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Abstract: A new method of Random Square-quadrats Method ( RSQM) is used to characterize the spatial patterns and
spatial associations of five dominant tree species in a Korean pine broadleaved old-growth forest in Changbai Mountains in
this paper. RSQM is developed based on the formula ICS (1) = S?,) / %y — 1, and can measure the spatial distribution
patterns at a range of spatial scales t. The confidence intervals of 95% and 99% are constructed using random simulation
technique to test the significance of any deviations from the null hypothesis of complete spatial randomness or type
independence. Results show that, Quercus mongolica, Malus baccata and Maackia amurensis are randomly distributed in
the study plot, and the other tree species are significantly aggregated at local scales. Most of species pairs and species
groups exhibit significantly positive spatial associations at local scales. The results demonstrate that RSQM differs from the
traditional small plot method as well as from point pattern analysis method ( Riply’s K). The traditional small plot method
measures the spatial pattern using aggregated indices of dispersion, but it can only characterize the spatial pattern at a given
scale. Point pattern analysis method based on distance of points is very popular but susceptible to edge effects since one can
not count points outside of the study plot. RSQM can avoid these disadvantages. It can describe the distribution patterns at
a set of distances and isn’t influenced by edge effect. Especially, it is very effective in describing the spatial relathionship

whitin multi-species.

E&TH: BRE B AR ZE ST H (No.30771716) ; BZARIL 7 “948” B B IR H (No. 2004-4-29 ) ; WWFCHINA B H

U548 B 37 :2007-09-25; 4&iT B #4:2008-03-25

EEBA:KEW(1979 ~ ), B, EMREAN ELAE , TENERME M BB, E-mail : 20y_0520@ 163. com

# JEINAMEE Corresponding author. E-mail; zhaoxh@ bjfu. edu. cn

Foundation item: The project was financially supported by National Natural Science Foundation of China (No. 30771716) , National “948” program
(No. 2004-4-29) , WWFCHINA program

Received date:2007-09-25; Accepted date:2008-03-25

Biography ;: ZHANG Chun-Yu, Ph. D. candidate, mainly engaged in forest spatial structure. E-mail ;zcy_0520@ 163. com

http://www. ecologica. cn



7 KEM & FEYLX SE RS [ S R 24T o B0 LA 3109

Key Words: index of cluster size; random square-quadrats method ( RSQM) ; point pattern; random point process

2R AR SR DT AE S — B P BUE B iR 8 R AR A AE , HE— 2 DR RTE B i R B Al A 7 2

K TREFE, SR BZIAEREZENERANTR, BWROTH N EENFEHEWR R SHER (K
T 53 AREN R RED TR ST 5345 ) o B o7 BRI 40 T B 2L J2 ol TE AR ABE 22 20 1 iR O RE L I IR A B
BRBBIEROIZN, A REHYMHE S HAIELBIERREY . BEELSSREAGAERLAE
S ABFERE RS R R Y SRR RN BRI, A fe it — R A B LR RENL AR Rg2em ™

BRI ERE T 4R — KR UAARTT( 0 BEES) /M AR ik, R
TV MRS B B 2R b, KRBT BUERR AT iR . 5 2398 LR — R B R R T 4 R
BAMBIEEREIIRD AR REREER" R R  Morisita $53%7 SN, X
S AREE AT LU TR 7, (v LA P F e g2 5 3d o Tk T (lacunarity ) 4347 A1 X 41434710 %5 ) 2
FHTESHTT I HSR0R s M b, T LA — RIIVRE LR R R, 7 —XNE = E AEE N
R R SRR R B4R VRL " A1 Ripley K B3, CRRABURY SM 7 4 75 BLE (AR RE
#:H’E“PLLE:MT TAER R Bt 3 ), (B AN LA 2 ) 7 AR — =S I RUBE R4 i 2K 8, 4R L SE I 4

ZEE B, JLIHE Ripley K BR%(, B AN MBI HEBIRITHB RFIR k. AT #E— 200 & Yy A B AE
ﬁ]ﬁﬁZiiE‘J <RIk LR B, Fortin 45" 7 B2 A 8 T W0 F 8 1R 40 9 77 15 KL 5 Condit 2514 4
U Ripley K BT B3 02, (¢) F5MT ZHIFH 546 R ; Schluster™! MR H MR 22 R B AL L Yyif ] 25
] DCHR: . (B2 B HIY IE , YRS 8] SRR AT O i B e AL TR R R B, SERr M Bl F A Z

AR T — R LAY BOR Ay ZERE B Ry 7 758 , JERI RIS B WL ZDARAR G 5 (7 BB X BE B IX
PR, A T 12 V8 WRFPE SRR R, DL S AR RRR R E R R . AT REYLX Uk 07 vk
AELEERHETT T B
1 Br5E XHEOL R BRI R

P AL T ERMEBE S B I ZRARAE R R G (vl I SR IR L0 PA RE PR DY, R0 BE O 784m, M LA
B N42°20'211',E128°05'705" , J& T 322 RUREMa i 1R KRtttk L3 S fe , SE P KR8 3.3C, &M A 8
B R E 20.5C , &% A 1 AR FHIEE - 16. 5C, Rdmixm i E 32. 3C , Rm LR -37.6C, FF
¥IFEK 87E 600 ~900mm 2 8], +HMILMEEERAFRM L, 1 ZEE 20 ~100cm, FEFIH, HTPEZWEE/N,

2005 4 7 F BB ZIRA R AR ST B E A4 1 hen” (100m x 100m) , F B2 LA 20m % 20m #E75 K
FHARBN , RN FTE DBH= lem AR A A W& ER(CRAREERK EILEEK) KT E
FBHATE IR, RICHr T F M ( Ulmus japonica) IR ( Maackia amurensis) \FEHE W, (Acer ukurunduense) B
1% ( Tilia mandshurica) 5% p7 5 ( Quercus mongolica ) 37N ( Acer triflorum) . F HEM( Acer tegmentosum) | 4R
18 (Acer mono) 1138 F ( Malus baccata ) . 7K Bl ( Fraxinus mandshurica ) . 2838 ( Tilia amurensis) . ZL¥) ( Pinus
koraiensis ) W 23 [B) 537 , LA R ELAR (SR HR S0 K BN G RH8 5 AMEZFD Z RN R AR R 6
2 HiEAE
2.1 FEHLX L
2.1.1 REWRIRICS)

David 1 Moore"'* 42 1 i ICS M 52 S92 AR R , Go ¥ BN 4 B SE 05 vp BN, IR A

T REEIER T . BB n TR« 05 i AT PR R E & = Zx,-/n TEHRS =

Zx —nx?)/(n = 1), MBREHIEFRIT A TR CS = 8"/% -1, LRSI TE LR T, 1CS

HISAER{E D 051CS >0 B BRI ICS <0 B NS Ao EH ICS (BB TR 2 RIE T B R
AICLL ICS 8RO A , 1R —FEE K BER R AR RE TR M AR, HEPERNT: (1) ES

hitp : //www. ecologica. cn



3110 £ K5 % K 28 %

RERBIFE KB A BEAL A n MBI L SZ B O ¢ BYIETTE K85 (2) AR BT, Seih i BB K By
WENEIE 20 WERRZBEEMT, GIHE DA KB FTA WEN IR MR RE 2,15 (3) THERT

X e TR M RO 7,y = ilxm.-/zvzzﬁ% Sty = (34t - niy?) 5 (4) BRI ¢

TREUSEHR ICS(e)E ICS(t) =S4,/ By 1o BIRICS() B ERMRE ¢ THE X, LZhRM A @R
W ¢ BRI AERE LM EEE R,
2.1.2 XEHHHE

BN (IEFTE XSS n) 5B E R DL X Bk iR SR RBVRES) . B 1b REIFENL X Pk ik
TG EREE n B3GR X, RO T HAE RN n XHETHMEFER M. (B n 8K, 7T B8R J BT #6358 14 B )
WEE, AL FRERI—NAER n E, BRRBRIEAETHARE B X T LI TR ot . &€ 100000 4L
X (n =100000) 7] LAFE HH A 100m x 100m AF5E XA 100 MEEVELL S (B la) WESUEBR. 4
T EAEA FEE AR/ n(n =100,1000,10000 £ 100000) T, FEREM ¢ =1m B ¢ =50m([A][FA 1m)
ICS(t) B, B4 ¢ WIS F B34 B 8 n = 100000 5 H B MBS (n =100, = 1000, n = 10000)
ICS(t) HMEE T £, SGREFEWVAFEIFER/D n T ICS)EMHETBEZRF (p <0.01), 2 n=100000
5 n=10000 B} ,ICS(t) M T B EL R (F=1.2537,df=49,p =0. 4316) ,{H n =100000 55 n =100( F =
23.2174,df =49, p<2.2 x107"°) & n =1000( F =3. 6349 ,df =49,p =1.350 x 10 > ) i} ,ICS(t ) Y T 2 £ R B
#. EMAICH n =10000( & 2),

a b
— ?
o -7 °°° °0 o ooo " 4| |
80 [-°° 0y 02 |-} L T
S0 o ) II 1 w4 |\/ I'.II |
° o o o ° 1h I|‘ WA [}
60 fo o 8¢ < EATRE . 11, <
= o 0 %g o 8 o \(/-;/ Iﬁl I‘ ] =
° I P
40 % 8 o Q%o £ 0 ] | R
EAN W
20 o o °°°°c§ \ '\I f W
© %0c° 805 ° 02 L )
0k o L 1 L " I ! I !
0 20 40 60 80 0 10 20 30 40 50 0 10 20 30 40 50
x t(m) t(m)

B1 (a) 100mx100m ££J5H 100 MBI (b) FREIREMN 1m 2] 50m( RIS 1m) , ARFEEAND o TH ICS(2)E. KA
B2 n =100, 4% n =1000, FHLEn =10000; (c) FEHLXKHE: 21T 100 MREHLE =R , B X B LRI BT, 48008 9%
BERXM, BN 95% ERXE, # KBy 100 4~ RS TER RI=RIRE T I ICS(2) fH

Fig. 1 (a) 100 simulated random points in a 100m x 100m study region; (b)ICS(z) values of 100 random points based on the different numbers of
random square quadrats (n) at scales from 1m to 50 m at 1 m intervals; Dashed line indicates n = 100, solid line indicates n = 1000, bold line
indicates n =10000; (c) Spatial pattern of 100 random points analyzing by RSQM; Dashed lines indicate 95% confident intervals calculated by
random points process, solid lines indicate 99% confident intervals calculated by random points process, black line with circles indicates ICS ()

values for the initial data set
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Fig. 3 Spatial distribution pattern of 14 tree species, line with points indicates ICS(z) value of data set, fine line indicates 99% confidence intervals
B PR MR T B4E , RS XU The titles in figures are abbreviation of Latin name of trees, the meanings are as follows. Ujap: FHy
Ulmus japonica; Mamu: $f$ Maackia amurensis; Auku: FEAEHE Acer ukurunduense; Tman: ¥} Tilia mandshurica; Qmon: Z2 Bk Quercus
mongolica; Atri; ¥FEI Acer triflorum; Ateg: FHHEH Acer tegmentosum; Amon: A, Acer mono; Mbac: ILF|-F Malus baccata; Fman: 7K fh
il Fraxinus mandshurica; Tamu; 44} Tilia amurensis; Pkor; ZL}} Pinus koraiensis; |5 [G] the same below
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Fig. 4 Bivariable spatial association of 5 dominant tree species, line with points indicates ICS () value of data set, fine line indicates 99%

confidence intervals
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