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Abstract

Validation that conservation of certain species effectively protects a high proportion of co-occurring species is rare. Our previous work has
suggested that an umbrella index based on geographic distribution and life history characteristics would maximize the proportion of
conspecifics protected per unit area conserved. Using bird and butterfly data from three mountain ranges in the Great Basin, we examined
whether umbrella species also would confer protection to species in different taxonomic groups. Further, we addressed the spatial
transferability of umbrella species by considering whether species identified as umbrellas in one mountain range would be effective
umbrellas in other mountain ranges. Overall, equal proportions of species would be protected using either cross-taxonomic umbrella species
or same-taxon umbrella species. Our data suggested that in a given mountain range, umbrella species identified using data from the same
mountain range versus a different mountain range would be equally effective. The ability of one set of umbrella species to confer protection to

co-occurring species, however, may vary among taxonomic groups and geographic regions.
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1. Introduction

Ecologists and resource managers are forced to make
land-use decisions using limited time, money, and infor-
mation (Stohlgren et al., 1995; Oliver and Beattie, 1996;
Niemi et al., 1997; Simberloff, 1998). Umbrella species,
species whose conservation confers a protective umbrella to
co-occurring species, are an attractive short-cut under these
circumstances. A key advantage of using umbrella species is
that it often is easier to survey and monitor a few species in
an assemblage than to survey all species. If effective
umbrella species can be identified for target ecosystems,
then land-use decisions potentially could be made more
quickly and efficiently. However, only a few studies have
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demonstrated that conservation of one or a few species is
likely to confer protection to many other species in either
the same taxonomic group or different taxonomic groups
(Martikainen et al., 1998; Fleishman et al., 2000, 2001b;
Suter et al., 2002). The lack of supporting evidence has
made the umbrella species concept controversial, and many
doubt it is operational (Kerr, 1997; Oliver et al., 1998; Caro
and O’Doherty, 1999; Andelman and Fagan, 2000; Rubin-
off, 2001). Nonetheless, strong pressure to develop
conservation tools for managed landscapes has maintained
the conceptual popularity of umbrella species, highlighting
the need for further empirical examination.

In theory, selection of umbrella species is prospective,
based on the assumption that if the resource requirements of
an umbrella species are met, the requirements of many other
species also will be satisfied (Fleishman et al., 2001b). In
practice, the species usually touted as umbrellas are
charismatic vertebrates with legal protection. Instead of
using ecological criteria to select umbrella species,
biologists usually have been restricted to determining,
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post hoc, whether other species will benefit from the
conservation of listed species.

In an effort to develop a prospective, more quantitative,
and objective method for identifying umbrella species,
Fleishman et al. (2000) proposed the ‘umbrella index’. The
umbrella index calculates the potential of each species in a
regional biota to serve as a conservation umbrella for other
species in that assemblage using three criteria—mean
proportion of co-occurring species, occurrence rate, and
sensitivity to human land use (Fleishman et al., 2000).
Previous work suggested the umbrella index may be useful
for prioritizing locations for conservation because it tended
to maximize species protection per unit of conserved area
(Fleishman et al., 2001b). Here, we use data for birds

and butterflies in montane canyons in the Great Basin of
western North America to examine whether the index
successfully can identify species that might serve as a
conservation umbrella for different taxonomic groups. We
also assess whether umbrella species identified using the
index method are spatially transferable.

2. Methods

2.1. Field methods

We collected data for our analyses in three adjacent
mountain ranges in the central Great Basin, the Shoshone
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Fig. 1. Location of the Shoshone Mountains and Toiyabe and Toquima ranges (black rectangle, see inset) in the Great Basin (irregular shape with black border,
see inset) and of the canyons surveyed in the three mountain ranges. Three pairs of canyons in the Toquima Range and one pair of canyons in the Toiyabe

Range connect at the crest of the range.
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Mountains (approximate north—south boundaries
39°14'19/-38°57/32/0), Toiyabe Range (approximate
north—-south boundaries 39°54'00”-38°30’0"), and Toquima
Range (approximate north-south boundaries 39°17'50'—
38°29'9") (Lander and Nye counties, Nevada, USA) (Fig. 1).
These mountain ranges have similar regional climate,
biogeographic past and ancestral biota, and land-use history
(Wilcox et al., 1986; Austin and Murphy, 1987; Grayson,
1993; Fleishman et al., 2000).

Our data collection incorporated established techniques
that detect species presence reliably and permit assessment
of distributional trends across space and time. We provide
an abbreviated description here; these methods have been
described in considerable detail in previous publications, as
well as tested for sampling adequacy (e.g. Fleishman et al.,
1998, 2000, 2001a; Mac Nally et al., 2004). We conducted
inventories for breeding birds and resident butterflies in five
canyons in the Shoshone Mountains, five canyons in the
Toiyabe Range, and six canyons in the Toquima Range.
These canyons collectively spanned a full gradient of
microclimatic conditions and land-cover types in the region.

We divided canyons into multiple contiguous sites from
base to crest. Our sampling locations covered an elevational
range of 1872-3272 m. Each site was 150 m wide and long
enough to span a 100-m change in elevation (Fleishman
et al., 1998, 2001a). The mean number of sites per canyon
was 5.3+ 1.3 (SD). Mean site length was 1.4 km; more than
two-thirds of the sites were > 1 km long. Inventories were
conducted in 28 sites in the Shoshone Mountains, 31 sites in
the Toiyabe Range, and 25 sites in the Toquima Range.

We sampled birds during the breeding season (late May
through June) using two or three 75-m fixed-radius point
counts in each site. Point count locations were at least 200 m
apart. Point counts are an effective method of sampling birds
in riparian areas in the Great Basin (Dobkin and Rich,
1998). Within a site, points were located in each of the
dominant vegetation types (e.g. aspen, willow, pifion-
juniper, wet meadow, sagebrush) (Betrus, 2002; Poulson,
2002). Point counts are widely used in studies of birds.
Although point counts that do not control for differences in
detectability among species or vegetation types (i.e.
distance sampling) are of limited value for estimation of
abundance, they are reliable for providing data on presence
(Buckland et al., 2001).

Each time we visited a point, we recorded all birds
actively using terrestrial habitat within the circle. During
our inventories, birds displayed a variety of breeding
behaviors including frequent song-repetition by males,
collection of nest material, nest building, incubation,
parental care, and territorial defense. Each point was visited
three times during the breeding season. Point counts were
conducted only under fair skies and no counts were
conducted more than three and one-half hours after dawn.
Three surveys are considered sufficient to determine which
species of birds are present at point count locations (Siegel
et al., 2001); in our work, species accumulation curves for

birds at the site and canyon levels generally approached an
asymptote before the third round of surveys (Betrus 2002).
We inventoried butterflies using walking transects, a
standard, proven method for temperate regions (Pollard and
Yates, 1993; Pullin, 1995). Approximately every two weeks
throughout the majority of the adult flight season (late May
through August), using equal sampling effort per unit area of
the site, we recorded the presence of all butterfly species in
each site. In temperate regions, it is generally reasonable to
interpret that a given butterfly species is absent if the area
has been searched repeatedly by experienced observers
during the appropriate season and weather conditions
(Pullin, 1995). In the Toiyabe Range, for example, we
recorded 98% of the theoretical number of species expected
under a Michaelis-Menten model (Clench, 1979; Raguso
and Llorente-Bousquets, 1990; Sober6n and Llorente, 1993;
Fleishman et al., 1998). Sites were sufficiently large relative
to the home ranges of resident butterflies in the region that
the short-term presence of butterfly species in each site was
independent (i.e. an individual was not recorded in > 1 site
during an inventory round) (Fleishman et al., 1997).

2.2. Identification of umbrella species

To measure the potential of each species of bird and
butterfly to confer protection to other species in either
assemblage, we calculated umbrella index values at the site
level and at the canyon level. The umbrella index is based on
three criteria: proportion of co-occurring species, occurrence
rate, and sensitivity to human land use. A more complete
rationale for selection of these criteria and detailed
calculation methods are presented in Fleishman et al.
(2000, 2001b). In brief, mean proportion of co-occurring
species is quantified on a scale from 0 (tends to occur with a
low proportion of species in the same assemblage) to 1 (tends
to occur with a high proportion of species in the same
assemblage). Values for occurrence rate are based on the
proportion of sampling locations in which the species was
present. Occurrence values range from O (present in a very
high or very low proportion of the sampling locations) to 1.0
(present in exactly half of the sampling locations).

The third criterion in the umbrella index, sensitivity to
human land use, is assessed using a metric that incorporates
life-history characteristics that influence the vulnerability of
a given assemblage to human activities (Fleishman et al.,
2000, 2001b). Because taxonomic groups differ in their
response to environmental change, and because dominant
land uses vary geographically, sensitivity metrics are
specific to the assemblage and ecosystem of interest. The
goal of these metrics is simply to quantify some of the
biology that affects persistence in the face of human
disturbance. No one formula is ‘correct’, and ecologists are
likely to differ in their opinion of which life history
characteristics are most relevant. Species are assigned
integer values (e.g. 1=low sensitivity, 2=moderate
sensitivity, 3=high sensitivity) for each chosen life-history
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Table 1

Life history criteria used to score sensitivity of birds in the Great Basin to
human land use (modified from Hansen and Urban (1992); data from
Schoener (1968), Brown (1985), Ehrlich et al. (1988), Martin (1995),
Rottenborn (1999), and Warkentin and Reed (1999))

Criterion Sensitivity score
1 2 3

Reproductive effort >10 6-10 0-5

(eggs/year)

Nest form Cavity Pendant/globe  Open/cup

Nest height (m) >3 1-3 0-1

Territory size (ha) or <4 4-40 >40

Territory density >100 15-100 <15

(males/km?)

Migratory status Resident Short-distance ~ Neotropical
migrant

Riparian dependence ~ No use Facultative Obligate

1, least sensitive; 3, most sensitive.

characteristic. For each species in an assemblage, sensitivity
to human land use is calculated by summing the scores for
each life-history category and then dividing by the
maximum sum for any species in the assemblage.
Sensitivity to human land use thus is quantified on a
relative scale from O (low) to 1 (high). For birds in our study
system, sensitivity to human land use was based on six life-
history characteristics: reproductive effort, nest form, nest
height, territory size or density, migratory status, and
riparian dependence (Fleishman et al., 2001b, Table 1).
Sensitivity for butterflies was calculated using three life-
history characteristics: mobility, larval host—plant speci-
ficity, and riparian dependence (Fleishman et al., 2001b,
Table 2).

For each species, the umbrella index is calculated as the
sum of its scores for mean proportion of co-occurring
species, occurrence rate, and sensitivity to human land use.
Thus, umbrella index values range from near 0 (low
umbrella potential) to 3 (high umbrella potential). We
defined umbrella species as those with an umbrella index
value greater than one standard deviation above the mean
(Fleishman et al., 2000). The latter decision criterion, as
with a significance level, is arbitrary. Land managers and
researchers employing the index are free to select a different
decision criterion they believe to be more appropriate for
their application.

We calculated the umbrella index for all species of birds
and butterflies at two levels of sampling resolution, sites

Table 2

and canyons, at both the landscape level (i.e. pooled data
from all mountain ranges) and separately for each of the
three mountain ranges.

The potential effectiveness of conservation strategies can
be assessed in several ways. Management of land for the
benefit of biodiversity generally involves conserving a
subset of locations with relatively high richness of native or
endemic species (Scott et al., 1987; Freitag et al., 1997,
Mpyers et al., 2000). Therefore, one measure of effectiveness
is the proportion of species in a given assemblage present in
the locations that are designated for conservation. Presence
is not necessarily correlated with viability; however,
throughout this paper, to simplify presentation and discus-
sion, we use the terms ‘conservation’ and ‘protection’ to
mean either that locations in which umbrella species are
present also contain a high proportion of co-occurring
species or that land uses in a given location would be
compatible with persistence of native biodiversity. We
recognize that conservation often requires active manage-
ment as opposed to benign neglect based on less than perfect
information.

An alternative metric of conservation effectiveness,
calculated with respect to each species of interest, is the
proportion of occupied locations that are conserved. The
mean proportion of conserved occurrences for all species in
an assemblage can be used to evaluate how effectively a
land-use plan might protect species that differ in their
baseline occurrence rates. For example, a species that is
present in two of ten locations is relatively well protected if
both locations (100% of its occurrences) are conserved,
regardless of the total proportion of the landscape that is
conserved. A species that occurs in eight of the ten locations
arguably is not as well protected if only two of the eight
locations (25% of its occurrences) are conserved because it
may lose 75% of its previously-occupied habitat (Fleishman
et al., 2000, 2001b). We assume that, in general, proportion
of conserved occurrences is positively correlated with
probability of persistence.

2.3. Analyses

2.3.1. Selection of conservation areas

From a practical standpoint, it is impossible to protect the
entire distributional range of all but the most highly
endangered species (Andelman and Fagan, 2000;

Life history criteria used to score sensitivity of butterflies in the Great Basin to human land use (Scott, 1986; Boggs and Jackson, 1991; Fleishman et al., 2001a)

Criterion Sensitivity score

1 2 3 4
Mobility (m) > 100,000 1,000-100,000 100-1,000 <100
Larval hostplant > 1 family >1 genus in > 1 species in 1 species
specificity 1 family 1 genus
Riparian No use Facultative, some Facultative, frequent Obligate
dependence use of mud puddles use of mud puddles

1, least sensitive; 4, most sensitive.
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Fleishman et al., 2000). Accordingly, we limited our
analyses to portions of the landscape. At the site level, we
identified the one site in each canyon with the greatest
number of umbrella species. At the canyon level, we
identified the one canyon in each mountain range with the
greatest number of umbrella species. At either level, this
approach would require conserving approximately 19% of
the sampled landscape. Then, for each taxonomic group
(birds and butterflies), in each mountain range (Shoshone,
Toiyabe, Toquima) and across the landscape, we calculated
the proportion of species that were present in the ‘protected’
sites or canyons. For all species that were present in the
protected locations, we also calculated the mean proportion
of conserved occurrences.

Given that one site per canyon was selected or
‘protected’, the number of possible permutations of sites
that could be protected in each mountain range was S; X.S;
1... XS,, where § is the number of sites in canyon i and 7 is
the number of canyons visited in the mountain range. The
number of possible permutations of sites was 2520 for the
Shoshone Mountains, 8575 for the Toiyabe Range, and
9000 for the Toquima Range. We can attach a level of
statistical significance to the effectiveness of the umbrella
index by calculating the number of random permutations
that would include a higher proportion of species than the
permutation selected using the umbrella index. These
probabilities can be interpreted in the same manner as
‘p-values’ obtained from frequentist tests of significance
(Bailer and Ruberg, 1996; Manly, 1997). To illustrate, say
90 of 9000 possible permutations included a proportion of
species greater than or equal to the proportion of species
present in the suite of sites identified using the umbrella
index. In the latter case, the probability that a random
permutation would protect more species than the umbrella
index was 0.01, and we might infer that umbrella index was
relatively effective.

2.3.2. Cross-taxonomic potential

Using the umbrella index as a tool, we examined whether
birds can serve as effective umbrellas for butterflies and vice
versa. For each mountain range, we identified the site per
canyon and the canyon with the greatest number of umbrella
species of birds and of butterflies. We then calculated the
proportion of species in either taxonomic group present in
those locations and the mean proportion of occurrences
conserved. Using McNemar’s (1947) O-test, we compared
the proportion of species protected using umbrella species
from the same taxonomic group versus cross-taxonomic
umbrellas. McNemar’s Q is a non-parametric chi-square test
used to evaluate differences between dependent proportions
and count data (Agresti, 1990). The power of McNemar’s
Q-test depends on the number and ratio of discordant pairs;
power increases as the positive correlation between pairs
increases (Wacholder and Weinberg, 1982). Therefore,
comparisons in which the proportion of species (or any other
variable) in each member of a discordant pair are similar

have greater power than comparisons in which these
proportions are widely disparate (Wacholder and Weinberg,
1982). This trend occurs because as the correlation between
members of a pair decreases, the quotient moves closer to
0.5, and accordingly the power of the test to detect a
difference between groups is reduced (Wacholder and
Weinberg, 1982). For the sample sizes (number of sites)
in our study, power at the alpha=0.05 level ranged from
approximately 0.084 for pairs of sites with widely different
proportions of species to approximately 0.103 for pairs of
sites with similar proportions of species (Bennett and
Underwood, 1970).

2.3.3. Spatial transferability

We tested whether an umbrella index developed using
data for one taxonomic group in one mountain range would
be effective if implemented for the same taxonomic group in
other ranges. In other words, we tested whether umbrella
species are transferable in space. For each mountain range,
we determined the proportion of species that were present in
the site per canyon (and canyon per mountain range) with
the greatest number of umbrella species that were identified
using data from either the same mountain range or a
different mountain range. Using McNemar’s (1947) Q test,
we compared the proportion of species protected for the six
possible mountain-range pairs at both the site level and the
canyon level.

3. Results

Across the landscape, we recorded a total of 67 species of
breeding birds and 64 species of resident butterflies
(Table 3). At the mountain range level, the number of
species recorded ranged from 40 to 52 for birds and from 50
to 63 for butterflies. Depending on taxonomic group and
spatial resolution, the proportion of species identified as
umbrellas ranged from 0.13 to 0.24 (mean 0.18 +0.03 SD)
(Table 3).

3.1. Selection of conservation areas

Conserving either the one site per canyon or the one
canyon per mountain range with the greatest number of
umbrella species would conserve 0.45-0.68 of the bird
assemblage and 0.82-0.92 of the butterfly assemblage
(Table 4). The proportion of occurrences conserved fell
between 0.32 and 0.44 for birds and between 0.24 and 0.33
for butterflies. Depending on mountain range, the prob-
ability that sites identified using the umbrella index would
protect more species than a random permutation of sites
ranged from 0.59 to 0.80 for birds and from 0.67 to 0.89 for
butterflies.
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Table 3

Number of species, number of umbrella species, and proportion of species
selected as umbrellas (in parentheses) in each mountain range and across
the landscape (pooled data from all mountain ranges)

Spatial level Species Umbrellas
Birds
Shoshone Site 44 6 (0.14)
Canyon 44 10 (0.23)
Toiyabe Site 52 9 (0.17)
Canyon 52 9 (0.17)
Toquima Site 40 6 (0.15)
Canyon 40 5(0.13)
Landscape Site 67 11 (0.16)
Canyon 67 12 (0.18)
Butterflies
Shoshone Site 50 9 (0.18)
Canyon 50 12 (0.24)
Toiyabe Site 63 11 (0.17)
Canyon 63 13 (0.20)
Toquima Site 52 11 (0.21)
Canyon 52 7(0.13)
Landscape Site 64 12 (0.19)
Canyon 64 12 (0.19)

3.2. Cross-taxonomic potential

With only two exceptions, the proportion of species
protected using cross-taxonomic umbrellas did not differ
significantly from the proportion of species protected using
umbrellas from the same taxonomic group (Table 5). In the
Toquima Range at the site level, a significantly higher pro-
portion of butterfly species was protected using butterflies as
umbrellas than by using birds; the difference between the
proportion of butterfly species protected using butterflies
versus birds as umbrella species at the canyon level in

Table 4

Proportion of species and occurrences (i.e. occupied locations) that would
be protected by conserving the one site per canyon or one canyon per
mountain range (approximately 19% of the area sampled) with the greatest
number of umbrella species

Spatial level Proportion protected

Species Occurrences
Birds
Shoshone Site 0.68 0.40
Canyon 0.64 0.37
Toiyabe Site 0.54 0.32
Canyon 0.54 0.38
Toquima Site 0.55 0.44
Canyon 0.45 0.43
Landscape Site 0.64 0.34
Canyon 0.60 0.35
Butterflies
Shoshone Site 0.82 0.31
Canyon 0.88 0.33
Toiyabe Site 0.89 0.24
Canyon 0.89 0.24
Toquima Site 0.83 0.33
Canyon 0.88 0.30
Landscape Site 0.92 0.24
Canyon 0.89 0.25

Table 5

Proportion of species and occurrences (i.e. occupied locations) that would
be protected by conserving the one site per canyon or one canyon per
mountain range with the greatest number of same-taxon (Ugyme) OF Cross-
taxon (U.oss) umbrella species

Spatial Proportion protected

level Species

Usame Ucros% Usame Ucross

Occurrences

Birds
Toquima Site 0.55 0.53 0.44 0.38
Canyon 0.45 0.53 0.43 0.49
Toiyabe Site 0.54 0.54 0.32 0.43
Canyon  0.54 0.54 0.38 0.39
Shoshone Site 0.68 0.68 0.40 0.38
Canyon  0.64 0.64 0.37 0.36
Landscape Site 0.64 0.67 0.34 0.37
Canyon  0.60 0.60 0.35 0.33
Butterflies
Toquima Site 0.83 0.83 0.33 0.32
Canyon  0.88%* 0.56%* 0.30 0.26
Toiyabe Site 0.89 0.89 0.24 0.21
Canyon  0.89 0.89 0.24 0.26
Shoshone Site 0.82 0.78 0.31 0.25
Canyon  0.88% 0.76* 0.33 0.27
Landscape Site 0.92 0.95 0.24 0.22
Canyon  0.89 0.89 0.25 0.19

P-values reflect whether a significantly different proportion of species or
occurrences was protected using same-taxon versus cross-taxon umbrellas.
*,0.05< P<0.10; **, P<0.05.

the Shoshone Mountains was marginally significant. The
mean proportion of occurrences protected using cross-taxo-
nomic umbrellas did not differ significantly from the mean
proportion of occurrences protected using umbrellas from
the same taxonomic group (Table 5). Although the power of
our statistical tests was relatively low (see Section 2), we
note that the greatest difference among proportions that was
not identified as statistically significant was 0.11, and most
differences were much smaller (Table 5).

3.3. Spatial transferability

The spatial transferability of umbrella species identified
using the umbrella index appeared to be relatively high. In
only one case did umbrella species identified using data
from a different mountain range protect a significantly lower
proportion of species than umbrella species identified using
data from the same mountain range (Table 6). Again, we
acknowledge low statistical power; the greatest difference
among proportions that was not identified as statistically
significant was (.16, and most differences were much
smaller (Table 6).

4. Discussion

Using presence/absence data and the umbrella index,
conservation practitioners can estimate the proportion of an
assemblage that will be represented if a certain proportion of
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Table 6
Spatial transferability of the umbrella index

Source of Spatial level  Proportion protected

data Shoshone Toiyabe Toquima

Birds

Shoshone Site [0.68] 0.64 0.66
Canyon [0.64] 0.64 0.45%

Toiyabe Site 0.54 [0.54] 0.54
Canyon 0.62 [0.54] 0.46

Toquima Site 0.58 0.60 [0.55]
Canyon 0.48 0.48 [0.45]

Butterflies

Shoshone Site [0.82] 0.80 0.84
Canyon [0.88] 0.88 0.80

Toiyabe Site 0.89 [0.89] 0.95
Canyon 0.87 [0.89] 0.89

Toquima Site 0.88 0.88 [0.83]
Canyon 0.88 0.88 [0.88]

Proportion of species that would be protected by conserving the one
segment per canyon or one canyon per mountain range with the greatest
number of umbrella species selected using data from either the same
mountain range (in brackets) or a different mountain range. In only one case
did umbrella species selected using data from another mountain range
protect a significantly lower proportion of species than umbrella species
selected using data from the same mountain range (*, P <0.05).

the landscape is protected. Our work suggests that using the
umbrella index to identify conservation areas encompassing
approximately 19% of the sampled landscape would confer
protection to 45-66% of the regional assemblage of birds
and 80-95% of the regional assemblage of butterflies. We
do not pass judgment on whether these proportions are
‘good enough’—the answer inevitably will depend on
context and the eye of the beholder. We do note, however,
that these proportions are considerably higher than those
that would be reflected in a random set of locations of
roughly equal area. Previous work suggested that although a
similar proportion of taxa would be protected by using
either a set of species identified with the umbrella index or a
randomly-selected set of species, the latter set of species
would require a larger proportion of the landscape to be
designated for conservation to achieve a given level of
species protection (Fleishman et al., 2001b). In other words,
application of the umbrella index appeared to maximize
species protection per unit of conserved area. In addition,
we emphasize our belief that it is preferable to employ a
suite of umbrella species rather than a single species in
conservation planning because stochastic and deterministic
environmental changes affect the distribution of many
organisms, often asynchronously (Lambeck, 1997; Fleish-
man et al., 2000).

The ability of one taxonomic group to confer protection
to another taxonomic group rarely has been testing using
field data. Several studies have found low correlation in
species richness among taxonomic groups at scales
associated with local management (Prendergast et al.,
1993; Chase et al., 1998; Rubinoff, 2001), although
evidence on correlation in species richness among

taxonomic groups at scales associated with ecoregional
assessment is more equivocal (Olson and Dinerstein, 1998;
Ricketts et al., 1999; Stein et al., 2000). Correlations
between species richness of different taxonomic groups
often increase as the spatial grain and extent of sampling
increase (e.g. Swengel and Swengel, 1999).

Earlier workers suggested that large-bodied vertebrates
with extensive home ranges and high sensitivity to human
disturbance had the greatest potential to serve as umbrella
species (Wilcox, 1984; Gittleman, 1986; Berger, 1997; Caro
and O’Doherty, 1999; Andelman and Fagan, 2000). The
area needed to conserve species with large home ranges
generally is expected to exceed the minimum area
requirements for viable populations of more sedentary
species and to include the food and other resources required
by the latter species. However, protection of the entire
geographic range of megavertebrates rarely is realistic.
Accordingly, we believe that species with intermediate rates
of occurrence are more likely to be effective umbrella
species in managed landscapes than widely dispersed
generalists—provided the former species also tend to co-
occur with a high proportion of co-occurring species and are
sensitive to human land use. Our work lends tentative
support to the argument that objectively selected umbrella
species in one taxonomic group can confer protection to
other taxonomic groups, especially butterflies and birds.
The potential cross-taxonomic effectiveness of umbrella
species almost certainly will be greater among groups that
are highly resource-limited (e.g. water is the most limited
resource in arid ecosystems, Huxman et al., 2004) and use
broadly similar resources. Resource limitation and
similarity of resource use, of course, may differ
geographically.

The spatial transferability of umbrella species seems
promising. It may be possible to save time and money by
developing an umbrella index using data from one portion
of an ecosystem and implementing the index throughout a
landscape provided biogeography and human land-use
history across the landscape are relatively similar.

Is the potential of birds to serve as umbrella species
lower than the potential of butterflies? On the one hand,
when we selected umbrella species using data from the
same taxonomic group, the proportion of birds protected
was much lower than the proportion of butterflies. On the
other hand, in neither taxonomic group was the proportion
of protected species reduced by using cross-taxonomic
umbrella species. In other words, birds appeared to protect
a higher proportion of a different assemblage than of their
own assemblage. This counterintuitive result likely reflects
that beta diversity of birds (i.e. between-habitat diversity
or dissimilarity of species composition) tends to be greater
than beta diversity of butterflies at all levels of sampling
resolution in this system (Mac Nally et al., 2004).
Although breeding birds in our study system have larger
home ranges than resident butterflies, birds may have
more specialized resource requirements related to
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vegetation structure and composition than adult butterflies
(Mac Nally et al., 2004).

Although the umbrella index appears to be a promising
method for identifying umbrella species, the merits of the
umbrella species concept may deserve more critical
inspection. First, as we noted earlier, merely restricting
human land-uses in conservation areas may not be sufficient
to protect native species; maintenance of species and
ecological processes may require active human interven-
tion. Second, if species richness and composition vary
considerably over time in response to stochastic or
deterministic environmental change, the proportion of
species present in conserved locations may decrease.
Using umbrella species to prioritize locations for conserva-
tion also does not account for potentially negative impacts
of activities in the locations not selected for conservation
(D. Spring, personal communication). Finally, identification
of umbrella species usually is based on presence/absence
data. For practical reasons, ‘counts’ or simply detections of
species often are emphasized throughout the process of
ecological assessment and monitoring. Inexperienced
observers may have insufficient knowledge or time to
collect unbiased data on abundance or population dynamics
(Link and Sauer, 1998), and predicting occurrence patterns
using relatively simple models is logistically more feasible
than collecting detailed demographic data (see Scott et al.,
2002). It is widely recognized, however, that presence/
absence data have limited utility for inferences about long-
term viability.

5. Conclusions

Few methods exist for a priori, quantitative selection of
umbrella species and other types of focal species. This study
and others have demonstrated that a transparent, quantitative
umbrella index can be adapted for different taxonomic
groups and ecosystems to maximize the proportion of species
protected per unit of conserved area (Fleishman et al., 2000,
2001b). The effectiveness of species identified using the
index does not appear to decay appreciably among taxo-
nomic groups or across the landscape. The future utility of
umbrella species concepts and methods ultimately depends
on the demand for conservation short-cuts and the degree to
which the effectiveness of such short-cuts can be validated.
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