
Abstract The relationship between biodiversity and in-
dividual ecosystem processes is often asymptotic, satu-
rating at relatively low levels, with some species contrib-
uting more strongly than others. This has cast doubt on
arguments for conservation based on maintenance of the
functioning of ecosystems. However, we argue that the
link between biodiversity and ecosystem functioning is
an important additional argument for conservation for
several reasons. (1) Although species differ in impor-
tance to ecosystem processes, we do not believe that this
argues for preservation of just a few species for two rea-
sons: first, it is nearly impossible to identify all species
important to the numerous systems and processes on
which humans depend; second, the important species
themselves may depend on an unknown number of other
species in their communities. (2) Arguments for conser-
vation based on ecosystem functioning are complemen-
tary to other utilitarian, ethical and aesthetic justifica-
tions. No single reason will convince all people or pro-
tect all species, however the combination produces a
strong case for conservation of biodiversity. (3) Even if
the relationship between biodiversity and ecosystem
functioning is asymptotic at local spatial scales and in

the short term, effects of biodiversity loss are likely to be
important at larger temporal and spatial scales. (4) Initial
arguments for the importance of biodiversity for ecosys-
tem functioning were largely based on a precautionary
approach (points 1–3). However, we are now moving to
a scientific position based on accumulating experimental
evidence. The future challenge is the integration of this
scientific research with policy.
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Introduction

A recent review in Oecologia (Schwartz et al. 2000)
asked first whether ecosystem functioning is positively
correlated with biodiversity, and second whether func-
tioning saturates at low levels of diversity relative to
those used in experiments or observed in nature. Of the
studies reviewed, 95% supported a positive relationship,
but most showed an apparent asymptote in levels of 
ecosystem processes beginning at half, or less, of the
maximum levels of diversity. Recent results from the 
BIODEPTH project (Hector et al. 1999), of which most
of the authors here are participants, are broadly in line
with these conclusions. We found a linear relationship
between productivity and diversity in experimental
grassland communities when plant species richness was
put on a log scale that predicts an initially weak but ac-
celerating loss of productivity with loss of species. The
paper by Schwartz and colleagues is one of the first to
comprehensively address the issue of how we as ecolo-
gists should interpret experiments of this type in terms of
their implications for conservation, and is particularly
important given that opinions differ so widely in this
contentious area. Schwartz and colleagues concluded
that there is little evidence for strong dependence of eco-
system functioning on the full complement of diversity
within sites and that “conservationists must temper en-

A. Hector (✉ )
NERC Centre for Population Biology, 
Imperial College at Silwood Park, Ascot, 
Berkshire, SL5 7PY, UK
e-mail: a.hector01@ic.ac.uk
Tel.: +44-20-75942494, Fax: +44-1344-873173

J. Joshi
Institut für Umweltwissenschaften, Universität Zürich, 
Winterthurerstrasse 190, Zürich 8057, Switzerland

S.P. Lawler
Department of Entomology, University of California at Davis, 
1 Shields Avenue, Davis, CA 95616, USA

E.M. Spehn
Institute of Botany, University of Basel, Schoenbeinstrasse 6, 
Basel 4056, Switzerland

A. Wilby
CABI Bioscience and NERC Centre for Population Biology, 
Silwood Park, Ascot, Berkshire, SL5 7PY, UK

Oecologia (2001) 129:624–628
DOI 10.1007/s004420100759

A. Hector · J. Joshi · S.P. Lawler · E.M. Spehn
A. Wilby

Conservation implications of the link between biodiversity 
and ecosystem functioning

Received: 2 January 2001 / Accepted: 1 June 2001 / Published online: 26 July 2001
© Springer-Verlag 2001



625

thusiasm for the claim that species richness supports ec-
osystem functioning lest our arguments, along with sup-
porting data, force us to adopt the position that we could
make a list of ten integral species for a given ecosystem
and dispense with the remaining diversity”. We all need
to decide how strongly considerations of ecosystem
functioning support the conservation of biodiversity both
in our professional capacities as ecologists and from a
personal level. The paper by Schwartz and colleagues
stimulated us to put together some additional points we
have encountered in trying to interpret our own research
on the linkage between biodiversity and ecosystem func-
tioning, particularly with respect to implications for con-
servation. We briefly draw attention to several relevant
points currently in press elsewhere (Lawler et al. 2001)
while concentrating on several relevant issues we believe
have not been discussed in the ecological literature so
far.

Could ecosystem functioning be maintained 
with fewer, but carefully selected species?

The idea that short-term experiments could allow us to
select the species essential for ecosystem functioning
and discard the rest, relies on two assumptions. First,
that we can correctly identify the subset of species on
which functioning is dependent (Chapin et al. 2000; 
Purvis and Hector 2000) and second, as Schwartz and
colleagues point out, that this same subset of species will
continue to maintain full ecosystem functioning in the
longer-term despite environmental fluctuation. While the
widespread success of the functional group classifica-
tions in ecology, including many recent biodiversity 
experiments (Hooper and Vitousek 1997; Tilman et al.
1997a; Hector et al. 1999) suggests we can identify
many of the species traits important for ecosystem func-
tioning, it does not mean that we can identify which spe-
cies within a group are more or less important, particu-
larly in the long-term. In addition, we do not have the
ability to predict what effect each species has on the full
range of biogeochemical processes in all, if any, ecosys-
tems. Moreover, while the results of many biodiversity
experiments are encouraging for a future basis for pre-
diction of ecosystem functioning, some results appear to
contradict a priori expectations and predictions (Hector
et al. 2001). For example, in some plant biodiversity ex-
periments (Hooper and Vitousek 1997; Hector et al.
1999) communities are not dominated by the species that
are most productive when grown alone as some models
predict. The relationship between species and processes
also seems sure to vary in the longer term, potentially
strengthening the importance of biodiversity for ecosys-
tem functioning, since more species are likely to be in-
volved than over the short-term (Field 1995; Doak et al.
1998; Tilman et al. 1998; Yachi and Loreau 1999; 
McCann 2000). This suggests that selecting subsets of
species to accomplish ecosystem functioning over the
long term is not possible, let alone desirable.

This uncertainty over the effects of species on ecosys-
tem functioning means that we are good at explaining re-
lationships in hindsight but poor at setting up detailed a
priori predictions. Several similar general frameworks of
alternative possible relationships between biodiversity
and ecosystem functioning have been developed (e.g.
Vitousek and Hooper 1993; Lawton 1994; Naeem 1998;
Schläpfer et al. 1999), together with more detailed rela-
tionships based on theory (Tilman et al. 1997b; Loreau
1998, 2000), but when it comes to generating graphs of
processes versus diversity these schemes are currently
qualitative rather than quantitative. Interpretation of ac-
tual biodiversity experiments may be less contentious if
we could generate a set of alternative hypothetical rela-
tionships on diversity-function graphs with scaled axes
(if not absolute then at least relative) and agree how bio-
logically important the alternative relationships would be
deemed if observed. However, statements about the im-
portance of results are likely to remain controversial
since they are inevitably subjective to a large degree – a
20% reduction in an ecosystem process may seem bio-
logically significant to one ecologist or policy maker but
trivial to another. This problem is not limited to the study
of the relationship between biodiversity and ecosystem
functioning of course but is widespread in ecology and
science in general.

In practical terms, what does a positive relationship
between increasing biodiversity and ecosystem function-
ing mean? Current relationships predict the general out-
come of random changes in species numbers and define
an envelope of points that reflects variability around this
mean response due to compositional effects. Of course,
in most cases changes in diversity are unlikely to be ran-
dom, the selection of crops in multi-species agro-ecosys-
tems for example (Vandermeer et al. 1998). Neverthe-
less, the random scenario provides a general expectation
in the absence of more detailed predictions. However,
current studies show that some species are much more
important to ecosystem functioning than others (Power
et al. 1996) which suggests that species loss could take
the system through a variety of downward trajectories
within the response envelope, depending on the order of
species loss. The general point, often raised in ecology,
is that the variance can be as important as the mean.

If we concentrate on a single scenario of species loss,
when the effects of different species on functioning are
very unequal, we are likely to see an unpredictable idio-
syncratic pattern (however, in well-replicated experi-
ments idiosyncratic patterns would average out to pro-
duce some mean trend with high variance). Idiosyncratic
patterns (Lawton 1994) do not mean that the loss of spe-
cies is unimportant. On the contrary, the effects of spe-
cies loss are likely to be large and unpredictable. Only if
species are very similar and/or highly redundant in their
effects on processes is functioning likely to be little af-
fected by changes in diversity. Current experiments have
also tended to focus on a single or small number of eco-
system processes. However, there is no reason to believe
that different processes will respond in similar ways to a



given series of species omissions. We expect species
richness to be more important when ecosystem stability
is dependent on the functioning of a wide range of differ-
ent processes that are influenced by different sets of 
species.

What constitutes a strong argument 
for the conservation of biodiversity?

The framework of Schwartz and colleagues implies that
strong arguments for conservation require relationships
where all species are contributing significantly. Since
some species affect ecosystem processes more than oth-
ers, they suggest that the argument for conservation
based on linkages between biodiversity and ecosystem
functioning cannot be “strong”. The maintenance of eco-
system functioning is only one argument among many
for the conservation of biodiversity. There are many al-
ternative schemes for categorising arguments for conser-
vation (e.g. Krutilla 1967; Edwards and Abivardi 1998;
Kellert 1996; Kunin and Lawton 1996; Seidl and Gowdy
1999; Lawler et al. 2001). These comprise a mixture of
utilitarian and intrinsic value arguments including:

1. Direct benefits (e.g. fish, game, timber) and option
values – biodiversity provides a reservoir of ecosys-
tem goods and resources (e.g. genetic) for humans,
many of which are probably currently unknown (dis-
covery of new medical drugs or pathogen resistant
strains of crop plants are good examples).

2. Ethical arguments – to cause or allow species to go
extinct is wrong based on moral, cultural or religious
grounds.

3. Aesthetic arguments – we should conserve biodiversi-
ty because we enjoy its existence just as we enjoy our
cultural and artistic heritage of music, painting, foot-
ball games and so on.

If we apply the same criterion used by Schwartz and col-
leagues to assess the strength of these additional reasons
for conservation we could argue that none of the poten-
tial motivations are “strong”. Most of the justifications
for conservation do not involve an important role for all
species. Despite widespread acknowledgement of the
need to conserve biodiversity by the United Nations 
Environment Programme Convention on Biological 
Diversity (1992), the ethical argument is limited by the
fact that this position is not held by everyone. Likewise,
all species are unlikely to provide as-yet-unidentified re-
sources to humankind. The aesthetic arguments are limit-
ed because people may find only a minority of species
aesthetically appealing and actually dislike many others.
Recognising the importance of a variety of species in
supporting ecosystem functioning provides a utilitarian
reason for preserving diverse ecosystems that include
numerous functionally important species in addition to
attractive species and those likely to yield marketable
products. This argument also translates into an ethical

reason for preserving as much biodiversity as possible
for posterity, when currently ‘unimportant’ species may
fill new roles in ecosystem functioning in a changing en-
vironment. Ethical, aesthetic and utilitarian arguments 
all have validity, motivating different groups of people 
to support conservation, therefore none should be dis-
carded.

Some of the objection in principle to the use of bio-
diversity-functioning linkages as a justification for con-
servation appears to come from the view that different
arguments for conservation are competing alternatives 
(Wardle et al. 2000a). However, we see no reason why
alternative arguments, including those relating to ecosys-
tem functioning, cannot be complementary (this is not to
say that different conservation arguments will not con-
flict in some practical situations). As positive relation-
ships between biodiversity and ecosystem functioning
appear to be relatively common, surely they add to the
general argument for conservation even when they are
not “strong” linear relationships to which all species
contribute equally (Lawler et al. 2001)?

Unpredictability in time, space 
and across multiple trophic levels

The loss of biodiversity is not an ephemeral or localised
problem (Sala et al. 2000). The history of expanding hu-
man activity has seen a prolonged and widespread reduc-
tion in biodiversity from many, if not most of Earth’s
ecosystems. Substantial losses also seem set to continue
for the foreseeable future and may even intensify (Myers
et al. 2000; Sala et al. 2000). Therefore, given the global
and ongoing nature of biodiversity reduction, effects
could be judged as important even when the relationship
between biodiversity and ecosystem functioning is as-
ymptotic. A 20% decrease in productivity (or of another
ecosystem process) may be small compared to variation
at larger scales but could nevertheless be important lo-
cally. Furthermore, if small local effects are truly wide-
spread they could be seen as important at the global
scale. Moreover, even if ecosystem processes are sus-
tained at half, or less, of the maximum levels of diversity
at the small scale of experimental studies (Naeem et al.
1994; Hooper and Vitousek 1997; Hector et al. 1999;
Tilman 1999b), a larger regional and global species pool
may be required to maintain local diversity (Schmid et
al. 2001). Tilman (1999a) used his Minnesota prairie
study system and standard species-area relationships, to
calculate the number of species needed in a square kilo-
metre to obtain a local species richness of 16 plants per
square metre – it is about an order of magnitude greater
at 127–270 species. Chesson et al. (2001) and Yachi and
Loreau (1999) use models to demonstrate an analogous
effect of temporal scale (Lawler et al. 2001).

Our current estimates of the effects of species loss re-
ly on experiments limited not only in spatial and tempo-
ral scale but also in trophic breadth. Most recent experi-
ments largely examine only single aspects of diversity
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such as numbers of species or functional groups at a lim-
ited number of trophic levels (but see for example 
Wardle et al. 2000b). However, changes in diversity at
one trophic level may generate important feedback at
others. For example, a recent manipulation of the diver-
sity of plants and mycorrhizas found a stronger effect of
the loss of plant species in the absence of mycorrhizas
than when they were present (Klironomos et al. 2000).
Thus the presence of one group could buffer the effects
of the loss of species within another. We also know little
yet of the effects of ecosystem engineers and keystone
species on ecosystem processes, both of which could be
easily overlooked if diversity manipulations are limited
in scope.

The element of unpredictability of longer-term and
larger-scale biodiversity losses, particularly given pre-
dictions of global change, argues against conserving only
a few ‘integral’ species and discarding the rest. The idea
of redundancy as a desirable property of systems, so
prevalent in engineering, does not seem to have been
widely appreciated in ecology and conservation (Naeem
1998) with the exception of the recognition of its poten-
tial value in agroecology (e.g. Vandermeer et al. 1998;
Trenbath 1999). Most studies to date hold species rich-
ness constant or are relatively short-term and, therefore,
may not fully capture community dynamics. In naturally
occurring communities, species loss is likely to alter the
probability of further species loss. Thus, a single species
deletion may not have immediate consequences for eco-
system functioning, but loss of dependent species may
affect functioning in the longer term. Such effects are
particularly likely if the species lost has strong trophic
(keystone species) or other interactions (e.g. ecosystem
engineering) with other members of the community
(Vitousek 1990; Chapin et al. 2000).

The recognition that loss of biodiversity can have
negative impacts on ecosystem functioning, combined
with uncertainty over the current and future roles of most
species in many ecosystem processes, argues for a pre-
cautionary approach in conservation. Because the pre-
cautionary approach inevitably involves a lack of knowl-
edge, it sometimes carries little weight in the face of
hard economics. However, we now know that changing
biodiversity usually affects ecosystem processes; 95% of
cases in the Schwartz et al. review showed such effects
(see also Schläpfer et al. 1999; Schmid et al. 2001). Thus
we are moving beyond a precautionary position based on
a lack of knowledge to arguments based on evidence of
impacts. Although the debate over the exact implications
of recent research for ecosystem functioning looks set to
continue (Kaiser 2000; Wardle et al. 2000b), there is evi-
dence from a recent assessment of expert opinion
(Schläpfer et al. 1999) for progress beyond a purely pre-
cautionary approach. In addition, a review of recent eco-
logical work on the functional and societal consequences
of changing biodiversity led a wide range of ecologists
to call for more intensive social, scientific, political and
economic efforts to be put into conservation to preserve
options for future solutions to global environmental

problems (Chapin et al. 2000). We argue for a shift in the
burden of proof (Dayton 1998) when assessing the con-
sequences of biodiversity loss that eliminates the implicit
assumption that there will be no impact on ecosystem
functioning.
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