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ABSTRACT. New AMS!C-dated records of changes in the natural environment of southern Siberia from
varve sediments of Lake Shira (Minusinsk Basin) are presented. The results allow reconstructing the his-
tory of vegetation, biomes, climate, relative productivity of the lake system, changes in the lake catch-
ment erosion, and water levels in the lake itself over the past 2980 cal. years with an average temporal
resolution of 21 years. The new reconstructions indicate a wet regional climate between 2980 and 2650
cal yr BP and its gradual aridization later. At the same time, the climate of the basin itself was more
arid, thus providing the development of steppe and meadow-steppe communities around the lake in the
last 2980 years. Variations in the Artemisia/Chenopodiaceae pollen ratio, considered as an indicator
of moisture available to plants, suggest a slight increase in the moisture level in the Minusa Basin from
2980 to 50 cal yr BP and its noticeable decrease in the last 50 years. Reconstructions show that changes
in vegetation around Lake Shira in the Late Holocene were mainly caused by large-scale circulation pro-
cesses that changed the regional moisture balance. Steppe vegetation turned out to be very sensitive to
moisture changes on a decadal scale. No clear pollen indicators of anthropogenic impact on vegetation
were found in the new pollen record.
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1. Introduction

The bottom sediments of Lake Shira are recog-
nized as the most valuable archive of Holocene climate
changes due to the presence of annually laminated
series - varves in its sediments (Kalugin et al., 2013),
which makes it possible to obtain reconstructions of the
natural environment with season-decadal resolution.
The proposed new palynological record from the upper
part of the Shira-2021-II-1 core is 530 years older than
the previous one (Hildebrandt et al., 2015), allowing us
to reconstruct the history of the natural environment
for the last 2980 years.
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2. Materials and methods

The close, meromictic, saline Lake Shira is
located in the Khakassky State Nature Reserve. The sur-
face area of the lake is 36 km?, maximum water depth is
25 m. The lake is fed by the Son River. Other sources of
water are groundwater and atmospheric precipitation
(Kalugin et al., 2013). The climate of the area is conti-
nental, arid. The vegetation in the north of the Minusa
Basin is dominated by steppes and forest-steppes. The
foothills are occupied by forests consisting of larch
Larix sibirica and, to a lesser extent, pine Pinus sylves-
tris. Forests of birch Betula, pine, spruce Picea obovata,
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fir Abies sibirica, Siberian pine Pinus sibirica form the
mountain taiga belt of the ridges around the basin.
In the vicinity of Lake Shira, meadow-steppe associ-
ations with the dominance of grass Poaceae, legumes
Fabaceae, complex-flowered Asteraceae, wormwood
Artemisia prevail. Larch, birch, poplar Populus, pine,
elm Ulmus pumila, willow Salix grow along the shores.
In 2021, in the deepest part of the lake, the UWITEC
drilling station drilled a borehole through the bottom
sediments to bedrock, with core sampling of the undis-
turbed structure. To date, the upper, 144-cm portion of
the sediment section from borehole Shira-2021-II-1 has
been studied. The age-depth model is based on “C dat-
ing with accelerator mass-spectrometry. Every centime-
ter of sediment was analyzed for palynological, X-ray
fluorescence analysis, and physical property determi-
nations. Green algae cells, micro-charcoals larger than
100 pum were counted on pollen slides.

3. Results and discussion

The sediments in the Shira-2021-II-1 core were
formed during the last 2980 years and are represented
by an alternation of multicolored layers, within which
thin-laminated layering is traceable. The sediment
composition is dominated by clay fraction. The recon-
structions suggest the development of meadow-steppe
associations on the plains of the north of the Minusa
Basin. On the tops of hills larch was growing in the con-
tinental and insufficiently humid climate of the basin
2980-2650 BP, which is also supported by low values
of A/Ch ratio. However, the elevated values of the cool
coniferous forest biome indicate more humid condi-
tions in the mountainous frame of the basin, which cor-
responds to the humid and cool climate of the Sayan-
Altai region 3000-2300 BP (Bronnikova et al., 2018). It
is important to note that 2950-2750 BP the lake accu-
mulated organic matter-poor “whitish” silts, which are
characteristic of the intervals of the holomictic state of
the lake system and lowered water level (Kalugin et al.,
2013). Probably, the colder climate could have contrib-
uted to reduced evaporation/increased moisture and
the emergence of favorable conditions for dark conifer-
ous tree species in the mountains.

Later, 2650-880 BP, the role of meadow-steppe
associations increased in the north of the Minusa
Basin. In the surrounding mountains, the dark conif-
erous species decreased or their lower limit increased.
Reconstructions suggest a continental, insufficiently
humid regional climate, which, however, was inter-
rupted by short episodes of increased moisture, as evi-
denced by the maximum A/Ch values of 2040, 1980,
and 1850 BP. The layer of “whitish” silts, correspond-
ing to cooling, was formed 2090-1950 BP. Cooling
resulted in reduced evaporation, providing sufficient
moisture for meadow-steppe communities and the cold
deciduous forest biome 2650-880 BP.

Forb-grass steppes kept prevailing between 880-
50 BP. Since 120-100 BP, wet habitats favorable to
poplar, Ranunculaceae, Cyperaceae, appeared along
the lake shores, possibly indicating an expansion of the
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riparian/shallow-water zone.

The increased role of birch in the last 50 years
coincides in time with a similar event from the LS09
record, confirming the reliability of the age models of
both records and their high temporal resolution. The
spread of birch could be a consequence of the trans-
formation of local landscapes due to the construction
of resort areas around Lake Shira (Hildebrandt et al.,
2015). The dramatically increased input of sand and
silt size particles into the lake in the last 50 years may
also be a consequence of increased anthropogenical-
ly-induced erosion along with aeolian input.

Comparison of the micro-charcoals input
variations in the Shira-2021-1I-1 record with the
sequence of Bronze and Iron Age cultures in Khakassia
(Blyakharchuk and Chernova, 2013) demonstrates an
increased micro-charcoals input in the final Tagar cul-
ture, middle Tashtyk, first half of the Kyrgyz cultures,
and in the modern period. Moreover, the last 50-40
years are characterized by a constantly high input of
micro-charcoals into the sediments of Lake Shira.

Comparison of A/Ch variations with air tempera-
ture fluctuations in the North Atlantic Region shows
that during the last 2980 years, nearly every A/Ch peak
has its counterpart in the in the NGRIP isotope-oxygen
record from Greenland. This may imply that the mois-
ture conditions in the north of the Minusa Basin reflect
the decadal variability in the North Atlantic tempera-
ture westerly-associated moisture transport.

4. Conclusion

The record of pollen and non-pollen palyno-
morphs extracted from the annually laminated sedi-
ment of Lake Shira covers the past 2980 year with an
average 21-year resolution. This unique sedimentary
archive allows a detailed reconstruction of the lake
ecosystem development, and regional vegetation and
climate dynamics.

The reconstructions show a relatively wet
regional climate at 2980-2650 BP and a more arid
sub-regional climate in the basin. Variations in the A/Ch
ratio suggest a slight increase in moisture in the basin
between 2980 and 50 BP and a marked decrease in the
last 50 years. However, this increase was interrupted
by short intervals of increased climate aridization. The
maximum input of micro-charcoals for the last 2980
years falls on the existence of Takshtyk, Kyrghyz cul-
tures and the Russian period, but whether it was caused
by anthropogenic influence only it is difficult to deter-
mine at this stage of research.

The reconstructions showed that changes in the
vegetation around Lake Shira in the late Holocene were
mainly due to large-scale circulation processes that
changed the moisture balance in the region. In the new
pollen record, as in the previous one, no clear pollen
indicators of anthropogenic influence on vegetation
were found. Only a noticeable increase in birch pollen
in the last 50 years may indicate landscaping around
resort areas.
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PacTUTeAbLHOCTb U KAMMAT tora Cubupm

B NO3AHENM ronoueHe C AeKaAHbIM
pa3pelieHueM: pe3yAbTaTbl KOMNAEKCHOro
H3YUYEeHHA AOHHbIX OTAOXKEeHUM 03. Llliupa,
MuHYCHHCKasA KOTAOBHHA

Be3pykoBa E.B.'*, PemetoBa C.A.!, AMocoBa A.A.!, IlleTHnkoB A.A.?, 3p1k0B B.B.3,
Yyb6apos B.M.!, Bysbxun A.O.3, dunuHoB U.A.%, Kpatinos M.A.!, Poro3usx /1.10.3

THncmumym eeoxumuu um. A.I1. BuHoepadosa CO PAH, yn. @asopckoeo, 1A Hpkymck, 66403, Poccua
2HHcmumym 3emHoll kopet CO PAH, ys1. Jlepmonmoaa, 128, Hpkymck, 66403, Poccus
SHHcmumym 6uogusuku CO PAH, Akademeopodok, 50, 660036 KpacHoapck, Poccua

AHHOTAILIUA. Pesiome IlpencraBieHbl HOBbie, AMSC gaTUpoBaHHBIE 3alMCU W3MEHEHUs MPUPO-
HOU cpefsl fora Cubupu U3 BapBOBbIX OTJIOKeHUH 03. [llupa (MuHycuHcKkas KOTJIOBUHA). Pe3ybTaThl
[I03BOJIWJIM PEKOHCTPYHPOBAaTh NCTOPUIO PACTUTEJIbHOCTH, OMOMOB, KJIMMaTa, OTHOCUTEIbHON IIPOAYK-
TUBHOCTU O3EPHOI CHCTEMBI, U3MEHEHUE 3PO3UM B BOAOCOOPHOM OacceiiHe M YPOBHS BOJBI B CaMOM
o3epe 3a nociegaue 2980 kaauodp. JIET co cpeTHMM BpeMeHHBIM pa3pemieHrieM B 21 roz. HoBele pekoH-
CTPYKLMU YKa3bIBAIOT HA BJIAXXHBIN pernoHasbHbIN KauMat 2980-2650 JI.H. U ero nocreneHHyo apuau-
3anuio nozaHee. [Ipu aToM KJIMMAaT caMoOi KOTJIOBUHEL ObLI apujiHee, obeclieunBas pa3BUTHE CTEITHBIX
U JIyrOBO-CTENHBIX IPYyNIUPOBOK BOKPYT 03epa B nociieqHue 2980 yieT. Bapruanuy OTHOLIEHWS MBUIBLBI
Artemisia/Chenopodiaceae, paccmMaTprBaeMoOro Kak IMokas3aTeJib JOCTYITHOM pacTEeHUSAM BJjIarH, Tpem-
moJiaraloT HeGoJIbIlIOe MOBBINIEHNE YPOBHs Bjaru B MuHycuHCKoON KotTjioBuHe 2980 — 70 JL.H. U ero
3aMeTHOe CHIXeHUe B nocjiegHue 70 jieT. PeKOHCTpyKIMK TOKa3al, 4YTO N3MeHeHUs pacTUTeJIbHOCTU
BOKpyT o3epa Illupa B mo3agHeM roJiolieHe ObLIM OOYCJIOBJIEHBI, TJIaBHBIM 00pa3oM, KPYMHOMAaCHITa0-
HBIMU IUPKYJIAIMOHHBIMU IIpolieccaMy, MeHABIIMMH OajaHcC Bjard B peruoHe. HaubGosiee uyBCTBU-
TeJIbHBIMU K M3MeHeHMAM yBJIaXHeH!s B AeKaJHOM MacliTabe oka3ajuCh CTeIHble IPyNNHUpPOBKHU. B
HOBOMU IBUIBLIEBOM 3amycy He OBbLJIO HAaleHO YeTKUX IbUIbLIEBBIX MMOKa3aTeseil aHTPONOTeHHOI'O BJIHsA-
HHA Ha PacTUTEJIbHOCTD.

Kitioueasie ciiosa: nanuHoMopdHl, Bapualyuy perioHabHOTO yBjlaXKHeHUs, KpyITHOMaclITaOHble
IIUPKYJIALVOHHEBIE [IPOLlecChl, aHTPOIIOI'eHHOE BO3/eliCTBIe
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®unuHoB U.A., KpaitHoB M.A., Poro3un /[.10. PacTuTtenpHOCTh U KJMMaT tora CuOupu B MO34HEM ToJIOLleHe ¢ JeKagHbIM pas-
pelIleHreM: pe3yJIbTaThl KOMILJIEKCHOTO M3YYeHUs JOHHBIX OTJIOXeHuil 03. [llupa, MuHycuHckas KotjioBuHa // Limnology and
Freshwater Biology. 2024. - No 4. - C. 292-297. DOI: 10.31951/2658-3518-2024-A-4-292

1. BBeaenue

JonHele oTiioxeHusa o3. [Ilupa npusHaHH LieH-
HeHIINM apXUBOM TOJIOIIEHOBBIX IIPHUPOAHO-KJIMMATH-
YeCcKUX M3MeHeHUH OJiarofgaps HaJM4Yui0 B ero ocaj-
KaX FOJUYHO-CJIOUCTHIX cepuil — Baps (Kalugin et al.,
2013), yTo MO3BOJIAET MOJIy4aTh PEKOHCTPYKIUU NIPU-
POOHOI cpefnl ¢ pa3pellleHUeM B Ce30H-AeCATUIIeTUA.
[Ipennaraemas HoBasA MaJIMHOJIOTHYecKas 3alllCh U3
BepxHell yactu KepHa Shira-2021-II-1 oxasajace Ha
530 setr apeeHee mpenpiayiiei (Hildebrandt et al.,
2015), n03B0JIMB PEKOHCTPYHUPOBATh UCTOPUIO IIPUPOA-
HOMH cpefpl 3a nociaenuue 2980 ser.
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2. MaTtepuanbl U MeTOAbI

beccTouHoe, MepOMHMKTHYECKOE, COJIEHOe O3.
[upa pacnoiokeHO B XaKacCKOM TIOCyAapCTBEHHOM
IpUPOJHOM 3amoBefHUKe. Iliomanp NOBEPXHOCTU
o3epa cocrtaByieT 36 KM2, MakcuUMaJibHasg IJIyOWHA
BoAsl ~ 25 M. [IuTaHue o3epa OCyI[eCTBIAETCA Yepes p.
CoH. [[pyruMu NCTOYHHUKAMU BOJIBI CJIyXaT [IO3€MHBIE
BoAnl U atMocdepnsie ocaaku (Kalugin et al., 2013).
Knnmar palioHa KOHTMHEHTAJIbHBIN, 3aCylUIMBHI. B
pacTuTesIbHOCTH ceBepa MUHYCHHCKOI KOTJIOBUHBI
peobajalT cTenu U jecocTenu. IIpearopbs 3aHATH
JlecaMy U3 JIMCTBeHHHUIbI Larix sibirica v, B MeHbIIei
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Mepe, U3 COCHHI Pinus sylvestris. Jleca u3 6epe3nl Betula,
cocHbl, enu Picea obovata, muxthl Abies sibirica, kempa
cubupckoro Pinus sibirica GopMUPYIOT TOPHO-TaeXHBIH
1osic XxpeOTOB BOKPYT KOTJIOBHHBEL. BOsu3u o3. Iupa
npeobJiafaloT JIyTOBO-CTENHbIe acCOlally C IOCIOA-
CTBOM 3JIaKOBHIX Poaceae, 6060BbIx Fabaceae, cioxHo-
LIBETHhIX Asteraceae, moJibiHU Artemisia. Ilo 6eperam
pacreT JiMCTBeHHMIIQ, Oepe3a, Tonosb Populus, cocHa,
Ba3 Ulmus pumila, uBw Salix.

B 2021 roay B camoli riyboKkoil 4acTd o3epa
OypoBoii craniueii UWITEC 6blia mpoOypeHa cKBa-
’KMHA, BCKPhIBAIOIas MIOJIHYI0 MOIIHOCTE pa3pe3a I0H-
HBIX OTJIOXKEHHUU, C OTOOpPOM KepHa HeHapyIleHHOU
cTpykTyphl. K HacTosAleMy BpeMeHH M3ydyeHa Bepx-
HAA, 144-caHTUMeTpoBas 4YacTh pa3pe3a OTJIOXKEHUI
u3 ckBaxuHbl Shira-2021-1I-1. Mojesib BO3pacT-TJIy-
OuHa OCHOBaHa Ha pe3yjbrarax “C JaTUpoBaHUA C
YCKOPHUTEJIbHOM Macc-crieKTpoMeTpueil. A majauHo-
JIOTUYeCKOIo, PeHTreHo-(JIyOpecleHTHOIO aHaIn30B,
onpeneseHns GpU3NYECKUX CBOMCTB IIpOaHaJIM3UPOBaH
KaXIbIll CAHTUMETP OTJIOKeHUIl. Ha mbliblieBBIX criai-
Jax MpoBeJieH MoJcuYeT KJIETOK 3eJIeHbIX BOJAOpOocIel],
MUKpouacTull yrieii kpynHee 100 MKM.

3. Pe3ynabTatbl M 06Ccy)xpeHue

OtnoxeHus B kKepHe Shira-2021-I1I-1 ¢popmwupo-
Bajiuch B nociyeguue 2980 sieT U npefcTaBiIeHbl yepe-
JI0BaHVEeM Pa3HOLBETHHIX TOJIN], BHYTPX KOTOPHIX IIPO-
cJIeXXUBaeTcss TOHKO-JJaMUHMpOBaHHasA CJIOUCTOCTb. B
cocTaBe OTJIOXKeHUH ITpeobJiafaeT rIIMHUCTaA Qpakny.
PexoHCTpyKIMM NpeAnosaraoT pa3BUuTHe Ha paBHUHAX
ceBepa MUHHYCHHCKON KOTJIOBHMHBI ITOJIBIHHO-3JIaKO-
BO-pa3HOTPABHBIX JIyTOBO-CTENIHBIX TI'PYNIHUPOBOK, Ha
BepIIMHAX COIOK - JINCTBEHHUIIB B KOHTHHEHTAJIbHOM
U1 HEeIOCTaTOYHO BJIQXXKHOM KJIMMaTe KOTJIOBUHEI 2980-
2650 J1.H., 4TO noaAepXuBaeTcs U HU3KMMU 3HauyeHU-
samu Artemisia/Chenopodiaceae (A/Ch). IToBbieHHbIE
3HayeHus OuoMa IPOXJIAAHBIX XBOWHBIX JIECOB CBU-
JeTeJIbCTBYIOT O 0oJiee BJIQXHBIX YCJIOBUAX B FOPHOM
oOpaMJIeHNM KOTJIOBHUHBI, YTO COOTBETCTBYET BJIaX-
HOMy WU MpoxJlaAHOMy kiaumary CasgHo-AJTalicKoro
permona 3000-2300 n.H. (Bronnikova et al., 2018).
BaxHo otmetuTh, uTo 2950-2750 1.H. B 0O3epe Haka-
IJIMBaJINCh OelHble OPraHNYecKHUM BeIecTBOM «0Oeje-
Cble» WJIBI, XapaKTepHble JJI1 NHTePBaJIOB I'OJIOMUKTU-
YeCKOI0 COCTOSIHUA 03epHOM CHUCTeMBI 1 TOHMKEHHOI'0
ypoBH: Bozsl (Kalugin et al., 2013). BeposiTHO, 60Jtee
XOJIOAHBIM KJIMMAT M MOI CIOCOOCTBOBATh IOHMXEH-
HOMY HCIIapeHUI0 /MOBHIIEHHOMY YBJIQXXHEHHIO 1 BO3-
HUKHOBEHHIO B ropax OJIarOnpUATHHIX YCJIOBUH AOJiA
TeMHOXBOMHEIX J]peBeCHbIX B ropax.

[Moznnee, 2650-880 j1.H., Ha ceBepe MUHY CMHCKOM
KOTJIOBHHBI BO3POCJIa POJIb JIyTOBO-CTENHbIX IPYNIIHPO-
BOK. B rOopHOM OKpyXeHUU KOTJIOBUHBI COKPaTUJIOChH
yJacThe TeMHOXBOMHBIX JpPEBECHBIX WJIM IIOBBICHJIACH
WX HIDKHAA IpaHULAa. PeKOHCTpYKIMU IpeAnoJsiaraiT
KOHTHMHEHTAJIbHbIY, HeJOCTAaTOYHO BJIQXHBIN peru-
OHAJIBHBIN KJIMMAaT, KOTOpPHIH, OJHAKO, IpephIBajICA
KOPOTKMMH 3MHU30A4aMM IIOBBILIEHHOI'O YBJIQXXHEHMUA,
0 YeM CBUJIeTeJIbCTBYIOT MaKCUMyMHBI 3HaueHuii A/Ch
2040, 1980 u 1850 n.H. Cioi1 «Oejrechix» HJIOB, COOT-
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BETCTBYIOIINI moxoJiofanuo, dopmuposanca 2090-
1950 n.H. [ToxonogaHue NpUBOAWIIO K MOHUXEHHOMY
HcrnapeHuio, obeclieynBas JOCTAaTOYHOE YBJIaXXHEHHe
JUIA JIyTOBO-CTEMHBIX COOOIIecTB M 0MOMa XOJOAHBIX
JIMCTONAaAHBIX JIecOB B UHTepBasie 2650-880 y1.H.

Pa3HOTpaBHO-NOJIBIHHO-3JIaKOBbIE  CTENH IIPO-
Jopkanu mnpeobsagath B uHTepBasie 880-70 J.H.
Hauunasa co 120-100 ner Ha3zang mo Oeperam o3epa
MOSABWINChH BJIQKHBle OOMTaHMA, OJaronpusATHbIE AJIA
TOIIOJIS, OCOKOBBIX, JIIOTUKOBBIX, BO3MOXHO, CBUJe-
TeJIbCTBYA O pacUIMpeHUU pUOPeXHOI/MeIKOBOAHON
30HHI. [ToBHIIEHHOE 3HAYeHUe MbUIbLEI 3JIaK0B (B T.4.,
KyJIbTYPHBIX) MOXeT OTpaxaTh WM UX y4yacTHe B pac-
TUTEJIbHOCTH KOTJIOBUHHI U /WJIA TaKXe pacliipeHue
JIUTOpau, rfie ¥ B HacTosAllee BpeMs 371aKoBble (TpPOCT-
HUKH) TaKXe OOMJIbHEL.

YcuneHue posu Gepesbl B mocsenHue 50 JeT
COBIIaJlaeT 10 BpeMeHHU C aHaJIOTMYHBIM COOBITHEM K3
sanucu LS09, moarBepxaas HageXKHOCTb BO3PaCTHBIX
Mojesiell obenx 3amuceil U UX BHICOKOE BpeMeHHOe
paspemenue. PacrpocTpaHeHue Oepe3bl MOIJIO OBITh
cleicTBUeM IIpeoOpa3oBaHUA MeCTHBIX JIaHAMA(TOB
13-3a CTPOUTEJIbCTBA KYPOPTHBIX 30H BOKPYT 03. Illupa
(Hildebrandt et al., 2015). Pe3ko Bo3pocliiee MoCTyILIe-
HMe B 03€pO YacTUI] IecYaHOH 1 UJIOBOM pasMepHOCTHU
B nocyiegnue 50 JieT Takke MOXKeT OBITh CJIe[CTBUEM
BO3pOCIIIel], aHTPOIOreHHO-00YCJIOBJIEHHON 3p03uu
HapsAQy C aKTUBHBIM 30JI0BBIM IIPHBHOCOM.

CpaBHeHMe Bapualdil B IIPUTOKe MakKpoua-
ctun yriaein B 3ammcu Shira-2021-1I-1 ¢ mociegoBa-
TeJIbBHOCTBIO KyJIbTYp OPOH30BOIO U XKeJIe3HOTO BEKOB
(Blyakharchuk and Chernova, 2013) B Xakacuu JeMOH-
CTpUpYyeT MOBBHIIIEHHBII MPUTOK yIjel B ¢uHaje
Tarapckoi, cepefiiHe TAIITBIKCKOM, ITEPBOI MOJIOBUHE
Pa3BUTHA KUPIU3CKON KyJIbTYPHL U Ha COBpPEMEHHBIN
nepuon. Ilpuuem pya nocimeanHux 50-40 jer xapak-
TEpHO IIOCTOSSHHO BBICOKOE IOCTYIIEHHE YIOJIbKOB B
oTJoxeHus o3. lupa.

CpaBHeHme Bapuanuii A/Ch ¢ Bapuanuamu
TeMIepaTyphl Bo3ayxa B CeBepHOI ATJaHTHKe IOKa-
3pIBaeT, YTO Ha MNpOTDXeHuU nociaegHux 2980 et
HOYTH KaxJoMmy nuky A/Ch cooTBeTcTByeT IHMK B HU30-
TomHO-KucaopoAaHoi 3anucu NGRIP u3z I'pennanauu.
DTO MOXeT O3HauaTb, YTO yCJIOBHUA yBJIAXHEHUA AJIA
pacTUTEeIbHOCTU Ha ceBepe MUHYCHUHCKOHN KOTJIOBUHBI
OTpaxarmT JeKaJHyl0 N3MeHYMBOCTb TeMIlepaTyphl B
CeBepHoOIl ATJIaHTUKe.

4. 3aKknioueHue

Takum o6Opa3oM, HOBasg NaJIMHOJIOIrHYecKas
3anmuch U3 kepHa Shira-2021-II-1 mo3BoJsimjia peKoH-
CTpyUpOBaTh WCTOPUI0 IIPUPOJHOM Cpednl ceBepa
MuHyCcHMHCKON KOTJIOBUHBI 3a mocjienHue 2980 Jjet c
VHUKaJIbHBIM CpPeJHUM BpeMeHHBIM paspelleHHeM B
21 ropa. PekoHCTPYKIMHM IOKa3bIBAIOT CYyILeCTBOBAaHHE
OTHOCHUTEJIbHO BJIQXXHOI'O PerdoHaJIbHOIO KJjmMarta
2980-2650 s1.H. u 6oJlee apUOHOr0 CYOPErnoHaJIbHOTO
B KOTJIOBMHe. Bapuaruu napnekca A/Ch npegnosaraior
HeOoOJIbIIOE IIOBBINIEHNE YBJIaXHEHUS B KOTJIOBHHE
2980 — 50 n1.H. U ero 3amMeTHOe CHMXeHUe B MocJe[-
Hue 50 jiet. OfHaKO, 5TO MOBHIIIEHNE NPepEIBAIOCh



Bbespykosa E.B. u dp. / Limnology and Freshwater Biology 2024 (4): 292-297

Cney. abinyck: «6-s1 mexdyHapoOHasi KOHhepeHUusi
lManeonumHonozausi CeeepHol Espasuu»

KpaTKOBpeMeHHbIMU WHTepBajlaMU yCUJIEHUS apuiu-
3anuy KiamuMarTa. MakcuMabHOe MOCTYIJIeHNe MaKpo-
yacTul] yrjei 3a nocjennue 2980 yieT npuxoauTcsa Ha
CyIlleCTBOBaHME TaKIITBIKCKOM, KUPIU3CKOH KYJIBTYP
U POCCUMCKUI Nepuo/i, HO ObLIU JIU OHO O0YyCJIOBJIEHO
TOJIBKO aHTPOIIOTeHHBIM BJIMAHNEM, Ha JaHHOM JTale
HccJIeJIOBaHUil ONpeieINTh TPYIHO.

PexoHCTpyKIMH IOKa3aiy, YTO U3MeHeHus pac-
TUTEJIBHOCTU BOKPYT o3epa Illupa B no3aHeM roJioreHe
ObUI O0YCJIOBJIEHBI, TJIaBHBIM 00pa3oM, KpymHOMAac-
MTaOHBIMU LUPKYJIALMOHHBIMU IIpolieccaMy, MeHSB-
muMu 6ajlaHC Bjaryd B pervoHe. B HOBOI IBLIbIEBOM
3anucy Takke, Kak U B IpeAblAylIeli, He HailleHo 4eT-
KHUX MbUIBLIEBBIX ITOKa3aTesell aHTPOIOIeHHOIOo BJIMA-
HUA Ha pacTUTEJIbHOCTb. TOJIBKO 3aMeTHOe MOBHIIIeHNe
cojiepXaHUs MbUIbLEI Oepe3sl B MOCJIeJHNe IIPUMEpHO
50 j1eT MoXxeT yKa3plBaTh Ha IIpoBefieHUEe O3eJleHeHU:
BOKPYT KypPOPTHBIX 30H.
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