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Abstract; Karst rocky desertification is the most seriously ecological and geological problem in southwestern China, which
severely restricts the economic and social development of karst areas. As one of the main parts of rocky desertification
research, the evolution process of rocky desertification not only reflects the changes of regionally ecological environment,
but also affects the social and economic development of the region. The research on reconstruction of paleoenvironment in
Chongqing is mainly focused on the change of climate itself, rarely involving the change of regionally ecological
environment. The research on the evolutionary pattern of ecological environment in the past 1000 years has rarely been

reported. As one of the most direct and reliable indicators of paleoenvironment and paleovegetation, spores and pollen play
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an irreplaceable role in correctly understanding and recovering the past climate and environmental changes. The depressions
in karst areas are ideal places for studying regionally environmental changes. The sediment records provide abundant
information including vegetation succession, climate change, human activities, and environmental changes. Therefore, in
this study, we chose the karst depression area of Zhongliang Mountain as our study area and documented its vegetation
changes and rocky desertification evolution during the past 700 years in terms of spores and pollen analysis, AMS "C
dating, and detailed historical literature. The results showed that the subtropical evergreen coniferous forests were dominated
by Pinus, Cupressaceae/Taxodiaceae with a small amount of pollen of anthropogenic plants during the 1274—1553 cal a
AD, which reflected relatively weak human activities. Conversely, during the 1553—1780 cal a AD, Pinus, Cupressaceae/
Taxodiaceae overall declined while the pollen of anthropogenic plants increased, indicating that the human activities had
begun to strengthen. During the 1780—1840 cal a AD, the pollen content of Pinus decreased sharply, while the pollen
content of shrubs as well as anthropogenic plants increased sharply, which was consistent with the intensification of human
activities and the occurrence of rocky desertification. During the 1840—2000 cal a AD, the significant increase of Zea mays
pollen content indicated that human activities and rocky desertification were further intensified. The increasing human
activity in the past 700 years was an important factor in vegetation degradation and serious rocky desertification in
Chongqing. The results of this study are significant to improve the comprehensive management, restoration and

reconstruction of the naturally ecological environment in Chongging karst area.

Key Words: spores and pollen; vegetation history; human activity; land rocky desertification; karst trough valley
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ST RHEORE T SR S S A R ITTA A R AR L s KA, B2, XN AT S DR
e R 3, EEAREWALTE E K (Zea mays) . 5 (Solanum tuberosum ) | i 3% ( Brassica napus ) | £1. %5
(Ipomoea batatas) %% .

!
29°48'N

* i
— L
A

[:| Tlf
Ty

(] Tzl

| T3Xj

O ERAEA

|

106°26' 106°28'E

29°45'

E1 HFEHE ZLM HHELER
Fig.1 Location of the ZLLM sediment core and karst depression
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2.2 AMS "“C 4

A FTHEEL 3 Oy DU v 0 0 S A A AR A1 R, 76 55 [ Beta SCER 4T AMS “C M4E, 2 RIEFH
1) CLAM v.2.2 /7 DL R A Bk A fE £ IntCall3 , $ UrgRA5 19 AMS " C 4RI S5 AN H DI 4E IR e 17
ZLM - BEF T () AR DR R AL (BT 2)
2.3 EMmOHr

LRSS B HUTE P R R 2R A S S0 2 R T, e BR RLVR T R S 50, A B A 29 30—50 g, Je IR I 36% 11
HCI L BRFR 5 R A5 5, BRI AR BE N 55% ) HF KBRS, S a (Rl FLAR N 7 wm A9 TR 0 A 70 88 A5
Wb . ITA RE S TEAL BT S5 — R A AL (B A (27560593 ) K0) ATHSEAE R S FLAS S8 1
ST Zeiss A5 400 5 B8 N AT, Mk S 28038 D5 R, MM ST 3 B A DL B 16K (2
FETRHEARIBE A B AR ) GET OIS T 300 hr, JK3 (FF AEHY) BT TBURIKT 500 %Ki, 68 A 43 H 3t F ki 2k
TN BT J0RY A 4 LU ARy AT SR, EARMR P I ER KT 60 pm MARARBHER %
SERNERAER T ARIETK SR AT OB IE 450 B KT 30 pm (FRIETSUIRCHL, ORI ) ARR
JRAERIIA g 7 I BRJE 5 B /INT 30 wm (% 1T SUU 41 1% FI0RCAR KB R ) A RR & T84 U5 R SR AR e
Tilia 2.1.1 FPE A BADK R , 2 R I3, FEHS 4447 ] CONISS SRS AR 712 SR T Ml 2 24 ok de /N ) 22
SRR T 533
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3.1 ERUF IR DU
ZIM 33850 1 R B RN A HEAE RS QN3 1 s K8 3 A IE IS 1 AMS M C 4RI JE A7 1 3% ) i B AR I —IR
JERSARL (18] 2) , HAR 2L B AW T80 W1 C A AR I A Hi 4 1k A e FAMIE T AR S . ZLM T 7E 325—
165 em FEEEIE B N DU 8 , BAEREE , S8 0.34 em/a, TEEHBER 165—70 cm B LTI, S 21T
USR8 0.97 em/a, THAE 70—5 em BYTRFETE BN UURUE R H 0.44 cm/a,
F1 ERFRLEREHHE AMSYC ERERRBHRE

Table 1 Results of AMS “C and the IntCall3 datasets were used to calibrate the radiocarbon dates in karst depression profiles of Zhongliang

Mountain, Chongqing

- N . 58 T AF i 115 WEIEAE IR
i TR TAE BB W AR B : o ST
N Depth/ Dati rerial Age/(cal a BP) Calibrate age range/ Calibrate age/
0. € cm aling matert (& cal a
P & 8 (cal a AD,=20,95%) (cal a AD,+20,95%)
ZLM1247 80 w8 152—59 1798—1891 1810
ZLM1230 165 #IE 231—124 1719—1826 1742
ZLM1201 325 B 676—630 1274—1320 1274

3.2 fRorHr R

ZLM E) T B T REARAE ALK T VISR (Pinus ) HMIF}( Cupressaceae ) #2F}( Taxodiaceae) 7% M HF &
(Quercus (D)) MWA7JE ( Pterocarya) "~ , VR I&H 28458 ( Quercus (E) ) FEHHEL(Palmae) EKA2)E ( Tsuga) .
i )& (Ulmus ) FEARJE ( Betula) FEB-WE ( Carpinus) FEARJE (Alnus) EABEE (Jugalans) W& (Salix) \G.HF
( Leguminosae ) .33 # B} ( Anacardiaceae ) . 5% )& ( Castanea ) . ¥% J& ( Castanopsis ) . 2.4 F} ( Caprifoliaceae ) 14 J&
( Broussonetia) #&J& ( Corylus) F:RS1EJE ( Rhododendron) . KE&F} ( Euphorbiaceae) | #% #% £} ( Rosaceae ) 55 ; i 4=
FARAGY AN LLRAFEL (Poaceae) 18 @ (Artemisia) B ANTEE ( Taraxact) N, FARZA4 & ( Humulus ) |
B8 56 JE (Aster ) . A AT BE ( Caryophyllaceae ) . B & FF ( Liliaceae ) . 22 £ ( Chenopodiaceae ) . 2 B}
(Polygonaceae) . I FAEFL ( Brassicaceae) \ 5K (Zea mays) JEIEFL ( Labiatae ) 55 ; BRZEAE W T F E AT H IR
( Dicranopteris) \RUBFRJE ( Pteris) 7K B HFF( Polypodiaceae ) . A& ( Selaginella) %5 FHF} ( Osmundaceae ) | I
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Fig.2 Lithological, age-depth model of ZLLM core
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(Zygnemataceae ) \FREUBEJE ( Concentricystes ) %
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321 1 (325—240 cm,1274—1553 cal a AD)

A R R R 2738 K/ g, UM G PRSI B iR S, o 73.92% CPEMA, TR, FE LIS
(37.15%) &, R TRHEARTENT , &t R 19.05% , Bli 2B B ALKy & i 5 (I, 4 8.12% , TRHEARTEN LIAAJE
RE, R FEE 55.18% , U A AR A2 B (9.12% ) Ak AZ (1.5%) , A% & (0.73%) i J& (0.02%) HEA R
(0.15%) FEHMJE (0.04%) AR (0.29%) I MR (0.74% ) FiHFH(0.75%) FFHF R TI, Blidz A LER LA
RARH17.84% ) J 3, KN HRVESR (3.11%) FIATRH(2.72%) , B FHEA YR (2.01%) 2R 2.30%) |
J&(2.2%) FAEFH0.53%) IR (0.22%) WA —E &,

322 H711(240—175 cm,1553—1736 cal a AD)

A FLR IR FE WA R, 1 2738 i/ g [ 2 2147 Ri/g, MIMMHATIIBREA T A 1, A7 T A N
(HH 73.92%F% % 66.09% ) ,H 153 @ AT (42.81% ) % 1t ik B HAEFEA 18 9 5 R AEL, TR E AR AL A Al 2 B
AR S B BT, A 2000 21.14% 1 11.76% , FRHERAERAILIANE A 3, S Bk 51.28% ,H5
WL AR EIA T e, R AR AZ B (8.02% ) FIEAHE AL (1.24%) , Mok, HoAb TR #E AR ALK, tnikAs
(0.78%) W& (1.15% ) JEHERIE (0.70% ) FEtER(1.24% ) AR A K, R EAM & (0.04%) 4K B, i
EALUARARH(17.42% ) ZFH(3.50%) SEFRHEATE (5.31%) TR 2.72%) A TTRH(2.50%) 9 3, Herb 5
FHEA YR AR & B IR B HAE AR T AR, 28 (2.44% ) SEFHE SR (1.62% ) SR LA —
i AR (0.29% ) FEFRF(0.13%) JEIEFRH(0.05% ) AL LA B AL R AR
3.2.3 #M(175—105 cm,1736—1780 cal a AD)

A B FOR R BE RS TR e, 1t 2147 /g 2 1852 /g, FEFRKY & HR RS T 8R R I3 (2
e 1A KR R R (HH 66.09% % 2 55.60% ) , FrTE AR AL Bl 2B BAS 100 & w38 i, % 5243 1A
26.41%H1 18.03% . FRHEALLRY & AL, Uin)E ARL 2R &m0y T 3, S & 555100 48.1%
71% 7% AR (0.91%) 468 & & BT A3 (0.80%) 464 & & W 3N B, BRAZ2 R (0.89%) A% )&
(1.02%) FEARJE (0.23%) FFIE (0.21%) S5 4k & EARA K, ZAARH(0.21% ) 468y B U B, Bl 2E B A AE )
DIRARE R & T 3 AR50 23.31% 1 5.04% , 5 8 400 & 18 YOS B, 25 FH 2
YoJE AR SRV E A TR R R S RS N, 9300 4.60% ,2.04% ,1.48% ,0.82% ,1.12% , 32
BH0.41%) JEIEFR(0.16% ) FEEE (0.37% ) 4K S A I LI, K (0.53% ) FER B IR B
324 % IV(105—70 ¢m,1780—1840 cal a AD)

AR TR MR P TV T 57, 1h 1852 K/ g TH3E 4147 Fi/g, MM G VITRHEARTIER N F, &K 39.01%,
i A2 A A Ry & O TR T 18.03% TH 28 33.24%) , I35 3 HAE A4S 1) 1 v i o KA, 278 1
TR RIERE R, il 27.81% , AERYAA KA T W W AARE, TR LR AL 8 75 Bk & i ety T
I BRIEEE LT, 4300 A i 1.02% EFHZE 3.21%M1H 0.91% 1T+ 2 8.92% , H.W4 AEA) & 14038 3 H e
AT A R KA, W B Ay 5 1 R BE T B, B (& A 25.31% MR 2R (1.84% )  FEHHFH(0.50% )
TERE O Il H AR R (1.54% ) FEARJE (1.77%) FEHAJE (0.46% ) MEARJE (0.80% ) FRJE (0.63%) 24
FH0.47% ) 68y & A I L TE, BRSHAE WRJE A RHER & ik 2 A AN S b i d KA i A R
AR HARARE B A AR F KRS 005 1 88 KR BE g I, 5300 24.45%,9.51%,4.42%,
1.04% , HABEACK B NAERLE (1.43%) JRIERH(0.24%) 1k & A F EFH (BR800 08 (1.47%) 55
FHIEA DS (2.80% ) ATTEH0.41%) FEFH(0.34% ) ZEFF(0.27% ) 4k & it T %,

3.2.5 H#V(70—5 cm,1840—2000 cal a AD)

ARHE TR R B IR b TF 1 4147 KL/ g TFE 16397 Ki/ g, 3385 HAE RS TH h i fc A8, 7E7R R 4
G AT REARACN O | FLS B IV KR I (H 39.01% T 2 56.30% ) , Bifi 2 B A 460 15 BEWG GO T B
(31.51%) I YIMFE R BB, HERAUN 12.32%, FFHEAREN &5 DB AR R B8 £, S
h 50.74% JEFARL AR (1.41%) HERARIR (0.75% ) JEHWiJE (0.43% ) FEJE (0.36%) FrtHE(0.48%)
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SEREYIACR & REBEAR, AU 5 B A & | R ARk O i IV KR B R R, B i 4 o 2.01%,3.95%,
HERE (0.89% ) FEAJE (2.21%) 46K S 387 VA T LT, 3k B H A 44350 1w B 5 KABL . Bl 2B AR AE
BMEEUEBAERSEN TN T, SRR 4.34% , RARL(22.44% ) 18 & 257 VALK, HAb FA
FEYIZERE N3RS R (0.57% ) R AT (0.66% ) FERIR(1.17%) .+ FAERH(2.18% ) 2548 M & &
JITREA AT FTRE(0.43% ) ZER(0.37% ) FERE(0.50% ) AEK53 25 FWEAT 8 1, 10 5 K AE R 5 F 40 IV K i 44
Jn(H 1.04%F+ % 2.80%)

4 itig

4.1 FERC SR AR 5 AR AR T

ZLM T LR A B  TeREARTEN L2 (IR ARV AZ8E) b 32, 7E 1274—1780 cal a AD FirEx,
P @ FORL AZBHER & S s/ VR RE SRR R R HEARE IS EE KR R IE R
SRR JE R AR S AR AR R B R SR R T, RS R S R A SRR A
FE A G R ML H PO ) B ) B s IR ) (IR 4) B — B, ARBY BEU T, A R T S A T
AR AR AR EER B WA R AR & B EB T A, A BN IR AR+ FAERE AR
INTERAEAEH EIIE N, R BAAEAR B B A AR A AU 52 S A AR AL 52, A ZSTE s s il A T Z2 00
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Fig.4 Comparison of pollen date in ZLM core with the 3'® O record of Furong Cavel'! and the historic dryness/wetness index
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TE 1780—1840 cal a AD BBt A7 J& v MR S AR 25 210 00 S B I v I o) i 18 o 260 5 g
T, e AR S AR 5 B AR A A F T b A e AR (14.91% ) o ARGE VR 1551 BB o 25 SRR W1, T i
JE AR JARAGRAE R AL, i R BAE R & B R T 1%, i8R I AR B AR Y RO AEAE | v ER B A A6 5
AR T 1%, "R TCIE AR BRI B AEAE . TASB BRI SE IX N 75 R s 460 35 B 14.91% , 1875 T 1%,
TR ERE AR KR, S A L — B Bt | X5 SRR A SR SR AR I SR I AR — 2 (18] 4)
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{HAE 1840 cal a AD J&, & &k 7% i 8 I o A6 2 SRR, DA & R =0t eh & i Lot tE AR
TERIRASRY (22.44%) |\ FEK (2.80% ) F5 5 MR 2 3G, 2 B A [ B 1 A6y 4 62 N 28005 3l ik B0 5 1 1) 45 51
S ) SABAT 555
4.2 NI G TR A AT AL

R A FAE R NS s N S R AR AGR AL — A N R R4t B XGE
i KK 22 | M A ARG 119 B DR XA A = 5, BT v A i 23 XU JEE et 553 , (0 1t A AT SR DR — N AR X
R BRI AE 1.7 ka BP, 8" C M B 1 , 2 HE B i 32 KRB IR, A\ Hbor J& 1 46 B3, 78 0.5 ka BP,
8" CAEL i 1E B i, NP J& #E— 20004k e T A 4R 87 C (E Pt A B2 B Z i RS . ZLM )1 7 7
¥k SR  7E 1274—1553 cal a AD , fMYALA UM E AARL AZBR 52000 & 88, T ek R
AR RN A TR AR RS AR B R AJSTE ST RS, T AR AR E 12 M Rl
H PR B SRAEY  (HIF AR T IRIF R PP A AR B . BT, 2T gl ) AR Bk 1 0 2 i B2 55, A B DR R
U o UERIZIHIN 1 A R R A A ™ 1 AR B JE I A e oK (ER IR o &
BRI F S W 1 (37.15%) (T S) o #i Cheng 4510 B s fORRFE 45 R0 7 b B RE 7 , 1 3 @ M9 78
TF ] b X v 5 B R T PR A N 5K Y s ARl B B IR S VR N S B W R B BR R A (R
), AT AR s Ak IR B — D T IBEMNT)Z . AR K& I g 7, v /e 5 A FE
KUK, YT EO IR RS, VH R b X A N TR IR B AL & shah , 16 kol | Wi e il 1 b 45 28 B 1 ol
W F 2408 X AR T SRS I, ffi A5 B MR gl 2™ SE R NN R BRI ME Y (R e 3008 ) APk 4
BT R AL

1553—1780 cal a AD, RAFE} 2GR ARE AR TR RS Y L T 163 2 | 5 105
HAEY) EoRAEA B, SRS A JE MR SRS ARARAE W e & el T B BRI 2 2w & i h 3
VE(E , T8 /R BLIE AZTE s am , a5 RS (ERTE - AR IE M i TN 0 R 238 i, 1 s 2898 sl
JAE RS TR] 9 A R AR R ) (P S) o B N TR, O T RN PSR T 22, [ SRAE BB B £, B b
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