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Spatial patterns of and specific correlations between dominant tree species in a karst ever-
green and deciduous broadleaved mixed forest in Mulun Karst National Nature Reserve.
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Abstract; In order to understand the biological characteristics and specific correlations of dominant
tree species in a karst characteristic evergreen and deciduous broad-leaved mixed forest in Mulun
National Nature Reserve of Guangxi, a point pattern analysis was made on the spatial distribution
patterns and inter- and intraspecific correlations of four dominant species in a one-hectare plot.
Among the four species, Boniodendron minius dominated in tree sublayer I, while Ligustrum japoni-
cum , Sinosideroxylon wightianum, and Rapanea kwangsiensis dominated in tree sublayers Il and
II. All the four species had a clumped distribution at scale <10 m, a transition from clumped to
random distribution at scale 10-25 m, and a random or regular distribution at scale >25 m. The
critical scale from clumped to random distribution varied with species. No significant correlations
were observed between the B. minius in sublayer I and the dominant species in sublayer II. The
correlations of B. minius with the dominant species in sublayers Il and Il showed greater fluctua-
tion, with significant positive correlation for L. japonicum at scale <50 m, no significant correlation
for S. wightianum, and no significant correlation for R. kwangsiensis at scale <20 m but significant
negative correlation at scale 20-50 m.

Key words: karst forest; dominant species; spatial pattern; O-ring function; Mulun National
Nature Reserve.
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Fig.1 Comparison of dominant degree of dominant species in

each vertical structure.

A . /NIEB Boniodendron minius ; B. 7% ni Ligustrum japonicum; C: ik
1 Sinosideroxylon wightianum; D) V4% 6B Rapanea kwangsiensis
E. WM Clausena dunniana; F .32 58 Radermachera sinica;G: JL
B & Murraya paniculata; H: 2175 1L KFF Alchornea trewioides; 1. 83%
A Pistacia chinensis; J: K Loropetalum chinens ; K. W7 Ulmus parci-
fovlia; L IS Platyros dumetorum ; M. kMR Celtis cinensis; N: £
35 Schefflera glomerulata; O MK Handeliodendron bodinieri. I [f)

The same below.
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Tab.1 Spatial patterns of four dominant tree species at each class

Iz ] FE Scale (m)

Forest layer 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16~20 21~30 31~50
All + + + 4+ 4+ 4+ + + o+ o+ o+ o+ o+ o+ o+ o+ + +(r) r(+)
I + r r r r r r r Tr Tr + r r r T T r(+) r(+) r(-)
I + 0+ 4+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ + + +(r)
I + + 4+ + + + + 4+ + T + + 4+ + T o+ r(+) r(-) r(-)
INBERS B, minius roor 4+ r o+ +F T+ o+ o+ o+ o+ o+ o+ o+ +(r) r(+) r(+)
I + 4+ r r r r Tr Tr + + + r r T T T r(+) r(+) r(-)
I r r 4+ r r r r r + + 4+ + r + r + r(+) r(+) r(+)
i} + + + + + 4+ + 4+ + 4+ + 4+ + 4+ r v r r(+) r(-)
R i L. japonicum ro+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ + + r(+)
I r o r 4+ 4+ 4+ 4+ 4+ + + + + + + + + o+ + + r(+)
I + + 4+ 4+ 4+ T + + + r + + + + + 4+ +(r) +(r) r(+)
M S, pedunculata r r + 4+ r 4+ 4+ + + + + + + + + + + r(+) r(+)
I r o+ r 4+ r 4+ + 4+ 4+ + 4+ r + + + 4+ + +(r) r(+)
I + + 4+ + + + + 4+ + r + + r + r + r(+) r(-) r(+)
I VGEAER R, kwangsiensis + 4+ 4+ 4+ 4+ 4+ r r Tr T + T + T + + r(+) r(+) —(r)
| + 4+ + + + r + 4+ 4+ r 4+ r r + r x +(r) r(+) r(-)
I + + + 4+ 4+ 4+ r r - - r r + r 1 T r(-) r(-) r(-)

All 4 AEFAF Y ECE Symbolizes the number of all four species. +: 437 Clumped ; — : Y2153 75 Regular; r: L4075 Random; r( +) : FAL /AR
Z T B4/ There were more random (r) points than clustered(+) points; +(r) : BHEE/ i Z TR/ /i There were more clustered (+) points
than random (r) points; r(-) A 2 T 44959434 There were more random () points than regular (—) points; —(r) IS 2 T RN
There were more regular (—) points than random (r) ; R 0 R SEAEMA Scale=0 means that the points were within the cells; 0 7/~ JCEHE 0
meant that no point in the study region; Monte Carlo B {5 X [A]°4 95% Monte Carlo confidence was constructed at the 95% confidence level (19 simula-

tions) .



114 BEOCHAE PRI ORI DX TR 27 I I TR S AR D S 25 A Jmy B AR 2773

m
100

80

60

40}

20

100

80 -

60

40

20

495+*

0

80

B2 4 EEmii s o Aiks 5

Fig.2 Spatial distributions of four dominant species.

11 W JZAMAE Individuals of layer 1;2) 1 W JZ/MA Individuals of layer II 5 3) I W JZ /M4 Individuals of layer 1. a) JINZERY B. minius; b) K

vi L. jtzponicum;c)lf‘jﬂ"y@ S. pedunculata;d) PG AER) R. kwangsiensis.
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A 208 D2 A 2R 22 0T 550 TR 4 A L3RR AR
SRR 2 TEAN G SR/ IR A ot B P, 2R
TR RERETEAR N ARG L T BT, A AR RS
)3 A S LR AL A3 A o . 58 T2 ik 548 1T

WJZ 4 DEFHFE A S5 R A I, AL Rt
A7 AR X AR ST B 2 35 B, n] e
TENE ST T I e bR e D' B AN S R i A
AR BRI . S M2 ) P AR 555 1
W2 4 MEFHFIE<20 m RBEEREABA FE KM, 20
~50 m & B H {3 GO 5, Ul I GRS B A X A
555 , MR A S B R OB IR, I, ) Y AR
RFLBESR 731 o 3, bR AR 1 32 LA DL S5 R R R i
BR.

3 WRESAIE

TSR, DR AR A MR B 1 I Py SRR
SR TAERL R AR b S BERL B 2 5 Ak S
SR it PR 1) 18 w3 T AR AR W TR o %
I i PR SR ATl AN TR AR 2 19 2 [ 23 A1 A% e I A
SEARTFA R —HAE . <25 m ]UERT, BR/NERAL,
Fofth 3 AEHFEAFT X — B H1I0, 2R L v
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Tab.2 Intra- and interspecific spatial association of four dominant tree species at each class
T H 454 vertical structure JUBE Scale (m)

Layer [ Layer Il 0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 15-20 21-30 31-50
IINZERR r r r r r r Tr T T + + + r T T T r(+) r(+) r(+)

IINGEAR Ao r + r 4+ r r Tr 4+ 4+ + T T T T T T +(r) +(r) r(+)
Al r r r r r r 4+ T r r T r r T T T r(+) r(+) r(+)
P AE R D + + + 4+ r 4+ + 4+ 4+ r 4+ r r r r r r(+) r(+) r(-)

Layer I Layer IIl o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 15-20 21-30 31-50
JINTERR r r r r r Tr Tr T T T T T T + T T +(r) r(+) r(+)

INIRRRE R4 vt + 4+ 4+ 4+ o+ T+ o+ o+ o+ o+ o+ o+ 4+ +(r) +(1) r(+)
LRI r r r r r r + r Tr + + r r r T T r(+) r r(-)
iRy r r r r r r r r r r r T r r r r r —(r) r(-)
INZER + r r r 4+ 4+ 4+ r r r r r T T + + r r r(-)

i it R ot roF o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ + + r(+)
g{% r T T T r r T r T T r T T r T T T T T
iRy r r r - r r r T T Tr T T r T T T r(-) —(r) r(-)
INIRRRY - - r r r r 4+ 4+ r Tr Tr Tr T T T T r r r(+)

LR R o FooF o+ o+ o+ o+ o+ o+ o+ o+ + + r(+)
BRL r r r r r Tr 4+ r T Tr r Tr r r T T r r(-) r(-)
IR AL r r r r Tt r T - - T T T T T T - —(r) —(r) —(r)
INIRRRE r or r r r r r Tt r + + + + + + + +(r) r(+) r(-)

JTPREAER Rl r r r r r r + + r + + + r r + + +(r) +(r) r(+)
9{#)"{‘, r T T T r T T r r T r + Tr r r r r T r
iRy ) + 4+ r r r Tr Tr T T T Tr Tr r r T T r(-) r(+) —(r)

a) /NEW B. minius; b) /R U1 L. japonicum; ¢) A S. pedunculata ;

level (19 simulations).

BRMETE <25 m ORIV )2 S R ML A3 A R HE T
WIRZ, ) P A T2 REAL A i R £, i HL
A1 43 A 75 =25 m NEERT 4 SRR R AR
JZ AR 3 A Jm A R BENL A . h 1 Al
BRI FIARETE <10 m R 52 5 325 1 SR 4R )
A1,>25 m RPZEREBEYL MG, H 2 AR 2152
G347, 10 ~25 m P9I kg SR 43 A 1) Bl AL 53 A A
HASIR] A A0 3 5 42 2 A1 1) B ATL 43 A0 14 i 3 ROBEAR
7). Py i 25 [ 53 A0 A% Jm T 1 — i 5 0 S AR Ay o
FHICA > P Bl s ) S 4 L R 3 ) R BUA
S TR AR AR B T A R L B R AR
K, HIE A 52 4% | 3o A A VB
JT PR, AT B B R o R EE A
PRER B A 2T R 20 R AL 2, R A AR FH BE AL
Sy ECAE A R L SRR R I B, B 1 A B K
PR ) B B B 7 ) by /N b, HL s [R] o A
M JRAHIEGE KA T 8K B U, /NS AR 1) 3 SR A
S, DRI P A JFL A 1) 0 A1 4 Jm B ) B ML 3 A

&) JPEEAEH R, kwangsiensis. +: i3 IEAIZE Positive association; —; i 3%
A Negative association; r; JGHIFE No association; r( +) : oA &£ T i 3 IE 1 5& There were more no association (r) than positive association
(+) 5 +(r) : BEFIEMFKZL TICAIE There were more positive association (+) than no association (1) ; r( =) : LA FKZ T . FE A K There were

more no association (1) than negative association (). Monte Carlo E{F X[ 4 95% Monte Carlo confidence was constructed at the 95% confidence

{EABFFE P H /IR B BEAE 13 m JOBE LU R BN
F R RN R SO N R 2203
A BEA JE R, /IR B B 11 m U 2R A4
Aii. DR, 55 IS = R /N RO | 52 R A7, R
HT TR R 373 A1 A BT S R, 645 40 b
FR 23 (8] A AR R e R RUEE 3R Bt BB L. BE & A
BRIGAER, W) i B 45 e PR 2 B AL
SIS R SR, SR L DX/ N R B R AR KR,
Wl s (1) 3 45 R AN (R A A /K P B 8 A 4 ) o
AFAEI R E 4 0 R BRI AMRE R W) R S 2R R
ARG, R, A AN R b B8 A ) 2 e A P 22
S AR (] 3 AAR Jr) BAT — 2 AR (I S 1 I 7 g
SRR ARAR R AR A o JRE S M S S M ) o s ]
A% SR B BB R 2 —.

ol ) A S 388 2 ph TRV AR SR R 22 SR R T )
Mo PRBL T Aof 8] 19 3 4 56 2 LA SR AR 85T 73
PRI RN W AR A e T RO S 2 IR
K o MFR o 25 A SRR AE B AN 32 S0k AN S SR A



114 BG4

T PUATE PR DX 0 S0 g 7 ] TR SR S 2 T Sy B AR S

2775

o LB [ — b B 07 3 /AR SR
HERRIFIRFIEAD nT BEAFAE 120 B Y 22 5. AR 5Lt
RUEE b, Wy )R8 PR A T AR R S B 07 53
b, Yrfh 2 [8) Fe A S 35 BRAR G 5 TR R | 95
7o R BRI A AR S AN ] A A R A AL AT
RN L. MR Lot (L W)Z) 5/NZER
(IDZE)7E 1 m REE BRI B ERAMIE2 ~5m
TCARFE,6 ~T m HBEIEMK, = 8 m XRIAT
FRSE T PE AR ( 1IE)R) SR 2ot (R ) B4
KR FRAE W EAH IS oM e Z B 3h 5. R, 7
HEAT N TAERI L I, BT Sk P 5 3d 1Y & LR Fh
A 3B EEARAE AN [R] #4 AE S5 AR 2R FHAS [] 0 bt o 32
FHAS[AIA% R | e PR [ AH O = AR 52, JFx
TEE PP I VI AT 38 2 BRI, M B R PR
J3E b AR g 0 R AR P AR AR IR S Y B 6.

O-ring PRECHN Ripley 1 K BRETE T it b 2s [a]
SIS SR AT A A ) O-ring R VHRGE I K AR A
HR SIS [AIAR SR, e Ripley H9 K BRECT A 200 b
LI ] W i) 25 8] o A3 2wl ) o
FAHOCOC AR . AN T R — R EWRh Y 25 [ 4% Sy
SRR A BT IR # . Ak, A H R
RGOy o B R RE ) &S (AR R R B R
RRORY A e, IO A2 AR A0 AN T3] ) 175 100 1B 280 ] fh) A
UL HEAT T 43 BT 9 T R L DX i 233 1) 43 A5
JRI AR R AH DG OC ZR I, 3B XA AROC S B iy
AT DA AT R R T AR, RIS TR RS B Tok
A RKEH , R CSR BH A ZE A5 B i, A48 5 2
BEALYE TEAE N AT 2 DX, B G ) AP AN B AR K Y X
S, DT ASE A5 X (AN VR, 2 B RN BE LS
2 Wi EE 1025 18] 3 A A% SR SRR AR DG OC &R R, 2
WCAERIT ST L DX 25 ) 70 A A% JRy I, 50T 5 DX 3
FrAT R RO R e — X A A KA A, bR iR
A AT ARARFIIEAR M S W0l oAS R 234 ) X 7R
e ST LU DR ST A 14 5 ) 20 A s Jey v RO BT
K 22 Sk DA Rl ST AR Y B TORE JE — IMEAR R
F18) [ A

it bR A AR F B A R AR Rk A S B RAT
A F A st E R Rk B AR K F A KA L,

R R
&k

[1]  Schurr FM, Bossdorf O, Milton SJ, et al. Spatial

(9]

(10]

[11]

[12]

[13]

[14]

pattern formation in semi-arid shrubland: A priori pre-
dicted versus observed pattern characteristics. Plant
Ecology, 2004, 173 . 271-282

Hao ZQ, Zhang J, Song B, et al. Vertical structure and
spatial associations of dominant tree species in an old-
growth temperate forest. Forest Ecology and Manage-
ment, 2007, 252 1-11

Chen J, Bradshaw GA. Forest structure in space: A
case study of an old growth spruce-fir forest in Chang-
baishan Natural Reserve, PR China. Forest Ecology
and Management, 1999, 120, 219-233

Druckbrod DL, Shugart HH, Davies 1. Spatial pattern
and process in forest stands with in the Virginia pied-
mont. Journal of Vegetation Science, 2005, 16, 37-48
Nathan R. Long-distance dispersal of plants. Science,
2006, 313 786-788.

Tang M-P (1% #:3F), Zhou G-M ( J& FEH), Shi Y-J
(WEFE) , et al. Spatial patterns in evergreen broad-
leaved forest in Tianmu Mountain, China. Chinese
Journal of Plant Ecology (FH¥IE75244R) , 2006, 30
(5):743-752 (in Chinese)

Zhao C-M (X% ), Chen Q-H (FEPEIHE) , Qiao Y-K
(FF7k KE), et al. Structure and spatial pattern of a
natural Abies faxoniana population on the eastern edge
of Qinghai-Tibetan plateau. Chinese Journal of Plant
Ecology (FHYH=ZS2F4R ), 2004, 28(3): 341-350
(in Chinese)

Condit R, Ashton PS. Baker P, et al. Spatial patterns
in the distribution of tropical tree species. Science,
2000, 288. 1414-1418

Wiegand T, Moliney KA. Rings, circles and null-
models for point pattern analysis in ecology. Oikos,
2004, 104 209-229

Perry GLW, Miller BP, Enright NJ. A comparison of
methods for the statistical analysis of spatial point
patterns in plant ecology. Plant Ecology, 2006, 187
59-82

Li X-K (Z=9eH) , He C-X (fiFr) , Jiang Z-C (¥
). Method and principles of ecological rehabilita-
tion and reconstruction in fragile Karst ecosystem.
Carsologica Sinica (" E¥), 2003, 22(1): 12—
17 (in Chinese)

Wang L-J (ER#E ), Liang S-C ($2+%), Li F (2
I§) | et al. Point pattern analysis of Fraxinus guilinen-
sis population in Karst mountains of Guilin. Guihaia
(JVEHEYD) , 2008, 28(5) : 633-635 (in Chinese)

Zheng Y-W (#B FE). Introduction of Mulun Karst
Forest Region. Beijing: Science Press, 1999 ( in
Chinese )

Lan Y-G (=E=E), Hu Y-H (#ABRE), Cao M (H



2776

B A

it 21 &

[15]

[16]

[17]

[18]

[19]

1), et al. Establishment of Xishuangbanna tropical
forest dynamics plot: Species compositions and spatial
distribution patterns. Chinese Journal of Plant Ecology
(MY A& 24, 2008, 32(2); 287 -298 (in
Chinese)

Da L-J (KR A2), Yang Y-C (#KJI), Song Y-C
(RIKE).

dominant species in an evergreen broadleaved forest in

Population and regeneration types of

Tiantong National Forest Park, Zhejiang Province,
eastern China. Acta Phytoecologica Sinica (F5¥)4:7%5
2FH2) , 2004, 28(3) : 376-384 (in Chinese)

Institute of Botany, Chinese Academy of Sciences ( H[E
Bhf B HL W) W 52 0T ). Flora Repubilcae Popilaris
Sinicae [ EB/QL]. (2010-6-22) [2010-6-22]. ht-
tp://frps. plantphoto. cn/index. asp

Nakshizuka T. Species coexistence in temperate, mix
deciduous forests. Trends in Ecology and Evolution,
2001, 16: 205-210

Kohyama T. Size-structured tree populations in gap
dynamics forest—The forest architecture hypothesis for
the stable coexistence of species. Journal of Ecology,
1993, 81 131-143

Zhang J (5% f&), Hao Z-Q (MR, Song B (R

), et al. Spatial distribution patterns and association

(20]

(21]

[22]

of Pinus koraiensis and Tilia amurensis in broad-leaved
Korean pine mixed forest in Changbai Mountains.
Chinese Journal of Applied Ecology (W JHHEZ2AHR) ,
2007, 18(8): 16811687 (in Chinese)

Cao G-X (FEEX), Zhong Z-C (HPEER) , Liu Y (X
Z), et al. The study of distribution pattern of
Camellia rosthorniana population in Jinyun Mountain.
Journal of Biology (AEW)2%2%7), 2003, 20 (1)
10-12 (iin Chinese)

Wiegand T, Gunatilleke S, Gunatilleke N, et al.
Analyzing the spatial structure of a sri lankan tree spe-
cies with multiple scales of clustering. Ecology, 2007,
88(12) . 3088-3102

Zhang G-P (5KHE#) , Zhang F (3K %), Ru W-M
(L3CHH) . Interspecific correlations among dominant
populations of ligneous species in Mianshan Mountain
of Shanxi. Chinese Journal of Ecology (*EZAZ24E)
2006, 25(3) : 295-298 (in Chinese)

EEE I

WA, 55,1983 AR A FSE A L, B

EAR I A 22 MR A 252 15T, E-mail ; hwh2222@ 163.

com

RIEHRE PRF




