T YI2£3% Chinese Bulletin of Botany 2016, 51 (1): 49-57, www.chinbullbotany.com
doi: 10.11983/CBB14193

- BRIRE -

BR M EHEEEMMZE SRR E XK

Pk, BAK, WY, iR
IS A%, % 041000

FEE  LLL TG R SR X LA (Elaeagnus mollis)FEARTFE X R, R H Sk R 4047t O-ring Gt 177 1%,
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Wi, B, WY, BER (2016). R RS 2 2R s (8] A i R OGS 51, 49-57.

TELD AR 2 AU ) 23 BT A 0T T AR AR A e 1
T Y AR ] O 2R LSRRI SR B R EZL L, —
LTS S 78 74 5 (Greig-Smith, 1983; Wi-
egand and Moloney, 2004; F#%%, 2012). fHYF
T 725 1) 46 J5 2 b AR 72 7K P 228 ) B TS AR 100 B
TRAS, P E SRFIE . Fh A IR G R BB 464
GATERMSREkET, 1995), HEDFHEEREVE
(R 43 A ket Jey AR ) G A0 5 8 () R DIAROG, AN
W56 R Bk A5 1R SR A5 BRFAE 2 AN [8] (2 g K 4%,
2010), IXXFERANIR S HE DD FIEERFAE . PO () AH LA
FH B 5 B 58 22 (8] 1 56 28 DL R 48 7= i B 1) T B
YEREHLHI A 5 EE R X (Greig-Smith, 1983; k4,
1995; Dale, 1999; Hou et al., 2004; Wiegand and
Moloney, 2004; Nathan, 2006; [5)i#K%:, 2010; 5§
FEFELE, 2011; E&E%, 2012; #OLWI%E, 2014; Y
B4, 2014). A& 48 HIRE T BUREAN 20 At 5 12 BTk L B
T3 R /INASBE 4 THT S WA A AE 255 8] B 9 A1 5 s AR ]
IR LG &R, T RURS SR 0 MV AE AR RAR B b v il 1 A%
G HERA R, WAERERZR THEF R AES
FRHEAIE BOERE, BT TR RCR (9K < A
R, 2004; 74, 2006; #ithedsE, 2006; 4NN

Woke H #1: 2014-11-15; #5252 H #: 2015-03-04

M4, 2008; {Ek A%, 2008; &4, 2009; XI/NME
&, 2009; BRENSE, 2011). LAEE N AN KA H = A]
¥ J5 T 9T 2 K FI RipleyK i %, {HRipleyK ik % B A5
RN, 2xiom st B tE, £ KR ERK R o
Mk 5 52 BN ROFE 8RR 280 B 52 i o 3T 40K,
O-ring 4t 11 77 V2 K e 8 f SR AR RURE, W] DA SE J S5 Hh e
B R R A R 1) 2 (B A A A R T AS 2 172 1R
Fi(Condit et al., 2000; #C#i7%, 2010; RIS,
2011; E£#%, 2012).

R (Elaeagnus mollis))& AT RS T
J&, WM RBEARBNTRAR, 258 YLLKk )IAE R S 1 -F
B Z — (REIKREE, 1989; Tk, 1999; 7k %
&, 2010), HICHEEGERE, B A2 0 A (5K
B, 2008), RS BAEENETFMME(TE S5,
2002), &3 E 1R YA (T ESE, 1994; EER
BERIGRIE, 2001). I8 BT AE A= 1) 22 R ORGP S o
HAEZEMA. 19998 H4H, E &AM 1 (EZK
H R ORI A (), K Ry
E K2 2R PR fa P Fn (T 7Kk A, 1999). H HixS T3 54
TR R A 2 SRR E AR AS . BEVR A S I VERRAE
DA oy 38 A% 55 7 T (BB Bk R 55 ,1992; gk 4R,
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1993, 2001; sKigA - F k%, 1994, 1996, 1999,
2000a, 2000b; I FEFFITKIE, 2001; Wi 4%,
2012), 1% 38 5 R R 2 A A% S R A P A
PIA DLARIE o 1Ly 70 SRR [ SR R XA 3 SR A 1)
AR IX, BRIARH R T AR X 5 i
BEIE R, 12 F SRR 20 A R I O-ring Zi it 75 vk,
T3 SR ok R b B 43 A R AE AN B VR R S A A ) A )
SRR Je B 2 1) BRI 0% T A i bt e e
TP o RNV 1 2 B DA S T TE I ERERILAR, IR
JH PR o T P O R AT R 2R P 2 B R KA

1 MARFE

1.1 FREER

S5 b ST L P A R A% Ll BRI R XA R
I R B R DR 47 X (110°36'E-110°52°E,
34°52'N-36°05'N, ##15780—1 400 m). iZ%IX 25
B (Elaeagnus mollis Diels) ) ¥ E4r filhz —, J&
Wiz i i KBt P A, AR IR 12.3°C, A s e R
41.3°C, i s K< —19.1°C, H FFHEW &=
542.8 mm, Jof 11227 F (HKigs%, 2001).

ST bR B AR SR SO R AR, BER R
M E G BEAETO% A b, F G A MR 30 5% (Vitex
negundo var. heterophylla). |3 (Rosa xanth-
ina) FKLHi(Periploca sepium). 1T HEAR A B #
K, WFEREREHE, ZfEAAE30%/ A 8K,
F B KI5 5 (Carex lanceolata). 2% (Both-
riochloa ischaemum). 5 %.(Rubia cordifolia). %
(Rehmannia glutinosa) & & (Artemisia ssp.)fE4) .

1.2 BF5MAE

FESHR A b 3 A X, B 50 mx50 mAfi1k,
SRR IR AR 2 125 00 7 3 SR ok A A T B R e e 4,
FERIRE AR P AT AT R, [ A Xk 0 S R ek A
AN DL R v ) T S R R 2% R BRI B A A B
AR, AARRE B BB (AL m)ERoR

1.3 #iRALE

1.3.1 HiBEERBRRY
GRSy APy R L S (e L e Ty AL B e

RN EE R 2 FHFHET T LAEFRR
AR AR R /N(AR ) G0 3 A ik AR e 254, BOR R
T AN 8 SR B AR A5 1) S B RN R 43 64
P, RE <2 cm; £ 2-7 cm; £211; 7-12 cm;
BHIV: 12-17 cm; 2R/ V: 17-22 cm; BV >22
cm.
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AW T, AN bR I 23 TR 43 AR R SR B AR
O-ring 73 #1757, b 45030 SR July A o & P 7 8 7% 1)
FIAS [R 42 G 11 Fofr [6) S B 44 R XA 18 O-ring 43 T 7
o

15 BAR B O-ring 73 BT v, FH BON AH G 6 g (r) ok

e P 2 AR IS B2 1R R

g(r)=(2mr)™" dK(r)/dr
Hg(NfaE T EE X IR LR, MR P %P B R
S T g(nfE BAE XA Z 8], A BE KL 2 A
HINMETEEX AT, W5 5.

TE RSO AF 2 MR G AT XS B 5% SR AT I, R B

A

g12(r)=(21Tr)_1dK12(r)/dr
Fro(nfE T BAG X A F PR, A (e 75 B B rik 2 3%
IEREE AR T B XM FR, T a) 78 2R 25 rid
B FORHE, B XA Z 8], )3 B A Fl oz 1A
AH B S B AT R 3 ORI (0K EE, 2010).

B T b 2 (] 1) 5% 4 1T R 2 Al X B 1 (Wiegand
etal., 2007), FUL/EREESTHN, B ORRE— M
Pt o7 B 1 5, FH 5 5 1 Poissonid £ R %5t 55—
AP T 25 18 43 A 1 B AT BEMLAL, 3BT 795 4 )
I RECPERI AR . SR, TRERIG — MR A E A
Az, S I 1 Poissonid FE 2 A1 B X wT — AN A 1 2
V8] 5 A o B AT BEALAL, B IR 20T B AN B ol 1 22 [ 5%
A A2 ()UK, 2010).

F XA £ O-ring 4t i EL 4538 S il A [7] 42 2 2 [7]
M RERPERT, B SRR ASHERE R A KA
SO, MR RAMAR B R GRS . $E
B A A 25 22 B Programita5e /i, SR 25 1) R E
H0-25 m, #K40.5 m, 41007k Monte Carlof&iLl
13 5199% ¥ B A5 X 8] (# 75 7% M A &, 2010; T4
2 2012).
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ERMBEE I BRI RE . T L BRI A
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Figure 1 Species distribution in sample plot
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R/ WAhia] S A SR

Table 1 Spatial associations of species

Scale (m)

101 12 13 14 15 16 17 18 19 0 21 2 283 24 25

Species 1 Species 2

01 2 3 456 7 8
Elaeagnus Vitexnegundo r + + + r r r r r
mollis
E. mollis Rosa xanthina r r r r r r r r r
V. negundo E. mollis r -+ + + r r r r r
R. xanthina E. mollis rrr r r r r r rr

r + r r r r r r r r r r r r rr

+ BRI o AR

+: Stands for positive association; r: Stands for no spatial association
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Figure 2 Scatterplot of spatial distributions of different
classes of Elaeagnus mollis
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Figure 3 Results of point pattern analysis for four classes of Elaeagnus mollis
(A) Class I; (B) Class II; (C) Class lll; (D) Class 1V; (E) Class V; (F) Class VI
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FRATTE, (B2 2R A B FE ) A R VA A A7 A
3L FHI 2 U4, 2010). A2 55X [/ —#VE
P AN [5] RE 0 F  F 225 TR 93 A s e JH 2 ) S R vk 0t
AT THETE, W BIRIZ B AR R ) AR 5 1) AR 35 2R
LA sh A MRS € A B B3 L (kA
R, 2004; mdcFEE, 2006; k@S, 2007; &7
&%, 2009; FiEUKAE, 2010). AWFFEIRKDL 7IBR
TR TRV T 3 SRR 2 IR R R — R IR
HANE o XoF PSR B R 26 RIS BBOR R F) 2 )
Ry, BORREREAAEEMER, HER MmN

FAE0-7 mRUERINRE AT, A5k T2 AE0-15
m RG] R REE AT, SR BCEEAE0-5 mR
JERDNRE AT, EINFREHAESE EEIVIR
PEREET AT o A REVE /N R R AR T
YR TEARELRE S, M SR VA K R AR 5 PR e 1) e
73, D3R mAFE TR U AH5E, 2010). I 2% J 55 BH 1
Yok, 2 AR AR T VR AR B A 5 2 R AR AT,
FTCA BRI AR AE I o B R RO R, AR )
TRENLI A, T RAN R (4 25 (8] 73 A kS S, 3 AT BE5 A
B S8 4 RE b A BT HLEE A R AR, EEED
Toft 15 A 58 K 30 AR L& SRR FLAE I 45 R (RS,
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F+<2  RGiE) 7] R
Table 2 Spatial associations of class

Class Class

Scale (m)

01 2 3 4 5 6 7 8 9

10

11 12 13

14 15 16 17 18 19 20 21 22 23 24 25

Class VI
Class VI
Class VI
Class VI
Class VI
Class V
Class V
Class V
Class V
Class IV
Class IV
Class IV
Class llI
Class lll Class Il

Class Il Class | r

Class | r
Classll r
Classlll r
Class IV r
ClassV r
Class | r
Classll r
Classlll r
Class IV +
Class | r
Classll r
Classlll r
Class | r

+

T R e e e T T T T T I T T |
e T T T T R T T T T e T T T
e T T T B I e T T T T T e T
= 4+ =5 8 s s 4+ 9 s s s s
T T T T T B e T T B B I T B
T T T B R e T T R B e T T T |
e T T e R T T T T T T e T
e T T T T T T T T T T T T B I |
T T T T e T T T T T T T T ]

T T e B T T e T T e T T R |

-

r

-

r r r r r

-

r r r r

= = =5 =3 4+ =5 s 4+ 4+ 5 8 8 8 s
I T T B T e e e B T T e B e |
T T T T T T T T T e T T T |
I T T B T T e B T T e T e A |
T T T T T e T I T B I e
T T T T T B e T T T T B T |
T T T T T I T e T B B e T |
L T T T T T T T T R e T T T |
T T T T T I T T T T B T ]
T T T T T T T T I T B e R |
T T T T R e T T T B A s |
T T T T T T T e T T T B T |
L T T T T T T T T T T T T B |
T T T T T T T e T T T B T |
T T R R e T T e T R T e T T |

+ IEMHDE o JeAEORME; — SR

+: Stands for positive association; r: Stands for no spatial association; —: For negative association

1986). fEHB/N RN, Y252 SR A sk
[ 3E 4 LA KA 7 B50A 55 25 AR I BR 1 10 8 3K R
b, EERZ R YR AR AN A R B, DL
FAWRBTHIAEOEIE . . LI FR 0 A b a5 dF
IRESE) TR AL I 24 (B 5 i e A &, 2010).

252 FhEfzSIg) kBN

I [ ol 1) 7 /N JRURE 908 B R B T SR Bk 6 e Bk, B
RO [P 3G K 23 B) G IR PR i M 55, I8 T A B
(X E A1 2= #83%, 2005). 1E XT3 5 A 5 30 2% 3k
AT il f] SC R PEAS B I, T 18 PR RF S — N Fh i AL B
AN, TEBNRE(1-3 m), #5355
S IAFAE B B A G, R BN RE |
Al BEAF 76 M EARAF AR SRR AE; T 7R BRI RE
R FEAS TG A DG o 17 S SR T R S B BOR L IR AR G
RAETENT mRJER, XKD T i = (R ey e R
A, 2 B S o W 5 300 A AN TR E — e RUBE
(7 () B AE N A 2 R AEAH AR, S8 s, X
FhE ELAE FH K 49 B SR R 55 o 3PP S 1) 23 A RRAIE AT RE A2
FH T IR 26 FR BRI ECR S g NMRHE, B IR AR BRI S
PR, Bt FL AR A R T O T AR HM RS, D R i
PR RSO T 00 R ROEREE, AT R A )

FE ST, AR R AT IR R T SR AR A
Xt 22 T FRUBE AR e AR LRI 3 B0

253 PRABWMHESEESHEESN

TE—E AT, R IR SR 42 20 PR 1) S I R A
BA—# 1% (Frost and Rydin, 2000), FhiEfes = 1A
6 J5 S AR (1 108 20 23 TRV s Sy R AE o AR FLSR B, A
[ A 1 20 2 3 T AS T) 1) 25 RS =y, ARV E St RS
FRBEHLECER RS B AW B ISR . T R DR
B AR B V) 9% & (/NIRRT ER S, 2009). A
BT 5 R /0 U 2 30 R e 7 A /N ROBE 1 2 ) 43 A o
TER DR, 5B MB LM G RRIE. P Hus
Ja /N, NI T B0M 1R W KA L (EE SRR
g, 2001), 7] GEJE i T F L BIE T2 A TE B bR B
WA, NI A KRR 7RI %1, R
NI N SR R AR, A, S
N 2R A (E AR FR 5, 2012); 30 BLiE A e
BORARZRIV . VRIVIE) o3 Ak SR 2 LS BENL 0 A5, BR
T 5 R B B AR A SRR, A R A AR
AH R AR LRI TRIE, 2001)F K24, By
S AN TR A R B O, Al 1 S SR I AR o
A e YA, DA FAS )R 32 22 R ILRE L2 A7 (5K
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i 22, 2574-2580

PROmSE: AR L EWR R AR R SRR E 55

HoEm, migsE, wE, Bt TH, 2%&E (2010). T
AV PR DX 10 74 253 6 T ] I V8 3 I 34 2 1) 4% =) 2
FOAHCHE. BIHAERZER 21, 2769-2776.

ZRIE (1986). F ML L A I AR R KA. K
Jepfol K524k 14, 33-38.

Z, xR, BER, MWEL, XIMRE (2009). )IITEIF & LA
HE - RV VA A2 AR AT 5 RH A 1) 2 TRD A& JR 0 AT . I8 P A 5 2 3l
20, 1263-1270.

XPANE, XUBAR, B, &3, FKEIEE, A (2009). 7E
POIARE T R X BEVE h E E AR R SC R A R A . A
A A%4% 33, 320-330.

XIRE, ZT=HEF (2005). FYNEEE YRS R 2 )45 R
7t MM ER 29, 1020-1028.

W, BE&, BER, HEF (2012). SRR HPERHE
BN, Y 47, 257-263.

LTHTN, KPR, BAA (2008). dbETRA L R EP X KR
THFA PRAS [ 68 4 SR I 2 D) SR R B AR A AR 19,
1414-1418.

EESE, kg (2001). Tk EREAT 2 F R4 8 5K ol B A T
RorbT. LEZS2R 21, 502-505.

EEERR, Tig, B (1992). U R A HE N AE S
B O3 A O BEV SR AE . R A S A Y 2R 16,
283-291.

REIMK, REE, ki (1989). FHEBHHAMATHM(E2
). dbat: A EML R AL, pp. 325-326.

bR, AEE, BHZE, HiRl, REB, &HAK (20086).
K L G R RS R R LA 1 A AR R A AR
4% 30, 743-752.

%, HER, HEE, HERE, KW, K8, KT
(2012). M5 111 [X BE 7 41 S AZ P BE S [ 8% 20 ST A 1 053 )R
orHT. BIHARRS AR 21, 272-278.

EFF, WKH, MR, FEF (2012). LTE-LRIBA KR
R RS 5 2 A A i R . PR AL 23R 32, 1027-
1035.

EFEa, wkH, BEZ, kik, FEZHKRE (2002). LFEH
SRR PR R TR SR AL L PG K SR (SRR R
25, 358-360

BN, FEF (2009). F 77 A Ib 7K HRA K AR 5 3T P 5
¥ A% R gL, IROUEY) R 5 27, 165-170.

WRE, Boois, RIPE, W, R, KEHE (1994).
R A NT R OCRIYIE B R. MT 14, 94-97.

WRaR, B, XEF, THE, BIR (1999). RIEM
23 (B A Ak J . A 2EdR 41, 95-101.



56 H#FEHRk 51(1) 2016

VEM, KER, INER, XIEE (2014). AKHIHIR BTN
MRS R HT. ARAbMRl K54 42, 40-45.

g, BAEE BAE, TWiE, JAKE (2010). Edbilih
ST R SR VR A RTRE TR TR b 2 [ 03 A % SRy S LRI . AR
AR 30, 2311-2321.

wtee, keH, R, TR, KKK (2006). BL R
PR SR B . SR 30, 563-570.

ViFEE, BES (2010). K77 LKLV HERR R ESEH) 5 Sk
{23 ] s . PEALAE A 544 30, 1895-1901.

RIS, XIMR, B, K, BEKE (2010). JIE R ILERF
FEA [F) g 4 25 (0K S0 100 R BE RO Je AN Pk (8] 23 [ R . AR S
2£3% 30, 4004-4011.

FKAE (1999). KIEEFAMYRY 10 LM, Y 5, 1-11.

XA, KFBR RE, REN, 24 (2008). dbuiil X KHA
VAR 2 1] 40 A 0 20K J 20 T —— DA 35 R 1L AR AR
X . EK R EERLSE 6, 59-64.

welg, EER, EEZRZEE (2001). BRI NG 5 A A
RBER R, W0 KSR (A SRR MR 24, 86-88.

Tk, LEERER (1994). GBI M HE . AHE
I (T, 138-140.

TR, EEHRE (1996). B TR EHNA. EWES¥HIR
20, 561-567.

TiE, AR (1999). il SR A BE TR 0 2 FE MR A
AR 23, 471-474.

Feig, EEEE (2000a). 1 vESh RER )95 R AUECE >
M. AR 24, 351-355.

T, LEER (2000b). 17U SR BT LA RIBE D A AR
JRWEFL. ARSI 24, 590-594.

Wi, BEEREE, FED (1993). KT AL R @R
s, AR E 12, 67-69.

FehE, MEK, Rk, e, B, PRk (2007). KAl
W) P 1A A R 20 5 SRR 0 5 1) A A SR B FL ORI
A Zs24R 18, 1681-1687.

Tk (1995). M EAESEHZE. e HEREEAH
JERA:.

K&, HARF (2004). 72 (L AALTE RS BRAS [R]85 S0 AR
B kg SR i, AR 24, 35-40.

KRB, A, REW, ®WEW, HESF (2006). HEHEY
SR A LR R AL PEALAE ) 4R 26, 1584—
1587

KEE, B, 883FE, SR, BEF (2010). @RI
SR A AR B ZW LA o T R AR (AR
22hi) 24, 88-91.

Condit R, Ashton PS, Baker P, Bunyavejchewin S,
Gunatilleke S, Gunatilleke N, Hubbell SP, Foster RB,
Itoh A, LaFrankie JV, Lee HS, Losos E, Manokaran N,
Sukumar R, Yamakura T (2000). Spatial patterns in the
distribution of tropical tree species. Science 288, 1414—
1418.

Dale MRT (1999). Spatial Pattern Analysis in Plant Ecology.
Cambridge: Cambridge University Press. pp. 207-276.
Frost I, Rydin H (2000). Spatial pattern and size distribution
of the animal-dispersed Quercus rubur in two spruce-

dominanted forests. Ecoscience 7, 38—44.

Greig-Smith P (1983). Quantitative Plant Ecology. Oxford:
Blackwell Scientific Publication. pp. 54—104.

Harper KA, Bergeron Y, Drapeau P (2006). Changes in
spatial pattern of trees and snags during structural de-
velopment in Picea mariana boreal forests. J Veg Sci 17,
625-636.

Hou JH, Mi XC, Liu CR, Ma KP (2004). Spatial patterns and
associations in a Quercus-Betula forest in northern China.
J Veg Sci 15, 407-414.

Nathan R (2006). Long-distance dispersal of plants. Science
313, 786-788.

Riggle BD (1981). Spatial Statistics. New York: Wiley. pp.
10-200.

Wiegand T, Gunatilleke S, Gunatilleke N (2007). Species
associations in a heterogeneous Sri Lankan dipterocarp
forest. Am Nat 170, E77-E95.

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



PROmSE: AR MBI L EWR R R AR R SRR E 57

Spatial Distribution Patterns and Association of Major Species in
Elaeagnus mollis Communities

Qiang Xu, Jinzhi Lii, Yanming Miao', Runcheng Bi’
Shanxi Normal University, Linfen 041000, China

Abstract Elaeagnus mollis was used as the object of study in the nature sanctuary of Yicheng County, Shanxi province,
using O-ring statistics in point pattern analysis and Programita software. We studied the spatial distribution patterns and
associations of E. mollis, Vitex negundo var. heterophylla and Rosa xanthina, the major species in E. mollis communities.
Three populations showed significantly aggregated distributions at relatively smaller scales and random distributions at
larger scales, and the degree of aggregation decreased with increasing spatial scales. Spatial associations among tree
species were mainly found at smaller scales and gradually disappeared with increasing scales. E. mollis population size
class I, Il and Ill exist in significantly aggregated distribution at smaller scales; size class IV, V and VI in all scales showed
random distributions. We found a positive correlation between E. mollis size class |, Il and IV, and V and VI, whereas size
class | and VI, and Il and V exhibited a negative association at a given scale; adjacent size class presenting basic spatial
associations was not significant.

Key words Elaeagnus mollis, spatial pattern, point pattern analysis, spatial association

Xu Q, Lii JZ, Miao YM, Bi RC (2016). Spatial distribution patterns and association of major species in Elaeagnus mollis
communities. Chin Bull Bot 51, 49-57.
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