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Abstract Moving and spatial learning are two intertwined
processes: (a) changes in movement behavior determine the
learning of the spatial environment, and (b) information
plays a crucial role in several animal decision-making
processes like movement decisions. A useful way to
explore the interactions between movement decisions and
learning of the spatial environment is by comparing
individual behaviors during the different phases of natal
dispersal (when individuals move across more or less
unknown habitats) with movements and choices of breeders
(who repeatedly move within fixed home ranges), that is,
by comparing behaviors between individuals who are still
acquiring information vs. individuals with a more complete
knowledge of their surroundings. When analyzing movement patterns of eagle owls, Bubo bubo, belonging to three

status classes (floaters wandering across unknown environments, floaters already settled in temporary settlement
areas, and territory owners with a well-established home
range), we found that: (1) wandering individuals move
faster than when established in a more stable or fixed
settlement area, traveling larger and straighter paths with
longer move steps; and (2) when floaters settle in a
permanent area, then they show movement behavior similar
to territory owners. Thus, movement patterns show a
transition from exploratory strategies, when animals have
incomplete environmental information, to a more familiar
way to exploit their activity areas as they get to know the
environment better.
Keywords Bubo bubo . Familiarity . Floater . Learning .
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Introduction
Animal movement is an essential mechanism underlying
many ecological processes at individual (e.g., home
ranging, site fidelity, foraging), population (e.g., metapopulation connections and persistence, invasion spreading),
community (e.g., assemblages, species coexistence), and
ecosystem levels (Nathan 2008; Revilla and Wiegand 2008;
Fryxell et al. 2008). The implications of movement
behavior on several evolutionary and ecological processes
have been recently emphasized (Dingemanse et al. 2003;
Davis and Stamps 2004; Hansson et al. 2004; Haughland
and Larsen 2004; Nathan 2008; Schick et al. 2008). In
particular, spatial memory and learning allow animals to
move through their landscape as efficiently as possible
(Saarenmaa et al. 1988; Vuilleumier and Perrin 2006).
However, there is still a lack of knowledge on the
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characteristics of the process by which individuals learn
and acquire experience to move within and through
environments (e.g., Dukas 2004).
Cognitive abilities and learning affect behavior and
choices related to habitat selection, mate choice, foraging,
social interactions, and space use (Dukas 2004; Dall et al.
2005). Until now, most of the models that have been used
to explore some aspects of spatial learning have assumed
that individuals are “omniscient”, i.e., that they have
complete information on the quality of all patches in the
habitat. However, it is unlikely that individuals could
always have an a priori information on the surroundings
(e.g., Vos et al. 1998 and references therein; Stamps and
Krishnan 1999): individuals need time to acquire knowledge
about the surroundings in which they move and, consequently, adopt some site-specific mechanisms or rules which
allow them to exploit habitat patches optimally (Stamps
1995; Thield and Hoffmeister 2004; Dall et al. 2005).
Moving and learning are intertwined processes: (a)
changes in movement behavior during the different phases
of the biological cycle or a switch in an individual status
(floater vs. breeder) allow the individuals to better learn
about and/or differently perceive their environment, and (b)
information plays a crucial role in several animal decisionmaking processes, like movement decisions during natal
dispersal, a crucial phase of animal life. Individuals actively
sampling novel and temporary patches should show
different movement behaviors from when they settle in a
stable area. Indeed, natal dispersal presents a unique
opportunity to explore interactions among animal movements and learning because of the specific stages that
individuals go through (Stamps 2001; Andreassen et al.
2002; Clobert et al. 2004; Bowler and Benton 2005; Heinz
and Strand 2006; Baguette and Van Dyck 2007; Delgado
and Penteriani 2008), shifting from a wandering to a more
stable phase characterized by a settlement in quite fixed
areas of activity. Moreover, natal dispersal involves
considerable time spent alone traveling across unknown
areas, and therefore, the costs of dispersal can be significant
because of both mortality risks and missed reproductive
opportunities (e.g., Waser et al. 1994; Alberts and Altmann
1995). But the costs of uncertainty during dispersal may be
reduced by becoming familiar with the environment. Thus,
the comparison of movement behaviors of floaters throughout the dispersal process vs. movements of territory owners
within their well-established home ranges presents a unique
opportunity to evaluate the effects of local familiarity on
animal movement decisions.
The eagle owl Bubo bubo has a multiphase dispersal
process (Delgado and Penteriani 2008). At the beginning,
during the wandering phase (i.e., the exploratory stage of
natal dispersal), individuals survey different unknown areas
for a variable time period. Once they find a suitable
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temporary settlement area, they enter the stop phase of
dispersal (Delgado and Penteriani 2008). Such settlement
areas represent those zones occupied during the longest time
period of the whole dispersal, sometimes until floaters become
territory owners and start breeding. At this stage, due to the
amount of time they spend in the settlement area, individuals
become more familiar with their environment and learn what
significant habitat features are in the area, where these are, and
how to move to exploit them (Stamps and Krishnan 1999).
By using data from a 4-year radiotracking study on the
movement behavior of eagle owls, we tested the following
main hypothesis: throughout natal dispersal, the shift from a
more wandering and explorative stage to a quite stable
settlement stage will increase local familiarity due to
increasing spatial learning. As a consequence, we may
expect a progressive change in movement patterns: since
they become more familiar with their surroundings, owls in
their settlement phase (i.e., when they reach the stop phase)
should show movement patterns more similar to territory
owners than to wandering floaters at the beginning of
dispersal. We expect the following: (a) Since animals with a
preferred (i.e., learned) diurnal roost site are expected to
frequently return to it after their activity period, floating
owls in settlement areas and territory owners will show
shorter distances between the first and the last location
recorded in the same night; (b) Since wandering individuals
are continuously exploring novel areas and sampling
different patches, they will not show movements within
well-defined foraging areas. However, if owls have learned
the spatial distribution of resources within their home range
once they have settled in an area, they may tend to
concentrate their foraging efforts in specific restricted areas;
(c) Because individuals dispersing through new habitats vs.
individuals moving within their own home range use
different spatial domains, the structure of individual
movement paths will change. (d) Finally, because dispersal
costs are high and floaters only hope is to locate a patch as
quickly as possible, wandering owls traveling through
unknown environments will travel faster and straighter than
individuals moving in a familiar habitat.

Materials and methods
Data collection
We radiotagged 40 juveniles (born in 12 breeding sites) and
nine territory owners in the 2003–2006 period in the Sierra
Morena massif (south-western Spain; for more information
see Penteriani et al. 2007). Marked individuals were
equipped with a Teflon ribbon backpack harness that
carried a 30-g radio-transmitter (Biotrack Ltd, Wareham
BH20 5AJ, Dorset, UK; www.biotrack.co.uk). Each trans-
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mitter package and harness weighed less than 3% of the
total body mass (as recommended by the US Geological
Survey Bird Banding Laboratory), with a mercury posture
sensor that allowed us to discriminate rhythms of activity
by changes in the radio signal. Juveniles were radiotagged
when they were approximately 35 days old. Because they
were still growing, backpacks were adjusted so that the
Teflon ribbon could expand. After 4 years of continuous
radiotracking, we never recorded a possible adverse effect
that could be directly attributed to backpacks on birds
(Delgado and Penteriani, unpublished data). Owlets were
aged following Penteriani et al. (2005) and sexed (nmales =
26; nfemales =14) by molecular procedures using DNA
extracted from blood (Griffiths et al. 1998).
We followed both territory owners and juveniles (nwandering
phase=32 individuals—19 males and 13 females; nstop
phase=25 individuals—18 males and seven females) individually in continuous radiotracking sessions (n=285 entire
nights—119 for adults and 166 for dispersing during a total
time of 1,214 and 1,840 h, respectively). A continuous
radiotracking session means following a focal individual
during the whole night (i.e., from 1 h before sunset to 1 h
after sunrise; mean duration of a radiotracking session ±
SD=10.56±0.08 h) and recording a new location (n=4,758
recorded locations; mean total number of locations per
individual ± SD=97±92) each time that we detected a
change in individual position (mean number of locations per
radiotracking session ± SD=18±4). Thus, the number of
locations recorded is a measure of the amount of movement
during the night. The mean time between owl movements
was 32.7±30.8 min, not being significantly different between
categories (F2, 4,185 =1.7, p=0.1). We note that: (a) the high
variation in the mean number of locations per individual is
mainly due to the different activity patterns of each
individual; and (b) the low mean number of locations per
radiotracking session is due to the large amount of time that
the species spend roosting (Penteriani et al. 2008). Individual
movements were detected by a fixed antenna located on the
roof of a car. Locations were done using triangulation with
three-element hand-held Yagi antenna connected to ICOM
(IC-R20) portable receivers. To avoid unnecessary disturbance during continuous tracking, we attempted to maintain a
distance of at least 100–300 m from the focal animal. In
general, the tracking did not seem to affect owl behavior,
which appeared to ignore the observer (Delgado and
Penteriani, unpublished).
Data analysis
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each juvenile weekly, typically when owls were at their
diurnal roost sites. For each individual, we plotted both the
beeline distance between its natal nest for each weekly
location and the individual average of beeline distances
between the whole set of locations and the nest (the latter
representing the individual global mean distance) covered
for each individual during the dispersal period. When
juveniles left the nest, they still remained in their parental
home range for a while. We considered dispersal to have
started when individuals left their parent’s home range,
which we estimated when the distance of each weekly
location from the nest becomes larger than the global mean
distance traveled by each animal during the dispersal period
(Delgado and Penteriani 2008). After leaving the natal
territories, dispersal distances progressively increased.
Finally, when owls reached the stop phase of dispersal,
dispersal distances leveled off. We considered that owls
settled in a stable settlement area when the distances
between successive weekly locations became smaller than
the average distance of previous moves traveled by each
dispersing owl (for more details, see Delgado and
Penteriani 2008). The wandering phase encompasses the
movements between the start of dispersal and the final
settlement in a stable area.
Once dispersing owls settled in a stable settlement area,
we never observed a shift again to the wandering phase.
However, we could not have detected such behavior if
some individuals shifted to the wandering phase after their
third year because the battery life was ~2.5 years. Although
such a behavioral shift has been recorded in some other
species (e.g., Ferrer 1993a, b), some dead individuals were
found more than 4 years after the battery failed (Delgado
and Penteriani, unpublished results) in the same settlement
area where they were located the last time. To better
understand individual behavior across the whole natal
dispersal, we are now marking “older” dispersing owls
directly in their settlement areas (Penteriani and Delgado,
unpublished results).
Owl status, movements, and spatial learning
To find out how movements at each floater stage differed
from the breeding stage, we compared three different
aspects: roost sites, foraging areas, and spatial domains.
Roost sites To analyze if animals frequently return to a
given roost site, we calculated the distance between the first
and the last owl location recorded on the same night, i.e.,
before the start and after the end of the nightly activities).

Defining dispersal phases
To determine the different phases (i.e., start, wandering,
and stop phases) of dispersal, we recorded the position of

Foraging areas Firstly, we calculated the activity areas for
both dispersing and breeding individuals. For each individual night, activity area was estimated using the 95% kernel
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of all night locations (fixed-kernel method, Worton 1989),
and core area estimated using the 50% kernel. We used the
fixed kernel least squares cross-validation estimate because
it is best at defining interior contours (Seaman et al. 1999;
Blundell et al. 2001). Secondly, we used this information
to: (a) identify foraging areas: by recording hunting events
(see Penteriani et al. (2008) for more details), we were able
to discriminate foraging areas from other areas of intensive
use (e.g., refuges); and (b) calculate their extensions
relating to the 95% area of floaters’ vital ranges and
breeders’ home ranges.
Spatial domains Animals often react differently to their
environment at different spatial scales (these areas of spatial
scales are called spatial domains); we used fractal analysis
to determine these spatial domains (as in Nams and
Bourgeois 2004). To test for changes in movement paths
(following Nams 2005), we measured: (1) path tortuosity
(D) of each nightly movement path as a function of spatial
scale. Fractal D measures movement path tortuosity, where
D=1 indicates a perfectly straight line, and D=2 suggests
approximately Brownian (plane-filling) movement. To look
for variation in D with changes in the spatial scales, we
determined the value of D for a series of small ranges of
divider size ranging from 20 to 1,000 using Vfractal
estimator (Fractal 4.0 software; see Nams 2005 for a
detailed explanation of the procedure). Window sizes at
each spatial scale were chosen with a minimum value of
midpoint/1.35 and a maximum value of midpoint ×1.35.
This window size definition gave symmetrical, fixed width
windows on the log-transformed spatial-scale axis (Nams
2005). A discontinuity in fractal D vs. scale relationship
indicates a change in path structure from one spatial domain
to another; (2) the movement path heterogeneity by
dividing the path into segments and estimating the variance
in tortuosities among segments. The resulting plots of
divider size vs. D were used to describe the pattern of scale
variance. The specific pattern of scale variance may provide
information on the spatial scales at which the animal views
the landscape (Nams 2005). A sharp drop in the variance of
tortuosity also indicates a change in path structure from one
domain to another; and (3) the correlation in tortuosity
between pairs of adjacent segments of the total path, as a
function of segment length. If the segments are much
smaller than patch sizes, then their correlation would be
positive because both path segments would be either inside
or outside of a patch. For segments that are the size of
patches, one would be in a patch (and therefore tortuous),
while the adjacent would be outside (and therefore straight),
and thus, their correlation would be negative. Finally, when
segments are large enough to cover several patches, then
their correlation would be zero. Thus, when there is a zero
correlation at all scales, this means no patch use, while a
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positive correlation of tortuosities dropping to a negative
correlation indicated a patch use. In such a case, patch size
may be estimated as the spatial scale at which the
correlation declines below zero (Nams 2005).
Finally, in order to characterize owls’ motor skills (i.e.,
how individuals exploit the elements inside the space in
which they move), we estimated various movement path
statistics. First, we estimated path tortuosity, by the overall
fractal dimension (D). This was done using the same range
of spatial scales for all individuals (from 20 to 160 m), with
the upper limit set at less than half the lengths of the longest
path, and the lower limit the minimum distance between
locations (Halley et al. 2004). Using the same range of
scales allowed us to compare fractal D among paths even
though D varied with scale (Turchin 1996; Nams and
Bourgeois 2004). D was computed using the fractal mean
estimator with the program Fractal (Nams 1996, 2006a),
and fractal D was normalized by log (D−1). Finally, we
estimated the overall traveling speed, mean step lengths,
and the total length of nightly movement paths. Both the
overall speed and the total path length were based on the
gross distance traveled.

Statistical analyses
Because repeated measures were made for each owlet, we
considered individuals as sampling units (SUBJECT Statement in PROX MIXED) and used a repeated measurements
mixed model (PROX MIXED in SAS software; SAS
Institute 2001), including sex as a random factor. Moreover,
since we radiotagged many owls per nest, we also tested the
possible effect of nest as an additional random effect (Littell
et al. 1996). But the effect of sex and nest was never
significant (always p>0.10), and they were therefore
removed from the models. We used a restricted maximum
likelihood method to estimate all the unknown variance–
covariance parameters (Jennrich and Schluchter 1986) and
selected autoregressive (AR1) as the covariance structure
that best fitted the Akaike Information Criterion (AIC). The
variance structure with the lowest AIC value is deemed the
best one. Finally, statistical significance was considered to
be α<0.05.

Results
Most juveniles started their dispersal at the end of August
(mean age at the beginning of dispersal (±SD)=170±
20.51 days old, range=131–232 days old). Although there
was a high degree of individual variation, 30% of eagle
owls found a stable settlement area (i.e., shifted from the
wandering to the stop phase of dispersal) in the middle of
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March (mean dispersal age of the stop phase (±SD)=395±
109.86 days old, range=181–640 days old). The time
between when a disperser finds a settlement area and
becomes a breeder is very unpredictable in this species. We
observed some dispersing owls that accidentally crossed an
empty territory or that arrived close to an available mate
halfway during the wandering route, settled and became
breeders, when they were only 1 year old. On the other
hand, and more commonly, other dispersers that encountered a stable settlement area and decided to settle remained
there for several years without breeding.
Floaters during the wandering phase traveled significantly further (net distances) during the night than both
floaters during the stop phase and territory owners (F2, 3 =
14.99, p <0.0001; Table 1). As expected, individuals
already established in a stable area (floaters in their
settlement areas or territory owners) come back to a given
roost site or area more frequently than did owls during the
wandering phase, i.e., they traveled shorter (net distances)
during the night. On the contrary to what was hypothesized
for foraging areas, we did not detect any significant
differences in the relative size of the foraging areas (F2, 3 =
2.06, p=0.13) among the different life stages. However, the
relative size of foraging areas gradually decreased (Table 1)
from territory owners to the wandering phase of dispersal.
The floaters in the stop phase showed an intermediate
behavior between wandering and territorial owls.
There was a gradual change in response to spatial scale
across the two phases of dispersal (Fig. 1). During the
wandering phase of dispersal, owls moved with homogeneous movement paths, as shown by the continuous change
in fractal D and the variance of fractal D with spatial scale
and the non-positive values of correlation (Fig. 1). On the
other hand, territory owners showed the most heterogeneous paths, with strong responses at different spatial scales
(Fig. 1). This was shown by the drop in fractal D and
variance at ~350 m and the crossing of the y-axis from
positive to negative values by the correlation at ~300 m.
These indicate two potential domains of scale for territory
owners, suggesting that their movement paths differed
qualitatively at scales of below 300 m and above 350 m.
Table 1 Estimates of focal
movement parameters for both
types of floaters (nwandering phase =
32; nstop phase =25) and territory
owners (n=9)

Roost site distance between the
first and last owl locations of the
night, foraging area proportion
of the total home range

At scales below 300 m, the shape of the fractal D curve is
similar to that of a correlated random walk, but at scales
above 350 m, the shape is more similar to a directed walk
(Nams 2006b); thus, perhaps, the owls traveled with more
directed movement at larger scales. The owls in the stop
phase showed intermediate responses to the wandering and
territorial owls.
Almost all variables describing motor skills experienced
a gradual but significant transition from the beginning of
dispersal to the acquisition of a territory. Wandering
individuals with an incomplete information of the environment traveled faster (F2, 3 =5.73, p=0.0048; Table 1) with
longer step lengths (F2, 3 =7.90, p=0.0005; Table 1) and
had the longest (F2, 3 =12.09, p=0.0001; Table 1) and
straightest trajectories (F2, 3 =6.51, p<0.0021; Table 1). On
the contrary, territory owners moved slower, with shorter
and more tortuous movement paths. Floaters in the stop
phase clearly represented a transition stage between
wandering owls and territory owners, characterized by high
traveling speed but quite shorter and more tortuous
movement trajectories than floaters during the transition
phase (Table 1).

Discussion
Animals living in a changing world have to continuously
reduce uncertainty by gathering information (Dall and
Johnstone 2002). Our findings suggest that movement
behavior experienced a transition from wandering exploratory strategies to a more specific use of spatial resources,
when it is supposed that individuals increase the value of
familiar space.
At the beginning of dispersal, when individuals frequently travel across unfamiliar (and sometimes unfavorable) areas, they have less time to become familiar with
their surroundings. Uncertainty regarding location of conspecifics, predators, and resources may pose significant
problems (Stamps 1995; Stamps and Krishnan 1999; Dall
et al. 2005). But the costs of uncertainty during dispersal
may be reduced by becoming familiar with the spatial and

Juveniles (wandering phase;
mean ± SE)

Juveniles (stop phase;
mean ± SE)

Territory owners
(mean ± SE)

Roost site (m)

1,396.54±174.67

725.25±67.21

762.86±77.12

Foraging areas (%)
Speed (m/h)
Fractal D
Path length (m)
Step length (m)

0.12±0.009
874.98±54.26
1.06±0.005
9,958.56±614.63
608.16±21.78

0.10±0.007
801.06±35.82
1.08±0.005
9,248.99±395.25
546.70±32.94

0.09±0.007
641.75±37.07
1.09±0.006
6,676.09±359.73
456.68±23.42
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Fig. 1 Movement patterns of floating owls (during the wandering and
the stop phases of natal dispersal) and territory owners, as represented
by three statistics estimated at different spatial scales (more detailed
information in the text): a fractal D, as a measure of path tortuosity; b
variance, an index of variance in tortuosity among path segments; and
c correlation, which measures correlation in fractal D between

adjacent path segments. Dispersing owls showed homogeneous
movement paths (i.e., defining a unique domain of scale), while
territory owners showed two domains of scale (i.e., they were
traveling with heterogeneous paths): below 300 m and above 350 m.
Dotted lines represent 95% confidence intervals

social environment, e.g., searching actively for temporary,
stable settlement areas. This phenomenon is evidenced by
the observed changes in movement patterns shown by
dispersing owls when they reach a settlement area. At that
moment, although floaters never show territorial displays
(Delgado and Penteriani, unpublished results), they do have
a well-defined home range, as has been reported for the
floaters of some bird species (e.g., Smith 1978; Arcese
1989; Zack and Stutchbury 1992). However, our results
highlight that the home range of floating birds is not a
characteristic of the floating population from their beginning (i.e., when individuals start natal dispersal), but a
consequence of the time they have spent as dispersing
individuals.
The benefits of local familiarity have been generally
linked with the increase in foraging efficiency, breeding
performance, and survival (Pärt 1995). By learning the

physical and social structures of their environment, floaters
can remember the location and qualities of the resources
they learn about (e.g., roost sites and foraging areas), attend
to conflicting needs and sensory inputs, engage in social
interaction, and balance all of these considerations. Even
though we did not detect any significant differences in the
relative size of the foraging areas among the different life
stages, preferred foraging areas within the home ranges
used by floaters during both the wandering and the stop
phases of dispersal seemed to be less restricted than for
territory owners. This could be interpreted as the result of
individual adjustment responses of foraging behavior to
local habitat structure (Fortin 2002). Since the vital ranges
of floating owls are not defended (the floater social status
does not include territorial disputes), a non-breeder has a
higher mobility within its range, allowing it to displace
among different hunting areas more easily than a breeder.
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Constrictions such as complex social organization and
territoriality among neighbors could oblige territory owners
to respect the limit of their hunting areas to avoid the high
cost of intrusions in neighboring territories and consequent
territorial contests.
We consider it important to underline here that the
concepts of territory and home range involve pivotal
differences that explain some of our results. Home ranges
refer to areas: (a) over which an animal travels in its day-today activities to join the most focal elements for their
survival; (b) which, due to the scattered distribution of
resources, also include large portions of landscape that
individuals are just passing through; and, consequently, (c)
that are too large to be efficiently protected from intrusions
(e.g., eagle owls are territorial only in a restricted portion of
the home range; Delgado and Penteriani 2007). On the
other hand, territories refer to an exclusive portion of the
whole home range that is defended to exclude other
conspecifics (Maher and Lott 1995) and, consequently,
does not overlap with the home range of neighboring
residents. These differences between home ranges and
territories explain some of the different behaviors we
observed. To improve the efficacy of territory acquisition
and defense, territory owners exhibit a complex array of
behavioral patterns, such as site-specific aggressiveness, the
ability to discriminate neighbors from intruders, and
contests involving complicated exchanges of communication signals (for more information, see also Penteriani et al.
2007). Floaters, who do not show such behavioral displays
because they do not actively defend an exclusive area, can
benefit from living in a restricted area through gaining
knowledge of the habitat and establishing dominance
relations with other floaters and territory owners (Smith
1978; Stutchbury 1991; Bruinzeel and van de Pol 2004).
The needs for territorial tasks (as well as reproductive
ones) of territory owners could contribute to the slower
movements of territory owners in comparison to floaters
during dispersal. For example, territory owners spend large
amounts of time calling on posts located close to the core
areas of their home range, both for territorial demarcation
and mate–mate communication (Delgado and Penteriani
2007). This means long pauses of territory owners on
strategic posts, which are not included in the time budget of
floaters that mainly roost, hunt, and survey new areas
(Delgado and Penteriani, unpublished data).
Differences in the speed of movement may also have
generated the detected differences in the patterns of patch
use between dispersers and territory owners, which in turn
may also be reflecting differences in individual perceptive
resolutions (With 1994). Animal perceptive resolution,
which may integrate sensory perceptive abilities, physical
constraints, and behavioral preference, is inversely related
with the rate of movement. The ability of animals to
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perceive habitat heterogeneity at small scales decreases as
speed increase, whereas the spatial extent at which they
operate increases (Kolasa and Rollo 1991). Because floaters
moved faster than territory owners, floaters perceive
environmental patterns at a larger spatial scale, and as a
consequence, dispersing owls show a large and unique
domain of scale. On the other hand, territory owners can
operate at different and well-defined domains of scale, each
one reflecting different aspects of their biology (e.g.,
foraging behavior, crossing home range, and reproduction).
Animal movement behavior can be classified into
random and systematic strategies (Fortin 2002). In systematic movement strategies (such as the ones shown by
owners and well-settled floaters), which only work when
some a priori relevant information is available, the rules to
optimally cover a given area are based on quite fixed and
controlled plans. By contrast, in a random strategy (such as
the one shown by wandering floaters), animals must
attempt to move in order to optimize their chances of
locating resources (i.e., food, mates, shelter, breeding
habitats), the search rules rely on stochastic processes.
Although it is not possible to completely neglect the
existence of chance in nature, sensorial or cognitive
improvements could override the need of random search
in nature by, e.g., creating more and better sensory cues,
improving high-level environmental information processing
mechanisms, and synchronizing spatial variations of the
abundances of resources.
Dispersal costs are many and might include the risk of
starvation and other mortality (see Stamps et al. 2005 and
reference therein). In general, animals dispersing through
an inhospitable and unknown habitat should follow
straighter paths, to better avoid redundant searches and to
locate a patch as quickly as possible (Zollner and Lima
1999). Wiens et al. (1995) found that darkling beetles
(Eleodes obsoleta) move in straighter paths through highrisk areas than they do through low-risk ones. A variety of
other organisms (Crist and MacMahon 1991; Madison
1997) follow straighter paths when displacing long distances through unknown habitats. When habitat features are
known, as is the case for floaters during the stop phase and
territory owners, individuals should be able to efficiently
regulate their movements (Klaassen et al. 2006): owls in the
stop phase adjusted the length and the tortuosity of their
movements, showing movement patterns more similar to
territory owners than wandering floaters.
To conclude, while spatial familiarity is undoubtedly one
of the multiple key factors in determining movement
patterns, the patterns that we recorded can be also
considered to be the result of diverse individual needs
associated with different social status. That is, two nonmutually exclusive elements affect movement behavior:
learning of the spatial environment that individuals move
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across and social status of the individuals (e.g., wandering
floaters vs. breeders).
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