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Research progress on evolution and vegetation
ecosystem of karst Tiankeng in China

PU Gaozhong'", WANG Keyi', MO Lin', ZENG Danjuan', CHEN Xiaxia'*

(1. Guangxi Key Laboratory of Plant Conservation and Restoration Ecology in Karst Terrain, Guangxi Institute of Botany, Guangxi
Zhuang Autonomous Region and Chinese Academy of Sciences, Guilin 541006, Guangxi, China; 2. College of
Life Sciences, Guangxi Normal University, Guilin 541006, Guangxi, China )

Abstract ; Karst Tiankengs are one type of negative topography that are of high value for conservation, providing habitats
and breeding unique biological resources not found in the surrounding landscape. In recent years, the studies on karst
Tiankeng in China has increased our understanding of diverse geological and ecological questions, from the formation and
evolution of Tiankeng to species diversity. Based on a systematic review of the previous studies on karst Tiankeng, we
reviewed the main advances and new findings, and addressed key topics for future studies. These key findings and topics
include the distribution, evolution and vegetation ecology of Tiankeng. We also propose five key areas of focus for future
studies; (1) The causes of Tiankeng formation and its vegetation ecology in systematicness, large scale and

multidisciplinary collaboration; (2) The effect of biological resources in Tiankeng on ecological restoration of
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desertification area outside Tiankeng; (3) The distribution of soil microbial community and their interactions with plants

in Tiankeng; (4) The impact of environmental change on karst Tiankeng ecosystem; (5) The assessment of the impact

of tourism development on Tiankeng vegetation ecology.

Key words: karst Tiankeng, formation and evolution, vegetation ecology, China

AN T HC Al il e 3 350 686 S8 e b 3 ey 1 O R
(1) AR RN A%, A5 HOE il Z2 0 e Y F AR
WL, Gnoge bR, 0 PN o AT g B KR R BT ( karst
Tiankeng) %5 ( Zhu & Chen, 2006; Waltham, 2009 ;
Waele et al., 2011 ; Bif%E,2015) . Hp wEr4ER
T (&L E N Ab “ sinkhole, giant doline ¥ collapse
giant doline 55" [HIF A58 42— 30 J& I 4R R ARV Hi
b DX R iy 24 1Y — IS TR B b 2% 174 £ b T b o
A, FR T A2 B0 JE A RE 1 R PR AR R B TR Y 2
TR, PRI S0 R 0N 70 1Y 2B 15 5 A S R B AR ok
ST, B MUR R IR T U7 ARk g R R bt
WERIE L T —Fh 2 To A 1Y It /N=fe, 2 1 F
SRR B AR ) R ARCAE W) B R (Batori et al.
2011, 2017;Pu et al., 2017; #5 Hk25 55,2017 Su et
al., 2017) , ZHR 5 B4 FIAE ) H B0 REXE T ( Ozkan
et al., 2010;Su et al., 2017),

KEME RO « £E”, XYt 5A ik
A UEF 70% , IFORAFA B &R GRS B R T
TALEE . AR 3 X g 4 K 5T B 98 IS T
—RINNR, FLEEPTELLRYTIEE B LS
AL 55 L J5E 2 ( Zhu & Chen, 2006 ; i 5% ,2015)
R ERIBESE LA K 3 (s AR I, 2002 5 55 /)N g T
HebR, 2013 BEIE RS, 2019) M (Hh52,2005 ;78
FERE 2014 7 2 L 2015; Su et al., 2017; Pu et
al., 2017) | AT 35 3% Gl A= Wy (KR 4 3 F0 2R 2% 5
2014 5% 8 45, 20145 W Bk 5 55, 2017 5 B MR IR 55
2021) (RYUAR T WA B ( BEPREESE 20045 Zha &
Chen, 2006 ; K845, 2010) A HLI5 4 W) 78 K bt
IR (SR 2007 5 FLAE I, 2012) R BTIR AL
(fa /IR A,2018a) S5 07 T, 5 3R EAH L, [ A X
RYTHIBIEFE = ZAE P A KB 2 (R IT) 4028 M
AL B A M BAE AR 5 T Y A 5T ( Palmer
& Palme, 2005 ; Klimchouk, 2005 ; Waltham, 2009 ;
Waele et al., 2011) , [ X} — 27 3} ( doline 1{
sinkhole ) YA A 22 HEAT T — RIVBFFY  (HIX LEHF 5T
X RAETEA AL NP4 45 )5 T 5 K5 ( Tiankeng)
B SR E . 5140, Batori et al. (2011, 2017, 2019,
2020) X — 2 | 1 AL A A5 A A ) IX R RIAE B
1T T HRAWSE  (HixX 26 2 1 B2 K 2 7E 20~ 200
m Z 8] WRETE 15~25 m Z 8], H 54MRIHE A |
A, kUL R THMRRE, MAESHT

KT,

PTAER , — S0 2 35 G W e R bt o8 kA7 1
ZER BZER M S AN, 940 . BiAE A5 (2015)
MR E R R BT TR S R R 0 (AT
KGR F BT T R SR B ST
R Pu et al. (2017 ) FEXFWE T KRB0 25 R G0
SERERIEAT T 2538 5= 42 55 (2020) X 5 N 1% Hr 4y
RYUE B R 5t 8 | 2 K H o A B
ARFEATLEIR § A B2 45 (2020) XF K i 4 bl B 7% %
B RITCRE B RRAE | R 0AE 5 W UR S AT A A,
AT, Bt T 22 RO R R K 3 (R R S B R 3
B RYUEE) BRI, AT HAR BRI AR S RS
EALSE AT T KR AT (B PR %, 20185 Pu
et al., 2019; % 2575 5§ 12020 1t 39 Ak %5, 2020 f]
2 FNHEHE AR 20205 4 B 52 45, 2020 2= 4 FT 5K R
5 ,2020) , LT, A SO0k P FE g T R R B 4 T
FUCHT I R AT R G MBS 1A, XA
AU B 0 iR AT 6T s 40 5 350 A 4 e R T
HoMHA BT & AP AR R DL R v 37 4
AR S A LA R L,

1 o8 My KO0 o A 6 0 A R AT

W& 374 K T (karst Tiankeng ) — 18] 17 56 Hi 3% [H
AR E W, I E LR T TR IR A
JE DAl T 38 [ Hb D PO SR G RE Y ST RSP
T B BE ( FV BRI AR ) M E K BECAE KDL E R
5 B WA bR T 3% 0 B BRI (1 1
a,b) (R 2003 5 4 2 ko A BR A 16, 2006) .
HJE, & 2016 4F I H K T B 19 & B, Gunn
(2019) A K H TIZ R IUE SUASRE ™ 4 il B oK
b, F B sy < R0 2 48 v B R R YR i
100 m \HAESHEZ WE/N—BE0.5~2.0Z
[E]) | JEH 1% 22 HA 3 1 50 35 FRE I 5 0 5
Hi, 2 v Ml 32 B ER 3 B OE B MR S TR A
T T80k TR R o v 1 g 007 4 R 0 38 R 4 Ay T e
FEATAY BN B K 5T (collapse Tiankeng) F142 1t
KT (erosional Tiankeng) , {HFEM A B T 12 PE A1 AL
7L, A ORI 48X DL 3 (AR 2FFRAE,2003)

WEHAT, &R & BN KT KAE 310 4,
KEZ 220 (B 2) , 2Bk R KR b E ST
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9N (F 1) (R¥FASE 2003 ; RS 2018 B 5
JE45E 2019) o HE R4 3 B A A AR T VG AY VE RN
| O TR R i e (TR T | S i
X, = BRI VARG AR LA 25 e 30, 9 g e b, ER
A ARACER ARG &, AL U Rg LA DU AR RS (B A
45 2018 b AREE 2019 ; 5 4 FISK B %, 2020 ; 1%
RN, 2020) , Hob, 20 A T 08 BT | S A
=B R R BB & 4 A R BTEUR 69% (# 1 f8
45 2018) . JUPER YT EE A T VE A Rl R
AT S48 B R A R AL IR B B E S
FEARTT 45 b ( B R (55 ,2018) s Rt 88 4>, H
RS R IUAE 74, KA B R YUREE T A
KRGUEE EAMEA 2018) . PEPEI bR bt ik
BRWmA RS T4 Fhdhdv g, Eh o T
TERPLR A M A /N V8 S K R B =T
DU A X Ja 2 3 AT — 7 PG S b i 1 O R PR
RYU; RYUECE 45 A, g R T 2 A~ KALR
50T A (P LA AR, 2019; P AR 2019) , SR
RYTEZ 43 A T b w3 V8 E8 LA A v b —
iF s RYUECE 25 4, URE 2 A6 A0 DA PG ) AR 35 2 80
T () e DR A KK 200 A e By LA &
By —a7 , iR 4k K3t S i K 3t 32 LB P
O3 AE (B A 2011 R4Sk @I 2020) 3 H
HRF TSR] R BT B A T A i K R 37T, g b 1)
K1 800 m, A&V HAR 1 700 m, RILIE 543 m, JiE
R AL 80 JT m* (£ 1),

2 EHARRE AT KEKEN
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2005) , K E K ZECRYUE T2, an ) v KA
RYUHE SN FT A5 0] 03 A E PG 2 5 /NGB R BT
S AR (BEeh k) REUNDEFE A R R A
A, KR (BB R ANEK ) B8 ih
(=) S5 mEHIE A (Zhu & Chen, 2005) ,
W E PR 9 55 10 K 3% ( Zhu & Chen, 2005) , 3
e AR PR R BT, BARTE Ry i A K 2% 5,
BAE KB AT UE A 07 10 A VF 2 AR [ A
[f] A5 (R 2FFa A A 1, 2006)
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T H I R A [R], KRB0 A9 I 5 78 At A7 7E 5%
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BB R, & B RS M R ) & & By B2 E Ok
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RYURATA W0 R Go 58 45 1 i A 4 (8 PR 1 55
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BEEHEWHELZS G —2H THT
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TR FH R 18 ) o it 280 R 470 (5% 4 55 ,2020) . BEVY
DU R BTHE 2SR 53 Sk 150 57 280 SR I R e o 784 K 47
(PEHEFREE ,2019) , AR T PR ST H R UL B 1Y
D7 BEVE I R BT &R E B E 2 N R 5 ) W
2 R BRI B 20 TN & -
=S PURYHERR | B S AR B Rl A 3 L A L
301 3t 7 A5 Bl T RN B I A 3 b 7S 22 S 4 T Y A
B B3 11%) b J5 A4 o v Ak ok A (R R4, 2019) , FR
I HA R BT & B 458 R s, RS (6] 5 i 38 b
B RS 5 O ) HUR R 5 A8 R TR, HOE S R
TR B RS S (R 2R AR I, 20006)

EEp e A YN | AN S e 5 T =
Sl 25 56 ) T AN TR] B SR BT AR 156, 4n T
JCHI T 2 U8 ( Klimchou, 2005) 7K J7 % ( Palmer et
al., 2005) . ¥ 1k & ( Waltham, 2005) F1 33 #b i
(White WB & White EL, 2005) % #K i, th T3
B AR AL Y sh AR AE , R BT B PR 7 R R PR 55 H 32
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a. RYUREE; b KU CRO BRI 5 ¢ SURMH (AR ; d SINABIRE (R KI) .

a. Schematic diagram of Tiankeng; b. Top view ( Dashiwei Tiankeng); c¢. Vegetation characteristics at the bottom ( Shengmu Tiankeng) ;

d. Ecological environment in the Tiankeng (Jiaole Tiankeng) .

Bl R SRR R A

Fig. 1

ZR PR AT, LR A R (B L RE iR AR 2 K 3t
AR, P AE AN [F) 26 18 T k& A RDE & K 5T
IF2N 5] — A R SR 2 AR AN B

3 BHBFERMESFHAR

e R 2 25 AR G A O S — A I 5 2R
BRG, NGB T HAGE A S T
GEURTN B LR Il AR Z AR R | A B R
PN L R AE — R AR S BRI ), W TR K
GOV v S e AR 2 R G0 P — Bl ke A9 2R 8, G
JE P DA R ¥R ) 2R 58 5 A B PR SR AR B sy A T

Typical karst Tiankeng

Z KSR 53, I ELAE ™ A2 B i 19 25 00 B R0+
BB T 7 4E R AR RYTNTRIE T —F 26 oA
ARG N 2 F AR T A MR 3
A A IR (K 1. b, e) , RFR o Sh i &
T REXE T ( Ozkan et al., 2010 ; Batoriet al., 2011,
2013;Su et al., 2017;Pu et al., 2017) , XA H
AW g B S A T R AR R BT i EL oA )
TR AR ik DR 22 A 1 R IR A 1 307 45 3l IX 1 B 2
WFFE AR B o it T s L PR RN REE . MR R
BB RGN 5 D RE AR E 1Y E YRR A K 3T
SOWLEY F A WA, RO BAE S A R YT B L
SRR B G R E AR, R H A, X
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R0 AR 20 R 6 5 AN S 32 35 17 RIS £37 )

SO L 52 B SRR 9 52 0 (AR5, 2005 ;78

B }N\ _____ 7515 ,2014;Su et al., 2017; %44 ,2019; Batori et
s P\ al., 2019; R SEE 25 2020 ; 25 /NI 452020 B 28
= & = 45,2020) . JEREHE (2014) %A R0 RS B
[ 26-50 N ZREPE AN B BE W 5T K B, A3 o7 4B 9 22 ol Tt

B o1-100 Wi 2, 0 22 R 1 R R e T e A 2

asne] A RI# Tiankeng group

_____

_____

BH: AERYSEHEERALSAME, RIFEELHF,
T w

Bl 2 v g e R i A

Fig. 2 Distribution map of karst Tiankeng in China

KYTA S R G I R 2 500 46 v 78 R oA 9t
A3 AT AL R PRI 3E N A 7 T (Pu et al., 2017 2R A%
ZEAE 2020 ; 2 4 FIEKRIAE | 2020) ,
3.1 EHEDSE

H T & TR DR B 1) B i e O R AN B 2]
IRPE SRR AT, BRI O R4S 5 1 B AR
B A — BB IR PR O 0 R I, T X LAY £
BEPEMPgESF T E, MEHW, HREZS
() R YT T PH KA BB R SUHE (ARTE, 2005 5 75 4%
F%,2014 ;7% 5 EE 2015 70 T % ,2016; H ARG
4,2021) VU2 SCRGUHE (XISFVLAE, 2009 ) F
= tE RYURE (M5 = 55,2000 5 B %% 4 %,
2018 ; Bl H 45, 2018 ; i /N KL, 20185 24 52 45 %,
2020) DA K —BE R R A B 2R BE, W2 OB 2R LB
E DU TR 0 55 19 43 A 5 Ak T B IO (BT
84,2011 JRHE AR, 2012 JR A1 AR 5F, 2011, 2012;
K 55, 20045 28 /N 55 55,2018 B 28 4 45
2020) ,
3.1.1 EHAFRILAMAM S AL X EA KRBT
PR 15 ) KBTI RL AR o 4 R R,

FH = BH A FP 2E WL, ) o 22 R PR R =R B AR 5 PR3
Gk e R IE SN = ol VEB 7 E  a | A R VA
TSN FEATR, RYTN ST A R B ik A 35, (8
PRI PN HE 8 22 B B H 32 & B ¥ i T R B 4b
(#K5,2005; Su et al., 2017; R 4% ,2019), 5
RYTHMEBEAR H , KT N A B VS A6 ST R 549 W)
Foh = & B RN 2 R W R R AR A T B E LT
RYCHMEBRET (Su et al., 2017 ; BRI, 2017)
HAR SO0 Z e Ry R AR PR SR IR T
— ST CANRE A ) RNl R (AN vA 38 B AR Y, cool-
adapted plants) AL FI S, MR L ih £ £
FEL W) X 2R B9« 3E XE FF ( refugia)” ( Batori et al.,
2017;Su et al., 2017; 3 AR5, 2019 5 22 /N 75 46
2020), MM, B KyTH TREMAMRZE,Z AN
TP BGR L R YT (R22Fa 56 ,2003) . XK
KU B — M LA A A ok 3 s gt T B Ak |
YU B R S (H R R R B b O
St ok 22 7 U (/DS 2018a; 4% SE 4
%,2020) , BRI, Bl KBTAIR AL, K ITAE 45 BV
S R T HUAME B R (FREHE ,2017)
3.1.2 B M4k R M AL % AFME X ] — 2 A
Y1 (IS B A ) 16 R TR R B A 58 40 A FRAE A 9 &
B, EEA Y 0 B8 Aoy A 82 R RUBE RN ROBE 36
BE A F B 52 i (257K L5, 2019; Li et al., 2019,
2020a; Liu et al., 2019) , Liu et al.(2019) X} HE )
5SS DNRITE Y L], T 2% Ot 1B A
P A FAE IR RE B T — A A SRBE R, &
BEAE Y Y T B0 A K AR AR R, BRAh, R 3
JEFRA BRI w6 SR B, X E R YA
TREF I ER B4 T, 2 BH 35 5% A 90 19 90 A N A 32 L
JE R B IR T Bg R i H 7 2 g T
Sp-AT

JEUAE R Z N R 30 3R A6 K bR gt 2 Y
25 W BRBON (2017) Xk 35 K IUHERL 9L RRE
WF5E &I, 1R A6 K BT O FAJZ Yy Fp 2 68 1
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Table 1  Features of the top ten Tiankengs in the world
. BLHR/N -
N RIUE Size of opening TR . . s
F5 KIL 4R Volume of Average  RIUERFHE E R/ HIX
No.  Tiankeng name Tiankeng e depth Ecological characteristics of Tiankeng Nation/ Area
(Mar') ks (m)
Length/width (m)
1 IS 300 1 800/1 700 543 GURITHBE, 5 BB B A G PE DM
Dadaihe FE B Guizhou, China
An open river runs through the floor of the
Tiankeng, which is surrounded by herbaceous and
primitive vegetation in turn
2 NEE 119 625/535 587 e[ 1 WUR S5, FOlE o EE R
Xiaozhai Vertically, it is a double-layer nested structure, Chongqing,
mainly composed of herbs and shrubs China
3 Sk 110 800/600 345 ZRYURRHPIT RA I SR O R
Haolong Its southeastern half is exploited as fields and the Guangxi,
rest is densely forested China
4 KA [l 75 600/420 562 BRYULTE ELI R B TR, SO S AR bk Y
Dashiwei It is surrounded by vertical cliffs and its floor is Guangxi,
covered by flourishing forest China
5 2R 67 750/400 304 WU R AR R ST R L 200 m, ORI KR EDTPE
Jiaole 25 105 A R I G A Guangxi,
An open river is exposed to daylight for more than China
200 m in the Tiankeng, which is surrounded by
herbaceous and primitive vegetation in turn
6 Lusé 61 800/600 237 LR R A7 8 10 B B T AR AR T A i, B LA BT TL P I
EEI NS R N STk R ZSE Y A4 The Independent
Tt is floored by breakdown debris and dense forest  State of Papua
with no visible river and its side slopes New Guinea
are degraded
7 N 40 625/475 213 R TEARRE /N [ 1|
Xiaoyanwan The Tiankeng is mainly composed of herbs Sichuan,
and shrubs China
8 B 35 565/555 145 GUR AR & M, 30 2 RIS EES
Zhongshiyuan The bottom of the Tiankeng are farmhouses and Chonggqing,
fields, with dense vegetation on the edge debris fan China
9 b 33 530/380 252 GUR AR L, 14 G P
Liuxing The bottom of the Tiankeng is abandoned Guangxi,
farmland, and the edge vegetation is dense China
10 e 32 520/200 235 GORMRA T, ANy =+ QHEE VS
Qinlong An open river runs through the east and the west in Chonggqing,,
the Tiankeng, which is mainly composed of herbs China

T R ARFERE, 2003 XIANAE, 2012, BUAESE 2015 BB MR AE 20195 R 4255 ,2020, #RMARAE HF AP A 04T T 180,
Note: According to Zhu et al., 2003; Liu et al., 2012; Shui et al., 2015; Hong et al., 2019; Wu et al., 2020. Some are modified

according to our field investigations.

AN TR B B (R R e ) B R T A
Pl 2% S BH W, G0 B R R B S A R R
2 MR EEE BRIS R RN D] A RS P
HA R IT A AE B A 7 4 Bl 22 A i B 4 b EL e AR 2
JEZ T Z = H Y R B AR Fp s 2 (56
f% 2014 ;5 2k, 2015)

3.3 FRBEE F A EHMAFRIAMHA S H B H
TR I N AE B A 2 S AN TR R St Y
AL R B, RN AR R R 24
02 2% AR AT RN B 0 1 22 A5 R L, g g

P R TR S R AR T A (R
2005 ; Ozkan et al., 2010; Batori et al., 2011 ;75 £%
15,2014 ;7525 2015;Su et al., 2017 ; /M
2018b; Liu et al., 2019) K 2 1 K3 A9 K /) ( Batori
et al.,2011b) £ XF K 3T PN AH 8% 0 A A% Ja 7= A 50K
R, AR (2005 ) XK A LR BT RO 5T & 31,
HIE AR AR o B R o R Bt P A
AL EE RN R, T RITNF & A Y058 &
B, B 2R A B0 RN oy A 7 KRB R RO
B K 14 52 ) . 5 A S E V% ) o 8 i R B TR
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TR 52 B0 34 0 A (2K LA, 20195 22 /N5 45 HRRG, U — g s A S R WA S

2020) st P A AL (B 2845 4, 2020) , B A1
FEZOGH R R MGEAR AR DL e N T
PRSI (R 445 2019, 25 /N5 45 12020) 5 H
SRR BE DX B BEAT ) = 6 B 3 v T 2R U 2 I )
e BB B X, o + 58K 53 T R R I KT N &
B FEE M E KN EZ — (Liu et al.,
2019) . FF-F45(2019) WF9E B B KRBT 1
BSOS A A GERUER A RO X R TN RERE 2 O
A S0 f 3
32 IMESE

MYIE B RGP ERIE R R AW 5] 1A
JCER S, i ST IX M 3 A2 A LR B 2R Sh
FE )R 288 = 5 ELph Ry G v ST 4R R 450 PR HE ol
FRREIA AR BT, 22 F FOR T T RS R 3 AHY)
IR, B H AT, g R R b X 3 A i A B
¢ AR TR E R AR K BT M 4 XU DX R AR N
2002) )7 VG SRl KA [ R 5T K5 X ( Devue,
2002 ; TR AESE 2004 ; Tong et al., 2007 ; ¥4 /)N ig Al
AR, 2012, 2013 ) B R I0RE 53 A X (Ut 3
MRAE,2019) o A0 46 45 (2014 ) 78 K370 HL 4% K
SR IR HE S Y 449 B, Horh i AE S ¥ 60 R
R /INRE NI AR (2012) X5 A B R B0 A IR i U
DXICAT 3h 5% 5 IR ) A & B, 3% IX S8l 22 s W A1
FAR Tl Jy E (42 Fi) | Hodh oy i A5 % —
2% 5 PR Y A S W WEE ( Python molurus) | 1B %%
T E SR AW L B ( Palea
steindachneri ) VA I A E R HA 45 ) ol &
AEBELT BN E 0 B A B A s W) 44 5% )
€A B4 40 Ffs DO R GURE S0 A XA 28 8 F,
TEFTSesh 31 Fp 1526 142 Fp B2 61 Fh R ALK
HABTCHHMESN ) 703 F (UEHE AR A, 2019) , axX L
WAL HEFE A R YU 53 A0 X, H X HAR K 5T N 39
ARG R, BLAh, iR kI — B s R A
i, an WE B ( Petaurista alborufus ) |, 5K & DI JR Wk
( Belisana zhangi sp. nov.) . BE R i ( Prionodon
pardicolor) | R ( Lophura nycthemera) s E
( Sinocyclocheilus hyalinus) %5 ( Pu et al., 2017)
33 MEMHRBRESFA

TR Y R bk 2R R R
BWAEYERZ —, 25 T AWK A LR
()53 MBS BE BT AP WG | -3 5% o (AL W55 ) 1 5%
AEFAE A LT BT A 09 400 o i Ak ok 7 (vt 6 55
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B PP — SRR AR 0 R SR T - S T A
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et al. (2019 ) X Ji Y 0 7 45 K 5g (# R KT ) £ 4
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4 FIEL A AN T H MK E
E HT B R Y B v

i HP Y T S A — B i X T AR K B 22 )
THREY B K B BN A BRI B =2 T Ok 1 2 D
AR MR EER e, RITIR LA & 5 SOk
B4 TR) S5 Ak, DA T R ARG DX 3R 2 9 2 B P (Su et al.
2017;Batori et al., 2019) . £ SR W& W7 45 Kbk —
e R AL T R B BT, (HL R A BRI AR AE A
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