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ABSTRACT. Quantitative reconstruction of vegetation abundance utilising pollen records from Lake
Ladoga, Lake Onega, and Lake Lembolovskoye in north-western Russia was conducted using the
REVEALS model. Two modelling approaches, integrated with three sets of relative pollen productivities
and fall speeds, produced divergent outcomes. The option that most accurately reflected the vegetation
composition was selected for further analysis. The comparison of modern vegetation with sub-recent
spectra from surface samples in the study region enabled an evaluation of the reliability of the model.
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1. Introduction

The reconstruction of vegetation and climate of
the past is one of the most significant goals of pollen
analysis, along with the determination of relative age.
Quantitative reconstructions of vegetation based on
palynological data are of particular interest. However,
such studies encounter complexities, as the pollen-veg-
etation relationship is not linear, influenced by pol-
len productivity, pollen preservation, pollen transport
methods and some other factors. Therefore, a compre-
hensive examination of surface soil and bottom sam-
ples, as well as the composition of modern vegetation, is
crucial for each geographical focus area. The Holocene
vegetation of the Lake Ladoga and Lake Onega regions
is well-studied, resting on the results of pollen analysis
of bog and lacustrine sediments (Arslanov et al., 1999;
2001; Elina et al., 2000; and many others), including
the bottom sediments of Lakes Ladoga and Onega them-
selves (Delusin, 1991; Savelieva et al., 2019; Lavrova,
2004; Sapelko et al., 2021; Savelieva et al., 2023; and
many others). However, studies of surface samples are
scarce in the Lake Ladoga region (Malyasova, 1976;
Chernova et al.,, 2006) and the northeastern Lake
Onega region (Filimonova, 2005; Elina and Filimonova,
2007). Meanwhile, these studies are the basis for the
interpretation of fossil spectra. Therefore, an important
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research method may be the modelling of vegetation
cover based on pollen data, as it solves several prob-
lems. At first, it provides quantitative data on vegeta-
tion and therefore excludes subjective interpretation
of fossil spectra, which, at second, allows comparison
of materials from different authors. One such model is
REVEALS (Sugita, 2007), developed for regional vege-
tation reconstructions.

This paper presents the results of REVEALS
modelling for the two largest lakes in Europe, Lakes
Ladoga and Onega, as well as for the comparatively
small Lake Lembolovskoye, located on the Karelian
Isthmus. Surface soil samples were analysed to allow a
more reliable interpretation of fossil pollen spectra, to
expand the database of surface samples, and to verify
the modelling outcomes. The results obtained were also
compared with the composition of modern vegetation.

2. Materials and Methods

Fieldwork was conducted in August — September
2022 and involved sampling around Lakes Ladoga and
Onega, covering the most diverse natural and anthro-
pogenically influenced landscapes. A total of 60 sam-
ples were collected. One sample from the upper 5 cm
of soil was taken in the centre of a 1 x 1 m plot. A
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vegetation survey and a detailed description of plants
within the plot were carried out, including the foli-
age projection cover in percentages. The Col1309 core
from Lake Ladoga (Savelieva et al., 2019), the Sp0002
core from Lake Onega (Savelieva et al., 2023), and
the Lembolovskoye core (Arslanov et al., 2001) were
selected for the Holocene vegetation modelling; all of
them were studied previously. The Holocene parts of
the sediment cores were 1.99 m, 3.13 m, and 6.6 m,
respectively. The samples were studied every 2 to 10
cm. Sample preparation followed the standard protocol
(Berglund and Ralska-Jasiewiczowa, 1986). The sam-
ples were microscoped using a Labomed-3 variant 2
microscope with 400 X magnification.

The REVEALS (Regional Estimates of VEgetation
Abundance from Large Sites) model is part of the LRA
(Landscape Reconstruction Algorithm) and was devel-
oped for regional vegetation reconstructions (Sugita,
2007). The model is used for lakes larger than 1-5 km?
and reconstructs the vegetation cover of an area of 10*-
10° km2. The input parameters of the model are pollen
counts, relative pollen productivities (RPPs), pollen fall
speed (FSs, calculated according to Stoke’s law), size
(diameter) and type (lake or bog) of the basin, mean
wind speed, and maximum range of the regional veg-
etation. The result of modelling is the percentages of
areas occupied by different plant species or their corre-
sponding pollen taxa. In this paper, we used two mod-
elling approaches (Theuerkauf et al., 2016; Abraham
et al., 2014), which are freely available. We also used
three datasets of RPPs and FSs: a set of synthesised
(averaged) values for the whole of Europe (Serge et
al., 2023), a set of values obtained in separate regional
studies from a long list of regions and taxa (Czech
Republic, Slovakia, Estonia, Sweden, Norway; from the
database of Wieczorek and Herzschuh, 2020), and the
same values from a short list (Sweden, Estonia).

Lakes Ladoga and Onega are extremely large, and
their areas are comparable to the range within which
the REVEALS model reconstructs vegetation cover.
Therefore, the relatively small Lake Lembolovskoye,
with an area of about 20 km?, was chosen to compare
the modelling results. Additionally, land use and land
cover (LULC) classification in ArcGIS was performed
for the lake area (within a radius of 50 km).

3. Results and Discussion

The results of pollen analysis of surface samples
were compared with the modern vegetation composi-
tion. It was shown that the spectra from soil samples to
a greater extent reflect the features of local vegetation.
The proportion of arboreal pollen in samples from for-
ests is usually more than 80-90%. However, it is only
50-70% in samples from meadows and forests near set-
tlements. The spectra are dominated by Pinus pollen.
Its value exceeds 40% in half of the samples; in pine
forests it reaches 70%. The content of Picea does not
exceed 10%, even in spruce forests. The values of Betula
sect. Albae in spruce and spruce and birch forests can
reach 50-70%, although usually not exceeding 40%.
These three taxa also represent the main forest-form-
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ing species in the region. According to vegetation sur-
veys, spruce, pine, and birch occur in an average ratio
of 4:4:2, with pine being more common in the Lake
Ladoga region and spruce in the Lake Onega region.
Among herbaceous taxa, the Poaceae family is most
represented. In samples from meadow communities,
the content of this taxon reaches 10%-20%. In other
samples, Poaceae values are generally ~1%. Artemisia
pollen is present in almost all samples, although this
species has not occurred at the surveyed sites. Ericales
contents are typically ~0-2%, even though different
Ericales plants are quite widely and frequently repre-
sented at the sampling sites.

Based on the results of the study of lake bot-
tom sediments, percentage pollen diagrams were con-
structed. Pollen assemblage zones and climatostrati-
graphic periods were established according to the
Blitt-Sernander sequence adapted for Northern Eurasia
(Khotinsky, 1987).

A total of 6 modelling variants were performed
for each lake. In our opinion, the best result is obtained
using synthesised values of RPPs (Serge et al., 2023).
The synthesised, i.e., averaged, values are calculated
using data from different authors (Githumbi et al.,
2022; Serge et al., 2023) and give a balanced result.
Data from different individual studies, where slightly
different techniques are used, may overestimate area
percentages for some taxa and underestimate them
for others. Speaking of the two model approaches, the
algorithm proposed by Abraham et al. (2014) is pre-
ferred as the modelled percentages for plant species,
yielded for the surface bottom sample, are closest to the
actual composition of modern vegetation. For example,
spruce and pine are almost equally represented in the
regional vegetation. However, the results of the land
use and land cover (LULC) classification for the Lake
Lembolovskoye region are roughly comparable with
the modelling results. According to REVEALS, the
study area is dominated by pine, the total forest cover
is 70-75%, whereas modern vegetation cover is domi-
nated by spruce, and forests cover only 45% of the area
within a 50-km radius of the lake.

The method we have chosen (Abraham et al.,
2014) yields the following reconstruction. The Preboreal
time is characterised by the dominance of herbaceous
taxa, with open areas reaching 50-60%. Note that the
model does not reconstruct how much area is occupied
by vegetation and how much is not in the first place.
Among trees, birch dominates (~30%). Among herba-
ceous plants, grasses and sedges prevail, and the lat-
ter predominates, especially within the basins of the
large lakes. The areas of Lake Onega and Lake Ladoga
are also characterised by the wide distribution of wil-
low, although its share is minimal in the area of Lake
Lembolovskoye. In our opinion, high percentages of
willow and sedges may be a feature of large water bod-
ies with their long shorelines, where these plants prefer
to settle. In this case, their distribution in the region is
overestimated by the model. Another inaccuracy is the
presence of hazel and broad-leaved species. It is, how-
ever, explained by the findings of their single pollen
grains, which are likely to be redeposited or of non-lo-



Vasilyeva A.V. et al. / Limnology and Freshwater Biology 2024 (4): 718-725

SI: «The 6th International Conference
Paleolimnology of Northern Eurasia»

cal origin. In the Boreal period, pine dominates in all
basins, reaching ~20% in the basins of the large lakes
and 70% in the Lake Lembolovskoye area. The forest
cover is close to the modern one, as shown by the ratio
of arboreal to herbaceous species. During the Atlantic
period, spruce propagates and reaches ~50% by the
end of the period. In the areas of Lakes Ladoga and
Lembolovskoye, elm (20%), linden (up to 10%), and
hazel (5-10%) are present in the forests. The Onega
region is characterised by a low percentage of broad-
leaved species (less than 10% in total) and absolute
dominance of spruce (up to 80%). During the Subboreal
period, the presence of broad-leaved species decreases,
and spruce dominates within all basins, occupying
60-80% of the area. Transitioning into the Subatlantic
time, pine spreads again. Pine and spruce occupy the
territory almost equally, so the reconstruction does not
contradict the modern vegetation composition. Also at
this time, the percentage of grasses, especially cereals,
increases in the vegetation cover, which is usually asso-
ciated with human impact.

4. Conclusions

The REVEALS modelling results reflect changes
in vegetation composition in a more accurate way than
classical percentages of pollen taxa. In addition, the
model offers an independent interpretation of palyno-
logical data. Relative pollen productivities are a key
parameter for modelling. The modelled percentages
of areas occupied by different plant species strongly
depend on the given RPP values. In our opinion, the
model yields better results when using a database of syn-
thesised data (Serge et al., 2023). The REVEALS algo-
rithm presented by Abraham et al. (2014) also offers
the most realistic area percentages. It is important that
the model does not provide information on vegetation
cover in absolute values. It may be crucial for recon-
structions of the early Holocene, when vegetation cover
was not continuous. A weakness of the model is that
it does not take into account those taxa whose pollen
may be redeposited or transported by wind over long
distances. However, this may be indirectly indicated by
pollen preservation and the ecological incompatibility
of different species. Nevertheless, the REVEALS model
is a real tool for quantitative vegetation reconstruction.
Despite all the inaccuracies of the modelling, the results
can be easily adjusted, even at the user level, if appro-
priate information on modern vegetation is available.
Thus, the results of pollen analysis of surface samples
serve as an auxiliary tool for model adjustment. In
addition, their study is important for expanding data-
bases, which are often used in quantitative vegetation
and climate reconstruction.
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AHHOTAIIHAA. KonndecTBeHHAsA peKOHCTPYKIMA PaCTUTEIBHOTO IOKPOBA € UCIOJIb30BaHMEM MOJEIN
REVEALS BhIIOJIHEHAa Ha OCHOBE KCKOIAEMBIX CIIOPOBO-IBLUIBIEBBIX CIIEKTPOB JOHHBIX OTJIOXKEHUI
Jlapgoxckoro, OHexckoro u JleMb0JIOBCKOTO 03ep, pacIioJIoXKeHHbIX Ha ceBepo-3amaze Poccuu. [[Ba
BapyaHTa MOJAEJIMPOBaHUA B COUYETAaHUHU C TpeMs HabopaMmuy mapamMeTpOB OTHOCUTEJIBHOM IBLIbLEBOM
IIPOAYKTUBHOCTY M CKOPOCTe! IafeHU NbLIbLBI I0Ka3aJI1 pasHble pe3yJIbTaThl, Cpeau HUX ObUI BEIOpaH
HauboJiee afieKBaTHO OTPaKalOIIMI COCTAaB pacTUTeNIbHOCTH. CollocTaBjieHHe COCTaBa COBPEMEHHOM
PaCTUTEJIBHOCTU C CyOpelleHTHBIMM CIIOPOBO-IBLIBIIEBBIMU CIEKTPAMU IIOBEPXHOCTHBIX P00 U3 peru-
OHa HccJjieJOBaHU MO3BOJIMJIO OLIEHUTh Ka4yecTBO MOMAEJIN.
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1. BBeaenue

OpmHOi M3 BaXHEHUIIMX IieJiell CIIOPOBO-IIbLIb-
[[EBOTO aHaJIN3a, HapsOy C OIpelesieHHEM OTHOCH-
TEJILHOTO BO3DPACTa, SIBJIAETCSA PEKOHCTPYKIMA PacTH-
TeJIbHOCTU U KjuMaTa mnpouuioro. OcoOblil HMHTepec
MIPEICTABJIAIOT KOJIMYECTBEHHBIE PEKOHCTPYKIUU pac-
TUTEJIBHOCTH, OCHOBAaHHBIE HA MAJIMHOJIOTUYECKUX
JaHHBIX. OJHaKo, Takue HCCJIeJOBaHUA — CJIOXKHAaA
3a7a4ya, TaK KakK 3aBHUCUMOCTb MEXOY KOJIMYEeCTBOM
obHapyXeHHON MCKOIMaeMOU MBUJIbLB U ee OOUINeM B
pacTUTeJIbHOM IOKpOBe He JinHeliHa. Kpome Toro, Ha
3TY 3aBHCUMOCTb OKAa3bIBAIOT BJIMSIHUE IIBLUIbL[EBAs IIPO-
JYKTUBHOCTB, COXPAHHOCTH IBUIBIIEL, CIIOCOO ee Iepe-
HOca U HeKoTophle npyrue ¢axropsl. IlosToMy mms
MMOHMMAHUS U PelleHus TaKuX 3a7a4 HeoOX0quMO U3y-
4aTh [OBEPXHOCTHHIE [TOYBEHHbIE U JJOHHBIE IPOOEHI, a
TaKXe BBIABJIATH 3aBHCUMOCTDH COCTaBa CyOperieHTHBIX
CIIOPOBO-TIBUIBIIEBRIX CIEKTPOB U CTPYKTYPHl COBpe-
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MEHHOM pacTUTEJbHOCTU [JiA KaXAoro n3yvyaeMoro
pervoHa. I'osioneHOBasA pacTUTEJBHOCTh IIpuitamoxbsa
u IIproHeXbsi OTHOCUTEJIBHO XOPOIIO M3yYeHa U OIu-
paeTcsa Ha pe3yJbTaThl MAJMHOTAYECKOTO aHajn3a
OOJIOTHBIX W O3€epHBIX OTjoXeHud (Arslanov et al.,
1999; 2001; Enuna u ap., 2000; u MH. Op.), BKJIIO-
yasg M JOHHBIE OTJIoXeHUs Jlagokckoro u OHEXCKOro
o3ep (Delusin, 1991; Savelieva et al., 2019; JlaBposa,
2004; Canenko u mp., 2021; CasesnbeBa u ap., 2023;
U MH. Op.). A BOT uccJIeJOBaHHs IOBEPXHOCTHBIX
06pa3noB, ABJAIMIMXCA OCHOBOU AJI UHTEPIpPETALUU
HMCKONAaeMbIX CIEeKTPOB, €IUHUYHBl Ha TeppUTOpUU
[Mpunagoxes (MasisicoBa, 1976; YepHoBa u ap., 2006)
u ceBepo-BocToyHOro IIpuoHexps (PUIMMOHOBA,
2005; Enuna u ®dunumMoHosa, 2007). Ilo aTum npuiu-
HaM, BaXXHBIM METOJIOM MCCJIEJOBAaHUI MOXET CTaTh
MoJeJIUpOBaHte PaCTUTEbHOI0 MOKPOBA Ha OCHOBeE
CIIOPOBO-TIBLJIBIIEBHIX JAHHBIX, KOTOPOE OJJHOBPEMEHHO
pellaeT JiBe 3aJjauu: JaeT KOJIMYeCTBeHHbIe JaHHbIE O
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PacTUTEJIBHOCTH Y HCKJIIoYaeT CyObeKTHBHYIO UHTep-
NpeTanui0 HKCKOIIAeMBIX CIIOPOBO-MBIJIBLIEBBIX CIIEK-
TPOB, TeM CaMbIM II03BOJIASA CPaBHUBATh MaTepUalibl
pas3HbIX aBTOpoB. OHOI U3 TaKUX MoJeJiel ABJAeTcA
REVEALS (Sugita, 2007), pa3paboTraHHas [ peruo-
HaJIbHBIX PaCTUTEJIbHBIX PEKOHCTPYKLIUH.

B nmannHOll paboTe npeAcTaBJieHB pe3yJbTaThl
mopenupoBanua REVEALS pana OByxX KpynHeWIIHAX
ozep EBponbl — Jlajoxckoro u OHEXCKOro, a Takxe
JUI1  OTHOCUTeJbHO HeboJsibmioro JleM60JI0BCKOro
o3epa, pacnoJiokeHHoro Ha KapesibckoM nepelerike.
JlJ14 noBBILIEHUs AOCTOBEPHOCTU MHTepIIpeTanuu goc-
CIJIbHBIX CIIOPOBO-NIBUIBLEBBIX CIEKTPOB, IONOJHEHUA
6a3bl JaHHBIX U IIPOBEPKU pe3yJIbTaTOB MOMAEINpO-
BaHUA IIPOaHAJIN3UPOBAaHBl ITOBEPXHOCTHBIE 00pasLbl
noyssl. [TosryueHHBIEe pe3yJIbTaThl TAKXKe COIIOCTaBJIEHbI
C COCTaBOM COBpPEMEHHOH pacTUTEJIbHOCTH.

2. MaTepuanbl U MeTOADI

OT60p NOBEPXHOCTHBIX OOpa3liOB BHIIOJHEH B
aBrycre — ceHTs6pe 2022 roga. Touku otbopa mpob
pacrnoJsioxxeHbl BOKpyT Jlagoskckoro u OHeXCKoro osep
TakyuM o0pa3oM, 4YTOOBl OXBaTUTh HauboJiee pasHO-
oOpa3Hble ecTeCcTBeHHble U HapylleHHble 4YeJIOBEeKOM
nanamadTel. Becero otobpaHo 60 mpob. B 1ieHTpe miio-
manaku pasmepoM 1 x 1 M orbupasics oguH obpasern u3
BepxHero 5-cM cJ10A NouBH. IIpoBoausiocs reo6oTaHu-
yeckoe OIKCaHWe PacTUTeJbHOCTU B Ipefeslax BUAU-
MOCTU W JeTajJibHOe OIMCaHue pacTUTEJbHOCTH Ha
IJIOIIaAKe, BKJII0Yas IPOeKTUBHOE MOKPHITHE KaXJ0ro
ByAa. J[yia MoAeIMpoBaHUA PaCTUTEIbHOCTH IroJIolieHa
6b1u BeIOpaHBl KoJIoHKa C01309 MOHHBIX OTJIOXKEHUN
Jlamoxckoro osepa (Savelieva et al., 2019), koJiOHKa
Sp0002 u3 Onexckoro o3zepa (CaBenbeBa u Ap., 2023)
U KoJioHKa u3 JlembosioBckoro o3epa (Arslanov et al.,
2001), usydeHHble paHee. MOIIHOCTU TOJIOI[EHOBBIX
OTJIOKEHHUI B KOJIOHKax COCTaBWJIU COOTBETCTBEHHO
1,99 M, 3,13 M u 6,6 M. CHOpOBO-IIBLJIBIIEBOII aHa-
13 BHIOJIHEH ¢ maroM 2-10 cM. Xumuyeckas obpa-
60TKa OBEPXHOCTHBIX P00 BHIIIOJIHEHA M0 CTaHAapT-
Hoii Metoauke (Berglund and Ralska-Jasiewiczowa,
1986), MUKpOCKONUpOBaHre 06pa3loB — IPU MOMOIIU
Mukpockona Jlabomen-3 BapuanT 2 c¢ 400-kpaTHBIM
yBeJINueHHUeM.

Mogens REVEALS (Regional Estimates of
VEgetation Abundance from Large Sites) sBisercs
yacteio ayroputMa LRA (Landscape Reconstruction
Algorithm) u paspaboTaHa A1 pervoHaJIbHEIX pacTH-
TeJIbHBIX peKOHCTpyKkIuii (Sugita, 2007). Monenb nof-
XOIUT IJIA 03ep Itonaabio 6os1ee 1-5 KM? 1 pEKOHCTPY-
UpyeT PACTUTEJIbHBIM MOKpPOB Teppuropuu B 10%-10°
kM2 HcxomHBIMU IapaMeTpaM{ MOZEJN fABJIAIOTCA
NbLIbLIeBBIEe HACYeThl, 3HaueH!s OTHOCUTEJIbHON IIbLIb-
neBoii npoaykTuBHoctu (relative pollen productivity,
RPP), ckopoctu mnagenus meuiblel (fall speed, FS,
paccuuThiBaloTCA 1o 3akoHy CTokca), AuameTp U THUI
uszyyaemoro oObekTa (03epo myin 0O0JIOTO), CpenHss
CKOPOCTb BeTpa M MaKCHMMaJIbHBII paguyC pacipocTpa-
HeHUsA peruoHajbHOM pacTUTeJbHOCTH. Pesymnbrar
MOJIeJIMPOBaHUA — IPOLIEHTHbIE COOTHOIIEHUA IIJIO-
mazei, 3aHMMaeMbIX pas3jIMYHBIMH BUAAMU pacTeHui
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1 COOTBETCTBYIOIMIMMU UM MbLIbIIEBEIMU TaKCOHaMU. B
paboTe MBI KCNI0JIB30BAJIU [[Ba BapHaHTa MOJeJu, KOTO-
pble HaxomATcsA B cBo6ogHoM noctyme (Theuerkauf et
al., 2016; Abraham et al., 2014), B coueTaHUu ¢ TpeM:
HabopaMM JaHHBIX OTHOCUTEJIbHOMI MbLIBIIEBOI IPO-
nykrusHoctu RPP u ckopocreit nagenus FS: Habopom
CUHTEe3UPOBaHHBIX (OCpeJHEHHBIX) 3HaUYeHUN 1A Bcel
EBponnsl (Serge et al., 2023), HaGopoM pe3yJIbTaTOB
pervuoHasibHBIX MCCJIeJOBaHUN U3 pacUIMPeHHOro CIu-
CKa permoHoB U TakcoHOB (Yexus, CioBakus, DCTOHNS,
Ieenwus, Hopeerus; u3 6a3sl Wieczorek and Herzschuh,
2020) u TeMH Ke 3HAUeHUSAMU U3 COKPAIIEHHOTO CIU-
cka (IlIBenysi, DCTOHMS).

Jlapoxckoe u OHexcKoe 03epa — 3TO KpYIHBIE
BOJIOEMBI, YbH IJIOIAAN CPaBHUMEI C TEPPUTOpHEH, B
npejiesax KOTOPOU PeKOHCTPYUpPYyeTCsi pacTUTEJIbHBIN
nokpos 1o mofAesi REVEALS. [Toatomy Aj1a cpaBHeHUA
pe3yJIbTaTOB MOJIeTMPOBAaHUsA BBIOPAHO OTHOCUTEJIBHO
HeboJbII0e 03epo JIeMO0I0BCKOe TLI0MaAbi0 0KOJI0 20
kM2 C 3TOM e LleJIbIo AJj1A palioHa o3epa (B mpeesiax
paguyca 50 kM) ObUIa BHINOJIHEHA KJjlaccudukaius
MOYBEHHO-pacTUuTebHOro mokposa (land use and land
cover, LULC) B ArcGIS.

3. Pe3yAabTathbl M 06Ccy)xpeHue

CpaBHeHHe pe3yJbTaTOB CIOPOBO-IBLIBLIEBOIO
aHasM3a [IOBepXHOCTHBIX P00 1 cocTaBa COBpeMEeHHON
pacTUTEJIbHOCTH Ha OCHOBE re000TaHWYeCKOIo omuca-
HUA [I0Ka3ajlo, YTO CIeKTPhl U3 MOYBEHHBIX IPo0 OTpa-
kawT B OoJipllell cTeleHu OCOOEHHOCTU JIOKAJIbHOM
pactuTesbHOCTU. J[0J1A [peBecHOl IBLIBIEI B 0Opas-
I[aX M3 COMKHYTBIX JIeCOB OOBIYHO COCTaBjsAeT OoJiee
80-90%, Ho magaet go 50-70% B mpob6ax, 0TOOpaHHBIX
Ha Jiyrax ¥ B Jlecax BOJIN3M HaceJleHHBIX NMyHKTOB. B
cnekTpax npeob6Jafaer nbUbla Pinus, 1074 KOTOPO B
MoJIoBUHe 00pa3ioB 6oJibiie 40%, a B COCHOBBIX Jiecax
— pocturaetr 70%. CopmepxaHue Picea He NpeBhIIaeT
10% maxe B eJioBbIX Jiecax. o Betula sect. Albae B
€JIOBBIX U Oepe30BO-eJIOBBIX Jlecax MOXeT JOCTUraTh
50-70%, xoTa oObryHO He mpeBbimaer 40%. 3T TpuU
TaKCOHA IIPe/ACTaBJIAIOT OCHOBHBHIE JiecooOpasymoliue
opoJel B peruoHe. [1o JaHHBIM reo00TaHUYECKUX ONU-
caHMI eJib, COCHa U Oepe3a BCTpeyaloTcs B CpeJHEM B
cooTHomeHUn 4:4:2, mpudeM, B JIafoXCKOM pervoHe
qallle BCcTpevyaeTcs cocHa, a B OHexckoM — eJib. VI3 Tpa-
BAHHNCTBIX TaKCOHOB HauOoJjiee IMpeACTaBjIeHO ceMeil-
ctBo Poaceae. B ofpasmax u3 JIyrOBHIX COOOIIECTB
cofepxaHue 3Toro TakcoHa pgocruraetr 10%-20%, B
ocTasIbHbIX oOpasnax Poaceae mpucyTcTByeT B KOJIU-
yectBe ~1%. [TouTn BO Bcex oOpaslyax IpUCYTCTByeT
neLIbLa Artemisia, XOTA NOJIBIHb M He BCTpeyasach Ha
omnucaHHbX Mromanakax. [Teutbna Ericales B meLiblie-
BHIX CIIeKTpax OObIYHO cocTaBysieT ~0-2%, HecMOTpA
Ha TO, YTO BepeCKOLBeTHbIe OBLIN JOBOJIBHO IKUPOKO U
qyacTo NnpeficTaBjIeHbl B MecTax 0T6opa o6pasioB.

[To pesynpraTamM HcCIeAOBaHUS NOHHBIX OTJIO-
XKEHUIl 03ep IIOCTPOEHHl CIOpPOBO-IBLIbLIEBEIE [Ma-
rpaMMBl, Ha KOTOPBHIX BbIJIeJIEHBl MEBLUIbIIEBblE 30HBI
1 KJIuUMaTo-cTpaTurpaduyeckie IepHUOABl COIrJIACHO
cxeMe bnurrta-CepHanaepa, amanTHpPOBaHHON [AJiA
CesepHoti EBpasuu (XotuHckuii, 1987).
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Bcero BhIMOJIHEHO 6 BapHaHTOB MOAEIHNPOBA-
HUA AJ1A Kaxaoro osepa. Ha Ham B3ryian, HauIydmmn
pe3yJibTaT JaeT WUCIOJIb30BaHUEe CHHTEe3NPOBAHHBIX
3HAUYeHUII OTHOCUTEJIbHOM MbLIbLIEBON NPOAYKTHUBHO-
ctu (Serge et al.,, 2023). CuHTe3UPOBAHHBIE, TO E€CTh
ocpeHeHHble, 3HaYeHUs PacCUUTHIBAIOTCA C MCIOJIb-
30BaHUEM [aHHBIX pa3HbIX aBTOpoB (Githumbi et al.,
2022; Serge et al., 2023) u ganT c6aJlAHCUPOBAHHBII
pesyJsibTaT. JlaHHBIe Pa3HBIX OTAEJIbHBIX MCCJIe[OoBa-
HUI, [OJydyeHHble C MCIOJIb30BaHHMEM Pa3JIM4HbIX
MeTOAUK, MOI'YT NOKa3blBaTh 3aBblllIeHHbIE MPOIEHTHI
IIomaAen i OAHUX TaKCOHOB UM 3aHIKeHHbIe IJiA
Apyrux. M3 AByX BapuMaHTOB MOJesM IpeAnodTeHue
OTAaeTcA aJiropuTMy, pefjoxeHHoMmy Abraham et al.
(2014), Tak xak cMoAesIpOBaHHBIE ISl TTOBEPXHOCT-
HBIX JOHHBIX 00pasloB IUJIOIIAAW IOKPBHITHAS Pa3HBIX
BHUJIOB pacTeHUil HauboJiee 6JIM3KU pealbHOMY COCTaBy
COBpeMeHHOU pacTuTesibHOocTU. Hampumep, enp u
cocHa B BRIOpaHHOM HaMM BapHaHTe MOJeJIU NPaKTU-
4YecKy OJWHAKOBO IIpe/iCTaBJIeHbl B PerMOHaJIbHON pac-
TUTesIbHOCTU. OJHaKo, pe3yJsbTaThl Kjaccudukanuu
[I0YBEHHO-PaCTUTEJIbHOTO MOKpoBa 03. Jlemb0Ji0BCKOE
JMIIb OYeHb IPUOJIM3UTEJIBHO COINOCTABJIAITCA C
pesyabTatamu MoaenupoBaHusa. CorsacHo REVEALS B
palioHe uccileoBaHUN NpeobJiafjaeT cocHa U obJieceH-
HOCTh cocTasiyAeT 70-75%, Torga Kak B COBpeMEeHHOM
pacTuTesIbHOM IIOKpOBe JOMUHUPYET eJlb, a Jieca 3aHu-
MawT 45% Tepputopuu B paauyce 50 KM OT o3epa.

BeiGpanHbIil Hamu crioco6 (Abraham et al., 2014)
JaeT cjeqyoulylo peKoHCTpykmuio. I[IpeGopeasbHoe
BpeMsA XapaKTepusyeTcsA NOMUHHUPOBaHUEM TpaBAHU-
CTBIX TAaKCOHOB, [10JIA OTKPHITHIX IIOHIafell JOCTUraeT
50-60%. Heob6xoauMo MOMHUTh, YTO MOJEb He JlaeT
nHbOpMalMM O COOTHOLIEHWM IUIOI[ajeli, 3aHATHIX
Kakon-1nbo pacTUTESIbHOCThI0 WU CBOOOAHBIX OT
Hee. Cpequ JjpeBeCHBIX TAaKCOHOB JOMMHHUpyeT Oepesa
(~30%). Cpenu TpaBAHUCTHIX pacTeHUI MpeobIaaaoT
OCOKOBEIe, 0COOEHHO B palioHax KpyIHBIX 03ep, U 3J1a-
koBble. Jly1a paiioHoB OHexckoro u Jlagoxckoro osep
TakXe XapaKTepHBl BBICOKME IPOIEHTHl IIomaneil ¢
3apocJIAIMU KBHI, HO B palioHe JleMOOJIOBCKOrO o3epa
ee A0J11 MUHUMaJbHa. Ha Ham B3ryiAf, BEICOKUE JOJIU
VBB ¥ OCOKOBBIX MOI'YT OBITh OCOOEHHOCTBIO KPYIHBIX
BOJI0EMOB C UX NPOTKEHHBIMHU OeperoBbIMU JIMHUAMU,
rae 5TU pacTeHus IpeAlouyrTaloT CeJIUThcA. B TakoM
cjlydae, UX CMOJe/IpOBaHHbIe IIJIOMAaAN paclpocTpa-
HeHNUsA B perroHe 3aBblllieHHl. Elle ogHa HETOYHOCTH
PEKOHCTPYKLIIMM — MPUCYTCTBUE JIEMWHBI U IINPOKO-
JIMCTBEHHBIX NOPOJ, YTO OOBACHAETCA HAXOAKaAMH UX
MBLIBLIEBBIX 3epeH, KOTophle, CKopee Bcero, HaXoAATCA
BO BTOPUYHOM 3aJleraHu{ WM MMeI0T 3aHOCHOe Ipo-
ncxoxjaeHue. B 6opeanbHOoe BpeMsa BO BCeX paspe3ax
JOMMHUpYeT COCHA, MpOLIEHT ee pacnpocTpaHeHHuA
nocturaer ~20% B KpymnHbIX o3epax u 70% B paiioHe
Jlembos0Bckoro osepa. OOGJeCeHHOCTbh B 3TO BpeMA
6J11M3Ka COBpPEMEHHOH, O 4eM CBUAETEeJIbCTBYeT COOT-
HOIIeHNe [JpeBeCHBIX U TPaBAHUCTBHIX. B aTiaHTH-
yeckoe BpeMs pacTeT J0JIA e, U K KOHIy Ileprofa
oHa coctasJjisier 6osee 50%. B paiioHax Jlazmoxckoro
u JlemM0OJIOBCKOTO 03ep B Jjiecax 3Ha4YuTeJIbHO y4a-
ctue Bsza (20%), yunsl (mo 10%) u sentusb (5-10%).
[TpuoHexbe ke XapakTepu3yeTcsA HU3KUM NPOLEHTOM
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MIMPOKOJIMCTBEHHbIX nopof] (MeHee 10%) u aGcomioT-
HBIM AJoMUHHpoBaHueM enu (o 80%). B cy66opeasis-
HOe BpeMs IIMPOKOJIMCTBEHHBIE IMOPOJbl HAaYMHAIOT
BHIIaAaTh M3 cOCTaBa PpacTUTEJBbHOCTH, B palioHe
BCEX 03ep JOMUHUpYET ejib, A0JI KOTOPOH AOCTUraeT
60-80%. B cybaTiaHTHYeckoe BpeMs BHOBb pacIpo-
cTpaHseTcA cocHa. CocHa U eJjib 3aHUMAalOT IIPUMEepHO
paBHBIe NOJH IUIOLIafell; B 3TOM PeKOHCTPYKLUA He
IIPOTUBOPEYUT CTPYKType COBPEMEeHHON pacTUTeIbHO-
ctu. Takxe B 5TO BpeMsA pacTeT A0JIA TpaB B pacTu-
TeJIbHOM IIOKpOBe, OCOOEHHO 3JIAKOBBIX, YTO OOBIYHO
CBA3BIBAETCA C AaHTPONOT'e€HHBIM BJIMAHUEM.

4. 3aKknloueHue

Taxum o6pa3oM, pe3yJbTaThl MOJeJIMPOBaHUA
REVEALS 06osilee amekBaTHO OTpaxalT H3MeHEeHUsA
COCTaBa pacTUTEJIBHOCTH, YeM KJIacChiecKue IIPOLeHT-
Hble COOTHOIIEH!s NBIIBIEBbIX TaKCOHOB. K ToMy ke,
MoJiesib TpeJJiaraeT He3aBUCHUMYI0 HHTepIipeTaluio
[aJIMHOJIOTUYECKUX MaHHBIX. 3HAaueHWUsA OTHOCUTEJIb-
HOU NBUIbLIEBOI MPOAYKTUBHOCTU — 3TO KJII0UEBOU Iapa-
MeTp AjA MofenupoBaHuA. OT 3a4aHHBIX 3HaYeHUN
CHJIBHO 3aBUCAT CMOJEJINPOBAaHHBIE [IPOLIEHTHBIE COOT-
HOUIIeHUs IUIolmajell, NPUXOAAMMXCA Ha pasJilnyHble
BUABl pacTeHuil. Ha Ham B3IJIAl, IpU UCIOJIb30BaHUU
0a3bl CMHTE3WpPOBAaHHBIX NAaHHBIX Mofesb faeT OoJjee
ynauHbsle pe3yJsibTaThl (Serge et al., 2023). BapuaHt
anroputMa REVEALS, npencraBiieHHsiii Abraham et
al. (2014), takxe mpepsaraetr Haubojiee peayIMCTUY-
Hble 3HauYeHuA Iionagei. BaxHo, 94To MoJiesib He Jaet
nHGOpPMaLM¥ O PacTUTEJIbHOM IIOKPOBE TepPpPUTOPUU
B aOCOJIIOTHBIX 3HAYEHUAX, YTO MOXeT ObITb KPUTUYHO
JUI peKOHCTPYKLMI paHHero rojoneHa, Korja pacTu-
TeJIbHBIM TOKPOB He ObL1 cIulomHbEM. Ciaboi cTopo-
HOM MOJe/Ju ABJIAETCA TO, YTO OHA He yUWUTHIBaeT Te
TaKCOHBI, IIbLJIbLIA KOTOPBIX MOXeT HaXOAUTHLCA BO BTO-
pHUYHOM 3ajleraHUM WM 3aHeceHa BeTpoM. OfHaKo,
00 3TOM MOXeT KOCBEHHO CBHETEeJIbCTBOBaTh COXpaH-
HOCTb MBUIBIIEI U 3KOJIOTHYecKasd HEeCOBMeCTHMOCTb
pasHbix BunoB. Tem He MeHee, mofesib REVEALS — a1o
peasIbHBII MHCTPYMEHT JJIAd KOJIMYeCTBEHHBIX pac-
TUTEJIbHBIX PEKOHCTPYKI[MI: HeCMOTpsA Ha Bce [OIy-
IeHNus M HeTOYHOCTU MOJe/JIMPOBaHHUs, pe3yJIbTaThl
MOTYT OBITh CKOPPEKTHPOBaHHI JJa’ke Ha [10JIb30BaTeJIb-
CKOM YpOBHEe IIDU HaJIMYM{ COOTBETCTBYIOIIMX CBefle-
HUI O COBPeMEeHHO! pacTUTesIbHOCTU. Tak, BcioMora-
TeJIbHBIMU MaTepuajlaMy IpU KOPPeKTHUPOBKe MOAeIN
CJIy’)kaT pe3yJibTaThl CIIOPOBO-NBUIBLIEBOrO aHaIu3a
[IOBEPXHOCTHHIX Ip0o0. K ToMy ke, ux usydeHue BakHO
JUIA TIONOJIHeHUA 6a3 AaHHBIX, KOTOPBIe YacTO KCIIOJIb-
3yIOTCA B KOJINYECTBEHHBIX PEKOHCTPYKIMAX pacTu-
TeJIBHOCTH U KJIMMaTa.

BbaaropapHocTH

C6op u aHaauM3 HOBEPXHOCTHBIX Mpob ocy-
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