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Abstract. Understanding the relationships between plantall, the estimates do not predict the observed, regional-scale
traits and ecosystem properties at large spatial scales is inpattern of CWP, suggesting that the variation in community-
portant for predicting how compositional change will affect level trait values does not determine variation in coarse wood
carbon cycling in tropical forests. In this study, we examine productivity in Amazonian forests. Instead, the regional gra-
the relationships between species wood density, maximundient in CWP is caused by higher biomass growth rates
height and above-ground, coarse wood production of treescross all tree types in Western Amazonia. Therefore, the
>10 cm diameter (CWP) for 60 Amazonian forest plots. Av- regional gradient in CWP is driven primarily by environmen-
erage species maximum height and wood density are lower ital factors, rather than the particular functional composition
Western than Eastern Amazonia and are negatively correlatedf each stand. These results contrast with previous findings
with CWP. To test the hypothesis that variation in these traitsfor forest biomass, where variation in wood density, associ-
causes the variation in CWP, we generate plot-level estimateated with variation in species composition, is an important
of CWP by resampling the full distribution of tree biomass driver of regional-scale patterns in above-ground biomass.
growth rates whilst maintaining the appropriate tree-diametefTherefore, in tropical forests, above-ground wood produc-
and functional-trait distributions for each plot. These esti- tivity may be less sensitive than biomass to compositional
mates are then compared with the observed values. Oveghange that alters community-level averages of these plant

traits.
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1 Introduction community-level traits implies that they could have an im-
portant role in determining variation in stand-level processes.
Understanding the roles of species composition and abiotic A range of approaches has been used to examine
factors on ecosystem properties at large spatial and temparait/ecosystem function relationships at large scales in plant
ral scales is important for predicting how feedbacks from communities. These techniques include correlational studies
compositional change might influence patterns of carbon cy{Vil & et al., 2007), studies of how ecosystem function is dis-
cling (Hooper et al., 2005). This issue is particularly im- triputed across the individuals in a community (Balvanera et
portant in tropical forests because these communities conal., 2005), approaches where the variation in productivity is
tain 60% of the carbon stored in living and dead vegeta-decomposed into the differences caused by the abundance,
tion in forest ecosystems worldwide (Dixon et al., 1994) andbiomass or growth rates of different species or functional
long-term changes in the composition of old-growth forestsgroups (Lavorel and Garnier, 2002; Garnier et al., 2004), or
have been documented (Phillips et al., 2002; Laurance etesampling approaches to examine the effect of different ex-
al., 2004). However, the mechanistic links between trop-tinction scenarios (Bunker et al., 2005). In broad terms, the
ical forest composition and ecosystem function are poorlychoice of technique distinguishes studies that aim to measure
studied and this is reflected in the very simple representathe associations between traits and ecosystem properties (e.g.
tions of plant functional composition in tropical forests that Vil a et al., 2007), from those that attempt to tease apart the
are currently used in dynamic vegetation models (Prentice einechanisms that underlie these relationships (e.g. Lavorel
al., 2007). Experimental studies of the relationships betweerand Garnier, 2002). Here, we contrast the insights that both
biodiversity and ecosystem function have shown that planta correlational and a more mechanistic analysis based on re-
traits have an important role in determining the relationshipssampling give for understanding the relationships between
between species composition and ecosystem properties (Digslant traits and CWP in 60 forest plots in Amazonian forests.
and Cabido 2001). Therefore, to predict how feedbacks be- |n this study, we test the hypothesis that variation in func-
tween environmental and compositional change might opertional composition, rather than environmental factors, deter-
ate at large scales in tropical forests, there is a need to tesghines the three-fold variation in CWP across Amazonia. We
whether current patterns of ecosystem properties are detefrse a resampling approach built on creating a null distribu-
mined by variation in plant traits. tion of individual tree biomass growth rates from all plots,
In this study, we focus on the role of two traits, and thenresampling this distribution according to the specific
wood density and species maximum height, for determin-functional-trait and tree-diameter distributions measured at
ing the patterns of above-ground, coarse wood productionndividual sites. The estimates of CWP that are generated for
of trees>10 cm diameter (CWP-MgChada') in Amazo-  each plot are then compared with the observed values. If the
nian forests. These traits quantify species’ positions alongfunctional composition of the stand determines variation in
the two major axes of functional variation found in tropi- observed CWP, then the estimates based on resampled stands
cal trees — light demand and maximum size (Turner, 2001 pf equivalent functional composition should closely correlate
Baker et al., 2003) — and both traits are related to variationyith the observed values.
in plant growth. For example, plot-based studies have shown
that low wood density and higher stature species have higher
diameter growth rates than high wood density and lower2 Materials and methods
stature species (Lieberman and Lieberman, 1987; Poorter
et al.,, 2008b). In addition, low wood density and greater2.1 Forest plot data
maximum size is related to higher photosynthetic capacity
and leaf nutrient concentrations on an area basis (Santiagbhis study used inventory data of all tree40cm diame-
et al., 2004; Thomas and Bazzaz, 1999; Falster and Wester in 60 forest plots across Amazonia, from the RAINFOR
oby, 2005). Community-level averages of these traits calcu-database (Peacock et al., 2007, Fig. 1). These plots were cat-
lated as means across species, or weighted by species abwgorised into three regions (Northwest, Southwest and Cen-
dance or basal area (c.f. Baker et al., 2004b; Garnier et altral and Eastern Amazonia, Fig. 1) with similar numbers of
2004) also vary between forests. For example, in Amazoniarplots, and in total cover 79.9ha. The three regions differ
forests, it is well-established that there is an east-west grabroadly in both climate and soils. Forests in Northwest-
dient in average wood density (Baker et al., 2004b; Chaveern Amazonia have an aseasonal climate, typically with 0—1
et al., 2006; ter Steege et al., 2006) that matches the threanonth per year with less than 100 mm rainfall. In contrast,
fold variation in CWP (Malhi et al., 2004). Spatial variation forests in both Southwestern and Central and Eastern Ama-
in average maximum height is less well-studied, but a panzonia generally experience a 3—4 month dry season (Som-
tropical comparison of the composition of the understoreybroek, 2000). In terms of edaphic conditions, the forest plots
community in several large plots, found that a Western Ama-in Central and Eastern Amazonia are found on predominantly
zon forest had a particularly high abundance of small staturenfertile oxisols, whereas more fertile soils are found in low-
species (LaFrankie et al., 2006). Such spatial variation inland forests in Western Amazonia (Sombroek, 2000). Most
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Fig. 1. Location of 60 permanent forest plots in Amazonia. Grey Maximum height data (m) was sourced from regional floras
circles, Northwestern Amazonia; open circles, Southwestern Ama(Vésquez Mafhez, 1997, 732 species; Ribeiro et al., 1999,
zonia}; blfick circle;, Central and Eastern Amazonia. For clarity, plot21 species; Killeen et al., 1993, 325 species, excluding height
location is approximate. estimates for values based on single sterile specimens) and
previous compilations from floras and monographs (Chave,
1999, 498 species; Pitman et al., 2001, 452 species). Speci-

lots are located otierra firmesites, on clay rich soils. How- i . . | !
P Y men records including height estimates were also obtained

ver, a number of the for | in Northw rn Amazoni ) . )
ever, a number of the forest plots orthweste azo a{rom the Missouri Botanical Garden TROPICOS database

(ALP-12, 21 and 30) are located on white sands and one plovia SALVIAS (The SALVIAS Project, 2002 and onward),

SUC-03) i lly flooded. . S .
( Plots rze:\?esleaise%nse?:ec?eod teo sample the range of environ"’-md the 95th percentile of the distribution of height values

mental conditions at local and regional scales within Amazo—useo.I asameasure of maximum _he|ght (202 speme_s). Overall,
maximum height data were obtained for 1358 species and av-

&age values were calculated for species where more than one

using standardised protocols (Baker et al., 2004b), and diam(-ESt!mate of maximum helghtwas avaﬂaple. Max.|mum height
stimates are phylogenetically constrained (variance compo-

eter growth rates have been checked on a tree-by-tree bas@ : . )
9 y énts analysis for maximum height dataset: 281%% of

and outliers treated following procedures described in Bakef "> . .
etal. (2004a). variation explained by differences among genera, and a fur-

0, 1ati ili imi it-
One census interval was chosen from each plot to calcugher 24.17.1% by variation across families), similar to lit

late tree growth rates. Census-interval choice was dictate§ rature wood density values (Baker et al., 2004b; Chave et

by the need to sample tree growth rates across equivale L, 20?62;] src: ftour:i Sﬁﬁ?'zst Wherei nol (?/atla Wis r?vallﬂblr?],ilor
time periods and to minimise variation in census-interval ose stems notidentilied 1o Species-Ievel, generic- or family-

length among plots. The data selected therefore incorpoI_eveI means were used to allocate values, following Baker et

rate the most recent measurement where data were avai?—l‘ (?004a). - ) _ _

able and the previous census that fulfilled these conditions. Different families contribute to the diversity of the un-
Although there is inevitably some interplot variability, cen- derstorey (maximum height20 m) in Western and Eastern
sus interval lengthkz 57=1.88; overall mean 4:80.1 years), Amazonia (Table 1) and maximum height averaged across
start (F» 57=2.44; overall mean 1997.43.3) and end year species is 14% lower in the plots in western compared
(F2,57=1.92; overall mean 20024D.3) do not differ signif- {0 Central and Eastern Amazonid(s7=35.6, p<0.001,
icantly among regions. In total, the initial census data com-Fig- 2). This regional difference is also significant if the
prised 48879 stems, 79.5% identified to species, 93.3% tgn€ans are computed on a per-stefigg;=10.6, p<0.001)
genus and 94.8% to family, amounting to 2119 identified O basal-area basig’57=5.6, p<0.01). These differences
species in 535 genera and 89 families. For five, recently es?Ccur because of variation in the relative abundance and
tablished plots not included in Malhi et al. (2004), values of SPecies richness of understorey trees in different parts of
observed CWP comparable to those published in Malhi ef®mazonia (Fig. 2).

al. (2004) were calculated with a correction for census inter- Wood density data (dry mass/green volume) was derived
val length. from a compilation from across the neotropics (Chave et al.,

2006) that currently contains data for 2573 species, from
over 5400 individual measurements, and was matched to
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35 _ ing the functional composition of the stand. Estimates of
(a) —¢— NWAmazonia CWP for each plot were then generated by resampling the
30 - —O— C&E Amazonia null distribution according to the frequency of stems in the
diameter- and functional-trait classes of each plot. Mean
plot-level estimates of CWP for each model were calculated
from 1000 replicates of this procedure.

The mean estimated values were then compared with ob-
served values of CWP and ANCOVA was used to test (1)
whether estimated values correlated with observed values,
and (2) whether there was a significant difference in esti-
mated values between regions (Table 3). The presence of
a significant regional term in the ANCOVA indicates that
the estimated values, based only on different aspects of the
30 - diameter-class and trait distributions, were not able to predict
(0) the regional difference in observed CWP.

Growth was calculated as the difference in biomass esti-
mated using two different allometric relationships between
diameter and tree biomass developed (1) for forests near
Manaus, with a correction factor to account for variation in
wood density (Baker et al., 2004b; Chambers et al., 2000,
Eqg. 2.1) and (2) for all moist tropical forests, incorporating
terms for tree diameter and wood density, based on a pantrop-
ical compilation of tree biomass data (moist forest equation,
excluding tree height, Chave et al., 2005). Palms and Stre-

0 10 20 30 40 50 60 litziaceae, which have no secondary growth, were excluded
Species maximum height / m from this analysis.
Finally, we examined whether there were regional differ-
Fig. 2. Relative abundance ¢4) stems, andb) species of different  ences in growth rates across different types of tree by com-
maximum heights, in three regions of Amazonia. paring average biomass growth rates of individuals of the
different functional classes defined on the basis of model
. ) . 7 (Table 2). As distributions of growth rates are strongly
the plot data following the procedures described in Bakergyeyed, the mean and asymmetric 95% confidence limits of
et al. (2004b). In this study, 73.3% of stems identified 10 piomass growth rates across individuals for each combina-
species-level were allocated a species-level match for maxigion, of trait values were determined from the distribution of
mum height, and 64.7% for wood density. growth rates obtained by resampling 100 stems for each com-
bination, 1000 times. Significant differences between groups
were inferred by non-overlapping confidence limits.

All analyses were performed in R 2.7.2.

—v— SW Amazonia

% stems

% species

2.3 Data analysis

Firstly, regression analysis and a simple mixed model (Gal-
wey 2006) with region as a random factor was used to ex-
amine the associations between observed CWP, community-
level average wood density and maximum height. 3 Results

Secondly, a resampling approach was used to test the hy-
pothesis that variation in trait values causes the regional-scald.1 Associations between traits and CWP
variation in CWP. A null distribution from the full dataset of
tree growth rates was created by resampling, with replaceAcross all plots, both wood density and average maximum
ment, 200 trees from each diameter, wood density and maxheight are negatively correlated with CWP (Fig. 3; stems ba-
imum height class from each of the three regions. The lim-sis, wood density;=—7.20, 2=0.46, p<0.001; maximum
its of these classes were defined using eight different modheight, r=—3.65, r2=0.17, p<0.001). However, a mixed
els (Table 2) to examine whether the results were sensimodel with region as a random factor and wood density and
tive to the inclusion or exclusion of information on varia- maximum height as covariates, shows that only wood den-
tion in the diameter-class distributions or arbitrary decisionssity has a significant effectFg 57=12.33, p<0.001). Over-
about the cutoff points used for resampling the wood-densityall, plots in Western Amazonia with higher rates of CWP,
maximum-height and diameter-class distributions. Essentypically have a greater relative abundance of stems of taxa
tially, each model represents a slightly different way of defin- with low wood density and low maximum heights (Figs. 2
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Table 2. Eight models for detecting whether functional composition, defined on the basis of wood density and maximum height, determines
variation in CWP in Amazonian forests. The different models were used to test whether variation in diameter class distribution (models 1 and
2), functional composition (models 3-5) or both diameter class distribution and functional composition (models 6-8) determines variation
in CWP. Within each group of models, different bin sizes were used for resampling to test the sensitivity of the results to particular cut-off

points.

Model Number and lower limits of bins for resampling
Wood density (g cm3) Max. height (m) Diameter (cm)

Tests whether: No. bins Limits No. bins Limits No. bins Limits
1 \Variation in diameter class dis- 3 10, 20, 30
2  tribution determines variation in 3 10, 20, 40

CWP
3 Variation in functional composi- 6 0, 0.55, 0.6, 0.65, 0.7, 0.8 6 0, 15, 20, 25, 30, 35
4 tion determines variation in CWP 3 0,0.5,0.7 3 0, 20, 30
5 15 0, 0.4, 0.45, 0.5, 0.55, 0.6, 0.625, 0.65, 0.675,

0.7,0.725, 0.75, 0.775, 0.8, 0.85

6  Variation in functional compo- 6 0, 0.55, 0.6,0.65,0.7,0.8 6 0, 15, 20, 25, 30, 35 3 10, 20, 30
7  sition and diameter class distri- 3 0,0.5,0.7 3 0, 20, 30 3 10, 20, 40
8 butions determines variation in 15 0, 0.4, 0.45, 0.5, 0.55, 0.6, 0.625, 0.65, 0.675, 3 10, 20, 40

CwP 0.7,0.725, 0.75, 0.775, 0.8, 0.85

Table 3. Results of whether the predictions of CWP based on the eight ma@glsorrelate with the observed values (slope coefficient, F
and p values from ANCOVA shown), arftd) predict the observed regional pattern in CWP (based on whether there is a significant regional
term in an ANCOVA of observed versus predicted values; F and p values shown).

Model (a) Do predictions of CWP correlate (b) Do estimates of CWP predict the
with the observed values? observed, regional variation in CWP?
Coeff. F p F p
1 No 0.45 0.07 ns No 38.3 <0.001
2 No 0.47 0.001 ns No 37.9 <0.001
3 Yes —0.08 6.8 <0.05 No 31.3 <0.001
4 Yes —0.08 11.8 <0.01 No 28.9 <0.001
5 Yes -0.17 10.0 <0.01 No 311 <0.001
6 Yes 0.26 5.76 <0.05 No 33.2 <0.001
7 Yes 0.35 7.6 <0.01 No 325 <0.001
8 Yes 0.18 4.3 <0.05 No 32.9 <0.001

and 3). This association between CWP and traits is stronger For all of the models, the estimates of CWP are not closely
for wood density than for maximum height. related to the observed values of CWP (Table 3, Fig. 4).
However, the performance of different models did vary. For

3.2 Relationships between estimated and observed valuasxample, estimates of CWP based solely on variation in
of CWP diameter-class distributions are not significantly correlated

) , with the observed values (models 1 and 2, Table 3, Fig. 4). In
Estimates of CWP using the Chambers et al. (2000) or Chave ot estimates of CWP based solely on variation in func-
et al. (2005) equations were closely correlated (cf. Peayigna| composition did have a significant correlation with the
cock et al., 2007). These close correlations mean that thg,caned values (models 3-5, Table 3, Fig. 4). However, in

choice of biomass equation does not alter the conclusiong,oge cases, the correlation was weakly negative (Table 3),

abogt Fhe rc_>|e of varia_tion in functional composition for de- suggesting that if variation in functional composition was the
termining differences in CWP and we report further values nain griver of variation in CWP, the actual pattern would be
using the equation based on the Manaus allometric relationg, o opposite to that which is observed.

ship (Chambers etal., 2000), consistent with the method used ¢ 11165t successful models were those that included vari-

to estimate wood production in Malhi et al. (2004). ation in both diameter-class, and functional-trait distribu-
tions. Within each region, estimates under this group of

www.biogeosciences.net/6/297/2009/ Biogeosciences, 6 30372009
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values (Table 3). However, even in these cases, the esti- = v
mated values did not predict the observed regional difference % 4r
in CWP (Table 3). Overall, these results suggest that in this 3 0%
network of forest plots, variation in functional composition 3 3
does not cause the regional-scale variation in CWP. % 5 o
The alternative explanation for the regional gradient in é °g0
CWP is that environmental factors lead to higher growth 1 { t ( | | |
rates across all types of tree in Western Amazonia. This ex- 1 > 3 4 5 6 7
planation is supported by the consistent spatial patterns in Predicted CWP (Mg C ha™' a')

biomass growth rates across all types of tree (Fig. 5). In

sev_en out of the nine comblna_ltlo_n_s of traits def!ned by mOdeIFig. 4. Relationship between observed CWP and estimated values

7, biomass growth rates are 3|gnlflcantly_lowe_)r in Central andbased on representative results from each group of models; results

Eastern, compared to Western Amazonia (Fig. 5). for model 1 (importance of diameter-class distributions), model 4
(importance of functional composition), and model 7 (importance
of both diameter-class and functional composition) shown. For each
graph, 1:1 line also shown.
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Poorter et al., 2008a; LaFrankie et al., 2006). At a regional

Wood density (g cm™) o . N . .
scale within Amazonia, variation in soil fertility may be par-

s 15 <05 0-5-0.69 =07 ticularly important, following the suggestion of Gentry and
2 . . o . . <20 Emmons, (1987) that seasonal drought in combination with
2 ° ° * 3 low soil fertility is a strong limitation to growth and repro-
2 ” = duction in the shade in Central Amazonia. This idea is sup-
s . > ported by correlations between soil fertility and average max-
8, . * * e * o | 20299 '; imum height: for the plots where average values of soil sum
7 2 of bases $B are available (Quesada et al. this issue), av-
g 20 x erage maximum height is significantly negatively correlated
2 . = with log[SH, when calculated on a stems(-3.65,r°=0.23,

c * ot . el * . =20 p<0.001), speciest£—3.54,r%=0.22, p<0.005) or basal-

2 0 area basistE—3.56r2=0.22, p<0.001). Experimental work

NW SW CE NW SW CE . : ; : . .
NWSW CE on seedling growth is also consistent with this suggestion as

Fia. 5. M 95% fid limits) bi h rat root competition is a greater limitation to growth in the un-
(klg'a—i) fore?rrz]ee% fror?1 Cn?:e' fﬁzgteiorlnrgll zl)asé(;?%?sgéox th? sii_derstorey on nutrient-poor compared to nutrient-rich soils in
g tropical forests (Lewis and Tanner, 2000; Barberis and Tan-

sizes used for model 7 (Table 2) in Northwestern (NW), Southwest-

ern (SW) and Central and Eastern (CE) Amazonia. Mean and 9504'€"> 2005). Higher soil fertility may also be associated with

confidence limits calculated from 1000 replicates of 100 stems reigher understorey light levels, through its relationship with
sampled from each group from the original data. Error bars nottree mortality rates (Phillips et al., 2004), which may also
visible are smaller than the data point; dotted lines separate resultgromote the growth of understorey plants in these forests.
for Western and Eastern Amazonian regions. Despite mechanisms that might link variation in soil fer-

tility with the changes in community-level trait distributions

in different sites, it appears that the much larger direct effect
4 Discussion of variation in environmental conditions on the growth rate

of all types of tree is the most important factor determining
Although there is a correlation between the functional com-the regional-scale pattern of CWP. None of the resampled
position and CWP of Amazonian forests (Fig. 3), our resultsestimates of CWP, based on various definitions of the un-
suggest that the variation in trait values does not cause théerlying trait- and diameter-class distributions, capture the
regional variation in CWP (Table 3, Fig. 4). In contrast, the observed variation in CWP between regions (Table 3). In-
direct effect of environmental factors on the biomass growthdeed, if differences in functional composition were the only
rates of all types of tree appears to be the main driver of thesgactor determining variation in CWP between sites, then the
regional differences (Fig. 5). Overall, for a given forest, the observed values should be higher in the Central and Eastern
characteristics of its location, rather than its composition, de-Amazon plots (Table 3; Fig. 4, models 3-5).
termine CWP. The few studies of biomass increment in mature tropical

The association between wood density and CWP detrees support the idea that differences in biomass growth rates

scribed by the initial regression analysis matches previoushbetween species that differ in wood density are small and
published results (Malhi et al., 2004; Baker et al., 2004b).therefore have only a limited potential to affect stand-level
However, the relationship between maximum height andpatterns of CWP. Chambers et al. (2004) found no differ-
CWP has not been noted previously. The lower community-ence in rates of biomass increment across 72 tree species
level maximum height in plots in Western compared to Cen-when the biomass estimates incorporated interspecific vari-
tral and Eastern Amazonia (Fig. 2) is consistent with studiesation in wood density, and in dry forest in Mexico, Enquist et
that have suggested that the forests near Manaus contain feal. (1999) found that variation in diameter growth rates was
specialist understorey species (Gentry and Emmons, 1987%maller when they were adjusted for interspecific variation
and have a smaller proportion of shrubs species than othen wood density. In a study that controlled for variation in
Amazonian sites (Phillips et al., 2003). In addition, in a light availability, edaphic conditions and climate, Keeling et
pan-tropical comparison of sapling communities, the high-al. (2008) found that on fertile soils in Northwestern Ama-
est abundance of small-statured species was found in a Weston forests, trees of high wood density species have higher
ern Amazon forest (LaFrankie et al., 2006). These patternsates of biomass increment than species with low wood den-
suggest that a suite of plant families contribute to a distinc-sity, potentially related to the development of deeper crowns
tive, diverse and abundant understorey flora in Western Amaer lower root:shoot ratios. Scaled to the stand level, this
zonia. Such variation in community-level maximum height pattern is consistent with the weak tendency for resampled
between tropical forests could be associated with variatiorstands with high wood density species to have the highest
in soil fertility, disturbance rates, drought or biogeographi- CWP (Table 3, models 3-5). However, overall, our results
cal factors (Pitman et al., 2006; Swaine and Becker, 1999suggest that the effects of functional composition are weak,
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and environmental factors strong, on regional-scale patternfor different species and functional groups. Here, we assume
of CWP in Amazonia. Variation in edaphic conditions may that differences, due to variation in stem form or the propor-
be an important driver of these patterns (Malhi et al., 2004),tion of crown biomass, are small, both between forests and
consistent with studies that have shown increased growth folfunctional types (cf Keeling et al., 2008). For example, in
lowing fertilisation in a range of tropical forests (e.g. Tanner terms of how diameter/biomass relationships may vary be-
etal., 1998). tween species, it is noteworthy that the proportion of crown
In contrast to these conclusions, experimental studiediomass does not vary with wood density class for a dataset
of grassland ecosystems have demonstrated that functionaf 90 trees from Brazil (Keeling et al., 2008). Also, in terms
composition, such as the presence of nitrogen fixing, non-of structural differences between forests studied here, there
nitrogen fixing, annual or perennial species, can influence neis no significant difference between regions in asymptotic
primary productivity (e.g. Wardle et al., 2000). One explana-canopy height (mean 3H3.5m; T. R. Baker unpublished
tion for our opposite conclusions may concern the traits thatdata) based on height data for 1060 trees from 24 of these
we studied. There may be important variation amongst traitplots. Although this data is from a limited number of plots
(e.g. specific leaf area, though note Poorter et al., 2008b) ocompared to our full dataset, it suggests there is a degree of
functional groups (e.g. nitrogen/non-nitrogen fixers) of trop- similarity in the canopy structure of these forests. In addi-
ical trees that were not studied here, that may influence spation, Chave et al. (2005) found that neither site nor forest
tial patterns of productivity. We also did not consider the type was a significant variable in distinguishing distinct allo-
contribution to productivity made by a range of life forms metric relationships from a pan-tropical compilation of tree
(e.g. palms, lianas) that could introduce a stronger influencéiomass data. These results suggest that our assumptions are
of biodiversity on total productivity. In particular, accurate not unreasonable, although the development of tree biomass
measurements of the leaf productivity of the abundant palmslatasets in Western Amazonia will allow us to test more fully
in the plots of Southwestern Amazonia is required to de-whether current models for Amazonia developed in Brazil
termine the contribution of these trees to the total above-are applicable across the wider region.
ground productivity in these sites. A second explanation A further limitation of our study is the use of trait values
is that the differences in functional composition in Amazo- from the literature rather than from direct measurements on
nian forests may be too small to have a detectable impact oindividual trees within the plots. Current literature compi-
CWP. For example, in tropical agroforestry systems, in com-lations do not distinguish the components of trait variation
parisons of very different lifeforms such as between maizedue to genetic or environmental factors, and there is increas-
and tree crops, productivity can vary greatly at the same siténg evidence of important effects of environmental factors
(Ewel and Bigelow 1996). However, productivity does not on trait values in tropical forests. For example, Ratet
differ between more similar species combinations, such a®l. (2008) find considerable plasticity in the branch wood
enriched versus natural successional forest vegetation (Ewelensity of widespread species in Amazonia, suggesting that
and Bigelow 1996). environmental variation may have an important influence on
A third, related explanation is that the large influence of wood density values of species in any particular location. In
environmental factors in broad-scale field comparisons ofgeneral, incorporating intraspecific variation in trait values
productivity makes it difficult to detect small compositional is an important challenge in biodiversity/ecosystem function
effects. In general, relationships between biodiversity andresearch (Hooper et al., 2005). Our resampling approach,
ecosystem functioning may differ depending on the scale ofwhere we defined functional-trait distributions using differ-
study (e.qg. for invasion resistance, Levine, 2000). Field stud-ent bin sizes, allows for some site-specific variation in trait
ies of the relationship between productivity and plant traitsvalues. More broadly, formally considering the separate ef-
are often carried out within single areas (e.g. Garnier et al.fects of the distinct genetic and environmental components
2004), at spatial scales where effects of species characterif trait variation on tree growth, is likely to reinforce the role
tics will be more easily detected (Lavorel and Garnier, 2002).that environmental factors play in determining CWP, not only
At larger scales, it may be more difficult to detect these re-directly, but also through modifying plant traits.
lationships. For example, in terms of the effect of species In conclusion, it is noteworthy that the relationship be-
richness on productivity in forests at large spatial scales, Vil tween plant traits and ecosystem properties differs for wood
et al. (2003) found no effect when variation due to climate productivity and biomass in Amazonian forests. This dif-
and bedrock was also considered in a study of pine forests ifierence could have important implications for how changes
Spain, and Vi et al. (2007) report a small, but significant, in species composition affect ecosystem function. As wood
effect in Mediterranean forests. However, even in the secondlensity is an important trait in biomass estimation (Chave
case, the significant effects of environmental variables wereet al., 2005), spatial variation in this trait directly influences
far larger than the effect of species richness. variation in biomass estimates (Baker et al., 2004b). As a re-
A key limitation to understanding the effects of functional sult, compositional changes that alter community-averaged
composition on CWP in tropical forests is the lack of de- values of wood density may therefore markedly alter forest
tailed information about the diameter/biomass relationshipshiomass (cf. Bunker et al., 2005). One mechanism that might
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lead to such a change in forest functional composition is the from pollination and carbon storage, Ecol. Appl., 15, 360-375,
observed increase in the rate of tree turnover in Amazonian 2005.

forests (Phillips et al., 2004) that may favour species withBarberis, I. M. and Tanner, E. V. J.: Gaps and root trenching in-
lower wood density. In more general terms, as wood density C€rease tree seedling growth in Panamanian semi-evergreen for-
is closely associated to response traits related to disturbance €St Ecology, 86, 667-674, 2005.

. . . . Bunker, D. E., DeClerck, F., Bradford, J. C., Colwell, R. K., Per-
and is also an important effect trait related to biomass, com fecto, I Phillips, O. L., Sankaran, M., and Naeem, S.: Species

positional Che}ngeldrlven by this mechanism yvould lead to a loss and aboveground carbon storage in a tropical forest, Science,
large change in this ecosystem property (Suding et al., 2008). 315 1029-1031. 2005.

In contrast, as CWP is only weakly determined by trait varia- champers, J. Q., dos Santos, J., Ribeiro, R. J., and Higuchi, N.: Tree
tion in wood density, in contrast to forest biomass, CWP may  gamage, allometric relationships, and above-ground net primary
be less sensitive to such trajectories of compositional change. production in central Amazon forest, For. Ecol. Manage., 5348,
1-12, 2000.
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