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Simulation of species abundance patterns in different successional stages of natural

forests in Great Khingan Mountain

SU Wenhao, WANG Xiaonan, DONG Lingbo "
Northeast Forestry University, Harbin 150040, China

Abstract: In order to realize full cycle sustainable management of Larix gmelinii natural forests in the Khingan Mountains
region, this study is based on the data from fixed survey plots of three different successional stages ( Betula forests, Betula-
Larix mixed forests, and Larix gmelinii forests) within three 100mx 100m natural forest stands in Cuigang Forest Farm of
the New Forest Bureau. Statistical models ( log-normal model ), niche models ( broken-stick model, niche preemption
model, Zipf model and Zipf-Mandelbrot model ) , and neutral models ( zero-sum multinomial model, Volkov model) were
used to simulate the species abundance distribution patterns in the tree layer, regeneration layer and different forest layers
divided by the tree layer of natural forests at different successional stages. Further, we applied the chi-square test and the
Kolmogorov-Smirnov test to select the best-fitting species abundance distribution models. The results indicate: (1) the Zipf-
Mandelbrot model had the best fit in different successional stages natural of Larix gmelinii forest communities in Great
Khingan Mountain region. (2) The lognormal model had the better fit for the species abundance distribution in stable
successional stages, including Betula forests and Larix gmelinii forests, compared to transitional stages communities of
Betula-Larix gmelinii mixed forests. (3) Habitat filtering dominates community assembly in the natural Larix gmelinii forests

of the Great Khingan Mountain region, with the weakening of habitat filtering and neutral processes as the community
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successions continue. (4) The community assembly process differed between the dominant ecological processes in the tree
layer and the ecological processes in the single-layer in the community. The habitat filtering process gradually weakens in
the tree layer of Larix gmelinii forests, while it strengthens in different forest layers divided by the tree layer and the

regeneration layer.

Key Words: succession stages; Larix gmelinii ( Ruprecht) Kuzeneva; species abundance distribution; natural secondary

forests

AR 5 T AR AR T AR 1) 40% LA E (B 5 I AG AR L0, A% 3 A7 7 G 25 Fe e M 22 RAR TR A 2
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A AN [R) 8 O BEAR AR E VS 100 2 AR R i Sl A8 B AE X B 1 S U E AR 2808 BT B2
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FRRIY A SR R WRIE A
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T AR 58 R Al A Lt it 5 AN TR A MR 45 A Jek i R 0 8 2 B R R[], Whitfeld 251 B 5% & BRL7E By
AR R T AR B U T R A R . VR (Rl 22 B AR JR T LR 8 7R VA 1RO B B, Villa 55 ST
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4K 600 m, B2, UM IR T &R R PE UM, 4P 2 il - 2.6°C , 4R F AR 1600°C  FE# R Tk
SB[ FER AT AR, U R L St B AR R SE SR O3, 4= X EFAE AR AT 70 B 235 & 465 Ff, I3 A
1z HEA RN T AR FIA V&5 ( Larix gmelinii ( Ruprecht) Kuzeneva) | FAKE( Betula platyphylla) FEFF
( Pinus sylvestris var. mongolica) . 252 ( Picea asperata) 11145 ( Populus davidiana) F17E 7545 (Alnus sibirica) %
1.2 FEMBEE Sk

TEATH B AL HEA b, T 2017 4EAE RS LW AR DB RO SR 22 b A7 PN S8 AN 15 2 BUMIR A | iE A7 &
L AREAR D T SEIBOA )30 B B R AR B 1T A TR A, G4 FMEAR (ST B, BF) (7 AR - FIMETR
ZEMR It PR B, BLE ) Rl 7% A AR (TR B B, LF) o 45 AE L I AL 312 Thm® (100m x 100m ) , >R FAH €5 4% ]
(400 ~5mx5m) P A X FEHL AN I 42 ( DBH ) = lem BYFR AR AT BT A AL FERFD B4R A e el e
AR AN A AR DL AE s X AE (DBH ) <1em BT ARAMAZET ST 8 A, G 4540 Fl | AR A% & | AR A R AR IR B0
A FEHLEASS AR YR RR AR DL AN SR 1 AR 2 B

R1 FREEMREERTR

Table 1 Basic status of sampling plots in different succession stages

biik=y dE e B B IR B ToR i B

Succession stage Pioneer stage Transition stage Top stage

W FPZH AL Tree species composition 9 1 1 ¥&-Hi-15-E-5 6 V& 4 F-Fi-=-H-W-W-B-8 73 181 =1 F+10-00-6
Z45 ¥ Longitude and latitude 124°53'06” N, 52°04'19"E 124°52/02 N, 52°04'14 E 124°39'32 N, 52°01'42E
133K Elevation/m 565.5 546 457

Wi Slope gradient/ (°) <5 <5 6

1] Aspect o g it

+ M Soil type I A g AR iy e

FEE Richness 6 8 9

S fE Mean DBH/cm 8.22+5.90 11.44+5.28 7.93+4.65

SEHH S Mean height/m 9.48+5.66 12.44+4.47 9.21+4.15

K M2 Max height/cm 35.5 34.1 34.4

B KM Max height/m 23.2 28.2 25.7

Ji 755 Wr T A Basal area/ (m2/hm?) 13.70 19.50 21.12

£ ¥ Abundance(N) 2148 1649 3203

DBH:; 4% Diameter at breast height; zv: Z4% Picea asperata; [ : FA¥E Betula platphylla; 3% : YW Larix gmelinii ( Ruprecht) Kuzeneva; 4% :
1145 Populus davidiana; 15 ;. $&FHS Pinus sylvestris var.mongolica; W : MI# Salix babylonica; & . -4 Alnus sibirica; P WHE Betula costata; % ;
RN Salix arbutifolia

x2 TRIEEM RN ZRFHERER

Table 2 Basic status of dominant tree Species in different succession stages sampling plots

Tf il M B Succession stage
Species BF BLF FL
JEMHA Larix gmelinii ( Ruprecht) Kuzeneva N 163 880 2068
v 12.55 50.71 50.08
FI#E Betula platphylla N 1130 608 358
v 59.84 38.93 14.8
T Pinus sylvestris var.mongolica N 8 232
v 1.53 11.62
A2 Picea asperata N 2 432
v 0.38 15.52
14 Populus davidiana N 144 5 88
% 3.85 0.88 5.6
EIHW Alnus sibirica N 680 139 4
v 21.58 6.60 0.3

BF: e B Bt Pioneer stage; BLF: iV M BE Transition stage; FL: THZLB Bt Top stage; N: ZJ# Abundance; IV; FE{H Importance value
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1.3 MHE
BT RLZWS SN B, IF 52 Hu %72 ST R TR A IR AR K 9 BERI I 22 /Nl 3 AR 2 IR
AFETFAJZE (1em <DBH) FI4IHi )2 (DBH< 1em) , FfKE 75 A2 K5 Mg 42 K /NI 43 S KW JZ (10em < DBH) /)y
B2 (5em<DBH<10cm) %A )2 (1em<DBH<5¢m)
1.4 HIXEEAE
Yy Fh A% B Z{E (important value, IV) SE AR AP TE LTS TP b L VR O 23 B HE AR 2 A R
FIFH YRR EOAIXS 2 B ( Relative abundance, RA) A0 X 35 % ( Relative frequency, RF) FIAHXS L3 ( Relative
dominance, RD) 115, AN,
1V=(RA+RF+RD) /3%x100 (1)
1.5 FBIAUR SRR
AT RPN G WA 22 FE 3 A S AL 45 Ge AR AT LAY AL A A A 45 A S TR R AR 42
TR XPBOE SR A S AR WAR AR A= 5 L 5e i Y Zipf B8 Zipf-Mandelbrot A% F P45
T RV 2 AN Z IR Volkov AREAY,
151 MAUESHY
XHEOE A4S (Log normal model, LNM) 7F 1948 4FH Preston LD AR N VR TR R R A
PRE(N) B EAT BRSBTS NGRS @ AFINZEE P AT RIR A -
P, =l shso) @ (2)
KPS | DYIFIZIE ; w A o 3HINIEZS AT BERNTT 22 & IERR %
1.5.2 IS
Wi A5 5 ( Broken stick model, BSM ) J& T ¥¢ Y AMBCAAL ) ASTHLIE SN rh IO PR G B TRLBL LA 1,
REVE AN F R B n, FEAR T EBENLIEE n—1 A5 R 8 n B, B — BOR I B RIR R — PG 2 18, %
W i NFIIZEE PAT RN R

n

1
Pz

P (3)
1.5.3 BN LG R
A ARG 5 407 ( Niche preemption model, NPM) NFRIUAT G B A 28 NPM e e 1 RS Aok
FEVR NGRS AL A BRI . BEARMEGR S — D 7 S A O BRI |k 0y 58 AR R B
W) kA, R0 k(1=k) 3, N RS AESAIHER, DU eI AR 215 MR 2 B IEEE PR
P=k(1-k)' (4)
1.5.4 Zipf-Fisl
Zipf-#EH8 ( Zipf mode, ZM ) fiE —HETE h Wy A 0 2 FE 2 MBS T LA Y BR B F A7 09 W i, 2 B b o 4
A BARBIARMY, J5 SRR ) s T AT A i AN . BEIE NS DRV ZEE P AT RR N
P,=JPi " (5)
Koo NEEGP IRZERRNFINZE, PIESH | MFIEHEZRE ] REENRZE
1.5.5 Zipf-Mandelbrot f5%1
Zipf-Mandelbrot #%7% ( Zipf-Mandelbrot model, ZMM ) &4 ¥ Zipf #ARI LK . Zipf-Mandelbrot #5571 i F
TR X WZSEL ¢ WU T FoR BRI (Y 5+ = YR 2 B2 BT 5 Wby P, 35N 240 B W] B R 384 1
AR BT TE AR, A 2 REE . REVRINER @ DIAPRYZE Pl RoR N .
P.=Je, (i+8) (6)
1.5.6 FRETRZ A
AP HE 8 ( Multinomial zero-sum distribution model, MZSM ) A W EEE N B4 ME B A A= %0 M, BBETR
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— HAL TR, 9% NI Fh 22 BE XA AP Z R Z A, AR 5 1 SBURE Y BB N W (AR T ke
REFEEAREL 0 35 2 MBS HZHFORE L SRR T, (RPN Z I n SRR S .

1

(7] n %
S(n>:;féfn,l(y)(1_7> dy;

_é _l n=1 <7)
f‘uﬁ_]—V(n)(SneXp( 6 )y ’

I=lgt " e"dt
. T A B MARL 0 JEEEAE Y SRR R y WA WFI I Z T (n) /& Gamma 7317, BERR S
AR I TR R 2B n (5341 50 BB IIRNEA 0 DRI TR,
1.5.7 Volkov f5i%I
Volkov #52%1 ( Volkov model, VM) 7E58 & R 7% & F1 2 I B AL g BL il 360 7 S 80EB R 8 m | IHERIX
YR NI A B T5 2 R Sl 75 () B R B m R [ ANAR Y BN R RV T 2 B o YRR R S R
5= J! I'(n+y) I'(J-n+y-y)
“oonl (U)W () T(y-y)

0
eXp(—zﬂdy
Y

To=l5"edt (8)
:m(J—l)
Y 1-m

ey BB BRI ARG m T R
1.6 ik ae

i H Excel 2% A | 1108 BNARZ N ) AR B A8 (1V) FIARXT 25 R 4.3.1 A9 sad 1 vegan
ARG B A1 B EE RN 2 B R A Y A SR B, (AR AR B R Y B
SV EH A 100, T 7 AT R AR 2 B B b 22 BE G0 A B L8 . 3 R J7 (X)) K235 Fl1 Kolmogorov-Smirnov
Iy (K-S A6 ) XSRS (4 BRI Wy 22 B2 3 A FOWLEE 0 22 B2 O3 A AT LU, KL S 38 Bn X2 D (E RN, P
(BB R R WA B UL 5 RIOR B

2 ZER5HW

2.1 A[EIARIZ 0T R R ) B A

Wi 25 R (A T, T4 T BT S TRIPR 2 11 T (20 2 R s 3%, 1T P M 7 S T 2 1 2 ) 222 Rk /)
HE (R 3) . 1E BF BB, A2 B/ IV J2 3 A8 1 B B B M A K, FIHE R S B (EA W 28 /), 78 BLF By
BL TEMIME =AM E BB 0 51y 54.44 56.42 1 39.62 , FAMETE =AKZ BT B 7391y 43.06 .41.43 Fi
21.32, AR TE L2 0 S 2 E AR ] AR T RTINS ARE s 76 FL BB, Y& FHAS I T =SR2 1 2 1Y
o BT RE

®3 TRBREMRARKEHOEHRIOHNEEE

Table 3 Importance values of Betula platyphylla and Larix gmelinii in different forest layers at different succession stages

R HHE Betula platyphylla TEMH Larix gmelinii

Tree layer BF BLF FL BF BLF FL
KM Large tree layer 88.19 43.06 9.24 8.36 54.44 52.63
/N Small tree layer 78.65 41.43 19.17 9.96 56.42 59.51
L4} JZ Saplings layer 27.81 21.32 15.64 15.42 39.62 54.73

2.2 JoEEREE AR IZ Y0 22 B o A AR
BF [ BE W h 22 BE 43 A AR5 25 R AN 36 4 RNIEL 1 778 . X BF B BORF & BN TR A2 I b 22 18 43 A
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HEATHLE B, VM B DL A RO B 4, LR ZMM BEAUET LNM LAY | X KA 2 RN J2 1 0 b 22 B2 53 A
HATHLE , ZMM B LA B8R B i, FL O ZM BIRURT LNM B X |2 00 b 22 B 0 A7 U5 i), NPM
FET B LA R e, O ZMM BE R . X4l 2 R 2 8 A U4, NPM BIRLAT ZMM 55 () X {5

N AHFGAS R ERTRL Y D (BN, BEERZ BB/, ZMM BT 130 A0 SR R [ , ZMM A5 780 X6 S 2 48 4
RS XA R A RO 22, VM B RIYE TR A2 (30 A ROR B, 1 7 S ROZ B4 A AR R 405 R0UR
EBAMTEAZ

x4 EEMBETRANRENTHZSESAEINUSHRBEITE

Table 4 The statistical tests for fitting the species abundance distribution models in different forest layers of pioneer stage

?SE level Ejﬁ?ﬁj VM MZSM BSM NPM LNM M ZMM
TR X? 0.49 6.59 11.14 0.54 0.71 3.23 0.54
Tree layer P 0.99 0.25 0.05 0.99 0.98 0.66 0.99
D 0.17 0.17 0.33 0.33 0.17 0.33 0.17
K2 X? 7.36 6.39 42.37 1.16 0.40 0.20 0.17
Large tree layer P 0.12 0.17 <0.01 0.88 0.98 1.00 1.00
D 0.20 0.20 0.60 0.40 0.20 0.20 0.20
IR 2 X2 9.45 7.32 30.16 5.29 2.48 0.72 0.72
Small tree layer P 0.09 0.20 <0.01 0.38 0.78 0.98 0.98
D 0.17 0.33 0.33 0.33 0.33 0.33 0.33
A X2 7.03 22.92 3.38 3.33 3.97 8.25 3.34
Saplings layer P 0.22 0.00 0.64 0.65 0.55 0.14 0.65
D 0.33 0.33 0.33 0.33 0.33 0.33 0.33
) X2 10.32 10.09 22.89 5.84 8.61 12.89 5.84
Regeneration layer P 0.04 0.04 <0.01 0.21 0.07 0.01 0.21
D 0.20 0.20 0.60 0.40 0.40 0.40 0.40

PR R RIGE T Statistics of chi-square test; P g R K5 1Y 2 3 ¥ Saliency chi-square test; D 2 K-S K3 (45114 Statistics of K-S
test; VM Volkov % Volkov model; MZSM ; ¥ % % M1 2 7 A5 Multinomial zero-sum distribution model; BSM ; Wi HE K5 Broken stick model
NPM ;£ 2S5 15 454 Niche preemption model; LNM ; X IE 45! Lognormal model; ZM: Zipf-##4 Zipf-model ; ZMM ; Zipf-Mandelbrot 5% %!
Zipf-Mandelbrot model

2.3 i EB BRI R Y 22 R o A Y
BLF B B 1) ¥ T 22 88 73 A1 455 B0 400 5 295 2R DL 3R S F K12 % BLF Bt BERE % 67 AR 2 19 1) b 22 32 93 A i

x5 TEMBRARMRENMSESHEEMARRBSITE

Table 5 The statistical tests for fitting the species abundance distribution models in different forest layers of transition stage

fii level ?jffjj VM MZSM BSM NPM LNM M ZMM
TRz X2 6.90 6.71 31.55 6.15 10.89 14.75 5.82
Tree layer P 0.44 0.46 0.00 0.52 0.14 0.04 0.56
D 0.14 0.14 0.57 0.14 0.29 0.43 0.14
K X2 14.14 14.96 27.14 13.21 16.97 21.72 13.08
Large tree layer P <0.01 <0.01 <0.01 0.01 <0.01 <0.01 0.01
D 0.20 0.20 0.60 0.40 0.40 0.60 0.40
ANV x? 14.16 13.47 35.95 13.66 17.89 21.89 13.50
Small tree layer P 0.01 0.02 <0.01 0.02 <0.01 <0.01 0.02
D 0.33 0.33 0.67 0.33 0.33 0.50 0.33
i) X? 9.09 17.30 8.59 8.29 10.03 15.28 8.23
Saplings layer P 0.06 0.00 0.07 0.08 0.04 0.00 0.08
D 0.40 0.40 0.40 0.40 0.40 0.40 0.40
AT X? 2.76 6.92 9.87 1.55 0.61 0.23 0.19
Regeneration layer P 0.60 0.14 0.04 0.82 0.96 0.99 1.00
D 0.20 0.40 0.20 0.20 0.20 0.20 0.20
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Fig.1 Species abundance distribution and model fittings in different forest layers of pioneer stage

A, ZMM AR A B A RIOR SRy, A R PSSR A H0 A RO AR B A, 7 X6 AS TR) A K 9 B3 11 D A 2 %) 4 o
ZEAREE T B T /IMYZ B Ry MZSM, HOR M2 M s UL RL 2 ZMM, H NPM #5281 A HL5 2808
WALLF ., WKRHZ RIS )2, AW 3E FH YRl 2 B 0 A iR A L B BOR B A8 47, Bl TR ARJE R4 1 = A
WEMILE BRI ZE T RAZ,
2.4 THH B BEAS[FIARIZ YR 2 B A A AR A
LF B BE IRl £ B8 A3 A S U3 5 25 SR L% 6 RN 3, % LF B BERETE I TR AR 2 B 0 22 B2 A3 A A TR
R 5 R F e ) 2 TNM AR VR ZMM AR o KA 2 R ING 2 B W i 22 B o A b A T P00, F P s
%UU SR ZM ASRLRT ZMM BT RS LNM, X2 2 B B Fh 22 B A3 A R AT R A LNM AR £
GRS, H ZMM A NPM BEAVRT VM B 45 ROR MR . X418 2 Rl 2 BE oy A LG, Horp
ZMM BERIFT NPM AL BRI A 850 o i, R A M B PR)Z B9 T R, LNM AR VM 5276
NPM 55 4005 SR B AR 4, T BSM AR HY (015 35 R R AR, 32 FH A B BSML A28 A1 1y L 4% DU A A 2S4S A o)
TIRARZ P 22 B o A LG 25 T R AR 200050 1 = M)Z

3 g

3.1 ARG B R 2 AR )R

LA VA BT R B, e B BT AR T2 B P 22 B o0 A 4 dee OB L Dl VM SR | b 3 o B A T4 o B )
TeARZ R RISy ZMM RS | ZMM AR B NPM AR L = A ] 38 8 B B ) AS [R]AR 2= 408 380R 1
B o ZMM BRI 22 0 iy DXAS [R5 B BE AR RETS O AU ORI . WIFSE & B NPML BRI 45 % W b
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Fig.2 Species abundance distribution and model fittings in different forest layers of transition stag

x6 MAMBEARWKENFHEZESFERYUSHRESEITE
Table 6 The statistical tests for fitting the species abundance distribution models in different forest layers of top stage
ﬁi level ?jffjj VM MZSM BSM NPM LNM M ZMM
FrAR)Z X? 6.41 19.22 8.53 5.87 4.86 7.71 5.87
Tree layer P 0.27 <0.01 0.13 0.32 0.43 0.17 0.32
D 0.33 0.33 0.33 0.33 0.33 0.33 0.33
KA X2 12.49 22.34 3.80 3.46 2.58 0.89 0.89
Large tree layer P 0.01 <0.01 0.43 0.48 0.63 0.93 0.93
D 0.40 0.60 0.40 0.40 0.40 0.40 0.40
AN X2 3.99 13.49 4.60 1.78 0.87 1.89 1.52
Small tree layer P 0.41 0.01 0.33 0.78 0.93 0.76 0.82
D 0.20 0.40 0.20 0.20 0.20 0.40 0.20
AR X2 2.17 6.05 9.38 1.92 1.41 2.81 1.56
Saplings layer P 0.90 0.42 0.15 0.93 0.96 0.83 0.96
D 0.29 0.29 0.29 0.29 0.29 0.29 0.29
4z X2 5.81 5.75 26.17 3.95 8.48 13.19 3.95
Regeneration layer P 0.67 0.68 <0.01 0.86 0.39 0.11 0.86
D 0.22 0.22 0.33 0.22 0.22 0.33 0.22
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Fig.3 Species abundance distribution and model fittings in different forest layers of top stage
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