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Fig. 1 Location of Zhanyi tiankeng group
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Fig.2 Schematic of quadrats inside and outside the tiankeng: (a) planar quadrats of the Bajiaxiantang tiankeng;

(b) planar quadrats of the Shenxiantang tiankeng; (c¢) schematic of vertical quadrats inside the Bajiaxiantang tiankeng;

(d) schematic of vertical quadrats inside the Shenxiantang tiankeng
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Tab.1 Species composition of the Bajiaxiantang tiankeng and the Shenxiantang tiankeng
Ft & i A 1 Ft & il A
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e P
Salicaceae FEARJE Xylosma YEA X. congesta A Moraceae Z )& Morus 5¢ %% M. mongolica WEAR B TR A
AR BRAZIETK V. propinquum AR BER At )@ Myrsine At M. africana AR
Yk J& Viburnum .
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.y . 1 2585 J& Cornus
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KRR A RS 16 R Rhododendron PERLAE R. spinuliferum AR
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LR o R : : —
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= X] S N
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LR .
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SN 7N R kY ]
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o & F 4 20 R NN
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Tab.2 Differences of species diversity index

inside and outside the tiankeng

M 55 Margalef Shannon Pielou Simpson
A 2.39 1.85 0.72 0.75
Yok 2.12 1.90 0.75 0.78

2.3 AMEWIhEE MR AT

HUAM TR A 2 FHE AR JZ A 5 TR et
AR Z A B2 5 (K 3) , b hi /bR
H-JELRE (0.33 +0. 19 mm) #4945 (0. 81 =
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Tab.3 Variation characteristics of functional traits in plant communities inside and outside the tiankeng
CAETFN IR ETN S A HEA FUANHEA

BFEER

MN £ SD CV/% MN + 8D CV/% MN £ SD CV/% MN + SD CV/%
K /mm 76.51 £28.91a  37.79 60.19 £25.91b 43.03 49.61 £32.59¢ 65.68  41.55+26.25¢  63.17
I %/ mm 48.55 +35.46a  73.03 31.73 £16.76b 52.84 28.67 +19.71b 68.71 18.43 +12.6¢ 68.86
I JE£ B/ mm 0.26 +0.12a 49.78 0.28 +0.12ab 43.04 0.29 +0. 14ab 47.52 0.33 £0.19b 57.39
i 1 1/ em? 32.31 £37.11a 114.86 17.28 +15.92b 92.14 12.83 +12.56b 97.86 7.19 8. 44c¢ 117.36
T e/ (g-g7") 0.59 +0.21a 35.64 0.77 £0.15b 21.12 0.64 +0.21a 32.32 0.81+0.11b 13.04
Ho i AL/ (em? - g7 1) 107.75 +42.31a  39.27 69.50 £33.65b 48.41 83.82 +£50.84b 60.65  52.53 £18.86c  35.91

TE A SNG TR R W 3 22 5 (P <0.05)  Horp MN = SD S 34 {H + bRifE 2, CV 928 5 R
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Fig.3  Functional traits of plants inside and outside the tiankeng:

(a) leaf length; (b) leaf width; (c¢) leaf thickness; (d) leaf area; (e) leaf dry matter content; (f) specific leaf area
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Tab.4  Correlation of plant traits inside and outside the tiankeng
o HU A EIRAH A 43 B HUAMUSIRAH K 43 7
RGN
IS g RREE MR W THEER bk g MR MR o TR R

58 0.58** 0.64"""

-5 R 0.24*" 0.16 " 0.05 -0.11

TR 0.69 """ 0.91 """ 0.227" 0.82%"" 0.87*** -0.06

Iy i -0.27""" -0.31""" -0.45""" -0.33""" 0.09 -0.07 -0.17" -0.06

L - T AR 0.20%"  0.28*** —0.41""* 0.29°"" -0.03 -0.03 0.10 -0.45"**  0.08 -0.11
H:"P<0.05;""P<0.01;"** P<0.001,
(a) (b)

pH pH .

0.41 SOM ' ‘ . . 0.08 SOM . ‘

0.44 0.99 N . . . 0.11 0.98 ™ .

0.06 0.10 0.04 TP 0.19 0.39 0.42 TP . ‘

2009 041 035 | 005 TK . . . 003 -018 -021 -034 TK . . .

0.33 0.39 0.42 0.22 -0.59 AN 0.18 0.78 0.85 0.53 -0.57 AN . .

0.38 0.75 0.80 -0.17 0.51 0.11 AP ‘ 0.14 0.21 0.19 0.30 -0.61 0.57 AP .

0.2 0.48 0.40 0.33 0.32 0.24 0.24 AK 0.29 0.12 0.20 0.49 -0.59 0.57 0.80 AK

-0.13 0.63 0.61 0.22 0.42 0.14 0.45 0.06 SWC . 0.80 0.02 -0.01  -0.28 0.27 -0.10 0.09 0.08 SWC .

0.11 -0.62 -0.65 0.21 0.50 0.02 0.70 0.15 0.62 SBD -0.30 -0.24 -0.27 0.25 -0.31 0.02 0.33 0.13 -0.60 SBD

-1 -0.8 -0.6 -0.4 -0.2 0.2 0.4 0.6 0.8 1
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Fig.4 Correlation of soil physicochemical properties inside and outside the tiankeng: (a) correlation of soil physicochemical

properties inside the tiankeng; (b) correlation of soil physicochemical properties outside the tiankeng
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Tab.5 Physical and chemical properties of soil inside

and outside the tiankeng

. - e AR R
B2
Him Hish

pH 6.94 +0.81a 6.42 £0.44b
AN/ (g-kg™") 58.28 +34.34a  64.16 +21.83a
S5/ (g kg™") 2.26 £1.35a 2.25£0.95a
L/ (g ke ) 0.57 +0.11a 0.52+0.10a
L4/ (g kg™h) 9.98 £6.09a 4.52 +2.48b
AR/ (mg-kg™") 100.30 +78.55a  155.99 +83.17b
B/ (mg - kg™") 5.79 +3.35a 3.24 £1.59b
AR/ (mg - kg™") 100.67 £50.16a  67.09 £26.6a
TS KR % 27.41 +£5.18a 27.02 £6.42a
FHEAEE/ (em® g ") 1.20 0. 16a 1.18 £0. 16a

TE AR NG FRER R A RF M2 5 (P <0.05) , R B 0

YR fE = b2z

Bk pH, HEAIR S 2R HER, 2R
B R BAS R R R, DA R A RO S
RO 22 B L A IE AR G T B AR R ARk
e S AR 22 18] LA K K G 4 T 2 () 8 2 A
KK 4) .
2.5 HEYHEERSIERFHXRE

ZIUE A RS R (£ 6) AETTHN, X
AR ERZWEEZRR, FH RN - 17.06; X 158
AR FEZWE R R A SR, BT RECN -37. 12
0. 135 x5k i o AR A 35 B2 R B 2 A R B A
AL IH R - 12.27 F10.09 5 % o 18 B A i 2
HmELA KSAMEESRE, IWBHREN
-42.09.0. 14 F1 - 108. 42 ; 7 ¥t PN 3 [H 7 % 1 J&
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Tab.6 Stepwise regression analysis of functional traits of leaves inside and outside the tiankeng and soil factors

B (EN a1 )9 Jy JHEE K R P{H
TS LL =140.94 —17. 06 TN 0.83*" 0. 006
55 LW =113.63 =37. 12TN +0. 134N 0.48" 0.04
-5 g LT=0.12 +0.27TP 0.19 0.06
LA
7 AR LA = —12.27TN +0. 09AN 0.51* 0.03
-4 o LDMC =0.86 +0. 14TN -0. 037K — 0. 002AN 0.35 0.06
EAU A SLA =248.44 —42.09TN +0. 14AN - 108. 42SBD 0.81** 0. 002
K LL =3.99TK +0. 34AN 0. 64 0.07
i 58 LW = -36.74 +0.22AN —=7.97AP +0. 32AK +25SBD 0.77°* 0.01
N -5 g LT =0.47 +0.34TN - 0. 037K - 0. 002AN 0.48 0.12
g T AR LA = —-55.18 +5.5AP +22.89SBD 0.66 0.06
- 49 5 LDMC =1.76 -0.22pH +0. 02SWC 0.75 0. 059
LE it 1 R SLA = —191.5 +49.81pH + 1. 97TK - 3. 08SWC 0.75** 0.004

H:"P<0.05;""P<0.01; """ P<0.001,
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Responses of Plant Functional Traits to Habitats
Inside and Outside the Degraded Karst Tiankengs

SHUI Wei" , SUN Xiang, LI Hui, LIU Yuanmeng, FENG Jie

( College of Environment and Safety Engineering. FuZhou University. Fuzhou 350116, China)

Abstract. It is essential to analyze the plant functional traits inside and outside the degraded karst tiankengs and
their intrinsic relationships with abiotic factors, and to reveal the flora adaptation mechanisms to karst tiankeng
habitats, which are of great guidance for the maintenance and conservation of vegetation diversity in karst eco-
fragile areas. Due to complex topography in karst tiankeng it is difficult to travel on feet. Most studies on karst
tiankeng flora focused on the distribution characteristics, little attention was paid on plant functional traits,
especially on the response of plant functional trait variation to inside and outside tiankeng habitats through the
perspective of functional trait ecology, which is not beneficial in revealing the ecological strategies of plants for
degraded karst tiankengs’ habitats and makes it difficult to scientifically guide the ecological restoration and
reconstruction of vegetation in karst areas. Based on the analysis of correlation, multiple stepwise regression as well
as redundancy analysis, this study took the degraded karst tiankeng Bajiaxiantang and Shenxiantang in Zhanyi
tiankeng group, Yunnan province as examples, to explore the plant functional trait characteristics, soil factors
differences, and the relationship between them inside and outside the tiankengs. The results show that: (1)

Significant differences were found among soil pH, total potassium (TK) , ammonium nitrogen ( AN) , and available
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phosphorus (AP) inside and outside the tiankeng (P <0.05). Leaf functional traits inside the tiankeng were
mainly influenced by soil total nitrogen (TN) and soil organic matter (SOM). Soil total phosphorus (TP) was the
main contributor outside the tiankengs. (2) Leaf length (LL), leaf width (LW ), leaf area (LA), and specific
leaf area (SLA) of the trees in the tiankeng were significantly greater than those of the trees outside the tiankeng
(P <0.05). Leaf dry matter content ( LDMC) of the shrubs outside the tiankeng was significantly greater than
those of the shrubs inside the tiankeng (P <0.05) , and there were correlations between each functional trait inside
and outside the tiankeng. (3) Shrubs outside the tiankeng had the highest degree interspecific variation in leaf area
(117.36% ), and the least interspecific variation in leaf dry matter content (13.04% ). The greatest interspecific
variation among trees and shrubs inside and outside the tiankeng was the leaf area, and the smallest was leaf dry
matter content. (4 ) The species niches overlap in the tiankeng was high, and competitive exclusion was the
dominant role. While the habitat conditions outside the tiankeng were harsh, environmental filtration was the
dominant factor in community assembly. The findings can provide a scientific basis for the ecological restoration and

species conservation in karst eco-fragile regions.

Key words: leaf functional traits; karst tiankeng; soil factors; ecological restoration



