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Interspecific associations and correlations among the main woody plants in a
Pterocarya stenoptera community in a riparian zone of Lijiang River, Guilin,

Southwest China
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Abstract; Interspecific plant associations, which are significant quantitative and structural characteristics, reflect
relationships among species in a plant community as well as community stability, and they have important theoretical
significance and application values for the restoration and reconstruction of vegetation, protection of biodiversity, and
sustainable utilization of the plant community. For understanding the mechanisms underlying the formation of interspecific
assoclations in Pterocarya stenoptera communities, the interspecific associations of the main woody plants in a riparian

Pterocarya stenoptera community near Lijiang River were examined. A total of 20 sample plots were set up and investigated
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in the studied area. We selected 8 tree—layer species and 18 shrub-layer species on the basis of importance values, and
quantitatively researched interspecific associations and correlations by using a set of methods, namely, variance ratio
analysis of the overall association, X* test, Pearson’s correlation coefficient test, Spearman’s rank correlation coefficient
test, and principal component analysis ( PCA) based on 2 X 2 contingency tables of species presence/absence and
abundance per quadrat data. The results showed that the overall interspecific associations were non—significant, positive
correlations among the main plant populations in the tree layer, shrub layer, and combined tree and shrub layer, and this
reflected that the Pterocarya stenoptera community in the riparian zone of the Lijiang River is at a relatively stable
developmental stage. The results of the X* test showed that a vast majority of the species pairs were not significantly
associated, reflecting a weak association among the various species pairs in the tree layer and shrub layer; most of the
species showed an independent distribution pattern. Pearson’s correlation coefficient and Spearman’s rank correlation tests
showed that the significance rates of the species pairs in the tree layer, shrub layer, and combined tree and shrub layer were
lower, and the species pairs with insignificant interspecies correlations accounted for the majority of the species pairs in the
tree layer, shrub layer, and combined tree and shrub layer. The results of the X* test, Pearson's correlation coefficient test,
and Spearman’s rank correlation coefficient test were consistent; however, Spearman’s correlation coefficient test was more
sensitive than the X” test and Pearson’s correlation coefficient test, and could make up for the limitations of the X test and
Pearson’s correlation coefficient test. Therefore, it is better to investigate the interspecific association and correlation by
combining the X* test with Pearson’s correlation coefficient and Spearman’s rank correlation coefficient tests, because this
approach can more accurately and reliably reveal the intrinsic relationship of interspecific associations and correlations
among the plant species. According to the PCA and evaluation of interspecific relationships, the 20 main species in the tree

and shrub layer were divided into four ecological species groups.

Key Words: Lijiang River; riparian zone; Pterocarya stenoptera community ; interspecific association; correlation test
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( Cinnamomum burmannii) % ¥ ( Sapium sebiferum) . 5& ( Morus alba ) 55 ¥ F; #EK 2 £ B A A ¥ ( Ficus
abelii) %503 ( Rubus rosaefolius ) . J\ fA M ( Alangium chinense) . AR ( Flueggea virosa) . 2 JE AR ( Rawvolfia
verticillata) (AW 7K AILE (Adina rubella) 4138 ( Vitex negundo var.cannabifolia) %5 | IR I A7 7E — 3 B ANA kb
B B RETARE AR ZYFFEE | T2 W 25K ( Boehmeria formosana) % % ( Kalimeris indica) T
¥ ( Oplismenus compositus ) , 22 ¥ 55 71 ( Microstegium vimineum ) | 2% & ( Ophiopogon japonicus) | £1. 1€ B 3¢ #
( Oxalis corymbosa) BEH & ( Oxalis corniculata) . KREIZZ ( Hydrocotyle sibthorpioides) . +.2F I (Achgranthes aspera)
S BLAN, JE 8] SRR JR AR D 1 B9 3 K ( Paederia scandens ) | 28 %&F ( Cayratia japonica) 4 ¥ ( Humulus
scandens) 2% A1 ( Trachelospermum jasminoides) F¢7% ( Ficus pumila) % B2 55% ( Vitis flexuosa) %5 .
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Table 1 Basic information of 20 sample plots in pterocarya stenoptera community of riparian zone in Lijiang River

.k R e s e ik PR PAREL
Location No.of sample Longitude Latitude Altitude /m givcl/% degree
FHZA Plot1 110°2230.08"E 25°24'48.87"N 161 28.5 HEE TR
[SEIT Plot2 110°22'31.89"E 25°24'43.01"N 162 29.8 BT
FHZA Plot3 110°22'31.65"E 25°24'43.69"N 162 29.5 BETH
FHZA Plot4 110°22'31.85"E 25°24'43.80"N 163 26.5 TR
FHZA Plot5 110°22'32.94"F, 25°24'45.81"N 163 28.8 BETH
FHZA Plot6 110°22'33.14"E 25°24'46.64"N 162 25.1 BT
HMEN Plot7 110°21'53.49"E, 25°22'58.16"N 160 1.5 BETH
mER Plot8 110°21'54.17"E 25°22'57.73"N 159 0.4 TR
HMEHN Plot9 110°21'55.22"E 25°22'57.23"N 159 0.3 T
M e Plot10 110°21'56.39"E 25°22'56.69"N 159 0.1 BB
A Plot11 110°19'49.48"E 25°20'23.83"N 155 0.1 I RN
A Plot12 110°19'50.13"E 25°20'23.53"N 155 0 BB
AT Plot13 110°19'50.23"E 25°20'23.20"N 156 0 BT
A Plot14 110°19'50.39"E 25°20'21.96"N 156 0 BB
FKATAS Plot15 110°19'22.99"E 25°19'31.87"N 153 1.2 BT
FKATAS Plot16 110°19'22.20"E 25°19'31.75"N 152 5.1 BETH
PN Plot17 110°19'21.94"E 25°19'30.74"N 154 1.8 BT
FAT AL Plot18 110°19'21.59"E 25°19'30.18"N 153 0 BEETH
FKATAS Plot19 110°19'21.76"E 25°19'29.30"N 153 3.6 BRI
A4S Ploi20 110°19'23.28"E 25°19'30.48"N 152 21.7 T

S
8 =2 P(1-P)
i=1

P, =n/N
=13 (1 -1y
NT
VR = S2/5%

K, &) NEEEART 225 ) N ERETT 255 S ATRNLEIRNE N O SRETTEG PR i IRl s BRAARE s n,
Wi i S EARE B TR DS N S SRR ¢ SR R T8

W77 22 LER (VR) (HBEVERESS Hh B A Rl A 1 DGR R B3, FE b S, e AR AR B8 1. 45 VR>
1, DRI b 2 ) e 0L ¥ 1 TEDGIR s VR< 1, IR B A 2 [R] R L 0 670G s 47 VR =1 WRIR T )
FpZ IR TEOCHE S o MR Z 1) B IE SO AR BT o X 45 R FH ST W(W=NxVR) KA 5 VR {E
BB ERRR W > a0 BW < x50y WPIFRELEASCHR 35 (P<0.05) , L2 450 W i A X2 5341
SR g o5y < W < 2505y, » MAHIFPIELEAR IR 8.3 (P>0.05) 7
1.3.2 Fh(ajEREs v b

R XCGETH X M ] A5 VA 708 PEAIF ST, LAB s S0 M85 AE LA BL A b 9000 {8 =2 8] i 22 1) 2 25 PR
BT 2x2 FIHRR B X Ge it I Wkl ouf (] S5 M  FEEATXC KL T, B ST ARIE RN AE 20 AR IR B AT
TE ¥ JF IR B et i 0, 1 T2 Z oo BAi A 0 SRR IR AERE T hRNARAE 1 FoR R AERE DT P AE . R
i F 3R A SR R | K S R A RO 1 MR I 2x2 IR R TR a b o od 9T, T ARSI
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Table 2 Name and abbreviation of main species in tree layer and shrub layer

Y55 Abbreviation  HJFf Species 455 Abbreviation  HJFh Species
Fa KEW Ficus abelii Ca KT Combretum alfredii
Rr 2509 Rubus rosaefolius Ss Y53 Sapium sebiferum
Ps W% Pterocarya stenoptera Re INRY B Rosa cymosa
Cs KM Celtis sinensis Fp FEMHE Ficus pandurata
Ma % Morus alba Ra B4 F Rubus alceaefolius
Ac JNFAM Alangium chinense Vn $38] Vitex negundo var. cannabifolia
Ar 4tk A4 Adina rubella Rv B YK Rawvolfia verticillata
Fv PR Flueggea virosa Ms WIR-TEAE Machilus salicina
Ch FiFF Cinnamomum burmanni Ce ¥ Cinnamomum camphora
Bp F#} Broussonetia papyrifera Se BEMN Salix chaenomeloides

, NIl ad-bcl-0.5N]?

YT Wb (brd)(c+d) (a+to)

K N R REETEL, a R 2 DNIFRBIAFAERIREDTEL, b e 53 0h 2 AR PR FE I RE DT, d ol 2 Ry
AIFAERIRETTHL, Tl SCIE I 5 T 43 R I SCBE RN 67 OCHE 2 2,18 V = ((a+d) =(b+e) )/ (a+b+c+d) , 75 ad>
be U] V>0, FhIE]SCHAM: A IEBELE s 2 ad<be , M| V<O, Fltfa] G Ry Fa B

M X?<3.841( P>0.05) B, Ffou) Tl AH ELAM ST, BRG] R S5 AN 3% 5

24 3.841<X%<6.635(0.01 <P <0.05) I, FfowF ] B 285 1 i 3

M X*>6.635(P<0.01) , skt IHLEE AR &>,
1.3.3  FpalAH S E AT

Fof TR B 5 P A X G 30 (0 A2 PR T R ) A S B 15 0 3, T R R IR B R I 3 A o o T 3 AN A7 A O
Bt ELXC ARG 06 TG 125 I W IR 235 588 B8E (10 K/, TG ik 5 2 b S Wb ) G e v 22 e 5 2 M HE, Pearson 415G
FHUKE 55 A1 Spearman KA G F2 410K 560 02 3 450 A | BEASTE A8 i S I R IR R PE G 2R 3% 2 M E R
ORI v] LIS XCAG B0 AT Rt b S SE S, IR L, 2T R R SE e AR IS, 5 E— 2 F ] Pearson Af]
KRBT I Spearman FAAH I R B0 5600 5 HOCHRIRFE . AR AT AR HEARZ EZEMBEN ZEEN
Pearson FH5¢ R UM Spearman B 5 R B AR A , X Rt 8] () 2 k56 R B4 75 140 T e AT [ st o B0 T
figt,

Pearson AH5¢ RETTE AKX ANF .

2 (xy = %) (%, — %))
r(ih) == -
JZ} (x, —@)221 (xy = %)
A, (i, J) R L SRk ZBI7E jREJT B Pearson AHOCFR KL, N ﬂih'éﬁéjfﬁ,xyﬁ x@ﬁ%’b’ﬂ%ﬁ i F19)
Bk TE jREDT R 2 A, BT B AL A e x, B x5 w0 A xk 3 SRR R B FET AR T TR 2
BSFEIME, r (EIGE R [ -1,1 ] IE{EF R IEAHE , S s Tk,
Spearman FkAH G R HUE B ST BB 2 B ) L A Rk b ) i AR R R Rk e s AR A G R
Spearman FRAHIC R BOTHE AT .

N
6, (xij —xi)® (xhj - xk)>
r (k) =1 -~

N - N
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o ,rp(i, D)o BEFRN i SR k Z [817E j #E 7B Spearman FRAHSE R EL, N ﬁléxﬁéﬁ%&,xi]%ﬂ xhjﬁ’%'Jj‘?ﬁ‘ i K
vk 7E j REDT TR 2 AR R RE

HEH A Excel 2016 H5E R, FPIRIBELE FIAH S ME T ZE R 3.4.3 SR{Frh a8, o X2 4656  Pearson AH
e R BUFN Spearman Bk IC R B I0.25 4373 HH spaa £ H ) sp.assoc () sp.pair( ) FREGTEASH |, Pearson #H2¢
ZHUH Spearman BAH K R B EMEE 1 psych FLH Y corr.test () PREGHATREER , PCA 70T 7E vegan £ rda ()
PR IEAT

2 ERES

2.1 BRSCHRME:

WA TR & )2 IR BRI SR SR AL 2 3 WoR , MR TR AR)Z HEKZ L TR AR TR Z
BB AR ] SR PE AR — 30, & B IR B BARSCEYE R 2 LR (VR) B KT 1, B S i 5375 A LR
Xoosvy < W < Xgoscny » 2 WHEVLIRREARARAZ TS 25 2 R B BELE B 138 2 90 35 1 OCHK

F3 WHEHESEREETMEMEMNSEXEBEYE
Table 3 Overall interspecific associations among main plant populations of different hierarchical levels of pterocarya stenoptera community in

riparian zone of Lijiang River

=304 FELE K ge it (W) XA 16 5 3% R
Levels Variance ratio( VR) Statistic( W) X? threshold ( %25 , 4305 ) Results
F*ARJZE Tree layer 1.12 22.42 (10.85,31.41) ENTE NS
H#EAZ Shrub layer 1.06 21.21 (10.85,31.41) ENTEASIS
TRARRAEA 1.45 28.99 (10.85,31.41) ENTE NS

Combined tree and shrub layer

2.2 FhfE] S
221 FeARJEFHER ] SCHE:

YRS GE TR (B 1 AR 4)  FRA)Z 28 AR e JEAl 3 IR our , M5 B A5 B 2 o o
FAE RIS | b SRR 7.14% s A7 S48 AU S5 R0 2 8 D S35 SROGTRRAI NS, o SR By 7.149% 5 T8
3 RIKETC IR AR AT 24 X, 7 85.719% , Fixf [A] SCHRE 553 , 4 Wy (6] 52 4 57 o0 A A s

R4 FAREMBEN XML Pearson 1HX#I8F1 Spearman T8 XI5 L
Table 4 The comparison of X>-test coefficient, Pearson’s correlation coefficient and Spearman’s rank correlation coefficient of tree layer

plant species

IEHEZE () Positive association ( correlation ) FUBRZE (F15%) Negative association ( correlation) )
T T il
Rk . BE R - L BE REE - (4%)
Distinctly B Distinetly BB

Test methods Significant  Not significant Significant ~ Not significant No association

significant - Sum significant - Sum orrelati
(P<0.01) (P<0.05) (P>0.05) (P<0.01) (P<0.05) (P>0.05) (correlation )
YR
Y-test 0(0) 2(7.14) 13(46.43)  15(53.37) 0(0) 2(7.14) 7(25) 9(32.14) 4(14.28)
Pearson’s A R 4L
Pearson’s correlation 3(10.71) 2(7.14) 5(17.86) 10(35.71) 0(0) 0(0) 18(64.29)  18(64.29) 0(0)
coefficient
Spearman kA R 4K
Spearman’s rank 2(7.14) 3(10.72) 6(21.43) 11(39.29) 0(0) 1(3.57) 16(53.57)  17(60.71) 0(0)

correlation coefficient

2.2.2 FEARJEFHER ] SCHEE
XORLH s (2 R 5) , 153 XA R 2 Mo b, B A 15 35 i S A I 35 1B ORIk, o s b X B g
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Fig.1 Semi-matrix of interspecific correction X?-test of
association of main population in tree layer
Ps 4%, Pterocarya stenoptera; Cs: FNW, Celtis sinensis; Cb: 17,
Cinnamomum burmanni ; Ss; 5, Sapium sebiferum ; Ma . %, Morus
alba; Bp: ¥4 B Broussonetia papyrifera; Cc: ¥E, Cinnamomum
camphora ; Sc i ,Salix chaenomeloides

0.65% ; KM 5 RS MY 5 B | E R 5 XA RS MR A 5 R 5 0D 3 IE G
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Fig.2 Semi-matrix of interspecific association X? correction test
of 18 main species in shrub layer

Fa. G5, Ficus abeliis Rr: %5 0¥, Rubus rosaefolius ; Ac: /\ ffi 1R,
Alangium chinense; Ar 20 i K B Ak , Adina rubella; Fv; 1R *XT,
Flueggea virosa;Ca: K+ , Combretum alfredii ; Rc ; 7N 7 , Rosa
cymosa; Fp . ZE nf Tﬁ, Ficus pandurata; Ra: A F B T, Rubus
alceaefolius ; Vn ; HEI8 Vitex negundo var. cannabifolia; Rv: IR,
Rawvolfia verticillata ; Ms . MW HR , Machilus salicina

R5 EAEZTEMEA X HEIE Pearson 185 F Spearman F518 X135 LR

Table 5 The comparison of X?-test coefficient, Pearson’s correlation coefficient and Spearman’s rank correlation coefficient of shrub layer main

plant species

TEBEZE (FA2E) Positive association ( correlation )

TS, (#15%) Negative association( correlation )

T T oy
K - i NTE S - i W UNTE - (#H)
Distinctly o S B Distinctly o o Javie .
Test methods nificant Significant  Not significant S onificant Significant ~ Not significant S No association
significan| _ Sum significanf < Sum orrelati
(P<001) (P<0.05)  (P>0.05) (P<001) (P<0.05)  (P>0.05) (correlation)
XG5
st 1(0.65) 5(3.27) 58(37.91)  64(41.83) 0(0) 5(3.27) 63(41.17)  68(44.44) 21(13.73)
Pearson 156 R 51
Pearson’s correlation 8(5.23) 6(3.92) 49(32.03)  63(41.18) 1(0.65) 6(3.92) 83(54.25)  90(58.82) 0(0)
coefficient
Spearman BEAHE R AL
Spearman’s rank 11(7.19) 12(7.84) 51(33.33)  74(48.36) 7(4.58) 12(7.84) 58(37.91)  77(50.33) 2(1.31)

correlation coefficient

2.2.3  FEARFIBEARZ FRRERRE] SCHR

XRER G Bom (3 F3R 6) TR ARITEA)Z 190 XF AT i, Joth & SCHORXT A 11 52 & 38 1F OCHK,
7 AP ELY 5.78% , 43 B R ATRART SR A SR AR 5 IR B AR S S R MRS TR
R KM 5 I | R 5 XZE R SR A S RS X S B A 4 R i R O
A7 ST 2.11% , 7350 AR SR R | RS A LR S AR R SRR ; TG i 2 O
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BTCOCHRAO AT 175 X, 4 92.119% , Ffoxt 6] SCHRE 55 , 4 Wy 6] S22 0 A A R

xR 6 FAMEAEMBEN Y ML Pearson 184016 F0 Spearman T8 X408 b 55
Table 6 The comparison of X2-test coefficient, Pearson’s correlation coefficient and Spearman’s rank correlation coefficient of combined tree

and shrub layer plant species

TEBRSE (FH5E) Positive association( correlation ) FIRZE (F15%) Negative association ( correlation) —_—
e e e
KRk WX wm REE g PR aE AWK (%)
Test methods ‘15,1:(1 .‘t Significant  Not significant l:‘ ,15 lfm El Significant  Not significant ‘; No association
(ijil 0“”0“1‘) (P<0.05)  (P>0.05) o (51‘528“8'11) (P<005)  (P>0.05) S (correlation)
241
;*ﬁ? 0(0) 11(5.78)  80(42.11)  91(47.90) 0(0) 4(211)  84(4421)  88(44.32) 11(5.79)
Pearson 156 R 5L
Pearson’s correlation 10(5.26) 6(3.16) 55(28.95)  71(37.37) 2(1.05) 5(2.63) 110(57.90) 117(61.58) 2(1.05)
coefficient
Spearman FEAHIC R 5L
Spearman’s rank 11(5.79) 13(6.84) 62(32.63)  86(45.26) 7(3.69) 8(4.21) 87(45.79)  102(53.69) 2(1.05)
correlation coefficient
Y /4
2.3 *Haériﬂﬁ‘ e e * HEHIE R
230 FASZRBERIAI X =, A SEDE
TEARZPEE Pearson FHICHS 5 Q&1 4 ISk 4 FoR, il el L2 R TS
o === M A BEGLE
TEFTA 28 DFs A 3 X ik i 3 IEAR DG, 2 X2 - + N ++ ACA 5 ;ﬁ‘;{:iﬁiﬁ*
- —|—|—|4r
FAEASE, B 5 X, R 17.85% ; o B =+ [A[=] =+ ]|FY
—[+[=[a[=[o[=[+]cp
A GRS 25 67 R DG A ol 300, A 36 J 2 %2 0y 17, —[=[=[+[=[*|=o|+]8r
N N . - —1=1= C
85%., FLrf AP GHER B MR 4 K F A Bl e A o s
) vy T 2 A TS = +|+[+|+|o[+|o]o|o|+[=[=]Re
ﬁ[*ﬁ?él’iz:gi,ﬁlﬂx m%\ﬂﬁ%%*amo +|=|+|+|=|=|-|+|A|+|A|=-]0O F‘p
FEARJZFIHE Spearman BRAHICK: 35 ANl 4 FN3k 4 Fr - I - f : I A . : 1= i“Vn
AR 28 AFIT A7 2 XA B E A, 3 A [E[s e[ s [ o[ [ er
" + =+ [+ |O|+|A|+|+|+|-|+]|+]|—|-|+|Ms
N E A, BRI 5 X, AT 17.85% ; Totlk At A+ |+ == |=[+|=|=|+|=|=[+|=|=]ce
e A= [al+[+[+][+[+]=[=]=]=]=]=]=]=]+]+]Aals
3 ORI, B SRR 1% K s
21.43% , Horpr Bl AH S AN 2 AT o 4 K B3 FEAMBAR 20 1 EEMEE XA F R EE
ﬁ:'gj ;i:ﬁ 9% I\,-I"Tgi I—] XK gﬁ\ﬂéu Pearson ;i:ﬁ %*ﬁ%\ E{J% Fig.3 Semi-matrix of interspecific association Y correction test
% *H { J\ of 18 main species in combined tree and shrub layer

2.3.2  VEARJZFIEERPEIAEOCHE

TEKJZ EEFVEE Pearson FH5C REG IO 25 FANK 5 FIFE 5 B TEATA 153 SRR S A% e 2 IEAH ¢ A9
PR 8 X, 5t W3 IEAHSC IR 6 X, BAAa 14 XF, b SRR 9.15% 8 1 X 24 3 UASE A 6 Xt
R ERASC, ST 7 X, 5 SRR 4.57% K i E RN 13.72% , Hor, KR 3R o6k i A R]AH DA i
R MRS X ST Z FEARZ R I 25 R — 2,

HEAR 2 FEAHE Spearman BRAHJC R BRI 25 FANE 5 TR 5 Fis  FETA 153 DR A 11 X 24 R
FEARDE A 12 5 W IR ARG, I 23 X, A7 BT A 15.03% 5 SR 5 A S AR A 7 X, 2
TARSCHIFI XA 12 %), SMAEA 19 XF, 5 ST 12.429% K50 1 256k 27.45% , JForr, KCHB 4 Fowt 0 ]
AU B35 PRI AH ST | X R TR A JZ UL L FEARZ XA 56 A1 Pearson HH & 22 0K 56 1) 45 SR AH— 2k,

2.3.3  TRAHRIHEA SRR A G

T ARFFEAR)Z R Pearson AHE REUG IR 25 L NK 6 FIZR 6 s, TEATE 190 XHApst i B Hk i 2 1F

FHOCIAIT A 10 %, 52 I 2 IEAR GRS AT 6 X, B AEAT 16 X, b7 SR AT 50 8.42% ;41 2 % S il k2% £ AH
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Fig.4 Semi-matrix of Pearson’s correlation coefficients and Spearman’s rank correlation coefficients of main population in tree layer
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Fig.5 Semi-matrix of Pearson’s correlation coefficients and Spearman’s rank correlation coefficients of main population in shrub layer

LK 5 PR B E AL, BAE 7 %, AR RTEU 3.68% , K I W E RN 12.11% , Hir KSRl i b
[AH OGP 3 FHOCHEAR R X 5 TR R FIE AR Z R B0 i 45 1 — 3

TRARFIHEAZ FEEFPHE Spearman BRAHSC R AR L0 ANEl 6 FIZR 6 Fios , FETA 190 /MR 11 X 4%
WEEIEARDC A 13 X2 R EFIEA G, B 24 X5, 5 XA 12.63% ; B 0 E TSR XA 7 X, 2 i
FHMICHIRAT A 8 X, BIAH 15 X, 5 BB 7.89% , K 56 25 N 20.53%, Ho, KA R i i E]
AHSER I 2, P ) A S AN TR, 3 [F] T A RIVEE A J2 X K56 1 Pearson G 22 50K 960 1) 245 SR AH — 3K,
2.4 AT A5

A SRR v AR 25 S AR R AR 26| B8 T MM i 2 SRR E ARV (4 AH B OC 3R R RE X PR 58
PR E S ASHFREERRES , AFRLES 2 x 2 BAIER X KK  Pearson A3 R %L Spearman FEAH & R4k
KB 45 5 456 45 PRI IS5 IR - AN [R) AR 2838 IR AIE 32 T PCA HEJT 43 BT, H8 F ARITHE R 2 B4 Fh K3
Gy R 4 RAESFIA 25 ikl 7 s
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Fig.6 Semi-matrix of Pearson’s correlation coefficients and Spearman’s rank correlation coefficients of main population in combined tree

and shrub layer
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Fig.7 Ordination of main plant species in combined tree and

shrub layer on the first and second principal component axis
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