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Abstract
Delineating an animal’s home range is crucial for understanding its spatial ecological requirements and vital for management 
and conservation decisions. We applied a dynamic Brownian Bridge Movement Model to investigate the movements, annual 
home range (HR) and core area (CA) size of eleven Dalmatian pelicans Pelecanus crispus fitted with satellite transmitters in 
northern Greece. The average monitoring period per bird ranged from 126 to 365 days, but tracking duration was unrelated 
to the overall distance covered by the birds. Altogether tracked pelicans visited 31 water bodies. The average home range 
(95% utilisation distribution) was estimated at ca. 461  km2 while the core area (50% utilisation distribution) was estimated 
at ca. 14.4  km2, representing 3.12% of the former. The home range size of the studied birds varied widely between indi-
viduals, ranging from 43 to 1533  km2. Home ranges were not single areas but on average consisted of 4.1 different nuclei 
(range = 1–8), often more than one in a single wetland. Sex did not have an effect on the annual HR (or CA) size of the 
species. There were no similar or comparable patterns of seasonal movements between the pelicans monitored, and no sta-
tistically significant seasonal variation was found in HR and CA sizes. The conservation of Dalmatian pelican populations 
in south-east Europe depends not only on good habitat conditions prevailing in individual breeding wetlands but also on a 
wider network of water bodies in the region.

Keywords Utilisation distribution · Core areas · Dynamic Brownian Bridge Movement Model · Waterbirds · Space use · 
Seasonal and annual movements

Introduction

The concept that individual animals restrict their movements 
to finite areas known as home ranges and use resources dis-
proportionately to their availability for meeting their eco-
logical requirements has been fundamental in conservation 
biology (Manly et al. 2002). Furthermore, most animals tend 
to exploit one or more regions within their home range, i.e. 
core areas, more frequently than others during their regular 
annual or daily movements (Hodder et al. 1998).

Home range analysis is central to many ecological stud-
ies and a crucial step for understanding the spatial ecol-
ogy of animals and the mechanisms of their response to 

environmental change (Akçakaya 2000; Thomas and Taylor  
2006; Cummings and Cornelis 2012). Mcloughlin and  
Ferguson (2000) claim that the central problem of what 
determines home range size is the integrative nature of the 
home range. Although various ecological and physiological 
factors influence home range size, such as climate, abun-
dance and distribution of food, social organisation, popula-
tion density and risk of predation, there is no consensus as 
to which factors are primary in determining home range size 
(see review in Mcloughlin and Ferguson 2000). Variation of 
HR size is a scale-dependent issue and factors that influence 
home range size at the individual level include food avail-
ability, patchiness in the environment, density, predation 
and sex (Mcloughlin and Ferguson 2000).

There are eight species of pelicans in the world (Kennedy 
et al. 2013) but the home range has been studied only for two 
of the three New World species, namely the Brown pelican 
(Pelecanus occidentalis) (King et al. 2013; Lamb et al. 2019, 
2020) and the American white pelican (P. erythrorhynchos) 
(Sovada et al. 2013; King et al. 2016). In the Old World, the 
Dalmatian pelican (P. crispus) is an iconic soaring waterbird 
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distributed from Montenegro to China (Crivelli and Vizi 
1981; Catsadorakis and Portolou 2018). In Europe, Dal-
matian pelicans behave as short-distance migrants as they 
migrate only for short distances, staying mostly in the east-
ern Mediterranean region (Crivelli et al. 1991a; Barboutis 
et al. 2021).

In Greece, our knowledge of the species’ biology and 
ecology has been substantially improved due to long-term 
research and conservation programmes (Crivelli 1987; 
Crivelli et al. 1991a, b; Catsadorakis et al. 1996; Crivelli 
et al. 1997). Dalmatian pelicans (DPs) tend to use various 
wetlands with different characteristics during their annual 
cycle (Efrat et al. 2018); however, data on the species home 
range size is still lacking (Catsadorakis and Portolou 2018; 
Efrat et al. 2018). It is also not known whether there is intra-
population variation in home range sizes and whether sex 
plays a role in individual variation of home range sizes. DPs 
are gregarious colonial birds that migrate, move, and rest in 
groups; they fish both singly and in groups and they nest in 
clumped aggregations. They do not defend territories other 
than around their nests, and they are not threatened by avian 
predators. Their overall life histories present a lot of similari-
ties to seabirds, and they are frequently treated as such. The 
challenges of the definition and metrics of the species’ home 
range become even more intriguing taking into consideration 
that DPs repeatedly visit certain wetlands at a distance from 
their breeding colonies during their annual cycle (Crivelli 
et al. 1991a; Efrat et al. 2018).

In this study, we developed a GPS telemetry scheme 
to investigate the annual home range of DPs in northern 
Greece. We aimed to obtain an insight into the species’ rang-
ing behaviour and improve our knowledge on its movement 
ecology. Our goal was to quantify both the species’ home 
range size (HR) and core areas (CA) of intense use (Kie 
et al. 2010), and to distinguish temporal usage (e.g. summer 
and winter, breeding, dispersal). We anticipate that the DPs 
HR and CA will include wetlands often visited by the birds 
during their annual cycle.

Methods

Fieldwork and data collection

The ranging behaviour of the species was investigated by 
monitoring 11 DPs during 2013–2019. The birds were cap-
tured using leg-hold traps at the end of the breeding season 
at Lake Mikri Prespa (n = 7) and just at the beginning of the 
breeding season in the Kerkini Reservoir (n = 4). Traps in 
Prespa were placed in June–July, close to the colonies, on 
small, floating, reed-rhizome islands, used by the birds for 
resting. Traps in Kerkini were put in February, in shallow 
water (< 20 cm) close to the coastline, far from the nesting 

platform and birds were attracted by throwing dead fish in 
the water. All the pelicans were aged as adults according 
to their plumage (Elliot et al. 2017, G. Catsadorakis & O. 
Alexandrou unpubl. data). Their sex was determined a few 
months after capture by molecular techniques, namely, anal-
ysis of DNA extracted from blood samples (Griffiths et al. 
1998) and morphometric measurements. All birds captured 
in Prespa were sexed as males and all birds captured at Ker-
kini were sexed as females. All pelicans were marked with 
yellow PVC engraved rings and handmade patagial wing 
tags (14 cm × 10 cm) made from white vinyl-covered nylon 
and painted with black ink. Rings and tags were placed on 
both legs and wings respectively. The birds were additionally 
equipped with solar-powered GPS/GSM transmitters (e-obs 
GmbH, Germany) that weighed ca. 1% of their body mass 
(i.e. 90 gr) including the attachment material. The transmit-
ters were backpack-harnessed on the pelicans using silicon 
strings encapsulated in tubular Teflon ribbon (Thaxter et al. 
2014). Lamb et al. (2016) concluded that Brown pelicans 
fitted with GPS transmitters exhibit comparable behaviours 
to untagged individuals within a day of capture and that GPS 
tracking is a viable technique for studying behaviour and 
demography in the Brown pelican. We have not systemati-
cally checked for transmitter effects on DPs but as we have 
not observed any strange behaviour, we assumed that they 
have remained unaffected. Tags were programmed to collect 
data on time, position (i.e. GPS fixes of latitude and longi-
tude ± 5 m according to the manufacturer specifications for 
the estimated spatial error), flight height (i.e. metres above 
ellipsoid with an error < 20 m for 95% of measurements) and 
instantaneous speed (Km/h). Before used in any of the sub-
sequent analyses, the data were checked, and any outlying 
radiolocations caused by transmitters’ error were removed. 
Their duty schedule was set to operate 24 h/day and to obtain 
GPS locations and relevant measurements every 5, 10, 20 
or 60 min, depending on the battery voltage. Nevertheless, 
some time gaps did occur due to low battery power.

Data curation

In an effort to explore the temporal variation of the spe-
cies’ spatial utilisation pattern, the annual cycle of DPs 
was divided into four stages, namely the breeding period 
including courtship, pair formation and egg laying for the 
vast majority of the population, i.e. 15th December–20th 
April; the post-breeding period including brooding and chick 
rearing for breeders and dispersal for non-breeders, i.e. 21st 
April–31st July; the pre-winter period that includes the dis-
persal phase for all birds, i.e. 1st August–10th October, and 
the wintering period, i.e. 11th October–14th December.

The temporal resolution of the data for all individuals was 
also standardised by retaining the first radiolocation point in 
each hour (see also Buechley et al. 2018). The duration of 
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the observation period for each individual ranged from 126 
to 1994 tracking days. However, as our goal was to explore 
the annual movement pattern of the Dalmatian pelicans, we 
kept the latest 365 tracking days of the monitoring period 
for those tracks exceeding one calendar year (Table 1). All 
data were stored in the Movebank database (https:// www. 
moveb ank. org/).

Statistical analysis

The utilisation distribution (UD), which is commonly 
expressed by a density function that provides the probability 
of finding an animal’s position in a plane or its relative space 
use within its home range (Anderson 1982; Worton 1989), 
was estimated by applying the dynamic Brownian Bridge 
Movement Model (dBBMM) (Horne et al. 2007; Kranstauber 
et al. 2012). The method estimated the UD for each indi-
vidual pelican, based on the study of its movement tracks and 
behaviour (e.g. movement, rest) (Kranstauber et al. 2012). 
The model applies a conditional random walk-(Brownian 
bridge) in order to approximate the bird’s trajectory and 
estimates in particular its UD by taking into consideration 
the sequence of locations, the distance and the time between 
two successive locations (Horne et al. 2007). Basic assump-
tions are a constant movement between sequential locations 
and the uncertainty in the bird’s movement path expressed as 
the variance of the Brownian motion (σ2m) and the location 
errors (Horne et al. 2007). The σ2m describes the deviation 
from a straight-line movement in the path of each pelican 
(Horne et al. 2007; Kranstauber et al. 2012). The dBBMM 
has the ability to estimate a varying σ2m, which in turn 
allows the identification of changes in a pelican’s movement 
pattern; thus, it was regarded as ideal for understanding the 
complex movement behaviour patterns of the species (e.g. 

breeding, foraging, flying, resting) (Kranstauber et al. 2012; 
Palm et al. 2015; Buechley et al. 2018). The varying σ2m is 
estimated within a sliding window (w) of locations (≥ 3) and 
a margin of size (m) at the start and the end of each window 
(Kranstauber et al. 2012) that are relevant to the species biol-
ogy (Kranstauber et al. 2012; Byrne et al. 2014; Palm et al. 
2015; Buechley et al. 2018).

Preliminary data exploration revealed that the mean and 
median distances between consecutive points were between 
328.4 m and 1838.3 m and between 21.7 m and 187.6 m, 
respectively. This implied that the birds flew over small dis-
tances within an hour and thus a grid size of 100  m2 resolu-
tion was considered appropriate for the calculation of their 
UDs using the dBBMM. A window size of 25 locations and 
a margin of 9 locations were used, corresponding to a tem-
poral window of approximately one day for hourly observa-
tions (Kranstauber et al. 2012; Buechley et al. 2018). The 
choice of window and margin aimed to encompass the daily 
activity of the Dalmatian pelican, as for diurnal soaring birds 
one should successfully identify both daily and across-day 
changes in the σ2m within each individual’s trajectory. The 
dBBMMs were generated using the library “move” in the R 
package v. 4.0.6 (Kranstauber et al. 2020).

Sex-related differences in the annual 95% UD (HR in 
this study) and 50% UD (CA in this study) sizes were exam-
ined by applying univariate analyses, i.e. Mann–Whitney U 
Test. Spearman correlation analysis was applied in order to 
explore the relation between the number of wetlands vis-
ited by the DPs and their 95% UD size. Differences in the 
seasonal 95% UD and 50% UD sizes were examined by 
applying non-parametric Kruskal–Wallis rank sum tests 
with a Bonferroni correction for multiple comparisons. 
Seasons refer to the four stages of the annual cycle (see 
section “Data curation”).

Table 1  Tracking data of 11 
Dalmatian pelicans monitored 
by GPS/GSM telemetry during 
2013–2019 in south-east 
Europe. The area (in  km2) of 
the utilisation distribution (UD) 
95% and 50% of Dalmatian 
pelicans radio-tracked is 
provided. They are ordered from 
smaller to larger UD 95% area

* Only the last 365 tracking days were considered

Pelican ID Sex Monitoring period Tracking days UD 95% UD 50%

K1 F 11/02/2016–12/01/2017 336 1533.16 23.88
K3 F 12/02/2016–08/03/2017 365* 909.08 18.73
P06 M 22/06/2013–02/02/2014 225 714.57 29.1
K4 F 13/02/2016–18/06/2016 126 609 13.69
P09 M 23/07/2013–07/01/2019 365* 439.13 36.88
P05 M 21/06/2013–10/02/2015 365* 369.01 14.1
K2 F 11/02/2016–03/07/2017 365* 144.91 11.25
P08 M 20/07/2013–16/09/2014 365* 138.65 2.61
P10 M 01/06/2014–17/12/2015 365* 98.95 4.57
P14 M 01/06/2014–04/01/2015 217 73.21 2.22
P13 M 30/05/2014–22/07/2015 365* 42.41 1.53

https://www.movebank.org/
https://www.movebank.org/
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Results

A total of 58,369 GPS locations were collected from 21st 
June 2013 to 07th January 2019 (Fig. 1, Table 1). The 
average monitoring period per bird was 314 ± 84 tracking 
days (range = 126–365) whereas the mean number of radi-
olocations was 5306 ± 2205 per bird (range = 1959–8524) 
(Table 1).

The home ranges of the 11 Dalmatian pelicans included 
in total of 31 water bodies distributed in the broader Balkan 
region including wetlands and lakes in North Macedonia and 
in Turkey (Fig. 2), in addition to all the large wetlands of 
northern Greece, from the Prespa lakes in the west (Greece-
Albania-North Macedonia) to the Evros/Meriç delta in the 
east (Greece-Turkey). The threefold difference observed in 
the 95% UD between males/captured at Prespa and females/
captured at Kerkini, was not significant (Prespa males 
mean 95% UD = 268.0  km2 vs. Kerkini females mean 95% 
UD = 799.0  km2, Mann–Whitney U Test P > 0.05). Simi-
larly, the 50% UD did not differ between sexes/capture sites 
(Prespa males mean 50% UD = 13.0  km2 vs. Kerkini females 
mean 50% UD = 16.9  km2, Mann–Whitney U Test P > 0.05).

The 95% UD was estimated for all individuals at 
461.1 ± 458.9  km2 (range = 42.4–1533.2) and the 50% UD 
at 14.4 ± 11.8  km2 (range = 1.5–36.9) (Table 1). The number 
of water bodies visited by each bird was positively related to 
the DPs 95% UD (Spearman r = 0.79, P < 0.05).

The home range size of the breeding period is larger than 
the other three seasons both for the 95% UD and 50% UD, but 
differences were not statistically significant between seasons 
for either of the 95% UD and 50% UD sizes (Kruskal–Wallis 
test with Bonferroni corrections P > 0.05) (Fig. 3).

Discussion

Annual HR and CA

The HR and CA of the Dalmatian pelicans were estimated 
for the first time. Results from the study of 11 radio-tagged 
individuals showed that the birds travel thousands of kilo-
metres away from and back to their capture site within a 
year (see Figs. 1 and 2). Many factors are known to directly 
affect the spatial organisation and movement of animals 
(McNab 1963; Mace et al. 1983; Weimerskirch et al. 2000; 
Rolando 2002). In particular, HR is primarily determined  
by the underlying distribution of food resources, both gen-
eral abundance and spatio-temporal predictability (Brown 
1975; Schoener 1983; McLoughlin and Ferguson 2000; 
McLoughlin et al. 2000; Rolando 2002; Legagneux et al. 
2009). In the case of Dalmatian pelicans, the dBBMM 
results indicate that the birds spend considerable amounts 
of time in most of the wetlands they visit.

Furthermore, HR and CA of Dalmatian pelicans exhib-
ited manifold differences between individuals. This is some-
thing observed for both American white pelican (King et al. 
2016) and brown pelican (King et al. 2013; Lamb et al. 
2019). The former species is mainly a migrant and less so a 
partial migrant while the latter is a partial migrant, although 
some methodological differences between studies in HR 
estimation may exist. Within-population variation in HR 
size is observed in many animals, although the underly-
ing processes have not been well understood yet (Rühmann 
et al. 2019; Seigle-Ferrand et al. 2021). For example, the 
black-backed woodpecker is known to have HR sizes vary-
ing several orders of magnitude, although the ecological 
factors explaining the variation have not been adequately 
explored (Tingley et al. 2014). Amongst the main drivers 

Fig. 1  Locations of Dalmatian pelicans (n = 11) captured at Lakes  
Kerkini and Mikri Prespa in northern Greece. Shapefiles of large rivers 
and lakes were downloaded from https:// www. eea. europa. eu/ data- and- 
maps/ data/ wise- large- rivers- and- large- lakes and shapefiles of Greek 
rivers and lakes were downloaded from http:// geoda ta. gov. gr/ en/

Fig. 2  Overview map of the 11 individuals’ trajectories. The red areas depict 
the 95% of the utilisation distribution (UD) of all individuals. Individuals 
ranged from northern Greece (Great Prespa Lake) to Turkey (Lake Işıklı)

https://www.eea.europa.eu/data-and-maps/data/wise-large-rivers-and-large-lakes
https://www.eea.europa.eu/data-and-maps/data/wise-large-rivers-and-large-lakes
http://geodata.gov.gr/en/
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of within-population variation in HR are resource avail-
ability, landscape heterogeneity, life traits (e.g. body mass) 
and individual attributes, such as age and sex (McLoughlin 
and Ferguson 2000; Rolando 2002; Ruhmann et al. 2019; 
Seigle-Ferrand et al. 2021). The underlying causes for the 
36-fold and 24-fold (in HR and CA respectively) individual 
differences between the studied pelicans may be attributed 
to physical condition, breeding propensity, time spent 
in trying to secure a mate and a nesting place, temporal 
variations in abundance and availability of food, several 
trade-offs on energy matters and possibly other social fac-
tors that remain obscure (Mcloughlin and Ferguson 2000). 
We assume that depending on the cumulative effect these 
factors have, each individual follows a different strategy, 
resulting in manifold differences between the estimated HR 
and CA (King et al. 2013, 2016, 2017). The fact however 
that all tracked pelicans exhibited different use patterns of 
the 31 wetlands used in total, is an indication that irrespec-
tive to resource availability, social factors may also play 
a very important role in the exploitation of the wetlands’ 
spectrum available to pelicans.

No differences in the HR sizes between sexes were 
detected, although females in this study tended to have larger 
home ranges than males. However, the fact that all male 
birds were captured at Lake Mikri Prespa and all females 
at Lake Kerkini, created an unexpected confounding effect 
of sex and capture site. Some studies of the brown pelican 
have shown that male individuals have almost 3 times larger 
HR than females (King et al. 2013), but more recent studies 
(Lamb et al. 2020) have found no sex effects. However, dif-
ferences in the models used, or/and different time intervals 
studied, can be related to the species ecological preferences 
(breeding, feeding, etc.) and might also play an important 
role in the demonstration of sex effects. In any case, we 
avoid to draw any conclusions based on our results because 
of the confounding effect of sex and capture site.

The number of wetlands visited was positively associated 
with the estimated annual HR size. Given the fact that DPs 
are inshore feeders, spending most of their foraging time 
in or around wetlands, this pattern could be related to food 
availability and water level fluctuations in the wetland sys-
tem of northern Greece. Home ranges are primarily driven 
by the underlying distribution of food resources (Brown 
1975; Schoener 1983; Legagneux et al. 2009). Unfortu-
nately, there were no available data on fish stock sizes for 
the wetlands, which could be accounted for as a resource 
availability metric. Moreover, no age comparison could be 
made, as all the individuals studied were adults.

Additionally, as Kerkini Lake is the major staging site 
where DPs stop on their way to Prespa and additionally they 
visit Kerkini from Prespa to feed, it is not clear whether the 
capture site and capture method may associate with our 
results because the exact relation of the captured birds to the 
capture site is not clear. Thus, HR size of different individu-
als captured at the two different sites cannot be correlated to 
the colony sizes to check whether there are density-dependent 
effects on HR or CA. Nevertheless, individuals captured at 
the two different colonies overlapped in their space use dur-
ing the year and the breeding period. If we hypothesise that 
individuals captured at each site are indeed connected to this 
site, then a negative effect of density on HR is suggested, as 
the average HR of Kerkini birds was 3 times larger than that 
of the Prespa birds. This is the inverse observed for Brown 
pelicans in the Gulf of Mexico (Lamb et al. 2020).

King et al. (2013) showed that the HR of brown pelicans 
in the northern Gulf of Mexico consisted of many different 
parts in several wetlands. They also showed that CA (50% 
UD) represented 0.85–5.34% of the total HR (99% UD). 
Furthermore, King et al. (2016) showed that core HR for 
the American white pelicans was also spatially unconnected 
and comprised 7.1–9.9% of the total HR. Very similarly, 
for the Dalmatian pelican in SE Europe CAs represented ca 
1.55–8.4% (average 3.91%) of the total HR and generally, 
they were not single areas but consisted of an average of 4.1 

Fig. 3  Boxplots depicting the mean a 95% utilisation distribution (UD) 
and b 50% UD sizes during breeding, post-breeding, pre-winter and 
winter stages. The means were not significantly different (Kruskal– 
Wallis rank sum test with Bonferroni correction, P > 0.05)
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different nuclei (range = 1–8), often more than one in a sin-
gle wetland. It seems that in large colonial waterbirds such 
as pelicans, whose main activity is confined in wetlands, 
the ratio between CA and HR is much smaller than that of 
territorial species, which are central place foragers and use 
confined areas around their nests. For example, for Marsh 
Harriers Circus aeruginosus, Cardador et al. (2009) found 
that CA represented 10–28% of HR. However, like other 
large waterbirds, pelicans tend to intensively use specific 
sub-areas of wetlands which contain their main roosting and 
resting areas, where they spend almost 70% of their daily 
time budget (unpublished field observations; see also del 
Hoyo et al. 1992; Nelson 2006). Besides, in contrast to terri-
torial species, pelicans often forage communally in loose or 
dense groups, concentrating their fishing activities in areas 
with high prey density (unpublished field observations; see 
also Nelson 2006).

Seasonal HR and CA

We did not detect seasonal variation in the HR (and CA) of 
the Dalmatian pelicans. Efrat et al. (2018), however, work-
ing with the same population, showed that during spring, 
Dalmatian pelicans appear to perform more inter-lake flights 
and use more water bodies compared with summer or winter. 
For the American white pelican, King et al. (2016) found 
that summer HR tended to be 3–4 times larger than winter 
HR. Our contrasting findings may be explained by the fact 
that apparently none of our monitored pelicans bred during 
the examined annual cycles. But higher spring HRs might 
be related to higher mobility of pelicans amongst sites prior 
to breeding to inspect possible nest locations and mating 
possibilities or efforts for re-nesting after early nest failure 
(Haig et al. 1998).

As Dalmatian pelicans in SE Europe are short-distant 
migrants, the environmental conditions they encounter in 
several parts of their annual cycle only differ radically dur-
ing the breeding season, given the specific requirements for 
nesting habitats and the very limited number of breeding 
wetlands. Other species, such as ducks for example (Scott 
and Rose 1996; Guillemain et al. 2005), are long-distance 
migrants known to use very distinctive habitats and have 
different ecological requirements in winter compared to the 
breeding season, with presumably completely different spa-
tial use due to divergent energy (reproduction vs. survival) 
and social requirements (Legagneux et al. 2009). In our case, 
we may hypothesise that there are two crucial conditions for 
DPs: the possibility to breed, and food and related energet-
ics, but other factors might also play a role (e.g. social fac-
tors, such as the formation of groups of peers). Birds visit 
breeding colonies in search of opportunities to breed and at a 
certain threshold of time investment, if they have failed, they 
quit and start wandering (unpublished field observations). 

In the same line of argument, Efrat et al. (2018) showed 
that long inter-wetland flights were very rare in winter, and 
the number of flights during spring was higher than during 
summer, suggesting greater motivation to move in spring, 
i.e. to search for mates and a mating site (Efrat et al. 2018), 
as observed in other birds (Guilford et al. 2012; Linnebjerg 
et al. 2013). In fact, higher mobility in spring (Efrat et al. 
2018) does not necessarily correspond to a larger spring HR.

Conservation and management implications

Dalmatian pelicans use annually a number of different wet-
lands across northern Greece, SE Europe and Turkey (see 
also Efrat et al. 2018; Catsadorakis 2019). Our results sug-
gest that there might be intra-population differences in the 
extent of the seasonal HRs and confirm the continuous inter-
site movements of the species, a behavioural trait also char-
acteristic of other waterbirds (Haig et al. 1998). The con-
servation of the breeding populations of DPs in SE Europe 
depends not only on good habitat conditions prevailing in 
individual wetlands, but also on a wider network of water 
bodies extending from the Prespa lakes to eastern Anatolia 
in Turkey, and from Lake Karla in the south (Catsadorakis 
2019) to the Danube Delta in the north (unpublished data). 
As in the case of other short- or long-distance migrants, 
transboundary and/or even intercontinental conservation 
efforts are needed (Haig et al. 1998) to secure the species 
survival. Dalmatian pelicans and other pelican species 
have population dynamics that require the use of multiple 
wetlands but this aspect of their life history has often been 
ignored in planning their conservation (Haig et al. 1998). 
As in other pelican species (cf. Lamb et al. 2020), individu-
als from different colonies overlap in the use of wetlands 
away from their capture sites. Thus, in case of an acute stress 
event, the probability of an individual interacting with that 
stressor will also relate to the distribution of colonies in the 
region. Although our data and methods of spatial analysis 
did not show that flight paths or flight corridors connecting 
the various wetlands used by the birds were a part of the 
HR or CA of Dalmatian pelicans, a simple examination of 
the movement itineraries of the studied birds (Figs. 1 and 
2) rather advocates for the existence of such corridors. It 
is apparent that conservation measures should be taken to 
ensure that the frequent movements of pelicans between CAs 
of their HRs in NW Greece are made safe and risk free, for 
example not obstructed by wind energy facilities and other 
infrastructure that may threaten pelicans. Within that frame-
work, to propose effective conservation measures, we should 
further explore and better understand the modes in which 
pelicans make use of each separate wetland, and which parts 
of the wetlands they use per season to cover their needs and 
activities (feeding, resting, roosting).



European Journal of Wildlife Research (2023) 69:41 

1 3

Page 7 of 8 41

Acknowledgements We would like to thank Julia Henderson who 
improved the English of the article. The work of the Society for the Pro-
tection of Prespa for pelicans was financially supported by the MAVA 
Foundation and since 2018 by the Prespa-Ohrid Nature Trust (PONT). 
Research permits were obtained from the Greek Ministry of Environment.

Author contributions G.C. and O.A. collected and provided the data. 
E.G. and G.C. wrote the main manuscript text and E.G. prepared all 
figures and tables. All authors commented on previous versions of the 
manuscript. All authors read and approved the final manuscript.

Funding Funding for this project was provided by the MAVA Founda-
tion and since 2018 by the Prespa-Ohrid Nature Trust (PONT) to O.A., 
A.M. and G.C.

Data availability The datasets generated during and/or analysed during 
the current study are available from the authors on reasonable request. 
The data include the latest 365 tracking days of the monitoring period 
(for each Dalmatian pelican) for those tracks exceeding one calendar year.

Declarations 

Conflict of interest The authors declare no competing interests.

References

Akçakaya R (2000) Population viability analyses with demographically 
and spatially structured models. Ecol Bull 48:23–38

Anderson DH (1982) The home range: a nonparametric estimation 
technique. Ecology 63:103–112

Barboutis C, Kassara C, Alexandrou O, Catsadorakis G (2021) Long-
term changes in the wintering population of the Dalmatian pelican 
along the Black Sea-Mediterranean flyway. Ardea 109:1–23

Brown JL (1975) The evolution of behavior. Norton, New York
Buechley ER, Oppel S, Beatty WS, Niklov SC, Dobrev V, Arkumarev 

V, Saravia V, Bougain C, Bounas A, Kret E, Skartsi T, Aktay L, 
Aghababyan K, Frehner E, Şekercioğlu ÇH (2018) Identifying 
critical migratory bottlenecks and high-use areas for an endan-
gered migratory soaring bird across three continents. J Avian Biol 
49:e01629

Byrne ME, McCoy JC, Hinton JW, Chamberlain MJ, Collier BA (2014) 
Using dynamic Brownian bridge movement modelling to measure 
temporal patterns of habitat selection. J Anim Ecol 83:1234–1243

Cardador L, Mañosa S, Varea A, Bertolero A (2009) Ranging behav-
iour of marsh harriers Circus aeruginosus in agricultural land-
scapes. Ibis 151:766–770

Catsadorakis G (2019) Establishment and growth of a new Dalmatian 
pelican Pelecanus crispus colony in Central Greece. Acta Ornithol 
54:125–132

Catsadorakis G, Portolou D (2018) International single species action 
plan for the conservation of the Dalmatian Pelican (Pelecanus 
crispus). CMS Technical Series No. 39, AEWA Technical Series 
No. 69. EAAFP Technical Report No. 1. Bonn, Germany and 
Incheon, South Korea

Catsadorakis G, Malakou M, Crivelli AJ (1996) The effects of the 
1989/1990 drought on the colonial waterbirds nesting at Lake 
Mikri Prespa, Greece, with special emphasis on pelicans. Colonial 
Waterbirds, Vol. 19, Special Publication 1: Ecology, Conserva-
tion, and Management of lonial Waterbirds in the Mediterranean 
Region, 207–218

Crivelli AJ (1987) The ecology and behaviour of the Dalmatian peli-
can Pelecanus crispus Bruch, a world endangered species. Final 
Report on Contract ENV-834-F-(MR) of the 3rd Environment 

Research Programme of the Commission of the European Com-
munities. Station Biologique de La Tour du Valat

Crivelli AJ, Catsadorakis G, Hatzilacou D, Narizidis T (1997) Pelecanus 
crispus Dalmatian pelican. BWP Update 1:149–153

Crivelli AJ, Catsadorakis G, Jerrentrup H, Hatzilacou D, Michev T 
(1991a) Conservation and management of pelicans nesting in the 
Palearctic. ICBP Technical Publication No 12:137–152

Crivelli A, Michev T, Catsadorakis G, Pomakov V (1991b) Preliminary 
results on the wintering Dalmatian pelican, Pelecanus crispus, in 
Turkey. Zool Middle East 5:11–20

Crivelli AJ, Vizi O (1981) The Dalmatian pelican Pelecanus crispus 
Bruch 1832, a recently world endangered species. Biol Conserv 
20:297–310

Cummings GS, Cornelis D (2012) Quantitative comparison and selec-
tion of home range metrics for telemetry data. Diversity Distrib 
18:1057–1065

del Hoyo J, Elliott A, Sargatal J (1992) Handbook of the birds of the 
world. Vol. 1. Ostrich to Ducks. Barcelona: Lynx Editions

Efrat R, Harel R, Alexandrou O, Catsadorakis G, Nathan R (2018) 
Seasonal differences in energy expenditure, flight characteristics 
and spatial utilization of Dalmatian pelicans Pelecanus crispus in 
Greece. Ibis 161:415–427

Elliot A, Christie DA, Jutglar F, Kirwan GM (2017) Dalmatian pelican 
(Pelecanus crispus). In Handbook of the birds of the world alive. 
del Hoyo, J., Elliott, A., Sargatal, J., Christie, D.A. & de Juana, 
E. (eds). Barcelona: Lynx Editions

Griffiths R, Double MC, Orr K (1998) A DNA test to sex most birds. 
Mol Ecol 7:1071–1075

Guilford T, Wynn R, McMinn M, Rodríguez A, Fayet A, Maurice L, 
Jones A, Meier R (2012) Geolocators reveal migration and pre-
breeding behaviour of the critically endangered Balearic Shear-
water Puffinus mauretanicus. PLoS ONE 7:1–8

Guillemain M, Sadoul G, Simon G (2005) European flyway permeability 
and abmigration in teal Anas crecca, an analysis based on ringing 
recoveries. Ibis 147:688–696

Haig SM, Mehlman DW, Oring LW (1998) Avian movements and 
wetland connectivity in landscape conservation. Conserv Biol 
12:749–758

Hodder KH, Kenward RE, Walls SS, Clarke RT (1998) Estimating core 
ranges: a comparison of techniques using the common buzzard. J 
Rapt Res 32:82–89

Horne JS, Garton EO, Sager-Fradkin KA (2007) Correcting home-
range models for observation bias. J Wildl Mgmt 71:996–1001

Kennedy M, Taylor SA, Nádvorník P, Spencer HG (2013) The phylo-
genetic relationships of the extant pelicans inferred from DNA 
sequence data. Mol Phylogenet Evol 66:215–222

Kie JG, Matthiopoulos J, Fieberg J, Powell RA, Cagnacci F, Mitchell 
MS, Gaillard J-M, Moorcroft PR (2010) The home-range concept: 
are traditional estimators still relevant with modern telemetry 
technology? Phil Trans r Soc B 365:2221–2231

King DT, Fischer JW, Strickland B, Walter WD, Cunningham FL, 
Wang G (2016) Winter and summer home ranges of American 
white pelicans (Pelecanus erythrorhynchos) captured at loafing 
sites in the Southeastern United States. USDA National Wildlife 
Research Center - Staff Publications. 1853

King DT, Goatcher BL, Fischer JW, Stanton J, Lacour JM, Lemmons 
SC, Wang G (2013) Home ranges and habitat use of brown peli-
cans (Pelecanus occidentalis) in the northern Gulf of Mexico. 
Waterbirds 36:494–500

King D, Wang G, Yang Z, Fischer JW (2017) Advances and environ-
mental conditions of spring migration phenology of American 
white pelicans. Sci Rep 7:40339

Kranstauber B, Kays R, Lapoint SD, Wikelski M, Safi K (2012) A 
dynamic Brownian bridge movement model to estimate utiliza-
tion distributions for heterogeneous animal movement. J Anim 
Ecol 81:738–746



 European Journal of Wildlife Research (2023) 69:41

1 3

41 Page 8 of 8

Kranstauber B, Smolla M, Scharf AK (2020) move: visualizing and 
analyzing animal track data. R package version 4.0.6. https:// 
CRAN.R- proje ct. org/ packa ge= move

Lamb JS, Satgé YG, Jodice PGR (2016) Influence of density-dependent 
competition on foraging and migratory behavior of a subtropical 
colonial seabird. Ecol Evol 7:6469–6481

Lamb JS, Satgé YG, Jodice PGR (2019) Seasonal variation in environ-
mental and behavioural drivers of annual-cycle habitat selection 
in a nearshore seabird. Divers Distrib 26:254–266

Lamb JS, Satgé YG, Streker RA, Jodice PGR (2020) Ecological driv-
ers of brown pelican movement patterns, health, and reproductive 
success in the Gulf of Mexico. New Orleans (LA): US Depart-
ment of the Interior, Bureau of Ocean Energy Management. 234 
p. Report No.: BOEM 2020–036. Contract No.: M12PG00014

Legagneux P, Blaize C, Latraube F, Gautier J, Bretagnolle V (2009) 
Variation in home-range size and movements of wintering dabbling 
ducks. J Ornithol 150:183–193

Linnebjerg JF, Fort J, Guilford T, Reuleaux A, Mosbech A, Frederiksen 
M (2013) Sympatric breeding Auks shift between dietary and 
spatial resource partitioning across the annual cycle. PLoS ONE 
8:1–10

Mace GM, Harvey PH, Clutton-Brock TH (1983) Vertebrate home-range 
size and energetic requirements. In The ecology of animal move-
ment: 32–53. Swingland, I.R. & Greewood, P.J. (eds.). Oxford: 
Clarendon Press

Manly BFJ, McDonald LL, Thomas DL, McDonald TX, Erickson 
WP (2002) Resource selection by animals: statistical design and 
analysis for field studies. Kluwer Academic Publisher, Norwell, 
Massachusetts

McLoughlin PD, Ferguson SH (2000) A hierarchical sequence of limit-
ing factors may help explain variation in home range size. Écosci-
ence 7:123–130

Mcloughlin PD, Ferguson SH, Messier F (2000) Intraspecific variation 
in home range overlap with habitat quality: a comparison among 
brown bear populations. Evol Ecol 14:39–60

McNab BK (1963) Bioenergetics and the determination of home range 
size. Am Nat 97:133–140

Nelson JB (2006) Pelicans, Cormorants and their relatives. Oxford 
University Press, Oxford, UK

Palm EC, Newman SH, Prosser DJ, Xiao X, Ze L, Batbayar N, Balachandran  
S, Takekawa JY (2015) Mapping migratory flyways in Asia using 
dynamic Brownian bridge movement models. Mov Ecol 3:1–10

Rolando A (2002) On the ecology of home range in birds. Rev Écol 
(terre Vie) 57:53–73

Rühmann J, Soler M, Pérez-Contreras T, Ibañez-Alamo JD (2019) Ter-
ritoriality and variation in home range size through the entire annual 
range of migratory great spotted cuckoos (Clamator glandarius). Sci 
Rep 9:6238

Schoener TW (1983) Field experiments on interspecific competition. 
Am Nat 122:240e285

Scott DA, Rose PM (1996) Atlas of Anatidae populations in Africa and 
Western Eurasia. Wetlands International Publication 41. Wagenin-
gen, The Netherlands: Wetlands International

Seigle-Ferrand J, Atmeh K, Gaillard J-M, Ronget V, Morellet N, Garel 
M, Loison A, Yannic G (2021) A systematic review of within-
population variation in the size of home range across ungulates: 
what do we know after 50 years of telemetry studies? Front Ecol 
Evol 8:555429

Sovada MA, Pietz PJ, Woodward RO, Bartos AJ, Buhl DA, Assenmacher 
MJ (2013) American white pelicans breeding in the northern plains—
productivity, behavior, movements, and migration. U.S. Geological 
Survey Scientific Investigations Report 2013–5105:117. http:// pubs. 
usgs. gov/ sir/ 2013/ 5105/

Thaxter CB, Ross-Smith VH, Clark JA, Clark NA, Conway GJ, Marsh 
M, Leat EHK, Burton NHK (2014) A trial of three harness attach-
ment methods and their suitability for long-term use on Lesser Black-
backed Gulls and Great Skuas. Ring Migr 29:65–76

Thomas D, Taylor E (2006) Study designs and tests for comparing 
resource use and availability. J Wildl Mgmt 70:324–336

Tingley MW, Wilkerson RL, Bond ML, Howell CA, Siegel RB (2014) 
Variation in home-range size of Black-backed Woodpeckers. The 
Condor 116:325–340

Weimerskirch H, Guionnet T, Martin J, Shaffer SA, Costa DP (2000) 
Fast and fuel efficient? Optimal use of wind by flying albatrosses. 
Proc R Soc Lond B 267:1869–1874

Worton BJ (1989) Kernel methods for estimating the utilization distri-
bution in home-range studies. Ecology 70:164–168

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://CRAN.R-project.org/package=move
https://CRAN.R-project.org/package=move
http://pubs.usgs.gov/sir/2013/5105/
http://pubs.usgs.gov/sir/2013/5105/

	Home range of the Dalmatian pelican in south-east Europe
	Abstract
	Introduction
	Methods
	Fieldwork and data collection
	Data curation
	Statistical analysis

	Results
	Discussion
	Annual HR and CA
	Seasonal HR and CA

	Conservation and management implications
	Acknowledgements 
	References


