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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 determined 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 system, 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 identiWed 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 protection 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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Introduction
Strategies for protecting imperiled species consist of two primary approaches—protecting
habitat in reserves, which may or may not have been speciWcally 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 eVectiveness 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 Wrst 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 (Prendergast 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, biological 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. Nevertheless, 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 Wrst 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 administered by the U.S. Fish and Wildlife Service, has suVered problems, including large backlogs 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 occurrences 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 identiWed hot spots of imperiled
species occurrences as a Wrst 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 suYciently 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 diVerent laws
and mandates, they all roughly correspond to what others have classiWed as highly protected
areas (DuVy et al. 1999) or “status 1 and 2” areas as deWned 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 imperiled (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
classiWed 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 diversity, 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
(deWned 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 landowners, 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 identiWed 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 km2. This size was chosen to be large enough to smooth unsystematically 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 identiWcation 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 quantiWed the proportion 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.

1C

Biodivers Conserv

Results

Number of species

According to the Nevada Natural Heritage Database, there are 384 imperiled or critically
imperiled (G1, G2, S1, S2) species in Nevada. The NNHP database contained a total of
3,031 occurrences of these species with an average of just under 9 occurrences per species
and a range of 1–132 occurrences. Of these 384 imperiled species, nearly half, 180 (47%)
have no occurrences in reserves (Fig. 2). Species lacking occurrences in reserves were not
limited to species with only 1 or 2 overall occurrences, but also included 47 species with
Wve or more occurrences (Fig. 3). An additional 82 (21%) species have fewer than 50% of
occurrences in reserves, including 72 species with Wve or more occurrences (Figs. 2 and 3).
Most species, 313 (82%), have fewer than Wve occurrences in reserves (Fig. 4). A total of
122 (32%) species have greater than 50% of occurrences in reserves, including 55 that have
greater than Wve occurrences (Figs. 1 and 2).
Overall, there were 293 (76%) species with <25% or less than two occurrences in
reserves. Of these, 18 (6%) are protected as threatened or endangered species under the
Endangered Species Act and four potentially receive some protection through voluntary
conservation agreements. An additional 15 species are protected under the Endangered
Species Act, and have more than 25% and more than two occurrences in reserves.
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Fig. 2 Proportion of species occurrences in reserves for 384 imperiled species of Nevada
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Fig. 4 Number of species grouped by the number of occurrences in reserves
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Fig. 5 Proportion of hexagons with some reserve area by RWRI score

Of the 4,582 hexagons we designated in Nevada, 1163 (25.4%) contained records of
imperiled species with RWRI scores ranging from 0.035 to 16.4. The majority of hexagons
with imperiled species records (1,050, 90.3%) had scores of 0–1. One hundred and thirteen
hexagons had scores >1 and 26 had scores >2. Hexagons with a RWRI score >1 occupy
2.5% of Nevada and hexagons with a RWRI >2 occupy 0.6% of Nevada. The proportion of
hexagons with at least some area in a reserve generally increased with RWRI score (Fig. 5).
Based on hexagons with RWRI scores >2, we identiWed 19 hot spots of imperiled species locations in Nevada with four areas containing more than one hexagon (Fig. 1). Protection for these hot spots varied with the percent of the area protected ranging from 0 to 100%
with an average of 30% (Table 1). Less than half the area was protected in 13 of the hot
spots. Likewise, the percentage of imperiled species locations protected within hot spots
ranged from 0 to 100% with an average of 39%. None of the locations were protected in
seven of the hot spots and less than half of the locations were protected in 11 of the hot
spots. A substantial portion of points were protected within several hot spots even though
only a small percentage of the hexagon was protected, indicating a hot spot smaller than the
hexagon. In particular, 75% of the imperiled species were protected at Big Dune even
though only 11% of the hexagon area was protected and 33% of species locations were protected in Moapa Valley even though only 3% of the hexagon area was protected.
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Table 1 Hot spots of imperiled species in Nevada, percent of hot spot area protected, percent of reserve locations protected, and RWRI score
Place name

Reserve area (%)

Occurrences in
reserve (%)

RWRI score

1. Ash Meadows NWR
2. Spring Mountains
3. Moapa Valley
4. Duckwater Reservation
5. Steptoe Ranch
6. White Mountains
7. Rainbow Mtn Wilderness
8. Far South Egans Wilderness
9. Mount Rose
10. Pahranagat Creek
11. Muddy Mountains
12. Big Dune
13. Muddy River
14. Sand Mountain
15. Soldier Meadow
16. Railroad Valley
17. Crescent Dunes
18. Ruby Mountains
19. White River

79.0
62.3
2.8
0.2
0.0
36.7
96.6
50.6
35.0
0.1
50.0
11.3
1.6
0.0
100.0
5.3
0.0
2.5
29.3

97.3
49.0
34.2
0.0
0.0
62.5
100.0
66.7
18.8
9.1
77.8
100.0
0.0
0.0
100.0
0.0
0.0
0.0
71.4

16.4
6.5
6.2
4.6
4.0
4.0
3.4
3.2
3.2
3.0
2.6
2.5
2.5
2.4
2.3
2.1
2.1
2.1
2.0

Discussion
Our analysis found that a majority of the 384 critically imperiled and imperiled species in
Nevada are poorly represented in existing reserves, with 55% having less than 25% of
known occurrences found in reserves. Species occurrences in the NNHP database were not
systematically collected and survey eVort may have been biased by access, land ownership,
species appeal, funding or other factors. Despite this limitation, it is unlikely that many of
the species covered by this study have substantially more occurrences in reserves. By deWnition, imperiled species are narrow endemics or otherwise rare, and thus not likely to
occur in many additional areas. In addition, although location data from the Nevada Natural
Heritage Program was not systematically collected, substantial eVort has gone into ensuring that it is comprehensive and reliable.
Other studies have similarly found a poor correlation between reserves and imperiled
species (e.g. DuVy et al. 1999; Deguise and Kerr 2006), suggesting our Wndings are not
limited to Nevada. DuVy et al. (1999), for example, found that 75% of 32 rare vascular
plants had <50% of their locations in highly protected areas in Alaska, and Deguise and
Kerr (2006) found a lack of correlation between the density of reserves and species at risk
in Canada. More broadly, a number of studies have found that existing reserves fail to
include the full array of biological diversity (e.g. Margules and Pressey 2000; Scott et al.
2001; Pressey et al. 2002; Rodrigues et al. 2004).
Of species poorly represented in reserves, a minority (<8%) receive alternate protection
under the ESA or through voluntary conservation agreements. These Wndings indicate most
imperiled species in Nevada are not protected by either existing reserves or the ESA. One
roadblock to protection of these species is that the rate at which species are added to the
threatened and endangered list has dropped dramatically in the U.S. in the past 7 years.
From 1974 to 2000, an average of 47 species were listed per year. Since 2001, however,
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only an average of eight species per year have been listed, even though the budget for listing has steadily increased (Greenwald et al. 2005; USFWS 2007a). There are currently 280
species designated by the Fish and Wildlife Service as candidates for listing as threatened
or endangered, meaning the agency has suYcient information to indicate that listing is warranted, but that protection is precluded by other actions to protect species of a higher priority (USFWS 2007a). In Nevada, there are currently 10 candidate species, including species
such as the mountain yellow-legged frog (Rana muscosa), relict leopard frog (Rana onca)
and elongate mud meadows springsnail (Pyrgulosis notidicola), which have on average
been waiting for protection for 17 years (Greenwald et al. 2005). Protection of these species under the Endangered Species Act should be expedited.
A number of threats to Nevada ecosystems and imperiled species are on the rise and are
likely to impact species both inside and outside reserves. The human population has risen
by 25% since 2000 with corresponding increased demand for water in this arid region (U.S.
Census Bureau 2007). The Southern Nevada Water Authority, for example, is currently
moving ahead with plans to pump groundwater from a number of areas in the state, which
is expected to lower water tables in a number of reserve areas, such as Great Basin National
Park, as well as many non-reserve areas (SNWA 2007). This pumping is likely to impact
dozens of imperiled species included in this study, such as sporting goods tryonia (Tryonia
angulata), Devils Hole riZe beetle (Stenelmis calida calida), and Pahranaget Valley montane vole (Microtus montanus fucosus) (Deacon et al. 2007). Likewise, climate change is
already leading to changes in western U.S. environments (Mote et al. 2005; Stewart et al.
2005; Running 2006), and is likely a severe threat to imperiled species in Nevada regardless of their occurrence in a reserve. For these reasons, all of Nevada’s imperiled species
should be considered for protection under the ESA.
Imperiled species of Nevada would also beneWt from an expansion in existing reserves
to cover the 19 hot spots of imperiled species occurrences. The majority of imperiled species locations were unprotected in 11 of the 19 hot spots. Several of these unprotected hot
spots are threatened by recreation, urban development, livestock grazing, mining, invasive
species and other factors. OV-road vehicle use at Sand Mountain, for example, has more
than doubled since 1981, and is resulting in the destruction of habitat for rare species like
the Sand Mountain Blue ButterXy (Euphilotes pallescens arenamontana) (U.S. Fish and
Wildlife Service 2006). Adding these hot spots to Nevada’s reserves would require protection of a small fraction of the total area of Nevada and could potentially forestall the need
for additional protection for some of these species under the ESA and ultimately prevent
their extinction. Such an approach has already been used in Nevada. Ash Meadows
National Wildlife Refuge, which has the highest RWRI score, was protected as a refuge
speciWcally to provide protection for imperiled species, including the Devil’s Hole pupWsh
(Cyprinodon diabolis), Ash Meadows sunray (Enceliopsis nudicaulis var. corrugate), Ash
Meadows naucorid (Ambrysus amargosus) and others (see USFWS 2007b).
Rather than proposing a novel landscape scale system of reserves (see Margules and
Pressey 2000; Cabeza and Moilanen 2001; Fleishman et al. 2006), we have identiWed individual areas that support greater diversity and occurrences of imperiled species to encourage their inclusion in local eVorts to create additional reserves. Such an approach may have
a greater chance of obtaining protection for imperiled species in the absence of political
will or legislation that would allow for creation of a new system of reserves across the landscape because it lends itself to opportunity based protective eVorts that typically do not
occur at a landscape scale. In general, reserve design and conservation planning should
work within the framework of existing laws and policies, which typically do not allow for
systematic designation of reserves across broad landscapes.

1C

Biodivers Conserv

In a world where threats, such as climate change and groundwater withdrawal, transcend
reserve boundaries, conservation planning should also focus on regulatory and legislative
protection for individual species because such protection is tied to where species actually
occur and encourages research and monitoring of individual species, often improving conservation. More eVort could be placed on identifying species most in need of regulatory and
legislative protection based on status, threats and lack of protection. In this paper, we have
taken a Wrst step in this direction by identifying imperiled species that are not currently covered by existing reserves.
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