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646 Review

Diversity is being lost at an unprecedented rate at
the global level, as a consequence of land use, biotic
exchanges and changes in atmospheric composition
and climate, potentially threatening major

ecosystem processes and the ECOSYSTEM SERVICES (see
Glossary) that humans derive from them1. The issue
of whether plant diversity influences ecosystem
processes has received increasing attention in the
past five years, as a consequence of the publication of
several groundbreaking theoretical developments
and experiments2–13.

There is now general agreement that diversity (a
synonym of biodiversity and biological diversity)
includes both number and composition of the
genotypes, species, functional types and landscape
units in a given system. However, diversity is often
equated to SPECIES RICHNESS, and other components of
diversity have frequently been underestimated. In
particular, FUNCTIONAL DIVERSITY14, which has received
much less attention in the literature, is now emerging
as an aspect of crucial importance in determining
ecosystem processes.

The links between plant diversity and ecosystem functioning remain highly
controversial. There is a growing consensus, however, that functional
diversity, or the value and range of species traits, rather than species
numbers per se, strongly determines ecosystem functioning. Despite its
importance, and the fact that species diversity is often an inadequate
surrogate, functional diversity has been studied in relatively few cases.
Approaches based on species richness on the one hand, and on functional
traits and types on the other, have been extremely productive in recent years,
but attempts to connect their findings have been rare. Crossfertilization
between these two approaches is a promising way of gaining mechanistic
insight into the links between plant diversity and ecosystem processes and
contributing to practical management for the conservation of diversity and
ecosystem services.

Vive la différence: plant functional
diversity matters to ecosystem
processes
Sandra Díaz and Marcelo Cabido
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There is considerable debate about whether commu-
nity ecology will ever produce general principles. We
suggest here that this can be achieved but that
community ecology has lost its way by focusing
on pairwise species interactions independent of the
environment. We assert that community ecology
should return to an emphasis on four themes that
are tied together by a two-step process: how the
fundamental niche is governed by functional
traits within the context of abiotic environmental
gradients; and how the interaction between traits
and fundamental niches maps onto the realized niche
in the context of a biotic interaction milieu. We
suggest this approach can create a more quantitative
and predictive science that can more readily address
issues of global change.

Whither community ecology?
Community ecology is the study of a set of species co-
occurring at a given time and place. MacArthur
suggested that the goal of community ecology (as of
all science) is to find general rules [1], whereas Lawton
[2] suggested that ‘community ecology is a mess’ with
respect to this search. Simberloff [3] countered that
general rules cannot be achieved owing to the complex
nature of communities. We disagree with Simberloff ’s
view and suggest that there is hope for general rules in
community ecology. Much (but not all, e.g. [4–7]) of
community ecology from the 1960s onwards has
pursued a program based on studying the population
dynamics of pairs of species [8–10] and building this up
into models of communities. This has had some success
in explaining one- or few-species systems, but rarely
in providing general principles about many species
communities [2,3]. In response to this shortcoming, a
variety of fresh approaches to community ecology have
emerged recently [11–13]. We suggest that a focus on
four research themes can clean up the ‘mess’, bringing
general patterns to community ecology.

Functional traits research program
The four themes that we suggest are traits, environ-
mental gradients, the interaction milieu and perform-
ance currencies. These themes are linked by taking a
more physiological approach, by using concepts that are

Glossary

Community matrix: a square (S!S) matrix describing interactions in a
community with S species. The community matrix, together with a vector of
intrinsic rates of increase (r), specifies the parameters of the generalized (S
species) Lotka–Volterra differential equations, which can be solved for
equilibrium abundances (N).
Distinct preference niche: a model of a niche in which each closely related
species has a performance optimum at a different point along an environmental
gradient (Figure 1c, main text). This model is assumed correct in most of
community ecology, but might be less common than shared preferences.
Fundamental niche: the subset of n-dimensional environmental space of all
possible conditions in which a species can maintain itself in the absence of
competition (Figure 1c,d, main text).
Gradient analysis: the measurement of the abundance of different species
either in the field along an indirect gradient, such as elevation, or in the
laboratory along a direct gradient, such as moisture or pH (Figure 1b, main
text).
Habitat modeling: the development of a regression model (usually nonlinear)
that predicts the abundance (or presence versus absence) of a species given a
set of environmental conditions by estimating model parameters from
observations of abundance versus environment in the field.
Performance currency: a measurable quantity with physical units that enables
the comparison of performance (the capacity of an organism to maintain
biomass over many generations) between species and across environmental
gradients. The appropriate currency should be chosen based on the organisms
and can vary depending on the question (e.g. fundamental versus realized
niche processes), but is usually related to the acquisition and allocation of
energy and nutrients.
Physiological response curve (i.e. environmental response curve): a relation-
ship giving fitness (or a component of fitness) as a function of one (occasionally
several) environmental variables (Figure 1a, main text).
Population dynamics models: a differential or difference equation model of
abundance (N) that models changes in N over time either primarily or
exclusively as a function of N at previous time intervals. It has usually been
assumed that community ecology is best conceptualized as the development of
multispecies population dynamic models.
Realized niche: the subset of n-dimensional environmental space where a
species is present. It is usually assumed that the realized niche is a subset of
(smaller than) the fundamental niche (Figure 1c,d, main text).
Shared preference niche: an alternative to distinct preferences where a set of
species prefer one environment (often warm, moist, nutrient-rich, sheltered
conditions). Coexistence is achieved by a tradeoff between the ability to tolerate
less desirable conditions and the ability to be competitively dominant
(Figure 1d, main text).
Trait: a well-defined, measurable property of organisms, usually measured at
the individual level and used comparatively across species. A functional trait is
one that strongly influences organismal performance.Corresponding author: McGill, B.J. (mail@brianmcgill.org).
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Abstract

People depend on benefits provided by ecological systems. Understanding how
these ecosystem services – and the ecosystem properties underpinning them –
respond to drivers of change is therefore an urgent priority. We address this
challenge through developing a novel risk-assessment framework that integrates
ecological and evolutionary perspectives on functional traits to determine spe-
cies’ effects on ecosystems and their tolerance of environmental changes. We
define Specific Effect Function (SEF) as the per-gram or per capita capacity of
a species to affect an ecosystem property, and Specific Response Function (SRF)
as the ability of a species to maintain or enhance its population as the environ-
ment changes. Our risk assessment is based on the idea that the security of
ecosystem services depends on how effects (SEFs) and tolerances (SRFs) of
organisms – which both depend on combinations of functional traits – corre-
late across species and how they are arranged on the species’ phylogeny. Four
extreme situations are theoretically possible, from minimum concern when SEF
and SRF are neither correlated nor show a phylogenetic signal, to maximum
concern when they are negatively correlated (i.e., the most important species
are the least tolerant) and phylogenetically patterned (lacking independent
backup). We illustrate the assessment with five case studies, involving both
plant and animal examples. However, the extent to which the frequency of the
four plausible outcomes, or their intermediates, apply more widely in real-
world ecological systems is an open question that needs empirical evidence, and
suggests a research agenda at the interface of evolutionary biology and ecosys-
tem ecology.

ª 2013 The Authors. Ecology and Evolution published by John Wiley & Sons Ltd.
This is an open access article under the terms of the Creative Commons Attribution License, which permits use,
distribution and reproduction in any medium, provided the original work is properly cited.
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Functional traits

• Response traits: determine responses to environmental 
conditions 

• e.g. drought tolerance, habitat or resource specialization  
 

• Effect traits: determine species’ effects on ecosystem 
processes 

• e.g. nitrogen-fixation, body size
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the negative effect of plant invasion on partial frugivores was 
even more pronounced in study sites with high habitat loss, 
indicating a synergistic effect of habitat loss and plant  
invasion on specialized plant–frugivore interactions.

Recent studies have shown that interactions between 
fleshy-fruited plant species and their seed dispersers are 
highly context-dependent (Perea et al. 2013). Accordingly, 
the observed frugivores in this study showed guild- 
specific responses to increasing habitat loss and differences 
in invasion level across study sites. Thereby, frugivore 
responses were related to their forest dependency and 
degree of frugivory. While visitation rates of forest special-
ists decreased, visitation rates of forest generalists and forest 
visitors were overall unaffected by increasing habitat loss, 
i.e. forest cover in the surrounding landscape. Thus, forest 
generalists or forest visitors seem to be able to persist even 
when only little forest cover remains in the landscape 
matrix. In contrast, forest specialists are usually the first 
frugivores to disappear in disturbed forest landscapes 
(Tscharntke et al. 2008, Neuschulz et al. 2011). Large, 
non-migratory frugivores are particularly vulnerable, as 
they are usually unable to compensate the loss of natural 
habitats in agriculturally used forest landscapes (Newbold 
et al. 2013). Here, we limited our sampling of plant– 
frugivore interactions to forest edges, and it should be 
noted that therefore we may have underestimated the  
abundance of specialist frugivores of the forest interior. 

visitation rates increased with fruit abundance (Table 2). 
While visitation rates of obligate frugivores were not signifi-
cantly affected by increasing habitat loss or invasion level, 
visitation rates of partial frugivores decreased in study sites 
with high invasion level (Table 2, Fig. 2). Moreover, the 
decrease in visitation rates of partial frugivores in invaded 
study sites became even more pronounced as habitat loss 
increased, indicating a negative synergistic effect of the two 
global change drivers (Table 2, Fig. 2). Visitation rates of 
opportunistic frugivores were unaffected by habitat loss, yet 
lower in study sites with high than with low invasion level 
(Table 2, Fig. 2). Similar to forest dependency, plant origin 
and its interaction with frugivore guild was not included in 
the minimum adequate model.

Discussion

Here we show guild-specific changes in visitation rates of 
frugivores with habitat loss and plant invasion. While  
forest generalists and obligate frugivores were overall unaf-
fected by increasing habitat loss or a high level of plant inva-
sion across study sites, visitation rates of comparably more 
specialized frugivores decreased. More specifically, visitation 
rates of forest specialists decreased with increasing habitat 
loss, and visitation rates of partial and opportunistic  
frugivores decreased with high invasion level. Importantly, 
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Figure 1. Changes in frugivore visitation rates of different habitat guilds with natural habitat loss and level of plant invasion in a  
subtropical forest landscape. Shown are effect sizes (lines) and fitted data (circles) of the minimum adequate generalized linear mixed- 
effects model. Open circles refer to plants in study sites with low invasion level, filled circles to plants in sites with high invasion level.  
For the effect of invasion level, fitted values are slightly jittered for better visualization. Note the logarithmic scale for visitation rate.
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• Habitat specialization mediates vulnerability to seed disperser loss



• Response traits: determine responses to environmental 
conditions 

• e.g. drought tolerance, habitat or resource specialization  
 

• Effect traits: determine species’ effects on ecosystem 
processes 

• e.g. nitrogen-fixation, body size

Functional traits



• Body size 

• Seed disperser FD enhances gene flower and deposition into microhabitats

of frugivores indeed accounted for different proportions of seeds
dispersed to each distance class (Fig. 1A). Although small-sized
birds (!110 g) were by far the major seed dispersers of seeds that
were moved !250 m, larger frugivores (110–500 g) were the
major dispersers of seeds that were moved 250–990 m. Medium-
sized birds (T. viscivorus and C. corone) contributed to short-
distance dispersal (!100 m), but they dispersed most seeds
beyond 100 m. In contrast, small birds rarely dispersed seeds
"100 m. Seed dispersal distances by carnivorous mammals
ranged from 0 m (i.e., under the canopy of the source tree) to
990 m, with a peak at 650–700 m. These distance intervals
correspond to within-population dispersal events (seeds from
trees growing in the study population). However, seeds were
clearly moved longer distances, as evidenced by immigration of
seeds into our study population from outside our 26-ha study site
(Fig. 1B).

Most immigrant seeds were dispersed by mammals (Fig. 1B);
their weighted contribution to the immigrant seed pool (con-
sidering both the proportion of immigrant seeds in the total

sample and the total number of seeds removed) was 66.9%,
whereas frugivorous birds accounted for the remaining 33.1%.
Among these, 0.07% was contributed by C. corone, 21.5% was
contributed by T. viscivorus, and 7.8% was contributed by the
small bird species (Fig. 1). Considering each dispersal vector
separately, 74.2% of the seeds dispersed by mammals came from
outside the population, whereas 21.9% of the seeds dispersed by
birds came from other populations (Table 1). Among birds,
20.6% of seeds dispersed by T. viscivorus and 56.5% of the seeds
dispersed by C. corone were inferred to be immigrants.

The frequency of seed deposition in different microhabitats
differed significantly among dispersal vectors (!2 # 596.93, df #
15, P ! 0.001). Whereas small-sized birds dispersed seeds mainly
beneath the canopies of P. mahaleb and other fleshy-fruited trees
or shrubs, mammals deposited seeds preferentially in open sites
(rocky soils and open ground with little woody vegetation or
grass cover) (Table 1). Medium-sized birds dispersed seeds
mainly to open areas (C. corone) and beneath pine trees (T.
viscivorus). The differential use of the microhabitats by different
frugivores translates into a variable percentage of immigrant
seeds received by each microhabitat (Table 1). Thus, almost 80%
of the seeds dispersed by mammals under P. mahaleb canopies
were immigrant seeds, whereas this proportion dropped to 17%
when small- to medium-sized birds were the dispersal vectors.
Similarly, "50% of the seeds deposited in open sites by C. corone
(56.5%) and mammals (67.2%) came from other populations,
whereas immigrant seeds only represented 7.2% and 16.7% of
the seeds dispersed by small-birds and T. viscivorus, respectively.

Discussion
By combining DNA-based genotyping methods and field obser-
vations, we found that seed dispersal by different types of
frugivores resulted in distinct contributions to different distance
classes and microhabitats, with only a few species responsible for
long-distance dispersal events. Small-sized birds accounted for
most short-distance dispersal, and larger frugivores (both birds
and mammals) accounted for most long-distance dispersal. Our
data thus allow direct estimates of two relevant components of
dispersal, namely dispersal distances and the frequency of seed
immigration into the population (seeds dispersed from other
populations).

Our results are largely congruent with field observations of
postfeeding behavior of frugivores in our study system (19) but
add evidence for nonrandom dispersal of immigrant seeds to
specific microhabitats. Variable shapes of seed dispersal kernels
have been reported by a series of field studies based on direct
field observation and/or tracking of frugivores, often in heter-
ogeneous landscapes (14, 16, 20, 21, 25–28). None of these
previous studies, however, documents the frequency of long-
distance dispersal, especially for immigrant seeds. Mechanistic

Fig. 1. Frequency distribution of seeds dispersed over given distance classes
(seed dispersal kernel). (A) Shown are the relative contributions of major
frugivore groups to different distance classes within the study population.
Open bars, small- to medium-size frugivorous birds, including, e.g., E. rube-
cula, P. ochruros, T. merula, and Sylvia spp.; light grey, T. viscivorus; dark grey,
C. corone; black, carnivorous mammals, including V. vulpes, M. foina, and M.
meles. (B) Shown is the weighted contribution of each dispersal vector to seed
immigration to the study population (dispersal distances " 1,500 m); i.e., fruits
consumed in fruiting trees growing in other populations with the seeds being
regurgitated or defecated in the study population. For each disperser group,
the proportion of immigrant seeds in the genotyped sample was weighted by
the overall contribution to fruit removal.

Table 1. Description of the Prunus mahaleb seed rain generated by four different frugivore types in the study population

Vector

Sampling
Source tree

location Deposition per microhabitat, % (Pi
out, %)

Ni

Sampling
points, no. Ni

in Ni
out P. mahaleb High shrub Low shrub Pinus Acer-Quercus Open

Small-birds 292 143 234 58 23 (17.0) 42 (20.0) 5 (7.2) 14 (18.6) 8 (10) 8 (7.2)
T. viscivorus 173 38 137 36 18 (19.4) 2 (33.0) — 66 (21.5) 7 (16.7) 7 (16.7)
C. corone 23 4 10 13 — — — — — 100 (56.5)
Mammals 167 20 43 124 24 (79.4) — — — — 76 (67.2)

The frugivore types studied are as follows: small- to medium-sized birds, including warblers (Sylvia spp.), redstarts (Phoenicurus spp.), and robin Erithacus
rubecula, mistle thrushes (T. viscivorus), carrion crows (C. corone), and mammals. For each frugivore type, we report the total number of genotyped endocarps
(Ni), the number of sampling points, the number of seeds coming from source trees growing within (Ni

in) and outside (Ni
out) the population, and the percentage

of seeds deposited per microhabitat type, with the percentage of them coming from outside the population (Pi
out) in parentheses. Dashes indicate areas wherein

no seeds were dispersed.

Jordano et al. PNAS ! February 27, 2007 ! vol. 104 ! no. 9 ! 3279
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• Response traits: determine responses to environmental 
conditions 

• e.g. shade tolerance, habitat or ressource specialization  
 

• Effect traits: determine species’ effects on ecosystem 
processes 

• e.g. nitrogen-fixation, body size

Functional traits

Habitat changes lead to changes in 
functional trait diversity ! 
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• Effect traits: proboscis length, proboscis diameter, body length 

• Loss in pollinator functional diversity with deforestation



How can we "
!

1) link response and effect traits"
2) predict ecosystem functions  

!
in changing environments ?
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Matthews et al. 2011; Gravel et al. 2012), but work to
date has focused mostly on individual traits, and connec-
tions between phylogenies and ecosystem services have
only recently been proposed (Faith et al. 2010; Srivastava
et al. 2012). Here, we introduce evolutionary concepts to
the risk assessment of ecosystem properties by applying
phylogenetic tools to integrative measures of species’
effects on ecosystem processes and their responses to
environmental drivers.

Organismal traits, ecosystem function, and
vulnerability to environmental change

The erosion of the world’s biota by environmental change
carries a dual risk. One risk is that the continuing delivery
of ecosystem services may be compromised as the ecosys-
tem functions and processes regulated by biotic commu-
nities are altered (Cardinale et al. 2006; Worm et al.
2006; Estes et al. 2011). The other is the risk of local or
even global loss of species whose tolerance is surpassed
(Butchart et al. 2010; Secretariat of the Convention on
Biological Diversity 2010; Larigauderie et al. 2012), and
the associated reduction in evolutionary capital — the
ability of evolutionary processes to deliver future benefits
to society (Faith et al. 2010). These risks emphasize dif-
ferent aspects of living organisms: the continuity of spe-
cies’ contribution to ecosystem properties and services,
and their capacity to survive and thrive in the face of
changing selective pressures. Interactions between these
two aspects lead to the identification of two concepts
central to our framework for predicting vulnerability of
ecosystem properties and benefits to environmental change:
Specific Effect Functions and Specific Response Functions.
Here, we use the word “function” in its original sense,
that is, to “execute or perform”. “Specific function” refers
to the “execution” of an effect of a species on a given
ecosystem property and also to its “performance” in the
face of given environmental drivers. The terms Specific
Effect and Response Functions are used to distinguish
these two aspects, in keeping with the already widespread
concepts of functional effect traits and functional
response traits (Lavorel and Garnier 2002; Naeem and
Wright 2003; Suding et al. 2008).

A Specific Effect Function (SEF) is the per-unit capacity
of a species to influence an ecosystem property or service.
The relevant units will depend on the organism and the
ecosystem property or service in question: for example,
number of seeds dispersed per individual in birds, volume
of water transpired per unit leaf area per unit time in
trees, and amount of a heavy metal absorbed per unit
length of hyphae in mycorrhizas. SEF is equivalent to E
in Suding et al.’s (2008) response–effect model for plants,
on which our framework builds. In other words, an SEF

is the difference made to a particular process at the
ecosystem level by a standard “amount” of a species. An
SEF depends on one or more functional traits of the spe-
cies; such traits are termed functional effect traits (Box 1,
Fig. 1). An example of an SEF is the capacity of some
rodents and ungulates to redistribute nutrients over the
landscape and thereby affect resource availability for other
organisms; this SEF – which could be expressed as, for
example, amount of nitrogen and phosphorus redistrib-
uted per individual vole or rhinoceros per month – is
underpinned by a set of effect traits including body size,
mobility-related characteristics such as limb anatomy, and
behavioral traits such as defecation patterns, territorial
displays, or solitary versus colonial habit. Although the
traits that underlie an SEF are often linked to survival
and reproduction and therefore under natural selection,
the SEF itself does not need to be. Rather, SEFs are often
a side effect of selection on traits that affect fitness. In the
example above, the nutrient redistribution capacity (the
SEF) may not itself directly link to rodent or ungulate

Figure 1. Phylogeny, traits, and effect and response functions. A–H

are species related as shown by the phylogenetic tree on the left. In

the first rectangle to the left, traits t1 and t2 are continuous variables

(e.g., specific leaf area; sizes of symbols indicate species’ values of

these traits); whereas t3 can take either of two states (e.g., does or

does not fix nitrogen). In the second rectangle, Specific Effect

Functions (SEFs, e1 to e3) are functional effects of species on the

ecosystem; examples include decomposability, long-distance dispersal

of seeds, and production of bushmeat. Each SEF’s color indicates

which traits determine its value (e.g., the orange e1 is the product of

t1 (red) and t2 (yellow)). Because SEFs are not the same as traits, they

can show different phylogenetic patterns: e1, for example, shows a

much stronger phylogenetic signal than either of the traits that

influence it. In the third rectangle, Specific Response Functions (SRFs,

r1 and r2) indicate each species’ tolerance of different drivers of

change (e.g., habitat fragmentation). The traits determining SRFs and

SEFs could be the same (e.g., r1 and e1) or different (e.g., r2 and e1). A

strongly patterned SRF - like r2 - means that the driver could cause the

loss of whole clades from the ecosystem; if an SEF also shows strong

signal, this loss of clades may reduce the range of SEF values (e.g., e1
and e3) and lead to the loss of all large-effect species (e.g., e3).

S. D!ıaz et al. Functional Traits, Phylogeny, and Ecosystems

ª 2013 The Authors. Ecology and Evolution published by John Wiley & Sons Ltd. 3

t1 & t2: continuous 
t3: categorical 

(size = species values)
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date has focused mostly on individual traits, and connec-
tions between phylogenies and ecosystem services have
only recently been proposed (Faith et al. 2010; Srivastava
et al. 2012). Here, we introduce evolutionary concepts to
the risk assessment of ecosystem properties by applying
phylogenetic tools to integrative measures of species’
effects on ecosystem processes and their responses to
environmental drivers.

Organismal traits, ecosystem function, and
vulnerability to environmental change

The erosion of the world’s biota by environmental change
carries a dual risk. One risk is that the continuing delivery
of ecosystem services may be compromised as the ecosys-
tem functions and processes regulated by biotic commu-
nities are altered (Cardinale et al. 2006; Worm et al.
2006; Estes et al. 2011). The other is the risk of local or
even global loss of species whose tolerance is surpassed
(Butchart et al. 2010; Secretariat of the Convention on
Biological Diversity 2010; Larigauderie et al. 2012), and
the associated reduction in evolutionary capital — the
ability of evolutionary processes to deliver future benefits
to society (Faith et al. 2010). These risks emphasize dif-
ferent aspects of living organisms: the continuity of spe-
cies’ contribution to ecosystem properties and services,
and their capacity to survive and thrive in the face of
changing selective pressures. Interactions between these
two aspects lead to the identification of two concepts
central to our framework for predicting vulnerability of
ecosystem properties and benefits to environmental change:
Specific Effect Functions and Specific Response Functions.
Here, we use the word “function” in its original sense,
that is, to “execute or perform”. “Specific function” refers
to the “execution” of an effect of a species on a given
ecosystem property and also to its “performance” in the
face of given environmental drivers. The terms Specific
Effect and Response Functions are used to distinguish
these two aspects, in keeping with the already widespread
concepts of functional effect traits and functional
response traits (Lavorel and Garnier 2002; Naeem and
Wright 2003; Suding et al. 2008).

A Specific Effect Function (SEF) is the per-unit capacity
of a species to influence an ecosystem property or service.
The relevant units will depend on the organism and the
ecosystem property or service in question: for example,
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of water transpired per unit leaf area per unit time in
trees, and amount of a heavy metal absorbed per unit
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on which our framework builds. In other words, an SEF

is the difference made to a particular process at the
ecosystem level by a standard “amount” of a species. An
SEF depends on one or more functional traits of the spe-
cies; such traits are termed functional effect traits (Box 1,
Fig. 1). An example of an SEF is the capacity of some
rodents and ungulates to redistribute nutrients over the
landscape and thereby affect resource availability for other
organisms; this SEF – which could be expressed as, for
example, amount of nitrogen and phosphorus redistrib-
uted per individual vole or rhinoceros per month – is
underpinned by a set of effect traits including body size,
mobility-related characteristics such as limb anatomy, and
behavioral traits such as defecation patterns, territorial
displays, or solitary versus colonial habit. Although the
traits that underlie an SEF are often linked to survival
and reproduction and therefore under natural selection,
the SEF itself does not need to be. Rather, SEFs are often
a side effect of selection on traits that affect fitness. In the
example above, the nutrient redistribution capacity (the
SEF) may not itself directly link to rodent or ungulate
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Matthews et al. 2011; Gravel et al. 2012), but work to
date has focused mostly on individual traits, and connec-
tions between phylogenies and ecosystem services have
only recently been proposed (Faith et al. 2010; Srivastava
et al. 2012). Here, we introduce evolutionary concepts to
the risk assessment of ecosystem properties by applying
phylogenetic tools to integrative measures of species’
effects on ecosystem processes and their responses to
environmental drivers.

Organismal traits, ecosystem function, and
vulnerability to environmental change

The erosion of the world’s biota by environmental change
carries a dual risk. One risk is that the continuing delivery
of ecosystem services may be compromised as the ecosys-
tem functions and processes regulated by biotic commu-
nities are altered (Cardinale et al. 2006; Worm et al.
2006; Estes et al. 2011). The other is the risk of local or
even global loss of species whose tolerance is surpassed
(Butchart et al. 2010; Secretariat of the Convention on
Biological Diversity 2010; Larigauderie et al. 2012), and
the associated reduction in evolutionary capital — the
ability of evolutionary processes to deliver future benefits
to society (Faith et al. 2010). These risks emphasize dif-
ferent aspects of living organisms: the continuity of spe-
cies’ contribution to ecosystem properties and services,
and their capacity to survive and thrive in the face of
changing selective pressures. Interactions between these
two aspects lead to the identification of two concepts
central to our framework for predicting vulnerability of
ecosystem properties and benefits to environmental change:
Specific Effect Functions and Specific Response Functions.
Here, we use the word “function” in its original sense,
that is, to “execute or perform”. “Specific function” refers
to the “execution” of an effect of a species on a given
ecosystem property and also to its “performance” in the
face of given environmental drivers. The terms Specific
Effect and Response Functions are used to distinguish
these two aspects, in keeping with the already widespread
concepts of functional effect traits and functional
response traits (Lavorel and Garnier 2002; Naeem and
Wright 2003; Suding et al. 2008).

A Specific Effect Function (SEF) is the per-unit capacity
of a species to influence an ecosystem property or service.
The relevant units will depend on the organism and the
ecosystem property or service in question: for example,
number of seeds dispersed per individual in birds, volume
of water transpired per unit leaf area per unit time in
trees, and amount of a heavy metal absorbed per unit
length of hyphae in mycorrhizas. SEF is equivalent to E
in Suding et al.’s (2008) response–effect model for plants,
on which our framework builds. In other words, an SEF

is the difference made to a particular process at the
ecosystem level by a standard “amount” of a species. An
SEF depends on one or more functional traits of the spe-
cies; such traits are termed functional effect traits (Box 1,
Fig. 1). An example of an SEF is the capacity of some
rodents and ungulates to redistribute nutrients over the
landscape and thereby affect resource availability for other
organisms; this SEF – which could be expressed as, for
example, amount of nitrogen and phosphorus redistrib-
uted per individual vole or rhinoceros per month – is
underpinned by a set of effect traits including body size,
mobility-related characteristics such as limb anatomy, and
behavioral traits such as defecation patterns, territorial
displays, or solitary versus colonial habit. Although the
traits that underlie an SEF are often linked to survival
and reproduction and therefore under natural selection,
the SEF itself does not need to be. Rather, SEFs are often
a side effect of selection on traits that affect fitness. In the
example above, the nutrient redistribution capacity (the
SEF) may not itself directly link to rodent or ungulate
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ecosystem; examples include decomposability, long-distance dispersal

of seeds, and production of bushmeat. Each SEF’s color indicates

which traits determine its value (e.g., the orange e1 is the product of

t1 (red) and t2 (yellow)). Because SEFs are not the same as traits, they

can show different phylogenetic patterns: e1, for example, shows a

much stronger phylogenetic signal than either of the traits that

influence it. In the third rectangle, Specific Response Functions (SRFs,

r1 and r2) indicate each species’ tolerance of different drivers of

change (e.g., habitat fragmentation). The traits determining SRFs and

SEFs could be the same (e.g., r1 and e1) or different (e.g., r2 and e1). A

strongly patterned SRF - like r2 - means that the driver could cause the

loss of whole clades from the ecosystem; if an SEF also shows strong

signal, this loss of clades may reduce the range of SEF values (e.g., e1
and e3) and lead to the loss of all large-effect species (e.g., e3).
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Matthews et al. 2011; Gravel et al. 2012), but work to
date has focused mostly on individual traits, and connec-
tions between phylogenies and ecosystem services have
only recently been proposed (Faith et al. 2010; Srivastava
et al. 2012). Here, we introduce evolutionary concepts to
the risk assessment of ecosystem properties by applying
phylogenetic tools to integrative measures of species’
effects on ecosystem processes and their responses to
environmental drivers.

Organismal traits, ecosystem function, and
vulnerability to environmental change

The erosion of the world’s biota by environmental change
carries a dual risk. One risk is that the continuing delivery
of ecosystem services may be compromised as the ecosys-
tem functions and processes regulated by biotic commu-
nities are altered (Cardinale et al. 2006; Worm et al.
2006; Estes et al. 2011). The other is the risk of local or
even global loss of species whose tolerance is surpassed
(Butchart et al. 2010; Secretariat of the Convention on
Biological Diversity 2010; Larigauderie et al. 2012), and
the associated reduction in evolutionary capital — the
ability of evolutionary processes to deliver future benefits
to society (Faith et al. 2010). These risks emphasize dif-
ferent aspects of living organisms: the continuity of spe-
cies’ contribution to ecosystem properties and services,
and their capacity to survive and thrive in the face of
changing selective pressures. Interactions between these
two aspects lead to the identification of two concepts
central to our framework for predicting vulnerability of
ecosystem properties and benefits to environmental change:
Specific Effect Functions and Specific Response Functions.
Here, we use the word “function” in its original sense,
that is, to “execute or perform”. “Specific function” refers
to the “execution” of an effect of a species on a given
ecosystem property and also to its “performance” in the
face of given environmental drivers. The terms Specific
Effect and Response Functions are used to distinguish
these two aspects, in keeping with the already widespread
concepts of functional effect traits and functional
response traits (Lavorel and Garnier 2002; Naeem and
Wright 2003; Suding et al. 2008).

A Specific Effect Function (SEF) is the per-unit capacity
of a species to influence an ecosystem property or service.
The relevant units will depend on the organism and the
ecosystem property or service in question: for example,
number of seeds dispersed per individual in birds, volume
of water transpired per unit leaf area per unit time in
trees, and amount of a heavy metal absorbed per unit
length of hyphae in mycorrhizas. SEF is equivalent to E
in Suding et al.’s (2008) response–effect model for plants,
on which our framework builds. In other words, an SEF

is the difference made to a particular process at the
ecosystem level by a standard “amount” of a species. An
SEF depends on one or more functional traits of the spe-
cies; such traits are termed functional effect traits (Box 1,
Fig. 1). An example of an SEF is the capacity of some
rodents and ungulates to redistribute nutrients over the
landscape and thereby affect resource availability for other
organisms; this SEF – which could be expressed as, for
example, amount of nitrogen and phosphorus redistrib-
uted per individual vole or rhinoceros per month – is
underpinned by a set of effect traits including body size,
mobility-related characteristics such as limb anatomy, and
behavioral traits such as defecation patterns, territorial
displays, or solitary versus colonial habit. Although the
traits that underlie an SEF are often linked to survival
and reproduction and therefore under natural selection,
the SEF itself does not need to be. Rather, SEFs are often
a side effect of selection on traits that affect fitness. In the
example above, the nutrient redistribution capacity (the
SEF) may not itself directly link to rodent or ungulate
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influence it. In the third rectangle, Specific Response Functions (SRFs,

r1 and r2) indicate each species’ tolerance of different drivers of

change (e.g., habitat fragmentation). The traits determining SRFs and

SEFs could be the same (e.g., r1 and e1) or different (e.g., r2 and e1). A

strongly patterned SRF - like r2 - means that the driver could cause the

loss of whole clades from the ecosystem; if an SEF also shows strong

signal, this loss of clades may reduce the range of SEF values (e.g., e1
and e3) and lead to the loss of all large-effect species (e.g., e3).
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fall in the scenario matrix of Figure 3. The considerations
above prompt a series of tractable research questions,
listed in Box 3.

Figure 4. Decomposability and changing land use in Northern England.

The contribution of highly decomposable litter is a key plant SEF for

nutrient cycling and the ecosystem service soil fertility. Decomposability of

litter, measured experimentally (Cornelissen 1996), shows moderate

phylogenetic signal (k = 0.49) in the angiosperm flora of Sheffield, United

Kingdom. In a phylogenetic comparative analysis (using phylogenetic GLS;

Freckleton et al. 2002), 52.0% of the variance in decomposability among

species is explained by leaf nitrogen concentration and leaf toughness;

neither leaf phosphorus concentration nor specific leaf area explained

significant additional variance (both P > 0.05). The moderate

phylogenetic signal of the SEF results from weak signal in one of the

functional traits (leaf nitrogen concentration, k = 0.16) and strong signal

in the other (leaf toughness, k = 0.71). We consider how clearance of the

vegetation and disturbance of the soil might be expected to impact on

decomposability. Species that persist in the soil seed bank can tolerate

such major disturbance. We used tolerance to disturbance as an SRF,

using the product of log (seed mass) and a seed shape measure as a proxy

for species’ ability to persist in the seed bank (Thompson et al. 1993). This

SRF shows only weak phylogenetic signal (1!D = 0.13) among these

species, in contrast to the SEF. The difference in phylogenetic pattern

makes strong correlation between SEF and SRF unlikely, and indeed the

correlation is negligible (both phylogenetic and nonphylogenetic

r2 << 1%; quadratic regressions are also nonsignificant). Consequently,

even though only 16 of the 45 species can tolerate disturbance, the

distribution of the SEF is almost unaffected – the full range of fast,

medium, and low decomposabilities in the species pool is

maintained (compare upper and lower histograms), and the mean

and standard deviation (not shown) hardly change. The ecosystem

function and societal benefit, nutrient cycling, and soil fertility are

thus predicted to remain largely unchanged. This example

corresponds most closely to the upper right corner of Figure 3.

Figure 5. Long-distance seed dispersal and susceptibility to population

decline due to hunting in the European Mediterranean area. Long-

distance dispersal is a key bird SEF that contributes to the maintenance

of plant metapopulations and colonization of new patches during

range expansion. Woody fleshy-fruited plants in a Mediterranean

ecosystem rely on birds for dispersal over long distances, and bird

species differ markedly in how much long-distance dispersal they are

observed to provide (data from Jordano et al. 2007 and references

therein). These plants benefit humans by supporting seminatural

agroecosystems with a key role in local socioeconomies (Zamora et al.

2010). This SEF shows strong phylogenetic signal (k = 1; test vs. zero,

P << 0.001). Larger species such as corvids (Corvidae) and thrushes

(Turdinae) provide much of the long-distance dispersal, whereas

smaller species like finches (Fringillidae) typically provide very little;

neither species’ degree of frugivory nor their phenological spread (i.e.,

proportion of the year spent within the community) predicts their SEF

values (both P > 0.05). The larger species have been hunted historically

and, because larger bird species typically have lower reproductive

rates, will tend to be more susceptible to decline under exploitation;

we therefore use !log (body mass) as a proxy for the SRF, which shows

very strong phylogenetic signal (k = 1). SEF and this SRF proxy are

strongly and linearly negatively correlated (nonphylogenetic r2 = 55%;

phylogenetic r2 = 41%); loss of the more susceptible 50% of the

species would entail loss of all the most important species for long-

distance seed dispersal (compare upper and lower histograms). This

example lies in the lower right-hand corner of Figure 3, and highlights

how strongly patterned and negatively correlated SEF and SRF result in

loss of both function and phylogenetic diversity. Interestingly, a very

similar SEF, overall seed dispersal, is much more robust to hunting: the

most important species are more phylogenetically dispersed and have a

wider range of SRF values (Table 1).
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Phylogenies - an example

• SEF: long-distance seed dispersal 

• Traits: body mass and hunting 
tolerance of birds  

• SRF: hunting tolerance  
        (mediated by body size) 

• SEF and SRF strongly 
(phylogenetically) correlated 

• Hunting of large birds leads to a loss 
of long-distance seed dispersal 

Jordano et al. 2007 PNAS;  
Díaz et al. 2013 Ecol. Evol.



• SRFs of communties? 

• traits that determine vulnerability to land use & climate change 

• habitat or resource specialization 

• physiological constraints (e.g., invertebrates - ants, herbivores) 

• traits that link plants and animals (e.g., elaiosomes of plants) 

• SEFs of communities? 

• herbivory, biological control, seed dispersal, … 

• Correlations between SRFs and SEFs across 

• land-use & climate change gradients 

• local & regional landscape composition

Functional approaches to the  
Brazilian Caatinga
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