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ABSTRACT. Pollen record obtained from sediments of the high floodplain terrace of the River
Knevichanka, allowed to reconstruct the evolution of coastal vegetation in the Ussuri Bay Headover
the last 5350 years cal BP. It was found that broad-leaved plants under warm and moisture climate
during the final phase of the mid-Holocene Thermal Maximum were more widespread in the mountain
ecosystems than at present. Mixed grass meadow, small-leaved plant communities were dominated on
the accumulative plain, with common birch, hybrid birches and alder. The cooling that began at the
end of the Middle Holocene and continued in the beginning of the Late Holocene led to a decrease of
broad-leaved trees and a wider distribution of small-leaved ones in the vegetation. At the end of the Late
Holocene, in the Ussuriysky Bay Head, were formed the oak-broadleaf forests with fir and Korean pine
which represent the modern appearance of ecosystems.
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1. Introduction

At the Ussuriysky Bay Head there is an exten-
sive accumulative plain “dragging” into the valleys of
the rivers Knevichanka and Artyomovka. Evolution
of the ecosystems in this area during the Holocene is
closely associated with both climatic fluctuations, gov-
erning the directionality of the plant development, and
fluctuations of the sea level, which had a considerable
impact on the environment (Korotkii, 1994; Pavlyutkin
and Belyanina, 2002; Elbakidze, 2014; Anderson et al.,
2017). The forming under that process sediments are
the information bearing objects for the reconstruction
of the history of the evolution of the environment in
the past.

The aim of this work is to reconstruct the coastal
vegetation evolution in the Ussuriysky Bay Head under
multidirected climatic fluctuations in the final phase of
the mid-Holocene Thermal Maximum optimum and in
the Late Holocene.
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2. Materials and methods
2.1. Collection, preparation of the
sediments samples

Sections 1706-1 and 1810-1 reveal 190 and 80
cm of loose sediments of the high floodplain terrace of
the Knevichanka River, respectively. Section 1706-1 is
located on the right bank, 550 m downstream of the
automobile bridge (N43°25’11.62”; E132°11’57.88”), at
an absolute height of 2.3 m, with a water level of 0.8 m
in the river. Section 1810-1 is located on the left bank
320 m upstream of the road bridge (N43°2513.99”,
E132°11’34.56”).

2.2. Palynological analysis

Sediments samples were taken at intervals of
5-10 cm. Fossil pollen particles were extracted from
the sediments using standard methods, which included
treatment with 10% KOH, separation of minerals with
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a solution of KJ and CdJ, (2.2 g/cm?®), after which the
samples were mounted in glycerol jelly (Pokrovskaya,
1950). Pollen and spores in glycerin jelly were iden-
tified and counted using an optical microscope Axio
Scope Al at X400 magnification. Proportion of each
pollen taxon was calculated in percent 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 and dwarf shrubs plants were
counted in each sample. Identifications of pollen grains
were made with the aid of pollen atlases (Pokrovskaya,
1950; Nakamura, 1980).

2.3. Radiocarbon dating

Radiocarbon dating of samples of buried soil
and plant detritus was carried out in the Laboratory of
Geochronology, St. Petersburg State University (Kh.A.
Arslanov and F.B. Maksimov). Obtained radiocarbon
dates 3020+100 BP (LU-8779) and 4650+110 BP
(LU-8780) were calibrated using OxCal 4.4 with the
“IntCal 20” calibration curve (Ramsey, 2017; Reimer et
al., 2020) to 3190130 cal BP and 5350+ 160 cal BP
respectively.

3. Results and discussion

The palynological and chronological data
obtained for cross-section 1706-1 showed that sedi-
mentation of sediments in the depth range of 190-150
cm occurred in the final phase of the optimal phase of
the Middle Holocene from 5350 cal BP, under warmer
climatic conditions than modern ones. The taxonomic
composition of local pollen zone (LPZ) 1 indicates the
widespread development on the valleys slopes of the
Ussuri Bay Head of mixed forests with a predominance
of Pinus koraiensis, Pinus densiflora, Abies holophylla,
Phellodendron amurense, Tilia, Syringa, Juglans mand-
shurica and other broad-leaved trees. Sedge-forb mead-
ows were dominated in the alluvial plains of the Ussuri
Bay Head. Small-leaved forests with a predominance of
white birch and alder were widespread along the river-
beds and lakes.

The taxonomic structure of the palynospectra of
LPZ 2, identified in the depth range of 150-78 cm, indi-
cates a cooling event that occurred at the beginning
of the Late Holocene. The widespread of Pinus koraien-
sis and Abies holophylla vegetation decreased slightly,
on the slopes of northern exposures they replaced by
Picea. At the same time, the proportion of broad-leaved
trees also decreased. The participation of small-leaved
plants, primarily tree Betula, Alnus and Duschekia, has
increased. The coastal plains in the Ussuri Bay Head
were occupied by sedge and reed meadows.

High participation in LPZ 2 of spores of the
Osmunda cinnamomea, which prefers moist and shady
habitats, indicates the dominance in the valleys of the
Ussuri Bay Head of closed mixed coniferous broad-
leaved forests, where the substrate and forest floor
maintain a high level of humidity under the monsoon
climate.
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LPZ 3, identified in the depth interval 78-0 cm is
described of vegetation evolution at the end of the Late
Holocene. The taxonomic composition of the palyno-
spectra indicates that the distribution of Pinus koraiensis
and Quercus mongolica has increased on the slopes in
the Ussuri Bay Head valleys. Sedge-forb meadows and
reed thickets were dominated in the coastal plains. The
presence of lotus pollen grains indicates the existence
of freshwater lakes on the coastal plains of the Ussuri
Bay Head.

4. Conclusions

Changes in the taxonomic composition of paly-
nospectra in the sediments of the first terrace above
the floodplain of the Knevichanka River allowed recon-
structed vegetation of the coastal ecosystems in the
Ussuriysky Bay Head. They showed that under warm
climate during the final phase of the mid-Holocene
Thermal Maximum the polydominant forests prevailed
on the coastal slopes. Broadleaved plants were wide-
spread more widely than at the present time. On the
alluvial plains were dominated by small-leaved plant
communities.

The decline in heat in the Late Holocene resulted
in a degradation of broad-leaved vegetation and expan-
sion of small-leaved species. During the final phase of
the Late Holocene was the time when the structure of
the modern plant formations was formed. There is the
principal species on the slopes included Quercus mon-
golica, Ulmus, Phellodendron amurense, Abies holophylla,
Juglans mandshurica and Syringa. Sedge-red grass mead-
ows and overgrowth of reeds on the alluvial plains in
the Ussuriysky Bay Head dominated.
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dBoAlOUMA NPUOPEIKHDBIX 3IKOCUCTEM B
KyTOBOM 4acT¥ YCCYPMMCKOro 3aAMBa €
nocnepHen ¢pa3bl cpeaHero ronoueHa

bensuauH I1.C.*, Benauuna H.U.
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AHHOTALIUA. IlsuiblieBast J€TONNCh, IOJIyYeHHAs IO OTJIOKEHUAM BBICOKOU IOMMEHHOU Teppachl
p. KHeBuuaHKy, [03BOJIMJIA PEKOHCTPYUPOBATh 3BOJIIOLMI0 IIPUOPEXHOIN PAacTUTEIbBHOCTU B KyTOBOM
YacTH YCCypHUICKOro 3ajuBa 3a nocijefgHue 5350 jieT kajl. Ji. OnpefesieHbl 0COOeHHOCTH CTPYKTYPHL
PacTUTEJIBHOCTY B 3aKJII0UUTESIbHON (ha3e cpeJHEro rojIoleHoBOro TepMUYeCKOro MakCUMyMa, a Takxke
IIpU KJINMaTUYeCKUX KoJjle0aHUAX B I03JHEM roJIolieHe. Y CTaHOBJIEHO, YTO B yCJIOBUAX TEIJIOTO U BJIaX-
HOI'0 KJIMMAaTa B 3aKJIIOUMTEJIbHYI0 a3y cpedHEro rojoleHa B FOPHBIX SKOCHCTeMax MKIPOKOJINCTBEH-
Hble pacTeHus ObUIN 60Jiee MMPOKO paclpocTpaHeHHl, YeM B HacTosmee BpeMa. Ha akKyMyJIATUBHBIX
paBHUHAaX IpeobJjaiajy pasHOTpaBHBIE JIyra, MeJIKOJINCTBEHHBIE pacTUTeJIbHEIE COODIIecTBa ¢ JOMU-
HUpOBaHHeM Oepe3bl OOBIKHOBEHHOM, TOpruaHOM Gepeskl U 0Jibxu. [loxosoaaHne, HauyaBIieecs B KOHIIE
CpeHero roJiolieHa M IpoAoJDKaBlleecs B Havyasle MO3JHEro roJioleHa, MpUBeJIo K COKpAaIleHUI0 yya-
CTHA MIMPOKOJIMCTBEHHBIX JlepeBbeB U 0oJiee NIMPOKOMY paclpOCTPaHEHUI0 MeJIKOJIMCTBEHHBIX pacTe-
HUI B pacTUTEJIbHOM IIOKpOBe. B KOHIle I03Hero rojoneHa B BEPXOBbAX Y CCypUICKOro 3aiuBa cdop-
MHPOBaJIMCh AyOOBO-IINPOKOJIMCTBEHHEIE Jieca C IUXTON 1 COCHOM KOPEeMCKOM, KOTOphle IpeCTaBJIAI0T
c00011 COBpeMEeHHBIN 00JIMK pacTUTEJIbHOCTHU.

Kitioueawie ciiosa: OIITUMYM TIOJIOLIE€HA, HOSJIHI/Hjl T'OJIOLEH, MaJIMHOJIOTUYECKUHI aHaJIN3, 1aJIeopacCTUTEJIbHOCTbD,
N3MEHEHUA PACTUTEJIBHOCTU
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1. Beepenue MaTHYeCKUX KojilebaHUAX B 3aKJIIOUMTESIbHON (dase

. ONTHMyMa CpeJHEero rojoleHa 1 B IO3JHEM roJIOLeHe.
B BepxoBbAX YCCYpUICKOTO 3ajMBa PpacIoJio-

K€Ha 06U.II/IpHaH AKKYMYJIATHBHAasA paBHHHA, «BTATHU-
BamwIadaAcAa» B OJOJIMHBI PEK KneBuuaHka u ApTeMOBKa.
OBOJIIOLUA pPaCTUTEJIbHOCTU 3TOU TEPPUTOPUU B I'OJIO-

2. MaTepuanbl U METOADI
2.1. OT60p NPo6 ¥ NnoaroToBka

IleHe TeCHO CBA3aHa KaK C KJINMaTU4eCKUMHU KoJieOaHu-
AIMU, OIlpefiesIABIINMH HalpaBJeHHOCTh pa3BUTUA pac-
TEeHUH, Tak U ¢ kojebaHuAMHU ypoBHA Mops (KopoTkuii,
1994; IlaBmrotkuH u bBemsuuua, 2002; Snbakupgse,
2014; AnpepcoH u ap., 2017). CoopmMupoBapminecs
IIpY 3TOM OCaJKH ABJIAITCA NHQOPMATUBHBIMU 00bEK-
TaMU NP peKOHCTPYKIMU UCTOPUU Pa3BUTUA OKpyXa-
I0Ilel cpeAs! B IIPOLIJIOM.

Llenp paboThl PEeKOHCTPyHpOBaTh 3BOJIIO-
LU0 IPUOpEeXHON pacTUTEJIBHOCTU B KYTOBOU 4acTU
VYcceypuiickoro 3ajinBa IIpYA pa3HOHANpaBJIeHHBIX KJIU-

* ABTOP [JIsl IEPEIUCKHY.
Anpec e-mail: pavelbels@yandex.ru (I1.C. BesiaHuH)

INocmynwna: 15 mas 2024; IIpunama: 28 vionHA 2024;
Ony6tukoaana online: 26 aprycra 2024

283

AabopaTtopHbiXx 06pa3uos

Pazpesnl 1706-1 n 1810-1 BCKpBEIBAIOT TOJIIY
PBIXJIBIX OTJIOXKEHUN BBICOKON IIOMMEHHOU Teppackl
p. KueBnuanku momuocTeio 190 u 80 cm coorBet-
ctBeHHO. Pa3pe3 17061 3ajioxeH Ha npaBoM bepery,
B 550 M HUXe II0 TeYeHUI0 OT aBTOMOOMJIBHOT'O MOCTa
(43°25’11.62” c.m1.; 132°11’57.88” B.4.), Ha abCoOJIIOT-
HOH BBICOTE 2,3 M, IIPU OTMeETKe ype3a BOABl B peke
0,8 m. Pa3pe3 1810-1 pacnoJioxeH Ha jeBoM Oepery,
B 320 M BBIIIIE [0 TEYEHHIO OT aBTOMOOMJIBHOT'O MOCTA,

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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Ha abcosmoTHON BhicoTe 1,8 M (43°2513.99” c..;
132°110’34.56” B.4.)

2.2. NMaAMHONOrHUYECKHMH aHaAAU3

OOpa3sipl U3 pa3pe3oB OTOHMpAJIMCh C WHTEpBa-
oM 5-10 cm. CopoBoO-TBLIBIIEBO aHAJIN3 MIPOBelieH
10 CTAaHJAPTHON MeTOAuKe, BKJIIoUalollell o6paboTKy
10% KOH, otxesienne Munepasios pactsopom KJ u CdJ,
(2.2 r/cm®), mocyte yero o6pasisl MOMeEIIAIn B TJIULe-
puHoBoe xeJie (ITokposckas, 1950). [Ieiblly U CHIOPHI
UAeHTUPUIMPOBAIM U MOACYUTHIBAJIU C IIOMOIUIBIO
ONTHYeCKOro Mukpockomna Axio Scope Al npu yBenu-
yeHnu X 400. J{oJ1ig KaXxJoro TaKCOHA IbLIbIBI pacCuu-
ThIBaJIaCh B IIPOLIEHTaX OT CYMMBI IIBUIBIIL J€PeBbEB,
KyCTapHHKOB, TpaB U KyCTapHWYKOB. JloJ1 Ipynn pac-
TeHU! (epeBbs U KyCTapHUKU — AP, TpaBbl, 3/1aKU U
KapJMKoBble KycTapHUKU — NAP, cniopsl — SP) paccuu-
THIBAJIU B IMPOILIEHTax OT OOIIero KOJW4YecTBa MHKPO-
doccummii. B kaxaon npobe MoJcYMTEIBAIN He MeHee
250 nBUIBIEBHIX 3epeH APeBeCHBIX U KyCTapHUKOBBIX
pactenuil. MaeHTudUKaNNIO NBIIBIEBHIX 3€peH POBO-
AWM ¢ NOMOIIBI0 MBUIbIEBEIX aTjacoB (ITokpoBckas,
1950; Nakamura, 1980).

2.3. PapuoyraepoaHoe paTupoBaHue

PaguoyrnepongHoe — gatupoBaHue — oOpasloB
norpeGeHHOI IOYBHL ¥ PaCTUTEIbHOI'O AeTPUTA BBHINIOJI-
HeHO B Jiabopartopuu reoxpoHosorun CIIOIY (X.A.
Apcnanos u ®.b. Makcumos). [losyueHHble panu-
oyryiepoansle aatel 3020*+100 n.H. (JIY-8779) u
4650+110 sm.H. (JIY-8780) ObuiM OTKAIUOPOBAHHI C
nomoInbsio OxCal 4.4 ¢ kamu6poBoyHOM KpuBoH «IntCal
20» (Ramsey, 2017; Reimer et al., 2020) g0 3190+130
Kam. j. H. ¥ 5350 =160 kas. J1. H. COOTBETCTBEHHO.

3. Pe3ynabTaTtbl M 06Ccy)xpeHue

[TosiydeHHBle NAJNHOJIOTHYECKHE M XPOHOJIO-
ruyeckue OaHHbele o paspe3y 1706-1 nokasaiu, 4TO
celUMeHTaNNs OTJIOXeHUHN B UHTepBaJsie riyouH 190—
150 cM, npoucxoAnJio B 3aKII0YUTESIbHYI0 da3y ONTU-
MaJibHOH ¢a3bl cpefHero rosjomeHa ¢ 5350 kas. J1.H., B
6oJiee TEIJIBIX KJIMMATHYEeCKUX YCJIOBUAX, YeM COBpe-
MeHHble. TaKCOHOMMWYECKUI COCTaB JIOKAJIbHOM IIBLIIb-
neBoil 30HOU (JIII3) 1 cBUAeTENbCTBYET O IIMPOKOM
Pa3BUTHM Ha CKJIOHAX MOJIMHBI Ha CKJIOHAX T'OPHOIO
obpaMiieHUs1 KyTOBOM YacTU YCCypHICKOIo 3ajiiBa
CMeIIaHHBIX JIecOB ¢ Mpeobiaganvem Pinus koraiensis,
Pinus densiflora, Abies holophylla, Phellodendron
amurense, Tilia, Syringa, Juglans mandshurica n apyrux
HIIMPOKOJIMCTBEHHBIX JepeBbeB. Ha asumoBHUaIbHBIX
paBHMHAX, IPUMBIKAIOIINX K BeplInHe YCCypUHCKOro
3ajyBa, JOMUHMPOBAJI OCOKOBO-pasHOTPaBHEIE JIyra.
Bnosib pycert pek u 03ep ObLIM pa3BUTH MEJIKOJIUCTBEH-
Hble Jieca c npeoOsiagaHreM 6es10ii 6epe3bl U OJIbXMU.

TakcoHOMHYecKasa CTPYKTypa NaJIMHOCIEKTPOB
JITI3 2, BeifjesieHHO! B UHTepBaJie riiyouH 150-78 cwm,
yKasblBaeT Ha [10XOJIOfaHue, [Ipou3olle/liee B Havasie
nosgHero roJioneHa. Jlosis Pinus koraiensis u Abies
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holophylla pacTUTETLHOCTA HECKOJIBKO YMEHBIINJIACH,
YCTYIUB MecTO Picea Ha CKJIOHaX CeBepHBIX JKCIIO3U-
1uii. B 3TO e BpeMs cokpaTujach JOJA MIKUPOKOJIU-
CTBEHHBIX JepeBbeB. OOHOBpPEMEHHO, BO3POCJIO yda-
CTHe MEeJIKOJINCTBEeHHBIX pacTeHul, B IepByI0 ouepeab
6epe3bl, 0JIbXU U KyCTapHUKOBOM oybxu. [IpubpexHbie
PaBHUMHBI B KyTOBOH 4YacTH YCCYpHICKOTO 3aJMBa,
3aHsAJIM OCOKOBO-TPOCTHUKOBEIE JIyra.

Bricokoe yuactue B JIII3 2 cnop manopoTHUKa
Osmunda cinnamomea, NpeANOYNUTAIONIETO YBJIAXHEH-
Hble U 3aTeHeHHble MecTa OOUTaHU:A, yKas3blBaeT Ha
npeobsafnaHue B OacceiiHe p. KHeBMYaHKU COMKHY-
THIX XBONHO-IIMPOKOJIMCTBEHHBIX JIECOB, B KOTOPBIX
cyOcTparT U JlecHas MOACTUJIKA B MyCCOHHOM KJIMMaTe
HMMeI0T CTaOMJIbHO MOBBIIIEHHYIO BJIaXXHOCTb.

W3mMeHeHNe pacTUTEJbHOCTU B KOHIle IO3JHEero
roJiolieHa onuceiBaet JII13 3, BelesieHHasA B UHTepBaJie
78-0 cm. TakCOHOMMYECKHII COCTaB MaJIMHOCIIEKTPOB
CBUJIETEeJIbCTBYET, YTO Ha CKJIOHax AOJIMH B KyTOBOH
qacTy Y CCypHUICKOro 3ajiBa BO3pOCJIO paclpocTpaHe-
Hue Pinus koraiensis u Quercus mongolica. Ha npu6pex-
HBIX paBHUHaX JOMHUHHPOBAJI OCOKOBO-Pa3HOTPaBHEIE
JIyra ¥ 3apocJjii TpOCTHHKa. Hanyune nbUIbIieBEIX 3epeH
JIoTOCca CBUAETEJIbCTBYEeT O CyILleCTBOBAaHUM NIPECHOBO-
JHBIX 03ep Ha NpuOpexHBIX paBHUHAX YCCypUICKOIo
3aJMBa.

4. BoiBOADI

[TeIBIIEBAA JIETONKCH, IOJIyYeHHAs M0 OTJIOXe-
HUAM BBICOKOHN MOVIMeHHOHN Teppachkl p. KHeBuuaHKU,
[IO3BOJIWJII PEKOHCTPYMPOBAaTh SBOJIIOIMIO pacTu-
TeJIbHOCTU B KyTOBOHM 4YacTH YCCYpUICKOIO 3ajivBa.
[TannHOJIOTMYecKre JaHHEIe TI0Ka3aju, YTO B YCJIOBUAX
TEeILJIOro KJIMMaTa B 3aKJII0UMTeIbHYI0 a3y onTuMasib-
HOH (a3bl cpefHero rojiolieHa Ha IPUOPEXHBIX CKJIO-
Hax npeo0Jajajay NOJUAOMHUHAHTHEIE Jleca, B KOTOPBIX
MIMPOKOJIMCTBEHHBIE JAepeBbsA ObUIM paclpoCTpaHeHBI
6oJiee MIMPOKO, YeM B HaCTOsIlee BpeMs.

CHMXeHHe TeMIlepaTypsl B IIO3JHEM TroJIOlleHe
IIPMBEJIO K COKpAllleHWI0 y4YacTUs B PacTUTEJIbHOCTHU
MIMPOKOJIMCTBEHHBIX [lepeBbeB M YCUJIEHUI0 y4YacTU:d
MeJIKOJINCTBEHHBIX pacTeHui. Ha 3axiounTesibHOM
JTame MO3JHEro roJiolleHa chopMHpoOBajach COBpe-
MeHHas CTpyKTypa pacTtuTesbHocTd. Ha ckyoHax
OCHOBHBIMM KOMIIOHeHTaMu ctayin Quercus mongolica,
Ulmus, Phellodendron amurense, Abies holophylla, Juglans
mandshurica w Syringa. Ha npubpeXxHbIX paBHHUHAX
Yccypuiickoro 3ajauBa MIMPOKOE pasBUTHE MOJIYUYHIIN
OCOKOBO-Pa3HOTpaBHbIEe JIyra 1 3apOCjIi TPOCTHUKA.

KoHpAUKT UHTEpecoB

ABTOpHBI 3aABJIAIOT 06 OTCYTCTBUM KOH(DIIMKTa
VHTEPECOB.
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