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ABSTRACT ARTICLE HISTORY
Capsule: Fledglings progressively increase their home range size and ranging behaviour as they Received 18 September 2016
age. Accepted 8 January 2017

Aims: To examine the home range size and ranging behaviour of Bearded Vulture fledglings during
the post-fledging dependence period and determine the onset of natal dispersal.

Methods: Post-fledging movements of three individuals were investigated in southern Africa using
global positioning system (GPS) satellite telemetry which enabled home range sizes and distances
travelled from the nest to be calculated.

Results: Fledglings increased their home range size from an average of 0.4-10 999 km? (100%
Minimum Convex Polygons) and 9.13-11 466 km? (fixed 95% kernels) within the first six months
post fledging. They also increased home range use as they aged with maximum daily distances
travelled from the nest occurring between 98 and 136 days post fledging (when fledglings were
aged between 222 and 262 days), after which time they dispersed from their natal area.
Distances between fixes were highest during the dispersal period.

Conclusion: GPS satellite telemetry allows us to accurately demonstrate how fledglings
progressively increase and use their home ranges as they age and undertake pre-dispersive
exploratory flights. Results confirm the notion that juveniles disperse at the onset of the
following breeding season and suggest that dispersal occurs earlier in the southern hemisphere.

Understanding how species use their environment in
both space and time can play a critical role in
designing effective conservation management strategies
(Primack 2010). The post-fledging dependence period
is one of the most critical periods in the life stages of
birds (Weathers & Sullivan 1989) and can strongly
influence population dynamics (Yackel Adams 2006,
Smart et al. 2010, Sim et al. 2011). The risk of
mortality is particularly high during this period as
fledged birds learn to fly and become self-sufficient
(Bustamante & Negro 1994, Soutullo et al. 2006,
Delgado et al. 2009). Understanding the space use by
birds during the post-fledging dependence period and
the timing of dispersal is particularly important in the
conservation of a species with delayed maturity, high
parental investment and low fecundity (Ferrer 1993,
Ferguson-Lees & Christie 2001, Amar et al. 2000,
Margalida & Bertran 2000, Margalida et al. 2003,
Penteriani & Delgado 2009, Lopez-Lopez et al. 2013).
The Bearded Vulture Gypaetus barbatus is a long-
lived, large scavenging raptor that exhibits delayed
breeding, nests on high mountain cliffs in Africa,
Europe and Asia and forages extensively over the

surrounding mountains (Hiraldo et al. 1979, Brown
1997). The sub-species Gypaetus barbatus meridionalis
is distributed south of the Tropic of Cancer, in sub-
Saharan Africa (Hiraldo et al. 1984, Mundy et al
1992). In southern Africa the sub-species is restricted
to the Maloti-Drakensberg mountains of Lesotho and
South Africa, where its range and population size have
declined markedly in the last few decades and there are
now no more than 110 occupied territories (Brown
1991, Kriiger et al. 2014a). This population has
recently been classified regionally as ‘Critically
Endangered’ as a result of these declines and the on-
going threats faced by the population throughout its
foraging range (Kriiger 2015). These threats include the
use of poisons and the construction of energy
structures (power lines and wind turbines) with the
associated risk of collisions (Brown 1991, Mundy et al.
1992, Rushworth & Kriiger 2014, Reid et al. 2015).
Fledglings are assumed to be particularly vulnerable to
threats within the first few months of fledging because
they are inexperienced flyers and are unfamiliar with
their surroundings and potential threats within their
home range.
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The post-fledging dependence period of the southern
African population has been described by Brown (1990)
based on visual observations and the radio-tracking of
one individual. However, the latest studies of this
population, using more accurate global positioning
system (GPS) satellite telemetry methods, do not
include information on post-fledging movements
(Urios et al. 2010, Kriiger et al. 2014b). Studies
conducted in the European Pyrenees also focussed on
visual observations and radio-tracking (Sunyer 1991)
and more recently used GPS satellite telemetry to
examine fledgling movements (Lopez-Lopez et al. 2014,
Margalida et al. 2016).

We studied the post-fledging movements of three
Bearded Vultures in southern Africa between 2008 and
2010 using GPS satellite tags. These data on post-
fledging dependence and natal dispersal will provide
additional ~useful information to guide the
implementation of conservation measures.

Methods

The study took place in the Maloti-Drakensberg region
of Lesotho and South Africa which encompasses the
entire distributional range of the Bearded Vulture
population in southern Africa (Figure 1). The Maloti-
Drakensberg mountains dominate the study area with
a mean altitude of 2200 m above sea level (range 1280-
3500 m) (Sycholt 2002). The remaining study area
constitutes predominantly protected areas, commercial
and communal farmland in South Africa and
communal rangeland in Lesotho which is extensively
grazed by livestock.

Three nestlings were fitted with 45 g solar-powered
GPS-platform  transmitter terminals (North Star
Science and Technology, LLC, Virginia, USA), referred
to from here on as tags, prior to fledging during
November 2008 (n=2) and November 2010 (n=1).
All three birds were identified as female through
genetic sex determination performed by Molecular
Diagnostic Services (MDS Pty Ltd., Westville, South
Africa) using nucleic acid amplification procedures
with blood taken from the brachial vein (n=1) or
from the tip of the feather shaft of a breast feather
(n=2).

Tags were attached using a pelvic harness attachment
(Hegglin et al. 2004) constructed using a 2 mm silicon
cord inserted into 6 mm tubular Teflon Ribbon" (Bally
Ribbon Mills, Bally, Pennsylvania). The harnesses
incorporated a weak link sewn with dental floss to
allow birds to lose the harness after the end of the tag’s
life cycle (Fuller 1987), which was predicted to be
between five and eight years. The tags recorded one

GPS position every three hours continuously, as well as
movement speed, date and time.

Home range size

The home range or utilization distribution of each
individual was estimated by means of a kernel density
approach (Worton 1989, 1995, Kenward et al. 2001).
Home range estimates were derived as described in
Kriiger et al. (2014b). Home range sizes were calculated in
R (R Core Team 2013) using the package adehabitatHR
v.0.4.10 (Calenge 2006) with the package rgdal v.0.8-16
(Bivand et al. 2013) to process the spatial data. We
calculated the minimum convex polygon (MCP) and the
fixed 95% and 50% kernel density contours over 15-day
periods to allow for comparisons with other similar
studies. The 100% MCP represents the maximum area of
activity, the 95% kernel estimates the majority of the
home range area and the 50% kernel estimates the core
(intensive use) area (Worton 1989, Seaman & Powell
1996, Fieberg 2007). The cumulative size of the home
range was also calculated over 15-day periods.

Dispersal distance

To quantify the extent of fledgling movements, each day we
determined the maximum distance of each individual from
the nest within their first year based on the straight-line
distance between the nest and the furthest location fix
obtained for that day, calculated using the software
Geospatial Modelling Environment (GME) (Beyer 2012).
The date of fledging was taken as the first day where a
distance over 100 m from the nest was obtained.

The maximum daily distance of fledglings from the
nest was used to calculate the dispersal date from the
natal area. We used the method of Weston et al.
(2013) to identify the timing of transition from
dependence to independence from the natal locus. This
was done as follows: The home range boundaries of six
breeding adults (Kriiger et al. 2014b) were used as a
proxy for the area of potential parental influence. The
maximum distance parents were recorded from their
nest site was based on the radius of the average 90%
kernel home range (5.5 km) whereas the core ranging
distance was based on the radius of the average 50%
kernel home range (2.1 km), the latter being more
concentrated around the nest (Kriiger et al. 2014b).

A 14-day period away from the natal home range was
used as a proxy for independence. This period was
considered the maximum time that a juvenile can
survive without additional food from its parents (H.
Frey and A. Llopis, pers. comm.). Using this method,
an individual had to move the equivalent of the radius
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Figure 1. The Maloti-Drakensberg region in southern Africa depicted by the high lying areas (grey shading >2000 m above sea level)

and indicating the sites where nestlings were tagged (+).

of the adult’s mean maximum ranging area from the nest
(90% kernel, 5.5 km radius) and not return to within the
adult’s mean core ranging area (50% kernel, 2.1 km
radius) within the following 14 days, at which stage it
was classified as having dispersed.

Statistical analysis

For all spatial analyses the GPS locations were projected
to the Universal Transverse Mercator (UTM) coordinate
system (World Geodetic System 1984 UTM Zone 35S)
for use in R v. 3.0.1 (R Core Development Team 2013),
ArcGIS v. 10.0 (ESRI, Redlands, USA) and the GME
(Beyer 2012).

We explored changes in fledgling home range size
(95% and 50% kernels and 100% MCPs), in each 15-
day period since fledging for the first six months post
fledging: these were the months for which data were
available for all three individuals. For this we used a
general linear model with ‘period’ as a continuous
variable, and ‘individual’ as a fixed effect.

A preliminary analysis showed that there was no
significant correlation between the number of location
fixes used for the kernel analyses and home range size,
using the 95% kernel (x3; = 1.61, P=0.20) and the
50% kernel (x3; = 1.47, P=0.23), which eliminated

possible bias in the estimation of space use due to
individual variability (Kernohan et al. 2001). There was
some correlation between the number of fixes and
home range size using the MCP method of home range
estimation (x3; = 6.03, P<0.01).

We examined how movement patterns changed over
time using generalized additive models. Within these
models we fitted ‘day’ as a continuous fixed effect and
‘individual’ as a categorical fixed effect, and explored
their relationship with the maximum daily distance
from the nest.

Results

We obtained satellite tracking data from three fledglings
for at least the first six months post-fledging (ie. a
combined total of 24 bird-months; 2528 GPS fixes in
total) between November 2008 and September 2011
(Table 1). Individual and mean values of home range
area exploration, and the maximum distance from the
nest are reported in Table 2.

Home range use

Fledgling home range (95% kernel, 50% kernel and
MCP, respectively) sizes did not differ between the

Table 1. Details of the tracking information for the three Bearded Vultures used in southern Africa between November 2008 and
November 2011. Tracking of 87.1 terminated when the bird died, whereas termination date of the other two birds is the date they

were classified as juveniles and no longer fledglings.

ID Date tagged Date fledged Date tracking terminated Dispersal date Post fledging dependency period (days) Months tracked
87.1 22 Nov 2008 1 Dec 2008 8 Jun 2009 15 Apr 2009 136 6
88 23 Nov 2008 6 Dec 2008 31 Aug 2009 6 Apr 2009 122 9
87.2 11 Nov 2010 7 Dec 2008 31 Aug 2011 14 Mar 2011 98 9
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Table 2. The number of GPS fixes obtained in the study period,
home range sizes measured in 50% fixed kernels, 90% fixed
kernels and 100% MCP, and the maximum distance travelled in
km from nest by three Bearded Vultures six months after
fledging.

Home range in km?

No. of 50% 95% Maximum daily
ID GPS fixes  kernel kernel MCP distance
87.1 398 1363 11644 10813 194 £ 23
88 1270 2370 15915 14209 127 £28
87.2 860 1088 6840 7976 72122
Mean 843 1067+ 11466+ 10999 + 132+52
+sd 436 675 4 540 3120

three individuals (x5 = 0.77, P=0.68; x3 = 0.31, P=
0.86; x5 = 1.97, P=0.37) but did differ between 15-day
periods (x3; = 11.27, P<0.001; x%, = 12.49, P<0.001;
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X33 = 15.68, P<0.001; Figure 2a). Cumulative home
range sizes increased from time since fledging from a
mean of 6, 9 and 0.4 km? in the first 15 days to a
cumulative home range of 1607, 11 466 and 10
999 km” at six months for the 50% and 95% kernels
and MCP, respectively (Figure 2b).

Similarly, the maximum daily distances of each fledgling
from the nest (natal point) increased significantly (F, g =
103, P<0.001) over the first six months following
fledging (Figure 3), with a dramatic increase in the
maximum daily distance from the nest area during the
onset of the next breeding season at between 120 days
(23.14 £22.96 km from the nest) and 150 days (53.03 +
53.95 km from the nest), which coincided with dispersal
(98-136 days since fledging; Figure 4).
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Figure 2. The mean (tstandard deviation) size of the 50% kernel, 95% kernel and MCP (a) home range and (b) cumulative home range
in km? of three fledgling Bearded Vultures depicted in 15-day intervals for the first six months post fledging, showing an increase in
home range size with days since fledging. In (a) the standard deviation could not be calculated for the second time period (16-30 days)
because the number of locations was insufficient (>5) for two individuals to determine home range size.
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Figure 3. The mean (tstandard deviation) maximum daily distance in km from the nest of three fledgling Bearded Vultures depicted in
15-day intervals for the first six months post fledging, showing an increase in maximum daily distance from the nest with days since

fledging.

Dispersal ages were calculated as the age at which a
fledgling had moved at least 5.5 km from the nest and
had not returned to within 2.1 km for at least 14 days,
with age at fledging taken as 126+2 days (Brown
1990). Based on this we estimated the age of dispersal
of the three individuals at between 222 and 226, 246
and 250 and 260 and 264 days old, and the post-
fledging dependency period for each individual to be
98 (14 March), 122 (6 April) and 136 (15 April) days
after fledging. The mean dispersal age was 245 days
and the mean post-fledging dependency period was
119 days.

Discussion

This study provides important information on the spatial
movements of fledged Bearded Vulture in southern
Africa, which should aid conservation management
planning for this species. Although the sample size is
small, the use of more accurate technology in this study
has allowed us to obtain more explicit information on

50 100

distance (km) from nest
0

Partial residuals of maximum

-50

the length of the post-fledging dependence period and
the timing of the onset of natal dispersal.

We recorded a progressive increase in home range size
and distance from the nest during the post-fledging
dependency period. Our movement results agree with
those of Margalida et al. (2013), Lopez-Lopez et al. (2014)
and Margalida et al. (2016) that fledglings progressively
increase the distance from their natal area as they age and
undertake pre-dispersive exploratory flights.

The sizes of the home range areas reported in this
study for the first six months post fledging (ranging
from 0.4 to 10 999 km?, MCP) were considerably larger
than those described for this species by others. For
example, the birds in this study explored an MCP area
of 2193 km® at four months post fledging compared
with 78 and 65 km” calculated by Brown (1990) and
Sunyer (1991), respectively, probably as a result of
more accurate satellite telemetry technology (Cadahia
et al. 2008, Kriiger et al. 2014b). When compared to
studies using similar technology, the total home range
area explored by this sub-species at six months (10

Dispersal

/—*—\

0 50

100 150

Days since fledging

Figure 4. The partial residuals (- - -) with smoothing parameters estimated using the Generalized Cross Validation criterion, from a
General Additive Model of the increase in the average maximum daily distance (km) travelled from the nest with days since
fledging of three fledgling Bearded Vultures for the first six months post fledging, after controlling for individual. Fledglings
showed an increase in the extent of their movements with time until dispersal at between 98 and 136 days after fledging.
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999 km?) is still much larger than those recorded for the
northern sub-species in three studies: 2852 km? (Lépez-
Lépez et al. 2014), 978-4544 km? (Gil et al. 2014) and
1566 km* (Margalida et al. 2016).

Although fledglings remained in their natal area for
the first few months, the size of their home range after
31-40 days (99 km?; 95% kernel) was larger than the
average home range size of breeding adults (95 km?;
90% kernel) recorded by Kriiger et al. (2014b).

Our results confirm those of previous studies that the
young leave the natal area at the onset of the following
breeding season (Brown 1990, Sunyer 1991, Ldpez-
Lopez et al. 2014) characterized by the start of sexual
activity of the adults and an increase in the defence of
their territory (Margalida et al. 2003). The time to
dispersal calculated in this study (119 days after
fledging when aged 245 days old) was similar to that
determined by Brown (1990; 126 days after fledging)
and within the range calculated by Sunyer (1991) for
the species in the Spanish Pyrenees (individuals aged
206-364 days). Our calculations were, however, lower
than the estimates of Lopez-Lopez et al. (2014; 193
days when aged 317 days) using similar methods,
suggesting that birds in the southern hemisphere
disperse earlier than those further north. Adult birds
did not show aggression towards their young, but
rather stopped food provisioning to encourage
dispersal (personal observation). Earlier dispersal dates
therefore suggest that food is not a limiting resource in
the study area, which supports the findings of Kriiger
et al. (2015). These authors found human impacts to
negatively affect this population with the abandonment
of territories more likely where these had higher
densities of power lines and human settlements,
suggesting that habitat quality may be the main
regulatory mechanism of space use in this population.

The species experiences a high risk of mortality
during the post-fledging dependence period (Lack
1954), therefore, detailed knowledge of home range
size, ranging behaviour and the timing of dispersal aids
conservation planning for the species.
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