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Abstract Recent theoretical and experimental work
provides clear evidence that biodiversity loss can have
profound impacts on functioning of natural and man-
aged ecosystems and the ability of ecosystems to deliver
ecological services to human societies. Work on simpli-
fied ecosystems in which the diversity of a single trophic
level is manipulated shows that diversity can enhance
ecosystem processes such as primary productivity and
nutrient retention. Theory also strongly suggests that
biodiversity can act as biological insurance against po-
tential disruptions caused by environmental changes.
However, these studies generally concern a single tro-
phic level, primary producers for the most part. Changes
in biodiversity also affect ecosystem functioning through
trophic interactions. Here we review, through the anal-
ysis of a simple ecosystem model, several key aspects
inherent in multitrophic systems that may strongly affect
the relationship between diversity and ecosystem pro-
cesses. Our analysis shows that trophic interactions have
a strong impact on the relationships between diversity
and ecosystem functioning, whether the ecosystem
property considered is total biomass or temporal vari-
ability of biomass at the various trophic levels. In both
cases, food-web structure and trade-offs that affect
interaction strength have major effects on these rela-
tionships. Multitrophic interactions are expected to
make biodiversity–ecosystem functioning relationships
more complex and non-linear, in contrast to the
monotonic changes predicted for simplified systems with
a single trophic level.
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Introduction

The role that biodiversity plays in ecosystem functioning
has attracted much attention during the last decade (see
syntheses in Kinzig et al. 2002; Loreau et al. 2002;
Hooper et al. 2005) due to the current erosion of bio-
diversity (Pimm et al. 1995). The central question of this
research area focuses on the potential consequences of
biodiversity loss on ecosystem services (e.g. primary and
secondary production, plant pollination, maintenance of
soil fertility, etc.), and more generally on ecosystem
processes.

Ecological experiments show that ecosystem prop-
erties depend greatly on biodiversity. It is generally
found that plant diversity increases primary produc-
tion (Hector et al. 1999; Tilman et al. 2001), and
several empirical studies have found decreased vari-
ability of primary production as diversity increases
(Tilman et al. 1996; McGrady-Steed et al. 1997). These
latter results are still debated because of potential
confounding factors. Theoretical developments and
debates that have arisen from these studies propose
several mechanisms to explain the positive effects of
diversity. The impact of biodiversity on productivity
has been explained by two mechanisms: first, a com-
plementarity effect generated by niche differentiation
and facilitation and second, a selection effect that can
cause dominance of the most productive species (Til-
man et al. 1997; Loreau 1998; Loreau and Hector
2001). Other theoretical studies have considered the
effects of diversity under changing conditions and fo-
cused mainly on variability of ecosystem processes. If
different species respond differently to environmental
changes, theory predicts that community variability
should decline with increasing species richness. Thus
biodiversity can also provide an ‘insurance’ or a buffer
against environmental fluctuations, leading to more
predictable aggregate community or ecosystem prop-
erties (Yachi and Loreau 1999; Doak et al. 1998;
Lehman and Tilman 2000).

Relationships between biodiversity and ecosystem functioning
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While experiments and theories have mainly con-
centrated on single trophic level systems, for the most
part, primary producers, (see for example Hector et al.
1999; Tilman et al. 1997, 2001; Dimitrakopoulos and
Schmid 2004; van Ruijven and Berendse 2005; Loreau
1998), relatively few theoretical and experimental
studies have examined effects of species richness on
ecosystem properties in multitrophic systems (Mulder
et al. 1999; Downing and Leibold 2002; Duffy et al.
2003, 2005; Fox 2004; Ives et al. 2005). This bias to-
wards single trophic level systems is true for both the
relationship between diversity and the magnitude of
ecosystem processes and for the relationship between
diversity and the variability of these processes. Fur-
thermore, the complementarity and selection effects on
one hand and the insurance hypothesis on the other
hand virtually concern single trophic levels. Theory is
then insufficient to predict multitrophic effects of
diversity changes that can be mediated through trophic
interactions and their indirect effects on ecosystem
processes (Naeem 2002).

Studying biodiversity impact on ecosystem func-
tioning in multitrophic systems is important for several
reasons: (1) multiple trophic levels are common in
ecosystems, and extinction threats appear to be higher
for species at higher trophic levels (Petchey et al.
1999); (2) changes in consumer richness can have ef-
fects on ecosystem functioning that are as large as, or
even larger than, comparable changes in primary
producers’ richness (Duffy 2003). Recent analyses have
shown that consumers may modify the relationship
between diversity and primary production (Mulder
et al. 1999; Paine 2002; Duffy et al. 2003, 2005). As
multitrophic diversity increases, average ecosystem
properties could increase, decrease, stay the same or
follow more complex non-linear patterns. A broad
research tradition has studied how trophic interactions
can affect biomass and productivity at various trophic
levels (Abrams 1993; Chapin et al. 1997; Shurin et al.
2002; Schmitz 2003) as well as at various measures of
stability (MacArthur 1955; May 1972; Pimm 1984).
However, this research area has considered the
importance of functional diversity across trophic levels
and not how diversity within trophic levels affects
ecosystem processes. Merging these theories with the
study of the relationship between diversity and eco-
system functioning may help to provide new mecha-
nisms to explain how diversity affects ecosystem
processes in multitrophic systems. Only a few studies
have recently begun to build a bridge between these
two approaches to build a broader theoretical frame-
work that has greater relevance to natural ecosystems
(Duffy 2002; Thébault and Loreau 2003; Ives et al.
2005).

Here we review, through the analysis of a simple
ecosystem model, several key aspects inherent in
multitrophic systems that may strongly affect the
relationship between diversity and ecosystem pro-
cesses.

Underlying model

We have developed an ecosystem model that allows us to
analyse the impacts of food-web structure on both the
relationship between species diversity and total biomass
at the various trophic levels and the relationship between
species diversity and the temporal variability of these
biomasses (Thébault and Loreau 2003, 2005). This
model is an extension of the model proposed by Loreau
(1996) for a nutrient-limited ecosystem containing an
arbitrary number of plants and specialised herbivores in
a heterogeneous environment. In this model, plant
nutrient uptake is assumed to decrease the soil concen-
tration of a limiting nutrient in the immediate vicinity of
the rooting system, thus creating a local resource
depletion zone around each plant and allowing plant
coexistence under some conditions. Here we generalise it
by allowing herbivores to be generalists, but for sim-
plicity we do not consider food-web configurations that
include carnivores. The model is described by the dif-
ferential equations:

dPj

dt
¼ ajVjNjPj � mpðtÞPj � a

X

i6¼j
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VjðR� NjÞ þ lhDh þ lpDp
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>>>>>>>>>>>>>>>>>>>>>>>>><

>>>>>>>>>>>>>>>>>>>>>>>>>:

ð1Þ
where R is the nutrient concentration in the regional soil
pool with volume VR; Ni is the nutrient concentration in
the set of local resource depletion zones, with total
volume Vi, of plants from species i; Dp and Dh are the
nutrient stocks of plant and herbivore dead organic
matter; and Pi and Hi are the biomasses (measured as
nutrient stocks) of plant and herbivore species i respec-
tively. Nutrients are transported between local and re-
gional pools at a rate k per unit time. Plant species i has
a growth rate ai, herbivore species i consumes plant
species i at a rate ci, and lp and lh are decomposition rates
of plant and herbivore detritus, respectively. a is the
degree of generalisation of herbivores. The death rates
mpi and mhi of plants and herbivores respectively will be
considered to be identical in our analysis for the sake of
simplicity. Lastly, q is the rate of nutrient loss from the
ecosystem in inorganic form, and R0 is nutrient supply
concentration.
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We present results for total plant and herbivore
biomasses as ecosystem properties for comparison with
experimental studies. Stability is assessed here as the
ability to reduce temporal variability of these properties
in a fluctuating environment. Environmental fluctua-
tions were included in the form of sinusoidal variations
in temperature or other abiotic variables on which plant
and herbivore mortality rates depend. We assume that
these rates have a Gaussian dependence on temperature
with identical standard deviations.

We examine how changes in species richness influence
ecosystem properties (1) for different food-web config-
urations: either herbivores are specialist or generalist,
and either all plants are edible or not; (2) for different
scenarios of biodiversity changes: either plant species
richness and herbivore species richness vary in parallel,
or herbivore species richness varies alone. For each
scenario and configuration, we compare six levels of
species richness, with 1, 2, 4, 8, 12 or 16 species per
trophic level. At each diversity level, the community is a
random assemblage of the species present at the highest
diversity level. We report the results from numerical
simulations of the model for the average value and the
coefficient of temporal variation (CV)—a common
standardised measure of variability (e.g. Doak et al.
1998; Lehman and Tilman 2000)—of the total biomass
at each trophic level. Analytical studies and more
extensive results (such as the calculation of comple-
mentarity and selection effects; Loreau and Hector 2001)
are presented elsewhere for both the relationship be-
tween diversity and total biomass at equilibrium
(Thébault and Loreau 2003) and the relationship be-
tween diversity and ecosystem stability (Thébault and
Loreau 2005).

Top-down control and destabilising effect: two
mechanisms by which consumers affect the relationship
of diversity–ecosystem functioning

Many studies have demonstrated a strong top-down
effect in various systems (Shurin et al. 2002), but they
have considered only the importance of ‘vertical’ diver-
sity, i.e. functional diversity across trophic levels along
the food chain. Identically, the study of predator effects
on stability has mainly focused on the impact of this
‘vertical’ diversity and not on how diversity within tro-
phic levels affects ecosystem stability. A destabilising
effect of consumers on prey stability has generally been
found in this case (Pimm and Lawton 1977; Halpern
et al. 2005). Here we compare the relationship between
diversity and ecosystem properties in the absence or
presence of consumers when plant species richness and
consumer species richness (when present) vary in par-
allel. We take an example where all herbivores are spe-
cialists for simplicity. In this case, changes in diversity in
the absence of herbivores (Fig. 1, squares) can have
different effects than when herbivores are present
(Fig. 1, diamonds), whether the ecosystem property is

total biomass or temporal variability of biomass at the
various trophic levels.

In both systems, total plant biomass increased with
species richness while CV of total plant biomass de-
creased (Figs. 1, 2). A higher degree of asynchrony of
individual species responses to environmental fluctua-
tions had identical effects on these relationships: it gen-
erally reduced CV of total biomass and this reduction
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Fig. 1 Magnitude and coefficients of variation (CV) of total plant
and herbivore biomass as functions of species diversity for a single
trophic level system and a two trophic level system with specialist
herbivores. Two scenarios of species response to environmental
fluctuations are considered. Solid lines correspond to identical
responses of species to environmental fluctuations, and dotted lines
to different responses of species. In each panel, black lines
correspond to producer properties, while grey lines correspond to
consumer properties. Empty squares correspond to the single
trophic level system, while full diamonds correspond to the two
trophic level system. Magnitude and coefficients of variation were
calculated from data sets generated by integrating Eq. 1 with the
Runge-Kutta method. For each of 200 simulations, values of lp, lh,
q, k, VR, Vi, R0, ci and ai were selected using a random number
generator from uniform distributions with means 0.5, 0.5, 0.2, 45,
350, 15.5, 3.5, 0.084 and 0.016, and standard deviations 0.04, 0.04,
0.08, 10, 850, 0.25, 1.25, 0.0015 and 0.0003 respectively. The
minimum mortality rates mpi and mhi were selected using a random
number generator from uniform distributions with means 0.09 and
0.09 and standard deviations 0.003 and 0.003. Simulations at the
various diversity levels used the same set of selected parameters
values; species present at a lower diversity level were a sample of
species present at the higher diversity levels
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was stronger at higher diversities. However, the shape of
these relationships, as well as the strength of diversity
effects, depends on consumer presence. When each plant
is consumed by a specialist herbivore, total plant bio-
mass increases linearly with species richness whereas in
the absence of herbivores, total plant biomass saturates
at high diversity levels as has often been shown previ-
ously (Tilman et al. 1997; Loreau 1998). In the presence
of specialist herbivores, each plant is controlled by its
own herbivore and is unaffected by the addition of other
species, which leads to this linear increase. This also
results in a positive complementarity effect, as has been
shown by Thébault and Loreau (2003). Complemen-
tarity is then generated by a different mechanism than in
the simple competitive system: it does not arise from
resource partitioning but from top-down control by the
upper trophic level. In parallel, whereas CV of total
plant biomass in the presence of herbivores is higher
than in their absence, the positive impact of diversity is
stronger in the multitrophic system (Fig. 1, bottom).
This greater decrease in CV of total plant biomass in the
presence of herbivores is explained by a reduction of the
destabilising effect of plant biomass by herbivores since
individual herbivore biomass and net herbivore

consumption on each plant species decreases as species
richness increases (e.g. Thébault and Loreau 2005).

In the multitrophic system, the relationship between
diversity and properties of total trophic level biomass
are not always similar at both trophic levels. At the
herbivore level, total herbivore biomass saturates at high
diversity and can even decrease in some cases (Fig. 1).
This saturation and potential decrease is explained by a
decrease in the biomass of each herbivore with the
addition of plant species: herbivore biomass depends on
soil nutrient concentration, which decreases as more
plants compete for the limiting nutrient. CV of total
herbivore biomass is also complex and can either in-
crease or decrease as diversity increases (Figs. 1, 2).

Thus, the nature of population controls (top-down
vs. bottom-up) and the potential destabilising effect of
consumers in an ecosystem can profoundly affect eco-
system responses to changes in species richness. The
trophic position of species loss and various food-web
properties such as connectivity, interaction strength or
presence of inedible species are important to consider as
they modify trophic cascades and top-down control
(Leibold 1989; Abrams 1993) as well as various stability
measures (Pimm 1984; McCann 2000) in food webs.
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Fig. 2 Magnitude and coefficients of variation (CV) of total plant
and herbivore biomass as functions of species diversity for two
scenarios of diversity changes, either species richness varies only at
herbivore level or species richness varies at both trophic levels in
parallel. In each panel, black lines correspond to producer

properties, while grey lines correspond to consumer properties.
Parameter values as in Fig. 1, except for R0, Vi and ci which were
selected using a random number generator from uniform distribu-
tions with means 4.5, 2.5 and 0.1, and standard deviations 1.25,
0.25 and 0.0016 respectively
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Impact of trophic position of species loss

Recent theory and experiments predict potentially
opposing influences of diversity on primary productivity
at adjacent trophic levels (Worm and Duffy 2003; Duffy
et al. 2003). While producer biomass generally increases
with plant richness (Hooper et al. 2005 for overview),
algal biomass has been found to decrease with herbivore
richness (Duffy et al. 2003, 2005). Here, we analyse two
feasible scenarios of biodiversity changes: either plant
richness and herbivore richness vary in parallel, or only
herbivore richness changes. Changing plant richness
alone leads to unfeasible food-web configurations in our
model, because herbivore species cannot be more
numerous than plant species at equilibrium. We take
again an example where all herbivores are specialists and
where all species respond identically to environmental
fluctuations for simplicity.

Changes in diversity at the consumer trophic level
alone (Fig. 2, left column) have very different effects
than do simultaneous changes at both plant and herbi-
vore trophic levels (Fig. 2, right column) whether the
ecosystem property considered is total biomass or tem-
poral variability of biomass at the various trophic levels.
Mean total plant biomass decreases upon herbivore
addition while it increases in the other scenario of bio-
diversity changes. These results are consistent with re-
cent experiments on the effects of consumer diversity
(Duffy et al. 2003). More surprisingly, countervailing
effects of autotroph diversity and heterotroph diversity
can also exist on total plant biomass variability: CV of
total plant biomass increases upon herbivore addition
while it generally decreases when both plants and her-
bivores are added.

At the herbivore level, secondary production is in-
creased with herbivore addition, which can be explained
by complementarity in resource use of specialist herbi-
vores (Thébault and Loreau 2003). In parallel, CV of
total herbivore biomass decreases. As found previously,
the relationship between diversity and properties of
trophic level biomass is not always similar at the two
trophic levels and can even be opposite.

Thus, the relationship between diversity and ecosys-
tem functioning depends strongly on the trophic posi-
tion of species loss because consumers have particular
effects on population control and stability.

Impacts of food-web properties

Effect of the presence of inedible species

The presence of less edible species in the food-web has
been shown to have a strong impact on ecosystem
properties and particularly to dampen trophic cascades
(Hulot et al. 2000). Heterogeneity can also strongly af-
fect the relationship between diversity and magnitude of
ecosystem functioning (Thébault and Loreau 2003). If

we compare two food-web configurations, a food-web
where all species are edible and a food-web that com-
prises an inedible plant, the predicted relationships be-
tween diversity and ecosystem processes are qualitatively
different both for the magnitude and the variability of
these processes (compare Figs. 1, 3).

As shown previously, when all species are consumed
by specialist herbivores, total plant biomass increases
linearly with species richness (Figs. 1, 2). In contrast,
when the same food-web comprises an inedible plant,
total plant biomass does not increase linearly and can
even decrease at high diversity (Fig. 3). In the latter case,
the biomass of the inedible plant is controlled by re-
source availability, which decreases as plant richness
increases (Fig. 3). The relationship between diversity
and total plant biomass depends on the dominance of
the inedible species and on its competitive ability. If the
inedible species is dominant and does not suffer strongly
from competition (case with high growth rate), total
plant biomass increases with diversity due to comple-
mentarity between edible species and to a higher prob-
ability of the presence of the dominant species at higher
diversity levels. If the inedible species is dominant but
suffers strongly from competition (low competitive
ability), total plant biomass decreases at high levels of
diversity because the inedible species decreases strongly
as diversity increases. This can also lead to a negative
selection effect (Thébault and Loreau 2003): the domi-
nant species at low diversity, the inedible species, is
highly affected by an increase in diversity and it is no
longer dominant at high diversity. In contrast, there is a
positive selection effect when the most productive species
is dominant at high diversity.

Changes in CV of total biomass also depend strongly
on the presence of inedible species (Fig. 3, bottom). CV
of total plant biomass decreases as diversity increases
but it can also increase at higher diversity levels. This
relationship between diversity and CV of total plant
biomass also depends on the dominance of the inedible
species and on its competitive ability. If the inedible
species is dominant and does not suffer strongly from
competition (case with high growth rate), CV of the
inedible plant is not affected by diversity and is always
lower than CV of edible plants. CV of total plant bio-
mass then decreases as diversity increases due to a higher
probability of the presence of the dominant species and
also, as previously, to a lower destabilising impact of
herbivores. If the inedible species is dominant but suffers
strongly from competition (low competitive ability), CV
of total plant biomass increases at high levels of diversity
because the CV of the edible species is higher and the CV
of the inedible species increases strongly as diversity
increases. Competition between edible and inedible
species might explain the latter result: the variability of
the inedible species might be strongly affected by the
high variability of edible species through resource com-
petition.

Thus, in the context of a multitrophic level system,
species edibility is an important factor to consider as
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diversity can lead to strong shifts in dominance, which
can strongly affect ecosystem properties.

Effect of herbivore generalism and strength
of consumption

Complementarity between consumers may depend
strongly on their degree of generalism and their differ-
ences in diet. The plasticity of consumer diet and inter-
action strength may strongly impact the diversity effects
on both the magnitude and variation of ecosystem
processes, as already suggested for species richness ef-
fects on biomass and productivity (Duffy 2002). Two
cases of herbivore generalism are studied here: (1) her-
bivores compensate for plant species loss by increasing
their consumption on other species, their voracity is then
independent of their prey diversity; (2) herbivore con-
sumption rates on the various plant species do not de-
pend on plant diversity, their voracity increases as their
prey diversity increases.

The degree of generalisation or specialisation of
herbivores has a strong impact on the relationship

between diversity and ecosystem processes and depends
mainly on how consumption strength changes with prey
diversity (Fig. 4).

When total consumption of plants by herbivores is
independent of species richness, total plant biomass in-
creases linearly with species richness; when consumption
increases with diversity, total plant biomass saturates
and can even decrease at high diversity (Fig. 4). In this
case, the biomass of each plant species is still controlled
by herbivores but it decreases with the addition of other
herbivore species because plant consumption increases.
This in turn can result in a decrease in total plant bio-
mass. In parallel, total herbivore biomass can also sat-
urate and even decrease at high diversity. Competition
between generalist herbivores is important and resource-
use complementarity is then lower (Thébault and Loreau
2003).

Changes in CV of total biomass also depend strongly
on how consumption by herbivores varies with diversity:
CV of total biomass at both trophic levels can increase
with diversity when herbivore voracity increases with
diversity. In contrast, CV of total biomass decreases
upon plant and herbivore addition when herbivores are
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as in Fig. 1, except for the case where the inedible species has a slow
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specialists or when their voracity is independent of
diversity.

These results confirm the classical result that stability
requires low interaction strength (Kokkoris et al. 2002).
Herbivore generalism and interaction strength may have
a strong impact on the relationship between diversity
and ecosystem processes as they modify plant biomass
and stability.

It should be noted that the absence of differences
between the case where herbivores are specialist and the
case where herbivores are generalist with constant
voracity can be explained by the very similar values of
herbivore consumption rates and plant absorption rates
in the model. These small differences in plant and her-
bivore parameters are due to constraints on coexistence
in the model. Greater asymmetry and the presence of a
trade-off between plant edibility and plant competitive
ability, however, may affect these results.

Conclusions and perspectives

Recent theoretical and experimental work provides clear
evidence that biodiversity loss can have profound

impacts on functioning of ecosystems. Work on simpli-
fied ecosystems in which the diversity of a single trophic
level is manipulated shows that taxonomic and func-
tional diversity can enhance ecosystem processes such as
primary productivity and nutrient retention. Theory also
strongly suggests that biodiversity can act as biological
insurance against potential disruptions caused by envi-
ronmental changes.

One of the current challenges, however, is to extend
this study to multitrophic systems that more closely
mimic complex natural ecosystems. This requires merg-
ing biodiversity–ecosystem functioning and food-web
theory (Ives et al. 2005). A growing number of studies
have begun to analyse the effects of diversity changes on
food webs (Duffy 2002; Raffaelli et al. 2002; Duffy et al.
2003, 2005; Fox 2004; Hillebrand and Cardinale 2004).

Multitrophic interactions are expected to make bio-
diversity–ecosystem functioning relationships more
complex and non-linear, in contrast to the monotonic
changes predicted for simplified systems with a single
trophic level. Recent studies show that trophic interac-
tions can have a strong impact on the relationships be-
tween diversity and the magnitude of ecosystem
processes (Mulder et al. 1999; Downing and Leibold
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2002; Duffy et al. 2003, 2005; Thébault and Loreau
2003; Finke and Denno 2004). The impact of trophic
interactions on the relationship between diversity and
the variability of ecosystem processes has been studied
far less (but see Ives et al. 2000). The recent review by
Hooper et al. (2005) has no section about consumers in
‘Variability in ecosystem properties’ while heterotroph
impacts are considered in two sections under ‘Magni-
tude of ecosystem properties’.

Several aspects of the relationship between diversity
and both the magnitude and variability of ecosystem
processes arise from the analyses of the present ecosys-
tem model. First, the different mechanisms which affect
diversity effects in simple competitive systems can also
operate in multitrophic systems. If different species re-
spond differently to environmental fluctuations, total
biomass variability decreases more or increases less as
diversity increases. Biodiversity can still provide an
‘insurance’ or a buffer against environmental fluctua-
tions as long as species differ sufficiently in their re-
sponse to environmental changes and consumption rates
do not increase too much with diversity. Complemen-
tarity and selection effects at both trophic levels can still
affect the relationship between diversity and ecosystem
functioning in food webs (Ives et al. 2005; Thébault and
Loreau 2003). For example, when herbivores differ in
their resources, total herbivore biomass increases with
herbivore addition. However, even though complemen-
tarity and selection effects can be calculated in most
cases in multitrophic systems (Thébault and Loreau
2003), the values of these effects do not necessarily
indicate which mechanisms are responsible for the pat-
terns observed. An increase in total plant biomass with a
positive complementarity effect can arise from plant
control by herbivores, and not only from resource par-
titioning or from facilitation between plants. Positive or
negative selection effects can also arise from the domi-
nance of inedible species, and not only from the domi-
nance of the most competitive species. The detailed
mechanisms that drive the biodiversity–ecosystem
functioning relationship are thus difficult to disentangle
in multitrophic systems. Considering top-down control
and the destabilising effect of herbivores might help to
understand the impact of diversity changes in one tro-
phic level on processes that occur at other trophic levels.
Although our model considers only two trophic levels,
several impacts of additional trophic levels can be pre-
dicted. For example, if we add a third trophic level,
trophic cascades result in herbivores being controlled by
carnivores, which leads to a linear increase in total
herbivore biomass with diversity. At the same time,
plants are no longer controlled by herbivores and total
plant biomass no longer increases linearly (Thébault and
Loreau 2003). CV of total plant and herbivore biomass
might also be higher in the presence of carnivores due to
the destabilising effects of predators on their prey. Thus,
this study begins to build a bridge connecting the broad
range of studies on top-down effects and trophic cas-
cades (Shurin et al. 2002; Schmitz 2003; Hillebrand and

Cardinale 2004) and stability in food webs (Pimm and
Lawton 1977; McCann 2000; Halpern et al. 2005).

Several key factors are predicted to affect strongly the
relationships between diversity and ecosystem processes.

First, trophic position of species gained or loss has a
strong impact on these relationships due to different
effects of producers and consumers on stability and
biomass at various trophic levels. The functional dif-
ferences between species are thus essential to consider in
order to improve our knowledge of the consequence of
species loss. Impacts of consumers may also depend on
ecosystem types: top-down effects of predators are gen-
erally stronger in aquatic systems than in terrestrial
systems (Shurin et al. 2002) and destabilising effects of
predators have been found to be stronger in lake eco-
systems (Halpern et al. 2005).

Second, the presence of inedible species and of a
trade-off between plant competitive ability and resis-
tance to herbivory also strongly affects the relationships
between diversity and ecosystem processes. If prey
diversity increases the probability of resistance to graz-
ing as suggested by a recent study (Hillebrand and
Cardinale 2004), changes in diversity might lead to shifts
in the dominance of producers that have a strong impact
on ecosystem functioning (Duffy et al. 2005).

Third, the relationships between diversity and eco-
system properties also depend on herbivore generalisa-
tion and on how consumption strength changes with
prey diversity. If prey density is high, the total con-
sumption by each predator might be limited and this
total consumption is then diluted among more prey
species (e.g. Ives et al. 2000). However, it has also been
found that increasing prey diversity can enhance con-
sumer growth by providing a more balanced diet (De-
Mott 1998). The question of how grazer consumption is
affected by species richness of available prey is impor-
tant for further research on the relationship between
diversity and ecosystem functioning in multitrophic
systems.

These different aspects deserve to be analysed exper-
imentally to gain better knowledge of the impacts of
biodiversity changes on ecosystem functioning in mul-
titrophic systems.
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Thébault E, Loreau M (2003) Food-web constraints on biodiver-
sity-ecosystem functioning relationships. Proc Natl Acad Sci
USA 100:14949–14954
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