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5 i = #2 ( Picea crassifolia) T E & BHY
DREFMEREZINEE

REAR, R AT &R
(o B 24 B 1K K5 3.5 TR B G P RE TSR0, 28 B BRI R B 0%, 2, 730000)

T DT S5 B BRI RGBT 4R 2 L EE R BTG BAZ (Picea crassifolia) Ptz MR RFATHBI A RN . &
WM R TT R4 0. 992 ~ 1. 938 ZJA] ,SFHHE D 1. 716, {5 B 4EHHE 0. 996 ~ 1. 860 Z &, “FH9{E 0 1. 632, KERZEHK
£ 1.418 ~1.759 ZJa], SFHHE R 1. 568 . T @RS RMIEAM T80k S BE BERN TR, SN E BERIEMX,
R BAERSREHEIR B B G 530 £ B3 MIEAR , RERER S R 2 B E AR, R0 2R, iR
TREKBERENER MR TBELCE — 80, WS R, WERE = F R0, X 3 MRS Rt
H87.6% .

X@BR: FG AL (Picea crassifolia) s iR s MTRARHIE ; TH B4R 15 B4 RIRERG MR R T
X EH S :1000-0933(2008)04-1383-07 FEHHS:Q948 XEIFIAMG:A

Characteristics in Picea crassifolia forest fractal dimension and its influencing

factors

ZHANG Li-Jie, ZHAO Wen-Zhi* , HE Zhi-Bin
Laboratory of Watershed Hydrology and Ecology, CAREERI, CAS; Linze Inland River Basin Research station, CERN, Lanzhou 723000, China
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Abstract; The objective of this study is to analyzes the scale variation and the spatial patterns of Picea crassifolia
populations in Qilian Mountains, using box-counting dimension, information dimension and correlation dimension, and to
identify the relationships between the spatial pattern and some selected environmental factors. Sixteen plots (20m % 20m )
with different elevation in Picea crassifolia forest of QiLian Mountains were investigated to calculate fractal dimensions, and
some selected environmental factors (elevation, slope degree, slope direction, soil depth , soil bulk density , soil organic
carbon, total nitrogen, soil water content) were measured. The results shows that the values of box-counting dimension,
information dimension and correlation dimension of pattern of Picea crassifolia populations ranged from 0. 992 to 1. 938,
0.996 to 1. 860 and 1. 418 to 1.759, and its average value is 1.716,1. 632 and 1. 568, respectively. Box-counting
dimension is negatively correlated with elevation and soil water content, while positively correlated with slope direction.
Information dimension negatively correlated with elevation, but positively correlated with gradient. Correlation dimension

negatively correlated with slope direction. The principal component analysis shows that elevation and soil water content are
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the first principal component affecting fractal dimension, followed by slope direction and slope degree, which accounts for

83.8% of the variance of fractal dimension.

Key Words: Picea crassifolia ( Picea crassifolia) ; population pattern; fractal characteristic; box-counting dimension;

information dimension; correlation dimension; environment factors

BB R — R RSP R IR Z— PP MR R R 7 38 R Bt s ik - (B8R
G R B R B R R R, ARR EWE LIRS RARSHARKZER" XA E KR
e R R R R U RME R X RS L AU E . AU (fractal geometry) 2 H B EIFR )™ 4 b FEIIELR
AR, ERE TR RE R B AL AR AR A T 2IE P, 1983 4F Lochle B YO 4B BB 51 A A A2 Bt
FM ST IR R T R U M A AR G (R, FEFE AR MBI R AR SR PR AR R BEVE AR R AR L
BRI ST EBUE T RIFRRR . B0 DR FER A AR 1S B RO I 4 B N 2 A
FREHEAT TBRIE™ ™, R B REAE 25 0 o % A ARS3 A B et Ak 2 ) ST T A A R RS A A
SHERHE, M EF SN EMER RSO, BERIARR M ASCELH . EER R, [ERE
W R AR Y e P A FBIR L R RIS A B A TR RIS R BB IE A e SR ) B A S BB (LU B8
1= MM b B RS IR SRR Sk , 7T DL S BE— P48 7R FL AR A G5 A4 3 2R SEAAE i ma b7 , ]
BEEIHNBRESHRZNARR

HWF DA Picea crassifolia) AR LA EZ B, 2HRETEHR D76 T ¥R 2700 ~3300m )
BB B TASARIE R AR LK SR S AR BRI 24. 74% , 5 TR AAK BB 75.72% , BREL A
RFSEFM TRE LTRSS MRBRMEER (a5 F B AR RBRER) WL, SEBAARL
BEM T BB MR RN ITERMER 2 5 , BET A 20 2 4 B B s A zhee,
1 ARRBRERARAGZE
1.1 XL

BHE X fr FAR 3 L B KK X HE BRI 48 (100°17'E,, 38°24'N) , Wil M AR 2. 85km” , & 4. 25km , 4L
BEHRE 1:4. 2, %33R 2600 ~ 3800m, i 35 BH 3% O T, BH 3% 2 B3 R BESR RAR R, £ F 3[R - 0.6 ~
2.0C ,4EFE/K & 363mm, 78 & & 1052mm, 4 H B4 1893h , 5B HEXR N 60% . BFFLIX 4 3R 1 e
L 3 3 E T B B T E A AR, 2 SRR I ZRAOR S 1 LU SRS H D R IR ) 1 3
KA, FIEHURA R AR E & ( <0.002mm) 255 9% , ¥k & & (0.002 ~0.05mm) £y 5 80.3% , YRS &
( >0.05mm) £y 18.8% , HIEALBE K/ 84N 5.39, A BREBERERE BE  FLAVHEF,
AOLEEESS, pH{E 7.0 ~8.0, HMKERLUFEEAS (Picea crassifolia) bR F , RREHORBSR I AE
BRI 2k B 35 48 2% [ A0 ( Sabina prezewalskii ) bR 2 /NFEYOR 4075 T FHIE FFHEG EARRE M A & BEH
( Potentilla fruticasa ) | & M43 ¥ JL ( Caragana jubata) 1 35 DLWl ( Salix gilashanica) %, E R X EFHFE
( Polygonum viviparum) , B E ( Carex atrata) F%T 3 (Stipa sp. ) %,
1.2 B

TEARZE ILHFEE VA IR IR IR 2700 ~3300m W HE G AR LA, Hrig iR b i E 16 07 (E R A
20m x20m) , TR IEE SRR WA BB S MR AR R R, WEEE N 1ER
FHEE T EE KR, RE 0 ~20em T4, GAFEH 3 A FEE,H BISSRF 0 E HIEA DK 2R 1R
BE, HIESKEM LB, B A0 ~40cm B4, 10cm B L WA, BE 3 R, TR PIBKEIIE R
REBRAAEE, TEL2FERAEHMEIFKE(K,S0,-CuSO,-Se ZE L) .
2.3 &% % (box-counting dimension )

BT BUGETTIR AL, BB — RIVAEMEAK (o) WBRER. TR LEER(EE) BT

hitp : //www. ecologica. cn



434 WA BB SN (Picea crassifolia) PRt R A TR IE R HA R 1385

(N) o ARSCHHTT K B 2 4573 (XL WA 324 O 10m) Kl 732 20 45 43 (b R B9 YA 2145 2 Im ) , &l 93 19
Wo KRR BT R B AR 2548 T 205 30 DL 9 R AR L RAE XSS Bk 7 T T B4l (B BE&HE) . Br
B ELARIEIME T B4, T EGERRANEE R BRI TR ER, 18R TR LR
HE A I R B AR A S R H

D, = - limig(2)

0 loge
£1 HMERERL
Table 1 The condition of different plots
s Mg BR(m)  BECE) ¥ m e il FEFE LA SFEIR R (a) HRHE
Q1 88 2700 35 NE VS B LEHH 75 0.7
Q2 99 2800 30 N V3 R BEEHH 70 0.8
Q3 46 2900 12 N V3 R BER G 37 0.5
04 56 3028 25 NE V3 R BEEHH 76 0.7
Qs 42 3097 23 N V3 R BEEHH 78 0.7
Q6 35 3195 35 NE V3 R HFESHH 86 0.6
07 42 2762 30 NE V3 R HFESHH 85 0.6
Q8 78 2730 25 N V3 R BEEHH 84 0.7
Q9 58 2715 32 N V3 R HFESHH 77 0.7
Q10 76 2800 28 N V3 R BEEHH 61 0.6
Q11 130 2840 16 NE V3 R BEEHH 59 0.9
Q12 87 2952 33 N V3 R HFESHH 74 0.8
Q13 88 3015 22 N V3 R HFESHH 75 0.8
Q14 33 3100 20 N =S ENFE IR 70 0.4
Q15 15 3300 34 NE iR ENFE IR 84 0.4
Q16 104 2800 15 N 3 B LR EHH 80 0.8

2.4 {5845 (information dimension)

HEHAE SRR N, BN EERTFHHAENMEEE (VD) BAGANESB TP RMES T
R Pi=Ni/N R8N L= - PilnPi, MIZMEHKN e HEBEREN I(e) = L, ¥ I(s) SHNK M
HEK e WXTEEHTTELRIE, BN ELAMN RN AEEEY FRARRETARRE LRAEWE
Zebth 2 VB R AR A e, 38R T FREER RBR B O R AR ™

. (C:)
D= -lim 0oy

2.5 LBEE%E( correlation dimension)

D, -  LloE(C(2)
—0 loge

BB NE— MRS A R AMERRIMBKREER —— Bk . REhE— M ERE, ZRDTZ
FE S R RK FCEEBS N30 ( Vi) - B S BE RS {H, W] AR B — R %) Vi, i B — BE B (R X I 1Y BE B N 4 5 B B8 B3
(N) B HABRR B C(e) B C( &) 554 0 FE B {ELAE DU B AR T 3647 (43 B0 EAHLA, B Hl & HA N AR
A2 SHE N LR BR AR, ARIE (FETT K/ N 20 x20m” ) BRSESERR , 45 3CH <E BEBS {0 Om 3 30m, BB Ky
0.2m, JERAEBCRFPREA P2 6] SEHRRE R AR (LSRR B S Ik, 38 tH R A R 2= e A e i
3 ERaOW
3.1 FR=UOHERRITESEH

THEB UM RITTEEE0TESRST (B 1), M T LI s08 F R PIEBRCR R 1 2tk X8, 35 S8
R RERNRE X SEEAR M43, B AR 2 & #E R (FEH 09.03.016 43
TE 4B E 3 O3, AR SCAr BIBEBGX 3 MM A REBHITHER) . BAXNHRE R 2. 5m, 5HIT WK
MRARFH 508 (2. 8m) AHIE , B -5 R B R O, IR 4B T /N T 85 s R B B B0 A VT RE S B Y 12
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BAMRAMARES , TR T8 R RO R A R S BR R RERIE B R o DR IR AR SCHR 433 o RS SR 3 RUBE BT S
HIERAEOS BRI E S 4. 16 MR R E BT R SRR, BB SR R & 4407 0.992 ~
1.938 ZJE(FK2) , FXE N 1.716, RARBERHFHER LM RABER N ES=E GRS
3.2 BERSEHHBRERER

FERIT RS R b 8 RS AR A RUR KOS ME B 4E (B 2) , B3 X B RUE D 2. 86m, 5
FETT MR AR X608 (2. 9m) MR, ST S4BT R BEA LKL (B 1), BB EHHEREEB4EL
£ 0.996 ~1.860 ZJH] (3£ 2) ,"F¥IAEN 1.632, RBL T H =M RREE R EEUBRE K,

18 40 ~
: 3
Q9 Q
: 35 L.
L5 y=-0421x + 1.74 y=-0301x+3.7
" Db=0421 y=-1754x 12,38 Di=0301
R2=0.969 Db=1.754 30 | R2=0924 y= -1.654x + 522
w : R2=0.993 Di=1654
= p<001 p<001
= 12 - ¢ p<00l - R2=0988
2 Z2sr p <001
09 20 +
15
06 |
| | | |
0 03 06 09 12 10 - ‘ : : ' !
) - 0 0.5 1.0 15 20 25

!
oge loge

Bl HiEsEHAHEERNT SR

Fig.1 Box-counting dimension of Picea crassifolia plantation plantation

B2 FiEsOHHERRNERSEH

Fig. 2 Information dimension of Picea crassifolia plantation plantation

3.3 FHRTEMHRRRKRER
16 MEEH R RERR R RERYERE 1. 418 ~1.759 Z (K 2) , F3ME N 1. 568, AT W LR MARY

®2 EHIUHBERRHSBEN

Table 2 Fractal dimension of Picea crassifolia population

e AR RERS T Fa
ot ox-counting dimension Information dimension Correlation dimension Mean
v oy @ BARE o BARE ., BARE REGE  com
(m) (m) (m) (m) width(m)
Q1 1.634 0.996 ** 2.5 1.540 0.990 ** 2.5 1.575 0.895** 2.8 0.2~17.6 2.6
Q2 1.872 0.997 ** 2.5 1.757 0.996 ** 2.5 1.678 0.914 2.8 0.2~23.4 2.8
Q3 1.754 0.943 ** 2.86 1.655 0.988 ** 2.86 1.759 0.920** 3.0 0.2~26.4 3.0
o 1.681 0.982** 2.86 1.565 0.989 == 2.86 1.598 0.964 ** 3.2 0.4~26.8 3.2
Q5 1.665 0.992** 3.33 1.536 0.989 ** 3.33 1.469 0.899 ** 4.0 0.2~23.2 3.8
Q6 1.588 0.879 ** 3.33 1.529 0.977°** 3.33 1.418 0.965 ** 4.0 0.2~23.6 4.2
Q7 1.610 0.931°* 3.33 1.513 0.983 ** 3.33 1.549 0.924 *¢ 4.2 0.4~22.8 4.3
Q8 1.811 0.925°* 3.33 1.832 0.997 ** 3.33 1.604 0.972°* 3.4 0.6~25.6 3.6
Q9 1.754 0.993 *= 2.86 1.694 0.999 == 2.5 1.504 0.887** 3.0 0.4~22.0 3.2
Q10 1.816 0.990 ** 2.86 1.695 0.988 ** 2.86 1.521 0.916** 2.8 0.2~26.0 3
Q11 1.931 0.899 "¢ 2.5 1.850 0.998 == 2.5 1.590 0.942 2.8 0.4 ~27.4 2.7
Q12 1.938 0.998 ** 2.86 1.860 0.998 ** 2.86 1.607 0.960 ** 3.0 0.4~25.8 3.2
Q13 1.928 0.998 ** 2.86 1.823 0.991 ** 2.86 1.579 0.893 ** 2.8 0.2~25.0 2.9
Ql4 1.587 0.978 ** 3.33 1.486 0.990 ** 3.33 1.535 0.886 ** 3.2 0.6~22.0 3.4
Q15 0.992 0.881 ** 3.33 0.996 0.929 ** 3.33 1.527 0.987 ** 4.0 2.4~19.2 4.0
Q16 1.903 0.998 ** 2.86 1.789 0.998 ** 2.86 1.569 0.836°° 3.0 0.2~26.8 3.1
SEHS Mean  1.716 - 2.96 1.632 - 2.94 1.568 - 3.25 - 3.3

® % FRTE 0.01 K EBEHX Significant correlation in the 0. 01 level
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2RSS R B AR (AR R HGE , FE RO T Bl AR A
FEREE o P S X (1 3) 2R B H/D ROEAM R
FAREERTI AL B 5 RN DRERE, 8
RRUES 3. 0m, 5T & B 40N {F B4R H B RBLK
/(2. 8m) BEAR—F(, HREFEEE 0.2 ~25. 8m ZJH,
H 16 ANFEHuERE 46 A8 S BE 35/ T A B B9 F 3 e
TR R BRI TS, SFREAE I R IR
KT 3
3.4 SRR SHEETHRXR

FOREAE R ST AL — 77 T BUR T PR B S Re i,
H—HHSHERRRMFBEINHER PIREREY
(R 3) ITEAHSHMBEM TR TEEBEN
TARESE, SN 2 B F K IEMX, 7 8455 H i

VR AR B E TSR TS 1 (b3 1) B4R BRI B3 7 BIRKME D 2 A1 1) R B FRIEMR, RECERSH

H P 2 B B SRR

05 Ql6
y=1568x - 186
ok Dc=1568
R=03836
o5 L p <001
& -0k &
ot
on
2 -5k
20 y=1236x — 1.62
Dc=1236
251 R2=0814
p <0.01
-30 1 1 |
-05 0 05 10 Ls
loge

B3 FiEEMMERRNREKAEL

Fig. 3 Correlation dimension of Picea crassifolia plantation

®3 ARERSHEETFHEAIRY

Table 3 Correlation coefficient of fractal dimension and environment factors

TTEER R RERGEH
FIEHEF Box-counting dimension Information dimension Correlation dimension
Environment factors PR FE BB FE R
Correlation coefficient Correlation coefficient Correlation coefficient P

¥#53% Elevation (m) -0.583* 0.011 -0.602 7 0.009 -0.373 0.085
W Slope degree -0.348 0.102 -0.317 0.125 -0.488"* 0.033
[ Slope direction 0.476 * 0.037 0.475* 0.037 0.256 0.179
T HEEERE Soil depth (cm) 0.045 0.436 0.052 0.426 -0.206 0.230
F WA Soil bulk density (g/cm’) 0.081 0.387 0. 166 0.277 0.286 0.151
T IEAHHLHK Soil organic carbon (g/kg) 0.004 0.495 0.014 0.480 -0.107 0.352
135445 Total nitrogen (g/kg) 0.277 0.159 0.306s 0.134 0.051 0.429
+3E A /KB Soil water content (% ) -0.481°* 0.035 -0.530"* 0.021 -0.218 0.218

# % 3278 0.01 KF L BEHEX Significant correlation in the 0.01 level; * F78 0.05 K | B EHHX Significant correlation in the 0.05 level

3.5 ARARSHERTHERD ST

WHEBETERDITERZH(ER L), B—FRBEN TR T EESHFBEMRR R 245

F4 HREERFHIHDAHERE

Table 4 Matrix of principal component of environment factors

Ji% Component

A+ Factors

1 2 3
4S4E(E Total 3.43 1.54 1.13
FHAE % of Variance 42.8 28.5 16.3
#54R Elevation (m) 0.921 -0.122 0.048
i & Slope degree -0.046 -0.158 0.976
Y 7] Slope direction -0.075 0.978 -0.157
T IEE B Soil depth (com) -0.324 0.109 0.114
B2 Soil bulk density (g/cm’) -0.308 -0.074 -0.097
- HEH AL Soil organic carbon (g/kg) 0.029 0.015 0.059
134 Total nitrogen (g/kg) -0.416 -0.143 0.078
+ S 7K B Soil water content (% ) 0.926 -0.002 -0.118
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{5 BRI R BE W FAHR, #8571 X SR REW SR I = T3 0 (R U 2 4 0. 58°C./100m ) , FEK FE¥E IR T =i T 3
18 G2 18. 6mm/100m) 77 FEIH SRS BB RIS , MA AR, MO BN 8 K Bk
433 2K R R R (BIRZREER) , B LB EKEMR, RZITEAENE B4 HE/ NI
S3ARHEXS A MOR R 8 /D BARGX 13K AR BIR B E /D) B L ESKEm., £-F
BAr 3 5t & 485 B2 BE N IEMX, KRBT ILA S RE P B TR MM, 35 RA b BEE Hhikck
RARER, gk m HK PR, AR /ANR, F=ZEMAEE S RRENE B ENAMER, B THE
K25, SECAMN HRERZ BN K FEN AR, TEFED 5KSRARAFE, WERTEH., LEKOMFT
SEWR,WEFRLE T BB AT TBOKSMFA SRR, X 3N ERS RIHERE R 87.6%

4 itig 20 - -

FH DA RARE LKIRE TR E BT ARE R, [ frRAest
VIR 2950m [ XIS 8 R R A S EE S, B
MHZR SEERD &R, BRBEREZBLE AN
(B4 Db=1.938,Di =1.86) ,ZEW X HE W Z 5K
SRR SRSER B K, BB IR R B E -2 2K m A2 K,
TEMER 3300m XOIFH =M G BRI & 55, M RIBRER
FEAFAL/N(Db =0.992 ,Di =0.996) , W X B EF W =4
ﬁﬁﬁ%ﬁmﬁ%iﬁﬁ’/l\ﬁi%gg‘ﬁ%ﬁ\%m‘ﬁjt’ _I:J%ﬁ 03 2700 2800 2900 3000 3100 3200 3300
M5 ) LIE BT EIR 30K, HEERE P T T4 % M4 Elevation (m)

FEAE AL, SRS LA R R Fp A . X T LAY 13 R ——

i MR, Rk S ™ W R, SRR, Fig. 4 Fractal dimension variance of Picea crassifolia population with
E 5 A FER R E WA R OK ORI FESN  atide

BE2%. SR FRER SN . LEKIERME

X, SRS L, R R R T A RS R B E 5 R RR LR /DN, B KBS E
% HBZE R BB BB, KRR E . MEFTEEET A X, BT ER  WEERES, 807
HRMD K PZERER, XEFRBEEIFE IR TEEAKT . BEEHE IR R CBRER 5K
BB MR, PR B NEE R T 58 4RI K S B RRER , HAMAR Z Ia) i SRR AR B R , R R 1 MUK 7 AR 5
WK MR Z BRI RBRAR G, B, B FHUIPRMES | E WY IR Bk FR R 2 57, 2R EA
5] X S YRR R BAA AR AR R AR AR

5 &ig

H SRR E4EEAE 0.992 ~1.938 2], F¥{E N 1. 716,15 B4R 0. 996 ~ 1. 860 ZH],
BIE R 1.632, KBRS 1.418 ~1.759(3K 1) , AN 1. 568 , ST 4EECSZ MR I M) I A 33K
BEENEEFHEW, FRESERSG LHEEBRRNZSR, HXMTRY ST EE S SRR oKk &
B2 DENFAMER, SHEHIE N 2 BE N IEMEX, B S SR E 827U LM 5 3% M 2 8 2 ¥ 1IEAH
K, RERGEE SH ML E 2 BE R HAEX,

A4S Fractal dimension
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