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Abstract. We review critical issues that must be considered when selecting indicator species for
a monitoring program that aims to maintain or restore ecological integrity. First, we examine the
pros and cons of different management approaches on which a conservation program can be based
and conclude that ecosystem management is most appropriate. We then identify potential indicators
of ecological integrity at various levels of the ecosystem, with a particular emphasis on the species
level. We conclude that, although the use of indicator species remains contentious, it can be useful if
(1) many species representing various taxa and life histories are included in the monitoring program,
(2) their selection is primarily based on a sound quantitative database from the focal region, and
(3) caution is applied when interpreting their population trends to distinguish actual signals from
variations that may be unrelated to the deterioration of ecological integrity. Finally, we present and
discuss different methods that have been used to select indicator species.
Keywords: birds, bogs, conservation, ecological integrity, ecosystem management, forest, indicator
species

1. Introduction
Hall and Grinnell (1919) were among the first to use the indicator concept by
associating plant and animal species to particular ‘life zones’ (i.e. large geographic
areas with similar structural and compositional characteristics). Since then, the
concept has evolved substantially and is now widely applied in situations ranging
from the verification of the compliance of industries to specific anti-pollution laws
(MacDonald and Smart, 1993) to the assessment of habitat quality (Powell and
Powell, 1986; Canterbury et al., 2000). Additionally, the use of indicators has
frequently been incorporated into policies and regulations in order to monitor the
ecological integrity of watersheds (Moyle and Randall, 1998), lakes (Karr, 1981;
Harig and Bain, 1998), semi-natural pastures (Pärt and Söderström, 1999 a, b),
rangelands (Bradford et al., 1998), and forests (Brooks et al., 1998). Indicators possess an undeniable appeal for conservationists, land managers, and governments as
they provide a cost- and time-efficient mean to assess the impacts of environmental
disturbances on an ecosystem.
This paper addresses many of the critical issues associated with the selection of
indicator species in a monitoring program that aims to maintain or restore the ecoEnvironmental Monitoring and Assessment 78: 45–61, 2002.
© 2002 Kluwer Academic Publishers. Printed in the Netherlands.
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logical integrity of an ecosystem. We refer to ecological integrity as ‘the capacity of
an ecosystem to support and maintain a balanced, integrated, adaptive community
of organisms having a species composition, diversity, and functional organization
comparable to that of similar, undisturbed ecosystems in the region’ (Karr and Dudley, 1981). Although many articles discussing the concept of indicator species have
been published, our goal is to summarize the information scattered throughout the
literature, both supportive and critical, in order to reassess the concept and identify
criteria that may be used to select an appropriate set of indicator species for the
purpose of monitoring ecological integrity. To achieve this goal, (1) we examine the
problems that have been associated with indicator species in the past and discuss
their implications, and (2) we present the characteristics desirable indicators should
possess. We also evaluate different approaches that have been proposed to select
indicator species. To set the stage, we compare the advantages and disadvantages of
different management approaches in the development of a conservation program.

2. Management Approaches
There are three main types of management approaches available to natural resources managers: coarse-filter, fine-filter, and ecosystem management. Coarsefilter approaches generally aim to preserve entire communities of plants and animals by protecting large extents of habitat and, in certain cases, by maintaining the
key ecological components and processes (e.g. snags, fires, etc.) that sustain them
(e.g. The Nature Conservancy; Noss, 1987). The major assumption underlying this
type of approach is that the status of any given species is correlated with habitat
availability. Since the abundance of a species in a given site is not necessarily correlated with reproductive success and probability of persistence (Van Horne, 1983;
Vickery et al., 1992a), there is a risk that some sites selected for conservation will
act as demographic sinks at least in some years and that, on the other hand, some
demographic sources will remain unprotected. Furthermore, although coarse-filter
approaches can correctly identify the habitat features and processes required for a
set of species to be present in a landscape, they may be insufficient to determine
the quantity and configuration of those features (Lambeck, 1997).
Fine-filter approaches focus on the protection of a certain number of elements
(species, snags, coarse woody material, etc.) assuming that their status within the
ecosystem reflects the status of other elements associated with them (e.g. Tracy
and Brussard, 1994; Wilcove, 1994). In this type of approach, the problem is not
as much the applicability of the method as it is its efficiency to protect non-target
species (Franklin, 1993). Simberloff (1998) pointed out that indicator species such
as large vertebrates might represent good indicators for species that require large,
continuous tracts of habitat, but they may fail to protect species such as certain
insects that fare better in a naturally fragmented landscape (see Tscharntke, 1992;
Tscharntke et al., 1998). Consequently, for such approaches to be successful, con-
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siderable attention must be given to the selection of an appropriate set of indicators
if the majority of species are to be protected.
Based on the preceding arguments, the majority of conservationists now recognize that components of both fine-filter and coarse-filter approaches should be
integrated in conservation planning (Hunter et al., 1988; Kessler, 1994; McKenney
et al., 1994; Wilcove, 1994; Lambeck, 1997; Noss et al., 1997). This has led to the
emergence of the concept of ecosystem management, which is defined as ‘management driven by explicit goals, executed by policies, protocols, and practices,
and made sustainable by monitoring and research based on our best understanding of the ecological interactions and processes necessary to sustain ecosystem
composition, structure, and function’ (Christensen et al., 1996). Wilcove and Blair
(1995) mentioned that ‘the vagueness of the term [ecosystem management] ensures
that people can make it what they want’, a situation that can be corrected, as
they recognized, if clear goals are established. Grumbine’s (1994) review of the
concept of ecosystem management has highlighted the five most often cited goals:
(1) maintain viable populations of all native species, (2) protect representative
examples of all native ecosystem types across their natural range of variation, (3)
maintain evolutionary and ecological processes, (4) manage landscapes and species
to be responsive to both short-term and long-term environmental change, and (5)
accommodate human activities within these constraints.
To be effective, ecosystem management must be based on a sound, comprehensive, scientific foundation so that a consensus on needed management actions
can be reached (Brunner and Clark, 1997). Furthermore, it ‘must be iterative [i.e.
adaptive] in order to allow the integration of new knowledge and changing societal
goals’ (Stanford and Poole, 1996). To determine the success of the implementation
of ecosystem management, experiments at different scales are conducted and diagnostic parameters (e.g. reproductive success; decomposition rates) are monitored.
The usefulness of such investigations is that the results may indicate that harvesting
methods have to be adjusted in order to lessen the negative repercussions on the
ecosystem. Therefore, adaptive management is used to determine what constitutes
acceptable harvesting levels and what changes are needed in order to reach the a
priori-defined goals.
Different terminologies have been proposed to describe the state of an ecosystem under management, i.e. to determine if the goals of sustainability have
been reached. Ecological integrity and ecosystem health have been the most often cited. These terms may seem interchangeable for most of us and, in many
articles, in fact are since they relate to the same goal. However, the implications
of each term are fundamentally different. Schaeffer et al. (1988) and Rapport
(1989, 1992, 1995a,b) have proposed the use of the ecosystem health metaphor
to promote sustainable development and facilitate the public’s general understanding of the functioning of ecosystems. Rapport (1995a) argued that ‘commonly
observed ecosystem properties such as breakdown under stress... suggests that
[the concept] has validity as a heuristic device’. On the other hand, authors such

48

V. CARIGNAN AND M-A. VILLARD

as Calow (1992), Suter (1993) and Wicklum and Davies (1995) have criticized
the use of this metaphor. They argued that ecosystems cannot be compared to
organisms (to which the health concept is usually applied) because (1) each ecosystem presents a unique set of structural and compositional characteristics shaped
by a combination of deterministic (e.g. interspecific competition, abiotic factors)
and probabilistic (e.g. stochastic events such as colonization-extinction) processes
unique to its region, and (2) they do not present a unique undisturbed endpoint
naturally maintained by homeostatic processes or that should be preserved during
management. These authors favour the use of the terms quality or sustainability
because they are less amenable to interpretation and also because they are easier to
accept by various interest groups since they implicitly recognize that humans are a
part of ecosystems.
The debate has not only focused on the implications of using potentially confusing terminologies but has also questioned the concepts themselves. Wicklum and
Davies (1995) argued that both integrity and health are subjective concepts since
(1) they are based on the representation of undisturbed ecosystems for which our
knowledge is incomplete (i.e. what are the structural, compositional and functional
properties of such systems?) and particularly the fact that such ecosystems are
probably nonexistent today, (2) there are many possible natural endpoints that may
be attained by an ecosystem, all of which could be said to have integrity or health,
and (3) they often consider ethical, political and societal values. The consequence
of such subjectivity is that those concepts are vulnerable to interpretation, which,
potentially, could lead to further degradation of ecosystems.
Inevitably, the goals of ecosystem management (i.e. what is an acceptable compromise between naturally-disturbed ecosystems and harvesting of natural resources?) will continue to be debated. In the meantime, tools such as indicators will
likely be used to determine whether harvesting is fundamentally altering ecosystem
structure and function and to suggest management actions that are likely to improve
ecological integrity within the ecosystem.

3. Selection of Indicators
Since managers cannot measure everything of potential interest within an ecosystem, the choice of what to measure is critical. According to Noss et al. (1997),
this step is among the most difficult and controversial in developing a monitoring
program. Valuable indicators may possess some or all of the following characteristics:
– provide early warning of natural responses to environmental impacts (Noss,
1990a; Marshall et al., 1993; Munn, 1993; Woodley, 1996b);
– directly indicate the cause of change rather than simply the existence of change
(e.g. measuring fecundity and survival rather than simple measurements of
abundance; Herricks and Schaeffer, 1985);
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– provide continuous assessment over a wide range and intensity of stresses
(Woodley, 1996a; O’Connell et al., 1998). This allows to detect numerous
impacts on the ecosystem and also means that an indicator will not bottom
out or level off at certain thresholds (Noss, 1990a; Woodley, 1993; Gibbs et
al., 1999);
– are cost-effective to measure and can be accurately estimated by all personnel
(even non specialists) involved in the monitoring (Kriesel, 1984; Davis, 1989;
di Castri et al., 1992).
Indicators of ecological integrity may be found at many organizational levels including species, stand, landscape, and ecosystem. Regardless of the level at which
it is selected, an indicator is an element, process, or property of the ecosystem
that for some reason (logistical, budgetary, technological) cannot be measured in a
more direct way.
At the species level, Lambeck (1997) and Noss (1999) proposed a wide variety
of potential indicators:
– keystone species: species whose strong interactions with other species generate
effects that are large relative to their abundance (Mackey et al., 1994; Paine,
1995) (e.g. primary cavity-nesting birds such as woodpeckers);
– area-limited ‘umbrella’ species: species that require large areas of suitable habitat to maintain viable populations and whose requirements for persistence are
believed to encapsulate those of an array of associated species. These species
usually have very large home ranges (e.g. bears, wolves);
– dispersal-limited species: species that are limited in their ability to move from
patch to patch or that face a high mortality risk in trying to do so (e.g. apterous
insects; species restricted to humid microhabitats such as most amphibians);
– resource-limited species: species requiring specific resources that may be in
critically short supply either temporally or spatially. These resources may include snags, nectar sources, fruits, etc. (e.g. woodpeckers restricted to largediameter snags for nesting and foraging; oligophagous insects);
– process-limited species: species sensitive to the level, rate, spatial characteristics or timing of some ecological processes such as fire, flood, grazing, competition with exotic species, or predation (Furbish’s Lousewort, Pedicularis
furbishiae, which depends on riverbank erosion by floating ice to establish
itself);
– flagship species: species that can easily attract public support for conservation
(e.g. Giant Panda, Ailuropoda melanoleuca; whales).
Species strongly associated with particular habitat features could also be useful
indicators. For example, the Ovenbird, Seiurus aurocapillus, is a good indicator of
closed-canopy, mature forests with a sparse understory.
It should be noted that the preceding categories are not mutually exclusive.
Indicator species which possess several of the above-mentioned characteristics are
more desirable for monitoring purposes since the conservation of the processes,
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resources, and habitat features associated with them will probably coincide with
the protection of the requirements of other ecologically-similar species.
At the level of forest stands, many indicators can be used to monitor trends
in forest degradation. These include (1) diameter and age class distributions of
trees left standing after cutting versus trees removed (Noss, 1999), (2) soil nutrient
levels, and (3) stand growth efficiency (Riiters et al., 1992). At the landscape level,
O’Neil et al. (1997) identified the total change in land cover (e.g. increases in
the amount of clearcutting, urbanization, etc.) as an indicator of ecological integrity. The area of landscape occupied by various seral stages could also serve as
a useful indicator at this scale (Noss, 1999). As for the ecosystem level, Harwell
et al. (1999) mentioned fires (interval and intensity), nutrient cycling, insect outbreaks (frequency and amplitude), primary productivity, and hydrological regimes
as potential indicators.
A comprehensive conservation plan should include measures of indicators at
several scales (White and Bratton, 1980; Woodley and Theberge, 1992) and, as
recommended by di Castri et al. (1992), incorporate indicator species from all
major functional guilds (producers, herbivores, carnivores, decomposers, etc.), so
as to ensure that integrity is preserved at every level.
3.1. P ROBLEMS A SSOCIATED WITH I NDICATOR S PECIES
Prendergast et al. (1993) reviewed two assumptions commonly made when using
indicator species: (1) across large areas, species richness of the indicator taxon is
correlated with the number of species in other less well-known taxa (Schall and
Pianka, 1978) and (2) high species richness or habitat diversity is associated with
the occurrence of rare or threatened species (Noss, 1990a; Pearson and Cassola,
1992). They found no support for either assumption. It seems that spatial autocorrelation in species richness among taxa is highly scale-dependent (Williams and
Gaston, 1994; Weaver, 1995; Prendergast and Eversham, 1997; Pärt and Söderström, 1999a): it is clearly observable at the global scale (Buzas, 1972), but more
difficult to detect at finer scales.
Other studies also failed to support the first assumption. For example, Kremen (1992) found that butterflies were good indicators of vegetation heterogeneity
created by anthropogenic disturbance, but poor indicators of plant species richness. Järvinen and Väisänen (1980) reported that, although there were some broad
similarities in diversity among taxa, bird species turnover rates were not always
consistent with the turnover rates observed in ants and vascular plants. Pärt and
Söderström (1999 a, b) found that vascular plants were unreliable as indicators of
bird species richness. They suggested that species richness and occurrence of individual bird species may depend more strongly on meso-scale habitat characteristics
than those of plants, which tend to be more strongly linked to local conditions (soil
conditions, nutrients, etc.).
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Even if co-occurrence patterns could be detected at various spatial scales, the
indicator species concept would still show some weaknesses. One of the major ones
comes from the fact that no two species occupy the same niche (Gause, 1934), making it unlikely that there will be a perfect correspondence between indicator species
and the other species for which they are supposed to be indicative (Landres et al.,
1988; Niemi et al., 1997; Hutto, 1998). Indeed, Martin and Li (1992) and Martin
(1995) found that co-occurring species typically differ in their habitat requirements
and life histories. Furthermore, Block et al. (1987) found that, even within the same
species guild, there is no assurance that habitat suitability or population status of
one species will reflect those of the other species in the guild. For these reasons, an
assemblage of species thought to be associated with an indicator species based on
similar ecological requirements may respond differently to disturbance (Mannan et
al., 1984; Lindenmayer, 1999). Hence, any single species can serve as an indicator
for only a narrow range of ecological conditions within the habitat type (Koskimies,
1989), and no single biological indicator will provide all the information needed
to interpret the behaviour or response of an entire ecosystem (i.e. its ecological
integrity) (Cairns and Van der Shalie, 1980; Rapport, 1990).
A related problem is that the ability to detect responses to disturbance may
depend on the taxon selected. According to Niemëla et al. (1993), some taxa with
short generation times may react more quickly to disturbances, while others will
show delayed responses to the same disturbances. For example, species that persist
in a forest landscape during a given harvest rotation may disappear only a long time
after the disturbances have ceased if sources of colonists have been eliminated
(Crome, 1985), a phenomenon referred to as the extinction debt (Tilman et al.,
1994). Temple and Wiens (1989) pointed out that this could present a problem for
species being used as ‘early warning systems’, but it does not affect their usefulness
as indicators of environmental conditions over the long term.
Finally, Steele et al. (1984) mention that many factors unrelated to the degradation of ecological integrity of a local ecosystem may influence populations of
indicator species (e.g. disease, parasites, competition, predation, conditions in other
areas for migratory species, and stochastic variations). As pointed out by Morrison
(1986), it is often difficult to separate the influence of individual factors affecting
a population (i.e. animals seldom respond in distinctly different ways to specific
environmental changes). For these reasons, it can be inappropriate to consider the
population status of an indicator species as an indication of the population status
of associated species or as an indication of ecosystem integrity without concurrent
knowledge on the state of other elements within and outside the ecosystem.
Although a large body of literature identifies the constraints associated with
the use of indicator species, they may still be useful if precautions are taken in
their selection and in the interpretation of their responses to environmental changes
(Morrison, 1986; Landres, 1992). Hence, we believe that a conservation plan that
focuses on the protection of a certain number of indicator species, the resources
they utilize, and the habitat features and processes they require, will lead to the
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protection of other species that are associated with similar conditions (assuming
that the indicator species are not too ecologically specialized) (Hutto et al., 1987;
Henjum, 1996). The challenge is to choose, from a large array of potential indicator species, those that should faithfully reflect stand, landscape, or ecosystem
conditions and that represent the largest number of other taxa.

4. Which Species Should We Choose?
Previously used or suggested indicator organisms include plants (De Boer, 1983;
Zonneveld, 1983; Keddy et al., 1993), beetles (Pearson, 1992; Pearson and Cassola,
1992; Dufrêne and Legendre, 1997; Rodrìguez et al., 1998), benthic invertebrates
(Paine, 1969), butterflies (Kremen, 1992, 1994; Launer and Murphy, 1994), amphibians (Fisher and Shaffer, 1996; Welsh et al., 1997; Adams, 1999), fishes (Karr,
1981), birds (Beintema, 1983; Powell and Powell, 1986; Bost and Mayo, 1993;
Daily et al., 1993; Bradford et al., 1998; Hutto, 1998), and mammals (Starfield and
Bleloch, 1983; Hanley, 1993; Soulé and Terborgh, 1999; Reunanen et al., 2000).
Each study presents arguments on the suitability of each taxon as a potential indicator. For example, Dufrêne and Legendre (1997) mention that many studies show
that invertebrates in general are appropriate indicators of ecosystem integrity. Their
presence is generally more strongly associated with environmental factors than
with biological factors such as competition, predation and parasitism (Schoener,
1986).
The use of invertebrates and plants as indicators must nonetheless be considered
with caution because they mainly react to disturbances at fine spatial scales and
hence, would potentially be inadequate indicators for organisms that mainly react
to larger-scale disturbances. Similarly, larger organisms may represent poor indicators of species that mainly react to fine-scale disturbances. Murphy et al. (1990)
stated that this lack of overlap may reflect differences in the rates of population
increase, generation time, and habitat specificity between the two groups, which
could also explain the observed variability in the time required for each group to
react to disturbance (Pearson, 1994).
Birds may offer a bridge between these two groups because they have been
shown to respond to environmental changes over many spatial scales (Temple and
Wiens, 1989). They are also well suited for monitoring because (1) they advertise
their presence through vocalizations, making them relatively easy to detect and
identify, (2) they can be censused efficiently over large spatial scales, and (3) their
occurrence (Villard et al., 1995), abundance (Robbins et al., 1989; Mazerolle and
Villard, 1999) and reproductive success (Villard et al., 1993; Robinson et al., 1995)
have been shown to be influenced by the nature and configuration of surrounding
habitats.
We mentioned that indicator species should be selected from a wide array of
potential taxa. Since the reliance on one or a few species chosen within a single
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taxon could result in the protection of these species at the expense of others, many
authors (Terborgh, 1974; Koskimies, 1989; Karr, 1991; Kremen, 1994; McKenney
et al., 1994; Griffith, 1997) now advocate the use of a greater variety of indicator
species in management strategies. Assemblages which include species that collectively (1) occupy a broad range of habitats, (2) have a wide range of requirements in
terms of habitat patch size, habitat structure and configuration, and (3) depend on
certain ecological processes are expected to display a wider range of sensitivities to
habitat modification and disturbance of natural processes. Hence, the protection of
such assemblages would be likely to maintain functional ecosystems. Furthermore,
consistent causes of change should be easier to identify and local deviation in
behaviour of one of the species should be less influential (Zonneveld, 1983).

5. Procedures for the Selection of Indicator Species
Many procedures have been proposed to select potential indicator species. The U.S.
Fish and Wildlife Service used to select indicator species based on their perceived
importance (economic value, public interest, ecological role) or because they were
believed to act as indicators for a habitat type or other species in the community
that have similar requirements (see Roberts and O’Neil, 1985). A major problem
associated with this method is that the indicator species chosen (e.g. White-tailed
Deer, Odocoileus virginianus; Black-capped Chickadee, Poecile atricapillus) may
not necessarily be sensitive to the deterioration of ecological integrity within a
given ecosystem.
Hutto (1998) proposed a quantitative method that is based on species occurrences in a series of a priori-defined habitat types. Species restricted to one or a few
habitat types potentially represent better indicators than habitat generalists owing to
their greater susceptibility to local or regional extinction following environmental
changes. Kremen (1992) used an ordination method (correspondence analysis)
to associate butterfly species to habitat types with different characteristics (topography, moisture, and disturbance histories) in order to identify indicator groups
associated with particular conditions. Dufrêne and Legendre (1997) have also proposed statistical procedures, including ordination and clustering methods, to associate beetle assemblages to particular habitat types. Their approach allows identifying species that have the highest potential as indicators within each assemblage
and for each habitat type, thereby ensuring that each assemblage is monitored while
limiting the amount of effort that has to be invested in the monitoring.
Since the use of indicator species in conservation programs continues to be
debated, relying on quantitative criteria during the selection process seems highly
desirable compared to more subjective, qualitative criteria. We propose a simple
procedure to select potential indicator species based on two quantitative criteria.
First, the use of differences in frequency of occurrence among areas with contrasting degrees of human disturbance. If a species is found to be significantly
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more frequent in a relatively undisturbed area, it could be considered a ‘positive’ indicator of ecological integrity (i.e. a species negatively associated with human disturbance), whereas if it is found to be significantly more frequent in a
moderately-disturbed area, it could be considered a ‘negative’ indicator of ecological integrity (i.e. a species positively associated with disturbance). Population
trends for these ‘positive’ and ‘negative’ indicator species could then be used to
determine whether management actions are required, or whether such actions increase or deteriorate the ecological integrity of the regional ecosystem. Because
the selection of indicator species based on the frequency of occurrence criterion
could potentially be unduly influenced by various natural phenomena occurring at
the time of the surveys (e.g. insect outbreaks, drought), a second criterion should
be added. Following Hutto (1998), we suggest using habitat specialization since it
is less likely to be influenced by such natural variations in environmental conditions. Furthermore, species restricted to fewer habitat types are more susceptible to
regional extirpation due to human activities. Again, population trends could help
indicate whether the integrity of the habitats to which these species are restricted
is improving or deteriorating following management actions. We applied these two
criteria to the selection of avian indicators of ecological integrity in the Greater
Kouchibouguac Ecosystem, New Brunswick (Canada) (Carignan and Villard, in
review).

6. Discussion
There seems to be a consensus among natural resources managers and conservation
biologists on the appropriateness of ecosystem management as a conceptual framework. Because it is impossible to measure everything of potential relevance within
an ecosystem, indicators can be used to reduce the number of components that have
to be investigated and monitored to determine whether harvesting of resources is
carried out in a sustainable manner. There is less debate on the validity of indicators
at higher levels (stand, landscape, ecosystem) than there is about indicators at the
species level. Our review focused on the latter in an attempt to clarify the issues at
stake.
We found two main arguments against the use of indicator species. First, since
no two species occupy the same niche, no single species should be expected to
act as an indicator for an entire ecosystem (Cairns and Van der Shalie, 1980; Rapport, 1990). As noted earlier, this does not invalidate the indicator species concept
altogether. It rather implies that several species, representing different taxa and
sensitivity to a variety of disturbances should be monitored in order to identify
the causes of change more precisely and limit errors of interpretation. The second
argument is that many factors unrelated to the degradation of ecological integrity
may affect the population status of an indicator species and, thus, complicate the
detection and interpretation of population trends. This argument does not discredit
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the use of indicator species but it calls for caution in the interpretation of changes
in their demographic parameters and distribution. Consequently, if management recommendations are to be issued based on changes in the status of indicator species,
it is crucial to have an adequate knowledge of potential causal factors unrelated to
the degradation of ecological integrity. Finally, we mentioned that quantitative criteria are preferable to qualitative criteria when selecting potential indicator species
for a focal region. Using a database from the focal region ensures that the selection
of potential indicator species reflects on-site ecological conditions rather than the
perceived importance of particular species. If used, qualitative criteria should be
combined with a set of quantitative ones.
In this paper, we have only referred to approaches pertaining to the selection of
indicator species. Other approaches focus on communities or guilds as indicators of
ecological integrity. Karr (1981) was among the first to introduce this concept. His
method integrates components of species composition and richness (e.g. number
and identity of species intolerant to disturbance) as well as physiological indicators
(e.g. disease) in fish communities to assess the biotic integrity of entire streams and
rivers. The index developed can be used to rank river sections or entire watersheds
from very poor to excellent based on total scores derived from the sum of scores obtained for each of 12 evaluation criteria. A similar index, based on guilds, has been
developed by O’Connell et al. (1998) for bird communities. These communitylevel indices can provide an initial, coarser, assessment of the ecological integrity
of a particular ecosystem. However, they may not be appropriate to detect changes
at finer scales or to provide early warning signs, which are essential for monitoring
ecological integrity. This is where methods using indicator species become useful
by providing information to managers on specific phenomena affecting the population status of a particular species (e.g. increase in nest predation rate). However,
to provide this finer assessment of ecological integrity, the population parameters
must go beyond measurements of abundance and consider reproductive success
or other population parameters sensitive to environmental conditions in the short
term.
Others have proposed procedures to estimate the integrity of an ecosystem by
measuring the rates of certain processes. For example, Kay and Schneider (1992)
developed a method based on thermodynamics in which an ecosystem is considered to have integrity when it is in a state of equilibrium. This state of equilibrium or optimum operating point is not necessarily a unique endpoint in the
development of an ecosystem. Any given ecosystem can have multiple optimal
operating points, which are characterized by a state in which the system is more
organized and effective at dissipating solar energy and retaining nutrients (Kay and
Schneider, 1992). If the system is functioning outside optimal operating points (at
desequilibrium), it is considered to have lost its integrity. A host of parameters such
as nutrient imports and exports, primary productivity, and respiration are examined
at different trophic levels to diagnose the ecological integrity of the ecosystem.
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The goal of this paper was not to develop the perfect method to measure ecological integrity. When taken individually, each of the methods presented in this
paper will in fact fail to provide a complete assessment of the ecological integrity
of any particular ecosystem. Owing to the subjectivity involved in determining
what represents an ecosystem with a high degree of integrity, it seems unlikely that
any method will allow to make such a claim any time soon. However, we believe
that we have developed a solid framework for the use of indicator species which
should, at the very least, provide insight on whether ecological integrity is increasing or decreasing within the ecosystem. Furthermore, by monitoring indicators at
other levels of organization at the same time, managers could improve their ability to interpret the responses of indicator species to changes in their environment
by correlating the responses of indicators across levels. A conservation program
that considers the issues discussed in this paper should yield useful information to
manage natural resources and identify desired levels of ecological integrity.
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