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ABSTRACT.— For the first time a Common Barn-owl (Tyto alba) individual was tracked using a
GPS technology to evaluate the use of a commercial and economic GPS pet tracker device, and to
test GPS tracking as a technique for determining movement patterns and foraging habitat
selection. A GPS pet tracker device was removed from its plastic frame and attached to the back
of an adult male. The device recorded during eight consecutive nights a total of 12501 waypoints.
The home range, estimated as the minimum convex polygon, was 1746 ha. Tracks obtained allowed
the identification of three movement patterns that could be attributed to different behaviours:
meandering, linear and point, corresponding to hunting, straight-lined flights and roosting,
respectively. The overlap of tracks with a land cover map revealed that the owl selected vegetated
areas (except where pigs were present) and barren areas with pigs for hunting. The use of this
technique represents an improvement for behavioural studies of this species.
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RESUMEN. UsO DE GPS PARA LA DETERMINACION DE LOS PATRONES DE MOVIMIENTO Y LA SELECCION DE
HABITAT DE ALIMENTACION DE LA LECHUZA DE CAMPANARIO (TYTO ALBA).— Se realiz6 por primera vez
el seguimiento con GPS de un individuo de Lechuza de Campanario (Tyto alba) para evaluar el
uso de un dispositivo de uso comercial econémico disefiado para el seguimiento de mascotas y el
uso del seguimiento con GPS como técnica para determinar los patrones de movimiento y la
seleccién de habitat de alimentacién. El dispositivo original fue reacondicionado y colocado en
un macho adulto. El dispositivo registré 12501 puntos georreferenciados durante ocho noches
consecutivas. El drea de accién, estimada a través del minimo poligono convexo, fue de 1746 ha.
Los recorridos obtenidos permitieron la identificacién de tres patrones de movimiento que pueden
ser atribuidos a diferentes comportamientos: tortuoso, lineal y puntual, correspondientes a caza,
traslado y descanso, respectivamente. La superposicion de los recorridos con un mapa de la
cobertura de distintos usos de la tierra revel6 que la lechuza seleccioné para cazar areas con
vegetacion (excepto donde habia ganado porcino) y areas denudadas con ganado porcino. El
uso de esta técnica representa un avance para los estudios comportamentales en esta especie.

PALABRAS CLAVE: GPS, Lechuza de campanario, patrones de movimiento, seleccion de hdbitat de alimentacion,
Tyto alba.

The use of data loggers and tracking devices
is allowing scientists to study time use, move-
ment, behaviour and ecology of free living
animals in more detail (Cagnacci et al. 2010).
Due to technological innovations the size and
weight of animal-attached devices are de-
creasing, and the use of this technology to
measure geographical position, movements,
physiological parameters and environmental
variables is increasing (Tomkiewicz et al. 2010).
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The numerous comprehensive reviews that
have recently been published show that the
development of tracking and bio-logging
devices is a fast moving field, catalysed by the
necessity of biologists to learn more about
their study systems as well as by the ongoing
technological advances (Wikelski et al. 2007,
Rutz and Hays 2009, Cagnacci et al. 2010, Ro-
binson et al. 2010, Bridge et al. 2011, Guilford
et al. 2011, Sokolov 2011, Bouten et al. 2013).
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Many avian species were studied with GPS
technology, especially large birds who live in
colonies like seabirds (e.g., Burger and Shaffer
2008, McLeay et al. 2010, Votier et al. 2010, Tew
Kai et al. 2013), and migratory birds like song-
birds (e.g., Fudickar et al. 2012, Hallworth and
Marra 2015). Regarding raptors, the most
extensively studied ones with the above men-
tioned technology are those of large size like
eagles (Cadahia et al. 2007, Krone et al. 2009,
Moss et al. 2014, Urios et al. 2014), vultures
(Phipps et al. 2013, Lépez-Lopez et al. 2014)
and falcons (Nemcek et al. 2014). Among the
smallest raptors, only the diurnal roosting
behaviour of the Burrowing Owl (Athene
cunicularia) was studied with GPS data-loggers
(Scobie et al. 2014).

The Common Barn-owl (Tijto alba) is a well-
studied nocturnal species. It is a worldwide
distributed bird. Many aspects of the ecology,
evolution and life history of this owl are
accurately known (e.g., Taylor 1994, Love et
al. 2000, van den Brink et al. 2012). Notwith-
standing, the knowledge of nocturnal behav-
iours out of the nest, like foraging behaviour,
is scarce. To date, the available information
was obtained using radio-telemetry and direct
observations (Taylor 1994, Arlettaz et al. 2010,
Naim et al. 2012). Until recently, the main
obstacle of using GPS technology on medium
and small raptors was the weight of the
devices. The body mass of the Common Barn-
owl is around 260-550 g depending on the
subspecies considered (Taylor 1994). As the
device carried by the bird should affect its
behaviour as little as possible, it must be light
(<3% body mass; Casper 2009). The way to
obtain the lightest data loggers was the addi-
tion of a solar panel and a small battery to
prolong unit operation life (Soutullo et al.
2007); for obvious reasons this is not useful
for nocturnal birds that generally stay indoors
during the day. This study was developed in
2012, when the smallest GPS devices on the
market (<15 g) could record up to five days
maximum 1 point/min, and the storage capac-
ity could not exceed 400 waypoints. Further-
more, their cost was more than US$ 1000.
These features were not enough for the study
of movement patterns or foraging behaviour.

Within any study, the choice of GPS sample
interval will be limited by logistical factors
such as battery constraints and data storage
capability of the device. These factors limit the
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number of locations that can be recorded, and
this constraint can affect the predictive accu-
racy of GPS data. The spatial relationships that
are being studied should determine the sam-
ple interval settings; however, spatial accuracy
should not be compromised by a desire to run
a longer experiment (Swain et al. 2011).

The objective of this study was to evaluate
for the first time the use of a GPS technology
to track Common Barn-owl individuals. We
evaluated the use of a commercial and
economic GPS pet tracker device (with alarge
storage capability) to track a Common Barn-
owl individual and tested GPS tracking as a
technique for determining movement pat-
terns and foraging habitat selection.

METHODS

This study was conducted in an agro-
ecosystem in Argentinean’s rolling pampas.
The study site (34°50'S, 59°47'W) was located
at a pig farm surrounded by crops and pas-
tures crossed by a stream.

A GPS pet tracker device (22 g) was removed
from its plastic frame and its original battery
of 230 mA was replaced by a 650 mA one. This
24.2 g device was then attached, inside a
waterproof bag, to the back of an adult male
of Tyto alba tuidara by means of a nylon 0.9 mm
diameter back pack harness. The body mass
of this subspecies is 387-560 g (Weick 2006).
The weight of the complete harness device
was between 4-6% of the body mass of the
bird. Harness design was previously tested
with this and other captive bird species (e.g.,
pigeon, vultures, canaries, blackbirds) to be
sure the bird’s welfare and flying ability were
normal.

The owl was captured in the nest at 01:47 h
with a manually operated trap placed at the
entrance of a little silo where it was found.
There were seven chicks, 35-49 days old (age
was estimated comparing with reference pho-
tographs and body weight), that remained in
the nest. The trap was active during 40 min
until the capture. The owl was freed with the
attached device 40 min later.

Variables recorded by the data logger were:
latitude and longitude (position accuracy:
5-10 m), hou, velocity, distance, altitude, and
angle. The logger was set to record waypoints
with these variables every 30 s at speeds
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slower than 10 km/h, and every 20 s when
speed was faster than 10 km/h, between
18:00-07:00 h from 30 June 2012 (winter in the
Southern Hemisphere). Sunset occurred at
17:50 and sunrise at 08:00, approximately. The
owl was recaptured 20 days later for GPS
removal.

We estimated the home range with the mini-
mum convex polygon technique, the smallest
polygon in which no internal angle exceeds
180 degrees and which contains all points
(Mohr 1947). It was estimated with the exten-
sion “animal movement” for ArcView soft-
ware (Hooge and Eichenlaub 1997). Tracks
were processed with the Map Source and
Quantum GIS software. Images for landscape
calculations were taken from Google Earth.
The different types of land cover were classi-
fied in the field as: barren, barren with pigs,
build-up, forest, pasture, road, natural vegeta-
tion with cattle, natural vegetation with pigs,
natural vegetation, and wetland. The Ivlev’s
Electivity Index (Ivlev 1961), calculated from
point density within the minimum convex
polygon, was used for the estimation of land
cover type selection.

34°49'S

— tracks (8 days)
I Stream
Minimum Convex Polygon

Figure 1. Tracks recorded during eight consecutive
nights for a Common Barn-owl (Tyfo alba) instru-
mented with a GPS pet tracker device in an agro-
ecosystem in Argentinean’s rolling pampas. The
home range (estimated as the minimum convex
polygon) is shown.
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Figure 2. Detail of tracks recorded during one night
for a Common Barn-owl (Tyto alba) instrumented
with a GPS pet tracker device in an agroecosystem
in Argentinean’s rolling pampas, showing diffe-
rent movement patterns (meandering, linear and
point, corresponding to hunting, straight-lined
flights and roosting, respectively). The inset
depicts the home range showed in figure 1.

RESULTS

The device recorded during eight consecu-
tive nights without gaps in the period of time
that the GPS was turned on (13 h/day) until it
run out of battery (12501 waypoints). Records
obtained during the first night were not con-
sidered for the analyses. The home range,
estimated as the minimum convex polygon,
was 1746 ha (Fig 1).

From the speed and angle of each waypoint,
we identify three movement patterns (Fig. 2)
that could be attributed to different behav-
iours: (1) straight-lined flights, with a linear
pattern, speeds higher than 18 km/h and a low
variation of the direction between subsequent
segments (angles between 135-225°); (2) hunt-
ing, with a meandering pattern, speeds
between 4-18 km/h and abrupt changes in
directions between subsequent segments
(0-135° or 225-360°); and (3) roosting, with a
point or a star (with a recurrent center)
pattern, speeds lower than 4 km/h and acute
angles. The star pattern is typically produced
by the GPS error when no movement occurs.

The beginning of daily activity was recorded
at 18:32 h (x4 min); i.e., a few minutes after
twilight. The end was after 07:00 h, when the
GPS turned off. The owl remained during the
day in a roost 4.6 km far from the nest. During
the first four hours of activity, a clear pattern
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was observed in six of the seven analyzed
nights (Fig. 3). The owl], after leaving the day
roost, showed a hunting behaviour during
approximately 45 min. The first visit to the
nest occurred on average at 19:15 h (range:
18:47-19:50 h). During the first four hours of
activity, the owl visited the nest 2-6 times. This
behavioural pattern (alternating hunting and
visits to the nest) continued until 21:00 h.
Thereafter the percentage of time the owl
remained active decreased (Fig. 3). In the re-
maining nine hours of activity this percentage
was variable between the analyzed nights.

Taking into account only the waypoints con-
tained in the meandering patterns (i.e., during
hunting), the values of the Ivlev’s Electivity
Index revealed that the owl selected vegetated
areas (except where pigs were present) and
barren areas with pigs for hunting (Fig. 4).

DiscussiON

The results of this first study evaluating the
use of a GPS technology with a pet tracker
device to track Common Barn-owl individuals
showed that the obtained information is
useful to study the nocturnal behaviour of this
bird. Storage capability, fix success rate, fix
interval and battery power enhanced allowed
to obtain a detailed track that could be
analyzed and interpreted.
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Figure 3. Mean (+ SE) activity level of a Common
Barn-owl (Tyjto alba) instrumented with a GPS pet
tracker device in an agroecosystem in Argen-
tinean’s rolling pampas during the period of data
collection.
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To conserve battery power, GPS receivers
integrated into wildlife telemetry collars typi-
cally are programmed to attempt to obtain a
location for 90-180 s (Cain et al. 2005); in this
case we fixed intervals at 20-30 s, increasing
the accuracy of the locations, insomuch as fix
interval also has an effect on fix success rates
with shorter fix intervals being associated with
higher fix success rates (Moen et al. 2001). The
recording frequency used resulted in a
detailed track. From the speed and angle of
each waypoint we identified three different
movement patterns that could be attributed
to different behaviours, which could not have
been identified with largest intervals. The
estimated home range was within the stand-
ard home range limits recorded for this spe-
cies (as large as 3174 ha and as small as 72 ha;
Evans and Emlen 1947, Taberlet 1983, Taylor
1994).

The overlap of tracks with a land cover map
allowed the calculation of the electivity index,
estimating hunting habitat selection within
the home range for six nights. All the selected
areas presented high plant cover, which could
be associated with the probability of prey
capture. Common Barn-owl individuals catch
a variety of prey, although rodents are by far
the most important one (Taylor 1994). Rodents
of the rolling pampas select habitats with high
plant cover (Busch et al. 2001) such as the

0.5
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Figure 4. Values of the Ivlev’s Electivity Index
estimating land cover type selection by a Common
Barn-owl (Tyto alba) instrumented with a GPS pet
tracker device in an agroecosystem in Argenti-
nean’s rolling pampas.
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patches selected by this owl. However, a land
cover type without plant cover (barren areas
overgrazed and trampled by pigs) was also
selected. These particular areas presented a
high abundance of rodents (pers. obs.).

The use of this technique represents an
improvement for behavioural studies of this
species. The quality of the data obtained with
this device warrant the identification of move-
ment patterns associated with different
behaviours. Moreover, if data were to be col-
lected every few seconds it would be possible
toidentify another hunting technique (perch-
hunting) described for this bird (Taylor 1994,
Arlettaz et al. 2010). This hunting technique
could have been confused with roosting with
the setting interval used in this work. There-
fore, information collected with this techno-
logy will improve studies in diverse areas such
as foraging behaviour, courtship, mate guard-
ing, parental inversion, and prey capture
strategies.
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