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Abstract: For understanding the interspecific associations of main woody plant in tiankeng forests, we chose seven typical

tiankeng forests as researched area and established a total of 18 sample plots in Dashiwei Tiankeng Group. We selected
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woody plants with importance values >1 as the study object, and quantitatively analyzed interspecific associations and
correlations by a set of methods, namely, variance ratio, X* test, Pearson correlation coefficient test, Spearman rank
correlation coefficient test and principal component analysis ( PCA ). The results were as follows: (1)Overall interspecific
association were significant positive correlations in tree layer, non-significant positive associations in shrub layer and
significant positive associations in community, indicating that the plant community in tiankeng forests was at a stable
stage. (2)The X’ test, Pearson correlation coefficient test and Spearman rank correlation coefficient test found that there was
a difference between positive and negative correlation in tree layer and shrub layer. Many positive correlation species pairs
existed in tree layer and many negative correlation species pairs existed in shrub layer, but both of them were more
significant correlation species pairs than non-significantanes, which indicates that the stability of community composition in
tree layer was higher than shrub layer, and there was a strong competition and cooperation between species pairs in tree
layer, a strong competition and repulsion between species pairs in shrub layer, and a close interspecific association in
community. (3)According to the results of PCA, the 24 main woody species were divided into four ecological species
groups. The tiankeng forests community distribution was in a circle distribution pattern from the bottom to the top of the
tiankeng topography, which was affected by environmental differences and species characteristics. In conclusion, these
results suggest that the close interspecific association may be one of the maintenance mechanisms of tiankeng forest species
diversity , while the self-regulation of interspecific association within the community and convergence adaptation of species to
habitat heterogeneity are the basis for maintaining the stability of the community.
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Table 1 Basic information of 18 sample plots in tiankeng forests of Dashiwei Tiankeng Group
s e ik BB st st IR
Location Plots Altitude S](;pe Slope position Aspect Canopy closure
(m) ) (%)
BRRI Q1 1316 45 RYURH LN 25
Luojia Tiankeng Bottom of tiankeng
WR R 02 1250 35 KT PEREHE WS 85
Luojia Tiankeng Top of tiankeng
PIARST Q3 1247 35 RIUEH Ky ES 90
Shenmu Tiankeng Bottom of tiankeng
PARRIT 04 1321 45 R T PiRIYE WS 80
Shenmu Tiankeng Top of tiankeng
PIARYT Qs 1263 10 Ky AR ES 75
Shenmu Tiankeng Middle of tiankeng
PRARYL Q6 1249 35 KIUEH Y ES 85
Shenmu Tiankeng Bottom of tiankeng
FRARIT Q7 1283 15 KRG P W 85
Shenmu Tiankeng Bottom of tiankeng
TRERRIL Q8 1290 20 KA Y ES 85
Sujia Tiankeng Bottom of tiankeng
SRR Q9 1375 45 RIS PHL3E WN 75
Sujia Tiankeng Top of tiankeng
KE R 010 1173 20 RIIEH PURgHE WS 75
Dacao Tiankeng Bottom of tiankeng
2R KRBT Q11 1 300 45 RILTTR Padt WN 60
Chuangdong Tiankeng Top of tiankeng
EREPN Q12 1280 60 RIS Jes N 45
Chuangdong Tiankeng Top of tiankeng
AR Q13 1220 50 Ryt AR ES 85
Chuangdong Tiankeng Middle of tiankeng
R Q14 1275 60 Kk AREYE ES 80
Chuangdong Tiankeng Middle of tiankeng
AR Q15 1150 30 RIUIEH ALy EN 95
Chuangdong Tiankeng Bottom of tiankeng
EHRIE R Q16 1172 45 RYUEH S 85
Dengjiatuo Tiankeng Bottom of tiankeng
MAERT Q17 1 100 35 RYUIEH Rty EN 85
Liuxing Tiankeng Bottom of tiankeng
TR Q18 1163 25 KT Pt WN 70

Liuxing Tiankeng

Middle of tiankeng

KA T 4 ( Machilus calcicola) | 76 TR 2 5 111§ #
( Lindera glauca ) . % M K ( Handeliodendron
bodinieri) ‘5% M #1 K % F ( Neolitsea confertifolia) .
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subverticillata) ILFE M AL T 5 LI, o5 &
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i Pearson FH A I 25 (K 2:a, 3 4) 1550,
18 120 AR b IEBRZE YA 73 X, o5 SO B
60.83%; B MK 45 (1 A 47 X, i B Ao £y
39.17% ; IE UGS ol 1,55, b ) b 3 IR IR A,
FIAT 10 X, 045 3/ AR E 57 3 R 2% 1 R R
5 HAK:JE( Elaeocarpus japonicus) . Fd R 5 )1 4
1% ( Lindera pulcherrima var. hemsleyana) | Fd R A 55
LA R AR 227 5 H AR | St NI 5 K
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Table 2 Species abbreviation of main woody plants in tree layer and shrub layer

Ty Species Abbrviion YIFh Species \bhinion
JEMEEAZ Pseudotsuga brevifolia Pb HM AR ZET Litsea elongata var. subverticillata Ls
AR Manglietia aromatica Ma HAAKLIE Elaeocarpus japonicus Ej
B Choerospondias axillaris Ca REMAR Schefflera minutistellata Sm

F A Handeliodendron bodinieri Hb LA Tetrapanax papyrifer Tp
JNEI% Lindera pulcherrima var. hemsleyana Lp L X8 Quercus phillyreoides Qp

B X Cyclobalanopsis glauca Cg WEFW Platycarya strobilacea Ps
PEHE Betula alnoides Ba SEM R EAR Metapanax davidii Md

M HT AR ZETF Neolitsea confertifolia Ne WA Lindera glauca Lg

B A Machilus glaucifolia Mg A ERAT Myrsine semiserrata Ms
BN Beilschmiedia kweichowensis Bk WEABE Viburnum odoratissimum Vo
ZNGREHE L Schefflera brevipedicellata Sh KIEIA Ficus fistulosa Ff
TR K Machilus calcicola Mc IR IFAM Lindera erythrocarpa Le

A M IR S R Z T SN B 5 L
ML e AR Z 5 AT AL TS
LISARL, o5 ST R 8.33% ; Jo by Bk 25 T Bk 4%
XA s W 2 R A5 A XA 77 X, 7 S O By
64.1% ; AN 5 IR S5 Fh XT A 43 X, i SR X £y
35.83% . 4K ZEFh X 2 W WA, RIPTRAR
JZ B B 2 Ta) %) R ] 58 4 5 VR 05, R BK 45
B WA R SRR XK S5 R —2

i Spearman FkAH G R Ek: 30 45 K (K 2.b, 3R
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SRR B 3% 5 TO i 35 B R G5 Rl X AE AR
HREE YA 24 ), i BT 819 53.33% 5 AN & Bk
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X E G, RYUARARHE AR Z EZY R Z ]
AR 1) S 4 HE e s, R TRV IR 25 2%

Hi Pearson AHICK 45 2R (18] 4.0, 5) 15741,
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Table 3 Overall association of plant community in tiankeng forests
R KRR Koot A R
Level VR \4 » ) Results
(Xo95 5 Xonos)

AR 2.556 5 46.016 8 (9.39,28.87) 1 FE PRI
Tree layer Significant positive association
HEAJZ 1.209 2 21.7646 7 (9.39,28.87) N X R
Shrub layer Not significant positive association
TR = RHEARR 3.298 9 59.380 2 (9.39,28.87) B FE PRIk
Tree layer and shrub layer Significant positive association

Pb

° Ps

A A Ma

A A A Ca

o o A A Hb

5] 5] O ] o Lp

u A 0 ] o A Cg

A A A A A A A Ba

A A L A ° | A A Nc

A m] A A A m] A A A Mg

A A ] A A L A A A L Bk

A A ° A A A = A A ° A Sb

o A A ° A m] m] A A A ° A Mc

A m] u A m] A A m] u A ° m] A Ls

m] A A A A m] m] A A A ] A A u Ej

A mi m] ° A A A m] ] A A g A ° ] I Lg
®. W EIERRSS; A, WA IEBY; B AREERS,; O AREFEARL; A BREAEKLS; O, B ERIKL, TR,

@. Extremely significant positive association; A. Significant positive association; . Positive association; []. Negative association; A.

Significant negative association; O. Extremely significant negative association. The same below.

A 1

T2 BRI ] B4 X AG 36~ e 4]

Fig. I X’ test semi-matrix diagram of main woody plants in tree layer
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£ 5 %), 4G B BHGJK ( Schefflera minutistellata )
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FELI) 3% 5 T i 325 67 I 205 xR 5 8 35 B 4
(A 32 X, o SRR 71.11% ; AN 10 3 BR 45 1Y
A 13 5%, 5 SRR 28.89% 4K 2 HURP X
PRI 2 OCHK , R W HE R 2 1Y 32 2L Fh 22 [8) A Aol (]
Te A HE R BCTR , BRI LS B WA R S R E X
K 56 Fl1 Pearson AH JCHS 0 45 5 —2
3.3 AEMAR Y

AHI ST 45 A W Bl i) A 25 0 PR R ) R 45 1 M

HASRRHE , R PCA HE/F 4 RUTHRM P AR
AAEY 43 J VU R A A5 2 (8] 5) |, 45 4 #F Hb 8
LRI, YRR oA b B H R S5 R IS & T A
G IX I — 2 (W B2 AR AL, 32 B R AR A 34 W
B LSRR, RS TS MASMA, ke
MV ASFA, 1 ESHAUIEFTAE 2
KGELe BB A Gl RA IR K R LL
S ILEAA S22 E 4% (Metapanax davidii) | 1% 2 AH
Ve iR s e B B, IEBREE iR £, R AR
TR 5 K o B e B ML
B R BT BB ARAR, Py Fh A= 28 S M 5 A B B AR
— 3, o AR AL B I L B AR AR 4T
VA RAT ( Myrsine semiserrata) . WA . &M BT A
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Pb
A Ps
Al Al Ma b
A A A Ca
A A A A Hb
A A A A ] Lp
O A O A [ | [ | Cg
] [ ] A ] A [ ] A Ba
A A A A A ] ] A Nc
A O A A [ O A A A Mg
A A [ ] A A [ ] A A u A Bk
A A A [ ] A A | A A A A Sb
A A A A A ] [ ] A ° A ° A Mc
A m] m] A [ ] A A A u A ° A o Ls
A A ° A n O O A ° A [ A A n Ej
A m] A ° A A A | [ ] A ° [ ] A ° [ ] I Lg
Fl 2 FeARZEFEZARARMEY M Pearson FiR R %L (a) Al Spearman FAHR RZEL (b) I AEREE
Fig. 2 Semi-matrix diagram of Pearson correlation coefficient (a) and Spearman rank
correlation (b) of main woody species in tree layer
x4 FTAREBEEERKXEY XL, Pearson HHX R %, Spearman # X RE LR
Table 4 Comparison of X* test, Pearson correlation coefficient and Spearman rank
correlation coefficient of main woody species in tree layer
NRESH Uis S
Positive association Negative association
(L OWIRS
Test method ET&E% e e B ki3 e A3 B
xtremely . 0 Not . Extremely . .0 Not .
significant Significant significant Sum significant Significant significant Sum
X2HG B 9 45 24 78 3 27 12 42
X test
Pearson 13 2 % 10 34 29 73 0 33 14 47
Pearson correlation coefficient
Spearman FRAHC R AL 9 42 20 71 0 34 15 49

Spearman rank correlation coefficient
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[ ] ° O A u] u] 0 ° Ff
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B3 VER)Z 32 BERAS A ) iR (] 1 X G 6 > R o 51

Fig. 3 X’ test semi-matrix diagram of main

woody plants in shrub layer
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