5535 B4 24 W) S &~ £ Eild Vol.35,No.24
2015 4 12 H ACTA ECOLOGICA SINICA Dec.,2015

DOI: 10.5846/stxb201406061172
kA TN 5 M. 5 2% g TR S I N YR SRR i 1) 23 8] 43 A 4 JR) B L AT TR ARRAE . AR AR 24, 2015,35(24) £ 8221-8230.

Zhang Z H, Hu G, Ni J.Spatial distribution patterns and their fractal properties for trees in a subtropical mixed evergreen-deciduous broad-leaved karst
forest in Maolan, southwestern China.Acta Ecologica Sinica,2015,35(24) .8221-8230.

=R EEENEAMEZIHAMMNZE S HRE
R E 57 o 4 AE

A R S

17 PTG e BR BT 5 AR ARk e BT 530001

2 P 2 e A B A S IR T I A S BT 530001
3 R BEBE IR AL A T BT R s R AL [ X R SE B, 5P 550002
4 P ERL BE o A S RGBT S, E 562100

AW R 23 [B) A0 A A SR A B WA SR ) 08 A AR A R AL, R AR AP I BB BN A . R 4 FPAs R s FE 48
B (CRYMERS R MR YRR BN I S50 DL TR AR i & 45D, ) TS B AEE(D,) WS e = F R K A R
PRAF DX AT W ST o Sk - ) YRS AR b 30 P TR A YRR 25 [B] 53 A7 4 Jmy S LA TR R AT T 30, IRl st 43T 1 AR ) 2B K By
B (S R R ) 23 [B] 20 A0 B A TR RO A, LU T 2 R TR RS 5 R R R 250 S B0ORT 4 B SR R B e BRI A AH G 6
o SERIEM . (1)30 R Fhrf | 5545 0¥ ( Pittosporum crispulum ) FIIMA ( Diospyros oleifera) A1, H Ay 28 Fh I A Fh il Fh B ==
() 53 Ari A Jry 4 52 ISR AR 431, 0k A5 3kt ) SR A 1k 55 W U A A 45 P v B2 S T P R e -4 B KR ) 85 DDA OG5 (2) 30 F g b 2 ] 43 A
i) D, fE4 T 0.589—1.870, D, fHT 0.498—1.711, FHIEAEEE R ZRAEFNHEXS 23 (W PR EE 09 o 41 1 H e 0 AR, A Acas [ 3R 4k
SRR R, ZEREVE TP AR AL T ORI 5 2 WS- B SRS 1 5 4R 68 0 55, R IR AR AR, AR AL TR A A 5 (3) 4D
R AR 0 AR B B, 30 AR AR S (8] 23 A0 1) D, A DT3B 22 A S 25 P B AV A A, 3¢ M B 5 ol Py R0 ol [ ) 85 5 S 240 PR B0 T 5
I, BRI Bt A7 7 1) 338 T HC SR 4 B RN 2 () o 90 RE T ST 59 5 (4) AHSC BT B, 30 R AP IR EE 2 B fEBHH S D, A1 D,
PRI IEARSCOCR R UIFE 2 B A E B 1Y A8k 5P 2s (8] L R BE /) AR SRR FE AR TR VI G R . 4 i s BEHE 40
B R e 4o, Ay 3 FHE 40T D, AN D (8 2 I 0 35 sl 1 S AHOCPE R AT 444 D, F1 DB RT DL T RAEANRE2S (8] 43775 (4
WAL F RS R BE R AR 73T 4O Ak T %~ MR R M b 1) 2 [B] 23 A A% SRy, L85 S B T8 /s g 39T R AR b
TR IL A A R

SRR VR IR OB ; R P I R R BT s 23 (B A0 AR A SR s A TR AR B0 6 22 B R AL AR PR X

Spatial distribution patterns and their fractal properties for trees in a subtropical
mixed evergreen-deciduous broad-leaved karst forest in Maolan,

southwestern China
ZHANG Zhonghua'?, HU Gang"?, NI Jian®* "

1 School of Environment and Life Sciences, Guangxi Teachers Education University, Nanning 530001, China

2 Key Laboratory of Beibu Gulf Environmental Change and Resources Utilization of Ministry of Education, Guangxi Teachers Education University, Nanning
530001, China

3 State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550002, China

4 Puding Karst Ecosystem Observation and Research Station, Chinese Academy of Sciences, Puding 562100, China

EETH . HZKARFAELTH (31300351) ; BEHEARHAHF 5T RIT H (2013CB956704) ;) V4 H 48B4 H 41 H (2013GXNSFBA019085)
s HHA:2014-06-06; 4% H hix B #8 - 2015-05-21
# MIRVEH Corresponding author.E-mail ; nijian@ vip.skleg.cn

http ://www.ecologica.cn



8222 A E = 35 %

Abstract; The karst forest in China is mainly located in the southwestern mountainous regions within the largest continuous
karst landscape in the world. The representative subtropical mixed evergreen-deciduous broad-leaved forest in Maolan
National Natural Reserve has a specific habitat, a complex community structure, and rich biodiversity. A major objective of
ecological research is to infer the underlying ecological processes or mechanisms by analyzing spatial distributions of species.
However, knowledge about species spatial distributions and underlying mechanisms in the karst forest is still limited. The
concept of “fractal” has been used to describe the structure of vegetation at a wide range of spatial scales. Fractal
dimension, as a parameter for quantification of the spatial structure of objects, is able to quantify the structure of complex
objects (e.g. tree spatial distribution) in one single value, in terms of the object’s spatial density and distribution. Using
the box-counting dimension D,and information dimension D,of fractal dimension, as well as four kinds of pattern indexes
( patchiness index, Green'’s index, dispersion index, and negative binomial parameter) , we studied the spatial distribution
patterns and the fractal properties of 30 tree species in the subtropical mixed evergreen-deciduous broad-leaved karst forest
in Maolan National Natural Reserve, southwestern China. In addition, changes of the fractal dimension of the population’s
spatial distribution among different tree growth stages (sapling, pole, and adult) were analyzed. Correlations between two
kinds of fractal dimensions, five kinds of population structure parameters, and four kinds of pattern indexes were also
compared. Results showed that; 1) Among the 30 tree species, 28 species were spatially aggregated in their distribution
except for Pittosporum crispulum and Diospyros oleifera. This prevailing aggregated pattern is closely related to the great
heterogeneity of karst habitat and seed dispersal limitation; 2) D,values of tree spatial distribution were between 0.589 and
1.870 while D, values were between 0.498 and 1.711. Within a population, a high fractal dimension value indicates a strong
ability to occupy ecological space and thus high aggregation. Therefore, the species can grow in the dominant position of a
plant community. However, a low value reveals a weak occupation ability, low aggregation level, and associated position;
3) Averaged values of D,and D, in the spatial distribution of the 30 tree species from saplings to adult trees tended to
decrease very significantly. This might be a reflection of the density-dependent effect resulting from the obvious decline of
aggregation level and occupation ability with increased tree age; and 4) Correlation analysis showed a positive correlation
between population abundances, importance values, and D, and D, values for these 30 tree species, indicating close
relationships between changes of population abundance and importance value, occupation ability, and aggregation level. All
of the kinds of pattern indexes, except for index of patchiness, had significant or very significant correlations to D,and D, ,
indicating that the aggregation level of population spatial distribution can be characterized by the fractal dimensions D, and
D,. This study accurately quantified the spatial distribution patterns of trees in a karst forest by applying pattern indexes and
fractal dimensions. Findings from this study contribute to a clearer understanding of the processes influencing the karst forest

structure.

Key Words: karst forest; mixed evergreen-deciduous broad-leaved forest; spatial distribution pattern; fractal dimension;

Maolan National Nature Reserve

TR 1425 18] A3 A1 A Jo B HOB OB 2 A A5 2 R S i B P 2020 3ok 4% i) 43 A s SRy 5 T 1A 4
IR B4 A2 ) S R ol PN R ) A9 5 4 S 2R RIATE ) BI85 R 7 R A LA B A 1 ) T 0 i R 24 15 R, DT 4
WA 2 A SR T BV A A A5 S R RSB ) b 94 2 18] 3 A A R A AR 5, O ELIR) — R 7E A
[l A= R B B AN RN AE B 46 A AT B S 25 5 e 2 1A% =y 2 I 23 RUBE B A=W 5 AR A= W TR 3R X A AR 4
RAZEE TR, DAL, JI TS Je T B 1) DG Bt DR 38 R R AR AL A8 TR L ARk, R B S Jmy 26 28040 o 11 31
TIEATSHE  [E A Ah2A e A Bk B LR R 55 XU AR AR AL S R G b R AT 1) 2 iR 25 ) 43
AR R 7 ST ) ABGAS SR T LA (A A TRATE R A3 B

FELWIFRRE 0 23 (0] 3 Ai ks Sy R BEAU R SRR BEALANE S 3 Fhe Y A A 3 7 T vk S B4 4% LI 40140

http ; //www.ecologica.cn



24 11 siGAE A TR Rk I I YR SRR ol ) 2 ] A SR B IR AR 8223

JEE RN 22 B R B B R 6 25 A Ll R A3 A A 1 DA AR I B A S R ) AR R Yk R il AR AR T DA
T A2 (AN A AR A5 R B SE R 0 R Ry it 20 40 70 4FAR, 0 JLAAT 2 4 1 A 40 2 5
AT FH £ R 2 T X G2 P LAl A2 2 R FE RN e R 25 [RIA BE T, AT XA BLUME SCHL A AR AU i T LT 1 52 2
FEEE UEATRE BT RO ELARE O R o A s 8] A2 ik AR S A E O A 380 15, A TR 4R B C ) 32 i T
SRR R E LR RS R BEE S Eh A LUK R B A R A A e, A
Yy FhEE R 2 R A ] B AR AR, RT3z F 20 I 2 S0k B B 02 i) 25 0 A AS R0 &2 s> 3R
28 D BRI C R 5 RO A BEAE 5 | AL A A 2R A5, I AE 2E 5 (Aneurolepidium chinense ) %5 )
BEVEAR R 5SS T RLAFRCR SR SO QR4 0 R oR T Y AR 2R 3 40 A 4 U0 2 (Adenophora
lobophylla) ARHi ( Bruguiera gymnorhiza ) F1HA% ( Haloxylon ammodendron ) %5 AN [R) AE 9% 28 78 v i) A0 S5 3 o0 A
K& SR B A TR EAT TR, R B0 TE B R A ST R 25 (8] 43 A1 A% Jm) 1) — B A B0k, vkabh TR S ik i
SRR, B, EIRFR AT AEA S RGP RS M ik AT T FEE R I hE
HEFRGR HUAAAE—E A, B9, ZEWGE R i 5 — d i A 5 DB LR R 52
X 2 X VR AN [RI R 25 (8] 4347 43 TE R IR A B AAA TR FLUR A BIFSR 48 /s A A [ A A B B3 8] 43 A
K& oy 0 53T T Ak AR AR 5 PR, PP 2 (] 20 A1 4 ) (1) 70T A 55055 I e SR SR R B 22 () 1) A DG 5% &t fi A Sk
A,

T3 S B 2 R SRR DX v 7 Ay W ST Re AR AR, 2 [R5 B AN O DR AT S5k SE 4 i A Hb Y
PERE WA B, C ARSI 2255 143 B 501 J& 1203 APt T HMURR A 40 0 8 i B M 55 75 5N 4 %
FERAESEIA JE AT £ & WA R AL AL Rk AR ) X 3R R 0y ISR 2= RV 25400 , Wi ST R A i X A 5 1
B RGEEF I BE R FE R O F L [R] B X R R AV MY o B i 2 AR S B S5 R sh AL B A W s BT
WA, HATA IR, B P50 5L v AR AR A R b IS Al > R BRSS I 5 A8 BRI 5 3R
R L BAE A T P AT T SRR AT . 2 NS IE SRR R TR AR A 2 TR AR o 14
ZS 1AM AR G J 20 A2 TR R 10 A0 TR R A 1 AR RGE . AR 9T LA 22 SRR 1 SR A4 DX P I Ay s
2y - A RSSO RIFFE T 42, LA ST 19 1 hm? (100 mx 100 m) 7K ARE L ARS8 7615 ] 4 Fhkg Rk B 45
O RE L 30 FiA A RS 723 () 40 A A% SR 40 BT O BE R L, 35 75 0 FH 008 B P A T S 4R ORI B 4R B B s
[ AR TE SR . ARHIRSY RS AN (Al (1) 756 2% A S ARGHT 5 30 i k7% I Bl TR S AR A o 2 ]
PSR 23 18] 43 A b oy B IL T ARRAE . (2) A [RI A= A B B (G b R ) 25 1] 437 11 431 24 5 an
Ak (3) FiEAS 8] 434 (R 40 TE AE B0 75 0] LA FRAE SR B 000 3 A 22 i A R 45 4y S 1k o

1 WREHER

1L R G H AR XA T 5 M 4 e RS B AS ALAL (25°09'—25°21'N, 107°52'—08°05'E) , & I FL 24
212.85 km® , J& T AT A A DX S v I [l VR S MR AR R G, Rt A W R B S DX = A A 3% 7 T AR
R ARAF 588 5 A MmO TR 2R AR 2837 X T 1996 4F I A B & R R S48 A5 A= Bl A4 X
W, 2007 AEPEIEA R SCAH U i St AR AR SCA kst ™, DR X b 5 DS TR L) g DA Tl N DA 2L 32 il
K 430—1078.6 m, MBI RN 87% , EX GRS B A LRV TUASN, FERMAF A KA XA
R B BRI SRR M A A AR R T IS 90% DL b i XS T b AT 2 ORI A SRR,
BIEil, AR N 15.3 °C,7 AR 26.4 °C 1 AR 8.3 °C, =10 CRUE 5727.9 C , SFH4E %
KA 1750 mm, FHJ4FEFE K 5 1343.6 mm , RAFFEAINHEE 83% ,4F H B4 1272.8 h, H BEEH K 29%

2 WRAE

2.1 FEHIRE
T 2008 4 7—10 AWK 2 ERXH B REF X ANEST 11 hm® (100 mx 100 m) Y 7K A £ H

http ; //www.ecologica.cn



8224 A E = 35 %

(25°18'25"N,107°57'48"E ) , iz AF M AR AFAT FEX S 4 (1) S A P o 2 0 - ) YR 2SS P, A o T4 70 R R A T —
AL T b I 52 4 B BRI, 5 A B R R AR M I SR I L e s S B L T, i P AR AR
FHAL(DOQL-1, B IR IETOG AN ES) ) B r Ab IR RE R 20 100 4 10 mx 10 m BEJT, R RETT R4 K 4 4
5 mx5 m WA AT, AR MRETT A B4R (DBH) =1 em BIARZASKE Y , i 5 HF 4 AR A b5 7z
W el AR ROIR GG DA A AR R R VA SRR W RN IR R AR AR . X T DBH<1 em TR ARZIRIFI
TEAR DL RCEAZAEY) , 10 s P S 20 1 55 FE S A
2.2 s
221 YFhERE SRR

FEHb AT 0 523 DBH=1 em IIARAKEY 199 #4281 #RiGAMA, K8 T 63 B 140 J& ., 10T 5 Py
B LA, 1IN I A SRS DL SR Y R B A K B AT 30 Rh TR AR B ST (£ 1), AT Rh B
23 (A1 53 AT S JR B FL AT TR ARRAE . [RIASE Ry 43 B AN ] 3% AR A 223 8] 43 A 1) 50 TR RRAE AR Ak, AR G AR BR i 4, 30
e o (8 /N TR AR TR e AR A 43 Sl 4 B AN B 75 sCHEA TR 40 143 (1) /MR AP .1 em < DBH < 2.5 em &
R ;2.5 em < DBH < 10 ecm AH4; DBH = 10 em A, (2) KIFABFI .1 cm < DBH < 5 ecm & A%
B35 em < DBH < 15 em AT ;DBH = 15 em AR, BIRIBRARFIEA R, (BAEABXT—SIREE 4%
P TR — B b i 9 R A R R 558 10 S B AR AT — B IR, e AR e LA ER A 2 TS 00, 2B 5 R
ARG ABIS R T o000
2.2.2 KRy EE AR B T

W22 AP EE A A% SR B R ARSI BE , JUT 20 A i Sy B2 AR L X HLLA 100 4™ 10 mx 10 m A5 H A4 b 22 B2 450805
R EER FEEL 4 FhE IS SR BE RS BOR 20 AT 30 B FR AR EE S AR RS A, 4 FhAE R R R 2L
(m™/m) MEMIGE(CD YR (C) MAZINSE(K) , HPR A B vT 2 0 A 56 Semkt™ , Horp ) 24 2%
PSR m ™ /m < 1 BRI B 500 ,m™ /m = 1 BERBENL AT ,m™ /m > 1 B R385 AR A 1 s K8 K
BECGHEAN T 0—1 ZIH], GI #F 0 B3R fdL oA , 8T 1 B s i KRR s i RS C < 1 B
BT, C = VBTN, C > 1 BT RENN; M WS K < 0 ’E T 510 ,K > 0 & T
R, K—+oo (— MR 8 LLL) WESBENL M, 4 Bk JRy o B F8 B T A 45 R nT A7 6T L A AT, LA
TRAS SR A A 25 SR BT Sk .k 4 B Ry ik BE 8 B0RI ] Excel A7 Y Visual Basic i a5 F1 T fia B8 L,
2.2.3 IR 4EEUTTHI

O3V BN A3 T M s A B e AR %) S e, bbb & e BORN {7 B R 80 5 220 i R e 233 B) 40 A R AiE 11
PRI AR AR R T B R R AR K S A3 1] o SRR A B AR R R SR e B A R AR
FERERE L AR AR SR T & B R AR

D, = - lim InN(¢&)

&0 ne

X, D, N, & JIRTREHLHEATHIAS (LA BRI B RS K N (&) TR I TR & BOARZSA% T, HkE
il 100 m M 2 2543 2 50 243, Frxt B RE & K40 30oh 50.33.33 .25 -+ .2 m, e R & Bt
MAEZSIE THUN (&) , FREAE RO ER bR AT B LR I0A, BT A5 04 B S04 Ak 3R 1 2 X B A - 4 B 1
THH.

TEVH G AR L 5 B — % 1 T A2 M T R AR B, I B R A R R
LR A BT R AR HA AN

s DR EBLEET (o) BRI AR, AN ()= Y, 11, EEIH [,=-P,In P,,P.= N/ N(N}
25 e T I MK, N I RERD P E BIASRB0) . FIRIIFAREY & 11 () B0 | 2E DU BOAR bR F 34T 74230

http ; //www.ecologica.cn



24 11 siGAE A TR Rk I I YR SRR ol ) 2 ] A SR B IR AR 8225

B, LA BERR I XHE R E B THE, T & 4R8O {5 B4R THIULE Matlab v6.5
e

&

TR 30 Fof bl Fofr v e ol AR A e HEAS T 5% 2 ( A Hmg AR ) R 2 18] 20 A B 7 & 4R BRI B R4 [R]
S AN [ ol R 25 e 0 ) A AL 10 2 57 0 38 PR AT 2 F U (LSD 3% ) o FF HL, A Pearson #2734 (XL
R ) #a7n AR (T @ 4EBOANS B4RE0 5 5 MRS IS B (25 U P2 | 2 i 42 i i 22
{ED) F1 4 Bl SRy BEEFR BRI A OCOC 2R . 2 HE LUHOH Pearson AT 7ESE AR SPSS 17.0 HR 58I,

3 ZBRE5S

3.1 FREEMY A [A) A s Jey 2 7Y

HRAE R PPEFE AL AR AMRIEEL B BR BN 61 IS LR A AE % 24 1 hm® ZRAREE B 30 Fiopd b (1) 4% Jmy 2%
Y 25 BRI 28 Pl i i 223 (] 43 AT 4 Jm S ISR AR A3 A, AN A VAl R A R R A B AL A (R 1) o &R
588 i 50RO LA S s Jry S 0 I IR A8 A (R AR O 3R {HL I R T A o A AS [ AR A SR B2 5 B 1 AR A, AR 9 45
G FRATR I FH AT R 7 05 B 15 2 R R 2 [ JRi R A 25 SR AR — 34T 8 22 v 1 Ay g 0T R
PRB o A SR AEA Jmy o 3, A SR T B -5 T ALh 19 255 2B B8 LA R A (%) A g AN A 285 2 MR DAL O
3.2 FREEASIA 30 19 538 4E 4L

TH & 2 BUR R RS 7 35 7R A5 20 A o T AR, e T 43 TR A4 o s i BB R AR fR R PR 3 F &
HEEAR 7R T FREEXT 2 ] 0 o P AR B FR 28 [ R R T, TE & AR B0 KN — A F 0—2 Z[a], S {E 5T 2
FIZPFIC S8 T A KA, 3 1] 0L, 30 Rl Rl Rl 2 AS 6] RUBE S5l 2 4% 185 ( BIFP A o5 98 1 4%
T) I ELAUE BB TR A K FRRE ) 23 18] 20 A5 4 Jmy AT BH B i 43 TR R AR, 30 R ARFIEERY D, E
AT 0.589—1.870 Z[6], D, {E 4 A Jy Tk ik (1.870) , LWk Kyt 85 Bz (1.767) 4T 36 5% (1.681) 75 X
(1.647) FIEEAL(1.618) %, H D, fH>1.6, Hrp Rk D, Ef K, H23T 2, 2 BIZ R 7EARE L b X2 (8] 9 5 4
e 1B, FLOR VG M B R e 2k . D (ER/ N IR AT (0.589) (AR (0.590) /N (0.768) L H
AR (0.813) \BHLTFA (0.891) ML X] (0.916) , H D, fEH <1, PEHIX 6 R EEXS 23 8] & 35 LA F) g

5 B AEBR T G AU HE T, HORNE 25 5 T i 16 -
R R 1y L | SN (T = e - I N i UE | Ry S R TE 7 ) m A

(A7 RN, TR MR B2 T3 M A ST R g 10 b 0 {5 B4
FEC B BRI R N RAERIE SR 3R L 2 o) b

30 ARIFHES ISR R 15 BAEBOT R IR LA E 5 os) c
R 505 B R B DA A R B K, 30 2 o6 .
FITRAFIRER D EA T 0.498—1.711 Z [0, D, 4K E o4l

R FUH(1.711) i B Bz (1.669) (75X (1.505) i ol

JEH (1.488) 55 5 D A HE /NI BRI A THIA (0.498) (A .

(0.547> \/J\ﬂfﬁ(0.684) . H Zli*j:ﬁ@(o,734) ,ﬁiﬁm%ﬂﬁk it Saplings Hif Poles B Adults

DR P A VT AR TR A IS B AR B 1 S E AR AR A4 30 MR E R 4 T4

ST N Fig. 1 Fractal dimensions between different age stages of 30 tree
o TR A o TR AT ARG o . e e
_ N R species in the mixed evergreen-deciduous broad-leaved Kkarst
3.3 OR[EI G ANHE S 0] oA 1) 40 IR iR Ak forest in Maolan

Xt 30 Bl BR 3 A~z 18] o A3 1 S TR AE Rt A7 2
HHH , MEER AT AR i S s e BE, Bt 1 % B0, 30 Al BRAYG D, A1 D, 1 H4 0 Ik 25 A (4]
1) o X—SERRM, G P IS, PR 10 2 18] o5 36 B 7 S 38 ey , IR 23 A i T 149 50, 6 Jey 11 568 52 P i
i LMt , D, FID AETEA R RN TC B35 22 57, R W EIRD, MDD, T 7 A 22 5] (B 1 B4 R B i A A it 2

http ; //www.ecologica.cn



5%

2

»y,

+
%

8226

10°0>d #:*

e LT60 906°0 V€670 2001 ¥k LYF8°0 8YLY'I 8900°0 6£81°CT nuospm wnuownuu) T || 0¢
9760 S16°0 11670 916°0 W €LTY0 9G6L'T 0800°0 00¥€°€ vijofovusilut sisdounypqopty) (x| EL iz 6C
290670 YEL'O 1 S68°0 €18°0 EA Y2850 SIS T500°0 TLILT smonuodpl sndimooavysy 3 <y H 8T
e LEGO 0201 L1670 SLO'T ¥k 660€°0 £000°C 1010°0 69Tt vowodvl vLuoqorsy Y LT
e £68°0 ¥89°0 « 7E8°0 89L°0 A YesyT 80T 1200°0 8LOY'1 wmnounp soudsor iy [/ 9
9260 I1S1°1 C16°0 20 Y3k S06t°0 86£0°C 01070 88€0°€ SISUIMOYI12MSY DIPINUYISTIOE BHA || T ST
e EL60 01T'1 99670 12T 1 B LY81°0 THS'E LSTO'0 €149 uqnf 100y WK TZ T
9060 SL8°0 1 €06°0 168°0 W LEYO'T €26S°T 0900°0 10¥6'T vxoprydw visovauv s |3 17 % €
€160 626°0 « ST6°0 9201 EA S06£°0 L921°C Y1100 L09S°E SISUUISOLSID DPING Ny Bl oy (44
8260 54N «C16°0 erel 3k €10t°0 7890°€ 6020°0 LI6Y'E sap10asdoofs 10y iy |y By 1T
2 686°0 911 0660 8191 EA 16£1°0 86758 €9L0°0 €061°8 puvIYFImqroL VYpYaFUL Y HE 0T
e €960 861°1 V€670 1s¢°1 Exa 6£2€°0 6L0Y'E £v20°0 1L80Y DaoDLI0GNS DISIT] - ZEN N 61
e 1€6°0 011’1 . 168°0 (42881 B ¥TI$°0 ¥8L9°CT 0L10°0 9166 Daofiuns vivoour] WL H T 81
= PL80 L¥S0 L8O 065°0 B 891T'1 LEITT T200°0 81781 LOMUIPOG UOPUIPOIPPUDL] N/ |17 L1
«116°0 0101 1 626°0 €SIl g L6L8"0 6£98°1 L800°0 L9E1'T vijofiosonb sisdorssnig o & |n 91
e TS6°0 e8¢l 12670 €86°1 EA 59770 8€19°¢ L920°0 Sovie vipuvaa) vipuvyduiog Ny 7z T SI
6280 861°0 o LL8'0 685°0 1484 9€1€'9C T€°0°1 2000°0 08€0°T aafiago souldsor dhy ik 4!
e SV6°0 69¢°1 V€670 S8yl EA 91LE0 620S°€ €520°0 €169°¢ puunums s020pdwAg iy [1 €l
5860 €Tyl e 7660 1651 Y3k 68£7°0 PP6E°S P¥H0°0 T881°6 Ddioooru STV Y [/ Tl
08870 901°1 11670 Wl B 10221 L1661 0010°0 96181 snumunod 1pUry by g 11
2 CE6°0 7601 V8670 €80°1 EA 6899°0 9910°C €010°0 1S6v°C suaosaqnd smurdivy) (-7 ippee 7 01
0560 98¢°1 «896°0 6LS1 ¥k TWes 0 PE8SE 1920°0 0CL8°T vaopfiaind pping N YA/ 6
«CL80 656°0 87670 v€0°'1 1434 006Y°S1 S901°1 1100°0 9%90°1 wnpndsio wniodsontd [yfgl-fudf; 8
. 9L8°0 8701 e €68°0 8€T'1 FH3k 66£9°L YI8T'1 8200°0 60€1°1 pupICNOPNP DYDY 56 (TN | F L
e LT60 8811 . 186°0 189°1 FH3k €019°0 1€2S° Y 95€0°0 L8€9T wnLyogyoniq wnwmqi] R L 9
8560 S0S°1 e LEGO LY9'1 B 1Lv0°1 109L°€ 6L20°0 0SS6°1 oo} sisdounpqopA7) [x| & S
2 6870 €00°1 «606°0 S90°1 B 1960°€ LO6T'1 6200°0 0€TE'1 npuolq suja) Yk v
89670 6991 « EV6°0 L9L] ¥k 9TH6°0 PS81°€ 1220°0 6090°C DuvIIUND DUISID]T) ] B |q €
20960 1Ll « $86°0 0L8'1 EA 86801 8Y79°¢ $920°0 0126'1 1yoFuDm 109y Wy 4
v 17670 LOE'T e LS6°0 €Tyl EA 8¥59°0 1L£T°T §TI0°0 TLTST sod13uop DLW L3 | 1

wiwmcmmmcc ﬁiwﬁoﬂmmco

uone[aLon) ‘a uone[aLon) ‘a soourered Xoput xoput xoput

WA W odf woneq - pemoulq worssodsi(y s usais) ssoumpIg sowadg N

N G 10 S 1 N ey s A

:Omm:\.wgm—u SCE&EMOME—

M ZACEY

:Ommﬁwgmﬁ m:muﬁ:—OU|x0m

BEH

Wiy

UR[OBJA] UI }S10 JSIEY PIABI[-PLOI( SNONPIIIP-UINISIIAI PIXIUW Y)Y Ul SADAAS 32.1) (¢ JO SUOISUIWIP [epoey pue swyed uonnqrysip [enedS [ dqe],

BHHCET YN DG EZ O b ) 06 W H B BB EE 03 T2

//www.ecologica.cn

http



24 14 siGAE A TR Rk I I YR SRR ol ) 2 ] A SR B IR AR 8227

(6] 73 A A% R AS A BEARS 1 B3, R R h SR AR A B W A% A M BEHL M TEAHT T, A R 4wl 2y
TR 25 AR ) AR L B 1 X — WU
3.4 HIRYRECS PSS SRR JRy i B AR R AR G G &R

2 RO HERL S 5 TR AEESS A S HOR 4 Rk Jey o B2 45 BB 1 Pearson AT RWT (3 2) , Rl 22 HE A1
H S TSRO B4R 2 S B 3 ARG R DL AR 2 | Hi R A A o, B AR T34
AL BBl L I AR R o DRI, ol 22 B AR AR A0 72 1 5 il A 223 1) o5 40 B T P SR A R 1
FAAESVIRR o ML 34 i BE AP g5 2 Fh e JE SRR D0 0 28 MG . A RS & I R B 6 —
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Table 2 The correlation between fractal dimensions and population structure parameter and pattern index

\ . . TH a4 {5 B 44
P SR R K Box-counting dimension Information dimension
Population structure parameter
and pattern index LIS p HHICREL p
Correlation coefficient Correlation coefficient
%% Abundance 0.712 < 0.01 0.681 < 0.01
FRE Frequency 0.351 0.057 0.321 0.083
XY Mean height -0.218 > 0.05 -0.205 > 0.05
F-¥ 945 Mean DBH -0.212 > 0.05 -0.201 > 0.05
HHEAE Important value 0.546 < 0.01 0.546 < 0.01
BEHLPEFE S Patchiness index 0.329 0.075 0.344 0.062
K AFEEL Green’ s index 0.729 < 0.01 0.708 < 0.01
Y HZR L Dispersion index 0.729 < 0.01 0.729 < 0.01
i IS E Negative binomial parameter -0.387 < 0.05 -0.434 < 0.05
4 itig

4.1 % =R AR o ) 2 [ 23 A A )

REE A S AL 25 3R G0 SRy i PR A o 25 [ 3 A A JR 220 B Condit B K56 T 6 B
PAHE AR RE L 1768 B A 25 81 53 A 46 Jmy | R IR S R SR AE S A i AR BERL > A . Li 51 1 Wang
AL R L TR L L S AT ORI P LR PR AR (14 233 1) 43 A S R Ry | [ e B AR 2 1 1 o
AR R %, EH 012 Condit 5517 8 1 BN A 145 B 225 (relative neighborhood density index ) 2341 T
JBE W ITRA AR K 43 FhARAKEY) 1055 (8] 53 A1, 45 R R W] 93.0% .81.3% Fil 69.8% (W F 43 57 0—10 m 10—
20 mA1 20—30 m %3 A RN R RAESAG . APFFE T, K22 1 hm W8 HTRERRARARE 3 30 Flps A, 28 b
RIFP I IR 3T AL 2 TR BEAL I3 A0 | 33X — 25 R — 20 R W SRR AR ol 1) SR B 3 A RRAIE

M 8 S R R BB 2 S O R SR A0 A (A P R SR BRI PR 0 TR AR B 1A R R
HEEARAK I ST R A, R A A Y /MRS S Btk . MR A A 5 i) 28 A S BRI 71 25
[IAR S A HR R Ky | R AR A S AR S T AR B 2 Y SO AR 1 AR i A e 22 T B,
XA R R A B AR A S A R AR ) B 3 A T (fitness ) , S0 22 500 Fl 78 A ] 4 55 BEBR oy 4k F5 A2 77
i, B RARAT |V BB 0 2 SRS LA 45 22 00 A TR b T Sl RS T2 A A AR B | TR Sk
INAERRA AL AR AEA R E AR IR X I T8 2 . 9 BRI i [ P SR AR 1 o5 — R ZEN R, AP
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