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Abstract; Lishan Mountain ,belonging to Zhongtiao Mountains,is situated in 35°16'30"—35°27'20"N, 111°51'10"—112°
0535 "E in the southern Shanxi. It has a typical warm- temperate continental climate with abundant plant resources and high
biodiversity. As an endemic to China, Juglans mandshurica is ranked the national third-class for protection of rare and
endangered plants. Due to its multiple economic value, the species is shrinking and seriously influenced by human
activities.

Interspecific segregation refers to extent of mosaic distributing among species, which is important to characterize

community composition, structure and dynamics. In order to explore the pattern of the interspecific segregation in J.
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mandshurica communities, 35 quadratls were investigated in the field, and a distribution map was drawn for all trees and
shrubs with an equal to or bigger than 1 ¢m basal diameter. The nearest neighbors of each individual were identified by
using nearest neighbor method. The interspecific segregation for all species in these communities was studied by using y’-
test (including Fisher’s exact test for 2 X 2 contingency table) , an N x N nearest-neighbor contingency table and a 2 x 2
nearest-neighbor contingency sub-table.

The results of y*-test showed that there were 294 species-pair being significant segregation( P <0.05) and 6 species-
pair being insignificant segregation( P >0.05). Based on y* value to divide S, the interspecific segregation result indicated
that there were 112 species-pair positive segregation, 28 species-pair negative and 160 species-pair random segregation
accounting for 37.34% , 9.33% , and 53.33% respectively. Negative segregation appeared between dominant species and
companioning species in the communities and companioning species had fewer individuals, lower coverage and similar
habitat requirements with dominant species. Intensive interspecific competition resulted in mosaic distribution and fully
exploiting competition for resources in speices such as J. mandshurica, Forsythia suspensa and Rhamnus dawvurica,
Cotoneaster acutifolius. Therefore, they were apt to be negative segregation. The larger individuals being constructive or
dominant species in the communities tended to be positive segregation with the other large trees and shrubs, due to their
stronger capacity of adaptation and competition, such as Acer ginnala and Pyrus betulifolia. The constellation diagrams
showed clearly the difference of interspecific segregation among the various species.

The result of y° test for N x N nearest-neighbor contingency table indicated that 25 species in the communities were
mosaic distribution and overall non-segregation.

In addition, the results of species segregation suggested that the Juglans mandshurica communities in Lishan Mountain
were in the early stage of succession, which was consistent with the fact that the communities were unstable due to the

seriously disturbance of natural and human activities.

Key Words: interspecific segregation; nearest-neighbor’ s method; N x N nearest-neighbor contingency table; y’-test;

constellation diagram; Juglans mandshurica; Lishan Mountain
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SESFERBRBARARR. S SRR FHHNATAERK KRBT, KB T WM LR AR
o YIrlRI IR AR B, b R B R B LR, R B Y R RREVIR B 19, WYY ENIA B R
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BE L, EETENIME XS BIED MBI X R A B -4 2 1A T SR bk 2 18
)53 BB (L% 2o R BRE % P AR IR B 3 B B TR AT

WAk XA BB (Juglans mandshurica) , RERGHY), wEMTA, T EREHABETMH, KM
SR E AR WD, AT R B84 9 IEH XA BIFERER A o A, A3 Bl vE 5
SR B I BRI B, R B SRR N x N BRI SRS Bk S 2 x 2 BRI 7735 , DL Pielou 538
FRBOR " RIS\ DRETE PRk IR S MR AR, (RIE R x° KB S RETE BT A R I 22T 23 B LA AT
THGE, XX T T IR P YR R A B R A R B R BB, R SE IR RA — 2 Rl
1 E7SHIRRE

UEZAEFE I TG SR P A TR I X By B VBN, KT I X B BRI BB, AR D X 30K BRI, B 2210
FBAFEDNM . AR TR 00 ~1500m, Hik B AFHTHA KIS HEZAMNBE FRIAT

AR SO I LA R AR T A2 T LU P 5 L P oy 18 RN 2 YA , BB AR AR 290 111°51°10" ~112° 05" 35" E,

hitp : //www. ecologica. cn



434 RER % Fi BBk (Juglans mandshurica) 83 B FHE 2385 1603

35°16'30" ~35° 27’ 20" N, Jj L Bk e ek £ BRGR 2 358m, HMYRBEE, EWERHRRE" " BERRA
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BRI L, F LR FRBHE A R A KRR E R M E SRR, T EE
B 2RVB M AG ( Platycladus orientalis ) #KJH A5 ( Pinus tabulaeformis) K, 2 8%k ( Quercus variabilis) K. H1#
(P. armandii) R ILZEPE(Q. liaotungensis) k. HA¥E( Betula platyphylla) #K .7 2% ( Vitex negundo var. hetero-
phylla) FE\ . FERIBL( Rosa xanthina ) FEM . %38 ( Forsythia suspensa) JEM\ | 751B R (Abelia biflora) JE . = 3455
£%35 ( Spiraea trilobata ) JE M\ . H £ B ( Bothriochloa ischaemum ) B\ | & B ( Carex spp. ) E 8] F1 7. 4E E 1)
i)
2 MRAE
2.1 B

2006 4F 5 A 72 P L PG R AN I AT R AN, T T AR 10m x 10m, FEPFAE DR 35 MES . IERIIF
BT WA ARREAR (R 21em) KFZ 45 ZR WE R (X,Y) , RAE YA E A YR
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MRRBER , BT , IRIE SRR H B R
2.2 FdEabtr

DA 25 YR, 1R 300 NFPXT, 7E50 A5 B R G — MR 4 B E Ry ik, BB SPARTE A E B —
AR B SRR
2.2.1 i N x N B4R RF | BERAE 2 x2 B P iRs|iksk

Reich fil Davis''*' /M8 T FA TS WAEEE BRI B N x N Bl 41k 51BE R, (B 2 bk R RENLIE Y ,
FAE AR, T Pielou' 9 2 x2 B ABHASIBEZrp , SMRIR 25 T B MO BT ME, 0 T BRE S YRR G
FhIRI4YES , 3F B A -SRI R ITE ME B Piclou B 2 x2 IR 4RIRT|BEREITY B, AT LAE B —
A~ N x N BRARARFIB R (R )Y o ZETHSERIHh A A9 4 B S8 5 B b AT R, ok °T LAAS 3 BN A 2 x 2
BRIESPATIBRR (£ 2) .

®1 NxNRIEBHFIEER
Table 1 N x N nearest-neighbor contingency table

Hk B 4B 4K Nearest neighbor
Base plant 1S, #M2s, 38, kS, B3t Total
18 LV V] i3 g A
#2S, ny ny N3 iy 5
kS, g 3 T3 Tk fi
2.3+ Total S S, Ss S, N

kR b B4 #h ¥ The number of species in the plots; n: i NER B SSEER B RBI B H The number of species i whose nearest
neighbor is an individual of species j; N:¥E77 RETA &M B FT The number of all individuals; f; : #f i BM&$ The individuals number of species i;
s;0 RABP i HEBRAE4R AR A1~ ESL The individual number of species i as nearest neighbor plants

2.2.2 Y RB
B YIR R B ARSI EE, L 2 X2 FIBRER I x° K (GBS HEIR IE ) R -
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£2 2 x2 mEPHFIEER
Table 2 2 x2 nearest-neighbor contingency sub-table

Hk B 4B 4K Nearest neighbor
Base plant Fh i Species i S; Ff j Species j S; i+ Total
Fb i Species i S; n; n; ng + ny
Fh j Species j S; n; n; ni + n;
231 Total ng + n n;+ n; N=ng+ ng+ n;+ n;

* FHRf X [F] E The meanings of alphabetes as above

Xzzi(lQi—T;?l—O.S) df = 1 (1)
j:':PaOijb niiﬁ'“ﬁaﬂﬁ ni%ﬂi@ﬁo
4 ny,ng, ng M n PEE—PEISE/NT 5 i, 2 x2 FIBRIEFHRR

(ng+n) ! (ng+n;)! (n;+n;)! (n;+n)!
N! n;! ngl n;! n;l (2)

XHFE— 2 x2 PR R R E ok (2) X, 5k P(1) . RBERSTTFIEE (e +b,c+d,a+c,b+
d) RERIHIR T B3RP B/ ME (min {a,b,¢,d}) , BNEEEDN 0, BREME— LR (2) XK P(2) P

(3) ;-+P(k) -y P= ,ﬁlp(k) B 2 x2 SUBL TR IR S |

2.2.3 FhESEIRE

R Pielou B4} B5H5 3K (S) B AR B HBERE,

N,-j(n,-j+nﬁ) _ 2(n,-,-nj,-—n,-jnﬁ) (3)

(ng +ny) (ng +n;) +(ng +ny) (ng +n;)  (ng +ny) (ng +ny) + (n; +ny) (ny +ny)

R BB, IR n, AT 0, 453X 20 n WAL 0. 001, X AEAMBL W] LA IE A (3) il B 438:05 0 i)
" B EEE B RRE,
2.2.4 NxNFXRIK2E S ERE

BT BRI N PR B B AN IR IR IR A T R N ST A B X — S, A X K
Xt 25 x 25 BOEARARFIBRFRBEAT 40T , FUBTREVE T TR YR RN B 4 B AR, I R AT A B R AT 435S o
3 &R
3.1 EAIE 2 x2 FIBCRI X E, 15 H 25 N PIFF ALY 300 MRS AR B E B A 294 (P >
0.05) , A BENEEHA 6 X (P <0.05),
3.2 ) HMAEEE S ZHKKR

SIEIER S WERHT -1 M +1 Z[A, P=1,n;n; —n;n =0, -1 <8 <0, XHAEHE 3 FELL, On; =n;
=n; =n; =0 i},8 = -1, B MR [ —BEVLBESBRY ,@ ny = ny=n;= 0, H ny#0 Bin; =n; = n; =0 H ony
#0, -1 <S<0, YR RAETEEDE . Onynyn M n, FHEEEHN RO B, -1 <S<0, MR KER
A, H0.05<P <1,n;n; —n;n; >0 Bt,0<S <1,Wj4‘%ﬁ7j‘$£ﬁ}%,nﬁnﬁ -ngn; <0 i, -1<8<0,FHA

P(k) =

S=1-

VR RER B, nany —ngn; =0 B, S =0, Y EE R3 UIBSHEETE 25 FOEMT 15 ORI L 51

mﬂﬂt’—? o %’[ P<0.05,0<8«1 ,ﬂ ngn; — n;n; >0 HTJ‘, Table 3 Types and proportion of interspecific segregation of 25

Vb E L ﬂ][;[:/_f}l; o species in Juglans mandshurica communities, Lishan Mountain
B, 44y RIBSRX S ST X MR 5 5% ESE il RLBESE

Positive segregation Negative segregation ~ Random segregation

3 B4R LBCHRRESE o IE AN RERI 112 34, 514 it = .

X 28 X, %mmﬂz@ﬁﬁﬂﬂ‘ 160 %, ( 154 X} P >0.05,6 37.349 9.33% 53.33%

Xt P<0.05),
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3.3 FHPIRIRIN BB

S ERSRTHERE (B 1) FR, LREREDE, BRERASE , R BA LL BB LN ER
BREHLEESE .

HE 1T, f S BAERFE R Z HEE—EE
5o AW MR ERTILESHEIE YRR R
EAE, L ESHLER S BR B EELTEE A
B, MS5H e BIE S5, 72 LR M./ B
Z= IS S5 KE S YAIE SR SB. BRI LR
XRE,REESBWYFRERBEEN LS ER
B, BTN &, 26 5, oA 35 A oy A
FRE HLBER, AR A B RIED B . BAEATENY
Fp R P R R — e A F , A R AR XM A
A, B AR, SEFRAAMNAERER, BIINES
A ENI AL S R T R B R

3.4 FrRFIXTZ A T 4R

X325 x25 FIBKERHAATT x* BB, HR Ny =
1.701 x10%, df = 576, x* >xooo BTANKETARN
ARET B, Gt Ut 25 YrFike ZRETLEE 48, A
4% H AR R A G BA D B B DL R 2T A 7 B o
4 g

PRI S RH ) 2 B AR R bR X R B ST 27, R
AATFHRAR NSRS HERR", FEXKE
YIrp e ZS R I A O R BR: , E M S AR Kk, BRI
TE U ket Mt S = MR EAEEVRR, ZH
K/ R BB AR K o — R U, B T B R
B] 2 BEIE SR (BRIEAER) BRI UM s R ZIFR
i 6] 20 B R YR 2 TR M LSRG AR O AR R, E RO T 2
DABEES Sy 2Eat , A2 R 05 R/ RS BT R e, 1]
DASE VT i R B A I IR R S R R, B,

— E4H

Positive segregation

Negative segregation

B hBbkReE 25 A-Yrh s FhiE 2B 2R
Fig. 1 Constellation diagrams of interspecific segregation of 25 species
in Juglans mandshurica communities , Lishan Mountain , Shanxil. [1]4%
Bk Juglans mandshurica; 2. %38 Forsythia suspensa; 3. L T &
Syringa pekinensis; 4. 4 L2 4& Lonicera chrysantha ;5. 2= Rhamnus
davurica; 6. I Bt Amygdalus davidiana; 7. B & 7. & Lonicera
ferdinandii ; 8. B W Toxicodendron vericifluum; 9. + FE % 4% 3
Spiraea pubescens; 10. Z5 £5 % Acer ginnala; 11. #t F Pyrus
betulifolia; 12. B 1% & ¥ Smilax stans; 13. K R W Ulmus
macrocarpa; 14. 4§47 Elaeagnus umbellata; 15. #y Ulmus pumila;
16. (i} Crataegus pinnatifida; 17. fE¥EF Ostryopsis davidiana; 18.
JR¥ T Cotoneaster acutifolius; 19. LR} F Malus baccata; 20. B HF
J Acanthopanax henryi; 21. #Z= Padus racemosa; 22. /N 2=
Rhamnus parvifolia; 23. /N %8 B 4F Carpinus turczaninowii var.

stipulata ; 24. JLFIEMK Sorbus discolor; 25. TF Euonymus alatus

BB BRI RIR C R E R Mo

B 43 B AR R KR 43 B 5 BRI 0 3 B RO R B, ELRH A3 B H B IX TR R R A OB E 9™ o B/
EEEM R BB S EM T EREMXERS, HE: H0.7<sS<1 B MIF HIESE, 4 -1
<8< -0.7 B 4B BV B MR T 4B, 2 - 0.7 <8 <0.7 B BEE E A B WA A 2 B R BE HLEE
SRR . XRRIDFTERETMIANEE, 5k G2 SRR, XAk, RRBFE RSB
R 1 X R AT BEAS SE A F] , bR 2 M BXELU AN 2R ERR 0. 8 T SERX— A RERAGF
BRI IE R R E 254 ' BRI MSREMN BB X RS S, SRR BRA SIS E X, ¢
BB A %R,

H Pielou 24 5 x* BHSH AN FAI B RERTBE" W7 kR, 78 SRBHIb i B A,
Lk BB AESTSERHM B RR 3 X B 2 ( Tarennoidea wallichii) \ Y65 B 2% ( Sarcosperma kachinense var. simondii)
BE PR R RIS BB B T A EA R, BEANTAR: (1)2 x2 FIBKRN BB EHIR(d =
3)0 2x2FNIBER df = (r-1) (c-1) (r.c FHRIIBRRHTHEMINE) =(2-1) (2-1) =1,MAHE3,
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Y xtos =7.81(df =3)iE Hxs os =3.84(df = 1) BR, XHRAMHEAREADBEREESEN LR, BTH
TERH R x5 0s =7- 81 {5, T BEIS DIREHLIL AR A94E 1RGSR T I NI N EBR R (2)XFTF 2 x2
B FAE IR A T A S B R IER AR

‘-3 (@ ;?T,-) )

HTR(4) BESTESMRIE, Bt % ER (4) B HRR ¥ BRMK, XELE THRSHEHAE
WIS, (3)XTF 2 x2 FIBFE P EANIISE(T,) =0 i, RAAUE 1, MEHE HRH ¥ BRMR. B, Y4
Ny n Pl g AR B — NS E/NT 5 i 07 R 2 x2 FIBRR SR RE"

ot TR 4 B SRR O BTST , o 7T LA E R IO B B B . ZERRIE T IO 2, B RIE BB E ;s
BT BEJR TR R b T BB 7E — R T BRAN , 1F 438 VT BB B o Ak 358 S5 Rk B o T BB 7 ARt FEHEE
TS BEAMEYRREN . MEREREBHERE, MRS R YR T RER SR U R EEE
S AAB RS ERWIEER, EEM RS EES™ , BT RBBERE, MELRCBTRE, s
BIHBEHILSRAT , AT LB BREEE , 5 T 55 L TG eI MRS B , BE VR A T AR B B 3%
Rl T T WA MER M, — 5 ks a RALRR R 8 (B4 A A 8 U R 2K ik S S stk sl ,
T BB S B YA T B , B R T RE KR ph R T XL E BRI & . XM IRZ I R AR T LAE 1,
RIS FABEPLE | ~Sem 208, KT Scm BREME D, 55—, REEFH TGRS RS AR E K
BEEREZ —, B TEERER WikEl 2B AR, A5 shxbit vt B 5 SUR 3 45 B R0R, kit
(FERE) BB ESET IRARMEARNS TG EFAE R, BN T RSN AREE, RS RET
B, 4B B i LRI K 37.34% » 3%5 Peilou™ B4 AT,

LABE B Sy BRI BT ST 1H) 2 B B 7 B B e AR B B 2k 4h, iR B 4B MR EE B 2 #0 K (o) iRk,
BIEARREE Btk R B TR R R, K (¢) 7Bk T LA AE B R B T B Rt 22 18] 20 A 4% 5 01 7o )
X2 WA EMA, RN E AR, IR FTA AR SRR A R R B AR R i BT
Ye ,(BREE B {5 B R4 (GIS) R KBl AR B EhAE R A A vh 19T A, ATV LA {8 PR EE 3 3R ABHE
TN EFTTAR KSR BT AR Bl 4Bk B LB B o 5 T 5 1 0 E 7o ) 40 5 O 1k B A 4R A 37 K 2 4
o, N x N Bl 43R5 Bk ik BE A T 2 WMRE, ERWi0T TR NI FTE MK, ESSH R T WrFhi
EENE AR, ISR BERESIRRBLR.

R B R L ERREAERNE R, 2B IGIBIE, B KL &7 shipis Bl Rk & sh i —A
JAHEZR (S &Y B %) R T IBBRE Srfs 208 577 | BETI 207 HoRh 18] 56 2R , X My 3% & 40 b 1]
AEHEIETIR B, E MY YR I B R AE R E N E R T REA R AR AR A E
YER (24 MUR) S AAME R R WA 38 55, A8 TIR% 5 T B HLH , 25 i Hu il B4 ff el 9 25 )
BRI LR, PR A EAEPIR L T A,
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