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Abstract Translocations are fundamental for the conservation of large raptors, including Old-World
vultures. Different release methods are usually assessed by comparing the movement patterns and
survival of released individuals. However, these approaches fail to capture important aspects related
to the gregarious behaviour of many vulture species. We compared the effect of long (15 months, n =
7) and short (3 months, n = 16) acclimatisation over the post-release spatial behaviour of 4 cohorts of
Griffon Vultures (Gyps fulvus) in Sardinia (Italy). Namely, we studied their occurrence distribution at a
biweekly resolution and modelled its temporal trends to assess whether long-acclimatised griffons
were faster and more prone i) to overlap their space use with that of other griffons from the same
cohort, ii) to restrict their movements around colonies. Although no temporal trend was detected,
long-acclimatised griffons had a higher intra-cohort correlation in their occurrence distribution. Long-
acclimatised griffons were also faster at moving between the two main colonies than short-acclimatised
ones. After 4-5 years, they were also more prone to use both colonies and thus less prone to remain
confined into a single colony for 2 weeks, or in moving far away. Long acclimatisation seems to
promote group cohesion in released griffons, probably due to the creation of stronger inter-individual
bonds at the aviary, which can then facilitate movement at release sites and explain their faster use
of a multiple colony system. Long acclimatisation periods (> 12 months) should be preferred for
translocations of gregarious birds, such as Griffon Vultures, as they might foster group cohesion and
facilitate post-release survival.
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Introduction

Conservation translocations involve the deliberate movement of organisms from one site to another,
to benefit the conservation of one, or more, target species [1]. Conservation projects for large raptors
often foresee translocations, since these species are exposed to considerable threats [2][3] have low
intrinsic rate of population growth (e.g., late reproduction, low productivity) and often have small
and/or fragmented populations.

Old and New World vultures deliver crucial ecosystem services [4], but their conservation status
has become in many cases critical [5]. Restocking programs and reintroductions have thus become
increasingly important for their conservation [6] (Table S1).

To optimise the outcome of these efforts, research focused on evaluating different translocation
strategies, usually by comparing the survival and movements of individuals released by different
approaches [7][8][9] or by comparing released individual to wild ones [10][11][12].

Although in conservation translocations both soft and hard release can be used [13], soft release is by
far the most common method for vultures. In soft release, translocated individuals are subjected to
an acclimatisation, a period when they are temporarily housed in an aviary at the release site, before
being released in the wild. The duration of acclimatisation can vary from weeks to more than one year
and, in principle, longer acclimatisation periods offer several advantages.

For example, acclimatisation can allow vultures to observe the release site and develop partial cognitive
maps [14], which would subsequently facilitate space use [15] and a higher searching efficiency [16].
Available studies highlight that longer acclimatisation increases the post-release survival of gregarious
vultures [7][9][17], partially through age-dependent processes [7], while at the same time decreasing the
time needed to stabilise their home ranges [8].

For gregarious species, like Griffon Vultures (Gyps fulvus, hereinafter “griffons”) it is also plausible that
acclimatisation could affect space use, and therefore food search and survival by acting on group-level
dynamics. In facts, in griffons inter-individual relations are mainly shaped by daily interactions on the
ground (e.g roosting)[18], like those that occur at acclimatisation aviaries. Inter-individual relations
become important when griffons have to locate food and updrafts [19][20], once released in nature.
However, to date no study compared the post-release behaviour of multiple griffons simultaneously
to assess the impact of different acclimatisation lengths at the group level.

We addressed this gap by modelling the post-release behaviour of 4 cohorts of griffons, that were
translocated in Sardinia (Italy) and were subjected to short (3 months, n = 16) or long (15 months, n =
7) acclimatisation periods. Namely, we studied the bi-weekly occurrence distribution of individuals
and modelled its temporal trends in long- and short-acclimatised griffons to test tree hypotheses.

First, we predicted that griffons from long-acclimatised cohorts, by having developed stronger inter-
individual bonds, would be systematically more prone to move together, with their occurrence
distributions being more correlated than those of griffons from short-acclimatised cohorts (H1). More-
over, considering that empirical evidence suggests that during the early establishment phase griffons
remain around the aviary or engage in individual exploratory forays [21], individuals might need time
to start moving together. We expected this time to be shorter in long-acclimatised griffons, due to
their stronger inter-individual bonds. Therefore, we predicted long-acclimatised griffons to be faster
at attaining a high correlation in their occurrence distributions, compared to short-acclimatised ones
(H2). Finally, as more group cohesion would translate into an increased capacity to locate updrafts,
move across the landscape and join colonies, we also predicted long-acclimatised griffons to be faster
and more prone to centre their occurrence distribution around the two colonies in northwest Sardinia
(H3).

Materials and methods

Study area and data collection

The study area includes northwest Sardinia (Italy, Fig. 1), the second island in the Mediterranean Sea
(Fig. 1).

Sardinia hosts a population of approximately 332-378 griffons (103 territorial couples in 2024, Berlinguer
et al., in prep.), which concentrate their movements between two colonies in the northwestern part of
the island, where they feed on livestock carrion [22]. Since 2015 this population has been subjected to
different conservation interventions, funded by the European Commission through the LIFE program.
These included anti-poisoning campaigns, power lines retrofitting and the creation of supplementary
feeding stations [23]. A restocking program also led to the translocation of 79 individuals between 2016
and 2020, within the LIFE Under Griffon Wings project (LIFE14/NAT/IT/000484). The program was
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