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ABSTRACT

Aims: Beta diversity measures the pattern of spatial and temporal changes in species composition. The factors driving
beta diversity, such as spatial distance and environment conditions, are key topics in ecological research. However, as
an important characteristic parameter of forest community, the driving effect of forest stand structure in shaping woody
plants beta diversity remains largely unexplored. This study aims to address the contribution of forest stand structure,
alongside space and environment, to beta diversity and its components.

Methods: Focusing on woody plants in the 20 ha tropical seasonal rainforest dynamics plot in Nabanhe, Yunnan, this
study decomposed beta diversity into two components: Species turnover and species richness difference, across
different sampling scales. By using multivariate regression based on distance matrices and variance partitioning, we
revealed the relative contributions of spatial, environmental, and forest stand structure factors in shaping beta diversity
and its two components.

Results: The results showed that: (1) beta diversity and its species turnover component and species richness difference
component decreased with the increase increasing sampling scale, with species turnover consistently dominating beta
diversity. (2) Environmental distance had a relatively high explanatory power for beta diversity and its species turnover
component, with its influence increasing from 8.8% to 23.9% for beta diversity and from 5.1% to 26.5% for species
turnover as the sampling scale expanded. However, environmental distance had little effect on species richness
difference component. (3) Forest stand structure demonstrated relatively high explanatory power for beta diversity
(11.3%—25.1%) and maintained a certain degree of explanatory power for both species turnover component and species
richness difference component across all scales. At the same time, pure spatial distance, whether or not stand structure
was included, had a low explanatory power for beta diversity and its components.

Conclusion: This study supports the viewpoint that the relative importance of environmental filtering in beta diversity,
particularly the species turnover component, increases with sampling scale. In contrast, dispersal limitation plays a
limited role at local scales. This study further reveals that forest stand structure indicating the light availability and
heterogeneity is also an important driving force for beta diversity, similar to environmental factors such as topography
and soil. Future research should focus on elucidating the mechanisms by which stand structure influence woody plant
beta diversity in the future.

Key words: species turnover component; species richness difference component; environmental filtering; dispersal
limitation; variation partitioning; sampling scales

SRl ESpSI ]

Beta 2o R 11 AR AN X 8 P AS [B] 37 18] (1) P ol
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H R 2020).

HAT, ERFEFATE®RE g — LR, B
VIR AR S RIS U8 . AR A AR ANk

https://www.cnki.net

B 1] & 22 b A2 28 i R L [R] k€ 1 (Whittaker et al,
2001; Jones et al, 2008; Legendre et al, 2009; 4% 5=
%, 2010; Catano et al, 2017). Jeg R fE I, 557 R
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Iy 8D (i E A2 55, 2021) « GARTATFEHL I 15 5 R 52
] st 2% AR By BF 50 BT s ARk RH7 o0 (Center for
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Fig. 1 Diagrammatic (A) and topographic map (B) of the 20 ha tropical seasonal rainforest dynamics plot in Nabanhe, Yunnan. In
figure A, 000_000, 400_000, 000_500 and 400_500 represent the coordinates of the four vertices of the sample, and in figure B, the
curves represent the contour lines, and X and Y represent the projection distance of the sample, respectively.
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Fig. 2 Triangular plots of beta diversity and its two components at different sampling scales. Each small black dot represents a pair
of sites. Their positions were determined by a triplet of values from the species composition similarity (1-Btotar), Species turnover
component (Repl), species richness difference component (AbDiff). Each triplet sums to 1. The large red dot in each graph is the
centroid of all the black points. The larger black dots represent the mean values of the 1-Biotal, Repl, and AbDiff components. A, B,
and C represent 20 m <20 m, 50 m x50 m, and 100 m <100 m sampling scales, respectively.

https://www.cnki.net
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Tt FEAZ S5 PR AT 2T IMOR A Hbeta 2 FEE: AS10]. FRAEE SR 5RO 1

A B SRR TR 0] (P 4 . 75 RIUREE |,
FETE ) () P ==& FEAH A7 22 S 3Ds, 5 DA otk
A R G 7T 45 3 — 2 (Soininen et al, 2018;
e AR, 2020; A AR, 2022), [FIR, BEAEEURE
JUREESE K, Wb R A 21 5y %o beta 2 B 1 TR E—
AN, VIR EE R 2 R S (DT ERaEE— 2 R
ORIV URE FRURE W BV (B 1R A2 58 22 7K (Heino
et al, 2015), @k aR b 7 #F V& (] (R A0 Fh A 6 4 )
I 20 beta 2 HEPE ™ A2 UK M) DTk (Legendre et al,
2009).

E3 A REREERE TIMESEERE S FIMEELES
fEbetaZ s HEE

Fig. 3 The proportion of two components in beta diversity at
different sampling scales

AT TR AR 1 (1) beta 22 FF 14 73 fi# 1) b
JEV i 25 43 AR A R 22 S 2 A AN SRR, BRI
FlibetaZ FEPE KL AN L R S 5 ARSI
T, BEE A48 7 beta 2 FEVEAS = T8 BOL AR (U
SEI%E 2017; Soininen et al, 2018). ABF R K, H
% IR BT EE B A7 8] BE B R N AR AR B, beta®
FEAE A A & 2 20 73 (0 KR 70 AR S R A
PEE DTHR(E14), BIEREEISUE 2 beta 2 FEMEAS SR T A%
(W EEIRE) ) BRI S5 R B AR A RN
M IE I, AIRGEEE RS —FE, AR S5 i R
febetaZ FEVER B ETTIRE, Rl A /NI R
[T b, RN MRS (K5A-C). JEH.
RG22 o fiff 8 TR 30 2 RS 553 B0 28 i e (1) 50 7 A7 A
SR BT RATRA IS 251 2503
BARIR T G AT R F A R R, X PRI B s
R R TR AN - 458 e B 1 — N E AR T, DR
BRI HABIAEG K1 — ¢, [FIFE 2 k5 beta 2 F 14 #%
JRTE R BB . AW Bit— P 5aib T3
531k 8 2 WX BN Fy 2= AR R A P)beta £ 11
PEFI N e L A% R TR ) EE AR R —
RNEN . (RIS R IR, PRI I AR A RN B
TR AR ROBEORE, RIBEAE BORE R ISR, &
V) P A 55 e o MR BG 0, PR 3 v R 4R FH B 2 1 i
(Legendre et al, 2009; Yao et al, 2023; Liang et al,
2024), X5 YHRAFE L 2 LRIV S A8 4 A

E4 IMEEBMTEESIbetaZ i, PMEAZEIFIYMEETEEFEINBEREER <NBIRER)
Fig. 4 The explanation values of environmental distance and spatial distance on the beta diversity, species turnover component, and
species richness difference component at different sampling scales (values < 0 are not shown)
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Tt FEAZ S5 PR AT 2T IMOR A Hbeta 2 FEE: AS10]. FRAEE SR 5RO 1

E5 ARERBMEEREMIMNEES. TEESMKIEMESRIbetaZ it BB ESFYMESTEEREATHBRERCR
ETRHESALE). A-C. D-F. GISFRRARMERENbetaZ M. MMEARASMMMFEEEERBEINHTED

fREER .

Fig. 5 The explanation of environmental distance, spatial distance and forest stand structure distance on the species beta diversity,
species turnover component and species richness difference component at different sampling scales (values < 0 not shown). A-C,
D-F, and G-I represent the variation partitioning of beta diversity, species turnover component, and species richness difference

component at different sampling scales, respectively.

0 M TR AR S5 25 A OC (e 5 A2 25, 2021), 52 It
3434 b Py ) 338K 4y R 2 1 ) R FH PR AE 23 ()
A EBERE R AR SR TR
158 1o i T beta 22 A A ol ) A 2 43 (R A 0T B 4
B EOURE R PR 38 KT 386 R AR Ao AT T2 R IR
RE 03 IS WM = R 2 e AL oy IR (114,
5G-1), AIREAAHIE 5K 2 & A VA HAE FH DL &CH
b A N AE AT RE S % (Hill et al, 2017; Wang et al,
2018), WyFh=F & B 2 4L o0 A SR BT AL 1

BE— B .

o> SRR AR MR B AR AR R T, Sk
T ARMBER RO EERAE, Rl 2 't B mI A T A
S (Aber et al, 1982; Atkins et al, 2018). AHF 7T
K AR 73 5 K 2 B0 5 — 32 By Bl A 5 — 32
73 B BE % 70 39l i 735 06 B AT A A MO B0 S o A2 (R
31-2)0  ABRIS S5 RIS AN [R] 32 e b R M) 5 2
BRIV FOCH L, ReSUT i RBebeta 2 FEIE
HPIA T SR HL] . FE BRI SR
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Tt FEAZ S5 PR AT 2T IMOR A Hbeta 2 FEE: AS10]. FRAEE SR 5RO 1

AR B 5 B, betaZo FEIE . WA &) e 26 7y AN A
F= 5 22 e 2H 4y R MG AR IR 4 B S 1G n (&14-5),
TX 3 B PR S5 G5 4 2 G AR TR R b A A AR 4 4 P AL
A A B E IR S ), 5 DRI R — 5
(MikZE, 2023; Yao et al, 2023). fEVIfFEEER
WOy fRRe b, PREERE B LTI A ok, bk o 2
FaI P B A B AR B R R . T RE R AN AR
6] HAT AR 6 0 S B K, AT S8 T v 1)
R = T 22 e, T R e A o W E 2ok B T
BRI BA AR FE R T R P . #4005 221 AR
b R AN E VR IR RO I, el 2 AN [ B $5 e
TR TE AR B 25 3 B0AN [F) R R B B ) B VA AE 7
) b o A, XA 2 R s () AR Ak B B A
FH(Gray et al, 2012) . 4bFAS AR B B AR AR EE VR
HAMNFEPCIEL, Fenl e R TRt 7 AN E
ISR AESAL, BRI R DI 5 R SO A
AR B IR J7 4 (Schnitzer & Carson,
2001). FEAEVZ FEMEE AT RIAR R, SEBERAT
AR Z AP AR IR B -, PR 55 1)
354140 34%1 (Hubbell et al, 1999; Onoda et al, 2014;
Alietal, 2019). PMERIBFIT EEH B 5 T3R5 1)
by PR A 438 BRI AR AT R I AR A Rl 2
B 77 18] A2 A6 A B AE %S /F T (Legendre et al, 2005,
2009; MRoE5ed, 2011), 1 2B AR IX — H K
B[ -F(De C&ereset et al, 2012; Dray et al, 2012).
I, RIS R GeR F B BA S5 TR 1 B AR 78
(Ff33-4), IO )G ReSE LF gl 1 BB YR AE
VIRh2E R S TR AR R A G B B RIS, ASHE AT
TR B 43 45 R B 5 5 s D I e [ A )50
BN, AT REAR TR SR AR R SR SRR AE 1)
ASEF, HXTHSLF AR, Bk 2 S5 R AR
A2 ] R B AR DG 8D, BRI 3 S R AR 1Y)
#55 JUT- 7] L ZBE AT (E15)

AT RINAEA R R F, BEEYIF 2
GRIIHG N, B4R RR 53 25 46 BR B 0T beta 22 A M IR A
FER 2 N (P 3%5) . PTRER TR 25 48R
{140 S 1) BT ) R 0 S Joi P T AR A A K T s e LA
I 1E)_F AR SRR . AT RE I A AL T 1-5 emg A
B BANAE68.9%, BI/NERAEEZ, B
I E RS T . INERARLE AR TR 52 3]

5 2 R B IR R 1] (Ashton, 2015), &2 AMAREL T
KEB P BEIR, I EAF (FIAR 2 8544 3 B0 ok
B EAIR KRR ZE 5, M a5 = A ELA AR
IAMELE R ]340 B4 (Yi et al, 2022) . A
HeBR T e JE AN N betaZe B 19 2 AT 45 FLEDIE T
X— e Bk, BT S50 T T IR 3N R IR
J& I-betaZ FEMHKE S5 T AL BAA H B

NIRRT B S FE B AR L&,
afi 1 7% [B) 2 25 %) beta 2 A J AN 2L 43 IR Al A e
0 370 37 1K T B 4l P A 4 B R A4 R bk ) 4 A PR
B, LT AT LR AT (B4-5) . 5RAfED
JUE B i) 2 () BE B 2 P Fibeta 2 A 44 32 21 0K
B 17 KR 745 RN — % (Legendre et al, 2005, 2009;
PhE RAE, 2020; MfikEE, 2023). SRTM, BB
(2020) 7E 75 WU ki 244 #4 iy ™ AR T i 14 IR beta 22 A P A
FUHOR I, PR ) £E AN [ BORE RURE ) Dy g MR
beta 22 FE A% 5 T B P IR AR FR S /I o AR 52K
FH ) 2 1 B B B 1) 22 s [ JE 43 b Jes PR T J et o
SR TEC S A 77 18 2 T P 5 ke 8 B 4 P 4 (1) S
VIR L 2 S IR RE 0, T RE ARk B PR i 72
Y Fhbeta 2 1 HEAK & % B B AR F (Lichstein,
2007; Fffs6). HH At 4 AN 52 21 25 1) i 5
{9520 N i By N NN e i e W e AL
(Condit et al, 2000; Cheng et al, 2014), Bt B PR
fEbetaZ FEIEAE J7 TR B IR G A R ie— P 7t

Zx BRI, BEVA TR AP R A AR AT A AR
A betaZ FEPE 1) B 4y, BT IR AR
A KA PbetaZe K1 AN Fh ] i 40 53 (1) 1 B AR ST A,
7 H PR A 7E #2595 RO A A ) beta 2 B4 2
PN 53 o T A 1) B B M A il — 2B IR 5T
AHIF T R I8 7 o 1R AT R FE MR 1 S R T A
TS, MHABIR R 7 —FF, EbetaZ FE1E
FYAh e 215 4% R T R S BRI B g, BEE T A%
4t LKA EYbeta 2 KT BALHI A RD . A 5T
VAR R — IR T G5 W AR AR 2 1
R T B P IRBIE T, IRANIR VT A B fEbeta %
FEPERS =T B B AL .

B BMPTA AL AR B TAEA Y
WA E TR A KRR RERRLTHRT)
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