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Although it is broadly recognized that extinction has
negative effects on biodiversity values (e.g., Ghilarov
2000), there has been considerable recent debate over
the effect of species loss on ecosystem function (e.g.,
Hector et al. 1999; Huston et al. 2000). A series of exper-
iments has been carried out with artificial plant assem-
blages in an attempt to clarify the issue ( Tilman &
Downing 1994; Tilman et al. 1996, 1997; Hector et al.
1999), but the assumptions underlying these experi-
ments and the accepted definitions of ecosystem func-
tion incorporate logical fallacies that severely limit their
conclusions. My purpose here is not to argue against the
use of ecosystem function as an index of ecosystem
health and services, but rather to identify the limitations
of the concept and the potential fallacies arising from its
misinterpretation.

The debate over the effects of species loss on ecosys-
tem function reflects two contrasting viewpoints (Calli-
cott et al. 1999): the compositionalist perspective, which
considers the protection of individual species or assem-
blages as necessary for preserving ecosystem integrity,
and the functionalist perspective, which strives to pro-
tect ecosystem health by maintaining ecosystem pro-
cesses rather than species composition. From the func-
tionalist perspective, species that do the same thing are
substitutable (functionally redundant), and the loss of spe-
cies that perform the same role will not affect ecosystem
function (Walker 1992; Frost et al. 1994). Ecosystem func-
tion is usually defined solely in terms of energy transfor-
mation and matter cycling (Ghilarov 2000) and includes
processes such as primary production, oxygen genera-
tion, decomposition, and nutrient cycling. In this sense,
radically different species assemblages could conceiv-
ably have similar rates of biomass production, and alter-
ation of species composition could therefore have lim-
ited effects on ecosystem function (as defined above).

One of the primary flaws with plant-assemblage exper-
iments (and the debate surrounding functional redun-
dancy in general) is the assumption that primary produc-
tion alone is a sufficient measure of both organism and
ecosystem function and that other functional traits can
be ignored. Although production admittedly integrates
many species traits, the functions of an organism can be
characterized by any number of important functional at-
tributes (e.g., predation rate on other organisms, effects
on nutrient cycling, soil stability), of which productivity
is but one. As an example of how inclusion of additional
functional traits may alter evaluation of the effects of
species loss on ecosystem function, consider the trait of
resistance to herbivory. Plant species differ widely in
their resistance to herbivory, creating the potential for
large indirect effects on ecosystem processes (e.g., Lei-
bold 1989; McCauley et al. 1999), and edibility can be
considered a significant organismal function equivalent
in importance to production.

Conceivably, monocultures (or assemblages) of inedi-
ble and edible plants could have equivalent biomasses
and productivities. Is it then realistic to conclude that
these different assemblages are functionally equivalent?
Because edible and inedible plants will support radically
different levels of herbivory, the edibility of the assem-
blage will obviously have large effects on energy flow to
the consumer trophic level and therefore other key met-
rics of ecosystem function such as trophic-level transfer
efficiency and secondary production. It is absurd to as-
sume that species assemblages that are equivalent in
productivity but potentially different in edibility (or other
key functional attributes) will support the same biomass
and production of herbivores. Arguably, any analysis of
ecosystem function that ignores this is too simplistic.
Yet this is the implicit assumption of experiments with
artificial plant assemblages for which equivalence of
production is interpreted as functional redundancy.

Although a decline in primary production with spe-
cies loss may constitute sufficient evidence for the non-
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substitutability of species, the converse is not true.
Equivalence of productivity of plant assemblages is not
in itself sufficient evidence of functional redundancy.
Consider a bucket of water full of productive algae. Con-
ceivably, its areal rate of primary production could be
equivalent to that of a plot of terrestrial plants. Does this
make them functionally equivalent? This extreme exam-
ple is also absurd, but it is the logical extension of using
productivity alone as an index of ecosystem function
while ignoring other critical functional traits that will influ-
ence energy transfer to higher trophic levels. The use of
productivity as the sole metric of ecosystem function is
clearly conservative and likely to grossly underestimate
the effects of species loss. If ecosystem function remains
defined exclusively in terms of energy transformation and
matter cycling (e.g., Ghilarov 2000), then the equivalence
of a patch of grass and a bucket of algae demonstrates its
limited usefulness for evaluating the effects of species loss.

An additional problem to emerge from the debate on
the functional effects of species loss is the tendency to
assume that metrics used to evaluate ecosystem function
(e.g., production) are also the relevant metrics for defin-
ing species function at the organismal level. For in-
stance, any evaluation of functional redundancy in birds
that focused exclusively on productivity and ignored
other functional attributes (e.g., predation effects on in-
sects) would not be taken seriously because it would
lead to the conclusion that birds that overlap in biomass
production are functionally redundant. Why is this sim-
plification transparently inappropriate when applied to
birds but acceptable for plant assemblages? Although it
may be appealing to use a single response variable (e.g.,
production) as an index of ecosystem function, it does
not follow that it is the only functional trait at the organ-
ismal level that will influence ecosystem production. In
terms of assessing the functional redundancy of indi-
vidual species, the fewer functional attributes included
in any analysis, the more likely it is that species will be
classified as functionally redundant.

Experiments with plant assemblages have additional
features that reduce their power to detect the effects of
species loss. Assemblages are grown in relatively homo-
geneous plots to facilitate replication, but a natural het-
erogeneous environment has a range of conditions, such
as soil type and moisture, to which species are differen-
tially adapted. A species that is functionally redundant in
a homogenous plot may perform better under more ex-
treme conditions ( Wellnitz & Poff 2001). Growing spe-
cies in intermediate homogenous conditions in which
they are likely to perform similarly again biases experi-
ments in favor of finding functional redundancy, and
these experiments should be viewed as conservative.

Furthermore, a variety of functional processes take
place at a hierarchy of scales in any ecosystem. By focus-
ing on very general services such as carbon fixation or
oxygen production, analysis of ecosystem function indi-

rectly discounts the importance of subsidiary functions
operating at lower levels in a hierarchy. The concept of
ecosystem function, by definition, treats an ecosystem
as a black box in which productivity is an output vari-
able and species loss is unimportant as long as there are
no net effects on energy flow at the ecosystem scale. It
is conceivable, however, that species loss may cause
considerable changes in energy flow and matter cycling
within an ecosystem, although the final output variables—
primary production, secondary production, or other mat-
ter fluxes—remain unaltered. Thus, choice of an aggregate
output variable (e.g., net production) as the index of eco-
system function implicitly assumes that alterations in
subsidiary or internal functions are irrelevant as long
as their effects cancel one another out. This is a ques-
tionable assumption, and it seems arbitrary to consider
conservation of ecosystem-level processes as important
while ignoring changes in subsidiary ones. For instance,
the commercial extinction of Atlantic cod (

 

Gadus morhua

 

)
resulted in the replacement of cod biomass with a
roughly equivalent biomass of elasmobranchs and other
species along the Atlantic seaboard (Fogarty & Murawski
1998). This change in internal processes had a huge im-
pact on the delivery of ecosystem services to humans, al-
though total secondary production (and therefore eco-
system function) may have been relatively unaltered.

To some extent, the immediate debate over whether
species loss affects ecological processes is a red herring.
Ecologists have known for decades that the loss or addi-
tion of keystone species can have pervasive effects on
ecosystem function (Paine 1969; Power et al. 1996). Ar-
guably, recent efforts to understand the effects of spe-
cies loss on ecological processes have done little to ad-
vance our understanding of the effects of biodiversity loss
beyond the original ground-breaking work of Tilman and
coworkers (Tilman & Downing 1994; Tilman et al. 1996,
1997). If anything, the implicit assumptions of many re-
cent biodiversity-loss experiments (e.g., inadequate crite-
ria for evaluating the effects of species loss) support con-
servative interpretations that are biased toward the
conclusion of functional redundancy, as described above.

Biodiversity research needs to move beyond demon-
strating what ecologists already know: species loss may
impair ecological processes to varying degrees. Most
ecologists would agree that the question is not 

 

whether

 

species loss affects ecosystem function, but rather 

 

how

 

species loss affects ecosystem function. Given that so
much is at stake, future research needs to be tempered
by a more explicit recognition of the biases, limitations,
and conservative nature of species-loss experiments and
the need for multiple metrics to more realistically assess
both organismal and ecosystem function. This is not a
trivial issue, because criteria for evaluating redundancy
that systematically underestimate the functional effects
of species loss may support management actions that fail
to adequately protect ecosystem function.
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