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Abstract Natal dispersal is a well-studied phenomenon

that can be divided into three stages: (1) starting from an

area, (2) wandering to another area and (3) either settling in

that area to breed or merely temporarily stopping there

before continuing to wander. During the third phase, we

can distinguish breeders from non-breeders, which may

show similar or different patterns of space use. Breeding

Common Ravens are territorial year-round; non-breeders

are highly vagrant but may gather at food sources and night

roosts for varying lengths of time. In contrast to the wan-

dering phase, little is known about the space use of ravens

at such ‘‘stop’’ sites. Here, we used radio telemetry to

investigate the space use of 21 non-breeding ravens in the

Austrian Alps during a stop stage at an anthropogenic food

source. The tagged ravens were present in 69.2 % of the

relocation attempts. They used only 27.0 ha (range

6.7–59.7 ha, 95 % utilisation distribution) of the study

area, and their activity ranges strongly overlapped with

each other. However, within this shared space, sub/adult

non-breeders could be found at individually distinct loca-

tions, while juveniles showed similar spatial distributions.

These results, combined with reported long-distance

movements, underline the high behavioural flexibility of

non-breeding ravens, which may be a reason for their

success in very different habitats throughout the Northern

Hemisphere.

Keywords Common Raven � Corvus corax � Non-

breeder � Space use � Natal dispersal � Radio telemetry �
Kernel density

Zusammenfassung

Raumnutzung nicht-brütender Kolkraben nahe einer

dauerhaften menschlichen Nahrungsquelle

Ein gut untersuchtes Phänomen ist die Abwanderung von

Jungtieren. Es lassen sich drei Phasen beobachten: (1) Das

Verlassen eines Gebietes (2) Das Einwandern in ein neues

Gebiet (3) Ein Ansiedeln, um Junge aufzuziehen oder ein

kurzer Aufenthalt vor dem Weiterziehen. Hinsichtlich der

Raumnutzung unterscheiden sich in der dritten Phase

Brüter und Nichtbrüter mehr oder weniger stark: Während

sich beim Kolkraben die Brüter das ganze Jahr über streng

territorial verhalten, wandern Nichtbrüter umher, um sich

an ergiebigen Nahrungsquellen und Schlafplätzen

vorübergehend niederzulassen. Über die Raumnutzung von

Nichtbrütern ist in diesem Zusammenhang noch recht

wenig bekannt. Mit Hilfe von Radiotelemetrie untersuchten

wir dies bei 21 nicht-brütenden Kolkraben in den Öster-

reichischen Alpen in der Umgebung einer reichhaltigen

menschlichen Nahrungsquelle. Die besenderten Raben
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hielten sich in 69.2 % der Fälle im Studiengebiet auf. Jedes

dieser Individuen nutzte hierbei lediglich eine Fläche von

durchschnittlich 27 Hektar (reichend von 6.7 bis 59.7

Hektar; bei 95 % Raumnutzungsverteilung), welche sich

untereinander stark überschnitten. Während subadulte

sowie adulte Raben auch noch innerhalb dieses gemeinsam

genutzten Areals individuelle Ortspräferenzen zeigten,

hielten sich juvenile in demselben Bereich auf. Die Kom-

bination dieser Ergebnisse mit den aus der Literatur

bekannten Wanderungen über weite Strecken unterstreicht

das flexible Verhaltensrepertoire nicht-brütender Kolkra-

ben. Dies könnte auch ein Grund für deren erfolgreiche

Verbreitung in den unterschiedlichsten Lebensräumen der

Nordhalbkugel zu sein.

Introduction

Natal dispersal, defined as the movement of animals from

their natal site to their breeding location(s), involves three

successive behavioural stages: (1) ‘‘start’’, when an indi-

vidual leaves its place of birth; (2) ‘‘transience’’ or ‘‘wan-

dering’’, when it explores other areas before settling in a

new area; and (3) ‘‘stop’’, when it either stays in a breeding

territory or resides only temporarily at a settlement during

the dispersal process (Bowler and Benton 2005; Delgado

and Penteriani 2008; Clobert et al. 2009). Travelling across

unknown areas can involve high costs and mortality (e.g.

Waser et al. 1994; Alberts and Altmann 1995), but effi-

ciency can increase as spatial memory improves and as the

individual learns about its environment (Saarenmaa et al.

1988; Vuilleumier and Perrin 2006). When an animal

temporarily settles in an area during dispersal, it may

reflect the transition from exploratory strategies with

incomplete environmental information to a more specific

use of spatial resources by increasing the value of familiar

space (Delgado et al. 2009).

Individuals can be characterised as ‘‘breeders’’ and

‘‘non-breeders’’ according to their social status; these may

show substantial differences in their behaviour, especially

when breeders defend their territories. In some species,

non-breeders may live secretly in a breeder’s territory

(Smith 1978; Arcese 1987); in others, the social classes

show a clear discrepancy in habitat use (Campioni et al.

2012). In either case, non-breeders are relatively difficult to

study and, compared to breeders, little is known about the

behaviour and intraspecific interactions of non-breeders or

floaters (Smith 1978; Penteriani and Delgado 2011). This is

surprising, since it is important to investigate the behaviour

and ecological role of non-breeders in order to understand

the structure and dynamics of a population and the evolu-

tion of the behavioural differences between social classes

(Campioni et al. 2010). Here, we define non-breeders as all

non-breeding individuals, in contrast to the frequently used

term ‘‘floaters’’, which includes only a fraction of sexually

mature non-breeders.

The Common Raven (Corvus corax) is a territorial

species that exhibits a variety of behavioural differences

between the social classes. Breeding pairs are long-term

monogamous and defend a territory, often larger than

10 km2, year-round (Heinrich 1989; Rösner and Selva

2005). Young ravens join non-breeder groups for foraging

and roosting after they become independent from their

parents during their first summer (Haffer and Kirchner

1993; Ratcliffe 1997; Wright et al. 2003). These non-

breeder groups can be highly vagrant (Heinrich et al. 1994)

or develop preferences for certain foraging techniques

(Dall and Wright 2009) and/or foraging sites (Braun et al.

2012). To change status from a non-breeder to a breeder,

individuals have to become sexually mature, find a partner

and be able to defend a territory, which does not occur

before the age of 3–4 years (Ratcliffe 1997; Webb et al.

2009); indeed, this may take 10 years or more in a satiated

population (Loretto and Bugnyar, unpublished data).

Results from several studies on the space use of breed-

ing and non-breeding ravens emphasise that breeders share

little space with neighbouring breeding pairs and show

strong site fidelity, while the gregarious non-breeders move

widely and show intersections of home ranges, especially

at rich food sources (Heinrich et al. 1994; Marzluff and

Neatherlin 2006; Webb et al. 2012; Scarpignato and

George 2013). Large numbers of ravens are attracted by

ephemeral food sources such as carcasses or road kill

(Heinrich 1989; Marzluff et al. 1996; Stahler et al. 2002)

and even more by anthropogenic point subsidies such as

farms, landfills, and game parks (Huber 1991; Drack and

Kotrschal 1995; Boarman et al. 2006; Webb et al. 2011;

Baltensperger et al. 2013; Bijlsma and Seldam 2013). Non-

breeders sometime use permanent food sources on a reg-

ular basis, which may cause a ‘‘stop’’ stage during dis-

persal. In such a situation, socialised subgroups, social

bonds and rank hierarchies can emerge (Braun et al. 2012;

Braun and Bugnyar 2012). However, it is unknown how

ravens use the space at such a stop stage. Do they perma-

nently stay next to the food source (e.g. all day, or even all

year), leading to a high density of individuals in a small

area and potential social challenges, or do they spread out

over a larger area after feeding and regularly return to the

food source only to feed?

In the study reported in the present paper, we focused on

the space use of non-breeding ravens at a ‘‘stop’’ stage,

based on data gathered with radio telemetry. We predicted

that (1) non-breeders would be restricted to a certain area

around the food source which was also used (but not

defended) by territorial breeding pairs. We further
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predicted that (2) this would result in very high overlap

between the non-breeders’ activity ranges. Finally, we also

predicted, based on recent literature (Roth et al. 2004;

Webb et al. 2011, 2012), that (3) we would not find dif-

ferences in space use between males and females. How-

ever, we expected age class and experience to have an

effect. Low-ranking and less experienced juveniles might

be less competitive and less efficient at finding the best

locations to forage, cache food and roost, which could

result in more space being used due to increased searching

behaviour. In contrast, experienced sub/adults might show

stronger site preferences and thus more restricted space

use.

Methods

Field site and animals

We conducted our study from September 2011 to January

2014 in the inner Almtal, a narrow valley in the northern

Austrian Alps, which has its lowest elevation at around

500 m above sea level and is surrounded by mountain

peaks up to 2515 m high. The main focus in this area was

on the Cumberland Wildpark (47�4801400N, 13�5605500E,

Fig. 1), a local game park where wild ravens scrounge food

from the captive animals throughout the year. This rich

resource can lead to a higher density of breeding pairs than

in other areas, with 6.8 nests per 100 km2 observed in 1993

(Drack and Kotrschal 1995). During a long period of per-

secution, ravens almost became extinct in central Europe in

the nineteenth and twentieth centuries (Haffer and Kirchner

1993), but they are now protected year-round by an EU

bird directive, and the size of the raven population appears

to have stabilized in the Alps (personal observation). At our

field site, around 250 ravens have been marked individually

with patagial wing tags (Caffrey 2000) and coloured leg

rings since 2008. To perform the marking, the birds were

caught in the game park using three drop-in traps built after

Stiehl (1978) without a compartment for decoy birds;

instead, we only baited with meat and bread. Traps were

checked at least twice a day (usually in the morning and

before sunset) to enable birds to return to their night roost

after marking. Caught ravens were handled and released as

quickly as possible (after approximately 15 min), and care

was taken to ensure that the head and eyes of each raven

were covered during the whole procedure by a soft piece of

cloth to prevent them from learning about human facial

features (compare Marzluff et al. 2010; Cornell et al.

2012). While marking, we collected blood samples for

sexing (following the procedure of Griffiths et al. 1998).

Individuals were categorised as juveniles (B1 year old) and

sub/adults ([1 year old). Note that subadults (i.e. those in

their second and third years) can be distinguished from

adults based on their mouth and feather colouration

(Heinrich and Marzluff 1992; Heinrich 1994), but since

both subadult and adult individuals in this study were

exclusively non-breeders, we decided to combine them into

one category.

The most attractive time for ravens to forage in the game

park is between 8 and 10 am, when the captive bears,

wolves and wild boars are fed (on average one bucket of

meat for wolves, two buckets of bread, meat and vegetables

for bears and three to six buckets of chow, bread, vegeta-

bles, kitchen leftovers and meat for wild boars). Ravens co-

feed and carry away large amounts of food to store it in

caches. Depending on the season, 15 (summer)–120

(winter) non-breeders congregate at these feeding sessions

and at adjacent night roosts. In addition, there are about

7–10 breeding pairs that occupy nearby territories (Drack

and Kotrschal 1995) and use the game park feeding ses-

sions at varying frequencies (Loretto and Bugnyar,

unpublished data). Non-breeders can also be distinguished

from territorial breeders outside of the breeding period by

their submissiveness and suppressed self-aggrandising

behaviours, as well as the fact that they do not consistently

leave in the direction of a known territory (see Heinrich

1988). During the study period, the presence of marked

individuals at the morning feeding sessions of bears,

wolves and wild boars was monitored on 578 days (66.6 %

of all days during that period), homogeneously distributed

over the 3 years.

Radio tracking

In 2011 and 2012 we outfitted 11 individuals (3 males and

8 females with body weights ranging from 975 to 1220 g)

with backpack-mounted radio transmitters (Buehler et al.

1995) that weighed 22.5 g and had an estimated lifespan of

24 months (Biotrack Ltd, Wareham, UK; http://www.bio

track.co.uk). These individuals were 2–7 years old, already

marked, and had regularly been observed in the game park

during previous months; accordingly, they were classified

as experienced non-breeders (Table 1).

In the autumn of 2013, we outfitted 14 juvenile ravens

(with body weights ranging from 930 to 1235 g) with radio

transmitters (Kenward 2001) that weighed 15.8 g and had

an expected lifespan of 12 months (Biotrack Ltd). Since

raven mortality may be high during their first year (e.g.

47 % survival was reported from the western Mojave

Desert, CA, USA; Webb et al. 2004), we wanted to keep

any impact of tagging as low as possible and so we chose to

use lighter, tail-mounted radio tags (Kenward 2001), which

have the additional advantage that ravens lose them when

moulting. Six juveniles (2 males, 4 females) out of 14 were

caught individually in the drop-in traps during October and
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hence were of unknown origin. The remaining 8 ravens (5

males, 3 females) were bred in captivity (Table 1) and

released in October according to the procedure employed

to reintroduce ravens (Koch et al. 1986). The released

individuals originated from three breeding pairs in Ger-

many. They were raised by their parents and spent their

first summer in captivity with their family. In September,

they were transported to the Konrad Lorenz Research

Station, where they were kept together in a spacious aviary

(80 m2) for one month before they were each released (one

at a time) into free flight. All birds integrated into the non-

breeding groups within one month, i.e. they joined the wild

ravens for foraging, socialising and roosting and no longer

returned to the aviary. Releasing juvenile ravens during

their first autumn allowed us to create a situation with

totally inexperienced ravens. Without following wild

Fig. 1 The study area in the

northern Austrian Alps; the

relocations of 21 Common

Ravens are shown (n = 2184)

by black x symbols; the main

food sources (enclosures of wild

boars, bears and wolves) are

indicated by the light green

area, the detection range for

radio signals (limited by

mountains) by the purple

dashed line, the night roost by

the pink dashed ellipse and the

game park by the dark green

line. The box in the upper right

of the figure shows Austria; this

has a small rectangle in the

centre which indicates the area

corresponding to the main map

and a black dot showing the

location of the capital, Vienna

(colour figure online)
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juveniles continuously from fledging, it is difficult to

exactly determine their level of experience; but at least

they spent some time in this area, which is why we clas-

sified them as experienced juvenile non-breeders.

We located the radio-tagged ravens from the bottom of

the valley and investigated within an area of around

3000 ha (detection range for radio signals, limited by

mountains) (Fig. 1), but did not track individuals outside of

this area. The time between September 2011 and January

2014 was divided into seasons of 3 months, during which

we tried to track all tagged individuals at least 36 times per

season, equally spread across mornings after the main

feeding event, around noon and in the evenings before

sunset. We recorded a maximum of 3 locations per indi-

vidual and day, which had to be at least 2 h apart. A

handheld portable three-element Yagi antenna and a radio-

tracking receiver (Sika, Biotrack Ltd) were used to locate

the birds and, ideally, get close enough to visually identify

them. The order in which the birds were located was ran-

domised. When a direct observation was not possible, we

used triangulation (walking or driving to at least two dif-

ferent positions within a few minutes) to estimate the

position of the bird. We subsequently divided our record-

ings into four accuracy categories: A = direct observation;

B = relocation estimated ± 25 m; C = relocation esti-

mated ± 50 m; D = relocation estimated ± 100 m. Only

5.3 % of the data had the lowest accuracy (D), and these

mostly concerned locations at a night roost, where ravens

are very sensitive to disturbances. Category A represented

37.7 %, B 26.7 % and C 30.3 % of the data, thus providing

sufficient accuracy for the analysis of our research ques-

tions. When a signal could not be detected, we proceeded

with the next individual and tried again after the last

individual had been located. The relocations were

Table 1 The following characteristics are shown for 21 non-breeding

Common Ravens: sex (m = male, f = female), age class (a = adult,

j = juvenile), origin (w = wild, c = captive-bred), number of

relocations (n relocs), area of the activity range (95 % UD), number

of days that the individual was radio-tagged, and the percentage of

cases in which the individual was present in the study area

ID Sex Age class Origin n relocs 95 % UD (ha) 50 % UD (ha) Days tagged Presence (%)

Hd f a w 356 11.4 1.3 688 92.0

Gl m a w 289 33.3 2.1 862 60.3

Mo f a w 262 34.3 3.0 627 69.1

Kl m a w 243 29.6 2.9 692 62.8

Ht f a w 233 53.3 4.2 796 51.3

Sh m a w 188 31.9 3.7 630 50.8

Sn f a w 95 33.2 2.4 614 27.2

Mf f a w 74 19.7 1.9 136 98.7

Ti f a w 66 59.7 4.1 136 88.0

Qu f a w 41 29.0 1.9 31 97.6

Fk f a w 29 19.0 6.3 23 93.5

Tx m j w 50 23.3 2.7 46 82.0

Yp f j w 47 27.3 4.1 95 74.6

Os4 f j w 15 38.5 15.7 24 48.4

Ea* f j w 2 – – – –

Du* m j w 0 – – – –

Pc* f j w 0 – – – –

Ar m j c 41 13.4 2.0 95 68.3

E13 f j c 34 8.1 1.2 37 75.6

Ln f j c 33 6.7 1.3 74 91.7

Au m j c 27 16.9 2.3 82 65.9

Jk m j c 26 55.5 7.5 37 57.8

Lr f j c 19 16.2 3.4 74 63.3

Jn m j c 16 7.6 1.4 37 34.8

Ny* m j c 8 – – – –

Mean 87.8 27.0 3.6 277.9 69.2

* Not included in the analysis because they left the area shortly after being tagged (three of these juveniles have since been observed in the same

area)
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registered on a detailed map (Map Data� 2011, Google,

scale 1:10,000) and then transferred into ArcGIS 10.1

(ESRI 2012) to extract coordinates.

In comparison with the behaviour of untagged ravens at

the daily observations, we have no indication that the radio

tags impeded the ravens’ behaviour in any way (personal

observation). However, in three cases we noticed injuries

during recapture and therefore removed the tag: one female

(Qu) had an infected wound on her back; two females (Fk,

Ti) had abrasions on the sternum. All three ravens recov-

ered fully and became subjects of other studies in the fol-

lowing months and years.

Data analysis

Activity-range estimation

In this study we were interested in a certain area within a

specific time frame, namely the ‘‘stop’’ phase during dis-

persal, which is why we chose the term ‘‘local activity

range’’ rather than ‘‘home range’’. Whereas an animal’s

home range is often defined as the area used by an animal

during normal activities such as food gathering, mating and

caring for its young (Burt 1943; Fieberg and Börger 2012),

the last two components were not included here, and we

only considered relocations in a predefined area.

A method that is commonly employed to measure an

animal’s space use is the utilisation distribution (UD),

which represents the probability of finding an animal at a

particular location at any randomly chosen time (Worton

1989; Powell and Mitchell 2012). Using this approach, we

calculated the average size of the non-breeder’s activity

range and core area in this stop phase. Using the ks

package (Duong 2007) in the statistics programme R (R

Development Core Team 2014), we estimated the utilisa-

tion distribution (UD) of each individual via fixed kernel-

density estimation (Silverman 1986; Worton 1989) and the

plug-in method to select the smoothing parameters (Wand

and Jones 1995; Gitzen et al. 2006). The plug-in method

has been shown to be more reliable than more traditionally

used methods (‘‘first-generation’’ methods such as least-

squares cross-validation) (Jones et al. 1996), and even more

so when its unconstrained version is used (Duong 2007).

Local activity range and its core area were defined as the

areas within the 95 and 50 % contours of the estimated UD,

respectively. We used n[ 15 relocations as a minimum

sample size for kernel estimation. To our knowledge there

is no recommended minimum sample size for the plug-in

bandwidth selector, although a minimum size of n[ 30 is

recommended for the least-squares cross-validation band-

width selector (Seaman et al. 1999). Also, in a study of

ravens that utilised another bandwidth selector (HREF), a

minimum of n = 10 relocations was shown to be sufficient

(Webb et al. 2011). Following Garton et al. (2001) and

Webb et al. (2011), we found no correlation between

sample size and local activity range (R2 = 0.30,

p = 0.193, Spearman’s rank correlation) or core area

(R2 = -0.14, p = 0.550).

Spatial overlap among individuals

Several different statistics have been proposed to quantify

the overlap of home ranges (reviewed in Fieberg and

Kochanny 2005). As it is a simple and intuitive method, we

initially used a two-dimensional overlap framework, which

entailed calculating the proportion of one animal’s local

activity range that overlapped with another animal’s local

activity range. The results of this method are easy to

interpret but can be misleading, especially when minimum

convex polygons are used, since large overlap estimates

can occur despite a low probability of finding two indi-

viduals in the same area if UDs are not taken into account

(Kernohan et al. 2001). Therefore, we also used the three-

dimensional overlap, which contains more detailed infor-

mation. Utilising these methods, paired UDs can be ranked

in terms of their degree of overlap (Kernohan et al. 2001).

Using simulations, Fieberg and Kochanny (2005) com-

pared several three-dimensional overlap indices and found

them to be biased too low when there was a high degree of

overlap and too high when there was a low degree of

overlap. Additionally, these effects strongly depend on

sample size, making comparisons across studies with dif-

ferent sample sizes problematic (Fieberg and Kochanny

2005). To avoid these drawbacks, we applied another

approach that involved asking a slightly different question.

Instead of how much individuals overlapped, we wanted to

know whether their utilisation distributions were equal

(null hypothesis) or different (alternative hypothesis).

Using the advantages of kernel smoothing, this approach

has recently been realised in the context of quantitative cell

comparisons (Duong et al. 2012), but, to our knowledge, it

has not been implemented in an ecological study. The

method (the kernel density based global two-sample com-

parison test) is designed to handle unbalanced sample sizes,

although its overall accuracy is limited by the smallest

sample size (Duong personal communication). The kernels

of each individual are compared in a multivariate, non-

parametric two-sample test. In other words, the test statistic

calculates the probability that two UDs (three-dimensional

overlap) are from the same distribution (Duong et al.

2012).

Additionally, we used this approach to compare the

95 % UDs obtained for each individual in different sea-

sons, i.e. summer (April–September) versus winter (Octo-

ber–March), when the number of relocations allowed a

reasonable comparison.
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Modelling approach

We tested which of the factors had an impact on the size of

the local activity range (n = 21) by creating generalised

linear models (family = gamma, link = logit) with the

following fixed factors: age (juvenile versus sub/adults),

sex, origin (‘‘wild’’ representing experienced versus ‘‘cap-

tive-bred’’ representing unexperienced), number of relo-

cations, percentage of the search trials in which the

individual was present (as a proxy for the strength of site

fidelity) and the number of days between the first and last

relocation of the individual. Due to the large number of

fixed factors compared to the sample size, we calculated

the events per variable ratio (EPV) as the number of out-

come events per parameter estimated for fixed effects

(Vittinghoff and McCulloch 2007). We aimed for an EPV

of at least 5 (Vittinghoff and McCulloch 2007), which

meant that the maximum number of fixed factors per model

was set to 4.

To assess which of the factors may influence whether

the UDs of the local activity ranges of two individuals are

equal, we used the calculated p values from the compar-

isons of each individual with all other individuals

(n = 210) as a dependent variable in generalised linear

mixed models (family = beta, link = logit). Thus, we

tested which of the factors influence the spatial overlap

between individuals using two random factors (the identi-

ties of the two individuals being compared) and four fixed

factors (age, sex, origin and number of relocations,

including possible interactions).

We used an information-theoretic approach to evaluate

alternative models based on the Kullback–Leibler relative

distance (Burnham and Anderson 2002), as well as the

second-order form of Akaike’s information criterion

(AICc; Hurvich and Tsai 1989) to account for small sample

sizes when estimating model parameters. We ranked all

models according to their AICc values and selected the

models with DAICc \2 with respect to the top-ranked

model for model averaging in order to create model-aver-

aged coefficients (Burnham and Anderson 2002). All

analyses were performed in R (version 3.1.0; R Develop-

ment Core Team 2014), and the scripts are published in the

Electronic supplementary material (ESM).

Results

Activity-range estimation and distribution

in the study area

In total we obtained 2184 relocations of 21 individuals by

radio-tracking between September 2011 and January 2014.

On average, the ravens were present in the study area in

69.2 % of the relocation attempts (range per individual:

27.2–98.7 %, Table 1).

The local activity range (95 % UD) was 27.0 ha on

average (range 6.7–59.7 ha), with a mean core area (50 %

UD) of 3.6 ha (range 1.2–15.7 ha). All individuals com-

bined used an area of 48.0.9 ha (95 % UD), with a core

area (50 % UD) of 2.6 ha, representing only a small frac-

tion of the whole study area (3000 ha). As we expected, all

core areas were concentrated around the main food sources

(wild boar and wolf enclosure in the game park, see Fig. 2).

Note that data were collected throughout the whole day but

not during the main feeding events.

Do individuals’ local activity ranges overlap?

Intersecting the two-dimensional local activity ranges

(95 % UD) of all individuals with each other produced an

average overlap of 61.1 ± 24.6 % SD (standard deviation),

and 54.7 ± 27.4 % SD for the core areas (50 % UD). None

of the birds were fully spatially segregated. The three-di-

mensional comparison, where we tested whether the UDs

of two individuals have the same distribution or similar

distributions, revealed that 52.4 % of all possible combi-

nations were significantly different (p\ 0.05) from each

other. In other words, even though there was substantial

overlap in the areas used by the birds (local activity range),

more than half of the compared UDs (three-dimensional

overlap) can be clearly distinguished from each other,

indicating individual differences/preferences in space use

at a fine scale.

Eight individuals each had a sufficient number of relo-

cations that we were able to compare the local activity

range between seasons, which revealed a significant dif-

ference between the space use in summer and winter for

four individuals: Gl: p = 0.033, Ht: p = 0.014, Mo and

Sh: p\ 0.001; p[ 0.05 for the other four subjects.

Which factors influence the local activity ranges

and the overlap between them?

The model that best explained the size of the local activity

range had only the origin (wild versus captive birds) as a

fixed factor and was averaged with the second-best model

(AIC weight = 0.12), which included the origin and %

presence. The estimated size of the local activity range of

wild ravens is 42.2 ha (confidence interval: 25.2–70.8 ha),

which is significantly larger (p = 0.019) than that of

released individuals, 23.0 ha (CI 9.3–57.3 ha, Table 2).

The similarity between two UDs was best explained by a

model that included the fixed factors origin, age, number of

relocations and an interaction of the latter two (Table 3).

The UDs of two juveniles were more similar than those of

two sub/adults. When comparing a juvenile’s UD with a
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sub/adult’s UD, the difference was even greater when age

class interacted with the number of relocations (Table 3).

The number of relocations itself also had a decreasing

effect on the similarity of two UDs. Taken together, these

results indicate that the UDs of juveniles were more similar

to each other than sub/adult UDs were, but juvenile UDs

clearly differed from sub/adult UDs. A high number of

relocations might be important when trying to clearly

define UDs.

Discussion

Most of our radio-tagged ravens could be reliably tracked

at our study site over the course of several months or even

years. The size of the local activity range of a raven was, in

general, relatively small and concentrated around the main

food sources throughout the day. When the locations of the

UDs were taken into account, age class and experience

(wild versus captive-bred) were found to affect space use,

Fig. 2 Activity-range estimates are shown for 95 % UD (a) and for

50 % UD (b), with lines of different colours for different individuals.

Black areas mark the main food sources (enclosures of wild boars,

bears and wolves), while the grey area reflects the detection range for

radio signals (limited by mountains) (colour figure online)

Table 2 Model coefficients with standard errors of the models that best explain which of the factors influence the local activity range size

(generalised linear models, family = gamma, link = logit)

Model Intercept ± SE Wild ravens ± SE % Presence ± SE AICc DAICc Model weight

I 2.80 ± 0.20 0.58 ± 0.24 172.6 0 0.58

II 3.49 ± 0.43 0.65 ± 0.24 -0.01 ± 0.006 173.3 0.64 0.42

Average 3.14 ± 0.44 0.61 ± 0.24 -0.004 ± 0.006

We followed a multimodel inference approach and retained two models within DAICc \2 of the top-ranked model, from which we created

model-averaged coefficients
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i.e. older birds seemingly preferred particular locations

within the commonly used area.

Our findings stand in stark contrast to previous studies

on non-breeding ravens’ space use. Compared to the small

mean local activity range of 27 ha observed at our site,

other studies report very large home ranges, ranging from

120 to 125,200 ha (see Boarman and Heinrich 1999 and

references therein). Even though the local activity ranges

used here were not originally intended to illustrate the

entire home range of the tagged non-breeders, these indi-

viduals were present in the study area in around 70 % of

the cases when we tried to locate them, showing very high

site fidelity. Thus, our data describe the most commonly

used part of these birds’ home ranges; in some cases, this is

almost the entire home range during the period of data

collection. This suggests that, under favourable conditions

such as those present in our study area, with a rich food

source and availability of suitable night roosts, non-

breeding ravens may settle in very small areas for long time

periods.

Previous studies have shown that the huge variation in

reported home range size can be explained by ecological

factors (e.g. habitat suitability, food abundance, nesting

opportunity), data quality and analysis (e.g. number of

observations) and social factors such as breeding status

(Roth et al. 2004; Webb et al. 2012). In a primeval tem-

perate forest in Eastern Europe, the home range size of

breeding ravens was on average around 1300 ha (Rösner

and Selva 2005), while in Western Marin County, CA,

USA, it ranged from 15 to 480 ha (Roth et al. 2004). In

some arctic areas such as Greenland, ravens even migrate

seasonally (Restani et al. 2001). Non-breeders usually have

larger home ranges than breeders, due to the long distances

travelled (up to hundreds of kilometres) in the search for

food and/or breeding opportunities (Heinrich et al. 1994;

Webb et al. 2012). Our data show that this does not seem to

be a general pattern, and that non-breeders can flexibly

adopt different lifestyles. However, large individual dif-

ferences were even found to occur under the favourable

conditions present in our study area, and some ravens

remain highly vagrant ‘‘globetrotters’’ (Braun et al. 2012).

The fact that non-breeders spent most of the time in a

small area when they were at our study site can be

explained by a ‘‘stop’’ phase during the dispersal process,

most likely caused by the presence of a rich food source,

which may increase the chance that a raven will find a

social partner. During such a stop phase, movement pat-

terns seem to be more similar to those of settled breeders

with defined home ranges than to those of vagrant non-

breeders, which has also been shown for other species

(Smith 1978; Arcese 1989; Delgado et al. 2009). In par-

ticular, the small size of the core areas—which were all

concentrated around the main food source—suggests that

ravens may easily learn about the local environment and

thereby probably improve their foraging efficiency. Indeed,

the costs of dispersal when travelling through unknown

areas (e.g. Pärt 1995; Stamps et al. 2005) can be reduced by

becoming familiar with an area (Delgado et al. 2009).

However, it is likely that there is a trade-off between

familiarity with an area of high foraging potential and a

high number of competitors for food and territories as well

as the costs of possible agonistic interactions.

Ravens released from captivity had a significantly

smaller local activity range than wild ravens, which could

suggest that individuals that are unfamiliar with an area

initially focus on the most important sites to increase their

experience (i.e. the main food source and the night roost)

instead of exploring other areas. Alternatively, this could

be an artefact of the release process, because these birds

were used to being restricted in the distance they could fly

and to being fed in one place. As predicted, neither the sex

of a bird nor its age class had any effect on the size of the

local activity range. These findings indicate that stop

phases with limited space use can occur throughout the

dispersal process and over several years of life.

We found that individuals’ two-dimensional local

activity ranges overlapped considerably (Fig. 2), and that a

substantial part of the area was shared by all individuals.

The first part of the result fits with what is already known

for non-breeding ravens (e.g. Heinrich 1989; Wright et al.

2003), which usually form groups at food sources and

roosts. However, our finding that even though all radio-

tagged non-breeders could be mostly found in the same

area, many of the birds displayed differing preferences for

particular locations within this area (meaning that UDs

Table 3 Model coefficients along with standard errors for the model

that best explains the factors that influence whether two individuals

have the same UD (high p value) or whether they can be distinguished

based on their space use (low p value)

Estimate ± SE

Intercept -1.71 ± 1.21

Reloc -0.01 ± 0.002

Age class JA 1.14 ± 0.81

Age class JJ 2.52 ± 1.27

Origin CW -0.83 ± 0.60

Origin WW -0.23 ± 1.10

Reloc 9 age class JA -0.04 ± 0.02

Reloc 9 age class JJ -0.04 ± 0.03

JA juveniles versus sub/adults, JJ within juveniles, CW captive-bred

versus wild ravens, WW within wild ravens, Reloc number of

relocations

Generalised linear mixed models were used; family = beta,

link = logit

9 Indicates an interaction
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differed among individuals) is completely new. Our aver-

aged model revealed that sub/adults’ UDs differed from

those of juveniles. Whereas sub/adult non-breeders could

be found at individually distinct locations, juveniles tended

to share the same space. The relocations of juvenile ravens

occurred during their first fall and winter, a critical period

for foraging after becoming independent from their parents.

Enhanced social learning between siblings during this

period has been observed for birds in captivity (Schwab

et al. 2008). Since juveniles are the lowest in rank (Braun

and Bugnyar 2012), they might also avoid older and

higher-ranking individuals to prevent agonistic encounters,

and therefore stay in groups with individuals of the same

age. In contrast to juveniles, subadult ravens showed

individual preferences for particular locations within their

(already small) home range. While high aggression rates

can be observed during foraging, socio-positive interac-

tions occur primarily during the rest of the day (Braun et al.

2012; Braun and Bugnyar 2012), suggesting that ravens

might choose their preferred sites according to social bonds

and/or competitor presence. However, currently we cannot

exclude other reasons, such as specific habitat features or

staying close to their food caches, as underlying factors.

In half of the birds, we found that the utilisation distri-

bution differed between winter and summer, which may be

due to the presence of additional ephemeral food sources in

the study area in winter. Especially during the main hunt-

ing season from September to January, ravens regularly

feed on leftovers provided by hunters. Scavenging on such

food sources seems to be widespread in ravens (Heinrich

1989), and can even lead to the association of gunshots

with food (White 2005).

While non-breeding ravens have mostly been described

as highly vagrant in the literature, we focused on birds at a

permanent food source, which may resemble a stop phase

in dispersal. During this phase, raven non-breeders showed

similarly restricted space use to that seen for breeders.

Thus, non-breeding ravens appear to flexibly choose

between wandering around and settling temporarily in

certain areas. This behavioural flexibility may be important

for their survival in highly variable habitats and climate

conditions. Furthermore, the (temporarily) restricted space

use of non-breeders supports the notion that these birds

may encounter each other regularly, which would set the

stage for the development of socio-cognitive strategies

during competition and cooperation.
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