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Abstract
Background and aims Global change drivers such as
climate change influence decomposition by altering ex-
trinsic site conditions and intrinsic litter traits. This study
aimed to quantify the relative importance of these two
pathways for litter decomposition in tropical forests.
Methods The effects of soil nutrient availability, mean
annual precipitation (MAP), and leaf litter chemistry on
decomposition were isolated by measuring mass loss of
leaf litter from 10 tropical tree species transplanted to 19
sites along independent gradients of soil fertility and
precipitation in Panama. Across species, litter nitrogen
(N) content ranged from 7.1 to 13 mg N g−1 and phos-
phorus (P) from 0.077 to 0.56 mg P g−1. Across sites,
soil N content ranged from 1.7 to 5.5 g N kg−1, soil P

from 77 to 1500 mg P kg−1, and MAP from 1900 to
2700 mm.
Results Variation in leaf litter mass loss was explained
largely by litter species identity (55 %). Site only ex-
plained a small, but significant, amount of variance
(6.5 %); soil C:N ratio explained this response. Notably,
neither litter nutrient content nor MAP were significant
predictors of litter decomposition.
Conclusions Changes in tree species composition may
influence decomposition rates more than changes to site
conditions.

Keywords Litter chemistry . Litter decomposition .

Panama . Rainfall . Soil chemistry . Tropical rain forest

Introduction

Huge amounts of carbon (C) are stored and cycled in
tropical forests (Houghton 2005; Kauffman et al. 2009)
and leaf litter decomposition represents a significant
component of C and nutrient cycles (Schlesinger 1977;
Schimel et al. 1994; Chen et al. 2011). Leaf litter de-
composition is controlled by extrinsic (site condition)
and intrinsic (litter trait) factors, both of which may be
influenced by global change drivers. For example, cli-
mate change could alter the precipitation regime in
tropical regions (Houghton and Prentice 2001; Malhi
and Wright 2004), and rates of N fertilisation by depo-
sition are increasing (Hietz et al. 2011). In addition to
effects on soil water and N availability, global change
drivers also affect vegetation community composition
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and litter traits. The most important extrinsic and intrin-
sic factor is much debated in tropical forests, and their
relative importance is unresolved (Aerts 1997; Cox et al.
2000; Bardgett et al. 2008).

Precipitation influences the biomass, composition
and activity of decomposer communities (Fierer et al.
2003; Drenovsky et al. 2010; Evans and Wallenstein
2011). For instance, microbial biomass is positively
correlated with soil water availability in moist-
evergreen and semi-evergreen forests in India (Pandey
et al. 2009) and irrigation decreases the abundance of
fungi relative to bacteria in leaf litter in a lowland
tropical forest (Cornejo et al. 1994). The effects on
decomposition however are inconclusive: mean annual
precipitation (MAP) predicts decomposition rate of a
common litter substrate at global (Powers et al. 2009)
and regional scales (Austin and Vitousek 2000), but not
locally (Vasconcelos et al. 2007; Wieder et al. 2009). It
is possible that in wet tropical rainforests soil moisture is
at optimal levels for decomposition thus other factors
such as litter quality exert relatively greater influence
(Wieder et al. 2009).

Fertilisation by atmospheric N deposition also affects
site conditions, particularly N availability and soil pH,
with implications for decomposition as shown in
chronosequences, land use gradients, and fertilisation
experiments (Arunachalam et al. 1996; Kaspari et al.
2008; Wardle et al. 2009). In tropical forests, experi-
mental addition of N increased rates of decomposition in
young subtropical montane forests (Hobbie and
Vitousek 2000; Reed et al. 2011) but had no effect on
leaf litter decomposition in lowland tropical forests in
Panama (Kaspari et al. 2008) and Costa Rica (Cleveland
et al. 2006). On the other hand, the Walker and Syers
(1976) model, predicts that soil processes in tropical
forests will be phosphorus (P) limited due to the
strongly-weathered nature of the soils. Indeed, soil P
concentration predicted decomposition rates among
sites in a pan-tropical meta-analysis (Cleveland et al.
2011) and locally (Powers and Salute 2011; Kaspari
et al. 2008). Crucially, the importance of soil nutrient
status to decomposition is rarely considered indepen-
dently of climate (Aerts 1997; Zhang et al. 2008), but is
necessary to evaluate individual and synergistic impacts
of global change drivers.

Precipitation change and N deposition affect vegeta-
tion composition, and thus the chemistry and structure
of C inputs entering the soil via litter (Chapin 2003). In
tropical forests, MAP is a strong predictor of vegetation

composition along spatial (Gentry 1988; Pyke et al.
2001; Davidar et al. 2007) and temporal gradients
(Laurance et al. 2004; Lewis et al. 2004); and strong
soil-plant associations are also documented (Schreeg
et al. 2010). Species-specific physiological adaptations
to water stress and nutrient limitation lead to differences
in leaf chemistry (Santiago et al. 2004; Kitajima and
Poorter 2010; Santiago 2010). At the community level
this results in a general negative relationship between
MAP and leaf litter N, P and Mg concentration (Santi-
ago et al. 2004; Fyllas et al. 2009), and a positive
relationship between soil nutrient availaibilty and litter
nutrient concentration.

The relative importance of intrinsic and extrinsic
factors for decomposition in tropical forests is unre-
solved (Zhang et al. 2008), but urgently required to
improve predictions of future global climate and C cycle
interactions (Schimel et al. 1994; Gardenas et al. 2011).
Most studies to date have considered site and species
factors as determinants of litter decomposition in isola-
tion, and the exceptions to this have either used a small
number of species (Austin and Vitousek 2000;
Couteaux et al. 2002) or sites (Cusack et al. 2009;
Wieder et al. 2009); thus the relative importance of these
two pathways remains unresolved in tropical forests.
The aims of this study were to determine: (1) the relative
importance of site and species identity for leaf litter
decomposition; and (2) the significance of site variables
(MAP and soil nutrient availability) and species vari-
ables (litter quality) as predictors. To address these
questions leaf litter from 10 species (representing a
range of litter N and P content) was placed in 19 sites
(along semi-independent gradients of MAP and soil
nutrient availability) in a fully factorial reciprocal trans-
plant, and mass loss was measured after one wet season.

Materials and methods

Study sites

This study was carried out in 19 1-ha plots in a 47 km×
48 km area in mature secondary forest (Pyke et al. 2001)
in Panama, Central America (9° 10′ N, 79° 45′ W)
(Fig. 1). The gradient ofMAP arises from a North–south
climate system, and the gradient of soil chemistry is due
to geological variation (Pyke et al. 2001; Turner and
Engelbrecht 2011). The study sites were selected from a
network of tree census plots administered by the Centre
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for Tropical Forest Science of the Smithsonian Tropical
Research Institute and previous studies in these sites
report patterns of tree species composition correlated
with regional precipitation trends (Pyke et al. 2001;
Engelbrecht et al. 2007).

Using monthly precipitation data recorded from 1988
to 2007 at rainfall gauges within the study area (Fig. 1),
mean monthly precipitation over 20 years was calculat-
ed for each gauge. Mean annual precipitation (MAP) at
each gauge was calculated as the sum of months Jan -
Dec. Mean wet season precipitation (MWP) at each
gauge was calculated as the sum of months August to
January. The two measures, MAP and MWP, were
highly correlated (R2=0.98, p<0.001) and so MAP

was reported in this study in order to facilitate compar-
isons with other studies. MAP (mm) was significantly
correlated distance north (m) (R2=0.77, p<0.001), and
the following linear relationship was used to predict
MAP at study sites:

MAP ¼ 0:01969north–17500

Thus predicted MAP at the study sites ranged from
1903 to 2816 mm (Table 2).

At each site, 13 systematically located soil cores were
taken to 10 cm depth in August 2009 (except for total C
and total N where n=5). Soil chemistry, as opposed to
litter chemistry, was measured to give a long term
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Fig. 1 Location of 19 1- ha study sites (circles) along a north to
south transect of mature secondary lowland tropical rainforest
where leaf litter mass loss from 10 species was measured ,and
location of 23 rainfall gauges (triangles) where total monthly

precipitation data (TMP) was collected for 20 years from 1987 to
2007 and then used to model mean annual precipitation (MAP) at
study sites



perspective on soil nutrient availability across sites Sam-
ples were analysed for pH and concentrations of total C,
total N, total P, readily-exchangeable phosphate, and the
extractable base cations calcium (Ca), potassium (K),
and magnesium (Mg). Soil pH was determined in a 1:2
soil to solution ratio in deionized water using a glass
electrode. Readily-exchangeable phosphate was deter-
mined by extraction with anion exchange membranes
(AEM) using a method described in Turner and Romero
(2009). Extractable base cations (Ca, K, Mg) were ex-
tracted withMehlich-3 solution and analyzed for cations
by inductively-coupled plasma optical-emission spec-
trometry (ICP–OES). Total extractable bases (TEB)
was determined as the sum of the molar concentrations
of Ca, K, and Mg. Sub-samples were air-dried, ground
in a pestle and mortar and analysed for total C and N by
combustion using a Carlo IRBA elemental analyser.
Total P was determined on ground samples by ignition
(550 °C, 1 h) and extraction in 1 M H2SO4 (1:50 soil to
solution ratio, 16 h), with phosphate detection by auto-
mated molybdate colorimetry using a Lachat Quikchem
8500. Mean values of soil chemical values were calcu-
lated for each site.

Study species

The 10 species selected for this study (Table 1) were
those for which sufficient litter had previously been
collected. Previously published studies suggested that
these species represent a broad spectrum of leaf traits
(Wright et al. 2004; Kattge et al. 2011). Leaf litter was
collected in traps in sites ‘SHER’ (7 species) and ‘BCI’
(3 species). Traps were emptied every 2 weeks during

2006 and contents were oven dried at 60 °C, sorted to
species, and stored in airtight containers.

Leaf litter chemistry of each species was measured on
a subsample of three replicate leaves per species. Litter
was ground in a ball mill (Retsch 8000mixer mill). Total
C and N were measured using a Flash HT elemental
analyzer connected through a ConfloIII interface to a
Delta V Advantage isotope ratio mass spectrometer
(Thermo, Bremen, Germany). Total Ca, K, Mg, and P
were determined by digestion under pressure at 180 °C
in concentrated nitric acid, with detection by ICP–OES.
Litter pH was determined in a 1:20 weight ratio of oven
dried chopped leaves to deionized water.

Leaf litter mass loss

Leaf litter mass loss was quantified during the wet-
season (August – January) 2009, using the litterbag
method. Litterbags were constructed from 17×17 cm
squares of 1 mm nylon mesh and filled with approxi-
mately 2 g (one to three leaves) of single-species litter.
The litterbag method excludes meso- and macro-fauna,
but allows rapid assessment and is comparable with
other studies. Litterbags of each species were replicated
five times within each site. Litterbags were deployed at
the start of the wet season and pinned to the litter surface
at intervals of 1 m between species, and 50 m between
replicates. Litterbags were recollected at the end of the
wet season (180 days later), returned to the lab, and
stored at 4 °C for a maximum of 1 month until process-
ing. Litterbags were carefully opened and all material
was removed. Decomposing leaf litter samples were
gently rinsed on a 400 μm sieve with distilled water.

Table 1 Species name, family, life form and code used in subsequent tables, of 10 tree species from which leaf litter was collected and used
in this decomposition study

Name Family Life form Code

Anacardium excelsum (Bertero & Balb. ex Kunth) Skeels Anacardiaceae Tree ANAE

Aspidosperma spruceanum Benth. Apocynaceae Tree ASPC

Brosimum utile (Kunth) Pittier Moraceae Tree BROU

Dipteryx oleifera Benth. Fabaceae (Papilionoideae) Tree DIPP

Manilkara bidentata subsp. bidentata (A. DC.) A. Chev. Sapotaceae Tree MANB

Marila laxiflora Rusby Clusiaceae Midstory MARL

Miconia minutiflora (Bonpl.) DC. Melastomataceae Shrub MICB

Tetragastris panamensis (Engl.) Kuntze Burseraceae Tree TET2

Tontelea ovalifolia subsp. richardii (Miers) A.C. Sm. Hippocrateaceae Liana TONO

Vochysia ferruginea Mart. Vochysiaceae Tree VOCF
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Samples were dried at 60 °C for 48 h, allowed to
equilibrate with laboratory humidity for 60 min, and
then mass remaining was recorded. Mass remaining
was subtracted from initial mass to give mass loss
(ML), and divided by initial mass to give relative mass
loss (RML) expressed as a percentage. In order to ac-
count for loss of litter fragments during sampling, trans-
port and processing, Btravel^ litterbags were constructed
(three replicates per species). Travel litterbags were
transported to study sites but immediately returned to
the laboratory. They were then processed in the same
way as sample litterbags, and travel RML calculated.
Initial mass of sample litterbags was corrected for spe-
cies mean travel RML (<1.7 %).

Statistical modelling

To determine the relative importance of species and site
identity, and to identify predictors of variation in RML
among sites and among species, a linear mixed effects
(LME) modelling approach was used. An LME ap-
proach was necessary to avoid pseudo-replication be-
cause for each explanatory variable only one value (the
site or species mean) was used to model five replicated
measures of RML.

Explanatory variables were checked for normality,
and data were transformed to normal distribution if
necessary. All variables were standardised by
subtracting the mean and dividing by the standard
deviation.

Pearson correlation coefficients (r) revealed several
pairs of explanatory variables that were highly correlat-
ed and so variance inflation factor (VIF) analysis was
used to select explanatory variables and thus reduce co-
linearity (Zuur et al. 2009). VIF quantifies the severity
of multi-colinearity in an ordinary least squares regres-
sion analysis, and is an index of how much the variance
of a model coefficient is increased by the colinearity.
VIFs were calculated, the explanatory variable with
greatest VIF was removed, VIFs were recalculated,
and this process was repeated until VIFs were<3.0 and
r was<0.6. The remaining explanatory variables were
used to model RML.

A model was constructed for each possible covari-
ance structure (i.e., all possible combinations of site
slope, site intercept, species slope, and species inter-
cept), leading to 16 models in total. All 16 models had
the same fixed component containing all explanatory
variables. The models were compared using Akaike

information criterion (AIC), which is an index of good-
ness of fit and reflects how well the model agrees with
the data given the number of parameters used.

The best-fit model (i.e., that with lowest AIC score)
was used to investigate the role of the fixed site and
species explanatory variables. The significance of ex-
planatory variables was then assessed using a likelhood
ratio test (LRT) on a chi-squared distribution procedure.
This procedure tests the likelihood that changes in AIC
when a term is removed from the model occur by
chance. The estimates and standard deviations of fixed
effect beta coefficients, and the variance associated with
random effects, are reported. Model residuals were
checked for normal distribution, homogeneity of vari-
ance and independence. All statistical analyses were
produced using the R language and environment for
statistical computing and the following additional pack-
ages; AED 1.0, stats 2.14.1, lme4 0.999375-42, and
nlme 3.1–102.

Results

Six site variables (soil P, C:P, Ca, K, TEB and readily-
extractable phosphate) and one species variable (litter
C:P) were negatively skewed and were log base 10
transformed (Tables 2 and 3).

Pearson correlation coefficients (r) revealed several
pairs of explanatory variables that were highly correlat-
ed (Tables 4 and 5), and VIF analysis resulted in omis-
sion of the following seven site variables prior to model-
ling: soil TEB, Ca, N, Ca, Mg, pH, and readily-
extractable phosphate and the following four species
variables: litter C:P, Ca, pH, and P.

The remaining four site variables were: MAP (which
ranged from 1906 to 2816 mm), C:N (which ranged
from 9.64 to 15.2), total C (which ranged from 20.9 to
60.6 mg g−1, and was correlated with total N), C:P
(which ranged from 39.3 to 352, and was correlated
with P and readily-exchangeable phosphate), and K
(which ranged from 26.2 to 256 μg g−1, and was corre-
lated with Ca, Mg, TEB and pH).

The remaining four species variables were: litter C
(which ranged from 357 to 509 mg C g−1), C:N
(which ranged from 36.9 to 64.4, and was correlated
with N), K (which ranged from 1.91 to 6.07 mg K g−1,
and was correlated with P and C:P), and Mg (which
ranged from 1.18 to 4.11 mg Mg g−1, and was corre-
lated with Ca and pH).
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Mean leaf litter RML at the end of the experiment
was 50.3 %. Mean RML varied over 2-fold among
species, from 29.4 % in Vochysia ferruginea (VOCF)
to 80.9 % in Aspidiosperma spruceanum (ASPC), while
site means less than doubled, from 41.2 % at ALBR to
62.4 % at BCI (Table 6).

AnANOVAmodel confirmed that both species and site
explained significant proportion of variation in RML
(p<0.001) (Table 7). Species explained 54.5%of variation
in RML; site explained 6.54 %. The optimal variance-
covariancemodel included a random species slope, species
intercept, and site intercept (Table 8). Thus both site and
species had significant effect on mean RML, and species
responded differently to main effects.

Removal of soil C:N from the model decreased mod-
el fit (Table 9). The standardised beta coefficient of soil
C:N was −0.16, i.e., decreased soil C:N ratio was linked
to increased RML (Table 9, Fig. 2). No other site or
species variables improved model fit.

Discussion

The aim of this study was to determine: (1) the relative
importance of site and species identity for leaf litter
mass loss, and (2) and the significance of site variables
(MAP and soil nutrient availability) and species vari-
ables (litter quality) as predictors. The main findings of
this study were: (1) both species and site identity influ-
enced mean RML but species had greater effect than
site, (2) soil C:N was a significant predictor of RML,
and (3) leaf litter nutrient concentrations and ratios did
not predict RML among species.

Species identity as the predominant driver
of decomposition

The main driver of decomposition rate was litter species
identity, rather than site, which supports the view that
plant traits are important determinants of ecosystem
processes within tropical forests (Aerts 1997), as in
other biomes (Cornwell et al. 2008; De Deyn et al.
2008; Zhang et al. 2008), and suggests that vegetation
may act as a pathway between global change drivers and
the C cycle. The relatively few studies that have explic-
itly examined the relative effects of site and species
identity for decomposition generally support the conclu-
sion that species identity plays a more significant role
than site factors in explaining decomposition. ForT
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example, species identity had greater influence on leaf
litter decomposition than did precipitation in a tropical
forest in Costa Rica (Wieder et al. 2009). These findings
support the view that plant traits play a significant role,
relative to climatic and other abiotic factors, in driving
decomposition, and presumably other ecosystem pro-
cesses at the landscape scale (Cornwell et al. 2008; De
Deyn et al. 2008).

Soil C:N ratio as a robust predictor of decomposition

Decomposition rate was negatively related to soil C:N
ratio across sites. An explanation for increased de-
composition with increased soil N is via its impact on
decomposer growth and activity (Fog 1988). This
finding of a landscape-scale control of decomposition
by soil C:N has not been reported in other tropical

forest studies. However, Cleveland et al. (2011) found
that soil P best predicted decomposition in a pan-
tropical meta-analysis, and soil P was correlated with
soil N in their dataset. In a recent meta-analysis of N
addition effects on microbial biomass and soil CO2

efflux, Janssens et al. (2010) noted that studies of N
addition in areas with severely weathered soils, such
as the tropics, are too rare to allow statistical meta-
analysis. Across a range of ecosystems, Allison and
Martiny (2008) report microbial community compo-
sitional changes in response to nutrient fertilisation in
84 % of 38 studies. The functional significance of
such change was reported by Treseder (2008), where-
by a meta-analysis of 82 field studies found that
addition of N was associated with a 15 % reduction
in microbial biomass, and a reduction in soil CO2

emissions. However, no studies in tropical forests

Table 7 ANOVA table of species and site effects on leaf litter mass loss

Degrees
of freedom

Sum
of squares

Mean sum
of squares

F-value p-value % Sum
of squares

Species 9 464 51.6 139 <0.001 54.5

Site 18 55.7 3.10 8.32 <0.001 6.54

Species×Site 162 85.7 0.529 1.42 0.001 10.1

Residuals 663 246 0.372

Table 8 Akaike’s Information
Critereon (AIC) scores and de-
grees of freedom (DF) of 16
variance-covariance models of
relative mass loss fitted with all
fixed effects and varying combi-
nations of random effects. Or-
dered by increasing AIC, where
lowest AIC indicates greatest
model fit

Model Random effects included Site slope DF AIC

Species intercept Species slope Site intercept

16 x x x 18 302

12 x x 13 310

1 x x x x 22 310

10 x x x 17 318

13 x 12 328

15 x x 17 330

11 x x 16 336

14 x x x 21 338

9 11 569

8 x 12 571

7 x 15 577

3 x 16 579

6 x x 16 579

5 x x 17 581

4 x x 20 587

2 x x x 21 589
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met the criteria required for the meta-analysis. De-
spite theoretical and empirical evidence of P limita-
tion to decomposition in tropical forests (Walker and
Syers 1976; Hobbie and Vitousek 2000; Kaspari et al.
2008) there was no effect of soil C:P in this study.

The significant relationship between soil C:N and
leaf litter mass loss reported in this study suggests that
there is a potential for anthropogenic disturbances other
than climate change, such as N enrichment, to influence
soil processes and the C cycle in tropical forests. Also,
soil C:N is widely used as an index of the extent to

which organic matter is decomposed, and these findings
suggest that this measure could be a useful proxy metric
for estimating decomposition rate at a given site over a
range of climate and litter substrates.

That there was no relationship between MAP and
leaf litter mass loss is consistent with other studies in
tropical forests at similar precipitation ranges. Nepstad
et al. (2002) found no effect of throughfall exclusion
from 5000 to 2500 mm year−1 on leaf litter decomposi-
tion rate, and although Powers et al. (2009) observed a
positive relationship between MAP and decomposition

Table 9 Random effect variance
and standard deviation (SD), and
fixed effect parameter estimates,
standard errors (SE), t-values and
Akaike’s Information Critereon
(AIC; start=282.8) and likelihood
ratio test statistic (LRT) following
single term deletions in a mixed-
effects model of leaf litter mass
loss

Random effects Variance SD

Site x intercept 0.06 0.25

Species x MAP 0.00 0.00

Species x soil K 0.01 0.08

Species x soil C 0.01 0.08

Species x soil C:P 0.02 0.14

Species x soil C:N 0.01 0.11

Species x intercept 1.36 1.16

Residual 0.12 0.35

Fixed effects Estimate SE t-value AIC LRT

Soil C:N −0.16 0.10 −1.53 284 2.82

Soil C:P −0.09 0.09 −1.07 282 1.38

Soil C −0.06 0.08 −0.73 281 0.68

Soil K 0.01 0.09 0.10 281 0.01

MAP −0.04 0.09 −0.45 281 0.26

Litter C 0.11 0.40 0.27 281 0.14

Litter C:N −0.01 0.40 −0.03 281 0.00

Litter K 0.16 0.40 0.41 281 0.32

Litter Mg 0.20 0.40 0.49 281 0.48

Fig. 2 Mean leaf litter relative
mass loss (RML) (%) measured in
10 species transplanted across 19
sites in a lowland tropical forest
corridor. RML was significantly
predicted by (a) Soil C:N (R2=
0.36), but not (b) MAP (mm)
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among tropical forests globally, the relationship was
driven by sites experiencing MAP outside the range of
this study. The lack of significant effect of MAP on leaf
litter mass loss observed here supports the notion that, at
optimal soil moisture conditions for microbial processes
(Prescott 2010), factors other than rainfall, such as litter
or soil chemistry, will limit decomposition. On the other
hand, it is also possible that other climatic variables
correlate with decomposition rate in these sites. For
example, Anaya et al. (2012) found that the magnitude
of large events during the wet season influenced decom-
position rates; probably through physical displacement
of litter fragments from mesh bags. This study only
measured decomposition rate during the wet season,
but soil water deficit likely inhibits decomposition dur-
ing the dry season, when evapotranspiration is less than
precipitation. Thus a measure of decomposition
throughout the year may reveal that decomposition is
controlled by dry season length in these forests.

Leaf litter nutrient concentrations

We observed no significant effects of leaf litter nutrient
content on decomposition in this study. The importance of
leaf litter nutrient concentrations for decomposition is re-
ported in several meta-analyses in tropical forest (Aerts
1997; Waring 2012) and other biomes (Cornwell et al.
2008; Zhang et al. 2008) but similar to Haettenschwiler
et al. (2011) in French Guiana, there was no effect of initial
litter nutrients on mass loss in this study. The litterbags
were deployed for only 6 months, and around 50 % of the
initial mass remained at the termination of the study. Given
that bags were deployed during the rainy season, litter
solubility may have been the dominant driver of interspe-
cific variation in decay rates.

Haettenschwiler et al. (2011) found no correlations
among decomposition and litter N or P in French Gui-
ana, and instead suggested that litter C accessibility
acted as a significant control. In other studies several
metrics of accessible carbon such as non-lignin C
(Haettenschwiler and Jorgensen 2010), water soluble
C (Wieder et al. 2009), labile C (Fanin et al 2011) and
the ratio of non structural carbohydrates and phenolics
to condensed tannins and lignin (Haettenschwiler and
Jorgensen 2010) correlate positively with litter mass
loss, while measures of inaccessible carbon such as
lignin concentration (Austin and Vitousek 2000),
lignin:P (Wieder et al. 2009) and lignin:N (Aerts 1997)
correlate negatively with litter mass loss.

Conclusions

This study provides support for a dominant effect of
species identity, relative to other factors such as MAP
and soil nutrient content, in regulating decomposition in
a lowland tropical forest. This suggests that changes in
tree species composition due to global change drivers,
such as increased atmospheric CO2 concentration
(Laurance et al. 2004) or drought intensity (Nepstad
et al. 2007), will have important consequences for be-
lowground processes and the C cycle. Furthermore, soil
C:N explained variation in decomposition among sites,
but MAP did not. Overall, these findings support the
notion that global change drivers which influence soil
nutrient availability and species composition will influ-
ence decomposition processes in tropical forests, and
hence the C cycle (Aerts 1997; Bardgett et al. 2008;
Fortunel et al. 2009).
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