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Species-abundance distribution patterns at different successional stages of conifer and
broad-leaved mixed forest communities in Changbai Mountains, China
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Abstract

Aims Our objective was to explain processes that dominate species-abundance distribution pattern and mecha-
nism of community assembly in temperate forests.

Methods We used three 5.2-hm’ permanent plots established in secondary Populus davidiana-Betula platyphylla
forest, secondary conifer and broad-leaved mixed forest and T7ilia amurensis-Pinus koraiensis mixed forest in
Changbai Mountains. Within each plot, we randomly selected 500 subplots within 260 m x 200 m at the scales of
10 m x 10 m, 30 m x 30 m, 60 m x 60 m and 90 m x 90 m. We calculated the mean value of species-abundance
distributions taken from the 500 subplots as the observed species-abundance distribution. We estimated the fitted
species-abundance distributions by neutral, log-normal, Zipf, broken stick and niche preemption models at differ-
ent scales. Simulation effects were tested by Chi-square test, Kolmogorov-Smirnov (K-S) test and Akaike Infor-
mation Criterion (4/C). For the neutral model, we first estimated two parameters 6 and m and then simulated 600
species-abundance distributions. The average of these 600 species-abundance distributions was the best-fit result
of the neutral model. We employed the 95% confidence envelopes that were approximated by the 2.5 and 97.5
percentiles of the abundances of species of rank i = 1 to S over the 600 simulations to test goodness-of-fit for the
neutral model. All of the computations were conducted in R 2.14.1 with UNTB and VAGEN packages.

Important findings The neutral model fit species-abundance distribution at different successional stages of
conifer and broad-leaved mixed temperate forest communities. All five models fit the observed value at the 10 m
x 10 m sampling scale, and the goodness of fit of the log-normal, Zipf, broken stick and niche preemption models
were better than that of the neutral model. That means at small sampling scale the species-abundance distribution
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is dominated by neutral process and niche process; however, the niche process is much more important. At other
sampling scales (30 m x 30 m, 60 m X 60 m, 90 m x 90 m), the neutral model was the best-fit model. As the sam-
pling scales increased, other models gradually dropped out. At the sampling scale of 90 m x 90 m, none of the
models fit well, except for the neutral model. This suggests for north temperate forests in the Changbai Mountains
that the random process represented by neutral model is the main ecological process that determines the
species-abundance distribution pattern at middle and large sampling scales and that the species-abundance distri-

butions at different sampling scales are likely dominated by different ecological processes.

Key words neutral theory model, niche model, sample scale, statistical model, temperate forest
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Table 1 Summary of permanent forest plots in Changbai Mountains (Zhang et al., 2009)

A KL PRI FEHb A JER IR B

Forest type Longitude and latitude ~ Average elevation  Plot area Primary vegetation

AR HERR 42°19.162' N 899 m 5.2 hm? [ H-2T KA RK

Secondary Populus davidiana-Betula platyphylla forest 128°07.82' E (260 m x 200 m) Broafi-legved Pinus
koraiensis forest

AL TR TR AR 42°20.91'N 748 m 5.2 hm?

Secondary conifer and broad-leaved mixed forest 128°07.99' E (260 m x 200 m)

S EARVAIN 42°13.68'N 1042 m 5.2 hm?

Tilia amurensis-Pinus koraiensis mixed forest 128°04.57'E (260 m x 200 m)
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Fig. 1 Species-abundance distribution and model fittings at different sampling scales in secondary Populus davidiana-Betula platy-

phylia forest.

doi: 10.3724/SP.J.1258.2012.00923



928 AWML ZAR Chinese Journal of Plant Ecology 2012, 36 (9): 923-934

=2

ANV HURE RUBE R IR MERR S TR 0L 5 A DL RE AL 60 R P AR 2 8

Table 2 Goodness of fit test of five models and parameters of neutral model at different sampling scales in secondary Populus

davidiana-Betula platyphylla forest

HORE R 6 m Ko7 NT LN M BS NP

Sampling scale Test method

10mx 10 m 3.90 0.05 AIC 12.33 ~12.09 —1.11 2.62 -1.57
D 0.30 0.10 0.10 0.10 0.10
b 2.79 0.50 1.79 1.75 0.59

30m x 30 m 4.94 0.01 AIC 19.25 57.29 85.65 102.48 75.24
D 0.09 0.09 027 0.23 0.05
Ve 2.62 7.39 32.22 62.71" 11.14

60 m x 60 m 5.16 1.66x10° AIC —56.45 173.78 201.38 223.02 173.69
D 0.03 0.10 0.40 0.30 0.10
b 0.04 58.47" 199.78" 437.61" 47.24°

90 m x 90 m 5.45 7.46x107 AIC ~100.05 266.41 297.52 332.30 27431
D 0.03 0.14 0.44™ 0.33" 0.11
b 0.00 169.44™ 537.44™ 147327 152.417

NT. LN. ZM. BSHINPZ R R PR BGHR . SBOERS A . Zifpt B, 53 RIZ BOB AN AR S A0 E . 0. mobyrh IR 24

*%,p<0.01; %, p<0.05. AIC, FRHf EENL; D, K-SKH S0 it

NT, LN, ZM, BS and NP stand for neutral model, log-normal model, Zipf model, broken stick model and niche preemption model, respectively. 8 and
m are parameters of neutral theory model. **, p < 0.01; *, p <0.05. AIC, Akaike Information Criterion; D, statistic of K-S test.

PG R AR« 4660 m x 60 m. 90 m x 90 m L& |-,
SUA P AR B ) B Al A 560 R K-S 360 i 2232,
FABRE R B AR I 4. BRI, PP R B g A
ANV HURE R 0025 IR A M R (R i b 2 15
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A BT ) T A8 PRAN [F) RUBE R W0 22 B 43 A3 (1)
PRI | AR AR R AR ) G5 R (LA 4 R
WP R . AN RBE N SEBr Mg R 2 B 43 A
itk 27 N AR PR AL 95% B AS X R iy, HL5 el
PTG T & BAF. 10 m x 10 m & |, SR
LG th Se 8 55 S b i 2 B2 it 2 KB &, Zipf
BRI TR (0 v ) b 22 BEm /N TS (e . Bl A RORE 1Y
I, 53 H 28 B AR R0 =5 s Bl 22 B9 T /s T S B
B, TO6S H R RO A ol 22 5 ) 0 B A 22 1 s B
fHo 730 m x 30 mJfE b, R 6 BOER
AR, Zip ORI AR AL S AR Y ool () i %
& 3 A1 35 5 SEBR A ATV A o £E60 m x 60 mA190
m x 90 mJUE b, XFEUERS /A A A Zip O TR i
b RN TR U SR A5 1 N T S VA /1w R
X H )RR AT ol 22 55 (1 S0 R /S, AR AR 3
B g 5 spr s I e AT A

DR A RS HR R AE AR R R, P4
B RSN AP G v B RS A 56 45 2R
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L3 MEFE R EE 10 m x 10 mis, BT A8 (g 1
M RE LY 2 EA MBI LEREE R >
0.05), b HOER AR M AICIE 5e /b, 3%
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T2y BIL B . 730 m x 30 mJE | H A5 4
LR B KA i (p < 0.01), FPYERIRL. %k
IEA AR ZipPR RN A= 2074 SE A fie s i
U M 538 2% R IR AR R A MBI Fl 2
FE AT . KR4 R MR I ATCTE WT 40, P S D0k Kk
hy s PR AR IR > S B E A A3 A AR TS A A A S A
R, HURE R 60 m x 60 mit, HLARSFIRAY B fig
Wi K-SKL 56 BT e 52, AR A MBS R SOE & 5
AR BN W K B B2 (0 > 0.05), HhEREALK
AICIHEE /S, BAE BRSSO SO N 290 m
x 90 mitf, PRI AICH /N, B AR R I A
K-SESSO R4 . NHUER DAL, Zipfiiil, 4
2 BRI I AR A5 A7 A S A5 2 1) 40 45 SR 38 5 S B
MEAHZ MATLER 23 2 5 (p < 0.01), AiEEHA
R IR R A BRI P 2 B o0 AT o DAL,
rh VRS R R 7E A RV IORE RS B0 G IR AR B TR
BRI B 2 5 o0 A o
43 WIS ENTH

AR LT AA BRI VR D ol 22 88 o3 A S B U5 Gn 1513
PR o SRR R T 22 it 2 #0874 N rp PEASEZ 1)
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A 10mx10m B 0mx30m

lg (4rfl 2 1)
lg (Species abundance)

-

10 22
3 3r
|- C 60 mx60m 1
‘é"
=
—_— 0
2E %
W2
=R
we oy
.2
=3
ey 1
5
0 AL 1 4 b 4 8 & 8 & & & 4 & 1 4 4 4 & & 4 i I e . I )
1 4 7 10 13 16 19 22 25 28 31 1 4 7 10 13 16 19 22 25 28 31 34 37

WFh 2 FEIF 41| Species rank in abundance YIEL £ K174 Species rank in abundance

Zipf #%! Zipf model SrENLEBHERY Broken stick model HABALHE e Niche preemption model
— FHIEA A Log-normal model e A Neutral theory model o FU{E Observed value
= R 959% B (F (X 8] 95% confidence intervals of neutral model

B2 AR R A RRAS AR 22 B 0 Ai MU
Fig. 2 Species-abundance distribution and model fittings at different sampling scales in secondary conifer and broad-leaved mixed
forest.

R3 R RS ARAN ) RORE R SRR P05 D0 REAG B AN i AR 23
Table 3 Goodness of fit test of five models and parameters of neutral model at different sampling scales in secondary conifer and
broad-leaved mixed forest

BORER 0 m K 7 vk NT LN ZM BS NP

Sampling scale Testing method

10m = 10 m 4.02 6.81x102 AIC 11.63 —9.54 -1.29 -3.65 329
D 0.33 0.11 0.11 0.11 0.11
Ve 2.57 0.50 1.62 0.94 0.44

30 m x 30 m 452 8.48x107 AIC —0.49 43.63 63.96 78.09 49.46
D 0.11 0.05 0.32 0.21 0.05
Ve 2.40 451 18.27 39.93" 6.77

60 m x 60 m 472 2.26x107 AIC -30.12 138.20 160.07 183.85 135.34
D 0.04 0.12 0.35 0.27 0.08
Ve 0.69 30.73 104.53" 333.23" 38.10°
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D 0.03 0.16 0.41° 0.31 0.09
Ve 0.03 110.80” 313.97" 1083.38" 89.22"

NT. LN. ZM. BSHINP/ R h MBS . W EOES AR ZifphiHd . » 3Lk BoBER RN AL SR e B8 . 0, mAgh MBS 40
#* p<0.01;* p<0.05. AIC, Fxihf5 BHEN); D, K-SKIH Gt it o

NT, LN, ZM, BS and NP stand for neutral model, log-normal model, Zipf model, broken stick model and niche preemption model, respectively. 6 and
m are parameters of neutral theory model. **, p <0.01; *, p <0.05. AIC, Akaike Information Criterion; D, statistic of K-S test.
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Fig. 3 Species-abundance distribution and model fittings at different sampling scales in Tilia amurensis-Pinus koraiensis mixed

forest.
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R ER ARSI 60 m x 60 mA190 m
x 90 m RS, FRPERIR M AIC(E e, HLTI 1)
W 2 B oy A 5 S bR SR 2 1) 22 S A W 2, FoAth
BB BB I E 4a(p < 0.05). B, PEERIRGE
AT AN TR B RS b 3045 BB 218 ARAE 5 1 )
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Table 4 Goodness of fit test of five models and parameters of neutral model at different sampling scales in Tilia amurensis-Pinus

koraiensis mixed forest

HORE R 0 m 50 752 NT LN M BS NP

Sampling scale Testing method

10mx 10 m 1.70 3.85x102 AIC 10.93 - —0.58 —4.58 —6.05
D 0.11 0.11 0.33 0.22 0.11
Ve 5.40 0.00 0.55 0.68 0.18

30 m x 30 m 1.77 4.29x10°2 AIC 17.42 35.94 4224 48.50 24.92
D 0.11 0.11 0.33 0.22 0.11
Ve 248 6.79 18.74" 36.49" 2.97

60 m x 60 m 1.68 1.00x10° AIC -7.13 81.56 85.51 87.36 66.07
D 0.09 0.09 0.36 0.36 0.09
Ve 0.34 72.00™ 124.70" 250.62" 25.79"

90 m x 90 m 1.62 4.28x10* AIC -6.51 110.29 113.89 115.97 94.99
D 0.08 0.17 0.42 0.33 0.17
Ve 0.52 219317 348217 708.79" 84.417

NT. LN. ZM. BSHINP/ IR R PEER R BER  SBUE S0 MR, Zifph R, 7382k BB RURI AR SR JGHET . 0, moy PR S 4.

#% p<0.01;* p<0.05. AIC, 7xHhf5 BHEN; D, K-SKH G0t &2 o

NT, LN, ZM, BS and NP stand for neutral model, log-normal model, Zipf model, broken stick model and niche preemption model, respectively. 8 and
m are parameters of neutral theory model. **, p <0.01; *, p <0.05. AIC, Akaike Information Criterion; D, statistic of K-S test.

GEH, AN 2 LA 7 o 487 SLE L, DR oA A TR
B R AT B AL AN RN AR A2 PR T 38, Tk 28 7R
AR BRI DR, T8 i SR 5T R R AN
[Fi) A 24 27 R X 7 A N A o BE IR )l 22 8 oy AT bk
Jay (PR DR A2 140 6 () (Volkov et al., 2005). 12
HEAESE(201 1Y%ty 1L R S bk 24 hm B
HIFP 22 FE o AR R IIRE IR W P A RS
PSRRI AE ) G VA L 1038 5 3 % M DX/
(10 m x 10 m)IHIFN 2 By A b e, AHAEZS A I
PRI DTHR R, ZErP A5 R R (60 m x 60 mAI80 m
x 80 m)fRER ik R (1 rh P AR R R R A A T
& (1) Zipf-Mandelbrot 5 14 #51 & ifi il 12 )RR
WD 2 B o Ak e RIS K #1100 m x 100 m
I, FUE PR R 8 AR Lt IO BV P R 2 R 4y
A, IREASCE Wb a8 JRAE W, A
FEAR Q011 FEAIN A Z XA BER I 20 2B A
e, BRI, AT SR
JE R (60 m x 60 m) A P PERRUR Bl R B4R 46
A RE S R ANF T {EAE i T P41, 2R 58 5 itk
FEEEAR, B IEE IR SS, N 82 2R
MEETHE, AEAFAEOLSAD R i T R o8 s 0, A
A b e e R A R T R A T
LA Sl b T 52 2%, A 05 e JO P I R E 398 T 9 K,
AR BRI IR I R A S e, A A AP B

I, BRI ARSI R R E T S R

B AT ARAR S, AT BRAR Tl 22 B 2 AT ]
Bt EORE R AR A b2 A 285 2 5K I TR 1) )
(Zillio & He, 2010). ANFIWFFTRE F4EReFh 2 4
# SR ARSI AT A A . Laliberté%5(2009).
GazolfllIbafiez (2010)LA A YuanZ:(2011)IA A/
F BEATL AR A I S AR AR VR ) LAl e X
{H JE£Hao%%(2007) 11 Zhang % Q%%MﬁﬁEMHH
CURAMRBEIE AL /N R FAEAEAE SR B IR () 564, T
HpH g D 5 B0 AR B B TR s AR BE AL
R R 2. ABFFER K ALy A e
PR RAEE TR A PR 2ERA AR, /N ROBE (10
m x 10 m)H PR R AR 2547 i R3S RE MR BER )
P2 FE o)A, AHA AT R IR RS e A K

Al fE A T BR T BRI SE AR A B S T, N B
(10 65 55 1) 240 200 I AL A2 53 T 0 7 40 ol 201 s 11 i 2 i
DRl (B R S, 2010) o 11 22 %5 B | 20 0 BN A g A
RGNS AR R, AT LUK 3 G A 2 P 1) (Hubbell,
2008). PIk, /N B A ZSA L FE R BE AL FE X 4
Fift 22 B oy A 8 B A oy AR

FPEERFSY R (30 m x 30 my 60 m x 60 m),
A LA A R AR ) G U AR A0 A 4 S S B
DR BAT 82 2 7, AR ILRLA BRI A e A5
T, X AR AR ROBE b rp PR R I AR B AR AR

doi: 10.3724/SP.J.1258.2012.00923



932 AWML Chinese Journal of Plant Ecology 2012, 36 (9): 923-934

A AL IR Bk YE R W A 22 4y A ) AL .
Laliberté%$:(2009). GazolflIbafiez (2010) A Yuan%s
OT)FFUERBH, KORUBE A= 55 S o 1kl o 2 v o
TR ) BN 3, MASCIEFUSS R s R R
FE F(90 m x 90 m), AT PERBIRL AEE H KA G K
AAMERR . AR T RV AT PRFIA LA BRI R
R 2 B oA, AR . TR R KR
JE AR w22 R g ik, ASChikAg
MARERR S IR AZE [ TR S PR RIAB AR 21 A MR R e J >
H, AEBESRRPEAIRR DN, AR T S B )
PR AIRTS; RN, BEAE R KRIT
AR, B B TGS T A M 21 ) 5 T Y e,
U B A b I ) I B BT 9K B)) (Stokes & - Archer,
2010). X5 Wang%%(2008) Fl1Zhang%%(2010) FIAF 5%
83 MATA I TE K B L AR MRRE Vi i R
o, B TR R N . B, KR
FE b sk B2 YEFE PR 22 5 40 A i R I H ) R
VER IR ARSI R T

1L T - R TR A AR T AN R R F I BOMK
YAl VR STAAF AR OR 22 57, HERF) Tl
AP A A R AN R o T8 SR S B 04 )
SEAHAE FHIREN, PhiR) 5 4 A FH I A Ve 5 a0 0 T ik
55, ABFRER, EARRBFIE, hrHESER G
TR U M FL 5 BEE TR RD 2 BE A0 AT, AR SRR T A
WG LA HOR R EAR . AT e T Ak T
BRI I IR AR T T 2 IR NN R AR RN
MR, AR ) e 4 AR RIS . DR 7 AR A A
e, ARSI YRR R] S 4R P AR A e A
PIANE T 77 ) AR S R B 5l o (=135 TR 4%, 2010), TR
FIEE A by A 455 3 08 DA 35 2 BRI AE % 1N 1 R ) 5
e, SEUEBAL L FE AR 2 FERS e 1 51
BRVSS o MBS £LRABR A TS TR B B, V& &)
A WP A B R LA AR, Bl A] S A1
FHFEASTRZN, IR A= 257 o R ek B 7 0 b 2L 1 11 5%
W AN R . DR, R AR AN ) R B B B AR
I 2 B oy A 38 RedEA T T

ZE L PTIR, g s ARARRE AR P 2H B )
AR S RS RS B 0. RV AR Y
REME AN TR R B35 B LA [R5 B B
Wkl 2 BE oA, AR AR IEVR B AL A2 B AL
(o BE S5 M2 5 i A ARSI — SO 50 F
FAR IR AT, HIA 7870 5 (MeGill et al.,

www.plant-ecology.com

2007)0 ASCEARUESE T FR PRI 5 SRR Fh 2
FE 3 AR P A 3, AARBE R N T Hi bR B
LA R 1 R v A 5 S S A P R R U A
(I DTHR. DRI, mT LA A rh s R 532 v il oty AR AR
AR B AR A SARE, (HA R — . X
L UE ST A T A g R b v B R AR S A B R
HARAH B &, T2 Bl ). R, AR
AEE AR MO 0L A5 1 LT ) W AS MR BT P b 2 5
o3, R PR AR S AR L R T R
IR EE I FE(Zhang et al., 2010). {ERFITARMBETE D)
Pl 22 B Ay A, N vy 5 T AW EDORE R RS B B 1)
S, IR 2 B AT

st B R B AT LA E R IR B (200904-
022#2201104009) F= B R “+ = A A3 ¥ %57 B
(2012BACO1B03) %84

SE 30k

Borda-de-Agua L, Borges PAV, Hubbell SP, Pereira HM
(2011). Spatial scaling of species abundance distributions.
Ecography, 34, 549-556.

Brown C, Law R, Illian JB, Burslem DFRP (2011). Linking
ecological processes with spatial and non-spatial patterns
in plant communities. Journal of Ecology, 99, 1402—1414.

Burnham KP, Anderson DR (2002). Model Selection and
Multi-Model Inference: a Practical Information-Theoretic
Approach 2nd edn. Springer-Verlag, New York.

Cheng BR (F&f1%Y), Xu GS (¥4 1), Ding GF (] #:7%)
(1981). The main soil groups and their properties of the
natural reserve on northern slope of Changbai Mountain.
Forest Ecosystem Research (WA RAETR), 2,
196-206. (in Chinese with English abstract)

Cheng JJ (FRAEAE), Mi XC CKilllj%), Ma KP (% 5¢°F), Zhang
JT (5K 4:15) (2011). Responses of species-abundance dis-
tribution to varying sampling scales in a subtropical
broad-leaved forest. Biodiversity Science (“EMIZFEME),
19, 168—177. (in Chinese with English abstract)

Etienne RS (2005). A new sampling formula for neutral biodi-
versity. Ecology Letters, 8, 253-260.

Feng Y (% =), Ma KM (53¢ H), Zhang YX (5K EH), Guo
QR (FRHEZ¥) (2011). Effects of slope position on species
abundance distribution of Quercus wutaishanica commu-
nity in Dongling Mountain of Beijing. Chinese Journal of
Ecology (:7527%:%), 30, 2137-2144. (in Chinese with
English abstract)

Feng Y (%), Ma KM (52 H]), Zhang YX (3T ), Qi J



SEoE

(FR%E), Zhang JY (JK¥%Hb) (2007). Species abundance
distribution of Quercus liaotungensis forest along altitud-
inal gradient in Dongling Mountain, Beijing. Acta
Ecologica Sinica ("E24%4), 27, 4743-4750. (in Chinese
with English abstract)

Frontier S (1985). Diversity and structure in aquatic ecosys-
tems. In: Rnes M ed. Oceanography and Marine Biology:
an Annual Review. Aberdeen University Press, Aberdeen.
253-312.

Gazol A, Ibaiez R (2010). Variation of plant diversity in a
temperate unmanaged forest in northern Spain: behind the
environmental and spatial explanation. Plant Ecology,
207, 1-11.

Green JL, Plotkin JB (2007). A statistical theory for sampling
species abundances. Ecology Letters, 10, 1037-1045.

Guo XY (3Fi5%), Zhang JT (3k<xth), Gong HL (F¥EHD),
Zhang GL (7K#E3#E), Dong Z (&) (2007). Species
abundance patterns of artificial vegetation in Antaibao
open mine. Scientia Silvae Sinicae (#KNVE}%%), 43,
118-121. (in Chinese with English abstract)

Hao ZQ, Zhang J, Song B, Ye J, Li BH (2007). Vertical struc-
ture and spatial associations of dominant tree species in an
old-growth temperate forest. Forest Ecology and Man-
agement, 252, 1-11.

Huang JX (BHZEME), Zhang FY (5KXI), Mi XC CKHE)
(2010). Influence of environmental factors on phyloge-
netic structure at multiple spatial scales in an evergreen
broad-leaved forest of China. Chinese Journal of Plant
Ecology (F#EA243R), 34, 309-315. (in Chinese with
English abstract)

Hubbell SP (2001). The Unified Neutral Theory of Biodiversity
and Biogeography. Princeton University Press, Princeton,
New Jersey, USA. 375.

Hubbell SP (2008). Approaching ecological complexity from
the perspective of symmetric neutral theory. In: Carson
WP, Schnitzer SA eds. Tropical Forest Community Ecol-
ogy. Wiley-Blackwell, Chichester. 143—159.

Laliberté E, Paquette A, Legendre P, Bouchard A (2009). As-
sessing the scale-specific importance of niches and other
spatial processes on beta diversity: a case study from a
temperate forest. Oecologia, 159, 377-388.

Levin SA (1992). The problem of pattern and scale in ecology:
the Robert H. MacArthur Award Lecture. Ecology, 73,
1943-1967.

Liu JF (X4x4%), Hong W (#tff) (2001). Study on species
abundance distribution of Castanopsis kawakamii natural
forest in Fujian Sanming. Scientia Silvae Sinicae (FMNVF}
2%), 37, 200-204. (in Chinese with English abstract)

K AN IR T BB R TR A i 22 B2 Ak Sy 933

Ma KM (55 8) (2003). Advances of the study on species
abundance pattern. Acta Phytoecologica Sinica (FA¥475
2F4%), 27, 412-426. (in Chinese with English abstract)

MacArthur RH (1957). On the relative abundance of bird spe-
cies. Proceedings of the National Academy of Sciences of
the United States of America, 43, 283-295.

McGill BJ (2003). Does Mother Nature really prefer rare spe-
cies or are log-left-skewed SADs a sampling artifact?
Ecology Letters, 6, 766-773.

McGill BJ, Etienne RS, Gray JS, Alonso D, Anderson MJ,
Benecha HK, Dornelas M, Enquist BJ, Green JL, He FL,
Hurlbert AH, Magurran AE, Marquet PA, Maurer BA,
Ostling A, Soykan CU, Ugland KI, White EP (2007). Spe-
cies abundance distributions: moving beyond single pre-
diction theories to integration within an ecological
framework. Ecology Letters, 10, 995-1015.

Morlon H, White EP, Etienne RS, Green JL, Ostling A, Alonso
D, Enquist BJ, He FL, Hurlbert A, Magurran AE, Maurer
BA, McGill BJ, OIff H, Storch D, Zillio T (2009). Taking
species abundance distributions beyond individuals. Ecol-
ogy Letters, 12, 488-501.

Motomura I (1932). On the statistical treatment of communi-
ties. Zoological Magazine (Tokyo), 44, 379-383. (in
Japanese)

Peng SL (s2/Pf), Yin ZY (BEZ), Ren H (fEif§), Guo QF
(38%h4%) (2003). Advances in research on the species-
abundance relationship models in multi-species collection.
Acta Ecologica Sinica (F7#&%4R), 23, 1590-1605. (in
Chinese with English abstract)

Preston FW (1948). The commonness, and rarity, of species.
Ecology, 29, 254-283.

Ren P (f:), Wang XA (‘E#%), Guo H (¥84) (2009). Spe-
cies abundance distribution pattern of forest communities
on Loess Plateau. Chinese Journal of Ecology (“E#24%%
&), 28, 1449-1455. (in Chinese with English abstract)

R Development Core Team (2008). R: A Language and Envi-
ronment for Statistical Computing. R Foundation for Sta-
tistical Computing, Vienna, Austria. http://www.r-project.
org. Cited 15 Mar. 2012.

Stokes CJ, Archer SR (2010). Niche differentiation and neutral
theory: an integrated perspective on shrub assemblages in
a parkland savanna. Ecology, 91, 1152-1162.

Tang ZY (HZEFE), Qiao XJ (FrF54H), Fang JY (JikEizm)
(2009). Species-area relationship in biological communi-
ties. Biodiversity Science ("EHZFENE), 17, 549-559. (in
Chinese with English abstract)

Tokeshi M (1993). Species abundance patterns and community
structure. Advances in Ecological Research, 24, 112—186.

doi: 10.3724/SP.J.1258.2012.00923



934 NHMILEASZAR Chinese Journal of Plant Ecology 2012, 36 (9): 923-934

Volkov I, Banavar JR, He FL, Hubbell SP, Maritan A (2005).
Density dependence explains tree species abundance and
diversity in tropical forest. Nature, 438, 658—661.

Walker SC, Cyr H (2007). Testing the standard neutral model
of biodiversity in lake communities. Oikos, 116, 143—155.

Wang XG, Hao ZQ, Ye J, Zhang J, Li BH, Yao XL (2008).
Spatial pattern of diversity in an old-growth temperate
forest in Northeastern China. Acta Oecologica, 33,
345-354.

Wilson JB (1991). Methods for fitting dominance/diversity
curves. Journal of Vegetation Science, 2, 35-46.

Yan BG (E# H), Wen WQ (3L4E4), Zhang J (K1), Yang
WQ (Wi ), Liu Y (X7¥), Huang X (3/), Li ZB (%
PEJ) (2010). Plant community assembly rules across a
subalpine grazing gradient in western Sichuan, China.
Chinese Journal of Plant Ecology (FHHY)A:Z%4R), 34,
1294-1302. (in Chinese with English abstract)

Yuan ZQ, Gazol A, Wang XG, Lin F, Ye J, Bai XJ, Li BH,
Hao ZQ (2011). Scale specific determinants of tree diver-
sity in an old growth temperate forest in China. Basic and
Applied Ecology, 12, 488-495.

Zhang CY (5K W) (2009). Population Structure of Tree Spe-

cies and Environmental Interpretation in Coniferous and

www.plant-ecology.com

Broadleaved Mixed Forest in Changbai Mountain (£ [
LB R TR AT AR TR 45 44 S IR BE A RE). PhD - dissertation,
Beijing Forestry University, Beijing. (in Chinese with
English abstract)

Zhang CY, Zhao XH, von Gadow K (2010). Partitioning tem-
perate plant community structure at different scales.
Acta Oecologica, 36, 306-313.

Zhang CY (3K# ), Zhao XH (BXF5F), Zhao YZ (BAIL¥H)
(2009). Community structure in different successional
stages in north temperate forests of Changbai Mountains,
China. Chinese Journal of Plant Ecology (FH#)HEA:
#), 33, 1090-1100. (in Chinese with English abstract)

Zhang J, Hao ZQ, Song B, Li BH, Wang XG, Ye J (2009).
Fine-scale species co-occurrence patterns in an old-growth
temperate forest. Forest Ecology and Management, 257,
2115-2120.

Zhang JT (5K4:15) (1999). Species abundance patterns in some
broad-leaved deciduous forests in New York, USA. Acta
Phytoecologica Sinica (F8¥)1:7452%1), 23, 481-489. (in
English with Chinese abstract)

Zillio T, He FL (2010). Inferring species abundance distribu-

tion across spatial scales. Oikos, 119, 71-80.

SIS FRUE  SUEME: O




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [3000 3000]
  /PageSize [595.276 841.890]
>> setpagedevice


