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Abstract Managing ecosystems to ensure the provision of multiple ecosystem services is

a key challenge for applied ecology. Functional traits are receiving increasing attention as

the main ecological attributes by which different organisms and biological communities

influence ecosystem services through their effects on underlying ecosystem processes.

Here we synthesize concepts and empirical evidence on linkages between functional traits

and ecosystem services across different trophic levels. Most of the 247 studies reviewed
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Cátedra de Métodos Cuantitativos Aplicados, Facultad de Agronomı́a,
Universidad de Buenos Aires, C1417DSE Buenos Aires, Argentina

C. K. Feld � D. Hering
Applied Zoology/Hydrobiology, Faculty of Biology and Geography,
University of Duisburg-Essen, 45117 Essen, Germany

P. Martins da Silva � J. P. Sousa
IMAR-CIC, Department of Zoology, University of Coimbra, 3004-517 Coimbra, Portugal

123

Biodivers Conserv (2010) 19:2873–2893
DOI 10.1007/s10531-010-9850-9



considered plants and soil invertebrates, but quantitative trait–service associations have

been documented for a range of organisms and ecosystems, illustrating the wide appli-

cability of the trait approach. Within each trophic level, specific processes are affected by a

combination of traits while particular key traits are simultaneously involved in the control

of multiple processes. These multiple associations between traits and ecosystem processes

can help to identify predictable trait–service clusters that depend on several trophic levels,

such as clusters of traits of plants and soil organisms that underlie nutrient cycling, her-

bivory, and fodder and fibre production. We propose that the assessment of trait–service

clusters will represent a crucial step in ecosystem service monitoring and in balancing the

delivery of multiple, and sometimes conflicting, services in ecosystem management.

Keywords Ecosystem functioning � Functional diversity � Indicators �
Multitrophic communities � Plant, animal and microbial biodiversity

Introduction

The recent emphasis on ecosystem services as a currency to value ecosystems and promote

their sustainable use (Millennium Ecosystem Assessment 2005) has drawn attention to the

ways in which different organisms contribute to the delivery of ecosystem services

(Kremen 2005; Dı́az et al. 2007; Suding et al. 2008; Luck et al. 2009). While the current

demand for ecosystem services is growing rapidly (Beier et al. 2008; Loring et al. 2008;

Carpenter et al. 2009), uncertainty remains as to how to manage the provision of multiple,

and sometimes conflicting, ecosystem services. How these challenges are met will play a

major role in determining the ecological, economic, and cultural future of the planet

(Bennett and Balvanera 2007).

The ability of an ecosystem to provide multiple services, first, consists in allocating

relevant ecosystem properties to each service and identifying which organisms, or groups

of organisms, control these properties (Bengtsson 1998; Kremen 2005). Next, it is nec-

essary to identify the key characteristics and mechanisms by which these organisms affect

ecosystem properties (Grime 2001; Eviner and Chapin 2003; Hooper et al. 2005; Luck

et al. 2009). This task is being undertaken in an increasing number of studies, such as those

identifying the functional roles of pollinators (Kremen et al. 2007), particular plant groups

as nitrogen fixers (Spehn et al. 2002), soil or sediment engineers (Wardle et al. 2004;

Boyero et al. 2007) and different soil microbial and faunal groups (Bailey et al. 2002;

Heemsbergen et al. 2004; Wall 2004). Furthermore, empirical studies and syntheses have

S. G. Potts
Centre for Agri-Environmental Research, University of Reading, Reading, Berks RG6 6AR, UK

L. Sandin
Department of Environmental Assessment, Swedish University of Agricultural Sciences,
Box 7050, 750 07 Uppsala, Sweden

D. A. Wardle
Department of Forest Ecology and Management, Swedish University of Agricultural Sciences,
901-83 Umeå, Sweden
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identified functional traits (Box 1) as the key mechanism by which single species (Luck

et al. 2009) and groups of species (Lavorel and Garnier 2002; Dı́az et al. 2004, 2007;

Hooper et al. 2005) influence ecosystem properties.

There is thus a growing consensus that the quantification of the kind, range, and relative

abundance of functional traits in biotic communities (Box 1) can greatly contribute to

ecosystem service assessment and management (Petchey and Gaston 2006; Dı́az et al.

2007; Fox and Harpole 2008). However, relevant studies and concepts are scattered in the

literature and across disciplines (Eviner and Chapin 2003; Heemsbergen et al. 2004;

Hooper et al. 2005). In particular, as ecosystem processes relevant to important ecosystem

services are often associated with the activities of organisms at several trophic levels

(Bardgett and Wardle 2003; Kremen et al. 2007), trait approaches across disciplines need

to be integrated.

This review takes on these challenges and is the first study to compile and synthesize the

scattered information available connecting functional traits across different groups of

organisms to a wide range of ecosystem processes and services. It goes beyond previous

syntheses of biodiversity effects on ecosystem processes (Hooper et al. 2005; Balvanera

et al. 2006; Cardinale et al. 2006; Kremen et al. 2007) by introducing the concept of trait–

Box 1 Terminology relating to functional traits

Functional trait: a characteristic of an organism, which has demonstrable links to the organism’s function.
As such, a functional trait determines the organism’s response to pressures (response trait), and its effects
on ecosystem processes or services (effect trait). Functional traits are considered as reflecting adaptations
to variation in the physical and biotic environment and trade-offs (ecophysiological and/or evolutionary)
among different functions within an organism. In plants, functional traits include morphological,
ecophysiological, biochemical and regeneration traits, including demographic traits (at the population
level). In animals, these traits are combined with life-history, behavioural and feeding habit traits

Functional group: a collection of organisms with similar suites of co-occurring functional attributes. Groups
are traditionally associated with similar responses to external factors and/or effects on ecosystem
processes. A functional group is often referred to as ‘guild’, especially when referring to animals, e.g. the
feeding types of aquatic organisms having the same function within the trophic chain

Components of traits effects: traits effects on ecosystem processes and services are mediated by the kind,
range and relative abundance of functional attributes in a given community. These dimensions are
collectively known as ‘functional diversity’ (Dı́az and Cabido 2001; Dı́az et al. 2007) and can be
quantified by different components. The components most commonly used are the ‘dominant traits’ in a
community and the ‘functional divergence’ among its members.

Dominant traits: the mass ratio hypothesis (Grime 1998) states that the traits of the dominant species in a
community (those which represent most of the biomass in their trophic level) exert a key effect on many
ecosystem processes. The dominant traits in a community can be estimated by different measures, such as
the weighted trait mean value in a community (the average trait value in a community weighted by the
relative abundance of the species, or population, carrying each value; Garnier et al. 2007) or, simply, as the
relative abundance of given functional groups (e.g., the abundance of nitrogen-fixing species)

Functional divergence (or trait range): the degree of functional dissimilarity in trait values within the
community. This can be expressed through various metrics, including functional divergence (Mason et al.
2005) and the number of functional groups (i.e. functional richness: Dı́az and Cabido 2001; Balvanera
et al. 2006). Functional divergence, by stressing the presence of a variety of functional trait values, can be
seen as linked to the ‘‘niche complementarity effect’’ (which also includes facilitation), i.e. where
ecological differences between species lead to more complete utilization of resources (Trenbath 1974;
Tilman et al. 1997). Although sometimes this component is also defined as ‘functional diversity’ (Hooper
et al. 2005; Petchey and Gaston 2006; Lepš et al. 2006) it should not be confounded with the concept of
functional diversity as defined by Dı́az and Cabido (2001) and Dı́az et al. (2007), which includes more
components and trait effects (see above)

For more details see Harrington et al. (2010)
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service clusters, which result from the multiple associations between traits and services

across different trophic levels. Identifying consistent clusters of traits and services could

greatly enhance our theoretical understanding and capacity for managing biodiversity for

the provision of multiple ecosystem services.

Data compilation

We compiled peer reviewed literature published up to 2007 documenting links between

functional traits and ecosystem services, and the underlying ecosystem processes, for the

widest possible range of organisms and disciplines. We only dealt with studies that

explicitly considered functional traits and/or functional groups of organisms, and excluded

publications that simply reported the effects of species diversity or composition. The

literature survey included: (i) a search in ISI Web of Science using various key words

(‘‘ecosystem* service*’’, ‘‘ecosystem* process*’’, ‘‘ecosystem* function*’’, trait*, guild*,

‘‘functional diversity’’, ‘‘mass ratio hypothesis’’, ‘‘niche complementarity’’; the same

keywords were also combined with specific individual ecosystem services and processes);

and (ii) a compilation of studies based on the specific literature knowledge of the different

authors whose expertise collectively covers a broad range of organisms and ecosystems.

This allowed inclusion in the database of those studies that actually meet the review

criteria but that do not mention the above keywords explicitly.

Overall, in the final data compilation, the number of studies initially considered was

then restricted based on different criteria: only those studies demonstrating statistically

significant associations between traits and ecosystem processes and/or services, based on

quantitative data, were considered (as opposed to verbal statements). These filters clearly

restricted the number of studies considered, within the number found in the literature, to

only those ones illustrating an effect of traits on a given ecosystem process. Therefore, the

frequency of reported trait–service associations is a first indication of their relevance (i.e.

how often a given relationship was found to be statistically significant), as well as of the

ease of obtaining associated measurements or the prevalence of the hypothesis from the

literature. In this approach, the magnitude of each trait–process relationship was not taken

into account to avoid biased comparisons across different methodological approaches in

different studies and also because this was often not explicitly indicated. Double counting

of a given trait–process relationship based on the same experimental evidence was also

avoided. We are aware that, most likely, our review does not include all existing studies in

the literature on the link between traits and ecosystem functions. We are, however, con-

fident that that is the first and most complete attempt to synthesize this very scattered

information. Even if a limited number of studies could be missing, we are convinced that it

is a excellent representation of the knowledge that it is available in the literature.

In identifying trait–service associations we followed a two-stage approach. Traits were

first associated with given ecosystem processes and then single or multiple processes

associated with different ecosystem services were identified (Quétier et al. 2007; Appendix).

This approach was necessary to deal with the great majority of studies showing effects of

traits on those ecosystem processes that control different ecosystem services, but that do not

mention explicitly the relevance of traits for ecosystem services (the concept of which is

more recent than much of the older literature that we considered). Although links between

ecosystem processes and services are not always trivial, ecosystem services and their

changes can be reasonably estimated by a set of specific processes that are routinely mea-

sured in ecological studies (Chan et al. 2006; Dı́az et al. 2007). For example, Quétier et al.
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(2007) showed that ecosystem services identified by stakeholders, such as fodder production

and the maintenance of soil fertility, can be associated with specific ecosystem processes,

such as plant green biomass and litter production, soil water fluxes, and litter decomposition

rate. In our approach, we also combined the ‘regulating’ and ‘supporting’ ecosystem service

categories identified by the Millennium Ecosystem Assessment (2005) because, in most

cases, a clear objective distinction between the two categories was not possible (see, e.g.

Brauman et al. 2007). Then, ecological processes such as herbivory and seed dispersal,

initially recognized in the Millennium Ecosystem Assessment as ecosystem services, were

here considered as ecosystem processes affecting several services (e.g., biological control,

decomposition, food production; see also Carpenter et al. 2009).

In total, 247 references documenting trait effects on ecosystem properties were com-

piled in a database (original database available on request; see Appendix for detailed

results) in which each entry (row) was classified according to 10 criteria (columns): (1) the

nature of the study (a review or primary data publication); (2) the category of ecosystem

service assessed (provisioning, cultural and regulating/supporting services); (3) the specific

ecosystem service assessed; (4) the ecosystem process underlying the service; (5) the level

of organization at which traits were assessed (i.e. species, functional groups, whole

community; see details below and Box 1); (6) the specific traits; (7) whether traits were

assessed in combination with other traits or individually; (8) the relationship of traits with

ecosystem processes and services (an increase in trait value/abundance improved or was

detrimental to the process, or the relationship was not identifiable); (9) the organisms

providing the service; and (10) the ecosystem type. The 247 studies resulted in a database

with 548 entries because studies assessing multiple trait–service combinations were

included as multiple rows (as, often, studies detect the effects of more than one trait on a

given ecosystem process).

For the level of organization at which functional traits effects were documented (cri-

terion 5) we distinguished different categories: (5a) species trait; (5b) functional group

(Box 1); (5c) community dominant trait, i.e. locally abundant traits or functional groups

resulting in different ecosystem effects (Grime 1998; Dı́az et al. 2007; Garnier et al. 2007;

Box 1); and (5d) community trait range, which includes studies analysing effects of

functional divergence (as defined by Mason et al. 2005; Lepš et al. 2006) or functional

group richness (Dı́az and Cabido 2001; Hooper et al. 2005; Balvanera et al. 2006; see

Box 1). These four categories were not exclusive; for instance, a case considering func-

tional group richness would feature in the table under both functional group (5b) and trait

range levels (5d).

Links between traits and services: spread of existing evidence

Relationships between traits and services have been documented for a range of organisms

and ecosystems (Fig. 1). These results show the state of research and the existing bias

towards specific ecosystems and organisms, therefore highlighting the areas for which the

greatest research need still exists. Most of the proven trait–service associations correspond

to plant communities and, to a lesser extent, to soil and freshwater organisms and eco-

systems. Within organism groups, several traits have been reported, mostly structural traits

in plants (e.g. plant growth form, tissue chemistry, leaf morphology, canopy size and

architecture), ecophysiological traits in microbes and behavioural traits in animals (feeding

habit, substrate type, nesting activity, mobility, environmental and temporal niche;

Appendix). Easily measurable structural traits have been identified for plants, allowing the
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production of shortlists of key traits and standardized protocols to assess them (Cornelissen

et al. 2003). However, such shortlists need further progress for other organisms, such as

soil fauna (Faber 1991; Bradford et al. 2002; Rutgers et al. 2009), soil microbes

(Heemsbergen et al. 2004), freshwater and marine ecosystems (Dolédec et al. 1999; Gerino

et al. 2003) and pollinators (Kremen et al. 2007; Moretti et al. 2009). The morphological

characteristics of animals most frequently associated with particular ecosystem properties

were body size, relative growth rate and mandibular structure (Appendix).

The processes most often reported as underlying trait–service associations were rates of

decomposition and mineralization, nutrient retention and sedimentation, net primary pro-

ductivity (in the cases of fodder and fibre), evapotranspiration and herbivory (Appendix,

Fig. 2). The assessment of other ecosystem processes and services, and especially the

provisioning and cultural ones, has been based on functional trait approaches to a much

lesser extent (Appendix). While evidence for trait-based relationships is accumulating for

these services as well (Turpie and Joubert 2004; Quétier et al. 2007), further research on

this is needed.

Components of trait effects

Functional trait effects on ecosystem processes were most frequently reported at the levels of

functional groups and dominant trait values in a community, followed by those assessing

traits of single species (Fig. 3). Studies showing a significant effect of the range of trait

values present in a community (e.g. functional group richness and functional divergence;

Box 1) on ecosystem services were less common and mostly referred to processes based on

primary productivity, nutrient cycling, pollination, and in particular their maintenance

through time (i.e. stability and resilience; sensu Lepš et al. 1982). The low number of studies

documenting effects of the range of trait values as compared to those indicating effects of the

dominant functional traits or groups suggests, in principle, more support for the mass ratio

Fig. 1 Distribution of trait–service relationship information by organism and system type (number, i.e. No.,
and percentage of entries in the database as found in the literature are shown—note each study recorded
could generate more than one entry in the database, see ‘‘Data compilation’’). Entries not included in the
system categorization (right figure; 15% of the total number of entries) refer to meta-analysis studies
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hypothesis (Grime 1998; Garnier et al. 2007) than for the niche complementarity hypothesis

(Trenbath 1974; Tilman et al. 1997; Box 1). However, definitive conclusions cannot be

drawn until the comparative roles of these two components are assessed over a large number

of studies, including organisms other than plants. Overall, our review supports the devel-

opment of frameworks incorporating different functional dimensions of biodiversity in

ecosystem service assessments (Dı́az et al. 2007; Mokany et al. 2008).

A clear directional relationship between functional traits and the delivery of services

(either a beneficial or detrimental effect of given traits) could be established in the majority

of the cases considered (69%; Appendix). The relationship was more complex in the

remaining cases, for example when significant effects of traits were shown without clear

specification as to their direction (e.g., when functional group composition effects were

reported without explaining which particular group was mostly associated with a given

process). The relevance of these directional effects of traits can have important implica-

tions for ecosystem management (see below in ‘‘Managing clusters and trade-offs of

services’’).

Fig. 2 Distribution of trait–
service relationship information
by ecosystem processes assessed.
Quantitative axis refers to
number of entries in the database
(log scale). * Cultural services
not directly provided by a single
ecosystem process
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Multiple trait–service associations

Within organism groups, combinations of key traits were important in controlling a range

of ecosystem processes and services (Appendix). In particular, leaf chemistry and mor-

phology, canopy and root architecture in plants, body size and feeding habit in soil

invertebrates (Fig. 4), appeared to simultaneously influence a range of ecosystem services.

While the idea of simultaneous control from a combination of traits on a given process has

been previously suggested for plants (Grime et al. 1997; Lavorel and Garnier 2002; Eviner

and Chapin 2003; Dı́az et al. 2004, 2007) the concept could be expanded further and

applied across trophic levels and ecosystem services. Indeed, only 45% of cases considered

the combined effect of various traits on ecosystem service delivery and just 2% considered

more than one trophic level (mostly plants together with pollinators, soil invertebrates or

microbes). The understanding of multiple linkages between traits and services should thus

benefit greatly from further research on the functional consequences of multitrophic trait

combinations on ecosystem service delivery.

The assessment of multiple ecosystem services: identifying trait–service clusters

Progress in the management of multiple ecosystem service provision can be attained by

identifying clusters of ecologically-related services (Bennett and Balvanera 2007). The

multiple associations between traits and services (Appendix, Fig. 4) offer a unique

opportunity to develop such an approach, by allowing the assessment of combined biotic

effects on the simultaneous delivery of multiple services. To illustrate such identification

of trait–service clusters and synthesize the main concepts emerging from this review, we

subjected our database to a multivariate analysis (Fig. 5). The results of this analysis are by

no means applicable to the management of given ecosystems since they stem from studies

conducted in different habitats and contexts. Still, they illustrate how combinations of

Fig. 3 Levels at which the
collected studies assessed the
relationship between traits and
ecosystem services (see ‘‘Data
compilation’’ and Box 1 for
details). No. = number of entries
in the database
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functional traits across trophic levels control the provision of multiple ecosystem services

and can be used to identify trait–service clusters. Similar approaches should be developed

and validated in particular habitats and regions for identifying consistent trait–service

clusters that are relevant for ecosystem management (see next section).

In our example, several trait–service clusters can be identified, highlighting the extent

and current breadth of knowledge on trait–service associations. The analysis discriminated

the pollination and biocontrol services provided by invertebrates and plant traits (right

hand side of Fig. 5), from the water purification service mediated by a range of aquatic

organisms (bottom left) and a third, much larger, cluster of functions and associated

services (top left). The first two groups are intuitive for most ecologists and highlight the

utility of subjecting multiple trait–service associations, such as via multivariate analyses.

The third cluster revealed how various traits for plants and soil organisms show close

associations with carbon and nutrient cycling (through effects on carbon sequestration and

decomposition), herbivory and productivity on one hand, and water flow and soil and

sediment formation on the other. Examples showing strong associations between traits

from different types of organism in controlling a range of processes and services are

accumulating (Berg et al. 2001; Wall 2004; Kremen et al. 2007), especially for traits of

plants and soil organisms that underlie nutrient cycling, herbivory, and fodder and fibre

production (Bardgett and Wardle 2003; Cornelissen et al. 2003; Dı́az et al. 2004;

Fig. 4 Most commonly reported plant and invertebrate traits and their involvement in multiple ecosystem
service delivery. Larger arrow thickness for a given trait–service relationship indicates associations with
more entries in the database (i.e., more statistically significant associations found in the literature). The
assessment within this framework of multiple trait–services association with field data is thought to reduce
uncertainties in the management of multifunctional ecosystems. SLA specific leaf area. * Body size can be
often related to difference in feeding habit. ** The aesthetic value refers to multiple cultural services linked
to land stewardship
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Hattenschwiler and Gasser 2005). These examples represent a first step towards the inte-

gration of multiple traits effects across trophic levels.

Managing clusters and trade-offs of services

Our review aims at showing the potential of multiple trait–service clusters as a basis for

practical ecosystem management and decision-making. In this section, we will consider the

patterns emerging from the database and the specific references in the surveyed literature to

illustrate three potential applications of trait–service clusters: managing trade-offs of

services associated to traits (1) within one trophic level and (2) across multiple trophic

levels; (3) monitoring clusters of services at different spatial scales. We highlight future

research directions necessary to create, validate and launch ecosystem services monitoring

frameworks in the light of these patterns.

Trait–service clusters within one trophic level

The first set of examples demonstrates, for a given trophic level, the potential for trait–

service clusters to allow monitoring and management of ecosystem services trade-offs. In

particular, trait–service clusters underlie possible positive or negative associations between

services depending on the same functional traits. Given vegetation types, i.e. characterized

by different plant traits, have beneficial effects on some services and detrimental effects on

others (Chan et al. 2006; Nelson et al. 2009). For instance, the same trait configuration in

plant communities that improves fodder production is likely to reduce soil carbon

Fig. 5 Association between traits and ecosystem processes including different organism types. Using
Detrended Correspondence Analysis (DCA), ecosystem processes (cases) were ordinated on the basis of
traits (variables). Ecosystem processes (full circles) that are similar in terms of the traits that predict them
(different symbols for traits of different organisms) appear close to each other on the ordination plane (in
DCA, the proximity of two points reflect contingency). Only processes with[10 entries in the review (see
also Fig. 2) were considered. DCA axes 1 and 2 explain 25 and 14% of the total variability, respectively; the
ordination was run on CANOCO 4.5 (Lepš and Šmilauer 2003 for details). Not all traits are shown for clarity
reasons (traits displayed are those that showed the higher loads in DCA)
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sequestration (Wardle et al. 2004; Dijkstra et al. 2006; Klumpp et al. 2009) and might

impede services linked to aesthetic and cultural values (Hodgson et al. 2005; Quétier et al.

2007). Similar patterns emerge from other systems where key functional traits are asso-

ciated with multiple ecosystem functions (Engelhardt 2006 for aquatic plants; Seeber et al.

2006 for decomposers; Wojdak and Mittelbach 2007 for pond grazers).

In this context, it is apparent from our exercise that while the services delivered by

several key traits often coincided, the direction and number of statistically significant

associations found for each trait–service association varied (e.g. Appendix, Fig. 4), pro-

viding a first indication of the trait’s overall relevance. While these observations remain to

be tested within comparable experimental designs using standardized methodology for trait

measurements (e.g. Wardle et al. 1998; Garnier et al. 2007), they do open a new area of

research at the interface of land change science and fundamental ecology. At present, for

example, studies explicitly quantifying the relative influence of various traits on multiple

ecosystem functions are extremely rare (but see Dı́az et al. 2007; Mokany et al. 2008).

We foresee that assessing the multiple directional links between traits and services will

represent a key tool for quantifying ecosystem service delivery. To actively achieve this

goal, new data analyses approaches should be developed. Ideally, if we consider Fig. 4 as a

hypothetical cluster of traits associated with a set of services for a given ecosystem, then

data analysis should assess both the direction and the extent of trait associations with

specific ecosystem services. This would give arrows in the figure the ability to represent the

statistical strength of a given trait–service relationship. The approach (Fig. 4) can be

further expanded by considering how different components of trait effects (e.g. ‘dominant

traits’ and ‘functional divergence’, see Box 1) underlie a given trait–service association.

This analysis should lead to retaining the most parsimonious set of biotic and abiotic

factors that are associated with clusters of related services. The first analyses in this

direction show how traits can greatly support the prediction of multiple ecosystem services

within the context of land cover change (Dı́az et al. 2007). Similar approaches should be

developed and validated in different habitats and regions for analysing consistent trait–

service clusters that are relevant to ecosystem management.

Trait–service clusters across trophic levels

The second set of examples explores the potential of expanding trait–service cluster

analyses across trophic levels (see examples in Appendix and Fig. 5). Figure 4 might

provide also a basic analytical framework to test for the relative effects of multiple traits

across trophic levels on ecosystem services. To date, the few existing studies show that the

traits act mostly synergistically or as a ‘cascade’ across trophic levels. Predominantly

synergistic effects occur when ecosystem services are determined by the coupled action of

two or more trophic levels. For instance, processes linked to soil fertility and carbon

sequestration are affected by the functional composition of both plants and soil fauna

(Hattenschwiler and Gasser 2005; Zimmer et al. 2005). Also, pollination is regulated by the

interaction of plant and insect traits (Fontaine et al. 2006; Albrecht et al. 2007). In mul-

titrophic cascades, one trophic level alters the functional composition of an associated

trophic level, thereby modifying the delivery of a given service. For example, changes in

the proportion of functionally different riparian plant or macrophyte species can markedly

alter the functional composition of leaf shredders, thus driving changes in water purifi-

cation and services linked to the type and abundances of fish (Graca 2001; Meerhoff et al.

2003). Such consequences of the traits of organisms from one trophic level on other trophic

levels, and the net consequences of this for ecosystem service delivery, could be
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demonstrated by testing for multiple organism effects. In particular, path analysis could be

applied to provide estimates of the magnitude and significance of hypothesised causal

connections between trophic levels and ecosystem services.

Trait–service clusters across spatial scales

Finally, the third set of examples analyses the potential of trait–service clusters to improve

the quantification of ecosystem services at different spatial scales, which currently is still

largely lacking (Millennium Ecosystem Assessment 2005; Chan et al. 2006; Beier et al.

2008; Nelson et al. 2009). To improve the management of multiple ecosystem services and

inform land-use decisions, it is necessary to consider the spatial scale at which biotic

effects are primarily acting. Our review highlights that the strength of trait–service asso-

ciations might depend on the spatial scale at which the effect traits operate and that at

which the services are delivered. For instance, leaf traits were more frequently reported in

relation to services at smaller scales (i.e. local fertility), whilst broader-scale services, such

as water and climate regulation, were more often linked to canopy traits (Fig. 4). This

observation warrants more attention in order to close the gap between local and regional

assessments of ecosystem service delivery (e.g., Chan et al. 2006; Beier et al. 2008; Nelson

et al. 2008, 2009). It also reinforces the case for testing the relative strength of multiple

trait–service associations, consistent with the framework presented in Fig. 4.

Conclusions

The impact of biodiversity changes on ecosystem service delivery can be assessed by

identifying the key characteristics through which organisms affect ecosystem properties. Our

study indicates that the type, the range and especially the relative abundance of functional

traits in biotic communities exert a significant control over different ecosystem services

across a range of organisms and ecosystems. Although the evidence so far is biased towards

particular ecosystems, trophic levels and services, the approach is flexible enough to be

applied more widely. Our findings also indicate that several individual traits simultaneously

affect the delivery of multiple services, and that single services often depend on multiple

traits, resulting in clusters of associated traits and services. These clusters can provide a

common basis for managing biological communities and for the provision of bundles of

services. A major remaining conceptual and methodological challenge stems from the fact

that trade-offs and positive or negative feedbacks are likely within these clusters, e.g. through

conflicting services that are associated with similar functional traits. Given that ecosystem

processes and services rely on the combined action of different organisms, our understanding

of the linkages between traits and services would also benefit from further research on the

functional interactions among different trophic levels.
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Lepš J, de Bello F, Lavorel S, Berman S (2006) Quantifying and interpreting functional diversity of natural
communities: practical considerations matter. Preslia 78:481–501

Loring PA, Chapin FS, Gerlach SC (2008) The services-oriented architecture: ecosystem services as a
framework for diagnosing change in social ecological systems. Ecosystems 11:478–489

Luck GW, Harrington R, Harrison PA, Kremen C, Berry PM, Bugter R, Dawson TP, de Bello F, Dı́az S,
Feld CK, Haslett JR, Hering D, Kontogianni A, Lavorel S, Rounsevell M, Samways MJ, Sandin L,

2892 Biodivers Conserv (2010) 19:2873–2893

123

http://dx.doi.org/10.1007/s10531-010-9834-9


Settele J, Sykes MT, van den Hove S, Vandewalle M, Zobel M (2009) Quantifying the contribution of
organisms to the provision of ecosystem services. Bioscience 59:223–235

Mason NWH, Mouillot D, Lee WG, Wilson JB (2005) Functional richness, functional evenness and
functional divergence: the primary components of functional diversity. Oikos 111:112–118

Meerhoff M, Mazzeo N, Moss B, Rodriguez-Gallego L (2003) The structuring role of free-floating versus
submerged plants in a subtropical shallow lake. Aquat Ecol 37:377–391

Millenium Ecosystem Assessment (2005) Ecosystems and human well-being: biodiversity synthesis. World
Resources Institute, Washington, DC, 86 pp

Mokany K, Ash J, Roxburgh S (2008) Functional identity is more important than diversity in influencing
ecosystem processes in a temperate native grassland. J Ecol 96:884–893

Moretti M, de Bello F, Roberts SPM, Potts SG (2009) Taxonomical vs. functional responses of bee com-
munities to fire in two contrasting climatic regions. J Anim Ecol 78:98–108

Nelson JL, Zavaleta ES, Chapin FS (2008) Boreal fire effects on subsistence resources in Alaska and
adjacent Canada. Ecosystems 11:156–171

Nelson E, Mendoza G, Regetz J, Polasky S, Tallis H, Cameron DR, Chan KMA, Daily GC, Goldstein J,
Kareiva PM, Lonsdorf E, Naidoo R, Ricketts TH, Shaw MR (2009) Modeling multiple ecosystem
services, biodiversity conservation, commodity production, and tradeoffs at landscape scales. Front
Ecol Environ 7:4–11

Petchey OL, Gaston KJ (2006) Functional diversity: back to basics and looking forward. Ecol Lett 9:
741–758

Quétier F, Lavorel S, Thuiller W, Davies I (2007) Plant-trait-based modelling assessment of ecosystem
service sensitivity to land-use change. Ecol Appl 17:2377–2386

Rutgers M, Schouten AJ, Bloem J, van Eekeren N, de Goede RGM, Akkerhuis GAJM, van der Wal A,
Mulder C, Brussaard L, Breure AM (2009) Biological measurements in a nationwide soil monitoring
network. Eur J Soil Sci 60:820–832

Seeber J, Scheu S, Meyer E (2006) Effects of macro-decomposers on litter decomposition and soil properties
in alpine pastureland: a mesocosm experiment. Appl Soil Ecol 34:168–175

Spehn EM, Scherer-Lorenzen M, Schmid B, Hector A, Caldeira MC, Dimitrakopoulos PG, Finn JA,
Jumpponen A, O’Donnovan G, Pereira JS, Schulze ED, Troumbis AY, Korner C (2002) The role of
legumes as a component of biodiversity in a cross-European study of grassland biomass nitrogen.
Oikos 98:205–218

Suding KN, Lavorel S, Chapin FS, Cornelissen HC, Diaz S, Garnier E, Goldberg D, Hooper DU, Jackson
ST, Navas ML (2008) Scaling environmental change through the community-level: a trait-based
response-and-effect framework for plants. Glob Chang Biol 14:1125–1140

Tilman D, Knops J, Wedin D, Reich P, Ritchie M, Siemann E (1997) The influence of functional diversity
and composition on ecosystem processes. Science 277:1300–1302

Trenbath BR (1974) Biomass productivity of mixtures. Adv Agron 26:177–210
Turpie J, Joubert A (2004) The value of flower tourism on the Bokkeveld Plateau—a botanical hotspot. Dev

South Afr 21:645–662
Wall DH (ed) (2004) Sustaining biodiversity and ecosystem services in soils and sediments. Island Press,

Washington, DC
Wardle DA, Barker GM, Bonner KI, Nicholson KS (1998) Can comparative approaches based on plant

ecophysiological traits predict the nature of biotic interactions and individual plant species effects in
ecosystems? J Ecol 86:405–420

Wardle DA, Bardgett RD, Klironomos JN, Setala H, van der Putten WH, Wall DH (2004) Ecological
linkages between aboveground and belowground biota. Science 304:1629–1633

Wojdak JM, Mittelbach GG (2007) Consequences of niche overlap for ecosystem functioning: an experi-
mental test with pond grazers. Ecology 88:2072–2083

Zimmer M, Kautz G, Topp W (2005) Do woodlice and earthworms interact synergistically in leaf litter
decomposition? Funct Ecol 19:7–16

Biodivers Conserv (2010) 19:2873–2893 2893

123


	Towards an assessment of multiple ecosystem processes and services via functional traits
	Abstract
	Introduction
	Data compilation
	Links between traits and services: spread of existing evidence
	Components of trait effects
	Multiple trait--service associations
	The assessment of multiple ecosystem services: identifying trait--service clusters
	Managing clusters and trade-offs of services
	Trait--service clusters within one trophic level
	Trait--service clusters across trophic levels
	Trait--service clusters across spatial scales

	Conclusions
	Acknowledgements
	Appendix
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


