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PUTTING STUDIES OF NORTH AMERICAN GOSHAWKS IN CONTEXT

ROBERT E. KENWARD

Writing the foreword for this collection of
papers provides an opportunity to take stock of
how research on the Northern Goshawk (Accipiter
gentilis) has developed on both sides of the Atlantic
Ocean. The first period of international overview of
the Northern Goshawk was in 1980-1981. An early
monograph on goshawks (Fischer 1980) was not eas-
ily accessible to western biologists, because it came
from what was then East Germany. Moreover, the
only English language text was in 60 of its 250 refer-
ences. Most of the early quantitative studies of this
species were published in German and Scandinavian
languages (Hagen 1942, Holstein 1942, Briill 1964;
Hoglund 1964a, b; Sulkava 1964).

However, by the late 1970s quantitative stud-
ies also originated from Britain and North America
(McGowan 1975), including the first radio track-
ing of free-living hawks (Bendock 1975, Kenward
1976). These studies, and a need to make European
material accessible in English, stimulated the collec-
tion of 21 papers for a symposium in Oxford titled
Understanding the Goshawk (Kenward and Lindsay
1981a). The main topics were population trends
(four papers), wild and domestic breeding (six),
hunting behavior and predation (seven). Not one
paper focused on features of the habitat.

Around 1980, rather little knowledge of Goshawks
was crossing the Atlantic in either direction. In 1982,
a remarkable raptor enthusiast, the late Richard
Olendorff, provided search findings from a pioneer-
ing raptor management information system that he
had just established. Among 139 references that
mentioned goshawks in the text, including 23 that
Olendorft considered substantially about goshawks,
only six were also among the 250 in Fischer (1980).

Since about 1990, great interest in habitat
requirements has developed in North America, as a
result of attempts to use the Northern Goshawk as
a flagship species for preserving old-growth forest.
Useful reviews of the politics and resulting work
were published by Reynolds et al. (1992), Squires
and Reynolds (1997), Bosakowski (1999), Kennedy
(2003) and in the proceedings of a goshawk sym-
posium (Block et al. 1994). So is most work on
Northern Goshawks now done west of the Atlantic?

This question can be best answered by examining
publications in scientific journals, because books,

reports, and conference proceedings tend to be
biased towards work in particular geographic areas.
I searched the Raptor Information System (RIS)
(<http://ris.wr.usgs.gov/> [24 February 2005]) for
papers in scientific journals with Northern Goshawk
in the title or keywords. Results were filtered for
work in the wild (either in Europe or North America),
to exclude conference proceedings and into two
15-yr periods to seek trends. In the 15 yr of forest
interest since 1990, 147 journal papers included 85
(58%) from Europe, compared with 74 publications
including 41 (55%) from Europe in the 1975-1989
period (Fig. 1a). Papers on goshawks doubled both
in Europe and North America.

A new database of goshawk demography and
feeding habits (Rutz et al., this volume) that traced
citations from recent publications without using the
RIS, suggests that the RIS may slightly underestimate
European publications. In August 2004, the database
included 174 references from 1975 onward with 108
(62%) from Europe. For North American work, 49 of
66 references (74%) were also in the RIS, compared
with 36 of 108 (33%) for Europe (Fig. 1b).

So, research on goshawks remains very healthy
east of the Atlantic, and it is good for the research
in Europe to continue informing researchers in
America, as Mike Morrison understood when he
sought two review papers from Europe for this
volume. It is also worth noting that the 972 cita-
tions for Northern Goshawk (title + keyword) in the
RIS in July 2004 were not greatly exceeded by the
1,082 for Golden Eagle (Aquila chrysaetos), which
was beaten only by Bald Eagle (Haliaeetus leu-
cocephalus) (2,563) and Peregrine Falcon (Falco
peregrinus) (1,442). A perfect bibliography might
well give a citation bronze medal to studies of the
Northern Goshawk.

In the 22 papers of this volume, the focus of
research is more holistic than a decade earlier.
Among 23 papers in Block et al. (1994), 10 had
habitat issues in the title and were extensively con-
cerned with where goshawks nest. Research now
tends to emphasize how goshawks are performing
in different situations rather than where they nest. In
this volume, only four of the 22 papers have habitat
in the title, and one of the four actually concentrates
on habitats of goshawk prey. Joseph Drennan uses
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FIGURE. 1. The Raptor Information System (RIS) shows a parallel increase in goshawk publications in Europe and
America (a) with European papers represented less than in a new database on demography and diet (b).

the diet of goshawks in the southwestern US and
elsewhere to illustrate the converging require-
ments of predator and prey species. His prey-based
approach illustrates why habitat use remains an
important theme throughout this volume.

Two papers, one by Sarah Sonsthagen and the
other by Jared Underwood, in each case with Ronald
Rodriguez and Clayton White as co-authors, give
data on habitats used by 42 adult female goshawks
that were tracked by satellite in Utah between 2000
and 2003. Another paper by Carlos Carroll, Ronald
Rodriguez, Clinton McCarthy, and Kathleen Paulin,
is linked to these two by location (Utah) and use of
remote sensing. These authors model the distribu-
tion of goshawk nests from satellite-mapped data on
spatial resources, with reasonable out-of-area predic-
tive ability and similarity to resource requirements
of bears and wolves.These three papers from Utah,

with a fourth, by Sonsthagen, Rodriguez, and White
on annual movements of the same satellite-tracked
goshawks, will for many readers be the most remark-
able in the volume. Goshawks seem not to have
previously been tracked by satellite and certainly not
in such numbers. In view of low tracking accuracy
from the ARGOS system, differences in habitat use
between seasons and between resident and migrant
hawks are likely to be even more robust than results
suggest, because significance levels are probably
reduced by noise. However, the low accuracy will
have overestimated home ranges. Moreover, 21 of
the adult female hawks produced stationary, cold-
transmitter readings before the following April and
none among 11 survivors tracked the following
summer reproduced successfully, which indicates a
high impact of tags; such an impact may have biased
movements and survival.
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Another North American paper with a focus on
habitat is by Stephen DeStefano, Michael McGrath,
Steven Desimone, and Sonya Daw, on goshawks in
inland Washington and Oregon. There they found
weak tendencies for greatest persistence of nesting
in areas that retained most forest with mid- and late
seral stages, and productivity was lowest in one of
three areas with least mammals in the diet. Moving
further north, into Canada, Frank Doyle reviews evi-
dence that mainland goshawks coexisting with abun-
dant lagomorph populations may be little impacted
by timber harvest, compared with hawks on islands
with few lagomorphs. Another theme of this paper
is that collection of robust data on nest density and
productivity is likely to be more useful for monitor-
ing goshawks than observing hawks in migration or
in winter.

Similar comments on the need for robust repro-
ductive data that are comparable across studies,
and also on winter diet and foraging, are found
in the paper by Clint Boal, David Andersen, Pat
Kennedy, and Aimee Roberson. As well as review-
ing nesting habitats, diet, and productivity in the
Great Lakes region, these authors include data on
home range, residency, and mortality for 28 breed-
ing adult goshawks. Further eastward, the theme of
describing nest habitat, productivity and diet is con-
tinued by Trevor Becker, Dwight Smith, and Thomas
Bosakowski for 16 nests in Connecticut. Bosakowski
and Smith provide similar data for goshawks in the
nearby East Coast states of New York and New
Jersey, which have been re-colonized following re-
afforestation. In addition, the latter paper includes
comments on migratory movements of goshawks in
the eastern US.

Habitat change is also addressed by one of the
two papers from Europe. Risto Tornberg, Erkki
Korpiméki, and Patrik Byholm review 12 multi-
year studies of breeding and winter ecology in
Fennoscandia. From the nationwide counts of prey
populations, there are indications that Goshawks
may have subtle impacts on populations of their
main prey, woodland grouse, especially because
extensive radio tagging shows that healthy popu-
lations may contain many non-breeders. There is
evidence of converse effects too, with variation in
goshawk numbers and body-size linked to impacts
on prey of recent changes in forest management.

Returning to the southwest of North America,
four papers concentrate on seasonal and spatial
variation in breeding biology. Andi Rogers, Michael
Ingraldi, and Stephen DeStefano use video record-
ing to show that although prey deliveries at 10 nest
sites in Arizona declined after a peak at a nestling

age of 15-20 d, an increase in size of prey caused
biomass per day to increase throughout the season.
Marc Bechard, Graham Fairhurst, and Gregory
Kaltenecker analyze 11 yr of data on occupancy and
productivity for a study area in Nevada, compared
to 10 yr of similar data from Idaho. They also pro-
vide records of natal dispersal movements and adult
turnover. These are the longest data sets from North
America in this volume.

From another multi-year study in the southwest
US, Richard Reynolds and the late Suzanne Joy pro-
vide data on productivity, turnover, and survival of
adult goshawks of both sexes on the Kaibab Plateau.
Useful analytic techniques are introduced, including
Mayfield estimates to correct late-finding bias, and
distance thresholds to increase information from
nearest-neighbor-distance analyses of nest spacing.
In the fourth site-specific study, John Keane, Michael
Morrison, and Michael Fry use 4 yr of data to indicate
that large brood size in the California Sierra Nevada
correlated with early laying and high pre-laying
mean temperature, while abundance and frequency
in goshawk diet of Douglas squirrels (Tamiasciurus
douglasii) correlated with cone crops.

The remaining six papers are essentially reviews.
At the end of the Regional section of the volume,
Christian Rutz, Mick Marquiss, Rob Bijlsma, and
I consider factors that may limit goshawk popula-
tions across Europe. We discuss why goshawks are
more focussed on woodland and eating mammals in
North America and note that goshawk colonization
of European towns shows how well this species can
adapt to habitat change. The creation of a database
for the inter-continental comparisons raised issues
of data standards. Such meta-analyses would be
most robust if biologists always (1) climbed trees
to assess productivity, (2) collected individual-
unique prey remains in diet studies, (3) adopted in
Europe the habitat measures used in North America
(e.g. canopy cover in nest stands), (4) recorded nest
density and percentage of forest in North American
study areas, and (5) estimated mean nearest-neighbor
nest distances in case these prove better than density
for investigations of population variation in strongly
heterogeneous landscapes.

In the last paper in the Ecology section of the vol-
ume, Richard Reynolds, Susan Salafsky, and David
Wiens consider how goshawk populations are affected
by predators, competitors, weather, and habitats for
nesting, provisioning, and winter foraging. They
concur, from the many recent studies of goshawks
in North America, with results obtained earlier by
studying goshawks in European habitats, namely that
goshawks can be quite flexible in breeding habitat but
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require habitats good for prey populations and hunting
them (Kenward and Widén 1989).

This sets the scene for the point at which work
on goshawks in North America has gone beyond
the situation in Europe, into monitoring and practi-
cal habitat planning for goshawk conservation, as
described in the following Management section. At
the start of this section, Christina Hargis and Brian
Woodridge consider how goshawk populations could
be monitored at the regional scale across North
America. They propose standardized use of a broad-
cast acoustical survey during incubation and nestling
periods, in 688 ha blocks at 5-yr intervals, to indicate
change in presence of breeders for analysis in rela-
tion to covariates such as changing habitat.

In the final two papers, Richard Reynolds,
Douglas Boyce, and Russell Graham, give a prelimi-
nary assessment of the ecosystem-based conservation
strategy developed for goshawks in the southwestern
US. Their principle is to conserve the whole food
web as well as breeding and foraging habitats,
by summing forest habitat elements required for
nesting, foraging and the needs of four main prey
species, and then planning to ensure an adequate
proportion of each vegetation structure stages in
the long term (which must be as much as 200 yr
for the oldest trees). This principle is embedded in
the management guidelines for the southwestern US
that were adopted in 1992. These are considered in
the second paper, in which Boyce leads a look at the
status of goshawks on land managed by the USDA
Forest Service. The management guidelines are now
widely praised as a pioneering wildlife management
initiative, developed by consensus of many interests
for use in the wider countryside beyond reserves
and management. Their interest in maintaining prey
populations benefits other species than goshawks,
including humans in that initiation of low-intensity

NO. 31

ground fires is recommended to clear inflammable
debris and hence deter crown fires.

I have left a long introductory paper by John
Squires and Pat Kennedy until last, because it
includes all the topics of the others and yet goes
beyond them. As the authors point out, it does not
attempt to consider all the literature (especially
from Europe) and passes lightly over issues that
the authors have reviewed thoroughly elsewhere.
However, it is the most comprehensive yet concise
account of goshawk biology and politics in North
America that is available in English.

The papers in this volume provide an excellent
overview of the extensive recent work on goshawks
in Europe and North America. On both continents,
studies have evolved from the descriptive to the cor-
relative, to multi-site, multi-year studies and now to
compilations of data for meta-analyses. In Europe,
population and predation studies have become
more sophisticated through radio tagging and by
using extensive data on prey demography. In North
America, goshawk biologists are applying advanced
remote sensing technology and linking goshawk
conservation with silviculture. Differences between
goshawks in Europe and North America continue
to raise challenging questions, and Europeans
continue to produce at least as many publications
on the Northern Goshawk as their North American
colleagues.

Ultimately, conservation of goshawks may ben-
efit from many interests and subtle socio-economic
approaches. For instance, might goshawks be as
amenable as Peregrine Falcons to introduction by
falconers for urban living? It may be hoped that inno-
vations in the coming decade also include greater
inter-continental liaison, to transfer data standards
and understanding of how the Northern Goshawk
and other species respond to changing land use.
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TOWARD A BETTER UNDERSTANDING OF THE NORTHERN GOSHAWK

MicHAEL L. MORRISON

WHY THIS ASSESSMENT?

The Northern Goshawk (Accipiter gentilis) is
the largest member of the genus Accipiter, a group
of hawks that contains 47 species worldwide. The
Northern Goshawk occurs throughout the Holarctic
region in wooded environments. Most species in this
genus feed primarily on birds and mammals and fre-
quent wooded environments.

Much controversy has arisen during the past sev-
eral decades regarding the conservation status of the
goshawk in North America. In the 1970s, concerns
about the effects of forest management on nesting
habitat of goshawks were raised in the western US
(Reynolds 1971, Bartelt 1977). In the 1980s, further
concerns were raised about the large foraging area
beyond nest areas (Reynolds 1989, Crocker-Bedford
1990). Petitions to list the Northern Goshawk as
threatened have been filed with the USDI Fish and
Wildlife Service on several occasions. Although
these petitions have been denied, they indicate the
level of concern held by many regarding the status
and trend of the population.

In response to concerns about the status of
goshawk populations in the southwestern US, the
Southwestern Region of the USDA Forest Service
(USFS) assembled a goshawk scientific committee
(GSC) in the fall of 1990. Composed of research and
management scientists, the GSC was charged with
developing forest management recommendations
to protect and enhance goshawk habitat in order to
conserve goshawk populations. The GSC produced
a habitat conservation strategy entitled Management
recommendations for the Northern Goshawk in the
southwestern United States (Reynolds et al. 1992).
This conservation strategy has now been applied on
national forests in the Southwest. The management
recommendations of Reynolds et al. (1992), how-
ever, were designed specifically for southwestern
forests. Because important members of the suite of
goshawk prey and the ecology of forests differ from
one forest type to another, the management recom-
mendations have limited applicability outside of
the Southwest. Therefore, additional conservation
strategies are needed for other regions and forest
types within the range of the goshawk. Although
the conceptual approach of Reynolds et al. (1992)

is applicable to any system, ecological differences
among forest types require that the approach be
modified for each situation.

To help expand on the knowledge and recom-
mendations contained in Reynolds et al. (1992), a
symposium was held in 1993 to assess the status of
the goshawk across North America. The resulting
publication (Block et al. 1994) synthesized existing
information through a series of contributions and
made recommendations on management and addi-
tional research.

During the 10 yr since publication of Block et
al. (1994) many studies have been conducted on the
status, ecology, and conservation of the Northern
Goshawk. Nevertheless, controversy continues
regarding the status of the species, appropriate man-
agement and conservation strategies, and the proper
legal status that should be applied. Reflecting the
uncertainly surrounding the status of the goshawk,
the Raptor Research Foundation, Inc., and The
Wildlife Society formed a joint committee to review
information regarding the status of the population in
the contiguous US west of the 100th meridian. This
committee published its findings in 2004, finding
that existing data related to the goshawk population
trend are inadequate to assess population trend west
of the 100th meridian. They concluded that small
samples, nests located through ad hoc sampling
generally associated with management activities,
and an inability to extrapolate results from local
studies to the scale of the review area, limited the
committee’s ability to draw conclusions on popula-
tion trend, genetic structure, and habitat relation-
ships (Andersen et al. 2004).

As such, individuals with the USDA Forest
Service, Rocky Mountain Research Station felt that
scientists and managers alike would benefit from a
compilation of papers that updated previous works
and synthesized the current statue of knowledge
on the species. All contributions were solicited by
Richard Reynolds, William Block, and me to ensure
that much of North America, including Canada, was
included. In addition, I solicited several contribu-
tions from Europe so contrasts between the status
and management of the species could be compared
with North America. A few additional, relatively
site-and-time specific studies were added after I was
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contacted by several researchers that learned of this
project.

Thus, this document was prepared to expand
beyond Reynolds et al. (1992), Block et al. (1994),
and Anderson et al. (2004), and to assess the existing
body of knowledge, and present a substantial amount
of previously unpublished data on the biology and
ecology of goshawks. Although this assessment does
not provide comprehensive management recommen-
dations for specific forest types, it does provide the
background needed for identifying and synthesiz-
ing information on the use of habitats and prey by
goshawks in different forests so that locally specific
conservation strategies can be developed.

APPROACH AND SCOPE OF ASSESSMENT

The goal of this assessment is twofold—to amass
existing knowledge on the distribution, abundance,
biology, ecology, and habitat needs of the goshawk
in North America, and to provide a framework for
synthesizing this information in a manner that con-
servation strategies specific to regional and local for-
est types can be developed.

We were especially fortunate to have Robert
Kenward prepare a detailed foreword that reviewed
and synthesized all of the contributions in the vol-
ume. Given Kenward’s extensive experience with
the goshawk, his contribution substantially enhances
the value of this volume.

This volume begins with a very detailed assess-
ment of the current state of knowledge regarding
goshawk ecology by Squires and Kennedy. They
review and synthesize existing data, identify gaps in
our knowledge, and provide suggestions on research
and management directions. Squires and Kennedy
expended considerable effort to bring this contribu-
tion together, and it sets an excellent framework for
the papers that follow.

I divided the body of the volume into three major
parts, entitled Regional, Ecology, and Management.
As the name implies, the regional section presents
papers dealing with the status and trends of gos-
hawks across North America and Europe. Included
in these papers are many large data sets that quantify
demography and nesting ecology, dispersal, and
other life history traits. The ecology section presents
contributions that more narrowly focus on one or a
few aspects of goshawk ecology, including prey con-
sumption and foraging ecology and movements. As
shown in these papers, the use of satellite telemetry
is greatly enhancing our understanding of goshawk
movements and habitat use. The management sec-
tion provides guidance on how we can use the
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existing data to manage and conserve the species. In
particular, Hargis and Woodbridge present a compre-
hensive design for monitoring goshawk populations
at the bioregional scale, and Reynolds et al. develop
an ecosystem-based strategy for conserving the spe-
cies. The final chapter by Boyce et al. summarizes
the state of knowledge on science and management
of the Northern Goshawk.

Because of the controversy surrounding the status
and management of the goshawk, I think it is valu-
able to briefly outline the review process used in this
volume. I served as the review editor and obtained
two peer reviews for all contributions; most reviews
were obtained from scientists not involved with this
volume. I then synthesized the review comments,
provided additional comments, and returned the
manuscripts to the author(s) for revision. Manuscripts
were also sent through a thorough review of study
design and statistical methods, conducted by quali-
fied statisticians. The revised manuscripts, along with
all review comments, were then forwarded to Studies
in Avian Biology editor Carl Marti. Marti reviewed
all of the materials, provided additional comments as
he deemed necessary, and made the final decision on
acceptance of all manuscripts. Thus, each paper has
undergone a review process that exceeds that applied
by most scientific journals.

This volume adds substantially to the existing
knowledge of the Northern Goshawk and provides
useful guidance for management and conservation
of the species. Additionally, weaknesses in our
understanding of the species are identified, and rec-
ommendations are made for closing the gap between
what we know and what we need to know to ensure
that the species is perpetuated.
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NORTHERN GOSHAWK ECOLOGY: AN ASSESSMENT OF CURRENT
KNOWLEDGE AND INFORMATION NEEDS FOR CONSERVATION

AND MANAGEMENT

JonN R. SQUIRES AND PATRICIA L. KENNEDY

Abstract. The contentious and litigious history associated with managing Northern Goshawks (Accipiter gen-
tilis) has focused much research attention toward understanding this species’ life history. Results from these
studies address many key information needs that are useful to managers and decision makers, but many press-
ing information needs exist to address key conservation questions. Our goal was to assess the current state of
knowledge in light of recent research. We focused on published information, but we also include unpublished
studies if necessary to address key information needs. We included key European studies, for areas where there
is little information for North American populations. Based on our assessment of current knowledge, we review
goshawk conservation and management in terms of threats, ecological relationships; information needs, survey
and monitoring, managing in the face of uncertainty, and the increasing demands for science-based manage-
ment. We conclude by offering our understandings or qualified insights relative to some of the most salient
issues confronting goshawk conservation and management.

Key Words: Accipiter gentilis, goshawk ecology, goshawk management, Northern Goshawk.

ECOLOGIA DEL GAVILAN AZOR: UNA VALORACION DEL CONOCIMIENTO
ACTUALY DE LAS NECESIDADES DE INFORMACION PARA EL MANEJO Y LA
CONSERVACION

Resumen. La contenciosa y discordante historia asociada al manejo del Gavilan Azor (Accipiter gentilis) ha
enfocado la atencién de investigacion hacia el entendimiento de la historia de la vida de esta especie. Los
resultados de estos estudios dirigen mucha informacién clave necesaria que es util para administradores y
los tomadores de dediciones, sin embargo, existen muchas necesidades urgentes de informacion, para dirigir
preguntas clave. Nuestro objetivo fue valorar el estado actual del conocimiento sobre investigacion reciente.
Nos enfocamos en informacidn publicada, pero también incluimos estudios no publicados si era necesario,
para dirigir necesidades de informacion clave. Incluimos estudios Europeos clave, para areas donde existe
poca informacion para poblaciones de Norte América. Basados en nuestra valoracion del conocimiento
actual, revisamos la conservacion y el manejo del gavilan, en términos de amenazas , relaciones ecoldgicas,
necesidades de informacion, estudio y monitoreo, incertidumbre en el manejo, y en las crecientes demandas por
el manejo basado en la ciencia. Concluimos ofreciendo nuestros conocimientos o ideas relacionadas a algunas
de las cuestiones mas sobresalientes enfrentadas en la conservacion y el manejo del gavilan.

decisions based on information.

Since the early 1980s, researchers have inves-
tigated how forest management impacts Northern
Goshawk (Accipiter gentilis, hereafter referred
to as goshawk) populations (Reynolds et al.
1982, Moore and Henny 1983, Reynolds 1983).
Crocker-Bedford’s (1990) contention that gos-
hawk populations in the Southwest were dropping
precipitously catalyzed state and federal agencies
to begin research programs. The goshawk has
been proposed for listing several times under the
Endangered Species Act (ESA) and its status has
been, and still is, the object of considerable litiga-
tion (Peck 2000).

Many aspects of goshawk ecology are poorly
understood putting decision-makers in the difficult
position of having to make important management

incomplete
Increasingly, decision-makers are also being
asked via the courts and public opinion to define
what is defensible information given our limited
knowledge and high uncertainty regarding many
aspects of goshawk ecology. The primary goal of
this paper is two-fold. First, we provide a thorough
literature review of goshawk ecology to define our
current state of knowledge. Second, based on these
understandings, we discuss pressing management
issues and information needs. This second goal
also includes discussions of data quality standards
because they help define defensible information
that in turn affects goshawk research and manage-
ment. We conclude by providing qualified insights
which are an attempt to embrace science while
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recognizing uncertainty (Ruggiero et al. 2000).
Qualified insights are specific statements that
are backed by the balance of scientific evidence
(Ruggiero and McKelvey 2000); these statements
help communicate to land managers and decision
makers the critical issues in a distilled format.

To describe our current state of knowledge, we
drew primarily from the recent reviews of Squires
and Reynolds (1997) and Kennedy (2003) and
updated these reviews with new information. Not
all publications on goshawks were referenced in
this assessment, nor were all published material
considered equally reliable. Literature that was not
included does not mean these studies were inferior
scientifically. Rather, the results were not directly
relevant to our assessing the current state of knowl-
edge relative to management and conservation. We
preferentially referenced peer-reviewed literature
because this is the accepted standard in science.
Non-refereed publications or reports were regarded
with greater skepticism, but were included if these
papers addressed important information gaps not
reported in published literature. Moreover, we
recognize that researchers in Europe have many
important insights regarding this species, but we
do not know how well these understandings can
be generalized to North American populations.
Thus, we included European publications that were
particularly relevant to important information gaps,
but we did not exhaustively review studies outside
North America. Further, we downplayed certain
topics that are important, but were either too exten-
sive to cover in this paper or were better addressed
in a different format. For example, we did not rigor-
ously discuss the ecology of individual prey species
nor did we discuss the forest ecology associated
with the many habitat types used by goshawk. We
minimized our discussions of distribution and sys-
tematics because this was reviewed in Squires and
Reynolds (1997) and little new published informa-
tion is available on this topic. We also did not dis-
cuss field identification due to the many excellent
field guides that provide a better format (Wheeler
and Clark 1995, Wheeler 2003). Finally, in report-
ing the current state of knowledge, we could not
conduct a comprehensive meta-analysis of goshawk
literature nor did we conduct new analyses aimed
at addressing conservation concerns. For example,
we did not examine current federal land manage-
ment plans to discern the direction of forest man-
agement relative to goshawks, nor did we analyze
geographic information systems (GIS) and other
spatial data to assess habitat trends like changes in
the abundance and spatial arrangement of mature

forests. Thus, we only discuss key conservation
issues and information needs based on the current
state of knowledge and our collective experience
researching goshawks.

DISTRIBUTION AND SYSTEMATICS
SUBSPECIES IN NORTH AMERICA

Approximately 8-12 subspecies of goshawks
exist worldwide depending on the taxonomic source
(Brown and Amadon 1968, del Hoyo et al. 1994,
Squires and Reynolds 1997). Although some author-
ities recognize three subspecies in North America
(Johnsgard 1990), the American Ornithologists’
Union (1998) recognizes only two—A. g. atrica-
pillus and A. g. laingi. A. g. atricapillus breeds
throughout Alaska, Canada, and the mountains of
the western and eastern US. 4. g. laingi, breeds on
Queen Charlotte and Vancouver Islands (Taverner
1940, Johnson 1989), possibly extending north to
Baranof Island in southeast Alaska or Prince William
Sound in south-central Alaska (Webster 1988,
Iverson et al. 1996, Cooper and Stevens 2000). A
third subspecies, 4. g. apache, is not recognized by
the AOU as a legitimate subspecies, but its putative
distribution is from southern Arizona south to Jalisco
in the mountains of Mexico (van Rossem 1938). The
USDI Fish and Wildlife Service (USFWS) (USDI
Fish and Wildlife Service 1998a) considers the valid-
ity of this subspecies to be unresolved; 4. g. apache
is recognized by some scientists (Snyder and Snyder
1991, Whaley and White 1994). The Eurasian sub-
species (4. g. gentilis) is larger in size and body
weight than any of the North American subspecies
(del Hoyo et al. 1994).

NORTH AMERICAN BREEDING DISTRIBUTION

In North America, 4. g atricapillus breeds
from boreal forests of north-central Alaska to
Newfoundland and south to western and south-
western montane forests in the US, and locally in
the mountains of northwestern and western Mexico
(Fig. 1). In central to eastern North America, gos-
hawks breed in the western Great Lakes region and
castward to Pennsylvania, central New York, north-
western Connecticut, and locally south in montane
habitats at least to West Virginia and possibly eastern
Tennessee and western North Carolina (Brown and
Amadon 1968, Squires and Reynolds 1997, USDI
Fish and Wildlife Service 1998a). Factors that
limit the southern extent of the goshawk range are
unknown (Kennedy 1997).
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FIGURE 1. Global distribution of the Northern Goshawk. Dark shading delineates current breeding range; light shading
indicates areas occupied by goshawks outside the breeding season or in areas where breeding has not yet been documented

(from del Hoyo et. al. 1994).

Although few data exist regarding historical
changes, Squires and Reynolds (1997) suggested
the distribution of the goshawk in the northern
and western portions of its range is relatively
unchanged since Europeans settled North America.
However, the goshawk’s range may have been more
widespread in the eastern US before the extinction
of the Passenger Pigeon (Ectopistes migratorius) in
the early 1900s, because the pigeon may have been
an important prey species. The goshawk’s range
may also have been more extensive before the sub-
stantial deforestation of this region, which reached
a peak at the end of the 19th century (Kennedy
1997). Some evidence suggests these populations
may be recovering as forests re-establish and
mature (Speiser and Bosakowski 1984, Kennedy
1997). For example, during the mid-1950s in
Massachusetts, nesting was restricted to the western
part of the state, but the species now nests through-
out the state (Veit and Petersen 1993). In Minnesota
and Wisconsin, the goshawk is currently nesting in
more counties then was documented historically
(Janssen 1987, Rosenfield et al. 1998, Roberson
et al. 2003). Evidence that eastern goshawk popu-
lations may be expanding or reoccupying their

former range should be interpreted cautiously; such
reports could merely reflect increased search efforts
(Kennedy 1997).

NORTH AMERICAN WINTER DISTRIBUTION

Goshawks winter throughout their breeding range,
extending south to southern California (Small 1994,
Squires and Reynolds 1997) and northern and central
Mexico (Sonora, Sinaloa, Durango, and Chihuahua).
Wintering goshawks are occasionally observed in the
lower Colorado River valley of Arizona (Rosenberg
et al. 1991), northern and central Texas (Oberholser
1974), and north to Arkansas (James and Neal 1986).
During incursion years, a few recorded sightings of
goshawks were documented for Missouri (Robbins
and Easterla 1992), in the Appalachian Mountains of
Tennessee (Robinson 1990), and east to the Atlantic
Ocean (Root 1988, American Ornithologists’ Union
1998). Christmas Bird Count (CBC) data suggest
goshawks generally avoid wintering in southeastern
North America (Root 1988), but occasionally winter
in northern portions of the Gulf States, including
west-central Florida (American Ornithologists’
Union 1998).
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LEGAL AND ADMINISTRATIVE STATUS IN
THE UNITED STATES

History oF GosHAWK LITIGATION
Accipiter gentilis atricapillus

Based on findings of Crocker-Bedford (1990)
and unpublished research conducted on the Kaibab
National Forest in Arizona, environmental organiza-
tions sought more extensive protection of goshawk
habitat. They thought that current logging practices
threatened goshawk viability and thus, violated the
National Forest Management Act (NFMA) (Peck
2000). This resulted in a series of legal actions
that extend from 1990, when environmental groups
first formally requested the Southwestern Region
(Region 3) of the USDA Forest Service (USFS) to
halt timber harvest in southwestern forests on the
Kaibab Plateau, to the present time (Table 1). A
goshawk scientific committee (GSC) and a goshawk
task force were formed to review goshawk manage-
ment needs in the Southwest Region of USFS. The
GSC produced the Management Guidelines for the
Northern Goshawk in the Southwestern Region that
provides the current basis for goshawk management
in this USFS Region (Reynolds et al. 1992).

In September 1991, the USFWS was petitioned
to list the goshawk as endangered west of the 100th
meridian, and later was listed as a candidate, or cat-
egory 2 species, under the ESA (Table 1). In June
1992, the petition was denied on taxonomic grounds
(no evidence suggests that goshawks west of the 100th
meridian are a distinct population), and suits were
subsequently filed to reverse the action. From this,
the courts claimed the USFWS’s findings were arbi-
trary and capricious and ordered the agency to issue
another decision. In 1996, the USFWS issued another
decision again denying listing based on taxonomic
reasons and the courts again did not support this deci-
sion. Thus, in 1997 the USFWS issued a positive 90-d
finding that sufficient evidence existed to warrant a
status review. They completed their status review in
1998 and concluded there was insufficient evidence
to support listing the goshawk under the ESA. This
decision has been supported by the courts (Center for
Biological Diversity vs USFWS No. 01-35829 [Ninth
Circuit Court Decision CV-99-00287-FR issued 21
July 2003]). Also, a recent technical review of this
decision by a joint committee of scientists from The
Raptor Research Foundation (RRF) and The Wildlife
Society (TWS) (Andersen et al. 2005) found that
available habitat and demographic information are not
sufficient to evaluate goshawk demographic trends.

The USFWS based its decision not to list the gos-
hawk on a review of existing data and the findings
of a status review team of nine biologists (including
two USFS biologists). The status review team found
it was not possible to determine whether goshawk
population numbers in the review area were stable,
increasing, or decreasing, and concluded the dis-
tribution of breeding goshawks in the West did not
appear to have changed from the historical range.
The USFWS also concluded the goshawk is a forest
habitat generalist and is not dependent solely on old-
growth forests.

In 1995, the Southwestern Region of the USFS
(Region 3) issued an environmental impact statement
(EIS) to modify its forest plans to incorporate the
Reynolds et al. (1992) goshawk guidelines. The final
EIS (FEIS) claims the goshawk is a habitat general-
ist and this claim was challenged by a consortium of
conservation groups, individuals, and state agencies.
In November 2003, the U.S. Ninth Circuit Court of
Appeals ruled the USFS had inadequately disclosed
responsible scientific opposition in preparing the
final environmental impact statement for south-
western forests. The court recently reversed and
remanded the decision stating the EIS violated the
National Environmental Policy Act (NEPA) because
it did not review the opposing scientific information
that indicated the goshawk was a habitat specialist
(Center for Biological Diversity and Sierra Club v.
U.S. Forest Service, No.02-16481 [9th Circuit Court
opinion No. CV-00-01711-RCB issued 18 November
2003]). The USFS has written a Draft Supplement
to the FEIS evaluating the scientific debate over
goshawk habitat preferences. The public comment
period on the Draft Supplement closed November
2004. Interestingly, the recent RRF-TWS review
of the USFWS decision (Andersen et al. 2005)
concluded goshawks use late-successional forests in
almost all landscapes where they have been studied.
However, they also concluded the species demon-
strates considerable versatility in habitat use, and
thus, assessing its status based solely on the distri-
bution of late successional forest is not warranted
based on the current understanding of goshawk-
habitat relationships.

Accipiter gentilis laingi

In May, 1994, a petition was filed to list the
Queen Charlotte subspecies as endangered under
the ESA (Table 2). Twelve months later, the USFWS
decided the listing was not warranted. The USFWS
acknowledged that continued large-scale removal
of old-growth forest in the Tongass National Forest
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TABLE 1. THE HISTORY OF LEGAL AND ADMINISTRATIVE ACTIONS RELATIVE TO THE STATUS AND MANAGEMENT OF NORTHERN GOSHAWKS
IN THE UNITED STATES (ADAPTED FROM KENNEDY 2003).

Date

Legal or administrative action

February 1990
August 1990

September 1991
January 1992

June 1992

1992-1995

1996

February 1996
June 1996

September 1996
June 1997

September 1997

Formal request to Region 3 regional forester to suspend all harvesting in goshawk territories until
long-term survival was assured.

Region 3 regional forester organized a goshawk scientific committee (GSC) and goshawk task
force (GTF) to review goshawk management needs in USFS Region 3.

Petition filed to list the goshawk (4. g. atricapillus) as endangered west of 100th meridian.

The goshawk (all subspecies) was listed as a candidate species (category 2) for possible future
listing under the ESA throughout its range in the US. Category 2 species were those species for
which there was inadequate data to justify a listing proposal under ESA at that time.

The USFWS issued a 90-d finding that the petition did not present substantial information to
indicate the goshawk in the western US should be listed. However, the USFWS concluded that the
the petition presented substantial information indicating that goshawk population declines and loss
or modification of habitat may be occurring. Therefore, the USFWS initiated a status review for
the goshawk throughout its range in the U. S. They specifically solicited information to be used to
evaluate the potential for distinct population segments within the range of the goshawk.

GSC produced the Management Guidelines for the Northern Goshawk in the Southwestern Region
(Reynolds et al. 1992).

USFWS issued a 90-d finding that the petition did not present substantial information to indicate
the goshawk in the western US should be listed (57 FR 474). The USFWS found that the petition
presented no evidence of reproductive isolation or genetic differentiation between the western and
eastern goshawk populations. They also concluded that goshawk habitat was contiguous throughout
North America.

Reynolds et al. (1992) generated intense controversy. The focus of the controversy was whether

or not the goshawk was a forest generalist. Reynolds et al. (1992) claimed goshawk populations
were regulated by prey availability and that data suggest the goshawk is a prey generalist and thus,
hunts in heterogeneous landscapes. The opposing state agencies and environmental groups claimed
(without any supporting data) the goshawk was an old-growth obligate. Other concerns are detailed
in Peck (2000).

Region 3 regional forester issued a record of decision (ROD) to amend all regional forest plans

to include the Reynolds et al. (1992) guidelines as well as recommendations from the Mexican
Spotted Owl. This ROD is to be in effect for 5-10 yr until the forest plans are revised (scheduled
to be completed by 2003) (Cartwright 1996). This is the only region to implement Reynolds et al.
(1992) on a regional basis.

The U.S. District Court found the June 1992 finding to be arbitrary and capricious, and remanded
the finding to the USFWS for a new 90-d determination [926 F. Supp. 920 (D. Ariz. 1996)].
USFWS issues a second 90-d finding, again determining the petition does not present substantial
information that listing the goshawk in the western US may be warranted (61 FR 28834-35).

Suit filed to overturn denial.

Court overturns second 90-d finding as arbitrary and capricious, also finding the USFWS national
policy on listing populations to be illegal (980 F. Supp. 1080 [D. Ariz. 1997]). The USFWS

final policy on distinct population segments (DPS) allowed for only one subspecies per distinct
population segment. The USFWS claimed, in the 1997 phase of the litigation, that there were three
subspecies of Northern Goshawk west of the 100th meridian, (1) 4.g. atricapillus, (2) A.g. laingi,
and (3) A.g. apache. The court found this aspect of the DPS policy arbitrary and capricious because
the ESA specifically states that in the definition of species, a species may include any subspecies
and any distinct population segments of any species. If congress had intended a DPS contain only
one subspecies, it would have allowed only the listing of DPSs of subspecies. The court then
remanded the case back to the USFWS, which led to the positive 90-d finding in September 1997
(Ellen Paul, Executive Director, Ornithological Council, pers. comm.).

USFWS issues a positive 90-d finding on western petition (62 FR 50892). It was then required to
conduct a full status review by June 1998.

Candidate status dropped. Prior to 1997, the USFWS maintained a category 2 list that included
species whose status was unknown but of concern due to declines in population trend or habitat.
These were also referred to as candidate species. Thus, the goshawk was no longer considered a
candidate for listing due to the lack of information supporting a proposed rule (M. Nelson, Chief,
Branch of Candidate Conservation, USFWS, pers. comm.).
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TaBLE 1. CONTINUED.

Date Legal or administrative action

June 1998

USFWS issues negative 12-mo finding, finding the petition to list the goshawk in the western US as

not warranted. (63 FR 35183). See summary of these findings in the text.

February 1999
May 2000

Suit filed to overturn June 1998 90-d finding.
Suit filed against the Sitgreaves National Forest to halt a timber sale which contained 5 of the 42

known goshawk territories on this forest (Center for Biological Diversity v. Bedell U. S. District
Court, District of Arizona case No. 3:00-cv-00849-SLV). The suit alleged that the goshawk
population on the Sitgreaves is in serious decline and would be extripated in 40 yr if it was a closed
population. This case was dropped in 2002 after the parties reached an agreement with the USFS.

September 2000

Suit filed to challenge logging on 3,240,000 ha of forest in the Southwest (Center for Biological

Diversity v. Bosworth Civil-01711-PHX-RCB, U. S. District Court, District of Arizona). The
plaintiffs have asked for an injunction on logging within goshawk habitat on 11 Arizona and New
Mexico national forests until the USFS prepares a new goshawk conservation plan.

June 2001

The USFWS’s decision not to list the goshawk as a threatened or endangered species was upheld

by a federal judge, who found the USFWS’s decision not arbitrary and capricious (U.S. District
Court, District of Oregon, Civil No. 99-287-FR).

November 2003

U. S. Ninth Circuit Court of Appeals ruled the USFS had inadequately disclosed responsible

scientific opposition in preparing the final environmental impact statement for southwestern forests.
The Court recently reversed and remanded the decision stating the EIS violated NEPA because

it did not review the opposing scientific information that indicated the goshawk was a habitat
specialist (Center for Biological Diversity and Sierra Club v. U.S. Forest Service, No.02-16481
(9th Circuit Court opinion No. CV-00-01711-RCB). Case was sent back to district court.

September 2004

The USFS, Southwestern Region has prepared a draft supplement to the final EIS for amendment

of forest plans in Arizona and New Mexico to disclose, review and assess scientific arguments
challenging the agency’s conclusions over goshawk habitat preferences. The supplement will
update the final EIS, which amended the 11 forest plans in the Southwesten Region for goshawks.
Public comment period closed November 2004. No further updates are available.

would adversely affect the Queen Charlotte Goshawk
in southeast Alaska, but that revised land-use strate-
gies would ensure goshawk habitat conservation.
Thus, the USFWS believed the proposed actions to
protect goshawks would preclude the need for listing.
In September 1996, the U.S. District Court (District
of Columbia) remanded the 12-mo finding to the
Secretary of Interior, instructing him to reconsider
the determination “on the basis of the current forest
plan, and status of the goshawk and its habitat, as
they stand today.” In May 1997, the USFS revised
the Tongass Land Management Plan, and the USFWS
was granted a 90-d extension to reevaluate the status
of the goshawk under the new plan. In April 1998, a
suit was filed to overturn the USFWS’s refusal to list
the Queen Charlotte Goshawk as an endangered spe-
cies. In August of that year, the U.S. District Court
overruled the USFWS’s decision not to list the Queen
Charlotte Goshawk on the basis that the agency did
not use the best available science. However, the U.S.
Ninth Circuit Court stated in June 2000 that the dis-
trict court had exceeded its authority in ordering the
government to conduct a population count, stating
that the district court is to only consider if the USFWS
used the best available science. In May 2004, the U.S.
District Court ordered the USFWS to determine if the

Queen Charlotte Goshawk is endangered or threat-
ened on Queen Charlotte Island. In December 2005,
USFWS requested public comments on the status of
the Queen Charlotte Goshawk throughout its range.
This comment period closed February 2006.

In summary, over a decade of litigation over the
federal status of A. g. laingi and A. g. atricapillus has
been conducted, respectively. No changes in listing
status have resulted from this litigation.

SENSITIVE SPECIES DESIGNATION

The goshawk is listed as a species of concern in all
regions of the USFWS and is on the USFS sensitive
species list for all regions. The Bureau of Land
Management (BLM) lists the goshawk as a sensitive
species in six states.

USDA ForesT SERVICE, REGION 3 GUIDELINES FOR
SOUTHWESTERN FORESTS AND OTHER MANAGEMENT
PLANS

As mentioned in the previous section, the GSC,
as assembled by the USFS’s Southwestern Region,
completed a document in 1992 titled Management
Recommendations for the Northern Goshawk in the
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TABLE 2. THE HISTORY OF LEGAL AND ADMINISTRATIVE ACTIONS RELATIVE TO THE STATUS AND MANAGEMENT OF THE QUEEN
CHARLOTTE SUBSPECIES OF NORTHERN GOSHAWKS (4. G. LAINGI) IN THE UNITED STATES (ADAPTED FROM KENNEDY 2003).

Date

Legal or administrative action

May 1994

August 1994

May 1995

November 1995

September 1996

December 1996

May 1997

June 1997
September 1997
April 1998

July 1999

July 2000

May 2004

December 2005

Petition filed to list the Queen Charlotte Goshawk (4. g. laingi) as endangered. The petition was
based largely upon potential present and impending impacts to the Queen Charlotte Goshawk
caused by timber harvest in the Tongass National Forest.

USFWS published a positive 90-d finding (59 FR 44124) stating substantial information was
presented in the petition indicating the requested action may be warranted.

After a 12-mo status review, USFWS decided listing was not warranted (60 FR 33784). In the 12-
mo finding, the USFWS acknowledged that continued large-scale removal of old-growth forest

in the Tongass National Forest would result in significant adverse effects on the Queen Charlotte
goshawk in southeast Alaska; however, at that time the USFS was revising land use strategies

to ensure goshawk habitat conservation. The USFWS believed the proposed actions to protect
goshawks would preclude the need for listing.

Suit filed against the Department of the Interior and the USFWS for their refusal to list the Queen
Charlotte goshawk or designate critical habitat [U.S. District Court, District of Columbia (95-cv-
02138-SS)].

The U.S. District Court remanded the 12-mo finding to the Secretary of Interior, instructing him to
reconsider the determination “on the basis of the current forest plan, and status of the goshawk and
its habitat, as they stand today.” [Southwest Center for Biological Diversity v. Babbitt, 939 F. Supp.
49, 50 (D.D.C. 1996)]

USFWS reopens comment period (61 FR 64497) to gather all new information for review. It was
extended until 4April 1997 through three subsequent notices (61 FR 69065, 62 FR 6930, and 62 FR
14662). The USFWS has reevaluated the petition and the literature cited in the petition, reviewed
the Tongass Land Management Plan and other available literature and information, and consulted
with biologists and researchers knowledgeable of northern goshawks in general, and the Queen
Charlotte Goshawk in particular. The 1979 Tongass National Forest Land Management Plan, as
amended, formed the basis for evaluating the status of the goshawk on the Tongass National Forest.
The USFS issued a revised Tongass Land Management Plan. Consequently, the review of the

1979 Tongass Land Management Plan no longer represented the current plan as specified by the
court ruling. The USFWS was, therefore, granted a 90-d extension to reevaluate the status of the
goshawk under the provisions of the 1997 Tongass Land Management Plan

USFWS re-extends comment period.

USFWS again finds that a listing of the subspecies is not warranted (62 FR 46710)

Suit filed to overturn the USFWS’s refusal to list the Queen Charlotte Goshawk as an endangered
species [U.S. District Court, District of Columbia (No. 98cv934)].

U.S. District Court for the District of Columbia ordered the USFWS to conduct an actual on-site
population count. This decision was appealed by the USFWS and a decision was rendered in

June 2000 overturning the District Court’s decision (Southwest Center for Biological Diversity v.
Babbitt 215 F. 3d85). The Court of Appeals sent the case back to District Court.

A magistrate of the U.S. District Court for the District of Columbia found that the USFWS failed to
make a specific finding as to conservation of the subspecies on Vancouver Island, which constitutes
a third of the subspecies’ geographic range.

U.S. District Court, District of Columbia rejected the magistrate’s finding but ordered the USFWS
to determine if Vancouver Island is a significant portion of the range and to determine whether or
not the Queen Charlotte Goshawk is endangered or threatened on Queen Charlotte Island.

USFWS seeks public comment as to the status of the Queen Charlotte Goshawk throughout its
range, for the purpose of determining the significance of the Vancouver Island population in
relation to the taxon as a whole (70 FR 4284). Comment period closed February 2006.

Southwestern United States (Reynolds et al. 1992).
Reynolds et al. (1992) developed these guidelines
for southwestern goshawk habitat (ponderosa pine
[Pinus ponderosa], mixed conifer, and spruce-fir
forests). They assessed information available on
goshawk ecology, with particular attention on gos-
hawk prey and the ecology of key prey species in

the region, as well as ecology of the forests used
by goshawks and local silvicultural practices. The
recommendations are designed to provide breeding
season habitat for the goshawk and 14 of its key prey
species (Fuller 1996).

Reynolds et al. (1992) has the following primary
components: (1) no timber harvest in three nest
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areas (12.1 ha each) per home range, (2) provide
three additional nest areas within each home range
for future use by goshawks which can receive inter-
mediate treatment or prescribed burning, (3) timber
harvest rotation in the post-fledging family area
(PFA, 170 ha) and foraging area (2,185 ha) to main-
tain always a minimum of 60% in late-successional
forests (tree classes: 31-46 cm, 46—62 cm, and
62+ cm), (4) restricted management season in nest
areas and PFA during the winter season (October
through February), (5) openings of 0.4—1.6 ha
depending on forest type, and (6) maintenance
of reserve trees (1.2-2.4/ha), canopy cover, snag
densities (0.8—1.2/ha), downed logs (1.2—2/ha), and
woody debris (11.2-13.6 metric tons/ha) in all har-
vest areas with amount depending upon forest type
(Bosakowski 1999).

These recommendations were designed to
return current forest conditions (which have been
impacted by grazing, fire suppression, and timber
management) to relatively open forests domi-
nated by mature trees interspersed with patches
of various successional stages. The applicability
of this approach to managing goshawk landscapes
may not be limited to southwestern forests. As
noted by Fuller (1996), the recommendations made
by Reynolds et al. (1992) could be used as a model
for assessments and strategies in other areas and
for other species. However, similar to many wild-
life management plans, these recommendations
(Reynolds et al. 1992) still remain as an untested
hypothesis. Although these guidelines have been
adopted by the USFS in Arizona and New Mexico
(USDA Forest Service 1995, 1996), their effective-
ness at enhancing goshawk population persistence
in this landscape has not been evaluated and has
been questioned (Greenwald et al. 2005). Braun
et al. (1996) and Drennan and Beier (2003) have
expressed concerns about the single-species focus
of these guidelines and question the practice of
managing landscapes for goshawks. According to
Bosakowski (1999), some national forests in the
Pacific Northwest are providing similar manage-
ment to that prescribed by Reynolds et al. (1992)
for nest sites and PFAs, but no management is being
conducted on the foraging areas. Graham et al.
(1994) extended the ideas of Reynolds et al. (1992)
stressing that forest conditions are temporally and
spatially dynamic. Instead of managing individual
home ranges, they suggested goshawk management
should focus on managing large forest tracts as sus-
tainable ecological units.

For the Olympic Peninsula in Washington, Finn et
al. (2002a) developed goshawk habitat-management

recommendations based on their analysis of local
goshawk nesting habitat at multiple spatial scales.
Their results suggest goshawk use of the landscape
on the Olympic Peninsula as nesting habitat will be
maximized when at least 54% of the home range is
late-seral stage forest (defined as >70% coniferous
canopy closure with >10% of canopy from trees
>53 cm diameter at breast height (dbh) and <75%
hardwood/shrub) and no more than 17% is stand
initiation (regenerating clearcuts; conifers <7 yr
old, <10% coniferous canopy closure). Finn et al.
(2002a) also suggest reducing the amount of land-
scape contrast and edge density (indices of spatial
heterogeneity) within home ranges may increase
occupancy and maintain potential nest areas.

Goshawk biologists generally agree that gos-
hawk management requires providing suitable nest
stands and a large landscape for foraging. However,
the need for managing intermediate scales (e.g.,
PFA) and very small scales (the nest site) is still
open to debate.

FOOD HABITS AND ECOLOGICAL
RELATIONSHIPS WITH PREY

Foop Hasits DURING NESTING

Goshawks are opportunistic predators that
kill a wide assortment of prey varying by region,
season, vulnerability, and availability. Main foods
include small mammals, ground and tree squirrels,
rabbits and hares, large passerines, woodpeckers,
game birds, and corvids (Squires and Reynolds
1997). Goshawks are classified as prey generalists
(Squires and Reynolds 1997) and typically forage
on a suite of 815 species (Reynolds et al. 1992).
As with other raptors, the food habits of goshawks
have been determined by examination of stomach
contents and food removed from crops of nestlings,
or more commonly, direct observation of nests, prey
remains, and regurgitated pellets (Lewis 2001).
Potential biases exist in most of these raptor food
habits methods and these biases in Accipiter diets
are well summarized by Bielefeldt et al. (1992),
Younk and Bechard (1994a), Watson et al. (1998),
and Rutz (2003a).

Goshawks forage long distances for relatively
large-bodied birds and mammals. In Oregon,
average prey mass was 307 g (sp = 364, range =
17.6-1,505 g, Reynolds and Meslow 1984); avian
prey averaged 195.5g (s = 207, range = 17.6—
1,505.0 g) and mammalian prey averaged 445.2 g
(sp = 415, range = 36.8-1,118.6 g). Males can kill
prey 2.2 times their mass (approximately 1,600 g),
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which is proportionally similar to the largest hares
(2,700-3,670 g) killed by females (2.4 x female
mass, Kenward et al. 1981).

Although potential prey species are extensive
(Appendix 1, Squires and Reynolds 1997), a few
taxons are prevalent in most diets. Sciurids occur
in most goshawk diets due to their high abundance
and broad distribution (USDI Fish and Wildlife
Service 1998a). Several studies have documented
Douglas squirrels (Tamiasciurus douglasii) and red
squirrels (Tamiasciurus hudsonicus) as important
prey (Mendall 1944, Meng 1959, Reynolds et al.
1994, Watson et al. 1998, Clough 2000, Squires
2000,) and they may be especially important during
the winter when other prey are unavailable (Widén
1987). Rabbits and hares are also used extensively
by goshawks (Reynolds and Meslow 1984, Kennedy
1991, USDI Fish and Wildlife Service 1998a,
Clough 2000). Cottontail rabbits (Sylvilagus spp.)
are abundant in a variety of habitats and are distrib-
uted throughout the goshawk’s range (USDI Fish and
Wildlife Service 1998a) and snowshoe hares (Lepus
americanus) are also important prey, particularly in
northern forests (Mendall 1944, McGowan 1975,
Doyle and Smith 1994). In the Yukon, Doyle and
Smith (1994) found a positive correlation between
goshawk breeding success and a snowshoe hare
population peak.

Gallinaceous birds (primarily grouse and pheas-
ants) are particularly important prey for North
American (Mendall 1944, McGowan 1975, Gullion
1981a, b; Gullion and Alm 1983, Apfelbaum and
Haney 1984) and European Goshawks (Kenward
1979, Sollien 1979 in USDI Fish and Wildlife
Service 1998a, Kenward et al. 1981, Lindén and
Wikman 1983, Tornberg 2001) at northern latitudes.
Fluctuations in grouse populations have been shown
to affect goshawk productivity, including number of
nesting pairs, and number of young per active nest
(Lindén and Wikman 1983, Sollien 1979 in USDI
Fish and Wildlife Service 1998a). Tornberg et al.
(1999) analyzed skin and skeletal measurements
collected from 258 museum specimens of Finnish
Goshawks dated between 1961 and 1997. They
reported that as grouse decreased in abundance over
this 36-yr period, they were replaced by smaller
prey in the goshawk breeding season diet. They also
observed morphological shifts in both males and
females probably as a result of selective pressures
due to changes in prey size.

American  Robins  (Turdus  migratorius;
Grzybowski and Eaton 1976, Reynolds and Meslow
1984, Kennedy 1991, Squires 2000), corvids
(Corvus spp.; Meng 1959, Eng and Gullion 1962,
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Gullion 1981b), jays (Beebe 1974, Bloom et al.
1986, Kennedy 1991, Bosakowski et al. 1992, Boal
and Mannan 1994), and woodpeckers (Schnell 1958,
Eng and Gullion 1962, Erickson 1987, Allen 1978,
Reynolds and Meslow 1984, Reynolds et al. 1994)
are also common prey items found in many parts of
the goshawk’s range. Northern Flickers (Colaptes
auratus) are particularly important in many goshawk
diets (Grzybowski and Eaton 1976, Reynolds and
Meslow 1984, Bloom et al. 1986, Kennedy 1991,
Boal and Mannan 1994, Squires 2000).

Goshawks occasionally feed on carrion (Sutton
1925, Squires 1995). Sutton (1925) reported that a gos-
hawk was shot while feeding on a dead bear. Squires
(1995) described that goshawks fed on gut piles of
mule deer (Odocoileus hemionus) left by hunters, and
on a bison (Bos bison) skull in Montana. It is unclear if
goshawks feed on carrion whenever available, or only
during periods of low prey availability.

HaBiTAT NEEDS OF PREY SPECIES

The habitat requirements of important prey spe-
cies include early seral to mature forests and forest
openings. Interspersion (the degree of intermixing of
vegetation structural stages) and canopy cover have
varying effects on different goshawk prey species
(Reynolds et al. 1992). For example, red squirrels
respond negatively to a high level of interspersion
of structural stages and select closed older forests to
attain high-density populations (Klenner and Krebs
1991, Larsen and Boutin 1995). Grouse, on the other
hand, respond positively to high interspersion of
openings and older forests. Other prey species, such
as American Robins, are habitat generalists and are
abundant in most structural stages (Reynolds et al.
1992). Although goshawks hunt species with diverse
habitat requirements (and a detailed analysis of these
requirements is beyond the scope of this paper),
several habitat features appear to be important to a
variety of species (Reynolds et al. 1992, USDI Fish
and Wildlife Service 1998a). These features include
snags, downed logs (>30 cm in diameter and 2.4 m
long), large trees (>46 cm in diameter), openings
and associated herbaceous and shrubby vegetation,
interspersion, and canopy cover. Reynolds et al.
(1992) stressed the need for large trees scattered
throughout the foraging area because this component
often occurs in clumps with interlocking crowns that
provide unique hiding, feeding, den, and nesting
areas for many prey species (USDI Fish and Wildlife
Service 1998a). Reynolds et al. (1992) emphasized
that foraging areas used by goshawks should include
a variety of habitat types and structural classes. In
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southwestern pine forests, they recommended forag-
ing habitat include a mosaic of vegetation structural
stages interspersed throughout the area and consist
approximately of 20% each of old, mature, middle-
aged, and young forests, 10% in the seedling-sapling
stage, and 10% in the grass-forb-shrub stage. The
60% of the stands that consist of older age classes
should have relatively open understories with a
minimum of 40-60% canopy cover (Reynolds et
al. 1992).

Reynolds et al. (1992) speculated that small to
medium openings (<1.6 ha) and various seral stages
scattered throughout goshawk foraging habitat
enhances availability of food and habitat resources
for prey and limits negative effects of large openings
and fragmentation on distribution and abundance
of prey species that use interior forests. Forests
that provide adequate populations of major prey
are predicted to have well-developed herbaceous
and shrubby understories associated with small to
medium openings that provide cover and food for
many small mammals and birds in the form of seeds,
berries, and foliage.

WINTER FooD HABITS AND SEASONAL DIETARY SHIFTS

Little is known regarding the winter diets of
goshawks in North America. In northern Arizona,
Drennan and Beier (2003) found winter diets were
dissimilar to those in summer, in part because of the
absence of hibernating species, and this reduction in
prey diversity may result in individual goshawks spe-
cializing on specific species in the winter. Wintering
goshawks from this population appeared to special-
ize on only two species of large-bodied prey—
cottontails and Abert’s squirrels (Sciurus aberti).

Given that most dietary information is limited to
the nesting season, we poorly understand seasonal
changes in diet selection. The limited available data
indicate diet composition may change considerably
from breeding to non-breeding seasons. For exam-
ple, in Swedish boreal forests, birds dominated the
diet during nesting, accounting for 86% of prey num-
ber and 91% of biomass (Widén 1987). However, the
European red squirrel (Sciurus vulgaris) was the
dominant prey both in terms of numbers (79%) and
biomass (56%) during the winter. The proportion of
European red squirrels in goshawk diets was high
during winters of both high and low squirrel num-
bers. Seasonal dietary shifts are at least partially due
to different migration, estivation, and hibernation
behaviors among suites of locally available prey.

During nesting, goshawks may shift their diets
to include more fledgling passerines (Zachel 1985,

Lindén and Wikman 1983, Widén 1987, Tornberg
and Sulkava 1990), and overall prey diversity may
peak as juvenile passerines and other birds become
available (Wikman and Tarsa 1980, Marquiss and
Newton 1982). In Nevada, goshawks ate more birds
such as American Robins and Northern Flickers
as Belding’s ground squirrels (Spermophilus beld-
ingi) began estivation in mid-summer (Younk and
Bechard 1994a). In Arizona, no significant differ-
ence was found in proportions of mammals and
avian prey taken throughout the nesting season (Boal
and Mannan 1994).

COMMUNITY ECOLOGY

Goshawks exist within ecological communities
composed of interacting species. Thus, goshawk
populations are affected by various predatory, com-
petitive, symbiotic, and mutualistic interactions. The
importance that community relationships play in
structuring goshawk populations is mostly unknown.
For example, many anecdotal observations have been
made of predatory interactions between goshawks
and other raptors, but we do not know how predatory
interactions may structure goshawk demography or
habitat-use patterns. The lack of knowledge concern-
ing community relationships in North America is an
important information need. Only through improved
understandings of basic ecological relationships, can
we hope to predict how the human-induced changes
to the environment may help or hinder goshawk
populations.

FuncTioNaL AND NUMERIC RESPONSES WITH PREY

A study quantifying numerical and functional
responses of breeding goshawks to their prey was
conducted by Tornberg (2001) in northern boreal
forests of Finland. His objective was to evaluate
the impact of goshawk predation on grouse numbers
and multiannual cycling patterns. Four grouse spe-
cies constituted >40% of the goshawk diet during
the breeding season in this area from 1988-1998.
The numerical response of goshawks to grouse was
relatively weak. Goshawk breeding density and site
occupancy fluctuated negligibly, but the production
of young tended to lag one year behind Black Grouse
(Tetrao tetrix) density. A functional response of gos-
hawks to changes in grouse numbers was found
only in spring when all four grouse species were
combined. No patterns were found for individual
species, which probably is due to goshawks switch-
ing between grouse species. Tornberg suggested the
weak response is due to goshawks treating different



18 STUDIES IN AVIAN BIOLOGY

grouse species as one. Numerical and functional
responses of goshawks to prey warrants further
investigation particularly in areas where goshawk
predation may be interfering with conservation
efforts of its prey species.

Do GosHawks LimiT PREY?

The role of raptors in limiting or regulating
prey populations has recently become a hot topic
in research, particularly in Europe where raptors are
still persecuted (albeit illegally) for their predation
on galliformes, a popular harvested taxa (Korpiméaki
and Krebs 1996, Krebs 1996, Redpath and Thirgood
1999, Thirgood et al. 2000, Tornberg 2001). As noted
in earlier sections, goshawks are a significant preda-
tor of forest-dwelling birds and small mammals. In
areas where they are abundant, they could poten-
tially regulate populations of their prey, particularly
in areas where they specialize on a few prey species,
e.g., boreal forests (Tornberg 2001).

Goshawk predation plays a major role in grouse
demography in Europe (Angelstam 1984, Wegge et
al. 1990, Swenson 1991, Valkeajérvi and Ijas 1994).
Two studies have estimated goshawks remove
roughly between 15-25% of grouse populations dur-
ing the breeding season (Lindén and Wikman 1983,
Widén 1987). Tornberg (2001) found the impact of
goshawk predation on grouse varied by species.
Losses were highest for Willow Grouse (Lagopus
lagopus) and lowest for Capercaillie (Tetrao uro-
gallus). On average goshawks took 6% of grouse
chicks. On an annual basis breeding goshawks took
2-31% of the August grouse population. The most
reliable estimates of the goshawk’s share of grouse
total mortality were for Black Grouse and Hazel
Grouse (Bonasa bonasia) of which 35% and 40%
were removed, respectively.

The contribution of goshawk predation to lim-
iting Eurasian Kestrel (Falco tinnunculus) and
European red squirrel populations in coniferous
forests in northern England has been reported by
Petty et al. (2003a, b). Goshawks were extirpated
from this area toward the end of the 19th century as a
result of deforestation and intense persecution. They
were reintroduced in the early 1970s and increased in
numbers until 1989, after which their numbers stabi-
lized. This area also contains the largest remaining
population of European red squirrels in England and
a declining population of Eurasian Kestrels.

Petty et al. (2003a, b) used a number of correla-
tive approaches to explore the role of goshawk pre-
dation on both species from 1973-1996. They found
no evidence that goshawk predation is a major factor
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limiting densities of European red squirrels and con-
cluded that conservation management for sympatric
populations of red squirrels and goshawks are com-
patible (Petty et al. 2003b). However, Petty et al.
(2003a) did find a significant negative relationship
between Eurasian Kestrel and goshawk numbers.
Goshawks killed many adult Eurasian Kestrels in
the early spring, prior to breeding, when predation
would have the most impact on breeding popula-
tion levels, and there was a temporal trend for this
predation to be inversely density-dependent. Petty
et al. (2003a) also estimated that goshawks removed
more Eurasian Kestrels than were recorded each
spring in the study area and concluded the decline
of the Eurasian Kestrel was mainly due to goshawk
predation.

These correlative studies suggest that goshawk
predation may limit prey abundance and productiv-
ity in some cases, but without experimental tests of
this phenomenon it is difficult to infer cause and
effect. The role of goshawk prey regulation in south-
ern latitudes where they are more prey generalists is
unknown. Also, information on goshawk impacts on
North American prey populations is nonexistent.

GOSHAWKS AS PREY

Although goshawks are formidable predators,
they are occasionally killed by other predators,
and predatory interactions may regulate some
populations. The literature describing predation
on goshawks mostly consists of anecdotal obser-
vations, with little information regarding popula-
tion responses. For example, we know that Great
Horned Owls (Bubo virginianus) kill adults and
nestlings (Moore and Henny 1983, Rohner and
Doyle 1992, Boal and Mannan 1994, Woodbridge
and Detrich 1994). Erdman et al. (1998) reported a
Great Horned Owl feeding a female goshawk to its
young. Several studies have indicated that predation
on goshawk nestlings may increase during periods
of low goshawk food availability because female
goshawks may be required to spend more time
away from the nest foraging instead of protecting
young (Zachel 1985, Rohner and Doyle 1992, Ward
and Kennedy 1996, Dewey and Kennedy 2001). In
Europe, Eurasian Eagle Owls (Bubo bubo) eat nest-
lings between 13-38 d, and often eat the entire brood
over several consecutive nights (Tella and Mafiosa
1993). Squires and Ruggiero (1995) documented
that eagles (Golden Eagles [Aquila chrysaetos],
and Bald Eagles [Haliaeetus leucocephalus] were
abundant in the area) killed goshawks in wintering
areas. Mammalian predators include pine martens
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(Martes americana; Paragi and Wholecheese 1994)
fishers (Martes pennanti; Erdman et al. 1998),
wolverine (Gulo gulo, Doyle 1995), and raccoons
(Procyon lotor, Duncan and Kirk 1995). One-half of
nestling mortalities (N = 12) in New Mexico were
attributed to predation (Ward and Kennedy 1996).
In Minnesota, Boal et al. (2005a) reported that out
of five adult goshawks depredated during the 1998—
2000 breeding seasons (four females, one male), two
deaths were caused by mammalian predation, two
were caused by Great Horned Owls, and one was
caused by a diurnal raptor.

We speculate that Great Horned Owls are the
dominant predator of goshawks in North America
due to their wide distribution, abundance, and capac-
ity to prey on large raptors (Orians and Kuhlman
1956, Luttich et al. 1971, Mclnvaille and Keith 1974,
Houston 1975). Goshawks aggressively defend their
nests against predators during the day. However,
they are less capable of doing so at night and most
reports of predation by Great Horned Owls are
losses of nestlings, although adults are occasionally
taken (Rohner and Doyle 1992). The effect of Great
Horned Owl predation on goshawk populations is
unknown (USDI Fish and Wildlife Service 1998a),
but predation rates as high as 49% have been reported
for Red-tailed Hawks (Buteo jamaicensis; Luttich et
al. 1971). The ability of Great Horned Owls to kill
large raptors indicates they can potentially have an
impact on goshawk populations, especially by reduc-
ing nestling survival. Great Horned Owls begin nest-
ing earlier than goshawks and occasionally lay eggs
in goshawk nests, forcing goshawks to construct
or use alternative nest areas (Reynolds et al. 1994,
Woodbridge and Detrich 1994). Alternative nest sites
are often in close proximity, which may increase the
potential for reciprocal predation between the gos-
hawk, the owl, and their progeny (Gilmer et al. 1983,
Rohner and Doyle 1992).

Erdman et al. (1998) suggested fisher predation is
a major cause of nest failure and incubating female
mortality in northeastern Wisconsin, with annual
turnover rates of nesting females exceeding 40%.
Metal baffles have been used on nest tree trunks in
this area since 1988 to reduce predation by mam-
mals (Erdman et al. 1998), but the effectiveness of
this technique has not been tested. Duncan and Kirk
(1995) reported that Great Horned Owls, raccoons
and fishers are the most significant predators of gos-
hawks in Canada.

Predation is a natural mortality factor in raptor
populations. It is unknown if predation of gos-
hawks is increasing due to forest management or
even if predation rates are significantly reducing

survival. However, studies on passerines suggest
that predation rates increase in forested communi-
ties with increased fragmentation and/or a reduction
of canopy cover (Manolis et al. 2000, Zanette and
Jenkins 2000).

COMPETITION
Intra-specific competition

In territorial species, interference competition
from conspecifics could give rise to an inverse rela-
tionship between density and population growth rate.
Kriiger and Lindstrom (2001) analyzed a 25-yr data
set (1975-1999) of a German goshawk breeding
population to evaluate the site-dependent popula-
tion regulation and the interference competition
hypotheses. The site-dependent population regulation
hypothesis was first proposed by Rodenhouse et al.
(1997) and it integrates habitat heterogeneity, des-
potic settlement patterns of territories, and density-
dependent reproduction. Under this hypothesis, the
productivity of high quality territories is independent
of population density because they are always settled
first, while the progressive addition of lower quality
territories at higher densities will lead to a decline
in mean per-capita productivity, leading potentially
to density-dependent population regulation. Site-
dependent population regulation (Rodenhouse et
al. 1997) calls for a territory settlement pattern that
follows the ideal pre-emptive distribution (a form
of the ideal free distribution that accounts for territo-
rial behavior [Fretwell and Lucas 1970, Pulliam and
Danielson 1991]), where high quality territories are
inhabited first, and these occupied territories are not
available for settlement by other birds. Territory settle-
ment patterns in goshawks likely follow this pattern.

Kriiger and Lindstrom (2001) analyzed territory
settlement patterns and breeding performance and
modeled per capita growth rate using standard time-
series analyses and model-selection procedures. In
their study area, territories that were occupied earlier
and more often had a higher mean brood size; fecun-
dity did not change with increasing density in these
territories. A strong negative relationship occurred
between mean number of young per breeding pair
and its coefficient of variation, suggesting that site-
dependent population regulation was more likely
regulating this population than interference competi-
tion. Although the evidence is correlative, site-depen-
dent population regulation may be a key process
structuring goshawk nesting populations in Europe.
Based on population modeling, Kriiger and Lindstrém
also concluded the most important factors affecting
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population growth were habitat quality, weather con-
ditions during the late breeding period, and density.
This study is an important step toward understanding
population regulation of goshawks. However, we still
do not understand what other factors may regulate
goshawk populations, or if these results are applicable
to North American populations.

In Arizona, Reich et al. (2004) used a Gibbsian
pair-wise potential model to describe and predict
the spatial dependency of goshawk nests based on
territoriality and forest structure. Nest locations
were regularly distributed at a minimum distance of
1.6 km between active nests. Spatial analysis based
on nest spacing and habitat variables indicated that
potential goshawk nests locations were abundant
and randomly distributed throughout the landscape.
This result supported the notion that the number of
high quality nest locations did not limit this goshawk
population. Rather, territoriality in the form of non-
compressible goshawk territories appeared to limit
the local nest density. Thus, goshawks must choose
potential high-quality sites within an area delineated
by neighboring territories. At a broader scale, the
overall territory density may reflect characteristics
of prey populations throughout the area.

Inter-specific competition

The extent to which inter-specific competition
for habitat as well as prey by potential competitors,
such as the Red-tailed Hawk and Great Horned Owl,
affect goshawk habitat use is not well understood. In
addition, these potential competitors also function as
potential predators making the effect of their pres-
ence difficult to interpret. Goshawks may be excluded
from nest areas by other raptors, although it is com-
mon for goshawks and other raptors to nest close
to one another (Reynolds and Wight 1978). Great
Horned Owls, Spotted Owls (Strix occidentalis),
and Great Gray Owls (Strix nebulosa) often breed
in nests previously built by goshawks (Forsman et
al. 1984, Bryan and Forsman 1987, Buchanan et al.
1993). In Minnesota, Great Gray Owls have been
observed using nests previously used by goshawks
with the goshawk pair building a new nest or using
an alternative nest nearby (N = 3; A. Roberson, pers.
obs.). Although Cooper’s Hawks (Accipiter cooperi)
and goshawks have a similar preference for nest
habitat (Reynolds et al. 1982, Moore and Henney
1983, Siders and Kennedy 1996), and nest in the
same stands (P. L. Kennedy, unpubl. data), Cooper’s
Hawks are smaller than goshawks and begin nest-
ing later (Reynolds and Wight 1978); thus, they are
unlikely to be effective nest site competitors.
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This size effect on potential inter-specific compe-
tition has also been demonstrated for the Common
Buzzard (Buteo buteo) which is a smaller-bodied
raptor nesting sympatrically with the European gos-
hawk. Kriiger (2002a) recently did a multivariate dis-
criminate analysis of nest site characteristics of the
Common Buzzard (hereafter referred to as buzzard)
and European Goshawk (392 nests of both species
combined). His results showed substantial overlap
between the two species and he concluded that this
is good evidence for competition for optimal nest
sites. The utility of niche overlap data for evaluating
competition is debatable, but it suggests the buzzard
might be constrained by the larger-bodied European
goshawk in its nest site selection. Kriiger (2002b)
then experimentally examined the behavioral inter-
actions between buzzards and European Goshawks
and their effects on buzzard breeding success and
brood defense using dummies and playback calls.
Buzzards had significantly lower breeding success
when presented with a goshawk dummy compared
to control broods but there was no effect of buzzard
dummies on buzzard reproductive success. European
Goshawks were far more aggressive against an intra-
specific dummy than buzzards. Kriiger concluded
that buzzards perceive a goshawk more as a potential
predator than a competitor.

In addition to nest site competitors, several spe-
cies of hawks and owls, and numerous mammalian
predators, can potentially compete with goshawks
for prey (USDI Fish and Wildlife Service 1998a).
The Red-tailed Hawk and Great Horned Owl prey on
many of the same species as goshawks (Fitch et al.
1946, Luttich et al. 1970, Janes 1984, Bosakowski
and Smith 1992, La Sorte et al. 2004), although
neither has the same degree of dietary overlap with
goshawks as does the Cooper’s Hawk, which also
forages in the same habitat (Storer 1966, Reynolds
and Meslow 1984, Bosakowski et al. 1992). Because
both the Red-tailed Hawk and Great Horned Owl
are more abundant in open habitats, such as mead-
ows, edge, forest openings, and woodlands (Spieser
and Bosakowski 1988, Johnson 1992), “the extent
to which they coexist and compete for food with
goshawks probably varies by the openness of for-
est types and extent of natural and anthropogenic
fragmentation of a forest” (USDI Fish and Wildlife
Service 1998a).

Determining whether fragmentation has altered
inter-specific relationships between generalist avian
predators and goshawks has received little research
attention. Changes to forested habitats may render
habitat more accessible and attractive to competing
species such as Red-tailed Hawks and Great Horned



GOSHAWK ASSESSMENT—Squires and Kennedy 21

Owls, thereby potentially decreasing habitat avail-
able to goshawks (USDI Fish and Wildlife Service
1998a). However, we do not know whether this is
a linear relationship or if some threshold level of
fragmentation exists where these species may have
a negative impact on populations of goshawks via
increased predation and/or competition. Johnson
(1992) surveyed 469 calling stations for Spotted
Owls and Great Horned Owls along 28 roadside
routes (total surveyed = 536 km). Landscapes (500-
ha plot) surrounding Great Horned Owl detections
contained more shrub-forb and shelterwood, less
mature-old growth and mature habitat, had a higher
ratio of linear edge to mature and old growth area,
and were higher in elevation than landscapes sur-
rounding Spotted Owls. The responses of Great
Horned Owl declined with increasing amounts of old
forests; the greatest number of detections was asso-
ciated with landscapes containing only 10-20% old
growth. Few Great Horned Owls were detected in
landscapes containing >70% old growth. Johnson’s
results are consistent with the prevailing notion that
Great Horned Owls are habitat generalists that are
most abundant in fragmented landscapes (Houston et
al. 1998). It would be very fruitful to both goshawk
and Spotted Owl management if current research
efforts on the effects of forest fragmentation on
Barred Owl (Strix varia) expansion into Spotted Owl
habitat (Dark et al. 1998, Kelly et al. 2003) were
expanded to include Great Horned Owls.

Red-tailed Hawks and goshawks are sympatric
on the Kaibab Plateau in northern Arizona. La Sorte
et al. (2004) compared habitat differences of Red-
tailed Hawk (N = 41) and goshawk (N = 41) nests
at two spatial scales—fine scale (0.08 ha) and mid-
scale (1,367 ha). At both scales, Red-tailed Hawks
were more variable in their habitat-use compared
to goshawks. At the fine scale, Red-tailed Hawks
selected steep, north-facing slopes with dense
understories, while goshawks consistently chose
moderate slopes, tall trees, and open understories.
The fine-scale differences at nests were attributed
to the approaches each species uses to enter nest
sites. Red-tailed hawks enter their nest from above
the canopy, whereas goshawks enter the nest from
below the canopy. Typically, Red-tailed Hawks also
nested in areas with commanding views of the sur-
rounding country compared to goshawks that consis-
tently nested in the canopy of mature forests where
views are more limited. At the mid-scale, forest
fragmentation was greater around Red-tailed Hawk
nests, whereas goshawks consistently associated
with patches of continuous forests and level terrain.
Thus, goshawk habitat would be reduced at both

scales with increased fragmentation and Red-tailed
Hawk habitat would increase. Results from both
Johnson (1992) and La Sorte et al. (2004) indicated
that habitat fragmentation can increase the potential
for increased abundance of potential competitors and
avian predators, like Great Horned Owls and Red-
tailed Hawks, but empirical data that demonstrates
whether competition is truly affecting the viability of
goshawk populations are lacking.

A variety of mammalian carnivores, including
foxes (Vulpes spp.), coyotes (Canis latrans), bobcats
(Lynx rufus), Canada lynx (Lynx canadensis), wea-
sels (Mustela frenata), and pine martens, are also
sympatric with goshawks in most North American
forests and feed on some of the same prey species
as goshawks, such as rabbits and hares, tree and
ground squirrels, grouse, and other birds (USDI Fish
and Wildlife Service 1998a). Erlinge et al. (1984)
demonstrated the combined consumption of large
numbers of small vertebrates by numerous sympatric
species of carnivores, owls, and hawks in Sweden
resulted in food limitations to the suite of predators.

SPATIAL USE AND HABITAT PREFERENCES

Goshawks use broad landscapes that incorporate
multiple spatial scales to meet their life requisites.
This requires that we understand the spatial-use pat-
terns of goshawks as use of habitat types may vary
across multiple scales. This is an ambitious goal,
given our imperfect understanding of the spatial-
use patterns of goshawks. We recognize at least
three-levels of habitat scale during the breeding
season—the nest area, post-fledging area (PFA), and
foraging area (Reynolds et al. 1992, Kennedy et al.
1994; Fig. 2).

Goshawks nest in most forest types found through-
out their geographic range (Squires and Reynolds
1997). In eastern deciduous forests, goshawks nest in
mixed hardwood-hemlock stands of aspen (Populus
spp.), birch (Betula spp.), beech (Fagus spp.), maple
(Acer spp.), and eastern hemlock (7suga canadensis;
Speiser and Bosakowski 1987, Kimmel and Yahner
1994, Boal et al. 2005b). In western North America,
goshawks nest in forests that include Douglas-fir
(Pseudotsuga menzeseii), various species of pines,
and aspen (Reynolds et al. 1982, Hayward and
Escano 1989, Bull and Hohmann 1994, Younk and
Bechard 1994a, Siders and Kennedy 1996, Squires
and Ruggiero 1996, Daw and DeStefano 2001,
McGrath et al. 2003). In the Black Hills of South
Dakota, and throughout the Southwest, goshawks
nest primarily in ponderosa pine and mixed con-
fier forests (Erickson 1987, Crocker-Bedford and
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FIGURE 2. Three levels of spatial organization at Northern Goshawk nest sites, including the nest area, post-fledging area

(PFA), and foraging area.

Chaney 1988, Kennedy 1988, Reynolds et al. 1994,
Siders and Kennedy 1996). Paper birch (Betula
papyrifera) is a dominant nest stand for goshawks
in interior Alaska (McGowan 1975). Goshawks also
occasionally nest in tall willow communities along
arctic rivers (Swem and Adams 1992).

Nest-site habitat for the goshawk has been
described throughout much of its range in North
America and Europe (Shuster 1980, Reynolds et
al. 1982, Moore and Henny 1983, Hayward and
Escano 1989, Bull and Hohmann 1994, Lilieholm
et al. 1994, Squires and Ruggiero 1995, Siders and
Kennedy 1996, Patla 1997, Squires and Reynolds
1997, Rosenfield et al. 1998, Daw and DeStefano
2001, McGrath et al. 2003). Several studies
in the US and Europe have compared habitat
characteristics at nest areas to those available
habitats within home ranges or landscapes and
can be used to draw some conclusions about
goshawk nesting habitat preferences (Speiser and
Bosakowski 1987, Kennedy 1988, Bosakowski
and Speiser 1994, Hargis et al. 1994, Squires and
Ruggiero 1996, Penteriani and Faivre 1997, Selas
1997b, Clough 2000, Daw and DeStefano 2001,
McGrath et al. 2003). A few breeding foraging
habitat preference studies (Widén 1989, Bright-

Smith and Mannan 1994, Beier and Drennan
1997, Lapinski 2000, Boal et al. 2005a) and three
post-fledging habitat preference studies have been
conducted (Clough 2000, Daw and DeStefano
2001, McGrath et al. 2003). Comparisons among
studies are difficult and may not be meaningful due
to differences in methodology.

Goshawk winter habitat preferences are unclear
due to a paucity of studies on this topic. Winter
habitat studies have been conducted primarily in
Europe (Kenward et al. 1981, Tornberg and Colpaert
2001) but three studies (Iverson et al. 1996, Stephens
2001, Drennan and Beier 2003) have been conducted
in North America. Winter habitat used by the goshawk
is likely more variable then breeding habitat and is
likely influenced by its local migratory status. In
areas where goshawks are residents, breeding pairs
can remain on their breeding season home ranges
during the non-breeding season (Boal et al. 2003).
However, migratory populations may overwinter in
very different habitats from their breeding season
home ranges such as low-elevation shrub-steppe.
Currently, it is unknown how changes in landscape
pattern affect seasonal changes in habitat selection;
additional research is needed at larger spatial scales
(USDI Fish and Wildlife Service 1998a).
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HOME RANGE

In North America, home ranges during nesting
vary between 570-5,300 ha, depending on sex,
habitat characteristics, and choice of home range
estimator (Squires and Reynolds 1997, Boal et al.
2003); extremely large home ranges up to 19,500 ha
were documented in southeast Alaska (Iverson et
al. 1996). The male’s home range is usually larger
than the female’s (Hargis et al. 1994, Kennedy et
al. 1994, but see Boal et al. 2003). Home ranges,
excluding nest areas, appear not to be defended and
may overlap adjacent pairs. Birds usually have one
to several core-use areas within a home range that
include nest and primary foraging sites. Core areas
have been estimated to be approximately 32% of
home range area in one population in New Mexico
(Kennedy et al. 1994). Shapes of home ranges vary
from circular to almost linear and may be disjunct
depending on habitat configuration (Hargis et al.
1994). In Minnesota, home range overlap between
members of breeding pairs was typically <50% sug-
gesting that home range size of individual hawks
used in management plans may substantially under-
estimate the area actually used by a nesting pair
(Boal et al. 2003).

The correlation of home range size to habitat
use and preference of foraging goshawks is poorly
understood for North American populations (Squires
and Reynolds 1997). Although comparison of home
range sizes may be useful, particularly on a local
scale, it is also important to consider prey and forag-
ing habitat abundance and availability, which likely
influence home range size (Keane and Morrison
1994, Keane 1999). For example, T. Bloxton and J.
Marzluff, (unpubl. data) recently studied the influ-
ence of an unusually strong La Nifia event (occurred
in late 1998 and early 1999 and caused unusually
high levels of winter precipitation followed by a cold
spring) on prey abundance, space use and demogra-
phy of goshawks breeding in western Washington
from 1996-2000. They noted a decline in abundance
indices unadjusted for detectability of nine prey spe-
cies following the La Nifla event. Home range sizes
more than doubled during this time period suggesting
that weather can also have a major influence on home
range size via modification of prey abundance.

Goshawks may shift home ranges after breeding
(Keane and Morrison 1994, Hargis et al. 1994). In
California, females (N = 7) expanded home ranges
after the nestling stage from 520 ha (sp = 390 ha)
to 1,020 ha (sp = 820 ha); two males expanded their
ranges from 340-1,620 ha and from 950-2,840 ha
(Hargis et al. 1994). A female from this population

shifted its home range 9 km after young fledged. In
northern California, home ranges of males (N=5,95%
minimum convex polygon) increased from 1,880 ha
during nesting (June—15 August; range = 1,140—
2,950 ha) to 8,360 ha (range = 1,340-15,400 ha)
during the non-breeding season (15 August 1992—
March 1993); home ranges of females increased
from 1,280 ha (range = 690-3,280, N =5) to 3,180 ha
(range = 1,220-4,010 ha) during the same period
(Keane and Morrison 1994).

In the few studies that have estimated winter
ranges, they were larger on average than breeding
season ranges. In northern Finland, winter range size
was 3,283-9,894 ha for males (N = 4) and 2,753—
6,282 ha for females (N = 11). The variation in range
size was due to different estimators. The average size
of core use areas of 12 goshawks wintering in Utah
was 2,580 ha + 2,530 ha (Stephens 2001), but win-
ter range size was highly variable (range = 1,000—
7,950 ha). Stephens attributed the large variance to
three of the goshawks that wintered in landscapes
fragmented by agriculture, where home ranges were
very large (2,610-7,950 ha).

A study of goshawks in Sweden reported that gos-
hawk winter range size was an inverse function of
prey availability (Kenward et al. 1981). At Fortuna,
Sweden where pheasants are regularly released, the
average goshawk winter home range was 2,000 ha
while at Segersjo, where only wild pheasants were
present, the average winter range was 5,400 ha
(Kenward et al. 1981).

NEST AREA

The area immediately surrounding the nest tree,
referred to as the nest site or nest area (Steenhof
1987, Fig. 2), often contains alternative nests and
may be reused in consecutive years (Palmer 1988).
The nest area includes the forest stand containing
the nest tree(s) although definitions beyond the nest
stand have varied by location and study. Reynolds et
al. (1992) defined a nest area as approximately 12 ha
in size that is the center of movements and behaviors
associated with breeding from courtship through
fledging. Nest stands of goshawks can be delineated
based on unique vegetative characteristics (Reynolds
et al. 1982, Hall 1984, Kennedy 1988) or homoge-
neous forest structure (Squires and Ruggiero 1996).

Nests and nest trees
Goshawks nest in both deciduous and coniferous

trees (Palmer 1988, Squires and Reynolds 1997)
and appear to choose nest trees based on size and
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structure more than species of tree (Squires and
Reynolds 1997). Goshawks often nest in one of
the largest trees in the stand (Reynolds et al. 1982,
Saunders 1982, Erickson 1987, Hargis et al. 1994,
Squires and Ruggiero 1996), with height and diame-
ter of nest trees varying geographically and with for-
est type. In Wyoming (Squires and Ruggiero 1996)
and California (Saunders 1982), goshawks chose
nest trees that had larger diameters than other trees
in the nest stand. However, in the eastern forests
along the New York-New Jersey border only four of
32 nests were built in the largest tree of the nest area
(Speiser and Bosakowski 1989).

Nests are large, often conspicuous structures,
that average about 90-120 cm in length, 50-70 cm
in width, and 60 cm in depth (McGowan 1975,
Allen 1978, Bull and Hohmann 1994). Nests are
constructed from thin sticks (<2.5 cm diameter)
with a bowl lined with tree bark and greenery. Nests
are typically built on large horizontal limbs against
the trunk, or occasionally on large limbs away from
the bole (Saunders 1982). In eastern forests, nests
were usually constructed in primary crotches, with
the remainder in secondary crotches or limb axils
(Speiser and Bosakowski 1989). Trees with the pre-
ferred triple or quadruple crotch branch structures
were uncommon in eastern forests suggesting that
goshawks actively selected this characteristic when
choosing nest trees. In the west, nests are constructed
in the primary crotches in aspens or on whorled
branching in conifers (Squires and Ruggiero 1996),
usually with a southerly exposure relative to the
nest-tree bole (Moore and Henny 1983, Squires and
Ruggiero 1996). Occasionally, nests are also built
on mistletoe clumps (Shuster 1980, Reynolds et al.
1982) or rarely in dead trees (McGrath et al. 2003).
Shuster (1980) reported goshawks deserted nest trees
(N = 3) that died of beetle infestation, but there are
other instances where beetle-killed trees have been
used as nest trees for several seasons (T. Dick and
D. Plumpton, unpubl. data). Successful nests have
been recorded in dead white pines (Pinus strobus)
in Minnesota (M. Martell and T. Dick, unpubl. data)
and Porter and Wilcox (1941) reported a successful
nest in a dead aspen tree in Michigan. Snag nest-
ing is a common practice for goshawks nesting in
northeastern Utah (S. R. Dewey and P. L. Kennedy,
unpubl. data).

The height that goshawks build nests is sig-
nificantly correlated with nest-tree height (Kennedy
1988, McGrath et al. 2003). Thus, nest heights vary
according to tree species and regional tree-height
characteristics. Mean nest heights from select
populations include 9 m (range = 4.5-16.2 m, N =
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41), Alaska (McGowan 1975); 16.8 m (range = 13.4—
23.8 m, N = 13), California (Saunders 1982); 16.9 m
(sp=4.5m, N = 12), New Mexico (Kennedy 1988);
16.2 m (sp = 5.5, range = 4.6-27.4 m, N = 62),
Oregon (Reynolds et al. 1982); 13.0 m (s = 0.48,
range = 4.4-30 m, N = 82) Oregon and Washington
(McGrath et al. 2003); 11.9 m (S = 0.4 m, range =
5.1-15.8, N = 39), Wyoming (Squires and Ruggiero
1996); and 7.4 m (st = 0.7, N = 10) in spruce (Picea
spp.), 5.8 m (s = 0.4, N = 6) in aspen, Yukon, Canada
(Doyle and Smith 1994). The average height of North
American nests was reported by Apfelbaum and
Seelbach (1983) as 11.8 m (range = 6.1-25.7 m).

Alternative nests

Typical goshawk breeding areas contain several
alternative nests that are used over several years
(Reynolds and Wight 1978, Speiser and Bosakawski
1987, Reynolds et al. 1994, Woodbridge and Detrich
1994, Reynolds and Joy 1998). The reason for using
alternative nests is unknown, but may reduce expo-
sure to disease and parasites. Although goshawks
may use the same nest in consecutive years, nest
areas may include from one—eight alternative nests
that are usually located within 0.4 km of each other
(Reynolds and Wight 1978, Speiser and Bosakawski
1987, Reynolds et al. 1994, Woodbridge and Detrich
1994, Reynolds and Joy 1998, Dewey et al. 2003).
Alternative nests can be clumped in one—three nest
stands or widely distributed throughout the bird’s
home range. In northern California, an average of
2.6 nests was used per pair, and only 44% of nest
attempts were in the previous year’s nest. The mean
distance between nests for this California population
was 273 m (SE = 68.6 m, range = 30-2,066 m, N =
65 nests, Woodbridge and Detrich 1994). In Oregon,
alternative nests were 15-150 m apart, most 60—90 m
(Reynolds and Wight 1978). In Arizona, average dis-
tance moved from 1991 nests to 1992 alternative nests
was 266 m (sp = 157 m, range = 100-635 m, N =17,
Reynolds et al. 1994).

Nest stands

Although the goshawk is considered a habitat
generalist at large spatial scales and uses a wide
variety of forest types, it nests in a relatively nar-
row range of structural conditions (Reynolds et al.
1992, Squires and Reynolds 1997). Goshawks prefer
mature forests with large trees, relatively closed
canopies (50-90%), and open understories (Moore
and Henny 1983, Speiser and Bosakowski 1987,
Crocker-Bedford and Chaney 1988, Kennedy 1988,
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Hayward and Escano 1989, Reynolds et al. 1992,
Squires and Ruggiero 1996, Penteriani and Faivre
1997, Selas 1997b, Squires and Reynolds 1997,
Daw et al. 1998, Daw and DeStefano 2001, Finn
et al. 2002b, La Sorte et al. 2004). McGrath et al.
(2003) stated that canopy-cover values of goshawk
nest stands may vary due to methodological and
site differences. McGrath et al. also compared tree
basal area among North American goshawk studies
and found that basal area at nest sites ranged from
28.5-50.8 m? ha! compared to 20.7-42.4 m? ha! at
random sites; McGrath et al. believed that basal area
metrics might better capture site conditions at nest
sites compared to canopy cover. Due to frequent
bias in goshawk nest detection methods, however,
goshawk selection of mature forests over other forest
stages has been demonstrated in only a few studies
(Squires and Ruggiero 1996, Clough 2000). Squires
and Reynolds (1997) state that nests are frequently
found near the lower portion of moderate slopes,
close to water, and often adjacent to a canopy break.
Nesting in stands more dense than surrounding
forests may reduce predation and, in combination
with north slopes, may provide relatively mild and
stable micro-climates (Reynolds et al. 1992). Daw
et al. (1998) summarized data from goshawk habitat
studies in the West and concluded goshawks tend to
select nest stands that are characterized by relatively
large trees and relatively high canopy closure (>50—
60%), regardless of region or forest type.

Reynolds et al. (1982) reported goshawks in
Oregon nesting in dense, mature or old-growth coni-
fers with a mean tree density of 482 trees (>6 cm)/ha
and a range of 273-750 trees/ha. Nest areas included
forests with few mature trees and dense understory
trees to forests with closed mature canopies and
sparse understory trees. Most nest areas were in
old forests, with only 5% in second growth forests
and 4% in mature lodgepole pine (Pinus contorta)
or mixed stands of mature lodgepole and ponderosa
pine. The lodgepole nest areas had relatively open,
single-layered canopies (166 trees/ha, 38% canopy
closure). In their Oregon study area, Daw et al.
(1998) found nests that were located systematically
were in areas with an average of 16.4 large trees
(>53 cm dbh/ha) and a mean canopy closure of
72.4%. Daw and DeStefano (2001) compared gos-
hawk nest stands to stands with random points in
Oregon and found goshawks nested more frequently
in stands with dense canopy and late forest structure
(i.e., trees >53 cm dbh, canopy cover >50%), but
rarely in stands with mid-aged forest structure. They
also found nests were positively associated with
small dry openings. They reported that average nest-

stand size in older forests was about 100 ha (range =
3-375 ha), but emphasized that stand quality is more
important than stand size.

Siders and Kennedy (1996) described the range
of stand conditions used by goshawks in northern
New Mexico. They reported goshawks used nest
trees ranging from 25-31 m in height and 43.3—
56.7 cm dbh. Canopy closure at the nest tree was
58-74% and 60-70 % at nest areas. Nest areas had
31-40 m?*/ha basal area, with an overall area den-
sity of 800—1,400 trees/ha and overstory trees were
spaced 4.8-6.8 m apart. Nest areas were composed
of 2.8-8.0% mature, 2.1-11.1% large, 5.2-32.8%
pole, and 16.8-85.6% sapling trees. Tree densi-
ties by age class were 460-970 sapling trees/ha,
130-370 pole trees/ha, 55-115 large trees/ha, and
53-90 mature trees/ha.

Nest stands of south-central Wyoming goshawks
ranged from 0.4-13.0 ha (Squires and Ruggiero
1996). Slopes were more moderate (~11%) than
available topography but there was no preference for
aspect. Tree densities at nest sites were lower than at
random sites but densities of large tress were higher
than at random sites. Nest stands were not old-
growth in the classic sense of being multi-storied
stands with large diameter trees, high canopy closure
and abundant woody debris. Rather nest stands were
in even-aged, single-storied, mature forests stands of
lodgepole pine with high canopy closure (65%), sim-
ilar to what has been documented in other regions.

In northern California, canopy closure at nests
ranged from 53-92% (Saunders 1982), and in north-
ern Arizona, goshawks preferred nest areas that had
the greatest canopy closure available, averaging
76%, which was 18% greater than in 360 reference
areas (Crocker-Bedford and Chaney 1988). In east-
ern California, Hargis et al. (1994) reported home
range locations used by goshawks were similar
to nest areas, and both had greater canopy cover,
greater basal area, and more trees/ha than a random
sample from the study area.

Despite differences in some habitat characteris-
tics, high canopy closure and tree basal area at nest
areas were the most uniform habitat characteristic
between study areas in northern Idaho and western
Montana (Hayward and Escano 1989). Tree basal
area ranged from 29-54 m?/ha, with most (60%) nest
stands between 39 and 46 m* ha.

Although goshawks appear to select relatively
closed-canopy forests for nesting (Daw et al.
1998), exceptionally they will nest in more open
forests (USDI Fish and Wildlife Service 1998a).
Goshawks nest in tall willow communities along
major drainages in arctic tundra (Swem and Adams
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1992), riparian cottonwood (Populus spp.) stands
(White et al. 1965) and in small stands of aspen in
shrub-steppe habitat (Younk and Bechard 1994a).
In Oregon, Reynolds et al. (1982) reported seven
nest areas had an average canopy closure of 59.8%,
although three nests were located in stands of mature
lodge-pole pine that were relatively open (38% can-
opy coverage). Also, Hargis et al. (1994) reported
31% as the average canopy closure of goshawks nest
stands in eastern California which was low compared
to other studies.

Aspect and slope in nest areas may influence
microclimate and goshawk habitat selection but the
data are equivocal. Studies conducted in Oregon
(Reynolds et al. 1982, McGrath et al. 2003), Idaho,
and Montana (Hayward and Escano 1989, Clough
2000) found a significant number (40-60%) of
goshawk nest locations on slopes with northwest to
northeast-facing aspects. Bosakowski and Speiser
(1994) compared goshawk nest sites to random
points throughout their study area in New York and
New Jersey and found goshawks avoided nesting
on slopes with southerly aspects. Average slopes
in nest areas were 9% (range = 0-75%) in Oregon
(Reynolds et al. 1982) 14% in northeastern Oregon
(Moore and Henny 1983), and between 15-35%
slope in Idaho and Montana (Hayward and Escano
1989). Although goshawks nesting in New Mexico
(Siders and Kennedy 1996) and Wyoming (Squires
and Ruggiero 1996) did not exhibit a preference for
aspect, most nests were found on moderate slopes.
Alternatively, goshawks nesting in the Kaibab
Plateau of northern Arizona selected nest sites on
gentle slopes (9.6°) with no aspect directionality.
Goshawks nesting in northwestern California used
slopes averaging 42%, which are some of the steep-
est slopes recorded (Hall 1984). In contrast, 64% of
goshawk nest sites in interior Alaska were on south-
ern aspects with 16% of nests on the upper portion
of the slope, 46% on the middle slope, and 38% on
the lower slope (McGowan 1975). Clear topographic
patterns at goshawk nest sites do not appear to exist.

Penteriani et al. (2001) described goshawk nest
site preferences in France by using a multi-scale
analysis: nest tree, nest stand (1 ha) and landscape
to compare 50 goshawk nest sites with random plots.
The landscape was defined as a circular plot with a
2-km diameter centered on each of the 50 active nest
trees and random points. Plot diameter was equal
to the minimum nearest-neighbor distance. Avian
abundance was estimated in each landscape plot as
an index of prey availability. Their stepwise logistic
regression showed that four nest stand structural
variables (larger average dbh, larger crown volume,
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higher flight space and shorter distance to trails) and
two landscape variables (low avian prey richness for
both 100-500 g and 501-2,000 g prey size classes)
were significant predictors of goshawk nest sites as
compared to random sites. Their results support the
results of Beier and Drennan (1997) who argue that
goshawks apparently select habitat based on forest
structural characteristics and not prey abundance.

Several authors have noted that goshawks often
nest near water (Bond 1942, Squires and Reynolds
1997, Shuster 1980, Reynolds et al. 1982, Hargis et
al. 1994). Shuster (1980) found all nests in aspen
stands were near running water and those nests in
pine stands were 10-450 m from water sources. Most
South Dakota nests were found within 0.84 km of
water although several nests were not within 1 km
of a water source (Bartelt 1977). Conversely, some
studies have shown that nests are not associated
with water (Speiser and Bosakowski 1987, Crocker-
Bedford and Chaney 1988) and the potential func-
tional significance of water to goshawk nest sites has
not been investigated.

Goshawks commonly nest close to forest open-
ings such as meadows, forest clearings, logging
trails, dirt roads, and fallen trees (Gromme 1935,
Reynolds et al. 1982, Hall 1984, Erickson 1987,
Hayward and Escano 1989). Although the function
of forest openings near nests is unclear, openings
may help goshawks access or locate their nests
(USDI Fish and Wildlife Service 1998a, Boal et al.
2005Db).

POST-FLEDGING AREA

Post-fledging areas (PFA) may represent defended
portions of the territory (Reynolds et al. 1992; Fig.
2). The PFA surrounds the nest area and is defined as
the area used by the family group from the time the
young fledge until they are no longer dependent on
the adults for food (Reynolds et al. 1992, Kennedy et
al. 1994). Reynolds et al. (1992) also assumed that
all alternative nests were within the PFA. During the
fledgling-dependency period the activities of young
are centered near their nests, but they move farther
from the nest over time (Zachel 1985, Kenward
et al. 1993a, Kennedy et al. 1994, Kennedy and
Ward 2003). Post-fledging areas may be important
to fledglings by providing prey items on which to
develop hunting skills, as well as cover from preda-
tors and prey. The PFA (originally described as the
post-fledging family area) was conceptualized by
Reynolds et al. (1992) and empirically supported by
studies of family movement patterns (Kenward et al.
1993a, Kennedy et al. 1994, and Kennedy and Ward
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2003). Kennedy et al. (1994) estimated PFA size to
be approximately 170 ha in New Mexico. However,
PFA size and the functional significance of this
spatial scale to goshawk management needs further
evaluation because it may vary based on local condi-
tions (McClaren et al. 2005).

The first evaluation of PFA habitat was conducted
by Daw and DeStefano (2001). They compared for-
est structure around 22 nests with forest structure
around random points. Comparisons were made at
six spatial scales from the nest stand up to a 170-ha
PFA. They found that within circles of 12-ha and
24-ha plots around nests, late forest structure was
more abundant than around random points. They
also reported forest structure at the PFA-scale was
dominated by dense-canopied forest and always con-
tained wet meadows.

Reynolds et al. (1992) hypothesized the PFA
would be intermediate in heterogeneity between
the nest area and home range. This concept was
recently supported by a study conducted by Finn et
al. (2002a). Finn et al. (2002a) compared occupancy
patterns of goshawks (during 1996-1998, N = 30)
nesting on the Olympic Peninsula, Washington to
habitat structure, composition, and configuration
measured at three spatial scales (39 ha nest area,
177 ha PFA; and 1,886 ha home range). Occupied
historical sites tended to have a high proportion of
late-seral forest (>70% canopy closure of conifer
species with >10% of the canopy trees >53 cm
dbh), reduced stand initiation cover, and reduced
landscape heterogeneity at all three scales, but only
the two larger scale models predicted occupancy suc-
cessfully. Habitat conditions at the nest-area scale
were more similar between occupied and unoccupied
sites than were habitat conditions in PFAs or home
ranges. Also, goshawks occupied areas with more
heterogeneity and more early stand initiation forest
within their home range than within the PFA.

McGrath et al. (2003) further evaluated this
question of goshawk habitat at various spatial scales
in an intensive field and modeling study. They com-
pared nesting habitat on four study areas in eastern
Oregon and Washington during 1992-1995. Eight
habitat scales ranging from 1-170 ha (PFA scale)
surrounding 82 nests and 95 random sites were
analyzed to describe goshawk nesting habitat at
biologically relevant scales and to develop models
that could be used to assess the effects of forest
management on habitat suitability. At the 1-ha
scale, the stage of stand development, low topo-
graphic position, and high stand basal area reliably
discriminated between nests and random sites. At
this small scale, the stem exclusion phase of stand

development was preferred, whereas understory
re-initiation and old-growth phases were used in
proportion to their availability. At larger scales,
the middle stages of stand development consist-
ing of stem exclusion and understory re-initiation
(both with canopy closure >50% and greater habitat
heterogeneity), were more common around nests
than random sites. These effects were prevalent up
to 83 ha. They provide convincing evidence that in
their study area, a core area around goshawk nests
where the forest is characterized by large trees with
high canopy closure and this core is surrounded by
a heterogeneous landscape with forest cover types
that are equally abundant. Although the functional
significance of this 83-ha area has not been demon-
strated, they speculate the habitat conditions within
500 m (approximately 80 ha) may provide the PFA-
like conditions described by Reynolds et al. (1992)
and Kennedy et al. (1994) in this area. Recently,
La Sorte et al. (2004) found that goshawk nests in
northern Arizona were consistently associated with
regions of continuous forest and gentle terrain out to
645 m from the nest site. They concluded that this
non-fragmented, forested area represents the PFA
which Kennedy et al. (1994) estimated as a circle
centered at the nest with a radius of 732 m. This
literature suggests that PFAs likely exist and occur
at the scale of 80-200 ha, but vary in size depending
on local environmental conditions (i.e., availability
of vulnerable prey and predation risk).

FORAGING AREAS

Goshawk nesting habitat is well described at the
nest-tree and nest-stand levels, but how goshawks
use habitats away from their nests during the nesting
season is poorly understood. A few studies have been
conducted in North America that describe breeding
season foraging habitat (Austin 1993, Bright-Smith
and Mannan 1994, Beier and Drennan 1997, Good
1998, Lapinski 2000, Finn et al. 2002a, Boal et al.
2005b). These studies have defined foraging habitat
in a variety of ways, which limits our ability to make
cross-study comparisons. These definitions include:
(1) all habitat within a home range not included in
the nest area, (2) habitat at locations of goshawks
obtained by radio tracking tagged birds, and (3) habi-
tat at known kill sites located by detailed tracking of
radio-tagged birds. Home range analyses estimate
home range size based on locations of radio-tagged
birds or assume the home range can be represented
by a circular area centered on the nest.

Results from some studies suggest goshawks for-
age in all forest types, but appear to select forests
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with a high density of large trees, greater canopy
cover and high canopy closure, high basal area and
relatively open understories in which to hunt (Beier
and Drennan 1997, Finn et al. 2002a, Greenwald et
al. 2005). However, other studies report a tolerance
for a broad range of forest structures (Kenward 1982,
Widén 1989, Austin 1993, Bright-Smith and Mannan
1994, Hargis et al. 1994, Beier and Drennan 1997).
Beier and Drennan (1997) suggested goshawks in
their northern Arizona study area forage in all types
of forest stands. It is also important to note that
while some habitats may be avoided by foraging
goshawks, they may actually be important in terms
of prey production (Boal et al. 2005b).

In southwestern Yukon, Canada, 33% of goshawk
kills were in dense forest cover although only 18% of
the area contained this cover type (Doyle and Smith
1994). Hargis et al. (1994) found goshawks foraging
in forest stands with higher basal area, more canopy
cover, and more trees in large diameter classes than
were randomly available.

Goshawks can also hunt openings and along
edges. Shuster (1980) observed goshawks hunting in
openings and clear-cuts in Colorado. In Nevada, three
males foraged in open sagebrush away from trees
(based on 13 visual locations) and along the edge of
aspen groves to hunt Belding’s ground squirrels in
sagebrush (Younk and Bechard 1994a). In Europe,
Kenward (1982) collected detailed movement data
on four radio-tagged goshawks. These birds spent a
substantial amount of time hunting along edges and
crossing openings between woodlands. These studies
indicate that goshawks hunt in open and edge habi-
tats; however, the degree to which they rely on these
edges for prey is unclear.

Reynolds and Meslow (1984) assigned bird and
mammal prey species in forested habitat to four
height zones (ground-shrub, shrub-canopy, canopy,
and aerial) based on where each species spends most
of its time. They found 40% of prey species in gos-
hawk diets were zone generalists, 35% were most
often in the ground-shrub layer, and the remaining
prey was evenly distributed between shrub-canopy
and canopy layers. Reynolds et al. (1992) indicated
large-bodied prey might be more important to breed-
ing goshawks than smaller prey. In the Reynolds and
Meslow (1984) study, large-bodied mammals and
avian prey were primarily associated with lower for-
est strata or were zone generalists. In Arizona, 62%
of prey were captured from the ground-shrub zone,
25% were zone generalists, and 13% were from the
shrub-canopy and canopy zones with highly aerial
prey, such as swallows, rarely present in the diet
(Boal and Mannan 1994).
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DeStefano and McCloskey (1997) reported
that in the coast ranges of Oregon, goshawks are
rare even though goshawk prey species are varied
and abundant. Forests in this area contain high
understory stem densities and dense undergrowth,
which may make prey species difficult to capture.
DeStefano and McCloskey (1997) suggested that if
a relationship between vegetation structure and prey
availability does exist, these forest conditions might
limit prey availability to goshawks.

In southcentral Wyoming, Good (1998) described
foraging habitat of five male goshawks at nest sites.
He examined four factors at each kill site: prey abun-
dance, habitat characteristics, landscape patterns,
and habitat needs of prey species. Similar to Beier
and Drennan’s (1997) study, Good (1998) found
the relative use of kill areas correlated with habitat
characteristics rather than prey abundance. The
majority of goshawks (N = 3) in his sample returned
most often to sites with more mature forests, gentler
slopes (6-60%), lower ground coverage of woody
plants (1-30%) and greater densities of large coni-
fers (23-37.5 cm dbh, range = 0—11 stems/0.04 ha).
Goshawk kill areas were often associated with small
natural openings, as were many prey species. Good
also suggested that goshawks may return to areas
more often where large numbers of prey are present
because two individuals in his sample regularly
returned to kill sites with high prey abundance.

In western Washington, Bloxton (2002) identified
52 kill sites of 13 goshawks (seven adult males, one
juvenile male and five adult females). Goshawks
killed prey in stands that ranged from 13-yr-old
regeneration stands to 200-yr-old stands; all forest
types were hunted except recent clearcuts and shrub-
sapling states. Although much variation was associ-
ated with kill sites, goshawks made kills in mature
forests more than expected based on availability.
Goshawks tended to hunt in stands with larger diam-
eter trees and avoid areas composed primarily of
small trees (saplings-pole). Kill sites also had greater
overall basal area, greater total snag density, and
greater small snag density, but the number of large
snags did not differ between use and random sites.
The forest understory characteristics seemed to have
little effect where goshawks killed prey, except that
kill sites had 35% less tall understory cover com-
pared to random sites.

WINTERING AREAS
The European studies suggest that prey abun-

dance and not habitat per se may be an important
factor affecting habitat use by goshawks during
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the winter, particularly at northern latitudes (Sunde
2002). However, a recent study of forest structure
and prey abundance at goshawk winter kill sites by
Drennan and Beier (2003) suggested that goshawks
select winter foraging sites in northern Arizona
based on forest structure rather than prey abundance.
In their northern Arizona study area, kill sites of 13
radio-tagged adult goshawks (six males and seven
females) had more medium-sized trees and denser
canopies than nearby paired sites that lacked evi-
dence of goshawk use. Prey abundance indices
were nearly equal at used and reference plots. This
pattern is consistent with their results for breeding
season foraging habitat in the same study area (Beier
and Drennan 1997). However, the results of both
Arizona studies need to be interpreted cautiously
because they used prey abundance indices that do not
account for detection probabilities which has been
demonstrated to be difficult to interpret by numerous
authors (Buckland et al. 2001).

In the winter, goshawks have been reported to use
a variety of vegetation types, such as forests, wood-
lands, shrub lands, and forested riparian strips in
search of prey (Squires and Ruggiero 1995, Drennan
and Beier 2003). In northern Arizona, adult gos-
hawks continued to use their breeding season home
ranges in ponderosa pine and most males moved into
lower elevation, pinyon-juniper woodlands during
the winter (Drennan and Beier 2003). Squires and
Ruggiero (1995) documented that four goshawks,
which nested in south-central Wyoming, were short-
distance migrants (range = 65—185 km from nesting
area). These four goshawks wintered in aspen with
mixed conifer stands, large stands of spruce-fir,
lodgepole pine, and cottonwood groves surrounded
by sagebrush.

Stephens (2001) analyzed landscapes of winter
home ranges of 12 goshawks breeding in the Uinta
Mountains in Utah. This is the largest sample size
of winter birds observed in North America. The four
core range habitat types were: (1) mixed-conifer
forests at higher elevations composed primarily of
lodgepole pine, subalpine fir (4bies lasiocarpa), and/
or Douglas fir, (2) woodlands composed primarily of
pinyon-juniper and agricultural areas adjacent to the
woodland, (3) a combination of the first two habitat
types, and (4) lowland riparian areas adjacent to salt-
desert scrub. The birds demonstrated a preference for
habitats 1, 3 and 4. These data indicate this sample
of goshawks had winter home ranges with a higher
diversity of vegetation types and more patches than
the rest of the study area. Stephens (2001) specu-
lated these areas may have supported a more diverse
prey base. His data also support the observations of

Drennan and Beier (2003) that birds will winter in
habitats not used for nesting, i.e., pinyon-juniper
woodland.

Widén (1989) tracked radio-tagged goshawks (N =
23 males; 20 females) in Sweden that wintered in
highly fragmented forests interspersed with clear
cuts, wetlands and agricultural lands. In this study,
goshawks killed more than half of their prey in large
(>40 ha) patches of mature forests (70 yr old) and
used these areas significantly more than what was
proportionately available. Young and middle-aged
forests were used by goshawks in proportion to
abundance. Mature forests allowed goshawks to hunt
while remaining undetected by prey, but were also
open enough for birds to maneuver when attacking
prey (Widén 1989).

In England, Kenward (1982) tracked four gos-
hawks that spent 50% of their time in and took 70%
of their prey from the 12% of woodland contained
within their home ranges. Another study conducted
in agricultural areas of England (Kenward and
Widén 1989) reported wintering goshawks used
edge habitats for foraging. Differences in habitat
use may be attributed to different prey distributions
(Kenward and Widén 1989). Kenward and Widén
(1989) reported that in boreal forests, goshawks prey
primarily on squirrels found distributed throughout
the forest, whereas in agricultural areas goshawks
hunt near forest edges where prey are more abun-
dant. Goshawk home ranges in agricultural areas
were smallest where prey densities were greatest,
and were largest in areas that contained the least
woodland edge, suggesting that prey distribution
and availability was the factor that determined the
distribution of goshawks during winter (Kenward
and Widén 1989).

A recent study by Tornberg and Colpaert (2001)
monitored winter habitat use of 26 radio-marked
goshawks in northern Finland. These were birds that
were trapped in the winter so their residency status
was unknown. However, the species is a resident in
the northern boreal forest of Finland. Harmonic mean
centers of their winter ranges were concentrated near
human settlements where they preyed upon human
commensals, e.g., brown rats (Rattus norvegicus).
Goshawks preferred deciduous and mature conifer-
ous forests and avoided open areas such as large
fields and bogs. They also avoided very heteroge-
neous sites, which the authors attribute to avoidance
of areas of dense vegetation and not edges as was
noted in Sweden by Widén (1989). In Finland, they
preferred small to medium-sized patches (<30 ha)
of forests and avoided large patches (>30 ha). The
results of this study differ from that of Widén (1989)
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in Sweden where goshawks showed a strong prefer-
ence for large patches of mature forest. Tornberg and
Colpaert (2001) suggested these differences were
due to differences in prey preferences. Goshawks in
Sweden mostly took squirrels, which reached their
peak densities in old spruce forests. In Finland, win-
tering goshawks preyed mostly on species associated
with deciduous forests (Black Grouse) and early
seral stages (mountain hares [Lepus timidus]), or
urban areas (brown rats).

SEASONAL MOVEMENTS AND DISPERSAL

Movements of goshawks beyond home range
boundaries include migration, natal dispersal, and
breeding dispersal. Migration is seasonal movement
between breeding and non-breeding home ranges.
Natal dispersal is defined as movement between a
bird’s natal area and its first breeding area, whereas
breeding dispersal is defined as movements by adults
between years among breeding areas (Greenwood
1980, Greenwood and Harvey 1982). Migration and
dispersal are important components of population
dynamics, yet are poorly understood for most bird
populations (Lebreton and Clobert 1991, Newton
1998) including goshawks in North America.

FaLL MIGRATION

Goshawks are partial migrants (Squires and
Reynolds 1997) meaning that some individuals
maintain year-round occupancy of nest territories
while other individuals in the population undergo
seasonal movements to wintering areas (Berthold
1993). Sonsthagen (2002) used satellite telemetry
to monitor migratory movements of 34 female gos-
hawks breeding throughout the state of Utah. She
found the goshawks moved throughout Utah and
inconsistently used existing forest corridors when
they left their nesting territories. The 34 female
goshawks exhibited a variety of movement patterns.
However, her data support previously reported pat-
terns based on band returns (Reynolds et al. 1994,
Hoffman et al. 2002) and radio telemetry (Squires
and Ruggerio 1995, Stephens 2001) that goshawk
migrations involve short-distance movements (<500
km). Of the 34 birds fitted with platform transmit-
ter terminals (PTT), 19 wintered near their breeding
area and 15 were migrants. The migrants moved 49—
613 km to wintering areas and only two birds moved
>500 km. Band return data from the European
subspecies suggest short-distance movements or
wandering during the non-breeding season occurs
for birds that reside in southern latitudes (Biihler et
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al. 1987) and longer-distance migrations are more
common for populations from northern latitudes
(Hoglund 1964a).

The degree to which populations are partially
migratory may relate to food availability on
breeding areas during winter. At Kluane, Yukon,
goshawks were year-round residents during peri-
ods of high snowshoe hare abundance, but winter
sightings sharply declined when hare densities were
low (Doyle and Smith 1994). In southeast Alaska,
males maintained loose association with their nest-
ing home range throughout the non-breeding season
(Alaska Department of Fish and Game 1993), but
some females moved up to 56 km from nesting
home ranges. In Minnesota, 27 of 28 radio-tagged
goshawks were recorded within 12.4 km of their
nest during three consecutive winters (Boal et al.
2003).

Approximately every 10 yr, large numbers of gos-
hawks are observed migrating to southern wintering
areas apparently in response to low prey abundance
at northern latitudes (Mueller and Berger 1968,
Mueller et al. 1977, Doyle and Smith 1994); incur-
sions usually last at least 2 yr (Squires and Reynolds
1997). The periodic invasions of goshawks along the
western shore of Lake Michigan from 1950-1974
were correlated with 10-yr population declines in
Ruffed Grouse (Bonasa umbellus) and snowshoe
hares (Mueller et al. 1977). Irruptive movements of
goshawks are composed primarily of adults (Sutton
1931, Mueller et al. 1977); juvenile proportions are
variable, probably dependent on reproductive suc-
cess during the previous nesting season. Incursion
years in North America summarized by Palmer
(1988) and Squires and Reynolds (1997) include:
winters 1859-1860, 1870-1871, 1905-1907, 1917—
1918, 1926-1928, 1935-1936, 1952-1954, 1962—
1963, 1972-1973, 1982-1983, and 1992-1993.
In 1972-1973 near Duluth, Minnesota, observers
counted 5,352 goshawks which dwarfed previous
counts (Hofslund 1973). In other areas, migration
counts indicate some populations irrupt on a 4-yr
cycle (Nagy 1977). As noted by Boal et al. (2003),
we do not understand the factors that influence gos-
hawk residency patterns.

Fall migrations generally commence after
young disperse from natal areas (Palmer 1988) and
occur between mid-September and mid-December.
Heintzelman (1976 in Bosakowski 1999) shows
the fall migration season for goshawks extends
from mid-September through November at Hawk
Mountain, Pennsylvania. In New Jersey, the peak fall
migration occurs mid to late October (Bosakowski
1999). From 1970-1994 counts of migrant goshawks
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ranged from 27-347 for Hawk Mountain; 106-5,819
for Hawk Ridge, Minnesota; 9—75 for Cape May,
New Jersey; and 63-252 for Goshute Mountain,
Nevada. These numbers are difficult to interpret
because they are a function of number of observers
and observer detection probabilities.

Spring migration is far less pronounced and
poorly understood (Squires and Reynolds 1997).
In Wyoming, four radio-tagged goshawks exhibited
short distance migration (range = 65—185 km) begin-
ning in mid-September and returned to nest sites
between 23 March and 12 April 1993 (Squires and
Ruggiero 1995). Breeding birds in northeast Utah
also returned to their nest sites in March but their
winter locations were unknown (Dewey et al. 2003).
Habitat used by goshawks during migration has
never been documented.

WINTER MOVEMENTS

Winter movements are better understood for
European populations. In Fennoscandia, winter-
ing goshawks move in a northeast or southwest
direction; the orientation of these movements
may be due to geographical constraints or
enhanced chances of recovery in certain directions
(Marcstrom and Kenward 1981a). Juveniles tended
to move farther than adults, approximately 70% of
movements were between 1-50 km, but 4% were
>500 km. Juvenile males tended to move further
than juvenile females, and adult males were more
sedentary (approximately 80% of movements were
<20 km) than adult females. However, the move-
ments of females were highly variable with 46% of
females moving <10 km and 9% >500 km. In the
boreal forests of Sweden, banded goshawks moved
from boreal forests to agricultural regions where
prey was more abundant; juveniles moved greater
distances than adults (Widén 1985b). In Sweden,
the migratory movements of goshawks banded as
nestlings varied from 50-200 km depending on
region (Hoglund 1964a).

DisPERSAL

Information on dispersal is important for inves-
tigating issues of population isolation and demog-
raphy (Johnson and Gaines 1990, Stenseth and
Lidicker 1992). Dispersal and mortality may be more
important than reproduction in governing population
dynamics, but given these processes occur mainly
outside of the nesting period, they are difficult to
measure (Braun et al. 1996).

Natal dispersal

Given that natal dispersal involves a complex
series of movements (Walls and Kenward 1995,
1998), the final natal-dispersal distance is a func-
tion of the cumulative history of movements dur-
ing the dispersal process (Dufty and Belthoff 2001,
Wiens 2001). Successful dispersal is critical to the
genetic and demographic viability of populations
(Greenwood 1980, Arcese 1989, Wiens 1996). Little
is known about the habitats used by goshawks during
dispersal, or their dispersal directions and distances.
The limited information that is available comes from
recapture of marked birds, band returns, radio telem-
etry, and satellite telemetry.

On the Kaibab Plateau, Reynolds et al. (unpubl.
data) reported that 24 of 452 fledglings banded were
recruited into the local breeding population. Mean
natal dispersal distance was 14.7 km (sp = 8.2, range =
3.4-36.3 km) and did not differ among sexes for the
recruits. Five banded juveniles found dead outside
of the study area demonstrated a potential for long-
distance natal dispersal (181 £ 137 km, range = 52—
442 km). In addition, two band recoveries in the south-
western US of birds banded that year were 130 km
(Kennedy and Ward 2003) and 176 km (Reynolds et
al. 1994) from their natal nest. Distances from natal
nest areas, for recoveries of juveniles radio-tagged in
New Mexico, ranged from 5.5-130 km (N=16; P. L.
Kennedy and J. M. Ward, unpubl. data).

Kennedy and Ward (2003) experimental results
suggest that natal dispersal in New Mexico was reg-
ulated by food availability for at least the first 4 mo
post-fledging. After independence, radio-tagged
control birds were never located in their natal areas
and by the end of September in 1992 and 1993
they had all left the study area. However, treatment
(provided with supplemental food at the natal area)
birds remained on the study area for the duration
of the experiment (late October in 1992 and late
November in 1993). These results support the idea
that juveniles monitor their environment at a local
scale to make dispersal decisions. These results are
corroborated by correlative studies conducted by
Byholm et al. (2003) on factors influencing natal
dispersal in the European subspecies. Byholm et al.
(2003) analyzed 12 yr of band-return data for birds
hatched over a wide area in Finland and found local
prey availability (as indexed by grouse census data)
influenced dispersal distances; juvenile European
goshawks remained nearer to the natal area when
local grouse density was high than when grouse
were scarce.
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Breeding dispersal

Goshawk breeding dispersal includes movements
between alternative nests within a breeding area, and
movements of individuals from one breeding area to
another. Although movements of a pair between alter-
native nests are not important demographically, they
may confound detection and interpretation of move-
ment by pairs or individuals to a different breeding
area and these two types of movement can only be
distinguished when individuals are marked (USDI
Fish and Wildlife Service 1998a). Breeding dispersal
could result from death of a mate, or may represent
an attempt to acquire a better mate or breeding area
(USDI Fish and Wildlife Service 1998a), and may be
induced by low productivity (Reynolds et al. 1994).
The factors influencing breeding dispersal may differ
from those influencing natal dispersal, but the prob-
ability of remaining close to the natal area is posi-
tively related to survival and/or reproductive success
(Byholm et al. 2003).

Reynolds et al. (1994) reported that in northern
Arizona, three birds that moved from one breeding
area to another in consecutive years all produced more
young after the move. Reynolds et al. (unpubl. data)
reported results of a study of 259 banded adult gos-
hawks breeding in the same study area. Mean breed-
ing dispersal distance for males was 2.4 + 0.6 km
(range = 1.9-3.5 km, N = 6) and for females was 5.0 +
2.3 km (range = 2.4-9.0 km, N = 11). Both male
and female mean breeding dispersal distances were
close to the nearest-neighbor distance (X = 3.8 km,
sp = 3.2, N = 97), indicating that dispersers moved
to neighboring territories. In northern California,
Detrich and Woodbridge (1994) reported higher rates
of breeding dispersal. Over 9 yr, 18.2% of females
(N =22) and 23.1% of males (N = 13) were found
breeding in more than one breeding area. Breeding
dispersal distances for females averaged 9.8 km
(range = 5.5-12.9 km) and for males averaged 6.5 km
(range = 4.2-10.3 km). Similar to natal dispersal,
detection of maximum breeding dispersal distances
is likely constrained by size of study areas and re-
sighting technique (Koenig et al. 1996).

DEMOGRAPHY AND POPULATION ECOLOGY

Goshawk populations fluctuate in response to
changes in survival, reproduction, immigration, and
emigration. Population ecology is concerned with
determining how factors such as genetics, popula-
tion density, distribution, age structure, resource
abundance and availability, habitat distribution,
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competition, and climate influence these population
parameters. Understanding a species’ population
biology is also mandated by the NFMA that requires
the USFS to maintain viable populations of native
vertebrates. The ESA reinforces the NFMA by iden-
tifying distinct population segments as an appropri-
ate level of protection. These laws, coupled with
life-history attributes of goshawks, underscore the
pressing need to determine how population vital
rates may vary relative to forest management and
other human-induced changes to landscapes.

PoruLATION VITAL RATES
Longevity

Goshawk longevity is poorly documented
because few studies are long term and inherent diffi-
culties exist for following individual birds over time.
Age records for wild birds include a 6-yr-old bird in
Alaska (McGowan 1975), 6- and 7-yr-old birds in
northern California (Detrich and Woodbridge 1994),
a 9-yr-old bird in New Mexico (P. L. Kennedy,
unpubl. data), an 11-yr-old male in Minnesota (Boal
et al. 2002), and a 12-yr-old female in Wisconsin
(Evans 1981). Bailey and Niedrach (1965) reported a
captive bird living 19 yr.

Survivorship

Survival estimates are poorly documented. We
do not understand how seasonal, temporal, spatial,
or environmental factors affect goshawk survival,
nor do we understand how survival patterns vary
by sex and age class. Annual juvenile survival can
vary from 0.16—1.00 with most estimates occurring
between 0.37-0.57 (Table 3). Average annual adult
survival varies from 0.70-0.87 independent of esti-
mation technique and geography (Table 4). However
the standard errors of these estimates vary from
0.05-0.1; this low precision limits their utility for
estimating annual trends in survival.

Estimated age-specific mortality rates of Finnish
and Swedish birds based on banding recoveries (N =
552, years 1950-1966) assuming a 60% reporting
rate were: 66% year 1, 33% year 2, 19% year 3, 19%
year 4, and 11% for years 5+ (Haukioja and Haukioja
1970). Survivorship between banding and recovery
was 287 d for birds banded in Sweden and 221 d for
those in Finland (Hoglund 1964a). Winter survival
favors birds of higher body mass; males appear to
be more vulnerable to food shortage than females
(Marcstrom and Kenward 1981b).
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TABLE 3. ESTIMATED POST-FLEDGING SURVIVORSHIP CALCULATED FOR JUVENILE (0—1 YR OF AGE) NORTHERN GOSHAWKS.

Time Months
monitored Annualized post-
survivorship  survivorship N fledging®

Location Year(s) (SE) Source
North America
Alaska 1992-1993 0.50 (NA) 0.16 14 4.5 Titus et al., unpubl. data
Northern New Mexico 1992 0.91 (0.09)® 0.81 12 5.5 Ward and Kennedy 1996

1992 0.93 (0.06) 0.85 15 5.5

1993 1.00 (0.0)® 1.00 9 7

1993 0.67 (0.27) 0.50 3 7
Northeastern Utah 1996 0.87 (0.1)° 0.56 15 3 Dewey and Kennedy 2001

1996 0.89 (0.07)¢ 0.57 18 3

1997 1.00 (0)° 1.00 19 3

1997 0.56 (0.12)¢ 0.43 18 3
Europe
Sweden 1980-1987 0.86 (NA) 0.55 22 3 Kenward et al. 1999

1980-1987 0.69 (NA) 0.48 22 6
1980-1987 0.52 (NA) 0.52 22 12

Fennoscandia 1950-1966 0.37 (NA)¢ 0.37 55 12 Haukioja and Haukioja 1970
Northern Finland 1991-1995 0.50 (NA) 0.37 7 5 Tornberg and Colpaert 2001

*The number of months monitored after fledging.
®Treatment in supplemental feeding experiment.
¢Control in supplemental feeding experiment.
dEstimated from banding.

TABLE 4. ESTIMATED MEAN SURVIVORSHIP RATES FOR ADULT FEMALE? NORTHERN GOSHAWKS.

Location Year(s) Survivorship (se) N Source Method

North America

Alaska 1992-1996 0.72 (NA)® 39 Iverson et al. 1996 Radio tracking
Northern

Arizona 1991-1996 0.87 (0.05) 99 Reynolds and Joy 1998 Mark-resight
Northern

California 1983-1992 0.70 (0.10) 40 DeStefano et al. 1994b Mark-resight
Northern New Mexico 1984-1995 0.86 (0.09)° 45 Kennedy 1997 Mark-resight
Europe

Sweden 1980-1985 0.79 (NA) 132 Kenward et al. 1999 Radio tracking
Fennoscandia 1950-1966 0.86 (NA)® 552 Haukioja and Haukioja 1970 ~ Mark-resight
Northern

Finland 1991-1995 0.75 (NA)® 19 Tornberg and Colpaert 2001 Radio tracking

*Insufficient data available to estimate male survival rates in all studies.
® Annual survivorship reported for adults (male and female combined).

Age at first breeding

During the breeding season, goshawks can be cat-
egorized as: subadults (1-2 yr) with primarily juve-
nile feathers, young adults (2-3 yr) with primarily
adult plumage and some juvenile feathers, and adults
(>3 yr) with full adult plumage (Bond and Stabler
1941, Mueller and Berger 1968, Henny et al. 1985,
Reynolds et al. 1994). Although females occasion-
ally nest as subadults, this has not been documented

for males (USDI Fish and Wildlife Service 1998a).
Hoglund (1964a) examined testicular development
of 10 subadult males and found the size was vari-
able and only one contained viable sperm suggesting
juvenile males may not be physiologically capable
of breeding.

Proportion of subadults and juveniles varies geo-
graphically from <5% in Oregon (Reynolds and Wight
1978, Henny et al. 1985) and New Mexico (P. L.
Kennedy, unpubl. data) to 50% in Nevada (Younk
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and Bechard 1994a). In New York and New Jersey,
only two females (N = 35 nesting attempts) were in
immature plumage and all males (N = 18) were in
adult plumage (Speiser and Bosakowski 1991). In
Alaska, subadult females occupied 33% (N = 16)
of active nests during the only year that subadults
nested (McGowan 1975). Reynolds et al., (unpubl.
data) reported the mean age of first breeding for 24
young goshawks recruited into their natal breed-
ing population in Arizona as 3.2 yr £ 1.1 (range =
2-5 yr) for males and 4.3 + 1.9 (range = 2-8 yr) for
females. They suggested that low recruitment rates
and delayed age of first breeding could indicate a
stationary, saturated population of breeders on the
study area.

Clutch size

Goshawks wusually lay one clutch per year.
Renesting appears to be rare but does occur following
egg loss, especially if loss is during early incubation
(Zirrer 1947, Squires and Reynolds 1997). Clutch
sizes are usually two—four eggs, rarely one and five.
In North America, the mean clutch size was 2.7 eggs
(sp = 0.88, N = 44; Apfelbaum and Seelbach 1983).
The average clutch size was 3.2 eggs (sD =0.45, N =
5; Reynolds and Wight 1978) in Oregon, and 3.2
(range = 1-4, N = 33) in Alaska (McGowan 1975).
In Nova Scotia (N =47), 34 % of nests contained two
eggs; 49 %, three eggs; and 17%, four eggs (Tufts
1961). In Great Britain, average clutch size was 4.0
(s = 0.11, range = 2-5, N = 47); of these clutches,
2% contained two eggs; 21%, three eggs; 55%, four
eggs, and 21%, five eggs (Anonymous 1990).

REPRODUCTIVE SUCCESS

Goshawk fecundity is difficult to estimate, but
clearly there is considerable spatial and temporal
variation across the species’ range (Squires and
Reynolds 1997). Given the inherent difficulties of
directly measuring fecundity, indices of reproduc-
tive success are used that require specific terminol-
ogy (Steenhof 1987). An occupied breeding area is
an area with evidence of fidelity or regular use by
goshawks that may be exhibiting courtship behav-
ior and may attempt to breed. An active breeding
area or nest is an area or nest in which eggs are
laid. A successful breeding area or nest is one in
which at least one young is fledged. Nesting suc-
cess is the proportion of active nests that fledge
at least one young, or occasionally the proportion
of occupied breeding areas that fledge at least one
young. Productivity is the mean number of young

NO. 31

fledged per successful nest, the mean number of
young produced per active nest, or the mean num-
ber of young per occupied breeding area. Estimates
of these parameters are often overestimated due to
the greater probability of detecting breeding versus
non-breeding pairs and successful versus unsuc-
cessful nests (Mayfield 1961, Miller and Johnson
1978, Johnson 1979, Hensler and Nichols 1981,
Steenhof and Kochert 1982, Reynolds and Joy
1998, Manolis et al. 2000).

Nesting success and productivity

Estimates of annual nesting success range from
8-94% (Squires and Reynolds 1997, Lapinski
2000, Boal et al. 2005a). Mean nest success ranges
from 76-95% in western North America (Table 5).
Productivity, defined as the number of young fledged
per nest where eggs were laid, is the most com-
monly used statistic quantifying raptor reproduc-
tion (Newton 1979a). It is also common to consider
young observed at 80-90% of fledging age as surviv-
ing to fledge (Steenhof 1987). Productivity ranges
from 1.2-2.0 young per active nest and 1.4-2.7
young per successful nest in western North America
(Table 5). Most populations produce between
2.0-2.8 fledglings per successful nest (Squires and
Reynolds 1997). In Arizona (N = 98 nests), 85% of
nests successfully fledged young, 3% either did not
lay eggs or clutches were lost during early incuba-
tion, 6% of clutches were lost during incubation, and
6% failed during the nestling period (Reynolds et al.
1994). The highest estimates of productivity in North
America are from the northern portion of the gos-
hawk’s range in Yukon, Canada, and interior Alaska
(McGowan 1975, Doyle and Smith 1994). Although
productivity is high for northern populations, it can
be highly variable. In the Yukon, the number of
fledglings/successful nest varied from zero in 1992
to 3.9 in 1990 (Doyle and Smith 1994).

In long-lived raptors, research suggests some nest
areas consistently fledge more young than others,
with the majority of young in the population being
produced by a few females that are breeding in high
quality nest areas. McClaren et al. (2002) evaluated
whether or not number of young fledged varied
spatially and temporally among goshawk nest areas
within three study areas where long-term reproduc-
tive data from goshawks were available: Vancouver
Island, British Columbia, Jemez Mountains, New
Mexico, and Uinta Mountains, Utah. Their analysis
indicated minimal spatial variation in nest produc-
tivity within the three study locations. Rather, nest
areas exhibited high temporal variability in nest
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productivity within each study area. These results
suggest temporal patterns, such as local weather and
fluctuating prey populations, influenced goshawk
reproduction more than spatial patterns such as habi-
tat characteristics. They concluded nest productivity
may inadequately reflect spatial patterns in goshawk
reproduction; spatial variability among nest areas in
adult and juvenile survival rates may instead reflect
variation in habitat quality.

The age of pair members also impacts produc-
tivity. In Arizona, young-adult to adult pairings
produced fewer fledglings per active site (1.1 fledg-
lings, sb = 0.9, N = 9) than adult-adult pairings (2.3
fledglings, sb = 0.8, N = 21, Reynolds et al. 1994);
young-adult females and young-adult males were
similarly productive. However, in Nevada, young
females were as productive as older birds (2.54 vs.
3.0 young per nest, N = 11), but fledged young at a
later date (Younk and Bechard 1994a).

Unsuccessful nests usually failed early in the
breeding season, before or soon after laying (Widén
1985b). Dead nestlings, usually <10 d, are frequently
found below nests with the cause of death unknown
(Reynolds and Wight 1978). Pairs rarely fail after
nestlings are 3-wk old. In New Mexico, nestling
survival varied from 100% (six nests) at control
nests (pairs not receiving supplemental-feeding) in
1992, to 37% at eight control nests in 1993 (Ward
and Kennedy 1996). In Utah, nestling survival varied
from 67% (6 nests) at control nests in 1996, to 57%
at seven control nests in 1997 (Dewey and Kennedy
2001). In Alaska, nestling survival estimated at 98%
(1971-1973, N = 33, McGowan 1975). On the Baltic
island of Gotland, 3% (N = 73) of radio-tagged males
and 8% of females that fledged died before dispersal
(Kenward et al. 1993c).

Causes of nest failure include human disturbance,
i.e., shooting of adults, recreational use of an area, and
logging activities (Hoglund 1964a, Hennessy 1978,
Biihler et al. 1987), disease (McGowan 1975, Ward
and Kennedy 1996), inclement weather (Hennessy
1978, Boal et al. 2005a), avian predation (Hennessy
1978, Ward and Kennedy 1996, Boal et al. 2005a) and
mammalian predation (McGowan 1975, Hennessy
1978, Doyle and Smith 1994, Erdman et al. 1998, Boal
et al. 2005a). From 1998-2000 in northern Minnesota,
21% of all nesting attempts failed (N =43) and 52% of
these failures were a result of documented or possible
depredation from a suite of predators and 35% of the
failures were due to inclement weather. Food limita-
tion can result in higher predation rates on nestlings
because female goshawks must spend more time for-
aging and less time defending their young (Ward and
Kennedy 1996, Dewey and Kennedy 2001).
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Siblicide and cannibalism occurs, especially
during periods of food deprivation (Kenward et al.
1993b, Boal and Bacorn 1994, Estes et al. 1999).
Estes et al. (1999) presented evidence supporting the
hypothesis that siblicide is a mechanism for brood
reduction during periods of low food availability.
Kenward et al. (1993b) documented that at hatching,
nestling sex ratio was 1:1 but females predominated
in broods that lost most offspring suggesting siblici-
dal interactions favor the larger females.

Proportion of pairs breeding

The proportion of goshawks that nest in a given
population is difficult to determine, and poorly
understood. Widén (1985b) reported 67% of adults
radio-tagged (N = 12) during winter in Sweden were
later found breeding. In northern Arizona, Reynolds
and Joy (1998) found the proportion of pairs (N =
478 breeding area-years) annually laying eggs
declined from 77-87% in 1991-1993 to 22-49% in
1994-1996 with low rates likely occurring during
periods of low prey abundance.

ENVIRONMENTAL FACTORS AFFECTING PRODUCTIVITY
AND PoPuLATION DYNAMICS

Weather

Cold spring temperatures and exposure to cold
and rain can cause egg (Hoglund 1964a) and nest-
ling mortality (Zachel 1985). Yearly variation in cli-
matic conditions can impact productivity and other
demographic parameters (Elkins 1983). Bloxton
(2002) demonstrated a profound pattern of reduced
survival rates of adult goshawks (with most mor-
talities occurring during winter) and an almost com-
plete cessation of reproduction after an unusually
strong La Nifla event. This period (late 1998—early
1999) had unusually high levels of winter precipita-
tion followed by a cold spring. Abundance indices
of nine prey species (unadjusted for detection prob-
abilities thus limiting their interpretation) declined
following the La Nifia winter, and goshawks gen-
erally abandoned reproductive attempts during
the pre-laying period or failed during incubation.
Abandoning reproductive efforts presumably helped
goshawks improve their body condition through-
out the summer. Bloxton’s (2002) results suggest
the indirect effects of weather (reducing prey
abundance) are more important than direct effects
(hypothermia, freezing eggs, and reduced foraging
caused by precipitation interference) in influencing
goshawk populations.
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In Germany (Kostrzewa and Kostrzewa 1990,
1991), Italy (Penteriani 1997), and the US (Idaho;
Patla 1997) high levels of spring precipitation
negatively impacted goshawk reproduction whereas
warm spring temperatures favored goshawk repro-
duction. Nestlings had retarded development dur-
ing cold, wet springs (Kostrzewa and Kostrzewa
1990). Conversely, in British Columbia, high rainfall
in May was associated with increased goshawk
reproduction (Doyle 2000). In Germany and British
Columbia, winter weather and breeding success the
following season were not related.

Food availability

Prey abundance and availability are important
habitat attributes that elicit demographic and popu-
lation responses of goshawks (Lindén and Wikman
1983, Doyle and Smith 1994, Ward and Kennedy
1996, Squires and Reynolds 1997, Dewey and
Kennedy 2001). In their literature review, Squires
and Reynolds (1997) reported prey abundance
strongly affects breeding area occupancy and pro-
ductivity. However, Ward and Kennedy (1996) in
New Mexico and Dewey and Kennedy (2001) in
Utah experimentally determined that goshawks have
a demographic response to a super-abundance of
available food during some years, but not other years
suggesting that food is not always limiting during the
breeding season. These results imply that regional-
goshawk populations may only be food-limited dur-
ing periods when cyclic prey species populations are
at low densities (Kennedy and Andersen 1999).

Correlative evidence from North America and
Europe suggests goshawk reproduction at northern
latitudes may be related to cyclic snowshoe hare and
grouse (various species) populations (southern coast
of Finland, Lindén and Wikman 1983; southwestern
Yukon, Doyle and Smith 1994, Doyle 2000; north-
eastern Wisconsin, Erdman et al. 1998). The most
dramatic example of this relationship occurred in
the Yukon where goshawks breeding in peak snow-
shoe hare years fledged 2.8 young/active nest and
3.9 young/successful nest, compared to years when
hare populations were at their lows, and no active
goshawk nests were located (Doyle and Smith 1994).
In Finland, the proportion of nonbreeding pairs
increased from 35-52% in an apparent response to
declining grouse populations (Lindén and Wikman
1983). In northeastern Wisconsin, Erdman et al.
(1998) monitored the productivity of goshawks from
1968-1992; this is the longest dataset published on
reproduction for any goshawk population. Fledglings
per nesting attempt ranged from a high of 3.2 in 1978

to lows of 0.8 in 1983 and 1989. They found annual
productivity was directly related to an index of prey
they developed based on prey remains and pellets
containing snowshoe hare and Ruffed Grouse, but
the mathematical calculations were not reported.
Overall, it appears that certain prey items are par-
ticularly important for goshawk reproduction and
the abundance of these prey may strongly influence
reproductive success (Tornberg and Sulkava 1991).

In addition to prey abundance, it is also important
to consider whether prey items are available to gos-
hawks. For example, even a high abundance of hares
may have low availability to goshawks in a dense
aspen regeneration or other habitats where gos-
hawks are unable to effectively hunt (T. Dick and D.
Plumpton, unpubl. data, Drennan and Beier 2003).
Thus, preferences in goshawk foraging habitat are
likely determined, in part, by habitat characteristics
that influence their ability to access prey as well as
prey abundance (Reynolds et al. 1992, Drennan and
Beier 2003).

Based on the assumption that goshawk popula-
tions are regulated by food availability, Reynolds
et al. (1992), emphasizes that forest management
practices may strongly influence the availability of
prey items for the goshawk, thus being a determin-
ing factor in the long-term persistence of the species
(Kennedy and Andersen 1999). Beier and Drennan
(1997) and Drennan and Beier (2003) concluded
that goshawks did not select foraging areas based on
prey abundance, but rather selected areas with higher
canopy closure, greater tree density, and greater den-
sity of trees >41 cm dbh than on contrast plots. They
suggest that goshawk morphology and behavior are
adapted for hunting in moderately dense, mature for-
ests, and that prey availability is more important than
prey density in habitat selection. Drennan and Beier
(2003) also hypothesize that goshawk habitat selec-
tion may be a two-tiered process. First, goshawks
select broad landscapes that support abundant popu-
lations of large-bodied prey, before selecting moder-
ately dense stands of mature forests where they can
use their maneuverability to capture prey.

Reynolds et al. (1992) emphasized that goshawk
prey species depend on a variety of habitats dis-
tributed in a mosaic across the landscape, because
many important prey such as sciurids (Carey et al.
1992, Carey 1995) and birds (Schwab and Sinclair
1994) are more abundant in old-growth and mature
forests compared to young or regenerating forests.
Arthropods, the prey base for many forest-dwelling
insectivores, which may in turn be prey for gos-
hawks, are significantly less abundant along edges
and in small woodlots (Burke and Nol 1998, Zanette
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et al. 2000) suggesting food supplies may be reduced
by forest fragmentation. Carey et al. (1992) and
Carey (1995) demonstrated that scuirid populations
were more abundant and remained at relatively con-
stant levels in old-growth forests in comparison to
managed second-growth stands. Similarly, Schwab
and Sinclair (1994) reported avian populations were
more abundant and diverse in mature forests than in
younger forests. However, Sallabanks et al. (2001)
found little evidence of structural-class specializa-
tions by breeding birds in grand fir (4bies grandis)
forests in northeastern Oregon.

Clearly, a pressing need exists to understand how
prey species are influenced by changes in forest
structure and pattern resulting from forest manage-
ment. This information is needed before we can
develop sound conservation plans for goshawks
(Kennedy and Andersen 1999).

PoruLATION DENSITY
Breeding density

Given their large home ranges, nesting goshawks
are distributed across broad landscapes at low
breeding densities. Determining breeding density
of goshawks requires extensive nest searches over
large areas (Kennedy and Stahlecker 1993, Joy et al.
1994). This technique relies on several assumptions,
including that surveys are complete (i.e., a census)
and accurate. This assumption is problematic because
non-breeding birds often go undetected (USDI Fish
and Wildlife Service 1998a). Nest surveys that
attempt to census breeding density require intensive,
systematic searches of large areas, and need to be
repeated over several years to detect pairs that do
not breed every year (Reynolds and Joy 1998). Nest
searches are often conducted only in suitable habitat;
thus, many studies actually report ecological density
(birds per unit of suitable habitat) rather than crude
density (birds per unit area; USDI Fish and Wildlife
Service 1998a); this may bias our understanding
regarding the habitat-use patterns and density of nest-
ing goshawks (Squires and Reynolds 1997).

Densities of nesting goshawks are low, but highly
variable seasonally and spatially among and within
populations (Kennedy 1997, Squires and Reynolds
1997). The density of mid-latitude populations in the
western half of North America, ranges from 3.6-10.7
pairs/100 km? (Squires and Reynolds 1997). In
Pennsylvania, the density was 1.2 pairs/100 km?
but the density of this and other eastern popula-
tions may increase as populations recover (Kimmel
and Yahner 1994). Densities in the range of 10-11
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occupied nests per 100 km? were reported for three
study areas: Arizona (Crocker-Bedford and Chaney
1988), California (Woodbridge and Detrich 1994),
and the Yukon (Doyle and Smith 1994). In Montana,
the estimated density was 4.6 nests/100 km? during
1998 (Clough 2000). Kenward et al. (1991) reported
broad-scale density estimates based on various
European studies as 3,000 or more breeding pairs in
France, Germany and Spain, and at least 14,000 pairs
in Scandinavia.

Density varied from 33-270% during 2 yr in
Oregon (DeStefano et al. 1994a). The Bly study area
censused by DeStefano et al. (1994a) in 1993 was
the same study area censused by Reynolds and Wight
(1978) in 1974. The number of occupied nest sites
located on this study area (N = 4) did not change over
the 21-yr period and thus, densities were equivalent
(3.6 birds/100 km?in 1974 and 3.8 birds/100 km?in
1993; variation due to slightly more area censused
in 1974).

Density of non-breeders

Currently, no effective survey methods are available
for detecting non-breeders. Non-breeding individuals
may play significant roles in goshawk demography as
they do in other species (Newton 1991, Hunt 1998).
Nonbreeding individuals may buffer populations
during stress, stabilize breeding population abundance
by quickly filling in when breeders die, or serve to
quickly increase the breeding density during periods
of prey abundance (Iverson et al. 1996, Hunt 1998).
Although it is difficult to estimate the proportion of
the adult population made up of nonbreeders, several
studies in Europe have indicated a substantial portion
of the population does not breed (Kenward et al.
1990). Widén (1985b) estimated one third of the
adult, sedentary population in his Swedish study area
was non-breeding. In Finland, Lindén and Wikman
(1983) estimated 35-52% of the goshawks were non-
breeders, with higher proportions occurring during
periods of low grouse populations.

Winter density

Winter densities are also difficult to estimate and
are currently unavailable. The only index of winter
abundance for North American goshawks was esti-
mated by Doerr and Enderson (1965) for the foothills
of the Front Range near Colorado Springs, Colorado.
They operated six—eight traps in this area from 14
November 1963 to 14 April 1964. All traps traversed
a 1,000-m section within the upper sonoran and mon-
tane life zones. They caught 13 goshawks between
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November and January. No birds were caught after
4 February. The un-calibrated index of abundance
ranged from 0.24-0.78 goshawks per trap day during
this period. The authors concluded goshawks were
relatively common in this area until February, after
which no birds were present. However, they could
have been present but not trappable.

METAPOPULATION STRUCTURE

Metapopulation structure is the degree that
individual populations interact with one another
throughout broad landscapes (Levins 1969, 1970;
Hanski 1982). Knowing the connectivity among
populations has conservation ramifications because
it affects population persistence from genetic, demo-
graphic, and environmental perturbations (Shaffer
1981, Gilpin 1991). We are unaware of literature
discussing goshawk population dynamics within
a metapopulation framework. We speculate that
metapopulation structure is poorly defined given
that goshawk are continuously distributed across the
western US and are highly mobile. However, clinal
differences exhibited across western populations,
plus distinct subspeciation suggests some degree of
population structuring. Additional genetic sampling
and movement studies are needed to address this
important information need.

MORTALITY FACTORS

Goshawks die from a wide variety of causes
including accidents, starvation, predation, and dis-
ease. The degree to which these factors contribute
to total mortality found in North American popula-
tions has only been evaluated quantitatively for
juveniles in New Mexico (Ward and Kennedy 1996)
and Utah (Dewey and Kennedy 2001). The cause of
death for 12 juveniles in New Mexico was predation
(50%), accident (8.3%), spinal injury (8.3%), dis-
case (8.3%), and unknown causes (25%; Ward and
Kennedy 1996). In Utah, 12 necropsied juveniles
died of starvation (25%), siblicide (16.7%), acci-
dent (8.3%), predation (8.3%), blood loss (8.3%),
and unknown causes (33.3%; Dewey and Kennedy
2001). Bloxton et al. (2002) reported that two adult
females on separate occasions died from apparent
choking on mammalian prey. Boal et al. (2005a)
monitored the survival of 33 adult goshawk territory
holders over a 3-yr period in northern Minnesota (32
were radio tagged). Nine goshawks, eight of which
were radio tagged, died during this study. Five (56%;
four females and one male) of these nine mortalities
occurred during the breeding seasons and were from

predation. The remaining mortalities (one female
and three males) occurred during the winter months.
The female that died during the winter had been shot
and the mortality of one male appeared to also be due
to human actions. Causes of death could not be veri-
fied for the other two male goshawks.

On the Baltic island of Gotland, natural mortal-
ity agents included starvation (37%), disease (7%),
a combination of starvation and disease (22%), and
trauma (33%, including two birds killed by other
goshawks). Trauma induced mortalities include
shooting, trapping, injuries (Jédlefors 1981), and
roadkills (Keran 1981); shooting, trapping and poi-
soning are especially common mortality factors for
European populations but human persecution also
occurs in North America (Boal et al. 2005a). Of 11
adult recoveries in Britain, two were killed on roads,
eight were shot, trapped, or poisoned, and the cause
of remaining death was unknown (Marquiss and
Newton 1982).

DIiSEASE AND PARASITES

Although disease has been documented in wild
goshawks (Redig et al. 1980, Ward and Kennedy
1996, Lierz et al. 2002a, b), disease has not been
shown to significantly affect the long-term per-
sistence of goshawk populations (USDI Fish and
Wildlife Service 1998a). However, disease ecology
is poorly understood and mortality by disease is dif-
ficult to identify without a detailed necropsy on fresh
mortality samples. Traditional ecological analyses
have largely ignored the importance of disease in
mediating ecosystem function and biodiversity (Real
1996) and numerous emerging infectious diseases are
developing that pose a substantial threat to wild ani-
mal populations (Daszak et al. 2000). For example,
the potential impact of West Nile virus on goshawks
is unknown. Given our poor state of knowledge, we
must assume that disease could play a role in regulat-
ing some goshawk populations.

Bacterial diseases include tuberculosis (Myco-
bacterium avium infection; Lumeij et al. 1981) and
erysipelas (Ersipelas insidiosa infection; Schroder
1981). Symptoms for tuberculosis included loss of
balance, leg weakness, trembling and convulsions,
necrotic lesions under tongue, necrotic mass in lung,
air sacs, and base of heart, and millet-size to walnut-
size yellow-white foci in major organs, especially
liver and spleen (Lumeij et al. 1981, Schréder 1981).
Ward and Kennedy (1996) reported the cause of death
of a nestling in New Mexico as heart failure due to
severe fibrinous pericarditis on the heart caused by
Chlamydia tsittaci and Escherichia coli.
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Mortality from diseases may be exacerbated by
changes in other limiting factors such as food short-
age (Newton 1979a). The fungal disease from the
genus Aspergillus can produce granulomas through-
out lungs and air sacs when chronic. Of migrants
captured at Hawk Ridge in Minnesota, 53% (N = 49)
had Aspergillus in 1972 (an invasion year) compared
to only 7% (N = 45) in 1973 (a non-invasion year;
Redig et al. 1980). Redig et al. (1980) suggested
trapped goshawks were birds emigrating from north-
ern forests due to low prey abundance, and the epi-
zootic was the result of increased stress from reduced
prey availability or migration (Redig et al. 1980).

Internal parasites are common and heavy infesta-
tions of ectoparasites, like lice (Degeeriella nisus
vagrans), may occur in weakened birds (Keymer
1972, Lierz etal. 2002b). Greiner et al. (1975 in USDI
Fish and Wildlife Service 1998b) estimated 56% of
North American birds had blood parasites, including
Leucocytozoon, Haemoproteus, Trypanosoma, and
microfilariae. Trichomoniasis can be transmitted to
accipiters that ingest infected prey, usually colum-
bids, which are hosts to Trichonomonas gallinae, a
parasitic protozoan (Boal et al. 1998). This parasite
may cause severe lesions, usually a stomatitis that
obstructs the buccal cavity and pharynx and causes
the disease known as frounce, a disease of the crop
that may be contracted by feeding on fresh pigeons.
Beebe (1974) speculated that some goshawk popula-
tions may be threatened by ingesting Trichonomonas
spp. from pigeons, however, data are lacking. In
Alaska, 71% of goshawks (N = 31) had parasites
(45% had cestods, 32% trematodes, and 7% had
both; McGowan 1975). Sarcocystis parasites can
cause encephalitis (Aguilar et al. 1991).

PoruLATION TRENDS

No long-term indices of population trends are
available for goshawks derived from standardized,
widespread surveys in North America (Braun et al.
1996, Kennedy 1997). In addition, insufficient data
are available to make a status determination through-
out the entire breeding range (Andersen et al. 2005).
Breeding Bird Survey (BBS) and CBC data are poten-
tial sources of information for estimating rangewide
goshawk population trends, but they are inadequate
because of low number of routes (25 during 1997—
2001 with goshawk detections) and low detection
rates on routes (from 1997-2001 no goshawks were
observed in Kansas and Nebraska, and an average
of 2.6, 2.8, and 1.4 sightings/year were observed
across all routes in Colorado, Wyoming, and South
Dakota, respectively). CBC data are also inadequate
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to estimate goshawk population trends because of low
encounter rates.

Some authors have speculated that goshawk
populations and reproduction may be declining in
the western US (Bloom et al. 1986, Crocker-Bedford
1990, Zinn and Tibbitts 1990). However, Kennedy
(1997, 1998) concluded that current sampling tech-
niques may be insufficient to detect population trends
and that data are lacking to indicate whether gos-
hawk populations are declining, increasing, or sta-
tionary. Andersen et al. (2005) concurred with these
conclusions. The difficulty in accurately measuring
goshawk population trends is due to multiple factors:
(1) goshawks are secretive in nature and difficult to
survey, (2) many studies have small sample sizes
and are temporally and spatially limited in scope,
(3) potential biases exist in nest detection methods
used in some studies, and (4) research methods, data
analyses and interpretation are not consistent among
studies, making comparisons across studies difficult
(Andersen et al. 2005, Boyce et al. 2005). The devel-
opment of a reliable population model is further
complicated by the spatial and temporal variation
in goshawk populations (Kennedy 1997, McClaren
et al. 2002).

In response to Kennedy (1997), Crocker-Bedford
(1998) stated the rate of population change for gos-
hawk populations in the US may be impossible to
calculate because the species is sparsely distributed,
measurements of population parameters vary with
prey cycles and weather, and immigration, emigra-
tion, and survival are difficult to estimate. Crocker-
Bedford (1998) suggested that instead of trying to
demonstrate a decline in goshawk populations, habi-
tat relationships of goshawks should be examined to
evaluate the amount of habitat destruction or modi-
fication that has or is occurring. Kennedy (1998)
responded that habitat monitoring should augment
demographic studies, not replace them, and sug-
gested that once goshawk habitat is well-defined and
demographic data are available from several study
areas, a model (or models) that predicts the relation-
ship between nesting and winter habitat and popula-
tion trends and/or performance could be developed.
Andersen et al. (2005) concluded in their recent
review of the goshawk literature that assessing the
status of goshawks based solely on the distribution
of late-successional forests is not appropriate based
on the current understanding of goshawk-habitat
relationships.

Extensive cutting of eastern forests earlier this
century may have reduced populations, but goshawk
numbers may be recovering as reforested areas
mature (Speiser and Bosakowski 1984). Expanding
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distributions of goshawks in Connecticut (Bevier
1994), New York (Andrle and Carroll 1988),
Pennsylvania (Brauning 1992), and Michigan
(Brewer et al. 1991) suggest regional increases.
During the mid-1950s, goshawks only nested in
western Massachusetts, but now have expanded
throughout the state (Veit and Petersen 1993).
Similarly, in Minnesota, goshawks formerly nested
only in the southeastern region of the state, but their
breeding distribution has expanded northward and
westward into east-central, central, north-east and
north-central regions of the state (Janssen 1987).
The breeding distribution of known goshawk nests
in Wisconsin (northern two-thirds of the state) is
more extensive currently then what was documented
in the 1960s (Rosenfield et al. 1998). However, we
do not know to what extent the apparent increase in
these Great Lakes populations is due to increased
search effort.

At Hawk Ridge in Duluth, Minnesota, more
goshawks are banded than anywhere else in North
America (Palmer 1988). Data from Hawk Ridge
indicate that 1972 and 1982 were years of heavy gos-
hawk migration (Evans 1983). Annual totals for the
peak migration in the early 1990s (>2,200) were less
than those of 1982 (5,819) or 1972 (>5,100; Evans
1981). Do these migration count data suggest any-
thing about goshawk population trends? Smallwood
(1998) and others have suggested that goshawk
abundance should be evaluated based on changes in
migratory counts. The utility of migration counts for
monitoring population trends has been much debated
(Bildstein 1998). To track population change, a con-
stant proportion of the index (e.g., numbers of gos-
hawk seen per day) to the true population size must
be maintained. If this does not occur, then the propor-
tion must be estimated. These validation studies have
not been conducted on the goshawk for a local area
or range wide, so the trends in the current migration
count data are difficult to interpret (Kennedy 1998,
Andersen et al. 2005), especially given the periodic
incursions from northern populations.

Trends in migration counts could reflect distri-
butional changes or changes in residency patterns
rather than changes in population size. For example,
CBC data suggest that numbers of the closely related
Sharp-shinned Hawk (Accipiter striatus) are increas-
ing. However, more Sharp-shinned Hawks, may over
winter in North America because of warmer winter
climates and/or the abundance of bird feeders that
provide a stable over-winter food source (see review
in Bildstein 1998). This could account for the recent
lower counts of Sharp-shinned Hawks at northern
migration stations. Since goshawk migrations are

characterized by irruptive invasions, migration
counts of this species are more likely to reflect
changes in residency patterns than changes in abun-
dance (Bednarz et al. 1990, Titus and Fuller 1990).

Recently, Hoffman et al. (2002) analyzed
goshawk band encounter locations accumulated
between 1980 and 2001, from birds banded or
recaptured at four western migration stations. Their
results (although limited by sample size) suggest
that migration counts of goshawks generally reflect
relatively localized movements (i.e., 400-500 km
or less). They hypothesize counts of hatching-year
birds, except in invasion years, may therefore serve
as an indicator of regional productivity. This hypoth-
esis requires further testing to determine if counting
hatching-year birds at regional migration stations
could be used to monitor regional productivity.

Three European studies have monitored popu-
lation trends and one review of regional data in
Fennoscandia has been published. Thissen et al.
(1982) did a coarse-grain analysis of trends in the
number of breeding pairs in the Netherlands for
1950-1981. Based on a review of the literature for
the Netherlands and their own data, they concluded
that Dutch goshawk populations have increased
considerably during the 20th century (180-200 pairs
in 1955 to >400 pairs in 1981). They also hypoth-
esized that the steady upward trend from 1900 was
interrupted by a population crash during the 1960s,
presumably caused by pesticide contamination. After
pesticides were banned population growth contin-
ued. They further speculated that the major factors
contributing to this increase are: the extension of
suitable habitat by reforestation, the increase of food
abundance (Wood Pigeon [Columba palumbus] and
Rock Dove [Columba livia]), and declines in perse-
cution by humans.

Kenward et al. (1999) estimated the finite rate of
population change (lambda, A) for a population of
goshawks in Sweden. They estimated age-specific
survival and productivity based on both radio-tagged
birds and banded birds and used these estimates in
a deterministic, staggered-entry population model.
Their demographic estimates are based on the larg-
est sample size reported for goshawks and one of
the largest ever reported for any diurnal raptor (318
radio-tagged goshawks, 446 banded birds, and 39
nest territories; data collected for 8 yr from 1980-
1987). Lambda was estimated to be 1.0 for males and
0.98 for females, which would be a 2%/year decline
for females. However, if the demographic estimates
were modified to reflect the estimated range of
variation in these values, (e.g., 8% standard error
of female survival rate estimates and productivity),
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A =0.98 for females would not likely differ from A =
1. Because Kenward et al. (1999) did not run a sto-
chastic population model, the effects of demographic
variance on the precision of A are not known.

Kriiger and Lindstrom (2001) monitored occu-
pancy and productivity of all known nests in two
125-km? study areas in Germany. They assumed an
annual census of all pairs in each study area. The
number of breeding pairs fluctuated between six and
18 during the 25 yr of study (1975-1999). Highest
densities in the study area were found at the end of
the 1970s, after which the sample of nests decreased
sharply during the 1980°s. During the last decade, the
number of nests returned, albeit with fluctuations, to
the level at the study onset.

GENETICS

Goshawks exhibit clinal variation in size and
coloration (Squires and Ruggiero 1996). The larg-
est goshawks are in the southwestern US and they
decrease in size north to the Pacific Northwest;
however, the smallest individuals are on the Queen
Charlotte Islands, British Columbia. Size then
increases from the Pacific Northwest northward
through Canada to Alaska (Whaley and White
1994). In British Columbia, wing and culmen length
of individuals measured from coastal islands are
2-3% smaller than those of birds from the adjacent
mainland (Johnson 1989). Both 4. g. apache and A.
g. laingi have darker coloration compared to other
populations (van Rossem 1938, Taverner 1940,
Johnson 1989) suggesting genetic differences among
populations.

Sonsthagen et al. (2004) and Bayard de Volo
(2005) characterized genetic structure and gene
flow of breeding populations in Utah and northern
Arizona, respectively. The Utah population had
moderate heterozygosity (50%) similar to levels
found in other medium-sized, highly mobile birds.
Sonsthagen et al.’s analyses suggested the func-
tional breeding population in Utah extends beyond
their sampled area; gene flow is likely maintained
by natal dispersal. De Volo et al. (2005) reported
high levels of heterozygosity (81%) in the northern
Arizona population and also concluded that this high
genetic variability occurred because this population
was connected to other populations via migration
and gene flow from natal dispersal. Sonsthagen et
al. observed differences in the haplotype distribution
between northern and southern forests in Utah. They
speculated that these differences may be caused by
clinal variation in haplotype frequencies across west-
ern North America. Alternatively, this subdivision
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may reflect a contact zone occurring at the southern
forests between A. g. atricapillus and goshawks of
southern Arizona and the Mexican Plateau.

BREEDING BIOLOGY AND DEVELOPMENT
OF YOUNG

PARENTAL ROLES

Typical of most raptors, male goshawks primarily
provision the nest while the larger female defends
the site from intruders. However, the degree to which
females depend on males for food may depend on
prey abundance and thus, delivery rates. Males
mostly provision females during pre-laying and early
nestling stages, but there is considerable variability.
Some females begin hunting during the mid-nestling
period while others depend on the male for food
until fledging (Younk and Bechard 1994a, Dewey
and Kennedy 2001). In Wyoming, males delivered
71% of prey items and females 29% (Good et al.
2001). This relatively high level of female foraging
may be attributed to the fact that intensive telemetry
was combined with nest observations to accurately
assign deliveries to a particular bird. In Alaska, two
females provided 12.1% and 8.8% of food delivered
to nest during the nestling period (11-28 d; Zachel
1985). These females delivered prey even though
the males had already delivered prey. In California,
the male provided 85% of food items and the female
15% (Schnell 1958).

FIDELITY TO MATES AND NEST SITES

Pair fidelity has been estimated in birds using
genetic analysis to measure the prevalence of extra-
pair fertilizations (EPF) or by observing banded
birds. Goshawks are monogamous, territorial birds
that build nests within large home ranges. Thus,
we expect that EPF would be low, but few data are
available. Based on genetic analyses of 103 adults
and 122 nestlings from 64 nests in northern Arizona,
Gavin et al. (1998) found that EPFs were infrequent
for this population (9.4% in 1991, 0% in 1992 and
1993). This result is consistent with the species’ life
history and densities, which probably limits EPFs.

Determining pair fidelity to mates is difficult
because the fate of pair members is usually unknown,
and mate fidelity can be confounded with mortality.
It is also difficult to determine site fidelity given the
difficulty of locating alternative nest areas and the
goshawk’s ability to nest many kilometers from the
site used the previous year (J. Squires, unpubl. data).
Nonrandom, non-systematic, or incomplete searches
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would bias results, especially when based on birds
without telemetry.

In California, mates were retained in 18 of 25
pairs where mates were identified in consecutive
years (Detrich and Woodbridge 1994); an unknown
number of the 28% of remaining birds that found
new mates may be due to mortality of the previous
mate. Detrich and Woodbridge (1994) observed three
pairs for 5 yr and documented that two males and
two females bred in three different combinations.
Another male bred with three different females in
the same territory over a 6-yr period. In northern
California, males occupied the same nest area in
consecutive years 76.5% (N = 17) of the time, com-
pared to 71.4% for females (N = 49; Detrich and
Woodbridge 1994).

In northern Arizona out of 259 adult goshawks
banded between 1991 and 2003, six instances of
breeding dispersal by males occurred for a rate of
4.9/100 opportunities, and 11 instances by females
(6.3/100 opportunities). Only 16% (N = 17) of
breeding dispersals had a failed nesting attempt
the previous year, whereas mates that failed to
return preceded 88% of dispersals. However, most
goshawks remained on their territories in subse-
quent years despite a mate that failed to return (R.
Reynolds et al., unpubl. data).

PRE-LAYING PERIOD
Copulation

Goshawk copulations are short (9.3 + 0.7 sec
[s.E.], N = 10) and among the most frequent among
birds (518 copulations/clutch, Mgller 1987, Palmer
1988). High copulation frequency may help ensure
paternity, since the male is often away foraging dur-
ing egg-laying. In Denmark, Meller (1987) reported
two major peaks in copulation frequency. The first
was 31-40 d before laying, and the other immedi-
ately before and during egg laying. Copulations are
most frequent in the morning when egg laying occurs
with a minor activity peak in afternoon.

Nest construction

Observations of nest building are few. In Alaska,
nest construction begins soon after birds return
to territories, even with snow still present on nest
bowls (McGowan 1975). Females begin repairing
old nests or build new structures during courtship
by gathering sticks from the forest floor or break-
ing them from trees (Zirrer 1947). Additional nest-
ing material is added throughout incubation. Males

occasionally assist with nest construction (Schnell
1958, Lee 1981a).

It is unclear why goshawks often add greenery,
usually conifer sprigs, to the nest structure. Possibly
there is a hygienic function or it communicates occu-
pancy to neighboring birds. Females place greenery
in nests throughout the nestling stage by pulling at
the base of live sprigs until they break off (Schnell
1958). Sprigs are then dropped on the nest, but usu-
ally not incorporated into the structure.

INCUBATION

Egg laying

Timing of clutch completion ranges from early
April—early June, varying among pairs, geographic
areas, and years, but completed on average between
late April and mid-May (Reynolds and Wight 1978,
Henny et al. 1985, Speiser and Boskowski 1991,
Bull and Hohmann 1994, Reynolds et al. 1994,
Younk and Bechard 1994a, Dewey et al. 2003).
Cold, wet springs may delay incubation (Younk
and Bechard 1994), as does high elevation (Henny
et al. 1985; but see McGown 1975, Reynolds and
Wight 1978).

Female goshawks become sedentary as egg lay-
ing approaches, presumably to sequester the energy
reserves necessary for egg formation (Reynolds 1972,
Newton 1979a, Lee 1981a, Speiser and Bosakowski
1991); the male delivers prey directly to the female
during this time, but may occasionally help with
incubation (Boal et al. 1994). Eggs are laid at 2-3 d
intervals (Beebe 1974, Cramp and Simmons 1980);
a clutch of four eggs may take 8-9 d to complete
(Anonymous 1990). In Denmark, eggs were laid
early in the morning (05:28, sb = 9 min, N = 4;
Moller 1987).

Females occasionally lay replacement clutches
15-30 d after initial egg loss (Cramp and Simmons
1980), but this appears to be rare (Marquiss and
Newton 1982). In Oregon, a bird that failed 24 April
completed a second clutch on 15 May (Henny et
al. 1985). Although renesting attempts are uncom-
mon, Zirrer (1947) observed a pair that repeatedly
attempted to renest.

Incubation length

Females are primarily responsible for incubat-
ing eggs (Zirrer 1947), but males may assist for
short periods after a food delivery (Lee 1981a, P. L.
Kennedy, unpubl. data). Females remain on eggs up
to 244 min continuously with short breaks not over
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10 min in length (Allen 1978). The incubation period
has been estimated at 3044 d (Brown and Amadon
1968, Snyder and Wiley 1976, Reynolds and Wight
1978, Cramp and Simmons 1980). Differences
among estimates may be attributed to individual,
geographic, or annual variation, to measurement
error (USDI Fish and Wildlife Service 1998a), or
prolonged pipping (Palmer 1988). Incubation usu-
ally begins with the first or second egg laid, resulting
in partial asynchronous hatching. Pipping of eggs
may take up to 50 h (Palmer 1988).

NESTLING PHASE

Goshawks hatch from late May through June
(Reynolds and Wight 1978, Dewey et al. 2003) but
dates vary considerably. The nestling period varies
from 3745 d (Dixon and Dixon 1938, Reynolds and
Wight 1978, Newton 1979a, Kenward et al. 1993a,
Boal 1994, Kennedy and Ward 2003) and young
generally fledge between late June and late July
(Reynolds and Wight 1978, Reynolds et al. 1994,
Kennedy and Ward 2003). Males develop faster and
fledge sooner than females (Reynolds and Wight
1978, Kenward et al. 1993b, Boal 1994).

The size of goshawk broods typically varies from
one—three nestlings. In Arizona 28% of 224 suc-
cessful broods had one young, 50% had two young
and 22% had three young (Reynolds and Joy 1998).
However, there may be considerable seasonal and
geographic variation in brood size. Nestlings are
born semi-altricial and nidiculous, requiring much
parental care. Females brood nestlings almost con-
tinually for 9-14 d following hatch (Schnell 1958,
Boal 1994, Dewey and Kennedy 2001). Brooding at
night ceases by 24 d of age except during wet, cold
weather (Boal 1994). Females do most of the brood-
ing, but males may occasionally brood young while
the female feeds (Schnell 1958, Lee 1981a). Females
continue to feed and protect young throughout the
nestling stage, whereas the males primarily hunt for
the brood (Squires and Reynolds 1997, Dewey and
Kennedy 2001).

Nestlings grow rapidly while in the nest; see
Schnell (1958), Boal (1994), and Squires and
Reynolds (1997) for descriptions of growth and
development. Females generally feed nestlings until
they are approximately 25 d of age (Schnell 1958,
Lee 1981a); males also occasionally feed nestlings,
especially when the female is not present (Allen
1978, Zachel 1985). By 32-34 d of age, nestlings
are 90% feathered and their tail is approximately
two-thirds of adult length (Boal 1994). Nestlings
of this age can feed themselves and beat their wings
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vigorously as they run and hop or momentarily lift
from the nest. Nestlings start leaving the nest to
perch nearby at 34-35 d (Boal 1994).

Ward and Kennedy (1996) hypothesized that food
supplementation during the nestling and fledgling
depedency periods affected young goshawk survival
not by limiting starvation, but by causing the adult
female goshawk to modify her behavior and spend
increasing time in the nest stand, allowing more con-
stant protection from predators. Dewey and Kennedy
(2001) experimentally tested their hypothesis and
found female nest attentiveness is a function of food
availability in the nest stand.

Goshawks will aggressively defend their nest
stand from human intruders. However, consider-
able individual, geographic, and seasonal variation
occurs in nest-defense behavior. Adult females are
particularly defensive toward human intruders later
in the nestling period (Boal and Mannan 1994). In
New York and New Jersey, females brooded the
young for a few days following hatching, and only
rarely attacked intruders entering the nest stand dur-
ing this period (Speiser and Bosakowski 1991).

FLEDGLING DEPENDENCY PHASE

The fledgling dependency period is an important
period of transition during which the young learn
to hunt and protect themselves (Reynolds et al.
1992). Feather growth is not yet complete at fledg-
ing (Bond 1942, Kenward et al. 1993a), so young
are initially incapable of sustained flight and may
have special habitat requirements. Fledglings may
delay departing from nest areas when they are fed
additional food by researchers suggesting that early
dispersal may be in response to food shortages
(Kenward et al. 1993a; Kennedy and Ward 2003).
Sibling groups of both sexes continue to associ-
ate in cohesive units until flight feathers harden
(Kenward et al. 1993a). Recent fledglings depend
on their parents for food while their feathers harden
and they learn to hunt. The distance that fledglings
move from the nest gradually increases as they gain
independence (Kennedy et al. 1994; Kennedy and
Ward 2003). For the first 3 wk after fledging, juve-
niles in New Mexico remained within 300 m of the
nest, and ranged to a mean distance from the nest
of 1,955 m by 8 wk after fledging (Kennedy et al.
1994). In Arizona, dispersal from nest areas began
in mid August and was completed by late August
(Reynolds et al. 1994). On the Baltic island of
Gotland, dispersal was often abrupt with approxi-
mately 90% of fledglings dispersing from their
nest areas between 65-90 d of age (Kenward et al.
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1993a). By day 95, 98% of the fledglings dispersed
with females moving significantly later than males.

COURTSHIP AND FORAGING BEHAVIOR
COURTSHIP AND PRELAYING BEHAVIOR

Little is known regarding the timing of courtship
behavior, but it appears to vary. Most pairs return
to nesting territories by March (Zirrer 1947, Beebe
1974, Reynolds and Wight 1978, Roberson 2001,
Dewey et al. 2003) through early April (McGowan
1975, Dewey et al. 2003). However, pairs in some
regions may return as early as February (Lee 1981a,
Speiser and Bosakowski 1991) or remain near their
nest year-round (Boal et al. 2003). In Wyoming,
migratory adults equipped with transmitters returned
to nest areas from 23 March—12 April (Squires and
Ruggiero 1995). The phenology of courtship may
vary by residency patterns; resident birds may
initiate courtship earlier in the season compared to
migrants (Dewey et al. 2003).

Courtship behavior may include sky-dance dis-
plays when from brief soaring flights, the male dives
at the female with closed wings well above the forest
canopy, or initiates a direct aerial chase below tree
canopy (Beebe 1974, Palmer 1988). Both birds then
fly slowly about 1 m apart, with deep, slow wing
beats, holding their wings above the body dihedral.
The bird’s flight undulations may be shallow or
they can consist of spectacular dives. Zirrer (1947)
describes this flight as wavy gliding approximately
3-6 m above the canopy; at times pair members
are close together and then far apart. Pair members
may be silent during the display or may be highly
vocal, uttering wails and chatters. White under-tail
coverts may also be flared 10 cm on either side of
the tail (Beebe 1974). Prey plucking (Schnell 1958),
frequent copulations (Meller 1987), pre-laying vocal
activity (Penteriani 2001, Penteriani et al. 2002a),
and conspicuous perching (Lee 1981a) may also
serve courtship functions.

FORAGING BEHAVIOR
Hunting methods

Goshawks exhibit behavioral and morphologi-
cal adaptations for hunting in forests (Squires and
Reynolds 1997). Goshawks have been described
as sit-and-wait predators that perch briefly while
searching for prey before changing perches (Pianka
1983, and Schoener 1971, 1984). Radio-telemetry
studies in Sweden (Kenward 1982, Widén 1984) and

in Utah (Fischer 1986) demonstrate that goshawks
forage by perching for a few minutes to search for
prey, before flying to a new hunting site. Kennedy
(1991) confirmed similar results, but she defined
the search strategy used by goshawks as saltatory
searching. Evans and O’Brien (1988) originally
defined saltatory searching as hunting using a stop-
and-go pattern where the animal frequently shifts
locations when searching for food. The main differ-
ence between ambush, i.e., sit-and-wait search, and
salutatory searching is the frequency of reposition-
ing moves (O’Brien et al. 1989, 1990). In Sweden,
flights between perches averaged 84 s for males
and 96 s for females (median flight time is 24 s for
males and females, Widén 1984). Males when forag-
ing then remained perched for an average of 8 min,
36 s compared to 10 min, 24 s for females (median
perch time 3 min for both). The search method used
by foraging goshawks is very different from cruise
foragers that hunt prey while moving. Only 3% of
prey was attacked from goshawks in flight (Kenward
1982). Attacks on winged quarry rarely last >1 km
before the hawk overtakes its prey. In Washington,
Bloxton (2002) noted that goshawks may vary
their foraging methods by habitat type. Goshawks
used salutatory searching 72% of the time overall;
this foraging method was used 96% of the time in
forest stands >30 yr old. However, goshawks were
observed using low soaring foraging on 13% of for-
aging bouts, generally when hunting young, dense
stages of sapling-pole forests.

Goshawks also hunt by flying rapidly along forest
edges, across openings, and through dense vegeta-
tion to surprise prey (Johnsgard 1990). Goshawks
have short, powerful wings and long tails that are
highly adapted for rapid acceleration and maneu-
verability in trees. Most goshawk prey occupies the
ground-shrub zone so attacks are usually directed
at that zone (Reynolds and Meslow 1984). If the
hawk is undetected by prey, the attack may consist
of a smooth, silent, accelerating glide that ends in
a capture strike without a wing beat (Beebe 1974).
However, if detected, the hawk rapidly pumps its
wings to capture its intended quarry. Goshawks kill
prey by driving their talons into the quarry using
a kneading action immediately after impact; their
strong feet and bill are capable of killing a wide
variety of large-bodied prey.

Foraging success and prey delivery rates
Goshawks deliver prey to the nest one item at a

time throughout the day, but peak delivery periods
include early morning (0600-0700 H) mid-morning
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(0900-1100 H), and late afternoon and evening,
(1600-2000 H; Schnell 1958, Allen 1978, P. L.
Kennedy, unpubl. data). Foraging success and prey
delivery rates vary according to brood size, stage of
nestling development, habitat type and prey species,
but these relationships have not been thoroughly
studied. In Wyoming, the average prey delivery
rate from eight females was 0.23 items/hr (Good et
al. 2001). This was similar to the average delivery
rate for goshawks in Arizona (0.25 items/hr, N =
381 deliveries; Boal and Mannan 1994) and Nevada
(0.31 items/hr, N = 51 deliveries; Younk and Bechard
1994a). In California, Schnell (1958) reported 3.9
prey deliveries/day for a single nest. A pair support-
ing three nestlings brought 34.8 kg of prey during the
first 53 d after hatch, or approximately 11.5 kg per
nestling (Zachel 1985). In Washington, male gos-
hawks returned to their nests with prey every 4.8 +
0.6 hr (N = 126 visits by nine birds; Bloxton 2002).
He found small prey were generally returned to the
nest immediately following capture, whereas larger
prey, such as pigeons (360 g), were decapitated and
plucked before delivery. Grouse (500-1,000 g) were
decapitated, plucked and parceled into two pieces for
separate deliveries.

Foraging distance from nest

Male goshawks generally forage away from the
immediate nest site (Kennedy 1991, Good 1998). In
New Mexico, males hunted between 0.8 and 8 km
from the nest (Kennedy 1991). In south-central
Wyoming, the average kill distance from the nest was
1,885 m (sp = 1,181m), but was highly variable and
could be up to 5,456 m from the nest (Good 1998).
Of 37 Ruffed Grouse banded in Minnesota, nine were
killed by goshawks within 1,097-2,515 m of the nest,
and 26 were killed within a 1.6 km radius of the nest
(Eng and Gullion 1962). Large goshawk home ranges
coupled with long foraging distances indicate these
hunters forage over large areas surrounding their
nests. However, female goshawks will attack prey
from their nest or within the nest stand. Schnell (1958)
observed a female hunting ducklings from her nest.

From central-place-forging theory, we expected
a relationship between prey size and distance that
goshawks are willing to forage from their nests
(Orians and Pearson 1979), and that this relationship
would be influenced by habitat use (Rosenberg and
McKelvey 1999). In Washington, Bloxton (2002)
used radio telemetry (N = nine males, five females)
to determine that goshawks traveled an average
of 2.2 km from their nests; the average maximum
distances was 5.0 km, and 10.2 km was the farthest
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a breeding goshawk traveled from the nest during
the breeding season. Consistent with central-place-
foraging theory, the further they foraged the larger
the prey item returned to the nest (N = 28 deliver-
ies pooled across eight hawks, r = 0.42, P = 0.02).
Generally, if the birds traveled over 4 km from the
nests, they did not return with small prey.

Caching

Caching surplus prey when nestlings are present
or for future use has been observed for many species
of raptors (Newton 1979a). Goshawks cache prey on
branches near the tree trunks, or wedge the item in
a crotch between branches (Zachel 1985). Caching
rates have not been quantified for this species.
Schnell (1958) observed a single nest in California
and noted that a female cached food primarily when
nestlings were <1 mo old and needed frequent feed-
ings. Most cached items were fed to nestlings the
same day, but some were fed at least 32 h after a kill
(Schnell 1958).

Plucking perches

Goshawks may repeatedly use particular perches
near their nests for plucking prey. Plucking perches
may be downed logs, stumps, or old nests, but
preferred perches are usually low (<1 m), bent-
over trees or saplings (Schnell 1958, Reynolds and
Meslow 1984, Bull and Hohmann 1994). Plucking
perches are often located in denser portions of the
secondary canopy and are often up-slope and fairly
close to the nest (Hall 1984). Distances of plucking
perches from nests averaged: Oregon, 45 m (range
= 27-74 m; Reynolds et al. 1982); north-eastern
Oregon, 42 m (range = 7-200 m; Bull and Hohmann
1994); California, 69 m (range = 30—130 m; Schnell
1958). However, these distances may be underesti-
mates because distant perches are difficult to locate.

SociaL BEHAVIOR

Goshawks are solitary outside the breeding sea-
son. During migration, they may be observed with
other raptors but these interactions are not consid-
ered social. Pair members have few interactions dur-
ing winter as they often use separate wintering areas
(J. Squires, unpubl. data). After fledging, siblings of
both sexes often remain together in cohesive groups
near the nest until dispersal (Reynolds and Wight
1978, Kenward et al. 1993b). Fledglings will also
visit adjacent nests where they can be fed by the
resident adults (Kenward et al. 1993Db).
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GOSHAWK CONSERVATION AND
MANAGEMENT

THREATS

A number of factors are cited by researchers and
managers as potentially detrimental to current and
future goshawk viability. These include, but may
not be limited to, habitat alteration, direct human
disturbance, pesticides and other contaminants, and
harvest for falconry. However, the primary concern
throughout the range of the goshawk is habitat altera-
tion due to timber and fire management practices.
The issues cited by researchers, agency personnel,
and others as potential threats to habitat caused by
various silvicultural treatments include forest frag-
mentation, creation of even-aged and monotypic
stands, potential increases in area of younger age
classes, and loss of tree species diversity.

Habitat alteration due to timber and fire
management practices

A number of studies describe structural char-
acteristics of goshawk nest stands and goshawk
landscapes but few data are available on the effects
of logging within the nest stand on demographic
performance, particularly in an experimental or
quasi-experimental framework. Although only a
few studies have been conducted on the responses
of goshawks to forest management practices, clearly
some level of habitat change will render a landscape
unsuitable for goshawks (USDI Fish and Wildlife
Service 1998b). This level or threshold may vary
spatially or temporally across the range of the gos-
hawk. Effects analysis of forest management on
goshawk populations should consider the spatial
relationships among different functional levels of
habitat use by goshawks, including nesting habitat,
foraging habitat, winter habitat, and important prey
species and their habitat requirements.

Forest management can impact structure, func-
tion, and quality of both nesting and foraging
habitat by removing nests and nest trees, modify-
ing or removing entire nest stands, and removing
canopy and mature trees, snags, and downed wood
(Reynolds 1989, Crocker-Bedford 1990, Bright-
Smith and Mannan 1994, Woodbridge and Detrich
1994, Beier and Drennan 1997, Desimone 1997,
USDI Fish and Wildlife Service 1998a). Reduction
and fragmentation of habitat may also favor early
successional competitors and predators such as Red-
tailed Hawks and Great Horned Owls (Woodbridge
and Detrich 1994).

Forest-management practices, such as the use of
controlled fire and thinning, may improve habitat for
goshawks by opening up dense understory vegeta-
tion, creating snags, downed logs, woody debris, and
other conditions that may benefit goshawks and their
prey (Reynolds et al. 1992, Graham et al. 1999b).
To determine the effect of silvicultural prescriptions
on potential nest habitat, expected post-harvest stand
density and canopy closure should be compared to
local definitions of mean structural attributes of nest
area habitat (USDI Fish and Wildlife Service 1998a).
For example, in the temperate rainforests of south-
eastern Alaska, forest management would need to
account for long fire-return intervals that produce
old growth forests. These prescriptions could differ
markedly from those for managing goshawks in the
Southwest hwere frequent fires are assumed to affect
the structure of ponderosa pine communities (but
see Baker and Ehle 2001, Schoennagel et al. 2004).
McGrath et al. (2003) provides a good example of
modeling the putative effects of forest management.
For central Washington, they simulated the effects
of three silvicultural prescriptions (no harvest, com-
mercial thin, and implementation of Spotted Owl
guidelines) on goshawk nesting habitat over a 100-yr
interval. All three management scenarios failed to
maintain a modeled nesting population over a 100-
yr period, until habitat heterogeneity was increased
by simulated thinning. Although this study provides
a good example of predicting how forest manage-
ment may be used to enhance nesting populations,
it also illustrates how important it is to understand
basic ecological relationships. For example, it has
not been well established that habitat homogeneity,
per se, reduces population persistence. Thus, the
underlying assumptions of models need to be clearly
articulated and validated, including the extent that
model predictions can be generalized to the diverse
habitats used by nesting goshawks.

Negative effects of timber harvest on goshawk
nest habitat can be described as the area of potentially
suitable forest that meets local definitions of suitable
habitat from nest habitat studies, and that is modi-
fied to a condition no longer meeting the definition
(USDI Fish and Wildlife Service 1998a). Desimone
(1997) prescribed little or no habitat alteration within
aggregate nest stands and Bright-Smith and Mannan
(1994) stated that tree harvest methods that create
large areas with reduced canopy cover of less than
35-40% may be particularly detrimental to potential
goshawk foraging habitat. Reynolds (1989) stated
that practices such as selective overstory removal or
patch and clearcut harvesting, resulting in either a
complete removal of trees or a reduction of the stem
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density and canopy cover throughout management
units, lower the quality of goshawk nesting habitat.
Reduction of canopy closure may result in increased
solar radiation and heat stress, reduced buffering
from adverse weather, and increased visibility to
predators, all of which may singly, or in combina-
tion, affect goshawk nesting success (USDI Fish and
Wildlife Service 1998b).

Using a quasi-experiment, Penteriani and Faivre
(2001) tested some of these assumptions within
nest-stand harvest. They examined the -effects
of shelterwood harvest within nesting stands on
European goshawk occupancy and productivity.
During this long-term study (1984-1995 in Italy
and 1993-1999 in France) they compared trends in
occupancy and productivity in logged and unlogged
stands and also assessed the logging effects on the
same nesting stand (N = nine stands) before and after
timber harvest. They found no difference in produc-
tivity of goshawk pairs reproducing in unlogged vs.
logged stands. When considering the same nesting
stand, before and after timber harvest, they noted
no short-term differences in productivity. However,
they observed that 87.5% of goshawk pairs nesting
in logged stands moved away only when the origi-
nal stand structure was altered by >30% and then
the birds moved only to the nearest neighboring
mature stand. Although sample sizes were small, the
results of this study suggest goshawks can tolerate
some levels of timber harvesting within the nesting
stand (if harvest is avoided from February through
August), as long as cover reduction does not exceed
approximately 30%. The applicability of this study
to other timber management practices and other por-
tions of the goshawk range is unknown.

The duration to which forest-management impacts
goshawks has not been formally studied across the
species’ range. In areas that support populations that
depend on old and/or complex forest structures, the
duration of management impacts could be much lon-
ger compared to populations that occupy forests that
are primarily structured by frequent natural distur-
bances. However, efforts to determine the duration
of impacts need to account for specific habitat needs,
the spatial context of the surrounding landscape, and
the structure of important micro-sites. We do not
always assume that pristine or non-managed forests
provide optimal habitat. For example, nest stands in
ponderosa pine may be improved by thinning from
below to prevent infilling with other tree species
(Reynolds et al. 1992) or to promote habitat hetero-
geneity (McGrath et al. 2003).

Relatively few studies have addressed the size
of forest patches selected by goshawks for nesting
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(USDI Fish and Wildlife Service 1998a). Based
on observations of feathers, whitewash, and prey
remains, Reynolds (1983) defined the nest area as
approximately 12 ha of intensified use surrounding
the nest. Woodbridge and Detrich (1994) suggested
that although small (12-24 ha) stands were used
successfully for nesting, goshawks preferred larger
(34-80 ha) stands for nesting because occupancy
rates of forest stands used for nesting decreased with
decreasing stand size. The larger (60 ha) core area
reported by McGrath et al. (2003) further supports
the hypothesis that larger patches of mature forest
surrounding goshawk nests may be important (USDI
Fish and Wildlife Service 1998a).

Although assessment of habitat condition for
goshawk nest areas is often made at broad scales,
evidence suggests that landscape features such as
slope, aspect, riparian vegetation, meadows, drain-
ages, water, and other features affect location of
goshawk nest areas (Allison 1996). Timber harvests
associated with these physiographic features may
have a disproportionate effect on habitat suitability
if selection of nest areas by goshawks is at least par-
tially dependant on them (USDI Fish and Wildlife
Service 1998a) and nesting habitat is limiting.

One of the limitations of studies investigating the
effects of timber harvest on goshawk nesting habitat
is that few studies have investigated goshawk habitat
in forests not managed for timber harvest. Studies of
goshawk habitat relations conducted on timberland
may reflect the history of timber harvest in those
areas. Studies of goshawk habitat in protected areas,
would provide baseline data that could be used
to compare with habitat data from forest lands to
determine the degree to which timber management
influences goshawk habitat preferences. Finn et
al. (2002a, b) included nest sites within Olympic
National Park as well as on managed forest lands.
They used the park to document that loss of mature
forest in managed landscapes was detrimental to
goshawk site occupancy and productivity on the
Olympic Peninsula.

Habitats used for foraging by goshawks in North
America have been documented in a small number
of telemetry studies (Austin 1993, Bright-Smith and
Mannan 1994, Hargis et al. 1994, Beier and Drennan
1997, Boal et al. 2005b). These studies suggest gos-
hawks select foraging areas with specific structural
attributes, including old or mature forest stands
with open understories, relatively high canopy
closure, large trees, and high stem densities. It is
possible; however, that actual foraging habitat selec-
tion occurs at spatial and temporal scales difficult to
investigate using radio telemetry (USDI Fish and
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Wildlife Service 1998a). Small openings, tree fall
gaps, edges, riparian zones, and rock outcrops are
examples of small-scale landscape elements that
may be important to foraging goshawks (Squires and
Reynolds 1997). It cannot be assumed, however, that
adequate prey will necessarily be available in open-
ings created by timber harvests, which often result in
dense re-growth where goshawks would be unlikely
to detect or capture prey (USDI Fish and Wildlife
Service 1998a). Also, populations of many prey spe-
cies are linked to structural attributes such as snags,
large logs, large trees, soil organic horizon depth for
fungi, and hardwoods for mast, and these may not be
maintained under silvicultural prescriptions, unless
specifically designed to maintain them (Reynolds et
al. 1992, USDI Fish and Wildlife Service 1998a).
Goshawk foraging habitat can be maintained or
restored through means such as protection of specific
areas, control of tree spacing and canopy layering,
and management strategies that sustain the structure,
function, and ecological processes of forests that are
important to goshawks (Reynolds et al. 1992, USDI
Fish and Wildlife Service 1998a). Widén (1997)
claims goshawk declines in Fennoscandia from the
1950s to the 1980s are a result of changes in forest
management practices that have altered goshawk
foraging areas in this region. In the 1950s, forest
management practices changed from selective cut-
ting to clear cutting, replanting, and thinning. As a
result of this intensive management, the boreal forest
landscape of Fennoscandia is a highly fragmented
patchwork of clearcuts and forest stands in different
successional stages and the proportion of old-growth
forest has declined dramatically (<5% of Swedish
forests are old growth). Widén develops a cogent
argument that suggests this landscape change has
caused goshawk declines by reducing the availabil-
ity of foraging habitat not nesting habitat. Goshawks
can successfully nest in patches of mature or old-
growth forest as small as 0.4 ha, but their foraging
ranges cover 2,000-6,000 ha, and in boreal forests in
Europe they prefer large patches of mature forest for
hunting. He suggests changes in the boreal landscape
have resulted in a deterioration of goshawk hunting
ranges, making it more difficult for them to secure
adequate food for breeding. This factor is probably
more important than a shortage of nest sites. He also
notes declining prey densities may be associated
with forestry which would affect goshawk numbers.
Although we know goshawk demography is
strongly influenced by prey availability, the degree
to which forest management positively or negatively
influences prey availability is not well documented.
This is because most investigations of the effects

of forest management on goshawk prey typically
correlate avian or mammalian abundance—usually
not both—with timber management using one—three
replicates studied over 1-2 yr. They are also gener-
ally conducted on too small of a spatial scale to
be relevant to the goshawk (Marzluff et al. 2000).
Marzluff et al. (2000) and Sallabanks et al. (2000)
suggest some on-going avian studies are correcting
these limitations by expanding their scale of investi-
gation, using sound experimental design and relating
forest management to avian demography. Such stud-
ies will increase our understanding of how forestry
affects goshawk prey, particularly if they success-
fully identify the mechanisms that relate silviculture
to prey population processes.

Fire suppression

Goshawks from most populations occupy forests
that are structured by fire. Understanding the extent
and duration of how fire effects goshawk habitat may
become even more pressing in light of changing cli-
mates relative to global warming (Dale et al. 2001).
The effects of fire suppression on goshawk popula-
tions have not been formally researched. Thus, our
assessment of how fire suppression may structure
goshawk habitat is conjectural at this point based on
our understanding of goshawks and fire ecology.

We think the effects of fire suppression on gos-
hawk habitat will vary due to the complex fire regimes
found across the species’ distribution. To assess the
effects of fire suppression, it is important to distin-
guish between natural understory and stand-replac-
ing fire regimes (Brown 2000). Historically, natural
understory fire regimes dominated ponderosa pine
communities, with fire-return intervals of 2—15 yr
in many stands (Covington and Moore 1994a, but
see Baker and Ehle 2002, Schoennagel et al. 2004).
These low-intensity fires were readily suppressed
resulting in increased fuel loads that increased the
risk of stand-replacing fires in ponderosa pine com-
munities (Covington and Moore 1994a, Allen et al.
2002). The impacts are clear—the density of ponder-
osa pine forests has increased, the herbaceous layer
has almost disappeared and stream flow has been
reduced significantly. The shift in community struc-
ture of ponderosa pine has also been exacerbated
by grazing, logging, and invasive exotics (Allen et
al. 2002). Fires now burn over larger areas and are
more intense compared to earlier times, and crown
fires are becoming common because dense stands
of saplings provide ladders that carry fire from the
forest floor to the tree canopy (Covington and Moore
1994a). Thus, we speculate that fire suppression may
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have significantly altered goshawk habitat in pon-
derosa pine communities.

However, goshawks nesting in northern boreal
forests occupy stands that support high-severity,
stand-replacing fires that kill most of the canopy either
through intense ground fires or flames in the tree
crowns (Agee 2000, Turner et al. 2003). The behavior
of fires in these habitats can be extreme with daily
spread rates of 100 m /min and 13—-18 m flame lengths
(Kiil and Grigel 1969). The fire-return intervals in
subalpine forests tend to be long, ranging from 60 yr
in jack pine (Pinus banksiana) to 300-350 yr in
western boreal stands of spruce (Turner et al. 2003,
Agee 2000). Although fires in subalpine forests are
often infrequent, they can burn large areas when
severe droughts govern regional weather (Turner and
Romme 1994, Turner et al. 2003). Thus, infrequent but
large-scale fires account for most of the total burned
area (Agee 2000, Turner et al. 2003). For example,
of over 200 fires between 1972 and 1988 in primarily
lodgepole pine forests of Yellowstone National Park,
83% went out by themselves after burning only 0.5 ha
(Renkin and Despain 1992). However, the extreme
drought and high winds in 1988 produced conditions
that burned over 250,000 ha in the Park (Renkin and
Despain 1992). Under such extreme fire-weather con-
ditions, variations in fuel structures are of little impor-
tance (Bessie and Johnson 1995), and fire suppression
has little influence on recent fire behavior during big-
fire years (Schullery 1989, Turner et al. 2003, Romme
et al. 2004). Effective fire suppression may have been
especially difficult in the past because subalpine for-
ests are often in high, remote areas and fire-fighting
aircraft have only been available since World War 11
(Schullery 1989). Thus, we believe that past fire sup-
pression in northern and subalpine conifer forests may
have had little effect on goshawk habitat.

On 21 November 2003, Congress passed HR
1904, the Healthy Forests Restoration Act of 2003
with the intent of reducing the threat of catastrophic
wildfire to human communities and forest and range
lands. New procedures provided under NEPA allow
priority fuels reduction and forest restoration projects
identified through collaboration with state, local and
tribal governments to move forward more quickly. In
2002, federal land management agencies thinned a
record 910,000 ha, an increase of 405,000 ha over FY
2000 levels (http://www.USDA.gov [2 Feb 2006]).
In 2003, the agencies broke the previous record and
treated an additional 1,050,000 ha. Nearly 65% of
forest restoration dollars have been invested in the
wildland-urban interface, including private lands that
surround human communities most at risk from wild-
fire. From 2001-2003, agencies treated 2,800,000 ha,
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and expect to treat 3,800,000 ha by the end of FY
2004 (http://www.USDA.gov [2 Feb 2006]). Thus,
forest structures across broad landscapes are being
altered as healthy forest initiatives are implemented
across the western US. We are unaware of any broad-
scale efforts to evaluate the potential effects of the
healthy forest initiatives on goshawk populations. In
ponderosa pine communities, forest management such
as thinning from below may be a necessary first step
in restoring goshawk habitat, before prescribed fire
can be introduced (Reynolds et al. 1992). However,
in other forest types where thinned trees are not con-
sistent with natural forest pattern, there could be a sig-
nificant negative effect based on reduction in canopy
closure. Thus, the degree to which healthy forest ini-
tiatives affect goshawk populations will depend on the
forest type, extent, spatial arrangement, prescription,
and considerations to micro-site requirements (e.g.,
spatially distributed nest stands) relative to manage-
ment actions.

Human disturbance

The USFWS (USDI Fish and Wildlife Service
1998a) reported that disturbance generally does not
appear to be a significant factor effecting the long-
term survival of any North American goshawk popu-
lation. However, human disturbance such as timber
harvesting near nests can cause failure, especially
during incubation (Anonymous 1989, Boal and
Mannan 1994). Logging activities such as tree cut-
ting, loading, and skidding within 50—100 m of a nest
can cause abandonment even with 20-d-old nestlings
present (J. Squires, unpubl. data). Camping near
nests has also caused failures (N = 2; Speiser 1992).
Goshawks in Britain, central Europe, and Japan nest
in close proximity to humans in rural landscapes
suggesting that some populations are not especially
prone to disturbance (Kriiger and Lindstrém 2001,
Kriiger 2002a, P. L. Kennedy unpubl. data). Lee
(1981b) documented that two pairs of goshawks nest-
ing in a ski resort were able to fledge young success-
fully where they were subjected to daily disturbance
in winter and summer due to skiers, snowmobilers,
construction, hikers, and horseback riders.

Disturbances associated with research are usually
short in duration and believed to have little impact on
nesting birds (Squires and Reynolds 1997). Climbing
nests for short periods after young have hatched does
not cause desertion, nor does banding or attaching
transmitters to the adults. The percentage of nest-
ing pairs that successfully raised young with radios
(83%, N =8, 1988-1989) was similar to those with-
out radios (82%, N = 10, 1987-1990; Austin 1993;
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but see Reynolds et al. 2003 for effects of transmitter
mounts on adult male survival).

Invasive species

The goshawk is not known to interact strongly
with any exotic species. Rock Doves and European
Starlings (Sturnus vulgaris) are consumed by gos-
hawks, but are not documented as frequent prey in
diet analyses. No information is available regarding
the influence of exotic plant invasions on goshawk
habitat and prey. However, the most important exotic
plant invasions are occurring on unforested lands at
lower elevations where changes in plant communi-
ties could influence winter goshawk habitat and prey
populations (Stohlgren et al. 2003).

Shooting and trapping

In North America, shooting, trapping, and poi-
soning are generally illegal and not considered an
important mortality factor. However, in the early
to mid-1900s, some states like Pennsylvania paid
bounties on goshawks, but the effects this had on
populations is unknown. European populations were
more actively persecuted in efforts to protect private
game-bird farms. On the Baltic island of Gotland,
36% of mortalities of radio-tagged birds (N = 67)
were killed by humans (Kenward et al. 1991); juve-
niles were more likely to be shot than adults.

Pesticides and other contaminants

In the early 1970s, pesticide levels were high
in Peregrine Falcons (Falco peregrinus), Ospreys
(Pandion haliaetus), Sharp-shinned Hawks, and
other raptors in the US, but were low in goshawks
(Snyder et al. 1973, Reynolds and Wight 1978).
Goshawks, during the 1972—-1973 invasion years,
contained less organochlorine and polychlorinated
biphenols (PCB) residues than other raptors (Havera
and Duzan 1986), probably because these birds were
from non-agricultural, northern forests. The primary
prey species of goshawks tend to accumulate less
pesticide in their tissues compared to other accipiters
(Rosenfield et al. 1991). The USFWS concluded
pesticides and other contaminants appear to have
not significantly affected goshawks in the US (USDI
Fish and Wildlife Service 1998a).

Kenntner et al. (2003) recently analyzed levels
of organochlorine pesticides, PCBs and heavy met-
als in organ samples of 62 free-ranging goshawks
found dead or injured in three regions of Germany
from 1995-2001. The contaminant burdens varied

significantly among the three regions presumably
due to differences in the legislative restrictions on
the use of these chemicals in agriculture and forestry
prior to German reunification. Extraordinarily high
residues of PCBs and DDE, the main metabolite of
DDT, were found in livers of goshawks inhabiting
Berlin. However, these levels were not high enough
to be indicative of acute poisoning and were far
below suspected lethal levels in raptors. Levels
of contamination were negatively correlated with
goshawk age and body condition. Lead concentra-
tions indicative of acute poisoning was detected in
one bird and suggested in two other birds. All other
heavy metal concentrations were low.

Falconry

Goshawks have been trained for falconry for at
least 2,000 yr and were favored among Asian, Middle
Eastern, and north European falconers (Cooper 1981).
During the 18th century, falconry declined as guns
became generally available and goshawks were then
viewed as competitors for game. Since World War
I1, interest in falconry increased and spread to North
America. Modern-day falconers value goshawks for
their willingness to hunt a variety of prey and their
aggressive dispositions (Beebe 1976). In an environ-
mental assessment on falconry and raptor propagation
regulations, the USFWS (USDI Fish and Wildlife
Service 1988) concluded falconry is a small-scale
activity that has no significant biological impact on
raptor populations. Mosher (1997) examined data
reported by Brohn (1986) and falconers’ annual
reports and concurred with the conclusions reached
by the USFWS. Although falconry has been listed as
a potential threat in the western Great Lakes Region
(Noll West 1998), no evidence indicated that falconry
has an impact on North American populations.

In Britain, Kenward et al. (1981d) determined
that captive goshawks had relatively constant annual
mortality of about 22% (N = 216 birds) from acci-
dents, infectious diseases, and other clinical condi-
tions. Approximately one-third of the goshawks
were eventually lost or released resulting in 13%
successfully re-entering the wild in Britain. Once
released to the wild, captive goshawks did not
require supplemental feeding after they had killed at
least twice for themselves.

EcoLoGICAL RELATIONSHIPS WITHIN A MANAGEMENT
CONTEXT

To illustrate the ecological linkages described
above and how threats may affect these relationships,
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we constructed an envirogram for the goshawk
nesting in the northern Rocky Mountains (Fig. 3).
Envirograms hypothesize the ecological linkages
among direct and indirect factors and abundance of
a species at a particular time and place (Andrewartha
and Birch 1984). Envirograms help researchers and
managers organize prior knowledge that spans mul-
tiple ecological levels while maintaining a focus on
ecological factors and processes that directly or indi-
rectly affect the size of a focal population (James et
al. 1997). These ecological flow charts are developed
using a standardized conceptual framework following
the logic and terminology of Andrewartha and Birch
(1984). We have used a modification of their approach
developed by James et al. (1997) for the Red-
cockaded Woodpecker (Picoides borealis).

Envirograms depict each organism within the
context of a centrum and web. The centrum is com-
prised of factors that directly affect the organism’s
abundance such as resources, hazards, or mates.
Resources are environmental components that
enhance the organism’s chance of survival and
reproduction and are either negatively or not influ-
enced by the abundance of the organism, e.g., the
goshawk’s prey. Hazards reduce survival and repro-
duction in the focal population, and in turn, benefit
from increases in the organism’s abundance. Mates
convey a positive-positive relationship. Indirect fac-
tors comprise the web and include anything that can
affect a species by modifying its centrum, including
the effects of individuals of the focal species on their
own populations. Flow in an envirogram tends from
distal indirect influences in the web toward the most
proximate direct effects on the organism’s popula-
tion as shown in the centrum (Ward 2001). Similar
to James et al. (1997) this envirogram contains sub-
models for limiting resources and hazards.

The number of factors and interactions depicted
in an envirogram are limited only by the knowl-
edge of the organism’s ecology. We constructed
the goshawk envirogram based on the information
presented in this document and in Kennedy (2003).
This envirogram is basically a hypothesis that could
be used to develop models with goshawk abundance
as the response variable and the factors influenc-
ing abundance as dependent variables. Figure 3 is
not comprehensive, simply a schematic of possible
interactions with an emphasis on the potential effects
of forest management on the direct and indirect fac-
tors that could influence goshawk populations in
the interior mountains of western North America.
A wide variety of alternative envirograms could
be developed with existing information and these
models could be evaluated against empirical data
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using a wide variety of techniques. Site-specific
envirograms could be used in conjunction with the
silvicultural concepts presented in Reynolds et al.
(1992) to develop regional or local management
plans to prevent goshawk population declines.

In Fig. 3, current management practices that
might influence goshawk numbers are indicated
by ovals. As indicated in earlier sections, timber-
management practices can have a profound influence
on all direct and indirect processes that influence gos-
hawk numbers. Progressively more indirect effects
appear in the columns of the web. For example, in
the sub-model for nest-site availability, if the number
of large trees available for nest sites is limiting, the
rate of maturation of younger trees must be balanced
by the number of older trees lost to harvest and death
for population stability. However, nest sites in good
condition can be usurped by competitors and the
abundance of competitors may be influenced by hab-
itat fragmentation from timber harvest and fire. The
other sub-models reflect other management activities
that we think influence goshawk abundance and have
been discussed in more detail in earlier sections. The
pathways could be made more specific if information
was available on the types of management actions a
management unit is conducting that might negatively
impact or enhance goshawk populations.

INFORMATION NEEDS

Effective sensitive-species programs are firmly
grounded in ecological knowledge that supports
management recommendations (Squires et al. 1998).
Understanding the ecological characteristics associ-
ated with a given ecosystem such as food webs,
predatory relationships, disturbance patterns, and
vegetative structure and landscape characteristics
are essential for providing the specific habitat needs
of sensitive species within the constraints of ecosys-
tem function. To empirically evaluate the enviro-
gram in Fig. 3 and ultimately determine the effects
of forest management on goshawk abundance, we
need additional information on many aspects of
goshawk ecology. The winter ecology of goshawks
is almost completely unknown. In addition, posi-
tive and negative effects of timber management on
goshawk resources need to be rigorously evaluated,
ideally with forest-management experiments. We do
not know the thresholds above which forest frag-
mentation may alter competitive interactions, such
as increasing Red-tailed Hawks and Great Horned
Owls, which ultimately could affect population
persistence. Finally, a pressing need exists to assess
habitat needs at broader spatial scales, and to have
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the necessary spatial data to monitor changes in
forest structure and composition from management
across broad landscapes.

Information needs are easy to list, but are often
ignored. In many cases, it is exceedingly difficult for
agencies to fund the acquisition of new information,
and in other cases, decision makers resist new under-
standings. Successful sensitive species programs
depend on a strong commitment by line officers at
all levels (Squires et al. 1998). To foster that com-
mitment, researchers must communicate with line
officers throughout the planning process; participa-
tion builds ownership.

Winter ecology

Given the goshawk’s life-history strategy and our
understanding of population regulation in similar
long-lived avian species (Newton 1998), it is highly
likely that over-winter survival of juveniles and
adults and the condition of the female entering the
breeding season has a stronger influence on goshawk
population regulation then conditions that occur after
breeding is initiated. However, as indicated earlier,
our understanding of goshawk winter ecology is
poor. In areas such as Minnesota where goshawks
appear to be year-round residents (Boal et al. 2003)
they may use similar habitats year-round (Boal et al.
2002). However, the limited evidence on goshawk
populations in the inter-mountain west suggest these
populations are migratory or partially migratory
(Squires and Ruggerio 1995, Dewey et al. 2003)
and during the winter are regularly found in open
habitats or forest-shrubland ecotones (J. Kirkley,
unpubl. data.). Therefore, unlike the Spotted Owl,
goshawk habitat requirements may be dramatically
different for different stages of its annual cycle. Do
we mange the goshawk as a forested species dur-
ing the breeding season and as a rangeland species
during the winter? More information is needed on
goshawk winter habitat selection patterns and winter
diet before these types of basic management ques-
tions can be addressed.

Forest management experiments

As recommended by DeStefano (1998) and
Kennedy (1998), on-site experiments are necessary
to clearly understand how goshawks and their prey
and competitors are affected by forest management.
To date, Penteriani and Faivre (2001) have conducted
the only experimental analysis of goshawk responses
to silvicultural treatments. The absence of such
studies in the literature is perplexing considering
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these quasi-experiments are being implemented
continuously in the form of timber harvests near
goshawk nests. Most federal timber sales are identi-
fied years before the sale allowing for collection of
adequate pre-treatment data. Monitoring pre- and
post-treatment movements of even a limited sample
could provide fascinating qualitative insights into
goshawk responses to harvest and could be the basis
for designing future experiments. Also, measure-
ments of prey responses to experimental harvests
could be conducted at the same time. We surmise
that we would learn more and spend fewer resources
about goshawk responses to forest management
using this approach then we have learned from the
many correlative studies conducted on this topic.

Management databases

Without a database that clearly summarizes past
and future management activities conducted by each
land management agency, it is impossible to evalu-
ate threats to goshawk nesting habitat and develop
potential conservation scenarios. GIS databases that
summarize the location, date, and sizes of manage-
ment activities are needed to assess how goshawk
habitat is being enhanced or reduced as indicated in
Fig. 3. Spatial databases that relate predicted imme-
diate and long-term changes to forest composition
and stand structure are most needed. Spatial data-
bases could also be used to identify the stands that
should be monitored to evaluate predicted changes.
These spatial databases could be used as a part of the
forest-plan development process. Spatial information
would also streamline the environmental-assessment
process where cumulative effects of forest manage-
ment are evaluated at the forest and regional scale.

SURVEY AND MONITORING
Population monitoring

Information on goshawk populations is gener-
ally obtained by monitoring nesting activity at local
scales (Roberson et al., unpubl. data; Kennedy 2003;
Hargis and Woodbridge, this volume). Although
goshawk demographic studies have significantly
increased understanding of goshawk population
dynamics, no studies to date have generated ade-
quate empirical stage-specific estimates of survival
and fecundity for estimating population growth rates
(A) using matrix projection models at the local scale,
and demographic data are unavailable to estimate A
over broader spatial extents. In addition, nesting den-
sities are difficult to estimate due to the bird’s low
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detectability and uncommon status, so trends in this
parameter are not available (Kennedy 1997).

A viable alternative to monitoring goshawk
demographics is estimating trends in site occu-
pancy. Territory occupancy is a reliable index of
habitat quality and productivity in breeding raptors
(Sergio and Newton 2003). Although, goshawk site
occupancy has been monitored in several popula-
tions across the species range (Kennedy 1997,
2003), these data have limited utility for monitor-
ing goshawk population trends because standard
protocols are not regularly used to determine site
occupancy, and analytical techniques for estimat-
ing detection probabilities of site occupancy have
not been available. Failing to account for imperfect
detectability will result in underestimates of site
occupancy (MacKenzie et al. 2003). MacKenzie
et al. (2002, 2003) addressed this problem by
developing analytical approaches to estimate site
occupancy rates when detection probabilities are
imperfect (<1.0). This is a likelihood-based method
that allows for the incorporation of covariates, e.g.,
habitat type or patch size, into detection probability
estimates. These new analytical approaches have
considerable promise for monitoring goshawk
population performance at large spatial scales.
Hargis and Woodbridge (this volume) describe a
bioregional monitoring program for northern gos-
hawks that is based on this approach.

Habitat-based monitoring

Kennedy and Andersen (1999) suggested that
if goshawk habitat can be well-defined and demo-
graphic data are available from several study areas
for an analysis of population trends, a model or mod-
els that predict(s) relationships between preferred
breeding season and winter habitat and population
trends and/or performance could be developed. The
rationale for switching to habitat-based monitoring
has been clearly articulated by Roloftf and Haufler
(1997) and Lint et al. (1999) and includes cost-
effectiveness in emphasizing the ecosystem rather
than single species and the ability to develop a more
proactive management program.

Preliminary habitat models based on avail-
able habitat information could be developed to
predict goshawk habitat (Kennedy and Andersen
1999, McGrath et al. 2003). These models could
be independently validated and modified based on
validation results in an iterative process. Kennedy
(1997, 1998) suggested the most efficient way to
identify consistent patterns in data collected in
multiple studies is to conduct meta-analyses of the

existing habitat literature. However, meta-analysis
is only an approach for model parameterization; it
is not a replacement for model testing and valida-
tion. The habitat models would require testing with
demographic data before such an approach could be
implemented. If models can be developed to predict
goshawk population performance, then monitoring
programs could switch emphasis from population-
based to habitat-based monitoring.

Although goshawks may select habitat on the
basis of structural characteristics and prey avail-
ability, they are also at the mercy of unpredictable
factors such as drought, severe storms, or predation
(Penteriani et al. 2002b). Habitat models would
need to incorporate these stochastic processes to
accurately predict population performance. If habitat
models do not adequately predict population per-
formance and it is determined that habitat features
have little affect on goshawk population dynamics,
a strictly habitat-based monitoring program may
have limited ability to predict changes in goshawk
demographic performance and population-based
monitoring would need to be continued (Kennedy
and Andersen 1999).

PROCEEDING IN THE FACE OF UNCERTAINTY

Based on our review of goshawk ecology, it is
clear that many life-history attributes of this spe-
cies are unknown. It is a daunting a task to gain the
complex ecological knowledge needed to manage
top-level carnivores, like goshawks. Land managers
are being forced to make land-use decisions based
on limited information that varies in reliability. Thus,
land mangers are in the difficult position of having to
use best available information while making a con-
scious decision regarding how to proceed in the face
of uncertainty.

Science represents a rigorous, systematic
approach by which humans gain understanding of
nature. Competing ideas regarding how the world
works are measured against observations. Research
and reliability of knowledge gained from research
depend on appropriate application of the scientific
method. Unfortunately, not all research in wild-
life ecology and management results in reliable
knowledge. Unreliable knowledge can result from
inappropriate application of the scientific method
in the design and implementation of these studies
(Romesburg 1981, Nudds and Morrison 1991) and/
or confusing subjective, political values with objec-
tive, technical knowledge (Nudds and Morrison
1991, Kennedy 1997, 1998, White and Kiff 1998).
Obtaining reliable knowledge on wide-ranging
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predators, like goshawks, is expensive. Thus, the
problem of how to make defensible decisions in the
face of uncertainty is a problem that will persist for
the foreseeable future.

Society could do much to reduce the uncertain-
ties associated with managing species, but often does
not provide the financial or political will. If limited
data are available, formal modeling structures can
account for uncertainty (Todd and Burgman 1998).
Usually, however, few data are available and uncer-
tainty is addressed using ad hoc methods that lack
rigorous quantification.

The Delphi approach

The Delphi method is a way to address uncertainty
by seeking a consensus of scientific opinion rather
than to generate new knowledge (Ziglio 1996). It is
common for agencies to assemble panels of experts
and ask them their opinion regarding the potential
impact of management decisions. For example, the
forest ecosystem management assessment team
(Forest Ecosystem Management Assessment Team
1993) involved over 70 experts that had special
knowledge of species or species groups (Meslow
et al. 1994, Ruggiero and McKelvey 2000). Delphi
methods, in their various forms, are appealing
because they are quick, require no new knowledge,
and have been accepted by the courts (Ruggiero and
McKelvey 2000). Delphi is also appealing in that
it logically follows that species experts should bet-
ter understand potential impacts compared to local
biologists and managers. However, despite these
strengths, the primary appeal of Delphi in conser-
vation planning is its expedience (Ruggiero and
McKelvey 2000).

Although Delphi methods are quick and require
no new information, scientifically they are inap-
propriate for conservation decisions (Ruggiero and
McKelvey 2000). The collective opinions of experts
cannot be reproduced; they have an unknown error
factor, and an unknown relationship to the species’
ecology. In addition, expert opinions do not repre-
sent independent votes regarding potential effects.
Species-experts often read the same scientific jour-
nals, attend the same conferences, and receive simi-
lar technical training. Science has many examples of
commonly held beliefs that were later proved wrong.
Although in the past, Delphi has been admissible
the courts, this acceptance may change with new
data-quality standards. Thus, in the future, Delphi
methods may not provide a defensible method for
addressing the uncertainties associated with gos-
hawk conservation and management.
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Inductive science

We believe that scientific investigation is the only
defensible way for addressing the uncertainties asso-
ciated with species management. Romesburg (1981)
argued that much wildlife science was compromised
with respect to providing the reliable knowledge
required to make management decisions. He stated
that good science based on the hypothetic-deductive
(H-D) method is best able to provide reliable knowl-
edge. This method employs three steps: (1) observa-
tion and induction (the use of repeated observations to
discover laws of association), (2) hypothesis formula-
tion, and (3) tests of these hypotheses, preferably with
experimentation. It also includes a methodology for
dealing with uncertainty. Romesburg (1981) pointed
out that some accepted knowledge about wildlife
is untested hypotheses about observations because
many studies go through the first two steps but not
the third. Induction can provide us with reliable
knowledge about associations such as the association
of goshawks with forests having certain structural
characteristics. However, this method does not pro-
vide the mechanism for understanding the processes
that underlie this association nor does it provide reli-
able knowledge about cause and effect. Thus, we can
describe the structure of forests used by goshawks, but
we cannot ascertain which characteristics are impor-
tant or why, without application of the H-D method.
We can describe patterns through induction but need
the H-D method to understand why these patterns
occur and which components of those patterns are
important. In terms of management, understanding
why a pattern has occurred and what caused it are
important for predicting effects when observed pat-
terns are changed via management or other processes
(USDI Fish and Wildlife Service 1995b).

As Nudds and Morrison (1991) point out, resis-
tance to using the H-D method in wildlife biology
is common. The resistance includes claims that: (1)
nothing is yet known about a system so hypotheses
are not apparent, (2) funding agencies do not sup-
port tests of hypotheses, and (3) the H-D method is
impossible if experiments are impractical. Nudds
and Morrison address the first challenge by admit-
ting there will always be a need for new data from
which to generate testable hypotheses. This chal-
lenge just reflects the need for more research. The
second addresses the difficulty to fund hypothesis
tests. This is certainly true given the tight budget
constraints facing most agencies, but administrators
are recognizing the need. For example, the USFS has
embraced the concept of adaptive management that
is management based on the evaluation of results
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from experimentation, evaluation, and new man-
agement experiments (Walters and Holling 1990).
Administrators are realizing they should be able to
justify why they spend money on tests of hypotheses
that explicitly evaluates the cost-effectiveness of
their management actions.

The third challenge that the H-D method is
impractical to implement assumes the method only
allows for manipulative, controlled, and replicated
experiments. However, this argument rests on a very
narrow definition of experimentation. As Nudds and
Morrison (1991) and Murphy and Noon (1991) point
out, this challenge does not recognize what is most
important about the H-D approach is the attempt to
falsify hypotheses and erect better ones. H-D research
is not characterized by whether or not it is experi-
mental, because hypotheses can be evaluated with
non-experimental data (Ratti and Garton 1994). Data
collected in non-experimental or descriptive studies
are more limited in terms of their reliability (e.g., one
can not infer cause and effect from non-experimental
data), but they can be used to test hypotheses and are
certainly better then ignoring hypothesis testing com-
pletely. Well-designed descriptive studies that include
unbiased sampling techniques, adequate sample sizes,
and appropriate statistical tests can be used to evaluate
management hypotheses.

DEMANDS FOR SCIENCE-BASED MANAGEMENT

The ESA requires that we use best scientific data
when conserving species that are listed as threatened
or endangered on the federal level and the ecosys-
tems upon which they depend (Smallwood et al.
1999). This approach should apply to management
of sensitive species such as the goshawk. Squires et
al. (1998) surveyed USFS wildlife biologists across
the country asking them to list two general informa-
tion needs that would be most useful for managing
sensitive species. The biologists responded that
information regarding natural range of variation in
population characteristics, as well as autecologi-
cal habitat relationships were their top information
needs. Clearly, management of sensitive or listed
species should be science based as described above
and not based on subjective judgments as is com-
monly the case (Nudds and Morrison 1991, Kennedy
1997, Smallwood et al. 1999).

Agencies are subjected to increasing congres-
sional and judicial pressures to base their policies
and management actions on good science (Data
Quality Act enacted in 2002; U. S. Supreme Court,
Daubert v. Merrell Dow Pharmaceuticals [113 S.Ct.
2786, 1993 decision; Tellus Institute 2003]). Thus,

land managers and decision makers not only have to
determine if their management actions have a sci-
entific basis, but they also must evaluate the quality
of the underlying science in terms of peer review,
clear objectives, adequate sample sizes, correct
statistical analyses, and appropriate methods. In
2003, the Coalition of Arizona-New Mexico coun-
ties, the Washington Contract Loggers Association,
the Northern Arizona Loggers Association, and
a forestry company, Olsen & Associates, jointly
submitted industry sponsored data-quality peti-
tions challenging the USFS’s decision to restrict
logging in order to protect goshawk habitat accord-
ing to USFS, Region 3 (Reynolds et al. 1992). In
a detailed 281-page petition, the petitioners chal-
lenged the report as inaccurate, biased and arbi-
trary. Issues such as nest stand and foraging habitat
conditions and canopy cover were contested. The
other petitions filed by the industry groups chal-
lenged amendments to forest plans and goshawk
management in the Black Hills National Forest that
followed similar habitat recommendations as in the
Southwest. The Center for Biological Diversity,
with nine environmental groups co-signing, sub-
mitted comments requesting the USFS to reject the
petitions because they failed to meet legal require-
ments and were intended to circumvent the forest
planning process (http://www.ombwatch.com [2
February 2006]).

In July 2003, the USFS Rocky Mountain
Research Station issued a response letter to the
industry petitioners stating, that while eight minor
errors were in the document, the inaccuracies did not
affect desired forest conditions or specific manage-
ment recommendations. In addition, Reynolds et
al. (1992) had received peer review that was well
beyond the norm—19 scientists and managers at uni-
versities, state wildlife agencies, and governmental
agencies—prior to publication. The letter concluded
that the claims of the petitioners had no substantive
merit, and that the Reynolds et al. (1992) would not
be retracted (http://www.fs.fed.us/qoi/documents/
2003/07/rfc3001response.pdf [2 February 2006]).

This example illustrates the high level of scrutiny
that management recommendations for sensitive
species, like goshawks, can receive. It also illus-
trates the importance and central role that good
science plays in resource decision making, and how
data-quality standards can substantially impact the
scientific underpinnings of management decisions.
Forest planning in the Southwest would have been
disrupted greatly had Reynolds et al. (1992) been
rescinded due to lack of peer review or was found
lacking in other data-quality issues.
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CONCLUSIONS

In conservation planning, a fundamental mis-
match often occurs between the state of knowledge
and the feasibility of obtaining specific knowledge,
and the actions that society would have land man-
agers take towards species conservation (Ruggiero
and McKelvey 2000). In this paper, we assessed the
current knowledge concerning goshawk ecology,
and we discussed the pressing information needs
for conservation and management. The uncertainty
associated with goshawk management is similar to
issues confronted by the lynx science team when
asked to define appropriate management for Canada
lynx (Lynx canadensis), a species with a life history
that also is poorly understood (Ruggiero et al. 2000).
Ruggiero and his colleagues define what they called
qualified insights that were an attempt to embrace
science while recognizing uncertainty (Ruggiero
and McKelvey 2000). Qualified insights are specific
statements that are backed by the balance of scien-
tific evidence, but they are fundamentally subjective
because they are based on scientific judgment. The
specific linkage between data and inference is what
separates this method from opinion-based methods,
i.e., Delphi. The statements are qualified because
the relationships are scientifically known for given
areas, and we then infer the degree that these under-
standings can be transferred to outside areas with
local knowledge.

The qualified insights that we offer are based on:
(1) our review of the current state of knowledge, (2)
the degree this information is applicable to different
subspecies and populations, and (3) our combined
experience researching goshawks. These insights
are on topics of key management concern and for
which sufficient information is available to form
some preliminary conclusions. The conclusions we
present as qualified insights are our attempt to distill
our current understandings to the most salient issues
affecting goshawk management and conservation.
However, we offer these insights fully recognizing
our imperfect knowledge of this species’ life history.
Our conclusions are best viewed as testable hypoth-
eses that merit further research and testing.

ARE GOSHAWK POPULATIONS DECLINING?

The goshawk has been proposed for listing sev-
eral times under the ESA and its status has been
and still is the object of considerable litigation. It is
currently not listed as a threatened species but is con-
sidered a sensitive species or a species of concern by
most governmental agencies and non-governmental
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organizations within the Rocky Mountain Region
(Region 2) of USFS. Kennedy (1997) evaluated the
demographic data available on goshawks through
1996 and concluded that no evidence showed gos-
hawk populations were declining. The USFWS
published a status review in 1998 (USDI Fish and
Wildlife Service 1998a) and their review supported
Kennedy’s (1997) conclusions as did a recent techni-
cal review of the USFWS status review (Andersen
et al. 2005).

No new demographic evidence suggests a decline
in goshawk populations. Existing data, including
those from migration counts, trends in BBS data,
estimates of production, breeding distribution, detec-
tion surveys, local studies of population dynamics,
and estimates of breeding density are inadequate
to assess population trends in goshawks west of
the 100th meridian. Although these studies have
significantly increased understanding of goshawk
distribution and population dynamics, no studies to
date have generated adequate empirical stage-spe-
cific estimates of survival and fecundity for estimat-
ing lambda (A). Demographic data are unavailable
to estimate A at the scale of western North America.
In addition, densities are difficult to estimate due to
the bird’s low detectability and uncommon status, so
trends in this parameter are also not available.

Four European studies have reported on popula-
tion trends in various locales (Thissen et al. 1982,
Widén 1997, Kenward et al. 1999, Kriger and
Lindstrém 2001). Three of the four studies concluded
that goshawk populations were stable or increasing
(Thissen et al. 1982, Kenward et al. 1999, Kriiger
and Lindstrém 2001). One study (Widén 1997) con-
cluded that goshawk populations in Fennoscandia
declined by 50-60% from the 1950s to the 1980s.
The trend since the 1980s is unknown.

We conclude that no evidence shows that North
American goshawk populations are declining.
However, we cannot separate the following hypoth-
eses given the nature of the available evidence: the
goshawk is not declining, or it is declining but there
is not sufficient information to detect the declines.
The majority of the data from Europe suggest that
the species is not in jeopardy of extinction globally,
although populations might be declining in regional
pockets, e.g., Fennoscandia.

WHAT Factors Limit GOSHAWK POPULATIONS?

Experimental evidence shows that food during the
breeding season limits goshawk reproduction (Ward
and Kennedy 1996, Dewey and Kennedy 2001) and
recruitment via natal dispersal (Kennedy and Ward



GOSHAWK ASSESSMENT—Squires and Kennedy 59

2003). Predation also limits goshawk reproduction
and is influenced by food availability (Dewey and
Kennedy 2001). Whether or not food and predation
are additive or synergistic (as demonstrated in Song
Sparrows [Melospiza melodia]; Zanette et al. 2003)
has not been determined. The role of food and pre-
dation in limiting over-winter survival is unknown.
Weather during the breeding season influences
goshawk productivity, but the effect of weather on
regulating populations is also unknown.

Strong correlative evidence demonstrates that
goshawk population growth rate is also regulated
by density-dependent territoriality (Kriiger and
Lindstrom 2001). In a German population, ter-
ritories that were occupied more often and earlier
had a higher mean brood size, and fecundity did
not increase with increasing density in the best ter-
ritories. Increased usage of poor territories at high
densities results in a decrease in per capita repro-
ductive success (Kriiger and Lindstrom 2001). The
site factors that influenced territory quality were not
identified in this study.

We conclude that goshawk breeding populations
are limited by food, predation, and density-depen-
dent territoriality. High-quality territories which
are regularly occupied and very productive likely
contain high abundance of prey, low abundance of
predators, and forest structural characteristics that
enhance prey acquisition and predator avoidance.
The factors regulating winter populations and the
effect of winter conditions on breeding populations
are unknown.

WHAT ARE THE PRINCIPAL HABITAT ATTRIBUTES AND
RELEVANT SPATIAL SCALES OF NEST HABITAT?

Goshawks nests in many forest types throughout
their range (Squires and Reynolds 1997). These for-
ests include mixed hardwood-hemlock stands in the
eastern deciduous forests (Speiser and Bosakowski
1987), various pine and aspen forests in western
North America (Reynolds et al. 1982, Hall 1984,
Younk and Bechard 1994a, Siders and Kennedy
1996, Squires and Ruggiero 1996, Clough 2000,
McGrath et al. 2003), and ponderosa pine-mixed
conifer forest (Erickson 1987, Crocker-Bedford and
Chaney 1988, Kennedy 1988, Reynolds et al. 1994,
Siders and Kennedy 1996). Within these types, there
are at least three levels of habitat scale that appear
to be biologically important during the breeding sea-
son—the nest area, the PFA, and the foraging area
(Reynolds et al. 1992, Kennedy et al. 1994). How the
size of these areas may differ among populations is
not well understood.

Nest areas include forests with a narrow range of
structural conditions (Reynolds et al. 1992, Squires
and Reynolds 1997). Nest areas are usually mature
forests with large trees, relatively closed cano-
pies (60-90%), and open understories (Reynolds
et al. 1982, Moore and Henny 1983, Speiser and
Bosakowski 1987, Crocker-Bedford and Chaney
1988, Kennedy 1988, Hayward and Escano 1989,
Reynolds et al. 1992, Squires and Ruggiero 1996,
Penteriani and Faivre 1997, Selds 1997b, Squires
and Reynolds 1997, Daw et al. 1998, Daw and
DeStefano 2001, Finn et al. 2002b, McGrath et al.
2003). Within nest areas, goshawks usually nest
in one of the largest trees (Reynolds et al. 1982,
Saunders 1982, Erickson 1987, Hargis et al. 1994,
Squires and Ruggiero 1996) with some exceptions
(Speiser and Bosakowski 1989). Limited data also
suggest that forest structure may be more important
than prey abundance when selecting nest sites (Beier
and Drennan 1997, Penteriani et al. 2001). Although
understanding the structural characteristics of nest
areas and nest trees is one of the best known aspects
of goshawk ecology, it is still difficult to compare
preference relationships among studies due to differ-
ent field methods and biased nest-search methods.

The PFA was conceptualized by Reynolds et
al. (1992) and empirically supported by stud-
ies of family movement patterns (Kennedy et al.
1994, Kenward et al. 1993a, and Kennedy and
Ward 2003). The function of the PFA is unclear,
but it may be important to fledglings by provid-
ing prey items on which to develop hunting skills
or may provide cover from predation (Reynolds
et al. 1992). PFAs are usually in mature forests
with dense canopies and small openings (Daw and
DeStefano 2001, Finn et al. 2002a, McGrath et al.
2003); these structural components appear to be
important to site occupancy (Finn et al. 2002a). The
size of the PFA was originally estimated at 170 ha
(Kennedy et al. 1994), but a study by McGrath et
al. (2003) found late-seral forests, high understory
growth, and high canopy cover (50%) were more
common around nests compared to random sites
up to 83 ha. McClaren et al. (2005) measured PFA
size for A. g. laingi on Vancouver Island, British
Columbia, and mean PFA size for 12 juveniles at 12
nests was approximately 60 ha. PFAs likely vary in
size depending on local environmental conditions
and perhaps there are sub-specific differences in use
of habitat by fledglings.

Goshawks use an array of habitat types in forag-
ing areas, but often select forests with a high density
of large trees, greater canopy cover, high tree basal
area, and open understories (Doyle and Smith 1994,
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Hargis et al. 1994, Beier and Drennan 1997), but with
much variation (Kenward 1982, Widén 1989, Austin
1993, Bright-Smith and Mannan 1994, Hargis et al.
1994, Younk and Bechard 1994a, Beier and Drennan
1997). Habitat structure may be more important than
prey abundance where goshawks kill prey (Beier and
Drennan 1997, Good 1998, Bloxton 2002), again
with exceptions (Kenward and Widén 1989).

We conclude that at least three spatial scales are
biologically important to nesting goshawks—the
nest area, the PFA, and the foraging area. Habitat
structure may be as important as prey abundance
when selecting nest areas and PFAs. The principal
structural components include a high density of
large trees, high canopy closure, and high tree basal
area than generally available in the landscape; these
components are provided in mature forests. Foraging
areas are more heterogeneous, but often include
mature-forest components.

ARE GosHAWKS HABITAT SPECIALISTS OR
GENERALISTS?

Goshawks in western North American breed in
forested habitats, and in most places appear to select
old-growth and mature forests for nesting. Goshawks
often place their nests in the larger or largest trees in
a stand, and stands in which nests are placed tend to
be older than adjacent stands. However, not all gos-
hawk territories are equally suitable. Thus, nesting
habitat diversity may increase with nesting density
because lower-quality territories are more regularly
occupied at higher densities. These lower-quality ter-
ritories may have different structural characteristics
than high quality territories.

A core area seems to exist around goshawk nests
(<100 ha) where the forest can be characterized by
large trees with high canopy closure, and this core
is surrounded by a heterogeneous landscape with a
variety of forest cover types and seral stages. Within
this heterogeneous landscape, goshawks may forage
selectively in forests with a high density of large
trees, greater canopy cover, high tree basal area, and
open understories.

The limited data on winter-habitat-use patterns
suggest that winter-habitat diversity is greater then
breeding-season habitat diversity. During the winter,
goshawks use forests as well as non-forested habitats
and their habitat-use patterns are partially dictated
by residency patterns. Year-round they hunt a wide
variety of prey species that occur in a variety of
habitat types.

We conclude that goshawks have a strong pref-
erence for mature and old-growth forests, but this
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preference is dependent on nest density, scale,
and season; this preference seems strongest within
approximately 100 ha of the nest stand. As nest den-
sity increases, low quality habitats are more likely
to be occupied and thus, nesting habitat diversity
used by the population may increase. As spatial scale
increases from the nest site to the landscape in which
home ranges are embedded, habitat heterogeneity
increases. Goshawks are more of a habitat generalist
at these larger spatial scales then at the scale of the
nest site. Finally, the limited data on non-breeding
habitat use patterns suggest that goshawks are more
of a habitat generalist during the non-breeding sea-
son then during the breeding season.

WHAT HUuMAN ACTIVITIES MOST AFFECT THE
PERSISTENCE OF GOSHAWK POPULATIONS?

Forest management can have an impact on the
structure and function of goshawk habitat (Reynolds
1989, Crocker-Bedford 1990, Bright-Smith and
Mannan 1994, Woodbridge and Detrich 1994, Beier
and Drennan 1997, Desimone 1997, USDI Fish and
Wildlife Service 1998a, Greenwald et al. 2005).
Habitat fragmentation may also favor early succes-
sional competitors and predators (Woodbridge and
Detrich 1994). Forest management, such as con-
trolled fire and thinning, may improve or degrade
habitat depending on implementation, especially as
they affect the density of large trees and canopy clo-
sure. Forest management that reduces the size of nest
stands may decrease occupancy rates (Woodbridge
and Detrich 1994). Few studies have directly
assessed the impacts of timber management on gos-
hawk populations, but limited data suggest goshawks
can tolerate timber harvesting near their nesting area
below some threshold (Penteriani and Faivre 2001,
McGrath et al. 2003). The effects of forest manage-
ment on prey populations vary by species, and spe-
cific effects are poorly documented.

Although human persecution may have had an
impact on goshawk populations in the past, it is not
believed to be a factor affecting the persistence of
North American populations. Likewise, pesticides
and other contaminants do not appear to have an
impact on North American populations (Snyder et
al. 1973, Reynolds and Wight 1978, Rosenfield et
al. 1991, USDI Fish and Wildlife Service 1998a), but
this topic has received little study in North America.
Recent European data suggest some populations of
goshawks still show high levels of organochlorines
and PCBs (Kenntner et al. 2003), but the effect of
these levels on population persistence is unknown.
The populations with high levels of contaminants
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occur in areas where regulatory control of the use
of these chemicals is less stringent then in the US.
Although falconry may impact local populations
(Noll West 1998), it is not at a sufficient scale to affect
North American populations (Brohn 1986, USDI Fish
and Wildlife Service 1988, Mosher 1997).

We conclude that forest management—cutting,
thinning, and controlled burning—is the primary
human-caused activity that has an impact on gos-
hawk populations. These impacts can either enhance
or degrade goshawk habitat depending on type
and extent of habitat alterations. Effects of timber
management on goshawks are poorly documented,
especially relative to prey populations and commu-
nity interactions. The impacts associated with human
persecution, pesticides, and falconry are negligible.

Is GosHAWK MONITORING FEASIBLE GIVEN CURRENT
TooLs?

Information on goshawk populations in North
America is generally obtained by monitoring nest-
ing activity at local scales (Roberson et al., unpubl.
data; Hargis and Woodbridge, this volume). These
local monitoring programs typically focus on trends
in reproduction which indicate extensive temporal
and spatial variation and are difficult to interpret in
the absence of survival data (McClaren et al. 2002).
When survival has been estimated, it is usually based
on mark-resighting techniques and the studies have
insufficient sample sizes (<100 birds) to estimate sur-
vival with acceptable levels of precision (DeStefano
et al. 1994b, Kennedy 1997). Although demography
data are vital to determining trends in goshawks
populations, funding for the goshawk waxes and
wanes as the threat of listing the goshawk comes
and goes (DeStefano 1998). This is counterproduc-
tive to implementing the long-term, large-scale
studies needed to evaluate goshawk demographics.
Estimating the rate of population change for a non-
listed species such as the goshawk may simply be
too difficult and take too long to provide meaningful
information for listing decisions and other manage-
ment concerns.

Documenting the distribution of all forest
structural stages, including mature and old-growth
forests, would be an important step in goshawk man-
agement. Such documentation will be important for
a number of wildlife species, including the goshawk
and has been suggested by Crocker-Bedford (1998),
DeStefano (1998), and Smallwood (1998). Although
methods to gather and compile data on current
forest conditions need to be improved, assessing
goshawk status based solely on the distribution of

old-growth or mature forests is not appropriate at
presentbecauseourcurrentunderstanding of goshawk-
habitat relations is poor.

A viable alternative for monitoring goshawk
population performance in a rigorous and cost-
effective manner is estimating trends in site
occupancy (presence or absence of breeding gos-
hawks at a site). Currently the most accurate field
method for determining site occupancy is dawn
vocalization surveys (Dewey et al. 2003). If these
surveys are conducted in a sampling framework
that allows for estimation of detection probabili-
ties (MacKenzie et al. 2002, 2003), trends in site
occupancy could be used as an index of goshawk
population performance. Hargis and Woodbridge
(this volume) describe a bioregional monitoring
program for northern goshawks that is based on
this approach.

We conclude that the best current method avail-
able for monitoring goshawk population perfor-
mance is monitoring trends in site occupancy. We
recommend using dawn vocalization surveys as
described by Dewey et al. (2003) and estimating
detection probabilities of these surveys with recent
analytical procedures described by MacKenzie et al.
(2002, 2003).

Is GosHAWK MANAGEMENT A SERIOUS ISSUE IN TERMS
OF FEASIBILITY AND NEED?

Goshawks have life-history attributes that are
specialized in terms of their morphology and their
use of nest habitat. The mature forests that provide
nesting and foraging habitat for goshawks are often
the same areas that are important for producing
forest products. As such, forest management does
potentially impact goshawk populations. The density
of nesting goshawks tends to be low, and is limited
through a combination of food availability, predation,
and density-dependent territoriality. Low density and
general rarity makes it difficult to assess long-term
population trends of regional and local populations.
Although monitoring the effects of forest manage-
ment on goshawks is difficult, it is possible given
adequate funding and political will.

We conclude that goshawks have life-history
attributes that make them sensitive to changes in for-
est structure and composition. These attributes also
make it difficult to monitor population responses to
habitat alterations. Thus, goshawk management is
a serious issue because management agencies need
concerted efforts to monitor goshawk responses to
their management actions within an experimental
context. This is necessary before the effects of
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forestry on goshawk populations are elucidated
across the broad landscapes that are congruent with
goshawk spatial-use patterns.
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DEMOGRAPHY OF NORTHERN GOSHAWKS IN NORTHERN ARIZONA,

1991-1996

RicHARD T. REYNOLDS AND SUZANNE M. Joy

Abstract. We studied 282 nesting attempts on 107 territories of Northern Goshawks (Accipiter gentilis) on the
Kaibab Plateau in northern Arizona from 1991-1996. Mark-recapture methods were used to estimate recruit-
ment, turnover of adults on territories, fidelity to territories by adults, and apparent annual survival of breeding
adults. Territories were regularly spaced at a mean nearest-neighbor distance of 3.9 km. Annual proportion of
pairs breeding and recapture rates were high in 1991-1993, sharply declined in 1994, and partially recovered in
1995-1996. Average annual turnover of breeding goshawks was 42% for males and 25% for females. Breeding
males stayed on their territories from one breeding year to the next in 97% of cases and females in 95% of cases.
Of 64 capture-recapture models evaluated in program SURGE, the model with the lowest AIC {Phi, P} showed
that, while survival differed between genders, it was constant for both genders over years. Probability of recap-
turing a goshawk varied with time (0.15 in 1994; 0.66 in 1992) but not with gender; recaptures were lowest in
years when few of the territorial goshawks nested and highest when the majority of pairs nested.

Key Words: Accipiter gentilis, Arizona, capture-recapture, demography, Kaibab Plateau, nesting success,
Northern Goshawk, reproduction, survival, territory fidelity, turnover.

DEMOGRAFIA DE GAVILANES AZOR EN EL NORTE DE ARIZONA, 1991-1996
Resumen. Estudiamos 282 intentos de anidacion en 107 territorios de Gavilanes Azor (Accipiter gentilis), en
la meseta de Kaibab en el norte de Arizona, de 1991-1996. Métodos de Marqueo-recaptura fueron utilizados
para estimar aislamiento y reemplazo de adultos en los territorios, fidelidad de los adultos al territorio, y
sobrevivencia anual aparente de adultos reproductores. Los territorios fueron espaciados regularmente a una
distancia vecino-cercano media de 3.9 km. La proporcion anual de parejas reproductoras y las tasas de recaptura
fueron altas en 1991-1993, declinaron agudamente en 1994, y se recuperaron parcialmente en 1995-1996. El
promedio anual de reemplazo de gavilanes reproductores fue de 42% para machos y de 25% para hembras.
Los machos reproductores permanecieron en sus territorios por un afio reproductivo al otro en un 97% de
los casos, y las hembras en el 95% de los casos. De 64 modelos captura-recaptura estudiados en el programa
SURGE, el modelo con el mas bajo AIC {Phi, P} mostré que, mientras la sobrevivencia difiri6 entre géneros,
la sobrevivencia fue constante para ambos géneros a través de los afios. La probabilidad de recapturar al gavilan
vari6 con el tiempo (0.15 in 1994; 0.66 in 1992), pero no con el género; las recapturas fueron mas bajas en los
afios en los cuales menos gavilanes territoriales anidaron, y mas altas cuando la mayoria de las parejas anid6.

The effects of forest management on Northern
Goshawk (Accipiter gentilis atricapillus) populations
has been the focus of much research since the early
1970s (Boyce et al., this volume; Block et al. 1994).
It has been hypothesized that harvesting older forests
causes declines in goshawk populations by changing
the structure of its habitat, the abundance and avail-
ability of its prey, and numbers of its predators and
competitors. Collection of demographic data such
as birth, death, emigration, and immigration rates
is important for understanding how each of these is
affected by forest management and for assessing gos-
hawk population trends. Such understanding is also
useful in developing conservations plans that guide
resource management and conservation of species.
We have conducted a long-term study of the ecology,
diets, genetics, limiting factors (habitat, food, and
predators), and vital rates of a goshawk population on
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the Kaibab Plateau in northern Arizona (Reynolds et
al. 1994, Reynolds and Joy 1998, La Sorte et al. 2004,
Reich et al. 2004, Reynolds et al. 2004). We report on
the distribution and density of breeding pairs, inter-
annual variations in proportion of pairs breeding and
reproduction, fledgling sex ratio, territorial fidelity, and
survival of adult goshawks on the Kaibab Plateau from
1991-1996. This paper is an update of an unpublished
report to the Arizona Heritage Program (Reynolds and
Joy 1998). It is our intent to present data, collected
over the short-term, that will help assess the value of
data from what has now become a long-term study of
goshawk ecology and demographics.

STUDY AREA

The study area was all of the Kaibab Plateau
above 2,182 m elevation (encompasses 1,732 km?),
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including both the Kaibab National Forest and the
Grand Canyon National Park-North Rim (GCNP).
The Kaibab Plateau is an oval-shaped (95 x 55 km),
limestone plateau that rises from a shrub-steppe
plain at 1,750 m elevation to its highest point at
2,800 m, and is dissected by moderately slop-
ing drainages (Rasmussen 1941). The plateau is
bounded by escarpments of the Grand Canyon of
the Colorado River on its south side, and by steep
slopes on the east, and gentle slopes on the north
and west sides, that descend to the plain. Pinyon-
juniper (Pinus edulis-Juniperus spp.) woodlands
occur below the study area, and ponderosa pine
(Pinus ponderosa), mixed conifer, and spruce-fir
(Picea spp.-Abies spp.) forests predominant on
the study area (Reynolds et al. 1994). Structure
and composition of forests on the Kaibab Plateau
are described in Rasmussen (1941) and White
and Vankat (1993), and forest management his-
tory is described in Burnett (1991) and Reynolds
et al. (1994). Several narrow meadows occur on
top of the Kaibab Plateau containing grasses and
herbaceous vegetation. Annual precipitation on
the Kaibab Plateau averages 67.5 cm, with winter
snow packs of 2.5-3.0 m (White and Vankat 1993).
Winters are cold and summers are cool. A drought
period typically occurs in May and June, followed
by a mid- to late-summer monsoon season with fre-
quent (2—4/wk) thunderstorms and heavy showers.

METHODS
F1ELD METHODS

We defined territory as an area used by a single
pair of goshawks during a nesting season. Territories
typically contained multiple alternate nests used by
the resident goshawks over years (Reynolds et al.
1994). The size of a goshawk territory (defended
area) is unknown, but may be an area whose radius
is half the distance between adjacent territories. An
occupied territory was defined as a territory in which
goshawks were observed on two or more occasions,
or a single observation of an adult goshawk com-
bined with the presence of molted feathers, feces,
and new nest construction in a season. An active nest
(and territory) was a nest in which eggs were laid,
and failed nests were nests in which eggs or nestlings
were lost (none fledged). A cohort of territories was
a year’s set of territories that contained active gos-
hawk nests (in a few cases occupied by non-breeding
goshawks). New territories found in a particular year
were not included in that year’s cohort of territories
but were added to the next year’s cohort (see below).
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A nest area was a 15-20 ha area surrounding a nest
that included prey plucking sites, tree-roosts of the
adult goshawks, and one or more alternate nests.

We began searches for goshawk nests (and ter-
ritories) in the northwest of the Kaibab Plateau in
1991. We also visited historical (pre-1991) nest
structures that were on record at the USDA Forest
Service Kaibab National Forest that had been identi-
fied by forest managers prior to 1991 (see Crocker-
Bedford 1990). In subsequent years (1992—-1996),
searches for nests and territories were expanded to
the north, east, and south. At the end of the 1996
breeding season about 80% of the Plateau had been
searched; only the extreme south-central portion of
the Plateau had not been searched. Nest searches
were conducted by systematically walking large
areas (1,600-2,400 ha) while inspecting all trees for
goshawk nests, and by broadcasting goshawk vocal-
izations from stations on transects in 2,400—4,800 ha
areas using procedures and a broadcast-station distri-
bution described by Kennedy and Stahlecker (1993)
and Joy et al. (1994). Nest searches began each April
and ended at the close of the post-fledging depen-
dency period (mid-August).

We used a protocol consisting of three sequential
components for annually determining the status of
nests within territories. In initial visits, all goshawk
nests discovered in this study, as well as all historical
nests discovered prior to 1991, were visited within
the first week post-egg laying (initial visits required
one-person-day of effort per territory; historical
nests not in known territories were visited inde-
pendent of territory visits). If goshawks were not
using a previously known nest within a territory, a
foot search (effort of three—four person-days/terri-
tory) was conducted within an 800-m radius from
the most recently used nest within a territory. If an
active nest was not located in a foot search, a 1,500-m
radius area, also centered on the last known active
nest, was broadcast (effort of six—seven person-days/
territory) with broadcast station distribution and at-
station procedures as described in Joy et al. (1994).
Once located, all active nests were visited weekly
to determine the status of nesting attempts and to
trap, band, or re-sight breeding adults. Nest trees
were climbed once during the late nestling period to
count and band nestlings. Nesting success in studies
involving annual nest searches can be overestimated
because nests failing early in a season are less likely
to be detected than successful nests (Steenhof and
Kochert 1982). To control for this, we determined
the proportion of territories with breeding goshawks,
the production of young, and nesting success only
for nests in the previous year’s cohort of territories;
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that is, only for territories in which monitoring of
goshawks and nests began early in a breeding sea-
son. However, some active nests were not found until
later in the breeding season. We compared annual
estimates of nest success in each cohort of territories
to annual nest survival in each cohort estimated with
the Mayfield (1961) method. This method estimates
nest survival based on days of exposure regardless
of when in a breeding season nests are found. We
made weekly Mayfield visits to nests in 1992—-1996.
Beginning and ending dates of the incubation and
nestling periods were estimated by back-dating
from the estimated age of nestlings (see Boal 1994)
or known egg laying, hatching, and fledging dates.
From these, annual mean dates of egg laying, hatch-
ing, and fledging were determined. Days of exposure
were calculated using a 32-d incubation period and
a 35-d nestling period (Reynolds and Wight 1978).
Standard errors of the Mayfield estimates of nest sur-
vival were calculated after Johnson (1979).

Nesting adults were trapped in nest areas with
dho-gaza traps baited with a live Great Horned Owl
(Bubo virginianus) during the nestling and early
fledgling stages (Bloom 1987), or with falling-
end Swedish goshawk traps (Kenward et al. 1983)
baited with domestic pigeons (Columba livia)
(Reynolds et al. 1994). The age (juvenile = 0 yr;
adult 1 = 1 yr; adult 2 = 2 yr; adult 3 >3 yr) of
goshawks was determined by plumage, and gender
by behavior prior to capture and by morphomet-
rics subsequent to capture (Reynolds et al. 1994).
Fledglings were captured during the last 2 wk of
the nestling period by climbing to nests. Adults and
fledglings were weighed, measured, and fitted with
USGS aluminum leg bands and colored leg bands
with unique two-character alpha-numeric codes
readable from up to 80 m with 20—40 power spot-
ting scopes (Reynolds et al. 1994).

Locations of nest trees were recorded with global
positioning system (GPS) (Trimble Navigation Ltd.
1992, Trimble Navigation Ltd. 1994) and mapped
in ArcView (ESRI 1998) geographical information
system (GIS). GPS coordinates for each nest tree
were generated in the Universal Transverse Mercator
(UTM) projection and verified using field plots,
topographical knowledge, and site visits. Digital
elevation models (DEMs) of 32 7.5-min USGS
quadrangles were latticed together to produce a
single DEM of the Kaibab Plateau.

DATA ANALYSIS

We used UTM coordinates of all nests and
ArcView (ESRI 1998) to calculate distances between

alternate nests within territories, nearest-neighbor
distances among territories, and breeding-dispersal
distances. Mean distance between alternate nests
within territories was calculated as the mean of dis-
tances among all possible combinations of alternate
nests within a territory (e.g., nest A-B, B-C, C-A).
The nearest-neighbor distances among territories
of adjacent pairs of goshawks were calculated as
distances between centroids of territories, where ter-
ritory centroids were the weighted geographic mean
of coordinates between alternate nests in a territory
(generated in ArcView; ESRI 1998). Means were
weighted by the number of times a nest was used
during the study period (a nest used in 2 yr was closer
to the centroid than a nest used once). In territories
in which only one nest was used, the single nest was
the centroid for that territory. Nearest-neighbor dis-
tances between territory centroids were calculated
without using reciprocal measures between nearest-
neighbors (Diggle 1983).

Ripley’s k-function (Ripley 1981, S-PLUS 1995)
was used to model the distribution of 103 territory
centroids (four territories in the southeastern portion
of the GCNP where excluded due to incomplete nest
searches there). This procedure counts centroids that
fall within a designated distance of each centroid to
provide a measure of dispersion, corrected for edge
effects (Cressie 1991). Observed counts [L(t)] were
plotted against the distances at which the counts were
made and compared with 95% dispersion (confidence)
envelopes estimated from 100 populations of 100
points simulated under complete spatial randomness
(CSR process). Points below the envelopes reflect
regular (simple sequential inhibition [SSI]) spacing;
points within the envelopes reflect random spacing,
and points above envelopes reflect aggregated spac-
ing (Neyman-Scott). We modeled the k-function
of centroids to 15 km to capture all possible inter-
territory distances. The Cramer-von-Mises goodness-
of-fit statistic (Cressie 1991) was used to test the null
hypothesis that the data were from a CSR process at
the a = 0.05 level. Rejection of the null hypothesis
required fitting the data to the alternative k-function
of aregular (Pielou 1960, Strauss 1975) or aggregated
(Neyman and Scott 1957) process and comparing the
centroids’ distribution against the appropriate simula-
tion envelope. Alternate distributions were followed
by a Cramer-von-Mises goodness-of-fit (Cressie
1991) test of suitability of the alternate process. All
spatial analyses were performed using S-PLUS (1995)
and the spatial library developed for S-PLUS by Reich
and Davis (2002).

Territory fidelity was calculated from bird years,
the number of successive years in which goshawks
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TABLE 1. NUMBER OF NORTHERN GOSHAWK TERRITORIES UNDER STUDY AND THEIR ANNUAL STATUS
(ACTIVE, OCCUPIED, UNKNOWN) ON THE KAIBAB PLATEAU, ARIZONA, 1991-1996.

Year
Territories 1991 1992 1993 1994 1995 1996
Total 37 64 82 88 100 107
Active 36 59 67 21 53 46
Occupied 1 2 6 13 20 23
Status unknown 0 3 9 54 27 38
were recaptured/re-sighted and, thus, were known to RESULTS

have stayed on the same territory or moved to a new
territory (Newton and Wyllie 1996). Turnover is the
replacement of a banded goshawk on a territory in a
previous season by a new goshawk in a current sea-
son. A goshawk may be replaced on a territory due
to its death or breeding dispersal. Turnover oppor-
tunities were cases where the identity of a male or
female on a territory was known in successive years.
The demographic portion of this study consisted of
capturing, banding, and releasing nesting goshawks,
followed by recapturing or re-sighting them in sub-
sequent breeding seasons. Age, sex, and reproductive
status of individuals were determined as described
above. All nest trees were climbed within 14 d of
fledging to band and count nestlings.

The number of young in nests at banding was
our estimate of productivity. For nests found late in
a breeding season (mostly in new territories), pro-
ductivity was estimated by counting fledged young
during the post-fledgling dependency period. Sex
ratio was estimated by counts of male and female
nestlings at banding. Nestlings were sexed on the
basis of body mass and tarsus-metatarsus length.
Only broods where the sex of all brood members
was determined were used to estimate sex ratio.
Capture-recapture histories of individual goshawks
provided for parameter estimation and hypothesis
testing in capture-recapture analysis of survival.
Capture is defined as the capturing or re-sighting
(i.e., reading a goshawk’s alpha-numeric color band
with telescopes) of individual goshawks. Estimates
of annual survival rates were calculated using
Cormack-Seber-Jolly open population models in
program SURGE (Pollock et al. 1990, Franklin et
al. 1996). Akaike’s Information Criterion (AIC)
was used to identify models that best fit the data
(Akaike 1973, Anderson et al. 1985, Burnham et al.
1992, Franklin et al. 1996). Goodness-of-fit tests
in program RELEASE were used to evaluate how
well the data met the assumptions in the capture-
recapture models (Pollock et al. 1985, Burnham et
al. 1987).

NUMBER AND OCCUPANCY OF TERRITORIES

Numbers of territories in the study increased
annually as searches for new territories were
expanded (Table 1). By the end of the 1996 breed-
ing season, about 95% of the national forest lands,
and about 30% of the GCNP, had been searched for
goshawk nests. A final total of 107 territories were
located (Fig. 1), resulting in 478 territory-years of
study. All but two of the 107 territories contained
active nests in one or more breeding seasons. The
two exceptions were territories occupied two or
more years by goshawks that built new nests or

Kaibab
National
Forest

B Fonderosa pine

Mixed-conifer
Sprucea-fir

®  Terrilory centroid

Grand
Canyon
National
Park

Kilometers

FIGURE 1. Locations of 107 Northern Goshawk territories
on the Kaibab Plateau, Arizona, 1991-1996.
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reconstructed old nests, but were not known to have
laid eggs during the study.

From 1991 through 1993, the increase of territo-
ries with active nests was proportional to increases in
territories under study (Table 1). However, in 1994
numbers of territories with active nests declined to
21, increased to 53 in 1995, and declined again to
46 in 1996. Annually, variable numbers of territories
with unknown status reflected the difficulty of unam-
biguously determining the occupancy status (pres-
ence or absence) of goshawks on territories in years
when they did not lay eggs. This ambiguity results
from the difficulty of proving that goshawks are not
present despite 8—12 person-days of searching for
pairs in known territories.

NESTING SUCCESS AND PRODUCTIVITY

The proportion of pairs breeding in the prior
year’s cohort of territories was highest in 1992 and
1993, declined in 1994, and partially recovered in
1995 and 1996 (Table 2). Annual percent of nests
failing did not significantly differ among years
(14-28%). Annual nesting success was similar for
the cohort of territories and Mayfield estimates; the
two estimates differed by no more than 4% in any
year, and neither was consistently higher or lower
than the other (Table 2).

In 1996, the first three cohorts of territories
(1991-1993) had 6, 5, and 4 yr of data on terri-
tory status, respectively. The overall decline in the
proportion of territories active from 1992-1994 is
reflected in the declining numbers of years newly
discovered territories in each of the first three ter-
ritory cohorts were active in subsequent years. For
the 36 new territories discovered in 1991, the largest
proportion (31%) was active for five of the six (83%

of years) subsequent study years, for the 27 new
territories in the 1992 cohort, the largest proportion
(41%) was active in three of the five (60% of years)
years, and for the 18 new territories in the 1993
cohort, the largest proportion (50%) was active in
two of the four (50% of years) years (Table 3).

Brood size on the Kaibab Plateau ranged from
one to three nestlings (median = 2); 63 (28%) of
a total 224 successful broods had one young, 112
(50%) had two young, and ten (22%) had three
young. Mean number of fledglings produced per
active and successful nests generally declined from
the better breeding years in 1991-1993 to lows in
1994-1996 (Table 4), but nesting success remained
relatively constant over years (Table 2).

Of 282 nesting attempts in which eggs were
laid on the Kaibab Plateau, 46 (16%) were known
to have failed. Of the 46 failures, 16 (35%) failed
during incubation and 30 (65%) failed during the
nestling stage. Of clutches that failed during incuba-
tion, four contained both fertile and infertile eggs,
three contained only fertile eggs, and 12 contained
only infertile eggs. Mean clutch size of failed nests
was 1.6 eggs (sp = 0.63; range = 1-3 eggs). Nest
failures in the nestling period typically occurred
in the first two wks after hatching. Except in the
12 clutches with infertile eggs, we were unable to
determine causes of nest failures. Eggs buried under
fresh greenery in nests were recovered from 15 nests
that fledged young; three of these nests contained
buried fertile eggs (dead embryo), and 12 contained
infertile eggs.

NESTLING SEX RATIO AND RECRUITMENT

We determined the sex of each nestling in 125
broods. Combining years, there were 126 females

TABLE 2. NUMBER OF TERRITORIES IN COHORT (KNOW TERRITORIES FROM PREVIOUS YEARS), NUMBER AND PERCENT OF TERRITORIES WITH
ACTIVE NESTS, NUMBER AND PERCENT WITH FAILED NESTS, AND TWO ESTIMATES OF NESTING SUCCESS (THE MAYFIELD [1975] ESTIMATE
OF NEST SURVIVAL AND OUR COHORT METHOD) OF NORTHERN GOSHAWKS ON THE KAIBAB PLATEAU, ARIZONA, 1991-1996.

Year

Territories 1992 1993 1994 1995 1996
Territories in cohort 37 64 82 88 100
Territories with active nests 32 49 18 44 40
% with active nests 87° 77? 22° 50¢ 40b
Number with failed nests 6 7 5 11 9
% failed nests 19° 142 280 250 238
% successful 81 86 72 75 77
Mayfield estimate 0.79 0.83 0.75 0.76 0.73
se, Mayfield estimate 0.002 0.001 0.003 0.001 0.002

b ¢Within rows, numbers followed by the same letter are not significantly different according to pairwise comparisons of multiple proportions (o= 0.05) (Goodman

1964).
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TABLE 3. NUMBER AND PROPORTION OF NEW NORTHERN GOSHAWK TERRITORIES DISCOVERED EACH SUCCESSIVE YEAR (1991-1996)
THAT CONTAINED ACTIVE NESTS (EGGS LAID) IN N NUMBERS OF YEARS (NOT NECESSARILY CONSECUTIVE) ON THE KAIBAB PLATEAU,

ARizoNa, 1991-1996.

New. Number of years with active nests

territories
Year found 1 2 3 4 5 6
1991 36 0.06 (2)* 0.14 (5) 0.28 (10) 0.14 (5) 0.31(11) 0.08 (3)
1992 27 0.04 (1) 0.33(9) 0.41 (11) 0.15 (4) 0.07 (2)
1993 18 0.28 (5) 0.50 (9) 0.11(2) 0.11 (2)
1994 6 0.33(2) 0.67 (4)
1995 11 0.73 (8) 0.27 (3)
1996 7 1.00 (7)

Notes: Two territories were occupied by goshawks but never had active nests in the study (one occupied in 1991, one in 1995). Total number of territories under

study in 1996 was 107.
*Number of territories with active nests in parentheses.

TABLE 4. NUMBER OF ACTIVE (EGGS LAID) AND SUCCESSFUL (FLEDGED AT LEAST ONE YOUNG) NESTS, AND MEAN NUMBER AND
STANDARD DEVIATION (SD) OF FLEDGLINGS PER ACTIVE AND PER SUCCESSFUL NORTHERN GOSHAWK NEST ON THE KAIBAB PLATEAU,

ARizoNa, 1991-1996.

Year

1991 1992 1993 1994 1995 1996

Active nests® 36 59 64 21 49 44
Fledglings/active nest 2.0¢ 1.8¢ 1.7 1.2¢ 1.3¢ 1.3¢
SD 0.79 1.05 1.00 0.93 0.92 0.90

Successful nests® 34 49 54 15 39 33
Fledglings/successful nest 2.1 2.2¢ 2.0 1.7¢¢ 1.6¢ 1.7¢%
SD 0.64 0.72 0.74 0.62 0.71 0.59

* Number of nests where exact number of fledglings was determined.
®Successful nests fledged >1 young.

ed.¢ Within rows, means followed by the same letter are not significantly different according to the Tukey-Kramer multiple comparison procedure (o = 0.05).

(54.3%) to 106 males (45.7%), not significantly
different from a 1:1 sex ratio (> = 1.72; df = 1; P =
0.212). Of the 256 nestlings banded as nestlings on
the study area, only six (three males; three females)
(2%) were subsequently recaptured as breeding
adults on the study area. Males were 3-5 yr-old (X =
4.0 yrs-old) and females were 2—4 yr-old (X =2.7 yr-
old) at recruitment.

TERRITORY DISPERSION

Ripley’s k-function (Fig. 2) showed that terri-
tory centroids were spaced regularly at distances
of 1.4-2.5 km, distributed randomly at distances
of 2.5-5.0 km, and appeared aggregated at dis-
tances >8.5 km. We rejected (Cramer-von-Misses;
P <0.001) the null hypothesis of a CSR process
in overall distribution. Because clustering evident
at large (>8.0 km) inter-centroid distances was
assumed to reflect the shape of the study area and
not true territory aggregation, we tested only the
alternative spatial distribution of centroids between

distances of 0—2.5 km. This range of distances was
correctly modeled using the SSI process (Cramer-
von-Mises; P = 0.98; Fig. 3) indicating a regular
distribution of centroids at these distances. The
minimum distance between territory centers was
1.4 km. The mean nearest-neighbor spacing of the
103 territory centroids (excluding four territories in
areas not fully searched) was 3.9 km (sp = 0.322 km).
This is 0.9 km less than the mean distance between
centroids for nests in 59 territories on the Kaibab
Plateau in 1992 (Reynolds et al. 1994), and reflects
the addition of 44 territories in an area only slightly
larger than the area containing the 1992 sample of
59 territories (Reynolds et al. 1994).

We estimated the potential total number of nest-
ing pairs of goshawks on the study area by calculat-
ing an exclusive circular area of the average pair of
goshawks by using one-half (1.95 km) of the mean
nearest-neighbor distances (3.9 km) as a radius and
dividing the study area (173,200 ha) by that exclu-
sive area (1,195 ha). We used the mean because
the centroids were from a regularly distributed
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FIGURE 2. K-function showing the spatial distribution
(solid line) of Northern Goshawk territory centroids on
the Kaibab Plateau (1991-1996) within 0—15 km compared
with the distribution of a hypothetical goshawk popula-
tion modeled under complete spatial randomness (CSR).
Regular spacing of centroids is indicated at inter-territory
distances where the actual distribution falls below the con-
fidence envelopes for CSR (dashed lines).

population (see above) suggesting that the mean
distance was a good estimator of the dispersion of
pairs. The extrapolation to the entire study area was
reasonable because forests were nearly continuous
throughout the study area (Fig. 1). Our estimate
of the total breeding population on the study area
was 145 pairs. Thus, the 107 territories identified
in 1991-1996 comprised about 73% of the potential
nesting population on the study area.

SPACING AND USE OF ALTERNATE NESTS

Territorial pairs of goshawks often nest in one
or more alternate nests within their territories

(Reynolds and Wight 1978, Detrich and Woodbridge
1994, Reynolds et al. 1994). On the Kaibab Plateau,
Reynolds et al. (1994) showed that uniquely colored-
marked goshawks moved up to 635 m to alternate
nests. Of the 105 Kaibab territories in which eggs
were laid in 1991-1996, 59 contained two or more
alternate nests used during the study: 43 (41%) con-
tained two alternate nests, 12 (12%) contained three
alternate nests, and four (4%) contained four alternate
nests. Of course, the longer a study, the greater the
likelihood that more alternate nests will be used. The
mean distance among alternate nests within territories
was 489 m (sp = 541; min = 21 m; max = 3,410 m;
median = 285 m; N = 103 alternate nests). The dis-
tribution of inter-alternate nest distances was strongly
right skewed; 89% of alternate nests were within 900
m, and 95% within 1400 m, of one another (Fig. 4).
On the Kaibab Plateau, the proportion of pairs that
moved annually to alternate nests ranged between
55-76% (X = 63%; sp = 8.3%; Table 5). A mean of
27% (sp = 8.5%) of these annual movements were
returns to alternate nests used earlier in the study.

TURNOVER ON TERRITORIES

Annual turnover of adults on territories varied
from 0—40% for males and from 0-50% for females
(Table 6). For the sexes combined, the year with
fewest turnovers was 1994—the year with the fewest
breeding pairs and the fewest opportunities to detect
turnovers had they occurred. The year of highest
turnover for males was 1992, and for females, 1995.
Male turnovers were relatively constant among years
compared to female turnovers. Total turnover for
males and females during the 6-yr study was 25%
and 19%, respectively (Table 6).

TERRITORY FIDELITY
Tenure on territories by males and females

ranged from 1-6 yr. Mean number of years breeding
goshawks in the 1991 cohort (N =36 active territories;

TABLE 5. PERCENT OF PAIRS OF NORTHERN (GOSHAWKS THAT MOVED TO AN ALTERNATE NEST WITHIN THEIR TERRITORY EACH YEAR ON

THE KAIBAB PLATEAU, ARIZONA, 1991-1996.

Year
Movement 1992 1993 1994 1995 1996 Total
Stayed 45 (14) 35(17) 39(7) 43 (18) 24 (9) 37 (65)
To new alternate 55(17) 53 (26) 39(7) 40 (17) 43 (16) 47 (83)
To prior alternate 12 (6) 22 (4) 17 (7) 32 (12) 16 (29)
Percent of total moving 55(17) 65 (32) 61 (11) 57 (24) 76 (28) 63 (112)

* Number of movements is in parentheses.
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FIGURE 3. K-function showing the spatial distribution (solid line) of Northern Goshawk territory centroids on the Kaibab
Plateau (1991-1996) at inter-centroid distances of 0—5 km compared with the distribution of a hypothetical Northern
Goshawk population modeled with a simple sequential inhibition (SSI) process (dashed line). The model correctly captures
the regular spacing of centroids between 2.5 km and 1.4 km. No territory centroids occurred within 0—1.4 km of other cen-
troids in the actual population. Variegated lines represent 95% confidence limits around the SSI population.
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FIGURE 4. Frequency distribution of inter-alternate nest distances within Northern Goshawk territories on the Kaibab
Plateau, Arizona, 1991-1996.
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TABLE 6. ANNUAL TURNOVER OF MALE AND FEMALE NORTHERN GOSHAWKS IN TERRITORIES ON THE KAIBAB PLATEAU, ARIZONA,

1991-1996.
1992 1993 1994 1995 1996 Total
M F M F M F M F M F M F
Turnovers 4 3 3 2 0 0 1 3 1 2 9 19
Opportunities® 10 19 12 22 4 5 5 6 5 11 36 99
% turnover 40 16 25 9 0 0 20 50 20 18 25 19

* Opportunities = number of breeding seasons (subsequent to year when a breeding goshawk was first banded on a territory) in which either the original or new

(= turnover) breeding goshawk was captured/re-sighted on the original territory.

6 yr of study) remained on their territories was 1.4 yr
for males and 1.9 yr for females. For the newly
discovered territories in the 1992 cohort (N = 27 ter-
ritories; 5 yrs of study), males remained on territories
a mean of 1.6 yr and females 1.8 yr. Too few years
were available for meaningful fidelity estimates in
later cohorts. Both male and female breeders showed
high fidelity to their territories and there was no
significant difference in gender fidelity rates (}* =
0.22; df = 1; P = 0.71; Binomial Proportion test).
Breeding males remained faithful to their territories
in 97% of cases (55 of 57 bird yrs) and females in
94% of cases (92 of 97 bird yrs). In 154 opportuni-
ties (bird years) to detect breeding dispersal (change
of territory), two males and five females did so; and
none of these retained the same mate in the move.

SurvIVAL ESTIMATION
Sample size and goodness-of-fit

During the 6-yr study, we banded 449 goshawks,
including 86 males and 87 females that were >3 yr
old, eight males and 12 females that were lor 2 yr
old, and 256 nestlings. Because only six nestlings
banded were recaptured on the study area in subse-
quent years, we were unable to estimate survival for
the juvenile age class (<1 yr old). In addition, only
eight male and 12 female 1- or 2 yr-old goshawks
were captured, too few to estimate survival rates for
these age classes. We therefore combined the 1- and
2-yr-old goshawks with the >3 yr old into a non-
juvenile age class of goshawks >1 yr old. Total
number of >1-yr-old goshawks included in the
capture-recapture analysis was 193 (94 males; 99
females). The number of times these goshawks were
captured (or re-sighted) and released (R)) is displayed
in an M-array (Table 7). Annual recapture/re-sight-
ing rates ranged from a low of 15% (1994) to a high
0of 66% (1992) (model 1; see below). Goodness-of-fit
tests in program RELEASE (Burnham et al. 1987)
showed no differences in survival or recapture prob-
abilities for males and females. Thus, there was no

lack-of-fit to assumptions of Cormack-Seber-Jolly
open population models.

Model selection

Of 64 models examined, the five top models (those
with the lowest AIC values) all had time effects, and
two of the top five models had time and sex effects,
associated with the recapture probabilities (Table 8). In
these models, capture probabilities ranged from a high
0f0.71in 1992 to alow 0f 0.2 in 1994, and in models with
sex effects (models 3 and 4) males had lower capture
probabilities than females. Lower capture probabilities
for males may have resulted from greater difficulties
of capturing or resighting males than females, higher
male mortality rates, or higher emigration rates. Time
effects on recapture probabilities corresponded to the
variable annual proportions of goshawk pairs laying
eggs. This at least partially reflects the fact that only
breeding goshawks could be captured or resighted.
Survival varied with sex in all except one (model 4) of
the five top models, and three models (models 2, 3, 5)
had survival varying with time. The top model ({Phi,
P }) had males and females surviving at different, but
annually constant, rates—0.69 (S = 0.062) for males
and 0.87 (s = 0.051) for females. The second best
model ({Phi_, P }) had a sex effect and a linear time
trend increasing over years—from 0.54 (st = 0.13) in
1992 to 0.94 (st = 0.12) in 1996 for males, and from
0.83 (s =0.08) in 1992 to 0.99 (st = 0.04) in 1996 for
females (Figs. 5 a, b). The fourth model (Phi, P_, ) had
a no-sex effect survival estimate of 0.82 (sg = 0.048;
both males and females). Likelihood ratio tests (LRT)
for the top four nested models showed no significant
difference in model fit (differences in deviance) among
the four models, only two of which contained temporal
survival effects. No strong evidence of a time effect on
annual survival was found.

DISCUSSION

Mean annual numbers of fledglings produced
per active nest on the Kaibab Plateau (range,
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TABLE 7. CAPTURE-RECAPTURE DATA IN M-ARRAY FORMAT FOR FEMALE AND MALE NORTHERN GOSHAWKS INITIALLY CAPTURED AS
>1-YR-OLD ADULTS ON THE KAIBAB PLATEAU, ARIZONA, 1991-1996.

M, forj=
Age class i R, 2 3 4 5 6 r,
Non-juvenile (>1yr) male 1 19 7 2 0 1 0 10
2 19 8 1 1 1 11
3 28 5 2 3 10
4 14 4 0 4
5 27 4 4
Non-juvenile (>1yr) female 1 28 18 11 3 0 0 21
2 39 20 3 4 27
3 37 5 4 5 14
4 11 3 1 4
5 30 9 9

Notes: R, is the number of goshawks marked and released on the ith occasion in the study, M, the number of goshawks marked and released on occasion i which were
recaptured (or re-sighted) on occasion j, and r; the total number of goshawks marked and released on occasion i which were later recaptured (= Em”).

TaBLE 8. Top FIVE OF 64 AIC RANKED CAPTURE-RECAPTURE MODELS FOR ESTIMATING SURVIVAL OF NORTHERN
GoSHAWKS ON THE KAIBAB PLATEAU, ARIZONA, 1991-1996.

LRT

Model* Deviance K AIC b df P
1. {Phi, P} 490.126 7 504.13

2. {Phi_, P} 488.192 8 504.19 1.930 1 0.165
3. {Phi_, P_} 487.558 9 505.56 0.64¢ 1 0.424
4. {Phi, P_ } 491.695 7 505.69 4.14¢ 2 0.126
5. {Phi_, P} 485.745 10 505.75 4.38° 3 0.126
16. {Phi, P } 497.349 6 509.32 7.22f 1 0.007

Note: Model 16 included for comparison to model 1, sex effects vs. no sex effects on survival.

*Models that best fit the data are indicated by lowest AIC values. K is the number of estimable parameters for each model. Subscripts associated
with Phi (survival) and P (recapture probability) indicate these parameters have a linear time trend (T), a variable time effect (t), a sex effect (s),
or some additive effect. Models of Phi and P without subscripts indicate no time or sex effects on survival or recapture rates.

®Comparison of model 2 vs. model 1.
¢Comparison of model 3 vs. model 2.
4Comparison of model 4 vs. model 3.
¢Comparison of model 5 vs. model 1.
fComparison of model 16 vs. model 1.

1.2-2.0 young) were at the lower range of values
reported in other North American goshawks (1.7
young/nests in Oregon [Reynolds and Wight 1978],
3.8 young in Utah [Lee 1981a], 2.5 young in Alaska
[McGowan 1975], 2.0-2.8 young in Nevada [ Younk
and Bechard 1994a], 2.6 young in Montana [Clough
2000]), but were similar to production of young per
active nest in Oregon (0.3-2.2 young [DeStefano
et al. 1994a]). Mean number of young produced
per successful nest on the Kaibab Plateau (1.6-2.2
young) was also at the lower end of the range
reported elsewhere (3.9 young per successful nest
in Canada [Doylele and Smith 1994]), 3.6 young
in Utah [Lee 1981a], and 2.0-3.0 young in Alaska
[McGowan 1975]). Mean annual nesting success
on the Kaibab Plateau (77%; Mayfield method)
was lower than some values reported for other gos-
hawk populations (90% in Oregon [Reynolds and

Wight 1978]), and 84—100% in Nevada [Younk and
Bechard 1994a]), but higher than others (67% in
Montana [Clough 2000]). To our knowledge there
are no reports of unequal sex ratios of nestling
goshawks in North America. However, in a sample
of Cooper’s Hawk (Accipiter cooperii) nestlings
(N = 1,337) considerably larger than our sample
of goshawks, (Rosenfield et al. 1996) reported a
sex ratio significantly skewed in favor of males
(54%) over females (46%). A significantly skewed
sex ratio in favor of males has also been reported
in Harris’s Hawk (Parabuteo unicinctus) (Bednarz
and Hayden 1991).

Goshawk survival varied by gender in four of
the top five models, and male survival was lower
than female survival in each of the four models. A
similar gender effect in survival was also reported
for goshawks in California (DeStefano et al. 1994b).
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FIGURE 5. Estimates of annual survival for non-juvenile (>1 yr old) male (a) and female (b) Northern Goshawks under the
second-best model (Phis+T, Pt) on the Kaibab Plateau, Arizona, 1991-1996.

While the number of goshawks born, banded, and
subsequently recruited as breeders on the Kaibab
Plateau was small, ages of Kaibab goshawks at
first breeding were greater for males than females.
Delayed breeding in males relative to females on the
Kaibab Plateau parallels the rarer reports of juvenile
males nesting compared to more common reports of
juvenile females nesting (McGowan 1975, Reynolds
and Wight 1978, Younk and Bechard 1994a). A more
advanced age of males at first breeding might result
from greater difficulties for males to gain breeding
territories. However, the lower apparent survival of
males on the Kaibab Plateau argues that there ought

to have been more male vacancies on territories,
allowing males to be recruited at younger ages. More
years of capture-recapture study of survival, and
additional known-aged recruits, are needed to con-
firm gender effects on survival and recruitment.

The precision of capture-recapture estimates
of survival are sensitive to recapture probabilities
(Pollock et al. 1990). While our survival estimates of
breeding goshawks were based on capture-recapture
histories of 193 individuals and 6 yr of study, capture
probabilities of these goshawks were quite low in
some years (1994 and 1996). A large part of the annual
variation in capture probabilities stemmed directly
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from the difficulties of capturing non-breeders
and the large annual variations in the proportions of
goshawks breeding. However, some variation in cap-
ture probabilities was surely the result of mortality,
emigration, or both. While the relative contribution
of mortality and emigration to the variable recap-
ture rates was unknown, we argue that emigration
of adults from the Kaibab Plateau was likely to
have been rare because of a near lifetime fidelity of
both genders to their breeding territories (Reynolds,
unpubl. data), the lack of detected medium- or
long-distance breeding dispersals within our study
area (maximum distance of seven known breeding
dispersals was 8.6 km, or less than the width of three
territories), and that the isolation of our study area
would have required emigrants to travel long dis-
tances in shrub-steppe habitat to find other suitable
forests (Reynolds et al. 2004). Thus, emigration was
probably rare, making it likely that mortality was a
more important contributor to variation in recapture
rates.

Since 1998, the lower survival estimate of male
relative to female Kaibab Plateau goshawks has been
of concern. However, an analysis of seven additional
years (1997-2003) of capture-recapture of breeders
on the Kaibab Plateau, showed that survival was the
same for both males and females (no sex effects on
survival) (Reynolds et al. 2004). Also, in the 2004
analysis, the survival estimates of 14 adult males
that had received tail-mounted radio transmitters
in 1991 and 1992 was nearly two-thirds lower than
survival of males without tail-mounts (0.29 vs. 0.75)
(Reynolds et al. 2004). Thus, the lower survival of
males vs. females in 1991-1996 likely reflected the
reduced survival of these 14 males with tail-mounts.
The 14 males also comprised a relatively large pro-
portion of the males included in that 1998 survival
analysis.

Goshawk territories on the Kaibab Plateau appeared
to be spatially and temporally fixed. Territories were
occupied by known (banded) goshawks, most of
which remained on the same territories their entire
reproductive lives, and, when these goshawks did
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not return in the spring, they were replaced by new
(unbanded or locally-banded hawks) goshawks typi-
cally within 1-3 yr. Furthermore, replacement gos-
hawks continued to use the same nests and nest areas
as the preceding goshawks. Regular spacing of ter-
ritories at short nearest-neighbor distances (compare
to Reynolds and Wight 1978, but see Woodbridge and
Detrich 1994), the nearly complete filling of searched
forests with territories, the low recruitment rates
of locally produced goshawks and their relatively
advanced age when first recruited as breeders, suggest
the habitat on the Kaibab Plateau is saturated with
territories and that the population of breeders is some-
what stable over years. Low recruitment and advanced
age of goshawks at first breeding suggest that territo-
ries were occupied and young goshawks had to wait
2-5 yr before territories became available.
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ECOLOGY AND HABITAT OF BREEDING NORTHERN GOSHAWKS IN
THE INLAND PACIFIC NORTHWEST: A SUMMARY OF RESEARCH IN
THE 1990S

STEPHEN DESTEFANO, MICHAEL T. MCcGRATH, SoNyA K. DAw, AND STEVEN M. DESIMONE

Abstract. During the 1990s, we conducted research on the distribution, productivity, and habitat relationships of
Northern Goshawks (Accipiter gentilis) in eastern Oregon and Washington. Our research was initiated primarily
in response to concerns raised about the status of Northern Goshawks in the western US, and coincided with early
attempts to list the species as threatened or endangered under the Endangered Species Act and the publication
of management guidelines for goshawks in the southwestern US. To develop baseline information on the status,
distribution, and habitat relationships of goshawks in eastside forests (i.c., east of the Cascade Mountain Range)
in the Pacific Northwest, we established study areas on three national forests in eastern Oregon in 1992, adding a
fourth study area in central Washington in 1994. We focused on the breeding season and nesting habitat because
of its primary importance to goshawk ecology and the logistical feasibility of finding nests. Density of breeding
pairs ranged from 0.03—0.09/100 ha, and annual productivity ranged from 0.3-2.2 young fledged/nest. Goshawks
selected forest stands with trees of larger diameter and greater canopy closure for nesting than available in the
landscape. Occasionally nests could be found in large trees in open-canopied stands. As distance increased from
the nest site, forest type and structure became more heterogeneous and the prevalence of older-seral-stage for-
est declined. Dry or wet openings were present in most territories, often within close proximity to nest stands.
Goshawks ate a variety of mammalian and avian prey. Mammal species made up a larger portion of prey biomass
on two of the national forests, but avian species appeared to be more prevalent in the diet of goshawks in the
most northern study area. We recommend that the existing management guidelines for goshawks in the Southwest
form a basis for management in the inland Pacific Northwest, particularly with regard to nested spatial concepts,
emphasis on management of prey, and the use of silviculture to promote the development and replacement of old
growth or late-seral-stage forest. Our research and management recommendations can be used in concert with
the Southwestern management guidelines to establish a mix of vegetation structural stages to support goshawk
populations, their prey, and other forest wildlife species specifically for the inland Pacific Northwest.

Key Words: Accipiter gentilis, density, diet, nests, habitat, inland Pacific Northwest, management recommenda-
tions, Northern Goshawk, Oregon, Washington.

ECOLOGIA Y HABITAT DE REPRODUCCION DEL GAVILAN AZOR EN EL
INTERIOR DEL NOROESTE PACIFICO: UN RESUMEN DE INVESTIGACION
SOBRE LA DECADA DE LOS NOVENTA

Resumen. Durante la década de los noventa, conducimos investigacion sobre la distribucion, productividad,
y relaciones del habitat del Gavilan Azor (Accipiter gentilis), en el este de Oregon y de Washington. Nuestra
investigacion fue iniciada principalmente en respuesta a las preocupaciones acerca del estatus de los Gavilanes
Azor en el oeste de Estados Unidos, lo cual coincide con los intentos recientes de enlistar a la especie como
amenazada o en peligro, bajo el Acto de Especies en Peligro, asi como con la publicacion de las pautas para
el manejo de gavilanes en el suroeste de los Estados Unidos. Para desarrollar informacion de arranque dele
stado, distribucion, y relaciones del habitat de los gavilanes de bosques del lado este (ej. este de la Cordillera
Montafiosa de la Cascada) en el Noroeste Pacifico, establecimos areas de estudio en tres bosques nacionales
en el este de Oregon en 1992, agregando una cuarta area de estudio en el centro de Washington en 1994. Nos
enfocamos en la temporada de reproduccion y en el habitat de anidacion, debido a la primordial importancia
en la ecologia del gavilan y a la viabilidad logistica de encontrar nidos. La densidad de parejas reproductoras
oscilé de 0.03—0.09/100 ha, y la productividad anual oscilé de 0.3-2.2 volantones por nido. La densidad de
parejas reproductoras tuvo un rango de 0.03-0.09/100 ha, y la produccién anual tuvo un rango de 0.3-2.2
volantones/nido. Los gavilanes para anidar, seleccionaron areas boscosas con arboles de mayor diametro y
mayor cierre de copa, de lo que habia disponible en el paisaje. Ocasionalmente, nidos pudieron ser encontrados
en arboles grandes con copas abiertas. Conforme la distancia del sitio del nido incrementaba, el tipo de bosque
y la estructura se volvia mas heterogénea y la preponderancia de bosque en estado seral decayd. Zonas abiertas
secas o himedas estuvieron presentes en casi todos los territorios, a menudo con una estrecha proximidad a los
nidos. Los gavilanes comieron una variedad de presas mamiferas y aves. Las especies mamiferas conformaron
una porcion mayor de la biomasa de presas, en dos de los bosques nacionales, pero las especies de aves parece
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que prevalecieron mas en la dieta de los gavilanes en la parte mas al norte del area de estudio. Recomendamos
que las guias existentes para el manejo de los gavilanes en el Suroeste, formen una base para el manejo en el
interior del Noroeste Pacifico, particularmente respecto a los conceptos espaciales de anidacion, énfasis en
manejo de presa, y la utilizacion de silvicultura para promover el desarrollo y el reemplazo de bosque de viejo
crecimiento o de estado seral tardio. Nuestra investigacion y nuestras recomendaciones de manejo pueden ser
utilizadas, en concertacion con las guias de manejo del Suroeste, para establecer una mezcla de fases en la
estructura de la vegetacion, para sostener las poblaciones de gavilan, sus presas, y otras especies silvestres de
bosque, especificamente para el interior del Noroeste Pacifico.

In 1992, we began studies on the breeding ecol-
ogy and habitat relationships of Northern Goshawks
(Accipiter gentilis) in eastern Oregon. In 1994, we
expanded our research to include parts of eastern
Washington. This research was initiated because
the distribution of nesting pairs and the status of
the population in the Pacific Northwest were largely
unknown but of concern because of the potential
effects of timber harvest on the structure of forest
stands (Marshall 1992). This paper represents a syn-
thesis and summary of these findings: some infor-
mation has been published previously and is cited
appropriately, while additional information has not
been published and is presented herein.

During the two—three decades before our studies,
most of the research and management attention for
forest wildlife in the Pacific Northwest was focused
west of the Cascade Mountain range in the temper-
ate rainforests of western Oregon and Washington
and northwestern California (e.g., Thomas et al.
1990, Forest Ecosystem Management Assessment
Team 1993, USDA Forest Service 1993b). The
Northern Spotted Owl (Strix occidentalis caurina)
was a major species of concern because of its close
association with late-seral-stage forest (old growth)
and the potential impact of extensive and intensive
timber harvesting on owl populations on both public
and private lands (DeStefano 1998). In 1990, how-
ever, attention focused on timber harvesting and
another species of forest raptor in a different region
of the country—the Northern Goshawk in the south-
western US (Crocker-Bedford 1990). This prompted
heightened interest in the goshawk throughout its
range in the western US, including forests east of the
Cascade range in the inland Pacific Northwest. The
USDA Forest Service (USFS) developed manage-
ment recommendations for Northern Goshawks in
the forests of the Southwest (Reynolds et al. 1992).
Other regions of the country were obviously inter-
ested in the recommendations put forth by Reynolds
et al. (1992), but it was unclear if these guidelines
would be entirely appropriate for forest management
outside of the Southwest.

Reynolds et al. (1992) review of the status of
goshawks, especially the potential impact of timber

harvest on nesting and reproduction, directed the
design of our research. Specifically, we focused on
locating nests and making nests the center of habitat
studies. We built on the spatial concepts put forth by
Reynolds et al. (1992), who specified three nested
spatial components used by breeding goshawks: (1)
a 10—12 ha nest area, composed of one or more for-
est stands or alternate nests; (2) a 120-240 ha post-
fledging area (PFA), which is an area around the nest
used by adults and young from the time of fledging,
when the young are still dependent on the adults for
food, to independence (Kennedy et al. 1994); (3) and
a foraging area that comprises the balance of the
goshawks” home range, which Reynolds et al. (1992)
estimated as 1,500-2,100 ha based on averages from
previous studies.

Our objectives were to: (1) determine the distribu-
tion, density, and productivity of nesting goshawks in
the coniferous forests of eastern Oregon, (2) examine
forest structure and vegetative characteristics around
goshawk nests at several scales, including the nest
stand (10—12 ha) and an area approximating the PFA
(170 ha), (3) determine the historic distribution of
nests and potential effects of timber harvest and
landscape change, (4) model effects of changes in
forest structure as a result of timber harvest to the
distribution of goshawk nests, (5) describe gos-
hawk-prey relationships and diet, and (6) evaluate
the appropriateness of the southwest management
guidelines for the inland Pacific Northwest. Aspects
of objectives 1-4 were presented in theses by Daw
(1997), Desimone (1997), and McGrath (1997) and
several publications; this information is summarized.
Information on goshawk-prey relationships and diet
and the efficacy of the southwest management guide-
lines for the Pacific Northwest are newly presented
in this paper.

METHODS
STuDY AREAS
We examined Northern Goshawk populations

on federal and private lands in four areas of eastern
Oregon and Washington: southern, east-central, and
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northeastern Oregon and central Washington. In
southern Oregon, research occurred on all districts
of the Fremont National Forest and surrounding
lands of the Klamath Province of the Weyerhaeuser
Corporation, encompassing >5,000 km?. In general,
large expanses of lodgepole pine (Pinus contorta)
interspersed with small stands of ponderosa pine
(Pinus ponderosa) on higher ground and wet mead-
ows on lower ground dominated the northern half
of the study area, while dry, mixed conifer stands
interspersed with xeric rocky flats with sagebrush
(Artemisia spp.) and bitterbrush (Purshia tridentata)
dominated the southern half. Large blocks of pine
plantation were common on Weyerhaeuser lands.

In east-central Oregon, research was conducted
on the Bear Valley Ranger District of the Malheur
National Forest, encompassing about 1,500 km?.
This area was characterized by a mix of forest types
including ponderosa pine on dry slopes, ponderosa
pine and Douglas-fir (Pseudotsuga menzeseii) stands
on more moist sites, and mixed conifer stands includ-
ing some Douglas-fir, grand fir (4bies grandis), west-
ern larch (Larix occidentalis), and lodgepole pine on
north slopes. Small openings including wet and dry
meadows and dry rocky flats were common, and the
district surrounded a large, open, flat valley (about
240 km?) dominated by sagebrush and grasses.

In northeastern Oregon, research was conducted
on all districts of the Wallowa-Whitman National
Forest, as well as lands administered by Boise
Cascade Corporation and R-Y Timber Company,
encompassing >5,500 km?. A mosaic of forest stands
occurred throughout this area, including ponderosa
pine, lodgepole pine, grand fir, and subalpine fir
(Abies lasiocarpa) as well as mixed conifer stands of
ponderosa pine, Douglas-fir, grand fir, and western
larch.

In central Washington, research was conducted
on lands surrounding the community of Cle Elum,
including the Cle Elum Ranger District of the
Wenatchee National Forest and lands managed by
the Washington Department of Fish and Wildlife,
Plum Creek Timber Company, and Boise Cascade
Corporation, encompassing about 3,000 km?
Conifer associations included Pacific silver fir (4bies
amabilis), subalpine fir, grand fir, western larch,
Engelmann spruce (Picea engelmannii), white pine
(Pinus monticola), lodgepole pine, ponderosa pine,
Douglas-fir, western red cedar (Thuja plicata), and
western hemlock (Tsuga heterophylla) (Franklin and
Dyrness 1973).

All study areas were mosaics of various-aged
forest stands, dry and wet openings, and burns. The
climate in eastern Oregon and Washington was dry,

with cold winters providing the majority of precipi-
tation as snowfall. Topography was typically mod-
erately sloped hills and ridges with some deeply-cut
drainages in the south to highly variable topographic
relief including moderate to steep slopes and high
mountain peaks in the north. Elevations generally
ranged between 900-3,000 m. Silvicultural prac-
tices included a variety of even-aged (e.g., clear-cut
and shelter-wood harvests) and uneven-aged (e.g.,
thinning from below, overstory removal, and group
selection) management techniques.

NEsT LOCATIONS AND PRODUCTIVITY

We established five survey areas for goshawk
nests on the Fremont, Malheur, and Wallowa-
Whitman National Forest, which we called density
study areas (DSA; DeStefano et al. 1994a). These
DSAs ranged from about 9,000-13,000 ha and
were composed of forest types representative of the
dominant forest tree species on each national forest.
Within each DSA, we broadcast taped goshawk calls
to elicit a response from goshawks and used the
protocol recommended by Kennedy and Stahlecker
(1993) and Joy et al. (1994) to search for all goshawk
nests in 1992-1994 (DeStefano et al. 1994b, Daw et
al. 1998). We made repeated searches of each DSA
to locate every territory. In addition, we also located
nests opportunistically outside of the DSAs during
other field activities, or had nest locations reported
to us by wildlife and timber survey crews (Daw et
al. 1998).

We visited nests in late July and counted nestlings
either just before or just after fledging. A success-
ful nest was any nest that produced more than_one
fledgling. Nesting phenology dates were based on
back-dating from estimated weekly development
of juveniles based on plumage characteristics and
fledging dates (Boal 1994).

Historic NEST SITES

In 1994, we compiled a list of 102 previously
known or historic goshawk territories from the
Fremont National Forest and surrounding lands from
original data collected by Reynolds (1975, 1978),
Reynolds and Wight (1978), Reynolds et al. (1982),
the USFS, and Weyerhaeuser Corporation, dating
from 1973-1991 (Desimone 1997). We evaluated the
credibility of these reported nest locations based on
accompanying documentation (e.g., written reports,
legal descriptions, and mapped locations), reliability
of observers, and number of years the site was known
to be active. Records of historic nest sites were only
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included if there was a confirmed report of young
or an incubating goshawk noted in the report. After
evaluation of associated documentation, we com-
piled a list of credible territory locations. These nest
locations were then stratified into one of three princi-
pal forest cover types, including dry-mixed conifer,
ponderosa pine, and lodgepole pine, and a stratified
random sample was selected for field survey. We
surveyed these sites according to protocol. Searches
were conducted >2 times during May—August 1994,
were centered on the last known nest location, and
extended out in a 1,000-m-diameter circle from the
last recorded nest location. We classified each nest
site as goshawk present, if a goshawk was detected
and we had confirmed evidence of nesting, or no
response, if no goshawk was detected.

HABITAT CHARACTERISTICS

We measured forest structure and other habitat
elements in goshawk breeding territories in Oregon
and Washington at several scales, represented by
circles of increasing size, all of which were cen-
tered on nest trees or random trees (Lehmkuhl
and Raphael 1998). Scales ranged from 12-170 ha
and had biological or management significance
(Daw 1997, Desimone 1997, McGrath 1997). For
example, 12 and 170 ha represented the nest and
PFA sizes, respectively, recommended by Reynolds
et al. (1992) for goshawks in the Southwest, while
24 ha was designated as a management unit for gos-
hawk nests on some forests in eastern Oregon at the
time of our study. Woodbridge and Detrich (1994)
recommended 52 ha to encompass clusters of nests
sites used in different years by a single pair, and
120 ha was an area used for Pileated Woodpecker
(Dryocopus pileatus) management in some forests in
eastern Oregon.

For our earlier studies (Daw 1997, Desimone
1997), we classified forest structure based on current
guidelines provided by individual forests (USDA
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Forest Service 1994a). Forest structure was based
on mean diameter at breast height (dbh), density
of trees, and amount of canopy cover (Table 1). We
also include dry openings (e.g., grass or sagebrush
meadows), wet openings (e.g., riparian corridors
flanked by wet meadows), and roads (arterial which
were paved, collector which were well-used gravel,
and local which were sporadically used unpaved).
For the latter study (McGrath 1997, McGrath et al.
2003), we used the four stand stages recommended
by Oliver and Larson (1996:148), who defined stand
initiation as the stage characterized by young trees
of various species colonizing the site following dis-
turbance; stem exclusion as the absence of seedlings
and saplings with the onset of self thinning and the
beginning of crown class differentiation into domi-
nant and subordinate species; under story reinitia-
tion as colonization of the forest floor by advanced
regeneration and continued over story competition;
and old growth as the irregular senescence of over
story trees and recruitment of under story trees into
the overstory.

Forest structure was delineated on aerial photo-
graphs, and a portion was ground-verified (Daw 1997,
Desimone 1997, McGrath 1997). We then compared
the habitat variables around nest sites to random
points in a use-versus-availability framework among
the different scales (Marcum and Loftsgaarden
1980, Manly et al. 1993). We performed use-versus-
availability tests in three different ways during the
course of our research: (1) at historic nest sites on
the Fremont National Forest and surrounding private
lands (Desimone 1997), (2) at current (1992-1994)
nest stands and surrounding PFA-sized areas around
nests on the Malheur National Forest (Daw 1997),
and (3) at multiple scales around current nests on
national forests and private lands in eastern Oregon
and central Washington (McGrath 1997). Details of
methods are described in these theses and resulting
publications (Daw et al. 1998, Daw and DeStefano
2001, McGrath et al. 2003).

TABLE 1. FOREST STAND CLASSIFICATION CHARACTERISTICS USED DURING STUDIES OF NORTHERN GOSHAWK HISTORIC NEST SITES,
CURRENTLY OCCUPIED NEST STANDS, AND POST-FLEDGING AREAS IN EASTERN OREGON, BASED ON USDA FOREST SERVICE (19944)
DESIGNATIONS FOR TREE SIZE (DIAMETER AT BREAST HEIGHT [DBH]) AND CANOPY CLOSURE (DAw 1997, DEsiMONE 1997).

Forest vegetation structure dbh (cm) Crown closure (%) Trees per ha >53 cm dbh
Late closed >53 >50 >15

Late open >53 <50 >15

Mid-aged closed 23-53 >50 <15

Mid-aged open 23-53 <50 <15

Early closed 12-23 >50 Not applicable
Early open 12-23 <50 Not applicable
Very early <12 <50 Not applicable
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DIET AND PREY RELATIONSHIPS

We collected goshawk pellets and plucking
remains opportunistically during 1992-1994 on
the Fremont National Forest, 1992-1996 on the
Malheur National Forest, and 1992-1993 on the
Wallowa-Whitman National Forest. Each sample
was collected between June and September beneath
a goshawk nest or plucking post. A sample consisted
of all remains collected at the same site on the
same day. Fur, feathers, and skeletal remains were
separated by picking apart dry pellets and other
remains. Mammal and bird remains were compared
to study skins and skeletons in collections at Oregon
State University, Corvallis, and The University of
Arizona, Tucson. We also used a dichotomous key
(Verts and Carraway1984) to identify small mammal
skeletal remains. A prey item was counted only if it
was absolutely not part of other identified prey in the
same sample; no attempt was made to estimate prey
numbers by counting individual hairs, feathers, or
bone fragments within a sample, because they are of
little value for counting prey (Marti 1987). Prey were
classified into 14 categories and summarized as per-
cent composition and biomass for each study area.
Biomass was calculated by multiplying the number
of each prey item by the mean weight of that item
(DeStefano and Cutler 1998).

TERMINOLOGY AND STATISTICAL ANALYSES

We classified goshawk nest locations based on
occupancy (modified after Postupalsky 1974). An
occupied territory was any territory where goshawks
attempted to breed, independent of success, where
evidence such as an incubating or brooding female,
nestlings or fledglings, or eggshell fragments was
confirmed. A current territory was any territory first
found during the course of our field studies (1992—
1994), while an historic territory was any confirmed
territory that was initially found during 1973-1991

(the years before our field studies). A successful
nest was any nest from which more than one young
fledged (Steenhoff and Kochert 1982).

We used chi-square, two-sample t-tests of homo-
geneity, or Wilcoxon signed-rank tests to compare
proportional use of forest structural categories
between nest stands and random stands (Zar 1996).
For multiple scales (circles) around nests, we used
logistic regression with forward stepwise variable
selection to test for habitat associations (Hosmer
and Lemeshow 1989, Daw 1997, McGrath et al.
2003). Variables were either square-root or natural
log transformed when necessary, and included in
the model at P <0.10 (Daw 1997, Desimone 1997,
McGrath 1997). Our binary response variable was
coded as either nest (1) or random (0, i.e., not
nest), and the effect of explanatory variables was to
increase or decrease the odds of a nest occurring. We
report X + st and considered variables to be signifi-
cant at P <0.10.

RESULTS
DENsITY, PHENOLOGY, AND PRODUCTIVITY

During 1992 and 1993, we found 20 and 30 occu-
pied goshawk territories in our DSAs, respectively
(Table 2; DeStefano et al. 1994a). Nest densities
ranged from 0.026-0.088 territories/100 ha, and
varied among DSAs and between years. Nesting
phenology was similar on all three national forests
in Oregon—goshawks laid eggs in late April to
early May, eggs hatched during late May and early
June, and young fledged from late June—late July.
Productivity ranged between 0.3-2.2 fledglings
per nest and varied within each forest and between
years (Table 3; DeStefano et al. 1994a). However,
there was an apparent but weak latitudinal trend in
productivity in both years, with productivity declin-
ing from south (Fremont National Forest) to north
(Wallowa-Whitman National Forest) (Table 3).

TABLE 2. DENSITY OF BREEDING NORTHERN GOSHAWKS IN EASTERN OREGON,1992—-1993 (FROM DESTEFANO ET AL. 19944).

1992 1993
Area Area

National Primary forest searched Nest density searched Nest density
forest cover (ha) Nests  (per 100 ha) (ha) Nests  (per 100 ha)
Fremont Lodgepole 8,780 4 0.046 12,960 8 0.062

Mixed conifer 10,627 4 0.038
Malheur Ponderosa pine 9,046 8 0.088 9,046 6 0.066

Mixed conifer 10,519 9 0.086
Wallowa- Mixed conifer 11,396 8 0.070 11,396 3 0.026

Whitman
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TABLE 3. PRODUCTIVITY OF BREEDING NORTHERN GOSHAWKS IN EASTERN OREGON,1992-1993 (FROM DESTEFANO ET AL. 19944).

1992 1993
National forest Primary forest cover X N X SE N
Fremont Lodgepole 2.2 0.75 6 2.2 1.08 6
Mixed conifer 0.3 0.76 3
Malheur Ponderosa pine 1.9 0.57 10 0.3 0.72 6
Mixed conifer 1.6 0.89 7
Wallowa-Whitman Mixed conifer 1.0 0.71 9 0.7 0.76 3

HABITAT RELATIONSHIPS FOR HISTORIC NEST SITES

We compiled a list of 102 historic goshawk terri-
tories on the Fremont National Forest and surround-
ing private lands. Of these, 72 reports were deemed
credible. We surveyed for the presence of goshawks
at 51 of these sites and categorized vegetation struc-
ture around 46 (five sites did not have adequate pho-
tographic records) (Desimone 1997).

In 1994, 15 of 51 (29%) historic sites were occu-
pied by adult goshawks. These occupied sites (N =
15) had more mid-aged closed forest (Table 1) and
late closed forest (Table 1) than no-response sites
(N = 31) in the 12 ha around each nests (Desimone
1997).

Combined mid-aged and late-closed forest com-
prised 49% (se 7%) of the forest cover in 12 ha
around historic occupied nests, versus 19% (SE =
3%) for historic no-response nests (Kruskal-Wallis,
P <0.045; Desimone 1997). Among current nest
sites (i.e., those nests first found during our study
in 1992-1993 on the Fremont National Forest; N =
38), 86% were in mid-aged or late structural stage
forest with >50% canopy closure in the 12 ha around
the nest.

HABITAT RELATIONSHIPS FOR NEST STANDS AND PFAS

On the Malheur National Forest, we compared
forest stands that contained goshawk nests to random
forest stands without nests at two scales, stand-level
(12-50 ha) and PFA-sized (170 ha) circles (Daw
1997, Daw and DeStefano 2001). Both nest stands
and random stands were similar in size (103 £ 20 ha
and 137 £ 19 ha, respectively; t = 1.23, 54.6 df, P =
0.22). Nests were not distributed among forest stands
in the same proportion as stands were available. Late
seral-stage forest with large trees and dense canopy
cover was used by goshawks for nesting more than
it was available, while mid-aged forest was used less
(P =0.03). Stands with open canopies (<50% cover)
were used in proportion to availability, but overall
use was rare; only two of 22 nests were in open-
canopied stands.

At a broader perspective, nest stand attributes
within 1 ha of 82 goshawk nests on four national for-
ests (including the Malheur National Forest) and pri-
vate lands in eastern Oregon and Washington were
compared with available habitat at 95 random sites
(McGrath 1997, McGrath et al. 2003). Canopy clo-
sure, estimated at 43 points within 1 ha of each site,
averaged 53% (s = 1.7, range = 14-89%) around
goshawk nests, and 33% (se = 1.7, range = 3-74%)
at random sites. Additionally, canopy closure around
the 82 goshawk nest sites was normally distributed
about the mean of 53% (P >0.05; Shapiro-Wilk sta-
tistic for a test of normality, PROC UNIVARIATE
[SAS 1988]). Goshawk nests were not distributed
proportionately among the four stages of stand
development (i.e., stand initiation, stem exclusion,
under story re-initiation, old growth; y*> = 19.8, 3 df,
P <0.0001). Stem exclusion was used significantly
more than expected based on its availability, and
stand initiation was used significantly less than
expected. Under story re-initiation and old growth
stands were used in proportion to their availability in
the landscape (McGrath 1997, McGrath et al. 2003).

The forest in PFA-sized circles around goshawk
nests was a mix of structural stages. Dense canopy,
mid-aged forest was most prominent (37%), fol-
lowed by dense canopy, late forest (29%), and early
forest or regenerating clearcuts (3%) (Daw 1997).
All PFA-sized circles contained wet openings (X =
7.0 £ 1.2 ha), and 12 of 22 PFA-sized circles con-
tained dry openings (X = 3.0 £ 0.7 ha). Dry open-
ings were more prevalent around nests than random
points (x> = 3.2, 1 df, P=0.08), and the presence of
dry openings increased the odds of a nest occurring
2.5 times (P = 0.08) (Daw 1997).

HABITAT RELATIONSHIPS FOR MULTIPLE SCALES

McGrath (1997) and McGrath et al. (2003) built
on the sample of nests collected on the three national
forests in eastern Oregon and added a fourth study
area in central Washington. For this analysis, we
used 82 goshawk nests and 95 random points, and
analyzed forest structure within 1 ha of nest sites
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and at landscape scales of 10, 30, 60, 83, 120, 150,
and 170 ha. The analyses and results were extensive
and are reported by McGrath et al. (2003) and can be
summarized as follows: (1) by examining goshawk
habitat relationships at multiple spatial scales across
several study areas, we detected unifying spatial pat-
terns and structural conditions surrounding goshawk
nesting habitat, (2) the ability to discriminate gos-
hawk nest sites from available habitat decreased as
landscape scale increased, and different factors influ-
enced goshawks at different scales, (3) the presence
and arrangement of forest structural types interacted
to influence site suitability for nesting, (4) at the 1-ha
scale, the stage of stand development (i.e., stand ini-
tiation, stem exclusion, understory reinitiation, old
growth; Oliver and Larson 1996), low topographic
position, and tree basal area reliably discriminated
between nests and random sites, (5) low topographic
position and basal area were more influential than
stand structure, (6) at the landscape scale, modeling
indicated that conditions at different scales interact to
influence selection of habitat for nesting, (7) a core
area exists surrounding goshawk nests in which stem
exclusion and understory reinitiation stands with
canopy closure >50% served as apparent protection
against potentially detrimental effects associated
with more open forest, and (8) among several mod-
els tested, the model that best discriminated between

nests and random sites encompassed 83 ha surround-
ing the nest and incorporated habitat characteristics
from multiple scales nested within that range. This
model had a cross-validated classification accuracy
of 75%. Positive correlations were found between
fledging rate and tree basal area within 1 ha of the
nest (F, ., =2.89, P=0.041), and between fledging
rate and the percentage of landscape occupied by
stem exclusion stands of low canopy closure (i.e.,
<50%) at landscape scales >60 ha (Fl, . 0.041 <P <
0.089).

DIET AND PREY RELATIONSHIPS

We found 153, 197, and 30 unique prey items
below nests or at plucking sites on the Fremont,
Malheur, and Wallowa-Whitman national forests,
respectively (Table 4). By frequency, both birds and
mammals comprised about 50% each of goshawk
remains from the Fremont and Malheur national
forests; birds comprised 60% and mammals 40%
on the Wallowa-Whitman National Forest. Prey
from the Fremont National Forest was dominated by
Northern Flickers (Colaptes auratus) (17%) and tree
squirrels (Tamiasciurus spp., Tamias townsendii, and
Glaucomys sabrinus) (15%). Prey from the Malheur
National Forest was dominated by Northern Flickers
(20%), American Robins (Turdus migratorius)

TABLE 4. PERCENT COMPOSITION AND ESTIMATED BIOMASS OF PREY ITEMS OF NORTHERN GOSHAWKS FROM THREE NATIONAL FORESTS

IN EASTERN OREGON (FROM DESTEFANO AND CUTLER 1998).

Fremont Malheur Wallowa-Whitman
(1992-1994) (1992-1996) (1992-1993)

N=153 N=197 N=30
Species % composition % biomass % composition % biomass % composition % biomass
Rabbit/hare 6.6 27.6 6.6 20.8 0.0 0.0
Ground squirrel 7.2 6.3 11.7 13.9 33 5.1
Tree squirrel 15.0 133 9.1 10.1 33 3.1
Unidentified squirrel 2.6 2.0 8.6 7.9 0.0 0.0
Pocket gopher*® 33 32 0.0 0.0 33 3.7
Other mammals 1.3 0.9 4.1 0.6 13.3 1.3
Unidentified small mammal 11.8 12.7 7.1 9.2 20.0 24.4
Total mammals 47.8 66.0 47.2 62.5 39.9 37.5
American Robin® 52 2.1 11.7 5.5 6.7 3.0
Owl 2.0 1.4 1.5 1.3 0.0 0.0
Woodpecker 6.5 2.2 1.5 1.3 33 1.2
Northern Flicker® 17.0 12.3 20.3 17.6 10.0 8.2
Steller’s Jay ¢ 8.5 4.4 5.6 35 33 2.0
Other birds 5.9 7.1 4.1 22 233 38.6
Unidentified birds 7.2 4.5 8.1 6.1 133 9.5
Total birds 52.2 34.0 52.8 37.5 59.9 62.5

* Thomomys spp.

* Turdus migratorius.
< Colaptes auratus.
dCyanocitta stelleri.
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(12%), and ground squirrels (Spermophilus spp.)
(12%). Prey from the Wallowa-Whitman National
Forest was dominated by Northern Flickers (10%)
and American Robins (7%).

By biomass, birds comprised about 35% and
mammals 65% of prey items from the Fremont and
Malheur national forests; that trend was reversed for
the Wallowa-Whitman National Forest (65% birds
and 35% mammals) (Table 4). Rabbits (Sylvilagus
spp.) and hares (Lepus spp.) contributed most to bio-
mass of prey from the Fremont and Malheur national
forests, although these larger prey were apparently
consumed relatively infrequently. Tree squirrels
and Northern Flickers made up 13% and 12% of
total biomass, respectively, on the Fremont National
Forest, while ground squirrels and Northern Flickers
made up 15% and 14%, respectively, on the Malheur
National Forest. Unidentified birds and small mam-
mals made up 39% and 24%, respectively, on the
Wallowa-Whitman National Forest.

DISCUSSION

Our information on the density and productivity
of Northern Goshawks only spanned a few years,
and thus is inadequate to fully address questions
related to the status and population ecology of this
species. Longer studies will more adequately provide
information on life history parameters (DeStefano et
al. 1994b, 1995), but our studies provide at least
estimates of breeding densities and productivity
over a fairly broad geographic area for a point in
time. This information is also useful for comparative
purposes, especially when assessing management
plans that have been developed for other regions
of the goshawk’s range, and also stimulates some
hypotheses and speculation. For example, densities
of nesting goshawks may vary among forest types,
with more nests per unit area in ponderosa pine than
lodgepole pine.

For the historic nest-site phase of our research, our
goal was to examine potential effects of long-term
habitat alteration on the distribution of breeding
Northern Goshawks based on changes in forest
structure over three decades. We determined whether
historic territories (i.e., those occupied >1 season
during 1973-1991) were still occupied, documented
changes in forest cover in historic territories between
1973-1994, and compared present conditions of for-
est vegetation between historic nest sites that were
currently occupied and those where goshawks were
not detected (no-response sites). Goshawks were
more likely to be found in historic territories hav-
ing a high percentage (about 50%) of mid-aged and
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late succession forest in closed-canopied conditions.
Again, long-term studies will be necessary to fully
assess the impact of extensive and intensive timber
harvest on goshawk populations, but it appeared on
the Fremont National Forest, and likely other parts
of the inland Northwest, that a reduction in large
trees and canopy cover, either through short-term,
high-volume logging or repeated entry into stands
over time, reduced the suitability of those stands for
occupancy by breeding goshawks.

Our examination of the forest structure around
goshawk nests showed selection for forest stands
with larger trees and denser canopy than available
in the surrounding landscape, which is a consis-
tent finding for breeding goshawks throughout the
western US (Squires and Reynolds 1997). Nest sites
were often associated with wet or dry openings in
the forest. Occasionally, goshawk nests were found
in large trees in more open-canopied stands. As
distance from the nest increased, so did the mixture
of forest types and structure. Dense canopy and
late seral stage structure was clearly important at
landscape scales close to the nest, but decreased in
relative abundance with distance from the nest (Daw
and DeStefano 2001, McGrath et al. 2003). In gen-
eral, Northern Goshawk nesting habitat became less
distinguishable from the landscape with increasing
area. These results are not surprising considering the
heterogeneous landscape and scarcity of remaining
large patches of older forest in eastern Oregon and
Washington, conditions that are common through-
out much of the forested lands in the western US
(USDI Fish and Wildlife Service 1998c). Our spa-
tial modeling also showed that timber harvest can
be managed to maintain or enhance goshawk nest
site suitability over time in the inland Northwest,
and that a non-harvest strategy can in some cases
be just as detrimental to nesting habitat as can be
aggressive, maximum-yield forestry (McGrath et
al. 2003). Active management may be required to
counteract recent historical changes in the dynamic
nature of forests such as fire suppression, over-
stocking of pole-sized trees, and insect outbreaks
(Graham et al. 1994b, McGrath et al. 2003). Further,
habitat management based on exclusionary buffers
should be re-evaluated in light of the way differ-
ent habitat factors interact across spatial scales
(McGrath et al. 2003). Designation of buffers of a
specific size around goshawk nests forces a prede-
termined restriction on all forest types, which may
not be appropriate among different forest types (e.g.,
ponderosa pine vs. lodgepole pine stands), gives the
impression that management is not required beyond
the buffer, and ignores the spatial interactions that
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may be occurring among scales (e.g., nest stand,
PFA, and foraging area).

Given the results from Desimone (1997), and the
association between occupancy at historic sites and
landscape composition, we see an avenue for the
implementation of habitat models from McGrath et
al. (2003) to maintain or enhance goshawk nesting
habitat in an adaptive management context, while
monitoring occupancy and productivity over time.
Implementation of the models in a management
context should be done in a deliberate manner, and
be viewed as an experiment. We also offer the caveat
that these models were developed in the interior
Pacific Northwest, and may not be applicable to
other regions or climatic conditions. McGrath et al.
(2003) provide several examples of model applica-
tions at several landscape scales.

Goshawks in eastern Oregon preyed upon a wide
variety of birds and mammals. Lagomorphs, tree and
ground squirrels, Northern Flickers, and American
Robins were important prey, based on both fre-
quency in prey remains and estimated biomass. The
relative importance of these species in the diet of
goshawks could change with differences in relative
abundance of prey over time (Watson et al. 1998)
or as the structure of the forest is altered by succes-
sion, fire, or timber harvest (Reynolds et al. 1992).
However, many of these or similar common species
are likely important sources of energy for goshawks
throughout much of their range in North America,
and are listed in Reynolds et al. (1992).

The relatively small amount of prey collected
from the Wallowa-Whitman National Forest is
inadequate for fully assessing diets of goshawks
on that forest. However, the results from this for-
est compared to the Fremont and Malheur national
forests stimulate some speculation as to the relation-
ship of prey availability, diet, and productivity of
Northern Goshawks in western forests (DeStefano
and McCloskey 1997, Watson et al. 1998). Birds
appeared to make up a larger portion of the diet in
the northernmost forest, the Wallowa-Whitman—
about 60% birds and 40% mammals by frequency
and biomass. Prey remains on both the Fremont and
Malheur were about 50:50 for birds and mammals by
frequency and about 35:65 by biomass. Productivity
(number of fledglings per nest) may be lower on the
Wallowa-Whitman National Forest (0.85 + 0.74)
compared to the Malheur National Forest (1.3 +
0.73) and Fremont National Forest (1.6 + 0.86).
Birds in general contributed lower biomass than
mammals, and high numbers of small birds such as
flickers and robins, compared to larger prey such as
grouse and hares, in the diet may correlate to lower

productivity in goshawks in any part of their range.
The relationship of nutrition to reproductive output
and survival of young in raptors is well documented
(Ward and Kennedy 1994, 1996). Our data only
show this relationship weakly, if at all, but this does
underscore the importance of quality as well as quan-
tity of prey in the diet. Larger biomass prey, such
as lagomorphs and even squirrels and grouse, likely
contributes to higher productivity of goshawks. In
regions of the goshawk’s range where breeding pairs
rely heavily on small birds for prey, such as southeast
Alaska and the Olympic Peninsula of Washington,
productivity is often low (Finn et al. 2002b). Given
the importance of prey abundance and availability
in the current version of the goshawk management
guidelines (Reynolds et al. 1992), further study on
prey biomass, energetics involved in capture, and
productivity of nesting goshawks would be interest-
ing and warranted.

Goshawks can also be quite adaptable in the types
of cover in which they hunt. Studies have shown that
goshawk spend large amounts of time hunting in
late-seral-stage forest (Bright-Smith and Mannan
1994, Beier and Drennan 1997). This was likely
the case in eastern Oregon as well, but we did com-
monly observe goshawks hunting in the broad open
sagebrush valley adjacent to the Malheur National
Forest, and occasionally flying back into the forest
with ground squirrels, which made up a measurable
portion of prey remains from this forest (12% by
frequency and 14% by biomass).

Webelieve that the management recommendations
for goshawks developed by Reynolds et al. (1992)
for the southwestern US have major application
for the inland Pacific Northwest. The nested spatial
concept, consisting of alternate nest sites of 10—
12 ha, within a post-fledging area (PFA) of 170 ha,
within a home range of a few to several thousand
hectares, is based on the ecology of breeding gos-
hawks and provides a framework for addressing
habitat needs at multiple scales. The mixture of
cover types among these three spatial scales, as
well as across landscapes the size of national for-
ests as outlined by Reynolds et al. (1992) for the
Southwest, should be applicable to other regions
of the goshawks’ geographic range. Reynolds et
al. (1992) present desired amounts and spatial pat-
terns of various vegetation structural stages (VSS)
to provide a mix of cover types for goshawks and
their prey, and to promote old-growth development
and replacement. These recommended VSS should
be reviewed for the inland Pacific Northwest in light
of McGrath et al. (2003). One important caveat is
that conservation of existing late-seral-stage forest
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and silvicultural treatments aimed at promoting the
development of forest with old-growth character-
istics (e.g., large trees, multi-layered stories, high-
canopy volume, abundant and well distributed logs
and snags) (Sesnie and Bailey 2003), should be of
highest priority, as this is the forest seral stage most
under-represented in the inland Pacific Northwest
(Everett et al. 1993, Henjum 1996). There may be
potential for management of the understory reini-
tiation stage to promote old growth characteristics
in this region. Early successional stage forest and
openings are well represented, but managers in
eastern Oregon and Washington could focus on the
size, distribution, and spatial arrangement of these
forest patches and openings, with the southwest
management guidelines and McGrath et al. (2003)
as templates.

The focus on providing habitat for a variety of
goshawk prey, as put forth by Reynolds et al. (1992),
is also very appropriate and applicable to the Pacific
Northwest. Managing for a diversity of prey spe-
cies will not only help ensure a variety of prey for
goshawks, especially when the periodic abundance
of some species is low, but will also move us closer
to management for biodiversity. What is most needed

NO. 31

now is the systematic implementation and careful
documentation of management procedures on the
ground and long-term monitoring of the results, with
changes made as necessary in an adaptive manage-
ment framework (Long and Smith 2000).
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PREY AND WEATHER FACTORS ASSOCIATED WITH TEMPORAL
VARIATION IN NORTHERN GOSHAWK REPRODUCTION IN THE
SIERRA NEVADA, CALIFORNIA

Jonn J. KEANE, MicHAEL L. MoORRISON, AND D. MicHAEL Fry

Abstract. We studied the association between Northern Goshawk (Accipiter gentilis) reproduction and annual
variation in prey and weather factors in the Lake Tahoe region of the Sierra Nevada, California, during 1992—
1995. The proportion of Northern Goshawk breeding territories occupied varied between years although differ-
ences were not statistically significant. However, annual variation was observed in the proportion of Northern
Goshawk territories with active nests, successful nests, and in the number of young produced per successful
nest. Annual variation in reproduction was associated with variation in late-winter and early-spring tempera-
tures and Douglas squirrel (Tamiasciurus douglasii) abundance (February—April). Douglas squirrel abundance,
and their frequency and biomass in diets of Northern Goshawks during the breeding period, varied annually in
concordance with cone crop production. Northern Goshawk reproduction was greatest in 1992 following both
abundant late-winter and early-spring Douglas squirrel populations, which resulted from high cone crop produc-
tion the previous autumn, and mild late-winter and early-spring temperatures. These results are consistent with
the prediction that carnivorous birds require increased energy before breeding in order to reproduce success-
fully. In the high elevations of the Sierra Nevada, prey availability is reduced during the late winter and early
spring because of the migration and hibernation patterns of important prey species and temperatures are near or
below the lower critical temperature for Northern Goshawks during this period. In contrast to other prey species,
Douglas squirrels are active throughout the year and are available during this period. Thus, our results suggest
that forest management and restoration strategies adopted to enhance Northern Goshawk foraging areas should
consider management of conifer tree size distributions and species compositions to enhance seed production in
terms of frequency over time, number of seeds per crop, and energetic value of seeds by tree species, as these are
important habitat elements and ecological processes influencing Douglas squirrel populations. Autecological
studies of focal species of concern such as the Northern Goshawk are necessary to provide the basic ecological
knowledge required to integrate species level concerns with landscape and ecosystem management perspectives
to advance conservation science and improve land management.

Key Words: Accipiter gentilis, California, cone-crop production, diet, Douglas squirrel, Northern Goshawk,
reproductive success, Sierra Nevada, Tamiasciurus douglasii, weather.

PRESA Y FACTORES DEL CLIMA ASOCIADOS CON LA VARIACION
TEMPORAL EN LA REPRODUCCION DEL GAVILAN AZOR EN LA SIERRA
NEVADA, CALIFORNIA

Resumen. Estudiamos la asociacion entre la reproduccion y la variacion anual en la presa, asi como los factores
del clima del Gavilan Azor (Accipiter gentilis), en la region de Lake Tahoe de la Sierra Nevada, en California,
durante 1992-1995. La proporcion ocupada de territorios de reproduccion del Gavilan Azor varid entre los
aflos, a pesar de que las diferencias no fueron estadisticamente significantes. Sin embargo, la variacion anual fue
observada en la proporcidn de territorios del Gavilan Azor con nidos activos, nidos exitosos, y en el nimero de
juveniles producidos por nido exitosos. La variacion anual en la reproduccion estuvo asociada con la variacion
en temperaturas al final del invierno y al principio de la primavera, y con la abundancia de la ardilla de Douglas
(Tamiasciurus douglasii), febrero—abril. La abundancia de la ardilla de Douglas, y la frecuencia y biomasa en
las dietas de los Gavilanes Azor durante el periodo reproductivo, varié anualmente de acuerdo a la produccion
de la cosecha de conos. La reproduccion del Gavilan Azor en 1992 fue mayor, seguida de poblaciones
abundantes de ardillas de Douglas durante el final del invierno y el principio de la primavera, lo cual resultd
de una alta produccion en la cosecha de conos durante el otofio anterior y las temperaturas blandas durante el
final del invierno y el principio de la primavera. Dichos resultados son consistentes con la prediccion de que
las aves carnivoras requieren un incremento en la energia antes de reproducirse, con el fin de reproducirse
exitosamente. En las altas elevaciones de la Sierra Nevada, la disponibilidad de la presa es reducida durante el
final del invierno y el principio de la primavera, debido a los patrones de migracién e hibernacién de especies
importantes de presas, y ya que las temperaturas durante este periodo se acercan o estan por debajo de la
temperatura critica de los Gavilanes Azor. En contraste a otras especies de presas, las ardillas de Douglas
son activas durante todo el afio, y estan disponibles durante este periodo. Es por esto que nuestros resultados
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sugieren que el manejo forestal y las estrategias de restauracion adoptadas para mejorar las areas de forrajeo
del Gavilan Azor, deberian considerar el manejo de las distribuciones en el tamafio de arboles de coniferas, asi
como la composicion de las especies, para mejorar la produccion de la semilla en términos de frecuencia a través
del tiempo, niimero de semillas por cosecha y valor energético de las semillas por especie de arbol; ya que estos
son elementos importantes del habitat, asi como procesos ecoldgicos, los cuales influyen las poblaciones de la
ardilla de Douglas. Estudios Auto ecoldgicos de especies focales de interés, tales como los del Gavilan Azor, son
necesarios para proveer el conocimiento ecologico basico requerido para integrar las preocupaciones del nivel
de especies, con el paisaje y el manejo del ecosistema, con el fin de avanzar en la ciencia de la conservacion y

de mejorar el manejo de la tierra.

The Northern Goshawk (Accipiter gentilis) has
been of conservation concern recently in North
America due to uncertainty regarding population
trends and potential impacts of forest management
practices on habitat (Block et al. 1994, Kennedy
1997, DeStefano 1998, Andersen et al. 2004).
Northern Goshawks are distributed throughout
forests and woodlands of the Holarctic (Brown
and Amadon 1968). In North America, Northern
Goshawks are found in forested vegetation types
ranging across the boreal forest and extending
south through the western mountains into Mexico
and, in the East, south through the mixed conifer-
hardwood forest to approximately New York and
New Jersey (Palmer 1988, Squires and Reynolds
1997, Bosakowski and Smith, this volume).
Conservation strategies for Northern Goshawks will
need to be developed at appropriate ecological scales
to account for variability in vegetation, climate, diet,
and prey dynamics across the broad geographic
range of the species (Reynolds et al. 1992, Keane
and Morrison 1994, Andersen et al. 2004).

The influence of biotic and abiotic factors on
population dynamics has been of fundamental inter-
est to ecologists (Andrewartha and Birch 1954, Lack
1966, Newton 1998). Food and weather are primary
limiting factors for raptor populations (Newton
1979a). Studies of Northern Goshawk populations
in boreal forests of both the Nearctic and Paleoarctic
have demonstrated that annual variation in their
reproduction, as well as migration patterns, are
associated with cyclic population dynamics of gal-
liformes or lagomorphs, their primary prey in those
regions (McGowan 1975, Doyle and Smith 1994,
Sulkava et al. 1994, Erdman et al. 1998). Weather
factors, specifically temperature and precipitation,
are also associated with annual variation in Northern
Goshawk reproduction (Kostrzewa and Kostrzewa
1990, Sulkava et al. 1994). Like populations in
boreal forests, populations of Northern Goshawks
in temperate North American forests also exhibit
high variation in reproduction between years (Bloom
et al. 1986, Reynolds et al. 1994, Kennedy 1997).

Although breeding season diets have been described
for a number of Northern Goshawk populations
in these temperate forest systems (Andersen et al.
2004), the data are generally reported as overall
summaries of frequency and biomass pooled over
multiple years of the study. We are unaware of any
studies that have attempted to quantify annual varia-
tion in diets, prey abundance, and weather factors
associated with annual variation in reproduction.

Consideration of avian ecological energetics pro-
vides a foundation for framing questions related to
the role of biotic and abiotic environmental factors
on annual variation in Northern Goshawk reproduc-
tion. Weathers and Sullivan (1993) reviewed the
avian ecological energetics literature and suggested
that diet is a factor that determines which of two
competing hypotheses regarding seasonal energetic
patterns applies to species in seasonal environ-
ments. Omnivorous or granivorous species follow
a reallocation-pattern hypothesis whereby overall
energetic requirements are similar between seasons
and individuals reallocate energy from thermo-
regulation in winter to reproductive needs in spring
and summer. Carnivorous or insectivorous species
follow an increased demand hypothesis, whereby
individuals have increased energy demands in the
breeding season (Weathers and Sullivan 1993). For
example, field metabolic rates of Long-eared Owls
(dsio otus) increased by 42% (Wijandts 1984), and
male Eurasian Kestrels (Falco tinnunculus) by 48%
during the breeding season as compared to the winter
(Masman et al. 1988).

Female raptors require a significant increase
in energy intake to acquire the substantial body
reserves necessary before egg laying (Hirons 1985).
The amount of food required to attain these body
reserves is potentially much greater than the food
required solely for egg production in large raptors
(Newton 1993). Females that do not accumulate
these reserves do not lay eggs. Typically, females do
not actively hunt during the pre-laying period and the
majority of food is provided by the male. Therefore,
whether a pair will breed successfully depends on the
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ability of the male to provide extra food in the early
spring which is affected by a number of potential
factors that include the individual hunting prow-
ess of the male, prey abundance and availability,
and thermal stress induced by weather conditions
(Newton 1993).

Our goal was to study the ecology of Northern
Goshawks in the Sierra Nevada of California to
investigate annual variation in reproduction and its
relationship to prey and weather factors. Our spe-
cific objectives were to investigate annual variation
in: (1) the proportion of Northern Goshawk terri-
tories occupied, active, and successfully producing
young, (2) the frequency and biomass of each prey
species in Northern Goshawk diets during the
breeding period, (3) the relative abundance of key
prey species, (4) factors affecting the abundance
of key prey species, and (5) relationships between
weather and reproduction. An understanding of
these relationships is necessary to develop an effec-
tive conservation strategy for Northern Goshawks
and to provide a basis for integrating a single-
species perspective with broader ecosystem per-
spectives to advance conservation and land man-
agement in the Sierra Nevada.

STUDY AREA

Our study was conducted within an approxi-
mately 950 km? area in the Lake Tahoe region
(39°00°, 120°00°) of the Sierra Nevada range of
California. Geologically, the region is dominated
by the Lake Tahoe Basin, a fault block that has
sunk between the uplifted Sierra Nevada and Carson
Range fault blocks with Lake Tahoe having formed
as a result of volcanic and glacial processes (Whitney
1979). Elevation in the study area ranged from
1,800-2,450 m. The Sierra Nevada is characterized
by a Mediterranean climate with hot, dry summers
and cool, wet winters (Schoenherr 1992). Average
summer and winter temperatures were 14.8 C
and -0.8 C, respectively, and total annual precipita-
tion (1 July—30 June) ranged from 41.1-155.5 cm
during the study between 1991-1995 (Western
Regional Climate Center, Reno, NV, unpubl. data).
Primary forest types in the study area consisted of
mixed-conifer (ponderosa pine [Pinus ponderosal,
Jeffrey pine [Pinus jeffreyi], white fir [Abies con-
color], red fir [Abie magnifica], and incense cedar
[Libocedrus decurrens]), red fir, eastside pine
(Jeffrey-ponderosa), and lodgepole pine (Pinus
contorta). Other prominent vegetation types present
were montane chaparral (Arctostaphylus-Quercus-
Ceanothus), riparian, and montane meadow.

METHODS
NORTHERN GOSHAWK REPRODUCTION

We surveyed for Northern Goshawk territories
using two survey techniques to meet two objec-
tives during March—September 1991-1995. We used
broadcast surveys to inventory and document the
location of Northern Goshawk breeding territories
across the study area. We used status surveys to
monitor occupancy and reproductive status at known
Northern Goshawk territories.

Broadcast surveys were conducted by system-
atically traversing each survey area and broadcasting
conspecific calls from sample points at approxi-
mately every 200 m (Kennedy and Stahlecker 1993,
Joy et al. 1994). Each point was surveyed for approx-
imately 10 min by alternating broadcast calling with
silent observation. Territorial alarm calls were used
during the incubation and nestling periods and a
combination of wailing and territorial alarm calls
were used during the fledgling dependency period
(Kennedy and Stahlecker 1993). All watersheds in
the northern, western, and southern regions of the
Lake Tahoe Basin were surveyed. We also surveyed
select areas to the north and west of the basin proper
that had historic records of nesting activity with no
current information on occupancy status or where
observations of birds suggested the potential location
of Northern Goshawk breeding territories. All areas
were surveyed with broadcast surveys a minimum of
two times each year. Broadcast surveys were con-
ducted during the nestling and fledgling dependency
periods of the breeding season when these methods
are most effective (Kennedy and Stahlecker 1993).
We also conducted at least one status survey per
year in each of the historic sites using a combination
of intensive stand searches and broadcast surveys
described below.

We considered an area a Northern Goshawk terri-
tory if an active nest (i.e., adult incubating, nestlings,
or fledglings) was found in any one year of nest mon-
itoring. Thus, we excluded areas where we found old
nests but did not detect adult birds or nest attempts
during the study as we had no information on when
the territory may have been last occupied. Each year
we monitored all known nesting areas to document
occupancy and reproductive status. Intensive stand
searches were used in April-June to determine ter-
ritory occupancy, estimate laying dates, and nest
locations within 0.8 km of known nest trees; each
known site was visited two—three times. Intensive
stand searches at this time of the breeding period
consisted of one or two observers silently traversing
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the survey area searching for nests or sign (feath-
ers, prey remains, and/or whitewash). If we did not
locate an active nest with the early season intensive
stand searches, we conducted broadcast surveys and
repeated intensive stand searches during the nestling
and fledgling dependency periods of the nest cycle
to determine territory status. The area within 1.6 km
of known nest trees was surveyed a minimum of
five times using a combination of broadcast surveys
and intensive stand searches. One or two observers
systematically traversed the area along transects
spaced at approximately 50 m apart visually search-
ing for nests and sign, and broadcast conspecific
calls approximately every 150 m to illicit territorial
responses. Territorial alarm calls were used during
the incubation and nestling periods and a combina-
tion of wailing and territorial alarm calls were used
during the fledgling dependency period (Kennedy
and Stahlecker 1993).

A nest area was classified as occupied if adult
birds were detected one or more times within the
1.6 km survey area around known nest locations
(February—September). A nest site was considered
active in any one year if a nest with an incubating
adult or nestlings, or fledglings in the immedi-
ate nest area were detected. A nest site was also
considered active in that year if a failed nest with
either fresh greenery, whitewash at the base of the
tree, fresh prey remains, or fresh down on the nest
rim was observed indicating that pairs had initiated
nest building and egg-laying before abandoning the
nest attempt. A nest site was classified as successful
if fledglings successfully dispersed from the area.
Nest sites were considered inactive if neither adult
birds nor an active nest were located. Given that we
conducted surveys throughout the entire breeding
period and that fledglings are highly vocal and thus
detectable during the fledgling dependency period,
and remain in the nest area for 4-6 wk after fledgling
(J. Keane, unpubl. data), it is likely we would have
detected most successful nest attempts. However, we
may not have detected pairs that had moved farther
than 1.6 km among alternate nest locations between
years. Woodbridge and Detrich (1994) reported that
known alternate nest sites were within 0.7 km for
85% of 28 pairs in northern California. Reynolds
and Joy (1998) reported that >95% of alternate nests
were located within 1.6 km of each other. We used
chi-square analysis (Sokal and Rohlf 1981) to sepa-
rately test for differences in the proportion of territo-
ries occupied, active, and successful between years,
and the proportion of active nests that were success-
ful between years. Only data from known territories
were used in these analyses. Data from the initial
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year in which a territory was located were not used
in the analysis. This was done to eliminate potential
bias resulting from including only new territories
with active nests because search efforts are likely
biased towards locating new territories when they
have active nests versus when they are unoccupied
or occupied but non-nesting. We used one-way anal-
ysis of variance (ANOVA; Sokal and Rolhf 1981) to
compare the number of young produced per territory
and per successful nest among years. Data from all
successful nests, including new nests located within
each year, were used in the comparison of young pro-
duced per successful nest in this analysis.

NoORTHERN GOSHAWK DIET

Northern Goshawk diets were determined by
collecting prey remains (i.e., feathers, fur, skin, and
skeletal parts) and pellets found in the nest area dur-
ing the nesting period by systematically searching
the entire area within approximately 150-m radius
circle centered on each active nest. All methods
used to quantify raptor diets have associated biases
(Marti 1987). Boal and Mannan (1994) reported
that estimates based on collections of prey remains
are biased towards conspicuous prey species, e.g.,
mammals, as compared to direct observations of
prey delivered to nests. Their observations suggest
that mammals may constitute a larger portion of the
diet then our data might indicate. However, we think
that our estimates of relative annual variation in diet
provide a comparative measure of prey species in the
diet among years because Collopy (1983) reported
that remains analysis, pellet analysis, and direct
observation yielded similar rankings of prey taxons
for Golden Eagles (Aquila chrysaetos) and Northern
Goshawks. Prey items were categorized to species
based on comparisons with specimens in the bird and
mammal collection in the Department of Wildlife,
Fisheries and Conservation Biology at the University
of California, Davis. Some items were identified
only to genus due to difficulty in identifying species
(e.g., Spermophilus and Tamias). Biomass was esti-
mated by calculating mean weights for adult mam-
mal species based on values obtained from museum
specimens and mean values reported in Jameson and
Peeters (1988). We used adult weights for calculat-
ing mammal biomass and used an average weight
for all species in a genus for those species identified
to genus. Mean values reported in Dunning (1984)
were used to calculate biomass for avian species.
Following Reynolds and Meslow (1984), we used
one half of the adult weight as an estimate of fledg-
ling and sub-adult weights for birds.
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We calculated the frequency and biomass con-
tribution of each prey species by year and created
eight subgroups of species or taxonomic groups
for analysis based on sample size (individual spe-
cies comprised >5% of total prey by frequency or
biomass in most years, or they were grouped into
general class of birds or mammals) and identification
criteria (pooled Spermophilus and Tamias).

Douglas squirrel (Tamiasciurus douglasii),
American Robin (Turdus migratorius), Steller’s Jay
(Cyanocitta stelleri), and Northern Flicker (Colaptes
auratus) were the most frequently recorded prey
species and were analyzed as individual species.
Additional, infrequently recorded bird species were
lumped into the taxonomic group labeled other
birds for analysis. Golden-mantled ground squirrel
(Spermophilus lateralis), Belding ground squirrel
(Spermophilus beldingi), and California ground
squirrel (Spermophilus beecheyi) were lumped into
the taxonomic group Spermophilus for analysis
based on the difficulty of identifying prey remains
to species. Shadow chipmunk (7amias senex), long-
eared chipmunk (Tamias quadrimaculatus), lodge-
pole chipmunk (7amias speciosus) , and yellow-pine
chipmunk (Z7amias amoenus) occurred in the study
area and were lumped into the taxonomic group
Tamias for analysis due to difficulty in identifying
prey remains to species. Additional, infrequently
recorded mammal species were lumped in the spe-
cies group labeled other mammals for analysis. We
used chi-square analysis (Sokal and Rohlf 1981) to
compare the frequency and biomass of each species
or taxonomic group in the diet between years.

PREY ABUNDANCE

Point counts (Verner 1985) were used to estimate
an index of abundance for bird prey species and
Douglas squirrels from autumn 1991 through spring
1994. A total of 312 sample points were established
and distributed in grids across Donner Memorial,
Burton Creek, Sugar Pine Point, D.L. Bliss, Emerald
Bay, and Washoe Meadows California state parks,
and across the Angora Creek watershed in the south-
western corner of the Lake Tahoe Basin on land
administered by the USDA Forest Service. From a
random starting location, each grid was laid out with
count points at 300 m intervals along cardinal com-
pass directions. The nearest tree, defined as >2 m
in height and >5 cm diameter at breast height (dbh)
served as the center of the sample point. Grids
were located to provide complete coverage of the
watershed or park and Northern Goshawk nesting
territories were located within each of the water-

sheds where prey sampling was conducted. The
grids were distributed north to south across the entire
study area, with approximately 33 km? covered by
the prey sampling grids, to provide estimates of prey
abundance across the study area.

A random sample of 205 count points was selected
from the 312 total points across the study sites for
monthly point count sampling to assess the relative
abundance of prey species. We attempted to con-
duct monthly counts at the same 205 points from
November 1991 through April 1994. A 7-min point
count was conducted at each point count within which
the observer recorded all birds and Douglas squirrels
heard or seen within distance bands of 0-30 m,
31-60 m, 61-100 m, and >100 m. All counts were
conducted within 4 hr after dawn. Approximately
10-15 points were counted per sample day. A total
of six observers collected data during the study, with
three observers the same throughout the study. All
observers were experienced with bird identification
and had extensive training on identification and count
methods to minimize potential observer bias. Not all
points could be counted in each month, largely due to
inclement winter weather. Although point-count sam-
pling ended in spring 1994 due to funding constraints,
an estimate of Douglas squirrel abundance for spring
1995 was obtained from similar point count sampling
conducted at 160 points in six watersheds within the
study area, four of which were the same watersheds
where we conducted point counts (P. Manley, USDA
Forest Service, unpubl. data).

Monthly counts were grouped into four seasonal
groups for statistical analysis (autumn = September—
November; winter = December—February; spring =
March—May; summer = June—August). We calculated
an index of abundance defined as the total number of
detections per 100 points. We used ANOVA (Sokal
and Rohlf 1981) to compare the abundance of each
species within each season between years. Lack of
data for all four seasons across all 4 yr, and likely dif-
ferences in detectability among seasons, precluded
use of a factorial ANOVA to assess interactions
between seasons and years. Scheffe’s test was used
for multiple comparisons to assess between group
differences when ANOVAs indicated significant dif-
ferences. Only results for species which comprised
at least 5% of Northern Goshawk prey items across
years are included.

REeLATIONSHIPS WITH CONE CROP PRODUCTION
Cone crop production was qualitatively assessed

during autumn of each year based on a visual assess-
ment of each of the conifer tree species across the
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study area (Petty et al. 1995). Cone crop production
in the study area was classified subjectively based
on an index score relative to the maximum cone
production observed in autumn 1991. An extra large
crop of cones was produced in autumn 1991 on both
ponderosa and Jeffrey pines and white and red fir.
Cone production was qualitatively scored in each
year relative to this baseline with a score ranging
from 0-3 (0 = no cone production observed on any
conifer species; 1 = low cone production [cone pro-
duction observed on one conifer species—individual
trees producing small number of cones]; 2 = medium
cone production [large numbers of cones within one
conifer species or small numbers of cones produced
across two or more conifer species]; 3 = high cone
production [large numbers of cones across two or
more conifer species]).

Based on the observed patterns between Northern
Goshawk reproduction, frequency and biomass of
Douglas squirrel in the diet, and the relative abun-
dance of Douglas squirrels across the 4 yr of the
study, we assessed the relationship of these variables
to cone crop production measures. We used simple
linear regression analysis (Sokal and Rohlf 1981) to
assess the relationship between cone crop produc-
tion and spring Douglas squirrel abundance, and
the proportion of Douglas squirrels in the Northern
Goshawk diet for both frequency and biomass across
years. We used simple linear regression analysis to
assess the relationship between the proportion of
Northern Goshawk territories successful and spring
Douglas squirrel abundance, and the frequency and
biomass of Douglas squirrel in the diet across years.

RELATIONSHIPS WITH WEATHER

We obtained weather data collected from a
monitoring station in the study area near Tahoe City,
California, operated by the Western Regional Climate
Center. Simple linear regression analysis (Sokal and
Rohlf 1981) was used to assess the relationships of
the proportion of active and successful goshawk
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territories, and the number of young produced per
successful nest, with three measures of weather
across years—total precipitation, number of days
with recorded precipitation, and mean temperature.
The relationships between reproductive and weather
variables were examined across the late-winter and
early-spring period (February—April). This time-
frame corresponded to the pre-laying period of the
reproductive cycle when radio telemetry indicated
that females began to reduce their ranging behavior
and center their activity within or near their nest
stands (Keane 1999).

RESULTS
NORTHERN GOSHAWK REPRODUCTION

Northern Goshawk reproduction was monitored
on 17-24 nest sites each year of the study (Table 1).
The proportion of territories occupied varied across
years, ranging from 82-100%, although differences
were not statistically significant (y*=3.16,df=3,P=
0.37). Both the proportion of territories with active
nests (> = 12.70, df = 3, P = 0.01) and successful
nests (x> = 8.22, df = 3, P = 0.04) differed signifi-
cantly between years. The proportion of territories
with successful nests was greatest in 1992 (82%),
declined to 47% in 1993 and 37% in 1994, and
increased to 58% in 1995 (Table 1).

The proportion of active nests that were success-
ful did not differ significantly between years (y*> =
2.29, df = 3, P = 0.51), but nonetheless ranged from
a low of 62% in 1993 to a high of 82% in 1992. Of
the total 13 nest failures recorded over the 4-yr study
period, nine attempts failed during the incubation
period from undocumented causes. In each of these
cases a previously active nest was abandoned during
one of the approximately weekly monitoring visits
(two failed nests in 1992, 1993, and 1994; three
failed nests in 1995). One nest failed during the
nestling period, apparently due to Great Horned Owl
(Bubo virginianus) depredation. One nesting attempt

TABLE 1. RESULTS OF CHI-SQUARE ANALYSIS OF ANNUAL VARIATION IN THE PROPORTION OF NORTHERN GOSHAWK NEST
SITES OCCUPIED, AND WITH ACTIVE AND SUCCESSFUL NESTS, IN THE LAKE TAHOE REGION, CALIFORNIA, 1992-1995.

Variable 1992 1993 1994 1995 Total P

N territories 17 17 19 24 77

N occupied 17 14 16 21 68 0.368
Percent occupied 100 82.4 84.2 87.5 88.3

N active nests 17 13 9 17 56 0.005
Percent occupied 100 76.5 47.4 70.8 72.7

N successful nests 14 8 7 14 43 0.042
Percent occupied 82.4 47.1 36.8 58.3 55.8
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TaBLE 2. RESuLTS oF ANOVA FOR ANNUAL VARIATION IN THE NUMBER OF YOUNG PRODUCED PER TERRITORY AND PER SUCCESSFUL
NEST (MEAN = SD) FOR NORTHERN GOSHAWKS IN THE LAKE TAHOE REGION, CALIFORNIA, 1992-1995.

Variable 1992 1993 1994 1995 P
N young/

Territory * 20+122A 0.8+0.90 B 0.7+1.00 B 1.0+0.93 B <0.001
N young/

Successful nest 24+085A 1.7+ 0.50 AB 1.9+0.76 AB 1.6+0.51B 0.005

*Numbers with different letters are significantly different (P <0.05) based on multiple comparisons using Scheffe’s test.

failed during the early fledging period in 1994 when
the single fledgling disappeared from the nest area
5-10 d after fledging. We observed two females dur-
ing 1993 incubating eggs for approximately 62—65 d.
Each of their clutches contained two eggs, from
which we collected a total of three eggs. All three
eggs were infertile, suggesting that the females may
not have attained a sufficient energetic condition to
produce viable eggs (Keane 1999).

The number of young produced per territory (F =
6.28, df = 3, P <0.001) and per successful nest (F =
4.53, df = 3, P = 0.01) differed significantly among
years (Table 2). More young were fledged per ter-
ritory in 1992 than the other 3 yr. The number of
young per successful nest differed between 1992
and 1995. We documented one incidence of nestling
mortality during the nestling period in addition to the
nest predation event described above. The remains
of two young from a nest containing three young
approximately 4 wk old were found at the base of the
nest tree during June of 1992 following an overnight
snowstorm with 6 cm of snow. The proximate cause
of death could not be determined.

Incubation was initiated in mid-April in 1992, the
first week of May in 1993, the fourth week of April in
1994, and the first week of May in 1995. The number
of young fledged per successful nest was associated
with both the earliest laying date (adj. r> = 0.92, df =
3, P =0.03) and the proportion of successful nests
fledging three young (adj. r>=0.96, df =3, P=0.01).
Nine of fourteen successful nests (64%) fledged
three young in 1992 whereas one of seven (14%) did
in 1994. None of the successful nests fledged three
young in 1993 or 1995 (Fig. 1). Thus, the number of
young per successful nest was greatest in years when
breeding was initiated earlier in the spring.

NORTHERN GOSHAWK DIET

A total of 1,058 individual prey items comprised
of 12 mammal and 22 bird species were identified
(Keane 1999). Mammals comprised 49% by fre-
quency and 58% by biomass of the prey items identi-
fied, whereas birds comprised 51% by frequency and
42% by biomass (Tables 3 and 4). The frequency
(x> =39.602, df = 3, P <0.001) and biomass (y*> = 7.87,
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FIGURE 1. Frequency of the number of young produced per nest for successful Northern Goshawk nests in the Lake Tahoe
region, California, 1992-1995. Dates indicate initiation of incubation.
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df =3, 0.02 < P < 0.050) of birds and mammals in
Northern Goshawk diets varied among years. The
frequency of mammals ranged from 60% in 1995 to
37% in 1994 (Table 3). The biomass of mammals in
the prey items ranged from highs of 69% in 1992 and
1995 to a low of 45% in 1994 (Table 4).

Overall the Douglas squirrel was the most fre-
quently recorded species, followed by Steller’s Jay,
Northern Flicker, and Spermophilus spp. (Table 3).
Douglas squirrel also contributed the most to total
biomass, followed by Spermophilus spp., other birds,
Northern Flicker, and Steller’s Jay (Table 4).

The frequency (x> = 58.035, df =3, P <0.001) and
biomass (y*> = 14.20, df = 3, P < 0.01) of Douglas
squirrel in the diet varied among years, with both
being greater in 1992 and 1995 than in 1993 and 1994
(Tables 3 and 4). The frequency of Spermophilus
spp. () = 23.31, df = 3, P < 0.001), Tamias spp.
(x> = 14.36, df = 3, P = 0.002), other mammals (y*> =
10.49, df =3, P=0.015), and American Robins (y> =
54.48, df = 3, P <0.001) in Northern Goshawk prey
remains varied in a statistically significant manner
among years (Table 3). Other than Douglas squirrel,
no significant annual differences were found in the
proportion of biomass contributions by the other spe-
cies or species groups.

PREY ABUNDANCE

Overall, populations of primary prey species
exhibited significant differences in relative abun-
dance and high degrees of variation within and
among years (Table 5). Douglas squirrel abundance
differed significantly among years during all four
seasons based on point counts. Squirrel numbers dur-
ing autumn were greater in 1992 than in 1993, which
in turn were greater than in 1991. During winter,
squirrel numbers were greater in winter 1991-1992
than in 1992-1993 or 1993-1994. Similarly, spring
squirrel numbers were greater in 1992 than in 1993
or 1994. Squirrel numbers were greater in summer
1992 versus 1993. Squirrel numbers were high in
spring 1995 with a relative abundance estimate
of 114.4 individuals/100 count points and where
detected at 64% of the count points (frequency of
detection of 0.64; P. Manley, unpubl. data). Over the
4-yr study, spring Douglas squirrel numbers were
high in 1992 and 1995 and low in 1993 and 1994.

Steller’s Jay abundance differed significantly
among years during each of the four seasons (Table
5). During autumn, Steller’s Jay numbers were
greater in 1993 than in 1994. Steller’s Jay num-
bers were greater in winter 1991-1992 than during
1992-1993 and 1993-1994. Steller’s Jay numbers

were greater in spring 1993 than in 1992 or 1994
and greater in summer 1992 than summer 1993.
Northern Flicker abundance differed significantly
among years during autumn, winter, and summer
(Table 5). Northern Flicker numbers were greater
in autumn 1991 and 1992 versus 1993, greater in
winter 1991-1992 versus 1992-93 and 1993-1994,
and greater in summer 1992 versus 1993 (Table 5).
American Robin abundance differed significantly
among years only during the spring (Table 5).
American Robin numbers in spring 1994 were lower
than in 1992.

REeLATIONSHIPS WITH CONE CROP PRODUCTION

High cone crop production (score = 3) was
recorded in autumn 1991 and autumn 1994 when
ponderosa, Jeffrey, and sugar pines, and white and
red firs produced large numbers of cones. No cone
crop production (score = 0) was noted in autumn
1992. Cone crop production was low (score = 1) in
autumn 1993 when only a low proportion of white fir
produced low numbers of cones.

The proportion of territories with successful nests,
the number of young per territory, the frequency and
biomass of Douglas squirrel in the diet, the winter
and spring abundance of Douglas squirrel, and
cone production varied in a similar pattern with one
another over the four years of the study (Fig. 2). The
overall pattern was that each of the aforementioned
variables was relatively high in 1992, declined in
1993 and 1994, and then increased again in 1995.
The frequency (adj. r* = 0.89, df = 3, P =0.04) and
biomass (adj. r> = 0.85, df = 3, P = 0.05) of Douglas
squirrel in the diet varied with spring Douglas squir-
rel abundance. Spring Douglas squirrel abundance
(adj. r> = 0.89, df = 3, P = 0.04), and the frequency
(adj. r> = 0.87, df = 3, P = 0.04) and biomass (adj.
r? = 0.90, df = 3, P = 0.03) of Douglas squirrels in
the Northern Goshawk diet, varied in concordance
with cone crop production. Spring Douglas squirrel
abundance accounted for a high proportion of the
variation observed in the proportion of territories
with successful nests between years, although the
relationship was not statistically significant (adj. r> =
0.71,df=3,P=0.10).

RELATIONSHIP WITH WEATHER

Total precipitation recorded during late-winter
and early-spring differed by a factor of about four
among years (Table 6). Total precipitation was
lower during 1992 and 1994, about 50% greater in
1993, and about 300% greater in 1995. In addition
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FIGURE 2. Relationship among percent nest success, number of young fledged per territory, percent Douglas squirrel
recorded in Northern Goshawk diets by frequency and biomass, spring Douglas squirrel abundance based on percent of
counts where squirrels were recorded, and an index of cone crop production for northern goshawks in the Lake Tahoe

region, California, 1992—-1995.

TABLE 6. TEMPERATURE AND PRECIPITATION RECORDED DURING THE PRE-INCUBATION PERIOD (FEBRUARY—APRIL)
FOR NORTHERN GOSHAWKS IN THE LAKE TAHOE REGION, CALIFORNIA, 1992-1995.

Year
Variable 1992 1993 1994 1995
Mean temperature (°C) 4.4 1.7 2.6 1.3
Total precipitation (cm) 18.7 33.0 20.7 66.2
Days with precipitation (>0.025 cm) 22 28 24 33
to high total amounts, snow and rain storms contin- DISCUSSION

ued through May and mid-June in 1995 (J. Keane,
pers. obs.). Late-winter and early-spring mean tem-
peratures were higher in 1992 than in the other three
years (Table 6). The number of young produced per
successful nest was positively associated with
warmer late-winter and early-spring mean tempera-
ture (adj. 12 =0.999, df = 3, P=<0.001; Table 7).

Northern Goshawks in our study area exhibited
significant annual variation in reproduction. We
propose that this annual variation was the result
of both prey and weather factors that determined
whether Northern Goshawks were able to attain the
necessary energetic condition required for successful

TABLE 7. RESULTS OF REGRESSION ANALYSES OF THE PROPORTION OF NORTHERN GOSHAWK TERRITORIES WITH ACTIVE AND SUCCESSFUL
NESTS, AND THE NUMBER OF YOUNG PER SUCCESSFUL NEST, AGAINST TEMPERATURE AND PRECIPITATION VARIABLES RECORDED DURING
THE PRE-INCUBATION PERIOD (FEBRUARY—APRIL) IN THE LAKE TAHOE REGION, CALIFORNIA, 1992—-1995.

Proportion of Proportion of Young/successful
territories active territories successful nest
Weather variables adj. r? P adj. r? P adj. r? P
Mean temperature -0.060 0.459 0.131 0.351 0.999 <0.001
Total precipitation -0.484 0.895 -0.496 0.949 0.320 0.261
Days with precipitation -0.432 0.786 -0.411 0.757 0.662 0.120
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reproduction. More specifically, annual variation in
Northern Goshawk reproduction in the study area
was associated with variation in both Douglas squir-
rel abundance and late-winter and early-spring tem-
perature. In turn, annual variation in Douglas squirrel
abundance was associated with cone crop production
patterns.

Northern Goshawk reproduction was greatest
in terms of both the proportion of territories with
successful nests and number of young produced
per successful nest in 1992. The success of 1992
was associated with high cone crop production in
autumn 1991 and increased relative abundance
of Douglas squirrels during winter and spring.
The abundance of Douglas squirrels was manifest
through greater frequency and biomass of squirrels
in Northern Goshawk diets. Warmer temperatures
in late winter and early spring were also positively
associated with nesting success. Northern Goshawk
reproduction was lower in both 1993 and 1994,
with each of these breeding seasons preceded by
low cone crop production and lower winter and
spring Douglas squirrel abundance relative to 1992.
Late-winter and early-spring mean temperatures
preceding each of these breeding seasons were also
lower relative to 1992.

The proportion of territories with successfully
reproducing pairs increased in 1995 following high
cone crop production in autumn 1994, increased
relative abundance of Douglas squirrels in spring
1995 and increased frequency and biomass of squir-
rels in the diet. However, relative to 1992, the pro-
portion of successful pairs was lower, fewer young
were produced, and birds initiated laying 3 wk later
in 1995. We think that these differences were a
result of low late-winter and early-spring tempera-
tures in 1995. Mean temperatures in late winter and
early spring 1995 were the lowest that occurred
during the study. Additionally, total precipitation
during the preceding winter and spring was 300%
greater, and high amounts of precipitation occurred
in March and April during 1995 relative to 1992.
Thus, we hypothesize that weather factors may
have interacted to moderate the effect of cone crop
production on Northern Goshawk reproduction in
1995 relative to 1992. We conclude that annual
variation in Northern Goshawk reproduction during
our study in this region of the Sierra Nevada was a
result of an interaction between food and weather.
Reproduction was greatest in years following high
cone crop production, which positively affected
Douglas squirrel abundance, and mild late winter
and early springs with higher temperatures and low
total precipitation.
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The high rates of annual variation in reproduc-
tion we observed are similar to those reported from
other studies (McGowan 1975, Bloom et al. 1986,
DeStefano et al. 1994a, Doyle and Smith 1994,
Sulkava et al. 1994, Erdman et al. 1998), indicat-
ing that high rates of annual variation in Northern
Goshawk reproduction is a consistent pattern across
their range. Studies from northern forest systems
have demonstrated that annual variation in Northern
Goshawk reproduction is linked with cycles in key
prey species (snowshoe hare and galliformes) occur-
ring at periodic intervals (McGowan 1975, Doyle
and Smith 1994, Sulkava et al. 1994, Erdman et
al. 1998). Weather factors have also been shown to
affect Northern Goshawk reproduction. Kostrzewa
and Kostrzewa (1990) reported a negative correla-
tion between the proportion of pairs laying eggs
and March—April precipitation, while the number
of fledglings per successful nest was positively cor-
related with April-May temperature and negatively
correlated with the number of days with precipita-
tion in May for a Northern Goshawk population in
Germany. Sulkava et al. (1994) reported a negative
correlation between the initiation of nest build-
ing and February—March temperature for Northern
Goshawks in western Finland. Northern Goshawk
populations in temperate western North American
forests also exhibit high rates of annual variation in
reproduction. Bloom et al. (1986) reported that the
proportion of territories active in a year ranged from
27-86% during 1981-1983 based on a sample of
monitored territories throughout the Sierra Nevada
and White Mountains in California. Similarly, the
proportion of territorial pairs laying eggs varied from
22-86% on the Kaibab Plateau in Arizona during the
1990s (Reynolds and Joy 1998). However, to date
no studies have directly addressed both the biotic
and abiotic environmental factors associated with
documented patterns of annual variation in Northern
Goshawk reproduction in these systems. Our results
indicate that both biotic and abiotic factors are asso-
ciated with annual variation in Northern Goshawk
reproduction and that interactions among multiple
factors likely determine whether individuals can
successfully reproduce.

Northern Goshawks are resident in the Lake
Tahoe region, exhibiting increases in home range
sizes by a factor of three-four during winter rela-
tive to the breeding season, and appear to initiate
breeding in February when females concentrate their
activity in the nest stand (Keane 1999). Initiation
of egg-laying varied over approximately a 3-wk
period ranging from mid-April in 1992 to early-
May in 1993 and 1995. It is during this late-winter
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and early-spring period before egg-laying that
females must accumulate sufficient body reserves
to reproduce successfully. The accumulation of body
reserves is affected by both the energetic condition
of the birds at the end of winter as they initiate breed-
ing and their ability to acquire needed reserves prior
to laying (Newton 1993). Mean low temperatures
during this period ranged from -2.2-4.0 C. Results
from laboratory studies of Northern Goshawk basal
metabolic rates indicate that they have a lower criti-
cal temperature of approximately 1.7 C (J. Keane,
unpubl. data). Thus, at this time of year goshawks
may be experiencing increased energetic demands
for thermal requirements in addition to the needed
reserves to produce eggs successfully. We suggest
that consideration of the timing of these increased
energy requirements in conjunction with the natural
history of key prey species explains the patterns we
detected between Northern Goshawk reproduction,
diet, prey abundance, cone crop production and
temperature.

Of the prey species comprising at least 5% of
prey items or biomass in most years of the study,
American Robins and Northern Flickers are faculta-
tive migrants at high elevations in the Sierra Nevada
and in the study area (Grinnell and Miller 1944,
Beedy and Granholm 1985, Gaines 1988, Keane
1999). Both species forage to a large extent on the
ground and hence most individuals emigrate from the
higher elevations and apparently move up or down in
altitude and north or south in response to snow cover,
with large numbers of individuals of both species
present in the lower elevation oak woodlands during
winter (Block 1989, J. Keane, pers. obs.). Steller’s
Jays apparently are partial migrants at higher eleva-
tions in the Sierra Nevada, with some segment of
the population emigrating in the winter and others
being resident (Grinnell and Miller 1944). Golden-
mantled and Belding ground squirrels hibernate
during winter, with their active period being later
in the year with increasing elevation in the Sierra
Nevada (Bronson 1979). Golden-mantled ground
squirrels became active in mid-March following the
mild winter and early meltout in 1992. Conversely,
they did not appear to become active till mid- to late-
April in years following heavy snow and lingering
snowpacks (J. Keane, pers. obs.).

In contrast to breeding season studies of Northern
Goshawk diets in other North American forest sys-
tems (Boal and Mannan 1994, Doyle and Smith
1994, Reynolds et al. 1994, Erdman et al. 1998,
Andersen et al. 2004), galliformes or lagomorphs
did not constitute a significant proportion of the
breeding period diet in our study area. Since male

goshawks are the primary prey providers during
the breeding period, perhaps during winter, when
the larger females are foraging, galliformes and
lagomorphs comprise a larger proportion of the
diet. On one occasion we flushed an adult female
off of a snowshoe hare kill during January (J. Keane,
pers.obs.). The Lake Tahoe race of the snowshoe
hare (Lepus americanus tahoensis) was the only
lagomorph in the study area and is listed as a mam-
malian subspecies of special concern in California
(Williams 1986). Little information exists regard-
ing their distribution and abundance, although they
appear to be relatively uncommon (Williams 1986).
Additionally, Blue Grouse (Dendragapus obscurus)
abundance appeared to be low based on our point
count sampling (Keane 1999). Thus, the apparent
low abundance of galliformes and lagomorphs in
our study area may be the reason why these two
prey species groups were not associated with annual
variation in reproduction or frequently recorded in
the diet in our study area.

Douglas squirrels are resident and active year
round (Ingles 1965, Smith 1968), and are available
during the late-winter and early-spring period when
Northern Goshawks experience increased energy
demands necessary for successful reproduction.
Douglas squirrels feed primarily on seeds and fungi,
and their populations vary annually in response
to cone crop production, as manifested through
increased over-winter survival and both earlier and
greater reproduction in springs following years of
high cone crop production (Smith 1968, Sullivan
and Sullivan 1982). Our data indicate that Northern
Goshawks respond functionally, as evidenced
through increased frequency and biomass of squir-
rels in the diet, and numerically, as evidenced by
higher reproduction, to increased Douglas squirrel
populations following high cone crop production.
This relationship in turn appears to be affected by an
interaction with temperature. Colder temperatures,
as well as greater precipitation, during late winter
and early spring likely affect Northern Goshawk
energetic dynamics through increased energetic
stress, and may influence prey availability by reduc-
ing hunting success or by directly affecting the
migration, hibernation, and abundance of prey. Thus,
considering the energetic strategy of raptors, our
observations on diet, prey abundance, and weather,
the data suggested that Northern Goshawk reproduc-
tion during our study was associated with both spe-
cific prey (Douglas squirrel) and temperature factors.
If true, Northern Goshawk reproduction in this region
of the Sierra Nevada should be greatest, in terms of
the proportion of territories with successful nests and
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young produced per successful nest, in years follow-
ing high cone crop production and mild late-winter
and early-spring weather, such as we observed in
1992. Our observational study was conducted over
a 4-yr period that included annual variation in prey,
weather, and cone crop production, along with vari-
ous combinations of each of the factors. We recom-
mend that observations be continued over longer
time periods and in other study areas to assess if the
patterns regarding the importance of specific prey
species and weather factors during the pre-laying
period are generally supported. Additionally, care-
fully crafted experimental studies might be used to
assess the degree to which Northern Goshawks are
energy limited during the pre-laying period.

CONSERVATION IMPLICATIONS FOR NORTHERN GOSHAWK
MANAGEMENT IN THE SIERRA NEVADA

Prey abundance is a primary environmental limit-
ing factor influencing raptor populations such that
densities can vary in concordance with variation in
prey abundance across landscapes (Newton 1986).
Managing forests to provide prey is recognized as
a primary need for managing habitat for Northern
Goshawks (Kenward and Widén 1989, Reynolds et
al. 1992, Widén 1997). Reynolds et al. (1992) rec-
ommended managing forests in the southwestern US
as interspersed mosaics of structural stages with the
goal to provide for a diversity of habitat for Northern
Goshawk prey. Although we recorded a total of 22
bird and 12 mammal species in the diets of Northern
Goshawks in our study area, our results suggest that
the Douglas squirrel may be a particularly impor-
tant prey species associated with annual variation
in Northern Goshawk reproduction. This evidence
suggests that management of Northern Goshawk
foraging habitat in this study area, while needing to
consider the habitat requirements of the full suite of
other prey species, might be weighted towards man-
aging habitat for Douglas squirrels. This would seem
to be an appropriate additional focus for management
because it targets factors that directly affect Northern
Goshawk fitness. Further information on Northern
Goshawk habitat and prey use patterns, and their
demographic response, both in reproduction and sur-
vival, to variation in forest structure and composition
is needed to assess conservation strategies.

Observational and experimental studies have
demonstrated that Douglas squirrel, as well as the
closely related red squirrel (Zamiasciurus hudsoni-
cus), populations vary in concordance with cone crop
production (Smith 1968, 1970, Kemp and Keith
1970, Sullivan and Sullivan 1982, Buchanan et al.
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1990, Sullivan 1990). A greater proportion of females
breed, litter sizes are larger, and over-winter survival
is greater in response to cone crop production (Smith
1968, Sullivan and Sullivan 1982). Douglas squirrels
are territorial with territory size inversely related to
food availability (Smith 1968). Territories are a criti-
cal resource in that they provide the mechanism for
squirrels to survive over the winter by caching food
(cones and fungi) and squirrels without a territory
experience high mortality (Smith 1968). Kemp and
Keith (1970) proposed that red squirrel territories dif-
fer in quality across a continuum, with high-quality
territories occupied year-round and able to provide
sufficient food sources for individuals to survive
through intervals between cone crops. They noted that
high-quality territories encompassed mature conifer
trees capable of cone production. These observations
suggest that one goal of Douglas squirrel habitat
management in the Sierra Nevada should be to target
vegetative structure and composition that can provide
high quality squirrel habitat as measured by survival
and fecundity. Currently no data are available relating
habitat structure and composition to habitat quality for
Douglas squirrels in the Sierra Nevada.

Factors related to cone crop production dynam-
ics should be a management focus when consider-
ing management of habitat for Douglas squirrels.
Cone crop production differs in both magnitude
and frequency across tree-size classes and between
conifer species (Fowells and Schubert 1956, Burns
and Honkala 1990). Cone production is greater by
mature conifers in terms of both magnitude (number
of cones per tree) and frequency (periodicity of cone
production) relative to younger, smaller conifers.
Further, seeds from different tree species differ in
their caloric value (Smith 1968). Therefore, changes
in tree size distributions and species composition may
affect cone crop production dynamics and related
trophic dynamics. We hypothesize that cone crop
production by ponderosa and Jeffrey pines, because
of the large size of their seeds, may be particularly
important in influencing the absolute amounts of
primary productivity generated through cone crop
production in the forests in our study area.

Northern Goshawks are distributed across a wide
elevational gradient and across several forest vegeta-
tion types in the Sierra Nevada (Zeiner et al. 1990).
Further work is needed to determine the degree to
which the results of our study are applicable across
the full range of the species in the Sierra Nevada.
Specifically, comparable studies are needed to assess
ecological relationships in west side mixed conifer
forests between 750-1,500 m elevation and in east-
side pine forests. Both of these forest types have been
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highly affected by human management activities
(Franklin and Fites-Kaufmann 1996). Douglas squir-
rels reach the edge of their distribution in the eastern
Sierra Nevada and work is needed to assess their
importance to Northern Goshawks in the relatively
drier forests of the eastside in order to improve our
ability to manage for prey habitat requirements. In
west side mixed-conifer forests, presumably, winters
would be relatively less severe but perhaps more
variable at lower elevations and snow melt should
occur earlier in the spring. This would make prey
species affected by snow cover (American Robins,
Northern Flickers, and golden-mantled and Belding
ground squirrels) more available. Further, additional
species (e.g., western gray squirrel [Sciurus griseus)
and brush rabbit [Sylvilagus bachmani]) may be
available to Northern Goshawks at these elevations,
although the ability of male Northern Goshawks to
regularly capture adult gray squirrels because of their
large size has been questioned (Kenward 1996).

Increasing emphasis has been focused on the need
to link species-based perspectives with ecosystem
and landscape level perspectives that consider eco-
logical processes in order to advance conservation
science and improve ecological understanding (Karr
et al. 1992, Noss et al. 1997, Thomas 1999). Seed
production has been demonstrated to affect numer-
ous species and ecological interactions in forest sys-
tems (Smith 1970, Smith and Balda 1979, Mattson et
al. 1992, Benkman 1993, Pucek et al. 1993, Ostfeld
et al. 1996, Wolff 1996, this study). Thus, cone crop
production might be viewed as an important bottom-
up trophic effect in forested systems that generates
pulses of primary productivity at irregular intervals
into these systems. In turn these pulses of primary
productivity may affect species populations through-
out forest communities through both direct and indi-
rect interactions. Understanding factors that generate
population dynamics for species in fluctuating or
periodic environments have implications for popula-
tion viability assessments (Beissinger 1995).

The structure and composition of forests in the
Sierra Nevada have been significantly modified as
a result of human management activities in the past
150 yr. Timber harvest and fire suppression practices
have resulted in a reduction in the proportion of late-
seral and old-growth forests, reduced the number
of large trees, and reduced the pine component and
increased the fir component throughout the range
(McKelvey and Johnston 1992, Franklin and Fites-

Kaufmann 1996). Given that the magnitude and
frequency of cone production increases with increas-
ing conifer size and that the energy value of seeds
differs between tree species, changes in the distribu-
tion, abundance, and species composition of large
trees and mature and old-growth vegetation classes
would be predicted to affect cone crop production
dynamics. These changes may have implications for
anumber of additional species and interspecific inter-
actions in these systems (Bock and Lepthien 1976,
Zielinski et al. 1983, Spencer 1987, Benkman 1993,
Reitsma et al. 1990, Darveau et al. 1997, Ruggerio et
al. 1998). Ecologists have recognized the increasing
need to meld single-species conservation approaches
with ecosystem- and landscape-scale perspectives
in order to more effectively address conservation
issues (Franklin 1993, Harris et al. 1996, Noss et al.
1997). Detailed autecological studies of focal spe-
cies of concern, such as the Northern Goshawk, are
essential and can begin to provide an understanding
of environmental factors relevant to the conservation
of both the species and the structure and function of
the system (Woolfenden and Fitzpatrick 1991, James
et al. 1997, Derrickson et al. 1998).
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OCCUPANCY, PRODUCTIVITY, TURNOVER, AND DISPERSAL OF
NORTHERN GOSHAWKS IN PORTIONS OF THE NORTHEASTERN
GREAT BASIN

Marc J. BECHARD, GRAHAM D. FAIRHURST, AND GREGORY S. KALTENECKER

Abstract. We determined the occupancy, productivity, turnover, and dispersal distances of Northern Goshawks
(Accipiter gentilis) in two areas of the northern Great Basin in northeastern Nevada and southern Idaho from
1992-2003. Occupancy of nesting territories declined in both study areas over the 10—11 yr study period but
the decline was statistically significant (P <0.05) only in northeastern Nevada where it decreased from a high of
83% in 1997 to a low of only 23% in 2002. The average productivity of goshawk breeding pairs did not change
significantly in either study area, but it was lowest in southern Idaho at only 1.5 + 0.6 young/breeding pair and
highest in northeastern Nevada at 2.3 + 0.8 young/breeding pair. Males bred mostly at 3yr of age and females
bred at 2 yr of age with both sexes residing in nesting territories an average of 2 yr. We found no difference in the
number of nesting territories used by either sex with 88% of adults using only one nesting territory, 10% using
two nesting territories, and 2% using three nesting territories. Turnover of males and females ranged from 12.5—
22.9% and 16.2-30.0%, respectively, and did not differ significantly. Breeding dispersal of males and females
ranged from only 2.1-5.8 km but natal dispersal was 19.1 km for males and 96.4 km for females indicating that
the female segment of the population was the dispersing sex. Several goshawks captured on migration at the
Goshutes Mountains in northeastern Nevada were reencountered as breeding adults in both southern Idaho and
northern Nevada suggesting that Northern Goshawks in the northeastern section of the Great Basin constitute a
large metapopulation consisting of several subpopulations occupying the isolated mountain ranges of Nevada,
Utah, and southern Idaho. With dispersal distances of nearly 100 km, female goshawks are capable of being
recruited into breeding populations throughout the northeastern segment of the Great Basin.

Key Words: Accipiter gentiles, adult turnover rates, dispersal distance, nesting territory occupancy, Northern
Goshawk, northern Great Basin, population dynamics.

OCUPACION, PRODUCTIVIDAD, REEMPLAZO Y DISPERSION DEL GAVILAN
AZOR EN PORCIONES DE LA GRAN CUENCA DEL NORESTE

ResumenDeterminamos la ocupacion, productividad, reemplazo y distancia de dispersion del Gavilan Azor
(Accipiter gentilis), en dos areas del norte de la Gran Cuenca, en el noreste de Nevada y el sur de Idaho, de
1992-2003. La ocupacion de territorios de anidacion declind en ambas areas de estudio, sobre el periodo de
10-11 afios, pero el descenso fue estadisticamente significativo (P <0.05) solamente en el noreste de Nevada,
donde decliné de un elevado 83% en 1997 a tan s6lo 23% en el 2002. El promedio de productividad de las
parejas reproductivas de gavilanes no cambid significativamente en ninguna de las areas de estudio, pero fue
mas baja en el sur de Idaho, con solo 1.5 £ 0.6 crias sobre parejas reproductivas, y mas alta en el noreste de
Nevada con 2.3 + 0.8 crias sobre parejas reproductivas. Los machos se reprodujeron hasta casi los 3 afios de
edad y las hembras a los 2 afios, ambos sexos residiendo en los territorios de anidacién por un promedio de 2
afios. No encontramos diferencia en el numero de territorios de anidacion utilizados, ya sea por sexo, con 88%
de adultos utilizando solo un territorio para anidar, 10% utilizando dos territorios de anidacion, y 2% utilizando
tres territorios de anidacion. El reemplazo de machos y hembras tuvo un rango de 12.5-22.9% y 16.2-30.0%
respectivamente, y no diferenci6 significativamente. La dispersion de machos y hembras reproductivas tuvo
un rango de tan solo 2.1-5.8 km, pero la dispersion de las crias fue de 19.1 km para los machos y de 96.4 para
las hembras, indicando que la poblacion del segmento de hembras era el sexo dispersor. Algunos gavilanes
capturados durante la migracion en las Montafias Goshutes en el noreste de Nevada, fueron reencontrados como
adultos reproductores, tanto en el sur de Idaho, como en el noreste de Nevada, sugiriendo que los Gavilanes
Azor en la seccion noreste de la Gran Cuenca, constituyen una gran metapoblacion, que consiste en varias
subpoblaciones, las cuales ocupan las aisladas cordilleras montafiosas de Nevada, Utah y el sur de Idaho. Con
distancias de dispersion de cerca de 100 km, las hembras gavilan son capaces de ser reclutadas dentro de las
poblaciones reproductivas, a lo largo del segmento noreste de la Gran Cuenca.
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The Northern Goshawk (Accipiter gentilis) is
the largest member of the genus Accipiter in North
America and it occurs in boreal and temperate for-
ests throughout the continent (Squires and Reynolds
1997). The goshawk is considered a forest habitat
generalist with specific habitat requirements associ-
ated with nest sites (Dixon and Dixon 1938, Schnell
1958, Kenward 1982, Moore and Henny 1983,
Crocker-Bedford and Chaney 1988, Lilicholm et al.
1993, Hargis et al. 1994, Beier and Drennan 1997,
Rosenfield et al. 1998). In North America, nests
occur in either mature coniferous, deciduous, or
mixed conifer-hardwood forests with large trees, high
canopy closure, and sparse ground cover (Reynolds
et al. 1982, Speiser and Bosakowski 1987, Hayward
and Escaiflo 1989, Siders and Kennedy 1994, Squires
and Ruggiero 1996). Goshawks feed opportunisti-
cally on a wide diversity of prey species but main
foods include ground (Spermophilus spp.) and tree
squirrels (Sciurus spp.), lagomorphs (Sylvilagus
and Lepus spp.), large passerines, woodpeckers, and
game birds (Squires and Reynolds 1997). Partially
migratory, goshawks winter throughout their breed-
ing range but some individuals do make short move-
ments to lower elevations during winter. Irruptive
movements in northern populations to more southern
latitudes in winter occur at approximately 10-yr
intervals and these apparently coincide with popula-
tion lows of the snowshoe hare (Lepus americanus)
and grouse (Squires and Reynolds 1997).

Due to concerns raised over possible declining
populations since the late 1980s, the USDI Fish and
Wildlife Service listed the goshawk as a category 2
species of concern in 1991 (USDI Fish and Wildlife
Service 1992a, 1992b) and it kept that status until
the category was eliminated in 1996. It continues
to be listed as a sensitive species in Regions 3, 4,
and 5 of the USDA ForestService (Kennedy 1997).
Information on the breeding biology and status of
populations across the goshawks’ western range is
limited making evaluations of these various listings
troublesome. Because of this situation, we undertook
a study in the northeastern portion of the Great Basin
in an attempt to better document the dynamics of the
breeding population of goshawks in this portion of
the species’ North American range.

STUDY AREA

Our study included portions of two national
forests, the Independence and Bull Run Mountains
of the Humboldt-Toiyabe National Forest in north-
eastern Nevada and the Cassia and Sublett Divisions
of the Sawtooth National Forest in southern Idaho
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(Fig. 1). These areas are situated in the northeastern
segment of the Great Basin Region of North America.
Our study area in northeastern Nevada included most
of the Independence and Bull Run Mountains. These
mountain ranges are approximately 150 km long and
10-30 km wide and range from 1,700 m on the valley
floor to >3,000 m in elevation on the highest peaks.
Vegetation in the area is mostly open sagebrush
(Artemisia tridentata) steppe habitat that contains
highly-fragmented stands of mixed conifer (Pinus
albicaulis, Pinus flexilis, and Abies lasiocarpa) and
aspen (Populus tremuloides) stands at >2,500 m
elevation, and aspen stands in riparian areas and
natural drainages at lower elevations (Loope 1969).
The Sawtooth National Forest is characterized by
a very diverse assemblage of physical features
that range from broad stretches of flat to rolling
semi-arid plains interspersed with shallow to deep
canyons, high elevation desert plateaus (>2,500 m),
and infrequent mountain ranges in the southern
portion of the forest to strongly glaciated valleys,
steep terrain, rugged ridges, and mountain peaks
with cliffs and talus slopes in the forests’ northern
areas (USDA Forest Service 1987). Our study areas
in the Cassia and Sublett Divisions of the Sawtooth
National Forest are mainly classified as shrubsteppe
habitat with fragmented stands of conifer trees
(either lodgepole pine [Pinus contorta)] or subalpine
fir, 7,181 ha), mixed conifer (subalpine fir and lodge-
pole pine) and aspens (1,438 ha), and aspen stands
(7,572 ha; USDA Forest Service 1980, 1991a).
Over 80% of these stands are classified as mature
(70-150-yr old), and stand size averages from only
4 ha for conifer stands tol6 ha for aspen stands
(USDA Forest Service 1980).

METHODS

We annually searched forest patches in each
study area that had histories of occupancy by
breeding goshawks, which we defined as historic
nesting territories. We also searched all nearby for-
est patches that appeared to support suitable aspen
stands for breeding goshawks where alternative nest
sites and any possible new nesting territories may
have been located. Searches were conducted on
foot during May and we thoroughly searched each
forest patch for evidence of breeding goshawks.
We confirmed that breeding attempts had taken
place by observing goshawks showing breeding
behaviors such as copulation, incubation, or nest
building activity (Postupalsky 1974, Steenhof 1987,
Steenhof et al. 1999). Locations of occupied nest
trees within nesting territories were recorded using
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FIGURE 1. Locations of the Independence and Bull Run Mountains study area of the Humboldt-Toiyabe National Forest in
northeastern Nevada and the Cassia Division and Sublet Division study areas of the Sawtooth National Forest in southern

Idaho from 1992-2003.

global positioning system (GPS) coordinates and
marked on topographic maps. In April of 1992 and
1994-1996, the study area in northeastern Nevada
was also searched via helicopter prior to emergence
of aspen catkins to document early occupancy of
nesting territories. Because many adults were indi-
vidually marked with color bands, we also attempted
to identify each adult we observed during occupancy
checks using 10x binoculars and 20-60x spotting
scopes. During June, we rechecked all nesting ter-
ritories on foot to verify breeding, record and age
nestlings in nests, and identify any breeding adults
that were not previously identified. We estimated the
productivity of breeding pairs by climbing nest trees
and counting young when they were 30-31 d old,

or 80% of fledging age (Steenhof 1987). Because of
logistical restraints, we did not revisit nesting ter-
ritories to confirm fledging. Nestlings were banded
with USGS aluminum bands and colored, alumi-
num bands bearing alpha-numeric codes for future
identification. Sex of nestlings was determined by
tarsus width and age estimates were based on plum-
age characteristics (Boal 1994). If breeding adults
were not marked, we trapped them using a Great
Horned Owl (Bubo virginianus) lure and dho-gaza
net (Bloom 1987) and they were also banded with
USGS Bird Banding Laboratory aluminum leg
bands and colored, aluminum leg bands with alpha-
numeric codes. We did not begin trapping and color-
marking goshawks in southern Idaho until 2000.
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To determine residency, we used the average num-
ber of years individual goshawks were observed in
either of the two study areas, and, to estimate nesting
territory turnover, we used the percent of territories
where individuals were replaced by new goshawks
in subsequent years. Natal dispersal distances, or the
distance between the natal site and first breeding site
(Greenwood 1980), and breeding dispersal distances,
or the distances between subsequent breeding sites
(Greenwood 1980), were calculated with the point
feature distance matrix extension in ArcView GIS
v. 3.2a (Environmental Systems Research Institute,
Redlands, CA).

For statistical analysis, we considered repro-
ductive measures as continuous variables, which
allowed us to compare our results with other studies.
However, for analyses through time, we considered
reproductive measures as categorical response vari-
ables. Occupancy, failure, and turnover were consid-
ered binomial (i.e., occupied or not occupied, failed
or not failed, same adult or different adult), and
productivity was considered a multinomial count,
thereby allowing us to model reproductive statistics
through time using logistic regression analyses.
For modeling, we used the generalized estimating
equations (GEE) method in PROC GENMOD (SAS
Institute Inc. 2001) with a logit link function and
binomial distribution for binomial data, and a log
link function and Poisson distribution for count data.
Rather than taking an annual average occupancy
across all nesting territories and regressing with year,
our analysis modeled responses on a nesting territory
level. This approach had several advantages in that it
allowed us to use all data collected from all nesting
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territories, regardless of how many years a territory
was surveyed, and it solved problems associated
with sample independence and the binomial distribu-
tion of our data (Allison 1999).

RESULTS
NESTING TERRITORY OCCUPANCY AND PRODUCTIVITY

During the 11-yr period we monitored goshawks
in the study area in northeastern Nevada, a total
of 41 nesting territories were located. Because of
years with heavy snowpack, not all nesting terri-
tories were surveyed every year but we surveyed
an average of 32 + 4.74 nesting territories annually
(range = 24-41; Table 1). Mean annual nesting
territory occupancy was 62.3 + 18.8% and varied
from a high of 83.3% in 1997 to a low of 22.6% in
2002. Occupancy of individual nesting territories
ranged from 11-100%. There was a significant
annual decline (21.5%) in the odds that sites would
be occupied over the 11-yr study period (odds =
0.7851, P <0.0001). A total of 22 nesting territories
were identified over the 10-yr study period in south-
ern Idaho (Table 1). All 22 of the nesting territories
were surveyed each year. Nesting territory occu-
pancy averaged 39.5% and ranged from a high of
59.1% in 1995 and 2000 to a low of 13.6% in 1999.
Occupancy of individual nesting territories ranged
from 0-100%. We also observed a decline in terri-
tory occupancy by Northern Goshawks in southern
Idaho, but logistic regression analysis indicated that
the decline over the 10-yr period was not statisti-
cally significant (odds = 0.9502, P <0.2922).

TaBLE 1. OccurPaNCY OF NORTHERN GOSHAWK NESTING TERRITORIES IN THE INDEPENDENCE
AND BuLL RUN MoUNTAINS OF THE HUMBOLDT-TO1YABE NATIONAL FOREST IN NORTHEASTERN
NEVADA AND THE CASSIA AND SUBLET DIVISIONS OF THE SAWTOOTH NATIONAL FOREST IN

SOUTHERN IpaHO, 1992-2002.

Nevada

Idaho

N territories

N territories

Year surveyed % occupancy surveyed % occupancy
1992 27 81.5 - -
1993 32 78.1 - -
1994 37 70.3 15 54.5
1995 37 73.0 22 59.1
1996 41 73.2 22 41.0
1997 24 83.3 22 13.6
1998 33 54.6 22 27.2
1999 33 51.5 22 36.3
2000 33 54.6 22 59.1
2001 30 433 22 31.8
2002 31 22.6 22 41.0
2003 - - 22 31.8
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Breeding pairs of goshawks in northeastern
Nevada produced a total of 478 young during the
11-yr study period for a mean productivity of 2.27 +
0.76 (N = 211) young/breeding pair (Table 2).
Annual productivity was lowest in 2002 (X = 1.43 +
1.40 young/breeding pair, N = 7) and highest in 2000
(X = 3.39 + 0.78 young/breeding pair, N = 18). We
found no significant interaction between location and
year on productivity per breeding pair, and no sig-
nificant trend in overall productivity (odds = 0.9853,
P = 0.2020) or the productivity of individual nest-
ing territories (odds = 0.8674, P = 0.1090) over the
duration of the study. Breeding pairs of goshawks in
southern Idaho produced a total of 72 young during
the 10-yr study period for an average productivity of
1.49 + 0.60 (N = 48) young/breeding pair (Table 2).
Despite a decline from an average high of slightly
over 2 young/breeding pair in 1999 to a low of 0.83
young /breeding pair in 2002, regression analysis of
productivity over the 10-yr period did not show a
significant decline (odds = 1.017, P = 0.5598).

The number of young produced by successful
breeding pairs of goshawks in northern Nevada and
southern Idaho averaged 2.64 + 0.57 (N = 181) and
2.04 = 0.65 (N = 65), respectively (Table 2). Here
also, we did not detect a significant decline in the
productivity of successfully breeding pairs of gos-
hawks in either northern Nevada (odds = 1.003, P =
0.9047) or southern Idaho (odds = 0.9152, P =
0.1913) during the study period.

DEMOGRAPHICS, INDIVIDUAL IDENTITY, AND TERRITORY
AND MATE TURNOVER

We banded 102 adult goshawks (60 females, 42
males) in northeastern Nevada over the 11-yr study
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period. Fifty-five of the females and 34 of the males
were aged at banding. Mean age of breeding females
was 2.0 £ 1.06 yr (mode = 3, N = 55) and mean age
of breeding males was 3.0 = 0.24 yr (mode = 3, N =
34). Males were significantly older than females
(> = 14.83, P = 0.0001) and females were more
likely to be breeding as 2-yr olds and males as 3-yr
olds (G = 21.37, P <0.0001). Based on re-sightings,
residence time in the study area averaged 2.0 + 2.0 yr
for females (range = 1-10, mode =1, N=59) and 2.0 +
1.38 yr for males (range 1-7, mode = 1, N = 42), but
no significant difference was found between the sexes
in the number of years they remained in the study area
(G =547, P =0.2422). Both sexes used from 1-3
different territories for breeding (mode = 1 for both
sexes) and, again, we found no significant difference
in the number of territories used by either sex (G =
2.27, P = 0.3230). Combining all adults, 88% used
one nesting tetritory, 10% used two different territo-
ries, and only 2% used three different territories.

Of the 359 territory years surveyed in northeast-
ern Nevada, we determined individual identities of
female breeding goshawks at 151 territories and male
breeding goshawks at 93 territories for a total of 244
individually identified breeding goshawks over the
11-yr study period. Of the 109 cases where the iden-
tity of either member of breeding pairs was known in
two consecutive years, 74 were females and 35 were
males. Female turnover occurred 12 times (16.2%/
yr) and male turnover occurred 8 times (22.9%/yr),
but the difference in turnover rates between the
sexes was not significant (Table 3). Combining turn-
over for both sexes, there was a significant annual
increase in the likelihood that a known-identity adult
would remain on the same territory the following
year (odds = 0.7950, P = 0.0245), but this increase

TABLE 2. PRODUCTIVITY OF NORTHERN GOSHAWK BREEDING PAIRS IN THE INDEPENDENCE AND BULL RUN MOUNTAINS OF THE
HumBoLDT-To1YABE NATIONAL FOREST IN NORTHEASTERN NEVADA AND THE CASSIA AND SUBLET DIVISIONS OF THE SAWTOOTH
NATIONAL FOREST IN SOUTHERN IDAHO, 1992—2002. NUMBERS IN PARENTHESES INDICATE SAMPLE SIZE.

Idaho

Young/breeding pair  Young/successful pair

Nevada
Year Young/breeding pair ~ Young/successful pair
1992 2.77+0.92 (22) 2.90+£0.70 (21)
1993 2.08+1.14 (24) 2.38+0.86 (21)
1994 2.47+1.22(19) 2.76 £0.90 (17)
1995 1.84 +1.40 (25 2.56+£0.92 (18)
1996 2.43 +0.94 (30) 2.61 +£0.68 (28)
1997 2.05+0.85(19) 2.17+0.71 (18)
1998 222+ 1.17(18) 2.67+0.62 (15)
1999 1.53+£1.33(17) 2.17+1/03 (12)
2000 3.39+£0.78 (18) 3.39+0.78 (18)
2001 1.92 +1.55(13) 2.50 £ 1.27 (10)
2002 1.43 +£1.40 (7) 2.50+0.58 (4)
2003 - -

1.58 +1.16 (12)
1.38 £0.96 (13)
1.67 + 1.00 (9)
1.00 + 1.00 (3)
1.00 £ 0.00 (2)
212+ 1.13 (8)
1.87 + 1.55 (15)
1.15+1.21 (13)
0.83 £ 1.11 (12)
3.00 £ 1.41 (7)

2.11 £0.78 (9)
1.80 = 0.63 (10)
1.87 0.83 (8)
1.50 £0.71 (2)
1.00 = 0.00 (2)
2.43£0.79 (7)
2.08 £0.92 (10)
2.14 £0.69 (7)
2.00 £0.71 (5)
3.50 £0.555 (5)
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TABLE 3. ANNUAL TURNOVER OF BREEDING GOSHAWKS AT NESTING TERRITORIES IN THE INDEPENDENCE AND BULL RUN MOUNTAINS OF
THE HUMBOLDT-To1YABE NATIONAL FOREST IN NORTHEASTERN NEVADA AND THE CASSIA AND SUBLET DIVISIONS OF THE SAWTOOTH

NATIONAL FOREST IN SOUTHERN IDAHO.

N cases Same bird Different bird Turnover %
Years Female Male Female Male Female Male Female Male
Northern Nevada
1992-1993 2 2 0 1 2 1 100.00 50.0
1993-1994 3 3 2 2 1 1 333 333
1994-1995 4 2 4 2 0 0 0.0 0.0
1995-1996 14 7 12 7 2 0 14.3 0.0
1996-1997 13 12 7 5 1 0 12.5 0.0
1997-1998 8 5 9 1 0 0 0.0 0.0
1998-1999 9 1 9 1 0 0 0.0 0.0
1999-2000 10 2 7 1 3 1 30.0 50.0
20002001 7 1 7 1 0 0 0.0 0.0
2001-2002 4 0 4 0 0 0 0.0 0.0
Southern Idaho
20002001 3 0 2 - 1 - 25.0 -
2001-2002 5 3 3 3 2 0 40.0 0.0
2002-2003 4 4 3 3 1 1 25.0 25.0

was not significantly related to location (odds
0.7661, P = 0.5874). Identities of both members of a
breeding pair were determined at 26 nesting territo-
ries in two consecutive years. Of these, 17 (65.4%)
were situations where the same two adults bred in
both years, four (15.4%) involved a change in the
female partner, three (11.5%) involved a change in
the male partner, and two (7.7%) involved changes
in both partners. In all cases where both partners
were identified, neither member of a breeding pair
was ever found breeding with a different partner
in a subsequent year when its mate was still in the
study area. We combined all mate turnover events
for logistic regression analysis. The interaction
between year and location was not significant, so the
final model included year and location as the main
effects without an interaction. The odds of breeding
pairs experiencing turnover of a mate the following
year did not change significantly over time (odds =
0.9489, P = 0.8952) and was not significantly related
to location (odds = 0.6735, P = 0.5876).

During the 3-yr period in which we recorded the
identities of breeding adults in southern Idaho, we
identified 12 female and seven male breeding gos-
hawks in two consecutive years (Table 3). Because
of our limited sample, we did not analyze these data
statistically. Female turnover occurred a total of four
times for an average annual female turnover rate of
30%. Only one male turnover was recorded over the
3-yr period for an annual male turnover rate of only
12.5%. Here also, we did not record any incidences
of mate infidelity.

DISPERSAL AND MOVEMENTS

Only seven goshawks (five females, two males)
banded as nestlings in northeastern Nevada were
ever found as breeding adults and five were banded
as nestlings in 1992 (Table 4). One female banded
as a nestling in 1992 returned to breed at 3 yr of age
in a nesting territory 7.62 km west of its natal site in
1995 and bred there annually through 2002. A sec-
ond female banded as a nestling in 1992 returned to
breed as at 4 yr of age in 1996, 41.7 km north of its
natal site. A third female banded in 1992 was found
breeding as at 4 yr of age near Soldier Peak in the
Ruby Mountain Wilderness of northeastern Nevada
in 1996, 93.8 km south of its natal site. A fourth
female banded in 1999 was found breeding at 1 yr
of age in our study area in southern Idaho in 2002,
175.3 km northeast of its natal site. The fifth female
was also banded in 1999 and was also found breed-
ing as at 2 yr of age in the southern Idaho study area
in 2001, 2002, and 2003,163.75 km northeast of its
natal site. Overall female natal dispersal averaged
96.4 + 73.6 km. There were only two observations
for male natal dispersal in northeastern Nevada. One
male banded in 1992 returned to breed in 1996 as a 4
yr of age, 23.99 km south of its natal site, and a sec-
ond male also banded in 1992 returned to breed in
1996 as 4 yr of age, 14.17 km southwest of its natal
site. Average male natal dispersal was 19.1 km.
None of the nestlings banded in the southern Idaho
study area were ever reencountered as breeding
adults.
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TABLE 4. NATAL DISPERSAL DISTANCES OF NORTHERN GOSHAWKS IN THE INDEPENDENCE AND
BuLL Run Mountains oF THE HuUMBOLDT-TorYABE NATIONAL FOREST IN NORTHWESTERN

NEvADA, 1992-2002.

Sex Year banded Year first breeding Natal dispersal distance (km)
F 1992 1995 7.62
F 1992 1996 41.68
F 1992 1996 93.84
F 1999 2000 175.30
F 1999 2001 163.75
M 1992 1996 23.99
M 1992 1996 14.17

We recorded nine breeding dispersal events (eight
female, one male) by eight different goshawks (seven
females, one male) in northeastern Nevada and none
in southern Idaho. Breeding dispersal distance in
northeastern Nevada averaged 5.37 + 3.93 km (N =
9). Female breeding dispersal distance ranged from
1.3-10.6 km (X = 5.78 £ 3.99, N = 8) and the only
male breeding dispersal distance recorded was 2.1
km. None of the adult goshawks that we identified
to be breeding in southern Idaho dispersed within the
study area over the 3-yr period we made observa-
tions. As long as they remained in the study area,
both males and females showed 100% fidelity to
nesting territories and they were replaced at nesting
territories only when they died or disappeared from
the study area.

Three goshawks (one male, two females) banded
as nestlings in our northeastern Nevada study area in
1996, 1999, and 2000 were captured in the Goshutes
Mountains by HawkWatch International (J. Smith,
pers. comm.) approximately 200 km east of their
natal area as hatch year birds. In addition, two gos-
hawks (one male, one female) banded at the Goshutes
Mountains in the fall of 1991 and 1995, respectively,
were found breeding at before 3 yr of age in the
northern Nevada study area in 1992 and 1997, respec-
tively. One hatch-year male goshawk captured at the
Goshutes Mountains in 1997 was subsequently recap-
tured as a breeding male in the southern Idaho study
area in 2002.

DISCUSSION

Overall occupancy of territories by breeding gos-
hawks in the Independence and Bull Run Mountains
of northeastern Nevada averaged 62% and 39.5%
in the Sawtooth National Forest of southern Idaho.
These averages were very similar to average nest-
ing territory occupancies of 63% and 50% reported
by Woodbridge and Detrich (1994) for the Klamath
National Forest in northern California, by Patla

(1997) for the Targee National Forest in southeast-
ern Idaho, and Ingraldi (1998) for the Sitgreaves
National Forest of east-central Arizona. Occupancy
of nesting territories by goshawks in areas of the
Tongass National Forest in southeast Alaska aver-
aged much lower at only 33% (range = 13-62%;
Flatten et al. 2001), but it was similar to the nesting
territory occupancy of only 39.5% that we recorded
in southern Idaho. Occupancy in neither of our study
areas approached the average occupancy estimate of
81% reported by Reynolds and Joy (1998) for the
Kaibab Plateau in Arizona.

Nesting territory occupancy declined significantly
in northeastern Nevada from highs of >80% between
1992-1994 (Younk 1996) to a low of <30% in 2002.
A less severe decline occurred in southern Idaho
where occupancy decreased from 59% in 1995 to
32% in 2003. In situations where goshawks feed on
one particular prey species, declining breeding popu-
lations of goshawks have been linked to declines in
their preferred prey. For example, in interior Alaska
where goshawks feed primarily on snowshoe hares
which cycle every 10 yr, the breeding population of
goshawks appears to fluctuate with changes in the
hare population (McGowan 1975, Doyle and Smith
1994). In the Dixie National Forest of southern
Utah, a decline in occupancy has been attributed to
a widespread drought in the southwestern US (R.
Rodriguez and C. White, pers. comm.). Goshawks in
northeastern Nevada and southern Idaho feed mostly
on ground squirrels, which can comprise between
50-90% of their diet (Younk and Bechard 1994a), but
they also feed on several species of birds including
American Robins (Turdus migratorius) and Northern
Flickers (Colaptes auratus). Because the diet of these
goshawks was variable from year to year, we felt it
unlikely that the decline in the breeding population
that we observed was related to a decline in ground
squirrel populations. Rather, we feel that such a large
scale, regional decline in the breeding population
of goshawks in the northern Great Basin was more
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indicative of the effects of climate on goshawk
breeding. We found a significant correlation between
average March—April temperature and April-May
precipitation in northern Nevada indicating that
variations in climatic factors such as cold tempera-
tures and high snowpack and rain in spring may play
a major role in determining the number of goshawk
pairs that breed annually (Fairhurst and Bechard
2005). Nesting territory occupancy may be related
to severe weather (Squires and Reynolds 1997) and
colder, wetter springs may negatively influence gos-
hawk reproduction by increasing mortality through
chilling of eggs and nestlings (Hoglund 1964a,
Zachel 1985, Kostrzewa and Kostrzewa 1990, 1991,
Bloxton 2002). Cold weather may also affect forag-
ing behavior of males (Zachel 1985) with poor food
provisioning to pre-egg-laying females preempting
egg laying entirely (Newton 1979a).

Our estimated average of 1.62 young/breeding
pair for goshawks breeding in southern Idaho
was similar to that reported for other goshawk
populations but our estimate for the productivity
of goshawks in northeastern Nevada was higher
than reported elsewhere. Our mean productiv-
ity of 2.27 young/breeding pair in northeastern
Nevada was higher than in northern California
where breeding pairs average only 1.93 young/
breeding pair (Woodbridge and Detrich 1994), in
eastcentral Arizona where pairs average only 1.19
young/breeding pair (Ingraldi 1998), in the Kaibab
Plateau in Arizona where pairs average only 1.55
young/breeding pair (Reynolds and Joy 1998), and
in the Tongass National Forest in Alaska where pairs
average only 1.9 young/breeding pair (Flatten et al.
2001). Most breeding pairs in northeastern Nevada
that began breeding were successful in raising young
to fledging age averaging only 13.5% annual failure
of breeding attempts. This failure rate was similar
to that reported by Woodbridge and Detrich (1994)
who found 13% of breeding pairs failing in north-
ern California, Flatten et al. (2001) who found 7%
failing in Alaska, and Reynolds and Joy (1998) who
found 18% failing in Arizona. Due to the decline
in the number of breeding pairs in the population
in northeastern Nevada, overall annual production
of young fell from a high of 73 young in 1996 to a
low of only 10 young in 2002. Likewise, in southern
Idaho annual production of young varied from a high
of 28 young in 2000 to a low of only two in 1998.
With such marked variation in annual productivity,
the recruitment of new breeders into these popula-
tions was undoubtedly highly variable over the
11 yr that we studied them. Despite this, two females
dispersed nearly 200 km from their natal grounds
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in northeastern Nevada and settled as breeders in
southern Idaho indicating that, rather than settling
into their natal areas as new breeders, young may
disperse great distances, filling vacancies in remote
breeding populations.

An average of 19.3 % and 20% of goshawk nest-
ing territories in northeastern Nevada and southern
Idaho, respectively, experienced turnover of at least
one breeding adult during our study. Adult females
were replaced at 18.7% and 40% of nesting ter-
ritories, respectively. Adult males were replaced
at 20.6% of the nesting territories in northeastern
Nevada and only one of the males was replaced in
3 yr in southern Idaho. Squires and Reynolds (1997)
have noted that fidelity to breeding territories is
often difficult to determine because of the problems
associated with finding all of the alternate nests in
nesting territories. Nesting territories in northeastern
Nevada and southern Idaho are relatively small and
nest structures are built in aspen trees and lodgepole
pines where they are fairly obvious. We thoroughly
searched all territories and, although we cannot
assume that our turnover estimates are entirely unbi-
ased, we feel confident that when we did not find a
bird on a territory it was because it no longer bred
there. Furthermore, our estimate of annual turnover
of breeders was similar to that found in the Kaibab
Plateau in Arizona (16% for females and 25% for
males, Reynolds and Joy 1998), northern California
(28.6% for females and 23.5% for males, Detrich and
Woodbridge 1994), and Alaska (35.7% for females,
Flatten et al. 2001). In the 31 cases where we identi-
fied both members of a pair on the same nesting terri-
tory in northeastern Nevada and southern Idaho, only
57.5% were situations where both members of the
pair remained together on the same territory that had
been used in the previous year. Most mate turnovers
involved female replacements, indicating that female
mate turnover was higher in our study areas than
elsewhere. Breeding goshawk pairs were found to
retain the same mate at 72% of nesting territories in
northern California (Detrich and Woodbridge 1994),
75.9% of the nesting territories in southeast Alaska
(Flatten et al. 2001), and 98% of the nesting territo-
ries in the Kaibab Plateau (Reynolds and Joy 1998).
Because we did not find a member of a breeding pair
breeding with a different partner in a subsequent year
when its mate was still in the study area, we felt that
the occurrence of mate infidelity in this population
was probably very low.

Natal-dispersal distance of goshawks in north-
eastern Nevada was sex-biased with females dispers-
ing nearly five times farther than males (19 vs. 96 km
for males and females). Reynolds and Joy (1998)
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reported a male natal dispersal of 15.9 km, which
was similar to our estimate for male natal dispersal
distance in northeastern Nevada. Nevertheless, their
estimated female natal dispersal of 21.5 km was
nearly five times less than our estimate for female
natal dispersal in northeastern Nevada. Our estimate
for breeding dispersal distance of adult goshawks in
northeastern Nevada indicated that, once an adult
began to breed in the population, it tended to breed in
the same, or near to the same, territory from one year
to the next. Our breeding dispersal distances of only
5.8 km for females and 2.1 km for males were much
shorter than breeding dispersal distances in northern
California where females disperse an average of 9.8
km and males disperse an average of 6.5 km between
breeding territories (Detrich and Woodbridge 1994)
and in Alaska where adults move 18.5 km between
nesting territories in consecutive years (Flatten et al.
2001), but similar to Arizona where breeding females
disperse an average of 5.2 km and males disperse an
average of 2.8 km (Reynolds and Joy 1998).

Our results indicate that the northeastern Great
Basin area of northeastern Nevada and southern
Idaho supports a large metapopulation of Northern
Goshawks that is comprised of several smaller,
populations existing in isolated mountain ranges
throughout the area. With their large natal dispersal
distances, it appears that juvenile, female goshawks
readily move between these isolated populations,
which can be separated by hundreds of kilometers.
However, once they settle into an area, females
remain there and do not return to their natal areas.
In view of these large dispersal distances, we feel
that to accurately monitor the status of the breeding
population of Northern Goshawks in the northeast-
ern Great Basin, it is necessary to monitor all of the
isolated populations that are distributed throughout
the region including the Ruby and Santa Rosa
Mountains and the Jarbidge Wilderness in northeast-
ern Nevada.

We did not identify the cause for the decline in
occupancy of goshawk nesting territories in our two
study areas. Nevertheless, the fact that both areas
experienced simultaneous declines in occupancy
indicated that there was a large-scale factor that
affected the metapopulation of goshawks in the
northeastern Great Basin. While declines in breeding
populations in the northern portion of the goshawk’s
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North American range have been associated with
10-yr declines in snowshoe hares, this explanation
cannot be used for goshawks in the northeastern
Great Basin which feed mostly on ground squirrels
which are not known to exhibit population cycles
(Van Horne et al. 1997). We feel that other factors that
operate on a landscape basis are probably the cause
of the decline in goshawk breeding that we observed
in the northeastern Great Basin. Kostrzewa and
Kostrzewa (1990) and Fairhurst (2004) and Fairhurst
and Bechard (2005) have found a significant relation-
ship between goshawk occupancy and spring weather
which may play a role in the breeding status of
populations of goshawks distributed throughout the
Great Basin. Apparently, warm, dry springs are most
conducive to goshawk breeding and periods of cold
and above average precipitation prevent goshawks
from initiating breeding. Further work on the effect
of weather on the breeding of goshawks in the Great
Basin would increase our understanding of factors
that influence populations of goshawks and the sta-
tus of the species across its western North American
range (Kennedy 1997, DeStephano 1998).
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ECOLOGY OF THE NORTHERN GOSHAWK IN THE NEW YORK-
NEW JERSEY HIGHLANDS

THoMAs Bosakowski AND DWIGHT G. SMITH

Abstract. Evidence suggests that the Northern Goshawk (Accipiter gentilis) was once extirpated in the New
York-New Jersey Highlands, but has recolonized the Highlands in the 1960s and 1970s following a dramatic
reforestation in the 20th century. The reforestation produced large tracts of contiguous mature forest, which
appear to be a primary habitat requirement of this species. Most goshawk nests in the Highlands were found
deep in remote forest areas where nest sites are typically distant from human habitation and paved roads. Nest
trees were almost always built in co-dominant or dominant trees of the stand, but were seldom built in the
largest tree of the nesting stand. Canopy cover is very high (90%) and shrub cover is often reduced or nearly
devoid (28.3%) at goshawk nest sites. Ruffed Grouse (Bonasa umbellus) appears to be the most common prey,
but other predominant bird species in diets of Highlands goshawks included the Blue Jay (Cyanocitta cristata),
Mourning Dove (Zenaida macroura), Rock Dove (Columba livia), and blackbirds. Sciurids, including eastern
chipmunks (Tamias striatus), red squirrel (Tamiasciurus hudsonicus), and gray squirrel (Sciurus carolinensis)
were also important components of goshawk diets from the Northeast. Highlands goshawks had a mean prey
weight of 365.8 g, with bird prey averaging 332.3 g and mammal prey averaging 442.9 g. In the Highlands, pro-
ductivity calculated from 36 nesting attempts averaged 1.4 young per nest, lower than found in two Connecticut
studies (1.75 and 2.13). Although the goshawk is generally considered to be a permanent resident, dozens of
northeastern hawk migration observation stations reveal a small, but distinct, fall migration during non-invasion
years. Breeding bird atlas data confirm that the goshawk is rare in New Jersey, moderately rare in Pennsylvania
(mostly northern), and numerous in New York. Various factors impacting Highlands goshawks are discussed
including interspecific competition, lack of reserves, timber harvesting, tree diseases, and human disturbance
factors.

Key Words: competition, food-niche overlap, forestry, habitat, New Jersey, New York, Northern Goshawk,
productivity, migration, nest sites, site fidelity, prey.

ECOLOGIA DEL GAVILAN AZOR EN LAS TIERRAS ALTAS DE NUEVA YORK-
NUEVA YERSEY

Resumen. La evidencia sugiere que el Gavilan Azor (Accipiter gentilis) fue alguna vez erradicado de las
Tierras Altas de Nueva York-Nueva Yersey, pero recolonizé las Tierras altas durante los afios 1960 y 1970,
seguido de una drastica reforestacion en el siglo 20. Dicha reforestacion produjo largos espacios de bosque
maduro contiguo, lo cual parece ser un requisito primordial de habitat para esta especie. La mayoria de los
nidos de gavilan en las Tierras Altas fueron encontradas hondo en areas forestales remotas, donde los sitios
de nidos estaban tipicamente distantes de la poblacion humana y de caminos pavimentados. Los nidos de los
arboles estaban casi siempre construidos en arboles co-dominantes o dominantes del grupo de arboles, pero
fueron raramente construidos en el arbol mas grande del grupo de arboles en donde se encontraba el nido. La
cobertura de copa es muy alta (90%) y la cubierta arbustiva es a menudo reducida o casi desprovista (28.3%)
en los sitios de nidos de gavilan. El Grévol Engolado (Bonasa umbellus) parece ser la presa mas comun, pero
otras especies de aves predominantes en la dieta de los Gavilanes Azor de las Tierras del Norte como la Charra
azul (Cyanocitta cristata), Paloma huilota (Zenaida macroura), Paloma doméstica (Columba livia), y mirlos.
Ardillas, incluyendo ardilla listada (Tamias striatus), ardilla roja (Tamiasciurus hudsonicus) y ardilla (Sciurus
carolinensis), fueron componentes importantes de las dietas de los Gavilanes Azor. La media en el peso de
las presas de los gavilanes de las Tierras Altas es de 365.8 g, con un promedio de 332.3 g para las presas aves
y un promedio de 442.9 g para las presas mamifero. En las Tierras Altas, el promedio de la productividad
calculada de 36 intentos de anidacion fue de 1.4 joven por nido, mas bajo que lo encontrado en dos estudios
en Connecticut (1.72 y 2.13). Aunque el gavilan es considerado generalmente como residente permanente,
docenas de estaciones de observacion de migracion de halcones del noreste revelan una pequeiia, pero distinta
migracion baja durante los afios de no invasion. Datos del Atlas de Reproduccion confirman que el gavilan es
raro en Nueva Yersey, moderadamente raro en Pennsylvania (principalmente en el norte), y numeroso en Nueva
York. Varios factores que impactan los gavilanes de la Tierras Altas son discutidos, incluyendo competencia
interespecifica, falta de reservas, aprovechamiento de madera, enfermedades de arboles y factores humanos de
disturbio.
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Following a range extension in the late 1950s,
the range of the Northern Goshawk (Accipiter gen-
tilis, hereafter goshawk) has moved southward into
Connecticut, New Jersey, and Maryland (Root and
Root 1978, Speiser and Bosakowski 1984, Mosher
1989). Possibly, the goshawk was a resident
throughout all northeastern states prior to coloni-
zation by European settlers and is only recently
returning to reoccupy former habitat as these
states undergo a dramatic reforestation. Similarly,
reforestation has resulted in recolonization of gos-
hawks (Accipiter gentilis gentilis) in Great Britain
(Marquis and Newton 1982, Anonymous 1989).
Despite extensive deforestation in the Northeast
during the past several centuries, the goshawk
has persisted in remote arcas of Maine, Vermont,
New Hampshire, Pennsylvania, Massachusetts,
and the Adirondack Mountains of New York (Bent
1937). Investigations into the breeding ecology of
goshawks in the New York-New Jersey Highlands
were initiated in the late 1970s by Speiser (1981)
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and continued with collaborative efforts throughout
the 1980s by Speiser and Bosakowski (1984, 1987,
1989, 1991), Bosakowski et al. (1992), Bosakowski
and Smith (1992), and Bosakowski and Speiser
(1994). The Northern Goshawk is listed as threat-
ened in New Jersey and as a species of concern in
Rhode Island and Maryland (Mosher 1989), but
has no special status in the remaining northeastern
states.

STUDY AREA

Northern goshawk studies were conducted in
the highlands physiographic region (Braun 1950)
extending southwest to northeast across the New
York-New Jersey border. The study area includes
Passaic, Morris, Sussex, Warren, and Hunterdon
counties in New Jersey, and Orange and Rockland
counties in New York; this area is approximately
400,000 ha (Fig. 1) of which, approximately 192,000
ha is currently forested.

New York

Pennsylvania

New Jersey

Connecticut

New York-New

Jersey Highlands

FIGURE 1. Map of the Highlands Study Area in New Jersey and New York (courtesy of USDA Forest Service).
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History oF FORESTS

Nearly all Highlands forests have been previ-
ously cut or burned within the last 200 yr (Ohmann
and Buell 1968, Russell 1981). Early mining in the
1800s in the Highlands led to extensive clearcutting
for charcoal production, fuelwood, and construction
(Russell 1981). However, large-scale farming was
never attempted in the Highlands because of thin
rocky soil, and reforestation in the 20th century
has progressed further in the Highlands than the
surrounding lowlands and valleys (Speiser 1981).
Extensive clearcutting, burning, and disease has
resulted in second growth forest that is largely
dominated by oaks (Quercus spp.) and other vari-
ous sub-climax hardwood trees (Buell et al. 1966,
Russell 1981). Overall, present forests contain domi-
nant trees which are similar to the dominants of the
17th and 18th century forests, except that early forest
had more chestnut (Castanea dentata) and hickory
(Carya spp.) and less birch (Betula spp. ) and maple
(Acer spp.) than today (Russell 1981).

PrRESENT FOREST COMPOSITION

The Highlands are part of the eastern decidu-
ous forest biome (Shelford 1963). Chestnut oak
(Quercus prinus) dominates ridgetops and upper
xeric slopes, whereas white oak (Quercus alba), red
oak (Quercus rubra), and tuliptree (Lireodendron
tulipera) are common on lower slopes. Red maple
(Acer rubrum), black birch (Betula lenta), and
white ash (Fraxinus americana) are ubiquitous and
common indicators of disturbance (Russell 1981).
In areas with rich, moist soils, such as near wet-
lands, water courses, ravines, and broad lowland
plateaus, eastern hemlock (7suga canadensis),
white pine (Pinus strobus), sugar maple (Acer sac-
charum), American beech (Fagus grandifolia), and
yellow birch (Betula alleghaniensis) dominate the
forest. Braun (1950) considered the Highlands to
be a transition zone between the oak-chestnut and
white pine-hemlock-northern hardwoods region.
However, due to chestnut blight, chestnut is now
virtually absent except as an understory component.
Wooded swamps are presently dominated by red
maple, yellow birch, black gum (Nyssa sylvatica),
white pine, hemlock, and occasionally Atlantic
white cedar (Chamaecyparis thyoides) and black
spruce (Picea mariana) (Russell 1981). Mature
conifer plantations (planted circa 1920-1935) are
sparsely distributed throughout reservoir water-
sheds and these are composed of various pine
species including white pine, red pine (Pinus
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resinosa), Scotch pine (Pinus sylvestris), Norway
spruce (Picea abies), and larch (Larix spp.).
Overall, current forests are predominantly upland
deciduous habitat (75%), except for limited areas
of hemlock-white pine forests (20%) or mature
conifer plantations (5%). Most areas are composed
of a mosaic of submature (<40 yr) and mature
second-growth forest (40-80 yr), older stands
(>100 yr) are rare.

Overall, approximately 41% of the Highlands
forests are considered potential, viable timberland
available for harvesting (Michaels et al. 1992).
However, the Highlands forests are rarely under
much pressure for timber harvesting, because the
current harvest level is only about 10% of the annual
growth rate (Michaels et al. 1992). Most parcels
of forest are small, 85% are <7.6 ha. Surveys have
found that most landowners in the Highlands value
their forestland more for its scenic value than for its
timber, and no owner listed income from timber as
the primary benefit (Michaels et al. 1992). Currently,
thinning is the usual method of harvesting and
clearcutting is rare, except for the purposes of new
suburban development.

CURRENT LAND COVER DESCRIPTION

In 1985, forest was the predominant land cover
(48%) in the Highlands, followed by residential/
urban (29%) and agriculture (16%) (Michaels et al.
1992). Reservoirs and a few natural lakes account
for most of the open water, although beaver (Castor
canadensis) ponds and marshes are found in some
sections. Other wetlands are typically a mix of
forested wetland, brushy swamps (shrub-carr), and
open marshes. Due to the higher elevations of the
Highlands, temperatures are cooler and rainfall is
slightly greater than the adjacent Piedmont and
Kittatiny valley regions (Robichaud and Buell
1973). Public access to forests on military hold-
ings and many private ownerships is restricted, but
most city watersheds allow access with recreational
permits. State and county lands are generally open
to the public, as well as the few federal parks and
refuges.

HABITAT ECOLOGY OF HIGHLANDS
GOSHAWKS

NEST TREE SELECTION
In the Northeast, deciduous trees are usually

favored by goshawks for nest building, even in
mixed forests where conifers are abundant. Bent
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(1937) reported that only 11 of 62 nests of eastern
goshawks were built in conifers. In New York, Bull
(1974) noted that only six of 40 goshawk nests were
in conifers. In New York and New Jersey, Speiser and
Bosakowski (1989) found that only five of 32 nests
were in conifers and availability data indicated that
the preference for deciduous trees (black birch and
American beech) was significant. In deciduous trees
in our study area, goshawk nests are almost always
built in a primary crotch (Speiser and Bosakowski
1989). This often results placement of the nest in
the lower one-third of the canopy layer (or crown
height). Speiser and Bosakowski (1989) reported
a mean relative nest height (nest height/nest tree
height x 100) of 54.5% for the Highlands. Deciduous
trees are likely preferred because they frequently
provide a more stable triple or quadruple crotch for
supporting the large nest (Speiser and Bosakowski
1989) with little overhead obstruction immediately
above the nest platform. In contrast, conifers usually
have thinner limb diameters and rarely have major
crotch formations (especially low in the canopy)
except in the case of deformities

Nest trees were almost always built in co-dominant
or dominant trees of the stand, but were seldom
built in the largest tree of the nesting stand. In the
Highlands, only four of 32 nest trees had the largest
diameter of trees in the nesting stand (Speiser and
Bosakowski 1989). In older, taller forests, smaller
sub-dominant trees are sometimes selected as nest
trees probably because the goshawk prefers to nest
low in the canopy.

NESTING HABITAT

Although goshawks nest in a variety of forest
types throughout their range in North America,
the vegetative structure and topography of nest
sites remain relatively consistent (see review in
Bosakowski 1999). Habitat selected for nesting in
the Highlands is usually in forest stands with larger
basal areas and larger tree diameters than random
sites (Speiser and Bosakowski 1987) which sup-
ports the findings of many studies that mature and
old-growth forest is preferred (Reynolds et al. 1982,
1992, Moore and Henny 1983, Iverson et al. 1996,
Squires and Ruggiero 1996). If older, taller forests
are not available, the goshawk will sometimes use
younger and/or denser forests with smaller trees
(Doyle and Smith 1994, Bosakowski 1999).

In the Northeast, deciduous forests, mixed conifer-
deciduous forests, and monoculture pine plantations
are all forest habitat types used for nesting (Speiser
and Bosakowski 1987, Smith and Devine 1994,
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Becker 2000), albeit pure coniferous forest is often
scarce in the Highlands. In the Highlands, goshawk
nest stands typically have a high degree of canopy
cover (X = 90.0%) and shrub cover is often reduced
or nearly devoid (X = 28.3%) (Bosakowski et al.
1992).

Generally, vegetation around nest sites usually
appears to be similar in structure and size class to
home ranges in the Highlands. Beier and Drennan
(1997) found that goshawk foraging locations had
significantly greater canopy closure, tree density,
and large tree density, demonstrating that mature
forests are not only necessary for nesting but also
for foraging.

In the Highlands, nesting generally occurs on
benches or bowl-like topography where the slope is
generally slight to moderate, and several sites were
flat with no aspect (Speiser and Bosakowski 1987).
Slopes with southern aspects were avoided compared
to random sites (Speiser and Bosakowski 1987).

Overall, we found goshawks to be relatively
intolerant of human disturbance. They nested sig-
nificantly further from human habitation and paved
roads than random sites (Bosakowski and Speiser
1994), typically in the most remote forests available
in the Highlands.

FEEDING ECOLOGY OF HIGHLANDS
GOSHAWKS

Diets of goshawks in the Highlands were deter-
mined by examining prey remains found below
goshawk nests and at prey-plucking posts follow-
ing the methods outlined by Reynolds and Meslow
(1984). Goshawk diets in the Highlands, as in other
eastern forests, are comprised principally of birds
(Meng 1959, Bosakowski et al. 1992, Bosakowski
and Smith 1992; Becker et al., this volume). In an
agricultural-woodland matrix, Meng (1959) found
Common Crows (Corvus brachyrhynchos) to pre-
dominate the diet, whereas in contiguous forest,
Bosakowski et al. (1992) found Ruffed Grouse
to be the most common prey (Fig. 2). Other pre-
dominant bird species in diets of eastern goshawks
included the Blue Jay, Mourning Dove, Rock Dove
(Columba livia), and blackbirds. Sciurids, includ-
ing eastern chipmunk (Zamias striatus), red squir-
rel (Tamiasciurus hudsonicus), and gray squirrel
(Sciurus carolinensis), were also important com-
ponents of eastern goshawk diets. All of these prey
species appear to be most abundant in mature forest
in the Highlands, although no field studies have
been done to support this observation. Studies con-
ducted in Minnesota (Eng and Gullion 1962) and



GOSHAWKS IN NEW YORK-NEW JERSEY HIGHLANDS—Bosakowski and Smith

113

Pennsylvania-New York
(Meng 1959)

1.6% E. Chipmunk

3.8% E. Cottontail
2.2% Gray Squirrel

iy

31.4% Red Squirrel

/ |

1.6% other

8.1% Blackbird

44 9% Common Crow

3.8% Blue Jay

2.7% Ruffed Grouse

N =185

New York-New Jersey
(Bosakowski et.al., 1992)

21.6% Common Crow

3.9% Red Squirrel

P 4
3.0% E. Chipmunk

3.0% other mammals

20.3% Gray Squirrel

6.9% Mourning Dove

6.9% Rock Dove
9.1% Blue Jay

25.2% Ruffed Grouse

N =231

FIGURE 2. Major prey species for Northern Goshawks in the New York-New Jersey Highlands (a) and Pennsylvania-

New York (b).

Sweden (Widen 1987) also showed a prevalence of
grouse and tree squirrels in goshawk diets.

In comparison to other sympatric forest raptors,
only the accipiters [goshawk and Cooper’s Hawk
(Accipiter cooperii)] had diets dominated by birds,
whereas Buteo spp. diets were dominated by mam-
mals (Bosakowski and Smith 1992). Mammals are
generally less prevalent in the diet of eastern accipi-
ters, however, goshawks took more than twice the
proportion of mammals to birds (0.43) as compared
to the smaller congener, Cooper’s Hawk (0.17).

In western and boreal regions of North America,
bird/mammal ratios differ from those in eastern

populations with mammals representing a larger
component of the goshawk diet. This difference
can be attributed to the lack of ground squirrels and
scarcity of lagomorphs (hares and rabbits) in eastern
forests, prey that are more numerous in the more
open western montane forests. Studies from northern
Arizona, eastern Oregon and the Yukon Territories
clearly show a preponderance of ground squirrels and
lagomorphs in goshawk diets (Reynolds and Meslow
1984, Doyle and Smith 1992, Boal and Mannan
1994). However, in eastern Oregon (Reynolds and
Meslow 1984) goshawks took a higher portion of
birds compared to mammals.
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MEAN PREY WEIGHT

Inastudy of five raptor assemblages, Jaksic (1983)
found that raptor body weights were positively cor-
related with mean vertebrate prey weight. Analysis
of prey weights for Highlands goshawks revealed a
mean prey weight of 365.8 g, with bird prey averag-
ing 332.3 g and mammal prey averaging 4429 g
(Bosakowski et al. 1992; plus errata—Bosakowski
1993). Reynolds and Meslow (1984) reported a
mean prey weight of 306.6 grams for total prey with
an average of 147.5 g for birds and 445.2 g for mam-
mals in northeastern Oregon. Overall, average prey
weight was significantly larger for eastern goshawks
(Bosakowski et al. 1992, Bosakowski 1993) which
correlates well with the larger body weight docu-
mented for eastern goshawks (Henny et al. 1985,
Smith et al. 1990). For example, mean Oregon sum-
mer weights of males were significantly (P <0.001)
lower by 19.8% than fall weights from Wisconsin,
and females were significantly (P <0.001) lower by
15.6% (Henny et al. 1985). Not surprisingly, eastern
and western goshawks were once considered differ-
ent subspecies (Bent 1937).

INTERSPECIFIC COMPETITION

Schoener (1984) theorized that because of
their elevated trophic position as terminal preda-
tors, Accipiter hawks should show competitively
caused niche overdispersion. In comparing the
goshawk with its closest North American relative,
the Cooper’s Hawk, Bosakowski et al. (1992) dis-
covered that food-niche overlap by prey species
was below competition levels (overlap <0.6) for
New Jersey (0.47), Connecticut (0.45), and Oregon
(0.47; data in Reynolds and Wight’s [1984] recalcu-
lated using Schoener’s overlap index). In all three
cases, these results are consistent with niche over-
dispersion, which theoretically serves to reduce
food-niche overlap. It is not known whether the
niche overdispersion is the result of past or present
competition levels between these two congeners
(Connell 1980).

In the Highlands forests, goshawks frequently
nest in close proximity to Red-shouldered Hawks
(Buteo lineatus) and Barred Owls (Strix varia) as
was also noted by Root and Root (1978) for north-
west Connecticut. Bosakowski and Smith (1992)
found that food overlap of the goshawk was very
low with the Red-shouldered Hawk (Buteo lineatus;
0.307) and Barred Owl (Strix varia; 0.202), suggest-
ing a reason for mutual tolerance of these sympatric
forest raptors.
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NESTING, REPRODUCTION, AND
POPULATION BIOLOGY OF HIGHLANDS
GOSHAWKS

NEsST BUILDING

Nest building usually begins from late February
to early March. However, Speiser and Bosakowski
(1991) once observed nest building as early as 1
January at a New Jersey nest site during a mild
winter. When the nest is completed, fresh sprigs of
greenery (usually hemlock if available) are almost
always present on active nests. Occasionally, gos-
hawks re-use and re-furbish old nests of other rap-
tors or crows (Bent 1937), and in northwestern New
Jersey we have observed a Great Horned Owl (Bubo
virginianus) using an old goshawk nest.

NESTING PHENOLOGY

In the Highlands, the majority of goshawks return
to the nest site in late February as newly added
sticks and fresh greenery were generally observed
on the nest by mid-March. Incubation commenced
primarily (80%) during the second through fourth
week in April with a mean of 23 April (Speiser and
Bosakowski 1991).

ProbucTIvVITY

Few data are available for productivity of
goshawks in the eastern US. In the Highlands,
productivity calculated from 36 attempts averaged
1.4 young per nest (Speiser 1992). In northwestern
Connecticut, Root and Root (1978) conducted a
study on 20 goshawk nests and reported the fol-
lowing reproductive statistics: mean clutch size =
2.82 (N = 17), mean brood size at 4 wk =2.06 (N =
17), nesting success = 85.0%, mean young per nest
attempt = 1.75 (N = 17), and nestling mortality =
27.5% (N = 14). A more recent Connecticut study
(Becker 2000) revealed an average productivity
of 2.13 young per nesting attempt for 15 nesting
attempts (range one—four young). The reason for the
apparently lower productivity in the Highlands is
unknown, but might be a function of latitude because
our study area is along the southern range limit for
the species.

In the Highlands, females occasionally breed
in immature plumage, but only two of 35 nest-
ing attempts were by immature females, and all
breeding males were in adult plumage (Speiser and
Bosakowski 1991). Similar proportions of nesting
by immature-plumaged females have been reported
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elsewhere (Henny et al. 1985, review by Palmer
1988).

NEesT SITE FIDELITY

In the Highlands, nest areas were occupied
from 1-8 yr with an average occupancy of 3.83 +
3.05 (sp) yr (Speiser and Bosakowski 1991).
Similar long-term fidelity has also been reported
by Becker and Smith (2000) in Connecticut and
in western North America by Reynolds and Wight
(1978) and Woodbridge and Detrich (1994). During
their occupancy, goshawks built one—five nests in
the nest areas monitored in the Highlands (Speiser
and Bosakowski 1991). The alternate nests in the
Highlands were generally spaced within a few hun-
dred meters of each other. However, a California
study (Woodbridge and Detrich 1994) noted a max-
imum range of 2.1 km between alternate nests. In
the Highlands, goshawks often used a new nest or
different alternate nest in their nest area each year
regardless of the nesting outcome of the previous
year. Traditional nest site areas often remain unoc-
cupied for many years after they are abandoned,
suggesting that the goshawk population is well
below saturation levels in the Highlands (Speiser
and Bosakowski 1984, 1991).

BREEDING DENSITIES

No published information exists for breeding
densities of goshawks in the Northeast. Speiser
and Bosakowski (1984) speculated that goshawk
densities in New Jersey appeared to be far below
saturation levels, but systematic attempts to deter-
mine density were not made. In suitable goshawk
habitat of the Highlands, nest areas were generally
spaced at an average of approximately 8 km which is
clearly below breeding densities reported elsewhere
(Reynolds and Wight 1978, DeStefano et al. 1994a,
Reynolds et al. 1994).

DisPERSAL, MIGRATION, AND POPULATION TRENDS

In the Highlands, Speiser and Bosakowski (1991)
observed goshawks in mid-winter at or near sev-
eral traditional nest sites (N = 6) and others were
attracted near nest sites with broadcasts of various
raptor calls (N = 5), suggesting that most goshawks
in the Highlands are permanent residents. However,
goshawks are also frequently among the many (15+)
species of raptors observed during autumn hawk
migration counts in the Northeast (Heintzelman
1976). During these flights, we observed goshawks
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using the same migratory pathways as other hawks,
flying southward along interior northeast—southwest
ridgelines (i.e., flight direction is non-random). Fall
migration for goshawks begins in late September and
peaks by mid-October, and lasts into December in
the Northeast (Heintzelman 1976). Most migrating
goshawks are juveniles, except in irruption years,
when large numbers of adults are observed (Bent
1937). The origin of these migrating birds remains
unknown, but most are probably from the far north-
ern boreal forest in Canada during invasion years
(Doyle and Smith 1994).

A large number of hawk migration counting sta-
tions have been initiated in the Northeast, with peak
numbers of observers and hawkwatches established
in the late 1970s. Table 1 provides an example of
the number of hawks counted during a typical non-
invasion year for goshawks. The total of 297 gos-
hawks indicates that the eastern goshawk population
contains a small, but distinct, migratory component
during non-invasion years. Geographically, the
overall trend seems to indicate that larger numbers
of goshawks appear to migrate through the interior
higher ridges (Hawk Mountain, Wagoner’s Gap,
and Raccoon Ridge) of the Kittatiny Mountains
than the lower elevation routes nearer to the coast
(Skyline Ridge, Mt. Peter, and Hook Mountain) of
the New York-New Jersey Highlands.

Using migration data from Hawk Mountain
Sanctuary (Kempton, Pennsylvania), both Mosher
(1989) and Bednarz et al. (1990) analyzed long-term
trends for goshawk numbers. Mosher (1989) used a
3-yr moving average of data from 1934-1987 that
showed a general increase in goshawk numbers.
Bednarz et al. (1990) analyzed yearly counts from
1934-1987 and found that numbers of migrating
goshawks increased during the DDT era, but no sig-
nificant trend has occurred since the ban on DDT in
1973. Both studies note, however, that the periodic
invasions of goshawks (Mueller et al. 1977) greatly
confound the interpretation of migration data for
this species. Overall, the general increase in counts
of migrating hawks and the recent southern range
extension provide evidence that goshawk popula-
tions may be increasing in the Northeast. Similar
trends are apparent in Great Britain, where goshawk
repopulation has paralleled reforestation (Marquis
and Newton 1982, Anonymous 1989).

Another source of population data is the state
breeding bird atlases which have been completed
for most states in the Northeast. The New York
state breeding bird atlas (Andrle and Carroll 1988)
reported a total of 445 atlas blocks (5 x 5 km) with
goshawk presence. A surprisingly large number of
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TaBLE 1. NORTHERN GOSHAWK MIGRATION COUNTS IN THE NORTHERN APPALACHIAN REGION FROM
AUTUMN1978 (Hawk MOUNTAIN NEWS, 1979). TABLE DOES NOT INCLUDE 13 STATIONS WITHOUT

GOSHAWK SIGHTINGS.

Location Days Hours N Goshawks
Bear Rocks, PA 44 270

Belfrey Mountain, NY 5 5.5 2
Chimney Rock, NJ 14 53 1
Cornwall Fire Tower 36 127 2
Hawk Mountain, PA 89 670 63
Helderberg 22 44 7
Hook Mountain, NY 57 381 6
Huntingdon Ridge* 21 67

1-84 Port Jervis, NY 2 12 3
Kittatinny Mountain® 76 1,038 49
Little Gap® 35 241 9
Little Mountain 23 154 5
Mt. Peter, NY 45 280 3
Oneida, NY 28 71 2
Pulpit 96 719 33
Raccoon Ridge, NJ 77 388 35
Skyline Ridge, NJ 74 438 5
Sunrise Mountain, NJ 18 138 8
Wagoner’s Gap, PA 73 414 42
Totals 835 5,512.5 297

*Indicates banding station.

goshawk detections were reported for a species that
has the reputation of being so secretive. However, an
impressive army of 4,300 atlas workers covered all but
12 of New York’s 5,335 atlas blocks in a 6-yr period
(Andrle and Carroll 1988). Blocks were surveyed
from 1-6 yr, usually with a minimum of 16-20 hr
of survey time per year. Although variability does
exist among coverage and observers, the New York
Atlas represents a monumental field effort and a
unique source of complete census data for the gos-
hawk which is currently unavailable for less popu-
lated western states and Canadian provinces.

In Pennsylvania, only 120 blocks (2% of all
blocks surveyed) were reported with goshawks
(Brauning 1992). Although this state had almost as
much forest area as New York (68,000 km? versus
74,000 km?) goshawk detections were less numer-
ous, as distribution was mostly limited to central and
northern regions of the state. Atlas results from New
Jersey revealed only 27 blocks positive for goshawks
(Walsh et al. 1999) and were limited almost entirely
to the northern half of the state with the exception
of two nests found in the Pine Barrens region of
southern New Jersey (Bosakowski and Smith 2002).
Based on extensive fieldwork before the atlas began,
it is interesting to note that Speiser and Bosakowski
(1984) estimated that the state could only support
about 20 pairs of goshawks.

POTENTIAL IMPACTS TO HIGHLANDS
GOSHAWKS

LAck oF RESERVES

The Northern Goshawk has been recognized as an
area-sensitive species in North America (Bosakowski
and Speiser 1994), such that a future decrease in
large, unfragmented, forested reserves could pose
a threat to goshawk populations. Currently, only
6.9% of the northeast forests are on public lands,
with another 3.7% classified as forest reserves, and
1.0% classified as nonproductive forest reserves
(Brooks 1989). Public lands (state and national for-
ests, state and national parks, county parks, and city
watersheds) in the Northeast could be set aside for
goshawk conservation, but clearly this action would
not be enough protection because of the relatively
small percentage of public ownership. In addition,
incentives are also needed for private forest owners
to ensure an adequate supply of older forests and
goshawk habitat in the Northeast. Cline (1985) noted
that wildlife managers have a variety of options for
protecting raptors on private lands including vol-
untary agreements, management agreements and
leases, conservation easements, acquisition of fee
titles, and zoning and land-use regulations. In addi-
tion, managers could foster the adoption of changes
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in legislation and tax laws to increase incentives for
private landowners (Cline 1985).

TiMBER HARVESTING

In New England, forest stands in mature size
classes have recently increased 38% while sapling and
seedling successional stages have decreased by a com-
mensurate 40% (Brooks 1989). This forest maturation
parallels the increasing numbers of migrating gos-
hawks and breeding range expansion in the Northeast.
Although the level of timber harvesting in the
Highlands is presently low, Speiser and Bosakowski
(1984, 1987) noted at least two goshawk nest sites
which were lost to logging. As timber stocks continue
to mature in the Northeast, industry pressure may
mount to increase timber harvesting, thereby poten-
tially impacting greater numbers of goshawks in the
future. Nelson and Titus (1989) calculated that a forest
growth period of 60-80 yr after clearcutting would
be needed to provide suitable Red-shouldered Hawk
habitat in Alleghany National Forest in Pennsylvania.
We predict a similar time period would be required
for goshawk habitat to regenerate owing to the close
similarities in forest habitat used by goshawks and
Red-shouldered Hawks.

Nelson and Titus (1989) suggested that tree cut-
ting should not occur in goshawk nest sites, but sug-
gested that selection cut, shelterwood (first cut only),
and thinning could benefit the goshawk elsewhere in
home ranges. However, Bryant (1986) noted that loss
of canopy cover with a light selection harvest allowed
Red-tailed Hawks (Buteo jamaicensis) to displace
nesting Red-shouldered Hawks in Ontario. Selection
harvesting is the primary method of timber harvesting
in hardwood forests of the Northeast (Smith 1986),
but its effect on goshawks in the Northeast is not
known. Even so, Benzinger (1994) noted that if timber
harvesting results in removal of >20% of the canopy,
it would result in little or no reproduction of eastern
hemlock, an important species in goshawk nest sites
(Root and Root 1978, Speiser and Bosakowski 1987).
Considering the above, the intensity and area of har-
vest within the home range should probably remain
minor in the landscape to minimize impacts to gos-
hawks. Studies of timber harvest impacts on goshawk
populations are needed, especially including the wide
variety of forest types found in the Northeast.

TREE DISEASES
In addition to losses of forest area to development,

logging, and fires, disease may be an increasing
problem in eastern forests. Benzinger (1994), Orwig
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and Foster 2000), and others have reported a decline
of eastern hemlock, characterized by dull foliage
color, extensive needle drop, and sporadic mortal-
ity was probably due to the hemlock woolly adelgid
(Adelges tsugae). Hemlocks are important trees in
goshawk nest sites (Root and Root 1978, Speiser and
Bosakowski 1987), and their loss could effect the
habitat suitability and demography of goshawks in
this region. Benzinger (1994) noted that the hemlock
woolly adelgid and the elongate hemlock scale bug
(Fiorinia externae) might be involved in the decline
of hemlock. In addition, gypsy moth (Lymantria
dispar) deforestation (Souto and Shields 2000) has
occurred periodically throughout the Highlands in
the last several decades and has resulted in some
losses of large canopy trees (pers. obser.). While not
a favored host, eastern hemlocks can suffer mortal-
ity up to 90% from a single gypsy moth defoliation
episode (Benzinger 1994). Hemlock mortality from
outbreaks of hemlock looper (Lambdina fiscellaria
and Lambdina. athasaria) (Burns and Trail 2000)
are currently limited to northern New England states
(Benzinger 1994). In addition, acid rain threatens
the stability of high elevation spruce-fir forests of
the Adirondack Mountains and Vermont and New
Hampshire, and may cause indirect mortality by
weakening the immune system of trees.

HumaN DiSsTURBANCE FACTORS

In the Northeast, reduction of human activity and
disturbance may also help maintain existing breed-
ing pairs. Recreational planners should temporarily
or permanently re-route trails and activities away
from traditional goshawk nests. One goshawk nest
was found along the famous Appalachian Trail after
hikers reported that they were attacked by a large
hawk. Another goshawk nest was close to a trail in a
county park, popular with joggers and walkers on a
daily basis. These goshawks probably selected their
nest sites during late winter—early spring when very
few hikers were active and the area appeared to be
free of human disturbance. Currently, the impacts
of recreational activities on goshawk nesting and
site fidelity in the Highlands remains unknown.
However, with further encroachment of wild areas
by suburban development, corrective actions could
possibly improve the quality of existing goshawk
territories for future nesting.
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HABITAT, FOOD HABITS, AND PRODUCTIVITY OF NORTHERN
GOSHAWKS NESTING IN CONNECTICUT

TrEVOR E. BECKER, DWIGHT G. SMITH, AND THOMAS BOSAKOWSKI

Abstract. We documented active nests of the Northern Goshawk (Accipiter gentilis) at 16 different areas in
Connecticut from 1997-1999. A total of 176 prey individuals were identified from remains found under gos-
hawk nests and prey-plucking posts. Birds represented the dominant component of diets (70.5%) with a lower
contribution from mammals (29.5%). Overall, Connecticut goshawk diets were dominated by sciurids and
Ruffed Grouse (Bonasa umbellus). Productivity calculated from 15 known nesting attempts totaled 32 young
for an average of 2.13 young per nesting attempt (range 1-4 young). Goshawks nested in large tracts of mature
forests with high levels of canopy cover (82%). The nest site topography was consistent with previous studies
finding that goshawks avoid southern slopes. Tree densities in the larger size classes and basal area were charac-
teristic for mature forest. Goshawks constructed their nests in large diameter trees, which averaged 41.7 cm in
diameter at breast height. Patch size of contiguous forests surrounding goshawk nests revealed a very high mean
of 324.5 ha, thus suggesting that large forest patch size may be important for nesting by this forest interior spe-
cies. Analysis of 202 ha circles centered on each nest revealed that total forest cover averaged 156.1 ha, which
was comprised of 65.2 ha for conifer forest, 75.6 ha for deciduous forest, and 17.4 ha for mixed forest. Overall,
the post-fledgling family areas for these nests were dominated by forest cover (>75%). Our results suggest that
goshawks usually prefer isolation and little human disturbance at the nest site, but some exceptions were noted.
Given the highly fragmented and urbanized landscape of Connecticut, we suggest that goshawk management
should focus on providing large tracts of mature forest at least 300 ha in extent.

Key Words: Accipiter, Connecticut, forest, fragmentation, habitat, Northern Goshawk, nest sites, productivity,
prey, site fidelity.

HABITAT, HABITOS ALIMENTICIOS Y PRODUCTIVIDAD DE ANIDACION DEL
GAVILAN AZOR EN CONNECTICUT

Resumen. Documentamos nidos activos de Gavilan Azor (Accipiter gentilis) en 16 areas distintas en Connecticut,
de 1997-1999. Un total de 176 individuos de presas fueron identificados de los restos encontrados de bajo de los
nidos de gavilan, y de los postes donde las aves despluman a sus presas. Las aves representaron el componente
dominante de las dietas (70.5%) con una contribucién menor de mamiferos (29.5%). Las dietas de los gavilanes
de Connecticut estaban dominadas sobre todo por ardillas y Grévoles engolados (Bonasa umbellus). El total de la
productividad calculada de 15 intentos de anidacion conocidos fue de 32 jovenes, de un promedio de 2.13 jovenes
por intento de anidacién (rango 1-4 jovenes). Los gavilanes anidaron en espacios grandes de bosques maduros
con un alto grado de copa forestal (82%). La topografia del sitio del nido fue consistente con estudios previos,
encontrando que los gavilanes evitan laderas sureflas. Las densidades de los arboles en las clases con los tamaiios
mas grandes y area basal, fueron caracteristicos de los bosques maduros. Los gavilanes construyeron sus nidos en
arboles con mayor didmetro, con un promedio de 41.7 cm de diametro a la altura del pecho. El tamaiio del parche
del bosque contiguo que envuelve los nidos de gavilan, revelé una media muy alta de 324.5 ha, sugiriendo que
grandes tamaflos de parches de bosque quizas sean importantes para la anidacion de estas especies del interior de
bosque. Analisis de 202 ha como punto central en cada nido, revelaron que el promedio del total de la cobertura
forestal fue de 156.1 ha, el cual incluia 65.2% de bosque de coniferas, 75.6 ha de bosque deciduo, y 17.4 ha
de bosque mixto. Sobre todo, los nidos en las 4reas con familias de post-volantones fueron dominados por una
cobertura forestal (>75%). Nuestros resultados sugieren que los gavilanes usualmente prefieren aislamiento y poco
disturbio humano en el sitio del nido, pero algunas excepciones fueron encontradas. Dada la alta fragmentacion y
el paisaje urbanizado de Connecticut, sugerimos que el manejo del gavilan se debiese enfocar en la provision de
largos tramos de bosque maduro de al menos 300 ha de extension.

The Northern Goshawk (Accipiter gentilis, hereaf-
ter goshawk) is an uncommon permanent resident and
migrant in Connecticut. The Connecticut Breeding
Bird Survey (Smith and Devine 1994), conducted
between 1982-1988, found breeding evidence in

13.8% of all blocks surveyed in the state. Of these,
46.3% were confirmed breeding, 18.3% were listed as
probable, and 35.4% were considered as possible.
Despite its occurrence, surprisingly little is
known about the ecology and distributional status
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of this species within the state. The goshawk was
considered a rare species in New England for most
of the last century. Forbush (1925), for example,
listed the goshawk as rare to casual in summer while,
a decade later, Bagg and Eliot (1937) considered it
to be exceptionally rare throughout New England.
Similarly, Sage et al. (1913) reported only a single
instance of goshawk breeding in Connecticut and
further indicated that the species was a rare and
irregular visitor in winter. The increased breeding
population of the goshawk in the past 30 yr may be
due to extensive reforestation, the growth of exist-
ing forest providing mature forest that they seem to
prefer for nesting.

Most published studies on the nesting ecology
and behavior of goshawks in the Northeast have
been conducted in New Jersey and New York (Meng
1959, Speiser and Bosakowski 1987, Bosakowski et
al. 1992, Bosakowski and Speiser 1994). However,
Root and Root (1978) and Becker and Smith (2000)
describe some aspects, mostly qualitative, of nesting
ecology in Connecticut. The objectives of this study
were to measure habitat and landscape features,
describe food habits, and document productivity.

STUDY AREA

The study was conducted throughout much of
the state of Connecticut in order to provide the most
thorough coverage of goshawk nesting distribution
and associated habitats. The landscape ecology
of Connecticut is described in a number of books
and articles (Devine and Smith 1996). Connecticut
landscapes range from seashore habitats such as
salt marshes that occur along the coast to hilly and
wooded terrain in the interior, especially in the
northwest and northeast sectors of the state.

Forests throughout the state are primarily decidu-
ous or mixed conifer-deciduous that are dominated by
northern red oak (Quercus rubra), sugar maple (Acer
saccharum), birch (Betula spp.), ash (Fraxinus spp.),
maples (Acer spp.), hickories (Carya spp.), and other
hardwoods. Important understory and shrub layer
components of these hardwood landscapes include
witch hazel (Hamamelis virginian), flowering dog-
wood (Cornus florida), mountain laurel (Kalmia
latifolia), spicebush (Lindera benzoin), blueberry
(Vaccinium spp.), serviceberry (Amelanchier spp.),
and seedlings and saplings of dominant tree spe-
cies. Conifers such as white pine (Pinus strobus) are
important components of these forests especially in
the more northern sectors. Stands of red pine (Pinus
resinous) and Norway spruce (Picea abies) can add
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an element of evergreen variety to these habitats as
well. In interior locales where conditions are wetter
and cooler, such as rocky ravines or north facing
slopes of steeper hills, hardwoods are replaced by
eastern hemlock (7Tsuga canadensis) groves which
may also include smaller amounts of red maple (4cer
rubra), yellow birch (Betula lutea), and white birch
(Betula papyrifera).

Most Connecticut forest land suffers from vary-
ing degrees of fragmentation and development.
Roadways, power lines, gas pipelines, and other
intrusive features of development fragment exist-
ing forest into various smaller tracts. Similarly,
residential development has made heavy inroads on
Connecticut’s otherwise extensive forested areas.

METHODS
LocATING BREEDING PAIRS AND NESTS

A literature search and discussions with local
birders and wildlife professionals provided infor-
mation on past breeding territories and nest sites
of goshawks in Connecticut. Follow-up searches
were made of all of these known traditional nesting
territories, beginning in February and continuing
at monthly (or more frequent) intervals through
June. Goshawks produce loud alarm calls, and will
usually attack or mob human intruders that walk
within 100 m of an active nest with young nestlings
(Bosakowski 1999). By following-up reports of
aggressive hawks that attacked hikers, joggers, and
mountain bikers, we were able to locate many active
nesting territories.

We also conducted extensive field searches of
forests for new potential nest locations throughout
much of rural Connecticut from 1997-1999. State
parks and forests, wildlife management areas, public
reservoirs, and private rural areas with extensive
forest cover were surveyed on foot. Several tactics
were employed during these searches. During each
search, we stopped at periodic intervals to listen for
communications between the members of a pair,
which often occur as they establish and maintain a
nesting territory. Survey efficiency was increased on
days with multiple field observers. One territory was
discovered during a vocal territorial dispute between
a goshawk and Cooper’s Hawk (Accipiter cooperii).

If a pair was discovered occupying a breeding
territory, it was kept under observation to ascertain
evidence of breeding behavior. Identification of
breeding behaviors was followed up by intensive
and extensive searches for the nest site. Even with
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the large nests that goshawks build, nest searches
were more productive before the leaf-out period in
deciduous-dominated forest. At selected locations,
tape-recorded calls were broadcast following the
methods described in Bosakowski and Smith (1997),
but no goshawks were found with this method. Field
surveys become increasingly more difficult during
incubation because both males and females tend to
be quiet and secretive at this time. Active nests were
confirmed by the presence of an incubating female
on the nest and/or observations of young on the
nest. Observations of productivity were made from
the ground by observing the number of late stage
nestlings in each of 15 nests. Diets of goshawks were
determined by examining prey remains found below
goshawk nests and at prey-plucking posts follow-
ing the methods outlined by Reynolds and Meslow
(1984).

NEST SITE MEASUREMENTS

Nest site parameters were measured using a
0.127 ha plot based on a 20-m radius centered on
the nest tree. This plot size was chosen as represen-
tative after careful visual inspection of all located
nest sites. This plot size is considerably larger than
the standard 0.04-ha plot (James and Shugart 1970)
which Speiser and Bosakowski (1987) considered
to be too small to accurately assess habitat for a bird
as large and mobile as the goshawk. All trees within
the plot were identified by species and measured
for diameter at breast height (dbh) using measur-
ing tapes or calipers. Saplings <2 cm dbh were not
recorded. From these measurements, the following
nesting habitat variables were calculated: tree den-
sity (number/hectare) of live and dead trees, basal
area of trees (meter?’/hectare), and tree densities by
10-cm size classes.

Basal area of the nest stand was taken using a
plotless method by use of a ten-factor angle gauge
to estimate basal area at five systematically-spaced
points: at the base of the nest tree and at the four car-
dinal directions positioned 50 m away from the nest
tree. During these tree tallies, the number of conifers
was noted and percent of conifers was subsequently
calculated. The presence of shrubs and canopy was
measured along a compass line in each of the four
cardinal directions from the nest tree. In each cardi-
nal direction, five sampling points at 5-m intervals
produced a total of 20 samples for both shrubs and
canopy for each nest site. The canopy cover presence
(+) or absence (-) was determined using an ocular
sighting tube (James and Shugart 1970). Shrubs and
saplings (<10 cm in dbh) were grouped together
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because they are structurally similar (Collins et al.
1982). Shrubs and saplings were recorded as present
if they were within arm’s length of each sampling
point (Collins et al. 1982).

NEsT TREE MEASUREMENTS

The nest tree was identified to species and the
dbh was measured. Height measurements at the nest
tree included canopy height of the nest tree, height of
the nest from the ground, and the height of nest rela-
tive to the lower canopy. All height measurements
of nests were made with a hand-held Accuscale
altimeter. Geographic location of the nest tree was
recorded using a hand-held global positioning sys-
tem (GPS) unit.

ToPOGRAPHY AND MACROHABITAT FEATURES

These variables were centered at the nest site and
included measurement of distances to edge, paved
road, and human habitation. All measurements were
taken from the nest site and measured with tape
(<30 m) or paced (>30 m) from the nest tree. When
distances to these variables were too great to be
measured in the field, calculations were made from
1:1200 aerial photographs and USGS quadrangle
maps. The variable of forest edge has been discussed
by Giles (1978), Thomas (1979), and Forman and
Gordon (1981) and is described as the juncture of
two types of cover. Since coniferous and deciduous
forest cover types are sometimes intermixed, the
fragmented patches of deciduous and coniferous
cover were grouped as representing the forest, and
edges occurred where forest met a cover change, i.e.,
agricultural fields, residential-urban establishments,
abandoned fields that have begun the succession pro-
cess, large stretches of water bodies (lakes, rivers),
human transportation corridors, and utility corridors.
Patch size of contiguous forest was also calculated
around each of the 16 nests.

LANDSCAPE DESCRIPTORS

Black-and-white  low-altitude aerial photo-
graphs with a scale of 1:12,000 were obtained from
Connecticut Department of Environmental Protection
records. These photographs were taken in April 1996.
We measured predominant land use patterns within
a 202-ha plot circle centered at the nest tree. The
202-ha plot size was chosen to correspond with the
post-fledgling family area estimated from telemetry
data by Kennedy et al. (1994). Measures of land use
within the 202-ha circular plot included total forest
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cover, amount of deciduous cover, coniferous cover,
and mixed forest cover, area of residential-urban
development, agricultural fields (pasture land, crop
land, orchards), open water (lakes, rivers, reservoirs),
wetlands, and recreational areas such as public open
space, campgrounds, and picnic areas.

RESULTS AND DISCUSSION

During the study period, active nests of gos-
hawks were documented at 16 different areas in
Connecticut. Land use around nest sites showed
that six of the 16 nesting territories were located
on city water supply land, five were in state forests,
one was in a state park, one was on town land, one
was on a nature center, and two were located on
private sanctuaries. Several factors probably effect
the selection of most breeding locations in sanctuar-
ies and state lands. First, logging and other disrup-
tive activities are usually nonexistent, minimal or
regulated, therefore, these locales support older and
more extensive forests in which goshawk may nest.
A second contributing factor is the relative degree
of protection and isolation afforded goshawks nest-
ing in these sanctuary forest lands. A third factor is
that virtually all large contiguous forests (>200 ha)
are on public lands, which cannot be subdivided for
suburban housing developments. In a densely popu-
lated and heavily urbanized state like Connecticut,
these sanctuaries provide island habitats set in a sea
of urbanization.

Foop HagiTs

A total of 176 prey individuals were identi-
fied from remains found under goshawk nests and
prey-plucking posts (Table 1). Birds represented the
most frequent component of diets (70.5%) with a
lower frequency of mammals (29.5%). No reptiles,
amphibians, fish, or invertebrates were represented
in the diet as was also the case for the New Jersey-
New York Highlands (Bosakowski et al. 1992). In
Connecticut, Ruffed Grouse (Bonasa umbellus) and
Mourning Dove (Zenaida macroura) were most
numerous among the 24 bird species taken, followed
by Common Crow (Corvus brachyrhynchos), Blue
Jay (Cyanocitta cristata), Mallard (Anas platyrhyn-
chos), and Northern Bobwhite (Collinus virginia-
nus). Among the nine species of mammals taken, tree
squirrels were most numerous. Overall, frequency
distributions of goshawk diets in this study were
dominated by sciurids and Ruffed Grouse which is
similar to that found in the New Jersey-New York
Highlands (Bosakowski et al. 1992). Meng (1959)
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found common crows to predominate the goshawk
diet in New York and Pennsylvania, but the nesting
habitat was in an agricultural-woodland matrix.

ProbucTIvVITY

In this study, productivity from 15 known nest-
ing attempts in Connecticut totaled 32 young for an
average of 2.13 young per nesting attempt (range
1-4 young). In northwestern Connecticut, Root and
Root (1978) conducted a study on 20 goshawk nests
and reported a mean of 1.75 young per nest attempt
(N = 17). Both Connecticut studies revealed an
apparently higher rate than reported by Speiser
(1992) for 36 nesting attempts in the New Jersey-
New York Highlands (1.4 young/nesting attempt).
The present study compares well with higher produc-
tivity rates of 2.2 reported for several western locali-
ties in Arizona, Nevada, and Oregon (summarized
in Bosakowski 1999). Factors that caused nesting
failures in Connecticut included human interference
and predation by Great Horned Owls (Bubo virgin-
ianus) on adults or young. Female goshawk are very
vulnerable to attack when incubating eggs or brood-
ing nestlings.

NESTING HABITAT

Field surveys yielded 16 goshawk nesting areas,
all located in extensively forested habitats. Ten
active territories were dominated by conifers; of
these, eight stands were dominated by white pine and
two by eastern hemlock. Four nesting areas were in
mixed forest of eastern hemlock and hardwood spe-
cies. Of these, one stand was predominantly eastern
hemlock-red maple, and the remaining three were
eastern hemlock-yellow birch stands. Two of the 16
nesting areas were located in pure deciduous forests.
One of these sites was comprised mostly of yellow
birch and white ash (Fraxinus americana), and the
other site consisted primarily of red maple forest.
In total, all but one nesting site were in stands of
mature trees. The one exceptional nest was located
in a young deciduous stand consisting of young
(65%) and mature trees (35% of total trees). Overall,
nest stands were dominated by conifers which aver-
aged 66.1% (Table 2). The number of tree species
within the majority of nest site plots was low (X =7.9
species) but ranged between 5—14 tree species. The
maximum tree species richness of 14 was the result
of goshawks nesting in a young stand.

Overall, tree densities in the larger size classes
and basal area were characteristic for mature forest
(Table 2) and were consistent with forest structure
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TaBLE 1. PREY OF BREEDING NORTHERN GOSHAWKS IN CONNECTICUT.

Prey species

N individuals Percent by number

Short-tailed shrew
Eastern chipmunk
Red squirrel

Gray squirrel
White-footed mouse
Muskrat
Woodchuck
Eastern cottontail
Snowshoe hare
Unidentified rodent
Total mammals

Mallard

Northern Pintail
Wood Duck

Cooper’s Hawk

Wild Turkey

Ruffed Grouse
Northern Bobwhite
Guinea Fowl (domestic)
Ring-necked Pheasant
Chicken (domestic)
Ring-billed Gull
Rock Dove

Mourning Dove
Northern Flicker
Hairy Woodpecker
Downy Woodpecker
Blue Jay

Common Crow
American Robin
Thrush spp.

American Redstart
House Sparrow
Red-winged Blackbird
Common Grackle
Song Sparrow

Unidentified small-medium Bird

Total birds
Grand total

Blarina brevicauda 1 0.6
Tamias striatus 13 7.4
Tamiasciurus hudsonicus 10 5.7
Sciurus carolinensis 15 8.5
Peromyscus leucopus 5 2.8
Ondatra zibethicus 1 0.6
Marmota monax 1 0.6
Sylvilagus floridanus 4 2.3
S. transitionalis 1 0.6
1 0.6

— 52 29.5
Anas platyrhynchos 6 34
Anas acuta 2 1.1
Aix sponsa 1 0.6
Accipiter cooperii 2 1.1
Meleagris gallopavo 1 0.6
Bonasa umbellus 21 11.9
Collinus virginianus 6 34
Numida meleagris 2 1.1
Phasianus colchicus 4 2.3
Gallus gallus 5 2.8
Larus delawarensis 2 1.1
Columba livia 5 2.8
Zenaida macroura 20 11.4
Colaptes auratus 3 1.7
Picoides villosus 3 1.7
Picoides pubescens 1 0.6
Cyanocitta cristata 7 4.0
Corvus brachyrhynchos 8 4.5
Turdus migratorius 2 1.1
— 1 0.6
Setophagia ruticilla 1 0.6
Passer domesticus 3 1.7
Agelaius phoeniceus 1 0.6
Quiscalus quiscula 2 1.1
Melospiza melodia 2 1.1
— 13 7.4
124 70.5

176 100.0

found at nest sites across North America (see Table
1 in Bosakowski 1999). Canopy cover of nest stands
in Connecticut averaged 82.1% and ranged from 65—
100% (Table 2). Goshawks tended to select sites with
a high canopy cover which is consistent with other
regions (Bosakowski 1999). Canopy cover provides
protection and concealment from aerial predators
and may also provide cooler microclimates beneath
the canopy to aid in thermoregulation of adults and
to prevent desiccation of the nestlings. Shrub cover
at northern goshawk sites averaged 52.8% which was
moderately high. Bosakowski et al. (1992) found
shrub cover (X = 28.3%) was significantly lower at

nest sites in the New Jersey-New York Highlands
compared to random sites.

Most goshawk nest sites were located on gentle
slopes (five) or relatively flat terrain (five), but the
remaining six nests were on steep slopes. Of the
16 nest sites, eight were in uplands, four were in
riverine settings, three were in or near wetlands,
and one was located on a ridge-top plateau. In
the New Jersey-New York Highlands, Speiser and
Bosakowski (1987) noted that goshawk nests were
generally situated on lower slopes and flat bench-
like areas. In Connecticut, most of the goshawk nest
plots (81.8%) sloped mainly to the north or east, and
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TaBLE 2. HABITAT VARIABLES AT NORTHERN GOSHAWK NESTS (N = 16) IN CONNECTICUT.

Variable Mean SD Minimum Maximum
Live trees (>10 cm/ha) 617.1 174.2 370.1 999.1
Total trees (>10 cm/ha) 716.5 219.4 456.7 1228.3
Live basal area (m%ha) 473 12.1 25.9 71.4
Total basal area (m*ha) 51.0 12.5 26.8 73.8
Live trees (<10 cm/ha) 630.9 596.3 189.0 2370.7
Live trees (10-19 cm/ha) 182.2 142.0 8.6 603.9
Live trees (20-29 cm/ha) 162.5 99.8 39.4 4252
Live trees (30-39 cm/ha) 132.4 68.0 39.4 291.3
Live trees (40-49 cm/ha) 67.4 36.2 7.8 133.9
Live trees (50-59 cm/ha) 32.5 31.9 0 86.6
Live trees (6069 cm/ha) 59 10.9 0 39.8
Live trees (70-79 cm/ha) 2.0 4.5 0 15.7
Live trees (80—89 cm/ha) 0.5 2.0 0 7.9
Nest stand basal area (m?/ha) 39.1 7.2 20.2 51.4
Decadence percent 7.2 5.0 1.4 16.7
Species richness index 7.9 23 5 14
Conifer trees percent 66.1 23.6 15.9 94.6
Shrub cover percent 52.8 26.7 0 95
Canopy cover percent 82.2 9.8 65 100
Distance to human habitation (m) 4133 260.4 57.1 971.5
Distance to paved road (m) 399.0 314.5 59.7 1,142.9
Distance forest edge (m) 200.3 163.5 38.1 609.6
Forest patch size (ha) 324.5 298.4 27.9 1,180.9
Nest tree dbh (cm) 41.7 10.1 22.0 60.0
Nest tree height (m) 26.4 4.1 18.0 36.6
Nest height (m) 14.9 2.1 9.8 18.3
Percent nest height 56.6 4.8 48.3 65.9

southerly aspects were almost totally avoided (Fig.
1). Similarly, Speiser and Bosakowski (1987) noted
that southern slopes were also avoided by goshawks
nesting in the New Jersey-New York Highlands.

The distance to the nearest house or building aver-
aged 413.3 m, but ranged between 57.1-971.5 m.
Since most homes are built along paved roads,
the distance to the nearest paved road was similar,
averaging 399.3 m (range = 59.7-1,143 m). In the
New Jersey-New York Highlands, Bosakowski and
Speiser (1994) noted that goshawk nests were much
further from paved roads (X = 1,171 m) and human
habitation (X = 1,052 m) than Connecticut goshawk
nests. This regional difference may be due to land
use and forest fragmentation patterns, which tend to
differ between the states.

Distance from the nest to the nearest edge such
as residential areas, fields, power line cuts, high-
ways, and open bodies of water averaged 200.3 m
and ranged between 38.0-609.5 m in Connecticut.
It is interesting to note that Bosakowski and Speiser
(1994) reported a similar distance (X = 264 m) to
forest openings (>1 ha) in the New Jersey-New York
Highlands, which was not significantly different than
that found for 70 random sites. Thus, the nearest

forest edge is a function of the nature of available
forest, and there has been no selection documented
neither for nor against this variable.

LANDSCAPE AROUND NESTS

In light of the well documented effects of forest
fragmentation on breeding bird declines (Galli et al.
1976, Robbins 1979), we determined patch size of
contiguous forest around goshawk nest sites using
aerial photographs. Patch size of forests surrounding
goshawk nests revealed a very high mean of 324.5 ha
(sp = 298.4, range 27.9-1,180.9), indicating that
large forest patch size may be an important parameter
for nesting by this forest interior species. Similarly,
Bosakowski et al. (1999) reported that three gos-
hawk nests in Washington were in a similar mean
patch size of contiguous forest, averaging 396.7 ha
(sp = 175, range 210-559). No other investigators
have reported patch size for goshawks.

In another landscape comparison, we examined
land use patterns within a 202-ha circle around the
nest, which was hypothesized by Kennedy et al.
(1994) to represent the post-fledgling family area
(PFA). In this study, analysis of 202 ha circles
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Directional slope of Northern Goshawk nest sites

General site slope description

Flat: 5
Gentle slope: 5
Steep slope: 6

FIGURE 1. Slope aspects of Northern Goshawk nest sites
in Connecticut. Five of 16 nest sites had no discernible
slope aspects and are not shown.

centered on each nest (N = 16) revealed that total
forest cover averaged 156.1 ha (sp = 22.7), includ-
ing 65.2 ha for conifer forest (sp = 46.6), 75.6 ha
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for deciduous forest (sp = 39.1), and 17.4 ha for
mixed forest (sb = 13.9). Overall, the PFAs for
these nests were dominated by forest cover (>75%).
These results support previous observations from
the New Jersey-New York Highlands (Speiser and
Bosakowski 1987; Bosakowski and Speiser 1994)
which noted that goshawks were restricted to exten-
sive areas of contiguous forest. Given the highly
fragmented and urbanized landscape of Connecticut,
we suggest that goshawk management should focus
on providing large tracts of mature forest at least 300
ha in extent. This recommendation is based on mean
patch size, which also provides an adequate area for
the inclusion of the hypothesized 202-ha PFA. In
conclusion, this study corroborates that the goshawk
is an area-sensitive species (Bosakowski and Speiser
1994), and should also be considered a forest-interior
species as well.
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NORTHERN GOSHAWK ECOLOGY IN THE WESTERN GREAT LAKES

REGION

CLinT W. BoaL, Davip E. ANDERSEN, PAaTrICIA L. KENNEDY, AND AIMEE M. ROBERSON

Abstract. A substantial amount of research has been conducted on Northern Goshawks (4ccipiter gentilis) in
recent years, but the majority of this research has been conducted in western North America and Europe. Little
information has been published concerning goshawks in the western Great Lakes region, including the states of
Minnesota, Wisconsin, and Michigan, and the forested southern portion of the Canadian province of Ontario.
We present an overview of the regional information available on Northern Goshawks in the western Great
Lakes region which draws heavily on our recent studies in Minnesota, but also includes published and unpub-
lished information from across the western Great Lakes region. Inclusion of this information on productivity,
breeding-season food habits, breeding-season habitat use, residency status and migration patterns, and breeding
season mortality provides a broader understanding of the ecology of goshawks in this region. Our recommenda-
tions for additional research needed to enhance management of western Great Lakes region goshawks include
development of a collaborative sampling program to identify goshawk nest sites and monitor survival, mortal-
ity, and productivity at subsamples of nests across the region; identification of winter habitat and prey use; and
monitoring of goshawks in silvicultural treatment areas to assess responses to forest management.

Key Words: Accipiter gentilis, ecology, food habits, foraging habitat, Minnesota, nesting habitat, western Great
Lakes, Wisconsin.

ECOLOGIA DEL GAVILAN AZOR EN LA REGION OCCIDENTAL DE LOS
GRANDES LAGOS

Resumen. Una substancial cantidad de investigacion acerca del Gavilan Azor (Accipiter gentilis) ha sido
conducida en los ultimos afios, pero la mayor parte de esta investigacion ha sido conducida hacia el oeste de
Norte América y Europa. Poca informacion ha sido publicada acerca de los gavilanes en la region oeste de los
Grandes Lagos, incluyendo los estados de Minnesota, Wisconsin, y Michigan, asi como la porcidn surefia del
area forestal de la Provincia Canadiense de Ontario. Presentamos una vision global de la informacion regional
disponible acerca de Gavilanes Azor en la region occidental de los Grandes Lagos, la cual se basa fuertemente
en nuestros recientes estudios en Minnesota, pero también incluye informacion publicada y no publicada a lo
largo de la region occidental de los Lagos del Norte. La inclusion de la informacion en productividad, habitos
de alimentacion durante la época de reproduccion, habitos de uso durante la época de reproduccion, estado de
residencia y patrones de migracion, y mortandad en la época de reproduccion, provee de un entendimiento mas
amplio de la ecologia del gavilan en esta region. Nuestras recomendaciones acerca de la informacion adicional
que se necesita para reforzar el manejo del gavilan de la region occidental de los Grandes Lagos, incluye
el desarrollo de un programa de muestreo de colaboracion, para identificar nidos de gavilan y monitorear
supervivencia, mortandad, y productividad en submuestras de nidos a través de la region; identificacion
del habitat de invierno y utilizacion de la presa; asi como el monitoreo del gavilan en areas con manejo de
silvicultura, para evaluar respuestas al manejo forestal.

The Northern Goshawk (Accipiter gentilis) is a
large raptor associated with mature deciduous, conif-
erous, or mixed forests (Bright-Smith and Mannan
1994, Siders and Kennedy 1996, Squires and
Reynolds 1997). It breeds throughout northern tem-
perate and boreal forests in northern North America,
Europe, and Asia (Squires and Reynolds 1997). In
North America, potential conflict between goshawk
habitat requirements and timber harvest practices has
led to concern for the status of the species (Kennedy
1997), which has been proposed for listing several
times under the U.S. Endangered Species Act. The

species’ status continues to be the object of consider-
able litigation (Peck 2000; Squires and Kennedy, this
volume) and as a result, over the last decade, numer-
ous studies have addressed goshawk population
ecology and status (see Block et al. 1994, Squires
and Reynolds 1997; Squires and Kennedy, this vol-
ume). The vast majority of these studies, however,
have been conducted in the western US and west-
ern Canada, with fewer studies in western Europe.
Results of these studies have been incorporated into
management plans designed to maintain goshawk
populations in a variety of landscapes.
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Existing goshawk management plans (Reynolds
et al. 1992) generally focus on managing forest struc-
ture and landscapes to provide nest sites, foraging
habitat, and prey species habitat. Such management
plans, however, presuppose a thorough understand-
ing of the species’ habitat use and resource needs
(Garshelis 2000). Even for western North America,
an understanding of goshawk habitat preferences
and resource requirements is often lacking or is very
limited in scope and scale. Thus, existing data may
not be relevant to the range of environmental condi-
tions and forest management practices found across
the species’ distribution. Goshawks in western North
America typically occupy areas of high eleva-
tion (1,200-3,900 m) and substantial topographic
relief, with generally warm, dry summers and cool,
wet winters (Kennedy et al. 1994, DeStefano and
McClosky 1997, Keane 1999). In contrast, the west-
ern Great Lakes region (WGLR) of North America
is of lower elevation (330-560 m), has relatively
little topographic relief, and typically experiences
cool, wet summers and cold, dry winters (Tester
1995). Forest-harvest practices in the western US
typically focus on large tracts of land administered
by a single public agency or landowner, whereas
harvest practices in the midwestern and eastern US
focus on smaller tracts of land under a mixture of
public and private ownerships (Mannan et al. 1994).
This has led to increased forest heterogeneity in mid-
western and eastern deciduous forests and, in some
cases, an increase in the extent of early-successional
forest types, relative to pre-settlement landscapes
(Whitcomb et al. 1981, Minnesota Forest Resources
Council 2000, Reich et al. 2001). For these reasons,
the existing information on goshawk habitat use and
resource requirements, primarily from western North
America and western Europe, may not directly apply
to other regions of North America.

Here we provide an overview of the ecol-
ogy of goshawks in the WGLR. Our emphasis is
on Minnesota and draws extensively on our own
research. Other areas within the WGLR are not as
well represented because few published papers have
been produced on goshawk populations outside of
Minnesota. Roberson et al. (2003) recently reviewed
the available published and unpublished literature
for the WGLR and we rely heavily on this document
for our summaries of the unpublished literature. We
approach the interpretation of these unpublished data
cautiously, but without including these forms of data,
our overview would be almost entirely limited to our
own work in Minnesota and a small number of pub-
lished reports from Wisconsin and Michigan.
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PRODUCTIVITY

Activities and behaviors associated with breed-
ing goshawks typically occur between March and
mid- to late August (Squires and Reynolds 1997).
However, goshawks have been observed near their
nesting areas in Minnesota as early as late February
(Roberson 2001, Roberson et al., unpubl. data), pos-
sibly because their winter home ranges include their
nesting areas (Boal et al. 2003). Initiation of incuba-
tion occurs from 31 March-23 April in Minnesota,
with initial observations of nestlings from 8-15
May (Roberson 2001; Roberson et al., unpubl. data).
Smithers et al. (2005) estimated mean hatch and
fledging dates at goshawks nests in Minnesota in
2000-2002 as 28 May and 4 July, respectively.

In Minnesota, Boal et al. (2005a) reported 26
(62%) of 42 nesting attempts were successful, with
1.14 £ 1.07 (sE) young fledged per nesting attempt
and 1.85 £ 0.73 young fledged per successful nest.
In Michigan, Lapinski (2000) reported goshawks
fledged 1.14 and 1.71 young per active and success-
ful nest, respectively, among 36 nesting attempts.
Rosenfield et al. (1996) reported 11 (85%) of 13
goshawk nests in Wisconsin fledged at least one
young, with a mean number of 1.7 fledged young
per successful nest. Erdman et al. (1998) reported
higher productivity in their study area in Wisconsin,
with an average of 1.7 fledglings and 2.2 fledglings
per nesting attempt. In general, productivity among
successful nests in the WGLR fell slightly lower than
the average, but within the range, of that reported in
16 studies from western North America (Squires and
Kennedy, this volume).

NEST FAILURE AND NESTLING MORTALITY

In North America, the most common nest preda-
tor of goshawks appears to be the Great Horned Owl
(Bubo virginianus; Moore and Henny 1983, Rohner
and Doyle 1992). A wide variety of mammals are
also known to prey upon goshawk nestlings (Squires
and Kennedy, this volume). In Minnesota, inclem-
ent weather accounted for failure of 6 (13.9%) of
43 goshawk nesting attempts (Boal et al. 2005a).
Another 21.0% of goshawk nesting failures were due
to depredation by Great Horned Owls and mamma-
lian predators (e.g., fishers [ Martes pennanti], mar-
tens [ Martes americanal). Elsewhere in the WGLR,
Erdman et al. (1998) reported that predation by fish-
ers was the primary cause of nesting failure among
goshawks in Wisconsin, but did not provide details as
to how they arrived at this conclusion or the number
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of nesting failures due to fisher depredation. This is
not an exhaustive list of potential goshawk predators
in the WGLR but it does suggest that, similar to other
areas, goshawks in this region are subjected to both
avian and mammalian predation.

FOOD HABITS

Goshawks are considered prey generalists with
diets varying by region, season, and availability
(Squires and Reynolds 1997; Squires and Kennedy,
this volume). Local studies of food habits are nec-
essary for developing management strategies for
goshawk populations at regional and local levels
(Reynolds et al. 1992).

A number of anecdotal records of prey items
collected opportunistically at goshawk nests in the
WGLR, provide a prey list rather than any quantita-
tive assessment of food habits (Roberson et al. 2003).
The video monitoring of prey deliveries to goshawk
nests in Minnesota by Smithers et al. (2005) is the
only quantitative food habits study conducted to date
in the WGLR. Smithers et al. (2005) identified 576
(88.3%) of 652 prey items delivered to 13 goshawk
nests in Minnesota as mammal or bird. Red squirrels
(Tamiasciuris hudsonicus) accounted for 202 (42%)
and eastern chipmunks (Tamias striatus) accounted
for 95 (19.8%) of 479 prey deliveries identified to
family or finer taxonomic resolution. This suggests
sciurids are a key breeding-season prey species for
goshawks in Minnesota. Other prey species account-
ing for >5% of identified prey included hares and
rabbits (7.9%), American crows (Corvus brachy-
rhynchos, 7.7%) and Ruffed Grouse (Bonasa umbel-
lus, 6.9%).

Mammals and birds accounted for 61% and 39%
of biomass delivered, respectively, to goshawk nests
in Minnesota (Smithers et al. 2005). Snowshoe hare
(Lepus americanus, 25.5%), red squirrel (23.6%),
and chipmunk (5.0%) accounted for 54% of mam-
malian biomass delivered to nests, while Ruffed
Grouse (11.5%), crows (9.0%) and diving ducks
(7.1%) accounted for 28% of avian biomass.

Several studies have documented red squirrels as
important prey for goshawks (Squires and Kennedy,
this volume) throughout their range, and they may
be especially important during the winter when other
prey are unavailable (Widén 1987). Squirrels domi-
nated Swedish goshawk diets in terms of number
(79%) and biomass (56%) during winters of both
high and low squirrel abundance (Widén 1987).
Winter food habits information for goshawks in the
WGLR is not available, but the extensive use of red
squirrels during the summer (Smithers et al. 2005)
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and the patterns of squirrel use during winter in other
areas (Widén 1987) suggest this species may be of
year-round importance to goshawks in the region.

Rabbits and hares are also used extensively
by goshawks throughout their range (Squires and
Kennedy, this volume). In Minnesota, 25.5% of
prey biomass delivered to nests was from snowshoe
hares (Smithers et al. 2005). Ruffed Grouse com-
prised 5% of prey deliveries and 11.5% of biomass
delivered to goshawk nests during a 3-yr period
(2000-2002) of low grouse abundance (Smithers et
al. 2005). There is some evidence that at least some
goshawks in Minnesota may rely more heavily on
Ruffed Grouse during some time periods (Eng and
Gullion 1962, Apfelbaum and Haney 1984). Erdman
et al. (1998) suggested that goshawk productivity
was probably related to cyclic abundance of Ruffed
Grouse and snowshoe hares in Wisconsin but it is
unknown how he arrived at these conclusions since
he did not describe goshawk diet. Eng and Gullion
(1962) focused on Ruffed Grouse mortality, and
did not assess proportional use of grouse in the diet
of goshawks, and Apfelbaum and Haney (1984)
reported on prey remains collected at only one nest
in northern Minnesota. Because of the difficulties in
accurately quantifying the extent of grouse predation
by goshawks (Eng and Gullion 1962) and the biases
associated with determining raptor diets based on
prey remains (reviewed in Boal 1993), the results of
these studies need to be interpreted cautiously. The
importance of Ruffed Grouse in goshawk diets in
the WGLR region through periods of varying grouse
abundance is not known but they may be important
prey item in the WGLR. Gallinaceous birds (primar-
ily grouse and pheasants) are well documented as
important prey of North American and European
goshawks at northern latitudes. Fluctuations in
these grouse populations have been shown to affect
goshawk productivity, including number of nesting
pairs, and number of young per active nest (Squires
and Kennedy, this volume).

NESTING HABITAT
NEsT TREE

Goshawks are thought to choose nest trees based
on size and structure more than tree species (USDI
Fish and Wildlife Service 1998a). Goshawks often
nest in one of the largest trees in the nest stand,
although height and diameter of nest trees vary
geographically and with forest type (Reynolds et
al. 1982, Hargis et al. 1994, Squires and Ruggiero
1996, Squires and Reynolds 1997). In Minnesota,
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goshawk nests were placed in the tallest and largest
diameter at breast height (dbh) trees available in nest
stands (Boal et al. 2001). However, height and dbh of
goshawk nest trees in our study were among the low-
est reported from 10 studies reviewed by Siders and
Kennedy (1994). We suspect that available trees in
northern Minnesota are smaller than those available
in other study areas possibly due to shorter growing
seasons (Tester 1995).

Using the North American Nest Card Program,
Apfelbaum and Seelbach (1983) found that gos-
hawks nested in 20 tree species or species groups,
with deciduous trees reported twice as often as
conifers throughout North America and nine to one
over conifers in the Midwest. In a review of studies
in the WGLR, the majority of known goshawk nests
were placed in deciduous tree species (Roberson et
al. 2003). In our research in Minnesota, we found
46 goshawk nests placed in aspen (Populus spp.,
80%), birch (Betula spp., 19%), white pine (Pinus
strobes, 4%), red pine (Pinus resinosa, 2%), and red
oak (Quercus borealis, 2%) trees (Boal et al. 2001).
Deciduous trees were clearly the dominant species
(94%), even in conifer-dominated nest stands (Boal
etal. 2001). Rosenfield et al. (1998) also found one of
four goshawk nests in aspen trees within Wisconsin
pine plantations. Thus, conservation of large decidu-
ous trees in all stand types may be important for
goshawk management in the WGLR.

Aspect and slope at nest sites may influence
microclimate and goshawk habitat selection.
Several studies have demonstrated clear associa-
tions between goshawk nest placement and slope,
but slopes are highly variable (9-75%; Reynolds
et al. 1982, Moore and Henny 1983, Hayward and
Escano 1989, Siders and Kennedy 1996, Squires
and Ruggiero 1996). Goshawk nests are also usually
associated with a northerly aspect (Reynolds et al.
1982, Hayward and Escano 1989, Bosakowski and
Speiser 1994). However, aspect and slope probably
are inconsequential in Minnesota due to the lack of
topographical relief on the landscape; most goshawk
nests in Minnesota were on sites that were so level
that slope and aspect could not be reliably deter-
mined (Boal et al. 2001).

NEST AREA

In a review of goshawk habitat studies, Daw et
al. (1998) concluded that goshawks tend to select
nest stands that are characterized by relatively large
trees and relatively high canopy closure (>50-60%),
regardless of region or forest type. Penteriani et al.
(2001) also reported that high dbhs, high crown
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volumes, and flight space were significant predic-
tors of goshawk nest site selection in France. These
patterns were consistent with data from the few nest
habitat studies conducted in the WGLR. Nest stands
in Minnesota consisted of canopy trees that were
both taller and greater in diameter than the average
in stands where goshawks were foraging (Boal et al.
2001). Similarly, canopy closure at Minnesota and
Wisconsin goshawk nests stands (Martell and Dick
1996, Rosenfield et al. 1998, Boal et al. 2001) were
within the range (59.8-95.0%) reported by Siders
and Kennedy (1994) for other areas.

Penteriani et al. (2001) suggested a distribution-
wide commonality among goshawk nest stands is a
variable, but typically low, stem density. In contrast,
the 1,153 stems/ha (Martell and Dick 1996) and
1,196 stems/ha (Boal et al. 2001) observed at gos-
hawk nest stands in Minnesota are among the highest
reported for the species (Siders and Kennedy 1994,
Penteriani et al. 2001). High stem density at goshawk
nests in Minnesota was coupled with a multistoried
canopy. However, there were distinct open layers
between the foliage of the canopy and understory,
and between the understory and shrub layers. We
suspect these relatively unobstructed layers may be
important as flight corridors for goshawks, particu-
larly in stands with high stem densities.

In Minnesota (Boal et al. 2005b) we found gos-
hawks nested primarily in early-successional upland
deciduous stands (58%) and late-successional upland
conifer stands (26%). Fewer nests were located in
late-successional upland deciduous stands (12%)
and early-successional upland conifer stands (5%).
Elsewhere in Minnesota, Gullion (1981a) reported
that three nests in the late 1970s near Cloquet were
in hardwood trees in small stands dominated by jack
pine (Pinus banksiana), red pine, and Scots pine
(Pinus sylvestris), and surrounded by mixed conifer
hardwood and young aspen stands. A goshawk nest
in Itasca State Park was located in a jack pine-aspen
forest (Apfelbaum and Haney 1984). Nests reported
by Martell and Dick (1996) were found in aspen-
balsam fir (4bies balsamea), red pine-aspen, mixed
hardwood, and jack pine-aspen stands (Dick and
Plumpton 1998).

Elsewhere in the WGLR, Ennis et al. (1993)
reported nests on the Huron-Manistee National
Forests were placed in red pine (35%), aspen (28%),
oak (12%), northern-mixed hardwoods (10%), and
other (15%) stand types. Postupalsky (1993) reported
northern hardwood forest, aspen, or white pine
stands as the most frequently used nest stand types
in Michigan. Bowerman et al. (1988) reported most
nests examined (62%, N = 45) in Michigan were
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located in early to mid-successional stage deciduous
or mixed stands, with the remainder (38%) in red
pine plantations. Peck and James (1983) described
typical nest stands in Ontario as dense stands of
deciduous, coniferous, and mixed forests. Rosenfield
et al. (1998) reported that nest stands in Wisconsin
varied in tree species composition and woodland
age, including four nests in pine plantations. The
proximity of some goshawk nests to pine planta-
tions has been noted by researchers in Wisconsin
(Rosenfield et al. 1996, 1998), Michigan (Bowerman
et al. 1988), Minnesota (Dick and Plumpton 1998),
and Ontario (Peck and James 1983).

BREEDING SEASON FORAGING HABITAT

The few studies on breeding-season foraging
habitat of goshawks have been conducted in west-
ern North America (Austin 1993, Bright-Smith and
Mannan 1994, Beier and Drennan 1997) and Europe
(Kenward 1982, Widén 1989). Collectively, results
from these studies suggest goshawks use a variety
of forest types, and appear to select forests with a
high density of large trees, high canopy cover and
closure, high basal area, and relatively open under-
stories (Kenward 1982, Widén 1989, Austin 1993,
Bright-Smith and Mannan 1994, Hargis et al. 1994,
Beier and Drennan 1997).

Until recently, information on goshawk foraging
habitat during the breeding season in the WGLR was
not available. Boal et al. (2005 b) assessed foraging
habitat use relative to availability and found that breed-
ing male goshawks in Minnesota preferentially used
early-successional upland deciduous stands (aspen or
birch) >50 yr old. Goshawks also used this stand type
in the age range 25-49 yr old at least proportional to
availability, but clearly avoided stands <25 yr old.
Late-successional upland conifer stands (white pine
and red pine) of all ages were also a clearly preferred
stand type. Late-successional upland deciduous stands
(maples and oaks) >50 yr old were used proportional
to, or greater than, availability (depending on scale
of assessment), whereas late-successional lowland
deciduous stands (ash) were used proportional to
availability. Late-successional lowland conifers
(tamarack and lowland black spruce) were one of the
most widely available stand types in goshawk home
ranges, but were avoided. Wetlands and open and
cut-over areas were also used less than was propor-
tionally available. Elsewhere in the WGLR, Lapinski
(2000) reported three female goshawks in the Upper
Peninsula of Michigan foraged in mixed hardwood-
conifer stands and jack pine, but avoided cedar, open,
and swamp fir-swamp conifer cover types.
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Similar to other parts of the goshawk’s range, the
landscape of north-central Minnesota has changed in
the past several decades, with the ratio of forested
land to non-forested land apparently declining from
1.72 in 1977 to 1.63 in 1990 and a shift from stands
of white and red pines to stands of aspen (Minnesota
Forest Resources Council 2000). It is clear that
breeding male goshawks in Minnesota foraged in
mature and old forested stands, especially upland
conifer and upland deciduous stands (Boal et al.
2005b), but the influence the changes in vegetation
communities may be having on goshawk populations
is unknown.

The demonstrated preference for older age class
stands by foraging male goshawks in Minnesota
(Boal et al. 2005b) is consistent with reports on
breeding-season foraging habitat use by goshawks in
coniferous forests of the western US (Austin 1993,
Bright-Smith and Mannan 1994, Beier and Drennan
1997), non-breeding goshawks in boreal forests of
Sweden (Widén 1989) and Finland (Tornberg and
Colpaert 2001), and year-round habitat use in conifer-
ous forests of southeast Alaska (Iverson et al. 1996).
However, even if goshawks do not typically venture
into stand types that are used less than expected, the
possible importance of those stand types to prey
production in a goshawk’s home range should not
be overlooked (e.g., young aspen stands and Ruffed
Grouse, Gullion and Alm 1983). Boal et al. (2005
b) also stressed that their data and assessments were
limited to the breeding season and relative use of
different stand types by goshawks may vary season-
ally due to factors such as seasonal changes in prey
availability or additional requirements for thermal or
escape cover during the non-breeding season.

HOME RANGE

In a summary of goshawk studies in North
America, (Squires and Reynolds 1997) found
breeding-season home range sizes were between
570 and 3,500 ha. Their summary did not include
information from the WGLR, although Eng and
Gullion (1962) reported some of the first foraging
area data collected for goshawks in North America.
By examining the remains of marked grouse found
at goshawk nest areas in northern Minnesota,
they determined that nine banded male grouse
were brought to the nests from drumming areas
1,097-2,514 m (X = 1,664 m) away. Also, in one of
the first studies of goshawks using radio-telemetry,
Davis (1979) found a nesting female goshawk in
Minnesota with a home range size of 4,200 ha. In
the Upper Pennisula of Michigan, Lapinski (2000)
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reported that breeding season home ranges of three
female goshawks averaged 513 ha.

Recently, Boal et al. (2003) reported that
mean breeding-season home range sizes for 17
male and 11 female goshawks in Minnesota were
2,593 £ 475 ha and 2,494 + 631 ha, respectively.
Although Hargis et al. (1994) and Kennedy et al.
(1994) reported males’ home ranges as larger than
females’, Boal et al. (2003) found negligible gender
differences in home range sizes. However, even
though gender differences were small, the com-
bined home-range size of goshawk pairs (N = 10
pairs, X = 6,376 + 1,554 ha) was on average 55 +
5% greater than that of individual male and female
members of pairs (Boal et al. 2003). Boal et al.
(2003) speculated that a goshawk pair may exploit
a larger area to meet the increasing food demands
of growing nestlings. The combined home-range
size of pairs may therefore be a better measure of
the area required for successful brood rearing. This
would suggest that management plans based on
estimated home-range sizes of individual goshawks
may underestimate the area actually required for
successful nesting (Boal et al. 2003).

Variability in home range size estimates among
studies may be partially explained by different esti-
mation and data collection methods. Variability due
to sex of goshawk and local environmental condi-
tions, however, suggests home ranges need to be
assessed at a local or regional scale. Home range size
likely varies as a function of regional differences in
forest conditions, spatial distribution of forest stands,
climate, topography, and local prey availability.

RESIDENCY

The ecology of goshawks during the winter is
one of the least understood aspects of the species
ecology (Squires and Kennedy, this volume). Very
little is known about winter movements or habitat
requirements of goshawks in the WGLR (Dick and
Plumpton 1998). In Minnesota, 26 (93%) of 28
radio-tagged goshawks remained within 7 km of
their nest stands, one female moved 87 km, and one
female was not relocated during the winter (Boal et
al. 2003). With few exceptions, during the period
1999-2001 breeding adult goshawks in Minnesota
appeared to be year-round residents, and remained
close to their nest stands through the winter (Boal
et al. 2003).

Elsewhere in the WGLR, Doolittle (1998)
found that two radio-tagged goshawks remained
in Wisconsin through the winter, and reported that
the size of the male goshawk’s use area was 32 km?
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and the female’s was 4 km?. Over 95% of the reloca-
tion points for the male were in the edges of conifer
swamps; Doolittle (1998) speculated that conifer
swamps may provide areas of thermal cover for prey
during the Wisconsin winter. In the Upper Pennisula
of Michigan, Lapinski (2000) reported that two
females and a male selected hardwood-conifer
mix and swamp fir-swamp conifer cover types and
avoided aspen, cedar, hardwood, jack pine, and
red-white pine cover types during the non-breeding
season.

The pattern of winter residency among goshawks
is variable across the species’ distribution and this
variability suggests goshawks are partial migrants
where some individuals maintain year-round occu-
pancy of breeding areas and breeding-season home
ranges while other individuals in the population
undergo seasonal movements to wintering areas. The
proportion of individuals that migrate can vary from
0-100% depending on winter conditions (Dingle
1996). Winter ranges of 18 goshawks in California
included nest stands from the previous breeding sea-
son (Keane 1999), whereas goshawks in Wyoming
moved from their breeding areas (Squires and
Ruggerio 1995). In Sweden, male goshawks radio-
tagged in late summer and fall near their breeding
area tended to remain in the area through the win-
ter, while female goshawks tended to move away
(Kenward et al. 1981b, Widén 1985b). It appears that
goshawks in the WGLR tend to remain as year-round
residents. Although data on winter ecology of gos-
hawks is almost nonexistent in the region, breeding-
season and winter habitat, and prey use may differ
(Boal et al. 2001). Additional acquisition of region-
specific winter data for goshawks remains an impor-
tant missing component of our understanding of
goshawk ecology in the WGLR and throughout the
species distribution.

MIGRATION

Data on goshawk migration patterns is derived
primarily from counts at migration stations, band
returns, and radio-telemetry. These data also sug-
gest goshawks are partial migrants. Sample sizes
in migration studies to date, however, have been
inadequate to fully understand patterns or routes
for North American goshawk populations (Squires
and Reynolds 1997, Hoffman et al. 2002). Hoffman
et al. (2002) recently analyzed movement patterns
of Northern Goshawks encountered at migration
stations throughout the western US. Of the 722
goshawks captured from 1980-2001 at these sites
only 2.3% of these birds (N = 17) were recaptured
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or resighted. This low resighting probability is one
of the reasons researchers have doubted the util-
ity of using migration counts to estimate goshawk
population trends (Titus and Fuller 1990, Kennedy
1997, Kennedy 1998; but see Smallwood 1998 for
an alternative view).

Given the caveats associated with migration
counts, it is interesting to note that more goshawks
are banded at Hawk Ridge in Duluth, Minnesota,
than anywhere else in North America (Palmer
1988). Goshawks banded at Hawk Ridge have been
recovered in northeastern British Columbia, Alberta,
Saskatchewan, Ontario, and Minnesota (Evans 1981,
Boal et al. 2003), and during potential irruption years
in Missouri, Texas, Arkansas, and Louisiana (Evans
and Sindelar 1974, Evans 1981). A female banded at
Hawk Ridge in the fall of 1972 was recaptured in the
fall of 1982 at Cedar Grove, Wisconsin (Evans 1983)
and a male banded at Hawk Ridge in the fall of 1988
was re-captured as a breeding bird in north-central
Minnesota in 1999 (Boal et al. 2001).

MORTALITY

The majority of information on causes of mor-
tality among adult goshawks is anecdotal (Squires
and Reynolds 1997). Furthermore, a large portion
of annual mortality occurs outside the breeding sea-
son and therefore is not easily detected (Braun et al.
1996). Still, the primary cause of mortality among
free-ranging goshawks appears to be depredation
and starvation (Kennedy 2003). For example, Ward
and Kennedy (1996) found radio-tagged juveniles
goshawks in New Mexico succumbed to predation
(50%), accidents and injuries (17%), and disease
(8%). Conversely, Dewey and Kennedy (2001)
found that most deaths of juvenile goshawks in a
Utah population were from starvation or siblicide (a
consequence of low food supplies).

Published mortality data for goshawks in the
WGLR are based almost solely on females found
killed at Wisconsin nests (Erdman et al. 1998) and
relocated radio-tagged goshawks found throughout
the year in Minnesota (Boal et al. 2005a). Five
(56%; four females and one male) of nine (eight
radio-tagged) goshawk mortalities in Minnesota
occurred during the breeding season (Boal et al.
2005a). Three goshawks were depredated by avian
predators and two were preyed upon by mammals
(Boal et al. 2005a). Erdman et al. (1998) identified
fishers as the cause of mortality for four nesting adult
female goshawks in Wisconsin.

Of four winter mortalities documented in
Minnesota, one goshawk had been shot, the recov-
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ered radio of another had been obviously cut from
the body of the goshawk, and the causes of mortal-
ity of the remaining two were not determined (Boal
et al. 2005a). Furthermore, goshawk mortality in
Minnesota occurred with equal frequency in the
breeding and winter seasons and, although depre-
dation appeared to be the most significant mortal-
ity factor, human persecution may still be a factor
affecting goshawk survival despite legal protection
(Boal et al. 2005a).

Discounting the single non-radio-marked female,
the estimated annual survival rate (estimated using the
modification by Pollock et al. [1989] of the Kaplan-
Meier [Kaplan and Meier 1958] survival model) of 32
radio-marked goshawks was 74% =+ 7.8% (sE) (Boal et
al. 2005a). Although their sample size was relatively
small for conducting survival analysis, the estimated
annual survival rate is quite similar to mark-recapture
estimates in California (61-69%; DeStefano et al.
1994b), New Mexico (60-96%; Kennedy 1997) and
northern Arizona (69—87%; Reynolds and Joy 1998).
All these authors indicate imprecision in their stud-
ies due to a variety of reasons, and Kennedy (1997)
concluded that precise estimates of survival require
large numbers of marked birds (>100), high re-sight-
ing rates, and at least 5 yr of data. Such data have not
been collected in the WGLR and are not likely to be
collected in the future.

SUMMARY

When comparing goshawks in western North
America to those in the WGLR, some differences
are immediately apparent. The primary difference
is in nesting habitat features due to the differences
in landscapes. Goshawks in western North America
primarily build nests in conifer trees situated in coni-
fer stands on mountain slopes (Squires and Reynolds
1997). In the WGLR, goshawks typically build nests
in deciduous trees in mixed or conifer dominated
stands. Although exceptions occur, typically little
or no slope exists at nests sites due to the generally
level terrain of the region. Nest site canopy cover
is similar between the regions, but nest trees in the
WGLR appear to be smaller than in the West, prob-
ably due to regionally different patterns in species
and growing seasons. However, similar to western
North America, goshawks in the WGLR build their
nests in the largest trees available in stands. In most
other respects, the available information suggests
little difference between the regions. Similar to west-
ern studies (Squires and Reynolds 1997), goshawks
in the WGLR appear to remain reasonably close to
their breeding areas year-round (Boal et al. 2003).
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Productivity in Minnesosta was also within the
range of that reported for numerous studies in west-
ern North America (Squires and Reynolds 1997).
Although very few data exist, that available suggests
annual survival of goshawks in Minnesota (Boal et
al. 2005a) is similar to the West (DeStefano et al.
1994b, Kennedy 1997, Reynolds and Joy 1998).
Finally, similar to most other studies (Squires and
Reynolds 1997), goshawks in the WGLR appear to
have diets dominated by sciurids and leporids, espe-
cially red squirrels (Smithers et al. 2005).

RESEARCH NEEDS

A comprehensive report on research and monitor-
ing needs for the Northern Goshawk in the WGLR
was prepared by Kennedy and Andersen (1999).
Information needs identified in that report have
begun to be addressed through recent research, much
of which has been summarized in this overview.
Development of a more comprehensive understand-
ing of goshawks in the WGLR would be facilitated
by sharing results among investigators conducting
current survey and monitoring efforts in the region.
This would be further enhanced if standards for
estimating habitat and demographic parameters
were comparable across the region (Kennedy and
Andersen 1999). However, as is evident from this
paper and other information summaries on goshawks
in the WGLR (Dick and Plumpton 1998, Kennedy
and Andersen 1999), information on goshawk
population dynamics, goshawk-habitat relations, and
goshawk-prey interactions is sparse for the region. If
this lack of information is to be addressed, research
and monitoring priorities for goshawks in the WGLR
should include:

1. A region-wide sampling program to locate
goshawk nest sites and assess nesting and
foraging habitat use. Survey methods devel-
oped by Roberson (2001, Roberson et al.,
unpubl. data) may facilitate nest detections.
Radio-telemetry studies from other areas of
the WGLR are needed to assess habitat use
at local and regional scales. Habitat-use stud-
ies require stand-scale information across the
region. Although some entities, such as the
USDA Forest Service, possess stand age and
structure data at a resolution relevant to under-
standing landscape-level patterns of goshawk
habitat use, our study area was comprised of
a myriad of land ownerships. The only avail-
able landscape data encompassing all owner-
ships are derived from remote sensing (e.g.,
LandSat Thematic Mapper). Thematic mapper

data provide information only at the resolution
of tree-species composition; this is inadequate
for examining stand age and structure pat-
terns of goshawk habitat in the WGLR. For
example, a goshawk may be interpreted as
avoiding a given stand type when, in real-
ity, the hawk avoids it because it is available
only at an unsuitable age class. Until stand
age and structure data are available for the
entire region, assessment of landscape pat-
terns in habitat use will be possible for only
a few goshawks, which might unpredictably
bias inferences. Developing and compiling
landscape level databases that detail stand
structure and age should be a priority (Squires
and Kennedy, this volume).

. An emphasis on year-round management.

Current evidence suggests goshawks are
year-round residents in the WGLR (Boal et al.
2003). Thus, conservation plans for goshawks
in the WGLR should not be limited to the
breeding-season. However, regional winter
habitat-use information is non-existent. We
suggest radio-telemetry studies be initiated
to identify stand characteristics of foraging
goshawks year-round and to facilitate loca-
tion of kill sites to determine winter prey use
(Drennan and Beier 2003).

. An experimental evaluation of the effects of for-

est management on goshawks (DeStefano 1998,
Kennedy 1998). With some planning, we think
silvicultural treatments in the vicinity of nests
should be used as quasi-experiments (Penteriani
and Faiver 2001). Radio telemetry could be
used to monitor pre- and post-harvest move-
ments and habitat use of goshawks. Monitoring
could include multiple years following treat-
ment to assess goshawk response to forest
succession. Such an experimental examination
would greatly enhance our ability to predict
goshawk responses to silvicultural treatments
than has thus far been provided by correlative
studies (Kennedy 2003).

. A collaborative, region-wide approach to

monitoring demographics. Existing data are
inadequate to determine if WGLR goshawk
populations are declining, stationary, or
increasing, or to identify habitat conditions
that result in sources of goshawk recruitment
or in population sinks (Dick and Plumpton
1998). Nest monitoring and methodologies
used among projects and researchers have
been inconsistent. We suggest that a collab-
orative effort using a consistent strategy for
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monitoring samples of goshawk nests across
the WGLR would facilitate an understand-
ing of survival, mortality, and productivity in
the region. Greater resolution of population
dynamic assessments at the regional scale will

require substantial research effort (Kennedy
1997, 1998). The applicability of suggestions
by Hargis and Woodbridge (this volume) for
monitoring goshawks at bioregional scales
should be explored for the WGLR.
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GOSHAWKS IN CANADA: POPULATION RESPONSES TO HARVESTING
AND THE APPROPRIATENESS OF USING STANDARD BIRD
MONITORING TECHNIQUES TO ASSESS THEIR STATUS

Frank 1. DoYLE

Abstract. In this paper, I use the results from current research and from established bird monitoring techniques
to highlight the inability of current techniques to establish the status of Northern Goshawk (Accipiter gentilis
atricapillus and A. g. laingi) across Canada. At a national-scale monitoring of goshawks relies upon opportu-
nistic goshawk sightings made during Breeding Bird Surveys (BBS), Christmas Bird Counts (CBC), or during
migration counts. These sources indicate that the population trend is either stable (BBS and CBC), or possibly
declining (migration counts over last 20-30 yr). However, recent goshawk population studies in western Canada
have shown that individual subpopulations respond differently to harvesting of mature forest, with some show-
ing a negative impact, while others appear to be thriving at the same rate of harvest. Work in the undisturbed
boreal forests of the Yukon has linked goshawk density and productivity to prey abundance. Differences in the
response of goshawk populations to timber harvest may therefore be primarily dependent on the prey avail-
able and the habitat used by the prey. Goshawks that are more reliant on prey associated with mature forests
showed the greatest impact from harvesting. Across Canada, therefore, population responses to harvesting at
the ecosystem level may vary, with the possibility that at the regional or local scale goshawk populations could
be lost without this loss being detected by the present non-target monitoring techniques (CBC, BBS, and migra-
tion counts). Broad assessment of prey and prey habitat use will help managers to assess the risk to population
persistence at regional and local scale.

Key Words: Accipiter gentilis, laingi, Canada, harvest, habitat, prey, status, threshold.

GAVILANES EN CANADA: RESPUESTAS POBLACIONALES AL
APROVECHAMIENTO Y LO APROPIADO DEL USO DE TECNICAS
ESTANDARIZADAS DE MONITOREO DE AVES PARA EVALUAR SU ESTADO.

Resumen. En este articulo utilizo los resultados de investigacion actual, asi como técnicas establecidas de
monitoreo de aves, para resaltar la inhabilidad de las actuales técnicas para establecer el estado del Gavilan
Azor (Accipiter gentilis atricapillus y A. g. laingi) en Canada. A escala nacional, el monitoreo de los gavilanes
reside en los avistamientos oportunos del gavilan, realizados durante Estudios de Aves Reproductoras (BBS),
Conteos de Aves en Navidad (CBC) o durante los conteos de migracion. Estos recursos indican que la tendencia
de la poblacion, es ya sea estable (BBS y CBC), o posiblemente decadente (conteos de migracion durante los
ultimos 20-30 afios). Sin embargo, estudios poblacionales recientes del gavilan en el oeste de Canada, han
mostrado que subpoblaciones individuales responden de forma distinta al cultivo del bosque maduro, algunas
mostrando impacto negativo, mientras que otras parecen prosperar durante el cultivo. Trabajo realizado en el
bosque boreal no perturbado del Yokon, ha vinculado la densidad y productividad del gavilan a la abundancia de
la presa. Diferencias en la respuesta de las poblaciones del gavilan al aprovechamiento de la madera quizas se
deban principalmente a la disponibilidad de la presa y al habitat utilizado por la presa. Gavilanes que dependen
mas en presas asociadas con el bosque maduro, mostraron el gran impacto que causa el aprovechamiento. Es por
esto que en Canada, las respuestas al aprovechamiento a nivel de ecosistema quizas varien, con la posibilidad
de que las poblaciones de gavilan a escala regional o local se pierdan sin poder detectar dicha pérdida a través
de las técnicas de monitoreo actuales de no-blanco (CBC, BBS y conteos de migracién). Mayor valoracion de
la presa, asi como de la utilizacion del habitat por la presa, ayudaran a los administradores a evaluar el riesgo de
la permanencia de la poblacién a escala regional y local.

Goshawks in Canada are distributed throughout
the entire forested portion of the landscape, from the
US border to tree line in the Arctic, and thus poten-
tially a large portion of the North American goshawk
population is resident in Canada. My objective is
to determine the status of goshawks across Canada
based on all the available information on goshawk

populations. In Canada, as in the US, large-scale
harvesting of mature forests has taken place through-
out the past century and up-to-date information
on the present status of the goshawk is required
to determine if this identified threat is influencing
the status of goshawk population. However, recent
long-term goshawk research in the west of Canada

135



136

has highlighted how inappropriate the standard bird
monitoring tools may be in establishing the popula-
tion status of goshawks across Canada. In this paper
I set out the problems associated with the present
methodology, and focus on the differing responses of
goshawk subpopulations to harvesting. Harvesting
and its impact on prey, versus impacts at a nest
stand or other factors such as depredation or climate,
being identified by the Canadian research studies as
likely to be the most critical factor influencing the
status of goshawks in Canada. This impact on prey
and the differences seen in the scale and type of this
impact between forest types indicates that specific
monitoring of goshawk populations may be the only
accurate method for determining the overall status of
this species.

In Canada raptor populations have been moni-
tored by the Canadian Wildlife Service using trend
information from breeding bird surveys (BBS),
Christmas Bird Counts (CBC) and from migra-
tion counts (Hyslop 1995, Kirk and Hyslop 1998,
Kennedy 2003). These counts indicate a range in
Northern Goshawk (Accipiter gentilis atricapillus
and 4. g. laingi) population trends depending on the
source with BBS and CBC indicating a relatively
stable population, whereas the migration counts
have shown a decreasing trend in the numbers of
goshawks, which is significant at three of the eight
migration stations. No discernible geographic trend
was observed.

In contrast to this opportunistic count of gos-
hawks, the last decade has seen several intensive
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long-term goshawk population studies (Table 1;
Fig. 1) taking place in the Yukon, and in British
Columbia (BC) (Doyle and Mahon 2001, Doyle
2003, McClaren 2003, Mahon and Doyle 2003a).
These studies were designed to quantify the possible
impacts to this raptor of harvesting mature forests
and have show that goshawk populations react dif-
ferently to that impact on an ecosystem specific
basis. This variation in impacts could potentially
result in the loss of goshawks at a local or regional
level, an impact that may be unnoticed at a national
level if relying on the opportunistic BBS, CBC, and
migration counts to monitor population trends. This
can occur because the negative responses by gos-
hawks to harvesting in one forest type may be bal-
anced by a positive response in another, such that the
coarse opportunistic monitoring fails to detect any
significant change. Consequently the habitat thresh-
olds that may negatively impact goshawks may be
exceeded in some landscapes, such that the goshawk
population is lost without being noticed.

The work showing the potential weakness in rely-
ing of non-target species monitoring techniques to
monitor goshawk populations has all taken place in
western Canada over the past decade. No comparable
studies have been conducted elsewhere in Canada. In
BC this has included work on two island populations
of the threatened goshawk sub-species, the Queen
Charlotte goshawk (4. g. laingi), while those on
mainland BC and in the Yukon are working with
the larger A. g. atricapillus. The Yukon study took
place within an undisturbed northern boreal forest

TABLE 1. LONG-TERM GOSHAWK STUDY AREA IN BRriTiSH COLUMBIA AND YUKON, CANADA.

Number of Nest area
goshawk nest spacing
Location areas located Length of study Forest type (km)
Haida Gwaii-Queen 9 1995—present Rain-forest 9-15
Charlotte islands * coastal western
hemlock
Vancouver Island ® 66 1995—present Rain-forest 6-8
coastal western
hemlock
Interior BC (Lakes and 40 1997—present Sub-boreal 4-5
Morice Forest Districts) © spruce and pine
Interior BC (Kispiox Forest 33 1995—present Interior cedar 4-5
District) ¢ hemlock
Yukon © 13 1986-1996 White spruce 3 (P)f
12 (L)e
*Doyle 2003.

®McClaren 2003.

4Mahon and Doyle 2003a, Doyle and Mahon 2001.
¢Doyle and Smith 1994, Doyle 2000.

P = Years with a peak in prey abundance,

£L = Years with low prey abundance.
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FIGURE 1. Location of the long-term goshawk study areas in Canada.

ecosystem, while those in BC are all taking place
within forest types associated with the southern
boreal and coastal rain forest ecosystems that have
all seen 30—40% of the mature forest harvested in the
last 20-30 yr (Doyle 2003, McClaren and Pendergast
2003, Mahon et al. 2003). These BC studies show
very different population responses to harvesting;
the rain forest /aingi may be possibly under threat
with declining populations and reduced productiv-
ity while atricapillus, found in the drier mainland
forests, may be benefiting from harvesting, at least
in the short-term.

In the Yukon, the Northern Goshawk population
was studied intensively at Kluane Lake as part of a
long-term boreal forest ecosystem study (Krebs et
al. 2001) in which all raptors, their prey, and the
environment in which they lived were monitored
to establish if and how these ecosystem components
were linked together. This study established that
goshawks were largely resident and that the number
of nests and production of young (Fig. 2) was signifi-
cantly linked to the abundance of their main prey the
snowshoe hare (Lepus americanus) and possibly also
to grouse, their secondary winter and early breeding

season prey. Rainfall and other factors such as nest
depredation by wolverines (Gulo gulo; Doyle 1995)
and Great Horned Owls (Bubo virginianus; Doyle
2000) influenced the breeding success of individual
pairs; however, these impacts were insignificant
compared to the density of snowshoe hares in winter.
In addition, human impacts have also been cited in
the past as possibly reducing breeding success at
the nest stand level (Squires and Reynolds 1997),
and certainly disturbance of any breeding birds can
cause breeding attempts to fail. However, an ongo-
ing long-term, adaptive-management experiment at
the mainland study sites in BC (Mahon et al. 2003),
has to date (3—5 yr post harvest, 73 nest areas) shown
no significant impacts, with goshawks continuing to
breed successfully even in highly fragmented nest
stands. This does not mean a threshold fragmentation
or disturbance threshold for some individuals at the
nest-stand level does not exist, but it does indicate
that this impact is not driving changes in population
trends at this stage.

The critical role of prey in the breeding success
and the subsequent status of individual goshawk
populations may in part be explained by the fact



138

STUDIES IN AVIAN BIOLOGY

NO. 31

10 -
A
8 4 —— Number of active
territories in study
A area
6 - —=—Young fledged per
successfull pair
g
E 41
=}
z
2 -
0 -
I P D L L I I I
1989 1990 1991 1992 1993 1994 1995 1996

Year

FIGURE 2. Number and productivity of successful goshawk nests in relation to the cyclic phases of the hare and grouse
population at Kluane Lake, Yukon. (Doyle 2000). Phases in the abundance of hares and grouse over the period of the 10-yr
snowshoe hare cycle: I = Increase, P = Peak, D = Decrease, L = Low.

that in BC as in the Yukon, populations appear to
be largely resident. Birds’ radio-tagged as breeding
adults, and independent goshawk sightings indicate
that some, and possibly all, adults and juveniles are
resident in the breeding habitat during the winter
months. Independent of these observations, birds in
all the study locations began to breed in late winter
(February—March; Doyle 2000, Mahon et al. 2003),
1-2 mo before spring or summer prey (migrant
passerines, young prey or hibernating prey) were
available. All birds, independent of their winter
movements therefore appear to be largely dependent
on the abundance and availability of winter prey to
ensure their survival, body condition and subsequent
ability to breed, if territories become vacant.

This likely dependence on winter prey has
been identified as a possible driving factor in the
observed differences in the resilience of goshawk
subpopulations to habitat change (Doyle 2003).
Within these same study areas in the winter months
we see pronounced ecosystem differences in the
species, abundance and habitat associations of
the available prey (Fig. 3). In BC, two of the four
long-term goshawk studies are being conducted on
large islands (Haida Gwaii and Vancouver islands)
off the west coast. On these islands the winter
diet appears as though it may be dominated by

red squirrels (Tamiasciurus hudsonicus) and for-
est grouse, while the dominant winter prey on the
mainland, the snowshoe hare, is absent, and other
common mainland prey, ptarmigan and grouse, are
at relatively low densities. When we then look at
where these prey types are found within a land-
scape we can see clear differences in broad habitat
types. Snowshoe hares, grouse, and ptarmigan are
typically associated with openings of shrub-young
forest (pole sapling), while red squirrels (Mahon
and Doyle 2003b), and the island’s forest grouse
(Zwickle 1992) are most abundant in mature
coniferous forest that once dominated the entire
landscape (Canning and Canning 1996). Harvesting
of the mature forests that dominate these landscapes
will therefore likely have very different impacts on
the resident goshawk population, depending on the
habitat association of their prey in that ecosystem.
On the mainland the harvested openings result in
habitat (after a shrub layer has formed) in which
snowshoe hare and grouse densities are higher than
compared to the surrounding mature forest (Mahon
and Doyle 2003b). In contrast, these same har-
vested habitats on Vancouver Island (Ethier 1999,
McClaren 2003) and on Haida Gwaii (Doyle 2003)
have few prey associated with them in winter and
early in the breeding season.
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FIGURE 3. Relationship between the location (ecosystem type), and the association of habitat and the main goshawk prey
in late winter. Black = species abundant; gray = species occurs but less abundant; white = species absent.

In mainland versus island we also see different
patterns in goshawk productivity and territory spac-
ing which supports this observed link between habi-
tat and prey (Table 1). The mainland territories are at
around twice the density of their island counterparts
and the annual productivity (both reoccupancy rates
and young fledged per breeding attempt) is higher
(Doyle 2003). In addition, at the territory scale, har-
vesting on the mainland has not been seen to reduce
breeding success (Mahon et al. 2003), but on Haida
Gwaii, in areas with >30% harvesting, no active
nests have been located, and on Vancouver Island
(McClaren and Pendergast 2003) landscapes with the
highest rates of harvesting have significantly lower
reoccupancy rates.

How these observed differences in available
prey, habitat, and goshawk productivity vary across
Canada have not been explored, but they provide the
possibility that harvesting combined with individual
ecosystem differences could lead to the loss of cer-
tain goshawk populations while other populations
may remain stable or indeed increase in density.
However, this does not mean that we can be com-
placent even for those populations that appear to be
relatively robust. As was seen in the Yukon hare pop-
ulation, which predictably peaks and then crashes
cyclically, we have to ensure that enough diversity
of habitat types and their associated prey remains to
support goshawk population through the low in hare
numbers. In particular, sufficient areas of mature for-
est supporting populations of red squirrels or forest

grouse may be critical to the long-term persistence of
goshawks and other predators. Both the Yukon study
on goshawks and on another winter resident, the lynx
(Lynx canadensis), showed a switch to prey typically
associated with mature forests (red squirrels and for-
est grouse) during the low in hare numbers (Krebs
et al. 2001). At present, the critical habitat and the
threshold in habitat area required to maintain gos-
hawk populations in landscapes in which they largely
depend on cyclic prey is unknown. As we have seen
the rate of timber harvesting in the goshawk study
areas in BC has resulted in 30-40% of the mature
forest being cut in the last 20-30 yr. In addition,
this harvest has recently been spread across the
landscape, such that out of the 73 or more goshawk
territories located to date, none have no harvesting at
a territory scale, if we assume that nest-area spacing
in a landscape (Table 1) indicates the foraging area
required by the birds in that landscape. If this rate
and spatial arrangement of harvesting is taking place
throughout the rest of the province or across large
areas of Canada and a threshold in critical habitats
does exist, will it allow for the retention of enough
critical habitats to ensure the long-term persistence
of goshawk populations across much of their range?

Finally, the possibility exists that this could all
take place while information from migration sta-
tions fails to detect a notable population change at
a time when action should be taking place to protect
threatened populations at a regional or on a listed
sub-species basis. This could occur because declines
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in goshawk populations in any one area may be
masked by increasing populations elsewhere. As an
example, large numbers of goshawks sightings at
some migration stations are thought to be influenced
by the abundance and subsequent population crash of
snowshoe hares in the northern boreal forests, a prey
species that we know is cyclic (9—11 yr cycle) (Doyle
2000), and which also exhibits a variation in the
amplitude of the density between cycles. This large
number of goshawks from the northern boreal for-
est may therefore effectively mask declines brought
about by human influences on goshawk carrying
capacity of landscapes.

Other broad-scale land-bird surveys methods
such as BBS and CBC are likely to be inappropri-
ate goshawk survey methods. BBSs are focused on
detection of calling by songbirds, while CBCs are
not stratified across regions or habitat types, because
they are centered on communities. Most com-
munities, and therefore count sites, are located in
southern Canada. In addition they do not specifically
target habitat types (forested landscapes in Canada)
in which we may expect to locate goshawks in the
winter months. As a consequence, the present survey
methods may fail to detect any significant population
change.

Therefore, we do not know the long-term resil-
ience of individual goshawk populations to habitat
change and changes in prey availability outside
of few local studies conducted to date in western
Canada. Furthermore, a possibility exists that the
broad-scale monitoring methods that are being used
to monitor goshawk populations across Canada may
fail to detect local or regional population declines.
Additionally, it may be too late by the time these
broad-scale survey methods do detect a decline.
If, for example, goshawk a population increases
with timber harvesting until a critical threshold is
reached and then that population (genetically or
regionally) declines sharply, becoming extinct in
the worst case scenario. In Canada, as in other areas
of North America, standardized broadcast surveys
using localized detection probability functions and
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area occupied methods (McLeod and Andersen
1998, McClaren et al. 2003) could be used to detect
changes in breeding populations. However, the chal-
lenges associated with setting up such a compre-
hensive monitoring system in Canada, i.e., training,
money, low-detection rates in coastal forests, and
cyclic goshawk populations, will likely prevent
such a strategic plan being put in place until it is
too late. If this is the likely outcome, research that
identifies broad landscape thresholds for goshawks
within individual ecosystem types based on the habi-
tat and available prey may be necessary. Although
necessarily coarse in its assessment this will at least
allow landscape managers to assess the risk of their
actions to the goshawks population, both at a local
and regional scale.

ACKNOWLEDGMENTS

The work on goshawks across Canada is indebted
to the help of many organizations and volunteers
at both at the provincial and federal level, whose
dedication and commitment ensures the collection
of the information that comprises the invaluable
long-term databases that are provided by the BBS,
CBC, and migration counts. In western Canada, the
Yukon study on goshawks was funded by the Natural
Sciences and Research Council of Canada, and was
also indebted to the hard work of many researchers
and students, both from Canada and abroad. In BC,
the four long-term goshawk studies were supported
by BC provincial funding (Forest Renewal, Forest
Innovative Account, and the Habitat Conservation
Trust Fund.) and through the support of licens-
ees including Babine Forest Products, CANFOR,
Huston Forest Products, Skeena Cellulose, Timber
West, Western Forest Products, and Weyerhaeuser
Ltd. I also thank Erica McClaren for reviewing this
manuscript, and finally a special thanks both to her,
and to Todd Mahon for sharing with me a passion to
understand how we may successfully manage gos-
hawks in harvested landscapes.



Studies in Avian Biology No. 31:141-157

ECOLOGY OF THE NORTHERN GOSHAWK IN FENNOSCANDIA

Risto TorRNBERG, ERKKI KORPIMAKI, AND PATRIK BYHOLM

Abstract. We reviewed studies on the Northern Goshawk (Accipiter gentilis) carried out in northern Europe
(Fennoscandia) since the 1950s concerning the following: diet composition, breeding performance, move-
ments, home range, survival, and population trends. Goshawks feed mainly on forest grouse throughout the
year in boreal forests but rely more on Ring-necked Pheasants (Phasianus colchicus) and hares (Lepus spp.) in
mixed deciduous-coniferous forests in southern Fennoscandia. Breeding density of the goshawks varies from
one—five pairs/100 km?, on average three pairs/100 km?. Mean clutch size (3.5), brood size (2.8), and productiv-
ity of fledglings (2) per occupied territory have remained stable over the decades irrespective of the decline of
the forest grouse. Proportion of grouse in the diet as well as breeding output closely followed the density of
grouse during the1950s—1970s with relatively dense grouse populations but this close connection has recently
disappeared, probably due to a decline of grouse and disappearance of their multi-annual cycles. Goshawks are
the most important cause of mortality among forest grouse, and grouse density, in turn, affects the dispersal
distances of juvenile goshawks. Because of the narrower diet width of males compared to that of females, males
tend to move over longer distances than females. Among adults, females move more than males, like in other
raptors. Median distances moved by juveniles range from 50-100 km but some individuals can travel up to
>1,000 km. After the dispersal phase, juveniles tend to establish more or less stable ranges before moving to
the final breeding range. Not much is known about the site tenacity of breeders but in good conditions males,
at least, likely remain on their territories throughout their life. Winter range size varies from 2,000-10,000 ha
depending on sex, age, and the quality of the habitat or of the prey size. Juvenile males suffer from higher mor-
tality than juvenile females but this difference disappears by the third year of life. Based on field studies and
museum data, roughly one-third of juvenile hawks succumb because of starvation, one-third of trauma or trauma
and starvation-disease, and one-fifth to one-third are killed by hunters. Productivity of goshawk populations has
not changed during the years of declining trends found in many local studies, which may indicate an increased
adult mortality. Annual mortality among the adults may likely not exceed 30% without a decline of the breeding
population. The ultimate reason behind declining goshawk populations is likely the change in the forest bird
community due to intensified forestry which has negatively affected the populations of main prey, forest grouse.
Problems in nourishment of goshawks occur during the winter after migratory birds have moved to south.

Key Words: breeding, cause of death, diet, Fennoscandia, habitat choice, movements, Northern Goshawk, preda-
tion, survival.

ECOLOGIA DEL GAVILAN AZOR EN FENNOSCANDIA

Resumen. Revisamos estudios sobre el Gavilan Azor (Accipiter gentilis) llevados a cabo en el norte de Europa
(Fennoscandia) desde 1950, relacionados a lo siguiente: dieta, composicion, desempefio de reproduccion,
movimientos, rango del hogar, sobrevivencia, y tendencias de poblacion. Los gavilanes se alimentaron
principalmente de gallo del bosque (7etraonidae) en bosques boreales, durante todo el afio, pero dependian mas
en el Faisan de collar (Phasianus colchicus) y liebres (Lepus spp.) en bosques deciduos mixtos de coniferas, en
el sur de Fennoscandia. La densidad de reproduccion del azor varia de uno a cinco pares/100 km?, en promedio
tres pares /100 km? La media del tamafio de la puesta (3.5), el tamafio de la pollada (2.8) y la productividad
de los volantones (2) por territorio ocupado, ha permanecido estable sobre los afios, independientemente al
decaimiento del gallo del bosque. La proporcion del gallo del bosque en la dieta, asi como la produccién-
rendimiento reproductivo, siguieron muy de cerca la densidad del gallo del bosque durante 1950s—1970s,
con relativamente poblaciones densas de gallo del bosque, pero esta cercana conexion ha desaparecido
recientemente, probablemente debido al decaimiento del gallo del bosque y a la desaparicion de sus ciclos
multi-anuales. Los Gavilanes son la causa mas importante de la mortandad entre los gallos del bosque y de la
densidad de los mismos, por lo tanto, influye en las distancias de dispersion de los gavilanes juveniles. Debido
a la estrechez en la dieta de los machos, comparada con la de las hembras, los machos tienden a moverse sobre
distancias mas largas que las hembras. Entre los adultos, las hembras se mueven mas que los machos, como en
otros raptores. Las distancias medias en las que se mueven los juveniles van desde 50-100 km, pero algunos
individuos pueden viajar por arriba de >1,000 km. Después de la fase de dispersion, los juveniles tienden
a establecer rangos mas o menos estables, antes de pasar al rango final reproductivo. No se conoce mucho
acerca de la tenacidad de sitio de los reproductores, pero en buenas condiciones los machos al menos pueden
permanecer en sus territorios por toda su vida. El tamafio del area de ocupacién durante el invierno varia de
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2,000-10,000 ha dependiendo del sexo, la edad y la calidad del habitat, o del tamafio de la presa Los machos
juveniles sufren de una mayor mortandad que las hembras juveniles, pero esta diferencia desaparece al tercer
aflo de vida. Basado en estudios de campo y datos de museos, aproximadamente un tercio de halcones juveniles
sucumben debido a inanicion, un tercio por trauma o enfermedad de trauma e inanicion, y de un quinto a un
tercio son matados por cazadores. La productividad de las poblaciones de gavilan no ha cambiado durante los
aflos de tendencias de declinacion, encontradas en varios estudios locales, lo cual probablemente indique una
incrementada mortandad adulta. La mortandad anual entre los adultos probablemente no exceda de 30%, sin un
decaimiento en la poblacion reproductiva. La Gltima razon detras del decaimiento de las poblaciones de gavilan,
es probablemente el cambio en la comunidad de aves de bosque, debido a la intensa actividad forestal, la cual ha
afectado negativamente a las poblaciones de la presa principal, gallo del bosque. Problemas en la alimentacion
del gavilan, ocurren durante el invierno, después de que las aves migratorias se han movido hacia el sur.

The Northern Goshawk (Accipiter gentilis) is
one of the most numerous raptor species in northern
Europe (hereafter Fennoscandia; Fig. 1). Due to its
relatively high density and dietary preferences for
small game species, especially forest grouse which
are favored objects for sport hunting, the Northern
Goshawk is probably the most hated species of bird
of prey in much of Europe. It has been estimated
that 5,000-6,000 goshawks were killed annually in
Finland in the 1970s (Moilanen 1976) and 2,000 in
the 1960s in Norway (Nygard et al. 1998). In spite
that it has been now protected in all countries of
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North Europe—not until 1989 in Finland—it is still
persecuted by humans. Research on Fennoscandian
goshawks was initiated from diet investigations
carried out in the 1950s in Finland and Sweden
(Hoglund 1964b, Sulkava 1964) and also in Norway
(Hagen 1952). Since then, several studies on food
habits during the breeding season have been car-
ried out in Finland (Huhtala 1976, Wikman and
Tarsa 1980, Lindén and Wikman 1983, Tornberg
and Sulkava 1991, Tornberg 1997), Sweden (Widén
1987), and Norway (Selads 1989). Winter diet has
been studied by stomach contents (Hoglund 1964b)

Kola peninsula

Russian
Karelia

FIGURE 1. Map of Fennoscandia showing main study sites of Northern Goshawks. 1. Sulkava (1964), 2. Hoglund (1964a),
3. Huhtala (1976), 4. Lindén and Wikman (1983), 5. Kenward et al. (1981b), 6 Widén (1987), 7. Selas (1997a), 8. Kenward
et al. (1999), 9. Tornberg (1997), 10. Nygard et al. (1998), 11. Byholm et al. 2003), and 12. R. Tornberg, E. Korpiméki,

V. Reif, S. Jungell and S. Mykra (unpubl. data).
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and by radio tracking since the late 1970s in Sweden
(Kenward et al. 1981, Widén 1987) and in Finland
(Tornberg and Colpaert 2001). Breeding performance
of goshawks is also well documented in all North
European countries; most long-term studies have
been carried out in Finland (Sulkava 1964, Lindén
and Wikman 1980, Huhtala and Sulkava 1981,
Lindén and Wikman 1983, Tornberg and Sulkava
1991, Sulkava et al. 1994, Byholm et al. 2002a) but
also in Sweden (Widén 1985b, Kenward et al. 1999)
and Norway (Selds 1997b). A countrywide survey of
grouse was started in Finland in 1964, which enables
a more accurate estimation of goshawk impact on
grouse (Lindén and Wikman 1983, Tornberg 2001).
In Sweden, an evaluation was done by Widén (1987).
In farmland areas of Sweden, goshawks hunt pheas-
ants more than grouse; Kenward et al. (1981b) esti-
mated the impact of goshawk predation on released
and wild pheasant stocks in central Sweden in the
late 1970s.

Because goshawks use the same nesting territories
year after year, they have become a popular species
with bird banders. Around 2,000 goshawk nestlings
are currently banded annually in Finland, mostly by
volunteers. As a result, recovery rates of goshawks
have been one of the highest among the banded birds
(nearly 50,000 being banded since 1913 when bird
banding was started in Finland; Valkama and Haapala
2002, Byholm et al. 2003). When shooting of gos-
hawks was allowed, around 20% of banded goshawks
were later recovered. These days recovery rates are
around 10%. Total number of recoveries in Finland
now exceeds 8,000 birds (Valkama and Haapala
2002) and similar situations prevail in Sweden and
Norway. These large databases have enabled sev-
eral analyses of movements, mortality, and causes
of death of goshawks in all Fennoscandian coun-
tries (Haukioja and Haukioja 1971, Saurola 1976,
Marcstrom and Kenward 1981a, Widén 1985b,
Halley 1996, Byholm et al. 2003), as well as more
specific studies on, e.g., sex allocation of goshawks
in relation to varying environmental conditions
(Byholm et al. 2002a, 2002b). As an easily trappable
species, banded goshawks are often captured alive
which has given more insight to their movements
(Marcstrom and Kenward 1981b, Neideman and
Schonebeck 1990). Large radio-tracking projects in
central Sweden in 1970-1980 were also based on
extensive live trapping that gave light to patterns of
age- and condition-related movements (Kenward et
al. 1981a). Pooling data from breeding performance,
survival, and movements of an animal population
facilitates building a population model. On the large
Baltic Sea island of Gotland, Sweden, this was done
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using productivity data of breeding goshawks com-
bined with extensive radio-tagging of juvenile and
adult goshawks (Kenward et al. 1991, 1999).

Goshawks have also been an ideal species for
museum work due to large collections of specimens
in zoological museums. Earliest studies were on
taxonomic aspects (Voipio 1946) and later killed
and naturally dying birds were studied in relation
to changes in morphology (Tornberg et al. 1999),
causes of death (Tornberg and Virtanen 1997), or
body condition (Marcstrom and Kenward 1981a,
Sunde 2002).

In this paper we summarize all noteworthy pub-
lished papers on the ecology of Northern Goshawks
in Finland, Sweden, and Norway. We attempt to doc-
ument the goshawk’s position in those areas based on
past and current studies and to conclude and predict
the future development of goshawk populations,
as well as to outline future needs in research. We
add also some previously unpublished data on diet,
breeding, and home range size collected near Oulu in
northern Finland during 1987-2003. For a descrip-
tion of this study area and the methods, see Tornberg
(1997) and Tornberg and Colpaert (2001).

STUDY AREA

Fennoscandia is composed of three north
European countries, Norway, Sweden, Finland, and
parts of western Russia (Kola peninsula and Russian
Karelia). Although situated between latitudes 55—
70° N this area is mainly characterized by boreal
forests (between latitudes 60-70° N) and mixed
coniferous-deciduous forests in southern Sweden
and Norway (between latitudes 55-60° N). The
northernmost parts of Finland and the Scandinavian
mountain range, K6li, belong to the arctic zone. All
important goshawk studies carried out in the area are
shown in Fig. 1.

CHARACTERS OF THE FENNOSCANDIAN
GOSHAWK

Scandinavian goshawks belong to the nominate
race Accipiter gentilis gentilis. Finland is a transi-
tion zone between the nominate race and the east-
ern paler and larger 4. g. buteoides (Voipio 1946).
Finnish goshawks are larger than Swedish ones
based on both body mass and wing length indicating
that Finnish goshawks belong to the larger buteoides
race (Table 1). Winter weights in Sweden are derived
from extensive trapping of goshawks in central
and southern Sweden (Marcstrom and Kenward
1981b). Weights of Finnish hawks were obtained
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TABLE 1. AVERAGE MEASUREMENTS TAKEN FROM SWEDISH AND FINNISH GOSHAWKS. DATA FROM SWEDEN BY MARCSTROM AND
KeENWARD (1981A) AND FROM FINLAND BY TORNBERG ET AL. (1999) AND TORNBERG (UNPUBL. DATA).

Central Sweden

Northern Finland

Male N Female N Male N Female N
Winter weight adult 866 52 1,328 60 933 12 1,485 18
Winter weight juvenile 839 289 1,229 215 828 11 1,384 21
Wing length adult 323 37 366 69 330 26 372 29
Wing length juvenile 323 308 363 197 327 79 367 86

from trapped birds in Oulu during 1990-1999. Wing
lengths were measured from the flexed wrist to the
end of longest primary with feathers flattened and
straightened.

DIET
BREEDING SEASON

A major proportion of the diet of the goshawk
was woodland grouse (Zetraonidae) in all food
habit investigations in Fennoscandia (Ho6glund
1964b, Sulkava 1964, Huhtala 1976, Lindén and
Wikman 1983, Widén 1987, Selas 1989, Tornberg
1997). Four grouse species are preyed upon by
goshawks—Capercaillie (Tetrao urogallus), Black
Grouse (Tetrao terix), Hazel Grouse (Bonasa
bonasia), and Willow Grouse (Lagopus lagopus).

Grouse proportions in the goshawk diet are highest
in western Finland declining to the west and south
(Table 2). It must be remembered that proportions
of grouse in diet studies based on the collection of
prey remains may depend whether remains were col-
lected only in the nest or also in the vicinity of the
nest and whether the two groups are pooled (Sulkava
1964). Proportions of grouse in the diet at the begin-
ning of the nesting season may be up to 80% but
tend to decline later in the breeding season (Table
2). However, depending on the collection method,
the proportion of soft and digestible grouse chicks
might easily be underestimated in the diet (Hoglund
1964b, Sulkava 1964, Grennesby and Nygard 2000).
Recently, with grouse numbers lower than in the
1950s, grouse proportions actually declined during
the breeding season when more vulnerable prey,
like juvenile corvids and smaller passerine birds,

TABLE 2. DIET COMPOSITION OF GOSHAWKS DURING THE BREEDING SEASON IN DIFFERENT LOCALITIES IN FENNOSCANDIA. UPPER
ROW FOR EACH PREY SPECIES OR GROUP = DIET COMPOSITION DURING THE NEST-BUILDING AND INCUBATION PERIODS AND LOWER
ROW = DIET DURING THE NESTLING PERIOD. GROUSE CHICKS ARE FOUND ONLY DURING THE NESTLING PERIOD.

Locality®
1 2 3 4 5 6 7
Grouse adult 63.7 20.4 72.6 56.3 29.7
11.1 4.8 5.0 14.9 24.7 (14.5)¢ 14.0
Grouse juvenile 433 14.1 23.4 9.6
Corvids 53 8.4 10.0 26.2
10.5 23.9 17.6 7.0 11.4 28.3 15.0
Other birds 9.0 49.5 (13.5)° 22.1 29.9
19.6 47.0 68.5 51.6 38.8 42.8 68.0
European red squirrel ~ 15.2 12.5 4.7
(Sciurus vulgaris) 10.2 7.9 5.1 0.8 6.3
Other mammals 6.8 9.2 (14.0)¢ 6.9 (14.3)¢
2.0 1.8 3.7 2.3 9.2 (14.5) (3.0
Unidentified 32
N 664 535 2101 557 462
342 772 641 128 649 442 367

*Location and source of data: 1. western Finland 1949-1959 (Sulkava 1964), 2. central Sweden. 1954-1959 (Hoglund 1964b), 3. southern Finland 1977-1981
(Wikman and Tarsa 1980), 4. north-western Finland 1963-1976 (Huhtala 1976), 5. northern Finland 1965-1988 (Tornberg and Sulkava 1991), 6. central
Sweden 1977-1981 (Widén 1985a), and 7. southern Norway 19831988 (Selas 1989).

®Includes corvids.
¢ Includes squirrels.
dIncludes grouse chicks.
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become available (Lindén and Wikman 1983, Selas
1989, Tornberg 1997). As grouse chicks grow, they
become more and more profitable as prey and their
proportion of the diet can increase up to 50% toward
the autumn (Tornberg 1997).

The Black Grouse is generally the most important
grouse species by number and biomass in the diet of
goshawks (Huhtala 1976, Widén 1987, Selas 1989,
Tornberg 1997). In Oulu (Fig. 1), its proportion dur-
ing the breeding season was 25-30%. In more south-
ern parts of the boreal forests, however, Hazel Grouse
may be more important (Sulkava 1964, Lindén and
Wikman 1983). When analyzing dietary proportions
against availability in the field, the small grouse spe-
cies, Willow Grouse and Hazel Grouse weighing
0.3-0.7 kg, may be preferred over the larger Black
Grouse weighing 0.9-1.3 kg (Tornberg 1997). Large
Capercaillies are relatively rare in goshawks’ diet,
limited to females weighing 2 kg during the breed-
ing season. The proportion of mammals in the diet of
goshawks varies between 10-20% in most studies.
The most common mammal species is the European
red squirrel (Sciurus vulgaris) whose proportion can
sometimes reach 30%, particularly in poor grouse
years (Sulkava 1964). Young mountain hares (Lepus
timidus) are numerically the second most important
mammalian prey but by biomass they can exceed
red squirrels (Tornberg 1997). Interestingly, young
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mountain hares were very rare prey specimens in the
1950s (Sulkava 1964).

The well-documented decline of forest grouse
in Finland (Lindén and Rajala 1981, Viisdnen et
al. 1998) has affected prey choice of goshawks.
Changes of grouse density in the province of Oulu
in northern Finland and the corresponding proportion
of grouse in the diet of goshawks are presented in
Fig. 2. A second order polynomial gave the best fit
for both the grouse density (r> = 0.587, F = 24.870,
P <0.001) and proportions of grouse in the diet in
spring (r? = 0.476, F = 11.353, P = 0.003). It secems
that grouse are slowly recovering from the long-term
decline. Correspondingly, goshawks have quickly
responded to this recovery. During grouse lows, gos-
hawks attempt to switch to preying more on corvids,
thrushes, and pigeons (Tornberg and Sulkava 1991,
Sulkava 1999). Interestingly, these species form the
main diet of the goshawk in central Europe (Opdam
etal. 1977, Toyne 1997); grouse are usually not found
in the diet there but Phasianidae can sometimes form
a considerable proportion in the diet (Manosa 1994).

WINTER DIET
Systematically collected data on goshawk’s win-

ter diet are still scarce. Hoglund (1964b) analyzed
stomach contents in the 1950s—1960s in Sweden

—@— GROUSE DENSITY
—O— GROUSE IN SPRING DIET

1960 1965 1970 1975

1980

1985 1990 1995 2000

Year

FIGURE 2. Density changes of forest grouse in the province of Oulu in northern Finland and corresponding proportions of
grouse in the diet of the Northern Goshawk in spring. Density data for grouse were obtained from grouse censuses by the
Finnish Game Research Institute and data for goshawk diets from the1960s and 1970s are from Huhtala (1976) and for the
1980s and 1990s are from Tornberg and Sulkava (1991) and Tornberg (unpubl. data).
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(N = 130), and found that the proportion of grouse
was only 8%, i.e., less than half of that in the summer
diet whereas the proportion of mammals increased
from 10-35%. Later studies carried out by radio
tracking in Sweden partly confirmed Hoglund’s
findings. In the winters 1977-1981, red squirrels
alone comprised 84% (N = 61) of goshawks’ winter
diet in central Sweden (Widén 1987). In agricultural
areas of central Sweden, goshawks killed mainly red
squirrels (33%), Ring-necked Pheasants (23%) and
European hares (Lepus europaeus) (14%) that were
killed only by females (Kenward et al. 1981b). Due
to the large size of hares (3-3.5 kg), they accounted
for 37% of the food intake by females, whereas males
got 43% of their food from pheasants but females
only 3%. Based on a radio-tracking study in northern
Germany, goshawks killed mostly pheasants (41%)
and rabbits (Oryctolagus cuniculus) (27%, N = 145)
during winter (Ziesemer 1983). In northern Finland,
a radio-tracking study during 1991-1995 revealed
that dietary proportion by number of mountain hares
and red squirrels was 55% (N = 55) and the biomass
of hares alone was 70% (Tornberg and Colpaert
2001). Mountain hares were killed only by females.
Correspondingly, as in farmlands, males hunted red
squirrels and grouse more than females did. We pres-
ent here the combined data of Tornberg and Colpaert
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(2001) and new winter diet data from the vicinity of
Oulu during 1999-2002. Excluding predation events
near human settlements and a dump site where
brown rats (Rattus norvegicus) were prey, the pro-
portion of grouse was almost the same as in summer
diet (37.6 % vs. 34.2%; Tornberg and Sulkava 1991;
Table 3). Diet differed between the sexes in spite of
few data being available for analysis. In farmland
areas of central Sweden, an intersexual difference
was found only for hares (Kenward et al. 1981b) but
no difference was found in woodland areas (Widén
1987). During the breeding season, diets of the sexes
were not found to differ substantially (Grennesby
and Nygard 2000).

FuNncTioNAL RESPONSE

When diet proportion or kill rate of a predator
is plotted against the number of prey individuals,
a functional response curve is obtained. Holling
(1959) described three curve types: increase in the
prey consumption of the predator may be linear
(type I), convex (type II), or concave (type III) as
a function of prey number. A type II curve is found
when consumption in low prey density increases
more rapidly than the number of prey and a type
III curve occurs when consumption in low densities

TABLE 3. WINTER DIET OF GOSHAWKS IN THE OULU AREA, NORTHERN FINLAND. DATA ARE BASED ON PUBLISHED RESULTS BY TORNBERG
AND CoLPAERT (2001) DURING 1991-1995 AND TORNBERG (UNPUBL. DATA) DURING 1999-2002.

Weight Male Female Total
classes * N % N % N %

Mountain hare adult E 17 38.6 17 27.9

Capercaillie male E 2 4.5 2 33
(Tetrao urogallus)

Capercaillie female D 1 2.3 1 1.6

Mountain hare juvenile D 1 59 1 1.6

Black Grouse male D 6 13.6 6 9.8
(Tetrao tertix)

Black Grouse female C 3 17.6 2 4.5 5 8.2

Willow Grouse C 1 2.3 1 1.6
(Lagopus lagopus)

Hazel Grouse B 4 23.5 4 9.1 8 13.1
(Bonasa bonasia)

European red squirrel B 6 353 9 20.5 15 24.6
(Sciurus vulgaris)

Great Spotted Woodpecker A 1 5.9 1 1.6
(Dendrocopos major)

Crossbill A 1 5.9 1 1.6
(Loxia curvirostra)

Small passerine A 1 5.9 1 1.6

Small mammals A 2 4.5 33

Totals 17 44 61

*Weight classes of prey: A= 0-100 g, B =100-500 g, C = 500-1,000 g, D = 1,000-2,000 g, E =>2,000 g.
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increases slower than number of prey. All curve
types level off at high prey densities because the
predator becomes satiated. Curve types predict
different outcomes for the stability in the predator-
prey interaction. Type II tends to destabilize and
type III to stabilize prey population (Holling 1959,
Begon et al. 1996).

Based on the existing studies in Finland and
Sweden, goshawks’ functional response may be con-
cave (Lindén and Wikman 1983), convex (Wikman
and Tarsa 1980, Tornberg and Sulkava 1991), or only
a weak response (Widén 1985a, Tornberg 2001). It
is likely that goshawks show a type III response for
grouse in southern areas of Fennoscandia where they
are less dependent on grouse as a stable food and
where alternative prey is richly available. Whereas
in the north, where grouse form the major part in the
diet and alternative prey are scarce, a concave or no
response is found.

BREEDING OUTPUT OF GOSHAWKS
BREEDING DENSITY AND QUALITY OF THE BREEDERS

Because goshawks use the same breeding sites
fairly regularly year after year, breeding densities in
intensively studied areas can be reliably estimated.
Reliability is also increased by the fact that breeding
territories are very regularly spaced in a continu-
ous woodland area (Widén 1985b, Selas 1997b). In
southern Norway, mean distances during 1980-1990
varied from 4.5-5.4 km (Selas 1997b). In the vicinity
of Oulu, distance between regularly occupied ter-
ritories was around 4 km (Tornberg 2001). Studies
carried out in western and southern Finland during
the 1950-1970s show that goshawk density was
around five pairs/100 km? when all nests studied were
active (Huhtala and Sulkava 1981). In more restricted
coastland areas of south Finland a breeding density
of five—eight goshawk pairs/100 km? was reported
during 1977-1983 (Forsman and Solonen 1984).
Breeding density may have declined since the 1970s
and is probably around three pairs/100 km? at present
in large parts of Fennoscandia (Widén 1997). In the
vicinity of Oulu, breeding density is, however, still
around five territories/100 km? (Tornberg 2001), but
due to a yearly average occupancy rate of about 80%,
real breeding density falls to four pairs/100 km? and
recently even lower (R. Tornberg, unpubl. data). For
comparison, densities in central and southern Europe
tend to be higher but varying considerably depending
on the area, e.g., in northwest Germany from 3.6-7.4
pairs/100 km? (Kriiger and Stefener 1996) and in cen-
tral Poland from 9-13.9 pairs/km? (Olech 1998).
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Physiologically, goshawks are able to breed as
yearlings. In reality this takes place in females but
not in males that likely can not provide enough food
for the females during the courtship phase. On the
island of Gotland, males and females entered the
breeding population in the second year (Kenward
et al. 1991). Their proportion among breeders was
<10%. Females did not breed as yearlings due to a
saturated breeding population but had to wait for
vacancies in their second year of life. In western
Finland and in the Oulu area, percentage of females
breeding as yearlings was about 5-10% annually (P.
Byholm and R. Tornberg, unpubl. data).

CLutcH AND Broob Sizes

Goshawks start breeding very early in spring;
nest building can be initiated in mild winters and in
good food conditions by late February (Huhtala and
Sulkava 1981). Initiation of nesting is likely con-
nected with the start of breeding by grouse, which is
stimulated by high temperatures (Nielsen and Cade
1990). Start of egg laying takes place in western
Finland around 20 April (Sulkava 1964, Huhtala
and Sulkava 1981, Tornberg 1997, Byholm et al.
2002a). Yearly average clutch size can vary from
2—4 depending on food conditions, usually the avail-
ability of grouse (Byholm 2005). Based on extensive
data from western Finland during good grouse years
in 1960s—1970s mean clutch size was 3.51 (£ 0.06,
N = 164; Huhtala and Sulkava 1981). In the vicin-
ity of Oulu, yearly clutch size during poor grouse
years in 1988-2002 varied from 2.9-4.2, (X =3.59 +
0.07, N = 148). Consequently, grouse density seems
not to strongly determine the mean clutch size,
although high peaks or deep lows of grouse usu-
ally are reflected in the clutch size (Sulkava 1964,
Huhtala and Sulkava 1981, Sulkava et al. 1994).
Clutch size declines significantly with the postpon-
ing of the start of egg laying (Huhtala and Sulkava
1981, Sulkava et al. 1994, Byholm et al. 2002a). In
lowland Britain, clutch size seem to higher than in
Finland 3.96 (£ 0.11, N =47; Anonymous 1990), but
is, on average, the same in central Poland (3.54, N =
143; Olech 1998).

Brood size in large data sets is always about
0.5-0.6 lower than clutch size due to partial brood
loss (Byholm 2005) Hence, average brood size in
western Finland has varied in the 1950-1970s in
data collected in different localities, from 2.78-3.13
(Huhtala and Sulkava 1981). In the vicinity of
Oulu, during 1988-2002, average brood size was
2.89 (£ 0.12, N = 163). Mean brood size for whole
Finland during 1989-1998 was 2.79 (+ 0.05, N =
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2,822; Byholm et al. 2002a). Hence, it seems that
mean brood size has not declined since the 1950s
in Finland although numbers of main prey, grouse,
have decreased remarkably since then (Lindén and
Rajala 1981). This is not necessarily surprising
because alternative prey (migratory birds) is richly
available during summer. Greatest mortality in gos-
hawks’ broods takes place soon after hatching when
the youngest nestling in the brood usually dies or
one egg does not hatch (Sulkava 1964, Huhtala and
Sulkava 1981, Anonymous 1990, Byholm 2005).
Mortality is higher in nests originally having four
eggs than those having three eggs (Byholm 2005).
Mortality is relatively low during the post-fledging
dependence period. Interestingly, goshawk brood
size is spatially well synchronized over large area up
to over 300—400 km (Ranta et al. 2003). In England,
brood size based on a small data set collected over
several years was somewhat lower than in Finland
2.76 (£ 0.16, N = 45; Anonymous 1990), but higher
in central Poland 2.91 (N = 400; Olech 1998).
Goshawk nestlings leave the nest at the age of
44-46 d (Kenward et al. 1993a) and reach indepen-
dence at the age of 75-82 d (Kenward et al. 1993b).
In the vicinity of Oulu, where mean hatching date is
1 June, young goshawks leave their nesting territory
around mid-August. Reaching independence means
a jump in the mortality of young goshawks, which
continues high during the first winter as illustrated by
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the accumulation of dead goshawks to the Zoological
Museum of the University of Oulu (Fig. 3). This has
been verified by a large radio-tracking project on
Gotland (Kenward et al. 1999). Adult mortality
peaked in late winter-early spring (Haukioja and
Haukioja 1971).

OccupAaNCY RATE AND ProDUCTIVITY

In birds of prey using serviceable breeding
sites—old stick-nests, cliffs, or nest-boxes—
occupancy rate counted as breeding sites used per
sites available gives a reasonable estimate of size
of the breeding population (Forsman and Solonen
1984). Populations of birds living in stable and pre-
dictable conditions can also be stable from year to
year (Hunt 1998). Goshawks living in northern areas
and having high winter mortality very seldom fill
serviceable breeding sites for long periods. In south-
ern Finland, mean occupancy rate was 68% in an
8-yr study of around 30 territories checked annually
(Lindén and Wikman 1983). In a long-term study
carried out in western Finland during 1979-1996,
mean occupancy rate was 45% (Hakkarainen et al.
2004, Tornberg et al. 2005). In this study, the number
of territories checked annually increased from 16 to
173 during the study. In the vicinity of Oulu, the cor-
responding figure was 83% during 1987-2003; num-
ber of territories annually checked increased from

OJuv. MALE OJuUV. FEMALE
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Number of Northern Goshawks accumulated monthly by the Zoological Museum of University of Oulu,
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10-32. In the study area at Oulu, occupancy rate
declined strongly but remained stable in study area
of western Finland (Hakkarainen et al. 2004) during
the study years. Declining occupancy rates during a
long study may depend on the improving familiarity
of the research area in the course of investigation
when less used territories are discovered. It is not
surprising that in the western Finland study area the
number of occasionally used territories increased
during the study years (Hakkarainen et al. 2004).

Productivity is measured as young produced per
breeding pair, i.e., per occupied territory (Steenhof
1987). Productivity in the previous studies varied
from 1.8-2.1. Annual variation was substantial, being
highest in southern Finland (C.V = 32.3%) and low-
est in western Finland (C.V = 17.1%). In the vicinity
of Oulu, C.V. was 22.6%. Productivity on Gotland
during 1977-1981 was much lower at 1.36 young/
occupied territory (Kenward et al. 1999). Even farther
south in northwest Germany, Kruger and Stefener
(1996) reported productivity to vary between 0.5-1.8.
In central Poland, in a long-term study, it was fairly
high at 2.25 (Olech 1998). Obviously, goshawks tend
to compensate for higher mortality by man/natural
causes or both in the north and east by higher produc-
tivity (see Kenward et al. 1991)

NUMERICAL RESPONSE

It is not surprising that breeding output as esti-
mated by average clutch and brood sizes follows the
population density of grouse. Breeding attempts of
goshawks failed almost totally after a very cold win-
ter and poor grouse population in western Finland
in 1956 (Linkola 1957, Sulkava 1964). No obvious
differences were found in the mean clutch and brood
sizes between good grouse years in 1950—1970s and
relatively poor grouse years in the 1980-1990s. Yet,
yearly clutch and brood sizes tend to follow grouse
population fluctuations (Lindén and Wikman 1980),
usually with a 1-yr time lag (Sulkava et al. 1994).
Connection between grouse population density and
goshawks’ breeding output seems to be strongest
in central and zone of the boreal forest (Lindén and
Wikman 1980, Sulkava et al. 1994, Tornberg et al.
2005) while it seems to disappear in southern zone of
boreal forest (Lindén and Wikman 1983). In Norway,
breeding success of goshawks seems not to follow
grouse fluctuations but may be indirectly linked with
multi-annual vole cycles (Selds and Steel 1998).

Clutch and brood sizes may often poorly represent
the dynamics of the whole goshawk population. We
did not find any obvious correlation between brood
size of goshawks and grouse density in Oulu area
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during the 1990s. Better estimates in this sense may
be population productivity and occupancy rate that
also take into account the failed pairs (Steenhof 1987).
In the Oulu area, population productivity closely fol-
lowed the density variation of grouse until 1996 (r =
0.863, N=10, P <0.001), but thereafter the connection
disappeared (Fig. 4). Yet, the overall correlation dur-
ing the whole study period was significant (r = 0.558,
N = 17, P <0.05). In addition, a positive correlation
(r = 0.549, N = 19, P<0.05) between grouse density
and territory occupancy rate of goshawks with a 2-yr
lag was found in western Finland in a long-term study
during 1979-1996 (Tornberg et al. 2005). Similar
relationship seems to prevail between winter cen-
suses of goshawks and multi-annual fluctuations of
forest grouse (Tornberg and Viisénen, unpubl. data).
However, we found no correlation between occu-
pancy rate of goshawks and density indices of grouse
in the Oulu area with any time lags. A reason for these
discrepancies in brood size and occupancy rates may
be the decline of grouse populations and disappear-
ance of the multi-annual cycles in grouse population
fluctuation (see Fig. 2).

GOSHAWK PREDATION ON GROUSE—TOTAL
RESPONSE

Pooling functional and numerical responses
yields a total response or kill rate of the predator
to varying densities of prey. Predation impact is
defined as a function of kill rate to density of prey.
Further, predation rate is obtained when predation
impact is plotted against density of prey. (Keith
et al. 1977, Lindén and Wikman 1983; Korpiméki
and Norrdahl 1989, 1991). Three studies of the
goshawk’s predation impact on woodland grouse
(Lindén and Wikman 1983, Widén 1987, Tornberg
2001) and one study on pheasants (Kenward 1977,
Kenward et al. 1981a) have been carried out in
Fennoscandia. Lindén and Wikman (1983) reported
that goshawks took 12% of the adult Hazel Grouse in
southern Finland during the 4-mo breeding season;
on an annual basis predation impact would be 36%.
In central Sweden, territorial goshawks killed 14%
of Black Grouse males and 25% of females during
the breeding season, but during winter, predation on
grouse was negligible (Widén 1987). A grouse study
carried out in the same area by radio-tagged birds
gave almost the same mortality estimate (20%) for
Black Grouse females during the breeding season
(Angelstam 1984). In northern Finland, goshawks
prey on all four available grouse species (Tornberg
2001). Based on a recent predation estimate for the
breeding season, goshawks killed 22% of Willow



150

STUDIES IN AVIAN BIOLOGY

NO. 31

Productivity

—O—PRODUCTIVITY
—@— GROUSE DENSITY

Grouse density individuals/km?

1 T T T T T T T T

1987 1989 1991 1993

1995

1997 1999 2001 2003

YEAR

FIGURE 4. Productivity of the Northern Goshawk population and grouse density of the previous autumn in the Oulu area

from 1987-2003.

Grouse, 16% of Hazel Grouse, 9% male Black
Grouse, 14% of female Black Grouse, 4% female
Capercaillies, and 7% of grouse chicks. On an
annual basis, numbers for adult grouse were almost
the same (Tornberg 2001). It seems that the goshawk
is the most important predator of adult grouse dur-
ing the breeding season accounting for 30-50% of
adult grouse mortality excluding large Capercaillies
(Widén 1987, Tornberg 2001). Impact of winter pre-
dation by the goshawks on woodland grouse is still
unresolved due to incomplete and small data sets on
winter diet, but in most years it might be as large as
mortality during the breeding season.

Goshawks kill substantial numbers of pheasants
in southern Fennoscandia, their predation impact
being strongly density dependent. Where wild
pheasant stocks prevail, loss by goshawk predation
was 55% for females and 18% for males, but where
captive-born pheasants were released, losses were
substantially higher, goshawks were responsible
for 90% of kills during the winter (Kenward 1977,
Kenward et al. 1981b). Predation studies usually
neglect the impact by non-breeders, which can be
considerable in years of increasing and high predator
populations (Rohner 1996). Healthy raptor popula-
tions should minimally contain around 30-40% non-
breeders (Hunt 1998).

Elsewhere, we (Tornberg 2001, Tornberg et al.
2005) have suggested that goshawk predation may
have a destabilizing effect on grouse population

due to obvious time lags in numerical response of
goshawks to varying grouse densities and a high
proportion of grouse in the diet also during poor
grouse years (Fig. 5). In this sense, the predation
impact of goshawks on forest grouse appears to be
similar to the predation impact of Gyrfalcons (Falco
rusticolus) on ptarmigans (Lagopus spp.) in Iceland
(Nielsen 1999). The lagging numerical response of
goshawks to varying densities of grouse is obviously
different from numerical responses of various vole-
eating owls and raptors to multi-annual vole cycles
in Fennoscandia, because their numerical responses
track varying vole densities without obvious time
lags (Korpiméki 1985, 1994). In conditions more
natural than the present in northern European boreal
forests, goshawks may have had a remarkable role in
driving grouse cycles.

MOVEMENTS OF GOSHAWKS

The goshawk is regarded as a resident raptor but
individuals in their first year of life are mobile and
some of them show directional movement southward
in autumn and northward in spring (Marcstrom and
Kenward 1981b). These movements can take young
birds >1,000 km from their natal areas (Sulkava
1964, Saurola 1976, Halley 1996). However, most of
the birds do not orient systematically southward but
disperse randomly around their natal area (Sulkava
1964, Saurola 1976, Marcstrom and Kenward
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FIGURE 5. Predation rate by the Northern Goshawk on adult grouse in the Oulu area, 1989-1998 (redrawn from Tornberg

2001).

1981b, Halley 1996, Byholm et al. 2003). Sulkava
(1964) showed that dispersal distances of the young
goshawks were negatively related to abundance of
grouse in the natal area. Byholm et al. (2003) con-
firmed this finding recently and also showed that
birds in late broods dispersed farthest, especially
males. Dispersal distances also seem to be related to
sex and age. Juvenile males tend to be most mobile
(Kenward et al. 1981b, Marcstrom and Kenward
1981, Neideman and Schonbeck 1990, Byholm et
al. 2003, but see Halley 1996). Median distance for
male hawks banded as nestlings and found dead dur-
ing the first winter after reaching the independence
was 80 km but only 34.5 km for females (N = 213;
Byholm et al. 2003). In Norway, however, females
moved more (median 109 km) than males (median
68.5 km, N =77; Halley 1996). Hawks found dead in
adult plumage had moved less far than those found
as juveniles (Halley 1996, Byholm et al. 2003).
Because birds could not be tracked, this may hint
at return movements to the natal area after matu-
rity (Halley 1996). Distance traveled by adults of
both sexes tends to be the reverse of that found in
juveniles. A similar tendency has been found also in
radio-tracking studies (Kenward et al. 1981b) and
when trapping and banding hawks after the breed-
ing season (Marcstrom and Kenward 1981). Figure 6

illustrates the spread of juvenile goshawks banded
as nestlings in the Oulu area. Most birds are found
on the coastline of Bothnia Bay, Baltic Sea. Long-
distance travelers seem to have moved in various
directions.

Higher mobility of juvenile males than females
is also apparent in trapping results from southern
Sweden (Neidemen and Schonebeck 1990). A reason
may be that food supply for males is lower than that
for females. Tornberg (2000) estimated that food base
of females is three times larger than that of males,
mainly due to mountain hares (weighing 3-4 kg)
and Capercaillie males (weighing 4 kg), prey that is
nearly out of the males’ hunting capacity. Kenward et
al. (1993b) found that juvenile males moved further
than females on Gotland when young rabbits reached
full size. The food scarcity hypothesis is also sup-
ported by the trapping results in southern Sweden
that showed an increase in proportion of males in
years 1984-1987 when grouse population numbers
were exceptionally low (Fig. 2). Juvenile males also
starve more often than females (Tornberg et al. 1999,
Sunde 2002). Southward migrations of goshawks in
North America are related to food scarcity, especially
during low phases of the 10-yr population cycles of
snowshoe hares (Lepus americana; Keith and Rusch
1989). There, however, differences between the
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FIGURE 6. Finding sites of the juvenile Northern Goshawks banded as nestlings in the the Oulu area, 1962-2002. Data
obtained from the Ringing Centre of the Natural History Museum of the University of Helsinki.

sexes in the length of migration, has not been docu-
mented.

In adult goshawks, males seem to be the more
philopatric sex (Kenward et al. 1981b, Widén
1985b, Byholm et al. 2003), a fact common in many
raptors (Newton 1979a, Korpiméki et al. 1987,
Korpiméki 1993). Higher philopatry in males might
be connected to their more active role in territory
defense and brood rearing (Newton 1979a, Byholm
et al. 2003). Also, males trapped as adults are less
reluctant to leave their home ranges than females
(Kenward et al. 1981a, Widén 1985b). In the Oulu
area, one breeding radio-tagged female deserted
her family during the fledging period of her young
and shifted to nest in a different territory in the next
year. The fledglings were then successfully reared by
the male. Another female trying to nest near the city
dump of Oulu in 1994 was found 2 yr later 100 km
south eaten by an Eagle Owl (Bubo bubo). Fairly
little is still known about site and mate tenacity in
breeding goshawks in Europe and further study is
badly needed.

One may argue that dispersers moving farther
are in a poorer condition than those moving less.
Investigating movements of trapped and either

banded or radio-tagged hawks in Sweden did not
explain the length of the movement or site tenacity of
the trapped birds (Kenward et al. 1981a, Marcstrom
and Kenward 1981b, Widén 1985b). In fact, males
that were generally in poorer condition in late win-
ter were more reluctant to leave the study area than
females (Widén 1985b).

HOME RANGE

Juvenile goshawks are very mobile during their
first year of life; post-fledging dispersal can take
them >1,000 km from their natal areas but most
of the young hawks settle within 100 km. Young
hawks tend to maintain home ranges before settling
in the final breeding territory (Halley et al. 2000).
Those juvenile hawks that were radio-tracked dur-
ing November-December usually stayed near the
trapping site in central Sweden and northern Finland
(Kenward et al. 1981b, Tornberg and Colpaert 2001).
Winter ranges of different goshawk individuals can
overlap extensively. This happens especially in
areas with high food supply like near release pens of
pheasants (Kenward 1977). So, wintering goshawks
seem not to defend their home ranges. This was the
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FIGURE 7. Winter ranges of the Northern Goshawks near Oulu in the winter 1992-1993. Ranges marked as follows:
1. adult female (breeding in the area), 2. adult male, 3. adult male (breeding in the area), 4. adult female (breeding 15 km
southwest from the area), 5. adult female (breeding near dump site), and 6. juvenile female.

case also in Oulu (Fig. 7) where breeding birds did
not try to displace visitors. Some observations of
resident breeders hint that they know the core areas
of their neighbors and avoid visits there.

Winter range sizes have been found to be related
to landscape structure. In farmland areas of Sweden,
range size correlated negatively with the amount of
forest edge in the range (Kenward 1982). Because
most of the kills took place near woodland edges,
range size seems to relate negatively to the amount
of good habitat, i.e., forest edge. Correspondingly,
range size correlated negatively with the amount of
mature forest, a preferred hunting habitat, in boreal
forests of northern Finland (Tornberg and Colpaert
2001). Range size seems to respond flexibly either
to the quantity or the quality of the food resource.
Hawks that kill mostly large prey or live in areas
with high food supply have the smallest ranges
(Kenward 1982, Nygérd et al. 1998). It is no wonder
that juveniles being less experienced hunters than
adults have larger ranges (Kenward et al. 1981b).

One might also expect larger winter home ranges for
males that have a narrower food base than females.
However, in boreal forests of central Sweden males’
range size (5,110 ha, maximum polygon) was even
slightly smaller than that of females’ (6,179 ha). In
this study, however, goshawks fed mainly on squir-
rels that might be more suitable prey for smaller
males than larger, less agile females (Widén 1987).
In the Oulu area, average winter range size (maxi-
mum polygon) was 7,091 ha (+ 3,935 ha, N = 9) for
males and 5,710 ha (£ 664 ha, N = 15) for females,
but the difference was not statistically significant.

HABITAT CHOICE

Goshawks are known to be old-forest special-
ists. This is, however, largely based on studies of
the characteristics of the breeding habitats (Widén
1997, Penteriani 2002). Radio-tracking studies have
shed light over the habitat use of goshawks outside
and during the breeding season. As stated above,
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goshawks favored forest edges in farmland areas
of central Sweden. Yet, in a more forest-dominated
area radio-tagged birds thrived best in large patches,
avoiding edges (Widén 1989). They preferred mature
forests over younger stands. Correspondingly, gos-
hawks also preferred mature forests in Oulu, but
rather average sized patches that hint at favoring
edges as hunting habitats. Goshawks used young for-
ests proportionately to their availability but avoided
open areas (Tornberg and Colpaert 2001). Because
locating a goshawk is possible only when the bird is
perched, it is impossible to know how much they fly
over open terrain. Goshawks hunt with a short-stay,
perched technique, perching 3—5 min and then flying
200-300m to a new perch (Widén 1984).

SURVIVAL AND CAUSES OF DEATH

A large number of banded hawks and good success
at recapturing them have enabled reliable estimates
of goshawk survival. Haukioja and Haukioja (1971)
estimated the mortality of goshawks to be 63% in the
first year assuming that 60% of the bands found were
returned, 33% in the second year, 20% in the third,
and stabilizing at around 10% in older age classes.
Using a larger data set, Saurola (1976) estimated cor-
responding numbers as 64%, 35%, 18%, and 15%. It
must be remembered that goshawks in Fennoscandia
were under heavy persecution in 1960s—1970s with
5,000-6,000 goshawks, a remarkable proportion
of the annual production, being killed annually by
humans in Finland alone (Moilanen 1976). Analyses
based on band recoveries may be biased, however,
because young age classes are likely to be found eas-
ier than older specimens. Moreover, during the time
when shooting was allowed, hawks killed by humans
were likely to be overrepresented in total recoveries
and young hawks prevailed among those being shot.
Kenward et al. (1991, 1999) found in a large radio-
tracking study on Gotland that 47% of the band recov-
eries were from killed hawks, whereas only 36% from
radio-tagged birds. In addition, radio-tagged hawks
showed an unbalanced mortality in young age classes
in relation to sex—by 1 April, 46% of the males had
died in their first year but only 31% of the females. In
the second year, still more males (41%) than females
(29%) died, but in older age classes mortality was bal-
anced being 21% for both sexes.

Telemetry data collected in the Oulu area during
1991-1995 (N = 26; Tornberg and Colpaert 2001)
were analyzed along with new data on eight tagged
birds from the winters 1999-2003 (four adult males,
one yearling male, two adult females, and one juve-
nile female) to get a survival estimate for winter
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months from 10 November to the end of February.
We pooled the data over the years using a staggered
entry method (Pollock et al. 1989). Mortality in
adults (N =26, males and females together) was 37%
and for juveniles, 81% (N = 8). Because this method
is very sensitive to small sample sizes, our estimate
for juveniles is probably unreliable. The estimate for
adults is very high compared to those obtained from
band recoveries or telemetry data collected in more
southern areas but is not necessarily unrealistic.
Annual mortality may be a bit higher than estimated
for winter months because natural mortality of adult
hawks can still be high in March and April (Fig. 3).

Autopsies of naturally dying hawks on Gotland
revealed that starvation was the most important cause
of death (37%; Kenward et al. 1991), 33% of hawks
died of trauma, and 22% of the combination of dis-
ease and starvation. Based on autopsies of goshawks
brought to the Zoological Museum of the University
of Oulu, 35% of hawks had died of starvation, 25%
from collisions, 15% from a combination of trauma
and starvation, and only 13% from shooting (N =
165; Tornberg and Virtanen 1997). Among banded
hawks, the most important cause of death in the
1960s—1970s was killing by humans (83%; Saurola
1976). Similarly, shooting was the most common
cause of death in Norway; before protection about
50% of birds found had been shot. After protection
this cause of death fell to 5% (Halley 1996). After full
protection of goshawks in 1989 in Finland, killing by
humans declined but starvation may have increased
due to intensified competition for food. Earlier, hawks
prone to starve were often shot when they approached
human settlements (Haukioja and Haukioja 1971).
Hence, the cessation of shooting did not necessarily
increase the number of young hawks because starva-
tion among juveniles may have increased.

POPULATION STATUS AND TRENDS OF THE
GOSHAWK IN FENNOSCANDIA

It is reasonable to argue that decline of a prey
population induces a decline in the population of
its predators. This typically concerns specialized
predators (Begon et al. 1996) because generalists
can switch to another prey if one prey type declines.
The Northern Goshawk could be considered a gen-
eralist predator based on the wide spectrum of prey
species in its diet. Because most diet studies have
been performed during the breeding season when the
greatest variety of suitable prey species, especially
vulnerable juveniles, is available, food niche can be
very wide. More focus should be directed to winter
when availability of prey is more restricted.
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Recent estimates show that goshawk still is
one of the most common raptors in Fennoscandia.
Several studies carried out in different localities in
Fennoscandia, however, hint at a decline in breed-
ing densities of goshawks. Widén (1997) reviewed
nine studies and found a decline in eight of them.
Selas (1998a) reported a decline in the breed-
ing density in southern Norway from nine pairs/
100 km? in the 1950s to three pairs to the 1980s
but a slight increase to four pairs/100 km? in the
mid-1990s. Recently, density has fallen back to the
previous three pairs/100 km? (Selds 1998b, Selas,
pers. comm.). In central Norway, breeding density
in the 1990s was very low, only one pair/100 km?
(Nygérd et al. 1998). It is still difficult to evaluate
whether declines reported in some studies indicate
only local declines or whether they indicate a more
general trend. A Finnish country-wide monitoring
program of breeding populations of birds of prey
which was initiated in1982 does not indicate declin-
ing density until the mid-1990s (Viisénen et al.
1998), even though during the 1990s a slight declin-
ing trend was detected (Bjorklund et al. 2002). The
Swedish monitoring project from 1975 onward for
winter and summer censuses show a 20% declining
trend for winter but a slight increase for summer
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densities (Svensson 2002). In Sweden and Norway,
increasing numbers since the 1980s are, however,
expected and obvious as Selas (1998a) has pointed
out. This is due to a sarcoptic mange epidemic in
red foxes (Vulpes vulpes) that caused fox numbers
to crash and caused a corresponding increase in
grouse numbers (Lindstrom et al. 1994). Hence,
monitoring initiated in the 1970s—1980s does not
necessarily reveal the long-term development of
the goshawk population. Goshawk populations in
central and south Europe seem to be more or less
stable or even increasing (Kruger and Stefener
1996, Olech 1998)

In the Oulu area, occupancy rate of the goshawk
population showed a strong negative trend during
the 1990s (Fig. 8). We analyzed the population
development by Moffat’s equilibrium model (Hunt
1998) which assumes a fixed number of service-
able breeding sites. The model further assumes that
juveniles start breeding in their second year. Simply
by altering productivity of breeders and survival of
juveniles, sub-adults, and adults, the model predicts
future structure and development of the population.
We used a series of survival values of 63% for adults
(obtained from telemetry data), adjusting survival
values for sub-adults (51%) and for juveniles
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FIGURE 8. Occupancy of Northern Goshawk territories in the Oulu area (thick line) and simulations of the number of
breeders with different survival rates by Moffat equilibrium model (Hunt 1998). Uppermost line denotes a survival value

of 0.7 declining by 0.1 in each step.
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(46%) according to estimates obtained from data
by Kenward et al. (1999). We then modeled survival
estimates by increasing each age category by1%.
We set population productivity at two fledglings/
breeding pair. By the lowest series of values, the
decline was steeper than observed which hints that
the survival values used obtained from the telemetry
study are too low. Using values 4% higher yielded a
model that matches the observed line (Fig. 8). With
these values, the population does not contain non-
breeders which could explain the poor correlation
between the occupancy rate of goshawk territories
and grouse density because non-breeders are capable
of responding quickly to changes in prey popula-
tion. It seems that productivity is not a problem in
a goshawk population but rather the poor survival of
adults (Hunt 1998). Using values obtained from band
recoveries in Finland (82%, 65%, and 36%) and pro-
ductivity of two fledglings/pair gives a balanced
breeding population containing 20% non-breed-
ers. The goshawk population on Gotland remained
stable, adjusted by lower proportion of the females
breeding annually (40%) than the males (70%),
which means that proportion of non-breeders of the
breeders was around 40-50%.

CONCLUSIONS

Recently, a lot of debate has centered on rea-
sons for changes in avian fauna of boreal forests in
Fennoscandia (Haila and Jarvinen 1990, M6nkkdnen
et al. 1999). The general conclusion derived from
ornithological reports has been that old-forest spe-
cies have declined and species living in young suc-
cessional stages have increased or remained stable
(Vdisédnen et al. 1986). This is considered to be due
not only to the decline of the mature-forest stands but
also to the fragmentation yielding patches too small
to maintain meta-populations of certain old-forest
specialists (Andrén 1994). The goshawk has been
considered as an old-forest bird based on the nest-
site selection (Penteriani 2002). Widén (1997) con-
cluded that the goshawk has suffered from forestry
because of the decrease of its main hunting habi-
tat—old forests. Young successional stages of boreal
forests, although basically maintaining higher grouse
densities, are often too dense for successful hunting
of the goshawk (Beier and Drennan 1997). Hence,
Widén (1997) considers that habitat degradation is a
more important reason for decline of goshawks than
decline in the prey supply as such. It is, however,
quite evident that the supply of the main prey, forest
grouse, has declined.
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In Finland, where grouse counts have been made
since the mid-1960s, decline in all forest grouse spe-
cies has been >50% (see Fig. 2). Modern forestry
with extensive clear cuts, draining of the peat land
bogs, and construction of a dense network of forest
roads have had negative impacts on forest grouse
(Kurki et al. 1997). Clear-cuts may have increased
grasslands that maintain voles and their predators.
During crashes of vole populations, small mammal
predators switch to hunting grouse chicks and thus
lower the productivity of grouse (Angelstam et al.
1984, Henttonen 1989). Removal experiments of
mammalian predators have resulted in higher grouse
populations or at least higher reproductive rate
compared to control areas (Marcstrom et al. 1988,
Kauhala et al. 2000). We conclude that shrinkage
in the area of mature forests does not explain the
observed negative trends in the goshawk population
per se, but rather the availability of suitable sized
prey during the non-breeding season. Goshawks are
able to live in areas where forest cover is <20% of the
area but where enough prey is accessible (Kenward
1982). In the Oulu area, goshawks preferred fairly
small patches of forests. Surprisingly, the compo-
sition of the winter diet is close to that found in
farmland areas of central Sweden with the difference
that grouse replaced the pheasants (Kenward et al.
1981a; Table 2). Habitat of kill sites did not differ
much from that of the habitat composition available
(Tornberg and Colpaert 2001).

Forest fragmentation has caused a decline in
forest grouse and perhaps also in red squirrels,
whereas it may have increased mountain hare
numbers. Comparisons of mountain hare densities
between Finland and Russian Karelia show a three-
fold higher hare population in Finland compared
to Russian Karelia where forest stands are mostly
at mature stage (Lindén et al. 2000). As found in
winter diet studies, females can but male goshawks
unlike cannot kill full-grown mountain hares. This
has led to a curious situation where females may
have benefited from forest fragmentation but males
suffered. This appears to result in a higher starvation
risk and poorer winter condition in male goshawks
(Widén 1985b, Tornberg et al. 1999, Sunde 2002).
It may also explain why breeding output expressed
as clutch and brood sizes do not match well with
the density fluctuations of grouse. Females in good
condition in spring can lay eggs with a minimal aid
from the males. Therefore, recent changes in forest
structure may have even affected their morphology.
Tornberg et al. (1999) found, based on museum
material from the last 40 yr, that adult males have



NORTHERN GOSHAWK IN FENNSCANDIA—Tornberg et al.

become smaller and females larger. This change was
more on the outer morphology (body, wing, tail,
and tarsus length) than bone length. This might be
explained by dietary changes caused by a general
decline of grouse populations—females have found
larger alternative prey than males. Another interest-
ing adaptation that probably originates from a tighter
dependence of males on grouse, appears as a chang-
ing sex ratio in goshawk broods as a function of
grouse density (Byholm 2003). Goshawk pairs pro-
duce significantly more males in good grouse years
compared to poor years. This might be a compensa-
tive response for higher juvenile mortality of males
induced by natural selection.

When evaluating the conservation needs for a
declining raptor species, focus should not be on
only one apparently important fact, but on a wider
scale, e.g., how the change in habitat has affected
the food supply. One must also realize when the
food supply is a limiting factor, it is not likely to
be limiting during the breeding season at northern
latitudes. Kenward (1996) presumes that problems
faced by the goshawks in the sub-boreal region of
North America might be due to poor food supply in
winter. Protection of the goshawks has not increased
goshawk numbers. It can be possible that nowadays,
when more young probably are entering the winter
than during the years when many juveniles were
killed by humans, intra-specific competition for food
in goshawk populations has intensified. This may
lead to more starving young birds but also a weaker
winter supply for adults and poorer breeding perfor-
mance in the next spring (Haukioja and Haukioja
1971). In a specialist predator-prey interaction, a
decline of the predator may lead to an increase in
prey population. In goshawk-grouse systems, this
does not necessarily happen these days because
increased impact by mammalian predators harvests
grouse populations independently of their density
(Angelstam et al. 1984, Marcstrom et al. 1988,
Korpiméki and Norrdahl 1997). In fact, mammalian
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predators and goshawks are competing for a com-
mon resource, grouse, which is of vital importance
for the goshawks but not necessarily for mammalian
predators (Selds 1998a). Modern forestry improves
the conditions of mammalian predators and at the
same time harms forest grouse and the predators
dependent on them. All in all, habitat restoration is
the ultimate solution for the sustainable populations
of forest grouse and goshawks.

Future research effort should be directed to
winter ecology of goshawks. Topics like: (1) win-
ter food supply, (2) predation rates on the most
important prey species, (3) hunting habitats with
precise data on kill sites, (4) movements, survival,
and causes of death of different age classes, and (5)
relationships to competitors, should be investigated
with modern field techniques. In addition, we badly
need individual-level studies on goshawks during
both the breeding and non-breeding seasons in
boreal forests. For example, it could be important
to know how the reproductive effort of individual
pairs and members of pairs varies in relation to tem-
poral and spatial density fluctuations of main prey,
and how sexual differences in the main food supply
induced by modern forestry practices (beneficial
for females, costly for males) affects reproduc-
tive effort, division of duties during the breeding
season, and reproductive success of individual
goshawks.
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POPULATION LIMITATION IN THE NORTHERN GOSHAWK IN EUROPE:
A REVIEW WITH CASE STUDIES

CHrISTIAN RuTz, RoB G. Bursma, Mick MarqQuiss, AND ROBERT E. KENWARD

Abstract. This paper investigates factors limiting breeding densities in populations of Northern Goshawk
(Accipiter gentilis gentilis) in western, central, and southern Europe. We review the current status of the spe-
cies and describe major population trends during the last century. Large-scale trends in numbers coincided
with marked changes in the external environment (early 20th century—extensive human persecution; 1950s—
maturation of forests providing new nesting habitat; 1960s—organochlorine pesticide use in agriculture). We
present four lines of evidence suggesting that goshawk breeding numbers in Europe are indeed limited by
extrinsic factors, rather than fluctuating at random: (1) temporal stability of breeding numbers, (2) existence
of non-breeders in stable populations, (3) growth dynamics of newly-founded and recovering populations, and
(4) regular spacing of territories in continuously suitable nesting habitat. We evaluate the published literature to
assess the relative importance of seven potentially limiting factors. Consistent with other raptor species, we iden-
tify nest-site availability and food supply as the two principal factors limiting breeding numbers in the goshawk.
Importantly, their relative influence appears to be affected by the degree of illegal killing. Currently in Europe,
killing by humans rarely has direct effects on breeding population levels. However, even moderate levels of kill-
ing may limit goshawks indirectly, by preventing their full use of habitats in close proximity to human activity. In
the absence of illegal killing, goshawks in western Europe are highly adaptable to intense human activities. They
readily occupy a wide range of nesting habitats, including small woodlots in highly fragmented rural landscapes
and even urban parks in metropolitan areas. In such settings, goshawks show extraordinary degrees of tolerance
of human activities, and enjoy comparatively high productivity, indicating that these habitats offer good living
conditions. Hence, the nest-site preferences reported for European populations may not always or entirely repre-
sent natural ecological needs, but partly reflect choices imposed on the species by human activities. Populations
subject to little illegal killing in areas where nesting sites are freely available seem to be limited mainly by
food supply. In some areas, goshawks appear to suffer from nest-site competition with the dominant Eurasian
Eagle-Owl (Bubo bubo). Weather conditions may account for some of the year-to-year variation in breeding
density, probably acting through an effect on spring food supplies, but they do not generally limit goshawks in
temperate Europe. Circumstantial evidence suggests that pesticide use negatively affected goshawk populations
in the 1960s. However, present-day levels of organochlorines and other environmental pollutants generally seem
to be too low to have significant population-level consequences. The role of parasites and diseases in limiting
goshawks is unknown, but likely to be negligible according to work on other species. We put our findings into
context by contrasting goshawk ecology between Europe and North America. Goshawks in North America
(Accipiter gentilis atricapillus and A. g. laingi): (1) live at lower densities than in Europe, (2) make less use of
artificial habitats (small woodlots, towns, and parks) for foraging and breeding, (3) use mammalian foods more
often, and (4) produce fewer young per pair. Differences in goshawk ecology between continents are probably
due to some underlying extrinsic factor, such as prey availability, rather than a discrete subspecific difference
attributable to particular morphology or intrinsic behavior. Field methods and the format for reporting results
should be further standardized to obtain comparable data. We encourage researchers to pool existing data sets
for reanalysis, as such large-scale approaches with appropriate independent replication at the population-level
are needed to produce statistically robust insights into goshawk population biology. Gaps in our knowledge on
the species include: (1) biology of non-breeders, (2) the effect of food shortage on population dynamics, and (3)
habitat use during breeding season and winter. We propose several lines of future research; for virtually all areas
of goshawk biology, there is a particular need for carefully-designed experiments.

Key Words: Accipiter gentilis, avian population limitation, competition, density dependence, Eurasian Eagle-
Owl, habitat use, intra-guild competition, meta analysis, Northern Goshawk, pesticides and environmental pol-
lutants, urban ecology, wildlife management and conservation.

LIMITANTES EN LAS POBLACIONES DE GAVILAN AZOR EN EUROPA: UNA
REVISION CON CASOS DE STUDIO

Resumen. El presente articulo investiga factores que limitan las densidades reproductivas del Gavilan
Azor (Accipiter gentilis gentilis) en el occidente, centro y sur de Europa. Revisamos el estatus actual de la
especie y describimos las principales tendencias de la poblacion durante el Gltimo siglo. Tendencias de larga
escala en nimeros coincidieron con cambios marcados en el medio ambiente externo (principios del siglo
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20—persecucion extensiva por humanos; en la década de los cincuenta—maduracion de bosques, proveyendo
habitat nuevo para anidacion; en la década de los sesenta—uso del pesticida organoclorin en la agricultura).
Presentamos cuatro lineas de evidencia que sugieren que los nimeros reproductores del gavilan en Europa
estan de hecho limitados por factores extrinsecos, en vez de fluctuaciones al azar: (1) estabilidad temporal de
numeros reproductores, (2) existencia de no-reproductores en poblaciones estables, (3) dinamica de crecimiento
de poblaciones recién encontradas y en poblaciones en recuperacion, y (4) espaciamiento regular de territorios
en habitat susceptible para anidacion. Evaluamos la literatura publicada para estimar la importancia relativa
de siete factores potencialmente limitantes. Consistente con otras especies de raptor, identificamos que la
disponibilidad de sitio de anidacién y el suministro de alimento son los dos factores principales los cuales
limitan el nimero reproductivo en el gavilan. Significativamente, su influencia relativa parece ser afectada por
el grado de caza ilegal. Actualmente en Europa, la caceria por humanos raramente tiene efectos directos en
los niveles de las poblaciones reproductoras. Sin embargo, niveles moderados de caceria quizas limiten a los
gavilanes indirectamente, al impedir la plena utilizacion del habitat en proximidad a la actividad humana. Con
la ausencia de caza ilegal, los gavilanes son altamente adaptables a actividades humanas intensas en Europa
occidental. Ellos facilmente ocupan un amplio rango de habitats de anidacion, incluyendo pequefios sitios
forestales en paisajes rurales altamente fragmentados, e incluso en parques urbanos en areas metropolitanas.
En dichos escenarios, los gavilanes muestran un extraordinario grado de tolerancia a las actividades humanas,
y gozan comparativamente de una productividad alta, indicando que estos habitats ofrecen condiciones
buenas para vivir. Por lo tanto, las preferencias de sitios de nido reportadas para poblaciones Europeas quizas
no siempre o completamente representen necesidades ecoldgicas naturales, pero en parte reflejan opciones
impuestas en la especie por actividades humanas. Las poblaciones sujetas a por lo menos un poco de caza ilegal
en areas en donde los sitios de anidacion estan libremente disponibles, parecen estar limitadas principalmente
por la disponibilidad de alimento. En algunas areas, los gavilanes parece que sufren por competencia del sitio
de nido con el dominante Buho-Aguila de Euroasia (Bubo bubo). Las condiciones climéticas quizas influyan
para algunas de las variaciones de afio tras afio en la densidad de reproduccion, probablemente actuando a través
de un efecto en el abastecimiento de alimento en primavera, pero estos generalmente no limitan a los gavilanes
en la Europa templada. Evidencia circunstancial sugiere que el uso de pesticidas afectd negativamente a las
poblaciones de gavilan en la década de los sesenta. Sin embargo, los niveles actuales de organoclorines y otros
contaminantes para el medio ambiente generalmente parecen ser muy bajos como para tener consecuencias
significativas a nivel de poblacion. El papel de los parasitos y enfermedades en la limitacion de gavilanes se
desconoce, pero parece ser insignificante de acuerdo al trabajo realizado con otras especies. Pusimos nuestros
hallazgos en contexto, contrastando la ecologia del gavilan entre Europa y Norte América. Los gavilanes en
Norte América (subespecie: Accipiter gentilis atricapillus y A. g. laingi): (1) viven en menores densidades
que en Europa, (2) hacen menor uso de habitats artificiales (pequefios lotes arbolados, pueblos y parques)
para forrajeo y reproduccion, (3) utilizan mas a menudo a mamiferos como alimento, y (4) producen menos
juveniles por pareja . Las diferencias en la ecologia de los gavilanes entre continentes quizas se deban a algunos
factores fundamentales extrinsecos, tales como la disponibilidad de la presa; en vez de una diferencia discreta
subespecifica la cual puede ser atribuida a morfologia particular o a comportamiento intrinseco. Tanto métodos
de campo, como el formato para reportar resultados deberian ser mas estandarizados para obtener datos
comparables. Alentamos a los investigadores para mancomunar el conjunto de datos existentes para reanalizar,
por ejemplo, aproximaciones de larga escala con replicacion independiente apropiada al nivel de poblacion las
cuales son necesarias para producir penetraciones estadisticas robustas en la biologia de las poblaciones de
gavilan. Los huecos en nuestro conocimiento sobre la especie incluyen: (1) biologia de no reproductores, (2)
efectos en la escasez de alimento en las dinamicas poblacionales, y (3) utilizacion del habitat durante la época
reproductiva y el invierno. Proponemos varias lineas de investigacion para el futuro, virtualmente para todas las
areas de la biologia del gavilan existe una necesidad particular para experimentos disefiados cuidadosamente.

In this review, we attempt to identify major
factors limiting breeding numbers of Northern
Goshawks (Accipiter gentilis gentilis, hereafter
goshawk) in western, central, and southern Europe.
Populations in northern Europe differ in their
biology, associated with cyclic prey populations
(Tornberg et al., this volume), so we only occa-
sionally refer to Scandinavian studies to highlight
important points or to present additional support for
some lines of argument.

The ecological processes underlying population
limitation in birds have been reviewed by Newton
(1998). Following his terminology, we distinguish
between extrinsic (environmental) and intrinsic
(demographic) factors influencing breeding num-
bers. Extrinsic factors are features of the external
environment, including food and nest sites, competi-
tors, humans, natural predators, and parasites, and
are generally defined as ultimate causes of popula-
tion limitation. Their effect is mediated by intrinsic
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factors—the rates of births, deaths, immigration, and
emigration. Changes in these demographic features
affect population density at the proximate level.
External factors that act in a density-dependent man-
ner are said to regulate breeding numbers.

Apart from its heuristic value, an understanding
of the causes of population limitation is crucial for
conserving and/or managing animal populations
(Newton 1991, 1998). Our main focus is the ulti-
mate level of density limitation, but we also review
demographic responses (productivity and mortality),
where this elucidates the relative importance of a
particular factor, or when nothing more is available
in the published literature. Earlier reviews identified
food supplies and nest sites as the main ultimate fac-
tors limiting breeding numbers of raptors (Newton
1979a, 1991, 2003a). We shall concentrate on these
aspects, but in the goshawk, human-related factors
such as deliberate killing and pesticide impact also
deserve scrutiny.

The goshawk has been studied extensively
in Europe. This is in part due to its charismatic
appearance and behavior, but mainly because it is
an avian top predator that is particularly time and
cost effective to study (Bijlsma 1997, Rutz 2003a).
The goshawk is often used as a model organism
for addressing fundamental ecological questions
(Kenward 1978a, b; Dietrich 1982, Ziesemer 1983,
Kenward and Marcstrom 1988, Bijlsma 1993, Rutz
2001, Drachmann and Nielsen 2002, Kriiger and
Lindstrom 2001, Nielsen and Drachmann 2003,
Rutz 2005b, Rutz et al. 2006), or as a bio-indicator
for monitoring pollution levels in terrestrial ecosys-
tems (Ellenberg and Dietrich 1981, Hahn et al. 1989,
Kenntner et al. 2003, Mafiosa et al. 2003). Moreover,
some European goshawk populations prey on game
species (Kenward et al. 1981a, Ziesemer 1983, Mafiosa
1994, Nielsen 2003), domestic poultry (Ivanovsky
1998), and/or racing pigeons (Columba livia, Opdam
et al. 1977, Biihler et al. 1987, Bijlsma 1993, Nielsen
1998, Nielsen and Drachmann 1999b, Shawyer et al.
2000), so applied studies have addressed stakeholder
conflict and the issue of predator control (Kenward and
Marcstrom 1981; Kenward 1986, 2000; Galbraith et al.
2003); as management has moved on from past perse-
cution to eradicate predators, we use the terms culling,
selective removal and illegal killing for contemporary
human impacts on goshawks (REGHAB 2002).

As a consequence of this general interest, a large
body of literature on European goshawk populations
has accumulated, including reviews of the species’
general biology (Kramer 1972, Glutz von Blotzheim
etal. 1971, Cramp and Simmons 1980, Kenward and
Lindsay 1981, Fischer 1995) and detailed reports on
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local population ecology (Holstein 1942, Opdam
1978, Looft 1981, Ziesemer 1983, Briill 1984, Link
1986, Jorgensen 1989, Bijlsma 1993, Drachmann
and Nielsen 2002).

Here, we critically review published information
within the context of population limitation. We start
with a reassessment of the species’ status in western
and central Europe and a description of the major
population trends during the last century, updating
Bijlsma (1991a), and Bijlsma and Sulkava (1997).
We show that large-scale trends in numbers coincided
with marked changes in the external environment.
We then: (1) summarize evidence that population
densities are indeed limited, rather than fluctuating
at random, (2) explore a selection of putative limit-
ing factors and assess their relative importance, and
(3) use results from urban study areas, which differ
markedly from natural or rural breeding habitats,
to evaluate our account of non-urban populations.
Our review enables a comparison of patterns of
population limitation in the European goshawk with
those suggested for the North American subspecies
(Accipiter gentilis atricapillus and A. g. laingi). We
close the paper by identifying gaps in our knowledge
on goshawk biology and by proposing several lines
of future research.

METHODOLOGICAL NOTES
LITERATURE REVIEW AND DATA HANDLING

We made every possible effort to locate rel-
evant information on the species, which has been
published from about 1950 onward (for population
trends, from about 1900 onward). We mainly focused
on peer-reviewed material, which we compiled by
standard bibliographic searching techniques, but
also considered results in academic theses, techni-
cal reports, or non-refereed journals if the presenta-
tion of the data allowed us to evaluate the validity
of the authors’ conclusions. We might have missed
some publications from southern and especially
central Europe, mainly because they appeared in
non-indexed journals. The apparent bias towards
German and Dutch studies might partly be the result
of our own familiarity with this literature, but it also
reflects the greater research intensity in these coun-
tries compared to elsewhere in Europe.

Throughout this paper, we support important
arguments by giving reference to studies which pro-
duced conclusive evidence. In the case of more triv-
ial statements, we quote one or two key references,
which will guide the reader to related publications.
In addition to the critical review of the literature,
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we will illustrate important points with detailed
case studies, mainly based on our own research and
including hitherto unpublished material.

For several sections of this review, we compiled data
from the original literature for meta-investigations,
which treat individual studies or goshawk popula-
tions as the unit of observation. Quantitative analy-
ses of this material will be presented elsewhere
(Rutz 2005b, C. Rutz et al., unpubl. data). In some
cases, we asked authors to provide unpublished
information or original data for (re-)analysis.
Time constraints prevented us from sampling such
material at a scale which would have produced an
exhaustive data set, leaving much scope for future
collaborative work.

To give as complete a summary of the current
knowledge on the species as possible, we had to
consider studies which differ markedly in their field
methods as well as in their statistical analyses. In two
cases, we decided to tag studies to draw the reader’s
attention to methodological aspects that we consider
important for evaluating the presented data. Firstly,
we indicate whether a study estimated brood size by
observation from the ground (OFG) or by climbing
nest trees, because the former method is known to
underestimate nestling numbers (Bijlsma 1997,
Goszcezynski 1997, Altenkamp 2002). Secondly, we
note when we felt that multiple statistical testing
(MT), without correcting probability values appro-
priately, might have led to spurious conclusions
(Rice 1989).

The population levels of some forest raptors can
be reasonably indexed using mean nearest-neighbor
distances (NND) in continuously suitable woodland
habitat (Newton et al. 1977). An advantage of the
NND-method is that it is comparatively robust to
the arbitrary delineation of study areas; on the other
hand it overestimates actual population density—
particularly where suitable nesting habitat is limited
relative to foraging habitat. Because few studies
reported NND values, we were constrained to using
overall density estimates (pairs/100 km?) in most
contexts. Estimates of goshawk breeding densities
are significantly affected by the size of the study
plot (Fig. 3 in Gedeon 1994). We acknowledged
this problem by restricting our analyses to density
values obtained for plots >50 km? in size (the largest
variation has been found for plots <50 km?), or even
>100 km? in some cases, and by controlling for plot
size in all statistical models.

General(ized) linear (mixed) modeling (GL[M]M)
was carried out in GenStat 6.0 and Minitab 12.0,
using standard procedures (Crawley 1993, Grafen
and Hails 2002).
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CROSS-CONTINENTAL COMPARISON

When comparing goshawk biology between
Europe and North America, we were aiming to high-
light marked differences between continents that are
unlikely to be artifacts of fieldmethod variations.
A more quantitative cross-continental comparison,
employing statistical models that can control for
confounding factors, is in preparation (C. Rutz et al.,
unpubl. data).

We made an attempt to build exhaustive databases
of key demographics and life-history traits for gos-
hawks on both continents. Our European database
was created, using sources and searching techniques
described above. For the North American database,
we used recent literature reviews (Block et al. 1994,
Kennedy 1997, Squires and Reynolds 1997, USDI
Fish and Wildlife Service 1998a, Kennedy 2003,
Andersen et al. 2004; Squires and Kennedy, this
volume) as a starting point, and subsequently filled
in gaps by standard searching techniques. Studies
were entered more than once, if they reported data
for two or more distinct study plots. At the time of
writing, our European and North American databases
contained 225 and 99 entries, respectively.

We omitted all studies that had been completed
before 1975 because goshawk populations in Europe
were subject to much illegal killing and pesticides
before that time. For breeding density estimates, we
only used studies, where study plots were between
100-2,500 km? in size, did not contain 100% wood-
land cover, and were surveyed for at least 3 yr. In this
way, we aimed to exclude studies that had actively
selected optimal goshawk habitat, which inadver-
tently results in density overestimation. Our criterion
for minimum plot size was more stringent than in
other analyses in this review, because we could
not easily control for percentage woodland cover
in this comparison (most American studies do not
give quantitative estimates of forest cover). Areas
>2,500 km? overcome problems of biased habitat
composition but are difficult to search reliably—see
Smallwood (1998) for the relationship of breed-
ing density vs. study area size in North American
studies. We used maximum breeding density (the
maximum annual number of active nests) if given
in the original source, and mean breeding density
otherwise.

In the case of diet composition, we only used
studies that were based on direct observations at
nests, collection of prey remains around nests, radio
tracking, or any combination of these techniques.
These methods typically provide a unique record for
each prey individual. We omitted pellet-only data
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because this method represents hair or feathers from
one prey in several pellets while unique identifiers
like particular bones are often digested by hawks.
Reliance on pellet analysis has been shown to pro-
duce severely biased diet descriptions (Goszczynski
and Pilatowski 1986, Mafiosa 1994, Padial et al.
1998, Lewis et al. 2004). Parameters of breeding
performance (nest success, clutch size, brood size,
and productivity) were only used for studies that
had investigated at least five nests. In this explor-
atory analysis, we pooled studies where nest trees
were climbed for nestling banding with those where
observations were made from the ground.

Applying the above filtering criteria to our data
bases and excluding data from duplicate publications
to avoid pseudo-replication resulted in a data set
containing material reported in a total of 117 sources
(plus four unpublished data sets) from Europe and
57 from North America (Table 5). For Europe, we
had access to almost all original sources (96%) for
data extraction; whereas for North America, we had
to compile values from other review articles for
about 39% of all studies. We do not think that this
additional source of error led to serious misinterpre-
tations, although we discovered several inconsisten-
cies in values given in three review articles (USDI
Fish and Wildlife Service 1998a, Kennedy 2003,
Andersen et al. 2004). Data for comparison between
areas are presented as ranges of values, with medians
if they come from four or more areas.

CURRENT STATUS AND POPULATION
TRENDS

The goshawk is a widespread inhabitant of conif-
erous and deciduous forests in western and central
Europe (Fig. 1). Regional densities generally vary
between 0.5-6.2 pairs/100 km? of land (Table 1), but
local densities can reach values of well over 10 pairs/
100 km? (Poland—13.9 pairs/100 km?, Olech 1998;
Germany—15.6 pairs/100 km?, Mammen 1999; The
Netherlands—15.0-52.5 pairs/100 km?, Bijlsma et
al. 2001). The altitudinal distribution of nesting sites
ranges from below sea level (Miiskens 2002, Busche
and Looft 2003) up to the tree line (Gamauf 1991,
Oggier and Biihler 1998). The population in Britain
is small, because it is only recently established from
loss and deliberate release by falconers, and is still in
the early stages of colonization (Petty 1996a, Case
study 3). Large gaps in distribution, such as in north-
west France, western Belgium, and the floodplain of
the River Po in northern Italy, coincide with agricul-
ture in lowlands and a lack of woodlands (Bijlsma
and Sulkava 1997).
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The total population in central and western
Europe—Poland through France—was estimated
at 29,000—44,000 breeding pairs in the early 1990s
(Bijlsma and Sulkava 1997). Despite further
increases in range and numbers, these figures are
probably still valid. Mebs and Schmidt (unpubl.
data) estimate the total breeding population of the
western Palearctic to be 159,000 pairs (range =
135,000-183,000).

Goshawks were much reduced in density and
distribution in the first half of the 20th century by
intensive human persecution. From the start of World
War II, human persecution abated in many parts of
Europe due to legal protection of the species, declin-
ing numbers of gamekeepers, or changes in forestry
and hunting practices. In western and central Europe,
the large-scale planting of Norway spruce (Picea
abies) and Scots pine (Pinus sylvestris) on heaths,
moors and otherwise unproductive habitats, and the
conversion of deciduous into non-native coniferous
woodland reached its peak between the mid-1800s
and the early 1900s. These new forests gradually
matured in the first half of the 20th century, provid-
ing new habitat for goshawks on a large scale (Case
studies 1, 3). Similarly, though starting somewhat
later, extensive planting of conifers also took place
in Great Britain (Petty 1996b, Case study 3). The
combination of reduced persecution and increased
acreage of coniferous forest resulted in goshawk
population increases over much of Europe through
the mid-1950s.

The subsequent population crash between
1956 and 1971 (Table 2) paralleled the massive
application of persistent organochlorine and mer-
curial pesticides and seed dressings in farmland
areas, presumably via impaired reproduction and
adult survival (Conrad 1977, Thissen et al. 1981).
Populations away from intensive farming, such as in
the central Alps, remained unaffected by pesticides
and showed stable numbers throughout the 1960s
and 1970s (Biihler and Oggier 1987). The recovery
and expansion of remaining populations in various
regions started more or less synchronously in the
1970s, coinciding with successive bans in the uses
of organochlorines, and numbers leveled off in the
1980s or 1990s (Tables 1, 2).

Regional variations in intensity of killing by
humans, food availability and possibly nest-site
competition with Eurasian Eagle-Owls (Bubo bubo)
were responsible for sometimes curtailed expansion
or localized declines. Nevertheless, by the late 20th
century, abundance and distribution of goshawks in
much of Europe had reached unprecedented levels
compared to the past century, despite continued
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FIGURE 1. Breeding distribution of the Northern Goshawk in Europe from Clark (1999), reproduced with permission of

Oxford University Press.

killing. This was not only due to the increased area
of coniferous woodland, but also habitat fragmenta-
tion, eutrophication (Case study I), and the novel
tendency exhibited by the species to exploit human-
dominated environments.

EVIDENCE FOR DENSITY LIMITATION

Four inter-related lines of evidence suggest that
breeding densities in European goshawk popula-
tions are limited, rather than fluctuating at random.
The data for goshawks presented here are consistent
with results from other raptor studies (Eurasian

Sparrowhawk [Accipiter nisus], Newton 1989;
Eurasian Kestrel [Falco tinnunculus], Village 1990;
Golden Eagle [Aquila chrysaetos], Watson 1997),
and with conclusions from a comparative study,
reviewing patterns observed in various diurnal rap-
tors (Newton 1979a, 1991, 2003a)

STABILITY OF BREEDING NUMBERS

Local breeding densities often remain fairly
stable over periods of several years in the absence of
significant perturbations, e.g., deliberate killing, and
pesticides, or environmental changes, e.g., change in
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TABLE 1. OVERVIEW OF DISTRIBUTION AND ABUNDANCE OF GOSHAWKS IN WESTERN AND CENTRAL EUROPE IN THE SECOND HALF OF THE

20TH CENTURY.

N pairs/territories

Sources

(<35)
200
400

100
150-200
650
700

2125
5,150-6,950
8,500

400

75-100

500-600
1,200-1,400
1,300-1,700
1,500-1,800
1,800-2,000

1,800

1,800-2,000

(<10)
110-160
300-400

130-200
430-440

50-60

(400)

3,000-4,500
2,200-3,100
4,600-6,500

600
1,300
1,400-1,600
2,300

?
2,000-2,800
2,000-2,500

1,700
1,600-1,800

3,500-5,000

Country/period Occupied squares
Britain (except Northern Ireland: 244,000 km?, 9.4%)
1968-1972 35
1988-1991 236
mid-1990s ?
Denmark (43,000 km?, 10.8%)
1950-1960 ?
1971-1974 299
1985 ?
1993-1996 796
Germany (356,750 km?, 31%)

1970 ?
1978-1982 ?
1998-1999 ?
The Netherlands (42,318 km?, 7.2%)
1950 ?
1969 ?
1973-1977 210
1979-1983 ?
1986 ?
1988 594
1989-1994 770
1995-1999 928
1998-2000 959
Belgium (Flanders: 13,672 km?, 10.8%)
1973-1977 7
1985-1988 ?
2000-2003 >100
Belgium (Wallonia: 16,844 km?, 31.4%)
1973-1977 107
2001-2003 ?
Luxembourg (2,586 km?, 31.7%)
1976-1980 97
France (547,030 km?, 27%)
1970-1975 369
1979-1982 ?
1985-1990 688
2000 ?
Switzerland (41,293 km?, 30%)
1972-1974 238
1985 ?
1993-1996 376
Austria (83,849 km?, 39%)
1981-1985 435
Czech Republic (78,641 km?, 33.3%)
1973-1977 707
1985-1989 577
1990 ?
Slovakia (48,845 km?, 41%)
1973-1977 282
1985-1989 378
Poland (312,683 km?, 29%)

1990 ?
2000 ?

5,000-6,000

Marquiss (1993).
Marquiss (1993).
Petty (1996a).

Grell (1998).
Grell (1998).
Jorgensen (1998).
Grell (1998).

Kostrzewa and Speer (2001).
Kostrzewa and Speer (2001).
Kostrzewa and Speer (2001), ¢f: Mammen (1999).

Bijlsma (1989).
Bijlsma (1989).
Bijlsma (1989).
Bijlsma (1989).
Bijlsma (1989).
Bijlsma (1993).
Bijlsma et al. (2001).
Bijlsma et al. (2001).
Miiskens (2002).

Devillers et al. (1988).

G. Vermeersch and A. Anselin, pers. comm.
Gabriéls (2004), J. G. Vermeersch and A. Anselin,
pers. comm.

Devillers et al. (1988).
J.-P. Jacob, pers. comm.

Melchior et al. (1987).

Yeatman (1976).

Thiollay and Terrasse (1984).
Joubert (1994).

Dronneau and Wassmer (2004).

Oggier (1980).
Biihler and Oggier (1987).
Oggier and Biihler (1998), Winkler (1999).

Gamauf (1991), Dvorak et al. (1993).
Stastny et al. (1987).

Stastny et al. (1996).

Danko et al. (1994).

Stastny et al. (1987).
Danko et al. (2002).

Heath et al. (2000).
Tomiatoj¢ and Stawarczyk (2003).

Notes: For each country, total area and percentage woodland cover are given in brackets. Distribution is expressed as number of 10-km squares occupied (square
size 24 x 27 km in France, 8 x 10 km in Belgium in 1973-1977, 5 x 5 km in The Netherlands and Luxemburg, and 12 x 11.1 km in Czech Republic and Slovakia
in 1985-1989) and abundance as the number of pairs/territories. Note that some estimates or mappings were considered inaccurate by later sources. T. Mebs and
D. Schmidt (unpubl. data) estimate the total breeding population of the western Palearctic to be 159,000 pairs (range 135,000-183,000) based on recent estimates

including unpublished data.
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TABLE 2. TRENDS OF GOSHAWKS IN WESTERN AND CENTRAL EUROPE IN THE SECOND HALF OF THE 20TH CENTURY AT THE POPULATION

(P) AND RANGE (R) LEVEL.

1950-1970 1970-1990 1990-2000
Country P R P R P R Sources
Britain a a 2 2 2 2 Marquiss (1993), Petty (1996a), Petty et al.
(2003b).
Denmark -2 - 2 2 0 0 Grell (1998), Jorgensen (1998), Nielsen and
Drachmann (1999a).
Germany 2 - 2 1 0- 0 Kostrzewa and Speer (2001), Mebs (2002).
Schleswig-Holstein - - +0 + 0- 0 Looft (2000), Berndt et al. (2002), Busche and
Looft (2003).
Niedersachsen 2 - + o+ 0 0 Kostrzewa and Speer (2001).
Nordrhein-Westfalen -2 - + o+ 0 0 Kostrzewa et al. (2000), Arbeitsgruppe
Greifvogel NWO (2002).
Hessen - - 1 +1/0 0- 0 Hausch (1997).
Baden-Wiirttemberg -2 - + o+ 0 o0 Holzinger (1987).
Bayern 2 - + o+ 0- 0 Link (1986), Bezzel et al. (1997a).
The Netherlands 2002 2 2 0 2 Bijlsma et al. (2001), Miiskens (2002).
East 202 2 2 0-1 0 Bijlsma et al. (2001), Miiskens (2002).
West a a 2 2 2 2 Bijlsma et al. (2001), Miiskens (2002).
Belgium 2 - 2 2 2 2 Devillers et al. (1988).
Flanders -2 - 2 2 2 2 Geuens (1994), De Fraine and Verboven
(1997), Gabriéls (2004).
Wallonia 2 - 2 2 0 0 Heath et al. (2000).
Luxembourg - - + o+ 0 o0 Heath et al. (2000).
France 2 0 1 1 0 0 Yeatman (1976), Thiollay and Terrasse (1984),
Joubert (1994), Dronneau and Wassmer (2004).
Switzerland 2 - 2 2 1 0 Oggier and Biihler (1998), Winkler (1999).
Austria - - 1 1 0 0 Dvorak et al. (1993), Gamauf (1991).
Czech Republic - - 1 1 - 0 Kren (2000), Stastny et al. (1996).
Slovakia - - 1 0 0 0 Danko et al. (2002).
Poland 2 - 1 1 1 1 Drazny and Adamski (1996), Tomiatoj¢ and

Stawarczyk (2003).

Notes: a = absent; + = increase (1 = <50%, 2 = >50%); - = decline (1 = <50%, 2 = >50%); 0 = stable/fluctuating; +/0/- = various trends in different regions.

prey abundance, deforestation, and habitat succes-
sion (Table 2). Examples of populations, for which
breeding numbers fluctuated on average by no more
than 15% of the mean over at least 15 yr, are shown
in Fig. 2a. On the other hand, when numbers change
systematically, and are not indicative of the recov-
ery of formerly depleted populations, trends often
coincide with obvious alterations in the environ-
ment. This observation suggests causal relationships
between extrinsic factors and breeding numbers, and
we explore these potential links in detail later.

We are aware of the fact that the investigation
of numerical population stability is problematic,
because the choice of time frame over which counts
are assessed and the definition of stability are arbi-
trary (Newton 1998). Further, populations should
ideally be monitored together with quantitative
estimates of various environmental key factors but
no study on goshawks has yet accomplished this
difficult task satisfactorily. We therefore simply note

that most long-term data sets on population trends
we examined fit qualitatively into the general picture
described above.

More importantly, some evidence suggests that
year-to-year stability in numbers, exhibited by
several goshawk populations, is due to density-
dependent processes. For example, the percentage
of change in numbers of territorial pairs appears
to correlate negatively with the number of pairs in
the previous year (Fig. 2b); in other words, years of
lowest densities are followed by the greatest propor-
tional increases, whereas years of highest densities
are followed by the greatest declines (Newton and
Marquiss 1986, Newton 1998). This finding should
be interpreted with care, however, because such a
pattern could also be found in a non-regulated popu-
lation that exhibits random fluctuations (Newton
1998). Statistical investigation of density depen-
dence is still an area of hot debate (Turchin 2003),
and clearly beyond the scope of our review.
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FIGURE 2. Long-term dynamics of four undisturbed goshawk populations in Nordrhein-Westfalen, Germany (numbers are
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lines in (b) are shown for illustration purposes only (Newton and Marquiss 1986, Newton 1998). Note that some points in
(b) overlap. Stability of breeding numbers and density-dependent population regulation can be found in many other stable
populations. Unpublished trend data were collected by E. and B. Baierl, D. Becker, G. Miiller, U. Siewers, and G. Speer,

and communicated by E. Guthmann.

Kriiger and Lindstrom (2001) failed to find a
direct link between the per capita growth rate of their
study population and the breeding pair density of the
preceding season. Interestingly, population growth
was significantly related to an interaction between
density and autumn weather conditions, suggesting a
coupling between density-dependent regulation and
density-independent limitation.

Further support for the existence of density-
dependent population regulation comes from the
growth patterns of increasing populations, and the
observation that productivity falls as breeding den-
sity increases (Looft 1981, Link 1986, Mdockel and

Giinther 1987, Bijlsma 1993, Kriiger and Stefener
1996 [OFG], Altenkamp 2002). The latter result,
however, seems not very robust, as some studies
have documented the converse pattern. An increase
in productivity with density was reported for a popu-
lation in central Poland (Olech 1998), and three pop-
ulations in southern Germany (Bezzel et al. 1997a
[OFG]). Olech (1998) interpreted her finding as an
artifact of killing by humans, which affected the age-
structure of the breeding population which in turn
may have caused changes in productivity. Likewise,
Bezzel et al. (1997a) hypothesized that their results
were probably attributable to the effects of persistent
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illegal killing and habitat destruction which held
breeding numbers well below carrying capacity. An
increase in breeding performance with density could
also occur as a response to a substantial change in
food supply, as discussed later.

NON-BREEDING POPULATION

Several studies demonstrated that breeders are
replaced soon—often within a few days—after their
disappearance due to death or breeding dispersal
(Looft 1981, Link 1986, Bijlsma 1991b). Further,
some authors reported that extra birds visit active nests
(Kollinger 1974, Bednarek 1975, Link 1986) or hold
singleton-territories (Bezzel et al. 1997a, Penteriani et
al. 2002b) during the breeding season. Both observa-
tions suggest the existence of a surplus population
(Newton 1979a, 1991; Kenward et al. 1999, 2000) of
non-breeders (also called floaters), which are physi-
ologically capable of breeding, but will not do so until
a breeding place becomes available.

Conclusive evidence that some individuals are
excluded from breeding can only be produced by
controlled removal experiments in populations with
identifiable individuals (Village 1990, Newton and
Marquiss 1991), or by following cohorts of radio-
tagged hawks through their early life (Kenward et
al. 1999, 2000). In goshawks, individuals can also
be identified by comparing length, shape, coloration,
and pigment patterning of molted primaries (Opdam
and Miskens 1976, Ziesemer 1983, Kiihnapfel
and Brune 1995, Rust and Kechele 1996, Bijlsma
1997). Three investigators compared shed feathers
of replacement birds to those sampled from known
breeders in the study population in an attempt to
estimate the extent of breeding dispersal. Ziesemer
(1983) reported that only five (3.3%) of 151 new
female breeders (N = 463 female years) had bred
at another territory in the study area before. This
is in close agreement with results by Link (1986)
in his Erlangen study plot, who found that only four
females (2%, N = 268 female years) and two males
had bred previously in another territory. In an urban
population in the city of Hamburg, not a single case
of breeding dispersal was found (C. Rutz, unpubl.
data; cf. Bezzel et al. 1997a). Because so few breed-
ers within large study areas change territories, we
can assume that most new breeders are unlikely to
have previously bred elsewhere. In other words, the
majority of new recruits appear to have been floaters,
despite already having adult plumage.

Due to their elusive behavior, non-breeders are
difficult to study, and little is known about this
crucial component of goshawk populations. So far,
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the only quantitative estimate of the proportion of
non-breeders in a goshawk population comes from
a large-scale radio-tagging study on the Baltic island
of Gotland (N = 318 tagged hawks; Kenward et al.
1999). It was estimated that in this stable population
each year about 30% of males and 60% of females did
not breed (for use of molted feathers, see Link 1986).
Theory suggests that there is a tight coupling
between breeder and non-breeder dynamics (Newton
1988a, 2003b; Hunt 1998). As non-breeders do not
depend on habitat with suitable nest sites, they can
potentially exploit areas and prey resources denied
to breeders. However, the floating sector of a popula-
tion is inevitably limited by the numbers and produc-
tivity of breeders; the total number of non-breeding
hawks is likely to be set at an equilibrium point,
where annual additions match the annual substrac-
tions (Hunt 1998). On the other hand, non-breeding
numbers could directly affect breeding numbers, as it
is the floater pool that provides new breeding recruits
that fill vacant territories. If the non-breeding sec-
tor has collapsed, for example, breeders that died or
emigrated can no longer be replaced (Case study 2).
Generally, non-breeders will form a small proportion
of depleted or increasing populations and a large
proportion of stable populations at capacity level
(Newton 2003b). This intriguing model of popula-
tion regulation has not yet been tested in goshawks
but our current knowledge of goshawk population
biology is largely consistent with these ideas.

DynNamics oF EXPANDING POPULATIONS

When established populations experienced a
marked decline in density, breeding numbers often
returned to the original level at the end of the recov-
ery phase (Bezzel et al. 1997a, Olech 1998, Looft
2000, Kriger and Lindstrom 2001, Arbeitsgruppe
Greifvogel NWO 2002). However, this is not invari-
ably the case, as populations in some areas increased
well beyond their original density in recent decades
(Case study 1).

More convincing evidence of density limitation
comes from the growth trajectories of newly founded
populations, which generally exhibit a logistic pat-
tern, characterized by three phases—establishment,
expansion, and saturation (Shigesada and Kawasaki
1997). The observation that numbers do not grow
indefinitely but level off toward the end of the
colonization process indicates that the populations
are limited by some external factor (Newton 1998).
Examples, which we shall describe in detail, include
the expansion of the Dutch goshawk population dur-
ing the 1980s and 1990s (Bijlsma 1993, Lensink
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1997, Case study 1), the spread of goshawks in
several areas of Great Britain (Petty et al. 2003a;
P. Toyne, unpubl. data, Case study 3) and the
recent establishment of urban populations (Wiirfels
1999, Rutz 2001, Altenkamp 2002). Similar pat-
terns of spatial and numerical expansion have been
described for other populations (Geuens 1994, Albig
and Schreiber 1996, De Fraine and Verboven 1997,
Nielsen and Drachmann 1999a, Greifvogel NWO
2002; G. Vermeersch and A. Anselin, pers. comm.).

REGULAR SPACING OF TERRITORIES

In well-forested areas, nest sites often show a
pattern of regular spacing (Fig. 3; Bednarek 1975,
Waardenburg 1976, Link 1986, Biihler and Oggier
1987, Jorgensen 1989, Bijlsma 1993, Maifiosa 1994,
Penteriani 1997, Kostrzewa et al. 2000, Kriiger and
Lindstrém 2001). Most probably, this is the result of
a spacing mechanism that maintains the minimum
distance between adjacent nesting territories, despite
increasing numbers of birds of breeding age, and
which ultimately obliges some individuals to delay
breeding until a vacancy occurs. For goshawks in
Norway, Selas (1997a) could show that the removal
of breeders by hunters led to an increase in goshawk
breeding density in periods with increasing food
supplies, but not in periods in which prey density
remained unchanged. This observation strongly sug-
gests that the territoriality of established breeders
can hold breeding densities below levels that would
otherwise be permitted by the available food supply.
Similar experimental evidence for the operation of a
spacing mechanism in goshawks does not exist for
western, central or southern Europe, but its key com-
ponents—territorial behavior of breeders and exclu-
sion of potential breeders—are well-documented.

The existence of territorial behavior in the gos-
hawk has been shown by direct observation at nest
sites (Holstein 1942, Briill 1984, Link 1986, Norgall
1988, Bijlsma 1993, Penteriani 2001) and more
recently by monitoring radio-tagged individuals
(Ziesemer 1983, 1999; Rutz 2001, 2005a). In The
Netherlands, the probability of nest failure tended to
increase with decreasing NND values, possibly as a
result of increased levels of aggressive interactions
(re-analysis of data from Appendix 26 in Bijlsma
1993; GLM [binomial error, logit link-function], A
deviance = [y*] = 3.06, df = 1, P = 0.083; ¢f. Link
1986). Territorial behavior leads to the exclusion
of some individuals from the breeding population
which is best illustrated by the observation that the
age of first-breeding varies with the degree of intra-
specific competition in a population (Olech 1998).
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FIGURE 3. Breeding dispersion of goshawks in a Dutch
study area (SW-Veluwe; R. G. Bijlsma, unpubl. data), il-
lustrating the regular spacing of territories, characteristic
of established populations at capacity level (hatched =
woodland; unhatched = heaths, farmland, built-up; scale
bar = 1 km). The figure depicts the situation in 1990, in
which the following nest numbers of other raptor species
were recorded in the same area: 54 Accipiter nisus, 74
Buteo buteo, 32 Falco subbuteo, 9 Falco tinnunculus, 19
Pernis apivorus.

In comparatively undisturbed goshawk popula-
tions, new breeding recruits are usually >2 yr of age
(Bednarek 1975, Ziesemer 1983, Link 1986, Bijlsma
1993). Both male and female hawks can be sexually
mature in their first year of life, but circumstantial
evidence suggests that they are generally forced
to delay breeding because of dominance by older
individuals which occupy all the available territo-
ries (Newton 1979a, Fischer 1995, Kenward et al.
1999, Nielsen and Drachmann 2003). However, in
situations where competition is relaxed, because
a large proportion of breeding hawks is killed by
man (Kollinger 1974, Bednarek 1975, Looft 1981,
Griinhagen 1983, Link 1986; Bijlsma 1991b, 1993;
Bezzel et al. 1997a, Rust and Mischler 2001), or
hitherto uncolonized habitat becomes available for
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(re-)colonization (Waardenburg 1976, Thissen et al.
1981; Wiirfels 1994, 1999; Rutz et al. 2006), birds
will breed in their first year of life.

In the absence of extensive illegal killing or
habitat destruction, the regular spacing of nesting
territories in continuously suitable woodland habitat
changes little from year to year (Bednarek 1975,
Biihler and Oggier 1987, Selas 1997a), because of
the species’ strong fidelity to prime nesting territo-
ries (Kostrzewa 1996, Kriiger and Lindstrom 2001,
Krtiger 2002a). Territories are often used over long
periods of time, despite the turnover of occupants
(Ziesemer 1983, Ortlieb 1990, Bijlsma 2003).

FACTORS LIMITING BREEDING NUMBERS
NEST-SITE AVAILABILITY

The goshawk is a prime example of a forest-
dwelling raptor species. Its close association with
woodland habitat is strikingly illustrated by its
breeding distribution, which mirrors the availability
of forests at both global (Cramp and Simmons 1980)
and European scales (Fig. 1). In this section, we
focus on potential nest-site limitation in areas that
provide at least some forested habitat. Specifically,
we ask whether evidence suggests that a shortage
of suitable nesting sites can hold goshawk breeding
densities below levels that would otherwise be per-
mitted by available food supplies.

A major difficulty in addressing this question
arises from the fact that goshawks use forests not
only for nesting but also for foraging (Gamauf
1988a, Kenward and Widén 1989, Ziesemer 1999);
hence, goshawk numbers in areas with low wood-
land cover may be limited by a shortage of suitable
nest sites, forest-dwelling prey, and/or structural
habitat features necessary for nesting and efficient
hunting. We attempt to separate these effects by
employing a two-step approach. Firstly, we review
current knowledge of typical goshawk nesting and
hunting habitats. We then proceed to quantify the
species’ dependence on forest habitat, looking for
both spatial and temporal correlations between for-
est availability and breeding densities.

During the past two decades or so, much goshawk
research in western Europe has focused on describ-
ing features of nesting habitat (Penteriani 2002).
Studies were conducted at different ecological scales
(nest tree, nest stand, landscape level, and cross-
scale approach) and varied considerably regarding
the robustness of the study design (e.g., use of
appropriate controls) and the sophistication of the
data analyses (quantitative descriptions—Dietzen
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1978, Looft 1981, Link 1986, Anonymous 1989,
Dobler 1990, Bijlsma 1993, Mafiosa 1993, Toyne
1997, Steiner 1998, Weber 2001; multivariate mod-
elling—Kostrzewa 1987a, Gamauf 1988a, Penteriani
and Faivre 1997, Penteriani et al. 2001; Kriiger
2002a, b).

Despite marked regional differences in nest stand
characteristics (Penteriani 2002), the goshawk gen-
erally shows a strong preference for nesting in large,
mature forests with a low degree of disturbance by
humans. Pairs typically nest some distance away
from the forest edge (Looft 1981, Link 1986, Gamauf
1988a, Bijlsma 1993) within the most mature parts of
the forest (Penteriani 2002). The nest stand is often
characterized by a dense canopy and good flight-
accessibility, and the nest is built in one of the largest
trees within the stand (Penteriani 2002). Goshawks
seem to avoid proximity to human settlements and
areas of high human activity (Kostrzewa 1987a,
Gamauf 1988a, Kriiger 2002a; but see Dietzen 1978,
Dietrich 1982). Some of the above characteristics
were shown to be significant predictors for patterns
of territory occupancy and productivity (Mé6ckel and
Giinther 1987, Bijlsma 1993, Kostrzewa 1996 [MT],
Kriiger and Lindstrém 2001, Kriiger 2002a), indicat-
ing that nest-site choice had fitness consequences for
breeding pairs. An alternative interpretation is that
the nest site contributes little to fitness, the statistical
association arising mainly from the best quality birds
occupying nest sites with favored characteristics.

It is tempting to conclude from these data that
goshawks can be limited by the availability of suit-
able nest sites in areas where forests do not offer
mature stands that fulfill the above criteria. However,
detailed studies in The Netherlands and Germany
have shown that goshawks exhibit a surprising plas-
ticity in nest-site choice. Where few hawks are killed
by humans, they occupy a wide range of forests,
including woodlots of <0.5 ha, lanes of broad-leaved
trees along roads in open polders (Case study 1), and
even nest successfully in small city parks completely
surrounded by buildings and with extraordinary high
levels of human activity. We therefore suggest that
any remaining preference for nesting in large mature
forests could be an artifact of differences in killing
by humans. Avoidance of humans could reflect shy-
ness selected by decades of persecution. Deliberate
killing would have been most common in frag-
mented habitats with a high proportion of farmland,
because nests are easily detected in small woodlots
(Bijlsma 1993, Olech 1998), private landowners
often resented predation by raptors, particularly gos-
hawks, and law enforcement was commonly absent
or successfully frustrated.
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To clarify, goshawks may not require mature
woodland for successful nesting in the absence of
killing by humans, but they may still prefer this
habitat type, and their use of resources will often
be dictated by environmental habitat availability.
In areas with abundant prey supplies, goshawks
may use less preferred nest sites if good ones are
not available. This may be the situation in parts of
western Europe.

Comparatively little is known about goshawk for-
aging habitats in Europe, particularly in the western,
central, and southern parts. Only few radio-tracking
studies have been conducted, and the majority of
them investigated ranging behavior during the
winter time (Kenward 1979, 1982; Dietrich 1982,
Ziesemer 1983, Kluth 1984, Straall 1984; Rutz
2001, 2003b; Meier 2002, Lechner 2003; C. Rutz
et al., unpubl. data). Habitat-use and home-range
data based on chance observations of unmarked
individuals (Gamauf 1988a, Kriiger 1996, Ldhmus
2001) or collections of molted feathers or pluckings
(Briill 1984, Link 1986, Kriiger and Stefener 1996)
are clearly biased and must be interpreted cautiously
(Altenkamp 1997).

For foraging, goshawks generally seem to prefer
richly-structured habitats, probably because the suc-
cessoftheirprincipal hunting techniques—short-stay-
perch hunting and contour-hugging flight (Rudebeck
1950-51, Hantge 1980, Fox 1981, Kenward 1982,
Widén 1984)—depends chiefly on cover for self
concealment. Usually, this cover is provided by
forested habitat. Near Oxford, England, most of
the 60 winter kills registered with four radio-tagged
males were made in woodland (58%) or within
100 m of woodland (25%; Kenward 1982). Some
evidence shows that goshawks inhabiting well-
forested habitats make extensive use of forest-edge
zones (Kenward 1982, 1996), but foraging in very
open parts of agricultural landscapes has also been
observed (Dietrich 1982, Ziesemer 1983, Meier
2002; C. Rutz et al., unpubl. data). Chance observa-
tions from Austria showed that goshawks spent more
time in forests during the breeding season (65% of
observations) than in winter (47%; Gamauf 1988a;
¢f. Dietrich 1982). Kenward (1996) reviews how
the ecology of the main prey species affects ranging
behavior in Scandinavian goshawks.

Despite doubts about the species’ need of forests
when food is abundant elsewhere (Kenward and
Widén 1989), the literature almost unequivocally
emphasizes the overriding importance of this habitat
type. However, goshawks can hunt efficiently in ter-
rain that lacks forest cover. As Olech (1997) pointed
out, this can be inferred indirectly from prey lists,
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which often contain a considerable amount of species
thriving in open habitats (Zawadzka and Zawadzki
1998). Goshawks readily use anthropogenic ele-
ments for cover during low and fast prey-searching
flights and even adopt alternative hunting strategies
that do not rely on concealment at all. Two such tech-
niques closely resemble hunting behavior typically
shown by Peregrine Falcons (Falco peregrinus),
namely exposed perched hunting and high soar-
ing and stooping (Erzepky 1977, Griinhagen 1981,
Alerstam 1987, Rutz 2001). In conclusion, thanks
to its remarkable behavioral plasticity, the goshawk
can forage efficiently in a wide range of habitats,
including forests, woodland-farmland mosaics and
even metropolitan areas, provided they offer suf-
ficient prey. Nevertheless, in the light of the insights
produced by a review on goshawk-habitat interac-
tions in Fennoscandia (Widén 1997), we stress the
need for more data on goshawk ranging and hunt-
ing behaviour. Widén (1997) warns that the species
might only need a small patch of suitable habitat for
nesting, but that it can be seriously affected by forest
fragmentation where this can potentially decrease
foraging efficiency on certain kinds of prey.

We will now try to quantify the goshawk’s
dependence on forested habitat. At a regional scale,
we found no relationship between the estimated
countrywide breeding density per 100 km? of area,
and per 100 km? of woodland, respectively and the
country’s percentage woodland cover (Fig. 4; Table
1). This is not surprising, because we were unable to
control for various confounding factors and because
the accuracy of density estimates varies substantially
across countries. However, when we restricted the
analysis to areas where several adjacent populations
could be compared directly, local breeding density
increased significantly with the amount of forested
habitat (Fig. 4b; GLMM, P <0.001). Importantly,
study plots with high forest cover held higher abso-
lute numbers of pairs (Fig. 4b), but fewer pairs per
unit of woodland area (Fig. 4d; GLMM, P <0.001;
¢f. Goszczynski 1997). This implies that spacing of
nests in heavily forested areas is wider. Because of
the inevitable circularity of this analysis (the x vari-
able is part of the y variable), we tried to confirm this
finding with an additional index of population den-
sity—mean NND. In a cross-study analysis, mean
NND was not related to forest availability (Fig. 5;
GLM, P >0.05), and the same result was obtained
when we re-analyzed data from Biihler and Oggier
(1987) for ten Swiss populations (GLM [normal
error, identity link function, controlled for plot size],
F,,=1.98, P =0.203) (Bednarek 1975, Link 1986).
An obvious need exists for more data to understand
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FIGURE 4. Goshawk breeding density (pairs/100 km? area, or pairs/100 km? woodland) in relation to woodland cover. (a)
and (c): Regional scale; data from19 European countries (Table 1). No relationship (GLM [normal error, identity link func-
tion] on square-root-transformed data) was found between the estimated countrywide breeding density and the country’s
percentage woodland cover (pairs/100 km® area, F| - = 0.69, P = 0.417; pairs/100 km* woodland, F,;=3.32,P=0.086).
Conclusions were not altered by controlling for country size (pairs/100 km? area, F 11— 1.06, P = 0.319; pairs/ 100km?
woodland, F, | =3.94, P = 0.065). (b) and (d): Local scale; data from studies that investigated =6 nearby sub-populations
(total: N = 47; Switzerland, N = 9, Biihler and Oggier 1987 [diamonds]; Denmark, N = 8, Nielsen and Drachmann 1999a
[circles]; The Netherlands, N = 6, Bijlsma et al. 2001 [squares]; Germany, N = 6, Link 1986 [inverse triangle], two sets,
each N = 9, Weber 2001 [triangle, hexagon]; all plots <50 km? excluded). Here, GLMMSs were built with study-identity
modeled as a random effect (six levels), and plot size (covariate) and percentage forest cover (covariate) as fixed effects.
This approach ensured that: the influence of plot size was eliminated, and conclusions could be generalized beyond the
study areas investigated. Maximum breeding density increased significantly with forest cover (b) (Wald statistic = [}*] =
16.86,df =1, P <0.001), whereas maximum breeding density per unit of woodland decreased significantly with the amount
of forest in the plot (d) (Wald statistic = [y*] = 18.01, df = 1, P < 0.001). Note that y-axes have different scales and that for
illustration purposes, all figures show raw data with best fit-lines produced by linear regression.
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FIGURE 5. Nest spacing of goshawks (nearest-neighbor-
distance, NND, mean + sp) in relation to woodland cover of
the study area; data are from western, central and southern
Europe (filled), and from northern Europe (open). Sources:
Pielowski (1968), Dietzen (1978), Dietrich (1982), Widén
(1985b), Biihler and Oggier (1987) combined with Biihler
et al. (1987), Gamauf (1988a), Anonymous (1990), Mailosa
et al. (1990), Dobler (1991), Maiosa (1994), Penteriani
(1997), Selas (1997a), Jedrzejewska and Jedrzejewski
(1998), Olech (1998), Zawadzka and Zawadzki (1998),
Kostrzewa et al. (2000), Weber (2001), Penteriani et al.
(2002b), R. G. Bijlsma, unpubl. data, R. E. Kenward et al.,
unpubl. data. The association (GLM [normal error, identity
link function]) was non-significant for western, central, and
southern European data (N = 20, F .= 0.11, P = 0.744),
and for western, central, southern, and northern European
data (N =23, F , =0.66, P=0.425).

goshawk nest spacing in relation to habitat composi-
tion at various spatial scales.

The experimental manipulation of nest-site abun-
dance is impractical in this species. However, in
some regions, the availability of suitable woodland
habitat changed significantly in the course of time,
as a result of forestry activities (Holzinger 1987) or
natural processes, and we can ask whether goshawk
numbers changed correspondingly. Without doubt,
large-scale logging of forests can have devastating
effects on goshawk populations. The widespread
destruction of woodland across Europe during the
Middle Ages until the beginning of the 19th cen-
tury may have caused dramatic population declines
(Bijleveld 1974). Nowadays, forestry practices may
still affect local populations (Bezzel et al. 1997a,
Widén 1997, Ivanovsky 1998), but moderate timber
harvesting appears to have no effect on population
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levels, as long as cover reduction does not exceed
about 30% (Penteriani and Faivre 2001). Forestry
operations during incubation and the early nestling
stage may cause breeding failures (Toyne 1997), but
are unlikely to cause reduction of breeding density,
unless substantial areas are clear felled. The fell-
ing of active nest trees—intentional or accidental
(Bijlsma 1993, Bezzel et al. 1997a, Kostrzewa et al.
2000)—seems to be infrequent and thus unimport-
ant. So far, the only attempt to assess the impact
of forestry operations on goshawk populations on
a countrywide scale was made in The Netherlands.
Bijlsma (1999a, b) estimated, based on a representa-
tive sample of 559 goshawk nests out of a total popu-
lation of about 1,800 pairs, that forestry operations
caused the loss of 45 goshawk broods (8%) in 1998
(see also Drachmann and Nielsen 2002).

Another cause of habitat deterioration in Europe
is forest dieback, e.g., the widespread tree mortal-
ity due to acid rain (Holzinger 1987, Flousek et al.
1993). Such wide-scale phenomena could poten-
tially affect goshawk populations across Europe
(Kostrzewa 1986, Holzinger 1987, Gamauf 1988b),
but as yet remain speculative. Afforestation can pro-
vide new nesting habitat when stands are allowed to
mature and enter the stage at which they become
attractive for Goshawks. We illustrate the positive
effects of such habitat alterations in detail in Case
studies 1 and 3 (Risch et al. 1996, Olech 1998).

In conclusion, the nest-site preferences reported
for most European areas probably only partly reflect
essential ecological needs, as has been proposed
repeatedly (Penteriani 2002). Rather, they almost
certainly evidence behavior selected partly by past
human persecution (Kriiger 2002a). Impressive
examples of the species’ behavioral and ecological
plasticity occur mainly in areas without deliberate
killing.

In areas with extensive woodland cover and
negligible human disturbance, territorial behavior
of breeding pairs probably renders structurally suit-
able nesting habitat unavailable for other prospective
breeders, as suggested from the regular spacing of
nests discussed above (Newton et al. 1977, 1986).
Further, hunting conditions in large forest stands
without farmland nearby might be less profitable
than hunting in open woodland-mosaics with greater
abundance of suitable prey (Kenward 1982, Kriiger
2002a, but see Widén 1997).

An interesting feature of many stable undisturbed
goshawk populations is that, despite the presence of
non-breeders, some suitable nest sites remain vacant
(Ziesemer 1983, Biihler et al. 1987, Kostrzewa
1996, Nielsen and Drachmann 1999a, Kriiger and
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Lindstrém 2001). Nest territories apparently vary in
quality, as some are used every year, others intermit-
tently, or only occasionally (Kriiger and Lindstrém
2001). This suggests that breeding numbers may be
limited by factors other than nest-site availability,
e.g., the supply of potential prey.

Case study 1. The Netherlands—the effect of habitat
alteration

The changes in numbers, distribution and behav-
ior of goshawks living in a rapidly altering landscape
can be illustrated by studies in The Netherlands.
This small country in western Europe, situated in
the floodplains of the rivers Rhine, Meuse, and
Waal, reached an average human density of 462
inhabitants/km? in the early 2000s, at least two—three
times as many as in any other western European
country except Belgium. During the 20th century,
the human population trebled, the number of houses
increased sevenfold and the number of cars exploded
from zero to >7,000,000. In less than a century, a
mainly rural society transformed itself into a high-
tech society where farming is industrialized and
natural habitats are all but lost (<4% of surface by
1996); each square meter nowadays feels the stamp
of human impact (Bijlsma et al. 2001). Nevertheless,
goshawk densities are higher than anywhere else in
Europe, showing a 40-fold increase in the past cen-
tury (Fig. 6).

In the early 20th century, three important devel-
opments triggered the initial population growth.
Firstly, widespread planting of coniferous forests in
the late 19th and early 20th century on sandy heaths
and moors in the eastern and southern Netherlands
enlarged the potential breeding area substantially.
By the late 20th century, almost 10% of the Dutch
land surface was covered with woodland, including
regions where woodland had been previously scarce
or even absent. These forests became attractive breed-
ing sites 10—15 yr or 4050 yr after planting, depend-
ing on soil type and tree species. Secondly, goshawks
received legal protection in 1936. Until then, gos-
hawks were relentlessly persecuted (Bijleveld 1974,
Bijlsma 1993). Although some legal killing continues
to the present, its impact rarely suppresses density,
and, if so, only locally and temporarily. Conversely,
systematic persecution in the past has been shown to
reduce nesting success, increase the turnover of breed-
ing birds and reduce their mean lifespan (Bijlsma
1993). Thirdly, the availability and density of major
prey species (pigeons, thrushes, and corvids; Table
3) increased markedly from the 1940s through the
1980s (Thissen et al. 1981, Bijlsma et al. 2001) due to
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significant changes in land use and farming practice,
and the maturation of woodland habitat.

The combination of these three factors resulted in
an expanding goshawk population, from an estimated
50 pairs at the start of the 20th century to 1,800-2,000
pairs in 1998-2000 (Fig. 6; Bijlsma 1989, 1993;
Miiskens 2002). This growth was briefly interrupted
in the late 1950s and 1960s (Fig. 6b), when massive
application of persistent organochlorine pesticides in
farmland led to excessive adult mortality and impaired
breeding success (Thissen et al. 1981, Bijlsma 1993).
Since the early 1970s, after DDT, aldrin, dieldrin,
and mercury in seed dressings had been successively
banned, goshawks recovered quickly. The first stage
of recovery took place exclusively in the coniferous
woodlands of the eastern Netherlands, which, though
largely depleted of goshawks during the 1960s, still
held sparse populations.

After reaching saturation levels in the core breed-
ing range in the 1980s (mainly coniferous forests
in the eastern and central Netherlands), goshawks
started to colonize hitherto unoccupied habitats
between the large forests, and spread into marshes
and newly created deciduous forests of the central
and western Netherlands, outside the main range
of coniferous woodland (Fig. 6a). This westward
trend into the agricultural, industrial and densely
populated lowlands of The Netherlands continues.
Now goshawks nest in previously unoccupied habi-
tats: small woodlots (<0.5 ha) and tree lanes in open
farmland, duck decoys, thickets, suburbs, city parks
and recreational sites; in 2001, even a failed breed-
ing attempt on an electricity pylon was discovered.
Consequently, breeding goshawks occupied >1,000
5-km squares by the year 2000, covering some 60%
of the total land surface, compared to only 214 in
1973-1977 (471% increase). Whereas the goshawk
is still spreading, breeding density started to decline
in parts of the eastern Netherlands since about the
early 1990s, following precipitous declines in major
prey species (Case study 2).

Foob SuppLIES

It is intuitively obvious that goshawk breeding
density must be related to the availability of food
resources. In areas where profitable prey is scarce,
hawks face an energetic bottleneck and may cease
breeding altogether. A powerful test of whether food
limits density would be to increase its supply over
a large area experimentally and monitor the sub-
sequent numerical response of the local goshawk
population (Boutin 1990, Newton 1998). When
breeding numbers increase, we may conclude that
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FIGURE 6. Population trend and breeding distribution of the goshawk in The Netherlands (a and b). In (a), distribution is
shown as 5-km squares occupied in 1973-1977; smaller symbols show further colonization of 5-km squares in respectively
1978-1988, 1989-1992, and 1995-2000 (Bijlsma 1989, 1993; Bijlsma et al. 2001, Miiskens 2002). The distribution of
coniferous forest is shaded. Note the marked drop in breeding numbers in the late 1950s and 1960s in (b); the scale and
timing of the decline and the subsequent recovery were consistent with an effect of pesticides, probably dieldrin and DDT.
Whereas goshawks in the 1970s were largely confined to squares with a high proportion of coniferous forest, the west and
northward spread in the 1980s and 1990s involved habitats never before occupied by this species in The Netherlands (a).
For further details, see Case study 1.
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TABLE 3. CONTINUED.

4 A total of 18 unidentified prey items, which had been recorded by radio telemetry, were excluded.

¢L
Li

st contains 187 unidentified prey of various sizes.

st contains 12 unidentified prey items.

13,342) is incorrect.

st contains 52 unidentified birds of various sizes.

¢ Sample size reported by authors (N

b
iLi

st contains 358 unidentified birds of various sizes.

J List contains 61 unidentified birds of various sizes.
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this resource had indeed been acting as a limiting
factor. Because of the obvious practical difficulties,
no such study has been carried out with goshawks.
However, sometimes humans unwittingly provide
goshawks with extra food in the form of managed
game, domestic poultry, or racing pigeons. These
cases are not properly controlled and replicated
experiments, so care must be taken in interpreting
any associated response in goshawk numbers (or the
lack of it)}—the increase in food supply may be cou-
pled with an increase in killing of hawks by humans
(Kenward 2000, Nielsen 2003).

If food supplies limit goshawk numbers we
expect to find two major correlations: (1) at the
regional scale, differences in goshawk density match
differences in food supplies (spatial correlation),
and (2) at the level of the local population, breeding
numbers track changes in local food supplies over
time (temporal correlation). Before investigating the
published information for concordance with these
predictions, however, we need to understand the
general feeding ecology of the species.

The goshawk is a versatile predator, focusing
on prey species which are abundant, profitable, and
sufficiently vulnerable to an attack (Dietrich 1982,
Kenward 1996, Tornberg 1997, Bijlsma 1998).
There are marked regional differences in goshawk
diet across Europe, as illustrated by the selection of
studies presented in Table 3.

A significant functional response to temporal
variation in prey abundance has been demonstrated
for populations in Fennoscandia (Kenward 1977,
1986; Kenward et al. 1981a, Wikman and Lindén
1981, Lindén and Wikman 1983, Tornberg and
Sulkava 1991, Selas and Steel 1998, Tornberg 2001,
but see Widén et al. 1987), but comparable data for
goshawks in western, central, and southern Europe
are scarce (Mafiosa 1994; Olech 1997; Rutz and
Bijlsma, in press). However, in cases where dietary
studies were either carried out for a long period of
time (Bezzel et al. 1997b, Nielsen and Drachmann
1999b, Nielsen 2003) or replicated in the same area
after several decades (Tinbergen 1936, Pielowski
1961, Opdam et al. 1977, Briill 1984, Haerder in
Holzapfel et al. 1984; Bijlsma 1993, 1998-2003;
Olech 1997; C. Rutz et al., unpubl. data) the observed
changes in goshawk diet composition correlated well
with obvious changes in the availability of prey spe-
cies in the environment.

The ability of the goshawk to adjust its feeding
ecology in response to changes in the availability of
different prey species is further illustrated by marked
dietary shifts in the course of the breeding season
(Opdam et al. 1977, Brill 1984, Bijlsma 1993,
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Mafiosa 1994, Toyne 1998). We note, however,
that it remains to be established whether predation
by goshawks is indeed opportunistic, according to
the technical definition of optimal foraging theory
(Stephens and Krebs 1986). First results (Dietrich
and Ellenberg 1981, Dietrich 1982, Ziesemer 1983,
Tornberg 1997) suggest that prey vulnerability is an
important determinant of goshawk diet composition
(¢f- Gotmark and Post 1996).

It is inherently difficult to test for a spatial cor-
relation between goshawk density and food supplies,
because local populations differ markedly in their
feeding ecology, and data on prey abundance and/or
proportional availability have rarely been collected in
the course of goshawk diet studies. These problems
can be circumvented by using diet composition as
a proxy measure of environmental prey availabil-
ity (Rutz 2005b), and a cross-study meta-analysis
employing this approach has recently been conducted
(Rutz 2005b, C. Rutz et al., unpubl. data). Here, we
will focus on material from just two studies, which
each related goshawk breeding density in several
sub-populations to an index of local land productiv-
ity (Biihler and Oggier 1987, Weber 2001). We re-
analyzed the data sets provided in the original publica-
tions by means of robust GLMs (normal error, identity
link function, controlled for plot size and forest avail-
ability in plot) and found no significant relationship
for the German sample (N = 18 local populations,
analysis on square-root-transformed data: F| |, =0.92,
P = 0.355), but a significant negative association for
the Swiss sample (nine local populations, analysis on
log,,-transformed data: F ;= 7.01, P = 0.046). It is
questionable, however, whether the two productivity
indices used (yield of winter corn and subjective rank
scale, respectively) described goshawk prey abun-
dance adequately. Areas in Sweden and Germany
with the most abundant free-living Ring-necked
Pheasants (Phasianus colchicus) were most attractive
to goshawks, leading to higher winter densities than in
a control area (Kenward 1986, cf. Mrlik and Koubek
1992), but this did not subsequently translate into
differences in goshawk breeding densities. However,
abundance of European rabbits (Oryctolagus cunicu-
lus) in one area reduced dispersal tendencies and was
associated with increased breeding density (Kenward
et al. 1993a).

Temporal correlations between goshawk density
and prey abundance have rarely been studied. In
a long-term study (25 yr) in Germany, population
growth rate did not vary significantly with food sup-
plies, but the authors admitted that the indices used
to describe food abundance were crude and probably
biased (Ziesemer 1983, Kriiger and Lindstrém 2001).

177

Kriiger and Lindstrom (2001) did not test the inter-
action between food supply and population density
in the previous year, because they excluded a priori
the possibility of a numerical response. In fact, even
in Fennoscandia, where hawks primarily prey upon
several species of woodland grouse (Tornberg et al.,
this volume), which show cyclic fluctuations in num-
bers, goshawk densities have rarely been found to
correlate with prey abundance (Selas 1997a, 1998a;
but see Lindén and Wikman 1983, Tornberg 2001,
Ranta et al. 2003). In Denmark, a strong increase
in released Ring-necked Pheasants since the early
1990s was not correlated with local goshawk trends
(Nielsen 2003), but a numerical response might
have been masked by increased hunting pressure
on hawks (Mikkelsen 1986). Using data presented
in Goszczynski (1997, 2001), we did not find a cor-
relation between average number of prey found in
goshawk nests during control visits and the number
of successful broods in the study area (N = 6 yr,
Spearman rank correlation, r, = 0.41, P = 0.419).

Goshawk breeding density can remain stable after
a crash in prey populations, providing that alternative
prey are available (Ziesemer 1983, Maiflosa 1994,
Olech 1997). If, however, populations of several
or all important prey species crash simultaneously,
goshawk breeding density may decline. This is illus-
trated by Case study 2, which is the first attempt to
quantify the effect of temporal changes in food sup-
ply on breeding density and demographic key param-
eters in western European goshawks. Recent survey
work shows that European farmland bird popula-
tions are in precipitous decline (Pain and Pienkowski
1997, Newton 1998, Krebs et al. 1999, Donald et al.
2001), but, at present no evidence suggests that this
shortage of food supply affects goshawk numbers on
a continental scale. This is not surprising as most of
the affected farmland bird species are small-bodied
passerines that play only a minor role in goshawk
diets (Table 3); in fact, some favored goshawk prey
species (Woodpigeons [Columba palumbus] and cor-
vids) show increasing trends in farmland-dominated
landscapes, at least in parts of Europe.

Apparently, goshawks easily switch to an alter-
native prey if one of their principal prey species
becomes scarce. Hence, scope for density limitation
seems limited. So far, however, we have only been
concerned with breeding season food supply. The
availability of food during the winter may also limit
breeding numbers (Newton 1998), if it negatively
affects the survival of potential breeders or their
physiological condition. In farmland-dominated
areas in western Europe, breeding season and win-
ter diets show similar species composition (Opdam
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et al. 1977, Ziesemer 1983, Briill 1984, Nielsen
2003), suggesting that winter food does not form a
significant bottleneck for the populations concerned.
In more natural areas in central and eastern Europe,
however, the situation may be quite different. In east
Poland, for example, goshawks mainly depend on
thrushes, woodpeckers, and Jays (Garrulus glandar-
ius) during the breeding season, and face rapid
depletion of food supplies when thrushes emigrate
in autumn (Jedrzejewska and Jedrzejewski 1998,
van Manen 2004). Poor food supply during winter
and the pre-laying stage probably causes low gos-
hawk breeding densities in this region (van Manen
2004) despite high food abundance during summer
(Wesotowski et al. 2003).

Finally, circumstantial evidence demonstrates that
various aspects of goshawk biology vary with food
supply in a way consistent with theoretical expecta-
tions. This is probably best illustrated by studies that
compare urban and rural-breeding goshawk popula-
tions, which differ significantly in their access to
food resources; we will describe these findings in
detail later. Much of the other work has been con-
ducted in Scandinavia, but in this case we consider
it reasonable to generalize the conclusions to hawks,
living in other parts of Europe: (1) home-range size is
a decreasing function of food availability (Kenward
1982, 1996; Ziesemer 1983), (2) daily activity pat-
terns are related to hunting success (Widén 1981,
1984), (3) juveniles, which have been raised under
good food conditions, disperse later (Kenward et al.
1993a, b) and are more likely to return to the vicin-
ity of their natal nest site (Byholm et al. 2003), (4)
productivity increases in relation to food availability
(Lindén and Wikman 1980, Tornberg 2001, Byholm
et al. 2002b, Ranta et al. 2003), and (5) during win-
ter, juvenile hawks congregate in areas of high food
supply (Kenward et al. 1981a).

Case study 2: The Netherlands—the effect of food
shortage

In Case study 1, we described changes in gos-
hawk breeding numbers in The Netherlands during
the 20th century. Despite a continuing increase
in geographic range (Fig. 6a), numbers stabilized
from about the early 1990s (Fig. 6b). For example,
between 1990 and 2000 the number of occupied
5-km squares increased by 30%, but breeding num-
bers remained stable at 1,900-2,000 pairs. This
discrepancy can partly be explained by a substantial
reduction in number and availability of main prey
species in core breeding areas of goshawks in the
last two decades of the 20th century.

STUDIES IN AVIAN BIOLOGY

NO. 31

The impact of food supply on density and repro-
ductive output has been investigated in the central
Netherlands (Bijlsma 2003, unpubl. data). The
20 km? large plot of Planken Wambuis (52°03°N,
5°48’E) is typical of coniferous forests planted on
poor soil in the eastern Netherlands in the late 19th
and early 20th centuries. Every 5 yr, the breeding
bird fauna has been surveyed, using a low-intensity
variety of the combined mapping method (Tomiatojé¢
1980). The recorded densities in large sampling plots
are a relative measure of abundance, and useful in
assessing changes in breeding bird composition and
numbers. Annually since 1973, all nests of raptors,
including goshawks, have been located and checked
to determine clutch and brood size, and weigh and
measure nestlings; molted feathers, for individual
recognition, and prey remains were also routinely
collected.

Avian biomass in spring and early summer
declined by 80% between 1975 and 2000, espe-
cially in the weight categories of 51-250 g (pigeons,
doves, thrushes, corvids, European Starling [Sturnus
vulgaris]) and 251-500 g (pigeons), i.e. the major
prey base of goshawks (Fig. 7a). Racing pigeons,
weighing 250-300 g and an important male goshawk
prey during the breeding season, declined dramati-
cally, as demonstrated by data from regular counts
of homing pigeons. And finally, the rabbit population
crashed by >95% between the mid-1970s and early
2000s as a result of severe winters, the outbreak of
viral hemorrhagic disease in 1990-1991, and domi-
nance of Deschampsia flexuosa in the undergrowth
caused by increased nitrogen deposition (Fig. 7a;
Heij and Schneider 1991, Bijlsma 2004a).

In the early 1970s, the local goshawk population
steeply increased, a recovery from the pesticide-
induced decline in the 1960s, reaching stable num-
bers (six—seven pairs) in 1976-1986, then declining
to three—five pairs in the 1990s and early 2000s (Fig.
7b). Several lines of evidence suggested that, over
the years, floaters also disappeared from the area. In
recent years, lost breeders have not been replaced,
and territories remain vacant.

The declines in numbers of breeding pairs and
non-breeders as well as in reproductive output closely
mirror the changes in prey availability. Although cir-
cumstantial, this suggests a limiting effect of food
supply, while other extrinsic factors apparently
remained unchanged. The overriding impact of food
supply is also visible in changes in predatory behav-
ior, with increasing goshawk predation on raptors,
owls and corvids, resulting in the local demise of
Eurasian Kestrel, Eurasian Hobby (Falco subbuteo),
Eurasian Sparrowhawk, Long-eared Owl (4sio otus),
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FIGURE 7. The effect of food shortage on goshawks at Planken Wambuis (20 km?), central Netherlands, 1975-2000.
(a) Collapse of goshawk prey populations in the study area. Bars show estimated total biomass of birds in the body size
category 51-500 g in 5-yr periods; figures were calculated on the basis of standardized breeding bird counts (combined
mapping) and number of pairs in spring (x2 to include both pair members, but excluding young); line is local rabbit num-
bers. (b) Change in number of goshawk breeding pairs. For further details, see Case study 2.

and the increased frequency with which unprofitable
prey—larks, tits, and finches—are captured. A full
report of this study has been presented elsewhere
(Rutz and Bijlsma, in press).

KiLLING BY HUMANS

Because goshawks are predators of medium-sized
mammals and birds, racing pigeons, and domestic
poultry, they have a long history of being controlled.
Moreover, their populations have also been harvested
to provide captive birds for falconry—initially for
food but subsequently for sport. The extensive litera-
ture describes past persecution and harvest but impact
has rarely been quantified, mainly because goshawk
populations were not monitored with precision during
the periods when such activities were at their peak.
Population monitoring is relatively recent, commenc-
ing broad scale from the 1970s following the large
reduction in raptor populations in the 1950s and 1960s
which was associated with widespread environmental
pollution. Human persecution of raptors in Europe
has been reviewed by Bijleveld (1974) and Newton
(1979a, b). The case of the goshawk is probably best
illustrated in a historical context, by comparing time
periods with different levels of killing.

The killing of raptors was encouraged from the
16th century onward, with the payment of bounties

to reduce predation of domestic stock. The numbers
of goshawks killed must have been large, but there
is no documented impact on wild populations, and
breeding populations remained extant across Europe
with no recorded national extinctions at that time. In
the 19th century, game preservation became impor-
tant as pheasant game shooting was enhanced with
reared birds. Game preservers were employed to kill
predators, including goshawks, which can be a prob-
lem particularly at pheasant release sites (Kenward
1977, Nielsen 2003). Moreover during the 19th
century, raptors were commonly viewed as potential
pests, so large numbers were killed (Braaksma et al.
1959, Richmond 1959, Bijleveld 1974), and it was
not until some populations were clearly in decline,
even to extinction in some places, that legal protec-
tion was initiated.

Goshawk populations were resilient where large
areas of forest remained because game preserva-
tion was less intensive within forests and breeding
production was sufficient to buffer the losses due to
persecution. Recent work from Scandinavia shows
that goshawk populations can, under some circum-
stances, withstand considerable levels of killing.
For example, it was estimated from the recoveries
of banded birds that 14% of the Fennoscandian
goshawk population was killed annually by man
(Haukioja and Haukioja 1970), with no apparent
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decline in the breeding population. Calculations by
Kenward et al. (1991), based upon Swedish banding
returns and supplemented by radio-telemetry data,
suggest that a loss to persecution of up to 35% of
young birds might be sustained without leading to
population decline. Birds in their first year are more
likely to be killed than are older birds, so persecution
falls heaviest on non-breeders. We note, however,
that the situation in Fennoscandia contrasts mark-
edly with that in western and central Europe, where
breeders and their broods have been the main targets.
Such losses are likely to be additive to other sources
of mortality, and hence have greater potential impact
on breeding numbers than the destruction of non-
breeders.

Irrespective of general population resilience,
goshawks did decline at the end of the 19th century,
mainly in countries with poor forest cover such as
Denmark (Jorgensen 1989) and Britain (Marquiss
and Newton 1982). Where forests are fragmented,
goshawks are particularly vulnerable as few breed-
ing pairs are remote from intensive human persecu-
tion. Goshawks can have large overlapping home
ranges, both during and outside the breeding season
(Kenward et al. 1981a, Kenward and Walls 1994);
areas of food abundance, such as pheasant release
pens, attract many individuals (Kenward et al. 1991,
Nielsen 2003) so that a substantial proportion of the
population can be at risk.

From the mid-20th century, at least partially in
response to the pollutant-associated steep declines
of the 1960s, goshawks became legally protected
in many countries, and populations increased in a
few areas. In conservation terms, the species is now
considered secure though sufficiently vulnerable to
be listed in the Bern Convention as a species requir-
ing international coordination for its conservation
(Tucker and Heath 1994). At present the goshawk
has legal protection in the breeding season across
Europe, though birds can be legally killed in some
countries outside of the breeding season (Finland)
or in special circumstances where they are consid-
ered damaging to game (Hungary, Czech Republic,
some regions of Germany, and Sweden) or wildlife
conservation interest (in several parts of Germany,
after the re-introduction of Black Grouse [7etrao
tetrix]; Dobler and Siedle 1993, 1994; Busche and
Looft 2003).

Despite protection, illegal killing continues
throughout Europe, as documented by numerous
anecdotal reports in the literature. We now focus
on results from long-term studies that provide data
sets sufficiently robust to assess the effects of past
persecution on local populations. Human persecution
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has indeed been shown to negatively affect demo-
graphics and density of local breeding populations.
Several studies demonstrated how persistent killing
of adult birds at nests changed the age-composition
of the breeding population (Link 1986, Bijlsma 1993,
Bezzel et al. 1997a, Olech 1998, Rust and Mischler
2001), ultimately leading to reduced population
productivity through age-dependent reproduction
(Drachmann 2003, Risch et al. 2004). For popula-
tions in the northern Netherlands (Bijlsma 1993) and
in Denmark (Drachmann and Nielsen 2002), it was
possible to establish the complete causal chain where
killing by humans (ultimate level) leads to demo-
graphic effects (proximate level) which in turn leads
to changes in breeding density (¢f. Rust and Mischler
2001). The aim of the Danish study was to identify
the causes of a pronounced decline in breeding
numbers between 1994-2000 in the Vendsyssel area
(Drachmann and Nielsen 2002). In this period, illegal
killing significantly reduced fecundity and survival
of 1- and 2-yr-old females, which in turn appeared to
reduce population growth rate (¢f. Noer and Secher
1990). In a long-term study in northern Germany, a
marked drop in breeding numbers coincided with
a change in hunting law, legalizing the killing of
goshawks; after legal protection was re-established,
numbers increased again to their previous level (Looft
2000). Further examples of correlations between the
intensity of hunting pressure and goshawk population
trend are given in Bijlsma (1991a).

In conclusion, there is evidence that killing by
humans can directly limit goshawk breeding density,
but nowadays, it seems rarely substantial enough to
cause widespread decline (Bijlsma 1991a). For any
population, killing of adult territory holders during
the breeding season has greater significance than the
destruction of broods, or of immature birds during
winter (Newton 1998). Even if direct effects seem
generally negligible, moderate culling could have a
substantial indirect impact by continuing to constrain
goshawks in their choice of nesting sites. In many
parts of Europe, remote habitats with low degrees of
human activity are apparently preferred, such as in
large mature forest—a limited resource in modern,
human-altered landscapes. We explore this idea fur-
ther in a later section.

Case study 3: Great Britain—the effect of killing by
humans

In Britain, the goshawk population declined fol-
lowing reductions in forest, which fell to <5% of
land cover by 1900 (Petty 1996a). Goshawks were
widely persecuted for game preservation and were
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already rare by the early 19th century. Amongst the
last records were nests robbed of eggs or young, and
possibly the last breeding females were those killed in
1864 and 1893. There was sporadic breeding in south-
west England from the 1920s but these birds were
persecuted and did not persist (Meinertzhagen 1950).

During the 1960s and 1970s, goshawks started
breeding in at least 13 widely separated regions of
Britain, and five breeding populations subsequently
established (Marquiss and Newton 1982). They
probably all arose from birds imported from central
Europe in the 1960s and from Finland in the 1970s,
which had escaped from captivity or had been delib-
erately released. Kenward et al. (1981b) estimated
that in the period 1970-1980, an average of 20 gos-
hawks per year escaped from captivity, and a further
3040 were released. These birds clearly had a major
impact on the distribution of colonists and their
establishment, because the number of new areas and
the overall population trajectory were proportion-
ately enhanced following years of high importation
(Marquiss 1981).

By 1980, about 60 pairs probably existed but then
importation was restricted and subsequent popula-
tion growth varied according to annual productivity
and deliberate killing (Marquiss et al. 2003). In some
areas, breeding production was reduced by half due
to the destruction of breeders or the removal of their
eggs and young (Marquiss and Newton 1982). The
impact of the illegal killing away from breeding sites
was difficult to quantify but a potential effect was
inferred from a comparison of population growth in
two regions, Scottish borders where goshawks lived
in a large area of state-owned forest remote from
game interests, compared with northeast Scotland
where many of the birds used privately owned wood-
lands close to pheasant rearing sites (Marquiss et al.
2003). In both areas, breeding performance was little
affected by the killing, and production was similarly
good at 2.45 young per breeding pair. However in
the Northeast, goshawks were said to be a problem
at pheasant release sites (Harradine et al. 1997) with
ample evidence of birds shot and trapped.

The population growth in the Northeast was less
than half of that in the Borders. Three types of evi-
dence suggested that lack of potential recruits con-
strained the growth of the breeding population in the
Northeast. Firstly, on average only 70% of breeding
sites were occupied each year compared with virtu-
ally complete occupancy each year in the Borders.
Secondly, breeding numbers increased or decreased
from one year to the next correlated with the produc-
tion of fledged young 2 yr earlier. Finally, the birds
bred in the Northeast at a younger mean age. In the
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state forest of the Borders area, no birds were found
breeding in their first year of life, whereas in the
Northeast yearling birds comprised 13% of breeding
females. The long-term consequence of poor popula-
tion growth was pronounced. The two populations
started simultaneously in the early 1970s, but by
1996, the Borders held 87 pairs compared with 17
in the Northeast.

The number of breeding pairs has increased
slowly but steadily in Britain, and they are now
widespread, though still absent from Ireland and
the far North of Scotland (Marquiss 1993). By
the mid-1990s, the population was possibly about
400 pairs (Petty 1996a), and has increased since
then. Nevertheless, illegal killing is common and
widespread, accounting for at least 42% of banded
bird recoveries (Petty 2002). Some goshawks are
poisoned or shot, and many are caught in cage traps
set with live decoys for corvids. These traps are
operated legally, providing that non-target species
are released, but this does not always happen (Dick
and Stronach 1999).

However, a substantial decline in the number of
professional gamekeepers has occurred in Britain
(Tapper 1992), and attitudes have changed at least
in southern Britain (Kenward 2004). Thus, although
some gamekeepers kill individual raptors that cause
problems at pheasant pens, they no longer persecute
them in the sense of seeking local eradication. The
more enlightened approach has enabled rapid re-
colonization by Common Buzzards (Buteo buteo),
but unfortunately, the much larger home ranges and
greater predatory competence of goshawks makes
them more vulnerable at pheasant pens (Kenward et
al. 2000, 2001). However, secluded nesting habitat
for goshawks has increased substantially as conifer
plantations from the 1960s and 1970s have matured.
State-owned forest, in particular, harbors relatively
unmolested breeding goshawk populations, whose
production fuels further increase despite killing by
humans elsewhere.

ENVIRONMENTAL POLLUTION

The evidence for pollution effects on goshawks
is largely indirect and circumstantial. They did not
experience the sudden widespread regional extinction
suffered by other bird-eating raptors (Hickey 1969),
so investigative research was limited. In retrospect,
had goshawks been severely affected in Europe, we
would have expected four sorts of evidence (Newton
1979b): (1) a steep population decline in the 1960s,
followed by slow increase as pesticide levels fell
from the mid-1970s, (2) impaired breeding with
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many eggs broken, thin-shelled or failing to hatch,
and small brood sizes in successful nests, (3) elevated
levels of pesticide residues in unhatched eggs and in
the tissues of full-grown birds, and (4) a spatial cor-
respondence with these symptoms occurring in areas
of greatest pesticide use.

Widespread population declines in goshawks hap-
pened in parts of Europe (Bijlsma 1991a), including a
precipitous decline in The Netherlands (Case study I).
The scale and timing of that decline and subsequent
recovery were consistent with an effect of pesti-
cides, probably dieldrin and DDT (Thissen et al.
1981). Bijleveld (1974) reported cases of impaired
breeding with failure of eggs to hatch in four of 20
clutches, but shell thinning was not pronounced.
Samples from northwest Europe showed shells were
8% thinner than pre-pesticide levels (Anderson and
Hickey 1974, Nygard 1991), which is insufficient to
cause widespread egg breakage (Newton 1979a), and
this apparently did not happen (G. Miiskens, pers.
comm.). In Germany, some shell thinning occurred
and its extent was correlated with the concentrations
of DDE in the egg contents (Conrad 1977, 1981). In
Belgium, shells were at their thinnest (12.8% of pre-
pesticide shell thickness) in the 1950s and less so
(10%) in the 1960s (Joiris and Delbeke 1985).

In a few instances, the levels of pesticide residues
in eggs and body tissues were sufficient to cause
death (Koeman and van Genderen 1965), but median
values in eggs from Germany, Britain, Norway, and
Bohemia were usually much lower than in Eurasian
Sparrowhawks from the same region (Bednarek
et al. 1975, Conrad 1978, Marquiss and Newton
1982, Freslie et al. 1986, Divi§ 1990). The samples
of goshawk material were small, pesticide levels
often low, and the residues from DDT and DDE, the
cyclodienes (HEOD), PCBs, and mercury were often
correlated (Delbeke et al. 1984, Froslie et al. 1986),
so it was difficult to attribute effects to specific pol-
lutants. However, the precipitous population decline
in The Netherlands in the near-absence of egg break-
age suggests the main causal factor was cyclodienes
rather than DDT (Newton 1988Db).

Lastly, the symptoms of pesticide poisoning
were most apparent in regions of intense agriculture,
such as The Netherlands, Belgium and Germany
(Ellenberg 1981). However, because the monitoring
of goshawk populations and breeding performance
is so labor-intensive and goshawk populations are
fairly tolerant of additive mortality (Kenward et al.
1991), it is likely that symptoms might have been
overlooked elsewhere. Moreover, poor breeding
success and some population decline can also be
symptomatic of deliberate killing which occurred
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simultaneously with organochlorine use in some
regions (Bednarek et al. 1975, Link 1981, Terrasse
1969, van Lent 2004).

Taken together, this evidence was sufficient to
suggest that goshawks were affected by organo-
chlorine pesticide pollution in Europe, though major
population decline probably occurred only in regions
of heavy application. Where affected, goshawks
probably acquired most of their pollutant burden
through their consumption of pigeons, a major food
in agricultural landscapes (Table 3). Pigeons feed
on newly-sown grain which, in the late 1950s and
1960s, was usually dressed with aldrin or dieldrin to
protect it against insect attack. Populations remote
from such regions seem to have been little affected,
presumably because most goshawks, and much of
their herbivorous prey (non-grain eating species
accumulated only low levels of organochlorines)
are relatively sedentary (Bithler and Oggier 1987,
Maiiosa et al. 2003). This, together with the fact that
goshawks are widely distributed, means that they can
be used as model bioindicator species (Ellenberg and
Dietrich 1981). Such work continues with particular
emphasis on PCBs (Herzke et al. 2002, Wiesmiiller
et al. 2002, Kenntner et al. 2003, Mafiosa et al. 2003,
Scharenberg and Looft 2004), although to date
detrimental effects of these chemicals on goshawk
populations are not established.

INTERSPECIFIC COMPETITION AND PREDATION

The goshawk is a powerful raptor, and through-
out its European breeding range, it belongs to the
upper segment of regional raptor guilds (Glutz von
Blotzheim et al. 1971, Cramp and Simmons 1980).
Goshawks seem unlikely to suffer much from inter-
ference competition, as most sympatric large raptors
differ markedly in their habitat preferences and feed-
ing ecology. The notable exception is the Eurasian
Eagle-Owl.

Some competition for avian prey might be
expected with the smaller Eurasian Sparrowhawk
(van Beusekom 1972, Opdam 1975, Briill 1984,
Bijlsma 1993, Overskaug et al. 2000). Moreover,
in large parts of Europe, goshawks share their pre-
ferred nesting habitat with four similar-sized spe-
cies—Common Buzzard, European Honey-buzzard
(Pernis apivorus), Red Kite (Milvus milvus), and
Black Kite (Milvus migrans) (Kostrzewa 1987a, b;
Gamauf 1988a; Dobler 1990; Kostrzewa 1996; Selas
1997b; Kriiger 2002a, b; Weber 2001), and goshawks
may compete with them for prime nesting territories.
However, little doubt exists that competition within
this species complex is highly asymmetric in favor
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of the goshawk. Goshawks have been shown to
regularly kill adults as well as nestlings of the afore-
mentioned species (Table 3; Uttendorfer 1952), take
over their territories (Newton 1986, Kostrzewa 1991,
Fischer 1995, Risch et al. 1996), and defend success-
fully their own nest sites against interspecific intrud-
ers (Kostrzewa 1991, Fischer 1995). Cases where
goshawks fall victim to members of the other species
are exceptional (Uttendorfer 1952, Kriiger 2002b).

It is not surprising therefore that the few studies
explicitly addressing the question of interspecific
competition between goshawks and other raptor spe-
cies, assumed a priori that the goshawk is dominant
over its sympatric competitors (Kostrzewa 1991,
Krtiger 2002a; but see Dobler 1990). Indeed, gos-
hawks were found to affect nest dispersion (Newton
1986, Kostrzewa 1987a, Gamauf 1988a, Toyne 1994)
and density (Risch et al. 1996; but see Gedeon 1994)
in various co-existing raptors, and to reduce their
nest success and/or productivity (Kostrzewa 1991,
Krtiger 2002b, see also Petty et al. 2003a, Bijlsma
2004b). Only two studies took the opposite perspec-
tive and investigated whether goshawks themselves,
despite their apparent dominance, suffer from the
presence of another species. Dobler (1990) found no
effect of the distance to the next Red Kite nest site on
goshawk productivity (OFG). Likewise, Kostrzewa
(1987b) observed no impact of Common Buzzards
or Honey Buzzards on patterns of nest occupancy in
goshawk. Stubbe (quoted in Gedeon 1994) found a
significant increase in Red Kite density coincident
with a drop in goshawk numbers, but this association
on its own is insufficient evidence of interspecific
competition.

In some parts of The Netherlands, goshawks
have to compete for nests with the highly territorial
Egyptian Goose (4lopochen aegyptiacus). Absent in
the early 1970s, this species increased dramatically
during the past two decades, reaching >5,000 pairs
by 2000 (Lensink 2002). Egyptian Geese readily
take over goshawk and Common Buzzard nests,
whether unused or occupied. In an area of 45 km?
in the northern Netherlands, all 24 nests of Egyptian
Geese in 2002 were thus situated, and egg dumping
took place in two of ten occupied goshawk nests in
2003 (R. G. Bijlsma, unpubl. data). So far, the geese
have had no obvious impact on goshawk breeding
numbers, but they presumably influence the raptor’s
nest-site choice in some regions.

Goshawks may also compete with mammalian
predators where important food resources are shared.
This is the case in southern Norway, where the red
fox (Vulpes vulpes) seems to depress goshawk
breeding numbers by limiting grouse abundance
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(Selas 1998a). Similar effects of resource exploita-
tion could exist in western and central Europe, as
suggested for the dunes in the western Netherlands
(Koning and Baeyens 1990). Of course, extensive
hunting of game by humans could act in the same
way, depleting food supplies to a level where
goshawks show a numerical response. This has not
yet been investigated, probably because researchers
have traditionally focused on the opposite effect, i.e.,
the potential impact of goshawks on game popula-
tions (REGHAB 2002).

The Eurasian Eagle-Owl is the largest owl spe-
cies in the world with adult birds in western and
northern Europe weighing about 2-3 kg (Mikkola
1983). Its breeding range in Europe largely over-
laps with that of the goshawk (Cramp and Simmons
1980). Occasionally, eagle-owls kill other large
raptors, including goshawks (Mikkola 1983, Briill
1984, Tella and Mafiosa 1993, Serrano 2000, Busche
et al. 2004). Raptors typically make up about 5% of
the diet of eagle-owls (Mikkola 1983, Penteriani
1996), but values as high as 21% have been recorded
(Griinkorn 2000). For a goshawk study population in
northeast Spain, Tella and Mafiosa (1993) estimated
that about 9% of all successful broods (N = 44) were
affected by eagle-owl predation. However, predation
on nestlings by eagle-owls has probably little effect
on goshawk breeding numbers, because these losses
are not necessarily additive to other sources of mor-
tality. The same holds true for predation of nestlings
or eggs by any other predator, e.g., pine marten
(Martes martes; Sperber 1970, Mockel and Giinther
1987). Losses of adult hawks are theoretically more
relevant, but seem to occur too infrequently to have
a significant impact on stable breeding populations
at capacity level.

Of greater importance is the fact that eagle-owls
compete with goshawks for nest sites in areas where
suitable cliff ledges are scarce. In such habitats,
eagle-owls may breed on the ground, but they
seem to prefer tree nests built by diurnal raptor spe-
cies, especially Common Buzzards and goshawks
(Griinkorn 2000; C. Rutz et al., unpubl. data). In
fact, evidence is accumulating that the large-scale
reintroduction of the eagle-owl into parts of northern
Germany, which is virtually cliff-free, had a substan-
tial effect on the density and productivity of several
local goshawk populations (Busche et al. 2004, C.
Rutz et al., unpubl. data). Similar impacts of eagle-
owls on Black Kites have been documented in the
Italian Alps (Sergio et al. 2003). Following extensive
conservation measures for about 20 yr, eagle-owls
are thriving in Germany (Médlow and Mayr 1996,
Berndt et al. 2002, Dalbeck 2003) and elsewhere
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in Europe (Penteriani 1996, Mebs and Scherzinger
2000); some recovering populations have increased
well beyond previous densities, and are now enter-
ing hitherto unoccupied areas (Doucet 1989a,
Berndt et al. 2002, Wassink 2003). Competition with
other diurnal raptors appears to have little effect on
goshawk numbers, but as eagle-owls spread, they
might well reduce sympatric goshawk populations.

WEATHER CONDITIONS

Potential weather effects on goshawk popula-
tion dynamics were investigated by Kriiger and
Lindstrém (2001), using data from 25-yr population
monitoring in eastern Westphalia, Germany. Per
capita growth rate of their study population was best
explained by a model including the variables annual
mean habitat quality, weather during nestling rear-
ing, autumn weather, and density which explained
63% of the variance. In particular, population growth
was reduced in association with more rainfall during
nestling rearing and in autumn, but increased with
higher temperatures during these periods (especially
in July and August). Although nest-site quality
appeared to be the principal factor in shaping popu-
lation dynamics, its effect was significantly modified
by weather conditions. It is unclear whether this
finding represents a direct influence of weather on
goshawks or impacts of weather on the productivity
of prey.

Being large, goshawks can withstand several
days of fasting (Kenward et al. 1981a, Marcstrém
and Kenward 1981a) which must help them survive
through inclement weather that would kill smaller
birds. In the harsh environment of Fennoscandia,
however, severe weather conditions during winter
have been shown to cause substantial losses among
juvenile and adult goshawks (Sulkava 1964, Sunde
2002), probably through food shortage. To our
knowledge, band recovery data from western and
central Europe have not yet been examined for the
potential effects of winter weather on adult mortality
and subsequent breeding numbers. Pooling recovery
data across years did not reveal a pronounced mor-
tality peak during the winter months (Bijlsma 1993,
Kostrzewa and Speer 2001).

Kostrzewa and Kostrzewa (1991) failed to find
relationships between winter weather and breeding
density or the proportion of pairs laying in the fol-
lowing season, but see Huhtala and Sulkava (1981).
In The Netherlands, the severity of the preceding
winter affected mean laying date, but had no obvious
impact on clutch size or nest success (Bijlsma 1993).
Goshawk mortality might be higher in particularly
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severe winters but it seems unlikely that winter
weather is an annual bottleneck for populations
in Europe’s temperate regions. In contrast to their
Scandinavian counterparts, goshawks in western
and central Europe do not rely on the availability
of a few prey species and can more easily switch
to alternative prey as necessary. This fundamental
difference in feeding ecology and hence, vulnerabil-
ity to winter food shortage is reflected in differing
migratory patterns—goshawks in Fennoscandia are
partial migrants, whereas those in western and cen-
tral Europe are sedentary (Glutz von Blotzheim et al.
1971, Cramp and Simmons 1980).

In a German area, heavy rainfall in the pre-lay-
ing period had no effect on the density of territo-
rial pairs but appeared to influence the proportion
of territorial pairs that laid eggs (Kostrzewa and
Kostrzewa 1990 [MT]; see also Bezzel et al. 1997a).
Favorable weather conditions in March are associ-
ated with early egg laying (Looft 1981, Bijlsma
1993, Drachmann and Nielsen 2002; V. Looft and M.
Risch, unpubl. data), which in turn could positively
affect productivity (Huhtala and Sulkava 1981,
Bijlsma 1993, Penteriani 1997 [OFG], Drachmann
and Nielsen 2002; V. Looft and M. Risch, unpubl.
data; C. Rutz, unpubl. data), assuming a causal
relationship between the two factors (Meijer 1988).
In some cases, a direct correlation between rainfall
and temperature in spring and reproductive perfor-
mance of goshawk pairs has been found (Kostrzewa
and Kostrzewa 1990 [OFG, MT], Bijlsma 1993,
Penteriani 1997 [OFG, MT], Kostrzewa et al. 2000
[OFG, MT], Drachmann and Nielsen 2002; but see
Goszczynski 2001, Altenkamp 2002). Dobler (1991)
reported an effect of elevation on breeding density
and laying date (OFG) and argued that elevation is
most probably correlated with weather parameters,
such as average temperature and precipitation (cf-
Biihler and Oggier 1987).

Some anecdotal reports show that prolonged peri-
ods of rain or low temperatures can cause mortality
among goshawk nestlings (Looft 1981, Link 1986,
Anonymous 1990, Kostrzewa and Kostrzewa 1990),
but the effects of such losses on population trends are
likely to be small or non-existent.

The impact of a catastrophic weather event,
a gale, on local goshawk populations was inves-
tigated in northeastern Switzerland and northern
France (Schlosser 2000, Penteriani et al. 2002b).
Despite the windstorm’s devastating effect on for-
est-stand structure, no differences in subsequent
breeding density, nest-stand choice, and produc-
tivity were found (Penteriani et al. 2002b [OFG]),
suggesting a considerable tolerance of the species
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to sudden habitat changes caused by such drastic
weather events—but see Kos (1980) and Bezzel et
al. (1997a) for the possible impact of clear-felling
of large forest tracts by humans.

It is difficult to interpret the available data on
potential effects of weather factors on goshawk
populations, because the topic does not lend itself to
experimentation, and observational studies are often
statistically compromised: some studies involved
multiple-testing without correction of P-values, and
most had insufficient data to control for confounding
variables or for non-independence of data points.
Weather conditions may account for some of the
year-to-year variation in density (Newton 1986),
probably acting through an effect on spring food
supplies, but they do not generally seem to limit gos-
hawk breeding numbers in temperate Europe.

PARASITES

To our knowledge, large-scale reductions in gos-
hawk numbers due to epizootics have not been docu-
mented. Goshawks are hosts to a range of parasites,
including various blood and other endo-parasites
(Krone 1998, Krone et al. 2001). Lists of parasite
species sampled from goshawks, however complete,
tell us little about the potential impact of infections
on goshawk populations. A crucial issue is whether
parasites hold breeding numbers below the level
that would otherwise occur, for example by causing
substantial additive mortality among mature birds
or by significantly reducing productivity (Newton
1998). We know of only three systematic studies that
attempted to assess the potential importance of para-
sites for local goshawk populations in Europe.

Trichomonosis is an infectious disease in
birds, which is caused by the protozoan flagellate
Trichomonas gallinae. 1t is particularly common
in the Columbiformes, which typically form a sub-
stantial part of the goshawk’s breeding season diet
(Table 3). This together with incidental cases of fatal
trichomonosis infection in nestling goshawks, led
several authors to hypothesize that the disease might
be a significant mortality factor (Trommer 1964,
Sperber 1970, Looft 1981, Link 1986, Cooper and
Petty 1988). Recently, Krone et al. (2005, unpubl.
data) investigated the prevalence of T. gallinae in an
urban population of goshawks in the city of Berlin,
Germany. In 80% of all investigated broods at least
one nestling was infected (N = 90 broods, containing
269 nestlings, at 37 different territories). From nec-
ropsies of 46 adult hawks, 22% tested positive for 7.
gallinae. The authors conclude that trichomonosis is
the most important infectious disease in their study
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population, but it remains to be established whether
it acts as a population limiting factor. A similar result
was obtained in a study in southwest Poland in which
all surviving 35-40-d-old nestlings were found to be
infected with 7. gallinae (N = 11 broods, containing
28 nestlings; Wieliczko et al. 2003). In another study
in Wales, Great Britain, the impact of the blood para-
site Leucozytozoon toddi on nestling goshawks was
investigated (Toyne and Ashford 1997). A total of
35% of 23 broods were infected, but the parasite had
no detectable effects on nestling mass or mortality
(cf- Wieliczko et al. 2003).

From this material, we cannot judge the impact
of parasite infections on breeding numbers in gos-
hawk, but, on basis of what is known from other
bird species (Newton 1998), it is probably small or
non-existent. Under extreme environmental condi-
tions, such as food scarcity or in adverse weather,
high parasite loads might contribute to the mortality
of adult hawks, but this is not necessarily additive to
other forms of mortality.

URBAN POPULATIONS AS NATURAL
EXPERIMENTS

Most goshawks breed in natural or rural habi-
tats with extensive patches of mature woodland
and little human disturbance. However, during the
last 30 yr, the species has colonized urban environ-
ments throughout Europe (Table 4). Now goshawks
breed in metropolitan habitats, ranging from sub-
urban districts to the centers of large cities with
>9,000,000 inhabitants. Some urban populations
have apparently already reached stable breeding
numbers, whereas others are still expanding or have
only a few pioneer pairs.

In the context of this review, these urban
populations resemble natural experiments, offering
valuable opportunities to assess our ideas on the
dynamics of goshawk populations in semi-natural
habitats or in rural areas. Regarding their biotic and
abiotic properties, urbanized areas differ markedly
from other environments generally inhabited by
goshawks. In particular, cities are characterized by
high levels of human activity, a comparatively small
amount of woodland, and a high abundance of avian
prey species.

MucH HumaN AcTiviTy BUT No DELIBERATE KILLING

In most metropolitan environments, levels of
human activity are high, but at the same time,
deliberate killing of goshawks is virtually absent—a
situation rarely encountered in other landscapes.
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TABLE 4. URBAN BREEDING POPULATIONS OF GOSHAWK.

Density
(pairs/

Pairs in [year]* 100 km?)*

>14 b,

Study

Year of first

area

Sources

Trend®

colonization

(km?) Remark

315

Habitat type

City

Country

Dietrich (1982).

?
0
0
+
+
+

P
>11.0b

>4.4b

P (80)
p (98)

17 bp (00)

unknown

Saarbriicken suburban

Germany

Wiirfels (1994, 1999).

p

>22b

1988 (877)

200 western part of city
1985

urban

Cologne

Rutz (2001), and unpubl. data.

Altenkamp (2002).

5.7bp

300 city north of river Elbe

urban

Hamburg
Berlin

6.0 terr.

42 terr. (01)
35 terr. (97)

eastern part of city + periphery unknown®

urban, suburban 701

urban

Netherlands Amsterdam (sub-)urban

7.2 terr. Altenkamp and Herold (2001).

unknown®

486 western part of city

Zijlmans (1995), Miiskens (2002),

P. Marcus, pers. comm.

probably 1990s 5 bp (03)

Dekker et al. (2004).

0

12.0 bp

?

6 bp (00)

1996

whole town
whole city

50

(sub-)urban

urban

Groningen
Moscow

Samoilov and Morozova (2001),

I. Aparova, pers. comm.

~35 bp (00)

end of 19th
century

9d

Russia
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The fact that goshawks successfully colonized large
cities is an impressive demonstration that the mere
presence of humans is not sufficiently disturbing for
the species to prevent successful breeding. This find-
ing contrasts strikingly with the conclusions reached
by studies on nest-site characteristics of goshawks
in semi-natural or rural landscapes, which we have
reviewed above.

Urban-breeding goshawks are remarkably
tolerant of human activity (Wiirfels 1994, 1999;
Rutz 2001, 2003a, b, 2004; Altenkamp and Herold
2001, Altenkamp 2002, Aparova 2003, Kazakov
2003). In highly urbanized settings, the flushing
distance for perched hawks is typically as low as
1020 m (Wirfels 1994, 1999; Rutz 2001, 2003b;
R. Altenkamp, pers. comm.); birds can often be
approached even closer, as long as the observer
shows no particular interest in them and behaves
like other nearby humans (Rutz 2001, 2003b, 2004).
The degree of tolerance presented by breeding adults
appears to increase with the average stress level
they are exposed to at their nest sites (Altenkamp
2002; C. Rutz, pers. obs.). Deviating from footpaths
in parks rarely provokes alarm calls from nesting
hawks, and mobbing attacks during nestling band-
ing are exceptional (Altenkamp 2002; C. Rutz, pers.
obs.). Brooding females generally do not flush from
the nest when approached even when the nest tree is
struck with a stick (Altenkamp 2002, Aparova 2003;
C. Rutz, pers. obs.). A similar degree of tolerance of
human activity at nest sites has been described for
breeders in rural areas, but only exceptionally.

Hawks regularly perch in single trees beside busy
streets or in back yards in residential areas (Rutz
2001, 2003b, 2004). More surprisingly, this forest-
dwelling raptor often sits completely exposed on
anthropogenic structures, including roofs of build-
ings, television aerials, electricity pylons (Lessow
2001, Rutz 2004), and even parked cars (Wittenberg
1985) and garden furniture (P. Wegner, pers. comm.).
In Hamburg, at least five male and two female ter-
ritory holders regularly used prominent man-made
structures to engage in peregrine-like perched hunt-
ing (Rutz 2001, 2004). In several cities, goshawks
pluck prey on roofs, chimneys, and balconies
(Tauchnitz 1991, Wiirfels 1994; Rutz 2001, 2003b,
2004). Three radio-tagged males used buildings and
parked cars for cover while hunting in low-quartering
flight (Rutz 2001, 2003b) and plucked their prey in
back yards (Rutz 2001, 2004; C. Rutz et al., unpubl.
data). Several foraging trips were recorded after sun-
set under artificial light conditions (Dietrich 1982).

Despite their extraordinary tameness, urban gos-
hawks still present obvious stress responses in certain

breeding pair; terr. = breeding territory.

Note: Anecdotal reports of goshawks breeding in or near cities; Germany—Miinster, Billerbeck, Diilmen (Bednarek 1975), Wuppertal (Richter 1994), Leipzig, Coburg, Niirnberg (Fischer 1995), Kiel (Berndt et al. 2002), Leverkusen (P.

Wegner, pers. comm.), Russia—Perm (Kazakov 2003), Ukrania—Kiev (Domashevskiy 2003), Latvia—Riga (U. Bergmanis, quoted in Altenkamp 2002), Czech Republic—Prague (Danko et al. 1994).

“bp
¢ For a detailed discussion, see Altenkamp (2002).

b Use of symbols same as in Table 2.
4 As yet, no systematic survey work.
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situations. They seem to become nervous when aware
of being watched and fly off immediately when an
observer raises a pair of binoculars (C. Rutz, pers.
obs.). Urban-breeding goshawks appear to be unaf-
fected by human activity but could pay a price for
living in this novel environment if, for example, they
had lowered reproductive performance due to high
stress levels or increased mortality risk due to anthro-
pogenic obstacles in their hunting habitat (Sweeney
et al. 1997). Nothing indicates that this is the case;
in fact, all closely monitored urban populations in
Europe had higher productivity even after breeding
numbers stabilized toward the end of the colonization
process than did rural populations (Table 5), and the
observed adult and juvenile mortality rates are low
(C. Rutz, unpubl. data; but see Rutz et al. 2004).
Detailed color-banding studies in Hamburg show that
a considerable proportion of new recruits had fledged
in the city (Rutz 2005b, unpubl. data).

ALmosT COMPLETE ABSENCE OF MATURE WoOODS

If, for this raptor, mature woodland per se were
necessary for nesting, we would expect compara-
tively low breeding densities in highly urbanized
areas. Quite the opposite is true: where detailed
census data are available, densities in metropolitan
habitats exceed those found in nearby rural areas
with more woodland (Table 5). For example,
Altenkamp and Herold (2001) reported a density
of 6.0 territories/100 km? for a study plot in urban
Berlin and a density of 3.8—4.1 territories/100 km?
in surrounding rural areas of the federal state of
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Brandenburg. Likewise, the high density of 11.6
pairs/100 km? in urban Cologne (Wiirfels 1999)
compares with only 4-5 territories/100 km? in a
rural plot west of the city boundary (Kostrzewa et
al. 2000). The same applies to Hamburg and its rural
surroundings (C. Rutz et al., unpubl. data).

Urban goshawks use various types of green
space for nesting. Some public parks, cemeteries
and hospital grounds resemble non-urban nesting
sites. Examples are large parks at the periphery
of the cities of Cologne (Wiirfels 1994, 1999) and
Moscow (Aparova 2003), inner-city park com-
plexes with extensive patches of mature trees in
Berlin (Altenkamp and Herold 2001, Altenkamp
2002), or a well-forested cemetery in the city of
Hamburg (Rutz 2001). In the same cities, however,
successful broods in private gardens and small
parks (1-20 ha in size), which are completely sur-
rounded by built-up habitat and present high levels
of human activity compared with rural nest sites,
are not unusual (Fig. 8; Zijlmans 1995, Wirfels
1999, Rutz 2001, Altenkamp 2002). In Hamburg,
one pair successfully fledged young from a nest in
a solitary tree, situated in a residential area. Nests
are often located close to or even above extensively
used footpaths and in close proximity to buildings
(Wiirfels 1994, 1999; Aparova 2003, R. Altenkamp,
pers. comm.; C. Rutz, unpubl. data); in Hamburg,
a successful nest was only 10 m from a five-story
building (C. Rutz, unpubl. data).

Above we emphasized that woodland provides
not only nest sites for goshawks, but also impor-
tant food supplies. In fact, provisioning males in

FIGURE 8. Examples of typical goshawk breeding sites (nest near arrow head) in a metropolitan setting (city of Hamburg,
Germany; C. Rutz, unpubl. data). (a) Territory in small public park in residential area. (b) Territory in hospital park. Scale

bar (for both maps) is 500 m.
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Hamburg spent 88% of daylight hours in forested
patches (N = 3 radio-tagged birds; Rutz 2001).
However, almost half of all 143 recorded kills were
made during short hunting excursions into the matrix
of built-up habitat, indicating that urbanized areas
enabled more efficient hunting.

These examples demonstrate that the goshawk
is much more flexible in its choice of nesting and
foraging habitat than previously thought. Large
stands of mature forest, usually considered to be of
paramount importance for the species, are not obli-
gate requirements for successful breeding, provided
that food is readily available, some trees are present
for nesting, environmental contaminants are not at
poisonous levels, and there is little or no deliberate
killing by humans. In most cities, the degree of nest-
site competition with other raptor species is probably
small, but in the presence of urban-living eagle-owls,
intra-guild conflicts may arise. In Hamburg, for
example, eagle-owls have recently started coloniz-
ing parts of the city, and have taken over traditional
goshawk breeding territories in urban parks (C. Rutz,
unpubl. data).

For two urban populations, well documented colo-
nization histories are available with detailed infor-
mation on all stages of the invasion process—first
settlement, rapid expansion, and saturation (Fig. 9).

= 50

O ~

Q o 45

Lo

w & 40 C

(]

=

= -

:g-& 35

= Q

= 30

23

S 8 254 H

~- O

[

o3 204

£ 3

52 15

zo

.25 10

E‘g 5_

35

€= 0 ? ?

3

O L B B e e e T e B
1980 1985 1990 1995 2000 2005

Year

FIGURE 9. Expansion of two urban populations of gos-
hawk in the cities of Hamburg (H) and Cologne (C),
Germany. Cumulative number of established territories
(open symbols) and number of successful pairs (filled)
investigated in the course of monitoring studies are shown
(Wiirfels 1999, C. Rutz, unpubl. data). The trajectory for
Hamburg includes some pairs in the suburban periphery of
the city; for a full description of the colonization process,
see Rutz (2005b).
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Toward the end of the expansion processes, the
number of successful breeding attempts stabilized,
whereas new territories were still being established in
the respective study plots, i.e., the cumulative number
of territories increased further (Fig. 9). Nest attempts
in these newly founded territories were often success-
ful, confirming that the sites were suitable for breed-
ing. This observation suggests that goshawk breeding
numbers in urban settings are not generally limited by
the availability of nest sites.

ABUNDANT Foop SuppLY

In many of the larger German cities, includ-
ing Berlin, Cologne, and Hamburg, profitable
goshawk prey (Table 3), such as feral pigeons,
European Starlings, corvids, and thrushes are abun-
dant. For example, 10,600 pairs of feral pigeons
were counted in urban Hamburg (area = 747 km?;
Mitschke and Baumung 2001), which is more than
twice the estimated number (4,300) for the whole
federal state of Schleswig-Holstein north of the city
(area = 15,763 km?; Berndt et al. 2002). As detailed
above, breeding densities of urban goshawk popu-
lations are comparatively high, associated with the
rich food supply.

Consistent with the idea of favorable food
conditions in cities, urban goshawks start egg
laying about 10-14 d earlier, and have greater
reproductive output, than their rural counterparts
(Altenkamp 2002; C. Rutz, unpubl. data). In Berlin,
nest success was 87.2% (N = 391 broods), and suc-
cessful pairs fledged on average 2.85 juveniles (N =
302 broods; Altenkamp 2002). Breeding pairs
in nearby rural areas showed lower productivity
(Altenkamp and Herold 2001). The same holds true
for a comparison of urban vs. rural pairs in the city
of Hamburg and its exurban periphery (C. Rutz,
unpubl. data). In fact, Altenkamp (2002) demon-
strated that productivity of goshawk pairs was posi-
tively related to the degree of urbanization within
individual territories, as measured by the propor-
tion of built-up habitat around nests. Moreover, by
comparing series of molted primaries found at nest
sites, the longer time sequences for feathers from
urban individuals suggested that the annual loss of
breeders was lower for the Hamburg than for rural
populations (C. Rutz, unpubl. data). When data on
breeding performance and demographics are com-
pared between an urban area and a rural control
plot, both study populations should ideally be at
capacity level to avoid artificial results (Newton
1998). In most studies, urban populations were
still increasing during data collection, at least in
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the early years of the investigation. However, snap-
shot analyses in Hamburg, carried out several years
after goshawk numbers had stabilized, indicated the
generality of the above findings (C. Rutz, unpubl.
data; Wiirfels 1999 and Altenkamp 2002 continued
their studies well into the saturation phase).

Further, radio monitoring demonstrated (Rutz
2001) that, home-range size was smaller, time spent
in active flight was shorter, and hunting success was
higher for three urban-breeding males than for their
rural counterparts (Hantge 1980, Kenward 1982,
Ziesemer 1983, Widén 1981, 1984; Kennedy 1991).
Taken together, these data provide compelling evi-
dence that urban environments offer excellent forag-
ing conditions for goshawks.

On basis of the available information, it is dif-
ficult to evaluate the relative importance of food and
nest sites in limiting urban goshawk populations.
Considering the extremely heterogenous spatial
dispersion of resources in most metropolitan envi-
ronments, it is possible that breeding numbers in
different areas within the same city are ultimately
checked by different extrinsic factors. In Hamburg,
for example, breeding density is comparatively low
in the western part of the city center despite high
pigeon abundance, possibly because of a lack of
suitable nest sites. On the other hand, in suburban
parts in the northeast, parks suitable for nesting are
still plentiful but food resources apparently are insuf-
ficient to permit settling of additional pairs.

COMPARISON WITH NORTH AMERICA

This section reviews evidence for differences in
goshawk biology between Europe and North America.
Whereas our focus remains on populations from west-
ern and central Europe as in previous sections of this
paper, this part also considers all available studies
from northern Europe (Tornberg et al., this volume).
We look first at demographic parameters, then at den-
sities and breeding habitats, and finally at movements
and diets. We re-assess ideas from a preliminary com-
parison (Kenward 1996) that suggested goshawks in
North America might be limited by intra-guild effects,
primarily from Great Horned Owls (Bubo virginianus)
and Red-tailed Hawks (Buteo jamaicensis), and/or by
poor food supplies in winter. Our key findings are
presented in Table 5.

DEMOGRAPHY
Variation in breeding performance parameters

within and between regions of Europe and North
America seem as great as between the continents
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(Table 5). Nevertheless, brood size and productiv-
ity seem generally larger in Europe than in North
America. Nest success, on the other hand, is similar
between continents with a tendency for low values in
central and southern parts of Europe and northwest-
ern North America. High variability within regions
presumably reflects findings that clutch and brood
sizes are influenced by food supply and the effects
of weather conditions (Tornberg et al., this volume;
Keane et al., this volume). Data on occupancy are not
compared because this varies with length of study,
declining initially as the infrequently used nesting
places are discovered and then more gradually as
tree stands change and new nesting sites become
more attractive than some previous ones. Occupancy
needs to be standardized with respect to search effort,
and landscape change (Kennedy 1997; Reynolds and
Joy, this volume).

Survival rates of adult goshawks have been esti-
mated on both continents, using systematic banding
of nestlings, mark-recapture of adult birds, cross
comparison of molted feathers found at nests, and
quantitative radio-tagging. Annual turnover rates for
adults at nests in western central America are quite
variable (14-29%; Table 5), but the median value of
21% is similar to the 20% and 23% of two studies in
western Europe (Biihler et al. 1987, Drachman and
Nielsen 2002; other estimates are probably inflated
due to illegal killing), and 21% from 133 radio-tagged
hawks on the Swedish island of Gotland (Kenward et
al. 1999). The climate of this southern Baltic island is
more typical of central Europe than the north, where
adult mortality estimates of 37% for northern Finland
(Tornberg et al., this volume) suggest higher mortality
in the more extreme winters (Sulkava 1964, Sunde
2002). In Alaska, an adult mortality estimate was
similar at 36% (Flatten et al. 2001); on basis of new
data, adult male breeder mortality is as high as 59%
(K. Titus et al., unpubl. data).

Data from banding tends to overestimate juvenile
mortality of raptors (Kenward et al. 1999, 2000),
and juvenile survival through the first year of life
has been studied by radio tagging in only a few
areas. In North America, three deaths were recorded
when 39 young were tracked for 4-6 mo post-fledg-
ing during 2 yr in New Mexico (Ward and Kennedy
1996), giving a weighted annualized estimate of
mortality of only 20%. In Utah, where a study did
not extend beyond dispersal, only one death was
recorded among 59 fledged hawks (Dewey and
Kennedy 2001). Annualized estimates of 84% for
14 young hawks in Alaska (Titus et al. 1994) and
81% for eight in Finland (Tornberg and Colpaert
2001) were much higher which may reflect poor
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conditions in the north. Differences might be less if
annualizing of mortality rates and analytic treatment
through dispersal were comparable in all studies, but
might well still indicate higher juvenile mortality
at higher latitudes. The mortality rate was 42% for
185 radio-tagged juveniles tracked for 9-12 mo on
Gotland (Kenward et al. 1999). Interestingly, life-
table analyses for hawks banded as nestlings in The
Netherlands similarly produced a first-year mortality
estimate of only 41% (Bijlsma 1993), suggesting
even better overall survival prospects in this more
southerly country.

Although Goshawk mortality rates seem similar
for Europe and North America, there may be dif-
ferences in causes of death. Thus, natural predation
accounted for five of nine deaths recorded for radio-
tagged goshawks in Minnesota (Boal et al., this
volume), compared with only two of 63 on Gotland,
where other goshawks caused both deaths (Kenward
et al. 1999). Analyses of extensive data sets of band
recoveries also indicate that non-human predation
accounts for only a small proportion of deaths in
Europe (2.4%, Bijlsma 1993; 1.5%, Nielsen and
Drachmann 1999c). Squires and Kennedy (this
volume) speculate that Great Horned Owls are the
dominant predator of goshawks due to their wide dis-
tribution, abundance, and capacity to prey on large
raptors. Kenward (1996) noted that the Great Horned
Owl is much smaller and nests more frequently in
trees than the Eurasian Eagle-Owl, and hypothesized
that goshawks in sub-boreal forests in North America
may suffer from nest-site competition with the Red-
tailed Hawk, a widely abundant North American
Buteo (Crocker-Bedford 1990, La Sorte et al. 2004).
Red-tailed Hawks are larger than their European
counterpart, the Common Buzzard, and they tend to
nest earlier in the season than goshawks (Craighead
and Craighead 1956). Levels of intra-guild preda-
tion might increase in western European regions, as
eagle-owl populations expand.

NESTING DENSITIES AND HABITATS

Whereas many studies in Europe have searched
systematically for nests in well-defined areas that
do not focus on a particular habitat, North American
researchers have mostly concentrated on large areas
of forest. This complicates a landscape-based com-
parison of breeding densities between continents.
Some researchers may also have selected areas per-
ceived as good for the species and hence for obtain-
ing large samples of nests.

A cross-regional median nest density for Europe of
5.0 pairs/100 km? (N = 5 regions; Table 5) compares
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with a median of 4.8 pairs/100 km?for North America
(N =7 values). A tendency for lower nearest-neighbor
distances between nests in Europe (Table 5; Fig. 5)
may reflect clumping in areas with more fragmented
forest in Europe. We note that breeding densities in
parts of western Europe, notably The Netherlands
(Bijlsma 1993) and Germany (Mammen 1999), are
generally higher than those found in northern and
central areas of the European breeding range, and
also clearly exceed those found in any part of North
America. Study areas in Europe contained less wood-
land cover (median = 44%, N = 5 regions; Table 5)
than those in North America (median = 62%, N = 7
studies; Rutz et al., unpubl. data).

Direct comparison of sites chosen for nesting is
constrained by differences in the emphasis of studies
in Europe as opposed to North America: European
studies have tended to focus on fine details of pre-
dation and productivity, whereas North American
studies have traditionally focused on habitat use
(Kenward, this volume). Nevertheless, Penteriani
(2002) has recently contrasted goshawk nesting
habitat in 15 European studies with 28 in North
America across three spatial scales: nest tree, nest
stand, and landscape. The review failed to detect sig-
nificant differences in goshawk habitat use between
the two continents (Penteriani 2002 [MT]) Here, we
briefly discuss the three most important nest-stand
characteristics, updating and amending Siders and
Kennedy (1994), and Penteriani (2002) (Table 6).

The range in diameter at breast height (dbh) of
trees in nest stands from four western-European
study areas (Anonymous 1989, Mafiosa 1993,
Penteriani and Faivre 1997, Penteriani et al. 2001)
was 17-46 cm, similar to the 15-59 cm in North
American studies. With nests in conifers, mixed, and
deciduous woodland on both continents, and mature
deciduous trees generally spaced more widely than
conifers, tree density in nest stands is hard to com-
pare. A highly variable stand density in five European
studies, of 223, 300, 550, and 1,716 stems/ha,
compared with a median of 757 stems/ha (range 387—
1,345) in North America. Canopy closure is high in
North American nest areas at a median 76% (31-95)
in 26 studies of which only two were <60% (Hargis et
al. 1994, Lang 1994). High canopy closure might indi-
cate a tendency to hide from over-flying large raptors.
Although only four European teams have measured
this parameter, it is clear from use of trees in narrow
rows or even standing alone in towns that goshawks
in some parts of Europe can tolerate low canopy
cover and tree density for nesting. To our knowledge,
goshawks have not been found breeding in urbanized
environments in their North American range.
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TABLE 6. COMPARISON OF GOSHAWK NEST-STAND CHARACTERISTICS BETWEEN EUROPE AND NORTH AMERICA.?

Variable Europe North America Mann-Whitney U-test
Diameter at breast height 26 32 U=185
(cm) (17-46) (15-59) P=0.327
(4] [14]
Tree density 550 757 U=38.0
(stems/ha) (223-1,716) (387-1,345) P=0.447
(5] [20]
Canopy closure 84 76 U=325
(%) (73-92) (31-95) P=0.245
(4] [26]

Notes: Each cell gives median, range of values (in brackets), and sample size (in square brackets).

* Sources:

Diameter at breast height: Europe (Anonymous 1989, Mafiosa 1993, Penteriani and Faivre 1997, Penteriani et al. 2002b); North America (Reynolds et al. 1982,
Saunders 1982, Moore and Henny 1983, Hall 1984, Fischer 1986, Fleming 1987, Ingraldi and MacVean 1994, Siders and Kennedy 1994, Rosenfield et al. 1998,
Finn et al. 2002b, McGrath et al. 2003, La Sorte et al. 2004; Becker et al., this volume; S. B. Lewis et al., unpubl. data).

Tree density: Europe (Gamauf 1988a, Anonymous 1989, Maifiosa 1993, Penteriani and Faivre 1997, Selds 1997b); North America (Reynolds et al. 1982, Saunders
1982, Moore and Henny 1983, Hall 1984, Fischer 1986, Hayward and Escano 1989, Bosakowski et al. 1992, Ingraldi and MacVean 1994, Lang 1994, Siders and
Kennedy 1994, Martell and Dick 1996, Squires and Ruggiero 1996, Patla 1997, Rosenfield et al. 1998, Bosakowski et al. 1999, Boal et al. 2001, Finn et al. 2002b,

McGrath et al. 2003; Becker et al., this volume).

Canopy closure: Europe (Gamauf 1988a, Zanghellini and Fasola 1991, Penteriani and Faivre 1997, Penteriani et al. 2002b); North America (Reynolds et al. 1982,
Saunders 1982, Moore and Henny 1983, Hall 1984, Fischer 1986, Crocker-Bedford and Chaney 1988, Hayward and Escano 1989, Joy 1990, Bosakowski et al.
1992, Bull and Hohmann 1994, Hargis et al. 1994, Ingraldi and MacVean 1994, Lang 1994, Siders and Kennedy 1994, Kimmel 1995, Squires and Ruggiero 1996,
Titus et al. 1996, Patla 1997, Rosenfield et al. 1998, Bosakowski et al. 1999, Daw and DeStefano 2001, Finn et al. 2002b, McGrath et al. 2003, La Sorte et al. 2004;

Becker et al., this volume).

Future comparisons of habitat characteristics
between continents should make an attempt to
include data from European studies that investigated
goshawk populations in human-altered landscapes;
these data are not yet available, but once they have
been published their inclusion will probably reveal
significant cross-continental differences in the above
habitat measures.

MOVEMENTS AND DIET

Juvenile goshawks can disperse long distances
in both Europe and North America, associated with
food shortage (Byholm et al. 2003; Bechard et al.,
this volume; Sonsthagen et al., this volume; Tornberg
et al., this volume; Underwood et al., this volume).
However, throughout Europe south of Fennoscandia,
dispersal distances are remarkably short—the major-
ity of recoveries of banded hawks were typically
made within 20 km of the nest (Unger 1971, Looft
1981, Link 1986, Biihler and Klaus 1987).

Goshawks in North America tend to favor wood-
land habitats for hunting, though some individuals
use edge zones where woodland is fragmented (Boal
et al., this volume; Sonsthagen et al., this volume;
Squires and Kennedy, this volume). The same is true
of northern Europe, though hunting in edge zones
may prevail further south (Kenward and Widén
1989; C. Rutz et al., unpubl. data). The size of gos-
hawk home ranges varies with habitat and food sup-
ply (Kenward 1982, 1996; Ziesemer 1983; C. Rutz

et al., unpubl. data), so a standardization of record-
ing and estimation techniques would be needed for
rigorous comparison of resource use in Europe and
North America.

The majority of diet studies are based on prey
remains collected at nests, often late in the nestling
period. The number of studies employing video-
monitoring, caging of young in the nest, and stom-
ach analysis (Rutz 2003a) is too small for systematic
comparisons across regions. In most European gos-
hawk populations, mammals form a relatively small
proportion of items in the breeding season diet
(Table 3). Cross-regional medians for Europe and
North America are 6% (N = 5) and 65% (N = 5),
respectively; the largest values reported for indi-
vidual study populations in Europe are close to the
lowest estimates from the Nearctic (Table 5). With
lagomorphs being an important part of the mam-
malian prey in many areas, the difference in terms
of prey biomass is even more dramatic. Breeding
goshawks in North America are more dependent on
mammals than in Europe.

Some of this difference may reflect availability of
suitable prey. In North America, the lowest propor-
tions of mammals were from the coast range of west-
ern Oregon (16%; Thrailkill et al. 2000) and Alaskan
islands (22%; Lewis et al. 2004), while other val-
ues below the median were from coastal states of
California, Connecticut, and New York or New Jersey
(Table 5). In terms of distance from coasts with their
more equitable climate and diversity of habitats for
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birds, most European study areas would qualify as
coastal states in North America. European goshawks
took most mammals in areas with abundant rabbits;
the importance of this smallest European lagomorph
for European goshawks is summarized elsewhere
(Kenward 1996).

Differences in diet choice between continents
seem more likely to be due to habitat, and/or prey
availability rather than greater active selection of
avian prey by goshawks in Europe as a result of
either learning or being innately more prone to
hunt birds. Several detailed radio-tracking studies
militate against a greater innate tendency to hunt
birds in Europe than in North America. They dem-
onstrated that, at least in northern parts of Europe,
winter diet contains more mammals than breeding
season diet (71% vs. 20%, Tornberg 1997, Tornberg
and Colpaert 2001; 82% vs. 14%, Widén 1987; 72%
vs. 18%, R. E. Kenward et al., unpubl. data). Indeed,
female European goshawks are adapted to subduing
mammals by having relatively more powerful legs
than males (Marcstrom and Kenward 1981), and in
northern Europe they obtain more than half their bio-
mass intake from mammals in winter (Kenward et al.
1981a; Tornberg et al., this volume). Tornberg et al.
(1999) demonstrated that long-term changes in the
foraging ecology, probably reflecting prey availabil-
ity, of Finnish goshawks (1960s—1990s) were associ-
ated with significant morphological shifts—females
increased in size with an increasing proportion of
mountain hares in their diet. The proportion and bio-
mass of mammals in the winter diet of European gos-
hawks is smaller overall for males than for females,
because females surpass males in being able to sub-
due full-grown lagomorphs; European red squirrels
(Sciurus vulgaris) were killed by male goshawks
at least as frequently as by females (Kenward et al.
1981a; Tornberg et al., this volume).

Noting that mass of snowshoe hares (Lepus
americanus) makes them suitable for both male
and female goshawks, Kenward (1996) speculated
that the widespread nature of this prey may explain
why male and female goshawks are less dimorphic
in North America than in Europe. Further studies
could show whether morphology of North American
male goshawks is as adapted to subdue mammals
as that of European females, or whether winter diet
may give males mammal-hunting skills that influ-
ence diet at nests. In some areas, however, North
American goshawks kill birds extensively (Table
5). It therefore seems most likely that, despite any
possible adaptation for killing mammals among
male goshawks in North America, greater tendency
to kill mammals than in Europe reflects constrained
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availability of birds, perhaps reinforced by learning
in winter.

In this context, it is interesting that productivity
was lowest, and the proportion of mammalian prey
highest, in the central North America region (Table
5). Perhaps it is only in regions with the most con-
tinental climate that goshawks may be constrained
to large forests by persistence there of mammalian
prey in winter. In this case, goshawks might be most
likely to colonize woodland fragments in farmland
of North America in mid-latitude coastal areas of the
east, and that is where competitive or predatory con-
straints of Great Horned Owls and Red-tailed Hawks
might best be sought.

CONCLUDING REMARKS

From preliminary screening of our databases
and a raw summary of data presented in Table 5, it
seems that goshawk ecology differs between North
America and Europe in the use of some habitats,
in diet, and in breeding density and productiv-
ity. Goshawks in North America apparently make
little use of human-altered habitats for foraging
and breeding. They live at lower densities than in
Europe, and produce fewer young per pair. They
also use mammalian foods more often than do
hawks in Europe and, perhaps associated with this,
North American goshawks exhibit less pronounced
sexual-size dimorphism.

The differences in goshawk ecology between
continents seem to be due to some underlying fac-
tor such as prey availability, rather than a discrete
subspecific difference attributable to particular
morphology or intrinsic behavior. Compared with
Europe, in interior North America, fewer species
of birds are resident—many more of them are sum-
mer breeding migrants (Newton 2003c). We do not
know their relative abundances but it is possible
that, compared with Europe, avian prey is less
available in North America during the winter and
spring. If this were true across a range of habitats
in North America, it is one potential explanation for
the greater use of mammalian prey, lower breeding
densities, the lack of use of urban environments,
and the overall lower breeding performance.
Moreover, it could be argued that the greater use
of mammalian prey is a sufficient explanation for
reduced sexual-size dimorphism.

However, other major differences exist between
the continents; two important confounding variables
are the presence in North America of more predators
such as Great Horned Owls and competitors such as
Red-tailed Hawks and Cooper’s Hawks (Accipiter
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cooperii). Both predation risk and competition might
influence habitat use by goshawks, their diet, breed-
ing density, and performance. On present evidence it
is difficult to distinguish between the influences of
food availability, predation and competition.

CONCLUSIONS AND MANAGEMENT
IMPLICATIONS

The goshawk is one of the best-studied raptor
species in Europe. Much research remains to be done
but taken together, the available information enables
a qualitative assessment of the relative importance of
various extrinsic factors in limiting breeding densi-
ties. Consistent with findings from other raptors, we
identify nest-site availability and food supply as the
two principal factors limiting goshawk populations.
Importantly, given adequate food supply, nest-site
availability appears to be heavily influenced by the
level of killing by humans. The greater the killing,
the more restricted is the range of nesting habitats
acceptable to goshawks.

Currently, deliberate killing by humans only
rarely has direct effects on goshawk population lev-
els. However, even moderate levels of killing may
have pronounced indirect consequences for both
breeding density and breeding range. In some parts
of Europe, goshawks nest in remote, mature forests,
which are a limited resource in modern landscapes.
In North America, such avoidance of human-altered
habitats is even stronger, and may reflect more an
avoidance of other raptors, notably Great Horned
Owls and Red-tailed Hawks, than of humans.
Natural selection among goshawks for avoidance
of humans seems to be stronger in Europe than in
North America, where researchers visiting goshawk
nests routinely wear protective clothing because of
attacks by hawks (Speiser and Bosakowski 1991).
In Europe, goshawks typically hide or at least keep
out of shotgun range, except for occasional attacks
in the far north (T. Nygérd, pers. comm.) and some
western areas (M. Marquiss, pers. obs.; R. G.
Bijlsma, pers. obs.).

Whether or not this avoidance of human-altered
habitats is a response to past persecution or to other
raptors, certain types of illegal killing may still criti-
cally affect goshawk populations by altering the spe-
cies’ tolerance of human activity and proximity, and
hence, the suitability of habitat for nesting and forag-
ing. For Europe, we deduced the above relationship
mainly from the observation that, when deliberate
killing ceased, goshawks in western Europe became
highly tolerant of intense human activity. It would be
wrong, however, to conclude that such an increase
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in stress tolerance is sufficient to trigger the inva-
sion of urban habitats. A comparative analysis of all
known urban goshawk populations (Table 4) shows
that other factors often play a role, such as the avail-
ability of potential recruits from rural populations at
capacity level (Rutz 2005b).

For populations that inhabit areas where nest
sites are freely available and killing by humans is
rare or absent, numbers are mainly limited by food
resources. We have argued for the goshawk’s strong
dependence on forested habitat for nesting and hunt-
ing, but in the light of the above findings, it seems
that the importance of certain nest-stand characteris-
tics may be much overstated in the literature.

Case study 2 illustrates how goshawks can be
affected by a shortage of food. Many farmland bird
populations are in precipitous decline on a continen-
tal scale, but recent trend data give no evidence of
widespread decline in European goshawk popula-
tions in agricultural areas. However, in order to
efficiently evaluate the potential effects of changes
in prey abundance on goshawks in the future, we
need to learn more about how goshawks use prey
resources: this involves careful monitoring of the
avifauna in study plots and robust use-availability
analyses (Tornberg 1997).

In some parts of Europe, goshawks appear to
suffer from nest-site competition with re-introduced
eagle-owls. At present, only a few local goshawk
populations seem to be affected, but regional impact
could accompany the current range expansion of
eagle-owls. In Europe we are approaching the situa-
tion pertaining in North America, where lower levels
of raptor persecution have permitted Great Horned
Owls to remain common.

Other extrinsic factors appear to be of minor
importance under most circumstances. Weather
conditions may account for some of the year-to-year
variation in nesting density, probably acting through
an effect on spring food supplies, but they are not
a principal limiting factor in temperate Europe.
Circumstantial evidence suggests that pesticide use
negatively affected European goshawk populations
in the 1960s. Nowadays, however, levels of organo-
chlorine pesticides and other environmental pollut-
ants generally seem to be too low to have significant
population-level consequences. The role of parasites
and diseases in limiting goshawk breeding densities
is unknown, but perhaps negligible by analogy with
work on other species.

The insights produced by our review have
implications for future conservation. A step toward
conserving goshawk numbers in Europe would be to
minimize activities (such as shooting) that enhance
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the avoidance of humans. If goshawk predation is
to be managed for socio-economic or conserva-
tion reasons, this should be by live trapping, which
enables release of non-target species and relocation
of hawks. It is best done with traps set on fresh kills
to selectively remove specific individuals (Kenward
2000). In contrast, illegal nest destruction should be
discouraged because it has demographic impact on
non-target individuals.

We predict that, once freed from selective or
learned impacts of human antipathy, the species will
begin to display its full behavioral plasticity, allowing
it to use hitherto unexploited resources. Stress toler-
ance and relaxed nest-site preferences, as observed
in The Netherlands and some European cities will
no longer be the curious exception. Additionally,
goshawk conservation should focus on important
prey populations (Table 3) as well as breeding and
hunting habitats. This will provide opportunity for
cooperation for incentive-driven conservation with
other stakeholders, including land-managers and
hunters. Considering the good recovery of eagle-owl
populations across Europe, we recommend that fur-
ther releases of this top-predator be restricted until
issues concerning their impact on raptor-guilds have
been adequately addressed.

FUTURE RESEARCH

Most scientific research on goshawks in Europe
involves the monitoring of local populations over
long time periods. Such studies are extremely
important, should be continued, and new ones will
hopefully be launched in the future. Ideally, all
population studies should simultaneously monitor
a selection of extrinsic factors—use of habitat and
food by goshawks can only be investigated appro-
priately if their availability in the environment has
been quantified. It is evident from our review that
a handful of long-term projects contributed dis-
proportionately to our understanding of goshawk
biology. We note, however, that most studies on the
species, including those presenting large data sets,
suffer from either or both of the following short-
comings—data are correlational and hence not
ideal for establishing causal relationships, and/or
they lack independent replication. We propose two
standard approaches of scientific inference—con-
trolled experiments to establish cause-and-effect
relationships, and meta-analyses to indicate gener-
ality (Rutz 2005b).

Carefully designed field experiments are par-
ticularly needed in goshawk research; pioneer-
ing attempts in this direction have recently been
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undertaken (Kenward et al. 1993a, Dewey and
Kennedy 2001, Kriiger 2002b, Kennedy and Ward
2003). Such work benefits from being strictly
hypothesis driven, but inevitably requires innova-
tive approaches to overcome apparent practical
constraints. We believe, however, that efforts will
pay off by producing robust biological insight. For
some aspects of goshawk biology, enough data have
been gathered to conduct meta-analyses (Kennedy
1997, Rutz 2005b). We encourage researchers to
embark on joint collaborative projects, as such
large-scale work will give insight that cannot come
from single-site studies.

New material needs to be gathered on: (1) the
biology and dynamics of the non-breeding segment
of goshawk populations, (2) year-round habitat use
using radio telemetry, (3) the role of winter food
and/or weather conditions for limiting local gos-
hawk populations, (4) the effect of declining farm-
land bird populations and habitat fragmentation on
rural-breeding goshawks, (5) the effect of humans
and other predators on urban and rural-breeding
goshawks, (6) nest spacing in relation to forest
availability at various spatial scales, (7) goshawk
prey choice in relation to prey availability, and,
perhaps most importantly, (8) the direct and indi-
rect influences of food availability on population
dynamics and other aspects of goshawk biology.
In addition, basic monitoring data are needed for
some geographic regions, as illustrated by Table 5;
the main gaps that need filling are: breeder mortal-
ity estimates for parts of Europe, and clutch-size
data for the entire American breeding range. Our
Table 5 may indeed serve as a good orientation to
guide future research efforts at a regional and/or
geographic scale, and, in 10-20 yr, a substantial
update may enable an even better understanding of
goshawk biology.

Finally, we suggest that goshawk researchers
further standardize their field methodology—
delineation of study areas, measurement of nest-
ing habitat parameters, estimation of occupancy
and productivity, description of ranging behavior,
and resource use—and adopt a standard format
for reporting key features of their study area and
population, including information on the size of the
study plot, its percentage woodland cover, breeding
density (mean and maximum), and mean NND in
continuously suitable woodland habitat. At pres-
ent, cross-continental comparisons are hampered
by substantial technique variations between areas
(C. Rutz et al., unpubl. data). Bijlsma (1997)
produced a manual describing field methods for
raptor research, which succeeded in standardizing
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the work of Dutch field workers, yielding large,
comparable data sets. It would be desirable if a
similar manual could be compiled for international
use. Taken together, these measures will ensure that
data collected with much fieldwork effort can be
efficiently used in collaborative analyses.
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NORTHERN GOSHAWK FOOD HABITS AND GOSHAWK PREY SPECIES

HABITATS

JosepH E. DRENNAN

Abstract. Food habits of Northern Goshawk (Accipiter gentilis) were reviewed and evaluated to character-
ize diet across the species ranges and within the southwestern US. The eleven prey most frequently observed
in southwest diet studies are the Abert squirrel (Sciurus aberti), red squirrel (Tamiasciurus hudsonicus),
rock squirrel (Spermophilus variegatus), golden-mantled ground squirrel (Spermophilus lateralis), cliff
chipmunk (Eutamias dorsalis), gray-collared chipmunk (Eutamias cinereicollis), mountain cottontail
(Sylvilagus nuttallii), desert cottontail (Sylvilagus audubonii), and eastern cottontail (Sylvilagus florida-
nus), Steller’s Jay (Cyanocitta stelleri), and Northern Flicker (Colaptes auratus). Habitat characteristics and
natural history information regarding these species were reviewed and compared to descriptions of goshawk
habitat. Goshawks consume a wide variety of prey species across their range including medium-sized birds and
small mammals. Percentage of mammals in goshawk diet is generally greater than avian prey. In certain areas,
and during certain periods of the year, goshawks may consume only one or two prey species. While goshawks
appear to be opportunistic in their feeding behavior, low diet breadth in some areas, particularly during winter
months, is likely caused by the migration or hibernation of certain prey species. Both goshawks and their prey
prefer habitats with relatively high canopy closure and large diameter trees, suggesting a habitat management
strategy to benefit goshawks.

Key Words: Accipiter gentilis, diet, food habits, habitat requirements, Northern Goshawk.

HABITOS ALIMENTICIOS DEL GAVILAN AZOR Y HABITATS DE LAS
ESPECIES DE LAS PRESAS DEL GAVILAN

Resumen. Los habitos alimenticios del Gavilan Azor (Accipiter gentilis) fueron revisados y evaluados para
caracterizar la dieta a lo largo de la especie, dentro del suroeste de Estados Unidos. Las once presas observadas
més frecuentemente en estudios de dieta del suroeste son la ardilla (Sciurus aberti), ardilla roja (Tamiasciurus
hudsonicus), ardilla (Spermophilus variegatus), ardilla terrestre de manto dorado (Spermophilus lateralis),
ardilla listada (Eutamias dorsalis), ardilla (Eutamias cinereicollis), conejo de montafia, desierto y de pascua
(Sylvilagus spp.), charra copetona (Cyanocitta stelleri) y carpintero de pechera (Colaptes auratus). Las
caracteristicas del habitat y la informacion historica natural relacionadas a esta especie fueron revisadas y
comparadas para describir el habitat del gavilan. Los gavilanes consumen una amplia variedad de especies
de presas que estan a su alcance, incluyendo aves de tamaflo mediano y mamiferos pequeiios. El porcentaje
de mamiferos en la dieta del gavilan es generalmente mayor que las presas aves. En ciertas areas, y durante
ciertos periodos del afio, los gavilanes quizas consumen solamente una o dos especies de presas. Mientras los
gavilanes parecen ser oportunisticos en sus habitos alimenticios, una baja amplitud de dieta en algunas areas,
particularmente durante los meses de invierno, es probablemente causada por migracion o hibernacion de ciertas
especies de presa. Tanto gavilanes, como sus presas, prefieren habitats con copas relativamente cerradas y
arboles con mayor didmetro, sugiriendo una estrategia del manejo del habitat para beneficiar a los gavilanes.

The Northern Goshawk (Accipiter gentilis,
hereafter called goshawk) has been a key species
in decisions regarding forest management across its
range, especially in the southwestern US (Reynolds
et al. 1992), the Rocky Mountain Region (Kennedy
2003), and Alaska (Iverson et al. 1996). Despite
protection of nest stands (>8 ha), Crocker-Bedford
(1990) found that goshawk reproduction on the
Kaibab Plateau declined following timber harvest
in adjacent areas. Crocker-Bedford’s (1990) study
and several lawsuits that followed led to the forma-
tion of the Goshawk Scientific Committee (GSC)
with a charter to develop a credible management

strategy for the goshawk in the southwestern US
(Reynolds et al. 1992). The resulting Management
Recommendations for the Northern Goshawk in the
Southwestern United States (MRNG) recommended
managing goshawk habitats not only for the nest
stand but also for goshawk prey species abundance
(Reynolds et al. 1992). However, the Arizona
Game and Fish Department (1993) and the USDI
Fish and Wildlife Service (Spear 1993) argued that
prey availability (as determined by forest structure)
is more important than prey abundance because
accipiter hawks are morphologically adapted to
hunt in forests. Prey availability is a function of
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prey abundance and forest structure (tree spac-
ing, canopy closure, and ground cover) whereas
prey abundance refers only to the quantity of prey.
Despite these disagreements, most agree that nest-
stand management alone is insufficient to maintain
goshawk populations. Researchers and managers
need to consider protecting and enhancing not only
the nesting habitat of goshawks but also their forag-
ing habitat and prey populations.

The purpose of my review is to characterize the
diet of the goshawk across its range and in the south-
western US, to describe the habitat requirements of
the primary prey species in the Southwest; and to
identify the overlap between the goshawk’s habitat
and that of its primary prey.

GOSHAWK DIET STUDIES

Goshawk food habits have been described
throughout its Holarctic boreal-forest range, includ-
ing northern Europe (Widén 1987), the Mediterranean
region (Maifiosa 1994) and North America (Reynolds
and Meslow 1984, Bosakowski and Smith 1992).
These studies report a wide variety of prey items
consumed by goshawks over their entire range
(Table 1) and show goshawks to be opportunistic for-
agers with diets that reflect the diversity of available
prey species (Opdam 1975, Widén 1987, Kenward
and Widén 1989, Kennedy 1991). In western North
America, the dietary diversity of goshawks ranked
fourth highest out of 30 raptor species; continent-
wide, goshawk dietary diversity ranked second high-
est out of 34 species (Marti et al. 1993).

Although goshawk diets are diverse, studies
suggest that sometimes only one or two prey spe-
cies represent the bulk of goshawk diet, at least
seasonally (Palmer 1988, Stephens 2001, Drennan
and Beier 2003). In New York and Pennsylvania,
Meng (1959) reported American Crows (Corvus
brachyrhynchos) and red squirrels (Tamiasciurus
hudsonicus) accounted for 45% and 31% of the
total diet, respectively. In Minnesota, Eng and
Gullion (1962) reported goshawk predation was the
single most important cause of mortality to Ruffed
Grouse (Bonasa umbellus), accounting for 30% of
known losses to banded birds. On the North Kaibab
Plateau, Boal and Mannan (1994) found that gos-
hawks consumed golden-mantled ground squirrels
(Spermophilus lateralis) more than twice as often as
any other species.

Such a dependence on a single prey species could
lead to a decline in predator populations if that prey
species declined (Craighead and Craighead 1956,
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Newton 1979a). However, this is unlikely in the
Southwest, where goshawks preyed on 34 different
prey species in New Mexico (Kennedy 1991)
and between 19 (Boal and Mannan 1994) and 22
(Reynolds et al. 1994) in Arizona. A high number of
prey species may buffer the effects of fluctuations
in individual prey species populations (Boal and
Mannan 1994). Goshawks in Nevada shifted their
diet during the breeding season when nestling birds
became more abundant and ground squirrels began
to estivate (Younk and Bechard 1994a). The wide
variety of prey consumed by goshawks in the west-
ern US is listed in Appendix 1.

METHODS TO STUDY RAPTOR FOOD HABITS

Goshawk diets are studied using several dif-
ferent methods, including pellet analysis, stomach
contents, uneaten prey remains, direct observation,
photographic recording, the confined nestlings
technique, and combinations of these methods.
Some early studies described the diet of nesting
goshawks anecdotally without quantification (Sutton
1925, Gromme 1935, Dixon and Dixon 1938).
Comparisons between studies are often subjective
and, in some cases, not possible due to differences
in methods used and the objectives of the study.
Some studies can be compared at various levels
with minor modifications and an understanding of
the techniques. Marti (1987) described all of the
techniques used in the studies analyzed here and
suggested improvements for future raptor food-habit
study methodology.

Relative percentages of birds and mammals
comprising the goshawk diet vary according to the
technique used to collect diet information. Of the
techniques used to evaluate diet, direct observation
at the nest is considered the least biased and most
accurate to determine diurnal raptor diets (Errington
1930, 1932; Marti 1987). However, direct observa-
tion is seldom used because it is time consuming
(Errington 1932, Marti 1987), the probability of
identifying different prey item types is not always
equal, and no information on items consumed away
from the nest can be obtained.

Diet analyses from prey remains and pellets
tend to underestimate small mammals (Marti 1987).
Bloom et al. (1986) suggested that collecting cast-
ings at nests might fail to detect nestling birds
because they lack developed bones and feathers.
Collopy (1983) found that his collection of prey
remains accurately reflected the species composi-
tion of Golden Eagle (Aquila chrysaetos) diets but



200 STUDIES IN AVIAN BIOLOGY NO. 31

TABLE 1. FREQUENCY OF PREY ITEMS OF SELECTED GOSHAWK DIETS ACROSS THEIR RANGE.

N.E. Spain Central Sweden Oregon New York
Maiiosa Widén Reynolds and Meslow  Bosakowski and Smith
Species (1994) (1987) (1984) (1992)

Class Mammalia
Blarina brevicauda
Marmota monax
Sylvilagus spp. 3
Lepus spp. 6 24
Oryctolagus vulgaris 333
Sciurus spp. 86 124 4 60
Glaucomys sabrinus 15
Tamiasciurus spp. 13 19
Tamias striatus 18
Spermophilus spp 23
Microtus sp. 1
Peromyscus leucopus 7
Neotoma spp. 3
Ondatra zibethicus 2
Class Aves
Anas platyrhynchos 24 2 1
Anas acuta 1
Aythya fuligula 3
Bucephala clangula 6
Aix sponsa 3
Meleagris gallopavo 1
Dendrogapus obscurus 5
Tetrao spp. 176
Bonasa spp. 25 3 7
Collinus virginianus
Phasianus colchicus 4
Oreotyx pictus 10
Zenaida macroura 7 21
Alectoris rufa 362
Coturnix coturnix 21
Columba spp. 248 141 17
Vanellus vanellus 4
Scolopax rusticola 5
Larus spp. 4
Streptopelia turtur 28
Bubo virginianus 1
Asio spp. 1
Otus spp. 27 1
Athene noctua 18
Aegolius acadicus 1
Picus viridus 31
Colaptes auratus 15
Melanerpes lewis 1
Sphyrapicus spp. 2
Picoides spp. 15 2 2
Dendrocopus major 3
Dryocopus pileatus 1
Garrulus glandarius 184 99
Corvus spp. 110 5
Perisoreus canadensis 5
Cyanocitta spp. 30 21
Sturnus vulgaris 79

—_ g = =
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TaBLE 1. CONTINUED.
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N.E. Spain
Maiiosa
Species (1994)

Central Sweden
Widén
(1987)

Oregon New York
Reynolds and Meslow  Bosakowski and Smith
(1984) (1992)

Pica spp. 54 37
Turdus spp. 197 113
Ixoreus naevius

Sialia sialis

Parus major 7
Setophagia ruticella

Passer domesticus

Quiscalus quiscula

Piranga spp.

Melospiza melodia

Pheuticus melanocephalus
Junco hyemalis

Sturnella neglecta
Carpodacus spp.

Fringilla coelebs 23

NN NN —

—

1
20 4
4
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seriously underestimated the relative biomass of prey
eaten compared to the direct observation method.

Diet studies typically report the frequency of
occurrence for each prey species observed either
through direct observation of prey deliveries at
the nest or through analysis of pellets and prey
remains. Some studies also include a conversion
of the observed numbers of prey items to biomass
estimated from published body weights. Where
frequency and biomass are reported simultaneously,
biomass figures show a larger percentage for mam-
mals and a lower percentage for birds (Tables 2-5),
because of the larger mean mass of mammals rela-
tive to birds.

Analyses of pellets and prey remains must deter-
mine the minimum number of prey items per sample
(Reynolds and Meslow 1984); however, most studies
are vague concerning techniques used. For example,
if 10 pellets containing cottontail (Sy/vilagus spp.)
fur are examined does this mean that 10 cottontails
were consumed or one just cottontail? A sample of
goshawk pellets from Wyoming (N = 793) found
that only 14% had remains exclusively from mam-
mals while 79% contained both mammal and bird
remains (Squires 2000). Some studies reported the
percentage of prey items in a random sample of
several pellets from multiple nests, treating each
pellet as an independent sample, rather than each
nest (Bloom et al. 1986, Kennedy 1991). Due to the
variety of techniques used in goshawk diet studies
for obtaining, analyzing, interpreting, and report-
ing data, cross-study comparison of results requires
careful thought and understanding of the methods to
provide meaning.

SouTHWESTERN US DIET STUDIES

Goshawk diet studies in the Southwest are lim-
ited to the Kaibab and Coconino National Forests
in Arizona (Boal and Mannan 1994, Reynolds et
al. 1994, Drennan and Beier 2003) and the Jemez
Mountains in New Mexico (Kennedy 1991). Three
of these studies were conducted in the breeding
season either using pellets and prey remains alone
(Reynolds et al. 1994) or in combination with the
direct observation of prey deliveries (Kennedy
1991, Boal and Mannan 1994) and one study was
conducted during the winter (December—March)
using direct observation of radio-tagged goshawks
(Drennan and Beier 2003). Because of the varia-
tion in the techniques used in these studies and their
limited geographic extent, the results may not be
applicable to other areas in the Southwest.

The Boal and Mannan (1994) study, based on
direct observation of prey deliveries (1,539 hr), is
the most accurate quantification of goshawk prey
selection in the Southwest. In the other two south-
western studies conducted during the breeding
season, Reynolds et al. (1994) used pellets and prey
remains and likely underestimated the percentage
of small mammals in the diet, and Kennedy (1991)
took a random sample (N = 63) of pellets from eight
nests over five breeding seasons supplemented by
160 hr of direct observations. Boal and Mannan
(1994) found a higher percentage of small mammals
compared to other studies: 76% mammals versus
24% birds by frequency (Table 2). Kennedy’s (1991)
analysis, using both direct observation and analysis
of prey remains and pellets demonstrated the bias
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TABLE 2. PERCENT BIRDS AND MAMMALS IN GOSHAWK DIET BY FREQUENCY (BIOMASS) FOR DIRECT OBSERVATION STUDIES ONLY.

Study State/region Percent birds Percent mammals
Boal and Mannan (1994)* Arizona 24 (6) 76 (94)
Drennan and Beier (2003)*¢ Arizona 0 100
Kennedy (1991) ** New Mexico 33 67
Schnell (1958) California 69 (54) 31 (46)
McCoy (1999) California 21 (24) 79 (76)
Younk and Bechard (1994a) Nevada 32 67
Bloxton (2002) Washington 75 25
Lewis (2001) Southeast Alaska 27 (26) 73 (74)
Schaeffer (1998)¢ Alberta, Canada 24 (11) 76 (89)
Rutz (2003a) Germany 91 9

*Southwestern US study.

*Kennedy (1991) reported results from three different techniques—direct observation, pellets and prey remains, and prey remains only.
¢ Winter study.

dSchaeffer (1998) provided results of two methods—direct observation and pellets and prey remains.

TABLE 3. PERCENT BIRDS AND MAMMALS IN GOSHAWK DIET BY FREQUENCY (BIOMASS) FOR STUDIES UTILIZING PELLETS AND PREY
REMAINS.

Study State/region Percent birds Percent mammals
Reynolds et al. (1994)* Arizona 38 62
Kennedy (1991)*® New Mexico 51 49
Bloom et al. (1986) California 48 (32) 52 (68)
Bull and Hohmann (1994) Oregon 58 42
DeStephano et al. (1994) Oregon 51(37) 49 (63)
Reynolds and Meslow (1984) Oregon 55 45
Thraikill et al. (2000) Oregon 84 16
Watson et al. (1998) Washington 50 (49) 50 (51)
Zachel (1985) Alaska 21 (10) 78 (90)
Grzybowski and Eaton (1976) New York 61 39
Meng 1959 New York, Pennsylvania 61 39
Bosakowski and Smith (1992) New Jersey, New York, Connecticut 66 34
Penteriani (1997) Italy 75 (71) 25(29)
Lohmus (1993) Estonia 97 3
Schaeffer (1998)° Alberta, Canada 47 (38) 53 (62)

*Southwestern US study.
®Kennedy (1991) reported results from three different techniques—direct observation, pellets and prey remains, and prey remains only.
< Schaeffer (1998) provided results of two methods—direct observation and pellets and prey.

TABLE 4. PERCENT BIRDS AND MAMMALS IN GOSHAWK DIET BY FREQUENCY FOR STOMACH ANALYSIS.

Study State/region Percent birds Percent mammals
Storer (1966)* North Dakota; Ontario, Canada 40 60
Sutton (1931) Pennsylvania 67 33

*Winter study.

TABLE 5. PERCENT BIRDS AND MAMMALS IN GOSHAWK DIET BY FREQUENCY (BIOMASS) FOR PREY REMAINS TECHNIQUE.

Study State/region Percent birds Percent mammals
Kennedy (1991)*® New Mexico 52 48
Stephens (2001)° Utah 9 91

Doyle and Smith (1994) Yukon, Canada 22 (14) 78 (86)

*Southwestern US study.
®Kennedy (1991) reported results from three different techniques—direct observation, pellets and prey remains, and prey remains only.
©Winter study.
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of prey remains and pellet analysis towards birds.
Using the direct observation technique she found
a diet of 67% mammals to 33% birds (Table 2),
whereas using pellet and prey remains analyses she
found a diet of 51% birds and 49% mammals (Table
3). In contrast, Drennan and Beier (2003) observed
winter diets of eight radio-tagged goshawks and
found a diet of 100% mammals. In that study, not
only were goshawks strictly consuming mammals
but also they only took two species—cottontails and
Abert squirrels (Sciurus aberti) and no individual
goshawk consumed both.

CoMPARISON OF GOSHAWK DIETS

This review summarizes the findings of 27
studies with quantitative information on goshawk
diets as well as studies that provide only qualitative
or anecdotal information. The four studies men-
tioned above were conducted within the Southwest
and eleven of the studies were conducted in
Washington, Oregon, California, Nevada, and
Utah (Schnell 1958, Reynolds and Meslow 1984,
Dixon and Dixon 1938, Bloom et al. 1986, Bull and
Hohmann 1994, DeStephano et al. 1994, Younk and
Bechard 1994b, Watson et al. 1998, McCoy 1999,
Thraikill et al. 2000, Stephens 2001). The remain-
ing studies are from the eastern US (Sutton 1925,
1931; Gromme 1935, Meng 1959, Storer 1966,
Grzybowski and Eaton 1976, Bosakowski and
Smith 1992), Alaska (Zachel 1985, Lewis 2001),
Canada (Doyle and Smith 1994, Schaeffer 1998),
and Europe (Opdam 1975, Lindén and Wikman
1983, Goszycynski and Pilatowski 1986, Widén
1987, Lohmus 1993, Maifiosa 1994, Penteriani
1997, Rutz 2003a). The percentages of small mam-
mals and birds from quantitative goshawk diet stud-
ies conducted in North America are compared by
study methods in Tables 2-5.

As reported above, studies in the Southwest
each report a higher percentage of small mam-
mals compared to avian prey in the diet. For the
27 papers I reviewed that represent goshawk diet
studies across their range, 14 reported >50% mam-
mals by frequency and 10 out of 11 papers reported
>50% mammals by biomass (not all papers reported
prey biomass). Although mammals appear to be
more important in goshawk diet overall, avian
prey may be important in certain study areas
and during certain times of the year. At Donner
Lake, California, 56% of prey items delivered to
a single goshawk nest were nestling and fledgling
American Robin (Turdus migratorius) and Steller’s
Jay (Cyanocitta stelleri; Schnell 1958). In northern
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Nevada, goshawks consumed Belding’s ground
squirrel (Spermophilus beldingi) primarily but
increased their consumption of American Robins
and Northern Flickers (Colaptes auratus) after 1
July (Younk and Bechard 1994a), probably as a
response to ground squirrels estivating in combina-
tion with an increase in the abundance of nestling
and fledgling birds.

The percentage of birds and mammals in gos-
hawk diet varies by region. Studies conducted
in the northeastern US (Grzybowski and Eaton
1976, New York; Meng 1959, New York and
New Jersey; Bosakowski and Smith 1992, New
York, New Jersey, Connecticut; Sutton 1931,
Pennsylvania) each reported a higher percentage
of birds than mammals and each had similar val-
ues (i.e., 61-67% birds and 33-39% mammals)
despite the relatively long period between studies.
Seven of the nine studies conducted in California
(Schnell 1958, Bloom et al. 1986, McCoy 1999),
Oregon (Reynolds and Meslow 1984, Bull and
Hohmann 1994, DeStephano et al. 1994, Thraikill
et al. 2000) and Washington (Watson et al. 1998,
Bloxton 2002) reported >50% birds by frequency.
European studies in Italy (Penteriani 1997), Estonia
(Lohmus 1993), and Germany (Rutz 2003a) each
reported very high percentages of birds (75-97%)
compared to mammals (3-25%) by frequency. All
of the studies conducted in Canada and Alaska that
were reviewed, reported much higher percentages
of mammals compared to birds.

One limitation of goshawk food-habit studies is
that most have been conducted exclusively during
the breeding season. One exception is Storer (1966)
who collected data in the fall and winter from the
north-central US and found a diet of 60% mam-
mals and 40% birds from stomach analyses (Table
4). Other studies reporting on winter diet found
nearly exclusive consumption of mammals during
winter months in northern Arizona (Drennan and
Beier 2003) and Utah (Stephens 2001). In southeast
Alaska, the relative abundance of goshawk prey
shifted during winter, with many common prey
items absent or rare during that period (Iverson et al.
1996). The tendency for a higher percentage of mam-
mals consumed in the winter would also be expected
in the Southwest, due to the unavailability of many
bird species in the ponderosa pine (Pinus ponderosa)
forest type during the winter months (Table 6). Only
three of seven mammal species present in this habitat
type during summer remain active throughout win-
ter. Other species are either intermittently present
in winter or completely absent due to hibernation
or migration.
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Migratory patterns of goshawks vary across their
range. In northern latitudes, goshawks respond to
the cycles of prey species such as Ruffed Grouse
and snowshoe hare (Lepus americanus), migrating
south in large numbers in years when prey popula-
tions decline. In the lower 48 states, they are partial
migrants in some areas (Squires and Ruggiero 1995,
Stephens 2001) and permanent residents in other
areas (Boal et al. 2003, Drennan and Beier 2003).
Other researchers have noted that at least some
goshawks in the Southwest winter in their breeding
home range territory (P. Kennedy, unpubl. data; R.
Reynolds, unpubl. data). If goshawks remain within
their breeding territories during winter, the reduction
in prey species diversity (Table 6) alone, or in com-
bination with increased energetic requirements, may
create a period of peak stress.

Few studies have investigated the relationship
between winter caloric requirements, energy expen-
ditures, prey availability and subsequent reproduc-
tive success for resident goshawks. Keane et al. (this
volume) found that annual goshawk reproduction
was greatest in years following winters with mild
temperatures, high cone-crop production, and abun-
dant populations of Douglas’s squirrel (Tamiasciurus
douglasii). Supplementary feeding at goshawk nests
during the breeding season caused a demographic
response in some years but not others (Ward and
Kennedy 1994), suggesting that prey availability is
not the only factor limiting goshawk productivity.
JM. Ward (unpubl. data) also speculated, based
on preliminary data, that supplementary feeding at
goshawk nests would not influence fitness in terms
of the clutch size, timing of nesting, or the size of
nestling goshawks, but that increased survival rates
of nestling and fledgling goshawks was due to the
greater time available, i.e., because they were not
foraging, to nesting females for defending against
predators.

Several studies have identified unusual prey
items in goshawk diets. In Wyoming, Squires (2000)
discovered mule deer (Odocoileus hemionus) and
American marten (Martes americana) hair in five
pellets regurgitated by goshawks but could not dis-
cern if these prey were killed or scavenged. Also
in Wyoming, Squires (2000) documented carrion
in the diet of goshawk, apparently a rare behavior
for goshawks. In southeast Alaska, Lewis (2003)
reported the first record of goshawks preying on
Pigeon Guillemot (Cepphus columba), a seabird
that has relatively little overlap with goshawk nest-
ing territories. Cat (Felis sp.) was identified in the
prey remains of a goshawk nesting in New Mexico
(Kennedy 1991).
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KEeyY PREY SPECIES

This comparison of goshawk food habits identi-
fies three characteristics of goshawk diets in the
Southwest: a preference for small mammals (Tables
2 and 3), a significant decrease in prey diversity
during winter months (Table 6), and nine species of
small mammals and two bird species which occurred
most frequently in Southwest prey studies (Table 7).
Based on these studies, the highest ranking mam-
mal groups (N = 6) and bird species (N = 2) in the
Southwest studies were selected for consideration
in this report. The total number of mammal species
was nine because two mammal groups had more
than one species. The chipmunk group included two
species because they were ranked in the top eight by
two of the three studies (Kennedy 1991, Boal and
Mannan 1994). I also included three cottontail spe-
cies because these were rarely identified to species
by any of the studies.

These 11 species were also selected by the
GSC (Reynolds et al. 1992). However, the MRNG
also included American Robin, Band-tailed Pigeon
(Columba fasciata), Blue Grouse (Dendrogapus
obscurus), Hairy Woodpecker (Picoides villo-
sus), Mourning Dove (Zenaida macroura), Red-
naped Sapsucker (Sphyrapicus nuchalis)), and
Williamson’s Sapsucker (Sphyrapicus thyroideus).
While these species were present in goshawk diets in
other regions (Schnell 1958, Meng 1959, Reynolds
and Meslow 1984, Bloxton 2002), they represented
<5% of the goshawk diet in the Southwest (Kennedy
1991, Boal and Mannan 1994, Reynolds et al.
1994).

HABITAT REQUIREMENTS AND NATURAL
HISTORY OF SELECTED GOSHAWK PREY
SPECIES

The 11 prey items most frequently observed in
Southwest food habit studies were Abert squirrel, red
squirrel, rock squirrel (Spermophilus variegatus),
golden-mantled ground squirrel, cliff chipmunk,
gray-collared chipmunk (Eutamias cinereicollis),
mountain cottontail (Sylvilagus nuttalli), desert
cottontail (Sylvilagus auduboni), eastern cottontail
(Sylvilagus floridanus), Steller’s Jay, and Northern
Flicker. Most of these species or their ecological
equivalents are also important prey throughout the
goshawks’ geographic range.

Natural history and habitat requirements for the
11 prey species were researched in the literature and
are presented in the following order: distribution,
habitat, density, reproduction and development,
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STUDIES OF NORTH AMERICAN GOSHAWKS—Drennan

home range, nest, and diet. While an effort was made
to obtain research conducted in the Southwest, much
pertinent information on these species was collected
outside the area of interest. In some cases, informa-
tion from closely related species was used to fill gaps
in the knowledge base.

ABERT SQUIRREL
Distribution and habitat

The Abert squirrel is a resident of ponderosa
pine forests ranging from south-central Wyoming,
through the southwestern US and into Durango,
Mexico (McKee 1941). North of the Grand Canyon
on the Kaibab Plateau, a subspecies is known as the
Kaibab squirrel (Sciurus aberti kaibabensis).

The Abert squirrel is apparently dependent on
ponderosa pine forests (Keith 1965, States et al.
1988, Snyder 1993), although it has been known
to occur occasionally in pinyon-juniper (Pinus
edulis-Juniperus spp.) woodlands, Douglas-fir
(Pseudotsuga menziesii), and spruce (Picea spp.)-
fir forests (Rassmussen 1941, Keith 1965, Patton
and Green 1970, Patton 1975b, Ratcliff et al. 1975,
Hall 1981, Hoffmeister 1986). The best cover con-
ditions are uneven-aged ponderosa pine stands with
small even-aged groups within these stands (Patton
1975b). Average tree diameter for ideal stands is
between 28 and 33 cm diameter at breast height
(dbh); however, small groups of larger trees gener-
ally are present in the stand, resulting in a mosaic of
diameter and height groups (Patton 1975b). Ratcliff
et al. (1975) found that basal area and volume per
hectare were significantly correlated with squirrel
abundance but number of trees per hectare was not.
Gambel oak (Quercus gambeli) were found in opti-
mal stands at densities of 2.5-5 trees per ha in the
30-36 cm dbh class (Patton 1975b). Trees used for
feeding averaged 48 cm dbh and nest trees averaged
43 cm dbh (Patton and Green 1970). Interlocking
tree crowns are an essential component of both
nesting and feeding stands (Patton 1975b, Hall
1981).

Densities

Population densities of Abert squirrel vary sea-
sonally and annually (Pearson 1950, Keith 1965,
Farentinos 1972, Hall 1981); however, statistics
on squirrel harvests collected by the Arizona Game
and Fish Commission suggest that populations are
stable over long time periods. For example, for the
15-yr period from 1966-1981, hunters harvested
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between 1.2-2.4 squirrels per hunting trip, but for
10 of these years, the harvests varied only from
1.4-1.8 squirrels per hunting trip (Hoffmeister
1986; Appendix A.10).

Patton (1984) created a habitat capability model
to evaluate Abert squirrel habitat quality and estimate
population densities. The model used data on tree
size, tree density, tree grouping, cone production,
and squirrel densities to construct five habitat quality
rankings and found from 0.05 squirrels per hectare in
the lowest ranked habitat to 2.48 squirrels per hect-
are in the highest ranked habitat. On a 72-ha study
area in Colorado, Farentinos (1972) found that popu-
lation density varied from 0.3 squirrels per hectare in
spring (N = 24) to 0.6 squirrels per hectare in the fall
(N = 40). Trowbridge and Lawson (1941, as cited in
Keith 1965) reported population density ranged
from 0.3—1.3 squirrels per hectare in uncut stands.
Population density on stands where timber harvest-
ing had previously occurred was 0.03 squirrels per
hectare for two consecutive years (Trowbridge and
Lawson 1941, as cited in Keith 1965).

Reproduction and development

On the Mogollon Plateau, Keith (1965) reported
mating in late April and May. Young were born
between 10 June and 12 July. Litter size varied
between two and five. The mean litter size was 3.4.
Stephenson (1974) reported a mean litter size of 2.9
in northern Arizona.

Home range

Several authors have reported spatial overlap
in Abert squirrel home ranges (Farentinos 1979,
Patton 1975a, Pederson et al. 1976, Hall 1981).
In Colorado, Farentinos (1979) reported the mean
home range size for males as 20.7 ha in the breed-
ing season and 7.5 ha in the non-breeding season.
Home range size for females was 7.4 ha in the
breeding season and 5.8 ha in the non-breeding
season. Near Flagstaff, Arizona, Keith (1965)
reported that adults have a home range of 2 ha in
winter and 7.3 ha in summer. On the Beaver Creek
watershed, 50 km south of Flagstaff, Patton (1975a)
radio-tagged two males and one female Abert squir-
rels and calculated home ranges of 12.1, 34.4, and
4.0 ha, respectively. On the Kaibab Plateau, Hall
(1981) found that three males had a mean home range
size of 4.4 ha in the summer and a single female had
a home range size of 14 ha. In Utah, Pederson et
al. (1976) reported the mean home range size to be
2.5ha (N=7).
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Nest

Abert squirrels appear to have two types of
nests—summer (day) nests and nursery nests (Hall
1981). Generally, summer nests are poorly main-
tained and often lack a roof, whereas nursery nests
are usually roofed and well maintained with fresh
green clippings of ponderosa pine (Hall 1981). Nests
are typically located in a fork of the main trunk or in
the angle formed by the trunk and one or more limbs,
and, on average, 15 m above ground in a 50 cm
dbh ponderosa pine within an interlocking forest
canopy (Hall 1981). Other researchers have reported
average nest heights from 14 m above ground in
southern Utah (Pederson et al. 1976), to 10.7 m in
northern Colorado (Farentinos 1972). Pederson et
al. (1976) found that squirrel nest boxes placed any-
where between 7.6 and 14 m in ponderosa pines were
occupied by Abert squirrels in >50% of the cases.
Hollow Gambel oak trees have been used as dens
(Patton and Green 1970, Patton 1975b), but nest-
ing attempts were not documented. Patton (1975a)
followed three squirrels with radio transmitters, and
found that each squirrel used multiple nests. Two
males and one female used two, six, and five nests,
respectively (X = 4.3).

Diet

The Abert squirrel diet consists almost exclu-
sively of ponderosa pine and associated fungi (Hall
1981); however, Reynolds (1966) reported Abert
squirrels using pinyon pine in the same way they use
ponderosa pine (i.e., eating the cambium of the sub-
terminal branches) near Silver City, New Mexico.
Cambium from subterminal twigs is taken through-
out the year, but apical buds are a major item in win-
ter diets of Abert squirrels in Arizona (Keith 1965,
Hall 1981, Stephenson 1974). Staminate cones are
eaten in late June when mature. Ovulate cones, the
most nutritious part of ponderosa pine, are eaten to
the degree available during late spring and summer.
Hypogeous fungi is eaten in all seasons (Stephenson
1974), but is the major part of the diet in the sum-
mer (Hall 1981). Carrion, in small amounts, also has
been noted in the diet (Coughlin 1938, Keith 1965).
Acorns are taken when available and constitute as
much as 40% of the fall diet during years of good
cone crops (Stephenson 1974).

Abert squirrels are dependent on currently avail-
able food because they typically do not cache food
(Keith 1965, Stephenson 1974). However, Hall
(1981) observed three types of food storing behav-
ior: burying cones in duff, storing mushrooms at a
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limb joint in a tree, and storing mushroom parts in
terminal needle clusters. The first two types of stor-
age may be for a period of days or weeks, while the
terminal needle clusters are used for a few hours or
2 d at most.

RED SQUIRREL
Distribution and habitat

The red squirrel ranges from Alaska through most
of Canada and the northern portions of the midwest-
ern, northeastern, and Appalachian states. This squir-
rel inhabits coniferous forests throughout most of the
Rocky Mountains and south into the higher elevation
plateaus of Arizona and New Mexico (Hoffmeister
1986).

On the Mogollon Plateau, red squirrels are found
only where firs and spruce are present (Burnett and
Dickermann 1956). In the San Francisco Peaks, red
squirrels are found mostly above 2,600 m elevation
in Engelmann spruce (Picea engelmannii), corkbark
fir (4bies lasiocarpa), bristlecone pine (Pinus aris-
tata), and Douglas-fir (Hoffmeiester 1986).

Spruce-fir, Douglas-fir, and lodgepole pine (Pinus
contorta) forests types are preferred by red squirrels.
In the Southwest, Engelmann spruce and a mixture
of spruce and Douglas-fir are the most important
habitats (Vahle 1978). The three most important
overstory variables controlling red squirrel habitat
in southwest mixed-conifer forests are size, density,
and grouping of trees (Vahle and Patton 1983). Vahle
and Patton (1983) reported that the best habitat con-
sists of multi-storied stands of mixed conifer with
trees from 30-36 cm dbh in dense groups of 0.4 ha or
less. Generally, at least one 45 cm dbh tree is present
in this cluster and is typically a Douglas-fir. A 50 cm
dbh or greater live tree, snag, or downed log, was uni-
versally present at the center of the food cache.

Densities

In central Alberta, Kemp and Keith (1970)
reported densities of 0.06 adult squirrels per hect-
are on one study area and 0.1 squirrels per hectare
on another study area; however, they acknowledged
that their estimates were probably low. In the same
area, Rusch and Reeder (1978) compared densities
of red squirrels between stands of mixed spruce
(Picea spp.), aspen (Populus tremuloides) and jack
pine (Pinus banksiana). Mixed spruce stands sup-
ported the highest densities with 1.6-7.0 squirrels
per hectare. Densities in jack pine were intermedi-
ate with 1-2.6 squirrels per hectare. Aspen stands
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had the lowest densities with 0—1.0 squirrels per
hectare. The numbers given by Rusch and Reeder
(1978) are substantially larger than those Kemp
and Keith (1970) reported due in part to the dif-
ferent methods and units of measurement. Rusch
and Reeder (1978) used live-trapping, mark-
recapture methods and estimated the entire popula-
tion, while Kemp and Keith (1970) used an obser-
vation method and estimated only the adult portion
of the total population.

In mixed conifer habitat in eastern Arizona, Vahle
and Patton (1983) inventoried 141 squirrel caches
to determine population densities. Despite finding
one squirrel with eight caches, they confirmed the
relationship of one squirrel per cache in fall and win-
ter. Based on the number of caches they estimated
population density in the range of 1-2.5 squirrels
per hectare.

Sullivan and Moses (1986) compared red squir-
rel densities in thinned and unthinned lodgepole
pine stands in British Columbia. Squirrels were
more abundant in the unthinned stands with average
densities during May and August of 1.2 squirrels per
hectare compared to 0.2/ha in thinned stands. The
authors suggested that young stands might provide a
dispersal sink for juvenile and yearling squirrels.

Thompson et al. (1989) used track station tran-
sects to index red squirrel populations in Ontario.
They compared their indices of abundance for uncut
stands and stands of less than 5, 10, 20, and 30 yr old.
The highest track counts were in the uncut stands
(X = 30). The <5-, 10-, and 30-yr-old stands all had
low scores (<4) but the 20-yr-old stand had a moder-
ate population index (10).

Reproduction and development

Red squirrels may have one or two litters per
year. Hoffmeister (1986) gives evidence for two
litters in Arizona based on examination of denti-
tion in juveniles on the Kaibab Plateau and in the
Graham Mountains. The annual reproductive rate
expressed as the number of young per female varied
from 2.4-4.4 over a 4-yr study period in Rochester,
Alberta (Rusch and Reeder 1978). Kemp and Keith
(1970) also in Rochester, reported mean litter sizes
of 3.4 and 4.3 for the years 1967 and 1968, respec-
tively. Layne (1954) summarized litter sizes from
several authors and reported a mean of 4.9 (range =
2-8). This figure is higher than the means of 3.9
for the study by Rusch and Reeder (1978), 4.0 by
Wood (1967) and 3.3 by Smith (1968). In Colorado,
Dolbeer (1973) found an average embryo count of
3.3 (range = 2-5).
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Home range

Because red squirrels are notorious for their
strong territorial behavior, most authors report the
size of a defended territory and not the home range
size. Rusch and Reeder (1978) estimated territory
size of red squirrels at 0.2-0.7 ha. Kemp and Keith
(1970) estimated territory size from observations in a
variety of habitats and found territories ranging from
0.4-0.8 ha. Gurnell (1984) estimated territory size to
be approximately 60—100% of the home-range size.
Burt and Grossenheider (1980) report that home
ranges are <3.4 ha in size.

Nest

Nest height is between 4.6 and 9.1 m above ground
regardless of tree size (Vahle and Patton 1983). Nest
tree measurements for 186 nest trees in eastern Arizona
ranged as follows: tree dbh from 33.5-38.1 cm;
tree height from 14.3-16 m; tree distance from cen-
ter of cache from 4.0-4.7 m; number of trees with
crowns interlocking nest tree crowns 2.3-2.7 (Vahle
and Patton 1983). In Colorado, Hatt (1943) reported
a horizontal diameter of 28-46 cm for nests and an
inside diameter of 10—13 cm. The inside of the nest is
generally composed of grasses. Nests are often placed
in cavities within trees; if outside the bole, they are
firmly supported and protected (Hoffmeister 1986).

Diet

The red squirrel feeds on a variety of seeds, nuts,
eggs, and fungi (Burt and Grossenheider 1980). Layne
(1954) divided food items into six categories based
on stomach analyses of 145 stomachs collected in
Ithaca, New York: mast, fleshy fruits, green plant
matter, fungus, flesh, and insects. Mast was consumed
every month of the year and represented almost 75%
of the annual diet. Fleshy fruits and green plant mat-
ter each comprised nearly one-quarter of annual diets.
Fungus was 7% of the annual diet despite only being
consumed in July and August as 12% and 26% of the
monthly diets, respectively.

In Alberta, Rusch and Reeder (1978) calculated
that a single red squirrel consumed an average of
639 meristematic buds and the seeds from 35 pine
cones each day. At the same study site, Rusch and
Reeder (1978) noted that almost all species of fleshy
mushrooms were consumed. In an outdoor enclosure
at the University of Alaska, red squirrels were fed
nothing but white spruce (Picea glauca) seeds for
3 wk and consumed about 144 cones per squirrel, per
day (Brink and Dean 1966).
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Rock SQUIRREL
Distribution and habitat

The rock squirrel is found in southern Nevada and
most of Utah, Colorado, New Mexico, and Arizona
(Burt and Grossenheider 1980). They are primarily
found in or among rocks, on slopes, canyon walls,
or rock piles (Hoffmeister 1986). In Arizona, they
occur from as low as 490 m elevation in Yuma
County to >3,350 m in Coconino County on the San
Francisco Peaks.

Densities

Rock squirrels are less abundant in the winter,
but whether they hibernate is unknown (Hoffmeister
1986).

Reproduction and development

Hoffmeister (1971) found a nest containing six
young on 20 May in the Grand Canyon. Rock squir-
rels may have two litters in southern Arizona but
only one in northern Arizona (Hoffmeister 1986).

Home range

Findley et al. (1975) referenced the work of W.
Stalheim studying rock squirrels near Albuquerque,
New Mexico, and reported squirrels having overlap-
ping home ranges, which averaged about 14 ha per
squirrel (N = 16).

Nest

Burrows and nests are placed in rock piles, mak-
ing excavation and research difficult (Hoffmeister
1986).

Diet

In Arizona, rock squirrels have been observed
eating the buds and seeds of mesquite (Prosopis
juliflora), cactus (Opuntia spp.) fruit, juniper ber-
ries (Juniperus spp.), blooms of Agave, seeds of
Ephedra, ripe fruits of western red currant (Ribes
cereum), ripe berries of gray thorn (Acacia spp.),
bulbs of mariposa lilies (Lilium spp.), serviceberry
(Amelianchier sp.), skunkbush (Rhus sp.), and
lupine (Lupinus sp.) seeds, apricots and peaches,
acorns (Quercus spp.), hackberry (Celtis reticu-
lata), grapes (Vitas spp.), walnuts (Juglans spp.),
cultivated corn (Zea mays) and wheat (Triticum
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spp.) (Hoffmeister 1986). Rock squirrels prefer
leaves (Hart 1976).

GOLDEN-MANTLED GROUND SQUIRREL
Distribution and habitat

The golden-mantled ground squirrel is common
throughout the mountains of the western US, southern
British Columbia, and Alberta (McKeever 1964). It is
usually found from the mid-transition zone up to the
Hudsonian zone (Mullally 1953). In the Southwest,
the golden-mantled ground squirrel occurs along the
Mogollon Plateau from the San Francisco Peaks to
the White Mountains, on the Kaibab Plateau, in the
Chuska Mountains (Hoffmeister 1986), and in wood-
lands to above timberline in northern New Mexico
(Findley et al. 1975).

A study conducted on the Beaver Creek water-
shed, 50 km south of Flagstaff, Arizona, found
golden-mantled ground squirrels preferred dense,
mature forest on a silviculturally treated watershed
(Goodwin and Hungerford 1979). Only at higher
elevations were the squirrels observed in more
open stands (Goodwin and Hungerford 1979). Lowe
(1975) found this species abundant in both dense and
open forests above 2,256 m. In the Trinity Mountains
of northern California, golden-mantled ground squir-
rels invaded cut areas within virgin forest after tim-
ber harvesting (Tevis 1956).

Densities

On the Beaver Creek watershed, Goodwin and
Hungerford (1979) estimated densities of golden-
mantled ground squirrels at 0.6 squirrels per hectare
in denser forests and 0.1 squirrels per hectare in
more open stands. In northeastern California, squir-
rels were more abundant in ponderosa pine forests
than they were in either lodgepole pine, red fir (4bies
magnifica), or white fir (4bies concolor) forest types
(McKeever 1964).

In Arizona, golden-mantled ground squirrels
hibernate from October or November until April or
May, depending on elevation and seasonal variations
(Hoffmeister 1986). McKeever (1964) found adults
hibernating from mid-March to late May. Juveniles
did not appear until mid-May to early June. Mullally
(1953) reported hibernation dates from October or
November until mid-March or April in southern
California. Captive squirrels from the same study
population hibernated from 25 December to early
March, but were intermittently awake and active for
short periods in all cases (Mullally 1953).
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Reproduction and development

McKeever (1964) reported that almost all males
emerged from hibernation in breeding condition,
but females did not enter breeding condition until
2-3 wk after emerging from hibernation. The gesta-
tion period in captivity was about 27 d (McKeever
1964). Mean litter size in Lassen County, California
was 5.0 (range = 3-8) for pregnant females (N =
36; McKeever 1964), and 5.1 embryos for Plumas
County, California (Tevis 1955).

Home range

No information on home range size was found in
the literature. However, based on body size, golden-
mantled ground squirrels are expected to have a
home range size intermediate between the smaller
chipmunks (0.8 ha) and the larger Abert squirrel
(2.0-21.0 ha).

Nest

Burrows are either dug into the ground near a
large surface object, dug into a partially decomposed
log or stump, or result from taking over a gopher
hole (Mullally 1953). Fourteen burrows excavated
by Mullally (1953) had an average depth of 46 cm
and an average length of 112 cm. Seldom is more
than one entrance present (Mullally 1953).

Diet

McKeever (1964) reported eight categories of
food items from analyses of 561 stomachs collected
throughout the year. Fungi were the most important
item for the entire year, representing 57% of the
stomach contents. Leaves were the second most
important item, at 30% of the annual diet. Seeds,
flowers, arthropods, mammals, fruit, and bulbs each
represented <5% of the annual average diet. Seeds
were especially important in fall, representing 30%
of the diet for the month of October. Bulbs were
taken only in fall and represented 30% of the diet for
November. Carrion represented 10% of the diet for
November; however, this figure is probably exagger-
ated in this study because of an abundance of dead
animals caught in traps on the study area.

The diet of golden-mantled ground squirrels
changes throughout the year. After emerging from
hibernation in spring, the diet was 56% (by volume)
leaf material (Tevis 1953). In summer and fall, intake
of leafy material declined and fungi dominated the
diet at 65% and 90%, respectively (Tevis 1953).
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Tevis (1952, 1953) studied eating habits of
golden-mantled ground squirrels during a food
shortage caused by a failure in the conifer seed crop
in the fall of 1950 and during a late frost in spring
1951 which killed many flowers of spring-blooming
shrubs. The diet of golden-mantled ground squirrels
for the year following the food shortage was marked
by an increased consumption of fungi. Of the several
populations studied, Tevis (1952) concluded that
where hypogeous fungi flourished, it offset the del-
eterious effects of the failure of the seeds crops. In
Colorado, the common dandelion (7araxacum offi-
cinale) provided >80% of the diet between June and
August (Carlton 1966). The stems were preferred
and the seeds and flowers were rarely eaten (Carlton
1966).

GREY-COLLARED CHIPMUNK
Distribution and habitat

The grey-collared chipmunk ranges from Bill
Williams Mountain and the San Francisco Peaks to
the White Mountains in Arizona (Hoffmeister 1986).
In New Mexico, the grey-collared chipmunk occurs
on several mountains in the southern portion of
the state including the Mogollon, Organ, Mimbres,
Magdalena, San Mateo, and Elk mountains (Findley
et al. 1975).

In Arizona, grey-collared chipmunks prefer
mature forests above 2,225 m (Goodwin and
Hungerford 1979). Lowe (1975) reported that
grey-collared chipmunks were abundant in mature
ponderosa pine forests west of Flagstaff at elevations
between 2,250 and 2,440 m.

Densities

Clothier (1969) reported population densities as
5.0/ha in May and 12.5/ha in August in southeast
Coconino County.

Reproduction and development

Young are born in the first 2 wk of June and the
gestation period is at least 30 d (Clothier 1969). One
litter per summer is produced. Mean litter size is 4.9
(range = 4-6). Young emerge from underground bur-
rows in July (Clothier 1969).

Home range

No information on home range was found in the
literature for grey-collared chipmunks. However,
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eastern chipmunks (7amias striatus) home range size
is usually <0.8 ha (Burt and Grossenheider 1980).

Nest

Nests are located under logs, stumps, and roots or
in tree cavities (Hoffmeister 1986).

Diet

No information on diet was found in the lit-
erature. However, based on information from similar
species they likely consume an array of food items
including seeds, berries, and fungi.

CLirr CHIPMUNK
Distribution and habitat

The cliff chipmunk is distributed from central
Nevada through Utah, Arizona, and parts of west-
ern New Mexico (Burt and Grossenheider 1980).
In Arizona, the cliff chipmunk is found from the
Arizona Strip southeastward through the Mogollon
Plateau to the White Mountains and on various iso-
lated mountain ranges (Hoffmeister 1986).

Cliff chipmunks are found in a wide variety of
habitats, especially where there are large rocks or
cliffs (Hoffmeister 1986). In Arizona, they range
from as low as 975 m in the Grand Canyon to as high
as 2,865 m in the Graham Mountains (Hoffmeister
1986). In Nevada, Brown (1971) found that cliff
chipmunks were restricted to stands of small diam-
eter trees that were well spaced. In Arizona, cliff
chipmunks are found along rock cliffs and in thinned
pine stands (Goodwin and Hungerford 1979).

Densities

Goodwin and Hungerford (1979) found wide
variations in population densities from 0.1 squirrel
per hectare in dense pine stands to about 1.3 squir-
rels per hectare in thinned pine stands and along
rock ledges. Density increased as thinning increased,
but cliff chipmunks were not found in clearcuts
(Goodwin and Hungerford 1979). Cliff chipmunks
apparently do not hibernate, but they may become
inactive during periods of extreme winter cold
(Hoffmeister 1986).

Reproduction and development

Cliff chipmunks may have two litters a year in
Arizona (Hoffmeister 1986). The closely related
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least chipmunk (Eutamias minimus), which also has
eight mammae, has 2—6 young per litter and possibly
two litters per year (Burt and Grossenheider 1980).

Home range

No information on home range was found in the
literature for cliff chipmunks. However, home range
size for eastern chipmunks is usually <0.8 ha (Burt
and Grossenheider 1980).

Nest

No information on nesting habits of the cliff chip-
munk was found in the literature. The least chipmunk
excavates its own burrows beneath stumps and rocks
(Burt and Grossenheider 1980).

Diet

Cliff chipmunks feed on the fruits and seeds of
most of the trees and shrubs, as well as the seeds
of grasses and forbs (Hoffmeister 1986). Stems and
blossoms of plants are preferred over other parts
(Hart 1976).

COTTONTAILS
Distribution and habitat

Three species of cottontails occur in the
Southwest—eastern cottontail, mountain cottontail,
and desert cottontail. The eastern cottontail is most
often found in mountains and adjacent slopes but it
has never been found at elevations as high as those
inhabited by the mountain cottontail (Hoffmeister
1986). Mountain and eastern cottontails are not
known to overlap in their distribution anywhere in
Arizona, but come within 10 km of each other in the
White Mountains (Hoffmeister 1986). Mountain cot-
tontails preferred habitats dominated by sagebrush
(Artemisia tridentata) in southern British Columbia
(Sullivan et al. 1989). In Colorado, Cayot (1978)
found that mountain cottontails decreased in abun-
dance as elevation increased from 2,070-2,710 m.
At higher elevations, Cayot (1978) found a negative
association between mountain cottontail abundance
and bare ground, downed trees, and common juni-
per (Juniperus communis). Mountain cottontail
abundance was greater on southeast aspects where
ponderosa pine was more common and bitterbrush
(Purshia tridentata) reached 50% cover. Mountain
cottontails are typically high-mountain residents
in Arizona, inhabiting grassy and rocky areas near
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or among spruce-fir or on the sagebrush flats and
gullies near ponderosa pine or spruce-fir forests
(Hoffmeister 1986). The desert cottontail is found
throughout the Southwest (Burt and Grossenheider
1980) but mostly inhabits deserts and semiarid
grasslands at elevations below coniferous forest
(Hoffmeister 1986).

Densities

Densities of eastern cottontail vary from one/
2 ha to several times higher in winter concentrations
(Burt and Grossenheider 1980). Trent and Rongstad
(1974) estimated fall densities of eastern cottontails
in a 6-ha woodlot in Wisconsin as 9/ha. McKay and
Verts (1978) reported densities at monthly intervals
over a 20-mo period in Oregon. Population densities
ranged from 0.07-2.54/ha (McKay and Verts 1978).
Population density peaked in August and was lowest
in April over the 20-mo study period (McKay and
Verts 1978). Scribner and Warren (1990) reported
densities of eastern cottontails ranging from 8-28/ha
in playa basins in Texas.

Reproduction and development

Reproduction occurs later at higher latitudes
and higher elevations (Conaway et al. 1963).
Mountain cottontails in Oregon averaged four lit-
ters in 1972 and only three litters in 1973 (McKay
and Verts 1978). In Missouri, eastern cottontails had
seven—eight litters per year each with four—six viable
embryos resulting in approximately 35 young pro-
duced annually (Conaway et al. 1963). Powers and
Verts (1971) reported 4.3 viable embryos per adult
female mountain cottontail, which is lower than for
the eastern cottontail but considerably greater than
previously expected for mountain cottontails. The
gestation period for six timed pregnancies of eastern
cottontails was between 26 and 28 d (Marsden and
Conaway 1963).

Home range

Home range size varies between species. Eastern
cottontail home range size ranges from 1.2-8.0 ha
and desert cottontail home range size from 0.4—6.0 ha
(Burt and Grossenheider 1980). In southwestern
Wisconsin, adult male home range size varied from
2.8 ha in spring to 4.0 ha in summer to 1.5 ha in late
summer (Trent and Rongstad 1974). Adult female
home range size varied from 1.7 ha in the spring to
0.8 ha throughout the summer and fall and did not
overlap in the summer (Trent and Rongstad 1974).
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In Oregon, male eastern cottontails dispersed greater
distances than females and juvenile males dispersed
more than adult males (Chapman and Trethewey
1972).

Nest

The desert cottontail nest is a grass-lined depres-
sion in the ground (Burt and Grossenheider 1980).
Eastern cottontail nests were located most often
within dense brush, grass cover, and downed logs
(Allen 1984). No information was found on the
mountain cottontail nest.

Diet

The eastern cottontail feeds on green vegetation
in the summer and bark and twigs in the winter (Burt
and Grossenheider 1980). In California, mountain
cottontails consumed mainly sagebrush and juniper
in the fall and grasses in the spring and summer (Orr,
1940 as cited in Hoffmeister 1986).

STELLER’S JAY
Distribution and habitat

The Steller’s Jay is a permanent resident of conif-
erous forest from southern Alaska, west through
British Columbia and Alberta, and south through
the western states into Mexico (Terres 1991). Coons
(1984) found Steller’s Jays present on the San
Francisco Peaks during all months of the year. The
mean elevation where birds were detected during the
spring, summer, and fall was between 2,680 m and
2,900 m, but dropped to between 2,560 and 2,590 m
during the period from November—February (Coons
1984).

Densities

Haldeman (1968) reported the number of breed-
ing pairs in three study areas. Ponderosa pine, burned
ponderosa pine, and a mixed-stand composed of fir,
pine, and aspen, supported 8, 7, and 10 pairs of birds
per 40 ha, respectively (Haldeman 1968). Breeding
densities during a 3-yr study in five different forest
treatments ranged from zero pairs per 40 ha in the
cleared plot to nine pairs per 40 ha on the control plot.
The number of birds seen per hour in the winter was
0.1 both in a mixed-stand of fir, pine, and aspen, and
in a pure ponderosa pine stand (Haldeman 1968). In
west-central Colorado, the density of Steller’s Jays in
an aspen-conifer forest ranged from four/40 ha in the
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78% aspen overstory forest to one/40 ha in both 98%
and 1% aspen overstory forests (Scott and Crouch
1988).

Reproduction and development

Females incubate for 16 d and the young are
altricial. Both sexes help raising young (Erlich et
al. 1988).

Home range

Brown (1963) reported that Steller’s Jays main-
tained non-overlapping areas of dominance around
their nests ranging in size from 0.02—0.4 ha in size.
However, larger home ranges adjacent to each other
did overlap and were from 0.9-1.4 ha in size. In
Arizona, Vander Wall and Balda (1981, 1983)
reported Steller’s Jays flying as far as 3.2 km daily
to forage on pine seeds, acorns, berries, and other
seasonally abundant food.

Nest

Steller’s Jays build cup nests with a bulky foun-
dation of large sticks cemented together with mud
(Bent 1946). The inside of the cup is lined with
rootlets or pine needles (Bent 1946). Nests are built
on horizontal limbs or in the crotch of trees (Erlich
et al. 1988).

Diet

Based on two stomachs collected in northern
California, Coleoptera accounted for 92% and
Lepidoptera 4% of the diet (Otvos and Stark 1985).
During December and January the diet was between
90 and 99% acorns or pine seeds (Erlich et al.
1988).

NORTHERN FLICKER
Distribution and habitat

The Northern Flicker ranges from treeline in
Alaska and across northern Canada, south through
most of the lower 48 states (Terres 1991). In Arizona,
Northern Flickers have a widely scattered elevational
distribution. On the San Francisco Peaks from June—
September, mean elevation ranged between 2,590 m
and 2,835 m (Coons 1984). Northern Flickers were
not recorded during November, December, or January
anywhere on the San Francisco Peaks study area
including a site as low as 2,440 m (Coons 1984).
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Densities

Haldeman (1968) recorded densities in three
different forest stands—ponderosa pine, burned
ponderosa pine, and a mixed-stand of fir, pine, and
aspen. The number of breeding pairs per 40 ha was
9, 17, and 7, respectively. Breeding densities during
a three year study in five different forest treatments
ranged from zero pairs per 40 ha in cleared plots,
to four pairs per 40 ha on strip cut plots (Szaro and
Balda 1979). Densities of Northern Flickers in the
Santa Catalina Mountains north of Tucson, averaged
two/40 ha (Horton and Mannan 1988). At the same
study area, Horton and Mannan (1988) recorded a
decrease in density on plots that were control burned.
Prior to burning in 1984, the density was 2.6/40 ha
and in 1985, after the burn, the numbers dropped to
2.1/40 ha (Horton and Mannan 1988).

In winter the number of birds seen per hour was
0.2 in a mixed stand of fir, pine, and aspen and 0.9
in a pure ponderosa pine stand (Haldeman 1968).
Flicker densities were positively correlated with
aspen overstory density (Scott and Crouch 1988).

Reproduction and development

Northern Flickers are monogamous and the aver-
age clutch is five—eight eggs (range 3—12) (Erlich et
al. 1988). They have one brood per year over most
of their range but two broods is common in the south
(Erlich et al. 1988). Both sexes share incubation of
the eggs for 11-14 d when young are born altricial.
The young fledge from 25-28 d after hatching
(Erlich et al. 1988).

Home range

Home range and territory are likely the same size
but no specific figures are available (Moore 1995). A
territory of 16 ha was estimated for a breeding pair in
a conifer forest in Ontario (Lawrence 1967)

Nest

The Northern Flicker is a primary cavity nester
and excavates nest holes preferentially in snags
but sometimes in live trees, typically cottonwood
(Populus spp.), willow (Salix spp.), sycamore
(Platanus spp.), or juniper (Bent 1939). Scott
and Patton (1975) recorded 10 nests in the White
Mountains of Arizona, five in dead ponderosa pine,
two in dead aspen, and three in live aspen. The aver-
age height of these 10 nests was 13 m above ground
level (Scott and Patton 1975). Preston and Norris
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(1947) reported two nests at 6 m above ground level.
On the Mogollon rim in central Arizona, Li and
Martin (1991) found average nest height to be 16 m
above ground level. In the Sierra Nevada Mountains,
mean height of nest trees was 13 m and mean nest
height was 8 m (N = 68; Rafael and White 1984).
Mean nest tree dbh was 45 cm in Arizona (Li and
Martin 1991). In the Sierra Nevada, mean dbh of nest
trees was 60 cm. The majority of nests (97%) were
in aspen trees and the remainder was in conifers (N =
37, Li and Martin 1991). Northern Flickers selected
snags 57% of the time; 14% of Northern Flicker
nests were found in dead portions of live trees and
30% in live trees (Li and Martin 1991). In the Sierra
Nevada, Northern Flickers used snags, dead portions
of live trees and live trees 78%, 20%, and 3% of the
time, respectively (N = 20; Rafael and White 1984).

Diet

The Northern Flicker feeds chiefly on the ground
but occasionally may capture flying insects and glean
bark (Erlich et al. 1988). The preferred food is ants,
more than any other North American bird (Erlich et
al. 1988). In addition to ants, some beetles, caterpil-
lars, crickets, spiders, and codling moths are eaten
(Bent 1939). Acorns are the main plant item in the
diet (Bent 1939). Otvos and Stark (1985) reported
the stomach contents of nine Northern Flickers col-
lected between 1962 and 1968 in northern California.
Formicids (Hymenoptera) composed nearly 90% of
the diet with Liometopum spp., Prenolepis imparis,
Formica spp., and Lasius spp. each contributing
about 20% to the total diet. Plant material comprised
3% of the diet (Otvos and Stark 1985). Scott et al.
(1977) reported that animal matter comprised 60% of
the Northern Flickers diet and of this, 75% was ants.
Plant material in Northern Flicker diets includes
seeds of annuals, cultivated grains, and the fruits of
shrubs and trees (Scott et al. 1977).

PREY SPECIES HABITAT

The habitats used by the primary prey of the
goshawk in the Southwest vary from small (<1 ha)
stands of large, mature Douglas-fir with high canopy
closure for red squirrels, to areas with relatively low
canopy cover and high grass-forb cover for golden-
mantled ground squirrels. All of the prey species
occur in ponderosa pine forest except red squir-
rels, which are restricted to spruce-fir forest. The
desert cottontail, cliff chipmunk, rock squirrel, and
Northern Flicker are found in more than three dif-
ferent habitat types on the Coconino National Forest
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(Anonymous 1991a, 1991b). The Abert squirrel is
the only species restricted to ponderosa pine forest.

Home range size of goshawk prey species is vari-
able but always much smaller than the home range
size of any individual goshawk. Home ranges of prey
species varies from less than 1 ha for chipmunks to
>20 ha for Abert squirrel. By contrast, goshawk
home ranges in North America are estimated to range
from 570-3,500 ha depending on sex and habitat
characteristics (Squires and Reynolds 1997).

Goshawks and their prey may respond dif-
ferently to silvicultural treatments. For example,
golden-mantled ground squirrels preferred dense,
mature forest over open stands on silviculturally
treated forest in Arizona (Goodwin and Hungerford
1979), but they increased in numbers in northern
California following clear-cut timber harvest (Tevis
1956). On the Kaibab National Forest in northern
Arizona, Crocker-Bedford (1990) estimated that
the number of Northern Goshawk pairs declined by
>50% following timber harvest. This contrast in the
type of response to a forest treatment illustrates the
complexity of forest management and suggests that
decisions cannot be based on the needs of a single
prey species alone.

This review summarizes several goshawk dietary
studies to identify the primary prey of the goshawk
in the Southwest and the habitats of these prey spe-
cies. However, knowledge of the habitats used by
goshawk prey must be associated to the habitats
used by goshawks, because many of the prey spe-
cies occupy habitats where goshawks are unlikely
to encounter them (e.g., Northern Flicker in Mojave
desert scrub). Life-history traits of goshawk prey
are variable. Most of these species produce young
during the goshawk nesting season (May—July) but
many hibernate or migrate to lower elevations during
the winter months (Table 6). Population dynamics of
these species is variable with some species cyclic
and others relatively stable year to year.

GOSHAWK HABITAT

Several studies have characterized goshawk nest-
ing habitat across its range. Despite highly variable
tree species composition both within a region and
across the subspecies’ range, these studies generally
agree that goshawk nest sites have large trees, dense
canopies, and, in the southern portion of the hawk’s
range, are typically on slopes with northerly aspects
(Bartlelt 1977, Moore and Henny 1983, Speiser and
Bosakowski 1987, Crocker-Bedford and Chaney
1988, Kennedy 1988, Hayward and Escano 1989).
Whereas nest stands have been studied extensively,
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little is known about the structure and composition
of goshawk foraging habitat.

Only eight studies have described goshawk forag-
ing habitats. In North America, four studies found
that goshawks preferred stands with average tree
diameter >52 cm dbh (Austin 1993), greater canopy
cover, basal area, and tree densities than at random
sites (Hargis et al. 1994), areas with high canopy
closure as determined from LANDSAT imagery
(Bright-Smith and Mannan 1994), and greater density
of large trees (>40 cm dbh), higher canopy closure,
and higher tree density than paired comparison sites
(Beier and Drennan 1997). In Europe, Widén (1989)
found that goshawks preferred mature conifers over
younger stands in a Swedish boreal forest. In three
Swedish and one British study area, Kenward (1982)
reported that goshawks spent 50% of their time
in woodlands which comprised only 12% of their
habitat. In the same study, goshawks avoided open
country and had a preference for woodland edge or
forested areas within 200 m of an opening. Despite
the preference for mature forest conditions reported
in these studies which were conducted in the breed-
ing season, goshawks used all available habitats for
foraging including dense stands of small diameter
trees, meadows, seedling and sapling stands, and
clearcuts. During winter, goshawks in Arizona used
habitats with more medium-sized trees and denser
canopy closure than paired reference sites, but
indices of prey abundance did not differ between
used and reference sites, suggesting that goshawks
are habitat specialists even during winter (Drennan
and Beier 2003). In Utah, wintering goshawks used
habitats with greater canopy closure and greater tree
density than random locations (Stephens 2001).

OVERLAP BETWEEN GOSHAWK HABITAT
AND PREY SPECIES HABITAT

The habitats used by goshawks and their prey
vary throughout the year. In summer, habitats used
by goshawks and their primary prey appear to
overlap entirely for some individuals, as expected.
In winter, goshawks may remain on their breeding
territories in ponderosa pine forest, descend to lower
elevation pinyon-juniper woodland and grassland, or
ascend to spruce-fir forests. Goshawks wintering in
ponderosa pine forest overlap with Abert squirrels
and some bird species, a relatively narrow prey base
compared to goshawks wintering in pinyon-juniper
where a greater diversity of prey species are avail-
able. In the spruce-fir zone, red squirrel is the only
prey species available to goshawks. Although no
studies in the Southwest have shown goshawk winter
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movements in response to low populations of prey
species, this pattern has been documented for studies
areas at more northern latitudes (Doyle and Smith
1994, Yukon, Canada, 60° N). If goshawk move-
ments at lower latitudes are driven by prey abun-
dance, the most sensitive habitat would be spruce-fir
where only a single prey species is expected present
during winter months.

Habitats used by goshawks and their primary
prey share several similar attributes. At the coarsest
scale, both goshawks and their prey require forested
habitats for at least part of the year. At a finer scale,
most prey species reach their highest densities in
habitats with high canopy closure, high numbers
of large trees per hectare, and presence of downed
woody material, and snags, habitats that are also
preferred by goshawks. Although habitats used by
goshawks and their prey have many similarities, they
also have many differences. The biggest difference
across all prey species is related to the area of habitat
used; goshawks use relatively large areas compared
to most prey species. During the breeding season
goshawks typically range over areas >500 ha whereas
most prey species have small home ranges (<20 ha).
Because goshawk habitat covers large areas, it is
inherently more diverse than the habitats used by
individual prey species. As a result, goshawks prob-
ably respond to the composition of habitat types
across the landscape more so than prey species.

CONCLUSION

Goshawks consume a wide variety of prey across
their range. In the Southwest, goshawks consume
a greater percentage of mammalian prey compared
to avian prey. This preference for mammals is also
evident in diet studies conducted in Canada and
Alaska. However, in the Pacific Northwest and the
northeastern US, goshawk diet studies report greater
percentages of avian prey in goshawk diet compared
to mammals (Tables 2-5).

Although this review focused mainly on goshawk
prey and prey habitats in the Southwest, diets of
goshawk in the western US are highly similar (Table
7) with many of the same prey species or their eco-
logical equivalents present in diets throughout this
region. Cottontails, golden-mantled ground squir-
rel, chipmunks, Steller’s Jay, Northern Flicker, and
American Robin are common prey throughout the
western US, and in other regions where they occur.
In California and Oregon, the ponderosa pine-depen-
dent Abert squirrel of the Southwest is replaced by
the mixed-conifer dwelling Douglas squirrel and
northern flying squirrel (Glaucomys sabrinus).
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Although the forest types used by these species
are different, the general requirements are similar
(mature forest with relatively high canopy closure,
groups of closely spaced trees, and hypogeous fungi)
suggesting that successful habitat management
approaches might be similar for these regions.

Goshawk diet has been reported from >30 stud-
ies across their range but is relatively limited in the
Southwest. Southwest diet studies are limited to two
studies on the Kaibab Plateau in Arizona (Boal and
Mannan 1994, Reynolds et al. 1994) and one study
in the Jemez Mountains of New Mexico (Kennedy
1991). Results of these studies may not be applicable
to other areas within the Southwest. Further, all three
studies were conducted in the breeding season when
prey populations were at their peak. Winter diet of
goshawks is poorly known; however, this may be
the period of greatest stress on goshawks in terms of
food availability and weather conditions. Two stud-
ies suggest an extremely narrow diet breadth during
winter (Stephens 2001, Drennan and Beier 2003).
Further research on the wintering diet of goshawks,
both in ponderosa pine forest and pinyon-juniper
woodlands, should be a priority. Ideally, this research
should be directed at the relationship of winter prey
availability and goshawk fitness.

Basic natural history information on many of the
primary prey species of goshawks in the Southwest
is lacking, especially for rock squirrels, chipmunks,
and cottontails. This review identifies many of the
gaps in knowledge on these prey species. In addi-
tion, comparisons between prey studies and goshawk
studies are often difficult because different variables
were measured or different scales of habitat were
evaluated. For example, prey species habitat might
be described only for a small area such as a nest
site, whereas, goshawk habitat studies are generally
focused on larger areas that include the nest area and
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in some cases, winter habitat and foraging habitat.
Future studies on goshawk foraging and prey ecol-
ogy should carefully select habitat variables for
measurement and consider the appropriate scale to
allow for better comparisons between preferences of
predator and prey.

The wide range of habitats used by the goshawks’
primary prey species in the Southwest reflects the
diversity of habitats used by goshawks. Because
goshawk prey species occur in a wide range of habi-
tats, forest managers should consider maintaining
habitat components essential for goshawk nesting
and foraging while maintaining habitat elements of
preferred prey in areas that may not meet the criteria
of documented habitat characteristics for goshawks.
This approach suggests managing for a mosaic
of habitat types across the landscape that provide
habitat that meets the requirements of goshawk prey
species and goshawks. The practice of managing
landscapes in a more holistic manner, considering
areas beyond the traditionally recognized limits of a
species, will benefit not only goshawks but their prey
species as well.
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APPENDIX 1. LIST OF SPECIES OBSERVED IN GOSHAWK DIETS IN WESTERN NORTH AMERICA. BASED ON SCHNELL 1958, BLoOM ET
AL. 1986, KENNEDY 1991, BoAL AND MANNAN 1994, BuLL AND HoHMANN 1994, AND REYNOLDS ET AL. 1994,

Mammals Birds (continued)

Black-tailed jackrabbit (Lepus californicus)
White-tailed jackrabbit (Lepus. townsendii)
Snowshoe hare (Lepus americanus)

Cottontail (Sylvilagus spp.)

Golden-mantled ground squirrel (Spermophilus lateralis)
Belding’s ground squirrel (Spermophilu beldingi)
California ground squirrel (Spermophilubeecheyi)
Rock squirrel (Spermophilus variegatus)
Douglas’ squirrel (Tamiasciurus douglasii)

Red squirrel (Tamiasciurus hudsonicus)
Northern flying squirrel (Glaucomys sabrinus)
Western gray squirrel (Sciurus griseus)

Abert squirrel (Sciurus aberti)

CIiff chipmunk (Eutamias dorsalis)

Uinta chipmunk (Eutamias umbrinus)

Yellow pine chipmunk (Eutamias amoenus)
Broad-footed mole (Scapanus latimus)

Woodrat (Neotoma spp.)

Weasel (Mustela spp.)

Unidentified microtine

Cat (Felis spp.)

Birds

Mallard (4nas platyrhynchos)
Gadwall (4nas strepera)

Cooper’s Hawk (Accipiter cooperii)
Northern Goshawk (Accipiter gentilis)
American Kestrel (Falco sparverius)
Prairie Falcon (Falco mexicanus)
Blue Grouse (Dendrogapus obscurus)
Ruffed Grouse (Bonasa umbellus)
Mountain Quail (Oreortyx pictus)
Band-tailed Pigeon (Columba fasciata)
Rock Pigeon (Columba livia)
Mourning Dove (Zenaida macroura)

Long-eared Owl (A4sio otus)

Spotted Owl (Strix occidentalis)

Western Screech-owl (Otus kennicottii)
Northern Pygmy Owl (Glaucidium gnoma)
Belted Kingfisher (Ceryle alcyon)

Northern Flicker (Colaptes auratus)
White-headed Woodpecker (Picoides albolarvatus)
Red-breasted Sapsucker (Sphyrapicus ruber)
Williamson’s Sapsucker (Sphyrapicus thyroideus)
Red-naped Sapsucker (Sphyrapicus nuchalis)
Hairy Woodpecker (Picoides villosus)

Nuttall’s Woodpecker (Picoides nuttallii)
Pileated Woodpecker (Dryocopus pileatus)
Western Scrub Jay (dphelocoma coerulescens)
Gray Jay (Aphelocoma ultramarina)

Steller’s Jay (Cyanocitta stelleri)

Clark’s Nutcracker (Nucifraga columbiana)
Common Raven (Corvus corax)

American Crow (Corvus brachyrhnchos)
Pygmy Nuthatch (Sitta pygmaea)

Western Bluebird (Sialia mexicana)

Mountain Bluebird (Sialia currucoides)

Hermit Thrush (Catharus guttatus)

American Robin (Turdus migratorius)
European Starling (Sternus vulgaris)
Yellow-rumped Warbler (Dendroica coronata)
Black-headed Grosbeak (Pheucticus melanocephalus)
Eastern Towhee (Pipilo erythrophthalmus)
Dark-eyed Junco (Junco hyemalis)

Western Meadowlark (Sturnella neglecta)
Western Tanager (Piranga ludoviciana)
Unidentified finch (Carpodacus spp.)

Evening Grosbeak (Coccothraustes vespertinus)
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DIET, PREY DELIVERY RATES, AND PREY BIOMASS OF NORTHERN
GOSHAWKS IN EAST-CENTRAL ARIZONA

ANDI S. ROGERS, STEPHEN DESTEFANO, AND MICHAEL F. INGRALDI

Abstract. Recent concern over persistence of Northern Goshawk (Accipiter gentilis) populations in Arizona has
stemmed from two long-term demography studies that report substantial yearly fluctuations in productivity and
evidence of a declining population. Although many factors could be involved in changes in productivity and
population declines, availability of food is one such factor. As part of a demography study on the Sitgreaves
portion of the Apache-Sitgreaves National Forest in Arizona, we used remote cameras to assess diets of gos-
hawks. Northern Goshawks preyed upon 22 species during two nesting seasons. Adult pairs tended to specialize
on particular species of prey. Prey delivery rates decreased throughout the nesting season with a corresponding
increase in biomass in the latter stages of the nestling and fledgling periods. Adults appeared to take larger prey
as nestlings increased in age.

Key Words: Accipiter gentilis, Arizona, diet, food habits, Northern Goshawk, remote cameras, video surveillance.

DIETA, TASA DE ENTREGA DE PRESA'Y BIOMASA DE LA PRESA DEL
GAVILAN AZOR EN ARIZONA DEL ESTE CENTRAL

Resumen. La reciente preocupacion acerca de las poblaciones del Gavilan Azor (Accipiter gentilis) en
Arizona, ha sido estancada en dos estudios demograficos de largo plazo, los cuales reportan substanciales
fluctuaciones anuales en la productividad y evidencia en la disminucion en la poblacion. A pesar de que
muchos factores podrian estar involucrados en los cambios en la productividad y en la disminucion de la
poblacion, la disponibilidad de alimento es uno de ellos. Como parte del estudio demografico en la porcion
Sitgreaves del Bosque Nacional Apache-Sitgreaves en Arizona, utilizamos camaras remotas para evaluar las
dietas de los gavilanes. Gavilanes Azor cazaron 22 especies durante dos temporadas de anidacidn. Las parejas
adultas tendieron a especializarse en particulares especies de presa La tasa de entrega de presa disminuyd
durante la temporada de anidacion, con un incremento correspondiente a la biomasa en los estados tardios
en los periodos de crecimiento y volanteo. Al parecer los adultos tomaron presas mas grandes, conforme los

polluelos crecian.

Concern and controversy exist over the persis-
tence of Northern Goshawk (Accipiter gentilis)
populations in the western US (Reynolds et al. 1982,
Crocker-Bedford 1990). A long-term demographic
study conducted on the Apache-Sitgreaves National
Forest reported substantial yearly fluctuations in pro-
ductivity of goshawks, and equivocal evidence of a
declining local population (Ingraldi 1999). Probable
causes of decline have been linked to habitat altera-
tions that include timber harvesting, fire suppression,
and grazing, some of which have reduced numbers
of large diameter trees and increased the density of
smaller diameter trees (Kochert et al. 1987, Lehman
and Allendorf 1987, Moir and Deteriech 1988).

In Arizona, Northern Goshawks are found in
mature ponderosa pine (Pinus ponderosa) and mixed
conifer forests in the northern and central parts of the
state, with the southernmost edge of the sub-species
Accipiter gentilis atricapillus range reaching the rim
of the Mogollon Plateau. The changing structure of
mature forests may decrease habitat for goshawks
by limiting nest sites and reducing the availability

of certain prey (Beier and Drennan 1997, DeStefano
and McCloskey 1997). Some important prey spe-
cies in the Southwest include eastern cottontail
(Sylvilagus floridanus), Steller’s Jay (Cyanocitta
stelleri), Northern Flicker (Colates auratus), and
Abert’s squirrel (Sciurus aberti) (Kennedy 1991,
Reynolds et al. 1992, Boal and Mannan 1994). To
better understand goshawk-prey relationships in
central Arizona, we examined prey delivery by adult
goshawks to their nests. Studying raptor diets allows
a better understanding of raptor niches and may pro-
vide information on prey distribution (Marti 1987).
In addition, information on raptor diet is important
for understanding ecological aspects such as diet
overlap between and among species, predation, and
prey availability (Hutto 1990, Rosenberg and Cooper
1990, Redpath et. al 2001).

Diet is most commonly measured through indi-
rect methods, such as examination of pellets and prey
remains, and direct methods, such as observations
from blinds. These methods are not only time inten-
sive, but evidence suggests that they can be subject
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to bias (Duffy and Jackson 1986, Bielefeldt et al.
1992, Gonzalez-Solis et al. 1997). We chose video
monitoring as a primary method to quantify goshawk
diet. We investigated diet, prey delivery rates, and
prey biomass of nesting Northern Goshawks dur-
ing the breeding seasons of 1999 and 2000 in east-
central Arizona. Our objectives were to assess
patterns related to prey consumption by breeding
goshawks by (1) identifying and quantifying prey
items, delivery rates, and biomass of prey brought to
nests by adult goshawks, and (2) assessing the effect
of nestling age, brood size, and time of day on prey
delivery rates and biomass.

METHODS
STUDY AREA

Our study took place on the Sitgreaves portion
of the Apache-Sitgreaves National Forest in east-
central Arizona. The Sitgreaves Forest encompasses
about 330,300 ha and is located on the Mogollon
Plateau, a large glacial escarpment stretching east
across central Arizona and into New Mexico. The
rim of the plateau formed the southern boundary
of our study area (Rogers 2001). A wide variety
of vegetation communities occur within the study
area (Brown 1982). The Mogollon Rim edge has
deep drainages with mixed-conifer communities of
Douglas-fir (Pseudotsuga menziesii), white fir (4bies
concolor), aspen (Populus tremuloides), ponderosa
pine, New Mexico locust (Robinia neomexicana),
and Gambel oak (Quercus gambelii). Ridgetops
are commonly dominated by ponderosa pine forest.
Elevations range from 1,800-2,400 m and decrease
going north as ponderosa pine and juniper-pinyon
forest transitions to a pinyon-juniper woodland dom-
inated by alligator juniper (Juniper deppeana), Utah
juniper (Juniper osteosperma), and Rocky Mountain
pinyon pine (Pinus edulis). Lowest elevations are
comprised of a grassland community with blue
grama (Bouteloua gracilis), sand dropseed (Sprobus
crytandrus), and fourwing saltbush (Atriplex cane-
scens). Goshawk nest stands were located within or
near major drainage systems, dominated by mature
ponderosa or mixed conifer vegetation cover, and
spread throughout the study area.

OBSERVATIONS
We recorded nest activities at four nests in 1999

and six nests in 2000. No nests were observed for
more than one breeding season. When Northern
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Goshawk young were between 4-7 d old we climbed
nest trees and mounted weatherproof remote cam-
eras (Electro-optics EOD-1000 remote camera, St.
Louis, MO; mention of trade names does not imply
endorsement by the U.S. Government) (Rogers 2001).
Cameras were equipped with 3.6 mm lenses, had a
resolution of 380 lines, a 1 lux digital color system,
and measured 3.5 x 12 cm in size. Once positioned,
we secured cameras on the trunk of the tree or an
overhanging branch. To minimize nestling stress we
shaded them with towels during camera installation.
Cameras were connected to 75 m of telephone power
cord and coaxial video cable, which were tacked along
the trunk of the tree. Located away from the base of
the nest tree was a 12-volt time-lapse video-cassette
recorder (VCR) (Panasonic AG-1070 DC, Secaucus,
NJ and Sony SVT-DL224, Park Ridge, NJ), which
provided 24 hr of recording per videotape. VCRs were
housed in military ammunition cans for weatherproof-
ing and powered by one 12-volt, 64 amp-hour lead
acid battery. After camera set-up was complete we
locked ammunition cans, attached all ground equip-
ment to trees with cables, and covered equipment with
forest litter for shade and camouflage.

We collected video 6 d of each week from 22
June—18 July 1999, and 6 June-31 July 2000. We
recorded activity at each nest in a 2-d sequence
(12 hr/day) with video recorded from 0450-1650 H
on day one and 0800-2000 H on day two. Batteries
and tapes were changed at the end of day two, usu-
ally at night to reduce disturbance. We continued to
record until no prey deliveries were seen on video
footage for two consecutive days.

Video was viewed by one person (ASR) to mini-
mize observer bias. We quantified total number and
type of prey items delivered (class, genus, or spe-
cies) and portion size of prey items both delivered
and consumed. We aged nestlings (Boal 1994) and
assigned each nest a single age value by averaging
each nestling’s estimated age. We recorded brood
size and documented nestling and adult mortality.

PrEY DELIVERIES

We calculated prey delivery rate as the total
number of prey items delivered per hour. Cached or
questionable prey items were those that were iden-
tified as the same species and portion re-delivered
within a half-hour of the initial delivery. Goshawks
may consume a portion of a prey item and then cache
the remainder to re-deliver to the nest. Therefore,
in order to limit inflated prey delivery rates due to
caches, we excluded all questionable prey items
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delivered to nests (e.g., five items delivered to the
nest before dark, followed by the same items deliv-
ered within 2-3 hr the next morning were likely
cached items). In addition, we could monitor cached
prey delivered to nests more accurately with longer
hours of taped observation; therefore, we excluded
videotapes in which the sampling day was <6 hr.

Biomass

We estimated biomass of prey in two ways: (1)
total biomass delivered to the nest by adults, and
(2) total biomass consumed at the nest by adults
and nestlings. Biomass rate was estimated as grams/
hour. Total biomass was estimated based on portions
delivered, whereas values for consumed biomass
were calculated by taking the difference of portion
delivered and portion not consumed. As we did with
prey delivery rate, we excluded videotapes in which
the sampling period was <6 hr.

Biomass calculations for whole animals

Whole mass of mammals was assigned from
Cockrum and Petryszyn (1992), birds from Dunning
(1993), and reptile mass (short-horned lizards
[Phrynosoma hernadesi]) was calculated from
specimens (N = 5) from the University of Arizona’s
herpetology museum. Within the genus Eutamius we
were unable to distinguish between the grey-collared
chipmunk (Eutamius cinereicollis) and cliff chip-
munk (Eutamius dorsalis), which co-occur on the
Sitgreaves Forest (Hoffmeister 1986). We assigned
mass for Eutamius by averaging mass of both spe-
cies calculated from specimens in the University of
Arizona mammal collection (N = 50).

Prey items described to class only were character-
ized a priori as small (50-200 g), medium (200-600 g),
or large (>600 g) for mammals, and small (<40 g),
medium (60-150 g), and large (>150 g) for birds
(Cockrum and Petryszyn 1992, Dunning 1993). No
size category was used for lizards because all indi-
viduals were identified to species. Whole prey items
not recognizable to genus or species were assigned
biomass values of the mean mass for the size class
to which they belonged (Table 1). If prey was not
recognizable to class, genus, or species, it was usu-
ally small in size. These items were categorized as
unknown and given the mass value of the small-
est overall prey item delivered to nests (10 g). We
estimated whole mass for juvenile birds based on
Bielefeldt et al. (1992), and juvenile mammal whole
mass from minimum mass from ranges found in
Wilson and Ruff (1999).

221

Biomass calculations for partial animals

Prey delivered in pieces were given proportional
mass values, with pieces categorized as minus head,
three-quarters, half, two legs and thighs, legs only,
and one leg. We calculated partial prey mass for
items identified to species by collecting and dissect-
ing one individual of each species (hereafter referred
to as reference specimens) represented in the diet
of Northern Goshawks on the Apache-Sitgreaves
National Forest. When we were unable to collect an
individual species we substituted an individual from
the same genus or an individual of comparable size.
We used the reference specimens to estimate propor-
tional mass of prey pieces by dividing the reference
piece weight (half, minus head, etc.) by the total
mass of the reference animal, then multiplying that
proportion times the animal’s mean mass from the
literature (Rogers 2001).

Partial prey items not recognizable to species
were given proportional values based on mean prey
mass of partial prey pieces across the size class to
which it belonged. For example, a half of a medium
sciurid would receive a mass value from averaging
half a golden-mantled ground squirrel (Spermophilus
lateralis) and half a red squirrel (Tamiasciurus hud-
sonicus).

ANALYSES

All prey delivery rate and biomass data were
truncated at fledgling age (40 d). Forty days is a
combined estimate for average fledging dates for
male and female goshawk young. We calculated
diet composition by class, genus, and species and
expressed values as percentages. We summarized
total species in goshawk diet, which included vid-
eotapes with <6 hr of daily footage, and videos col-
lected after fledging (40 d). To reflect the percentage
of total grams consumed, we expressed delivered
biomass and consumed biomass as percentages.
We also determined the percentage of time that
goshawks consumed entire prey portions rather than
leaving the nest with an item to be cached. Lastly,
we looked at percent representation of most com-
mon prey items for each individual nest.

Daily biomass and prey delivery data were
pooled for all 10 nests after determining no differ-
ence in rates at age increments of 5 d (analysis of
variance [ANOVA]). We used multiple linear regres-
sion to assess relationships of brood size and nestling
age on biomass and prey delivery rates. For multiple
regression analysis we used estimates of consumed
biomass instead of total biomass. We transformed
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TABLE 1. SIZE CLASSES AND WEIGHTS USED TO CALCULATE BIOMASS OF PREY DELIVERED TO 10 NORTHERN GOSHAWK NESTS ON THE
APACHE-SITGREAVES NATIONAL FOREST IN EAST-CENTRAL ARIZONA, 1999 anD 2000.

Prey types Mass (g)*
Small mammal (50-200 g)
Chipmunk® Eutamius spp. 63
White-throated wood rat Neotoma albigula 180
Average small mammal 121.5
Medium mammal (200-600 g)
Golden-mantled ground squirrel  Spermophilus lateralis 200
Red squirrel Tamiasciurus hudsonicus 230
Average medium mammal 215
Large mammal (>600 g)
Abert’s squirrel Sciurus aberti 680
Rock squirrel Sciurus variegatus 760
Eastern cottontail Sylvilagus floridanus 1,500
Black-tailed jackrabbit Lepus californicus 2,100
Average large mammal 1,260
Small bird (<40 g)
Dark-eyed Junco Junco hyemalis 20
White-breasted Nuthatch Sitta carolinensis 21
Western Bluebird Sialia mexicana 28
Townsend’s Solitaire Mpyadestes townsendi 34
Average small bird 25.8
Medium bird (60-150 g)
Hairy Woodpecker Picoides villosus 66
American Robin Turdus migratorius 77
Northern Flicker Colaptes auratus 111
American Kestrel Falco sparverius 116
Mourning Dove Zenaida macroura 119
Steller’s Jay Cyanocitta stelleri 128
Average medium bird 102.8
Large bird (>150 g)
Band-tailed Pigeon Patagioenas fasciata 342
Rock Dove Columba livia 354
Cooper’s Hawk Accipiter cooperii 439
Average large bird 378.3
Short-horned lizard Phrynosoma hernadesi 40

*Mass calculated by averaging adult male and female mean mass for each species; mass across size classes was calculated from all species within the size class,
e.g., average small mammal = mass of chipmunk + mass of wood rat/2.

® Mass for chipmunks was calculated by averaging mass of E:

dorsalis and Ei

cineriecollis.

biomass data using a natural log transformation. We
used simple linear regression to assess (1) time of day
(morning = 0450-1050 H, afternoon = 1050-1550 H,
evening = 1550-2000 H) for the number of prey
items delivered, and (2) the effect of nestling age on
average daily prey mass brought in by adults.

RESULTS

We had no nest abandonment due to camera
presence, and eight of ten goshawk nests were suc-
cessful (i.e., fledged >1 young). Of 23 nestlings from
10 nests, 19 survived to fledging, and brood size
varied from two (seven nests) to three (three nests)
individuals. The two failed nests were due to an adult

female choking on a piece of rabbit (Bloxton et al.
2002) and nestling mortality by a Great Horned Owl
(Bubo virginianus). We collected 2,458 hr of usable
video from videotapes (i.c., >6 hr for each tape).

PREY DELIVERIES

We documented 670 prey deliveries and observed
a mean delivery rate of 0.30 (s = 0.01, range =
0.00-0.67) prey items/hour. Goshawk diet was
composed of 73% mammals, 18% birds, 2% reptiles,
and 7% unknown prey items. We successfully iden-
tified 627 (93%) prey items to class and were able
to identify, at least to genus, 422 (62%) of all prey
items. Goshawk diet was comprised of 22 different
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species (Table 2). Five mammal and one bird genera
contributed 78% of all prey. Mammals contributing
>5% each to goshawk diet were eastern cottontails,
chipmunks, golden-mantled ground squirrels, red
squirrels, and Abert’s squirrels. Steller’s Jays were
the only bird species that contributed >5% to diet
(Table 2). Lastly, these six most common prey items
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were not taken equally among individual nests, with
some nests showing possible specialization for par-
ticular prey items (Table 3).

Nestling age and time of day affected daily prey
delivery rates, but brood size did not (Rogers 2001).
Mean prey delivery rates decreased overall, but with
a peak in delivery rate near 18 d of age (Fig. 1).

TABLE 2. TOTAL NUMBER OR PREY SPECIES AND BIOMASS DELIVERED AND CONSUMED AT 10 NORTHERN GOSHAWK NESTS ON THE
APACHE-SITGREAVES NATIONAL FOREST IN EAST-CENTRAL ARIZONA, 1999 anD 2000.

Prey species N Percent number  Percent biomass
Abert’s squirrel Sciurus aberti 62 9.25 18.48
Golden-mantled ground squirrel  Spermophilus lateralis 63 9.40 7.06
Eastern cottontail Sylvilagus floridanus 89 13.3 4231
Red squirrel Tamiasciurus hudsonicus 53 7.92 7.66
Chipmunk Eutamius spp. 67 10.1 2.51
Rock squirrel Spermophilus variegatus 8 1.19 3.25
White-throated wood rat* Neotoma albigula - - -
Black-tailed jackrabbit! Lepus californicus - - -
Unknown mammals 144 21.5 7.42
Northern Flicker Colaptes auratus 10 1.49 0.65
Steller’s Jay Cyanocitta stelleri 34 5.08 2.42
Band-tailed Pigeon Patagioenas fasciata 1 0.15 0.18
Mourning Dove Zenaida macroura 3 0.46 0.16
Rock Dove Columba livia 4 0.61 0.39
Hairy Woodpecker Picoides villosus 1 0.15 0.25
American Robin Turdus migratorius 3 0.46 0.10
Dark eyed Junco Junco hyemalis 1 0.15 0.03
American Kestrel Falco sparverius 1 0.15 0.03
Townsend’s Solitaire® Myadestes townsendi - - -
Cooper’s Hawk® Accipiter cooperii - - -
Western Bluebird! Sialia mexicana - - -
White-breasted Nuthatch' Sitta carolinensis - - -
Unknown birds 61 9.10 2.74
Short-horned lizard Phrynosoma hernadesi 16 2.39 0.77
Unknown prey items 49 7.31 0.54
TOTAL 670 100 100

* Prey items delivered after fledging of Northern Goshawks, or delivered but not consumed by birds at the nest. Items are not quantified into total prey item or

biomass estimates.

TABLE 3. PERCENT OF SIX COMMON PREY SPECIES BROUGHT TO 10 NORTHERN GOSHAWK NESTS ON THE SITGREAVES FOREST, ARIZONA,

1999 anD 2000.

Eastern Golden-mantled Abert’s Red Chipmunk Steller’s

Nest cottontail  ground squirrel squirrel squirrel Spp. Jay Total®
1 30 3 15 0 6 14 68
2 4 21 26 4 18 2 75
3 11 0 16 0 0 0 27
4 9 21 7 16 10 12 75
5 0 6 0 32 17 4 59
6 2 21 0 0 9 7 39
7 16 2 9 2 6 43 78
8 6 13 0 14 10 6 49
9 23 4 32 0 0 7 66

10 0 11 9 33 25 6 84

*Percentages do not total to 100 because of other prey species, not listed here, that were brought to the nest.
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FIGURE 1. Mean prey items per hour plotted against nestling age at 10 Northern Goshawk nests on the Sitgreaves Forest,

Arizona, 1999 and 2000.

Daily delivery rates decreased by a factor 0.3% as
nestlings aged (t = -2.73, df = 162, P = 0.007). Time
of day affected mean prey delivery rates with highest
rates during the morning (mean delivery rate = 2.2
items per hr, s = 1.2, N = 81) and decreasing rates
throughout the day (afternoon = 1.4 items per hr,
sE = 0.9, N = 151; evening = 1.3, st = 0.9, N = 76).
Prey delivery rates decreased by a factor of 0.46 prey
items/interval (t = -5.68, df = 307, P < 0.001) from
morning to afternoon to evening.

PrEY Biomass

Daily mean biomass rate was 42.4 g/hr (s =2.75,
range 0.00-238.8). Mammals and birds accounted
for 92% and 6.9% of the biomass consumed,
respectively. Lizards contributed 0.8%, and 0.5%
of biomass was attributed to unknown prey items.
Four species of mammals (eastern cottontails, red
squirrels, golden-mantled squirrels, Abert’s squir-
rels) contributed 75% of the total biomass consumed
(Table 2). No bird species contributed >5% biomass
consumed.

Of 102,078 total grams of prey delivered, gos-
hawks consumed 79,958 grams (78%) at the nest.
Goshawks consumed the entire prey item brought
in 73% of the time. Nestling age and time of day
affected biomass rates, but brood size did not (P =

0.14). Mean biomass consumed by nestlings at age
five was 5.64 g/hr and increased linearly to 51.09 g/hr
at 40 d (Fig. 2). Daily biomass rates increased by
1.03 g/hr as nestlings grew older (t = 4.20, df = 158,
P <0.001). Lastly, average prey mass increased by a
factor of 46.53 g/d as nestlings aged (t = 4.40, df =
161, P <0.001). Average prey mass brought to nests
with five-day-old chicks was 63.25 g and increased
to 792 g by fledging date (Fig. 3).

DISCUSSION

In 1992, the USDA Forest Service (USFS) devel-
oped guidelines for Northern Goshawks and forest
management that are currently being implemented
on some national forests across the southwestern US
(Reynolds et al. 1992). These management recom-
mendations recognized 14 consistently abundant and
important prey species, out of a total of 66 potential
prey species from various goshawk diet studies
(Schnell 1958, Meng 1959, Reynolds and Meslow
1984, Kennedy 1991, Boal and Mannan 1994) and
suggested managing habitat for all prey species.
Among the 14 prey species listed in the guidelines,
we observed that six species contributed >5% each
to goshawk diet on the Sitgreaves Forest. Our study
supports the idea that managing habitat for these
consistently hunted prey items is important.
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FIGURE 2. Mean biomass of consumed prey plotted against nestling age for 10 Northern Goshawk nests on the Sitgreaves
Forest, Arizona, 1999 and 2000.

1200
1000
_ b
I -
£ 800
E -
2 ¢ 1
@ - - ¢
o
: | g
* 1
> 600 + ¢ ¢ -1
s It *
g, [ Il/o L1 *
o 1L
] 4
z 400 i 1
RN
200 ,J. 1 J. 4 = $ %
N B ol
*
0 T T T r T T T T
0 5 10 15 20 25 30 35 40 45

Nestling age

FIGURE 3. Average mass of prey items plotted against nestling age for 10 Northern Goshawk nests on the Sitgreaves
Forest, Arizona, 1999 and 2000.
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Most goshawk diet studies conclude that gos-
hawks are generalists and opportunistic foragers,
with diet reflecting prey availability (Widén 1987,
Kennedy 1991). Our study on the Sitgreaves Forest
supports the idea that Northern Goshawks as a popu-
lation are diet generalists, due to the high number of
prey species fed upon (22 species). When we looked
at diet composition at each nest, however, we saw
that one or two prey species often dominated the
diet. For example, we reported 21% cottontails by
number and 42% by total biomass consumed; how-
ever, of the total eastern cottontails consumed, over
half (58%) came from only two nests (Table 3). We
saw this pattern more dramatically with Steller’s
Jays: >40% of all Steller’s Jays came from one
nest. Similarly, goshawks preyed upon red squirrels
unequally among nests, with 30% of nests compris-
ing 83% of total red squirrels.

Two reasons may explain why individual
goshawks took prey unequally: adult goshawks
exhibited preference for particular prey items, or
goshawks took the prey within the foraging area that
was most available. It is likely that increased pro-
portions of a particular prey species at a nest were
due to the habitat requirements of that prey within
an individual goshawk foraging area. For example,
we only detected red squirrels at nests close to areas
of high elevation mixed conifers. Hoffmeister (1986)
reported that on the Mogollon Rim, red squirrels are
rarely found below 2,400 m in elevation, and rely
heavily on Engelmann spruce (Picea engelmanni)
and Douglas-fir cones. Currently, USFS guidelines
in the Southwest recognize three vegetation cover
types as important for management of goshawks:
ponderosa pine, mixed species, and spruce-fir
cover types (Reynolds et al. 1992). Because certain
prey appeared frequently in goshawk diet on the
Sitgreaves National Forest, it may be important to
continue to focus management in these various veg-
etative cover types where these prey could occur in
high numbers.

Seasonal shifts in diet of goshawks may be due to
reproductive timing, hibernation, and/or migration of
prey species (Squires and Reynolds 1997). Also, ini-
tially abundant juvenile prey (e.g., rabbits) become
more scarce as they are preyed upon by entire guilds
of predators during the year. It is also plausible, how-
ever, that a diet shift may occur in order to meet the
energetic needs of growing nestlings. One solution
for meeting energetic needs of aging nestlings would
be to either capture prey more frequently, or increase
the size of prey items delivered to nests. Our results
provide some evidence of an increase in average
mass of prey items delivered to nests as the nestlings
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increase in age. In addition, prey delivery rates
decreased overall as the nesting season progressed.
By bringing fewer but larger prey, adult goshawks
may meet the increasing energetic needs of nestlings
and simultaneously reduce the number of prey items
brought to the nest.

Prey delivery rates lend information on hunting
efficiency of adults, frequency and timing of feeding
bouts, and correlation with food density (Zammuto
et al. 1981). The average daily prey delivery rate
we observed was 0.30 prey items/hr, with the rate
decreasing as nestlings aged (i.e., one less prey item
about every 2 wk). When looking at mean delivery rate
versus age, we saw a slight increasing trend around
the age of 18-20 d. We speculate that this increase
could be due to additional items brought to the nest
by the adult female. During this time (18-20 d),
females begin to spend greater time off the nest and
could be hunting more frequently.

Problems associated with using delivery rates as
a measure of availability include (1) differences in
efficiency of capturing prey in various vegetative
cover (Buchanen 1996), (2) the physiological condi-
tion of the hawk, and (3) age of the hawk (Bennetts
and McClelland 1997). Part of the explanation
regarding decreased delivery rates could be due to
the increase in average biomass delivered to nests in
the latter part of the nestling season, and the ability
of nestlings to consume and manipulate prey more
efficiently as they get older (Schnell 1958). However,
this speculation would require further research.

Sutton (1925) reported that Northern Goshawks
are inclined to take avian prey more frequently than
mammalian prey. In a review of diet studies from
across the US, Squires and Reynolds (1997) reported
that southern populations of goshawks may depend
less on mammals than northern populations, with
the exception of Boal and Mannan’s (1994) study
in northern Arizona, where they found that mam-
mals and birds comprised 76% and 24% frequency
of occurrence, respectively. DeStefano et al. (this
volume) reported a possible trend in increasing pro-
portions of birds to mammals in prey taken by nest-
ing goshawks as one moves from south to north in
eastern Oregon. Reynolds et al. (1994) reported 62%
mammals and 38% birds on the Kaibab National
Forest, Arizona, and Kennedy (1991) observed
similar proportions of mammalian and avian prey
items contributed to goshawk diet in the Jemez
Mountains, New Mexico. Similarly, in our study on
the Sitgreaves Forest in Arizona, mammals, birds,
reptiles, and unknowns contributed 73%, 18%, 2%,
and 7%, respectively, to goshawk diet. In summary,
evidence suggests that goshawks in the Southwest
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are taking mammals more frequently than previous
studies have suggested. In general, however, it is
likely that the goshawk’s role as a diet generalist
allows them to exploit prey based on prey avail-
ability. Prey availability, in turn, is at least partly
dictated by forest vegetation type and structure, as
well as other local habitat variables.

Past discrepancies among studies with respect
to proportions of mammalian and avian prey items
might be attributable to the method used to quantify
diet. Most studies that reported a higher percent of
birds than mammals in goshawk diet used indirect
methods such as analysis of pellets or prey remains to
assess dietary components. These methods have been
scrutinized because they can overestimate bird species
due to the relative ease in locating feathers over small
pieces of mammal fur and bones (Simmons et al. 1991,
Bielefeldt et al. 1992). Goshawks on the Sitgreaves
National Forest regularly pluck feathers and discard
them outside the nest bowl, whereas bits of mammal
fur and bones are usually consumed. Goshawks in our
study consumed entire prey items (excluding feathers)
most of the time (73%) which meant that entire prey
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items were consumed, including the feet, tails, and
bones of mammals and birds. Thus, in order to locate
mammalian prey items, we would have been restricted
mainly to pellet analysis. It seems likely, based on our
observations of goshawks consuming entire prey
items, that collecting prey remains alone would have
overestimated avian prey. We conclude that through
the use of remote cameras, we minimized the bias
toward avian prey and furthered evidence suggest-
ing indirect methods of diet assessment are skewed
toward birds (Rogers 2001).
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WINTER MOVEMENT AND HABITAT USE OF NORTHERN GOSHAWKS

BREEDING IN UTAH

JAReD UNDERWOOD, CLAYTON M. WHITE, AND RONALD L. RODRIGUEZ

Abstract. Few studies detail population-wide winter movements of Northern Goshawks (Accipiter gentilis) in
North America or examine their winter ecology and habitat associations. Using satellite-telemetry transmitters,
landscape-habitat models, aerial photos, and field sampling, we assessed movements and wintering habitats of
goshawks breeding in Utah. In our study, 42 adult females were fitted with 30 g or 32 g platform transmitter
terminals (PTT) between 2000 and 2003. Our data suggest that females in the populations studied were either
migrants or semi-migrants that moved randomly throughout the state or residents. Resident birds remained in
the general area around the breeding territory but used a wider variety of habitat cover types and commonly
moved downward in elevation during winter. In contrast, birds that migrated or semi-migrated from their breed-
ing territories for the winter generally used the pinyon-juniper habitat cover type. This pinyon-juniper habitat
tended to be a mosaic of fairly open pinyon-juniper forest and sagebrush ecotones. The wintering areas for
each bird were analyzed using vegetative sampling methods in order to determine correlations between habitat
structure and goshawk use. Vegetative structure in the winter areas varied widely, but all goshawks used areas of
forest-non-forest edge throughout the winter. Many of the selected winter sites showed signs of human manipu-
lation (tree harvest, tree and brush removal by chaining, or fire). These findings increase our understanding of
what constitutes goshawk wintering habitat and place new priority on understanding the use of various habitat
cover types by wintering Northern Goshawks.

Key Words: Accipiter gentilis, diet, habitat, movement, Northern Goshawk, Utah, winter.

MOVIMIENTOS DURANTE EL INVIERNO Y USO DEL HABITAT DEL GAVILAN
AZOR REPROCUCTOR EN UTAH

Resumen. Pocos estudios detallan los movimientos a nivel poblacional del Gavilan Azor (Accipiter gentilis)
en Norte América, o examinan su ecologia durante el invierno y sus asociaciones del habitat. Utilizando
transmisores de telemetria satelital, modelos de habitat-paisaje, fotografias aéreas, y muestreo de campo,
evaluamos movimientos y habitats de invierno de gavilanes reproductores en Utah. En nuestro estudio, 42
hembras adultas fueron adaptadas con terminales transmisoras de plataforma (PTT) de 30 g 6 32 g, entre
2000 y 2003. Nuestros datos sugieren que las hembras en las poblaciones estudiadas fueron ya sea migran-
tes o semi-migrantes, las cuales se movieron aleatoriamente por todo el estado, o bien, residentes. Las aves
residentes permanecieron en el area general alrededor del territorio de reproduccion, pero utilizaron una
variedad mas amplia de tipos de hébitat de cobertura, y cominmente se movieron a una elevacion mas baja
durante el invierno. En contraste, las aves que migraron o semi-migraron de sus territorios de reproduccion
durante el invierno, generalmente utilizaron el habitat de tipo de cobertura pifidn-junipero. Este habitat de
piidn-junipero tendid a ser un mosaico de bosques de pifidn-junipero substancialmente abierto y de ecotonos
de Artemisa. Las areas utilizadas durante el invierno de cada ave fueron analizadas, utilizando métodos de
muestreo vegetativo, con el fin de determinar correlaciones entre estructura del habitat y uso del gavilan.
La estructura vegetativa en las areas utilizadas durante el invierno variaron ampliamente, pero todos los
gavilanes utilizaron areas de bordes forestales y no forestales durante todo el invierno. Muchos de los sitios
de invierno seleccionados, mostraron sefiales de manipulacion humana (cultivo de arboles, remocion de
arboles y arbustos por corta o fuego). Estos hallazgos incrementan nuestro entendimiento sobre qué es lo que
constituye el habitat del gavilan invernando y pone en nueva prioridad el entendimiento en la utilizacion de
habitats con varios tipos de cobertura por los Gavilanes Azor.

The Northern Goshawk (Accipiter gentilis)
inhabits mature and old-growth forested regions
(Palmer 1988, Squires and Reynolds 1997). It is a
predator of small- to medium-sized mammals and
birds, and tends to hunt over large ranges (Palmer
1988, Squires and Reynolds 1997). Three putative
subspecies breed in North America: the widespread

Accipiter gentilis atricapillus, and the more geo-
graphically isolated 4. g. apache and A. g. laingi
(Squires and Reynolds 1997). Goshawks are said to
prefer mature to old-growth forest stands with dense
canopy cover in which to nest (Squires and Reynolds
1997), consequently their nesting habitat and there-
fore population numbers may be negatively affected
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by timber harvest (Crocker-Bedford 1990). Because
of this, much like the Spotted Owl (Strix occiden-
talis), the Northern Goshawk has become a flagship
animal in the last 15 yr for the preservation of old-
growth and mature forests. Although the goshawk
remains unlisted under the Endangered Species Act
(ESA) it has been designated a sensitive species by
many regions of the USDA Forest Service (USFS).
This designation generated an increased interest in
their biology and habitat requirements in an attempt
to protect the goshawk, and prevent the need for list-
ing it under the ESA.

Many studies have attempted to understand the
breeding habitat requirements of Northern Goshawks
(Bosakowski 1999). Other authors such as Reynolds
et al. (1992) and Graham et al. (1999b) have
integrated findings of various studies into forest-
management recommendations that manage for
healthy, sustainable forested landscapes that also
benefit the goshawk and their prey. However, to
effectively protect a species we must understand
its biology not only in the breeding season but also
in the non-breeding or winter season (Squires and
Ruggiero 1995, Beier and Drennan 1997, Squires
and Reynolds 1997). For this study, the winter and
the wintering habitat were defined as any area or
areas that a goshawk used between mid-September
and mid-March, corresponding to the time between
dispersal of the current year’s young and com-
mencement of a new breeding season (Palmer 1988,
Squires and Reynolds 1997).

The few winter studies conducted on the behav-
ior, migration patterns, and wintering habitat of the
goshawk in North America have produced limited
information (Doerr and Enderson 1965, Squires and
Ruggiero 1995, Stephens 2001, Sonsthagen et al.
2002, Boal et al. 2003, Drennan and Beier 2003). It
has been difficult to understand migration patterns
of the goshawk through these studies because they
relied on radio telemetry, which often failed to track
goshawks that migrate >25 km from the area they
were trapped (Stephens 2001, Drennan and Beier
2003). Winter habitat studies have looked only at
winter habitat selection by resident birds (Drennan
and Beier 2003) or by birds trapped in a small area
(Stephens 2001). Relatively small sample sizes of
goshawks (N = 4-12; Squires and Ruggiero 1995,
Stephens 2001, Drennan and Beier 2003) also lim-
ited the ability to extrapolate these findings to larger
population.

We hoped to examine goshawk winter biology
and habitat use on a population-wide scale to bet-
ter evaluate the necessity of incorporating winter
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biology into goshawk protection and management.
The objectives of this study were to: (1) more fully
understand the duration, distance, and patterns of
winter migration, (2) use geographic information
systems (GIS) and other computer tools to identify
wintering sites, ascertain winter site fidelity, deter-
mine habitat cover types most frequently used, and
assess landscape-level habitat selection, and (3) col-
lect data to determine winter diet and importance of
vegetative structure (Beier and Drennan 1997) in the
selection of wintering areas.

METHODS
Stupy SITE

The study area included six national forests in
the state of Utah. The six national forests cover
3,200,000 ha and range from the northern to southern
and eastern to western borders of Utah. The eleva-
tion of these forests ranges from 1,200-3,300 m with
a variety of habitat cover types distributed along
an elevational and latitudinal gradient. The most
common forest cover types include ponderosa pine
(Pinus ponderosa), lodgepole pine (Pinus contorta),
conifer-quaking aspen (4bies-Picea-Populus tremu-
loides), spruce-fir (Picea-Abies), pinyon-juniper
(Pinus edulis-Juniperus spp.), and mixed-forest
areas where all forest varieties intermingle. The
Northern Goshawk is known to breed throughout the
study area in all habitat cover types except pinyon-
juniper (Graham et al. 1999b). However, most of the
nests occur between 1,800-3,000 m in the conifer-
quaking aspen cover type (Johansson et al. 1994,
Graham et al. 1999b).

TRAPPING AND TRACKING

During the months of June through August, 2000—
2002, adult female goshawks (N = 42) were trapped
at their nests using a live Great Horned Owl (Bubo
virginianus) to lure the goshawks into a modified
dho-gaza net trap (Clark 1981). Britten et al. (1999)
suggested a maximum transmitter load of 3—5% of the
bird’s mass in Peregrine Falcons (Falco peregrinus).
We assumed this same maximum load would apply to
goshawks, another medium-sized raptor, and therefore
excluded males from this study because the weight of
the transmitters. Goshawks were selected from known
territories on various forests corresponding to differ-
ent regions of the state. This was done to see if winter
migration was dependent on location in the state.
After the goshawks were trapped, they were fitted
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with satellite platform terminal transmitters (PTT)
manufactured by North Star Science and Technology
(Columbia, MD), attached with a backpack harness
(Snyder et al. 1989).

The transmitter-marked goshawks were tracked
throughout the life of the transmitter, approximately
1 yr, but seven of the transmitters lasted nearly 2 yr.
In order to conserve battery life the transmitters
were placed on a rotational pattern that consisted of
transmitting for 6 hr followed by 68 hr of dormancy.
This duty cycle was selected based on extending the
life of the transmitter for the desired study length.
During the period of transmitter activity it emitted a
location signal every 60 sec. These location signals
were then processed by the ARGOS satellite com-
pany and sent to the USFS with a confidence interval
of their accuracy.

The accuracy associated with location estimates
varies widely, for this study we only used location
estimates (LC: 3, 2) with an associated accuracy
buffer of 250 m or 500 m respectively (Argos, pers.
comm.). This level of accuracy is similar to that
received by aerial tracking of radio-marked raptors
and other animals (Marzluff et al. 1994, Samuel and
Fuller 1996, Carral et al. 1997, DeVault et al. 2003)
and to other published satellite-telemetry studies
on raptors (McGrady et al. 2002). The data points
received from the PTTs were input into Arc View
version 3.3 (ESRI 1996), a GIS computer program,
in order to view migration and wintering areas of
the goshawks. If a goshawk traveled >100 km and
stayed, the length of stay in the wintering area and
winter site fidelity between years were recorded.
Winter site fidelity was determined for the trans-
mitter-marked goshawks in which the transmitter
lasted for two winters. Fidelity was assumed if the
bird returned to the same winter area on consecutive
winters. The sizes of the winter territories for 2000
and 2001 were analyzed by calculating the kernel
home range (95% probability polygons) as described
in Sonsthagen (2002).

To determine whether goshawk migration cor-
responded with inclement weather patterns (Squires
and Ruggiero 1995), goshawk movements were com-
pared to the time of the first major winter storm. This
was accomplished using storm data (NOAA 2003a)
collected statewide on a county basis and individual
readings from the closest NOAA weather station to
the nest site (NOAA 2003b). The date of the first
major winter snow storm for the area in which the
bird nested was compared to the date that the bird
migrated. Movements that occurred subsequent to
the first winter storm were evaluated in relation to
the closest preceding major winter storm.
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GIS HABITAT ANALYSIS

To determine the most frequently used habitat
cover types, after each wintering area was identi-
fied, we used GIS landscape habitat layers (Utah,
Arizona, Nevada, and Wyoming), GAP analysis veg-
etation layers (USGS GAP Analysis Program 2000),
aerial photos (State of Utah 2001), and USGS 1:24 k
topographic maps, to assign each location estimate
to a habitat cover type. Since finer-scale habitat
associations were not permitted due to the accu-
racy buffer surrounding the location estimates, the
vegetative cover associated with each location point
was placed in one of four major habitat cover types:
ponderosa pine (areas dominated by ponderosa pine
but also including in lesser amounts quaking aspen,
fir, Gambel oak [Quercus gambelii], pinyon, Utah
juniper [Juniperus utahensis], and rocky mountain
juniper [Juniperus scopulorum]), pinyon-juniper
forests (areas dominated by pinyon, juniper or any
combination thereof but also including limited
amounts of ponderosa pine, fir, Gambel oak, and
big-tooth maple [Acer grandidentatum)), grassland-
shrubland (any grassland, shrubland, burn, chaining,
logged area, or combination thereof), and montane
forest (consisting of any areas dominated by a com-
bination of quaking aspen, fir, spruce, and pine).
GIS landscape habitat layers and GAP vegetative
layers were verified using the aerial photos and field
observations. Since each location point was coupled
with an accuracy buffer of 250 m or 500 m, multiple
habitat cover types were sometimes associated with
a particular location estimate. All habitat cover types
found within the accuracy buffer were used to label
the estimate.

The use of satellite telemetry has inherent flaws.
While the specific location for a bird is generally
found within the associated accuracy buffer, in some
cases the true location of the bird is outside of the
reported buffer zone (Britten et al. 1999, McGrady
et al. 2002). We occasionally received a location
estimate an impossible distance for the bird to have
traveled based on estimates received both before
and after said estimate. Points such as these were
excluded from all analyses.

FiELD HABITAT ANALYSIS

To investigate the importance of vegetative struc-
ture in the selection of wintering areas each habitat
cover type was also sampled in the field for certain
vegetative characteristics: the percent canopy cover
of the tree layer, the shrub layer, and the herbaceous-
ground layer. These vegetative characteristics were
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chosen for their connection with prey availability
to goshawks (Beier and Drennan 1997). At each site
data were also collected on amount of litter and bare
ground, elevation, and possible prey species (Squires
and Reynolds 1997, Bosakowski 1999) in order to
obtain a more complete picture of the winter habitat.

Because of the inaccuracy associated with loca-
tion estimates we field sampled from areas where
clusters of estimates occurred. This approach was
taken to mitigate the problem of estimates whose true
location might be outside of the associated buffer. By
sampling in areas where many location estimate buf-
fers overlapped we hoped to increase the likelihood
that a goshawk had actually been using the area
sampled. A cluster was defined as a geographically
isolated collection of location estimates. The degree
of isolation, the number of location estimates, and
the geographic area included in a location estimate
cluster varied for each bird. Uniform metrics used
to define a cluster could not be created due to the
variety in the spatial distribution of each bird’s loca-
tion estimates, and total number of location estimates
received for each bird. Rather than eliminate some
birds from the analysis, these three metrics were
used to assess the location estimate data for each bird
at the individual’s appropriate relative scale.

Many goshawks ranged over a large area, and
because we received up to one hundred plus loca-
tion estimates for each bird, time and personnel
constraints did not allow us to examine all clusters
in the field. Since only a limited number of clusters
for each bird could be sampled, clusters were rated
for importance. The process of rating the clusters is
described as follows. Clusters with a high density of
location estimates when compared to other equally
sized geographic areas for the same bird were
given highest priority. Of these clusters, those that
contained location estimates from varied times dur-
ing the winter months received higher priority than
clusters where estimates spanned only a limited time
period. Lastly, clusters situated in the most heavily
used habitat cover types were rated more important
than those appearing in habitat cover types used only
infrequently.

Since the accuracy of our location estimates
would not allow fine-scale, micro-habitat data col-
lection, the field data collected only give a general
idea of the habitat features found in the wintering
areas. After the top-rated clusters for each bird were
identified, they were assessed in the field for vegeta-
tive structure and other previously mentioned habitat
characteristics by establishing a transect within the
cluster. Transects were established either between
several location estimates or around a particular
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location estimate within the cluster. This was based
on the density and distribution of the location esti-
mates in the cluster. If the location estimates of a
cluster were within 0.5 km of each other, transects
started at one estimate and ended at another. If the
estimates within the cluster were >0.5 km apart, tran-
sects were set in a random direction around a central
location estimate within the cluster. Approximately
every 150 m along the transect line, habitat struc-
ture surrounding the transect was surveyed using a
modified Daubenmire classification scheme in which
each layer of vegetation within a 15-m radius of the
sampling point was assigned a value from one—seven
(Table 1) corresponding to an ocular estimation of
the range of canopy cover (Daubenmire 1952). This
sampling allowed the general vegetative structuring
of the wintering areas to be described.

Detections of each possible prey species, based
on Squires and Reynolds (1997) and Bosakowski
(1999), were assigned into one of four categories:
(1) sign, meaning that tracks or droppings of the ani-
mal were found or its calls were heard, (2) observa-
tion, in which the prey item was actually sighted, (3)
prey remains found, which referred to prey remains
encountered that we could attribute to goshawks, and
(4) kill sites, where we actually observed a goshawk
take a prey item, or flushed a goshawk from a recent
kill. These data were collected opportunistically
along the vegetative transects during winter and
spring months in which the habitat was sampled.

FiELD HABITAT DATA ANALYSIS

To further ameliorate the problem of location
estimate accuracy buffers and to allow comparison
across individuals, all analyses of the field data were
done using 3-km radius sampling areas. Each bird’s
wintering area was divided in a systematic fashion
into these uniform sized sampling areas. The first,
and highest rated, sampling area generated for each
bird had the greatest possible number of location

TABLE 1. MODIFIED DAUBENMIRE CLASSIFICATION SCHEME, USED
IN THE DISCUSSION OF COVER THROUGHOUT THE ANALYSIS.

Classification Corresponding %
number canopy/ground cover

1 0-1

2 1-5

3 5-25

4 25-50

5 50-75

6 75-95

7 95-100
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estimates and highly rated clusters. This continued
in a systematic fashion until all wintering location
estimates and clusters were included in a sampling
area. Only the top three rated sampling areas were
used in analysis. These top three sampling areas gen-
erally contained the majority of the winter location
estimates and all of the highest rated clusters. The
number of location estimates contained in each sam-
pling area was divided by the total number of winter
location estimates received for that goshawk, giving
a percentage of winter spent in each sampling area.

Cover data collected for each of the three main
vegetative layers (tree, shrub, and herbaceous) were
placed by habitat cover type (pinyon-juniper, pon-
derosa pine, montane forest, and non-forest) in a
table showing the number of transect points in which
the cover data collected corresponded to each of the
seven Daubenmire cover categories. This was done
to describe the general vegetative characteristics of
the areas in which the goshawks wintered.

To determine if goshawks spent more time in
areas with certain vegetative characteristics the data
were further analyzed by regression analysis of the
percentage of winter spent in a sampling area with
the average vegetative cover characteristics of that
sampling area. Cover data collected for all transect
points within a particular habitat cover type were
averaged by sampling area to give a mean cover
percentage for each vegetative layer. The average
vegetative cover percentage for each sampling area
was then regressed against the amount of time a bird
spent in each sampling area.

To assess possible preference for specific cover
characteristics, the vegetative cover averages for
each sampling area and the corresponding time spent
in each sampling area were compared with the cover
available in each habitat cover type. A line of prefer-
ence was incorporated into each graph. Preference
for a specific cover characteristic was implied if most
of the averages for a vegetative characteristic were
found to be above this preference line and an avoid-
ance of certain cover characteristics was implied if
most of the sampling area averages were found to be
below this line. Cover availability was calculated by
taking the percentage of all data points found in each
cover class (Table 1), for each vegetative layer in a
particular habitat cover type.

RESULTS
SATELLITE TELEMETRY AND MIGRATION

Of the 42 goshawks fitted with PTTs, some winter
data were collected on 38 and complete winter data
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(September—March) on 21; seven birds were tracked
for more than one winter. A total of 2,639 location
estimates were analyzed for this study (LC 3: N =
946, LC 2: N = 1,693). PTTs did not all perform
equally well and some variation existed in the total
number of winter location estimates collected for
each bird (approximately normally distributed, with
a range of N = 11-214, mean of N = 68). Several
winter movement patterns were observed. Birds
were considered migratory (Squires and Ruggiero
1995) if they flew >100 km from the nest site and
then stayed in that area without returning to the nest
territory (N = 7). We chose movement of 100 km or
greater as the definition of migration for two rea-
sons. First this definition corresponded well with the
study of Squires and Ruggiero (1995) which deemed
migratory movements as those of >65 km. Second,
a natural break appeared in the movement patterns
of the goshawks at around 100 km. Birds that flew
>100 km from the nest site did so in a couple of days
and then stayed in that area without returning to the
nest site. We defined goshawks as semi-migratory if
they moved within 100 km of the nest site, did so in
small bouts of 20 or 30 km, and stayed in each area
for several weeks before moving to another area 20
or 30 km away. Resident birds were those that stayed
within 25 km surrounding the nest stand throughout
the winter.

Of the seven goshawks tracked for >1 yr, five of
them were considered migratory—one of these did
not migrate the first year but did migrate the sec-
ond winter. Three birds that migrated the first year
migrated to the same location the second winter. The
fifth goshawk stopped briefly in the area it used the
previous winter and then continued 360 km further
south to a new wintering location. Seven other birds
migrated to an area >100 km away but were not
tracked the entire winter. The total distance traveled to
reach the wintering site varied from just over 100 km
to >600 km (Fig. 1). The direction of migration was
usually to the south or southwest, however, one bird
migrated to the northeast.

Semi-migratory birds dispersed over an area of
up to 100 km from the nest territory, staying in one
area for several weeks and then moving to another
(N = 4). Four other birds appeared to start following
this pattern but were not tracked the entire winter.

Goshawks considered residents simply expanded
their nesting territory by incorporating 5-25 km of the
surrounding habitat (N = 10). See Sonsthagen et al.
(2002) for a description of nesting and wintering ter-
ritory size. Of the seven goshawks tracked for >1 yr,
two were in this category. These two birds never
left the area surrounding their nest territory during
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FIGURE 1. Winter migration distances of (N = 17) Northern Goshawks, Utah, 2000-2003.

winter. Six other birds appeared to be residents but
were not tracked the entire winter. In summary, of
the goshawks in this study 41% were considered
resident, 43% were considered migratory, and 16%
were considered semi-migratory.

Goshawks that migrated left nesting areas
between August and December. Of these goshawks
one migrated in August, six in September, two in
October, six in November, and four in December.
Most of the goshawks returned in March (N = 7) and
one returned in February. The length of stay in the
wintering area varied from 60-204 d, with an aver-
age of 138 d (N = 8). Of the seven birds for which
we had multiple years of data, five exhibited winter-
site fidelity while the other two wintered in different
places on consecutive years but in the same habitat
cover type.

We found no association between the time of the
first major winter storm and migration. Sixty percent
of goshawks that migrated or semi-migrated began
before the first major storm of the year. Only two
goshawks left within a week after the first major win-
ter storm. The remaining goshawks (32%) moved
within 1 wk of a major storm, but this may be an
artifact of increased storminess throughout the win-
ter. All four migratory goshawks tracked for multiple
years left within 10 d of the date on which they left
the first year regardless of the weather.

GIS HABITAT ANALYSIS

Seventy-nine percent of the goshawks in this win-
ter habitat study spent time in pinyon-juniper habitat
cover type. In areas where no pinyon-juniper habi-
tat exists, they used mountain shrub habitat cover
type dominated by maple and Gambel oak. Most
goshawks (N = 15) that migrated or semi-migrated,
moved exclusively to pinyon-juniper habitat cover
type. Those that stayed around their breeding ter-
ritories used habitat similar to their breeding habitat,
which consisted of ponderosa pine or montane forest
habitat cover types.

FieLD HABITAT ANALYSIS

The field data collected consisted of 821 transect
points spread over all 38 wintering areas. For each
bird up to three sampling areas were evaluated for
vegetative components. The percent of total location
estimates within each sampling area varied accord-
ing to its rank. The densest sampling areas contained
from 17.4-100% of all winter location estimates
for a bird with the average being 37.4%. For the
second and third ranked sampling areas the average
percent of total winter location estimates included
was 18.3% and 9.1%, respectively. For some birds
only one sampling area was necessary since nearly
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all their location estimates fell within that sampling
area. For each bird a mean of 2.5 sampling areas and
9.6 clusters (approximately normally distributed,
range = 3-22) within those sampling areas were
analyzed in the field. The data summarized from all
transect points included the canopy cover of the tree,
shrub, and herbaceous layers, as well as litter cover
and the percentage of ground left bare. The percent-
age of vegetative cover for each of the vegetative
layers varied widely within each of the four habitat
cover types (Table 2).

Regression analysis found no significant cor-
relation between the time spent in an area and its
corresponding vegetative cover. P-values for these
relationships ranged from P = 0.100-0.965.

The scale and manner of our data collection did not
allow us to statistically demonstrate habitat selection;
however, possible preference in all habitat cover types
was shown for areas with higher herbaceous cover. In
the non-forest habitat cover type possible preference
was also shown towards areas that had 5-25% tree
cover. In all habitat cover types possible preference
was shown towards areas that had some degree of
shrub cover (5—75%) but were not densely covered
(over 75%). Preference for other vegetative cover
characteristics sampled could not be shown.

Although winter diet was not empirically assessed,
observations of possible prey were recorded in each
of the winter areas. We noted common prey observed
in winter territories and the number of winter areas in
which each prey was found (Fig. 2). Observed win-
ter foraging behavior was similar to hunting tactics
observed during the breeding season. Goshawk hunt-
ing behavior was observed at multiple kill sites. All
of these sites were on the edge of the pinyon-juniper
woodlands and sagebrush-grassland openings, or
in areas of the pinyon-juniper woodlands that had
been thinned by humans and brush piles left on the
ground. All kills appeared to be cottontail rabbits
(Sylvilagus spp.).

Finally, all goshawks exhibited an altitudinal
migration during some part of the winter. They either
migrated to a lower elevation or simply expanded
upon their nesting areas to include surrounding lower
elevations. Sonsthagen (2002) found that there was a
statistically supported difference between the eleva-
tion of the su