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Abstract; Competition in forests plays a significant role in the process of tree growth, and the competition indices were
typically used to quantify the intensity of competition among individual trees. However, due to the rich composition of tree
species and the patchy distribution in natural mixed forests, there were still few studies on tree competition in natural mixed
forests. In this study, we constructed a competition index based on the overlapped area of tree crowns and interspecies
interactions, which allowed us to investigate the intensity of competition in natural forests and among major tree species.
Specifically, we focused on the Quercus aliena natural forest in Xiaolongshan Forest District of Gansu Province and used
data of DBH ( breast height diameter), tree height, crown size, and distance from two surveys to validate the newly
developed CIM ( Competition Index based on Overlapping area and Mixing) index. To evaluate the effectiveness of our
index, we utilized the CIM and conventional competition indices, such as CIO ( Competitive Influence-Zone Overlap) and
CI ( Competition Index) , and employed the Spearman coefficient to analyze their correlation with growth accumulation. We
found that our method of determining competing trees using crown projection overlaps and tree height was an effective tool
that could help prevent excessive selection or omission of competing trees. The results indicated that CIM1, CIM2, and
CIM3 could effectively capture changes in competition pressure across natural forests and demonstrated that as competition

pressure increased, tree growth accumulation decreased. In addition, by introducing the tree species mixing factor into our
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competition indices, we improved the correlation between growth accumulation and competition indices and provided a more
objective representation of competition status in the natural forest. Specifically, our study found that the correlation between
competition indices and growth accumulation was the highest for CIM2, followed by CIM3, CIM1, CIO, CI, CIO2, and
CIO1. The competition index CIM2 provided more comprehensive information regarding competition within the mixed forests.
Our investigation into the competitive pressures of Quercus aliena revealed that the intensity of competition increased with
the number of intraspecies competing trees in close proximity. Given the complex and diverse species composition and patchy
distribution of trees in mixed forests, it is critical to introduce sufficient factors into competition indices to obtain a
reasonably accurate representation of the competitive relationship between trees. Overall, our study provided an effective
method for expressing the competitive relationship between trees in natural mixed forests and demonstrated the importance of

considering multiple factors when measuring competition intensity.

Key Words: competition index; Quercus aliena; natural mixed forests; canopy overlap area

IR0 A R OB T F1 B0 R R BR T A  H C BOA FRAE VRO R AR 3% A2
HEPPETA T U A7 T R TG, 36 0 AE 70225 i HLAR S RIVRIE JHOBRRIN A % IE IR IE B 11
MR~ P TSR A PRV KT A0 BRI R 55 20 R 11 A R . 353 S R
ORI 7 A KR SETIE T EL BRI 53 S s AT (030 2 RERE 2K, T4 B 0 RS
B B2 A RSO R TR IR TR BIRER A IR AL A 7 1 T R B R0 5
R SORS B B S5 — BRI K B 0 R R 6 OB 0 T 2 — 2,

MR TG R AT AN R B AR R (07 20 RO RBSCE ) SR E IR EE O A UK T
) 2RI AP D301 A R IO RO SR T 300055 0/ SRR . WA R R AR B 25 R e
Ve ARIEL 1938 5 S RBFTERE T ARARA UK LB RS R B LSRR, HATE S
TR 19 22, SN DRI £ 3 L P 5 I\ 1884 4F Kraft B TG A5 MR 56 0 5 2 O 4K
ASY BB SR E A7 130 Z4EMIT 7. 20 HHA 50 4ER LI, Kk E X R L R i
TR ATE RS 5 HBCR LI B ok RO R Z L T R ol MO K 0
TP HOR 2 IOAE L 3 2 AR I 2 ], PB4 W A R P Y 2 PR 355
FREOH ] AR SE GBI S5 BETE A L R SR PR 4 5 4 2 T S R IR T B A A B
(RS (LR B ATEENR S5 A ABFALNY R RS IRBECSBIER AR ) 1 HCC TR F MRS SR HE VU
R S BB IR BEVE I 1R R IR MR MR TE4 106 3 AT T i
ORI R TES B 6% 3 DR T 30 B E S BOBUR 20 1 Hegyi! ™ #1306
FRECCT) RIIREGA 3 4R HOBOR I TR 2 BRI TR A TR S5 S), JE T Hegyi 355+
HREC VAT T4 LA Voronol FEHHESE S A SRR TV _hegyl SE4HHEHG BP0 2 L IR
B Voronoi 1B 36 Ak TR T W_V_hegyi 480 BRME2 b AR A MITLAL, Bt T 3LILIE
S B, U0 Bellal ™) 36 T35 4 AU DS BRI 55 340 CI0) LA R AR BESRESR AR 38 B s 4 U2
A SR IR BB T TR R RS S FUR RS R AR RTER T S5 A RN 2
KNS 55 A T H RS54 Opie! 21 3L ACSE 5 3 4235 X A A 23 1§ B LA 34 0 5
PTG ATRSZ 05 4 Ay ML S5 1157 B T 36T 5 40 0PRSS 46 F68C, S A DL
ASE SN L7 5 NS %06 TR ACK Py 1) 38 207 1D RORIX A58 3 07 I 3¢ Brown (™ 42
A A TR APA ) F b2 2 ) LA RE RO B 45K/ R AT ST R 4
5 R ERAR 2 DB T 43, 14505 940 LI 22 390 1 B2 A D2 T 3 2 K T
AN GAFORZENTEF RS Charles C D™ 45 £ AR AELE K RS EROBE RLEHOR TS H B 1 7
BRI K (NCE)  BRTI K2 I 4B M R MR (SR, O B RO K R
BV 22 L5 SO A R, S0 AR 755 IS MR LB B 530 B K038 4O S5

http ; //www.ecologica.cn



51 FREL A5 TR e A T BR A KSR TR A MO A 5 4415 £k 2059

T TEFFEE 2 KK,

P S8 B U5 JE I PR A SR AR RE RS S W MO SE ol RAS B KRR, 30 255 IR ST 4 RS AL L Y
FPURRAR B2, T ELAG A 1 50 A PR AR B A — 8 I AR BRI A 252 3 Y R bR 8] B B A, SR FAROR 11
JETEAS B IA TE RS AR AR PR A A 1 52 S AR DU BE 1 55 , A S8R 22 | 1SS Bl /0N T a2 24 93 7K
% I B R ST R S TR 25 R T O RS S A AR B S A SIS A [, DA AR AT Bt 3k T AR A
FORE ST, R4 BORRADL-5 TN B T RS A3 P LI 52 N R SR T, 5 S 5 119 5 4 915 JOTE A A )
i 4 PR 5 P AR EAFAERR IR BIANTER ] Hegyi 52 5 S8 B I MO T2 4 I, AN TR (¥ B 5 45 7
5 S A R A 5 i AN T A SR R s 2 A e AR R HGE H7E 5 m ™ (6 m™ 8 m") 10 m " A R
[ AR AR AR B R Hui A5 R T T s [ G5 SR MR SE SR B (SCL) BB IR T
SR BT R R AN A BT T 305 B8 T S A B A RIS [RIAR Bl o4 524 1 52 I, — E PR JEE L BB R
H PR R IR MR SE0IRAS  (HIZAR B P ST P AR SR T 4 R [ R AR QB A 19 7532, A5 SR A7 7 i 12
ZRETE A AR , DRI, TCIE I SR FH I# > AR 2o Y I A AR AAN S, 902 B 5 4 A IO v ) 1)
W, T EASRE SE 2 ST AR I SRR L LA MOR 9 5 GRS AL S5 A AB A 1 i A1 ¢ T L 5540
SBA IS b AHX B AE A VI 5E AR, X T AN TR A 2L ISR AR 23 T 5, o PR ol ] 5 AR Gz 2y . — A Aofr 2
JRAIPR S S 2% R R R AR RIS RS A i R R R A ELAEHE R G R 2 LG se4r i B T
TR — RN E AR GE— I TAREAT — 2 3E FH A (B A 2 SR 2 PRAS W) 8 AR A Y
RIRMBIRIFA—EEH], 2 LITd AT R RHE S A X R A B 58 4 AR U5 7k B Bl 5 4 (9 ik 47
R A AR AR R W A TR RR R A% TR TR SSPR S TE AR B, I UH R/ N LB A AR AR R AR TR
SR RE G ML 2 31 A M I A o L AT B, e o 3 AR AR I B A R S AR DG P A B A A i
AR A RIRIR MR TP RIS

1 HREXHER

TR /INDE LLbR DXt b 2206 TG B2, i 3 AR A O 7R 28 104°22'—106°43, b 26 33°30'—34°49" , ARG K 212.5
km, FIL S 146.5 km , FE R IR FE R AL )7 SUBAFIE , J8 I 1] MU AR o 8 T | 22 S0 el s 2 1 2 10 - v i
2RI R 22 KBS Y AR /K B 800 mm, 4F -2 28 & i 1420 mm, ¥29M B 0.36—0.45 , A X 22
69% , FoFH Y] 184.8 d, LIELAIL A SERN (i3t 1o 0 ol THRRBR A B BROL B, /N AR XA 2 R 2 2
FEEHIN B AWM R ERFE WX 22— XN FEA B W AR (Quercus aliena ) | LT ( Ulmus
macrocarpa) K AWk (Acer giraldii) %€ L ¥ ( Pinus armandii) . i A2 ( Pinus tabulaeformis ) | 111 ¥ ( Populus
davidiana) W ( Rhus verniciflus) .75 ¥k (Acer davidii) .FAME( Betula platyphylla) . T4 ( Carpinus cordata) .
Hl LA ( Crataegus kansuensis) Ik ( Kalopanax septemlobus) SEF ABFh

2 WIRAGE

2.1 HEHLEA

2008 4F 9 H 75 H A /B Mol A3 ot B AE R 38 SEE AR IX/NHA 71 MBI, 32 H TOPCON 42
WAL (GTS-601) E37 T 1 HEBUN 70 mx70 m WA AE ALK WML b, S REHE A I 25 (h=1.3 m) HARKT
5 em PIPRARIEATE RLEER  IC SR oA A el BERTIRA MR MR S A 2., B 5 AR RE A7
— RS, A B R R MR R A SEAAE AR, X TR A 2] 5 em (958 B 2 22 0 A A0 M5 B, I
RO B T 4l b 55 AR 3 RRAHAR A TA] (4 BE B, 32 FH 7 o5 TR R 2 A X, T H A3 B B 4 i Al b, X 2008 4F
2018 4F W5 I A B R A T AT, AT SEARRRIE AN SR 1 s
2.2 SEARRWNE T IE M

TERfE T2 AR, TR SR S5 A SR R S 4858 2 5 S S NS AR 80, i — e R 1

http ; //www.ecologica.cn



44 %

2060

D 1 68 (31 )AL T B ety 800T TH Y HEIE 3 ey 810T MPIFLY K a2 1B1oy 15w 1e Jotowenl g BT L1yl 1 3¢ T Bl -5 P HALA

ndimoosomw w.:ENb

%TT0 %0%"61 %8L'L %EY'6 win
" " % up3 0y
%y 1 %L 91 %8y’ %SS'8
MDY
DUIYD $NILIMN()
0y * 0y N 9y : ) .
%9S°C %6L"9C %TS 11 %T9'El M
" " " " " saads [y 1Rl AFURYD AATIR[OY
%6811 %¥y 01— %6Y T %SE9 %ELTT
b B s M S FXHY
) . . ) ) ndmoosvu snujf)
48] 8y 08 081 0°6¢C Wi
nppoat 10y
81°0 (A4S 9°¢ el 691
MY
DU sN2LIN()
9T°0 o1 I'L €81 T6C
A
1Y) $ uppas 120y sowads [y
680 e8¢ 17°8C SSL 1 pdmoosou snugy) 7 vuanp snosan() ¢ 9¢ 1’9 yel 6'1C Ry 4y 810C
YH 7D T BT T A €
) . ) ) ) ndmooovw snuj)
17°0 Y0t L9 991 9°9¢ i
nppas 120y
Sro 0L'C 8 L'11 ¢Sl
DY
0 68 oc - oc DuUAYD sN2LIN()
14 14 ! 91 ST
TR
WYl { uppas 12y somads [y
06°0 96°¢ 6¢°ST £v8 [ pdmdosovut snuijy) g vuayn snosamf) ¢ 9¢ 6v 9¢l 961 R 4y 800
VI P MEDN T BT T A € ’
xoput Xoput 8,191t anjea wy /., w w uonjisodwon Ioqunu w /yIpm w /ySie wo
put -woueyg e (Quyzzm) (/) N q /pH /stoy /HAd comoadg o
s, uosduirg queitoduy /ROIR [BSRg /Ansua(g soroads 901],  samads 901, UMOID BFRIIAY  AFRIOAY a8rIoAY ’ o
o gL N s ) e N o i Il
gy MO WEE wmg WS W RN MEGA BWEA Sk

01331 JS310] UBYSSUOJORTY Ul SIPIUNUILIOd SIIAAS 39.1) Jo[eUI pUE JSAT0J PIXIW [BINJBU JO SONSLIdIEIRYD pue)s diseg T dqe],

DY EHEMMETT WY B X WSS TN

1%

//www.ecologica.cn

http



51 FREL A5 TR e A T BR A KSR TR A MO A 5 4415 £k 2061

SRMARYTES, P, 7 52 58RI 5 25 X RS S 4 RTE 25 ] YA E R AR AR50 4
WHEHMRAMET XA 2 m BRI TEF AR, BATEINT R MAR R/ BT | LUK AR
oy, DU R AR R A8 S AT LR SRR o B e 2 B vl i o X R 55 R AT AR (1] ) B
(Dist, ) & “FH R R/N S R FIWr L F mi A, 0 LUT 4 M BL(1E 1)

RS

E1 WEEETEE
Fig.1 Schematic diagram of canopy overlap
C; XMPRAMTELEAE (m) 5 C; AHBARBIERAE (m) 5 0, JFIRARIEHL; 0, ARBABITE L5 Disty, : RAGHLRAMBEER (m) ;A
B C: XA G A SB AR S HE A A2 1

B, € AXZRARRERERE (m), C FAHEARMRIELE (m), Dist, JXF G AR 5 BA R (1 8 25
(m), NEEFR Dist; = C, + C; N RARIE G AABAR AN, FEEAN 0, RRATEF IR ; /N
SMKEHEZERR | C, - C;| < Dist; < C, + C, JRAWTE GHBARIER L TS, WARARLA () R
FIARTRZRAR (i) 22K, WIAh ZEFETE S 58 REE IR Dist; <I C, = C; | B XTZRAMIE G AHBAR
ST A S MRAMABA () MRS AR T X RA (i) 2 K, WA ZEfF v 4, & FLRD A e 4 R
(j) WRGER, 4 FIFHREE SR 20, THEALT .

20;=0 (D)

20, = ZN: 2 X (Sgmous + Swworc = S=maoi02)

j=1

al 1 1
= 2; 2 X [(2 X arccosa X Cizj + (2 X arccosf3 X Cﬁj -/p(p —C) (p - C) (p - Disty) }
i=
i C;’ + Dist, - C’? , C’ + Dist, - C;? R
= z arccos d LI x C;? + arccos| d x C~ -
= 2 x C; x Dist, 2 x C; x Dist; !
2x . /p(p-C) (p-C)(p - Disty) (2)
Z20; =m X CI-2 (3)
{ob, p A AKX =AIBEATEAR, HitaT .
a+b+c
= 4
P > (4)

http ; //www.ecologica.cn



&t
B

2062 la SRS Bl 44 %

23 EAHREL

TEFRIRIR ARt A AAR 22, B b 22 [] 14 G R 0 98¢y B — A i 2 I X AR 93 52 2%, —FBCIA hy A [] AR i
Z IR BRI e AR AT IR PRI, AR SR E SE AR O B AR IR S T, (525 Gadow™™ 2842 i 1)
T IR AC FE ROAR S B TR N SE G T AP RIS G A, 4 T R R IR S 58 4 IH -

M :n+0.5]i[N—n) :0.]\5[n+

A, M, RS SE G R T N N Se e AR EC 50 S S50 GARN [R]— B b 1 56 e AR BSOS . 125036 B[] b
SRR PRI Z TGRSR, M, BUEREE R [0.5, 1],

T Bella " SE UL S AMFITRAS T T AL T 524540 CIM R 33k KARIR AR
AR TE S

0.5 (5)

N ZO
CIM1. = Y'x M. 6
: 2 72, <M (6)
N Z0. (D,
CIM2. = x| LI xM 7
=2 (DJ : (7)
No70.  (H.
CIM3. = x| L x M. 8
=3 ) ®

X, D AXTRA IR (em) , D, R34 AR j BIIIAE (em) , ZA, AXTRARGETER (m?) , 20, FHWRA
SRR REBOE BRI (m®) , H NN GAR LIRS (m) , H OB5E5 R IR (m) | N W GRHASE
SEFARIIANEL

A B A5 SRR R RO AR TE T T Bella ' SEHRBOR HARIE | Bk A0 T

N Z0. (D.
CIO, = Ix | L 9
; Z 74 [Dj (9)
N 70
clol, = Y, ZA” (10)
j=1 i
NoZ0.  (H.
CI02. = = 11
=2 (a

#(9) W Bella e84, 20 (10) A= (1) RHAE P Kb D, WX RARMIE, D, Nse P ARME, H, X
SR ARBIB T, H WSe e AR MR R N IR i 5e 4 AR £ 5 2 50(6.7.8) M,

HEAM, 1T Hegyi fISRSE4HRAL(C) M BTG S 80/  THEE R, 132 B N AR S 4 st 2 4
AHF TR AR S MOMOAR TE 4, AT

N Dj 1
¢l = ,2; D, " Dist,

A, D, MR A L IR, D, NTESR j AR, Dist, WX ARS8 AR ZIAEEE , CT, K, R4
AREZ BN TE 4 AR M50 4 FE TR
24 HEKEIHHA

TESHT e A B S AE K ORI RIE A KR (m) HRARINT .

AV=V -V_ (13)

Ab, V EETERE (n'), V., N FRTRE RS (m®) o BURTARIR SR 3 2R — oot RIS A 5
I

(12)

Vi = 0.000059973839 D241 f10msa1s (14)
RATEA
V,f}]‘\;)g — 0000060970532 Dl.8735078 HO.94157465 (15>

http ; //www.ecologica.cn



51 FREL A5 TR e A T BR A KSR TR A MO A 5 4415 £k 2063

Vigirgg = 0.000057887451 D34 po o804t (16)
2.5 Kduorth
FIFH Winkelmass Fll anaconda 3 #KAZEXT /NG 1L R SR TR AR MBS 4G 64 7 oAb R e b BRI 1% 8 3.5 m 2%
WX, TR 0h X BIARA AR N SR I3 4 AR, Hegyi i) B35 4 45 BOMT Bella 33 4 i K0 K HAR I A W 7 5
PRI R R R H i, CIM 38 S HOR I IR 58 AR #0535 . I Excel 2019 #4783 0,
KRR 0 — LA A Origin 2021 BPF T A LS8 s RO 5 8 BUE AT A G E AT

3 BRESMH

3.1 AR[RISEGFREON KRR MMATE S 1y 3k

K H Bella a4+ 48 45 ) H AR JE (€10, CIO01,C102) |
Hegyi fi] 555 4 45 %0 ( CT) F CIM 38 4+ 45 % ( CIMI
CIM2 ,CIM3) %} 2008 2018 4F % {1 %5 48 vE 47 40 #r , &5
mE 2 s, BB 2 ATE, SE R4 CI01 5 oAt 4
FRBGERIZE R AR B, BIAR 43 2008 4FE 52 44 R 1 KT

2018 4F | Hoo ST AETR [ 35 S R B HR O e PRI, 11 F% ’_% |—% yﬂ

[ 20084
20184

W e W
I T
|
N
|
N

a4+ JE Competition intensity
(=] (=]
—_ 38

) FH 5 40 A 55 5 G2 AR e 7 78 1 AR 5 X K B AR ek T 0 Clol Clo cClo2 CMI CM2 O3 CF
2 TCRMERR UL SE A8 e, 85638 1 MR FEAR SEFHRH Competition indices
FEAEECHE AT, 10 AR AR ST Y AR S-S54 8 2T 2 HHEHIEH 10 £TH

Y el g S R A KRR AN R FE B 1) - TF, MR4> % B [%  Fig.2 Decadal variation chart of the competition indices of the
M ORI BB R VRS 8 S /g, Forst stand
REBTRIE S IR 107 fe, P, e it e (00 B RERG O A A RREE e 2
O B BTN U B 2018 A MRON IS N SO s Ol e 55
FEEER KT 2008 45,
32 SEPHRHUT B BUE KIEHICHE

HERIRSE FAEC T IR 10 AFRORE RV KR TSI 3, 11 3 AT AR H, CIM SRS RCAER R A 4
S SRRV K BRI 101 G S H 25 32 S T8 BB KRG 1 DO (8 s P2
MEL I W, T3 PR, A (KRR o S 0 0 KRk, BBV KRB, T CIO ,CL02 LR ¢
EHORAAILHTE 5 TR, EBVE KU MBS 3 T RO B W1 3 S B IS % P
K BBV K REBEO, 3 5 SR, BT AIE A THGE R A HRIG3E S, CIO J% CI02 2 v 4
T 38 5 TE I 8 BV K BRI A B, F0 243 1/ 3 BUL K 0 0 R
T CIOT $5 0N R 52 4 A O 4, M58 8 SR PR A 15 9 20 A 0 4 0 2 A LG o 2
ISHORINTE S, HtE—a T BV KRS MO AR  HEIR Spearman HIXRHGIEFT 4147 , 452840
4 PR SEARECT BV KA CHE S 20U R R B B B I (P<0.01) S S B BV K Bt
PR 3084 1, 2 BT S 491 PG R KRR, 3 2 DR B/ MHEF S CIM2>CIM3
>CIMI>CIO>CI>CI02>CIOT, Hrt CIM F880 3 BUE KREG A G HERER Jy —0.79, CIOT 5 2/ K LA 4
SHEREN -0.17 HATEPHMIAC KRB T2,
3.3 FEERRRTE SR

g3t — A E CIM S0 I B o 0 R 05 4T BOIEAT AT, 9 2 Ay o 8
FFRBELTIAR A BOALRRFIBE 0 10 4E 7S FLRHIE I S0 R0 38 oo PRI T S o 2 v 1. 3%
2 W LATFHE, 2008 4F 2 2018 4F  BEUTIHEARE A PRAEC MRS TRJ 12 RSE PR 1 TR W1 4 98 4 0
WL, 3 AR T QAR REBE R T B 5 X A SR LU W, eI B L2 2 T 5 TP i, KA

http ; //www.ecologica.cn



2064 xR 44 %
04
. CIM1
0.3
0.2 ;
' N
0.1 i e °
[ < ° ) <
11 1 1 1
[l (=] < <
04 CIO1 04 CIM2
03 . 0.3
02 . 02 .
o1l - i e 0.1 - T ‘.‘
0 [ ———— | I ] [“.;‘.:'T'_"] i ._._._:._._. 0 e a
o < © % < o 3 8 - o < © o
= = = T
I3 1 1 1 i3 7481111
S 04 04 s <
g~ 10 ) CIM3
& A 03} =
S 02 L : 02t 1 .
%0 i i - L o . ,
Bom BB Y ed B e i e
W o =y 8 - o < © < o 3 8 — o < © <
S < < I I 7 7 7 S < < I I 7 7 7
| | © — 3 <= Q | | \ © - 3 <+ ©
< g g g < =} = =) < g g g =} =3 = <
< < < <
04 cI102 0.4 cr
03} 3 - : . 03
o2t ° : .- . 02+ ) i —
d=1=fol HET=l-E
gi==i S e e e == xS S
o = g - o < © o o = g - o < © ©
= = = T = = = T
797181111 711111
g p < = o =} o 4 g g < = =} = =}
3 3 < 3 3 <

#5458 i Competition intensity value

3 RAEHSEREREXR

Fig.3 Relationship between Competition Indices and Volume Growth

BT HAR 3E 4 am FE ARfE AT HT, 101 ,CI0 % CTO2 F5 83 R B H 32 = ) R R ¥, 5 CIM1,CIM2  CIM3 5%k
S BN T TH AR I, B 2018 AR, BLUT AR A ER N TS B R ) BT R FUBRRRREASARN B

N

70,
I AEMRA TR g R R 2 ZA‘{ HI{E I 2008 4 174.1% 4k&E T 5 2018 4F1Y 181.3% , & WHiZFhiE

j=1 i

AMAHR ST 2 2 AT ThT I 455 ) 5 4 TR g TR A2 PR TS R A, B CIO1 88501, AR FR B R B — By 2

N Z()ij

P IR AL T AR R BB TR SZ I T Ie 2 ik Z N YT B, 2018 4EAR) )2 45 (]

#2008 AF BN ITRE , #5458 RO SE iR 5 PR — 2, O R EE L3R =4 SRR 7 b 3% S B A R A9 728
e, TR TR TR B, 25 EATIR IR A TR A BN B8 B AT LRI 5 4 B
G IR SN T S AR AR A AL BRI, CIM ZR B KO AR 23 5 4 4t 3 S INAE 3 S B I D, Ul W R 52 P9
AT IR AL SERIAMR T R R N SRR E 4 . Z35 k7, CIM2 5%0h T WA DR 1) B 50 I, XA MK o 4 3
BHEHASHE L,

http : //www.ecologica.cn



5 BB S5 BE TR B A T AR RAR IR SEARROR 55 4 46 4K 2065
BEIKFE:0.01
LA
= 5 QYRR QOW
CIM1 -0.51 CIM1 / / , , , ’
am2 | —g79 086  CIM2 / ' / ’ ’
CIM3 =0.72 0.88 0.97 CIM3 ’ / , ’
cor | -017 078 0.57 061 CIOI ’ / ’
CIO —-0.64 0.79 0.90 0.88 0.76 CIO / ,
Cl02 | -039 0.76 0.75 081 0.86 0.90 CI02 ,
CI -0.47 0.63 0.70 0.70 0.66 0.81 0.81 [+
EBAEKRE  CIMI CIM2 CIM3 CIo1 CIO Cl02 ci
B4 ZHEHSEREREEXRYE
Fig.4 Correlation coefficient diagram of competition indices and volume growth
Fx2 EERFIFE 10 FTUBERE
Table 2 Decadal changes in characteristics of main tree species communities
ZA; ’
i N 70 N ) N,
S ] N ZOl-- ij N H/H N J
. N iﬁjm 4 21 za, Y H/H, 21 /Hi > by, 21 D,
L mAREAT EmR S L S " e
Species Time M; Average Yl ?ZL ’]{? Bl Efl]&ﬂ]% ¥y ?{Lﬂ]{g
crown Mean value mprove Mean value mprove Mean value mprove
area/m? mean value mean value mean value
Bl HR 2008 4 0.61 29.7 253.4% 87.2% 55 3.1 5.7 3.7
Quercus aliena 2018 4F 0.69 44.4 225.0% 79.5% 7.2 3.8 7.8 4.9
PNEL 2008 4F 0.69 2.0 260.3% 174.1% 7.2 5.8 10.4 9.1
Acer giraldit 2018 4E 0.68 28.8 256.1% 181.3% 9.8 8.2 13.5 12.6
it 2008 4F 0.61 35.2 250.4% 119.9% 6.4 3.6 6.0 4.0
Ulmus macrocarpa 2018 4F 0.61 49.4 211.8% 109.5% 7.9 4.2 7.6 4.7

4 PHe

4.1 SEPARMERE L

WA AV A GEHEA T AL 7 AV IR SAE AT REI Z D I SC R D), J oAl

SO S A FUE S (3 P A AR DR T A A e sl T B At B, DRI, DA A58 4P A e T
SE AR BRI B A I R TR YRR E N AR SE B g b (X PR 5 AR O LS R 2

Bl A TR, T RIRMAR SR, BRI ML Lo AR BEAIL , MR 18] (8 8 A A AN — SR T R A2
BEFETE P AR 75 IRATE T RIRIR, AR T RS B 1 )7 ik 00 5a oA, [, 41X 9%

TR Th ZHE AR TN 2R B L FER R B S B e SR B % B TR e &R U R

http ; //www.ecologica.cn



2066 xR 44 %

BT 061 PNEL
0.5 Quercus aliena Acer giraldii
0.5 ]
04ll P %
04 H L
0.3 H
0.3
o 0.2 02 H
%
‘é 0.1 { ’—a 0.1 H
g
Z 0 ] [ 0
g* CIOl CIO CIO2 CIMI CIM2 CIM3 CI CIOl CIO CIO2 CIMI CIM2 CIM3 cCI
3 a4+ % Competition indices
=2 05— i
i Ulmus macrocarpa
& P
B 04y
]
[ 20084
0311 20184
0.2 H
0

CIOl CIO CIO2 CIMI1 CIM2 CIM3 CI
445 %0 Competition indices

E5 IEMMBEERREESN

Fig.5 Analysis of competition intensity of main tree species communities

AR BB AR TG 2 m BARSBARVE N SEA , BEFE Hegyi f S35 5 KM Bella 38 r8 RO AL
T 5a A BRI E S S AR B 2% 18 T A Y B &, CIM Se P18 5CR T B e e 4 S IR T X4
AREMBARBIB R EIR TR, CIM R 51 55 445 B0 KRR SRS 4 Ty ik SN0 55, 5 % WL S B A
£ o TRIRERAE AR 1838 P8 BON T e e 20 1 28 D A A DGR 2 (52 98 b , A RE RAIE T LUAH B30 i
HAHREER KB Z2 R L OSSR I 38 4 b , AR B Sa S habn | i S ARy e iR s
4.2 RZH TS AR B b g R

TR ST S AN R b AL R A B SR, PRI, AT LA R TR S MR I 2 AN ) B Aol 7 /N RUBE 1 AR EL AR
FHEIEER . X RIAR A AT LA 7 s A AR A B9 A 0, ELZEAR R AR B b o ol A AR A [ g 7 £ U (491
N RS AR T ) SR (BN, BEIRTT A ) R B, I R AR o A s ) 3 A X RO A1
A BRI PRI 0T BT AR AR S ST SR, S A R T R AR T R A A )
(TR A B R AR 0 SRFAE W BT 2 ) SRR e BE AR | 5 B 4 ) 5 ) S 4 T T R, AR RS 0 56
TRMASR R SR TR SR AR Aol 2 5 J3E 0 M N A B, 7 5 S48 B0 A AR IR S TR 7, BEAB AR 4 b S e o X 52
AAHEBAR Sl AL AR 5257 A2 B RE WL, ANBE A AR R MR ELBRREE , 2200 17 10 4R A9 AL AR AR I — 2B S
T BE PR BLA AR AR S L5 AR A N [l S A AR LT, B S BOZ R ARl 9 52 4 TR T3 380
I FESE AR BRI ARSI 7, BE— 2P AL T X R TE 4 7 R IR B, 18 5 415 0Kt 5 4 T g 4t 3
FEEMa PR, RIALERE S A B AR A RIS S R 20 A FIRFOS T HEIR I =T BE AR, XA G &R
MR R RIE LR AL, TRASIA 5~ BB IRl SR IN B4 58 2 i, R, 764 J5 B IE ST Pk 256 AN W)
b 2 6] AR AR T R/ NI AR AL, A RERS BEEITR A T fAE A RIS B

http ; //www.ecologica.cn



51 FREL A5 TR e A T BR A KSR TR A MO A 5 4415 £k 2067

BIFFEE A RIRIRSSHRMOAR I 524 205, Bt T BUA S8 AR I 2 705 4R Hh Tl 0 R 552 4 AR
ek T 2 T ARURIRY 1o 5 ZR A 7 5 A A RIHKSCR: A 80 . 1 A% G 7 i A R S A AN ) B 2 1 el e 1 B
B[Rl G5 BRSSP R TP 24 | 5a 4 SRR SLPRIE UL, A PR B P DI NIRASTE I 1, T 455 S
P A A T S PR R T BT AT S AR B SE A4 B, P H /NI PR DX AT AR S SR TR SR 0]
A7 W DA e 0] 0 S I T BT A R AT AR B R B SE R A CIM R B RS HO0 H O R TE R
BERRIME KGRI T )5, CIM2 F550C5 B R K ASC P fesit | ELIE I B AR 2> B A8 b 28 2 2R, AT LA
FTF R B SRIR SR H S5 SR DL

£ 2 Xk ( References) ;

[ 1] DiTommaso A, Aarssen L. W. Resource manipulations in natural vegetation; a review. Vegetatio, 1989, 84(1): 9-29.

[2] &M, BRETL, IREH A R AHYSEFHIF AR, MA@l , 1998, 33(4) : 18-29.

[ 3] Hhig, SUREH, WIFIA. MR ULk, FAAAGR, 2004, 23(4) : 157-163.

[ 4] Tremmel D C, Bazzaz F A. How neighbor canopy architecture affects target plant performance. Ecology, 1993, 74(7) . 2114-2124.

[ 5] Weiner]J, Conte P T. Dispersal and neighborhood effects in an annual plant competition model. Ecological Modelling, 1981, 13(3) . 131-147.

[ 6] Stoll P, Weiner J. A neighborhood view of interactions among individual plants. The Geometry of Ecological Interactions. Cambridge: Cambridge
University Press, 2000; 11-27.

[ 7] WIETF. WA= dLat. MOl i, 2006:118-119.

[8] REF, HKSFH. TR TATM. JEahfoll KF24R, 1992, 14(4) ; 1-8.

[ 9] Daniels R F. Simple competition indices and their correlation with annual loblolly pine tree growth. Forest Science, 1976, 22(4) . 454-456.

[10] &V, BokNl, SEZE, FEER, BEIIK. ZEF Voronoi FIMHEIE UL S FI AN N S 4. AEARF4H, 2007, 27(11) ; 4707-4716.

[11] R, B, B, Jhx, XSO ET M IMARTEG 188 phlBlE, 2013, 49(6) : 68-73.

[12] BellaI E. A new competition model for individual trees. Forest Science, 1971, 17(3) : 364-372.

[13] Brown G S. Point density in stems per acre// ; Forest Research Institute, New Zealand Forest Service, 1965.

[14] Hegyi F. A simulation model for managing jack-pine standssimulation. Royalcoll. For, Res. Notes, 1974, 74-90.

[15] Hui GY, Wang Y, Zhang G Q, Zhao Z H, Bai C, Liu W Z. A novel approach for assessing the neighborhood competition in two different aged
forests. Forest Ecology and Management, 2018, 422. 49-58.

[16] Opie Jack E. Predictability of individual tree growth using various definitions of competing basal area. Forest Science, 1968, 14(3) . 314-323.

[17] Staebler G R. Growth and spacing in an even-aged stand of Douglas-fir, 1951.

(18] DhE—, FEAHE. RSB GHERUCHAEMRS DUAHF N 3E 4 b A HIWFSE. A2 25824, 2006, 25(5) : 385-389.

(191 BRSrHr, mySig, Bochn, wha2s, 289k, XVEMN, Wik, sKMs. 20 N TARERARTE S0 m A . £, 2022, 42(5):
1777-1787.

[20] RiB, KR, KRR, Jifr 5. BT Voronoi [ B FE I ZLARARZS I ZS R ARAEAMAT. JEROMROL 22541k, 2021, 43(1) : 20-26.

[21] HEAA, XVLR, BFEI, B3, R, JER K. MRS AR (L X 52 BRI AR T I S M. MOl B2 5, 2021, 34(5) .
104-110.

[22] #LFEIF, GV, WEH, WERE, B 152 DOR R BRI IIE SRR, LA, 2020, 40(12) : 4064-4072.

(23] A#RK, W&, BRPHSAE, MO8, % 2R, T, POl MK IR KA MRARR 255 52 35 BOUT T, PEILARs e 24, 2019, 34(4) .
199-205.

[24] 85, 8IFF, 84, RLE. FRBRRKAEMMARLEG SEF R I E AT, PRpfll B E#4, 2017, 37(10) : 1-6.

[25] W, B, M1, FRibdh, BRRE, PNEZ. K V& AR e A2 20 A Rk K T S 4 A 0. MRl B2 R 5T, 2022, 35(3) : 27-37.

[26] GRERPY. &RORTPORIB B SOCAEE AR I B . A A S5 S AR Y 254, 1993, 17(4) : 352-357.

[27] A, B, S BT MMORTE SR B0 TRTSE. THALRMABHE K254 ASREAMR, 2016, 44(7) : 138-145.

(28] BB, JURNI, e, BOSE, WL, TR, Tk 5 DMARTE B0 LA, PEILRMBHEOR 2. BARIERR, 2012, 40
(7): 127-134, 140.

[29] ZEBRF, e, =58, PME, B/NE, BFM, 2@E%E. FT I Voronoi K MFKATE AL JLstMoll K%M, 2015, 37(3) : 61-68.

[30] Williams L J, Paquette A, Cavender-Bares J, Messier C, Reich P B. Spatial complementarity in tree crowns explains overyielding in species

http ; //www.ecologica.cn



2068 JAE = 44 %

[31]

[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]

[41]

[42]

[43]

[44]

[45]

[46]

mixtures. Nature Ecology & Evolution, 2017, 1. 63.
Canham C D, LePage P T, Coates K D. A neighborhood analysis of canopy tree competition: effects of shading versus crowding. Canadian Journal
of Forest Research, 2004, 34(4) . 778-787.
XULT , 22 RUH . LR AR N AN )56 4 56 2R IO RS, AELARFSE, 2010, 30(4). 479-484.
JAER, XWE, 2R R, STHEMERMN KRB ICLL TS (Taxus cuspidara) RS54 ASAIA . A2 5244R , 2007, 27(6) ; 2223-2229.
X, R JHEW, . KRR TAL( Tavus cuspidaza)ﬁlﬂﬁnﬁlﬂh LR, 2007, 27(3) @ 924-929.
ZEARUE, WU, 2R, AR, BRGSO IR SSMOR N R R SE G R BE AT, R AR RO, 2013, 33(8) : 91-95.
XITH, FR, BEER, AUKE. WGP AR AE K S A R R SR s 4. MOlB# | 2010, 46(10) : 23-28.
PRI, XNEAR, YA AR R AR EI S Attt . WA AR BESE , 2014, 10(3) : 199-204.
Gadow K V, Fiildner K. Zur Bestandesbeschreibung in der Forsteinrichtung. Forst Und Holz, 1993, 48(21) : 602-606.
NG MO S 58 R MOl BERNT S - Aol BERHT 25 (55 —%8) , 1984.
Getzin S, Wiegand K, Schumacher J, Gougeon F A. Scale-dependent competition at the stand level assessed from crown areas. Forest Ecology and
Management, 2008, 255(7) : 2478-2485.
ERA, B, BT HAREIMOEZEEST. B, 1997, 8(2) : 123-126.
B, SR, A, DI, WO, SEMGSIERATIRMGET RIS, Ml BABETL, 2012, 25(3) : 339-345.
Michalet R, Chen S Y, An L Z, Wang X T, Wang Y X, Guo P, Ding C C, Xiao S. Communities; are they groups of hidden interactions? Journal
of Vegetation Science, 2015, 26(2) : 207-218.
Potvin C, Dutilleul P. Neighborhood effects and size-asymmetric competition in a tree plantation varying in diversity. Ecology, 2009, 90(2):
321-327.
Fichtner A, Hirdtle W, Bruelheide H, Kunz M, Li Y, von Oheimb G. Neighbourhood interactions drive overyielding in mixed-species tree
communities. Nature Communications, 2018, 9. 1144.
Van de Peer T, Verheyen K, Ponette Q, Setiawan N N, Muys B. Overyielding in young tree plantations is driven by local complementarity and

selection effects related to shade tolerance. Journal of Ecology, 2018, 106(3) : 1096-1105.

http ; //www.ecologica.cn



