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Abstract: With global decreases in species diversity, the effects of species diversity on aboveground biomass
of forest communities, especially tropical forests which store nearly half of terrestrial carbon, have received
much attention. It is commonly assumed that species diversity can promote the accumulation of aboveground
biomass in forest communities. However, increasing evidence suggests that this positive effect of species di-
versity can be influenced or neutralized by structural diversity and various abiotic environmental variables. It
is still far from clear whether scale dependent effects of various drivers of aboveground biomass exist. Using
structural equation modeling, we examined direct and indirect drivers of aboveground biomass in a 50 ha
tropical forest dynamics plot on Barro Colorado Island (BCI), Panama. Our results showed that the effect of
species diversity on aboveground biomass was non-significant at the smallest scale and became significantly
negative at larger scales. The strength of this negative effect increased with spatial scales. Conversely, struc-
tural diversity had a significant positive effect on aboveground biomass and the strength of this effect de-
creased with scale. Abiotic variables had some relationships with both types of diversity and can indirectly
affect aboveground biomass. These results suggest that positive relationships between species diversity and
aboveground biomass in conventional studies may be caused by structural diversity. The relationship between
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species diversity and aboveground biomass is more likely to be negative, due to under the gap dynamics and

strong asymmetric competition in forest communities.

Key words: aboveground biomass; species diversity; structural diversity; spatial scale; abiotic factors; struc-

tural equation modeling; large-scale forest dynamics plot
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P4 40-50% [ Rt Hu B i 5. (Wilson, 1988). iff 70 1% &
GUYIR 2 RS FH FAE R IOC R, X R AR
MRAEZS 2R G A 4 BR [ 3B A0 A o B A T DA B T
AR KR RCOKEAL A 55 #0 B A #H 2 Y (Pan et al,
2011).

Yidh 2 AE e St AR R 2 1)) Ok &R S AR
R BB SO AE S VR RO R B, HLH AT AT
5T BN IR A (Tilman & Downing, 1994; Tilman
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Fig. 1

Relationships between species diversity and total aboveground biomass at different spatial scales in a 50 ha tropical forest

dynamics plot (BCI plot). Solid lines and their corresponding grey area are the regression lines and 95% confidence intervals from
the best fitted model. R* and P are the adjusted R* and significance of the whole regression model, respectively.
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Fig. 2 Relationships between structural diversity and total aboveground biomass at different spatial scales in a 50 ha tropical forest
dynamics plot (BCI plot). Solid lines and their corresponding grey area are the regression lines and 95% confidence intervals from
the best fitted model. R* and P are the adjusted R and significance of the whole regression model, respectively.

£ i o 7 ) FRUPSE ) 8 DK S W ek 553 (11 3) o TE A/
JEETF(10 m x 10 m), PAMIZER 2P L AR
Y R B gL, 1 R AUR£0.650, {HIXFRE
A P 6 25 9 0 RUBE IR 3 DR gy, 7520 mo x
20 mFI50 m x 50 m/X B NAEFH B RUS A0.529 %
£]0.181 (£1). HATHERIFEIO m x 10 mE, P
Folt 22 B 1 o T 2B 1 1 R M SO A S 45 4 2 A
PEA S0 7= 25 B AR RRRE, 24 2 ) ]RURE S8 3 34 K et
(20 m x 20 mA150 m x 50 m), YyFh L EEMEN EAE
Ve Ve A, SRR 53 7 8-0.084H1-0.284 (%
1), X5 E1RE 585 R A — 2

Q) L5 & LR BRAR A Tl Z R E RN S5 10 2 FF
PG b b A2 ) B R RS ], RS R A R |
SERI 2 FEVE LU Bh 22 BE M X B T 2R W (R 3 AR
PSSR, F ELRP 2 BRI A W& 1 F 25
A RS, AH T 00 1 FH 56k i R 3 i
P RRAIR, T IS 2 T R 39 I agk 3 o

(3) AR L3 5% 7 ST R 1 5 W0 i 22 R 1 AN
SEMZ REIE TR BA — 8 B S, BRI A
Yy = A (AR I (E]3) . BIANFEL0 m x 10 mUJE,
358 v i) B B kB T BB 8 R AR AR SR B R )
b, AT TR e BEARAR O YA s g . 5 —T7
(17 N R i o N TR G B NN 2
ML AR E A A B T AR R B E N (E
3), IXELFM R TR
3 g

ARSI S5 K 77 FERBRL ST T 5 A B CTRE 3 3
EAVIERRE R, RIAEHRA AR EEE T, 24
M Z FEME RS ekt - AR B I A R, X5 2 T
FU 45 B —%(Hardiman et al, 2011; Fahey et al, 2015;
Ali et al, 2016); TR ZFEPET] REN M EAEY &
FEAE AN, 1% 45 R 2 IR A AR AR B R
(Brokaw & Busing, 2000; Guo et al, 2003; Fraser et al,



5104

I T B SR 22 AR PR AR A R S RUBERONE: DA 52 5 BCT A3t

1059

(a)10m x 10 m

0.364™

YR

Aboveground biomass

SAREE

Stem density

0.786""I

YIFhEE R

Species richness

0.650™"

) J
o:ﬂ\

2

Fe

(b)20m x 20 m

. —0.043"

-
-
-

0.084"

0.071™
—y|  GERER
Structural diversity

% N

. .’

s —0.027" -

. Lo7—0.043"

R

Mean

elevation

H EAEYE
Aboveground biomass
é -0.113™*
| ]
| ]
wAEE 0000 GEEEE
Stem density Species richness
Yo, 4
0.117™ “ee, —0.062" I _0.059"
~~... :
o Wik
F Mean
e -
elevation
(c) 50 m X 50 m
b Y
Aboveground biomass
-0.210" ptid ¢
4"‘ o
‘_,ﬂ E -0.284
SEAREERE 0.482"C YIFh R
Stem density Species richness
TO.ZOS”
S
Fe

0.541™"

0.05% e

Structural diversity

A
n
' -0.065"

]
T
Aspect

0.181™

it e

Structural diversity

10.172'

5
Mn

E3 ARE=z=EREVMSHEEMENSHESHE EEMEBNRESHHIERE, URTRFSFMEE T EEMER
[BEFINE . SEAFMELET LD AR REENESRER; LBAMRRIERES, L ENBERTIVEBRRER. *P <005, **
P <0.01; *** P <0001, #BEFHRALLEINAIEH(CFI). Tucker-Lewists$(TLI). ##%ZE 75 ME 1R (RM SEA)FIER
BEWZRENHFMEFR(SRMR). FEIZEERERESEHIREITNETR R EREIE MR,
Fig. 3 The best fitted structural equation models (SEM) relating aboveground biomass to species diversity, structural diversity, soil
nutrient and topographic factors at different spatial scales. Solid and dashed arrow lines represent the positive and negative effects,
respectively. Width of arrow line indicates the strength of the path. Number and its associated asterisks are standardized path coefti-
cient and significant level (*P < 0.05; ** P < 0.01; *** P < (0.001) for each path. Comparative fit index (CFI), Tucker-Lewis index
(TLI), Root mean square error of approximation (RMSEA) and standardized root mean square residual (SRMR) were used to com-

pare different alternative models. The corresponding values of these indices for the best fitted model were given in Appendix 2.
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Table 1 The standardized effects of stem density, species richness and structural diversity on the aboveground biomass in our best

structural equation model

Al 1 A A P AR 75 [B) )& Spatial scale
Predictor Pathway to aboveground biomass 10m x 10 m 20 m x 20 m 50m x50 m
SR B Direct effect - - -0.210
Stem density I8 Indirect effect 0.273 -0.005 0.137
MM Total effect 0.273 —0.005 —0.347
i EE R HRERN Direct effect - -0.113 —0.284
Species richness A0S Indirect effect 0.046 0.029 -
RSN Total effect 0.046 -0.084 -0.284
AR C BB Direct effect 0.650 0.541 0.181
Structural diversity [B]FE 20N Indirect effect - -0.012 -
AN Total effect 0.650 0.529 0.181

RN Hb A T R I E BB 3 AN . — means that there is no significant direct or indirect effect on the aboveground biomass.
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2000) 0 (2)7E AR H AR E X, KW 5/
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Appendix 1  Semivariograms and their 95% confidence intervals of aboveground biomass of BCI plot on different spatial scales

http://www.biodiversity-science.net/fileup/PDF/2017155-1.pdf
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Appendix 2 Indices of goodness of the best fitted structural equation models on different spatial scales (quadrat sizes) for the rela-

tionship between species richness, structural diversity and aboveground biomass of the BCI plot

http://www.biodiversity-science.net/fileup/PDF/2017155-2.pdf
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Appendix 2 Indices of goodness of the best fitted structural equation models on different spatial scales (quadrat sizes) for the relationship between species richness,

structural diversity and aboveground biomass of the BCI plot
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Spatial scales (m)  P-value (Chi-square) ~ Comparative fit index  Tucker-Lewis index Root mean square error of  Standardized root mean square
(CFI) (TLD approximation (RMSEA) residual (SRMR)

10 x 10 0.001 0.999 0.993 0.029 0.010

20 x 20 0.550 1.000 1.002 0.000 0.015

50 x 50 0.714 1.000 1.041 0.000 0.039






