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Predicting the Effects of Species
Loss on Community Stability

Dan Doak and Michelle Marvier

The question of how species richness and community orga-
nization may influence ecological stability has fostered a long-
standing debate, recently revived through a spate of new field and
microcosm studies (e.g., Tilman 1996; Naeem and Li 1997; McGrady-
Steed et al. 1997) and modeling efforts (e.g., Doak et al. 1998; Hughes
and Roughgarden 1998; Yachi and Loreau 1999). This new research
has led to renewed claims regarding the importance of species diver-
sity for various community and ecosystem functions as well as in-
creasing efforts to develop simple principles to guide conservation
policy and practice (e.g., Pimm 1991; Naeem 1998; Schwartz et al.
2000; Hector et al. 2001).

Nonetheless, the age of—and attention to—the stability-diversity
question does not imply its resolution or direct application to ques-
tions of environmental management (McCann 2000; Schwartz et al.
2000; Hector et al. 2001). A particular problem with much of the ongo-
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ing work is the neglect of details about species-specific life histories
and ecological interactions. While the nuances of individual species
are key in determining their community importance, most theoretical
work on diversity effects glosses over such details.

Our goals in this chapter are twofold. First, we review recent work
that has explored the relationship between species diversity and com-
munity stability, emphasizing modeling efforts (for reviews of more
empirical work, see Loreau 2000; McCann 2000; and Schwartz et al.
2000). In addition to examining the consequences of species richness,
we also ask whether it is possible to predict the consequences of los-
ing particular species from a community. Although the problem of pre-
dicting single-species effects is far messier than that of arguing over
more general stability-diversity patterns, it is also far more important
for conservation.

Our approach comprises a Markov community model that addresses
three general questions: (1) What aspects of life history or interactions
with other species determine the importance of particular species for
the stability of communities? (2) What features predispose a species to
become dominant following the extinction of the original dominant
species? And, most importantly, (3) can we accurately predict the im-
portance of particular species removals in the absence of detailed field
observations or experiments? Throughout this chapter, we gauge spe-
cies importance in terms of its effects on the stability of aggregate
community properties (e.g., total community abundance) or on com-
munity composition (May 1973; Power et al. 1996b; Tilman 1996).

Recent Studies of Stability-Diversity Patterns

The stage was set for the current crop of stability-diversity modeling
by the historic mismatch between May’s modeling results (1973) and
the empirical work of McNaughton and others (Mellinger and Mc-
Naughton 1975; McNaughton 1977, 1985; Frank and McNaughton
1991). The models predicted declining stability with increasing spe-
cies richness, whereas empirical observation generally suggested the
opposite. Although there are numerous, competing ways of classifing
the various mechanisms that contribute to stability-diversity patterns
(e.g., Tilman 1999; Loreau 2000), we discuss them in terms of four
simple categories:

* Simple sampling effects
* Niche complementarity and compensatory competition
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* Averaging effects (a.k.a. portfolio effects)
* Addition of weakly interacting species

The first mechanism that can enhance community stability with
increasing species number is a simple sampling effect: with a large
number of species present, there is a greater chance that one or more
of the species will be stable and dominant. In other words, the stabil-
ity of more diverse communities may simply be due to the increased
chance of a stable species being present. Although this simple sam-
pling effect has more often been mentioned as a factor causing 'diver-
sity-productivity relationships (Loreau 2000}, it can also explain sta-
bility-diversity correlations.

The most common explanations of stability-diversity relationships
are all somewhat more complicated versions of the sampling effect
idea. These include niche complementarity and compensatory compe-
tition. The basic idea is that diverse groups of species are more stable
because complementary species compensate for one another if one
species suffers severe declines (e.g., Tilman 1996); with more species,
there is an increased chance of complementary species being in the
community. Naeem (1998 and this volume), using models from re-
liability engineering to describe ecosystem processes, has extended
this basic idea to predict that more species-rich communities will be
less affected by species losses. He argues that (1) as more functional
groups are needed for proper ecosystem functioning, ecosystem re-
liability declines, simply because there are more ways for the system
to fail, but (2) more species per functional group (higher species re-
dundancy) increase the reliability of the ecosystem. Nijs and Impens
(2000) use a careful, though abstract, probabilistic analysis to reach
similar results. Essentially, redundancy within a functional group
means that when one species is deleted from the community, another
species with similar function will “step in” and fill the functional role
of the deleted species.

Whereas the above ideas rely on the interactions of competing spe-
cies, stability in aggregate measures (such as total productiv_ity) is also
expected to increase with species richness due to an averaging of ran-
dom fluctuations in the growth of each species without any special
competitive mechanisms. Using simple probability theory and sim-
ulations, Doak et al. (1998) demonstrated that as more independently
varying species are added together, the sum of their abundances be-
comes more stable. However, the strength of this averaging effect de-
pends on several factors (Doak et al. 1998; Tilman et al. 1998; Schwal.'t;
et al. 2000). First is correlation among the species’ fluctuations, with
more positive correlations leading to reduced averaging effects, and
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negative correlations increasing the strength of these effects on sta-
bility. Second, the averaging effect is strongest when species are on
average equal in abundance, and weakest when one species holds
the lion’s share of community biomass. Finally, the strength of aver-
aging depends on the mean-variance relationships for individual
species in the community. In the Doak et al. (1998) models, total
community biomass was held constant and the variances of the bio-
mass of individual species were assumed to scale with the square of
the species’ mean abundance (i.e., standard deviation scales linearly
with mean abundance, and coefficients of variation are constant
across species). In response to this study, Tilman et al. (1998) demon-
strated that if per capita variability in numbers increases dramati-
cally with decreasing mean abundance, the averaging effect can be
eliminated or reversed.

Regardless, Yachi and Loreau (1999) have demonstrated the same
averaging effect of diversity under much less restrictive assumptions
about the relationship between the mean and variance of species’ bio-
masses. In their model, increasing the total number of species in-
creases both the mean community productivity and the stability of
community productivity with the dynamics of community biomass
driven largely by the set of most abundant species. In particular, a
species can contribute substantially to community stability only if its
range of abundance overlaps with that of the most dominant species.
In other words, the loss of species that are consistently rare is pre-
dicted to have little effect on either the productivity or the stability of
the community as a whole. This is akin to Doak et al.’s (1998) result
that stability-diversity relationships are weakened by highly skewed
distributions of mean abundance.

The studies just cited rely largely on statistical descriptions of com-
munity fluctuations. Other studies, however, have more explicitly in-
cluded the effects of competitive interactions into models of stochastic
community dynamics. Hughes and Roughgarden (1998, 2000), Ives
and his coworkers (1999), and Lehman and Tilman (2000) use several
alternative stochastic, density-dependent Lotka-Volterra competition
models to explore the stability of community biomass. Hughes and
Roughgarden (1998) consider only two species at a time, and they
assess the stability of these “communities” as a function of the
strength of the competitive interaction (indicated by the magnitude of
the competition coefficients) as well as the degree of asymmetry be-
tween the two species’ competitive effects. They find that the stability
of the aggregate, or community, biomass is relatively independent of
the strength of the species’ competitive effects, but that community
biomass becomes less stable as the disparity between the two species’
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competitive effects grows. Similar models of multispecies systems
(Ives et al. 1999; Hughes and Roughgarden 2000) show more gener-
ally that positive stability-diversity relationships are usually predicted
and appear to be robust over many alternative model structures (Leh-
man and Tilman 2000). Most surprisingly, the details of competitive
interactions seem to have relatively little influence on the generation
of stability-diversity relationships (Ives et al. 1999). Ives et al. (2000)
show that multitrophic models also show similar stability-diversity
relationships, considerably broadening the class of models that show
these effects.

Finally, increases in diversity can enhance stability if the addi-
tional species have only weak interactions with the other members
of the community. This possibility was first hinted at by Robert
May’s analyses of diversity-stability relationships (May 1971, 1973),
in which a tight relationship between interaction strength and insta-
bility was documented. However, the exact mechanism was only re-
cently worked out by McCann et al. (1998), using community matrix
models much like May’s, except with predator switching and none-
quilibrium dynamics. Starting with simple food webs, McCann et
al. added species while simultaneously titrating the interaction
strengths of the new species. They found that diversity begets stabil-
ity as long as the enhanced diversity comes in the form of species
with weak interaction strengths. This pattern occurs because the ad-
dition of weakly interacting species dampens oscillations between
strongly interacting species and thereby increases the stability of the
overall community.

In sum, past modeling and empirical work indicates that the mecha-
nisms driving stability-diversity correlations include averaging, com-
petitive release, symmetry in competitive effects, and the addition of
weak interactions to food webs. However, most of the diversity-stability
models, like all models, suffer from a lack of realism of one form or
another. First, all of the models to date assume a closed system and a
constant suite of species. In reality, even intensively managed field
studies cannot obtain precise control of species richness. The turnover
of species is an integral feature of natural communities that is important
to consider when linking model predictions to empirical data (Schwartz
et al. 2000; Hector et al. 2001). Second, the use of stability-diversity
models to make meaningful statements about the preservation and
management of ecological communities is limited, since little or no atten-
tion has been given to what makes a particular species important to the
community. Instead, models have sought to link total species number
with community patterns, a relationship that may rarely be of importance
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for practical management. Finally, even less attention has been given to
whether readily available data would provide any insight regarding
species importance. In other words, within the stability-diversity litera-
ture, there has been little progress toward recognizing the set of traits that
might identify which species are the most dangerous to lose and hence
most crucial to preserve. We investigate these last two questions using a
simulation model of competing, space-occupying species.

Methods
Basic Model Structure

We developed a stochastic simulation model for a set of competing
species that is a direct extension of a first-order Markov model of
community replacement (succession) dynamics (Waggoner and Ste-
phens 1970; Horn 1975). Markov community models best represent
groups of sessile, competing species in which priority effects predom-
inate (an individual must die before there is any chance of replace-
ment by an individual of the same or a different species) and con-
sumer-prey interactions are of reduced importance. This modeling
approach has proven to be a highly robust way of quantifying com-
munity structure and dynamics for a variety of ecological commu-
nities, including termites (Usher 1979), coral reefs (Tanner et al. 1994,
1996), rocky intertidal systems (Wootton 2001), forests (Waggoner and
Stephens 1970; Horn 1975; Runkle 1981; Barnes and Dibble 1988), and
desert plants (McAuliffe 1988). These models are also capable of accu-
rately predicting the effects of species removals for real communities
{Wootton 2001). We chose to use this framework both because of its
success in predicting real community patterns, and also because these
models are able to incorporate various aspects of species’ life histories
and interaction types (McAuliffe 1988; Wootton 2001) while still hav-
ing the virtue of minimal structural complexity.

We first present the deterministic form of the model, then describe
stochastic simulations based on this framework. Our model is repre-
sented as an (S+1) X (§+1) matrix for S species (the “+1” is be-
cause we also keep track of empty space). By repeatedly multiplying
the community transition matrix, C, by a vector, N,, of the amount of
space occupied by each species (or empty) at time {, we can project
changes in the abur;dance of each species, n;, as well as of the total

community, CB = X n; through time:
i=1
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In the matrix, C, ¢; is the probability that an individual of species j i's
replaced by an individual of species i in a single time step. For transi-
tions between individuals of the same species (i = j), ¢ =8 +
(1 — s))a;;, where s; is the survival probability for an ind1v1d.ual.(.)f
species j, and g4;; is the probability that an area vacated by species j is
immediately colonized by new individuals of the same species. For
transitions between species (i # j), ¢c; = (1 — s;)a;, where a; 1S'the
probability that an area vacated by species j is immediately colonized
by new individuals of species i. .

The final (S + 1) row of C includes transitions to unoccupied space.
The total amount of space remains constant through time due to the

s

constraints that Y, 2; = 1 and that all vacated space not immediately

colonized becon;ésl “empty.” The final (S +1) column of C includes the
probabilities that empty space is colonized by a species i, a;z, or re-
mains unoccupied. This model structure implicitly assumes that an-
nual sampling of the community occurs just after the major recruit-
ment season for most members of the community—if sampling occurs
at some other season, or if recruitment is highly asynchronous, the
transition probabilities cannot be divided so cleanly between survival
(s;) and conditional replacement probabilities (a;). .

Although simple, this model allows a substantial amount of eco-
logical reality. For example, the species-specific survi\{al'terms allow
one to incorporate variable life spans, and the probabﬂihe§ of transi-
tion between each pair of species allow the implicit inclusion of fac-
tors such as shared habitat requirements and preferential colonization
by some species of space already occupied by others (McAuliffe 19.8_8).
However, this model is still quite limited in the types of communities
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that it can portray accurately. These are largely communities in which
adult survival precludes the establishment of new individuals, and in
which the abundance of recruits is not limited by the local abundance
of adults.

Stochastic Simulations

We used the basic model structure just described to conduct stochas-
tic simulations, picking new values for each s; and a; in each year
based on predefined means and variances for each parameter. The
basic model represents a community using 45 + 2S? parameters:
the mean and variance for the annual survival of each species and for
the conditional probabilities that determine how vacated space is real-
located among all combinations of species and unoccupied space.

To simulate the dynamics of a broad range of randomly constructed
species and community types, we first had to specify the rules that
govern the behavior of each community matrix. To create a commu-
nity (limited to 10 or fewer species in this paper), we randomly picked
means for all s; values from a uniform distribution between the limits
of {0,1}, {0,0.5}, {0.5,1}, {0.25,0.75}, or {0.5}, and means for a; values
frsom a uniform distribution such that all lay between {0,1} and

> 2; = 1. We also randomly assigned variances to each parameter,
i=1

selecting values from a uniform distribution bounded by 0.001 and
either 10% or 50% of the maximum possible variance given a parame-
ter’s mean (cf. Doak et al. 1994). In these models, annual variation in
a; and s; values was simulated by beta-binomial variables with no
correlation or autocorrelation.

In all, we used 10 sets of parameter value restrictions (5 sets of
bounds on s; and 2 bounds on maximum variation) and created a
minimum of 20 different random communities for each combination
of rules. For a given set of parameter values, we simulated the dy-
namics of the entire community for 110 years. We recorded no infor-
mation for the first 10 years (transient dynamics for a deterministic
version of the model generally settled within 10 years) and then re-
corded the abundance of each species and of the entire community
for each of the remaining 100 years. The total amount of space in a
simulation always remained constant at 100(S+ 1) spaces. The model
was initiated with space divided evenly among the number of spe-
cies + 1. For example, in a community with 10 species, each species
initially occupied 100 spaces with the remaining 100 spaces empty.
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Over the 100 years of data collection for each simulation, we recorded
the mean and variability in the abundance of each species. To mea-
sure community stability (or, really, instability) we used the coefficient
of variation in total numbers, or community biomass, over the 100-
year sampling period, CVB.

We used the model in two ways. First, to examine the overall rela-
tionship between species diversity and community stability, we cre-
ated communities that varied in the total number of species (S = 2 to
10) and recorded CV 5 over 100 years. Here, we allowed annual suz-
vivorships with means of {0,1} and with standard deviations up to
50% of the maximum. We simulated 40 replicate communities per
level of species richness.

Second, to explore the consequences of removing particular spe-
cies, we compared the stability of communities before versus after an
extinction event. We began by simulating each full community to es-
tablish baseline dynamics and then explored the consequences of re-
moving each of the original species one at a time. For S = 5, for ex-
ample, we ran a simulation with all 5 species, and then 5 additional
simulations, each with 1 species removed and the other 4 remaining.
For communities with 5 species, we ran 40 replicates, whereas for
communities with 10 species we ran 20 replicates. Following a species
removal, we reallocated the share of vacated space that would have
been colonized by the removed species, by assigning the removed
species’ share of space to all remaining species proportional to their
mean a; values. For example, if species 1 were removed, the new
replacement values (a’;) for species i and j = 2 through 5 would be
recalculated as:

5

L —

a i = a,«j + a,-]- *alj/ E afj'
i=2

To compare the effect of each species’ removal on community sta-
bility, we used the percentage change in CV 5 between the full model
and each of the models with one species missing:

CVCB,removaI - CVCB, full

PCVCB = 100

’

CVe pun

where CVg romova is the coefficient of variation in community num-
bers after a species removal, and CVp unn 15 the coefficient of variation
for the full community.
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Using this measure of community importance, we asked how easy
is it to predict the effects of a species’ loss with limited information
(e.g., previous abundance, longevity, or ability to colonize unoccupied
space). In addition, for the subset of simulations in which the domi-
nant species was removed, we used discriminant function analysis to
identify attributes that predispose a species to become the new com-
munity dominant. We also ran analyses using a measure of commu-
nity compositional change after a species removal. In particular, to
quantify shifts in the abundances of the remaining species after a re-
moval, we calculated the multidimensional Euclidean distance be-
tween abundances in the full community and those after a removal
for all species but the one removed (Collins 2000; Collins et al. 2000):

ED = \jz(ni,full - ni,rcmoval)2~

Results

Before turning to patterns of stability (or instability), it is important to
note that the distribution of abundances among species in our model
communities was altered dramatically by changing the extent to which
survival rates varied among species and through time. The abun-
dance of species in the simulated communities ranged from highly
skewed to very even (fig. 7.1). The range of mean survival rates was
far more important in generating these differences than was the maxi-
mum temporal variability in s; and 4; values (data not shown). As
expected, the more variable survival was among species, the more
highly skewed was the distribution of abundances among species.
Many of the results regarding patterns of stability and model details
likely follow from changes in species abundance patterns such as
those depicted in figure 7.1.

First, like almost all other diversity-stability models, we found the
typical, asymptotically declining relationship between community in-
stability (CVp) and species number (fig. 7.2). In other words, accord-
ing to our model, the removal of species usually results in more tem-
poral variation in community biomass, with the destabilizing effects
of extinction being more pronounced in species-poor communities.
However, despite the overall decrease in mean CVp with increasing
species number across communities, removing a particular species
from a particular community can generate a wide range of effects on
the percentage change in community variability, PCV; (fig. 7.3). For
example, 43% of removals from 5-species communities and 31% from
10-species communities actually increased stability (negative values
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Figure 7.1 Distributions of species abundance for two community rules.
The ten different community rules resulted in species distributions rang-
ing from (A) highly skewed (survival rates 0.0-1.0) to (B) quite even (all
survival rates = 0.5). Results are shown for communities in which § = 5
and annual variability in species’ survival rates ranged up to 50% of
their maximum.

of PCVp). For most species, removal has little effect on community
stability, but for a few species, removal greatly destabilizes the com-
munity (see fig. 7.3). These results are consistent across both 5- and
10-species communities; for convenience, we present further results
only for 5-species communities.
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Figure 7.2 Relationship between community stability and species rich-
ness (# of species, S). CVg, the coefficient of variation in community
biomass, is used as a measure of instability. Here, mean annual sur-
vivorships range from 0 to 1, with standard deviations up to 50% of
maximum possible. Means + 1 s.e. are plotted for 40 replicate simula-
tions at each diversity level.

The primary determinant of a species’ effect on community stabil-
ity, when removed, was its abundance (or dominance) prior to its
removal (fig. 7.4). For the most part, the species with very high PCV g
were those that were highly abundant in the original community (see
fig. 7.4). Roughly speaking, if a species constituted 50% or more of the
original community’s biomass, its removal nearly always destabilized
the community to some extent. To ask more rigorously how well the
magnitude of these effects could be predicted, we ran a suite of gen-
eral linear models (GLM), using PCV g values as the response vari-
able. When running these analyses, we always included the set of
community rules as a categorical variable. As potential predictor vari-
ables, we focused on the attributes of species from intact communities
(i.e., prior to any extinction) that might be readily available. For ex-
ample, perhaps the easiest information to collect on a species is the
mean and variability of its abundance. For our communities, mean
abundance alone could predict about 31% of the variability in species-
removal effects. (Including the coefficient of variation for abundance
did not increase this model’s predictive power: table 7.1). Running
GLMs with more detailed species information gave negligible gains in
predictive power. For example, the mean and temporal variance in
survival rates, the probabilities of taking over space from other spe-
cies, and the probabilities of colonizing empty space together predict
only 22% of the variation in PCV g (see table 7.1). Finally, taking all
this information together allowed prediction of about 44% of the vari-
ation in PCV.g. The message seems to be that abundance alone
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nity rules. Results are shown for communities constructed with 5 differ-
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Figure 7.3 Histograms of % change in instability (PCV¢g) following in-
dividual species removals. A. Removals from all simulations of 5 spe-
cies communities. B. Removals from all simulations of 10 species com-
munities. Many removals produce little change in stability, whereas only
a small number produce a large decrease in stability (large positive
values).

is a reasonably good predictor of the effect of a species” extinction. On
the other hand, that predictive power is so poor that one could never
guarantee that rarer species, if they were to go extinct, would have
minor effects on stability.

; Because it is natural to overlook species of lesser abundance, it is
b worth focusing on those species alone. We found that the removal
of species with lower dominance values could either stabilize or de-
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TABLE 7.1
Ability to predict the importance of species removals with prior information
Different general linear models (GLM) were run on output from the five
species community simulations. Either PCV g or ED was used as the depen-
dent variable in each GLM, while information on the characteristics of the
species prior to removal were used as independent variables. In all GLMs, the
rules used to formulate the community were included as a 10 level categorical
variable. The percentage of variance explained () is used to gauge explana-
tory power.

Models Models
Predicting  Predicting

PCVcs ED
Model r s
Mean abundance 0.311 0.747
Mean and CV of abundance 0.311 0.747
Mean and CV of survival, mean ay, and a;¢ 0.223 0.543
Mean abundance and mean survival 0.324 0.747
Mean and CV of abundance, survival, mean 4;; and

4 0435 0.762

stabilize the community (see fig. 7.4). Clearly, it would be useful to be
able to predict the effects of losing a rare species a priori. To address
this issue, we selected the subset of species that contributed less than
30% of total community biomass (dominance < 0.3). We then used
discriminant function analysis to examine how well we could classify
species as stabilizing (defined as PCVp > 40%) versus destabilizing
(PCVcp < —30%), given different limitations on the availability of
data. We found that several single variables provided equally poor
predictions; abundance, survival, and colonization abilities (; and a;z)
each led to correct classification of 55% of cases. Of these, mean abun-
dance is by far the easiest to estimate in the field. We also found that
very little predictive power is gained from embellishing the model
(table 7.2). For example, when we included six predictor attributes
(mean and cv of survival, 4;, and 4;5), we correctly classified only 66%
of the cases, in comparison with 55% of cases with but one attribute.

Of course, stability is not the only thing one is interested in when
examining the effects of species removals. An additional way of mea-
suring change entails the Euclidean distance between communities
before and after an extinction. In contrast to our findings on the ef-
fects of extinctions on stability, the effects of extinction in terms of
altered community composition responded in a much more predict-
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TABLE 7.2
Predicting the importance of rare species for community stability

For the subset of species with dominance < 0.3, discriminant function
analysis was used to classify species as strongly stabilizing (PCV ¢z > 40%) vs.
strongly destabilizing (PCVcg < —30%). Rare species with intermediate ef-
fects on community stability were excluded from the analysis.

% Correctly

Model Classified
Mean abundance 54.7
Mean and CV of abundance 495
Mean and CV of survival, mean ay, and a; 67.4
Mean abundance and mean survival 56.8
Mean and CV of abundance, survival, mean 4;, and a; - 66.3

able manner. In particular, we ran a second suite of GLMs, similar to
those described above, to predict the change in community composi-
tion, measured as ED (see table 7.1). Mean abundance before removal
was by far the most important factor predicting ED, and accounted
for 75% of the variance in removal effects on community composition.
Adding other information did little to increase predictive power, with
the full model (that included means and variability in abundance and
per capita rates) predicting only 76% of the variation in ED (see table
7.1). While ED and PCV 5 showed a modest correlation (fig. 7.5; Pear-
son # = 0.39), this was driven almost entirely by a very few, ex-
tremely abundant species that were important for both measures.

The importance of abundance in predicting the community conse-
quences of species removal seems to be due in part to its integration
of the effects of survival rates and colonization ability. GLMs show
that survival rates alone do a poor job of predicting a species” abun-
dance, whereas adding the mean probability of taking over space
from other species and the probability of occupying empty space al-
lows prediction of 62% of the variance in abundance (table 7.3). In
particular, high abundance and the resulting strong effects of remov-
ing an abundant species depend on high survivorship (fig. 7.6A) and
strong colonization abilities (fig. 7.6B).

Finally, we asked whether we could predict which species would
become dominant following the extinction of the original community
dominant. To address this, we selected a subset of simulations in
which the single most dominant species was removed, then used dis-
criminant function analysis to classify the remaining species accord-
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Figure 7.5 Relationship between the effects of species removals on com-
munity composition (ED) and on temporal variability in community bio-
mass (PCVcp).

ing to whether they became the new community dominant. Mean
abundance in the intact community was the single most important
variable; 76% of species could be classified correctly on the basis of
abundance alone. In fact, in 287 out of 400 cases, the species that was
the second most abundant in the original community became the new
dominant after the original dominant was removed. In contrast,
knowledge of those variables that are more difficult to measure (e.g.,
survival, replacement rates and colonization abilities) together al-
lowed for correct classification of only 70% of species.

TABLE 7.3
Individual rates explaining mean species abundance

Different general linear models (GLM) were run on output from the 5 spe-
cies community simulations. Mean abundance is the dependent variable in all
analyses. In all GLMs, the rules used to formulate the community were in-
cluded as a 10 level categorical variable. The percentage of variance explained
(r*) is used to gauge explanatory power. Mean a; is the average amount of
vacated spaced freed by other species that the removed species occupied, and
4;¢ is the mean probability of colonized previously empty space.

Model 7
Mean survival 0.386
Mean and CV of survival 0.390
Mean of survival, mean 4, and a; 0.610
Mean and CV of survival, mean a;;, and 4; 0.617
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Figure 7.6 Relationship between mean abundance of species and (A)
mean survival rate and (B) mean a; (the average amount of space va-
cated by other species that a species takes over).

Discussion

Current rates of species extinction are alarming—both in and of
themselves, and because it seems clear that at some point so many
extinctions may accrue that natural ecosystems will become irrepara-
bly damaged. A growing body of theoretical work has focused on the
question of how many extinctions are “too many”—or, put differ-
ently, how many species we can afford to lose before permanent dam-
age is done. These efforts have focused on the relationship between
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species richness and either ecosystem function or ecosystem stability
(McCann 2000). Although these questions are of theoretical interest,
their relevance to the real world is probably limited (Schwartz et al.
2000). In particular, it appears that in real communities each extinc-
tion does not result in an incremental increase (or even a nonlinear or
“threshold”-type increase) in damage at the community and ecosys-
tem levels. Rather, the effects of extinctions are highly species- and
context-specific (Power et al. 1996b; Soulé and Terborgh 1999). For
example, some real-life extinctions have resulted in minimal conse-
quences for communities and ecosystems (Simberloff this volume).
On the other hand, it is now widely appreciated that certain keystone
species exert effects on communities or ecosystems that are dispro-
portionately large relative to the species’ abundance (Paine 1966, 1969a,
1974, 1988, 1992, Power et al. 1996b). Thus, in some cases, real com-
munities are strongly altered by the loss of a single species, but in
other cases not; and the magnitude of the effects appears to depend
on the specific traits of the deleted species or on the nuances of how
the deleted species interacted with others in the community, rather
than on the changes in the number of species per se.

Here, we have addressed how the community-level effects of sin-
gle-species extinctions vary on the basis of some easily measured
(and some not-so-easily measured) species traits. In our models, the
removal of more abundant, or dominant, species exerts the strongest
effects on community stability and composition. However, even for
these simple, space-limited communities, moving much beyond this
broad generalization is difficult. The power to predict the effects of
extinction on community stability is depressingly low, given the data
that are usually available. We find that even for a very simple set of
model assumptions, and even knowing all the rules of the game, the
importance of removing particular species is difficult to predict. This
result parallels that of models for specific communities, in which the
sensitivity of damping ratios or community composition to specific
rates is not easily related to species abundances or other species traits
(Tanner et al. 1994; Wootton 2001). However, we reiterate the caveat
that our models have only considered competing species; models that
include trophic diversity may suggest worse, or better, predictive
power regarding species importance.

More positively, some aspects of community dynamics were highly
predictable for our models. For example, easily obtained information
such as rank abundance prior to an extinction was very useful in
predicting which species would “take over” after the extinction of a
community dominant. Also encouraging was the finding that mean
abundance is a better predictor of species importance than more diffi-
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cult-to-collect per capita rates or variability in abundance. Thus, to the
extent that prediction of removal effects can be gauged ahead of time,
information that is most easily gathered may be as useful as much
more labor-intensive information.

As with any model, our results are driven by our assumptions.
Although our results do not apply directly to any particular natural
community, they do provide a clear set of hypotheses to test about the
factors that direct the importance of species losses in competitively
structured systems. Specifically, relative abundance alone is a reason-
able surrogate measure for a wide variety of effects (e.g., changes in
stability, shifts in community composition, and which species will take
over for the lost taxa). However, there are notable exceptions to the
overall abundance-importance correlation. When we turn to the real
world, we find that although abundant species are a good place to look
for large effects of extinction, several extremely abundant species have
been lost with no dramatic effects recorded (Simberloff this volume).

The challenge that this work suggests for conservation is how to
prioritize species-management efforts when clear rankings of species
by community importance are not easy to make a priori. We hope that
our general modeling approach will encourage the development of
models that can be linked more accurately to data from real commu-
nities. In particular, models that take per capita rates for different spe-
cies as a starting point are clearer and more understandable than are
less “mechanistic” models or more complex frameworks (Wootton
2001). In addition, there is a clear need to incorporate trophic interac-
tions into stability-diversity models.

Like most others pursuing community stability ideas, we have
taken the easy road here, explicitly considering only competitors (but
see McCann et al. 1998; Ives et al. 2000). Given the striking impoz-
tance that R. T. Paine and his long line of students and collaborators
have shown for trophic interactions in determining average commu-
nity structure, better modeling of such effects for community stability
is clearly needed. Hopefully, such models can be developed hand in
hand with manipulative field experiments to carefully test and ex-
pand assertions of community stability patterns in real-world com-
munities. Such testing is needed both for the science of ecology and
for clarification on how best to pursue pressing conservation goals.
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