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Abstract Many different ecological factors affecting the

size, use, and spatial configuration of home ranges have been

investigated, yet the chronology of the breeding cycle has

been relatively under studied. Here, we studied peregrine

falcons (Falco peregrinus) to describe variation in home range

within and between breeding seasons in the Yamal peninsula,

a region of the Russian Arctic with a high breeding density of

peregrines. We used satellite telemetry to investigate variation

in home range at different stages of the breeding cycle during

three breeding seasons (2009–2011). We fitted Argos satellite

transmitters to 10 breeding peregrines (nine females and one

male) and two male fledglings. All breeding females showed

fidelity to the region of the southwestern Yamal peninsula, but

they were not necessarily faithful to their specific breeding

ranges with 33 % dispersing to new ranges up to 40 km away.

The population of peregrines in our study area was relatively

synchronous in their breeding chronology, with clutches ini-

tiated in close synchrony in early June despite the birds

arriving on their breeding ranges ca. 3 weeks earlier. The

average home range size for breeding females was 98 km2

(95 % Maximum Convex Polygon). Over the breeding sea-

son, the home range area utilized by females increased in the

late nestling period and again after the chicks fledged.

Expansion of the home range coincided with changes in

behavior associated with parental care, resulting in greater

activity and more time spent away from the nest area when the

female began hunting to provision nestlings and fledglings.

Keywords Arctic tundra � Behavioral response �
Breeding cycle � Breeding dispersal � Satellite tracking

Introduction

Understanding factors affecting animal movement is fun-

damental for describing space use by wildlife but also for
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management and conservation. A central concept to illus-

trate animal movement is the home range, which during the

breeding season is the area used by an animal to forage,

mate and care for young (Burt 1943; Brown and Orians

1970; Börger et al. 2008). Home range is also a useful

measure of the scale at which species operate and is likely

influenced by multiple biotic and abiotic factors (Drent and

Daan 1980; Mace and Harvey 1983; Adams 2001). Many

different ecological factors affecting the size, use and

spatial configuration of home ranges have been investi-

gated between species, populations or individuals, such as

several habitat-related structures, prey availability and

population dynamic parameters of the target population

(e.g., Gaines and Johnson 1982; Lurz et al. 2000; Peery

2000; Rutz 2006). However, the chronology of the breed-

ing cycle has received relatively little attention despite

being central to the concept of home range, which states a

direct link between space use and energy needs required

during the breeding stages (but see Beltran et al. 2010).

Since the technological revolution of remote sensing

applied to animals, our knowledge about home range has

expanded dramatically (Cagnacci et al. 2010). Now, the

possibility to use relatively small and light transmitters has

reduced the risks of negative impacts on survival or

reproduction, allowing researchers to work on rare and/or

sensitive species (Barron et al. 2010; but see Murray and

Fuller 2000; Peniche et al. 2011). Recorded locations

where individuals may occur provide the raw material for

home range modelization (Millspaugh and Marzluff 2001;

Getz et al. 2007).

In birds, it remains unclear how home range may change

during the breeding cycle from egg laying through to post-

fledging dispersal of the brood, despite this being a key

period of parental care with associated energy trade-offs

between parents and offspring. This paucity of knowledge

is exacerbated in the Arctic, where remoteness constitutes a

challenge for monitoring home ranges. Furthermore, the

brief window of opportunity for breeding when food is

available and environmental conditions are favorable,

means that the Arctic is an interesting region in which to

examine the temporal dynamics of home ranges.

In the Arctic, top predators play a crucial role in eco-

system functioning, and their use of breeding habitat can

bear information on both their spatial requirements and

availability of their prey. The peregrine falcon (Falco

peregrinus; hereafter peregrine), a generalist bird predator,

is known to feed on most of the avian species available in

the tundra during the short breeding season (Bradley and

Oliphant 1991; Rosenfield et al. 1997; Dawson et al. 2011).

If and how home ranges vary over this short window of

time remains unclear and studies on the peregrine have not

yet answered these questions, since they are relatively few

and based on very different ecosystems and methods as

well as sample sizes and length of investigation (e.g.,

White and Nelson 1991; Jenkins and Benn 1998; Ga-

nusevich et al. 2004; Lapointe et al. 2013).

Here, we describe the home range of this top predator

for three consecutive years (2009–2011) in the Yamal

peninsula, a region of the Russian Arctic with a high

breeding density of peregrines (Quinn and Kokorev 2000;

Paskhalny and Golovatin 2009). Specifically, our objec-

tives in this study are (1) to examine the fidelity of indi-

viduals to their nest site and breeding range across years,

(2) to determine temporal changes in range use within and

between years and across individuals and (3) to describe

how the size and overlap of home ranges changed during

the breeding period. To do so, we have used satellite

telemetry to monitor peregrine movement at different

stages of the breeding cycle and discussed our findings in

relation to the constraints imposed by parental care.

Materials and methods

Study area

Our observations on the calidus subspecies of the peregrine

from 2009 to 2011 were conducted at the Erkuta river

(68�130N 69�090E), southwestern Yamal peninsula, Russia.

This region is classified as low-shrub tundra zone (low

arctic; Walker et al. 2005), a landscape characterized by a

treeless mosaic of ponds, lakes and bogs, with numerous

patches of willow thicket. Our study area included the

Erkuta and Payuta rivers interspersed with small hills (ca.

50 m high) and sand cliffs up to 40 m high along rivers and

lake banks, which offer potential nesting sites for pereg-

rines. Where the Erkuta river, and the more southerly Enzor

and Baydarata rivers, enter the Kara Sea there is a large

expanse of low lying, saline marshes in the Baydaratskaya

Bay. This network of rivers, marshes and lowland tundra is

a hotspot on the Yamal peninsula for migrating and molting

birds (Danilov et al. 1984; Estafyev 1986; Chernichko et al.

1998; Sokolov 2003). See details of the study area in So-

kolov et al. (2012). In 2009, we explored a 400 km2 survey

plot via motorboats on the Erkuta river and its tributaries,

together with foot surveys of adjacent tundra regions; we

found a total of 12 occupied breeding ranges with 10 active

nests. In subsequent years, no systematic survey took place

though 9 and 10 breeding ranges were visited opportunis-

tically in 2010 and 2011, respectively. The study area

supported a maximum of 3.3 occupied breeding ranges per

100 km2, indicating that Erkuta is an important breeding

region for the peregrine on the Yamal peninsula (see also

Danilov et al. 1984; Paskhalny and Golovatin 2009).
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Satellite transmitters and trapping

We used 18 g Argos satellite transmitters (Solar PTT100,

Microwave Telemetry Inc., Columbia, MD, USA). The

duty cycle for signal transmission was 10 h on/24 off,

allowing us to cover most of the daily activities of the birds

over the breeding cycle. Argos location data are based on

the Doppler effect and location points are of variable

quality—classified as location classes (LC). The actual

accuracy of location data is difficult to assess but Argos

error estimates for different location classes are as follows:

LC3 B250 m, LC2 B500 m, LC1 B1,500 m, whereas

those at LC0, A, B or Z have no location accuracy (CLS

2014). In this study, we used high-quality Argos LC 2 and

3 signals only.

Over 3 years, the number of high-quality signals was

4,533 from a total of ca. 25,500 signals. The number of

positions per bird ranged from 111 to 430, with an average

of 3 per day. The total number of days with signals was

1,035 (average ± SE: 74 ± 5 per bird per year), corre-

sponding to 74 % of the 1,403 days when birds were

present in the breeding region.

In 2009, we trapped and deployed Argos satellite

transmitters on 10 breeding adults (nine females and a

male, which was paired with one of the nine females). In

2010, we also equipped two nestlings of two of the nine

females. We used a noose-carpet trap set at the nest site to

capture target adults during incubation, while we equipped

the chicks prior to fledging when monitoring their nest.

Females are typically 15–20 % larger and 40–50 % heavier

than males (White et al. 2002), making sexing easy to do in

the field. Transmitters were attached with a 5 g harness

made of Teflon ribbon stitched at a central ventral rupture

point (Kenward et al. 2001). Overall, this represents ca. 2

and 3 % of the body mass of female and male calidus

peregrines (i.e., ca. 800 and 1,100 g, respectively) and falls

within the range recommended to minimize negative

effects on the birds (Kenward 2001), but see Barron et al.

(2010) and Vandenabeele et al. (2011).

Nesting chronology and success

We divided the breeding period into five stages: pre-laying,

incubation, early nestling, late nestling and post-fledging.

Pre-laying covered the time period from arrival after spring

migration until the start of incubation, which was taken as

the period from the penultimate egg until hatching. The

nestling period was assumed to last 40 days, with the early

nestling stage covering the first 10 days when chicks are

still not independent for their thermoregulation and the

‘late nestling’ stage covering the remaining 30 days (White

et al. 2002). The post-fledging period was the time from

fledging to departure on autumn migration. We back-

calculated first-egg dates by assuming one egg was laid

every 48 h, and chicks hatched 33 days after the penulti-

mate egg was laid (Cramp and Simmons 1980). We back-

calculated hatching dates from the estimated age of chicks

observed during nest monitoring; we estimated the age of

chicks during a nest monitoring visit by comparing their

development to a photographic chart illustrating the

development, at 3-day intervals, of captive-bred chicks of

known age.

In 2009, we found three nests of peregrines at the laying

stage (one of which failed to hatch), while six other nests

already contained full clutches and for four of these nests,

we were able to estimate hatching dates and back-calculate

laying dates. Thus, we estimated egg-laying dates for seven

nests and hatching dates for six nests. In 2010 and 2011, we

were able to estimate hatching dates and back-calculate

laying dates from the development stage of chicks for three

nests in each year.

In 2009, we knew that three nests successfully fledged at

least one chick because we observed flying young at the

sites, and one nest failed during incubation, probably due to

collapse of the sand cliff (as occasionally happens at such

sites in this region). Complete nest monitoring was ham-

pered for logistical reasons but in 2010, nests were found at

three of the five ranges occupied by satellite tagged

females, two of which were known to have fledged chicks,

and in 2011, nests were found at three of four occupied

ranges, one of which was known to have fledged.

Nest site fidelity

We measured a change of nesting site from 2009 to 2011

by estimating the minimum distance (km) between nest

sites from 1 year to the next, derived either from direct

geographical positioning of the nest site via handled GPS

units (precision = 10 m) or in three cases where nests were

not visited, by indirect positioning via Argos locations

during the incubation stage of the breeding cycle (we

assumed the nest site was the central position of location

points). We defined a breeding range as the nest site and

surrounding area utilized during the incubation and early

nestling period; in subsequent years, females could

potentially occupy the same or different nest sites within

the same breeding range, or exhibit breeding dispersal to

occupy a new breeding range.

Home range area and movements

All statistical analysis was carried out in open-source

software R, version 2.12.2 (R Development Core Team

2012). To define the home range of peregrines during the

breeding season, we used the adehabitat library (Calenge

2006). In order to maximize the number of locations for
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each stage of the breeding cycle, we did not filter the data

to eliminate spatial and temporal autocorrelation (De Solla

et al. 1999). We quantified the home range area by using

the Minimum Convex Polygon (MCP), which is more

robust when using unfiltered data (Nilsen et al. 2008) and

used 95 % of fixes to define the overall boundaries of

peregrine movements (Börger et al. 2008). We then esti-

mated the core area of the home range through fixed-kernel

methods (Worton 1989) and calculated 50 % fixed kernels

using the least-squares cross-validation procedure to

determine the optimal value of the smoothing parameter for

a given kernel and sample size (Seaman and Powell 1996;

Seaman et al. 1999; Gitzen and Millspaugh 2003). We

compared changes in home range size at different stages of

the breeding cycle using a general linear mixed model

(GLMM) as implemented in the lme4 package (Bates et al.

2013). For this GLMM, we examined residuals to verify

that our data met the assumption of linearity and homo-

scedasticity. We integrated individual identity as a random

variable, while using year (2009–2011) and the five indi-

vidual stages of breeding cycle as fixed factors.

We computed all locations using the PBSmapping pack-

age (Schnute et al. 2008) and plotted the distance moved by

individuals from the nest (excluding three nests where the

exact location was not directly determined via GPS). We

used the frequency of locations\500 and[2,000 m from the

nest as a proxy measure of time spent ‘near’ and ‘far’ from

the nest in relation to stage of the breeding cycle. We used

500 m as a cut-off value as its fits with the accuracy classes

used (i.e., LC2 and LC3). Presence/absence near or far from

the nest was recorded as a binary response in a GLMM, with

breeding stage and year as fixed factors, and individual

identity as a random factor. To compare the time spent near

or far from the nest for individuals in a given breeding pair,

we used a Generalized Linear Model (GLM) with breeding

stage and sex as predictor variables.

We examined spatial and temporal autocorrelation in

our dataset to examine activity at different stages of the

breeding cycle and to identify any diurnal patterns of

activity (Boyce et al. 2010). The distance moved by

peregrines between sequential location points was posi-

tively correlated with interval duration (R2 = 0.09). We

obtained residual values from a linear regression of time

interval and distance between sequential locations to pro-

vide a measure of movement activity. We compared

movement activity at different stages of the breeding cycle

using a GLMM, with individual identity as a random var-

iable, and year and stage of breeding cycle as fixed factors.

To identify diurnal activity patterns during the late nestling

and post-fledging stages, we filtered our data to include

only sequential locations with a temporal interval of \1 h

and then examined the distance moved between locations

each hour over a 24 h period.

Results

Nest site fidelity

Over the period 2009–2011, the mean nearest neighbor

distance between nest sites in occupied ranges was 6.3 km

(range 3.1–15.0 km). In 2010–2011, the mean date of

arrival to the Erkuta study area was 18 May (range 10–29

May) and in 2009–2011, the mean date of departure on

autumn migration was 15 September (range 28 August–28

September), while the average duration of stay in

2010–2011 was 117 days (Online Resource 1). Breeding

peregrines exhibited relative synchrony in their nesting

cycle (mean 07 June, SE ± 0.6 days), with estimated lay-

ing dates in 2009–2011 spanning the period of 29 May to

10 June (N = 18; Online Resource 2).

In 2010, five females were tracked back to the breeding

region, while the remaining five transmitters (including the

PTT deployed on the male) stopped working after the birds

left the Yamal region. Two of the five returning females

exhibited breeding dispersal to new nesting ranges (i.e.,

90,875 and 90,877). One female, which experienced a

nesting failure in 2009, moved 40 km eastwards along the

Erkuta river and apparently bred there in 2010. Though

successful in 2009, the second female moved from the

2009 nest location on a lake bank to a river cliff site, 12 km

away; this was a known breeding site for peregrines and

was occupied by a pair in 2009, though no eggs were seen

in the nest scrape (either failed at egg stage or did not lay).

In 2011, four females returned to breed and three occu-

pied the same ranges as the previous year with a mean nest

site shift of 0.3 km (range 0.0–1.0 km), while another

moved 1.3 km to nest in an adjacent breeding range (Fig. 1).

Over 2 years, 67 % (six of nine) of females exhibited

fidelity to the breeding range they used in the previous year.

Home range area

Over 3 years, the mean home range size for female

peregrines was 102.7 km2 SE ± 13.3 km2 (95 % MCP;

median 103.5 km2, range 20.7–221.6 km2) over the whole

breeding season, while the single male occupied a com-

parable home range of just 19.7 km2 (Fig. 2; Online

Resource 3). There was no significant difference in mean

home range size across years (GLMM, t = 0.38,

P = 0.71), but there was a significant difference with stage

of the breeding cycle. While home range size did not differ

among pre-laying, incubation and early nestling period

(average 9.8 km2; t = -0.25, P = 0.80), in the late nest-

ling period, female home range increased to reach an

average size of 35.1 km2 (t = 2.50, P = 0.02). After the

chicks fledged, home ranges tripled in size, reaching an

average area of 106.8 km2 (t = 7.29, P \ 0.001; Fig. 2).

Polar Biol

123



The home range of the only tagged male was larger

during the incubation period than female ranges, but was

smaller at all other stages of the breeding cycle and was

completely included within the home range of its mate

(Fig. 1 and Online Resource 3). The change in home range

size with stage of the breeding cycle was similar for the

male compared to its mate, apart from post-fledging period

when it did not exhibit a large increase in range area

Fig. 1 Map of the study area with the home ranges of eight females (77–84) and one male (76) in 2009–2011. Home range of male 76 is shown

with dashed outline. Home ranges are estimated with 95 % MCP and filled polygons represent 50 % kernel of all location points
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(Online Resource 3 and 4). Both tagged chicks covered an

area of 13 and 66 km2 around their nests after fledging,

compared with 114 and 132 km2 for their respective par-

ents over the same period, and they left the Yamal penin-

sula on autumn migration 2 days before their parents.

Movements

The maximum linear distance females were recorded from

their nest site in the pre-lay, incubation, early nestling, late

nestling and post-fledging periods was 10.8, 18.6, 8.2, 22.7

and 34.9 km, respectively. The corresponding distances for

the male (excluding the pre-lay stage) were 5.1, 5.8, 4.1

and 6.4 km. Females spent significantly less time far

([2,000 m) from their nests in the early nestling stage

(z = -7.01, P \ 0.01) and significantly more time far

from their nests during the pre-lay (z = 1.96, P \ 0.05)

and post-fledging stages (z = 14.45, P \ 0.01), while they

spent significantly less time near (\500 m) their nests over

the same stages, respectively (z = -1.94, P \ 0.05; z =

-5.94, P \ 0.01; Fig. 3).

Movement activity of female peregrines was signifi-

cantly greater in the late nestling (t = 2.44, P \ 0.05) and

post-fledging periods (t = 7.74, P \ 0.01) than at other

stages of the breeding cycle. During the late nestling and

post-fledging stages, the diurnal activity pattern of female

peregrines indicated that most movements took place in

late morning, while the least activity took place in the

period around midnight (Fig. 4).

Home range dynamics after nest failure

Although based on a single individual, the pattern of home

range dynamics after nest failure is worth documenting as

there is no other known publication of satellite tracking of

Fig. 2 Female home range area (km2) at different stages of the

breeding cycle, 2009–2011. a 95 % MCP; b 50 % Kernel. Horizontal

line shows the median. Bottom and top boxes show the 25th and 75th

percentiles, respectively. Vertical dashed lines show interquartile

range of the data and open circles represent outliers. N = the number

of breeding stages that were tracked for eight females in 2009, five in

2010 and four in 2011 (no birds were tracked during pre-lay stage in

2009)
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Fig. 3 Chronology of breeding events and movements of peregrines

(Falco peregrinus) 2009–2011. Gray columns represent proportion of

locations close (\500 m) to the nest and black columns the proportion

of locations far ([2,000) from the nest at different stages of the

breeding cycle (N = number of birds; number of locations)
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the ranging behavior of peregrines whose breeding attempt

failed at the egg stage. For the female that failed in its

breeding attempt, from the date of PTT deployment (12

June) until the 19 June, all locations were received from the

vicinity of the nest site and movements were within an area

of 3 km2 around the nest site (Fig. 5). Following nest

failure, the female moved over a vast area of ca.

2,185 km2, but within this large range the bird occupied

four discreet temporary settlement areas (TSAs; Fig. 5;

Online Resource 5).

Discussion

Home range fidelity and breeding chronology

Females exhibited fidelity to the breeding region by

returning to our study area in Yamal to breed in subsequent

years. However, at a finer spatial scale, they were not

necessarily faithful to their specific breeding ranges; we

found that 33 % of returning females switched breeding

ranges between years. A study using recapture data for a

non-migratory population in Scotland found that 9 % of

females switched ranges from 1 year to the next (N = 66),

though some breeding dispersal movements may have gone

undetected (Mearns and Newton 1984). Nevertheless,

breeding dispersal was slight, with the maximum distance

moved being 40 km along the same river system. Birds that

exhibited breeding range fidelity displayed similar home

ranges in terms of size and shape from 1 year to the next,

suggesting stability of resources across years and/or terri-

torial interactions.

Our monitored population of peregrines was synchro-

nous in their breeding chronology contrasting markedly

with southern resident peregrine populations, which can

exhibit a range of more than 2 months in egg-laying dates

(Rizzolli et al. 2005). Unlike their southern congeners,

tundra-breeding, migratory peregrines have little time to

lay a replacement clutch after an initial failure during

incubation. Breeding could be synchronized with temporal

variation in prey availability (Perrins 1970; Drent 2006), as

demonstrated in an Australian peregrine study where peak

prey availability coincided with the period after fledgling

(Olsen and Georges 1993). Climate change can result in a

mismatch of resource availability and demand in breeding

birds, e.g., (Thomas et al. 2001), which is particularly
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critical in the Arctic due to the highly compressed breeding

season for birds and the sharp, short-lived peaks in resource

availability, e.g., (McKinnon et al. 2012). Future research

should focus on understanding the key factors determining

the timing of breeding in peregrines, and how they relate to

food abundance with regard to a changing arctic climate.

Home range area and movements

Home range areas utilized by female peregrines in this

study (mean 98 km2) were substantially smaller than those

reported for the same species elsewhere in Arctic Russia by

Ganusevich et al. (2004; mean 1,175 km2, range

104–1,556 km2), although direct comparison is not

appropriate as the former study also incorporated Argos

data with lower location accuracy (i.e., LC0 and LC1),

which will result in larger range size estimates. The ranges

used by peregrines (95 % MCP), were smaller than those

used by another large arctic-dwelling raptor, the gyrfalcon

(Falco rusticolus), in Greenland with a mean 90 % MCP

home range area of 571 km2 (range 140–1,197 km2

(Burnham and Newton 2011). This is consistent with the

idea that specialist predators like the gyrfalcon require

larger home ranges than a generalist like the peregrine

(Peery 2000). More recently, GPS satellite telemetry has

been used to quantify home ranges of breeding peregrines

in southern Québec, Canada (Lapointe et al. 2013), where

mean home range size was larger than at Yamal during

both the nestling period (mean 83.9 km2, range

0.3–392.5 km2) and the post-fledging dependence period in

the first month after fledging (mean 201.9 km2, range

10.0–811.1 km2). This difference probably reflects greater

prey availability in the Arctic, one of the basic driving

forces for the evolution of migratory behavior (Alerstam

et al. 2003), where the benefits of Arctic breeding include

permanent daylight and time limited but abundant resour-

ces (Gilg and Yoccoz 2010).

Female peregrines undertake the majority of incubation

(Ratcliffe 1993), and this pattern was evident in our study

as we only caught one male in the ten birds trapped during

incubation. During the latter part of the pre-lay period, and

the incubation and early nestling stages, females are mainly

provisioned by their mate (Ratcliffe 1993). In the late

nestling phase, chicks no longer require thermoregulation

by brooding and females then switch to a more active

parental care role in hunting prey and provisioning the

nestlings. After the chicks leave the nest, they continue to

receive parental care and provisioning during the post-

fledging dependence period (Sherrod 1983; Mearns 1985).

Home range area can be influenced by temporal changes

in parental care behavior (Clutton-Brock 1991). Constraint

on movement imposed by the demands of parental care,

including the production of eggs in the pre-lay period, and

thermoregulation of eggs and chicks in the incubation and

early nestling periods corresponds with the small home

range area utilized by female peregrines at these stages of

the breeding cycle. Expansion of the home range in the late

nestling and post-fledging period when females begin to

hunt for prey was associated with greater activity and more

time spent away from the nest area. In contrast, the one

male did not increase its home range area in the later stages

of the breeding cycle, but it is not possible to draw any

conclusion from this single case.

Although changes in parental care behavior alone can

explain the observed variation in female home range size

over the breeding cycle, changes in home range size can

also be driven by prey abundance and/or dispersion, energy

demand, and territoriality of conspecifics e.g., (Hixon

1980; Mace and Harvey 1983; Marzluff et al. 1997; Adams

2001). Lemming and vole (Arvicolinae) numbers were

generally low in our study area during 2009–2011 (So-

kolova et al. unpublished data). Under such conditions in

the Yamal region, breeding peregrines feed almost

Fig. 5 Movement of a female peregrine (Falco peregrinus) following

breeding failure, 2009. The 95 % MCP of temporary settlement areas

(TSAs) are shown with arrows indicating date and direction of

movement between them
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exclusively on avian prey, taking a wide range of taxa

including passerines, waders, and waterfowl ranging in size

from 25 to 1,100 g (e.g., lapland longspur Calcarius lap-

ponicus to long-tailed duck Clangula hyemalis; Osmo-

lovskaya 1948). We have no data on temporal variation in

prey availability in this study but known changes in prey

distribution may potentially modify ranging behavior.

Many waders and waterfowl move from the tundra to pre-

migration feeding and molting areas on the coast (Estafyev

1986; Chernichko et al. 1998), and some females exhibited

directional shifts to coastal areas during the post-fledging

period (Fig. 1). The female whose nest failed, primarily

occupied temporary settlement areas (TSA) in coastal river

deltas, indicating the rich prey availability in such areas.

Furthermore, released from parental care, the TSA’s used

by this failed breeding female were situated in coastal areas

and of similar size to the home ranges of breeding females

in late stages of breeding cycle. Larger home ranges

coincided with periods of high energy demand associated

with provisioning nestlings and fledglings (Olsen and

Tucker 2003) and the need to acquire physiological con-

dition for autumn migration (Newton 2008).

Attendance at the nest area in Yamal was similar to that

reported in previous studies of peregrines in the temperate

zone of southern Europe (Carlier 1993) and interior Alaska

(Palmer et al. 2001), where females spent progressively

less time near the nest after the early nestling stage when

their chicks were [10 days old. The incubation and early

nestling stages were also associated with reduced activity,

indicative of low energetic demand during these periods of

the nesting cycle (Palmer 1999; Palmer et al. 2001).

Female peregrines exhibited a 24-h rhythm of activity, with

more activity during the day than at night. Activity rhythms

of Arctic birds exhibit marked plasticity and diversity,

though certain passerine and wader species have been

shown to exhibit a similar 24 h rhythm (Steiger et al.

2013). It is possible that the entrained diurnal rhythm of the

peregrine is synchronized with the activity of their prey,

thus hunting efficiency and prey availability is highest in

the late morning and early evening.

Here, initiation of female hunting behavior in the late

nestling period resulted in an enlargement of their home

range, which coincided with increasing energy demands,

which is closely bound by the short window of the Arctic

summer and prey availability. Further monitoring of home

range use by peregrines across areas with contrasting prey

abundance would help decipher the possible adjustments of

this generalist predator to the energetic challenges of

breeding in Arctic areas.

Acknowledgments This study was funded by the Environment

Agency-Abu Dhabi. We thank HE Mohammed Al Bowardi and HE

Razan Khalifa Al Mubarak for their continued interest and support.

Additional support was provided by Russian Academy of Sciences:

Project # 12-P-4-1043 to VS and Project # 12-4-7-022-Arctic (Ural

Branch) to AS, and by the Research Council of Norway, University of

Tromsø: Project # 195738/V11 to VS. NL was funded by the

Research Council of Norway through the IPY project ‘‘Arctic Pre-

dators’’ (www.arctic-predators.uit.no). We thank Takuchi Laptander

and family, Victor Sidorov, Natalya Sokolova, Dorothee Ehrich, Ivan

Fufachev, Olga Kulikova, Slava Osokin and Grisha Popov. Three

anonymous reviewers greatly improved an earlier version of this

manuscript.

References

Adams ES (2001) Approaches to the study of territory size and shape.

Annu Rev Ecol Evol Syst 32:277–303
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