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Abstract

Maintaining healthy ecosystems is a prerequisite for conserving biodiversity. The complex nature of ecosystems often necessitates
the use of indicator taxa to monitor ecosystem health. However, ambiguous selection criteria and the use of inappropriate taxa have

brought the utility of indicator taxa under question. This review compiles existing selection criteria from the literature, evaluates
inconsistencies among these criteria, and proposes a step-wise selection process. In addition, 100 vertebrate and 32 invertebrate taxa
documented in the conservation science literature as indicators of ecosystem health are examined to assess how well they adhere
to the referenced criteria. Few vertebrate taxa ful®ll multiple criteria, as most are highly mobile generalists that lack established

tolerance levels and correlations with ecosystem changes. Most suggested invertebrate taxa also lack correlations to ecosystem
changes, but satisfy other selection criteria. However, invertebrate taxa are often suggested at high taxonomic levels, encompassing
many species, making it di�cult to measure speci®c attributes, and potentially including many unnecessary and even inappropriate

species. # 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The complexity of ecosystems has forced conservation
biologists to develop alternative methods to monitor
change that would be too costly or di�cult to measure
directly (Landres et al., 1988; Me�e and Carroll, 1997).
One such method is the use of indicator taxa, which
are species or higher taxonomic groups whose para-
meters, such as density, presence or absence, or infant
survivorship, are used as proxy measures of ecosystem
conditions. For example, indicator taxa have been used
to evaluate toxicity levels, abundance of speci®c resour-
ces, levels of biodiversity, target taxa status, endemism
levels, and ecosystem health (Temple and Wines, 1989;
Wilcove, 1989; Croonquist and Brooks, 1991; van Fra-
neker, 1992; Kremen et al., 1993; Kushlan, 1993; Maho
et al., 1993; Bortone and Davis, 1994; Anderson-Car-
nahan et al. 1995; Louette et al., 1995; Cherel and Wei-
merskirch, 1995; Harris, 1995; Nyholm, 1995; Faith and
Walker, 1996).

This paper focuses on utilization of taxa as appro-
priate indicators for assessing general ecosystem health.
This use of indicator taxa is important to biological
conservation yet lacks well-established methodologies.
The goal of monitoring ecosystem health is to identify
chemical, physical and/or biological changes due to
human impacts (Hughes et al., 1992). The term ecosys-
tem health has been hotly debated in the literature
(Jamieson, 1995; Lackey, 1995; Rapport, 1995a; Wick-
lum and Davies, 1995; Callicott and Mumford, 1997;
Simberlo�, 1998). While some condone complete abdi-
cation of the term, ecosystem health remains a widely
used concept and many papers reviewed here used the
term. We prefer Rapport's (1995a,b) de®nition which
states ecosystem health as the absence of signs of eco-
system distress, an ecosystem's ability to recover with
speed and completeness (resilience), and/or a lack of
risks or threats pressuring the ecosystem composition,
structure, and/or function. Kolasa and Pickett (1992)
also suggest that measures of ecosystem health should be
based on a pre-de®ned scale using a baseline condition.
Multiple monitoring methods are usually required to

address complex ecosystems (Soule, 1985). The index of
biotic integrity (Karr, 1981), developed to assess degra-
dation in streams, uses an array of ecological measures,
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one of which is indicator taxa (Fausch et al., 1990). If
selected correctly a set of complementary indicator taxa
may provide early warning of problems and help monitor
change over large temporal and spatial scales (Rapport,
1992; Harris 1995).
While use of indicator taxa has become integrated

into many ecosystem health monitoring programs, the
appropriateness of using indicator taxa has been ques-
tioned. Simberlo� (1998), for example, proposes focus-
ing on keystone species rather than indicator taxa
because of concern about the true utility of indicator
taxa. Unclear guidelines, dubious assumptions about
the ability of indicator taxa to represent other ecosystem
trends, and di�culties in di�erentiating human impact
and non-human related changes have led indicator taxa
to be the subject of much debate (Rosenberg et al.,
1986; Landres et al., 1988; Fausch et al., 1990; Pearman
et al, 1995; Taper et al., 1995; Simberlo�, 1998).
The objectives of this review are: (1) to evaluate var-

ious criteria that have been proposed by others in the
conservation science literature for selecting indicator

taxa, (2) to o�er a step-wise process for indicator taxa
selection, and (3) to test the criteria against the indicator
taxa that biologists and natural resource managers are
currently using to monitor ecosystem health.

1.1. Review of the suggested criteria for selecting
indicator taxa

We found nine articles published in the last 13 years
that outline criteria for selecting indicator taxa (Soule,
1985; Hellawell, 1986; Landres et al., 1988; Kelly and
Harwell, 1990; Noss, 1990; Regier, 1990; Pearson and
Cassola, 1992; Johnson et al., 1993; Kremen, 1994). The
indicator selection criteria reviewed applied to conser-
vation-oriented e�orts but not necessarily to indicators
of ecosystem health. However, signi®cant overlap in
criteria of reviewed papers suggests that indicator taxa
for ecological monitoring share the same basic require-
ments. We focus on 13 selection criteria mentioned in
more than one reference. These criteria fall into four
general categories (Fig. 1): (1) baseline information, (2)

Fig. 1. Suggested criteria for selecting indicator taxa of ecosystem health and attributes used to assess if taxa ful®ll the criteria are in columns 1 and

2, respectively. Columns 3 and 4 include summary results of measured attributes for 100 suggested vertebrate and 32 suggested invertebrate taxa.

Where percents do not add up to 100, not all taxa were categorized.
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location information, (3) niche and life history attri-
butes, and (4) other. Except where discussed, the
reviewed criteria apply to both single species and higher
level taxon. Not all useful indicator taxa will necessarily
®t all criteria, but each taxon, selected as part of a
complementary set, should satisfy multiple criteria.
Adequate baseline information means the biology, tax-

onomy, and tolerance of a taxon's measurable character-
istics should be understood (Hellawell, 1986; Landres et
al., 1988; Kelly and Harwell, 1990; Regier, 1990; Pearson
and Cassola, 1992; Johnson et al., 1993; Kremen, 1994).
Studies asserting cause and e�ect assure that observed
changes in the characteristics measured for the indicator
taxa are induced by human actions (Landres et al.,
1988). In addition, clear correlation between the taxon's
response to impacts and ecosystem changes should be
established (Landres et al., 1988; Kelly and Harwell,
1990; Pearson and Cassola, 1992; Kremen 1994).
Location information is also important in selecting

indicator taxa. Reviewed literature indicate that selected
taxa should have a cosmopolitan distribution to assist in
cross-comparisons of sites (Hellawell, 1986; Noss, 1990;
Regier, 1990; Pearson and Cassola, 1992; Johnson et al.,
1993). An indicator taxon should also have limited
mobility, so that the taxon is less likely to be able to
avoid disturbances (Landres et al., 1988; Johnson et al.,
1993). For example, changes in a population of migra-
tory birds could be due to impacts in any part of their
migratory route, not just at the study site.
Speci®ed niche and life history characteristics should

also be considered for each indicator taxon. A taxon
should have low variability both genetically and ecolo-
gically, so neither random ¯uctuations in populations
nor species adaptations hinder detection of impacts
(Hellawell, 1986; Landres et al., 1988; Noss, 1990;
Johnson et al., 1993). In addition, the life history of the
selected indicator taxa should be such that it will both
be able to provide early warning and be e�ective over a
wide range of stress (Soule, 1985; Kelly and Harwell,
1990; Noss, 1990). Finally, the life history characteristic
specialized/endemic is a debated criterion in the litera-
ture review (Landres et al., 1988; Pearson and Cassola,
1992; Johnson et al., 1993; Kremen, 1994).
Other considerations proposed for selecting indicator

taxa include cost e�ectiveness, ease of detection and
mensuration, and ability to detect and quantify changes
(Hellawell, 1986; Kelly and Harwell, 1990; Noss, 1990;
Regier, 1990; Pearson and Cassola, 1992; Johnson et al.,
1993; Kremen, 1994). Inadequate sample size, lack of
statistical power, or inability to detect the di�erence
between environmental variation and changes induced
by human impacts can prevent e�ective hypothesis test-
ing. Another proposed criterion is the selection of taxa
that serve other agendas, such as social, political or
economic priorities. Using species at risk, ¯agship spe-
cies, or otherwise prioritized species also as an indicator

taxon is controversial and debated in the literature
(Soule, 1985; Hellawell, 1986; Landres et al., 1988; Kelly
and Harwell, 1990; Pearson and Cassola, 1992). Finally,
use of a set of complementary indicator taxa where each
selected taxon can satisfy multiply criteria is critical
(Soule, 1985; Landres et al., 1988; Kelly and Harwell,
1990; Noss, 1990).

1.2. Critique of suggested criteria

The criteria outlined above su�er from several pro-
blems. Some of the criteria are unclear, con¯ict with one
another, or are disputed among authors. Also, these cri-
teria have never been prioritized in order of importance,
and most of the criteria are di�cult to determine for
most taxa because there are few measurable attributes
associated with the suggested criteria.
The criterion, cosmopolitan, con¯icts with the

recommendation for endemic and specialized taxa
because no one taxon can be both endemic and cosmo-
politan at the same taxonomic level. While one possible
solution is to select higher ranking taxa; thereby asses-
sing their distribution at the taxonomic level suggested
and evaluating their level of endemism at the species
level, use of higher taxonomic levels is not necessarily
appropriate. Instead, use of low ranking taxa is impor-
tant to minimize the possibility of including inap-
propriate species. Selection of high taxonomic level taxa
is also problematic because species within a taxon can
vary dramatically across sites making comparisons dif-
®cult, and a taxon may only be an appropriate indicator
in part of its range (Landres et al., 1988). Given that
cosmopolitan can con¯ict with the criterion of speciali-
zation and endemic, and that cross-site comparisons are
potentially limited even with cosmopolitan distribution
of a taxon, we recommend that cosmopolitan be con-
sidered a secondary criterion to be considered after the
other criteria have been satis®ed (Table 1).
Two other criteria, early warning and low variability,

are both important but can also be con¯icting. For
example, large bodied, high trophic level, generalist
vertebrates with low reproductive rates are indicative of
taxa that have low population variability, but these
same characteristics imply limited ability to provide
early warning of impacts. We suggest that indicators
should be selected in such a way that early warning
detection is maximized while minimizing unpredictable
¯uctuations in populations (Table 1). Some inverte-
brates, such as Collembola and Odonata, satisfy both
the early warning and low variability criteria (Brown,
1991).
The criterion, specialization, is disputed in the litera-

ture. While specialists are argued to be more information
rich (Pearson and Cassola, 1992), there is concern that
they may not adequately represent ecosystem complexity
(Landres et al., 1988). We believe that specialization
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should be considered an important criterion because
generalists, like more mobile species, can potentially
avoid impacts by switching food sources or altering
their habitat use, thereby failing to respond to the
impact. For example, coyotes (Canis latrans) rely on
di�erent prey items depending on land use patterns,
allowing them to persist in areas of human development
where eradication programs no longer exist (Quinn,
1997). A set of complementary specialist indicator taxa
representing a spectrum of ecosystem niches would
potentially allow for detection of ®ne scale impacts and
earlier detection, while use of multiple generalists is
unlikely to lead to enhanced ®ne scale or early detection.
The importance of selecting indicator taxa that also

ful®ll political, economic or social agendas is also a cri-
terion of contention. Simultaneously servicing other
agendas may increase support for the project (Pearson
and Cassola, 1992), but attempts to address more than
one agenda with the same taxon too often pre-empts the
selection of more appropriate indicators that would
satisfy the recommended criteria (Landres et al., 1988).
In addition, use of taxa servicing other agendas opens
the door to a host of other problems. Economically
important taxa, such as harvested or hunted species, are
a�ected by o�-take that can confound data collected for
detecting changes in ecosystem health (Merenlender et
al., 1998).
Similarly, use of taxa identi®ed at risk of extinction as

indicators of ecosystem health can be problematic.
First, species at risk are often di�cult to study because
the precarious status of the taxon prohibits further dis-
ruption, impeding necessary studies to establish baseline
information. Second, endangered populations are often
at low densities or have restricted distributions, which
result in reduced sampling size and statistical power for
trend analyses. Third, taxa at risk may not function as
an indicator of ecosystem change over a range of human

impacts. Given the potential pitfalls, selection of indi-
cator taxa that represent other agendas should be sec-
ondary to the other criteria. To improve the indicator
taxon selection process and prioritization of criteria, we
provide a step-wise process to select the best available
indicator taxa in Table 1.
Another potential problem with the compiled criteria

is that the concepts are not easily translatable to land
managers. In other words, many of the criteria are con-
ceptual and often lack easily measurable attributes, so it
is di�cult for practitioners to make unbiased evalua-
tions of potential indicator taxa. We identi®ed attri-
butes for which information is relatively easy to gather
to determine if a particular taxon meets each suggested
selection criteria. A list of these identi®ed attributes are
described in the methods section and are cross refer-
enced to the published suggested selection criteria in
Fig. 1. The cost of using a particular taxon is not inclu-
ded because cost is dependent on the location, circum-
stances, and resources available. Many of the attributes
collected are not independent variables, but instead
serve together to provide evidence as to whether the
taxa satisfy suggested selection criteria. We used these
attributes to examine how indicator taxa found in the
literature satis®ed the suggested selection criteria.

2. Methods

2.1. Literature search and restrictions

A literature search was conducted focusing on the
primary biological literature published in English in the
past 10 years that explicitly identi®ed taxa as indicators
of ecosystem health. The phrases bio-indicators and
management indicator species were accepted only when
authors explicitly stated that a taxon was used for
assessment, management, or monitoring of ecosystem
health. Terms considered equivalent to ecosystem health
when discussed in the context of monitoring human
impacts include: water quality, disturbance, impacts,
landuse change impacts, health of ecosystem, health
condition, ecosystem deterioration, forest health, eco-
system, state of ecosystem, ecosystem degradation,
intact ecosystem, and the e�ects of land management.
Only indicator taxa suggested for or used in the ®eld
were analyzed, and studies referring solely to a speci®c
impact of ecosystem health such as of the e�ect of
building a road, were not included because we focused
on indicator taxa that potentially address multiple
impacts.
Papers that referred to high level taxonomic groups

such as birds, ®sh, or macroinvertebrates as indicators
(e.g. Hocutt, 1981; Morrison, 1986; Adamus, 1995) had
to be excluded because analysis of all of the species
falling into such a high taxonomic level would prove

Table 1

Step-wise decision-making framework for selecting indicator taxaa

Step 0 Decide what ecosystem attribute(s) indicator taxa

should re¯ect.

Step 1 Make a list of all species in the area that best

satisfy the baseline information criteria.

Step 2 From this initial list, retain species that best meet

the suggested niche and life history criteria.

Step 3 Remove species that may respond to changes

occurring outside the system of interest.

Step 4 Use only those species that can be easily detected

and monitored with available funds.

Optional step Reduce the list further by selecting taxa in the list

with cosmopolitan distributions and/or that

represent other agendas of interest.

Step 5 Select a set of complementary indicator taxa from

di�erent taxonomic groups so that all selection

criteria are met by more than one taxon.

a See Fig. 1, column 1 for a detailed list of criteria.
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unwieldy. We also did not analyze biotic indices or simi-
lar procedures because our analysis required a concrete
list of species, and we wanted to focus on indicator taxon
selection and not the host of other techniques included in
these methods. Finally, we did not include ¯ora in the
review because life history characteristics of plants can
not be directly compared with those of animals.
Information for attributes associated to the list of

criteria (Fig. 1) was collected from a number of sources.
When available, data were collected from the reference
in which the indicator taxon was suggested. Other
sources were consulted to obtain information on con-
servation status and life history attributes (Appendixes
A and B). When a suggested taxon included multiple
species, the characteristics of the majority of the group
were considered to hold true for the entire taxon.
Details on the attributes collected for each identi®ed
indicator taxon are listed below.

2.2. Baseline information and research

2.2.1. Taxonomic status
When neither the author nor other sources reviewed

claimed the suggested indicator to be taxonomically
unclear at the taxonomic level used, the taxonomy was
recorded as established.

2.2.2. Estimation of information from primary literature

We conducted a keyword search in Biosis (1997) for the
common and scienti®c names of each taxon. We tabu-
lated the relative number of citations as an estimate of the
amount of primary literature available on each indicator
taxon used. Any search result of greater than 30 refer-
ences was considered to re¯ect adequate baseline infor-
mation, regardless of the applicability of the references to
ecosystem health.

2.2.3. Tolerance

This category re¯ects an indicator taxon's ability to
withstand a broad range of human impacts. A more tol-
erant taxon would not show any measurable change as a
result of small or medium impacts. If the author(s) sug-
gesting the indicator taxa tested or cited studies testing
the tolerance, the tolerance was considered addressed.
Adequacy of the studies was not examined. If tolerance
had been established in previous studies but was not cited
by the author, it would not have been recorded.

2.2.4. Correlation to other biota

Similar to tolerance, this category addresses whether
changes in each indicator taxon have been correlated
with ecosystem changes. The suggested taxon satis®ed
this criterion if the author performed or cited studies
that established this correlation. Adequacy of studies
was not examined, and studies not cited by the author
went undetected.

2.3. Locational information

2.3.1. Distribution
Three categories were used to de®ne the taxon's dis-

tribution: local, regional, and global. Local was de®ned
as a biogeographic unit (e.g. mountain range) or speci®c
local habitat type (e.g. California redwood forest) and
regions as entire continents or sub-continent (e.g. Mon-
golia, North India, or North America). Global classi®-
cation required presence of the taxon on multiple
continents.

2.3.2. Migratory

Any taxon that had a de®ned seasonal shift in non-
contiguous habitats in any part of the taxon's range was
classi®ed as migratory.

2.3.3. Home range

Range was considered only for terrestrial mammals
because the migratory criteria covered invertebrates,
herps, birds, and aquatic mammal mobility. All inver-
tebrates reviewed in this paper are classi®ed as having
small home range because their home ranges are small
compared to the extent of most ecosystem health study
sites. The median of nineteen randomly selected terres-
trial mammals, 700 ha, served as a rough division point
between large and small home ranges (van Gelder,
1982).

2.4. Niche and life history characteristics

2.4.1. Trophic level
Low trophic level taxa included only herbivorous

species of which the adults were potentially prey for
other species. Medium trophic level included omnivor-
ous and carnivorous taxa of which the adults were also
potential prey to other species. High trophic level was
de®ned as carnivorous taxa of which adults were not
actively hunted by any non-human species. For exam-
ple, lake trout are terminal predators in the Great Lakes
system and therefore classi®ed as high trophic level
(Marshall et al., 1987).

2.4.2. Specialist vs generalist

Vertebrate habitat specialists include all species
de®ned as such by authors or other references, or any
taxon found in only one habitat type as de®ned by
Miller (1951). Invertebrate taxa were classi®ed as specia-
lists if authors or others de®ned them as such, or if they
utilized only one substrate type (Merrit and Cummins,
1996). Food specialists were de®ned as monophagous or
oligophagous.

2.4.3. Reproductive rates

As all invertebrates, ®shes, and amphibians reviewed in
this paper fall into the life history strategy of producing
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many young, these animals were all classi®ed as having
high reproductive rates. To separate di�erent reproduc-
tive strategies among birds and mammals, the median of
19 randomly selected mammals and birds, 5.5 per year,
served as a division point between high and low repro-
ductive rates (Burt and Grossenheider, 1980; van
Gelder, 1992).

2.4.4. Damped ¯uctuations

This category was only applied to invertebrate taxa
where authors categorized taxa as having low or high
population ¯uctuations. Such ¯uctuations in popula-
tions might be the consequence of environmental factors
such as resource availability or weather or a result of
population densities.

2.4.5. Body size

The median length of 19 randomly selected mammals
and birds, 29 cm, served as a rough division point
between large and small body sizes for mammals and
birds. Whereas bird and mammal body size is indicative
of life history strategies, this is less well-established for
amphibians, ®shes, and invertebrates, so these groups
were not classi®ed by body size.

2.4.6. Easy to ®nd

Some authors suggesting invertebrate indicator taxa
classi®ed the taxa as easy or di�cult to ®nd, so we
included their classi®cations in the compilation of data.

2.5. Other agendas served by suggested indicators and
implementation

2.5.1. Taxon at risk
The vertebrate taxon was considered at risk if it was

listed in IUCN red data list, in state, federal, or other
countries' listings.

2.5.2. Economic value

If stated by author or other references, or there is a
known market for the taxon, it was included in this
category. Hunting was considered an economic value.

2.5.3. Other indicators used or suggested

The author(s) suggested or used multiple indicator
species.

3. Results and discussion

Appendixes A and B list the 100 vertebrate and 32
invertebrate indicator taxa reviewed. The results for
whether or not each taxon met the attributes and cor-
responding selection criteria are summarized in Fig. 1.
Baseline information for suggested indicator taxa is
generally inadequate. The taxonomy is the only baseline

information criterion that appears to be well-established
for almost all of the taxa at the taxonomic level sug-
gested, although taxonomy may not be clear at the spe-
cies level. Forty-four percent of reviewed vertebrates
and 25% of reviewed invertebrates failed the biology
and life history criteria, based on apparent lack of pri-
mary references. Studies of physical tolerance levels of
the vertebrate taxa were only executed or referred to 8%
of the vertebrate articles. In contrast, authors cited or
completed physical tolerance studies on invertebrate
indicators 84% of the time. In both vertebrates and
invertebrates only 1 and 3% of the taxa, respectively,
referred to studies correlating changes in the indicator
status with changes to the ecosystem. While such
research may be di�cult, establishing tolerance levels
and correlating changes of the indicator with the eco-
system is critical for indicators to be informative about
ecosystem health. Otherwise, determining the magni-
tude of an impact and how the ecosystem health is
a�ected when a taxon indicates an impact remains
unclear.
Not all of the proposed indicator taxa satis®ed the

locational criteria either. Only 54% of the vertebrates
and 69% of the invertebrates reviewed have a global
distribution, although this criterion, as discussed earlier,
should be of secondary importance. More importantly,
many suggested vertebrate taxa are highly mobile. Fifty-
nine of the 67 avian taxa and three of the 16 mammalian
taxa migrate, and seven of the 11 suggested terrestrial
mammals fall into the large home range category. If
mobile taxa are used, characteristics monitored should
re¯ect conditions of the study site. For example, nestling
success in the study area of some migratory birds is the
type of data that may be attributed more easily to local
conditions, despite their migratory status. Invertebrates
reviewed in this paper are, for the most part, unable to
move long distances, and their inability to escape adverse
local conditions contributes to their potential value as
indicators.
Vertebrate taxa also fared poorly in ful®lling sug-

gested niche and life history criteria. Eighty-®ve percent
of the vertebrates are generalists, failing the specialist
criterion. In contrast, all of the invertebrate taxa are
specialists and have high reproductive rates, and only
16% are categorized as high trophic level, attributes
associated with biota that are likely to satisfy the early
warning criterion. These same attributes, however,
are also often indicative of populations that tend to
¯uctuate, failing the low variability criterion. This
can make it di�cult to di�erentiate between natural
population ¯uctuations (noise) and population decline
due to human impacts (signal). Only ®ve of 17 inverte-
brates classi®ed have populations that ¯uctuate in
number.
In contrast to invertebrates, 72% of the vertebrates

have low reproductive rates, 24% are large-bodied, and
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36% are high trophic level taxa. These attributes sug-
gest that these taxa, while their populations do not
¯uctuate much, may not be useful early warning detec-
tors because longevity and low reproductive rates of
these taxa make for slow changes in population struc-
ture and number. Large bodies and high trophic level
status also indicate that such taxa are probably found at
low densities (Blueweiss et al. 1978) and more suscep-
tible to local extinction (Sha�er, 1981). Susceptibility to
local extinction means that these taxa may also fail to
ful®ll the criterion of monitoring a wide range of stres-
ses. In addition, low-density taxa can prove to be more
di�cult to ®nd and quantitatively assess. Although no
authors recommending vertebrate taxa classi®ed taxa by
ease of ®nding, 18 of 22 invertebrates are categorized as
easy to ®nd.
A number of suggested indicator taxa are also prio-

rities on political, social, or economic agendas. Thirty
percent of vertebrate taxa and 19% of invertebrate taxa
include at least one species considered at risk. Addi-
tionally, 18% of the vertebrates have some economic
value compared to only one invertebrate taxon.
Reviewed taxa may also serve other agendas such as
¯agship (Dietz et al., 1994; Hunter and Sulzer, 1996) or
umbrella species (Clark et al., 1996), but we only quan-
tify at risk and economically valuable taxa making this
estimate very conservative. As many of these taxa fail to
satisfy the other criteria, selection of taxa servicing
other agendas may be inhibiting selection of taxa that
would be more appropriate as indicators of ecosystem
health.
Finally, use of multiple indicator taxa is suggested for

91% of the vertebrate indicator taxa; all of the proposed
invertebrate taxa are suggested as part of a set of com-
plementary indicator taxa. That no single taxa can
accurately re¯ect ecosystem health is well understood.
Poor selection of multiple indicator taxa, however, will
still lead to poor monitoring of ecosystem health.
Each indicator should embody as many of the cri-
teria as possible to create the most e�ective set of
complementary indicator taxa.
While it may appear that invertebrates satisfy more

criteria, this result is confounded by the higher level
taxonomy of most suggested invertebrates as compared
to vertebrates. All but four vertebrates reviewed were
suggested at the species level, while the suggested inver-
tebrates represented seven orders, 12 families, four sub-
families, and nine species. This di�erence in the level of
taxonomy makes direct comparisons between inverte-
brates and vertebrates di�cult. High taxonomic level
suggestions such as beetles or birds may lead to inclu-
sion of inappropriate taxa as indicators and unclear
outcomes. In addition, the analysis of high level taxon
may not reveal inclusion of poor indicator taxa because
of generalizations made for each taxon at the level
suggested.

Despite the limitations of most indicators reviewed,
several proposed indicator taxa ful®ll important multiple
criteria that might make themmore appropriate for future
use. For example, Coleoptera: Cicindelidae (Pearson and
Cassola, 1992), Lepidoptera: Morphinae and Satyrinae
(Brown, 1991), Hymenoptera: Apoidae, Vespidae, and
Sphecidae (Brown, 1991) are easy to ®nd specialists. They
are also relatively immobile, have detectable trends, and
baseline studies examining tolerance levels and correlation
of the taxa changes in the ecosystem are available. Few
suggested vertebrate taxa satisfy multiple criteria. How-
ever, the spring peeper (Pseudacris crucifer) (Hecnar and
M'Closkey, 1996), a vertebrate specialist, has limited
mobility and adequate baseline information, and has
shown detectable changes in local abundance. Few nega-
tive indicators, taxa that may increase in abundance with
increased levels of human disturbance, were suggested.
Yet negative indicators, such as Diptera, brown-headed
cowbirds, and Norway rats, are potentially easier to ®nd,
quantitatively measure, and manipulate. Negative indica-
tors might also provide data over a larger range of stress
although, as with all indicator taxa, changes in the taxa
need to be correlated to changes in the ecosystem (Land-
res et al., 1988).

4. Conclusion

This review demonstrates that there is room for
improvement in selecting both vertebrate and inverte-
brate taxa that better satisfy the criteria put forth in the
conservation science literature for identifying useful
indicator taxa. The major shortcomings of the inverte-
brates reviewed include failure to establish correlation
between changes in the indicator taxa and the ecosystem
and selecting taxa at high taxonomic level, which
potentially increases the number of inappropriate spe-
cies and noise in the data. In general, the vertebrates
reviewed lack established tolerance levels and correla-
tion with changes in the ecosystem. Most suggested
vertebrates are also low density, highly mobile general-
ists, and service other agendas while lacking other
characteristics desirable for indicator taxa.
Our e�orts revealed that published criteria for selec-

tion of indicator taxa are often unclear and con¯icting
in many cases. Failure of proposed indicator taxa to
adhere to suggested criteria may be, in part, due to
unclear criteria. Our step-wise framework clari®es and
prioritizes selection criteria and assures that each taxon
in a complementary set ful®ll a majority of the criteria.
This framework could eliminate the shortcomings asso-
ciated with past selection of indicator taxa, so that a set
of complementary indicator taxa may better serve as a
tool for conservation of biological resources. Moving
toward clear and objective selection of indicator taxa is
one way to enhance the utility of indicator taxa. However,

J. Hilty, A. Merenlender / Biological Conservation 92 (2000) 185±197 191



successful use of indicator taxa also depends on clear
and established understanding of what indicator taxa will
indicate, and on establishment of objective metrics of eco-
system health that can be associated to indicator taxa.
Our e�orts revealed that published criteria for selec-

tion of indicator taxa are often unclear and con¯icting
in many cases. Failure of proposed indicator taxa to
adhere to suggested criteria may be, in part, due to
unclear citeria. Our step-wise framework clari®es and
prioritizes selection criteria and assures that each taxon
in a complementary set ful®ll a majority of the criteria.

This framework could eliminate the shortcomings
associated with past selection of indicator taxa, so that
a set of complementary taxa may better serve as a tool
for conservation of biological resources.
Moving toward clear and objective selection of indi-

cator taxa is one way to enhance the utility of indicator
taxa. However, successful use of indicator taxa also
depends on clear and established understanding of
what indicator taxa will indicate, and on establishment
of objective metrics of ecosystems health that can be
associated to indicator taxa.

Appendix A

Table A1

List of vertebrate indicator taxa reviewed

Suggested vertebrate taxaa Reference

Chaetodontidae Butter¯y®shes Hourigan et al., 1988

Micropterus dolomieu Small-mouth bass Ecosystem Objectives Committee, 1990

Salvelinus namaycush Lake trout Marshal et al., 1987; Ecosystem Objectives Committee, 1990

Stizostedian vitreum Walleye Ecosystem Objectives Comittee, 1990

Ambystoma maculatum Spotted salamander Hecnar and M'Closkey, 1996

Notophthalmus viridescens Fire salamander Hecnar and M'Closkey, 1996

Bufo americanus American toad Hecnar and M'Closkey, 1996

Bufo boreas Western toad Kiester and Eckhardt, 1994

Hyla versicolor Grey tree frog Hecnar and M'Closkey, 1996

Rana sylvatica Wood frog Hecnar and M'Closkey, 1996

Rana pipiens Northern leopard frog Hecnar and M'Closkey, 1996

Rana pretiosa Spotted frog Kiester and Eckhardt, 1994

Rana catesbeiana Bull frog Hecnar and M'Closkey, 1996

Rana clamitans Green frog Hecnar and M'Closkey, 1996

Rana palustris Pickerel frog Hecnar and M'Closkey, 1996

Pseudacris crucifer Spring peeper Hecnar and M'Closkey, 1996

Pseudacris triseriata Western chorus frog Hecnar and M'Closkey, 1996

Histrionicus histrionicus Harlequin duck Kiester and Eckhardt, 1994

Pelecanus occidentalis californicus California brown pelican Davis, 1989

Phalacrocorax auritus Double-crested cormorant Davis, 1989

Ardeidae Herons Spalding and Frederick, 1995

Ardea herodias Great blue heron Kiester and Eckhardt, 1994

Ardea cinerea Grey heron Bharucha and Gofte, 1990

Ardea purpurea Purple heron Bharucha and Gofte, 1990

Egretta Egrets Spalding and Frederick, 1995

Egretta garzetta Smaller egret Bharucha and Gofte, 1990

Ciconia ciconia White necked stork Bharucha and Gofte, 1990

Mycteria leucocephela Painted stork Bharucha and Gofte, 1990

Anastomus oscitans Asian open-billed stork Bharucha and Gofte, 1990

Phoenicopterus ruber Lesser ¯amingo Bharucha and Gofte, 1990

Threskiornithinae Ibises Spalding and Frederick, 1995

Plegadis falcinellus Glossy ibis Bharucha and Gofte, 1990

Plataleinae Spoonbills Spalding and Frederick, 1995

Platalea leucorodia Eurasian spoonbill Bharucha and Gofte, 1990

Anthropoides virgo Demoiselle crane Bharucha and Gofte, 1990

Grus grus Eurasian common crane Bharucha and Gofte, 1990

Anas penelope Eurasian wigeon Bharucha and Gofte, 1990

Anas crecca Common teal Bharucha and Gofte, 1990

Anas clypeara Northern shoveller Bharucha and Gofte, 1990

Anas acuta Northern pintail Bharucha and Gofte, 1990

Gallinago stenura Painted pintail Bharucha and Gofte, 1990

Aythya ferina Common pochard Bharucha and Gofte, 1990

Aythya australis White-eyed pochard Bharucha and Gofte, 1990

continued on next page
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Table A1 (continued)

Suggested vertebrate taxaa Reference

Aythya fuligula Tufted pochard Bharucha and Gofte, 1990

Tadorna ferruginea Ruddy shelduck Bharucha and Gofte, 1990

Porphyrio porphyrio Purple moorhen Bharucha and Gofte, 1990

Fulica atra Common coot Bharucha and Gofte, 1990

Himantopus himantopus Black-winged stilt Bharucha and Gofte, 1990

Charadrius alexandrinus Snowy plover Davis, 1989

Charadrius dubius Little-ringed plover Bharucha and Gofte, 1990

Charadrius alexandrinus Kentish plover Bharucha and Gofte, 1990

Limosa limosa Black-tailed godwit Bharucha and Gofte, 1990

Numenius arquata Eurasian curlew Bharucha and Gofte, 1990

Tringa nebularia Common greenshank Bharucha and Gofte, 1990

Tringa achropus Green sandpiper Bharucha and Gofte, 1990

Actitis macularia Spotted sandpiper Bharucha and Gofte, 1990

Actitis hypoleucos Common sandpiper Bharucha and Gofte, 1990

Calidris temminckii Temminck stint Bharucha and Gofte, 1990

Larus argentatus Herring gull Bharucha and Gofte, 1990

Larus brunnicephalus Brown headed gull Bharucha and Gofte, 1990

Larus occidentalis Western gull Davis, 1989

Synthliboramphus hypoleuca Xantu murrelet Davis, 1989

Ptychoramphus aleuticus Cassin auklet Davis, 1989

Haliaeetus leucocephalus Bald eagle Kiester and Eckhardt, 1994; USDA, 1996; Suring and Sidle, 1987

Harpia harpyja Harpy eagle Albuquerque, 1994

Aquila pomarna Spotted eagle Bharucha and Gofte, 1990

Circus cyaneus Northern marsh harrier Bharucha and Gofte, 1990

Accipiter gentilis Northern goshawk Suring and Sidle, 1987; Rissler, 1995; AFSEE, 1996

Pandio haliaetus Osprey Bharucha and Gofte, 1990; Suring and Sidle, 1987

Falco sparverius American kestrel Davis, 1989; Johnson-Duncan et al., 1986

Dendragapus obscurus Blue grouse Suring and Sidle, 1987;Kiester and Eckhardt, 1994

Strix occidentalis caurina Northern spotted owl Doak, 1989; Rissler, 1995 Foster, Thomas, Korth, Bowmer, 1995

Otus kennicotti Western screech owl Johnson-Duncan et al., 1986

Micrathene whitneyi Elf owl Johnson-Duncan et al., 1986

Glaucidium brasilianum Ferruginous pygmy-owl Johnson-Duncan et al., 1986

Aegolius funeleus Boreal owl Kiester and Eckhardt, 1994

Athene cunicularia Burrowing owl Johnson-Duncan et al., 1986

Chaetura vauxi Vaux swift Kiester and Eckhardt, 1994

Sphyrapicus ruber Red-breasted sapsucker Kiester and Eckhardt, 1994; USDA, 1996

Picoide villosus Hairy woodpecker Kiester and Eckhardt, 1994; USDA, 1996

Certhia americana Brown creeper Suring and Sidle, 1987; Kiester and Eckhardt, 1994; USDA, 1996

Ixoreus naevius Varied thrush Kiester and Eckhardt, 1994

Melospiza melodia Song sparrow Davis, 1989

Loxia sp. Crossbill Kiester and Eckhardt, 1994; USDA, 1996

Ursus americanus Black bear Suring and Sidle, 1987; Kiester and Eckhardt, 1994; USDA, 1996

Ursus arctos Brown bear Suring and Sidle, 1987; Kiester and Eckhardt, 1994; USDA, 1996

Canis lupus ligoni Alexander archipelago wolf Suring and Sidle, 1987; Kiester and Eckhardt, 1994; USDA, 1996

Martes americana Marten Suring and Sidle, 1987; Kiester and Eckhardt, 1994; USDA, 1996

Lutra canadensis River otter Suring and Sidle, 1987; Kiester and Eckhardt, 1994; USDA, 1996

Urocyon littoralis Island fox Davis, 1989

Zalophus californianus California sea lion Davis, 1989

Callorhinus ursinus Northern fur seal Davis, 1989

Phoca vitulina richardsi Harbor seal Davis, 1989

Pagophilus groenlandicus Harp seal Timoshenko, 1995

Mirounga angustirostris Northern elephant seal Davis, 1989

Tamiasciurus hudsonicus Red squirrel Suring and Sidle, 1987; Kiester and Eckhardt, 1994; USDA, 1996

Glaucomys sabrinus Northern ¯ying squirrel Kiester and Eckhardt, 1994

Peromyscus maniculatus Deer mouse Davis, 1989

Odocoileus hemionus sitkansis Sitka black-tailed deer Suring and Sidle, 1987; Kiester and Eckhardt, 1994; USDA, 1996

Oreamnos americanus Mountain goat Suring and Sidle, 1987; Kiester and Eckhardt, 1994; USDA, 1996

a Additional sources were used to gather information on life history and conservation status, including Stebbins, 1962; Stebbins, 1985; Herald,

1972; Breen, 1974; Carlander, 1977; Burt and Grossenheider, 1980; Lee et al., 1980; Terres, 1980; Frost, 1985; Perrins and Middletin, 1985; Wheeler,

1985; National Geographic Society, 1987; Ehrlich et al., 1988; Capulo, 1989; Dubois, 1990; Parker, 1990; Sibley and Monroe, 1990; Nowak, 1991;

del Hoyo et al., 1992; van Gelder, 1982; Witt, 1992; Frtjord, 1993; Weigant and Steinhaus, 1993; Brauning et al., 1994; Kostyushin, 1994; Maedlow

and Mayer, 1996; Ogilvie, 1996; Ranner et al., 1995; Garrison et al., 1996; Rasmussen, 1996; Rodger, 1996; USFWS, 1996; WCMC, 1997.
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