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Abstract: Spatial patterns reflect the distribution characteristics of populations and the adaptions of populations to
environmental resources and ecological processes. Dispersal limitation, inter— and intraspecific competition, and habitat
heterogeneity all influence species distribution. In addition, species are affected by local temperature, precipitation, and
terrain. Therefore, the relationship among species distribution patterns, landscape indices, and environmental factors are
important in population studies affected by changing climates. To reveal these relationships, Korean pine, the dominant
species in the Small Khingan Mountains, at the northern boundary of its distribution range, was selected to analyze its
distribution patterns at multi —spatial scales. The point pattern analysis and landscape pattern metrics were calculated at
eight spatial scales (90 x 90 m resolution) using R package (Spatstat 1.42-1) and FRAGSTATS ( Version 4.2) , based on
presence/ absence data derived from forest inventory maps and attributed data. The results from the point pattern analysis
showed that Korean pine was aggregated in small scales, random distribution areas surround an aggregated pattern, and

uniform distribution areas were often mosaicked in aggregated pattern areas. However, the distribution pattern of Korean
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pine was more aggregated with an increasing spatial scale because the aggregated distribution area increased, especially in
the core area of this region. Meanwhile, random distribution areas occurred at the edge of aggregated distribution areas, and
uniform distribution areas disappeared from the core area. The results from the landscape pattern analysis indicated that
landscape pattern indices could be used to describe an aggregated distribution at multi —spatial scales since the landscape
metrics were most stable, or changes were logarithmic; whereas landscape pattern indices dramatically fluctuated with
changing spatial scales for the others. The analyses also revealed that Korean pine was sensitive to slope and elevation; most
individuals were distributed on flat slopes or elevations between 200 and 800 m. Korean pine distribution was not affected by
this aspect. Based on the above results, we concluded that 1) Korean pine was primarily aggregated in the core area of its
distribution, and was randomly distributed at the borders or ecotones; 2) presence/absence data of specie was more likely
to be applied in analysis of population distribution type at multi —spatial scales; 3) with changing spatial scales (or
extents) , species distribution patterns changed, e.g., the random and uniform distribution areas at small scales often
merged into aggregated distribution areas at large scales; 4) landscape pattern indices could not completely describe species
distribution patterns at a single scale, but at a multi —spatial scale, stable changes in landscape indices indicated an
aggregated distribution, while unstable changes resulted in uniform or random distribution; 5) Korean pine was sensitive to
slope and elevation. Elucidation of the spatial patterns of Korean pine aids in understanding its distribution mechanisms,

future migration, climate change effects, and promotes strategies for its effective conservation and management.
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Fig.1 The coverage of Korean pine on different geographical factors
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Fig.2 Spatial distribution of Korean Pine at multi-scales

A RLE LI R A AR e b iR 224 P 200—800m i il P, 7R3 ) IR 2% 739 b %30k 22 531
AR, X R BILIRA (Y 531 32 B2 W HE AR I 2, 3X 5 Logistic SRR BTG4 51— 20> B/ b
X, 135 TOoK, LR B M TR A o T e B — B 2 SN S i 9 S R D'G R BRI | MTI 52 W A ol 24
1| A4S R RWNE SS228 R KRS A I EAR /NN RRIEA R /NS S R D18 SO W L e 1 2| D NTTE AL /s R s AR 2
FEPCT Wi I 1) B0, B LT AAMRBE SR T AR L BB, ep 4l bk LE AR R FR I 1998 AR 9t K AR AR AR
PUTRE N BE W ARIX S o JE 8 B ZEAME g PRI BN S 52R A, [ XS AR b (8 2R AR £ R P
FROE T A KA ) T ZOAAFIRE A SRR R

AR 3/ JCRE X W o0 A AT OF TS A b Do RS B i) R O B3, 8 T At 4
SECR) 0 3 A 5080, A T FEAM VAL 31 XSk, T BRUH ARV AZ I BRAREE T LA R AU/ N 222 e 5 i
AR £ [ e RS 9 PR B T BRI B RO L R A S e 1 4 A S L R A3 A
B S Eh AR AT AT R OFTEEOR , ARG, BT AR/ A AR R 72 R R B R Y R i R 4
FEIE | BEAS W)l RS AR A, HoA LA Bl

REBACT LB Fe 2R B Bt s 18] RURE (RE 25 ) 30, R A3 A b Sy 23 R A 7B Ak, RBLI RO .
WEFEIAT PR/ INRUEE L, PR A 22 ) 3 A A Jo 52 Bl N B4 B 97 BT XAEE R 7R BRI n] RESZ At
G ) S ST AR S B e 2 R o3 A T RE IR I 52— ol 2 At B S, DRI B = ) RO ZE A, 3%
B AR AL, ASSCAS R FIRER W Bt s (] ROBERS I, Wb oA ks SR e K AR 784l /INRUEE L 1A b

http ; //www.ecologica.cn



FR L A LURMTAE/ AT AR R ) 22 R 28 (8] 3 A 4% Jr Bk 5 7

Contiguity index

RAEIRB CONTIG

A YERL FRAC

Fractal dimension index

AHANIE 3 b PLADJ
Proportion of like adjacency

BEOUECE NP

Number of patches

Patch density

BEY# B PD

RS BEALS A B oA
10} 1o 1o
y=0.61 +0.000022x $=0.63 +0.000017x =059 - 0.00011x
. 2=0.106 2=0016 2=0.118
0.8 | o
el o
o TS
04| Po. T :
50 100 150 200 250 300 350 40 50 100 150 200 250 300 350 40 50 100 150 200 250 300 350 40
RS BEALS B oA
LIS . y=1.1+0.000015x LIS E s y=1.1-0.000004x LIS y=1.1+0.000022x
P2=0731 2= 0.0268 : P2 =0.0714

1.05 1.05

1.00 I ! I I I I L 1.00 £, I I I I I I I 1.00 £, I I L L L L L
50 100 150 200 250300 350 40 50 100 150 200 250 300 350 40! 50 100 150 200 250 300 350 40!
REN i el gi g
100} ¥=75.673 000 100 | y= 58387 0059 100 | ¥ = 48.127 0087
?=0.644 % =0.624 1 % =0.204
90 90 -
= —_
80 - E 80~ \_‘_1
L
t 70 - 70 [~
60 | L I ! I 60 | | L L 1 I I I I 60 i L L L L | 1
50 100 150 200 250300 350 40 50 100 150 200 250300 350 40 50 100 150 200 250 300 350 400
REN i B Epigin
300 y=-26+0.4x 300 | y=53+0.19x 300 y=31+0.11x
2 =0.967 ?=0.674 % =0.449
200 |- 200 |- 200 |-
100 |- 100 100
—_
o= I I I I I L 1 0F— 1 I 1 1 1 I L 0 I I I I I I I I
50 100 150 200 250300 350 40 50 100 150 200 250300 350 40 50 100 150 200 250300 350 400
sl RIS . AL ol S
y=1.8337x70467 ) . y=1.0422x70447 ) y=1.0867x702
”?=0973 : 2 =0.262 r2=02182
0.6 - : 06 . 0.6 -

04 04 0.4

02} 02 02
1 LJ;‘VJ_\HT!JT J

U I I I I I I I I L I L I I L L L () I ! I I I I I

50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400
R JE Scale

E3 anERESVWEHSH

Fig.3 The landscape metrics for Korean Pine at multi-scales
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