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Predictive modeling and mapping based on the quantitative relationships between a species
and the biophysical features (predictor variables) of the ecosystem in which it occurs can
provide fundamental information for developing sustainable resourcemanagementpolicies for
species and ecosystems. To createmanagement strategieswith the goal of sustaining a species
such as sage grouse (Centrocercus urophasianus), whose distribution throughout North America
has declined by approximately 50%, landmanagement agencies need to know what attributes
of the range they now inhabit will keep populations sustainable and which attributes attract
disproportionate levels of use within a home range. The objectives of this study were to
1) quantify the relationships between sage grouse nest-site locations and a set of associated
biophysicalattributesusingMaximumEntropy, 2) find thebest subsetofpredictor variables that
explain the data adequately, 3) create quantitative sage grouse distribution maps representing
the relative likelihood of nest-site habitat based on those relationships, and 3) evaluate the
implications of the results for futuremanagement of sage grouse. Nest-site location data from
1995 to2003were collected aspartof a long-term researchprogramonsagegrouse reproductive
ecologyatHartMountainNationalAntelopeRefuge.Twotypesofmodelswerecreated: 1)witha
set of predictor variables derived from digital elevation models, a field-validated vegetation
classification, and UTM coordinates and 2) with the same predictors and UTM coordinates
excluded. East UTM emerged as themost important predictor variable in the first type ofmodel
followed by the vegetation classificationwhichwas themost important predictor in the second
type ofmodel. The average training gain from tenmodeling runsusing all presence records and
randomized background points was used to select the best subset of predictors. A predictive
map of sage grousenest-site habitat created from theapplication of themodel to the study area
showed strong overlap between model predictions and nest-site locations.
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1. Introduction

Understanding the quantitative relationships between a
species and the biophysical features of the ecosystem in

which it occurs is fundamental when developing a sustainable
resource management policy for that species and ecosystem.
Predictive modeling and mapping that is based on these
relationships forms an analytical foundation for informed
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conservation planning, mapping patterns of biodiversity,
detecting distributional changes from monitoring data, and
quantifying how variation in species performance relates to
one or more controlling factors (Guisan and Hofer, 2003;
McCune, 2006; Phillips et al., 2006). For example, to create
management strategies with the goal of sustaining a species
such as sage grouse (Centrocercus urophasianus) whose dis-
tribution throughout North America has declined by approxi-
mately 50% (Aldridge and Brigham, 2002), land management
agencies need to know what portions of their former range
they now inhabit and what attributes make these areas
capable of population sustainability and attract dispropor-
tionate levels of use within a home range. This study tests the
application of predictive modeling and mapping to sage
grouse nesting habitat as amethod for generating information
valuable to a sustainable wildlife management policy.

Considerable work has been conducted evaluating habitat
attributes at the site level for sage grouse nesting (Aldridge
and Brigham, 2002; Gregg et al., 1994; Holloran et al., 2005;
Sveum et al., 1998), however, few studies have evaluated the
attributes at the landscape level. Gregg (2006) studied the
nutritional ecology of sage grouse productivity and chick
survival in Southern Oregon and northern Nevada. He found
forb consumption and high insect availability in Spring were
important for brood production and chick survival. The quality
and availability of nutritional resources, however, are not
distributed homogeneously across the landscape nor are the
optimal locations that sage grouse select for nesting. Even if
food resources were abundant and of high quality, selection of
a nest site that increases the chances of exposure to predation
or lethal climate conditions would have negative effects on
grouse productivity. Moreover, how the spatial distribution of
these and other attributes (i.e. topography) influence site
selection and distribution during pre-nesting, nesting, rearing,
or wintering at the landscape level is unknown. Gregg's (2006)
study produced an extensive database of sage grouse nest-site
locations over an eight-year time period sufficient for creating
predictive models of the relationships between nest-site
location and the biophysical attributes that might be impor-
tant in sage grouse productivity. Therefore, the purpose of this
study was to quantify the relative importance of the relation-
ships between nest-site locations with the biophysical fea-
tures that accompany those locations and then map the
spatial distribution of sage grouse nesting habitat.

Advancements in computer technology, statistical model-
ing, and Geographic Information Systems (GIS) software allow
the knowledge of animal/habitat relationships to be used for
predicting the geographic distribution of individual popula-
tions of wildlife species. Predictive species mapping was
defined by Franklin (1995) as predicting the distribution of a
particular species across a landscape from mapped environ-
mental variables. Predictive species mapping is founded in
ecological niche theory and gradient analysis and rests on the
premise that species distributions can be predicted from the
spatial distributions of environmental variables that correlate
with or control the occurrence of a plant or animal. Environ-
mental conditions at occurrence localities constitute samples
from a species' realized niche which is smaller than its
fundamental niche (Hutchinson, 1957; Phillips et al., 2006).
There are threemajor steps involved with predictivemodeling

and mapping: 1) collect species-level occurrence data and
associated biophysical attributes of the landscape, preferably
with a randomized sampling design, 2) build the models to
determine the best subset of predictors and their parameter
coefficients, and 3) application of the models to GIS data or
new sites to forecast probability of occurrence for unsampled
locations within the range of the study area.

Unlike vegetation monitoring datasets that typically con-
tain some sampling sites with a particular species present and
some where it was absent (Yost, 2008), wildlife sampling
datasets often consist of “presence-only” data. General pur-
pose statisticalmethods such as generalized linearmodels can
be used for presence/absence datasets but there are a limited
number of options available for presence-only datasets.
Recently, Phillips et al. (2004, 2006) introduced the use of the
Maximum Entropy (Maxent) method for modeling species
geographic distributions with presence-only data. Maxent is a
general purpose machine learning method for making predic-
tions or inferences from incomplete information. The method
estimates a target probability distribution across a study area
by finding the probability distribution that is closest to
uniform, or spread-out, subject to a set of constraints that
represent our incomplete information about the target dis-
tribution. The information available about the target distribu-
tion presents itself as a set of real-valued variables, or “features”
and the constraints are that the expected value of each feature
should match its empirical average (average value for a set of
sample points taken from the target distribution).Whenapplied
to presence-only distribution modeling, the pixels of the study
area make up the space on which the probability distribution is
defined, pixels with known species occurrence records consti-
tute the sample points, and the features are the predictor
variables that have digital geographic representation.

In addition to creating quantitative probability maps, the
shape of response function and strength of predictability for
each predictor variable can be graphically and quantitatively
evaluated. This provides the capability to discover which
gradients are most influential in predicting the likely occur-
rence of a particular species given they can be represented in a
geographic database. Knowledge of the strength and func-
tional response of species occurrences with each predictor
provides valuable information for identifyingwhich landscape
features should be the focus of management for habitat
sustainability.

The specific objectives of this study were to 1) quantify the
relationships between sage grouse nest-site locations and a
set of associated biophysical attributes with Maxent, 2) find
the best subset of predictor variables that explain the data
adequately, 3) create quantitative sage grouse distribution
maps representing the relative likelihood of nest-site habitat
based on those relationships, and 4) evaluate the implications
of the results for future management of sage grouse.

2. Materials and methods

2.1. Data and study area

Locations of sage grouse nest sites from 1995 to 2003 were
collected as part of a long-term research program on sage
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