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INTRODUCTION 

 Explanation of the distribution of species long has been a focus of theoretical and applied 

ecology (Ricklefs and Schluter 1993; Rosenzweig 1995; Scott et al. 2002). Subdisciplines 

including biogeography, landscape ecology and conservation biology address where species 

occur, the mechanisms that help generate those patterns, and the extent to which humans may 

intentionally or inadvertently influence species distributions. Studies of past, present and future 

distributions of species in the Great Basin have yielded landmark contributions to all of these 

fields (e.g., McDonald and Brown 1992; Murphy and Weiss 1992; Lawlor 1998; Grayson 2000). 

The theory of insular biogeography, for example, drew heavily from research in the montane 

�islands� of the Great Basin, isolated from the surrounding �sea� of sagebrush as the regional 

climate became warmer and drier after the Pleistocene (e.g., Brown 1971; Lomolino 1996). The 

flora and fauna of the Great Basin also featured prominently in the earliest forecasts about the 

biological effects of rising concentrations of carbon dioxide and other greenhouse gases (e.g., 

McDonald and Brown 1992; Murphy and Weiss 1992). Increasing awareness of natural and 

anthropogenic changes in the environment of the Great Basin has intensified efforts to obtain 

information that may be relevant to understanding, maintaining and restoring native species and 

ecosystems. 

 This chapter provides an overview of four approaches to studying and managing faunal 

distributions in the Great Basin: documentation of historical changes; development of 

explanatory and predictive models; application of surrogate species, such as indicators or 

umbrellas, as planning tools and use of island biogeographic theory to anticipate ecological 

effects of climate change. These approaches are illustrated using case studies of native fishes, 

butterflies and birds. Both single-species and multiple-species approaches are considered, and 
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the ability of each approach to provide improved guidance for management of ecosystem 

composition, structure and function is examined. 

It is vital not only to draw strong ecological inferences from scientific investigations but 

also to conduct research that is transferable in space and time and has practical applicability. 

Therefore, most of the work highlighted in this chapter has focused on links between target 

species and aspects of the physical environment, such as elevation or topographic heterogeneity. 

Digital spatial data are increasingly accurate and cost-effective. Because similar physical 

variables often are related to both faunal and floral diversity patterns at multiple ecological levels 

of organization�from individual species to assemblages, and across a range of spatial scales�

the focus of work presented here is particularly useful for synthetic research, management and 

restoration initiatives like the Great Basin Ecosystem Management Project. 

 

HISTORICAL CHANGES 

 Ecological understanding of faunal distributions and the ability to apply that knowledge 

in a predictive context can be improved by elucidating how species distributions shift in response 

to natural and anthropogenic environmental change. One clear strategy for acquiring that 

knowledge is to document shifts in biodiversity patterns through time and correlate those shifts 

with known environmental perturbations. In many cases, however, the quantity and quality of 

historical data are limited. Another promising tactic is to explore abiotic and biotic variables that 

may help explain and predict species distributions. 

Data on faunal distributions prior to the post-settlement period largely have been drawn 

from paleoecological evidence. Although fossil records are incomplete for most faunal groups, 

species distributions during the mid-late Holocene sometimes can be inferred from remains in 
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pack rat middens and from pollen deposits, which provide information on climate and the 

distribution of vegetation resources (Tausch et al., this volume). 

 Some knowledge of post-settlement faunal distributions has been drawn from historic 

(~1850 to 1950) and more recent field surveys. Unfortunately, issues related to access, survey 

methods and variation in species occurrence complicate efforts to assemble reliable databases on 

species distributions in the Great Basin. Historic presence records usually are credible, especially 

if the observer was a reputable naturalist, but lack of data rarely can be interpreted as a legitimate 

absence record. Much of the Great Basin is topographically complex and difficult to access by 

foot, let alone by vehicle. Consequently, historic survey efforts across the region were uneven, 

and records from museums and the archives of resource agencies may misrepresent species 

distributions across the entire Great Basin. Inaccessibility continues to plague contemporary 

surveys. Nonetheless, even basic presence data from faunal surveys throughout the twentieth 

century provided baseline information from which inferences can be drawn regarding historical 

changes in species distributions (e.g., Hubbs and Miller 1948; Brown 1971, 1978; Johnson 1978; 

Smith 1978; Dobkin and Wilcox 1986; Wilcox et al. 1986). Moreover, in the few cases in which 

historic photographs exist, repeat photography provides a novel and compelling way to �see� 

changes in vegetation over many decades (Figure 1). 

 A substantial body of ecological literature is devoted to survey protocols, allocation of 

sampling effort in relation to area and species richness and species-specific detection 

probabilities. But, when present-day surveys are compared to historical records, poor 

documentation of methods and observations can inhibit detection of faunal change. Two 

problems are especially prevalent in older data sets: failure to record absences (i.e., locations 

where species were not encountered) and, to a lesser extent, failure to record common species. 
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For example, it appears that relatively ubiquitous species were not recorded during surveys of 

butterflies in the Toiyabe Range in the 1930s (Fleishman et al. 1997). Furthermore, it is possible 

that species with particular sensitivity to post-settlement human disturbance were lost from the 

Great Basin before any occurrence records were obtained. 

 Temporal variation in the distributions of many animals, especially those with short 

generation times, also hampers documentation of faunal changes. Most biological surveys are 

relatively short-term, involving a few years or even a single year. Moreover, the distribution of 

many species varies through time in response to changes in weather, resource availability and 

interspecific interactions; the average magnitude of that variation differs among taxa (Pollard 

1988; Scott 1986; Fleishman et al. 1997). Thus, the point at which a �snapshot� of occupancy is 

taken can affect both estimation of current species richness and occurrence, and appraisal of 

subsequent changes. Accordingly, more temporally extensive data generally are expected to 

yield more accurate assessments (Hanski et al. 1996; Hanski 1999; Moilanen 2000). 

 Unfortunately, management decisions rarely can be delayed until detailed species records 

are available. Ecologists and managers, therefore, seek tools to guide land-use planning in the 

absence of complete information. Within an ecosystem, relationships between species 

distributions and major physical gradients should remain relatively consistent over time�at least 

from a human perspective, if not from an evolutionary or geological perspective�regardless of 

whether species distributions actually may have shifted in response to environmental change. 

The process of developing and testing hypotheses about key environmental variables that affect 

species distributions allows one to infer how proposed management and restoration might be 

reflected by future species distributions (Fleishman and Mac Nally 2004). If convincing data 

exist on past changes in ecosystem structure and function, then, to a limited extent, it also may be 
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possible to estimate potential historic faunal patterns. Thus, predictive models of species 

distributions and application of surrogate species are two of the most frequently touted short-cuts 

for setting management objectives and developing effective strategies to achieve those targets. 

 

PREDICTIVE MODELS OF SPECIES DISTRIBUTIONS 

 This section addresses methods to explain and predict two complementary aspects of 

species distributions: species richness (the number of species in a specified location) and 

occurrence (presence/absence) patterns of individual species. Species richness is an essential 

component of biological diversity with broad relevance to management and restoration 

(Stohlgren et al. 1995; Oliver and Beattie 1996; Longino and Colwell 1997; Ricketts et al. 1999). 

Species richness also is an intuitive variable that is easily understood by diverse stakeholders. 

Measures of species richness, however, do not directly address species composition (that is, 

which species are present). Moreover, variables that influence species richness may have little 

effect on the distributions of individual species. Rare or vulnerable species need not occur in the 

locations with greatest species richness, and the distributions of species of special concern may 

not overlap (Cody 1986; Thomas 1995; Fagan and Kareiva 1997; Freitag et al. 1997; Rubinoff 

2001). It is, therefore, important to explain and predict both species richness and occurrence 

(Margules and Pressey 2000). 

 Faunal distributions in the Great Basin, like many ecosystem-level phenomena in the 

region (Chambers et al., this volume; Germanoski and Miller, this volume; Miller et al., this 

volume), rarely have a stable or equilibrium state. Species that tend to occur in many small and 

ephemeral local populations with dynamics that are linked by limited dispersal (i.e., 

metapopulations; Hanski and Gilpin 1997; Hanski 1999) may require special management 
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consideration because maintenance of suitable but temporarily unoccupied habitat is critical to 

their long-term persistence. The relevance of spatial and temporal scale to relationships among 

species richness, species occurrence and environmental parameters is increasingly apparent 

(Smith et al. 1998). Explanatory or predictive models, however, may be valid only at one spatial 

or temporal scale�or for one location or time period (Wiens 1989; Cooper et al. 1998). Testing 

the extent to which such models are transferable in space and time is essential. 

 There is no single or ideal way to model species richness or occurrence. Instead, there are 

numerous complementary alternatives. Species richness or occurrence potentially can be 

explained as a function of variables related to the resource requirements of the assemblage or 

species of interest, such as food sources or percent cover of woody vegetation (Braithwaite et al. 

1989; Austin et al. 1990; Lindenmayer et al. 1990; Scott et al. 2002). Obtaining such data, 

however, can be time-consuming and expensive, particularly throughout extensive areas. 

 A second approach employs variables that can be quantified easily, at fine resolution and 

over large areas, using remote sensing data or geographic information systems (GIS) (Busby 

1991; Caicco et al. 1995; Neave and Norton 1998; Fleishman et al. 2001b). Data sets and 

methods for deriving these variables are increasingly available and affordable, and obtaining 

values for many variables does not require field visits (Austin et al. 1990; Guisan and 

Zimmerman 2000; Jackson et al. 2000). These are important practical advantages in the Great 

Basin. Species occurrence models built using remote sensing and GIS data are well-suited to 

restoration efforts because they easily can be linked with GIS-based models of alternative 

revegetated landscapes (Lambeck 1997; Bennett 1999; Huxel and Hastings 1999). Connecting 

occurrence models with revegetation models allows one to estimate the quantity and distribution 

of suitable habitat for each species that would be available under alternative scenarios. Thus, one 
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can gauge the overall potential of each alternative to achieve specified ecological objectives 

(e.g., Rieman et al. 2000). 

 A third popular alternative for explaining species richness�rarely tested empirically�is 

to employ �indicator� species, the presence of which is correlated with the richness of their 

taxonomic group (Kremen 1994; Pearson 1994; Prendergast 1997; Carroll and Pearson 1998). 

Reliable indicators of species richness, if they can be found (Niemi et al. 1997; Scott 1998), offer 

several practical benefits. For example, if the indicators are easier to detect�especially by 

inexperienced observers�than related species, it may be considerably faster and cheaper to 

monitor the indicators than to conduct comprehensive surveys (Gustafsson 2000). 

 

Case studies 

Species richness: butterflies.�Predictive models of species richness of butterflies in the central 

Great Basin have been developed as a function of (1) topographic and climatic variables derived 

from GIS and (2) the occurrence of certain �indicator� species (see page 16). From 1996�1999, 

standard methods were used to conduct comprehensive inventories of resident butterflies in 49 

locations in 10 canyons in the Toquima Range (Fleishman et al. 1998, 2000) . The Toquima 

Range data, which included 56 species of butterflies, were used to build the species richness 

models. 

 For each inventory location, GIS was used to derive 14 predictor environmental variables 

that reasonably might be expected to affect, thus to predict, butterfly distributions, including 

geographic coordinates, elevation, slope and aspect, area, precipitation, solar insolation, 

topographic exposure and heterogeneity and distance to the nearest source of permanent water 

(for a complete description see Fleishman et al. 2001b; Mac Nally et al. 2003). Squares of the 
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environmental variables also were used to accomodate potential non-linear responses (e.g. 

declines in species richness at extremes of a variable). 

 Ordinary multiple linear regression is not ideal for modeling richness data because the 

error distribution of richness data is expected to be Poisson rather than Gaussian (normal) 

(Cameron and Trivedi 1998). Species richness (the dependent variable) was fitted by using 

Poisson regression. With many independent variables, Schwarz�s information criterion (SIC, 

Schwarz 1978) is an effective and statistically robust method to identify the most efficient model 

(Mac Nally 2000). Every possible permutation of predictor variables is calculated and SIC for 

each is computed�the minimum SIC is sought. SIC is an �optimal� statistic, a compromise 

between model fit (ability to explain observed variation or deviance in the dependent variable) 

and model complexity (number of predictor variables). In addition, hierarchical partitioning was 

used to identify the most likely causes of variation in species richness (Chevan and Sutherland 

1991; Mac Nally, 2000). Hierarchical partitioning jointly considers all possible models and is 

designed to alleviate problems of multicollinearity among predictor variables. The increase in 

model fit associated with each predictor variable is estimated by averaging its additional 

explanatory power in all models in which that variable appears. 

 The model that was obtained suggested that species richness of butterflies in the central 

Great Basin can be predicted using just three variables that are easy to quantify across virtually 

any landscape: elevation, the square of elevation and a measure of local topographic 

heterogeneity. These variables were included in the minimum-SIC model and also had 

substantial independent explanatory power. The model explained 57% of the total deviance (the 

Poisson-regression equivalent of variance) of observed species richness of butterflies (Mac Nally 

et al. 2003; Figure 2). 
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 It is possible to infer why these particular variables were correlated with species richness. 

For example, species richness tended to increase as elevation increased, although a negative 

coefficient associated with the square of elevation indicated a flattening of the curve at lowest 

and highest elevations. Overall, the relationship between species richness and elevation probably 

reflects a gradient in climatic severity (Fleishman et al. 2000). In the Toquima Range, low 

elevations are dry, with few larval hostplants and adult nectar sources. Climate also may 

constrain species richness at higher elevations in the Toquima Range. Temperature, precipitation 

and wind conditions at high elevations often limit butterfly flight time and reproduction 

(Kingsolver 1983, 1989; Springer and Boggs 1986; Dennis and Shreeve 1989; Dennis 1993; 

Boggs and Murphy 1997). Nonetheless, because much of the Toquima Range is relatively low 

(below 3000 m), higher elevations are not extremely harsh for butterflies. Species richness of 

butterflies also increased with increasing topographic heterogeneity. Varied topography may 

support correspondingly diverse plant communities, may offer numerous locations for seeking 

mates and may provide shelter from extreme weather events (Scott 1986). 

 From 2000�2002, the same field methods were used to conduct inventories of butterflies 

in a total of 39 locations in eight canyons in the nearby Shoshone Mountains and to derive 

environmental variables for those locations. The Shoshone Mountains data will be used to test 

the predictions of the species richness model developed using data from the Toquima Range. 

 

Species occurrence: butterflies.�The same inventory data and topographic and climatic 

variables described in the species richness case study above were used to predict occurrence 

(presence or absence) of individual species of butterflies in the central Great Basin. Meaningful 

models were obtained for 36 of the 56 resident species of butterflies recorded from the Toquima 
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Range (Fleishman et al. 2001b). The models explained 8-72% of the deviance in occurrence of 

those species (mean = 34%, SD = 18%). 

 Validation data collected from the Shoshone Mountains in 2000�2001 were used to 

assess the success of the occurrence predictions. Predictions were relatively successful overall 

(73%), with success rates for predicted absences uniformly higher than for predicted presences. 

Increasing the temporal extent of data from one to two years elevated success rates for predicted 

presences, but decreased success rates for predicted absences, leaving overall success rates 

essentially the same. The latter result is not surprising because species composition in almost 

every ecological system is temporally variable to some extent. On one hand, it is possible that a 

species will be present at a study location in some years but absent in others, perhaps because 

weather conditions are unfavorable; thus, over time, the success of presence predictions should 

increase. On the other hand, many species eventually will appear as �accidentals� in locations 

that are outside their typical distributional range. Thus, the success of absence predictions is 

likely to decrease somewhat over time. 

 Although species occurrence rates (proportion of locations in which each species was 

found) were correlated between the modeling and validation data sets (Spearman�s rs = 0.56, P < 

0.001), occurrence rates for many species increased or decreased substantially, and erroneous 

predictions were more likely for those taxa (Figure 3). Model fit (measured by the proportion of 

explained deviance in the explanatory model) was an indicator of the probable success rate of 

predicted presences (rs = 0.59, P ≈ 0.005), but not of predicted absences or overall success rates. 

The difference in occurrence may be a temporal effect (different sets of years), a geographic 

effect (Toquima Range vs. Shoshone Mountains) or both. Ongoing work will allow for 
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discrimination among these effects, improving both ecological understanding and predictive 

capacity. 

 

Species occurrence: fishes.�Native fishes in the Great Basin fall into two general categories 

with respect to their patterns of distribution: isolated endemics, and widespread species that may 

be locally rare (Minckley and Deacon 1991). For isolated endemic species, the conservation 

strategy is relatively simple in concept�maintain or restore existing habitat, and consider 

translocations to provide insurance against local extirpations. For widespread species, developing 

an appropriate conservation strategy can be far more difficult, because managers must contend 

with a large number of local populations and potentially suitable patches of habitat. Time and 

money always are limited, and typically can be allocated only to a small proportion of 

populations or habitat patches. 

 Much recent work in the Great Basin has focused on Lahontan cutthroat trout 

(Oncorhynchus clarki henshawi), a widespread taxon listed as threatened under the U.S. 

Endangered Species Act. The distribution of Lahontan cutthroat trout in the western Great Basin 

is related to both local and regional environmental gradients. Cutthroat trout in this region occur 

almost exclusively in small streams, ranging from less than one meter to six meters in width 

during summer low flows. Within occupied streams, the downstream distribution limit of 

cutthroat trout is related to three factors: perennial surface flow, maximum water temperature 

during the summer and the presence of non-native trout (Dunham et al. 1999, 2000, unpublished 

ms). Among streams, the elevation of the downstream distribution limits of cutthroat trout can be 

predicted by summer air temperature gradients. At the within-stream scale, however, summer air 

temperatures do not vary enough to be useful for predicting fish distributions. 
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 Although thermal gradients have predictable effects on the distribution of cutthroat trout, 

the effect of non-native trout on cutthroat trout appears to be less predictable. In some localities, 

cutthroat trout co-occur with non-native trout, but in other localities the distribution of cutthroat 

trout is dramatically decreased when non-natives are present. Non-native trout are believed to be 

a major cause of declines of cutthroat trout, but no single mechanism to explain their impact has 

been identified (Young 1995). 

 Watersheds that provide thermal conditions suitable for cutthroat trout exist throughout 

the western Great Basin, but local populations are most likely to occur in relatively large, 

interconnected stream reach (patch) complexes (Dunham et al. 1997, 2002). Most stream reaches 

with suitable thermal conditions are quite small or isolated, and do not currently support local 

populations. If the goal is to facilitate recovery of Lahontan cutthroat trout, then restoration of 

stream flows, restoration of suitable thermal conditions and eradication of non-native trout is 

especially important in smaller streams. Research on cutthroat trout demonstrates that the type 

and magnitude of threats to the persistence of native species can vary among localities. 

Information on these threats may be useful for spatially explicit prioritization of management 

actions (e.g., Rieman et al. 2000). 

 

SURROGATE SPECIES 

 Efforts to predict species richness and occurrence suggest that relatively simple models 

can be used effectively to understand and predict contemporary faunal distribution patterns. Data 

used to build and validate the models described above were collected using rigorous, 

standardized protocols implemented over many locations and years. Unfortunately, with limited 

time and money, it will be difficult to conduct efforts of similar magnitude for the full diversity 
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of faunal assemblages present in the Great Basin. Even relatively well-known taxonomic groups 

have not yet been surveyed comprehensively across the region. For example, since the early 

1990s, researchers have detected many populations that earlier workers did not observe, 

including mammals in select mountain ranges (Grayson and Livingston 1993; Lawlor 1998; 

Grayson 2000; Grayson and Madson 2000) and native fishes in isolated stream systems 

(Hepworth et al. 1997). For lesser-known faunal groups, many species are still being described 

(Weaver and Myers 1998; Hershler 1998, 1999; Kulkoyluoglu 2000; Christopher and Fugate 

2001). It is unlikely that exhaustive inventory data will be available for most taxonomic groups 

in the Great Basin within the foreseeable future. A popular suggestion for addressing this 

dilemma is to use surrogate species. 

 In theory, some species can serve as reliable and cost-effective measures of other 

variables that are difficult and expensive to measure directly, including total species richness; 

ecosystem functions, such as primary productivity, rates of nutrient cycling, and water flows; or 

ecosystem �integrity� (e.g., Franklin 1988; Noss 1990; Angermeier and Karr 1994; Lindenmayer 

et al. 2000). This reasoning has led to a variety of �surrogate species� concepts (Caro and 

O�Doherty 1999), including umbrellas (Andelman and Fagan 2000; Fleishman et al. 2000), 

indicators (Landres et al. 1988; Noss 1990; Landres 1992; Lindenmayer 2000), ecosystem 

engineers (Jones et al. 1994, 1997; Coleman and Williams 2002; Reichman and Seabloom 2002), 

keystone species (Mills et al. 1993; Fauth 1999), flagship species (Leader-Williams and Dublin 

2000) and focal species (Lambeck 1997; Zacharias and Roff 2001) (Table 1). 

 Experimental evidence to validate the utility of surrogate species is sparse. This is not 

surprising because the lack of resources for inventories, monitoring and research is a primary 

motivation for using surrogate species. Furthermore, guidance on how to select effective 
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surrogate species is lacking, and there have been few efforts to identify specific management 

scenarios in which surrogate species are most likely to be useful. As the following case studies 

from the Great Basin illustrate, workers have begun to address these issues by developing 

objective methods for selection of umbrella and indicator species. 

 

Case studies 

Umbrella species.�The concept of umbrella species�species whose conservation might confer 

a protective �umbrella� to numerous other species�is straightforward and appealing. It is often 

faster and cheaper to sample a few species than to inventory an entire assemblage. Therefore, 

umbrella species should reduce the time and money that must be invested in collecting data to 

prioritize land use alternatives. 

 Selection of umbrella species ought to be prospective; in practice, it almost always has 

been retrospective. Species typically have been suggested as umbrellas not on the basis of their 

geographic distribution or life history, but because they are legally protected. As a result, 

conservation biologists and land managers have been restricted to asking�after the fact�

whether additional species will benefit from the conservation of listed species.  

 Lahontan cutthroat trout, for example, are listed as threatened under the U.S. Endangered 

Species Act and are an element of aquatic ecosystems throughout much of the Great Basin. 

However, conservation of this species is not likely to be an effective mechanism for conserving 

many additional aquatic or amphibian species. Other native fishes in the Great Basin frequently 

have resource requirements or geographic ranges different from those of cutthroat trout. 

Moreover, many aquatic invertebrates (e.g., spring snails, ostracods, caddisflies) are poorly 

known, and often inhabit streams and springs that do not support fishes of any kind. In the face 
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of limited information on species� ecology and distributions, the best strategy for conserving the 

diversity of aquatic species native to the Great Basin may be to identify and protect 

representatives of a wide range of aquatic cover types (Palik et al. 2000) and to maintain known 

hydrological connections and distinct hydrological units whenever possible (Angermeier and 

Winston 1999).  

 On a more positive note, recent work on butterflies and birds suggests that effective 

umbrella species can be selected using objective ecological criteria (Fleishman et al. 2000, 

2001c). Ecologists have identified three key aspects of a species� distribution and biology�co-

occurrence of species, occurrence rate and sensitivity to human disturbance�that should be 

considered when selecting umbrella species. These three factors then were used to develop a 

numerical index that measures the potential of each species to serve as an umbrella for other 

members of its regional taxonomic group (Fleishman et al. 2000). 

 Perhaps the most important criterion for selecting umbrella species is co-occurrence�the 

proportion of species in the same group of animals or plants that is present where a potential 

umbrella species occurs. For example, an average of 78% of the butterfly species recorded from 

canyons in the Toiyabe Range occurred in the canyons in which the Apache silverspot butterfly 

(Speyeria nokomis apacheana) was present. Co-occurrence rarely has been considered explicitly 

in attempts to identify umbrella species. Instead, it often has been assumed that protecting 

species with large home ranges will conserve resources for species that have smaller home 

ranges. But species with large home ranges often are habitat generalists, and it may be 

impossible, and unnecessary, to protect all locations where they occur. Also, because species 

richness tends to vary considerably over small distances, conservation of only a portion of the 

area occupied by a species with a large home range may miss locations with the greatest species 
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richness. Therefore, selection of umbrella species should focus not on how many places a species 

occurs, but rather on how species-rich those places are. To illustrate, the Apache silverspot 

butterfly was present in just seven of the canyons that were surveyed. However, those seven 

canyons had greater average species richness of butterflies than did the 18 canyons occupied by 

the swallowtail butterfly Papilio rutulus. 

 Spatial distribution is the second criterion for selecting umbrella species. An ideal 

umbrella species is neither ubiquitous nor extremely rare, but instead falls between those two 

extremes. Ubiquitous species are unlikely to serve as effective umbrellas because they inevitably 

occur in many locations with relatively low species richness, and it is not feasible to protect all 

areas in which they are present. Rare species, too, are unlikely to serve as effective umbrellas 

because they occur in so few locations. 

 The third consideration for selecting umbrella species is sensitivity to disturbance. It is 

most useful to characterize sensitivity to human land-use, as opposed to sensitivity to natural 

phenomena, such as weather extremes, and it is presumed that sensitive species will provide a 

protective umbrella for other species that are equally or less sensitive to human activities. 

Different species may respond quite differently to similar disturbances, and even the same 

species may respond differently to different disturbances. Therefore, the index of sensitivity can 

be tailored to any taxonomic group or ecosystem (Fleishman et al. 2001c). For example, 

urbanization has considerable adverse influence on native birds in broadleaf forests in the eastern 

United States. Parameters such as nest height and territory size can be used to assess the 

sensitivity of birds to urbanization (Brown 1985; Ehrlich et al. 1988; Hansen and Urban 1992). 

By contrast, one of the primary human disturbances affecting butterflies in broadleaf forests is 

forest fragmentation. Sensitivity of butterflies to forest fragmentation can be assessed using 
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parameters such as larval host plant specificity and home range size (Garth and Tilden 1986; 

Scott 1986; Iftner et al. 1992; Loder et al. 1998). 

 Research suggests that umbrella species chosen with co-occurrence of species, 

occurrence rate and sensitivity to human disturbance in mind may be an efficient way to help 

achieve a target level of species protection (Fleishman et al. 2001c). Data on bird and butterfly 

species from three different ecosystems�chaparral, broadleaf forest and sagebrush steppe�

were used to test whether objectively selected �umbrella species� were more effective as 

umbrellas than randomly selected species. Results suggested that umbrella species could be used 

to identify a smaller subset of locations for conservation, while still protecting the same 

proportion of species. In other words, umbrella species can help choose where to locate 

competing land uses when the amount of land dedicated to conservation is limited. 

 Using an umbrella species drawn from one taxonomic group is not likely to help protect a 

large proportion of the species in other taxonomic groups. For instance, it may be possible to 

identify several species of birds whose conservation is likely to confer a protective umbrella to 

numerous co-occurring species of birds, but birds are unlikely to function as effective umbrellas 

for other taxonomic groups (also see Andelman and Fagan 2000; Rubinoff 2001). For butterflies 

and birds, umbrella species identified using objective methods were no more effective than 

randomly selected species for cross-taxonomic applications (Fleishman et al. 2001c, Figure 4).  

 

Indicator species.��Indicators� of species richness have distributions that are correlated with 

species richness of their taxonomic group (Kremen 1994; Pearson 1994; Prendergast 1997; 

Carroll and Pearson 1998). For butterflies in the Great Basin, it seemed that widespread species 

would not be useful for modeling variation in species richness (and so, would have little potential 
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to serve as indicator species), while restricted species, which occur at relatively few sites, often 

have highly specific ecological requirements that are not shared with many other species. 

Therefore, of the 56 resident species of butterflies recorded from the Toquima Range (see page 

7), only the 22 species occurring in ≥ 30% and ≤ 70% of our 49 study locations were considered 

as potential indicator species. Thus, species richness at each location, including the potential 

indicator species, was modeled as a function of the incidence of a set of indicator species drawn 

from those 22 species. 

 The modeling process identified a set of five indicator species whose incidences 

accounted for 88% of the deviance in butterfly species richness in the Toquima Range (Mac 

Nally and Fleishman 2002): Ochlodes sylvanoides, Everes amyntula, Euphilotes ancilla, 

Speyeria zerene and Coenonympha tullia. These five indicator species encapsulate a diversity of 

life-history characteristics found among the resident butterfly fauna of the biogeographic region. 

This may explain why this particular suite of species was so strongly associated with variation in 

species richness. For example, the phenologies of flight activity of the species span the field 

season. In addition, the group of indicator species includes taxa with varied larval hostplants. 

Two species feed on different genera in the family Poaceae and one each feeds on Polygonaceae, 

Fabaceae and Violaceae. 

 Predictions from the model based on these five indicator species were strongly correlated 

with observed values of butterfly species richness in 29 sites in the Shoshone Mountains 

(Pearson rank-correlation 0.799, Figure 5). More than 90% of the observed species richness 

values fell within the 95% credible intervals of the predictions. Although the number of indicator 

species contributed to overall species richness in the validation locations (maximum difference 

of four), this explained little of the difference between locations with the fewest and the most 
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species (32 species). The average absolute deviation was 3.6 species, but four sites contributed 

disproportionately to this deviation. The latter sites had from 7 to 14 fewer species than 

predicted, possibly because a drought cycle during the inventory period eliminated otherwise 

reliable sources of running or standing water in those sites. The average absolute deviation for 

the other 25 sites was just 2.7 species. A demonstrably effective model of species richness as a 

function of indicator species is one of several tools that may help to produce increasingly well-

informed strategies for addressing diverse management objectives. On a cautionary note, 

however, identification of appropriate and effective surrogate species frequently requires 

considerable research and validation. 

 

ANTICIPATING FUTURE DISTRIBUTIONS OF SPECIES 

 Desert ecosystems are thought to be highly responsive to environmental changes, 

including shifts in temperature and precipitation, invasion by nonnative plants, and altered 

disturbance regimes (Sala et al. 2000; Smith et al. 2000). For example, declines in species 

richness and changes in species composition of native plants and animals in the Great Basin are 

anticipated if recent climate change predictions�2�3û C increases in temperature, a 10% 

decrease in summer precipitation and a 15�40% increase in precipitation during other seasons 

(US EPA 1999)�prove accurate (McDonald and Brown 1992; Murphy and Weiss 1992; 

Grayson 2000; Fleishman et al. 2001a). Active partnerships among interdisciplinary teams of 

researchers and land mangers help to develop understanding of the effects of land-use and 

climate change in the Great Basin, and, in turn, to develop practical alternatives for maintaining 

and restoring sustainable ecosystems. 
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 Island biogeography frequently has been invoked to explain faunal distributions in 

montane ecosystems, in which many species have been isolated by elevation (Wilcox 1980; 

Myers 1986; Meffe and Carroll 1994; Guisan et al. 1995). In the Great Basin, island 

biogeography may help explain the composition of montane faunas and predict how those faunas 

will respond to climate change (MacArthur and Wilson 1967; Diamond 1975; Shafer 1990; 

McDonald and Brown 1992; Murphy and Weiss 1992; Boggs and Murphy 1997). Because mean 

air temperature decreases 0.6ûC with every 100 m increase in elevation, a 3ûC rise in average 

temperature might require a species to shift its distribution upward 500 m in order to track a 

specific thermal environment (Schneider et al. 1992). Forecasts about the effects of climate 

change in the Great Basin usually have assumed that (1) regional temperature will warm by 

roughly 3ûC, (2) vegetation zones will shift upward by 500 m, thereby decreasing in area, and (3) 

animals that are closely associated with particular vegetation zones likewise will move upward 

by 500 m (McDonald and Brown 1992; Murphy and Weiss 1992; Fleishman et al. 1998). 

Murphy and Weiss (1992), for example, estimated the number of butterfly species that would be 

extirpated by climate change on the basis of the species� associations with vegetation zones (e.g., 

piñon-juniper, alpine). Similarly, McDonald and Brown (1992) predicted that a 3ûC rise in 

temperature would lead to the extirpation of 9-62% of the montane mammals in various Great 

Basin mountain ranges and 21% of the mammals in the Great Basin as a whole. 

 Clearly, the vegetation-based scenario above simplifies both climatic changes and 

biological responses to those changes. To some extent, oversimplification of climate change 

scenarios is necessary to accommodate scientific uncertainty and model tractability (Sala et al. 

2000). Nonetheless, several caveats are worth noting. First, although resources for some animals 

are associated with a particular thermal zone, others have a comparatively opportunistic 
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distribution. The occurrence of a particular plant species, for instance, may be driven more by 

availability of water or certain soils than by elevation or temperature per se. Second, plant 

species have individual responses to climate change: a vegetational community does not move en 

masse (Gleason 1926; Huntley 1991; Tausch et al. 1993; Guisan et al. 1995; Risser 1995; Kupfer 

and Cairns 1996). As a result, it may not be possible to predict how resource distributions for 

various animals will change on the basis of predicted shifts in vegetation zones. Third, animals 

often require resources in addition to plants. 

 Relatively recent data from several taxonomic groups suggest that it may be appropriate 

to revise or expand earlier paradigms of Great Basin biogeography. For example, using an 

expanded set of data on mammals in the Great Basin, Lawlor (1998) found that present-day 

assemblages are considerably more dynamic than previously understood. Similarly, Fleishman et 

al. (2001a) found that while most species of butterflies in the Great Basin may persist at the 

regional level, the number of butterfly extirpations at the mountain range level may vary 

considerably among ranges. In ranges with an average crest elevation below ~3000 m, the 

magnitude of losses may depend on whether butterflies can exploit isolated, high-elevation 

peaks.  

 During the Middle Holocene, approximately 8000-5000 years ago, temperatures in the 

Great Basin were several degrees warmer than today (Van Devender et al. 1987). Thus, it might 

be expected that most of the montane species that currently inhabit the Great Basin would be 

able to tolerate the magnitude of climatic warming forecast over the next several centuries; 

species that were extremely sensitive to the effects of increased temperatures may already have 

been extirpated. However, it is not clear whether the Middle Holocene warming, which was 

caused by changes in solar insolation and accompanied by increases in summer precipitation, 
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will be comparable to projected patterns of climate change (Grayson 2000). In addition, faunal 

responses to climate change may depend in part upon the speed at which those changes occur 

and the extent to which not only the mean but also the variance in climate parameters increases 

(McLaughlin et al. 2002). 

 

MANAGEMENT AND RESTORATION IMPLICATIONS 

 The Great Basin is not a simple or generalizable system. Instead, as demonstrated 

throughout this volume, ongoing studies across diverse scales are revealing numerous 

complexities and exceptions that defy easy classification or management. Work on the fauna of 

the Great Basin strongly indicates that it is possible to increase the effectiveness of maintenance 

and restoration efforts�whether aimed at native species or ecosystem condition more broadly�

by evaluating both species-level attributes and ecosystem-scale system attributes. In many cases, 

as demonstrated in this chapter, exploring species responses to physical environmental variables 

is a powerful, practical method for explaining why faunal distributions may have shifted in the 

past�and for predicting how those distributions may be affected by future ecological changes, 

whether natural or anthropogenic. Meeting the wide range of management goals in the Great 

Basin, as in any ecosystem, requires adoption of an interdisciplinary approach that considers 

species diversity patterns in concert with ecological processes. 

 Synthesis of historic and contemporary data on faunal distributions, vegetation, and 

hydrology may contribute meaningfully to development of holistic management and 

conservation strategies. For example, there is considerable debate about the extent to which 

species diversity per se affects ecosystem processes such as primary productivity and nutrient 

cycling (Pimm 1991; Loreau 2000; Tilman 1999; Waide et al. 1999; Mittelbach et al. 2001). 
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Some authors have proposed that many species are functionally redundant�that they serve the 

same purpose with respect to ecosystem processes (Walker 1992). If so, species richness may 

provide evolutionary �insurance� in the event of long-term environmental change (Yachi and 

Loreau 1999; Tilman 2000; Loreau et al. 2001). In the short term, however, the number of 

species may be less critical than the functional ecological role that each species performs 

(Tilman et al. 2001). 

 Investigation of the functional role of species may prove particularly relevant to 

comprehensive restoration efforts. In many situations, revegetation and management of water 

flows largely will be sufficient to restore major ecological processes. Occasionally, however, a 

particular species affects key ecological processes to an extent that greatly exceeds what would 

be predicted from its abundance or biomass (Mills et al. 1993; Fauth 1999). Maintenance of such 

�keystone� species (see Table 1) may be critical to achieving restoration success.  

 Because large-scale disturbance regimes also help to maintain ecological processes, 

reinstating those perturbations often is considered to be a major restoration goal in its own right. 

Maintaining viable populations of some native species also may require reestablishment of 

natural cycles of fire (Covington et al. 1997; Fulé and Covington 1999) and flooding (Lake 1995; 

Smith 1998; Meretsky et al. 2000; Richter and Richter 2000). Clearly, manipulation of 

disturbance cycles, let alone restoration of historic patterns, can be prohibitively expensive and 

politically contentious. Although actions taken to return disturbance processes to an ecosystem 

may have variable success with respect to the status of target species (Sher et al. 2000; Walters et 

al. 2000; Swengel 2001; Gabbe et al. 2002), those actions have considerable ecological benefits 

at other levels. Efforts to understand interactions between the composition, structure and function 
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of ecosystems not only inform ecological theory, but are central to the development of effective 

management frameworks and strategies for ecosystem maintenance and restoration. 
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Table 1. Definitions of different categories of surrogate species. 

 

Category Definition 

umbrella Species whose conservation confers a protective umbrella to 

numerous co-occurring species. 

indicator  Species whose distribution, abundance, or population dynamics 

can serve as substitute measures of the status of other species or 

environmental attributes. 

keystone Species that significantly affects one or more key ecological 

processes or elements to an extent that greatly exceeds what would 

be predicted from its abundance or biomass. 

ecosystem engineer Species that, via morphology or behavior, modifies, maintains, and 

creates habitat for itself and other organisms. 

flagship Charismatic species that serves as a symbol to generate 

conservation awareness and action. 

focal species Species used, for any reason, to help understand, manage, or 

conserve ecosystem composition, structure, or function. 
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FIGURE LEGENDS 

Figure 1. Birch Canyon as photographed by members of the Linsdale expedition in the 1930s, 

and as photographed by Peter Goin in 2001. 

Figure 2. Fitted species richness versus observed species richness of butterflies in the Toquima 

Range. Fitted values are based on a model of species richness as a function of elevation, 

the square of elevation, and a measure of local topographic heterogeneity.  

Figure 3. Species occurrence rates (proportion of inventory locations in which each species was 

found) in the modeling-building (Toquima Range) versus validation (Shoshone 

Mountains) data sets (Spearman�s rs = 0.56, P < 0.001). 

Figure 4. Proportion of species in a given taxonomic group and ecosystem that would be 

protected using umbrella species from a different taxonomic group (open bars) versus 

species drawn at random from the same taxonomic group (black bars). Bfs, butterflies; 

shrub, coastal chaparral shrubland in California; forest, broadleaf forest in Ohio. 

Figure 5. Mean predicted species richness versus observed species richness values for all model 

validation sites in the Shoshone Mountains. Predictions were obtained using a model of 

species richness as a function of five �indicator� species.  
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FIGURE 1. Photograph of Birch Canyon (Toiyabe Range, Lander Co., NV) as taken by the 

Linsdale expedition in 1930, and rephotgraph of the same location by Peter Goin in 2001. 

Permission to use these images has been obtained from the Museum of Comparative 

Zoology, University of California, Berkeley and from Peter Goin. 
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FIGURE 2 
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FIGURE 3 
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FIGURE 4 
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FIGURE 5 
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