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Abstract To assess whether imperiled species are covered by existing protections in the
biologically-rich state of Nevada, U.S.A., we compared the distribution of reserves with
known imperiled species occurrences. For species poorly represented in reserves, we deter-
mined whether they were receiving alternate protection under the U.S. Endangered Species
Act or voluntary conservation plans. A majority (212, 55%) of Nevada’'s 384 imperiled
species had fewer than 25% of occurrences in reserves and most (282, 68%) had fewer than
50% of occurrences in reserves. Of imperiled species with less than 25% or fewer than two
occurrences in reserves, only 9% are currently receiving alternate protection from the
Endangered Species Act or voluntary plans. These results suggest that providing protection
for imperiled species in Nevada will require both an expansion of the existing reserve sys-
tem, which currently covers 14% of the state, and protection of more species under the
Endangered Species Act or other programs. By dividing Nevada into equal-sized hexagons
and scoring each of these hexagons based on a rarity-weighted richness index of imperiled
species occurrences, we id&étil 19 imperiled species hot spots in Nevada. No imperiled
species occurrences were protected in seven (37%) and less than half were protected in 11
(58%) of these hot spots. Protecting these areas could provide important additional protec-
tion for imperiled species in Nevada. Evaluations of protective measures for biological
diversity should include the full suite of protections, including both reserves and laws and
regulations.
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Abbreviations
ESA Endangered Species Act

Introduction

Strategies for protecting imperiled species consist of two primary approaches—protecting
habitat in reserves, which may or may not have been specifically designed for this purpose
(Fleishman et al. 2006), or providing direct protection to the species in question through
regulation or policy, which in the U.S. primarily occurs under the auspices of the Endangered
Species Act (ESA). Although a number of studies have evaluated the effectiveness of reserves
for protecting various aspects of biological diversity from genes, to species, to ecological
processes (e.g. Scott et al. 2001; Pressey et al. 2002; Rodrigues et al. 2004; Gaston et al.
2006), this is the first study to evaluate whether the combination of reserves and regulations
cover known imperiled species.

Numerous methodologies for designing reserves to protect biological diversity have
been developed by conservation biologists (see Margules and Pressey 2000; Cabeza and
Moilanen 2001; Gaston and Rodrigues 2003; Siitonen et al. 2002; Rothley et al. 2004). To
date, few large-scale reserve systems have been created utilizing such methods (Prender-
gast et al. 1999; Fleishman et al. 2006). Rather, reserves have typically been designated
opportunistically based on local politics for a wide variety of reasons, including protection
of scenic quality, opportunities for solitude, pristine ecosystems and in some cases, biolog-
ical diversity (Fleishman et al. 2006). With a system of reserves designated over time under
a variety of laws, the state of Nevada, U.S. is no exception to the above pattern. Neverthe-
less, this system of reserves forms a primary basis for protecting biological diversity in
Nevada.

The ESA is widely acknowledged as one of the most comprehensive laws for protecting
species ever enacted (Bean and Rowland 1997; Soulé et al. 2005). Before species can
receive the substantial protections of the Act, they must first be formally added to the list of
threatened and endangered species and for this reason, listing of species is a key process
of the Endangered Species Act (Stanford Environmental Law Society 2001). Almost since
its inception, the program for listing of species, which for non-marine species is adminis-
tered by the U.S. Fish and Wildlife Service, has suffered problems, including large back-
logs of species known to require protection, lack of funding, and political interference in
listing decisions (Tobin 1990; Wilcove et al. 1993; Ando 1999; Greenwald et al. 2005).
These problems have resulted in long delays in species receiving protection and ultimately
in only a small percentage of imperiled species being protected to date (Greenwald et al.
2005).

In this paper, we assess the degree to which imperiled species in the state of Nevada are
covered by existing protections by comparing the distribution of imperiled species occur-
rences from the Nevada Natural Heritage Program with existing reserves. For species
poorly represented in existing reserves, we determined if they were receiving alternate
protection under the ESA or other measures. We further identified hot spots of imperiled
species occurrences as a first step towards identifying areas where protection in reserves
may help ensure the survival of imperiled species.

We used the state of Nevada, U.S. as a case study because with 14% of the state in
reserves, Nevada has a higher proportion of reserved land than most states or countries, and
thus is as likely as anywhere to have reserves that sufficiently protect imperiled species.
Nevada is also rich in biological diversity with more species than 40 other states and has a
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high rate of endemism, making it important for the conservation of biological diversity
both nationally and globally (Stein et al. 2000).

Methods

To create an overall coverage of reserves in Nevada, we obtained and combined Geographic
Information System layers for all reserves in Nevada, including designated wilderness,
wilderness study areas, national parks, national wildlife refuges, research natural areas, areas
of critical environmental concern, national conservation areas and Nature Conservancy
preserves (Fig. 1). Although these various designations were created under different laws
and mandates, they all roughly correspond to what others have classified as highly protected
areas (Duffy et al. 1999) or “status 1 and 2” areas as defined by the “Gap Analysis Project,”
meaning that most or all activities that result in resource degradation are prohibited and they
are managed to maintain natural character (USGS National GAP Analysis Program 2005;
Strittholt et al. 2006).

To quantify the degree to which imperiled species occur in existing reserves, we obtained
data from the Nevada Natural Heritage Program (NNHP) on occurrences of critically imper-
iled (G1 or S1) and imperiled (G2 or S2) species and determined the number and proportion
of occurrences in reserves for each species (for a complete description of how species are
classified as critically imperiled and imperiled see: http://www.natureserve.org/explorer/
ranking.htm). We chose to focus on species rather than another aspect of biological diver-
sity, such as ecological communities or processes, because species are discrete entities for
which there is available occurrence data (see Fleishman et al. 2006 for further discussion)
and because existing laws to protect biological diversity, such as the Endangered Species
Act, focus on species.

For critically imperiled and imperiled species that were poorly represented in reserves
(defined as <25% of occurrences in a reserve or two or less occurrences in a reserve), we
determined whether they were protected by the Endangered Species Act or voluntary state
conservation plans. Such plans have been enacted by the Nevada Department of Wildlife
for a number of species and are voluntary agreements committing the state, private land-
owners, the U.S. Fish and Wildlife Service, and other partners to take various actions to
conserve species (see http://www.ndow.org/wild/conservation/).

We identified hot spots of known occurrences of imperiled species, and determined
whether these hot spots overlap with existing reserves. Following methodology outlined in
Chaplin et al. (2000), we divided Nevada into equal area hexagons as our analytical unit,
ensuring comparison of equally sized areas. We chose to use hexagons that are 5 km on a
side for a total of 64.9 km®. This size was chosen to be large enough to smooth unsystemat-
ically collected data, but small enough to avoid inclusion of multiple habitat types, helping
to ensure that variation in the distribution of imperiled species as it actually occurs on the
landscape drives identification of the hot spots, rather than placement of the hexagons.

Within each hexagon, we assigned each imperiled species occurrence a score, or weight,
based on the inverse of the number of hexagons occupied by the species (Chaplin et al.
2000). If a species occurs in only one hexagon, that species receives a score of 1 for each
occurrence in a hexagon. If a species occurs in 20 hexagons, then that species receives a
score of 0.05 for each location in a particular hexagon. The sum of all individual species
scores in a hexagon, referred to as the “rarity weighted richness index” (RWRI) score,
provides an index of imperiled species richness that factors in the importance of the area to
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Fig. 1 Hot spots of imperiled species locations and reserves in the state of Nevada, USA

the survival of the individual species, as determined by how many other hexagons in which
they occur (Chaplin et al. 2000).

For hexagons with RWRI scores >0.0, we determined whether any of the hexagon was
protected in a reserve. For hexagons with RWRI scores >2.0, we also quantified the propor-
tion of imperiled species locations protected in reserves. We considered areas with an
RWRI >2 to be hot spots based on their infrequency and substantial number of unique
imperiled species.
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