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Abstract: Species abundance distribution (SAD) delineates abundance of all species sampled within a com-
munity. As one major stepping stone in understanding the community, the generation mechanisms of SAD
have attracted much attention. Evergreen and deciduous plants are two types of species with distinct pheno-
logical traits and growth strategies. They widely coexist in evergreen broad-leaved forests (EBLFs). Com-
pared to deciduous plants, evergreen species have slightly lower species richness but substantially higher
abundance and basal area in the 20 ha EBLF plot at Tiantong. This study independently analyzing their SAD
characteristics provided a new perspective on the understanding of species diversity maintenance in EBLFs.
Therefore, in order to compare SADs and determine reasons for differences, an empirical cumulative distri-
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bution function (ECDF) was utilized to describe the SADs of evergreen and deciduous trees in Tiantong plot.
A Kolmogorov-Smirnov test (K-S test) was employed to detect the significance of these differences. Addi-
tionally, three types of models, including statistic model (log-normal model and log-series model), niche
model (broken-stick model and niche preemption model) and neutral theory model (metacommunity ze-
ro-sum multinomial distribution model and Volkov model), were used to fit the SAD of each lifeform. The
K-S test and AIC values were applied to test the goodness of fit for each model. We found that the differences
in SAD between the two life forms were not significant based on the results of the K-S test. Among the three
types of models, the neutral theory model was the best fitting model, and the niche model was the poorest fit.
Thus we conclude that evergreen and deciduous trees had similar SAD patterns, although they differed in
species richness and abundance. However, the model fitting results were found to be a necessary but insuffi-
cient condition in understanding the maintenance mechanism of biodiversity. Hence we may only preliminar-
ily conclude that neutral processes had a major effect on the generation of biodiversity patterns of both ever-
green and deciduous trees, whereas the possible contributions made by other processes, such as niche differ-
entiations, could not be excluded and measured by this method.

Key words: empirical cumulative distribution function; model fitting; neutral theory model; niche model;
purely statistical model; species abundance distribution
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4 7 B (2003) FATMeGill 25 (2007) 27 ¥4 5t 4 7 %2
J5E 3 A (PRI 5 7 A TR 22 [B1 il . Raunkiaer /e £ -
XTI 22 FE 3 A 34T 7€ B AT 2% (MeGill et al,
2007). Motonura (1932)1 & VX AF FH JLAR 2 Hopi 7
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AR, BERAEZW, LFEEASTHROAKEME
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TRONEE, 2015). # LAJRFETE A PR M S,
MR S P 2 FEAR R

=Y (1=1,2,3,...,9) 3)

Q)AL AR . B e R 1
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A, pRIRITH B R V& AR E(Volkov et
al, 2003; K4H5E, 2015).
1.6 FERNEHRQE

I AL K-S AR 36 0] 455 2 F 40 R R AT 50
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Table 1 Goodness-of-fit test of six models for the species-abundance distribution of evergreen and deciduous woody plants
A3E A Life form A Model AIC D P
G Sy SHHIEAEA! Log-normal model 1,047.339  0.096  0.875

Evergreen species R EAEAY Log-series model

Wi AY Broken-stick model
AL HAAR AL Niche preemption model

S EMEEMZ IS Metacommunity zero-sum multinominal distribution model

Volkovi#A! Volkov model

SHEUEASHET Log-normal model

SR BT Log-series model

Wi 5% Broken-stick model

AL SRR Niche preemption model

B R

Deciduous species

HEEEMLZ AR Metacommunity zero-sum multinominal distribution model

Volkovi%#! Volkov model

1,038.469 0.164  0.257
515,693.701 0.425 <0.001
1,184.975 0.137  0.458
1,038.246 0.164  0.244
1,037.823 0.082  0.938
821.012 0.089  0.878

813.648 0.089  0.862
54,244512 0316  <0.001
895.503 0.152  0.296

813.426 0.089  0.857
812.326 0.051  0.999

AIC: FRilbfE BHEN; D: K-Sk gt
AIC, Akaike information criterion; D, Statistic of K-S test.
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Fig. 1 The empirical cumulative distribution function of ev-
ergreen and deciduous woody plants in Tiantong 20 ha ever-
green broad-leaved forest plot. The dashed and solid lines are
fitted by local polynomial regression (LOESS).

W IR A R L), H85 A K-SER 45 R R,
PIRAETE B I ECDF 2 (Al 3F 6 i 3 2 (D = 0.210,
P=0.142).
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VIR B AT B2 LA BT 2 (3R D . B4,

25 AICAH FI W7, X SAMSE B 36 T 197 28 AR 3% B 4 o
Z A AL HE T — B, KN VolkovASE
TS5 5 VR 2 0 2 T3 R > 6o 0 R 3> 0o 4
IEREAS BN PR (R D). Tikgx T
SRR SRR RN L AR £ B S A A
SRR AT AR 2 8] ¥ 22 AR HE H N (AICE 2
A 2 kN 1.322) (R1). HE—B 45 & E2h K
LA SRR, AR S (R A S LR 2)
DA P A G5 1A B R B 0 5t 0L B Sk S v
VIRI RN 22 BE A0 AT, 1 A AR TR (40 R )
BON— M. PIATHEER SR8 BoR, BT
LRYIFR, VEADFNA A e R A R R R HORIT
¥ 2 M (3R2).
3 iTig

08 3k R R B W % i o ARORE P R St S T )
TR P 22 B 0 A 4 R 247 X LEFD a0 BT, FRATTR
Pl ESREEHL N )5 S5 VR AR LE )RR 22 R A
B 7 T AT E S R RR B 0 2 S (B ER e 2,
2011), {HNFh 2 FE 53 A0 1) AR PR G (), W&
A 2 X, T LI B e 0l A AR [ g v
WHIRL(ER L, E2). kTR, SR X WY e
TR B A ARV R A S R 2= RIAR R, B
FRHE AL oAk R TE R AR S S 78
AT REAE AN

REAEH N B 79/NVE R R, R BRI E
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Fig. 2 The species—abundance distribution and model fitting for evergreen and deciduous woody plants in Tiantong 20 ha evergreen
broad-leaved forest plot. Observed values are shown as open circles. MZD model, metacommunity zero-sum multinomial distribu-
tion model.

R PHERBNANERSEHTIMNYIMZESHEYR

Table 2 Parameters of two neutral models in fitting the species—abundance distribution of evergreen and deciduous woody plants

A A AR T 2 U VolkoviE !
Life form Metacommunity zero-sum multinomial distribution model Volkov model
BEAZ PR BEAZ PR TR
Fundamental biodiversity number (6) Fundamental biodiversity number (6) Immigration rate (m)
W ERPIFI Evergreen species 7.872 11.163 0.023

V& Deciduous species 12.118 14.119 0.248
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1546.8%, Ml i Z& A Bl A (R AR 203 S R
0 124.7% . DAL 2 B 7 T A & 5 B
W ZER . BRIk, o EE REE 22 ) 0 itk BH 5 1 PR
RPN A I W FR 22 FE o3 A, iR T FRATTET
RKIEM AR HARG, IR E R RH 2
JEE 53 A EIEALAR [R]85 T AN L o B, SR gmAS
(2015)7EXf K 1 L) i ZERA PR 25 half 5 0 A 4
AN Z A Fe KN, BARBEE FETTAR
1k, FEHB AR RO Z R A AN B
BRZESR, HRAEZETEAZYI 2 B 554 (AR
B E 5 A E AU, £ E R BiuEAFEZ
B AT YRR 0] B R 2 AR HE
KL . McEwanfIMuller (2011)7ERF 5735 H 4 L #F 6
AR T B AKE YY) 22 FE M I 2= AR AL IS R R
[F] — AR V& 9 BEAHE YD ) 2 RV R R R B 2=
TR B AR fE3RE @ 6 HAIRH),
A2 5 B e KA 38 2 B HH I A g A 1 B 3
R, WWRNEARMEDBER 2R R (P
FERIE) ) FE SV EAN R Z= 47 A 3 38 22 % o Al
5 W X P 5 L AT R A2 TR TR KR B TR B,
TR W) () B O 4 HL R K 9N B (maximum
species packing), ATIAEFS HAKE ) B AR AE PP 2
B BB ZETE, G E AT 4E R LT (McEwan
& Muller, 2011). R EFEHL A IR BRI 7 4
fE AR, R TE IR 2 AE 2 v A AR 35 ) )
P, 38 238 LADEHOE AR AE T N 19 -4,
() o A= 3% R4 P 1 A A R B AR 55 D7 TR AT RE S ©
ZARNT AR, Bt DARISE 9 3 7 S e 2R MR R AR S5
A B 22 3, I — 8 RO A 4k R AL 26 28
ZNER

A, AXFERINCE KM, HEEAFRES
FEPECINAME RN I B 58 A& 125 TR I,
AJ BE2x 18 B EE A R (AN M 22 B 43 A1 ) 1 72 I ARe ok
P4 4% 55 (Matthews et al, 2014; Matthews & Whit-
taker, 2015). 141, MagurranflHenderson (2003)%
I, TV BRI WM 2 T2 o3 An kg SR A2 e rp R R
(persistent species)B{ 1% L Ffi(core species)5 ML 2 F
(occasional species) % B2 73 A ISR G AT, Frid+He A
b (BAZ 0 M) R 484 22 B2 sy BLAE XS N KA
TEIPFR, T2 B0 AN — g £E B O A i 2 th
oH H £ B — % 8 AIK (Magurran & Henderson,
2003), MagurranfliHenderson (2003 )} 7E ¢ [ i 55

AT DX A B ) R S e AR S L R
J&, RENTRRN 2 B A AT T 0, S5 REOR,
AU R IR EOEZAS 70 A, 110 Je 2 ) S 30 e 0 $e %
B AT mG B AT IR R0y, M i
TP —FH R, X RPIFR 2 B A 2R
U~ —FhHu0R 25 (negative skew)[F T 3K BIRAHT 7T
R S 5 VR I DRl B M 2 BE A A AT T T
oy, ABAEPIRIAETE BN AR, 0 SRAECE M A] 1) 22
Jt, FERRAEM Z T 2= . N EEHES B
&, WEYF P RT206L R0 ) 2 B ANE b B
B2 EI90.5%:; MR b RT26 0 Rl ) 2 2
A, o By ) 2 FE I 90%, 1X Ut B P 2
1AL /DB AHE R T SBR[
1M, #R#EMagurranf1Henderson (2003)F1HF 78 45 i,
R BTN YA AT IR & F BN, BT AR
2 FE A AR LB S, SE W] R i 2415 B
FOR, TS 5 0 22 52 o A b ) 22 e A B
25 . & EIIE T w X — [, W75 S S
(BT 0 Hhoxs 9 b A2 3 B 9 R 0 M AT BE R B0
X7 5531 o

A 2SS o (R W AR B Y T v I K-S AR B
ARSI S o5 BT B R BRI M I K-Sk 5, HAR
e HAICH &N, B A RO BT 5 4 LA 5
RN — M. W BEAEE(2012) 18 Fl CCAHE T 14 7772
GIHT T R B S I RORE Bl P R SR AR A S 3
FKHTE R 7R BEE. HR D) Z R R
A AT R 0 TR R - R e A R 79 o A ol 2L AR S 1)
19.2% (H RPN FIT% (BP0 . XK HZ /DI
X —4E R b, ARSI IR H A BEAR U Hh ffRE —
HEBAMZES IR, NE—ERE F R T
ASCHIBH TSR . MAb, LRI AR B B VA 9,
TR VR 2 B Id 2 K L9 5 8 LB AR E, i
[F) 5% 4 25 AR A AL FRAE AR R AN WL B (B BREE, 20125
SKIAE, 2015), T HL 5] — D BERE A 0 x i i
AENE ) B S P b 2 TR AE AR S = 1 ) 22 BE A
#/IN(Siepielski et al, 2010; Matthews & Whittaker,
2014), XHA T RES PRI S AL I TR T 4 5%
A 22 A% JR) T BG4 Hh 1 B

FEGT S, P A e FE R AR T 1) B LA M 0 R
B SR A AR SR AVE R A R 2
S AT G, X UL T AR SN AR, itk
TEAEPIE DA 2 B2 3 A T B OVE I AT REEE K.



636 4 W £ K Biodiversity Science

524 %

BRI FLR I, FBAE )RS P A R IR A A
HHFBEE DR 2 FEERE R, EATEG R —FE
SEA% e R B AN w7, TEPRE Z AAFTEE — MR
LI (KB BE (Fisher & Mehta, 2014). 2, 1
T VR BV 1S A 0 7 <l AR 2 A0 5y 3 A e v 5 4
HESE/R” (niche-neutrality continuum) 3% 2] H &%
REALE, filtn, v R B\ A i A Ak
B EE TSR R, BEAFERE A S
AL /)47 5] (Bar-Massada et al, 2014; Matthews &
Whittaker, 2014). [FIifi, FA 1N A2 A0 F2E A
P b FRE e T T8 0 Bl 2H B R BT RS 1 4 F T g A2
SRR, B 244 S AL R RIS N R, AT R
HH S A it 5 Hp 1 e R A

TEXT VP 2 BE oy AT A G AR D5 T, 2 BT
FUH 2N B B P PR RO AR B 7R B SR TR AR T
AR EA R Filan, PR R
FEV PN 2 FEAE R A0 5 T AT A R I U (R AR A
4%, 2011; [EJ¥REE, 2012; Cheng et al, 2012; Fisher &
Mehta, 2014), T HH XM 2 0605 52 e 1 B v
()90 B 2 FE 4 A S0 & 8 AR A A 1L R R A4
(Chisholm & Pacala, 2010). AR Al id )<A= 2 47—
P T A R A T R R, X e 8 B S A TR 1
T S et 2 B e o0 R & T FaR I RR s, (W]
B3 A A5 L T2 D R 1k o R AR VR DR £ B 4y
i ¥t J53 T B PR AR o B T R AR AR A

a5 YRR A B AN R IR
SRR MMES, EIRMER b EZ T
A TE . flan, M5 SR =, &4k
1 B TH A (specific leaf area, SLAYEAERK, HIL
i 7K 43 DA R VR 7 2% 1) B L B (Bai et al,
2015). — M=, ANFEIREHRIT T A F A4
S REFR (AN A A AL Ik RN AR M R R S R RE A B e A
AH [ 1 B2 (Cornwell & Ackerly, 2010; F5 i 2%,
2014). [Alth, REIRATER I R B A F 4 5%
WA, ORI 2 FE Ay A ) AR A A T A
7], fH 2 3RATT7E FEAE Hb N AR A 16 A T BE PR I
WA AT e BUAS [F] (1 25 51

AR R T, KRR R AR
XL R &R, TR A SR S HE LT UL 1) B A7
7E—E I SRR 1 (Alonso et al, 2008; 3K, 2015).
SRR Z RS R &, e I AT ER A B T A
ATRN R 2 FEE A AL, SR 7R IR FE

HE AR — M BEE 7R 5 25 (MceGill et al, 2007).
S, 2L A R BIAE LA TR —2H 3L
P, AR AT RS, P A AL TRk £ T
R RN A S5 R, FERE RS R 5 A
ML (Volkov et al, 2003; Magurran, 2005). A1,
FET A HT, TATA VI I\ AL R 5 4k
ke, oI R SR ATV I b 2 R A R 1
TE R AT RS S A E B AR, e AT oAt AR
AEHS (A SALE RS ) TTmk, IR E S —
ROV T AW 7L 22 2 () DR a3k AT 58 R
N7 Hr (RS, 2015).
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