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chance of a biologically inappropriate top model
because habitat envelopes already constrain the sam­
pling region to that of generally preferred habitat.

Although a variety of techniques exist for generating
pseudo-absence points, recent studies suggest that
superior models use pseudo-absence points generated
from constrained areas where the variability of points is
reduced (e.g., Engler et al. 2004, Graf et al. 2005, Uitolf
et al. 2006, and the present study). The consistent
improvement in model fit and predictive capability of
habitat envelope models demonstrated here, further
supports the use of constrained ecologically based
pseudo-absence points over traditional pseudo-absences
generated over entire study regions. While profile-type
models were not explicitly tested against our habitat
envelope models, use of robust statistical modeling tools
(e.g., GLMs, GAMs, classification trees) with ecologi­
cally based pseudo-absence points and extant presence
points may be more appropriate than profile techniques,
which (I) assume that all predictor variables are equally
important in determining species distribution (e.g.,
FEM; Robertson et al. 2004), (2) assume presence data
is unbiased (e.g., ENFA; Hirzel et al. 2002), (3) assume
the presence-only data originates only from source
habitat (e.g., Maxent; Phillips et al. 2006), (4) over­
predict (e.g., ENFA; Brotons et al. 2004, Engler et al.
2004), and (5) are difficult to interpret and assess
statistically. Furthermore, if field-collected absence
points in a dataset are expected to contain false or
spurious absence points (Graham et al. 2004, Hirzel et
al. 2001, 2002), including additional ecologically based
pseudo-absence points may provide more robust ab­
sences for modeling.

Common problems with this type of modeling include
assumptions of habitat saturation and lack of complete
species distribution data. The present technique is no
exception. The inherent HCM assumptions that habitat
is saturated (Capen et al. 1986), and that the species
modeled is in equilibrium with its environment (Austin
2002, Guisan and Thuiller 2005) are often ignored in
broad-scale habitat modeling because knowing the
locations of all individuals or the attribute of interest
(i.e., a nest site) is nearly impossible across a large
spatial extent, particularly at one time step. Because
landscape-scale census and monitoring is not complete
for Northern Goshawks within Zone 16 (and is one
reason why these models were created), we cannot
assume that habitat is saturated, especially because it is
probable that not all territories have been identified.
Additionally, due to incomplete activity information for
some nests throughout 1994-2005, some nest locations
may exist in so-called sink habitat (Pulliam 1988) with
poor habitat quality or lack of abundant prey items
nearby.

Predictor variable error is another recurring issuing
with HCMs, particularly at broad spatial scales. No
matter how well any habitat model fits the data from
which it is developed, it contains error from a variety of

sources (Edwards et al. 1996, Pearce and Ferrier 2000).
FIA and Landfire map products are models of
vegetation attributes which contain error too, error
which was then transferred to the Northern Goshawk
HCMs. Additionally, because FIA and Landfire map
products of Zone 16 incorporate plot-based inventory
data and satellite imagery spanning from 1998 to 2003,
certain cells within the map products may not reflect
current conditions, although validation of these map
products indicates low error (Blackard 2004, Rollins et
al. 2006, and see footnotes 5 and 6). Unfortunately, no
method exists to incorporate the inherent error of spatial
predictor layers into classification models such as
GLMs, even if the error is known. Conservation
recommendations based on HCMs should take into
account the uncertainty inherent in the models and their
map outputs so that variability within the system is
recognized. However, even with inherent error, the good
fit, predictive capability, and ecological relevance of the
Northern Goshawk best-fit habitat envelope models
suggest that sampling high habitat suitability areas may
lead to the discovery of new nest sites and nest areas in
Zone 16.

Here we use habitat as an example for constraining
the region of selection to refine the classification; other
ecologically relevant variables could be used to constrain
envelopes. For a given species, these might include
spatially explicit representations of: predator, competi­
tor, prey, or resource abundance; disturbances (e.g., fire,
pollutants, and drought); resource proximity; territory
boundaries; degree of isolation; and demographic
parameters. Inclusion of other ecologically relevant
Northern Goshawk variables (in habitat envelopes and
as predictor variables) may have improved classification
further, predicting likelihood of occurrence for suitable
and successful nests (i.e., suitable conditions for
successful fledglings). Prey abundance, competitor pres­
ence, nest-specific fledgling survival, forest characteris­
tics of post-fledging and foraging areas, territoriality,
forest disturbances (i.e., bark beetles, fire, timber
harvest), and inter-annual climatic variation have all
been shown to be important variables for nest success
(Squires and Reynolds 1997, Salafsky et al. 2005,
Reynolds et ai, 2006, Wiens et al. 2006). However, as
is the case for many other species of concern, these data
were either not available or were incomplete. Yearly
surveys of existing nests and regions of high likelihood
of occurrence will help provide these valuable data for
refined models of suitable and successful Northern
Goshawk nests.

Co eLUSIONS

This study contributes to research aimed at advancing
habitat and species distribution modeling techniques.
Here we improved upon traditional techniques of
generating pseudo-absence points by incorporating the
ecology of the species-habitat relationship. Habitat
envelopes provide an ecologically based method for
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generating less variable pseudo-absence points which
can produce more statistically and ecologically robust
HeMs. Moreover, given some a priori knowledge of the
species-habitat relationship, ecologically based pseudo­
absence points can be created for any species, ecosystem,
data resolution, and spatial extent.
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APPENDIX A

Literature studies and values used in creating 30-m nest site and 250-m nest area habitat envelopes for Northern Goshawk
(Ecological Archives A017-071-AI).

APPENDIX B

Best-fit Northern Goshawk nest site (30-m) and nest area (250-m) habitat and null envelope model coefficients and their
significance (Ecological Archives AO 17-071-A2).




