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Dynamic Analysis on Spatial Pattern of Betula platyphylla
and Larix principis-rupprechtii in the Succession
Process in Taiyue Mountain of Shanxi Province

DUAN Xiaomei,ZHANG Qindi" ,BI Runcheng

(College of Life Sciences,Shanxi Normal University, Linfen,Shanxi 041004 ,China)

Abstract; The dynamics characteristics of population patterns in the vegetation succession are rarely ex-
plored. Scale, pattern and process of ecological succession are three intertwined concepts in modern ecolo-
gy. Succession research will inevitably involve scale and pattern analyses. Species spatial patterns and inter-
specific associations at any scale can be analyzed based on point pattern analysis with spatial mapped points
of individuals’ distribution. Therefore,it is suitable to discuss the relationships between species pattern in
the vegetation succession process which have attracted much attention from ecologists. The aim of the pres-
ent work is to study the spatial pattern formation and relative importance of intra and interspecific competi-
tion in dominant tree species of Betula platyphylla and Larix principis-rup prechtii in the vegetation suc-
cession process in Taiyue Mountain. The selected forest communities were treated as a time series of suc-

cessional stages for the traditional space-for-time succession approach by applying the point pattern analy-
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sis. In the present research,ecological succession of B. platyphylla and L. principisrup prechtii in Taiyue
Mountain were dynamic characteristics and interspecific relationship. The series reflected the process from
B. platyphylla as the monodominant community to B. platyphylla and L. principisrup prechtii as the co-
dominant communities and then to L. principis-rup prechtii as the monodominant community;Point pattern
analysis and Monte-Carlo simulation test were used to analyze the spatial pattern of the two dominant spe-
cies and their interaction relationship. The following conclusions were drawn. (1) The population structure
of Taiyue B. platyphylla was spindle type, presenting a de-clining trend. By L. principisrup prechtii age
class structure is gradually replaced “pyramid” the growth of the population. (2) During the process from
B. platyphylla to L. principisrupprechtii as the monodominant community reflected, the spatial pattern
of B. platyphylla changed from clumped to nearly random distribution, which was mainly caused by the
colonization and expansion of L. principisrupprechtii and the resulted interspecific competition. Besides,
the spatial scale of L. principisrupprechtii community gradually increased, with the species colonization
and intraspecific competition as the major cause, which was driven by the intraspecific competition caused
by the self-thinning effects and the colonization and expansion of L. principisrup prechtii and the resulted
interspecific competition. (3) In terms of the interspecific competition between the two species (B.
platyphylla and L. principisrupprechtii) ,no obvious relationship was found when B. platyphylla acted
as the monodominant community,significant negative relationship was identified at the co-dominant stage,
and no obvious relationship when L. principis-rupprechtii became the dominant species. The change of re-
lationship between the two species was mainly driven by the intraspecific and interspecific competition for
residual resources.

Key words: Taiyue Mountain of Shanxi Province;succession;pattern dynamics;point pattern analysis;inter-

specific relationship
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Table 1 The importance value of B. platyphylla
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C1. Community of B. platyphylla;C2. Community of B. platyphylla+L. principisrupprechtii;

C3. Community of L. principisrupprechtii. The same as below



1662

[ A N7

L
&4

i

S e AT CID AL T A 43 A7 B ¢ 17 ] B
M 0.5 m B RAEN 25 m. & 3 A0, FERETE CL
H R BEAE 0~10 m R E R EREH . KT 10
m JUJEE 23k BE B 4 A 5 A AL 3% B B ORE#E 0~

50 ge—" \d 50 - 50
; 12 7o o o C2 ‘:‘ e ! C3
40" v Cee .. v ¢ 40 M ¢ [ e ‘0. 40+
A T S
g < . « ' RIKE M o
S 30F ¢ o3 ° 30 1 oo 30}
= PARREITSR 8 e be ' ele
G ‘e TS M, o2 o0 IR I
%) ":0 Y <% \.o te % ce o
# 20 [ % K AdIRY ) KSR 20T @4% . 201
EK o' LY o . 1 [ . o o .
L} L |
10? ® '-v.o .:',. v, o 10 F . 10
. 1] e L)
0 N : o .l\:g’ n’. N w0 L s ...n LX) % w0 L s L s
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
% o S0 ‘e I 50"0 ."o; A | K
Cl « ¢ . C3 ¢ . ¢ ¢ %
¢ o . ¢ A .o e .
40-- . 40 o, ° 40T o¢%%40 ¢ o « S
=) . (] . Ce o e * .‘Q 3. o : : R . °
% 30t 301 C2 . .o.‘ 30 '..‘0“ .; 0'. .o ..o“..O. o
Q P . P L]
72] . . ° ¢ o ° ° .‘ . e I
J%( 207 oo ¢ 20 . R 1 20 ...0”. “..o‘ ..“
: . o o [ 24
= ..o 0' o . . o . ¢ o'. . '°.... (X} .‘ : . ¢ o0 0
10 | [ o 10[°® o . e e oo 10F® . ot %o . ‘o
‘0 (] ° :‘ “ ¢ ..‘. ¢ 4 * .. ‘e '..0 ) U y
(I 1 -. 1 L A\ ¢ .‘n. L] (] ...0..‘ A\ 0.‘ ﬂ' P .... ...‘
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
JUBE Scale/m
B2 [T A R CIDFE 3 AN AS [R) 38RE B B BF V5 25 18] 0 A
Fig. 2 Spatial distribution of B. platyphylla( 1) and L. principisrupprechtii (][ ) in 3 communities
- 2 3r
1.0 1 ) 1 0.3 C3
0.8} 0.2}
0.4 0.0
1
—0.5¢1 - 0.0 —0.2 -
Lo =04 S e 3 o
0 5 10 15 20 25 A 0 5 10 15 20 25 0 5 10 15 20 25
I

—40 ) ) ) ) L 2.0 ) . ) ) L 2.0 . ) ) ) )
) 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20
o [a] & Scale/m
3 EMECTOFAEALTE A I TE 3 AN [R) B B B %) B 8 45 (0] 0 A 46 S

Fig.

Spatial patterns of B. platyphylla( 1) and L. principisrupprechtii (]l ) in 3 communities

0.5m, KT 15.5 m RE ERFEML A, 7E 0.5~
15.5 m RUBE BN R B ERE 0 A . X J2 i TR
XA A7 IR 8, BETE C2 b, (o HEFp
BEAE A RUBE b 3 5 S 0 A1 s A b 9 b 4 o A 7



8 Bee g o 45 - L 70 ORI LU BRI R i A rp S T o ) 3l 25 R AL AN b ] 5 R 1663

2510 ¢ 021 (s 4.07 o3
w3k 0.0 20t end
0.0f
—2.0 L3, o ) .
—25 L L N Lo \\_07 N N . N \\740 . N . N ;
' s 10 15 20 25 0 5 15 20 25 0 5 10 15 20 25

2 [6] ]S Scale/m

B4 MR L i AR TE 3 A TR SRR B B v b R ] 56 R

Fig. 4 Spatial associations between B. platyphylla and L. principisrup prechtii in 3 communities

5~10 m RUEZ ERER A /NT 5 m KT 10 m
RJE bl FREPL A . e C3 v E R IEAE O
~5 m R ERERDAAMAEKRT 5 m RJEER
BEAL A s AR AL v AR BRI AE 0~5 m RUE |53
o3 AL RTF 5 m R 1] T REHL 23 A

M 25 LR . AR T 7 R o e e v
AL PRV L B C1—>C2—C3, e M i SR 4 20
A 1) T BEAL I A1 o T A G 7 A R e 4R B o0 A
1 T BEAL A . /N RO B 2 B th BE AL 73 A1 i 17
T34
2.4 AMEMEILETRRMEX BRI

FRE AR DL 5 R L2 K L AT B R S P45 B i
YRR IE] DG R 0 AT 45 2R WL 4. dr P 4 R] O B v
CL . I HERIAE AL I A B B ) 6 R 7E 0~25 m R
JENF R BN OB E A v C2 v, T A
ROE 28K, EffE Ch, ZHERAR
JE 1] T I0 ARG

3w
WERAERRGRE LN ARNE 2 —, W

MR A BLZE A ORI A AR BTIR DL R Bl iE AL
SEAREASREWEZASIEM . HEA
BUR A RGN 8] Fp 51 B A9 2 AU A B e AR 3
ARG A B Sh AT AL . A% SR e R Y T2 2 A (]
JEAE BT A A R L AR AT AE A U ECR , Greig-
Smith A A 23 18] 4% S 70 A7 2 BF 5 4 v T8 9
FETB L RN A (] 53 7 M SR 2 18 R RE A (A7
FHPIREVE g =S (] o0 A R FRAE B BRI Bl T O
IR B2 LR A T 45 2R o A 2 3 W o i
i F PR R

A S 56 A 2 [) A I I 4 3 1) K I L e e
AR-ARALTE RS B R SDOR A L HETE CL 2 e
DUTET - T8 02 46 B B« L 4l A A 4 (4 %

KT AT BREZ EERE 10 m RIELIN A
SEREST A o Uk B MR RE IR B BE B AR 20 7E 10 m
FEAT s AL TE WA S IR A SR SR A 1 g
PUAE FARERE VS o, DRI A b 7 v A e N RUEE | R AR
e A AE R RE Ll TR 5D K 2 B AL
i s WHETE C1—>C2—>C3, AU 5 I 1 He 34 1% 5 3% ¥
WO TR AR BE R T A 0 IR K 4 AR TR 3L
L B RIONE TR S A P I B B ORE 2 A A% SR H AR A A
A W e A8 R BB 43 A s B B AR F R U REAIR T Rl
Bk Gl O N A AR et e L | b i SR | ¢
TE RS AR A B T R A A . TEREVE C3
H,0~5 m /NRUEE |56 4 3 R 380, e 300 1 50 4y
i . T BF5E 2 B A8 B0 — Wi 0% B 2t v B A A
Rl P B A T BT R O 0 A A R R T T T
5] 3 A o 3P A B o BE 1 B AR A A OR B A7 0 A
PR AR IBUAE 5 1) BRI 95 5 o 2 ol 30 19 — Al A= A7 5 g AN
3N AL

MEETE C1—>C2—C3 J W () 2 11 HE BRI TrE 7%
He A0 IE A AR BTy I 2 R Ol AR LA T
PEREIE B FE . e ULl B by ol T AR T 4 7 A 4
M ARt A R R C1 0. 5~15.5 m RUE
BERE AT R RO RETE C2 h 2 BER . &2
FEVE C3 [y BEAE T RE I 52 1 RO N R BEAL AT i . 5
b AT Al T8 I A B 1 42 ACRIDHE R S I A
BRI B W 2 A kg R B C 8R40 3 1) K B
Beiz A AR A R A bV iE S SRR B BE(C2)
& C3 A& - Fs B AL TR B B, AU L R I 4
R BUAE A 5 2 o Ao B CRE 7 3 (e s
[F1) A% Jey 2 B BIL - A o Ut B 5 6 2 ) 38 O P A 1R
PRSI BB 7K o3 R 3 5% 43 45 B BT U5 A 4 2 T Ja)
B FPRE A A B AR R A
W55 » e AR I BE AL 3 A A R

3 — A A e L S R AR R A L IR R 1



1664 [T A i N // M= S 34 4

PRECEE L BE B /MBI A 1) — > 58 4 i 7 SR Y
LR WS RE ARG . KUK SR 8 S ) SR B
A 45 R AR 25 (] ¢ A 9 R 4, TE 0 S IR R ik 7T fiE
S Ao 1) AF EL A A 285 2R o aT RE U 4 A A B ) B
SR E . IR C1l—>C2—>C3 B B4, 15 1
B UG B Beire v CL. (MR AL 3 A 1 Fof (7] 56
AAURE, = C2 g ffedt ik man LB B, =%
R RS 2 C3 AR AL vE A I v B B
THERRANE,

AR —F RIS AE T AN TR ) K e B BL . 25 77
TEW 22 5% . DRI, oR 25 Ih) 22 53 A8 I fi) A2 6 1Y
T RS A [R) 1 K e [y BB A S 50 AT 4 JRy 3 5 A
o A% RS A 1) 9K B g I 26 95 B A AN [ T A T 22
St N EIHEMR O T 9 T 28 AR v S RO B
v o MRS R A2 Al 1 B2l Ty T2 2R BT R A ST
S Y B 5B G A AR L v A R AT RN TR B 1 A
8] 5C  » 5 i) 5C AR A Aok BT R v R A DR
R P ] 5

AHIETE X MERIAR L 7 i A B 9 110 B 558 A e

B% 300

[1] WANG X T(E#ZT),WANG W(E Hi).LIANG C ZH (47 4:). Changes in the population spatial distribution pattern of Leymus
chinensis in degraded steppe community during restorative succession in Inner Mongolia,Chinal J]. Acta Phytoecologica Sinica (i %5
#4%),2009,33(1) :63—70(in Chinese).

[2] WANG X T(E#ZT).HOU Y LUEW.mM) . LIU F(X| %) .et al. Point pattern analysis of dominant populations in a degraded community
in Leymus chinensis + Stipa grandis steppe in Inner Mongolia,China[ J]. Acta Phytoecologica Sinica (Fi¥)H: 25244 ,2011.,35(12) .1 281
—1 289(in Chinese).

[3] GREIG-SMITH P. The use of random and contiguous quadrats in the study of the structure of plant communities[J]. Annals of Botany .
1952,16(2) .293—316.

[4] YANG H X(#itig) . ZHANG J T(3K4:) , WU B(R ) ,et al. Point pattern analysis of Artemisia ordsica population in the Mu Us
Sandy Land[]]. Acta Phytoecologica Sinica (Fi#¥)H 2524 4) . 2006,30(4) :563—570(in Chinese).

[5] ZHANG Q D(#k%k =), ,BI R CH(¥E ) . ZHANG ] T(3K 4 ) et al. Dynamic analysis on spatial pattern of dominant tree species of
cold-temperate coniferous forest in the succession process in the Pangquangou Nature Reserve[ J]. Acta Ecologica Sinica (HE 2%
2012,32(18):5 713—5 720(in Chinese).

[6] LIHDZEE%A),SHEN W SHGLIE %), FANG Y(J7  #i) .et al. Point pattern analysis of several psammophyte populations in the ripa-
rian ecotone in the middle reaches of Yarlung Zangbo River of Tibet,Chinal[ J]. Acta Phytoecologica Sinica (Fi¥) =25 4%) ,2011,35(8) ;
834—843(in Chinese).

[7] YANG H(# E),LOU A RCEZW),.GAO Y J(FE 3 %) . et al. Life history characteristics and spatial distribution of the betula
platyphylla population in the Dongling Mountain Region, Beijing.Chinal J]. Acta Phytoecologica Sinica (Wi ¥ = Z52¢4)k) ,2007,31(2) . 271
—282(in Chinese).

[8] DU ZH(E #).KANG X GUUH WD . MENG J H(d: 50/ set al. Spatial distribution patterns and associations of dominant tree species
in poplar-birch secondary forest stand in Changbai Mountains[J]. Journal of Northeast Forestry University (46 MRl K24 2% 4D . 2013,
41(4):36—42(in Chinese).

[9] HAO ZH QUi & PO ZHANG J(3k @), L1 B H(ZEH#1) s et al. Natural secondary poplar birch forest in Changbai Mountain: species
composition and community structure[ J]. Acta Phytoecologica Sinica (R 25 2£4%) ,2008,32(2) :251—261(in Chinese).

[10] HU E CHG/RA) . WANG X J(ERIT) . ZHANG W J(3k3C%) ,et al. Age structure and point pattern of Butula platyphylla in Wu-

lashan Natural Reserve of Inner Mongolia[ J]. Acta Ecologica Sinica (=352 4%) ,2013,33(9) :2 867—2 876(in Chinese).

[11] ZHANG ] T(ik4: 1) .MENG D P (i %4 ). Spatial pattern analysis of individuals in different age-classes of Larix principis-ruppre-

chtiiin Luya mountain reserve,Shanxi,Chinal[ J]. Acta Ecologica Sinica (ZEZ5%4R) ,2004,24(1) :35—40(in Chinese).

[12] SHIZH J(s &4 . WANG Y H(FE Z#) . XIONG W(H8  f§) .et al. The spatial heterogeneity of throughfall under the Lariz princip-

is-rup prechtii single tree’s canopy[ ] ]. Acta Ecologica Sinica (252 4%) ,2006,26(9) ;2 877—2 885(in Chinese).



8

Bee g o 45 - L 70 ORI LU BRI R i A rp S T o ) 3l 25 R AL AN b ] 5 R 1665

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[26]

(23]

[24]
[25]

[26]
[27]

[28]

[29]

DONG M Y(FE#F) JIANG YU #5) . WANG M CH(E B E) ,et al. Seasonal variations in the stems of Larix principis-rup prechtii
at the treeline of the Luya Mountains[J]. Acta Ecologica Sinica ((EZ5%4R) ,2012,32(23) ;7 430—7 439(in Chinese).

MO F(Z  H5), YU P TCF#E#H) . WANG Y H(FE Z#) ,et al. The water-holding capacity of litter layers in the forests of Larix princi-
pis-rup prechtii and Betula albo-sinensisin Liupan Mountain and their rainfall interception process[J]. Acta Ecologica Sinica (HE 7524 .
2009,29(6) :2 868—2 876(in Chinese).

ZHANG Q DCi4X 5. Quantitative ecology of Larix principis-rup prechtii forest in the Pangquangou Nature Reserve[ D]. Beijing: Bei-
jing Normal University,2011.

WANG Y L(EME) . ZHANG Q DGR ) . HAO X JUBBEA) et al. Structure and spatial distribution of Acer ginnala population in
Qiliyu, Shanxi[J]. Acta Bot. Boreal. -Occident. Sin. (PR P2 412) ,2012,32(5) :1 027—1 035(in Chinese).

GAO L X(EFED) .BI R CHCEEN ) » YAN M(J3] ). Species abundance distribution patterns of Pinus tabulae formis forest in Huo-
shan Mountain of Shanxi Province,China[ ]J]. Acta Phytoecologica Sinica (F¥) 4= 25244 ,2011,35(12) ;1 256 —1 270(in Chinese).

LI L(Z57) ,CHEN ] H(Fi#48) ,REN H BUL# 5 s e al. Spatial patterns of Castanopsis eyrei and Schima superba in mid-subtropical
broadleaved evergreen forest in Gutianshan National Reserve, China[ ]J]. Acta Phytoecologica Sinica (F§¥) 4= 2527 4%) . 2010,34(3) ;41—
252(in Chinese).

LI L(Z #),WEI SHI G(#i1)) , HUANG ZH L(# & R ) ,et al. Regenerative condition and analysis of spatial distribution pattern of
two relic plants in Mao’ ershan Mountain, China[ J]. Acta Phytoecologica Sinica (Fi¥) 4 Z52%4R) ,2012,36(2) : 144—150(in Chinese).
WEI X Z(Bg) . HUANG H D(EI %) L, JIANG M X(JLH] ) , et al. Quantitative characteristics and spatial distribution patterns of
Euptelea pleiospermum populations in Riparian Zones of the Shengnongjia Area,Central ChinalJ]. Acta Phytoecologica Sinica (Fi¥)
244D . 2008,32(4) :825—837(in Chinese).

TANG M P(3%#F) . ZHOU G MJEEH) .SHI Y JUifi# %) s et al. Study of dominant plant populations and their spatial patterns in
evergreen broadleaved forest in Tianmu Mountain, China[ J]. Acta Phytoecologica Sinica (VYA 7524 4R) 2006,30(5) : 743—752(in Chi-
nese).

ZHANG ] T(3k4:15). Analysis of spatial point pattern for plant species[ J]. Acta Phytoecologica Sinica (Fi¥) H: 2524 4R) ,1998.22(4) ;
344—349(in Chinese).

WANG B YCEAP), YU SH X(41H:2) ,WANG Y F(F K %), Fractal analysis of the dynamics of population patterns during vegeta-
tion succession[ J . Acta Phytoecologica Sinica (Fi#¥) 1 2 4%) ,2006,30(6) : 924 —930(in Chinese).

SUZAN-AZPIRI H.ENRIQUEZ-PEIIA G,MALDA-BARRERA G. Population structure of the Mexican Baldcypress ( Taxodium mucr-
onatum Ten.) in Queretaro,Mexicol J . Forest Ecology and Management ,2007,242(2/3) :243—249.

HUBBELL S P. Neutral theory and the evolution of ecological equivalence[]J]. Ecology,2006,87(6):1 387—1 398.

NANAMI S, KAWAGUCHI H, YAMAKURA T. Spatial pattern formation and relative importance of intra-and interspecific competition
in codominant tree species, Podocarpus nagi and Neolitsea aciculate[]]. Ecological Research ,2011,26(1) ;37— 46.

KENKEL N C. Pattern of self-thinning in Jack pine:testing the random mortality hypothesis[J]. Ecology,1988,69(4):1 017—1 024.
KENKEL N C,HENDRIE M L,BELLA 1 E. A long-term study of Pinus banksiana population dynamics[J]. Journal of Vegetation Sci-
ence ,1997.8(2) ;241 —254.

ZHANG J(3§ 3, HAO ZH JG 5 PR .SONG B 3¥) set al. Spatial distribution patterns and associations of Pinus koraiensis and
Tilia amurensis in broadleaved Korean pine mixed forest in Changbai Mountains[J]. Chinese Journal of Applied Ecology (W A28
%) ,2007,18(8) :1 681—1 687(in Chinese).

LIU TX ). ZHAO X J(R#FH &), CUL Y H(E iz i]) ,et al. Spatial associations and patterns of Arabidopsisthaliana and its adjacent

species in the middle part of northern Tianshan Mountain[ J]. Acta Ecologica Sinica (£ #52#3R) ,2008,28(4) ;1 842—1 849(in Chinese).



