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ABSTRACT. The results of Holocene fires history reconstruction in the Kansk forest-steppe Kranoyarsk
Territory are presented using the example the Kuskun mire (Esaulovka river basin) and Rybnoye mire
(Rybnaya river basin). The complex of paleoecological methods (analysis of macrofossils in peat and
charcoal analysis) are using. The stages of increased fire activity were established at 4000-3000 and
1500-500 cal yr BP. These time intervals coincide with a decrease in moisture during the subboreal xero-
thermic maximum and a short dry period 1400-1300 cal. yr BP subsequently replaced by the Medieval
Warm Period. When comparing the results obtained, a coincidence of long fire episodes with a change

in local vegetation was revealed.
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1. Introduction

Mire deposits are informative paleoarchives. A
comprehensive study of mires using paleoecological
methods it becomes possible to identify the response of
plant communities to the total impact of climatic and
pyrogenic factors, which is currently extremely import-
ant due to global climate change and the increased
number of fires (Climate report..., 2023).

Throughout the Holocene, the number of fires
increased during periods marked by rising tempera-
tures and dry climate conditions and decreased during
cold and humid periods, which in turn accumulated
large amounts of flammable materials (Whitlock et al.,
2010).

2. Materials and methods

The paleoecology mire study has been car-
ried out since 2010 on the territory of the Kansk for-
est-steppe (Krasnoyarsk Territory) (Rodionova and
Grenaderova, 2016; Mikhailova et al., 2021). The
features of the local and regional vegetation develop-
ment, moisture conditions are being studied and the
fire regime is being reconstructed, which together
makes it possible to reconstruct the dynamics of land-
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scapes throughout the Holocene. This study presents
the results of two lowland mire study: the Kuskun mire
of the first above-floodplain terrace of the Esaulovka
River (the 1st order right tributary of the Yenisei River)
and the Rybnoe mire, located in the floodplain of the
Rybnaya River (the 1st order right tributary of the Kan
River, the source is located in the Koisky Belogorye,
Eastern Sayan). The main research methods were the
macrofossils analysis of peat, performed according to
standard methods (Tyuremnov, 1976) and charcoal
analysis, which consists of identifying and counting
macro charcoal particles larger than 100 microns in
size (Clark,1988) and further processing in the program
CharAnalysis (Higuera, 2009).

3. Results

According to the study of the Kuskun mire sedi-
ments covering a time period of 5700 calendar years BP
(cal yr BP), the presence of fire events was established:
5700, 5300, 4400, 4100, 3700, 3100, 2900, 2000,
1700, 1400 and 600 cal yr BP (Fig. 1). The dates of fire
episodes for which the rate of accumulation of charcoal
particles per cm? per year did not reach the threshold
value are also noted: 3500, 3300, 1000, 900 and 300
cal yr BP (points on the graph).
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Fig.1. Frequency of fires according to the study of the Kuskun mire.

For the Rybnoe mire which located in 50 km east
of the Kuskun mire over a period of 5400 cal yr BP
the following fire events were noted: 4700, 3950, 3350,
3200, 2550, 800 cal yr BP (Fig. 2).

According to comparing the results, the follow-
ing intervals of increased fire activity can be identified:
4000-3000 cal yr BP (2 fire events for the Kuskun and
Rybnoe mire) 1000-500 cal yr BP (1 fire event for the
Kuskun and Rybnoe mire and 2 fire events that did not
reach the threshold value for these mire). It has
been established that in the range of 4000-3000 cal
yr BP tree species took a significant part in the com-
position of local plant communities. For the Rybnoye
mire the dominance of spruce (Picea obovata Ledeb) in
the tree layer was observed and after 3000 cal yr BP
an increase in birch (Betula pubescence L.) was noted,
which may reflect a change in species due to pyrogenic
succession. For the Kuskun mire in the indicated period
4000-3000 cal yr BP a stable presence of birch macro-
remains in the peat was recorded.

The next temporal stage of increased fire activity
1500-500 cal yr BP is also reflected in the composition
of local vegetation. For the Kuskun and Rybnoe mires
macroremains of birch were again recorded in signifi-
cant quantities.

4. Discussion and conclusions

Based on this study it was established that
increased fire activity and inter-fire intervals of 50-100
years are typical for periods of 4000-3000 as well as
1500-500 cal yr BP, which is consistent with a general
decrease in moisture in the Krasnoyarsk Territory.

Koshkarov and Koshkarova (2003) for the Kas

River basin (northern part of the Krasnoyarsk Territory)
produces 3800-3000 cal yr BP subboreal xerothermic
maximum with rising temperatures and decreasing
precipitation. According to the study of speleothems
from the Torgashinskaya cave in the surroundings of
Krasnoyarsk a decrease in the growth rate of stalagmite
was recorded starting from 4.4+ 0.06/-0.09 thousand
years ago and up to 3.8 thousand years ago, which indi-
cates drier conditions (Columbu et al., 2023).
According to the study of the Pinchinskoye mire
in the Esaulovka River basin (Mikhailova et al., 2021)
recorded a short dry episode at 1400-1300 cal yr BP
and Medieval Warm Period 1300-650 cal yr BP during
which conditions could favor the occurrence of fires,
but not as large as in the interval 4000-3000 cal yr
BP. When comparing the results of charcoal analysis
and macrofossils analysis a pattern of coincidence of
fire events and an increased content of birch macro-
remains in the peat was established. Currently, for the
burnt areas of hydromorphic dark coniferous forests
of Eastern Siberia, the process of restoration by birch
is very typical (Farber, 2012). According to the pollen
analysis of Pinchinskoye and Bolshoye mire sediments
in the Kansk forest-steppe during the indicated time
intervals, birch was also present in the plant communi-
ties surrounding the mires, which in general may indi-
cate a decrease in moisture (Mikhailova et al., 2021)
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TopdAaHblie OTAOXKEHHUA KaK OCHOBa ANA
U3YUYEHHUA NOXKAPHOro pe)Xxuma roroueHa
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AHHOTAILHMA. IIpeacraBieHbl pe3yibTaThl peKOHCTPYKIIMY HCTOPUY IIOXAPOB B rOJIOIIeHE Ha Teppu-
topuu Kanckoii stecoctenu KpaHospckoro kpas Ha npuMepe 6oJiota KyckyH (6acceiin p. EcaynoBka) u
PribHOe (6acceitH p. PeiOHAsA) mpy MOMOIIM KOMILIEKCA TAaJIE03KOJIOTMIECKUX METO/I0B (aHAIU3 MaKpo-
doccunuii B Topdhe W MasIe0AHTPAKOJIOTUYECKUI aHaJn3). YCTAHOBJIEHBI 3Tala YCUJIEHUs IMOXap-
Hoyi aktuBHOCTH 4000-3000 u 1500-500 kajieHAapHBIX JieT Hazafd. [laHHble BpeMeHHble UHTEPBAJIbL
COBIIAJAIOT C yMeHbIIEHNEeM yBJIaXHEHU BO BpeMs cy0060opealbHOr0 KCEPOTepMHUEeCKOro MaKCcuMyMa
U HENpOAOJDKUTEJbHOro 3acyuuimboro nepuoga 1400-1300 kaji.ji.H. B MOCJAEACTBUM CMEHUBIIUMCS
CpeHeBeKOBBIM TeIIBIM niepruoAoM. [Ipyu cpaBHEHNU [TOJTyYeHHBIX pe3yJIbTaTOB ObLIO BBEIABJIEHO COBIIA-
JeHue MpOAO0JDKUTEJIbHBIX T0’KapHBIX 3MU30[0B CO CMEHOMH JIOKAJIbHON pPacTUTEIbHOCTH.

Kitioueasie cstoda: roJiolieH, najeo3KoJ0rnyeckKye PEKOHCTPYKIINU, TOp(l)ﬂHI)Ie OTJIOXKEHUA,
HaJ'IeoaHTpaKOJIOFI/I‘IeCKI/IIjI aHanu3, KaHckas jiecocrenb
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1. BBeapenue

BosoTHBIE OTJIOXEHUA CIyxaT HWHOOPMaTUB-
HBIMU TIajleoapxuBaM, IpU KOMIIJIEKCHOM W3y4eHUH!
KOTOPBIX I1aJIe03KOJIOTUYECKUMU MeTOAaMU CTaHO-
BUTCSA BO3MOXHBIM BBIABUTH OTKJIMK PacTUTEJIbHBIX
coofIlecTB Ha CyMMapHOe BO3JeliCTBHe KJINMaTu-
YecKOro M MUpOoreHHOro (pakTopoB, YTO B HacTosllee
BpeMs KpaiiHe aKTyaJIbHO B CBSA3U C IJI00aJIbHBIM H3Me-
HeHHMeM KJIMMaTa 1 BO3POCIINM KOJIYeCTBOM I10XKapoB
(Toxam 06 0COOEHHOCTAX KJIMMATA..., 2024).

Ha mnporsxeHuu rosjiolleHa 4YHCJIO II0XapoB
yBeJINYMBAJIOCh B IEepUO[ibl, OTMedYamluecs pPOCTOM
TeMInepaTypbl U CYXOCTH KJIUMaTa, U YMeHbIIAaJIoCh
B XOJIOAHBIE U BJIaXKHBIE I1epUO[ibl, B KOTOPEIE B CBOIO
ouepe/lb HaKaIIMBaeTcA OOJIbIIOE KOJIMYECTBO JIETKO-
roprounx MaTtepuasioB (Whitlock et al., 2010).

2. MaTepunanbl 1 MeTOAbI

Ha TEPPUTOPUU Kanckor JlecocTenu
KpacHospckoro kpas u3ydeHue Majeo3K0Jiorun 60JI0T
npoBouTcsa ¢ 2010 roga (PoguoHoBa u 'peHageposa,
2016; Mikhailova et al., 2021). U3y4aioTcs He TOJIBKO
0COOEHHOCTH Pa3BUTUA JIOKAJIBHOM W PErMOHaJIbHOMN
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pacTUTEeNIbHOCTH, YCJIOBUA YBJIQXHEHHdA, HO TaK Xe
IIPOBOJIUTCS PEKOHCTPYKLUA MOXapHOTO pexuMa, 4To
B KOMILJIeKCe JlejlaeT BO3MOXXHBIM PEKOHCTPYKI[HIO
JUHaAMMKY JaHamadToB Ha NPOTSXKeHUU rojoleHa.

B nmannHoii paboTe npeAcTaBJieHB pe3yJbTaThl
WU3y4eHHUs IBYX HU3UHHBIX 00J10T: 60J10TO KyCcKyH nep-
BOI HajIolMeHHOI Teppachl p. EcaysioBka (mpaBbiit
nputok p. EHuceii 1-ro nmopsaka) u 6os10To PriGHOe,
pacIoJjioxXeHHOro B moiiMe p. PribHasd (mpaBelii mpu-
ToK p. Kan 1-ro mopsaka, Oepymiuii Hayajio B OTpO-
rax Kotickoro benoropss B Bocrounom CasHe).

OCHOBHBIMU MeTOJaMH HCCJIeJOBaHUs CTaju
a"anu3 Makpodoccuanuii B Topde, BHIIOIHEHHBIN 11O
crangapTHon Mmeroquke (TropemHoB, 1976) u maseo-
AHTPAKOJIOTMYECKUH aHAJIN3, 3aKJTIOYAIOITUIICSA B UJIeH-
TudUKaUy U IoJAcYeTe YacTUI[ MaKpoyIJii pa3Mep-
HocThio Gosiee 100 mxm (Clark, 1988) u ganbHeliei
obpaboTke B nporpamme CharAnalysis (Higuera,2009).

3. Pe3yAabTarthbl

[lo pgaHHBIM U3y4YeHHsA OTJIOKeHUH OosoTa
KyckyH, oxBaThiBamomix BpeMeHHON mepuon 5700
KaJIeHJJapHBIX JieT (fajee — KaJ.JI.H.), YCTAaHOBJIEHO
HaJImuue noxapHseix cobertuit: 5700, 5300, 4400, 4100,

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
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3700, 3100, 2900, 2000, 1700, 1400 u 600 xaj.j.H.
(puc. 1) Taxxe oTmedalOTCA ATkl BO3HUKHOBEHUS
MIO’XXapHBIX 3MM30/0B, AJIA KOTOPHIX CKOPOCTh aKKyMy-
JIANMM 4acTUIl YIJIA Ha cM?B rojl He JOCTUTJIA ITOPOro-
Boro 3HadeHus: 3500, 3300, 1000, 900 u 300 kaJI.JI.H.
(Touku Ha rpaduxe).

Jiia 6osota PeiGHOe, pacmosioxkeHHOro B 50-Tu
KM BocTouHee 6osiota KyckyH, 3a mepuopa 5400 kain.
JI.LH. OTMevaloTca cjefylomye IoXapHble COOBITHA:
4700, 3950, 3350, 3200, 2550, 800 kan.;1.H (puc.2).

[Ipy cpaBHeHMH IIOJIyYeHHBIX pe3yJIbTaTOB
MOXHO BBIIEJIUTh CJIeAylollye VHTepBajbl yCUJIEHHUA
noxapHoi akTuBHocTU:4000-3000 kasn1.J.H. (2 moxap-
HBIX coOBITUA 1A 60Ji0oTa KyckyH u PeibHOe) 1000-500
KaJ. J. H. (1 noxapHoe cobbsiTre Ajia 6osiota KyckyH u
PrIOHOe 1 2 MoXapHBIX COOBITHSA, He JOCTUTTINX IIOpPO-
roBOro 3Ha4eHuA I AaHHBIX 00JIOT).

YcraHoBJieHO, 4TOo B uHTepBasie 4000-3000
KaJl. JI. H. B COCTaBe JIOKAJIbHBIX PACTUTEJIBHBIX COO00-
IIecTB 3HAUUTeJIbHOEe yyacTHe NMPUHUMAJIN ApeBecHble
nopopsl. Tak, ny1sa 6onota PeibHOe HabsI0gaeTcs JOMU-
HUpOBaHUe B JipeBecHOM spyce enu (Picea obovata
Ledeb), a mociie 3000 kaJi.J.H. OTMEYEHO yBeJTUYEHUE
Oepesbl (Betula pubescence L.), YTO MOXeT OTpaxaTh
CMeHy IOpOJ BCJIEACTBHE IHMPOTeHHOHN CYKIIECCHUHU.
Juia 6onota KyckyH B ykasanHsbill nepuon 4000-3000
KaJ.JLH. (QUKcupyeTcs CcTaOWJIbHOe IPUCYTCTBUE B
Topde MaKpoOoCTaTKOB Oepe3kl.

Crenyomuil BpeMeHHO! 3Tal yCUJIeHUs MoXap-
Ho# aktuBHOcTH 1500-500 Kaj.JI.H TakXe HaxOgUT
OTpakeHHe B COCTaBe JIOKAJIbHOH pacTUTEJIbHOCTH.
Tak ana 600t KyckyH u PeiGHOe BHOBb B 3HAUUTEJIb-
HOM KoJyindecTBe GUKCHUPYIOTCS MaKpOOCTaTKU Oepessl.

N

—_

fire frequency
(fires 1000 yr'"

4. 06cy)xpeHue M BbIBOADI

Ha ocHOBaHuu npoBeleHHOro HCCJIeJOBaHUA
YCTaHOBJIEHO, YTO yCHUJIeHHEe MOKapHON aKTUBHOCTU U
MexmoxapHbele uHTepBasibl B 50-100 et xapakTepHBI
amna nepuonos 4000-3000, a Takxke 1500-500 kaj.ji.H.,
4TO corjiacyercs ¢ oOIMM yMeHbllleHreM yBJIaKHeHUA
Tepputopuu KpacHospckoro kpas.

Tak, Komkapos u Komkaposa (2003) ansa 6Gac-
ceiiHa p. Kac (ceBepnHas uacth KpacHosipckoro kpas)
BhifesiaioT 3800-3000 kas. Ji. H. cyb60opeasbHBIN Kce-
poTepMUYECKUN MAaKCHMyM C POCTOM TeMIepaTyphl
1 yMeHbIIeHueM KoJindecTBa ocajkoB. I[lo gaHHBIM
n3yuyeHue cresjgeoTeM U3 Memiepsl TopramuHckas B
okpecTHOCTAX I. KpacHospck ¢Qukcupyercsa yMeHb-
IIeHre CKOPOCTH HapacTaHUsA cTajlarMHUTa HayuHas C
4.4+ 0.06/-0.09 ThIC. JIeT Ha3aJ U BIJIOTH O 3.8 THIC.
JIeT Ha3aj, 4YTO yKasblBaeTcs Ha OoJiee cyxue yCIOBUA
(Columbu et al., 2023).

[To paHHBIM u3ydeHUs Oosiota [IMHYMHCKOE B
Gacceiine p. EcaynoBka (Mikhailova et al., 2021) ¢puk-
cUpyeTcsi HeNMpOJOJDKUTEIbHBIN 3aCylUUIUBBIN 3MU30.
1400-1300 kas.ji.H. u CpeJHEBEKOBBIN TEILJIBIN IEPUOL
1300-650 kan. 1. H.,, B TedeHHE KOTOPBHIX YCJIOBUA
MOTIJIA CIOCOOCTBOBaTh BO3HUKHOBEHMIO II0XXapOB, HO
He CTOJIb MacmTabHbX, kak B uHTepBays 4000-3000
KaJl. JI. H.

[Tpu cpaBHeHNU NOJTyYeHHBIX pe3yJIbTaToB Iajie-
0aHTPAKOJIOTHYECKOIro aHaIn3a U aHaan3a Makpodoc-
CWJINK yCTaHOBJIEHA 3aKOHOMEPHOCTb COBIaJeHU:A
IIO’)KapHBIX COOBITUM 1 IIOBBIMIEHHOIO COAepKaHUA
MaKpoocTaTKoB Oepe3bl B cocTaBe Topda. B Hacros-
Iee BpeMs JJiA rapeil ruApoMOpOHBIX TEMHOXBOMHBIX
JnecoB BocrtouHoii Cubupu BecbMa TUNMYEH IIPOLECC
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BoccTaHoBjeHUsA Oepe3oii (dapbep, 2012). Ilo nman-
HBIM CIIOPOBO-TIBLIBIIEBOTO AHAJIN3A OTJIOKEHUH GOJIOT
Kancko# Jiecoctenu ITMHYMHCKOE U BoJiplioe B yKa-
3aHHble BpeMEHHBle MHTEPBAJIBI Oepe3a MPUCYTCTBO-
BaJia M B COCTaBe OKPYXaloUMX 60JI0Ta paCTUTEIbHBIX
COOOIIECTB, YTO B I[eJIOM MOXET CBUAETEIbCTBOBATh 00
yMeHbleHUM yBiaxHeHusa (Mikhailova et al., 2021)
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