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Abstract

This dissertation addresses specific research needs identified by a panel of experts
on Gyrfalcon biology and conservation convened on 3 September, 2003 at the Raptor
Research Foundation Scientific Conference in Anchorage, Alaska. The first chapter is a
significant update and revision of the 1994 Gyrfalcon Birds of North America (BNA)
species account, using all published papers and available grey literature from 1994 - 2007
and personal expertise from over 3,000 hours of coordinated observations. The second
chapter reports results from a spatially explicit model, based on the best available
compiled data from Alaska, that predicted Gyrfalcon breeding distribution and population
size across Alaska. The model predicted that 75% and 7% of the state had a relative
index of nest occurrence of <20% and >60%, respectively. Areas of high predicted
occurrence primarily occurred in northern and western Alaska. Using environmental
variables, the model estimated the size of the breeding Gyrfalcon population in Alaska is
546 + 180 pairs. In Chapter 3, I used repeated aerial surveys to estimate detection
probabilities of cliff-nesting raptors from fixed-wing aircrafts and helicopters. Detection
probabilities ranged from 0.79 — 0.10 and varied by species, observer experience, and
study area/aircraft type. Generally, Gyrfalcons had the highest detection probability,
followed by Golden Eagles, Common Ravens, and Rough-legged Hawks, though the
exact pattern varied by study area and survey platform. In the final chapter, I described
for the first time in North America Gyrfalcon nest site fidelity, breeding dispersal, and
natal dispersal using molted feathers as non-invasive genetic tags. Gyrfalcons were
highly faithful to study areas (100% fidelity) and breeding territories (98% fidelity), but
not to specific nest sites (22% fidelity). Breeding dispersal distance averaged 750 + 870
m, and was similar between sexes. Natal dispersal of three nestlings representing 2.5%
recruitment varied from 0 - 254 km. Mean territory tenure was 2.8 = 1.4 yrs and
displayed a bimodal distribution with peaks at 1 and 4 years. Mean annual turnover at
one study site was 20%. Gyrfalcons in one study area exhibited low, but significant

population differentiation from the other two study areas.
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Introduction

The topics in this dissertation were identified as research needs on September 3, 2003
during a round table discussion on Gyrfalcon (Falco rusticolus) conservation,
management, and research in Alaska during the Raptor Research Foundation Scientific
Conference in Anchorage, Alaska. A panel of 18 leading experts on Gyrfalcon and raptor
biology from across Alaska, Canada, and the lower 48 states addressed the status of
Gyrfalcon conservation, identified data gaps that reduced our ability to conserve the
species, and highlighted important research needs. A summary document was compiled
that highlighted the primary research needs for the species. These needs directed the
focus of this dissertation, and each chapter directly addresses a priority issue identified by
the panel.

Three months prior to the conference, Brian McCaffery fortuitously introduced
me to the significant raptor research potential that existed on the Yukon Delta National
Wildlife Refuge (Yukon Delta NWR). After observing a study area supporting one the
highest known nesting densities of Gyrfalcons on the planet, Brian and I identified a list
of possible research topics that could be addressed in this unique area. Interestingly,
these topics matched those identified by the expert panel that convened three months
later. Brian and the Yukon Delta NWR subsequently offered financial research support,
the summary document from the September meeting provided the needed and peer-
reviewed research direction, and I was able to secure fellowships to cover academic
expenses. Hence, the Yukon Delta NWR Gyrfalcon Project was born and from that came
the research formally included here as my dissertation.

The four chapters are products of extensive pilot studies to identify feasible
projects from the list of research needs generated in September 2003. After countless
challenges, failures, discoveries, delays, snickers bars, mosquito bites, dead-ends, highs,
lows, loss of funds, and obtaining new funds, my collaborators, graduate committee, and
I settled on the four topics below for a dissertation. They are the direct products of the

scientific process, with a healthy dose of logistical reality mixed-in for good measure.



They follow the unified theme of addressing specific calls by experts to address
important scientific needs to further Gyrfalcon conservation in Alaska.

The first chapter, titled “The Gyrfalcon, Birds of North America Species
Account” is a comprehensive review and synthesis of the literature that has been
published pertaining to Gyrfalcon biology, ecology, and conservation. This chapter
meets the need expressed by the panel by summarizing and updating all currently
available published and unpublished information on the species. The chapter has been
published by Cornell University as the revised and updated Birds of North America
(BNA) Gyrfalcon account. Though I did not include formal findings from my field
research on Gyrfalcons specifically in this chapter, it is only because of my extensive
field work with the species during my dissertation research that I was able update and
revise the account. This document succinctly summarizes the best available information
on the species in North America from over 200 sources. Given the popularity and
widespread use of the authoritative BNA series among scientists, managers, and general
public, this chapter is likely to the be most used and cited work of the dissertation.

The second chapter, titled “Gyrfalcon Nest Distribution in Alaska based on a
Predictive GIS Model” uses historical and contemporary nest locations, environmental
layers, Geographic Information System (GIS), and TreeNet machine learning software to
create a spatially explicit model predicting Gyrfalcon breeding distribution and
population size across Alaska. This chapter addresses the need identified by the panel to
assess the distribution of Gyrfalcons across the state, much of which has not been
formally surveyed for Gyrfalcons. Because such an effort is probably financially and
logistically unrealistic, we used historical information to model and predict the species
current distribution. This chapter was published in 2009 online in Polar Biology and in
paper form, in March 2010.

Chapter 3, titled “Detection Probability of Cliff-nesting Raptors during Helicopter
and Fixed-wing Aircraft Surveys in Western Alaska,” details efforts to conduct repeated
aerial surveys (via helicopter and fixed-wing aircrafts) for breeding cliff-nesting raptors

on the Yukon Delta NWR to estimate detection probability of Gyrfalcons, Golden Eagles



(Aquila chrysaetos), Rough-legged Hawks (Buteo lagopus), and Common Ravens
(Corvus corax) in May 2007. This chapter addresses the need identified by the panel of
evaluating survey methods that would include estimates of detection probability and
allow for more robust and accurate monitoring of Gyrfalcon and other raptor populations.
Most current cliff-nesting raptor surveys represent counts of birds at historical nest sites
and are used as indices of population status. However, occupancy modeling and repeated
surveys, as I did here, allow detection probabilities to be estimated. This, in turn, allows
for direct population estimates and provides more robust and accurate results for
population monitoring. Hence, we applied these techniques to breeding Gyrfalcons and
other cliff-nesting raptors for the first time in North America and present our results in
Chapter 3. This chapter has been accepted for publication in the Journal of Raptor
Research.

The final chapter, titled, “Gyrfalcon Nest Site Fidelity, Breeding Dispersal, and
Natal Dispersal on the Yukon Delta National Wildlife Refuge, Alaska,” describes our
work using non-invasive genetic sampling of adult molted Gyrfalcon feathers to study
site fidelity and dispersal. This chapter addresses one of the most significant gaps in our
understanding of the Gyrfalcon’s breeding biology identified by the panel — nest site
fidelity and dispersal. Prior to this work, our global understanding of Gyrfalcon nest site
fidelity and dispersal was based on information from 6 banded individuals in Iceland and
general assumptions based on anecdotal observations. Chapter 4 provides the first
published information on these topics from known individuals for Gyrfalcons in North
America and for any continental Gyrfalcon population and will be submitted for

publication to The Condor.



Chapter 1. The Gyrfalcon, Birds of North America Species Account.’

INTRODUCTION

Largest of all falcons, and the most northern diurnal raptor, the Gyrfalcon inhabits
circumpolar arctic and subarctic regions, with some individuals moving south into
northern temperate zones during fall and winter. “Only then do most birdwatchers have a
chance for a rare glimpse of this great falcon, which the Emperor Frederick II of
Hohenstaufen, in his thirteenth century treatise on falconry (De Arte Venandi cum
Avibus), extolled above all others as a hunter of cranes and similar large quarry. The
Emperor wrote that the Gyrfalcon ‘holds pride of place over even the Peregrine [Falco
peregrinus] in strength, speed, courage, and indifference to stormy weather’” (Cade
1982).

Gyrfalcons exhibit pronounced reversed sexual size dimorphism (on average,
adult males weigh 1,100-1,300 g, females 1,700-1,800 g), meaning males typically weigh
about 65% as much as females. Gyrfalcon coloration is not conspicuously sexually
dimorphic, because the species’ coloration is extremely variable and ranges from nearly
pure white to an almost uniform dark gray-brown. Intermediate (“gray”) plumages are
most commonly seen in North America. The Gyrfalcon is therefore considered a
monotypic, but highly variable species (Am. Orithol. Union 1998) and previous
subspecies designations based primarily on plumage variation are no longer recognized.
Most Gyrfalcons nest on cliffs above treeline, either in scrapes or in stick nests of other

birds. Some individuals do not breed every year; both reproduction and winter

! Booms, T.L., T.J. Cade, and N.J. Clum. 2008. Gyrfalcon (Falco rusticolus), The Birds
of North America Online (A. Poole, Ed.). Ithaca: Cornell Lab of Ornithology; Birds of
North America Online: http://bna.birds.cornell.edu/bna/species/114doi:10.2173/bna.114
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movements are strongly influenced by food availability. Gyrfalcons respond functionally,
and in some areas numerically, to changes in the availability of a variety of prey, but
especially ptarmigan (Lapogus spp.), their principal food in most areas. The Gyrfalcon is
a ptarmigan specialist and its breeding distribution is strikingly similar to that of the Rock
Ptarmigan (Lagopus muta) (Holder and Montgomerie 1993). Gyrfalcon numbers appear
to be cyclic in some regions but not in others, for reasons that are still not fully
understood but likely related to ptarmigan population cycles (Cade et al. 1998, Nielsen
1999).

Although an uncommon species, the Gyrfalcon is not rare, as frequently stated.
Remoteness of habitat, fluctuations in breeding populations and in migratory movements,
variability in plumage and behavior, and rumors of rarity have all combined to make this
species frequently misidentified or overlooked. Some of these same characteristics have
enabled North America’s Gyrfalcons to thus far escape the population declines that other
raptors have suffered from persecution, chemical contamination, and habitat degradation.
However, these traits do not protect the species from the potential effects of global
warming, which is an emerging conservation concern because of the Gyrfalcon’s
northern breeding distribution, narrow ecological niche as a specialist predator, and

reliance on Arctic habitats and prey.

DISTINGUISHING CHARACTERISTICS
Large falcon (length: males 48—61 c¢cm, females 51-64 cm). No seasonal variation in
plumage. Sexes best distinguished by size (see Measurements). Immatures exhibit
vertical streaking and are more heavily marked on ventral surface than adults. Cere, eye
ring, and feet of immature birds are light blue-gray. Adults’ ventral surface is generally
horizontally barred posteriorly and spotted anteriorly; bare parts yellow.

Dark eye and tomial tooth distinguish North American falcons from other raptors.
White Gyrfalcon is unmistakable; no other falcon is white. Most dark Gyrfalcons
distinguished from Peregrine Falcon by crown and/or nape heavily streaked with cream,

and absence of pronounced facial stripe and cap. Birds with gray plumage are most easily



misidentified, but differ in plumage from Peregrines by having a two-tone underwing
visible in flight and absence of a bold helmet. All Gyrfalcons distinguished from Prairie
Falcon (Falco mexicanus) by absence of dark contrasting axillaries. Also distinguished
from both Peregrine and Prairie falcons by larger size, proportionately longer tail and
shorter, more broadly based wing with rounder tip. Primary formula usually 9 > 8 > 10 >
7, compared to Peregrine Falcon (9 > 10 > 8 > 7) or Prairie Falcon (9> 8 > 10> 7).
These characters give the Gyrfalcon an accipitrine appearance in flight, and when flying
low it can be confused with the Goshawk (Accipiter gentilis). Wing beat slower, deeper

and more powerful than other falcons, but flight is faster and more sustained.

DISTRIBUTION

The Americas

Breeding Range.
Figure 1.1. From approximately 79°N to 60°N, locally to 55°N (Cade 1982, Brodeur et
al. 1995); formerly south to 51° 28’ N at entrance to Bras d'Or River (now Brador),
Quebec (Audubon 1897, Todd 1963, Brodeur et al. 1995). In Canada, breeds on most
Arctic Islands and the Arctic coastal plain (Fyfe and Grier 1972, Shank and Poole 1994),
N. British Columbia, Yukon (Platt 1976, Mossop and Hayes 1994), se. Northwest
Territories (Kuyt 1980), and n. Quebec and Labrador (Todd 1963). Summer sightings in
Long Range Mountains of Newfoundland suggest breeding there (L. Tuck, pers. comm.).
Most of Alaska except north coastline, w. Aleutians, Cook Inlet, central interior, and se.

Alaska (Cade 1960, White and Cade 1971, Swem et al. 1994, Gibson and Byrd 2007).

Winter Range.
Winter status on breeding range poorly documented, but available information (Cade
1960, Platt 1976, Salter et al. 1980, Norment 1985) suggests most birds are resident, at
least below 70°N. Regular winter visitor to British Columbia, Alberta, Saskatchewan, and
Ontario (Bromley 1986, Wiseley and Pinel 1987). Most winter records are above 40°N
(Am. Ornithol. Union 1983, Butcher et al. 1987) and are of immature birds. Extreme



southerly records from central and n. California (Small 1994), Texas (Lockwood et al.
2002), and North Carolina (Holmes and Fuller 1995).

Many published sources indicate Gyrfalcon does not winter regularly south of
U.S.-Canada border (e.g., Root 1988, Schmutz et al. 1991), but much evidence suggests
this is not the case with significant numbers of sightings in northern tier states (Platt
1976, Dobler 1989, Sanchez 1993, Flann 1998), establishment of fixed winter ranges
(Dobler 1989, Sanchez 1993), and evidence that birds may repeatedly return to same
wintering area (Palmer 1988, Sanchez 1993). Hence, the Gyrfalcon should be considered

a regular, but uncommon winter visitor to the n. U.S.

Outside the Americas

Breeding Range.
Coastal Greenland to 82°N (Salomonsen 1950, Burnham and Mattox 1984), Iceland

(Nielsen 1986), Norway, Sweden, Finland (relatively rare in n. Europe, Cramp and
Simmons 1980), n. Russia, Siberia, and Kamchatka to below 55°N (Dementiev and

Gladkov 1957, Ellis et al. 1992, Cade et al. 1998, Potapov and Sale 2005).

Wintering Range.

South irregularly into central Europe and Asia (Dementiev and Gladkov 1957, Glutz von
Blotzheim et al. 1971, Potapov and Sale 2005).

Historical Changes

None documented in Nearctic breeding distribution, except for s. coast of Labrador and
adjacent Quebec. Although significant increase in winter sightings (Christmas Bird Count
records) from early 1970s to early 1980s may only be due to new awareness among

birdwatchers that Gyrfalcon does winter in s. Canada and n. U.S. (Butcher et al. 1987), it



may also reflect this species’ increasing occurrence around human-made reservoirs where

waterfowl concentrate in winter (Sanchez 1993).

Fossil History
Three late Pleistocene (Rancholabrean North American Land Mammal Age, <400,000

Megannum) records for Gyrfalcon are earliest for species in North America. Two are
records from cave deposits in Wyoming: Bell Cave, Albany Co. (Walker 1974) and Little
Box Elder Cave, Converse Co. (Emslie 1985). Emslie suggests that several immature
bones from Little Box Elder are evidence that Gyrfalcon may have nested in Wyoming
during late Pleistocene. Mammalian faunas associated with bird fossils from Bell and
Little Box Elder Caves reflect a colder climate. Third record is fossil species Falco
swarthi (Miller 1927), which Emslie (1985) regarded as being essentially identical to
Gyrfalcon. There are other Pleistocene records in Europe (Sweden, Czechoslovakia,
Hungary; Brodkorb 1964, and the Iberian Peninsula; Baltar and Carrasquilla 1993). Dove
et al. (2005) discovered ancient Gyrfalcon feathers in melting alpine ice patches in
Southern Yukon. Though age of the feathers was not determined, other bird feathers

found at the site were radio-carbon-dated as early as 4500 BP.

SYSTEMATICS

Geographic Variation

Little genetic differentiation among birds sampled in Alaska, Canada, and Norway
suggests substantial gene flow among those populations. Gyrfalcons in Greenland and
Iceland, however, appear genetically distinct (Johnson et al. 2007).

Complete gradation among plumage colors, though most birds are lumped into one of
three color variants for convenience (white, gray, and dark). Relative frequency of each
color variant differs among locations, and variants not present in all areas. Birds from n.
Greenland and Canadian Arctic Islands mostly white; birds from central and s. Greenland

semi-white (sometimes called “silver”), gray, or dark; birds from n. (mainland)



Northwest Territories roughly 50% white, 50% gray; birds from n. and nw. Alaska range
from white (5-10%, P. Bente pers. comm.) to dark, but mainly gray; birds from other
parts of range predominately gray. Darkest birds found primarily in Labrador, Quebec,
and s. Greenland (Salomonsen 1950, Cade 1960, 1982, Bromley 1986, Poole and
Bromley 1988b).

Regional prevalence of color variants (particularly white and intermediate
plumages) possibly related to climate, as reflected by isotherms and temperature of
oceanic currents rather than latitude; white types more common in colder areas
(Salomonsen 1950, Ellis et al. 1992). Dark birds of Labrador and Quebec suggested as
descendant of southern population isolated from more northerly refugium where white
birds differentiated, while intermediate types persisted in separate southern refugia during
Pleistocene (Palmer 1988, Ellis et al. 1992, Cade in Flann 2003). However, recent genetic
analyses suggest Gyrfalcons may have expanded from only one refugium and that genetic
differentiation was caused by genetic drift and philopatry (Johnson et al. 2007). Complete
understanding of factors that caused and maintain geographic trends in plumage color is
still lacking.

Outside North America, few white variants in n. Europe but increasing in
proportion eastward to ne. Siberia and Kamchatka where approximately 50% are white
(Dementiev and Gladkov 1957, Ellis at al. 1992, Gorovenko 2002). Breeding birds in
Iceland gray with some light gray approaching white; occasional white birds in winter,
presumably migrants from Greenland (Nielsen and Pétursson 1995).

For geographic variation in size, see Measurements.

Subspecies and Related Species

No subspecies currently recognized (Am Ornithol. Union 1957, Cramp and Simmons
1980). Previously described as polytypic (see references in Cade 1960 and Cramp and
Simmons 1980, Potapov and Sale 2005) with up to 3 subspecies occurring in North
America (F. r. uralensis in w. Alaska, F. r. candicans in n. Canadian Arctic Islands, F. r.

obsoletus in remainder of range; Am. Ornithol. Union 1931, 1957). Review of
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systematics (Vaurie 1961) concluded subspecific designations were inaccurate and

meaningless.

MIGRATION

Nature of Migration in the Species

Birds breeding above 70°N in Greenland are migratory (Salomonsen 1950); degree of
migration above 70°N in North America unknown. Below 70°N largely resident, but
some partial migration (Cade 1960, Platt 1977, Kuyt 1980, Norment 1985), probably
mostly of immature birds and some adult females. Birds remaining on territory during
winter are almost exclusively adults and predominately males (Platt 1977, Poole and
Bromley 1988b, Nielsen and Cade 1990b). Birds wintering outside breeding range are
mostly immatures and subadults (Nielsen and Cade 1990b, Sanchez 1993). Winter
sightings suggest possible female bias in migrating birds (Platt 1976, Sanchez 1993).
Immatures may move farther than adults; Nielsen and Cade (1990b) found a greater
proportion of juvenile birds in southern than in northern Iceland, and Sanchez (1993)
found that subadults remained in fixed area whereas immatures wandered generally south

through study area.

Timing and Routes of Migration

Movement out of breeding area begins late Aug and Sep (Salomonsen 1950, Salter et al.
1980, Nielsen and Cade 1990b, Schmutz et al. 1991, Mclntyre et al. 1994, Britten et al.
1995). Earliest records on wintering grounds Sep, more typically Oct—Nov; last sightings
Jan—Mar, rarely to May in s. Canada and n. U.S. (Salomonsen 1950, Platt 1976, Wisely
and Pinel 1987, Palmer 1988, Nielsen and Cade 1990b, Sanchez 1993, Flann 1998). In
Yukon, unpaired birds first observed on nesting territories in Jan, evidence of occupation
in Dec (Platt 1976, 1977). In coastal Northwest Territories (NWT), unpaired birds first

observed in Mar—Apr, evidence of occupation in Feb (Poole and Bromley 1988b). In
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Greenland, breeding birds arrive in Apr (Salomonsen 1950). No known age-class bias in
timing of movements.

In Greenland, migration primarily along seacoasts to s. Greenland and Iceland
(Salomonsen 1950). Large numbers of migrating Gyrfalcons seen historically near
Scoresbysund; many recently trapped there on migration (The Peregrine Fund 2005a).
Recent satellite telemetry research by The Peregrine Fund should elucidate migration
patterns in Greenland. In e. Canada, migratory movement along east coast of Labrador,
Gulf of St. Lawrence, both coasts of Hudson Bay, and interior of Labrador Peninsula
(Todd 1963). Movements in central and w. Canada known from small number of banded
birds; movements typically, but not exclusively, southward (Poole and Bromley 1988b,
Schmutz et al. 1991, Sanchez 1993). Of 5 recoveries of banded nestlings, 3 traveled south
from nw. Canada, 1 traveled west from central Canada, and 1 traveled southeast from e.
NWT to Ontario (Kuyt 1980, Schmutz et al. 1991). Five first-year birds banded in
Canada moved 900-2,400 km during winter (Kuyt 1980, Schmutz et al. 1991). One
nestling banded in NWT moved 145 km northeast but was probably recently independent
(Poole and Bromley 1988b).

In Alaska, some movement of birds along Kenai Peninsula and Cold Bay. Four
juvenile Gyrfalcons with satellite transmitters moved from Alaska into e. Russia within 4
weeks of fledging; three returned and wintered in Alaska (Britten et al. 1995). The
remaining bird wintered near the Shantar Islands in the Sea of Okhotsk, having traveled
more than 3,500 km. No directional trend in movements from the 9 transmittered
juveniles though tended to use coastal and riparian areas (Britten et al. 1995). Some used
the coastal areas of the Yukon and Kuskokwim Deltas in w. Alaska, as did at least 7
juveniles harnessed with transmitters and fledged from nests on the Yukon Delta National
Wildlife Refuge (YDNWR). Two breeding adult females harnessed with transmitters on
the YDN'WR remained on or near their breeding site into the following winter (TLB,
unpub. data).

At U.S. hawk watch locations, 2 records for Cape May, NJ (20 yr), and about 1
sighting/10 yr at Hawk Mountain, PA (S. Hoffman, P. Dunn, K. Bildstein pers. comm).
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Two Gyrfalcons captured at Kittatinny Mountain Research Station in New Jersey, one in
fall of 2000 and 1982, both immature females (McDonnell 2001). Of 13 Hawk Watch
International Migration sites and partners from 1999 - 2005, two Gyrfalcons observed
(1999 and 2006, Bridger Mountain) and one at former site at Rogers Pass, MT in 1998 (J.
Smith pers. comm., Hawk Watch International 2007). Between 1993-2005, 45
Gyrfalcons observed during fall migration and from 1993-2007, 24 observed during
spring migration at Mt. Lorette, Alberta (P. Sherrington, pers. comm).

Migratory Behavior

Diurnal migrant; nonflocking, though > 1 may be sighted during post-fledging period or
where prey species are concentrated (Salomonsen 1950, Platt 1976, Cade 1982, Wiseley
and Pinel 1987, Dobler 1989, Sanchez 1993).

Control and Physiology

Little information; extent of migration and destination believed to be determined
primarily by food availability. Can persist as resident wherever flocking ptarmigan or
waterfowl and seabirds occur. Limited satellite and radio transmitter results from Alaska
suggest Gyrfalcon fall and winter movements may be influenced by shorebird, waterfowl,
or sea bird concentrations in coastal areas. Montane and inland populations may be more
likely to migrate (at least locally) than coastal and riparian populations because of greater
temporal variation in food supply (Cade 1982, Nielsen and Cade 1990a). Weather
influences many prey species and may indirectly affect Gyrfalcon movements. In South
Dakota, first Gyrfalcon sightings corresponded with drop in temperature and increase in
waterfowl abundance (Sanchez 1993). Wintering birds generally associated with
concentrated prey populations (Salter et al. 1980, Dobler 1989, Everett et al. 1989,
Sanchez 1993).
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HABITAT

Breeding Range

Major habitat type is arctic and alpine tundra, often along rivers and seacoasts. Climate:
polar continental, temperature -30°C to +10°C, annual precipitation 110-260 mm, snow
covered 8-9 mo/yr, icebound 9-10 mo/yr. Vegetation: low arctic tundra; dominant
species wide-ranging, including sedge (Carex spp.), birch (Betula spp.), willow (Salix
spp.), cottongrass (Eriophorum spp.), lichens, and mosses (Cade 1960, Salter et al. 1980,
Norment 1985, Poole and Bromley 1988b, Obst 1994). Occasionally in tundra-boreal
forest ecotone; small discontinuous stands of spruce (Picea spp.) along drainages, beach
strands, and dunes (MacFarlane 1891, Norment 1985, Obst 1994, Brodeur et al. 1995).
Rocky seacoasts, offshore islands, and barrenlands with rocky outcrops near
coast, sea level to 500 m, including Greenland, Canadian Arctic Islands, Labrador Coast,
Ungava Bay, Hudson Bay, and Bering Sea; particularly near colonial-nesting seabirds or
waterfowl. Topography: sedimentary cliffs with volcanic intrusions and sills, basalts,
rising above water and rolling or flat terrain (Cade 1960, Poole and Bromley 1988b).
Rivers and some lakes draining through mountains and foothills in tundra or at edge of
taiga, sea level to 1,050 m, including Koksoak and George Rivers in Ungava; Horton and
Anderson Rivers in Northwest Territories; Firth River in Yukon; Colville, Utokuk,
Kukpuk, and Sagavanirktok Rivers in Alaska; and Thelon River and lakes in Mackenzie
district (Northwest Territories) (MacFarlane 1891, Cade 1960, White and Cade 1971,
Roseneau 1972, Kuyt 1980, Obst 1994, Norment et al. 1999, Ritchie et al. 2003).
Topography: river and lake bluffs of unconsolidated marine and nonmarine sediments;
sand, silt, clay shale, and glacial till (White and Cade 1971, Norment 1985).
Mountainous terrain above timberline, up to 1,630 m, including Brooks and
Alaska Ranges in Alaska (Cade v1960, Swem et al. 1994); British and Richardson Mtns.
in Yukon (Platt 1976, Mossop and Hayes 1994); Richardson and Mackenzie Mtns. in
Northwest Territories (Shank and Poole 1994); and Atlin region of British Columbia.
Topography: escarpments and rocky crags of both sedimentary and volcanic origin

(White and Cade 1971, Barichello 1983).
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Spring and Fall Migration

Little information; migration and wintering habitat probably similar (see Salter et al.
1980, Johnson and Herter 1989, Sanchez 1993). Juvenile birds radio-tagged in Alaska
used coastal and riparian habitats during fall, with multiple birds using the south coast of
the Yukon-Kuskokwim Delta (Britten et al. 1995, TLB unpub. data). This area has wide
expanses of tidal mud flats and coastal wetlands supporting large numbers of shorebirds,

waterfowl, and gulls in the fall (Ernst 1989, B. McCaffery, pers. comm.).

Winter Range

Higher latitudes and elevations probably vacated (unless ptarmigan available, e.g., Denali
Park, AK). Often frequent polynyas (open pockets of water) where seabirds congregate in
otherwise frozen Bering Sea (Everett et al. 1989) and between Greenland and Canadian
Arctic Islands (K. Burnham, unpub. satellite telemetry data). Winter range otherwise
similar to breeding habitat for resident birds (Platt 1976, Cade 1982, Nielsen and Cade
1990b).

In north temperate region of the U.S. and Canada, open areas below 1,000 m,
particularly in areas where prey (birds) are concentrated, including seacoasts, reservoirs,
agricultural areas, grasslands, and shrublands. Topography generally flat or rolling.
Substrate and vegetation vary widely with geographic region, including intermountain
desert, prairie, river valleys, and human-modified habitats (Wiseley and Pinel 1987,
Dobler 1989, Garber et al. 1993, Sanchez 1993).
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FOOD HABITS

Feeding
Main Foods Taken.

Mostly birds and predominately ptarmigan, passerines to geese; some mammals,

microtines to hares (Lepus spp.).

Microhabitat for Foraging.

Most prey taken on or near ground.

Food Capture and Consumption.
(From White and Weeden 1966, Platt 1977, Cade 1982, Jenkins 1982, White and Nelson
1991, Garber et al. 1993, Dekker and Lange 2001.) Three main methods of finding food:
(1) perching at a spot with a commanding view; (2) quartering terrain at low altitude with
flapping and gliding flight; (3) soaring along ridges or over valleys, not usually at high
altitude, similar to Golden Eagles (Aquila chrysaetos). Four methods of pursuing prey:
(1) on ground; if prey spotted at a distance, falcon flies close to ground using terrain to
conceal approach and take prey by surprise; (2) tail-chasing (Fig. 1.2); failing to achieve
surprise, falcon pursues prey over long distances, forcing it to ground or aloft to exhaust
it; (3) hovering; if prey is in cover, falcon attempts to flush it into flight by making short
stoops; (4) direct climb; to gain altitude on birds with light wing-loading and better
soaring abilities, falcon flies up at steep angle, rather than “ringing” up, as does Peregrine
Falcon.

Method of taking prey: either on ground or by short stoop; prey more likely to be
struck or driven to ground than grabbed in air. Kills typically have broken sterna.
Gyrfalcons, especially immatures, sometimes pirate food from other raptors. Little
information on successful capture rate, but wintering birds observed successful in 10-

28% of chases after feral pigeons (Dekker and Lange 2001, Dekker and Court 2003).
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Manner of consumption: poor representation of cranium and distal wing elements
at nest indicates that, during nestling season, prey are decapitated and distal portion of
wings removed at kill site. Large amounts of plumage at kill site indicate that medium to
large birds are plucked prior to transport to nest site (Langvatn 1977). Booms and Fuller
(2003a) found 96% of ptarmigan delivered to video-monitored nests in Greenland were
plucked, most of them completely so. Most ptarmigan delivered to nest included the
breast and back, sometimes the legs and wings, and uncommonly the viscera. Feeding
bouts on ptarmigan at the nest averaged 16 min (range 1-30 min). Ptarmigan brought to
females during courtship relatively unprepared (Platt 1977).

Young (leveret) Arctic hares (Lepus arcticus) typically delivered without fur
removed (86% of deliveries); if > 600 g, delivered in pieces (Booms and Fuller 2003a).
Average feeding bout on a leveret at the nest 10 min (range 1-26 min). Adult arctic hare
transported in sections (Poole and Boag 1988). Microtine rodents and passerines not
decapitated or “plucked” (Langvatn 1977, Booms and Fuller 2003a). Sternum, forelimbs,
primaries, secondaries, rectrices comprise > 80% of prey remains (i.e., uneaten portion)
at nest site. Hind limb elements, vertebrae, mammalian and passerine bones predominate
in pellets (i.e., portion consumed) (Langvatn 1977). Vegetable matter and grit in pellets
indicate that some viscera of avian species are eaten (Langvatn 1977, Nielsen and Cade
1990b), but apparently viscera of ground squirrels (Spermophilus spp.) are not (Platt
1977, Poole and Boag 1988). Pellets at male perch sites during breeding season contain
mainly beaks, claws, and gizzard linings, suggesting that these may be differentially
consumed while other parts are fed to young (C. M. White pers. comm., TLB). Bones in
pellets highly fractured and modified by digestion; few complete bones and those from
the axial skeleton and especially the head are rare (Bochenski et al. 1998).

Delivery of prey fairly uniform throughout the day during the nesting season
(Fletcher and Webby 1977, Bente 1981, Poole and Boag 1988), though Jenkins (1982)
and Booms and Fuller (2003a) found delivery rates peaked in late morning and evening
and declined sharply between 24:00 and 04:00 h. No information on timing of foraging

during the nonbreeding season. Retrieval time of 6 prey deliveries observed from a nest
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site averaged 15 min/prey item (Platt 1977). Length of hunting sorties observed from
helicopter ranged between 22 and 67 min (n = 14); average time for female 27 min, male
38 min (White and Nelson 1991). Larger prey associated with longer foraging trips
(Poole and Boag 1988). No cooperative hunting known.

Diet
Main Foods Taken.

Almost without exception, Gyrfalcons rely heavily on ptarmigan across their circumpolar
range and throughout the year; numerous diet studies have repeatedly documented
ptarmigan contribute the majority (50-95%) of total biomass eaten. Other birds taken
range between 0.02 kg and 4 kg, including primarily waterfowl (4nser spp. and Anas
spp.), seabirds, shorebirds (Scolopacidae), and passerines (Passeriformes). Other
documented avian prey include sage grouse (Centrocercus urophasianus), gulls (Larus
spp.), fulmars (Fulmarus glacialis.), terns (Sternus spp.), Black-legged Kittiwake (Rissa
tridactyla), jaegers (Stercorarius spp.), alcids (Alcidae), Rough-legged Hawk (Buteo
lagopus), falcons (Falco spp.), Ring-necked Pheasant (Phasianus colchicus), Short-eared
Owl (4sio flammeus), ravens and crows (Corvus spp.), magpie (Pica sp.), Savannah
Sparrow (Passerculus sandwichensis), Lapland Longspur (Calcarius lapponicus), Snow
Bunting (Plectrophenax nivalis), redpoll (Carduelis spp.).

Gyrfalcons feed more on resident than migrant species. Mammals ranging from
0.01 kg to 4.5 kg, including primarily hares (Lepus spp.), ground squirrels (Spermophilus
spp.), and lemmings (Lemmus, Dicrostonyx) but also documented are arctic fox young
(Aloplex lagopus), shrews (Sorex spp.), and voles (Microtus spp., Clethrionomys spp.)
(see references in Table 1.1; also Cramp and Simmons 1980 and Cade et al. 1998a for
species taken in Palearctic).

Domesticated species taken rarely (81 attacks over 161 yr, Temmeraas 1988),
mostly chickens (Gallus domesticus) and Rock Doves (Columba livia) (Dekker and
Lange 2001) but also domestic geese, ducks, rabbits, a turkey, and a cat; taken primarily

by young birds in Palearctic region, where humans and falcons are in closer proximity.
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Some eating of carrion (Kuyt 1980, Palmer 1988, Temmeraas 1989), probably an
adaptation to a harsh climate (Temmeraas 1989). Will eat meat left by humans
specifically for feeding Gyrfalcons (Randklev and Randklev 1994, Nielsen 2002).

Quantitative Diet Analysis.

See Table 1.1. Although Gyrfalcons take a wide variety of prey, individual birds or pairs
exploit relatively few species. Willow (Lagopus lagopus) and Rock (L. mutus) ptarmigan
are the dietary mainstay for most birds during the breeding season, but there are
differences in diet relative to habitat (Nielsen and Cade 1990a, Huhtala et al. 1996).
Coastal pairs take more waterfowl and seabirds and fewer ptarmigan, and pairs at higher
latitudes and elevations take more mammals than do pairs in other habitat types.

Diets in Table 1.1 determined by prey remains and pellet analysis, which often
present a biased view of diet (Marti 1987, Booms and Fuller 2003b). In central w.
Greenland, prey remains and pellets overestimated ptarmigan and underestimated arctic
hare occurrence at Gyrfalcon nests. Remains underestimated while pellets overestimated
passerine occurrence in the diet (Booms and Fuller 2003b). Therefore, summaries in
Table 1.1 should be reviewed with these potential biases in mind.

Diet shifts occur seasonally within a given habitat type. Adult ptarmigan taken
most heavily early in breeding season, with proportion of alternative prey (shorebirds,
waterfowl, passerines, and/or mammals) increasing later (Poole and Boag 1988, Nielsen
and Cade 1990a, Booms and Fuller 2003b ). Gyrfalcons nesting in upland habitat where
migratory bird and resident rodent populations are low experience least seasonal
variability, relying heavily on ptarmigan year-round (Nielsen and Cade 1990b). But even
these birds may experience seasonal diet shifts; in Yukon, Gyrfalcons feed on Rock
Ptarmigan during breeding season and on Willow Ptarmigan during winter (Platt 1976).
Birds remaining on territory may experience diet shifts as a result of changing hunting
habitat (Nielsen and Cade 1990a). Because habitat influences diet, birds that abandon
territories during winter probably experience diet shifts; limited observations of foraging

birds outside their breeding range indicate tendency to feed on species that congregate in
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significant numbers such as waterfowl, game birds, and feral pigeons (Dobler 1989,
Garber et al. 1993, Sanchez 1993, Dekker and Lange 2001, Dekker and Court 2003).
Annual variation in diet may occur where prey species exhibit large population
fluctuations, but not in all locations. Some ptarmigan populations are known to exhibit
cyclic changes in numbers (Mossop and Hayes 1994). Lemmings are heavily used in ne.
Greenland in years when rodent numbers peak, and the diet shifts to passerines when
rodent numbers are low (Gilg et al. 1997). When rodents are abundant, Gyrfalcons may
feed heavily on rodent predators as well (Cade 1960). However, Gyrfalcons in Sweden
did not shift diet when microtine rodents peaked in abundance (Nystrom et al. 2006).
Weather may also influence annual distribution, phenology, and availability of prey
species such as ptarmigan and ground squirrels (Poole and Boag 1988, Nielsen and Cade

1990b).

Food Selection and Storage

Prey selection may be motivated more by vulnerability of prey than abundance. In Alaska
and Iceland, Gyrfalcons take displaying male ptarmigan preferentially when non-flocking
behavior, courtship displays, and molting plumage make them more vulnerable, even
though they are not the most abundant prey species. At end of season, young ptarmigan
of year are taken preferentially (Cade 1960, Nielsen and Cade 1990b). In Alaska, Iceland,
Northwest Territories, and central w. Greenland, a switch from ptarmigan to other species
coincides with decreased vulnerability (but not abundance) of ptarmigan, arrival of
migrant species, and emergence of mammalian species (particularly juveniles) (Cade
1960, Poole and Boag 1988, Nielsen and Cade 1990b, Booms and Fuller 2003b). Both
sexes take same size range of prey, but average size of prey brought by male is smaller,
owing to greater proportion of passerines and small mammals (Platt 1977, Poole and
Boag 1988). Immatures may preferentially take rodents and passerines (Bird and Bird
1941, Cade 1982). The relative proportion of Rock Ptarmigan (compared to Willow
Ptarmigan) in Gyrfalcon diet in Sweden was positively correlated with the relative

amount of Rock Ptarmigan habitat present in breeding territories (Nystrom et al. 2006).
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Rock Ptarmigan were also overrepresented in the diet and this was interpreted as a
potential preference for Rock over Willow Ptarmigan.

Females perform 93—100% of caching during breeding season. Stored food
usually placed behind vegetation within 100 m (maximum 200 m) of nest site (Poole and
Boag 1988). Cached prey often retrieved and fed to chicks or consumed between regular
feedings when chicks can feed themselves (Platt 1977, Jenkins 1978, Bente 1981, Poole
and Boag 1988). Caching occurs between chicks hatching and reaching 43 d of age, being
greatest when chicks are small, and thus prey is not completely consumed in a single
feeding. No caching of microtines or passerines (Poole and Boag 1988). Removal of prey
remains from nest variable; Platt (1977) documented no such behavior, Booms and Fuller
(2003b) found 21% of food remains removed from nest. No information on caching by
males, though 10% of cached items retrieved and delivered to the nest were by males
(Booms and Fuller 2003b). Little information on caching outside breeding season; one
observation of a cached frozen ptarmigan being retrieved and “chipped” apart during
mid-winter in the Aleutian Is. (C. M. White pers. obs.), an immature female cached part
of Mallard at the base of a routinely used perch tree on Skagrit Flats, and a female cached
part of Ring-necked Pheasant at the base of a barbed wire fence post in California (B.

Walton pers. comm.).

Nutrition and Energetics

Little information. Research by Barton and Houston (1993) on comparative digestive
efficiency of raptors would suggest that an opportunistic species such as Gyrfalcon
should have relatively high digestive efficiency on a wide range of species with variable
nutritional quality. An estimated 1.0-1.5 kg of food/d (1.7-2.7 ptarmigan/d) are needed
during the breeding season for a family of Gyrfalcons, for a total of about 75-110 kg—
the equivalent of 150-200 ptarmigan—for the entire breeding season (courtship through
fledging) (Cade 1960, Bengston 1971, Pulliainen 1975, Poole and Boag 1988). During
the nestling period, Gyrfalcons delivered 99, 82, and 54 kg of food to three video-
monitored nests, with 4, 3, and 2 young, respectively (Booms and Fuller 2003b, 2003c).
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These represent estimates of 106, 94, and 110 kg of food delivered between hatch and
fledging to each nest. Based on direct nest observations, Temmeraas (1994, cited in Cade
et al. 1998a) estimated a pair with 4 young eats 71 kg of food during the nestling period.
Hence, theoretical calculated estimates above may be biased low, or birds studied by
direct observation delivered more food than needed. Prey biomass per time spent
foraging is higher for larger species, so small prey may only be profitable when they can
be obtained quickly (< 10 min) (Poole and Boag 1988). Adult male Gyrfalcons

commonly seen capturing fledgling passerines within 500 m of nests (TLB).

Metabolism and Temperature Regulation

No quantitative information, but see Breeding: young birds, growth and development;
and parental care, brooding. Plumage generally softer and less compact than that of other
falcons. Down highly developed and tarsus densely feathered on more than upper half,

with some scattered feathers lower down (Cade 1982).

Drinking, Pellet-Casting, and Defecation

Drinking rarely observed in the wild, but captive birds drink; adequate water probably
contained in food under most conditions. Pellets are long and oval, 2.2 cm x 5.0 cm on
average; consist of feathers, fur, small to medium-sized bones, and occasionally
vegetable remains from digestive tracts of ptarmigan (Langvatn 1977, Nielsen and Cade
1990b). Probably cast daily, but observations on captive birds indicate that frequency of
casting is determined by amount of casting material consumed. No information on rates

of defecation.

SOUNDS
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Vocalizations

Development.

Call of young (see below, Vocal array: Beg) is a harsh, querulous screeching. Usually
begins during hatching or immediately after, gradually becoming stronger and harsher
with age. Given upon arrival of parent at nest, and during feeding. Occasionally given by
older chicks while scanning, whether or not adults are present. Given by fledglings in
presence of loafing parent. Softer, muffled version is given by young nestlings when
distressed (The Peregrine Fund). Deep grunting calls like those of Common Raven
(Corvus corax) heard from older nestlings and juveniles (Cramp and Simmons 1980).
Young birds will also hiss when approached by intruders (see Behavior: Agonistic
Behavior, communicative interactions). Young birds acquire Kak vocalization (see
below) by 5-6 wk of age (Cade 1960). No information on timing of development of other

vocalizations in wild birds.

Vocal Array.

Generally similar to other large Falco species. Calls of females lower in frequency (kHz)
than males; difference can be used to differentiate between sexes in some breeding pairs-
(TLB). No information on geographic variation.

Kak. Repeated, relatively short (0.25 s), broad-band (1-7 kHz), harmonic call
with moderate intercall interval (0.1 s); a guttural Kak Kak Kak. Similar to all Falco
species (Cade 1982). In wild, given by both sexes as alarm or mobbing call and by male
in Mutual Floating Display (Platt 1977) (see Behavior: sexual behavior, aerial displays).
Limited to alarm call in captive birds.

Chup. Repeated (3—20 times), short (0.1 s), broad-band (0—6 kHz), harmonic calls
with relatively long and variable intercall interval (0.2-0.5 s); a sharp, loud
Chup...Chup...Chup.... Differs from those of Peregrine and Prairie falcons in having
single-syllable call (Wrege and Cade 1977). In wild, given by both sexes during Ledge

Displays, by male during non-aerial Food Transfers (see Behavior: sexual behavior, pair
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bond), and as a feeding call by both sexes. Calling is faster for both sexes in Mutual
Ledge than in Individual Ledge displays. Calling of male becomes faster and louder as
female approaches during Food Transfer (Platt 1977). In captivity, used by both sexes
during Food Transfers, and as a contact call. Speed of calling by male during Ledge
Displays does not change with presence of female. Speed of female calling increases at
end of Mutual Ledge Display and Food Transfer, becoming a Chatter (Wrege and Cade
1977).

Chatter. Similar to Chup call in length, frequency, harmonic structure, and
number of syllables, but intercall interval short (< 0.1 s); a sharp, stuttering Chu-chu-chu-
chu. No comparable call in repertoire of Peregrine or Prairie falcons. Wild female
Chatters when nestlings no longer accept food during a feeding event, often progressing
directly from Chup calls (TLB). Female may also Chatter when refusing to relinquish
incubation duties to male. In captivity given by both sexes, but predominately by female
at conclusion of Mutual Ledge Displays and Food Transfers.

Chitter. Similar to Chup and Chatter calls in frequency, harmonic structure, and
number of syllables, but shorter in duration (< 0.1 s); intercall interval so short to as be
almost continuous; a sharp, slurred, Chichichichi, often occurring in bursts. Similar to
Chitter call of Peregrine and Prairie falcons (Wrege and Cade 1977). In wild, given by
female as male approaches to copulate, by male during copulation (Platt 1977), and by
territorial male when encountering an intraspecific intruder (TLB). Also given when
closely approached by human or dog and sometimes when bringing prey to the ground
after capture (TJC). Context is similar for captive birds, but also sometimes given by
either sex during Head-low Bow (Wrege and Cade 1977) (see Behavior: sexual behavior,
displays at the nest ledge).

The Chup, Chatter, and Chitter best described as categories within a continuum of
decreasing call duration and intercall interval, from the distinct Chup to the slurred
Chitter. Though social contexts and functions of these calls differ, intermediate

vocalizations given in transition between calls can be difficult to categorize in the field.
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Wail. Continuous, relatively long (0.5—1.5 s), 2-syllable call with frequency and
harmonic structure similar to other calls, but more energy in lower frequencies, a gradual
increase in frequency over time, and longer and more irregular pauses between calls (0.2
s to 10 min, depending on context); a drawn out, rising Waiiiik. Similar to wail of
Peregrine and Prairie Falcons (Wrege and Cade 1977). In wild, used occasionally by
unpaired males following a Ledge Display, and continually during Eyrie-flyby and Wail-
pluck displays (see Behavior: spacing, manner of establishing and maintaining territory).
Used by paired males when approaching nest site with food (from distances up to 1.5
km). Also used in combination with Kak call during nest defense by both sexes and
occasionally by adult females when on the nest or perch and apparently uncertain of the
circumstance or whereabouts of its mate (TLB). A more strident version of this call is
used by female during copulation (Platt 1977). In captivity, given by both sexes when
motivated to change social context. As with wild birds, females use distinctive version of
this call during copulation (Wrege and Cade 1977).

Whine. Similar to Wail in length, harmonic structure, frequency distribution, and
intercall interval, but much lower amplitude; a soft, plaintive waiiiik. Similar to Whine in
Peregrine and Prairie Falcons (Wrege and Cade 1977). In both wild and captivity, given
by female during Copulation Solicitation (Platt 1977, Wrege and Cade 1977) (see
Behavior: sexual behavior, copulation). In captivity, also given by either sex during
Head-low Bow (Wrege and Cade 1977).

Beg. Repeated, relatively long (1.0 s), broad-band (1-9 kHz), harmonic call with
moderately long (0.2 s) intercall interval. A high, harsh, protracted
Screee...Screee...Screee. In wild, given by female when food-begging from male during

Food Transfer (Platt 1977). In captivity, given only by nestlings (Wrege and Cade 1977).

Phenology. ..

Except for Kak call used during antagonistic interactions, vocalizations largely restricted

to breeding season in wild and captive birds.
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Daily Pattern of Vocalizing.

Little information. Kak call likely to occur whenever a threat arises, being timed to
activities of other animals. Other vocalizations occur within context of displays; in
captive birds, reproductive behavior generally more frequent early and late in day. Wild
breeding Gyrfalcons are active at all hours because of long arctic summer days (Poole
and Boag 1988) and thus show less temporal bias than captive birds; however, there is a

quieter time from about 2400 to 0400 h (Booms and Fuller 2003a, TIC).

Places of Vocalizing.

Site of vocalization determined by site of behavior, but all occur within immediate
vicinity of nest site. In wild birds, Kak, Chitter, and Wail call may be given from air, nest
ledge, or perch. Chup call by male occurs at nest ledge or a perch, by female at nest
ledge. Chatter, Whine, and Beg occur at either nest ledge or perch. For differences in
sites of vocalizations in captive birds, refer to contextual differences described under

Vocal Array, above.

Repertoire and Delivery of Calls.

All individuals appear to acquire same vocal array, though there is individual variation in
context and frequency of certain vocalizations (Wrege and Cade 1977). In wild breeding
birds, wide variation in use of Kak calls when disturbed by humans, some birds highly
vocal while others almost silent. Females generally more vocal in nest defense than males
(TLB). In captivity, 1-yr-old birds occasionally use vocalizations associated with
reproduction, and 2-yr-old captive males use Chup call. Both sexes of 3-yr-old birds give
Chup calls but not until well past normal breeding season. Full complement of behaviors
and vocalizations obtained between 2 and 4 yr of age (Platt 1977, TJC). Seasonal changes
in vocalizations reflect changes in rates of displays; in wild unpaired males, Wail is heard

first, in paired birds Chup call (males before females, associated with Ledge Displays) is
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heard next; female Whine (associated with solicitation), male Chitfer, and female Wail

(associated with copulation) occur later.

Social Context and Presumed Functions of Vocalizations.

See Vocal Array, above, for association between vocalizations and displays. Kak and
Chitter considered aggressive calls; Kak used in territorial behavior and both calls used in
nest defense, though Chitter less so. In captive birds, Chitter also seen in concert with
threat displays (Wrege and Cade 1977) and used immediately after capture or when
closely approached by humans (TJC). Chup, Chatter, Whine, and Beg probably function
in appeasement, as they are associated with passive postures and nonthreatening
behavior. Platt (1976), however, describes chatter as agonistic in wild birds. Wail of wild
males appears to be advertisement, as it is associated primarily with unpaired males at
nest sites and with paired males approaching from a distance with food. As in captivity,
the Wail also appears to be given by either sex when social context changes or is

uncertain in the wild.

Nonvocal Sounds

Hissing of air through wings during stoop quite audible at close proximity, as is
turbulence created by wing beats when adults, particularly the female, approach or circle

nest.

BEHAVIOR
Locomotion

Walking, Hopping, Climbing, etc.

More at ease on ground than most falcons. Walks on ground or nest ledge with body held
horizontally (to prevent stiff tail from dragging) and slight side-to-side rocking (owing to

relatively wide body). Relatively quick, agile runner, for a falcon. Will run on ground to
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pursue prey or on nest ledge to displace another bird. Will hop onto rocks and other
objects to perch, with aid of wings. Can climb some surfaces with aid of wings (most

commonly seen in young birds), but more likely to hop or fly.

Flight.

See descriptions under Distinguishing Characteristics and Food Habits: feeding, food
capture and consumption; and under Sexual Behavior. Generally more buoyant and less
maneuverable than Peregrine Falcon, but faster in and more capable of sustained flight.
Little quantification of flight. Quartering flight at 1-18 m above ground, soaring at 60—
900 m (White and Weeden 1966, Platt 1977, Jenkins 1982, White and Nelson 1991). A
soaring male flew a minimum of 44 km in about 67 min, giving a minimum speed of 40
km/h (White and Nelson 1991). Trained falcons flying 500 m to a lure demonstrated
average minimum power speeds of 11.4 m/s, relative air speed of 1.53, and wing beat
frequencies of 5.27 HZ (Pennycuick et al. 1994). This latter study suggests that in “chase
mode” additional power is gained by reducing wingspan (sacrificing the efficiency
associated with constant circulation of air around the wing) and increasing wing beat
frequency. Temporary disregard for fuel efficiency combined with a substantial aerobic
scope enable the slower-flying Gyrfalcon to chase down its faster-flying prey. When
stooping, a captive male Gyrfalcon reached a maximum speed of 209 km/h (Tucker et al.
1998). The bird’s stoop consisted of three phases: 1) acceleration phase during which the
bird dove at 17-62° from horizontal accelerating with minimum drag, 2) brief constant-
speed phase when the bird increased drag to maintain speed, and 3) deceleration phase
when the bird increased drag dramatically by cupping its wings in a high angle of attack
before grabbing a swinging lure. Theoretically, Gyrfalcons in the wild could reach speeds

of 250 km/h or more on very long stoops (Tucker et al. 1998).
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Self-Maintenance

Preening, Head-Scratching, Stretching, Bathing, Anting, efc.

Not reported in detail. Preens frequently, using uropygial gland. Generally rouses
(shakes) after preening, and will rouse during flight. Middle toe used to scratch (directly),
mostly around cere and head. Stretches by laterally extending wing and leg on same side,
and by bowing body forward and extending both wings up and forward with upper
surfaces facing each other. Bathing consists of rocking body back and forth, dipping head
in water, and fluttering wings and tail while holding feathers erect and away from body.
Bathing in wild birds does not appear to differ from behavior of captive birds. One
bathing bout observed in Greenland lasted 17 min (Jenkins 1982). Birds bathe in pools of
runoff water on still-frozen rivers, in pools on tundra, and at edges of flowing rivers (Platt
1977, TJC). Platt (1977) twice observed a male dustbathe, using same site at same time of
day. Dustbathing occurred on sunny days with temperatures near 5°C on a south-facing
slope. Both sexes observed dustbathing repeatedly over the course of a breeding season in
a small gravel opening on a south-facing slope (TLB). Birds scooted down the 3-m gravel
slide while exhibiting bathing motions described above. Captive birds have also been

observed to bathe in snow (B. Walton pers. comm.).

Sleeping, Roosting, Sunbathing.

Sunbathing not documented in wild but has been observed in captivity. Sleeps with head
tucked in back or scapular feathers, in normal perching position with head facing forward
but hunkered slightly, or lying down in incubating position, sometimes with head on
scrape. Sleeping with head under scapulars tends to occur mostly at “night” and is
associated with longest sleep periods. During brooding, female sleeps 28% of time, or
over 6h/d (Jenkins 1982). Little information on roosting. During breeding season,
probably roosts near nest site; female does not spend “night” on nest ledge after brooding
ceases. Male does not roost at nest ledge. Young roost together after fledging (Fletcher

and Webby 1977). Presence of fresh mutes, prey remains, pellets, tracks in snow, plus
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occasional sightings and molted down and feathers, indicate that most nest sites are used
for roosting during winter (Cade 1960, Platt 1977, Nielsen 1986, Poole and Bromley
1988b). In nonbreeding areas, wild birds will roost on ground (G. H. Sanchez pers.
comm.) as will trained birds left out at night (TJC). Trained birds also observed roosting

in Raven’s nest (B. Walton pers. comm.).

Daily Time Budget.

Not well quantified. Shortly before egg-laying, female spends most of time sleeping on
nest ledge (Platt 1977). For time spent incubating and brooding, see Breeding:
incubation, and parental care. By 2—4 wk posthatching, both parents are largely absent
from nest site except to deliver food (Fletcher and Webby 1977, Jenkins 1978). Seasonal
differences in time budget expected owing to extreme differences in day length between

breeding and wintering seasons.

Agonisitic Behavior

Physical Interactions.

Both sexes will chase and strike at intra- and interspecific intruders during breeding
(Cade 1960, Platt 1977, Nielsen and Cade 1990b) and nonbreeding seasons (Sanchez
1993). Gyrfalcons are believed to have killed intruding Common Ravens, Rough-legged
Hawks (Buteo lagopus), and Peregrine Falcons (see Cade 1960). Gyrfalcon will also flee,
at least from Peregrine Falcon, if former is intruder (Cade 1960). In aerial combat
Gyrfalcon sometimes locks talons with intruder; the birds cartwheel down through air and

may strike the ground bound together (TJC).

Communicative Interactions — Threat Displays.

Involve a combination of behaviors, depending on intensity: facing toward source of

threat, gaping, erecting feathers, head held along body axis, and hissing. Least intense



30

form is Upright Threat. In its mildest form, bird pulls itself upright with beak toward
threat, wings closed, feathers sleeked except for flared cheek feathers, and gapes briefly.
In captivity, often used when a bird lands on a perch near its mate. More exaggerated
form of Upright Threat, typically seen in young birds, is for bird to pull itself upright with
beak toward threat, spreading wings to sides and flaring all feathers, including tail, gape
(protracted), hiss, and if pressed, fall backward, to defend itself with feet. Most intense
form is Horizontal Threat, in which bird orients its body horizontally, flares feathers of
back, crown, and cheeks, and points its beak toward threat. Unlike Upright Threat, which
is largely defensive, Horizontal Threat places bird in a position ready for attack. Threat
displays observed in both wild and captive birds, but are relatively infrequent compared

to Peregrine Falcon.

Appeasement Displays.

Appeasement or submissive displays involve behaviors that are generally direct opposites
of threat displays: turning beak away, sleeking feathers, holding head below body axis
(often pointed down), silent or giving soft, chick-like call. Most typically seen during
breeding; see below, Sexual Behavior: pair bond (NJC, TJC).

Spacing

Nature and Extent of Territory.

Territories centered on nest cliffs, usually regularly spaced (Poole and Bromley 1988b).
Mean internest distances range between 5 and 96.7 km; distances related to nest-site
availability and habitat productivity and vary geographically and annually (Cade 1960,
Burnham and Mattox 1984, Nielsen 1986, Mossop and Hayes 1994, Shank and Poole
1994). Actual area most often defended is a horizontal oval < 1,400 m long (centered on

nest ledge) and 400—500 m deep (Platt 1977).
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Manner of Establishing and Maintaining Territory.

Little information on establishment of territories. In Yukon, an unpaired male occupying
a nest site early in breeding season daily gave 4 different advertisement displays (Platt
1977). Eyrie-flyby Display consists of male flying (horizontally) parallel to cliff face in a
figure eight about 10 m from eyrie, with crossing point in front of eyrie. Repeated 2-3
times, accompanied by Wail; prey often carried. Wail-pluck Display occurs when male
returns with prey, or occasionally when discarded prey is recovered from perch. Male
begins to Wail and slowly plucks prey, pausing to look around but continuing to Wail. In
this way, male takes twice the normal time to pluck and eat a ptarmigan. Two other
displays, Male Ledge and Undulating Roll, also performed by paired males (see Sexual
Behavior: pair bond). Wail vocalization more prevalent in unpaired males.

Territories maintained by aggressive vocalization (Kak) and pursuit of intruders.
Few documented intraspecific interactions (1 each: Jenkins 1978, Platt 1977, 1989,
Woodin 1980). Higher frequency of intraspecific interactions (n = 10) in Iceland may be
related to higher density (mean internest distance 6.2—8.1 km, Nielsen 1986). Likewise,
in w. Alaska with internest distances similar to Iceland, 4 intraspecific interactions near
nests observed in one year, all were resident pairs pursuing intruding sub-adults (TLB).
Resident females respond similarly to all intruders; resident males show relatively little
aggression toward intruding females, but repeatedly attack and chase (up to 1 km)
intruding males (Nielsen and Cade 1990b).

Interspecific Territoriality.

Interspecific interactions involve other predatory birds, i.e., Common Raven, Rough-
legged Hawk, Golden Eagle, Red-tailed Hawk (Buteo jamaicensis), Northern Harrier
(Circus cyaneus), Snowy Owl (Nyctea scandiaca) (Evans 2000), and Peregrine Falcon.
Attacks documented on a red fox (Vulpes vulpes) and a wolverine (Gulo gulo) near nest
cliff, although a passing timber wolf (Canis lupus), porcupine (Erethizon dorsatum),
grizzly bear (Ursus arctos), and caribou (Rangifer tarandus) elicited no response (Platt

1977). Vocalization (Kak) and behavior (pursuit/attack) similar to that directed at
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conspecifics. Level of aggression influenced by proximity, behavior of intruder, and
individuality of falcons. Some pairs will not tolerate presence of predatory birds,
attacking them whenever opportunities arise, especially Golden Eagles, whereas others
will tolerate nesting on same cliff if intruders do not fly toward nest (Cade 1960, Platt
1977, Poole and Bromley 1988a, Nielsen and Cade 1990b).

Winter Territoriality.

No information on territoriality of birds wintering at nest sites. Birds wintering outside
breeding area aggressively pursue conspecifics and other predatory birds (Dobler 1989,
Sanchez 1993). Behavior toward other species is similar to that seen during breeding
season. Roughly half of interspecific interactions observed in South Dakota involved
food defense. Behavior toward conspecifics differs from that during breeding season;
instead of “resident” driving “intruder” away, the 2 birds alternate pursuit of each other,
suggesting this behavior represents defense of individual space rather than territory

defense (Sanchez 1993).

Dominance Hierarchies.

Not known to occur, but females believed dominant over males (Cade 1982), and adults

may displace immatures (Sanchez 1993).

Individual Distance.

Pairs and nest-mates will sit side by side. Once brooding ceases, adults generally perch
within 100 m of nest ledge, except when delivering food (Platt 1977). Independent birds
defend individual space (see Demography and Populations: range) throughout annual

cycle (Sanchez 1993).
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Sexual Behavior

Mating System and Sex Ratio.

Monogamous. No information on primary sex ratio. Sex ratio of nestlings 1:1 (Poole and

Bromley 1988b, Cade et al. 1998b).

Displays at the Nest Ledge.

Descriptions of wild birds from Platt (1977) unless otherwise noted. Descriptions of
captive birds from Platt (1977) and Wrege and Cade (1977). Descriptions presented in
order of occurrence. For descriptions of vocalizations and contextual differences between
wild and captive birds, see Vocalizations.

A Visit to the nest consists of falcon standing alone in normal perching posture, or
walking into eyrie and standing upright. Performed by either sex, lasting 1-21 min; not
described in captive birds as separate display. No vocalization accompanies this activity.
Vertical Head-low Bow given with body in normal perching position, feathers sleeked,
and head depressed and oriented away from mate; given by either sex. Horizontal Head-
low Bow is more intense form, given with body held horizontally, feathers sleeked, and
head bent at almost 90° to body and oriented away from mate; given by either sex. In
captivity, head may be bobbed or held stationary; vigorous bowing of Peregrine Falcon
not seen. Head-low Bows occur as isolated displays in captive birds, but are not described
outside context of Ledge Displays and Food Transfers in wild birds. In captivity, both
Vertical and Horizontal Head-low Bows are much more discrete, less intense, and used
less frequently than in Peregrine Falcon. Males use these displays more frequently than
females in both species. Scraping is done by either sex and consists of bird leaning
forward, rocking from side to side, placing its weight on its breast with tail relaxed, and
pushing vigorously backward with feet to form a small depression. After Scraping several
times, bird may turn to face a different direction and continue Scraping. No vocalization
accompanies this activity. Occurs as solitary activity or as part of Individual Ledge

Display. Male Ledge Displays consist of male approaching scrape in Horizontal Head-
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low Bow position with high steps (causing body to rock back and forth), giving Chup
vocalization. Male pauses to look at female, whose reaction determines intensity and
duration of display. Female Ledge Displays similar to those of male, but female does not
tend to pause to look at male, displays are less intense, less frequent, and occur later in
season. Mutual Ledge Displays occur when female approaches scrape during Male Ledge
Display. Unlike Peregrine Falcons, Gyrfalcons remain stationary during display and
rarely pause. Male generally terminates display by leaving scrape while female remains.
Billing consists of female turning head sideways, orienting beak up while male’s is
directed downward; birds nibble between beaks. In captive birds, Billing occurs during
Mutual Ledge Displays and when birds are perched closely together. Vocalizations tend
to degrade during Billing. Not observed in wild birds. Scraping, Male Ledge Displays,
Female Ledge Displays, and Mutual Ledge Displays are essentially identical between
captive and wild birds (but see Vocalizations for differences in accompanying

vocalizations).

Aerial Displays.

Five aerial displays described in wild birds, occurring mostly within egg-laying period.
Roll is executed by male while in long dives, at angles between 30 and 60°. A partial roll
of 20° precedes a roll of 180° in opposite direction. Male remains with dorsal surface
down for 1-2 s, then roll is reversed and dive continues in normal flight position. In
Undulating Roll, male begins a brief glide with extended wings from level flight at
moderate speed; body then briefly rotates laterally about 20°, then rotates 180° in
opposite direction. When second rotation is half completed, male begins a steep dive,
becoming vertical with ventral surface facing in original direction of flight. This position
is held as male dives 30—50 m, then he returns to normal flight position by rotating in
opposite direction from 180° roll. At this point, dive is terminated and bird is carried
upward at steep angle. When original elevation is reached, maneuver is repeated. This
display may be modified by eliminating 20° roll at beginning of second dive, or by

pitching over backward into an inside loop. Males also Flash by rolling laterally 90° to
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one side and then the other during flight, producing a flashing or flickering effect as dark
back and light breast are alternately exposed (TJC). In Mutual Floating Display, male
positions himself 2—3 m above soaring female, and both birds drop slowly at about 20°
angle. Both birds hold wings partially closed and slightly above back with legs extended
and tails spread. Display lasts 10-13 s, male gives Kak vocalization; constant distance
between pair is maintained. In Passing and Leading Display, male overtakes flying
female, passing close by, and begins weaving back and forth in front of her. Aerial

displays do not occur in captive birds.

Food Transfers.

Food Transfers begin about 10 d prior to egg-laying and continue through nestling period.
In wild birds, all transfers are from male to female and always involved a freshly killed
prey item. About 85% of Food Transfers in wild birds occur on perches. Male approaches
nest site with prey in feet, giving Wail vocalization. As he perches, he changes to Chup
vocalization. Female then crouches with body feathers puffed out and wings partially
extended. Female flies to male in a Flutter-glide (also called Sandpiper Flight, Cade
1960), with shallow wing beats, tail slightly fanned and pointing downward, with a Beg
call. Male picks up food in beak and presents it in Vertical Head-low Bow posture,
female lands next to male approaching in a slightly aggressive horizontal posture and
takes food in foot or beak in a Horizontal Head-low Bow posture. In captivity, female-
male transfers occur, though less frequently than male-female transfers. Captive birds
also use cached items or scraps in transfers. Captive females do not beg from males. In
both captive and wild birds, female typically goes to male if transferring outside of nest,
otherwise wild male may deliver directly to brooding female (TLB). Aerial Food
Transfers occur prior to egg-laying and after brooding, when female is able to detect
approaching male before he lands. As female watches male approach, she makes flight
intention movements, then flies towards him in a Flutter-glide, reaching him as far as 400

m from cliff. Female flies about 10 m above male, climbs slightly, dives in front, and
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pitches up underneath him, turning upside down to grab prey. Male appears to adjust

speed, sometimes almost hovering. No aerial transfers in captive birds.

Copulation; Pre- and Postcopulatory Displays.

Either sex can solicit copulation; display by either sex generally induces other sex to
display. Males use Curved Neck Display: standing erect while arching neck and pointing
beak down and away from female so that back of neck is highest part of bird; no
vocalization given. In captivity, this display accompanied by a Chitter, and when female
is very close, male may assume Vertical Head-low Bow position or turn perpendicular to
her. Females generally respond to Curved Neck Display with Copulation Solicitation, in
which female assumes a horizontal position with head below plane of body, beak
pointing down, and tail raised slightly above back; a soft Whine is given. In captivity,
females appear to be more aggressive in this posture, often approaching male head-on
(see above, Agonistic Behavior: communicative interactions, threat displays). As male
approaches for copulation, female’s Whine changes to Chitter and her body tilts forward
to about 45°. Male hovers briefly about 50 cm above female, orients to face same
direction as female, and lands on her back in a vertical Curved Neck position, supported
on his tarsi between female’s humeri and thorax, with toes contracted and feet turned
inward. Male’s wings constantly flap and tail points straight down and shuffles from side
to side. Male gives Chitter vocalization. Female’s wings are slightly opened and tail is
vertical and slightly to side. Female’s Whine becomes a copulatory Wail. In wild,
copulation can occur up to 29 d prior to egg-laying and continues through egg-laying;
each copulation lasts 4—12 s, during which male makes 4—5 thrusts. In captivity, young
males attempt to climb rather than fly onto female’s back (Wrege and Cade 1977).
Observations on captive birds at high latitude also indicate that copulations are more

frequent during warm weather and immediately before egg-laying (Seifert 1982).
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Duration and Maintenance of Pair Bond,

Within a breeding season, all pairs remain together at least until young have dispersed.
Roughly half of territories occupied during nonbreeding season had pairs (Platt 1977,
Nielsen and Cade 1990b), which had presumably remained together year-round. No
information on longevity of pair bond; presumably birds remain mated until one dies,

then readily re-pair.

Extra-Pair Copulations.

Not known to occur. A female-female pairing of a Gyrfalcon and Peregrine Falcon that
laid eggs in and shared incubation duties on a nest was documented in 1989 and 1990 in

Norway (Gjershaug et al. 1998); no eggs hatched.

Social and Interspecific Behavior

Degree of Sociality.

Solitary or in pairs during breeding and nonbreeding season (Platt 1977, Nielsen and
Cade 1990b). Fledglings may roost together (Fletcher and Webby 1977). Small groups

(6-8) of immatures sometimes seen in fall (Cade 1982).

Play.

Similar to Peregrine Falcon. Immature birds will attack inanimate objects and make
abortive attacks on live animals with no apparent attempt to kill (Cade 1953). Unlike

Peregrine Falcons, trained adult Gyrfalcons remain playful (TJC).

Interactions with Members of Other Species.

Mobbed by small diurnal passerines. Wintering Gyrfalcons were robbed of prey by Bald
Eagle (Haliaeetus leucocephalus) (Dekker and Court 2003); 1 record of attempted
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robbery by conspecific (Jenkins 1978). Commensal nesting in North America: Canada
Goose (Branta canadensis) within 2.5 and 4.5 m, Common Eider (Somateria mollissima)
and White-fronted Goose (4dnser albifrons) within 36 m, Green-winged Teal (4nas
carolinensis) within 180 m, all unmolested (White and Springer 1965, K. Poole pers.

comm.).

Predation

Two yearling falcons (males) found as food remains in 2 different Common Raven nests,
probably picked up as carrion (Nielsen and Cade 1990b). Remains of juvenile Gyrfalcon
found in two pellets removed from a Gyrfalcon nest (Booms and Fuller 2003a). Golden
Eagle is potential, but not documented, predator of wild Gyrfalcons, as demonstrated by
degree of aggression and caution accorded them (Platt 1977). Trained Gyrfalcons often
killed by Golden Eagles on quarry or in flight (TJC). C. M. White (pers. comm.) saw a
flying adult Gyrfalcon struck by a female Peregrine in the Aleutians, breaking the
Gyrfalcon’s wing. The Gyrfalcon was subsequently caught and killed by a Bald Eagle.

BREEDING
Phenology

Pair Formation.

Figure 1.2. Evidence for year-round occupation of nest sites in Alaska (Cade 1960),
Yukon (Platt 1976), and inland Northwest Territories (NWT) (Kuyt 1980, Norment
1985). On coastal mainland of NWT, however, no evidence of occupation prior to Feb
(Poole and Bromley 1988b), perhaps because more severe weather conditions at coastal
eyries or higher latitudes restrict hunting opportunities at winter solstice (Poole and
Bromley 1988b, Nielsen and Cade 1990b). Sites occupied prior to breeding are generally
same sites that are subsequently active during breeding season (Platt 1976, Poole and

Bromley 1988b, Nielsen and Cade 1990b). In Yukon, first observations of paired birds in
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Feb (Platt 1976), about 1 mo after first observations of unpaired birds and 2 mo prior to
egg-laying. In coastal NWT, first observations of paired birds in late Apr, about 2 wk
prior to egg-laying (Poole and Bromley 1988b), but birds probably paired earlier (K.
Poole pers. comm.). Courtship activities begin about 1 mo before egg-laying (Platt 1977).

Nest-Building.
No nest-building per se. Scraping (pushing substrate aside with feet to make a shallow

depression) begins early in courtship and continues until egg-laying.

First/Only Brood per Season.

Figure 1.2. Egg dates (ranges include possible renesting attempts): Yukon, 3-28 Apr
(Platt 1977); coastal NWT, 21 Apr—30 May (Poole and Bromley 1988b); inland NWT, 20
Apr-2 Jun (estimated), Kuyt 1980, Norment 1985); Alaska, Apr to late May (estimated;
Cade 1960). There is general trend for nesting to occur later at higher latitudes (Bromley
1986), although there is much overlap in egg dates among regions. Egg dates vary
significantly from year to year (Poole and Bromley 1988b, Nielsen and Cade 1990b).
Degree of synchrony within population also varies annually (Poole and Bromley 1988b).
Chicks hatch after 34-36 d (Platt 1977). Males fledge at 45—47 d, females at 47-50 d
(Poole and Bromley 1988b). Young independent > 4 wk after fledging (Cramp and
Simmons 1980, Nielsen and Cade 1990b, Britten et al. 1995).

Four records of renesting: 1 in Alaska Range (Cade 1960), 1 in NWT (Poole
1988a), and 2 in Yukon (Platt 1977). Renests occurred after failure (abandonment) of
previous clutch (Platt 1977, Poole 1988a). Recycle time approximately 16 d for both wild
(n=1, Poole 1988a) and captive (n = 11 for 2 pairs, The Peregrine Fund) birds.
Phenology similar to first brood, but post-fledging period may be shorter (Poole 1988a).
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Second Brood per Season.

None; renesting only.

Nest Site

Selection Process.

Unclear which sex chooses nest site, as unpaired birds of both sexes have been observed
frequenting nest cliffs prior to breeding season (Platt 1977, Nielsen and Cade 1990b).
Males seem to predominate (Platt 1977, Poole and Bromley 1988b), however, and have

been observed to advertise for females (Platt 1977).

Microhabitat, Nest-Site Characteristics.

Most (58-91%) nesting occurs in nests of other species, particularly Common Raven,
Golden Eagle, and possibly Rough-legged Hawk; remainder of nest sites on ledges (Cade
1960, White and Cade 1971, Barichello 1983, Poole and Bromley 1988b, Nielsen and
Cade 1990b). Will usurp newly built nest of ravens but not of eagles (Poole and Bromley
1988b, Nielsen and Cade 1990b). Most (> 80%) nest sites on precipitous cliff faces (Cade
1960). Mean nest height 4-30 m (Cade 1960, White and Cade 1971, Poole and Bromley
1988b). Most (85-94%) sites with overhangs (Cade 1960, Poole and Bromiey 1988b,
Nielsen and Cade 1990b, Obst 1994), except where this is an uncommon physical feature
(e.g., Yukon and se. NWT, 33% sites with overhangs; Platt 1977, Kuyt 1980). Substrate
varies with area: in Alaska roughly half ledges shale, half sandstone or conglomerate
(Cade 1960; White and Cade 1971); in NWT, diabase (Poole and Bromley 1988b). In
taiga of se. and nw. NWT, > 60% of nests in white spruce (Picea glauca) in nests of
Common Raven and Golden Eagle, 5-8 m above ground and 1-5 m below tree top (Kuyt
1962, 1980, Obst 1994); in w. Alaska nests have been documented in old Common
Raven nests in balsam poplar (Populus balsamifera) (Kessel 1989). In Alaska,

Gyrfalcons have also been recorded nesting on artificial structures, including trans-
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Alaska oil pipeline, gold dredges, and sluice boxes (White and Roseneau 1970, Ritchie
1991).

Nest

Construction.

None to speak of. Not known to construct stick nests in North America, but reported to
do so in Russian Arctic (Cade et al. 1998b). Both male and female scrape, which
probably functions as much as a courtship ritual as “nest-building.” Stick nests of other
species usually not added to or modified. Stick nests often destroyed during course of

raising young.

Structure and Composition.

Varies with species usurped; generally dead sticks, with little or no lining; eggs usually

laid on bare soil or accumulated debris.

Dimensions.

Varies with species usurped; outside dimensions roughly 0.6-1.2 m deep and wide.

Microclimate.

Prefers sites not exposed to severe winds (Cade 1960). In Alaska, 62% of sites oriented
northward (Cade 1960); in central NWT, no bias in orientation (Poole and Bromley
1988b, Obst 1994). In Yukon and se. NWT, most sites oriented south or west (Platt 1977,
Kuyt 1980). This orientation may be preferable in sites lacking overhangs to keep them
free of snow; snow-free sites not frequented preferentially during winter, but more likely
to be occupied during nesting (Platt 1976). Young in nests with southern and western

exposures; however, appear heat-stressed on sunny days (Fletcher and Webby 1977,






































































































































































































































































































































































































































































































