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Fig.1 Location and quadrats of Shenxiantang Tiankeng
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Table 1 Major plant traits and their analysis methods
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Fig.2 Distribution pattern of functional traits in Shenxiantang Tiankeng
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Fig.3 The mean and standard deviation of plant functional traits with different growth and life forms
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Table 2 Result of ANOVAs showing effect of variables on functional traits
R AR AKE WMe o Wi MR AER AKE Ke o R
SLA df 20 2 1 3 4 LAR daf 20 2 1 3 4
F 0.780 0.540 0.029 2.113 3.508 F 2.318 52.322 1.030 1.962 5.701
P 0.702 0.702 0865  0.119 0018 P 0.056 0.0000 " 0318  0.140 0002
R 0.527 0.527 0.001 0.170 0.319 R 0.768 0.766 0.030 0.160 0.432
DBH df 20 2 1 3 4 LDMC df 20 2 1 3 4
F 0.813 0.488 0.015 0.606 0.704 F 0.502 1.675 0.177 0.458 0.377
0.672 0.619 0.902 0.616 0.595 0.922 0.203 0.677 0.713 0.823
R 0.537 0.030 0 0.055 0.086 R 0.418 0.095 0.005 0.042 0.048
ALA df 20 2 1 3 4 LT daf 20 2 1 3 4
F 4.298 5.163 1.650 1.752 1.299 F 3.946 16.071 0.047 0.865 1.344
P 0004 0011 0208  0.177  0.293 P 0006 0000 0499 0469 0277
R 0.860 0.244 0.048 0.145 0.148 )& 0.849 0.501 0.014 0.077 0.152
T™WC df 20 2 1 3 4 CC daf 20 2 1 3 4
F 3.454 3.857 1.002 0.963 0.745 F 8.487 67.584 0.378 2.166 5.591
P 0011 0032 0.324 0423  0.569 P 00007 0000 0543 0.112  g002"
R 0.831 0.194 0.029 0.085 0.090 )& 0.924 0.809 0.011 0.173 0.427

P P<0.05, P<0.01,” P<0.001; R B[R A5 5 i) 4 4045 5 A6 4 1 A8 e BRI o5 10O B9 s IR AR L2 1

R LR RIS KEIEA R F XY Th
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B Ll AN B S K R R AR (P <0.0DIE
RURE, %S 35) B i AR AR S 35 (P <0.001) 1E 2K
N7, SopiH JE R HAT R 25 (P <0.01D Ha k8. 38R
FEXT IR K B LA R 3 IR, A

Bk E AR 3 IR, T /N 2 R ) B A 4
2 UK, x it JE R B 3 HURI(P <0.05) .
R BH3E 2 B35, rhag Ry K o L ok, &
FEZH N o T3S KR AR A R L
JRE, Xof P B L ANE K B LA A 2 TR RN, X
ANEE FERN R R B R U . IR T
Gy RS T RV IRZERE A E] 14.29%~99.96%
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Table 3 The optimal models of plant communities functional traits in the Shenxiantang Tiankeng

RN IR
CC YLS; = o0 + 9or*ST; + por*HS; + po3* TN, + ugit 1
LT YHD; = yoo + yo1*ST; + po.* HS; + yo3* TN, + pos*AP; + gt 1y
LDMC YGW;= yoo + 91 *AP; + yo.*SK; + ug; + 1
LAR YCK; = yoo + Y01 *ST; + yo2™HS; + yo3*TN; + 904 *SK; + g+ 1
SLA BYMj; = poo + yo1 *AP; + 02 *SK; + ugt+ 1y
ALA LAL; = yoo + yor *TN; + oo™ PH; + ugit 1y
TWD MDy; = yoo + yo1*ST; + poa™HS; + yo3* TN; + pos*PH; + ugit 1y
TWC HSLj; = yoo + 901 *ST; + 902 *HS; + yo3™ TN, + ugst 1y

i SRR MR . ST IR, HSN IS /KE, TN LIBEE, APHLIEHE 20, SKoN L3R 208, PHAN T 3ipH, | R
BINTFIRZ, j RN RR ry NRETL po NEEBIE yorv 00 Yors 20a B S TURKL, ug WRL I BENLERE . YLSIUIR IR
CC, YHD RRIEEHARLT, YGWARIBPEIRLDMC, YCK fRI8VEIRLAR, BYMACHEHEIRSLA, LAI AR HEIRALA, MD fR48PEIRTWD, HSLARTS
PEIRTWC.

R4 BEERSAERTHREXRANEER

Table 4 Multilevel models of plant community functional traits coupled with environmental
factors using the restricted maximum likehood method

cc LT LDMC LAR SLA ALA TWD TWC
[i] 52 R
Wi 14851 0389 0477 6.446 8811 2681 0566 0447
N 528" -0.126" — 3.444" — 2,043 0306 0.043"
PH - - — - - 21727 -1.924” -
sT 9.880 -0.104" - 104317 - -1.7477 0065
AP — 0.010° -0.018" - 0.686 - — -
SK - - 0.001" 0.023" -0.011" - — —
HS 15141277 2.945" - 212.555 - 3913 1547
T
REJT T 2 205.775 0.033 0.070 251.600 22.955 7.779 0.044 0.005
REJT I 7 2 0.065 0.001 — 0.074 0.005 0.001 0.007 0.001
FEJT IR 7 2% 1.24 2.43 3.52 - 4.02 5.63 - 0.19
BETT IR R 7 22 % 72.53 37.50 99.96 — 99.93 90.75 15.10 14.29
TR ST R fR bR
AIC 679.0 -18.6 492 703.0 523.8 421.0 -1.0 -173.6
BIC 693.6 -15 61.4 720.1 536.0 4332 16.1 -158.9
2LL -333.5 16.3 -19.6 -334.5 -256.9 -205.5 75 92.8

W P<0.05,” P<0.01,” P<0.001. “—" ATEILI: #FREH T LRI SHRRFERR L.

Ap 5, FEREHBIN 0.19%~5.63% HIAE 5, IR AR AT Do T A P AR S AT DL BE R AR
- i R 25 R R PR B A R, 17

we B 5. LI R0 5 R A A S B A T
3.1 RECKARYT GRS R B T R E 254 o TR R P TR B T
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Variation of Plant Functional Traits and Adaptive Strategy of Woody
Species in Degraded Karst Tiankeng of Yunnan Province

Shui Wei', Guo Pingping'?, Zhu Sufeng', Feng Jie', Sun Xiang', Li Hui'

(1. Department of Geography and Planning, Fuzhou University, Fuzhou 350116, Fujian, China; 2. College of the
Environment and Ecology, Xiamen University, Xiamen 361102, Fujian, China)

Abstract: In the context of global climate change, habitat adaptation studies of the karst tiankeng plants are
gradually being highlighting. However, it is unclear what ecological strategies plants adopt to acclimate to
tiankeng microhabitat, and how plant life history, genetic history, and ecological factors contribute to function-
al trait variation. Therefore, we analyzed the degree of variation of 8 functional traits from 34 woody species in
a typical moderate-degraded Shenxiantang Tiankeng of Zhanyi Nature Reserve of Yunnan Province. The rela-
tionship between functional trait variation and family group, life type, growth type and ecological factors and
the explanatory effect of soil factors on plant trait variation were further explored at intraspecific and interaspe-
cific levels. Our results showed that the characteristics of woody species from tiankeng underground forest
were large leaf thickness, small specific leaf area and large leaf dry matter content. Interspecific variation of
plant traits in shrubs was generally smaller than that of trees, and the degree of variation of plant traits did not
significantly difference between evergreen and deciduous tree species. The majority of intraspecific and inter-
specific variation of leaf traits was greater than that of branchlet traits. The average intraspecific variation coef-
ficient of plant traits in the Shenxiantang Tiankeng amounted to 23.45%, which was lower compared to the ve-
getation types in other non-karst regions. It indicated that plants had less shape plasticity under the karst
tiankeng regions. Soil nutrients were the dominant environmental factor which determined the variability of
community traits at the sample site scale. Moreover, the phylogenetic history of species and their life history
characteristics were also internal drivers of functional trait variation in this zonal vegetation. In conclusion, dur-
ing the long-term evolution of species, the functional traits and their degree of variability were influenced by a
combination of non-biological environmental factors, phylogenetic processes, and life history strategies. This
study aims to provide materials and evidence for the value of species refuges in karst tiankengs with negative
topography, and to contribute scientific support for enhancing the ecosystem service functions of karst ecolo-
gically vulnerable areas and nature reserves in Yunnan Plateau, and for scientifically undertaking ecological

restoration of tiankeng external areas and zonal vegetation.

Key words: Kkarst tiankeng; functional trait of vegetation; intraspecific variation; interspecific variation
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