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BREEDING GROUNDS, WINTER RANGES, AND MIGRATORY
ROUTES OF RAPTORS IN THE MOUNTAIN WEST

STEPHEN W. HOFFMAN,! JEFF P. SMITH? AND TiMOTHY D. MEEHAN®
HawkWaich International, Inc., 1800 South West Temple, Suite 226, Salt Lake City, UT 84115 U.S.A.

ABSTRACT.—We report band-encounter locations accumulated between 1980 and April 2001 for five
species of North American raptors (Sharp-shinned Hawk, Accipiter striatus; Cooper’s Hawk, A. cooperis;
Northern Goshawk, A. gentilis; Red-tailed Hawk, Buteo jamaicensis; and American Kestrel, Falco sparverius)
banded or recaptured during migration in northern Oregon (N = 14), northeastern Nevada (N = 325),
and north-central New Mexico (N = 136). Based on a discriminant function analysis of the encounter
locations and comparisons of intra- and interflyway recapture rates, migrants passing through these
areas travel along three distinct regional flyways: Pacific Coast, Intermountain, and Rocky Mountain.
Encounter locations of Pacific Coast migrants were generally restricted to west of the Sierra Nevada and
Cascade ranges from southern British Columbia through California. Intermountain migrants were en-
countered from interior Alaska to southwestern Mexico, usually east of the Sierra Nevada—Cascade
ranges and west of the Rocky Mountains and Sierra Madre Occidental. Rocky Mountain migrants were
found from interior Alaska to southern Mexico, usually within or east of the latter two ranges. Because
encounter distributions tended to converge in the far northwest and southern Mexico, the delineation
of regional flyways in western North America is probably most relevant for distinguishing subpopulations
of birds that originate south of mainland Alaska and winter north of Central America. During summer
and migration seasons, most encounters away from the banding sites resulted from death due to colli-
sions with human structures or unknown causes. In contrast, most winter encounters involved birds shot
in Mexico. We also examined the Nevada encounter data for evidence of differential migration distances
among age and sex classes, and found a consistent but nonsignificant pattern for four species. Mean
winter latitude tended to increase with age within sexes and to be higher for males than females within
age classes. These patterns are most consistent with predictions of foraging-efficiency and arrival-time
hypotheses proposed to explain differential migration.
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Campos de anidacion, rangos invernales, y rutas migratorias de Las Rapaces en la Montafia Oeste

RESUMEN.—Reportamos las localidades de encuentros de individuos marcados acumulados entre 1980
y abril de 2001 para cinco especies de rapaces norteamericanas (Accipiter striatus, A. cooperii, A. gentilis,
Buteo jamaicensis, y Falco sparverius) anilladas o recapturadas durante la migracién en el norte de Oregon
(N = 14), noreste de Nevada (N = 325), y Nuevo Méjico Norcentral (N = 136). Con base en un anilisis
de funcién discriminante de las localidades de encuentros y comparaciones de las tasas de recaptura
intra- e intercorredores de vuelo, los migrantes pasan a través de estas dreas de viaje a lo largo de tres
distintos corredores regionales de vuelo: costa pacifica, inter montafioso y por las montafias rocosas.
Las localidades de encuentro de los migrantes de la costa pacifica estaban generalmente restringidos al
oeste de la Sierra Nevada y Cascade ranges desde el sur de British Columbia hasta California. Los
migrantes inter montanos fueron encontrados desde el interior de Alaska hasta el suroeste de Méjico,
usualmente al oriente de la Sierra Nevada y Cascade ranges y el oeste de las montafias rocosas y la
Sierra Madre Occidental. Los migrantes de las montafas rocosas fueron encontrados desde el interior
de Alaska al sur de Méjico, usualmente dentro o al este de los dos tdltimos rangos. Debido a que las
distribuciones de los encuentros tendian a convergir en el lejano noroeste y sur de Méjico, la delineacién
de corredores de vuelo regionales en el occidente de Norteamérica es probablemente mas relevante
para distinguir subpoblaciones de aves originarias del sur de Alaska continental y que invernan al norte
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de Centroamérica. Durante el verano y las estaciones migratorias, la mayoria de encuentros lejos de los

sitios de marcaje fueron resultado de la muerte por colisiones con estructuras humanas o por causas
desconocidas. En contraste, la mayoria de encuentros invernales involucraron aves impactadas en Mé-
jico. Examinamos ademas los datos de encuentros de Nevada buscando evidencia de distancias de
migracién diferenciales entre edad y clases de sexo, y encontramos un consistente pero no significante
patrén para cuatro especies. La latitud media invernal tendié a incrementarse con la edad dentro de
sexos y a ser mas alta para los machos que para las hembras dentro de clases de edad. Estos patrones
son mas consistentes con las predicciones de eficiencia del forrajeo y la hipétesis del tiempo de arribo

propuesta para explicar la migracién diferencial.

Linking summer and winter ranges and migra-
tory or dispersal routes of bird populations is nec-
essary before effective year-round and location-spe-
cific conservation strategies can be designed
(Myers et al. 1987, Sherry and Holmes 1995). Es-
tablishing such linkage, thus defining migration
flyways, also ensures the proper geographic con-
text for interpreting trends observed at count sites
(Senner and Fuller 1989). Assessing the status of
raptor populations is difficult using breeding-sea-
son census methods, because most species are se-
cretive, occupy large home ranges, and occur at
low breeding densities (Fuller and Mosher 1981).
For this reason, researchers have turned to esti-
mating population trends by counting migrating
raptors as they pass concentration points (Zalles
and Bildstein 2000).

HawkWatch International, Inc. (HWI) and its or-
ganizational precursors have been banding raptors
at migration sites since 1980 to help identify source
populations and migration routes of western rap-
tors (Smith and Hoffman 2000). Herein, we de-
scribe the breeding areas, wintering grounds, and
migratory routes of raptors encountered as mi-
grants at four long-term monitoring sites in New
Mexico, Nevada, and Oregon. Our analyses con-
cern five species (Sharp-shinned Hawk, Accipiter
stniatus; Cooper’s Hawk, A. cooperii; Northern Gos-
hawk, A. gentilis; American Kestrel, Falco sparverius;
Red-tailed Hawk, Buteo jamaicensis) and derive from
475 encounters with previously banded birds re-
corded between autumn 1980 and April 2001 (Ta-
ble 1).

With these data, we also examined variation in
migration distances among age and sex classes,
commonly referred to as differential migration.
Several hypotheses have been offered to explain
this phenomenon (see Ketterson and Nolan 1983,
Kerlinger 1989).

When discussing raptor migration, it is impor-
tant to recognize that migrants recorded at con-

[Traduccion de César Marquez]

centration points may be involved in at least six
different types of movements: complete migration,
partial migration, natal dispersal, and irruptive, no-
madic, and local movements, including altitudinal
migration (Dingle 1980, Kerlinger 1989). World-
wide, 70% of all migratory falconiform species are
considered partial migrants, which involves season-
al movements between breeding and non-breeding
ranges by some but not all members of a popula-
tion or a seasonal departure from only a portion
of the breeding range (Kerlinger 1989). Herein,
we consider the migratory movements of five spe-
cies of partial migrants.

While species such as Sharp-shinned and Coo-
per’s Hawks routinely follow largely north—south
migration pathways, other species (e.g., Prairie Fal-
cons, Falco mexicanus; Red-tailed Hawks; Ferrugi-
nous Hawks, Buteo regalis; and Golden Eagles, Ag-
uila chrysaetos) often migrate or disperse from natal
territories in many directions (Steenhof et al. 1984,
Bloom 1985, Watson and Pierce 2000). Moreover,
as one moves south, especially along the coast of
California (A. Fish pers. comm.), patterns of move-
ment become increasingly complex and popula-
tions include permanent residents and wintering
birds, as well as actual migrants. Thus, although
herein we adopt the classic terminology of “fly-
ways”’ to describe relatively distinct regional move-
ment corridors, we caution readers to recognize
that movements within flyways can be multi-direc-
tional and complex and that the model we articu-
late may not apply to all species or populations.

METHODS

Study Sites. The Goshute banding site (Hoffman 1985)
is located on a ridgetop near the southern end of the
Goshute Mountains in northeastern Nevada (40°25.46'N,
114°16.26'W; Fig. 1). Annual autumn migration counts,
begun in 1983, currently range from about 16 000-25 000
migrants of up to 18 species (Sherrington 1999). From
one to six banding stations were operated each year since
1980 (x elevation = 2695 m). Annual capture totals av-
erage about 2100 raptors of up to 13 species.
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Table 1. Banding totals and encounters with previously banded birds through spring 2001 by species and migration
site. “Foreign encounters” indicate birds observed elsewhere after banding; “foreign recaptures” indicate birds
recaptured after being banded elsewhere; and “recaptures” indicate birds banded and recaptured at the same mi-

gration site.

NEVADA (SINCE 1980) NEw MEXICO (SINCE 1990) OREGON (SINCE 1995)
For- FORr- For- For- FOR- For-
EIGN  EIGN FIGN EIGN EIGN EIGN

CAP- ENCOUN- RECAP- RECAP-

CapP- ENCOUN- REcar- ReEcAp-  CAP- ENCOUN- RECAP-
TURED TERS TURES TURES TURED TERS TURES

SPECIES TURED TERS TURES TURES
Sharp-shinned Hawk 24698 87 8 32
Cooper’s Hawk 12050 101 6 32
Northern Goshawk 615 9 3 2
Red-tailed Hawk 1201 29 2 0
American Kestrel 2797 9 5 0
Total 41361 235 24 66

6229 19 0 13 643 5 2
5964 21 4 64 173 2 0
80 1 1 1 27 0 0
714 9 0 0 186 5 0
524 3 0 0 1 0 0
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Figure 1. Distribution of foreign encounters and for-
eign-recapture banding locations associated with raptor
migration-banding sites in New Mexico (triangles), Ne-
vada (circles), and Oregon (squares), and the associated
regional flyways in western North America.

The Manzano banding site (DeLong and Hoffman
1999) is located on a ridgetop in the Manzano Mountains
of central New Mexico (34°42.25'N, 106°24.67'W; Fig. 1).
Annual autumn migration counts, begun in 1985, range
from about 4500-6000 migrants of up to 19 species
(Sherrington 1999). From one to four banding stations
were operated each year since 1990 (x elevation = 2730
m). Annual capture totals average about 1000 raptors of
up to 12 species.

The Sandia banding site is located on a ridgetop near
the southern end of the Sandia Mountains (41-km long,
north-south range) ca. 34 km north of the Manzano site
and 18 km east of Albuquerque, New Mexico
(85°05.21'N, 106°25.93'W; Fig. 1). The vegetation around
the site is similar to that described for the Manzano site
in DeLong and Hoffman (1999), typical of the Upper
Sonoran life zone. Annual spring migration counts, be-
gun in 1985, range from about 3700-5500 migrants of
up to 20 species (Sherrington 2000). Banding has oc-
curred each year since 1990, except in 1992, mostly at a
single station (elevation = 2235 m). Annual capture to-
tals average about 265 raptors of up to 12 species.

The Bonney Butte banding site is located in the east-
ern Cascade Mountains of north-central Oregon
(45°16.08'N, 121°59.72'W; Fig. 1). Bonney Butte is a
mostly bald knoll (summit elevation = 1754 m) at the
southern terminus of Surveyor’s Ridge, which originates
near the town of Hood River and terminates southeast
of Mt. Hood. With the exception of scattered montane
meadows and forest clearcuts, mixed conifer forest covers
the immediate area surrounding Bonney Butte. Autumn
migration counts, begun in 1994, range from about
22002800 migrants of up to 18 species (McDermott
1999). Banding has occurred each year since 1995 at a
single station at the north end of Bonney Butte. Annual
capture totals currently range from about 150-350 rap-
tors of up to 12 species.

Capture and Processing Methods. Migrant raptors were
captured between March and April in the Sandia Moun-
tains and between mid-August and early November at the
autumn sites. The number of stations and variety of cap-
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ture devices used at each site differed, but the basic cap-
ture and processing methods used were consistent across
all sites. Trappers attracted raptors using live, non-native,
avian lures manipulated from camouflaged blinds. Cap-
ture devices included bow nets, dho-gaza nets, and mist
nets (Bloom 1987). Unless already banded, all birds were
fitted with a uniquely-numbered, U.S. Fish and Wildlife
Service/U.S. Geological Survey aluminum leg band. Pro-
cessors identified species, subspecies, sexes, and ages us-
ing morphological characteristics described in the U.S.
Bird Banding Laboratory (BBL) manual, Wheeler and
Clark (1995), and Hoffman et al. (1990).

Data Classification. We considered three types of en-
counters with banded birds. ‘“Foreign encounters” in-
cluded birds originally banded as migrants at one of the
four banding sites that were subsequently encountered
elsewhere. ‘“‘Foreign recaptures” included birds original-
ly banded by other researchers that we later recaptured
as migrants. For analytical purposes, we pooled foreign-
encounter locations and foreign-recapture banding lo-
cations associated with each migration site. “Recaptures”
included individuals banded and later recaptured at the
same migration site.

Between 1990 and April 2001, 34 between-site recap-
tures of banded birds occurred at the Manzano and San-
dia sites, which is similar to the number of same-site re-
captures that occurred at the two sites during this period
(44). We consider this strong confirmation that the two
sites lay within the same flyway, which we expected given
their proximity and situation along a north—south line of
relatively isolated mountain ranges. Hence, we treated
data from the two New Mexico sites as representing a
single migration site.

We classified foreign encounters/recaptures by season
based on dates that foreign encounters occurred or for-
eign recaptures were originally banded: (1) summer, 15
May-19 August; (2) winter, 15 November—14 March; and
(3) migration, 15 March—-14 May or 20 August-14 No-
vember. We chose these dates based on knowledge of
primary passage periods for migrants observed during
standardized western counts (HWI unpubl. data). After
we classified cases strictly by the reported BBL encounter
date, it quickly became apparent that some assignments
were not reasonable. Twenty-five cases warranted a
change from migration to winter status because the for-
eign encounter location was in the southern portion of
the species’ wintering range (i.e., Nayarit, Mexico and
farther south). Two cases warranted a change from sum-
mer to spring-migration status because the location was
in Mexico where breeding was improbable.

Data Analysis. We analyzed the encounter data in two
ways to determine if the three migration sites could be
classified as located along different flyways. First, we used
discriminant function and classification analysis (Afifi
and Clark 1996) to determine whether foreign encoun-
ters/recaptures could be classified according to migra-
tion site based on the latitude and longitude (lat-long)
of the encounters (Nichols and Kaiser 1999). For this
analysis, we withheld one foreign encounter from Mas-
sachusetts, because inclusion of this extreme outlier
skewed the bivariate distribution of latlongs. Discrimi-
nant function analysis resulted in a two-way table of pre-
dicted versus actual migration-site associations. Second,
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Table 2. A comparison of actual and predicted migra-
tion-site associations based on a discriminant function
analysis using latitudes and longitudes of foreign encoun-
ters and original banding locations of foreign recaptures.

PREDICTED

NEwW  PERCENT

ACTUAL OREGON NEVADA MEXICO CORRECT
Oregon 13 1 0 93
Nevada 10 202 41 80
New Mexico 1 6 50 88
Total 24 209 91 82

we compared the number of intra- and inter-site recap-
tures across the three migration sites.

To examine differential migration distances, we con-
ducted one-way or two-way factorial analysis of variance
(ANOVA) on the winter latitudes of different sex—age
classes of Sharp-shinned, Cooper’s, and Red-tailed Hawks
associated with the Nevada site. Smaller sample sizes pre-
cluded such analyses for other sites and species. We also
compared sex ratios at banding and among foreign en-
counters using Gtests of independence with William’s
correction (Sokal and Rohlf 1981:737-738). We con-
ducted all statistical analyses using Systat (SPSS 1998).

ResurLTs

Flyway Delineation. The discriminant function
correctly classified 77% of the Nevada birds, 82%
of the New Mexico birds, and 93% of the Oregon
birds (Wilks’s lambda = 0.65, F, ¢ = 39.51, P <
0.001). However, when we eliminated from the
analysis several foreign encounters/recaptures
from Alaska and the Yukon Territory (Fig. 1),
which improved the bivariate normality of the lat-
long dataset, our classification efficiency improved
to 80% of the Nevada birds, 88% of the New Mex-
ico birds, and 93% of the Oregon birds (Wilks’s
lambda = 0.53, F, ¢4 = 59.04, P < 0.001; Table 2).

Recapture data (Table 1) also confirmed that
the probability of a same-site recapture (66 Nevada
recaptures, 78 New Mexico recaptures, no Oregon
recaptures) was much greater than the probability
of a flyway crossover (only one Manzano-Goshute
crossover encounter since 1990).

Sharp-shinned Hawk. Females comprised 82% of
the foreign encounters, which is significantly high-
er than the proportion of females banded at the
three migration sites through 2000 (51%; G =
46.5, P < 0.001).

A two-way incomplete factorial ANOVA with SEX
and AGE as the main effects and winter-location
latitudes of Nevada migrants as the dependent var-
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Table 3. Mean latitude of winter foreign encounters by sex and age for selected species banded in the Goshute
Mountains, Nevada. Except for Sharp-shinned Hawks, means were not significantly different based on analysis of
variance.
HATCH-YEAR SECOND-YEAR AFTER-SECOND-YEAR
SPECIES SEX MeaN * SE (N) MEeaN * SE (N) MEaAN * SE (N)
Sharp-shinned Hawk Female 22.61 = 1.87 (8) 26.11 = 1.60 (11) 23.64 = 1.87 (8)
Male — 16.33 (1) 39.67 * 3.74 (2)
Cooper’s Hawk Female 22.28 + 2.63 (6) 21.56 = 2.43 @) 2421 *+ 1.29 (25)
Male 22.54 = 3.72 (3) 23.58 *+ 3.72 (3) 26.52 + 2.43 (7)
American Kestrel Female 18.33 * 1.33 (2) 18.53 *+ 0.07 (2) 19.03 (1)
Male 19.83 1) — —
Red-tailed Hawk Unknown 30.40 = 3.39 (5) 30.65 + 3.79 (4) 31.77 * 2.68 (8)

Bonney
Butte, OR

Goshute
Mts., NV

Manzano &
Sandia Mts, NM

Figure 2. Distribution of foreign encounters and for-
eign-recapture banding locations for Sharp-shinned
Hawks associated with migration-banding sites in New
Mexico (triangles), Nevada (circles), and Oregon
(squares) during summer (solid fill), winter (filled with
a dot), and migration seasons (no fill).

iable revealed a significant overall model (F g5 =
5.43, P = 0.003); however, close examination of
group means revealed a complex pattern (Table
3). Planned post-hoc contrasts indicated significant
differences (P < 0.05) for second-year (SY) versus
after-second-year (ASY) males (higher latitudes for
ASY birds) and for ASY males versus ASY females
(higher latitudes for males). However, due to small
sample sizes for males, these results must be con-
sidered tentative. There were no significant age-
related differences for females. Moreover, al-
though HY females averaged the most southerly
winter latitudes, SY females averaged more north-
erly latitudes than ASY females. Similarly, although
two ASY males averaged more northerly latitudes
than ASY females, the opposite appeared true for
SY birds. Thus, our results are equivocal concern-
ing sex-related differences within age groups, but
suggest that older birds generally winter farther
north than younger birds, with the difference per-
haps less pronounced for females than for males.

Two summer locations of New Mexico migrants
were in northeastern Utah and west-central Wyo-
ming (Fig. 2). Six other encounters during late
spring migration (late April-mid-May), which may
represent summer locations, extended along the
eastern Rocky Mountains from western Colorado
to western Alberta. Summer locations of Nevada
migrants were in the Intermountain West and
northwestern Rocky Mountains from northern
Utah to central and eastern British Columbia and
western Alberta (N = 12). However, two autumn
locations were in central Alaska, indicating that the
breeding-ground origins of Nevada migrants ex-
tend at least that far north. No summer records
were available for Oregon migrants.
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Table 4. Disposition of foreign encounters by species.
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SPECIES

SHARP-SHINNED COOPER’S NORTHERN RED-TAILED AMERICAN

DISPOSITION Hawxk Hawk GOSHAWK Hawk KESTREL
Captured and released 6 6 2 2 3
Collision w/ human structure 33 11 2 6 0
Shot 25 47 0 4 3
Held in captivity 2 2 1 1 2
Injured or sick 3 9 0 7 0
Powsoned 1 2 0 1 0
Cat/dog kill 1 0 0 0 1
Electrocuted 0 0 0 1 0
Caught in coyote leg-hold trap 0 0 0 1 0
Starved 1 0 0 0 0
Found dead—cause unknown 33 43 5 17 2
No reported reason 7 3 0 3 1
Total 112 123 10 43 12

Three winter locations of New Mexico migrants
were in southwestern Mexico, but another was on
the northern California coast (Fig. 2). Nevada mi-
grants wintered primarily from the southwestern
U.S. to Oaxaca, with concentrations in Sinaloa and
Michoacan (N = 30). The only true winter loca-
tions of Oregon migrants were in southern Oregon
(N = 2); however, three migration locations were
in northern California.

Migration locations of New Mexico migrants
were along the eastern Rocky Mountains from Al-
berta to Chihuahua (N = 13; Fig. 2). Most migra-
tion locations of Nevada migrants extended from
central Alaska, through the Intermountain West
and Great Basin, and down the Sierra Madre Oc-
cidental into southwestern Mexico (N = 51). How-
ever, one SY female was recovered during Septem-
ber near San Francisco, California, and one adult
male was captured and released during October
after it landed on a ship from Guyana somewhere
at sea. Since 1995, our Goshute project and Idaho
Bird Observatory’s (IBO) Boise Ridge migration-
banding project (340 km north-northwest of the
Goshutes) have recorded seven between-site en-
counters. Migration locations of Oregon migrants
(N = 5) were in northern California (3) and the
eastern Cascades of Oregon and Washington.

The most common reason for summer and mi-
gration foreign encounters was injury or mortality
due to collisions with human structures such as
windows, buildings, and cars (56% of summer en-
counters, 38% of migration encounters, 30% over-

all; Table 4). In contrast, the most common cause
of winter encounters was shooting (43%), with
96% of all reported shootings in Mexico.

Cooper’s Hawk. Females comprised 71% of the
foreign encounters, which was significantly higher
than the proportion of females banded at the
three migration sites through 2000 (56%; G,q =
10.6, P < 0.005).

There were no significant differences in the
mean winter latitudes of different sex—age classes
of Nevada migrants (two-way factorial ANOVA:
Sex—I 45 = 0.44, P = 0.51; Age—F, ;s = 0.94, P=
0.40; Interaction—Fy 45 = 0.08, P = 0.93). However,
the mean winter latitudes of males were slightly far-
ther north than for females of the same age group,
and within sexes, mean winter latitudes increased
with age except for HY versus SY females (Table
3).

Most summer locations of New Mexico migrants
were in the southern Rocky Mountains of New
Mexico and Colorado (N = 10; Fig. 3). However,
one summer location was in southwestern Alberta
and another individual, banded as a HY bird in the
Manzano Mountains, was reportedly found dead
five years later during summer in Massachusetts
(extreme outlier; maybe transcription error?). The
summer locations of Nevada migrants were con-
centrated in the Intermountain West from Nevada
to western Alberta (N = 8). No summer records
were available for Oregon migrants.

Winter locations of New Mexico migrants ex-
tended from central New Mexico south through
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Figure 3. Distribution of foreign encounters and for-
eignrecapture banding locations for Cooper’s Hawks as-
sociated with migration-banding sites in New Mexico (tri-
angles), Nevada (circles), and Oregon (squares) during
summer (solid fill), winter (filled with a dot), and migra-
tion seasons (no fill).

Chihuahua and San Luis Potosi, remaining east of
the Sierra Madre Occidental, and along the south-
western coast of Mexico from Michoacan to Oa-
xaca (N = 9; Fig. 3). Most winter locations of Ne-
vada migrants extended from Arizona south along
primarily the western flanks of the Sierra Madre
Occidental and into the Pacific coastal states of
Mexico from Sinaloa to the Guatemala border,
with concentrations in Sinaloa and Michoacan (N
= 49). However, two other Nevada migrants were
recovered as adults during January in central and
eastern Washington after cars hit them. One
Oregon migrant was recovered during winter in
the southern Central Valley of California near Fres-
no.

Three migration locations of New Mexico mi-
grants were in south-central New Mexico, but an-
other was recaptured in the Goshute Mountains
(Fig. 3). Migration locations of Nevada migrants
extended from central British Columbia through
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the Great Basin and western Arizona, and south
into the Pacific coastal states of Mexico (N = 46).
This includes four between-site encounters of birds
banded in the Goshutes and at IBO’s Boise Ridge
site. One migration location of an Oregon migrant
was along the south coast of California.

Most summer foreign encounters (81%) were
birds found dead—cause unknown (35% of all en-
counters; Table 4). Most winter encounters (56%)
were due to shooting (38% overall). During migra-
tion, common reasons for encounters included
shooting (27%) and collisions with fences and win-
dows (11%).

Northern Goshawk. Females comprised 60% of
the foreign encounters, which is only slightly high-
er than the proportion of females banded at the
three migration sites through 2000 (50%; Gqg =
0.3, P> 0.50).

A single New Mexico autumn foreign recapture
was banded as a nestling the previous spring in the
Jemez Mountains, ca. 105 km northwest of the
Manzano site (Fig. 4). A single New Mexico foreign
encounter (found dead—cause unknown) oc-
curred 28 km north of the Manzano site the spring
after banding as a HY bird. A single New Mexico
recapture occurred seven years after banding as a
HY bird in the Manzano Mountains. Ten of 12 gos-
hawk foreign encounters/recaptures associated
with the Nevada migration site were clustered in
the Great Basin or adjacent portions of the north-
western Rocky Mountains in Utah, Nevada, Idaho,
and Oregon, most within 300 km of the project
site. These include five between-site encounters in-
volving our Goshute site and a long-term nesting
study in the Independence Mountains of Nevada
(209 km northwest of the Goshutes; M. Bechard
pers. comm.). The latter included three birds
banded as nestlings and later recaptured in the
Goshutes the same year, and two birds banded in
the Goshutes (one HY and one SY) that were later
resighted as breeding adults (both as 3-yr birds).
The two exceptions to the Great Basin/northern
Rockies foreign-encounter locations were birds re-
covered during summer in the Gila Mountains of
southeastern Arizona (found dead—cause un-
known) and during spring in central Alberta (re-
leased after striking unknown object). Three of the
remaining five Nevada birds recovered in the Great
Basin were found dead—cause unknown; another
died when it hit a barbed wire fence; and the last
was simply reported as in captivity (Table 4).

Red-tailed Hawk. There were no significant age-
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Figure 4. Distribution of foreign encounters and for-
eign-recapture banding locations for Northern Goshawks
associated with migration-banding sites in New Mexico
(triangles), Nevada (circles), and Oregon (squares) dur-
g summer (solid fill), winter (filled with a dot), and
migration seasons (no fill).

related differences in the mean winter latitudes of
Nevada migrants (ANOVA: F, 1, = 0.06, P = 0.942);
however, the means showed a consistent pattern of
increasing latitude with increasing age (Table 3).
No summer locations were available for New
Mexico or Oregon migrants. Two foreign recap-
tures in Nevada were originally banded as nestlings
in the Wallowa Mountains of northeastern Oregon
and in the coastal foothills of southern California
(Fig. 5). Two other summer locations of Nevada
migrants were in southwestern Alberta and near
the Utah-Arizona border. Based on satellite track-
ing, three other Nevada migrants summered in
central British Columbia, northwestern Montana,
and southeastern Idaho (HWI unpubl. data).
Winter encounters of New Mexico migrants were
in central New Mexico, Chihuahua, and Oaxaca (N
= 4; Fig. 5). Based on satellite tracking, six other
New Mexico migrants wintered from northern Si-
naloa and western Tamaulipas south through
southern Oaxaca and east-central Veracruz (HWI
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Bonney
Butte, OR

Goshute
Mts., NV

Manzano &
Sandia Mts, NM

Figure 5. Distribution of foreign encounters and for-
eign-recapture banding locations for Red-tailed Hawks as-
sociated with migration-banding sites in New Mexico (tri-
angles), Nevada (circles), and Oregon (squares) during
summer (solid fill), winter (filled with a dot), and migra-
tion seasons (no fill).

unpubl. data). Winter encounters of Nevada mi-
grants extended from south-central Washington to
Guanajuato and Michoacan, including one in
southern California and one near the southern tip
of Texas (N = 17). Based on satellite tracking, five
other Nevada migrants wintered from Baja Califor-
nia and northwestern Chihuahua south to the Na-
yarit/Jalisco area (HWI unpubl. data). Four winter
locations of Oregon migrants were near the coast
of northern California.

Migration locations of New Mexico migrants
were in northern New Mexico, Arizona, and south-
ern Idaho (N = 5; Fig. 5). Migration locations of
Nevada migrants extended from the northeastern
Cascade Mountains of Oregon, through the west-
ern Rocky Mountains of Idaho and Utah, into
southwestern Arizona, and as far as coastal Texas
(N = 9). One migration location of an Oregon
migrant was in southwestern British Columbia.

No specific causes of mortality were reported for
three Red-tailed Hawks found during summer.
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Common reasons for winter encounters included
shooting (12%), collisions with cars and human
structures (12%), and other unspecified injury or
illness (12%; Table 4). Common reasons for mi-
gration encounters included unspecified injury or
illness (29%) and collisions with human structures
(14%).

American Kestrel. Females comprised 92% of
the foreign encounters, which is significantly high-
er than the proportion of females banded at the
three migration sites through 2000 (48%; G,y =
10.7, P < 0.005).

The sample of winter locations for kestrels was
too small to warrant statistical analysis of differen-
tial migration distances; however, like for Red-
tailed and Cooper’s Hawks, consistent patterns
emerged. The winter latitudes of females increased
with age and the winter latitude of the single male
encounter was farther north than for any female
(Table 3).

One New Mexico migrant was found dead
(cause unknown) during summer in central Alber-
ta (Fig. 6). All summer locations of Nevada mi-
grants reflect encounters with breeding adults (N
= 3) or nestlings (N = 5) in artificial nest boxes.
Six were birds from two nest-box studies near Boise
and Fairfield, Idaho. The other two were banded
as nestlings in north-central Washington and the
southwestern Yukon Territory.

Winter locations of Nevada (N = 6) and New
Mexico (N = 2) migrants were in similar areas in
Jalisco, Michoacan, and Oaxaca (Fig. 6). Common
reasons for these encounters included shooting
(37.5%), died in captivity (25%), and killed by a
dog (12.5%; Table 4).

DiSCUSSION

Flyway Delineation. Results from the flyway-clas-
sification analyses suggest that raptors monitored
at the three migration sites travel within three de-
finable, regional flyways: Rocky Mountain, Inter-
mountain, and Pacific Coast (Fig. 1). Only two
birds banded in Nevada or New Mexico were re-
covered west of the Sierra Nevada—Cascade ranges
in Oregon or California (Fig. 1). Data from IBO’s
Boise Ridge site also indicate infrequent crossing
of the Sierra Nevada—Cascade boundary (2 of 30
[6%] encounters since 1995; G. Kaltenecker un-
publ. data). However, the distribution of encoun-
ters with Oregon and Nevada migrants overlapped
in Washington and southern British Columbia, and
south of the Sierra Nevada range in southern Cal-
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Bonney
Butte, OR

Goshute
Mts., NV

Manzano &
Sandia Mts, NM

500 0

Figure 6. Distribution of foreign encounters and for-
eign-recapture banding locations for American Kestrels
associated with migration-banding sites in New Mexico
(triangles) and Nevada (circles) during summer (sohd
fill) and winter (filled with a dot).

ifornia and northwestern Mexico. Our encounter
sample sizes for Oregon migrants were small;
therefore, the minimal overlap in the distributions
of Oregon and Nevada/New Mexico migrants may
be misleading. However, the limited Oregon data
are consistent with long-term, band-return data
from coastal California, which indicate distribution
west of the Cascade and Sierra Nevada ranges from
southwestern British Columbia to northern Baja
California (Scheuermann 1996, 1997, Acuff 1998,
1999).

The largest geographic overlap (15%) in en-
counter locations occurred among migrants using
the Rocky Mountain and Intermountain flyways.
Nevertheless, Intermountain migrants were usually
encountered west of the Rocky Mountains and Si-
erra Madre Occidental, whereas Rocky Mountain
migrants were usually found within or east of these
ranges. The zones of greatest overlap were on sum-
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mer ranges in southwestern Alberta and on win-
tering ranges in the coastal states of southwestern
Mexico. Thirty foreign encounters of birds banded
at IBO’s Boise Ridge site also were all west of the
Rocky Mountains (G. Kaltenecker unpubl. data).

The recapture analyses also suggested high fi-
delity to the Intermountain and Rocky Mountain
flyways. The single recapture of a Manzano-banded
bird in Nevada, as well as several other outlier en-
counters, show that Intermountain—-Rocky Moun-
tain flyway crossovers do occur, but such events
were rare compared to the frequency of within-fly-
way recaptures and foreign encounters.

Thus, both the Sierra Nevada—Cascade and
Rocky Mountain ranges could be considered bio-
geographic boundaries, albeit permeable, that gen-
erally separate individuals inhabiting the three
western flyways. This also means that, for most spe-
cies, migration counts in the three regions repre-
sent largely distinct subpopulations. However, sig-
nificant overlap occurred at the southern and
northern extents of the encounter distributions for
cach flyway. Moreover, limited encounter data
from two long-term banding sites in mainland Alas-
ka (mostly Sharp-shinned Hawks) suggest that au-
tumn migrants originating in the state ultimately
may travel along any one of the three flyways de-
scribed herein, with most such birds wintering in
the northwestern U.S. (T. Swem and C. Mclntyre
pers. comm.). Similarly, for those species that mi-
grate into Central and South America (e.g., Pere-
grine Falcons, F. peregrinus or Swainson’s Hawks, B.
swainsont) all flyways essentially merge in southern
Mexico near the Isthmus of Tehuantepec (Bilds-
temn and Zalles 2001). Thus, the delineation of re-
gional flyways in western North America is proba-
bly most relevant for distinguishing subpopulations
of birds that originate south of mainland Alaska
and that winter north of Central America. Further-
more, while migration counts along the three fly-
ways may generally reflect the dynamics of distinct
subpopulations responding to unique sets of envi-
ronmental factors, large landscape-scale events in
southern Mexico or the far northwest may influ-
ence counts along multiple flyways.

Our description of regional flyways is based pri-
marily on data for Sharp-shinned and Cooper’s
Hawks, which together comprised 77% of the for-
eign encounters/recaptures and 91% of the recap-
tures considered. Nevertheless, the results for our
other three study species indicated conformity to
the patterns shown for the two accipiters; there-
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fore, we believe the flyway descriptions we propose
also apply to other species.

Sharp-shinned Hawk. The range of summer and
winter latitudes of Rocky Mountain and Inter-
mountain Sharp-shinned Hawks were most similar
to those of migrants encountered at other inland
as opposed to coastal migration sites. Rocky Moun-
tain and Intermountain migrants summered as far
north as Alaska and wintered primarily along the
west coast of Mexico. Migrants from the western
Great Lakes region also frequently wintered in
southern Mexico (Evans and Rosenfield 1985, Car-
penter et al. 1990). Thus, prominent factors op-
erating in southern Mexico (e.g., large-scale habi-
tat changes or heavy shooting pressure) could
conceivably affect breeding Sharp-shinned Hawks
from across much of interior North America.

Oregon migrants showed similar latitudinal
ranges as birds from other coastal states. For ex-
ample, migrants from the Marin Headlands of Cal-
ifornia typically traveled relatively short distances
from breeding areas in the Pacific Northwest to
wintering areas in Oregon and California
(Scheuermann 1996, 1997, Acuff 1998, 1999). Sim-
ilarly, Atlantic Coast (Clark 1985) and eastern
Great Lakes (Duncan 1982, Holt 1991) migrants
tended to winter in the southeastern U.S.

Cooper’s Hawk. Rocky Mountain and Inter-
mountain migrants wintered in concentrations
along the Pacific Coast from Sinaloa to Jalisco.
Breeding birds from eastern Oregon showed a sim-
ilar winter range (Henny 1990), whereas migrants
banded in coastal California generally remained
north of Baja California (Scheuermann 1997) and
migrants from the eastern Great Lakes tended to
remain in the southern Midwest and southeastern
U.S. (Duncan 1981, Holt 1991). Thus, Rocky
Mountain and Intermountain Cooper’s Hawks like-
ly respond to different environmental factors than
Pacific Coast or eastern birds. For example, shoot-
ing was a commonly reported cause of winter en-
counters in our study and that of Henny (1990),
whereas Scheuermann (1996, 1997), Acuff (1998,
1999), and Holt (1991) rarely reported shooting as
a cause of mortality.

Northern Goshawk. The few foreign encounters
we documented corroborate the notion that gos-
hawk movements typically are restricted to dispers-
al and short-distance migration (Squires and Reyn-
olds 1997). This suggests that migration counts of
Northern Goshawks generally reflect relatively lo-
calized movements (i.e., 400-500 km or less) and
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that counts of HY birds may therefore serve as an
indicator of regional productivity. This possibility
must be tempered, however, with recognition that
about every 10 years, goshawks from the northern
part of the species’ range migrate en masse much
farther south than usual due to crashes of available
prey (Mueller et al. 1977). In fact, our most distant
foreign encounter (1200 km from the banding site
near Shining Bank, Alberta) involved a Nevada mi-
grant banded as an adult during the 1983 irruption
episode.

American Kestrel. Rocky Mountain and Inter-
mountain migrants summered as far north as the
Yukon Territory and wintered primarily in far
southwestern Mexico. Similar winter ranges were
documented for birds banded in the Sierra Nevada
range and farther east (Bloom 1985) and for
breeding birds from Idaho and eastern Oregon
and Washington (Henny and Brady 1994). In con-
trast, 90% of foreign encounters with birds banded
m coastal California were located within 16 km of
the original banding location, regardless of season
(Bloom 1985). These patterns lend additional sup-
port for the hypothesis that the Sierra Nevada and
Cascade ranges constitute a biogeographic bound-
ary between the relatively constrained Pacific Coast
Flyway and extensive interior flyways.

Similar to Cooper’s Hawks, Rocky Mountain and
Intermountain kestrels wintered substantially far-
ther south than conspecifics migrating through the
eastern Great Lakes (Duncan 1985) and along the
Atlantic Coast (Layne 1982). Thus, American Kes-
trels from the western and eastern halves of the
continent likely respond to different sets of envi-
ronmental pressures.

Red-tailed Hawk. Attempts to partition popula-
tions into Rocky Mountain, Intermountain, and Pa-
cific Coast migrants were the most problematic for
this species. The summer and winter ranges and
migration/dispersal routes of migrants from New
Mexico, Nevada, and Oregon often overlapped.
For example, Nevada migrants wintered in central
New Mexico and along the Texas coast, while New
Mexico migrants were later encountered in north-
ern Nevada. Bloom (1985) also documented sev-
eral cases of extensive juvenile dispersal to the
north and east from southern California. Similarly,
nestlings banded in southern Idaho dispersed in
many directions, including toward southern Cali-
fornia, northeastern Idaho, southeastern New
Mexico, and southern Guatemala (Steenhof et al.
1984). Nevertheless, satellite tracking has shown
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that 12 Red-tailed Hawks (one HY, 11 SY or older)
outfitted during autumn migration in New Mexico
and Nevada all followed southerly routes to win-
tering grounds in Mexico (HWI unpubl. data).
Moreover, three adult birds outfitted in Nevada
showed high fidelity to individual migration path-
ways, winter locations, and summer territories in
British Columbia, Montana, and Idaho over a 2.5-
yr period. Thus, it appears that Red-tailed Hawks
banded in the Rocky Mountains and Intermoun-
tain West tend to migrate/disperse south in au-
tumn, but specific bearings and distances may vary,
especially with regard to the firstyear dispersal of
juvenile birds. Similarly, although Bloom (1985)
showed that juvenile dispersal from southern Cal-
ifornia could be extensive, Red-tailed Hawks band-
ed during autumn migration along the central
coast of California may subsequently move in al-
most any direction but tend to remain along the
Pacific Coast (Scheuermann 1996, 1997, Acuff
1998, 1999).

Similar to Cooper’s Hawks and kestrels, Rocky
Mountain and Intermountain Red-tailed Hawks
tended to winter farther south and show little lon-
gitudinal overlap with migrants from the Great
Plains and farther east (Houston 1967, Holt and
Frock 1980, Brinker and Erdman 1985).

Sex-biased Encounter Probabilities. For four sex-
ually-dimorphic species, foreign encounters of fe-
males occurred more often than expected given
sex ratios at banding. The same pattern applied to
migrant Sharp-shinned and Cooper’s Hawks from
the Great Lakes (Duncan 1981, 1982, Evans and
Rosenfield 1985, Holt 1991) and to Sharp-shinned
Hawks along the Atlantic Coast (Clark 1985). Clark
(1985) and Duncan (1982) suggested that this pat-
tern results from competitively dominant females
occupying more open habitats than males during
winter, a pattern documented for Eurasian Spar-
rowhawks (A. nisus; Newton 1979). These tenden-
cies may cause females to encounter human-relat-
ed trouble more often and increase the probability
that humans will discover dead or injured females.
This scenario may apply to kestrels also (Ardia and
Bildstein 1997).

Differential Migration Distance. Small sample
sizes limited our ability to detect significant differ-
ential migration. Nevertheless, winter latitude
tended to increase with age for four species, and
male Cooper’s Hawks and American Kestrels tend-
ed to winter farther north than females of the same
age. Moreover, the winter distribution pattern for
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Cooper’s Hawks appeared consistent with the pat-
tern of differential timing documented by DeLong
and Hoffman (1999) for Manzano and Goshute
migrants (i.e., autumn passage sequence: juvenile
females, juvenile males, adult females, and adult
males). Thus, our results appear most consistent
with predictions of the foraging-efficiency (Rosen-
field and Evans 1980) and arrival-time (Myers
1981) hypotheses, but not consistent with predic-
tions of the body-size hypothesis (Ketterson and
Nolan 1976). The apparent inconsistency in results
for SY versus ASY female Sharp-shinned Hawks may
reflect the fact that, compared to Cooper’s and
Red-tailed Hawks, sharp-shins often begin breed-
ing in their second year (Johnsgard 1990). Thus,
this apparent anomaly may favor the arrival-time
hypothesis over the foraging-efficiency hypothesis
for this species. Relative to the behavioral or social-
dominance hypothesis (Gauthreaux 1978, 1985,
Newton 1979, Clark 1985), our results appear
equivocal. They are consistent with the age-related
prediction of the hypothesis (dominant adults win-
ter closer than immature birds of the same sex),
but not the sex-rrelated prediction (larger, domi-
nant females should winter closer to the breeding
grounds than smaller males of the same age).

Potential Biases. There are several potential bi-
ases associated with describing raptor movements
based on band encounters. One potential bias may
derive from species, sex, or age-related variation in
susceptibility of migrants to be captured using live
lures (Gorney et al. 1999). Another concerns the
higher probability of recovering females; however,
if females indeed tend to migrate farther south
than males, this factor would not bias delineations
of overall flyway dimensions. A third may derive
from the positive correlation between the proba-
bility of recovery and the density of human habi-
tation (Nichols and Kaiser 1999), which the dearth
of summer recoveries, especially north of southern
Canada, clearly illustrates (Fig. 1). Thus, we look
forward to advances in methodology such as sat-
cllite telemetry (Brodeur et al. 1996) and stable-
1sotope analysis (Meehan et al. 2001), which
should further improve our understanding of rap-
tor movements in the western hemisphere and
elsewhere.

ACKNOWLEDGMENTS

Hundreds of volunteer raptor banders made this man-
uscript possible, and we heartily thank them for their ef-
forts! We also thank Jim Gessaman for serving as co-prin-
apal investigator on the Goshute project from 1983-85,

HOFFMAN ET AL.

VoL. 36, No. 2

the U.S. Bureau of Reclamation, Upper Colorado Re-
gional Office for financing preparation of this manu-
script and helping fund the Goshute project, and the
following agencies, organizations, and corporate spon-
sors for their financial and logistical support over the
years: U.S. Fish and Wildlife Service, Regions 1 and 2 and
the Office of Migratory Bird Management; Bureau of
Land Management, Elko District; U.S. Geological Survey,
Biological Resources Division; U.S. Forest Service, Cibola
National Forest and Mt. Hood National Forest; New Mex-
ico Department of Game and Fish, Share with Wildlife
Program; Oregon Department of Fish and Wildlife; La-
hontan, Redrock, Central New Mexico, Portland, and
Central Oregon Audubon Societies; Utah Army National
Guard; National Fish and Wildlife Foundation; LaSalle
Adams Fund; EARTHWATCH; Ruby Valley Youth Con-
servation Corps; Boise-Cascade Corp.; Nevada Power
Co.; Intel Corp.; LAC Minerals; Barrick Goldstrike Mines,
Inc.; Placer Dome North America-Bald Mountain Mine;
Newmont Gold Co.; USM.X. Inc.; Western Mining
Corp.; Gold Fields Operating Co.; George Whittell-Ne-
vada Environmental Fund; Kennecott Utah Copper
Corp.; Echo Bay Mines; Cortez Gold, Inc.; Coeur-Roch-
ester Mines, Inc.; Battle Mountain Gold Co.; Stateline—
Silversmith Casino Resorts; and a host of other local busi-
nesses and individuals that generously donated food and
supplies to our field crews. Lastly, this manuscript bene-
fited from thoughtful reviews by Mark Vekasy, Larry
LaPre, Pete Bloom, Paul Kerlinger, Allen Fish, and an
anonymous reviewer.

LITERATURE CITED

AcuFF, J. 1998. 1997 band recoveries: so, who went
where? Pac. Raptor Rep. 19:19-21.

. 1999. 1998 banding: another year of band recov-
eries. Pac. Raptor Rep. 20:24-26.

Arrrr, AAA. AND V. CLARK. 1996. Computer aided multi-
variate analysis, 3rd Ed. Chapman and Hall, Boca Ra-
ton, FLL U.S.A.

ARDIA, D.A, AND K.L. BILDSTEIN. 1997. Sex-related differ-
ences in habitat selection in wintering American Kes-
trels, Falco sparverius. Anim. Behav. 53:1305-1311.

BrLpsTEIN, K.L. AND J. ZALLES. 2001. Raptor migration
along the mesoamerican land corridor. Pages 119—
141 4in K.L. Bildstein and D. Klem, Jr. [Eps.], Hawk-
watching in the Americas. Hawk Migration Associa-
tion of North America, North Wales, PA U.S.A.

Broowm, P.H. 1985. Raptor movements in California. Pag-
es 313-324 in M. Harwood [ED.], Proceedings of
Hawk Migration Conference IV. Hawk Migration As-
sociation of North America, North Wales, PA U.S.A.

. 1987. Capturing and handling raptors. Pages 99—
123 in B.G. Pendleton, B.A. Millsap, K.W. Cline, and
D.M. Bird [Eps.], Raptor management techniques
manual. National Wildlife Federation, Washington,
DC USA.

BRINKER, D.F. AND T.C. ERDMAN. 1985. Characteristics of
autumn Red-tailed Hawk migration through Wiscon-
sin. Pages 107-136 :n M. Harwood [ED.], Proceedings




JUNE 2002

of Hawk Migration Conference IV. Hawk Migration
Association of North America, North Wales, PA U.S.A.

BRODEUR, S., R. DECARIE, D.M. BIRD, AND M. FULLER.
1996. Complete migration cycle of Golden Eagles
breeding in northern Quebec. Condor 98:293-299.

CARPENTER, T.W., A.L.. CARPENTER, AND W.A. LaMB. 1990.
Analysis of banding and recovery data for Sharp-
shinned Hawks at Whitefish Point, Michigan, 1984—
1987. N. Am. Bird Bander 15:125-129.

CLARK, W.S. 1985. The migrating Sharp-shinned Hawk at
Cape May Point: banding and recovery results. Pages
107-136 in M. Harwood [ED.], Proceedings of Hawk
Migration Conference IV. Hawk Migration Associa-
tion of North America, North Wales, PA U.S.A.

DELONG, J. AND S.W. HOFFMAN. 1999. Differential autumn
migration of Sharp-shinned and Cooper’s Hawks in
western North America. Condor 101:674-678.

DiNnGLE, H. 1980. Ecology and evolution of migration.
Pages 2-101 in S.A. Gauthreaux, Jr. [ED.], Animal mi-
gration, orientation and navigation. Academic Press,
New York, NY U.S.A.

Duncan, B.W. 1981. Cooper’s Hawks banded at Hawk
Cliff, Ontario: 1971-1980. Ont. Bird Banding 14:21-32.

. 1982. Sharp-shinned Hawks banded at Hawk

Cliff, Ontario, 1971-1980. Ont. Bird Banding 15:24-38.

. 1985. American Kestrels banded at Hawk CIiff,
Ontario 1972-1983. Ont. Bird Banding 17:35-40.

Evans, D.L. AND R.N. ROSENFIELD. 1985. Migration and
mortality of Sharp-shinned Hawks ringed at Duluth,
Minnesota, U.S.A. Pages 311-316 in I. Newton and
R.D. Chancellor [EDps.], Conservation studies on rap-
tors. Proceedings of the ICBP World Conference on
Birds of Prey. ICBP, Cambridge, U.K.

FULLER, M.R. AND J.A. MOSHER. 1981. Methods of detect-
ing and counting raptors: a review. Stud. Avian Biol. 6:
235-246.

GAUTHREAUX, S. 1978. The ecological significance of be-
havioral dominance. Pages 17-54 in P.P.G. Bateson
and P.H. Klopfer [EDs.], Perspectives in ethology. Vol.
3. Plenum Press, New York, NY U.S.A.

. 1985. Differential migration of raptors: the im-
portance of age and sex. Pages 99-106 in M. Harwood
[Ep.], Proceedings of Hawk Migration Conference IV.
Hawk Migration Association of North America, Roch-
ester, NY U.S.A.

GORNEY, E., W.S. CLARK, AND Y. YOM-TOv. 1999. A test of
the condition-bias hypothesis yields different results
for two species of sparrowhawks (Accipiter). Wilson
Bull. 111:181-187.

Henny, C.J. 1990. Wintering localities of Cooper’s Hawks
nesting in northeastern Oregon. J. Field Ornithol. 61:
104-107.

AND G.L. BrADY. 1994. Partial migration and win-
tering localities of American Kestrels nesting in the
Pacific northwest. Northwest. Nat. 75:37~43.

HorrMan, S.W. 1985, Raptor movements in inland west-
ern North America: a synthesis. Pages 325-338 in M.

RAPTOR MIGRATION FLYWAYS IN WESTERN NORTH AMERICA

109

Harwood [Ed.], Proceedings of Hawk Migration Con-
ference IV. Hawk Migration Association of North
America, Rochester, NY U.S.A.

, J.P. SMITH, AND J.A. GESSAMAN. 1990. Size of fall-
migrant accipiters from the Goshute Mountains of
Nevada. J. Field Ornithol. 61:201-211,

Horr, J.B. AND R. FROCK, JRr. 1980. Twenty years of raptor
banding on the Kittatinny Ridge. Hawk Mountain News
54:8-32.

. 1991. Raptor banding at Wheatley, Ontario 1967
thru 1989: a summary. HMANA Hawk Migration Stud.
16:9-12.

HoustoN, C.S. 1967. Recoveries of Red-tailed Hawks
banded in Saskatchewan. Blue Jay 25:109-111.

JonnsGArD, PA. 1990. Hawks, eagles, and falcons of
North America, biology and natural history. Smithso-
nian Institution Press, Washington DC U.S.A.

KERLINGER, P. 1989. Flight strategies of migrating hawks
Univ. of Chicago Press, Chicago, IL U.S.A.

KETTERSON, E.D. AND V. NOLAN, JR. 1976. Geographic var-
iation and its climatic correlates in the sex ratio of
eastern-wintering Dark-eyed Juncos (Junco hyemalis hye-
malis). Ecology 57:679-693.

AND . 1983. The evolution of differential
bird migration. Pages 357-402 in R.F. Johnston [ED.],
Current ornithology. Vol. 1. Plenum Press, New York,
NYUS.A.

LAYNE, J.N. 1982. Analysis of Florida-related banding data
for the American Kestrel. N. Am. Bird Bander 7:94-99

McDErMOTT, F. 1999. Pacific continental flyway. HMANA
Hawk Migration Stud. 25:24-32.

MreEnaN, T.D., C.A. Lort, Z.D. SHARP, R.B. SMITH, R N.
ROSENFIELD, A.C. STEWART, AND R.K. MURPHY. 2001.
Using hydrogen isotope geochemistry to estimate the
natal latitudes of immature Cooper’s Hawks migrating
through the Florida Keys. Condor 103:11-20.

MUELLER, H.C., D.D. BERGER, AND G. ALLEZ. 1977. The
periodic invasions of Goshawks. Auk 94:652—-663.

MyERs, J.P. 1981. A test of three hypotheses for latitudinal
segregation of the sexes in wintering birds. Can. |
Zool. 59:1527-1534.

, R.I.G. MORRISON, P.Z. ANTAS, B.A. HARRINGTON,
T.E. LOVEJOY, M. SALLABERRY, S.E. SENNER, AND A. TAR-
RAK. 1987. Conservation strategy for migratory spe-
cies. Am. Sci. 75:18.

NEwTON, 1. 1979. Population ecology of raptors. Buteo
Books, Vermillion, SD U.S.A.

NicHOLS, J.D. AND A. KAISER. 1999. Quantitative studies
of bird movement: a methodological review. Bird Study
46:289-298.

ROSENFIELD, R.N. AND D.L Evans. 1980. Migration inci-
dence and sequence of age and sex classes of the
Sharp-shinned Hawks. Loon 52:66—69.

SCHEUERMANN, K.L. 1996. GGRO band recoveries 1992—
1996. Pac. Raptor Rep. 17:11-16.

. 1997. 1995-1996 recoveries: more news is good

news. Pac. Raptor Rep. 18:9-16.




110

SENNER, S.E. AND M.R. FULLER. 1989. Status and conser-
vation of North American raptors migrating to the
neotropics. Pages 53-58 in B.-U. Meyburg and R.D.
Chancellor [EDs.], Raptors in the modern world.
World Working Group on Birds of Prey and Owls, Ber-
lin, Germany.

SHERRINGTON, P. 1999. Western mountain continental fly-
way. HMANA Hawk Migration Stud. 25:33-58.

. 2000. Western mountain continental flyway.
HMANA Hawk Migration Stud. 25:42-58.

SHERRY, T.W. AND R.T. HoLMES. 1995. Summer versus win-
ter limitation of populations: what are the issues, what
is the evidence. Pages 85-120 in T.E. Martin and D.M.
Finch [EDps.], Ecology and management of neotropi-
cal migratory birds: a synthesis and review of the crit-
ical issues. Oxford Univ. Press, Oxford, U.K.

SMITH, J.P. AND S.W. HOFFMAN. 2000. The value of exten-
sive raptor migration monitoring in western North
America. Pages 597-615 in R.D. Chancellor and B.-U.
Meyburg [EDs.], Raptors at risk. World Working
Group on Birds of Prey and Owls, Berlin, Germany,
and Hancock House Publishers, British Columbia, Ca-
nada and Washington, DC U.S.A.

Sokar, R.R. AnD FJ. RoHLr. 1981. Biometry, 2nd Ed.
W.H. Freeman and Company, New York, NY U.S.A.

HOFFMAN ET AL.

VoL. 36, No. 2

SPSS. 1998. Systat® 8.0 statistics. SPSS Inc., Chicago, IL
US.A.

SqQuIres, J.R. anp R.T. REYNOLDS. 1997. Northern Gos-
hawk (Accipiter gentilis). No. 298 in A. Poole and F. Gill
[Eps.], The birds of North America. The Academy of
Natural Sciences, Philadelphia, PA, and The Ameri-
can Ornithologists’ Union, Washington, DC U.S.A.

STEENHOF, K., M.N. KOCHERT, AND M.Q. MORITSCH. 1984.
Dispersal and migration of southwestern Idaho rap-
tors. J. Field Ornithol. 55:357-368.

WATSON, J.W. AND D.J. PIERCE. 2000. Migration and win-
ter ranges of Ferruginous Hawks from Washington
Annual Report. Washington Department of Fish and
Wildlife, Olympia, WA U.S.A.

WHEELER, B.K. AND W.S. CLARK. 1995. A photographic
guide to North American raptors. Academic Press,
London, U.K.

Zarres, JI. anp KL. BiLpsTEIN [Eps.]. 2000. Raptor
watch: a global directory of raptor migration sites.
BirdLife Conservation Series No. 9. BirdLife Inter-
national, Cambridge, UK., and Hawk Mountain Sanc-
tuary Assoc., Kempton, PA U.S.A.

Received 27 July 2000; accepted 16 December 2001
Former Associate Editor: Allen Fish



