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FAEB A AT R AU B AR AR B o A A% 5« AR o DL R s A AR SR, TR
o BB O B TAE B A4 DA B 15 A AR ORI b (R Rl A8 B 6 A R AT B Pk
8RBT AT

SOpT I, A ESCIHHE A B A AR AR, A ZIE shxt F ARSI (4 5% ) S8 i IR
NG B3 HARAE B 52 . S AR A b X L T H AR A AR R R ), R AR
SRR EELLR S Y, KIS o B A SR AL R A T B AR, R
AR, R SR DO I T IR, . Aol B AE S, RIS fRaze 9 L
X, NG5 AR A AN R . WEERIRERE, BllisFE0HF A0, |
FHZEH . bR SR, IR T I8P AE YR IX SO, JE4R A28k 75% 1 Fifi i
¥I% ) 7T NG AR . i R A AR R A AR A 7, [ N A4 DL AR A48 br it
77 RS L o b B Em T AR, AP A IS sh R E S R G
Wi, PRAGIACALBE A A% R . RS A K Bh AR R AL T STk, (H, 7EAH B
AR A AR R AR X o NG sh A A SRS AR AR Y BTk 4y, A AT S AR B 1 5 )
SR R A YR, HR A A AR AT B ISR S5 [ R

PENAEY) (R RAEY)) AEHHE AR ARG SR s RS, tt2ic st ARG st
SR B el 1 BLHEUE G o AT Bl TR R 8 RBIF S BRI S5 TS, AR AR X T
ARLEFE D, RS = F YIRS (Ambrosia) . 4515 (Plantago) . TRFR (Rumex) 551
O, R T R BROW Y K A ACR I e B R R LA AR Y B
PG . — S IR AR LU SRR ORABRIAR KT 35 um) AE ARV AFFE R IE
Pi; FEAEAR X, 2Pt A S & AR SR RS 5 ST AR IR R 18D . AR
J& (Pinus) FIFEAR (Alnus) FERYRIE 25 HUR FUAREE W74 R FO0 2RF 1 1o ) 100K
FEASREIE S B AT PR XA B 2 ), 25 7 B b [ TGy RS 1) 283 Bl (R A7
TED, DAAERADEBAE M LAY, Mottl 2595 1 3 A AR L R, AN 4.6 ka LKA AE
Aok 2R ARG sh S8, (FUR HR R SR AR R0 R v BE SR T R L X A AR Ak
MR Y, BOEanl, gl S oot v B AR DX YRR Bt AR fb HORAG T B RS o
P ET R HX, FEE R A &, BT RETE st € AR IR i
KO Z) 7.0 ka B SR L 28 00k ARAR SEULEL AR Ry s Rl AR, 1 M 4 T v b 3
54 THE T T Bl Sl S B (e LR AR /2 i) 0 A g T T Ml X RV Al & J =2 5|
B AR A 24, W4 VAT 3 = AR U A bR S 2 AR T R e g i R
M REVEAN 1 & e T 80T XSS AR 35 R REAR . AR, it 1A ¥ A D835 8 %o Al
F4) 52 i) 56 58 15 PR A S 37 3 AR AR AR R BRI, AR AR e A 1 T Bk b B
AR BRI SIS Sl AR T E A XA B AR B B AN S RS

WV A B AR A I, A GBS IR e A B A A SR B an ki sefk
(11.4—8.6 cal ka BP) . B I#3cik (8.2—7.5 cal ka BP) . [ 304k (7.0—5.3 cal ka
BP). SR ¥EAL (7.0—5.9 cal ka BP) . #43% 4k (5.9—5.3 cal ka BP) F1R 35301k
(5.3—4.3 cal ka BP) %5, HELAAAEMLRTSCM, WA KB AHOC R %, T4k,
VFZ2238 AN . BRI SRR IS PRI T T R E W TAE, (BIRMRART — S8 R i e
WG Es SR s Z R a6 b, i i XS g A i i 25 s AR IR, ARGk m b A2k
TSR B 5 . FE T, AN SO Ty X 3 40 S Aic 5%, i i A A
WA A R R, PRSI X 4 A s (b 23 sh 2, If b Ak
T B0 XA AR AR S, A TR TR A T DX B b 56 28 (v A B B ) WL, )
B A B B PR 45 TAR RIS
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2.1 BRI AbIE

FAFEFIR (CNKI) ., Web of Science #1 Google Scholar &2 AR5 %, LI “Wivl”
SR I AR IR SCAE” SRS CRE ST SR
k37 CBEAL” SFrPRESOCHHRE T SRR, KR LRI A DY 2006—2021 430K, 3G
EFLic 3t 63 45 HIBRAEMRIC S 4 5%, JCRONAEIC SR 8 4%, M 2/ DF 10 Fhokfaky
FIRETCE M RIIE S 9 4%, WHEIBSEE/NT 0.5 kaBYiE % 1 4%, WMIENFL 1 4%, AMREA
BAERHC IR 40 5% (1, B . Hid 11 XN EIRARIC 5%, A B A& R it &
JEANEE RS EE , HAC WA STRADITIZE 8 R %t f ks Kk dE A 8tk FExt
AL AR B A TR AR A

WA E & R v E BACAE M B AR, X 40 2510 55 P IR Ry 2 BE 24 FRIET T AR AL
(HH 4 JE R} Umbelliferae B 1F 4 Apiaceae, 4F} Compositae B 1F & Asteraceae, /LR
Cruciferae ¥ 1 4 Brassicaceae, & 7F} Leguminosae i I 4y Fabaceae, RNASF} Gramineae
1F 4 Poaceae) . X TG 2HE, WIH Rk i ARy A —, flan, =AZ/@ M
R F2 )& Piceat+Abies 5i— K Abies+Picea, WAHEFLHBIARARMIFE KR (Fife KT 35 pm)
AR CRifR/NF 35 um), TEIL, ASORl—45FLIN B RASBHER #E1T T InFIAb B

i)

A ik
A F
A B
DEM (m)

2040
|
ey

1~12 (G EMEERD): MWIXH2, ADHIBMH, BHIFFKHQ. WIHIXHL, F1L/KHEMS., JL¥iHF2BHQ2,
JLHIBFBHQ., RMEBHILZ, R¥ELZ-W., RELZ-N, RELZ1501, B ¥Liangzhu

1329 EMEEE): K #EAET0103, FEJET0602, FFRBFEIELIQ, MWHHIE1501, HWIHIFHMD,
TIEEHMD-1, #1502, PYTLY, #1401, HIRILTI041, RILEHEFIS,

FIZIITLS1402, APkFKILITS, BEITYT1503, fA1l3hkT0213, fAIIYS160,
fa1 114 TO410W

(IO PR PV}

Fig. 1 Pollen records in Zhejiang province
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TR IR AU IC b, RO 20 Lt & R ISR, e AT AR [R) AL FLIA] 5 %F
He, ARSCRAGE— Wi 3RS ok & bbb T B Bl AR AR R (4 o3 b 5 i DA
Bili A= AR AL 1 BV E R SR, K AR AR AL R FBR A 98 0 43 bE 7 1 D0 A B
BAE R ETE, b, 5 RL (Cyperaceae) FIE TR (Ranunculaceae) 1 Ky 7K Az/1
AR, ARG AEFREIAER A TR, T 280N S N BUE AR, ARG
SCHRH AR B A LS FE RN AR S —F, W RSO BB A . B2, XANAE
B FRUERY 24 540K 0 ST A e S R SRR

FIFH R AE rbacon 2.5.8 T !"XT 40 58K 10 s BT A T TARAUBE R A . AR S
BT R SCHROGH RN FL/AS T AR s T X AR (A e E DL RO LR [RIBr f) fiads T
R NP . AR LI AN T R ERAE OV AR i o5 . (R st ik &l
fLFJS. failisthl YST0410W F1YS160. 7 Zifristhb AL LIQ B AG i sk A 45 1L
TR W A7 A, XL A R DTRUZ 7 AR AR BT RL 7 LAGIBR . R4 A48} A DL FE sk
T AF b2 AR CAE ] Marine20 A T4 HE,  HA “C AR W 1] IntCal20 #E4 74 HE, OSLill
SRR S I AEACEE i SO T A v o FEARAA B S A (R R rh, X R AR LA A
DURREI B R4 T T 403, {7 Bacon i T 1000 YR AEARAF (45 BAF WA B2 L% (Rate-
of-Change, RoC) T1HMAFEMIR2E, FRAAEMIREE IR T /5 S RS

F HEA TR SR & A, 40 Z5F0kr i sk oy st . SRR AR 3 AR R
it kTR T2 SR SR SRR A B 3R SR AT A ZRTE S B EdE W R SC s, — e
st b P BUCRE AR AR FRR i . B A e T Sh TS R, 7R AT IS T IR A 1S B A
—, AEE S AR ST ASETE S E AR T s R 3 km v R AOAE B AR AR O i
FOBIC SR SR, FEEL TP NG S0 B EIESE , Hb PR A7 B 2 2 st ik o5 3 km
DI, HAH LR R —E AR T, WREIE ARAEL . #RE (Quercus) . FAJE
R84 S SR i gh . AR I SR E SO, FEENFLP A AT shruEds, M
RO BB RS stk 3 km AL, HAEK A B AT B A as AN BE S e A 276 3l A
e, FIWTbRESE , fEATERM CI B Z | B ARIEN: & i sh Al e/ . A
THPMuNE . T8 (Dicranopteris) 1% FFELE N4
22 EHTHEERITE

iz R 8 1) RRatepol (1255 T 25 AR 0 5 BRI A8 Ak 46 . Al gk AR Al ik 38 2
PR ESF [] N AR o 1 25 5, Tt TR B A SR TR DL MR T i B, ALdE F AR
AT L G S TG R A8 A o HZ A8 M 5000 BB I AR 1% (1) AR fb it
R H R 5 i AR A R H) 2 B TR R DL R S BER ) B . FERE, AL
K H T RRatepol N & [ “Moving window” [V 2l B [6] 2 1195, K B i) ] A9 1< BE 43¢
—, AR IR 5% B 247 1T s, RIFERE AR O i AR RO 2 1 g AR 3
B, DA R RIS i /D BRURE it 2 B TR s R AR (b A M1 25, ITTARAS LS TE IR i
RoCfH. 7EIFHE RS, RH T 400 afEMETEE 0, 1A XE A “Bray-Curtis” #
B, FEIEATREALAY 10000 IRz 55 2 RE N FE A9 RoC AR X [RI I . X Bir A &L LR
FRES B TIZ ., DU AN FLES SR AXT L . 2 A9 A RoCs, 22 fgsthl . 8k
FE SR 35l T R AR Y, AR sttt a5 FE 20 5 AR 58 RoC fEL
23 EMERWL

Biomisation J&— I FHAE K} B0 12 e T A A W RE X ) — FhbrifEfb i, R 2 RES
PR H 0 2 BN R 23 ROBE By AR 0 A A JR AR 4B ™Y, AR SR R S P L 1y
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HREA IR IX 758, e AR AE K Hi A Biomisation, DL 0.5%E M BIME, AXFAER 2
FEMABAE B . TR ZE R PSS 10 Fh A W X RT3 B IR A 75 i AR (Temperate
deciduous broad-leaved forest, TEDF) . FEiH7 £ AR A (Cool-temperate needle-leaved
and broad- leaved mixed forest, CLMF) . £ i 47 % 4% #% Ak (Cold- temperate evergreen
forest, CTEF) . BRiE4T (AT ) 2k 0t AKk (Warm-temperate evergreen broad-leaved
forest, WTEF) . = 11 M\ (Alpine Shrubland, APSH) . &4 5.5 (Temperate grassland,
TEGR) . iR Hici% (Temperate desert, TEDE) . =1L (Alpine desert, APDE) . =1l
5 (Alpine grassland, APGR) . &1L &R (Alpine tundra, APTU) . K2R E 4= Wi
X%, IFEHMFF X B AZEE sham ZPenAawl 72, 53X Biomisation 45 5 73
A YIREIX AT REIEANGE FH P VL b IX A g AR b . Tk, RS GamEdRE TR
FIWr ) Tk, N TP BAT AR B 1 DX A= 0 DX [R) By B 365 I b o 45 A= W i
X AR AR, K AR R A= 0 Sty W AE R DX U 0T 22 6 K20 T T i i i AR I
R AR (Temperate forest, TF) . FEJRHTEL TR 3SR FE IR A7 5 S AR AR I 22 JE TR
FRM (Cold-temperate forest, CTF) . Bty (I ) H LREFMARIEIF =B (74
i) FEMK (Warm-temperate forest, WTF) . /& LI If 2 #E M (Shrubland, SH) . 77
L FORIR A T B H I 20w E . (Warmer grassland, WG) . & LUFEER . 5 LD 5 5 R
INE FIEH 2R R (Cooler grassland, CG)

BB AS B B RS E HERRME . ARSCEE T T A0 SRR AR T 1] 0 AR W A IX A A
YRR BR8] A= DR DX IR e 728 YRS SO AE Rl si v i — s ) BB PN A ) 2R A X
RARARRIREL, BB AR, WCIZ AP DO ) HAS B — 0 45 BRI ) 8 A= 0 B
DX A — B B B R A AR [RDIR S A s ]2 E pR T AR DR E DX A 2 A8 R AR AE — B ] X[l
N, TG A% & A R BT[], T s ) DX i) f o R 6 1 2 2B A DX AR ek ) )
PIAGER, BOAR SR R A A SR DX 2 7 1 R RIS R AR 22 ] % DX ] v g R 33 A W A DX A
AAERIE SR IS BRI E] . AR R LA B R s, 45 R B ] 5 3 25 Ao B 268 R DA 2 [
JEIR, IR R AR . AT AR A R I ) A T 2 A

3

3.1 BREESIT

fkric e A A 19 2RIe S . LA ZSIE SR 10 AR 2%IE S, RAT
10/ isthk s st hE S . 17 R = A PNES L . 8 NI S AR FL . 5N Ue s
Tl JRUR SCHR & BRI 32 2006—2021 4F, Hirp 2015 4F e 2 J5 B R WTGEAH 20 %, 5
FEA 50%. asthbic s A 2 ZRic kil TR S0k, A 12 Jkidsic sk T sefk, 9
Zcsk T RiESCfk, HphE st hb g LA TR SR TR, dnfa i list ik T0213, fd]
Zitht T0103 . F EJE T0602 55 . 4 K ZHHRM 1L 5% A0 A IR = BEAIR T 25 m, (U5
2% B ARIC S IR T 900 meo AR XNV E A A W (s AN ] 200, A 21 -k
IO TR &, Hod o 13 4otk

TE 40 Z5ic s SRR A RO AR50 237 4>, 72254 AMS “CAFR LI 124~ OSL il
AR SEIEEANE SR IAR R N 6 4 o M EERY AR IS —UR AR | K A IS ] 5 B A
AR, RIERNESE T 0.8 kao mthksic s AIAEACES BEVEH O 16.0—1.0 cal ka BP,
SEAEAES BE R 3.5 ka; asthE S IE SR AR RS EEYE A 0.4—15.0 cal ka BP, PR
FEN6.0 ka; [FAREE S0 SR CEE FEVE R 30.0—0 cal ka BP, “FHAECIEE N 13 ka,
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TEFT AR A BFoE ie sk b, LM ERER 2692 18, SE AN IC RS N 671, Hip,
12.0—9.0 cal ka BP 4t i1 T 190 (44K AL, 9.0—6.0 cal ka BP 451t 1 879 LFE A FE N,
6.0—4.0 cal ka BPSiiT T 884 4L, 4.0—2.0 cal ka BPSii] T 294 Ak ke, 2.0—0
cal ka BPALIT 1 197 PRy AE &, Hd SR ISR 206 1>, 0@ T 103 BHRT 147 )/ . Bk
b, WL R AR R AT AR . M8 . ¥ERIE (Betula) . )& (Ulmus) . %5
H W J& (Carpinus) . ¥& K& . HJE (Castanopsis) . B ¥ J& (Tuga) . T )&
(Castanea) . WEW & (Liquidambar) F1H X J& (Cyclobalanopsis) , WA Y RAE}
EIR (Artemisia) . #F} (Chenopodiaceae) . 2%}, JEEFL (Lamiaceae) Fl-+F LM%
K, BREHEYLIKIEE R (Polypodiaceae) M. FEFriAIl], £ Sic R Aok A8
R —F, FEAR Y FET TR AR B LA e B R AT, 1T o B 1) o] AR A A A 7 i
Fho SEALF MG, Sthti s AR R A SR, AR TRAIEN S
FLBH R BT, by SRR 8 K/ X8 55 S i i f a3 e o B IR, st ik b X R AR
FE 7 e KT H AR X, P o 2 A AR BRI S 7E 6.0 cal ka BP ZJ5, RAFEHE
M S N . 3.0 cal ka BPJR, ARG HBA S P T2 ARARHE
Wi, HA ARG, TeARIER 0 s>
3.2 EHTHER

whk . JE RN A 4R 5 A9 RoC E UL B 2. 38t hik A5 RoC % shfe M B, ¥9{E R
0.0361, R B2 AKX ] 0.0045~0.062, FAS L 30 B W i B Bed, 225k
12.0—9.0 cal ka BP &1 sk ) RoC I 80 F-2% ; 9.0—5.8 cal ka BP Hi[i] RoC i&#f I Ft,
Hir TLS1402 % FL 1 RoC {E7F 7.8 cal ka BPiAEIE(E , 52 1L 5sht#I/ . HMDI1501 4%
L. HMDI1502 &5 4L . HMD %54l . 211 T1041 3] 1 A2 87 45 L5 B9 ROC B 7E 6.0
cal ka BP 241k 2| 06(H ; 5.8—5.3 cal ka BP (8] RoC I sh[F#AK,, ZA0Amic 5 A9 RoC B
TE I ) B 2 90 R a3, 5.3—4.0 cal ka BP ][] RoC B [l A, FHZ 11 T1041 3
1. YS160 &5FL . F ik FHASFL . LZN ] A LZW 3 18 25 1 RoC # A T i {H X 8]
4.0—1.4 cal ka BP {0 RoC 4% % 2 e ME, I HizBr B fbric s e .

J& 71 5 5 RoC &gt ik 55 2%, Y(H 0 0.0297, 25 284k X 6]/ T 0.015~0.079
Z I8, 7F12.0—9.0 cal ka BP #[H] RoC SAH A F-F; 7F9.0—7.8 cal ka BP #[H] RoC
shgm, HobdumpRaifL . Wi 1503 £5FLATE D145 FL A RoC g bk #v e A . 16
7.8—3.0 cal ka BP #ij[i] RoC F I B i B Be AU AR fLREAE,, 415.5—6.3 cal ka BP &fH X
F14.3—3.0 cal ka BP I h[EM%, LLJ% 7.8 cal ka BP H15.5 cal ka BP FijJ5 VA%, 1
BB ; 3.0 cal ka BPJ5 RoC FEAGEAHS R, Bl 5T Ml n, RoC{EEIL T
1dk ST 1.0 cal ka BP 2415 24 (E

9K 55 RoC A8 fk i ke e, SEH{E 9 0.0159, 784K X [H] 9 0.0059~0.027, A
T, ARSI RoCTE 3.0 cal ka BPETIEH FE, {HM 2.5 cal ka BP 2, RoCIHFURFRIM
H I S ik
3.3 HHEEEEEK

12 cal ka BP £ 4L H A WIREIX 2444 />, FLHP R IRAT AR B 1348 Yk L AT AR AR
789K . FEIMHT AR 30K . VEANBI IR (iR PEE M 167 YK . MW PERIHL 27 YK, H AR A TE
ST R & B IR RS R R i o A B UL, & P A R T R AR e AR Ry gk
AR, R IER SR TR, JFHAE3.0 cal ka BPLUG, WEARAFIR M RET A
PRI S5 U, stk AR AR R 4%, AT i TP R LIS s O 2T IR
B, LR R BRI AR i 2
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0.14 7 a3
0.12 - I — YS160 YST0410W
] TLST1041 TLS1402
0.10 - LZN LIQ
0.08 — JTS1501 HMD1502
o W
2 ] HIT0103 FIS
0 0.06 . YST0213 XWDT0602
0.04 - MS — LZW
0.02 ] Liangzhu KHQ
] ¢ —_ HMD1501 HMD
0.00 - — HMDI1401 — ZR%T
¥ T J T K T % T ¥ T ¥ 1
0 2.0 4.0 6.0 8.0 10.0 12.0
448 (cal ka BP)
— HMDI1
0.12 7 b. Eih LI
0.10 A \ — YJ1503
: N — BHQ2
0.08 — LZ1501
& ]
& 0.06 - %\g{
] XH1
0.04 XYC
0.02 - BHQ
. 7/ LZ
0.00 7 — RGEH
¥ T J T ¥ T X T ¥ T L 1
0 2.0 4.0 6.0 8.0 10.0 12.0
4E4%(cal ka BP)
020 1 o B
— BZKI
0.16 - LIH
i DYH
o 012970 /| WDY1
& R HZ3
008 4 | — WDY2
Al HZ1
/i LTY
0.04 m ‘ , — HQB7
\Ne 25 = — &5
0.00 e ,”W;’, : —— = ARGV
0 2.0 4.0 6.0 8.0 10.0 12.0
4E{(cal ka BP)

K2 stk JEA A A SR SRR R

Fig. 2 Vegetation change rates of the archaeological, peripheral and natural sites

GEiT 40 ZRAUBHC KA E P X R AR R AR RO B - il s R e 2 S HoAt 2
PIREIX 157U, KRR T dildily B A HA A IR X 136 U, R A A HEAE 4
UCs FIEIRT BRI 22 A A IR DX 3 U5 B AR 28 D FLA A R DX 3105 v
Ph AR AR A TR IX 815 b (T P o M 22 DR LA A A DX 23 o 1y At A
WIRE X S e T RRAR 155 UK, 78 il BRAR 130K, e N IR AR 2 1, e
HHENBIIR, 7 T v PR 90 T, e 718 Sy it PR B 4 22 YK

k. AN AR R R AR O (B3) R, b s i AR U X AR
W T RB AR AL, o5 R R O SO R LS LR, ASR R
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FHCR P EAR B A, G0 5% T 2B IR FE IR AR M I OB, HLAEIE Z M) Y
SRR A 5] o J 100 5 AR R DX A PR A R S I Tl AR AR T AR 2 18] ) A
HHAR G T Y RE Sy, (AR M DR v o B8 ke AR AR T

gl R E SRR SR A I XS B I R A A e R S (B 4) . stk A
W RE DX 5= B I IRD AR F AR S IR A, HBOR %, (RIS

Hpk Wep b. itht G
a BU:3 « ip}p

4\"/ \

S N\
\\
T
%) fn 5
G cG
. i WIE A H# WIF
£ 4
g
2
&
&
%3
cG &

T CTF IEIRA AR, TF IR AR, WTE B IR AR, SHOSHEAR M, CG v V5 s , WG Do il P R4 A [
IR T AN B AR D s 7 S FUF TR 7 1), 7 B R AU A3 1 B 7s eA8 J7 w_b Je A AR AR o
K3 WLt e X A
Fig. 3 Holocene biome shifts in Zhejiang

ARG AT IC R OEE, AP 428, IR AT SN F
IR RN SZ B T 4 A 4 AT S i itk S R s . A SR s AR A e —rh 4
ARG E o TEHT IR, A i FE8 TR R AR IRGRIECY, 25 Ml SRl A 7L
AFIRA FEA BB S A B TR, MR & & LT, AR dikE , [
A0S 4 L 3 77 14 SR Y AR AR v 3 1) 2 dlR s M Bl s ARG AL (18] 5a) o #E 9.0—
2.0 cal ka BP1a], FI ZR S AOARLRGEURE T2 B 0 RRME % TR RO AH FLAR A, Wl iy AR AR v
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45
40 -
35
30 4

2.5

2.0

Lgf5 B It E] (2)

1.5

1.0

0.5 -

0.0 - T T T
puzsiin Jibul HR

T ARA AR TR BTS2 LA B35 225+, P<0.005
P4 A DX o R ]

Fig. 4 Residence time of biomes

AbFARH AL ; 2.0 cal ka BPLUG, HARSHAEDIREX RSN, HASAS R 8=
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Fig. 5 Biome shifts at different periods in archaeological, peripheral and natural sites
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Fig. 7 Comparisons among rates of vegetation change, climate change and population
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Long-term impacts of anthropogenic disturbances
on Holocene vegetation in Zhejiang, China

WANG Haoyan, YANG Yang, ZHOU Borui, LI Kai, LIAO Mengna, NI Jian
(College of Life Sciences, Zhejiang Normal University, Jinhua 321004, Zhejiang, China)

Abstract: During the Holocene, human activities gradually intensified, resulting in significant
interference and alteration of natural vegetation. Anthropogenic disturbance has been one of the
most critical factors driving vegetation changes in some regions. The archaeological study
illustrated that continuous Neolithic culture developed in Zhejiang during Holocene. However,
the relationship between vegetation changes and human activities in this region remains
unclear. Here, we collected 40 pollen records in Zhejiang and classified them into three groups,
i.e., archaeological sites, peripheral sites and natural sites. After standardizing the chronology
and taxonomy of those pollen data, we calculated the rate and pattern of vegetation changes
(RoCs) by the R-Ratepol package and Biomisation. The results showed that the RoCs increased
significantly at archaeological sites, with high variabilities during 9000-3000 cal a BP. The
values of RoCs at peripheral sites were lower than that of archaeological sites but showed a
dramatic increase after 3000 cal a BP. The RoCs at natural sites were the lowest and relatively
stable before 2000 cal a BP; after 2000 cal a BP, it accelerated and outstripped that of
archaeological and peripheral sites. The increased RoCs at both the peripheral and natural sites
manifested that the spatial range of human impact on vegetation expanded significantly in the
late Holocene. The vegetation change rates exerted by Neolithic human activities might be 2-3
times greater than that under the natural state. Furthermore, there was a certain deviation
between the human-related and natural vegetation changes. The deforestation and cultivation of
Neolithic ancestors led to the fragmentation of the terrestrial landscape. The residence time of
biomes at archaeological sites was significantly lower than that in natural and peripheral sites.
To sum up, long-term human activities in Zhejiang accelerated the regional vegetation changes
and reduced the stability of terrestrial ecosystems. In pollen- based vegetation and climate
reconstructions, and also in the practice of vegetation protection and restoration, the potential
influence of long-term human activities must be considered.

Keywords: vegetation change; human activities; Zhejiang; Holocene; pollen
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