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ABSTRACT. This work is dedicated to studying the dynamics of vegetation and natural-climatic condi-
tions in the Mologo-Sheksninskaya lowland in the north of the East European Plain during the Holocene.
Lake Motykino, located in the Darwin Nature Biosphere Reserve, was chosen as the research object due
to its unique location and preservation of relic lake deposits. Radiocarbon dating and pollen analysis
were conducted. The research results are presented in the form of a lithological description of the sedi-
ment column, stratigraphic analysis, and a pollen diagram divided into five local pollen zones, reflecting
the succession of plant communities from periglacial landscapes in the Late Glacial to the formation of
boreal forests in the Holocene. Analysis of pollen spectra allowed for the identification of key periods in
the vegetation history of the region, from 13,300 cal BP to 400 cal BP, and to track changes in vegeta-

tion composition and peat formation processes.
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1. Introduction

The Mologo-Sheksninskaya lowland (MSL) holds
significant importance for studying and reconstruct-
ing the dynamics of vegetation and climatic condi-
tions during the Late Glacial period and the Holocene
(Sadokov et al., 2022). However, to date, the chronol-
ogy of changes in the central part of the MSL, as well as
the formation of glacial deposits in this region, remain
insufficiently studied (Sapelko and Sadokov, 2022).
Therefore, this area represents a great interest for fur-
ther research in this direction.

Lake Motykino (N 58.550895°, E 37.613226°) is
located in the north of the East European Plain (Vologda
region) at an altitude of 104 m above sea level. It is sit-
uated in the boreal climatic zone of the East European
taiga. The lake has an area of 0.023 km? and an aver-
age depth of 3 m, making it one of the small relic lakes
that have been preserved since the deglaciation of the
last glaciation cover (Sadokov et al., 2022). The veg-
etation is dominated by spruce and pine forests with
the presence of deciduous species. Among the main tree
species are Picea abies (L.) H.Karst, Pinus sylvestris L.,
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Betula pendula Roth, Betula pubescens Ehrh., and Populus
tremula L. Additionally, species such as Alnus incana
(L.), Alnus glutinosa (L.) Gaertn., and various species of
the genus Salix can be found here. The lake is located
within the protected natural area of the Darwin Nature
Biosphere Reserve, where more than 80% of the terri-
tory is covered by sphagnum upland bogs and marshy
forests, with around two dozen small lakes located on
the marshy plains (Kuznetsov et al., 2006). The vege-
tation within the bog is dominated by Pinus sylvestris L.
and heath shrubs, with the participation of the Carex
genus. The nearest modern settlement (the village of
Borok) is located 4 km away from the lake. It should be
noted that Lake Motykino has not been studied from a
paleoecological perspective before.

2. Materials and Methods

Lake sediment cores were extracted in March
2022 using a Russian corer (with a diameter of 5 cm
and a sampling length of 1 m) from the ice surface.
The total thickness of the recovered sediments was 236
cm (three cores). Lithological descriptions and photo-
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graphic documentation of the cores were carried out
immediately after their extraction. The chronology is
based on 5 dates obtained at the AMS laboratory of
A.E. Lalonde at the University of Ottawa. Additionally,
a sediment accumulation rate model was created in
OxCal (Reimer et al., 2020), which showed that sed-
imentation occurred uniformly at an average rate of
approximately 55 years/cm. This model allowed for the
determination of temporal intervals for the identified
pollen zones.

3. Results and Discussion

In field conditions, 236 c¢cm of sediment was col-
lected and described. The lower part of the core (236-
189 cm) consisted of weakly mineralized sapropelic peat
of medium decomposition degree. From a depth of 220
cm to 190 cm, rhythmic color layering was observed,
distinguished based on differences in density, botani-
cal composition, and mineralization. After a thin layer
from 190-189 cm, represented by greenish organogenic
aleuropelit, the sediments up to their upper boundary
(189-0 cm) consisted of viscous, loosely compacted silts
with a large amount of plant macroremains. The under-
lying rocks were not penetrated.

Based on stratigraphic cluster analysis (CONISS),
the pollen diagram (Figure 1) was divided into 5 local
pollen zones (LPAZs 1-5).

LPZ 1 (13,300-11,500 cal BP): The spectra sig-
nificantly differ from other zones in the column and are
characterized by the predominance of Poaceae pollen,
including >40 um, Artemisia sp., and Amaranthaceae.
The first half of the zone is marked by a rapid increase
in Picea sp. pollen. The obtained spectra reflect the
periglacial vegetation of the late Pleistocene - tun-
dra-steppe and gradually forming spruce forests.

LPZ 2 (11,500-8,200 cal BP): The spectra are
characterized by the predominance of Betula sp. pollen.
The proportion of Picea sp. pollen rapidly decreases,
while the amount of Pinus sp. pollen increases. The
proportion of Poaceae decreases. Nymphaea sp. pollen
appears, and the proportion of Cyperaceae increases,
indicating the beginning of the infilling of an open
water body. The composition of the spectra reflects
the formation of boreal forests dominated by pine and
birch in the early Holocene.

LPZ 3 (8,200-5,500 cal BP): The spectra are
characterized by a significant increase in the propor-
tion of Alnus sp., Quercus sp., Ulmus sp., and Tilia sp.
The amount of Betula sp. pollen decreases. The appear-
ance of the indicator of peat formation, Sphagnum sp., is
observed. The spectra reflect the Holocene climatic opti-
mum, during which the southern taiga with a notice-
able presence of broad-leaved species was formed.

LPZ 4 (5,500-2,500 cal BP): The presence of all
woody taxa in the spectra fluctuates within the zone.
The amount of Betula sp. pollen continues to decrease,
but the proportion of Pinus sp. and Picea sp. increases.
There is a gradual increase in the number of Sphagnum
spores. The spectra reflect an increase in coniferous
species in the forests against a backdrop of gradual
cooling.

LPZ 5 (2,500-400 cal BP): An increase in Pinus
sp., Artemisia sp., and Poaceae pollen, including large
pollen grains (>40 pum), correlates with a decrease in
the proportion of broad-leaved tree pollen and Picea sp.
throughout the zone. The number of Sphagnum spores
continues to rise. The spectra indicate the formation
of modern sub-boreal spruce forests, with the appear-
ance of anthropogenic indicators suggesting human
exploitation of the area.
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Fig.1. Pollen diagram of Lake Motykino sediments (Vologda region).
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4. Conclusions

Analysis of the sediments of Lake Motykino,
including lithological description, radiocarbon dating,
spore-pollen analysis, and assessment of sedimentation
rate and uniformity, allowed to identify 5 local pollen
zones reflecting the main stages of vegetation devel-
opment, and to reconstruct the history of vegetation
dynamics in the region over the past 13,300 years:
from tundra-steppe periglacial landscapes of the late
Pleistocene to modern boreal forests of the Holocene.

The results of the study make a significant contri-
bution to understanding the history of past ecosystem
development in the Mologo-Sheksninskaya lowland
and provide a basis for further research on changes in
natural conditions in the region.
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KpaTtkoe coobuienune

NManunonorua osepa MoTbiIKMHO B rOAOLLEHE [IMNOLOGY
(Bonoroackan obnactb, Cesepo-3anap FRESETWATER

eBponeuckou yactu Poccum) BIOLOGY
e
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AHHOTAILHA. [laHHas paboTa MOCBAIIEHA U3YYEeHUI0 JUHAMHKU PACTUTEIBHOCTU Y NMPUPOAHO-KIIN-
MaTUYECKUX ycaoBUi B Mostoro-IllekCHUHCKOW HU3MEHHOCTH Ha ceBepe BocTrouHo-EBpomerickoii paB-
HUHBI B rojioneHe. O3epo MOTBIKMHO, pacloJioKeHHOe B JJapBUHCKOM MPUPOAHOM O01oc¢hepHOM 3amo-
Be[HUKe, OBLJIO BEIOpAaHO B KauyecTBe OOBbEKTa MCCIeJOBAaHHUA M3-32 €ro0 yHUKAJbHOI'O PaCIOJIOKEHU
Y COXPAaHHOCTU PEJIMKTOBBIX O3€PHBIX OTJIOKEHHWHU. BTN MOJTyvYeHBl pafguoyTJIEPOAHBIE JATUPOBKU U
MPOBEJIEH CIIOPOBO-IBLIBIIEBON aHaJU3. Pe3ysibTaThl MCC/IeOBAaHUA MPECTaBJIEHb B BUJE JIUTOJIOTU-
YeCKOT0 ONMUCAHUsS KOJIOHKH OTJIOXKEHUM, CTPAaTUrpaduuecKoro aHaM3a W MbUIBIIEBON AUArpaMMEl,
pa3zesieHHON Ha MATH JIOKAJIbHBIX IBUIBLEBBIX 30H, OTPAXalollell CMeHY PAaCTUTEbHBIX COOOIIECTB OT
MepUrJIAUaabHbIX JaHAMAaQTOB B MO34HEJIEHUKOBbe A0 GopMupoBaHUA OOpeabHEBIX JIECOB B TOJIO-
IjeHe. AHaIU3 NBUIBIEBBIX CIIEKTPOB MO3BOJIUJI BEIIEIUTH KJII0UEBbIe IEPUOABI B NICTOPUU PACTUTEJIHHO-
cTU pernoHa, HaunHadA ¢ 13300 j1.H. u go 400 J1.H., 1 OTCJIEAUTh N3MEHEeHNs B COCTaBe PaCTUTEJIbHOCTU
U mpolecc 3a601a4YMBaHUs.

Kiioueanie cyroga: JyiHaMuKa pacTUTENIBHOCTH, TOJIOLEH, NbUIbLieBON aHanus, Cesepo-3anaj Poccun, BocTounas
EBpomna

Ana mutupoBanusa: Kameirmda A.B., Epmosa E.I'. IlanuHosiorus o3epa MOTBIKMHO B roJiolleHe (BoJsioroackas
obsacts, CeBepo-3amaj esporelickoil yactu Poccun) // Limnology and Freshwater Biology. 2024. - No 4. - C. 340-345.
DOI: 10.31951/2658-3518-2024-A-4-340

1. BBeAe““e CO Bpe€MEHHu Aerjianuanvun II0CJIeJHEro IMOKPOBHOIO

oneneHenus (Sadokov et al., 2022). B pacTuTebHOM
MIOKPOBe Ipeo6J1aaloT eJIOBEIE U COCHOBEIE Jieca, ¢ y4a-
CTHEM JIMCTBEHHBIX Mopof. Cpeau OCHOBHBIX JIpeBec-
HBIX TIOPOJT MOXHO BhiAeuTh Picea abies (L.) H.Karst,
Pinus sylvestris L., Betula pendula Roth, Betula pubescens
Ehrh. u Populus tremula L. Taxxe 31ech BCTpeyarTcs
Takue BUIBI Kak Alnus incana (L.), Alnus glutinosa (L.)
Gaertn. u pa3JinuHbIe BUB U3 pona Salix.

O3epo pacnoJioxkeHO Ha 0co00 OXpaHsAeMou
NpUPOJHON TeppuTOopuu — JIapBUHCKUIN NPHUPOIHBIN
6uocdepHbIli 3anoBeqHUK, Oosiee 80% TeppuTopun
KOTOPOr0 3aHUMAaT c(arHoBble BepxoBble 00JIOTA U
3ab0JioueHHBIEe Jleca, a Ha 3a00JI0UeHHBIX pPaBHUHAX
PacIOJIOKeHO OKOJIO ABYX HEeCATKOB HeOOJIBIINX 03ep
(KysnenoB u ap., 2006). B pacTuTeJbHOM IOKPOBE B
npefesiax 6ojioTa mpeobsamaior Pinus sylvestris L. u
Ericaceae, c yuactueMm pona Carex. Bixaiiiiee coBpe-
MeHHOe roceJjieHue (rnocesjiok bopok) HaxoauTcA B 4 KM

Mosnoro-IllekcHuHckas HusmeHHocTts (MIIIH)
3aHMMaeT BaXHOe MOoJIoKeHMe AJIA U3y4YeHUs U PeKOH-
CTPYKUIMH MOUHAMHKH PacTUTEJIBHOCTU U HPUPOA-
HBIX-KJIMMaTU4YeCKUX YyCJIOBUM IO3HEeJIeJHUKOBOIO
nepuozga u rojoueHa (Sadokov et al., 2022). OgHako,
J0 CUX NOp XPOHOJIOTHA HU3MeHEHUN B I|eHTPaJIbHOU
vactu MIIIH, a taxxe Bonpoc GpopMuUpoBaHUs JieqHU-
KOBBIX OTJIOXKEHUI B 3TOM pPEruoHe, OCTAlOTCA HeJNo-
craTouHo u3ydeHHbIMU (Camenko u Capmokxos, 2022).
TakuMm oOpa3oM, JaHHasA TEPPUTOPHUA IpeAcTaBjAeT
60JIbIION MHTepec AJiA JaJbHEHIINX HccJieJOBaHUN B
3TOM HarllpaBJIeHUU.

O3epo MotreikuHO (N 58.550895°, E 37.613226°)
pacnoJioxeHo Ha ceBepe BoctouHo-EBpomnerickoii pas-
HUHBHI Ha BeicoTe 104 M H.y.M. (Bojioropackas o6i1acts),
HaxoauTcsa B OopeasibHOM KJIMMAaTU4ecKON 30He BOC-
TOYHOeBpoIelickoi Taiiru. [Inomanas o3epa cocTapiseT
0,023 kM?, a ero cpegHAA TJIyOMHA — 3 M, OHO OTHO-

OT o3epa.
CUTCSA K MaJIbIM PeJIMKTOBBIM O3epaM, COXpPaHUBIINMCS
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Agnpec e-mail: camygina@yandex.ru (A.B. Kambiruza
np ygina@y ( ) © ATop(sr) 2024. DTa paGoTa pacnpoCTpas-
INocmynwna: 01 utona 2024; IIpunama: 02 vt 2024; eTcs o MexIyHapoJHo! jiutieH3uel Creative BY NG
Ony6tukoaana online: 26 aprycra 2024 Commons Attribution-NonCommercial 4.0.

343


https://www.doi.org/10.31951/2658-3518-2024-A-4-340
mailto:camygina@yandex.ru

KambieuHa A.B., Epwosa E.I" / Limnology and Freshwater Biology 2024 (4)

Cney. abinyck: «6-s1 mexdyHapoOHasi KOHhepeHUusi

1 340-345 lManeonum+onozus CesepHoli Egpasuux

CiieyeT OTMETHUTh, YTO 03ep0 MOTHIKHMHO
paHee He OBLJIO U3YYEHO C MajIe0IKOJIOTMYECKON TOUKU
3peHU.

2. MaTepuanbl U MeTOADI

KepHBI 03€pHBIX OTJIOXKEHHIl OBLIM H3BJIEYEHB
B Mapre 2022 roaa HOJyLUUJIUHAPUYECKUM PYCCKUM
o6ypoM (nuameTp 5 cM, AJmHa nNpobooTbopHuKa 1 M)
C MOBepXHOCTHU JbAa Jjbaa. CymMMapHas MOIIHOCTb
BCKPBITBHIX OTJIOXKEHUI cocTaBumiia 236 cMm (Tpu KepHa).
JIutosornueckoe onucaHue U GOTONOKyMeHTaluA Kep-
HOB OBLJIM OCYIIeCTBJIEHB! HelIOCPeJCTBEHHO IocJie UX
W3BJIeUeHUS.

XpoHoJIOTHA OCHOBaHa Ha 5 JaTax, OJIyYeHHbIX
B AMS na6oparopuu A.D. JlasioHaa B OTTaBCKOM YHU-
BepcuteTe. OcaJKOHaKOIJIeHWe OBLJI0O pPaBHOMEDPHBIM.
CpenHsAA CKOPOCTb OCAJKOHAKOIUJIEHUA COCTaBJIAeT
NIPUMEPHO 55 JIET/CM.

3. Pe3ynabTatbl M 06Ccy)xpeHue

B mosieBHIX ycJ10BUAX OBLIO COOpaHO U ONKCAHO
236 cm otioxenuil. HuxHaA vacTh kepHa (236-189
cM) ObUTa IpejcTaBjeHa cj1a00 MUHepaIn30BaHHBIM
campornejieBUAHEIM TOpPGOM cpefHell CTeleHu pas-
noxenus. HaunHas c¢ riayounsl 220 cM u go 190 cm
HabJ0jaeTcss pUTMHUYHAA [[BETOBAsA CJIOMCTOCTb, BBIe-
JIeHHAas Ha OCHOBe pa3jInyuii B IJIOTHOCTH, OOTaHUYe-
CKOM coCTaBe U MuHepanusaiuu. Ilocsie MajsoMoIiHo-
rocsiosa 190-189 cm, mpencTaBjeHHOIO 3eJIeHOBATHIM
OpraHoreHHbIM aJjIeBpONeJUTOM, OCaJKUA A0 CBOeH
BepxHel rpaHulisl (189-0 cM) mpeicTaByieHbl BA3KUMU
CJ1a0OyIJIOTHEHHBIMHU WjlaMU C OOJIBIIMM  KOJInde-
CTBOM pacTUTEJIbHBIX MaKpoocTaTkoB. [ToAcTuiaomue
NOpoJbl He OBUIN 3aXBadyeHHl.

Ha ocHoBe cTpaTurpaduieckoro KjaacTepHOIO
anammza (CONISS) meutbiieBas mguarpamma (Puc. 1)
Oblla pasfejieHa Ha 5 JIOKJIbHBIX 30H CKOILJIEHUA
mbeUIbIE (LPAZS 1-5).

LPZ 1 (13300-11500 sier Ha3an) CrnekTphl 3Ha-
YUTEJIbHO OTJIMYAlOTCA OT APYTMX 30H B KOJIOHKE U
XapakTepu3yloTcsa nnpeobyagaHueM NbUIbLE Poaceae, B
ToM uuciie >40 um, Artemisia sp. u Chenopodiaceae.
[lepBasg moJiOBMHA 30HBI XapaKTepusyeTcs OBICTPHIM
yBeJInueHneM uuncjieHHocTU Picea sp.

LPZ 2 (11500-8200 mner Hazan). CrekTpsl
XapakTepusyloTcs ImpeobyiamaHueM MbUIBIE  Betula
sp. beictpo ymensbmiaerca fossa Picea sp., HO pacTeT
KOJIM4eCcTBO IBUIBIEI Pinus sp. [losiA TpaB cokparia-
ercs. IlosBiAercsa neuiblia Nymphaea sp. 1 pacTet JoJIs
Cyperaceae, YTO MOXeT CBHETeIbCTBOBATh O HAJIMYUU
BOJIM3M OTKPHITOrO BOAOEMA.

LPZ 3 (8200-5500 syetr Ha3ax). CrieKTpsl Xapak-
TePU3YIOTCs 3HAYMTEJIBHEIM Bo3pacTaHueM noJu Alnus
sp., Quercus sp., Ulmus sp. u Tilia sp. YMeHbIIaeTcs
KOJINYEeCTBO NbUIbLEL Betula sp. ITosiBifgeTCs MHOUKATOP
3abosaunBaHusa Sphagnum sp.

LPZ 4 (5500-2500 ner Hazazn). I[IpucyrcrBue
BCEeX ApEeBeCHBIX TaKCOHOB B CIeKTpax KojebJerca
BHYTpU 30HHL. IIpomosrkaeT CHHXATbCA KOJINYECTBO
meUIBLEL Betula sp., HO pacrter moJis Pinus sp. u Picea
sp. HabGmiogaeTca ©oOCTeNeHHBI POCT YHCIA CIOP
Sphagnum sp.

LPZ 5 (2500-400 sietT Ha3ax). YBesnuueHue coaep-
’)KaHWA ObUIbLEL Pinus sp., Artemisia sp. u Poaceae, B ToM
yucae >40 pm, KoppeupyeT CO CHUXeHHeM J0JIU
IIBUIBIBl IIMPOKOJIMCTBEHHBIX AepeBbeB U Picea sp. Ha
IPOTsDKeHUM Bceil 30HBL KomnmdectBo cnop Sphagnum
Sp. IPOJIOJIXKaeT pacTH.
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4. BoiBOADI

Ananu3 oTioxeHUil o3epa MOTBHIKMHO, BKJIIO-
yaloliil JINTOJIOTMYecKoe OIucaHue, paauoyre-
poAHOe AaTHpOBaHMe, CIOPOBO-IBLIBIEBOM aHANINU3 U
OLIeHKY CKOPOCTH K paBHOMEPHOCTH OCaJKOHAaKOILIe-
HUA TIO3BOJIWJI BBIAEJIUTh S JIOKAJIbHBIX IbUIBLIEBBIX
30H, OTpaXalwlIX OCHOBHBIE 3Talbl pa3BUTHSA pacTu-
TeJIbHOCTH, U PEKOHCTPYyHPOBaTh HCTOPHUIO0 JUHAMUKU
pacTUTEJIBHOCTU peruoHa 3a nociaeanue 13300 set:
OT TYHAPO-CTENHBIX MepUrIANMaIbHbIX JIAHAMA(GTOB
[I03/IHero IJIeHCTOoIeHa A0 COBPEMEeHHBIX I'0JIOIIeHOBBIX
GopeaJibHBIX JIECOB.

PesyspTaThl HcCCJIeIOBaHUA BHOCAT BaXXHBIH
BKJIaJl B MOHUMaHMHe KCTOPUM pa3BUTHUA 5KOCUCTEM
MpoIuIoro Ha Tepputopuu MoJioro-IllekCHUHCKON HU3-
MEHHOCTH 1 CO3[al0T OCHOBY JJI NajbHeMNIero usyue-
HUA U3MeHEeHUN NMPUPOJHBIX YCJIOBUI B PETrHOHE.
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