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Spatial distribution pattern of dominant tree species in natural forests at different

successional stages in the Daxing’an Mountains, China
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Key Laboratory of Sustainable Management of Forest Ecosystems, Ministry of Education, College of Forestry, Northeast Forestry University, Harbin

150040, China

Abstract: Population spatial distribution patterns mirror the processes underlying forest community assembly and the
ecological strategies facilitating species coexistence. Utilizing dynamic monitoring data from three 100 m X 100 m plots at
the Cuigang Forest Farm in the Daxing’an Mountains, gathered in 2017 and 2023, and encompassing Betula platyphylla
forests ( pioneer stage) ,mixed Bp-Larix gmelinii forests ( transition stage) ,and Lg forests (top stage) ,our analysis focused
on the spatial patterns and interactions of dominant tree species, encompassing large trees, dead saplings, and surviving
saplings. We employed pair correlation functions, summary statistics functions, and trivariate random labeling for this
purpose. The findings reveal that the spatial patterns of large trees,dead saplings,and surviving saplings for both Bp and Lg
species tend toward randomness with increasing scale. Throughout succession, at the small scale of <5 m, Bp large trees
display uniform distribution , surviving saplings transition from aggregated to random distribution,and dead saplings display a
distribution pattern that evolves from random to aggregated to uniform. Lg large trees and dead saplings show a random-

aggregated-random distribution pattern at a small scale, while surviving saplings consistently exhibit an aggregated
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distribution at a small scale. Furthermore ,intraspecific associations among both species are largely negative or insignificant,
particularly for those species exhibiting aggregated patterns , which predominantly display non-significant intraspecific spatial
assoclations. Density-dependent effects are commonly observed throughout the succession process,with density dependence
for saplings trees of both species transitioning from negative to positive with succession stages. Finally,this study does not
support the Janzen-Connell hypothesis, as no significant decrease in survival rates was detected for saplings trees
approaching conspecific large trees at any successional stage. Instead, Bp saplings show increased survival rates when
approaching conspecific or heterospecific large trees at various scales in the top stage. Lg saplings have a higher survival
probability within the 0—15 m range of conspecific large trees in the transition stage and within the 5—15 m range of Bp

large trees in the top stage.

Key Words: Daxing’an Mountains; spatial pattern; trivariate random labeling; successional stages; natural forest
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Table 1 Basic information of sampling plots

THE B BF MF LF
Succession stage 2023 4F 2017 4 2023 4F 2017 4F 2023 4F
% Density/ (#/hm?) 1587 1628 1522 1542 3267 3305
3555 B Mean tree height/m  9.73+6 11.65+6.29 12.53+£5.3 14.43+4.62 9.2+4.82 10.77+6.38
-5 Mean DBH/ cm 8.4+5.61 9.61+5.85 11.51+4.5 12.32+5.41 7.93+4.08 8.35£5.1
giﬁ;iﬁi(‘on of arbor species 9 1 -tiHl o 1i&--H) ;/ij;l‘t S ;ﬁgﬁ-;_*ﬁ_$ﬁ_ ;ﬁfiﬁl-a e ;ﬁyiglll—fs e
Z45 [ Longitude and latitude  124°53’06"N,52°04'19"E 124°52'02N,52°04'14E 124°39'32N,52°01'42E
4K Elevation/m 565.5 546 457
Y5 JE Slope gradient/ (°) <5 <5 6
Y1) Aspect b ¥ b
51V Slope position S Hhy S il S Hb,
U Climate FEU KB PE T K PN =R R Bt 2R K A
FHEEA Soil type B B B
+HEJELE Soil thickness/em <30 <30 <30

BF. /4% ¥ Bt Pioneer stage;MF:L‘l?fg BB Transition stage;LF;]‘ﬂé&mﬁﬁ Top stage

BF

B Distance/m

Fig.1

BF . Je# B Bt Pioneer stage; MF ;
AIMRERA AR KN
1.2.3

A XI5y

AWFFEAEH 2017 4EH1 2023 4F U A EE , DR SR P R AR O MBI g 1728
AR IR SO S Y B ARAR IR 3 TR, 45 A EAME R R A A 9 s R
B, AR 2017 AR PR IRAR B AR AR (1 em < DBH<S5 em) FIR#H ( DBH =

P Distance/m

1 HEREMRABRE
Spatial distribution maps of dominant tree species at each succession stage

JLVEBY Bt Transition stage; LF; TR M B Top stage ; 7~ B HR TR AR (M, B AR DLLTE AN  ARIC A K

i8] 53 76 7 B

http ; //www.ecologica.cn

LF

20174

20234F

SR T, S
SR FIRE b Py R RS o i 42 15
10 cm) , HHCRE G A4



8 Mok A5 RTINS [ B R SRR A Foh 2= ) 3£ 4 J=) 4013

HLA — R OT AT 5 AU e ISR SR PEZl e e . At — 290 S SE T 4 A3 4
B IET- AR (FEIR AR ) A8 PIRIR A [ AU T (A5 ) BISIRY o AT ST LA T B SE A 305 2l %
RAAE J BIF 58 £

1.2.4 SRR i

(1) R ARG PR %L

SRR S8 JRO AR G BRI g, (r) WEFTOLSAB T SE SRS 355 L8 R B 2 [ S AR M S o SR FHTBUE 2 ik
HHIE KA g, (r) R I DA b b A 23 1] SCHRME . O AR S pR A g (r) 85T K R B ATk, b an= 1 B
No T g(r) RS BIBRE | PRI BAT R R AR AR PPN R e RUBE b s S B A1 55 3 B 03 A 22 [A) 1Y) 22 5
SR

B =5 G K =LY S i L) (0
A RFEH AR 0 SRR TR AN A r IR ;5 w, iﬁﬁ SRR S 1 (uy) AE 7R SR w, i 2055 1E
AR (R, 4 St O R G BRI g, (1) > 1 I, %‘z/TTR'E r PR R R R g, ()= 1 B, RER
KR R BEHL A 5 24 g, (r) <1 B BARAR SR RIS 04, 240U B O AH G BRI g, (r) >1 I, P 52 25 ] 1E
XK g, (r)= 1 IE, PIE RAS IR g, (r) <1 I, P SR 2S ] ARG

HTF g (r) PREUWAE RSN | 75 B30 1 B AR 30 S PRt 5 B 28 A AR 2 I (R [R) 24 R B s i
TS ARG RREL g, (1) 23T vh , AR 3t A PR 53473 52 ) 0 B I3 S T (A SR A 701 45 ) DR P e BT P b
2 ( Heterogeneous poisson process , HP ) YE A Z A 45 2R FI FFURIA#A 1 #2 ( Complete spatial randomness, CSR)
VER MR WU RO A R g, () S0 Wb SR R BB BE LA 10 AR | A S AN A Jey 0 X3 P 571
ﬁﬁ%TE/J\IZiﬁV\]Eﬂﬂ‘ﬁ%ﬁﬁé’ﬁﬁt’f%ﬁj@ﬂ‘ﬁl—][26 o

(2) % FE MR,

B S uEy PR soSs i Ry B P < OB e SO 2B o i NGod [ A DI E 3 P O s S R R D8 gl
BT B 15 B 22 1 [l S5 G B T AR B T 1A MK DT A 85 B RO N, i) A e SRR, IRt T
SGETT R g, (1) 8o 10 () o5 T 5 A0 85 2 RSN X BB JE TR 52 M), DR R BB SE T RIAE 16 Y 4l B
£ R I SRR FE 55 BRI ] L 14 408 SR 4 A Jo] 1R 8 &R 3 ) R/ INHEAT T B . gy 10 (1) =810 () BB ER(E
TEREAARIC A AL 2 R U BEMOBAE T T SE T A S AT RE A AR FEE T R i AR, B gy 0 (7) =
8a.102(1) >0 TEIEBE BERASVE FH N, 72105 M 4 B A T R LA ) 41 A TR B g 1o (1) =g 1 (1) <OPF7

(3) =ZEBENLRIC

R T AT SR AT AR A8 5 DR () Aol 55 S A ) DS 3 A ARORE O 2R, SR T T AR AR DG pR SR =78 B
HUbRICE P(r) o 25 HBENLAR i Z2A5 7 ( Random labeling, RL) |, A DAAS I 25 — Fjdsi =X ( El]j(ﬁf)xf/?_f
PRICEEARIC (FFIGEBE L) B, Sl e MR O B SE T MARTE R B - A0 558 =P o MR RY
Y H R B A AEE 5T AR 2,

a "1+2

() zzcl )xk(”x,:_xj”_r)
P, (r)/P, 1(r)— - S (2)

n1+2

hrin)” > Ykl = x 1 =0
S e S R o 10 SR PERIE B0, C, () RETBRBH, k|, || —r) FEBORC, B3
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FE 25 m, K 1 m, FIHILEIEE GOF( Goodness of Fit) i AL SZBR S A% Jy 5 AR RIR A 22 18] 1Y) 22 57 10 3
P RO RO RREL g (r) ST gy (r) B g1, (r) BREELR T L AU 2 Fe B R A 4311 s 2 1B TE AR K,
TEALIR R Z [A) S B AL A3 A B8 A ANAR G /N T A2 N I 51 S AT s B A . g 1,0 (1) =gy, 10 (1) BRAR(E
KT BRI Ry 17 35 P, TR 2 2 18] R TR FE ARG /INT N AR 4 TR A . P (r) BREE R T |
AR 7S S BRI A B A7 3 1 2 R T BB FE i 4k Z IR A5 & BEDLIER B, /N T N il 4k
LIRHEI IR A 715 WE A 3/ N T REBLIBGR .
1.2.5 Hflakb ot

ARG B AL PR R E B A A Excel 52, 45 BIGETT 2001 Programita 2018 I R studio ZXAA4-5E R,
Hip R studio B4R AORE P40 E 2 spatstat F1 ggplot2

2 ZBREHS

2.1 fLHEMFRESE

FEUEHERE | AR R 50 A o S 2 el N 3, 422 Y A R 5 A e S 0 2 e A (R 2)
AR, 76 G VR A ] Se 8 B B sk 5 Y B P PR R %) 5 o R B (i 4 S ik A T TR B B PN I R R
B R H SR S DR NG 3 6 P AN I SR 3G i, 2017 AR e AR B A IR 3 AT R B B
74.6% 38.4%F 11.2% , X235 AN MEE A 51 5 10.6% . 56.5% F1 63.2% 5 1 KE ) T ZAE 40 91l 84.3% .
38.8% Fl1 9.3% , M2 V5 A B BAH 43 51 10.4% 57.2% F11 63.0% , 2023 4EK048 H A HEAN AR B> BIAE 3 /1
BB 79.4% 39.8% F1 10% , 245 J5 AR EAY H15 15.3% .58.2% 1 64.6% ; 11 HE 1 T8 B 43 51 Ky 83.
7% 38.9% F1 8.3% , M4Z V5 M AN FHEEE 75K 14.1% 59.0% F1 68% .,

x2 MBHMHEERE
Table 2 The quantitative characteristics of dominant tree species.

Tl L A SEHH W4

fﬁii ﬁjﬁ Population densiy/ [mmf%ﬁue/ o Large Dead Surviving $i’}f}é
stage species (PR /bn) trees/ sapling/ sapling/ DBH/cm
2017 4 2023 4 2017 4 2023 4 (#/hm?)  (Bk/hm?)  (Bk/hm?)
BF Bp 1187 1293 80 82.8 660 33 149 10.46
Lg 160 250 10.4 14.1 30 8 95 5.8
MF Bp 585 614 38.8 38.9 381 20 29 11.85
Lg 861 898 57.2 59 534 22 31 11.82
LF Bp 369 331 9.3 8.3 50 43 51 6.82
Lg 2065 2135 64 68 581 80 472 7.87

Bp: FI#E Betula platphylla ; Lg : 245 Larix gmelinii

2.2 MORZS[E] S SR

ML T AT AE P U A e, 3 A i A DT ol ) 2 ) 23 A s Sy e MR B AR 1 AR X R E B ARRAIE , R
HBL R AR S AR AR B B AR R USRS (K 1) . Hoh e AR eh | T RERI G e v it
FABTHE A S BRI (HFR AN A 5 KRB SC R DLSCRAE R B2, HoAbRE b IC I o A 24k, LA Rk
WO AR AZALE IR 1 ek B

AR S B AN R R S BRI 52 BV = B8 0T 2 AL, B ME R 2 A R A5 T [ B i) 25 ]
Ak JrA LR 225 (1 2) o BT, AR B A T8 B B /N RUBE P77 1 35 9 2 50 0 A (H GG
NS INZ AL R R AT 0% 22 7 AR A BE B B 1—3 m U S B 35 ) SR AR I A, FLA 3 F
B BOAIZS (8] )RR D BERL AT, AN, RIS e s 1) 16 4 A e [ BEAT I B BEA A LA A
FAMEL,0—5 m 23 [A] NBE AR R B H 0 25 1) SR A0 A, b SRR SR L e K D il B B B P X 22 v A, T T2

http ; //www.ecologica.cn



8 4 Mok A5 RTINS [ B R SRR A Foh 2= ) 3£ 4 J=) 4015
KB L) FEAh
14 - 6 7
GOF =0.005 GOF =0.005 GOF = 0.005
5 %
=]
off .
=2
& 5
=
[}
= 5
= 3 M
7L
=g GOF = 0.085
B2 1 £
g =
£ 5 . s
: g
N
5
2
0 1 1 1 1 I 0 1 1 1 I -1 1 1 1 I
0 5 10 15 20 25 10 15 20 25 10 15 2 25
1.6 - 5 7
GOF =0.175 GOF =0.020 GOF =0.010
g &
o T
=2
%:
™9
=
s ‘i-:’ | | | | | | | |
<& 13 5
b= g GOF = 0.005 GOF = 0.060
B2
# S =
E +
) =
&
ES
0.8 | | | | |
0 5 10 15 20 25
4 r 6 5
GOF =0.030 GOF =0.260 GOF =0.030
4
E 3 %
=9
=& 2
] 1 = -
XE
E 8 0 L 1 L L | 0 L 1 L I 0 1 1 L |
=z L ==
E s 1.6 - 2.5 35 -
=g
If o GOF =0.020 GOF =0.005 GOF =0.110
2 .S
gglA—
5
12
/|
\ ~
1.0 - =
0.8 1 1 1 1 1 1.0 1 1 1 1 -1.0 1 1 1 |
0 5 10 15 20 25 10 15 20 25 10 15 20 25

R B Scale/m

2 BEREMBRMABRAM AT ERIEXBHS 0

Fig.2 Univariate pair-correlation function of the dominant tree species at each succession stage
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