
3 The Balance of Nature

The commitment to some type of balance was a staple of the schools of

natural philosophy from which biology emerged, long before the term

“ecology” was even coined (Egerton 1973). For example, Darwin, with

most of his scientific contemporaries, was committed to the idea of

such a balance:

Battle within battle must ever be recurring with varying success; and yet in

the long-run the forces are so nicely balanced, that the face of nature

remains uniform for long periods of time, though assuredly the merest

trifle would often give the victory to one organic being over another.

(Darwin 1859, 73)

Darwin and other early ecologists continued this tradition by attempting

to derive the existence of a “natural balance” in biological populations

from organismic metaphors and analogies with physical systems, although

the analogical and metaphorical content often differed (see Kingsland

1995). For example, the ecologist Frederic Clements (1916) is best known

for claiming to find functional integration within biological communities

that resembled the physiological integration within individual organisms,

and which justified conceptualizing communities as a kind of superorgan-

ism with analogous homeostatic properties. But Darwin (1859, 115–116)

employed the same metaphor several decades before, with a much less

problematic aim:

The advantage of diversification in the inhabitants of the same region is, in

fact, the same as that of the physiological division of labor in the organs of the

same individual body.. . . No physiologist doubts that a stomach by being

adapted to digest vegetable matter alone, or flesh alone, draws more

nutriment from these substances. So in the general economy of any land, the
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more widely and perfectly the animals and plants diversified for different

habits of life, so will a greater number of individuals be capable of their

supporting themselves. A set of animals, with their organization but little

diversified, could hardly compete with a set more perfectly diversified

in structure.

Although this conclusion plausibly holds for communities in relatively

constant environments and thereby provides a plausible explanation of the

greater species diversity found in the tropics than in more environmentally

turbulent temperate regions (see Rosenzweig 1992), later ecologists would

show that specialization often constitutes a handicap in fluctuating environ-

ments that favor adaptable generalists (e.g. Pianka 2000, chapter 8).

There were two threads to Darwin’s view on the character of this putative

balance, particularly the causal forces responsible for it. Most scientists

before Darwin did not fully appreciate the extent to which inter- and intras-

pecific competition shaped communities (Bowler 1976). A balance of nature

was considered the result of a predetermined harmony that competition

would only undermine. Darwin’s balance was undergirded by a much more

realistic dynamics. Interspecific competition constrains the populations

comprising biological communities by limiting organisms’ access to the

resources they need to metabolize and ultimately reproduce. This curtails

populations’ geometric tendency to increase. Other forms of interspecific

interaction have similar consequences. Predators and parasites, for instance,

inhibit prey and host populations. Intraspecific competition produces the

same inhibitory effect within a species, and it can inhibit other species

through interspecific relationships. For example, intraspecific competition

among prey limits predator populations.

But, as Darwin was well aware, these inhibitory relationships do not alone

account for the kind of dynamic balance ostensibly exhibited in the natural

world. The problem was the differential power and scope of intra- and

interspecific competition. Intraspecific competition is fully general: it argu-

ably occurs in all biological populations (but see Cooper 2003, chapter 3). But

its power to restrain population growth is governed by the availability of

resources. When resources are plentiful, little check on growth occurs. On

the other hand, interspecific competition (predation, parasitism, etc.) can

suppress population growth more effectively than intraspecific dynamics in

such cases, but it is not universal: not all species seem to be connected in

inhibitory interspecific relations. Thus, although intraspecific competition
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would limit all populations when resources were scarce and interspecific

interactions would sometimes suppress growth further, if these were the

only checks on populations, it seems that many species would exhibit

unrealistic rates of growth for unrealistic periods of time.

For Darwin, the potential problem stemmed from underappreciating a

second important thread in his concept of a balance of nature, the vastly

complicated and intricately complementary set of ecological interdependen-

cies between species: “how infinitely complex and close-fitting are the

mutual relations of all organic beings to each other and to their physical

conditions of life” (Darwin 1859, 80). Although most species do not interact

directly, Darwin believed they do indirectly through chains of intermedi-

aries. The result is a “web of complex relations” (Darwin 1859, 73) in which

species are highly ecologically connected. A specific species’ position in the

web indicates which other species curb or enhance its growth. Darwin

described examples of several such food webs, perhaps the most well known

(and engaging) being the ecologically serpentine relation between a clover

species (Trifolium pratense) and the common cat (Darwin 1859, 73–74). Not all

parts of this web and other complex sets of ecological relationships in nature

exemplify an antagonistic struggle for survival. Some are beneficial, such as

mutualisms benefiting both species. But through those relationships the

population-suppressing effects of competitive and predatory struggles are

propagated throughout the web.

Unlike previous accounts that assumed a static, providentially predeter-

mined pattern or structure, Darwin’s web-based balance of nature concept

was rooted in the struggle between individual organisms to survive and

reproduce. Species were balanced at their current population levels through

a complex array of checks and balances finely honed by natural selection.

Darwin emphasized that the exact character of the balance could change as

species evolved, so in this sense the so-called niche structure of a community

was not fixed. But note that even this kind of balance requires an equilib-

rium assumption: population levels at a given time reflect the homeostatic

processes of a biological community at a point equilibrium. Although this

assumption has been supplanted with a recognition that nonequilibrium

models with complex dynamics such as chaos, limit cycles, and so-called

strange attractors may best represent many types of ecological systems

(DeAngelis and Waterhouse 1987), the idea that there is, and perhaps must

be, a balance of nature persists. The following sections consider the
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contemporary account of this balance – characterized intuitively but plaus-

ibly by Darwin and early ecologists – with the concept of ecological stability.

1 Ecological Stability

With some legitimacy, Arthur (1990, 30) cites the balance of nature as ecol-

ogy’s “number one” research priority, about which there is “near unanimity

on its importance” (1990, 35). This priority is recent. Not until the second half

of the twentieth century was the concept of a balance of nature rigorously

characterized as ecological stability, and predominantly metaphysical specula-

tions about its cause superseded with scientific hypotheses about its basis. But

significant uncertainty and controversy remains about which features of an

ecological system’s dynamics should be considered its stability, and thus no

consensus has emerged about how ecological stability should be defined.

Instead, ecologists have employed a confusing multitude of different terms

to attempt to capture apparent stability properties: “constancy,” “persistence,”

“resilience,” “resistance,” “robustness,” “tolerance,” and many more. This, in

turn, has resulted in conflicting conclusions about debates concerning the

concept based on studies using distinct senses of ecological stability.

One such debate, the stability–diversity debate, has persisted as a (perhaps

the) central focus of theoretical ecology for half a century (see Justus 2008a).

The debate concerns the deceptively simple question of whether there is a

relationship between the diversity of a biological community and its stabil-

ity. From 1955, when Robert MacArthur (1955) initiated the debate, to the

early 1970s, the prevailing view among ecologists was that diversity is an

important, if not the principal, cause of community stability. Robert May, a

physicist turned mathematical ecologist, confounded this view with analyses

of mathematical models of communities that seemed to confirm the oppos-

ite, that increased diversity jeopardizes stability. The praise May’s work

received for its mathematical rigor and the criticisms it received for its

seeming biological irrelevance thrust the stability–diversity debate into the

ecological limelight, but subsequent analyses have failed to resolve it.

Different analyses seem to support conflicting claims and indicate an

underlying lack of conceptual clarity about ecological stability that this section

diagnoses and resolves. Below, a comprehensive account of stability is pre-

sented that clarifies the concepts ecologists have used that are defensible, their

interrelationships, and their potential relationships with other biological
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properties. In particular, I argue that the concepts of resistance, resilience, and

tolerance jointly provide an adequate definition of ecological stability. Roughly

speaking, a community exhibits these concepts to a high degree if it does the

following: changes little after being perturbed (resistance), returns rapidly to a

reference state or dynamic after being perturbed (resilience), and will return to

that reference state or dynamic after most perturbations (tolerance).

Besides providing insights about how problematic scientific concepts

should be characterized, it is worth noting that the issues involved in

characterizing ecological stability have a potential bearing on biodiversity

conservation. It seems that for most senses of stability, more stable commu-

nities are better able to withstand environmental disturbances, thereby

decreasing the risk of species extinction. Positive feedback between diversity

and stability would therefore support conservation efforts to preserve bio-

diversity. This yields a response to an influential criticism. As part of their

argument that ecological theory has failed to provide a sound basis for

environmental policy, Shrader-Frechette and McCoy (1993) maintain that

several proposed definitions of ecological stability are incompatible and that

the concept is itself “conceptually confused” or “inconsistent.” The account

of ecological stability below answers this criticism.

2 Benchmarks of Stability: The System Description

and Reference State or Dynamic

Stability attributions must be made with respect to two evaluative bench-

marks. The first is a system description (M) that specifies how the system and

its dynamics are represented.1 The second is a specified reference state or

dynamic (R) of that system against which stability is assessed. In most

ecological modeling, M is a mathematical model in which:

1. Variables represent system parts, such as species of a community.

2. Parameters represent factors that influence variables but are (usually) not

influenced by them, such as solar radiation input into a community.

3. Model equations describe system dynamics, such as interactions among

species and the effect that environmental factors have on them.

1 In the following, “ecological stability” designates stability of a biological community
unless otherwise specified, though most of the discussion also applies to the stability of a
biological population or an ecosystem.
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M therefore delineates the boundary between what constitutes the system and

what is external to it. Relativizing stability evaluations to M is a generalization

of Pimm’s (1984) relativization of stability to a “variable of interest” because

stability is assessed with respect to items (1)–(3) rather than a subset of item (1).

The specification ofM partially dictates how R should be characterized, and

vice versa. A biological community, for instance, is usually described as a

composition of populations of different species. R must therefore reference

these populations in some way. For example, R is often characterized in terms

of the “normal” population sizes of each species. Since ecological modeling in

the late 1960s and 1970s was dominated by the development of mathematic-

ally tractable equilibriummodels (DeAngelis andWaterhouse 1987), “normal”

population sizes were often assumed to be those at equilibrium, that is,

constant population sizes the community exhibits unless perturbed. This is

not the only possible reference specification, however. A community may be

judged stable, for instance, with respect to a reference dynamic the populations

exhibit. Common examples are a limit cycle – a closed path C that corresponds

to a periodic solution of a set of differential equations and toward which other

paths asymptotically approach – or a more complicated attractor dynamic (see

Kot 2001, chapter 8). Ecological stability can also be assessed with respect to

some specified range of tolerated fluctuation. R may also be characterized

solely in terms of the presence of certain species.2 Only extinction would

constitute departure from this reference state.

The details of M and R are crucial because different system descriptions – for

example, representing systems with different variables or representing their

dynamics with different functions – may exhibit different stability properties

or exhibit them to varying degrees relative to different specifications of R.

Specifying R as a particular species composition versus specifying R as an equilib-

rium, for instance, can yield different stability results. Similarly, differentM can

produce different assessments of a system’s stability properties. Describing a

systemwith difference versus differential equations is one example (May 1974).3

2 To illustrate the partial dependence of M on R, notice that the species referred to in R
must be part of the system description M.

3 May showed, for instance, that the logistic difference equation,

Ntþ1 ¼ 1þ rð ÞNt � r
K
N2
t ,

where t is time, r is the intrinsic growth rate, K is the carrying capacity, and N is the
population size, exhibits dramatically different behavior than the corresponding logistic
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Details of M and R are also important because they may specify the spatial

and temporal scales at which the system is being analyzed, which can affect

stability assessments. Systems with low resistance but high resilience, for

example, fluctuate dramatically in response to perturbation but return rapidly

to their reference state R. Low resistance is detectable at fine-grained temporal

scales, but systems may appear highly resistant at coarser scales because their

quick return to R prevents detection of fluctuation. Similarly, significant fluctu-

ations in spatially small areas may contribute to relatively constant total popu-

lation sizes maintained through immigration and emigration in larger regions.

Once (and only once) M and R are specified, the stability properties of a

system can be determined. These properties fall into two general categories,

depending on whether they refer to how systems respond to perturbation

(relative to R) or refer to system properties independent of perturbation

response. A perturbation of an ecological system is any discrete event that

disrupts system structure, changes available resources, or changes the phys-

ical environment (Krebs 2001). Typical examples are flood, fire, and drought.

Perturbations are represented in mathematical models of communities by

externally induced temporary changes to variables that represent popula-

tions, to parameters that represent environmental factors, and/or to model

structure. Many, perhaps most, real-world perturbations of communities

should be represented by changes to both variables and parameters.

A severe flood, for instance, eradicates individual organisms and changes

several environmental factors affecting populations. In the following, let Pv,

Pp, and Pvp designate perturbations that change only variables, change only

parameters, and change both, respectively.

Perturbations may cause other changes, such as alteration of the functional

form of species interactions, that are not adequately represented by changes to

variable or parameter values of typical community models, but which should

be included in a comprehensive assessment of community’s stability. Since

differential equation. For r > 0 the logistic differential equation has an asymptotically
Lyapunov stable equilibrium N∗ ¼ K. This is also an asymptotically Lyapunov stable
equilibrium of the logistic difference equation, but only for 0 < r < 2. For 2 < r < 2.526
the system exhibits a two-period limit cycle. As r increases beyond 2.526 a four-period
limit cycle emerges, and the system exhibits chaotic behavior for r > 2.692. Thus,
although the logistic differential and difference equations appear to describe very similar
dynamics, the seemingly inconsequential choice of representing time as a discrete or
continuous variable has a substantial effect on evaluating stability properties of
the system.
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these perturbations change community dynamics, they change M. How the

altered community responds to these (and subsequent) perturbations must

then be assessed against the new description of the community’s dynamics as

long as those dynamics remain altered. Although a completely adequate

assessment of the ecological stability of a community requires consideration

of all such changes caused by perturbations, most ecological modeling focuses

on changes to variable and parameter values.

3 Adequacy Conditions for Stability

There are four plausible adequacy conditions for an account of ecological

stability:

(A1) The ecological stability of a biological community depends on how it

responds to perturbation ([A2]–[A4] specify the form of the required

dependency).

(A2) Of two communities A and B, the more ecologically stable community

is the one that would exhibit less change if subject to a given

perturbation P.

(A3) If A and B are in a pre-perturbation reference state or dynamic R, the

more ecologically stable community is the one that would most

rapidly return to R if subject to P.

(A4) If A and B are in R pre-disturbance, the more ecologically stable

community is the one that can withstand stronger perturbations and

still return to R.

Before considering these conditions in detail, a few remarks help clarify their

general basis. First, conditions (A2)–(A4) place only comparative constraints on

the concept of ecological stability and therefore require only a rank ordering

of the stability of biological communities, rather than a particular quantitative

valuation. The reason for requiring only comparative constraints is that quan-

titative valuation of ecological stability depends on the system description (M)

and reference state or dynamic (R) specified for a community, both of which

may vary. Second, conditions (A2) and (A3) order the stability of communities

based on their behavior following a particular perturbation P. As adequacy

conditions, they therefore do not require a measure of the strength of per-

turbations. This reflects the difficulties facing the formulation of a measure of

perturbation strength (see below), although such a measure is needed to
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evaluate the resistance of communities when only their responses to perturb-

ations of different strength are known. If a quantitative measure of perturb-

ation strength for different types of perturbation were available, two further

noncomparative adequacy conditions could be formulated:

(A20) A highly stable biological community should change little following

weak perturbations.

(A30) A highly stable biological community should rapidly return to its

reference state or dynamic following weak perturbations.

In contrast, condition (A4) does require a measure of perturbation strength.

Condition (A1) captures the idea that a community’s behavior is a reliable

indicator of its ecological stability only if the behavior reflects how perturb-

ation changes the community. If unperturbed, a community may exhibit great

constancy throughout some period, for instance, as assessed by a lack of

fluctuations in the biomasses of species in the community. It may be, however,

that if it had been even weakly perturbed, it would have changed dramatically.

Constancy of this community surely does not indicate ecological stability when

it would have changed substantially if perturbed slightly. Similarly, variability

of a community does not necessarily indicate lack of ecological stability if it is

the result of severe perturbations, perturbations that would cause greater

fluctuations or even extinctions in less stable communities.

The reason for (A2) is that more stable communities should be less

affected by perturbations than less stable ones. Communities that can with-

stand severe drought with little change, for instance, are intuitively more

stable than those modified dramatically. The justification for condition (A3)

is that more stable communities should more rapidly return to R following

perturbations than less stable ones. This adequacy condition captures the

idea that lake communities that return to R quickly after an incident of

thermal pollution, for instance, are more stable than those with slower

return rates following similar incidents. The ground for the last condition

is that communities that can sustain stronger perturbations than others and

still return to R should be judged more stable.

4 Resistance, Resilience, and Tolerance

Three concepts – resistance, resilience, and tolerance – represent the properties

required of ecological stability by conditions (A20)–(A4). Resistance is inversely
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correlated with the degree a system changes relative to R following a perturb-

ation (Pv, Pp, or Pvp). Since perturbations vary in magnitude, resistance must be

assessed against perturbation strength. Large changes after weak perturbations

indicate low resistance; small changes after strong perturbations indicate high

resistance. Resistance is thus inversely proportional to perturbation sensitivity.

Depending on M and R, changes in communities can be evaluated in

different ways, each of which corresponds to a different measure of resist-

ance. Community resistance is typically measured by changes in species

abundances following perturbation. It could, however, be measured by

changes in species composition following perturbation, or in some other

way. Pimm’s (1979) concept of species deletion stability, for instance, meas-

ures resistance by the number of subsequent extinctions in a community

after one species is eradicated.

A simple example illustrates the contextual import ofM and R in assessing

resistance. Consider the classical Lotka–Volterra model of a one-predator,

one-prey community:

dxy tð Þ
dt

¼ axy tð Þ � αxy tð Þxd tð Þ, (1a)

dxd tð Þ
dt

¼ �bxd tð Þ � βxd tð Þxy tð Þ, (1b)

where xd and xy represent predator and prey populations; a represents

prey birth rate; b represents predator death rate; and α, β > 0 in the second

term of each equation represent the effect of prey individuals on predator

individuals and vice versa. Equations (1a) and (1b) are the description of the

system, M. There is one nontrivial equilibrium, x∗d ¼ b=β and x∗y ¼ a=α,

which is usually specified as the reference state, R.

For this M and R, resistance to a Pv perturbation that eradicates, say, half

of xy can be measured by how far xd deviates from x∗d . IfM were different, the

perturbation could obviously have a different effect on xd. If x∗d and xy were

competitors, for instance, xd would increase rather than decrease after this

perturbation. Similarly, if R were different, assessments of resistance may

change. If Rwere the species composition xd and xy (i.e., xd, xy > 0) rather than

their equilibrium values, for instance, resistance would be assessed in terms

of changes from this composition, that is, in terms of species extinction. The

equilibrium x∗d ¼ b=β, x∗y ¼ a=α is globally stable for this simple community,

so only a Pv perturbation strong enough to eradicate one of the species will
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cause extinction; this model community returns to equilibrium after all

other Pv perturbations. For communities with many species and more species

dynamics, however, a Pv perturbation that eradicates less than half or half of

one species may cause the extinction of that or other species.

Different types of perturbations, moreover, yield different measures of

resistance. Since evaluating resistance requires considering perturbation

strength, strengths of different types of perturbations must be comparable

for there to be a single measure of resistance for a system. Such comparisons

are sometimes straightforward. If one perturbation eradicates half of species

x in a community, for instance, another that eradicates 75% of x is certainly

stronger. If another perturbation eradicates 25% of three species or 5% of

fifteen species in the community, however, it is unclear how its strength

should be ranked against the perturbation that eradicates 75% of x. What

criteria could be used to compare strengths of Pv, Pp, or Pvp perturbations, to

which systems may show differential sensitivity, is even less clear. Systems

that are highly resistant to Pv perturbations may be extremely sensitive to

even slight Pp. Comparing the resistance of communities is therefore only

unproblematic with respect to perturbations of comparable kind.

Resilience is the rate at which a system returns to R following perturbation

(Pv, Pp, or Pvp). Like resistance, resilience must be assessed against perturb-

ation strength unless, although unlikely for many types of perturbation,

return rate is independent of perturbation strength. Slow return rates after

weak perturbations indicate low resilience, and rapid rates following strong

perturbations indicate high resilience. If return rate does not depend on

perturbation strength, however, resilience can be evaluated by the return

rate independent of the perturbation strength, although the rate may vary

across different types of perturbations. Systems may not return to R after

perturbation, especially following severe perturbation, so, unlike resistance,

resilience is only assessable for perturbations that do not prevent return to R.

Note that resilience and resistance are independent concepts: systems may

be drastically changed by weak perturbations (low resistance) but rapidly

return to R (high resilience), and vice versa.

Resilience is commonly measured as the inverse of the time taken for the

effects of perturbation to decay relative to R. For a specific mathematical

model, this can be determined analytically or by simulation. For the com-

munity described by Equations (1a) and (1b) above, for instance, resilience to

a Pv perturbation that eradicates half of one species could be simply
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measured by
1

jteq � tpj where tp is the time at which the community is initially

perturbed and teq is the time at which the community reestablishes equilib-

rium. Resilience to Pv perturbation is determined by the largest real eigenvalue

part for systems modeled by linear differential equations if it is negative, and

analytic methods have been developed to assess resilience to Pv perturbation

for nonlinear models. Empirical measurement of resilience for communities

in nature, however, is often thwarted by subsequent perturbations that dis-

rupt return to R. This difficulty can be avoided if subsequent perturbations can

be evaded with controlled experiments. If the return rate is independent of

perturbation strength, estimation of resilience is also more feasible because

only the decay rate of the perturbation effects need be measured before the

system is further perturbed; measurement of perturbation strength is not

required (Pimm 1984, 1991). Like resistance, furthermore, different types of

perturbations yield different measures of resilience since return rate to Rmay

depend on the way in which systems are perturbed. A system may be highly

resilient to Pv perturbation and poorly resistant to Pp perturbation, for

instance, or more resilient to some Pv or Pp perturbations than others.

Tolerance, or “domain of attraction” stability, is the ability of a system to

be perturbed and return to R, regardless of how much it may change and

how long its return takes. More precisely, tolerance is positively correlated

with the range and strength of perturbations a system can sustain and still

return to R. The magnitudes of the strongest perturbations it can sustain

determine the contours of this range. Note that tolerance is conceptually

independent of resistance and resilience: a system may be severely perturbed

and still return to R (high tolerance), even if it changes considerably (low

resistance) and its return rate is slow (low resilience), and vice versa.

Similar to resistance and resilience, different kinds of perturbations yield

different measures of tolerance. Tolerance to Pv perturbations, for instance,

is determined by the maximal changes variables can bear and not jeopardize

the system’s return to R. With respect to Pv perturbations that affect only one

species of a community, for instance, tolerance can be simply measured by

the proportion of that species that can be eradicated without precluding the

community’s return to R. If a nontrivial equilibrium of Equations (1a) and

(1b) from above is globally stable, for instance, the community described by

the equation is maximally tolerant to Pv perturbations relative to this refer-

ence state because the community will return to it after any Pv perturbation
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that does not eradicate one of the species. Variables of a system may be

perturbed, however, in other ways. A Pv perturbation may change all vari-

ables, several, or only one; may change them to the same degree; may change

some variables more severely than others; and so on. How exactly variables

are perturbed may affect whether the system returns to R. System tolerance

must therefore be evaluated with respect to different types of perturbation.

The same goes for assessing tolerance to Pp or Pvp perturbations.

5 Explicating the Balance of Nature

Although resistance, resilience, and tolerance do not adequately explicate

ecological stability individually, they do so collectively. In fact, they consti-

tute jointly sufficient and separately necessary conditions for ecological

stability, notwithstanding Shrader-Frechette and McCoy’s (1993, 58) claim

that such conditions do not exist. Consider sufficiency first. Since these three

concepts represent the properties underlying conditions (A2)–(A4) (and [A20]

and [A30]), communities exhibiting them to a high degree would change little

after strong perturbations ([A2]), return to R rapidly if perturbed from it

([A3]), and return to R following almost any perturbation ([A4]). If R is a point

equilibrium, moreover, a community exhibiting high resistance, resilience,

and tolerance will be relatively constant. As such, these three properties

certainly capture ecologists’ early conceptions of ecological stability, and

there seems to be no further requirement of ecological stability that a

community exhibiting these properties would lack.

Each concept is also necessary. Highly tolerant and resistant commu-

nities, for instance, change little and return to R after most perturbations.

In regularly perturbing environments, however, even a highly resistant and

tolerant community may be iteratively perturbed to the boundary of its

tolerance range and “linger” there if its return rate to R is too slow.

Subsequent perturbations may then displace it from this range, thereby

precluding return to R. If this community rapidly returned to R after most

perturbations (high resilience), it would rarely reach and would not linger at

its tolerance boundary. In general, low resilience preserves the effects per-

turbations have on communities for extended, perhaps indefinite durations,

which seems incompatible with ecological stability.

Similar considerations show that tolerance and resistance are necessary

for ecological stability. A highly resilient and tolerant but weakly resistant
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community rapidly returns to R following almost any perturbation, but

changes significantly after even the slightest perturbation, which seems

contrary to ecological stability. The dramatic fluctuation such communities

would exhibit in negligibly variable environments is the basis for according

them low ecological stability. A highly resilient and resistant but weakly

tolerant community changes little and rapidly returns to R when perturbed

within its tolerance range, but even weak perturbations displace it from this

range and thereby preclude its return to R, which also seems contrary to

ecological stability.

Resistance, resilience, and tolerance are independent concepts, and thus

biological communities may exhibit them to different degrees. Although the

necessity of each concept for ecological stability does not strictly entail that

they are equally important in evaluations of a community’s stability, noth-

ing about the pre-theoretic concept of ecological stability seems to suggest

otherwise. As a concept composed of resistance, resilience, and tolerance,

ecological stability therefore imposes only a partial, not complete, ordering

on communities. Moreover, since communities may differentially exhibit

resistance, resilience, and/or tolerance for different types of ecological per-

turbations, each property also imposes only a partial ordering on commu-

nities. This twofold partiality entails that inferences from analyses of

stability–diversity and stability–complexity relationships are limited by the

property and type of perturbations analyzed, beside the particular system

description (M) and reference state or dynamic (R) specified.

It is worth pausing over what the framework for ecological stability

presented above shows about the general concept. It certainly shows that

ecologists have used the term “stability” to describe several distinct fea-

tures of community dynamics, although only resistance, resilience, and

tolerance adequately define ecological stability. This plurality does not

manifest, however, an underlying vagueness, “conceptual incoherence,”

or “inconsistency” of the concept, as Shrader-Frechette and McCoy

(1993, 57) suggest in their general critique of basic ecological concepts

and ecological theories based on them.

Two claims seem to ground their criticism. First, if “stability” is used to

designate distinct properties, this indicates the concept is itself conceptually

vague and thereby flawed. Although terminological ambiguity is certainly

undesirable, most ecologists unambiguously used the term to refer to a

specific property of a community and accompanied the term with a precise
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mathematical or empirical operationalization. Since these were in no sense

vague, in no sense was ecological stability “vaguely defined” (Shrader-

Frechette and McCoy 1993, 40). Ecologists quickly appreciated this termino-

logical ambiguity, moreover, and began explicitly distinguishing different

senses of ecological stability with different terms (Odenbaugh 2001).

Shrader-Frechette and McCoy’s second claim is that “There is no homoge-

neous class of processes or relationships that exhibit stability” (1993, 58). The

underlying assumption seems to be that concepts in general, ecological

stability in particular, must refer to a homogeneous class in order to be

conceptually unproblematic. That ecological stability does not, and worse,

that ecologists have supposedly attributed inconsistent meanings to it, shows

the concept is incoherent, they believe, much like the vexed species concept

(1993, 57). Shrader-Frechette and McCoy do not offer an argument for this

assumption, and it is indefensible as a general claim about what concepts

must refer to. Common concepts provide clear counterexamples. The con-

cepts “sibling,” “crystal,” and “field,” for instance, refer to heterogeneous

classes, but there is nothing conceptually problematic about them. There is

debate about the idea of disjunctive properties in work on multiple realization

(Kim 1998), but criticisms raised against disjunctive properties do not neces-

sarily apply to disjunctive concepts, nor were they intended to. Kim (1998,

110) emphasizes this point:

Qua property, dormativity is heterogeneous and disjunctive, and it lacks the

kind of causal homogeneity and projectability that we demand from kinds

and properties useful in formulating laws and explanations. But [the concept

of] dormativity may well serve important conceptual and epistemic needs, by

grouping properties that share features of interest to us in a given context

of inquiry.

Even if criticisms of disjunctive properties were sound, it therefore would

not follow that the disjunctive concepts such as ecological stability are also

problematic. Shrader-Frechette and McCoy’s criticism of ecological stability

is therefore indefensible. The conceptual and epistemic utility of a concept is

enhanced, furthermore, if clear guidelines for its application exist, which the

above analysis has attempted to provide.

Moreover, the definitional status of the concepts of ecological stability and

species is not analogous. Biologists have proposed plausible, but incompatible

competing definitions for the species concept because it is problematically
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ambiguous (Ereshefsky 2001; Reydon 2013). That resistance, resilience, and

tolerance have been referred to under the rubric “stability,” however, does not

show that ecological stability is similarly problematically ambiguous because

they are conceptually independent and therefore compatible, as different

senses of “species” arguably are not.4 In addition, most ecologists recognized

that there are several components of ecological stability, and individual stabil-

ity concepts such as resistance, resilience and tolerance, or measures thereof,

were rarely proposed as the uniquely correct definition of ecological stability.

Rather, they were and should be understood as distinct features of ecological

stability or ways of measuring it, not competing definitional candidates. Like

many scientific concepts, ecological stability is multifaceted, and the distinct

referents ecologists attributed to it accurately reflect this. Conceptual multi-

facetedness alone does not entail conceptual incoherence or inconsistency.

4 As noted above, different quantitative measures of resistance, resilience, and tolerance
may be incompatible. This does not establish, however, that the corresponding concepts
are incompatible.
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