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Abstract

This paper presents the'gesults of a study on climate fluctuations (Bond events) and
related vegetation changes “in the southeastern Baltic area. To date, regional and local
palaceenvitonmentalresponses and their climate association with Bond events remains poorly
understood., New data from lithological, geochronological, and palynological analyses of the
Curonian Lagoeen sediment sequence provide a reconstruction of regional vegetation changes
considered“on the background of short-term climate fluctuations. This study reveals that
palynological data do not reflect climate events evenly. Thus, climate changes that occurred
approximately 5900 and 2800 cal yr BP are most clearly reflected in palynological record. At
the same time, the events of 1400 cal yr BP and the Little Ice Age are weaker expressed in the
pollen curves. Whereas, the 5900 and 2800 cal yr BP cold events are marked by significant

reduction of Quercetum mixtum (QM) pollen and, in particular, oak and elm, the onset of the
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Little Ice Age is characterised by a short-term decrease of anthropogenic indicators. The study
also showed that besides climate, changes in local hydrological conditions and anthropogenic
factor could have a significant impact on the vegetation cover of the study area. The influence
of the anthropogenic factor has been increasing over the last 3000 years, making it difficult to

fully disentangle natural and human-induced changes in ecosystems of the southeastern Baltic.

Keywords: Bond events, climate fluctuations, vegetation, southeastern Baltic

1. Introduction

As an interglacial period, the Holocene appears to be an interval of relativelyswarm ‘and
stable climate. However, more detailed time scales have shown thatyduring the Holocene,
numerous short-term climate fluctuations existed against a general trend, when precipitation
and/or temperature fell sharply (Borisova, 2014).

In the last two decades, the term ‘rapid climate change (R€C) event™has become widely
used. Mayewski et al. (2004) examined ~50 globally distributed paleoclimate records and
revealed several periods of significant rapid climate change during the time periods 9000-8000,
6000-5000, 4200-3800, 35002500, 1200-1000, and 600—150 cal yr BP. Most of these climate
change events are traced globally andsexpressed by polar cooling, tropical aridity, and major
atmospheric circulation changes.Vertificationyof the age boundaries for these RCC events is
based on GISP2 chemistry series and glaeier fluctuation record (Mayewski et al., 2004).

Bond et al. (1997) [documentedyeight cold events based on ice debris records in deep-
sea sediments of the North Atlanticithat date back to 11100, 10300, 9400, 8200, 5900, 4200,
2800, and 1400 cal yriBP, respectively. The establishment of “Bond events” (BE) was based
on quartz andyhematite stained grains recovered from subpolar North Atlantic marine cores
documenting ninevlatge-seale and multi-centennial North-Atlantic cooling phases. These BE
were subsequently supplemented by two additional short-term climate fluctuations: at 7200 cal
yr BP,and the Little Ice Age started at around 700-600 cal yr BP (Zielhofer et al., 2019). The
BE mostly lasted decades or centuries with ~1500 year intervals. In general, BE have been
accompanied by cooling in the high and drying in the low latitudes of the northern hemisphere.

Despite of a globally distributed signature of major climate events, the differences in
climate fluctuation and differences in the sensitivity of the proxies from record to record exist
on a more detailed regional scale (Mayewski et al., 2004; Wanner et al., 2008). These regional
and local palacoenvironmental responses and their climate association with RCC/BE remains

poorly understood despite having extensive studies on climate change reconstruction all over
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the world and in the Baltic region (geiriené etal., 2006; Stancikaité et al., 2015; Wachnik, 2009;
Apolinarska et al., 2012; Kotaczek et al., 2013; Borzenkova et al. 2015; Druzhinina et al. 2020).
Meanwhile, they are important in identifying the reasons and driving mechanism of the
Holocene climate events, which are of major theoretical and practical significance due to the
social, econimical and ecological impacts of ongoing climate change and possible climate
fluctuations in the future.

There is an ogoing discussion on the driving mechanism and the scale of climate impact
of the BE (Mayewski et al., 2004; Wanner et al., 2011, 2014). The evidence for consistent
hydro-climate connections between the subpolar North Atlantic and distant regions, is\alseynot
clear (Wanner and Biitikofer, 2008). The paper attempts to trace a response to the BE 1 a new
regional-scale palacoenvironmental record in the southeastermy Baltic Sea region, which
environment is directly influenced by its connection to the North Atlantic'basin. The study is
based on palacovegetation reconstructions inferred from“palynological data obtained from a
coring sequence in the Curonian Lagoon (the southeastern,part,of the Baltic Sea) in 2018 and
2021. Vegetation being one of the key components of terrestrial ecosystems is also one of the
most sensitive to climate fluctuations. In term, several studies reveal that vegetation itself
influences the local climate conditions by the exchanges,of matter and energy between the land
and atmosphere via the effects of albedo, roughness, eanopy conductivity, leaf area, etc. (Li et
al., 2023). Thus, understanding®f interrelation ‘climate — vegetation’ on the levels from global
to local is important. Numerous studies showed also that the visibility of short-term Holocene
climate fluctuations in pellenidata are disputable and differently pronounced in northern, central
and eastern Europe (Tinner and Dotter, 2001; Seppd et al., 2007; Giesecke et al., 2011; Feurdean
et al., 2014). Qver'the lastifew deeades, numerous researches have been carried out in the Baltic
region cofiéeming, vegetation’ dynamics and its relation to climate change in general (Seiriené
et al.2006;Stancikaité et al., 2015; Wachnik 2009; Apolinarska et al. 2012; Pochocka-Szwarc
2013; Druzhinma et al., 2015, 2020; Napreenko et al., 2021). However, works examining the
manifestation of BE in palaeobotanical records are lacking. In the present paper, new results
from palynological analys are considered to provide a picture of the regional vegetation

dynamics and its response to BE during the Middle and Late Holocene.

2. Methods and material
2.1. Sampling
A core sample of bottom sediments (3P) was taken in the southwestern part of Curonian

Lagoon (54°57°55.6” N, 20°32°50.00” E) with a gravity tube (Fig. 1). The core was 90 cm long.
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As upper horizons of gyttja (0—25 cm) were highly liquified they were not sampled during the
study.

2.2. Radiocarbon Dating and Lithology

Six samples of bottom sediments were subjected to radiocarbon dating using an
accelerating mass spectrometry (AMS) method (Table 1). Dating was completed in the CCP
Laboratory of Radiocarbon Dating and Electron Microscopy at the Institute of Geography RAS,
Moscow (IGAN), together with the Centre for Applied Isotopic Studies, University of Georgia,
USA, at the AMS Centre of the Novosibirsk State University and the dnstituteyof \Nuelear
Physics, Novosibirsk (GV), and at the Laboratory of Radiocarbon Studies, Peznan, Poland
(Poz). Calibration of radiocarbon dates was performed in the CALIB programme, version 8.2.0,
using the IntCal20 calibration curve (Stuiver et al., 2020).

The age-depth models were generated by inferpolation between the calibrated
radiocarbon ages using OxCal software, version 4.4.4 (Bronk Ramsey, 2017).

Lithological description was based on yisual and physical‘studies of the composition

and color of bottom sediments.

2.3. Palynological analysis

Pollen analysis was condueted on,3 1 peat and gyttja samples which were taken from the
sediment monoliths in every 2iem and,processed according to Faegri-Iversen technique (1989)
for preparation of pollén, speeimens. Speeimens were microscopically examined under 400-x
magnification or,larger magnification (1000-x) for problematic objects. No less than 400
arboreal pollen grains had,been ¢ounted in each sample. To calculate pollen concentration in 1
cm?® of sedimenty, Lycopodium clavatum tablets were added to the samples prior to the
macefationy(Stockmarr, 1971). The percentage of taxa was calculated relative to the total
terrestrial pollen, sum, including arboreal and non-arboreal pollen (AP+NAP). To avoid local
effects, pollen from aquatic plants, spores and algal coenobia (Pediastrum spp.) were excluded
from the total pollen sum, and their frequency values were calculated in relation to the sum AP
+ NAP. The pollen diagram (Fig. 3) was plotted using C2 software (Juggins, 2014). Local
pollen assemblage zones (LPAZ) were visually defined as intervals where the pollen of a
species reaches peak content in a horizon and where some species appear / decline (Boitsova,
1977). Tilia, Quercus, Ulmus, Fraxinus and Corylus are included in “Quercetum mixtum” in

the discussion of results.
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3. Results
3.1. Geochronology and Lithology

Geochronological results and lithological description are presented in the Table 1.

The obtained results show that at a depth of 48—47 cm type of deposits changes: peaty
gyttja is succeeded by silty gyttja. There is also a substantial gap in dates in this depth range.
All this seems to indicate a hiatus in deposition that started after approximately 5600 cal yr BP
and lasted till shortly before 3300 cal yr BP. Taking this into account, the two age-depth models
were generated for both part of the sequence (Fig. 2).

Palinological analysis 3.2
The palynological analysis, depicted in the pollen diagram (Figurea3), allowed us to
distinguish three palynological zones and several subzones in‘the sectionunder consideration

(Table 2, Figure 3).

4. Discussion

The lower part of the section (Figure,3, depth of 90—53 cm) is represented by pollen
from vegetation typical of the Holocene climate ‘@ptimum in this part of the Baltic area and on
many territories in Europe (Steffen) 1931;"Kotaczek et al., 2013; Birks and Tinner, 2016;
Napreenko and Napreenko-Deérokhova, 2020). Temperate deciduous forests (Quercetum
mixtum) prevailed. Oak (Quercus) with significant participation of elm (Ulmus) and hazel
(Corylus), and to a lessenextentdime (7i/ia) were the main elements. The total share of nemoral
elements in the pollen specttum in this period reaches 40-45%. Moist black alder forests (30-
35%) were quite widespread in‘lowland areas too. Hornbeam (Carpinus) and beech (Fagus)
had already'started to penetrate, but their share was still insignificant. Small quantitative values
of pine, (Pinus), spruce (Picea) and birch (Betula) were recorded. Probably, participation of
these species 1mythe vegetation composition was limited. Pine may have grown together with
oak on‘sandy habitats as is the case now on river terraces in surroundings: oak patches are
located on more fertile soils while pine is dominant on poorer sandy soils (Napreenko and
Napreenko-Dorokhova, 2020).

The ‘5900 event’. This cooling marks the end of the Holocene climate optimum
(Borzenkova et al., 2015). On the global scale, warming was replaced by cooling, which was
the most clearly manifested in the middle and high latitudes of the Earth, causing changes in
the composition and distribution of plant communities and activation of mountain glaciation.

Palaeobotanical data testify that the northern boundary of the forest in Eurasia was retreating
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southwards, with a decreasing role of thermophilic species in the plant communities (Borisova,
2014). These global climate processes are clearly reflected in the studied geological section
(Figure 3, LPAZ 1). Time period of 6000-5500 cal yr BP is characterised by a significant
reduction of Quercetum mixtum pollen and, in particular, oak and elm. Probably, the cooling
suppressed Corylus having a negative fluctuation on the pollen record. At the same time, the
share of pine and birch pollen increases. The decrease of A/nus may indicate some ground water
lowering, although the proportion of bog mosses (Sphagnum, Polypodiaceae) does not fluctuate
significantly. As it seems, a remarkable decrease of green coccal algae (Pediastrum sp-)reflects
decreasing productivity triggered by lowering of water temperature and nutrient availability.

A period of hiatus. The depositional hiatus and erosion of sediments, which took place
after approximately 5500 cal yr BP (Figure 3), could have been caused'by a comsiderable
decline in water level triggered by neotectonic or other processes. Water level drop occurred in
some near-shore water bodies on the southern and eastern'Baltic coast tooy(Lampe and Janke,
2014). The depositional hiatus in the Curonial Lagoef sequence,lasted untill about 3300 cal yr
BP. The rise of water that began afterwards is marked by the'deposition of fine-silt gyttja and
can be explained by the onset of the Post-Ritoriha Sea tramsgression, which occurred in the
region during the period 3700-2400 cal yr BPY(Lampe and Janke, 2014; Druzhinina et al.,
2023). The similar patterns of water level fluctuationsiare also recorded in the Koz ye Bog area,
situated 60 km from the studysSite, on'the northeastern coast of the Curonian Lagoon, where
the time interval 3500-2700¢al yr'BP is marked by the inundation of the territory and a
widespread distributiont'ef the,alder,carrs(Napreenko et al., 2021).

The ‘2800 event’. The advance of mountain glaciers in Europe and the lowering of the
upper limit of forests,in the mountains of Scandinavia and in the Khibiny marked the cooling
of 3500-2500,calyr BP, expressed as the 2800 BE (Borisova, 2014). In the studied section, this
periodicorresponds to the change of bottom sediments, when silty gyttja accumulation begins
(Figure 3,'LPA%Z 2a). On the palynological diagram, the change in the sediments is marked by
the maximum value of Al/nus (up to 50%) testifying the expansion of alder carrs, presumably
due to the rise of water level and inundation of the area (Druzhinina et al., 2023). Further on,
an increasing presence of conifers (Pinus, Picea) may indicate that the climate fluctuation
around 2800 cal yr BP probably reflects a cooling along with increasing precipitation. Picea, a
tree most competitive in moist conditions, reaches its peak throughout the sequence. During
this period, arboreal taxa and QM declined significantly, in particular Ulmus, Quercus, Tilia.
Simultaneously, the maximum of Pinus pollen is recorded throughout the studied sequence.

The value of Ericaceae pollen grows pointing at more openness in woods. Discussing the latter,
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a certain contribution of the anthropogenic factor should be taken into account. On the
palynological diagram, the period under consideration clearly correlates with the appearance
and increasing percentage of cereal pollen grains, Secale and Triticum. The significant number
of archaeological sites in the southeastern Baltic coastal area during this and subsequent
historical periods (Suvorov, 1985) along with continuous curves of Cerealia enables us to
consider this factor as one of the most important shaping the vegetation cover. In this regard,
part of the pine forests could also have a secondary origin reflecting human-induced
deforestation. On the palynological diagram, a peak of Fagus is remarkable, According to
Tinner and Lotter (2006), short-term cold climate fluctuations played a pesitive role'in pulses
of Fagus expansion. In addition to climatic change, human impact is eensideredyas another the
most plausible reason of spreading of beech in Europe during the Holocene (Finnerand Lotter,
2006; Bradshaw et al., 2010). A sharp and short-lasting decline of A/nus.at 2870 cal yr BP could
be triggered by a change of local hydrological conditions'discussed above. Probably, shortly
after the ‘2800 cooling’ the amelioration of climatedook'place; as QM recover on the pollen
diagram, while Pinus, Salix and Ericaceae decline.

The ‘1400 event’. The cooling of 1400 cal,yr BP isnot as clearly traceable as previous
cold spells, thought its traces are found globally (Borisova, 2014; Borzenkova et al., 2015).
During this period, the Icelandic minimumyand the, Siberian maximum weakened and the
atmospheric circulation in ghe, northern hemisphere decreased correspondingly. The
identification of ‘1400 climate event’ in the sedimentary strata of the Curonian Lagoon is
difficult. The chronological mark related to the event is based on the modelled age for the upper
part of the sequence (gyttja, depths of 48-25 cm). According to the modelling, the ‘1400 event’
corresponds te the shell mterlayer at a depth of 39-38 cm (Figure 3). However, the deposition
of the intérlayer-indicates that sedimentation conditions may have been very dynamic, with
altern@ting tises and falls in the lagoon water level (Druzhinina et al., 2023). This, in turn, does
notallow us to eensider with certainty the continuity of sedimentation in this part of the studied
section.®On thespollen diagram, this period is marked, first of all, by small peaks of QM and
Pinus prior‘to the 1400 event interval with simultaneous decrease of Betula, and a gradual
decline of all broadleaf taxa (including Carpinus) after the event. A notable increase in plants
— indicators of soil erosion and grazing (Artemisia, Plantago lanceolata, Rumex) — starts during
this interval (Figure 3, LPAZ 2b-2c).

The Little Ice Age (LIA). Despite the global imprint of the LIA in the palacogeographic
data (Borisova, 2014) and effect on medieval society in most parts of Europe (Wanner and

Biitikofer, 2008), the reflection of the cooling in the Curonian Lagoon record is not so obvious.
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It resambles the ‘2800 event’ by a peak of Pinus and a negative fluctuation of Betula and Alnus,
but unlike the latter, pollen curves are more gentle in this case. The most clear and remarkable
sign of this climate fluctuation on the diagram is a short-term decrease of pollen of all indicators
of agricultural activity (Plantago lanceolata, Rumex, Secale, Triticum) centered at 680 cal yr
BP (Figure 3, LPAZ 3), thought they recover fast and continue with some fluctuations till the
top of the sequence. In the 13-14% centuries, the population of the southeastern Baltic had to
face the Teutonic Order's conquest of the area, which as well caused essential changes in the
pattern of human activities (Suvorov, 1985). Thus, vegetation dynamics observed during the
period under consideration was perhaps brought on by the combined effects ofthumaniand

climate.

S. Conclusion

This study allows us to draw several conclusions about the relationship between local
and regional vegetation cover and cold climate events.

Firstly, the study showed that palynological data do net reflect climate events evenly.
Thus, climate changes that occurred approximately 5900 and 2800 cal yr BP are most clearly
reflected in palynological record. At the same time, the,events of 1400 cal yr BP and the Little
Ice Age are weaker expressed in the pollen, curvesy The reasons for this may be both the
magnitude of the climate fluctuations and the significance of other factors shaping vegetation
cover. Another reason could be the tesolution of the sequence study, which does not allow
tracking short-term changes innatural parameters. Whereas, the ‘5900’ and ‘2800’ cold events
are marked by significantaeduction of Quercetum mixtum pollen and, in particular, oak and
elm, the onset, of theyLittle Ice Age is characterised by a short-term decrease of anthropogenic
indicators!

Thesstudy alse showed that besides climate, changes in local hydrological conditions
andianthropogenic factor could have a significant impact on the vegetation cover of the study
area. The influence of the anthropogenic factor has been increasing over the last 3000 years,
making it difficult to fully disentangle natural and human-induced changes in ecosystems.
Fluctuations in the water level of lagoon and groundwater have further complicated the picture
of local vegetation evolution, causing considerable change of natural plant communities and

having an indirect effect on vegetation through changes in local anthropogenic activities.
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Table 1. Geochronological results and lithological description of the Curonian Lagoon sediment

sequence
Calibrated age
. . 14 interval, Median
thhol(fglcal Depth, Sample ID Age °C, BP probability, cal
unit cm cal yr BP
yr BP
95.4 (2 sigma)
Dark-olive IGAN —8583 765420 670 - 723
gyttja 38-25 (depth 35 cm) 686
Gyttja with — _
shell interlayer 40-38 a B
‘ 2789'= 2825
Dark-olive | 40,0 | IGAN-8582 2780420 2844 - 2952 2875
silty gyttja (depth 45cm)
(depth 49 cm) 4839+43 5623 — 5654
Peaty gyttja
with peat Poz— 11058 Y o oM | 0. 6272 6122
interlayers at a (depth 53 cm ) i
depth of 90 — 48
8?— 8% W 5821:+44 gggg _ 23?2 6628
and 80 —78 cm eri! om) j
IGAN — 6841
(depth'88 cm) 601520 6790 - 6936 6854
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Table 2. Results of the palynological analysis of the Curonian Lagoon sediment sequence

Pollen zone

Depth,
cm

Description

1.
Quercetum
mixtum

8848

Arboreal taxa prevail in the spectrum (pollen up to 95%).

Quercetum mixtum (Quercus, Ulmus, Tilia) up to 20%, Corylus (up
to 20%), Alnus (up to 35%).

Pinus and Betula —up to 10% for each species.

Picea —up to 1%.

Carpinus —up to 1% (except subzone b).

Fagus appears episodically (single pollen grain).

Non-arboreal taxa: negligible abundange.

Two short periods with a sharp risegin theyshare of coastal hygrophytes
are distinguished: Phragmites® (ptobably, in situ), Thelypteris
(probably, in situ), Cyperceae,"Menyanthes, Typha, Umbelliferae.

Subzone a: Quercus (8953 cm). Maximum value of Quercus: 12—
18%.

Subzone b: Carpinus — Ericaceae (53-48 cm). Carpinus (3-4%) and
Ericaceae (5-6%) increase.

Hiatus

2. Carpinus
— Fagus —
Picea

4835

Arboreal taxa prevail in the spectrum (pollen up to 90%).

Ificreasing valuewf Carpinus (3-4%), Fagus (1-2%) and Picea (5-7%).
Increasing value of Pinus and Betula — approximately 25% for each
species.

Significant, decline in broad-leaved species: Quercetum mixtum
(Quereus, Ulmus, Tilia) — 5-10%, Corylus (up to 5%).

Alnus— average 30% (except subzone a).

Non-arboreal taxa: share increases up to 10%.
The most exposed are Ericaceae, Gramineae and Cerealia (Secale +
Triticum).

Subzone a: Alnus — Pinus (48-45 cm). Max value of Alnus (up to
50%), Pinus (up to 30%) and Picea (7%). Substantial share of
Ericaceae (up to 4%).

Subzone b: Quercus — Corylus (45-38 cm). Value of Quercus (up to
9%) and Corylus (up to 7%) grow.

Subzone c: Salix — NAP (38-35 cm). Value of herbs increases (up to
12%), Cakile and Salix are remarkable (probably as coastal
psammophytes).

Arboreal taxa: total percentage of 82%.
Value of Pinus and Betula grows and compiles together 50%.
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Minimum of broad-leaved trees: Quercetum mixtum (less than 5%),
Corylus (up to 2%), Carpinus (1-2%), Fagus (less than 1%).
Alnus — 20%. Picea — 3-4%.

Non-arboreal taxa: share increases up to 20%.

Cereals are the most remarkable: Gramineae (up to 7-8%) and Cerealia
(Secale + Triticum, 4-5%).

Value of synanthropic plants increases up to 6% (Cichorioideae,
Chenopodiaceae, Centaurea cyanus, Artemisia, Plantago lanceolata,
Rumex).
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Fig. 3. Results of the pollen analysis for the Curonian Lagoon sediment core combined

with the AMS-based modelled age scale and lithological description: 1—mollusk shell layer,

2—fine, silty gyttja, 3—peaty gyttja, 4—fen peat, 5—BE.
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CoObiTus1 BoHIa B cpegHeM M MO3HEM I0JIOLeHe H UX OTPa)KeHHe B JUHAMHUKE
PACTHTEJIBHOCTH IOT0-BOCTOYHOM [IpudanTuku: pe3yJbTaThl NAJMHOJIOTHYECKOTO

HCCIIe0BAHMS TOHHBIX 0T/I03keHuii Kypuickoro 3aimBa’

»uunnaa Oneral, Hanpeenko-/lopoxoBa TarbstHal2, Hampeenko Makcum !+
Y 5 s

"Mucruryr okeanonoruu um. ILIL. [Iupmosa PAH, Mocksa, Poccust, 117997

2Bantuiickuil Gpenepanbubiii yausepeurer um. M. Kanra, Kanuuunrpan, Petcus, 236000

Hpyxununa O.A.: olga.alex.druzhinina@gmail.com

Hanpeenko M.I".: maxnapr@gmail.com

Hanpeenxo-Zlopoxosa T.B.: tnapdor@gmail.com

KoHnTakTHOE U110:
Hpyxununa Onbra AjiekcasIpoBHa,
Tenedon +7 909 792 29 70

Email: olga.alex.druzhinina@gmail.¢om

Anpec: 236000, np. Mupa, 1, KanuuuHagpan

AHHOTAHUA

IIpencraBiacHpl pE3yJIbTaThl = UCCIENOBAHUS W3MEHEHUS PACTUTEIbHOCTU IOTO-
BocTOYHOU [IpnOANBUKIA B OTBEE HA KIIMMaTH4eckue Konebanus (coowiTust boHaa) B cpemHemM
U To31HeMmrosieleHe. , Ha® ceroqusamHnii 1eHb peakuusi pPEervoHalbHBIX M JIOKAJIBHBIX
NPUPOAHBIX, cHCTeM Ha coObiTus boHna ocraercs uioxo u3yudeHHOH. IlpencraBneHHblE B
CTaTbe HOBBIC)JAHHBIE JINTOJOTUYECKOT0, T'€OXPOHOJIOIMYECKOIO0 M NAJIWHOJIOTMYECKOTO
aHaJTM30B KOJIQHKH JOHHBIX oTioxkeHWi Kypmickoro 3anmuBa (KanuuHuHrpazackas o05acTb)
MIO3BOJIIOT PEKOHCTPYHPOBATh pErHoHaJIbHbIE WU3MEHEHUs pPacTUTEIBHOCTH,
paccMaTpuBaeMble Ha (OHE KpPAaTKOBPEMEHHBIX KoNeOaHWil Kiumara. YCTaHOBJIEHO, 4YTO
KIMMAaTU4YeCKUe COOBITHS I0-pa3HOMY OTPaXEHbl B MAJIMHOJOTHYECKOH JIETOIHUCH.
[TpyuurHaMu 3TOro MOTryT OBITH BENMYMHA KIMMAaTHYECKUX KoyebaHuil; mpeoOanaromas
3HAYMMOCTb JPYTUX (PaKTOPOB, GOPMHUPYIOLUINX PACTUTEIBHBIN IIOKPOB; a TAKXKE pa3pelicHue

HCCICO0BaHUs, HC IIO3BOJAIOIICC B IMOJTHOM MCPEC OTCJICI)KUBATH KPATKOCPOYHBIC U3MCHCHUS

2 HccnenoBaHue BBIIOJIHEHO HpH Homaaepxkke Poccmiickoro Hayusoro (ompma, mpoekt 22-17-00170,
https://rscf.en/project/22-17-00170.
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NPUPOIHBIX MapaMeTpoB. Tak, Hanpumep, noxonoaanus 5900 u 2800 kan.j.H. Gojee YETKO
(UKCUPYIOTCS IO U3MEHEHHUIO PACTUTEIBHOCTH, YeM mnocienyromue. OHU XapaKTepu3yTcs,
MPEKIE BCEro, 3HAUMTENBHBIM COKpamleHueM MbeUIbIbl Quercetum mixtum (QM) u, B
9acTHOCTH, Ay0a u Bsiza. [loxomomanue 2800 KaJl.J1.H. COMTPOBOXKAATIOCH TAKKE POCTOM KPUBOKH
Oyka, pacrlpoCTpaHEHHIO KOTOPOTO MOIJIM CIIOCOOCTBOBAaTh HE TOJBKO KIMMAaTUYECKHE
yCIIOBUS, HO M aHTPOIIOTEHHAs JIeATENbHOCTh. B TO ke BpeMsi, Hayajo Majoro JEeIHUKOBOTO
nepuoga (680 Kald.J.H.) OTMEUEHO KpaTKOBPEMEHHBIM CHM)KEHMEM aHTPOIIOTE€HHBIX
nokasareneil. MccienoBanue Takxke okasajio, 4TO IOMUMO KJIMMaTa CyIECTBEHHOE BIUSHUE
Ha PAacTUTEIbHBIA IOKPOB HUCCIECAYEMON TEPPUTOPUM OKa3bIBAIM H3MEHEHHS WIOKAJIBHBIX
THIPOJIOTUYECKHUX YCIOBUN U aHTPOTIOTeHHBIN (hakTop. BiusiHue yenoBeka Ha pACTUTENBHOCTD
B Ioro-BoctoyHoil IlpmbanTuke ycuiamBanoch Ha NpOTsSHKEHUUgIocaeaHux, 3000» ter, uTto
3aTPyAHAET pasrpaHUUYEHUE €CTECTBEHHBIX M AHTPOIIOTCHHBIXyM3MEHCHAN B PACTUTEIHHBIX

COOO0ILIECTBAX TTO3IHETO TOJIOLCHA.

KuaroueBbie cioBa: coObiTusi bonma, konebanus KIUMaTaypaCTUTEALHOCTD, FOTO-BOCTOYHAS

[TpubanTuka.



