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Abstract; Palynological analysis was carried out on 81 samples of topsoils and mosses collected from four different
landforms in the karst areas of Chongqing City, Southwestern China. The results are summarized here. (1) A total of 109
pollen taxa ( genera or family) were identified, which were dominated by herbs and ferns, followed by trees ( mainly Pinus
massoniana ) ; shrub pollen content was the lowest ( excluding Mt. Jinfo). These results revealed serious degradation of
vegetation in the study area. (2) PCA analysis could distinguish the modern samples, which better reflects the

characteristics of pollen assemblages in the karst areas, especially in the rocky desertification areas. In Mt. Jinfo with good
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ecological protection and natural vegetation development, we found 106 families of trees, shrubs and herbaceous pollen
types, and a high content of arboreal pollen. On the contrary, fewer types of trees and shrubs were found in the karst rocky
desertification areas, such as Mt. Jigong (46 families), Qingmuguan Town (56 families), and Nanping Town (50
families). (3) As the unique relict plant of Mt. Jinfo, the percentage of Cathaya argyrophylla pollen was much lower than
that of Pinus pollen, indicating that its pollen is not suitable for long-distance transmission. (4) The proportions of trees
and shrubs pollen decreased with the increasing land use intensity, while those of herbs and ferns increased, which were
heavily dominated by pollen of weeds. Therefore, we conclude that the change in land use is the main factor affecting the
secondary vegetation and pollen assemblages in the karst areas we studied. The results can provide some guidance for land
use decision-making for the Chongqing karst areas, and can also provide some basic data and reference for Quaternary
paleo-vegetation, paleoclimate and paleoenvironment reconstructions in Chongging and its surrounding areas, and for the

construction of the China Pollen Database.

Key Words: surface palynomorph assemblages; modern vegetation; rocky desertification areas; karst; Chongqing

WS 3 X 8 A A 2 2R A R VDA RIK 3 2 2 )i B8R = DR AR 2 TR AT o 3 ] 14 g e 7 B 9 A S KR
HEST, B 2016 4RI, T FEIE IR M DX AT AL 1 BRI 10.07 U7 km? o5 DX L TETRR I 9.49% , S
FEDTETAR G 22.3% , 9 810 GBTR AR 0 LR I SN A R 8 N (A BT o Hop ER
A AL 283580 0.77 77 km® 7 sl A7 54 1 K R AR S TR b AR S A B I 1P 22
Xt A TR AR ST M A MO AR B TR A R A REA T T IR ARIBTSE S th T — RINA T & UG T 4
WUGBFIE AR 2 SR, PR 2 A BRI SE , R M EE T /K SC AR 2SR 302 4505 i, T A vl 2
AP U 2 WA R TT AR FOR B HGE 2 7 AER (RIRRIEAD ) AR I 2R 43, K HC A1 BE
BT v I SRR B T Y FY 3R (Cop H,, 0, ) , 2 AR K I b BUAR AR L, T LUARAF 0 BRAF RO i
IR R AR B AR AUk C O fi B A R B PR A LA AU SR AR 2 — AR IE R R A
WS 2ok 22 R AR AR AL 5 TR A AT RMR PR T2 E i T 2 H B B2 > i iR fL4% |
TRAF LA SRR 25 2207 TN ZR A2, L S A B 0 50 R OF AR R BB R SC & TR ST Ak S BOC R Y
Hff s L SR A R AN 307 SR Mk A2 0 s AR o AR R PR A T R R Ak S
AR SC R O R DN R X — R BB A, BUAURE G (R Al R A 8455 R il dl a1k
T ZAEAE R ¥ PR, 55 A B i A AR A8 2 U 0 1 — I A 25 A

ASBIF S T 2 0 DR S DX ELAT A QR A PO b 35 5T, A A 28 R R DR AP B ) < A9 1 SR 1) A
BRI IS 2 L TR A X B T AR SRR AL O M A RSB (1) T i R B
FBITFE, 15t H PRI S0 e s DX R I B AR AR 2 5 R A, I 22 T G DX S, A o PR B L Jl i 3l
DA A AR TR 5 R R AR A ke SRk R, S5 O 2 by Rty e Rty PR SE  EBIE 5, A K v e A Ko
JE i A RIS R SRk

1 FREXHR

GBI TR )I X M (106°54'—107°27'E, 28°46'—29°38'N) , I 12 441 km*, #F4K 1400—
2251 m, L0555 2 b (Al AH X 55 253K 1600 m, J& LAY () A s o B A0, (LR 3R 2 4R - 2SR 8.5°C , AR R
2 1434.5 mm; LA T EBFHSR 16.6 C AEEIFER 29 1286.5 mm,, 1% L1 & ME R Wi 2R RS X, = %%
%, H IR/ TR R 1R, DAL Ll T e e AR AR I IR 255K 5—6 °C . MR e A 8
EPR < i v e 3 0 N 22 o= 00 e Ry o B 7 Y22 e L O Y s r N 2 T L
R TE MR A DT

XG5 LA T B DR T A6 A W 6k 75 48 ( 106° 187 14"—106°56 53", 29°39”10"—30°03'53"N) , i #k 400—
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1 HRRUEE
Fig.1 Location of the study area

700 m, J& T P rE TR AR . ARERR 16.17 °C AR PRI i 885 mm A2 A7, HA MEAE Bk Hh AT
S AR, (B IR AR COANAETE , B S H 3 R AR AR, IR AR A ( Platycladus orientalis ) F5M ( Trachycarpus
Sortunet) 5 | I HEA R K Pyracantha fortuneana) % 5& ( Coriaria sinica) AT ( Myrsine africana) , WA 2K
F12F (Imperata cylindrica) % , B TR 8, bR S BEHUIR 340, A FRME 2 0/ NAZ - K218, —AFE P
A GO IR B R T A A S - A - - b - U AR MR

TR T E AL X VD B ANBE L B 22 B Ak (106°17712"—106°19'45"E,29°40"48"—29°4629"
N) R 11.4 km® | J& T3 RN 20 UL, A W AR R RE Rl . 24 PR 18 €1 A FHIR
W 5 °C 7 AR K 27 C W= i 43 °C iR =31 °C, 24 FBIFEKE R 1000 mm, &
BAEPTE 4—10 H  Feil2 6—8 1, 11—3 H eI DX P byt P A 1 Ay SRR 5 S il b, L L BR AR 2
AAETE, BT RAE AR, 2 MR 2SR R AE AR AT Ak i S Pl b AR A S P8 5 B b R R
&, KN AR Z 5 B (Pinus massoniana ) . #% F} ( Taxodiaceae ) . #1 &l ( Cupressaceae ) . & W ( Albizia
Julibrissin) %5 T BEAR Z R S ¥ 5L ( Verbenaceae ) | ftAS1E & ( Rhododendron ) 55 , WA 2 MR & ( Urtica) |
KUK & ( Pteris) 1= F )& ( Dicranopteris ) 55 , RAEW) VLK FE (Oryza sativa) , EK ( Zea mays) . H 2 (Ipomoea
batatas ) M4 HKig 5w E,

T A T BR T R )1 X (106°547 127—107°27' 15"E, 28°4608"—39°31'19"N) , B il 10> 16 km, 4K
640—1031 m ,AFEHR 16°C . ZAFRF KR 1300 mm , e KAFR /K B 1528 mm, Fe/MEFOK B 826 mm, %
W EZAE 5—9 H G4 67.9% , 1% X A 1)1 F0 5 2 5 5 JE A 2k 5 ey | Bl el M e o S0 ARG i 4 ]
AR AE R T 52 NG BEAY A W TR A AL IR R B ™ B, H BT IR IR AR ANETE , ¥ o A
M, BBEYOR T . TR LS A (Pinus massoniana) JFH ( Cinnamomum camphora ) %57 3, FRN HEA Ry K
( Pyracantha fortuneana) 5§ , 54 )2 MRS (Urtica) B FR)E ( Preris ) %
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2 MREFE

2.1 FEEVHA AR AR A

AN T AR [ SEAT RIS DX 7 A A AT AR A SR AR o SRAE R SE 1T s FE 7 N BRI R AL, QAR ) 1E %
MEEEE PPy R B R4 R B B REAT ., R RIS B S R M AL IRIORE  BITE 1 mx 1 m AEDTVE Y, SR
SRR A O R AL 5 3R 1 (£)2 0—1 em) BUE SRS, ARG R A RIS N, SREMM IRAE
il FEMN R E RO GEl b TR SR KR AEAS [R] = R O ST AR R R T 49 (R
T K32 M EERES (R 1),

F1 EXRREHERARAHRESHERES

Table 1 Basic features of the sampling sites for modern pollen in karst areas of Chongqing, Southwestern China

W X B b2 5 4 2353 TR 3R 7 3 RS
Karst areas Site No. Latitude (N) Longitude (E) Elevation/m Land use pattern/Vegetation type
1L AR L b JFS-1 29°02.104 107° 11.566 2230 PR s 7 T il TR SE Ak

JFS-2 29°02.143’ 107° 11.193' 2170 1Ly M R Ak

JFS-3 29°02.072' 107° 10.964 2150 THE

JFS-4 29° 01.762' 107° 11.176’ 2110 i

JFS-5 29° 01.900’ 107° 10.996 2090 TEE b

JFS-6 29° 02.654' 107° 11.056 1600 M HRH B 2 ] Ak

JFS-7 29° 02.724' 107° 11.172 1530 M HRAH AT AR

JFS-8 29° 03.449’ 107° 11.961" 1190 S FRHT Y i AR

JFS-9 29° 03.659’ 107° 12.140’ 1170 AR SR bR

JFS-10 29° 03.369’ 107° 12.113' 952 AT TR PR
JENII2: v JGS-1 29° 41.234’ 106° 24.244' 533 e
11k 521X JGS-2 29° 41.201' 106° 24.315' 604 la FEHFHE

JGS-3 29° 41.199’ 106° 24.327" 605 TEE I

JGS-4 29° 41.340’ 106° 24.416’ 632 15a ik

JGS-5 29° 41.326' 106° 24.360’ 643 25a A M
H AR QMG-1 29° 41'14.1" 106°18'00.8" 419 YR MR
A X QMG-2 29° 41'15.4" 106°18'01.8" 374 Pk

QMG-3 29° 40'48.2" 106°17'40.3" 317 e

QMG-4 29°40'58.7" 106°17'50.0" 360 3

QMG-5 29°04'13.6" 106°18'01.1" 411 E b

QMG-6 29° 40'54.9" 106° 17'47.1" 323 PR

QMG-7 29° 4045.0" 106° 17'40.3" 325 B

QMG-8 29° 40'49.0" 106°17'45.9" 321 e
R NP-1 29° 04.848' 107° 00.138’ 719 WA B A
BALIX NP-2 29° 04.743' 106° 59.911" 742 WA AR AR

NP-3 29° 04'31" 106°59'35" 641 WA MIRZ AR

NP-4 29° 04'54" 107°00'09" 732 WAk bRD

NP-5 29° 04.986' 107° 00.034’ 735 T E b

NP-6 29° 04.753' 106° 59.977" 740 Wit

NP-7 29° 04'17" 106°59'41" 628 g H

NP-8 29° 04'18" 107°00'03" 629 FEH

2.2 SCERANEE SR % E

PRACTELR A (i 118 ST 565 b $HLRTT Sk G5 4 2 4 i) 7 VO i A 2 b B R 2 2 e R g 7 U 91 DA = A S V2 B 355 i A
SRR E M E AL E AT, R AORRE SR ER R B A PHURN FE R IR R A I R A S R
AR FAAL e 3 O ) RIS S0P, 2f 200 wm B35, PN SR 82 AN S0 SURR A B, I J5 7R R R I D
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7 wm YR AL S R FGE AR Nikon Ni-U J62AE M) WAMEE 10x40 £5 T 24T, XA AR /N G 98 il K
F 10x60 i, Z B ERE YA RTE A ) A B R A A A I A ) 1) S AR G 1 3 A BRI A T 4852
iz H] Nikon DS-Fi2 Jta i B 40 IR R Goxt by AT H0 B LG8 1A 808y 60553 i, B il AN 2> T 550
KL, FRY B Ay LS R S AR BBCKIT R RIS A KRR BRI ZE 4 KRR ALK A RAR KN
TE 34—45 wm Z (8], B KT 2400 A JE R 0 R ARHE DI AR . I8 80, R WF 508 R AR L Ry e BEORL AR KN
1530 =40 wm FI<40 pm AL i, =40 pm BIRAFHER PR AT RE & A 2 HA N TR ED R A
P (UK ARESE ) BIAERT .

FH 5y FL RS Tilia(1.7.16) # A4S, PCA 438132 H Canoco 4.5 BXIFTE K., 1P AR RAEAE R T°
U R 2 b P R i A8 5 R R T R S S S =

3 EAMSWER

i PO SRy DX AR 3 R BT A S M T Ry 109 BHE (3R 2) , A Eor UL 2, Hoh Bt
FeARJE 8 BHE , M T ARMREARZ 58 BHE , WA 28 BHE IR T 15 BUR, A WOKER 1R, BRI

A SRR X RE R LR 2,
%2 EREISHRIR NSRS EORH LD

Table 2 Pollen taxa identified from the modern samples in karst area of Chongqing, Southwestern China

B ARE P NI S HIA S
Conifers taxa Broadleaved trees and shrubs Herbs Ferns
HJE ( Pinus) W SRR R ( Quercus-evergreen)  FEAJE (Alnus) RAFL(Poaceae) T-H & ( Dicranopteris )
#AZIE ( Cathaya) ¥ )& ( Castanopsis) HEAJE (Betula) )& (Artemisia)) K IE R Polypodiaceae )
EFNE (Cedrus) ZFl( Moraceae) PRJE ( Corylus) F%}( Chenopodiaceae ) RUBHRJE ( Preris)
W2 ( Cryptomeria) )& ( Ulmus) W8 ( Prerocarya) K R Araceae) FF HuB5% & ( Botrychium )
HAR( Cupressaceae) AR (Oleaceae) ANE ( Celtis) L P (Ranunculaceae) EHE (Selaginella)
FBH( Taxodiaceae) WA & ( Liquidambar) KM ARIE ( Quercus-deciduous) 2§78} ( Asteraceae) A BRIE ( Dryoathyrium )
B IR ( Ginkgo) A WKJE (Albizia) FZE10JE (Maesa) Wi J& (Amaranthus ) % 25 R} (Athyriaceae )
21 G AR Taxaceae) SR ( Pyracantha) D58} Verbenaceae ) %1 J& ( Plantago) & BRI ( Nephrolepis)
HE ( Salix) DA Caprifoliaceae) FRIE(Zea) LF AL Osmundaceae )
IL¥Bk)E ( Carya) HRZERL ( Malvaceae) )& (Oryza) SRR Angiopteridaceae )
TRBERRJE (Actinidia) BEFL(Asclepiadaceae) SIWRIE (Urtica) 2 VR Lygodiaceae)
JC 2 FFk ( Sapindaceae ) BREREIE ( Clematis) A 418} Caryophyllaceae ) F B} (Lycopodiaceae )
KA} (Euphorbiaceae ) T 2Bk ( Agavaceae) 7468} ( Brassicaceae) Wi Pt ( Dennstaedtiaceae )
FLNEH( Araliaceae) K (1lex) AR ( Amaryllidaceae ) BRAAFEF(Aspleniaceae )
GBI ( Hypericum) HAMIUEL ( Piperaceae) F R (Iridaceae) 4 B JEF( Thelypteridaceae)
Bli 2%} ( Menispermaceae ) L2 ( Hamamelidaceae) %1 248} ( Orobanchaceae)
B & (Euonymus) PEHRl(Rubiaceae) JEIEFL ( Lamiaceae) RIK B Freshwater algae
FERRL( Palmae) FARL (Rosaceae) AIEFRE( Umbelliferae) IR R ( Concentricystes)
28 ( Coriaria) & 255 (Mimosa) HEAERL( Convolvulaceae)
AL REIE (lodes) A% & ( Citrus) H} (Polygonaceae )
% BAFH( Styracaceae) WY £ ( Papilionaceae ) B} RFF ( Acanthaceae )
HEA & ( Loropetalum) I (Vitex) #57E J& ( Gonatanthus)
2B Loranthaceae ) SEWE (Acacia) ZBFH( Scrophulariaceae )
GEANIE (Euptelea) B4R Myrsinaceae ) TRk ( Solanaceae)
+ K355 & ( Mahonia) A3E A} ( Lardizabalaceae ) T A} Leguminosae)
F XIJ& ( Cyclobalanopsis ) 45 =FH( Chloranthaceae) I ( Nelumbo )
BJ& (Castanea) Z%&FH Rutaceae) ARG 5B} (Eriocaulaceae )
FL 88 ( Rhododendron ) /NEERL (Berberidaceae ) PEVEJE (Alisma)
4 i J& (Ligustrum. ) 2B} ( Rhamnaceae )
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Eild 40 %

3.1 S hlE B L A R A

IAAB A St 106 B 4, Horp DRI R | BR 28 T e AR AR R R O & o i R
8.94%—56.30% .19.73%—46.77% F 6.17%—39.28% , H: K 2 HE AR R EL AR ALK}, 43 5 N 6.24%—29.77% Al
5.58%—18.24% , {H A EARAE Y B i Ik, UK 0.14% , HAXAESEIT /K IR AGFE 5 JFS-5 /DR
3.2 RO L e L LR W R R R P A R L

IR A Il 46 BHE ALK, LLEAR B IR AR FUR A S E, &80 08 17.41%—46.16% |
27.73%—39.75% F 16.65%—33.14% , F R S&RA M TR AR ALK , 468 & 5 2.53%—17.58% , HE AR ALA T it I
5%, 4 1.049%—8.88% .,

3.3 HARCHE IS X M A &

AR RY L A 3Lt 56 BHE 4L AL, DL RS FIRR AR ) o 48 00 3 (BRI AMRRT SR B 4 ) | & ik 29.25%—
81.45% , R TR A( B RN L) , &N 15.72%—61.38% , BE AR YL Ry & A%, 5 0.00—1.11%,
3.4 FEPEERE RO AL X TR AL A

AR R A 2L 50 BHE 41k, DA B A FERIAT D) 7 38 00 35 (BRI A: B AR R Az MRS AR IR A Ak
A8, ik 38.84%—86.56% , LRI AR (EZ A DR ) , SN 13.42%—59.40% , HE AR FEWI AL & i
1%, 4 0.00—12.50%,

3.5 PCA /rhrgs s

ST G AR T DG ST b DX AR LA AL R LR, RS BRI S R O R X R AR A A
(A 13 BHR) 47 T M5 (PCA) 01, PCA Zr #4528 Wos (1B 3) , IOl i ¢ AiF {8 43 31 4 0.686,0.431
0.115.0.037, 7] WL 3= 240 ¥y S AL A B B ME 3047, 22 K, AT LUK AR AP 1 43 25 W@ WAz &8 R AR
(=40 wm; KAFRAERY)  EKJE RV R IS A 3 m 45 5 N0 2l % VAR G 1Y J& Fh 3 i A 75— 4 B, s
F(RAR<40 pm) FERAZIE /3 A 155 2 08 AR BRI S AR W A A 2656 — R BR (& 3)

4 3.0
Cathaya
staneq Alnus
Poaceac | Rhododendron
<35 um
|
Pinus
NP-3°
. (¢]o)
Poaceae =40 um Cryptomeria P-:si,ﬁ4
Zea Pteris
|
JGS-4
JGS-5
g5 ¥
Dicranopteris JGS-2 JGS-3
+ ¥
/ +iGs:t
-1 Palmaey Cedrus -0.5
-1 4 -0.5 3.0

B3 EXREHSHRIEMHERRESN PCA LR
Fig.3 The result of principal component analysis (PCA) for major pollen types and samples in karst areas of Chongqing, Southwestern

China

WRAEIT AR A HERR AR (1 3) AT RLKE 81 MR R 730 5 41 (41 1. 412 413 4 4 T4 5) Sh—4lf
10 ANEES, D LU SRR LU A A | T2 AR SIS TR R S RS e Sk B AR ST A 6 I o AR I
Vi I ] RSP IR SR AT AR PR B RTRE S AR L AR AR I P AR A5 S 28 2 A 12 D RES
T AR SCAEIE ST R A DR R PSR ST A A X0 S TELRIRE TR i 58 2609 52 MR, D AR S Hr

http ; //www.ecologica.cn



15 TR A5 T RIS b X B AL 45 S AR G &R 5273

R A DRI - BRI S0 A DX i, SR SRR T g bk SR b il R Bl PR T 25 5 58 DU 41 AU 2
AEE bR, D PRI R A1 AL X AU IS R i 5 5 AL 5 N RE il DA A L B R A W K O i it o
I TINEEE 3 K E it bop: € (5 U Ty 31 AT AR N Y S AR/ G2 B0 /-

4 g

4.1 T FEEERE T LGS L

AT A L G 5 S MR IR 0 S TR IAEE R D), T AR A1l s e 4 4 B ot 2 — B ik ) A A A
BoRGL HR AL, SEENE BRI T AER A KRR, i T AR R AR BR e, — A 1—2
AR 22k 15 4R R, AT DACEERIFFE IX NI ARSI B AE RS I RIS, 25 26 %) A0 A9 YR DX o 52 42 T ey i il ol
FIRZ I Y SRR A SC RTINS, ARSI CRAE T 49 Bk 4 K 32 M aERe il ad e Ak A A
FIXT AT , 3R AU AL G FRIE LR, RIP B RER T 25 P A 25 5 | T 5 G AL S 1 Ui 41
W3R SR, 1 NP-3 WA MRS PRRE i, L 2 AN EFRERE S I MIAZ AR B & (43 51K 60.46% F11 66.27% ) BH & = T
FHFES (00 6.67%F17.76% ) , 3X 1] fE-5 RAERT T WAL WIAZ AL I A O 5 [FIE, NP-3 YR AR WIS AR 25 B A
B4 XU R J8 A 1 75 12 (43 1A 45.85% 1 38.51% ) B iy TR AR & (40512 5.07% 1 4.75%) , il B S &
B RE T 0 R AE L A7 T RUBBR A P 56, S5 18X T4 I I B FS 4 A5 M 1 G R RIS, e L B
RAVFE SR LA —E 8 S B SN E.

4.2 IAIEMA A SN E R

AHFFE 2R RN SEADBRE i, FLAEM IR X =2k [ PRS0 RE B R A RV S Aok B T R K 46
F AR Z VTR FORAYAERI TR , BEIE bR H AR LA n] LU S B AR B —— X B, (2, i TS AR A0 2K 8 () 4
Ky et §HOT S0 ORI B3R SO BE ) AR DU AR TS USR], 26 L A6y 4L & 5 B A bt
HEER ESBMESR,

LA ZH B A B B i, A T DR TR ot X () B AR 21 5 IR A A i R R A AR — 3,
BT R T BRARAE B AR T SRARRAE . PCA A3 BT A (] 3) B b A SUHE I T AR g bt 4 b Ll i
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g2, R M R TR A A DX 7 EER AR AR AL SRR AE
4.3  WEHTRRHL X EEACH A AR R
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MYk & L YU ARy L fab R U R D 0 AR A 0 e SRR A 1A XU A AR K
HER LB G R FEE RN R

(5) WHFE X R L ARy 2 5 22 50 W1 ., (EL5 HOAH D 9 5 Pt B A 0 R BORT [R] | BE 7 B e 17 S DR 30760 i [X
BUACAE B BEAIRDL . T oRAEGBCR - 5 00 A0 B BR A, A I 5000 T PRI R L 1X. 4 b 32 20 ) M 35 S0 A B
AV G AT T 00, AT ZIT R E R GERAER B R IT 5T, A E SAAE Ry i AR 4% 25, LU
PRI ST i X B CAL R R IR A TR AE Ry 208 TR ) oA R B 2 R R AT i — 2P AR,

Briff: SRR TR Dr. Zuojun Yu X5 AR GFE Bl G R 70 R~ 4 A 0 R i S s R R R A
L B I Rt R T H XA 89 50 Hr

£ 3L HR ( References)

[1] =ik 2HABEBRGN L. B2 ERMPATI. HEREFEHEE, 2001, 16(4) : 461-466.

(2] ¥k, PONEE, Borak, BYE, Bar s, R, R, 20 OV A A Bk AR R 5 R R N 2L B EE Y, 2016, 35(5)
461-468.

[ 3] =iES. REARFHEARS G QH . thEER, 2015, 34(2) : 98-100.

[ 4] JiangZ C, Lian Y Q, Qin X Q. Rocky desertification in Southwest China: impacts, causes, and restoration. Earth-Science Reviews, 2014, 132,
1-12.

[5] WangS]J, Liu QM, Zhang D F. Karst rocky desertification in Southwestern China: geomorphology, landuse, impact and rehabilitation. Land
Degradation & Development, 2004, 15(2); 115-121.

[ 6] FHEA. melirkefr BB & 2 KRR NIRRT, T, 2002, 21(2) @ 101-105.

[ 7] BRUbFY, HERRS, EFOM. PURMCHIRR b X A B AR B, W IR S35, T IEA T, 2018, 37(1) : 37-42.

[ 8] CaoJ H, Yuan D X, Tong L. Q, Mallik A, Yang H, Huang F. An overview of karst ecosystem in Southwest China; current state and future
management. Journal of Resources and Ecology, 2015, 6(4) ; 247-256.

[9] ¥LW. AEHNREPHITETE. HIEFH, 1999, 54(5) : 438-444.

[10]  Xid, Skeing, HRIE, TR AU CE BB A OE SO T 4R 5 PR R B8 5 LSRN LR o ). A 2R, 2018, 26
(12): 1277-1288.

[11] BEF, 9ifs, Bk SR CHEN KGRIt KRHFUEE, 2019, 30(1) : 123-138.

[12] RERRT, 250, JeHAR. SUAIWCITRR AT AL IG T X K £ IR RRIE 5 G o] . M ¥4, 2012, 67(7) . 878-888.

[13]  BRFD, RIS, £, S, ZHRE, HIE, S8 ARIRwlrRrs st ik ot i mHR S bR e T/ 20 M SO B R PR A 252540, 2019,
39(9) : 3287-3296.

[14] 3R, X, R, VESCAE. vERE L B i VR 2 BRI SRR IE S L R AL ME BRI, AR SR B4R, 2019, 28(4) : 661-668.

[15] Hppcig, WA, MRRE, S, i ANSE. W& R A 25 e 55 DX ARt b iy 2 18] BE 8 A 58— SN 48 s e Bk 431, st 38 2= 4k, 2018, 73
(11): 2250-2266.

[16] RBtEL, &, Wk, SRS, Tk, ey, sk, thEvE SR A A WA B Il S C A S i 55 T fig. M3 24, 2016,
71(11) ; 1926-1938.

[17]  ERPOW, EHA, Fbesk, M4, HSOH, 2258, e, Hals, Bk, bR T RVFS i HIE fUbIE BIE RS i w7 OC sl
TR TS, IR, 2018, 73(11) : 2135-2149.

[18] HbeKk, FHA, MR, BEx, TN, SN L fr BRI 25 AR i #2 S HATH. HuBE2A4T, 2009, 64(5) : 609-618.

[19] ZEG¥, THbA, M kR, R4, AL, SERT. SONE R XA S + A B A C . M3 4R, 2003, 58(2) .
314-320.

[20] Wgde, RES, WA AWAES RGP LI BRI =R, 2003, 18(1): 37-44.

[21] a4, s, WBIE, B0, T8 SN0 IR X I+ K AM I 25 0 A AE. AR A9, 2018, 37(4) : 562-574.

[22] ZEMEE, Abok, FEE, 227%, e, 2w, fEsE. b E s a s X A 5 a8y e R, B2, 2006, 61(6):
624-632.

(23] MFHAR, WAL, Wk, BRME. ERAMILER ARG X IARMEHE LR PP, AEYS, 2011, 50(2) : 230-239.

[24] MFHAR, WHGLL, WA, B4, DARME. W TR L 30 AR AR Bl 2 a0 B vh 38 H A0k S 10 G R ARSI, 2011, 31(10) .
2678-2686.

http ; //www.ecologica.cn



5276 JAE = 40 4

[25]
[26]

[27]
[28]
[29]

[30]

[31]

[32]

[33]

[35]
[36]

[37
[38
[39
[40
[41
[42
[43

[44]

[45]

[46]

[47]

[48]

[49]

[50]
[51]

[52]

MFEAR, BRIAZELL, B A TPCR P dirie A AL AN R L 3t R 75 20T iR R A 40 G4, 3543k, 2011, 48(6) : 1265-1273.
MFEA, BREAZE 20, W A 50 L DR A AL X 3R - fB 21 4 1 22 e tE—— L J BR T g I DXl 4. A= 252 i, 2011, 31(18);
5235-5245.

EIE, EEE. L. dEat. deasts it 1983: 1-4.

RKTE, PNHVE. AR R 7 et bR B o S HO i U R T s . AR, 1997, 39(6) : 554-560.

Nakagawa T, Kitagawa H, Yasuda Y, Tarasov P E, Nishida K, Gotanda K, Sawai Y, Yangtze River Civilization Program Members. Asynchronous
climate changes in the North Atlantic and Japan during the last termination. Science, 2003, 299(5607) : 688-691.

Zhao Y, Yu Z C, Zhao W W. Holocene vegetation and climate histories in the eastern Tibetan Plateau; controls by insolation-driven temperature or
monsoon-derived precipitation changes? Quaternary Science Reviews, 2011, 30(9/10) : 1173-1184.

Zheng 7., Wei J H, Huang K Y, Xu Q H, Lu H'Y, Tarasov P, Luo C X, Beaudouin C, Deng Y, Pan A D, Zheng Y W, Luo Y L, Nakagawa T,
Li C H, Yang S X, Peng H H, Cheddadi R. East Asian pollen database: Modern pollen distribution and its quantitative relationship with vegetation
and climate. Journal of Biogeography, 2014, 41(10) : 1819-1832.

XuQ H, Cao X Y, Tian F, Zhang SR, Li Y C, Li M Y, Liu Y L, Liang J. Relative pollen productivities of typical steppe species in northern
China and their potential in past vegetation reconstruction. Science China Earth Sciences, 2014, 57(6) : 1254-1266.

Xu Q H, Li Y C, Yang X L, Zheng Z H. Quantitative relationship between pollen and vegetation in northern China. Science in China Series D
Earth Sciences, 2007, 50(4) : 582-599.

VR, Y, KRS, SRILL, REEEE, SRR, b RS M G R SRR L P E AR HERFLE, 2015, 45(11)
1661-1682.

AN, VI, 2, B, B2 S EACD R B SRR R SR, HIBEAAE, 2008, 63(9) : 945-957.
SRICH, 2R, REARRE, HSGAE, sRZLHE, HROL, FEUIAY. RIS REOK B AR A S OC R, MRz, 2013, 68(3) :
398-413.

JAAETS, XVER, BhE, WA, VP, o s &S . vRmIiEebe s i ARBARR, 1982, (2): 82-100.

Brown C A. Palynological Techniques. Texas: American Association of Stratigraphic Palynologists Foundation, 2008.

FARME, By, kT, HIEK. T EEYAERIEE (5 TR . e BEAm AL, 1995

o E R B S B ST AT R P E A AL, P E R A RS, dEa. BER R, 1976.

SPER, TARER, B RWIF ISPt LR o S B84k, Al A= 774k, 2007, 24(2) : 210-221.

FRAR, EIRR, FELE. LIRS X — )7 2R A BRI RE B 22 KSR AR, A=, 1996, 38(7) : 576-581.

Joly C, Barillé L, Barreau M, Mancheron A, Visset L. Grain and annulus diameter as criteria for distinguishing pollen grains of cereals from wild
grasses. Review of Palaeobotany and Palynology, 2007, 146(1/4) . 221-233.

Chaturvedi M, Datta K, Nair P K K. Pollen morphology of Oryza (Poaceae). Grana, 1998, 37(2) . 79-86.

RAEH. TER . et BleEdit, 1980.

VNI, BILE, Tian F, 5kAHG, ZEAN, ZRE Y], 200k, XIRESE, RO, vh E by S B DA R e NG A A A A o
[ERF . HIBRRLSE, 2013, 43(12) ; 2016-2028.

Sun X J, Song C Q, Wang F' Y, Sun M R. Vegetation history of the Loess Plateau of China during the last 100,000 years based on pollen data.
Quaternary International, 1997, 37. 25-36.

Crowder A A, Cuddy D G. Pollen in a small river basin: Wilton Creek, Ontario//Birks H J D, West R G, eds. Quaternary Plant Ecology. Oxford :
Blackwell, 1973 61-78.

Réstinen S, Hicks S, Odgaard B V. Pollen deposition in mosses and in a modified ‘ Tauber trap’ from Hailuoto, Finland: what exactly do the
mosses record? Review of Palaeobotany and Palynology, 2004, 129(1/2): 103-116.

Jacobson Jr G L, Bradshaw R H W. The selection of sites for paleovegetational studies. Quaternary Research, 1981, 16(1) : 80-96.

Prentice I C. Pollen representation, source area, and basin size: toward a unified theory of pollen analysis. Quaternary Research, 1985, 23(1) :
76-86.

L, BEIT, R4, AT, PRA. TERY IR b EEAEM RN, ARk, 2013, 52(1) : 57-67.

http ; //www.ecologica.cn



