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ABSTRACT. The study aimed to determine the species composition of diatoms in the bottom sediments
of the freshwater lakes Zapovednoye, Cheko, and Peyungda, situated in the taiga zone of the southern
region of Evenkia within the boundaries of the Tungussky State Nature Reserve. A total of 255 taxa
have been identified in these lakes, with their ecological characteristics also established. The diatom
community present in the bottom sediments of the aforementioned lakes showcases species that are
common across all three lakes, as well as some that are exclusive to every single reservoir. An examina-
tion of the acquired data indicated the existence of overarching trends in the evolutionary trajectory of
lakes Cheko, Zapovednoye, and Peyungda. Nevertheless, discernible discrepancies are observed in the
species composition of diatoms within their bottom sediments, both in terms of quality and quantity,
thereby delineating Lake Peyungda in a distinctive position in comparison to lakes Zapovednoye and
Cheko. This disparity is likely attributed to the relatively shallow depth of Lake Peyungda, leading to an
inclination towards a heightened level of eutrophication in its species composition, as opposed to the
conditions observed in lakes Cheko and Zapovednoye.

Keywords: diatoms, freshwater lakes, bottom sediments, paleolimnology, paleoecology, climate reconstruction

For citation: Bolobanshchikova G.N., Rogozin D.Y. Paleoenvironmental reconstruction of climate by diatoms from sediments
of three deep freshwater lakes of Evenkia (Siberia, Russia) // Limnology and Freshwater Biology. 2024. - No 4. - P. 256-261.
DOI: 10.31951/2658-3518-2024-A-4-256

1. Introduction by the small Verkhnyaya Lakura River, a tributary of

the Podkamennaya Tunguska River (Rogozin et al.,
The study area encompasses three freshwater 2017; Rogozin et al., 2023).

lakes, namely Lake Cheko, Lake Zapovednoe, and Lake
Peyungda, situated in Eastern Siberia, Russia. Lake -

Cheko (60°57.904'N, 101°51.551'E) on the Central 2 Materials and Methods
Tunguska Plateau, is positioned approximately 8 km
from the inferred epicenter of the 1908 «Tunguska
event». With an oval-shaped structure and a maxi-
mum depth of approximately 54 m, Lake Cheko is fed
by the Kimchu River, a tributary of the Chunya River,
ultimately flowing into the Podkamennaya Tunguska
River. Lake Zapovednoe (60°31.688’N, 101°43.740’E)
located in close proximity 60 km to Lake Cheko. It is
characterized by a nearly circular shape with a diam-
eter of around 500 m and a maximum depth of 60 m.
Lake Peyungda (60°37.174’'N 101°38.442’E) boasts
almost regular round shape with a diameter of approx-
imately 600 m and a maximum depth of 35 m. Both
Lake Zapovednoe and Lake Peyungda are interlinked

The research approach involved the retrieval and
analysis of sediment cores from each of the aforemen-
tioned lakes Cheko, Zapovednoe and Peyungda, in June
2016, July 2018, and September 2022, respectively.
Upon extraction, the sediment cores were vertically
transported to the laboratory for further investigation.
Subsequently, the cores were meticulously disassem-
bled and sectioned at specific intervals for analysis - 1
cm for Lake Cheko and Lake Zapovednoe, and 2 cm
for Lake Peyungda. The sediment samples derived from
each section underwent meticulous preparation and
processing for diatom analysis utilizing established
methodologies involving 30% H,0, (Bolobanshchikova
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et al., 2023). Permanent preparations were crafted
using the highly refractive Naphrax resin, and subse-
quent enumeration of diatom valves was executed uti-
lizing the parallel transect method (Bolobanshchikova
et al., 2023). The construction of diagrams illustrating
the qualitative and quantitative composition of diatoms
within the sediment cores was facilitated using Past
2.15 software (Hammer et al., 2001). The taxonomic
identification of diatoms was facilitated through the
use of well-established keys (Bolobanshchikova et al.,
2023) and systematic summaries to discern ecological
and geographical attributes concerning habitat, salin-
ity, water pH, geographical distribution, and rheoph-
ilicity (Barinova et al., 2006).

3. Results and Discussion

The results obtained from the analysis of Lake
Cheko revealed a total of 131 taxa of diatoms below
the genus level in the bottom sediments. The predom-
inant diatom species in the sediments were valves of
benthic cosmopolitan species, characteristically indif-
ferent to salinity and flow velocity, with a preference
for alkaline water conditions, constituting a majority
proportion ranging from 51% to 65% of the total mass.
Conversely, the presence of planktonic species was nota-
bly limited, often comprising less than 10% of the total
count. In the case of Lake Zapovednoe, an examination
of the bottom sediments unearthed 139 taxa of diatoms
below the genus rank. The sediment composition pre-
dominantly featured benthic and planktonic-benthic
cosmopolitan species, exhibiting indifference to salin-
ity and flow rate, and a predilection for alkaline water
conditions. Noteworthy was the increased prevalence
of planktonic species in Lake Zapovednoe compared
to Lake Cheko, constituting up to 26-28% at certain
depths. A distinctive feature of the diatom flora in Lake
Zapovednoe was the notable representation of valves
from the genus Tabellaria, a presence considerably
more pronounced than in Lake Cheko. Regarding Lake

Peyungda, a diverse array of approximately 255 taxa
of diatoms below the genus rank was identified. The
lake was predominantly characterized by cosmopolitan
diatom species, displaying indifference towards salin-
ity and favoring alkaline water conditions and water
mass mobility. Notably, variations in the dominant spe-
cies composition were observed across different time
periods, with planktonic-benthic species, particularly
Tabellaria fenestrata (Lyngbye) Kiitzing, and plank-
tonic species such as Aulacoseira ambigua (Grunow)
Simonsen, occupying crucial ecological niches within
the lake. Moreover, the abundance of benthic diatom
species was observed to be consistently lower than that
of planktonic and planktonic-benthic species through-
out the core depth profiles, rarely exceeding 9% of the
total count.

Cluster analysis facilitated the delineation of five
primary zones (Distance) within the bottom sediments
of three lakes, accompanying alterations in the species
composition of diatoms (Fig. 1).

Zone DV (2480-485BCE) exhibits a reduction in
the relative abundance of benthic and planktonic-ben-
thic diatom species that thrive in warm, stagnant or
flowing waters, while their representation among
planktonic diatoms is on the rise. This phenomenon
may be attributed to diminished mineral concentra-
tions, potentially stemming from reduced meltwater
runoff or precipitation levels. The decline in heat-lov-
ing species proportions may suggest a cooling trend in
the climate. Consequently, conditions in this zone are
presumed to be progressively drier and colder.

Zone IV (485BCE-763CE) is notable for a decrease
in planktonic species compared to the preceding zone,
coupled with an uptick in planktonic-benthic and ben-
thic thermophilic species, halophiles, and species asso-
ciated with standing or flowing waters. These findings
hint at warming trends and heightened mineralization
levels within the lake, likely influenced by external
mineral influx from increased precipitation or melting
permafrost. The prevailing climate in this era appears
to have been wetter and warmer.
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Fig.1. The distribution of diatoms in the bottom sediments of lakes Cheko, Zapovednoye, and Peyungda has been examined

with designated DI-DV zones.
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Within Zone DIII (763-1687 CE), there is a dis-
cernible trend towards an escalation in species favoring
mineral-rich aquatic environments, accompanied by
a reduction in species preferring consistent water col-
umn mixing. These changes potentially signal reservoir
eutrophication, possibly triggered by rising tempera-
tures or diminishing precipitation levels. Consequently,
mineral concentrations in the lake could be on the rise
due to lowered water levels. Midway through this zone,
there is an increase in cold-tolerant and water-mix-
ing-preference species, indicating a phase of stagnation
during a warmer and drier climate period.

Zone DII (1687-1973 CE) is characterized by a
gradual surge in planktonic-benthic and benthic ther-
mophilic species, coupled with a decline in planktonic
species, including those that favor colder conditions.
This pattern suggests a further warming of the climate,
albeit with increased humidity, relative to the preced-
ing zone.

Notably, Zone DI (1973-2022 CE) displays an
elevation in benthic and planktonic-benthic species,
while the prevalence of planktonic species is mini-
mal. Collectively, these trends indicate a burgeoning
eutrophication trend in aquatic ecosystems, possibly
coinciding with another spell of warm and dry climatic
conditions.

4. Conclusions

The recurring fluctuations in diatom species com-
position within the bottom sediments of lakes Cheko,
Zapovednoe, and Peyungda bear witness to historical
climate variations. The established climate change
sequence can tentatively be delineated as “cold-dry”
— “wet-warm” — “warm-dry” — “wet-warm” —
“warm-dry”.
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KAMMAaTa no AMaToMOBbIM BOAOPOCAAM
U3 AOHHDbIX OTAO)XEHUM TPeX rybokux
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AHHOTAIIHUS. OnpenesiéH BUOBOM COCTaB AUATOMOBBIX BOAOPOCJIEN JOHHBIX OTJIOXKEHUU B MPECHO-
BOJHBIX 03epax 3amnoBeaHoe, Yeko u [letoHraa, pacroJioXkeHHBIX B TaeXHOU 30He 1ora DBeHKUU Ha Tep-
PUTOPHUU roCcyAapCTBEHHOr0 3anoBeJHUKA «TyHTIyccKuii». Ha JaHHBIE MOMEHT B 3THX 03€pax BBIABJIEHO
opAAKa 255 TaKCOHOB U OIIpefiesIeHbl X SKOJIOTUYeCKHe XapaKTepuCcTUKU. B AuaTroMoBoM coobiiecTBe
JOHHBIX OTJIOXKEHHUI 5TUX BOJOEMOB IIPUCYTCTBYIOT BUABI, BCTpeyalolyecs Kak BO BceX TPEX 03€pax, TaK
1 Te, KOTOpble BCTpeYalTcs TOJIBKO B OAHOM M3 HUX. AHa/IN3 IOJIy4eHHBIX JaHHBIX NIOKa3ajl Hajiuuyue
001X TeHAeHIUH B pa3BUTHU 03€p Yeko, 3anoBeaHoe u Iletonraa. OaHAaKo, BUIOBOM COCTaB AUATOMO-
BBIX BOJOPOCJIel B MX JOHHBIX OTJIOXKEHUAX UMeeT pAA OTJIMYUM, KaK B KaUeCTBEHHOM, TaK U B KOJInye-
CTBEHHOM COOTHOIIEHUH, U CTaBUT B 000CO0JIEHHOE NOJIOXKEHNE II0 OTHONIEHUIO K 03€épaM 3anoBeJHoe
u Yeko o3epo IletoHraa. BepoAaTHee Bcero 3To MoxeT ObITh CBA3aHO C Te€M, YTO B OTJIMYUU OT 03€p Ueko
1 3anoBefHOe, 03epo [leloHrAa MMeeT MeHbIIyI0 TJIyONHY, IO3TOMY €ro BUAOBOU COCTaB MOKa3bIBaeT
TEHAEHIMIO K 6OJIbIIEMY YPOBHIO 3BTPOPHUIIMPOBAHHOCTH, HEXEJIN B 03épax Ueko U 3amoBegHOE.

Kimouegwoie ciiosa: AXaTOMOBBIE BOOAOPOCJIY, MIPECHOBOAHBIE osépa, JAOHHBIE OTJIOXKEHNA, I1aJIEOJIMMHOJIOI'MA,
MaJIEO3KO0JIOTUA, PEKOHCTPYKIHWA KJIMaTa

Ja nutupoBaHusa: bono6anmukosa I'.H., Porosus /I .10. [Taneoskosornyeckas peKOHCTPYKIMA KJIMMATa 10 JUATOMOBBIM BOJO-
POCJIAM U3 JOHHBIX OTJIOKEHHI TpeX IJIyGOKHUX MPecHOBOAHBIX o3ep OBeHKuu (Cubupb, Poccust) // Limnology and Freshwater
Biology. 2024. - No 4. - C. 256-261. DOI: 10.31951/2658-3518-2024-A-4-256

1. Beeaenne BanaBapa, u npu6su3uTesibHO B 60 KM K 10Ty OT 03epa

Yeko u mpefanosiaraeMoro snuneHTpa B3pbiBa 1908 r.

Oszepo Yexo (60°57.904 CIII, 101°51.551’ MaxkcumasipHasi rIybuHa osepa okoiio 60 M. Ozepo
BJl) pacnonoxeno Ha LleHTpanbHO-TYHIYCCKOM  fleomrpa (60°37.174° CII 101°38.442° BJI) Tarke
nnato  (Bocrounas CuGupb, Poccus) B 10XHOH MIMeeT MOYTH MPABIJIBHYI0 OKPYIJIyilo GopMy Auame-
YacTH  DBEHKUICKOr0  MYHHULWIAJIBPHOIO  pafioHa TpoM 0K0J10 600 M, U PACIONIOKEHO B 12 KM K ceBe-

KpacHosipckoro kpas B HeNOCpeJICTBEHHOU OJIN30CTU
(8 kM) oT mpeamnoJsiaraemMoro snuileHTpa TyHryccKoro
B3pbiBa 1908 roma. MakcumasbHasa riyOuHa o3epa
OKOJIO 54 M, ABJIAeTCA NPOTOYHBIM BOJOEMOM OBaJlb-
Holl dopMbl AuaMmeTpoM okojio 400 M. Yepe3 o3epo
npoTekaeT peka Kumuy, nputok pexu UyHs, Bnagaio-
meli B p. [logkamenHnasa TyHrycka. O3epo 3amnoBeHOe
(60°31.688’ CIII, 101°43.740’ BJT) - HEOOJIBIIIOM BOAOEM
[I0YTU KpyTJioi GopMbl AuaMeTpoM okosio 500 M, pac-
[IOJIOKEHHBIN Ha rpanHulle ['ocygapcTBeHHOro IIpH-
poaHoro 3amnoBefHUKa «TyHTyCCKU» (DBEHKUHCKUI
paiion KpachHosipckoro kpas), B 60 kM OT IIOceJKa

po-3amaay oT o03. 3amoBefHoe. MakcumanbHasd IJIy-
6uHa o3epa npubsusuresabHo 35 M. Yepe3 oba o3epa
nporekaeT HeboJiblias peka BepxHsas Jlakypa, IpUTOK
peku Ilogkamennas Tynrycka (Porosun u gp., 2017;
Poroszun u ap., 2023).

2. MaTtepuanbl U METOADI.

KepH TOHHBIX OTJIOXeHUH 03. Heko ObLT 0TOOpaH
B uioHe 2016 roaa, o3. 3anoBeaHoe - B utojie 2018 r.,
03. Ilelonrpga - B ceHtsabpe 2022 r. Ilocje TpaHcmop-
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TUPOBKY B JIJaG0OpaTOpUIO B BepTHUKAJIBHOM II0JIOXKEHU!
KepHBI ObUIN pa3o0paHbl U pa3pe3aHbl Ha CJIAKCH — 1A
Yexo u 3anoBeaHoe ¢ maroM B 1 cwm, aia IleroHrnsl
B 2 cMm. OOpa3subl JOHHBIX OTJIOXKEHUI, OTOOpaHHbIe
U3 KaxAoro cjalica, IPOXOJWIN IPOOONOATOTOBKY
U TexXHUYecKyr oOpaboTKy Ha AUATOMOBBIM aHaIu3
1no orpaboTaHHON MeToAuKe c ucnojb3oBaHueM 30%
H,0, (BonobanmukoBa u aAp., 2023). IlocrosHHEBIE
mpenaparsl TOTOBUJIUCh C IpHMEHEHHEeM BBICOKO-
npenomwsrsiioniedi cMmosiel Naphraxio ITofcuét cTBOpPOK
JAUaTOMOBBIX IPOBOAWJICA METOAOM IlapaUIeIbHBIX
TpaHcekT (bomobaHmkoBa u ap., 2023). Jlns noctpo-
€HUsA AuarpaMM KauyeCTBEHHOTO M KOJINYeCTBEHHOTO
cocTaBa JUAaTOMOBBIX B JOHHBIX OTJIOKEHUAX, a TakKe
JUIA KJIaCTepHOI0 aHajM3a MCHoJb3oBasu Past 2.15
(Hammer et al., 2001). [dnsa ompeneseHUs BUIOBOM
NIpYHAAJIeXXHOCTH AMAaTOMOBBIX MCIIOJIb30BaJIU YCTO-
sABIIMIICA Habop ompefesnTesiell U cUCTEMAaTUYeCKUX
cBojiok (bosiobanmukoBa u fAp., 2023). DkoJoro-
reorpaduyeckas XapakTepHCTHKa AaBajach II0 OTHO-
IIeHNI0 K MeCTOOOMTaHUIo, cojieHOCTH, pH Boapl, mo
reorpa@uyeckoMy paclpoCTpaHeHHI0 U peodUIIbHO-
cru (bapuHosa u fip., 2006).

3. Pe3ynabTatbl M 06Ccy)xpeHue

O3epo Yeko. Bcero B JOHHBIX OTJIOKEHUAX 03epa
Yeko ob6HapyxeH 131 TakCcOH AMATOMOBBIX BOAOPO-
cjlell paHroM Hmke poja. B MOHHBIX ocaakax mpeob-
JlafjalT CTBOPKM OEHTOCHBIX KOCMOIIOJIUTHBIX BUJOB,
nHANOEepeHTHBIX 110 OTHOIIEHUIO K COJIEHOCTU U CKO-
POCTH TeudeHUs, MpeflouUTalol[ye I[eJIOYHYI0 peak-
LIHI0 BOABI, AOJIA KOTOPBIX AOCTUTAeT eproaamu ot 51
[0 65% ot obuieil Maccel. Jloy1A IIJIAHKTOHHBIX BHUJIOB
He3HauyuTeJIbHA — 3a4acTyio MeHee 10%.

O3epo 3anogedHoe. B [OHHBIX OTJIOXKEHUAX
o3zepa 3anoBefHOe oOHapyxeHO 139 TakCcOHOB aua-
TOMOBBIX BOJOPOCJIeNl paHroM Hirke poAa. OCHOBHYIO
JIOJII0O COCTaBJIAIOT OeHTOCcHBIE (IO 45%) M IJIAaHKTOH-
HO-O6eHTOCHBIe (MO0 35%) KOCMONOJIMTHBIE BH/IBI,
nHANOEepeHTHBIX 110 OTHOIIEHUIO K COJIEHOCTU U CKO-
POCTH TeueHUs, IpeAIIOYNTAaoIINe IeJIOUHYI0 peaKLio
BoAbl. B oTyimunu ot o3epa Yeko, B 03. 3anoBeJHOM
IJIAHKTOHHBIE BU/bl 3aHUMa/IM 6oJiee CylieCTBEeHHYIO

poJib — A0 26-28% Ha HEKOTOpHIX TJIyOMHAX, a 0cCo-
OGeHHOCTBIO JUATOMOBOU (JIOPHl JOHHBIX OTJIOKEHUN
o3epa fABJAETCA XOpollas IpeACcTaBJIeHHOCTb CTBOPOK
BuzioB u3 popa Tabellaria, B To BpeMs Kak B o3epe Ueko
HX BCTpe4aeMOCThb ropa3fio HIXe.

O3epo Iletonzda. Ha maHHBI MOMEHT B 03epe
[MetoHrga obHapyxeHO mopsaka 255 TakCOHOB AUATO-
MOBBIX BOJOpOCJIell paHroM HWXe pona. B Bomoéme
npeo0JiaaloT KOCMOIOJIMTHbBIE BUbL, MHAU(depeHT-
Hble 110 OTHOIIEHMIO K COJIEHOCTH, IpeAIouuTaroliie
IIeJIOYHYI0 PeakIMi0 BOAbl M IIOJBWXXHOCTb BOJHBIX
Macc. B DIpOLIEHTHOM COOTHOUIEHMHU B pa3jIuyHbIE
[epruoAbl JOMUHUPYIOUIYI0 POJIb 3aHUMAIOT IJIaHKTOH-
HO-OEHTOCHBIE BHM/bI, B OCHOBHOM 3a cuér Tabellaria
fenestrata (Lyngbye) Kiitzing — ot 46 10 88,8% Ha pas-
JINYHBIX IJIyOMHAaX, a TakXe IIJIJAaHKTOHHBIE BHJBI 3a
cuét Aulacoseira ambigua (Grunow) Simonsen - oT 62 10
92%. KomnuecTBo OEHTOCHBIX BUJIOB Ha MPOTSKEHUU
BCero KepHa ObLJIO CyIeCTBEHHO HIXe IIJIAHKTOHHBIX U
IIJTAHKTOHHO-0EHTOCHBIX BUOB, PeJIKO BHIXOs 3a Ipa-
HuLy 9%. HauboJiblllee KOJIMYECTBO CTBOPOK OeHTOC-
HBIX BUJOB 3a(pMKCUPOBAHO B TOJIIe KepHa — 28,5%.

KrnacrepHblli aHanyW3 MO3BOJWJI  pa3fesiiTh
JIOHHbIe OTJIOXKEHHUsA TPEX 03€ép Ha 5 OCHOBHBIX 30H
(Distance) ¢ u3MeHeHHeM B BHIOBOM COCTaBe JAUATO-
MOBBIX BogopocJel (Puc. 1).

3onaDV (2480-485BCE) xapakTepu3yeTcs yMeHb-
meHueM J0JM OeHTOCHBIX U IJIaHKTOHHO-OEHTOCHBIX,
TEeIJIOJIIOOUBEIX BUJIOB CTOS4Ye-TeKy4nX BOJ, HO YBeJIU-
YyBaeTcsa WX J0JIA Cpelyd IJIAHKTOHHBIX AUAaTOMOBBHIX.
BeposATHO, 3TO MOIJI0O OBITh BBI3BAHO YMEHbIIEHHEM
KOHIIEHTpallul MHHepaJbHBIX BelllecTB, I1OCPeACTBOM
YMEHBIIIEHNA CTOKa TaJIbIX BOJ WJIM BBINABIIMX OCaf-
KOB). YMeHbllIeHre JOJIU TeIlJIOII0OUBEIX BUAOB MOXKeT
rOBOPUTH O MOXOJIoAaHWM kinMara. Takum obpazoM,
B 3TOI 30He MPeIOJIOKUTEIbHO KJIMMAT CTAaHOBUTCA
6oJiee CyXUM U XOJIOJHBIM.

3ona IV (485BCE-763CE) xapakTepusyeTcs
yMeHbIIIeHHeM [0 CPaBHEHUIO C IpeAplayIlieli 30HOMH
JloJiell IIJTAaHKTOHHBIX BUJIOB, IPU 3TOM yBeJINUMBaeTCsA
J10J1 [JITAHKTOHHO-OEHTOCHBIX M OE@HTOCHBIX TeIlJIOJIIO-
OMBBIX BUAOB, rajoUIOB U BHUJOB CTOSYe-TEKyIUX
BOJI, YTO MOXeT FOBOPUTh HaM O MOTeIJIEHUH 1 00 yBe-
JINYeHUM YPOBHA MUHepaJu3alui B 03epe, BEepOATHO
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Puc.1. PacnipesiesieHre JUaTOMOBBEIX BOJOPOCJIEH B IOHHBIX OTJIOXeHUsaX 03ép Ueko, 3anoBenHoe u [letonraa (DI-DV o6o-

3HaUYeHbI 30HBI).
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3a CUéT MpUTOKa MHHepaJIbHBIX BelleCTB M3BHE M3-3a
yBeJINUEHUsA YPOBHA OCAAKOB, JMOO TasAHUA JIbJIOB
BEYHO! Mep3soTHl. [IpeArnosiokuTesbHO KJIWMAaT CTasl
60Jiee BJIaXHBIM U TEIJIBIM.

3onaDIIl (763-1687CE) xapakrepusyeTca TeH-
JeHIyel K yBeJIMYeHUI0 BUAOB, JI KOTOPHIX Npenoy-
TUTeJIbHee Oojiee MUHepaJ30BaHHas BOAHAaA cpefa
Y yMeHbllleHNe BUJIOB, NIPeJIOYNTAIONMX TOCTOAHHOE
IepeMelllBaHWe BOAHOM TOJIIH, YTO MOXET TIOBO-
puth 06 3BTpOodUKAIMU BOAOEMA, BO3MOXKHO 3a CUET
MOBBINIEHNs TeMIIepaTypHOro peXuMa WU Xe YMeHb-
IIeHys ypOBHA OCAJIKOB, KOTOpBble MOIJIM NPHUBECTU K
YBeJINUEeHUI0 KOHIIeHTpal[i MUHepaJIbHBIX BelleCTB B
o3epe BCJIe[ICTBUE CHIDKEHUA ero ypoBHA. C cepeIUHBI
30HBI YBeJIMYMBAeTCA J0JIA XOJIOAOJIOOMBBIX U Iped-
MIOYUTAIOIMX [lepeMelllBaHne BOAHOU TOJILIK BHJIOB.
ITpeanoJioxuTesIbHO IPOUCXOAUT CTarHalKsA Ha HeKOo-
TOPHIY [TepHoJ TEIJIOro U 6oJiee CyXoro KjiuMara.

3onaDII (1687-1973CE) xapakTepusyeTcs ocTe-
IIeHHBIM yBeJIMYeHHeM [O0JIM IJIaHKTOHHO-OeHTOCHBIX
1 OEHTOCHBIX TeIJIOJIOOUBBEIX BHJIOB, a TakXe yMeHb-
nieHyueM [A0JIU IUIaHKTOHHBIX, B T.4. XOJIOJOJII0OMBBIX
BUAOB. [IpeanosioXuTesIbHO KJIMMAaT CTaHOBUTCA elllé
6oJiee TelJIBIM, HO B TO ke BpeMs 0oJjiee BJIQXKHBIM 110
CpaBHEHMIO C MpebIAyIell 30HOH.

3onaDI (1973-2022CE) xapakTepu3yeTcs Bo3pac-
TaHueM OEHTOCHBIX W IIJIAHKTOHHO-OEHTOCHBIX BHJIOB.
JlonA NIaHKTOHHBIX BHUJOB MHHHMAaJbHAa. B IesioM
HabuojaeTcs TeHJeHIMA K 3BTPoUKaIuN BOJOEMOB.
BeposATHO, IpoucXOAUT ouepeHAasA CTarHalus TENIOro
U CyXOTO0 KJIMMarTa.

4. BoiBOADI

HeonHokpaTHBlE U3MEHEHUs B BHAOBOM
COCTaBe [UATOMOBBIX BOJOPOCJIENl B JOHHBIX OTJIO-
xKeHUAX 03ép Yeko, 3amoBenHoe u [lefoHrga roBOPAT
06 U3MeHeHUAX KJIMMAaTa, [POUCXOJUBIIHNX B IIPO-
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IIJIOM. Hpe/:[nonoxcmenLHo MoAeJIb USMEHEHUA KJIIN-
MaTa MOXHO 3allrCaTh KaK «XOJIOOAHO-CYXO0»—>«BJIaX-
HO-TENJIO»  —>«TEIJIO-CYyXO»—>  «BJIAXKHO-TEIJIO»
«TEILJIO-CyXO0».
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