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W E NBTATREALEENAARE MR TR EENRBFENEIRYH L E%R
VR, AR LA B R KA 3 M EESN B (g Betula platyphylla. >%
Z % AN B HEE 28 AR Larix gmelinii-Betula platyphylla #1724 22 % =+ #A 4k Larix gmelinii) &4
100 mx<100 m Bl 2@ & B E N A, RATESMN L EEU N L REN B RAME T
Bz (ARE. 4#EREHRE) ffEEHERE (100~10000 m?) T £ B 45 A
BHATIE, HRA P RRAEREER, FMEMEBHEETRZ B %E THEEMLEN
#l. HREH: (LD TEEHZE QEFTK LR R By R L AR N R, A£SMHEE
4R AR A Ar Zipf-Mandelbrot #  xf A L2203 X # B A MR HIF. () RR{MAH
BETUHRIERRE, MEMERENEATHEIREEMASTRER,; alimMBEM
jtirﬂifj Wt S AR X R E R BN, ERE MR E RN R R E R R
Ky AREAMARARENNM L ERRIREZARK, MEHENYMZESREZR
g@fgmw ;o () HETHERAMEMZASLEME, FHIERE.
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Effects of spatial dimensions on species abundance patterns of natural forests in different
succession stages in the Khingan Mountains. SU Wenhao, WANG Xiaonan, DONG Lingho”
(Northeast Forestry University, Harbin 150000, China).
Abstract: To reveal the impacts of horizontal and vertical dimensions on the community
assembly processes and species abundance patterns of communities at different succession stages
in the Greater Khingan Mountains region, this study was based on the data from 100 m><100 m
fixed survey plots in Cuigang Forest Farm of Xinlin Forestry Bureau. These plots were from three
different succession stages, namely, the Betula platyphylla forest, the Larix gmelinii-Betula
platyphylla mixed forest, and the Larix gmelinii forest. Different species abundance models were
used to fit the species abundance distributions of different forest layers (the large tree layer, the
sapling layer, and the regeneration layer) in the natural forests at each succession stage and under
different sampling scales (ranging from 100 m=2to 10000 m3 The y=test was employed to
determine the optimal model, and then the community assembly mechanisms of each community
under different spatial dimensions were quantified. The results showed that: (1) The optimal
species abundance models in the Greater Khingan Mountains region varied under different spatial
and temporal dimensions. The Niche Preemption Model and the Zipf-Mandelbrot Model exhibited
the best fitting effects for the communities in the Greater Khingan Mountains region. (2) The
neutral processes in the local communities of natural forests were relatively strong. As the
sampling scale increased, the neutral processes weakened while the ecological processes
strengthened. The species abundance patterns of the large tree layer in the Betula platyphylla
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forest and the mixed forest were less affected by the sampling scale. However, as the forest layer
became smaller, the influence of the sampling scale on it gradually increased. The species
abundance pattern of the large tree layer in the Larix gmelinii forest was greatly affected by the
scale, while the species abundance pattern of the regeneration layer was less affected by the scale.
(3) The larger the forest layer in the community, the stronger the ecological processes of
community assembly and the weaker the neutral processes.
Keywords: successional stage; tree layer; observation scale; community assembly mechanism

H 2™ B AR ARIR AL O R BRI EE ) 8, (e #EaR A AR R I AEARE 2 EL B AR
2SR 3R H AR (Food and Agriculture Organization, 2021; Hua et al., 2022) . &
ARG FIA T BT R v Bk 1, T A AR B SR SR T A2 38 5 A [R]85 i B
VR R SEIL) (Walker et al., 2003) o FERF B LA, A AL FEFIFENL
R AP 2 SRR AL, XML AR o B AR ILAE ) A 2 BE AR RVRME B
(Chase, 2014; Vellend, 2016) . Pt AT AN [RIEE B B B b 22 FEA% SR HOTE L], AMY
RE M5 70 735 U0 AR MR PR S AR RE VA S A, T L B 9 N T UL 0 AR AP 2 6 1k O B PR K
o

FEVE A 2 (community assembly) FLRE NBEIE AR S A MZ O 8, KRBT
MALGEAESALERE . P B A HE AL A7 E (Vellend, 2016) . Vellend (2016) 4@ Hi i
TR ZR A HE AN B AR A R A DA FE A 4E B2 (fundamental dimensions) = 47 #§
(dispersal). “E 257545 (ecological drift). 2+ (selection) M4 F 1 i (speciation) . Hrm i $5"
YEFE X AL G AR AS AL B I AZ O AL, R 55 AR B IR AN e A HERR S i e il R, R =A
o 5 ) R PE B R SR A O BE LML AE (Hubbell, 2001; Matthews et al., 2015) . #F5TiE
8¢, XSGR A, B B P B e . I RERE (MR ERIR TR KAES)
BHAR (455 B%, 2000; 5345, 2012; X455, 2010)

YT 22 S Jm) B AT S 25 110 2 TR 4 B2 4RO G TR ek 28 JHE i 5 2 A b SR 3 A
ARHIE (Bhaskar et al., 2014) . BAKIIE, AFGEEHB 70 RIS PR i it
FEATRE =420 510 (divergent) BGEIE ) Cconvergent) MR JER& 5. A it (o
AR SRENERE Cnd R B AR ELAE P AR S R IR, AN R L AT R
TR S (Vellend, 2016) o i, Villa(2019)i@ i BEALIGAIE R B, A= SRS o5 4mAs
TR S5 e f PR AR ARV B LR B 22 FE A0 AR AE s T Lanta(2023) 78 AR AR S AT 5 Hh W ¢
FIFEMEE R FIEH . XSRS R, BV BB B e WA B 2 AR R R AR R AT
AR CW . TEARTFEEGEE L, £SESSREAERERE M (scale-dependence) : /MR
JEE W00 38 A b R R T, B R BORE RO OR, AR A AL A Y I R ) S 5 0 0
(Cheng et al., 2012; Wu et al., 2019) o XFpRERNIE T Rk BENLIS R CniMAy#0 5
IR YRR CnFR R L ) AR AL E AL (Chase, 2014) . fEHREETA4EE F, A
M2 (canopy strata) IR T 01 S 804 15 SE RIS 04k o ek 2 TR A I ) 38 T8 R
Fimile, HZEACRIEICE T AT Z 400 A0S W 2 AR sh & . Flan,
ZLFA (Pinus koraiensis) %/ B AORE 5238 157 LAE S0 0G0, ot 300 75 78 2 06 BEIE
HGER (EMREZE, 2017) o XMEEEE AR % (resource partitioning) fe 4 ¥Hid
T ZERRNERZE R PKIAHE M KF 23 Al RO A B 25 (R 4EfE 3 ANk
LR IR IR I ARIX FEMR AT ARAR R 0T 22 FEEA% R AR VR A L)

K220 AR X S T B R AR DA A AR R, (B el T K2 8 A A &R
£ ZARR AR B R R IR GG AR BB A A IR . Moz Fatk (Larix gmelinii) 2
RG22 1 X FE TR U S A I R THAR AV (LS 2R, 1985) o TR0 i X g S 3 i
BRA NGB A MR (Betula platyphylla) 7% H-#A- A HEJR 2 4k (Larix gmelinii-Betula



platyphylla) F13%229%H#ARK (Larix gmelinii) (28525, 2004; J8#8 L%, 2021) o {HSEZBR
TR B IR Z ARSI, TS Z MR CBERER. RMO7 AT
&) SLFEFEm, 0% V& I RA S T30S VAT B v] e > 10 AT T B Bl &, Bl T8
MEPPIE SRR, BRHh 22 A& I FA MR BT B BT UG B, AEAS [E 0K 23751 5 i ek 3] (%) T AN 06 25
FEVK S DL TE AR R PLAE, 2021) o O 1 s R 6 22 AR IX IR AE AR R, /15 1
WL RGN T RIS A () L. E R PEEF (20200 [ B 1 AR ] 43
A0 R EEMCIR P RFAE, 3E R AT (2022) fftfr 1 i B b R o AR 384 o 35 4 BN 45 B B A
R, HRS (2023) MIKGE T ARBRIA TR 0 50 37 TR Y o 38 g SR R o — 4
B AL BE E 1AL, (H R IEIRET ] L 2 (A) 5 B M 1 2 4 A HAE X VA
BEAIPRI O o AR SR A 2 TR A B TR) P 7, G0 2 ) KM 22 R X AR ol S5 22 14
WM EERSE, EH 3 MAREEN B HRZHE T CBFEARER Mk
MM EEE T, @ AR GEEM B « SE OKCEREME) MBS (k
JZA) 3 ANMEFERIIIFN 2 FERS R 0 BT, RGO DG 228 TE IR AT ARAR I B VR A L
NURAE MR SR LS RO AR S TR RS, RO W AR IX R AE AR R Pk S B8 (IR 2 A 3
1 B X S5RF 5 5%
1.1 WF5E X MR

W5 X AL T R e VL4 K % 22 W& AR IXOB AR AROK R 2R B AR 3% (51°55'N—52°02'N,
124°11'E—124°53'E) . UM J& T F€ i iy RBGPE AU, B8 T R 2208 1l b 58 I 2t B it
W, AT iz B B AR A B TR AW R G M 22 & I FA (Larix gmelinii) 1% £ #2 (Pinus
sylvestris var. mongolica). = 17 (Picea asperata). [ #(Betula platyphylla). 11145 (Populus
davidiana) f1=& 75 #% (Alnus sibirica) %% .
1.2 Fehiz B A

FEAT S A A b, T 201740 18 BOCAS [ 36 5 B B R SR AR B ] v T e At 04
HERR(EEBERN BY, BF). D4 s - MBI S MR (G JE B B, BLIF) A1 2% 22 P - Fs bR (T0UAR By
B, LF). SRR AL hm? (100 m=100 m), KFHAHARHS (5 m>6 myXd# Hh Py i 42
(DBH)>1 eI RAMEEAT AR, MM, MR, R, miE. AR ATEROR S
o FEHLIEAAE SRRt 3 A P S AR NESL W R LR
R1 AR BB EANR

Table 1 Basic status of community in different succession stages

IS, . N, FeBE B TER B oA B Bt
FEVKREIECommunity characteristics
Pioneer stage Transition stage Top stage
i . 124°53'06 N 124°52'02 N 124°39'32 N
245 % Longitude and latitude
52°04'19 E 52°04'14 E 52°01'42 E
34K Elevation (m) 565.5 546 457
& Slope gradient (9 <5 <5 6
1) Aspect ¥ ¥ 1t
+ 3527 Soil type EY7s: A Ao 58 A kit
‘ 917 674411 TEIRL LA
REFPLLR Tree species composition 3 ‘
-Wi-45-B-Hh M- -1 - W-E- 1 +1-MI-E
F-#I%4% Mean DBH (cm) 8.2245.90 11.4445.28 7.93+4.65
F-¥I8E Mean height (m) 9.4845.66 12.4444.47 9.2144.15
B K% Max DBH (cm) 355 34.1 34.4
B KB Max height (m) 232 28.2 25.7
Jig v i i X Basal area (m? hm?) 13.70 19.50 21.12
% J& Abundance (individuals hm2) 2148 1649 3203

A 2 6 v T T AR Basal area of large tree (m? hm2) 11.68 17.13 14.26



KB ZEZ & Abundance of large tree (N) 701 927 906

BT 2 B w2 W T AN Basal area of sampling (m?2 hm'2) 1.81 2.30 6.22
B3 = £ FE Abundance of sampling (individuals hm2) 359 488 1441
B 37 )2 M = T T A Basal area of regeneration (m? him2) 0.24 0.08 0.64
W= 2 £ Abundance of regeneration (N) 1228 198 861

E: DBH: I4%; 25 42, A M, ¥ Mk e ba; Mor ik B BT RA M MR, B B AR B, B BRI R IR

Note: DBH: Diameter at breast height; = Picea asperata; [4: Betula platphylla; #%: Larix gmelinii (Ruprecht) Kuzeneva; #: Populus
davidiana; #%: Pinus sylvestris var. mongolica; #)l: Salix babylonica; : Alnus sibirica; #: Betula costata; %%: Salix arbutifolia.
The same below.

1.3 WERIS

PRI AN TR RN Pl 5 S R A B 2 e K L2 AR SE 4 AN A, DRI AR ZE A By
BO AR g3 %) 23 P AL 9 # R A S A0 R 7y o ARIERE SR AR IR 25 HUSE (2012) BFSE,
KTrARZE (1 em<D) WM ALK BRI N KME (10 em<sD) . ZI#E (5
cm<D<10 cm) FIE HZ(1 cm<D<5 cm).

1.4 RPEERUREI7%:

SRR S5 (2021) FAR AR SE (20110 WFST, SR A BEALEURE (19772 43 5l B L4l HX 10
mx<10 m. 15mx15m . 20 m>20 m. 25 m>25 m, 30 m>30 m. 40 m>40 m. 50 m>50 m. 60
m>60 m, 70 m>70 m. 80 m>80 m#l 90 m>90 m REEMIFE T . AN RE T HhHL 100001 /E A
HE, G RN RE T SRE07 KR 2 B Aife, DO E A N REE R 2 B
AAH -

1.5 AHxTEEH

ANTRII 23 RUBE S REE RO R 2 RN ZERERE R, BRI & 45 RARME AL, DRI AT
TORERE T N 0 ) 22 B A Bl BB S BT A v N R AT R o R AR 0 B A
(important value, 1V)/2 7 & A 7E LR AL AIVE F 23 & 4abr O =48, 2009; £ B A%,
2010) , AHX HEEAEF| HYF AR 2 B Crelative abundance, RA) . AHXTSi# (relative
frequency, RF) FIFHXHE#4 % (relative dominance, RD) 15, 5 A N:

IV =(RA+RF +RD)/3x100 (1)

1.6 YFh 2 REA A

S Z T (DR 3CH55E, 2024) , ARBFTCIR AN G W Fh 22 FE 53 A A Y A0 45 G v A
RUFIMLER A, I rp ML SRS 2 B 5 AR A A A R R PR . SR h B . X A R AR Y
(LNM) , AESMAA. WA (BSM) . AR L SR (NPM) | Zipf-
Mandelbrotti#! (ZMM) Firp AL VolkoviiZ! (VM) . &4 RAESWE 5K FF,
AR (AR ER AR KR EMRE M2 EE LA R, AEBN. P
{EL K R B B SO 5 R R i o A BT A ORIV AR AR RV L3R 2,

R2 W% AR R AR

Table 2 Species abundance model and formula

Yo % LAY AR NASERE

Species abundance model Formula Formula explanation

I PSS i MIRINZ L, 1 M o 22 A9 IE
P = lroat)e SMEMENTT %, & NIESH

Log normal model .
7%
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Niche preemption model B, 5 IR TR O S VR K(1-K)
s
P2 | MBS Z I, I RBEN
BEE, 4 c BT FoRBATI
Zipf-Mandelbrot 5% =, (i+ ) I R 1 2 BT o5 EL AR
Zipf-Mandelbrot model Py, HMIIZSEL B AT BN RS S
LHRIREBTE SR, WS
FETE.

J NFEHN ARG 0 RIEREYZ
FEMESREL y AR
I(2) /& Gamma 4 4f, BEFmx~ SA

s —p JU r(n+y) I'(Q-n+y-y)
T N@ - +y)  T(y-y)

(4
exp(-22)dy
Volkov %Y

= [ t7e it LI T 7 0028 B n B
Volkov model 0
_m@-1 t REANFEE n AR
1-m . p AR B R SR BETE (/AL
m AERS RHL.
2 &R 559

2.1 FFE X VR AR 2 BEAS SR () 5 M

AN [ 35 B B BRI AR 3 ) AR S LB B AU B R 2 A R e A R (B 1D o e i
MRy LNM (R 3) ; BEEHFEREA R, NPM. ZMM Al LNM & RO 56
A7 JGARUF, 7E 100~2500 m? fL A R IRGH AR 22, 2500~10000 m? B #i A5 LT ; BSM LA 4K
B, HEHEE . &-ERSHI B RAARTES NPM, BEASHIFE R EEAZ R, NPM
A ZMM G R R e A8 22 50 0, fF 10000 m? 3hAE R N BI4LA ZOR Il BSM BRAL L
BRMRAL, HEWH R TEXIE AR B, iR RETE 100~625 m? f Ly
NPM, Jhiff/RESE 625~10000 m? LA LNM. BEEIFEREAE R, NPM. ZMM
A LNM I ROR e 2 J5 AR 4, BSM BEAY 44 ORI AR 4, HARXS T8l BRI
PR B A SOR 4

TEA RIS W B TR AR 2 808 P PR B & ROR A R (B 2) o FESR B p ek,
B A R RO R R T AR 2 ) AR PR (R A G O R B A U s T VA D% eV A - ELMEAR 1)
H PR A F A RORTE 3 MBI B i 2 75 AR AEVR M6 e v R Ak b, ol 0 R
B R A AT (A G BURE TR Z B AL 22
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Fig.1 P values of the chi-square test for fitting ecological models of communities at different succession stages

under different quadrat scales

H: LNM: X EOESEAY, NPM: A A5G 5 iR, ZMM: Zipf-Mandelbrot 5%, BSM: Wit 4. TR,

Note: LNM: Log normal model, NPM: Niche preemption model, ZMM: Zipf-Mandelbrot model; BSM: Broken stick model. The same

below.

K3 AREEHBAFANE R RS ER

Table 3 Best niche models for different tree layers in different successional stages

= FeEBT B TR B TRUAR B B
Forest layer Pioneer stage Transition stage Top stage
NPM: 100~625 m?
FFARZ Tree layer LNM NPM
LNM: 625~10000 m?
NPM: 100~1600 m?
KA JZ Large tree layer ZMM NPM
ZMM: 2500~4900 m?
%t )2 Sapling layer ZMM NPM ZMM
NPM: 100~6400 m? NPM: 100 m?-900, 6400-10000 m? NPM: 100~400 m?

B 3HT 2 Regeneration layer
BSM: 8100~10000 m? BSM: 1600~4900 m?

ZMM: 625~10000 m?

VE: LNM: SHBUE SR, NPM: A= 56041 28 5 4T, ZMM: Zipf-Mandelbrot 1%, BSM: Wit 4.

NER

Note: LNM: Log normal model, NPM: Niche preemption model, ZMM: Zipf-Mandelbrot model; BSM: Broken stick model. The same

below.
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U o ARSI BRI  Z RIS 2 (300 B R 52 R RE A5 /s o 6 B 8T J2 AL R 52 R
FER MR . o AR SR KB E A SR E T2, HRW 2R 2 1 E
ROR U BB S B R OB R 2

TETRRR VA D6 ek R kb, KA . SR 2 R0 8 37 2 K e A AR S A5 AL 40 i NPM
(100~1600 m?). ZMM (2500~4900 m?). ZMM. NPM (100~400 m?)Fl ZMM (625~10000 m?)
(£ 3) o« HAKWZErPFh 2 BEARA S B2 RERMER, SR SR
JeBUF R ZE o WA R AN B E B AR X KR B LG 5 R 2 ROE 2/, NPML ZMM Al
LNM BRI 0L 24 R B o5 e R R K e 22 J5 AR 07, BSM A28 [t 35 il PS8 184
AUT o AR A LRI X TR V4 (30 E R A S R B B LA RO B 4, Hh BSM #
RUTE TR T4 (40 IO J2 RN G 2 1006 5 SR A 6 Sl e B BRI o 3 o BB B Ao

HR AR 6 AN [ AR 2 0 22 B A SR AU A RO S AR R IR AN R, R SRR Bl
PRIZ ARG P M ALY (00 & S R AR 0, 78 XIS R I 3 M2 IR B 0L & R A
UF, Hoh KW 2 A A 4 R 2 B2 REE RN BEE AR REAR R, R M AL 7E
KB 2RI LA J2 G R TE R AR LA R AN o Hp AR R o B 2 A LA S8R A
SHRKMETLF, HAE R IBERE A ORI T XA . BB 228 /N AR U5 20
RBEAR L, Hoh TR LA R 2 R R M E ORI o P AR R AN [R5
B B 1) BE 5T J2 RO 200 R 380 B A T 5 OB J2 PR A R M e 2, e B TR T R I B TR 1 K 2
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