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Abstract

This dissertation addresses specific research needs identified by a panel of experts
on Gyrfalcon biology and conservatioanvened on 3 September, 2003 at the Raptor
Research Foundation Scientific Confereimc@nchorage, AlaskaThe first chapter is a
significant update and revision of th894Gyrfalcon Birds of North AmericéBNA)
species account, using all publishEpes and available greliteraturefrom 1994- 2007
and personal expertise from over 3,000 hoursoofdinatebservations. The second
chaptemreports results from a spatially explicit modehsed on the best available
compiled data from Alask#hat prelicted 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 ribern and western AlaskaJsing environmental
variables, lhe model estimated the size of the breeding Gyrfalcon population in Alaska is
546 + 180 pairs. In Chapter 3, | used repeated aerial surveys to estimate detection
probabilities of cliff -nesting rators fromfixed-wing aircrafts and helicopterfetecton
probabilities ranged from 0.790.10 andvaried byspeciespbserver experiencand
study area/aircraft typeGenerally, Gyrfalcons had the highest detection probability,
followed by Golden Edgs, Common Ravens, aRbughlegged Hawks, though the
exact pattervaried by study area and survey platforim.the final chapter, | described
for the first time in North Americ&yrfalcon nest site fidelity, breeding dispersal, and
natal dispersalsing molted feathers as namvasive genetic tags. Gyrfalcons were
highly faithful to studyareag100% fidelity)andbreedingerritories(98% fidelity), but
notto specific nest site@2% fidelity). Breeding dspersal distance averaged 750 + 870
m, and vas similar between sexeblatal dispersal of three nestlings represgi2.5%
recruitment varied from 0254 km. Meanterritorytenure was 2.8 + 1 ysand
displayed a bimodal distribution with peaksl and 4 yearsMean annual turnover at
one stug sitewas 20%. Gyrfalcons in one study area exhibited low, but significant

population differentiation from the other two study areas.
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Introduction

The tgics in this dissertation were identified research needs September 3, 2003

during a round table discussion on GyrfalcBal€o rusticolu$ conservation,

management, and research in Alaska during the Raptor Research Foundation Scientific
Conference ilAnchorage, Alaska. A panel &8 leading experts on Gyrfalcamd 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, amh 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 supportieghon
highest known nesting densities of Gyrfalcons on the planet, Brian and | identified a list
of possible researdbpicsthat could be addressed in this ur@grea. Interestingly,
thesetopicsmatched those identified by the expert panel that convdmee 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 | was able to secure fellowships to cagdenmac
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 remrch needs generated in September 2003. After countless
challenges, failures, discoveries, delays, snickers bars, mosquito bitegndsadighs,
lows, loss of funds, and obtaining new funds, my collaborators, graduate committee, and
| settled on thedur topics below for a dissertation. They are the direct products of the

scientific process, with a healthy dose of logistical reality mixedr good measure.



They follow the unified themof addressing specific calls by experts to address
important sientific needs to further Gyrfalcon conservation in Alaska.

The first chapter, title@iThe Gyrfalcon, Birds of North America Species
A c c o isa tomprehensive review and synthesis of the literature that has been
published pertaining to Gyrfalcon biolpgecology, and conservation. This chapter
meets thaeed expressed by the pahglsummarizing and updating all currently
available published and unpublished information on the species. The chapter has been
published by Cornell University as the revisedl 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 dissertatresearch that | 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 agrementists, managers, and general
public, this chapter is likely to the be most used and cited work of the dissertation.

The second Gyrfaqon Nest DistributionlineAldskadsed on a
Predictive GI S Mbodtentedporargestfocationssenviranimental|
layers, Geographic Information System (GIS), and TreeN&hine learningoftware to
create a spatially explicit model predicting Gyrfalcon breeding distribution and
population size across Alaska. This chapter addressaesdldddentified 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 infornmatito model and predict the species
current distribution. This chapter was published in 2009 onli®iar Biologyand in
paper form, in March 2010.

Chapter 3, titl ed i bhestingRaptorodurindPHelichpeed i | i t
and Fixeewing Aircr af t Surveys in Western Alaska, o d
aerial surveys (via helicopter and fixadhg aircrafts) for breeding cldhesting raptors
on the Yukon Delta NWR to estimatetection probabilitpf Gyrfalcons, Golden Eagles



(Aquila dhrysaeto¥ Roughlegged HawksHuteo lagopus and Common Ravens
(Corvus coraxin 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 rolbist and accurate monitoring of Gyrfalcon and other raptor populations.
Most current cliffnesting raptor surveygpresentounts of birds at historical nest sites
and are used as indices of population status. However, occupancy modeling and repeated
suveys as | did hergallow detection probabilities to be estimaterthis, in turn, allows
for direct population estimates and proadeore robust and accurate results for
population monitoring. Hence, we applied these techniques to breeding Gyrfaldons a
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 Jouheal of Raptor
Research

The final chapter, tit BrealngDigp&yatahidal con N
Natal Dispersabn the Yukon Delta National Wildlife Refuge, Alaskéescribesur
work using noAnvasive genetic sampling of adult molted Gyrfalcon feathers to study
site fidelity and dispersal. This chapter addresses one of the muoBtaig gaps in our
understanding of the Gyrfal conibnestdite eedi ng
fidelity and dispersal. Prior to this work, our global understanding of Gyrfalesisite
fidelity and dispersalvas based on information from @rded 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 anyantinental Gyrfalcon population drwill be submitted for

publication toThe Condor.



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

INTRODUCTION
Largest of all falcons, and the most northern diurnal raptoGymialconinhabits
circumpolar arctic and subarctic regg with some individuals moving south into
northern temperate zones during fall and w
chance for a rare glimpse of this great falcon, which the Emperor Frederick Il of
Hohenstaufen, in his thirteenth centumatise on falconrye Arte Venandi cum
Avibug, extolled above all others as a hunter of cranes and similar large quarry. The
Emperor wrote that th&yrfalcon6 hol ds pri de of pl aFaleo over e\
peregrinu$ in strength, speed, couragedani ndi f f erence Cade st or my
1982.

Gyrfalcors exhibit pronounced reversed sexual size dimorphism (on average,
adult males weigh 1,100,300 g, femkes 1,7001,800 g), meaning males typically weigh
about 65% as much as femal@grfalconcoloration is not conspicuously sexually
di morphic, because the speciesd coloration
pure white to an almost uniform dagkay-b r o wn . I ntermedi ate (fAgra
most commonly seen in North America. T@grfalconis therefore considered a
monotypic, but highly variable specigsni. Ornithol. Union 1998 and previous
subspecies designations based primarily on plumage variation are no longer recognized.
Most Gyrfalcors nest on cliffs above treeline, either in scrapes or in stick nests of other
birds. Some individuals do not le every year; both reproduction and winter

! Booms, T.L., T.J. Cade, and N.J. Clum. 2008. Gyrfal&aico rusticoluy, The Birds
of North AmericaOnline (A. Poole, Ed.). Ithaca: Cornell LabOrnithology; Birds of
North America Onlinehttp://bna.birds.cornell.edu/bna/speciesddi410.2173/bna.114


http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib020
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib020
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib113
http://bna.birds.cornell.edu/bna/species/114
http://bna.birds.cornell.edu/bna/species/114

movements are strongly influenced by food availabi@yrfalcors respond functionally,

and in some areas numerically, to changes in the availability of a variety of prey, but
especially ptarmigarLépogusspp.) their principal food in most areas. TGgrfalconis

a ptarmigan specialist and its breeding distribution is strikingly similar to that of the Rock
Ptarmigan l(agopus muta(HolderandMontgomeriel993. Gyrfalconnumbers 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 cycasiéetal. 1998 Nielsen

1999.

Although an uncommon species, tRgrfalconis not rare, as frequegtstated.
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 saractdristics have
enabl ed No rGQyrfalcofstodhusd far eséape the population declines that other
raptors have suffered from persecution, chemical contamination, and habitat degradation.
However, these traits do not protect the species fromatemfmal effects of global
warming, which is an emerging conservation concern because @Gytfacord s
northern breeding distribution, narrow ecological niche as a specialist predator, and

reliance on Arctic habitats and prey.

DISTINGUISHING CHARACTERISTICS
Large falcon (length: males 481 cm, females 5564 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 lightblgege ay . Adul t s6é6 ventral s
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


http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib040
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib123
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib171
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib171

misidentifed, but differ in plumage from Peregrines by having atove underwing

visible in flight and absence of a bold helmet. All Gyrfalcons distinguished from Prairie

Falcon Falco mexicanusby 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 Falcorl9 10 > 8 > 7) or Prairie Fal
These characters give the Gyrfalcon an accipitrine appearance in flight, and when flying

low it can be confused with the Goshawdc€ipiter gentilis) Wing beat slower, deeper

and more powerful than othfcons, but flight is faster and more sustained.

DISTRIBUTION

The Americas

Breeding Range
Figurel.l. From approximately 79°N to 60°N, Idbato 55°N (Cade 1982Brodeur et
al. 1995; formerlysoutht 1A 286 N at entrance to Bras d
Quebec Audubon 1897Todd 1963Brodeur et al. 1995In Canada, breeds on most
Arctic Islands and the Arctic coastal plaky{e and Grier 1972Shank and Poole 1984
N. British Columbia, YukonFlatt 1976 Mossop and Hayes 1994e. Northwest
Territories Kuyt 1980, and n. Quebec and Labrad®dofld 1963. Summer sightings in
Long Range Mountains of Neadindland suggest breeding there (L. Tuck, pers. comm.).
Most of Alaska except north coastline, w. Aleutians, Cook Inlet, central interior, and se.
Alaska Cade 60, White and Cade 1978wem et al. 19945ibson and Byrd 2007

Winter Range
Winter status on breeding range poorly documented, but available inform@#da (
196Q Platt1976 Salte etal. 198Q Norment1985 suggests most birds are resident, at
least below 70°N. Regular winter visitor to British Columbia, Alberta, Saskatchewan, and
Ontaio (Bromley1986 WiseleyandPinel1987). Most winter recordare above 40°N

(Am. Ornithol. Union1983 Butcheretal. 1987 and are of immature birds. Extreme
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http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib121
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib121
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib114
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib094
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib121
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib036
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib088
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib068
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http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib050
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib094
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib019
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http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib004
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib017

southerly records from central and n. CaliforrBan@ll 1994, Texas Lockwoodet al.
2002, and North CarolinaHolmesandFuller 1995.

Many published sources indicate Gyrfalcon does notevregularly south of
U.S-Canada border (e.dr00t1988 Schmutzetal. 1991), but much evidence suggests
this is not the case with significant numbers of sightings in northern tier Sédés (

1976 Dobler1989 SancheA993 Flann1998, establishment of fixed winter ranges
(Dobler1989 SancheZ.993, and evidence that birds may repeatedly return to same
wintering areaRalmerl988 SancheA993. 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°18¢lomonser195Q BurnhamandMattox 1984), Iceland
(Nielsen1986, Norway, Sweden, Finland (relatively rare in n. Eurdp@mpand
Simmonsl980, n. Russia, Siberia, and Kamchatka to below 5%8h{entiev and
Gladkov1957, Ellis etal. 1992 Cadeetal. 1998 PotapovandSale2005.

Wintering Rang.
South irregularly into central Europe and &gdementiev and Gladkoi®57 Glutz von
Blotzheimetal. 1971, PotapovandSale2005.

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 earl980s may only be due to new awareness among

birdwatchers that Gyrfalcon does winter in s. Canada and n.Rugheretal. 1987, it
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may also reflectthisspei e s® i ncr easi ng anadeteserv@ravhere ar o ur

waterfowl concentrate in winteBanchez.993.

Fossil History

Three late Pleistocene (Ranchaksdm 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 Gtalker1974) and Little
Box Elder Cave, Converse C&rislie1985. Emslie suggests that several immature
bones from Little Box Eler 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 spEailes
swarthi(Miller 1927, which Emslie {985 regarded as being essentially identical to
Gyrfalcon. There are other Pleistocene records in Europe (Sweden, Czechoslovakia,
Hungary;Brodkorb1964 and the Iberian PeninsuBaltarandCarrasquillal993. Dove

et al. Q005 discovered ancient Gyrfalcon feathers intmglalpine ice patches in
Southern Yukon. Though age of the feathers was not determined, other bird feathers

found at the site were radaarbondated as early as 4500 BP.

SYSTEMATICS

Geographic Variation

Little genetic differentiation among birds santgpia Alaska, Canada, and Norway

suggests substantial gene flow among those populations. Gyrfalcons in Greenland and
Iceland, however, appear genetically distidethnsoretal. 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 notgmtes all areas. Birds from n.
Greenland and Canadian Arctic Islands mostly white; birds from central and s. Greenland

semiwhi te (sometimes called fisilvero), gray,
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Northwest Territories roughly 50% white, 50% gray; biirden n. and nw. Alaska range
from white (510%, 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. Greenlands@lomonserd95Q Cadel96Q 1982 Bromley1986 Pooleand
Bromley1988H.

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
(Salomonser95Q Ellis etal. 1992. Dark birds of Labrador and Quebec sugegss
descendant of southern population isolated from more northerly refugium where white
birds differentiated, while intermediate types persisted in separate southern refugia during
PleistoceneRalmer1988§ Ellis etal. 1992 Cade inFlann2003. However, recent genetic
analyses suggest Gyrfalcons may have expanded from only one refugium and that genetic
differentiation was caused by genetic drift and philopatohfisoretal. 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 eatward to ne. Siberia and Kamchatka where approximately 50% are white
(DementievandGladkov1957, Ellis atal. 1992 Gorovenko2002). Breeding birds in
Iceland gray with some light gray approaching white; occasional windte in winter,
presumably migrants from Greenlamdig¢lsenandPéturssori995.

For geographic variation in size, see Measurements.

Subspecies andelated Spaes

No subspecies currently recognized (Am Ornithol. Urli8B7, CrampandSimmons
1980. Previously described as polytypic (see referenc€aael960andCrampand
Simmonsl198Q PotapovandSale2005 with up to 3 subspecies occurring in North
America F. r. uralensisn w. Alaska,F. r. candicansn n. Canadian Arctic Islands, r.

obsoletusn remainder of range; Am. Ornithol. Unid®31, 1957. Review of
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1C

systematics\(aurie 1961) concluded subspecific designations were inaccurate and

meaningless.

MIGRATION

Nature & Migration in the Species

Birds breeding above 70°N in Greenland are migrat8ajqmonseri950; degree of
migration above 70°N in North Amiea unknown. Below 70°N largely resident, but
some partial migrationdqadel196Q Platt1977 Kuyt 198Q Norment1985, probably
mostly of immature birds and some adult females. Birds remaining on territory during
winter are almost exclusively adults and predominately mBlest {977, Pooleand
Bromley1988h NielsenandCadel19908. Birds winteringoutside breeding range are
mostly immatures and subadulidi€lsenandCadel990h SancheZ.993. Winter
sightings suggest possible female bias in migrating birtgt(976 SancheA993.
Immatures may move farther than adults; Nielsen and Q&80 found a greater
proportion of pvenile birds in southern than in northern Iceland, and SantBé3 (

found that subadults remained in fixed area whereas immatures wandered generally south

through study area.

Timing and RoutesfaMligration

Movement out of breeding area begins late Aug and Salprfionserd95Q Salteretal.
198Q NielsenandCadel990h Schmutzetal. 1991, Mcintyre etal. 1994 Britten etal.
1995. Earliest records on wintering grounds Sep, more typicallyNimt; last sightings
Jari Mar, rarely to May in s. Canada and n. USalpmonserd95Q Platt1976 Wisely
andPinel 1987 Palmerl1988 NielsenandCadel990h SancheZ 993 Flann1998. In
Yukon, unpaired birds first observed on nesting territoriekaim evidence of occupation
in Dec (Plattl976 1977). In coastBNorthwest Territories (NWT), unpaired birds first

observed in MdrApr, evidence of occupation in FeBdoleandBromley1988h). In
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Greenland, breeding birdsrize in Apr (Salomonseri950. No known ageclass bias in
timing of movements.

In Greenland, migration primarily along seacoasts to s. Greenland and Iceland
(Salomonseri950. 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
(Todd1963. Movements in central and w. Canada known from small number of banded
birds; movements typically, but not exclusively, southw&ualo{eandBromley1988h
Schmutzetal. 1991, SancheZ993. 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 Schmutzetal. 1991). Five firstyear birds banded in
Canada moved 90@,400km during winter Kuyt 1980 Schmutzetal. 1991). One
nestlingbanded in NWT moved 145 km northeast but was probably recently independent
(PooleandBromley1988H.

In Alaska, some movement of birds along Kenai Peninsule&Card Bay. Four
juvenile Gyrfalcons with satellite transmitters moved from Alaska into e. Russia within 4
weeks of fledging; three returned and wintered in Alagkdténetal. 1999. 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 gBeigtenetal. 1995. Some used
the coastal areas of the Yukon and Kuskokwim Deltas in w. Alaska, as did at least 7
juveniles harnessed with transmitters dedded from nests on the Yukon Delta National
Wildlife Refuge (YDNWR). Two breeding adult females harnessed with transmitters on
the YDNWR remained on or near their breeding site into the following winter (TLB,
unpub. data).

At U.S. hawk watch locations,r2cords 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 immaturerfales McDonnell2007). Of 13 Hawk Watch
International Migration sites and partners from 1992905, two Gyrfalcons observed

(1999 and 2006, Bridger Mountaiaipd one at former site at Rogers Pass, MT in 1998 (J.
Smith pers. commHawk WatchlInternationa007). Between 1992005, 45

Gyrfalcons observed during falligration and from 1992007, 24 observed during

spring migration at Mt. Lorette, Alberta (P. Sherrington, pers. comm).

Migratory Behavior

Diurnal migrant; nonflocking, though > 1 may be sighted during-flesging period or
where prey species are concated Salomonserd95Q Platt1976 Cadel982 Wiseley
andPinel 1987, Dobler1989 SancheA993.

Control and Physiology

Little information; extent of migration and destination believedaaétermined

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 influencetldrnglsird, 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 suppladel982 NielsenandCadel9903. Weather

influences many prey species and mairectly affect Gyrfalcon movements. In South
Dakota, first Gyrfalcon sightings corresponded with drop in temperature and increase in
waterfowl abundances@nclez 1993. Wintering birds generally associated with
concentrated prey populatiorSalteretal. 198Q Dobler1989 Everettetal. 1989
SancheZ993.
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HABITAT

Breeding Range

Major habitat type is arctic and alpine tundra, often along rivers and seacoasts. Climate:
polar continental, temperatw@&0°C to +10°C, annual precipitation I250 mm, snow
covered 89 molyr, iceboundi@l0 mo/yr. Vegetation: low arctic tundra; dominant

species wideganging, including sedg&arexsmp.), birch Betulaspp.), willow (Salix

spp.), cottongrassEriophorumspp.), lichens, and mosse€4del96Q Salteretal. 198Q
Norment1985 PooleandBromley1988h Obst1994). Occasiondy in tundraboreal

forest ecotone; small discontinuous stands of spiRicedspp.) along drainages, beach
strands, and duneblacFarlanel891 Norment1985 Obst1994 Brodeuretal. 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, @iBering Sea; particularly near colonrasting seabirds or
waterfowl. Topography: sedimentary cliffs with volcanic intrusions and sills, basalts,
rising above water and rolling or flat terraibgde1960, PooleandBromley 19880.

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)MacFarlanel891, Cadel196Q White andCadel971],
Rosenead 972 Kuyt 1980 Obst1994 Normentetal. 1999 Ritchieetal. 2003.

Topography: river and lake bluffs of unconsolidated marine and nonmarine sediments;
sand, siltclay shale, and glacial tilWfhite andCadel971 Norment1985.

Mountainous terrain above timberline, up to 1,630 m, including Brooks and
Alaska Ranges in Alask&&del96Q Swemetal. 1994; British and Richardson Mtns.
in Yukon (Platt1976 MossopandHayes1994); Richardson and Mackenzie Mtns. in
Northwest Territories§hankandPoole1994); ard Atlin region of British Columbia.
Topography: escarpments and rocky crags of both sedimentary and volcanic origin
(WhiteandCadel971, Barichello1983.
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Spring ad Fall Migration

Little information; migration and wintering habitat probably similar (Saéeretal.

1980 JohnsorandHerter1989 SancheZ993. Juvenile birds raditagged in Alaska

used coastal and riparian habitats during fall, with multiple birds using the south coast of
the YukonKuskokwim Delta Brittenetal. 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 falHrnst1989 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) evbeabirds congregate in
otherwise frozen Bering SeB\erettetal. 1989 and between Greenland and Canadian
Arctic Islands (K. Burnham, unpub. satellite tektny data). Winter range otherwise

similar to breeding habitat for resident bir@att1976 Cadel982 NielsenandCade

199081.

In north temperate region of the U.S. and Canada, open areas below 1,000 m,
particularly in aeas 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, pairie, river valleys, and humanodified habitatsWiseleyandPinel 1987,
Dobler1989 Garberetal. 1993 SancheZ993.
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FOOD HABITS

Feeding

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

microtines to hared epusspp.).

Microhabitat or Foraging

Most prey taken on or near ground.

Food Capture ad Consumption
(FromWhite andWeedenl 966 Platt1977, Cadel982 Jenkins1982 White andNelson
1991, Garberetal. 1993 DekkerandLange2001) 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 Eagle&duila chrysaetgs 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; (2rkaising 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 coverafcon attempts to flush it into flight by making short
stoops; (4) direct climb; to gain altitude on birds with light wingding and better
soaring abilities, falcon flies up at stee
Falcon.

Method of aaking 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 sucessful capture rate, but wintering birds observed successful in 10
28% of chases after feral pigeomekkerandLange2001, DekkerandCourt2003.
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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 ka@dgvatn1977). Booms and Fuller
(20033 found 96% of ptarmigan delivered to videwnitored nests in Greenland were
plucked, most of them completely so. Most ptarmigarnvdedid 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 (ra3@endin). Ptarmigan brought to
females during courtship relatively unpreparetat 1977).

Young (leveret) Arctic hared épusarcticug typically delivered without fur
removed (86% of deliveries); if > 6@f) delivered in pieceBpomsandFuller 20033.
Average feeding bout on a leveret at the nest 10 min (ra@enin). Adult arctic hare
transported in sectionP@oleandBoag1988. Microtine rodents and passerines not
decapit at e dLamyvatnl®{y, BaomdaraBuber 20039. Sternum, forelimbs,
primaries, secondaries, rectrices comprise > 80% of prey remains (i.e., uneaten portion)
at nest site. Hind limb elemes) vertebrae, mammalian and passerine bones predominate
in pellets (i.e., portion consumed)angvatnl977). Vegetable matter and grit in pellets
indicate thasome viscera of avian species are edtangvatn1977 NielsenandCade
19900, but apparently viscera of ground squirr&pérmophiluspp.) are notRlatt
1977 PooleandBoag1988. 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 (CVWMite 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 Barehenskietal. 1998.

Delivery of prey fairly uniform throughout the day during the nesting season
(FletcherandWebby1977, Bente1981, PooleandBoag1988, though Jenkins1©82
and Booms and Fulle2Q033 found delivery rates peaked in late morning and evening
and detined 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 itefl&tt1977). Length of hunting sorties observed from
helicopter ranged between 22 and 67 mig (L4); average time for female 27 min, male
38 min White andNelson1991). Larger prey associated with longer foraging trips
(PooleandBoag1988. 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 (8%%) of total biomass eate@ther birds taken
range between 0.02 kg and 4 kg, including primarily waterféwkérspp. andAnas
spp.), seabirds, shorebirds (Scolopacidae), and passerines (Passeriformes). Other
documented avian prey include sage gro@an{rocercus urophasianygulls (Larus
spp.), fulmarsKFulmarus glacialis), terns Sternusspp.), Blacklegged Kittiwake Rissa
tridactyla), jaegers $tercorariusspp.), alcids (Alcidae), Rouglkgged Hawk Buteo
lagopus, falcons Falco spp.), Ringnecked Pheasar®liasianus coldous), Shorteared
Owl (Asio flammeus ravens and crow€£prvusspp.), magpieRicasp.), Savannah
Sparrow Passerculus sandwichengitapland LongspurGalcarius lapponicus Snow
Bunting Plectrophenax nivalis redpoll Carduelisspp.).

Gyrfalcons fed more on resident than migrant species. Mammals ranging from
0.01 kg to 4.5 kg, including primarily hardsepusspp.), ground squirrel$Spermophilus
spp.), and lemmingd.émmus, Dicrostonybut also documented are arctic fox young
(Aloplex lagopul shrews Gorexspp), and voleslicrotusspp, Clethrionomyspp)
(see references ifablel.1; alsoCrampandSimmonsl980andCadeetal. 199&afor
species taken in Palearctic).

Domesticated species taken rarely (81 attacks over 18Bynneraad 989,
mostly chickensGallus domesticysand Rock DovesGolumba livig (Dekkerand
Lange200]) 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 carriorK(yt 1980 Palmer1l988 Temmeraad 989, probably an
adaptation to a harsh climafBgmmeraad989. Will eat meat left by humans

specifically for feeding Gyalcons RandklevandRandklevi994 Nielsen2002.

Quantitatve Diet Analysis

SeeTablel.1. Although Gyrfalcons take a wide variety of prey, individual birds or pairs
exploit relatively few species. Willow_agopus lagopusand Rock I(. mutug ptarmigan

are the dietary mainstay for most birds during the breeding season, but there are
differences in diet relative to habitdi€lsenandCadel990a Huhtalaetal. 1996).

Coastal pairs take more waterfowl and seabirds and fewer ptarmigan, and pairs at higher
latitudes and elevimns take more mammals than do pairs in other habitat types.

Diets inTablel.1 determined by prey remains and pellet analysis, which often
present a bieed view of dietilarti 1987, BoomsandFuller20030. In centraw.

Greenland, prey remains and pellets overestimated ptarmigan and underestimated arctic
hare occurrence at Gyrfalcon nests. Remains underestimated while pellets overestimated
passerine occurrence in the didgbomsandFuller20030. Therefore, summaries in

Tablel.1 should be reviewed with these potentialsieigin 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 lBteléandBoag1988 Nielsen
andCadel990a BoomsandFuller 2003b). Gyrfalcons nesting in upland habitat where
migratory bird and resident rodent populations are low experience least seasonal
variability, relying heavily on ptarmigan yeesund (NielsenandCadel19900. But even
these birds may experience seasonal diet shifts; in Yukon, Gyrfalcons feed on Rock
Ptarmigan during breeding season and/Villow Ptarmigan during winteP{att1976.

Birds remaining on territory may experience diet shifts as a result of changing hunting
habitat NielsenandCadel19904. Because habitat influences diet, birds that abandon
territories during winter probably experience diet shifts; limited observations of foraging

birdsoutside 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 pigeobsx( 1989
Garberetal. 1993 SancheZ993 DekkerandLange2001, DekkerandCourt2003.

Annual variation in diet may occur wigeprey species exhibit large population
fluctuations, but not in all locations. Some ptarmigan populations are known to exhibit
cyclic changes in numbersoss@ andHayes1994). Lemmings are heavily used in ne.
Greenland in years when rodent numbers peak, and the diet shifts to passerines when
rodent numbers are louws(lg etal. 1997). When rodents are abundant, Gyrfalcons may
feed heavily on rodent predators as w€kh@del960. However, Gyrfalcons in Sweden
did not shiftdiet when microtine rodents peaked in abundaNgst(émetal. 20086.
Weather may also influence annual distribution, phenology, and availability of prey
spedes such as ptarmigan and ground squirfeto(eandBoag1988 NielsenandCade
19908.

Food Selectionrad Storage

Prey selection may be motivated more by vulnerability of prey than abundance. In Alaska
and Iceland, Gyrfalcons take displaying male ptarmigan preferentially wheihoa&img
behavior, courtship dispfa, 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 preferentiallg#de196Q NielsenandCadel9908. In Alaska, Iceland,
Northwest Territories, and central w. Greenland, a switch from ptarmigan to othesspecie
coincides with decreased vulnerability (but not abundance) of ptarmigan, arrival of
migrant species, and emergence of mammalian species (particularly juvedads) (

196Q PooleandBoag1988 NielsenandCadel990h BoomsandFuller 20030. Both

sexes take same size range of prey, but average size of prey brought by male is smaller,
owing to greater proportion of passerines amall mammalsKlatt1977 Pooleand
Boag19898. Immatures mapreferentially take rodents and passerirBsd(andBird

1941, Cadel982. 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 territdtietrOmetal. 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 9300% of cachingluring breeding season. Stored food
usually placed behind vegetation within 100 m (maximum 200 m) of nesPsii¢éeind
Boag1988. Cached prey often retried@nd fed to chicks or consumed between regular
feedings when chicks can feed themselRtat{1977 Jenkins1978 Bentel981, Poole
andBoag1988. 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 passerim®{eandBoag1988. Removal of prey
remains from nest variablBjatt(1977 documented neuch behavior, Booms and Fuller
(2003H found 21% of food remains removed from nest. No information on caching by
males, though 10% of cached items retrievatidalivered to the nest were by males
(BoomsandFuller 2003H. Little information on caching outside breeding season; one
observation of a cached frozenptayran bei ng retrieved and #dAch
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 Ringnecked Pheasaat the base of a barbed wire fence post in California (B.

Walton pers. comm.).

Nutrition and Energetics

Little information. Research by Barton and Houstb®@9@3 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 1.0.5 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 aboul @kd

the equivalent of 15@00 ptarmigadé for the entire breeding season (courtship through
fledging) Cadel96Q Bengstonl971, Pulliainen1975 PooleandBoag1988. During

the nestling period, Gyrfalcons delivered 99, 82, and 54 kg of food to three video
monitored nsts, with 4, 3, and 2 young, respectivadp¢msandFuller 2003 20039.


http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib074
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib074
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib069
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib042
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib009
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib074
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib074
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib074
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib069
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib118
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib118
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib006
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib019
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib007
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib077
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib074
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib118
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib119

21

These represent estimates of 106, 94, and 110 kg of food delivered between hatch and
fledging to each nest. Based on direct nest observations, Tammeraas (1994 Gaigel in
etal. 1998&) estimated a pair with 4 young eats 71 kg of food during the nestling period.
Hence, theoretical calculated estimates above may be biasgat loinds studied by

direct observation delivered more food than needed. ifoenass per time spent

foraging is higher for larger species, so small prey may only be profitable when they can
be obtained quickly (< 10 minPooleandBoag1988. Adult male Gyrfalcons

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

Metabolism ad Temperature Regulation

No quantitative information, but see Breeding: young birds, growth and development;
and parental care, broodirfglumage 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 do@Wadel982).

Drinking, PelletCasting, ad 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 medsimed bones, and occasionally

vegetable remains from digestive tracts of ptarmigamgvatn1977 NielsenandCade
19901. Probably cast daily, but observations on captive birds indicate that frequency of
casting is determined by amount of casting material consuneehfdfmation on rates

of defecation.

SOUNDS
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Vocalizations

Development.

Call of young (see below, Vocal arrd8eg) 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 juvenil€&gmpandSimmons1980.

Young birds will also hiss when approached by intruders (see Behavior: Agonistic
Behavior, communicative interactions). Young birds acggakvocalization (see

below) by 56 wk of age Cadel1960. No information on timing of development of other

vocalizations in wild birds.

Vocal Array

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

Kak Repeated, relatively short (0.25 s), brdeehd (17 kHz), harmonic call
with moderate intercall interval (0.1 s); a guttufak Kak Kak Similarto all Falco
speciesCadel982. In wild, given by both sexes as alarm or mobbing call and by male
in Mutual Floating DisplayRlatt1977) (see Behavior: sexual behavior, aerial displays).
Limited to alarm call in captive birds.

Chup Repeated {20 times), short (0.1 s), broddnd (06 kHz), harmonic calls
with relatively long and variable intercall interval (05 s); a sharp, loud
Chup...Chup...Chup..Differs from those of Peregrine and Prairie falcons in having
singlesyllable call WregeandCadel977). In wild, given by both sexes during Ledge

Displays, by male during neaerial 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 ih Mutua
Ledge than in Individual Ledge displays. Calling of male becomes faster and louder as
female approaches during Food TransRa(t1977). In captivity, usedby 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, becomi@patter(WregeandCade

1977.

Chatter.Similar to Chup call in length, frequency, harmonic structure, and
number of syllables, but intercall interval short (< 0.1 s); apsisutteringChu-chu-chu
chu No comparable call in repertoire of Peregrine or Prairie falcons. Wild female
Chatterswhen nestlings no longer accept food during a feeding event, often progressing
directly fromChupcalls (TLB). Female may algGhatterwhen 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, slurr@hichichichi,often occurring in bursts. Similar to
Chitter call of Peregrine and Prairie falcoMgrégeandCadel977). In wild, given by
female as male approaches to copulate, by male during copuRlati977), 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 ®jdout also sometimes given by
either sex during Healdw Bow (WregeandCadel977) (see Behavior: sexual behavior,
displays at the nest ledge).

TheChup Chatter, andChitter best described as categories within a continuum of
decreasing call duration and intercall interval, from the dis@mttpto the slurred
Chitter. Though social contexts and functions of these calls differ, intermediate
vocalizations givern transition between calls can be difficult to categorize in the field.
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Wail. Continuous, relatively long (0.%.5 s), 2syllable call with frequency and
harmonic structure similar to other calls, but more energy in lower frequencies, a gradual
increasen frequency over time, and longer and more irregular pauses between calls (0.2
s to 10 min, depending on context); a drawn out, riguagjiik. Similar to wail of
Peregrine and Prairie FalcowregeandCadel977). In wild, used occasionally by
unpaired males following a Ledge Display, and continually during Eigty and Wait
pluck displays (see Behavior: spacing, manner of establishing and maintainiogyferrit
Used by paired males when approaching nest site with food (from distances up to 1.5
km). Also used in combination witkak call during nest defense by both sexes and
occasionally by adult females when on the nest or perch and apparently uncehain of
circumstance or whereabouts of its mate (TLB). A more strident version of this call is
used by female during copulatioRl&tt1977). In captivity, given byboth sexes when
motivated to change social context. As with wild birds, females use distinctive version of
this call during copulationWregeandCadel977).

Whine Similar to Walil in length, harmonic structure, frequency distribution, and
intercall interval, but much lower amplitude; a soft, plaintiagiiik. Similar to Whine in
Peregrine and Prairie FalcowiregeandCadel977). In both wild and captivity, given
by female during Copulation SolicitatioRlatt 1977, WregeandCadel977) (see
Behavior: sexual behavior, copulation). In captivity, also given by either sex during
Headlow Bow (WregeandCadel977).

Beg Repeated, relatively long (1.0 s), brdzahd (19 kHz), harmonic call with
moderately long (0.2 s) intercall interval. A high, harsh, protracted
Screee...Screee...Screewild, given by female when foebegging from male during
Food TransferRlatt1977). In captivity, given only by nestling$\(regeandCadel977).

Phenology

Except forKak call used during antagonistic interactions, vocalizations largely restricted

to breeding season in wild and captive birds.
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Daily Patternof 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 aadyate in day. Wild
breeding Gyrfalcons are active at all hours because of long arctic summePdalgs (
andBoag1988 and thus show lessrhporal bias thaoaptive birdshowever, there is a
quieter time from about 2400 to 0400BopmsandFuller 2003a TJC).

Places ¢ Vocalizing

Site of vocalization deterimed by site of behavior, but all occur within immediate
vicinity of nest site. In wild birdsak, Chitter,and Wail call may be given from air, nest
ledge, or perchChupcall by male occurs at nest ledge or a perch, by female at nest
ledge.Chatter,Whine, and Be@ccur 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 ad Delivery @ Calls.

All individuals appear to acquire samecal array, though there is individual variation in
context and frequency of certain vocalizations€¢geandCadel977). In wild breeding

birds, wide variationn use ofKak 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, kyr-old birds occasionally use vocalizations associated with
reproduction, an@-yr-old captive males usehupcall. Both sexes of-§r-old birds give
Chupcalls but not until well past normal breeding season. Full complement of behaviors
and vocalizations obtained between 2 and 4 yr of Bzt 977, TJC). Seasonal changes

in vocalizations reflect changes in rates of displays; in wild unpaired ridéelss heard

first, in paired bird<Chupcall (males before females, associated witddeeDisplays) is
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heard next; femal@/hine(associated with solicitation), mathitter, and femaléVail

(associated with copulation) occur later.

Social Contextiad Presumed Function$ Wocalizations

See Vocal Array, above, for association betwesgalizations and display&ak and

Chitter considered aggressive calkak used in territorial behavior and both calls used in
nest defense, thoudthitter less so. In captive bird§hitter also seen in concert with
threat displaysWregeandCadel977 and used immediately after capture or when
closely approached by humans (TJChup Chatter, Whine andBegprobably function

in appeasement, as they are asged with passive postures and nonthreatening
behavior. Platt{976, however, describeshatteras agonistic in wild birdd/Vail of wild
males appears to be\aertisement, as it is associated primarily with unpaired males at
nest sites and with paired males approaching from a distance with food. As in captivity,
theWail also appears to be given by either sex when social context changes or is

uncertain in the vd.

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,te.

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 sideside rocking (owing to

relatively wide body). Relatively quick, agile runner, for a falcon. Wil on ground to


http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib112
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib068

27

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 suksghined f

Little quantification of flight. Quartering flight ai 18 m above ground, soaring at' 60

900 m White andWeederil966 Platt1977, Jenkins1982 White andNelson1991). A

soaring male flew a minimum of 44 km in about 67 min, giving a minimum speed of 40

km/h White andNelson1991]). 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 HAennycuicketal. 19949 . Thi s | atter study su
modeo additional power i s gained by reduci
associated with constant circulation of air around the wing) and increasing wing beat
frequency. Tempora disregard for fuel efficiency combined with a substantial aerobic

scope enable the slowBying Gyrfalcon to chase down its fastitying prey. When

stooping, a captive male Gyrfalcon reached a maximum speed of 209TlunKe et al.

1999 . The birdés stoop consisted of three p
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 speess

of 250 km/h or more on very long stoofsi¢keretal. 1998.
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SelMaintenance

Preening, Heaebcratching Stretching, Bathing, Antingte

Not reprted 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 game sid
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 frdyn bo
Bathing in wild birds does not appear to differ from behavior of captive birds. One
bathing bout observed in Greenland lasted 17 denkins1982). Birds kathe in pools of

runoff water on stiffrozen rivers, in pools on tundra, and at edges of flowing rivegt(

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-tasmgth

slope. Both sexes observed dugtbay repeatedly over the course of a breeding season in
a small gravel opening on a sod#ting slope (TLB). Birds scooted down then3gravel

slide while exhibiting bathing motions described above. Captive birds have also been

observed to bathe in snB. 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 sligtly, or lying down in incubating position, sometimes with head on
scrape. Sleeping with head under scapul ars
associated with longest sleep periods. During brooding, female sleeps 28% of time, or

over 6h/d Jenkins1982. Little information on roosting. During breeding season,
probably roosts near nest site; female doe
ceasesMale does not roost at nest ledge. Young roost together after fleddgticher

andWebby1977). Presence of fresh mutes, prey remains, pellets, tracksw) phus
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occasional sightings and molted down and feathers, indicate that most nest sites are used
for roosting during winterGadel96Q Platt1977, Nielsen1986 PooleandBromley

1988h. 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 Ravends nescomm)B. Walton pe

Daily Time Budget

Not well quantified. Shortly before edaying, female spends most of time sleeping on
nest ledgeRlatt1977). For time spet incubating and brooding, see Breeding:

incubation, and parental care. By42wk posthatching, both parents are largely absent
from nest site except to deliver fodelétcherandWebby1977, Jenkinsl978. Seasonal
differences in time budget expected owing to extreme differences in day length between

breeding and witering seasons.

Agonisitic Behavior

Physical Interactions

Both sexes will chase and strike at intiad interspecific intruders during breeding
(Cadel96Q Platt1977, NielsenandCadel990h and nonbreeding seasoi@afichez

1993. Gyrfalcons are believed to have killed intruding Common Ravens, Reggbkd

Hawks Buteo lagopul and Peregrine Falcons (2ade1960. Gyrfalcon will also flee,

at least from Peregrine Falcon, if former is intrudeade1960. In aerial combat

Gyrfalcon sometimes locks talons with intruder; the birds cartwheel down through air and

may strike the ground bound together (TJC).

Communicative InteractiorisThreat Displays.

Involve a combination of behavi depending on intensity: facing toward source of

threat, gaping, erecting feathers, head held along body axis, and hissing. Least intense
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form is Upright Threat. In its mildest form, bird pulls itself upright with beak toward
threat, wings closed, feadts 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 towad 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, flarethéza 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 relaiiveequent 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 ponted down), silent or giving soft, chidike call. Most typically seen during

breeding; see below, Sexual Behavior: pair bond (NJC, TJC).

Spacing

Nature and Extent oféFritory.

Territories centered on nest cliffs, usually regularly spaedléandBromley19880).

Mean internest distances range between 5 and 96.7 km; distances relatedite nest
availability and habitat productivity and vary geograptycahd annually Cade196Q
BurnhamandMattox 1984 Nielsen1986 MossopandHayes1994 ShankandPoole

1994. Actual area most often defended is a horizontal oval < 1,400 m long (centered on
nest ledge) and 40600 m deepRlatt1977).
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Manner of Etablshing and Maintaining @rritory.

Little information on establishment of territories. In Yukon, an unpaired male occupying
a nest site early in breeding season daily gave 4 differenttesgveent displaysHlatt
1977. Eyrieflyby Display consists of male flying (horizontally) parallel to cliff face in a
figure eight about 10 m from eyrie, witihossing point in front of eyrie. RepeatdB2
times, accompanied by Wail; prey often carried. ¥aick Display occurs when male
returns with prey, or occasionally when discarded prey is recovered from perch. Male
begins to Wail and slowly plucks preyaysing to look around but continuing to Walil. 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 vocalizatianore prevalent in unpaired males.

Territories maintained by aggressive vocalizatidak) and pursuit of intruders.
Few documented intraspecific interactions (1 edehkins1978 Platt1977 1989
Woodin1980. Higher frequency of intraspecific interactioms{10) in Iceland may be
related to higher density (mean internest distande861km,Nielsen1986. Likewise,
in w. Alaska with internest distances similar to Iceland, 4 intraspecific interactions near
nests observed in one year, all were resident pairs pursuing intrudsadidts(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 malesNielsenandCade19901).

Interspecific Erritoriality.

Interspecific interactions involve other predatory birds, i.e., Common Raven, Rough
legged Hawk, Golden Eagle, R&lled Hawk Buteo jamaicens)sNorthern Harrier
(Circus cyaneus Snowy Owl Nyctea scandiaga Evans2000, and Peregrine Falcon.
Attacks documented on a red fokulpes vulpesand a wolverineGulo guld near nest
cliff, although a passing timber wol€anis lupu¥, porcupine Erethizon dorsatuin
grizzly bear Ursus arcto}, and caribouRangifer taranduselicited no respons®(att

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 toléegpresence 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 n€side196Q Platt

1977, PooleandBromley 1988a NielsenandCadel19900.

Winter Territoriality.

No information on territoriality of birds wintering at nest sites. Birds wintering outside

breeding area aggressively pursue conspecifics and other predatorioibdsr (989

SancheZA993. 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 thahguoreeding season,;
instead of Aresidento driving Aintruder o a
suggesting this behavior represents defense of individual space rather than territory

defense $ancheZ.993.

Dominance Herarchies

Not known to occur, but females believed dominant over m@ladg1982), and adults

may displace immatureSé&ncheA993.

Individual Distance.

Pairs and nesnates will sit side by side. Once brooding ceases, adults gmpenech
within 100 m of nest ledge, except when delivering fdeldt¢1977). Independent birds
defend individual space (see Demography and Populations) thngeghout annual
cycle SancheZ993.
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Sexual Behavior

Mating Systemrad Sex Ratio

Monogamous. No information on primary sex ratio. Sex ratio of ngstll:1 Pooleand
Bromley1988h Cadeetal. 199%).

Displays at the Nest Ledge

Descriptions of wild birds from Plati®77) unless otherwise noted. Descriptions of
captive birds from Plattl©@77) and Wrege and Cad&9q77). Descriptions presented in
order of occurrence. For deguions of vocalizations and contextual differences between
wild and captive birds, see Vocalizations.

A Visit to the nestonsists of falcon standing alone in normal perching posture, or
walking into eyrie and standing upright. Performed by either seiqda® 21 min; not
described in captive birds as separate display. No vocalization accompanies this activity.
Vertical Headlow Bowgiven with body in normal perching position, feathers sleeked,
and head depressed and oriented away from mate; given ey ssthHorizontal Head
low Bowis 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; vigorousriy of Peregrine Falcon
not seen. Heatbw 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 Heabw Bows are much mordiscrete, less intense, and used
less frequently than in Peregrine Falcon. Males use these displays more frequently than
females in both specieScrapingis done by either sex and consists of bird leaning
forward, rocking from side to side, placing itsigig 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 solitary activity or as part of Individual Ledge

Display.Male Ledge Displaysonsist 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 ahfale, whose reaction determines intensity and
duration of displayFemale Ledge Displaysmilar 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 Dispkypccur 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 femaletuni ng head si deways, orienting
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. dt 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 withirlagigg period.
Rollis 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 witadsurface
down for 1 2 s, then roll is reversed and dive continues in normal flight position. In
UndulatingRoll, male begins a brief glide with extended wings from level flight at
moderate speed; body then briefly rotates laterally about 20°, thessr@&Q° 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 BBO m, then he returns to normal flightsitecon 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 begimnaf second dive, or by
pitching over backward into an inside loop. Males &lshby 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 X Tid®Autual Floating Display male
positions himself 23 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 lastsi13 s, malagives Kak vocalization; constant distance
between pair is maintained. Rassing and Leading Displagnale overtakes flying

female, passing close by, and begins weaving back and forth in front of her. Aerial
displays do not occur in captive birds.

FoodTransfers

Food Transfers begin about 10 d prior to-¢mgng 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 occuperches. 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 patrtially
extended. Female flies to male in a Flutjéde (also alled Sandpiper FlighCade

1960, with shallow wing beats, tail slightly fanned and pointing downward, with a Beg
call. Male picks up food in beak and preseihin Vertical Headow Bow posture,

female lands next to male approaching in a slightly aggressive horizontal posture and
takes food in foot or beak in a Horizontal Hdad Bow posture. In captivity, female

male transfers occur, though less frequettitin malefemale 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 deliverréictly to brooding female (TLB). Aerial Food

Transfers occur prior to eggying 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 towardshn a Flutterglide, 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. &erial 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 us€urved Neck Displaystanding erect while arching neck andnpiog

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 Bow position or turn perpendilar to

her. Females generally respond to Curved Neck Display®@athulation Solicitationin

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. lwvitgpti
females appear to be more aggressive in this posture, often approaching male head
(see above, Agonistic Behavior: communicative interactions, threat displays). As male
approaches for copulation, f emal doowsard Whi ne
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 femaleds hutwmedi and t
i nwar d. Mal ebs wings constantly flap and t
to side. Mal e gives Chitter vocalization.
vertical and slightly to sidallnwléemal eds Wh

copulation can occur up to 29 d prior to dgging and continues through etaying;

each copulation lasts 42 s, during which male makes3ithrusts. In captivity, young

mal es attempt to cl i mb rVWdegkardCadeld7d.n fl y ont
Observations on captive birds at high latitude also indicate that copulations are more
frequent during warm weather and immediately beforelaggg (Seifert1982).
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Duration and Maintenance foPair Bond

Within a breeding season, all pairs remain together at least until young have dispersed.
Roughly talf of territories occupied during nonbreeding season had [paat 1977,
NielsenandCadel1990h), which had presumably remained together yeand. No
information on longevity of pair bond; presumably birds remain mated until one dies,

then readily repair.

Extra-Pair Copulations

Not known to occur. A femalemale 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 Gjershaugetal. 1998; no eggs hatched.

Social and Interspecific Behavior

Degree 6 Sociality

Solitary or in pairs during breeding and nonbreeding sedatt1977, Nielsenand
Cadel9901. Fledglings may roost togethéfl¢tcherandWebby1977. Small groups
(61 8) of immatures sometimes seen in falkfde1982).

Play.

Similar to Peregrine Falcon. Immature birds will attacnimate objects and make
abortive attacks on live animals with no apparent attempt tadal€1953. Unlike

Peregrine Falcons, trained adult Gyrfalconsaenplayful (TJC).

Interactions with Membersf @ther Species

Mobbed by small diurnal passerines. Wintering Gyrfalcons were robbed of prey by Bald

Eagle Haliaeetus leucocephalugDekkerandCourt2003; 1 record of attempted
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robbery by conspecificJenkins1978. Commensal nesting in North America: Canada
GooseBranta canadens)swithin 2.5 and 4.5 m, Common Eid&dmateria mollissinja
and Whitefronted GooseAnser albifron¥ within 36 m, Greefwinged Teal Anas
carolinensi$ within 180 m, all unmolested\(hite andSpringerl965 K. Poole pers.

comm.).

Predation

Two yearling falcons (males) found as food remains in 2 different Common Raven nests,
probably picked up as carrioNiglsenandCadel990h. Remains of juvenile Gyrfalcon
found in two pellets removed from a Gyrfalcon n&igmsandFuller 20033. Golden

Eagle is potential, but not documented, predator of wild Gyrfalcons, as demonstrated by
degree of aggression and caution accorded tRdatt {977). 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
Gyrfal conds wi n gsubsefuerly caught &nd killeddby a Bald Bagle.

BREEDING
Phenology

Pair Formation

Figurel.2 Evidence for yearound occupation of nest sitén Alaska Cadel960),

Yukon (Platt1976, and inland NorthwesTerritories (NWT) Kuyt 1980 Norment

1985. On coastal mainfed of NWT, however, no evidence of occupation prior to Feb
(PooleandBromley1988Hh, perhaps because more severe weather conditions at coastal
eyries or highelatitudes restrict hunting opportunities at winter solstReo{eand
Bromley1988h NielsenandCadel990h). Sites occupied prior to breeding are generally
same sites that are subsequently active during breeding s€éohq76 Pooleand

Bromley1988h NielsenandCadel9908. In Yukon, first observations of paired birds in
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Feb Platt1976, about 1 mo after first observations of unpaired birds and 2 mo prior to
egglaying. In coastal NW, first observations of paired birds in late Apr, about 2 wk
prior to egglaying (PooleandBromley 19880, but birds probably paired earlier (K.
Poole pers.@amm.). Courtship activities begin about 1 mo beforelagmg (Platt1977).

NestBuilding.

No nestbuilding per se. Scraping (pushing substrate asidefedtito make a shallow

depression) begins early in courtship and continues untilasgg.

First/Only Brood er Season

Figure 1.2 Egg dates (ranges include possible renesting attempts): Yukesh Apr
(Platt1977); coastal NWT, 21 Apr30 May PooleandBromley19880); inland NWT, 20
Apri 2 Jun (estimatedkuyt 198Q Norment1985; Alaska, Apr to late May (estimated,;
Cadel960. There is general trend for nesting to occur later at higher latitBdesley
1986, although there is much overlap in egg dates among regions. Egg dates vary
significantly from year to yeaPoleandBromley1988h NielsenandCade19908.
Degree of synchrony within population also varies annuBiboleandBromley 19881).
Chicks hatch after 386 d Platt1977. Males fledge at 4517 d, females at 450 d
(PooleandBromley1988) . Young independe@rampénd4 wk aft
Simmons198Q NielsenandCadel1990h Britten etal. 1995.

Four records ofenesting: 1 in Alaska Rangé#del1960, 1 in NWT (Poole
19883, and 2 in YukonPRlatt1977). Renests occurred after failure (abandonment) of
previous clutchRlatt1977 Poole19883. Recycle time approximately 16 d for both wild
(n=1,Po0le19883 and captiver(= 11 for 2 pairs, The Peregrine Fund) birds.
Phenology similar to first brood, but pd&tdging period may be shortd?@ole19883.
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Second Broodgr 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 tbreeding seasorPlatt 1977, NielsenandCadel19900.
Males sem to predominateRlatt1977 PooleandBromley19881, howeverand have

been observed to advertise for femakiatt1977).

Microhabitat, NesiSite Characteristics

Most (58 91%) nesting occurs in nests of other $ggoarticularly Common Raven,
Golden Eagle, and possibly Roulfyged Hawk; remainder of nest sites on led@zslé
196Q White andCadel971, Barichello1983 PooleandBromley1988h Nielsenand
Cadel19908. Will usurp newly built nest of ravens but not of eagfesaleandBromley
1988h NielsenandCadel1990h. Most (> 80%) nest sites on preitijus cliff faces Cade
1960. Mean nest heighti80 m Cadel96Q White andCadel971, PooleandBromley
1988h). Most (85 94%)sites with overhang€adel96Q PooleandBromley1988h
NielsenandCadel990h Obst1994), except where this is an uncommadiysgical feature
(e.q., Yukon and se. NWT, 33% sites with overhardstt 1977, Kuyt 1980. Substrate
varies with area: in Alaska roughly half ledges shale, half sandstone or conglomerate
(Cadel96Q White andCadel971); in NWT, diabaseRooleandBromley19880. In
taiga of se. and nNWT, > 60% of nests in white sprudei¢ea glaucain nests of
Common Raven and Golden Eaglégn above ground and 3 m below tree top (Kuyt
1962 198Q Obst1994); in w. Alaska nests have been documented in old Common
Raven nests in balsam popl&ofpulus balsamifefa(Kessel1989. In Alaska,

Gyrfalcons have also been recorded nesting on artificial structures, including trans
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Alaska oil pipeline, gold dredges, and sluice boX#hkife andRosenead 97Q Ritchie
1991).

Nest

Construction

None to speak of. Not known to construct stick nests in North America, but reported to

do so in Russian ArctidQadeetal. 199%). Both male and female scrape, which

probably functions as mboeohl dsng. co8tteskipe.
species usually not added to or modified. Stick nests often destroyed during course of

raising young.

Structure ad 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 roughiyL26n deep and we.

Microclimate

Prefers sites not exposed to severe wikigl€1960. In Alaska, 62% of sites oriented
northward Cadel960; in central NWT, no bias in orientatioR¢oleandBromley

1988h Obst1994. In Yukon and se. NWT, most sites oriented south or viRdatt( 977,
Kuyt 1980. This orientation may be preferable in sites lacking overhangs to keep them
free of snow; snowiree sites not frequented preferentially during winter, butentikely

to be occupied during nestingl&tt1976§. Young in nests witlsouthern and western
exposureshowever, appear heatressed on sunny dayddtcherandWebby1977,
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PooleandBromley1988h. No information on indative value of stick nests relative to

ledge nests.

Maintenance or Reusd blests, Alternate Nests

Maintenance of stick nests dependent on other species. Between 1 and 3 alternative nest
sites usually available withiri 1.4 km. Most, but not all, i@ change nest sites between
years PooleandBromley 1988k NielsenandCadel990h Obst1994). Nest ledges

reused over many years; carbon dating of accumulated feces at historical nest sites in

Greenland revealed use ovke past 2,500 year$tie Peregrinéd=und2005h.

Nonbreeding Nests

Not known to occur.

Eggs

Data in this section from The Peregrine Fund, unpublishegpe where noted.

Shape

Short elliptical.

Size ad Mass

Mean length, 58.46 mm (55.661.54 mm); mean breadth, 44.95 mm (484801,n=2
clutches, 7 eggs from Mackenzie, Canada; 3 clutches, 11 eggs from Labrador; Western
Foundation VertebratZoology [WFVZ]). Mean fresh weight of 52 firstutch eggs from
captive birds, 61.99 g + 2.87 SD; captive eggs average 4% shorter and narrower than wild
eggs, which translates to 8.9% difference in mass. Eggs approximately 3.5% of female

body weight ovaall, but no reported values available for individual females. No
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geographic variation in egg size. Egg size varies among clutches of different females, as
does degree of variability?poleandBromley1988h. In captivity, 1 egg (probably last
laid) of 4-egg clutches generally smaller.

Color.

Overall appearance ranges from almost white to uniform reddish brown. Base color white

or yellowish white; variablyotted with cinnamon

Eggshell Thickness

Mean thickness, with membrane 0.429 mm + 0.016 (0@.d90,n = 4 clutches, 14 eggs
from Canada,; collected 1864904 [WFVZ]). Mean weight of empty shell, 5.981 g +
0.474 (5.35b6.615 g,n = 1 clutch, 3 egggdm MacKenzie, Canada;= 2 clutches, 3

eggs from Labrador) [WFVZ]). No geographic variation in eggshell thickness or weight.

See also Conservation and Management: effects of human activity.

EggLaying
Female becomes lethargic about 5 d beforelagigg. No information on time of day of
laying for wild birds. Interval between eggs about 6@lait1977). In captivity, inter
egqg interval decreases withbm@quent eggseifert1982. As many as 13 replacement
eggs laid by a single captive bird when eggs are pulled sequentially. Intraspecific egg

dumping not know to occur.

Incubation

Onset of Broodiness and Incubation in Relatioh.aying

No information on onset of broodiness for wild birds. Incubation typically begins with
penultimate eggRlatt1977) but may start sooner with onset of bad weather (TJC).
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Incubation Patches

Both male and female have 2 paired | ateral

poorly devel ofaddl98dhan f emal eds (

Incubation Period

Incubation period 35 d for wild birdse € 1), estimated at 336 d for 2 other nest®(att
1977. Previous estimates of incubation period much loweér22& Mannichel91Q
Witherbyetal. 1943 Cadel960. Mean incubation period of captive birds 33.29d + 2.13
SD,n =98, range 2041, The Peregrine Fund). Incubation peri®8 8 longer for

captive eggs from same clutch incubated artificially versus natuBsije(t1982).

Parental Behaviar

Both sexes incubate, but males participate only24% of time PooleandBromley

1988h. Length of incubation bouts of females aboutenas long as those of males
(females, 260.6 min + 148.6 SD; males, 140.1 + 58.4 min); only females incubate
through night. Male interest appears to decline during course of incubation ptatid (
1977. Eggs are left uncovered for£2min when adults change places, although during a
period of-35°C temperatures, changeer was accomplished in 245 s, with one bird
sometimes lying down next to other priordeange. Female does not always allow male
to take over incubation, giving agonistic Chatter with-stuétched neck. Birds approach
scrape walking in a horizontal position; at scrape, steps are slow and high with feet
loosely clenched. Feet are worked &ath eggs as body is lowered with rocking motion
and jerking back of head with beak pointed downward. Head movement is also
performed as intention movement prior to incubation. Settling movements are repeated at
irregular intervals during incubation, wiblird generally changing orientation 90°.

|l ncubating birds may Ari mo scrape by scrap
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pieces of debris nearby, creating a ridge around scrape surrounded by an area clear of
debris Platt1977).

Hardiness 6Eggs
No specific information, but first and second eggs of clutch are left unattended in subzero
and freezing temperatures for hours without apparent harm in lidtfPAatt 1977, K.
Poole pers. comm.) and captive bir8gifert1982).

Hatching

Data in this section from The Peregrine Fund, unpublished, except where noted

otherwise.

Preliminary Events ad Vocalizations

In captivity, pipping of eggshell occurs 46.8 = 15.1 h prior to hatchirg94). From

time of pip, cliking noises can be heard coming from egg (presumably from contact
between egg tooth and eggshell). A soft complaining call (similar to Beg Call) often

made by chick during hatching, and can be

vocalization. No informatioln hatching in wild birds.

ShellBreaking ad Emergence

About 17.8% of eggs produced in captivity hatch between 0600 and 0759 h. No captive
eggs hatched between 0100 and 0359 h, but most of hatching uniformly distributed
throughout rest of day andght (n= 101). Duration of hatching process (once chick has
begun to turn in shell) approximatelyi3d min (C. Sandfort pers. comm.). In wild birds,

6 broods hatched within 48 h, 1 hatched within 72 h, and several broods appeared to have
hatched over up 6 d from estimates of chick agé®pleandBromley19880. Such

extended hatching periods may result from incubation starting before penultimate egg in
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very cold weather (K. Poole pers. comm.). In captivity, 8 complete clutches where all
eggs were viable hatched over 95.6 £ 82.4 h (randg®9149 h).

Parental Assistance and DisposdlEggshells

No information on parental assistance. At least som&éaptg most, adults eat eggshells
upon hatch (TLB). Addled eggs, however, are left in nest until ultimately crushed (K.

Poole pers. comm.).

Young Birds

Data from The Peregrine Fund, unpublished, except where noted.

Condition a Hatching

In captivity, hatch weight averages 52.1 g + 3.7 3> (96). No linear measurements
available for hatchlings. Thick primary down uniformly distributed in feather tracts,
except sparser in posteroredial portion of ventral tracts. Bill pale horn in birds that
developgray plumage but ranging from blackish to nearly colorless, gape pink, iris
blackbrown, cere, tarsi, and feet bare, pale yellowastk. Color of first down varies in
relation to color of future feathers: lightest birds have pure white down and colorless
talons as hatchlings; darker birds have a dark wash on down of head and/or back and dark
talons; darkest birds have jet black talons and beak tips. Chicks hatch with eyes open,
slitlike at first; in captivity, egg tooth retained for at least first weedung are able to sit

up on tarsi very shortly after hatching to beg food from adults, but gaping is not oriented
at this age. Hatchlings respond to vibration or sound by-bsagjing. Hatchlings can

move around sufficiently to find warmth.
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Growth and Development

Weight of hatchlings doubles by about day 5. Second down begins to come in at day 8 in
captive birds, emerging from its own follicles, not replacing 1st down as suggested by
Dementiev {960. First downfeathers are replaced in prejuvenal molt by emerging
contour and flight feathers (TJC) During most rapid growil276d), females gain

weight faster than males (59 g/d vs. 50 §dole1989. Primary 7 emerges at about 11 d
and grows in a linear fashion up to about4®d, at about 2 mm/dPpole1989. No
information on timing or sequence of emergence of contour feathers on different feather
tracts, but young are dowsovered until about 3 wk and feathered by about 5 wk. At < 1
wk of age, in 5°C weather, youngi@h move partially out from underneath brooding
female Platt1976. Completion of growth of flight feathers does not occur until after

nest departure.

No obsevations of direct intesibling conflict though older nestlings compete for
food. No specific information on timing of behavioral development. Young birds sleep
lying down, by sitting on tarsi and lying forward on their ventral surface; feet may be
extendé out and back if nestlings are hastitessed. When coktressed, sleep sitting up
with head tucked, or seek out siblings. When older, also adopt adult sleeping postures,
but generally prop themselves against some object. Gradually spend more timegstandin
and less time sitting on tarsi. When able to stand, begin stretching (see Behavior: self
maintenance) and wiriapping. Wingflapping accomplished by leaning forward,
grabbing substrate with feet, and flapping with wings held slightly above and behind
back. Preening behavior begins before emergence of contour feathers. Young first fly at
45150 d of ageRRooleandBromley 1988 before flight feathers are hapgnned.

Parental Care

Brooding

Brooding begins during hatchinB€nte1981). Young are brooded almost continually (>

80% of time) for minimum of 6 dRlatt1977) and maximum of 19 dPpoleandBromley
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1988h, with 10 15 d most typicalJenkins1978 PooleandBromley1988H). Brooding

time subsequently drops precipitousheikins1978, with young brooded only at

Ani ght, 0 during rain s Rlatwdy. Broodimgrceases i ef | vy a
completely as early as 11 BI&tt1977) and as latesa21 32 d Bente1981, Pooleand
Bromley1988h, with 16 25 d pobably more typicallenkinsl978 PooleandBromley

1988h. Male participation in brooding ranges from OP3gtt1977) to 5 25% (Jenkins

1978 Bentel981, PooleandBromley1988h) and is greist during first 5 d after

hatching Jenkins1978. Brooding bouts of females averaged 98 min Platt1977,

Bente1981, Jenkirs 1982); bouts of males about?84 % of f emal es 6, with
bouts/d total for both sexeB¢nte1981, Jenkinsl982. Brooding by male generally

occurs while female feedd€nkins1978. Female sometimes carries or drggang

nestlings by mouth.

Feeding
Feeding of chicks begins on day of hatdbnkins1978 PooleandBoag1988. Age

when chicks begin to cast pellets unknown. Chicks able to stand on prey and pull it apart
by 4 wk of ageRlatt1977), but female continues direct feeding (apportionment to
chicks, not just delivery of food to nest) of chicks almost until fledgiigt{(1977,
Jenkins1978 Bente1981).
Adults first deliver food to nest withut feeding it to nestlings (indirect feeding) at
291 43 d; such deliveries account for only 6% of all feedifyso(eandBoag1988).
Males participate in onl2.319.1% of direct feedingslénkins1982 PooleandBoag
1988 BoomsandFuller 2003h. Male supplies all prey (primarily via food transfer to
female) for first 23 wk (73% overallPooleandBoag1988, at which time female
begins to huntFlatt 1977, Jenkins1978 PooleandBoag1988. Male delivery of food
directly to nest (without transferring female) varies from-82% of all prey deliveries
(Jenkins1982 BoomsandFuller2003h. Type and size of food items same as those
eaten by adults (see Food Habits), but up to 5 wk of age, ptarmigan are brought plucked,

decapitated, and sometimes partially dismembered. By 6 wk, adults begin to bring
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decapitated, pasily plucked ptarmigan that are then plucked on lediat{(1977). Male
may first feed on prey away from nest (see Food Habits: food capture and consumption).
Delivery of prey either fairly uniform throughout dai¢tcherandWebby1977,
Bentel1981 PooleandBoag1989, or exhibiting peaks in late morning and evening with
a significant lull in very early morninglénkins1982 BoomsandFuller20030. Feeding
rates partially dependant orzsiof prey. Peaks at 102 d (maximum 12 feedings/d,
PooleandBoag1988 and 1820 d (maximum 20 feedings/Bente1981). Feeding rates
decrease after 229 d (maximum 620 feedings/dBente1981, Jenkins1982 Pooleand
Boag1988 unless diet shift to small prey occuBopmsandFuller 2003h. Feedings
average 613 min in length Bente1981, Jenkins1982 PooleandBoag1988 Boomsand
Fuller2003b, with average of 8218 min between feedingBlétcherandWebby1977,
Platt1977 Bente1981 PooleandBoag1988. Feedings by males last about half as long
as those by femaleddnkins1982. Adultsappear to be able to adjust prey biomass to
number of youngRoole1988h. Adults apportion food fairly evenly among chickd4tt
1977 Bentel98J). At 15 d, when chicks begin to compete actively for food, distribution
maybecome more skewe®latt1977). Although some have described behavior of
chicks during feeding as aggressivertkins1978, and chicks may or may not mob
adults at feedings, no sibling aggression observed, even at ages near flegia§ 17,
Bente1981]). Degree of aggressiveness may relate to food availability as seen in other

raptor species.

Nest Sanitation

Young defeate by backing away from center of scrape, bending forward as if stretching,
and directing a stream of urine and fecal material away from sclapkiis1982. No
information on frequency of excretion. Use of traditional nest ledges can cause excrement
and nesting debris to become several meters deep oveBiméamandMattox 1984).

Adults remove 1% of prey remains from nest after feedinga(t1977 Boomsand
Fuller2003h. For information on invertebrates associated with nest sites, see

Demography and Populations: diseases and body parasites, and causes of mortality.
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Cooperative Breeding

Not known to occur.

Brood Paragism

Not known to occur, although stray Canada Goose and Reggkd Hawk eggs have

been found in Gyrfalcon nests (TJC).

Fledgling Stage

No information on mass or linear measurements at fledging, though fledglings appear
similar to adults in all but fehér growth and mass. In the Northwest Territories,
fledglings remain within 20800 m of nest fori710 d. By week 2 they travel up to 1

km, still returning to nest regularly. By 20 d pdistdging, some young have moved from
general vicinity of nestRooleandBromley1988h. Fledglings associate with adults and
siblings during fledgling stage, continuing to receive food from pareteat (976
FletcherandWebby1977, Bente1981).

Immature Stage

Little information. Immature birds become independent of pardrisvk after fledging.
Groups of birds sighted in fall are suggested to be comprised of immalac=106Q
Platt1976. Immature birds prey heavily on rodents, passerines, and ytamgigan
(Cadel982. No evidence of immatures remaining on breeding territories during winter
(Platt1977 NielsenandCadel990h and no directional trends of pdidging

movements observe@ittenetal. 1995.


http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib076
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib068
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib033
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib009
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib019
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib068
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib020
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib069
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib061
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib120

51

DEMOGRAPHY AND POPUIATIONS
Measures DBreeding Activity

Age d First Breeding

In Iceland, age at first breeding for one female was 2 yr, age at firstrigdedione male
was 4 yr NielsenandCadel9900h. In captivity 3 pairs of birds with likaged mates

bred at 2 yr, 3 yr, and 4 yr of age (The Peregrine FumdiSifert {982 had 1 pair that
bred when female was 4 yr and male was 3 yr. Suggestion that Palearctic birds may
occasionally breed in first year considetgtikely (DementievandGladkov1957,
CrampandSimmonsl980. Pairs do not necessarily attempt breeding every yeadd¢

196Q NielsenandCadel9900h. Interval between breeding years varies and is dependent

on food supplyNielsenandCadel9908.

Clutch

Mean clutch size 3.72 £T1 (range 15, n = 122 clutches from Alaska, Labrador,
Greenland, and Iceland [WFVZ]). No geographic variation in clutch size documented,
although clutch size declines as breeding season progrBsseh€ll01983. See also
Cade et al.{998) and Potapov and Sal2005 for data outside North America.

Annual and Lifetime Reproductive Success

Over a 10yr period in the Northwest Territories (NWT), Canada, 54% of territories were
occupied each year, on averagédnkandPoolel1994). Over a 4yr period in NWT,

23% of pairs occupying territories did not lay eggedleandBromley19881).

Estimated combined egg and nestling mortality was 48%, giving overall annual
productivity of 1.5 young/active nes?doleandBromley1988H). Brood size averaged

2.54 young over 19r period over entire NWT; no temporal or spatial trends observed in
brood size $hankandPoole1994). Little difference observed between brood size at first

sighting and brood size at fledging, indicating most mortality takes place either at egg
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stage or early in nestling perio@4del196Q Nielsen1986. Over 10yr period, however,
73.6% of occupied territories (43% of available territorieNWT produced young
(ShankandPoole1994), so relatively small proportion of pairs fail completely.

Of 2 copulating captive females, paired as young birdsetached until their
death, 1 produced 97 eggs with 47% fertility, 70% of which hatched; the other produced
90 eggs with 63% fertility, 79% of which hatched. Eggs and clutches were removed from
these birds throughout the breeding season each year, sorauagresent maximal
productivity (The Peregrine Fund). Fertility rates in captivity probably lower than in wild
birds.

Life Span ad Survivorship

Oldest wild bird recovered in Iceland was 12 yr old m@ladeet al. 1998); in the

NWT, a banded female @sghted) believed to be 12 yr old, assuming age at 1st

breeding was 3 yr (K. Poole pers. comm.). Three captive females averaged 12 + 4.6 yr at
death (The Peggine Fund). Of 46 recovered birds banded as nestlings, 67.4% were
juveniles, 93.5% were either juveniles or subadiNisléenandCadel990h. Of another

38 brds found dead or diseased in Iceland, 84% were < 1 yCGiddigerand
Gudmundssoni98]). Little survivorship data from N. America, but breeding adult

survivd estimated at 90% in Iceland; no information on first year survival, but possibly
around 50% Cadeetal. 19983).

Disease ad Body Parasites

One nestling infte Northwest Territories succumbed to an infestation of parasitic fly
Protocalliphora aviumat 10 d of age; infestations of dipteran larvae and fleas also
observedRooleandBromley1988. Mosquitoes can also cause distress to young (TJC).
Several nymphal tickdXodes howel)i collected from 11 d old nestlings in Alaska

(White andSpringer1965. In Iceland, nematod€apillaria contortafound in 36 of 38

birds; 13 birds died from these infestations, remainder only lightly affected. Small
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numbers of other parasites found in intestines in 12 out of 38 biytisenoles sp. (7),
Plagiorchis elegan$2), Cladotaenia cylindraca€?), andMesocestoidesp. (1) (Trainer
etal. 1968 ClauserandGudmundssoi981). No hematozoa observed in the blood of 2
Greenland GyrfalconsTaft etal. 1998.

In Iceland, 8 of 13 birds dying from parasitic infections also had pneumonia.
Corynebacterium muriunsolated from 1 bird an@. pyogenefrom another Clausen
andGudmundssod981). Nonclinical bacterial isolates from wild birds include
Escherichia coliStreptococcusp.,Staphalococcus epidermidaemophilus
aphrophilus Proteus mirabilis P. vulgaris andActinobacillussp. Cooperetal. 1980.
Captive birds susceptible to avian choldtagturella multocidaWilliams etal. 1986,
avian malariaRlasmodium relictum Aspergillosis Aspergillus fumigatys frounce
(Trichomoniasis gallings(HamiltonandStabler1953, and pigen herpes, with all being
potentially fatal. Aspergillosis and West Nile virus most serious infections of captive
Gyrfalcons (TJC). Nonclinical presenceStaphalococcusp., norRhemolytic

Streptococcusp., and various grammegative bacteria observeddaptive birds.

Causes bMortality

Weather probably a major cause of mortality in nest; snowfall negatively correlated with
number of young per occupied nasidlsen1986 PooleandBromley1988h, and nest
abandonment often associated with, and attributed to, isolated events of severe weather.
Nest sites with northra orientation may have higher success than those with southern
orientation Barichello1983 PooleandBromley1988h see Nest: microclimate).
Starvation of nestlings also occuadel196Q PooleandBromley1988h). No record of
predation on nestlings by other species.

Of 23 birds found dead out of the nest in Iceland, 8 (35%) were hit by cars, 7
(30%) hit other objects, 4 (17%ere shot, 2 (9%) were oiled, and 2 were found
emaciatedNielsenandCadel990h. Of 38 unbanded birds found dead or diseased in
Iceland, 13 (34%) died from pasitic infections, 12 (32%) were shot, 8 (21%) died of

trauma, 2 (5%) were oiled, 2 died of unknown causes, and 1 (3%) was poiStaexk(
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andGudmundssoi98l). Several birds in se. Northwest Territories poisoned by
strychnineloaded caribou carcassyyt 1980. Humanrelated causes of mortality may

be lower in Noth America, where Gyrfalcon populations are more isolated.

Range

Initial Dispersal fom Natal Site

No information on natal dispersal or philopatry in North America. In Iceland, two males
found breeding 14 and 25 km from their natal site; two fenaked 53 and 84 km from
natal site Nielsen1991).

Fidelity to Breeding Siterad Winter Home Range

Nest sites are traditional and may be used for genesatowt little information on

fidelity of individuals. Generally thought to be site faithful. In Iceland, 2 banded females
remained faithful to sites for 3 and 4gyNielsenandCadel990h and in w. Alaska, 1
banded female remained faithful to site for at least 3 yrs (TLB unpub. data). Maximum
known number of consecutive years for site occupation is @yurnhamandMattox

1984 PooleandBromley1988Hh. One banded female in NWT observed 19lgter on

same territory, ahough fidelity to this site may not have been continual (K. Poole pers.
comm.). In South Dakota, 1 subadult female established winter home range<S5®4th >
overlap in 2 consecutivey (SancheZ.993.

Dispersal fom Breeding Site

Almost no information in North America; one banded breeding female bred 5 km (in a
different historical territory) from nest where captured (TLB unpub. data). Breeding
females reaptured in Iceland in same territory and within 5.9 km of previous nests
(Nielsen1991)).
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Home Range

One female with older nestlings remained within 312d¢ eyrie during all activities; the
male patrolled an area of about 200°%kat one point traveling up to 24 km from nest

site. Range size probably varies annually and geographically with prey abundémitee (
andNelson1991). One breeding female harnessed with a satellite transmitter in
Greenland ranged over 589 k@Klugmanetal. 1993. All radio-tagged wintering

subadults in South Dakota £ 4) established home ranges; mean maximum home ranges
were 4,422 + 956 ki high-use areas (85% harmonic mean) averaged 1,586 + 263 km
and average range length was 32.3&l8n. Two birds with adjacent ranges shared only

5i 7% (247 knf) of their ranges, and another 2 had ranges with no ovéStapghez

1993. Range lengths of immares averaged longer than those of subadulsy, 94.9 +

31.7 km) and generally showed little reuse of area. One immature did appear to set up a
home range south of his study ar8arfcheZ993, and 1 immature in Washington
established a home range similar in size to that obsluilts in South Dakotdpbler

1989.

Population Status

Numbers

Alaska (White andSpringerl965 Rosenead 972 Swartzetal. 1975 Swemetal.

1994). Totalknown pairs about 180, estimated pairs about 835; north (northern

slope Brooks Range and Arctic slope), about 90 pairs known at 1/78ujo 9 in 38

km along rivers with suitable cliffs; west (between Brooks Range and Alaska Peninsula),
about 56 pirs known, estimated about 132 pairs at 1/178 &/,000 knd; central

(Alaska Range, Wrangell Mtns., southern slope Brooks Range), about 26 pairs at 1/212
km?, largest region, most not surveyed; southwest (Aleutians and Alaska Peninsula),
about 6 pairs kown, estimated about 36 pairs; south/southeast (Gulf of Alaska and

Pacific Ocean), about 3 pairs known, estimated about 30 pairs.
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Yukon (MossopandHayes1994). Total known pairs about 240, estimated about
748, total estimated population 2,490180 birds; North Slope, about 106 pairs known in
17,500 krd at 1/165 krfi, nearest neighbor distance 8.1 km, estimated about 188 pairs in
31,020 kni; southern Richardsavitns., about 17 pairs known in 15,947 %at 1/1,724
km?, nearest neighbor distance 18.2 km, estimated about 90 pairs in 85,2@givie
Mtns., about 58 pairs known in 17,302 %at 1/299 krfi, nearest neighbor distance 11.0
km, estimated about 184 p&in 54,903 kfi Dawson Range, about 10 pairs known in
5,030 knf at 1/505 krf, nearest neighbor distance 25.6 km, estimated about 155 pairs in
78,450 knf; Kluane Range, about 6 pairs known in 10,227 km2 at 1/1,685datimated
about 11 pairs in 18,9061%; Macmillian Pass, about 7 pairs known in 10,965 &m
1/1575 knf, nearest neighbor distance 96.7 km, estimated about 28 pairs in 42,436 km
Coast Mtns., about 36 pairs known in 10,023 kainl/279 krfi, nearest neighbor distance
12.4 km, estimated abb82 pairs in 25,550 kfmn

Northwest Territories(ShankandPoole1994). Estimated total pairs about 1,300,
estimated total population about 5,000 birds; QUugerabeth I., estimated about 45 pairs
in 17,000 km of coastline at 1/375 km of coast, mean internest cist&nkm; Low
Canadian Arctic.lestimated about 175 pairs in 26,000 km of coastline at 1/150 km of
coastline, mean internest distance 50 km; mathtzoast, estimated about 195 pairs in
8,500 knf at 1/175 1/875 knf; mainland interior, estimated about 450 pairs in 900,000
km? at 1/2,000 krfi Mackenzie and Richardson Mtns., estimated about 425 pairs in
150,000 kr at 1/350 krA.

British ColumbiaFifteem br eedi ng | ocations known,
(Campbelletal. 1989.

QuebecS. Quebec, about 15 pairs known; Ungava, about 35 pairs known;
Huds on & s amlawy. islandsaabdout 50 pairs known; n. Quebec, estimated
population > 1,000 birds (M. LaPage pers. comm.). Most of Hudson Bay islands and
much of mainland unsurveyed.

Labrador. 10/ 12 known pairs; estimated population much higher; surveys not

conductd specifically for this species (J. Brazil pers. comm.).

S

(
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GreenlandKoskimies 0063 estimates 50Q,000 pairs, though many areas
remain unsurveyed.

North Ameica. Approximately 3,400 to 4,300 nesting pairs, based on estimates
above; 2,925 to 3,875 more recently estimakatgpovandSale2009. No information
on siz or status of nebreeding population.

Worldwide.Former estimate of 15,0007,000 pairsGadel982 too high based
on overestimated range ofil& million knf); recent country by country estimates yield
total of 7,880 to 10,900 breeding paiPof{apovandSale2005. No information on non

breeding population.

Trerds

No evidence of longerm population changes in North Ameriégyfe andGrier 1972
Cadel982 MossopandHayes1994 ShankandPoole1994 Swemetal. 1994, except

for s. coast of Labrador and adjacent Quebec, where Gyrfalcons may have been more
common breeders during the Littleel Age, which did not end until mitBOOs Audubon
1897 TownsendandAllen 1907); however, most of Nearctic range has not been
surveyed or monitored. Some historical losses noted in Scandi@adadtal. 1998)),

but seeKoskimies R006H.

Population Regulation

Breeding population size limited by presence of suitable nest sites and sufficient prey
(ShankandPoolel994). Size of breeding populations fluctuates widely among years
(Swartzetal. 1975 Platt1977 Nielsen1986 MossopandHayes1994 Swemetal.

1994). Population changes irregular, i.e., not cyclisame areas (e.g., Alaskdindell

etal. 1987 Mindell andWhite 1988 Swemetal. 1994 but cyclic in others (e.g., Yukon,
MossopandHayes1994). Size of breeding populatiaorrelated with ptarmigan

numbers in most populations (Mossop and Ha@&2 1994 Nielsen198§. In Iceland,

total number of Gyrfalcons present in late summer and number of occupied territories
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were correlated with ptarig@n density with a 2 andyg&ar time lag, respectively
(Nielsen1999. Reproductive success of individual nests mimics trend in population size
(i.e., higher wien occupancy is higher) in some arddsgsopandHayes1994 but not

in others MossopandHayes1982 Nielsen1986 ShankandPoole 1994 Swemetal.

1994). Conflicting trends may reflect geographic variation in temporal stability of
ptarmigan populationgMossopandHayes1982 or availability of alternative prey
(MossopandHayes1994).

Specialiation of Gyrfalcons on ptarmigan does not appear to influence ptarmigan
population levels in some regiorsydmundssoi972. In Iceland, however, Gyrfalcon
andptarmigan numbers regularly fluctuate in ayt@ycle (NielsenandPéturssori995,
and Gyrfalcons influence the ptarmigan cycle by accelerating populatbnese
accentuating the amplitude of the cycle, and affecting the duration of the low periods of
the cycle Nielsen1999. This suggests Gyrfalcon predatiorusas the ptarmigan
population cycles in IcelandnchaustiandGinzburg2002 and likely influences the
cycles in SwederNystrometal. 2006.

Reproductive success and timing are related to wedtlelsén1986 Pooleand
Bromley1988h, but weather is not correlated directly with size of breeding population
(PooleandBromley1988h. Geographic trends in population density correlate with
higher summer temperatures and taller willows, which may reflect relative productivity
of habitat ShankandPoole1994) and availability of winter cover for ptarmigan.

Although sizes of local breeding populations vary annually, there is no indication that the
Gyrfalcon population as a whole responds in @inmhanner.

Although Gyrfalcons have breeding requirements similar to those of Peregrine
Falcons, Rouglegged Hawks, Golden Eagles, and Common Ravens, there is no
evidence that interspecific competition influences size of Gyrfalcon breeding populations
or their reproductive succesS¢de196Q PooleandBromley19883. Conversely, these
other species provide potential nest sites for Gyrfalcons. Sites where pairs depend on
stick nests may be occupied less frequently than ledge sites because young Gyrfalcons

destroy much of nest, requiring a renesting attempt by otheiesge maintain it
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(Burnham and Mattog984). Use of some nest sites by Gyrfalcons and other species in
alternate years has been observed in AlagKaté andCadel971 Swemetal. 19949

and NWT PooleandBromley19883. Intraspecific competition may be important; in

NWT, Gyrfalcons nesting close to each other have lower reproductive success than pairs

nesting farther aparPpoleandBromley19883.

CONSERVATION AND MANAGEMENT

Effects d Human Activity

Not particularly aggressive when humans intrude on nest site, often slippingagvay
circling silently, though individual birds vary in degree of aggressive@a$e(982).
Some pairs become habituated to presence of humans on foott at tiakances of 300
m (Platt1977, PooleandBromley19880. Improper approach to nest, however, can
cause exposure, injury, or death of nestlirgy®nley1986. In Yukon, birds were
always disturbed by helicopter ovegtiits at 150 m above nest site, less frequently
disturbed at 300 m, and not disturbed at 600 m; birds were more disturbed by lateral
approaches than approaches from ab®\&tt(1976; may attack fixeewing aircraft (C.

M. White pers. comm.). Disturbance from overflights did not result in abandonment or
reduced productivity, but disturbed birds were less likely to reuse same nest site
following year Platt1977).

Gyrfalcons may be negatively affected by radio and satellite backpack
transmitters. One adult female temporarily abandoned its nest and regularly fought with
its harness for a week after transmitter deployment, though it successfully fledged young
(TLB). Of 11 fledglings and 3 breeding adults harnessed with apprex ti@hsmitters
in w. Alaska, none were detected alive the following breeding season except fadwdt
that had removed its transmitter harness. One adult and 1 fledgling were confirmed dead
the spring after deployment; fates of the remaining birds unknown (TLB unpub. data). No
definitive data available on effects of transmitters on Gyrfalconsdaurt information

available and field observations of harnessed birds suggests birds negatively affected.
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Although shooting is a significant cause of mortality in IcelaDidserand
Gudmundssoni 981, NielsenandCadel9900h, there is no information on the incidence
of shootings in North America; presumably there lddae fewer as North American
Gyrfalcon populations are more isolated from human populati®msnkandPoole

1994). Little mortality caused by accidental caun ptarmigan or fox traps in N.
America, although this appears to be a significant source of mortality in ROsden(
andPaklina200Q PotapovandSale2005.

DDT contaminant levels were generally low in North American Gyrfalcons,
almost an order of magnitude lower than those of arctic Peregrine Falcons, although
levels of some individuals approached those of Peregi@edeétal. 1971 Walker
1977). Because most Gyrfalcons are resident, live in areas remote from pesticide use, and
feed on normigratory prey, they are generally less susceptible to contamination than the
migratory Peregrine. Eggs and lipids of Alaskan Gydatccontained both DDE (290
ppm) and PCBs (5i210 ppm) Cadeetal. 1971, Walker1977). Eggs of birds from
Northwest Territories (NWT) contained low levels of DDT, DDE, PCBs, oxychlordane,
dieldrin, heptachlor epoxide, and aroclor 1254/12®Knley1986 PooleandBromley
1988h. Levels of DDE and PCBs in tissues of resident prey species insufficient to
account for higher levelsf contaminants observed in some individuals. Migratory prey
species such as shorebirds hatl10D times contaminant levels of resident species and
probably account for higher levels of contaminants in some individ&dikér1977). In
Greenland, where both predator and prey are resident, DDE was the only contaminant
found in plasma; not found in all samples, and occurred at lower levels (< .02 ppm wet
weight; Jarmaretal. 1994. Icelandic ptarmigan had low levels of organochlorine
contamination compared to migratory or mafassociated avian prey species
(Olafsdottiretal. 2001). No eggshell thinning or other effects on reproduction noted
(Cadeetal. 1971 Walker1977).

Gyrfalcon mercury levels in Europe (1.72 + 3.35 ppm) also lower than in
Peregrine Falcons (17.6 £ 6.99 ppm). Meydevels higher in migratory (aquatic) prey,

particularly shorebirds, and in Gyrfalcon nestlings fed a greater proportion of aquatic
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speciesl(indberg1984). Lower levels of platinum group elements and organochlorines
in Gyrfalcons compared to other raptors in Europe as Welizkeetal. 2002 Jenseret

al. 2002 Ek etal. 2004). Gyrfalcons in Greenland had lower mercury levietn

Peregrine Falcons or Whitailed Eagle Dietz etal. 2006. Overall, Gyrfalcons have low
levels of contamination; those consuming migratory, maeeeling, or insectivorous
avian prey have higher contaminant loads than those relying on resident ptarmigan
populations.

Habitat modification, egg collection, and falconers have all been blamed for
population declines in Scandinavia and adjacent portions afrfdrdnd RussiaCfamp
andSimmonsl198Q but seeCadeetal. 1998 for evaluation), and removal of wild birds
to commercial markets may threaten some populations in Rigsi#éd(Working Group
on Birds of Prey1992 PotapovandSale2005. Remoteness of breeding sites in North
America has prevented such factors from negatively influencing these populations.
Human populations and Ggicon populations are not necessarily incompatible,
however, as shown by high density of birds in Iceland, where the breeding population
endured a loss of about 25% of its annual population (owing to export of birds to Europe)
in prior centuries withoutoingterm decline, and where much of habitat is overgrazed
(Cadel982 NielsenandPéturssori995.

Most significant current and likely future effects of human activity on the
Gyrfalcon are those of global warming. Although research in this field is just beginning
and the current effects on Gyrfalcons can only be sediy correlationsThe
Peregrind~und20053, birds and other fauna are extending their distributions northwards
and spring events are occurring earlier inamydance with documented climatic
warming ThomasandLennon1999 Parmesam@andYohe 2003 Hitch andLeberg2007).

The tundra landscapes to which Gyrfalcons are adapted are undergoing habitat change
through shrub expansion Alaska, Canada, and likely across the circumpolar Arctic
(Sturmetal. 2001, Tapeetal. 2006. From 1949 1998, mean annual temperatures in
Alaska have increased up to 2.2°&igffordetal. 2000. The Gyrfalcon will Ikely be

affected by these changes through numerous direct and indirect pathways. Likely
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candidates include range constriction, changes in diet and breeding phenology, shrinking
foraging habitats, thermal stress, increased human access to and disturinests of

extreme weather events affecting survival and nesting, and interspecific competition.

Management

No active management in North America. A few independent;termg monitoring

projects in parts of Greenland, Canada, and Alaska, though not ceeddina

The Gyrfalcon is protected in both Canada and the U.S. but is not listed as endangered or
threatened. Because of the speciesd6 use in
markets, however, its status has been controversial. North Americamjapsiwere

initially listed under Appendix | of C.I.T.E.S. (normally reserved for endangered species;
prohibits import and export for commercial purposes) but were moved to Appendix Il in
1981. In 1985, despite Canadian opposition, they were moved bAppémdix | in

response to a proposal by Norway and Denmark, which had noted declines in Palearctic
populations RParrishandWhite 1987). Management of North Aarican falcons is under
state and provincial jurisdiction, but in
coordinated through the Western Raptor Committee, comprised of representatives from
wildlife agencies from each jurisdiction.

There havédeen two Canadian attempts to manage the Gyrfalcon as a renewable
wildlife resource for use in falconry: in the YukaddssopandHayes1982 and in the
Northwest Territories Bromley1986. Although biologically justifiable, these programs
have met with limited success owing to political difficulties. Meanwhile, eapti
propagation has provided an increasing number of Gyrfalcons for falconry. Since the first
Gyrfalcons produced by The Peregrine Fund at Cornell University in Toe1986),
many hundreds of Gyrfalcons have been reared by a number of private breeders in
Canada and the U.S., and many more in Europe. Most Gyrfalcons now flown in North
American falconry are captivyeroduced birds. Legal, regulated harvest otlwehught
immatures, however, does occur, for noncommercial use only, in several states/provinces

and likely has little or no impact on population viability.
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APPEARANCES

(see also Systematics: Geographic VariatiGyrfalcons have 10 functional primaries,
13 secondaries (including three tertials), and 12 rectrices. Plumage aspect varies
extensively across large geographic areasJskesoretal. 2007), with "white,"
"gray/intermediate” and "dark" variants (see below). No geographic variation in molt

strategies has been reported.

Molts

Molt and plumage terminology follows Humphrey and Park@89 as modified by

Howell et al. 2003 2004). Gyrfalcon exhibits a Modified Basic Stratedyofwell etal.

2003, including complete prebasic molts and a limited preformative molt in some
individuals Pyle20053, but no prealternate molt€ampandSimmonsl980 Forsman

1999 Wheeler2003a 2003h Pyle2008 Fig. 4). The second prebasic molt typically

results in definitive plumage aspect, although some juvenal and/or formative feathers can

be retained through the second cycle.

Prejuvenile (First Prebasic) Malt

Complete JunJul, in the nest. Primary 7 emerges at about 11 d and grows in a linear
fashion up to about 4@2 d, at about 2 mm/dPpole1989. No information on timingr
sequence of emergence of contour feathers on different feather tracts, but young are
down-covered until about 3 vdand feathered by about 5 svlkCompletion of growth of

flight feathers does not occur until after fledging.
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Preformative Molt

Absentto limited, Now+Mar, primarily on norbreeding grounds. Can include up to 30%
of body feathers but appears to be absent in most individeps2005a 2008. No

wing coverts or flight feathers replaced.

Second Prebasic Molt

Incomplete to complete, M&ep, primarily on breeding grounds (although individuals
not breeding during this cycle). Molt continuous without suspensions. Retention of
feathers as in Definitive Prebasic Molt (see below) perhaps less common due to lack of
energy constrats related to breeding. Demeai(1960 suggested that birds undergoing
their Second Prebasic Molt may begin body molt in winter and replace flight feathers in
spring but this likely based on preformative molt followed by beginafrrebasic molt

(cf. Pyle20053.

Definitive Prebasic Molt

Incomplete to complete, Agbct, on breeding groundBémentev 196Q Crampand
Simmons1980. Primaries and secondaries each replaced both distally anchphgx
from centers at pp5 and s5Nliller 1941, Pyle2005h; e.qg., typical sequence of
primaries 45i 6 3i 71 21 8/ 91 11 10. Reports of initiation at p3, p6, or pNdller 1939
Dementiev and Gladkoi957 require confirmationDuration of primary molt 98127 d
(CrampandSimmons1980 to approximately 150 d in captive birds (TJC). Tertials molt
outward in sequence to meet proximgllaeement wave beginning at $%a(merl1988.
Rectrices generally replaced distally on each side of tail but r6 usually replaced before
medial rectrices; typidaequenceil2i 3i 41 6i 5 or T 21 61 3i 4i 5. Duration of rectrix
molt 75 84 d CrampandSimmonsl1980 to approximately 100 d in captive birds (TJC).

A period of dowrmolt precedes molt of contour feathers and then stops; a second
period of down molt occurs at end of body molt. Uncertain whether these 2 episodes of
down replacement represent full or partial down molts (TJC). Early replacement of down
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may be related tbrooding young in cold climates; later replacement (during hot
weather) may facilitate thermoregulation (Palrh@89.

Molt of pennaceous feathers begins withraries and rectrices; secondaries and
body feathers follow soon after. In breeding individuals molt can begin during incubation
and suspend for chieleeding after 44 medial primaries (among i), -3 medial ss
(among s4s6) and the tertials nave be@placed; molt averages earlier commencement
and more feathers replaced before suspension in females than males. No captive birds
have been observed to interrupt molt during breeding; on the contrary, if a bird is going
to breed, even very late in the sea, molt will be delayed; likewise early molt is an
indication a bird will not breed in captivity. Scattered wing coverts, body feathers
(especially on rump), and occasionally p10 and/or s1 can rarely be refaemadr{tiev
and Gladkow957, Johnsgard99Q SancheZ 993 Pyle2008 TJC); retention perhaps
more common in successful breeders due to energy constraints. Reports that juvenal

feathers can be retained through third cycle unlikely and require confirmation.

Plumages

SeeDementev andGladkov (1957, Friedmann 1950, Roberts 1959, Crampand
Simmong(1980) Palmer(1988) Cade et al.1998), Forsman1999, and Wheeler
(20032 2003h for detailed plumage descriptions. Following taken from these and
Williams and Matteson1©48, Brown and Amadonl@68, Potapov and Sal@05,
and examination of 68 North American study skins, and 14 live or reegdly birds by
Clum and Cadel@94). Color terminology follows Smithel@75. All colors observed on
Gyrfalcons fall in yellow/yellowred continuum; &lcolors tend to be of moderate value
(3i 7) and poorly saturated (< 4.0). Plumages of all birds contain 2 basic colors: a lighter
Abackgroundo color and a darker fmarkingo
feathers. In their quantitative studf/plumage coloration in the Gyrfalcon, Potapov and
Sale 2005 found no feathers that reflect in the uttialet range of the spectrum.

The Gyrfalcon shows ¢éseme variation in plumage color and pattern, exhibiting a

range from almost uniform white to uniform brownislack. Intermediate plumages
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form a continuous gradation between the two extremes with no distinct breaks or
divisions. Although not uniformly aged upon (seBotapovandSale2005, use of terms
that describe distinct, identifiable color
Gyrfalcons is incaoect Cadeetal. 1998, Flann2003,Cade2006 and misleading. For
convenience, most birds are lumped into one of three generalized descriptors: white,
gray/intermediate, and dark "variants". Each group is describeds tdra range of

patterns and colors. White variants have a large proportion of background color to
marking color; reverse is true for dark variants; gray/intermediate variants have
intermediate amounts of both. The change in proportions results fromesharigngth

and width of shafstreaks on spotted and streaked feathers (generally on head and ventral
body surfaces) and in completeness of barring on barred feathers (generally on mantle,
wings, tail, and legs). In complete barring, dark bars are canigifrom one lateral edge

of feather to the other with bands of light background color between; in incomplete
barring, background color on either side of shaft is interrupted in middle by darker
marking color. Juveniles and adults, as well as males amalds, show differences in
proportions of background to marking colors. Adults have smaller or nesthesdks on

breast, belly, and head, compared to immatures. Ventral surfaces more likely to be
spotted and barred rather than streaked; immatures asivagked. Males generally less

heavily marked on ventral surfaces, but females often have lighter markings on head.

Natal Down

(May-Jul) uniformly distributed in feather tracts, except sparser in postegdral

portion of ventral tracts. Color oir$t down varies in relation to color of future feathers:
lightest birds have pure white down and darker birds have a dark wash on down of head
and/or back. Second down is lighter in color and denser than 1st and begins to come in at
day 8 in captive birddt emerges from different follicles than 1st down; pinnaceous
feathers later erupt from these same follicles, the second down adhering to the feather

tips. Young are dowwovered until about 3 véand feathered by about 5 sk
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Juvenal Plumage

(Aug-Jul). Juvere primaries are thinner and more tapered, and have rounder bars (oval
shaped), when presertian definitive primaries. Juvdairectricies are narrower and
more tapered than definitive rectric&syle 2008.

White variantswith background color overall white to a dilution of pale horn
color (92). Forehead, crown, and nape finely streaked with Van Dyke brown (121);
mantle moderately to heavily markdthaving feathers incompletely barred olive brown
(28) to sepia (119) with arrowhead tips of same color and broad light margins both
terminally and laterally; breast and belly lightly to moderately streaked with Van Dyke
brown teardrops; tail clear or ligi to heavily barred olive brown to sepia; primaries
with broad irregular subterminal band Van Dyke brown to sepia, variably barred with
same color on inner web; secondaries incompletely barred with olive brown to Van Dyke
brown; axillaries and underwirgpverts with Van Dyke brown shadtreaks or
arrowheads.

Gray/intermediate variantwith forehead, crown, nape, and cheeks pale horn
color heavily streaked with olive brown to Van Dyke brown; nape sometimes with
conspicuous ocelli (eykke patches) of pal horn; weak facial stripe of Van Dyke brown;
mantle pale horn color (occasionally salmon, 6) almost completely barred with olive
brown to Van Dyke brown; breast and belly pale horn color moderately streaked with
olive brown to Van Dyke brown; tail pale tmoto light neutral gray heavily to moderately
barred with olive brown or Van Dyke brown, dark marking color sometimes surrounds
spots of pale background color (similar to Saker Falcon); primaries pale horn with
irregular Van Dyke brown to sepia incomplétaring; secondaries pale horn
incompletely barred olive brown to Van Dyke brown; axillaries and underwing coverts
barred olive brown to Van Dyke brown with pale horn color margins and spots.

Dark variantswith forehead, crown, nape, mantle, and cheekeumly Van
Dyke brown, sometimes with darker shafts; breast and belly pale horn heavily streaked
with olive brown to Van Dyke brown; tail light neutral gray (85) strongly barred with

olive brown to Van Dyke brown or uniformly Van Dyke brown; primarie® fredrn
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color with heavy irregular Van Dyke brown to sepia bars on inner webs, and leaving pale
horn color spots or speckles on outer webs; secondaries pale horn color heavily barred
olive brown to Van Dyke brown; axillaries and underwing coverts heavitetalive

brown to Van Dyke brown leaving minimal pale horn margins and spots.

Second Basic Plumage

(SepAug). Aspecs like that of Definitive Basic Plumag®elow) but one to a few
juveniewing coverts and/or body feathers (especially on rump)med, worn, and
showing paerns of juverie feathers. Rectrices and body markings sometimes
intermediate in pattern between juvbenand definitive basic patterns. Primaries and

secondaries showing even molt clines, (i.e., without "suspension lifRyti&2008).

Definitive Basic Plumage

(SepAug). Definitive basic primaries are broader and more truncate at tip, and have
squarer bars, when present, thavepal primaries. Definitive rectricies are broader and
more truncated than juvenal rectricByle 2008. Individuals in their 3rd cycle or later

can be idenfied by the retention of feathers, as in Second Basic Plumage, but retained
feathers proportionally less worn and showing shapes and patterns of definitive feathers.
Markings also not intermediate and in some cases i@ gxtremely white variants) may

in certain cases be diagnostic of older individuals but more study is needed.

White variantsvith background color white; forehead, crown, nape, and cheeks
clear to finely streaked with sepia; mantle lightly to heavily marked, having feathers
subterminallyspotted to completely barred with sepia; breast and belly clear to lightly
marked with small sepia teardrops; tail clear or subterminally spotted to strongly barred
with sepia; primaries with broad irregular sepia subterminal band, incompletely barred
with sepia on inner web; secondaries incompletely barred with sepia; axillaries and

underwing coverts clear to lightly marked with sepia shaftaks.
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Gray/intermediate variantwith forehead, crown, nape, and cheeks white to pale
horn color lightly to heawl streaked with dark neutral gray (83); hape sometimes with
conspicuous ocelli (eykke patches) of white to pale horn; variably conspicuous malar
stripe of dark neutral gray. Mantle background light neutral gray completely barred with
dark neutral grayBreast and belly white to pale horn color (breast occasionally salmon)
moderately barred (anteriorly) and spotted (posteriorly) with dark neutral gray. Tail pale
horn color to light neutral gray heavily to moderately barred with blackish neutral gray,
someimes surrounding pale spots (similar to Saker Falcon). Primaries white to pale horn
color with irregular sepia bars on inner webs, and sepia with irregular white to pale horn
color spots on outer webs; secondaries white to light neutral gray incom platedy
with a dilution of sepia; underwing coverts and axillaries white to pale horn color barred
with blackish neutral gray.

Dark variantsoverall Van Dyke brown, except breast and belly background
varying from pale neutral gray (86) to pale pinkish u#f1D) heavily streaked
(anteriorly) and barred (posteriorly) with Van Dyke brown; tail neutral gray strongly
barred with Van Dyke brown, darker color often mottling lighter color, barring faint in
darkest individuals; primaries and secondaries pale hostlyrobscured with heavy
irregular sepia barring or heavy mottling; underwing coverts and axillaries heavily barred

with Van Dyke brown, leaving only small spots or barring of white background.

Bare Parts

Bill.

Yellow (white variants) to bluish hoffgray/intermediate and dark variants) with darker

tip in first-cycle (sometimes completely dark in juveniles of dark variants) and paler

(sometimes with almost translucent tip) in adult male. Adult dark variant bill variable,

ranging from blue horn with atkish tip to blackish fading to yellowish horn at base.
Cere and gape greenish bluish gray to greenish-¢fde) to yellow (adults).

Bill and cere colors can be slow to develop, duller in seayete than in older birds,
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and also tend to be brightermales than in females. Hatchlings with bill paler and cere

and gape pinkish to yellowish.

Iris.

Dark brown in all ages and variants.

Legs and Feet

Pinkish (hatchlings) to greenish blgeay (firstcycle) to yellow (adults). Leg color may
beintermediate during second cycle and, in adults, averages brighter yellow in males

than females. Talons pale horn (white variants) to dark horn or black (dark variants).

MEASUREMENTS

Mass

Largest species in gen&salco, males from 800 to 1400 g, female300 to 2100 g (lower
values probably from individuals in poor physical conditiGadeetal. 19983). One
captive male with West Nile Virus dropped from normaight of 11501200 g to 750 g
and survived to regain normal weight and activity (TJC). Mass of normally functioning
individuals can vary by 25800 g depending on sex and nutritional st@@deetal.

1998&). Moderate reversed sexual size dimorphism: In series of 5 geographical samples

male averages for mass ranged from 64.3% to 74.0% of female avd3emes 4nd
Amadon1968 CrampandSimmonsl98Q0 ClumandCadel994 Cadeetal. 19983,
PotgovandSale2005. No geographic trends noted in sexual size dimorphism. Slight

geographic differences in overall size: Largest birds occur in Iceland and Greenland,

smallest in North America and Scandinavia. Apparent trend towards increase in size from

west to east in Eurasi®émentievi96Q Palmer1988 ClumandCadel994 Cadeetal.
1998, PotapovandSale2005. No seasonal change in body mass documented, but data

are few.


http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib123
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib123
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib123
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib014
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib014
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib025
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib126
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib123
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib181
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib026
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib065
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib126
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib123
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib123
http://bna.birds.cornell.edu/bna/species/114/articles/species/114/biblio/bib181

71

Linear

SeeTablel.2. Linear measurements show slight geographic variation and parallel
differences in body mass and findings of significant genetic difference between island
(Greenland and Iceland) and continental (Europe and North America) populations
(Johnsoretal. 2007). As examples, wing length of museum skins measured flat for
worldwide sample of 243 males was 368.2 mm + 12.64 mm (SD), and for 362 females,
403.9mm + 12.44 mm (SD)RotapovandSale2005. For Iceland, male wings of 4 live
specimens measured flat averaged 373 mm = 8.0 mm and for 23 females, 419 mm + 5.0
mm (Cadeetal. 1998); for West Greenland, 4 live males measured flat averaged 378.5
mm (range 374886 mm), and 9 females, 414.3 mm (range-42d) Mattox 1970. In

two estimates for North America, 20 male specimens measured flat averaged 367 mm
(range 34890 mm), and 38 females, 393 mm (range-846 mm) (se@ ablel1.2); 42

male specimens measured flat averaged 364 mm (rang@/84Bm) and 63 females,
400.5 mm (range 36823 mm ToddandFriedmannl947). See other summaries in
Potapov and Sal(05.

Note: Interpretation athese small differences is often confounded by unknown
variables such as method of measurement (e.g., chord or flat wing) and whether from
dried museum skin or living bird.

Linear dimensions show moderate reversed sexual size dimorphism (RSD) by
comparisowi t h ot her f al cons aiod Danomhismintdegr s. Us
(mean of females mean of males + mean of males + 2 + mean of females + 2 X 100) for
wing length: mean Gyrfalcon 9.654), Merlin 9.6 (=5), Saker 9.7r=1), Lanner 11.9
(n=1), Aplomado Falcon 11.%€2), Peregrine 12.9€5), Prairie Falcon 13.5€3), Bat
Falcon 15.11=2), Goshawk 9.9n&3), European Sparrowhawk 161¥(); Sharp
shimed Hawk 17.1r=2) (data fromFriedmannl95Q Storer1966 SnyderandWiley
1976 CrampandSimmons1980. Among other measuraants of Gyrfalcon, the RSD
index is least for length of the tarsometatarsus (4.8, 5.9) and middle toe (8.6, 8.9).
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The lesser overall RSD of the Gyrfalcon compared to the Peregrine and other bird

feeding specialists, and particularly the small sex diffesend n si ze of At ar su
may be related to the fact that both sexes feed predominantly on ptartragapiys

spp.) weighing around 56860 g, each sex having converged toward the body and foot

size best adapted to that size of prey (TJC).

PRIORITIES FOR FUTURE RESERCH
Although the Gyrfalcon is an impressive species, much sought after by birders,
biologists, and falconers, its relative inaccessibility has left many aspects of its biology
unstudied. With a few notable exceptions, samples sizes &dlGym studies have been
very small, often fewer than 10 nests or individuals. This makes generalizations difficult
at best and highlights the need for larger, collaborative studies.

The origin of and factors maintaining the extreme variation in plumaige af
the species, along with regional differesdn proportion of variants, aséll largely
unknown. These issues are beginning to be addressed using molecular techniques but
representative samples from its circumpolar distribution are needed.idatiesis of the
progression of plumagg(if any) between Juvdeiand Definitive is also needed.
Information on survival rates, longevity, the timing and direction of dispersal, nest site
fidelity, and the degree and nature of adult migration is sevia@iing. Almost no
information exists on the presence, size, or ecology of théresding population.
Gyrfalcon eggs, chicks, and adults are all remarkably tolerant of temperature extremes, so
investigations into the physiological ecology of this spesiesid be of interest,
particularly in regard to food availability in winter.

Another area of continuing controversy is the nature and cause of annual
fluctuations in breeding populations of Gyrfalcons and what factors cause populations to
fluctuate (or wt) differently. This continues to be a problematic area for research because

of the longterm, large scale commitment of resources necessary to address the issue

properly.
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Another more basic problem is achieving accurate population estimates. Although
anumber of researchers expend considerable effort to monitor populations, all agree that
a large portion of potential Gyrfalcon habitat remains unsurveyed. Current survey
techniques rarely incorporate measures of detectability, forcing monitoring programs t
rely on indices of population change instead of actual estimates. Efforts should be made
to create common survey methodologies that include measures of detectability and that
allow for international comparisons to monitor for population change.

Last, aghe Gyrfalcon faces its perhaps most significant threat, global warming,
we need longerm, international collaborative investigations into the effects of warming
on the species, its population status, and how it adapts or fails to adapt to its changing

Arctic environment.
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Figure 1.1. Gyrfalcon Distribution. Breeding and wintering distribution of

Gyrfalcons in North America.
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Table 1.1 Geographical Variation in Gyrfalcon Diet

Alaska Rang?e Ellesmere Islarit Hooper Baﬁ‘/ Yukon Terr'rtorﬁ Seward PeninsflaNorthwest Territories Colvile Rive Central West Greenlah

Latitude 64° N 78° N 62° N 69° N 65° N 68° N 69° N 67° N
Elevation >1,000 m <100 m <100 m <600 m <450 m <375m <150 m <800 m
Distance to Coast >300 km within 10 km = within 5 km  within 100 km = within 75 km within 20 km within 150 km within 150 km
Birds
Ptarmigan 45 (56) 2 (3) 24 (39) 61 (79) 59 (72) 65 (73) 91 (95) 78 (75)
Waterfowl 1(1) <1(<1) 31 (47) - 14 (12) 1(2) 2 (2) 5(8)
Shorebird%’ 1(<1) 27 (9) 29 (13) 4 (1) 5(2) 1(<1) 1(<1) 0
Passerines 8 (<1) 6 (1) 16 (1) 10 (1) 6 (<1) 11 (1) <1 (<1) 2(1)
Raptors - - - - 1) - 2 (2) 0
Total Birds 55 (57) 35 (13) 100 (100) 75 (81) 85 (87) 78 (76) 96 (99) 88 (82)
Mammals
Ground squirreis1L 38 (42) <1 (<1) - 15 (18) 12 (13) 14 (14) 1(1) 0
Lagomorphd’ <1 (1) 23 (82) - - - 3 (10) - 11 (18)
Microtine rodents 7 (<1) 42 (5) - 10 (1) 3 (<1) 5 (<1) 3 (<1) 0
Total Mammals 45 (43) 65 (87) 0 25 (19) 15 (13) 22 (24) 4 (1) 12 (18)

Values represent frequency in diet estimated from pellets and prey remains; numbers in parentheses are percent by mass. Unidentified species are divided ec
between passerines and small mammals.

’Bente 1981 , n = 2 nests, 2 yrs and 323 remains; percent by mass calculated by NJC, frequencies recalculated without supplementary food.
3Muir and Bird 1984, n = 1 nest, 1 yr and 732 remealins.

*White and Springer 1965 , n = 1 nest, 1 yr and 38 remains; percent by mass calculated by NJC.

®Platt 1977 , n= 1 nest, 2 yrs and 105 remains; percent by mass calculated by NJC.

°Roseneau 1972 |, n = 10716 nest s, 3 yrs and 1,483 remains.
'‘Poole and Boag 1988 , n = 074 nests, with concentrated collection a
%White and Cade 1971, n=3 yrs and 618 remains; percent by mass calculated by NJC.

®Booms and Fuler 2003b, n=22 nests, 2 years, 1035 prey items.

YIncludes Larids.

Yncludes Mustelids.

Includes marmots.
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Table 1.2. Morphological Measurements of Adult Gyrfal?:ons

Mean (SD, range) n P?

Culmen (mm)

Male 22.6 (1.3, 26. 271 2®0013)

Female 25.3 (1.3, 2%.9128.1)
Wing(cm)3

Male 36.7 (1.1, 320. 57 3100010 )

Female 39.3 (1.4, 34D.57141.0)
Tail (cm)

Male 21.3 (1.6, 1®. 57 Xx@055)

Female 22.7 (2.1, 23.07129.0)
Tarsus (mm)

Male 60.9 (4.6, 52Z2. 11 68S 7)

Female 62.3 (4.3, 48. 91 74.6)
Toe(mmj1

Male 55.3 (2.8, 513. 07 &Q0013)

Female 61.0 (3.5, 52 91766. 1)

'North American study skins from the American Museum of Natural His
Field Museum of Natural History, and Museum of Comparative Zoolot
measured by NJC.

?Sex differences determined by Pooled (equal variance) T-test.
*Wing chord measured closed and flattened.
“Middle toe measured with talon.
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Chapter 2. Gyrfalcon Nest Distribution in Alaska based on a Predictive GIS
Model.

ABSTRACT

The gyrfaton (Falco rusticolu$ is an uncommon, little studiexrcumpolarArctic bird

that faces conservation concerns. We used 455 historical nest locations, 12
environmental abiotic predictor layers, Geographic Information System (ArcGIS), and
TreeNet modelingoftware to creata spatially explicit model predicting gyrfalcon

breeding distribution and population size across Alaska. The model predicted that 75%
of the state had a relative Gyrfalcoest occurrencmdexvalueof <20%(where

essentially no nestye expected to occuapd7% of the state had a valuex60%.

Areas of high predicted occurreneerein northern and western Alaskdhe most

important predictor variable was soil type, followed by-sulface geology and

vegetation type. Nine envinmentalfactorswere useful in predictingest occurrence,
indicatingcomplex multivariate habitat relationshigsist We estimated the breeding
gyrfalcon population in Alaska is 546 + 180 pairs. The model was 67% acatirate
predicting nest occurren@gth an area under the curve (AUC) score of 0.76 when
assessed with independent data, this is a good result when considering its application to
the entire state of AlaskaPrediction ecuracy estimates were as high as 97% using 10
fold cross validation dfhe training dataThe modehelps guide scieneleased

management efforts in times of increasing and global pressures for this species and Arctic

landscapes.

! Booms, TL., F. Huettmann, anB.F. Schempf. 201@Gyrfalcon nest distribution in

Alaska based on a predictive GIS model. Polar Biology: 3333&/



101

INTRODUCTION
Species distribution is essenti@owledge forconservation biology (Araujo ar@uisan
2006). The distribution of a species is informed by its ecological niche, defined by
Hutchinson (1957) as the set of biotic and abiotic conditions in which a species is able to
persist and maintain stable pdgtion sizes. fe ecological niches boththe
fundamental niche (defined by abiotic factors) and the realized niche (defined by abiotic
and biotic factors). Learning what variables contribute to defining the boundaries of
either of these types of niches informs our understanding of the spec6é ec ol ogy,
used to predict the distribution of the species,iamdten relevant for specific
management actions (Peterson 2001).

Understanding where species occur temporally and spatially across large
geographic areas is important to conseryimgnitoring, and managing species
effectively (Wu and Smeins 2000). However, detailed species distribution data spanning
large areasrerarely available, especially for remaokectic areas. Etrapolaing beyond
areas of known presenassing predictivenodeling helpsto estimate distribution,
particularly for rare or endangered species in remote dPetarson 200 Rearce ad
Boyce 2006). It i@ convenient and cosfficient approach making use of datdlected
during previous decades. Such petisie models are valuable for guiding conservation
actions and planning (Heglund 2002). For example, a model that evaluated habitat
suitability for the endangered timber wollgnis lupig was useful in the recovery of the
species because it gave managersalistic idea of future population size and distribution
(Mladenoff et al. 1995, 1999).

The gyrfalcon occurs at low densities across the circumpolar Arctic ({288
where it breeds above 55° N.idtanimportantapex predatato the Arctic ecosstem
that feeds optarmigan Lagopusspp.) (Booms et al. 2008). It relies on cliff and eliff
like structures for laying its eggs on rock ledges or in stick nests built byltter
speciegPalmer 1988). Our understanding of the variables that influgydalcon

distributionis limited andbasedn findings from small geographic areaghe global
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breeding population estimate is roughly 8 0L 000 pairs (Potapov and Sale 2005)
and though the gyrfalcon is not listed as endangered or threatenedhnANwrica, it is
a C.I.T.E.S. Appendix 1 speciesur@nt best estimasef its breeding distribution in
Alaskaarebased on expert opinion and largely extrapolated from a few areas that have
been well surveyed (Swem et 8®94). However, a large paoh of the state has not
been surveyed, and the stateb6s full potent
unknown (Swem et al. 1994). Data from the few areas that are regularly surveyed in
Alaska have not been combined to address statewide comsengaties for a synthesis
or to investigate ecological questions beyond local scales.
Thoughgyrfalcors inhabitremote areas, the spexiwill likely face seious
conservation threats from resource development issues and global warming through
changesn vegetation and prey species (Booms et al. 2088jtic portions of Alaska
are believed to contain the second largest deposit of oil asedjwivalent natural gas in
the world (U.S. Geological Survey 2008), and development activities could potentially
affect Al a spépaldtien. Theypoténtal far wimd turbine developments along
coastal Alaska is another threat to the species. Coastal areas ttassified as having
Aoutstandingo or fAsuper b(0.S Pepartenendf Ererigy f or  wi
2008)arealsoimportant to grfalcons (Britten et al. 1995Because \wd turbines are
known to kill large numbers of birds (Johnson et al. 2@@dluding falcons (Smallwood
and Thelander 2004and have the potential to reduce populationgsifient raptors
(Huntetal. 1999) wi nd turbines coul d i mpTherdforeAl as k a
identifying potential hotspots for breeding (and potential conflict with development) is
important toconserving the speciesyrfalcors will be impacted by global warming
becausé\rctic habitatsare predicted to bagnificantly affectedBooms et al. 2008). In
Alaska, the mean annual temperature has warmed by as much as 2.2°C in the past 50
years (Stafford et al. 2000) and such warming has beseciated with deleterious
changes in bird nesting pheongly (Crick 2004). Brub growthis increasingn Arctic
Alaska (Tape et al. 200@nddrying is eyected changng the structure of the open

tundraused bygyrfalcors for hunting. Increased shrulmsy provide additional cover for
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ptarmigan reduce gyrfalcon foraging efficiencgnd could impact gyrfalcopopulation
growth anddistribution.

We compiled gyrfalcon ret locationsn Alaska and created a model to predict
breeding locations fogyrfalcons(its fundamental niche) based on factors measured at
historical nest sites. Guided by the resulting model, we then collected independent,
spatially explicit evaluation data to assess model accuracy. To our knowledge, this is the
first predictive, spatianodel of breeding gyrfalcons anywhere and a step towards
developing alobal conservatioeffort to assess uncertaintieg/e also present an
innovative technigue to model sensitive data (nest locations) without having to obtain the
actual locations Our specific research goals were: (1) estimate the breeding distribution
and population sizef gyrfalcors in Alaska (2) determine the relative importance of a
suite of environmental variablésat explain thdédreeding distributionand(3) assess the
accuacy and utility of themodel. The resultdelpinform us about the factors
influencing gyrfalcon nesting and guide future sampling, surveying, and conservation

efforts across the state.

METHODS

Environmental Layers

We chose 12 environmentadriablesto develop the model based on availability and our
knowledge of gyrfalcon ecology and published literature (Booms et al. 2008)atAll

layers were publicly available and had statewide coverage (ZdhleWe reprojected

layers into Clark 1866 Albersn meters) and merged them for a consistent statewide
coverage. All geographic information system (GIS) operations were conducted in

ArcMap 9.2. and 9.3 (Environmental Systems Research Institute 2008). Slope and aspect
layers were derived in ArcMap froamn official statewide digital elevation model. We
calculated the distance to fresh water, coastline, and human structures using the
Euclidean distance tool in ArcMap 9.2. Aspect data were categorized into four

directional groups (N = 3185°, E =46139, S = 136225°, W = 226315°, and flat) and

used as a categorical variable. We used average April temperature and precipitation
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because we expected breeding gyrfalcons would be most influenced by these parameters

in April during territory establishmennd early incubation.

Training Data

We obtained 414 gyrfalcon nest locati@psinning all types ofygfalcon nesting habitats
in Alaska between 1972 and 2007 from collaborators to use as training data 2FAgure
We did not differentiate between susshil nests (potentially higher quality sitesid
unsuccessful nests (lower quality sites). Nests were found duBgear period
including some fronthe 1960s or eadr (Cade 1960), making tliataset one of the
largest and longest term collectiarfsraptor nest locations used for predictive modeling
in Alaska, and likely elsewhereNest locations were converted to W.@&& datum, re
projected into Clarke 1866 Albers, and imported as a shapefile layer intd3ytfalcon
nest locationgn Denali Natonal Parkwere provided to us dke extracted environmental
data(seemethodselow) A total of 455 nests were used in our model.

We created 10,000 random points across Alaska using the freely available
Hawt hés Tool s i n Ar c Gesspoirftstae aneasure Bf @vaikabhle. We
habitats against which we compdrthe 455 nest locations (Mgrét al. 2002, Engler et
al. 2004). The ratio of 455 presence vs. 10 000 psabdence points is commonly used
in the modeling literatur@Craig and Huettmnn 2008) and the uneven ratio is corrected

by using balanced weighkettings in TreeNet

Modeling Approach

We usedresenceavailable modeling to predict nest occurrence following design Il in

Manly et al. (2002) (Pearce and Boyce 2006). We extractedriation from

environmental layers at historical nest sites and random points in ArcMap 9.3 using

Hawt hés Tool s. We subjected these data to
program TreeNet 2.0 (Salford 2002). Stochastic gradient boostuagtisf regression

tree analysis (Friedman 2002) tica¢ates binary trees by recursively partitioning data
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into two data sets based on predictor variables while trying to minimize variation within
each dataset. Subsequent trees are constructed foethetipn of the residuals from the
previous trees and results are computed from the entire group of trees (Friedman 2002).

We constructed our model in TreeNet using binary logistic regression and the
balanced class weights option to account for unesprabple sizes of presence and
available points. Otherwise, we used defaultrsgiith TreeNet and allowedtid
optimize the number of trees in the model. Because the optimal number of trees was less
than 150, there was no need to build additional teésrther optimize the model
(Salford 2002).

For predictiorto data, we created a point lattice grid of 18,000 regularly spaced
points across Alaska (approximately 7 x 7 km spacing), and extracted information from
the 12 environmental laye($able 2.1)described above for each point. We then used
the optimized model to predict nest presence at each of the 18 000 points based on the
extracted environmental data at each point. Predicted presence was scaled 0% O
and interpreted as the relative imd# occurrence (Keating and Cherry 2004, Araujo and
Williams 2000). We imported the dataset of spatially referenced predictions into GIS as
a raster file and interpolated between the regular points using inverse distance weighting
(IDW) to obtain a smobied predictive map of gyrfalcon nest distribution.

To estimat e t he aton, wdassigsedebsityedichdateto gaclp o p u |
predicted category (Nielsen et al. 2008, Onyeahialam et al. 2005) from the range of
published nestig densities found iAlaska (onenest per 201000 knf) (Swem et al.

1994) (Table 2.2) Based on our experience with the species, we assumed no gyrfalcons
bred in areas with predicted occurrence | e
Alaska covered by each predictioategory by the corresponding density estimate and

summed the totals to estimate the state population, similar to Boyce and McDonald

(1999) (Table2.2). Wemu |l t i pl i ed the final esti mate by
determined by independent survey datgrtavide a measure of error around the

estimate. The total area of Alaska used in our analysis is 1 481 GqQ8nCensus

Bureau 2004)
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Model Evaluation

We evaluated the model thoroughly using internal training data as well as two types of
independendata: 1) the number of potentiast cliffs inplots and 2) the presence or
absence of an occupied gyrfalaoest inplots. We defined a potential nest cliff as any

rock structure with a vertical rock faget m, based on published descriptions of

gyrfalcon nest cliffs (Booms et al. 2008) and 8 years of field experience working with the
species.We assumed a priori that the second measure of accuracy in the independent
data (occupied nests) would be biased low because it was influenced by biotilesariab
that we did ot attempt to model. This saetp a mismatch between modeling the
fundamental niche and measuring model accuracy with the realized niche. However, we
included this measure of accuracy for completebesausét would be biologically

informative to learn how well the model predicted both occupied and potential nest sites.

Evaluation with Internal Training Data

We usedheaspatial 16fold cross validation procedure in TreeNet which divided the
original training data into 10 groups anackd® of the groups as training data. The
remaining group was used t&sting data. This was done témes and a different group

of data was withheld for testing each time. Testing resudte then averaged across the
teniterations and the area undke curve (AUC) estimate in the receiver operating curve
(ROC) plot was taken directly from TreeNet to assess prediction accuracy. We
considered AUC scores <0.7 indicated low model accuracy.0.ihoderate accuracy,

and >0.9 high accuracy (Swets 1988).

Independent Spatial Data

We evaluated the model with spatially explicit independent data collected after the model

was built and believe this approach provides the most reliable assessment of accuracy.



107

Many studies fail to test model accuracy spatiafig in the field using additional,
independent data (Heglund 2002) and instead only evaluate model accuracy by re
sampling or partitioning training data (Manel et al. 2001). Data partitioning methods
such as Kold partitioning reduce the sample sideraining data and though they ae
accepable method of evaluation, they dess effective and meaningful than using
independent and truly spatial data (Verbyla and Litaitis 1989, Fielding and Bell 1997,
Fielding 2002).

We groundtruthed the model by calucting landscapscale aerial surveys in
modelpredicted areas to learn if predictions correctly classified gyrfalcon nest
occurrence in survey plots in May and June 2008. We selected three study areas for
which the model predicted high gyrfalcon nesturrence (> 80%) but for which no
training data were present: the Lisburne Peninsula in northwest Alaska, parts of the
Arctic National Wildlife Refuge in northeast Alaska, and parts of the Togiak National
Wildlife Refuge in southwest Alaska (Fig2).

We placed circular, 5&m? plots (4 km radius) in each study area within each of
three predicted occurrence categories: MfAhi
Amoder adt0e%, (n606) , and Al owo (<20%, n=7).
located within 1&km of each other within each prediction category to redugelttane
between plots (Figure 2.2 We subjectively located paired plots within 160 km of a
runway to provide plane access and refueling options. No other information was used to
determine @it location, and we had no priknowledge of gyrfalcon occurrence in the
study areas. We attempted to survey 10 plots in each predicted occurrence category
across the state (30 total), but poor weather allowed only 18 plots to be surveyed.
Additionally, we had planned to conduct repeat syss/on the 30 plots to estimate
detectabilityand correct for imperfect detectidout poor weather prevented this.

We chose the-#m radius plots because that was the approximate pixel size of the
predictive layer andecause the size allowed us to survey two plots per flight based on
plane fuel capacity and consumption. Our ArcGIS plot and survey maps were transferred

to Google Earth to be publicly and easily available to our survey pilots. Each plot was
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surveyed byTB and a pilot using a tweeat Piper Super Cub or Aviat Husky fixethg
plane for 46120 minutes, depending on the geographic complexity of the plot. The plane
was flown as low and sldwas was safely possible given conditions, typically 60 m
above tle ground (range 3200 m) at 116130 km/h We recorded the number of
occupied gyrfalcon nests (a nest with eggs, young, or territorial adults) and the number of
potential nest cliffs found in each plot.

Gyrfalcons may not breed every year even in gpaality habitat because of
natural fluctuations in prey, weather conditions, and other stochastic variables (Nielsen
and Cade 1990a). Therefore, it was possible that a plot could have been occupied by
breeding gyrfalcons in some years but not in the yweasurveyed it. Additionally,
detecting raptors during aerial surveys can be difficult (Andersen 2007, TLB unpubl.
data), and it is possible that we failed to detect a few occupied sites during our surveys.
Hence, collecting information on the presentbath occupied and potential nest sites on
plots provided us with a more comprehensive understanding of model accuracy in terms
of fundamental and realized nich@saperfect survey detectabilitygnd the underlying
biological mechanisms.

For evaluation pyposes, we considered a plot as occupied (true positive finding)
if it contained an occupied gyrfalcon nest or had > 5 potentiactiiston the plot. We
chose fivecliffs as a cuoff value after completing the surveys because that was the
minimum nunioer of cliffs found on a plot in which an occupied gyrfalcon nest was also
detected. We assessed model accuracy by comparing the predicted gyrfalcon nest
occurrence value of each plot (high = 0.9, moderate = 0.5, low = 0.1) to the occupancy
status of thelot determined by aerial surveys. We then created a confusion matrix for
each dataset using counts of true positive, false positive, true negative, and false negative
results when comparing predicted versus observed data. We used receiver operating
curve (ROC) graphs and area under the curve (AUC) scores to interpret model accuracy
(Fielding and Bell 1997). Calculations were performed in publicly available online
program ROC Plot (Schroeder 2004) for the independent survey data.



General Methods

Seveal logicalbiases deserve attention. First, presence data were obtained
opportunistically and may not capture the full spectrum of variation in gyrfalcon nesting
preferences or its ecological niche. This could introduce bias if presence data were not
representative of most of the natural variation and gradients in nesting areas. However,
presence data came from all regions of Alaska where gyrfalcodseunmented to bred
(Figure2.1). Second, it is possible that gyrfalcon nestiggributionmay havechanged

over the course of the 36+ year dataseth that the resulting model may not apply to the
current breedingopulation A largescale shift in nesting occurrence over this period of
time is unlikely because gyrfalcons are relativelyg-lived birds (Nielsen and Cade

1990a) andikely have high nest site fidelity (Nielsen 1991) wittany nesting areas

used repeatedly by generations of gyrfalcons. For example, some historical gyrfalcon
nest sites in Greenland have been occupied by gyrfalconstardaptors for the last

2,500 years (K. Burnham unpubl. data). Third, was the scale (extent and pixel size; Wu
and Hobbs 2002, Huettmann and Diamond 2006, Guisan et al. 2007) appropriate for the
work? We selected Alaska as our extent becawsasithe appropriate political
management unit for implementing conservation actamusit islarge enough to include
much of the inherent variation in nesting occurrence for the species, making results
informative about the species as a whole and on a glob4l M¥eassume the entire

state was available to gyrfalcons because theyeacross the state (Britten et al. 1995)
and into Canada and the lower 48 United States (Sanchez 1993). Pixel size was
determined by environmental layers publicly available wisttestide coverage; most

were 1 km or less and therefore adequate for modeling occupied nest locations (which

were typically separated by 1@00 km).

RESULTS
Nine of 12 environmental variables preedgyrfalcon nest occurrence (Tald). The
most important predictor variable was soil type, followed by-sulface geology and

vegetation type. Gyrfalcon nests were most commonly associated with pergelic
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cryaquepts, soils that were typically wet, frozend had high organic contesntd had
gravelly, seep slopes (Rieger et al. 1979) (Tab®&). The most common subsurface
geology associated with nest sites were Quaternary mafic volcanic rock such as basalt
and Ordovician limestone and shale. Nests were most associated with dwarf shrub
tundra, alpingundra and barrens, and ocean coast vegetation types glzjple

The optimized TreeNet model contained 48 statistical trees and predicted
gyrfalconnesting occurrenc@=igure 23). Approximately 75% of the state was predicted
to have an index of relativaccurrence < 20%/% of the state was pieted to have an
index of >60%(Table2.2). Areas of high predicted occurrence (>80%) were patchy and
widely dispersed, located in southwest, west, northwest, and northern Alaska. They
included wellknown breedig areas on the Seward Peninsula and in parts of the Brooks
Mountain range and northern foothills. Areas of high predicted occurreneesthot
known as gyrfalcon breeding areas included parts of the Togiak National Wildlife Refuge
in southwest Alaska, thasburne Peninsula in northwest Alagklough see White and
Boyce 1977)and parts of the Brooks Mountain range within the Arctic National Wildlife
Refuge in northeast Alaska. These areas varied freB03&n in width. Using the range
of published nestg densitiegSwem et al. 1994}he area of each predicted occurrence
category, and model accuracy as a measure of error, we estimated approximately 546 +
180 breeding pair@ising our model accuracy estimate (67%) from evaluation plots as a
measure ofreor) occurin the state in any given year (Tall2).

Using 10fold cross validation on the training data, the optimized model was 97%
and 93% accurate in aspatial terms and when assigning presence and absence,
respectively. The area under the curve AWas 0.96, indicating very high prediction
accuracy of the data wused. The model 6s
independent and spatial evaluation data was 67% and had an AUC score of 0.76. This
indicated the model was moderatalycurate and useful when predicting potential nest
cliffs in the real world. The model was 36% accurate for predicting occupied gyrfalcon
nests in the evaluation data with an @dcore of 0.38, indicatindpe model performed
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worse than if presence/absengere assigned randomiyhen testeavith data from the

realized niche

DISCUSSION
It is useful to think of the variable with the lowest predictive value (aspect) as defining
the outer boundary of the speci esBachf undame
subsequent predictor variable (in this case, digital elevation, April temperature, distance
to coast, etc.) sequentially shrinks the niche in multidimensional space as each variable
increases in its predictive ability, until all abiotic factors hiagen considered. The
resulting spaces the fundamental niche amsimost restricted by the variables with the
most predictive influence: vegetation type, subsurface geology, and soil type for
gyrfalcons. The fundamental niche could be further seqligmedined usingbiotic
variables that influence the speciesd6 abil
individual fitness. The core of this multidimensional spadeh e s p dézedneled 1 e a
in space and time and its descriptisitheultimate conservation biology goal.eke we
contribute to this effort by describirtige fundamental niche because of its relative
simplicity compared to the complex realized niche.

The importance of soil type, stdurface geology, and vegetation typdhe
model l' i kely reflects their rlteslingportanite I mpor
note, however, that the variables we found to be relatively unimportant in this study may
play an important role in falcon ecology at other scales, locatiorsystems. For
example, Urios and MartineXbrain (2006) found that elevation, aspect, slope, and
distance to human developments were important in describing nest site preferences of
El e onor a @alco Eleohocapon a Me(iterranean island buethwere of
relatively low importance in this study.

Gyrfalcon nests were commonly found on Pergeligaguepts soilthat support
tundra and dwarf shrub vegetatom whi ch the gyrfalconds pre
Subsurface geology ranked higis a prettor variable because the underlying geology

greatly determined cliff occurrence on the landscape. Gyrfalconaresissociated with
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volcanic rockslfasal} and sedimentary rockbnfestone and shalewhich probably
produce more cliffs than other typ@lluvial deposits The predominant vegetaiti

types associated with neststch our current understanding of gyrfalcons as an obligate
tundra breederThey provide gyrfalcons ptarmigan and dipen environments needed

to capturehem. Nests weres associated with ocean cdiast vegetationwhich may
seem surprising. However, we suspect gyrfal@aselecting such areas in some
regions because they provide direct access to seabirds, a common alternative food source
(Nielsen and Cade 1990bJhis finding is particularly interesting because coastal
habitats are also valuable to Abreeding gyrfalcons (Britten et al. 1995) dra/ehigh
potentialfor wind turbine developmenthat may cause conservation conflicts (U.S.
Department of Energy 2008)

Our Alaska gyrfalcorpopulation estimate was hightsanSwem et ab §1994)
estimateof 375635 pairs Issues that influenced our populatiestimate include: 1) &/
subjectively assigned nesting densities to predicted occurrence categories based on
published estimates and our olwmowledge baswith the speciesFuturepopulation
estimats may change if the density estimates or biological knowledge chag@yéxir
attempts to assess model accuracy with independent data are only first stepatimgalid
the model. Clearly, increasing the number and distribution of evaluation plot surveys
would improveconfidence in our accuracy estiraaB) The actual populatiomariesby
year because of stochastic events and because gyrfalcons respond nurterically
fluctuating ptarmigan populations (Nielsen 1998).Estimating the area that should be
used for density estimate extrapolationsamplex e.g. whether lakes are to be
excluded, andan affect population estimates.

Results from our accuracy assesstaesuggested the model was highly accurate
(93-97%)when using resampling methods and moderately accurate (67%) when using
independent dataStudies usinglatamining techniques with internal accuracy
assessments reported very high accuracy assessesg@sially when compared to more
traditional modeling techniques such general linear models (Elith et al. 2006). However,

models of complex biological systems with very high prediction accuracy are unusual
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and should be viewed with scrutiny because tmpiex nature of biological systems
makes them difficult to capture and predict. Typical ecological madels as general

linear model$have much lower prediction accuracies because of this (Fielding 2002).
Evaluating a model spatiallyith independentield datg as we didprovides a more

realistic and accurate assessment of model accuracy and is preferred (Fielding and Bell
1997, Manel et al. 1999). Tests with independent data often reduce initial acouracy
accuracy assessments supportfinding andthat predictive models need to be evaluated
with independent data to assess true accuracy (Heglund 2002) and to gain credibility
among managers and other decision makers.

The best measure of our model accuracy was the count of potential nest cliff
obtained from plot surveys. This measure was not influenced by complex biotic
variables, was in line with our attempts to model the fundamental niche (as determined
by abiotic factors), and was a true measure of model performance in the real world. The
model 6s AUC score was O0.76 when assessed w
considered to be moderately accurate (Swet
2002) Qur model should not be viewed @gtimal, but rather an important first step
towards refining our understandinfiabiotic and biotic factors influencing gyrfalcons.

Model accuracy was lowsingpresence/absence of occupied nests on plots, but
this is unsurprising for a number of reasons. First, survey plot size was relatadly
(50 knf) compared to gyrfalcon breeding density estimates in Al@siepair per 170
1000 knf) (Swem et al. 1994), and thereforedersamplingmay have occurred. Low
breeding densitiesake reliable accuracy evaluation difficult regardless of inode
accuracy (Henebry and Merchant 2002). Increasing plot@sisrssamplesize beyond
desired levels because of fuel and weather limitatibtence, jot size was a
compromise between restrictive logistics and the likelihood of a plot including an
occuped nest if one was present on the landscape. Sesome, nests may haedready
failed and were unavailable to be detected during surveys. This is particularly true for the
2008 breeding season, when we observed some of the lowest occupancy ana/gyoduct

rates in a long term study area in recent times in southwest Alaska (TB unpubl. data).



114

Third, not all occupiedaptornests are detected during aerial surveys (TB unpubl. data),
and some occupied nests could have been m{Besae et al. 2005) Faurth, evaluating
a model that attempts to predict the fundamental niche of a species with data on the
realized niche is probably overly conservative. We did not include biological predictor
variables that influenced breeding distribution because theyta@emplex to measure
and were unavailable for statewide coverage. For exastplhastic ptarmigan
densities ifluence gyrfalcon aest occupancy (Nielsen 1999) but are unavailabla
statewide or temporal basis. Therefore, the accuracy of the omdgbccupied nest
data alone is probably not highly informative

Wiens (2002) suggested that model accuraeg good as the performance of the
environmental layers with which it was produced. Though we used the best available
layers wth statewide ceerage, somkayers have not been rigorously grotinathed,
metadata were lacking, and their accuracy was not alWagwn quantitatively.tlis
unlikely that any model usintipese layers can truly achieve-93% accuracy in the real
world. Thereforeamodel that captures gyrfalcon nesting ecology, distribution, and
population size in one quantitative formula with an accuracy of 67% across the entire
state is a significant step forwardour knowledge

Our spatially explicit, nodinear model offera number of advantages over non
modeling methods (Tab24) and linear models. First,helps usunderstand complex
systems in snple, transparent terms. It also providexrete measures of relative
variable importance, breeding distribution, andyapon size in readily interpretable
formats based on objective, best available science. Secontineanmodeling captures
complex multivariate relationships not possible with linear methods (Elith et al. 2006).
Criticisms ofnortlinear analysesuchas classification and regression trees (CART)
include concerns that precision is difficult to estimate, optimal trees may not be found,
and results may be sensitive to small changes in data (Anderson et al. 2000, Hastie et al.
2001, Elith et al. 2006). dWever, stochastic gradient boosting is a refinement of the
traditional regression tree analysis that addresses these concerns and improves model

performance (Friedman 2002). It excels at modelinglm@ar data common in
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ecological studies, can handé&ede numbers of categorical and continuous predictor
variables, performs at a faster rate than traditional techniques, and is robust to datasets
that contain up to 30% faulty data in some instancesd@ral Huettmann 2008)
Machine learning models suels stochastic gradient boosting produce highly accurate
predictions that perform faster, are more informative, and are similar to or better than, the
accuracy of traditional linear modeling approaches (Elith et al. 2006, Breiman 2001).
Finding that 9 ofl2 environmentavariablesinfluenced gyrfalcon distribution indicates
that complex multivariate habitat and environmental relationships exist for this species
and that using nehnear modeling is prudent. Thirdhodetbased estimates enable
dynamic, neareal time population estimation (instead of static ones fixed in time) and
facilitates further ecological research. For example, we could includemeadiata on
ptarmigan distribution and population levels (iffwhen such become available) in
modeling &forts to produce dynamic gyrfalcon population estimates. The implications
for guiding fieldwork and research design are considerableding investigatingpatal
distribution patterns a$pecies (fragmentation and source/sink dynamidsne ofour
modelcomponentsre fully exploregyet deserve more attéon to understandpatially
explicit popuation dynamics

Our modelshould be useful to managers addressing conservation issues in
Alaska. For example, the model could be combined with existigigmalized IPCC
climate models to forecagiture gyrfalconpopulation size, distribution, and changes
under varying climate scenarios (Seavy et al. 20a8) distribution map could overlay
maps of current and predicted locations of oil, gas, minematsywind resources to
identify areas of potential future conflict, estimate the potential size or severity of impacts
caused by a specific activity, and prioritize conservation strategies geographically.

Our modeling effortsepresenta significant colating of sensitive nescation
data from collaborators concernadoutpotentialnegative nest disturbanc&yrfalcons
are highly sought after by birders, and a substantial illegal harvest occurs in parts of the
globe for falconry (Lobkov 2000)If made availablenest location dateould negatively

impact the resourcd-or examplewe encountererksistance in Europgbout sharing
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nest locations; so much so that it prevented us from conduesegnch Our work in

Alaska is an example of the needbdtald partnerships, establish trust, and creatively

solve problems to maintain data security while not preventing scientific learning through
metaanalysis of dataOurinnovativemethodof having a datdolder extract the relevant
information from the @ layers and provide that information to researchers instead of
actual nest locations (as suggested by C. Mclintyre), should be iosadthiers to further

conservation and science when dealing with sensitive data.
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Figure 2.1. Training and Testing Data Distribution. The approximate locations of the
historical gyrfalcon nests (circles)agsto create the predictive model and areas used to
assess model accuracy (diamonds). Study areas used to assess model accuracy included
parts of the Togiak National Wildlife Refuge, Lisburne Peninsula, and Arctic National
Wildlife Refuge. The number afests (n) used to create the predictive model from each

area is stated within each circle. The N arrow indicates north. Parts of southeast Alaska

and the Aleutian chain are not shown because no nest data were used from these

locations.
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Figure 2.2. Paired Evaluation Plots. Schematic diagram of paired evaluation plots

10 km

surveyed to collect independent testing data for the predictive model. Each pair of plots
was placed within one of three predicted occurrence categor84041-60%, and 81

100%) and surveyed for gyrfalcon nest cliffs and occupied nests.
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Figure 2.3. Predicted Gyrfalcon Nest Occurrence. Mpdadicted map of gyrfalcon
nest occurrence in Alaska-{®0% relative occurrence). Parts of southeast Alaska
the Aleutian chain are not shown, though these areas were in the lowest prediction

category.



Table 2.1. GIS Layers. Environmental GIS layers used to predict gyrfalcon nest occurrence across Alaska and their relative importance.

Environmental Layer

Relative Importance Pixel Size Variable Type Number of levels

Source

Citation Layer Based on

120

Website

Soil type

Sub-surface geology

Vegetation type

Surface geology

Slope

Distance to ocean coast

Mean April temperature

Digital elevation model

Aspect

Distance to fresh water
Distance to human development
Mean April precipitation amourt

100
58
24
16

Polygon
Polygon
Polygon
Polygon
300m
60 km
1km
300m
300m
300m
1km
1km

Catagorical
Catagorical
Catagorical
Catagorical
Continuous
Continuous
Continuous
Continuous
Catagorical
Continuous
Continuous
Continuous

83
54
21
25

Alaska Geospatial Data Clearinghouse
Alaska Geospatial Data Clearinghouse
Alaska Geospatial Data Clearinghouse
Alaska Geospatial Data Clearinghouse
Alaska Geospatial Data Clearinghouse
ArcGIS 9.2
Worldclim
Alaska Geospatial Data Clearinghouse
Alaska Geospatial Data Clearinghouse
Global Lakes and Wetlands Database

Center for International Earth Science Information Network

Worldclim

Rieger et al. 1979
Beikman 1980
Fleming 1997
Karlstrom et al. 1964
Derived from digital elevation model
Alaska coastline
Higmans et al. 2005
U.S. Geological Survey 1997
Derived from digital elevation model
Lehner and Doll 2004
Sanderson et al. 2003
Higmans et al. 2005

http://agdc.usgs.gov/data/usgs/erosafo/soil/soil.html
http://agdc.usgs.gov/data/usgs/geology/index.html
http://agdc.usgs.gov/data/usgs/erosafo/veg/vegetation.htm
http://agdc.usgs.gov/data/usgs/erosafo/surfgeol/surfgeol.htn
http://agdc.usgs.gov/data/akdb/dem/dem.html
World Coastline Extractor
www.worldclim.com
http://agdc.usgs.gov/data/akdb/dem/dem.html
http://agdc.usgs.gov/data/akdb/dem/dem.html
www.worldwildlife.org/science/data/item1877.html
www.sedac.ciesin.columbia.edu/wildareas/downloads.jsp
www.worldclim.com

& Scores taken from TreeNet.



Table 2.2. Population Estimate. Estimated number of breeding gyrfalcon pairs extrapolated from model-predic
nest occurrence categories and the amount of area each category covers in Alaska.

Predicted Gyrfalcon Nest Areain Estimated Gyrfalcon Total # of
Occurrence Category Alaska (kn) Nesting Density (nest/Kyf Estimated Nests
0-20% 1113000 (75%) 0 0
21-40% 141 000 (10%) 0 0
41-60% 114 000 (8%) 1/1000 114
61-80% 80 000 (5%) 1/300 267
81-100% 33000 (2%) 1/200 165
1 481 000 546

®Nest densities taken from Swem et al. (1994).

12T



Table 2.3. Partial Dependency Scores. Partial dependancy scores of the three most influential variables
predicting gyrfalcon nest occurrence in Alaska taken from response curves provided in TreeNet. Actual
values are presented instead of the response curves for easier interpretation. The range of scores within

each predictor variable varied from 2.6 to -0.8 for soil, 1.0 to -1.1 for subsurface geology, and 0.35 to -4.1 for

vegetation. Positive partial dependency scores denote a posttive association with gyrfalcon nests; negative
scores indicate a negative association. Only the four highest partial dependency scores from the numerous
levels within each for the three predictor variables are listed here for brevity.

Predictor Variable

Soil, Geology, or Vegetation Type

Partial Dependency Score

Soil
n=267

Subsurface Geology
n=182

Vegetation
n=24

Pergelic Cryaquepts
Pergelic Cryumbrepts
Histic Pergelic Cryaquepts
Pergelic Cryoborolls

Quaternary Mafic Volcanic Rocks - Basalt

Ordovician Rocks - limestone and shale
Precambrian Z undifferentiated volcanic rocks
Upper Cretaceous Continental Deposits

Dwarf shrub tundra

Alpine Tundra and Barrens

Ocean Coast

Tussock sedge/dwarf shrub tundra
Tall shrub

2.60

2.60
2.50
2.40

1.00

1.00
0.90
0.85

0.35

0.30
0.30
0.28
0.28

& Denotes the total number of types within each predictor variable used for predictive modeling.

[4A)



Table 2.4. Advantages of Modeling. Advantages of modeling over non-mode

approaches for predicting species occurrence and population
size.

A) Quantitative.

B) Repeatable.

C) Objective.

D) Fast.

E) Convenient.

F) Nest distribution summarized by one algorithm.

G) Provides habitat response curves.

H) Includes multivariate interactions and responses.

I) Compilation of all relevant data into one dataset.

J) Brings experts together.

K) Stimulates discussion.

L) Improves hypotheses.

M) Broadly applicable across remote, inaccessible areas.
N) Represents best available science.

0O) Represents complexinteractions with simple numerics.

12

(1)
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Chapter 3. Detection Probability of Cliff-nesting Raptors During Helicopter and

Fixed-wing Aircraft Surveys in Western Alaska.*

ABSTRACT

We conducted repeated aerial surveys for breedingndgting raptors on the Yukon
Delta National Wildlife Refge (YDNWR) in western Alaska to estimate detection
probabilities of GyrfalconsHalco rusticolu$, Golden EaglesAquila chrysaetos
Roughlegged HawksButeo lagopus and Common Raven€¢rvus corax Using the
program PRESENCE, we modeled detectimtdries of each species based on single
species occupancy modeling/e used different observers during four helicopter
replicate surveys in the Kilbuck Mountains and five fixeithg replicate surveys in the
Ingakslugwat Hills near Bethel, AK. During habpter surveys, Gyrfalcons had the
highest detection probability estimdtg) ( £=0.79 (SE 0.05)), followeldy Golden

Eagles( f=0.68 (SE 0.05))Common Ravensg=0.45 (¥ 0.17)), andRoughlegged
Hawks( f=0.10 (SE 0.11)). Detection probabilities from fixethg aircraft in the

Ingakslugwat Hills were similar to those from the helicopter in the Kilbuck Mountains

for Gyrfalcons and Golden Eagles, bugre higher for Common Raveng€0.85 (SE
0.06)) and Rougtegged Hawkg =0.42 SE0.07)). Fixed-wing aircraft provided

detection probability estimates and SEs in the Volcanoes similar to or better than those

'Booms, T.L., P.F. Schempf, B.J. McCaffery, M.S. Lindberg, and M.S. Fuller. 2010.
Detection probability of clifinesting raptors durg helicopter and fixeaving aircraft

surveys in western Alaska. Journal of Raptor Research, in press.
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from helicopter surveys in the Kilbucks and should be considered for futureediihg
raptor surveys where safe, low altitude flight is possible. Overall, detection probability

varied by obsemr experience and in some cabgstudy area/aircraft type

INTRODUCTION

Accounting for imperfect detection is an important component of rigoxtddkfe
surveys (Burnham 198¥,0ccoz et al. 2001Pollock et al. 2002Buckland 2006Johnson
2008). Observers will miss somm@ossibly manynimalsduringmostsuiveys, and the
detection probability likely variesy a number of factors such agatheryegetation
animalcolor,andobserverexperienc€Bowman and Schempf 1999, Rosenstock et al.
2002) Because detection probability can vary spatially and tempofailing to
estimate and account for variation in detection probabilitybtas inkerences from
counts(Link and Sauer 1998, Eberhardt et al. 1999, Thompson 2002).

Most survey protocols attempt to control for some of these factdimmibiyng
surveys toisnilar, optimal conditions (e.gconducted during good weather and with
trained observergohnson 2008)r by integrating measures of some variables in
analyses of counts. Howeydris unreasonable to assume all or even most of the factors
influencingbird detection probabilitgan bemeasured accuratety controlledor
accountedor by usingcovariates or constant@Nichols et al. 2000Diefenbach et al.
2003). Results of counts that do not incorporate estimates of undetected but present
animalsrely on the assumption thdetection probabilitys 1.0 and that it isonstant
amongsurveyse.g., locations, time), or that the variability in detection probability is
negligible compared to the size of potential change in counts (Johnson 2888)ming
constant or near constant detection probahsityidely practiced; as evidenced 9%
of land bird surveys conducted between 1989 and 1998 (Rosenstock et al. 2002

Imperfect detection is rarely accounted for in the majority of raptor survey
method (Andersen 2007), despite early examples with Ospegadion haliaetusby
Henny et al. (1977) and Bald Eagléta(iaeetus leucocephalyby Grier at al. (1981).

This is particularly germane to raptor conservation because many species are uncommon,
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elusive,or threatenedmaking population monitoring difficult and the application of
rigoroussurveytechniques all tamore vital (McDonald 2004)There have been some
other examples of applying detectability estimates to different types of surveys and to
several raptor species (e.g., Geissler and Fuller 1986, Anthony et al. 1999, MacKenzie et
al 2003, Good et al. 2007, Henneman et al. 2007, Conway et al. 2008, Martin et al. 2009).
However, we were unable to find published aerial detection probabilitpass for
cliff -nesting raptors during the breeding season even though aerial surveys are a
commonly used technique for surveying raptors (Andersen 2007).

Therefore, v investigated the detection probability of eh#sting raptors during
helicopter andiked-wing surveyson the Yukon Delta National Wildlife Refuge
(YDNWR) in May 2007 Ourobjectiveswereto 1) estimate thedetection probabilities
of Gyrfalcons(Falco rusticolu3, Golden Eagle§Aquila chrysaetgs Roughlegged
Hawks(Buteo lagopus andCommon RavenfCorvus coraxduring aerial surveys2)
determine ifdetection probabilitiesereinfluenced by observer and 3) evaluate the

usefulness ffixed-wing aircraftin cliff-nesting raptor surveys.

METHODS

We conducted aerial survef@ raptorsin two study areas on the YDNWR in western
Alaska, the Kilbuck Mountains and the Ingakslugwat Hills (hereafter céhed
Volcanoe$) in May 2007. The Kilbuck Mountains study area covers approximately
2,000 knf, is located aapproximately6 0 A 2 166°W/, and includes much of the
Kisaralik and Kwethlukiver watersheds. The area consists of large, open valleys and
low mountains raching 975 m Our focus was on cliffiess, and most cliffare typically
discrete rock faces less than 300 m in letigdtoccur along river banks or on valley
hillsides. Many of the cliffs in the headwaters occur in narrow canyons where access by
fixed-wing aircratftis difficult or not possible.The study area supporslativelyhigh
numbers of breeding Gyrfalcoasd GoldenEagles; lower numbers &oughlegged
Hawksand Common Raverse presentFor simplicity, we considered the Common

Raven a cliffnesting raptor because of its similarity in breeding biology to raptors and



13¢

the important role they play in creatingd occupying cliff nests. hEKilbucks study
area haweensurveyedor cliff-nesting raptorsn a mostly annual basis since 19aid
YDNWR maintains a GPS database of historical raptor nest sites.

The Volcanoes study area is dominated by small,ivegblcano craters
typically less than 1 km wide and up to 200 m in elevation. The area is located at
approximatel6 1 A2 16 N, 164 AW 2aThd VocaneestudgaredsO 0 k m
surrounded by the vakiwlanddeltas of the Yukon and Kuskowkinvers and provides
the only cliff habitat for 90 km in any directiof.he Volcanoes area wasore
conducive to fixeewing aircraft surveys because the open landscape and low topography
allowed for safer maneuvering among sites and lower flights over nestinigthabi
compared to the mountainous Kilbuck study aréaeVolcanoes study aremntairs
among the higheginownnesting densities of GyrfalcoiBooms et al. 2008)ith a
mean intemest distance of 4.7 km J®1, unpubl data). Roughegged Hawks and
CommonRavens also nest in large numbers in the; &e&den Eagleest density is low
relative to the other species in Volcanoes, and to eagle densities in the Kilbucks (BJM,
unpubl. data) All species nest on the inner walls of the volcanoes, on smallaibifsg)
the margins of lava flowsat isolated torsand with the exception of Golden Eagles and
Roughlegged Hawkspccasionallyin isolated stands of small balsam popRogulus
balsamifera. BJMandYDNWR colleaguedave surveyed clifhesting raptors
Volcanoessince 1988 and maintain a GPS database of historical nest sites.

General Survey Design

We followed the single speciesingle season study design &stimating detectioand
occupancyprobability (MacKenzie et aR002, 2006).Gyrfalconswere our primary

study species, and we designed the study to maximize the quality and quantity of data
obtained for this species by surveying sites where Gyrfalcons had previously been
observed breeding, by timing the surveys to coincide with the Gyrfalcabation

period, and by using specispecific survey decision rules (see last paragraph below).

We mode¢ddata from all species simultaneously in our first modeling step to determine
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if partitioning data by species and study area was justified (selelNDevelopment
below). Based on results from these mogd&ls modeled data on each species
separately.

We conductedour and fiveaerial surveys (hereaftegferred to aseplicate
surveys) of historical raptor nest sites in the Kilbuck Mountains athchxoes study
areasrespectivelyin May 2007. During eacteplicatesurvey, we collectedetection
data for each raptor species at historical nest sitbsd was detected or no bird was
detected We then created detection histories for each spacress all siteand
sampling occasiondlacKenzieet al. 2006).

We used the following terms and definitions throughdurveySitei is based
on the location o& nest used previously by a raptor and marked with ad@hegned
latitude and longitudecaurate to within <2@n. All GPS locations were obtained
prior yeardrom a helicopter hovering approximately-20 m from a nest. fe site was
considered occupied if a bird or egg was detected within approximately 500 m of the nest
and this area seed as our sampling unitwhen multiple historical nestvere located on
a single &ff , we used only one GPS locatitmlocate thesurveysite Detection
probability (p) i the probability of a species being detected at a site given the site is
occupied.Oc c u p a n the propabidy that the species of interesst present at a site
during the survey periodA site was considered occupied if the species was detected
there during any of the surveyonfirming breeding status was not necessary foo us t
consider a site occupied.

For a number of reason®whose historical nestsstead of random sitesthe
basis forour sampleunits and the starting point for each survey site. First, essentially all
suitable nesting habitat in both studies areasiead previously surveyed and the
resulting historical nests represented the majority of sites used byeadiihg raptors in
the study areas. Secomngk wantedo test this methodology and using historical nests
provided us the largest sample sizesird;lusing nesGPSlocations from historical
databaseallowed us to easilgtandardize methodologynd served as a useful starting

point for searching the survey unitast,thefour raptor species usathilar landscape
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features irour study eeas, whth allowed ugo gather usefuhformation on all species
at historical nests.

One of four observers, with varying amounts of experience, conducted each
replicate surveyEach dserver had previously conductedl®, 2Q or 53 aerialsurveys
for cliff-neging raptors from helicopters. For modeling purposes, we consitleztao
observes who had conducte® or 10 surveys asexperienced observeasd the two
observers who had conducted 20 or 53 suresgxperienced obsengr

Replicate srveysin eat study area were flown by the same helicopter or fixed
wing pilot to maintain consistency. Pilots did not participate in the survey other than by
flying aircraft and were asked not to aid observers in detecting birds to ebgectve,
independensuney replicates.Each observer conducted one replicateseyin each
study area (excefiLB conducted 2 sueys in the Volcanogs To ensure surveys were
independent, neurvey results werghared among observehat might affect their
search efforts

To conduct a replicate surveya@h observeused the same, poefined list of
survey sites in a handheld GPS unit and used the GPS to navigate among sample units in
the same order in each survedl observers conducted replicate surveys according to
thefollowing decision rules: 1f the GPS locatiorwas in front of a cliff, thesurvey
team began surveying for raptors at the beginning of the cliff and made a slow pass in
front of the entire cliff, passing through t&4°S location 2) If the GPS locatio was
over a grove of trees, the team flew slightlypteeside of thehistorical nest locatian3)
If the GPS location was in a volcano crater, the team flew a straight line over the crater.
4) The team made three passes oveswaley sitesinless a @rfalcon was detected.
Oncea Gyrfalcon adult or egg wadbserved, no additional passes waigle to
minimize disturbancaend r educe the | ikelihood of chan
subsequent replicatairveys If a species other than a Gyrfalcon wagedted, the
observer continued to survey thige until all three passes were completed. If an
incubating Golden Eagle was detected, the observer continued to make passes in front of

thesitebut remained at least 200 m (horizontal distance) from thdmesduce
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disturbance to the birdObservers recorded the presence or absence of each species at
each survesgite the number of birds detected, the behavior of birds detected, the pass on

which they were detected, arelevantbreeding informatiorfe.g, clutch size)

Study Design by Study Area

Kilbuck Mountains

All replicate surveyin the Kilbuck Mountains were conducted witRabinson 44
helicopterbecause the topograppyecluded safe, effective surveyimith a fixedwing
aircraft. Helicopter grund speed while surveyingsiteswas dictated by wind
conditions but was always <20 km/hr and often <5 km/hr. Replktateyswvere
conducted on different days betwmegand 13 May 2007. Waurveyed83 sitesduring
each of the four replicate survegs; siteswere not surveyed during one replicate

because of fuel limitationsWe used observations from all 83 sites for analysis.

Volcanoes

Replicate surveyin the Volcanoes were conducted with an Aviat Husky fixed

aircraft because the open témrandlandcover was conducive kess expensive fixed

wing surveys. Airplane ground speed and altitude during surveys varied with wind
conditions, but was generally 100 km/hr and1®® m above the terrain (Ritchie et al.
2003). Replicatesurveyswere @nducted on different days betwe® and 14 May 2007.

We surveyed46 sitesin each replicatsurvey During one replicate, 28 sites were missed
becauserinexperienceabserver became air sick. Therefore, T.e&prienced

observer) conducted an addital replicate to ensure an adequate sample size; data from
all 5 replicatesand all 46 sitesvereanalyzel.
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Data Analysis

We used maximum likelihood estimation procedures in program PRESENCE 2.0 (Hines
2006) to obtai n pa rpamnddotiomed reeommandasonseog f or vy
MacKenzie et al. (2002, 20p&nd Burnham and Anderson (2002Ve used model
selection procedure8(rnham and Anderson 2002 t o i nter pret Akai kec¢
criterion (AIC) values among competing models and report trenpater estimates and
SEs from the model with the most AIC weight within each set of candidate models.

We used the fiassess model fitmostopti on i
generaimodel in each set of candidate models to calculate an overdispersiomfggram
estimate (éhat) with 1,000 parametric bootstraps. We did this because most count data
from ecological studies are likely to be oxdispersed, and statistical tests of ecological
data with small sample sizes such as ours have little power to detedispersion
(Burnham and Anderson 2002Thereforejn model comparisonsye used the
conservativejuastAk ai ke d6s 1 nf or mathatwas cocectedibgatioon ( QA
account for potential overdispersiolic-h at O 1 -hatwkto calsutate QAIC
(Burnham and Anderson 200Zyhough overdispersion is unlikely to bias parameter
estimates, it is likely to affect the SE of estimates. r@loee, we also adjusted the S&f
parameter estimates by multimg the modebased SE bthe square root af-hat
(Burnham and Anderson 2002)Ve report all parameter estimates followed by
overdispersioftorrected SE in parentheses. Because our sample sizes were small when
data were partitioned by species and gtaicka, we used QAIGo account for small
sample sizes when making model comparisons.

Our methods included the following analytical assumptions (MacKenzie et al.
2006): 1) Population of interest is closed during the sampling periblis is a
reasonablassumption for our work because we conducted all replicate surveys in the
Kilbuck Mountains and Volcanoes within a 7 anddiy period, respectively. However,
we may have violated this assumption for Relggiged Hawk®decause thesight have
beenstill searching for nest sitekiring our sampling period (see discussion below). We

therefore interpreted results for this species in that con®xthe probability of
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occupancy is the same at all sitdsis reasonable to expect that nest sites varyality

and that higher quality sites might have a higher probability of occupancy. However,
because historical data at our study sites were not collected with standardized efforts and
methods that would have allowed us to assess occupancy probabgithatite (largely
because no detection probabilities could be estimatedhaveno informationwith

whichto formally test this assumptiotdowever we believe potential variation in
occupancy probability reflects natural variation that cannot be dieati@r accounted for

in many instances. Theffect of violating this assumption is not well known, but it likely
would havereduced th@recisionof ouroccupancy estimatéMacKenzie et al. 2006).
Therefore, because violating this assumpti@uld haveonly affected variation around
occupancy estimates and becagsgmatingoccupancyvas not a priorityfor this work
anyway we did not consider a potential violation of this assumption seri®us.

Detection probabilityis the same at all sitesSite-specific differences such as cliff color

or complexity may influencdetection probabilityluring aerial raptor surveys to some
unknown degree. Also, we do not knovdétection probabilityf raptors at cliff sites is
similar to that of raptors at poplgroves (Volcanoe$. We did not include nest site type
as a covariate in our models because there were relatively few tree\fielting this
assumption would primarily result in negatively biased occupancy estiarades

increasd variation aroundletection probabilityestimategMacKenzie et al. 2006)

Ideally, we wouldhaveconducedthis work at a largenumber of sites with similar
variations inphysical characteristicsl(ff color, degree of ovehang, et and then use
thesevariablesas covarites tomodel potentiaVariation in detection probability.
However,given typical limitations in survey funding, sample size, and natural, nearly
continuous variation in many cliff characteristittis approach is unrealistic for our
current circurstanceand most we can envision. Therefose consideranyincreased

error part of the natural variation that would be difficult to account for in olibfst
nestingraptor surveys Further, SEs around many of our detection probability estimates
were reasondd and do not suggest that a potential violation of this assumption seriously

compromised our resultgl) The occupancy of a site is independent of the occupancy
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status of any other siteélhis assumption could be violated in two ways when working
with territorial birds such as raptors. First, a bird could defend a territory that included
multiple nest substratesnd prevent those sites from being occupied by conspecifics.
However, we do not know the size or configuratioteofitories in our study aas.

Also, we note thatat least in the Volcanoes, theoximity of nests suggestisat the area
abird defends is small. This assumption naégohave been violated if birds were
moving betweemistorical nest locationand were detected at more thar @ite. This is
unlikely, however, because raptors spend most of their time either hunting (in the case of
the male) or occupying theestcliff (Newton 1979).Violations of this assumption

would have affected occupancy estimates. Future surveys thigtda estimating
occupancy would need to ensure adequate and random spatial distribution of survey
points to meet this assumptioAdditionally, the potential effects of violating
assumptions-2 on sampling variance estimates is at least partially ateddor by

using ehat to adjust variances.

Model development

Thoughwe suspected priori that analyzing data from each species in each study area
separately would be the most biologically appropriateyamsted to ensure that there was

not more structte in the data than we suspect@dherefore, we combined all data across

species and study areas and produced a candidate set of models using species, study area,
observer exgrience, and all combinations of theswariatesfop, and al | owed y
vary by species and area (TaBlé ) . We did not investigate Yy
considered it biologically unrealistic for occupancy not to vary by species and study area

and because we were relatively uninterestatlercomplexity by for this study We

then used standard model selection procedu
among competing modedsd considered models witlgaQ A I<@ as having substantial
support(Burnham and Anderson 2002Based on the resulting modgRhIC weights, we
thenmodeled data from each species in each study area separately and included observer

experience as a covariate in all subsequent modeling.
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We modeled each group of data with the following set of competing models:
y ( p(.)7,Constahoccupancy andetection probability
y ( p(experiencgi Constant occupancy bdetection probabilityarned
by observeexperience.
y ( p(suryey)i Constant occupancy bdetection probabilityaried by

survey.

RESULTS
When we combined all datanodels with species as a covarittep, including models
that also had area, experience, or area and experience as cquacatesd all of the
QAIC weight (Table3.1). Hence, partitioning data by species and study area for
subsequent ndelingwas waranted, as was including experience as a covariate.
Detection probabilityestimaés derived from models with the most support (Table
3.2) varied among species. Generabyrfalconswerethe most detectable, followed in
order by Golden Eagles, Common Ras, and Rouglegged HawkgTable3.3).
However,detection probabilitypf Roughlegged Hawks and Common Ravens differed
greatly by study area/aircraft type. For example, Common Rawéren surveyed by
fixed-wing aircraft in the Volcanoesyerethe mostetectable of the four species at

E=0.85 (SE 0.06 However, ravedetection probabilityvas much lower in the Kilbuck
Mountains when surveyed by helicoptefg< 0.45 (SE 0.1)j, although this might have

been a artifact ofthelow number of detections in the Kilbucks=Q3).

Models with constant detection probability and those with observer experience as
a covariate both received substantial support (TaBle Models assuming constant
detection probability alays received more support, though the differences in QAIC
weights between observer experience and constant detection models within any suite of
models varied from 0.01 to 0.47. Experienoedervers had highéetection probability
estimateghaninexpeiencedobservers for ahost allspecies and study areas/aircraft
types, though the differeas were sometimes small (TaBI8). There wagelatively

little support fodifferentsurveyspecific detection probability for all species.
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Though direct comgrisons ofdetection probabilitgstimates between aircraft
type was not possible because they were confounded by study areayifigeaircraftin
the Volcanoes provideestimate®f detection probabilityor Gyrfalcons andsolden
Eagles similar to thoseom helicopter sureys in the Kilbucks (Tabld.3). Detection
probabilityestimates foCommon Rwers and Rougtegged Hawkshowever, were
higher in fixedwing surveys We suspect this may ke leasipartly due to the low
number of detections fahese species in the Kilbuckelicopter surveys, differences
between study areaand, for RougHegged Hawks, possibly due tovimlation of the

assumption of populatiotiosure (see discussion below).

DISCUSSION

Our results showedetection probabilitydr raptors at historical nest sitésring

helicopter and fixedving surveys in western Alaska differed by species, study area
aircraft, and observer experiend@ommonly, survey results are used to compare the
occurrence of animals among geographicsagahrough time for the purpose of
monitoring status. @ resultsdemonstrate that several factors are associated with
differences in the probability of observing raptors among surveys and thus are important

for interpreting and comparing results.

Speies Differences

Gyrfalcons were the focal species foese surveysand the timing, design, and execution
of the surveys were tailored noaximize the likelihood of detectir@yrfalcors. It is

therefore unsurprising that Gyrfalcons tsmine ofthe highst detection probability
estimates f=0.78 and 0.79)Had replicate surveys been conducted later in the breeding
season, detection probability for other species might have been higher, especially in the
case of Rougtegged Hawks, wich breed later than Gyrfalcons and Golden Eagles.

Also, because of speciepecific surveyecision ruleswe conducted more survey passes
when Gyrfalcons were not observethese additional passesud have influenced

differencesamongspecies deteain probabilities if birds changed behavior during the
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survey season because of repeated disruptions (passes). Last, we emphasize that the
detection probability estimates presented here are likely minimum estimates because the
pilot was not allowed to pacipate in the survey. We expect that detection probability
would have been slightly higher had the pilots participated as is typically done during
aerial surveys.

Surprisingly, ourdetection probabilitgstimates for Rouglegged Hawks were
lower thanthosefor Golden Eagles. We expectRdughlegged Hawks to be more
detectabl e t han e a gropersitybdusmhersdesturbedand he hawk
because of therontrastingving andtail plumagepatterrs. We suspect that our
estimates for Rouglegged Hawkdetectability ardiasedow becauséheir populations
may not have been closed during our survey period and therefore violated a critical
assumption of occupancy modelingwd lines of reasoningupport this hypothesis
First, RoughHlegged Hawksre the last of the four species to initiate imgsbn our study
areas (LB, BJM, unpub. data) We failed to detect evidence of breeding (eggs or
young)duringmany of our sightings of Rougkgged Hawks, even though we
commonly detected evidence otbding for the other species. Second, the number of
sites at which Roughegged Hawksveredetected generally increased during our survey
period in the Volcanoes and Kilbucks. Total counts of sites at which Reggkd
Hawks were detected duringah rglicatefrom earliest to latestalendar datevere 9, 6,

10, and 14 in the Volcanoes (excluding iteomplete surveyand 1, 1, 2, and 4 in the
Kilbucks. Based on these counts, Rodgpged Hawk occupancy appeared to increase
during the survey period, @bably because they were siillthe process of choosing nest
sites and initiating nestingThislikely caused a closure assumption violation and
resulted inbiaseddetection probability estimates for Roulgiyged Hawks

We attributed the higHetectio probabilityof ravens in the Volcanoess(=0.85)

to theirconspicuoudlack plumage andse of nests ismall, isolatedeasilysurveyed
poplarstands Additionally, Common Reens in the Volcanoes hadasting phenology
very simila to Gyrfalcons and the timing of the surveys was probably optimal for

detectingravens. We are unsure wlgtection probabilityf ravens was relatively low
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in the Kilbucks, buthis was perhaps a functionlofv occupancy (estimate@l04)or
more cryptc nest site placement than in the Volcanoes

Except for Martin et al. (2009),avare unaware of detection probabibtimates
for these species or for chffesting raptors in general during breedgagson surveys.
For Golden Eagles breeding in Darfdational Park, AK, Martin et al. (2009) estimated
detection probabilities during a combination of repeated helicopter and gbased
surveys varied from 0.90.0. These estimates are higher than ours and the difference is
most likely explained by theuse of groundbased work to complement aerial surveys
and by differences in study area and observer experiencdoue nootherestimates
with which to compare ours or to investigate potential spatial, methodological, or
temporal differences. Thisdtlights a significant deficiency in and obstacle to the study
and conservation of birds of prey (Anthony et al. 1999).

Therearepublished studies that estimatdetection probabilitpf eagles, hawks,
or owls during other types of surveys. For exangdgection probabilitgstimateof
Redshouldered HawksButeo lineatusvaried from 0.11 to 0.45 among four study area
(Iverson and Fuller 1991). Estimafes Spotted OwlgStrix occidentalisduring ground
surveys of historical nesting areas rangednf0.530.76 and varied widelyboth
temporally and spatially (Olson et al. 2005). Wintle et al. (2005) found that ground
surveys for the Powerful OwN{nox strenupand SootyOwl (Tyto tenebricosgin
Australia produce low estimates of detection prdfikity ( == 0.13 and 0.26,
respectively). Bald Eagle sightability estimates during fiwéuagy aerial surveys in two
areas in Oregon were 0.64 and Q&4&d sightability was lower during aerial surveys than
during ground surveys (Anthg et al. 1999). Bowman and Schempf (1999) estimated
detection probabilities for adult Bald Eaglesfat 0.79 and for immature eagles at
f=0.51 from fixedwing aerial surveys during the breeding season in smritral
Alaska. Good et al. (2007) conducted fixgohg aerial linetransect surveys across the
western United States for Golden Eagles after the breeding season and estimated the

detection probabilitpf perched eagles g&=0.29 andlying groups of eagles at

E=0.55, though estimates varied with detection distance. Last, using broadcast call































































































































































