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ABSTRACT. The concept of the "keystone species’ is redefined to allow for the a priori prediction of these
species within ecosystems. A keystone species is held to be a strongly interacting species whose top-down effect
on species diversity and competition is large relative to its biomass dominance within a functional group. This
operational definition links the community importance of keystone species to a specific ecosystem process, e.g.,
the regulation of species diversity, within functional groups at lower trophic levels that are structured by
competition for a limited resource. The a priori prediction of keystone species has applied value for the

conservation of natural areas.

INTRODUCTION

Recent volumes of Conservation Ecology have
featured debates on the definition of "keystone
species’ (De Leo and Levin 1997, Khanina 1998,
Piraino and Fanelli 1999, Vanclay 1999, Davic 2000,
2002, Higdon 2002). This dialog adds to a decade-long
controversy over the use of the keystone species
concept in ecology (Lamont 1992, Bond 1993, Mills et
al. 1993, Schulze and Mooney 1993, deMaynadier and
Hunter 1994, Menge et a. 1994, Paine 1995, Walker
1995, Allison et a. 1996, Martinez 1996, Power et al.
1996, Hurlbert 1997, Kotliar 2000, Pirano et al.
2002). In this communication, | briefly review this
controversy and propose a new operationa definition
that allows for the a priori prediction of keystone
species within functional groups using field data
collected during routine surveys of floraand fauna.

THE KEYSTONE SPECIES
CONTROVERSY

The ecological term "keystone species' was coined by
Paine (1969a), and subsequently defined (Paine
1969b:950) as a species of high trophic status whose
activities exert a disproportionate influence on the
pattern of species diversity in a community. The
mechanism by which keystone species (KS) regulate
species diversity was described by Paine (1966:65) in
the following hypothesis: " ... local species diversity is
directly related to the efficiency with which predators
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prevent the monopolization of the major
environmental requisites by one species” Paine's
(1966) experimental confirmation, in which the
removal of the carnivorous seastar (Pisaster
ochraceus) from intertidal habitat reduced prey species
diversity due to intense competition from mussel prey,
is now atextbook classic.

The original KS concept of Paine (1969a, 1969b) thus
identified a very specific ecosystem process. top-down
regulation of species diversity, competitive
interactions, and community persistence. The
metaphor that KS are similar to the keystone of an
arch is valid, because both species and stone derive
their functional importance to the system as a whole
from bidirectional interactions with lower energy
levels. Species that play this KS role in ecosystems
may be trophic generaists or specialists, rare or
common, and they do not need to be important movers
of energy (Paine 1969a, Bond 1993). Both short-term
(Paine 1992, Raffaelli and Hall 1992) and long-term
(Ernest and Brown 2001) field experiments indicate
that the effect of KS on species diversity is
nonredundant in ecosystems, which contributes to their
great ecological significance (Bond 1993, 2001,
Schulze and Mooney 1993).

However, a divergent line of thought has emerged in
the ecological literature that puts aside the narrow
food-web focus of Paine. According to this alternate
view, a KS may be any species that has a large effect
on any aspect of ecosystem function (see Lamont
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1992, Bond 1993, Mills et al. 1993, Folke et al. 1996,
Higdon 2002, Piraino et a. 2002). As a result, many
species have been afforded KS status because they are
so-called keystone prey, competitors, mutualists,

dispersers, pollinators, earth-movers, habitat
modifiers, engineers, hosts, processors, plant
resources, dominant trees, etc. An elaborate

classification of this extensive KS typology, based on
the strength of interaction effect, was presented by
Lamont (1992); this is the concept of first-, second-,
and third-order KS, with those of the highest order
having the greatest impact on ecosystem function. This
state of affairs led Mills et al. (1993) to suggest that
ecologists abandon the KS concept completely
because its application had become too broad, it lacked
a priori operational definition, and it consequently had
little applied value for the conservation of natural
areas.

In response to Mills et a. (1993), a group of ecologists
known as the "Keystone Cops' (Paine 1995, Power
and Mills 1995) proposed the first operational
definition of a KS. Hayek (1994) summarized the
importance of operational definitions in the
formulation of ecological concepts. An operational
definition must be precise and reproducible, because it
connects concepts to experimental and quantitative
procedures (Hayek 1994). The operational definition
proposed by the Keystone Cops is based on the
proportional biomass of species in ecosystems in
relation to their community importance. According to
the Keystone Cops, a keystone species is a species
whose effect on ecosystems is disproportionately large
relative to its low biomass in the community as a
whole (Power et al. 1996). In other words, KS arerare,
and the a priori identification of KS in ecosystems is
unlikely (Power et al. 1996). This operationa
definition adopted the paradigm that KS can affect a
multitude of ecosystem processes and abandoned the
narrow food-web focus of Paine, a view that | and
others do not share (Davic 2000, 2002, Piraino et al.
2002).

Subsequent reviews by Martinez (1996), Hulbert
(1997), Kotliar (2000), Bond (2001), and Piraino et al.
(2002) suggest that the KS definition proposed by the
Keystone Cops (Power et a. 1996) has limited applied
value for conservation ecology. First, other important
species known as "dominant species’ may coexist with
KSin ecosystems (Power et al. 1996). These dominant
species can have the same total impact on ecosystem
function as does the KS (Fig. 3 of Power et a. 1996).
This false dichotomy between KS and dominant
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species results in an unworkable model for mangers of
natural resources who need to assign priorities to
ecologically significant species in their stewardship
(Hulbert 1997, Kotliar 2000). Whether or not a species
is considered to be keystone or dominant is a moot
point if both types have identical effects on ecosystem
function.

Other problems arise. To distinguish between the
presence of a KS and of a dominant species, Power et
a. (1996) introduce the "community importance”" (Cl)
index,

Cl = [d(trait)/dp] [ trait], 1)

where d represents change over time, p is the
proportional biomass of the presumptive KS relative to
the total biomass of all other species in the
community, and trait is some quantitative aspect of a
community or ecosystem, such as productivity or
species richness. However, it would not be practica
for an applied research program to try to quantify the
total biomass of all the other species in a community.
It is aso not clear what exactly is meant by
"community" as applied to the Cl index, that is, are we
to measure al plant, bacteria, fungi, and animal
biomass in a given area to determine disproportionate
abundance, or only the biomass of species that interact
with the KS? Kotliar (2000) discusses further
problems concerning "scal€" in any attempt to use the
Cl index in an applied manner. The implicit
assumption of the Cl index, that KS effects are alinear
function of their abundance in relation to the
ecosystem as a whole, has been shown to be invalid
(Kotliar 2000). Kotliar proposed that the CI concept
should be refined to emphasize the fact that KS
perform roles in ecosystems that are not performed by
other species or processes, in agreement with the
narrow food-web focus initially presented by Paine
(1966, 1969a, 1969b). Piraino et a. (2002) raise
concerns that the CI index applies only if a potential
KS is removed completely during field experiments,
which is a difficult proposition for most in situ
experiments, and that the Cl performs best where
experimental communities are near equilibrium. This
negates the use of the Cl in the many nonequilibrium
ecosystems that exist in nature, which is problematic
given theoretical arguments that the KS may regulate
species diversity in nonequilibrium communities
(Caswell 1978, Connell 1978).

Finally, managers of natural resources are left with the
vague task of deciding how disproportionately rare a
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potential KS may be before they decide to conduct an
experiment to remove it (Martinez 1996, Bond 2001).
Power et a. (1996) propose that a search for KS must
begin with removing such a species from an
ecosystem, with subsequent monitoring of the
response of a selected ecosystem trait or traits over
time. However, those species to be identified and
removed a priori must, by definition, have a low
biomass in relation to the community as a whole, thus
forcing the researcher to search for potential KS within
the veiled redity of the miniscule among the
tremendous biodiversity of nature.

DEFINING KEYSTONE SPECIESWITHIN
FUNCTIONAL GROUPS

K eystone species redefined

If the keystone species (KS) concept is to have applied
value as recently urged (Martinez 1996, Kotliar 2000,
Bond 2001, Jordan 2001, Piraino et al. 2002), yet
maintain the predictive power of the narrow food-web
focus of Paine, then it would be useful if there existed
an a priori protocol that allowed for the identification
of any species across the landscape, rare or common in
relation to the community as a whole, to be targeted
for potential KS status.

Here | present one such approach that defines KS
within the context of functional groups. a keystone
species is a strongly interacting species whose top-
down effect on species diversity and competition is
large relative to its biomass dominance within a
functional group.

This new operational definition of a KS has a number
of applied characteristics. Firgt, it retains the original
food-web focus of Paine (1966, 1969a, 1969b, 1971,
1974), namely, that a KS alleviates competitive
interactions within the functional groups of its prey.
Thus, it links the identity of a KS to a specific
ecosystem process that can be quantified and
experimentally falsified, which was suggested by
Martinez (1995, 1996) as an important consideration
in any attempt to measure the functional significance
of biodiversity in ecosystems. It aso conforms with
Paine's (1988:1652) suggestion that, for food-web
theory to become predictive, it must incorporate
competitive interactions in predator-prey models.
Second, the false dichotomy between so-called KS and
dominant species in the definition of Power et a.
(1996) is eliminated. Any species that is dominant in
terms of biomass within an occupied functional group
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would represent a potential KS that could regulate
species diversity in functional groups from lower
trophic levels. This viewpoint agrees with the
suggestion of Schulze (1995) that control of ecosystem
processes may be shared by a variety of KS that act at
multiple trophic levels within grazer and detritus food
chains. Furthermore, species that are dominant within
both a functional group and the ecosystem as a whole
would be accorded proper recognition as potential KS,
a situation not possible with the definition of Power et
al. (1996). Finaly, the biomass of a potential KS is
calculated within the nested boundaries of its occupied
functional group, not in relation to the biotic
community as a whole. Thus, a step-by-step research
program could be initiated to search for potential KS
within distinct functional groups as time and resources
alow.

This is not the first attempt to associate KS with
dominance in functional groups. KS effects between
dominant vertebrate predators, salamanders, and an
invertebrate  shredder  functional group were
documented in alotic ecosystem (Davic 1983). Walker
(1992, 1995) concluded that conservation efforts
should be targeted toward strongly interacting species
that are the sole representatives of functional groups,
which he called "keystone species." Grimm (1995)
aso viewed KS as the sole members of functiona
groups, whereas Folke et al. (1996) and Bengtsson
(1998) implied that KS could be embedded within
functional groups containing multiple species. Allison
et a. (1996) concluded that KS may be dominant
within multispecies functional groups, but they did not
link this dominance to the regulation of competitive
interactions and species diversity. A computer model
by Solé and Montoya (2001) predicts that functionally
dominant KS at multiple trophic levels may regulate
sets of related species, i.e., functional groups.

The above observations suggest a hypothesis that
species rank-abundance patterns can predict a priori
the identity of KS within afunctional group in which a
single or a few species are biomass-dominant.
Ecologists have long searched for patterns that relate
structure to function (see reviews by Tokeshi 1993,
1999). A variety of rank-abundance compositions have
been offered that identify strongly interacting species
in ecosystems (Mills et al. 1993, Hall and Raffaelli
1993, Estes 1995, Allison et a. 1996), which |
synthesize in Fig. 1. The hollow, left-skewed
distributions in Fig. 1 suggest that the a priori
prediction of KS within a functional group may follow
a power-law mathematical function (Bak 1996). As
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reviewed by Bak, the power law is a well-documented
characteristic of aggregated self-organized systems,
where [f (r) ~ r?¥. Power-law functions are commonly
used by biologists to express relationships involving
physiology, ecology, and life-history characters
(Marquet 2002), and they are ubiquitous within
ecosystems (see review by Gaston and Blackburn
2000), so it is not unreasonable that they hold clues to
the identity of strongly interacting species.

Fig. 1. Hypothetical keystone species patterns within three
functional groups. Biomass-dominant taxa within each
functional group represent potential keystone species. The
x-axis and y-axis are scaled for illustrative purposes only.
The two potential keystone species in the third functional
group correspond to the "foundation species" concept of
Dayton (1975).
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Although ecologists doubt that KS can be identified a
priori without experimental observation (Paine 1966,
1995, Dayton 1975, Menge et al. 1994, Allison et al.
1996, Power et a. 1996), a growing number of a priori
approaches have been suggested. Bond (1993) linked
the a priori identity of KS to the regulation of
competitive interactions among prey during ecological
succession. Bond (1993) concluded that the a priori
presence/absence of KS could be inferred from species
rank-abundance patterns within prey guilds in which
competition is known to exist. Piraino et a. (2002)
also noted that KS effects might be observed a priori
where long-lived prey species are equally abundant
within functional groups. Recently, it has been
suggested that KS can be identified a priori based on
strength of interaction links in model food webs
(Jordén et al. 1999, Jordan 2001, Solé and Montoya
2001).
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The simple graphic approach (Fig. 1) fitted to a power-
law function can identify obvious situations in which
potential KS could be predicted within a functional
group. Statistical hypothesis tests may add little to the
interpretation of the rank-abundance graphs in Fig. 1
(see Johnson 1999). However, a variety of community
indices could be applied to quantify the strength of KS
dominance within afunctional group. For example, the
dominance index (DI) of Berger and Parker (1970)
could be used to quantify KS dominance as follows:

DI = Npe/N, 2

where Ny represents the number of individuals of the
most abundant species, and N is the total humber of
individuals within the functional group as a whole.
Where more than one potential KS is identified within
a functional group (see Fig. 1), the community
dominance index (CDI) of McNaughton (1968) can be

applied:
CDI = 100 * (y; + y))ly, 3)

such that y; and y, represent the frequency of the two
most abundant species within a functional group, and y
represents the total number of individuals.

| emphasize that the above approach can predict only
the potential existence of a KS within an ecosystem.
As discussed by Hall and Raffaeli (1993), other
strongly interacting species, such as "key species’ that
regulate energy flow/nutrient dynamics or "ecosystem
engineers' that modulate habitat structure (see Crooks
2002), may aso be biomass-dominant within a
functional group. Some focal species may play
multiple process roles in ecosystems (Zacharias and
Roff 2001). However, given the current state of affairs
in ecology, i.e., the fact that all strongly interacting
species in ecosystems are viewed as "keystone process
species’ (see Folke et al. 1996), and the suggestion
that KS can be identified only after their experimental
removal from food webs (Power et a. 1996), | propose
an alternative paradigm: any species identified a priori
as biomass-dominant within its occupied functional
group should be recognized as a potential KS in the
narrow conception of Paine (1969a, 1969b), until such
time as that hypothesis can be proven fase via
controlled experimentation. As discussed below, a
variety of studies now suggest that dominant species
within functional groups regulate species diversity in
lower trophic levels. This is, | believe, a reasonable
solution to the current "keystone species controversy,”
because it alows for the a priori prediction of KS, an
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important concern given the loss of global biodiversity
(Wilson 1999).

Information on KS could potentially have significant
applied value for managers of natural resources. Many
government agencies conduct surveys of flora and
fauna in which species abundance data could be
aggregated into functional groups. Large datasets
could be re-evaluated within a functional-group
context to look for structural patterns based on species
rank-abundance distributions (Fig. 1). Those species
with biomass dominance within a distinct functional
group could be flagged for future experimental
removal to determine if they regulate species diversity
in lower trophic levels, i.e., are "keystone species,”
and, if native species, protected until experimental
effects on ecosystem processes are determined.
Dominant exotic species should be viewed as potential
KS that require control or removal, not protection. A
narrowly defined approach to the prediction of KS in
ecosystems could also assist efforts to provide them
legal protection, such as the tabled Keystone Species
Conservation Act of 1999, which failed to provide an
appropriate operational definition of how KS differ
from rare or endangered  species  (see
http://www.aza.org/GovAffairs/TestimonyGreatApe/).

Ultimate determination of KS status requires that the
dominant species within a functional group be
removed from or added to an ecosystem to investigate
its effects on species diversity within functional groups
at lower trophic levels. The experimental approaches
of Paine (1974, 1992), Raffaelli and Hall (1992),
Menge et a. (1994), Navarrete and Menge (1996),
Navarrete et a. (2000), and Ernest and Brown (2001)
provide guidance. In situations in which more than one
potential KS is identified a priori by their biomass
dominance, each dominant species should be
manipulated in a stepwise manner to determine
whether or not diffuse interaction effects are present
(see Menge et d. 1994, Navarrete and Menge 1996).
Experimental manipulation of potential KS also could
have effects on the community level, which could be
measured using the index of biotic integrity (IBI)
concept of Karr (1981) and Karr et al. (1986).

Assembly rulesfor functional groups

Clearly, the KS definition | propose in this paper will
depend on the ahbility of ecologists to provide
biologically meaningful aggregations of taxonomic
species into functional groups for the ecosystems
under study. This will not be an easy task, because, as
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discussed by Bengtsson (1998), there are no
standardized sets of functional groups that are
recognized for the numerous ecosystems that exist in
nature. Currently, functional groups are defined in an
ad hoc way based on morphological, physiological,
behavioral, biochemical, or environmental responses
or on trophic criteria. However, concepts of functional
groups are widespread in ecology (see reviews of
Walker 1992, 1995, Fox and Brown 1993, Bengtsson
1998, Harris 1999, Kinzig et al. 2001). Gitay and
Noble (1997) reviewed the history of functiona
groupstypes, and Simberloff and Dayan (1991)
reviewed the guild concept and its relationship to
functional groups. Numerous food-web models are
now available that use functional groups to distinguish
species with strong interactions (Steneck and Dethier
1994, Bengtsson 1998, de Ruiter et al. 1998, Padilla
and Allen 2000).

One route toward the discovery of functional groups
that may harbor potential KS is to identify clusters of
species with similar evolutionary histories (Chapin et
al. 1992) that can be further aggregated into feeding
guilds by trophic level (Cohen and Briand 1984) and
foraging behavior. This viewpoint was advocated by
Martinez (1996) and by Martinez and Dunne (1998) as
away to aggregate the complex functional diversity of
ecosystems, and adopted by Fox and Brown (1993) in
their study of a Nevada desert ecosystem. Fox and
Brown (1993) aggregated 14 species of rodents (Order
Rodentia) into three feeding guilds, namely,
granivores, folivores, and insectivores, which were
further divided into five "functional groups' based on
clearly defined foraging strategies. They suggested
that this type of functional group representation is
more predictive of ecosystem processes than
exclusively taxonomic or morphological approaches.
Fox and Brown (1993) concluded that the mechanism
underlying this assembly rule for functional groups is
interspecific competition, which is congruent with the
concept of Paine (1969a, 1969b) that KS serve to
aleviate competitive interactions within functional
groups of their prey.

Here | adopt the functional group definition outlined
by Fox and Brown (1993:360) for the a priori
prediction of potential KS in ecosystems, and offer the
following as a way of clustering species into
functional groups to search for KS. First, aggregate
species into evolutionary taxa at the taxonomic level
of either the family or order; Fox and Brown (1993)
used the order to define functional groups for a desert
ecosystem, whereas Bellwood and Hughes (2001)
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suggested that the family could serve to predict
functional groupsin a cora reef habitat. Next, further
aggregate the species within each evolutionary taxon
into feeding guilds by trophic level aong grazer or
detritus food chains; this approach was advocated by
Martinez and Dunne (1998). Findly, within each
feeding guild, aggregate species into functional groups
based on distinct foraging strategies as suggested by
Fox and Brown (1993). Using this approach, the
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presence of a potential KS would be identified by its
biomass dominance within each identified functional
group (see Fig. 1). A search for KS within functional
groups would also need to consider the changesin life
history that occur during ontogeny (Power 1995,
review by Polis and Winemiller 1996) and ecological
succession (Walker et al. 1999). Species with complex
life cycles (Wilbur 1997) may occupy more than one
functional group at different life-history stages.

Table 1. Hypothetical food web of 16 species aggregated by
are identified apriori by their biomass dominance within the

trophic-based functional groups. Two potential keystone species
top carnivore and herbivore functional groups.

Functional group

Biomass (g/m?)

Species A Species B Species C Species D
Top carnivore 0.20
Tertiary consumer 0.60 0.50 0.40
Secondary consumer 5.20 4.90 0.90 0.20
Herbivore 109 13 7 3
Primary producer 200 185 171 147

Hypothetical example

Odum (1971:80) presents biomass data in g/m? for a
marine ecosystem, the Eniwetok Coral Reef, that |
have modified (Table 1) by adding two consumer
trophic links and hypothetical species to illustrate how
potential KS can be identified a priori within
functional groups from biomass data collected during
routine surveys of floraand fauna.

Assume that functional groups have been identified as
outlined above. Consider a herbivore assemblage with
four species that feed exclusively on an assemblage of
primary producers, an assemblage of secondary
consumers that feed exclusively on herbivores, a
tertiary consumer assemblage that feeds jointly on the
secondary consumers and herbivores, and a single top
carnivore that feeds on the three consumer functional
groups, but is not itself prey for other consumers (see
Table 1). This food web contains no omnivore
functional group, defined following Wilson and
Bossert (1971) as animals that feed on both animals

and plants, athough the top carnivore and tertiary
consumer functional groups represent interguild
consumers, defined here as consumers that feed on
other consumers at multiple trophic levels. Assume
that a manager of this ecosystem has been asked to
determine if any potential KS are present for future
experimental investigation.

| suggest it is possible to predict a prior the identity of
the potential KS that exist in the community of 16
species presented in Table 1. Analysis of the biomass
data indicates that potential KS, both in the column
labeled "Species A," can be identified within the
tertiary consumer and herbivore functional groups
because they have proportional biomass values that are
significantly dominant within their functional groups
[See erratum]. Note that one of these potential KS, the
top carnivore, has proportionally low biomass in
relation to the community as a whole, i.e, it is
biomass-rare, whereas the KS herbivore has the
highest proportional biomass of all 12 consumers, i.e,
it is the biomass-dominant consumer. This example
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illustrates the false dichotomy that can arise between
so-called KS and dominant species in the current
definition of Power et al. (1996).

Using the data from Table 1, the manager can now
formulate an a priori hypothesis that the experimental
removal of the dominant top carnivore and/or
herbivore would result in large effects on species
diversity within the functiona groups of lower trophic
levels. Note that KS are not predicted to be present
within the tertiary consumer and primary producer
functional groups because no species are biomass-
dominant, although the secondary consumer functional
group may show compensatory KS effects by the two
codominant consumers, i.e., the "foundation species’
concept of Dayton (1975).

SUMMARY

In this communication, | offer a new operational
definition of the keystone species concept that allows
for the a priori prediction of keystone species within
functional groups aggregated by evolutionary history,
feeding guilds, and foraging patterns following the
functional group assembly rules of Fox and Brown
(1993). | believe that this approach is timely because
debate is now shifting to recognize that ecosystem
processes are more likely to be related to the
distribution of species within and between functional
groups than to traditional taxonomic representations of
species diversity in a community (Chapin et al. 1997,
Bengtsson 1998, Walker 1992, 1995, Harris 1999,
Walker et al. 1999). Given the increased rate of global
loss of biodiversity (Wilson 1999) and calls for their
legal protection, e.g., the proposed Keystone Species
Conservation Act of 1999, managers of natura
resources can no longer wait for the results of detailed
field experiments involving the removal of keystone
species or for models of the strengths of complex
food-web interactions to determine if potential
keystone species are or are not present in the
ecosystems under their stewardship. Clearly, the
science of ecology must move the keystone species
debate toward the formulation of operational
definitions that alow for their a priori identification in
ecosystems, if for no other reason than to allow for
their protection before they are extirpated.

Defining a potential keystone species as biomass-
dominant within afunctional group has appeal because
this definition conforms to the origina keystone
species perception of Paine (1966, 1969a). Recall that
Paine (1969a) identified the seastar, Pisaster
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ochraceus, as the first example of hisorigina keystone
species concept. Of interest is the fact, not widely
cited, that Pisaster was also identified as "abundant”
and the "dominant carnivore” in the habitat from
which it was experimentally removed (Paine
1969a:92). This abundance-dominance by Pisaster
occurred within a representation of the experimental
subweb that contained three trophic levels (Fig. 1 in
Paine 1966), and was further discussed in Fig. 32 of
MacArthur and Wilson (1967). Thus, the flagship
keystone species in ecology, P. ochraceus, was
immediately recognized by these ecologists as being
biomass-dominant within a clearly defined top-
carnivore functional group, and thus provides
compelling, if not conclusive, support for the keystone
species definition that | propose. Because it was the
sole member of its top-carnivore functional group,
Pisaster likewise conforms to the concept of the single
strong-interacting keystone species put forth by
Walker (1992, 1995).

Dayton (1975) concluded that the ecosystem
importance of keystone species has no relation to their
rank abundance or biomass because they are "rare
and/or small." Although this view of nature may hold
within the context of the ecosystem as a whole, as
discussed above, it is incorrect when viewed from the
perspective of functiona groups. Many documented
keystone species, including the classic Pisaster seastar
of Paine (1966), sea otter (Estes 1995), fish in
mangroves (Twilley et al. 1996), salamanders in
forests (Wyman 1998), and coyote in deserts (Henke
and Bryant 1999) are biomass-dominant within
distinct functional groups and are often the sole
member with strongly interacting effects (Walker
1992, 1996).

The keystone species definition that | suggest
distinguishes the community importance of keystone
species from other strongly interacting species in
ecosystems, i.e., "keystone species’ regulate local
species diversity in lower trophic levels, "key species'
regulate  energy/nutrient  dynamics, “intraguild
competitors/predators’  structure niche partitioning
among closely related species, and “ecosystem
engineers’ modulate physical habitat. Some focal
species (Zacharias and Roff 2001) may have multiple
process roles in ecosystems. | believe that applied
ecology benefits when the multiple process roles of
species are discussed separately.

Responses to thisarticle can beread online at:
http://mww.consecol .or g/vol 7/issl/respl1/responses/index.html



http://www.consecol.org/vol7/iss1/resp11/responses/index.html
http://www.consecol.org/vol7/iss1/resp11

ERRATUM (1). In the original published version of
this manuscript, there was an error in the sentence:
Analysis of the biomass data indicates that potential
KS, both in the column labeled "Species A," can be
identified within the tertiary consumer and herbivore
functional groups because they have proportional
biomass values that are significantly dominant within
their functional groups.

The corrected sentence appearsin full below.

Analysis of the biomass data indicates that potential
KS, both in the column labeled "Species A," can be
identified within the top carnivore and herbivore
functional groups because they have proportional
biomass values that are significantly dominant within
their functional groups.
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