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SATELLITE TELEMETRY OF NORTHERN GOSHAWKS BREEDING IN

UTAH—II. ANNUAL HABITATS

SARAH A. SONSTHAGEN, RONALD L. RODRIGUEZ, AND CLAYTON M. WHITE

Abstract. Irruptive movements exhibited by Northern Goshawks (Accipiter gentilis) can make determining
year-round habitats of these birds difficult. Recent advancements in satellite-received transmitters and habitat
modeling of landscapes have become useful in assessing movements and habitats of Northern Goshawks breed-
ing in Utah. Studies documenting individual winter movements ot Northern Goshawks in North America are
limited. and detailed studies examining winter ecology have been largely restricted to the European subspecies.
Adult females (N = 36) were fitted with 30 or 32 g platform transmitter terminals in 2000 and 2001 within the
six national forests throughout Utah. Resident birds used forest habitat types and elevations similar to their
breeding areas throughout winter. In contrast, birds that migrated or dispersed used pinyon-juniper habitat and
lower elevations. In addition, migratory individuals had significantly larger home range sizes, suggesting lower
prey availability within pinyon-juniper forests for Northern Goshawks.
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TELEMETRIA SATELITAL DE GAVILANES AZOR REPRODUCTORES EN
UTAH—II. MOVIMIENTOS ANUALES

Resumen. Movimientos interrumpidos presentes en el Gavilan Azor, pueden dificultar la determinacion de sus
habitats, que utilizan durante todo el afio. Avances recientes en transmisores de recepcion satelital y en model-
acion del habitat del paisaje, se han vuelto utiles para la estimacion de los movimientos y habitats del Gavilan
Azor reproductor en Utah. Estudios los cuales documenten movimientos individuales de inverno del Gavilan
Azor en América del Norte son limitados, y estudios detallados que examinen la ecologia en el invierno del
Gavilan Azor han sido restringidos en gran parte a las subespecies de Europa. Hembras adultas (N = 36) fueron
adaptadas con terminales transmisoras de plataforma (en el 2002 de 30 g y en el 2001 de 32 g) dentro de seis
bosques nacionales a lo largo de Utah. Aves residentes utilizaron tipos de habitat forestal y elevaciones similares
a sus areas de reproduccion a través del invierno. En contraste, aves que migraron o se dispersaron, utilizaron
habitat de pifion-junipero y elevaciones mas bajas. Ademas, individuos migratorios tuvieron un rango en el
tamarfio del hogar significativamente mas amplio, sugiriendo que existe menor disponibilidad de presa para el
Gavilan Azor dentro del bosque de pifion-junipero.

Population viability of Northern Goshawks
(Accipiter gentilis) is a concern because habitat frag-
mentation is thought to reduce overall habitat quality
for goshawks (Kennedy 1997, Graham ct al. 1999a).
Knowledge of breeding habitat alone is not adequate
to understand biological requirements of goshawks,
therefore non-breeding habitats need to be defined
to determine relationships between habitat types
and goshawk abundance (Kennedy 1997). Breeding
habitat for Northern Goshawks has been well defined
in the literature (Reynolds et al. 1982, Moore and
Henny 1983, Hayward and Escano 1989, Hargis
et al. 1994), but the winter ecology of Northern
Goshawks is well known only in Europe (Kenward
et al. 1981b, Kenward 1982, Widén 1987, Tornberg
and Colpaert 2001). Few studies have examined win-
ter habitats of Northern Goshawks in North America
(Squires and Ruggiero 1995, Stephens 2001).
Squires and Ruggiero (1995) studied four migra-
tory individuals in southeastern Wyoming, where

winter ranges contained quaking aspen (Populus
tremuloides) with mixed conifer, Engelmann spruce-
subalpine fir (Picea engelmannii-Abies lasiocarpa),
lodgepole pine (Pinus contorta), and cottonwood
(Populus spp.) groves surrounded by sagebrush
(Artemisia spp.). Stephens (2001) reported goshawks
using three main habitat types in the Ashley National
Forest, Utah, including mixed lodgepole pine, sub-
alpine fir, and Douglas-fir (Pseudotsuga menzieseir)
stands, pinyon-juniper (Pinus edulis, Juniperus
osteosperma, and Juniperus scopulorum) stands, and
lowland riparian areas. Although these studies pro-
vided valuable information about winter habitat use
of Northern Goshawks near their breeding grounds,
more data on goshawks that moved greater distances
are needed to adequately assess habitat use.

In this study, we used satellite telemetry to assess
annual habitat use by Northern Goshawks breeding
in southwestern North America. Satellite telemetry
had been used successfully to assess movements of
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defined conifer as a buffer containing any combina-
tion of alpine fir, Douglas-fir, Engelmann spruce,
lodgepole pine, pinyon-juniper, ponderosa pine,
or white fir (4hies concolor); conifer-aspen as any
combination of previously mentioned conifer types
with aspen; non-forest as any combination of a non-
forest habitat such as perennial grass and sagebrush;
and non-forest-forest as any combination of non-
forest habitat types and forest habitat types. Assuming
birds are relatively sedentary at night, data received
during the same night were considered one estimate.
If night locations had more than one elevation or
habitat type for a particular night, each estimate was
weighted proportional to its occurrence that night.
Total weighted values for each night summed to one.
No habitat data were available for Colorado (3.2%
of points) and no elevation data were available for
Colorado and Nevada (4.3% of points). Location
estimates along with their corresponding buffer will
be referred to as location estimates throughout the
rest of this manuscript.

Some researchers have indicated at error distances
for location estimates provided by Argos underesti-
mate the actual error associated with a given location
estimate (Craighead and Smith 2003). In an attempt
to address these concerns, we characterized habitat
within use areas for individual goshawks for each sea-
son. Use areas were defined by a kernel home range
95% polygon calculated in ArcView version 3.2 using
extension Animal Movement (Hooge et al. 1999).
Habitats were categorized as described above.

STATISTIC AL ANALYSIS

Habitat and elevation data collected from sum-
mer 2000 through summer 2001 were analyzed in
SAS release 8.2 (SAS Institute, Inc. 2001). Habitat
types were categorized as conifer, deciduous, non-
forest, pinyon-juniper, or any combination of these
categories, using definitions described above. Data
were not stratified based on day or night locations.
Data were normally distributed and had equal vari-
ances. A logistic regression was used to determine
potential differences in habitat categories among
seasons in 2000, accounting for bird and breeding
location. A regression with repeated measures (PROC
MIXED) was used to determine potential differences
in elevation among seasons in 2000, accounting for
bird and breeding location. Buffers categorized as
conifer-deciduous-non-forest-pinyon-juniper, conifer-
non-forest-pinyon-juniper,  conifer-pinyon-juniper,
deciduous-non-forest-pinyon-juniper, and deciduous-
pinyon-juniper were removed from the regression
because of low sample size.
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RESULTS

We received 5,557 (LC3 N =940, LC2 N = 1,665,
LC3 N =2,952) location estimates from units attached
to the 35 birds used in this study. Habitats used varied
with national forest and migratory behavior. Detailed
descriptions of habitats exploited by individual birds
are described in Sonsthagen (2002). On the northern
national forests (Ashley, Uinta, and Wasatch national
forests), five of 15 individuals migrated, whereas,
on the southern national forests (Dixie, Fishlake,
and Manti LaSal national forests) 11 of 20 females
migrated. Most individuals (79%) that migrated or
dispersed used primarily pinyon-juniper and non-
forest habitat in winter, whereas, most residents (93%)
used alpine fir. Douglas-fir, Engelmann spruce, lodge-
pole pine, ponderosa pine, quaking aspen, white fir,
or any combination of these in winter. Proportion of
location estimates in each habitat type and elevation
varied between day and night. No distinct habitat use
pattern was found due to high variability between
locality, seasons, and years.

Females breeding in the northern national forests
used the same habitat types throughout most of the
year, but percent of use varied between breeding and
non-breeding periods (Table 1). In summer, autumn,
and spring, females used mainly Douglas-fir (0-
16.3%), Douglas-fir-aspen (2.5-25.0%), Engelmann
spruce-lodgepole pine (4.7-20.6%), lodgepole pine
(0-14.4%), lodgepole pine-aspen (6.4-25.2%), and
quaking aspen (5.1-25.0%). In winter, females used
habitat types similar to those in other months but in
differing frequencies. Females increased their use of
pinyon-juniper habitat from an average of 2.6% in
all other seasons to 15.4% in winter 2000 and 20.6%
in winter 2001 (Table 1). Two females from the
Wasatch National Forest used pinyon-juniper habitat
almost exclusively in winter and migrated 527 km
and 613 km to their winter ranges. In autumn and
spring, birds used a wider range of habitats. In gen-
eral, more points were in non-forest and non-forest-
forest habitats in non-breeding months. Additionally,
in 2001, only three of seven females bred, which
may have affected our results.

Females breeding on the southern national for-
ests used a variety of habitat types with frequency
of use varying between seasons and years (Table
2). In summer 2000, females used mainly alpine fir
(27.8%) and quaking aspen (56.9%). In 2001, how-
ever, birds used alpine fir (13.3%), pinyon-juniper
(10.5%), quaking aspen (21.6%) and non-forested
(11.1%) habitats. Only one-half of the females stud-
ied in summer 2001 bred, which may have affected
our results. In autumn, females used similar habitat




















