The author of the project: Gryaznukhin A.l. 11 *V" class of
MEBI secondary school No. 33 of Yakutsk.

Scientific supervisor: Borisov B.Z., Candidate of Biological
Sciences, Senior Scientific Director
of the Institute of Biology and Cryolithozone Problems of the
Siberian Branch of the Russian Academy of Sciences

Annotation. The work is devoted to the creation of models of the ranges of representatives
of the mammoth faunal complex, based on the entropy principle in the GIS programs ArcGIS
and MaxEnt.

Keywords: habitat model, mammoth faunal complex, maximum entropy principle.

Relevance: the research of mammoth fauna of the Late Pleistocene is one of the actual
guestions of modern paleobiology. Most scientists have not yet agreed on the question of
which climate the mammoths lived in. Some scientists believe that the territory of modern
Yakutia during the Late Pleistocene had a climate similar to that of the modern era, but with a
warmer winter period. They base this statement on the presence in the mammoth fauna of
such northern species as wild reindeer and musk buff. They even coined the term
"tundrosteppe" to justify the term. Other scientists say that the climate was quite different,
warmer, but also with a pronounced winter, more consistent with the climate of the territories
of modern Eastern Europe and Central Asia. Disclosure of the Late Pleistocene climate theme
will allow to solve many questions that have accumulated by this epoch.

The theoretical part:

The mammoth faunal complex is a faunal complex of mammals that lived in the Late
(Upper) Pleistocene (100 - 10 thousand years ago) in the extratropical zone of Eurasia and
North America in special biocenoses - tundrostepes, which existed throughout the glaciation
and moved in accordance with changes in the glacier limits to the north or to the south.

The largest representative of the mammoth fauna (after which it was named) was the
woolly mammoth (Mammuthus primigenius (Blum 1799)) - The northern elephant, which
lived 300 to 10 thousand years ago over huge areas of Europe, Asia, and North America. It was
covered with thick and very long black to dark brown wool with a wool length up to 70 to 80
cm. Bones of mammoths are found almost all over Siberia. The faunal complex also included
species of ancient horses, woolly rhinoceros, bison, auroch, musk buffalo, yak, steppe bison,
giant big-horned deer, red deer and reindeer, camel, antelope saiga, dzeren, elk, kulan, cave
bear, cave lion, cave hyena, wolf, wolverine, Arctic fox, marmots, gophers, lemmings, hares, etc.

This composition of the mammoth fauna indicates that it evolved from the hipparion
fauna, being its northern glacial variant. All animals of the mammoth fauna are characterized
by adaptations to life in conditions of low temperatures, in particular by long and thick wool.

Ecological niche — this is a set of environmental factors within which a particular species
of organisms lives, its place in nature, within which a given species can exist indefinitely. The
term was introduced in 1927 by the British ecologist and zoologist Charles Elton.

GIS modeling of the habitats of representatives
of the mammeoth faunal complex

TIEOKBAHTYHM

Novelty. We used the maximum entropy method to reconstruct the climate of Yakutia in
the Late Pleistocene epoch using the MaxEnt program, which is rarely found in studies of the
climate of Yakutia.

The object of the study: the climate of the Late Pleistocene in the territory of modern

Yakutia.

Subject of research: models of modern animal species included in the mammoth
faunal complex.

Hypothesis: we believe that the ecological niches of animal species that were part of the
“mammoth fauna” that lived on the territory of Yakutia remained unchanged, and changes in
the boundaries of their ranges are associated with historical climate change. Thus, we assume
that mammoths in Yakutia existed in a warmer climate than in the one in which Yakutia is
currently located.

Goal — to create models of the habitats of animals included in the “mammoth fauna" on
the territory of modern Yakutia.

Tasks:

1. Select modern mammals that lived together with the mammoth in the same territory
during the Late Pleistocene epoch;

2. Create GIS maps of the point ranges of these animals;

3. Create geometric models of the habitats of these animals in the Max Ent program;

4. To analyze and compare the “ecological niches” of these animals with the modern
climate of Yakutia.

The practical part:

Methodology. The following software was used to complete the project:
- ArcGIS - GIS programs used by us to create a GIS map of point areas;
- MaxEnt - in this program, we have created geomatic models of areas.

Stage 1: In the GIS programs of ArcGIS, using point area maps, as for example in pic. 1.1, 1.2,
1.3., we digitized the actual data and exported the recorded information into formats suitable
for the MaxEnt program (ASCII).

Stage 2: From a publicly available resoutx AvaaLVorldclim.org) we obtained the actual
climate model in the form of a datal@8e-which is divid@el.into 19 layers, each of which carries
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This method is currentlylone of the most efficient methods for modeling the distribution of

a species based on presence-only data.

MaxEnt estimates the distribution of suitable habitat conditions/ for the species under study

according to the principles of maximum entropy. Entropy in comiputer science is a measure of

the unpredictability and uncertainty of information, or in other words, it is the amount of

Information that is contained in axandom variability or unknown quantity.

Stage 3: We conducted the quality of our models by evaluating the trends of the AUC
operating curve. These curves show the values of the model that fall under our points of
findings. The bison model shows a very high AUC value equal to 0.945. The saiga model shows
an almost ideal AUC value equal to 0.997. The common beaver model is also rated very high,
AUC=0.988.

We have created the following range models: bison, saiga and beaver, respectively, in the
Max Ent program. A higher value on the map shows a greater probability of finding
representatives in their range.

Conclusion: These results show that the climate in the north of modern Yakutia during
the late Pleistocene, when mammoths inhabited this territory, was similar to the climate of
southern Siberia - it is sharply continental climate, winter is cold, average temperature of
January from -15°C to -30°C. Summers were warm, with an average temperature of +10°C to
+25°C in July. The volume of precipitation decreases from west to east, and from south to
north. On the territory of Yakutia during the Late Pleistocene, as well as now, there was a
significant difference in climatic conditions, as well as different large ecosystems existed. Thus,
there may have been vast deserts and semi-deserts on the territory of Yakutia that were
iInhabited by saigas, as well as large steppe areas where bison grazed, and forested areas
where beavers lived.
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5.3. Saiga habitat model.
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ABTOp npoekTa: NpasHyxmnH A.N. 11 “B” knacc MOBY
COLU Ne33 . dkyTCcKa.

Hay4dHbln pykoBoauTtens: bopucos B.3, K.6.H., C.H.C.
NBINK CO PAH

AHHoOTAUMSsI. PaboTa [nocBAUIEHO CO30AQHUMKO MOoOENeN ApeqsioB [peacTaBUTesIEN
MOMOHTOBOIO @AYyHUCTUYECKOIO KOMIJIEKCA, HA OCHOBE [pUHLUMNIQ 3SHTPOorun B [UVC-
rnporpamMmmax ArcGlS n MaxEnt.

KriroyeBble c/10BA: Moge/lb ApeasioB, MOMOHTOBbIN GAYHUCTUYECKUMN KOMII/IEKC, MPUHLINIT
MQKCUMQJ/IbHOW SHTPOMUM.

AKTYanbHOCTb: WM3yYeHWME MAMOHTOBOM @ayHbl BpeMeH [lo3gHero nnencroLeHa
ABNAETCA OOHMM M3 aKTyallbHbIX BOMPOCOB COBpPeMeHHOW rnasieobuosiorum. BonblMHCTBO
YUYEHbIX OO0 CUX MOP HE MPULLIN K eOUHOMY MHEHUIO, B BOMPOCE B KAaKOM KriMMaTe obutanu
MaMOHTbl. OOHW YYeHble CUYUTAKOT, YTO Ha TEPPUTOPMM COBPEMEHHOU HKYTUM B IMOXY
[Mlo3gHero nnencroueHa 6bin KNIMMAT aHaNOrM4yHbI COBPEMEeHHOMY, HO C 6onee TernnbiMm
3UMHUM nepmoaom. [laHHoe yTBepaeHMe OHWM OOOCHOBLIBAET HalM4YMEM B MAaMOHTOBOW
dayHe TakMX CEBEPHbLIX BUOOB KaK. OUKMM CEBEPHbLIM ONeHb N OBUEOBLIK. [119 o6oCcHOBaHMA
3TOro TepMMHa Oake 6bin nNpuaymMaH TepMUH “TyHOpocTenun”. [lpyrme ydyeHble roBopaT, YTo
KNMMaT Obl/1 COBEPLUEHHO OPYron, bonee Ternbln, HO TOXXE C APKO BblpaXXeHHOW 3UMMon, bonee
COOTBETCTBYOLLMM KNUMATY TEPPUTOPUIN coBpeMeHHOW BocTtouHon EBponbl n CpegHen Asnn.
PackpbiTue TeMbl KaumMaTta no3gHero [lnemncrtoueHa MNo3BOMUT PEeELIMTb MHOMo BOMPOCOB,
KOTOPble HAKOMUITUCb K 3TOM 3Moxe.

TeopeTnyeckKasa 4YacTb:
MaMOHTOBbIN PAYHUCTUYECKNIN KOMIMNEKC — PaYHUCTUYECKMIA KOMMMNEKC MMNEKOMUTAKOLLMX,
obutaBwmx B [lo3gHeM (BepxHeM) nnenctoueHe (100 — 10 ThbiC. neT Has3ad) BO
BHETpornmyeckom 3o0He EBpasmm wn CeBepHOM AMEPUKM B OCOObIX OMOLEHO3axX —
TYHOPOCTENMSAX, CYLIECTBOBABLUMX BCe BpPeEMA ONfedeHeHna W MepeMellarlmxca B
COOTBETCTBUUN C UBMEHEHUAMM IPaAHUL, NefHMKa K CEBEPY UMK K tOTY.

CaMbIM KpPYMHbIM MpeacrtaBuTeneM MaMOHTOBOWM ¢dayHbl (B YeCTb KOTOPOro oHa M Oblina
Ha3BaHa) 6bln wWepcTncTbim MaMoHT (Mammuthus primigenius (Blum 1799)) — ceBepHbIM
CnoH, obutaBwmm 300 — 10 ThbiC. N€T Ha3ad Ha OrPOMHbIX MAPOCTPAHCTBaAxX EBpoMbl, A3nnm u
CeBepHOM AMepUKN.. OH OblT MOKPDLIT NYCTOM M OYE€Hb OJIMHHOWM YEPHOU NN TEMHO-BYypOoK
LUEPCTbiO ¢ ANTMHOWM wepcTn Ao 70 — 80 cM. KOCTM MaMOHTOB HaxoOAT MPaKTUYeCKM Mo BCeEN
Cnbumpn. B coctaB payHUCTUYECKOrO KOMIMJIEKCA BXOAUIIM TakKXXe BUAObl APEBHUX Nollagen,
LLUEPCTUCTbIN HOCOPOr, 3y6p, TYpP, OBLEDLIK, 9K, CTEMHOWM 3y0p, MMraHTCKUM 60NbLUEPOrnm
ONeHb, 6N1aropoaHbIN M CEBEPHbIN ONeHb, BEPOMOMO, aHTUNoMa Canrak, A3epeH, JIOCb, Ky/aH,
newepHbi MeaBenb, NeEWEPHbIN NeEB, MNellepHaa FMeHa, BOJK, pPOCOMaxa, MNeceu, CYypKWU,
CYC/TUKW, NTEMMUHIUK, 3anLeobpasHblie 1 ap.

Takon coCTaB MaMOHTOBOW ¢ayHbl CBUOETENBCTBYET O TOM, YTO OHa Mpowm3oLlusia oT
rMNnapmMoHoBon ¢ayHbl, yaydym eé ceBepHbIM MNPUNEeOHUKOBLIM BapuaHTOM. [Nna Bcex
XNUBOTHbIX MaMOHTOBOW dayHbl XapaKTepHbl MPUCMOCOBMEHNA K XXU3HU B YCIOBUAX HU3KUX
TeMnepaTyp, B YaCTHOCTU ASTMHHASA U N'yCTaqa LWepPCTh.

JdKOoNnormyeckKkas HUMLLIA — 3TO COBOKYIMHOCTb PaKTOPOB cpenbl, B npengenax KoTopbiX
obUTaeT TOT UM MHOW BULO OPraHM3MOB, €ro MecTo B Npupoae, B npeaenax Kotoporo AaHHbI
BUO MOXET CyLleCTBOBaTb HeOrpaHMYeHHO [onro. TepMmH 6bi1 BBegeH B 1927 roay
OPUTAHCKNUM 3KOTOMOM M 300/10roM Yap/1b30M D/ITOHOM.

[UC moaenupoBanue apeanos npeAcTaBuTeNeH
MaMOHTOBOI0 PayHUCTUYECKOr0 KOMNIEKCa

TIEOKBAHTYHM

HoBU3HA. Mbl MCNOMb30BaiM METOd MAaKCUManbHOWM 3HTPOMUU ON9 PEKOHCTRYKL MU
KnnMaTa 9kyTmnm B anoxy [o3gHero nnencroueHa ¢ nomMoLlbio nporpamMmbl MaxEnt, koTopbin
PEeOKO BCTPEeYaeTCca B MCCNegoBaHMAaxX KnnMaTa AKyTun.

O6bBbEKT nccnenoBaHuUA: KiMmart [o3gHero NaencToueHa Ha TeppUTOPUM COBPEMEHHOM

HAKyTUWN.

NMpeaMeT uccnefoBaHUA: MOOeE/IM COBPEMEHHbIX BUOOB YXWMBOTHbIX BXOOALLMX B

MaMOHTOBbIN PaYHUCTUNYECKMI KOMIEKC.

f'MNnoTe3a: Mbl CHUTAEM, YTO SKOMOMrMYECKME HULLIKM BUOOB XMBOTHbIX, KOTOPbIE BXOOUNU B
TY 4acTb ‘MaMOHTOBOWM ¢ayHbl', KOTOpasad obuTana Ha TeppuTopumm HAKYyTMKM OCTanmncCb 6e3
M3IMEHEHUSA, @ U3MEHEHUA [PaHuL, MX apearioB CBA3aHO C UCTOPUYECKUM U3MEHEHUEM
KnmMaTa. TeM caMbiM Mbl MpeanonaraeM, 4To MaMoOHTbl B AKYyTUKM cyLlecTBOBanm B bonee
TENIOM KNMMaTe, YeM B TOM, B KOTOPOM HKYTUA HAaXOOUTCA B HACTOA LMW Nepmoa.

Llenb — co3gatb Mogenin apeanoB XMBOTHbIX BXOOMBLUMX B “MaMOHTOBYIO dayHy' Ha
TEPPUTOPUN COBPEMEHHOM HKYTUWN.

3apaum:

1. BblbpaTb COBPEMEHHbIX MMIEKOMUTAOLWIMX, KOTOPble O0OUTaNM BMecTe C MaMOHTOM Ha
OOHOW TEPPUTOPUMU B 3MOXY MOo3aHero NnencroueHs;

2. CozpaTthb [ MC KapTbl TOYEYHbIX apeaioB 3TUX YXUBOTHDbIX;

3. Co3paTb reoMaTnyeckme Moadesrnn apeanoB 3TUX XXMBOTHbLIX B NporpamMmme Maxkent;

4. [1poBeCTU aHalin3 U CPaABHUTb "IKOMOMrMYECKUX HULL® STUX XUBOTHbIX C COBPEMEHHBbIM
KMMMaTOM HKyTUN.

[NMpaKkT4yeckKasa 4yacTb:

MeToaMKa. [11a BbINOMHEHUMA MPOeKTa O6blI10 UCMNOMb30BaHMe crnenyllee nporpaMMHoe
obecneyeHume:
- ArcGIS - [ C nporpamMmmbl, MCNonb3oBaHHble HaMK ang co3gaHma TMC KapT ToOYeYHbIX
apeanos,;
- MaxEnt - B gaHHOM nNporpamMmMe Mbl co3gain reomMatTUyeckme Moaesnm apeanos.

13Tan: B TC nporpaMmmMax ArcGIS Mbl MCNOMb3ysa KapTbl TOYEYHbIX apeanoB KakK HanpuMep Ha
puc. 11, 12, 1.3. oumdppoBanm akKTyalibHble [OaHHbIE W 3SKCMOPTUPOBASIM 3aMMCAHHYIO
MHPOPMaLUMo B noaxogatlime ona nporpaMmbl MaxEnt gopmatbl (ASCII).

2GR M KTMMaTa puUC. 2.
HaHHbI&, ToueYHble [aHHble apeasnos,
BroofpaMMa ‘OLleHMBaeT pacnpeneneHme
HEGHIC1YEMOFO#BIOaY DHTPOMUY B MHPOPMaTHKe sBNsSeTCS
‘"'.,qéé"‘rfil—‘i’ocm nHdbopMaumm. Ona  yToyHeHUs
"»ql';l/llqleCKl/lX HULW" = HEKOTOPbIX MNpeacrtaBuUTenen

BOCMNOMb30BaTbCs METOLOM MaKCUMaNbHOM SHTPOMUU, C

JaHHbIM MeToao B HacTodllee BpeMdA oOaAuMH U3  caMblX 3OPeKTUBHbIX MEeTOOO0B
MOoOeNMpoBaHMa pacnpeneneHnda Buaa Ha OCHOBaHWM OaHHbIX %bKO O ero NPUCYTCTBUN.
MaxEnt oueHMBaeT pacnpeneneHne noaxoaallumnx yCcrnoBmm obuTaHmMa nccnegyemMoro smiaa B
COOTBETCTBMU C MPUHLIMMAMU WCMMaanoM SHTPOMUN. DHTPONNA B MHDOPMATUKE ABNAETCH
MepOoWm HenpeackaslyeMocTu N HeernpeaeneHHocT nHdopMaLLMmn, Unun, 4pyrmMm coBaMm, 3TO
KONM4YecTBO UMHbOPMaLMKM, KOTOP COOEPIKUTCSH CNly4amHOM U3MEHYUMBOCTU WU
HEN3BECTHOM BeTnMYMHe. | —

3 3Tan: KayecTBO HaLUMX ModeNnem Mbl MNPOBESN, oUueHMBaa TpeHObl onepauMoHHOM KPMBOW
AUC. [1aHHble KpMBbl€ MOKa3biBalOT 3HAaYeHMNa Moadernn, KOTopble noanagatoT Noa Hall TOUKU
Haxo4oK. Moaenb 6M30Ha MOKa3blBaAaeT OYeHb BbICOKYIO 3Ha4dMMOCTb AUC, paBHyko 0.945.
MoOenb »e camraka nokasblBaeT Moyt umpaeanbHoe 3HadeHne AUC paBHaa 0.997. Mogenb
606pa OObIKHOBEHHOIO, TOXE OLEeHMBaAETCa o4eHb Bblicoko, AUC=0.988.

HamMm ©6bl  co3faHbl  cnegyuwme Moaenm apeanoB. 6mM3oHa, canmrm u 606pa
COOTBETCTBEHHO B Nporpamme MaxEnt. bonee BbiICOKOe 3HaueHMe Ha KapTe MNoKa3bliBaeT
OO0MbLUYIO BEPOATHOCTb HAaXOXXOEeHUA NpeacTtaBuTenen B Ux apearne.

3aKJIlo4YeHMe: [onyyeHHble HaMK pe3y/bTaTbhl MOKa3bliBaloT, YTO Ha CEBEPE COBPEMEHHOM
AkyTUM B anoxy no3gHero lnemcrtoueHa, Korda Ha 3ToM TepPUTOPUKM OOUTaNIM MaMOHTDI,
KIIMMAT Obl/1 CXOXK C KITMMATOM tOXXHOM CUBUNPKU - 3TO PE3KO KOHTUHEHTAIbHbIN KNWMaT, 31MMa
xonogHasd, cpegHaa TeMnepatypa daHBapa oT -15°C pgo -30°C. Jleto Tensoe, cpenHasd
TemnepaTtypa uong +10°C — +25°C. O6béM BbiNagaoLmMxX 0CaKoOB YMEHbLUAETCH C 3anajga Ha
BOCTOK, U C tOra Ha ceBep. Ha Tepputopmum Akytnm B anoxy nosgHero lNnencroueHa, Kak um
cemyac Habnwpanacb CyLWecTBEeHHas pa3HMLa B KIMMATUYECKUX YCNOBUAX, a TaK Xe
CyLLEeCTBOBaliN pa3/inyHble 60nblUME IKOCUCTEMDI. TaK, BO3MOXXHO Ha TeppUTopmm HAKYyTUU
Obl OOLLUMPHbIE MYCTbIHM M MONYMYCTbIHW, HA KOTOPbLIX OOUTANMU CaMraku, Takke donbline
CTEMHbIE YY4aCTKM, HA KOTOPbIX MacinMcb BU30HbI, N NeCHble MacCUBbI, A BOAUNTMCHL 6O6PbI.
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1.1. Apean 6m3soHa (Bison bison) B AMepuKe. 1.3. Apean 6o06pa (Castor fiber) B EBpasum 2. Tabnuua gaHHbIX bioclim.

Sensitivity vs. 1 - Specificity for bison

066 X\ Maximum Entropy Species Distribution Modeling, Version 3.3.3k o ’_
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Do jackknife to measure variable importance
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3. MHTepCbeMC nporpammbl MaxEnt 1 - Specificity (Fractional Predicted Area)

(1 - okHO OnNa BBOOA [OaHHbIX; 2 - OKHO [O/19 3arpy3Ku
MoOenn KAMMaTa, 3 - HACTPOWKKM 06paboTKM [OaHHbIX,
HACTPOMKKMN MeToda 06paboTKn).

4. [paduK KavecTBa Mogenm AUC apeana 6mu3oHa

5.1. Mogenb apeana 6m3oHa. 5.2. Mopgenb apeana 606pa.
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5.3. Mogenb apeana camraka.
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