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Abstract

Climate and litter quality have been identified as major drivers of litter decomposition at large 

spatial scales. However, the role played by soil fauna remains largely unknown, despite its 

importance for litter fragmentation and microbial activity. We synthesized litterbag studies to 

quantify the effect sizes of soil fauna on litter decomposition rates at the global and biome scales, 

and to assess how climate, litter quality and soil fauna interact to determine such rates. Soil fauna 

consistently enhanced litter decomposition at both global and biome scales (average increment 

~27%). However, climate and litter quality differently modulated the effects of soil fauna on 

decomposition rates between biomes, from climate-driven biomes to those where climate effects 

were mediated by changes in litter quality. Our results advocate for the inclusion of biome-specific 

soil fauna effects on litter decomposition as a mean to reduce the unexplained variation in large-

scale decomposition models.
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Introduction

In terrestrial ecosystems, more than 50% of net primary production is returned to the soil via 

the decomposition of leaf litter (Wardle et al. 2004). Therefore, the evaluation of factors 

controlling litter decomposition has major implications for present and future global carbon 

budgets (Aerts 2006). Litter decomposition is driven by multiple factors, including climate, 
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litter quality, and soil biota, structure, and texture. Among these, climate, litter quality and 

soil organisms have been the most studied so far, and are thought to hierarchically control 

the decomposition of litter as follows: climate > litter quality > soil organisms (Lavelle et al. 

1993; Hättenschwiler et al. 2005). Climate directly alters litter decay because of the 

sensitivity of soil biological processes to factors such as temperature or precipitation. In 

addition, climate also plays an indirect role on decomposition through its effects on litter 

quality and soil biota (Wardle et al. 2004). However, the relative contribution of each driver 

to the decomposition process is relatively lacking.

The effects of climate and litter quality upon litter decomposition rates have been previously 

evaluated at both regional and global scales (Swift et al. 1979; Cornwell et al. 2008). Recent 

models show that climate and litter quality explain about 60-70% of global litter 

decomposition rates (Parton et al. 2007). The extent to which soil biota might improve these 

estimates remains largely unknown. Specifically, soil fauna is necessary to adequately 

model the impacts of climate change on regional and global carbon dynamics (Wall et al. 

2008). Furthermore, the influence of soil fauna on decomposition may be capital because, 

besides litter fragmentation, animals modify the structure and activity of microbial 

communities (Hättenschwiler et al. 2005), the ultimate actor in the decomposition process. 

Soil fauna are thought to possess a high degree of functional specialization (Heemsbergen et 

al. 2004), which is reinforced by the fact that their global diversity does not include many 

cosmopolitan groups, even at the family level (Wu et al. 2011). This contrasts with the 

functional redundancy commonly found in soil microbes at large spatial scales (Bradford & 

Fierer 2012). These findings are supported by the positive correlation between the diversity 

and abundance of microbes and litter decomposition rates commonly found at local scales 

(Strickland et al. 2009). However, the effects of soil fauna on such rates are typically 

idiosyncratic (Hooper et al. 2000).

The importance of soil fauna for litter decomposition has long been recognized (Swift et al. 

1979; Seastedt 1984). Most empirical research on this topic has focused on soil fauna effects 

under different litter qualities (Hättenschwiler & Bracht-Jørgensen 2010; Makkonen et al. 

2012) and climatic conditions (Moorhead & Reynolds 1991; Wall et al. 2008). A previous 

meta-analysis focusing on the methodological issues of litterbags addressed the contribution 

of microarthropods to litter decomposition using studies published until 2005 (Kampichler 

& Bruckner 2009), and thus did not include recent multisite comparisons of soil fauna, litter 

quality and climate effects on decomposition (Wall et al. 2008; Powers et al. 2009; 

Makkonen et al. 2012).

A general understanding of the role of soil fauna on litter decomposition and how this role is 

determined by climate and litter quality is hindered by: 1) the experimental designs 

employed to date, with most empirical studies addressing only one or two of these drivers, 

and 2) the low number of studies that jointly assess the effects of climate, soil fauna and 

litter quality on decomposition using multiple plant species and climatically contrasted sites. 

These logistic limitations may be overcome by conducting a literature synthesis explicitly 

addressing the complex interactions between these decomposition drivers at broader 

geographical scales. A global and biome-scale synthesis would also be fundamental to 

incorporate new research findings and summarize how the contribution of soil fauna to 
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decomposition is modulated by litter quality and climate. We aimed to do so by conducting 

a quantitative meta-analysis to explore the effects of soil fauna on decomposition at the 

global scale, and to test how these effects vary between biomes. We also assess the relative 

importance of climate, litter quality and soil fauna for litter decomposition rates, and 

evaluate how climate and litter quality modulate the effect sizes of soil fauna on such rates. 

Finally, we identify research gaps and propose future directions that should advance the 

predictive capabilities of current global and biome-scale decomposition models by including 

the direct and indirect relationships between climate, litter quality and soil fauna.

Materials and methods

Data collection

We synthesized studies that evaluated the effects of soil fauna exclusion on litter 

decomposition. Searches were conducted using the ISI Web of Knowledge (http://

apps.isiknowledge.com) on 5th November 2012, with no restriction on publication year. The 

search yielded 1371 references. In addition, we also screened previous reviews about the 

topic such as Seastedt (1984), Cepeda-Pizarro (1993) and Kampichler & Bruckner (2009). 

To be included in our database, studies had to quantitatively compare litter mass loss (using 

litterbags) in field experiments in both soil fauna excluded and soil fauna present treatments. 

The experimental treatment with less (fauna excluded) and more (fauna present) soil animals 

were set up using either contrasted litterbag mesh sizes (fine vs. coarse) or chemical agents 

(dose vs. control). See Appendix S1 for details on the term combinations used in the 

literature searching and the selection criteria followed to include studies in our review.

Data extraction

A total of 75 articles, representing 440 cases studies across 166 plant species, met our 

criteria (Table S1). Only 20% of these articles were reviewed in Kampichler & Bruckner 

(2009). As many articles included more than one location, a total of 129 globally distributed 

study sites were evaluated (Fig. 1, Map S1): 23% were from North America, 10% from 

Africa, 27% from Europe, 4% from Australia, 16% from Asia and 20% from South 

America. Over 83% of the case studies used litterbags of contrasting mesh sizes to exclude 

fauna, while ~17% employed chemical agents such as naphthalene or chlordane. When 

using graded mesh sizes, fine meshes ran from 10 to 2000 μm, and coarse meshes from 250 

to 40000 μm. The study length varied from 30 to 1080 days, and in 75% of the case studies 

it lasted more than four months.

The information gathered from the papers was used to build three separate databases. 

Database 1 included the decay constant rates of the 440 case studies selected in both fauna 

excluded and present treatments. Mean, standard deviation and sample size values were 

extracted directly from tables or from graphs using the online tool provided by the German 

Astrophysical Virtual Observatory (http://dc.zah.uni-heidelberg.de/sdexter/). Information on 

methodological features such as type of soil fauna exclusion, mesh size of both fauna 

excluded and present litterbags, study length and number of harvests were also gathered for 

each study.
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Database 2 contained the information on the traits defining the initial quality of the litter 

used in the different experiments. We collected data on litter Nitrogen (N) and Carbon (C) 

concentrations (%), and on specific leaf area (SLA; mm2 mg−1). Litter C:N ratios were 

calculated using these data. To fill the gaps we had in our trait database, values for litter C, 

N, C:N and SLA were obtained from the TRY database (Appendix S1), which contains trait 

data from a wide range of environments and data sources (Kattge et al. 2011). On a global 

scale, most of trait variation is represented by species identity (Kattge et al. 2011). 

Therefore, the use of a global trait dataset seems justified in the context of our global meta-

analysis. The main data sources contributing to the TRY dataset we used were Niinemets 

(2001), Cornelissen et al. (2003), Wright et al. (2004), Kleyer et al (2008), Craine et al. 

(2009), Kattge et al. (2009), Poorter et al. (2009), Reich et al. (2009) and Yguel et al. 

(2011). In order to have a full trait matrix, some case studies had to be ruled out, rendering a 

final sample size of 335 case studies.

Database 3 contained the climate, spatial coordinates, elevation, and starting and ending 

dates of each study site. Using the spatial coordinates and the starting and ending dates of 

the study, we extracted the climate that occurred during the study period at each specific site 

from the CRU CL 2.0 dataset (Brohan et al. 2006). We selected the following climatic 

variables: total precipitation, monthly precipitation, minimum temperature, maximum 

temperature and mean temperature. We also calculated the Climate Decomposition Index 

(Moorhead et al. 1999, Appendix S1). Elevation was included in the analyses because of the 

important range found in this variable within our dataset (from 1 to 3400 m a.s.l.), which 

could encapsulate microclimatic features of the sites that are not properly captured by the 

climatic interpolations provided by the CRU database (Maestre et al. 2012). Elevation was 

obtained from Google Earth (http://www.google.com/earth/index.html). Based on its climate 

and spatial coordinates, each case study was assigned to a different biome as described in 

Appendix S1.

Analytical procedures

Does soil fauna exclusion increase or decrease litter decomposition at global 

and biome scales?—To answer this question, we calculated in each case study the 

response ratio of the decay rate (k) as a measure of effect size, lnRR(k) = (kExc/kAcc) where 

kExc and kAcc are the decay rates in the litterbags with fauna excluded and present, 

respectively. lnRR is a unit free index, which ranges from −∞ to +∞ and estimates the size 

of the impact and its direction (Hedges et al. 1999). Zero lnRR values means no difference 

in decomposition between fauna excluded and present litterbags, positive and negative 

values indicate faster and slower decomposition in fauna excluded litterbags, respectively.

To test whether average lnRR (k) values differed significantly from zero, we assessed 

whether the bias-corrected 95% bootstrap-confidence interval (CI) of LnRR (k) did not 

overlap zero based on 999 iterations (Rosenberg et al. 2000). We also tested whether effect 

sizes were homogeneous across case studies using the Qtotal statistic, which is based on a 

chi-squared test. A significant Qtotal indicates that the variance among effect sizes is greater 

than expected by sampling error, suggesting that effect sizes are not equal across studies and 

implying that other explanatory variables may affect the results. In this case, we either 
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compared effect sizes between different categories of the parameters studied (e.g. physical 

vs. chemical fauna exclusion and biome) or calculated linear regressions between effect 

sizes and continuous variables (e.g. mesh size of both fauna excluded and present litterbags, 

study length and number of harvests). Bootstrapping was also used to generate CIs in the 

random-effects models. For categorical comparisons, we examined Prandom values 

associated to Qbetween, which describes the heterogeneity in effect sizes associated to 

differences between categories. We also tested whether the remaining within-group 

heterogeneity (Qwithin) was significant using a chi-squared test. The mean percentage of 

change in litter decomposition rates was estimated as (eR+ – 1) × 100, where R+ is the 

weighted mean response ratio across studies (Rosenberg et al. 2000). The approach to deal 

with the hierarchy of the dataset (case studies nested within studies) and publication bias is 

described in the Appendix S1. LnRR calculations and meta-analysis were conducted with 

MetaWin v2.1 (Rosenberg et al. 2000).

What is the relative importance of climate, litter quality and soil fauna for litter 

decomposition rates at global and biome scales?—We assessed the relationships 

among climate, plant traits, soil fauna and litter decomposition rates (k) using structural 

equation modeling (SEM). SEM has seldom been used in a meta-analytical context, but its 

flexibility renders it highly useful for this aim (see Grace et al. 2007 and Eldridge et al. 2011 

for examples). This technique starts with the development of an a priori model that features 

variables and hypothesized causal relationships among them in a path diagram. Two groups 

of models were tested: global and biome-specific SEMs. Our a priori global SEM predicted 

a direct effect of plant traits, climate, elevation and soil fauna on k, which describes the litter 

decay rate (Fig. S1). This model also predicts an indirect effect of climate and elevation on 

k, which is modulated by plant traits (Aerts 2006). We introduced the latitude and longitude 

of each site in the global model to account for the spatial autocorrelation of our data (some 

case studies were nested within studies). Elevation was introduced in all the models as an 

endogenous variable related to microclimate. Regarding plant traits, the C:N ratio and SLA 

were introduced in all the models as indicators of litter quality important for decomposition 

(Cornwell et al. 2008; Zhang et al. 2008). Soil fauna was modeled as a binary variable 

describing the fauna excluded and present treatments. The structure of the data was therefore 

nested as a consequence of the inclusion of the soil fauna variable in the models. The effect 

of this nested structure was tested by running our a priori global model (Fig. S1) without the 

soil fauna variable and using the litter decomposition rate from the fauna excluded treatment 

as the response variable (Fig. S2). Path coefficients were very similar between both models 

(Figs. S1 and S2), suggesting that the nested structure of our data did not affect the outcome 

of the model described in Fig. S1. Because of the high dimensionality of our dataset, data 

reduction was conducted prior to analysis on the spatial and climatic variables (Appendix 

S1). The structure of the biome SEM was identical, excepting for the absence of the spatial 

variables.

Using the variables either measured or derived as described above, we constructed our 

models and tested their fit. From the seven biomes assessed in the previous meta-analysis, 

the coniferous forests and the tropical dry forests were ruled out because of their small 

sample size (n = 10 and 15, respectively). Path coefficients were estimated with 
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bootstrapping using the bias-corrected percentile method, as some of our data (e.g. the first 

component of the principal component analysis conducted with climatic variables [hereafter 

Comp1]) were not normal even after transformations, and this technique is better suited in 

these cases than maximum likelihood estimation. Overall goodness-of-fit of the models were 

tested against the dataset (see Appendix S1). In order to increase the degrees of freedom, 

any path with a coefficient <0.10 were removed from the model when not significant. 

Statistical analyses were performed with SPSS version 14.0 and AMOS (SPSS Inc., 

Chicago, IL, USA).

Do the effects of soil fauna exclusion on litter decomposition depend on 

climate and litter quality at global and biome scales?—To answer this question, 

we assessed the relationships between climate, litter quality and the soil fauna effect size on 

litter decomposition (lnRR (k)) using SEM. The structure of this SEM was very similar to 

that described above, but we used lnRR (k) instead of k as the response variable, and did not 

include soil fauna as a predictor variable. Therefore, this SEM does not have a nested 

structure, and thus the sample size was equal to the case studies evaluated. Global and 

biome-specific SEMs were also tested as described above.

Results

Soil fauna effects on litter decomposition rates at global and biome scales

Averaged across all studies, there was considerable variability in the effect sizes (Qtotal = 

777.64, d.f. = 426, P < 0.0001). Mean effect sizes differed significantly between the biomes 

examined (Qbetween = 86.85, d.f. = 6, Prandom = 0.001), but only in magnitude, as a positive 

effect size of soil fauna on litter decomposition rates was observed in all cases (Fig. 2). 

Fauna exclusion significantly reduced litter decomposition rates by 35% at the global scale, 

by 22% and 32% in the tropical dry and wet forests, respectively, by 13% in the coniferous 

forests, by 21% in the deciduous forests, by 30% in the agro-ecosystems, by 18% in the cold 

or dry systems and by 47% in the humid grasslands. The mean effect size within biomes was 

also heterogeneous (Qwithin = 690.79, d.f. = 420, P < 0.0001).

Litter decomposition responses did not change between types of fauna exclusion (Qbetween = 

3.626, Prandom = 0.153). Both physical and chemical exclusion significantly reduced litter 

decomposition rates (ln RR (k) = −0.41 and −0.33, d.f. = 351 and 75, 95% CI = −0.47 to 

−0.36 and −0.42 to −0.24, respectively). The mesh size did not influence the observed effect 

sizes (slope = 0.0001 and < 0.0001 for fauna excluded and present litterbags, P = 0.233 and 

0.794, respectively). Thus, the high variability of mesh sizes present in our database did not 

systematically affect the role of soil fauna on litter mass loss. The study length and the 

number of harvests conducted had a weak but significant influence on effect size (slope = 

0.0006 and 0.0118, P = 0.001 and 0.021, respectively). However, the number of harvests 

was correlated with the study length (r = 0.301, P < 0.001), indicating that longer-term 

studies, which tend to conduct more harvests, show a lower decrease in litter decomposition 

rates with fauna exclusion. The comparison of effect sizes between the full and the reduced 

databases (Table S2) suggested the absence of pseudo-replication in our data, as the mean 
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effect sizes were similar and the bias-corrected 95% bootstrap CI overlapped between both 

databases.

The relative importance of climate, litter quality and soil fauna for litter decomposition 

rates

Our SEM model was able to explain ~40% of the variance in litter decomposition rates at 

the global scale, and between 19% and 65% of this variance at the biome scale (Table 1). 

Climatic features (elevation and the Comp1) and litter quality (C:N ratio and SLA) 

accounted for most of the variance in litter decomposition rates, both in the global and the 

biome scale models. Soil fauna exerted a significant direct effect (r = 0.14) on litter 

decomposition rates in the global scale model. Soil fauna were also significantly related with 

litter decomposition rates in the humid grasslands, agro-ecosystems and tropical wet forests 

models, where it represented the largest contribution to the variance explained by the SEM 

conducted (Table 1).

Climate and litter quality modulation of the effects of soil fauna on litter decomposition

Climate (r = −0.27) and litter C:N ratio (r = 0.24) modulated the effect sizes of soil fauna 

exclusion on litter decomposition rates (Fig. 3) at the global scale. Climate effects were 

highly determined by the spatial component, and negatively affected lnRR (k). These results 

indicate a stronger positive effect of soil fauna on litter decomposition rates with higher total 

precipitation and higher minimum temperature. On the other hand, an increase in litter C:N 

promoted faster decomposition when soil fauna were excluded. Microclimatic variation 

related to elevation did not affect lnRR (k).

The greatest contributor to lnRR (k) varied between biomes (Fig. 4), with climate being the 

most important predictor in the cold or dry and deciduous forests, litter quality in the humid 

grasslands and agro-ecosystems, and both predictors in the tropical wet forests. 

Interestingly, the percentage of the total effects of climate on lnRR (k) indirectly determined 

by litter quality varied considerably across and between biomes (Table 2). Whereas litter 

quality modulated 20% of climate effects at the global scale, that fraction varied at the 

biome scale from less than 7% in the tropical wet forests, deciduous forests and cold or dry 

systems to 72% in the humid grasslands. The biomes with a strong effect of climate also 

showed larger positive effects of soil fauna on litter decomposition as precipitation and 

minimum temperature increased. We also found a negative relationship between litter 

quality (e.g. low C:N ratio and/or high SLA) and soil fauna exclusion in tropical wet forests 

and cold or dry biomes. This link was the opposite in the rest of biomes, where lower litter 

quality was associated with weaker effects of soil fauna exclusion on decomposition, and 

hence with a smaller role played by soil fauna on the decomposition process.

Discussion

Soil fauna have a consistent positive effect over litter decomposition rates at both global 

and biome scales

Our analysis provides solid evidence that soil fauna promote litter decomposition rates at 

global and biome scales. Even though some heterogeneity was found among regions, the 
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seven biomes evaluated showed a consistent positive effect of soil fauna on litter mass loss, 

indicating prevalent global- and regional-scale patterns. The 95% confidence intervals only 

overlapped zero in the coniferous forest, but this result was probably influenced by the small 

sample size found in this biome. Differences found in the magnitude of the soil fauna effects 

between biomes support previous findings (Wall et al. 2008), with higher effects in the 

temperate humid grasslands and tropical wet forests and weaker effects in biomes such as 

coniferous forests and cold or dry systems, where biological activity is more constrained by 

temperature and/or moisture.

Soil fauna exclusion decreased mass loss independently of the exclusion technique (physical 

vs. chemical) and the mesh size of the litterbags. This result allows for an overall 

comparison between studies using different exclusion techniques, which is contrary to the 

pattern found by Kampichler & Bruckner (2009). We can also argue that confounding 

factors found in coarse litterbags, such as leaching (Anderson 1973), and in fine litterbags, 

such as microclimatic alteration (Irmler 2000), do not determine the general outcome of soil 

fauna effects on litter decomposition. Even if we cannot disentangle the contribution of soil 

fauna to mass loss as a consequence of litter fragmentation (Peterson & Luxton 1982) or the 

stimulation of microbial biomass (Seastedt 1984), our results indicate that the positive effect 

of soil fauna on decomposition is robust across different soil trophic groups excluded by 

either body size or biocide sensitivity. However, the variability of mesh sizes used prevented 

us to elucidate which soil fauna group contributed the most to the pattern found, an issue 

that deserves further attention by future studies.

Interactions between climate, litter quality, soil fauna and litter decomposition rates

Our models (Table 1) identified climate (elevation and the Comp1) and litter quality as the 

major controls on litter decomposition at global and biome scales, supporting previous 

findings (Swift et al. 1979; Parton et al. 2007; Cornwell et al. 2008). Interestingly, soil 

fauna played a significant role, independently from that of climate and litter quality, 

determining litter decomposition rates at the global scale. This pattern was consistent in 

three of the five biomes evaluated, with soil fauna representing the major decomposition 

driver in the tropical wet forests. In general, the relative importance of soil fauna was similar 

to that of litter quality. It must be noted that the importance of soil fauna could be even 

higher if continuous data, such as community composition, were introduced in the models 

instead of the binary variable used here. Our results suggest that soil fauna exert a greater 

influence on litter decomposition than that previously assessed in a global experiment (Wall 

et al. 2008), where soil fauna provided a modest 7% improvement in decomposition 

variance explained with respect to the climatic predictors. Even though our results are not 

directly comparable to those of Wall et al. (2008) because of methodological differences, 

they indicate that soil fauna can explain a fraction of the variability in decomposition 

beyond that explained by climate and litter quality, and that the contribution of soil fauna 

can equal that of litter quality in certain biomes.

Total precipitation and minimum temperature were the major drivers of the effects of soil 

fauna on litter decomposition rates at the global scale, as such effects were more positive at 

the warmer and wetter sites (Fig. 3). In addition, the litter C:N ratio was also a strong 
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predictor at the global scale. However, and contrary to previous findings (Bradford et al. 

2002), litter of lower quality (higher C:N ratio) promoted weaker positive effects of soil 

fauna on decomposition. We hypothesize two plausible explanations to deal with this 

inconsistency: 1) different study lengths may change the effects of the litter quality–soil 

fauna relationship on decomposition (Smith & Bradford 2003), and 2) litter quality is a 

function of the chemical composition of the litter, but also depends on how the soil 

organisms perceive that litter based on past exposure to similar substrates (Strickland et al. 

2009). Overall, our results show how climate and litter quality, besides controlling litter 

decomposition rates at the global scale (Parton et al. 2007; Cornwell et al. 2008; Zhang et 

al. 2008), also drive the effects of soil fauna on this key ecosystem process.

One of the most striking findings of our study is that the relative importance of climate and 

litter quality as drivers of soil fauna effects on decomposition rates varied considerably 

between biomes (Fig. 4 and Table 2). These changes promote an interesting pattern, where 

climate exerts an important direct effect in some biomes, while affecting soil fauna effects 

on decomposition through litter quality alteration in other biomes. Therefore, ongoing 

climate change may differently influence the way soil fauna affect litter decomposition at 

the biome scale, and this specificity should be included in large-scale decomposition 

models. Direct effects will be especially important in climate-driven biomes such as tropical 

wet forests, deciduous forests and cold or dry systems, where soil fauna effects on 

decomposition increase with increases in precipitation and minimum temperature. In cold 

biomes, where climate change effects on litter decomposition are likely to be especially 

important (Aerts 2006), warmer and wetter climates will likely promote a faster 

decomposition and release of the old and large carbon pools found in these biomes (Hobbie 

1996) through a higher soil fauna effect. On the other hand, litter-mediated effects of climate 

change will be key in temperate humid grasslands, where changes in litter quality with 

climate represent more than 70% of the total effects of climate on soil fauna effect sizes. In 

this biome, changes in litter quality, triggered by either changes in plant community 

composition and/or phenotypic responses to temperature and moisture (Murphy et al. 2002), 

may be more important in determining the role of soil fauna on litter decomposition than the 

direct effects of climate change.

Research gaps and guidelines for future studies

Despite increasing research efforts devoted to understand the role of climate, litter quality 

and soil organisms on litter decomposition rates and carbon cycling (Swift et al. 1979; 

Lavelle et al. 1993; Cornwell et al. 2008; Wall et al. 2008), certain biomes such as agro-

ecosystems, cold or dry, tropical dry forests and coniferous forests deserve further attention. 

Specifically, coniferous forests, in the form of high latitude boreal forests, represent one of 

the largest soil carbon pools on Earth, with ~182 Gt of C stored (Amundson 2001), and 

hence constitute a key biome for future studies evaluating the effects of climate change, 

litter quality and soil organisms on litter decomposition and carbon release.

The potential for using litterbags in future decomposition studies is still high, but some 

methodological issues should be assessed in order to deal with the common pitfalls of this 

technique. We suggest that a new generation of custom-made field microcosms could be 
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used to replace the traditional litterbags. A good example was recently applied in Makkonen 

et al. (2012), where PVC cylinders were used to prevent litter compaction, physical loss and 

microclimate alteration. Even though we found very similar results for studies using either 

physical or chemical soil fauna exclusion, biocides such as naphthalene should be avoided 

because they may have unknown non-target effects on other biota throughout the food chain 

(Blair et al. 1989). The use of 13C labelled litter may help to establish a biome-specific 

correction factor to assess the ‘true’ soil fauna effect in decomposition studies, and to rule 

out the confounding effects of litter fractionation in deep soil layers by soil animals. 

Important insights could be obtained from future experiments that rigorously include the 

role of soil fauna on litter decomposition at global and regional scales, and that aim to 

answer two key questions: 1) do regional patterns of soil faunal diversity differ with climate 

and litter quality?, and 2) how do these patterns affect litter decomposition dynamics under a 

climate change scenario? To advance our understanding of the decomposition process, we 

also propose the design of multisite and multispecies observational studies, where soil fauna 

will be directly extracted from the incubated litter. Instead of using initial litter chemistry, 

changes in litter quality should be analysed throughout the study to include the litter 

chemistry complexity during decomposition (Wickings et al. 2012).

Concluding remarks

Here we advance the first global- and biome-scale synthesis on the relative importance of 

climate, litter quality and soil fauna for litter decomposition rates, and on how climate and 

litter quality modulate the effects of soil fauna on such rates. Our review demonstrates, 

using a comprehensive gradient of soil faunal communities, climates and litter qualities, that 

soil fauna consistently promote litter decomposition across and within biomes. This positive 

effect was independent from the direct influence of climate and litter quality on 

decomposition, and had a similar magnitude than the effect of litter quality. It also highlights 

that the modulation of soil fauna effects on decomposition by climate and litter quality 

varies with the biome considered, from climate-driven biomes such as tropical wet forests, 

deciduous forests and cold or dry, to biomes where climate effects are mediated by changes 

in litter quality, such as temperate humid grasslands. Biome-scale decomposition models 

should incorporate these regional contingencies to improve their predictive capacity, and to 

adequately assess the impacts of climate change on regional and global carbon dynamics 

(O’Halloran et al. 2013). We still know remarkably little about how shifts in soil fauna 

community composition affect litter decomposition, as there is a lack of data on functional 

species roles (Aerts 2006). However, while this information becomes available, biome-

specific whole soil fauna contributions and interactions with climate and litter quality can be 

used to reduce the unexplained residual variation in large-scale decomposition models (ca. 

25%, Del Grosso et al. 2005).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Map showing the location of the 129 independent study sites used in our meta-analysis. Note 

that some of the 75 articles evaluated included more than one site. See Table S1 and Map S1 

to identify the case studies evaluated in each site.
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Figure 2. 
Mean effect size of soil fauna exclusion on litter decomposition rates (lnRR (k)) at the 

global scale (n = 440), tropical dry forests (n = 15), tropical wet forests (n = 115), coniferous 

forests (n = 10), deciduous forests (n = 92), agro-ecosystems (n = 27), cold or dry (n = 42) 

and humid grasslands (n = 139). The bars around the means are bias-corrected 95%-

bootstrap confidence intervals. Negative mean effect sizes indicate slower litter 

decomposition in the litterbags without soil fauna.
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Figure 3. 
Global-scale structural equation model depicting the direct and indirect influences of 

elevation, spatial coordinates, climate and plant litter traits on the effects of soil fauna 

exclusion on litter decomposition rates (lnRR (k)). Boxes indicate measured variables 

entered in the model. The hexagon indicates a composite variable (‘Spatial’) used to pool the 

effects of latitude and longitude. The variable ‘Climate’ indicates the Component 1 of a 

Principal Component Analysis conducted with mean total precipitation, monthly 

precipitation, minimum temperature and the climate decomposition index. These variables 

are highly related to ‘Climate’ (Spearman’s ρ > 0.84, P < 0.001 in all cases). The path 

widths are scaled proportionally to the path coefficient. Overall goodness-of-fit tests are 

shown in the bottom of the figure. *** = P < 0.001; ** = P < 0.01; * = P < 0.05; n = 335.
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Figure 4. 
Biome-scale structural equation models depicting the direct and indirect influences of 

elevation, climate and plant litter traits on the effects of soil fauna exclusion on litter 

decomposition rates (lnRR (k)). n = 96, 83, 23, 30 and 78 in the tropical wet forests, 

deciduous forests, agro-ecosystems, cold or dry and humid grasslands, respectively. The 

variable ‘Climate’ indicates the Component 1 of a Principal Component Analysis (PCA) 

conducted with mean total precipitation (MTP), monthly precipitation (MP), minimum 

temperature (MT) and the climate decomposition index (CDI). Note that two climate 
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components of the PCA (PCA1 and PCA2) were included in the deciduous forests model 

because both had eigenvalues > 1 (Appendix S1). In this model, a and b denote path 

coefficients from Elevation to PCA1 and PCA2, respectively, and c and d from PCA1 and 

PCA2 to lnRR decomposition, respectively. Rest of caption as in Figure 3.
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Table 1

Direct effects of elevation, climate, litter C:N, litter SLA and soil fauna on litter decomposition (rates) in the 

global and biomes scale structural equation models (SEMs). Climate represents the Component 1 of a 

Principal Component Analysis (PCA) conducted with the climatic variables, except in the deciduous forests 

model, where the first two components from this PCA were used. R2 = amount of variance explained in the 

litter decomposition rates (k).

SEM Elevation Climate Litter C:N Litter SLA Soil fauna R2

Global −0.36*** 0.09* −0.26*** 0.17*** 0.14*** 0.38

Tropical wet forests −0.23* 0.12 −0.11 0.17 0.27*** 0.19

Deciduous forests −0.04 0.15* −0.06 0.41**** 0.13 0.24

Agro-ecosystems 0.33*** 0.58*** 0.18 0.12 0.20* 0.65

Cold or dry −0.17 0.56*** −0.09 0.20** 0.05 0.59

Humid grasslands −0.44*** −0.08 −0.21*** 0.36*** 0.17*** 0.62

***
= P < 0.001;

**
= P < 0.01;

*
= P < 0.05. The full SEM can be found in Figs. S1 and S3.
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Table 2

Standardized total, direct, indirect and absolute total effects of climate on the soil fauna effects on litter 

decomposition (lnRR (k)) in the global and biome scale structural equation models (SEMs). The proportion of 

the total absolute effects of climate on lnRR(k) modulated by plant litter traits (C:N ratio and SLA) in each 

SEM is also shown.

SEMs Total effect Direct effect Indirect effect Absolute total effects Proportion modulated by plant traits

Global −0.20 −0.27 0.07 0.34 20

Tropical wet forests −0.18 −0.18 0 0.18 0

Deciduous forests −0.40 −0.38 −0.03 0.40 6

Agro-ecosystems −0.06 −0.07 0.01 0.09 13

Cold or dry −0.47 −0.49 0.02 0.51 4

Humid grasslands 0.08 −0.05 0.13 0.18 72
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