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ABSTRACT. This work presents results of reconstructing dynamics of palaeo-fires in the piedmont of
Northern Altai over the past 16185 cal. yr BP on the example of sediments of the Mokhovoe mire (Altai
krai). 27 local fire episodes were identified based on macro-charcoal analysis and statistical processing
in the CharAnalysis software package in R space. According these data, 7 periods of maximum pyro-
genic activity were identified over the entire period of the Mokhovoe mire existed. The obtained data
were compared with published paleoecological reconstructions for the Mokhovoe mire. To identify
relationship between vegetation and fires, we carried out a correlation analysis between macro-charcoal
and pollen data using the Pearson method in the PAST program. As a result, the possible influence of
fires on the change of vegetation cover (post-fire successions) was revealed. The study also recorded
high pyrogenic activity during warm and humid climatic periods when fir (Abies sibirica) dominated in

the vegetation cover.
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1. Introduction

In the beginning of the 21st century, the global
spread and occurrence of wildfires increased rapidly
(Wang et al., 2021). This trend is also typical for the
Altai-Sayan region of Russia. According to the fore-
casts, fire danger days and fire intensity are expected
to increase due to climate change in Russia by the end
of this century (Sherstyukov and Sherstyukov, 2014).
To prevent possible devastanting consequences for the
environment, society and economy, as well as to draw
up reliable forecasts of forest fire rates in the studied
region, data on the long-term dynamics of fires and
their impact on the surrounding landscape is needed.
Modern palaeoecological methods of reconstruction
based on the analysis of reliable natural “archives” -
lake or swamp sediments can help us (Marlon, 2020).
These sediments store information in the form of
plant organics, palynomorphs, as well as micro- (size
<125 microns) and macroscopic charcoal particles
(size >125 microns) — direct indicators of palaeo-fires
(Mooney and Tinner, 2011).
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2. Materials and methods

As a primary object of the study, we chose one of
the sites in the piedmont of Northern Altai — Mokhovoe
mire. The swamp located 4 km southeast of the vil-
lage Aya (Altai krai). The modern Mokhovoe mire is
in a mesotrophic stage with a dominance of birch-pine
swamp facies characterized by abundant swamp-shrub
understorey and sphagnum moss ground cover. The
landscapes surrounding the swamps are mainly repre-
sented by pine and birch forest.

During the summer expeditions in 2017, we took
core of peat sediments 6.4 m. thick from the deepest
part of Mokhovoe mire for multi-proxy palaeoecologi-
cal research. In common, 130 samples were taken along
the entire length of the core for further processing in
the laboratory. Radiocarbon dating of 5 samples was
carried out at the National Taiwan University by AMS
method (Pupysheva and Blyakharchuk, 2023). Based
on radiocarbon dates calibrated in the Bacon program
(Blaauw and Christen, 2011) in R version 4.0.4 (R Core
Team, 2020) in system “from the present time” (1950
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was set as the reference point), a depth-age model of
the sediments of the Mokhovoe mire was made and the
age of the remaining samples of the peat column was
calculated.

To reconstruct the local history of palaeo-fires,
we used the method of macro-charcoal analysis of peat
sediments (Mooney and Tinner, 2011). The main stages
of physical and chemical processing of samples are pre-
sented in the work (Mooney and Tinner, 2011).

The obtained palaeo-fire data were compared
with previously published micro-charcoal, spore-pollen
and other results for the Mokhovoe mire (Blyakharchuk,
2022; Blyakharchuk et al., 2023).

Statistical processing of the results was per-
formed using a CharAnalysis program (Higuera, 2009)
in R space (R Core Team, 2020) based on radiocarbon
and macro-charcoal data. The CharAnalysis identified
specific fire events, their intensity, frequency, and the
rate of accumulation of charcoal particles. The data of
the depth-age model of the deposits of the Mokhovoe
mire were used as a chronological basis.

To identify possible connections between fire
activity and vegetation cover, a correlation analysis
was carried out using the Pearson method in the PAST
program (Hammer et al.,, 2001) based on a compari-
son of micro- and macro-particles of charcoal with the
pollen content of the predominant plant taxa for the
Mokhovoe mire. The noted correlations are significant
at P <0.05 boxed.

3. Results and discussion

According to the data obtained, sedimentation in
the Mokhovoe mire began at 16185 cal yr BP. During
this time, 27 local palaeo-fires occurred with 7 peri-
ods of maximum pyrogenic activity: 14200-13600,
11500-10500, 9800-9200, 8400-6300, 5500-4300,
2900-1900, 1600-1000 cal yr BP (Blyakharchuk et al.,
2023; Pupysheva and Blyakharchuk, 2023).

The most palaeo-fires occurred in the Atlantic
period of the Holocene - 9 fire episodes with a maxi-
mum of fires at the AT/SB boundary — 5500-5000 cal.
yr BP. The lowest pyrogenic intensity was recorded in
the Middle Dryas, Allered, Younger Dryas and at the
end of the Subatlantic period. As palaeo-fires occurred,
there was a change in plant communities and stages
of mire evolution (Blyakharchuk, 2022; Pupysheva and
Blyakharchuk, 2023). In the Middle Dryas forest-tundra
landscapes were widespread and local fires were not
detected. At that time neither lake nor swamp existed,
and the bottom sediments were represented by clays.
Climate warming at the beginning of the Allersd was
marked by a change in landscapes from forest-tun-
dra to steppe. At the same time a lake formed where
Mokhovoe mire is today. The CharAnalysis program
identified 3 local paleo-fires with low pyrogenic inten-
sity. From the Preboreal to the end of the Boreal period,
birch forest-steppe dominated in the vegetation cover.
10000 cal. yr BP the lake turned into eutrophic mire.
Fire activity has increased at this time - 7 local paleofire
episodes were noted with maximum pyrogenic activity
at the end of the Preboreal. From the Atlantic period to
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the present time, the birch forest-steppe turned into a
mixed pine-birch forests. During this period, 17 local
fires occurred with peak pyrogenic activity at the end
of the Atlantic - in the beginning of the Subboreal. From
1000 cal. yr BP the intensity of fires began to decrease
and reached the minimum value to the present day.

The correlation analysis showed that micro-char-
coal particles positively correlated with macro-charcoal
particles (c 0.20), fir (Abies sibirica) (c 0.20) and
wormwood (Artemisia) (c = 0.22), and negatively with
birch (Betula pendula) (¢ = -0.28). Macro-charcoals are
positively correlated only with fir pollen (c = 0.19).
It follows from this, the results of counting micro- and
macro-charcoal particles as indicators of fire events are
generally comparable with each other, confirming that
accumulation of micro-charcoal and macro-charcoal
took place synchronously in closed basin of Mokhovoe
mire. A positive correlation of micro- and macro-char-
coals with fir pollen (Abies sibirica) indicates high
pyrogenic activity during warm and humid climatic
periods, possibly due to the intensification of cyclones
and increased thunderstorm activity. In addition,
micro-charcoals showed a negative correlation with
birch pollen (Betula pendula), probably due to destruc-
tive influence of fires on mire vegetation, causing the
proportion of birch in the vegetation cover decreased.
Later after the fires the birch storey was restored again
on the mire. The sharp growth of birch just began 1000
cal. yr BP during a decrease in pyrogenic activity in the
Mokhovoe mire.

4. Conclusions

From the Late Glacial to the present, the pied-
mont of Northern Altai has been repeatedly exposed
to fires. The presented data of the Mokhovoe mire
during the past 16185 cal. yr BP show a direct rela-
tionship between palaeo-fire activity and the subse-
quent dynamics of vegetation. A positive correlation
between micro- and macro-charcoals with Abies sibirica
was noted. Its share in sediments increased parallel to
increase in pyrogenic activity. Micro-charcoals were
negatively correlated with Betula pendula, reflecting the
role of this species in post-fire succession on the mire.
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AHHOTAILIUS. B paboTe mpejcTaBjeHbl pe3yJbTaThl PEKOHCTPYKIMU NUHAMUKU I1aJIeON0XapoB B
npenropbsax CeBepHoro Astas 3a nocjiegHue 16185 kas. J1. Ha mpuMepe OTJIOXeHUH 6ojioTa MoxoBoe
(Anratickuii kpait). Ha ocHOBe MakpOyTOJIbKOBOTO aHajl3a M CTaTUCTUYeCKON 0OpabOTKU JAaHHBIX B
nporpaMmHoM nakete CharAnalysis B mpocTpaHcTBe R BBIABIEHO 27 JIOKQJIBHBIX IOXAPHBIX 3MU30I0B.
CorjiacHO pe3yJjbTaraM, 3a Bech IepHO/ CyIleCcTBOBaHKA 00JI0Ta OTMEeYeHO 7 Iepuo0B MaKCHMaJIbHON
IIMPOTeHHON aKTUBHOCTH. [IosyueHHbIe JaHHBIe ObLIM COIOCTaBJIEHHI C ONy0JIMKOBAHHBIMU 1aJIE03KO-
JIOTUYEeCKMMM PEKOHCTPYKLUHAMU AJiA HccjiegyeMoro 6osiora. J[yis NOATBEp)KAEHW BbIABJIEHHBIX B3a-
HMMOCBs3el MeXAy M0XapHOM aKTUBHOCTBIO W PaCTUTEJIbHBIM IIOKPOBOM IIpOBe[eH KOppeJIANHOHHBIN
aHanu3 MetofoM [Iupcona B nporpamMe PAST. B pe3yibTaTe BEIABJIEHO BO3MOXHOE BJIMSAHME II0XKAapOB
Ha U3MeHeHUe pacTUTEeJIbHOrO IOKpoBa (MocjenoXxapHble CyKileccuu). B xome ucciieqoBaHUA Takxke
3adukcupoBaHa BbICOKasA NMUMPOTreHHas aKTUBHOCTh B TeIUJIble M BJIQXHbIe KIMMaTH4YeCKHue IepUOJbI,
KOTJ]a B paCTUTEJIbHOM TIOKPOBE AOMHHUPOBAa MuxTa cubupckas (Abies sibirica).
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1. BBeapenue

B Havase XXI Beka pe3KO yBeJIMYUIIOCH pac-
NMpoCcTpaHeHWe U BO3HUKHOBEHUE JIECHBIX II0XapoB
no Bcemy mupy (Wang et al., 2021). 3ta TeHAeHIUA
xapakTepHa u A Asnrae-CasgHckoro pernoHa Poccun.
Ilo mporHo3aMm, u3-3a U3MeHeHHUs kKjiuMarta B Poccuu
K KOHIIy TeKYIIero CTOJIETUA OXHOaeTcsA yBeJIMueHNe
MOXapoolacHBIX AHEeH M WHTEHCUBHOCTU TOXapoB
(Sherstyukov and Sherstyukov, 2014). [{na npenort-
BpallleH!s BO3MOXXHBIX Pa3pyIHIUTEJIbHBIX MTOCJIeICTBUN
OJIa OKpyXamilell cpefbl, obljecTBa U 3KOHOMMKHU,
a Takxke [JiA COCTaBJIeHMsA JIOCTOBEPHBIX IPOTHO30B
WHTEHCUBHOCTU JIECHBIX MOXapOB B M3y4YaeMOM peru-
OHe HeOoOXOJUMBbl JaHHblE O MHOTOJIETHEN AUHaAMUKe
MOXapoB 1 UX BJIWSHUU Ha OKpy’Xaromiuii JanamadT. B
3TOM HaM MOTYT IOMOYb COBpPeMeHHbBIe I1ajIe03K0JIOTH-
yecKyre MeTOAbl PeKOHCTPYKIIMM, OCHOBaHHbIE Ha aHa-
JIi3e HaJleXXHBIX MIPUPOIHBIX «apXUBOB» - 03€PHBIX WU
60J10THBIX oTJIoXKeHMH (Marlon, 2020). DT OTJIOXEHMS
XpaHAT nHOOpPMAIIHIO B BUE PaCTUTEJIbHON OpPTraHUKH,
najgrnHoMopd, a Takke MUKPO- (pasMepom < 125 MKp)
¥ MaKpPOCKONMMYeCKUX YaCTUI] JpeBecHOTo yTIJid (pa3Mme-
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poM >125 MKp) — HOpAMBIX MHAUKATOPOB Majleonoxa-
poB (Mooney and Tinner, 2011).

2. MaTtepuanbl U MeTOAbI

B xauecTBe 00BEKTa UCCIEJOBAHNA MBI BEIOpaIn
OAVH U3 Y4acTKOB B mpeAropbsix CeBepHoro Asras —
60J10TO MoxoBoe. BoJI0TO pacosioxeHo B 4 KM I0T'0-BOC-
TouHee ceyia As (Asranickuii kpaii). CoBpeMeHHOe
6010T0 MOXOBOE HaXOOWUTCA B Me30TPOdHOU cTaauu
pasBuTUA C JOOMHUHUpPOBaHHEM O6epé30BO-COCHOBOM
00JI0THO! (panuu U JOBOJIBHO OOUJIBHBIM GOJIOTHO-KY-
CTapHUYKOBEIM spycoM. Okpyxamwmue 6oJjioTa JIaHAd-
madTe B OCHOBHOM IIpeJiCTaBJIeHbl COCHOBO-Oepe3o-
BBIM JIECOM.

Bo Bpewms jetHell skcnenuiiuu 2017 ropa, OvL1
0TOOpaH KepH TOpQAHBIX OTJIOKEHUI MOIHOCTHIO 6,4
M Uil KOMIUJIEKCHBIX IaJIe03KOJIOTMYEeCKUX HCCIie[lo-
BaHUMI. Bcero mo Bceli AjiiHe KepHa ObLIO OTOOpaHO
130 nopo6 A fgasnbHelmell o6paboTku B jabopaTo-
pun. PaguoyriepoagHoe pgaTupoBaHue 5 o6pasnos
npoeefeHo B HarmonasbHOM yHuBepcuteTe TatiiBaHA

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
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metoaoM AMS (Pupysheva and Blyakharchuk, 2023).
Ha ocHoBe paguoyrjiepogHBIX OaT, OTKaJIUOpOBaHHBIX
B nporpamMe Bacon (Blaauw and Christen, 2011) B R
4.0.4 (R Core Team, 2020) B cucTeMe CUMCJIEHUS «OT
HacTOAIlero BpeMeHU» (3a HyJIeByI0 TOUYKY OTcyeTa
npuHAT 1950 r.) paccuuTaH KaJjleHOapHBI BO3pacT
Kaxzgoro obpasra.

Jl714 peKOHCTPYKIMHU JIOKaJIbHON UCTOpUHU Iajie-
OMOXapoB MBI HCIOJIb30BAJIM MeETOJ MaKpOyroJib-
KOBOro aHajau3a TOp(AHBIX OTJIOXeHUH. OCHOBHBIE
aTanbl GU3NYECKON U XUMHYecKoll o06paboTku o6pas-
OB TpencTaBiieHbl B padote (Mooney and Tinner,
2011). ITony4ueHHbIe faHHBIE IO JUHAMUKe I1aJIe0NoXa-
POB OBLIM CONOCTaBJIEHHl C paHee OMyOJIMKOBAaHHBEIMU
pe3yJibTaTaMH MUKPOYI'OJIbKOBOT'O, CIIOPOBO-IIBLIIbIIE-
BOI'O U APYIMX aHAJU30B JJIA Hcciaeqyemoro 60JioTa
(Blyakharchuk, 2022; Blyakharchuk et al., 2023).
CraTucTuyeckylo o6paboTKy pe3ysIbTaTOB IIPOBOAUJIN
¢ ucnoJib3oBaHreM nporpammMsl CharAnalysis (Higuera,
2009) B mpoctpaHctBe R (R Core Team, 2020) Ha
OCHOBE paJMOYIJIEPOJHBIX U MaKpOYI'OJIbKOBBIX JaH-
Hbix. C momoineio CharAnalysis omnpeesieHbl KOHKpET-
HEIe [To’KapHble 3M130/(bl, UX UHTEHCUBHOCTb, 4acToTa U
CKOPOCTh aKKyMYJIALIMY 4acTHUI] YTOJIbKOB. B kauyecTBe
XPOHOJIOTUYECKO OCHOBBI HCIIOJIb30BAJIUCh [aHHBIE
rJIyDMHHO-BO3PacTHOM MOJeu OTJIOKeHUU 00Ji0Ta
MoxoBoe. [1711 NOATBepXKAeHYs BbIABJICHHBIX B3aMOC-
BA3el MeXJy II0KapHOM aKTHMBHOCTBIO U PacTUTEJIb-
HBIM IIOKPOBOM IIpOBefleH KOppeJIALMOHHBIN aHaIu3
MetozaoM [Tupcona B mporpamme PAST (Hammer et al.,
2001) Ha ocHOBe cpaBHEHMsA MUKPO- U MaKpO4YacTHIl
YIJIA ¢ coAepkaHueM IbUIbLBI Ipeo6sIajaoiuX pacTu-
TeJIbHBIX TaKCOHOB AJ1A 60Jsi0Ta MoxoBoe. OTMe4YeHHEbIe
KoppeJisuu 3HaunMel ipu P < 0,05 boxed.

3. Pe3ynabTatbl M 06Ccy)xpeHue

CorjlacHO TIOJIy4YeHHBIM J[JaHHBIM, OCaJKOHa-
korteHre 6osiota MoxoBoe Haudanack 16185 kai. .
Hazaf. 3a 5TO BpeMsA IIPOU30LLIO 27 JIOKaJIbHBIX Maje-
OMoXapoB € 7 MepuojaMu MaKCHMaJIbHOM IHpOTeH-
HOM akTtuBHOCTH: 14200-13600, 11500-10500, 9800-
9200, 8400-6300, 5500-4300, 2900-1900, 1600-1000
kasn . H. (Blyakharchuk et al., 2023; Pupysheva and
Blyakharchuk, 2023).

HawnGosbilee KOJIMYECTBO AJIEONOXAPOB NPOU-
30110 B aTJIAHTUYeCKUH Nepuo rojoneHa — 9 noxap-
HBIX 3IIM30[I0B C MaKCHMyMOM IIO’KapoB Ha IpaHulle
aTJaHTHUYecKoro u cybbopeasnpHoro mepuoaos — 5500-
5000 kan. 1. H. HauMeHbIiadg nuporeHHass MHTEHCUB-
HOCTb OTMedYeHa B cpefHeM Jpuace, ajuiepefe, IO31-
HeM Jiprace U B KOHIle cyOaTJaHTHU4ecKoro nepuopa.
ITo Mepe BO3HMKHOBEHHA 10’KapOB IPOUCXOANIIAa CMeHa
pacTUTEJIbHBIX COOOIIeCTB U CTaaAuN pa3BUTUA OOJIOT
(Blyakharchuk, 2022; Pupysheva and Blyakharchuk,
2023). B cpeaHem jnpuace ObUIM HIMPOKO pacIpo-
CTpaHeHHB! JIECOTYHAPOBBIe JaHAmMadTH NpHU IOJIHOM
OTCYTCTBUM JIOKQJIBHBIX IIOXXKapoB. B 3TO BpeMa Hu
o3epa, HU 00JjI0Ta He CyIlecTBOBaJIO, a JOHHEBIE OTJIO-
J)KeHHUs ObUIM TpefcTaBjieHbl IJiMHamu. IloremsieHue
KJIMMaTa B HayaJjle ajulepéfa 03HaMeHOBaJIoCh CMeHOM
JaHamadToB OT JIeCOTYHAPH K cTenAM. Torna ke Ha
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MecTe cOBpeMeHHOro 6oJsioTa obpa3oBajioch 03epo. B
3TOT mepuop mporpammon CharAnalysis BeiABiIEeHO 3
JIOKaJIbHBIX IaJIeolioXkapa ¢ AOBOJIBHO HU3KOH NHPO-
reHHOH HMHTeHcHBHOCThbI0. C mpebopeasia U [0 KOHIA
Oopeajla B pacTUTEJIbHOM IIOKpOBe AOMHHHpOBaja
G6epe3oBas Jiecoctenb. 10000 kan. Ji. Has3ajg 03epo
IIpeBpaTUjIoCh B 3BTPodHOe 00j10TO. B 3TO Bpemsa BO3-
pocJia noxapHas akTUBHOCTb — 0TMeUeHO 7 JIOKaJIbHBIX
[I0’)KapoB C MaKCUMAaJIbHOM IMMPOTreHHOH aKTHBHOCTBHIO
B KOHIIe nnpebopeasa. C aTJIaHTAYECKOIo llepruofa U 10
HAacCTOAIIero BpeMeH! Ha cMeHy Oepe30BOil JiecocTenu
IIPUIIIM CMeIllaHHbIe COCHOBO-0Oepe30Bhle jieca. 3a 3TOT
[epyuoj NPOU30LLIO 17 JIOKaJIBHBIX [IOXApOB C MUKOM
[IMPOTeHHOH AaKTUBHOCTU B KOHIle AaTJIAHTUYeCKOIo
— Hauajle cyb6b6opeaspHoro nepuoga. 1000 kaii. Jj. H.
MHTEHCHUBHOCTD II0’KapoB CTajla CHUXXAThCA U JOCTUIJIA
MHHHUMAaJIBHOI'O 3Ha4YeHUA K HacToAlleMy BpeMeHH.
[IpoBeieHHBIN KOPPEJIALMOHHBIN aHaIu3 IoKa-
3aJl, YTO 4YaCTUIBl MHKPOYTOJIbKOB IIOJIOXUTEJIBHO
KOppesupyloT ¢ Makpoyrosibkamu (c=0,20), nuxtoi
(c=0,20) u momeiHbIO (c=0,22), a OTpULIATEBHO C
6epe3oii (c= -0,28). Maxkpoyrojbky NOJOXUTEJIBHO
KOPPEJIUPYIOT TOJIBKO C MbUIBION mnuxTel (c=0,19).
W3 sTOro cienyer, 4TO pe3yJibTaThl NoJcCYeTa YacCTHUI]
MHKPO- ¥ MaKpOYTOJIbKOB KaK MHANKATOPOB MOXapHBIX
COOBITUI B 1I€JIOM COIIOCTaBUMBI IPYT C APYToM, IOA-
TBepxXJasA Hajluyue BO3ropaHul B Ipefesiax 0ojoTa
MoxoBoe. IlosoxurenbHasg KoppeyiAluA MUKpPO- U
MaKpOYTOJIbKOB ¢ MBUIbION MuxThl (Abies sibirica) cBu-
JleTeJIbCTBYeT O BBICOKOM INHMPOTeHHOH aKTUBHOCTH BO
BpeMs TeIUIbIX Y BJIKHBIX KJIMMaTU4YecKUX NepHhoJOB,
BO3MOJKHO 3a CYeT MHTeHCHU(UKaIy OUKJIOHOB U yCU-
JIeHus TpO30BOM aKTHUBHOCTU. Kpome TOro, MHKpoO-
YIrOJIbKM IIOKa3ajd OTpULIaTeJIbHYI0 KOPPeJALUI0 C
meUTBLON Gepesbl (Betula pendula), BeposATHO, u3-3a
CUJIBHBIX BO3rOpaHuil B ipefesax 6osiota AoJiA 6epesnl
B PacTUTeJIbHOM IIOKpOBE CHMXajach, a Mocje Moxa-
POB BOCCTaHaBJIMBaJlach BHOBb. Pe3kuil pocT Gepesbl
Kak pa3 Havasica 1000 kas. Jji. H. BO BpeMs CHUXEHUA
IMPOTeHHON aKTUBHOCTH Ha 6oJioTe MoxoBoe.

4. 3aKknioueHue

C no3fiHeJIe JHUKOBbBA U 10 HACTOAIIEero BpeMeH!
npearopbsa CeBepHOro AjitTasd HeOQHOKPATHO IoABEpra-
Jmch noxapam. IlpefcraBieHHble JaHHBIE IO OOJIOTY
MoxoBoe 3a nociaennue 16185 kaii. j1. noka3wlBalOT Ops-
MYIO CBA3b MeXAY [I0XXapHOH aKTUBHOCTBIO U IIOCJIeTy-
IoIlell JUHAMUKON pacTuTesibHOCTU. OTMedeHa I0JIO-
XUTeJIbHasA KOppeJiAlua MUKPO- U MaKpOYT'OJIbKOB C
nmuxtoil (Abies sibirica). Ee mona B ocagkax yBeJHYU-
Bajlach IapajulejIbHO C yBeJIMUYeHWeM MHPOreHHON
akTUBHOCTU. MUKpPOYTOJIbKM OTpHULIaTeJIbHO KOppeJiu-
poBasm ¢ 6epe3oii (Betula pendula), 4To OTpaxkaeT poJib
3TOro BHJa B IOCJIENOXApPHOM cykKieccuu Ha 6ojioTe
MoxoBoe.
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