4)
. - 0
Benrocubie [Benthic] 36 (18) “[;‘ffrf;zggzb;" 7(4.2)
[TnaHKTOHHO-OEHTOCHBIE 0-x (x-0)-carpoObl
[Planktonic-benthic] 199) [0y (x-0)-saprob] 8(5)
JluropanbHbie [Littoral] 703) x-canpoObl [y-saprob] 32
o —p-(p-0)- 6
Suudursie [Epiphitic] 12 (6) “[g_/ff(p‘z)‘ff;fr’gb]"l 1(0,5)

B CrinBeHcKkOM 3anuBe Ha MPOTshKEeHUH psifa jieT (¢ 2004 mo 2022 r.) 3Koi10-
rUYecKasi CTPYKTypa allbTOL[EHO30B COXPAaHWIIA CBOM MPOMOPLUH. Pasnuuus B
9KOJIOro-reorpaMuecKux CIEeKTpax HaOaromanu Mo OTHOUIeHHI K pH Bojpl,
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nons nHaudGepeHTHRIX BUIOB BhIpocta (Ha 10%), ankamuuisHEIX — COKpAaTH-
nach (Ha 14%). Taxxe 0OTMEUEHO COKpAIIEHHE BUIIOB f- U 0-f-Me30carpoOoB (Ha
6%) u yBenm4yeHue 0-Me30canpoOoB (Ha 5%).

MJIH KJL/TT
[million cells/L]
20 - @Al m2 a3 04 w5
15 a
10
5 <
TTITITT
o 0 emm .
mr/in [mg/L]
r b
4 L
0 — N
2 L
[TTTTTIT s T
LT _ 7
2 I,/
A B c D

Puc. 4. Bkiag otenoB Bofopociell B CTPYKTYpPY (PUTOIIAHKTOHA
CpuiBeHcko-YycoBckoro mieca Kamckoro BomoxpaHimma:
1 — Bacillariophyta; 2 — Chlorophyta; 3 — Cyanoprokaryota; 4 — Chrysophyta;
5 — mpouue otaensl Bogopocieit; A — CpuiBeHckuit 3anuB, B — UycoBckoii 3anuB,
C— CouiBeHcko-UycoBckoi ydacTok, D — CeuiBeHcko-UycoBCKoOH mec.
Mo ocu opaMHAT: a — YUCICHHOCTD; b — Onomacca
[Fig. 4. Contribution of main microalgae taxa in Sylvensko-Chusovsky reach of the Kama reservoir
(1 - Bacillariophyta; 2 - Chlorophyta; 3 - Cyanoprokaryota; 4 - Chrysophyta; 5 - other taxa of microalgae.
A - Sylvensky Bay, B - Chusovsky Bay, C - Sylvensko-Chusovsky section,
D - Sylvensko-Chusovsky reach; y-axis: a - number, million cells/L (a); b - biomass, mg/L (b))]
3HaYeHHs YUCIEHHOCTH TIAHKTOHHBIX Bogopocier CruiBeHCKO-UyCOBCKOTO
mieca BapsupoBas ot 0,9 mo 85,0 muH ki./im (15,9 £ 6,0), 6Guomacce! — ot 0,39
1o 13,02 mr/n (4,59 £ 0,94). MakcuMallbHbIe 3HAYCHUS YHCICHHOCTH OTMEYEHBI
B ChIJIBEHCKOM 3ajIiBe (CTBOP 3) M CBSA3aHBI C BHICOKMM ypoBHEM pa3Butus LI,
OCHOBY OMOMACCHI 3716Ch COCTABJISITN JMHOPHUTOBBIC, THATOMOBBIC BOAOPOCIH H
B MeHbel crenenu [{I1. Ha CeumBencko-UycoBckoM ydacTke 3HAUSHUS YMCIICH-
HOCTH HWXe B 15 pa3, Omomacchel — B 8 pa3, MpuIeM OCHOBY aJbI'OIICHO30B (op-
MHPOBAJIA JJUATOMOBBIE Bosopociu (puc. 4). B 00onx 3amBax YMCICHHOCT (H-
TOIUTAHKTOHA HA PYCIIOBBIX CTaHIUSX B 2,0-2,5 pa3za HMXKeE, YeM Ha MEIKOBOJ-
HBIX, ITPH TPAKTUYECKHA PABHBIX 3HAUECHHUSAX OMOMACCHI, YTO OMpPEICIIOCh Mac-
coBBIM paszButueM MenkopasMmepHsix L[I1 na menkoBombsx. Jlo cozmanus Kam-
CKOro BojoxpaHwmia yBenndeHue noiu L{I1 ormedann TOIBKO B YCTHEBBIX
yuactkax pek CoutBa u UycoBas [41]. 3aperynupoBaHue CTOKa peK, B TOM YHCIIE
p- Kamsr, mpuBeno k mepecTpoiike TUaTOMOBO-3EICHBIX [IECHOTHYECKUX KOMILICK-
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coB B cropony LII [6, 35-36, 42]. B 2004 T. KONHYECTBEHHOE Pa3BUTHE (HUTO-
mIaHkToHa B ChUTBEHCKOM 3aJIMBE COOTBETCTBOBAO 319,8 + 1,1 ThIC. KIL./J, IpH
ouomacce 1,08 £ 0,31 M/ npu TOMUHUPOBAHUH TTEHHATHBIX OCHTOCHBIX THATO-
MOBBIX, a TaKKe 3€JICHBIX XJIOPOKOKKOBEIX Bomopocieit Pediastrum boryanum
(Turp.) Meneg. u P. simplex Meyen. B pe3ynbTaTe pa3BUTHI MEIKOPa3MEPHBIX
Bu10B L{IT 1 30JT0TUCTBIX BOIOpOCICH 3HAYCHHS YMCIIEHHOCTH (DUTOIJIAHKTOHA B
MEpHOA MUCCIEeOBaHUS YBEIHIIUINCEH Ooiree 4eM B 20 pas, Toraa kak Omomacca
(bUTOIITAHKTOHA CTaJia OOJIBIIIEe TONBKO B 2 pa3a (IIpeuMyIIeCTBEHHO 3a CUeT pas-
BHTHS TIpeJcTaBuTeNei muHOGUTOBBIX Bomopocied u LIl Aphanizomenon flos-
aquae). Tlpu 3TOM ypoBeHb pa3BuTHs (uTOIIaHKTOHA B 2022 T. 3HAYHTEIBHO
BBIIIIE TI0 cpaBHEHUIO ¢ 2020 T. (aHOMAJIEHO XKapKUM), YTO OIPEICISIIOCH Pa3IIH-
YHeM TEMIICPaTypPHOTO peKUMa B 3TH To1bl (Tadm. 3).

[Mockonpky pacupenencane purorurankToHa B CrUBEHCKO-UyCOBCKOM IUIece
IO CTaHIUAM OBUIO HEPaBHOMEPHBIM, Tpoduueckoe coctosHue (mo Kutaesy,
[32]) Ha akBaTOpPUH MEHSIIOCH OT P-onuroTpodHOoro B ChuiBeHCKO-UyCOBCKOM
y4gacTke 10 Me3oTpodHOro B 3amuBax B 2020 . ¥ 0T ME30TPOGHOTO 110 ¢-3BTPOd-
HOTO ypoBHS B 2022 T.

JIOMIHUPYIOIIHH KOMIUIEKC JIETHETO (UTOIIaHKTOHa CHIIBEHCKO-UYCOBCKOTO
mreca OoraT W pasHOOOpa3eH, B HETO BXOMWIM 14 BHAOB IO YHCICHHOCTH
(Cyanoprokaryota — 6 BuoB, Bacillariophyta — 4, Chlorophyta — 2, Chrysophyta — 2)
n 9 mo 6romacce (Cyanoprokaryota — 1, Bacillariophyta — 3, Chlorophyta — 1, Di-
nophyta —4). CyIecTBeHHBIX pa3THIii KOJTHMIECTBA TOMUHHAPYIOIINX BHIIOB IIPABO-
OEpeKHBIX U JICBOOEPEKHBIX YIACTKOB HE BBISBIEHO. Ha OTIENBHBIX ydyacTkax 3a-
JIMBA KOJTMYECTBO JOMUHAHTHBIX BUIOB JJOCTATAIIO 7 TAKCOHOB, YTO MOTJIO OBITH CBSI-
3aHO CO CIIMSTHUEM Pa3HOPOIHBIX BOJ 3aIMBOB M Kamckoro meca.

Ta6auna 3 [Table 3]
KosmnyecrBeHHoe pa3BuTHe QUTONJIAHKTOHA, LIEHOTHYECKHE MHIEKChI
u canpodHocTh ChliBeHcKo-UYycoBckoro mieca Kamekoro Bogoxpanuimma
[Structure of phytoplankton in Sylvensko-Chusovsky reach of the Kama reservoir]|

Hucnen- Hunexc
Buomacca, Hnpexc Wupekc ca-
VYuacTku nneca HOCTb, T/ lennona— Cumricona | mpoGHocTH
[Sections MITH KIL/1 [Biomass, YI/IBepa [Simpson [Index
of the reach] [Numbers, mg/L] [Shannon index] saprobity]
million cells/L] index] provy
Hycosckoid 48+23 1,25+0,52 | 3.48+0,58 | 0,19+0,001 | 1,92 +0,08
3auB 13,1 2,8 3,86 0,94 | 3,92+0,31 | 0,100,001 | 2,10=+0,03
[Chusovsky Bay]
ChlIBeHCKHH 9.1+2.4 1,88+0,29 | 3.42+0.54 | 0.23+0.02 | 1.81+0.13
3aJIHB 309+14,3 | 7,48+ 1,56 | 3,85+0,34 | 0,25+0,03 | 2,00+ 0,02
[Sylvensky Bay]
ChbIIIBEHCKO-
ycoscexoii 1.84022 | 0.59+0.11 - - -
Y4acTOoK 2,1+£0,53 | 0,99+0,28 | 3,72+0,09 | 0,20+0,01 | 1,86+0,02
[Sylvensko-
Chusovsky section]

Tpumeuanue. Hap ueproii cpennee ¢ ommokoii 3a 2020 r., mo ueptoit — 2022 r.; «—» — TaHHbIe

OTCYTCTBYIOT.
[Note: Above the line is the average with an error for 2020. Below the line is 2022; "-" - no data].
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llenoTr4yeckne KOMITICKCH (DPUTOILIAHKTOHA B KPA€BOM ILIECE Pa3IAIaIIHCh.
Ha cranmusax YycoBckoro 3ammBa mo unciaeHHOCTH noMuuHmpoBamm 11
(Aphanizomenon flos-aquae Ralfs ex Bornet et Flah., Anathece clathrata (West
et G.S.West) Komarek et al., Aphanothece bachmannii Komark.-Legn. et Cronb.,
Aphanocapsa holsatica (Lemm.) Cronb. et Komarek, A. inserta (Lemm.)
G. Cronb. & Komarek) u quatomoBslie, mocnenuue (Aulacoseira granulata (Ehr.)
Sim., A. ambigua (Grun.) Sim., Cyclotella meneghiniana Kiitz., Lindavia radiosa
(Grun.) De Toni & Forti, Stephanodiscus binderanus (Kiitz.) u S. hantzschii
Grun.) MpakTHIECKH TOITHOCTBIO (HOpMUpOBaIK OMOMaccy (PUTOIIAHKTOHA.

Tab6nauna 4 [Table 4]
JoMuHaHTHbIe BUABI (puTOMIaHKTOHA B ChliIBeHCcKO-UycoBckoM miece Kamckoro Bo-

AOXpPaHUJIMIIA

[Dominant phytoplankton species in Sylvensko-Chusovsky reach of the Kama reservoir|

VYuactku nneca
[Sections JloMuHaHTHBII KOMIUIEKC BUA0B [Dominant species complex]
of the reach]
T0 YUCIeHHOCTH (B %) o 6uomacce (B %)
[in numbers (in %)] [in biomass (in %)]
2020 r.
. Aphanothece bac.hmanml (1) Peridiniopsis penardii (15)
UycoBckoit Aphanocapsa inserta (11) ) o
. Apocalathium aciculiferum (13)
[Chusovsky Bay] Aphanizomenon flos-aquae (10) e .
Peridinium cinctum (10)
Anabaena spp. (10)
N Aphanizomenon 1 os-aquace (7, Aphanizomenon flos-aquae (10)
ChLUIBEHCKHI Planktolyngbya limnetica (33) e :
. . Peridinium cinctum (31)
[Sylvensky Bay] Dinobryon divergens (15) P. willei (1)
D. sertularia (10) ’
2022 r.
Aphanizomenon flos-aquae (13)
Planktolyngbya limnetica (15)
N Aphanothece bachmannii (20) Aulacoseira granulata (18)

Lycoscroii Aph holsatica (10) | Aphani 10

[Chusovsky Bay] [phanocapsa holsatica (10) [phanizomenon flos-aquae (10)
Aulacoseira granulata (12) Stephanodiscus binderanus (10)
A. ambigua (10)

Stephanodiscus binderanus (14)

Aphanizomenon f1 os-aquae (28) Aphanizomenon flos-aquae (22)
N Aphanocapsa holsatica (20) i
ChLIBEHCKHI R Aulacoseira granulata (22)
A. delicatissima (12) ) -
[Sylvensky Bay] . . Apocalathium aciculiferum (20)
Planktolyngbya limnetica (10) Peridinium cinctum (10)
Coenochloris fotti (10)

Aphanizomenon flos-aquae (18),

CBLUIBEHCKO- Limnothrix planctonica (10) Aulacoseira granulata (20)
YycoBckoit Planktolyngbya limnetica (10) Aphanizomenon flos-aquae (11)
[Sylvensko- Pandorina morum (14) Pandorina morum (10)
Chusovsky] Aulacoseira granulata (12) Aulacoseira ambigua (10)

A. ambigua (10)

B chuIBEeHCKHX BOAX yCHIINBANACH IEHOTHYIECKAs 3HAUYMMOCTD 3€JIEHBIX XJIO-
POKOKKOBBIX Bomopociei (mo uucneHHoctn Coelastrum astroideum De-Not,
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C. microporum Négeli, Coenochloris fotti (Hind.) Tetraedron triangulare
Korsch.) mpu coxpanennu momuauposanus L{I1. B coctaBe JOMUHAHTHBIX BUJIOB
o Omomacce HapsAy ¢ JMaTOMOBBIMH, 3HAUUTENBHYIO POIb WP IUHODUTO-
BbIe Bojiopociu (Apocalathium aciculiferum (Lemm.) et al., Peridinium cinctum
(O.F.M.) Ehr., P. willei Huitfeldt-Kaas, Peridinium sp. u Gymnodinium sp.)
(Tabn. 4). Ha CeinBeHcko-UycOBCKOM y4acTKe COCTaB JIOMHHHPYIOIIETO KOM-
IJIeKCa TI0 YHCICHHOCTH M OWomacce cocTosul W3 mpeacraBurened 1111
(Planktolyngbya limnetica, Limnothrix planctonica (Wotos.) Meffert u Aphani-
zomenon flos-aquae), muatoMoBbIX (Aulacoseira granulata, Stephanodiscus
binderanus) Bomopocneii u 3enenoi Pandorina morum (O.F. Miiller) Bory.

OTtnrure (HUTOIUTAHKTOHA OTACIBHBIX cTaHImid ChUtBeHCKOTO 3aivBa B 2020 T.
3aKJIF0YaJI0Ch B MACCOBOM Pa3BHUTHH 30JIOTHCTBIX BOAOPOCICH, IPEICTaBICHHBIX
Bunmamu poaa Dinobryon (D. sertularia Ehrenb., D. divergens O.E. Imhof), a
TaKkKe  OTCYTCTBHEM  MpeACTaBUTENs  paduIopHUTOBEIX  BOIOpOCIEH
Gonyostomum semen (Ehr.) Diesing.

HecMotpst Ha OTIHYMS B COCTaBE BHIOB JOMHHAHTHOTO KOMILIEKCa IS CO-
BPEMEHHOT0 3Tamna Pa3BUTHS (PUTOIUIAHKTOHA B [IEJIOM XapaKTePeH IPOIecC pac-
IIMPEHUS €T0 COCTaBa 3a CUET MACCOBOTO PA3BUTHS MHAMKATOPOB aHTPOIIOTEH-
HOT0 3BTpoHUpOBaHuUs: TUa30TPod 0B (Aphanizomenon flos-aquae, Aphanocapsa
holsatica, Anathece clathrata, Planktolyngbya limnetica), mnatomoBbIX (Aulaco-
seira granulata, Stephanodiscus hantzschii) u nuaodutoBeIX (Peridiniopsis
penardii, Apocalathium aciculiferum, Peridinium cinctum) Bogopociieii. Ycra-
HOBJICHO, YTO MON00HOE SBJICHWE HAOMIOIAeTCs BO MHOTHX BOIOXPAHIIIMIIAX
(Bomxckoro kackana [41], byxrapmunckoro [43], anrapckux [44], KpacHosip-
ckoro [45], Kamckoro n Borkuuckoro [4, 6, 42], HoBocubupckoro [46], Ctpbl-
kyBckoro (Llentpanbuas [lomemra, EBpora) [47], xkatunyxyp (3amamHas Ssa,
Wunonesus) [48], B 03epax U BoAOXpaHMIUIIAX AMeprKH [49]) Ha 3aKITFOUUTENb-
HBIX CTaIHSIX OJIUTO-3BTPOPHOHN CYKIIECCHH, UTO CBHICTEIBCTBYET 00 yBEIHUe-
HUU Tpouyeckoro cratyca Box [1, 36, S0-52].

B Crinencko-UycoBckoM miece cpenare Ko UIUeHThl BUI0BOTO pa3HO00-
pasust LlleHHOHA, paccUMTaHHBIE MO YMCICHHOCTH U OHoMacce (PUTOITaHKTOHA, Ba-
peupoBanu ot 2,96 1o 5,02 u ot 2,98 mo 4,52 coorBeTcTBEHHO. BRICcOKHE 3HAUCHUS
WHJIEKCa YKa3bIBAIOT Ha CIIOKHOCTH CTPYKTYPhI M BEICOKOE OHopasHooOpasue (uro-
TUTAHKTOHA W ONPEACIISUTUCH TEM, 9TO B (POPMHUPOBAHUH OOIIEH YMCIICHHOCTH 1 OHO-
Macchl BKJIaJ] IOMUHAHTHBIX BUJIOB peaKo npepbimait 20%. B nieiiom 6onee BeIcokue
MOKA3aTelId BUIIOBOTO Pa3HOOOPa3us XapakTepHbI JjIs mpuopexuit B 2022 r. Ua-
nekcbl Cumricona B CruiBeHCKO-YycoBckoMm miece namMensttotest ot 0,04 1o 0,36 m o
YHCIICHHOCTH, U 10 OroMacce (pUTOITaHKTOHA. Ha MeTKOBOAHBIX ydacTKaX MHICKC
ke (0,13 =+ 0,02), gem B pycie (0,20 + 0,03). Kak n3BecTHO, 3TOT HHACKC TTOKa3bl-
BACT CTEIeHb BHIPAKEHHOCTH JTOMHHHUPOBAHIS OIPEICTICHHBIX BUIIOB B CTPYKTYpE
COO0OIIECTBA M TIOHMKACTCS C YBEIIMUICHHEM Pa3HOO0Pas3us COOOINECTR, ITO3TOMY €ro
3HaueHus Hiwke B Uycorckom 3aimge (0,15 + 0,03) o cpaBHeHUI0 ¢ ChUIBEHCKUM
(0,23 £0,05).

Wnpekcel canpoOHOCTH, OTpaskaloIIie CTENICHh OPraHNIeCKOTro 3arpsi3HEHUS
BOAHBIX Macc, BappupoBanu ot 1,57 mo 2,13. Pasnuuus 3HaueHWN WHIEKCOB
MEXIY pa3HBIMHU ydacTKaMi B CBUIBEHCKO-UYCOBCKOM IUTeCe He3HAUNTEIHHEI U
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XapaKTepU30Balld TaHHBIN ydacToK KaMCcKOro BOAOXpaHUIIUINA B JIETHUH CE30H
Kak B-me3ocanpoOHbIii ¢ 111 kimaccom KadecTBa BOJBI — YMEPEHHO 3arpsi3HCHHASL.

3akioueHne

[IpuBenens! mepBbie cBeneHUs O ¢uTorIaHkToHe ChUTBEHCKO-YYCOBCKOTO
mneca Kamckoro Bomoxpanuiuma B uroje 2020 u 2022 rr. B cocrase ¢puToIIaHK-
TOHA BBISABIICHO 267 BUJOB M BHYTPHUBHIOBBIX TAKCOHOB BOAOpoOcieit n3 9 otme-
1oB. OCHOBY BHIOBOT0 OoraTcTBa popMmupoBainu auatoMoBsie (36,0%), semeHsie
(28,5), 3omotucteie (12,5) Bogopocnu n nuaHonpokapuotsl (11,6%). B Ceuieen-
CKOM 3aJIuBe 10 cpaBHEHHIO ¢ mioseM 2004 1. otMedeHo yBenmueHue (Ha 41%)
BHJIOBOTO OoraTcTBa (PUTOIUIAHKTOHA. BHIOBOM cocTaB (PUTOIJIAHKTOHA OTJIMYa-
€TCsl Ha Pa3HbIX YUaCTKax IUIECa, YTO CBSA3aHO C MOCTYILICHHEM B 3aJTUBHI PEYHBIX
Box CouiBbl 1 UycoBOi pa3nmuyHOil MuHepanu3amud. [1oaToMy cTerneHs ¢uiopu-
CTHYECKOr0 CXOZCTBa 10 KoddpdurmentaMm CepeHceHa—UeKaHOBCKOTO HEBBICO-
kas u coctaBuna ot 0,41 mo 0,68.

Jkoioro-reorpaduyeckasi CTpykrypa (GUTOIUIAHKTOHA TTOKa3bIBaeT Mpeoda-
JaHUE TUIUYHO IUIAHKTOHHBIX BHJIOB, ITUPOKO PACIPOCTPAHCHHBIX B BOIOEMAaxX
3eMHOr0 Irapa, WHIU(PQEPSHTHBIX K YPOBHIO COJCHOCTH BOJBI, OOWTAIOIINX
TOJBKO B IMIPECHBIX BOJOEMAX H MPEAIIOYNTAIONINX HEHTPaIbHBIC BOIBI IO BEIH-
guae pH. B akomoro-reorpaduueckom acmekre GUTOMIAHKTOH CBUIBBEHCKOTO
3anmBa B 2022 1. HEe UMEN CYIIECTBEHHBIX pa3nuuuil o cpaBHeHUo ¢ 2004 1.

B ¢opmupoBanue purormrankroHa CrIIBeHCKO-UyCOBCKOTO IJIeca B MIEPUOL
JeTHEH MEXECHN HanOoiee BECOMBII BKJIal BHOCHIIH IIHAHOIPOKAPHOTEI HApsIy
¢ IMaTOMOBBIMHI U 3€J€HBIMH BOJOpOCISIMA. KomaecTBeHHEIE TTOKa3aTenn pas-
BHTHSA (PUTOIUTAHKTOHA BaphHpoBaiu: oT 0,9 1o 85,0 MITH KII./JI TTO YUCIIEHHOCTH
n ot 0,39 o 13,02 mr/n mo 6uomacce. Pa3inndus TeMrepaTypHOro peskKuMa B TOJIBI
HCCIICZIOBAHUH OMPEICISUTA YPOBEHD Pa3BUTHS (PUTOIIIAHKTOHA; B 2022 T. 3HAYe-
HUS YUCIICHHOCTH M OMOMAacChl OBUTH B TPH pa3a BHIIIE MO CPABHEHHIO C aHO-
MajbHO xapkuM 2020 t. Tpoduueckuii cratyc BogoeMa U3MEHSIICS OT OJIUTO-
Me3otrpodHOoro B 2020 1. 10 3BTpodHOro B 2022 1. YUCIIEHHOCTH (PUTOIJIAHKTOHA
CruBenckoro 3anuBa ¢ 2004 r. 1o HacTosiee BpeMs B pe3yJIbTaTe Pa3BUTHSI MEI-
KX BHJIOB BOJOpOCIel yBenmnumiack Oonee ueM B 20 pas, Torma kak omomacca
(PUTOIIIAHKTOHA — JIUIIIG B 2 pa3a.

[To Bceil akBaTOpuW AOMHUHUPYIONIMA KOMIDICKC MPEICTABICH MpEenMyIe-
CTBEHHO BHJAMU-HHINKATOPAMHI AQHTPOIIOTEHHOT O 3BTPO(HUPOBAHNS
(Aphanizomenon flos-aquae, Aphanocapsa holsatica, Aulacoseira granulata,
Stephanodiscus binderanus), HabogaeTcs MaccoBOe pa3BHTHE OE3reTepoIUCT-
HBIX ITUAHOMPOKAPHOT (Aphanocapsa holsatica, A. inserta, Anathece clathrata,
Planktolyngbya limnetica, Aphanothece bachmannii) n ycuieHue EHOTHYECKON
poNH TMHO(PHUTOBBIX BOMOPOCIEH, CITOCOOHBIX HCIONB30BATh TOMOIHUATEIBHEIE
HCTOYHHKH (ocdopa.

Wnupekcsl carpoOHOCTH, OTpaskaroIIne CTEIEHh OPraHMIeCKOro 3arps3HEeHuUs,
XapaKTeprU30Balii BoIHbIE Macchl ChIIBEHCKO-UYyCOBCKOTO Imieca Kak f-Me30ca-
npo6HkIe I11 kiracca kauecTBa BOJbI (YMEPEHHO 3arpsS3HCHHAS).
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AnHoTtauus. IIpuBeneHbl pe3ynbTaThl UCCIIEA0BAHUS 1O BBIIEICHUIO MUKPOOpra-
HHU3MOB-TIPO/IYLIEHTOB U OIBITHO-IIPOMBIIUICHHOMY HCIBITAHUIO CKOHCTPYHPOBAHHOI'O
GaKTepHaTBbHOr0 KOHCOPLIMYMa VIl COBMECTHOI'O KOMIIOCTHPOBAHUS OTXOJI0B KMBOTHO-
BOJICTBA (Ha MMPUMEPE NTHYBETO IIOMETa) U JepeBO0OPaOOTKH (OIMIIIOK XBOHHBIX TIOPOT)
B ycroBusix 3amaguoit Cubupu. B cocraB KOHCOpIMYMa BOILTH TEPMO(UIBHBIE U TepP-
MOTOJIEPAHTHBIE [ITAMMbI OPIraHOTPO(HBIX HEATOreHHbIX OAKTEPUid, IPOYLICHTOB I'HJI-
POIUTHYECKHUX (EPMEHTOB, BbIIEICHHbIE U3 OTXOJ0B KUBOTHOBOJICTBA U M30BITOYHOIO
aKTHBHOIO WA O4YUCTHBIX coopyxkenuit B Tomckoit obnacru: Anoxybacillus
kamchatkensis ~ AS-GOS-2,  Bacillus amyloliquefaciens PL-1, Aneurinibacillus
thermoaerophilus PL-5, Brevibacillus brevis PM-3, Pseudoxanthomonas taiwanensis
PM-cell. TecripoBanue KOHCOpPLIMYMA B XO/Ie COBMECTHOTO KOMITOCTUPOBAHHS ITHYBETO
IIOMETa 1 OMMJIOK XBOMHBIX ITOPOJI B COOTHOLIEHHH 1:2, MpoBeIeHHOE B TeUeHHE 46 CyTOK
Ipu Temrieparype okpyxarouieil cpeapl ot +3°C 1o —15°C, mokazano moaoKUTEIbHOE
BJIMSIHHE KOHCOPLIMYMa Ha CAHUTAPHO-NApa3UTOI0r MUECKUE U MUKPOOHOIOrMYECKUE Xa-
PaKTEPUCTHKHU UCIIOJb30BAHHOrO IIoMeTa. Pa3paboTaHHbIil KOHCOPLIMYM MOKET ObITh pe-
KOMEH/IOBaH JUIsi KOMIIOCTUPOBAHMS OPraHM4eCKHX OTXOJ0B B IIMPOKOM TEXHOIOTHYE-
CKOM Kopuaope 3Hadenuid pH u Temmneparyp.
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Summary. Disposal of agro-industrial wastes is one of the major unresolved envi-
ronmental problems of our time in many countries of the world, and it is associated with
adverse impacts on ecosystems due to their improper storage. Composting is considered
one of the most attractive ways of using a wide range of organic wastes due to its envi-
ronmental safety, low cost and the possibility to obtain useful products. In addition to
fresh animal and poultry litter, organic wastes such as lignin and cellulosic materials
from crop production, wood processing, and others can be used in co-processing sys-
tems through microbial bioconversion to produce organic fertilisers or soil mixes. Many
existing methods of controlled composting of waste are based on the use of expensive
technological techniques and equipment, which significantly increases the cost of the
product. Therefore, in addition to increasing the rate of composting, it is very important
to simplify the process of obtaining the finished product and also reduce labour and
energy costs.

The aim of this study was to isolate and investigate new strains of organotrophic
microorganisms, develop a microbial consortium for accelerated composting, and con-
duct industrial-scale trials of combined composting of animal waste (poultry manure as
an example) and wood processing (conifer sawdust) under the conditions of Western
Siberia. During this work, the necessity of aeration of the mixture for successful com-
posting of waste was also investigated.

Sampling of organic wastes (poultry manure, swine manure, and pine sawdust) for
research purposes was carried out in January-February 2020 at the relevant enterprises
of Tomsk and Tomsk district. The obtained samples of poultry and swine manure served
as a source for isolation of thermophilic and thermotolerant heterotrophic microorgan-
isms — organic matter decomposers. A total of 7 pure cultures of organotrophic bacteria
were isolated from animal waste and identified by molecular methods, most of which
were represented by Gram-positive spore-forming cells (see Fig. ). The only strain
that did not form spores was characterised by its ability to degrade cellulose (see Fig. 2).
The bacterial strains isolated from animal waste belonged to the families Paenibacil-
laceae and Bacillaceae within the phylum Bacillota (see Table I). The strains were se-
lected for the consortium based on their ability to degrade organic matter, including
complex polymers, and general physiological properties that determine the biotechno-
logical potential for waste bioconversion. As a result, the consortium included thermo-
philic and thermotolerant strains of organotrophic non-pathogenic bacteria that produce
hydrolytic enzymes: Bacillus amyloliquefaciens PL-1, Aneurinibacillus thermoaeroph-
ilus PL-5, Brevibacillus brevis PM-3, and Pseudoxanthomonas taiwanensis PM-cell.
The consortium also included a thermotolerant organotolerant strain Anoxybacillus
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kamchatkensis AS-GOS-2, previously isolated from activated sludge of municipal
wastewater treatment plant in Tomsk. The physicochemical conditions for the applica-
tion of the developed consortium are presented in Table 2.

Pilot tests of the technology of joint composting of animal waste (poultry manure)
and wood processing waste (coniferous sawdust) using the developed microbial con-
sortium were conducted in October-November 2021 for about 6 weeks. Composting of
raw materials was carried out in piles (dimensions 3%x3x2 m, volume 18 m?) designated
as “PB-1” — experimental pile with consortium application and use of forced aeration,
“PB-2” — experimental pile with use of forced aeration, and “PB-3” — no effect control
pile. All treatments were carried out with a 1:2 ratio of poultry manure to sawdust.
Forced aeration of the mixtures in the experimental piles was carried out by discrete air
supply at a rate of 0.35 m3/min, starting from the first day of composting in the 12-hour
mode after a 12-hour rest. Throughout the experiment, the temperature of each pile
mixture was measured at 10 points at a depth of 50 cm (see Fig. 3). The obtained data
on the temperature changes in the piles during composting testify to intensive biological
processes in the PB-1 sample related to the development of thermophilic and thermo-
tolerant microorganisms in the consortium.

The physico-chemical and agrochemical parameters of the obtained compost were
evaluated for compliance with the normative requirements for organic fertilisers based
on animal waste (see Table 3). The content of pathogenic and opportunistic microor-
ganisms, the presence of protozoan cysts and oocysts, as well as helminth eggs and
larvae were evaluated to control sanitary and hygienic indicators (see Table 4). Contrary
to the control samples, the compost obtained with the participation of the microbial
consortium not only complied with the norms as regards the content of organic matter
and other nutrients, but was also characterised by elimination of the eimeriosis pathogen
together with a reduction in the number of opportunistic microorganisms to the norma-
tive level.

Thus, the combined composting of poultry manure and conifer sawdust in the ratio
of 1:2, carried out for 46 days at ambient temperatures from +3°C to -15°C, showed a
positive effect of the developed consortium on the quality of the obtained compost. The
developed consortium can be recommended for composting organic waste in a wide
technological corridor of pH values and temperatures.

The article contains 3 Figures, 4 Tables, 30 References.

Keywords: controlled composting, organic waste, bioconversion, microbial consor-
tia, thermophilic and thermotolerant organotrophic microorganisms

Fundings: This work was funded by Innovation Promotion Fund (Agreement
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BBenenne

YTHIM3ams 0TX0I0B arporpoMbInuieHHOro komruiekca (ATTK) sBisercs on-
HOU M3 OCHOBHBIX M HEPEHICHHBIX AKOJOTHYECKHUX MPOOIEM COBPEMEHHOCTH BO
MHOTHX CTpaHaX MHpa H CBs3aHa ¢ HEOIarONpUSATHEIM BO3/ICHCTBHEM Ha HKOCH-
CTEMBI U3-32 UX HEMpaBWIEHOTO XpaHeHus [ 1, 2]. CoBpeMeHHast TEHACHINS pa3-
BHTHS YCTOMYMNBOTO XO3SIMCTBA U CTPEMIICHHS K PEIUKIHHTY IIPUPOIHBIX PeCyp-
COB JTUKTYIOT HEOOXOJMMOCTh IMOMCKa 3(h(DEKTUBHBIX IMOAXOOB JIJIS YIIPABICHUS
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orxomamu AIIK. KommoctupoBanue paccMaTpyBalOT KaK OAWH U3 CAMBIX IPH-
BJICKATENIFHBIX CIIOCOOOB YTHIIM3AaLUH IIHPOKOT'O CIIEKTPa OPraHWIECKUX OTXO-
JIOB M3-32 €TI0 SKOJIOTHYECKON 0e30IacHOCTH, HU3KOI ce0eCTOMMOCTH U BO3MOXK-
HOCTH TTOJTY9I€HHSI TTOJIE3HBIX MPOIYyKTOB [3, 4]. [Ipomecc komMmmocTupoBaHUs CBO-
IUT K MAHUMYMY HEKOTOPBIE arpOXMMHYECKHE M CAHHTAPHO-OMOIIOTHYCCKHE
PHCKH, CBSI3aHHBIC C UCIOIB30BaHAEM HerepepaboTaHHBIX OPraHUIeCKUX OTXO-
70B [1]. CBexxre OTXO0JbI JKHBOTHOBOAYECKUX KOMILICKCOB U NTHIIe(haOpuK, He-
CMOTpSI Ha BEICOKOE COZICPKaHNE MUTATEIHHBIX BEIIECTB, HE MOTYT OBITh HCIIOJb-
30BaHbI IS PACTEHUEBOJICTBA HEMOCPEICTBEHHO TOCe MX oOpa3oBaHms. I1pu-
YHHA B TOM, YTO HelepepadOTaHHbIC HABO3EI U ITOMETHI NP BHECCHUN HA OIS
BEI3BIBAIOT 3aTPSI3HEHUE TI0YB, IIOBEPXHOCTHBIX M TPYHTOBBIX BOX OMOTCHHBIMH
AJIEMEHTAaMH U MOTYT OBITh MCTOYHHKAMH YCIOBHO-TIATOTCHHOW MHUKPOMIOPEI,
[HCT MPOCTEHUIINX, SIUI] TETHbMUHTOB U JTMYNHOK HACEKOMBIX [5—0].

Jpyrue BUIBI OPraHMYECKUX OTXOJOB TAKXKE MOTYT OBITH YTHIIN3UPOBAHEI B
COBMECTHBIX TEXHOJIOTHUECKAX CXeMaX ITyTeM MHKpPOOHOH OMOKOHBEPCHH C TI0-
JTy4eHUEeM OpraHUYecKUX yIOoOpeHHH Wi TpyHToB. Hanpumep, TUTHUH- U 1eN-
JIOJI030COAEPIKAINE OTXOIBl PAaCTEHHEBOICTBA, JAEpPEBOOOPaOOTKM, JaHI-
madTHEIX X03s1icTB. OHU 00BIUHO conepkaT okono 40—50% memTono3sl, 25—
30% remuuesmnonosbl U 15-25% nurauna [7]. JpeBecuHa cogep>XKUT MHOTO yT-
nepoxna (oxono 50%) u cpaBHUTENHHO Oenna azotoMm (0,1-1,2%), mosTomMy mIu-
POKOE IPIMEHEHHE OHUX JIPEBECHBIX OCTATKOB B KaUeCcTBE YAOOPEHNUS MaIod(h-
¢dexTuBHO. {15 yIOoOpeHHS MOYBHI Jy4Ile UCIIONB30BATh KOMIIOCTHI C BKIIFOUC-
HHEM B WX COCTaB KOHBEPTHPOBAHHBIX IPEBECHO-PACTUTEIHHBIX OCTATKOB [8, 9].

KonTtponmpyeMoe KoMIocTHpOBaHUE — 3TO OHOJIOTHYECKUi mporece, B KO-
TOPOM HCITOJIB3YIOTCSI BCTPEUAIOMINECS B IPUPOIE MUKPOOPTAaHU3MBI [UIS TIpe-
o0Opa3oBaHusl OHMOpa3iiaraeMbIX OPraHUYECKUX BEIISCTB B T'yMYCOITOJOOHBIN
mpoaykT. B mpomecce KOMIIOCTHPOBAaHWS YHHUYTOXKAIOTCS OONE3HETBOPHBIE
MHUKPOOPTaHNU3MBI, TPOHCXOIUT MPEBpAIIeHIE a30Ta B (POPMBI, TOCTYITHEIE IS
pacTeHwmid, yMeHbIaercst oobeM oTxon0B [1—4]. IIponecc mumuTHpyeTcs Gu-
3WKO-XUMHUECKUMH apaMeTpaMHu (TeMIieparypa, BIaKHOCTh, pH u aspamus) u
cBoiicTBamu cyOctpata [10]. BamaHC NMHUTATENBHBIX BEIIECTB OMPENCISICTCS
MIPEeXKJIe BCEro COOTHOIICHUEM yTIIepoa U a30Ta B KoMIocTHoH cMmecH. I1o -
TepaTypHBIM TaHHEIM, ONTUMaNbHOE cooTHOmeHne C:N HaxOauTCs B Ipeennax
ot 20:1 1o 40:1 [11]. Taxxe Ba>XHBIM MTapaMeTPOM IPH KOMITOCTHUPOBAHUU SIB-
JIETCS JIOCTYI KHCIIOpOoaa, HeoO0X0auMoro st 3Q(EeKTUBHON KU3HEACITEIhb-
HOCTH a3pOOHBIX MUKPOOPTaHIN3MOB, OCYIIECTBILSIOMNX MTPEBPALCHHS OPTaHH-
YEeCKOro BEIIECTBA M COSNMHEHHUN a30Ta. AZICKBAaTHOE CHaOKEHIE KHCIOPOIOM
MO3BOJISICT OMOJIOTHYECKHM IpoIleccaM pa3BHUBATHCSA C OMTHMAIbLHOH 3¢ (dek-
TUBHOCTBIO. AdpaIisl TAaKXKE BIISIET Ha TEMIIEPATYPY, BIaKHOCTD, CONIEPIKAHHE
yraekucioro rasa (CO2) u kuciopozaa (O2) B BO3yxe, HACHIIIAIONEM KOMITOCT,
a TaKkKe Ha CKOPOCTH YIaJICHHsI TyPHO MaXHYIIUX W TOTEHIIHATFHO TOKCHIHBIX
ra3oB. MUHHMaJIbHAS KOHIIEHTPALHS KUCIOpOaa UL MOANCPKAHUS adPOOHBIX
ycnmoBHid coctaBiseT 5%. PacnpocTpaHeHHBIME crioco0aMy YITydIIeHAs adpa-
IIUU BO BPEMS KOHTPOIUPYEMOT'0 KOMIOCTHPOBAHHUSI SIBISIFOTCS MEXaHHIECKOE
mepeMelInBaHe MaTepualia M MPUHYAUTENbHAS adpamus MOCPEICTBOM CH-
crembl TpyO [12].
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B Hacrosiiee Bpemst pa3paboTaHBI U MPEMIOKEHBI Pa3IMIHbIC METOIBI KOHTPO-
JMPYEeMOTr0 KOMIIOCTHPOBAHHS OTXO/IOB C UCIIOIB30BAHIEM IIPHEMOB, CIIOCOOCTBY-
IOIIAX YCKOPEHHUIO CO3PEBAHMS KOMIIOCTOB; KOHCTPYKIUH IS YITyHIICHIS Macco-
o0MeHa, TToepKaHusI OIPENENICHHON TeMIIepaTyphl M BIAKHOCTH, IOAAYN KHC-
JIOpoJa, YIIIEKUCIIOro Taza U T. . MHOrue U3 HUX OCHOBAHBI HAa MIPUMECHEHUH JI0-
POTOCTOSIIINX TEXHOJIOTMUECKUX ITPHEMOB 1 000PyJOBaHMS, YTO 3HAUNTEILHO YBe-
JIMYABAET CTOMMOCTH MTPOIyKTa. [103TOMY, HapsIy C MOBBIIICHIEM CKOPOCTH KOM-
MTOCTHPOBAHMS, OYCHb BaYKHBIM SIBIISICTCS YIIPOILIEHNE TIPOIIECCa TOITYyIeHUS TOTO-
BOT'O MMPOYKTA, a TAK)KE CHUKEHUE TPy103aTpaT U 3HEproeMkocTH [13].

Lens HACTOSIIET0 HWCCIEHOBAHMS 3aKITIOYANACh B BBINCICHHUH U W3yYCHHUH
IITAMMOB OPraHOTPO(MHBIX MAKPOOPTaHU3MOB sl yCKOPEHHSI KOMITOCTHPOBAHUS,
pa3padoTke MUKPOOHOT0 KOHCOPIIMYMa Ha HX OCHOBE W ITPOBEICHIH ITPOMBIIIIICH-
HBIX UCITBITAHAH B XOAE COBMECTHOT'O KOMITOCTHPOBAHHSI OTXOJOB >KHBOTHOBOI-
cTBa (Ha MpUMEpEe NMTHYBErO TIOMETa) U JIepPeBO0OPaOOTKH (OMUIIOK XBOWHBIX 10~
pon) B ycnoBusx 3amnamHoi Cubupu. B xone paboThl Takke HcciieoBaiachk He00-
XOIMMOCTB a3palliyl CMECH IS YCIIEITHOTO KOMITOCTHPOBAHHS OTXOIOB.

MarepuaJibl © METOABI

OTOOp OpraHUYEeCKUX OTXOMOB IUISA IENEH MCCIECTOBAaHMS MPOBOAWIN B STH-
Bape—¢eBpaiie 2020 T. HETOCPEICTBEHHO B MecTaX MX 00pa30BaHUs M HAKOILIC-
Hus. Beero orobpano 3 o0beMHEHHBIE TPOOBI OTXOI0B Ha MPOQHIBHBIX MPe/l-
npusthsx B T. Tomcke u TomckoM paiioHe: ipoda PL — kypuHBIi moMer, momMe-
toxpanmiuine ntumnedadpukn «Tomckas» AO «Cubarpoy; mpoda PM — cBHHOI
HaBO03, HAaBO30XpaHMIIHUIIEe cBUHOKOMILTEKca «Tomckuity AO «Cubarpoy; mpoda
CS — cocHOBBIE ONWIKH, JepeBooOpadaTeiBatomee mpeanpusatae, OOO
«TomnecnpeBy. [IpoOer oTOMpany CTepUIBPHBIMA WHCTPYMEHTAMH B OZHOPA30-
BbIE€ TUIACTUKOBBIE EMKOCTH M XPaHWIH /10 aHAJIM3a U MOCIEIYIOIEro NpuMeHe-
Hust ipu 4°C. OUBHKO-XUMHUYECKHE H arpOXHMHUYECKHE IMOKa3aTelld OpraHuyde-
CKUX OTXOJIOB JKHBOTHOBOJICTBA U MOJYUEHHBIX 00pa3I[0B KOMITOCTA OLCHIBAJIH
¢ ToukH 3peHus coorBercTBHs TpeOboBanusM ['OCT 33830-2016 mis opranwye-
CKHX ymoOpeHH Ha OCHOBE OTXOJIOB KHBOTHOBOACTBA [14]. KoMmIuiekcHBIi a-
0OOpaTOPHBIN aHATN3 MTPOBOIMIIH B AKKPESTUTOBAHHOW HCITBITATEIEHOM JTab0paTo-
punt ®I'BY «CraHius arpoXuMU4ecKoi ciry)0bl « ToMckas». JIis KOHTpOJIS ca-
HUTapHO-TMTMEHUYECKUX TI0Ka3aTeneld OpraHn4eckux OTX0J0B U KOMIIOCTa IIpo-
BOJIMJIM TIApa3UTOJIOTHUYECKHE M MUKpOOHOIorndeckue uccienopanus B OI'bBY
«ToMckast obnacTHas BeTepuHapHas JabopaTopus». B xoje nccienoBanuii ore-
HUBAJIOCh CO/IEP)KaHUE YCIIOBHO-IIATOI€HHBIX U MaTOT€HHBIX MUKPOOPTaHU3MOB,
HaJM4Yhe OOLUCT U LUCT MPOCTEHIINX, a TAKXKE UL U IMYNHOK I'eJIbMUHTOB.

Jnst KyTbTUBHPOBAaHMS TePMODUIBHBIX U TEPMOTONIEPAHTHBIX TETEPOTPOPHBIX
MHUKPOOPTaHU3MOB-TIECTPYKTOPOB OpPraHNUYecKOoro BeniecTsa u3 mpoo PL u PM Obuti
HCITOJIb30BaHbI OOraThIe MUTATEIBHBIE CPEIIBI B KHIKOH (hopMe Oe3 yIUTOTHEHHSI ara-
pom — kommepueckuii [ PM-0yimson (OBYH I'HII IIMB, Poccust) u sxunkuit aHamor
cpensl Plate Count Agar (PCA), coneprxaruid (1/71): IpoXoKeBOi 3KcTpakT — 2,50,
NaCl — 5,00, D-rimroko3y — 1,00, nienton ¢pepmeHTaTrBHBIN — 5,00. CelleKTHBHBIM
(haKTOPOM TIPH TIONTYIEHIH HAKOITUTEITBHBIX KYJIBTYp CITykuiia Temmepatypa (50°C).
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Jnst BeIeneHs OaKTepHiA-TIPOAYIIEHTOB MEJUT0Ja3 UCTIONb30BAI CHHTETHIECKYIO
cpely ¢ MUKpOKpUcTayumaeckoi memmnono3oi (MKLI) cnemyromiero cocrasa (1/71):
KH>PO4 - 0,50, MgSO4 7TH,O — 0,25, MKL - 2,00.

JKunkre HaKOmUTENBHBIE KYNBTYPHI IOMyYaldl B adpOOHBIX YCIOBHIX C HC-
nosb30BaHueM mekikepa (180 06/MuH). [TomydeHHBIC KyIbTYphI MTOCTYXKHIIH HC-
TOYHUKAMH UIS BBIACIEHUS YUCTHIX KYJIBTYp IITAMMOB-IIPOIYIICHTOB ISl OHO-
KOHBEPCHUHU OTXOJOB B COCTaBE MPOMBINUICHHBIX KOHCOPIUYMOB. UHCTBIE KYyJIh-
TypBl MHKPOOPTaHU3MOB-IECTPYKTOPOB OPTaHUIECKOTO BEIIECTBA U IEILIIOIO-
JUTHYECKAX MAKPOOPTaHU3MOB BEIIEIsUN MeTonoM Koxa (M30mupoBaHuEM OT-
JETHHO JIe)Kameld KOJOHNN) Ha COOTBETCTBYIOIMINX IUIOTHBIX ITUTATEIBHBIX Cpe-
nax. s u3ydeHust MOp(OIOrHH KIETOK MPUMEHSIIH METOX (a30BO-KOHTPACT-
HOT0 MUKpOCKomupoBaHus («buomen 6», Poccrs) ¢ ucmoib30BaHneM 00bEKTHBA
%100 u mporpammuoro ooecrieuerust Toup Tek ToupView, Bepcus X86.

Nnentrndurkanmo MUKpoOpraHu3MOB 1 OMOMH(OPMAIIMOHHBIN aHAJIM3 TIPOBO-
JIUTA ¢ TIOMOIIBIO aHaJIM3a IMociienoBaTenbHocTel reHa 16S pPHK, Gim3kux k
monHbIM [15]. ToransHas JIHK u3 xomoHuid Oblia BhIZIENIEHA C UCITOIE30BAHUEM
MOIU(GHUITUPOBAHHOTO (eHOoI-XJIopodopMHOro Meroma [16] ¢ oOpaboTKoi
CTAB. s atoro okono 100 mr 6uomaccel cmemmBainu ¢ 490 mkn TE-Gydepa
(pH 8,0), 15 Mk 20% SDS, nmpotenna3oit K, miu3ommmom, akKypaTHO MepeMern-
Ball M MHKyOupoBanu B TedeHune 1 1 mpu 37°C. Brocwmu 100 mxn SM NacCl,
niepemernnBaiy, gob6asisu 160 mxin CTAB/NaCl u uaky6uposanu npu 65°C B
TeueHre 15 muH. BHOCHIH paBHBIN 00beM XJIOpOQOpMa, TepEeMEIINBAITN U IICH-
Tpudyruposanu 5—7 muH mpu 12 000 06/MUH, CylTepHATAHT CMEIIHBAIIN CO CMe-
ChI0 (hEHOI:XIOPOPOPM:M30aMHIIOBEIN crupT (25:24:1), NeHTpU(YTrUpoBaIu B
teuenre 5 muH mpu 12 000 06/mMuH. [IHK ocaxaamu u3 cyrnepHaTaHTa XOJIOIHBIM
H30MPOITaHoJIOM B KoiudecTBe 0,7x oT o0bema (MKIT) ¢ JobaBiienueM 35 Mkt 3M
anerata Harpus. Jlanee wutm JIHK cobupann B Teuenwe 10 MuH mpH
14 000 06/MuH. Ocaiok ABaXKABI MpoMbIBaii B 500 MK oxiaxaeHHoro 70% 3ra-
Hona B TeyeHue 1 MuH nipu 1 400 06/MuH. OUHANBHYIO MPOMBIBKY TTPOBOIMIIH
100% oxnaxxaeHHbIM 3TanosnoM. Ocanok npocymusanu npu 40°C B Teuenue 10—
15 mun B TBepaotensHOM TepMmocTate. [Tomyuennyto JJTHK pactBopsumm B 100 mxi
TE 6ydepa. Jlnsg ammumdpukamm mocieaopaTenbHocT reHa 16S pPHK 6akrepuii
ucnons3oBanu npaimepsl 27F (5' AGAGTTTGATCCTGGCTCAG) u 1492R
(5' GGTTACCTTGTTACGACTT). Cocras IIIIP cmecu cooTBeTCTBOBAI PEKO-
MeHayemomy s Taq-momumepassl (#EP0402, Thermo Scientific). ITpomxykTsr
amMIUTuKaiy pazaesumy B 1% arapo3HoM refie B CMecH ¢ HHTEPKATIHPYIOMIAM
kpacuteneM SYBRGreen (1:5 mxin) npu 110 V B TeueHue 25 MUH U BU3yalTU3H-
poBanu Ha TpancuwLTroMuHaTOpe. CekBeHnpoBanue mpoBomtH B 3A0 «CuHTOm
(r. MockBa) aBTOMaTH3UPOBaHHBIM MeToioM CoHTepa ¢ IpenBapuTeIbHON (ep-
MEHTaTUBHON ouncTKOM mpomykToB [11[P. 13 oTnensHBIX OCHEe10BaTEIFHOCTEH
JHK 0pum monmydeHsl KOHCEHCYCHBIE ITOCIE0BATEIFHOCTH MaKCUMAalIbHO BO3-
MOXXKHOW JJTUHBI B TipuiokeHnn BioEdit [15]. g aHaim3a KOHCEHCYCHBIX TI0-
cJIeOBATEIBHOCTEN ObLIA UCITONb30BaHa 0a3a nauubeix GenBank NCBI. bauskue
K TIOJIHBIM TiocienoBatenbHocTd 16S pPHK BhIIENeHHBIX ¥ UACHTH()UIIMPOBAH-
HBIX IITAMMOB JICMIOHUPOBaHBI B 0a3y maHHbIXx GenBank NCBI mox Homepamu
PP572911-PP572917.
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[Ipu orGope mTaMMOB JIJIsi KOHCOPIIMYMa Ha OCHOBE JaHHBIX OHOMH(OpMa-
[UOHHOTO aHANIM3a W KYJIbTYPAJIbHBIX CBOMCTB YUHTHIBAIHN (IIIOTCHETHICCKOE
MOJIOKEHHE U OTCYTCTBHE MATOTCHHBIX CBOMCTB, a TAKKE IIPHHUMAITH BO BHIMA-
HUE HaJHYHE CIHOCOOHOCTH K NECTPYKIMH OPraHWYECKUX BEMIECTB, BKIIFOUAS
TpyZHOpa3IaraeMele MOJMMEpPHI U 00IIHe (PU3HOIIOTHUSCKIE CBOMCTBA, KOTOPBIE
00yCIIOBIIMBAIOT OMOTEXHOIOTHYECKHI ITOTEHITUAT OpraHoTpo(oB JIsl OMOKOH-
BEPCHH OTXOMIOB.

OTNBITHYIO TAPTHIO KOHCOPLIHUYMA JJIsl UCIBITAHUH MONyJain B epMeHTEpe
«®-200» (KuTait) Ha IATPaTHO-aMMOHHUIHON cpelle CIeAyIOIIero cocTaBa, I/i:
HaTpUH JTUMOHHOKHCIBIN 3-3aMelneHHbIi — 2,0, xiopua HaTpus — 5,0, cynbdar
Maraus 7-BoaHbIi — 0,2, ruapodocdar ammonus — 1,0, muruapodocdar kamus —
1,0, caxapoza — 1,0, macmo pactutenpHOe B KadecTBe meHoracutens — 10,0.
OTBITHO-TTPOMBIIIUICHHEIEC UCTIBITAHMS TEXHOIOTUH KOMIIOCTHPOBAHHS MITHYBETO
nomera ntunedadpukn «ToMckas» poBOIWIH B OKTAOpe—HOs0pe 2021 1. B Te-
yeHue ~6 Hen Ha mpomsBoacTBeHHOW Twiomanke OO0 «Jlapsuny», 1. Tomck.
B xome pabot TecTipoBaiy pa3padOTaHHBIH KOHCOPIIYM IJIsI COBMECTHOT'O KOM-
MTOCTUPOBAHUS OTXO0B JKUBOTHOBOJICTBA (TIOMETA) H ISPEBOOOPAOOTKH (OIMHITOK
XBOWHBIX 1Mopo). KoMmmocTrpoBaHue ChIphs MPOBOAXIHN B OypTax. OO0I1ee 9uciio
OypTOB COCTABMIIO 3, KaXKIBIH U3 HUX MMeN rabapuTsl 3x3%2 M, 06beM 18 M>.
Beutn 3astokeHsl cienyroniie BapuaHTel OyproB: [1b-1 — 3KkcriepuMeHTaNbHBII
OypT ¢ BHECCHHEM KOHCOPIIIYMa U HCIOIH30BAaHUEM IIPUHYIUTEIFHON adpallii;
[1B-2 — sKcriepuMeHTAIBHBIA OypT ¢ HCITOIB30BAaHUEM TPUHYAUTEIBHON alspa-
nuu; [1b-3 — koHTpoabL 6e3 Bo3nekcTBUid. Bee BapuaHTBl OBUIM 3aI0KEHBI ITPH
COOJTFOICHUH MTPOTIOPIIHIA ITHYLETO TTIOMETa ¥ OMIIOK 1:2. JlaHHOE COOTHOIICHHE
KOMITOHEHTOB IIOMAJa€T B 30HY ONTHMaJbHOTO cooTHomeHHs C:N Ha OcHOBe
pacyeToB ¢ yIeTOM HACHIITHON IUNIOTHOCTH OTXONOB. [IpHHYIUTENBHYIO adpalliio
cMeceil B OypTax MPOBOAWIH C IIOMOIIBIO AUCKPETHOH MOAAYH BO3AyXa CO CKO-
poctsio 0,35 M*/MuH, HauMHAS C TEPBBIX CYTOK KOMITOCTHPOBAHHMS B pesknMe 12 9
yepe3 12 4 B X07ie BCETO TEXHUYECKOTO MpOIiecca.

Ha mpotspkeHUE Beero SKCIEpUMEHTa IMPOBOAMIHM M3MEPEHUS TEMIIEPATyPhI
Kaxzaoro 0ypra B 10 Toukax Ha riryouHe 50 cMm. CraTucTrdeckas o0padoTKa JaH-
HBIX TEMIEPAaTypHBIX U3MEPEHUH IpOBeIeHa ¢ IPUMEHEHUEM HelapaMeTprye-
ckoro U-kpurepust MaHHa—YUTHH ITyTeM CpaBHEHHS CPEIHUX 3HAYCHUW HA OC-
HOBe He MeHee 10 MHIMBUAyaTbHBIX 3aMEPOB B KaXKIOM BPEMEHHOW TOYKE, IO-
JMYYEeHHBIX IS KaKIOrO0 BapHaHTa dKCIepuMeHTa. OTIHMYHMS CUUTA A 3HAYH-
Mbimu Tipa p < 0,01. Ha rpaduke mpencraBiieHsl cpeHne apu(GMeTHIecKre 3Ha-
YEeHUS TTOTyICHHBIX MTOKA3aTeNe CO CTAaHAAPTHBIM OTKIIOHCHUEM.

Pe3yabTarhl ncciief0BaHNus U 00CY:KIeHUE

[Iporiecc KOMITOCTUPOBAaHUS MOXKET OBITh KaK a’3poOHBIM (C TOTpeOICHUEM
KHCJIOPOZa), TaK M aHa3POOHBIM, OJTHAKO a’pOOHBIA BapHAHT KOMITOCTHPOBAHUS
ropasjo 6osee OBICTPBIN 1 Ooee 3O PEKTUBHBIN ¢ TOUKH 3pEHUS HEUTPATU3aIUH
HETIPUSATHOTO 3armaxa 1 MOJIy4YeHHs KaYeCTBEHHOT0 ToToBoro mpoaykra [17]. Io-
3TOMY HCCIIeIOBaHHE OBLJIO COCPENOTOYEHO HA BBINEIICHHH M TECTHPOBAHUH
a’pOOHBIX MPOIYLEHTOB [UIS IPOMBIIUICHHOTO IPUMECHEHIISL.
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[NoxydenHbIe U3 KyprHOTO IOMETA U CBUHOTO HaBO3a HAKOITUTEIHHBIC KYIIb-
TYpBI TOCTYXXHIH HCTOYHUKAMH U BBINENICHHUS IITaMMOB-IIPOXYIIEHTOB [UIS
OMOKOHBEPCHH OTXOIOB B COCTaBE IMPOMBINUICHHBIX KOHCOPHIHYMOB. Bcero u3
OTXOJIOB KHBOTHOBOJICTBA BEIJICNICHO 7 YHCTHIX KYJIBTYpP OPraHOTPOGHBIX OaKTe-
puii. Bce ycTORYHBO pacTyIe B YACTHIX KYJIBTypax IITaMMbl TEpMODUIBHBIX U
TEPMOTOJICPAHTHBIX OakTepuil OBUIM TIPEICTABICHBI MAIOYKOBUIHBIMH KIICT-
KaM{. BOJNBIOIMHCTBO MPEACTABIECHO TPAMIIONOKHUTEIFHBIMU CIIOPOOOpa3yro-
mme popmamiu (puc. 1).

L PM-1

Puc. 1. Kitetku 1 criopbl mraMMoB opraHoTpo(HbIX OaKTepHii, BbIICICHHBIX U3 OTXOI0B
JKMBOTHOBOJICTBA, ()a30BO-KOHTPACTHASI MUKPOCKOIHS, TMHEHKA 5 MKM
[Fig. 1. Cells and spores of organotrophic bacteria isolated from livestock waste,
phase-contrast microscopy, scale bar is Sum]

W3 Gaxrepuit, momyuennsix Ha cpeae ¢ MKL npu 50°C, cTraOUIBHEIA pocT B
KYJIbTYpe TTOKa3aJ1 JINIIb OAH ITtamMM — PM-cell u3 ceuHoro HaBo3a. Ha rutoTHO#M
cpene ¢ no6asiieaneM MKII B kadecTBe eqMHCTBEHHOI'O HCTOYHHUKA YIiiepoaa 1
aekTpoHOB mTamMM PM-cell oOpasyeT nmpo3padHble CITU3UCTBIC KOJOHUU Herpa-
BHJIbHOH (DOpMBI ¢ HEpOBHBIM KpaeM. KIIETKH TpeAcTaBiIsIOT COOOH KOPOTKHE
MEJIKHME TTAJIOUKH ¢ 3aKPYTICHHBIMH KoHIaMu, 0,5-0,7%1,0-1,5 Mkm (puc. 2, a).
Knerkn HemonBrkHbIe, HE 00pa3yroT crop, mo ['pamy OkpammBarOTCs OTpHIIA-
tenpHO. llITaMM pa3maraeT mesuTioNo3y, YTO IMOATBEPKIAeT KaueCTBEHHBIH TECT
Ha MUHEPAJILHOW MUTATEIBHOU cpelie ¢ GUIBTPOBaIbHOM Oymaroit (puc. 2, b).

[lITamMmbl GakTepuii, BBIICIEHHBIC H3 ITHYLETO IIOMETA, OTHOCHIIUCH K CeMeHi -
ctBaM Paenibacillaceae u Bacillaceae BayTpu ¢pmtyma Bacillota (ta6i. 1). bakre-
pHH, BBIJCIIEHHBIE M3 TIPOOBI KypHHOTO TOMeTa, OIU3KOpOICTBeHHBI Bacillus
amyloliquefaciens (mramm PL-1, 100% romonoruu mocienoBaTeNb-HOCTH),
Bacillus subtilis (PL-4, 99,93%) u Aneurinibacillus thermoaerophilus (PL-5,
99,93%). bakTepun TaHHBIX TPYIII, BKIIOYAIONIIX TEPMODIIEHBIX H TEPMOTOJIC-
PaHTBIX MPEICTaBUTENEH, SIBISIOTCS OPraHOTpodaMu U MOTYT OBITH HCIIONB30-
BaHBI JJIs1 OMOKOHBEPCHH OPraHUYECKOTO BEHICCTBA B XOIE KOMITOCTHPOBAHUSI.
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WuTepecHo, 4TO HaM yZajaoCh BBIICTUTH TEPMOTOICPAHTHOTO IMPEICTABUTENL,
omu3koro K B. subtilis, aTo BcTpedaeTcs JOBOIBHO PEIKO, HO TaKUE IPEICTaBHU-
TEJIN MOTYT WMETh IMOJIEC3HbIC CBOWCTBA, KaK, HAPUMEp, IITaMM, BBIICICHHBII

paHee u3 KOpoBbero HaBo3a [18].

Puc. 2. Knerku mramma PM-cell Ha arapusoBanHoit cpene ¢ MKL:
a — (pa30BO-KOHTpACTHASI MUKPOCKOIIHSI, JIMHEWKa 5 MKM;
b — pe3ynbTaThl KAUECTBEHHOI'O TECTa Ha IECTPYKIHIO IEJUTIOI03bI
[Fig. 2. PM-cell strain cells on agar medium with MCC, a - Phase-contrast microscopy,
scale bar is 5 um, b - Results of a qualitative test for cellulose destruction]

Tab6auma 1 [Table 1]
Pe3yabTaThl naeHTHGUKAIIMHE IITAMMOB 0aKTepHii N3 OPraHNYecKUX 0TXOI0B

HA OCHOBAHMHM aHAJIM3A NocJIeoBaTebHOCTH reHa 16S pPHK
[Data on identification of bacterial strains from organic waste based on analysis
of the 16S rRNA gene sequence]

% cxoacTBa
N Howmep no-
Brmoxaiimmit crvia Gen- (KOMMYeCcTBO
101 dunoreHeTHyecKast BaJIM/IHO OIKCaH- B }Illnk NCBI COBITABIIHX
s trIaminl] MIPUHAJICIKHOCTD HBIH POICTBEHHUK [ GeillBa ok NCBI HYKJICOTHIOB)
[Phylogenetic affiliation] [Closest validly - [% similarity (number
described relative] accession of matched
number]
nucleotides)]
Hcrounuk BeleneHus: nTu4aui nomet PL
[Source of isolation: poultry manure PL]
Bacteria; Bacillota; Ba- |Bacillus
PL-1 |cilli; Bacillales; Bacil-  |amyloliquefaciens KR010172 100 (1453 / 1453)
laceae; Bacillus SN-15
Bacteria; Bacillota; Ba- Bacill brili
PL-4 [cilli; Bacillales; Bacil- [+ .Clts SUDILS MT645257 | 99,93 (1451 / 1452)
. BRU16-Sr
laceae; Bacillus
Bacteria; Bacillota; nibacill
Bacilli; Bacillales; [ Arewrinibacillus
PL-5 o _’ thermoaerophilus NR 112216 | 99,93 (1444 / 1445)
Paenibacillaceae;
AT DSM 10154
Aneurinibacillus
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% CcXOACTBa

Bkaimmi HomepGno- (xomMuecTBO
I dunoreneTuyuecKas BAJIMJIHO OIUCAH- ](;T}IlfkaN &I;—I COBIIABILINX
[Strain] IIPUHAUIEKHOCTD HBII POJCTBEHHUK (G aB nk NCBI HYKJICOTHJIOB)
[Phylogenetic affiliation] [Closest validly enbank [% similarity (number
. . accession
described relative] number] of matched

nucleotides)]

HcrouHuK BhIACIICHNS: CBUHOM HaBO3, PM
[Source of isolation: swine manure PM]

Bacteria; Pseudomonad-

PM ota; Gammaproteobacte- | Pseudoxanthomonas
cell ria; Xanthomonadales; |taiwanensis mramm | NR_ 113974 | 100 (1443 / 1443)
Xanthomonadaceae; NBRC 101072
Pseudoxanthomonas
Bacteria; Bacillota; L
Bacilli; Bacillales; [ eurinibacillus
PM-1 o 7 thermoaerophilus MH988755 100 (1444 / 1444)
Paenibacillaceae;
o SSA4
Aneurinibacillus
Bacteria; Bacillota;
Bacilli; Bacillales; Brevibacillus brevis
PM-2 Paenibacillaceae: BEAI EF079071 | 99,93 (1428 / 1429)
Brevibacillus
Bacteria; Bacillota;
PM-3 Bacilli; Bacillales; Brevibacillus brevis EF079071 | 99,93 (1450 / 1451)

Paenibacillaceae; BEALI

Brevibacillus

[Itammer PM-1, PM-2 u PM-3 13 CBHHOTO HaBO3a TaKXe WIACHTH(PHUIIHPO-
BaHBI Kak npuHaaiexamue k Bacillota (cemerictBo Paenibacillaceae). [lltamm
PM-1 Ha ocHOBaHMHM aHanHM3a IOCIENOBATENFHOCTH, Komupymomed reH 16S
pPHK, otHeceH k Buny A. thermoaerophilus, KoTopslid BKITFOYAET TepMODHILHBIC
opranorpodubie Oakrepuu. Illtammer PM-2 m PM-3 Gnu3KopOACTBEHHBI
(99,93%) mrammy Brevibacillus brevis BEA1, BEIIeIeHHOMY U3 BEpMHKOMITOCTA
73 OTXOJIOB MPOHM3BOACTBA ONIMBKOBOrO Macha [19], u Takke MMEIOT MOTEHITHAT
IUTSL TIPUMEHEHUS B COCTAaBE IPOMBITITICHHBIX KOHCOPIIMYMOB UISI KOMIIOCTHPO-
BaHUS OpraHUYecKuX orxonoB. PM-cell otHocutcs k Pseudoxanthomonas
taiwanensis, TATIOBOH IITaMM KOTOPOTO BBIZEIEH U OMKCAH U3 TOPTYETO UCTOU-
Huka Ha TaiBane [20].

Tak kak CpaBHUTENBHBIN aHAJIW3 MAapKEepHBIX mocienoBaTenbHocTe JITHK
MTO3BOJIAII OIPEAETUTE BHIOBYIO MPUHAIICKHOCTD BBIACICHHBIX MUKPOOPTaHH3-
MOB, aHAJN3 JUTEPATYPHBIX HCTOYHUKOB ITO3BONWI HCKIIOUUTH IPHCYTCTBHE
Cpear HUX IMOTEHIHATBHO MATOTEHHBIX IS PACTEHUH 1 KIBOTHBIX.

[Ipu oTbope mraMMOB, KOTOPBIE MOT'YT OBITH BKIIFOUSHEI B COCTAB KOHCOPIIH-
yMa, IPHHAMANN BO BHIMAaHHE HAJIMYHE y ONMKANIIIX pOACTBEHHUKOB CIIOCO0-
HOCTH K AECTPYKIIUHU OPraHMUECKHUX BEIIECTB, BKIIOYAs TPYJHOpPA3IaracMbIe II0-
JUMEPBI U 00IIHe (PU3HOJIOTHICCKUE CBOHCTBA, KOTOPBIE O0YCIIOBIMBAIOT OHO-
TEXHOJOTMYECKUH ITOTEHIHAT OPraHoTPO(pOB i OHMOKOHBEPCHH OTXOMOB.
Taxoke OTOPaKOBANIH IOBTOPSIOIINECS IITAMMBI, HICHTHYHBIE O IMOCIIEIOBA-
tenbHOCTH TreHa 16S pPHK. B pesynbrare OblT pa3dpaboTaH KOHCOPIUYM, MPEI-
HA3HAYCHHBIN IJIS1 KOMIIOCTHPOBAHUS OPTaHMIECKAX OTXOIOB )KHBOTHOBOJICTBA,
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repepabaThIBAIOIIEH U MUATIIEBOM MPOMBINUICHHOCTH, BKITFOYAIOITHIA CIICIYIONTHE
IITAMMBI:

1. B. amyloliquefaciens PL-1 — TepMoTONIepaHTHBINA a3pOOHBIH OpPraHoTPOd ¢
JquanazoHoM temmepatyp ot 15 mo 60°C, omrumymowm mipu 37°C [21, 22]. Cmoco-
OeH k oOpa3oBanmto criop. OnrtumansHo pactet npu pH 5,0-7,0, 6onee cnadbrit
poct ormeuaetcst mpy Hu3KkuX 3HadeHusx pH 4,5. [lltamm PL-1 Takxe mpeacras-
JSIeT HEHHOCTh KaK MPOAYIEHT ab(a-aMuiassl M IpoTeas, TaK Kak 3TH CBOHCTBA
XapaKTepHBI T BeeX npeacTaButened Buna Bacillus amyloliquefaciens [21].

2. A. thermoaerophilus (panee Bacillus thermoaerophilus) PL-5 — Tepmo-
(GUIBHBIN a3poOHBIN JECTPYKTOP OPraHMYECKOro BEMIECTBA C ONTHMYMOM [UIS
pocta mpu 50-55°C, makcuManbHasi TEMIEpaTypa Uil ICICHUS KIETOK JTIOCTH-
raet 65°C, He pacrer npu temrnepatype Hke 35-37°C [23]. YcroitunB K BBICO-
kuM 3HadeHHsAM pH. CrmocobeH k oOpazoBaHuio sHzaocrmop. [IpencraButenu
A. thermoaerophilus XopoIIo H3BECTHBI KaK MPOAYICHTHI TUNa3 [24], MeT0IHbIX
HeJuToa3 [25] v Apyrux rTuAPOITHTHYECKHX (epMEHTOB [26], 94TO JAenaeT mraMm
PL-5 meHHBIM C TOYKH 3peHHs TPUMEHEHHS B OMOTEXHOJIOTHIX KOMITOCTHPOBA-
HUS OTXOZOB.

3. B. brevis PM-3 — TepMOTOJICpaHTHBI OpraHOTPO() ¢ TEMITEPATypHBIM JHa-
ma3oHoM Jiis pocta oT 15 mo 55°C m ontumymom tipu 37°C [27]. CiocobeH k
o0Opa3oBaHuto 3HI0CTIOP. Bee n3BecTHBIC mITaMMbI Brevibacillus brevis runponu-
3VIOT Ka3€HH U JKEJIATHH, OPraHU3M YCTONYHB K BBICOKAM 3HaueHusM pH (110 9,0).

4. P. taiwanensis PM-cell — TepMOGUIBHBIN a3poOHBII caxapoluTHK. Poct
Bo3MoxeH pu temreparype ot 30 mo 60°C, omrumym 50°C [20]. duanazon pH
ot 6,0 mo 11,0, ontumansHo pacter nipu pH 8,0. JlaHHBIN MUKPOOPTaHU3M IIPO-
IOyIHEPYET BO BHEIIHIOIO Cpexy P-TIOKO3HUa3y — THAPOIUTHICCKU (epMeHT,
pacIIeIUIAIONH B-TITHKO3UIHEIE CBS3U MONHCaXapuaoB (B YaCTHOCTH, IIEILTIO-
no3bl). buonpenapatsl, conepkarue P. taiwanensis PM-cell, Moryt ucmons3o-
BaTBCS TSI PA3JIOKEHUS TTOJINCAXAPUIOB, B TOM YHCJIEC B YCIOBHIX BEICOKHX TEM-
neparyp.

[Nommmo epedrcieHHEBIX, B COCTaB KOHCOPIIMYMA BOIIEN BBIICIICHHBIN HAMH pa-
HEE W3 aKTHUBHOI'O WJIA TOPOACKUX OYMCTHBIX COOpY)KeHHH mTamMm Anoxybacillus
kamchatkensis AS-GOS-2. 310 TepModribHas opraHoTpodHass OaKTepHs, UMeeT
JWianasoH Temneparyp st pocta 38—67°C ¢ ontumymom mipu 57-62°C, muamnazoH
pH 5,7-9,9 ¢ ontumymom 6,8-8,5 [28]. Kierku criocoOHBI kK 00pa3oBaHUIO 3HIO-
criop. I'maBHEIM 00pa30oM, MEKPOOPTaHU3M YTHIIM3UPYET caxapa, BKIIFOUast MOIca-
xapubl (IIEKTHH U KpaxMai) B a3poOHBIX ycioBusx [29, 30].

OU3UKO-XUMHAYIECKUE YCTIOBUS IS IPUMEHEHHUS pa3paboTaHHOrO KOHCOPIIH-
yMa MpeNCTaBIeHbI B Ta0I. 2.

J71s1 IpOMBIIIITIIEHHOTO MTPUMEHEHUS ITaMMBI OaKTepuii KyIbTHBHPOBAIH HH-
IWBHYyaTbHO BO M30€KaHME CYKIIECCHH OTIEIHHBIX MHKPOOPTaHM3MOB U (Hop-
MHUPOBaHUs HEPABHOBECHOTO COOOIIECTBA U JIUIIH Ha TIOCIESIHEM JTAlle KHUIKHE
KYJIBTYpPBI KQXKIOT'0 [ITaMMa 00bEANHSIIN JUIS TOTyICHHUS OIBITHOW TapTUH OHO-
npenapara. Jlanee IPOBOIWIN TECTHPOBAHHE Pa3pabOTAHHOTO KOHCOPIIHMYyMa
VHHBEPCAIEHOTO Ha3HAYEHUS UL COBMECTHOTO KOMITOCTHPOBAHUS OTXO/IOB JKH-
BOTHOBOJICTBa (KypHHOT'O ITOMETa) U JepeBOOOPaOOTKH (OMUIIOK XBOWHBIX I10-

pon).
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Tab6nauna 2 [Table 2]
TenuioBass KapTa, XapaKTepU3yOLIAasi TEXHOJIOrHYeCcKUil Kopuaop
JUIA IPMMEHEHN s IITAMMOB, BOLIEAIINX B COCTaB KOHCOpIUYMA
[Heatmap showing the technological corridor for the use of the strains in the consortium]

Temmneparypa, °C
[Temperature, °C]
15-30 45-60

A. kamchatkensis
AS-GOS-2

22 |B. amyloliquefaciens PL-1

11

33 |A. thermoaerophilus PL-5

44 |\B. brevis PM-3

55 |P. taiwanensis PM-cell

6,0-7,0
pH, ex. pH
[pH, units pH]
Ipumeuanue. BepxHuil psa sdeek Uil KaXIOro INTAMMA XapaKTepU3yeT TeMIlepaTypHYIO
YCTOWYHUBOCTbh, HIDKHHNA — yCTOMYMBOCTh K pH. VIHTEHCHMBHOCTH 3aJIUBKU SU€EK OTPaKaeT
YCTOMYMBOCTh K JAHHOMY [HAaa30Hy TeMieparypsl u pH (dem TemHee, TeM BbIIIE YCTOWYM-
BOCTb).
[Note. The top row of cells for each strain characterises temperature resistance, the bottom row pH re-
sistance. The intensity of the cell filling reflects the resistance to a given range of temperature and pH (the
darker the cell, the higher the resistance)].

Ha puc. 3, b moka3aHsI TeMIlepaTypHBIe KPpUBBIE CMECH B OypTax ¢ IpHHYIHU-
TENBHOH asparmeld 6e3 mpuMeHeH s KoHcopimyMa MukpoopranusMos (I16-2), ¢
MPUHYIUTENHFHON adpaliell ¥ ¢ IpIMEHEHHEM KOHCOPIIMYMa MUKPOOPTaHU3MOB
(ITb-1) o cpaBHEeHUIO ¢ HHTAKTHBIM KOoHTposeM (I16-3). Cpenusis Temneparypa
CMECH 3a ITEePUOJT IKCITO3UITUHU B KOHTpOoIbHOM Oypte [15-3 (34°C) Oblna 3HaUMMO
Hrxke (p < 0,01) mo cpaBHEHHIO ¢ 3KCIIepUMeHTaNbHBIME OypTramu [16-2 u T15-1
co cpenanmu 3HaUeHUSIMEA 49 1 55°C coorBeTcTBeHHO. CpaBHUTENHHBIA aHAIN3
TeMIepaTypHbIX KpuBbIX B Oyprax I1b-2 u I1b-3 ¢ mpuMeHeHHEM KpHUTepHs
ManHa—YUTHH TI0Ka3all, 9TO TeMIIepaTypa CMecH B OypTe ¢ BHECCHHEM MHUKpPOO-
Horo koHcopiuyMma (I16-1) 6sua Gotee Beicokoit (p < 0,01). [TomydueHHbIe naH-
HBbIe 00 M3MEHEHUSIX TEMIepaTypsl B OypTrax B XOIe KOMIIOCTHPOBAHUS CBHIIE-
TENBCTBYIOT 00 MHTEHCHBHBIX OMOJIOIMYECKUX Tporieccax B mpode [1b-1, cesa3aH-
HBIX C Pa3BUTHEM TEPMOQIITHFHBIX U TEPMOTOJIEPAHTHEIX MUKPOOPTaHU3MOB B CO-
CTaBe UCIIOIB30BAHHOTO KOHCOPITIYMa.

[Moce skcmo3unuy B TeueHne 46 CyTOK OBUTH IOMyYEeHBI SKCICPUMEHTAh-
HBIEe 00pa3Ibl ONOKOMITOCTA Ha OCHOBE OPraHWIECKUX OTXOI0B JKHBOTHOBOJICTBA
(ITHYBETO TTIOMETA) U COCHOBBIX OIUJIOK (pHC. 3, a).

PesynpraTel mabopatopHOro anaiams3a (U3MKO-XUMHUYECKAX W arpoOXAMHYC-
CKUX ITapaMeTpOB 0Opa3IOB KOMIIOCTA U3 OTXOIOB KUBOTHOBOJICTBA (IITHYBETO
ITOMETa) U OTXOZOB JIEPeBOOOPAOOTKHY MpeIcTaBiIeHbI B Ta0. 3. DU3NKO-XUMHU-
YECKUE U arpOXIMUIECKIE TIOKa3aTeIH IIOTyIeHHOT'0 KOMIIOCTa, KaK M UICXOIHOE
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CBIPhE B BHJIE OTXOJIOB, OIICHUBAIIK Ha cooTBeTcTBUE TpeOboBanusM ['OCT 33830-
2016 a5 opraHUYeCKUX yIOOpPeHUH Ha OCHOBE OTXOIOB >KHBOTHOBOJICTBA.

a b

80

(=
=]

I
(=]

000,00, 00000000080, L e%s, Blecasee
., °

Tenmeparypa, °C

20

0 10 20 30 40 50
CyTtku
1 ° 2 e 3

1 — Aspanus + KOHCOpLMYM, cpenHee 3HadeHHe TemmepaTypbl 55,0 + 10,3°C [Aeration +
consortium, average temperature 55.0 + 10.3°C]

2 — Aspanus, cpeiHee 3HaueHue Temnepatypsl 49,5 + 6,5°C [Aeration, average temperature 49.5 +6.5°C]
3 — Kontpons, cpegnee 3HaueHue temmeparypsl 33,9 + 2,4°C [Control, average temperature 33.9 +£2.4°C]
On the X-axis - Day; on the Y-axis - Temperature, °C

Puc. 3. Pe3ynbraTsl 3KCIEpUMEHTA [0 KOMIIOCTUPOBAHUIO: @ — BHEIIIHUI BUL
IKCIIEPUMEHTAIBHBIX 00pa3I[0B KOMIIOCTA HA OCHOBE MITHYbEro IIOMETa U XBOWHBIX OMUIIOK;
b — TemrieparypHbie KpUBbIE OYPTOB C pa3HBIMH YCIOBUSIME KOMITOCTHPOBAHHS 10 CPABHEHHIO
C MHTAKTHBIM KOHTpoJieM. B kaxxmoli Touke moka3aHa cpefHsisi Temreparypa oypra
Ha riyoune 50 cM no pesynbraram 10 u3MepeHuil + CTaHIapTHOE OTKIIOHCHHE
[Fig. 3. Composting experiment results: a - Appearance of experimental samples of compost based
on bird droppings and pine sawdust, b - Temperature curves of piles with different composting conditions
compared to intact control. Each point shows the average temperature of the pile at a depth of 50 cm,
based on the results of 10 measurements + standard deviation]

[Noce koMITocTH poBaHMS BIIaXKHOCTH BO BCEX MOMTYIEHHBIX SKCIIEPUMEHTAITBHBIX
o0pasmax OblIa B Impeneax HopMHI (< 75%), comepkaHne OpraHnIecKoro BeIecTBa
coorBerctBoBasio TpeboBanusaM ['OCT 33830-2016 [14], cocraBiss He MeHee 50%
(tabm. 3). ConeprkaHue MHTATENBHBIX ATeMeHToB i pactenuit (N, P, K) ymosie-
TBOPSUIO HOPMATHBHEIM TPeOOBAHMSIM BO BCEX 00pasax. EMHCTBEHHBIM arpoXuMH-
YEeCKHM TOKa3aTelieM, MPEBBIIA0NIMM HOpMY, OKasalics ypoBeHb pH (ot 8,9 10 9,1
TP HOPMATHBHOM 3HA4YCHHH OT 6,5 110 8,5 e]1.), KOTOpPhIid HY)KIaeTcsl B KOPPEKIIHH.
[t monydeHns B JaHHBIX YCIOBHSX KOMITOCTa, COOTBETCTBYIOIIETO TPEOOBAHMSIM
o pH (7o 8,5) HeoOXOMMMO MPOWTUTH CPOK CTAOKIIM3AIINH MTPOIYKTa Ha 2—4 HeJl.
[o moka3zarersv, XapaKTepU3yIOIINM PaJOaKTUBHOCTE CyOCTpaTa, OTKIIOHCHUH OT
HOPMAaTHBHBIX 3HAUYCHUH B 00pa3iax KOMIIOCTa He 0OHAPYKEHO — yIeIbHAS aKTHB-
HOCTb PaJJHOHYKJIHJIOB ObLIa B HOPME BO BCEX MCCIICIOBAHHBIX podax (cM. Tadi. 3).
[NokazaTemu comepkaHMs TOKCHYHBIX METAJUIOB B KOMITOCTE TaKXKE TOIHOCTBIO CO-
orBercTBoBam TpedoBanusaM ['OCT 33830-2016.

B skcnepumenTansHOM o0pasie OmokommocTa [1b-1, monydeHHOM B Xoje
KOMITOCTUPOBAHUS OPraHMUECKUX OTXOJIOB B PUCYTCTBHH KOHCOPITIYMA TEPMO-
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(GUITBHBIX ¥ TEPMOTOJIEPAHTHBIX MUKPOOPraHU3MOB U C MPUHYIUTEIBHOR adpa-
e, He OOHAPY)KEHO IMCT KHUIICYHBIX MATOTCHHBIX MPOCTEHIINX, KHU3HECIIO-
COOHBIX SIUII ¥ JINYHHOK T'€JIbMHHTOB, HATOI€HHBIX U OOJIE3HETBOPHBIX MUKPOOP-
raHu3MoB (Tadm. 4).

Ta6numna 3 [Table 3]
Pe3ysbTaThl J1a00paTOPHBIX MCNBITAHUN CHIPHS
M 3KCIIEPHMEHTATbHBIX 00pa3L0B KOMIIOCTA
[Results of laboratory analysis of raw materials and experimental compost samples]

Coipné DKclepuMeHTaTbHbIe 0Gpasip! | HOPMA-
e [Raw materials] KOMIIOCTA TUB
AH- [Experimental compost samples] I'oCT
HaumenoBanue | HUUBI | [TTuumii -
Onuiku 33830
MoKa3aTest usMe- | omet PL XBOHHBIE 2016
[Index name] FSHI/I}]{ [Poultry [Pine IIB-1 B-2 I1B-3 [S(t}%lg?[rd
nits manure PB-1 PB-2 PB-3
PL] sawdust] [ ] [ ] [ ] 13830-
2016]
pH enpHI 5004 6.00—
[pH] [1;1;55 0.10 - 9,00 9,10 8,90 8.50
MaccoBas nomnst
BJIArH o 78,70 = B 55,30+ | 61,00+ | 62,40+
[Mass fraction & 0,9 080 | 080 | 080 |=7>00
of moisture]
MaccoBas momnst
CyXOro BellecTBal 3 39,20 3 3 N
[Mass fraction /o +2,00 > 25,00
of dry matter]
30/1BbHOCTD o 13,60
[Ash content] % + 1,50 0,6+0,1 B B B B
MaccoBas momnst
OpraHUYEeCcKOro
BCILICCTBA B IIC- 34,30
pecuere Ha C % - 49,7+0,8 |135,5+1,2(42,5+0,8 -
[Mass fract + 1,20
ass fraction
of organic matter
in terms of C]
MaccoBas momnst
OpraHUYEeCcKOro
BEIECTBA % 86,40 99,40 71,00 85,00 68,60 | >50,00
[Mass fraction
of organic matter]
MaccoBas 10151 B CyXOM BEILECTBE
[Mass fraction in dry matter]
Oorero azora (N) % 4,05 0,49 4,50 5,34 4,69 ~0.70
[Total nitrogen (N)] 0 + 0,30 + 0,07 + 0,30 + 0,30 +0.30 ’
AMMOHHUIHOTO
azora % 0,05 _ 1,97 2,36 1,01 _
[Ammonium + 0,03 +0,20 +0,20 +0,10
nitrogen]
Obrero ¢oc- % 2,32 0,06 3,00 3,40 2,70 ~ 050
dopa (P205) ’ + 0,20 +0,02 + 0,20 + 0,20 + 0,20 ’
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Coipsé DKclepuMeHTaTbHbIe 0Gpasip! | HOPMA-
[Raw materials] KOMIIOCTA TUB
Enp- [Experimental compost samples] I'OoCT
HaumenoBanue | Huue! | ITtuumit 33830-
Onuiku
MOKa3aTens usMe- | ometr PL XBOHHBIE 2016
[Index name] penust [Poultry [Pine IIB-1 1B-2 IIB-3 |[Standard
[Units | manre | awdusg | [PB-1] | (PB2) | [PB3) | GOST
2016]
[Total phosphorus
(P,05)]
OO0riero kanus
(K20) % 2,15 0,09 1,70 2,10 0,70 ~ 030
[Total potassium o +0,10 +0,02 +0,10 +0,10 + 0,05 ?
(K0)]
Merasuisl ¥ MBILIBSK (BasioBast popma)
[Metals and arsenic (bulk form)]
Prytb MI/KT
[Mercury] [me/ke] <0,20 - <0,20 <0,20 <0,20 | <2,10
MBEIbsSK MI/KT 0,40 >+ 0,30 0,90
[Arsenic] [mg/kg] <0,20 B 0,10 +0,10 | +0,10 < 10,00
Kagmuii MI/KT 0,36 0,19 0,20 0,24 0,52 <2.00
[Cadmium] [mg/kg]| + 0,04 + 0,07 + 0,07 + 0,08 +0,18 ’
CauHen MI/KT 0,23 1,68 2,10 1,32 5,79 <130.00
[Lead] [mg/kg] | + 0,05 + 0,59 +0,74 + 0,46 +2,01 ’
Pagronyknue! (yaenbHasi akTUBHOCTD)
[Radionuclides (specific activity)]
He3uii-137 Bbx/kr _ 2,98
[Cesium-137] [Bg/kg] <2,00 <2,00 + 7,72 <2 300,00
Crponrmii-90 bx/kr
[Strontium-90] [Ba/ke] 0,00 - <0,20 <0,20 <0,20 | 300,00
EPH
[Natural [E'd/lfr] - - - 59,85 - -
radionuclides] ake

Tpumeuanue. «—» — He ONPENEISIIN.
[Note. «—» - Not determined].

B o6pasne I1b-2, mony4eHHOM C MPUMEHEHHEM al’pallid, HO 0e3 BHECEHUS
KOHCOPITTYMa MUKPOOPTaHU3MOB, COXPaHWINCH BO3OYIUTENHN dHMEepH03a, KOTO-
pbIe H3HAYAIBHO JETEKTHPOBAHEI B ITHYLEM IToMeTe. TakuM 00pa3oM, B pe3yiib-
TaTe IPUMEHEHHS KOMITIOCTHPOBAHUS ITHYRETO IIOMETA YIAI0Ch CHU3UTH COIEP-
YKaHUE YCIOBHO-TTATOreHHON MUKpOQIIopsl. Bo Beex obpasiax mocie KOMITOCTH-
POBaHUS YHCIEHHOCTh YHTEPOKOKKOB COOTBETCTBOBAJla HOPMATHBHOMY 3Hade-
Huto ['OCT 33830-2016 (tadir. 4). YncineHHOCTs OaKTEPHil TPYIIIBI KUIICYHON
MajJovKy (KOIU(pOPMHBIX OaKTepHii) ObLIa CHUKEHA 110 CPABHEHHUIO C XapaKTepH-
CTHKAaMH HCXOIHOTO CHIPBS, OMHAKO 10 OKOHYaHHUH IKCIIEPUMEHTa COOTBETCTBO-
BajJla HOPMaTHBY TOJNBKO B oOpasie I[1b-1, momyueHHOMY ¢ IpIMEHCHHEM KOH-
copIiyMa ¢ aspanueil U mpomeanemMy 0ojee HHTCHCHBHYIO TepMOOOpabOTKY B
XO0J1¢ KOMIIOCTHPOBAHMSL.

Taxum 00pa3oM, MU HCMOIH30BAHHOM COOTHOIIEHUHM NTHYBETO ITOMETa U
OIMHJIOK 1:2 KOMIIOCT, COOTBETCTBYIONIMI HOpMaTHBHBIM TpeboBanusM ['OCT
33830-2016 Mo caHUTaPHO-MUKPOOHOIIOTMYECKIM M TTAPa3UTOJIOTHUSCKUM ITOKa-
3aTernsM, OBLT TTOy9IeH TONBKO MPU MPAMEHECHHH MUKPOOHOTO KOHCOpHUYMa H
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MIPUHYANUTEIBHOW a3pamuu. Y CTpaHeHre BO30yIUTeNs SiMepro3a B COBOKYITHO-
CTH CO CHIDKEHHEM YHCICHHOCTH YCIIOBHO-TTATOr€HHON MUKPOMIIOPEI 0 HOPMH-
PYEMOTO YPOBHS CTaJIO BO3MOKHBIM 32 CUET YCTOHYHNBOTO MOBBIIIIEHUS TEMITepa-
TypbI cMecH 110 ypoBHsI Beime 60°C.

Tab6numna 4 [Table 4]
Pe3ysibTaThl CAHUTAPHO-MHKPOOUOJIOTHYECKOr0 U NAPA3UTOJOrHYECKOI0 AHAIM3A
ChIPbS M IKCIIEPUMEHTAJIbHBIX 00pa310B 0MOKOMIIOCTA
[Results of hygienic-microbiological and parasitological analyses
of raw materials and compost samples]|

CrIpbé Hopmarus
[Raw DKCrIepUMeHTaTbHBIE 00pa3Ibl T'OCT
HaumenoBanue Ex. u3- | materials] KOMITIOCTa 33830-
IoKa3aTens Mep. [Tuanit [Experimental compost samples] 2016
[Index name] [Units] | momet PL [Standard
[Poultry I16-1 [1b-2 I16-3 GOST
manure PL] | [PB-1] [PB-2] [PB-3] |33830-2016]
BO36X,HH_ Bo3byaurens
LucThl KUIIEYHBIX Ta- TEJb DUMeE- o He nomyc-
o siimepuosa H/
TOr€HHBIX MPOCTENUIINX B prosa Ho [Causative o Kaercs
[Cysts of intestinal [Causative .| [INA] [Not
. agent of eimeri-
pathogenic protozoa) agent of osis] allowed]
eimeriosis]
Hanuuwme sxusHecmocoo-
ok He nomyc-
e e e | e || e
N/ N/ N/ N/
[Presence of viable hel- (N (N (N (N [Not
. allowed]
minth eggs and larvae]
Hannune matoreHHbIX
1 60JIe3HETBOPHBIX He nonyc-
K/r H/o H/o H/o H/o Kaercst
MHUKPOOPTaHH3MOB [cells/g] [N/A] [N/A] [N/A] [N/A] [Not
[Presence of pathogenic
. . allowed]
mlcroorgamsms]
Konugpopmusie 1/
GaKTepun [Ceu; | 106 <1 10 102 1-9
[Coliform bacteria] &
DHTEPOKOKKH KI/T 6
< < < _
[Enterococci] [cells/g] 10 ! ! ! 1-9

Ipumeuanue. «H/0» — He 0OHAPYIKEHO; «—» — HE ONPEILIISUIN.
[Note. «N/f» - not found; «—» - Not determined].

3akiouenne

OO0pa3ubl OTXOHOB MOCTY KT MCTOYHUKOM [UTSI OIYdeHUS TePMODHUITBHBIX
U TEPMOTOJIEPAHTHBIX OPraHOTPOGHBIX MHKPOOPTaHIU3MOB, B TOM YHCIIE TIPOAIY-
[EHTOB JIMIOIUTHYECKIX, HEJUTIOIONUTHYECKUX W JIMTHOIUTHYECKUX (hepMeH-
TOB. MOJNEKYIAPHO-TCHETHYECKHE HCCICAOBAHNS ITO3BONHIM HACHTU(DHUIIHPO-
BaTh M30JIATH M OTOOPATh HEMATOTeHHBIE (DOPMEI IS BKITFOUEHHS B COCTAB IIPO-
MBIIIUIEHHOTO KOHCOpIyMa. [laHHbIe OnOonH(pOPMAIIIOHHOT'0 aHAIIN3a TAKXKE I10-
CITy)KHJTA OCHOBOH ISl OLIEHKH METabOIMYEecKOro MOTEHIIWANA BBIIETCHHBIX
MUKpPOOPIaHU3MOB.
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Ha ocHOBe BbIIENEHHBIX HEMATOTCHHBIX ITAMMOB MHKPOOPraHH3MOB-ITPOIY-
L[EHTOB pa3paboTaH KOHCOPLUYM IJisi KOMIIOCTHPOBAHHUS OTXOJOB YKUBOTHOBO/I-
CTBa M ISPeBOOOPAOOTKH € OTYIEHHEM OPraHUICCKUX YIOOPEHHINA, BKIFOYAFOIIUI
mramMmbl Anoxybacillus kamchatkensis AS-GOS-2 (TepMoHIBHBINA OpraHOTPOQ,
JIECTPYKTOpP OpraHuYecKoro Bemiectsa), Bacillus amyloliquefaciens PL-1 (Tepmo-
TOJIEPAHTHBIA OPraHOTPO] W MPOAYIEHT THIPOIUTHUYCCKUX (HEPMEHTOB),
Aneurinibacillus thermoaerophilus PL-5 (TepModubHBIA opraHoTpod U IpoIy-
IEHT TUAPOIUTHYECKUX (epmeHToB), Brevibacillus brevis PM-3 (Tepmorone-
paHTHBI  opraHoTpod), MPOAYIEHT  IPOTCONUTHYCCKUX  (EPMEHTOB),
Pseudoxanthomonas taiwanensis PM-cell (TepMOQMIBHBIA CaXapOIUTHK, TIPOTY-
IICHT [EJUTIOJIONUTHYCCKHX (PEPMEHTOB).

[Mony4yeHHbIE KOHTPOJIbHBIC W IKCIEPUMEHTAIbHbIE 00pa3iibl OHOKOMITOCTA
Ha OCHOBE OTXOI0B JKHBOTHOBO/ICTBA B COYETAHUH C OTXOJIAMH JePEeBO0OPabOTKH
[POAEMOHCTPUPOBAIH TIOIOKUTENBHOE BIHSIHIE Pa3pabOTaHHOrO KOHCOPIHYMa
Ha [POIECC KOMIIOCTUPOBaHUs. B oTiin4ne 0T KOHTPOJIBHBIX 00pa31ioB, OHOKOM-
MOCT, MOJYYCHHBIH C y4acTHEM KOHCOPLIMYMa, COOTBETCTBOBAJ HOpPMATHBAM
I'OCTa He TONBKO B OTHOLICHHH COAEPKAHUSI OPraHMYECKOr0 BELIeCTBA U JPY-
X IMTATENbHBIX BELIECTB, HO TAKIKE XaPaKTEPH30BAJICS YCTPAaHEHHEM BO30YIu-
Tensi 3Mepro3a B COBOKYITHOCTH CO CHHKEHHEM YHCICHHOCTH YCIOBHO-IIATO-
FeHHOH MUKPO(IIOPBI 10 HOPMUPYEMOTO YPOBHSI.
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AnHotauus. Ha npoTspkeHuH Beel HCTOPUU U3YYSHHUS] OMOIIOMHHECLCHIIH BOJ
Yépnoro Mopsi ucciiefoBaHus ObLTM orpaHuueHsl Goruueckoii 3oH0i. C ycoBepiieH-
CTBOBaHHEM Hay4HOro 00OpY/10BaHUs MOSIBUIACH BOSMOMKHOCTD HUCCIIEA0BATh OUOIIO-
MHHECLEHIMIO HI)KHEH 4acTH KMCIOPOIHON 30HBI, KaK pe3yabTaT ObUIM OOHApYXKEHbI
JIHEBHBIC NTHKU OMOJIIOMUHECLCHIIMH, PACIIONIOKEHHbIE HaJl PEJOKCKIMHOM. B KoHIe
MPOILUIOTO BEKa CTaJI0 U3BECTHO, YTO Y PEJIOKCKIIMHA HAOII0AAI0TCS IUNIOTHBIE CIIOU KO-
Hernos U rpeOHeBUKOB. [103TOMYy BO3HMKIIO MPEAIOIOKEHHE, YTO TIIyOUHHbIC NUKH
OUOJIIOMUHECIICHIIMH Y HI)KHEH TPaHULbI KUCIOPOIHOH 30HbI CBS3aHbI CO CBEYECHUEM
300ILUIAHKTOHHBIX OPraHW3MOB, CPEIN KOTOPBIX HauboJiee BEPOSTHBIM NPETEHICHTOM
Ha 3Ty poiib MOriu ObITh TpebueBuku Pleurobrachia pileus (O.F. Muller 1776). IIpo-
6JieMa 3aKiII04anach B TOM, YTO 3TH )KMBOTHBIC CUMTAIIMCh HE CBETsIMMHUCS. [loaToMy
NOTPeOOBANIKCH JIONOIHUTEIbHBIE UCCIEJOBAHUS, KOTOPBIE TOKA3alM, YTO 3TOT BHUJ
TaKoKe cBeTUTCs. B naHHOW paboTe mpeacTaBieHbl pe3ylbTaThl J1a00paTOPHbBIX SKCIIe-
PUMEHTOB M MCCIIEJIOBAHMIL in Sifu, KOTOpbIE MOKa3aly, YTO IUIeBpoOpaxus obaanaer
OHOTIOMUHECLICHTHBIMH CBOMCTBaMU. bruontomunectenimio P. pileus uccnenoBanu Ha
6opry HUC «IIpodeccop Bopsauikuii». [Tepen Hauaaom oT60opa sKUBBIX TPOO BHIMIO-
HSUJIOCH 30HAMpOBaHME 30HAOM «Canbna MA+» s perucTpaluud JHEBHOIO MaKCH-
Myma cBeueHus1 y pepokckiuna. [IpoObl rpeOHeBUKOB 0TOMpanu ceThio boropoBa—
Pacca. [Toka3aHo, 4TO TOJNBKO MPH TeMIIepaType, He npesbiiatomiei 14°C, mieBpodpa-
XHMU OCTAaBaIKCh >KUBBIMU B TeueHHe 2—3 nHei. [IpuBeneHHbIE CBECHUS CBUAETENb-
CTBYIOT, 4TO TeMmeparypa Boiie 14°C Oi13ka K npeiebHO JOImycTUMOM aiist P. pileus,
M03TOMY UMEHHO Ipu JaHHOU Temmepatype (14°C) npoBOIMINCh SKCIEPUMEHTHI XU-
MHYECKOH M MEXaHHYECKOW CTHUMYIISLUU 110 BHICBEUMBAHUIO I'PEOHEBUKOB, KOTOPbIE
BBISBIJIM CBEYCHHUE, OJHAKO XapaKTEP CHUTHAIOB 3HAYMMO oTinuaics. OOmas nons
CBETSILUXCS] OPTaHU3MOB OT BCETO JIoBa cocTaBmia 32,43%, 4To 0JHO3HAYHO J10Ka3bI-
BAET, YTO IUIEBPOOPAXHs CBETUTCA M BHOCUT 3HAYMTENBHBIN BKJIAJ] B MHTEHCHBHOCTD
CBeueHUsI Ha OOMNBIIHX TYOMHAX Y PEIOKCKIIMHA.

KioueBbie cioBa: Pleurobrachia pileus, uontomutecueHuus, YepHoe Mmope,
PEIOKCKITNH, TPeOHEBUK

Hcrounnk ¢punaHcupoBaHus: paboTa BHIIIOJIHEHA B paAMKaxX rOCYJapCcTBEHHOrO 3a-
nmanuss OULL MHBIOM Ne 124030400057-4 (FNNZ-2024-0031) «Tpancdopmarms
CTPYKTYpPBI U (YHKLIMH SKOCUCTEM MOPCKOIl IeJlarialli B YCIOBHSAX aHTPOIOTCHHOIO
BO3/ICHCTBUS U U3MEHEHUS KIIUMAaTay.

© Mensauk A.B., CunakoB M., Mamykosa O.B., Menbuuk JI.A., 2024



Menwvnuk A.B., Cunaxoe M.HU., Mawyxosa O.B., Menvhuk JI.A. buonomunecyenyus

BaarogapHoCTh: aBTOPBI BBIPAXKAIOT OJIaromapHOCTh B.H.C., K.0.H. oTaena GyHKIMo-
HUpOoBaHUs Mopckux 3xocucteM UHBIOM B.B. MenbHHKOBY 3a IOMOIIIB B IPEJOCTaB-
neHnu MatepuainoB u3 33-ro peiica HUC «Mapus C. Mepuany.

Jas uutupoBanus: Mensauk A.B., CunakoB M.U., Mamykosa O.B., Mensauk JI.A.
Buomomunecueniys rpeduesuka Pleurobrachia pileus (O. F. Miiller 1776) / Bectauk
Tomckoro rocynapcrseHHoro yausepeurera. buonorus. 2024. Ne 66. C. 234-251. doi:
10.17223/19988591/66/12

Original article
doi: 10.17223/19988591/66/12

Bioluminescence of ctenophore Pleurobrachia pileus
(O.F. Miiller 1776)

Alexander V. Melnik', Mihail L. Silakov?,
Olga V. Mashukova®, Lidia A. Melnik*

1.2.3.4 4 0. Kovalevsky Institute of Biology of the Southern Seas of RAS,
Sevastopol, Russian Federation
I https:/forcid.org/0000-0002-437 1-384X, melnikalexsand@gmail.com
2 hatps://orcid.org/0000-0001-6325-7776, ilmihvokalis@mail. ru
3 hatps://orcid.org/0000-0003-3061-9122, olgamashukova@yandex.ru
* hatps://orcid.org/0000-0002-7326-1581, melniklidi@gmail.com

Summary. Since the 1980s, in the Black Sea, there has been carried out intensive
research of the ctenophores. The features of their distribution over the sea areas, in
connection with depth, temperature and salinity, those of nutrition, respiration and re-
production, and luminescence under experimental conditions are being investigated.
Until recently, it was believed that the autochthonous inhabitant of the Black Sea, Pleu-
robrachia pileus, (O.F. Muller 1776) is not a luminous species, therefore, in addition to
studying the distribution and vital activity of this species, its bioluminescence has not
been studied. In addition, throughout the history of studying the bioluminescence of the
waters of the Black Sea, bathyphotometers were rarely lowered deeper than the photic
zone in in situ studies. As a result, the bioluminescence of the lower part of the oxygen
zone of the Black Sea has not been largely studied. However, at the end of the last
century redoxclina became known to have dense layers of copepods and crests. There-
fore, it was suggested that the deep peaks of bioluminescence at the lower boundary of
the oxygen zone are associated with the glow of zooplankton organisms, among which
the most likely contender for this role could be pleurobrachia crests.

P. pileus (Ctenophora: Cydippida) is found in the North Atlantic Ocean and along
the northwestern coasts of Europe. The range of the combtail includes the Baltic Sea,
Skagerrak, Kattegat and the North Sea. It is a pelagic species that lives in open waters,
but sometimes it is found in rock pools or on the coast. P. pileus is also found off the
eastern Atlantic coasts of North America and in the Black Sea (See Photo I). This yel-
low-bodied organism is distributed all along the coast of Europe in early summer. P. pi-
leus has a spherical body up to 15 mm long. On the surface of the body there are eight
rows of rowing plates or cten, starting near the aboral pole and extending more than
three-quarters of the distance to the mouth. The combtail is seasonally one of the dom-
inant predators and can regulate the number of zooplankton.

The problem was that these animals were considered non-luminous. Therefore, ad-
ditional studies were required, which showed that these species also glow. These works
can be divided into two areas: in situ bioluminescence studies and laboratory measure-
ments of the luminescence intensity of individual organisms.
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This paper presents the results of laboratory experiments and in situ studies of the
Pleurobrachia pileus comb, (O.F. Muller 1776), which showed that this species has bio-
luminescent properties. The bioluminescence of P. pileus was studied during the 116th
voyage of the RV Professor Vodyanitsky (See Fig. 1), onboard the vessel. Before the start
of sampling, live samples were probed with the Salpa MA+ probe (See Fig. 4) to register
the daily maximum glow in redoxcline, which was recorded in this zone, as a rule, in the
depth range of 60-70 m, where dense clusters of P. pileus crests formed at that time. Sam-
ples of ctenophores were taken with a Bogorov—Russ net. It was shown that only at a
temperature not exceeding 14°C, the pleurobrachia remained alive for 2-3 days. These
data indicate that the temperature above 14°C is close to the maximum permissible for
P. pileus, therefore, it was at this temperature (14°C) that chemical and mechanical stim-
ulation experiments were carried out to highlight the crests, which revealed a glow, but
the nature of the signals was significantly different (See Fig. 5). The photosensitivity of
P. pileus has not yet been studied enough at this stage of research, and since biolumines-
cence is inhibited in sunlight in many crests and this photoinhibition is reversible when
living samples are kept in the dark, experiments to study the bioluminescence of P. pileus
were carried out in complete darkness during the daytime. In total, 37 experiments on
highlighting pleurobrachial crests were carried out onboard during the 116th voyage of
the RV Professor Vodyanitsky. Typical bioluminescent signals of crests do not differ and
represent one or two intense peaks with a steep rise front and the same attenuation front,
while sharper flashes of greater amplitude, rapidly reaching a maximum and also rapidly
decreasing, are observed during chemical stimulation.

The total percentage of luminous organisms from the entire catch was 32.43% (See
Table), which unequivocally proves that pleurobrachia glows and makes a significant
contribution to the intensity of the glow at great depths in redoxklin. It has been estab-
lished that bioluminescence in redoxycline has a diurnal rhythm associated with the
migrations of crests: during the day it increases when they smoothly migrate to the
lower boundary of the oxygen zone, and at night this glow disappears. The dynamics
of ctenophore bioluminescence in redoxycline is in the opposite phase to that in the
surface layers, where it is associated with phytoplankton bioluminescence. The discov-
ery of this new phenomenon makes it possible to use bioluminescent methods to quickly
assess the depth of daytime zooplankton layers for subsequent trapping by plankton
nets. This significantly expands the possibilities of studying the structure and function-
ing of the pelagic ecosystem of the Black Sea and other marine basins with redoxcline.

The article contains 5 Figures, 1 Photo, 1 Table, 26 References.

Keywords: Pleurobrachia pileus, bioluminescence, Black Sea, redoxklin, cteno-
phore
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BBenenne

3a mocnennue 30 et ¢payHa rpeOHEBUKOB UepHOro MOps CYIIECTBEHHO 000-
ratiiack: B 1980—-1990-¢ rT. K €IMHCTBEHHOMY BHTy-a0OpHTeHY TUIEBPOOPAXHH
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(Pleurobrachia pileus (O.F. Muller 1776)) no6aBuinch 1Ba BUAa U3 POJAOB MHE-
muoricuc (Mnemiopsis leidyi (A. Agassiz 1865)) u 6epoe (Beroe ovata (Mayer
1912)) [1]. I'peOHEBHUKH-BCENEHITBI HE TOIBKO TOMOTHIIIA CITUCOK MAKPOILIAHK-
ToHA YepHOTro MOps, HO ¥ 3HAYUTEIFHO MOBJIIUTH Ha CTPYKTYPY ¥ INHAMHKY €r0
HKOCHCTEMEBI, YTO MIPUBJIEKIIO K HIM OOJBIIOe BHIMAHUE. V3ydeHme JKeneTenoro
MaKpOITIAHKTOHA TIPEICTaBIICT HHTEPEC U C IPYroi TOYKU 3PEHHUs, TOCKOIBKY
MOTEIIICHNE KIIMMaTa W OMHOBPEMEHHOE YCHJICHHE aHTPOIIOr€HHOM IBTpOdIKa-
WY TIPUBENH B PsAAE CIy9aeB K CYMIECTBEHHOMY POCTY IOMYILIIUI HE TOIBKO
IrpeOHEBUKOB, HO M Meay3 [2, 3]. DTO MOBIHSIO HA COCTOSHHUE MOPCKHX CO00-
IIECTB ¥ OTPA3MIOCh HA AEATCIHHOCTH YeJIOBEKa: 3a0MBAIICH PHIOOIOBHEIC CETH
1 BOJIOBOJIBI, CO3aBaJIMCh IIOMEXH MOPCKOMY KyTIaHUIO, a B UepHOM MOpe OmHO-
BPEMEHHO C TIEPBOIl BCIIBIIIKOW MacCOBOT'O Pa3BUTHS MHEMHUOIICHCA PE3KO YTl
MIPOMBICEN XaMCHI.

C 1980-x rr. B UepHOM MOpE MPOBOAMTCS HHTCHCUBHOE HCCIIE0OBaHUE TPeo-
HEBUKOB-BCEJICHIIEB: BEISICHAIOTCS OCOOCHHOCTH MX PACIIpeNeeHus 10 paifoHaM
MOpsI, B CBSI3U C TIIyOWHOM, TEMITEPaTypOU B COIIEHOCTHIO; N3y4IaroTCsl 0COOCHHO-
CTH TIUTAHUS, TBIXaHUS U PAa3MHOKECHHS, & TAKXKE 0COOCHHOCTH CBEUCHHUS B HKC-
MIePUMEHTANBHBIX ycIoBusAX [4—7]. Jlo HemaBHEro BpeMeHH CYMTAIOCh, YTO aB-
TOXTOHHEIN XHUTENb YepHOro Mops — rpeOHeBUK P. pileus He SBISACTCS CBETS-
IIUMCSI BUJIOM [ 8], TO3TOMY KpOMe U3YYEHUS OCOOCHHOCTEH pacpOCTPaHEHUS 1
KHU3HEIEATSITLHOCTH TAaHHOTO BHU/IA, €T0 OMOMIOMUHECIICHIINS HE UCCIIE0BAIACE.

Kpome Toro, Ha IpoTsHKEHHH BCEH MCTOPUN M3YUSHHS OWOIIOMHIHECIICHINN
Bon UEpHOTO MOpS B MCCIIEAOBAHUSAX in Situ 0ATH(HOTOMETPHI PEAKO OMYyCKaIIN
nryoxke (oTudeckoi 30HBL. B pesyibraTe 3TOro OHONFOMHHECIICHITHS HIDKHEH
9acTH KUCIOPOAHON 30HB UEPHOro MOps MpaKTHUECKH HE HccienoBanach. Of-
HAKO B KOHIIE ITPOIILIOTO BEKa CTAJIO H3BECTHO, YTO y PEIOKCKITITHA HAOIIOTAI0TCSI
MJIOTHBIC CJIOM KOTernoj u rpeOHeBUKOB [9]. [103TOMy BO3HHKIIO MpeIIoaoxkKe-
HUE, 9TO ITyOMHHBIC MUK OMOIIOMHHECIICHIINN Y HYDKHEH TpaHHIbl KHCIOPOI-
HOU 30HBI CBSI3aHBI CO CBEUCHNEM 300ILIAHKTOHHBIX OPTaHU3MOB, CPEIH KOTOPBIX
HauOoJiee BEPOATHBIM TPETCHICHTOM Ha 3Ty POJIb MOTJIH OBITh TPCOHEBHKH
rieBpoOpaxuu. [Ipobirema 3aKiroganach B TOM, YTO 3TH KHBOTHEBIE CUUTAINCH HE
ceersmuMucs [8]. [TosToMy moTpeOoOBaIMCh JTOMONHUTEIBHBIE HCCIEIOBAHUS,
KOTOpBIC TIOKA3aJIH, YTO ATOT BHJ] TAKXKE CBETUTCS. JTH paOOTHI MOKHO pa3OHTh
Ha JTBa HAIIPABJICHUS: UCCIIENOBAHUS OMONIOMIHECIICHINH in Situ U Tabopatop-
HBIE U3MEPEHHS MHTEHCUBHOCTH CBEUCHHS OTACIBHBIX OpraHm3MoB. Ompenene-
HUE XapaKTEPHCTHK OWOJIIOMHHECIICHIINH TpeOHEBUKA IPOBOIIIN B THEBHOE
BpeMs TIPH MOJHOW TeMHOTE. 3BeCTHO, YTO HHTEHCUBHOCTH OMOTFOMHHECIICH-
[IUA OPraHW3MOB HEOJMHAKOBA B TEUCHHE CYTOK, IIPH ATOM y KTeHo(dopa e€ m3-
MEHEHHUE MOXET TOCTHTATh IBYX HOPSIKOB.

B cBsi3u ¢ BBINIEH3NOKEHHBIM LIENBI0 Pa0OTHI SBISUIOCH BEISIBUTH CBEUCHUE
rpeOHeBUKA P. pileus, OICHUB TIapaMeTPhI €r0 OMOITFOMHUHECIICHITHH.

MartepuaJibl U METOABI
Buomomunectiennmto P. pileus nccnenoanu B 116-m peiice HUC «IIpodec-

cop Bomsaunkuii» Ha 60pTy cynHa. VcciieoBaHUs BBITOMHSIIMA B IICHTPE 3aIma/l-
Hoit xamcTassl Yeproro mops 07.05.2021 B 11°°-13% (puc. 1).
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Puc. 1. Kapra pacnonoxenust cranuuu Ne 246 or6opa npod rpedueBukoB P. pileus
B Mmae 2021 r. (peiic 116 «HUC IIpodeccop BomsHuiikmii)
[Fig. 1. Location map of P. pileus comb sampling station No. 246 in May 2021
(Cruise 116 of VR*Professor Vodyanitsky”)]

[epen nagamoM oTOOpa KUBBIX MPOO BBITONHSIIOCH 30HAWPOBAHHUE 30HIOM
«Canmpia MA+» U1 perucrparii JHEBHOTO MaKCHMyMa CBEUCHHS y PEIOKC-
KJIMHA, KOTOPHII B 3TOH 30HE PErUCTPUPOBAIICS, KaK IIPABIIIO, B IUAIIa30HE TITyOHH
60-70 M, Tae B 3TO BpeMs ()OPMUPOBAIHCH IUIOTHBIE CKOIUICHHUS T'PEOHEBHKOB
P. pileus. TTpoOsl TpeOHEBHKOB oTOHMpanu cethio BP (BoropoBa—Pacca) c sueeit
100 mxm B cnoe 60—70 m. Tlocne 3aMpIKaHUSI CETh MOJHUMAJH K TIOBEPXHOCTH CO
ckopocthio 0,4-0,5 m-c L. TTocie 9TOro opraHu3MbI TIOMEIIANNCE B COCYIBI 005be-
MOM 3-5 11 ¢ PO HIILTPOBAHHOK (MaMETp IMOp MEMOPaHHBIX (QHILTPOB 35 MKM)
MOpPCKOH BOIOW. JI71s1 3KCITIEPUMEHTOB OTOMPAIN TPYIITY OJHOPa3MEPHBIX 0COOeH
(10—12 MM) Ge3 COAEPIKMMOTr0 B raCTPOBACKYJIIPHOM MOJIOCTH. J{aiee opraHu3MbI
MePEeMEIIAICh B OTACIBHBIC KIOBETHI TSI CTUMYJIISIIAH CBCUCHUSL.

Jliis m3ydeHuss OMOPU3NYECKHX XapaKTEPUCTHK CBETOHM3IIYUYCHUS TpPEeOHEBHU-
KOB HCITOJIb30Bai MpuOOpHBIHA kKomiuieke «Ceer» «DUILl MHBIOM» (Poccus),
KOTOPBIH BKJIFOYAET BEICOKOBOJIBTHBIN 0JIOK uTaHust (BC-22); MFOMHHECKOII, CO-
CTOSANINI W3 IpUEMHIKa cBeTOBOro nanydeHus (OPDVY-71) u TeMHOBOH KaMephl
Ui 00BbEKTa, a TAKKE PETHCTPUPYIONIee YCTPOUCTBO — UpoBol MHTEp(eric.
CortacHO paHee BBIPaOOTaHHONW METOAMKE JTaOOPATOPHBIX MCCICIOBAHUNA OHO-
JFOMUHECIIEHITUH KTeHodop [10], B TEMHOBYIO KaMepy JTFOMHUHECKONa YCTaHaB-
JMBaNach KIoBeTa 06beMoM 50 cM® 13 IIPO3PavHOro OPreTeKia, B KOTOPYIO 0Tca-
KUBAIM TIOJONBITHRIE W KOHTPOJIBHBIE OpraHu3Mbl. CBETOUYBCTBHTEIBHOCTH
P. pileus Ha naHHOM 3Tamne UCCIeNOBaHUN eI HEJOCTATOYHO N3yUCHA, a TaK KaK
Y MHOTUX TpeOHEBHUKOB OHOTIOMUHECICHIIUS HHTHOUPYETCS MPH COTHSYHOM
cBeTe B 3T0 (HoTOMHTHONpPOBaHHE 0OPATUMO MPH COACPKAHUN KHUBBIX 00pa3IoB
B TeMHOTE [ 11], TO 3KCIIEPUMEHTHI 110 UCCIIEAOBAHUIO OMOMIOMUHECIICHITUH P. pi-
leus TIPOBOIIIIIN B TIONTHOM TEMHOTE B THEBHOE BpeMst. KOHCTpYKTHBHEBIE 0COOCH-
HOCTH TEMHOBOW KaMepbl YCTaHOBKH «CBET» U HCIOIB3YEMbIX B HUX KIOBET 1103~
BOITIUTH TIPUMEHSITh XUMIUECKHI B MEXaHUIECKHIH CII0c00 pas3apakeHus (CTHMY-
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TSAK) OMONIOMHHECIIEHTHON CHCTEMBI TUIAHKTOHTOB, @ TAaKKe M3y4aTh CIEK-
TpaJbHOE pPacHpeielcHNEe MX CBETOM3IYUYECHHUS B ONTHYECKOM JWAITa30HE [UTHH
BOJH. J{7151 cCO3maHms eCTeCTBEHHOI IS TpeOHEBUKOB peaKIINy HA THIPOIMHAMH-
YECKUE BO3MYIICHUS MCIIOIB30BAIA MEXaHMUECKYIO CTUMYILIIIO, KOTOpas pea-
JH30BAIACh 32 CUET YCKOPEHHS MIOTOKOB BOIBI BOKPYT TeJa YKHBOTHOTO C IIOMO-
IIBIO BJIEKTpOHAcoca. J{JIst perrcTpaiiii MaKCHMAaITbHBIX BCITBIIIEK UCIIONB30BaH
XHUMAYECKYI0 CTUMYJISIIAIO CIIUPTOM (IUIS Yero B KIOBETY BBOIMIHN okoio 10%
96% stanona [12]. Becero BeinonHeHo 32 3KCIEpUMEHTA.

UccnenoBanus in situ npoBoawmck B perice 33 HUC «Mapus C. Mepuany, a
takke B 100, 102, 105, 108, 113 u 116 peticax HUC «IIpodeccop Bonsgauikuii.
Hcnonp3oBanichk BUIEOKaMEphl ¢ OMHOBPEMEHHBEIM OTOOPOM IIpo0 BOAEI B pe-
KHUME peabHOr0 BPEMEHH U3 30HBI HAOIOACHH, TOPH30HTABHEIC OYKCHPOBKU
MHOTOpPA30BBIX CETeH U BEPTUKAIBHEIC OOJIOBHI INTAHKTOHHBIMH CETSIMHU.

s peructpanny OHOTIOMHHECIIEHTHOTO CHTHAJIA MCITOIB30BAIICS MYJIBTHITA-
pamerprueckuii Tuapodbnodpusnyeckuii KoMrieke «Cambna-MA+y». JlaHHBIH
KOMIDIEKC TIpefHa3HAYeH ISl HCCIIeIOBAHMUS MHTEHCHBHOCTH OHOIIOMIHECIICHT-
HOTO M3JTYy4YEHHUSI OPraHu3MoB B ciioe MupoBoro okeana 0—250 M B pexxumMe MHO-
TOKPaTHOTO BEPTUKAJIBLHOTO 30HIUPOBAHUS CO CKOPOCTHIO J10 1,2 M/c. OnHOBpe-
MEHHO C HCCIICIOBAaHHEM OMOIOMUHECIICHITUH IPOBOIIIIOCE H3MepeHue (Horto-
CHHTETHYECCKH aKTHUBHOU paJliallii, MyTHOCTH, TEMIIEPATYPHI, AIEKTPOIIPOBOI-
HOCTH W TUAPOCTATHYECKOTO TABIICHHUS B ABTOHOMHOM PEKUME C MUTAHUEM OT
BHYTPEHHETO HCTOYHUKA. M3Mepenne OnOIIOMIHECTICHITIN OpraHU3MOB OIIpe/Ie-
JSUTOCH BEIOpaHHBIM METOIOM BO30YKIICHHS, CIIEKTPATBHON YyBCTBHTEIEHOCTEIO
¢doronpuemMHoOro ycrpoiictsa. [lepeBon opraHn3MoB B aKTHBHOE COCTOSIHUE, TTPU
KOTOPOM OHH HCITYCKaIOT CBETOBYIO SHEPTHUIO, IIPOM3BOIMIICS METOIOM MEXaHH-
YEeCKOro pa3npaxkeHus (cTuMyisanun). Mi3amepenne Manoil HHTCHCHBHOCTH YHEp-
THH CBETOBBIX UMITYJIECOB OMOTFOMHUHECIIEHIINN TIPOBOIMIIOCEH 71 Sifu TIPY BHEII-
Hell OCBEIIEHHOCTH, TIPEBBINIAONIEH HHTEHCHBHOCTh OGHOTIOMUHEcHeH K B 107
pa3. M3mepsieMblii OHOMIOMIHECIICHTHEIA TTOTEHITHAI OIPEIeIISUICS HHTCHCHBHO-
CTBIO CBEUEHUS Opranu3MoB [13].

Pe3yabTarhl ncciiefoBaHus U 00Cy:KIeHUE

Kpatkas xapakrepuctuka Pleurobrachia pileus (O.F. Muller 1776). P. pileus
(Ctenophora: Cydippida) BcTpedaeTcst B ceBepHOW YacTH ATIIAHTHYECKOTO OKe-
aHa W BJOJIb CEBEpPO-3aImmaiHbIX mmobdepexuii EBporbl. Apean rpeOHEBHKa BKITIO-
yaeT bantuiickoe Mmope, Ckareppak, Karrerat u CeBeproe Mope. 10 menarmnde-
CKHUil BIJI, OONTAIOIINI B OTKPHITHIX BOJIAX, HO MHOTJa OH BCTPEYAETCS B CKAJIb-
HBIX OacceifHax win Ha modepexne [14]. P. pileus Takke BCTpeyaeTcs y BOCTOY-
HBIX aTJaHTHYeCKnX modepexnid CeBepHOl AMeprku u B UepHOM Mope. ITOT
KEJICTENBI OPraHu3M PacIpOCTPaHEH IO BceMy modepeskbio EBporbl B Hayame
nera [15].

P. pileus nmeet chepuueckoe Teso aIrMHON 10 15 MMm. Ha moBepxHOCTH Tena
PacIoiIoKEeHO BOCEMb PSIOB TPEOHBIX IUIACTUHOK, WM KTCH, HAYMHAIOIIUXCS
BOJIH3HM a0OpaBHOTO IOJIF0CA M MTPOCTUPAIOIINXCS OoJiee YeM Ha TPH YSTBEPTH
paccrostHust KO pTy (poto 1). 'ucromornyeckoe cTpoeHre KTCH MOKa3bIBaeT, YTO
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OHHU TPEACTABIIIOT COOOW CpOCIHINECs PECHUYKH, KOTOPHIE PACIIONIOKEHBI Ha
KOPOTKMX TMOMEPEYHBIX IUIACTHHAX, SIBIISIOMUXCS OHOMIOMUHECIICHTHRIMU
[16, 17]. IMeHHO cCHHXpOHHOE OMEHHE PECHUYEK MO3BOJISET )KHBOTHOMY IJ1aBaTh
U TIPUJIACT €My PaIy KHBIH BUI.

Krensl rpebHEBHKa MOJIOYHO-HETIPO3PAYHEIC; SKTOME30epMa CTECKIOBHIHO-
mpo3padHas; IIymanbiia, 00ONOYKa M TJIOTKa MOJOYHOTO WIH y HEKOTOPBIX
SK3EMIUBIPOB TYCKIIO-OopamkeBoro mnsera [14, 17]. Tlapa miawHHBIX mIymaner
MPOUCXOMUT OT KOPOTKHUX JTYKOBHII IIyIIaJiell, KOTOPbIE PACIIOIIOKEHBI OIH3KO K
rimotke. OCHOBaHHME IIyHaiblla IMHUPOKO OTHEICHO OT TJIOTOYHOTO COCYHa;
COKPAaTUTEIBHOE IIyIANbIe MOXKET OBITh B IATHAIATH-IBAALATE pa3 OOIbIIIe
IUTAHBI Tena. BIoibs oHON CTOPOHBI IIyIIajel] IMEETCs PsiI HOZOOHBIX OOKOBBIX
Huren [18].

|

®oro. 1. Doro rpedueBuka Pleurobrachia pileus (O.F. Muller 1776). ®oro Cunakos M. .
[Photo 1. Photo of Pleurobrachia pileus comb (O.F. Muller 1776). Photo Silakov M.1.]

Psipt TpeGHBIX MTaCTHHOK MCHONB3YIOTCS ISl MEIUIEHHOTO TIPOABMIKEHHS JKe-
JIETEIBIX BIIEpeT, KOTa OHH BEUIABIIMBAIOT NOOBITY. MHOTOUHCIIEHHBIE JIUITKHE 00-
KOBBIC OTBETBJICHHS Ha IIYMAJbIIaX 3aMaHHBAIOT TOOBIYY 300IUIAHKTOHA B JIO-
BYIIIKY, KOT/Ia OHA ITOJIHOCTBIO BEITSHYTA. 3aXBaUCHHYIO TOOBITY IIOTHOCST KO PTY
C IpyTOil CTOPOHEI TEJa BpalaTebHBIM IBIKEHIEM, KOTOPOE JIETKO HAOJIOIaTh B
Hepode [ 19]. P. pileus siBsieTCss XATIIHAKOM U TIUTAETCS TAKOH aKTUBHO TUIABAIOIICH
IOOBIUeH, KaK BECTIOHOTHE MOJUTFOCKH, JITYMHKH PHIO, pa3iIIHbIC BUIBI SIAI] M ME-
KHX PaKooOpa3HbIX, aM(DUIIONbI, JINYUHKH KPaOOB, JINUMHKA PaKOOOpa3HBIX U Ka-
JAHOWIHBIC Konenopbl. [ peOHEBHUK CE30HHO SIBISIETCS OJHUM U3 JOMUHHUPYIOIIIIX
XHUIIMHAKOB ¥ MOXKET PETyJIMPOBATH YUCIEHHOCTh 300IUTaHKTOHA [20].

B CeBeprom Mope Ha O0JIbIIeH YaCTH CBOETO apeajia IIeBpoOpaxwst cocyIe-
CTBYET C IPYTUM BHJOM — TpeOHeBUKOM Bolinopsis infundibulum (O.F. Miiller
1776). YCTaHOBJIEHO, YTO 3TH JIBa BHUJA HE KOHKYPHUPYIOT 32 IMHUILY, TOCKOJIBKY
WX THIIEBBIC IPUBBIYKH pa3zmuyarorcs. Tak, P. pileus octaeTcs HEOABUKHEIM,
KOT/ia JIOBUT OoJiee KPYIHYIO HOOBIYY CBOMMH JIMHHBIME IMyMANBIAMHA, B TO
BpeMsl Kak B. infundibulum BTATMBAET MOTOK BOIBI U OT(HILTPOBBIBAET OoJiee
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MEJIKHI M ¢1a00 TUTABAIOIINE KpoleuHblid 3001uTankToH [20]. B UepHoM Mope
TUIEBPOOPaXHsI COCYIIECTBYET C OBYMS BHIAMH-BCEICHIIAMH: MHEMHUOIICHCOM H
Oepoe, 1 MEXIy HIMHU TakKe HET KOHKYPEHIIUH 32 MUILY B CBS3U C CE30HHBIM
pa3MYueM B pa3MHOKEHHUH TPEX BUIOB IpeOHEBUKOB. MHEMHOIICUC U Oepoe 60-
JIee TEeTUIONMIOONBEIE, M MUK MX Pa3MHOKEHHUS IIPHUXOJUTCS Ha HIONb—aBIyCT H aB-
I'YCT—CEHTSIOpb COOTBEeTCTBEHHO [4]. [Li1eBpoOpaxus ToCTUTaeT BEICOKOM YHCIICH-
HOCTH B MO3THEOCEHHHH U 3UMHHM riepros [21].

P. pileus coBepmiaer OonpInne exXeTHEBHBIE BEPTUKAIBHBIE MATPAIHH, KaK U
€ro OCHOBHAs HOOBYAa — Komemnoabl. ['peOHEBUKH MPOBOIAT HOYH B BEPXHHUX
CIIOSIX BOIBI, OOBIYHO UyTh HIKE TEPMOKIIMHA, CITyCKasch Ha TryOuHy oT 80 10
150 M paHHUM YTPOM W CHOBA IMOJAHUMAsCH OJvoKe K Beuepy [3, 15, 22]. DT Mu-
rpanuy HE MPOUCXOIST 3UMOH, U B TOT mepuox P. pileus ocraercs OIHM3KO KO
IIHY, 9acTO C IpeKpalleHueM JBIDKEHUS TpeOHel pecHryek. lanHHoe N3MEHEHHE
B ITOBEIICHUH I'PeOHEBHKA MOXKET OBITH CBSA3aHO C HEXBATKOW OOBIYH B TOJIIIE
BOIIBI B 3TO BpPeMs roja.

Heprnas cucrema P. pileus ipencTaBieHa IIOBEPXHOCTHRIM CIDICTCHHEM Hep-
BHBIX KJICTOK, KOTOpBIC IO psIaMU TPeOHBIX TUIACTHHOK 00pa3yroT OoJiee ImioT-
HBIE TSDKH, HAYIINE K a00pabHOMY OpraHy, CIyKameMy IS peryIsui JBIDKe-
Hus U paBHoBecus [23]. Kak u ocransHble nipeactaButenu Cydippida, miespo-
Opaxusi — CaMOOILTOOTBOPSIONIHIACS TepMapPOINT C TOHATAMH U3 IBYX ITyYKOB.
[TneBpoOpaxust HEBEPOSATHO ILIOJOBUTA — B3pOCTasi 0COOb MOXKET BEIITYCTUTH JI0
1 000 siuir B IeHb, ¥ pa3MHOXKCHHE MOXKET TIPOUCXOJUTh P JIFOOBIX pa3Mepax
[19]. B pesynbraTe B MpHOPEKHBIX paliOHAX B TeUCHHE HECKOJIBKHX HEAETh MO-
KET ITPOM30HTH MacCOBOE YBEIMUCHIE YUCICHHOCTH BUIA. Y HEIABHO BEUTYIIHB-
IUXCcsl 0coOel YeThIpe Taphl NMapalIeIbHBIX PSAIOB TpeOHEH 00pa3yroT CKoILIe-
HUS PAcMOIOKEHHBIX B paJdalbHOM HAIMPaBICHUH IIMHHBIX TpeOHEH; Telo
UMEET TPYMEeBHIHYI0 (GOopMy, a MIymajblla Pa3BUBAIOTCS Ha IIOBEPXHOCTH.
Bo BpeMst pazBuTHS psiIbl TPEOHBIX TUIACTUHOK YIUTHHSIOTCS B Pa3aeIITIOTCs, OC-
HOBaHUE IyTaNbla HHBAaTHHUPYET, a OOKOBBIC HATH Pa3BHBAIOTCS, TEJIO CTAHO-
BHTCs OoJiee chepruecKkuM.

buonromunecyenyus Pleurobrachia pileus. 1o pesynbratam 33-ro peiica BbI-
SIBJICHO, YTO CKOTUICHUS TUIEBPOOpaxuid AeHCTBUTEIILHO CBETATCA. Y CTAHOBJICHO,
9T0 OMONMIOMUHECTICHITHS Y PEIOKCKITIHA 00a1aeT CyTOYHON PUTMUKOMA, CBS3aH-
HOU ¢ MUTPaLIUsIMH TPeOHEBUKOB: THEM OHA YCHIIMBACTCS, KOTIa OHH IUIABHO MU-
TPUPYIOT K HIKHEH TpaHUIIe KICIOPOIHOH 30HB, @ HOYBIO ATO CBEUCHHE IIPOIa-
naer. JluHaMuka OMOIIOMHHECIICHIINH KTEHO(POpP y PEIOKCKIMHA HAXOMUTCS B
npotuBo(asze K TAKOBOH B OBEPXHOCTHBIX CIIOSIX, TJI€ OHA CBSI3aHA C OMOIIOMHU-
HecIeHIMeH guTorutankToHa [22].

Taxum 00pa3zoM, pe3yabTaThl, HOIXYUYCHHBIC HAMH in Situ, HAXOIATCS B SBHOM
npoTHBOpeurH ¢ padotor Xemmoka u Ketica (1995) «He Bce krenodopb! 6uosIr0-
MUHECIIeHTHBI. [11eBpoOpaxus» [8]. DTH aBTOPBI BEITIOTHHUIIN OOITUPHBIE HCCITe-
JOBaHMSI B YETHIPEX pernoHax MUpPOBOro okeaHa ¢ MCIIOIh30BaHHEM BOAONA30B,
KOTOpBIE COOMpaNT Ka)XIbIii OPraHN3M IO OTAETHHOCTH, TOMEIIAN €ro B OT-
JETBHBIN COCY M aalTHPOBaN KaKk MEHUMYM 32 30 MUH 0 SKCIEPHMEHTOB K
YCIOBUSAM TEMHOTHI, B KOTOPOH U MPOBOAWIHM HCCIIEIOBAHUS OHOIIOMIHECIICH-
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nuu (puc. 2). B pe3ynbTate qaHHBIX (PU3HKO-XUMUYESCKUX aHATU30B aBTOPHI 110~
Ka3aJi, 4TO HET JaXke MPU3HAKOB TOTO, YTO ILUIEBPOOPAXHH MOTYT CBETHUTHCS
(XOTs BCe BH[IBI M3 APYTHX CEMEHCTB My MOJIOKUTEIbHBIC PE3yIbTAThI).

P =% &
FRIDAY HARBOR . f . $ GULF OF MAINE } t
Pleurobrachia bachel {\ : . ,’@;._‘_‘ Pleurobrachia pileus ’r Vig}%

Euplokamis dunlapae Euplokamis sp.
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ALBORAN SEA
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N Non-luminous specles
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Puc. 2. Paiions! uccnenoBaHuii ¢ yka3aHHUEM BHIOB U TUTIOB CTUMYJIALIUH
o pabore Xennoka u Keiica (1995)
[Fig. 2. Research areas indicating the types and types of stimulation according
to the work of Heddock and Case (1995)]

OnHako Halll TIPaKTHYECKUH OMBIT cOopa mpobd B UepHOM MoOpe roBOpHi 00
00paTHOM: TJIEBpOOAXHH HHTCHCHBHO BH3YaIbHO CBETHIIMCH B ITPOOaX B HOUHOE
BpeMsi. DTO CBEUCHHE MPOJOIIKAIOCH Bcero 5—10 MUH, Tak KaKk OpraHu3MbI Tiepe-
CTaBall CBETUTHCS MPEIIONIOKUTEIBHO M3-32 HHOTO TEMIIEPAaTypPHOTO pekuMa.
[To3TOMY ONBITHEIM ITyTEM BpPeMs MEKAY OTOOPOM IPOOHI 10 IPOBEICHHS DKCIIe-
PHMEHTa MHHUMH3HPOBAHO 10 JaHHOTO Ipeena.

Bmecte ¢ Tem Hamied 3amadeit SBISIIOCH TOJOOpaTh MPaBUIIBHBIN TeMIepa-
TYPHBIH ONTUMYM IS TaHHOTO BHA. [I0CKOIBKY B 30HE BBLIOBA ILIEBPOOpAXUH
TeMIepaTypa cocTaBisia okoio 14°C, mpu TemrepaType B JIAOOpATOPHH BEIIIIS
18-20°C rpeOHEBHKM B aKBapryMaX YyBCTBOBAJIM Ce0s MOAABICHHO, YTO BhIpa-
KaJIOCh B CHIDKCHUH CKOPOCTH OWMEHHS KTEH, W 9epe3 HECKOIBKO YacOB ITOTH-
0anu, a ipu Temriepatype 26°C cMepTh HacTyIaia IMouTH cpasy.

[TokazaHo, 9TO TONBKO TIPH TeEMIEparype, He mpeBbimaromendn 14°C,
MJICBPOOPAXMH OCTABAIUCH )KUBBIMH B TeueHue 2—3 mHeil. [IpuBencHHbIC CBee-
HUS CBHIIETEIBCTBYIOT, YTO TeMIepaTypa Bhiie 14°C Gin3Ka K IpeaenbHO JOITy-
ctuMort i P. pileus, 94T0 corjlacyeTcs ¢ JaHHBIMH JIPYTHX HccienoBareiei [4,
24]. Tloatromy uMeHHO Tipu JaHHOH Temmepatype (14°C) MbI IPOBOIMIIN JalTh-
HEHIIe YKCIIEPUMEHTHI TI0 BRICBEUHMBAHUIO TPEOHEBUKOB.

[epBBIe neranpHBIC Ta0OPATOPHBIE AKCIIEPUMEHTHI MO UCCICIOBAHUIO OHO-
JFOMHHECIIEHITUN YePHOMOPCKOH IIIEBPOOPaXUH BBITIONHEHBI B OTAEe OHODU3H-
yeckoi skosorun MHBIOM O.B. MamykoBoii (2018). [IpoObI rpeOHEBUKOB OT-
Oupasn B paiione CeBacTomnos B mepuo ¢ uroHs mo Mapt 2018 r. Ha rryOnHaX
1o 30 M ¢ ucronezoBanueM cet Jxenu. [ peOHEBUKOB COAEpKaId B €MKOCTSIX
00BbEMOM 3—5 11 ¢ TpoHITETPOBAHHOK MOPCKOW BOJIoM. Bcero MexaHnuecku cTu-
MYJIUPOBAHO 85, XUMHYECKH — 57 0COOCH.
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B pesymnbraTe STHX SKCIIEPUMEHTOB YCTaHOBJICHO, YTO IpeOHEeBHUKH P. pileus
UMEIOT 3HAYUTENbHBIC CE30HHBIE N3MEHEHHS HHTEHCHBHOCTH OMONMIOMUHECIICH-
nun. Ilpudem B JeTHHI Teprnoj OHH HE CBETHJIHCH TakK K€, KaK U B OIBITaX
Xemnoka u Keiica (1995). OnHako B psjie 3KCIIEPHMEHTOB B OCCHHE-3UMHHIA 1
BECEHHUH mepruosl P. pileus BRICBEUNBAIach KaK IMPH MEXaHUYECKOM, TaK U IMPH
XUMHYECKON cTUMYIIAUU (puc. 3). Ce30HHYIO BapuaOeIbHOCTh CBEUCHHS 3TOTO
BHJa MOXHO OOBSICHUTH KaK CE30HHBIMH KOJCOAHHMSMH TEMIEpaTyphl BOIBI B
YepHOM MOpe, TaK © 0COOCHHOCTSIMH €T'0 YKOJIOTHH: MEITKAE 0COON KOHIIEHTPH-
PYIOTCS B BEpXHEH 9acTH TEPMOKIINHA, a Ooee KPYIHBIC — Y PEAOKCKINHA TIPH
KOHIICHTPAIIMK KUCJIOpoZia 4yTh Oonee 1 M T ! [21, 22, 25]. Tloka3aHO, 9TO
B3pOCIIbIe 0COOM IIICBPOOPAXUU MPEANMOYUTAIOT OOMTATH IMOJN TEPMOKIMHOM
BILIOTH JI0 HIDKHEW TPaHUIIBI KUCIIOPOAHOM 30HBI [22].

Temneparypa noBepxHOCTH BOAbI, °c

Aunnuyna ceeronanyyenus, * 10° kant ¢ "o

9 10 11 12 1 2 3 4 5
Mecsu, 2008

—— X AN WYECKAA CTHMYN AUKA
— s — MexaHn4eckan CTUMYN ALWA
——#—— Tewneparypaeoabl

Puc. 3. Ce3oHHas TUHAMHKA aMIUTATY/bI CBeTOM3IydeHust P. pileus
MU Pa3IMYHBIX BUIaX ctumMyisiuu (MarrykoBa, 2018)
[Fig. 3. On the X-axis - Amplitude of light emission, 10® quantum s! cm?,
Water surface temperature, °C; on the Y-axis — Month. Seasonal dynamics of P. pileus
light emission amplitude under various types of stimulation (Mashukova, 2018)]

[IpuBeneHHBIC TaHHBIC O BEPTUKAILHOM pacrpenesicHuu P. pileus B UepHoM
MOpE TaK)Ke CBHUICTEILCTBYIOT O XOJIOIOMOOMBOCTH JaHHOTO BHaa [21, 25, 26].
Takum 00pa3oM, TOBBIIIICHUE aMIUTUTYABI OHONMFOMHHECHEHIIMN Y P. pileus Ha
HECKOJIBKO TOPSIKOB MPH MOHMKEHUHU TeMIiepatypsl Boasl 10 10°C B BeceHHHM
U OCEHHHH IIepHOIbl OOBSICHACTCS TE€M, UTO TOXOJIONaHHe TPEeOHEBUKHI XOPOIIO
nepeHocart. VIMeHHO TI03TOMY YMCIICHHOCTh WX TOMYIBIIUHN B MTO3THEOCEHHUH U
0COOCHHO B 3UMHHI TIEPHOIT PE3KO YBEITHUMBACTCSL.

ukn sxcniepumerToB O.B. ManykoBol yOeTuTEIbHO ITOKa3all, YTO STOT BH]T
HUMEET CE30HHYIO H3MEHIHBOCTH OMOTIOMHHECIICHIINH (T.€. B ONPECIICHHEIE Ce-
30HBI OH CBETHTCH, a B Apyrue — HeT) [12]. C apyroit cTopoHbl, Bce TpoObI B IKC-
nepumeHTax O.B. MamykoBoid coOpaHbI B 30He MeIKoBOAbs (1m0 30 M), u 1o-
3TOMY BOIPOC O TOM, CBETSATCS JIM OHH B XOJONHBIX BOIAX y PEHOKCKIMHA (Ha
riyouHax 50 M ¥ HIDKE), TO-TIPEKHEMY OCTaBAaJICS OTKPBITHIM.
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Jlnst BeIsICHEHUS 3TOTO 0OCTOsATENhCTBA B 116-M peiice HUC «IIpodeccop Bo-
IHUIKAR» B Mae 2021 r. B IIGHTpe BOCTOYHOHN XanucTasbl (CM. pHC. 1) BBIMOI-
HEHBI JIOTIOJHUTENbHBIE IKCIIEPUMEHTHI Ha MaTepuaie, coopaHHoM B cioe 50 M,
IJIc Ha JaHHOW MTyOWHE PErHCTPUPOBAJICS YCTOHYMBBHIA MUK OWOIIOMHHECIICH-
MK C MAKCUMAJIBHEIM 3HaueHneM 4 738 mBt em 21! (puc. 4).

43°30.09N 36°24'55 E, 7 Mas 2021 12:07

BvoniomMmHecueHuma
0 1000 2000 3000 4000
h . . .
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Puc. 4. BeprukanbHblit 0poQuiib OUOTIOMUHECICHIMU (CUHHH ),
TeMIlepaTypsl (3eIEHBIN) U CONEHOCTH (KPACHBII)
Ha craHiuu Ne 246
[Fig. 4. On the X-axis - Depth, m; on the Y-axis - Temperature, °C, Salinity, %o.
Vertical profile of bioluminescence (blue), temperature (green) and salinity (red) at station No. 246]

[Ipu uccnenoBaHMsIX YEPHOMOPCKHiT TpeOHEBUK P. pileus BHICBEUNBAJICS KakK
MIpU XUMHYECKOM, TaK U IIPA MEXAHNIECKOH CTUMYIISIIIH, OTHAKO XapaKTep CHT-
HAJIOB 3HAYMMO OTIHYaics (puc. 5).

Tak, aMIUmTyza CBEYCHUS TPEOHEBMKA MPH XUMHUYECKOW CTHMYJLSIHA B
3 pasza, a mpOAOJDKUTENHHOCTE B 1,5 pasa BhIle TAKOBOW P MEXaHMIECKOH CTH-
MyJsun. JlaHHOe pa3iuyre B OHOIFOMAHECIICHIINY TPeOHEBHKOB MOXKHO 00BsIC-
HUTH pa3HOH YyBCTBUTEIHLHOCTHIO OPraHU3MOB K TOMY HIIM HHOMY CTHUMYTy. Taxk,
XUMAYECKasi CTUMYIIUS P. pileus TpUBOIUT K TOIHOMY BBEICBEUHBAHHIO OCO-
Oeild, 3akaHuMBaronieMycst uX rubenbto [12]. IMeHHO 3TUM OOBSACHSFOTCS BBICO-
KH€ TIOKa3aTell aMIUIATYIbI U SHEPTHUH CBETOM3ITYUCHHS IPH XUMHYECKOU CTH-
MyJBIIAd. MexaHudecKast CTUMYIISIIS B OONBIINHCTBE CIIy4acB HE IPUBOIUT K
ruOeny OPraHu3MOB, a JIUIIb Pa3apakaeT MEXaHOPELIENTOPHBIC KIETKU I'peOHe-
BHKOB, YTO COOTBETCTBYET IPUPOIHBIM THAPOIMHAMUYCCKIM CTUMYJIaM (BOJIHE-
HUIO BOJIBI, IEPEMEIIIMBAHUIO BOTHBIX MacC U T.J.) TI0 CHOCO0Y U HHTCHCUBHOCTH
BO3JICHCTBUS.

Bcero B xome mpoBeneHus nabopaTOpHBIX HccienoBannid Ha 6opry HUC
«[Ipodeccop Bomsuunkuii» B 116-M peiice BBITOIHEHO 37 SKCIESPUMEHTOB 10
BBICBEYMBaHUIO IPEOHEBHKOB TUIEBpoOpaxuid. TUMIHbIe OUOTIOMUHECIICHTHBIE
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CHUTHAJIBI TPEOHEBUKOB HE OTIIMYAIOTCS M TIPENICTABIISIIOT COOOM OMH-IBa HHTEH-
CHBHBIX IIHKA C KPYTHIM ()pPOHTOM HApPACTAHUS U TAKUM Ke (PPOHTOM 3aTyXaHHUS,
IIPH 3TOM OoJiee Pe3KUe BCIBIIIKU OOJIBIICH aMIUTHTYIbI, OBICTPO JOCTHTAIOIINE
MaKCHMyMa U Takoke OBICTPO crajaromue, HabIroaaloTes P XUMIYECKOH CTH-
MyJsuu. M3 37 oToOpaHHBIX OPraHU3MOB OOJIBINAs YacTh BRICBETHIIACH ITPH Me-
XaHHYECKON CTUMYJISAIUY (TabIuIa).
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Puc. 5. AMututyaa OUONIOMHHECHCHTHBIX MUKOB P. pileus (3x3emruisip Ne 34)
MIPU Pa3HBIX METOAAX CTUMYJISALMN: a — MEXaHH4YeCcKast, b — XUMHYecKast
[Fig. 5. On the X-axis - Amplitude of light emission, 10® quantum s cm; on the Y-axis - Duration
of light emission, ms. The amplitude of the bioluminescent peaks of P. pileus (specimen No. 34)
with different stimulation methods: a - mechanical, b - chemical]

Taxum 00pa3oM, HaMH MOKa3aHO, YTO TPEOHEBUKH JEHCTBUTEIHEHO CO3/IAI0OT
CBETSILMECS CIIOU Y peAoKcKiIuHa. HecMoTps Ha orpoMHBIN Iiepenas JaBaeHUs 1
BIIISIHUE TUIAHKTOHHOHM CETH, OKOJIO TPETH YKUBOTHBIX OKA3aJIUCh CIIOCOOHBIMH
CBETHUTHCA.
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Pe3ysbTaThl 3KCHEPUMEHTAILHBIX HCCJIEA0BAHMI CBETUMOCTH rpedHeBUKOB P. pileus
no marepuaiam coopos 116-ro peiica HUC «IIpodeccop Boanssnunukuii» B mae 2021 r.
[The results of experimental studies of the luminosity of pileus combs based on the materials
of the collections of the 116 flight of the RV "Professor Vodyanitsky' in May 2021]

Homep Bun P Mexanunyeckas e
9KCIIEPUMEHTA | OpraHu3Ma asmep reia, CTUMYJIALMSA MMITICCKa
. MM . CTUMYJIALMSA
[Experiment [Typg [Body size, mm] [Mechamcal [Chemical stimulation]
number] of organism] ’ stimulation]

1 P. pileus 12 - -
2 P. pileus 10 -
3 P. pileus 16 - -
4 P. pileus 20 - -
5 P. pileus 10 + -
6 P. pileus 16 4 +
7 P. pileus 16 - -
8 P. pileus 8 — —
9 P. pileus 11 + +
10 P. pileus 13 - -
11 P. pileus 9 — —
12 P. pileus 17 - -
13 P. pileus 7 — —
14 P. pileus 9 — —
15 P. pileus 8 + -
16 P. pileus 7 — —
17 P. pileus 17 - -
18 P. pileus 8 + +
19 P. pileus 7 — —
20 P. pileus 10 - -
21 P. pileus 7 — —
22 P. pileus 9 + -
23 P. pileus 13 - -
24 P. pileus 8 — —
25 P. pileus 7 — —
26 P. pileus 6 - -
27 P. pileus 11 4 +
28 P. pileus 8 + +
29 P. pileus 8 — —
30 P. pileus 8 — —
31 P. pileus 8 + -
32 P. pileus 18 -

33 P. pileus 7 - -
34 P. pileus 12 4 +
35 P. pileus 8 — —
36 P. pileus 6 + -
37 P. pileus 8 + +

Tpumeuanue. «—» — OTCYTCTBUE OMOIIOMHUHECIIEHTHOIO CHTHANA, «+)» — OUOIIOMUHECIICHTHBII

cUrHai 3apMKCHPOBAH.
[Note."-" - there is no bioluminescent signal, "+" - a bioluminescent signal has been received].
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3aki0ueHne

Ha nannb1if MOMEHT emIé HeT KOHKPETHOTO BEIBOZA O TPHpozIe OHONMIOMUHEC-
meHnuu P. pileus, HO 00IIast JOJIS CBETSIIIIXCS OPraHM3MOB OT BCETO JIOBA COCTA-
Bria 32,43%, 9T0 OJJHO3HAYHO JOKA3BIBACT, YTO ILICBPOOpaXus CBETHTCSA W BHO-
CHUT 3HAYUTENBHBIA BKJIAJ B MHTCHCUBHOCTD CBEUCHUS Ha OONBINNX TIyOWHAX y
penokckiuHa. MccnenoBanus Xemnoka u Ketica (1995), BeposTHO, IPOBOAMIUCH
0e3 yJera BBICOKOW YyBCTBHTEIBHOCTH IPEOHEBHKOB IIJICBpOOpaxuii K TeMIepa-
TypHOMY pexuMy. OTBITBI, KOTOPbIE OHU MPOBOAWIIN, COICPIKAIH IIETBIA Psx
9TAIOB, KOTOPEIE SBJLUTHCH TYOUTEILHBIMHE ISl THX OpPraHu3MoB. B pesynbrate
3TOT'O TOJYYEHBI OIMOOYHBIE TAHHBIC O TOM, YTO 3TOT PO HE 00JIaaeT CIoco0-
HOCTBIO cBeTuThcs. OmbiTel O.B. MamykoBoii y 6eperos Cepacromons (2018)
OIIPOBEPIIIH CYIIECTBOBABIIEE ITOUTH 25 JIET MHEHHE O TOM, YTO IUIEBPOOpaxuu
He cBeTATcs. bonee Toro, oHu mokaszanu, 4ro Xeanok u Keiic (1995) nposoanau
OITBITHI O€3 IPECTAaBICHUS O TOM, UTO IJICBPOOpaXUU HMEIOT CE30HHYIO H3MEH-
YHUBOCTh CBEUCHUS (BIOJTHE BEPOSITHO, OHU COOMPAITH MPOOHI JISTOM, KOT/1a 3TOT
BHJ He cBeTHuTcs). Hacrosmme mccnenoBaHus OAHO3HAYHO 3aKPBLTH BOIIPOC O
TOM, CITOCOOHA JIM TIJICBPOOPaXMs CBETUTHCS B 30HE TNIYOMHHBIX IMUKOB OHOJIIO-
MUHECHEHIIMN. JTH OIBITHL, CTABIIME JIOTHYECKAM IPOIOIDKEHUEM pPaOOTHI
O.B. ManiykoBo#, yoeIuTelIbHO MTOKa3aIi ClioCOOHOCTh CIIOCB TUIEBPOOpaxuid y
PEIOKCKIIMHA CO31aBaTh HYKHUM MUK OHMOMOMIHECIICHITIH. OTKPBITHE STOT0 HO-
BOro (heHOMEHa IMO3BOJISICT HCIONB30BaTh OMONIOMUHECIICHTHBIC METOMNBI UL
OBICTPOI OIEHKH TIyOWHBI THEBHBIX CIIOEB 300IUIAHKTOHA IJIS MOCIETYFOITIX
00JIOBOB TUTAHKTOHHBIMH CETSMH. JTO 3HAUUTENBHO PACIIUPSET BOZMOXXHOCTH
W3YUYCHUSI CTPYKTYPHl M (DYHKIMOHUPOBAHUS MENATUIECKOi dKocucTeMbl Uép-
HOT'O MOPSI ¥ IPYTHX MOPCKUX OACCEHHOB C PEIOKCKITHHOM.
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Abstract. Microplastic particles in the size range 0.15 to 5.00 mm were quantified
and characterised in the gastrointestinal tracts of three wild freshwater fish (n = 141)
from the Ob and Yenisei rivers, including common ruffe (Gymnocephalus cernua L.),
Siberian dace (Leuciscus baicalensis Dybowski) and European perch (Perca fluviati-
lis L.). Microplastics were found in the gastrointestinal tract of 62% of the fish exam-
ined, ranging from 18.5% in the Yenisei perch sample to 92.6% in the Ob ruffe sample.
The vast majority of microplastics in all fish species were fibres (up to 99.7% of all
particles detected in perch), followed by irregularly shaped fragments (up to 22.7% in
ruffe), with no preference between the three species. Spheres and films were found ex-
clusively in dace and ruffe, with proportions of 3.7% and 1.2% respectively. Particles
consisted of polyethylene terephthalate, polypropylene, polyamide and other synthetic
polymers with a significant proportion of highly degraded polymers. The mean MP
content in fish GITs ranged from 0.44 + 0.25 items per individual in Yenisei perch to
3.81 £ 0.55 items per individual in Ob ruffe. Particle burdens in fish were significantly
higher in the Ob than in the Yenisei (p < 0.05), which may reflect the common level of
plastic contamination in these two rivers. MP ingestion varied in species with different
feeding habits as ruffe (benthivorous) > dace (omnivorous) > perch (hunter) in both
rivers (p < 0.01). This study was the first to quantify MP consumption by freshwater
fish of different species in the Ob and Yenisei rivers and to identify patterns associated
with different feeding habits.

The paper contains 4 Figures, 2 Tables and 37 References.

Keywords: microplastics, freshwater fish, Ob River, Yenisei River, bioindication,
particle ingestion patterns, feeding habits
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AHHoTauus. [IpoBeeH KOMMUECTBEHHBIN yUeT U JaHa XapaKTePUCTUKA MUKPOII-
JacTHKa pa3MepHoro auanazoHa ot 0,15 1o 5,00 MM B jkesTyJOUHO-KUIIEYHOM TPaKTe
TpeX BHIOB JUKHX MPECHOBOAHBIX pbIO (n = 141) u3 pex O6b u Enuceil, Bkirouast
obbIkHOBeHHOTO epiua (Gymnocephalus cernua L.), cubupckoro embua (Leuciscus
baicalensis Dybowski) u peunoro okyust (Perca fluviatilis L.). Mukpormnactuk Obu1
OOHAapYKEH B JKeTyA0YHO-KUILEYHOM TpakTe 62% HCCIe0BaHHbIX PbIO, 10N pbIO ¢
IUIACTHKOM BapbupoBasia oT 18,5% B BbIOOpKE eHuceiickoro okyHs 10 92,6% B BbI-
6opke obckoro epia. [Topasisioniee OOMBIIMHCTBO MHKPOIUIACTHKA BO BCEX BHIAX
pbIO cocTaBisuIM BONOKHA (10 99,7% Bcex yacTull, OOHAPYKEHHBIX B JKEIYI0YHO-KH-
LIIEYHOM TpaKTe OKyHeil), 3areM ciefoBain (parMeHThl HelpaBWIbHOH GOpMBI (10
22,7% y epiua). JlocToBepHbIC OTIMYMS B IOMVIOIIEHHH YAacTULL TOM WIM MHON (opMbI
MEXIy Tpemsi Bumamu pbib orcyrerBoBaiii. Chepbl U IIeHKH ObUTH OOHAPYIKSHBI HCKITIO-
YUTENBHO B BBIOOPKax eIlblia M epliia, UX J0Ms cocTaBisuia jumb 3,7 u 1,2%, coorBer-
crBeHHO. HaliieHHbIe B ppIOax 4acTHIIbI COCTOSUIN U3 MOJMITHIICHTepedTaaTa, noiauIpo-
IMJICHA, TIONIMAMKZIA M IPYTUX CHHTETUYECKHX HOIMMEPOB CO 3HAYUTENBHOM Joet erpa-
JIMPOBAHHBIX MoMMepoB. CpeziHee coliepykaHue MUKPOILTACTHKA B JKENYJ04HO-KUILICYHOM
Tpakte pbib BapbupoBaio ot 0,44 + 0,25 1t. Ha ocodb y okyreii n3 Enuces mo 3,81 + 0,55
IT. Ha 0co0b y epuieit u3 O6u. ComeprkaHue YacTHIl B Pbl0ax ObLIO 3HAYMMO BBIILIE VTSI
BbI0OpOK 13 06w, uem u3 Exncest (p < 0,05), uTo MOXKET OTpakaTh OOIIUI YPOBEHb IIACTH-
KOBOI'O 3arpsi3HEHMS B 9THX JIBYX pekax. [ToroleHre MUKpOIUIaCTHKa Y BUIOB C Pa3HBIM
TMILEBBIM MOBEICHUEM PACIIPEIEIIIOCh B IOCIEI0BATENBHOCTH: epll (OeHTodar) > enen
(aBpudar) > okyHb (xuiHKK) B 0benx pekax (p <0,01). B naHHOM ucciieioBaHny BriepBbie
IPOBE/ICHA KOJIMYECTBEHHAs OLIEHKA NOTPEOJICHNs MUKPOIUIACTHKA TIPECHOBOJHBIMU Pbl-
Oamu pa3HbIX BUIOB B pekax OOb u EHuceid U BbIBICHBI 3aKOHOMEPHOCTH, CBSI3aHHBIC C
Pa3IMYHBIM IHILEBBIM ITOBEJICHHEM.

KiioueBble ci10Ba: MUKPOILUIACTHK, PECHOBOAHBIE PbIOb, O0b, EHNCEll, OHOMH-
JIMKALWst, 0COOCHHOCTH HOTJIOIIEHHS YacTHI], IUILEBOE MOBECHHE
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duHaHcHpoBaHHe: paboTa BHINOIHEHA INPU MOAAEPXKKe Poccuiickoro HayyHOro
¢ouna (rpant Ne 22-27-00720) u [Iporpammel pa3Butust TOMCKOro rocy1apcTBEHHOIO
ynauBepcurera ([Ipuopurer 2030).

BaarogapHocTH: MUKPO-paMaHOBCKas CIIEKTPOCKOIHS IPOBOAMIach B TOMCKOM pe-
TMOHAJIBHOM LIEHTPE KOJUIEKTHBHOIO IOJIb30BaHMS HaydHbIM 0OOpynoBaHueM Tom-
CKOr'0 rOCYJJapCTBEHHOTO YHUBEPCHUTETA.

Jnsi murupoBanmsi: Vorobiev DS, Frank YA, Rakhmatullina SN, Vorobiev ED,
Poskrebysheva YR, Oladele O, Trifonov AA. Microplastic ingestion by fish with dif-
ferent feeding habits in the Ob and Yenisei rivers. Vestnik Tomskogo gosudarstvennogo
universiteta. Biologiya = Tomsk State University Journal of Biology. 2024;66:252-266.
doi: 10.17223/19988591/66/13

Introduction

Freshwater fish, which are considered to be the main recipients and bioindica-
tors of microplastic < 5 mm (MPs) pollution in rivers and lakes, are a valuable
model for developing knowledge on the effects of plastics on biota [1]. Published
data show that MPs and smaller particles (nanoplastics) can have adverse effects
on freshwater fish at almost all biological levels, including the cellular, tissue and
organ, individual, population, aquatic community and ecosystem levels, causing
metabolic disorders, altered feeding behaviour, mortality and changes in commu-
nity structure [2-3]. The uptake and effects of MP particles in freshwater fish were
first documented in 2013 [4], and the number of publications has steadily in-
creased since then. More recently, evidence of plastic particles in commercial wild
fish and fish products has emerged [5], highlighting the potential impact of MP
contamination of the hydrosphere on human health [6-7]. Freshwater fish are im-
portant contributors to both aquatic and terrestrial food chains; in aquatic ecosys-
tems, fish are among the most important consumers or top predators, occupying
an obvious position in the food web [8]. Many of Siberia's river fish are commer-
cially important and serve as a source of protein for local populations, highlighting
the importance of research in this area.

Research on the uptake of MPs by wild fish around the world is mainly based
on examination of the gastrointestinal tract (GIT), as ingestion is considered to be
the main external route for particles [9]. The trophic guild can be an important
factor in explaining the presence and abundance of MPs in the GIT of a fish [10].
MPs can be ingested by fish with different feeding habits in several ways [11]: (1)
predators ingest particles as prey; (2) planktophages ingest MPs passively when
filtering nutrients; (3) organisms ingest MPs accidentally from the environment
during non-filtering feeding; (4) organisms obtain MPs through food chains; and
(5) organisms ingest MPs passively from the surrounding aquatic environment
during respiration.

MP ingestion has previously been demonstrated for omnivorous dace in trib-
utaries of the Ob and Yenisei [12-13], but not in the main rivers. The consumption
of MP by perch and ruffe in Siberian rivers and its patterns for fish with different
feeding habits are of interest. This study aimed to quantitatively evaluate the con-
sumption of MP by three freshwater fish species with different feeding strategies,
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including Siberian dace, European perch and common ruffe in the main rivers of
the Ob and Yenisei. The Siberian dace is a freshwater benthopelagic omnivorous
fish of the Cyprinidae family that feeds on insect larvae such as caddis and may-
flies, terrestrial insects, cladocerans, copepods, algae and higher aquatic plants
[14]. The European perch and the common ruffe are two demersal carnivorous
freshwater fish of Percidae family [15]. The larvae and small juveniles of perch
usually feed on planktonic invertebrates; the adult is a typical hunter, while the
main food of adult ruffe is zoobenthic and nektobenthic organisms [15-16]. It was
shown that the niche widths of perch and ruffe differ in terms of temperature, light
intensity and distance from the bottom, providing evidence for complementary
niche widths [17]. For the purposes of this study, we have classified dace, perch
and ruffe as ‘omnivorous’, ‘hunters’ and ‘benthivorous’ respectively, based on
their feeding habits.

Materials and Methods

Fish Sampling and Biological Analysis. The objects of the study were fresh-
water fish commonly found in Siberian rivers, namely European perch (Perca
fluviatilis L., 1758), common ruffe (Gymnocephalus cernua L., 1758) and Sibe-
rian dace (Leuciscus baicalensis Dybowski, 1874). A total of 141 fish individuals
of these species were caught using a fishing rod and analysed from the Ob
(n=74) and Yenisei (n = 67) rivers. The Yenisei fish collection was carried out
in the Krasnoyarsk region from 20 to 29 June 2022. Dace (n = 20) and perch
(n = 20) were collected from the Yenisei River within Krasnoyarsk (55°59' N
92°50' E), another 7 perch individuals were caught near Bor settlement (61°35' N
90°02' E), ruffe (n = 20) were collected in Dudinka (69°24' N 86°09' E). All Ob sam-
ples were caught in the Nizhnyaya Fedorovka settlement, Molchanovo district,
Tomsk Oblast (57°42'24' N 83°51'32' E). Perch (n = 27) and ruffe (n = 24) were
caught in June 2022; dace (n = 23) were caught in August 2023 at the same site.

Total fish length (L) and standard body length (1) were measured to the nearest
1 mm. Total body weight (Q) and body weight without viscera (q) (= 0.1-0.01 g) were
determined using an electronic balance. Fish GIT fullness was determined visually
and scored from 1 to 5 using the Lebedev scale [18]. Fish age was determined by the
number of annual rings on the fish scales under a dissecting microscope. The sex of
the fish was determined visually from the gonads as described by Pravdin [19].

Fish individuals were dissected and the entire gastrointestinal tract (GIT), in-
cluding oesophagus, stomach and intestines, was removed for further processing
as previously described [20]. GITs were fixed individually in 70% ethyl alcohol
[21] prior to MP extraction.

Extraction, Quantification and Identification of Microplastics. To extract MPs
from fish GITs, we used a protocol based on alkaline digestion of soft tissues
followed by density separation [22]. The digestion procedure involved the de-
struction of fish organs for 48 h in 100 mL of 10% KOH at 55°C. After tissue
destruction, MPs were collected by density separation in a saturated NaCl solution
(1.19 g/cm?®) overnight to avoid mineral particles. To remove products of fat sa-
ponification, the upper phase from the separation funnel was additionally treated
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with 96% ethyl alcohol (10% of sample volume). After treatment, each sample
was individually vacuum filtered through a glass fiber filter with a pore size of
1 um (Membrane Solutions, China).

Particles collected on the membrane filters were first examined by light mi-
croscopy (Micromed MC2 stereomicroscope) using a digital camera and
ToupView 3.7.6273 software, and probed using a ‘hot needle test’ [23]. The pol-
ymer composition of the particles was determined using microscopy coupled with
Raman spectroscopy (LRaman) as described previously [24]. Spectra were ob-
tained using an InVia Basic (Renishaw, UK) confocal Raman dispersion spec-
trometer fitted with a DM 2500 M microscope (Leica, Germany). Excitation was
performed with a continuous wave semiconductor laser (wavelength 785 nm,
100 mW). The maximum laser intensity did not exceed 10% to avoid heating and
destruction of the sample. The signal spectrum was accumulated during 1 s and
the number of scans reached 200. The spectra were measured in the range of 100
to 1800 cm™! with a spectral resolution of 1 cm™. The spectra obtained were then
compared with those of known plastic materials available in the PublicSpectra
database.

Quality Assurance and Control. Biological analysis was performed directly
after sampling to avoid particle loss and underestimation, as recommended [25].
Each individual fish was rinsed with distilled water prior to dissection to remove
any contamination from the fish body, and final dissection was performed in a
filtered air laminar flow box. Blanks containing no biological material were
analysed to control for air and reagent contamination as previously described [21]
(n =5 per 10 fish). Quantitative data were then normalised to account for blank
results (0 to 2 fibers per filter).

Analysis and Interpretation of the Data. MP abundance in GITs was assessed
as the number of particles per individual fish (items/ind.) and interpreted in the
paper as the arithmetic mean + standard error of the mean for each sample. Stand-
ard deviation and variation of MP content values per individual are also shown.
MP particles extracted from fish GITs were classified by shape into four groups:
spheres, films, fibers and irregularly shaped fragments, as previously done for
Siberian dace in the Yenisei tributary [13]. The particles were also classified into
groups according to their largest dimension: 0.15-0.30 mm, 0.31-1.00 mm, 1.01-
5.00 mm. The proportion (%) of each shape and size group of MPs was calculated
for each of the six fish samples examined.

Differences in MP uptake by dace, perch and ruffe between the Ob and the Yenisei
were assessed using the Mann-Whitney U test, as were differences in MP abundance
between males and females, and adults and juveniles. The Kruskal-Wallis H test was
used to determine the significance of differences in MP uptake by species within each
river and in particle shape and size distribution in the GITs of three fish species. Dif-
ferences were considered statistically significant at p < 0.05.

Results and Discussion

Abundance of Microplastics in Fish GITs and Associations with Biological
Characteristics. The biological characteristics of the investigated samples from
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the Ob and Yenisei rivers, as well as the content of MPs in the GIT of fish, are
presented in Table 1.

Table 1
Biological characteristics of fish samples and MP content in fish gastrointestinal tracts
Age GIT | % of
Parame- L mm! 1 mm Qe e year; n full- ﬁsh . MP§,
ter ’ ’ ’ ’ (n) Q/3huv| ness, | with | items/ind.
score | MPs
G. cernua, the Ob River, 2023
X 93.41 | 84.96 13.97 13.02 1+ Q) 1.65 3.81
SD 19.07 | 14.93 8.05 7.81 24(13)| 27 0.65 2.88
mx 3.7 2.87 1.55 1.5 3+ (11 127123 0.13 | 92.59 0.55
lim |70-135[67-120|5.57-33.08 ;‘17;3 4+ (1) 13 0-11
L. baicalensis, the Ob River, 2023
X 96.78 | 88.26 9.95 8.55 2 1.85
SD 14.16 | 12.77 5.17 496 |1+(16)| 23 1 913 1.58
mx 2.95 | 2.66 1.08 1.04 2+ (7) | 3/0/20 | 0.21 ’ 0.33
lim |[71-128|63-118| 2.95-21.5 | 1.4-19 1-4 0-6
P. fluviatilis, the Ob River, 2023
X 200.88|181.75| 131.6 122.56 1+ (1) 1.83 1.65
SD 17.38 | 17.72 30.96 29.33 3+(12)| 24 0.98 3.11
mx 3.55 | 3.62 6.32 5.99 oy 0.21 | 66.66 0.63
4+ (9) (14/10/0
lim 158- | 142- 61.3- 57.45- 5+(2) 14 0-15
230 | 215 199.02 188.01
G. cernua, the Yenisei River, 2022
X 126.5 | 115.2 18.57 16.25 2.68 2.32
SD 12.54 | 11.74 6.41 5.53 1+(2) 20 1.12 2.2
mx 2.8 2.63 1.43 1.24 |2+ (10) 13/7/0 0.25 75 0.49
. 109- | 100- 10.20- | 3+(8)
lim 157 145 11.10-37.9 373 1-5 0-9
L. baicalensis, the Yenisei River, 2022
X 208.15|188.25| 110.85 95.18 6+ (6) 3.33 0.86
SD 16.41 | 15.25 30.00 22.98 745y | 20 1.08 1.71
mx 3.67 | 3.41 6.71 5.14 = 0.24 30 0.38
8+ (8) | 12/8/0
lim 180- | 159- 60.20- 56.10- 9+ (1) 2.5 0-6
232 212 155.7 138.7
P. fluviatilis, the Yenisei River, 2022
X 213.89|189.93| 154.79 141.25 | 1+ (1) 3.37 0.44
SD 48.3 | 43.8 128.83 120.62 | 3+(8) 1.44 1.28
mx 9.3 | 843 | 24.79 2321 |4+ )| 27 | 028 | 1g5y | 0.25
5+(7) | 9/18/0 )
lim 166- | 147- 60.20- 53.30- 6+ (1) 1-6 0-6
335 314 5554 519.8 8+ (1)

Note. n - sample size; X - arithmetic mean; SD - standard deviation; mx - standard error of the mean;
lim - variation in values; Q - female; &' - male; juv. - immature; ind. - fish individual.

The concentration of 0.15-5.00 mm plastic particles in the investigated fish
varied between samples from 0.44 £ 0.25 items/ind. in perch from the Yenisei to
381 £ 055 in ruffe from the Ob. In our study, 62% of fish
(n = 141) contained MPs in their GIT, ranging from 18.5% of the Yenisei perch
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sample to 92.6% of the Ob ruffe sample (Table 1). In addition to more individuals
from the Ob containing MPs in their GIT compared to fish from the Yenisei, there
were statistically significant differences in MP uptake by fish of the same species
in the two rivers (Fig. 1). Ruffe caught in the Ob River ingested more particles
(p < 0.05) than ruffe caught in the Yenisei River. The GITs of the Ob samples of
dace and perch also showed a higher content of MPs (p < 0.01) than those of the
Yenisei samples. This may be a bioindication of a higher MP load in the Ob sys-
tem compared to the Yenisei, as estimated in preliminary surface water and sedi-
ment pollution studies [26-27].

The uptake and accumulation of MPs by freshwater fish has been studied
worldwide, with the two most intensively studied species being common carp
(Cyprinus carpio L., 1758) and Nile tilapia (Oreochromis niloticus L., 1758) [9].
Much less attention is paid to the fish species analysed in our study. MPs in GIT
were counted in perch from four Italian southern alpine lakes, showing that plastic
particles < 0.4 mm were present in 86% of the samples analysed (n = 80), with
mean values ranging from 1.24 = 1.04 items/ind. in Lake Como to 5.59 +
2.61 items/ind. in Lake Garda [28].

5.0 5.0 - 5.0
45 - 45 - 45
4.0 - 4.0 - 4.0
35 3.5 4 3.5 -
p<0.05 p<0.01 p<0.01
3.0 3.0 4 3.0 4

2.5 4

2.0 4

1.5 A

MPsin fish GITs, items/ind.

1.0 4

0.5 -

0.0 +

G.c.(0) G.c. (Yl L1 (0) LI(Y) Bf (0) Bf.(Y)

Fig. 1. Content of the MPs in GIT and differences in particle ingestion by fish between
the rivers, based on the Mann-Whitney U-test, significant at p <0.05 and p <0.01.
Designations (hereinafter): G.c. (O) and G.c. (Y) - G. cernua from the Ob and Yenisei rivers;
L. (O)and L.L (Y) - L. baicalensis from the Ob and Yenisei rivers; P.f. (O) and Pf. (Y) -
P. fluviatilis from the Ob and Yenisei rivers

Individuals of common dace (Leuciscus leuciscus L., 1758) from rivers and
lakes in Baden-Wiirttemberg, south-west Germany, contained no MPs in the
GITs, whereas perch and ruffe, among other freshwater fish studied, ingested par-
ticles of 899 £ 1050 pum [29]. For fish from Siberian rivers, previous studies have
only been carried out on samples of dace from tributaries of the Ob and Yenisei.
In the GIT of dace from a tributary of the Ob, the Tom River (n = 13), the content
of particles in the size range 0.15-5.00 mm was high, averaging 41.7 items/ind.
[12]. However, the quantitative analysis was preliminary and without verification
of the polymeric nature of the particles, which may account for the overestimated
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content. Another possible explanation is the use of strong acid hydrolysis of fish
GITs, which may lead to additional fragmentation of MPs and their overestima-
tion. Data on the content of MPs with confirmed polymer composition in the GIT
of Siberian dace sampled from a tributary of the Yenisei, the Nizhnyaya Tunguska
River (n = 40), have been published [13], which averaged 1.76 items/ind. and was
significantly lower (p < 0.05) than that obtained in the present study for daces
from the main river.

Patterns in the ingestion of MPs by freshwater fish are often related to individ-
ual biological traits such as body size [1]. For example, a significant correlation
between MP uptake and body length/weight (p < 0.01) was observed in fish from
the Han River, South Korea [30]. In our study, MP content in fish GIT was mod-
erately correlated with linear size (L, 1) and body weight (Q, q) in ruffe and perch
from the Ob River samples (Table 2). No significant correlation was found be-
tween fish GIT fullness and the number of MPs in the fish.

Table 2
Spearman correlation between MP ingestion
and biological parameters of the fish studied
Sample MPs-L | MPs-1 | MPs-Q | MPs-q GITI"[flzlslness I‘fgi
G. cernua, 1s=0.59 | 1s=0.66 | 1s=0.55 | rs=0.53
the Ob River, 2023 |(p <0.01)|(p <0.01)|(p < 0.05)|(p < 0.05) 1o 1o
L. baicalensis,
the Ob River, 2023 1o 1o 1o 1o 1o 1o
P. fluviatilis, 15=042 [ 15=0.40 | s=0.41 | rs=0.41 rs=0.39
the Ob River, 2023 (p <0.05)|(p <0.05)|(p <0.05)|(p <0.05) no (p<0.05)
G. cernua,
the Yenisei River, 2022 no no no no no no
L. baicalensis,
the Yenisei River, 2022 no no no no no no
P. fluviatilis, 1s =0.46
the Yenisei River, 2027 "© 1o 1o 1o 1o (p<0.05)

Note. MPs - number of MP particles in GITs, items/individual; rs - Spearman's rank correlation
coefficient, no - no significant correlation.

No significant association was observed between fish age and MP intake for
dace and ruffe samples. However, a moderate positive Spearman correlation
(p < 0.05) was found between age and MPs in the GIT for perch in both the Ob
and Yenisei samples (Table 2). Statistical comparison of MP abundance in the
GIT of fish using the non-parametric Mann-Whitney test showed no differences
between groups of males and females and between adults and juveniles. Sex has
been suggested as a possible explanation for differences in MP patterns in fresh-
water fish in several studies [31-32]. However, this is probably an artefact of body
size associated with sexual dimorphism in fish [1, 33].

Characteristics of Microplastic Found in the Gastrointestinal Tract of Fish.
The MPs found in fish GIT were diverse in their chemical structure and repre-
sented both single polymers and mixtures (Fig. 2). Of the individual polymers,
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polyethylene terephthalate (PET) was detected in all six fish samples and ac-
counted for up to 60% of all particles in Siberian dace from the Ob River. Only
ruffe and dace ingested polypropylene (PP) and acrylonitrile styrene acrylate
(ASA) microparticles in proportions of < 10%; polyacrylamide (PA) fibres and
styrene-ethylene-butylene-styrene (SEBS) MPs were detected exclusively in the
Ob ruffe and Yenisei dace, respectively (Fig. 2). Approximately 4% of the MPs
in the Yenisei ruffe were represented by a PA12-PTMG copolymer consisting of
polyamide blocks and polyether blocks, and 5.6% of the MPs in the Ob ruffe were
particles of high-density fluorinated ethylene-propylene copolymer (FEP).
A comparatively large proportion of MPs in the GIT of Yenisei ruffes, daces and
perches were identified as thermoplastic polyolefin polymethylpentene (PMP)
with the low spectral similarity of < 35%. A similar situation was observed with
particles of polymer based on industrially used polyethersulphone (PES) (Fig. 2).
The problem of identifying MPs was previously highlighted by Galafassi et al.
[28], who observed that 43% of plastic particles from perch GITs were highly
degraded, making it impossible to identify them down to the polymer type. The
authors characterised the polymer composition of such MPs using the terms ‘ali-
phatic polymers’ and ‘aromatic polymers’ based on narrow and intense infrared
peaks in the aromatic and aliphatic C-H stretching region (2800-3150 cm™).
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Fig. 2. Polymer structure of the MPs detected in the GITs of fish from the Ob
and Yenisei rivers based on the results of the pRaman identification

In terms of morphology, the majority of the MPs from GITs were fibers, which
accounted for up to 99.7% in 51 perch individuals from two rivers (Fig. 3a). The
proportion of fragments was higher in ruffe, reaching 22.7% of the total number
of MPs; spheres and films were found exclusively in dace and ruffe, with a pro-
portion of 3.7% and 1.2% respectively. Based on the meta-analysis of plastics
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ingested by fish worldwide, fibers were the most common MPs ingested by fish,
with a relative abundance of about 72% [34]. Otherwise, more than half of all
MPs detected in the GITs of freshwater fish in rivers and lakes of south-west Ger-
many were irregularly shaped fragments, followed by fibers, which accounted for
almost 40% [29]. Plastic films and spheres were rare, similar to the results ob-
tained for Siberian fish in the current study.

In the literature, MPs have been divided into two groups called ‘small micro-
plastics’ (< 1 mm) and ‘large microplastics’ (1-5 mm) [35]. Of the studies that re-
ported the size of MP ingested by fish globally, 74% found small particles to be the
as the predominant size class [34]. The maximum content of the smallest particles
of 0.15-0.30 mm (37%) was found in the GITs of omnivorous dace from Siberian
rivers; ‘large’ MPs of 1.00-5.00 mm were relatively more abundant in benthivorous
ruffe, accounting for up to 67% of the MP number (fig. 3b). However, the Kruskal-
Wallis test showed no preference for MPs of different shapes and sizes among the
three fish species (p > 0.05).

Microplastic Ingestion by Fish with Different Feeding Habits. The level of MP
ingestion was dependent on the feeding habits of the fish species, with a signifi-
cant decrease in the raw benthivorous ruffe — omnivorous dace — hunting perch in
two Siberian rivers (p < 0.01) (Fig. 4). It is thought that predatory or fish-eating
fish are more vulnerable to MP consumption than fish with a different feeding
strategy [36], but published data are inconsistent. Other studies support our find-
ings on the minimum MP consumption by perch, the only fish analysed with the
smaller fish found in GIT. For example, a study of MP uptake by freshwater fish
in southwest Germany shows a significantly lower particle loads in piscivorous
fish than in lower trophic groups [29].
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Fig. 3. Distribution of MP shapes (a) and sizes (b) in the GITs
of fish from the Ob and Yenisei rivers
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Fig. 4. MP ingestion by fish with different feeding habits, significant
at p <0.01 based on the Kruskal-Wallis H-test

Previously, omnivorous fish were shown to have higher levels of MPs in their
GIT (namely, fibers) than herbivores and carnivores [37]. Other research has
shown that omnivorous and insectivorous fish contain more MPs than carnivorous
and herbivorous fish [30]. In the current study, the MP content in the GIT of ruffe
and perch, both carnivorous fish, was significantly different (p < 0.01), showing
that not only the feeding type influences particle uptake but also the feeding be-
haviour and living habitat. As bottom sediments are a sink for MPs, demersal and
benthic fish are likely to be more exposed to MPs than pelagic species, which has
been shown in many studies for freshwater fish as reviewed by Collard et al. [36].
We detected the highest particle content in the GIT of benthivorous ruffe in the
Ob and Yenisei rivers compared to two other fish species with different feeding
habits (p < 0.01). This may be related to the release of MP deposited on the surface
and inside sediments during ruffe feeding, supporting previous findings.

Conclusions

It has been shown that wild freshwater fish in the Ob and Yenisei rivers ingest
MPs. Quantitative analysis coupled with pRaman spectroscopy revealed that 62%
of the fish studied (n = 141) in two Siberian rivers contained MPs of 0.15-5.00
mm in their GIT, ranging from 18.5% of Yenisei perch to 92.6% of Ob ruffe. MP
content in fish GIT varied between samples from 0.44 £ 0.25 items/individual in
perch from the Yenisei to 3.81 + 0.55 in ruffe from the Ob. The ingestion of MPs
depended on the feeding habits of the fish species (p < 0.01), e.g. benthivorous
ruffe > omnivorous dace > hunting perch, which was true for both rivers. Most of
the ingested particles were fibers (up to 99.7% in the GITs of perch). The maxi-
mum content of the smallest particles of 0.15-0.30 mm was found in the GITs of
omnivorous dace from Siberian rivers, but ‘large” MPs of 1.00-5.00 mm were
relatively more abundant in ruffe. However, there was no significant preference
for MPs of different shapes and sizes among the three fish species.
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All three fish species samples caught in the Ob River ingested significantly

more particles (p < 0.05) compared to the Yenisei River, which may indicate a
higher MP load in the Ob system compared to the Yenisei. At the same time, the
consumption of MPs by different fish species differed significantly in each of the
rivers. The data may be useful for the selection of fish species for bioindication
of plastic pollution in Siberian rivers in the future.
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