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ABSTRACT. The evolution of vegetation in the Lotus Lake basin in the Middle Pleistocene has been
studied. Six phases of paleovegetation evolution based on palynological data have been identified. It
has been established that in warm epochs correlating with MIS 11, 9 and 7 in the Lotus Lake Basin were
dominated by broad-leaved and coniferous forests with a diverse species composition. Under cooling
in MIS 10, the distribution of coniferous-small-leaved forests with the participation of shrubby birch
increased. In MIS 8 and 6, the main type of vegetation was represented by coniferous-small-leaved for-
ests with the dominance of pine, birch, spruce and the participation of elm and oak.
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1. Introduction

Features of the evolution of the natural envi-
ronment of the Middle Pleistocene are one of the most
interesting and little-studied pages in Quaternary his-
tory. The most complete records of the evolution of
paleovegetation are reflected in the pollen spectra of
lake sediments, which have a very limited distribution
in the south of the Russian Far East. Their thickest sedi-
ments are present in sections of the Khanka Depression
and in shelf of Peter the Great Bay. Significant thick-
nesses of lacustrine sediments were also revealed by
drilling while studying the geological structure of
Quaternary sediments in the mouth of the Tumannaya
River. This made it possible to reconstruct the evolu-
tion of vegetation in the south of the Russian Far East
in the Middle Pleistocene (MIS 11-6).

2. Materials and methods
2.1. Study area

Modern Lake Lotus is a small freshwater lake in
the extreme south of the Russian Far East. It is located
at the mouth of the Tumannaya River (at 42°25" N;
130°39’ E) at the distance of 9 km to the west of the
coast of Peter the Great Bay (the Sea of Japan). The
water surface area of Lake Lotus is about 12.3 km2, its
depth does not exceed 2.0 m, and the water surface of
the lake is located at a height of about 2 m above the
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sea level. The lake is surrounded from the north, the
west, and the east by the low hills with swampy small
valleys. In the south, the lake is framed by a low river-
bed swell, up to 2 m high, behind which an accumula-
tive plain of the Tumannaya River, is located.

The Lake Lotus Basin is located in the contact
zone with the Manchurian and North China floristic
provinces (Komarov, 1908). Its swampy shores are cov-
ered with reed grass, forbs, sedge meadows and grass
mires. The water surface of the lake is partially covered
with thickets of Nelumbo komarovii. Sparse broadleaf
forests of Quercus dentata and Quercus mongolica, with
minor contributions of Fraxinus rhynchophylla, Tilia
amurensis and Tilia taquetii, and also thickets with dom-
inated by Lespedeza, Corylus and Rhododendron domi-
nate the slopes of the lake basin (Chubar, 2000).

2.2. Drilling and sampling

Borehole 26, 86.6 m deep, was drilled by a drill-
ing rig on the western shore of Lotus Lake. The sam-
ples of the sediments were taken from the borehole at
the intervals of 5-10 cm. Sampling and the lithologi-
cal description of drill cores were carried out by B.I
Pavlyutkin (Far Eastern Geological Institute FEB RAS),
and a palynological analysis was carried out by L.P.
Karaulova (Primorgeology) and N.I. Belyanina (Pacific
Geographical Institute of FEB RAS).
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2.3. Palynological analysis

Fossil pollen particles were extracted from the
sediments using standard methods, which included
treatment with 10% KOH, separation of minerals with
a solution of KJ and CdJ, (2.2 g/cm3), after which the
samples mounted in glycerol jelly (Pokrovskaya, 1950).
Pollen and spores in glycerin jelly were identified, pho-
tographed and counted using an optical microscope
Axio Scope.Al and camera AxioCam ICc1 (Carl Zeiss).
Proportion of each pollen taxon was calculated in per-
cent of the pollen sum arboreal taxa, dwarf shrubs and
herbs. Proportion of plant groups (trees and shrubs
— AP, herbs, grass, and dwarf shrubs — NAP, spores —
SP) was calculated in percent of the total amount of
microfossils. At least 250 pollen grains of arboreal,
dwarf shrubs, and herb were counted in each sample.
Identifications of pollen grains were made with the aid
of pollen atlases (Nakamura, 1980).

3. Results and discussion
3.1. The lithology features of sediments

A significant amount of drilling work made it
possible to establish that under the layer of the Upper
Pleistocene-Holocene estuarine sediments a stratum of
greenish-gray thin-layered fine-sandy-silty rocks was
exposed. The layering character is clearly seasonal:
microlayers consist of two elements — fine sandy and
silty. The micro rhythm thickness does not exceed 1-2
mm. At the base they are underlain by weakly rounded
pebbles, crushed stones and porphyries, cemented by
sandy loam. They are overlapped by the layers of the
Late Pleistocene sediments of alluvial-marine genesis
and the Holocene sediments — sands, sandy loams, and
loams.

3.2. Pollen analysis

Pollen data indicate that the main elements of
vegetation in the Lotus Lake Basin in MIS 11, 9 and
7 were diverse broad-leaved and coniferous forests.
Among coniferous plants, representatives of the sub-
genera Haploxylon and Diploxylon, and also the genus
Picea, predominated. Representatives of the North
China and Manchurian floristic provinces, such as
Castanea, Celtis, Magnolia, Tsuga, Quercus, Ulmus, Tilia,
Juglans, Phellodendron, Carpinus, and also Cupressaceae,
were present among the broad-leaved trees. Currently,
the ranges of many of them cover the warm-temper-
ate and subtropical regions of the Korean Peninsula
(Lee, 1980), as well as the islands of Honshu, Kyushu
and Shikoku (Ohwi, 1965). It is worth noting that the
genus Carpinus south of 40° N in Korea and northeast
China includes 7 species (Chang and Jeon, 2018), the
genus Quercus has 11 species (Chang, 2007), and the
genus Pinus has 6 species (Farjon, 2010). In the south
of the Russian Far East, only Quercus mongolica, Quercus
dentata, Pinus koraiensis and Pinus densiflora are found
(Chubar, 2001).

Similar global climatic fluctuations, which
caused the restructuring of vegetation in the Middle
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Pleistocene, are also noted for more northern regions
of Russia. Thus, in Chukotka, in MIS 11, 9 and 7, there
were repeated changes of herbaceous-birch shrub tun-
dra with herbaceous or herbaceous-alder-birch tundra
(Lozhkin et al., 2007). At the same time, in the lower
reaches of the Irtysh, the average annual temperature
was 8-10 ° higher than the current one, and the north-
ern border of broad-leaved and needle-leaved forests
and the steppe shifted to the north by 1 000-1 300 km
(Volkova, 2008).

Coniferous-small-leaved forests with a predomi-
nance of Betula sect. Nanae, Betula sp., Duschekia, Picea,
Pinus subgen. Haploxylon and Pinus subgen. Diploxylon,
Ulmus and Quercus were widespread in the Lake Basin
Lotus under the colder climatic conditions during the
MIS 10. Duschekia, Picea and Pinus subgen. Haploxylon
were the main components of the slopes vegetation
during the MIS 8. Sphagnum mires with Betula sect.
Nanae were dominated in the coastal plains of the Sea
of Japan. Under a later cooling, comparable to MIS 6,
fir-pine-birch forests with the participation of Quercus
and Ulmus spread. Vegetation similar in composition is
reflected in the palynospectrum from the modern soil,
which we studied at the foot of the Baitoushan volcano
(42° 03’ N; 128° 03’ E), at an altitude of about 600 m.
This indicates significant spatial migrations of plants
during climatic fluctuations in the Middle Pleistocene
in the south of the Far East.

4. Conclusions

The paleobotanical data obtained allowed us to
reconstruct vegetation development in the Lotus Lake
Basin during the Middle Pleistocene (MIS 11-6). It has
been found out that in the warm epochs, correlated
with MIS 11, 9, and 7, diverse broad-leaved and nee-
dle-leaved forests dominated in the Lotus Lake Basin.
During periods of cooling, the Lake Lotus Basin were
widespread by coniferous/small-leaved forests with the
participation of shrub species of birch and alder (MIS
10) and coniferous/small-leaved forests consisted of
pine, birch, and spruce with the participation of elm
and oak (MIS 8 and 6).
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AHHOTAILUA. H3yueHa 5BOJIIOIMSA pacTUTEJIBHOCTHU B 6acceliHe o3epa JIoToc B cpefiHeM ILJIEHCTOLIEHe.
ITo mannHOJIOrMYeCKUM JaHHBIM BbIJieJIeHO MecTh (a3 5BOJIIOIMY IajIe0pacTUTeIbHOCTH. Y CTAHOBJIEHO,
YTO B TeIUIble 3I0XH, Koppeaupyomue ¢ MUC 11, 9 u 7, B 6acceiiHe 03. JloToc npeobiagaiy Mupo-
KOJIICTBEHHBIE 1 XBOMHBIE Jieca ¢ pa3HOOOpasHBEIM BUAOBEIM cocTaBoM. I[Ipu moxosiomanuu B MHC
10 yBennuuBajIOCh paclpoCcTpaHeHNe XBONHO-MEJIKOJINCTBEHHBIX JIECOB C y4acTHeM KyCTapHHKOBOM
6epe3ku. B MUC 8 u 6 0CHOBHO! OOJIMK PAaCTUTEJIbHOCTU IPEJICTABJIAIN XBOWHO-MEJIKOJICTBEHHbIE
Jieca ¢ JOMUHUPOBaHNEM COCeH, Oepes, el U y4acTHeM BsA3a u Ayoa.

Kitioueawie ciiosa: pP€EKa TYMaHHa.H, Imajieo03€epo, 03€pHbI€ OTJIOKEHNA, CME€HbI paCTUTEJIbHOCTH,

CHOpOBO-HbIJ'IbLIGBOfI aHaJIn3

Jaa nutupoBanmsa: bensHus II1.C., Bensnuna H.M.T Hctopusa pactuTesbHOCTH OacceiiHa o3epa JIoToc Ha KpaliHeM Iore
JanpHero Boctoka Poccum B cpenHeM mutefictonieHe // Limnology and Freshwater Biology. 2024. - No 4. - C. 268-273.
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1. BBeaenue

OcobOeHHOCTU pa3BUTHA IPUPOAHON Cpeabl Cpea-
HEero 3BeHa IJIeliCTOoLieHa ABJIAITCA OJHUMU U3 CaMBIX
WHTEPECHBIX 1 MaJION3y4eHHBIX CTPaHUI] B YeTBEPTUY-
HoU ncropuu. Hanbosiee noHbIE JIETONMCH 3BOJIIOIAN
NaJIe0pacTUTEIbHOCTA OTPAaXEHHBI B IBLJIBLIEBBIX CIIEK-
TpaxX 03epHBIX OTJIOXKEHNI, MMEINX BecbMa OrpaHu-
YyeHHOe pacIipocTpaHeHUe Ha wore JlanbHero BocToka
Poccun. HaubGospliiie 0 MOITHOCTH WX OCAAKU IpU-
CyTCTBYIOT B pa3pesax [IpuxaHkaliCKOl BIagvHBI U B
oTJIOXeHUAX menbda 3anusa [lerpa Benukoro. B xoxe
U3y4eHUsA TeOJIOTUYEeCKOTO CTPOEHUA YeTBepPTHUYHBIX
OTJIOXKEHNH B MpUyCcTheBON yacTu p. TymaHHOMH, Oype-
HYeM OB BCKPBITBI 3HAUUTEJIBHBIE IO MOIHOCTU
TOJII[ O3€pHBIX OCAAKOB, YTO MO3BOJIMJIO PEKOHCTPY-
MPOBaTh 3BOJIIOIMI0 PACTUTEIbHOCTU Ha fore JlajbHero
Boctoka Poccuu B cpenHeM mietictonerne (MUC 11-6).

2. MaTepuanbl M METOAbI
2.1. 06bexT uccnepoBaHUA

CospeMeHHoOe 03epo JIoToc — HeboJIbIIOe Ipec-
HOBOJHOE 03epo, PacloJIoKeHHOe Ha KpalHeM lore
JambHero Boctroka Poccun, B ycThe pexku TymaHHON
(42 °25’ c. m., 130 °39’ B. A.), B 9 KM K 3amafy OT 3aJIMBa
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[Merpa Benukoro (AmoHckoe mope). TLiomans BOOHON
MIOBEPXHOCTU 03epa cocTaByAeT okoJio 12.3 kM2, a ero
riyouHa He npesblmaer 2.0 M. BogHasa nmoBepxXHOCTH
o3epa JIeXXUT Ha BBICOTE OKOJIO 2 M HaJl ypPOBHEM MODH.
C ceBepa, 3amajia 1 BOCTOKa 03€pPO OKPYKEHO HEBBICO-
KHMM X0JIMaMH ¢ 3a00104eHHBIMI HeOOIbIINMU JOJIH-
Hamu. C 1ora oHO oGpaMJIeHO BaJIOM BBICOTOI OKOJIO 2
M, 32 KOTOPBIM HauMHaeTCs aKKyMyJIATUBHAsA paBHUHA
peku TyMaHHOI.

BaccetiH 03. JIoToc pacrnoJioxeH B 30He KOHTaKTa
Manpuwxypckoli u CeBepo-Kuraiickoii ¢iopucTtuye-
ckux nposuHnui (Komapos, 1908). Ero 3ab6osioueHHBIE
6epera NOKpPHIBAIOT BeHHUKOBO-pPAa3HOTPaBHEBIE, OCOKO-
Bble JIyra U TpaBsHble 0oJsioTa. BogHas MOBEpXHOCTh
JaCTUYHO MOKpHITa 3apocysimu Nelumbo komarovii. Ha
CKJIOHaX BojocOopHoro 6acceiiHa npeobjaganT peaKo-
CTOIHBIE MIMPOKOJIMCTBEHHBIE Jieca U3 Quercus dentata
u Quercus mongolica, ¢ yaactueM Fraxinus rhynchophylla,
Tilia amurensis u Tilia taquetii 1 KyCTapHUKOBHIX 3apo-
cient u3 Lespedeza, Corylus u Rhododendron (Uy6aps,
2000).

2.2. bypenue u oT60p Npo6

CkBaxwuHa 26 riryouHoi 86.6 M Obl1a mpoOypeHa
Ha 3anmagHoM mnoOepexbe 03. Jlotoc. O6pasipl OTJI0-
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)keHUN oTOupasmch ¢ uHTepBajioM 5-10 cm. Otbop
npo®d U JINTOJIOTMYECKOe ONKCAaHKWe KEepHOB BBHINOJI-
HeHbl B.W. INaBmoTkuHbIM ([aJIbHEBOCTOYHBIN T'e0JIO0-
rudeckuil uHcTUTYT [ABO PAH), a majmHoJiornyecKuil
anamus — JL.II. Kapaynosoii (IIpumopreosiorus) u H.U.
Benanunoil (TuxookeaHCKWiIl WMHCTUTYT Treorpadpuu
JBO PAH).

2.3. NMaAnuHONOrHUYECKHMH aHaAAU3

OOpa3sipl U3 pa3pe3oB OTOMpAJIMCh C WHTEpBa-
oM 5-10 cm. CopoBo-TIBLIBIIEBOI aHAJIN3 MPOBe/ieH
1o CTAaHJAPTHON MeTOAVKe, BKJIoUalollell o6paboTKy
10% KOH, otxesienne Munepasios pactsopom KJ u CdJ,
(2,2 r/cm®), mocste yero o6pasisl MOMeEIIAIN B IJIULe-
puHoBoe xeJie (ITokposckas, 1950). [Ieiblly U CHIOPHI
WAeHTUPUIMPOBAIM U MOACYUTHIBAJIN C IIOMOIUIBIO
ONTHYeCKOro Mukpockomna Axio Scope Al npu yBenu-
yeHnu X 400. J{oJ1g KaXxJoro TakCOHA MbLIbIBI pacCuu-
ThIBaJIaCh B IIPOLIEHTaX OT CYMMBI IIBUIBIIH J€PeBLEB,
KyCTapHHKOB, TpaB U KyCTapHWYKOB. Jl0J1 Ipynn pac-
TeHU! (epeBbs U KyCTapHUKU — AP, TpaBbl, 3J1aKU U
KapJnKoBble KycTapHUKU — NAP, cniopsl — SP) paccuu-
THIBAJIU B IMPOLIEHTax OT OOIIero KOJW4YecTBa MHKPO-
doccummii. B kaxaon npobe MoACYMTHIBAIN He MeHee
250 nBLIBIEBHIX 3epeH APeBeCHBIX U KyCTapHUKOBBIX
pactenuil. MaeHTH®UKaANNIO NBIIBIEBLIX 3€peH MPOBO-
AWM ¢ NOMOIIBI0 MBUIbIEBEIX aTjacoB (ITokpoBckas,
1950; Nakamura, 1980).

3. Pe3ynabTatbl M 06Ccy)xpeHue
3.1. AuTonornueckKue ocob6eHHoCcTH
OTAOXKEHMH

Bypenue nokaszaso, 4yTo oJ CJI0EM BepxHeIiei-
CTOILIEH-TOJIOLEHOBBIX 3CTyapHBIX OTJIOXKEHUI OOHa-
JKaeTcs Ilayka 3eJIeHOBATO-CephIX TOHKOCJIOMCTBIX
MeJIKOIleCYaHO-aJIeBPUTOBBIX IOPOJ. XapakTep CJIO-
HWCTOCTU HOCHUT SPKO BbIpaKEHHBIN CE30HHBIN Xapak-
Tep: MUKPOCJIOU COCTOAT U3 ABYX 3JIEMEHTOB — MEJIKO-
[IeCYaHOrI'0 U aJIeBpUTOBOr0. MOIHOCTh MUKPOCJIOEB He
npesblmnaer 1-2 MM. B ocHOBaHMM OHU NOACTUJIAIOTCA
cytabookaTaHHOU rajapKoi, nebHeM U nopdupuTamu,
ClleMeHTHPOBaHHEIMU CyTiechio. MIX epekphIBaoT CJI0ON
MO3HEIJIENICTOIIEHOBEIX ~ OTJIOXKEHUH  aJlyIloBUAaJIb-
HO-MOPCKOTI'0 I'eHe3rca U I'OJIOLEHOBBIX OTJIOXKEHUH —
[IeCKOB, cyneceil U CyIJIMHKOB.

3.2. Pe3yAbTathl NAAMHOAOIMUYECKOI0
aHaAM3a

[MTanuHoMIOrNYeCKe AaHHBIE CBUJIETEJIbCTBYIOT,
YTO OCHOBHBIMH 3JIeMEHTaMU PAacTUTEIBHOCTU B Oac-
cetite 03. Jlotoc B MUC 11, 9 u 7 6sun pa3HooOpas-
HbIe 110 COCTaBY IIMPOKOJINCTBEHHEIE 1 XBOMHBIE Jieca.
Cpenu XBONHBIX JlepeBbeB IpeobJiafanyl NIpefCcTaBU-
Tesm noApoioB Haploxylon u Diploxylon, a Takxe pofa
Picea. Cpeiy IIMPOKOJIMCTBEHHBIX IIOPOJ IPUCYTCTBO-
Bayiu pacreHus CeBepo-Kurtaiickoit 1 MaHbUXypCKOI1
dJyiopucTHYecKUX NPOBUHINI, TaKWe, KakK IpeJCcTaBU-
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Tesi pofioB Castanea, Celtis, Magnolia, Tsuga, Quercus,
Ulmus, Tilia, Juglans, Phellodendron, Carpinus, a Takxe
Cupressaceae. B HacTosiee BpeMsi, apeajibl MHOTUX U3
KOTOPBIX OXBAaThIBAIOT TEIJIOYMepeHHbIe 1 cCyOTpomuye-
ckue obnactu Kopeiickoro n-oBa (Lee, 1980), a Takxe
0-BoB XoHcw, Kiocto n Cukoky (Ohwi, 1965). Ctout
OTMETUTH, 4TO ceiuac roxHee 40 °c. m. B Kopee u Ha
ceBepo-BocToke Kurtasa pox Carpinus HacuuTbiBaetr 7
BuzoB (Chang and Jeon, 2018), poxa Quercus 11 BugoB
(Chang, 2007), a pon Pinus — 6 BunoB (Farjon, 2010).
W3 Hux Ha 1ore J[anpHero BocToka BcTpevyaeTcs TOJIBKO
Quercus mongolica, Quercus dentata, Pinus koraiensis u
Pinus densiflora (Uy6aps, 2000).

3HauuTesIbHBIE ~KJIUMaTHU4yeckue KoJjebaHus,
BhI3BaBIIILE MEPECTPONKY PaCTUTEJBHOCTU B CpeJIHEM
IJIelicTolleHe, OTMeUeHH U JiJis1 60Jiee ceBepHbIX Peru-
oHOB JlanbHero Bocrtoka. Tak, Ha Uykotke B MUC 11,
9 u 7 NpoUCXOANJI HEOJHOKpATHBIE CMeHBI TpaBsAHU-
CT0-0epe30BhIX KyCTAPHUKOBBIX TYHJIP TPaBAHUCTHIMU
WIN  TPaBAHUCTO-OJIbXOBO-0epe30BRIMU  TYHApamu
(JloxkuH u fp., 2007). B 3T0 e Bpemsa B 3amaaHou
Cubupy, B HM30BbAX HpThIia cpegHerofoBasi TeMile-
paTypa 6bsia Ha 8-10 ° BbIllle COBpeMeHHOM, a ceBep-
Has rpaHulia MMPOKOJIMCTBEHHBIX U UT0JIbYATHIX JIECOB
U creneil cMmectunach kK ceBepy Ha 1000-1300 km
(BosikoBa, 2008).

B Gosee xonomHom kimmMare B MUC 10 mmpo-
Koe pacrpocTpaHeHue B 6acceliHe 03. JIoToc nosyy4anu
XBOMHO-MEJIKOJIICTBEHHbIE Jieca ¢ TIpeoOJiagaHueM
Betula sect. Nanae, Betula sp., Duschekia, Picea, Pinus
subgen. Haploxylon u Pinus subgen. Diploxylon, Ulmus
u Quercus. B MUC 8, 0CHOBHBIMM KOMIIOHEHTaMU pac-
TUTEJIBHOCTU CKJIOHOB Obliu Duschekia, Picea u Pinus
subgen. Haploxylon pactutensHocTH. Ha mpubpexHpIx
paBHUHax fmoHckoro Mops mnpeobsiafanu charHoBbie
6oJiota ¢ Betula sect. Nanae. B MUC 6, B pacTUTEb-
HOCTH JIOMUHMPOBAJIM IHNXTOBO-COCHOBO-Oepe30Bbie
Jieca c yuactueM Quercus u Ulmus. CxoqHas IO COCTaBY
pacTUTEJILHOCTh BBIJlesieHa 13 cyO(OCCUIBHOTO MaIu-
HOCIIEKTPa, 0TOOpaHHOT0 Ha abcosioTHOM BbicoTe 600
M y MOJHOXUA ByJikaHa BaiiToymans B GacceiiHe p.
Tymannoit (42 °03> c¢. m., 128 °03> B. f.). OTO yKa3bl-
BaeT Ha 3HAUMTeJIbHble IPOCTPAHCTBEHHBIE MUTpPALIU
pacTeHul Mpy KJIMMaTHYeCKUX KOJIeOaHUAX B cpeJHEM
IelicTolleHe Ha fore JlajpHero Bocroka.

4. 3aKknioueHue

[losyuenHble  najieo0oTaHUYecKWe  JaHHBIE
[I03BOJIWJI PEKOHCTPYyHpPOBaTh pasBUTHE pPacTUTEJIb-
HOCTH B OacceliHe o3epa JloToc B cpeliHeM ILIelCTO-
eHe (MUC 11-6). B Temnible 31m0X1, KOppeJUPYIOIINeE C
MMUC 11, 9 u 7, B GacceliHe o3epa JloToc npeobiaganu
pasHooOpa3Hble MIMPOKOJMCTBEHHBIE U XBOMHOJIMCT-
HEle Jieca. B nepuoapl noxosioganuii B 6acceliHe o3epa
Jlotoc mpeo6siaganyu XBOMHO-MeJIKOJINCTBEHHEIE Jieca
C y4yacTueM KyCTapHHKOBBIX NOpoj Oepe3bl M OJIbXU
(MHC 10), a XBOMHO-MeJIKOJIMCTBEHHEIE JIeca COCTOSIN
13 COCHBI, Oepe3bl U eI C yJyacTueM U3 Bf3a U Ayba
(MHUC 8 u 6).
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