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Abstract: In the U.S. National Biological Service's gap analysis, potential distributions of terrestrial verte- 
brate species are based on the synthesis of wildlife habitat relation data and then modeled using a vegetation 
cover map derivedfrom Landsat Thematic Mapper imagery. Using long-term species lists from eight National 
Parks in Utah, we evaluated the adequacy of the wildlife habitat relations data generated by gap analysis in 
predicting species distributions at landscape scales. Omission and commission error rates were estimated for 
major taxonomic groups and for each national park. Depending on the taxonomic group, omission error 
rangedfrom 0 to 25%, whereas commission error rangedfrom 4 to 33%. Error rates were highest in amphib- 
ians and reptiles and lowestfor birds and mammals. In general, the error rate declined as the size of the park 
increased. The Utah wildlife habitat relation models performed well when used to predict the presence or ab- 
sence of terrestrial vertebrates in eight national parks in Utah and should provide valuable information for 
making conservation decisions. They also provide a measure of supportfor the use of these models within the 
gap analysis framework. Although it is likely that accuracy of wildlife habitat relation models will vary from 
state to state, and even considerably within a state, the modeling process seems robust enough to provide a 
reasonably high level of accuracy for use in conservation planning at the ecoregion level. 

La adecuaci6n de los modelos de relaci6n del habitat de la vida silvestre para estimar la distribucion espacial de los 
vertebrados terrestres 

Resumen: En el andlisis de intervalos del Servicio Biol6gico Nacional de los Estados Unidos, la distribuci6n 
potencial de las especies de vertebrados terrestres estdn basadas en la sintesis de los datos de relaci6n del 
h4bitat de la vida silvestre y en el modelado a partir de mapas de cobertura de vegetaci6n derivados del "The- 
matic Mapper" de las imagenes "Landsat." Utililizando la lista de especies de ocho Parques Nacionales en 
Utah, evaluamos la adecuaci6n de los datos de relaci6n del habitat de la vida silvestre generadospor el andli- 
sis de intervalos para predecir la distribuci6n de las especies a escala de paisaje. Los porcentajes de los errores 
de omisi6n y de comisi6nfueron estimados para los mayores grupos taxon6micos y para cada Parque Nacio- 
nal. Dependiendo del grupo taxon6mico, el error de omisi6n estuvo entre el 0 y el 25% mientras que el de 
comisi6n oscil6 entre el 4 y el 33%. Las tasas de error mds altas correspondieron a los anfibios y reptiles, 
mientras que las mas bajas_fueron para los paros y mamfferos. En general, las tasas de error declinaron en 
la medida en que el tamanto delparque se incremento. los modelos de la relaci6n del hdabitat de la vida silves- 
tre para Utaho se desempeniron bien cuando fueron utilizados para predecir la presencia o ausencia de los ver- 
tebrados terrestres en ochoo parques nacionales de Utaho y deberfan brindar informaci6n valiosa para la toma 
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264 Wildlife Habitat Relation Models and VertebrateDistribution Estimates Edwards et al. 

de decisiones en materia de conservaci6n. Estos modelos tambien proveen una medida de apoyo para la uti- 
lizaci6n de los mismos dentro del marco del analisis de intervalos. Si bien la exactitud de estos modelos de la 
relaci6n del hdbitat de la vida silvestre var/an de un estado a otro, como asi tambie'n dentro de un mismo es- 
tado, elproceso de modelado parece ser suficientemente robusto como para proveer un nivel rasonablemente 
alto de exactitudpara que sean utilizados en la planificaci6n para la conservaci6n a nivel de ecoregiones. 

Introduction 

Biologists have long used knowledge of animal life-his- 
tory attributes to model animal ecology. A common ap- 
proach is to model animal habitat by linking known hab- 
itat-use patterns with maps of existing vegetation, thereby 
identifying the spatial extent of important habitat fea- 
tures for use in conservation and management (Verner 
et al. 1986). These kinds of models transcend a variety of 
different scales and purposes, ranging from species-spe- 
cific Habitat Suitability Index models (Schamberger et al. 
1982) to multiple-species wildlife-habitat matrices (Ver- 
ner & Boss 1980) to spatially explicit descriptions of ani- 
mal distributions for conservation planning (Scott et al. 
1987). Kinds and uses of different modeling approaches 
are outlined in texts by Verner et al. (1986) and Morri- 
son et al. (1992), and they should be examined for addi- 
tional information on habitat modeling. 

As conservation efforts begin placing greater emphasis 
on landscape scales, there is need to make better use of 
site- and species-specific habitat relation models in pre- 
dicting broad-scale spatial distributions of animal spe- 
cies. Much of this need centers on the often conflicting 
uses of resources on public and private lands and on de- 
sires to ensure the continued maintenance of biological 
diversity. Calls for maintaining biological diversity are an 
explicit recognition that biological loss occurs at a vari- 
ety of different levels, ranging from genes to species to 
biomes. Efforts to maintain this diversity must be ap- 
plied to all these levels, not just to endangered species 
(Noss 1991; Scott et al. 1991). Gap analysis is one ap- 
proach used by the U.S. National Biological Service and 
cooperating Agencies for assessing the current status of 
biological diversity at all levels. It provides a systematic 
approach for evaluating the protection afforded biologi- 
cal diversity in given areas. It uses geographic informa- 
tion systems (GIS) to identify "gaps" in biological diver- 
sity protection that may be filled by the establishment of 
new preserves or changes in land-use practices (Edwards 
et al. 1993; Scott et al. 1993; Edwards & Scott 1994). 

The National Biological Service gap analysis consists of 
three primary layers in a GIS: (1) the distribution of ac- 
tual vegetation cover- and land-use types as delineated 
from satellite imagery; (2) land ownership and manage- 
ment status; and (3) distributions of terrestrial verte- 
brates as predicted from the distribution of vegetation 
and known observations. Within the GIS, overlays of an- 

imal distribution and land ownership can be used to esti- 
mate the relative extent of protection afforded verte- 
brate animals. A crucial assumption of gap analysis is 
that mapped vegetation accurately describes the spatial 
distribution of terrestrial vertebrates. Historically, ap- 
proaches to mapping species distributions included dot- 
distribution maps, grid-based maps, hybrid dot-distribu- 
tion and range maps, and range maps (Scott et al. 1993). 
These methods rely only on the location of specimens 
and typically include no information on the ecological 
conditions, such as vegetation, that favor presence of 
the species. Using vegetation as a surrogate to model the 
presence of animals has limitations (Verner et al. 1986; 
VanHorne & Wiens 1991; Morrison et al. 1992) but does 
provide enhancement over the traditional approaches to 
mapping described above. Because the process does not 
rely only on known locality records, unsampled areas 
can be included in predictive models. Coupling known 
locations with those predicted from vegetation can lead 
to refined maps of species distribution which can then 
be used for bioregional conservation planning. Given 
sufficient samples, the distributions can be mapped as a 
series of probability or density isoclines (e.g., kriging; 
see Kemp et al. 1989; Schotzko & O'Keefe 1989). 

We examine the assumption of gap analysis that 
mapped vegetation, when linked with wildlife-habitat 
relation (WHR) models, accurately describes the spatial 
distribution of terrestrial vertebrates. To assess the po- 
tential shortcomings of using vegetation as a surrogate 
for animal distributions, we compared separately de- 
rived species lists from eight national parks in Utah to 
the predictions generated from Utah gap analysis. Data 
from the parks were not used during development of 
the WHR models for Utah gap analysis. Omission and 
commission error rates were calculated for four major 
taxonomic groups, amphibians, birds, mammals, and 
reptiles. Error rates were further explored to determine 
whether the pattern of error was associated with differ- 
ent animal life-history attributes. Error was also com- 
pared to park size to determine if it varied as a function 
of park area. 

Methods 

Data on life-history attributes and distributional informa- 
tion for every terrestrial vertebrate in Utah were ob- 

Conservation Biology 
Volume 10, No. 1, February 1996 

This content downloaded from 195.221.106.25 on Fri, 08 Aug 2014 12:31:56 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


Edwards et al. Wildlife Habitat Relation Models and Vertebrate Distribution Estimates 265 

tained from a variety of sources, including published and 
unpublished literature, museum and federal and state 
agency records on distributions, and individuals with ex- 
pert knowledge on a particular species (Foster 1988; 
Foster & Shrupp 1991). Information was collected on a 
total of 524 species, including 313 birds, 130 mammals, 
66 reptiles, and 15 amphibians. Not surprisingly, the ex- 
act number of species by taxonomic group varied 
among agencies with management responsibilities in 
Utah. Given that gap analysis is a state-based information 
system, we selected the species list accepted by the 
State of Utah Division of Wildlife Resources (UT DWR, 
1596 W. North Temple, Salt Lake City, UT 84116). This 
does not imply that life-history and distributional infor- 
mation was not collected on species not included in the 
UT DWR list. To the contrary, information was collected 
on all species, including nonbreeding migrant birds, un- 
verified or occasional species, and those few species ex- 
tirpated from Utah but still found in the Intermountain 
West (e.g., gray wolf, Canis lupus). For purposes of gap 
analysis, however, and the analyses presented here, only 
the list recognized by the UT DWR was used. 

The information collected on species-specific habitat 
relations was as detailed as possible. Given uncertainties 
about the number and types of cover types to be derived 
from the vegetation mapping, we elected to associate spe- 
cies with recognized cover types during data base cre- 
ation. These cover types included forest types recognized 
by the Society of American Foresters (Eyre 1980), poten- 
tial natural vegetation classes derived by (Kuchler 1964), 
and land-use classes defined by the UT DWR. Additional 
data collected included gross distribution of species by 
latitude-longitude block (birds, Walters & Sorenson 1983; 
amphibians and reptiles, Schwin & Minden 1979) or 
county (mammals, Durrant 1952); ecoregion designation 
(Bailey 1995) with information on slope and elevation; 
National Wetlands Inventory class (Cowardin et al. 1979) 
(where appropriate); structural stage for each cover type 
used by the species; and season of use. Animal-habitat as- 
sociations were noted for all habitat types, even if the 
type was clearly outside of Utah and the surrounding In- 
termountain West. Once the WHR models were com- 
plete, wildlife-habitat associations were cross-walked into 
the mapped cover types (for details on vegetation cover- 
type mapping and validation see Ramsey et al. 1992, 
1993; Edwards et al. (in press); Homer et al. 1995). 
Animal distributions were predicted by intersecting 

gross distribution, elevation, and cover-type associations 
from the species-specific WHR models. One problem 
with use of species- habitat associations is the overpre- 
diction of the total area potentially occupied by the ani- 
mal. For example, numerous amphibians had references 
indicating association with a broadly defined cover type 
(e.g., blackbrush, Coleogyne ramosissima), even though 
it is clear that this species was principally associated 
with water bodies found within blackbrush. Similar 

problems exist with bats and other cave-dwelling spe- 
cies whose specific habitat is essentially a point location 
within a broadly defined cover type. 

Data from eight national parks in Utah were not in- 
cluded in the development of the WHR models and 
were reserved to assess the adequacy of the WHR mod- 
els in predicting the presence of species (Fig. 1). A list of 
gap-predicted species for each park was created by in- 
tersecting cover-type polygons and animal-species distri- 
butions based on the WHR models within each park 
boundary. This list was compared to a park-generated 
matrix of species observed in each park. Data included 
in the park species lists were obtained from a variety of 
sources. These data were compiled using information 
contained within the park resources, such as wildlife ob- 
servation cards and faunal collections, if present. We in- 
cluded park-specific unpublished reports and checklists 
and some published documents (Rado 1975; Atwood et 
al. 1980). Prior to our use the park species lists were re- 
viewed by researchers who were familiar with the fauna 
in each of the national parks. 

Omission and commission error rates were used as in- 
dicators of the strength of the Utah gap analysis WHR 
models. Errors of omission were defined as the percent- 
age of species not included on the gap-predicted list but 
present on the corresponding park-generated list. Con- 
versely, an error of commission measured the percent- 
age of species incorrectly included on the gap-predicted 

1 Arches NP 29,739 ha 

2 Bryce Canyon NP 14,571 ha 

3 Canyonlands NP 135,078 ha 

4 Capital Reef NP 99,034 ha 

5 Glen Canyon RA 424,196 ha 

6 Hovenweep NM 160 ha 

7 Natural Bridges NM 3,071 ha 

8 Zion NP 59,900 ha 

4 

2 
87 6 

Figure 1. Location and size (ha) of eight park study 
sites in Utah. 
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list. Accuracy was defined as the percent of species pre- 
dicted from the gap analysis models and found in the 
corresponding park-generated list. Omission and com- 
mission error rates were further plotted against park size 
to determine if error varied as a function of park size. Be- 
cause information on use of each cover type by each an- 
imal species within each park was limited, we were un- 
able to evaluate specific cover-type use by species. Instead, 
we assessed only the presence or absence of species. 

Results 

A total of 481 of the 566 state-recognized species 
(84.9%) was predicted to occur in the eight national 
parks, representing 15 of 15 amphibians (100%), 315 of 
353 birds (89.2%), 110 of 131 mammals (83.9%), and 41 
of 67 reptiles (61.2%) in the state. Numbers of species 
found in the eight parks were 10 amphibians (66.7% of 
the state list), 282 birds (60.0%), 98 mammals (74.8%), 
and 46 reptiles (68.6%). 

Mean commission and omission error for four major 
taxonomic groups (amphibians, birds, mammals, rep- 

Table 1. Mean and standard deviation (SD) omission and 
commission error and accuracy of wildlife-habitat relation models 
predicted by gap analysis by taxonomic group for eight national 
parks in Utah. 

Commission Accuracy 
Omission (%lo) (/o) (/o) 

Group Mean SD Mean SD Mean SD 

Amphibians 16.07 8.45 14.51 6.23 69.42 5.41 
Birds 1.86 1.33 7.51 4.04 90.63 5.18 
Mammals 4.92 1.04 11.50 1.51 83.58 1.07 
Reptiles 9.99 1.94 11.57 4.50 78.44 4.59 

tiles) in eight national parks in Utah are shown in Table 
1. Within parks omission error ranged from 0 to 25% for 
amphibians, 0.7 to 6.4% for birds, 4.1 to 7.8% for mam- 
mals, and 7.2 to 18.8% for reptiles. Omission was lowest 
for birds and greatest for reptiles. Commission was simi- 
larly lowest in birds but was greatest in amphibians 
rather than reptiles (Table 1). Accuracy ranged from a 
high of 90.6% for birds to a low of 69.4% for amphibians. 

Omission and commission error varied considerably 
among parks and by taxonomic group (Fig. 2). Overall, 

Arches NP Bryce Canyon NP Canyonlands NP Capitol Reef NP 

Omission 

co 

0 

Ct: Glen Canyon NRA Hovenweep NM Natural Bridges NM Zion NP 
o C. 

Lll O 

co) 

A M B R A M B R A M B R A M B R 

Taxonomic Group 
Figure 2. Omission and commission error by nationalpark and taxonomic group (A = amphibians, B = birds, 
M = mammals, R = reptiles). 
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commission error was greater than omission error 
across all parks and taxonomic groups, with the excep- 
tion of amphibians and reptiles in Glen Canyon National 
Park (Fig. 2). Within taxonomic group, error rates 
tended to decrease from amphibians to reptiles to mam- 
mals to birds. Overall accuracy by taxonomic group 
ranged from 60.0 to 85.7% for amphibians, 81.1 to 
95.3% for birds, 78.2 to 84.8% for mammals, and 69.9 to 
83.2% for reptiles (Table 2). 

In general, omission and commission error decreased 
as park area increased (Fig. 3). Amphibian error was 
highest, but much of this scatter can be attributed to 
few amphibians per park (maximum of 11) and the re- 
sulting influence of single observations on the error 
rates. Park-by-park examination of error revealed no pat- 
tern based on guilds or other life-history attributes. 

Discussion 

The National Biological Service's gap analysis process re- 
lies on wildlife habitat relation models to link animals to 
mapped vegetation and then uses vegetation as a surro- 
gate for predicting potential spatial distributions of ter- 
restrial vertebrates (Scott et al. 1993). Once distributions 
are mapped, the information can be used as a coarse fil- 
ter for determining locations for new reserves or for 
other management purposes. Accordingly, an estimate 
of the uncertainty associated with use of WHR models is 
critical to use of gap analysis information in determining 
reserve locations or other management issues (Kareiva 
1993). 

Our analyses indicate that linkage of WHR models to 
mapped cover types and the subsequent prediction of 
vertebrate spatial distributions was fairly reliable in eight 
national parks in Utah. Accuracy ranged from a high of 
91% for birds to a low of 69% for amphibians. Error rates 
for amphibians and reptiles were greater than for birds 
and mammals, not an unexpected result given the diffi- 
culties associated with inventorying the former two tax- 
onomic groups relative to the latter two groups (see 

Heyer et al. 1994), and given a historical emphasis on 
birds and mammals., Further, data from the parks, al- 
though carefully screened by park biologists, were not 
specifically collected to answer the questions we posed. 
The lack of design directly linked to our question un- 
doubtedly resulted in undersampling for some rare and 
localized species, thereby contributing to our overall er- 
ror rate. 

In general, commission error was greater than omis- 
sion error. This indicates that our models tended to 
overpredict rather than underpredict the presence of an- 
imal species. Given that gap analysis is a tool for predict- 
ing geographic distributions of terrestrial vertebrates for 
use in conservation planning, we argue that commission 
is preferred over omission. As a measure of uncertainty, 
commission could arise from many factors, including dif- 
ficulties in detection among species (Mayfield 1981), 
bias associated with observers and sampling technique 
(Bart & Schoultz 1984), problems with rare species, and 
incomplete species lists from each of the parks we ana- 
lyzed. Although many of these problems can be over- 
come by establishment of rigorous inventory designs, it 
is virtually impossible to apply retroactively a rigorous 
design to data collected from numerous sources over ex- 
tensive time periods. From the perspective of conserva- 
tion planning, commission error can be considered risk- 
aversive. It is better to overpredict rather than underpre- 
dict. Omission, in contrast, represents species whose 
WHR models are inadequate in their predictive ability, 
and high omission leads to the potential exclusion of 
species from conservation plans. 

Several factors complicate the use of vegetation to 
predict the presence and absence of species (Scott et al. 
1993). Birds, for example, often respond more to vegeta- 
tion structure than to floristic composition (Cody 1985). 
Because gap analysis vegetation mapping in Utah relies 
principally on floristic composition rather than struc- 
ture, bird distribution maps may contain error. Gap anal- 
ysis assumes that within floristically defined vegetation 
classes the structural characteristics necessary to the 
bird do occur. 

Table 2. Number of commission errors (Ne), omission errors (N0), matches (Na) and accuracya for four taxonomic groups in eight national 
parks in Utah.b 

Amphibians Birds Mammals Reptiles 

Park N, No Na accuracy N, No Na accuracy N, No Na accuracy N, No Na accuracy 

Arches 2 0 4 66.7 25 4 145 83.3 7 3 42 80.8 4 3 16 69.6 
Bryce Canyon 1 1 6 75.0 36 6 181 81.3 9 5 77 84.6 3 2 19 79.2 
Canyonlands 1 1 7 77.8 28 7 185 84.1 7 5 63 84.0 5 2 21 75.0 
Capitol Reef 2 0 6 75.0 25 7 202 86.3 8 5 73 84.9 5 4 21 70.0 
Glen Canyon 1 2 6 66.7 11 2 259 95.3 12 4 81 83.5 3 4 32 82.1 
Hovenweep 2 0 5 71.4 19 10 126 81.4 7 4 40 78.5 5 3 21 72.5 
Natural Bridge 1 0 6 85.7 19 6 152 85.8 6 5 54 83.1 4 3 21 75.0 
Zion 2 2 6 60.0 27 13 249 86.2 12 4 74 82.3 5 3 30 78.9 
aPercent accuracy = [(Na/(Nc + No + Na)] X 100. 
bResults are based on a comparison of gap analysis-predicted and park-observed species lists. 
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A second complicating issue is differences in habitat 
breadth. Some species, like coyotes (Canis latrans), are 
generalists in their habitat. Others are restricted to a sin- 
gle habitat type. If an animal is associated with a single 
type, and that type can be mapped, gap analysis pro- 
vides an excellent predictor of range. If the type cannot 
be mapped because it is below the resolution of the 
cover map, it is difficult to discriminate from remote 
sensing techniques, or it is contained in another class, 
predicted range can be far from actual. Moreover, our 
ability to map habitat classes often exceeds the natural- 
history information available for a species. For example, 
Holland (1986) recognizes 375 plant communities in 
California. Many of the vegetation units differ only in the 
ratio of dominant to associated plant species. Although 
of interest to plant community ecologists, these differ- 
ences may or may not be of importance to animals. 

Although the number of plant communities can be 
high, natural-history data linking animals to specific 
communities is sparse for most species. This requires 
that mapped habitats be grouped into categories that 
correspond to the known information about a species. 
For example, the best information on a bird species may 

be that it is associated with coniferous forests. Given 
that at least seven mapped classes in Utah contain coni- 
fers, the potential distribution for that species is exceed- 
ingly general. 

With the exception of amphibians, error rates pre- 
sented here tended to decline as park area increased. 
There are several possible reasons for this observation. 
First, larger parks generally have better inventories of 
their flora and fauna than smaller parks (Stohlgren & 
Quinn 1992). Hence, the species lists we used to test our 
gap-predicted models might be more complete in the 
larger parks we evaluated, leading to lower error rates. 
Specifically, more-complete species lists in larger parks 
would reduce commission error, a generalization sup- 
ported by our data (Fig. 3). In addition, as area increases 
the likelihood of "capturing" more rare habitat types in- 
creases and the effects of habitat mapping error are 
likely to diminish. From the perspective of gap analysis, 
which is targeted at ecoregional levels, this tendency for 
error to decline as area increases suggests that the species 
modeling approach used in gap analysis is sufficient when 
applied to large areas. Extrapolation to local scales is 
problematic, however, and should be viewed with caution. 
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Although our analyses indicate that the WHR models 
were sufficient for predicting species presence in eight 
national parks in Utah, several problems still exist in 
evaluating the strength of gap analysis WHR models for 
Utah. First, no data exist to allow statistical evaluation of 
specific habitat associations for individual animal spe- 
cies. Our results are restricted to presence or absence 
within geographic regions only and draw no conclu- 
sions about habitat use. Second, our data sets were re- 
stricted to the Colorado Plateau region of Utah. No sys- 
tematically collected and reviewed data exist to permit 
testing of predicted animal distributions in the Wasatch- 
Uinta or Basin and Range ecoregions. Thus, the pre- 
dicted distributions of species not found in the other 
two ecoregions were not evaluated. Last, the combined 
effect of spatial error in the vegetation map, error in the 
WHR models, and error from potentially incomplete 
species lists in the parks is unknown. How error propa- 
gates when numerous information layers in a GIS are in- 
volved remains a fruitful area of research (Goodchild & 
Gopal 1989; Veregin 1989). 

A statistically reliable evaluation of specific habitat as- 
sociations is currently beyond the scope of Utah gap 
analysis and would require a long-term commitment of 
resources applied in a statistically rigorous design. Ide- 
ally, such efforts should be coordinated with existing 
federal, state, and private agencies to increase the scope 
of coverage for an area and to reduce costs and error as- 
sociated with incomplete inventories like those de- 
scribed by Stohlgren and Quinn (1992). Yet, even with 
the potential sources of error noted here, use of vegeta- 
tion as a surrogate for modeling animal species distribu- 
tions remains a powerful tool for the conservation and 
management of biological diversity. The Utah WHR 
models performed well when used to predict the pres- 
ence or absence of terrestrial vertebrates in eight na- 
tional parks in Utah and should provide valuable infor- 
mation for making conservation decisions in Utah. They 
also provide a measure of support for the use of WHR 
models within the gap analysis framework. Although it 
is likely that the accuracy of WHR models will vary from 
state to state and even considerably within a state, the 
WHR modeling process seems robust enough to provide 
a reasonably high level of accuracy for use in conserva- 
tion planning at the ecoregion level. 

Acknowledgments 

We thank D. Capen, M. Conroy, B. Csuti, F. Davis, T. B. 
Murphy, J. M. Scott, and two anonymous reviewers for 
their helpful comments. W. Johnson, formerly of the 
Utah Division of Wildlife Resources, deserves special 
thanks for answering questions about species-specific 
distribution. E. Deshler's efforts and funding were pro- 
vided by the National Park Service Inventory and Moni- 

toring Program. We thank all the park staff for their con- 
tributions to the park-specific data. This manuscript was 
prepared as part of the National Biological Service Gap 
Analysis Program, Utah Cooperative Fish and Wildlife 
Research Unit, Utah State University. 

Literature Cited 

Atwood, N. D., C. L. Pritchett, R. D. Porter, and B. W. Wood. 1980. 
Terrestrial vertebrate fauna of the Kaiparowits Basin. Great Basin 
Naturalist 40:303-350. 

Bailey, R. G. 1995. Description of the ecoregions of the United States. 
2nd edition. Miscellaneous publication no. 1391. U.S. Forest Ser- 
vice, Washington, D.C. 

Bart, J., and J. D. Schoultz. 1984. Reliability of singing bird surveys: 
changes in observer efficiency with avian density. Auk 101:307-318. 

Cody, M. L., editor. 1985. Habitat selection in birds. Academic Press, 
Orlando. 

Cowardin, L. M., V. Carter, F. C. Golet, and E. T. LaRoe. 1979. Classifi- 
cation of wetlands and deepwater habitats of the United States. 
FWS/OBS-79/31. U.S. Fish and Wildlife Service, Washington, D.C. 

Durrant, S. D. 1952. Mammals of Utah. Taxonomy and distribution. 
Publications 6. Museum of Natural History, University of Kansas, 
Lawrence. 

Edwards, T. C., Jr., and J. M. Scott. 1994. Use of gap analysis as a tool 
for the management of biodiversity. Pages 82-86 in I. D. Thomp- 
son, editor. Proceedings of the XXI Congress of International 
Union of Game Biologists, vol. 1. Canadian Forest Service, Chalk 
River, Ontario. 

Edwards, T. C., Jr., C. H. Homer, S. D. Bassett, and A. Falconer. 1993. 
Protection status of vegetation cover-types in Utah. Pages 463-465 
in E. T. LaRoe, G. S. Farris, C. E. Puckett, P. D. Doran, and M. J. 
Mac, editors. Our living resources. A report to the nation on the 
distribution, abundance, and health of U.S. plants, animals, and ec- 
osystems. U.S. National Biological Service, Washington, D.C. 

Edwards, T. C., Jr., C. G. Homer, S. D. Bassett, A. Falconer, R. D. Ram- 
sey, and D. W. Wight. 1995. Utah gap analysis: an environmental in- 
formation system. Technical report 95-1. Utah Cooperative Fish 
and Wildlife Research Unit, Utah State University, Logan. 

Eyre, F. H., editor. 1980. Forest cover types of the United States and 
Canada. Society of American Foresters, Washington, D.C. 

Foster, D. A. 1988. Utah wildlife information network workbook. Pro- 
cedures for describing fish and wildlife species in Utah. Utah Divi- 
sion of Wildlife Resources, Salt Lake City. 

Foster, D. A., and D. L. Shrupp. 1991. Ecosystem approach to wildlife 
habitat mapping. Pages 107-120 in Proceedings of the second an- 
nual fish and wildlife GIS workshop, Ft. Collins, Colorado. U.S. Fish 
and Wildlife Service, Washington, D.C. 

Goodchild, M., and S. Gopal, editors. 1989. Accuracy of spatial data- 
bases. Taylor and Francis Publishing, Philadelphia. 

Heyer, W. R., M. A. Donnelly, R. W. McDiarmid, L. C. Hayek, and M. 
Foster, editors. 1994. Measuring and monitoring biological diver- 
sity. Standard methods for amphibians. Smithsonian Institution 
Press, Washington, D.C. 

Holland, R. F. 1986. Preliminary descriptions of the terrestrial natural 
communities of California. State of California Department of Fish 
and Game, Sacramento. 

Homer, C. H., Ramsey, R. D., T. C. Edwards, Jr., and A. Falconer. (In 
press). Landscape cover-type mapping using a multi-scene TM mo- 
saic. Photogrammetric Engineering and Remote Sensing. 

Kareiva, P. 1993. No shortcuts in new maps. Nature 365:292-293. 
Kemp, W. P., T. M. Kalaris, and W. F. Quimby. 1989. Rangeland grass- 

hopper (Orthoptera: Acrididae) spatial variability: macroscale pop- 
ulation assessment. Journal of Economic Entomology 82:1270-1276. 

Kuchler, A. W. 1964. Potential natural vegetation of the conterminous 

Conservation Biology 
Volume 10, No. 1, February 1996 

This content downloaded from 195.221.106.25 on Fri, 08 Aug 2014 12:31:56 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


270 Wildlife Habitat Relation Models and Vertebrate Distribution Estimates Edwards et al. 

United States. Publication no. 36. American Geographical Society, 
New York. 

Mayfield, H. F. 1981. Problems in estimating population size through 
counts of singing males. Pages 220-224 in C. J. Ralph and J. M. 
Scott, editors. Estimating numbers of terrestrial birds. Studies in 
avian biology No. 6. Allen Press, Lawrence, Kansas. 

Morrison, M. L., B. G. Marcot, and R. W. Mannan. 1992. Wildlife-habitat 
relationships. Concepts and applications. The University of Wiscon- 
sin Press, Madison. 

Noss, R. F. 1991. From endangered species to biodiversity. Pages 227- 
246 in K. A. Kohm, editor. Balancing on the brink of extinction: 
the Endangered Species Act and lessons for the future. Island Press, 
Washington. D.C. 

Rado, T. 1975. 'I'he reptiles and amphibians of Hovenweep National 
Monument: a field checklist. Mesa Verde Museum Association, Mesa 
Verde, Colorado. 

Ramsey, R. D., J. D. Born, C. G. Homer, and T. C. Edwards, Jr. 1992. 
Thematic mapper vegetation mapping for the state of Utah. Pages 
148-157 in J. D. Greer, editor. Remote sensing and natural re- 
source management. Proceedings of the American Society of Pho- 
togrammetry and Remote Sensing, Bethesda, Maryland. 

Ramsey, R. D., C. G. Homer, and T. C. Edwards, Jr. 1993. Gap analysis 
land cover map for the state of Utah: a hierarchical data base. Pages 
298-306 in A. J. Lewis, editor. GIS, photogrammetry and modeling: 
looking to the future with an eye on the past. Proceedings of the 
American Society of Photogrammetry and Remote Sensing, Be- 
thesda, Maryland. 

Schamberger, M., A. H. Farmer, and J. W. Terrell. 1982. Habitat suit- 
ability index models: introduction. FWS/OBS-82/10. U.S. Fish and 
Wildlife Service. Washington, D.C. 

Schotzko, D. J., and L. E. O'Keefe. 1989. Geostatistical description of 
the spatial distribution of Lygus hesperus (Hepteroptera: Miridae) 
in lentils. Journal of Economic Entomology 82:1277-1288. 

Scott, J. M., B. Csuti, J. D. Jacobi, and J. E. Estes. 1987. Species rich- 

ness: a geographic approach to protecting future biological diver- 
sity. BioScience 37:782-788. 

Scott, J. M., B. Csuti, K. Smith, J. E. Estes, and S. Caicco. 1991. Gap 
analysis of species richness and vegetation cover: an integrated 
biodiversity conservation strategy. Pages 282-297 in K. A. Kohm, 
editor. Balancing on the brink of extinction: The Endangered Spe- 
cies Act and lessons for the future. Island Press, Washington, D.C. 

Scott, J. M., F. Davis, B. Csuti, R. Noss, B. Butterfield, S. Caicco, C. 
Groves, T. C. Edwards, Jr., J. Ulliman, H. Anderson, F. D'Erchia, and 
R. G. Wright. 1993. Gap analysis: a geographic approach to protec- 
tion of biological diversity. Wildlife Monographs No. 123. 

Schwin, M. A., and L. Minden. 1979. Utah reptile and amphibian lati- 
long distribution. Publication no. 80-1. Utah Department of Natu- 
ral Resources, Division of Wildlife Resources, Salt Lake City. 

Stohlgren, T. J., and J. F. Quinn. 1992. An assessment of biotic invento- 
ries in western U.S. National Parks. Natural Areas Journal 12:145- 
154. 

VanHorne, B., andJ. A. Wiens. 1991. Forest bird habitat suitability mod- 
els and the development of general habitat models. Fish and wildlife 
research 8. U.S. Fish and Wildlife Service, Washington, D.C. 

Veregin, H. 1989. A taxonomy of error in spatial databases. Technical 
paper 89-12. National Center for Geographic Information and Anal- 
ysis, University of California, Santa Barbara. 

Verner, J., and A. S. Boss. 1980. California wildlife and their habitats: 
western Sierra Nevada. General technical report PSW-37.U.S. For- 
est Service, Pacific Southwest Forest and Range Experiment Sta- 
tion, Berkeley, California. 

Verner, J., M. L. Morrison, and C. J. Ralph. 1986. Wildlife 2000. Model- 
ing habitat relationships of terrestrial vertebrates. The University of 
Wisconsin Press, Madison. 

Walters, R. E., and E. Sorenson, editors. 1983. Utah bird distribution: 
latilong study. Publication no. 83-10. Utah Department of Natural 
Resources, Division of Wildlife Resources, Salt Lake City. 

I~~~~ 

*~~~~~~w'/ 

Conservation Biology 
Volume 10, No. 1, February 1996 

This content downloaded from 195.221.106.25 on Fri, 08 Aug 2014 12:31:56 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp

	Article Contents
	p. 263
	p. 264
	p. 265
	p. 266
	p. 267
	p. 268
	p. 269
	p. 270

	Issue Table of Contents
	Conservation Biology, Vol. 10, No. 1 (Feb., 1996) pp. 1-310
	Front Matter [pp. ]
	Editorial: The Naturalists Are Dying Off [pp. 1-3]
	Letters [pp. 4-7]
	Conservation Education
	Virtual Nature [pp. 8-9]

	Hybridization and the Extinction of Rare Plant Species [pp. 10-16]
	Effects of Changes in Biodiversity on Ecosystem Function in Tropical Forests [pp. 17-24]
	Assessing the Conservation Value of New Zealand's Offshore Islands [pp. 25-29]
	Plant Species Lost in an Isolated Conservation Area in Metropolitan Boston from 1894 to 1993 [pp. 30-39]
	Conservation and Management of a Threatened Madagascar Palm Species, Neodypsis Decaryi, Jumelle [pp. 40-52]
	Effect of Harvest on Leaf Development of the Asian Palm Livistona rotundifolia [pp. 53-58]
	Predicted Genetic Consequences of Strong Fertility Selection Due to Pollinator Loss in an Isolated Population of Primula sieboldii [pp. 59-64]
	The Biodiversity Integrity Index: An Illustration Using Ants in Western Australia [pp. 65-73]
	Soil Collembola Diversity, Endemism, and Reforestation: A Case Study in the Pyrenees (France) [pp. 74-84]
	Genetic Criteria for Establishing Evolutionarily Significant Units in Cryan's Buckmoth [pp. 85-98]
	Invertebrate Morphospecies as Surrogates for Species: A Case Study [pp. 99-109]
	Population Status of the Razorback Sucker in the Middle Green River (U.S.A.) [pp. 110-119]
	Mitochondrial DNA Variability in the Endangered Razorback Sucker (Xyrauchen texanus): Analysis of Hatchery Stocks and Implications for Captive Propagation [pp. 120-127]
	Molecular Evidence for a Unique Evolutionary Lineage of Endangered Sonoran Desert Fish (Genus Poeciliopsis) [pp. 128-135]
	Effect of Sea Urchin Reductions on Algae, Coral, and Fish Populations [pp. 136-154]
	A Comparison of Richness Hotspots, Rarity Hotspots, and Complementary Areas for Conserving Diversity of British Birds [pp. 155-174]
	Changes in Species Abundance, Distribution, and Diversity in a Central European Bird Community [pp. 175-187]
	The Early Development of Forest Fragmentation Effects on Birds [pp. 188-202]
	Conservation of Large, Nomadic Populations of White Ibises (Eudocimus albus) in the United States [pp. 203-216]
	Ecological Correlates of Whooping Crane Use of Fire-Treated Upland Habitats [pp. 217-223]
	Demographic Analyses of a Hunted Black Bear Population with Access to a Refuge [pp. 224-234]
	Ranking Conservation and Timber Management Options for Leadbeater's Possum in Southeastern Australia Using Population Viability Analysis [pp. 235-251]
	Ecological Redundancy and Long-Term Dynamics of Vertebrate Predators in Semiarid Chile [pp. 252-262]
	Adequacy of Wildlife Habitat Relation Models for Estimating Spatial Distributions of Terrestrial Vertebrates [pp. 263-270]
	Economics, Objectives, and Success of Private Nature Reserves in Sub-Saharan Africa and Latin America [pp. 271-280]
	Notes
	Interference Competition from House Wrens as a Factor in the Decline of Bewick's Wrens [pp. 281-284]
	Depredation of Artificial Ground Nests in a Managed, Forested Landscape [pp. 285-288]
	Absence of Genetic Variation in Harbor Seals (Phoca vitulina) in the Dutch Wadden Sea and the British Wash [pp. 289-293]
	The Potential Geographical Distribution of the Cane Toad, Bufo marinus L. in Australia [pp. 294-299]

	Comments
	Free Trade and Exotic Species Introductions [pp. 300-302]
	New Factor in Free Trade: Reply to Jenkins [pp. 303-304]

	Book Reviews
	Postmodernism and Biodiversity Conservation [pp. 305-306]
	Landscape Ecology Today [pp. 306-308]
	Importance of Genetics to Conservation Biology [pp. 308-309]
	A Conservation Biology Textbook for the General Reader [pp. 309-310]

	Erratum: Natural Connections: Perspectives in Community-Based Conservation [pp. 310]
	Back Matter [pp. ]



