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Vertical distribution characteristics of plant community in shady slope of degraded tiankeng
talus: A case study of Zhanyi Shenxiantang in Yunnan, China. ZHU Su-feng', JIANG Cong’,
SHUI Wei' ", GUO Ping-ping', ZHANG Yong-yong', FENG Jie', GAO Chen', BAO Yu-zhen'
('College of Environment and Resources, Fuzhou University, Fuzhou 350116, China; >School of
Urban Planning and Design, Peking University Shenzhen Graduate School, Shenzhen 518055,
Guangdong , China).

Abstract; We investigated the characteristics of plant species diversity in tree and shurb layers and
the main influencing factors in different slope positions of a shady slope of degraded tiankeng talus.
The results showed that there were 21 species in 17 genera and 13 families in the tree layer, and 20
species in 20 genera and 14 families in shrub layer in the south side of the Shenxiantang. Plant com-
munities were subtropical moist coniferous and broad-leaved mixed forest. Micro-climate led to obvi-
ous vegetation variation between the pit and the pit slope at the tiankeng. The secondary collapse
over the talus with mid-slope could conserve more water, which supported the water-demanding spe-
cies in a high-quality niche. All the o diversity indices including Margalef (3.58), Shannon
(2.47) , Simpson (0.79) and Pielou (0.86) reached the maximum at the pit bottom edge with
slight variability, and the maximum coefficient of variation was only 0.226. The B diversity index
fluctuated greatly among the pit-pit, slope-pit, bottom edge. The Routledge and Whilson-Shmida
indices showed the trends of decrease-increase-decrease, with the maximum values of 15.95 and
1.20, respectively. Species turnover demonstrated the upward trend overall, and the number of
co-species was decreased. Plant diversity on each slope position was mainly related to the contents
of total nitrogen, total phosphorus, available phosphorus and organic carbon in soil. Soil was the
most important factor leading to the difference among slope positions.

Key words: tiankeng; talus; plant community; species diversity.
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Fig.1 Geographical location of Zhanyi tiankeng group ( A) and
Shenxiantang tiankeng (B).
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Fig.2 Schematic diagram of Shenxiantang.
0S: ¥iI1 Pit; S }iJEE Pit bottom S,: A Downhill; S, : g fvr
Mid-slope; S, : W Uphill. “F[A] The same below. A. Ko FH#ihH
Upper boundary of tiankeng; B: KITHERMI A Central boundary of tian-
keng; C: KI T # il A Lower boundary of tiankeng; D: FEZE Line
transect; E HEAFETT Shrub quadrat; F: HLNTRARETT Arbor quadrat
in tiankeng; G Hi O #EARKETT Shrub quadrat in pit; H. #FHE Clivus;
1. BEYE Steep slope; K: fHHBE Vegetation; J: fRif# s, Elevation point.
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1) FHFE AR D7 Y HEARE 7 i, Mg 18
B {Y RO HE AR AR T B Shannon 48 BUEAE 128
IR R T AR VR Y [ — 2K B PSR
J7 B Shannon 5 % {EL U (B D4 12066 BE b BB,
AR TEARRE T 133 3 AN 6] 86 B HORE s 8HE
WU I B AT 2 15 S5 [A] FE URE »S4508 5
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Table 1 Soil properties in different slope positions of Shenxiantang

el SOC TN AN TP AP TK AK pH SM SVW
Slope position (g-kg™') (g-kg') (mg-kg™) (g-kg™') (mg-kg') (g-kg™) (mg-kg™") (%) (em’-g™")
S, 42.3 2.50 50.5 0.64 7.25 21.20 137.0 6.64 30.80 1.06

S, 44.6 2.70 82.8 0.42 6.94 14.40 193.0 6.72 27.05 1.22

S3 58.2 4.10 37.6 0.54 9.58 19.30 85.1 7.49 33.34 1.03

S, 47.0 3.45 37.8 0.42 13.40 15.50 46.5 6.93 30.17 0.95
0S8 40.6 2.04 43.8 0.52 0.83 5.89 13.3 6.33 29.95 1.10

S, : JUK Pit bottom; S, : 37 Downhill; Sy HIEA7 Mid-slope; S,: L347 Uphill; OS: HtH Pit. SOC: 14EH HLEK Soil organic carbon; TN 4
A Total nitrogen; AN: % Ammonium nitrogen; TP 40 Total phosphorus; AP ; R Available phosphorus; TK: 40 Total potassium; AK:
AN Available potassium; SM: + 35 /K Soil moisture; SVW; 32 H Soil volume weight. F[A] The same below.
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Fig.3 Analysis principle of the moving split window technique.

A B: 13EHUFE S Soil sampling point.
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Table 2 Species composition of arbor and shrub on the south side slope of the Shenxiantang

A F & il A F & i
ltem Family Genus Species ltem Family Genus Species
FIN N NG SEN Pinus yunnanensis % || HEA A BIRA Rhus chinensis
Arbor Pinaceae Pinus 1#A P. armandii Shrub Rhus
VA THINFZ Keteleeria evelyniana RS AERE RS SR AL A6 Rhododendron spinu-
Keteleeria Ericaceae Rhododendron liferum
o3 bR g R Quercus variabilis Bt R LR g )Lt Tylophora ovata
Fagaceae Quercus Q. aliena ET5HE Q. pannosa Asclepiadaceae Tylophora
HXE H M Cyclobalanopsis glauca ILZ5F} E8 &0 JE K & Ternstroemia gymnan-
Cyclobalanopsis Theaceae Ternstroemia thera
IR Y B AL SR PY B AR %R VUEGLLILZE Camellia pitardii
Cornaceae Dendrobenthamia  Dendrobenthamia capitata Camellia
by S/ NE KBMBEA Swida oblonga SR JNAE S\ Alangium chinense
Swida Alangiaceae Alangium
KAFRE FEARR FEA Xylosma racemosum SRR TKREE JKIk Debregeasia orientalis
Flacourtiaceae Xylosma Urticaceae Debregeasia
AR R JCEERS Fraxinus griffithii iRl B2BR R4 2Bk Hypericum
Oleaceae Fraxinus Guttiferae Hypericum acmosepalum
TR I Chionanthus retusus TR FET R BB Bauhinia brachy-
Chionanthus Leguminosae Bauhinia carpa
E=y 38 il FABY Broussonetia papyrifera AR B33 FRIEIEHR Viburnum propin-
Moraceae Broussonetia Caprifoliaceae Viburnum quum
HEAEH FLCAER i)+ ZRREE Carpinus monbei- EH4R LS HZE11 Maesa japonica
Betulaceae Carpinus glana Myrsinaceae Maesa
g8 & PUEEHD Celtis tetrandra BRI BAT Myrsine africana
Ulmaceae Celiis Myrsine
MR e A% Populus yunnanensis INEERE NEEJR 3 /NBE DBerberis pruinosa
Salicaceae Populus Berberidaceae Berberis
G 23 AR Cerasus scopulorum 0 R} LR 5% Coriaria nepalensis
Rosaceae Cerasus Coriariaceae Coriaria
ikt i@ BiT ¥ Diospyros lotus | B i SR Vel WA kG Photinia loriformis
Ebenaceae Diospyros D. kaki Rosaceae Photinia
ZEH R AEM Zanthoxylum bungeanum K K Pyracantha fortuneana
Rutaceae Zanthoxylum Pyracantha
Rk ks FIAH Juniperus formosana e Hg Armeniaca mume
Cupressaceae Juniperus Armeniaca
HZN Ega B34 5¢3& Morus mongolica TR 23003t Rubus rosaefolius
Shrub Moraceae Morus Rubus
eSS HIEAR)E A A Pistacia weinmannifolia
Anacardiaceae Pistacia

10 B A — DAL [FER AR 5 5~ 7 Z 8], im0
IR T 4.6.8 LUk 4.6.8.10 IWESRESRIL, K
ME iR 4.6.8 WG RCR 70 W W AUAAAE— 1
SEIE I AERE KT 10~ 13 Z 8], BEJ5 S, ~ OS [ Z 4
P IE N

GUEih % 5 T YRy R A eI AR (2T
e or 5 I 5L A ) A A A U 5 T R
AT AR T3 5 B R T D SR B Y g 2
S, AR AR MY . YUK S N AR
77 W& LA = A ( Pinus yunnanensis) |z Fa {iAZ R 3
HT A LL K KR ( Pyracantha fortuneana ) 4 7 i £
2N N DR R A N LS R VA S D S YN U
HRAET AR TN LUK R Ry 3 19 HE A 28 B ) R it AR 7%
HARBARKEEHARK TIREARE DR AMY) —
0425 5 (Arisaema erubescens) , b3 B N & UL

X TR T A LA B\ AR R 3 i A 4
RS RETRSSARRE TS , BT 1A 7 P U5 503 X 53 B
SR LA A AR 32 R LA b B A 1 i A
(Juniperus formosana ) 4 3= W 7% A 2H Wl A9 L R TR 28
MR
2.3 RACKRGUHY) Z RGN AE AL

EENESIIT 5= s v B 7 VAN 26 VAN B G VA
FIGUIS I Z T HE JZ W) Fh I¥) Margalef . Shannon | Pielou
F1 Simpson FEEIAE YT 1 23k B Fe KAE, 4350
3.58.2.47.0.79.0.86, VLGS L & R Y M £ W
SRR . AR b o ZREPETE B 25 A [R] 22
SRV, A58 5 R BUA AT 0K B 22.6% 14.8%
11.4% 12.0% , H: Margalef 5 85 2E R B E,
FE s BLIRE 321 Z 1) BT 1980/ i B4 3 T Shannon
ZREPERR RO R I IS Il N B S (H 25 5 AN 3
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Fig.5 Plant a diversity on different slope positions (mean+SD).
ANFEF 1 F R 2 7 53 (P<0.05) Different letters meant significant
difference at 0.05 level. D: Marglef 64X Marglef index; H: Shannon $§
# Shannon index; J: Pielou #§%X Pielou index; C: Simpson 54X Simp-
son index.
AN, 2535 57 18] Pielou Fl Simpson 8§ # k22 %A
BF SR A

M2 3 AT LUE ST H-SU-PUR i h S A B
B, By By TR BV B, 1 B I/ N -3 -0k
AN FA BB A DU PR | A b ) &
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Table 3 B diversity of plant communities on slope positions

SR Br Br Cs

Adjacent plot

S-S, 14.52 0.73 0.64
S,-S; 15.95 1.09 0.46
S5-S, 8.52 0.58 0.71
S4-08 15.00 1.20 0.40

By : Routledge #§ 41 Routledge index; By : Whilson-Shmida #§ %% Whil-

son-Shmida index; Cg: Sgrenson FE%U Sprenson index.

(B 15.95, PUAT 3 () A 00 1 22 S R LA, a4
IERGIGINASRGE T, th TR &R /N PR 45 2
AEFFARRL, WA 2 A T AR, DU & 1V ] AE
FI AR s AR, Herb P 5 b 3 A6 R] 44 A
LR (Cs=0.71)
2.4 MYZHNES HIEMREN T HCR

& 4 7 LA, Simpson 2 FEPE 45 % Pielou
SRR R GO R o AN N Y € R AR EP S
Shannon ZAEMEFEECS A PR | 280 52 2 IEA X,
Marglef 4= & 805 4w &2 2 2 (R OG5 44
FREIEAG, BAK - &b Y 2 %
5 RIEW SR 2 AR ARSI N 1A
M5 3B K i | RS A IR R T B E A

F4 FREKAEEYSHEERS TERERFHEXRY

Table 4 Correlation coefficients between plant diversity index and soil environmental factors among different slope positions
SOC TN AN TP AP TK AK PH SM SVW D H J

TN 0.941* "

AN -0.340 -0.382

TP -0.045 -0.082  -0.324

AP 0.544 0.784 -0.222 -0.312

TK 0.482 0.560  -0.058 0.393 0.665

AK  -0.017 -0.028 0.836" -0.011 0.138 0.521

pH 0980 " 0.980" " -0.310  -0.054 0.685 0.623 0.092

SM 0.676 0.591 -0.838" 0.563 0.231 0.408 -0.462 0.631

SVW -0.362 -0.547 0.891* -0.109 -0.612 -0.291 0.636  -0.425 -0.680

D -0.227 -0.048 0.447 0.087 0.464 0.688 0.727  -0.039 -0.338 0.072

H -0.453 -0.335  -0.206 0.645 0.078 0.435 0.061 -0.334 0.122  -0.307 0.614

J -0.332 -0.272  -0.676 0.670 -0.112 0.089  -0.524 -0.308 0.461 -0.573 0.036 0.805 "

Cc -0.264 -0.201 -0.743 0.637 -0.059 0.088 -0.580 -0.242 0.517 -0.655 -0.021 0.760  0.991**

D Marglef 8% Marglef index; H: Shannon $5%{ Shannon index; J: Pielou 8% Pielou index; C: Simpson %X Simpson index.
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