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An analysis of interspecific associations of Pinus squamata with other
dominant woody species in community succession

ZHANG Zhi-Yong'?, TAO De-Ding', LI De-Zhu'"
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2 Agricultural College , Jiangxi Agricultural University, Nanchang 330045

Abstract: Pinus squamata is an extremely endangered pine from northeast Yunnan Province of China,
which was reported from only one locality where there are 32 individuals in the field. In order to analyze
its ecological relationships with other trees and shrubs, a series of techniques, including analysis of vari-
ance, x2 test and percentage of co-occurrence, were used to analyze interspecific associations of domi-
nant woody species in communities with P. squamata. The results indicated significantly positive correla-
tion of the association of overall woody species in the two communities with P. squamata. There is also
significantly positive correlation in the community on the north facing slope, but only a positive correlation
in the community on the south-west facing slope. Considering that the community on the south-west facing
slope is mixed coniferous and broad-leaved forest and that on the north facing slope is evergreen broad-
leaved forest, the results imply that the communities with P. squamata may be in succession from mixed
coniferous and broad-leaved forest to evergreen broad-leaved forest. Combined with the data of x” test and
percentage of co-occurrence, we conclude that P. squamata has no significant correlation with other
woody species, and its co-occurrence with other trees may be by chance. Finally, its requirements for
survival may be threatened by evergreen broad-leaved woody species.
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HEEEHTHELENEREZW TYMB T
mslEM (EHIFE,1995; Greig-Smith, 1983 ) , X
FREK S HERIT &Y FMAERRI AR P HE Y W HE
YE BT JE BB DILER R Y B2 e, B 5 A ) b A 44 1]
BB 2 ME B R/ 3T BF R B IE s A f A Fh | B9 AH B
TERRAEERE L.

T4t 3 A ( Pinus squamata) &= 20 40 90 &
REBUN A TFREZEE IR ELNZHH
(FZHHE,1992) , B B KRB WRE T VR LA 32 k.,
SE 4 B ,1999 ERFINER —REPHEYC. B
P EEMRIEE (Pinus) B3 H )& (subgen. Stro-
bus) [ FZ #4348 (sect. Parrya) A 3 T 4H ( subsect.
Gerardianae) (Price et al. , 1998) , B —Ffp 5 ZHH
O ABAEENAAMEMBENRNE M ASEE
P E. XBF =55 (1995) B X B4 A KK — &
BB FREANMEETE A, HREAREMYT
WEHESMENXRANBENDES, AHER
HEERSHETHMAFTERNMOXRUREER
HEEPREA. ACRESX B A RS
oAt S T AR FhB] A 8814 56 B 43 B | B X 4 Fef ) B
S REMEREBE SR PCHNE, S
B 2S BB SS HEOR 0 IAeT A R M MBS s &L
Earigh & TEMME, RHERHAENS Hit
REFRE R A DR, DU SN FLA B B AL R RE A 4R 3
MEREMR 2R,

1 HRMXEAER

EHARMOBEREZEA TR ETHE
FENCERB) M ES BN (AR XFHWL
HF M (103°00°'E, 26°54'N, #F 1k 2000 ~ 2200 m) ,
MFZ=FE (LS ) MBEHRBEAXRSELEHER . 1
PrERmE KM ERET & 1200 ~ 1300 mm, F§ £
REES ~10 A;HEHSA 15T, B R 38C , 5w
R -5C, KTF 10CHEMEN 3166.3C ;4EH K
BT %H 1600 h, K F 10°C 948 36 BB wf B0k 809. 5
he TRFENREEXREER LM G EMA
¥, REEE 136 ~107 cm, + AR %, pH EE
6.0 ~6.5 ZH. MK N =M (Pinus yun-
nanensis) -#E I ¥y (P. armandii)-F 5 B3 R -EH
X ( Cyclobalanopsis glaucoides) #k (2 FH ) FIE F X
- A ¥k ( Lithocarpus dealbatus ) -F 5 13 f ¥ #& (BB
) CNA TR A ™E,

2 BHARAZE

2.1 BEFE

el [ BK 45 00 8 A MG B 1 ZEAR KRR B b BRGER T
REE AR MBS E o X R I B 4R R o ARR R
EWFERN, R LA, BUEE RN 100 m*, B
BEH30~-S0 METBRABEBE(ZLBE, EEIHF,
1985) , HFRIALE#4 , ATRA T X FEURE 7
LB R A EMSLARKHEREAIRE 31 10 m
x10 m #77 AHFEF-TMHETAREBI HEBAK
FARERR, PP 15 A BAE 16 A~ TERTHS
AR R R FEE
2.2 WEAHZX
2.2.1 ZYHEHWEEXEERE

M 4E Schluter(1984) B FHI-A HIAE
WHHELH B A RS LB 15 MR
FASE 16 MR Z YRR B B BKE., HEA
AR

St = 1/Njil( T -t)*

VR = §3/8%
Hp S HBYMB, N HERETE,T, I j Al
BRI B, IR BRI e
FIREF PR

VR>1 Ry EXIBIENXEK, VR<1 £
TN b ] AT AE B B vE ORIk . b () Y IE 7SS AT LA A
HiEKHE. RASGEHE W(W=N-VR)XKR VR &
WBIWEERE, BIINWHEABHTEY 2648
H R BRI B BERA 95% , xoos.v < W <Xoos.mo
2.2.2 mExYFiE B SR X B8

WMERARETHEMN2x25]XK, B X #BEH
WAL RpE] B 254, R TR IEEE S, B H
Yates B iE LR IE AR THE X2 {H ( Mueller-dombois
& Ellenberg, 1986; T {0 #5, 3 /> B%, 1985; Greig-
Smith, 1983) , AR K .

2 N(lad - bcl -N/2)?
“(a+b)(c+d)(a+c)(b+d)

ORI, KILBL(F45) BREARPEYLER(E—
#). 199949 A9 H.
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A, N BB AR, 0 h 2 ANFE L SR T B, b
MFh A HBER B RHEBMEE T, c I B B
(BR ARG BLARE B, d g 2 ASFhES R th BLA0 e
T MABRGEEHEHNERAU THE(CKR
E, £ H8E,2002) .

e X2 <X(2).0|,| =2.706,FhiE) Ml 37 ; Y X(2).01,| sxz
<Xeosa =3.841 B, Fh A H — EMBG ;Y =
Xoos IE FIEEBENBEE, WT X A58E
Sl HE E ARG TR X ad > be B K IEBE
= Rl 3
2.2.3 FEHEHRESE PC AT

FriE St AR B E R PC HHEAR N (EA
I, H B, 1985)

pc=—2
a

+b+c><100% (a,b,c KWEXFH)

PLER BRI R S BETHAKALEY
HEAEEHS5IHE, REAII MNP ESN
3 AZ S 00 HILRE T 41 S RFER
PR EE WA

3 5REHSH

3.1 XE®RMENEBEXEKIH

MEBER MR DRI R(F 1) AL
EFH AR OERSAOBEERRA ZTE/A
B 2B EEAL, AEMBE EZMA R xR
BB EIEM, W B3 - A FEE WP R 6 EMX
HEFRDIBRENKF. NBEELRRKRE, MK
RN KIS CFLET O B A AN — e 4 R b
AE T X E A AR LA BB £ R IR 3SR, FR i AT
MEEAATHERIEHAAOEARK HLSEHHRRE
—EMREMXE, MXMTHE,AEABEERBE
HEK EBEAHEIENESEREMNNAK, BRLEHN =
B AR ES R XM BB S E T
WmBFE, —BORUL, IR BERERE - BREHSM
HYRKPEHEERN=Y, S EDEEEFTH
MEXR BN ESHADRIEBRANEML, R
IS RIEFFE XM, &%k % (2000) %t
FABAMABRBRP R HFHRKEES IBRPBEN
FE BRI S R R YBEL THEHER
B ERE, BE PR MM IRIA—ENEME, HEAR
P EFNBE MAPEEESEET S, &R FE
B SR CE M N B B E R IEMX, RITHE R

FTATH 2t
3.2 FEWBFE KB

Fh IR 5 x© A B0 02 BE 95 W R 1) SE K S A
TR ARAEWMARMSE(ERT, Z 08,
1985) , AETEEMAE2 MHET " RRAFIBE
KR FER 2. ANR2 BT\ TUEL, EREG
LB B FEKFEHA 46 R, mm K FRkg B E
)26 R, BT, B VREB I 2 18
PERMPLEEMENSEEERA —ERED., HEZ
FEXE xR EENR R, BE XS T A
R M, g R0, T 3 B AR 5 At i b ) 5 A AR
KEM R, b b, T4 OB S A s
2 18] ER A 38 B A LK, Bl x* <2.706,

3.3 FTERMEEEHAMNERE PC

PC {872 F1R U & Yy % I8 1F Bk 45 12 B2 58 55 19 98
b, HAH K [0,100% ], PC B HeiE 100% , & 81
A 3 [ () 1E B &5 7 B B, A R L IR B B R
B0 A0 AT BE AR K, B W o B AR AR T R T R R
TR —B, e O R RhBES I Ath 3= 20 b 41 61
B 821 AN Fp XTI PCAERHAE 1,

B 1 $,PC=60% WA 10 MR FXT, H
40% <PC <60% B R 3 8 &, 66 X}, 20% < PC
<40% & 197 Xt , HiAH) 548 XHER R PC<20% i) Fh
X ABXF X H, LA R RS AR PCH
ER g, = FAT R A 0 1L 98 48 ( Desmodium
sinuatum) ) PCHE T 60% ,5HF 6 A5 14 B
KARE) PCHRT 40% B] 60% Z 7], XFER, 7]
BERININHMARMELATX, BARNMARH EE
HREHFET LA O ER S MMM LR, HiLE
BENAEREEZMEdOERBR, M5 ELR G R
A S B BR R R BEE LB R I A BE K R
L 45 88 | K 2T K ( Viburnum cylindricum) . D) & ( Cori-
aria sinica ) . 7 B B 2% ( Rhamnus virgata) . i ¥ #
( Campylotropis macrophylla ) . /N M 75 B K ( Abelia
parvifolia) i K B £ 4t 88 ( Rhododendron deconum)

CRXFPOR RS — 07 LR B A AR S X e

KRIEHEHUYAEREREE - ERKTFLER,
GERX2LHEIHNGERTDEA, X REBEE
EEMX . PC=60% HH 10 ASFp X, 4743 51 2 H &
M5 KBaEHEE EE XS5BT ( Cotoneaster co-
riaceus) . K [ 6 H B8 5 (3 £ /™ H] F ( Cotoneaster
microphyllus var. cochleatus) . K H & £ 8% 5 (1 @ #
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Table 1 The overall association among dominant woody species of communities with Pinus squamata

B% ESA S BRI & X i FE W £ R

Community VR w (Xo.95.5 » X3.08.8) Result
¥Fﬂﬁ3’?% . 1.353 20.288 (7.261, 24.996) IE*E* .
Community on the south-west facing slope Positive correlation
iR &5 BEEAMR

.74 . 86, 7.962, 26.296 L - .
Community on the north facing slope 1.742 27.865 ( - 26 ) Significantly positive correlation
A4~ hY.

2% - 1.750 54.253 (19.281, 44.985) BEEMX
Two communities

Significantly positive correlation

%£2 IHAEBSHENNED X RRBEOH

Table 2 Significantly correlated woody species pairs in x* test in communities with Pinus squamata

BREt

Association

EL Do

Species pairs

2#11 2#14 3#27 3#30 3#32 3#39 4#24 6HT TH#22 11#14 12#41 14#32 19#20 23#42 26#30 27#28

BEERSL
Significantly positive association
38#41 39#40

BERBL

Significantly negative association

27#30 27#32 27#33 27#39 27#40 28#32 28#36 B#39 30432 30#33 30435 30#39 30#40 31433
31#35 32#34 32#39 32#40 33#35 33438 33#40 35438 35#39 35#40 37#38 37439 38439 383#40

2#7 2#10 3#6 3#7 3#20 3#22 6#14 6#30 6#31 6#32 6#33 6#35 6439 6#40 T#14 10#14 10427
10#30 10#32 12#14 15#30 15#32 15#33 20432 20439 20#40

¥ HERBENE? MRS, E— MR % S A 1, The codes of one pair species are connected by #, the code of each tree species is the same as

in Fig. 1

B ( Rhododendron zaleucum) JEM ¥+ 5 H | AL 8Y .
H AR 5 R £ K B (Indigofera scabrida) . Ak %
7= 3€ ( Strobilanthes leucotricha) 5 = B £ B ' ( Bau-
hinia yunnanensis) .3k 8 =X 5K A EH ( Frax-
inus szaboana) LA B H WM& (Acer davidii) 5 B |5 o4k
A (Cornus oblonga) , i X Rt FERT A H L4
Y 55 B3 B/ F H BLAE 2 PR S, KAt i R R
BRI, HHLRAIAER N, AN L A R0
FREE LR B RAE T —ALAEF M A 8% S AR
BEP, ZHERHBOTIIRBELRLY, HFENA
BEKBEAN Y, Bk, 8% D&M, UH
RICARWR (A EE X)) AR AR F (R,
KAHE) ZHMFEREOMIRENLR.
126 4 x' K3 B E ML, PC<20% M Rt
B R ES B — RS AR RS
HRHAPEAEX, MEENSa@mR EOH%S
TR, X R O B o R R R o R e S PR
HEFMHTERER, PEE S E R R REERA
FHEHMHRRAHEN TR, E _HEXRBY
i SHAYEARERMEEL, WaEn g M
¥ (Myrsine africana) , 3X J& B Jy it BA 4 B AR A 5& K
HHATEERAGCEMBGE=ZMNELNERNE
HREMHHASHEEREAMAL MEEFXNSS £

( Coriaria sinica) .3 5 92 2 & 22 Bk ( Hypericum
acmosepalum ) % | 3X Ff 45 150 2 5 g BH 14 7 A RS Tird B
TS B ZE AR PP 452 ) B4 IR O PR PN AR AR s B 5 5 Y b
EHREWAEASHEEAENMARX, SR/
F LL R B (Rubus niveus) 5 KBRS . HHS
2R % ( Spiraea chinensis) 5 (3 1 AL BS 25, X Fb 2 M &
RBAEDGEBN, FTEREINALEEARNESTRK
BER

1 LA E B4 0T BT LA L, BE VR MR OR B X
K ML FE HIRE 55 R 3N SRR F R TR
BENBGRBEMBEANS T RMHEKNMAEXER,
I et th, B R B SR T 18 |

4 itig

WNHT AR, RATHEAT 2 A BEE W R[] KB 4
FHEZEEW,BATHRINTHEEYH LB EMNS
HAbAR R R E R R DR 2 MRS E R BT
6], TSR o 06T B B P B A B R % R AR 77 B B
R, R BREEE—N — 2 Y B A
Y Z (A M KR B ER A i 5R , BR eXd T TAR B
5 , B 4 B b 2 8] B ER S AR RGBT
HEMNE HEBENASEE HENARYFE
BHENAREAEHBRHALBEHERAHETEA,
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3 le]e
4w v
S5ie v
6(o]w .
e L *=60%
SBloe|o|ofw|oje]e
o) vlefele 40%< +<60%
10 . (] v
1] [ vle 10 20%<v<40%
12 0<20%
lejele v v »
14| e e(viv [o|w|e v
15]a |w|wjw|o]e * [ vle
16 vle v vle|le|ew
17| v vle vle
18 v L AR LARJ v
19e|w vivjejv|e vivle|e .
20
2l[a @ vivlo|o]o]|w vlv|e ejv|e
22
2Z|o|w|v|o|v]|v|[w]e elie|e vie *
24 v v v
25 L4 v v L4 vle
26|a|0|ojw]w]|e . [ . oe|w v v *
27l v ol v . v v|e
28 v
29w {w]|o v . v v v . s|efe
30 v v v v v
Jlle|w|e]|w v D v v vlalole|as
2 ele]e v L4 L4 * . v LIRS s|e|e
33 vl v v|e|v|w o]e
34 v v v oo .
35 A4 \d
36 ] v v v
37 v vie v [ .
38| e ole v v v v vlele o|w L4 olv|e|e
39| e v v v v v|o|v|v]|o]|e DRI vle|a
40 [ wie v . v
41 *
1]2]314|5(6]|7]|8]9]|1o|11]12]13]14]15]16f17]18}19]20]21]22|23}24{25]26[27|28]29|30]31]32]33][34]35]36}37]38]39]20

Bl ESARRSFHRETEIEMMALFAHATS EHLEHRE

Fig.1 The semi-matrix diagram about the percentages of co-occurrence of dominant woody species pairs in communities with Pinus
squamata

1, A&t E K4 Pinus squamata; 2, J A ¥k Lithocarpus dealbatus; 3, HE K Cyclobalanopsis glaucoides; 4, Yt M & L #F Quercus re-
hderiana; 5, /KL K Viburnum eylindricum ; 6, B, % Coriaria sinica; 7, 7 FEHA Pinus yunnanensis; 8, | 83 %8 Desmodium sinuatum ;
9, LA HIRIBE Rubus niveus; 10, ¥ K7 ¥ Photinia davidsoniae; 11, KB Debregeasia edulis; 12 , KKK Indigofera cinerascens;
13, /NEKAT Myrsine africana; 14, hHEFE R4 Spiraca chinensis; 15, T ¥ B2 Rhamnus virgata; 16, $& M ¥t B Rhododendron scab-
rifolium ; 17, BIRIEM Zanthoxylum esquirolii; 18, ¥¥#R F Elsholtzia rugulosa; 19, Q38 & 42 Bk Hypericum acmosepalum ; 20, et
/INER B Toxicodendron delavayi var. angustifoliumy 21, ¥y T 44 Campylotropis macrophylla; 22, 1% K Pouzolzia sanguinea; 23,
INHFSIB K Abelia parvifolia; 24, % M- /NBE Berberis davidii; 25, /MR Lyonia ovalifolia; 26 , X 3 76 %t B% Rhododendron deco-
num; 27, B E/NMHHF Cotoneaster microphyllus var. cochleatus; 28 , 4k BR#B8k Cerastus conadenia; 29 , B MM+ Cotoneaster cori-
aceus; 30, SRS H A Carpinus londoniana; 31, B HE 4§ Rhododendron zaleucum; 32, B K Indigofera scabrida; 33, ¥ %&
L& Rosa henryi; 34, [93k¥% = 3K Strobilanthes leucotricha; 35, 7 fg LI HG1E Philadelphus delavayi; 36, R# Juniperus formosa-
na; 37, =¥ EB P Bauhinia yunnanensis; 38, WM Acer davidii; 39, BE BIMHbEA Cornus oblonga; 40, M (1 ¥ W Fraxinus

szaboana; 41, B Toxicodendron vernicifluum

ARG EDEIEMEX R BRI AL ELE EXFR. FK, MRB SR F RGBS
b PR BRSO E k. BRME WBEE R K RE G 5 M RIS BB L A — & 8, F
BRESPER X W P Z B 8 25 0 R AR, (HIX 6 R MEE—EBE L, ZBFRMNF I RELY R LR
ANEREZRIHRXR, A UESHHZE N PRHReSHE ST CEFERS%,2001) . ARITH
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S RRE,FABEE X EM A 28 88 IEM
X, HAPEHEME FHBEZEMX AR ENERE
EAK. HE, T4 B B 5 A Sk 28
HARX, AR THEEERF ERERE
MET#, © 5 A Y R S S SR, i TR
WA BEVE AR Y IE) 35 A L BE A5, & R E 1) R B
HEMHEXR;EERERE NP ERENES,
BH A A% o o SR B TS B 00 o A A o B O, B O 7E B
BRSO H B, R R 5 A e & =B
HAMAX, MEARRPHZERESEHTRREBE
AR, BT R 5 BETE NI b A ] B A &=
B AL, T R R AHR, ATRER 4T AR
MEBK D> BERSRABNANESELRE,
TR E, N PSR & BIE3 SRR & Sk e B
PER AR AL, IR BR T A &t RE iR A2 K B 4 R vk AR Y
HREFES . EXMER T, Bk o R
BHHL X, 2R SETFXE BEAME, TTHEMN
—UE R T X—M. AR AKRNERSH
RE,KEAEERAE 30 £ F,10 EEULF R4
RRAKRAE , KRS A AERMBEEFR AR,
B,WAMET R ESNAEABRNEEEEE
BB BT, AR B R BB SRE , LA H AL

Millar (1993 ) 7€ 43 £7 & 1 B X4 #2 /8 AL 4 B AL 19
FHEHEES T EENRE, AR BHEI XY
EPERPHER FIERHPEEHR A E
LERBEYER AR BRBIEAN TS
B, FFEE M I ERBRME B EE . HE=4
VUG , A2 3R FE 4 Hh X IR B8 V% 1 A9 4 3 T A R
BARAFTHFHEYO AR, BLRE DR
THYIE FHEYBMARZ, PENFMEEETIH
APSHFEHRERIBX, BB L 0B &
HH MEH AEMFARY AR EH Y ILA
K838 T B ) 5 48 F¢ 57 8 X BT (southern Tethys
refugium) , HFREFNOHRA T EAES
BE=ZLMEAKR, SHREYBHERGES - Hit
HEAMR, A REAEHN ™, ESHOn A
DEXARZELRBEEAHEWNER B E (EXWH,
1998) ,FRA ES A EMAIREAFE =L UG HHE
ABIAXERNETFEERKNERTERHSERMG
MW7 S8 FHY K ZFPRERE. EXHER
MBE2RAERY, ERBRHNMX E FHEY

BIE B T | TR A, Wi, BT RERE
RBEEP S XS A, A4 aERAEN AR
MORAEEKHNHBEERNEYEEIBR RS
BOE D 55RO T AR A (A0 A SO R R o AR )
FrHest s M. R R A BRA ZU (1999) 7E 43 Pl
¥~ ( Cathaya argyrophylla) i) ¥ fo JR B ATt 48 5, 7E
MREELAGT . BEZS5ETMRA, 2B Rt
B DIR, A TEFAR. Bk, BIMERP T/
TR 2% IR X — A, BRFE AT B R AR 4 A B BE TR
NERAIBERALENFHHE ERMEL
Y, AR EERHERNEFRERIFHAES
W,

B AXHIFEFAZHATEREHALBEOX
1 P80, B FRAt KB R R Zsolt Debreczy ¥ 32 18 7
BFHEN , CBRLEXRFRFRBEZRAFAEHK
BOMFTRETABOWB, ERRAHRE,
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