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FERS V452 b F ZR I A R, Fan & BRI 5 A KF K H T M A
(Piao et al., 2007; Andreu-Hayles et al., 2011) . 7545 [E4EE | 5] & 345 4 k% J5 B K
(Cramer et al., 2001; Cao et al., 2019) , Uitk & [ 7 #E MV A 7197 7K (Frost and Epstein,
2014) , WIS RAEMRLIER IR EH T (Leonelli et al., 2011; Zindros et al., 2020) 5
BRI R AT TG B B (Krishnaswamy ef al., 2014; Puetal, 2025) . WFFRRE, 54
725 T e 308 e A e — M S AL 33— 2RO U BR 3R G2 1) 521 (Overpeck et al., 1991; Jiang
etal., 2011) o BT R4 I8 B AR 10 1 4 S T4 () ROBE (R R, T I T 2 e Ol A e [
FRUBER S, DRIt 8 b 55 17 S e J A ke o e R Al T A R R AR 7, A 24 i B R SRS,
1BASE 15 55% T 0T Bili 1 AR 25 3R 4 AR AR S AL ) SR 4

R K A 20 A P i IR 3k P R I L 1) — LA AR AR A FE A RTVR R BA S (200 Levine,
2016) o WTUBAE, ZEREATTHE T AR BARE X A 5] Bef 1) FUBETF g8 17 R A vt A S L IR B L A ¢
(Xiao et al., 2008; %4, 2017; Liuetal., 2020a; Xueétal.,.2023) o Hr T Hi 5 4R
HAT IR 15 e K 5 AR AL b DX BRI (R AR AR e SRR B, AR A 1 K AR R A R T L 2R
K PH 8 53 3K ) () L 5 A 75 I 5 22 X\ (East Asian summer monsoon, EASM) 5 5 254k, (1) 521
(Lietal., 2011; Sunetal, 2017) , Tz gt MRl fonfatrit— S8R, WRESRE
AR BRI EER (Lietal, 20240 A ERSIAVTR AR C N Rox, bt XA
B iE 5 1 K1 & EASM 51 R B /K4 (Chen et al., 2015) . Huang et al. (2023) @
SV JE AR TR A7) B Je A A 156 70 S 3 A i 7 b X 20T RLRE b L4 0 5 32 B
SR 1) EASM 38 Sy NI 4 R AR A ) 3 252 i 6 UK 5 /K P 448 T B e A WA il R
(BRI A A R TR o B 7R LD XA T AR A = 52 1 Xy Y 4 (R B AR AL 3R 3, bR
VP YF U 3 R 55 AR I K G 3 0 ) 0 S ) P XL R R R K VR Ik, T A o 2 XA AR AL
(Zhang et al., 2018b) o A WL, S AEIAEE H I K IS A 2 S M A A Zh A5 22 A = LR 2K (Zhu
etal., 2016) .

BEAL, O BN S YR B A S R G A 2 R RS R 1 8 7 (Pausas and
Ribeiro, 2017; He et al., 2019; Kelly et al., 2020) , HIRBeHIR MR, T EA T4,
KAz 5 il A 75 R G P R B R AR ANV 5 B (Bowman et al., 2009) . Bond et
al. (2005) 4Bk 2 A ALK T8 BRUS KB B AR S BN B DA O . & K T4l
I A A KB S RUR RS SR AR S R 2 R ¢ Wooller et al., 2000;
Caldararo, 2002) o AT, 4 FIRFFT N g e 5k JBE mOH 5 1) K B o o AR 25 2R 07 A A7 R ot
XN (Turner et al., 2019; Whitman et al., 2019) o XFPE AT GEIE T K TIOREE . AR K
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ERRGRANZEST (Brooks et al., 2004; Enright et al., 2014) . 1fj H., #HOREZ KLY
R 2JLTH, ARG — EEGEERR TR, G IR RD B AOL R . SRR
be K BUIR 5 R4 45, 3 U8 T R Z A I AL R 45K (Steffen ef al., 2007; Huang et
al., 2017; Mottl et al., 2021; Zhouetal., 2023) . %i L, EEEE G L, HiErHE
We 558 KT BN IR A B2 DG 2R LA S N 2T ) 1A 5 o 3 g DXl A 100K U0 1 28 DG o 3
(Nolan et al., 2018; Birks, 2019; Manzano ez al., 2020) .

DRI 2 S R R AT S fiebr, AR ACR S S TR, 108
ZREME AT /E A 2 R B R R FadR (Q1: Weng et al., 2006; Felde et al., 2016; Xie et
al., 2024) o FET UL, MU FEEEE. WAL ZHERBOHE 2 T EY 2 R E
EEHEA (W: Odgaard, 1999; Birks eral., 2016; Caoetal., 2022; Zhaoetal., 2025) . N
MR B B T R A P R G R R B B AR, R T A B b R X R O
(Biomisation) %5 K EHSEINH (41: Yueral, 20005 -Nietal., 2010; Zhang et al.,
2024; Zhao etal., 2025) . EIHEAMRA SHEY IR AFERRR, FTELHN
T SR S AR X A, AT Ay 4 T SR AR B 2 A AR R R AR T O S

Zr b T AR PR XL AR HA Ay 3 FELAR 3 2 XX Rl 5 Iy AR 19 23 S 26 [RT
SR TR S A R RS, WG T S R AR R AR A 2 R, SRR
FEBUR (Liuetal,, 2009; Zhang efal., 202Ya, 2021b) . JTib4E, RELIRTEE S IR
WA Rk R IR “ARaR” fadh, (AHEFERZ PR RO TR (Zhang et al., 2021a).
SR, IR % X A A I B S S A 8 R A, LSRR BRI A s, LR 2 M
PEAR A R AR FEATIAS BN ) 1 %o ZR IR M K VR LRI RN SRR o b, UG HhIX
G 7RG WS SR TE RS . 28, DURES E#IHEIE (Hosner et al.,
2016) , SEREMISCAL KRR F HI WAL T ARV EIE 5 R R K4 id 2, K 8] FRUBE (¥ A Hh Ok 20
ARFRAL T BRE T O BE I AR — A SRS 5, NSV Bl ZR U it DX A RV 5 14 S A7 i A 2R G VT
fitio L, A TR F— 5 O AU R B fabR, IS A X AT IR 5 AR ES)
03, RIHZH R KB VKIY] (Last Glacial Maximum, LGM) Bl R Bl I8 A8 HAF K% HL IR
b, BB RATUARSHT (Redundancy Analysis, RDA) FIUF 70T 48 140 a7 i,
FE 7S [F B 18] FRUBE 4% 9k 207 R 3 AL A VAR (KT Dk, 56 7E AR 7 S 1 0 B8 244 iy R R 2R U8
o LA AE S RGO 5 T R S R PR USRI o SR AR 27 (Y B A 3

1 WXL



ZlE (33°~34°30°N, 107°~110°E) BAE T HEPARE (K1) , BRWER, HIEL
1600 km, FILTEL) 300 km, KN 37672 m, “FHHERL) 1 500~2 500 m. HARER
b 2R A BRI O b B R AL L SRSy R, AL A TR R, MEZE
BR#H RE 7 B SR AL (Koueral., 2020) , MIM¥BiE TR ALIER AR R F. RIEE
WK ALl (33°41°~34°10°N, 107°19°~107°58° B) yHh [E Kt vp AR 0 i) foe im0, i B RN
RS v 2 B U R, X B e B AR A T B, R R AR VO RIS . B
ViR AR EHREVR SR . MR . ml g s A s LA B GIREZ 4SS, 2020)
R ELRAF A BB L2 0K 1388328, FoK SRR AL TR b T3 (B 1) 5 4Kk %) 3 615 m,
HFZIA 5000 m? (33°57°25.9” N, 107°45°38.39” E) . #f7CX 5% EASM &, SERIN
HEHERBELT, XFBRKIEATH (Zhang eral., 2021a) . RIEILH KA B S (i
1 545 m)1987~2010 4F 0 I Hicths S 7= 12 34 4F 25 Bk /K R AE S50 2 43 730 09 710 mm 55 8.15 °C
(P& Te, skl T o 58045 M http://data.cma.cn/ T RS KNG, A
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Fig.1 Overview map of study area
(a) Qinling region and the distribution of surrounding vegetation types (The base map is drawn based on the standard map of the Map

Technology Review Center of the Ministry of Natural Resources (map approval number: GS (2024) 0650), with unmodified boundaries.
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Data from Resources and Environmental Sciences Data Platform, Chinese Academy of Sciences, www.resdc.cn.). Black triangle indicates
location of Daye Lake (DYH). Inset: Geographical location and boundary range of Qinling Mountains; (b) topographic elevation of study
area and location of sampling site; (c) climate data (mean annual temperature (red); precipitation (grey columns); humidity (blue)) from

Taibai County Meteorological Station, 1987-2010
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AHIF T T 43 BT 00 K 45 AR R 2 TE WY b O 6 B R AR 1 T SR AR A A AL

(DYHI6A) , Z# 0K 235 em, BB LU, 56T A4 HUEE & AR iR 46 gt 4T

AMSYC B, FF45 & RATMFITRR ) i B AR S R 3R 5 e 30T 1) 22 R 9 S R A 3R R e K
55, i QAnalySeries BAFHATILAL /4TS, FIF rbacon FAE (hiiAs 2.5.0) #45 Mlnt
Wi AR—IRE A (Blaauw and Christen, 2011) , f3EKHBHAN 21.6 cal ka B.P.. FAUE
BRI R TELE(E 2 VR L Zhang et al., 2023,

DYH16A YRR E 0 BL 1 em Ay [a] B HURE FF T J&& £ 760y X fl HCL. KOH A1 HF
AL FEUTRR IR, ity H A B (RO o5t 35 il ) S e 38R ok FE G v FE TSR A5 4
N 400 50625 B FRET, RS E DT 500 ik ARk, HEesEORE
IR % (. FARMESE, 1995; Tang efal., 2020) o ASHEFTHIFN 45 AL 54 L&
N, FEFIA Tilia BAFAER, @i CONISSZRE/ 37008 5 NMEIX, LGM LKLk 45

KKT Zhang et al., 2025, HOKEEILE 2.
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Fig.2 Pollen percentage and micro charcoal concentration record from Daye Lake since the LGMBased on



27 main pollen taxa from Daye Lake core DYH16A, including micro charcoal concentration and CONISS zonation (Quercus E =

Quercus_evergreen; Quercus D = Quercus_deciduous)

TR 3BT O )2 LA 5 TR B FR RO B (K B B 9L AR REAR > 10 pm (RO T8 HEAT 3T
B, BB 300 ki, LGRS Zhang et al., 2023 TR B R EEPETE ] 2
J&7R o H:T CharAnalysis #1F, AR 100 7 3 T (A5 S0 8 175 57 4 i, IR (RIS
1o IR JE PP B2 T 100 4RI [A) B CVHEAT R A R A AL B I 25T A, A9 3K A,
MZAH I 95 ANE LB, T LASr B FE A5 S, e bl R M A oA 1 06 LS R AR K
W), JEHTERAIREE L.

22 ETHEMMEHIETEER

AHTFL, FATKE Prentice et al. (1996) ik FIE V& B 7 18 TR 45 e A0 A £
AT . HYThEER (Plant Functional Type, PFT) FULHEEETR (4 2878 Ni et al.
(2010) 1 Yueral. (20000 BERIITTR, HSH T BT XBUKER D ARAE . AERREVE E
HRFIFH =AM (PFT X FA 5 W4 BEX X PFT RIMLWREIX X Ok KBRS , A4S
51 AN REE. 12 A PFT M5 MEgRE (R 1, 2) o el @ Euitvg fEs 2
KPP AN A, BATER: 11535 i e B2 I B AR A R R REVE S REAT L o0, Bk

TR AT 2 T HE R R A (A 4.2.2) vegan 958 .

K1 RFPEHEALHROR K B EYT) BEZL PFTs
Table 1 Pollen type from Daye Lakéassigned to plant functional types (PFTs)

455 PFTs fakat Us/RD
BEC J677 Skt WIZIE (Abies) « =)@ (Picea) « ¥AJ@ (Pinus)
DF TR A EA WRHER (Ephedra) . T} (Fabaceae)  HHIJE (Nitraria) « #WIE (Tamarix)
EC JUR A AR A& (Pinus)
G B AKEHY) ARAF} (Poaceae)
H BRI SRR FLA%IEFR (Ericaceae)
S 5 ] J5HFL (Cyperaceae)
E )@ (Artemisia) « T0F (Amaranthaceae) « %F} (Asteraceae)  +F1EFl (Brassicaceae)
TR (Fabaceae) - #H%JE (Humulus) « BH#FF (Liliaceae)  JEJEA} (Lamiaceae) 2
SF I R AR
J& (Polygonum) . #%74F} (Rosaceae) « EHAL (Ranunculaceae) . AT & (Elaeagnus).
g (Salix)
WJE (Acer)  MERIE (Betula) « WM HRIE (Quercus D)  #%75Fl (Rosaceae)  F5Lk4
TS Tl BT HER
J& (Spiraea) WM& (Tilia)
FEANRIE (Alnus)  FEEATJE (Carpinus) « KiFl (Euphorbiaceae)  FE)E (Fraxinus) -
TSI il L kTR AR
HKERIE (Securinega) « #iiFt (Ulmaceae)  JE3JE (Viburnum)
FERIE (Alnus) « FEJ@/ (Castanea) « M@ (Celtis) )& (Corylus) « KT K& (Fagus)
TS2 A ST HER HBkIE (Juglans) « MMJE (Pterocarya) « HiFt (Ulmaceae)  WAFJE (Liguidambar) .

@ (Morus)

WTC Il it bk TR (Cedrus) « MtZIE (Ketelleria) B PANE (Podocarpus) « YAZ)E (Tsuga)
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¥4 J& (Castanopsis) « # XJ& (Cyclobalanopsis) « KAl (Euphorbiaceae) « & (Morus)+
WTE R 5 4 B P A
HIEJE (Pteroceltis) < H 4K E (Quercus E)  ToE-TH} (Sapindaceae) « 11I75F} (Theaceae)

K2 RFBHAFEBETIRE (PFTs) EREHX MR
Table 2 Assignment of PFTs at Daye Lake to biomes

EBLRE X 44 R 455 PFTs

T P TEDE TS, TSI, TS2
FIR CoCo BEC, EC

TR HE TESH DF, H
B STEP G, S, SF
L AR/ TR A TR A AR WAMF WTC, WTE

23 ETFHEBHERSHEER

BATRAH TR EZE B FRGFERZ VIR A EE RIS X
(IR 2 BEPE A4k . O3B (Palynological richness) JE7E45 7 it EHOER L, KA
Bidk J7iE A3 1 (Birks and Line, 1992) o #4& (Shanhen-Weiner) £ FEMEFRELE A&
EEAEP RO S HXTFE (Shannon, 1948) , TR (Simpson) & FEMEFE SO
SEAR AR BCR M R AR bR (Simpson, 1949) . [AHF, FZHRIEIISIE (Pielou evenness) #H
# (Pielou, 1966) #iH TR G hfhF A SIME. 5] BER BN HUE TE
O (HRUBA A E—MYFD 21 ERASH SR FEEHED , BRERR
BT B 2 ) () e B 22 5, T v AR FOR S R A0 A SE 3 50 (SRR, 2018)
PLEFRFREOTHE I R 8 (RRA 4.2.2) 1) vegan 1T (Oksanen et al., 2012) .
24 IS

A FUHE T 7C X APSE YRR 5 N TEBNIE SR, 56 BORBMAX REBUS TR 5T, LhE
RN E A RIS b, BTEIH s SR ISR AR B3l ek i b e Ak
BN)ic 5 B ER ARS8 B (Dong et al., 2022) , LAK R Bt EASM 58 % )3 FH (Yuan et al.,
2004) SEBIFAH AR T (Zhang et al., 2018a) o« NJIEFNIRE T, 2 E
4C B ) S FIRE R 25 % (Wang et al., 2014) F1Ji 52 NOEEAEM (Lietal, 2009) {EN
RAFEAR . R —FELE TN LI N TE B3R ST 51, AHF FUI%HL 8~4 cal ka B.P.HFEY,
B 1C SRR B S N D BRI A PR AR AT IR &, I AZFEE T 51 I G vt S0 B
A BO R BEAT BEAK Z-score ARiEL, BRAEM—FG M AKESRE ML, HT /a8
KA G IUR T LEREAT GV 3T Z B0, AR IE AT RAR 5 51 g dk e, 8 I R 1
TN TR R NS B R bR G — A B AR AR

FHORYE S BT 2 F T B AN SR A A& AR R MR B T R I KRB VIFEE (Asuero et
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al., 2006) , {EIX B EFH TR 21.6~11.7 cal ka B.P. 54 H i M FE 5 HRER (i
RSO FIEAAERE (. NFIESNRE) ML R, TURHT (Ter Braak and
Prentice, 2004) HIT-#RZEA I [ B & R0 AL B g ARG M STIRAR B, L2 A T EI5
LGM LIRZRUE X R RT TA%  KFIN SIS S R0 R OK FR o B2 /R bAH G 43 T # RDA 437

) 43548 FH SPSS27.0 A1 Canoco5.0 A4 H#AT -
3 4

3.1 FILHX LGM LUK SNZE S KSR E

BT DYHI6A & O Uk B itk BN RIS HIX LGM LRI KiGEsh (B 3) &R, Kif
B R IR B B AR A RRAE , WA KIS B R AR B R B[R] B A 21.6~11.7 cal ka B.P.
AT 42 T (4~0 cal ka B.P.), IX P AN Be 73 70 iR 700 H 15 2F0 9 (K FAE (18] 3b).21.6~11.7
cal ka B.P., TMURJEIKIE . KR EEFN KA SN 74 9 478.99 Bijem3. 125.48 Ki/cm?/a Fl 2.28
Wika, T H KGR —FILE, Bl 21.6~21 cal ka BRI AR B I E . KRR K
BRI, 43 AN 9 865.65 Fii/em3. 610.95 fi/cm?/a Al 4.53 K /ka. 21~16 cal ka B.P./Ki3))
AR RDRIFAS . R EAFMH (Heinrich Stadial 1, H1, 16~14.5 cal ka B.P.) HH[a] -k
TEBNAEAE /IR BT . BE S TR AR 2 4 (Belling—Allered, BA, 14.5~12.9 cal ka B.P.) HEil,
KIESIRES, THTAL L ARFEE (Younger Diyas, YD, 12.9~11.7 cal ka B.P.) [ Kifizh &
N EHR SR EERFE RO 3.52 PR/ka FIBREE 56.62 Fi/em?¥/a) , WE7R 2 /MK IG ) .

BENFAF (11.7~8cal ka B.P) , KIGENEEAARINRAE, K IREM KSR BE
534 11.04 Fi/em?/a FIMLONKKa, RGN 3 WOKEEMF. AT R IKVKI) KiE3h, 4
Wittt (8~4 cal ka B.P.) KiEBNTE XN IR B IEINEE DS, TR BRI K R K A% (1 1)
{EL4> AN 6 593.66 Fi/cm3. 55.89 Fi/cm?/a Al 1.97 K/ka, WRHIH 4 K FE/F, H 5 cal ka B.P.
DIk, KiEsh RO R ETHa% . MAETE kG SO R S, ORI IR KRR
R E, 47N 10 797.54 Ki/em?. 185.39 fi/cm?/a Fl 2.94 ¥K/ka, EHZ %] 1 calka B.P., ‘Kif

iy e SRR R
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Fig.3 Micro charcoal records from Daye Lake and analysis results using CharAnalysis software
(a) micro charcoal concentration and influx; (b) micro charcoal background and fire events; (c) peak fire magnitude and fire return
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KARFER A (B4 SNEEFAE 16~11.7 cal ka B.P.J8E & AEF HAR 5 15 31775 H-FE bk
FIVB SR B ABT it ITaR, TR v i Ak o8 A BB MR s o XA S (B 4)

H 21.6 calka B2, DAEIZALEMEMHARGHRLXIIS, EHRBIF GRS (K
4) o BJEH) 21~18 cal ka BRI, #2JEHACZAZIEBOET MM L. 18~16 cal ka B.P.,
BEH ARV AF 00— 28 T 0, B IR A& H ] I MONITRS 52 (0 i E AR B 25 95K o B ARAE
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Fig.4 Biome scores for pollen record from Daye Lake
Orange curve: cool coniferous forest (COCO); green: temperate deciduous broadleaf forest (TEDE); yellow: steppe (STEP); purple:
broadleaf evergreen/warm temperate mixed forest (WAMF); blue: temperate shrubs (TESH). Changes in dominant community shown at

bottom of figure, with coniferous and temperate deciduous broadleaf mixed forest represented by COTE

33 FRIRHX LGM LURMBEH ST SE

T DYHI6A & Ol phic B RIS HIX LGM DORIE#E 2R 35 BRI & B
SITERIERER S, SRERERZFEMEIRECS 78R 2 R BRI B i — 5o
(Bl 5c, &), “HESYAERBAAELEEMLRR (B 5a) . LGM Lk, M+ EE
ML HMER S A R ETHES, (BRI R RB Betkssh (Bl 5b) . £ 21.6~21 cal ka B.P.
B, R FEIE RN, B REREE L BT, BEJS 1 21~18 cal ka BRI, HEARE
R, (B RIS O 2 AR TR B W R RS, ERE B RIS A, R B
TR e b /D B AR A 2 B S E G N, PP e B o A SE AN K. 18~14.5 cal ka B.P,
T2 REE R S R EO) R E 2 LTS . BABEW (14.5~12.9 calka BP) , HH#%
FEPERISY S FEARBCRE AR BB, LRI . YD (12.9~11.7 cal ka B.P) HiE], P&
Bk R T,
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BEN BTG, AR S FEVESR BRI Y 50 B Fie A R S DL s I AL A % . AR, B
T R AE R 4 B Ik RIS J5 JT 4R M DLW 0 T FE %, E A4 1 cal ka BP.A FKE N L
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Fig:5 ™~ Changes in vegetation diversity for Daye Lake

Grey curves represent the original data; colored curves represent 5-point smoothed data
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4.1

FRILHX LGM LUREHREE K H B FE =

SME— BN AR Ak R KSR s hIH R . R Y, AR
T RIS S EASA IR W S A7 AE 55 2 57 (Ren et al., 2023) o B IA B BAFY RS
W LA TS A% 3R 8E (Achuff and La Roi, 1977; Liueral., 2002) , & HEIRIEME
I R AR (A3 e S /AR EAT B S5 R D TSk 7K B A% SR (Wang et al., 2018; Xu et al.,
2019; Trivedi er al., 20200 , & J& 55 H AR Y I TR FE AR 7 58 /R IMR Y (Miao et al., 2011),
BEAh, H SRR A 20 A TS IR PR R B S A A B i X (Srivastava er al., 2021).
REBRER—HLWINEEAES RGN FEEH, (AR E U R . JX)1TF
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NGB R S BT ) B R R 7 b Bk Bl R T (Luyssaert e al., 2014
Intergovernmental Panel on Climate Change, 2022) , JI#F KA BN A PGS FRMAE 7B
WK GRS, HES) R R AR E W B 1 B SRBTARPIE (Steffen er al., 2007).
BT AUk, KGNS ARG Z AR R R EAE R, ARG 2 Ak
KM, HEPREER . BRSNS IR, JFE e R X TREAAEeR. AKED)
TSR MR AT IR 8 B A A KOO B R KR P A EAT 1 HE i (&1 6) 5 DAIE/RZRISHIIX
LGM AR FRIAE 4 5 25 18 B R AE S LIRS L o

25 @)
o 207 coco
= =R W
B 10 ST '\N\,M
= (b)
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Picea(%)

=z

Quercus D(%0)

I 2O
o

5000 =
4000 & 7
| e
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Bl6 ZRUHX LGM LA (R B I A4 B 5 i (R 3
(a) B, SREFIT AL HIFR R IRAFE AR (COCO) | IR Ak (TEDE) FIRAMEY) (STEP) : (b)) FHRik
B (o) BAERE: (O RBAZEEBRBES: (o) ERBRARBASEBRMHE N O HOKBRVEHIRE L
Bkl (g) @ )1EE ol BRI R A S i e AR M AE IR L (Dong eral., 2022) ;  (h) FEHRAIZREI A F AR AR ID
5% (Yuanetal., 2004; Zhangetal., 2018a) ; (i) H[H C Hd (1 S AL SR 2 FE AN (B N D824 (Lietal.,, 2009; Wang et
al, 2014) , BEOMALFFIFERASEDIRE: () KIRBEMIIR . KEMZN R, Bl S T .
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Fig.6 Vegetation evolution and influencing factors in the Qinling region since the LGM
(a) orange curve: cool coniferous forest (COCO); green: temperate deciduous broadleaf forest (TEDE); yellow: steppe (STEP); (b)
Shannon-Wiener diversity index; (c¢) Pielou evenness index; (d) percentages of Pinus and Picea pollen; (e) percentages of Artemisia
and Corylus/Carpinus pollen; (f) percentages of Betula and Quercus D pollen; (g) average annual temperature reconstructed from
mollusk records in loess and Jingchuan paleosoil profiles (Dong et al., 2022); (h) Speleothem 8'%0 records from Dongge and Haozhu
Caves (Yuan et al., 2004; Zhang et al., 2018a); (i) summed probability distribution of calibrated radiocarbon dates in China and
changes in China’s population (Li et al., 2009; Wang et al., 2014); black curve shows standardized human activity index; (j) peak

magnitude and fire return interval: grey curve i original data, colored curve is 5-point smoothed data
ZR U4 1 DX A AN AR A e RERIURR, AT AU SCRF T AT R IR ARG, TR IR ERS A A T
WM AREI 5K (Zhang et al., 2021a, 2021b, 2025) . 21.6~21 cal ka B.PJi[A], AT f#%%
HREAZIE s di b 37.52%) AFERIEM RS- T I& B AR, BB JS XI0R BT o 2 B K
BEMBEEE SRR EEFERE (B 6d) , VA MG RAY) 20 By Tkt .
RDA £ RE7R, WESZFMEREL BRI A 2 BEEME, 5
MO R (B 7a) o SR BB SREE Y (& 6j) , —J7 AR T-%
TAMEAR T JIESIIR A, 75— J5 T BT ZAZRIE SLBUBR SR 34878 B 5 e i AT A TE
GRSCH, 20125 Parkeral., 2024) , MIMTANKIEZNRHAE X 78 & HIRRL. (HREHE DX IR 5
EFERARDRLRSE, BRMIEA IR, TS EUGES IR . X — 4518 13R13 RDA 45
Wrah R SCHE, KIEE) SE AR RS EAHCRR (B Ta) , B EER R D
SR EHHIER (Scott et al., 2014; Nesbitt epal., 2025) .
21~18 cal ka B.PJYI[A], RDA 73 #rdfs UEH 7 S5 MR 2 B2 1B K (K 7))
BB A2 OISR (R )& fk o5 U il 49.6%, B 6d) . Hao eral. (2018) AN
LGM ], #a B PRI AR, T2 G2 e J5 R L e BT (3l 2=
ey #RFELL . RATILRVEZIS ) RS . TR £ 5 X s 5, 1A % fe
bk S5 B YITE S B R RS N RS, IS A A TR, HERIEH R
HBEAR, T REAFLERA B AE AL 5% Sl R AR o 1 ELAN IR VYR M o 1R 1%, TRVR V% 2 PG
AR, TFI B LA S PR B MK pH R F% 43 A R0, WP AEL R 2 R
SN (Duffy et al., 2024) o BEHrBOKIURIA L AERHRE, ATREVAR TV Um0 m] A4
WABeIs: I B RIS (Kampf et al., 2025) , X—451073 8] T RDA 45 RIISCHE, 4R
KIE S GEHAR AR R S
TEARIRUKIE I (18~11.7 cal ka B.P.) , Zel& Hh[X (1) S A5Z 8 4% HIEIE (Zhang et al., 2025),
DX S5 T k55 T R IR (K T2 4+ 3 (Feurdean er al., 2011) , LUFAJE R4 10 9 SR8 AR
M, vEmE HARAR T REARY Tk (B 4) , AR St RO B IS . AR,
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WX AR R S VS S R AE T B AR, RDA S5 REIR, 102 1ZH BAE pl AR 1k i) 2%
HIKENF 2 (B 7)o H 16 cal ka B.PIFUA, 55 76 I R AR (K095 40 0 8 Gl 1 4 bk (I
6a) » HREE TR AR R AR AT HI 4 (16~14.5 calka B.P) K
B, ACERRAETEA RS R GREZRTE, BERELHEE (K 6; Feurdean eral., 2011) .
S BT IC R R RE R, 27 15.8 cal ka B.PAE B STRE HH 6 N v4 T BRI ) SR8 Bk bk
AR IR ATV [ AR (Zhang et al., 2024) , #E7x 1A EE LSRR FE P ARRAE 5. WH,
IR B oK 3 5 5 A e ABUR v SR E 0 s (B 65D, ETHHARTETE M B R, AR B T A
P CHTMEAR B AT ARIE D) R e AR A A AL, ST (e R4 2 Rt o AR, A
ZHAEVEFRARAE 14.5~12.9 cal ka B.P. (BA BRI J[A] 280 T BEash, HEW KIE BN AE L BO
R — B . KIESIE YD I (12.9~11.7 calka BP) HHIEMHE (B 6) , FHE

25 T4 TS (Zhang et al., 2023; Hankin et al., 2024) .
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Fig.7 RDA analysis results for biomes, vegetation diversity and influencing factors during different periods in the

Qinling region since the LGM

(a) 21.6~21 cal ka B.P.; (b)21~18 cal ka B.P.; (c)18~11.7 cal ka B.P.; (d)11.7~8 cal ka B.P.; (¢)8~4 cal ka B.P.; (f)4~1 cal ka B.P.; Shannon:
Shannon-Wiener diversity index; Simpson: Simpson diversity index; TEDE: temperate deciduous broadleaf forest; COCO: cool

coniferous forest; TESH: temperate shrubs; STEP: steppe; WAMEF: broadleaf evergreen/warm mixed forest
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RG 2 VR RURE, TERIUN A TR URSHE (Luetal, 2025) . f£
ST L, T VR AR S A BUREH AR SO TR B R, OB T IX R 3 A . TRE
B 7K 2 10 25 2 5 SBUREL AR Ve 2L P R A B AR 1) R B BIK ) ) o 3K — B B 7 B AR
A SR RE /B AT TR MR FE Y3k (B 4) , RDA #r#riEor (K 7d) MEBEEEEFIRE . %
IR ISIAEAE B S Y TEAH G, S B Hh U R T (K P 55 2 AR A 0 (il T B IR IR AL AR (M R e o TE LT
R, NS REPEEREUS 5 IR B R DU RE BT, Sh4h, IRBRIRIE K A1
EAF %I BT SRR AE A AR KT (B 6D 5 RN AR AR 72 2 2 P 484t 400 1) 3% 3 14
RAE.

4ttt (8~4 cal ka B.P.) B A IS IR7E K X SR Iy —Bihk, 1 B /K 7E R IE AR 2= K
XU I ALA R 2 AR A RE AT IR E S5 Rk B sl N At i B
(Chenetal., 2015) , T3 EmFIIFIEFMERIABKIIRLD, SHFARMRICKA
ARG —8E, EEZE KM (Liu et al.,<2045:\Chen et al., 2016; Liu et al.,
2020b) o ZRU& X A A R K 5 op E AL 7 GRERE— B, WSS R IR S R K ) e R
(Zhang et al., 2025) . RDA /Hr45REH (B 7e) , & &k /BRIEA IR AR 5K A5 B
FAEIEARCORR, M BUR IR A BE (A b M 53 S Bt — B3N, JE7E Z i RN
WMl . KIEBNTE R AFr it R B hnkadh C/ 6 , XM AFIESN AR, RDA 45 it —
BRI, NFIESNIRIRS HOR B IR E Z A YE B IEA GG R (B 7e) o £ 5 cal ka B.PJF
AR B INES (K6 , SXBADMEMIEKFELRE (B 6D , #@nizit
¥ JIE Bl AT B 52 N S B, R HR 1 E D 8 N S8 B 5 Bk B T A R A AR, 38
Tz X e 1l AL 2 5 Dong et al., 2017) . Ding et al. (2022) @il Ak EEdt
J7 i X R A 5 1 S I RE AN B 5 cal ka B.P A ZKIE B ol 7 AL B B . LN 25BN
SRR, NJFSEIH BRI K RIS AT &, S0 B ARER W, X — BT TR
AR RBRS, NE LMY SN2, NE— R E B RS T X
W PRI (ERSS S, 2023)

Mo A grit, R SRR RIIETIES (Feng etal., 2004; Chenetal., 2015) , &7
IR, BRI E, B R E R RET K (Eee) . AKIEZ)
{1 384 B8R S8 T A 22 1) S AR B8 1T i 2 Ut DX R4 2 R 1R 5 3 50 B R UL R B 48 1) £ B
K (K 6f; Liuetral, 2023) o [FR, fEREHE XA DEE RN, TI8 K
Pt A= 07 A Z N R FEEEAEH, KR S B IEE, KRR s .
HE% lcalka BP., HEFENFEHMX, LRZHEHMBPIFR, @7 LRERICAE
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A (Huang et al., 2006) » %I HINATHIRE 22 F K AE A N D93 S 7E — R B _E 4
TRRIVRAE (Yuan eral., 2022) , Zel& X IR NS0 310 AL AR 0 52 60 1 GG 4 1 O 2 1
7 (Zhou et al., 2010; Dingetal., 2022) -
42 HEWEFREHNEINENBERESEA LB WEE

EIRZRIE X LGM LRI B P9 0 AR B, X SRR A 7 REM
B BRI AR : AN LGM I L A2 A0 J8 O 2 BT AR, 2 R URUKTH H A Ji D9 B il iR S
LA A i AR 22 g AR s /RG H-093 Jo AR J <5 DAy 3 ARl i Ve P o T AR PR S0 o AR R
Mikt, PEREREPCERR RS, 3 SUKEHHLHI R A B AR . T X — IR, AatsidEd
FHXS 21.6~11.7 cal ka B.P A MR 3], R GT e T HEMGEN &S S R RS R
FIARRAE BT (B 8) » BUE BAR AN [R5 T LA 1 1 57t o PR AL

S %21.6~ll.7 cal ka B.P.
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Fig.8 Heat map showing correlations between vegetation changes and influencing factors in the Qinling region

during 21.6~11.7 cal ka B.P. and the Holocene (11.7~0 cal ka B.P.)
21.6~11.7 calka B.P., HRFELEIHMOAT (B 4) , R, AR YR

VRS E IR RIS (FHR BB 5N 0484, -0.443 F10.262) , SREKIIAH AR
59 (-0.084, 0.002 F10.162) o £k 5 EAALRIN N GRS, T 7 - ] I AR B A A8 )
(47 T B L BE T T3 2P B A A 2 R 53 S FE AR B IR R AR, AH DR R ALY
A4 0.398 A1 0.335, IERT B KIE SR BN S ARIER S (0.317) , BEEFHARHE N,
KPR LH ETHES, $ERE MOy KR SRR AR BERL . Zhang er al. (2023) HIBTFT
RUZIHR R G & 5w, EERRMAITTR, B T BRghit. Bk,
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F B M Dy S AR 51 () KA L RR AR AT L (Heély et al., 2001) , HfETIXFIFE 2
FRU& b X FEAZ I B KV ) S I R e SR () SR R PR o AR S, R PP 3 2 T S
KIRAE, X TS T AR Ge 25 B (1 0 5 Z8 s 1R FH OS2I (Bobek et al., 2019) o £5 EAT
&, 21.6~11.7 cal ka B.PJYIIA], Zeire X AE #le s A0 1 2 e i), U SR L 2

BENAFH, ZRUQ M X R RAE VA LA IR 7 V& P R e bR A =, AR /A R A A 2L P 5 e
WL, ORI E SRR FR IR R bR R AR BE AR 5 R 8040 R 0.601 5
0.489, A tH AU ) IR PRI EE Y, I 7 9 Rl PR A AR 2B 7= 7 B AR e K g n (2. 35 b
T 2 B3 — i A o 08 5 5 b (78 I R PR 7K 9 2% AR AR A AT 6 B SR K AR (Fang et al.,
2005) o BEAh, AZKIEBIN RISH XM AR B 2 R (K 8) , g mERETS
WIS SRR RO RIRG, NSRS 2 R R N 5 35 50 o3 A R T (R IEFEFT,
[e] BN K % 5%t B2 1 A D IEAR OGS NS K 0E T R4 X A RE R 50, Bargali
et al. (2022) HEH AR IR AT A F T I L8 FARFEAIFU B A, KRE K RIUTF A%
KRR BE 7= A ST RGN (E B A SSTE SR SR N D BN 2, N8RS TR 2 A
FONFURAER . BTTH 4.1 35088, B b ARt DR k&S 5 Fa bR, i kS E)
SR BRI SR T SARILED, HASRIRG) O TE AR KBS SR IR o O B v
5 N JIE B R AEAE W 1 IE A G Ra(00558 )N, T B AR JOES T {E A AT S
B4 R 4E RS (Vanniére et al., 2008; Tanetal, 2020) . %L, {EARHHE, <
ERFSRAEAE RO, NSRS HT O & M B IRB R R . RRFLE S ZIRIAT I
S HUA RIS 2 i B USRS B A A SIS B A B AR T2 3R 7E RIS A AL h 1 ST iR
PR

5 5

(1) BARUEEIKIAIR,  Z2 01 XA AR e i S AR o AP 5 M R R DR UK 30
B B LA AL JE AR N LI AR, 2R URVKIH SIS B R VR ST AR, 2 A il e 2 IR J/
OB Je ANAR 8y = B v o PR, B et b T RN . R AR B AL A AN
RUUKH Bt Bz ], Fe AN it ik 3% [, KIS N ZR I X AL
KBTI T, ERRVKH I E BT, & TR AR MR, AR 8w
MR AR SN, et S AR ERI . th ettt DR, KOG N,  H o RE A I 4
BRIt R, P EE BRKIANN KT

(2) ZRWHIIX LGM PASK IR SRS b U0k 1 S 1) N RIE s 38 . R IK
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W E R A, M E TR AMRAAER . B PR LOR, AR N E
LR =R PRZRAN, IR FN DR AT AT 48 BT B AR KA 0T &,
ITHCT R B — g R LAy, £ — @R BRI T FElk . R A, M
Femve T, Bk MEER, TR ERY K, B IR E, ASKTIBE KRG B4 58 5 25
KRB ETH i, HEESHEME S ERB T @5, BHZE 1 cal ka B.PREAMLAO FU
TR, N KA — e RE I LA T KR A
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Dynamic Evolution of Vegetation and Its Driving
Mechanism in the Qinling Region Since the Last
Glacial Maximum
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Abstract: [Objective] The Qinling. Mountains serve as a crucial north—south geographical boundary in eastern
China, characterized by divefse yegetation types that respond sensitively to climatic changes. However, only a
limited number of systematic analyses of vegetation responses to natural and anthropogenic influences have been
carried out in this region, hindering a comprehensive understanding of ecological changes and
human—environment interactions in the Qinling area. [Methods] This study is based on a sediment core from Daye
Lake, an alpine lake on Mount Taibai, which is the highest mountain in the Qinling Mountain range. Using
high-resolution pollen and charcoal records, vegetation dynamics were quantitatively reconstructed for the period
from the Last Glacial Maximum (LGM) to the present day from biomisation and diversity indices, and fire
frequency and intensity sequences were extracted using CharAnalysis software. Reliable climate and human
activity records were combined with fire activity sequences reconstructed from charcoal records to systematically
examine vegetation responses to changes in climate and to human activities. In addition, statistical methods (e.g.,
redundancy analysis and correlation analysis) were adopted to reveal the contributions of various drivers of

vegetation evolution in different time frames. [Results] Findings indicate that the vegetation landscape in the
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Qinling region evolved from a coniferous forest dominated by Picea and Pinus genera during the LGM to a mixed
coniferous—broadleaf forest during the last deglaciation, accompanied by pronounced fluctuations in vegetation
diversity. During the Holocene, the vegetation transitioned to temperate deciduous broadleaf forests dominated by
Corylus/Carpinus and Quercus genera, accompanied by a marked increase in vegetation diversity. The late
Holocene saw the expansion of herbaceous plants such as Artemisia and Poaceae along with land openness, and
vegetation diversity tended to decline. Highly frequent fire activity is evident in both the last deglaciation and the
late Holocene, driven by both a cold, dry climate and human activities. [Conclusion] Since the LGM, vegetation in
the Qinling Mountains has shown a significant response to climatic change. From the LGM to the last deglaciation,
the occurrence both of broadleaf and coniferous forests shows a significant correlation with temperature.
Redundancy analysis confirmed that temperature was the dominant factor, while fire activity promoted vegetation
diversity by altering interspecies competition patterns and niche availability. However, precipitation is strongly
correlated with temperate deciduous broadleaf forests in the Holocene, and became a key controlling factor in
vegetation succession with the intensification of the East Asian summer monsoon. Since the mid-Holocene, human
activities have emerged as a third significant driving factor, and this influence has steadily increased over time.
The investigation reveals the response patterns of Qinling vegetation to ¢hanges of climate and human intervention,
and provides a crucial case study for understanding the long-term interaction\between vegetation, climate, fire and
human activities in alpine regions.

Key words: biomes; vegetation diversity; climate change; fire activity; Last Glacial Maximum; Qinling Mountains



	0  引言
	1  研究区概况
	2  材料与方法
	2.1  化石孢粉与炭屑记录
	2.2  基于孢粉的植被群落重建
	2.3  基于孢粉的植被多样性重建
	2.4  统计分析

	3  结果
	3.1  秦岭地区LGM以来的火频率与火强度
	3.2  秦岭地区LGM以来的植被群落变化
	3.3  秦岭地区LGM以来的植被多样性变化历史

	4  讨论
	4.1  秦岭地区LGM以来植被演替及其驱动因素
	4.2  植被群落演替的驱动机制从自然主导到人类活动影响转变

	5  结论
	参考文献（References）
	Dynamic Evolution of Vegetation and Its Driving Me

