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Abstract. Biodiversity managers face a dilemma of choosing between *‘coarse-filter”
approaches that deal with the habitats of several species and “‘fine-filter’’ approaches that
address population viability of one or a few species. We present an approach for local
spatial scales that integrates habitat-based and population-based methods to focus research
and management on the species in a community that are most at risk of extinction and on
the places in the landscape most important to these species. The steps in Dynamic Habitat
and Population (DHP) Analysis are:

1) determine which species in the planning area most merit field study based on existing
data;

2) use local field data to select species that most merit demographic study;

3) use demographic data to model population viability of the species deemed most at risk;

4) design and evaluate alternative management strategies for key species and landscape
settings.

We review each step and provide an example for land birds in a portion of the Greater
Yellowstone Ecosystem. Among the 143 species of land birds likely in the study area, we
selected 13 species most at risk of extinction. These were mostly neotropical migrant
passerines that specialized on low-elevation deciduous habitats that may serve as population
source areas. We present a management plan for the multiple ownerships of the study area
that seeks to maintain/restore population source habitats for key species.

DHP Analysis provides a framework for biodiversity management for those regions
identified as high priority for conservation by continental-scale assessment programs such
as Gap Analysis. Our approach is designed to minimize local extinctions, which should

reduce the risk of range-wide extinctions.
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biodiversity; conservation; Gap Analysis; Greater Yellowstone Ecosystem; manage-
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INTRODUCTION

It is widely appreciated that managers of biodiversity
must prioritize conservation efforts so that the ecosys-
tems and species most at risk of extinction are given
appropriate attention (Scott et al. 1987, Milsap et al.
1990, Avery 1994, Allendorf et al. 1997). Several ap-
proaches have been applied at various spatial scales to
rank the vulnerability of ecosystems and species, and
to more intensively manage those most at risk (Table
1). Generally applied at the physiographic province to
continental scales, Gap Analysis (Scott et al. 1993,
Scott et al. 1996) and Critical Ecosystems Analysis
(Noss and Cooperrider 1994) are used to identify the
ecosystems supporting numerous and/or unique species
that are poorly protected. Similarly, Species Prioriti-
zation schemes (Masters 1991, Milsap 1995) identify
the species within a province to continental area that
are likely at high risk of extinction. For watershed
scales, Ecological Process Management (e.g., Boyce
1991, Cissel et al. 1994) seeks to maintain key eco-
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logical processes like disturbance and succession in
order to maintain species adapted to these processes.
Dynamic Habitat Modeling (Hansen et al. 1993, White
etal. 1997) assumes that species abundances are related
to habitat suitability and simulates change in habitats
across watersheds under alternative management sce-
narios. Finally, Population Viability Analysis conducts
demographic analyses of single species to assess like-
lihood of extinction.

Most of these approaches are so-called ‘‘coarse-fil-
ter”” (Nature Conservancy 1982, Hunter 1990, Noss
and Cooperrider 1994) in that they manage key eco-
systems or habitats in hopes of maintaining the species
within them. Population Viability Analysis (PVA), in
contrast, is termed a ‘‘fine-filter”’ approach because it
focuses on demography of individual species.

Choosing between coarse- and fine-filter approaches
might be termed the ‘‘biodiversity manager’s dilem-
ma.”” Most managers seek to maintain viable popula-
tions of native species in order to avoid local and range-
wide extinctions. In the United States, the National
Forest Management Act of 1976 directs the mainte-
nance of viable populations of native vertebrates that
are well distributed across their ranges. Managers could
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TABLE 1. Current approaches for prioritizing and managing ecosystems and species at various spatial scales and the new
method presented in this paper (the new method is in bold type).
Name Scale Concept Method Examples
Gap Analysis/Critical Province to Identify ecosystems that Rank ecosystems based on Nature Conservancy
Ecosystems continental contain species and/or native species, threats to (1982), Scott et al.

Species Prioritization

Ecological Process
n

Management

Dynamic Habitat
Modeling

Province to
continental

Waterchad to
walersned (o

province

Watershed to
province

processes that are poorly
protected so that local
management can be ap-
plied.

Identify species most at
risk so that management
can be directed at them.

Maintain key ecological
processes and landscape
structures to maintain
species adapted to these
conditions.

Use configuration of suit-
able habitat for each
species as a measure of
extinction risk.

ecosystem, and other
factors.

Use existing life history
and other data to rank
species viability.

Analyze interactions
among ecological pro-
cesses and structures
and manage to maintain
them.

Quantify/project change in
suitable habitats for
each species under
varying management
scenarios.

(1993), Noss and
Cooperrider (1994)

Millsap et al. (1991),
Hunter et al. (1993)

Hansen et al. (1993),
(1995), White et al.
(1997)

Dynamic Habitat Watershed to  Identify the species and Use a hierarchical set of This paper
and Population province places most at risk and filters to identify and
Analysis focus research and manage the species
management on these. and places most at
risk.
Population Viability =~ Watershed to Analyzc population de- Use complex demographic Shaffer (1981}, Mur-
Analysis range mography to assess risk models to assess species phy and Noon
of extinction. viability under varying (1992)

management strategies.

best comply with this law using fine-filter approaches.
However, the demographic data needed are often dif-
ficult and expensive to obtain. Estimating population
vital rates and densities usually requires extensive field
study. Moreover, these rates vary spatially in many
ecosystems, necessitating knowledge about dispersal
and spatially explicit field study and population mod-
eling (Dunning et al. 1995). Such intensive single-spe-
cies studies can cost hundreds of thousands to millions
of dollars per year (Mann and Plummer 1992). Because
of these costs, Population Viability Analysis is often
done only for economically valuable species (e.g.,
game species) or endangered species, while the de-
mographies of the myriad of other species in a planning
area are ignored.

The alternative coarse-filter approach assumes that
the population status of species is correlated with hab-
itat availability. In this case, the area and spatial pat-
terning of ecosystems or habitat types are quantified
and rule-based or statistical functions are applied that
predict the presence or abundance of a species as a
function of the habitat. While the coarse-filter approach
is attractive in being less costly and allowing many
species in a community to be considered, it has serious
limitations (Hansen et al. 1993, Scott et al. 1993, Con-
roy and Noon 1996). The accuracy of the habitat mod-
els in predicting species presence or abundance is sel-
dom quantified, and is likely to be variable and often
low if local field data are not used. Also, the abundance

of a species in a habitat may not be indicative of rates
of survival and reproduction in that habitat (van Horne
1983). For example, a species may be abundant in a
habitat where reproduction does not replace mortality
if there is immigration into the habitat from other pop-
ulation source habitats (Pulliam 1988, Pulliam and
Danielson 1991). Such source/sink dynamics are prob-
ably common in landscapes where resources and con-
ditions ere relatively heterogeneous in space (Pulliam
1996; Hansen and Rotella 1999). Under the coarse-
filter approach, then, species could undergo population
declines or even extinction without the knowledge of
biodiversity managers.

The biodiversity manager’s dilemma is especially ex-
pressed at local to regional spatial scales. Detailed de-
mographic studies over entire species ranges are not
feasible for more than a few species; hence the coarse-
filter approaches are logical at continental scales. Gap
Analysis is being applied across the United States, for
example, to identify regions rich in native species that
are currently poorly protected. What remains unre-
solved is what combination of coarse- and fine-filter
conservation approaches should be applied at local
scales to best complement Gap Analysis and other con-
tinental-scale coarse-filter approaches. In practice,
many managers do not face a dilemma in choosing
between biodiversity strategies because funding limits
them to coarse-filter approaches. However, an increas-
ing number of studies are finding that spatially medi-
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| Step 1: Which species :
! merit field study based on |

continental traits? |

f

I Step 2: Which species and |
I places merit demographic |
I' study based on local traits? !

| Step 3: Which species and |
I places are highest priority for |
conservation based on PVA? |

MANAGE:

Step 4: Design, Implement,
Evaluate Management Strategies

FiG. 1. A conceptual model depicting DHP Analysis. Once a planning area is defined based on Gap Analysis, Critical
Ecosystems Analysis, or administrative boundaries, species and places in the planning area are analyzed with a series of
screens to determine which are highest priorities for conservation. Appropriate management plans are then crafted and

evaluated.

ated population dynamics are prevalent in nature and
strongly influence population viability (Pulliam 1996).
It is likely that the pressure to integrate fine-filter ap-
proaches in biodiversity management will increase in
the future, heightening the dilemma.

We propose an approach to help resolve the biodi-
versity manager’s dilemma at local spatial scales (small
watershed to regional). Our Dynamlc Habitat and Pop-
ulation (DHP) Analysis in

1) Anal

tization, Dynamic Ha hta t Modeling, and PVA
into a cost- effectlve management framework. It is de-
signed to bridge coarse-filter studies of habitats with
species-specific studies of population demography and
viability at local spatial scales. In this paper, we de-
scribe the steps in DHP Analysm and illustrate each in
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GENERAL APPROACH

The basic assumption of the approach is that a subset
of the species and places in a locality have the greatest

viability risk. A filtering approach is used to focus in-

creasingly detailed study and management strategies
on these places and species. As these screens are in-
creasingly expensive to conduct, the result is that avail-
able resources are directed toward the species and plac-
es that are of the greatest concern. Management strat-
egies to maintain these key species and places in the
landscape can then be crafted and implemented.

Once a planning area is defined based on Gap Anal-
ysis or other factors, the steps of DHP Analysis (Fig.
1) are applied as follows.

1) Determine which of the species in the planning
area most merit field study by ranking each species’
viability risk based on range-wide population status,
habitat use, and threats to habitat. )

2) Screen these selected species based on field study
and analyses of local habitat and population factors and
range-wide vulnerability scores to determine which
most merit field study of local demography.

3) Obtain and use local data on reproduction, sur-
vival, and/or dispersal in key places in the landscape
to parameterize population models and assess popu-
lation viability of the subset of species deemed most
at risk.

4) Design and evaluate alternative management
strategies for the species identified as most at risk and
the landscape settings most important to these species.

This approach is designed to be hierarchical, so that
the latter steps do not necessarily need to be completed

nt da Einanpial anTIRaaG
to initiate management uuolsuo ripanciai resources

and time may dictate how many of Steps 1-3 are com-
pleted before moving to management design in Step 4.

STEP 1: SCREENING BASED ON RANGE-WIDE
V ARIABLES

A local population has enhanced conservation im-
portance if the species has high threat of extinction
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across its range. Hence, our first screening involves
range-wide measures of population status, habitat use,
and threats to habitats. This step is consistent with the
several species prioritization studies that have been
published (Masters 1991, Millsap et al. 1991, Hansen
et al. 1993, Hunter et al. 1993, Avery et al. 1994, Mace
1994, Mace and Collar 1994, Reed 1995, Carroll et al.
1996, Hedenas 1996, Lunney et al. 1996, Freitag et al.
1997). Though not yet recognized in conservation bi-
ology texts, these prioritization schemes have been
widely used to identify the species that merit more
intense conservation and management.

The conceptual foundation of Species Prioritization
recognizes that not all species are equally prone to
extinction. Species that have suffered local extinction
often share certain demographic and life history traits
(Whitcom et al. 1981, Pimm et al. 1988, Laurance
1991). Species with small population sizes are often at
risk due to vagaries in birth and death rates, environ-
mental fluctuation, and random genetic processes
(Shaffer 1981). Even moderate to large populations,
however, may be prone to extinction if they are sen-
sitive to habitat change by being narrowly distributed,
require two or more habitats, or are disrupted by habitat
fragmentation (Pimm et al. 1988). Similarly, species
with low reproductive rates may be slow to rebuild
following population crashes (Pimm et al. 1988), and
those aggregated in one population cannot enjoy the
benefits of being “‘rescued” by emigrants from other
subpopulations (Brown and Kodric-Brown 1977). As
humans increasingly dominate the biosphere (Vitousek
et al. 1997), species that are especially sought by hu-
mans or require the habitats that humans preferentially
occupy are also extinction prone (Hunter 1996). The
Species Prioritization studies cited above have used
several ecological, life history, and phylogenetic vari-

ables to rank extinction proneness, and applied them

at watershed, regional, and continental scales.

Rigorous tests of the accuracy of these approaches
are relatively few. Millsap et al. (1990), working with
vertebrates in Florida, found that recently extinct spe-
cies had among the highest vulnerability scores and
that species unlisted by state and federal agencies had
lower mean scores than species listed as of special
concern, threatened, or endangered. Hansen and Urban
(1992) found that the vulnerability scores of birds to
habitat fragmentation were significantly correlated with
independent data on population trends. The most rig-
orous test to date was by Parent and Schriml (1995),
who developed a logistic function to predict extinction
risk based on life history attributes for fish in the Great
Lakes—St. Lawrence biozone. The function was then
applied to fish species in the American Midwest, and
successfully classified species previously identified as
at risk with a 78% accuracy.

Efforts to prioritize species have often used similar
methods. A list of the species for the area of interest
is derived from range maps, national or provincial

A. J. HANSEN ET AL.

Ecological Applications
Vol. 9, No. 4

checklists, or occurrence maps (e.g., Nature Conser-
vancy 1982). Traits thought to relate to extinction
proneness are then compiled for each species. While
there has been considerable overlap in the variables
used in the studies cited above, each author selected
variables and spatial scales consistent with their ob-
jectives and location. A typical constraint on selection
of variables is the quality of available data. Detailed
and accurate data are often available for a small subset
of the species in an area. Thus, more general and qual-
itative data are often used to allow most species in the
area to be considered. Potential data sources in order
of increasing resolution and accuracy are: field guides
(e.g., Burt and Grossenheider 1976), taxon-specific
handbooks (e.g., Ehrlich et al. 1988), encyclopedic ac-
counts of taxa (Bent 1953), quantitative local or na-
tional survey data (e.g., Tucker et al. 1994), and pub-
lished scientific studies.

Methods for scoring sensitivity to extinction vary
from nominal, to ordinal, to interval (i.e., Zar 1974),
depending on the nature of data available. Combining
the scores for several variables into one index of sen-
sitivity to extinction was often done by summing the
scores of the individual variables or weighting some
variables more heavily than others. Reed (1995) rec-
ommended multivariate statistical approaches as being
more objective and informative than simply combining
scores across traits. Knowledge of the species and type
and quality of the data available are often the deciding
factors on the approach used. For example, without
knowledge of which of the candidate traits may be most
important in determining vulnerability to extinction,
conservationists have generally given equal weight to
all of the traits that may put a species at risk.

The final challenge in rating species is to establish
cut-offs to identify the set of species of highest con-
servation priority. As the species in a community typ-
ically represent a gradient in vulnerability to extinction,
any cut-off level is necessarily subjective. Some au-
thors have used the mean or range of scores for fed-
erally listed species as a guide to establishing scoring
cut-offs (Millsap et al. 1990). Others have simply des-
ignated the 20% or so of species with the highest sen-
sitivity scores as those most meriting special consid-
eration. Multivariate clustering techniques can be used
to establish cut-offs based on within-group vs. be-
tween-group variance (Given and Norton 1993, Hall
1993, Reed 1995).

We demonstrate DHP Analysis in the Greater Yel-
lowstone Ecosystem (GYE) as a guide to readers who
may wish to apply the method elsewhere. The GYE
was selected because of our ongoing research there and
because the mixed management jurisdictions and hu-
man population growth there offer challenges to main-
taining native species. We deal only with land birds
because they are the main focus of our research. The
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graphic gradients cause relatively favorable climate
and soil fertility only at lower elevations (Despain
1990, Rodman et al. 1996). Lodgepole pine (Pinus con-
torta), subalpine fir (Abies lasiocarpa), and sage (Ar-
temesia spp.) habitats dominate higher elevations (Des-
pain 1990). Douglas-fir (Pseudotsuga menziesii) occurs
on richer soils at mid-elevations. Deciduous commu-
nities of willow (Salix spp.), aspen (Populus tremu-
loides), and cottonwood (Populus spp.) grow where soil
moisture is high on toeslopes and in valley bottoms.
Wildfire has been common in YNP, while timber har-
vesi has been moderaie to heavy in the Targhee and
Gallatin National forests. The towns and small cities
in the valley bottoms are surrounded by agricultural
and rural residential land uses.

For the first step, we compiled a list of land bird
species known to breed within quarter latitude/longi-
tude cells overlapping the study area (Stephens and
Sturts 1991, Ellis et al. 1996, Luce et al. 1997). Criteria
for this screening were derived from the scheme of the
Partners in Flight Program (PIF) (Hunter et al. 1993)
(Table 2). We selected the PIF scheme because the
criteria largely reflect the traits of extinction-prone spe-
cies, some of the variables are based on the Breeding
Bird Survey (BBS) data (Robbins et al. 1986), and the
scoring has been done for nearly all bird species in our
planning area by regional and national experts. We
elected to weight the variable population trend more
heavily (it was multiplied by 1.5) because we felt that
it is especially relevant to likelihood of extinction (see
Avery et al. 1994:137). A mean was then derived for
the seven screening variables.

Land birds known to breed in the vicinity of the
planning area include 143 species. BBS data were not
available for seven of these species, and they were not
ranked by the PIF Program. As each of these species
is on the periphery of its range here, we did not consider
these species further. Mean scores for the remaining
species ranged from 1.36 to 4.25. Species in the quintile
with the highest mean scores were from eight orders
and included 10 species of neotropical migrant pas-
serines, 3 species of woodpeckers, and 2 species of
owls. Because of other (research) objectives, we then
sampled in the field as many of these species as our
methods would allow. Managers may choose to obtain
field data on the species in the 1-3 quartiles most prone
to extinction, as their resources permit.

STEP 2: SCREENING BASED ON LOCAL HABITAT
VARIARLES

Ecologists have long found associations between the
distributions of habitats and the abundances of species.
Hence, we commonly predict organism abundance
based on habitat characteristics. The theoretical basis
of this is found in the ideal free distribution model of
Fretwell and Lucas (1970), which asserts that individ-
vals within a population will distribute themselves
among habitats so as to maximize individual fitness.
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When habitats are saturated, population density within
a habitat will be proportional to habitat quality. While
recent work on spatially mediated population dynamics
has revealed several important alternatives to the ideal
free distribution model (see Step 3 below), it remains
clear that habitat attributes set an upper limit on pop-
ulation abundance and fitness. Hence, we can use anal-
yses of habitat to identify species that are likely to have
small populations in a planning area.

Species habitat associations often vary among eco-
systems and sometimes vary over time. Thus, local
studies of habitai use are ofien needed for accuraie
prediction of species abundance. Key steps are to de-
termine the habitat requirements of species, map the
distributions of these habitat factors over the planning
area, extrapolate species abundance across the planning
area based on habitat associations, and analyze the pre-
dicted patterns of species distributions. Habitat is often
quantified in terms of vegetation structure and com-
position at the stand and landscape levels. The predic-
tive ability of species habitat models can sometimes
be improved by also considering abiotic factors such
as climate, topography, soil, and water regime (Hansen
and Rotella 1999). Such abiotic factors may directly
limit the abundance or demography of a population or
indirectly influence organisms by altering disturbance
regimes and vegetation structure or by altering energy
flow. See Table 1 in Hansen and Rotella (1999) for a
list of the types of variables that may be useful pre-
dictors of organism abundance and species richness.

Such habitat data are increasingly available around
the world, although their temporal and spatial resolu-
tion vary substantially from place to place. Data of
continental extent can often be found on the World-
Wide Web. Such data for climate and vegetation some-
times have a minimum resolution of 1 km?, which may
be appropriate for regional-scale studies, but too coarse
for more local studies. Finer scale data for the United
States may be available from Gap Analysis, which has
quantified habitat at the 30-m scale (Scott et al. 1993).
Scientists with local agencies or universities are also
potential sources for local data. When data are not
available, biodiversity managers may choose to collect
the data themselves. Knowledge of the accuracy of all
these data sets is helpful for judging their suitability
for habitat analyses. Unfortunately, rigorous accuracy
assessments are seldom available for data obtained
from other sources.

Estimating species abundances by habitat type from
fieid studies remains iabor intensive. However, reia-
tively cost-effective methods that sample several spe-
cies simultaneously are increasingly available. Exam-
ples of these are quadrat sampling for plants, sticky
traps and sweep netting for invertebrates, pitfall traps
for herptiles, live traps for small mammals, and point
counts for birds (Sutherland 1996). Carefully designed
sampling schemes can help to make such studies as
efficient and cost-effective as possible. For example, it
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is often desirable to stratify the sample locations by
the environmental variables that are most likely to be
related to species abundances. Randomizing relative to
other predictor variables allows for exploratory anal-
yses of the influence of these variables on the organ-
isms of interest. Decisions about sample sizes, season
of sampling, and temporal duration of sampling must
be made based on knowledge of the ecology of the
organisms, ecosystem variability, and resources avail-
able for sampling.

Several statistical methods are available for deter-

variables and species abundance and for extrapolating
species abundance over the planning area (e.g., Capen
1981, Verner et al. 1986, Morrison et al. 1992, Mauer
1994). It is helpful to hold back some of the field data
from the initial analysis to assess the accuracy of the
predictions of the resulting models.

Greater Yellowstone Ecosystem example

Elevation was derived from digital elevation models
for the planning area. We additionally classified veg-
etation cover type and seral stage from Landsat The-
matic Mapper imagery from 1991. Bird abundance was
sampled within 100 stands that were stratified by cover
type, seral stage, and elevation. The fixed-radius plot
method (Ralph et al. 1993) was used to estimate bird
abundance at six census points distributed 200 m apart
in each sample stand. Either two or three censuses were
done during the bird breeding seasons of 1995-1996.
This method does not adequately sample raptorial birds
and these were omitted from the analysis.

The vegetation mapping revealed that mature lodge-
pole pine was the dominant cover type, covering 45%
of the planning area. For other cover types, areas were:
sapling-aged lodgepole pine (23%), Douglas-fir (14%),
grasslands (9%), and sage shrublands (5%). Deciduous
habitats, willow (2%), aspen (1%), and cottonwood
(1%), were associated with riparian zones or ground-
water seeps at lower elevations.

A total of 113 species were sampled in the field in
1995 and 1996, 61 of which were in quintiles 3~5 in
the Step 1 screening. We elected to include all 117
species in Step 2 screening because local data were in
hand for them. Multiple regression analyses revealed
that cover type and seral stage explained 60% of the
variation in species richness in 1995 and 1996. These
variables were significantly related to the abundances
of most individual bird species. Several species were
uniquely associated with cottonwood, aspen, or willow
habitats. A smaller number of species specialized either
on grassland, sage-shrub, or conifer cover types. Bird
species richness was negatively related to elevation in
1995, but no significant relationship was detected in
1996. Cover type and seral stage were used as the basis
for predicting bird abundance by habitat type for
Screening 2.

We used four local scale and two broader scale vari-
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ables in the Step 2 screening. The local variables in-
cluded total population size, habitat abundance, nest
predation risk, and nest parasitism risk. The two non-
local-scale variables were reproductive effort and the
mean of the sensitivity score from the first screening.
Reproductive effort is relevant because it is a measure
of the ability of a population to rebound after a pop-
ulation decline. Methods used to derive each variable
are described in Table 2.

An index of risk of extinction was generated for each
species by first assigning scores for each variable on
a scale of 1 (least at risk) to 5 (most at risk). This was
done by ordering the species list by the value of a
variable and assigning each species to a quintile based
on the ordinal ranking (Appendix A). A mean score for
the quintiles of the six variables was then calculated
for each species. Species in the quintile with the highest
mean scores were considered the most at risk and most
meriting conservation attention. We also summarized
the traits of species at high and low risk of extinction
using principal components analysis (PCA) on the orig-
inal predictor variable values (not the quintiles).

We found that the first two principal components
accounted for 57% of the variation in the data set. PC
1 distinguished species based on popuiation size, hab-
itat area, reproductive effort, and susceptibility to pred-
ators and parasites (Fig. 3). PCII separated species
based on extinction scores from Screen 1. Species that
ranked in the Step 2 screen as most vulnerable to ex-
tinction (quintile 5) were located in the lower right-
hand quadrat of the PCA space. They tended to have
small populations and habitats, low reproductive ef-
forts, high susceptibility to nest predators and parasites
and were ranked as highly vulnerable to extinction in
Screen 1. Most of these nested in the deciduous hab-
itats, including American Redstart (Setophaga ruticil-
la), Willow Flycatcher (Empidonax traillii), Veery (Ca-
tharus fuscescens), Western Wood-Pewee (Contopus
sordidulus), Orange-crowned Warbler (Vermivora ce-
lata), Northern Oriole (Icterus galbula), Least Fly-
catcher (Empidonax minimus), and Cedar Waxwing
(Bombycilla cedrorum) (Appendix B). Two cavity nest-
ers, the Violet-green Swallow (Tachycineta thalassina)
and the Red-naped Sapsucker (Sphyrapicus nuchalis),
scored in this quintile because of their specialization
on aspen and/or cottonwood habitats and low abun-
dances. The one species in this group associated with
conifer habitat, Hammond’s Flycatcher (Empidonax
hammondii), was highly susceptible to predation, had
a low reproductive effort, and was scored as highly at
risk in Screen 1. Also in this quintile were the Spotted
Towhee (Pipilo erythrophthalmus), a shrub associate,
and the Bobolink (Dolichonyx oryzivorus), a grassland
species.

Some members of this group had very low abun-
dances in the study area for reasons that cause little
concern for management. The study area is at the edge
of the ranges of Red-eyed Vireo (Vireo olivaceus),
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TaBLE 2. Criteria used to screen

et al. (1993).
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vulnerability to extinction in this study. Criteria for Screening Level 1 are from Hunter

Screening Spatial
level Variable scale Definition Score
1 Relative abundance Species Mean number of birds per 1) Abundant (=100)
range Breeding Bird Survey route 2) Common (30-99)
for the 10 highest routes in 3) Uncommon to fairly
the species range averaged common (10-29)
over the years 1985-1991. 4) Rare to uncommon (1-—
5) Very rare to rare (<1)
1 Breeding distribution Species Breeding range covers this per- 1) Very widespread (=76—
range centage of temperate North 100%)
America or equivalent area. 2) Widespread (51-75%)
3) Intermediate (26-50%)
4) Local (11-25%)
5) Very local (=10%)
1 Winter distribution Species Categories grade from: (1) 1) Very widespread
range southern United States to 2) Widespread
South America; to (5) local 3) Intermediate
Latin American regions. 4) Local
5) Very local
1 Threats in nonbreeding Species Uncertainty in threats to breed- 1-5 based on the percent-
range range ing and nonbreeding ranges age of habitat that has
may also be considered. not changed since 1945
and anticipated changes
in habitat in coming de-
cades.
1 Threats in breeding range Physio- As above As above
graphic
region
1 Importance of area (in rel- Physio- Percentages of abundance in the 1) Accidental
ative abundance) graphic physiographic region of inter- 2) 0-5.9%
region est to the maximum species 3) 6-24.9%
abundance for all physio- 4) 25-49.9%
graphic regions. 5) 50-100%
1 Population trends Physio- Based on percentage change in 1) Large increase
graphic population size as measured 2) Increase
region in BBS data and based on 3) Trend unknown or stable
knowledge uncertainty. 4) Decrease
5) Large decrease
2 Local relative abundance Planning Based on ranking of estimated Ranked from 1 (most
area absolute abundance among abundant) to 5 (least
species. Absolute abundance abundant) based on or-
is the sum of the average dinal quintile.
density of a species in each
habitat times the area of that
habitat.
2 Habitat area Planning Percentage of the study area oc-  Ranked from 1 (largest
area cupied by habitats where the area) to 5 (smallest
species has an average densi- area) based on ordinal
ty that is =50% of the maxi- quintile.
mum average density in a
habitat.
2 Predator/prey ratio? Planning Average ratio of avian nest Ranked from 1 (highest)
area predators to the prey species to 5 (lowest) based on
across all habitats that con- ordinal quintile.
tain =10% of the total prey
population.§
2 Brood-parasite/host ratio§ Planning Average ratio of Brown-headed Ranked from 1 (most
area Cowbirds to the host species abundant) to 5 (least
across all habitats that con- abundant) based on or-
tain =10% of the total host dinal quintile.
population.
2 Reproductive effort Breeding Average clutch size times the Ranked from 1 (largest) to
range average number of clutches 5 (smallest) based on

per breeding season.

ordinal quintile.
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TABLE 2. Continued.
Screening Spatial
level Variable scale Definition Score
2 Screening 1 mean score Physio- Mean value among the seven Ranked from 1 (largest) to
graphic variables used in Screening 1. 5 (smallest) based on
region ordinal quintile.
3 Nest success Planning Number of young fledged per Ranked from 1 (largest) to
area nesting attempt. 5 (smallest) based on
ordinal quintile.
3 Survival rate Planning Not used in this study.
area
T The ratio was multiplied by 1 if the species has a nest type that is susceptible to avian predators and by 0 if the nest

type precluded avian nest predation.
I Included in the predator guild were American Crow, B
Jay, and Steller’s Jay.

lack-billed Magpie, Clark’s Nutcracker, Common Raven, Gray

§ The ratio was multiplied by 1 for hosts that are commonly parasitized by cowbirds and do not have strong defensive

mechanisms and by O for species that are either not select
(following Ehrlich et al. [1998]).

Common Grackle (Quiscalus quiscula), and Gray Cat-
bird (Dumetella carolinensis). The Red-winged Black-
bird (Agelaius phoeniceus) and American Goldfinch
(Carduelis tristis) were rare because their preferred
habitats are not found here. Finally, the Eastern King-
bird (Tyrannus tyrannus)was not adequately sampled
by our methods. :

ed by cowbirds or have evolved effective defensive behaviors

Species scored as least vulnerable to local extinction
in the Step 2 screen were mostly located in the upper
left-hand quadrat of the PCA space and had traits op-
posite those in quintile 5. Examples are Mountain
Chickadee (Parus gambeli) (common in coniferous for-
ests and nests in cavities), American Robin (Turdus
migratorius) (abundant habitat generalist), and the
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Brown-headed Cowbird (Molothrus ater) (brood par-
asite).

Species in quintiles 3 and 4 that appear to be of
management concern include deciduous specialists
(Northern Waterthrush, Seiurus noveboracensis; Dusky
Flycatcher, Empidonax oberholseri; Ruffed Grouse,
Bonasa umbellus; Common Yellowthroat, Geothlypis
trichas), conifer specialists (Olive-sided Flycatcher,
Contopus borealis;, Steller’s Jay, Cyanocitta stelleri),
a sage-shrubland associate (Brewer’s Sparrow, Spizella
breweri), and several generalists (Blue Grouse, Den-
dragapus obscurus; MacGillivray’s Warbler, Oporornis
tolmiei; and Wilson’s Warbler Wilsonia pusilla). The
very low abundances of Black-backed Woodpecker (Pi-
coides arcticus) (recent fire associate) suggest that they
are also vulnerable.

These results led us to select for more intense de-
mographic field study those species in quintiles 3-5
described above as most at risk. Because aspen, cot-
tonwood, and willow habitats are very small in area,
appear to be declining in area over time, support many
of the species most at risk, and support high bird spe-
cies richness, these habitats represent places in the
landscape of particular conservation concern.

STEP 3. SCREENING BASED ON LoCcAL DEMOGRAPHY

As mentioned above, the abundance of a local pop-
ulation may not be a good measure of its extinction
risk. Thus demographic analyses should be done for
species deemed most at risk in the Step 2 screening
and in the habitats most important for these species.
Demographic analyses consider a population’s birth,
death, and dispersal rates and can be used to assess the
population’s risk of extinction. Risk assessment, or
Population Viability Analysis (PVA), calculates the
likelihood that the population will fall below a given
size (Ginzburg et al. 1982, Burgman et al. 1993). Sev-
eral approaches are available for performing PVAs (see
Starfield and Blelock 1986, Renshaw 1991, Burgman
et al. 1993) and predictions can vary according to the
approach (Boyce 1992, 1997, Mills et al. 1996, Wisdom
and Mills 1997). Hence, the form and complexity of
the population model employed should be carefully
considered.

Model selection must be based partially on the avail-
ability of data to parameterize the model. Unfortu-
nately, demographic data are often difficult and ex-
pensive to obtain and can be quite scarce. For example,
Green and Hiron (1991) reviewed current knowledge
of demographic parameters for 1029 bird species that
Collar and Andrew (1988) considered threatened. They
found that estimates of age at first breeding, produc-
tivity, and survival were available for only 15 of the
species. Clearly, it is desirable to collect local data
when possible. However, often it will not be possible
to obtain sufficient samples in the field for estimating
key parameters for all species of interest. Intermediate
situations will commonly exist where demographics are
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analyzed using published data for some parameters and
local data for those variables thought to vary in im-
portant ways among locales.

Data requirements vary with the type and complexity
of the demographic model. Population models can
range from simple models (e.g., exponential population
growth) to very complex models (e.g., individual-
based, spatially explicit metapopulation models)
(Burgman et al. 1993). Exponential growth models as-
sume future growth will be a function of past growth.
Hence they have relatively few parameters and can be
useful when local data are limited. These models often
ignore the demographic and spatial structure in the pop-
ulation. However, they may be adequate for modeling
populations (1) with densities well below the environ-
ment’s carrying capacity, and (2) into the near future
when growth is not extreme and critical rates are not
changing dramatically due to density changes (Burg-
man et al. 1993). Simple models can be quite enlight-
ening (see examples in Eberhardt 1987, Burgman et al.
1993). A shortcoming of many simple models is that
they do not indicate which aspects of demography (e.g.,
survival vs. reproduction) strongly influence popula-
tion change.

More complex population models that incorporate
age structure and employ reproduction and survival
rates can be more instructive (e.g., Leslie matrix pro-
jections such as those of Hitchcock and Gratto-Trevor
1997). Even greater resolution can be obtained as sub-
components of reproduction (e.g., clutch size, nest suc-
cess, etc.) or survival (e.g., overwinter survival, sur-
vival during migration, etc.) are included in models
(Johnson 1994). If habitat-specific data are available,
source-sink models (Pulliam 1988) can be used to iden-
tify those habitats most important to population per-
sistence (Pulliam and Danielson 1991). Still more com-
plex and difficult to parametertize, spatially explicit
population models can be used to examine the effects
of landscape configuration, dispersal ability, and meta-
population structure (Hanski and Gilpin 1991, Dunning
et al. 1995). Finally, in the rare but desirable cases
when adequate data are available, models can also in-
corporate population density, environmental variation,
competitors, and/or predators (Starfield and Bleloch
1987, Burgman et al 1993, Johnson 1994).

Once a model has been chosen, analyses are con-
ducted to estimate the probability of the population
attaining an undesirable status within a specified time
given the model’s assumptions. Analyses can be for
long or short time periods, and models can be deter-
ministic or stochastic. If a stochastic model is used,
one typically records the percentage of simulations that
result in the population going extinct. It is also possible
to estimate the population’s growth rate and a confi-
dence interval about the rate. Sensitivity and elasticity
analyses can be used to evaluate the relative importance
of different life history stages to the population’s
growth rate (Caswell 1990, Hitchcock and Gratto-Tre-
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TaBLE 3. Population growth rates for ‘‘most-at-risk”” guild
simulated in three habitat types in the Greater Yellowstone
Ecosystem.

Percen-
Birds  tage of Population
fledged extinc- growth rate
Habitat type per nestt tions} (95% c1)
Aspen 1.15 0 1.11 (1.07-1.15)
Cottonwood 0.78 9.9 0.92 (0.89-0.96)
Lodgepole pine 1.36 0 1.22 (1.18-1.26)

+ Number of female young fledged per nesting attempt (es-
timates from field data).

¥ Percentage of populations that went extinct during 50-yr
simulations (n = 1000 simulations with starting populations
of 100 juveniles and 100 adults).

vor 1997, Wisdom and Mills 1997). A wide array of
literature (e.g., Caswell 1990, Tuljapurkar 1990, Burg-
man et al. 1993) and software (e.g., Legendre and Clo-
bert 1995, Mills et al. 1996) is available for population
analysis.

Greater Yellowstone Ecosystem example

Our pilot study in 1996 of bird demography in the
GYE study area focused on the two habitats (aspen and

1 3 tifiad ng
cottonwoed) that support the most species identified as

at risk and on the most extensive habitat in the study
area (late-seral lodgepole pine). Within these habitats,
we estimated nest success for species with cup-nests
within 10 m of the ground. This allowed us to collect
nest success data on ~50 nests from 30 bird species,
which included 13 of the 25 species designated as most
at risk in Appendix A. The methods of Martin and
Guepel (1993) were used to locate and monitor nests
and estimate nest success following Hensler and Nich-
ols (1981). We derived age-specific annual survival
rates from published literature. These data were used
to parameterize a stochastic model that incorporated
age-specific survival rates and annually varying repro-
ductive rates (non-age-specific) to estimate population
change.

While we were able to obtain nest success data in
the field, survival estimation was precluded because
we did not have the resources to mark and relocate
adequate samples of birds in multiple species and years
(Brownie et al. 1985, Lebreton et al. 1992). Because
we worked with migratory birds whose dispersal ability
we assumed to be excellent and because necessary data
were unavailable, our model did not incorporate dis-
persal data. Data limitations also prevented us from
making our model spatially explicit. However, we were
not deeply concerned about this because patch dimen-
sions and landscape contexts were very consistent
within each habitat type.

Sufficient samples were not obtained in 1996 to mod-
el individual species. Thus, we were not able to com-
plete the Step 3 screening. Adequate data wili often be
lacking in real-world applications of the method. Here
we take best advantage of current knowledge by per-
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forming a PVA for the guild of at-risk species that are
most abundant in deciduous habitats. Included in this
guild were American Redstart, Willow Flycatcher, Vee-
ry, Western Wood-Pewee, Orange-crowned Warbler,
Least Flycatcher, Cedar Waxwing, MacGillivray’s War-
bler, Wilson’s Warbler, Northern Waterthrush, and
Common Yellowthroat. We estimated the number of
female fledglings produced per nesting attempt in each
of the three habitats, pooling data for all warbler-like
species. We used our habitat-specific estimates of re-
productive output from 1996 and allowed them to vary
stochastically (normally distributed, 1 sp = 0.25)
among years. We did not incorporate the effect of mul-
tiple nesting attempts into our model because we do
not have data for this variable. We considered two age
classes in the population (second-year [SY] and after-
second-year [ASY]) and assumed equal reproduction
for both age classes.

We used published estimates of survival estimates
for ASY birds (0.54, Martin 1995) but could not find
published data for survival of younger birds. We as-
sumed that young birds do not survive as well as older
birds. Therefore, in our model, 50% of fledglings sur-
vive to become SY breeders. Survival rates in the mod-
cl did not vary by habitat or among years.

We estimated the population’s average growth rate
in the three habitats using the program ULM (Legendre
and Clobert 1995). The average growth rate and ex-
tinction probability in each habitat was estimated based
on 1000 Monte Carlo simulations (50 yr per simulation)
(Table 3). Next, we used habitat maps of our area, field
data for the density of this guild in each habitat type,
field data for reproductive output per nest, and model
output to estimate the following: (1) the proportion of
the population in each habitat, (2) the proportion and
(3) number of young produced in each habitat, and (4)
the population growth rate across all habitats (Table
4).

The results suggest that, within the limits of the mod-
el and our assumptions, aspen and lodgepole pine for-
ests act as population source areas (population growth
rates exceed 1.0) for this guild, while cottonwood
stands act as sinks (growth rate <1.0). This is likely
the case because the intense human land uses in the

TABLE 4. Simulated source-sink dynamics of populations
of birds in the “‘most-at-risk’’ guild occupying three habitat
types in the Greater Yellowstone Ecosystem.

Annual
net
Popu- change
Habitat lation in popu-
area  Pairs/ Total growth lation
Habitat (ha) ha pairs rate size
Aspen 18499 0.360 6660 .11 733
Cottonwood 6265 0.773 4843 0.92 (—387)
Lodgepole pine 74829 0.005 374 1.22 82
Total 99593 11877 428




1470

landscapes surrounding the cottonwood forests favor
high densities of nest predators and the brood parasitic
Brown-headed Cowbird. Aspen are in a seminatural
setting and have lower densities of nest predators and
brood parasites.

These findings demonstrate the importance of de-
mographic analysis when managing biodiversity. Dis-
tribution data alone would be misleading and indicate
the need to maintain cottonwood in its current state as
the key to maintaining the population. In reality, the
demographic data indicate that aspen largely maintains
the local population of this guild of species and that
management actions should seek to preserve aspen
stands and consider altering cottonwood forest in ways
to promote improved nest success.

We emphasize that this preliminary analysis is based
on a small data set and makes many simplifying as-
sumptions. Based on what we learned about nest sam-
pling in 1996, we initiated a more comprehensive nest-
success study in 1997 (~500 nests were sampled).
When this demographic work is concluded in 2000, we
expect to have sufficient data to conduct similar anal-
yses for each of the species identified as most at risk.

STEP 4: MANAGEMENT DESIGN

How can the results above be used to manage for
important species and places? Several good guidelines
have been published for conservation planning, imple-
mentation, and evaluation at local to regional scales
(see Noss and Cooperrider 1994, Hunter 1996). These
range from managing ecosystem processes to sustain
biodiversity (Cissel et al. 1994), to maintaining habitats
for several species within specific taxonomic groups
(e.g., Hansen et al. 1993), to designs based on the de-
mography of single species (e.g., Murphy and Noon
1992). DHP Analysis produces data sets that allow a
combination of these approaches.

In the context of adaptive management (e.g., Walters
1986), our approach provides data and knowledge on
key relationships between organisms and the local en-
vironment. These data sets include: biophysical fea-
tures; distribution of species richness; distribution of
abundance for species at risk; and distribution of pop-
ulation sources and sinks for species highly at risk.
Such data provide a basis for devising alternative man-
agement scenarios. The data can also be used for pa-
rameterizing simulation models to evaluate the likely
consequences of each scenario for habitat patterns, dis-
tributions of species abundance, and species population
dynamics (e.g., Liu 1992, Hansen et al. 1993, 1995,
White et al. 1997). After one or more scenarios have
been implemented, the results of monitoring can be
used to evaluate management success and to revise/
refine the Dynamic Habitat and Population (DHP)
Analysis.

The results of our approach are particularly useful
for hierarchical management scenarios that seek to ac-
tively restore populations and habitats of species most
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at risk while maintaining key habitats and ecosystem
processes to prevent other species from becoming at
risk. Species most at risk may require habitat preserves,
active management of habitats to restore habitat quality
or abundance, control of amensal species, and/or ex
situ measures such as captive breeding. This could be
complemented by more of a coarse-filter approach that
manages natural and human disturbances to maintain
the range of habitat types required by species currently
less at risk.

Greater Yellowstone Ecosystem example

It is beyond the scope of this paper to offer a com-
prehensive management plan for our study area. In-
stead, we sketch a potential management approach to
illustrate the ways these data can be used. We set as
objectives: (1) restoring/protecting population source
areas for species most at risk; and (2) managing all
habitats to prevent other native species from becoming
at risk. Key data layers on biodiversity used in this
effort included: richness of all species; richness of spe-
cies moderately and highly at risk; and population
source areas for the guild of at-risk species on which
demographic analyses were conducted. We did not con-
sider the feasibility (e.g., political, economic, social)
of implementing the management strategies. Those
would be key considerations for those managing the
planning area. Our purpose is to present strategies
aimed at preventing species extinctions.

Total species richness was extrapolated over the
study area by applying parameters from a multiple re-
gression equation to spatially explicit, digital data lay-
ers of predictor variables. The equation was derived
from the field studies in 1995 and 1996. Predictor vari-
ables included cover type, seral stage, and elevation.
The model explained 67% of the variance in the data
and was statistically significant at the P < 0.0001 level.

Richness of at-risk species was mapped by predicting
probability of presence for individual species over the
study area based on binomial logistic regression func-
tions. Digital maps of individual species presence
(=50% probability of occurrence) were integrated to
estimate the richness of these at-risk species. Two lo-
gistic regression models were compared for each of the
at-risk species, one with cover type and elevation as
predictor variables and one considering only cover
type. The model with the best fit to the data, as evi-
denced by the lower AIC value (Akaike 1973, Burnham
and Anderson 1992), was used in the extrapolations
(Appendix B).

The species most at risk had highest projected rich-
ness in cottonwood, aspen, and willow habitats, es-
pecially those at lower elevations (Fig. 4A). Fourteen
of the seventeen species classified as at risk were pre-
dicted to be present in these three deciduous habitats.
Some of these species were also predicted to be present
in other habitat types. However, bird census data re-
vealed that most of these species were substantially



Naovember 1999

DYNAMIC HABITAT AND POPULATION ANALYSIS

FiG. 4. Maps of spe
identified as most at ris

more abundant in the deciduous habitats. There were
three exceptions. Black-backed Woodpecker was found
only in seedling/sapling lodgepole pine following wild-
fire and in old-growth lodgepole pine habitats, both at
lower elevations. Olive-sided Flycatcher occurred pri-
marily in seedling/sapling lodgepole pine following
clearcutting, and mature lodgepole pine habitats, both
at lower elevations. And Brewer’s Sparrow was found
only in sage habitats.

Total species richness somewhat mirrored the pattern
of richness of the species at risk (Fig. 4B). Richness
increased from sage and herbaceous, to high-elevation
conifer, to low-elevation mmfer to the three deciduous
habitats,

Based on these results, we derived a management
plan with four zones (Fig. 4C). Zone 1 includes habitats
that have the potential to be restored as source areas
for the guild of at-risk species specializing on decid-
uous habitats. This guild reaches peak densities in cot-
tonwood habitats. Yet reproductive success is very low
in this habitat, likely due to the nest predators and
brood parasites attracted by the surrounding land-use
activities. The management strategy here is to reduce
grazing, crop agriculture, and rural residential devel-
opment through education programs for land owners,
tax incentives, land acquisition, and county zoning.
Cottonwood regeneration depends upon exposed fine

s richness and hypothetical management plan across the study area: (A) Richness of the 17 species

sediments created by flooding. Thus, river bank sta-
bilization would be discouraged.

Likely current population source areas (aspen and
willow stands) compose Zone 2. The primary strategy
here is to prevent reduction of the area and quality of
these habitats. On public lands, grazing, road-building,
and wetland drainage would be restricted, and pre-
scribed fire and silviculture would be used to restore
aspen stands that have senesced due to herbivory and
lack of fire. On private lands, landowner education and
tax incentives would be recommended.

Zone 3 includes lower elevation conifer stands. Co-
nifer-associated bird species reach peak abundance and
richness in these stands, yet they are often most heavily
subjected to logging, grazing and road building. The
management strategy is to tailor silviculture and pre-
scribed fire to biophysical gradients to maintain the full
range of conifer seral stages across the elevational gra-
dient (see Hansen and Rotella 1999). 4

The remaining habitats in the study arca are within
Zone 4. This zone would be managed to maintain the
current range of cover types and seral stages. As men-
tioned above, management activities in all zones are
best done in an adaptive management context where
new knowledge is gained with each management im-
plementation.
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DISCUSSION

Local to regional approaches to managing biodiver-
sity are less formalized than those being applied con-
tinentally such as Gap Analysis. Our goal here is to
present a method for local to regional areas where the
maintenance of viable populations of native species is
an objective. DHP Analysis is designed to be an ef-
fective, cost-efficient, and flexible approach for com-
piling data and knowledge that provides the basis for
biodiversity management. The method combines three
existing approaches: Species Prioritization; Dynamic
Habitat Modeling; and PVA (Table 1). Implemented in
its entirety, the method identifies species most at risk
of extinction, and places in the landscape important to
these species. This information empowers management
planning to maintain and/or restore species that are at
high risk and to prevent erosion of habitats for other
species.

The example illustrated how DHP Analysis can pro-
duce data sets and insights that are highly relevant to
management. The species that we identified as most at
risk are not currently on local sensitive-species lists
and have received little attention from local managers.
The importance of deciduous forest habitats in the
Northern Rockies is widely appreciated, but our anal-
ysis is unique in documenting the small proportion of
the landscape that is occupied by these deciduous hab-
itats. The analysis also revealed that the abundances of
many species are correlated with elevation such that
species abundances are highest at lower elevations. The
population modeling suggested that some of these low-
elevation “‘hot spots” for bird abundance and diversity
are likely population source areas for the species iden-
tified as most at risk. However, hot spots that are sur-
rounded by intense human land use appear to be pop-
ulation sinks for these species. This disparity between
high population abundance in these hot spots and low
predicted population viability demonstrates the need to
integrate coarse- and fine-filtered approaches in con-
servation planning. While our example deals with
birds, our approach can be used for any taxonomic
groups for which adequate data can be obtained.

The GYE management plan can be improved as re-
search continues. Additional predictor variables in-
volving climate, topography, and soils may allow de-
velopment of more accurate projections of species
abundance across the planning area. Also, larger sam-
ple sizes on nest success will allow us to conduct PVAs
individually on the species identified as most at risk.
Even at its present state, however, our study is one of
the most comprehensive in the region and we recom-
mend that local managers consider the proposed plan
as a starting point. In being based on ongoing research,
the example demonstrates a strength of DHP Analysis.
It takes advantage of best current knowledge, and the
approach can be redone and management modified as
knowledge is improved. While management on private
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lands is often constrained by political, economic, and
social factors, tools such as land acquisition and land-
owner incentives have been increasingly shown to be
effective. It is up to managers and landowners in the
planning area, of course, to decide which biodiversity
strategies to use and how to implement them.

DHP Analysis has various limitations. The fine-fil-
tered components of the method are impractical for
organisms that are too small or poorly studied to es-
timate demographic parameters. Taxonomic groups
such as arthropods or nonvascular plants can perhaps
best be managed with coarse-filter approaches. Even
groups such as vascular plants may be too species rich
to deal with individually. Sometimes it may be desir-
able to analyze life history guilds rather than individual
species. Just as is the case with other methods, rare
species, which are often the ones of greatest interest,
are difficult to deal with in our approach. Sampling
their abundances and demographies will often require
intensive and expensive single-species methods. Fi-
nally, our method does not directly consider the eco-
logical processes that may drive habitat suitability or
population dynamics. Once vulnerable species and im-
portant habitats are identified through our method, eco-
iogical process studies and management (e.g., Cisseil
et al. 1994) may be needed to maintain these habitats
and species.

Despite these limitations, DHP Analysis offers
promise of helping to resolve the biodiversity man-
ager’s dilemma in choosing between coarse- and fine-
filter approaches. It provides a conceptual framework
by which managers working at different spatial scales
can link their efforts to efficiently maintain species.
For example, Gap Analysis (Scott et al. 1993) is iden-
tifying regions across the U.S. that contain many spe-
cies and are not well protected at present. Local man-
agers within these regions can use our approach to
develop site- and species-specific management strate-
gies. Even managers of places not designated as of high
national priority can use the method to reduce the
chance of local extinctions, which should contribute to
minimizing range-wide extinctions.

ACKNOWLEDGMENTS

This work was supported by USDA National Research Ini-
tiative, Montana Fish, Wildlife and Parks Department,
NASA’s Land Cover/Land Use Change Program, National
Fish and Wildlife Foundation, the Targhee National Forest,
the Gallatin National Forest, USDA Forest Service Region
1. and the USDI Fish and Wildlife Service. We thank Brent
Danielson, Michael Jennings, and Denis White for helpful
comments on the manuscript.

LITERATURE CITED

Akaike, H. 1973. Information theory an extension of the
maximum likelihood principle. Pages 267-281 in B. N.
Petran and E Csaki, editors. International Symposium on
Information Theory. Second edition. Adakemial iadi, Bu-
dapest, Hungary.

Allendorf, E, W. D. Bayles, D. L. Bottom, K. P. Currens, C.
A. Frisseil, D. Hankin, J. A. Lichatowich, W. Nehlsen, P.



November 1999

C. Trotter, and T. H. Williams. 1997. Prioritizing Pacific
salmon stocks for conservation. Conservation Biology
11(1):140-152.

Avery, M., D. W. Gibbons, R. Porter, T. Tew, G. Tucker, and
G. Williams. 1994. Revising the British Red Data List for
Birds: the biological basis of U.K. conservation priorities.
Ibis 137:S232-S239.

Bent, A. C. 1953. Life histories of North American wood
warblers. U.S. National Museum Bulletin 203.

Boyce, M. S. 1991. Natural regulation or the control of na-
ture? Pages 183-208 in R. B. Keiter and M. S. Boyce,
editors. Yale University Press, New Haven, Connecticut,
USA.

. 1992, Population viability analysis. Annual Review

of Ecology and Sysiematics 23:481-506.

. 1997, Population viability analysis: adaptive man-
agement for threatened and endangered species. Pages 226—
236 in M. S. Boyce and A. Haney, editors. Ecosystem man-
agement: applications for sustainable forest and wildlife
resources. Yale University Press, New Haven, Connecticut,
USA.

Brown, J. H., and A. Kodric-Brown. 1977. Turnover rates
in insular biogeography: effect of immigration on extinc-
tion. Ecology 58:445-449.

Brownie, C., D. R. Anderson, K. P. Burnham, and D. S. Rob-
son. 1985. Statistical inference from band recovery data:
a handbook. Second edition. U.S. Fish and Wildlife Service
Resource Publication 156.

Burgman, M. A., S. Ferson, and H. R. Akcakaya. 1993. Risk
assessment in conservation biology. Chapman and Hall,
New York, New York, USA.

Burnham, K. P, and D. R. Anderson. 1992. Data-based se-
lection of an appropriate biological model: the key to mod-
ern data analysis. Pages 16-30 in D. R. McCullough and
B. H. Barrett, editors. Wildlife 2001: populations. Elsevier
Scientific, New York, New York, USA.

Burt, W. H., and R. P. Grossenheider. 1976. A field guide
to the mammals. Houghton Mifflin, Boston, Massachusetts,
USA.

Capen, D. E., editor. 1981. The use of multivariate statistics
in studies of wildlife habitat. U.S. Forest Service General
Technical Report RM-87.

Carroll, R., C. Augspurger, A. Dobson, J. Franklin, G. Orians,
W. Reid, R. Tracey, D. Wilcove, and J. Wilson. 1996.
Strengthening the use of science in achieving the goals of
the Endangered Species Act: an assessment by the Eco-
logical Society of America. Ecological Applications 6:
1-11.

Caswell, H. 1990. Matrix population models: construction,
analysis and interpretation. Sinauer, Sunderland, Massa-
chusetts, USA.

Cissel, J. H., F J. Swanson, W. A. McKee, and A. L. Burditt.
1994. Using the past to plan the future in the Pacific North-
west. Journal of Forestry 92(8):30-31, 46.

Collar, N.J., and P. Andrew. 1988. Birds to watch: a checklist
of the world’s threatened birds. International Council for
Bird Preservation, Cambridge, UK.

Conroy, M. J., and B. R. Noon. 1996. Mapping of species
richness for conservation of biological diversity: concep-
tual and methodological issues. Ecological Applications 6:
763-773.

Despain, D. 1990. Yellowstone vegetation. Roberts Rinehart,
Boulder, Colorado, USA.

Dunning, J. B., D. J. Stewart, B. J. Danielson, B. R. Noon,
T. L. Root, R. H. Lamberson, and E. E. Stevens. 1995.
Spatially explicit population models: current forms and fu-
ture uses. Ecological Applications 5:3—11.

Eberhardt, L. L. 1987. Population projections from simple
models. Journal of Applied Ecology 24:103-118.

Ehrlich, P. R, D. S. Dobkin, and D. Wheye. 1988. The

DYNAMIC HABITAT AND POPULATION ANALYSIS

1473

birder’s handbook. A field guide to the natural history of
North American birds. Simon and Schuster, New York,
New York, USA.

Ellis, J., C. Jones, D. Genter, J. Reichel, B. Spettigue, and
D. Sullivan. 1996. P. D. Skaar’s Montana bird distribution.
Fifth edition. Montana Natural Heritage Program Special
Publication Number 3.

Freitag, S., and A. S. Van Jaarsveld. 1997. Relative occu-
pancy, endemism, taxonomic distinctiveness and vulnera-
bility: prioritizing regional conservation actions. Biodi-
versity and Conservation 6:211-232.

Fretwell, S. D., and H. L. Lucas, Jr. 1970. On territorial
behavior and other factors influencing habitat distribution
in birds. I. Theoretical development. Acta Biotheoretica19:
16-36.

Ginzburg, L. R., L. B. Slobodkin, K. Johnson, and A. G.
Bindman. 1982. Quasiextinction probabilities as a measure
of impact on population growth. Risk Analysis 21:171—
181.

Given, D. R., and D. A. Norton. 1993. A multivariate ap-
proach to assessing threat and for priority setting in threat-
ened species conservation. Biological Conservation 64:57—
66.

Green, R. E., and G. J. M. Hirons. 1991. The relevance of
population studies to the conservation of threatened birds.
Pages 594-633 in C. M. Perrins, J.-D. Lebreton, and G. J.
M. Hirons, editors. Bird population studies: relevance to
conservation and management. Oxford University Press,
New York, New York, USA.

Hall, A. V. 1993. Sciiing conservation priorities for threai-
ened species: a joint grouping and sequencing method.
South African Journal of Botany 59(6):581-591.

Hansen, A. J., S. L. Garman, B. Marks, and D. L. Urban.
1993. An approach for managing vertebrate diversity
across multiple-use landscapes. Ecological Applications
3(3):481-496.

Hansen, A. J., S. L. Garman, J. E Weigand, D. L. Urban, W.
C. McComb, and M. G. Raphael. 1995. Alternative sil-
vicultural regimes in the Pacific Northwest: simulations of
ecological and economic effects. Ecological Applications
5:535-554.

Hansen, A. J., and J. J. Rotella. 1999. Abiotic factors. Pages
161-207 in M. L. Hunter, Jr., editor. Maintaining biodi-
versity in forest ecosystems. Cambridge University Press,
Cambridge, UK.

Hansen, A. J., and D. L. Urban. 1992. Avian response to
landscape pattern: the role of species’ life histories. Land-
scape Ecology 7(3):163-180.

Hanski, I., and M. E. Gilpin. 1991. Metapopulation dynam-
ics: a brief history and conceptual domain. Biological Jour-
nal of the Linnaean Society 42:3-16.

Hedenas, L. 1996. How do we select species for conserva-
tion? Anales del Instituto de Biologia Universidad Nacional
Autonoma de Mexico, Serie Botanica 67(1):129-145.

Henderson, S. 1997. Birds, vegetation, and fire in dry Doug-
las-fir habitats of southwest Montana. Thesis. Montana
State University, Bozeman, Montana, USA.

Hensler, G. L., and J. D. Nichols. 1981. The Mayfield method
of estimating nest success: a model, estimators and simu-
lation results. Wilson Bulletin 93:42-53.

Hitchcock, C. L., and C. Gratto-Trevor. 1997. Diagnosing a
shorebird local population decline with a stage-structured
population model. Ecology 78:522-534.

Hoffman, N. 1997. Distribution of Picoides woodpeckers in
the Greater Yellowstone Ecosystem. Thesis. Montana State
University, Bozeman, Montana, USA.

Hunter, M. L. 1990. Wildlife, forests, and forestry: principles
of managing forests for biological diversity. Prentice-Hall,
Englewood Cliffs, New Jersey, USA.



1474

. 1996. Fundamentals of conservation biology. Black-
well Science, Cambridge, UK.

Hunter, W. C., M. E Carter, D. N. Pashley, and K. Barker.
1993. The Partners In Flight Prioritization Scheme. Pro-
ceedings of the Symposium on Status and Management of
Neotropical Migratory Birds, Estes Park, Colorado. U.S.
Forest Service Rocky Mountain Range and Experiment Sta-
tion General Technical Report RM-229.

Johnson, D. H. 1994. Population analysis. Pages 419-444
in T. A. Bookhout, editor. Research and management tech-
niques for wildlife and habitats. Fifth edition. The Wildlife
Society, Bethesda, Maryland, USA.

Laurance, W. E 1991. Ecological correlates of extinction
proneness in Australian tropical rain forest mammals. Con-
servation Biology 5(1):1-11.

Lebreton, J. D., K. P. Burnham, J. Clobert, and D. R. An-
derson. 1992. Modeling survival and testing biological
hypotheses using marked animals: a unified approach with
case studies. Ecological Monographs 62:67-118.

Legendre, S., and J. Clobert. 1995. ULM, a software for
conservation and evolutionary biologists. Journal of Ap-
plied Statistics 22:817-834.

Liu, J. 1992. ECOLECON: A spatially-explicit model for
ecological economics of species conservation in complex
forest landscapes. Dissertation. University of Georgia, Ath-
ens, Georgia, USA.

Luce, B., B. Oakleaf, A. Cerovski, L. Hunter, and J. Priday.
1997. Atlas of birds, mammals, reptiles, and amphibians
in Wyoming. Wyoming Game and Fish Department Non-
game Program, Lander, Wyoming, USA.

Lunney, D., A. Curtin, D. Ayers, H. G. Cogger, and C. R.
Dickman. 1996. An ecological approach to identifying the
endangered fauna of New South Wales. Pacific Conser-
vation Biology 2:212-231.

Mace, G. M. 1994. Classifying threatened species: means
and ends. Philosophical Transactions of the Royal Society
of London 344:91-97.

Mace, G. M., and N. J. Collar. 1994. Extinction risk as-
sessment for birds through quantitative criteria. Ibis 137:
S$240-S246.

Mann, C. C., and M. L. Plummer. 1992. The butterfly prob-
lem. Atlantic Monthly 269(January):47-70.

Martin, T. E. 1995. Avian life history evolution in relation
to nest sites, nest predation, and food. Ecological Mono-
graphs 65:101-127.

Martin, T. E., and G. R. Guepel. 1993. Nest-monitoring plots:
methods for locating nests and monitoring success. Journal
of Field Ornithology 64:507-519.

Masters, L. L. 1991. Assessing threats and setting priorities
for conservation. Conservation Biology 5(4):559-563.
Maurer, B. A. 1994. Geographical population analysis.

Blackwell Scientific, Oxford, U.K.

Mills, L. S., S. G. Hayes, C. Baldwin, M. J. Wisdom, J. Citta,
D. J. Mattson, and K. Murphy. 1996. Factors leading to
different viability predictions for a grizzly bear data set.
Conservation Biology 10:863-873.

Millsap, B. A. 1995. Wildlife conservation priorities for
Florida: the State’s perspective. Transactions of the North
American Wildlife and Natural Resources Conference 60:
466-472.

Millsap, B. A., J. A. Gore, D. E. Runde, and S. I. Cerulean.
1990. Setting priorities for the conservation of fish and
wildlife species in Florida. Wildlife Monographs 111.

Morrison, M. L., B. G. Marcot, and R. W. Mannan. 1992.
Wildlife—habitat relationships: concepts and applications.
University of Wisconsin Press, Madison, Wisconsin, USA.

Murphy, D. D., and B. R. Noon. 1992. Integrating scientific
methods with habitat conservation planning: reserve design
for Northern Spotted Owls. Ecological Applications 2:3-17.

Nature Conservancy. 1982. Natural heritage program oper-
ations manual. The Nature Conservancy, Arlington, Vir-
ginia USA.

A.J. HANSEN ET AL.

Ecological Applications
Vol. 9, No. 4

Noss, R. F, and A. Y. Cooperrider. 1994. Saving nature’s
legacy: protecting and restoring biodiversity. Island Press,
Washington, D.C., USA.

Parent, S., and L. M. Schriml. 1995. A model for the de-
termination of fish species at risk based upon life-history
traits and ecological data. Canadian Journal of Fisheries
and Aquatic Sciences 52:1768-1781.

Pimm, S. L., H. L. Jones, and J. Diamond. 1988. On the risk
of extinction. American Naturalist 132(6):757-785.

Pulliam, H. R. 1988. Sources, sinks and population regu-
lation. American Naturalist 132:652-661.

1996. Sources and sinks: empirical evidence and
population consequences. Pages 45-70 in O. E. Rhodes,
R. K. Chesser, and M. H. Smith, editors. Population dy-
namics in ecological space and time. University of Chicago
Press, Chicago, Illinois, USA.

Pulliam, H. R., and B. J. Danielson. 1991. Sources, sinks,
and habitat selection: a landscape perspective on population
dynamics. American Naturalist 137:S50-S66.

Ralph, C. J., G. R. Geupel, P. Pyle, T. E. Martin, and D. E
DeSante. 1993. Handbook of field methods for monitoring
landbirds. U.S. Forest Service General Technical Report
PSW-GTR-144.

Reed, J. M. 1995. Relative vulnerability to extirpation of
montane breeding birds in the Great Basin. Great Basin
Naturalist 55(4):342-351.

Renshaw, E. 1991. Modelling biological populations in
space and time. Cambridge University Press, New York,
New York, USA.

Robbins, C. S, D. Bystrals, and P. H. Geissler. 1986, The
Breeding Bird Survey: the first fifteen years, 1965-1979.
U.S. Fish and Wildlife Service Resource Publication 157.

Rodman, A., H. Shovic, and D. Thoma. 1996. Soils of Yel-
lowstone National Park. Yellowstone National Park, Wy-
oming, YCR-NRSR-96-2.

Scott, J. M., B. Csuti, J. D. Jacobi, and J. E. Estes. 1987.
Species richness: a geographic approach to protecting fu-
ture biological diversity. BioScience 37:782-788.

Scott, J. M., E Davis, B. Csuti, R. Noss, B. Butterfield, C.
Groves, H. Anderson, S. Caicco, E D’Erichia, T. C. Ed-
wards, J. Ulliman, and R. G. Wright. 1993. GAP Analysis:
a geographic approach to protection of biological diversity.
Wildlife Monographs 123:1-41.

Scott, J. M., T. H. Tear, and E W. Davis. 1996. Gap Analysis:
a landscape approach to biodiversity planning. American
Society for Photogrammetry and Remote Sensing, Bethes-
da, Maryland, USA.

Shaffer, M. L. 1981. Minimum population sizes for species
conservation. BioScience 31:131-134.

Starfield, A. M., and A. L. Bleloch. 1986. Building models
for conservation and wildlife management. Macmillan,
New York, New York, USA.

Stephens, D. A., and S. H. Sturts. 1991. Idaho bird distri-
bution. First edition. Idaho Museum of Natural History
Special Publication Number 11.

Sutherland, W. J. 1996. Ecological census techniques: a
handbook. Cambridge University Press, Cambridge, UK.
Tucker, G., M. Heath, L. Tomialojc, and R. Grimmett. 1994,
Birds in Europe: their conservation status. Birdlife Inter-

national BirdLife Conservation Series Number 3.

Tuljapurkar, S. 1990. Popuiation dynamics in variable en-
vironments. Lecture notes in Biomathematics 85.

Van Horne, B. 1983. Density as a misleading indicator of
habitat quality. Journal of Wildlife Management 47:893—
901.

Verner, J., M. L. Morrison, and C. J. Ralph, editors. 1986.
Wildlife 2000: modeling habitat relationships of terrestrial
vertebrates. University of Wisconsin Press, Madison, Wis-
consin, USA.

Vitousek, P. M., H. A. Mooney, J. Lubchenco, and J. M.




November 1999

Melillo. 1997. Human domination of Earth’s ecosystems.

Science 277:494-499,

Walters, C. 1986. Adaptive management of renewable re-

sources. McGraw-Hill, New York, New York, USA.

Whitcomb, R. E, C. S. Robbins, J. E Lynch, B. L. Whitcomb,

K. Klimkiewicz, and D. Bystrak. 1981. Effects of forest

fragmentation on avifauna of the Eastern Deciduous Forest.
Pages 125-205 in R. L. Burgess and D. M. Sharpe, editors.

Forest island dynamics in man-dominated landscapes.

Springer-Verlag, New York, New York, USA.

DYNAMIC HABITAT AND POPULATION ANALYSIS

1475

White, D., P. G. Minotti, M. J. Barczak, J. C. Sifneos, K. E.
Freemark, M. V. Santelmann, C. E Steinitx, A. R. Kiester,
and E. M. Preston. 1997. Assessing risks to biodiversity
from future landscape change. Conservation Biology 11(2):
349-360.

Wisdom, M. J,, and L. S. Mills. 1997. Sensitivity analysis
to guide population recovery: prairie chickens as an ex-
ample. Journal of Wildlife Management 61:302-312.

Zar, J. H. 1974. Biostatistical analyses. Prentice-Hall, En-
glewood Cliffs, New Jersey, USA.

APPENDIX A
Data used in Screening 2. Variables are defined in Table 3. For brevity, species in Screening 2, Quintiles 1 and 2 are not
shown.
Nest Repro-  Screen- Screen-
Population Habitat Predator parasite ductive ing 1 ing 2
Species size area (ha)  susceptibility susceptibility effort  quintile quintile

Yellow Warbler 6081 74 503 0.00 0.00 4.5 2 3
American Crow 3264 23 885 0.00 0.00 6.5 4 3
Barn Swallow 26298 132546 0.00 0.00 11 4 3
Clark’s Nutcracker 9207 6340 0.00 0.00 7 2 3
Common Raven 24412 14 627 0.00 0.00 9 2 3
Fox Sparrow 5224 70708 3.46 0.00 5 1 3
Grasshopper Sparrow 157 53109 0.00 0.00 5.5 5 3
Green-tailed Towhee 5725 16574 0.16 0.99 8 3 3
Northern Rough-winged Swallow 2300 6340 2.97 0.00 4 1 3
Three-toed Woodpeckert 4440 10941 0.54 0.00 3 5 3
Western Tanager 2830 65026 0.40 0.00 9 5 3
Black-backed WoodpeckerT 24734 9202 0.21 0.22 4 2 3
Brewer’s Blackbird 7217 35089 0.36 0.00 35 5 3
Evening Grosbeak 786 62946 1.37 0.00 8 4 3
Swainson’s Thrush 21938 53109 0.00 0.00 5.5 2 3
Warbling Vireo 42 6340 0.00 0.00 5.5 4 3
Common Yellowthroatt 32 16574 0.00 0.00 9 1 4
Lazuli Bunting 1913462 560 888 0.10 0.00 9 2 4
Northern Waterthrush? 21439 22914 0.50 0.31 4.5 1 4
Olive-sided Flycatchert 6324 9202 0.00 0.00 4.5 2 4
Wilson’s Warblert 2397 214 005 4.97 0.00 3.5 5 4
Black-headed Grosbeak 2229 68984 3.08 291 10 3 4
Blue Grouset 114 14 627 8.94 0.00 5 3 4
Brewer’s Sparrowt 22978 293442 0.83 0.00 9 5 4
Dusky Flycatchert 708 537 806 11.37 0.00 4 3 4
House Finch 1384 6340 0.66 0.00 9 5 4
MacGillivray’s Warblert 28 865 9202 0.70 0.00 3.5 5 4
Mourning Dove 104 43238 7.53 0.00 10 1 4
Ruffed Grouset 833 19228 1.67 5.86 3.5 3 4
Steller’s JayT 337 222402 17.59 0.00 8.5 4 4
Williamson’s Sapsucker 3175 16574 0.13 1.13 3.5 4 4
Cedar Waxwingt 92388 14627 0.31 0.00 10 1 5
Grey Catbird 2341 19 744 0.26 0.00 5 4 5
Least Flycatcher} 2178 21175 0.47 0.00 5 3 5
Northern Oriolet 19 6340 50.00 103.00 33 3 5
Orange-crowned Warblert 1483 6340 0.00 0.00 10 1 5
Red-naped Sapsuckert 41391 209 404 0.46 0.00 4 4 5
Violet-green Swallow? 416 6340 0.00 0.00 4.5 4 5
Hammond’s Flycatcher} 22558 226197 0.86 0.00 8 4 5
Red-winged Blackbird 529 375234 28.84 0.00 7 2 5
Western Wood-Peweet 1184 191246 0.00 0.00 4 3 5
American Goldfinch 27 9202 13.00 0.00 9 1 5
Bobolink¥ 2170 436739 0.00 0.00 5.5 2 5
Common Grackle 10293 413 646 2.21 0.00 3 3 5
Rufous-sided Towhee? 103419 209 404 0.21 0.00 9 2 5
Veeryt 27203 401788 0.62 0.00 7 3 5
Willow Flycatchert 2096 22914 0.56 3.29 8 5 5
American Redstartf 285 40800 2.85 0.00 5.5 5 5
Red-eyed Vireo 75459 225402 0.06 0.06 7 4 5
Eastern Kingbird 7176 250094 2.53 0.00 3.5 4 5

t Species considered most at risk of extinction in the study area.
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APPENDIX B
Results of logistic regression analyses predicting presence of each of the at-risk bird species.
Number L-ratio Maximum Concor-
of chi-square L-ratio adjusted dance

Species observations Model value P R? (%) Fitt
American Redstart 54 Cover + Elev. 494 0.0001 0.82 98.8 0.92
Willow Flycatcher 173 Cover + Elev. 49.4 0.0001 0.79 97.9 0.55
Veery 112 Cover + Elev. 31.8 0.0002 0.55 93.2 0.79
Western Wood-Pewee 235 Cover + Elev. 50.1 0.0002 0.63 94.0 0.04
Red-naped Sapsucker 49 Cover + Elev. 45.4 0.0002 0.63 94.1 0.97
Orange-crowned Warbler 74 Cover 23.7 0.0025 0.77 80.3 1.00
Northern oriole 25 Cover 33.1 0.0001 0.71 97.0 0.93
Least Flycatcher 110 Cover 33.0 0.0001 0.71 95.7 0.93
Ruffed Grouse 100 Cover 20.1 0.0100 0.30 71.2 1.00
MacGillivray’s Warbler 88 Cover + Elev. 40.4 0.0001 0.52 89.5 0.21
Brewer’s Sparrow 86 Cover 29.7 0.0002 0.50 92.4 0.93
Wilson’s Warbler 102 Cover 36.5 0.0001 0.50 84.6 1.00
Olive-sided Flycatcher 87 Cover + Elev. 23.3 0.0055 0.32 80.2 0.20
Northern Waterthrush 146 Cover 23.3 0.0055 0.7 80.2 0.93
Common Yellowthroat 21 Cover 74.3 0.0001 0.75 95.8 0.93
Dusky Flycatcher 51 Cover + Elev. 71.9 0.0001 0.69 92.8 0.42
Black-backed Woodpecker 16 Cover + Elev. 24.1 0.0040 0.54 94.7 0.93

Notes: Column headings are: species; number of observations; the best model; estimated chi-square value of the model
with the likelihood-ratio test; estimated significance of the model with the likelihood-ratio (L-ratio) test; the maximum
adjusted R?, which estimates what proportion of the maximum possible likelihood value was achieved; concordance, which
is the estimate of the model’s predictive ability (the percentage of all possible pairs of observations where the observation
with the lower observed response value also had the lower predicted response values); and the assessed fit of the model with
the Hosmer-Lemeshow test (values >0.1 indicate adequate fit). Species that were observed <15 times during the 1995-1996
sampling and species showing nonsignificant L-ratio values were omitted from the analysis.

t Hosmer and Lemeshow goodness-of-fit test.



