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ABSTRACT. The paper presents the new paleoecological evidence for the last 10,000 years based on high
resolution pollen record supported by detail radiocarbon dating, obtained from the Khuko Lake (Western
Caucasus). The obtained results showed that change of vegetation corresponding main Holocene stages.
10368-10577 — 8000-8200 cal. yr BP — Boreal period was characterized in this region by the presence
of both broad-leaved (Fagus, Ulmus) and coniferous (Abies) species to an equal. 8000-4400 cal. yr BP
— Atlantic period was marked by predominance of broad-leaved forests have been formed mainly by
beech and a little hornbeam. 4400-2600 cal. yr BP — Subboreal period is characterized by an increase
in the role of boreal vegetation (Abies, Pinus). 2600 cal. yr BP up now — Subatlantic period looked like
Atlantic period, but at this time declined value of coniferous species and grew value of alder and hazel.
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1. Introduction

The present study is focused on the mid-altitude
Khuko Lake located in Western Caucasus. The stud-
ies of mountain lakes in the Western Caucasus began
by research group from the Institute of Geography
of Russian Academy of Science about ten years ago
exploring Karakel and Donguz-Orun lakes (Solomina et
al., 2014; Chepurnaya, 2014).

Our study provides new paleoecological evi-
dence for the last 10000 years based on high resolution
pollen record supported by detail radiocarbon dating,
obtained from the Khuko Lake.

2. Materials and methods

Lake Khuko (43°56’N; 39°48’E), presumably
of tectonic origin (Efremov, 1991), is situated in the
Western Caucasus on the border of the Republic of
Adygea and the Krasnodar Territory. It is located at
an altitude of 1744 m a.s.l. in the K.G.Shaposhnikov
Caucasus State Natural Biosphere Reserve protected
area within the southern slope of the Main Caucasus
Range in its western part, 10 km northwest of Mt. Fisht
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(Efremov, 1991). The lake is ~260 m long and ~150
m wide. No rivers flow in or out of the lake, except for
one small creek draining the lake from the west side.

High-altitude forest belt (1600-2000 (2300) m
a.s.l.) where the lake is located has been formed by
Fagus forests with Abies nordmanniana and Acer traut-
vetteri as an admixture. And its uppermost part is often
formed by Pinus sylvestris, P.hamata, Abies nordmanni-
ana, and Picea orientalis.

The obtained sediment core was 196 cm long.
The sampling interval for pollen analysis was 1 cm.
Seven radiocarbon dates were obtained for the sedi-
ment core from the lake. Sample preparation for sub-
sequent “C analysis using accelerator mass spectrom-
etry (AMS) for age determination of the sediment was
performed at the Common Use Center “Radiocarbon
Dating and Electron Microscopy Laboratory” of the
Institute of Geography RAS. The IntCall3 calibration
curve was used to determine the calendar age (Reimer
et al., 2020). Throughout when the notion “ka BP” is
used, calibrated age is implied.

Samples for pollen analysis (1 cm?®) were prepared
following modified method by Grichuk and Zaklinskaya
(1948). Calculation of pollen percentages was based

© Author(s) 2024. This work is distributed
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on the total terrestrial pollen sum, i.e.
arboreal pollen (AP) plus non-arboreal
pollen (NAP) without aquatic plants and
spores. A minimum of 500 pollen grains
per sample were counted (AP+NAP).
Pollen diagram was constructed using
the programs Tilia and TGView.

3. Results and discussion

Radiocarbon dating of the basal
sample of the core showed that accu-
mulation began in the early Holocene.
(Grachev et al., 2020).

The pollen diagram for Khuko
Lake (Fig.1) was divided into 7 local
pollen assemblage zones (LPAZ), corre-
sponding to the main phases of vegeta-
tion development.

LPAZ1 (200-177 cm) Pollen
assemblages are characterized by a high
AP content (up to 90%). There are peaks
pollen curves of Corylus (up to 40%) and
Ulmus (up to 15%) in the zone. Carpinus
and Fagus pollen also dominate. NAP con-
tent is mainly represented by Poaceae,
Asteraceae and Chenopodiaceae pollen.
According to pollen data vegetation was
presented beech forests with hornbeam
an admixture and hazel underbrush.

LPAZ2 (177-150 cm) AP decrease
to 75-80%. The peak of Fagus pollen
(up to 40%) determined the identifica-
tion of the zone. Also, high pollen val-
ues of Carpinus -10-15%. Abies pollen
increase from 5% to 20%. Alnus pollen
value grow to 50% while Corylus pollen
is halved. There was expansion of broad-
leaved forests with beech and hornbeam
to the higher hypsometric level.

LPAZ3 (150-115 cm) The zone is
marked by NAP growth to 40% while
AP continue to decline (to 60%). The
composition of herbs is dominated by
Poaceae (10%), Asteraceae (15%) and
Fabaceae (10%) AP is characterized by
high values of Fagus (20%), Carpinus
(15%) and Abies (15%) pollen. High NAP
content suggested open spaces appeared
which was occurred by meadow and
steppe species of vegetation. Forest com-
position remain unchanged.

LPAZ4 (115-72 cm) The ratio of
AP-NAP-Spores groups shifts towards the
growth of tree pollen (up to 70-752%)
and spores (up to 10%). Assemblages
are characterized by noticeable peak
of Pinus (up to 20%) while other taxa
remain unchanged. The main difference
of this phase was the increase of boreal
vegetation in the forest composition.
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Fig.1. Pollen diagram of Khuko Lake deposits (AP +NAP =100%)
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LPAZ5 (72-44 cm) AP - 75-80%, NAP - 20-25%,
Spores decline to 1%. Pollen values of broad-leave spe-
cies increase: Fagus — up to 45%, Carpinus — up to 20%.
There is peak of oak pollen value (up to 20%) here.

LPAZ6 (44-15 cm) AP content reached 85-90%,
NAP decline to 10-15%, Spores = 2%. A high peak of
Alnus (100% from AP + NAP sum) occurs at the depth
of 25 cm. Increase of Corylus (up to 30%) accompanied
by growth of Carpinus (20%), Pollen values of Fagus is
the same as in previous zone.

LPAZ7 (15-0 cm) AP - 80-85%, NAP - 10-15%,
Spores - 1%. Increase of Alnus (110% from AP + NAP
sum) accompanied by growth of Corylus (30%). Pollen
values of Fagus decrease a little (down to 40%.). Abies
value vary from 2% to 10%.

Vegetation of LPAZ5, 6 and 7 was characterized
by expansion of the broad-leaved species. Forest belt
was formed by oak, beech and hornbeam. Area of conif-
erous forests belt decreased.

4. Conclusions

Palynological analysis and radiocarbon dating
of Lake Khuko sediments allow us to discussed vege-
tation dynamics of the Western Caucasus during a few
stages of Holocene 10,368-10,577 — 8000-8200 cal, yr
BP — Boreal period was characterized in this region by
the presence of both broad-leaved (Fagus, Ulmus) and
coniferous (Abies) species to an equal. 8000-4400 cal.
yr BP — Atlantic period was marked by predominance
of broad-leaved forests have been formed mainly by
beech and a little hornbeam. 4400-2600 cal. yr BP -
Subboreal period - increase boreal vegetation (Abies,
Pinus), 2600- cal. yr BP up to now — Subatlantic period
looked like Atlantic, but at this time declined value of
coniferous species and grew value of alder and hazel.
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UcTopuA pacTUTeAbHOCTH 3anaAHOro
KaBka3a no naAMHOAOTHYeCKHUM AAHHbIM
BbICOKOro pa3pelwieHun o3epa XyKo

YenypHas A.A.', Hoenko E.}0.?
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AHHOTAILIHA. B cratbe NpeacTaBjeHbl HOBBIE AaHHBIE IO UCTOPUM PACTUTEJbHOCTU 3a IOCJIeqHUE
10000 neT, ocCHOBaHHBIE Ha MBUIbLEBBIX MaTepHlaiaX BBICOKOIO pa3pelleHus, TOATBEePKAeHHBIX AeTallb-
HBIM paJUoOyIJIEpOAHBIM JaTUPOBaHUEM OTJIOXeHHU o3epa Xyko (3anagHbiii KaBkas). IlosyueHHbIe
pe3yJibTaThl IOKa3ajii, YTO CMeHa pacTUTEJbHOCTH COOTBETCTBYeT OCHOBHBIM 3TallaM TroJIOlLleHa.
10368-10577 — 8000-8200 ka1 j1.H. — bopeasyibHbII NEepHOA XapaKTepHU30BaJICs B 3TOM perruoHe IpH-
CYTCTBHMEM B PaBHOU CTEIEeHM KaK MUPOKOINCTBEHHBIX (Fagus, Ulmus), Tak u xBoiHBIX (Abies) mopog.
8000-4400 kasn. j.H. — ATJIaHTUYECKUM IepuoJ O3HaMeHoBajlach NpeobyiafjaHUeM MIUPOKOJINCTBEH-
HBIX JIeCOB, 00pa30BaHHbIX IIperMyIleCTBeHHO OyKOM U B MeHbllell creneHu rpaboMm. 4400-2600 kan
BP — Cy6060peasipHBII EPUOJ XapaKTeprU30BaJICs yBeJndeHneM G6opeasibHON pactuTresibHOCTH (Abies,
Pinus), 2600-0 kas. j.H. — Cy6aT/IaHTUYECKUI TEPUOJ] B I[€JIOM CXOX C ATJIAHTUYECKUM II0 COJEpXKa-
HUI0 HEMOPAJIbHOUN (PJIOPHI, HO B 3TO BpPeMsI CHU3WJIACh JOJIA XBOWHBIX MOPOJ, (IMXTHI, COCHBI, €M) U

BBIpOCJIa OOJIA OJIbXW Y OPEIITHWKA.

Kitioyeasie cstoga: naanHosiorus, KaBkas, roJiolleH, HNCTOPpHA PaCTUTEJIbHOCTHU

Jna mutupoBaHusa: UYenypHasa A.A., Hosenko E.}O. Hcropusa pacturesibHOCTHM 3anagHoro KaBkaza mno MajiIMHOJIOTHU-
YeCKMM JaHHBIM BBICOKOro paspemieHus o3zepa Xyko // Limnology and Freshwater Biology. 2024. - Ne 4. - C. 298-303.

DOI: 10.31951/2658-3518-2024-A-4-298

1. BBeapenue

Hacrosamee ucciefoBaHue MOCBAIIEHO H3y4e-
HHUI0 OTJIOXEHUU CpeJHeropHoro o3epa XyKo, pacIo-
JoxeHHOro Ha 3amagHoMm KaBkaze. HcciegoBaHus
ropHeIX o3ep 3amagHoro KaBkasza Hauyajuch Hay4YHOH
rpynnoil MHcTHUTyTa reorpaduu PAH oxkosno nmecatu
JeT Ha3af ¢ usydeHus osep Kapakesns u JJoury3-OpyH
(CosiomuHa u 1p., 2014; Yenypuas, 2014). 3necs npen-
CTaBJIEHBI HOBBIE IAJIE03KOJIOTHUECKHEe JaHHbIe, OCHO-
BaHHBIE HAa HAJMHOJIOTMYECKOM aHaji3e OTJIOXeHUH
o3epa XyKo, NOATBEPXKAEHHbIE JeTaJbHBIM paguoyrie-
POIHBIM JAaTHUPOBAHUEM.

2. MaTtepunanbl 1 MeTOAbI

Ozepo Xyko (43°56’ c.m.; 39°48’ B.m1.), mpen-
MOJIOXKUTEJBHO  TEKTOHWYECKOr0  INPOUCXOXJEHUS
(Edpemos, 1991), pacnosioxeHo Ha 3anagHoM KaBkase
Ha rpaHune Pecrny6iuku Apxeires n KpacHomapckoro
kpas. OHO pacHoJIoKeHO Ha BeIcOTe 1744 M Haf ypoOB-
HeM Mops, Ha Tepputopum KaBkasckoro rocyjapcTBeH-
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HOr0 NpUpPOAHOro 6rnocepHOro 3anoBeJHUKA MMEHU
K.I'.IllanomHuKoBa B Ipejesax 0KHOI0 MAaKpPOCKJIOHA
I'maBHoro KaBka3ckoro xpe0Ta B ero 3amajHOUN 4acTy,
B 10 kM Kk ceBepo-3anagy or ropel ®umr (Edppemos,
1991). O3epo umeer AuHy ~260 M u mupuny ~150
M. O3epo He uMeeT CBA3U C PeYHO CeThi0 TepPUTOPHH,
3a UCKJII0UeHHeM OAHOro HeOOJIbIIOrO PyYbs, BIadalo-
I1ero B Hero C 3arnafgHoi CTOPOHBIL.

BeicoTHBIN JiecHOU mosic (1600-2000 (2300) M
HaJ YPOBHEM MOp:), B KOTOPOM PacIOJIOXKeHO 03epo,
o6pa3oBaH OYKOBBIMHM JiecaMH C mpumechio Abies
nordmanniana v Acer trautvetteri. A Beiie GopMUPYIOTCA
Jieca u3 Pinus sylvestris, P. hamata, Abies nordmanniana
u Picea orientalis.

[TosrydyeHHBIH U3 OTJIOXKEHUN O3epa KepH MMeeT
JauHy 196 cm. MHTepBan orbopa npol Al MbLIbIe-
BOT'0 aHaJIN3a COCTaBJIAI 1 M.

W3 oryoxeHuil o3epa IOJIy4eHO CeMb paJuo-
yriepofHbix Aar. [loarotoBky mnpo6 Ajd IHocjedylo-
mero aHanausa “C ¢ UCIOJIb30BAaHMEM YCKOPUTEJIbHOM
macc-cnektpomerpuu (YMC) s ompejiesieHUs1 BO3-
pacra ocagkos nposoauiu B IIKII «JlabopaTopus pagu-

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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OyIJIEpOJAHOrO0 JAaTUPOBaHUA U 3JIeK-
TPOHHOM MHKpockonuu» HHcTUTyTa
reorpadun PAH. [ina omnpepdesieHUA
KaJIeHAapHOrO BO3pacTa  MCIOJIb30-
BaJIM KaJuOpoBouyHyo KpuBytw IntCall3
(Reimer et al., 2020). Korga ucnoJib3y-
eTcs TIOHATHE «Ka BP», mompasymeBa-
eTcs KaJIMOpoBaHHBIN BO3PACT.

[Tpo65! A1 MBUIBLEBOIO aHAIU3a
(1 cm®) roToBWJIM IO MOAUMPUIIMPOBAH-
HOoMy Metony ['puuyka um 3akJIMHCKOMN
(1948). [TpouieHTHOE cofiepxaHue
KaxJ0ro TakCOHa paBHO €ro foJe IIOo
OTHOIIEHUI0O K CyMMe BcCeX TpymIl pac-
TUTEJIBHOCTU U CIIOP, 3a HUCKJII0YeHHeM
0JIbX{, KOTOpas M3-3a BEICOKOI'0 OOMJINA
Obl1a BBIBe[leHAa B OT[AE/IbHYI0 TpyIiy.
INoacunteiBamn MuHUMyM S00 mbLIb-
LeBBIX 3epeH B oOpasne (AP -+ NAP).
Juarpamma meUIbLEl OBLIA TOCTPOEHA C
nomoInkio mporpamm Tilia u TGView.

3. Pe3ynabTatbl M 06Ccy)xpeHue

Paguoyrnepoatoe JaTUupoBa-
Hue Oa3ayjibHOTO obOpaslia KepHa IOKa-
3aJI0, 4YTO HAaKOIUIeHMe Hayajaoch B
panHeM TroJsoneHe. (Grachev et al.,
2020). IleumblleBasg OuarpamMma o3epa
Xyko (Puc. 1) 6puma pasfeyieHa Ha 7
nbUTbleBbIX 30H (LPAZ), cooTBeTCTBY-
IOIIUX OCHOBHBIM (paszamM pasBUTUA
pacTUTEIbHOCTHU.

LPAZ1 (200-177 cm). IIbLIblIEBBIE
KOMILJIEKCHI XapaKTePU3YIOTCs BbICOKOM
JoJiell jpeBecHOl pacTuTesbHOCTU (0
90%). ITeIbIlEBaAsA 30HA ObLIa BBIAEIEHA
mo nukam KpuBbix Corylus (mo 40%) u
Ulmus (mo 15%). Taxxe 3aech OTMe-
yaeTcsi BBICOKOE coJiepXaHNe IbLIbIIbI
Carpinus u Fagus. CorjiacHO IbUIBL[EBBIM
JaHHBIM, PacTUTEJIbHOCTh Oblila mpen-
cTaBJjieHa OyKOBBIMM JiecaMM C IpUMe-
cblo rpaba U OpelrHUKOM Ha He3ajeceH-
HBIX IPOCTPAHCTBaX.

LPAZ2 (177-150 cMm) AP xowmrmo-
HEHT NbUIBLIEBOTO CIEKTpa CHUXaeTcs
mo 75-80%. 3oHa BhIZleJleHA Ha OCHO-
BaHUM BBICOKOTO COJepXaHUA MbLIbIIBI
Fagus (mo 40%) u Carpinus -10-15%.
KonmuecTBo mbLIbIBEI Abies yBesimyuBa-
etcs ¢ 5% 10 20%. oJisA mbUIbLBI OJIbXU
yBesinuuBaetrca n0 50%, a opelHuKa
CHIXaeTcs BABOE IO CPaBHEHMUIO C Ipe-
Obigymieil 30HoON. B 3To Bpemsa mpouc-
XOUM 3KCIaHcus rpaboBbIX U OyKOBBIX
HIMPOKOJIMCTBEHHBIX JIecOB Ha OoJiee
BBICOKHE TMIICOMeTpHUYecKre YPOBHMU.

LPAZ3 (150-115 cm) ComepxaHue
NAP Bospacraetr ao 40% npu nponoJi-
x)amrieMmcsa cHuxeHun AP (mo 60%).
B cocraBe TpaB mpeob6ianaior Poaceae

M~
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(10%), Asteraceae (15%) u Fabaceae (10%). Cpenu
MBUIBIBL JIpeBeCHbIX Haubojiee BbICOKA HoJiA Fagus
(20%), Carpinus (15%) u Abies (15%). Bricokoe conep-
)kanre NAP cBuAeTebCTBOBAJIO O MOSABJIEHUU OTKPHI-
TBIX IPOCTPAHCTB, 3aCeJIEeHHBIX JIYTOBBIMU U CTEITHBIMU
BUJIJaMU PacTUTEJIbHOCTHU.

LPAZ4 (115-72 cM) CooTHOIIeHUe TIpyIIl
AP-NAP-Spores cmeljaeTrcs B CTOPOHY POCTa IBUIBIBL
nepebeB (mo 70-752%) u cmop (mo 10%). s koMm-
IJIEKCOB XapaKTepeH 3aMeTHBIN UK cofiepkaHus Pinus
(mo 20%) npu coxpaHeHUH JI0JIN OCTAJIbHBIX TAKCOHOB.
I'maBHBIM OTJIMUKMEM 3TON (a3pl OBLJIO BO3pacTaHue
nosu 6opeasibHON pacTUTEJIBHOCTU B COCTaBe JIeCOB.

LPAZ5 (72-44 cm), AIl - 75-80%, NAP - 20-25%,
Josna cnop cHuxaercsa o 1%. YBenuuuBaetcsi [0JA
MBUTBIBl IMUPOKOJIMCTHBIX BUIOB: Fagus — mo 45%,
Carpinus — no 20%. 3gech HabJoaeTcs MUK coAepxa-
HUA OUIBLE Ay6a (mo 20%).

LPAZ6 (44-15 cm) J[osna mbUIBIEL JepeBbeB
pocturaetr 85-90%, a TpaB - cHuxaerca Ao 10-15%.
OnHOBpeMeHHO BO3PacTalOT AOJIM OJIbXU, OpellHHKa
(mo 30%) u rpaba (20%),

LPAZ6 (15-0 cm), AP - 80-85%, NAP - 10-15%,
Coopsl - 1%. ITpogoskaeTcs pocT cogepKaHUA OJIbXU
U JlenyHbl. HeckobKo CHMXAITCsA J0JI NbUIbLE OyKa
(mo 40%). Moxa Abies meHseTcs B npefeiax ot 2% 10
10%.

PacTtuTtesibHOCTE 5, 6 U 7 NBUIBI[EBBIX 30H Xapak-
TepHu30BaJjiach 3KCIaHCHUEN MNPOKOJICTBEHHBIX BU/IOB,
cpelu KOTOPBIX IpeobiiafaloT OyKoBhle, TpaboBble U
ny6oBble dopmanuu. YMeHbIIMJIACh IUJIOMIAAb Mosica
XBOHMHBIX JIECOB.

4. BoiBOADI

[TaJTMHOJIOTMYECKUI aHaJIu3 W PaANOYIJIEPO/I-
HOe JJaTMpOBaHUE OTJIOXKEHUN 03epa XyKO MO3BOJIAIOT
FOBOpUTh O JUHAMUKE PACTUTEJIBHOCTU 3amajHOro
KaBkaza Ha NpPOTSXEHUM HECKOJBKUX 3TAroOB TOJIO-
eHa. 10368-10577 — 8000-8200 cal BP - GopeabHBII
MepUo]] XapaKTepU30BaJICA B 3TOM PETHOHE MPUCYT-
CTBUEM B PAaBHOHM CTEMEHU KAaK IIMPOKOJIMCTBEHHBIX
(Fagus, Ulmus), Tak u xBouHBIX (Abies) mopon. (Fagus,
Ulmus). 8000-4400 cal BP — ATJIaHTUYECKUI TIEPUO.
O3HaMeHOBaJlach MpeobylajaHUEM [IMPOKOJIMCTBEH-
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HBIX JIecOB, 06pa30BaHHBIX MPENMYI[ECTBEHHO OyKOM
Y, B MeHbIIel creneHu, rpabom. 4400-2600 cal BP -
Cy0bopeasibHBIII — yBeJnWYeHHEM MAOJM OopeasbHON
pactutesnibHOCTHU (Abies, Pinus) B coctaBe JiecoB, 2600-0
KaJ. j.H. — CybaTaHTU4YeCKUI NIepruo/i B LIeJIOM CX0X
¢ ATiaHTHYeCKHM [0 COJlepXaH’I0 HeMOpaJIbHON
¢sope, HO B 3TO BpeMs CHU3WJach A0JIA XBOWHBIX
nopo/ (MMXTHI, COCHBI, €J11) U BBIPOCJIA J0JIS OJIbXU U
OpellHuKa.
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