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"People often say that I'm curious about too many things at
once...But can you really forbid a man from harbouring a desire

fo know and embrace everything that surrounds hime"

-Alexander von Humboldt-

“Nature is often hidden, sometimes overcome, seldom

extinguished.”

-Francis Bacon-

“It's a dangerous business, Frodo, going out your door. You step
onto the road, and if you don't keep your feet, there's no

knowing where you might be swept off to.”

- J.R.R. Tolkien, The Lord of the Rings-


https://www.goodreads.com/work/quotes/3462456
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SUMMARY

The increase in the demand for natural resources to ensure population
livelihoods and the necessity to spare more time outdoors have boosted
human presence in landscapes and provoked the complete
transformation of ecosystems to unprecedented levels. In these human-
dominated landscapes, animals have been forced to share space with
human beings, which caused severe alterations in their behaviour,
provoked population declines and, in the worst cases, accelerated
extinction rates. However, traditional conservation approaches such as
protecting large unaltered areas are not valid in such circumstances since
they could potentially provoke conservation conflicts. New approaches
that evaluate how human actions alter wildlife behaviour and improve
human-wildlife coexistence by selecting effective behavioural targets
and devising rational management and conservation measures are
needed. This is particularly necessary in the case of the apex predators
linked to traditional human activities like livestock husbandry that occupy
a pivotal position in the food webs living in human-dominated
landscapes, as vultures. Vultures, particularly Egyptfian vultures, offer
ireplaceable crucial ecosystem services and are considered good
indicators of ecosystems health state. The steep decline in the population
of this species and the increase in intensity and frequency of threats from
human activities across its range has pushed it to the brink of extinction,
which becomes it a conservation reliant species. The present thesis
addresses how human activities may alter Egyptian vulture behaviour and
design overarching conservation strategies that reconcile species
conservation and human activities based on crucial behavioural

indicators from long-term monitoring and GPS tracking.

Behaviour plays a fundamental role as a functional group attribute
that links individuals and ecosystems. Conservation should therefore

design essential behavioural targets that preserve species' long-term

XV



population persistence (e.g., by enhancing fithess parameters) to ensure
the ecosystem service that species provides. Altogether help to advise
conservation planning decision process. For example, in long-lived
territorial species with low productivity, such as Egyptian vulture,
deciphering crucial aspects such as breeding behaviour and parental
care offers valuable information about which and when vital events like
incubation or hatching happen in time (Chapter 1). Furthermore, both
parents in Egyptian vultures share equal effort in parental tasks, which
showed that both parent efforts are necessary to raise nestlings
successfully. This information is of high importance to elucidate when the
species is more vulnerable and could help predict human-impacts
outcomes (e.g., loss of the chick owing to nest nonattendance by parents

during the first weeks of life).

Monitoring programs could also benefit from species-specific
behavioural knowledge. The latter, combined with the knowledge of
environmental conditions affecting species, could be used to design cost-
effective monitoring programs. For example, detectability on previously
occupied territories of the species could be combined with the nest site,
breeding period and weather characteristics of a region to improve
monitoring programs. This allows the selection of specific periods in which
speciesis more likely to be seen/detected by investing a minimum amount
of time (Chapter 2). Moreover, it makes monitoring programs more flexible
and helps to adapt them depending on the financial budget available

while preserving monitoring efficacy in cases of financial constrains.

Behavioural alterations also offer important insights to improve
conservation programs. This holds particularly true in cases where these do
not seem to pay off in terms of conservation outcomes. For instance,
species do not seem to respond positively to specific actions such as
temporal and spatial bans of potentially harmful human disturbances such
as massive clear-cuts for wood extraction (Chapter 3). Spatiotemporal

bans are habitual measures that aim to reconcile human practices and
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the conservation of species during sensitive periods. Data from long-term
monitoring allow detecting changes in crucial behavioural indicators from
breeding, such as nest use and productivity. In philopatric species such
as Egyptian vultures, changes in nest use (e.g., use of nests of lower quality)
due to forestry activities out of the breeding period could reduce
productivity in the long term, which has detfrimental effects at the
population level. In such cases, the effects should be pallated by
applying more strict spatiotemporal bans around nesting territories and, in
some cases, taking advantage of landscape elements that reduce the

effect of disturbances.

In human-dominated landscapes, however, isolated cases of
human disturbances are rare, and it is habitual that species are subjected
to intense disturbances regimes that vary in space and time. Specific
actions are not enough in these circumstances, and more integral
approaches are needed to ensure population viability. Therefore,
management plans and a collaborative network between all the agents
involved in species conservation are required. These actions not only help
to improve crucial populations parameters such as nest/territory
occupation and productivity but also help to avoid future potential
disturbances in sensitive areas (Chapter 4). Moreover, collaboration
among the agents involved in species conservation also enables
awareness-raising by main stakeholders involved in the majority of the
human disturbances (e.g., forestry). This enables the compatibilisation
between human activities and species conservation in human-dominated

landscapes.

Human activities in anthropised landscapes not only alter species
breeding behaviour but also species movement patterns. For instance,
they can favour residency in partial migratory species such as Egyptian
vultures due to the increase in the predictability of food sources (Chapter
5). In particular, the changes in resource availability in farming areas could

even modulate population size in unfavourable periods (i.e., winter) in
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which species is known to migrate to warmer areas such as African
quarters. Moreover, these new human-generated favourable conditions
provoked a social-mediated behavioural response in the species, forming
gatherings around predictable food sources from farms (Chapter 6). Such
behavioural alterations are reflected in reductions in home range areas
due to the strong attraction to such places. Therefore, these areas are of

particular interest for the conservation of the species.

These human-induced behavioural alterations also affect
substantially species fithess; for instance, residency due to increased
livestock numbers (and thus in carrion availability and predictability)
increases survival likelihood but not breeding output compared to
migratory individuals (Chapter ). However, it also increases the energy
costs of overwintering in the lberian peninsula and decreases flight
efficiency and activity hours. Hence, even though these behavioural
changes may have contradictory effects, they seem to enhance crucial
aspects such as survival which could positively affect species persistence.
Nevertheless, it also highlights new conservation challenges as the
numbers of the species increased, and so make the threats in Spanish
wintering quarters. These results showed the complexity and extent of the
effects of human activities on species behaviour. Far beyond, they
emphasised the need for more in-depth research on these particular
aspects to design more effective and flexible management and

conservation actions that account for these behavioural changes.

The chapters included in this thesis dissertation share a practical
goal as they focus on applying behaviour from data from long-term
monitoring and GPS to design and assess the most effective monitoring
and conservation approaches in human-dominated landscapes. Further,
it helps drawing a roadmap to decipher the way and extent to which
human activities could potentially alter behaviour, and advocates to

create links between behavioural-based monitoring frameworks that help
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predict the present and future impacts of global change-related effects

on vulture species worldwide.
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RESUMEN

El aumento de la demanda de recursos naturales para garantizar el
sustento de la poblacién y la necesidad de pasar mds tiempo al aire libre
ha potenciado la presencia humana en los paisajes y ha provocado la
transformacién completa de los ecosistemas a un nivel sin precedentes.
En estos paisajes dominados por el hombre, los animales se han visto
obligados a compartir el espacio con los seres humanos, lo que ha
causado graves alteraciones en su comportamiento, ha provocado el
declive de las poblaciones y, en los peores casos, ha acelerado las tasas
de extincion. Sin embargo, los enfoques tradicionales de conservacion,
como la proteccién de grandes areas inalteradas, no son vdlidos en estas
circunstancias, ya que podrian provocar conflictos de conservacion. Se
necesitan nuevos enfoques que evalien como las acciones humanas
alteran el comportamiento de la fauna silvestre y mejoren la coexistencia
entre los seres humanos y la fauna silvestre mediante la seleccion de
indicadores comportamentales eficaces y la elaboraciéon de medidas
racionales de gestion y conservacion. Esto es especialmente necesario
en el caso de los depredadores apicales vinculados a actividades
humanas tradicionales, como la ganaderia, que ocupan una posicidon
fundamental en las redes troficas que viven en paisajes dominados por el
hombre, como los buitres. Los buitres, en particular el alimoche, ofrecen
servicios ecosistémicos cruciales e insustituibles y se consideran buenos
indicadores del estado de salud de los ecosistemas. El fuerte descenso de
su poblacidn y el aumento de la intensidad vy la frecuencia de las
amenazas de las actividades humanas en toda su drea de distribucion
han llevado a la especie al borde de la exfincion, o que la convierte en
una especie dependiente de la conservaciéon. La presente tesis aborda
como las actividades humanas pueden alterar el comportamiento del
alimoche para disenar estrategias de conservacion globales que

concilien la conservacion de la especie y las actividades humanas,
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basdndose en indicadores de comportamiento cruciales procedentes de

la monitorizacién a largo plazo y el seguimiento por GPS.

El comportamiento desempena un papel fundamental como
atributo funcional del grupo que vincula a los individuos con los
ecosistemas. Por lo tanto, la conservacion debe seleccionar indicadores
de comportamiento esenciales que preserven la persistencia de las
poblaciones de las especies a largo plazo (por ejemplo, mejorando los
pardmetros de reproduccion y supervivencia) para garantizar el servicio
ecosistémico que proporcionan dichas especies. Estos indicadores,
ayudan a asesorar el proceso de decision de la planificacion de la
conservacion. Por ejemplo, en las especies territoriales de larga vida y
baja productividad, como el alimoche, descifrar aspectos cruciales
como el comportamiento reproductivo y el cuidado de los padres ofrece
una valiosa informacion de cudles y cudndo se producen eventos vitales
como la incubacién o la eclosidon en el tiempo (capitulo 1). Ademds, en
los alimoches ambos progenitores comparten el mismo esfuerzo en las
tareas parentales, lo que demuestra que los esfuerzos de ambos son
necesarios para criar a los polluelos con éxito. Esta informacion es de gran
importancia para dilucidar cudndo la especie es mds vulnerable y podria
ayudar a predecir los resultados de los impactos humanos (por ejemplo,
la pérdida del polluelo debido a la no asistencia al nido por parte de los

padres durante las primeras semanas de vida).

Los programas de seguimiento también podrian beneficiarse del
conocimiento del comportamiento especifico de la especie. Este Ultimo,
combinado con el conocimiento de las condiciones ambientales que
afectan a las especies, podria utilizarse para disenar programas de
seguimiento rentables. Por ejemplo, la detectabilidad en territorios
previamente ocupados por la especie podria combinarse con el lugar de
nidificacion, el periodo de cria y las caracteristicas meteorolégicas de
una regidon para mejorar los programas de seguimiento. Esto permite

seleccionar los periodos especificos en los que es mds probable
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ver/detectar la especie invirtiendo una cantidad minima de tiempo
(capitulo 2). Ademds, hace que los programas de seguimiento sean mdas
flexibles y ayuda a adaptarlos en funcidn del presupuesto disponible, al
tiempo que preserva la eficacia del seguimiento en caso de restricciones

financieras.

Las alteraciones del comportamiento también ofrecen informaciéon
importante para mejorar los programas de conservacion. Esto es
especialmente cierto en los casos en los que no parecen dar resulfados
de conservacion. Por ejemplo, las especies no parecen responder
positivamente a acciones especificas como las prohibiciones temporales
y espaciales de perturbaciones humanas potencialmente daninas, como
las talas masivas para la extraccion de madera (capitulo 3). Las
prohibiciones espacio-temporales son medidas habituales que
pretenden conciliar las prdcticas humanas y conservar las especies
durante los periodos sensibles. Los datos del seguimiento a largo plazo
permiten detectar cambios en indicadores de comportamiento cruciales
para la cria, como el uso de los nidos y la productividad. En especies
flopatricas como el alimoche, los cambios en el uso de los nidos (por
ejemplo, el uso de nidos de menor calidad) debidos a las actividades
forestales fuera del periodo de cria podrian reducir la productividad a
largo plazo, lo que tiene efectos perjudiciales a nivel poblacional. En estos
casos, los efectos deberian paliarse aplicando prohibiciones espacio-
temporales mds estrictas en torno a los territorios de nidificacion y, en
algunos casos, aprovechando los elementos del paisaje que reducen el

efecto de las perturbaciones.

En los paisajes dominados por el hombre, sin embargo, los casos
aislados de perturbaciones humanas son raros, y es habitual que las
especies estén sometidas a regimenes de perturbacion intensos que
varian en el espacio y el tiempo. En estas circunstancias no bastan las
acciones puntuales y se necesitan enfoques mds integrales para

garantizar la viabilidad de las poblaciones. Por ello, se necesitan planes
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de gestion y una red de colaboraciéon entre todos los agentes implicados
en la conservacion de las especies. Estas acciones no sdlo contribuyen a
mejorar pardmetros poblacionales cruciales como la ocupacion del
nido/territorio y la productividad, sino que también ayudan a evitar
futuras perturbaciones potenciales en zonas sensibles (capitulo 4).
Ademds, la colaboracion entfre los agentes implicados en la
conservacion de las especies también permite la sensibilizacién de los
principales actores implicados en la mayoria de las perturbaciones
humanas (por ejemplo, la silvicultura). Esto permite la compatibilidad
entre las actividades humanas y la conservacion de las especies en los

paisajes antropizados.

Las actividades humanas en los paisajes antropizados no solo
alteran el comportamiento reproductivo de las especies, sino que
también alteran los patrones de movimiento de las mismas. Por ejemplo,
pueden favorecer la residencia de especies parcialmente migratorias,
como el alimoche, debido al aumento de la previsibilidad de las fuentes
de alimento (capitulo 5). En particular, los cambios en la disponibilidad de
recursos en las zonas de cultivo podrian incluso modular el tamano de la
poblacidn en periodos desfavorables (es decir, el invierno) en los que se
sabe que las especies migran a zonas mds cdlidas, como los cuarteles
africanos. Ademds, estas nuevas condiciones favorables generadas por
el hombre provocaron una respuesta conductual mediada por los
pafrones sociales de la especie, formando agrupaciones en torno a
fuentes de alimento predecibles de las granjas (capitulo 6é). Estas
alteraciones del comportamiento se reflejan en la reduccion de las areas
de distribucion de los animales debido a la fuerte atraccion que ejercen
sobre estos lugares. Por lo tanto, la conversion de estas dreas es de

especial interés para la conservacion de la especie.

Estas alteraciones del comportamiento inducidas por el hombre
también afectan sustancialmente al fithess de la especie; por ejemplo, la

residencia debida al aumento del nUmero de cabezas de ganado (y, por
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tanto, de la disponibilidad y previsibilidad de la carrona) aumenta la
probabilidad de supervivencia, pero no el rendimiento reproductivo, en
comparacion con los individuos migratorios (capitulo 6). Sin embargo,
también aumenta el coste energético de la hibernacion en la Peninsula
lbérica y disminuye la eficiencia del vuelo y las horas de actividad. Por lo
tanto, aunque estos cambios de comportamiento pueden tener efectos
contfradictorios, parecen mejorar aspectos cruciales como la
supervivencia, lo que podria afectar positivamente a la persistencia de la
especie. No obstante, también ponen de manifiesto nuevos retos en la
conservacion al aumentar el nUmero de ejemplares de la especie vy, por
tanto, las amenazas en los cuarteles de invernada peninsulares. Estos
resultados muestran la complejidad y el alcance de los efectos de las
actividades humanas en el comportamiento de las especies. Mds alld,
enfatizan la necesidad de investigar mds a fondo estos aspectos
particulares para disenar acciones de gestion y conservacion mas
eficaces y flexibles que den cuenta de estos cambios de

comportamiento.

Los capitulos incluidos en esta tesis doctoral comparten un objetivo
prdctico, ya que se centran en la aplicacion del comportamiento a partir
de los datos procedentes del seguimiento a largo plazo y del GPS para
disenar y evaluar los enfoques de seguimiento y conservacion mads
eficaces en los paisajes dominados por el hombre. Ademds, ayudan a
trazar una hoja de ruta para descifrar la forma y el grado en que las
actividades humanas podrian alterar el comportamiento y aboga por
crear vinculos entre el seguimiento basado en el comportamiento que
ayuden a predecir los impactos presentes y futuros de los efectos
relacionados, y el cambio global en las especies de buitres de todo el

mundo.
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Almost 75% of the world's landscapes has been altered sometime by

humans, while 50% of the landscape has been transformed for human
needs during the last 12,000 years (Ellis et al., 2011, 2021). Only 20-40% of
the earth surface is under low-human influence (Figure 1; Riggio et al.,
2020). Industrialisation and massive urbanisation, coupled with big
agricultural changes to fulfil ongoing human population growth, are
among the main drivers of these global anthropogenic transformations
(see also Ellis et al., 2021). Such landscapes acquired the name of
anthropogenic landscapes since they encompass human seftlements of
different entities and subsistence activities (Chase and Chase, 2016).
Under this scenario, the room for wild areas has been notably reduced.
This is reflected in the low percentage of unaltered ecosystems nowadays
(<3%; Plumptre et al., 2021). Therefore, it is evident that the maijority of
ecosystems and ecological communities that these landscapes

(hereafter human-dominated landscapes) encompass are, to a greater

or lesser extent, under the influence of human activities.

Human pressure
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Figure 1. Map of the human pressure worldwide shows the proportion of the
landscape modified based on modeling the physical extents of 13
anthropogenic stressors and their estimated impacts using spatially-explicit
global datasets with a median year of 2016. Adapted from Kennedy et al., 2019.

Human-dominated landscapes encompass a wide variety of
anthropogenic activities mainly related to extraction of resources (e.g.,

forestry, mining, agriculture), services (e.g., roads, power lines) and



recreational activities (e.g., hiking, hunting) that are consumed to fulfil
human necessities (Chase and Chase, 2016). These activities could
generate disturbance that have lethal (e.g., direct mortality) and non-
lethal (e.g., behavioural alterations) impacts on wildlife. Likewise, the
extent of the effects could vary from large scale to local. Some activities
could act as bottom-up effects on populations by directly changing the
physical environment in which species inhabit. For instance, the
development of energy and transportation infrastructures at large scale
could have a direct impact on wildlife by inducing direct mortality due to
collisions with human-made infrastructures and vehicle collisions (Northrup
and Wittmeyer, 2013; Torres et al., 2016; Cirlo et al., 2020; Hill et al., 2020).
Other activities such as long-term land-use change could alter species
behaviour, translating into changes in distribution and diversity at broad
scales (Sirami et al., 2017; Newbold et al., 2018). Human activities could
also exert top-down effects by potentially altering species behaviour at
large and local scales in response to human presence (Wilson et al., 2020).
For instance, human disturbances during critical periods (i.e., breeding
period) or in sensitive areas could alter. parental care patterns, affecting
reproductive outcomes (e.g., loss of chicks; Wilson et al., 2020). Animals
may also respond by altering their movement patterns (e.g., increasing
their home range areas) during periods of high-human pressure, such as
weekends (e.g., Perona et al., 2019). The latter is particularly pervasive due
to rising recreational activities in natural areas (Larson et al., 2016; Watson
et al., 2016). Human may also alter species behaviour by providing stable
and predictable food sources during long-time periods (Oro et al., 2013;
Lopez-Lopez et al., 2014b). These changes could provoke shifts in large
scale movement patterns such as migrations on opportunistic social
species (e.g., Gilbert et al.,, 2016). Moreover, human-driven climate
change could alter the physical environment and induce alterations in
animal movement (Beever et al., 2017). All these behavioural changes
may have a profound effect on both population dynamics (Katzner et al.,

2020) and ecosystem functioning, such as seed dispersal, nutrient cycling,
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primary production and pathogen fransfer (Tucker et al., 2021; Leroux et

al., 2015; Schmitz et al., 2008; Hawley et al., 2011), among others.

Anthropogenic impacts
on animal behavior
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Figure 2. The conservation behaviour framework is composed of 3 basic
interrelated conservation themes: 1) Anthropogenic impacts on animal
behaviour; 2) behaviour-based management; and 3) behavioural indicators. The
black arrows represent interactions between the conservation themes. Gray
arrows represent the pathways that connect each theme to the behavioural
domains. Adapted from Berger-Tal et al., 2011.

Assessing and padalliating the effects of human activities requires
basic knowledge of species-specific behavioural traits, which could be
used as ecological indicators (hereafter behavioural indicators).
Behavioural indicators could be classified into those involving different
behavioural domains such as 1) foraging ecology, 2) social organization
and breeding behaviour, and, 3) species habitat selection and
movement patterns (see Figure 2; Berger-Tal et al., 2011). Gaining
knowledge of these three behavioural domains could help to assess
survival and fitness and provide invaluable information on populations
and community dynamics (Bro-Jorgensen et al., 2019). Furthermore,

integrating the use of such indicators in species conservation and



management is crucial for evidence-guided decision making. For
example, they could be used to 1) monitor the effects of anthropogenic
impacts on species fitness (Wilson et al., 2020), 2) test the effectiveness of
management programs or measures (e.g., Margalida et al., 2016), and 3)
evaluate the success of a management program at its early stages (e.g.,
before population, or ecosystem-level responses become evident; Lindell
et al., 2008). Moreover, behavioural indicators such as movement patterns
may be crucial for the delineation of protected areas (Caro and Berger,
2019), increase the extent of existent ones (Coristine et al., 2018) or even

help to reduce human-wildlife conflicts (Melzheimer et al., 2020).

BOX 1. Long-term monitoring projects are crucial for the correct assessment of the
ecosystems and animal populations status (Marrugan et al., 2010; Mills et al., 2015, 2016)
and have become invaluable tools for species conservation worldwide (Conde et al.,
2019). Despite the coupled financial constraints usually linked to such projects (Cauglan
and Oackley, 2001; Birkhead 2014), the benefits in the advances in ecology and
evolution largely overcome the economic costs. For instance, such projects are
particularly relevant in long-lived species whose pace of life would make it impossible to
obtain relevant data on species behaviour, demography, population growth rate, and
fitness (White, 2019). This knowledge is necessary to implement or improve management
plans that match species-specific ecology (Yoccoz et al., 2001). Long-term monitoring
account for the heterogeneity and variation in population response to a variety of
environmental determinants and help to assess the effects of human impacts at local
and global scale (Reinke et al., 2019). The latter also enables testing the effectiveness of
current conservation measures, informing proportionate policy responses, and correcting
budget allocation (Lindenmayer et al.,, 2012; Hughes et al., 2017). Finally, long-term
monitoring could help to improve the social perception of species in anthropised
landscapes. For instance, by implementing measures based on palliating the effects of
a specific behaviour of target populations could promote coexistence and alleviate

conservation conflicts (e.g., Nakamura et al., 2021).

The first fundamental step to select informative behavioural
indicators is, therefore, to assess focus species behaviour. In this context,
monitoring, and particularly, long-term monitoring, is a powerful tool for
understanding species' basic behavioural traits such as species

occupancy or breeding behaviour (BOX 1). Long-term monitoring could
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also be combined with new GPS monitoring techniques to reliably and
accurately assess species use of space and foraging habits, among others
(BOX 2). The use of both tools gains significant relevance in the study of
long-lived threatened species, playing a crucial role in ecosystems such
as apex predators. Among apex predators, raptors (e.g., hawks, harriers,
kites, eagles, falcons, and vultures) offer invaluable ecosystem services,
serve as cultural symbols to humans, and are usually considered sentinels
of biodiversity and environment due to their high ecological requirements
(Dondzar et al., 2016; McClure et al., 2018). Moreover, raptors have the
potential to structure communities due to their high-trophic level (e.g.,
Sergio et al., 2007; Dondzar et al., 2016). However, this fact makes them
particularly sensitive, even more than other bird species, to innumerable
direct and indirect anthropogenic threats, ranging from resource
extraction to poisoning (Sergio et al., 2008; McClure et al., 2018). In fact,
18% of raptors (N=557 species) are threatened with extinction, and 52% of
raptors have declining global populations (McClure et al., 2018). Among
them, Old World vultures are by far the most threatened bird guild
worldwide, with 11 of 16 species categorised as endangered by the IUCN
(McClure et al., 2018), thus requiring particular attention from the scientific
community to implement adequate management and conservation

plans to reverse this situation (Buechley et al., 2019).



BOX 2. The advance in tracking technologies has permitted the study of the movement
of hundreds of organisms, varying from centimetres and seconds fo thousands of
kilometres during their whole lives (Kays et al.,, 2019). The development of such
technology has enabled researchers to untangle why, how, when and where species
move (Nathan et al.,, 2008). In particular, the emerging use of miniaturized tracking
devices and coupled Big data analyfical procedures has helped fo shed light on
previously unanswered questions in contemporary ecology (Wilmers et al., 2015; Lépez-
Lopez, 2016). For example, how individuals use social cues during long-distance
migrations, the potentiality of species to disperse seeds at a global scale or to uncover
unexpected transcontinental migratory routes in insects and birds (Lopez-Lépez et al.,
2010; Flack et al., 2018; Tucker et al., 2021 and Phipps et al., 2019). Moreover, it has
allowed identifying crucial abiotic (e.g., productivity; Dodge et al., 2014), biotic (e.g.,
age, sex and infraindividual effects; Spiegel et al., 2016) and human related factors (e.g.,
human pressure, Tucker et al., 2018; Magioli et al., 2019) affecting species movement.
Importantly, the potfential of this technology has also contributed to species
conservation; for example, by reducing human-wildlife conflicts, identifying potential risks
and even delineating effective conservation areas basing on species airspace/space
use (Allen and Singh 2016; Arrondo et al., 2021; Caro and Berger. 2019). More recently,
calculations of movement costs are also possible thanks fo the biologging devices such
as accelerometers aftached to GPS tags (Wilson et al., 2019). The data derived from
these devices could be used to estimate the energy expenditure from different
behaviours (e.g., flapping flight) as it has never before (e.g., Williams et al., 2020), finding
links between behaviour and fitness (Grémillet et al., 2018), or even using such information
to elucidate optimal energy use of animals in both terrestrial and marine environments

(e.g., Masello et al., 2021; Papastimatiou et al., 2021).

As sole obligate scavengers, vultures have a unique role in
ecosystems by removing carrion from carcasses, which becomes crucial
in ecosystems functioning and balance (Gangoso et al., 2013; Moledn et
al., 2014). Moreover, vultures also contribute to human well-being by
controlling the spread of potentially harmful diseases and facultative
scavengers that could prejudice humans (Ogada et al., 2012; O’'Bryan et
al., 2018). Vultures may also contribute to reducing the gas emission that
incineration of carcasses entails (Morales-Reyes et al., 2015, 2017) and
provide non-material (e.g., cultural inspiration and recreational activities;

Natividad et al., 2020) and material ecosystem services (e.g., economic;
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Garcia-Jiménez et al., 2021). Non-natural mortality from humans is among

the most threatening factors for Old World vultures, including poisoning,
electrocution, and collisions with human-made infrastructures such as
roads or wind farms (Murn and Botha, 2018; Carrete et al., 2009).
Moreover, their link to human activities such as extensive and intensive
livestock (Mateo-Tomds and Olea, 2009) makes them particularly
vulnerable to alterations in their primary resources (i.e., dead livestock
carcasses). For instance, feeding on carcasses from intensive livestock
farming could expose them to the ingestion of harmful pharmaceutics
(Blanco et al., 2019).

Although significant advances have been made in  the
conservation of vultures, most of them are still based on species presence
or distribution data (e.g., Santangeli et al., 2019), and often lack the
particular realities at the local scales (Effrat et al., 2020). Moreover, the
applicability of broad scales conservation and management (i.e., by
virtually protecting large areas) is hampered by various factors, such as
the anthropization of landscapes in which species inhabit. Conservation
in human-dominated landscapes is particularly challenging due to
increased human recreation activities and resource extraction that could
affect species breeding ecology (e.g., Zuberogoitia et al., 2008; Dondzar
et al.,, 2002a). Furthermore, change in resource availability due to
implementing different regulations in such landscapes could potentially
alter species use of space (e.g., Lopez-Lopez et al., 2014; Margalida et al.,
2016; Arrondo et al., 2018). Although these factors could not be
considered as harmful as others, like non-natural mortality, they may also
alter species behaviour with profound implications at the population level
(e.g., Margalida et al., 2011). Management and conservation of vultures
require the knowledge of vulture behaviour (e.g., particular social habits,
breeding ecology, movement patterns) to better understand how species
responds to human disturbances or anthropogenic changes and persist in
human-dominated landscapes (van Overveld et al., 2020a,b). Therefore,

filling the gaps between vulture behaviour and effective population



management and conservation requires high-monitoring effort, and the
use of new tracking technologies which could either improve monitoring

programs (Perrig et al., 2019; Alarcon and Lambertucci, 2018).
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AIM, OBJECTIVES AND THESIS STRUCTURE

The main aim of the present thesis is to build links between species
ecological knowledge and effective management and conservation by
using a set of behavioural indicators (i.e., occupancy, breeding behaviour
and movement behaviour) obtained from long-term field and GPS
monitoring. Specifically, this thesis infends to understand how human
activities could potentially alter species behaviour, particularly those with
delicate conservation status, such as Egyptfian vulture Neophron
percnopterus, and transform such information into effective and feasible
conservation targets that could harmonise vulture conservation and

human activities in human-dominated landscapes.

The current dissertation is divided into two well-defined blocks (see
Figure 3 for a comprehensive assessment of the theoretical framework). In
the first block, two sets of behavioural indicators derived from long-term
monitoring are used, namely; breeding and occupancy/detectability
data, to assess species breeding ecology (Chapter 1), design cost-
effective monitoring programs (Chapter 2), and implement conservation
and management measures (Chapters 3 and 4). The second block uses
the combination of movement data indicators and population monitoring
to assess resource utilization by the species and the influence of trophic
resources provided by humans (Chapter 5) and evaluate causes and

consequences of change in species migratory behaviour (Chapter 6).

Due to the disparate questions and methodologies used to address
the above-mentioned objectives, the thesis is divided into six different
chapters. Each of them is presented as an individual scienfific article with
its own intfroduction, methodology, results and discussion. This may
inevitably provoke a certain overlap in the information of some sections

(e.g., infroduction) between chapters.



Chapter 1 evaluates the species' breeding ecology through
the study of parent care of the species, and measures the effect of
environmental variables such as weather, period and sex differences in

parental tasks.

Chapter 2 develops a cost-effective monitoring program,
based on species-breeding ecology and environmental characteristics,
to be implemented in the national and regional census and conservation

programs.

Chapter 3 measures the effects of anthropogenic habitat
alterations on species occupancy and breeding biology, and evaluates
the current mitigation measures for species conservation in human-

dominated environments.

Chapter 4 investigates the effects of long-term management
measures on species persistence in anthropogenic environments, and
evaluates the success of protocols that ensure human-wildlife

coexistence.

Chapter 5 assesses the winter population structure, evaluates
how individual traits affect winter movement patterns, and measures the
influence of factors, such as food provided by humans, on species space

use during winter.

Chapter 6 explores the effect of environmental (food and
temperature) and social factors on wintering population size as the main
drivers of migratory behaviour change, and the frade-off between
different fitness components and energetfic consequences between

migrant and resident individuals.
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“ General infroduction

STUDY AREA AND TARGET SPECIES

The study area encompasses two provinces of mainland Spain, one
located on the North and the other on the South-West (Figure 4A). The
northern study area occupies the whole province of Biscay (Basque
country; Figure 4B), a mountainous area characterised by temperature
oscillation of almost 12°C between the coldest and hottest months, and
mean annual rainfall ranging from 1200 to 2000 mm (Euskalmet, 2020). The
province has undergone strong industrialisation and ongoing urbanisation
during the last three decades, being one of the most densely populated
regions in Europe, with 520 inhabitants/km?2 (Eustat, 2020). The landscape
is mainly occupied by extensive urban and industrial areas located in
valley floors and gentler slopes. Agriculture, mainly extensive livestock
farming, was the main activity in the region experiencing a substantial
decline in the last decades in favour of forestry plantations of Pinus radiata

covering almost 45% of the province (Euskadi.eus, 2019).

The south-western study area includes the province of Cdceres
(Extremadura; Figure 4C). The region exhibits a typical Mediterranean
climate with mild winter temperatures all year round. Average monthly
temperature ranges between 7.8 — 26.2 °C in the coldest and hottest
periods, respectively, and the mean annual rainfall is 551 mm (AEMET,
2021). Flat and wide valleys characterise the orography, with a mean
altitude of 440 m.a.s.| (Felicisimo, 2001). Human population density is one
of the lowest in Europe, with 54.8 inhabitants/km2 (CIESIN, 2020), and the
majority of the region is markedly rural with scarce industry development.
It is recognised as one of the major biodiversity hotspots of the
Mediterranean region (Lopez-Lépez et al., 2011), with more than 6.9% and
31% of the land covered by Natural Protected Areas network and Natura
2000 network, respectively (Traba et al.,, 2007). Landscape is mainly
occupied by the so-called “Dehesa” or “Montado” (Peinado and Rivas-
Martinez, 1987), an agro-grazing system alternating open areas and holm

oak (Quercus ilex) and corn oak (Quercus suber) forests which were



progressively thinned until forming wood-pasture used for animal grazing
and foraging plus crop production. This particular agrobiome is dedicated

mainly to agriculture, combining extensive and intensive livestock rearing.

The focus species is the Egyptian vulture (Neophron percnopterus),
a medium-sized (~2kg). long-ived monogamous migratory avian
scavenger (Forsman, 2020). This species exhibits a slow life-history, deferred
maturity, low fecundity (0-2 fledglings per breeding attempt; Serrano et
al., 2021) and a very long lifespan, reaching almost 30 years (Dondzar and
Margalida, 2021). The species is widely distributed across much of southern
Europe, northern Africa, the Middle East and Central and South Asia
(BirdLife International, 2020). The species population comprises both
migratory and sedentary populations. Spain is home to 40% of the
European breeding population, which is made of ca. 3,000-4,700 pairs
(Birdlife International, 2019). Migratory Egyptian vultures regularly travel
>4,000 km between northern breeding and southern wintering grounds
and use several distinct migratory flyways, visiting up to 28 countries
(Phipps et al., 2019). European populations winter in sub-Saharan Africa
within the 14°-17°N belt and the Arabian Peninsula, with juveniles often
remaining in the winter range for more than a year after their first migration
(Dondzar et al., 2002b; Garcia-Ripollés and Lopez-Lopez, 2011; Oppel et
al., 2015). Sedentary populations are found in Mediterranean islands (i.e.,
Menorca) and Macaronesian islands (Canary Islands, Cape Verde,
Oman, Socotra and Ethiopia), and non-migratory breeding populations in
sub-Saharan Africa (Dondzar et al., 2002b; Freitas et al., 2020). There are
also wintering individuals in Southern and South-Western Spain, being the
former documented in the early eighties and the latter at the end of the
XX century (Garcia et al.,, 2000; Javier prieta pers. com.), and more

recently in Sicily (see Di Vittorio et al., 2016).

The species experienced a sharp decline during the 20th century
(Birdlife International, 2020). High adult mortality due to poisoning (Cortés-
Avizanda et al., 2009; Herndndez and Margalida, 2009; Sanz-Aguilar et al.,


https://besjournals.onlinelibrary.wiley.com/doi/10.1111/1365-2656.13449#jane13449-bib-0008

20150), collisions with artificial infrastructures such as wind farms or power

lines (Carrete et al., 2009; Garcia-Alfonso et al., 2021), habitat loss (Velevski
et al., 2015), habitat change (Mateo-Tomds and Oleaq, 2015), food
shortages, and human disturbance at breeding sites are among the main
causes of this decline (Zuberogoitia et al., 2008, 2014; Margalida et al.,
2012; Dondzar et al., 2016). Additionally, other indirect effects are also
considered as a potential threat for the species, such as those derived
from the consumption of carcasses from intensive livestock farming
(Blanco et al.,, 2019), lead poisoning from game hunting carcasses
(Arrondo et al., 2020) and exploitation of artificial food sources (Tauller et
al., 2018; Ortfiz-Santaliestra et al., 2019).

The current thesis uses data from two populations. The first one, of
northern Spain in Biscay, encompassed a mean number of 23 breeding
pairs. This population has been intensively monitored every breeding
season, between February and the end of September from 2000 to the
present-day (Chapters 1-4). The second population, of South-Western
Spain in Cdceres is a wintering population, which was monitored every
wintering season between November and February from 2006 to 2019 in
(Chapters 5 and 6). In the latter, besides the field monitoring data, 15 non-
migrant individuals were tagged with GPS devices to track their
movement. Movement data were used in the elaboration of Chapters 5
and 6. Additionally, movement data from another 24 GPS tagged
Egyptian Vultures from Salamanca, Douro, Guadalajara and Castellén

were used for Chapter 6.


https://zslpublications.onlinelibrary.wiley.com/doi/full/10.1111/acv.12412#acv12412-bib-0045
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Figure 4. Locations of study areas of Biscay (Basque country) and Cdceres
(Extremadura), and the distribution of Egyptian vulture in UTM grid of 10x10 km in
peninsular Spain (A). The column B) shows (from up to down) the locations of
nesting sites (between 2000 and 2020) of Egyptian vultures in the study area of
Biscay, a typical scene of an Egyptian vulture pair copulating in one of the cliffs
where they usually breed and a picture representing the landscape in which
agricultural mosaic of grasslands, monoculture woodlands and calcareous cliffs
in which the species usually breed could be observed. In column C) (from up to
down) the locations of wintering roosting sites used by Egyptian vultures and
nearby livestock farms, one of the frees in which vultures usually rest and the
typical landscape of the so-called Spanish savannah find in the study area of
Cdceres are represented. Photo credits; Egyptian vulture pair picture- Dr Inigo
Zuberogoitia, Egyptian vultures at the roosting site-José Juan, landscape pictures
obtained from internet license-free. Egyptian vulture illustration by Juan Varela
Simé. Distribution of Egyptian vulture in peninsular Spain was obtained freely from
MITECO(2021;https://www.miteco.gob.es/es/biodiversidad/temas/inventariosn
acionales/inventario-especies-terrestres/inventario-nacional-de
biodiversidad/bdn-ieet-atlas-vert-aves-n.aspx).
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1.1. ABSTRACT

Capsule: In Egyptian Vultures Neophron percnopterus, both sexes
invested similar parental effort throughout the breeding period. However,
there was variation in the degree of intensity of parental care during some
stages of the breeding period, suggesting that sex-role specialization exists
for some activities.

Aims: To quantify parental care behaviour of Egyptian Vultures for the first
time and to examine the role of sex, weather conditions, and stage of
nesting cycle on breeding ecology.

Methods: We monitored 15 nests of Egyptian Vultures to analyse parental
care investment. We collected data on nine different behavioural
parameters/activities per sex, which were recorded throughout the entire
breeding period. Variation in parental investment was analysed using
generalized linear mixed models.

Results: Females invested more effort in incubation/brooding (61.45% for
females and 31.54% for males) and egg turning (0.45 events/h for females
and 0.37 events/h for males) while males contributed more to nest
material delivery to the nest (0.67 deliveries/h for males and 0.14
deliveries/h for females). Conversely, both sexes invested the same effort
in nestling attendance (21.89% for females and 21.21% for males) and food
provisioning (0.28 items/h for females and 0.25items/h for males).
Furthermore, parental investment was not affected by weather, especially
during critical moments such as incubation/brooding, however,
changeover rate was positively related to temperature.

Conclusion: Our results suggest that, in the Egyptian Vulture, one sex is not
entirely responsible for a particular task and the compensatory effort of
the other mate is required. Finally, our findings indicate that major events
such as incubation onset and hatching caused important shifts in the

patterns of parental investment.






1.2. INTRODUCTION

Reproduction is one of the most critical stages of the annual cycle for most
animals (Barta, 2016) and attributes linked to physiology (e.g., hormone
levels), morphology (e.g., body size) and behaviour (e.g., parental care)
are the most likely to have an impact during this phase of the life history.
Of these, parental care is closely related to successful offspring rearing
(Kokko and Jennions, 2008; Hoeck et al., 2015), with important effects on
individual fitness (Clutton-Brock, 1991) and population viability (Cruz-Lopez
et al., 2017). There is considerable variation in parental care strategies
across animal taxa. Birds exhibit huge diversity in parental care
behavioural strategies across the altricial-precocial spectrum with regard
to the amount of care provided, for example in tasks such as nest building,
incubation and offspring attendance (Balshine, 2012). There are two well-
distinguished patterns in parental care behaviour (Royle et al., 2012,
Remes et al., 2015): (1) both male and female are engaged in rearing their
brood (perhaps with different degrees of involvement), namely bi-
parental care and (2) total involvement by one of the parents during the

entire breeding period, namely uni-parental care.

Among birds providing care for their offspring, birds of prey
(Accipitriformes, Falconiformes and Strigiformes) are well known for their
asymmetric parental care roles. In fact, in most birds of prey, females
usually incubate, brood and provision nestlings, whereas males normally
hunt, assisted by females only during the latter part of the nestling period,
if at all (Newton 1979, 1986; Cramp and Simmons, 1980; Cramp, 1985;
Wiehn and Korpimdki, 1997; Eldegard et al., 2003; Eldegard and Sonerud,
2012). The effects of diet in sex-role asymmetry (Sonerud et al., 2014q,
2014b), and factors affecting the duration of the post-fledging period, are
well known (Arroyo et al., 2002; Tarwater and Brawn, 2010; Muriel et al.,
2015). However, other aspects linked to the influence of the stage of the
nesting cycle, the parents’ sex and environmental conditions on the level

of parental investment remain poorly understood (but see Lens and



Dhondt. 1994; Sdnz et al., 2003). In fact, although the frade-offs between
components of parental care are tightly linked to breeding performance
(Monaghan and Nager, 1997; Byholm et al., 2011; Mariette and Griffith,
2015), other operating factors also affect breeding strategies in many
ways. In particular, abiotic factors, such as temperature and precipitation,
affect egg turning rates and nest attentiveness (Cresswell et al., 2003;
Kovarik et al., 2009). Furthermore, environmental conditions fluctuate
throughout the day and during the course of the breeding season. Hence,
the costs of parental care and self-maintenance are also likely to vary
(e.g., costs of thermoregulation, Piersma and van Gils, 2010). On the other
hand, biotic factors such as predation risk, food availability, the stage of
incubation, adult and nesting age, and individual behavioural
differences also affect incubation routines and nest attentiveness (Smith
et al., 2012; Cole and Quinn, 2014; Bulla et al., 2016; Zuberogoitia et al.,
2018). These factors remain poorly understood in determinate groups,
particularly in old-world vultures (but see Margalida and Bertran 2000,
Xirouchakkis and Mylonas, 2007; Bassi et al., 2017; Holland et al., 2017).

Parental care investment and factors determining why, how and by
whom care is provided are of crucial importance in long-lived
monogamous, monomorphic species with slow life-history strategies. In
fact, these species usually exhibit low fecundity rates (commonly one
fledgling per year) and extended breeding periods. This has been
demonstrated for large avian scavengers (vultures and condors,
Accipitridae and Cathartidae; De Magalhaes and Costa 2009). Vultures
are typically long-lived, monomorphic monogamous species that provide
biparental care for their offspring and in which pair-bonds are maintained
from one year to another (Newton 1979, Cramp and Simmons 1980).
Furthermore, the peculiar foraging habits of this group (i.e., exploitation of
scarce and unpredictable resources) obligate parents to spend long
periods away from the nest (Jackson et al., 2008, Deygout et al., 2010). This
is the case for the Egyptian vulture Neophron percnopterus, a globally

endangered scavenger. Many aspects of the breeding ecology of this



species remain unknown (but see Dondzar and Ceballos 1989, Dondzar et
al., 1994). Our understanding of essential aspects of the breeding biology
of this long-lived species is therefore of importance. Moreover, such data
could be used as a conservation tool to promote effective management
actions (Brooker et al., 2016, Merrick and Koprowski 2017), thus benefiting
wildlife managers concerned with reducing vulture-related conflicts
(Zuberogoitia et al., 2008, Avery et al., 2011), particularly in those

populations subjected to high levels of human pressure.

In this study, we use data from a breeding population of Egyptian
Vultures that has been the subject of a long-term monitoring programme
(2000-2018) in Northern Spain, in order to: (1) describe behavioural
patterns during the breeding period; and (2) assess the effects of sex,
breeding stage and weather on parental investment in all activities. Given
the lack of size dimorphism and the foraging ecology of the Egyptian
Vulture, we expect that parental expenditure would be equally divided
between both breeding adults and, furthermore, that both sexes would
be equally involved in the various breeding activities. Therefore, we do not
predict any sex-specific role specialization. We also analyse the effect of
weather conditions on the amount of care provided during certain critical
phases of the breeding cycle such as incubation onset and offspring

hatching.

1.3. MATERIALS AND METHODS

Study area

The study was conducted in the administrative region of Biscay (northern
Spain; surface area 2384 km?2; coordinates from 43°11'00" to 43°12'70"N
and from 3° 12'70" to 2°13'10"W). Barely 50 km separate sea level from the
highest altitude (1480 m above sea level). The relief of the study area is
abrupt and characterized by the presence of extensive urban and
industrialized areas. More than 50% of the area is dedicated to forestry, at

the expense of tfraditional, small-scale farming. A wet and warm Atlantic



climate strongly influences the weather conditions. The average annual
temperature is around 14°C and the mean annual precipitation fluctuates
between 1,200 and more than 2,000 mm/m2 (Euskalmet, 2017), making
this one of the highest rainfall areas in Europe (NOAA, 2016).

Study species

The Egyptian vulture is a medium-sized, long-lived, monogamous, frans-
Saharan migratory raptor (Ferguson-Lees and Christie 2001). Continental
Western European populations of Egyptian vultures spend the wintering
season (and usually their first year of life) in the sub-Saharan Sahel region
(Garcia-Ripollés et al., 2010, Lopez-Lopez et al., 2014a). The European
population is estimated at between 3,300 and 5,050 breeding pairs
(BirdLife International, 2018), of which 1,270-1,300 pairs are found in the
lberian Peninsula (Inigo et al., 2008). The European population has
experienced a severe decline in the past few decades, mainly due to
non-natural mortality caused primarily by poisoning (BirdLife International
2018). As with other long-lived scavengers, Egyptian vultures are highly
philopatric to their breeding territories (Dondzar 1993; Carrete et al., 2007).
They breed in cavities and on cliff ledges located in open landscapes,
usually in rugged, arid regions (Cramp and Simmons 1980; Dondzar 1993).
In our study areaq, the species inhabits mountainous areas, far from towns
and villages, where extensive cattle farming and timber extraction are the
main economic activities. The diet is based mainly on sheep and goat
carcasses, and small or medium-sized animals, mostly road-killed
mammals and passerines (Hidalgo et al., 2005). The main threat to the
species in our study area is human disturbance associated with leisure
activities and forestry during the breeding season (Zuberogoitia et al.,
2008). However, these activities have been partially banned during this
period thanks to the proposed effective mitigation measures outlined by

Zuberogoitia et al., (2014).



Field procedure and data collection

We developed an intensive monitoring programme to study the breeding
pairs from 1 February to 30 September 2017, thus covering the whole
breeding period. During this time, we monitored five nesting sites
intensively. The remaining Egyptian vulture breeding pairs (n = 15) were
monitored intermittently, due to financial and logistic constraints. The five
intensively monitored nests were observed weekly, with visits to each of
the five nests at least once a week from the arrival of the adults at the
breeding grounds until the departure of the offspring, while the remainder
were monitored less frequently than the previous five (from 1 to 29
visits/nest), in order to assess breeding performance. Following
Zuberogoitia et al., (2008), we monitored nest sites from vantage points
that were situated far enough away to avoid disturbance, using 20-60x
telescopes. We monitored the nests in all weather conditions. Overall, we
spent 583.94 h monitoring the nests (n = 20) on 141 different days during
the study period, with an average of 4.30 h/day (sd = 2.02, range = 1-9.42
h) being spent at each nest. One researcher (JM) carried out the intensive
monitoring from sunrise to dusk, randomly visiting the five nests during
mornings and afternoons throughout the study period. The non-intensive
monitoring of the remaining 15 nests was performed from sunrise to dusk
by four additional researchers who spent on average 3.91 h/day (sd =
1.75, range = 1-7.35 h) at each nest. At each viewpoint, we conducted
intensive monitoring of nesting sites and their surroundings, both to detect
individuals and to record their behaviour. We noted the location of every
individual with regard to the nest. We also recorded the time (starting time
and duration) of the arrivals and departures of each member of the pair
to the nest; the behaviour of each target individual, as described below;
and the location and behaviour of its mate. Gender identification was
determined by using facial marks and facial cere colours, which are
usually orange in males and yellowish in females (Negro et al., 2002,

Margalida et al.,, 2012b). This feature was more evident when both



members of a pair were together. We took photographs of each bird
during the initial monitoring visits, recording facial marks, individual
variation in the colour of the greater coverts and flight feathers, including
their moult pattern, and colour rings from our long-term ringing project
(Zuberogoitia et al., 2018). Gender identification was confirmed later by
observing the position of partners during copulatory behaviour. Five of the
20 territorial pairs did not lay eggs. From the 15 pairs that started breeding,
only 1 of them raised 2 fledglings and 10 raised 1 fledgling. Two of the
intensively monitored pairs failed at an earlier incubation stage, whereas
nestlings of another two intensively monitoring pairs died at an advanced

stage of growth.

To analyse parental care investment, we collected data on nine
different behavioural variables/activities per sex, which were recorded
throughout the entire breeding period. We calculated the ratio of each
activity as the number of times or percentage of time that the event was
observed and the total hours of observation per day. The recorded
activities were: (1) material deliveries: the number of times that material
was carried to the nest; (2) nest arrangement: the number of times that
adults arranged newly added or existing material in the nest; (3)
incubation and nestling brooding: the percentage of time invested by
adults in incubation and nestling brooding; (4) nestling attendance: the
percentage of time invested by adults in offspring attendance; (5) egg
turning: the number of times that eggs were turned; (6) changeovers: the
number of times each parent was replaced by the other at the nest; (7)
food provisioning: the number of times that food was provided to the nest;
and (8) nestling feeding: the number of nestling feeding events (feeding
events are particular behaviours, not necessarily occurring on every event

of food provisioning).

The breeding season was divided into four different stages (see
Zuberogoitia et al., 2008 for more details):(1) courtship period (February—

March): including nest repair/construction, copulation and egg laying; (2)



incubation period (April-May): in our study area incubation started on
average on 17 April 2017 (sd = 11.44 days, range = 1 April-14 May, n = 15)
and spanned 42 days from incubation onset to hatching date; (3) nestling
period (May-August): from the hatching date to the first fledging; and (4)
fledging period (August-September): from the first fledging until departure

from the breeding site.

We considered the week relative to (1) incubation onset and (2)
nestling hatching as independent variables in order to test the effects of
time on parental care. Likewise, this latter unit represents the breeding
stage (i.e., from the hatching week until the end of the fledging period).
We also recorded the mean temperature (°C), precipitation (mm),
insolation (w/ m2) and humidity (%) relative to the surveyed hours in each
day from the nearest meteorological stations of the Basque
Meteorological Agency (n = 17 stations) (www.euskalmet.euskadi.net)

(Zuberogoitia et al., 2014).
Statistical analysis

To analyse parental behaviour, we ran generalized linear mixed models
(GLMM) with a Gaussian distribution, using the nine behavioural
parameters as response variables. We considered the gender, period
(week), and the four weather variables as independent variables. Gender
was entered as a factor in the models. Territory was included as a random
factor, to account for multiple measurements of the same breeding pairs.
To avoid collinearity, we preliminarily calculated the Spearman’s
correlation coefficients (rs) for all pairs of variables using the ‘rcorr’

function implemented in the R package ‘Hmisc’ (Harrell 2013).

When two variables were highly correlated (rs > 0.5), we dropped
collinear covariates, and the less biologically significant variable was
consequently excluded from further analyses (Dormann et al., 2013).
Thereby, we removed from the models insolation (w/m2), given its high

correlation with temperature.



We computed all models, fitted by maximum likelihood methods,
using the Laplace approximation, using the ‘lmer’ function as
implemented in the ‘Ime4’ package (Bates et al., 2015) for R (R Core Team
2016).We used the Akaike Information Criterion corrected for small sample
size (AICc) for model comparison (Burnham and Anderson 2002). We used
standard model selection procedures to interpret AAICc and AICc
(weight) among competing models and considered models within 2 AICc
units as having substantial empirical support (Burnham and Anderson
2002).

1.4. RESULTS
Copulatory behaviour

During the breeding season, we observed a total of 24 copulations,
including both the intensively and intermittently observed pairs (n = 20).
The mean distance of copulation attempts to the nest was 146.62 m (sd =
155.19 m, range = 0-530 m). The average copulation duration was 13.09 s
(sd = 6.05 s, range = 0.5-25 s). After each copulation attempt, most pairs
remained together (n = 18) and performed mutual preening. Copulations
reached their maximum level one week before the onset of incubation
and sharply decreased after this date (Spearman correlation test; rho =
0.545, P = 0.005, Figure 1.1).
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Figure 1.1. Mean rate of copulations per week relative to the onset
of incubation (week 0). The shaded area represents * se.

Nest building and maintenance

Egyptian vultures started to deliver material to the nest three weeks before
incubation onset, reaching peak activity just one week before incubation
started (Figure 1.2(A)). Material selected for nest construction was
fransported using the talons or the beak. During the nest-building period,
males showed higher material delivery effort (0.67 deliveries/h, sd = 0.78,
range = 0-2.75) than females (0.14 deliveries/h, sd = 0.07, range =0-0.37;
Table 1.1; Figure 1.2(A)). However, results for the material delivery models
showed a weak support for ‘sex’, which was included in the best model,
but only at 1.5 AAICc to the null model. Both sexes invested a similar effort
in nest arrangement (0.58 events/h, sd = 0.54, range = 0-2.5, for males; and
0.63 events/h, sd =0.51, range = 0-2.14, for females; Wilcoxon test, W= 521,
P = 0.54), not only during the nest-building phase, but also during
incubation and the first weeks of nestling attendance (Tables 1.1 and 1.2,

Figure 1.2(B)). We observed that nest arrangement consisted mainly of



moving and resettling items that were carried to the nest during nest
building or were left over from the previous breeding season. This activity
peaked before the onset of incubation, and then decreased gradually

before reaching a second peak around hatching time.
Incubation/brooding and nestling attendance

During incubation both males and females covered the clutch
confinuously, except for a few interruptions that occurred during mate
changeovers and egg turning. Females invested significantly more time in
egg incubation (61.45%, sd = 35.78, range = 13.7-93.9%) than males
(38.54%, sd = 32.68, range = 0-100%, Table 1.1, Figure 1.3(A)). Brooding
effort dropped after the third week of life of the nestlings, although adults
continued brooding nestlings unfil the fifth week. Both sexes invested
almost equal time in nestling attendance (females: 21.89%, sd = 27.40,
range = 0-97.2%; males: 21.21%, sd = 26.97, range = 0-89.42%,; Table 2.1,
Figure 1.3(A)), although it decreased over time (Tables 1.1 and 1.2, Figure
1.3(B)).
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Table 1.1 Results of the GLMMs for each behaviour recorded in Egyptian vulture

pairs (n = 20) in northern Spain.

Activity Variables AlICc AAICc AICcW K
Weather+Sex+Period 79.9 39 0.00 5
Weather+Sex 65.6 24.7 0.00 4
Weather+Period 67.5 26.6 0.00 4
Material delivery Sex+Period 44.6 3.7 0.15 2
Weather 62.7 21.8 0.00 3
Sex 40.9 0.0 0.70 1
Period 44.6 3.7 0.11 1
Null model 42.4 1.5 0.00 -
Weather+Sex+Period 136.1 31.4 0.00 5
Weather+Sex 129.3 24.6 0.00 4
Weather+Period 106.1 1.4 0.29 4
Nest arrangement Sex+Period 109.1 4.4 0.07 2
Weather 124.7 20 0.00 3
Sex 124 19.3 0.00 1
Period 104.7 0.0 0.59 1
Null model 107.6 2.9 0.00 -
Weather+Sex+Period 987.5 2 0.06 )
Weather+Sex 988.6 3.1 0.03 4
Weather+Period 995.6 10.1 0.01 4
Incubation/Brooding Sex+Period 985.8 0.3 0.21 2
Weather 996.8 11.3 0.00 3
Sex 985.5 0.0 0.68 1
Period 994.1 8.6 0.00 1
Null model 9939 8.4 0.00 -
Weather+Sex+Period 55.5 41.4 0.00 5
Weather+Sex 43.9 29.8 0.00 4
Weather+Period 52.9 38.8 0.00 4
Egg turning Sex+Period 17.5 3.4 0.15 2
Weather 45.3 31.2 0.00 3
Sex 14.1 0.0 0.79 1
Period 19.7 5.6 0.05 1
Null model 25 10.9 0.00 -
Weather+Sex+Period 800.1 2.9 0.13 5
Weather+Sex 808.5 11.3 0.00 4
Weather+Period 802.7 55 0.00 4
Nestling attendance Sex+Period 7972 0.0 0.49 2
Weather 811.3 14.1 0.00 3
Sex 8049 7.7 0.00 1
Period 7999 2.7 0.35 1
Null model 807.8 10.6 0.00 -
Weather+Period -41.8 0.0 0.83 4
Changeovers Weather -33.7 8.1 0.02 3
Period -38.5 3.3 0.16 1
Null model -38.6 1.2 0.00 -
Weather+Sex+Period -18.6 28.6 0.00 5
Weather+Sex -34.7 12.5 0.00 4
Weather+Period -36 11.2 0.00 4




Food provision Sex+Period -40.1 7.1 0.01 2
Weather -41.7 5.5 0.03 3
Sex -45.8 1.4 0.24 1
Period -53.7 0.0 0.67 1
Null model -47.2 6.5 0.00 -
Weather+Sex+Period -40.1 24.1 0.00 5
Weather+Sex -41.3 22.9 0.00 4
Weather+Period -53.5 10.7 0.00 4
Nestling feeding Sex+Period 566 7.6 0.02 2
Weather -48.7 15.5 0.00 3
Sex -51.5 12.7 0.00 1
Period -64.2 0.0 0.97 1
Null model -5886 53 0.00 -

Notes: Models are listed from the most saturated to the simplest, including
combinations of variables. For each model, the differences of AICc values
(AAICc) concerning the best model and the number of parameters (K) are
shown, as well as their relative weight (AICcw). The best models are highlighted
in bold.

Table 1.2. Results of GLMMs for the most parsimonious model for each breeding
behaviour of Egyptian vultures.

Values Estimator  St. Error t P
Material delivery

Intercept 0.15 0.24 0.61 0.56
Nest arrangement

Intercept 0.35 0.17 2.07 0.06

Period 0.36 0.15 2.33 0.02
Incubation/Brooding

Intercept 51.22 10.90 478 <0.001

Factor(Sex)M -14.82 6.64 -2.23 0.02
Egg turning

Intercept 0.29 0.06 4.77 <0.001

Factor (Sex)F -0.21 0.06 -3.20 0.002
Nestling attendance

Intercept -1.63 52.75 -0.03 0.97

Factor(Sex) 1.52 4.58 0.33 0.74

Period -4.75 1.32 -3.58 <0.001
Changeovers

Intercept 0.03 0.20 0.16 0.87

Temperature 0.1 0.06 -1.53 0.03

Relative humidity  5.14e04 0.01 0.32 0.74

Precipitation 2.93e05 9.96e5 0.29 0.65

Period -6.38e %3 0.01 0.45 0.001
Food provision

Intercept 0.06 0.03 2.06 0.051

Period 0.01 0.01 2.31 0.02

Nestling feeding

Intercept 0.34 0.05 7.34 <0.001

Period -0.02 0.01 -3.68 <0.001

Note: Significant values are highlighted in bold.



Egg turning

We observed a total of 61 egg turning events during incubation. Eggs
were turned using the beak and the talons. Females invested more effort
(0.45 events/h, sd =0.27, range = 0-0.83) than males (0.37 events/h, sd =
0.33. range = 0-1.16) in egg turning. This differential rate was consistent

over time (Tables 1.1 and 2.1, Figure 1.4(A)).
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Figure 1.4. The mean rate of egg turning (A) and mean changeover rate (B) per
week in relation to hatching date (week 0). Temperature is expressed in degrees
Celsius. Shaded areas in both graphs represent * se.



Changeovers

Egyptian Vultures carried out 0.16 changeovers/h (sd = 0.12, range = 0-
0.375) during incubation and 0.17 changeovers/h (sd = 0.14, range = 0—
0.5) during the brooding period. The changeover rate was related to
weather and stage of the nesting cycle, although models showed a weak
support (1.2 AAICc to the null model; Table 1.1). Changeover rates were
low during the first stages of incubation, when temperatures were lower
than those recorded later in the spring. Changeover rates increased from
the hatching date onwards, until the nestlings were in their third week, but
dropped afterwards when continuous brooding was unnecessary (Figure
1.4(B)).

Food provision and nestling feeding

Overall, we observed 56 food provisions and 42 feeding events. Adults
always carried the food in the beak and there was no regurgitation of
food to feed offspring. Once in the nest, adults prepared the food items,
breaking them up to facilitate ingestion. The average food provision rate
was 0.25 items per hour for males (sd =0.15, range = 0-0.75) and 0.28 items
for females (sd = 0.16, range = 0-0.67), and there were no significant sex
differences (Table 1.1). There were no sex differences in feeding rate (0.24
events/h for males; sd=0.16, range = 0-0.75 and 0.26 events/h for females;
sd= 0.11, range = 0-0.5, Table 1.1). However, both provisioning and
feeding rates decreased over time (Tables 1.1 and 2.1), being higher
during the first weeks after hatching and slightly decreasing as nestlings
grew (Figure 1.5(A.B)). Adults sfill fed juveniles occasionally even when

they were ready to fly.
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1.5. DISCUSSION

Our results showed that the Egyptian vulture exhibits biparental care
throughout its extended breeding period of approximately 24 weeks.
However, we observed behavioural asymmetries in the parental
investment of each sex depending on specific activities. Furthermore, we
found that parental investment type changed over the course of the

breeding period in both sexes with regard to almost all activities.

Surprisingly, although weather conditions might constrain optimal
embryo development and thus increase parental care by mates (Bulla et

al., 2015), we found that weather did not influence parental investment



during critical stages, for example, during incubation and brooding.
Normally, Egyptian Vultures use cavities and holes for nesting and hence
nests are protected from meteorological events (i.e., rain and storms). This
could help to maintain an adequate environment for eggs and nestlings

by reducing temperature variation.

The breeding cycle of the Egyptian vulture starts with nest repair (in
the case of reusing a nest site, Dondzar 1993) or new nest building, and
courtship. We observed that both activities took place simultaneously,
which suggests a common stimulus (i.e., sperm viability and the fertile
female period; Dondzar et al., 1994). Egyptian vultures started copulating
25 days before the onset of incubation, showing a peak one week before.
This suggests that copulations outside the fertile period could be related
to pair bonding, mate assessment and territorial behaviour (Newton 1979,
Negro and Grande 2001). The maximum peak in copulation rate occurred
a few days before the laying of the first egg and continued after the laying
of the second egg and the onset of incubation (Egyptian vultures usually
lay two eggs, with an interval of 3-4 days; Dondzar 1993, Margalida et al.,
2012a). Copulation activity and nest material delivery took place at the
same time and followed similar trends during the weeks before incubation

onset.

After the onset of incubation, both sexes shared the incubation
effort. From incubation to the early stages of the post-hatching period,
both sexes contfinuously covered the clutch or nestlings, except for the
time spent in changeovers, egg turning and nest repairing activities. The
regular presence of one of the adults at the nest during incubation and
brooding may be necessary to protect the eggs or nestlings from low
temperatures, insolation and predation (Al-Rashidi et al., 2010, Bulla et al.,
2014, Deeming and Reynolds 2016 and references therein). However, our
results showed sex asymmeitry in incubation behaviour, with females
spending significantly more fime incubating and egg turning, although

there was compensation by each mate in nest attendance (Figure



1.3(A)). Given that incubation and brooding are energy-demanding
activities (Bulla et al., 2014), compensation during incubation may be
necessary for Egyptian Vultures to deal with: (1) the difficulty in searching
for carrion, which is a spatially and temporally unpredictable resource
(Deygout et al., 2010, Monsarrat et al., 2013, Lopez-Lopez et al., 2014b)
and (2) the excessive costs of continuous incubation by only one parent
(Brunton 1988). In fact, our results showed that males progressively
invested more effort in incubation, from 25% of the time during the first
week to 70% during the hatching week. Nonetheless, the low variability
explained by sex in our model (only 4%; Table 1.1), suggests that other
factors such as individual fraits (e.g., age, experience and personality;
Sanz-Aguilar et al., 2017, Zuberogoitia et al., 2018) and those related to
nest structure and specific micro-environmental characteristics of nest
placement could also affect behavioural differences during incubation
(Deeming and Reynolds 2016). Similarly, we also observed differences
between sexes in other activities associated with incubation, like egg
turning. Egg turning is crucial for maintaining embryo development and
presenting the chick in the correct position for successful hatching
(Deeming 2002, Wilson et al., 2003). Given the importance of this activity,
the higher investment of females and the absence of partial or total
compensation by males might suggest sex-role specialization (Figure
1.4(A)).

All activities related to the rearing of nestlings until the fledging stage
were carried out by both parents and decreased in parallel with the
growth of the nestlings, as described in other species of the same guild
(Dondzar 1993, Margalida and Bertran 2000). During the first month of life,
nestlings were continuously accompanied by one parent because of their
limited thermoregulatory capacity and to reduce predation risk (Hohtola
and Visser 1998, Deeming 2002, Margalida et al., 2007). A reduction in the
time spent in nestling attendance occurred from the third week onwards,
corresponding with the moment at which nestling energy requirements

and thermoregulation ability increases (Newton 1979, Komen 1991). This



patternis also related to the increase in foraging time and to therise in the
number of prey delivered to the nest (Margalida and Bertran 2000, Holland
et al., 2017). Other factors, such as lower predation risk and better
meteorological conditions as the breeding season advances, could also
explain our results (Dodge et al., 2014). During the final days of nest
attendance, parental care was reduced to only food provisioning and

some flights in front of the nest.

Species-specific life-history traits, in addition to ecological and
environmental conditions, also influence parental care (Klug et al., 2013).
In this context, our results showed that changeovers were not only
dependent on the breeding stage but also on particular environmental
conditions, mainly temperature. During incubation and offspring rearing,
changeovers are necessary to share breeding costs (Marasco and
Spencer 2015), and to fit parental effort to the nestlings’ development
requirements. This explains observed differences in changeovers during
the preand post-hatching period. During the nestling stage, the
changeover rate increased in parallel with temperature over time (Figure
8(B)). In fact, the poikilothermic-homeothermic transition of nestlings elicits
changes in the amount of care provided. Moreover, changeovers are
related to the rate of successful foraging (Newton 1979, Cresswell et al.,
2003, Rollack et al., 2013), which is also related to food availability
(Dondzar 1993, Monsarrat et al., 2013, Cortés-Avizanda et al., 2016).

According to the pattern observed in similar species with biparental
care (Margalida and Bertran 2000), food provisioning and feeding rates
were equally divided between both mates throughout the nestling period.
During the first weeks after hatching, we observed that the feeding rate
by adults was probably aresponse to the increasing food requirements of
nestlings (Newton 1979) and also to other processes affecting food
availability in the surrounding area (Bruun and Smith 2003). In subsequent
weeks the provisioning rate decreased since the increasing demand of

nestlings obliges adults to increase the quantity of food supplied on each



visit to the nest. This suggests that adults were forced to expend more time
foraging. Furthermore, this could explain the lower contribution of both
mates to brooding and nestling attendance. Similarly, the nestling feeding
rate decreased with time because the young birds became more skilled
at dealing with prey items, and most of the food was self-consumed
(Watson 2010, Sonerud et al., 2014a, Bassi et al., 2017). During the final
weeks before fledging, food provisioning was maintained but no feeding
occurred. This coincided with less time expenditure in food preparation by
adults, which suggests an increase in the ability of nestlings to manipulate
prey remains. This also compensated for the increased parental effort in
searching for food, since the adults spent less time feeding their offspring
(Deeming and Reynolds 2016). Likewise, this fact could also prevent any
conflict between offspring and parent requirements as other authors have

previously assessed (Royle et al., 2012, Iserbyt et al., 2015).

Overall, our findings suggest that Egyptian vultures invested similar
parental effort during the breeding period, although with different
degrees of intensity depending on the stage of the cycle were observed.
This suggests that biologically relevant events, such as incubation and
hatching date, could drive parental investment (Royle et al., 2012). This is
of key importance in explaining observed behavioural patterns in this
species. Our results showed that parental care was similar with regard to
certain activities, such as nest arrangement, nestling attendance, food
provisioning and nestling feeding. However, sex-specific roles were
observed for some activities. Females contributed more to incubation,
brooding and egg turning activities, while males participated more
actively in other tasks such as the delivery of material to the nest. In fact,
similar results were found in the bearded vulture Gypaetus barbatus
(Margalida and Bertran 2000, Bassi et al., 2017) and griffon vulture Gyps
fulvus (Xirouchakkis and Mylonas 2007). The absence of apparent
differences in both sex roles suggests a balanced distribution of parental
care effort, which implies that neither sex could meet nestling

requirements alone without help from the mate. Finally, the number of



changeovers observed over time suggests that particular environmental
conditions and the breeding stage could also explain variation in parental

care in long-lived species
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2.1. ABSTRACT

Monitoring programs of long-lived and elusive species often incur high
costs in terms of field effort and economical budget, but both
components are often considered separately. Also, there is scant
information on the use of reliable detectability estimates under imperfect
detection conditions based on environmental factors, which is key to
accurately estimate financial costs and define optimum monitoring
strategies. In this study, we use an intensive survey program (2017-2018) of
the Egyptian vulture Neophron percnopterus population in Bizkaia
(northern Spain) to model detectability at nests taking info account
imperfect detection. Our main goal is to estimate both the number and
timing of surveys, and the allocation of survey effort/costs, in order to
design cost-effective  monitoring programs.  Firstly, throughout the
breeding seasons, we used focal sampling methods on 19 nesting
territories historically occupied by the study species. Then, we employed
single-season occupancy models to assess detectability considering
different levels of effort (from 1 to 5 h) at each nest, including both species
breeding phenology and environmental covariates that could modify
detection probabilities. Our results showed that the species was more likely
to be detected in dry years and when the nest was visible during the
nestling period, investing five hours of the survey. The optimal number of
monitoring days required to account for 95% of false negatives for a single
nest was eight days, investing one hour per breeding stage. The optimal
monitoring cost was reached in dry years when the nest was visible,
investing one hour per breeding stage (ca. 242 €/nest). The cost of
monitoring was highest in rainy years when the nest was not visible (ca.
1954 €/nest). The cost of monitoring entire occupied nesting territories
without accounting for covariates was of 23,294 € (n = 19). In order to offer
reliable species assessments, design rigorous surveys and accurately
estimate monitoring costs, studies should account forimperfect detection,

particularly for long-lived vertebrates. Here, we show that monitoring



programs ought to (a) consider the effort necessary to detect the species
while accounting for species-specific breeding ecology and, (b) adjust
field effort based on lower costs and environmental conditions. Our results
provide simple and practical guidelines for the efficient allocation of
human and economic resources, which could be of interest to those

practitioners involved in the regular monitoring of elusive species.



2.2. INTRODUCTION

Long-term monitoring protocols are critical to establishing baseline data
for the evaluation of conservation and management actions (Nichols and
Williams, 2006; Lindenmayer and Likens, 2010; Lindenmayer et al., 2012; Bal
et al., 2018). Long-term surveillance programs provide ecological insights
by indicating the directionality and magnitude of temporal trends in
biodiversity (Wintle et al., 2010). Moreover, monitoring programs provide
essential information on site occupancy by gathering detection and non-
detection data across space and time (MacKenzie et al., 2018), which is
essential for the adequate management of most endangered species.
Most of the key research areas in conservation biology depend on
occupancy data (Richardson and Whittaker, 2010), which can be difficult
to obtain because of the imperfect detection of the study species during
monitoring surveys (MacKenzie et al., 2006; Wintle et al., 2012).
Detectability studies are often used to interpret observational data and
determine, with confidence, whether a species is present at a given site
when not detected (i.e., false negative). This could help to understand the
relationship between species occurrence and their environment
(MacKenzie et al., 2006).

Monitoring programs do not always adequately consider when or
how much monitoring effort should be invested (Yoccoz et al., 2001). This
can lead to the gathering of information eventually irrelevant to
management (McDonald-Madden et al., 2010), and the misclassification
of the threat/conservation level for rare, cryptic and elusive species (see
also Refsnider et al., 2011; McGrath et al.,, 2015; Barata et al., 2017).
Moreover, although most of the monitoring programs are underresourced
(Lindenmayer et al., 2012) and the largest portion of a monitoring program
budget is spent on data collection (Caughlan and Oakley, 2001), they do
not usually consider and report economic costs or constraints (but see
Carlson and Schmiegelow, 2002; Field et al., 2005; Pollock, 2006). In these



cases, misallocation of available resources could occur (Bailey et al.,
2014). Therefore, decision making in endangered species management
requires a combination of ecological knowledge with knowledge of time
and financial constraints (Maxwell et al., 2015). Occupancy/detectability
studies that take intfo account imperfect detection are useful to reduce
management uncertainties and to determine the most cost-effective
actions (i.e., when, and how much, to survey) in terms of the optimal
monitoring strategy (MacKenzie and Royle, 2005; Sewell et al., 2012;
Runting et al., 2013).

The importance of accounting for imperfect detection in assessing
spatiotemporal changes in occupancy and detection has been
demonstrated in previous studies, mostly for threatened and elusive
species (Karanth et al., 2011; Sunarto et al., 2012; Srivathsa et al., 2018).
Longterm monitoring programs grounded on simple and cost-effective
methods (like visual surveys) are useful when attempting to minimize
subjectivity (e.g., estimating the prior probability of occupancy; Blanc et
al., 2014). This is the case for many reptiles and amphibians (Mazerolle et
al., 2007; McGrath et al., 2015), plants (Chen et al., 2013), large mammals
(e.g., Foose and van Strien, 1997) and birds (Einoder et al., 2018). Among
birds, vultures have received particular attention due to their globally
endangered status and for being crucial ecosystem services providers
(e.g., Buechley and Sekercioglu, 2016; Mateo-Tomds et al., 2017; Safford
et al., 2019; Sebastidn-Gonzdlez et al., 2019). Although the Egyptian vulture
(Neophron percnopterus) has been studied throughout its breeding range
including Bulgary, Macedonia, Greece, Italy, Sicily, France, Portugal and
Spain (Del Moral and Marti, 2002; Del Moral, 2009; BirdLife International,
2020), its low density, elusive behavior, and secretive habits make this a
difficult-tomonitor species (Badia-Boher et al., 2019; Olea and Mateo-
Tomds, 2011). Few studies have explored the ability to detect changes in
frends and occupancy rates in the breeding populations of this elusive

bird (Olea and Mateo-Tomds, 2011) and, to the best of our knowledge,



none has examined the economic costs needed to inform monitoring

programs.

In this paper, we take advantage of a long-term (2000-2018)
monitoring program of the Egyptian vulture population in Bizkaia (northern
Spain). Here we assume that optimal effort-cost relation is that which is
efficient in terms of minimum monitoring cost and invested effort (Bailey et
al., 2014) while accounting for biologically significant variables. In this
context, our goals are: (1) to estimate the effect of sampling effort,
breeding stage and environmental covariates on species’ detectability
and, (2) to optimize monitoring protocols by accounting for imperfect

detection in surveys including both economic and ecological criteria.

2.3. MATERIALS AND METHODS

Study species

The Egyptian vulture is a medium-sized, long-lived, and long-distance
migratory scavenger (Ferguson-Lees and Christie, 2001). Western
European populations spend the wintering season (and usually their first
years of life) in the sub-Saharan Sahel region (Grande et al., 2009; Lopez-
Lopez et al., 2014). It is listed as globally endangered due to severe
declines experienced throughout its range (BirdLife International, 2020). It
breeds in cavities and on ledges on cliffs located in open landscapes,
usually in rugged and arid regions (Phipps et al., 2019; Cramp and
Simmons, 1980). Breeding pairs arrive from their winter grounds in Africa in
late February and early March and remain in their territories unfil mid-
September/October (Lopez-Lopez et al., 2014). During this period, they
usually rear one or two chicks. They generally reuse the same nest unless
they are disturbed during sensitive phases, or the nest area is altered
(Zuberogoitia et al., 2008; Morant et al., 2018). In our study areaq, the
species inhabits mountainous landscapes, far from towns and villages,
where extensive cattle farming and timber extraction are the main

economic activities.



Study area

The study was conducted in Bizkaia (northern Spain; area 2384 km?2;
coordinates from 43°11'00" to 43°12'70" N and from 3°12'70" to 2°13'10" W;
Figure 2.1). Barely 50 km separate sea level from the highest alfitude (1352
m.a.s.l). The relief is abrupt and characterized by the widespread
presence of urban and industrialized areas. More than 50% of the area is
dedicated to coniferous forestry for timber harvesting, at the expense of
traditional, small-scale farming. The weather is dominated by a wet and
warm Atlantic influence and is included within the rainiest regions of
Europe (www.climate-charts.com/ World-Climate-Maps.html). The mean
annual precipitation ranges from approximately 1200 to 2000 mm, and the

annual mean temperature is 14 °C (Euskalmet, 2018).
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Figure 2.1. Location of the study area (upper right) including Egyptian vulture
occupied nests (n = 23; black dots) during the study period (2017-2018).
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Field procedure and data collection

Every year, from 2000 to 2018, we carried out surveys from February to
September to determine the location of all territories and nests and to
examine changes in occupancy, breeding parameters, and population
trends. From 2000 to 2016 we identified 23 territories and 70 used nests
within them (mean = SD = 3.04 * 1.43 nests/territory, range = 1-6). During
this period, pairs that established a nest within a territory remained until the
end of the breeding seasons regardless of breeding failure (see Morant et
al., 2018 for further details). Based on previous knowledge, we designed
an intensive survey schedule in 2017 and 2018. We took advantage of the
knowledge of previous laying dates, nest/territory availability, individual
preferences, and behaviour to assure the programmed objectives. Two of
the authors, experienced observers (JM and IZ), carried out all the
fieldwork, using all the daylight period and changing the monitoring
timetable of each territory from one day to another (e.g., one day during
the first hours after sunrise, another during afternoon). We used 20-60 x
telescopes to observe nests from vantage points located far enough to
minimize disturbance to the breeders (mean distance: ca. 1000 m; range:
442-2826 m; for more details, see Zuberogoitia et al., 2008). Surveys, which
were divided into periods of one hour, lasted up to five hours or until we
assured detection of the species using the nest (e.g., carrying material,
incubating, feeding nestlings). We did not consider observations of
individuals flying or perched until they used the nest since there is an
abundant floater population in the study area. Therefore, our response
variable was the positive/negative observation of at least one adult in the

nest, developing the expected behaviour in each breeding stage.

Surveys completed in empty fteritories allowed us to confirm
vacancies; nevertheless, these surveys were not taken into account in
detectability analysis. We only used known, occupied territories that were
later confirmed; thus, we focused data on the 19 target nesting territories

in both years. We must consider that among the monitored nesting



territories, seven pairs changed the nest from one year to another, one
pair did not breed one year, and another pair did not breed the two years,
although these two pairs remained in their territories. We suspected that
the probability of detection could vary all over the breeding cycle related
to changes in breeding behaviour (e.g., during incubation regular
changeover rate is expected, or during nestling phase adults must invest
a great effort to take care of and feed chicks). To model the possible
influence of stage of the breeding cycle in detection probability, we
divided each breeding stage into three periods of unequal length
because they depicted behavioural phases rather than time (Tapia and
Zuberogoitia, 2018; Morant et al., 2019). These periods were: (1) courtship:
including nest repair/construction, copulation, until egg-laying (March-
April); (2) incubation (April-June): in our study areaq, incubation started on
average on April 17th (range = 1st April-14th May, n = 23 between 2017
and 2018) and spanned 42 days until hatching date; and (3) nestling
period: from the hatching date to the first fledging (June-September).

Data analysis

We estimated the probability of detecting Egyptian vulture nests (p)
following methods developed by MacKenzie et al., (2002; 2006) and
implemented in the PRESENCE software (Hines, 2006; MacKenzie et al.,
2018). The model assumes that the population is closed, referred to as the
closure assumption. The monitored territories of Egyptian vulture remained
stable, and territories did not change throughout the study period.
Therefore, there were no changes in occupancy (y) at the surveyed sites.
Known territories were treated as sample sites and each survey as an
independent sample. Covariates were incorporated in the logit models
for modeling detection probability (MacKenzie et al., 2002; 2006).
Detection probability was modeled as a function of either site-specific or
survey-specific covariates (Bailey et al., 2007). To identify the source of
variation in detection probability, and based on previous studies (Olea

and Mateo-Tomds, 2011; Zuberogoitia et al., 2008), we selected five



covariates (for further details see Table 1). We used descriptors of nests
and surrounding areas as site-specific covariates; and variables changing
in fime as survey-specific covariates (Bailey et al., 2007). Sitespecific
covariates included: (1) area of the visual basin at an angle of 180° (km2),
centered in the observation sites fowards nesting cliff (VIEWSHED); (2) nest
visibility from the observation sites (VISIBILITY: yes/no), and (3) a proxy of
annual weather condition (WEATHER, dry/ rainy: 2018 was a particularly
rainy year, whereas 2017 was a dry one) (Table 1). Survey-specific
covariates included: (1) breeding stage (PERIOD), a categorical
covariate with three levels (i.e., courtship, incubation, and nestlings), and

(2) survey effort (EFFORT), a categorical variable (from 1to 5 h) (Table 2.1).

We ran single-season models, instead of multi-season models,
because we considered inter-year weather variability as a site-specific
covariable (WEATHER). We built a set of models in which occupancy was
constant, Y(.), and the logit link was used to model detection probability
against the 28 possible combinations of the covariates, including the null
model (Y(.)p(.)) (MacKenzie et al., 2006). To reduce the number of models,
we grouped PERIOD and EFFORT and analysed them as a single covariate
with three and eight levels respectively (see Olea and Mateo-Tomds, 2011,

for a similar approach).

We compared models using the Akaike Information Ciriterion,
corrected for small samples (AICc; Burnham and Anderson, 2002). We
used standard model selection procedures to interpret changes in AICc
(AAICc), and considered models within two AICc units of the best model
as having substantial support (Burnham and Anderson, 2002). Taking
advantage of the balanced representation of variables in the set of
models, we calculated AICc model weights (AICc wi) and the multimodel
averaged relative importance value of each variable, as the sum of the
AlICc wi of all the models including that variable (Burnham and Anderson,
2002; Giam and Olden, 2016). We also reported the parameter estimates

and standard errors (SEs) from the model with the highest AICc weight



within the set of candidate models. For each covariate in the best model,
we calculated their corresponding odds-ratio (OR), which measures the
direction and magnitude of discrepancy between proportions (Nad'o
and Kanuch, 2018). Recall that the logit-link is the natural logarithm of the
odds of a 'successful’ event (in this case, the observation of adults in the
nest), and that to calculate an oddsratio, we can take the inverse-
logarithm of the beta parameter (MacKenzie et al., 2018). The model fit
and overdispersion were assessed by a goodness-of-fit test (MacKenzie

and Bailey, 2004), based on parametric bootstrapping

Minimum number of surveys required to determine absence

with 95% confidence

Following previous works, we obtained absence probability (1-p), which
would be the detection probability of true absence that, in our case,
would be zero (e.g., Olea and Mateo-Tomas, 2011; Zuberogoitia et al.,
2011). The probability pn of detecting a species at least once after (n)
repeated visits (or surveys) to an occupied site is given by pn=1- (1 -p)n,
where p is the per-visit detection probability of the species (MacKenzie et
al., 2006). We also considered corrections proposed by Kéry (2002) and
Wintle et al., (2012), although, in our case, prior occupancy was 1. From
these predicted detection rates, we estimated the number of surveys

needed to obtain 95% confidence in occupancy determination.
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Estimation of monitoring costs

To estimate monitoring costs, we divided costs into three elements: (1)
costs of a field-work by a skilled technician, (2) fravel expenses, and (3)
cost of displacement. We computed total costs as (1) + (2) + (3) (for
details, see Appendix A Supporting information A.1). Once we obtained
the total cost for each case, we assessed the optimal monitoring cost as
the lowest value in terms of both effort and money. Finally, we applied this
optimal cost to estimate the cost of monitoring the total number of

occupied nesting territories (n = 19).

2.4. RESULTS

In 2017, we completed 211 surveys, which summed to 838 h; and, in 2018,
155 surveys and 469 h. We detected Egyptian vultures in their nests in 20%
of the surveys completed during the courtship stage, in 61% of the surveys
completed during incubation, and in 75% of the surveys completed during
nestling. The naive occupancy value for the best model was 0.86, whereas
the estimated occupancy (y) was 0.88. The best model included two site-
specific variables (VISIBILITY, YEAR) and two survey-specific variables
(PERIOD, EFFORT) (Table 2.2). Detectability was highest when the nest was
visible (AICc wi = 0.98), in the dry year (AICc wi = 0.9), and it increased
throughout the breeding period (AICc wi = 0.98) and with monitoring effort
(AICc wi =0.96) (Figure 2.2). The probability of detecting the species was
almost ten times higher during the nestling period than during courtship
(see OR in Table 2.3). Likewise, the highest detection probability was
reached by investing five monitoring hours whatever the breeding phase
(Figure 2.2). The only variable excluded from the best model was
VIEWSHED. The models, including this variable, only had 0.48 of the total
weight. AICc increased by 0.06, where VIEWSHED improved the model by
1.94 units, not enough to improve the two penalty units (Burnham and
Anderson, 2002; Arnold, 2010). The best model fitted correctly (x2 = 181.5,

p =0.69) and showed no overdispersion (c=0.81, 1000 bootstrap samples).



Table 2.2. Summary of the best models (up to two AICc units from the top-ranked
model) obtained in the model selection procedure for estimating detectability
in the Egyptian vulture. Model AICc values, the relative difference in AICc units
compared with the fop-ranked model (AAICc), AICc model weights (com), twice
the negative loglikelihood (-21), and a number of covariates (k) are shown.

Ranking Models AlICc AAICc om -2| k

1 W 1408.73 0.00 0.45 1386.73 11
(.).o(VISIBILITY+YEAR+PERIOD+EFF
ORT)

2 w (.).p(VIEWSHED+ 1408.79  0.06  0.43 138479 12
VISIBILITY+YEAR+PERIOD+EFFORT)

3 W 1413.43 4.70 0.04 139343 10
(.).o(VISIBILITY+PERIOD+EFFORT)

4 W (.),p(VIEWSHED+ 1414.10 5.37 0.03 1392.10 11
VISIBILITY+PERIOD+EFFORT)

5 W (.).o(VIEWSHED+ 141517  6.44 0.02 1403.17 6
VISIBILITY+YEAR+PERIOD)

6 W 1415.19 6.46 0.01  1401.19 7
(.).o(VISIBILITY+PERIOD+EFFORT)

31 w(.).p(.) 1633.49 22476 0.00 1629.49 2

Table 2.3. Parameter estimates and standard error (SE), detection probability (p)
with standard error (SE) between brackets, and odds ratios (OR) for the effect of
the covariates of the best model on detectability.

B S.E. p (S.E.) OR
W 1.99 0.53 0.88(0.05) -
p(VIEW) 0.95 0.10 0.72(0.02) 2.23
p(YEAR) -0.98 0.37 0.27(0.07) 0.37
PERIOD
p (COURT) -0.39 0.78 0.40(0.18) 0.67
P (INCUBATION) 1.71 0.90 0.84(0.11) 5.53
P(NESTLINGS)  2.26 0.91 0.90(0.07) 9.6
EFFORT
p(1 hour) -1.15 0.55 0.24(0.10) 0.32
p(2 hour) -0.96 0.55 0.27(0.11) 0.41
p(3 hour) -0.48 0.56 0.38(0.13) 0.61
p (4 hour) -0.31 0.57 0.42(0.14) 0.73

p(5 hour) 0.04 0.59 0.51(0.15) 1.04




Monitoring costs

To assure occupancy (or absence) when no other variable and breeding
stage were considered, the optimal number of surveys per site (hours x
monitoring days) would be: 1Th x7,2hx6,3hx5,4h x5, 0r5h x 4 (Figure
2.30). If we account for the breeding stage, the optimal monitoring cost is
reached by investing several surveys of one hour in the three breeding
stages instead of a few surveys of five hours (see Appendix A Table A.1).
As a direct consequence of the lower probability of detection, the total
cost of detecting 95% of false negatives is higher during the courtship than
during incubation and nestlings (Figure 2.3b; Appendix A Table A.1). If we
want to consider the basic monitoring of breeding territories throughout
the whole breeding season (i.e., firstly assure nest occupancy during
courtship, secondly assure incubation and thirdly assure productivity and
fledgling success) investing one hour, we estimated a maximum cost of
1,226 € per nest (Appendix A Table A.1). The estimated cost of monitoring
all the occupied nesting territories was 23,294 € (n = 19). Total monitoring
costs differed when we included environmental variables in our models,
and ranged from 242 €/nest (a visible nest in a dry year) to 1,954 €/nest (a
non-visible nest in a rainy year). Total costs were similar throughout all
breeding phases for visible nests in rainy years (514 €/nest on average) and
non-visible nests in dry years (512 €/nest on average) (Figure 2.3b;
Appendix A Tables A.3 and A.4).
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Figure 2.2. Detection probability of Egyptian vulture (from 0 to 1) at intervals of
five sampling hours throughout the breeding season (i.e., courtship, incubation,
and nestlings) considering nest visibility and annual average weather conditions
during the study period (2017-2018).
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2.5. DISCUSSION

Our results reveal the importance of using biological and environmental
information when assessing monetary costs in biodiversity monitoring
programs, especially for those species whose elusive behaviour makes
them difficult to detect (Thompson, 2013). In our case, the long-term
monitoring of the Egyptian vulture in the study area helped us to distinguish
between breeding stages, and to better explain changes in detectability
within different phases. Detectability changed with the breeding stage
and increased during incubation and the nestling period (see Ledn-
Ortega et al., 2017 for similar results). On the one hand, the Egyptian
vulture exhibits secretive behaviours during courtship, which results in a
higher effort needed to assure occupancy. On the other hand,
detectability increases during incubation, when adults center their activity
around the nests, and the regular rate of changeovers (the change of the
adult that is incubating by its partner) is expected to occur (Tapia and
Zuberogoitia, 2018; Morant et al., 2019), and even more during the nestling
phase (when adults must carry food to feed nestlings regularly) (Dondzar
et al., 1994; Tapia and Zuberogoitia, 2018; Morant et al., 2019). Accounting
for detectability in early breeding stages is critical for study design and
monitoring planning. Generally, during the courtship period, individuals
tend to adjust nest site selection; thus, more reliable information becomes
available within this breeding stage (Dall et al., 2005). Our results showed
that if detectability is low during this period, the location of active nests is
difficult, and observers can spend hours, even days, in front of a nest
without clear evidence of occupancy (Olea and Mateo-Tomds, 2011).
This could affect the monitoring of the study population from erroneously
estimating the number of breeding pairs, or the percentage of breeding
failures, to inadequate management decisions. Taking into account that
the Egyptian vulture is an endangered species, more efforts are needed
during the early phases of reproduction to detect breeding attempts (see
Badia-Boher et al., 2019; Zuberogoitia et al., 2014). Otherwise, in the



absence of sightings, conservation practitioners might stop surveying too
early (Stokstad, 2007; Fisher and Blomberg, 2010) in areas where breeding
failures are high and many hazards affect the normal breeding cycle of
the species (e.g., fimber and leisure activities in nest site surroundings;
Morant et al., 2018).

Our analyses revealed that detectability increases when the nest is
visible, making accessible the monitoring of breeding pairs in those places
where observers can see the nests. However, this is not so evident during
courtship, when nest activity increases close to laying dates but remain at
a low level some weeks before. The knowledge of the laying dates in each
study site would help to avoid wasting time and resources surveying in
early dates. However, it requires an in-depth knowledge of the population
based on long-term monitoring efforts. Otherwise, a surveyor could waste
his/her time visiting an empty nest until assuring occupancy, as our results
reveal. Later, after the first egg is laid, occupancy is confirmed just in a first
sight during the rest of the breeding season. This, moreover, facilitates the
early detection of failures on the monitoring throughout the breeding

cycle.

Differences in detectability throughout the breeding season and
the amount of field effort needed to detect the target species also
depended on environmental weather conditions. We know that a high
amount of precipitation during incubation or the first weeks of nestling
development causes many failures; in fact, only an average of
41.7%131.4% (mean + SD) (range 0-92.3%) of the breeding attempts per
territory was successful in rainy years (Zuberogoitia et al., 2014). Detection
rates varied from one rainy season to another dry season. This is not related
to the ability of the observer to detect Egyptian vultures on rainy days
since surveys are usually developed in dry conditions. The low rate of
detectability is related to the increased likelihood that the monitored nest
failed during the incubation or nestling phase. We found that breeding

success was 62.5% in 2017, arelatively dry year, and 55.5% in 2018, a rainy



year. This is not a problem when the nest is visible, but it requires a survey
effort to ascertain the true stage of the nest when the observer cannot

access to see the nest (Figure 2.2).

Interestingly, the lack of differences in detectability between dry
years when the nest is not visible versus rainy years when the nest is visible
suggests a trade-off between weather conditions and factors affecting
nest visibility (Figure 2.3b). Although monitoring programs use standardised
field methods (Li et al.,, 2010), they do not sfill guarantee constant
detectability across sites (Thompson, 2002). Particularly, in the case of
species that breed in both dry and temperate areas throughout its
distribution range. Our results suggest that a more considerable survey
effort is needed to guarantee detectability in temperate regions with
regular unfavourable climatic conditions and a rugged topography. This
highlights the need to account for variation in detectability across
different climatic regions. Therefore, there is a need to adapt monitoring
schemes adequately and to cautiously analyse and interpret recorded

data (i.e., raw data counts).

In occupancy-detectability studies, not accounting for “false
absences” might lead to underestimating the actual level of occupancy
and are a potential source of bias (Wintle et al., 2012). To account for the
effect of imperfect detection and minimize the possibility of a false
absence, one solution is to conduct multiple surveys within a relatively
short timeframe (MacKenzie and Royle, 2005). Here we show that
accounting for imperfect detection is useful to define the optimal survey
strategy (i.e., when, and how much, to survey), as well as to reliably assess
monitoring costs. Our study indicated that, without previous
environmental or biological information, eight hours/nest/survey should be
invested to account for 95% of false negatives. This contfrasts with other
authors who found that a minimum of five visits are required to be 95%
certain that an average territory of the species is truly unoccupied (Olea

and Mateo-Tomds, 2011). However, the main difference between similar



works and ours is that we worked with an already known occupancy data.
Thus we knew when false negatives occurred. The naive occupancy was
very close to the estimated occupancy, suggesting that the species had
been detected in most occupied sites. This gains major relevance in
several censuses and long-term monitoring programs of threatened
species where the species are known to be present but are not detected
— thus helping to assess only for detectability of species while controlling
for occupancy. For instance, in the case of large carnivores surveys where
one site that was occupied once, is usually considered to remain

occupied throughout all monitoring period (Blanc et al., 2014).

Although some studies offer different practical methods to explicitly
compute monitoring costs (Gdlvez et al., 2016; Lieury et al., 2017), few
estimates monitoring costs while accounting for conventional statistical
errors (e.g., Type | errors; see details in Field et al., 2005) understandably
and straightforwardly for conservation practitioners. Here, we calculate
the optimal cost of monitoring, accounting for imperfect detection. This is
a tool for developing cost-efficient designs for a broad application to
other species and geographical contexts (MacKenzie and Royle, 2005;
Guillera-Arroita et al., 2010). Our estimates of optimal costs showed that
monitoring the species investing one hour during several surveys in a single
nest in each breeding stage when variables are and are not considered
would be the most cost-effective option for managers. However, the
variation in time to be spent, depending on the phase of the breeding
period, should also be considered, e.g., during courtship, ten surveys of
one hour or four surveys of five hours are needed to assure occupancy
(Table A.1). Usually, national censuses of the species do not include
environmental factors that affect detection (see Del Moral, 2009) and do
not invest so much effort to assure occupancy during the first stages of the
breeding season when detecting breeding pairs is crucial for conservation
purposes at a national scale. If we consider the optimal budget to confirm

reliable occupancy in our known nesting territories (1226 €/nest when no



variables were considered), we would need 23,294 € per year, without
considering the effort needed to check other empty territories or new
evidence. This budget would be the maximum required to assure all the
false negatives, and it might be adjusted yearly depending on the
increased experience of observers and knowledge of the nesting
territories and laying dates. We think this is a large budget for long-term
monitoring programs or those at a national scale, and a considerable
number of volunteers are needed to reach monitoring objectives with
much lower and realistic budgets. In this sense, we encourage wildlife
managers and policymakers to take into consideration the real cost of
obtaining High quality data of elusive endangered species and the effort

done by field workers to reach primary objectives.
Management and conservation implications

Nowadays, the vast majority of conservation and monitoring projects are
underfunded, and less than 25% of the funding needed just for imperiled
species recovery has been provided overall (Gerber, 2016). It is, therefore,
necessary to rank which species to monitor and which not (Wilson et al.,
2015), and more importantly, how much must be invested in such
monitoring programs. The precipitous, global declines of most vulture
populations highlight the relevance of range-wide and long-term
monitoring programs (Jachowski et al., 2015). For this reason,
fransboundary conservation actions targeted at vulture populations have
been established (Multi-species action plan to conserve African-Eurasian
vultures, Botha et al.,, 2017). This program relies on demographic
parameters to evaluate the achievement of settled conservation goals.
However, for many species, standardised monitoring protocols using non-
invasive methods are generally lacking (Perrig et al., 2019). In this context,
our study helps to settle guidelines to know when and how much to
monitor while addressing both weather conditions and species-specific
biological and ecological traits. This is especially relevant for monitoring

large territorial carnivores (Blanc et al., 2014), amphibian (Tanadini and



Schmidt, 2011) and philopatric species like most of the vultures. Our study
might be of help for managers and conservation practitioners to assess
the feasibility of monitoring programs in their initial stages and their re-
assessment regarding the available budget, given that financial
constraints impose practical limits to conserve threatened species

(Santika et al., 2015), notably in underdeveloped countries.

In the end, some points should be considered regarding the
applicability of our results to other threatened species and geographical
contexts. Since one in six species on the IUCN Red List is currently classified
as Data Deficient (due to lack of information on their taxonomy,
population status, or impact of threats), the first limitation comes from the
lack of information available of each species-specific behavioural traits.
For instance, differences in detectability among sexes, ages, and body
sizes have been reported for several species (e.g., Pickett et al., 2012).
Furthermore, variation in home range area or density at the species,
population, and individual levels can also influence detection (Latif et al.,
2018; Schlossberg et al., 2018). Sampling methods and survey effort should
also be taken into consideration. Many elusive species, like mammals,
require more sophisticated or combined methods (i.e., eDNA, Dorazio and
Erickson, 2018) to obtain presence data (which increases the effort and
costs to ensure the detection and occupancy). Moreover, even species
known to occupy a certain patch could go undetected, generally
because the surveys do not target periods when detectability is likely to
be high (Sewell et al., 2010) or the monitoring schedule is not the most
appropriate (i.e., short-term monitoring and irregular censuses among
years). Finally, although we deemed landscape as constant in this study,
climate and land cover changes could also drive spatiotemporal
occupancy patterns of species (Kalle et al., 2018), which could be an
important issue when estimating the costs of long-term monitoring projects

and obtaining precise and accurate occupancy estimates.
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3.1. ABSTRACT

Anthropogenic activities are one of the main threats to species living in
human-dominated landscapes and can promote behavioral changes in
birds. This paper presents a novel approach to test how a migratory
species responds to habitat alterations occurring in nesting territories
during winter, when the species is absent. From 2000 to 2016, we collated
territory and nest monitoring data for the endangered Egyptian vulture
Neophron percnopterus in the north of Spain, to test the effects of
overwinter habitat alterations (OHA) around breeding territories on the
species reproductive output. We monitored 70 different nest sites and
observed OHA around the nesting area in 39 cases. Probability of
switching to another nesting site almost tripled after OHA. Pairs that
switched experienced substantially decreased breeding success and
avoided reusing the nest for 4.8 + 4.64 years. The presence of determinate
landscape elements that provide screening, such as forest patches,
increased nest reoccupancy probability after OHA by more than 0.3, to 0.
55 (compared to 0.24 when no screening was present). We also found that
the distance and the situation of the OHA were critical factors explaining
reproduction probabilities at nest sites. Our results demonstrate how OHA
can strongly impact the breeding behaviour of long-lived species. This
highlights the need to examine the long-term impact of OHA rather than
focusing only on disturbances during sensitive periods, as is often the case

with habitual mitigation measures.






3.2. INTRODUCTION

Human activities can impact wildlife directly (e.g., by persecution and
harvesting) or indirectly, via effects on the quantity, quality, or
configuration of the landscape and consequently on the habitats that it
contains (Hollander et al., 2011; Kamp et al., 2016). Landscape changes
are by far the most important cause of habitat loss and fragmentation in
modern times (Kerr and Deguise, 2004; Newbold et al., 2015; Fardila et al.,
2017). These alterations are believed to negatively affect, to a greater or
lesser extent, virtually all animal taxa including: birds and mammals
(Andrén, 1994; Johnstone, Lill and Reina, 2014), repfiles (Gibbons et al.,
2000), amphibians (Stuart et al., 2004) and invertebrates (Didham et al.,
1996). They have therefore been the focus of many conservation biology
and landscape ecology studies over the last century (Tscharntke et al.,
2012; Driscoll et al., 2013).

Changes are frequent in human landscapes and species living in
these environments are also exposed to various types of human
disturbance (George and Crooks, 2006; Zuberogoitia et al., 2008; Ordiz et
al., 2016). Species differ greatly in both their behavioral and reproductive
responses to human disturbance and landscape changes, as well as to
the relationships between these two variables (Beale and Monaghan,
2004; Finney et al., 2005; Guénette and Villard, 2005; Carrete et al., 2013).
Landscape modification may lead to local or regional declines (see
Zabala et al., 2003; Furrer et al., 2016), and ultimately extinction (McCarthy
et al., 1997). Identifying the effects of landscape changes on species is
critical for the development of efficient and effective conservation
strategies (Lindenmayer and Fischer, 2006). Research has revealed the
great susceptibility of many species to disturbances and human activities
during particularly sensitive phases of their life cycles, such as
reproduction. For instance, the disturbance of nesting birds can have a

variety of direct effects, ranging from changes in behaviour to complete



desertion of a nest site (Newton, 1979; Zuberogoitia et al., 2008; Francis
and Barber, 2013; Cartwright et al.,, 2014). A common management
approach to combine wildlife conservation and human activities is the
imposition of temporary bans during periods of high sensitivity. This
approach is underpinned by the assumption that species respond to the
direct disturbance, but will not be affected by the consequences of the
action if it takes place outside sensitive periods and does not modify key
structures within their habitat (e.g., does not destroy nest sites or key
feeding areas). However, this assumption remains, to the best of our

knowledge, untested.

Raptors are good study subjects for this topic as they are sensitive to
environmental disturbance (Sergio et al., 2008). Vultures, in particular, are
vulnerable to human disturbances and habitat loss resulting from forestry
and other land-use practices (Fargallo et al., 1998; Dondzar et al., 2002a;
Arroyo and Razin, 2006; Margalida et al., 2011). Among them, the Egyptian
vulture Neophron percnopterus is a suitable candidate for testing the
assumption that species are unaffected by the consequences of major
human disturbances that take place outside sensitive periods. The species
is distributed mainly across southern Europe, Africa and the Indian
subcontinent. It is a migratory bird that abandons its European breeding
areas between September and February (Ferguson-Lees and Chiristie,
2001). European populations winter in sub-Saharan Africa, within the 14°-
17°N belt (Dondzar et al., 2002b; Garcia-Ripollés and Lépez-Lopez, 2011).
During the 20th century, the population of this long-lived scavenger has
steadily declined across large parts of its European and African range
(Carrete et al., 2007). The causes of this decline are diverse: high adult
mortality due to poisoning (Cortés-Avizanda et al., 2009; Herndndez and
Margalida, 2009); collisions with man-made infrastructures (wind turbines
and power lines; Carrete et al., 2009); electrocution; habitat loss (Velevski
et al., 2015); habitat change (Mateo-Tomdas and Olea, 2015); food

shortages; and human disturbance at breeding sites are among the main



threats to the species (Margalida et al., 2012; Sanz-Aguilar et al., 2015;
Dondzar et al., 2016). In the north of its Spanish distribution range the
species breeds in an oceanic landscape, on cliffs surrounded by dense
forests, far from built-up areas. Extensive cattle farming and timber
extraction are the main activities in this region (Zuberogoitia et al., 2008),
and in fact the target population breeds in a managed forest landscape.
Timber activities here have been developed over decades, with activity
peaking from the 1950s onwards, when there was a great increase in
timber plantations to the detriment of oak woods and grassfields (Michel,
2006). Moreover, during the last decade, economic interests associated
with large forests and the accompanying market-orientated changes
have favored the gradual replacement of pines by eucalyptus
(Zuberogoitia et al., 2011). Egyptian vultures in our study area are very
sensitive to disturbances. During the breeding season, interventions such
as forestry practices near nesting areas result in the immediate failure of
the clutch and abandonment of the nest site (see Zuberogoitia et al.,
2008). Consequently, temporary bans on potentially disturbing practices
have been imposed during the breeding cycle of the species
(Zuberogoitia et al., 2014). This assumes that Egyptian vultures can tolerate
some level of habitat alteration near nest sites if the activity takes place

when the vultures are at their wintering grounds.

However, it remains untested whether breeding pairs react to
landscape alterations occurring during the non-breeding season, thus the
efficacy of these bans is unknown. Specifically, it remains to be seen
whether vultures returning from their winter areas in sub-Saharan Africa
react to alterations in non-key elements of their habitat caused by
anthropogenic activities during the winter period. Our main objective was
therefore to evaluate the efficiency of temporary bans in relation to
sensitive species, by examining the response of the Egyptian vulture to the
alteration of non-key habitat elements in the area surrounding the nest

site, occurring during the absence of the species. We assessed the effect



of such habitat alterations, due to forestry and other land-use practices,
on the nest-site reoccupancy and reproductive success of Egyptian

vultures in northern Spain.

3.3. MATERIALS AND METHODS

Study area

The study area was the Biscay region (Basque Country, northern Spain;
2384 km2; 43°12'00"N 3°13'00""W). The territory is hilly and steep, with only
50 km separating the sea from the highest altitude (1480 m). Man-made
forests, pastures, small villages and densely populated cities make up the
bulk of the province. More than 50% of the area is dedicated to forestry,
mainly plantations of Pinus radiata and Eucalyptus sp. These forests have
been created at the expense of tfraditional small-scale farming. The area
has a temperate climate, with an annual rainfall of 1000-1300 mm and

mean annual temperatures of 11-12°C.
Field procedure

We surveyed the Egyptian vulture population in Biscay systematically, from
2000 to 2016. The number of breeding territories ranged from 18 to 22
during the monitoring period. Nests were located by observing individuals
displaying near the cliffs where they eventually breed. We defined
territories as being the exclusive nest sites plus the surrounding areas and
resources defended by territory holders against intruders. Breeding
territories encompassed several nests (from 1 to 6, Zuberogoitia et al.,
2008), which were monitored from February to September each year in
order to obtain data on: the number of territorial pairs, number of pairs
which start reproduction, nest location, laying date, breeding success,
number of fledglings and causes of clutch loss. We visited the nesting area
from March to April, in order to detect Egyptian vultures entering the nest
site with material for building the nest or to relieve the mate during the first

stages of incubation. According to Olea and Mateo-Tomas (2011) the



Egyptian vulture has relatively low detectability (the probability of

detecting the species is less than 50% during surveys performed at
occupied sites). Therefore, we visited the territories as many fimes as
needed to confirm unequivocal occupation or abandonment, and
breeding success (e.g., in the 2016 breeding season we conducted 123
monitoring events, which took a total of 333.75 h, visiting each territory a
mean of 6.45 times and taking an average of 153.6 min per visit). Once
we had ascertained the onset of incubation, we continued monitoring
until the fledglings left the nests. To minimize the effect of inter-annual
variability on breeding success, we created a Breeding Quality Index
(BQI). The BQI was defined as the difference between the number of
offspring of a particular territory and the average number of offspring of
the entire population in the same season (e.g., Zabala and Zuberogoitia,
2014).

We defined Overwinter Habitat Alterations (OHA) of the nesting
area as those interventions that: (1) resulted in noticeable changes in the
landscape/vegetation structure within a 1 km radius of the nest site, and
(2) took place between late September and early March, when the
species was absent. OHA were mainly due to forestry operations, that is,

clear-cuts (n = 30) and opening of forest fracks (n = 3). Other incidences

included construction (1), quarry filling (1), bike frail creation (1), gas
pipeline deployment (1), industrial park construction (1), and erection of
observation platforms (1). We discarded those actions that caused only

subtle changes (e.g., forest thinning and plantations). To obtain measures
of OHA we combined our own field data with historic orthophoto
sequences from Google Earth (Google Inc., 2016) and Quantum GIS
software (QGIS Development Team, 2016), using digital land-use maps,
topographic maps and satellite imagery at a scale of 1:5000, available as

free data source on the Basque Government website (GeoEuskadi, 2013).



Data analysis

We investigated possible responses to OHA by breeders in two steps. Firstly,
we assessed response to OHA in terms of nest site selection, and secondly
we assessed possible consequences of remaining in the affected nest site
on breeding success. To model the response of the species to habitat
alteration we considered two response variables: (1) Nest reoccupancy —
taking as a reference the nest occupied in the year prior to OHA, with the
pair either reusing the previous year's nest or switching to another nest,
and (2) Reproduction — the pair remain at the same nest site and either
reproduce in the previous year's nest or do not breed. We considered four
predictive variables: On the one hand we looked at two continuous
variables represented by: (1) Distance — measured as the distance (m)
between the nest and the nearest point of habitat alteration, and (2) Area
— the forest surface removed as a result of each type of action (m2). On
the other hand we considered two fixed, qualitative factors: (3) Screening
— the presence or not of a screen between the nest and the OHA (i.e., a
landscape feature precluding visibility of the intervention; normally mature
forest patches), and (4) Situation — the location of OHA in relation to the
nest (above, front, side, or behind). Lastly, in order to account for possible
correlations due to repeated observations within same breeding sites, we
included territory identity as a random factor in the models. To elucidate
the effect of predictors over response variables, the two response
variables were subjected to model selection using generalized linear
mixed models (GLMM) (McCullagh, 1984). All possible models, from the
most general, were performed (including noted explanatory variables)
through ‘gimer’ function, implemented using the ‘Ime4’ package for R
version 3.3.2 (R Development Core Team, 2015), and evaluated using
Akaike Information Criterion (AIC, Burnham et al., 2011). On the basis of
the above, the model that showed the lowest AIC value was selected, in

order to examine and analyse the effects of predictor variables.



To analyse the effect of switching the nest site on productivity, we
applied a GLMM using Breeding Quality Index (BQI) as a response
assuming a normal distribution. We used a binomial variable as a
predictive factor to discriminate between switched nests and habitual
nests. In the first case, we considered switched nests as those cases where
Egyptian vultures changed the nest site after OHA, whereas habitual nests
were those used by Egyptian vultures for at least three consecutive years.
To account for the possible non-independence, territory identity was
included as a random factor. We used the ‘gimer’ and ‘Anova’ functions
implemented in the ‘Ime4’ (Bates et al., 2015) and ‘car’ (Fox and

Weisberg, 2011) packages for R (R Core Team, 2015).

3.4. RESULTS

During the study period (2000-2016), we monitored 277 breeding attempts
in 70 different nest sites, located in 23 territories (3.04 + 1.43 nests/territory,
range = 1-6). We observed OHA around the nest area in 39 cases in 22
nest sites. Egyptian vultures switched nests on 72.79% of the occasions
when OHA took place in the nest surroundings (perimeter range = 10-1055
m). This was almost triple the rate observed for vultures with no OHA
(26.90%; n =197). The average distance between the two nest sites (before
and after the OHA) was 1182 + 1146 m (range = 10-5871 m) and 542.24 +
795.18 m (range = 3-4487 m) in those cases without OHA (Mann-Whitney
Test; U =283, P =0.01). Vultures responded to OHA in the proximity of their
nest by switching nests significantly more often than other pairs (GLMM:
Estimate = 1.4376, S.E. = 0.4935, t value = 2.973, P = 0.002; Figure 3.1).



Table 3.1. Results of the procedure referring to selection of developed models for
determining the variables affecting nest reoccupancy and reproduction in
Egyptian Vultures when Overwinter Habitat Alteration (OHA) has taken place
during the study period (2000-2016) in Biscay, northern Spain. The models are list
ed from the most saturated fo the simplest, including combinations of variables.
For each model, the differences of AIC values (AAIC) with respect to the best
model (AIC=0) and K (number of employed parameters in each model) are
shown, as well as their relative weight (AICw). The best models are highlighted in
bold.

Nest reoccupancy Reproduction K
Variables employedin eachmodel AIC AAIC AICw | AIC AAIC AICw
Distance+screen+situation+surface 54.82 3.02 0.04 | 4534 251 0.09 4
Distance+screen+situation 53.52 1.72 0.08 | 42.83 0 034 3
Distance+screen+surface 5224 044 0.15 | 4794 511 003 3
Distance+situation+surface 5432 243 0.05 | 4585 302 0.08 3
Screen+situation 55.64 3.84 0.03 |47.41 458 0.03 2
Distance+screen 51.80 0 0.19 | 4590 3.07 0.07 2
Distance+tsituation 5431 251 005 4342 059 025 2
Distance+surface 53.94 214 0.06 |50.62 7.79 0.006 2
Situation+surface 57.36 5.56 0.01 |50.46 7.63 0.007 2
Screen+surface 54.07 227 0.06 |49.74 691 001 2
Situation 5431 251 0.05 | 48.52 5469 0.02 1
Distance 55.04 324 0.03 | 48.99 6.16 0.015 1
Screen 5218 038 0.15 | 47.83 5 0.02 1
Surface 5621 441 0.02 | 53.03 10.2 0.002 1
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Figure 3.1. Tukey box plot showing nest switching probability by Egyptian vultures
after OHAs (Overwinter Habitat Alteration)s around the nest during the reported
period (2000-2016), in Biscay, northern Spain.

Nest reoccupancy after OHA in the territory was conditioned by the
presence of a screen between the nest site and the OHA and, to a lesser
degree, the distance from and the area of the OHA (Table 3.1). Although
distance and area were selected into the most parsimonious models
(Table 3.1), their relative importance was low, due to high variability in the
response of territorial birds (Table 3.2). Screens significantly isolated nest
sites from the OHA area and reduced the probability of the pair moving

to another nest (Figure 3.2a).

The distance of the OHA from the nest site was a determining factor
conditioning reproduction (Tables 3.1 and 3.2). The next most important
factor was the situation of the OHA, and to a lesser extent the presence
of a forest screen. The area of the OHA did not affect reproduction
probability, since even small changes were enough to cause nest
switching. OHA located in front of the nest caused reproduction

probability to be low at distances of less than 600 m. In contrast, when
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OHA were located above, to the side, or behind the nest, the probability

of reproduction substantially increased (see Figure 3.2b).

Table 3.2. Results of GLMM for the most parsimonious model for Nest
Reoccupancy and Reproduction models (Table 3.1). The values of the estimator,
standard error, z and probability are shown. Significant values are highlighted in
bold.

Estimator St Error z P
Values Nest reoccupancy
Intercept -1.8599 0.740 -2.51 0.01
Distance 0.0022 0.001 1.49 0.14
Factor(Screening)1 1.7346 0.778 2.23 0.03
Reproduction
Intercept -2.7480 1.472 -1.87 0.06
Distance 0.0062 0.003 2.02 0.04
Factor(Screening)1 1.6827 1.083 1.55 0.12
Factor(Situation)front -3.746 2.060 -1.82 0.06
Factor(Situation)side 0.2229 1.322 0.17 0.86
Factor(Situation)opposite -1.8779 2.031 -0.92 0.26
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Figure 3.2. Plot (a) shows Egyptian vulture reoccupancy probability (obtained
from the model 6) in function of the distance of OHA when a screen was or was
not present, and the differences between these two (i.e., the variation in the
screen effect with distance tfo OHA). Plot (b) indicates the reproduction
probability (obtained from the model 2) in relation to location of the OHA in
reference to the nest-site (above, front, side and behind) and the distance (as
meters between OHA and nest sites).



After OHA, abandoned nest sites were not re-used for 4.8 = 4.64
years (range=1-14 years; n = 20). Ten nests were never used again, seven
were reoccupied after 2.86 + 3.24 years, and the remainder suffered OHA
more recently, hence insufficient time has passed to permit the effects to
be correctly evaluated. Two territories had only a single nest site so
breeders were forced to remain in the same nest even though OHA had
occurred. In such cases, the pair did not reproduce for years, despite using
the same nest site. Finally, two territories systematically suffered OHA near
the nest sites, which led to abandonment of the breeding area.
Furthermore, pairs that switched nests as a consequence of OHA had
reduced productivity compared to that observed in their habitual nests
(GLMM: Estimate = 0.4797, S.E. = 0.1427, t value = 3.362, P < 0.001; Figure

3.3).
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Figure 3.3. Model predicted values for BQIl (Breeding Quality Index) of Egyptian
vultures that switched nest site in response to OHA (Overwinter Habitat
Alterations) compared to BQI in the habitual nests (those in which vultures bred
for at least three consecutive years previous to OHA), during the study period
(2000-2016) in Biscay, northern Spain.



3.5. DISCUSSION

Our results show that the performance of temporary bans is lower than
expected, even if direct impact on Egyptian vultures’ breeding success
was prevented by forcing potentially disturbing activities to take place
outside the breeding season. Indeed, nest switching by Egyptian vultures
was strongly correlated with OHA near nest sites, despite the OHA taking
place in periods when the species is not present in the territory.
Furthermore, nest switching as consequence of OHA resulted in

comparatively reduced breeding success in subsequent years.

Previous studies carried out in the same target population showed
negative consequences of human disturbances on breeding
performance (Zuberogoitia et al., 2008, 2014). Thus, Egyptian vultures are
able to actively prevent possible threats by avoiding breeding in altered
environments (or disturbed areas), and so it is not surprising that human
activities limit the distribution of the species by altering nest site selection
patterns (Sen, Tavares and Bilgin, 2017). However, it is not easy to detect
indirect effects on the ecology of a species when there is no obvious
disruption of biological routine (i.e., no reproductive abandonment) in the
studied population. Moreover, subtle, indirect effects, such as those
reported in this study, are normally obscured by other hazards (e.g., direct
mortality) that threaten the survival of the species (Cortés-Avizanda et al.,
2009; Herndndez and Margalida, 2009). In addition, other unmeasured
factors, such as temporal frends in food availability, might obscure our
results. In fact, the temporal relationship between variations in trophic
diversity and productivity may suggest a causal link between variation in
diet and reproductive output (Margalida et al., 2012). In our case, long-

term monitoring data allowed us to discriminate the subtle effect of OHA.

Although species of medium size, such as Egyptian vultures, are less
constrained than larger species by the availability of a suitable substrate

for nesting (Newton, 1979), our results suggest that they are probably



obliged to move to other unaltered but usually low-quality nest sites
nearby, as has been reported for other raptors (e.g., Rodriguez-Estrella et
al., 1998). In our study area, Egyptian vultures showed a tendency to reuse
affected nest sites after a medium-term period. However, some nest sites
were not reused even after 14 years and two fterritories disappeared
putatively due to continuous habitat alterations. This could have effects
on population size and dynamics (see Gill, 2007). Furthermore if, as
suggested by our results, alternative sites are of lower quality, this leads to
reduced reproductive success in subsequent nesting events. The
productivity in habitual nests was much higher than that registered in
alternative nests (Figure 3.3), which is coherent with reports of other raptors
forced to use lower quality nest sites (Ferrer and Donazar, 1996; Mooney
and Taylor, 1996; KrGger et al., 2015). Thus, it is necessary to develop buffer
areas around habitual nest sites, in the hope that such planning measures
will minimize disturbance impacts and promote population persistence in
nesting areas (McCarthy et al., 1997; Dondzar et al., 2002a; Koch and
Paton, 2014).

In relation to buffering, we found that the presence of a screen
isolated nest sites and muffled the effect of OHA, thus increasing the
probability of nest reoccupancy. Forest patches were of great
importance when they were located between the OHA and the nest site,
whereas the size of the altered area (e.g., tree felling zone) and its
distance from the nest site were relegated to second place. Nevertheless,
these results must be interpreted carefully since the degree of cover, the
surface area involved, and the location of the screen should also be
considered. OHA close to the nest (Figure 3.2B) always resulted in
abandonment of the nest site, and the same effect was noted when works

produced large, empty areas.

An open question is why OHA result in nest switching. Surprisingly,
OHA across very small areas (i.e., 0.13 ha) resulted in switching of the nest

sife in some cases. Egyptian vultures are extremely cautious when they



approach the nest, and if there is any disturbance in the surroundings
during the breeding period they tend not to enter until the disturbance
ends (Zuberogoitia et al., 2008). A greater distance between the alteration
and the breeding site increased the probability of laying eggs in the
affected nest. However, not all altered locations in relation to the nest site
had similar effects. This might be explained by the degree of visual impact
when birds arrived at the nest site or when they were sitting on the nest,
and could explain why alterations located in front of, and at distances of
less than 600 m from the nest, significantly decreased reproduction
probability. Other infrinsic, and as yet unexplained, characteristics relating
to the situation of OHA are likely to be responsible for unfounded
differences when OHA were located to the side of the nest. Our results
suggest that tolerance to disturbance decreases when the stimulus is
closer and thus more focused (Russell, 1980; Holmes et al., 1993; Mordn-
Lopez et al., 2006). In this context, it is logical to think that species may
perceive OHA as a source of hazard around their nesting territories, and
consequently adopt avoidance strategies to reduce the effect of
determinate human activities (see Mordn-Lépez et al., 2006). It is possible
that OHA zones have higher human frequentation during subsequent
years (e.g., afforestation activities, recreation activities favoured by open
areas) that are more visible after the affection, and thus there is a higher
probability of anthropogenic disturbances during the subsequent
breeding seasons. We must also stress that individual differences may
condition the magnitude of the effect. Some individuals may be more
tolerant than others to OHA, and the effects of the latter may also depend
on the degree to which the birds are accustomed to human activities
around the nesting area. There is growing evidence for differences in
personality in animals, affecting their response to cues such as human
presence (Carere and Maestripieri, 2013; Haage et al., 2017). Likewise,
nest site quality and environmental variability could affect the variability

in Egyptian vulture response to OHA. Individuals in territories of higher



quality (i.e., with more and better nest sites available) could be more
resilient to OHA.

Implications for management

Some management actions only aim to palliate specific problems faced
by the species (Carrete et al., 2007). For example, temporary bans issued
during critical periods (i.e., nest building, incubation and chick raising) to
reduce the likelihood of nest abandonment (Harness, 2007). Zuberogoitia
et al. (2014) found that the ban on habitat alterations during the breeding
season precluded direct impacts on breeders and nesting failure but did
not prevent effects in the following years. Our results show how the
modification of non-key habitat structures in the proximity of the nests
friggers responses in the subsequent breeding season, resulting in
displacements to lower quality habitat and decreased productivity. In
order to guarantee the persistence of pairs in nests and reproduction,
some actions must be implemented. We suggest first assuring a buffer
area with forest patches (screen) around the nest site in order to achieve
reoccupancy of the previous year's nest. Second, any OHA in front of the
nest should be avoided at distances of less than 800 m. Third, those OHA
located above, behind, or to the side of the nest should be carried out
beyond a 600 m radius, thus obtaining an 80% probability of reproduction.
We recommend that management models to assure Egyptian vulture
conservation should consider the following six points: (1) the number of
nest sites per territory, (2) the importance of the nest site for the territory
(habitual or alternative nest), (3) the number of years that the nest has
been used in the last decade, (4) the synergic effects of different OHA in
the nest sites of a territory during the last decade, (5) the position of the
evaluated OHA and (6) the presence of a screen between nest site and
evaluated OHA. Furthermore, temporary bans are common practice in
conservation biology yet their performance has rarely been critically

analyzed. Our results suggest that such bans ameliorate impacts but do



not completely avoid them. Consequently, we encourage further testing

of their performance on other endangered species.
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Management actions promote human-
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landscapes: the case of an endangered
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4.1. ABSTRACT

Anthropised landscapes are characterised by various human activities
related to resource extraction, recreational activities, and urbanization,
among others. Conservation of species living in such landscapes is
challenging due to the lack of compatibility between wildlife and human
needs, which can create win-lose scenarios for target species. Therefore,
adequate management practices are necessary to reduce conflicts and
promote coexistence between wildlife and human beings. Here, we test
the effectiveness of management measures on the productivity of an
Egyptian vulture population living in an anthropised region of Northern
Spain by using long-term monitoring data (2000-2020). During the first
decade, we demonstrated that disturbance events negatively affected
the species reproduction. Therefore, in 2010 we started a management
plan in which we first established a basis for the species protection, and
second we developed management actions to avoid or reduce the
impact of potential disturbance events on the Egyptian vulture’ breeding.
We observed that almost half of the disturbances detected after the
management was related to resource extraction activities such as forestry
(40.6%). Management measures effectively increased productivity (84 vs
137, chicks fledged successfully before and after, respectively) and the
breeding success of the pairs in which the disturbances were detected
and stopped (66.7%) was much higher than those non-managed and
non-stopped in time (17.4%). Moreover, we estimated that 44 nestlings
(32.1%) would have died without management actions during the second
decade. Overall, our work demonstrated that collaborative networks can
design and implement effective management measures for endangered
territorial species, taking into account all agents involved (policymakers,
rangers, stakeholders, general public, and researchers) in the
conservation area. Thereby, it alleviates conflicts in human-dominated
ecosystems and generates a balanced scenario that favours long-term

sustainable human-wildlife coexistence.






4.2. INTRODUCTION

As human population increases, so does the impact caused on
ecosystems and species living on them (Venter et al., 2016). Currently, only
42-50% of the Earth’s surface could be considered free or exhibiting low
levels of human disturbances (Riggio et al., 2020). In fact, 20% of the
planet’s terrestrial surface is classified as built-up or cropland (Defourny et
al., 2017), but only 15% of Earth’s land surface is formally under protection
(UNEP-WCMC, IUCN, and NGS, 2019). This means that majority of the taxa
are now living in environments under moderate and high human pressures
(O'Bryan et al., 2020). Such environments, namely anthropised
landscapes, are characterized by intense and abrupt land-use changes
derived from different human activities (e.g., resource extraction activities,
recreational activities, agriculture, hunting, among others) and urban
development (Newbold et al., 2015). Therefore, the organisms inhabiting
anthropised landscapes have had their behaviour, physiology,
phenology, and life history fraits negatively altered (Gaynor et al., 2018;
Sanders et al., 2020; Wilson et al., 2020), which can in the worst cases
ultimately result in population declines and exfinctions with severe

ecological impacts (Wilson et al., 2020).

Management of threatened and endangered species requires
decision making in the face of uncertainty (Runge, 2011). Complex
management decisions necessitate a management approach that
supports effective decision-making and incorporates practitioner
knowledge changes as management progresses (Dreiss et al., 2017).
Usually, management actions are based on measures in which actions
focus only or mostly on target species and do not consider humans
inhabiting the same areas. This leads to conservation conflicts in which
one of the relevant parties is excluded from the conservation and
management participatory processes (Redpath et al, 2013).

Conservation in anthropised landscapes could be particularly challenging



since it requires knowledge not only of the *how” and “where” some
species thrive and persist but also of the social, cultural, and economic
context themselves (Blackwell et al., 2016). However, in some cases,
human intervention takes more weight at the time of reversing population
declines or palliating the effects of different human impacts (Bolam et al.,
2020). To improve conservation planning in such conditions or
environments, both the spatial variation in causes generating the conflicts
and the target species’ particular requirements must be identified (Ferrier
and Wintle, 2009). This holds especially true for territorial species with high
ecological requirements and slow reproductive rates which are frequently
on the brink of extinction and involved in most conservation conflicts

(Ripple et al., 2014; van Eeden et al., 2018).

Raptors are declining quicker than other birds, with 52% of species
in decline and 18% currently classified as threatened with extinction.
Vultures, and particularly Old-World vultures, are by far the most
threatened group within them, with 12 of 16 species listed as Endangered
or Critically Endangered (McClure et al., 2018; BirdLife International, 2020;
McClure and Rolek, 2020). Deliberate or unintentional poisoning events
(Plaza et al., 2019; Aresu et al., 2020), conflicts with farmers depending on
regional differences of livestock management (Margalida et al., 2014;
Duriez et al., 2019), and low survival probability due to accidents with
infrastructure, such as electrocution and collision with power lines and
wind turbines (e.g., Dondzar et al., 2002; Ogada et al., 2016; Badia-Boher
et al., 2019; Arrondo et al., 2020) are among the main hazards for this avian
group worldwide. Their particular biology and life history (delayed sexual
maturity and low productivity, Dondzar, 1993), together with the above-
mentioned threats, caused vulture populations to plummet worldwide
(Ogada et al., 2012). This situation urged scientists to delineate priority
areas for conservation based on species-level risk assessment (Santangeli
et al., 2019). Nevertheless, problems identified at broad scales might not

reflect local-level factors (Efrat et al., 2020). Vulture populations in Europe



are threatened by several hazards, that greatly vary among socio-
economic and political situations of different countries or, even, within
countries (see for example Olea and Mateo-Tomds, 2014). In highly
anthropised landscapes, setting aside large areas of land for conservation
might not be feasible due to intensive uses for recreational or economic
activities. Further, usually there are areas or locations of high conservation
value (e.g., nest sites, feeding sites) that are dispersed outside protected
areas, often close to cities and villages, and subject to unique and
variable pressures. These sites can support, altogether, a relevant part of
the population and their dynamic management is needed to make
conservation compatible with other uses, and enhance conservation
efforts focused on protected areas. In order to improve conservation
measures and reduce conservation conflicts, based on sound scientific
evidence, the participation and coordination of authorities, managers,

ecologists, and other social actors is needed (Redpath et al., 2013).

The Egyptian vulture (Neophron percnopterus) is a medium-sized,
long-lived, monogamous, scavenger (Ferguson-Lees and Christie, 2001).
Western European mainland populations spend the winter (and usually
their first year of life) in the sub-Saharan Sahel region (Phipps et al., 2019),
although a non-migrant population was detected in South-western Spain
(Morant et al., 2020a). It is listed as globally endangered due to severe
declines experienced throughout its range (BirdLife International, 2020).
This is a species with a slow life-history, showing deferred maturity, and low
fecundity (0-2 fledglings per breeding attempt; Serrano et al., 2021). They
breed in cavities and on ledges on cliffs located in open landscapes,
usually in rugged, arid regions (Dondzar, 1993). Breeding pairs arrive from
their winter grounds in Africa in late February and early March and remain
in their territories until mid-September/October (Phipps et al., 2019). They
generally reuse the same nest unless they are disturbed during sensitive
phases, or the nest area is altered (Zuberogoitia et al., 2008; Morant et al.,
2018).



The Egyptian vulture population in Biscay, northern Spain, is made
up of 18-25 occupied territories. It occupies mountainous landscapes, far
from towns and villages, where extensive caftle farming and timber
extraction are the main economic activities. Breeding success and
productivity in this population are affected by adverse weather conditions
(mainly rainfall, Zuberogoitia et al., 2014), but mostly by disturbance
derived from human activities (Zuberogoitia et al., 2008). In fact, the
population suffered a severe decline in productivity during the first
decade of 2000s, mainly due to the direct impact of recreational activities
and forestry during the breeding period (see Zuberogoitia et al., 2008;
2014). In order to revert this situation, we started a management program
in 2010 aimed at reducing the impact of human activities on Egyptian
vultures' breeding success and hence, increasing population viability
(Zuberogoitia et al., 2014). This program, which was ongoing at writing this
paper, has been designed to reconcile conservation pactices that
account for crucial species requirements with human activities (see, for
instance, McCarthy and Possingham, 2007). In our study areq, these
activities include outdoor sports, recreational activities, road-works, and
impacts associated with quarries, among others. In this study, we show
how management measures have successfully helped to solve
conservation conflicts in landscapes subjected to several human
activities. Using long-term monitoring data (2000-2020), we test the
effectiveness of management measures on the Egyptian vulture
population inhabiting a highly human-modified area. Here we assess
whether these management actions on breeding territories subjected to
various disturbance regimes have effectively benefited the study
population. Finally, we discuss future directions and challenges to mitigate

vulture-human conservation conflicts.



4.3. MATERIALS AND METHODS

Study Area

The study was conducted in Biscay (northern Spain; area 2,384 km2;
coordinates from 43°11'00" to 43°12'70" N and from 3°12'70" to 2°13'10" W).
It has an Atlantic climate and mild temperatures with a thermic oscillation
of 12°C from the coldest to the hottest months and 1,200-2,000 mm of
rainfall distributed throughout the vyear (Euskalmet.eus, 2021). The
landscape is mountainous and densely populated (520 inhabitants/km2;
Eustat.eus, 2020), with extensive urban and industrial areas, mainly located
in valley floors and on the gentler slopes, while mountain areas support
semi-natural landscapes and wildlife. Overall, 79% of the area is
dedicated to forestry (Euskadi.eus, 2019). Forestry plantations (Pinus
radiata and Eucalyptus spp.) have become widespread in the last 80
years, gradually replacing grazing land for extensively reared livestock,

traditional agricultural activities, as well as a few remnants of native forest.
Field Work and Data Collection

Annually, between 2000 and 2020, from February to September, we
surveyed and monitored known and possible breeding areas to
determine the location of all territories and nests of Egyptian vultures
(between a minimum of 18 and a maximum of 25 territories per year). From
2000 to 2020, we identified 25 different breeding territories and monitored
86 nest sites within them (mean £s5.d., 3.44 £ 1.61 nest sites per territory, and
range = 1-7), that were used at least once in these 21 years. Although
Egyptian vultures had several nest sites in each territory, they normally
used one or two as preferred nests (Morant et al., 2020b). We examined
changes in occupancy, breeding parameters (breeding success and
productivity), and population trends (number of territories and breeding

pairs per year). We used 20 x 60 telescopes to observe nests from vantage



points located far enough to preclude disturbing the breeders (mean

distance: ca. 1,000 m; range: 442-2,826 m; Zuberogoitia et al., 2008).

Monitoring also included the assessment of disturbances within
breeding territories from the last weeks of February to middle September.
Disturbance variables were measured in a 1,000 m radius around the
occupied nest sites (Zuberogoitia et al., 2008; Morant et al., 2020b). On
average (s.d.), 13 (3.7) experienced observers spent 265.5 (77.1) survey
hours in 107.4 (162.2) survey days per year. Human activities observed in
the vicinity of the nest site that could disturb vultures during reproduction
were: forestry works (cuts, clear-cuts, afforestation, and opening of new
forest tracks); operation of quarries; public works (building or maintenance
of roads, electric lines, and gas pipelines); cars, motorcycles and tractors
passing or parking in the vicinity of the nest sites; climbers, hikers, mountain
bikers, helicopters, paragliders, photographers, and birdwatchers; illegal
hunting; outdoor sports (pedestrian and mountain bike racings); and fire.
We considered the alert behaviour (when a at least one vulture was
prevented from entering its nest and flew around the cliff in apparent
uneasiness, Zuberogoitia et al., 2008) and the reproductive parameters
(incubation, changeover rate, feeding rate, and others, Morant et al.,,
2019) to asses the intensity of disturbing events. According to their duration
and frequency, disturbances were classified into: (1) low: low level,
specific, non-recurring disturbances (i.e., occasionally detected and did
not cause an evident alert behaviour and did not alter the normal
reproductive behaviour of the Egyptian vultures; e.g., people practicing
sports or forestry and farming works for short periods (less than 1 or 2 h) and
far from the nest site (>600 m, considering the 1 km radius); (2) medium:
one-off high level or medium-level disturbances (i.e., when disturbance
duration extended for several hours; e.g., multitudinous races during one
whole day, large vehicles, or machines working for several hours); and (3)
high: chronic and high-level disturbances (i.e., detected through all day,

or during several days, or when the effect was permanent; e.g., forestry



activities, works related to the construction of new infrastructures and
actions which produced direct disturbance, permanent alert behaviour
of the adults and negative changes in the expected rate of reproductive
parameters, during the entire activity period). High-level disturbances can
carry on temporal (e.g., machines and vehicles working) or permanent
habitat changes (e.g., opening of new roads, trails and paths close to
nests, or forest cuts which eliminate protection patches of vegetation
around the nests) and, consequently, they can influence nesting in the
future (Morant et al., 2018). Further, considerable modification of areas
surrounding nesting sites (permanent habitat changes), even if they take
place during the winter -when breeders are absent from the area-, can
push adults to move to alternative, less preferred or lower quality sites,
resulting in higher chances of failure in subsequent nesting events (Morant
et al., 2018).

Establishing the Basis for the Species Protection

In 2010, the local government, Biscay County Council (hereafter, BCC),
implemented a series of measures to address the activities that most often
and seriously interfered with the Egyptian vultures’ breeding, as identified
in the 2000-2009 period. These included: (a) A climbing management plan
for wildlife conservation (Web.bizkaia.eus, 2010)1. In this document,
authorities regulated sites and periods in which climbing is allowed.
Further, this plan is continuously updated and adapted to changes in nest
site location of target species, mainly Egyptian vultures. (b) The BCC also
implemented an inter-department management plan to enhance
coordination with the forestry department and reduce the impact of
forestry activities on wildlife, especially on Egyptian vultures. The main
objective of this plan is to prevent forestry works and related activities
around nest sites during the breeding period (from 1st March to the end
of September) and to conserve local landscape around nesting sites.
Finally, (c) from 2011 onward, the BCC started regulating outdoor sports,

mainly outdoor races (pedestrian, bike, and motorbike). These



management actions were legally regulated in 2018 (Bizkaia, 2021a;b).
Every year, outdoors racings must apply for a permission and are
evaluated by wildlife managers to verify that routes avoid commonly used
nest sites and nesting territories of Egyptian vultures during the breeding

season.

In 2015, the BCC passed the Management Plan of Vultures in the
Basque Country (Bizkaia, 2021c¢). The main goals of that document are: (1)
To assure the protection of Special Interest Areas (SIAs: areas where
abundance and diversity of vulture species are fundamental for the long-
term conservation of their populations) and Critical Areas (CAs: vital areas
for Egyptian vulture survival and conservation); (2) to mitigate the non-
natural mortality causes; and (3) to reduce human disturbances in the
breeding, foraging and roosting areas. The Plan establishes critical periods
for the species, from the 1st March to 15th September. The Plan also
establishes general guidelines for Environmental Impact Assessments to
assure the conservation of the target species through habitat retention

and restoration, as well as monitoring breeding success.

Overall, BCC environmental managers assessed 5,095 files from 2010
to 2019, where the potential disturbance events on Egyptian vulture
breeding territories was evaluated (Figure 4.1). Managers reported on the
activities and allowed, denied or delayed them according to the
potential impact on Egyptian vulture breeding performance. The
potential impact of submitted activities was assessed considering (1) the
number of nest sites known within that territory, (2) the frequency of use of
the potentially affected nest site and when it was last used, (3) the
distance and the position of the activity relative to the nest site (e.g., in
front, at side, or back) of the intervention, and the presence of a buffer
area (e.qg., forest patch) between the nest site and the alteration area,
and (4) whether other alterations were recently made within the 1 km
radius and the possibility of synergistic effects with previous activities. In

any case, any activity that could generate a disturbance within the 1 km



radius around the 86 known nest sites must finish before the end of

February, when Egyptian vultures arrive at our study area.
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Figure 4.1. Inter-annual variation in the number of files developed by Biscay
County Council (BCC) environmental managers, where potential disturbance
events on Egyptian vulture breeding areas were evaluated after the onset of the
adaptative management program (2010) until 2019 (at the time of the writing,
there are no available data for 2020). We considered five groups of potential
disturbance events: forestry (cuts, clear-cuts, afforestation, and forest fracks; n =
1012 files); farming (activities related to habitat changes for livestock; n = 103
files); works (building or maintenance of roads, electric lines, gas pipelines, and
quarries; n = 2577 files); sports (outdoor races, MTB races, and climbing; n = 639
files); and, others (new routes and tracks for climbing, walking and mountain
bikes, photography projects, and game activities; n = 764 files). The lines showed
the smoothed conditional means by using “loess” method in the package

“ggplot2.”
Management Action Plan for the Species Conservation

In 2010, BCC environmental managers started applying management
actions and a special monitoring protocol for preventing human
disturbances in Egyptian vulture breeding territories. Annually, before the
arrival of this migratory species from Africa to the study area, the first

management measure consisted of preventing habitat alterations within



1 km of each of the 86 nest sites. Human activities that could potentially
modify landscape and vegetation around nest sites (e.g., opening tracks
or falling timber plots; see Morant et al., 2018 for details on such activities)
must be approved by BCC environmental managers following the basis

for the species protection.

After the arrival of the species to the study area, ecologists and
rangers systematically monitored Egyptian vultures (Morant et al., 2020b).
The first individuals usually arrive during the third week of February. The
breeding cycle of Egyptian vultures starts with nest repair and nest building
and courtship; both activities take place simultaneously and start 25 days
before the onset of incubation (Morant et al., 2019). At this time, mates
typically use a resting site close to the selected nest site. Therefore, we
could reliably identify the breeding site at the end of March. In the study
areq, incubation starts, on average, on April 17th (Morant et al., 2019).
However, the activity restrictions around all known nest sites used during
the last two decades lasted until assuring incubation onset and the
selected nest site. Afterward, managers authorized those activities that
had been stopped in the non-selected nest sites while the activity

restrictions continued around the active nest sites.

Then, from the onset of incubation until offspring fledge, ecologists
and rangers monitored reproduction of all the territories. In this period, no
disturbance events are expected to occurin the nesting areas. Every non-
authorized disturbing activity detected within the 1 km radius of the active
nest sites previously defined was immediately reported to BCC
environmental managers, the potential hazard to the species analysed by
managers, in conjunction with ecologists if required, and stopped
immediately if deemed potentially hazardous to the species. Some
disturbance events were successfully managed and quickly stopped
before causing any obvious impact, but others could not be managed
and stopped in time to avoid deleterious effects on the breeding territory.

Low-level disturbance events were particularly difficult to manage in time



to avoid negative effects. Management actions were then focused to
prevent similar events (e.g., warning signs and awareness campaigns). In
particular cases, if a disturbing activity had to be carried on by major force
reasons, infensive monitoring of the pair was conducted, and some
activities and their timing were consequently regulated. Normally, no
disturbing activity was allowed during incubation and the first weeks of life
of nestlings. During this time, ecologists and rangers analysed the breeding
behaviour of the target pair according to the patterns described by
Morant et al. (2019), and stopped any disturbance events that affected

the behaviour and could cause the loss of the clutch or nestlings.

The potentially disturbing activities were only allowed once the post-
fledgling dispersal began, the exact date of which varies among pairs
from the first weeks of August to the end of September, or when natural
failure of the reproduction event was detected (mainly due to intensive
and continuous precipitations, see Zuberogoitia et al., 2014). Thus, the
date on which disturbances were allowed was individually tailored to

each breeding attempt.
Data Analysis

In order to assess the effectiveness of management actions over the
breeding territories, we ran Generalized Linear Mixed Models (GLMMs)
fitted with the Laplace approximation (Bolker et al.,, 2009), with
productivity (number of successfully fledged offspring; 0, 1, or 2) as the
response variable. We favoured a Gaussian error distribution over a
Poisson one since the variance to mean ratio clearly departed from 1
(e.g., in the global model, x =0.647, 02 = 0.475) and data were right-
truncated. Further, the Gaussian distribution has been shown to perform
well with small count data such as clutch sizes (see McDonald and White,
2010 for more details). Territory and nest were entered as random factors
(the second nested within the first), to account for the lack of

independence of data due to the reuse of the same nests throughout



different years. In a previous work (Zuberogoitia et al., 2014), we built a
model selection using three subsets of predictor variables: nest site
variables, weather variables, and disturbance variables. The disturbance
model (only the disturbance variable) was the best model among the
model selection procedure carried out by Zuberogoitia et al. (2014).
Therefore, we considered disturbance as predictor in our model, and we
also included management (0 = before, 1 = after management) and the
interaction between disturbance and management as fixed factor
variables. The interaction between the two factors allowed us to
investigate the effect of disturbance regimes in species productivity and
to assess the efficiency of the management actions. It is important to
remark here that all disturbances recorded during the second decade
and coded here as “after management” were real disturbances that
were taking place, or about to be started (for instance, employers and
machines deployed in the field, and just prepared to start working), when
detected and stopped immediately or in a few hours of being detected.
Therefore, we assumed they were real threats that, if unmanaged, would
have provoked similar effects on breeding success as they really had in

the previous decade.

In order to assess the contribution of our management approach to
population dynamics, we estimated the number of fledglings that would
have been lost without it. For this end, we considered the average
predicted productivity for disturbances of medium (0.07 fledglings per
breeding pair) and high (0.007 fledglings per breeding pair) level obtained
from the model, considering data of 2000-2009. Then, we took into
account cases of high and medium-level disturbances that were
successfully managed in the second decade, and selected only those
that raised (1 or 2) fledglings. For these nests we changed the actual,
observed number of fledglings for the average expected in case we had

not successfully managed the disturbances.



All statistical analyses were performed using the R software (R 4.0.2).
GLMMs were run by using the “Imer” function implemented in the
package “lme4” (Bates et al.,, 2012). We estimated the marginal and
conditional variance explained by our model by using the “rsquared”
function implemented in the package “piecewiseSEM” (Lefcheck, 2015).
Finally, we visually inspected the normality of the residuals of our model by
using the “ggresid” pannel function implemented in the package
“ggresidpannel” (Goode and Rey, 2019). P-values were estimated by
using the package “afex” (Singmann et al., 2021). Model performed well
according to the distribution of the residuals. All the figures were done by
using the package “ggplot2” (Wickham, 2016). Mean values are reported

with (%) their standard deviation. Statistical significance was set at P < 0.05.

4.4. RESULTS

The management actions significantly reduced the impact of
disturbances on Egyptian wvulture breeding success. Before the
implementation of management actions, we monitored 207 breeding
attempts of Egyptian vultures, 136 of which started reproduction (i.e., at
least one egg was laid) and produced 87 fledglings (Figure 4.2). In this
period, 2000-2009, we detected a significant negative effect of medium
and high-level disturbances on productivity (Tables 4.1, 4.2 and Figures
4.3A,B). After the implementation of management actions, 2010-2020, we
monitored 218 breeding attempts, 185 of which started reproduction and
produced 134 fledglings (Figure 4.2). In the first decade, the number of
pairs that did not breed (7.1 £ 1.9 per year) was more than twice that
detected in the second decade (3.0 = 2.0 per year; t student = 6.25, P <
0.001). Moreover, after the implementation of the management protocol,
we detected 148 events related to disturbances that could affect
Egyptian vulture breeding success: 17 low-level disturbances, 59 medium-

level disturbances, and 72 high-level disturbances (Table 4.1). From them,



11.7% of the low-level, 47.5% of the medium-level, and 65.3% of the high-

level disturbances were managed and stopped.
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Figure 4.2. Inter-annual variation in the number of territories (i.e., territorial pairs
showing breeding behaviour), breeding pairs (i.e., pairs that lay at least one
egg), number of fledglings successfully raised and the predicted number of
fledglings that would have been produced without adaptative management.
The vertical line shows the beginning of the management actions (2010).
Coloured dots represent raw data poinfs. The lines showed the smoothed
conditional means by using “loess” method in the package “ggplot2.”
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Table 4.1. Disturbance events detected within the 1 km radius of the nest site of
Egyptian vultures from 2010 to 2020. Three types of disturbance were considered
according to their magnitude and persistence (low, medium and high) and
whether they were successfully managed fo avoid their impact on species
reproduction. The number of cases for each disturbance type and the number
of breeding attempts that affected are considered, as well as the final
productivity (number of fledglings/pairs that start reproduction).

Low Medium High
Managed Non- Managed Non- Managed Non-
managed managed managed

Cases 2 15 28 31 47 25
Breeding 2 14 24 28 4] 17
attempts
Fledglings 3 15 22 9 47 3
Productivity 1.5 1.07 0.92 0.32 1.15 0.18

Table 4.2. Results of GLMM considering productivity (number of fledglings) of
Egyptian vultures as the response variable and disturbance types (null, low,
medium and high), management (0 = before management, 1 = after
management) as predictive variables (fixed factors) and the interaction
between the two. The reference level for the fixed factor is the disturbance type
null. The values of the estimator, standard error, the f-value, ifs corresponding P-
value and the marginal (R2 m) and conditional (R? c) variances are shown.
Significant values are highlighted in bold.

Estimate St.error t-value o) R2m (%) R2c (%)

Intercept 0.900 0.104 8.644 <0.00 14.96 52.94
1
Disturbance: Low -0.067 0.165 -0.407 0.684
Disturbance: Medium -1.092 0.169 -6.441 <0.00
1
Disturbance: High -0.737 0.179 -4.104  <0.00
1
Management -0.337 0.117 -2.878  0.004
Disturbance: 0.431 0.220 1.958 0.051
Low*management
Disturbance: 1.108 0.194 5.694 <0.00
Medium*manageme 1
nt
Disturbance: 0.662 0.203 3.254 0.001

High*management
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Figure 4.3. The figure A) Temporal frends in the number of fledglings per breeding
pair (pairs that lay at least one egg) during the whole study period (2000-2020)
considering the disturbance regime (null, low, medium and high) that affected
the breeding territories before and after the management action plan. Shaded
areas represent 95% confidence intervals. The dashed vertical line shows the
beginning of the management actions (2010). The B) and C) graphs showed the
predicted values for productivity (ie number of fledglings successfully raised per
pair that started reproduction) depending on the disturbance regime before
(2000-2010) and after (2010-2020) adaptative management, respectively.
Boxplots show the median, the upper and lower quartiles and whiskers indicate
variability outside them. Coloured and black dots represent the raw data points
in each case.



In the managed period, almost half of the disturbance events

detected after the management actions were implemented were related
to forestry practices of which 58.9% of the detected cases were managed
and stopped (Table 4.3). The breeding success (percentage of pairs that
successfully breed per the number of pairs that start reproduction) in the
managed cases (66.7%) was ca. 4 fimes higher than those that could not
be managed and stopped in time (17.4%). Moreover, we detected the
shifts in nest sites in two managed cases and five in non-managed cases.
Activities related to works and quarries were previously analysed and
protocolized, and most of them were correctly managed, showing a high
rate of breeding success (Table 4.3). Outdoor sports, mainly individual or
small group activities, people walking in the field or other activities (e.g.,
illegal hunting or fires, photographers, and maintenance works in
buildings), were difficult to detect and to manage in time to avoid

deleterious effects on reproduction (Table 4.3).

During the implementation of management actions, we detected
a statistically significant reduction in the effect of medium and high-level
disturbances on productivity (Table 4.2). Still, there were differences in the
productivity of those territories affected by these medium and high-level
disturbances and those affected by low-level disturbances (Figures
4.3A,C). In this case, the marginal variance was only 2.4%. In the managed
period, we did not avoid 31 medium-level disturbances of 28 breeding
attempts that finally produced nine fledglings (0.32 fledglings per
breeding pair) and 25 high-level disturbances of 17 breeding attempts
that finally produced three fledglings (0.18 fledglings per breeding pair).



Table 4.3. Main disturbance events detected within of nest sites of Egyptian
vultures during the study period (2000-2020): Forestry activities; quarry derived
activities; public works; manned aerial vehicles and paragliding; outdoor sports
(climbers, pedestrian and MTB racers); recreation activities (hikers, mountain
bikers, photographers, birdwatchers); and others (illegal hunting, motorcycles,
music festivals). The table shows the number of disturbance events and how
many of them were managed or not, and in each case the number of pairs that
switched to other nest, the number of fledglings raised and the breeding success
(percentage of the number of successfully pairs/number of pairs that started
reproduction).

Disturbance Nest Breeding

events N Managed N  switching Fledglings success

Forestry

activities 56 yes 33 3 28 66.7%
no 23 5 6 17.4%

Outdoor sports 18 yes 5 1 4 60%
no 13 3 6 38.5%

Quarry derived

activities 14 yes 14 0 16 85.7%
no 0 0 0 0%

Public works 14 yes 12 1 13 75%
no 2 0 0 0%

Recreation

activities 13 yes 1 0 1 100%
no 12 3 8 50%

Manned aerial

vehicles and

paragliding ) yes 2 0 1 50%
no 4 0 3 50%

Others 17 yes 7 0 4 57.1%
no 10 ] 5 40%

Taking info account the results of the 21 monitoring years (global
period), we found significant differences considering the interactions
between the four disturbance types and managed actions (Table 4.2 and

Figure 4.3).

Considering the average predicted productivity, 44 nestlings (32.1%
of the chicks raised in the 2010-2020 period) would have died if

management actions had not been implemented (Figure 4.2).

Overall, 72% of breeding attempts that suffered disturbances failed

to breed prior to the implementation of management (2000-2009),



whereas, under management (2010-2020) the number of failures due to

disturbances affected 49% of the breeding attempfs.

4.5. DISCUSSION

The long-term monitoring of the Egyptian vulture population in the study
area allowed us to identify the effects of one particular threat: the effects
of disturbance on breeding success and productivity (Zuberogoitia et al.,
2008; Morant et al., 2018). We also studied the effectiveness of
conservation measures taken to revert these effects (Zuberogoitia et al.,
2014). The number of studies identifying threats and assessing the
effectiveness of management measures on species, populations, and
ecosystems has notably increased during the last decades (Richardson et
al., 2020). Recently, Bolam et al. (2020) showed that conservation actions
prevented 21-32 bird and 7-16 mammal extinctions since 1993, and 9-18
bird and two to seven mammal extinctions since 2010, thus showing the
effectiveness of such actions in reversing negative tfrends and stimulating
further actions. Such studies usually require a long-term effort to evaluate
their effectiveness, particularly in long-lived territorial species like vultures,
whose intrinsic life-history traits (e.g., delayed maturity, long-migration, and
low productivity) makes them especially vulnerable (Sergio et al., 2011;
Sanz-Aguilar et al., 2017; Badia-Boher et al., 2019). Notwithstanding, these
studies should account for and enhance stakeholder and manager
participation to promote long-term success of management actions
(Durant et al., 2019). This is particularly relevant in anthropised landscapes
where conservation conflicts emerge from competing interests (Redpath
et al., 2013). The management framework implemented in our study area
helped to reduce uncertainty about the effects of human activities on
breeding Egyptfian vultures, and demonstrated how coordination
between all actors (i.e., ecologists, policy makers or managers,

conservation practitioners, socio-economic entities, and the general



public) can alleviate conservation conflicts and ensure the persistence of

threatened species.

Despite the high cost that long-term monitoring entails (Morant et
al.,, 2020b), the evidence-based information we obtained allowed us to
make critical decisions on when to monitor and when to act (Bennett et
al., 2018). Our measures have been adapted through tfime as both human
practices and species responses changed. We had previously found that
even though most of the forest logging activities were conducted in
winter, they still had animpact on species re-occupancy and productivity,
where those territories affected by habitat changes exhibited lower re-
occupancy rates and breeding success (Morant et al., 2018). Therefore,
to reduce the impact in the buffer areas, we extended conservation
measures in both space [from the 600 m first proposed by Zuberogoitia et
al. (2008) to 1 km radius] and time (including non-breeding periods, when
this migrant species is not present in our study area, Phipps et al., 2019;
Morant et al., 2020a).

Conservation approaches in general have traditionally focused on
large, pristine, and remote areas where sources of disturbance like those
described here are rare or absent. However, in highly anthropised
landscapes it is not feasible to spare large areas devoted only to
conservation and there is an increasing demand of natural and semi-
natural areas for recreational activities (Larson et al., 2016). Yet, these
areas close to human population centres can harbour endangered
species or other elements of high natural value, as in our case study. Most
timber related activities and outdoor sports had never been restrained
due to conservation issues before 2010 when we started applying the
protocol and regulating those activities around nest sites. During the first
years of management, we made a communicative effort and tried to
convince stakeholders and the general public about conservation issues
and management measures to reduce or avoid disturbance on nesting

vultures. As a consequence, most stakeholders, mainly those related to



forestry, quarries and road-works, successfully adapted to conditions and
limitations of conservation protocol. However, some stakeholders
disagreed with our measures and regularly complained against them.
What is more, there are still some outlawyers who did not agree to follow
the management measures and required monitoring to prevent
disturbance events. In fact, even protected areas with strict biodiversity
conservation objectives suffer increasing levels of intense human pressure
worldwide (Jones et al., 2018). Most of the disturbance events described
in this article were detected while occurring, mainly forestry activities and
outdoor sports, and BCC managers developed the managing protocol to
stop them immediately. Regrettably, in some cases, we detected the
activity too late. This explains why the percentage of breeding success of

managed activities was not higher than we would expect.

Our results show that management measures greatly improved vital
life-history values of Egyptian vultures; in fact, our study suggests that 44
fledglings may not have survived without conservation measures during
the second decade of our study. However, we also must consider that
those measures previously adopted by BCC, the basis of the
management protocol, had a positive effect on the species conservation.
During the first decade, we detected several pairs that occupied the
territory, tried to breed but never achieved to lay eggs or failed during the
first days. However, as we identified these problems and management
measures were adapted, the number of breeding pairs increased and
arrived close to the number of actual pairs (Figure 17). This is a critical
outcome given the delayed maturation, low-productivity and strong
fidelity to the breeding site of the species (Sanz-Aguilar et al., 2017). For
instance, Serrano et al., (2021) showed that natal dispersal distances of
Egyptian vultures were negatively related to natal breeding population
density and population trends (social cues). Hence, increasing the
breeding success with low adult mortality rate, as our case (Zuberogoitia

et al., 2009), would help to increase the viability of Egyptian vulture



populations, not only in the target area but also in the neighboring regions
since they play an essential role in demographic processes such as source-
sink dynamics (e.g., Herndndez-Matias et al., 2013; Lieury et al., 2016;
Weegman et al., 2016; Sanz-Aguilar et al., 2017; Soriano-Redondo et al.,
2019).

Conservation programs that succeed in reducing and palliating the
main threats to target species and identify and engage with all
stakeholders to implement solutions, particularly in areas of conflict with
high human density, should be regarded effective. Management
measures accompanied by effective participation among stakeholders
improve relationships, increase trust, and reduce conflict (e.g., Reed,
2008). Recognizing the important role of each and every actor is crucial
toward constructing transparent and trustful relationship among
interested parties (Redpath et al., 2013). For example, a key way for
conservation managers to access relevant and updated scientific
knowledge is through direct contact with ecologists, who conduct field
research within the sites they manage (Durant et al., 2019). Similarly,
ecologists should realize that decision-makers have to deal with multiple
competing and often conflicting interests (e.g., species conservation in
areas of high-value resource extraction), and sometimes decisions on
species conservation are dictated by higher political interests rather than
a lack of knowledge about the system in question (Cook et al., 2013;
Redpath et al., 2015). In our case, we were able to construct a
collaborative network by targeting all social dimensions of the conflict,
and promoting the mutual-understanding of each party’'s needs.
Encouraging the involvement in species conservation of all relevant actors
alleviated conflicts and paved the road toward measures that could be
objectively considered balanced and successful in terms of conservation
and socio-economic interests. We are far from a final solution that fully
saftisfies all stakeholders (Redpath et al., 2013; 2017), but our study showed

that human-wildlife coexistence is sfill possible in an increasingly crowded



and human-modified world, while considering and maintaining the

livelihoods and well-being of all actors involved.
Concluding Remarks

World human population is quickly increasing, and it is expected to reach
ca. 11 billion in 2100 (Roser, 2019). This means that virtually all the areas
considered pristine or unaltered will be occupied in one way or another
as human requirements (e.g., resources, space) increase and those
already occupied may be more intensively exploited (Bowler et al., 2020).
It is expected that, in a few decades, fraditional grazing activities will be
abandoned in large areas of the European continent and, while some
regions evolve toward rewilding processes affecting the scavenger guild
structure and function (Garcia-Bardn et al., 2018; Martin-Diaz et al., 2020),
others will continue the intensive occupation and use of land, which may
impose potentially greater impacts on natural systems (e.g., agricultural
intensification, growth of urban areas; Deinet et al., 2013; Navarro and
Pereira, 2015). Under these new scenarios, conservation conflicts in
anthropised areas are expected to increase. In this paper, we show that
management actions are essential for the coexistence between humans
and threatened species in anthropised areas. Approaches like ours could
be complemented with other measures such as campaigns to increase
social awareness and behavioural change amongst overall population.
Such measures could help to prevent some of the human pressures
addressed in this paper (e.g., recreational activities in breeding areas of
Egyptian vultures; Badia-Boher et al., 2019; Salazar et al., 2019) that are
generally difficult to detect and manage. Taken together, accounting for
all these factors can promote the persistence of Egyptian vultures and
other raptors in human-dominated lands and, eventually, favour long-

term conservation success.
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5.1. ABSTRACT

Partial migration, whereby some individuals migrate and some do nof, is
relatively common and widespread among animals. Switching between
migration tactics (from migratory to resident or vice versa) occurs at
individual and population levels. Here, we describe for the first time the
movement ecology of the largest wintering population of Egyptian
vultures (Neophron percnopterus) in south-west Europe. We combined
field surveys and GPS tracking data from December to February during
four wintering seasons (2014-2018). The wintering population consisted on
average of 85 individuals (range 58-121; 76% adults and 24% subadults).
Individuals were counted at five different roosting sites located near farms,
unauthorized carcass deposition sites and authorized carcass deposition
sites. Our results show that vultures tend to remain close to the roosting site.
Moreover, we observed that females exhibited smaller home range sizes
than males, which suggests a possible differential use of food sources.
Overall, birds relied more on farms than other available food resources,
particularly subadult individuals which exploited more intensively these
sites. Our results showed that Egyptian vultures congregate in significant
numbers at specific sites throughout the winter period in south-west Spain
and that these roosting and feeding sites should be given some level of
legal protection and regular monitoring. Furthermore, predictable food
sources might be driving the apparent increase in the non-migratory
population of Egyptian vultures, as observed in other avian species which

are also changing their migratory behaviour.






5.2. INTRODUCTION

Movement is essential for most organisms in at least one stage of their life
cycle, and extends across multiple spatiotemporal scales (Hansson and
Akesson, 2014). Animal movements are highly variable, from daily short-
distance foraging movements to long-distance movements during some
stages of their life, such as juvenile dispersal. Among them, migration is an
integral part of the annual cycle of many species and is one of the most
studied movement patterns from invertebrates to mammals (Dingle and
Drake, 2007). Migration is typically thought of as a life history strategy
shared by entire populations or species. Partial migration, the most
common form of migration, is found across a wide variety of taxa and is
more widespread in birds (Chapman et al., 2011). That is, some individuals
overwinter within their breeding region (resident individuals) while others
display migratory behaviour (migrant individuals) to reach distant
wintering quarters (Newton, 2010). Frequently, the coexistence of these
migration behaviours appears to be driven by individual asymmetries in
variables such as sex, age, body size, as well as by environmental
conditions (Cadahia et al., 2017). Furthermore, switching between these
two strategies could occur at population and individual level, depending
on season (Ogonowski and Conway, 2009), migration direction (Berthold
et al., 1992), route, timing (Studds et al., 2008), and distance to wintering
grounds (Dale and Leonard, 2011).

Understanding the causes and consequences of changes in
migratory behaviour is necessary to better predict population structure
and dynamics (e.g., influence on survival, extent of migratory
connectivity, or response to changes in breeding and non-breeding
environments) (Gilroy et al., 2016). The causes that lead to these changes
in migratory behaviour are well known including environmental changes
via phenotypic flexibility (Teitelbaum et al., 2016); shifts in phenology

through changes in inherited genetic or epigenetic pathways (Rubolini et



al., 2007); habitat redistribution (Greig et al., 2017); developmental
plasticity (Gill et al., 2013) and changes in abundance/availability of food
resources (Oro et al., 2013). Among them, anthropogenic changes are
known to affect the movement ecology and behaviour of long-lived
species through the provision of abundant and spatially stable food
subsidies (Gilbert et al., 2016). For instance, this can cause several
behavioural changes at individual and population levels, including
dietary shifts, changes in foraging techniques and changes in social
systems to find food, and also affects individual fitness and survival (Oro et
al., 2013). However, there is a lack of knowledge about the consequences
of changing migratory patterns (from migratory to resident) in species with
overlapping breeding and non-breeding grounds. In particular, little is
known about how species behave in those environments during winter
through the study of movement patterns across time and space and on
the impacts of the utilization and availability of predictable food resources
on daily movement patterns and migratory behaviour. Whether animails
are resident or migratory has major consequences for interactions and
processes in local environments (Bauer and Hoye, 2014). In fact, human-
induced changes, and the effects of climate and land-use changes in
animal movement patterns have been linked to population declines in

migratory species worldwide (Tucker et al., 2018).

Nowadays, thanks to the emerging use and rapid improvements in
telemetry techniques (Wilmers et al., 2015), we are able to determinate
variations in migratory strategies (Weimerskirch et al.,, 2015), and
disentangle interactions between animals and their abiotic and biotic
environment (Kays et al., 2015). The integration of these techniques with
traditional approaches (e.g., population monitoring) could help to better
understand which factors underlie ecological and evolutionary processes
in  migration ecology and integrate them in conservation and
management decisions. Basic movement parameters, BMPs hereafter,

are used to describe movement paths (see Signer et al., 2019) as well as



to identify common movement patterns (Edelhoff et al., 2016). Likewise,
the use of analytical methods to assess space use (i.e., resource utilization
functions; hereafter RUFs) are of great utility to identify which factors
underlie those patterns from a mechanistic perspective (Marzluff et al.,
2004). One of the most used parameters to asses space use and resource
selection is the home range estimator. Home range is the direct result of
movement driven by habitat selection and other external factors, biotic
interactions, and intrinsic factors related to individual state (Borger et al.,
2008). In addition, RUFs, which basically consist on a multiple regression
analysis that accounts for spatial and temporal autocorrelation of tfracking
data (Marzluff et al., 2004), are a reliable method to (1) define the fidelity
to a site according to space use and sites of ecological significance in the
life history of animals (Lopez-Lopez et al., 2014); (2) check availability and
distribution of resources (van Beest et al., 2010); and (3) to improve
inference on the spatial factors influencing behaviour (Edwards et al.,
2009).

The use of indicators (i.e., BMPs) gains significant relevance on the
study of space use in populations of long-lived vertebrates with an altered
migratory pattern (Cagnacci et al., 2011). Therefore, understanding how
populations with altered migratory patterns spatially behave in
anthropogenic environments is crucial for their conservation and
management (Montsarrat et al., 2013; van Overveld et al., 2018). Vulture
species have shown high behavioural plasticity with regards to local
habitat structure and resource availability (Lopez-Lopez et al., 2013).
Furthermore, they are adequate ecological indicators and the differences
in movement patterns within and between populations could help to
understand complex ecological associations (Montsarrat et al., 2013; van
Overveld et al., 2018). In this context, the BMPs and space use estimators
are an essential tool to (1) disentangle movement patterns over time and
underlying factors, (2) unravel the determinants of space use, and (3)

detect highly used trophic resources by vultures’. This results in benefits to



wildlife managers aimed at reducing vulture-related conflicts (Devault et

al., 2005) and conservation of these species.

The spatial ecology of the Egyptian wvulture (Neophron
percnopterus) is still poorly known (Alarcén and Lambertucci, 2018), and
most of the studies have focused on pure migrant or pure resident (i.e.,
insular) populations (Lopez-Lépez et al., 2014; van Overveld et al., 2018).
In this study, we describe for the first time the spatial ecology and resource
use of a unique Egyptian vulture population which, contrary to the
commonest migratory pattern, winters in south-west Europe (instead of
migrating to the Sahel region of Africa), by means of the combination of
field surveys and telemetry information. To this end, we firstly describe the
overwintering population size and its variation over time. Secondly, we test
if vultures’ movement, extracted from BMPs, depend on both individual
characteristics (i.e., age and sex) and temporal variation on
environmental characteristics within the wintering season. Likewise, we
test the use of different predictable food resources at fine-scale
thoroughout the wintering season. Finally, we characterize the
determinants of space use and identify primary drivers of vultures resource

utilization through RUFs.

5.3. MATERIALS AND METHODS

Study species

The Egyptian vulture is a medium-sized, territorial scavenger distributed
from Western Europe to India and South Africa, and is globally listed as
Endangered by the IUCN (BirdLife International, 2016). As much as 40% of
the European breeding population is found in Spain (Del Moral, 2009). The
European breeding population is estimated at around 3000-4700 pairs
(BirdLife International, 2015). It is a migratory bird that abandons ifs
European breeding areas between late August and February (Phipps et
al., 2019). The species exhibits high migratory connectivity at large spatial

scales, but very diffuse migratory connectivity within subpopulations, with



wintering ranges up to 4000 km apart for birds breeding in the same
region, and each subpopulation visiting up to 28 countries (Phipps et al.,
2019). European populations winter in sub-Saharan Africa and the Arabian
Peninsula, with juveniles often remaining in the winter range for more than
a year after their first migration (Oppel et al., 2015; Garcia-Ripolles et al.,
2010). Apart from these mainland populations, there are also sedentary
populations inhabiting in Mediterranean islands (i.e., Menorca) and
Macaronesian islands (Canary Islands, Cape Verde), and non-migratory
breeding populations in sub-Saharan Africa (BirdLife International, 2015).
Moreover, records from wintering individuals exist in southern Spain since
mid-eighties (SEOQ/BirdLife, 2012), and more recently, one young and two
adults were observed in Sicily (Italy) during the wintering season 2015-2016
(Di Vittorio et al., 2016). During the twentieth century, the population of this
long-lived scavenger has steadily declined across large parts of its
European and African range, mainly due to unnatural mortality caused
by poisoning and electrocution (BirdLife International 2015; , Buechley and
Sekercioglu 2016). However, the survival rates are known to be higher in

sedentary populations (Sanz-Aguilar et al., 2015).

Like other vulture species, the Egyptian vulture presence is usually
bounded to landscapes where livestock farming practices are usual
(Lopez-Lopez et al., 2014), as well as those regions where traditional
pastoralism is still present (Mateo-Tomds and Olea, 2010). Although
Egyptian vulture also feeds on wild prey (Dondzar 1993), livestock is also
frequently highlighted as a cornerstone in Egyptian vulture conservation,
with the decline in extensively bred livestock considered a critical threat
(BirdLife International 2016; Mateo-Tomds and Olea 2010). The species is
listed as Vulnerable at both natfional and regional levels according to
Spanish environmental legislation. The Egyptian vulture population
remained stable in the study area between 2008 and 2016, including 143-

155 breeding pairs (data provided by the regional government, Junta de



Extremadura), which represents approximately 13.6% of the Spanish

population (Del Moral 2009).
Study area

The study areais located in the western lberian Peninsula and covers 1750
km2, corresponding to the administrative region of Cdceres (Extremadura,
Spain) (Figure 5.1). The climate is typically Mediterranean semi-arid to dry
sub-humid with some oceanic influence with mild winter temperatures
and autumn rainfall (Felicisimo, 2001). Average monthly temperatures are
mild, but absolute minimum temperatures easily reach negative values in
winter months when frosts are frequent (range 4-7 °C) (Felicisimo 2001).
Very low human population density, a markedly rural environment, and
scarce industrial activity define the region, which is also recognized as one
of the major biodiversity hotspots of the Mediterranean region (Lopez-
Lopez et al, 2011). The Natural Protected Areas network and the
Natura2000 network cover 6.9% and 31% of the region, respectively (Traba
et al., 2007).

Landscapes are mostly characterized by the so-called “dehesas”
(sometimes referred to as the “Spanish savannah”), agrosilvopastoral
systems composed by holm oak (Quercus ilex) and corn oak (Quercus
suber) forests which were progressively thinned until forming wood-pasture
used for animal grazing and foraging plus crop production. Most of the
region’s land is used for agriculture, combining arable and extensive
livestock rearing. Overall, the livestock numbers maintained over time with
slight variations. In 2005, a total of 504,908 cows, 1.6 million sheep, 174,608
goats, and 206,897 pigs whilst in 2018, a total of 592,546 cows, 1.2 million
sheep, 138,291 goats, and 154,585 pigs were censused in the study area
(data provided by the regional government, Junta de Extremadura). The
livestock carcass disposal in the study area is allowed according with the
EU legislation and regulation policies (CE 142/2011; Royal Decree
1632/2011). Moreover, CE 830/2005 made the requirements to dispose



1 27 Chapter 5

carcasses for feeding vultures at authorized feeding points more flexible,

and the prohibition on carcass disposal was unofficially lifted (Arrondo et

al., 2018).
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Figure 5.1. Location of the study area (upper right) including wintering roosting
sites during 2014 — 2018, unauthorized carcass deposition sites (UCDS), authorized
carcass deposition sites (ACDS), and farms. The shaded areas show three
different kernel density isopleths levels derived from all individuals corresponding
to 50 %, 75 %, and 95 %, respectively. The black dots represent major towns for
spatial context. The present map was done by using QGIS 3.8.3 deskfop version
(http://qgis.osgeo.org).

Vulture capture and tagging

From September 2015 to January 2017, we trapped 12 Egyptian Vultures
(2 adult males, 1 subadult male, 4 adult females, and 5 subadult females)
with remotely friggered cannon nets in the surroundings of their main
roosting sites in NW Cdaceres. All captured individuals were ringed with
yellow alphanumeric plastic and metal rings and fitted with 48 g solar-
powered GPS/GSM transmitters (E-obs GmbH, Munich, Germany).

Tracking devices include a GPS providing geographical coordinates,



alfitude, speed, bearing, and tridimensional accelerometry. Tags were

programmed to record fixes (i.e., GPS positions) at 5 min intervals from 1 h
before dusk to 1 h after sunset. Also, when battery levels were above a
threshold of 3950 mV, GPS devices recorded locations at 1 Hz resolution
(i.,e., 1 location/s) during 15 min intervals called “super-bursts.” All device
units were attached as backpacks using a 0.55" (14 mm) wide Teflon
ribbon harness. The weight of the transmitters and rings was 64 g, thus
being below 3% of the bodyweight (mean body mass=2176 g; range
1950-2650 g; n=12), i.e., below the recommended limits to avoid adverse

effects (i.e., 3% body mass threshold, see, e.g., Sergio et al., 2015).

Vultures were tracked throughout the annual cycle. For this study,
we subset data to retain only information corresponding to the
overwintering period (1st December to 28th February), according to the
average dates of Egyptian vulture migration in Spain (Finlayson 1992;
Panuccio et al., 2017) and our field experience. According to Onrubia
(Onrubia 2015), pre-breeding median passage fime at the Strait of
Gibraltar is 8th March with 95% confidence interval ranging from 20th
February to 9th May; and post-breeding median passage fime is 8th
September with 95% confidence interval ranging from 23rd August to 24th
September. Given that many migratory adults have already started their
northward migration in January/February (i.e., there could be a
movement towards breeding sites any time from January), we first visually
inspected movements to breeding areas (if any) to ensure that none of
the tagged birds exhibited territorial/breeding behaviour. After this
previous exploratory analysis, we considered 1st December to 28th
February as a conservative approach to include only actual wintering
birds in our study. In order to homogenize the resulting dataset, we
resampled locations at 5 min intervals and removed high-frequency
locations (i.e., super-bursts period). Data were downloaded and
incorporated automatically to the online Movebank data repository

(www.movebank.org) and are publicly available upon request.



Wintering roost sites identification and population monitoring

The wintering population was monitored monthly from December to
January (two censuses per wintering period each year) between 2014
and 2018. Censuses were conducted at dusk using contfinuous focal
sampling methods at a secure distance to avoid any disturbance to the
birds (Zuberogoitia et al., 2008). Adults and subadults were classified
according to plumage characteristics. We also identified food resource
types where vultures were observed feeding during the sampling period
in the surroundings of the wintering roosting sites. We classified food
resources into three different categories: farms, authorized carcass
deposition sites (hereafter ACDS), and unauthorized carcass deposition
sites (hereafter UCDS). UCDS were those points close to farms where

farmers released carcasses to the field without sanitary control.

Basic movements parameters estimation and use of

predictable food resources

We calculated a set of basic movement parameters (BMPs) of the tagged
individuals over three wintering seasons, namely: home range size (km?2),
cumulative distance (km), intensity of use, straightness and net squared
displacement (km2) (further details in Appendix B Table B1). We obtained
all metrics for each 15-day interval period (fortnight) of each wintering
season, calculating the mean of each parameter for each
individual/fortnight combination (N=115 individual/fortnight
combinations). Home range size were obtained from the 95% kernel
density estimation (KDE) by using “rhrKDE” function of the “rhr” package
for R (Signer and Balkenhol 2015). The other movement parameters (see

above) were derived by the “amt” package (Signet et al., 2019).

We also calculated the proportion of non-roost GPS locations for
each individual and fortnight that fell within a 300 m buffer distance to

farms, UCDS, and ACDS. We selected this measurement because farmers



could drop carcasses at variable distances. Buffers were generated by

using “geoprocessing tool” function implemented in QGIS 3.8.357.
Modeling space use

In order to asses vultures’ space use, we used a modeling approach
based on RUFs (Marzluff et al., 2004; Hooten et al., 2013). RUFs are often
used to understand how species are related to landscape characteristics
by measuring the intensity use of resources available in space, which
shape the environmental niche of species (e.g., food availability, land-
use, human disturbance, and topography, among others) (Hooten et al.,
2013). Furthermore, one of the main advantages of the RUF method is that
it accounts for spatial autocorrelation by incorporating a Matern
correlation function (Marzluff et al., 2004). According to Marzluff et al.’s
(2004) approach, we calculated the Utilization Distribution (UD) defined as
the spatial probability distribution that gives rise to a spatial point process
(i.e., the recorded telemetry locations; Hooten et al., 2013). We obtained
UD values from 95% KDE. To assess resource selection, we selected a set of
environmental variables illustrative of the foraging habitat and ecological
requirements of the species (see electronic Appendix B Table B2). We set
a spatial resolution of 200 m for environmental predictors (i.e., fopography,
land-use and productivity). In the case of livestock density and human
disturbance, we rasterized and downscaled to 200 m spatial resolution the
data from polygons at each municipality level. Additionally, given that
defining the overall spatial extent for resource selection studies is often
subjective (Boyce 2006), we established our maximum extent unit as the
maximum home-range-scale determined by kernel contour volume of
95% (kernel 95%), which in turn represents landscape characteristics
(Marzluff et al., 2004).

Space use estimators

Data were partitioned by individual and wintering season. We computed

95% kernel density contours for each individual to generate the UD using
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“rhrKDE” function of the “reproducible home range” (rhr) package for R
(Signer and Balkenhol 2015). We estimated the reference bandwidth,
which defined the extent of the UD, using the *href” function implemented
in the “rhr’ package. UD values ranged from 0 to 95% according to kernel
density estimators, where 0 was the lowest value of habitat use and 95
represented the highest value of space use. The UD was processed and
included as a raster shapefile in a Geographical Information System (GIS)
and converted into points to match covariate values to each pixel of 200
m at which environmental variables were recorded (i.e., livestock density,
human disturbance, land-use, topography, and primary productivity) (see
Appendix B Table B2). Spatial analyses were done in QGIS 3.8.357 and R

version 3.5.1 (R Development Core Team, 2018).
Statistical analysis

We used Linear Mixed Models (LMMs) to investigate variation in (1) BMPs
and (2) the use of predictable food resources over fime including fortnight,
age, and sex as predictors. Sex, age and fortnight were entered in the
models as fixed factors. Individual identity and wintering season were
entered as a random intercept effects in all models. We entered the
response variable (i.e., proportion of locations) by using square root
arcsine transformation in the model of the use of predictable food
resources. We further included resource type (i.e., farms and UCDS,
excepting ACDS, given the lack of fixes within 300 m buffer of ACDS) as a
two-level fixed factor, to investigate whether birds spent a different
amount of time in the surrounding of different resource types. Significance
of fixed effects was tested by a fullmodel approaché1. Models were fitted
by maximum likelihood method using “Imer” function of “Ime4” package
(Bates et al., 2015) for R version 3.5.1 (R Development Core Team 2018).
We visually inspected the homogeneity of variance and normality of
residuals. We computed marginal and conditional R2 following using the
piecewiseSEM R package (Lefcheck, 2016) to assess the overall

explanatory power of the model (i.e., for fixed and random effects



separately). Significance was tested by a likelihood ratio test (Anova,
“car” package; Fox et al., 2014). Moreover, we estimated the marginal
means for each significant factor by using “emmeans” package (Lenth et
al., 2019).

Before running statistical models of RUFs, we checked for the
correlation between environmental variables. When two variables
showed a correlation coefficient higher than |0.5], the one with lower
biological significance was removed from the analysis. (see Appendix B
Table B3). Variables were scaled and mean-centered in the full RUF

models.

Resource utilization functions were fitted using “ruf.fit” function
implemented in the “RUF” package (Marzluff et al., 2004).We ran full
models for each individual (n=12) including all predictor variables that
could determine utilization distributioné1. The importance of each
resource to variations in the UD (i.e., the measure of resource use) was
indicated by the magnitude of the standardised coefficients of the RUFs
(Marzluff et al., 2004). To test the consistency in the resource utilizations at
the population level, we averaged coefficients and standard errors for
each variable using the equations (1) and (2) from Marzluff et al., (2004)
(see also Donovan et al., 2011 for a similar approach). Mean values were
reported with () standard deviation, unless stated otherwise. Statistical

significance was set at p <0.05.

5.4. RESULTS

Population monitoring and food resources

Five winter roosting sites were detected in the study area during four
overwintering seasons (2014-2018, Figure 5.1). Not all of the five winter
roosting sites were simultaneously detected. In the first overwintering
season (2014-2015) three winter roosting sites were identified, whilst the

rest of them were detected during 2015-2016. One of the roosting sites
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could not be accurately surveyed because of the risk of disturbance,
although the presence of wintering individuals was confirmed. Roosting
sites were separated by 7.82+1.34 km on average (3.32-13.52 km). On
average, we counted 85+ 10 individuals (58-121): 65+ 10 adults (37-99)
and 20+ 2 subadults (15-25) (Figure 5.2). We counted on average 6*5
individuals (range 1-12) on the roosting site 1, 33 + 26 individuals (range 6—
61) on the site 2, 21 + 15 individuals (range 5-42) on the site 3, and 27+ 6
individuals (range 20-32) on the site 4 during the four overwintering
seasons. We identified 50 farms, five UCDS, and one ACDS in the
surroundings of the wintering roosting sites. The mean distance between
roosting sites and the nearest farm or UCDS were 0.28+0.6 km (0.14-0.48
km) and 4.24 £ 2.41 km (0.09-2.41 km), respectively. The distance between
the unique ACDS within the study area and roosting sites was 6.85+5.11
km (2.81-15.76 km).
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Figure 5.2. Summary of number of individuals surveyed during four consecutive
wintering seasons in Cdceres (Extremadura, western Spain). The standard
deviation of each age class is shown as error bars.



BMPs and use of predictable food resources

Our analyses were based on 123,137 GPS locations. During the study
period, one of the tagged individuals lost the fransmitter in the breeding
area during summer 2017 (see Appendix B Table B4). Furthermore, of all
tagged individuals, two of them exhibited migratory behaviour during the
following wintering season after tagging, leaving the breeding grounds to
migrate to Africa. Therefore, from these individuals we only retained
locations in the study for the winter season they remained in the trapping
area. Overall, the mean distance between breeding and wintering the
five wintering roost sites was 101 £ 121 km (20 — 345 km) for 6 of the tagged
individuals. The rest of the tracked individuals (n = 6) did not breed during

the study period.

The mean BMPs across individual/fortnight combinations (n=115)
were 38.66+36.44 km2 (7.61—117.77 km2) for home range size,
346.03+192.87 km (107.27-776.75 km) for cumulative distance,
35.51£20.08 km2 (15.26-80.26 km2) for net square displacement,
0.06 +0.08 (0.01—0.31) for straightness index, and 25.26 + 7.30 (11.96-33.10)
for intensity of use. The mean value for the use of predictable food
resources was 17 £0.07% (3-25%). We did not observe any location within
300 m of ACDS during the study period.

LMMs for cumulative distance and net squared displacement
showed a significant effect of fortnight, with increasing movement activity
through the winter (Table 5.1; Figure 5.3). Moreover, females exhibited
smaller home ranges than males (Table 5.1). Adult individuals showed
higher values of cumulative distance than subadults. On the contrary, net
squared displacement values were higher in subadults than in adults
(Table 5.1). The variation captured by our three predictor variables (< 15%)
compared with that captured by random terms was low (Table 5.1) for all
BMPs. Only the cumulative distance model captured more than 10% of
the variability in the data (18%). The results of the model for the use of

predictable food resources also showed that there were differences
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among age groups and the type of food subsidies used by individuals
(Table 5.1). Overall, individuals made more intensive use of farms than
UCDS. Likewise, subadult individuals exhibited higher values of use of farms
and UCDS than adults (Figure 5.3). In this case, the variability in the data
was highly captured by the predictor variables (> 50%) (Table 5.1).
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Figure 5.3. Values of the significant variables included in the full models for
cumulative distance, net squared displacement, home range size and use of the
different food subsidies of the tagged individuals (n =12) corresponding to four
wintering seasons (2015-2018). White dots represent the raw data points. The
standard deviation is shown as error bars.
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Space use

According to the population-level models for the full combination of each
individual-resource category, the RUF analysis showed that the best
predictors of space use at the population level were food availability,
particularly goat density and cow density, to a lesser extent, as well as
land use variables (forest and agriculture lands) (Table 5.2; Appendix B
Table B5). On the contrary, areas with high density of sheep, pigs and
variables related to human disturbance such as areas close to villages

and artificial surfaces were avoided.

Table 5.2. Results of the averaged coefficients (E) and standard errors from the
full RUFs models of the tracked individuals (n = 12) (see Appendix B Tables S2 for
details). Abbreviations: SE = standard error; var = variance; LCl = lower
confidence interval; UCI = upper confidence interval.

Variable Estimate (B;) £ SE  var(B;) LCI (95%) UCI (95%)

Sheep -0.407 £0.193 0.022 -1.017 0.203

Pigs -0.318+0.175 0.008 -0.712 0.076

Cows 0.304 £ 0.295 0.036 -0.134 0.741
Goats 2.356 £0.279 0.017 -0.399 5.110
Distance to roads 0.007 £0.132 0.006 -0.427 0.441
Distance to towns -0.310£0.137 0.007 -1.244 0.624
Forest 1.821 +0.504 0.128 0.513 3.129
Artificial -1.161 £0.998 0.339 -2.786 0.463
Agriculture 1.127 £ 0.399 0.107 -0.151 2.405
Slope -0.748 £ 0.161 0.018 -1.946 0.450

NDVI -0.186 +0.089 0.003 -0.623 0.251

5.5. DISCUSSION

Our results provide the first insight info the movement patterns of the
largest overwintering population of the Egyptian vulture in south-western
Europe. Population monitoring data reveals that the number of wintering
individuals was 121, which were congregated in five close roosting sites

throughout four wintering seasons. We observed that most birds counted



in each survey/wintering season (see Figure 5.2) were adults (75.98%). Yet,
it remains unclear if the population is made up of subadults that do not
migrate and then remain, or adults that opt to not migrate even after
several successful migrations. The probability of switching migration tactic
should increase with age particularly for residents (Eggeman et al., 2016),
but what causes the differences in wintering numbers is unknown. To date,
there are only two sites in western Europe where similar behaviour had
been reported, with only 20-30 individuals surveyed in the mid-eighties in
the south of Spain (SEO/BirdLife 2012) and, more recently, three individuals
in Sicily (Italy) (Di Vittorio et al., 2016).

Communal roosting is widely distributed among animals, and some
of the proposed benefits of aggregation include the exchange of
information for finding food, mate acquisition, and thermoregulatory
purposes (Blanco and Tella, 1999). In birds, especially soaring raptors that
exhibit social behaviour, it is important to access safe places to rest, meet,
exchange information, obtain refuge from predators, and avoid adverse
weather conditions (Lambertucci and Ruggiero, 2013). In this context, the
observed distances from roosting sites to farms and UCDS (see Figure 5.1)
may suggest that predictable food sources may attract animals to the
resting trees (van Overveld et al., 2018). This could explain the small home
range size found in our study (<50 km2) when compared to the home
range size found during the same period in a sedentary population of the
species (> 100 km2; van Overveld et al., 2018) and much smaller than that
of individuals overwintering in Africa (>?2000 km2; Garcia-Ripollés et al.,
2010).

We observed that home range size was affected by intrinsic factors,
particularly sex. However, the poor variability captured by our models
suggests that other non-evaluated factors might also be operating, such
as environmental conditions or intraspecific interactions in the wintering
roosting sites (Bijleveld et al., 2010). Furthermore, the observed results could

also be due to the disparities in the sample size regarding the sex of
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individuals (nine females and four males). We found that females
exhibited smaller home range sizes than males. This pattern could
decrease intraspecific competition by food resources in the study area
(farms, UCDS, and ACDS) due to the unpredictable nature of food supplies
(van Overveld et al., 2018).

We found differences in net squared displacement among age
classes with larger values in subadults. Adults exhibited a more marked
sedentary behaviour than subadults, likely due to the experience and the
knowledge of the place of those predictable food sources are. The short
distances between roosting sites and feeding points could be
advantageous in reducing foraging distance and thus energy
expenditure while increasing fuel load during winter when adverse
weather conditions affect birds' flight capacity (Montsarrat et al., 2013).
Non-experienced subadults, however, tend to move longer distances
looking for predictable and also natural (unpredictable) food sources to
meet energy requirements (van Overveld et al., 2018). Similarly, we found
that individuals tfravelled longer distances in the course of the winter. In this
case, adult birds tended to move longer distances than subadult birds.
These larger movements closer to spring could be related to the onset of
the breeding season (Powell et al., 2012), particularly for adults which, if
they were migratory individuals, would be travelling 300 km per day north
from their wintering ranges in Africa any time from January onwards

(Garcia-Ripollés et al., 2010).

Individuals can vary in their use of predictable food resources
according to age, sex, cultural and personality differences (Oro et al.,
2013). Here, we found that overall, subadult birds rely more on predictable
food resources than adults. Likewise, both adults and subadults make
more intensive use of farms than UCDS. These results suggest that the
intensity of the use is driven by individual fraits, particularly by social status
(van Overveld et al.,, 2018). In this context, younger bird's preference

seems to be explained by their limited environmental knowledge



comparing to adult individuals (Sanz-Aguilar et al., 2015). Although some
studies showed that vultures rely more on feeding stations than on the
surroundings of cattle farms (Lopez-Lopez et al., 2014), our results reveal
that farms play a more important role comparing to UCDS and ACDS, with
the latter never being visited by the vultures fracked in this study. The
observed high-intensity use of these sites may suggest that those places
might have also become more predictable (and thus more stable) during
winter compared to other available food resources like UCDS and ACDS
(but see Margalida et al., 2010). Likewise, it may also drive the changes,
not only regarding foraging patterns, but also the establishment of
resident populations as it has been seen in other species (e.g., white

storks), depending on artificial food supplies (Gilbert et al., 2016).

The RUF analysis showed that vultures preferred forest areas
(“dehesas”) and agricultural lands with high goat density and some cows
far from towns. In these places vultures benefit from feeding on newborn
cattle as well as the excrements of cows, where they obtain carotenoids
which are in turn essential pigments for status signaling (Negro et al., 2002).
This reflects the main landscape characteristics of the wintering area of
this unique population of an endangered vulture. In fact, Extremadura’s
“dehesas” represent one of the hottest hotspots of vertebrate diversity
across Europe (Lopez-Lopez et al., 2011). A combination of mild climatic
conditions as well as biogeographical and refugia effects that occurred
during the last glaciations (Rey Benayas and De La Montana 2003) make
this area of Europe particularly favourable for the establishment of resident
populations of species that were once largely migratory such as the White

Stork or the Egyptian vulture.
Evolutionary and conservation implications

Our results showed that mainland Egyptian vulture population should be
reclassified from migratory (excluding insular populations that are resident)

to a facultative partially migratory species. Gilroy et al. (2016) noted that



species with more considerable within-population variability in migratory
movements might be more resilient to environmental change and
facilitate adaptive responses to climate change. The number of threats
affecting Egyptian Vultures in their African winter quarters is increasing
(Botha et al., 2017). Therefore, a shift from a migratory behaviour to a
sedentary one could have positive effects on the conservation status of
the Egyptian vulture in Europe in the long-term (Santangeli et al., 2019).
However, the continuous presence of some individuals in a given area
implies that they are also subject to threats that are only faced during the
breeding period for migratory conspecifics (Phipps et al., 2019), such as
human disturbances and habitat alterations in roosting or nesting sites,
collisions with wind farms and illegal poisoning (Sadnz-Aguilar et al., 2015).
Besides, the strong dependence on food resources provided by humans
direct or indirectly by intensive livestock farming practices could increase
poisoning risk (Blanco et al., 2019). Overall, we encourage managers and
conservation practitioners to take into account the emergence of these
new behaviours to ensure adequate conservation of existent or new
wintering roosting sites. Furthermore, we recommend the integration of
movement patterns, foraging ecology and the use of protected areas to
assess species suscepftibility to different threats (Phipps et al., 2019), to
better inform conservation planning, and to improve management
decisions, ensuring population viability and reducing human-vulture

conflicts (Duriez et al., 2019).






CHAPTER 6

Environmental and social correlates, and
energetic consequences of fitness
maximisation on different migratory
behaviours in a long-lived scavenger

Submitted: Morant, J.*, Scacco,M., Safi, K., Abad-Gémez, J.M., Alvarez, T.,
Sanchez, A., Phipps W.L., Carbonell, I., Garcia J., Prieta J., Zuberogoitia, I.,
Lopez-Lopez, P. (2021). Environmental and social correlates, and
energetic consequences of fithess maximisation on different migratory
behaviours in a long-lived scavenger. Journal of Animal Ecology. Under

review.






6.1. ABSTRACT

Partial migration, in which a proportion of the population remains resident
while the other migrates to a distinct location during winter, is one of the
most widespread migratory strategies among taxa. Despite the causes
and consequences of each migratory behaviour being investigated, few
studies offer a comprehensive assessment showing how the trade-off
between environmental/social factors - fithess and energetic
consequences - are interwoven to promote the coexistence of migratory
and resident behaviours within a single species. Here, we compiled field
monitoring data of wintering population size and telemetry data of 25
migrant and 14 resident Egyptian Vultures Neophron percnopterus to: 1)
analyse how environmental and social factors modulate resident
population size, 2) compare fithess components (i.e., survival and
reproduction), and 3) energetic consequences between migratory and
resident individuals across wintering and non- wintering seasons. We
estimated the effects of a set of environmental predictors on wintering
population size by using correlation tests. The effect of social factors was
explored in terms of attraction to conspecifics by modeling the
relationship between censused adult individuals and subadults. We then
evaluated the effect of different migratory behaviours on fitness by
comparing the breeding performance and survival between migrant and
resident individuals. Finally, we used energy expenditure, flight efficiency
and activity duration to measure the energetic consequences of the two
migratory behaviours. We observed that livestock numbers, particularly
cattle, positively correlated with the wintering population size. Subadult
birds increased linearly with censused adult birds which evidenced age-
specific social aftraction. Resident birds exhibited higher survival
probabilities and lower breeding activity. Resident birds also showed
higher energy expenditure, less flight efficiency, and lower activity due to
shorter day lengths in winter. On the contrary, migratory birds showed

more breeding attempts but lower survival. Moreover, they spent less



energy and flew more efficiently at longer distances, benefitting from

longer days in African wintering quarters. Our results offer new insights to
understand why and how Egyptian Vultures benefit from one strategy or
another and that the coexistence of both migratory forms is context-

dependent.
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6.2. INTRODUCTION

The drivers of animal movement and its consequences pose some of the
most challenging questions in ecology research. Among the various forms
and realisations of animal movement, migration is the most conspicuous
phenomenon and has attracted scientists’ attention for centuries. Animal
migration is defined as a bidirectional and repeated movement between
two different places, usually breeding and wintering areas, with a
residency period in each location (Hansson and Akesson, 2014). One of
the most widespread strategies in migratory species is partial migration, in
which part of the population remains in the breeding grounds while some
individuals move to a distinct place to overwinter (Chapman et al.,
2011a). The life-histories of individuals, in species simultaneously exhibiting
these two well-marked behaviours, are subject to (and shaped by)
different environmental, social and evolutionary forces (Lunberg, 2013).
Disentangling which factors determine the stability and persistence of
these two strategies is crucial to understand the emergence of the

migratory behaviour (Turbek et al., 2019).

Environmental (e.g., climate, resources) and social cues (e.g.,
location or presence of other individuals) are among the most influencing
factors modulating migratory behaviour in partial migratory species (Shaw
and Couzin, 2013). Therefore, changes in these factors may favour
migration or residency, and ultimately affect survival and reproduction
(Buchan et al., 2019). Among the environmental cues, milder winters and
higher food availability during winter could favour residency at higher
latitudes, which increases individual survival and enables early
reproduction and higher breeding success (Meller et al., 2016; Gilroy,
2017). On the contrary, migration could be more advantageous by
abandoning the resource-depleted regions during the non-breeding
season which could increase both the chances of survival and
reproduction (Winger et al., 2019; Winger and Pegan, 2020). In terms of

social cues, inlong-lived species, the decision to migrate or not may come



from learning or following more experienced individuals which could

enhance the survival of less-skilled individuals (e.g., juveniles; Mellone et
al.,, 2011; Teiteloaum et al., 2016). These findings show that despite the
great progress that has been made in understanding the contribution of
survival and reproduction to the maintenance of these two migratory
behaviours, less attention has been paid to their energetic consequences.
Energy expenditure is a key link between behaviour and overall fitness
(Grémillet et al., 2018), therefore addressing energetic consequences of

different migratory strategies is of paramount interest.

The recent advent of high-resolution Global Positioning Systems
(GPS) in  combination with ftri-axial acceleration data, have allowed
researchers to study how much energy is spent by animals during crucial
periods of their annual cycle (i.e., breeding season; Grémillet et al., 2018),
estimate how expensive or efficient it is o move depending on their
kinematic patterns (i.e., flapping flight; Wiliams et al., 2020) and even
investigate which factors limit acftivity duration (Pokrovsky et al., 2021).
Integrating this energetic perspective into the study of migratory strategies
could help to understand 1) the indirect energetic consequences of
changes in those environmental and social factors that modulate
migration and residency, 2) the trade-offs between fitness (e.g., survival
and reproduction) and energy expenditure of both strategies and, 3)
whether migratory or residency affect movement efficiency and activity
duration. Overall, these three aspects could help explain the relative
conftribution of environmental conditions, social factors, fithess and energy
expenditure, to the coexistence and persistence of these two strategies in
partial migratory species (Gilroy, 2017). This is of great importance to
predict not only how current and future environmental changes could
impact populations but also to design effective conservation measures
that account for within-species behavioural migratory diversity and
preserve species functionality and their role in ecosystems (Gilroy et al.,
2016).


https://besjournals.onlinelibrary.wiley.com/doi/full/10.1111/1365-2656.13040#jane13040-bib-0023

Here, we untangle from a mechanistic perspective which factors
modulate and shape both migratory and residency strategies in a long-
distance soaring migrant, the Egyptian vulture Neophron percnopterus, by
combining field monitoring and GPS tracking data of a partially migratory
population in Spain. This endangered species ranges across southern
Europe, northern Africa, the Middle East and Central and South Asia
(BirdLife International, 2020). While migratory individuals regularly fravel
>4,000 km between their northern breeding and southern wintering
grounds by using several distinct migratory flyways (Phipps et al., 2019;
Buechley et al., 2021), other individuals overwinter in southern and south-
western Spain (Garcia et al.,, 2000; Morant et al., 2020). The Egyptian
vulture is an obligate scavenger that frequently consumes both carrion
from livestock and wild ungulates (Dondzar, 1993). The species exhibit
complex social behaviour forming large individual congregations outside
the breeding season at highly preferred feeding stations (e.g., farms) and
nearby temporary roosting sites (Garcia-Alfonso, 2020; van Overveld et al.,
2020a). Altogether, these tfraits make it an ideal study species to assess

how different migratory strategies coexist.

We firstly investigate the correlates underlying the partial migratory
strategy observed in the Egyptian vulture population overwintering in
south-west Spain. Secondly, we investigate the consequences of either
residency or migration and aim to identify the factors that balance
between the costs and benefits associated with both strategies. We
therefore hypothesize that: 1. there should be a relationship between the
number of resident individuals and environmental conditions (e.g.,
temperature and food) and social factors (e.g., conspecific attraction); 2.
different strategies (migration and residency) should differ in terms of
reproduction (e.g., number of breeding years and number of successful
breeding years) and survival; and 3. that differences in reproductive
output and survival should be offset by different energetic requirements.

Finally, 4. We expect that both migratory strategies yield different


https://besjournals.onlinelibrary.wiley.com/doi/10.1111/1365-2656.13449#jane13449-bib-0008
https://besjournals.onlinelibrary.wiley.com/doi/10.1111/1365-2656.13449#jane13449-bib-0044

outcomes in terms of energy expenditure, flight efficiency and activity

duration during winfter.

6.3. MATERIALS AND METHODS

Field monitoring data

We gathered data from two different annual censuses of the wintering
Egyptian vulture population in Cdceres, Extremadura, Spain (see
Appendix C. Supporting information C1 for details). We accessed to two
sources of data: 1) data from the Spanish Ornithological Society, in which
the wintering population was monitored on a yearly basis by censusing
individuals (without differentiation of age classes) in January between
2006 and 2019; 2) our own monitoring project, where the wintering
population was monitored twice monthly fromm December to February
between 2014 and 2019 with adults and subadults classified according to
plumage characteristics (more details in Morant et al., 2020q). In the first
case, censuses were carried out in one roosting site until 2014. From 2014
onwards, four additional wintering roosting sites were discovered and
censused taking advantage of GPS tracking of some individuals that were

tagged in 2014 (n=5, see Morant et al., 2020a for details).
Movement data

We used data from 39 Egyptian Vultures belonging to three different
populations in the lberian Peninsula, namely: Extremadura, Duero/Douro
and Castilla-La Mancha/Valencia (see Appendix C Figure. S1). Of the 39
birds, seven (n=6 adults and n=1 juvenile) were captured and tagged in
Castellon and Guadalajara provinces (Spain) between 2007 and 2009
with a solar-powered GPS tag from Microwave Telemetry (Columbiaq,
Maryland, USA), 19 (n=11 adults, n=5 subadults, n=3 juveniles) were
captured in Cdceres (Extremadura, Spain) between 2014 and 2020, and
fitted with solar-powered GSM-GPS-ACC transmitters (n=16) (E-obs GmbH,

Munich, Germany) and Ornitela (n=3) devices, while 13 were equipped in



Duero/Douro (Braganca, Portugal; Zamora, Spain; Salamanca, Spain)
with Ecotone-Skua (n=3 adults, n=1 subadults, n=2 juveniles) (Ecotone
skua), and Ornitela (n=2 adults, and n=5 juveniles) devices (see Appendix
C Table S1 for details). GPS fixes and associated data were acquired at
temporal resolutions ranging from one location per 5 minutes to one
location every 2 h, with dormancy periods during the night (from 22.00
p.m. to 4.00 a.m.) (see Lopez-Lopez et al., 2014, Phipps et al., 2019 and
Morant et al., 2020 for more details on the tagged individuals; see also
Appendix C Table S1.). Individual ages at deployment were estimated in
calendar years based on plumage traits of different age classes. We
classified juveniles as individuals in the first calendar year, immatures as
individuals in the second to fifth calendar year and adults as individuals in
the sixth calendar year or older (Forsman, 2016). The sex of individuals was

determined by using molecular sexing techniques (Fridolfsson et al., 1999).

All captured individuals were equipped with yellow and red
alphanumeric plastic rings, metal rings and a GPS tfransmitter. All
transmitters weighed 24-63 g, <3% of body mass, which is below the
recommended limits to avoid adverse effects (Bodey et al., 2018) and
were attached using backpack or leg-loop harness systems. All the GPS
and accelerometry data were automatically incorporated and
downloaded from the online Movebank data repository

(www.movebank.org; Wikelski and Kays, 2019).

Birds were divided info “migrant” (n=24) (i.e., birds that exhibited
usual migratory behaviour overwintering in the African quarters; Appendix
C Figure S2A; see for example Garcia-Ripollés et al., 2010) and “resident”
(n=12) (i.e., birds that did not migrate and remained in the iberian
Peninsula during the study period; Appendix C Figure C3B; see Morant et
al., 2020a for details). Two of the tagged birds, initially resident, exhibited
migratory behaviour the following wintering season, when they left the
breeding grounds to migrate to Africa. Therefore, we considered them

resident during the period they remained in the study area and migrant


http://www.movebank.org/

after this period in our analyses (see also Appendix C Table C2. for details

of individuals used in each analysis).
Environmental and social correlates of migratory behaviour

We analysed the relationship between the number of resident birds during
winter and different environmental factors, namely; 1) early-winter
temperature in the current season (i.e., mean temperature between Nov-
Dec), 2) mid-winter temperature recorded in the previous year (i.e., mean
temperature between Dec-Feb) (see Meller et al., 2016 for a similar
approach); 3) food abundance in the study area (e.g., livestock
numbers). We also added 4) breeding population size in the study area.
Temperature information was recorded for 2006-2019 (AEMET, 2020).
Livestock numbers, including cows, pigs (both from intensive and
extensive farming systems), goats and sheep were obtained from the
annual census conducted in the study area (data provided by the
regional government, Junta de Exiremadura). Data of breeding
population size was obtained from the annual systematic surveys carried
out in Cdceres between 2006-2019 by rangers during the breeding period
(April-August) (data provided by the regional government, Junta de

Extremadura).

We then investigated how the above-mentioned factors influenced
the number of wintering vultures by computing Spearman correlation tests
between the number of wintering individuals at the roosting sites recorded
in the censuses between 2006 and 2019 and the environmental conditions

in the respective years.

To investigate the effect of the social factors, we modeled the
number of wintering subadults recorded in the census carried out
between 2014 and 2019 wintering seasons (Nov-Feb) as a function of the
number of adults recorded in the same censuses. We ran Generalized
Linear Mixed Models (GLMMs) with Poisson distribution error and log-link

function and we entered the year as a random factor in our model to



account for the effects of a repeated census every year. We estimated
marginal and conditional R2 by using “piecewiseSEM” R package to
assess the models’ overall explanatory power (i.e., for fixed and random

factors).
Breeding and survival consequences of migratory behaviour

We estimated the number of breeding years of each tagged individual
(i.,e., number of years that an individual had bred independently of the
breeding output since the tagging date) and successful breeding years
(i.,e., number of years an individual had bred and raised at least one chick

since the tagging date).

We only selected data from adult individuals (>5 calendar years)
since subadult individuals do not usually breed (Serrano et al., 2021). We
used data recorded during field monitoring during the breeding season
for each individual and year. Individuals’ nests were identified by using
GPS locations and later confimed in the field. Breeding status (i.e.,
breeding/non-breeding) of each individual was confirmed during April-
June, when the tagged individual and its pair were observed copulating,
arranging the nest and incubating. Breeding success of tagged
individuals was confirmed when at least one chick was successfully raised
at the end of the breeding period (August; see Morant et al., 2019 for
details). If the breeding information (i.e., breeding and breeding success)
from tagged individuals could not be confirmed during the fieldwork (e.g.,
due to logistic or economic limitations), we used the “nestR” package
(Picardi et al., 2020) to assess breeding output for each individual and

breeding season (see Appendix C Supporting information C2 for details).

To construct our survival database, we gathered data on each GPS-
tagged individuals’ survival at the end of the study period, in our case,
28th February 2021. We estimated the number of days between the first
and the last tagging date. For each individual we assigned a binary value

as event indicator, being 0 if an individual was alive at the fime of the last



GPS location (28th February 2021) or 1 if an individual had died. We also
recorded individuals’ age (hamely age class) for those who were alive at
the end of the study period and of the dead individuals (i.e.,
corresponding to the last GPS location date where casualties occurred).
In case there was no clear evidence of individual death (e.g., picture of
the dead individual or reliable information from collaborators or official
entities), we could reliably separate deaths from cases of transmitter-
failure based on three simple indicators extracted from the tags (see
Appendix C Supporting information C3). Although we cannot rule out the
possibility of some effect, we assume that tagging with the transmitters
had a negligible impact on individuals' absolute survival (e.g., Bodey et
al., 2018; Buechley et al., 2021).

We used the breeding dataset to examine whether different
migratory strategies exhibited differences on reproduction. We modeled
the number of cumulated breeding years and the number of successful
breeding years as a function of migratory type (migrant and resident) by
running Generalized Linear Models (GLMs) with Poisson error distribution
and log-link function. To elucidate the effect of time on the decision of
breeding and on breeding success, we also included the number of
fracking years as a covariate in our models. We ran separate models for

the number of cumulative breeding years and breeding success.

We evaluated the effect of migratory behaviour (migrant and
resident) on daily survival by running Cox regression models with right-
censored data (Pollock et al., 1989). We also entered age class (adult,
subadult and juvenile) at the end of the study period to account for the
effects of age-specific variation on survival. We measured the interaction
between migratory behaviour and age class. The model was fitted by

using “survival” package (Therneau, 2018).

In the case of the breeding model (i.e., GLM), we explored the
overdispersion of selected models using the AER package (Kleiber and

Leileis, 2008) to ensure that our model did not violate the assumption of



Poisson distribution (i.e., variance and the mean are the same). We also
computed the overall explanatory power of the selected model (D2) by
using “modEva” package (Barbosa et al., 2015) to inspect the proportion
of variation explained by our best models. In the case of the survival
models, we checked the overall explanatory power by using the “Rsg.ad”
function which measures the proportion of variance explained by the best

models.
Energetic consequences of migratory behaviour

We investigated the energetic consequences of adopting one migratory
strategy or other. In particular, we examined differences in energy
expenditure, flight efficiency and activity duration among migratory and

resident birds.
Energy expenditure

We estimated the energy expenditure in two different seasons (non-
winter: March-Oct, and winter: Nov-Feb) using the Overall Dynamic Body
Acceleration (hereafter ODBA), calculated from the ftri-axial
accelerometry data (hereafter ACC) (Shepard et al., 2008; Gleiss et al.,
2011). We used birds from which ACC data was recorded (migrant=9,
resident=13). ODBA can be considered a proxy of energy expenditure
since it is positively associated with oxygen consumption and carbon
dioxide production (Wilson et al., 2006, 2019) and the mechanical work
produced by muscles and internal organs (Gleiss et al., 2011; Bishop et al.,
2015). Furthermore, the daily, integrative summary of daily energy
expenditure from ODBA is even more effective when the parts with high-
energy locomotion (e.g., flapping flight) are modelled separately from
other behaviours (Duriez et al., 2014; Stothart et al., 2016).

ACC data were collected in bursts on three axes (X—sway, Y—
surge, Z—heave) for a duration of 2-3 s every 5-10 min at 20 Hz from
Ornitela and E-Obs devices, respectively (see Appendix C Table S1).

Firstly, we estimated the energy expenditure calculated as the average



ODBA value for each burst of 2-3s along the three axes (X, Y, Z). We
fransformed raw acceleration data intfo physical unit “g” (Laich et al.,
2011) by using *moveACC"” package (Scharf 2018). To this end, we
assigned the calibration values of intercept and slope provided by
manufacturers for each device type (Ornitela and E-Obs, respectively).
We then estimated the average ODBA value (in gravitational units) for
each burst. We finally estimated the mean daily ODBA by averaging the
ODBA values per day, for each individual, year, month and day (see
Wilson et al., 2019).

Secondly, we estimated the flight type (flapping or non-flapping) for
each burst, by extracting wingbeat frequency from the ACC data
(O'Mara et al., 2018). Finally, we classified each wing beat frequency as
flapping or non-flapping. We identified and removed outliers in wingbeats
(being <2 or >6 beats per second), representing about 1% of all bursts

classified as flapping (see also O'Mara et al., 2018 for a similar approach).

We analysed the energy expenditure (i.e., mean daily ODBA)
among the two migratory behaviours and flight types (i.e., flapping and
not flapping flight). We also considered season (i.e., wintering and non-
wintering periods) to account for differences among different periods in
our model. We ran GLMMs with Gaussian distribution including cumulative
daily ODBA as response variable, and migratory type, flight type and
season as covariates. We consider the interaction between 1) migratory
behaviour and flight type, and 2) between migratory behaviour and

season covariates.
Flight efficiency

We calculated flight efficiency based on the percentage of time spent
daily in flapping flight in relation to the daily distance travelled during non-
winter and wintering seasons. We selected flapping flight since it is

considered the costliest activity in soaring birds, given the disproportionate
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energy expenditure compared to all other behaviours (e.g., Williams et al.,
2020).

We estimated the percentage of time spent flapping by counting
the daily flapping events for each individual from the former energy
expenditure database (see section 2.5.1). Flight types were extracted
from the ODBA database, whereas the cumulated distance was
estimated from the GPS data. Given that individuals tagged with different
devices had different sampling schedules (5 min fix recording period for E-
Obs devices and 30 min for Ornitela devices from some birds; see
Appendix C Table S1), we resampled our database to 30 min period and
excluded superburst periods (<5 s). We estimated the cumulative daily
distance, which is the distance covered in one day (or the sum of the
distance covered in each 30 min segment), by using the “amt” package
(Signer et al., 2019). Flight efficiency was then calculated as the ratio

between daily percentage of flapping flight and daily distance.

To analyse whether there were differences in flying efficiency
among migratory and resident birds in wintering and non-wintering
periods, we modelled the daily percentage of time spent flapping as a
function of daily cumulative distance (km) and migratory behaviour
(migrant and resident). Since we expect that the highest difference
among both migratory behaviours would occurin winter, we also included
season (wintering and non-wintering period) as a factor in our model. We
considered the interaction between cumulative distance, migratory
behaviour and season in our model. We used a beta regression model
and considered the proportion of time spent flapping ranging from 0 to
0.5 (i.e., 0-50%). We ran a gimmTMB model implemented in the “glmmTMB”
package with beta family and logit link (Brooks et al., 2017).

Activity and day length

To compare the activity duration between migrant and resident

individuals, we followed the procedure proposed by Pokrovsky et al.,



(2021). We first calculated the mean ODBA values for each hour, and then
we summed all the values to get daily estimates of ODBA value for each
day. We also used the GPS data to estimate the day length by using
“geosphere” package (Hijmans, 2016). We then joined both datasets to
the most proximal timestamp. For estimating how many hours the tagged
vultures remained active, we counted the number of hours that were
greater than a certain threshold of activity. This threshold was estimated
as mean ODBA for the non-moving bird. We considered birds as non-
moving when 1) two consecutive GPS coordinates were equal, 2) there
were at least six ODBA bursts between these GPS values, and 3) the
movement among these two points did not exceed the mean location
error of the GPS devices (this being for Ornitela of £3.4 meters and +1.9
meters for e-obs tagged individuals; see Fleming et al., 2020). We used 20
measurements from 7 different birds for each migratory type. The average
values of the activity threshold were 0.067 and 0.051 for migrant and

resident birds, respectively.

We inspected the consequences of migratory strategy across
seasons and different day lengths in terms of the number of hours that
Egyptian Vultures remain active. We thus modelled the activity duration
(in hours) by running linear mixed-effects models (LMMs) in which
migratory behaviour (migrant and resident), season (winter and non-
wintering periods) and day length were entered as covariates. We
considered the interaction among these three variables to ascertain
which migratory behaviour is more beneficial across seasons (assuming

that for instance longer days in Africa may benefit migrants in winter).

In the three analyses, individual identity and year were entered as
random terms to account for the measures of the same individuals and
within the same year. For the energy expenditure and activity duration
model, we estimated marginal and conditional R2 by using
“piecewiseSEM" R package to assess the model’s overall explanatory

power. In the case of the flight efficiency model (i.e., gimmTMB), the



proportion of the total variance explained by the fixed and random terms

was estimated by using performance package (Ludecke et al., 2020).

Spatial and statistical analyses were done in R version 4.0.0 (R Core
Team, 2020). In all analyses the models were compared by using the
Akaike Information Criterion (AIC; Burnham and Anderson, 2002),
corrected for small sample sizes (AICc). The best model was that with the
lowest AICc value. All models with a difference of AAICc < 2 were
compared to the best model (Burnham and Anderson, 2002). For the best
model, homogeneity of variance and normality of residuals was inspected
by using “ggresid” package to check the goodness-of-fit of our best
models (Goode and Rey, 2019). All tests were two-tailed, statistical
significance was set at p < 0.05, and all means were given together with

standard error.

6.4. RESULTS

Environmental and social correlates

We found that the livestock numbers were the only environmental
covariates significantly correlated to the number of resident individuals
during winter. The number of wintering individuals was positively
correlated to the number of cattle (rho= 0.63, P= 0.022) but negatively
correlated to the number of goats and sheep (rho= -0.65, P= 0.017 and
rho= -0.56, P= 0.045, respectively) (Figure 6.1A-C). The number of pigs
intensively and extensively managed were also negatively correlated but
the relationship was not significant (rho=-0.48, p=0.094 and rho=-0.42,
p=0.16, respectively) (Figures 6.1D and E). We neither found significant
correlation with breeding population size (rho=-0.49, p=0.088; Figure 6.1F)
and early and mid-winter temperatures during winter (rho=0.44, p=0.13

and rho=0.17, p=0.58, respectively) (Figures 6.1G and H).

We observed that social factors greatly influenced the number of

subadults censused at roosting sites. Our results showed a significant



relationship between the number of subadults and number of adults
(Appendix C Table C3; Table 6.1). The number of subadults increased
linearly together with the number of adults, explaining almost 49% of the

total variance of the model (Figure 6.2).
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Figure 6.1. Spearman correlations between censused Egyptian vultures on

roosting sites throughout thirteen wintering seasons (2006-2019) and; (A-E)
number of livestock censused; (F) breeding population size in the study area; and
(G-H) early and mid-winter temperatures (°C). Black dots represent the raw data
points. The shaded areas represent 95% confidence intervals.
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Figure 6.2. Relationship between the number of Egyptian vulture subadults and
number of adults censused in roosting sites (n=5) throughout five wintering
seasons (2014-2019). Black dots represent the raw data points. The shaded area
represents the 95% confidence interval. R2 showed the marginal variance
explained by the model.

Breeding and survival consequences of migratory behaviour

Overall our results showed that migrant birds bred significantly more often
than resident birds (mean= 2.63 years, SD=1.92, and mean = 1.09 years,
SD= 1.04, respectively) (Appendix C Table C3; Table 1; Figure 6.3A), and
that the number of breeding years increased together with the fracking
years for both migratory behaviours (Figure 6.3B). Migratory and resident
birds experienced similar breeding success (mean= 1.95 years, SD=1.61,
and mean = 0.91 years, SD= 0.83, respectively) (Appendix C Table C3;
Table 6.1; Figure 6.3C). Not surprisingly, in both migratory behaviours the
number of successful breeding years also increased with the number of

tracking years (Figure 6.3D).
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Figure 6.3. Predicted values of the significant variables included in the best
models of breeding. Figure A represents the cumulative breeding years for each
migratory type throughout the study period. Figure B shows the effect of time on
the cumulative and successful breeding years from the tracked birds. Differences
between migrant and resident birds on successful breeding years are shown in
the figure C. The figure D shows trends in successful breeding years respecting
the time birds were fracked. Black dofs represent the raw data points. The bars
(Figure A and C) and shaded areas (Figure B and D) represent 95% confidence
intervals.

We observed a total of 13 casualties of the tagged birds (33% of alll
tagged birds) at the end of the study period, of which 12 were migratory
birds and one was a resident bird. The casualties occurred in Spain and
Portugal (n=2) and the rest of them in African quarters (n=11). Our results
showed a significant difference in survival probability between migratory
behaviour and between age classes (Appendix C Table S3; Table 6.1).
Resident birds exhibited higher survival rates than migrants for all age
classes (mean= 0.9, SD=0.09, and mean=0.71, SD=0.16, respectively; Figure
6.4A and 4B). Moreover, survival of juvenile birds was significantly lower
(mean= 0.50, SE=0.19) compared to that of subadults and adults
(mean=0.75, SE=0.17, and mean=0.79, SE=0.1, respectively) (Figure 6.4C).
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Figure 6.4. Survival analysis results for different migratory behaviours x Age class
(A), migratory behaviour (B) and Age class (C) by using cox regression method
for GPS-fracked individuals (n=39) during the study period. The upper plot shows
each migration strategy’s survival probability throughout time (in days) since the
first fracking day. Each step in the lines represents the death of an individual in
each case. The shaded area represents 95% confidence interval.

Energetic consequences of migratory behaviour

In general, Egyptian Vultures spent much less energy in winter than in the
non-winter seasons. Migrant birds spent less energy compared to resident
birds in costly flight types like flapping, particularly in winter (mean=3.02 g,
SD=1.62 and mean=3.93 g, SD=1.66 g, respectively) (Appendix C Table C3;
Table 6.1; Figure 6.5A). Migrant and resident birds spent similar energy in
other flight behaviours (i.e., soaring, gliding) than resident birds in both
non-wintering and wintering seasons (mean=1.65 g, SD=0.469 g, and

mean=1.55 g, SD=0.518 g, respectively) (Table 6.1). Overall migrant birds



spent less time flapping relative to the distance they covered compared
to the resident birds during non-wintering period and further peaking in the
wintering season (Appendix C Table C3; Table 6.1; Figure 2.5B). Moreover,
resident birds exhibited a less efficient flight during the wintering season in
lberian Peninsula compared to migrant birds (mean=4.8 %, SD=2.73 %, and
mean=2.63 %, SD=2.31 %, respectively). Finally, overall, we found that
activity duration significantly increased with day length which varied
along with seasons and migratory behaviour (Table 6.1). Migrant and
resident birds exhibited similar activity duration in the non-wintering season
when both remained in the Iberian Peninsula and thus, shared similar day
length values (mean=12.6 hours, SD=2.95, and mean= 13.4, SD=2.54,
respectively; Figure 6.5C and D). On the conftrary, we found significant
differences between migratory behaviour in winter, when migrant birds
exhibited higher activity values during winter than resident birds
(mean=11.4, SD=2.49, and mean=10.6, SD=2.22, respectively; Figure 6.5C
and D).
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Figure 6.5. Differences between migrant and resident birds in energy expenditure
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flight behaviours in non-winter and wintering seasons of (A) and percentage of
time spent daily in flapping flight respecting to the cumulative daily distance
among migrant and resident birds during non-winter and wintering seasons (B).
The figures C and D show the activity duration respecting to the day length and
julian day, respectively. In figure A, the horizontal line in the box plot represents
the mean, whilst the standard deviation is shown as error bars. Shaded areas
represent 95% confidence intervals in figure B. Colored dots represent the raw
data points. Photo Credits of Egyptian Vultures by Jon Morant and Miguel Angel
Munoz Memole.
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6.5. DISCUSSION

In this study we disentangled the causes and consequences of migratory
behaviour in a long-distance partial migratory bird, the Egyptian Vulture.
We showed that environmental (food) and social (attraction to
conspecifics) cues are primary correlates of variation in wintering
population size across time. Interestingly, we observed that migrants
exhibited higher breeding activity (i.e., number of breeding years) than
resident individuals, whereas residents showed higher survival probabilities
than migrant individuals. We found that overwintering in the breeding
grounds seemed to be energetically more expensive than migrating.
Overall, resident birds spent more energy and flew less efficiently during
winter than migrants. Furthermore, daily activity duration of residents was
lower due to the short days during winter in the Iberian Peninsula. In
summary, our findings showed that optimal migratory strategy is contexi-
dependent. Residency may be advantageous in terms of resource
availability and survival, but it is energetically costly. On the conftrary,
migration is less costly and may allow individuals to invest more energy in
reproduction which may explain the observed high breeding rates and
lower survival probabilities. Therefore, our results suggest that the
coexistence of different migratory behaviours may be balanced by a
complex trade-off between fithess and optimal energy allocation shaped

by environmental and social factors.
The role of environment and sociality

Global change has become one of the most influencing factors on partial
migratory species in recent decades (e.g., Gill et al., 2019; Van Doren et
al., 2021). Species rapidly respond to milder winters and increasingly
predictable and available food pulses at higher latitudes by shortening
migratory routes and even by remaining in the breeding areas during
winter (Haest et al., 2019; Nuiten et al., 2020; Riotte-Lambert and

Mathiopoulos, 2020 and references therein). However, our results showed



that responses of birds are more influenced by proximate factors such as
a significant increase in food availability and social cues rather than the
climate (e.g., temperature). Indeed, it is known that anthropogenic food
subsidies may greatly influence changes in migratory patterns in social
species (Oro et al., 2013). The White Stork (Ciconia ciconia) is one such
example that has become resident in Europe (e.g., Rotics et al., 2017;
Arizaga et al., 2018), due to the increase of year-round available food
sources at rubbish-dumps (Gilbert et al., 2016). Our results showed that
adult Egyptian Vultures may attract subadults and less experienced
individuals by remaining in a particular place where resources are
abundant and predictable (see Morant et al., 2020). This pattern has also
been observed in White Storks (see also Rotics et al.,, 2016) and other
sedentary populations of Egyptian Vultures where collective foraging in
areas of high food predictability and availability (e.g., farms) could benefit
individuals with lower social status, such as juveniles or subadults (Garcia
Alfonso et al.,, 2020; van Overveld et al.,, 2020b). Overall, our results
evidence that migratory decisions at the population level might be
influenced by the environment (e.g., food availability), and modulated by

sociality.
Fithess maximisation

Recent studies on fitness benefits of migration or residency strategies yield
clear evidence that in terms of survival residency is more beneficial than
migration (Buchan et al., 2019). Our results are in agreement with these
findings and suggest that improved climate conditions and year-round
resource availability could contribute to the observed higher survival rates
(e.g., Safterfeld et al.,, 2018). In fact, we found that all age classes
exhibited higher survival rates in residents as compared to migrants.
Hence, residency could be particularly beneficial for immature and
juvenile birds that exhibited higher mortality rates associated with
migration (see Grande et al., 2009; Sanz-Aguilar et al., 2017). However,

Buechley et al, (2021) found that migratory Egyptian Vultures



experienced higher survival rates at African wintering grounds. The higher
survival at non-breeding grounds, linked to the fact that juvenile Egyptian
Vultures spend the first years of their lives in African grounds until reaching
adulthood (Dondzar, 1993), showed that a certain parity might exist
among survival rates among migratory and non-migratory birds that could

contribute to the coexistence of both behavioural strategies (Gilroy, 2017).

Our findings showed a clear breeding advantage for migrant birds.
However, it could be expected that resident birds could increase
breeding performance due to their earlier access to best-breeding sites
and earlier reproduction (Pulido and Bethold, 2010). According to our
results, it is also possible that in resident birds specific components of fitness
are maximized (i.e., survival) at the expense of reproduction. Migrants, on
the contrary, may allocate more resources towards reproduction while
they are subjected to direct mortality costs of migration (Soriano-Redondo
et al., 2020; Buechley et al., 2021). However, the observed similar breeding
success between migrants and residents may indicate a clear advantage
towards residents, since improved conditions during breeding season can
result in better productivity for both migrants and residents, in addition to
improved survival for residents (see for example Griswold et al., 2011). In
this context, maximisation of certain fithess components could occur if
some individual traits such as physical condition are compromised due to

unfavourable conditions experienced in winter (Chapman et al., 2011b).

Overall, our results showed a complex trade-off between survival
and reproduction which could lead to a selection of an optimal strategy
that maximises certain fithess components for migratory behaviour
(Chapman et al.,, 2011b). More importantly, they may indicate that
migratory and resident species have different life-history strategies (e.g.,
migratory species live faster than resident ones) that promotes the

coexistence among both forms (Soriano-Redondo et al., 2020).
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Impact of migratory behaviour on energy allocation

Overall, we observed that residency is more energetically costly than
migration, particularly during the wintering season. These results are
conftrary to previous studies showing that residency in breeding grounds in
Europe could increase survival probability and decrease energy
expenditure (see Flack et al., 2016; Rotics et al., 2017). We observed that
resident individuals invested more effort flying in wintering ground than
migrants, particularly they invested more time in costly flight types like
flapping for the same fravelled distance. These results suggest that
migratory birds experienced better flying conditions and can travel farther
by using gliding and soaring flights which minimize travel costs (see for
example Rotics et al., 2016). Moreover, resident individuals exhibited lower
activity duration due to shorter daylight hours in the lberian Peninsula
(Pokrovski et al., 2021). Therefore, our findings may indicate that the
decision to stay may offset the higher energy spent in wintering grounds
with harsher conditions (Rotics et al., 2018). However, residents may also
compensate for the higher energy expenditure by reducing their wintering
foraging areas and exploiting highly predictable food resources such as
farms close to their roosting sites (Appendix C Figure C3 and Table C4; see

also Morant et al., 2020 and Soriano-Redondo et al., 2021).

6.6. CONCLUSIONS

We showed that the resident populations of Egyptian Vultures are
influenced by the increased resource availability in wintering grounds.
Interestingly, our results suggest that such change in environmental
conditions could be amplified by species-specific behavioural traits such
as attraction to conspecifics (van Overveld et al., 2020a; b). We also
observed that each migratory form may maximise a certain fithess
component (i.e., survival or reproduction). Resident individuals may
maximize their survival by exploiting predictable and easily available

trophic resources (e.g., farms, Lopez-Lopez et al., 2014; Morant et al., 2020)
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that compensates for the higher energy cost of moving in unfavourable
condifions during winter. Migrant individuals could benefit from more
seasonal and unpredictable resources but better environmental
conditions in African wintering quarters that improve their flight capacities
(e.g., reducing flapping flight due to higher availability or thermals; Flack
et al., 2016) and more daylight hours to forage (e.g., due to longer days
in Africa in winter; Pokrovski et al., 2021). In summary, our results reveal a
complex trade-off between fitness components between migrant and
resident behaviours which could offset the energetic consequences of
selecting one strategy or the other. Taken together, these insights could
help befter understand coexistence of both migratory forms in partial

migratory species.
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Vulture conservation in the XXIst century lives one of its major challenges
of all times. With more than 75 % of the Earth surface under human pressure
and an ongoing rise in resources to fulfil human necessities (Venter et al.,
2016; Watson et al., 2018), Old World vultures keep their strongholds in
human-dominated landscapes (Dondzar et al.,, 2016; Arrondo et al., 2020).
It is thus evident that vulture conservation requires approaches that go far
beyond protecting large areas for their conservation (e.g., Cruz et al.,
2021) and trying to avoid counterproductive effects in areas where
conservation and human interest enter into conflict (Nyhus, 2016). New
conservation perspectives need to harmonise vulture conservation and
human activities in human-dominated landscapes. This thesis show how
long-term population monitoring and movement ecology could help to 1)
understand better species ecology (e.g., breeding behaviour, space use,
resource selection), 2) decipher species responses to human activities, 3)
assess species status, improve management plans and monitoring
protocols, and 4) effectively identify feasible targets for species
preservation and foster vulture-human coexistence in  anthropised

landscapes.

The first step to establish functional links between behaviour and
conservation is to fill gaps in basic aspects of their ecology, social life, and
the ecological factors underlying species breeding systems of long-lived
territorial species such as raptors (Tapia and Zuberogoitia 2018). In
particular, the knowledge of mating and parental care could help
decipher how human impacts could alter such behaviour and evaluate
the effects of such alterations at population level on highly philopatric
species such as vultures (Dondzar 1993; van Overveld 2020). Vultures,
particularly Egyptian vultures, are monogamous species with extended
breeding periods (~6 months) in which parental tasks required the joint
effort of both pair members (Chapter 1). This highlights that parents
(despite potential variations) depend on each other, which could
determine the breeding success. From a more applied perspective,

whether a pair member dies or is disturbed and remains for a long period
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far from the nesting site could have fatal consequences for the
nestlings/fledglings (e.g., Zuberogoitia et al., 2008) and could have effects
at population level (e.g., demographic imbalance due to human-related
mortality could reduce the probabilities of finding optimal mates; van
Overveld et al., 2020). Furthermore, since both parents spent the same
effort during reproduction (and therefore spent similar time at nest or nest
surroundings), it may be exposed to similar human stressor levels. For
instance, it could increase vigilance behaviour and decrease parental
care due to noise from traffic or recreational activities (e.g., Strasser and
Heath, 2013; Ng et al., 2019). This could also incurs survival costs for parents
and even compromise future reproduction (Royle et al., 2012; Tarwater et
al., 2011). Also, activities in human-dominated landscapes are increasing
in duration and intensity, and usually overlap in fime and space. This could
potentially influence the stress levels of nestlings, increasing the likelihood

of death by decreasing their growth rates (e.g., Watson et al., 2021).

The study of parental investment and data of breeding behaviour
from long-term monitoring programs determine when major events such
as incubation and hatching occur throughout the breeding season. This
information is particularly useful for implementing conservation and
management programs that consider when target species are
particularly vulnerable (e.g., incubation and hatching; Chapter 1) and for
designing standardised monitoring protocols (e.g., Perrig et al., 2019).
Effectively assessing whether a species occupies a specific site and
subsequent detection of its occurrence is crucial in ecological and
population monitoring of threatened species (Lindenmayer and Lickens,
2010). The use of behavioural indicators (e.g., breeding behaviour) allows
the designation of optimal strategies for the monitoring of populations by
establishing when and how much economical and time effort should be
invested (Chapter 2). The latteris crucial given that most studies in ecology
and conservation projects are often performed in cost-constrained
contexts that require prioritisation and optimal budget allocation

(Possingham et al., 2001; Gerber et al., 2018). In the case of elusive species
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such as Egyptian vultures, which exhibited low detection rates (Mateo-
Tomdas and Oleaq, 2011; Chapter 2), it is crucial to determine under which
circumstances the species is more likely to be detected. For instance,
conservation practitioners may want to determine whether to manage a
potentially harmful human disturbance in a nesting territory during
sensitive periods such as incubation. Hence, the decision to keep
monitoring or take part and manage (e.g., stopping a potentially
disturbing human action) could have serious economic consequences. In
these circumstances defining detection values for target species under
different scenarios should be a priority (Bennett et al., 2018). Budget
reallocation between and within monitoring programs is also possible
depending on what the objectives are. Further, it could be adapted to
fulfil species basic management requirements in cases of logistic
constraints or limit financial budgets for monitoring and conservation
programs (van Eeden et al., 2017). For example, allocating resources to
those periods in which species is more plausible to be detected (e.g.,
nestling period) reduces the time and money that needs to be invested,

therefore, being more cost-effective (Chapter 2; Wu et al., 2021).

Improving the knowledge of species' life cycle, such as the breeding
period, also offer crucial insights on territory occupancy and nesting site
selection (e.g., Sergio and Newton, 2003). These, indeed, are essential
targets for conservation and management programs since both aspects
determine the viability of populations and could influence the fitness of
philopatric species (e.g., Refsnider and Janzen, 2010; Jiménez-Franco et
al., 2018). In human-dominated landscapes, the number of available sites
for nesting is substantially reduced for certain long-lived species such as
cliff-nesting raptors. In these cases, species use the same nest every year
(e.g.. Jiménez-Franco et al., 2014; Beardsell et al., 2016). When alterations
occur, individuals could be forced to abandon such sites and select lower
quality sites (Stanback and Rockwell, 2003), which may negatively affect
breeding outcomes (Chapter 3). Therefore, the conservation of such

places should become a priority rather than protecting vast areas (e.g.,
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Eveillard-Buchoux et al., 2019). In this sense, temporal bans may help to
warrant the coexistence between economically profitable activities such
as resource extraction, which entails substantial habitat changes (i.e., due
to clear-cuttings in areas dedicated to monoculture plantations) and
conservation of sensitive species such as the Egyptian vulture
(Zuberogoitia et al., 2008; 2014). However, re-evaluating pre-existent
conservation measures is necessary when the population-level responses
to such measures are not evident or, worse, showed negative trends in
crucial parameters such as nest re-occupancy and productivity (Chapter
3). How species respond to habitat alterations in nesting site surroundings
may be used to define where and when those alterations may be allowed
and properly managed (e.g., Santangeli et al., 2013). One way to do so is
to design adequate spatio-temporal buffers and employ specific
landscape components (e.g., forest patches) to reduce the effect of such
habitat alterations and permit human actions take place (Chapter 3). This
exemplifies how behavioural indicators based on species tolerance to
human activities may guide the directionality of the management actions

to reverse negative effects.

Although the measures above-mentioned might palliate the effects
of certain human activities, multiple human alterations may overlap in
anthropogenic landscapes (Wilson et al., 2020). This generates scenarios
in which territories inhabited by the species are subjected to different
disturbance regimes that vary over time. Furthermore, various sources of
disturbance from human activities could synergistically and interactively
act on crucial parameters such as breeding (Tobias and Pigot, 2019;
Wilson et al., 2020). Hence, applying management measures to reduce
the adverse effects of human activities is necessary in such cases to
preserve population stability and viability (e.g., Mahon et al., 2019; Norris
et al., 2021). This is particularly important in species healthy populations
which may act as a source for other steeply declining populations (see
Serrano et al., 2021). In the case of Egyptian vulture, a species highly

sensitive to alterations in their territories, conservation of every single
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nesting site and territory is a priority, and every action carried or planned
to occur beforehand or not (by administration or any stakeholder) counts
(Chapter 4). The long-term success of management actions needs all
actors' active participation and coordination (e.g., stakeholders,
conservation practitioners, researchers and managers) (see, for instance,
Salvatori et al., 2020). Only then, such actions might result in positive long-
term effects for the population in anthropogenic landscapes and could
improve a set of crucial population-level parameters (e.g., number of
breeding territories, nest occupancy, and productivity; Chapter 4).
Furthermore, adopting such an approach could effectively reduce
human-wildlife conflicts in anthropogenic landscapes and promote
coexistence by reconciing human actions and species preservation
(Redpath et al., 2013; Chapter 4).

Detecting how and which human activities in anthropogenic
landscapes may alter individuals’ behaviour also pose new challenges in
contemporary ecological research. While long-term monitoring (e.g.,
using visual counts) allows the detection of certain behavioural alterations
(e.g., breeding behaviour), others require more sophisticated techniques,
such as studying animal movement (Allen and Singh, 2016; Katzner and
Arlettaz 2020). Information from animal movement patterns through GPS
telemetry could infer behavioural changes that enable species to thrive
in human-dominated landscapes. These landscapes encompassed
anthropogenic activities that could directly alter animal movement
patterns and space use (e.q., by decreasing or increasing home range
areas; Doherty et al., 2021), or indirectly by landscape fransformation or
increasing resource availability. For instance, the increase in the food
availability from humans and anthropogenic climate change may alter
species population dynamics, physiological changes, and even provoke
changes in migration patterns such as range-shortening in migration
routes (e.g., Oro et al.,, 2013; Chen et al., 2011).



Vultures are particularly sensitive to such changes due to their link to
anthropogenic food subsidies, particularly from livestock. For example,
griffon and cinereous vultures may recognise high and low carrion
availability areas and modulate their space use accordingly (Arrondo et
al., 2018). In the case of partial migratory species such as Egyptian vultures,
the year-round availability of food linked to temperate wintering
conditions seems to have ftriggered behavioural responses to such
alterations by shifting migratory behaviour towards residency (Chapter 5),
or even by changing foraging search patterns throughout the annual
cycle (Lopez-Lopez et al, 2013). Moreover, the above-mentioned
favourable conditions could also foster the grouping of the species that
could attract more birds to such areas during both unfavourable and
favourable seasons (see also Garcia-Alfonso et al.,, 2020). Such
congregations, which usually occur at roosting sites surrounding the
primary trophic sources like farms, are vital for information exchange and
population dynamics on the species (Dondzar, 1993; Garcia-Alfonso et al.,
2020; van Overveld et al., 2020a). Furthermore, in a broader context,
changes in livestock numbers in human-dominated landscapes could also
modulate the dynamics at roosting sites (Chapter 5-6). This is particularly
relevant when coupled with species social characteristics such as the
aftraction of conspecifics, which may exacerbate the effects of food
availability (Chapter 6). Therefore, the farm-roosting sites interlink at a fine
scale and changes in food availability at a broad scale play a crucial role
in maintaining social systems in species and modulates foraging,
population dynamics and migratory behaviour in a social species such as

Egyptian vulture (Chapter 5 and 6).

The consequences of these human-induced behavioural alterations
could also have profound effects at the population level, which have
implications for species conservation. For example, conserving
traditionally managed farmland areas could positively affect species
conservation in a changing world. In fact, those specialist species

exhibiting higher migratory diversity, such as Egyptian vultures (i.e., migrant
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and resident individuals), could better face environmental
unpredictability (Gilroy et al., 2016; Reid et al., 2018; Shaw, 2020). Also, the
growing humber of wintering birds and the continuous use of roosting sites
make them good conservation targets. Protecting those sites may help
preserve particularly relevant social dynamics (e.g., pair-bond formation
and information exchange, among others; van Overveld et al., 2020) and
the invaluable ecosystem services provided by the species by removing
carrion in such agricultural areas (Morales-Reyes et al., 2015). Another
positive aspect to consider is that the increase in resident birds due to
favourable conditions could enhance species survival (Chapter 6). The
latter is particularly relevant in a species such as the Egyptian vulture with
delayed maturity and reproduction and high juvenile and subadult
mortality (Grande et al., 2009; Oppel et al., 2015; Sanz-Aguilar et al., 2017;
Buechley et al., 2021), particularly during migration (Oppel et al., 2015).

As a counterpart, since animals could use such food abundance
and other individuals’ presence as sound cues, these cues may no longer
provide the expected positive fithess effects (Fletcher et al., 2012; Hale et
al., 2015). This is reflected in the counterintuitive results of Chapter 6 where
we found that resident Egyptian vultures showed lower breeding activity
and higher energy expenditure than migratory individuals. In such cases,
species may compensate for the higher costs of residency due to the
easiness of food acquisition by reducing their home range (i.e., a roosting
site are close to sites where resources are available) (Chapter 5 and 6).
However, such a decrease in the space use coupled with increased
spatio-temporal predictability of farm resources may favour competition.
For example, highly socially ranked individuals such as adults could force
juveniles/subadults to search for food far from farms (see Chapter 5; van
Overveld et al., 2018). This could increase the risk of collision with human-
infrastructures (e.g., power lines) close to roosting sites (Garcia-Alfonso et
al., 2021). Finally, the increase of the intensive farming practices and more
intense use of intensive farms as feeding sites by vultures could also have

adverse effects, such as exposing individuals to pharmaceuticals and



increasing disease risk or even death (Blanco et al., 2019; Moreno-Opo et
al., 2021). Allthose cases exemplify how human activities are now a strong
selective pressure acting on certain behavioural traits at the individual
(e.g., increase of energy expenditure and bad flight efficiency) and
population levels (e.g., higher exposure of resident populations to human

threats).

Socio-economic changes are provoking landscape polarisation in
which previously human-dominated landscapes will suffer an increase in
the severity and quantity of human impacts (Corlett, 2016). In contrast,
others will experience the abandonment of the land and traditional
activities such as extensive livestock husbandry, particularly in rural areas
(Navarro and Pereira, 2015; Perino et al., 2019). In the case of vultures,
landscape anthropization poses new challenges for their conservation. For
instance, land intensification and more abundant but harmful
anthropogenic food sources could both benefit the species and expose
them to several threats such as collisions with human-made infrastructures,
human disturbances at nesting sites, high poisoning risk and human-vulture
conflicts, among others (Carrete et al., 2009; Zuberogoitia et al., 2008;
Gangoso et al., 2013; Duriez et al., 2019; Lambertucci et al., 2021). The
ability of specialist species such as vultures and, in particular, sensitive
species such as the Egyptian vulture to adapt to human-dominated
landscapes will depend on their behavioural plasticity to respond to
rapidly changing environments. Likewise, our ability to ensure the species
persistence and the ecosystem services their offer in human-dominated
landscapes will depend on both 1) the selection of suitable behavioural
indicators that offer cues on the directionality of species response to
human activities, and 2) our effort to track and detect changes in species
response to human alterations that could otherwise compromise
population stability. This will, indeed, define evidence based, effective
conservation management actions at local scale (e.g., Effrat et al., 2020)

that could help to design and improve broader and more ambitious
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conservation plans for vulture conservation in the XXI century (e.g., Botha
et al., 2017).

Challenges and opportunities in the use of behavioural

indicators

A key point of applying behavioural-driven-conservation measures is that
these approaches usually are very species-specific. Moreover, the
response to human disturbance may not only depend on species but also
on individuals’ sensitivity to them (Blumstein et al., 2005). This means that,
in some cases, species with high ecological requirements may be
insensitive to human alterations (e.g., Santangeli et al., 2013), while, in
other cases, they may respond negatively in habitats with similar or even
lower human disturbance regimes (Chapter 3 and 4). Also, species
response to human disturbances could vary across the same distribution
range (Devictor et al., 2008). For instance, Oppel et al., (2017) proved that
predictive models accounting for a set of variables affecting Egyptian
vulture nest re-occupancy and breeding success, despite useful, were not
transferable to other geographical areas where the species was present.
Therefore, these measures may be considered context-dependent (i.e.,
vary qacross areas, species, populations and even individual level),
hindering conservation practitioners' implementation of such behavioural-
mediated conservation measures. For example, managers or
policymakers may consider it economically costly to evaluate different
management actions for the same species or populations across their
distribution range rather than implementing standard conservation
measures (Panitsa et al.,, 2011; Lindenmayer et al., 2014). Also, the
conservation of rare species may be considered a waste of resources

when resources are limited (Neeson et al., 2018).

Single-species conservation measures could be much narrowed
and have been criticised during the last century (e.g., Robert and
Angelstam, 2004; Sheddon and Leech, 2008). However, such an

approach could be practical when applied to apex-predator species



offering invaluable ecosystem services, which inhabit places shared with
other species of interest. This is particularly relevant in the Egyptian vulture,
a cliff-nesting species that usually shares space with other sensitive species
(e.g., griffon vultures, red-billed chough, common raven and peregrine
falcon, among others). For example, applying single-species
management measures could help maintain species assemblages (e.g.,
Bichel et al.,, 2016; Runge et al., 2019). Furthermore, conserving rare
species is crucial for healthy ecosystem maintenance (Mouillot et al.,
2013), particularly in human-dominated landscapes. For instance, it has
been demonstrated that in scavenger communities, both rare and
common species offer invaluable ecosystem services by removing carrion
(Mateo-Tomas et al., 2017). It should also be considered that adopting
such approaches are sometimes necessary in human-dominated
londscapes since the social acceptance of some measures habitually
depend on how the target species appeals to the public based on their
appearance, status and utility (Bowen and Entwistle, 2002). Finally,
selecting adequate behavioural indicators that are handful and easy to
obtain, analyse and understand, mainly/specially those comparable
across species and areas, is a key step in reducing uncertainties
associated with variability in individuals' responses to human activities
(Blumstein et al., 2005). This could help explain whether individuals exhibit
a plastic response to alteration (e.g.. increase in food availability or
landscape transformation) in human-dominated landscapes to infer
betfter population-level responses that may influence population
dynamics at a broad scale (Brass et al., 2021). Finally, the advent of new
technologies has also enabled the appearance of new behavioural-
derived indicators such as energy expenditure through tri-axial
accelerometry. Although the use of these indicators is still on its infancy,
they offer promising ways to measure the effects of humans’ activities on
species behaviour and eco-physiological consequences of behavioural

changes (Wilson et al., 2019).
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Conclusions

Conservation in human-dominated landscapes represents a real
challenge in contemporary ecology. Therefore, disentangling how
species respond to human activities in such landscapes is of great
importance in designing/taking adequate conservation actions to
warrant the conservation and persistence of sensitive and threatened
species such as, the Egyptian vulture. This thesis demonstrates the ufility of
using behavioural indicators such as occupancy/detectability, breeding
behaviour and space use from long-term monitoring and GPS tfracking
data to decipher how species respond to environmental and

anthropogenic alterations and design effective conservation measures.

1. In Egyptian vultures, both sexes invest similar efforts on different
parental tasks. However, crucial events such as incubation and nest
hatching provoke a shift in the patterns of parental investment.
There is no effect of environmental factors such as ambient
temperature on parental activity but in changeover, which
increases the replacement rate of adults at the nest.

2. Accounting for monitoring effort, species breeding behaviour,
environmental covariates (e.g., weather), and nest characteristics
(e.g., nest visibility) could help to implement cost-effective
monitoring and conservation programs and to reach a trade-off
between financial budgets and conservation purposes.

3. Overwintering habitat alterations could reduce nest occupancy,
breeding success and productivity. Temporary and spatial bans
during periods in which species is not present increases nest reuse
and productivity. Moreover, determinate landscape elements that
provide screening, such as forest patches, increase nest re-
occupancy probability and alleviate the effects of habitat
alterations in nest surroundings.

4. Management actions with multifaceted crucial behavioural targets
(e.g., habitat selection, breeding success, and productivity)

positively affect Egyptian vultures nests subjected to different
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disturbance regimes. Thus, the combined participation of
policymakers, rangers, researchers, and stakeholders is key to allow
human-wildlife coexistence while warrantying economic activities
in human-dominated landscapes.

5. Anthropogenic food subsidies could induce behavioural changes
in Egyptian vultures. In particular, changes and practices in
farmland areas may alter their migratory patterns towards residency
in the lberian Peninsula. Egyptian vultures respond to food from
humans by gathering and forming large congregations at roosting
sites, which are vital for species social dynamics. Species exhibited
small home range areas during winter and positively selected
farmland areas dedicated to livestock husbandry.

6. The increase in the available food and social attraction modulates
wintering populations of Egyptian vultures. Human-induced
behavioural changes towards residency increase survival
probability but reduce breeding attempts. Moreover, residency
increases energy expenditure and reduced flight efficiency and
activity duration due to shorter days in northern latitudes. On the
conftrary, migration reduces individual survival and increases overall
breeding performance while reducing energy costs associated with

flight in African wintering quarters.

Humans could potentially alter species behaviour and how these
can be used in species conservation. The present thesis addresses such by
interpreting behavioural indicators and wuses them in different
conservation scenarios. We are sfill far from profoundly understand the
magnitude of human alterations' effects on species behaviour and how
these are traduced in real consequences at ecosystem-level processes.
However, disentangling how sensitive and cornerstone species respond to
such changes using different methodologies such as long-term monitoring
and fracking technology is a step forward to address the further question

in the ecology and conservation of species and habitats in human-
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dominated landscapes. Far beyond, it could help understand not only
the species themselves and but also their link with the human being, which

is essential to predict future changes.






REFERENCES






AEMET (2020).
https://opendata.aemet.es/centrodedescargas/productosAEMET?.
Accessed: 10 December 2020.

AEMET (2021).
https://opendata.aemet.es/centrodedescargas/productosAEMET?
Accessed: 25 June 2021.

Aguilera-Alcald, N., Morales-Reyes, Z., Martin-Lopez, B., Moledn, M., and
Sdnchez-Zapata, J. A. (2020). Role of scavengers in providing non-
material conftributions to people. Ecological Indicators 117, 106643.

Alarcén, P. A. E. and Lambertucci, S. A. (2018). A three-decade review of
telemetry studies on vultures and condors. Movement Ecology 6, 13.

Allen, A. M., and Singh, N. J. (2016). Linking movement ecology with wildlife
management and conservation. Frontiers in Ecology and Evolution 3,
155.

Almeida, P. J. A. L., Vieira, M. V., Kagjin, M., German, F. M. and Cerqueira, R. (2010)
Indices of movement behaviour: Conceptual background, effects of
scale and location errors. Zoologia. doi:10.1590/S1984-
46702010000500002

Al-Rashidi, M., Kosztolanyi, A., Kupper, C., Cuthill, I.C.,Javed, S. and Szekely T.
(2010). The influence of a hot environment on the parental cooperation
of a groundnesting shorebird, the Kentish plover Charadrius alexandrinus.
Frontiers in Zoology 7, 1-10.

Andrén, H. (1994). Effects of habitat fragmentation on birds and mammails in
landscapes with different proportions of suitable habitat: a review. Oikos
71,355-366.

Aresu MA, Rotta A, Fozzi A, Campus A, Muzzeddu M, Secci D, Fozzi |, Rosa DE,
and Berlinguer F. (2020). Assessing the effects of different management
scenarios on the conservation of small island vulture populations. Bird
Conservation International, 1-18. doi:
https://doi.org/10.1017/50959270920000040

Arizaga, J., Resano-Mayor, J., Villanua, D., Alonso, D., Barbarin, J.M., Herrero, A.,
Lekuona, J.M., and Rodriguez, R. (2018). Importance of artificial stopover
sites through avian migration flyways: a landfill-based assessment with
the White Stork Ciconia ciconia. lbis, 160, 542-553.

Arnold, (2010). Uninformative parameters and model selection using Akaike’s
Information  Criterion J. Wildlife Manage., 74 (2010), pp. 1175-
1178, 10.1111/j.1937-2817.2010.tb01236.x

Arrondo, E., Moledén, M., Cortés-Avizanda, A., Jiménez, J., Beja, P., SGnchez-
Zapata, J. A., and Dondzar, J. A. (2018). Invisible barriers: Differential
sanitary regulations constrain vulture movements across country borders.
Biological Conservation, 219, 46-52.Arrondo E, Sanz-Aguilar A, Pérez-
Garcia JM, Cortés-Avizanda A, S&nchez-Zapata JA, and Dondzar JA.
(2020). Landscape anthropization shapes the survival of a top avian
scavenger. Biodiversity and Conservation, https://doi.org/10.1007/s10531-020-
01942-6

Arrondo, E., Navarro, J., Perez-Garcia, J. M., Mateo, R., Camarero, P. R., Martin-
Doimeadios, R. C. R., Jimenez-Moreno, M., Cortés-Avizanda, A., Navas,
I, Garcia-Ferndndez, A.J., Sdnchez-Zapata, J.A. and Dondzar, J. A.
(2020). Dust and bullets: Stable isotopes and GPS tracking disentangle
lead sources for a large avian scavenger. Environmental Pollution 266,
115022.


https://doi.org/10.1017/S0959270920000040
https://doi.org/10.1111/j.1937-2817.2010.tb01236.x
https://doi.org/10.1007/s10531-020-01942-6
https://doi.org/10.1007/s10531-020-01942-6

Arrondo, E., Garcia-Alfonso, M., Blas, J., Cortes-Avizanda, A., De la Riva, M.,
Devault, T. L., Fiedler, W., Flack, A., Jimenez, J., Lambertucci, S.A.,
Margalida, A., Oliva-Vidal, P., Phipps, W.L., Sdnchez-Zapata, J.A.,
Wikelski, M. and Donazar, J. A. (2021). Use of avian GPS tfracking to
mitigate human fatalities from bird strikes caused by large soaring birds.
Journal of Applied Ecology 58, 1411-1420.

Arroyo, B.E., De Cornulier, T. and Bretagnolle, V. (2002). Parental investment and
parent offspring conflicts during the post-fledging period in Montagu'’s
Harrier. Animal Behaviour 63, 235-244.

Arroyo, B. and Razin, M. (2006). Effect of human activities on bearded vulture
behavior and breeding success in the French Pyrenees. Biological
Conservation 128, 276-284.

Avery, M.L., Humphrey, J.S., Daughtery, T.S., Fischer, J.W., Milleson, M.P and
Tillman, E.A. (2011). Vulture flight behavior and implications for aircraft
safety. Journal of Wildlife Management 75, 1581-1587.

Badia-Boher, J.A., Sanz-Aguilar, A., de la Riva, M., Gangoso, L., van Overveld, T.,
Garcia-Alfonso, M., Luzardo O.P., Suarez-Pérez, A., and Dondzar, J.A.
(2018). Evaluating European LIFE conservation projects: Improvements in
survival of an endangered vulture. Journal of Applied Ecology 56, 1210-
1219.

Bailey, L.L., Hines, J.E., Nichols, J. D., and MacKenzie, D.I., (2007). Sampling design
trade-offs in occupancy studies with imperfect detection: examples and
software. Ecological Applications 17, 281-290.

Bailey, L.L., MacKenzie, D.l., and Nichols, J.D., (2014). Advances and applications
of occupancy models. Methods in Ecology and Evolution 5, 1269-1279.

Bal, P., Tulloch, A. I., Chades, |, Carwardine, J., McDonald-Madden, E., and
Rhodes, J. R., (2018). Quantifying the value of monitoring species in mulfti-
species, multi-threat systems. Methods in Ecology and Evolution 9, 1706-
1717.

Balshine, S. 2012. Patterns of parental care in vertebrates. In Royle, N.J., Smiseth,
P.T., and Kolliker, M. (eds) The Evolution of Parental Care, 62-75. Oxford
University Press, Oxford.

Barata, I.M., Griffiths,R.A., Ridout, M.S. (2017). The power of monitoring: optimizing
survey designs to detect occupancy changes in a rare amphibian
population. Scientific Reports 7, 16491.

Barbosa, A.M., Real, R., Munoz, A.R. and Brown, J.A. (2015). New measures for
assessing model equilibrium and prediction mismatch in species
distribution models. Diversity and Distributions, 19, 1333-1338.

Barta, Z. (2016). Behavioural change over the annual cycle: optimal annual
routines. Current Opinion in Behavioural Science 12, 138-141.

Bassi, E., Trotti, P., Brambilla, M., Diana, F., Sartirana, F., Galli, L. and Pedrotti, L.
(2017). Parental investment in two large raptors breeding in a high prey
density area. Journal of Ornithology 158, 549-559.

Bates D, Maechler M, and Bolker B. (2012). Ime4: Linear mixed-effects models
using S4 classes. R package version 0.999999-0. http://CRAN.R-
project.org/package=Ime4. (Accesed October 28, 2020).

Bates, D., Maechler, M., Bolker, B. and Walker, S. (2015). Fitting linear mixed-
effects models using Ime4. Journal of Statistical Software 67, 1-48.

Bauer, S. and Hoye, B. J. (2014). Migratory animals couple biodiversity and
ecosystem functioning worldwide. Science 344, 6179.
https://doi.org/10.1126/science.1242552.



Beale, C.M. and Monaghan, P. (2004). Behavioural responses to human
disturbance: a matter of choice? Animal Behaviour 68, 1065-1069.

Beardsell, A., Gauthier, G., Therrien, J. F., and Béty, J. (2016). Nest site
characteristics, patterns of nest reuse, and reproductive output in an
Arctic-nesting raptor, the Rough-legged Hawk. The Auk: Ornithologicall
Advances 133, 718-732.

Beever, E.A., Hall, L.E., Varner, J.M., Loosen, A.E., Dunham, J.B., Gahl, M.K., Smith,
F.A., & Lawler, J.J. (2017). Behavioral flexibility as a mechanism for coping
with climate change. Frontiers in Ecology and the Environment, 15, 299-
308.

Bennett, J. R., Maxwell, S. L., Martin, A. E., Chades, I., Fahrig, L., and Gilbert, B.
(2018). When to monitor and when to act: Value of information theory
for multiple management units and limited budgets. Journal of Applied
Ecology, 55(5), 2102-2113.

Berger-Tal, O., Polak, T., Oron, A., Lubin, Y., Kofler, B. P., and Saltz, D. (2011).
Integrating animal behavior and conservation biology: a conceptual
framework. Behavioral Ecology 22, 236-239.

Berthold, P., Helbig, A. J., Mohr, G. and Querner, U. (1992). Rapid microevolution
of migratory behaviour in a wild bird species. Nature 360, 668-670.

Bichet, O., Dupuch, A., Heébert, C., Le Borgne, H., and Forfin, D. (2016).
Maintaining animal assemblages through single-species management:
the case of threatened caribou in boreal forest. Ecological Applications
26, 612-623.

Bijleveld, A. I., Egas, M., van Gils, J. A. and Piersma, T. (2010). Beyond the
information centre hypothesis: Communal roosting for information on
food, predators, travel companions and mates?. Oikos 119, 277-285.

BirdLife International (2015). European Red List of Birds. Office for Official
Publications of the European Countries.

BirdLife International (2016). IUCN Red List for birds. https://www .birdlife.org.

BirdLife International. (2018). Neophron percnhopterus. The IUCN Red List of
Threatened Species 2015: €.122695180A85062680. Downloaded on 12
May 2018.

BirdLife International (2019). Species factsheet: Neophron percnopterus.
http://www .birdlife.org (accessed 18 January 2020).

BirdLife International (2020). IUCN Red List for Birds. http://www.birdlife.org.
(Accesed October 10, 2020).

Birkhead TR (2014) Stormy Outlook for long-term ecology studies. Nature 514:405

Bishop, C. M., Spivey, R. J., Hawkes, L. A., Batbayar, N., Chua, B., Frappell, P. B.,
Milsom, W.K., Natsagdorj, T., Newman, S.H., Scott, G.R., Takekwa, J.Y.,
Wikelski, M. and Butler, P. J. (2015). The roller coaster flight strategy of bar-
headed geese conserves energy during Himalayan migrations. Science
347, 250-254.

Blackwell BF, DeVault TL, Ferndndez-Juricic E, Gese EM, Gilbert-Norton L, and
Breck SW. (2016). No single solution: application of behavioural principles
in mitigating human-wildlife conflict. Animal Behaviour 120, 245-254.

Blanc, L., Marboutin, E., Gatti, S., Zimmermann, F., and Gimenez, O. (2014).
Improving abundance estimation by combining capture-recapture and
occupancy data: example with a large carnivore. Journal of Applied
Ecology 51, 1733-1739. https://doi.org/10.1111/1365-2664.12319


http://www.birdlife.org/
https://doi.org/10.1111/1365-2664.12319

Blanco, G. and Tella, J. L. (1999). Temporal, spatial and social segregation of red-
billed choughs between two types of communal roost: A role for mating
and territory acquisition. Animal Behaviour 59, 1219-1227.

Blanco, G., Cortés-Avizanda, A., Frias, O., Arrondo, E. and Dondzar, J. A. (2019).
Livestock farming practices modulate vulture diet-disease interactions.
Global Ecology and Conservation 17, e00518.
https://doi.org/10.1016/j.gecco.2018.e00518

Blumstein, D. T., Ferndndez-Juricic, E.., Zoliner, P. A., and Gairity, S. C. (2005). Inter-
specific variation in avian responses to human disturbance. Journal of
applied ecology 42, 943-953.

Bodey, T. W., Cleasby, I. R., Bell, F., Parr, N., Schultz, A., Votier, S. C., and Bearhop,
S. (2018). A phylogenetically controlled meta-analysis of biologging
device effects on birds: Deleterious effects and a call for more
standardized reporting of study data. Methods in Ecology and Evolution
9, 946-955.

Bolam, F.C., Mair, L., Angelico, M., Brooks, T.M., Burgman, M.A., Hermes, C.,
Hoffmann, M., Martin, R.W., McGowan, P.J., Rodrigues, A.S., Rondinini, C.,
Westrip, J.R., Wheatley, H., Bedolla-Guzmdn, Y.R., Calzada, J., Child, M.F.,
Cranswick, P.A., Dickman, C.R., Fessl, B., Fisher, D.O., Garneft, S.T.,
Groombridge, J.J., Johnson, C.N., Kennerley, R.J., King, S.R., Lamoreux,
J.F..Lees, A.C., Lens, L., Mahood, S.P., Mallon, D.P., Meijaard, E., Méndez-
Sdnchez, F., Percequillo, A.R., Regan, T.J., Renijifo, L.M., Rivers, M.C.,
Roach, N.S., Roxburgh, L., Safford, R.J., Salaman, P., Squires, T., Vazquez-
Dominguez, E., Visconti, P., Woinarski, J.C., Young, R.P., and Butchart, S.H.
(2020). How many bird and mammal extinctions has recent conservation
action prevented? Conservation Letters, el2762.
https://doi.org/10.1111/conl.12762

Bolker, B.M., Brooks, M.E., Clark, C.J., Geange, S.W., Poulsen, J.R., Stevens, M.H.H.,
and White, J.-S. (2009). Generalized linear mixed models: a practical
guide for ecology and evolution. Trends in Ecology and Evolution 24, 127-
135.

Borger, L., Dalziel, B. D. and Fryxell, J. M. (2008). Are there general mechanisms of
animal home range behavioure A review and prospects for future
research. Ecology Letters 11, 637-650.

Botha, A.J., Andevski, J., Bowden, C.G.R., Gudka, M., Safford, R.J., Tavares, J.,
and Williams, N.P., (2017). Multi-species action plan to conserve African-
Eurasian vultures. Abu Dha-bi, United Arab Emirates.

Bowen-Jones, E., and Entwistle, A. (2002). Identifying appropriate flagship
species: the importance of culture and local contexts. Oryx 36, 189-195.

Bowler DE, Bjorkman AD, Dornelas M, Myers-Smith I.H., Navarro L. M., Niamir A.,
Supp S.R., Waldock C., Vellend M., Blowes S. A., Bdhning-Gaese K.,
Bruelheide H., Elahi R., Antdo L.H., Hines J., Isbell F., Jones H.P., Magurran
A.E., Cabral J. S., Winter M., and Bates A.E. (2020). Mapping human
pressures on biodiversity across the planet uncovers anthropogenic
threat complexes. People and Nature 2, 380- 394.

Boyce, M. S. (2006). Scale for resource selection functions. Diversity and
Distributions, 12, 269-276.

Brass, D. P., Cobbold, C. A., Ewing, D. A., Purse, B. V., Callaghan, A., and White,
S. M. (2021). Phenotypic plasticity as a cause and consequence of
population dynamics. Ecology Letters.


https://doi.org/10.1111/conl.12762

197

References

Bro-Jergensen, J., Franks, D. W., and Meise, K. (2019). Linking behaviour to
dynamics of populations and communities: application of novel
approaches in behavioural ecology to conservation. 374: 20190008

Brooker, R.M., Feeney, W.E., White, J.R., Manassa, R.P., Johansen, J.L. and Dixson,
D.L. (2016). Using insights from animal behaviour and behavioural
ecology to inform marine conservation initiatives. Animal Behaiour 120,
211-221.

Brooks, M. E., Kristensen, K., Van Benthem, K. J., Magnusson, A., Berg, C. W.,
Nielsen, A., Skaug, H.J., M&chler, M. and Bolker, B. M. (2017). gimmTMB
balances speed and flexibility among packages for zero-inflated
generalized linear mixed modeling. The R journal 9, 378-400.

Brunton, D.H. (1988). Sexual differences in reproductive effort: time-activity
budgets of monogamous killdeer, Charadrius vociferous. Animal
Behaviour 36, 705-717.

Bruun, M. and Smith, H.G. (2003). Landscape composition affects habitat use and
foraging flight distances in breeding European starlings. Biological
Conservation 114, 179-187.

Buchan, C., Gilroy, J. J., Catry, ., and Franco, A. M. (2020). Fitness consequences
of different migratory strategies in partially migratory populations: A multi-
taxa meta-analysis. Journal of Animal Ecology 89, 678-690.

Buechley, E.R., and Sekercioglu, C.H., (2016). The avian scavenger crisis: looming
extinctions, tfrophic cascades, and loss of critical ecosystem functions.
Biological Conservation 198, 220-228.
https://doi.org/10.1016/j.biocon.2016.04.001

Buechley, E. R., Santangeli, A., Girardello, M., Neate-Clegg, M. H., Oleyar, D.,
McClure, C. J., and Sekercioglu, C. H. (2019). Global raptor research and
conservation priorities: Tropical raptors fall prey to knowledge gaps.
Diversity and Distributions, 25, 856-869.

Buechley, E. R., Oppel, S., Efrat, R., Phipps, W. L., Carbonell Alanis, 1., Alvarez, E.,
Andreotti, A., Arkumarev, V., Berger-Tal, O., Bermejo, , A., Bounas, A.,
Ceccolini, G., Cenerini, A., Dobrev, V., Duriez, O., Garcia, J., Garcia-
Ripollés, C., Galan, M., Gil, A., Giraud, L., Hatzofe, O., Iglesias, J.J.,
Karyakin, ., Kobierzycki, E., Kret, E., Loercher, F., Lopez-Lopez, P., Miller, Y.,
Mueller, T., Nikolov, S.C., De La Puente, J., Sapir, N., Saravia, V.,
Sekercioglu, C.H., Sillett, T.S., Tavares, J., Urios, V., and Marra, P. P. (2021).
Differential survival throughout the full annual cycle of a migratory bird
presents a life-history tfrade-off. Journal of Animal Ecology 90, 1228-1238.

Bulla, M., Valcu, M., Rutten, AL. and Kempenaers, B. (2014). Biparental
incubation patterns in a high-Arctic breeding shorebird: how do pairs
divide their duties? Behavioural Ecology 25, 152-164.

Bulla,M., Stich, E., Valcu, M.and Kempenaers, B. (2015). Offnest behaviour in a
biparentally incubating shorebird varies with sex, time of day and
weather. Ibis 157, 575- 589.

Bulla, M., Valcu, M., Dokter, A., Kosztolanyi, A., Rutten, A., Helm, B., Sandercock,
B., Casler, B., Ens, B.J., Spiegel, C.S., Hassell, C., Kupper, C., Minton, C.,
Riera, D.B., Lank, D.B., Payer, D., Loktionov, E.Y., Nol, E., Kwon, E., Smith,
F.. Hillig, F., Vitnerova, H., Preuter, H., Clair, J.S., Rausch, J., Reneerkens, J.,
Conklin, J.R., Lamarre, J., Johnson, J., Burger, J., Liebzeit, J., Bety, J.,
Coleman, J., Figuerola, J., Hooijmeijer, J., Alves, J.A., Weidinger, K.,
Koivula, K., Gosbell, K., Niles, L., Koloski, L., McKinnon, L., Klaassen, M.,
Giroux, M.A., Sladecek, M., Boldenow, M., Exo, M., Goldstein, M.I., Salek,


https://doi.org/10.1016/j.biocon.2016.04.001

M., Senner, N., Reonkeaq, N., Lecomte, N., Gilg, O., Vincze, O., Johnson,
O., Smith, PA., Tomkovich, P., Battley, P., Bentzen, R., Lanctot, R., Gates,
R., Porter, R., Saalfeld, S., Freeman, S., Brown, S., Yezerinac, S., Haig, S.M.,
Szekely, 1., Piersma, T., Montalvo, T., Loverti, V., Pakanen, V.M., Tijsen, W.
and Kempenaers, B. (2016). Unexpected diversity in socially synchronized
rhythms of shorebirds. Nature 540, 109-113.

Burnham, K.P. and Anderson, D.R. (2002). Model selection and multimodel
inference: a practical information-theoretic approach. 2nd ed. Springer,
New York.

Burnham, K.P., Anderson, D.R. and Huyvaert, K.P. (2011). AIC model selection and
multimodel inference in behavioral ecology: some background,
observations, comparisons. Behavioural Ecology and Sociobiology 65,
23-35.

Byholm, P., Rousi, H., and Sole, I. (2011). Parental care in nesting hawks: breeding
experience and food availability influence the outcome. Behavioural
Ecology 22, 609-615.

Cadahia L, Labra A, Knudsen E, Nilsson A, Lampe HM, Slagsvold T, and Stenseth
NC. (2017). Advancement of spring arrival in a long-term study of a
passerine bird: Sex, age and environmental effects. Oecologia 184, 917-
929.

Cagnacci, F., Focardi, S., Heurich, M., Stache, A., Hewison, A.J.M., Morellet, N.,
Kjellander, P., Linnell, J.D.C., Mysterud, A., Neteler, M., Delucchi, L., Ossi,
F. and Urbano, F. (2011). Partial migration in roe deer: Migratory and
resident tactics are end points of a behavioural gradient determined by
ecological factors. Oikos 120, 1790-1802.

Calenge, C., Dray, S. and Royer-Carenzi, M. (2009). The concept of animals’
trajectories from a data analysis perspective. Ecological Informatics.
doi:10.1016/j.ecoinf.2008.10.002

Carere, C. and Maestripieri, D. (2013). Animal personalities: behavior, physiology,
and evolution. Chicago, IL: University of Chicago Press.

Carlson, M., and Schmiegelow, F. (2002). Cost-effective sampling design applied
to large-scale monitoring of boreal birds. Conservation Ecology 6,
http://www.consecol.org/vol6/iss12/art11.

Caro, T., and Berger, J. (2019). Can behavioural ecologists help establish
protected areas?. Philosophical Transactions of the Royal Society B 374,
20180062.

Carrete, M., Grande, J.M., Tella, J.L., Sdnchez-Zapata, J.A., Dondzar, J.A., Diaz-
Delgado, R. and Romo, A. (2007). Habitat, human pressure, and social
behavior: partialling out factors affecting large-scale territory extinction
in an endangered vulture. Biological Conservation 136, 143-154.

Carrete, M., Sdnchez-Zapata, J.A., Benitez, J.R., Lobdn, M. and Dond&zar, J.A.
(2009). Large scale risk-assessment of windfarms on population viability
of a globally endangered longlived raptor. Biological Conservation 142,
2954-2961.

Carrete, M., Bortolotti, G.R., Sdnchez-Zapata, J.A., Delgado, A., Cortés-Avizanda,
A., Grande, JM. and Dondzar, J.A. (2013). Stressful conditions
experienced by endangered Egyptian vultures on African wintering
areas. Animal Conservation 16, 353-358.

Cartwright, S.J., Nicoll, M.A., Jones, C.G., Tatayah, V. and Norris, K. (2014).
Anthropogenic natal environmental effects on life histories in a wild bird
population. Current Biology 24, 536-540.


http://www.consecol.org/vol6/iss12/art11

Caughlan, L., and Oakley, K.L. (2001). Cost considerations for long-term
ecological monitoring. Ecological Indicators 1, 123-134.
https://doi.org/10.1016/S1470-160X(01)00015-2

Center for International Earth Science Information Network - CIESIN - Columbia
University. 2018. Gridded Population of the World, Version 4 (GPWv4):
Population Density, Revision 11. Palisades, NY: NASA Socioeconomic
Data and Applications Center (SEDAC).
https://doi.org/10.7927 /H49C6VHW. Accessed DAY MONTH YEAR.

Chapman, B., Brdnmark, C., Nilsson, J. A., and Hansson, L. A. (2011a). Partial
migration: an intfroduction. Oikos, 120, 1761-1763.

Chapman, B. B., Bronmark, C., Nilsson, J. A. and Hansson, L. A. (2011b). The
ecology and evolution of partial migration. Oikos 120, 1764-1775.

Chase, A. F., and Chase, D. Z. (2016). Urbanism and anthropogenic landscapes.
Annual Review of Anthropology 45, 361-376.

Chen, I. C., Hill, J. K., OhlemUller, R., Roy, D. B., and Thomas, C. D. (2011). Rapid
range shifts of species associated with high levels of climate warming.
Science 333, 1024-1026.

Chen, G., Kéry, M., Plattner, M., Keping, Ma., Gardner, B. (2013). Imperfect
detection is the rule rather than the exception in plant distribution
studies. Journal of Ecology 101, 183-191. https://doi.org/10.1111/1365-
2745.12021

Clark, T., Bradburn, M., Love, S., and Altman, D. (2003). Survival analysis part I:
Basic concepts and first analyses. 232-238. ISSN 0007-0920.

Clutton-Brock, T.H. (1991). The Evolution of Parental Care. Princeton University
Press, Princeton, NJ.

Cole, E.F. and Quinn, J.L. (2014). Shy birds play it safe: personality in captivity
predicts risk responsiveness during reproduction in the wild. Biology
Lefters 10, 20140178.

Corlett, R. T. (2016). Restoration, reintroduction, and rewilding in a changing
world. Trends in ecology and evolution, 31, 453-462.

Cook CN, Mascia MB, Schwartz MW, Possingham HP, and Fuller RA. (2013).
Achieving conservation science that bridges the knowledge-action
boundary. Conservation Biology 27, 669-678.

Coristine, L.E., Jacob, A., Schuster, R., Otto, S.P., Baron, N., Bennett, N.J., Bittick,
S.J.. Dey, C.J., Favaro, B., Ford, A.T., Nowlan, L., Orihel, D.M., Palen, W.J.,
Polfus, J.L., Shiffman, D.S., Venter, O., and Woodley, S.. (2018). Facets 3,
531-562. doi: 10.1139/facets-2017-0102

Cortés-Avizanda, A., Ceballos, O. and Dond&zar, J. (2009). Long-term frends in
population size and breeding success in the Egyptian vulture (Neophron
percnopterus) in Northern Spain. Journal of Raptor Research 43, 43-49.

Cortés-Avizanda, A., Blanco, G., DeVault, T.L., Markayanda, A., Virani, M.Z.,
Brandt, J. and Dond&zar, J.A. (2016). Supplementary feeding and
endangered avian scavengers: benefits, caveats, and confroversies.
Frontiers in Ecology and Environment 14, 191-199.

Cramp S, Simmons, K.E.L. (1980). The birds of the western Palearctic. London:
Oxford University Press p. 636-655.

Cramp, S. (1985). The Birds of the Western Palearctic. Oxford University Press,
London.

Cramp, S. and Simmons, K.E.L. (1980). The Birds of the Western Palearctic. Oxford
University Press, London.


https://doi.org/10.1016/S1470-160X(01)00015-2
https://doi.org/10.1111/1365-2745.12021
https://doi.org/10.1111/1365-2745.12021

Cresswell, W., Holt, S., Reid, J.M., Whitfield, D.P. and Mellanby, R.J. (2003). Do
energetic demands constrain incubation scheduling in a biparental
speciese Behavioural Ecology 14, 97-102.

Cruz-Lopez, M., Eberhart-Phillips, L.J., Ferndndez, G., Beamonte-Barrientos, R.,
Székely, T., Serrano-Meneses, M.A. and KUpper, C. (2017). The plight of a
plover: viability of an important snowy plover population with flexible
brood care in Mexico. Biological Conservation 209, 440-448.

Cruz, C., Santulli-Sanzo, G., and Ceballos, G. (2021). Global patterns of raptor
distribution and protected areas optimal selection to reduce the
extinction crises. Proceedings of the National Academy of Sciences, 118.

Dale, C. A. and Leonard, M. L. (2011). Reproductive consequences of migration
decisions by lpswich Sparrows (Passerculus sandwichensis princeps).
Canadian Journal of Zoology 8%, 100-108.

Dall, S.R., Giraldeau, L.A., Olsson, O., McNamara, J.M., and Stephens, D.W.
(2005). Information and its use by animals in evolutionary ecology. Trends
in Ecology and Evolution 20, 187-193. https://doi.org/10.1016/j.tree.2005.01.010

Decreto Foral 60/2019, de 21 de mayo, de la Diputacion Foral de Bizkaia, por el
gue se regula la autorizacion para la celebracion de pruebas deportivas
colectivas en espacios naturales protegidos y para el caso de afeccidn
a especies amenazadas del Territorio Histérico de Bizkaia.
http://apps.bizkaia.eus/BTO0/SumarioUltimoServietefecha=20190523and
numero=97andprimero=0andreferenciaBoletin=BOB-

20190097 .pdfandsumarioBoletin=BOB-
20190097 .pdfandimpresion=0andidi=esandorigen=ultimo.  (Accessed
January 5, 2021).

Decreto Foral 103/2018, de 24 de julio, de la Diputacion Foral de Bizkaia, por el
que se regula la autorizacion para la celebracion de pruebas deportivas
colectivas en espacios naturales protegidos y montes del Territorio
Histérico de Bizkaia.
https://www.bizkaia.eus/Kultura/kirolak/Kirolbide_Bizkaia/publikoa/visor
_Legislacion.aspeTem_Codigo=2260andCod=183%andanio=2014andldi
oma=CA. (Accessed January 5, 2021).

Decreto Foral 83/2015, de 15 de junio, de la Diputacion Foral de Bizkaia por el
que se aprueba el plan conjunto de gestidn de las aves necréfagas de
inferés comunitario de la Comunidad Auténoma del Pais Vasco.
https://www.bizkaia.eus/home2/Temas/DetalleTema.aspeTem_Codigo
=4344andidioma=CAanddpto_biz=2andcodpath_biz=2%7C4344.
(Accessed January 5, 2021).

Deeming, D.C. (2002). Avian Incubation: behaviour, environment, and evolution.
Oxford University Press,Oxford.

Deeming, D.C. and Reynolds, S.J. (2016). Nests, Eggs and Incubation: new ideas
about avian reproduction. Oxford University Press, Oxford.

Defourny P, Santoro M, Kirches G, Wevers J, Boettcher M, Brockmann C, and
Moreau |. (2017). Land cover CCI: Product user guide version 2.0.
Retrieved from
http://maps.elie.ucl.ac.be/CCl/viewer/download/ESACCI-LC-PUG-
v2.5.pdf. (Accessed November 15, 2021).

Deinet S, leronymidou C, McRae L, Burfield 1J, Foppen RP, Collen B, and B&6hm M.
(2013). Wildlife comeback in Europe: The recovery of selected mammal
and bird species. Final report to Rewilding Europe by ZSL, Birdlife
International and the European Bird Census Council. London: ZSL.


https://doi.org/10.1016/j.tree.2005.01.010

Del Moral, J.C. (2009). El alimoche comun en Espana. Poblacién reproductora
en 2008 y método de censo, SEQ/BirdLife, Madrid.

Del Moral, J.C., and Marti, R. (2002). El alimoche comun en Espana y Portugal. |
Censo Coordinado. Ao 2000, Monografia n° 8. SEO/BirdLife, Madrid.

De Magalhaes, J.P. and Costa, J. (2009). A database of vertebrate longevity
records and their relation to other life-history traits. Journal of Evolutionary
Biology 22, 1770-1774.

Devault, T. L., Reinhart, B. D., Brisbin, I. L. and Rhodes, O. E. (2005) Flight behavior
of Black and Turkey vultures: Implications for reducing bird—aircraft
collisions. Journal of Wildlife Management 69, 610-608.

Devictor, V., Julliard, R., and lJiguet, F. (2008). Distribution of specialist and
generalist species along spatial gradients of habitat disturbance and
fragmentation. Oikos 117, 507-514.

Deygout, C., Gault, A., Duriez, O., Sarrazin, F. and Bessa- Gomes, C. (2010).
Impact of food predictability on social facilitation by foraging
scavengers. Behavioural Ecology 21, 1131-1139.

Didham, R.K., Ghazoul, J., Stork, N.E. and Davis, A.J. (1996). Insectsin fragmented
forests: a functional approach. Trends Ecol. Evol. 11, 255-260.

Dingle, H. and Drake, V. A. (2007). What is migration?. Bioscience 57, 113-121.

Di Vittorio, M. Barbera, A. Di Trapani, E. Faraone, F. P. Ciaccio, A. Sciagura, N.
D’Amico, D. Giacalone, G. Zafarana, M. Grenci, S. and Sarto, A. (2016).
Wintering of Egyptian vultures (Neophron percnopterus) in Sicily: New
data. Arx. Misc. Zool. 1, 114-116.

Dodge, S., Bohrer, G., Bildstein, K., Davidson, S.C., Weinzierl, R., Bechard, M.J.,
Barber, D., Kays, R., Brandes, D., Han, J. and Wikelski, M. (2014).
Environmental drivers of variability in the movement ecology of Turkey
vultures (Cathartes aura) in North and South America. Philosophical
Transactions of the Royal Society B. 369, 1-17.

Dondazar, J.A. (1993). Los Buitres Ibéricos: Biologia y Conservacion. JM Reyero,
Madrid.

Dondzar, J.A. and Ceballos, O. (1989). Growth rates of nestling Egyptian Vultures.
Ardea 77, 217-226.

Dondzar, J.A., Ceballos, O. and Tella, J.L. (1994). Copulation behaviour in the
Egyptian Vulture Neophron percnopterus. Bird Study 41, 37-41.

Dondzar, J.A., Blanco, G., Hiraldo, F., Soto-Largo, E. and Oria, J. (2002a). Effects
of forestry and other landuse practices on the conservation of cinereous
vultures. Ecological Applications 12, 1445-1456.

Dondazar, J.A., Palacios, C.J., Gangoso, L., Ceballos, O., Gonzdlez, M.J. and
Hiraldo, F. (2002b). Conservation status and limiting factors in the
endangered population of Egyptian vulture (Neophron percnopterus) in
the Canary Islands. Biological Conservation 107, 89-97.

Dondzar, J.A., Cortés-Avizanda, A., Fargallo, J.A., Margalida, A., Moledn, M.,
Morales-Reyes, 7., Moreno-Opo, R., Pérez- Garcia, J.M., Sdnchez-Zapata,
J.A., Zuberogoitia, I. and Serrano, D. (2016). Roles of raptors in a changing
world: from flagships to providers of key ecosystem services. Ardeola. 63,
181-234.

Donazar, J. A., Ceballos, O. and Cortés-Avizanda, A. (2018). Tourism in profected
areas: Disentangling road and traffic effects on intra-guild scavenging
processes. Science of the Total Environment,
doi:10.1016/j.scitotenv.2018.02.186



Dondzar, J. A., and Margalida, A. (2021). Longevity record verified in an Egyptian
vulture. Frontiers in Ecology and Environment, doi:10.1002/fee.2328

Donovan, T. M. et al., (2011). Quantifying home range habitat requirements for
bobcats (Lynx rufus) in Vermont, USA. Biological Conservation 144, 2799—
2809.

Dorazio, R.M., Erickson, R.A. (2018). ednaoccupancy: Anr package for multiscale
occupancy modelling of environmental DNA data. Molecular Ecology
Resources 18, 368-380. https://doi.org/10.1111/1755-0998.12735

Dormann, C., Elith, J. and Bacher, S. (2013). Collinearity: a review of methods to
deal with it and a simulation study evaluating their performance.
Ecography 36, 27-46.

Doyle, S., Cabot, D., Walsh, A., Inger, R., Bearhop, S., and McMahon, B. J. (2020).
Temperature and precipitation at migratory grounds influence
demographic trends of an Arctic-breeding bird. Global Change Biology
26, 5447-5458.

Dreiss LM, Hessenauer J-M, Nathan LR, O’Connor KM, Liberatfi MR, Kloster DP,
Barclay JR, Vokoun JC, and Morzillo AT. (2017). Adaptative management
as an effective strategy: interdisciplinary perceptions for natural
resources management. Environmental Management 59, 218-229.

Driscoll, D.A., Banks, S.C., Barton, P.S., Lindenmayer, D.B. and Smith, A.L. (2013).
Conceptual domain of the matrix in fragmented landscapes. Trends in
Ecology and Evolution 28, 605-613.

Durant SM, Groom R, Kuloba B, Samna A, Muzuma U, Gadimang P, Mandisodza-
Chikerema R, Ipavec A, Mitchell N, lkanda D, and Msuha M. (2019).
Bridging the divide between scientists and decision-makers: how
behavioural ecologists can increase the conservation impact of their
research? Philosophical Transactions of the Royal Society B. 374,
20190011.

Duriez, O., Kato, A., Tromp, C., DellOmo, G., Vyssotski, A. L., Sarrazin, F., and
Ropert-Coudert, Y. (2014). How cheap is soaring flight in raptorse A
preliminary investigation in freely-flying vultures. PloS One, 9, €84887.

Duriez O, Descaves S, Gallais R, Neouza R, Fluhr J, and Decante F. (2019). Vultures
aftacking livestock: a problem of vulture behavioral change or farmers'’s
perception? Bird Conservation International 29, 1-17.

Edelhoff, H., Signer, J. and Balkenhol, N. (2016). Path segmentation for beginners:
An overview of current methods for detecting changes in animal
movement patterns. Movement Ecology 4, 21.
https://doi.org/10.1186/s40462-016-0086-5.

Edwards, M. A., Nagy, J. A. and Derocher, A. E. (2009). Low site fidelity and home
range drift in a wide-ranging, large Arctic omnivore. Animal Behaviour
77,23-28.

Efrat R, Hatzofe O, and Berger-Tal O. (2020). Translating large-scale prioritization
models for vultures to local-scale decision-making: response fo
Santangeli et al., 2019. Conservation Biology 34, 1305-1307.

Eggeman, S. L., Hebblewhite, M., Bohm, H., Whittington, J. and Merrill, E. H. (2016).
Behavioural flexibility in migratory behaviour in a long-lived large
herbivore. Journal of Animal Ecology 85, 785-797.

Einoder, L.D., Southwell, D.M., Lahoz-Monfort, J.J., Gillespie, G.R., Fisher, A., Wintle,
B.A. (2018). Occupancy and detectability modelling of vertebrates in
northern Australia using multiple sampling methods. PloS One. 13,
€0203304. https://doi.org/10.1371/journal.pone.0206373


https://doi.org/10.1111/1755-0998.12735
https://doi.org/10.1371/journal.pone.0206373

Eldegard, K. and Sonerud, G.A. (2012). Sex roles during postfledging care in birds:
female Tengmalm’s owls contribute little to food provisioning. Journal of
Ornithology 153, 385-398.

Eldegard, K., Selds, V., Sonerud, G.A., Steel, C. and Rafoss, T. (2003). The effect of
parent sex on prey deliveries to fledgling Eurasian sparrowhawks
Accipiter nisus. Ibis 145, 667-672.

Ellis, E. C. (2011). Anthropogenic transformation of the terrestrial biosphere.
Philosophical Transactions of the Royal Society A: Mathematical, Physical
and Engineering Sciences 369, 1010-1035.

Ellis, E. C., Gauthier, N., Goldewiik, K. K., Bird, R. B., Boivin, N., Diaz, S., ... and
Watson, J. E. (2021). People have shaped most of terrestrial nature for at
least 12,000 years. Proceedings of the National Academy of Sciences
118.

ESRI, 2016. ArcGIS Desktop: Release 10.5. Environmental Systems Research
Institute, Redlands, CA.

Euskadi.eus. (2019).
https://www.euskadi.eus/contenidos/informacion/mapa_forestal 2019/
es_agripes/adjuntos/El-bosque-vasco-en-cifras-2019.pdf. (Accessed
January 5, 2021).

Euskalmet (2017). http://www.euskalmet.euskadi.eus/s07-
5853x/es/meteorologia/home.aplee=5 [accessed on 20 December
2017].

Euskalmet, (2018). http://www.euskalmet.euskadi.eus/s07-
5853x/es/meteorologia/home.aplee=5 (accessed 20 December 2018).

Euskalmet.eus https://www.euskalmet.euskadi.eus/s07-
5853x/es/meteorologia/home.aplee=5. (Accessed January 5, 2021).

Eustat.eus. (2020).

https://www.eustat.eus/estadisticas/tema_159/opt_0/ti_poblacion/tem
as.html. (Accessed January 5, 2021).

Eveillard-Buchoux, M., Beninger, P. G., Chadenas, C., and Sellier, D. (2019). Small-
scale natural landscape features and seabird nesting sites: the
importance of geodiversity for conservation. Landscape Ecology 34,
2295-2306.

Fardila, D., Kelly, L.T., Moore, J.L. and McCarthy, M.A. (2017). A systematic review
reveals changes in where and how we have studied habitat loss and
fragmentation over 20 years. Biological Conservation 212, 130-138.

Fargallo, J.A., Blanco, G. and Soto-Largo, E. (1998). Forest management effects
on nesting habitat selected by Eurasian Black Vultures in central Spain.
Journal of Raptor Research 32, 202-207.

Felicisimo Pérez, A. M. (2001). Elaboracién del atlas climdtico de Extremadura
mediante un Sistema de Informacion Geogrdfica. GeoFocus 1, 17-23.

Ferguson-Lees, J. and Christie, D.A. (2001). Raptors of the World. Christopher
Helm, London.

Ferrer, M. and Donazar, J.A. (1996). Density-dependent fecundity by habitat
heterogeneity in an increasing population of Spanish imperial eagles.
Ecology 77, 69-74.

Ferrier S, and Wintle BA. (2009). Quantitative approaches to spatial conservation
prioritization: matching the solution to the need. In Moilanen A, Wilson
KA, and Possingham HP (eds). Spatial Conservation Prioritization,
Quantitative Methods and Computational Tools (Eds). Oxford. Oxford
University Press, 1-15.


http://www.euskalmet.euskadi.eus/s07-

Finlayson, C. Birds of the Strait of Gibraltar (T. and A. D Poyser, London, 1992).

Finney, S.K., Pearce-Higgins, JW. and Yalden, D.W. (2005). The effect of
recreational disturbance on an upland breeding bird, the golden plover
Pluvialis apricaria. Biological Conservation 121, 53-63.

Field, S.A., Tyre, A.J., and Possingham, H.P. (2005). Optimizing allocation of
monitoring effort under economic and observational constraints. Journal
of Wildlife Management 69, 473-482. https://doi.org/10.2193/0022-
541X(2005)069[0473:0AOMEU]2.0.CO;2

Fisher, D.O., Blomberg, S.P. (2010). Correlates of rediscovery and the detectability
of extinction in mammals. Proceedings of the Royal Society B: Biological
Sciences 278, 1090-1097. https://doi.org/10.1098/rspb.2010.1579

Flack, A., Fiedler, W., Blas, J., Pokrovsky, ., Kaatz, M., Mitropolsky, M., Aghababyan
K., Fakriadis, I., Makrigiani, E., Jerzak, L., Azafzaf, H., Feltrup-Azafzaf, C.,
Rotics, S., Mokotjomela, T.M., Nathan, R. and Wikelski, M. (2016). Costs of
migratory decisions: a comparison across eight white stork populations.
Science advances 2, e1500931.

Flack, A., Nagy, M., Fiedler, W., Couzin, I. D., and Wikelski, M. (2018). From local
collective behavior to global migratory patterns in white storks. Science,
360, 211-214.

Fletcher RJ, Orrock JL, and Robertson BA (2012) How the type of anthropogenic
change alters the consequences of ecological traps. Proceedings of the
Royal Society B-Biological Sciences 279, 2546—-2552.

Fleming, C. H., Drescher-Lehman, J., Noonan, M. J., Akre, T. S., Brown, D. J.,
Cochrane, M. M., Dejid, N., DeNicola, V., DePerno, C.S., Dunlop, J.N.,
Gould, N.P., Harrison, A.L., Hollins, J., Ishii, H., Kaneko, Y., Kays, R., Killen,
S.S., Koeck, B., Lambertucci, S.A., LaPoint, S.D., Medici, E.P., Meyburg,
B.U., Miller, T.A., Moen, R.A., Mueller, T., Pfeiffer, T., Pike, K.N., Roulin, A.,
Safi, K., Séchaud, R., Scharf, AK., Shepard, J.M., Stabach, J.A., Stein, K.,
Tonra, C.M., Yamazaki, K., Fagan, W.F. and Calabrese, J. M. (2020). A
comprehensive framework for handling location error in animal tracking
data. bioRxiv.

Flockhart, D. T., Brower, L. P., Ramirez, M. I., Hobson, K. A., Wassenaar, L. I., Altizer,
S., and Norris, D. R. (2017). Regional climate on the breeding grounds
predicts variation in the natal origin of monarch butterflies overwintering
in Mexico over 38 years. Global change biology 23, 2565-2576.

Foose, T.J., van Strien, N. eds., (1997). Asian Rhinos. Status Survey and
Conservation Action Plan (International Union for the Conservation of
Nature/SSC Asian Rhino Specialist Group, Gland, Switzerland).

Forsman (2016) Flight Identification of Raptors of Europe, North Africa and the
Middle East: A Handbook of Field Identification (Helm Identfification

Guides).
Fox, J. and Weisberg, S. (2011). A,n {R} Companion to Applied Regression. 2nd
edn. Thousand Oaks, CA: Sage. URL:

http://socserv.socsci.mcmaster.ca/jfox/Books/Companion.

Fox, J. et al., (2018). car: Companion to Applied Regression. In: R Package Version
2.0-21.

Francis, C.D. and Barber, J.R. (2013). A framework for understanding noise
impacts on wildlife: an urgent conservation priority. Frontiers in Ecologya
and Environment 11, 305-313. https://doi.org/10.1890/120183

Freitas, R., Monteiro, C., Rodrigues, I., Tavares, A., Monteiro, G., Lopez, P., Martins,
S., Ferreira, J., Lima, L., Tavares, J. and Palma, L. (2020). Cabo Verde


https://doi.org/10.2193/0022-541X(2005)069%5b0473:OAOMEU%5d2.0.CO;2
https://doi.org/10.2193/0022-541X(2005)069%5b0473:OAOMEU%5d2.0.CO;2
https://doi.org/10.1098/rspb.2010.1579
http://socserv.socsci.mcmaster.ca/jfox/Books/Companion

Egyptian Vulture Neophron percnopterus on the brink: community
perceptions, inferences and facts of an extreme population crash. Bird
Conservation International 30, 289-307.

Fridolfsson, Anna-Karin, and Hans Ellegren. (1999). A simple and universal method
for molecular sexing of non-ratite birds. Journal of avian biology 116-121.

Furrer, R., Schaub, M., Bossert, A., Isler, R., Jenny, H., Jonas, T. and Jenni, L. (2016).
Variable decline of Alpine Rock Ptarmigan(Lagopus muta Helvetica).
Journal of Ornithology 157, 787-796.

Gdlvez, N., Guillera-Arroita, G., Morgan, B.J., and Davies, Z.G. (2016). Cost-
efficient effort allocation for camera-trap occupancy surveys of
mammals. Biological Conservation 204, 350-359.
https://doi.org/10.1016/j.biocon.2016.10.019

Gangoso L, Agudo R, Anaddn JD, Riva Mdela, Suleyman AS, Porter R, and
Dondzar JA. (2013). Reinventing mutualism between humans and wild
fauna: insights from vultures as ecosystem services providers.
Conservation Letters 6,172-179.

Garcia-Alfonso, M., van Overveld, T., Gangoso, L., Serrano, D., and Dondzar, J.
A. (2020). Vultures and Livestock: The Where, When, and Why of Visits to
Farms. Animals 10, 2127.

Garcia-Alfonso, M., van Overveld, T., Gangoso, L., Serrano, D., and Dondzar, J.
A. (2021). Disentangling drivers of power line use by vultures: Potential to
reduce electrocutions. Science of The Total Environment, 148534.

Garcia, L., lodnez, F., Garrido, H., Arroyo, J. L., M&nez, M., and Calderdn, J. (2000).
Prontuario de las Aves de Donana. Anuario Ornitoldgico de Donana, n°
0, Diciembre 2000.

Garcia-Bardn |, Cortés-Avizanda A, Verburg PH, Marques TA, Moreno-Opo R,
Pereira HM, and Dondzar JA. (2018). How to fit the distribution of apex
scavengers into land-abandonment scenariose The Cinereous vulture in
the Mediterranean biome. Diversity and Distributions 24, 1018-1031.

Garcia-Jiménez, R., Morales-Reyes, Z., Pérez-Garcia, J. M., and Margalida, A.
(2021). Economic valuation of non-material contributions to people
provided by avian scavengers: Harmonizing conservation and wildlife-
based tourism. Ecological Economics, 187, 107088.

Garcia-Ripollés, C., Lopez-Lopez, P. and Urios, V. (2010). First description of
migration and wintering of adult Egyptian Vultures Neophron
percnopterus tfracked by GPS satellite telemetry. Bird Study 57, 261-265.

Garcia-Ripolles, C. and Lopez-Loépez, P. (2011). Integrating effects of
supplementary feeding, poisoning, pollutant ingestion and wind farms of
two vulture species in Spain using a population viability analysis. Journal
of Ornithology 152, 879-888.

Gaynor KM, Hojnowski CE, Carter NH, and Brashares JS. (2018). The influence of
human disturbance on wildlife nocturnality. Science 360, 1232-1235.

GeoEuskadi (2013).Indice de Cartografia. Cartografia bdsica. Ortofotos. Orto
2011.
Available:ftp://ftp.geo.euskadi.net/cartografia/Cartografia_Basica/Ort
ofotos/ORTO_2011/. Accessed on 30 December 2016.

George, S.L. and Crooks, K.R. (2006). Recreation and large mammal activity in
an urban nature reserve. Biological Conservation 133, 107-117.

Gerber LR, et al., (2018). Endangered species recovery: a resource allocation
problem. Science 362, 284-286.


https://doi.org/10.1016/j.biocon.2016.10.019

Gerber, L.R. (2016). Conservation triage or injurious neglect in endangered
species recovery. Proceedings of the National Academy of Sciences
113, 3563-3566. https://doi.org/10.1073/pnas.1525085113

Gibbons, J.W., Scott, D.E., Ryan, T.J., Buhimann, K.A., Tuberville, T.D., Metts, B.S.,
Greene, J.L., Mills, T., Leiden, Y., Poppy, S. and Winne, C.T. (2000). The
global decline of reptiles, deja vu amphibians. Bioscience 50, 653-666.

Gilbert, N. 1., Correiq, R. A., Silva, J. P., Pacheco, C., Catry, |., Atkinson, P. W., Gill,
J.A., and Franco, A. M. (2016). Are white storks addicted to junk food?2
Impacts of landfill use on the movement and behaviour of resident white
storks (Ciconia ciconia) from a partially migratory population. Movement
Ecology 4, 1-13.Gill, J.A. (2007). Approaches to measuring the effects of
human disturbance on birds. Ibis 149, 9-14.

Gill, J. A., Alves, J. A., and Gunnarsson, T. G. (2019). Mechanisms driving
phenological and range change in migratory species. Philosophical
Transactions of the Royal Society B: Biological Sciences 374, 20180047.
https://doi.org/10.1098/rstb.2018.0047

Gilroy, J. J., Gill, J. A., Butchart, S. H. M., Jones, V. R. and Franco, A. M. A. (2016).
Migratory diversity predicts population declines in birds. Ecol.ogy Letters
19, 308-317.

Gilroy, J. J. (2017). Stay-at-home strategy brings fithess benefits to migrants.
Journal of Animal Ecology 86, 983-986.

Giam, X., and Olden, J.D. (2016). Quantifying variable importance in a
multimodel inference framework. Methods in Ecology and Evolution 7,
388-397. https://doi.org/10.1111/2041-210X.12492

Gill JA, Alves JA, Sutherland WJ, Appleton GF, Potts PM, and Gunnarsson TG.
(2013). Why is timing of bird migration advancing when individuals are
not?. Proceedings of the Royal Society B Biological Sciences 281,
20132161. https://doi.org/10.1098/rspb.2013.2161.

Gleiss, A. C., Wilson, R. P., and Shepard, E. L. C. (2011). Making overall dynamic
body acceleration work: On the theory of acceleration as a proxy for
energy expenditure. Methods in Ecology and Evolution 2, 23-33.
https://doi.org/10.1111/j.2041-210X.2010.00057 .x

Goode K, and Rey K. (2019). ggResidpanel: Panels and Interactive Versions of
Diagnostic Plots using 'ggplot2'. R package version 0.3.0. https://CRAN.R-
project.org/package=ggResidpanel. (Accessed October 5, 2020).

Google Earth version 7.1.7.2606 (2016). Google Inc. Mountain View, Vizcaya,
Spain. Available in: Google Earth. Accessed on 29 December 2016.

Google (2019). [Google Maps directions for driving from Bilbao, Spain, to
Egyptian vulture nests, Spain]. (accessed 18 December 2018).

Grande, J.M., Serrano, D., Tavecchia, G., Carrete, M., Ceballos, O., Diaz-
Delgado, R., Tella, J.L., and Dondzar, J.A. (2009). Survival in a long-lived
territorial migrant: effects of life-history traits and ecological conditions in
wintering and breeding areaqs. Oikos 118, 580-590.
https://doi.org/10.1111/j.1600-0706.2009.17218.x

Greig, E. I, Wood, E. M. and Bonter, D. N. (2017). Winter range expansion of a
hummingbird is associated with urbanization and supplementary
feeding. Proceedings of the Royal Society B Biological Sciences 248,
20170256. https://doi.org/10.1098/rspb.2017.0256.

Grémillet, D., Lescroél, A., Ballard, G., Dugger, K. M., Massaro, M., Porzig, E. L., and
Ainley, D. G. (2018). Energetic fithess: Field metabolic rates assessed via



https://doi.org/10.1073/pnas.1525085113
https://doi.org/10.1111/2041-210X.12492
https://doi.org/10.1111/j.1600-0706.2009.17218.x

207

References

3D accelerometry complement conventional fitness metrics. Functional
Ecology 32, 1203-1213.

Grilo, C., Koroleva, E., Andrdsik, R., Bil, M., and Gonzdlez-Sudrez, M. (2020).
Roadkill risk and population vulnerability in European birds and
mammals. Fronfiers in Ecology and the Environment 18, 323-328.

Griswold, C. K., Taylor, C. M., and Norris, D. R. (2011). The equilibrium population
size of a partially migratory population and its response to environmental
change. Oikos 120, 1847-1859. https://doi.org/10.1111/j.1600-
0706.2011.19435.x

Gu_enette, J.S. and Villard, M.A. (2005). Thresholds in forest bird response to
habitat alteration as quantitative targets for conservation. Conservation
Biology 19, 1168-1180.

Guillera-Arroita, G., Ridout, M.S., and Morgan, B.J., (2010). Design of occupancy
studies with imperfect detection. Methods in Ecology and Evolution 1,
131-139. https://doi.org/10.1111/j.2041-210X.2010.00017.x

Gurarie E, Bracis C, Delgado M, Meckley TD, Kojola I, and Wagner CM. (2016). What is the animal
doing? Tools for exploring behavioural structure in animal movements. Journal of Animal
Ecology d0i:10.1111/1365-2656.12379.

Gutenkunst, R., Newlands, N., Lutcavage, M. and Edelstein-Keshet, L. (2007).
Inferring resource distributions from Atlantic bluefin tuna movements: An
analysis based on net displacement and length of track. Journal of
Theoretical Biology doi:10.1016/].jtbi.2006.10.014.

Haage, M., Maran, T., Bergvall, U.A., Eimhagen, B. and Angerbj€orn, A. (2017).
The influence of spatiotemporal conditions and personality on survival in
reinfroductions—evolutionary implications. Oecologia 183, 45-56.

Haest, B., HOppop, O., van de Pol, M., and Bairlein, F. (2019). Autumn bird
migration phenology: A potpourri of wind, precipitation and
temperature effects. Global Change Biology 25, 4064-4080.

Hansson, L. A. and Akesson, S. Animal Movement Across Scales (Oxford University
Press, Oxford, 2014).

Harness, E. R. (2007). Raptor research and management techniques. In
Mitigation: 365-382. Bildstein, L.K. and Bird, M.D. (Eds.). Surrey, BC:
Hancock House.

Herndndez, M. and Margalida, A. (2009). Poison-related mortality effects in the
endangered Egyptian vulture (Neophron percnopterus) population in
Spain. European Journal of Wildlife Research 55, 415-423.

Herndndez-Matias A, Real J, Moleon M, Palma L, Sdnchez-Zapata JA, Pradel R,
Carrete M, Gil-Sdnchez JM, Beja P, Balbontin J, Vincent-Martin N,
Ravayrol A, Benitez JR, Arroyo B, Ferndndez C, Ferreiro E, and Garcia J.
(2013). From local monitoring to a broad-scale viability assessment: a
case study for the Bonelli’s Eagle Aquila fasciata in western Europe.
Ecological Monographs 83, 239-261.

Hailey, A. and Coulson, I. M. (1996). Differential scaling of home-range area to
daily movement distance in two African tortoises. Canadian Journal of
Zoology doi:10.1139/z96-013.

Hale R, Treml EA, and Swearer SE (2015) Evaluating the metapopulation
consequences of ecological fraps. Proceedings of the Royal Society B:
Biological Sciences 282, 20142930.

Harrell, F.E., Jr. (2013). Hmisc: Harrell miscellaneous. R package version 3.12-2.
Computer software. http://cran.rproject. org/web/packages/Hmisc.
Hawley, D.M., Etienne, R.S., Ezenwa, V.O. and Jolles, A.E. (2011). Does animal

behavior underlie covariation between hosts’ exposure to infectious


https://doi.org/10.1111/j.2041-210X.2010.00017.x
http://cran.rproject/

agents and susceptibility to infectiong Implications for disease dynamics.
Integr. Computational Biology 51, 528-539.

Herndndez, M., and Margalida, A. (2009). Poison-related mortality effects in the
endangered Egyptian vulture (Neophron percnopterus) population in
Spain. European Journal of Wildlife Research 55, 415-423.

Hidalgo, S., Zabala, J., Zuberogoitia, I., Azkona, A. and Castillo, 1. (2005). Food of
the Egyptian Vulture (Neophron percnopterus) in Biscay. Buteo 14, 23-29.

Hijmans, R. J. (2016). geosphere: Spherical Trigonometry. R package version 1.5-
5. CRAN package repository. https://cran.r-
project.org/web/packages/geosphere/index.ht

Hill, J. E., DeVault, T. L., Wang, G., and Belant, J. L. (2020). Anthropogenic mortality
in mammails increases with the human footprint. Frontiers in Ecology and
the Environment 18, 13-18.

Hines, J.E., (2006). PRESENCE software to estimates patch occupancy rates and
related parameters. Patuxent Wildlife Research Center, Laurel,
Maryland. Available at: http:// www.mbr-
pwrc.usgs.gov/software/presence.html (Accessed 2 January 2018).

Hoeck, P.E., Wolak, M.E., Switzer, R.A., Kuehler, C.M. and Lieberman, A.A. (2015).
Effects of inbreeding and parental incubation on captive breeding
success in Hawaiian crows. Biological Conservation 184, 357-364.

Hohtola, E. and Visser, G. (1998). Development of locomotion and endothermy
in altricial and precocial birds. In: Starck, J.M. and Ricklefs, R.E. (eds)
Avian Growth and Development: evolution within the altricialprecocial
spectrum, 157-173. Oxford University Press, Oxford.

Holland, A.E., Byrne, M.E., Bryan, A.L., DeVault, T.L., Rhodes, O.E. and Beasley, J.C.
(2017). Fine-scale assessment of home ranges and activity patterns for
resident black vultures (Coragyps atratus) and Turkey vultures (Cathartes
aura). PloS One 12, e0179819.

Hollander, F.A., Van Dyck, H., San Martin, G. and Titeux, N. (2011). Maladaptive
habitat selection of a migratory passerine bird in a human-modified
landscape. PLoS One 6, €25703.

Holmes, T.L., Knight, R.L., Stegall, L. and Craig, G.R. (1993). Responses of wintering
grassland raptors to human disturbance. Wildlife Society Bulletin 1973-
2006, 461-468.

Hooten, M. B., Hanks, E. M., Johnson, D. S. and Alldredge, M. W. (2013).
Reconciling resource utilization and resource selection functions. Journal
of Animal Ecology 86, 1146-1154.

Hughes, B. B., Beas-Luna, R., Barner, A. K., Brewitt, K., Brumbaugh, D. R., Cerny-
Chipman, E. B., Close S.L., Coblentz K.E., de Nesnera K.L., Drobnitch S.T.,
Figurski J.D., Focht B., Friedman M., Freiwald J., Heady K.K., Heady W.N.,
Hettinger A., Johnson A., Karr K.A., Mahoney B., Moritsch M.M., Osterback
A.-M.K., Reimer J., Robinson J., Rohrer T., Roser J.M., Sabal M., Segui L.M.,
Shen C., Sullivan J., Zuercher R., Raimondi P.T., Menge B.A., Colvert
Grorud-K., Novak M., and Carr, M. H. (2017). Long-term studies contribute
disproportionately to ecology and policy. BioScience 67, 271-281.

lknayan, K.J., Tingley, M.W., Furnas, B.J., and Beissinger, S.R. (2014). Detecting
diversity: emerging methods to estimate species diversity. Trends Ecol.
Evol. 29, 97-106. https://doi.org/10.1016/j.tree.2013.10.012

Inigo, A., Barov, B., Orhun, C. and Gallo-Orsi, U. (2008). Action plan for the
Egyptian Vulture Neophron percnopterus in the European Union. BirdLife
International for the European Commission, Brussels.


https://cran.r‐project.org/web/packages/geosphere/index.ht
https://cran.r‐project.org/web/packages/geosphere/index.ht
https://cran.r‐project.org/web/packages/geosphere/index.ht

Iserbyt, A., Eens, M. and MUller, W. (2015). Sexually antagonistic selection during
parental care is not generated by a testosterone-related intralocus
sexual conflict — insights from full-sib comparisons. Scientific Reports 5,
17715.

Jachowski, D.S., Katzner, T., Rodrigue, J.L., and Ford, W.M. (2015). Monitoring
landscape-level distribution and migration Phenology of Raptors using a
volunteer camera-trap network. Wildlife Society Bulletin 39, 553-563.
doi:10.1002/wsb.571

Jackson, A.L., Ruxton, G.D. and Houston, D.C. (2008). The effect of social
facilitation on foraging success in vultures: a modelling study. Biology
Lefters 4, 311-313.

Jiménez-Franco, M. V., Martinez, J. E., and Calvo, J. F. (2014). Patterns of nest
reuse in forest raptors and their effects on reproductive output. Journal
of Zoology 292, 64-70.

Jiménez-Franco, M. V., Martinez-Fernandez, J., Martinez, J. E., Pagan, I., Calvo, J.
F.. and Esteve, M. A. (2018). Nest sites as a key resource for population
persistence: A case study modelling nest occupancy under forestry
practices. PloS One, 13, e0205404.

Johnstone, C.P., Lill, A. and Reina, R.D. (2014). Habitat loss, fragmentation and
degradation effects on small mammals: analysis with conditional
inference tree statistical modelling. Biological Conservation 176, 80-98.

Jones KR, Venter O, Fuller RA, Allan JR, Maxwell SL, Negret PJ, and Watson JEM.
(2018). One-third of global protected land is under infense human
pressure. Science 360, 788-791.

Kalle, R., Ramesh, T., and Downs, C.T., (2018). When and where to move:
Dynamic occupancy models explain the range dynamics of a food
nomadic bird under climate and land cover change. Global Change
Biology 24, €27-e39. https://doi.org/10.1111/gcb.13861

Kamp, J., Koshkin, M.A., Bragina, T.M., Katzner, T.E., Milner-Gulland, E.J., Schreiber,
D., Sheldon, R., Shmalenko, A., Smelansky, I., Terraube, J. and Urazaliev,
R. (2016). Persistent and novel threats to the biodiversity of Kazakhastan's
steppes and semi-deserts. Biodiversity and Conservation 25, 2521-2541.

Karanth, K.U., Gopalaswamy, A.M., Kumar, S.N., Vaidyanathan, S., Nichols, J.D.,
and MacKenzie, D.., (2011). Monitoring carnivore populations atthe
landscape scale: Occupancy modelling of figers from sign surveys.
Journal of Applied Ecology 48, 1048-1056. https://doi.org/10.1111/j.1365-
2664.2011.02002.x

Katzner, 1. E., and Arlettaz, R. (2020). Evaluating conftributions of recent tracking-
based animal movement ecology to conservation management.
Frontiers in Ecology and Evolution 7, 519.

atzner, T. E., Braham, M. A., Conkling, T. J., Diffendorfer, J. E., Duerr, A. E., Loss, S.
R.. Nelson, D. M., Vander Zanden, H. B., and Yee, J. L.. (2020). Assessing
population-level consequences of anthropogenic stressors for terrestrial
wildlife. Ecosphere,11, e03046.

Kays, R., Crofoot, M. C., Jetz, W. and Wikelski, M. (2015). Terrestrial animal tracking
as an eye on life and planet. Science 348, 6240.
https://doi.org/10.1126/science.aaa2478

Kays, R., McShea, W. J., and Wikelski, M. (2020). Born-digital biodiversity data:
Millions and billions. Diversity and Distributions 26, 644-648.

Kerr, J.T. and Deguise, I. (2004). Habitat loss and the limits to endangered species
recovery. Ecology Letters 7, 1163-1169.


https://doi.org/10.1111/gcb.13861
https://doi.org/10.1111/j.1365-2664.2011.02002.x
https://doi.org/10.1111/j.1365-2664.2011.02002.x

Kéry, M., (2002). Inferring the absence of a species — a case study of snakes. J.
Wildlife Manage. 66, 330-338. doi: 10.2307/3803165

Kleiber, C., and Zeileis, A. (2008). Applied Econometrics with R; Springer: New
York, NY, USA,; ISBN 978-0-387-77316-2.

Klug, H., Bonsall, M.B. and Alonzo, S.H. (2013). Sex differences in life history drive
evolutionary transitions among maternal, paternal, and bi-parental care.
Ecology and Evolution 3, 792-806.

Koch, S.L. and Paton, P.W.C. (2014). Assessing Anthropogenic Disturbances to
Develop Buffer Zones for Shorebirds Using a Stopover Site. Journal of
Wildlife Management 78, 58-67.

Kokko, H. and Jennions, M.D. (2008). Parental investment, sexual selection and
sex ratios. Journal of Evolutionary Biology 21, 919-948.

Komen, J. (1991). Energy requirements of nestling Cape Vultures. The Condor 93,
153-158.

Kovarik, P., Pavel, V. and Chutny, B. (2009). Incubation behaviour of the Meadow
Pipit (Anthus pratensis) in an alpine ecosystem of Central Europe. Journal
of Ornithology 150, 549.

Kroger, S.C., Simmons, R.E. and Amar, A. (2015). Anthropogenic activities
influence the abandonment of Bearded Vulture (Gypaetus barbatus)
territories in southern Africa. The Condor. 117, 94-107.

Laich, A.G., Wilson, R.P., Gleiss, A.C., Shepard, E.L., and Quintana, F. (2011). Use
of overall dynamic body acceleration for estimating energy expenditure
in cormorants: does locomotion in different media affect relationshipse
Journal of Experimental Marine Biology and Ecology 399,151-155.

Lambertucci, S. A. and Ruggiero, A. (2013). Cliffs used as communal roosts by
andean condors protect the birds from weather and predators. PLoS
One 8, €67304. https://doi.org/10.1371/journal.pone.0067304.

Larson CL, Reed SE, Merenlender AM, and Crooks KR. (201¢). Effects of
Recreation on Animals Revealed as Widespread through a Global
Systematic Review. PLoS One 11, e0167259.
doi:10.1371/journal.pone.0167259.

Latif, Q. S., Ellis, M. M., Saab, V.A., and Mellen-McLean, K. (2018). Simulations
inform design of regional occupancy-based monitoring for a sparsely
distributed, territorial species. Ecology and Evolution 8, 1171-1185.
https://doi.org/10.1002/ece3.3725.

Legg, C.J., and Nagy, L., (2006). Why most conservation monitoring is, but need
not be, a waste of time. Journal of Environmental Management 78, 194-
199. https://doi.org/10.1016/j.jenvman.2005.04.016

Lefcheck JS. (2015). piecewiseSEM: Piecewise structural equation modelling in r
for ecology, evolution, and systematics. Methods in Ecology and
Evolution 7, 573-579.

Lenth, R., Singmann, H., Love, J., Buerkner, P. and Herve, M. (2019). Emmeans:
Estimated Marginal Means, aka Least-Squares Means. R Package
Version 1.15-15.https://doi.org/10.1080/00031305.1980.10483031

Lens, L. and Dhondt, A.A. (1994). Effects of habitat fragmentation on the fiming
of crested fit Parus cristatus natal dispersal. lbis 136, 147-152.

Le6n-Ortega, M,, Jiménez-Franco, M.V., Martinez, J.E., and Calvo, J.F. (2017).
Factors influencing territorial occupancy and reproductive success in a
Eurasian Eagle-owl (Bubo bubo) population. PLoS One. 12, e0175597.
https://doi.org/10.1371/journal.pone.0175597


https://doi.org/10.1016/j.jenvman.2005.04.016
https://doi.org/10.1371/journal.pone.0175597

Leroux, S.J. and Schmitz, O.J. (2015). Predator-driven elemental cycling: The
impact of predation and risk effects on ecosystem stoichiometry.
Ecology and Evolution 5, 4976-4988.

Li, S., Wang, D., Gu, X., and McShea, W.J. (2010). Beyond pandas, the need for a
standardized monitoring protocol for large mammals in Chinese nature
reserves. Biodiversity and Conservation 19, 3195-3206.
https://doi.org/10.1007/s10531-010-9886-x

Lieury N, Besnard A, Ponchon C, Ravayrol A, and Millon A. (2016). Geographically
isolated but demographically connected: immigration supports efficient
conservation actions in the recovery of a range-margin population of
the Bonelli's eagle in France. Biological Conservation 195, 272-278.

Lieury, N., Devillard, S., Besnard,A., Gimenez, O., Haomeau, O., Ponchon, C., and
Millon, A. (2017). Designing cost-effective capture-recapture surveys for
improving the monitoring of survival in bird populations. Biological
Conservation 214, 233-241.

Lindell CA. (2008). The value of animal behavior in evaluations of restoration
success. Restoration Ecology 16,197-203.

Lindenmayer, D.B. and Fischer, J. (2006). Habitat fragmentation and landscape
change: an ecological and conservation synthesis. London: Island Press.

Lindenmayer, D.B., Likens, G.E., Andersen, A., Bowman, D., Bull, C.M., Burns, E.,
Dickman, C.R., Hoffmann, A.A., Keith, D.A., Liddell, M.J., Lowe, A.J.,
Metcalfe, D.J., Phinn, S.R., Russell-Smith, J., Thurgate, N., and Wardle,
G.M., (2012). Value of long-term ecological studies. Austral Ecology 37,
745-757. https://doi.org/10.1111/j.1442-9993.2011.02351 .x

Lindenmayer, D.B., and Likens, G.E. (2010). The science and application of
ecological monitoring. Biological Conservation 143, 1317-28. doi:
10.1016/j.biocon.2010.02.013

Lindenmayer DB, Barton PS, Lane PW, Westgate MJ, McBurney L, Blair D, Gibbons
P, and Likens GE. (2014). An empirical assessment and comparison of
species-based and habitat-based surrogates: a case study of forest
vertebrates and large old trees. PLoS One 9, e89807.

Lopez-Lopez, P., Liminana, L., Mellone, U. and Urios, V. (2010). From the
Mediterranean Sea to Madagascar. Are there ecological barriers for the
long-distance migrant Eleonora’s falcon¢ Landscape Ecology 25, 803-
813

Lopez-Lopez, P., Maiorano, L., Falcucci, A., Barba, E. and Boitani, L. (2011).
Hotspots of species richness, threat and endemism for terrestrial
vertebrates in SW Europe. Acta Oecologica 37, 399-412.

Lopez-Lopez, P., Benavent-Corai, J., Garcia-Ripollés, C. and Urios, V. (2013).
Scavengers on the move: Behavioural changes in foraging search
pafterns during the annual cycle. PLoS One 8, €54352.
https://doi.org/10.1371/journal.pone.0054352

Lépez-Lopez, P., Garcia-Ripollés, C. and Urios, V. (2014a). Individual repeatability
in timing and spatial flexibility of migration routes of trans-Saharan
migratory raptors. Current Zoology 60, 642-652.

Lépez-Lépez, P., Garcia-Ripollés, C. and Urios, V. (2014b). Food predictability
determines space use of endangered vultures: implications for
management of supplementary feeding. Ecological Applications 24,
938-949.

Lopez-Lopez, P. (2016). Individual-based tracking systems in ornithology:
welcome to the era of big data. Ardeola 63, 103-136.


https://doi.org/10.1007/s10531-010-9886-x

Loretto, D. and Vieira, M. V. (2005). The effects of reproductive and climatic
seasons on movements in the black-eared opossum (Didelphis aurita
Wied-neuwied, 1826). Journal of Mammalogy doi:10.1644/beh-117.1

LUdecke, Makowski, Waggoner and Patil (2020). Assessment of Regression
Models Performance. CRAN. Available from
https://easystats.github.io/performance/

Lundberg, P. (2013). On the evolutionary stability of partial migration. Journal of
theoretical biology 321, 36-39.

MacKenzie, D., Bailey, L., (2004). Assessing fit of site occupancy models. Journal
of Agricultural, Biological and Ecological Stafistics 9, 300-318.
https://doi.org/10.1198/108571104X3361

MacKenzie, D.l., and Royle, J.A., (2005). Designing occupancy studies: general
advice and allocating survey effort. Journal of Applied Ecology 42, 1105-
1114. https://doi.org/10.1111/j.1365-2664.2005.01098.x

MacKenzie, D.l., Nichols, J.D., Royle, J.A., Pollock, K.H., Bailey, L.L., and Hines, J.E.
(2006). Occupancy estimation and modeling. Inferring patterns and
dynamics of species occurrence. Academic Press, San Diego, California.

MacKenzie, D.l., Nichols, J.D., Lachman, G.B., Droege, S., Royle, J.A., and
Langtimm, C.A. (2002). Estimating site occupancy rates when detection
probabilities are less than one. Ecology 83, 2248-2255.
https://doi.org/10.1890/0012-9658(2002)083[2248:ESORWD]2.0.CO;2

MacKenzie, D.l., Nichols, J.D., Royle, J.A., Pollock, K.H., Bailey, L.L., Hines, J.E.
(2018). Occupancy estimation and modeling: inferring patterns and
dynamics of species occurrence. 2nd Editio. Academic Press, London.

Magioli, M., Moreira, M. Z., Fonseca, R. C. B., Ribeiro, M. C., Rodrigues, M. G., and
de Barros, K. M. P. M. (2019). Human-modified landscapes alter mammal
resource and habitat use and trophic structure. Proceedings of the
National Academy of Sciences 116, 18466-18472.

Magurran AE, Baillie SR, Buckland ST, Dick JM, Elston DA, Scott EM, Smith RI,
Somerfield PJ, and Watt AD. (2010). Long-term datasets in biodiversity
research and monitoring: assessing change in ecological communities
through time. Trends in ecology and evolution, 25, 574-582.

Mahon, C. L., Holloway, G. L., Bayne, E. M., and Toms, J. D. (2019). Additive and
interactive cumulative effects on boreal landbirds: winners and losers in
a multi-stressor landscape. Ecological Applications 29, €01895. doi:
10.1002/eap.1895

Marasco, V. and Spencer, K.A. (2015). Improvements in our understanding of
behaviour during incubation. In Deeming, D.C. and Reynolds, J. (eds)
Nests, Eggs, and Incubation: new ideas about avian reproduction.
Oxford University Press, Oxford.

Margalida, A. and Bertran, J. (2000). Breeding behaviour of the Bearded Vulture
Gypaetus barbatus: minimal sexual differences in parental activities. Ibis
142, 225-234.

Margalida, A., Campidn, D., and Donazar, J. A. (2011). European vultures' altered
behaviour. Nature 480, 457-457.

Margalida, A., Gonzdlez, L.M., Sdnchez, R., Oria, J. and Prada, L. (2007). Parental
behaviour of Spanish Imperial Eagles Aquila adalberti: sexual differences
in a moderately dimorphic raptor. Bird Study 54, 112-119.

Margalida, A., Dondzar, J. A., Carrete, M. and Sdnchez-Zapata, J. A. (2010).
Sanitary versus environmental policies: Fitting fogether two pieces of the


https://easystats.github.io/performance/

puzzle of European vulture conservation. Journal of Applied Ecology 47,
931-935.

Margalida, A., Moreno-Opo, R., Arroyo, B.E. and Arredondo, A. (2011).
Reconciling the conservation of endangered species with economically
important  anthropogenic  activities:  interactions between cork
exploitation and the cinereous vulture in Spain. Animal Conservation 14,
167-174.

Margalida, A., Benitez, J.R., Sdnchez-Zapata, J.A., Avila, E., Arenas, R. and
Donazar, J.A. (2012a). Long-term relationship between diet breadth and
breeding success in a declining population of Egyptian Vultures
Neophron percnopterus. Ibis 154, 184-188.

Margalida, A., Garcia, D. and Bertran J. (2012b). Els Voltors a Catalunya: biologia,
conservacio i sintesi. Grup d'Estudi | Proteccid de Trencalos, Barcelona,
El Pont de Suert.

Margalida, A., Benitez, J.R., Sdnchez-Zapata, J.A., Avila, E., Arenas, R. and
Dondazar, J.A. (2012). Longterm relationship between diet and breeding
success in a declining population of Egypfian Vulture Neophron
percnopterus. Ibis 154,184-188.

Margalida A, Campion D, and Donazar JA. (2014). Vultures vs livestock:
conservation relationships in an emerging conflict between humans and
wildlife. Oryx 48, 172-176.

Margalida, A., Pérez-Garcia, J., Afonso, I. and Moreno-Opo, R. (2016). Spatial and
temporal movements in Pyrenean bearded vultures (Gypaetus
barbatus): Integrating movement ecology into conservation practice.
Scientific Reports 6, 35746 https://doi.org/10.1038/srep35746

Mariette, M.M. and Giriffith, S.C. (2015). The adaptive significance of provisioning
and foraging coordination between breeding partners. The American
Naturalist 185, 270-280.

Martin-Diaz P, Cortés-Avizanda A, Serrano D, Arrondo E, Sdnchez-Zapata JA, and
Dondzar JA. (2020). Rewilding processes shape the use of Mediterranean
landscapes by an avian top scavenger. Scientific Reports 10, 2853.

Marzluff, J. M., Millspaugh, J. J., Hurvitz, P. and Handcock, M. S. (2004). Relating
resources to a probabilistic measure of space use: Forest fragments and
Steller’s Jays. Ecology 85, 1411-1427

Masello JF, Barbosa A, Kato A, Mattern T, Medeiros R, Stockdale JE, KiUmmel MN,
Bustamante P, Belliure J, Benzal J, Colominas-Ciurd R, Menéndez-
Bladzquez J, Griep S, Goesmann A, Symondson WOC, and Quillfeldt P.
(2021). How animals distribute themselves in space: energy landscapes
of Antarctic avian predators. Movement ecology 9, 1-25.

Mateo-Tomds, P. and Olea, P. P. (2010). Diagnosing the causes of territory
abandonment by the Endangered Egyptian vulture Neophron
percnopterus: The importance of traditional pastoralism and regional
conservation. Oryx 44, 424—-433

Mateo-Tomds, P. and Olea, P.P. (2015). Livestock-driven land use change to
model species distributions: Egyptian vulture as a case study. Ecological
Indicators 57, 331-340.

Mateo-Tomds, P., Olea, P.P., Moledn, M., Selva, N., and Sdnchez-Zapata, J.A.
(2017). Both rare and common species support ecosystem services in
scavenger communities. Global Ecology and Biogeography 26, 1459-
1470.




Maxwell, S.L., Rhodes, J.R., Runge, M.C., Possingham, H.P., Ng, C.F., and
McDonald-Madden, E. (2014). How much is new information worthe
Evaluating the financial benefit of resolving management uncertainty.
Journal of Applied Ecology 52, 12-20. https://doi.org/10.1111/1365-
2664.12373

Mazerolle, M.J., Bailey, L.L., Kendall, W.L., Royle, J.A., Converse, S.J., Nichols, J.D.,
(2007). Making great leaps forward: accounting for detectability in
herpetological field studies. Journal of Herpetology 41, 672-690.
https://doi.org/10.1670/07-061.1

McCarthy, M., Lindenmayer, D.B. and Dreschler, M. (1997). Extinction debts and
the risks faced by abundant species. Conservation Biology 11, 221-226.

McCarthy MA, and Possingham HP. (2007). Active Adaptive Management for
Conservation. Conservation Biology 21, 956-963.

McClure, C. J. W., Westrip, J. R. S., Johnson, J. A., Schulwitz, S. E., Virani, M. Z.,
Davies, R., Symes, A., Wheatley, H., Thorstrom, R., Amar, A., Buij, R., Jones,
V.R., Williams, N.P., Buechley, E.R., and Butchart, S. H. M. (2018). State of
the world's raptors: Distributions, threats, and conservation
recommendations. Biological Conservation 227, 390-402.
https://doi.org/10.1016/].biocon.2018.08.012

McClure CJ, and Rolek BW. (2020). Relative Conservation Status of Bird Orders
With Special Aftention to Raptors. Frontiers in Ecology and Evolution
8:593941. doi: 10.3389/fev0.2020.593941.

McCullagh, R. (1984). Generalized linear models. European Journal of
Operational Research 16, 285-292.

McDonald, T. L., and White, G. C. (2010). A comparison of regression models for
small counts. Journal of Wildlife Management 74, 514-521.

McDonald-Madden, E., Baxter, P.W., Fuller, R.A., Martin, T.G., Game, E.T.,
Montambault, J., and Possingham, H.P. (2010). Monitoring does not
always count. Trends in Ecology and Evolution 25, 547-550.
https://doi.org/10.1016/j.tree.2010.07.002

McGrath, T., Guillera-Arroita, G., Lahoz-Monfort, J.J., Osborne, W., Hunter, D., and
Sarre, S.D. (2015). Accounting for detectability when surveying for rare or
declining reptiles: turning rocks to find the grassland earless dragon in
Australia. Biological Conservation 182, 53-62.
https://doi.org/10.1016/j.biocon.2014.11.028

McKenzie, H. W., Lewis, M. A. and Merrill, E. H. (2009). First passage time analysis
of animal movement and insights info the functional response. Bulletin of
Mathematical Biology doi:10.1007/s11538-008-9354-x.

Meller, K., Vahatalo, A. V., Hokkanen, T., Rintala, J., Piha, M., and Lehikoinen, A.
(2016). Interannual variation and long-term trends in proportions of
resident individuals in partially migratory birds. Journal of Animal Ecology
85, 570-580.

Mellone, U., Liminana, R., Mallia, E., and Urios, V. (2011). Extremely detoured
migration in an inexperienced bird: interplay of transport costs and social
interactions. Journal of Avian Biology 42, 468-472.

Melzheimer J, Heinrich SK, Wasiolka B, Mueller R, Thalwitzer S, Palmegiani |,
Weigold A, Portas R, Roeder R, Krofel M, Hofer H, and Wachter B. (2020).
Communication hubs of an asocial cat are the source of a human-
carnivore conflict and key to its solution. Proceedings of the National
Academy of Sciences 117, 33325-33333.

Merkle, E. and You, D. (2020). nonnest2: Tests of Non-Nested Models. R package
version 0.5-5. https://CRAN.R-project.org/package=nonnest2


https://doi.org/10.1670/07-061.1
https://doi.org/10.1016/j.biocon.2014.11.028

Merrick, M.J. and Koprowski, J.L. (2017). Should we consider individual behavior
differences in applied wildlife conservation studiese Biological
Conservation 209, 34-44.

Michel, M. (2006). El Pino Radiata en la Historia Forestal Vasca. Analisis de un
proceso de forestalismo intensivo. Munibe, Suplemento 23.

Mills JA, Teplitsky C, Arroyo B, Charmantier A, Becker PH, Birkhead TR, Bize P,
Blumstein DT, Bonenfant C, Boutin S, Bushuev A, Cam E, Cockburn A,
Coté SD, Coulson JC, Daunt F, Dingemanse NJ, Doligez B, Drummond H,
Espie RHM, Festa-Bianchet M, Frentiu F, Fitzpatrick JW, Furness RW, Garant
D, Gauthier G, Grant PR, Griesser M, Gustafsson L, Hansson B, Harris MP,
Jiguet F, Kjellander P, Korpimdki E, Krebs CJ, Lens L, Linnell JDC, Low M,
McAdam A, Margalida A, Merild J, Mgaller AP, Nakagawa S, Nilsson JA,
Nisbet ICT, van Noordwijk AJ, Oro D, Part T, Pelletier F, Potti J, Pujol B, Réale
D, Rockwell RF, Ropert-Coudert Y, Roulin A, Sedinger JS, Swenson JE,
Thébaud C, Visser ME, Wanless S, Westneat DF, Wilson AJ, and Zedrosser
A. (2015). Archiving primary data: solutions for long-term studies. Trends
in Ecology and Evolution 30, 581-589.

Mills JA, Teplitsky C, Arroyo B, Charmantier A, Becker PH, Birkhead TR, Bize P,
Blumstein DT, Bonenfant C, Boutin S, Bushuev A, Cam E, Cockburn A,
Cote SD, Coulson JC, Daunt F, Dingemanse NJ, Doligez B, Drummond H,
Espie RHM, Festa-Bianchet M, Frentiu FD, Fitzpatrick JW, Furness RW,
Gauthier G, Grant PR, Griesser M, Gustafsson L, Hansson B, Harris MP,
Jiguet F, Kjellander P, Korpimdki E, Krebs CJ, Lens L, Linnell JDC, Low M,
McAdam A, Margalida A, Merild J, Mgller AP, Nakagawa S, Nilsson JA,
Nisbet ICT, van Noordwijk AJ, Oro D, Part T, Pelletier F, Potti J, Pujol B, Réale
D, Rockwell RF, Ropert-Coudert Y, Roulin A, Thébaud C, Sedinger JS,
Swenson JE, Visser ME, Wanless S, Westneat DF, Wilson AJ, and Zedrosser
A. (2016). Solutions for archiving data in long-term studies—a reply to
Whitlock et al., Trends in Ecology and Evolution 31,85-87.

Moledn M, Sdnchez-Zapata JA, Margalida A, Carrete M, Owen-Smith N, and
Dondzar JA. (2014). Humans and scavengers: the evolution of
interactions and ecosystem services. BioScience 64,394-403.

Monaghan, P. and Nager, R.G. (1997). Why don’t birds lay more eggs? Trends in
Ecology and Evolution 12, 270-274.

Monsarrat, S., Benhamou, S., Sarrazin, F., Bessa-Gomes, C., Bouten, W. and Duriez,
O. (2013). How predictability of feeding patches affects home range
and foraging habitat selection in avian social scavengers? Plos One 8,
1-11.

Mooney, N.J. and Taylor, R.J. (1996). Value of nest site protection in ameliorating
the effects of forestry operations on Wedge-tailed eagles in Tasmania. In
Landscapes Adaptations to built and cultivated environments:275-282.
Bird, D.M., Varland, D.E. and Negro, J.J. (Eds). London: Academic Press.

Morales, J. M. and Eliner, S. P. (2002). Scaling up animal movements in
heterogeneous landscapes: The importance of behavior. Ecology
doi:10.1890/0012-9658(2002)083[2240:SUAMIH]2.0.CO;2

Morales-Reyes Z, Pérez-Garcia JM, Moledn M, Botella F, Carrete M, Lazcano C,
Moreno-Opo R, Margalida A, Dondzar JA, and Sanchez-Zapata JA.
(2015). Supplanting ecosystem services provided by scavengers raises
greenhouse gas emissions. Scientific Reports 5, 1-6.

Morales-Reyes, Z., Pérez-Garcia, J.M., Moleén, M., Botella, F., Carrete, M.,
Dondzar, J.A., Cortés-Avizanda, A., Arrondo, E., Moreno-Opo, R.,



Jiménez, J., Margalida, A. and Sdnchez-Zapata, J.A. (2017). Evaluation
of the network of protection areas for the feeding of scavengersin Spain:
from biodiversity conservation to greenhouse gas emission savings.
Journal of Applied Ecology 54, 1120-1129.

Mordn-Lépez, R., Sdnchez Guzmdn, J.M., Borrego, E.C. and S&nchez, A.V. (2006).
Nest-site selection of endangered cinereous vulture (Aegypius
monachus) populations affected by anthropogenic disturbance:
present and future conservation implications. Animal Conservation 9, 29—
37.

Morant J., Lépez-Lopez, P., Zuberogoitia, I. (2019). Parental investment
asymmetries of a globally endangered scavenger: unravelling the role
of gender, weather conditions and stage of the nesting cycle. Bird Study
66, 1-13. https://doi.org/10.1080/00063657.2019.1688251

Morant, J., Zabala, J., Martinez, J.E., Zuberogoitia, I. (2018). Out of sight, out of
mind?¢ Testing the effects of overwinter habitat alterations on breeding
territories of a migratory endangered species. Animal Conservation 21,
465-473. https://doi.org/10.1111/acv.12412

Morant, J., Abad-Gémez, J.M., Alvarez, T., Sdnchez, A., Zuberogoitia, I., and
Lopez-Lopez, P.. (2020a). Winter movement patterns of a globally
endangered avian scavenger in south-western Europe. Scientific Reports
10,17690. doi.org/10.1038/541598-020-74333-0

Morant, J., Gonzdlez-Oreja, J.A., Martinez, J.E., Lépez-Lépez, P. and
Zuberogoitia, I. (2020b). Applying economic and ecological criteria to
design cost-effective monitoring for elusive species. Ecological Indicators
115, 106366.

Moreno-Opo, R., Carapeto, R., Casimiro, R., Rubio, C., Munoz, B., Moreno, I., and
Aymerich, M. (2021). The veterinary use of diclofenac and vulture
conservation in Spain: Updated evidence and socio-ecological
implications. Science of The Total Environment, 148851.

Mouvillot, D., Bellwood, D.R., Baraloto, C., Chave, J., Galzin, R., Harmelin-Vivien,
M., Kulbicki, M., Lavergne, S., Lavorel, S., Mouquet, N., Paine, C.E.,
Renaud, J., and Thuiller, W. (2013). Rare species support vulnerable
functions in high-diversity ecosystems. PLoS biology 11, e1001569.

Muriel, R., Ferrer, M., Balbontin, J., Cabrera, L. and Calabuig, C.P. (2015).
Disentangling the effect of parental care, food supply, and offspring
decisions on the duration of the post-fledging period. Behavioural
Ecology 26, 1587-15%6.

Murn, C., and Botha, A. (2018). A clear and present danger: impacts of poisoning
on a vulture population and the effect of poison response activities. Oryx
52, 552-558.

Nad'o, L., Kanuch, P. (2018). Why sampling ratio matters: Logistic regression and
studies of habitat use. PloS One 13, €0200742.
https://doi.org/10.1371/journal.pone.0200742

Nakamura, M., Rio-Maior, H., Godinho, R., Petrucci-Fonseca, F., and Alvares, F.
(2021). Source-sink dynamics promote wolf persistence in human-
modified landscapes: Insights from long-term monitoring. Biological
Conservation 256, 109075.

Nathan, R., Getz, W. M., Revilla, E., Holyoak, M., Kadmon, R., Saltz, D., and
Smouse, P. E. (2008). A movement ecology paradigm for unifying
organismal movement research. Proceedings of the National Academy
of Sciences 105, 19052-19059.


https://doi.org/10.1111/acv.12412
https://doi.org/10.1371/journal.pone.0200742

217

References

Navarro LM, and Pereira HM. (2015). Rewilding abandoned landscapes in
Europe. In Pereira HM, and Navarro LM (Eds). Rewilding European
landscapes. Springer International Publishing.

Neeson, T. M., Doran, P. J., Ferris, M. C., Fitzpatrick, K. B., Herbert, M., Khoury, M.,
Moody, A.T., Ross, J., Yacobson, E., and Mclntyre, P. B. (2018). Conserving
rare species can have high opportunity costs for common species.
Global change biology 24, 3862-3872.

Negro, J.J. and Grande, J.M. (2001). Territorial signalling: a new hypothesis to
explain frequent copulation in raptorial birds. Animal Behaviour 62, 803—
809.

Negro, J.J., Grande, J.M., Tella, J.L., Garrido, J., Hornero, D., Dondzar, J.A.,
Sdnchez-Zapata, J.A., Benitez, J.R. and Barcell, M. (2002). Coprophagy:
an unusual source of essential carotenoids. Nature 416, 807-808.

Newbold T, Hudson LN, Hill SL, Contu S, Lysenko I, Senior RA, Borger L, Bennett DJ,
Choimes A, Collen B, Day J, De Palma A, Diaz S, Echeverria-Londono S,
Edgar MJ, Feldman A, Garon M, Harrison ML, Alhusseini T, Ingram DJ,
ltescu Y, Kattge J, Kemp V, Kirkpatrick L, Kleyer M, Correia DL, Martin CD,
Meiri S, Novosolov M, Pan Y, Phillips HR, Purves DW, Robinson A, Simpson
J, Tuck SL, Weiher E, White HJ, Ewers RM, Mace GM, Scharlemann JP, and
Purvis A. (2015). Global effects of land use on local terrestrial biodiversity.
Nature 520, 45.

Newbold, T. (2018). Future effects of climate and land-use change on terrestrial
vertebrate community diversity under different scenarios. Proceedings of
the Royal Society B 285, 20180792.

Newton, I. (1979). Population Ecology of Raptors. Poyser, London.

Newton, I. (1986). The Sparrowhawk. Poyser, London.

Newton, I. The Migration Ecology of Birds (Elservier, New York, 2010).

Ng, C. S., Des Brisay, P. G., and Koper, N. (2019). Chestnut-collared longspurs
reduce parental care in the presence of conventional oil and gas
development and roads. Animal Behaviour, 148, 71-80.

Nichols, J.D., and Williams, B.K. (2006). Monitoring for conservation. Trends in
Ecology and Evolution 21, 668-673.
https://doi.org/10.1016/j.tree.2006.08.007

NOAA. (2016). World climate maps. https://www.ncdc.noaa. gov/temp-and-
precip/globalmaps/2016132products[]=mapprcp- percent#global-
maps-select [accessed on 5 January 2017].

Norris, A. R., Frid, L., Debyser, C., De Grooft, K. L., Thomas, J., Lee, A., Dohms, K.M.,
Robinson, A., Easton, W., Martin, K., and Cockle, K. L. (2021). Forecasting
the Cumulative Effects of Multiple Stressors on Breeding Habitat for a
Steeply Declining Aerial Insectivorous Songbird, the Olive-sided
Flycatcher (Contopus cooperi). Frontiers in Ecology and Evolution 9, 246.

Northrup, J. M., and Wittemyer, G. (2013). Characterising the impacts of
emerging energy development on wildlife, with an eye towards
mitigation. Ecology letters 16, 112-125.

Nuijten, R. J., Wood, K. A., Haitjema, T., Rees, E. C., and Nolet, B. A. (2020).
Concurrent shifts in wintering distribution and phenology in migratory
swans: Individual and generational effects. Global change biology 26,
4263-4275.

Nyhus, J.P. (2016). Human-Wildlife Conflict and Coexistence. Annual Review of
Environment and Resources 41, 143-171.


https://www.ncdc.noaa/

O’'Bryan CJ, Allan JR, Holden M, Sanderson C, Venter O, Di Marco M, McDonald-
Madden E, and Watson JEM. (2020). Intense human pressure is
widespread across terrestrial vertebrate ranges. Global Ecolgy and
Conservation 21, e00882.

O'Bryan CJ, Braczkowski AR, Beyer HL, Carter NH, Watson JEM, and McDonald-
Madden E. (2018). The contribution of predators and scavengers to
human well-being. Nature Ecology and Evolution 2, 229-236.

Ogada DL, Torchin ME, Kinnaird MF, and Ezenwa VO. (2012). Effects of vulture
declines on facultative scavengers and potential implications for
mammalian disease fransmission. Conservation Biology 26, 453-460.

Ogada D, Shaw P, Beyers RL, Buij R, Murn C, Thiollay JM, KrGger SC, Botha A, Virani
MZ, Monad-jem A, and Sinclari ARE. (2016). Another continental vulture
crisis: Africa’s vultures collapsing toward extinction. Conservation Letters
9.89-97.

Ogonowski, M. S. and Conway, C. J. (2009).Migratory decisions in birds: Extent of
genetic versus environmental control. Oecologia 161, 199-207.

Oppel, S., Dobrev, V., Arkumarev, V., Saravia, V., Bounas, A., Kret, E., Velevski, M.,
Stoychev, S. and Nikolov, S.C. (2015). High juvenile mortality during
migration in a declining population of a long-distance migratory raptor.
lbis 157, 545-557.

Oppel, S., Dobrev, V., Arkumarev, V., Saravia, V., Bounas, A., Manolopoulos, A.,
Kret, E., Velevski, M., Popgeorgiev, G.S., and Nikolov, S. C. (2017).
Landscape factors affecting territory occupancy and breeding success
of Egyptian Vultures on the Balkan Peninsula. Journal of Ornithology 158,
443-457 .

Olea, P. P., and Mateo-Tomds, P. (2009). The role of traditional farming practices
in ecosystem conservation: the case of tfranshumance and vultures.
Biological conservation 142, 1844-1853.

Olea, P.P., and Mateo-Tomdas, P. (2011). Spatially explicit estimation of
occupancy, detection probability and survey effort needed to inform
conservation planning. Diversity and Distributions 17, 714-724.
https://doi.org/10.1111/j.1472-4642.2011.00777 .x

Olea PP, and Mateo-Tomdas P. (2014). Living in risky landscapes: delineating
management units in multithreat environments for effective species
conservation. Journal of Applied Ecology 51, 42-52.

O'Mara, M. T., Scharf, A. K., Fahr, J., Abedi-Lartey, M., Wikelski, M., Dechmann, D.
K., and Safi, K. (2019). Overall dynamic body acceleration in straw-
colored fruit bats increases in headwinds but not with airspeed. Frontiers
in Ecology and Evolution 7, 200.

Onrubia, A. Spatial and Temporal Patterns of Soaring Birds Migration Through the
Strait of Gibraltar (University of Ledn, Spain, 2015).

Ordiz, A., Scebg, S., Kindberg, J., Swenson, J.E. and Stgen, O.G. (2016). Seasonality
and human disturbance alter brown bear activity patterns: implications
for circumpolar carnivore conservatione Animal Conservation 20, 51-60.

Oro, D., Genovart, M., Tavecchia, G., Fowler, M. S. and Martinez-Abrain, A. (2013).
Ecological and evolutionary implications of food subsidies from humans.
Ecology Letters 16, 1501-1514

Ortiz-Santaliestra, M. E., Tauler-Ametller, H., Lacorte, S., Herndndez-Matias, A.,
Real, J., and Mateo, R. (2019). Accumulation of pollutants in nestlings of
an endangered avian scavenger related to territory urbanization and
physiological biomarkers. Environmental Pollution, 252, 1801-1809.


https://doi.org/10.1111/j.1472-4642.2011.00777.x

Roser M. (2019) - *“Future population growth”. Published online at
OurWorldIinData.org. Retrieved from:
‘https://ourworldindata.org/global-rise-of-education’ [Accessed 05
January 2021].

Panitsa, M., Koutsias, N., Tsiripidis, I., Zotos, A., and Dimopoulos, P. (2011). Species-
based versus habitat-based evaluation for conservation status
assessment of habitat types in the East Aegean islands (Greece). Journal
for Nature Conservation, 19, 269-275.

Panuccio, M., Martin, B., Morganti, M., Onrubia, A. and Ferrer, M. (2017).Long-
term changes in autumn migration dates at the Strait of Gibraltar reflect
population trends of soaring birds. Ibis 159, 55-65.

Papastamatiou, Y. P., losilevskii, G., Di Santo, V., Huveneers, C., Hattab, T., Planes,
S., Ballesta, L., and Mourier, J. (2021). Sharks surf the slope: Current
updrafts reduce energy expenditure for aggregating marine predators.
Journal of Animal Ecology, 90, 2302—- 2314. https://doi.org/10.1111/1365-
2656.13536

Peinado, M., and Rivas-Martinez, S. (1987). La vegetacién de Espana. Coleccion
Aula Abierta, 3.

Perino A, Pereira HM, Navarro LM, Ferndndez N, Bullock JM, Ceausu S, Cortés-
Avizanda A, van Klink R, Kuemmerle T, Lomba A, Peer G, Plieninger T, Rey
Benyas JM, Sandom CJ, Svenning JC, and Wheeler HC (2019) Rewilding
complex ecosystems. Science 364(6438):eaav5570

Péron, G., Fleming, C.H., Duriez, O., Fluhr, J., Itty, C., Lambertucci, S., Safi, K.,
Shepard, E.L.C. and Calabrese, J.M. (2017). The energy landscape
predicts flight height and wind turbine collision hazard in three species of
large soaring raptor. Journal of Applied Ecology, 54(6), 1895-1906.

Perona, A. M., Urios, V., and Lopez-Lépez, P. (2019). Holidays2 Not for all. Eagles
have larger home ranges on holidays as a consequence of human
disturbance. Biological Conservation 231, 59-66.

Perrig, P.L., Lambertucci, S.A., Donadio, E., Padré, J., and Pauli, J.N. (2019).
Monitoring vultures in the 21st Century: the need for standardized
protocols. Journal of Applied Ecology 56, 796-801 doi: 10.1111/1365-
2664.13348

Pettorelli, N. Ryan S, Mueller T, Bunnefeld N, Jedrzejewska B, Lima M, Kausrud K.
(2011). The Normalized Difference Vegetation Index (NDVI): Unforeseen
successes in animal ecology. Climate Research, 46,15-27.
doi:10.3354/cr00936

c)Phipps, W. L., Lopez-Lépez, P., Buechley, E. R., Oppel, S., Alvarez, E., Arkumarev,
V., Bekmansurov, R., Berger-Tal, O., Bermejo, A., Bounas, A., Alanis, |. C.,
de la Puente, J., Dobrev, V., Duriez, O., Efrat, R., Fréchet, G., Garcia, J.,
Galdn, M., Garcia-Ripollés, C., Gil. A., Iglesias-Nebrija, J.J., Jambas, J.,
Karyakin, I.V., Kobierzycki, E., Kret, E., Loercher, F., Monteiro, A., Morant,
J., Nikolov, S.C., Pereirq, J., Peske, L., Ponchon, C., Ralinho, E., Saravia, V.,
Sekercioglu, C.H., Skartsi, T., Tavares, J., Teoddsio, J., ,Urios, V., and
Vallverdu, N. (2019). Spatial and Temporal Variability in Migration of a
Soaring Raptor Across Three Continents. Frontiers in Ecology and
Evolution. Vol. 7, pags:1- 14.DOI: https://doi.org/10.3389/fevo.2019.00323

Picardi, S., Smith, B. J., Boone, M. E., Frederick, P. C., Cecere, J. G., Rubolini, D., ...
and Basille, M. (2020). Analysis of movement recursions to detect
reproductive events and estimate their fate in central place foragers.
Movement Ecology 8, 1-14.


https://doi.org/10.1111/1365-2656.13536
https://doi.org/10.1111/1365-2656.13536
https://doi.org/10.3389/fevo.2019.00323

Pickett, E.J., Stockwell, M.P., Pollard, C.J., Garnham, J.I., Clulow, J., and Mahony,
M.J., (2012). Estimates of sex ratio require the incorporation of unequal
catchability between sexes. Wildlife Research 39, 350-354.
doi:10.1071/WR11193

Piersma, T. and van Gils, J.A. (2010). The Flexible Phenotype: a body-centred
integration of ecology, physiology, and behaviour. Oxford University
Press, Oxford.

Plaza Pl, Martinez-Lépez E, and Lambertucci SA. (2019). The perfect threat:
Pesticides and vultures. Science of the Total Environment 687, 1207-1218.

Plumptre, A. J., Baisero, D., Belote, R. T., Vdzquez-Dominguez, E., Faurby, S.,
Jedrzejewski, W., Kiara, H., KUhl, H, Benitez-Lopez, A., Luna-Aranguré, C.,
Voigt, M., Wich, S., Wint, W., Gallego-Zamorano, J., and Boyd, C. (2021).
Where might we find ecologically infact communities2. Frontiers in
Forests and Global Change, 4, 26.

Pokrovsky, ., Kdlzsch, A., Sherub, S., Fiedler, W., Glazov, P., Kulikova, O., Wikelski,
M., and Flack, A. (2021). Longer days enable higher diurnal activity for
migratory birds. Journal of Animal Ecology, 90, 2161- 2171.
https://doi.org/10.1111/1365-2656.13484

Pollock, J.F. (2006). Detecting population declines over large areas with
presence and absence, time-to-encounter and count survey methods.
Conservation Biology 20, 882-892. https://doi.org/10.1111/j.1523-
1739.2006.00342.x

Pollock, K. H., Winterstein, S. R., Bunck, C. M. and Curtis, P. D. (1989). Survival
analysis in telemetry studies: the staggered entry design. Journal of
Wildlife Management 53, 7-15.

Possingham, H.P., Andelman, S.J., Noon, B.R., Trombulak, S., and Pulliam, H.R.
(2001). Making smart conservation decisions. Island Press, Washington,
D.C.

Powell, R. A. and Mitchell, M. S. (2012). What is a home range?. Journal of
Mammalogy 93, 248-258

QGIS Development Team. (2014). QGIS Geographic Information System. Open
Source Geospatial Foundation Project. https://qgis.osgeo.org. Qgisorg.

QGIS Development Team (2016). QGIS Geographic Information System. Open
Source Geospatial Foundation. URL http://qgis.osgeo.org. Accessed on
31 December 2016.

R Development Core Team (2016). R: a language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna.

R Development Core Team. (2018). R: A Language and Environment for Statistical
Computing.

R Core Team (2020). R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria. URL https://www.R-
project.org/.

Redpath, S.M., Gutiérrez, R.J., Wood, K.A., and Young, J.C. (Eds.). (2015). Conflicts
in conservation: navigating towards solutions. Cambridge. Cambridge
University Press.

Redpath, S.M., Linnell, J.D., Festa-Bianchet, M., Boitani, L., Bunnefeld, N.,
Dickman, A., Gutiémrrez, R.J., Irvine, R.J., Johansson, M., Maiji¢, A,
McMahon, B.J., Pooley, S., Sandstrom, C., Sjdlander-Lindqvist, A., Skogen,
K., Swenson, J.E., Trouwborst, A., Young, J. and Milner-Gulland, E.J. (2017).
Don't forget to look down-collaborative approaches to predator
conservation. Biological Reviews 92, 2157-2163.


https://doi.org/10.1111/j.1523-1739.2006.00342.x
https://doi.org/10.1111/j.1523-1739.2006.00342.x

Redpath, S.M., Young, J., Evely, A., Adams, W.M., Sutherland, W.J., Whitehouse,
A., Amar, A., Lambert, R.A., Linell, J.D.C., Waftt, A., and Gutierrez, R.J.
(2013). Understanding and managing conservation conflicts. Trends in
Ecology and Evolution 28, 100-109.

Reed, M.S., (2008). Stakeholder participation for environmental management: a
literature review. Biological Conservation 141, 2417-2431.

Refsnider, J.M., and Janzen, F.J. (2010). Putting eggs in one basket: ecological
and evolutionary hypotheses for variation in oviposition-site choice.
Annual Review of Ecology, Evolution, and Systematics 41, 39-57.

Refsnider, J.M., Mitchell, T.S., Streby, H.M., Strickland, J.T., Warner, D.A., Janzen,
F.J. (2011). A Generalized method to determine detectability of rare and
cryptic species using the Ornate Box Turtle as a model. Wildlife Society
Bullefin 35, 93-100. https://doi.org/10.1002/wsb.14

Reid, J. M., Travis, J. M. J., Daunt, F., Burthe, S. J., Wanless, S., and Dytham, C.
(2018). Population and evolutionary dynamics in spatially structured
seasonally varying environments. Biological Reviews 93, 1578-1603.
https://doi.org/10.1111/brv.12409

Reinke, B. A., Miller, D. A., and Janzen, F. J. (2019). What have long-term field
studies taught us about population dynamics?. Annual Review of
Ecology, Evolution, and Systematics 50, 261-278.

Remes, V., Freckleton, R.P., Tokdlyi, J., Liker, A., and Székely, T. (2015). The
evolution of parental cooperation in birds. Proceedings of the National
Academy of Sciences 112, 13603-13608.

Rey Benayas, J. M. and De La Montana, E. (2003). Identifying areas of high-value
vertebrate diversity for strengthening conservation. Biological
Conservation 114, 357-370.

Richardson, S., Mill, A.C., Davis, D., Jam, D., and Ward, A.l. (2020). A systematic
review of adaptive wildlife management for the control of invasive, non-
native mammals, and other human-wildlife conflicts. Mammal Review
50, 147-156.

Richardson, D.M., and Whittaker, R.J., (2010). Conservation biogeography -
foundations, concepts and challenges. Diversity and Distributions 16,
313-320. https://doi.org/10.1111/j.1472-4642.2010.00660.x

Riggio, J., Baillie, J.E., Brumby, S., Ellis, E., Kennedy, C.M., Oakleaf, J.R., Tait, A.,
Tepe, T., Theobald, D.M., Venter, O., Watson, J.E.M., and Jacobson, A.P.
(2020). Global human influence maps reveal clear opportunities in
conserving Earth's remaining intact terrestrial ecosystems. Global
Change Biology 26, 4344-4356.

Riotte-Lambert, L., and Matthiopoulos, J. (2020). Environmental predictability as
a cause and consequence of animal movement. Trends in ecology and
evolution 35, 163-174.

Ripple WJ, Estes JA, Beschta RL, Wilmers CC, Ritchie EG, Hebblewhite M, Berger,
J.. Emhagen B., Letnic, M., Nelson, M.P., Schmitz, O.J., Smith, D.W.,
Wallach, A.D., Wirsing, A.J. (2014). Status and ecological effects of the
world's largest carnivores. Science 343.

Roberge, J. M., and Angelstam, P. E. R. (2004). Usefulness of the umbrella species
concept as a conservation tool. Conservation biology 18, 76-85.
Rodriguez-Estrella, R., Donazar, J.A. and Hiraldo, F. (1998). Raptors as indicators
of environmental change in the scrub habitat of Baja California Sur.

Mexico. Conservation Biology 12,921-925.


https://doi.org/10.1002/wsb.14
https://doi.org/10.1111/j.1472-4642.2010.00660.x

Rollack, C.E., Wiebe, K., Stoffel, M.J. and Houston, C.S. (2013). Turkey vulture
breeding behavior studied with trail cameras. Journal of Raptor
Research 47, 153-160.

Rotics, S., Kaatz, M., Resheff, Y. S., Turjeman, S. F., Zurell, D., Sapir, N., Eggers, U.,
Fiedler, W., Flack, A., Jeltsch, F., Wikelski, M., and Nathan, R. (2016). The
challenges of the first migration: movement and behaviour of juvenile vs.
adult white storks with insights regarding juvenile mortality. Journal of
Animal Ecology 85, 938-947.

Rotics, S., Turleman, S., Kaatz, M., Resheff, Y. S., Zurell, D., Sapir, N., Eggers, U.,
Fiedler, W., Flack, A., Jeltsch, F., Wikelski, M., and Nathan, R. (2017).
Wintering in Europe instead of Africa enhances juvenile survival in a long-
distance migrant. Animal Behaviour 126, 79-88.

Rotics, S., Kaatz, M., Turieman, S., Zurell, D., Wikelski, M., Sapir, N., Eggers, U.,
Fiedler, W., Jeltsch, F., and Nathan, R. (2018). Early arrival at breeding
grounds: Causes, costs and a trade-off with overwintering latitude.
Journal of Animal Ecology 87, 1627-1638.

Royle, N.J., Smiseth, P.T. and Kdlliker, M. (2012). The Evolution of Parental Care.
Oxford University Press, Oxford.

Rubolini, D., Mgller, A. P., Rainio, K. and Lehikoinen, E. (2007). Intraspecific
consistency and geographic variability in temporal trends of spring
migration phenology among european bird species. Climate Research
35, 135-146

Runge M.C. (2011). Adaptive management for threatened and endangered
species. Journal of Fish and Wildlife Management 2, 220-233.

Runge, C. A., Withey, J. C., Naugle, D. E., Fargione, J. E., Helmstedt, K. J., Larsen,
A. E., Martinuzz, S., and Tack, J. D. (2019). Single species conservation as
an umbrella for management of landscape threats. PloS One, 14,
e0209619.

Runting, R.K., Wilson, K.A., and Rhodes, J.R. (2013). Does more mean less¢ The
value of information for conservation planning under sea level rise.
Global Change Biology 19, 352-363. https://doi.org/10.1111/gcb.12064

Russell, D. (1980). Ocucurrence and human disturbance sensititvity of wintering
bald eagles on the Sauk and Suiattle rivers, Washington. In Porc. of the
Washington bald eagle symposium:165-174. Knight, R. L., Allen, G.T.,
Stalmaster, M.V. and Servheen, C.W. (Eds.). Seattle: The Nat. Conserv.

Safford, R., Andevski, J., Botha, A., Bowden, C.G.R, Crockford, N., Garbett, R.,
Margalida, A., Ramirez, I., Shobrak, M., Tavares, J., and Williams, N.P.
(2019). Vulture conservation: the case of urgen action. Bird Conservation
International 29, 1-9. https://doi.org/10.1017/50959270919000042

Salazar G, Mills M, and Verissimo D. (2019). Qualitative impact evaluation of a
social marketing campaign for conservation. Conservation Biology 33,
634-644.

Salvatori, V., Balian, E., Blanco, J. C., Ciucci, P., Demeter, L., Hartel, T., Marsden,
K., Redpath, S.M., von Korff, Y., and Young, J. C. (2020). Applying
participatory processes to address conflicts over the conservation of
large carnivores: understanding conditions for successful management.
Frontiers in Ecology and Evolution 8, 182.

Sanders D, Frago E, Kehoe R, Patterson C, and Gaston KJ. (2020). A meta-analysis
of biological impacts of artificial light at night. Nature Ecology and
Evolution https://doi.org/10.1038/s41559-020-01322-x


https://doi.org/10.1111/gcb.12064
https://doi.org/10.1017/S0959270919000042
https://doi.org/10.1038/s41559-020-01322-x

Santangeli, A., Hbgmander, J., and Laaksonen, T. (2013). Returning white-tailed
eagles breed as successfully in landscapes under intensive forestry
regimes as in protected areas. Animal Conservation 16, 500-508.

Santangeli A, Girardello M, Buechley E, Botha A, Di Minin E, and Moilanen A.
(2019). Priority areas for conservation of Old World vultures. Conservation
Biology 33, 1056-1065.

Santika, T., McAlpine, C.A., Lunney, D., Wilson, K.A., and Rhodes, J.R. (2015).
Assessing spatio-temporal priorities for species’ recovery in broad-scale
dynamic landscapes. Journal of Applied Ecology 52, 832-840.
https://doi.org/10.1111/1365-2664.12441

Sanz, J.J., Potti, J., Moreno, J., Merino, S. and Frias, O. (2003). Climate change
and fitness components of a migratory bird breeding in the
Mediterranean region. Global Change Biology 9, 461-472.

Sanz-Aguilar, A., Sdnchez-Zapata, J.A., Carrete, M., Benitez, J.R., Avila, E., Arenas,
R. and Don_azar, J.A. (2015a). Action on multiple fronts, illegal poisoning
and wind farm planning, is required to reverse the decline of the
Egyptian vulture in southern Spain. Biological Conservation 187, 10-18.

Sanz-Aguilar, A., De Pablo, F. and Dondzar, J. A. (2015b). Age-dependent survival
of island vs. mainland populations of two avian scavengers: Delving into
migration costs. Oecologia 179, 405-414.

Sanz-Aguilar, A., Jovani, R., Melidn, C. J., Pradel, R. and Tella, J. L. (2015c). Multi-
event capture-recapture analysis reveals individual foraging
specialization in a generalist species. Ecology 96, 1650-1660.

Sanz-Aguilar, A., Cortés-Avizanda, A., Serrano, D., Blanco, G., Ceballos, O.,
Grande, J.M., Tella, J.L. and Dondzar, J.A. (2017). Sex- and age-
dependent patterns of survival and breeding success in a long-lived
endangered avian scavenger. Scientific Reports 7, 40204.

Satterfield, D. A., Marra, P. P., Sillett, T. S., and Altizer, S. (2018). Responses of
migratory species and their pathogens to supplemental feeding.
Philosophical Transactions of the Royal Society B: Biological Sciences,
373, 20170094. https ://doi.org/10.1098/rstb.2017.0094

Scharf A (2018). moveACC: Visudlitation and Analysis of Acceleration Data
(Mainly for eObs Tags). R package version 0.1.

Schlossberg, S., Chase, M.J., and Giriffin, C. R. (2018). Using species traits to predict
detectability of animals on aerial surveys. Ecological Applications 28,
106-118. https://doi.org/10.1002/eap.1632

Schmitz, O.J., Grabowski, J.H., Peckarsky, B.L., Preisser, E., Trussell, G.C. and
Vonesh, J.R. (2008). From individuals to ecosystem function: Toward an
integration of evolutionary and ecosystem ecology. Ecology 89, 2436—
2445,

Sebastidn-Gonzdlez, E., Barbosa, J.M., Pérez-Garcia, J. M., Morales-Reyes, 7.,
Botella, F., Oleaq, P. P., Mateo-Tomds, P., Moledn, M., Hiraldo, F., Arrondo,
E.. Dondzar, J. A., Cortés-Avizanda, A., Selva, N., Lambertucci, S.A.,
Bhattacharjee, A., Brewer, A., Anadoén, J.D., Abermnethy, E., Rhodes, O.E.,
Turner, K., Beasley, J.C., DeVault, T.L.,, Ordiz, A., Wikenros, C.,
Zimmermann, B., Wabakken, P., Wilmers, C.C., Smith, J. A., Kendall, C.J.,
Ogada, D., Buechley, E.R., Frehner, E., Allen, M.L., Wittmer, H.U., Butler,
J.R., du Toit, J.T., Read, J., Wilson, D., Jerina, K., Krofel, M., Kostecke, R.,
Inger, R., Samson, A., Naves-Alegre, L., and Sdnchez-Zapata, J.A., 2019.
Scavenging in the Anthropocene: human impact drives vertebrate



https://doi.org/10.1002/eap.1632

scavenger species richness at a global scale. Global Change Biology 25,
3005-3017. doi:10.1111/gcb.14708

Seddon, P. J., and Leech, T. (2008). Conservation short cut, or long and winding
road? A critique of umbrella species criteria. Oryx 42, 240-245.

Sen, B., Tavares, J.P. and Bilgin, C.C. (2017). Nest site selection patterns of a local
Egyptian vulture Neophron percnopterus population in Turkey. Bird
Conservation International 27, 568-581.
https://doi.org/doi/10.1017/s0959270916000411.

SEO/BirdLife (2012). Atlas de las aves en invierno en Espana 2007-2010. Atlas de
las aves en invierno en Espana 2007-2010.

Sergio, F., and Newton, I. (2003). Occupancy as a measure of territory quality.
Journal of Animal Ecology 72, 857-865.

Sergio F., Marchesi L., Pedrini P., and Penteriani V. (2007) Coexistence of a
generalist owl with its infraguild predator: distance-sensitive or habitat-
mediated avoidance? Animal Behaviour 74, 1607-1616.

Sergio, F., Caro, T., Brown, D., Clucas, B., Hunter, J., Ketchum, J. and Hiraldo, F.
(2008). Top predators as conservation tools: ecological rationale,
assumptions, and efficacy. Annual Reviews in Ecology, Evolution and
Systematics 39, 1-19.

Sergio F, Tavecchia G, Blas J, Lopez L, Tanferna A, and Hiraldo F. (2011). Variation
in age-structured vital rates of a long-lived raptor. Implications for
population growth. Basic and Applied Ecology 12, 107-115.

Sergio, F., Tavecchia, G., Tanferna, A., Lopez Jiménez, L., Blas, J., De Stephanis,
R.. Marchant, T.A., Kumar, N. and Hiraldo, F. (2015). No effect of satellite
tagging on survival, recruitment, longevity, productivity and social
dominance of a raptor, and the provisioning and condition of its
offspring. Journal of Applied Ecology 52, 1665-1675.

Sergio, F., Tanferna, A., Blas, J., Blanco, G. and Hiraldo, F. (2018). Reliable methods
for identifying animal deaths in GPS- and satellitetracking data: review,
testing and calibration. Journal of Applied Ecology 56, 562-572.

Sergio, F., Tavecchia, G., Tanferna, A., Blas, J., Blanco, G., and Hiraldo, F. (2019).
When and where mortality occurs throughout the annual cycle changes
with age in a migratory bird: individual vs population implications.
Scientific Reports, 9, 1-8.

Serrano, D., Cortés-Avizanza, A., Zuberogoitia, I, Blanco, G., Benitez, J. R,
Ponchon, C., Grande, J.M., Ceballos, O., Morant, J., Arrondo, E., Zabala,
J.. Montelio, E., Avila E., Gonzdles J.L., Arroyo B., Frias O., Kobierzycki E.,
Arenas R., Tella, J.L.,, and Dondzar J.A. (2021). Phenotype- and
environmental-dependent natal dispersal in a long-lived territorial
vulture. Scientific reports. Vol. 11:5424. DOI: https://doi.org/10.1038/541598-
021-84811-8

Sewell, D., Beebee, T.J.C., and Griffiths, R.A. (2010). Optimising biodiversity
assessments by volunteers: The application of occupancy modelling to
large-scale amphibian surveys. Biological Conservation 143, 2102-2110.
https://doi.org/10.1016/j.biocon.2010.05.019

Sewell, D., Guillera-Arroita, G., Griffiths, R.A., and Beebee, T.J.C. (2012). When Is a
Species Declining? Optimizing Survey Effort to Detect Population
Changes in Reptiles. PLoS One 7, e43387. https://doi.org/10.
1371/journal.pone.0043387 PMID: 22937044


https://doi.org/doi/10.1017/s0959270916000411
https://doi.org/10.1038/s41598-021-84811-8
https://doi.org/10.1038/s41598-021-84811-8

Shaw, A. K., and Couzin, I. D. (2013). Migration or residency¢ The evolution of
movement behavior and information usage in seasonal environments.
The American Naturalist 181, 114-124.

Shaw, A. K. (2020). Causes and consequences of individual variation in animal
movement. Movement ecology 8, 1-12.

Shepard, E. L., Wilson, R. P., Halsey, L. G., Quintana, F., Laich, A. G., Gleiss, A. C.,
Liebsch, N., Myers, A.E., and Norman, B. (2008). Derivation of body
motion via appropriate smoothing of acceleration data. Aquatic Biology
4, 235-241.

Singmann H, Bolker B, Westfall J, Aust F, and Ben-Shachar MS. (2021). afex:
Analysis of Factorial Experiments. R package version 0.28-1.
https://CRAN.R-project.org/package=afex. (Accessed November 15,
2020).

Signer, J. and Balkenhol, N. (2015). Reproducible home ranges (rhr): A new, user-
friendly R package for analyses of wildlife telemetry data. Wildlife Society
Bulletin 39, 358-363

Signer, J., Fieberg, J. and Avgar, T. (2019). Animal movement tools (amt): R
package for managing fracking data and conducting habitat selection
analyses. Ecology and Evolution 9, 880-8%0.

Sirami, C., Caplat, P., Popy, S., Clamens, A., Arlettaz, R., Jiguet, F., Brotons, L., and
Martin, J. L. (2017). Impacts of global change on species distributions:
obstacles and solutions to integrate climate and land use. Global
Ecology and Biogeography 26, 385-394.

Smith, P.A., Tulp, I., Schekkerman, H., Gilchrist, H.G. and Forbes, M.R. (2012).
Shorebird incubation behaviour and its influence on the risk of nest
predation. Animal Behaviour 84, 835-842.

Sonerud, G.A., Steen, R., Lew, L.M., Rged, L.T., Skar, K., Selds, V. and Slagsvold, T.
(2014aq). Evolution of parental roles in raptors: prey type determines role
asymmetry in the Eurasian kestrel. Animal Behaviour 96, 31-38.

Sonerud, G.A., Steen, R., Selds, V., Aanonsen, O.M., Aasen, G.H., Fagerland, K.L.,
Fossd, A., Kristiansen, L., Lew, LM., Rgnning, M.E., Skouen, SK.
Asakskogen, E., Johansen, H.M., Johnsen, J.T., Karlsen, L.I.,, Nyhus, G.C.,
Reed, L.T., Skar, K., Sveen, B.A., Tveiten, R. and Slagsvold, T. (2014b).
Evolution of parental roles in provisioning birds: diet determines role
asymmetry in raptors. Behavioural Ecology 25, 762-772.

Soriano-Redondo A, Hilton GM, Gutiérrez JS, Lock L, Stanbury A, Votier SC, and
Bearhop S. (2019). The role of immigration and reinforcement in the
population dynamics of a long-lived bird: implications for the
conservation of threatened species. Animal Conservation 22, 49-58.

Soriano-Redondo, A., Gutiérrez, J. S., Hodgson, D., and Bearhop, S. (2020).
Migrant birds and mammals live faster than residents. Nature
communications 11, 1-8.

Soriano-Redondo, A., Franco, A. M., Acdcio, M., Martins, B. H., Moreira, F., and
Catry, I. (2021). Flying the extra mile pays-off: foraging on anthropogenic
waste as a time and energy-saving strategy in a generalist bird. Science
of The Total Environment, 146843.

Spiegel, O., Leu, S. T, Bull, C. M., and Sih, A. (2017). What's your move2 Movement
as a link between personality and spatial dynamics in  animal
populations. Ecology letters 20, 3-18.

Srivathsa, A., Puri, M., Kumar, N.S., Jathanna, D., Karanth, K.U. (2018). Substituting
space for time: Empirical evaluation of spatial replication as a surrogate



for temporal replication in occupancy modelling. Journal of Applied
Ecology 55, 754-765. https://doi.org/10.1111/1365-2664.13005

Stanback M.T., Rockwell E.K. (2003). Nest-site fidelity in eastern bluebirds Sialia
sialis depends on the quality of alternate cavities. Auk 120,1029-1032.

Stokstad, E. (2007). Endangered species. U.S. announces recovery plan for a
ghost bird. Science 317, 1158. doi: 10.1126/science.317.5842.1158b

Stothart, M. R., Elliott, K. H., Wood, T., Hatch, S. A., and Speakman, J. R. (2016).
Counting calories in cormorants: dynamic body acceleration predicts
daily energy expenditure measured in pelagic cormorants. Journal of
Experimental Biology 219, 2192-2200.

Strasser, E. H., and Heath, J. A. (2013). Reproductive failure of a human-tolerant
species, the A merican kestrel, is associated with stress and human
disturbance. Journal of Applied Ecology 50, 212-919.

Stuart, S.N., Chanson, J.S., Cox, N.A., Young, B.E., Rodrigues, AS.L., Fischman, D.L.
and Waller, R.W. (2004). Status and trends of amphibian declines and
extinctions worldwide. Science 306, 1783-1786.

Studds, C. E., Kyser, T. K. and Marra, P. P. (2008). Natal dispersal driven by
environmental conditions interacting across the annual cycle of a
migratory songbird. Proceedings of the National Academy of Sciences
105, 2929-2933.

Sunarto, S., Kelly, M.J., Parakkasi, K., Klenzendorf, S., Septayuda, E., Kurniawan, H.,
(2012). Tigers need cover: Multi-scale occupancy study of the big cat in
Sumaftran forest and plantation landscapes. PLoS One. 7, €30859.
https://doi.org/10.1371/journal.pone.0030859

Tanadini, L.G., Schmidf, B.R. (2011). Population size influences amphibian
detection probability: implications for biodiversity monitoring programs.
PLoS One. 6, €28244. https://doi.org/10.1371/journal.pone.0028244

Tapia L, Zuberogoitia I. (2018). Breeding and nestling biology of birds of prey. in:
Sarasola JH, Grande JM, Negro JJ. (Eds.), Birds of prey: Biology and
Conservation in XXI century. Springer., Switzerland, pp. 63-94.

Tarwater, C.E. and Brawn, J.D. (2010). The post-fledging period in a tropical bird:
patterns of parental care and survival. Journal of Avian Biology 41, 479—
487.

Tarwater, C. E., Ricklefs, R. E., Maddox, J. D., and Brawn, J. D. (2011). Pre-
reproductive survival in a tropical bird and its implications for avian life
histories. Ecology 92, 1271-1281.

Tauler-Ametlller, H., Pretus, J. L., Herndndez-Matias, A., Ortiz-Santaliestra, M. E.,
Mateo, R., and Readl, J. (2019). Domestic waste disposal sites secure food
availability but diminish plasma antioxidants in Egyptian vulture. Science
of The Total Environment 650, 1382-1391.

Teitelbaum, C. S. et al., (2016). Experience drives innovation of new migration
patterns of whooping cranes in response to global change. Nature
Communications 7, 12793. https://doi.org/10.1038/ncomms12793

Therneau, T. Package’ survival’, https://github.com/therneau/survival (2018).

Thompson, W.L. (2002). Towards reliable bird surveys: accounting for individuals
present but not detected. Auk. 119, 18-25. doi:10.1642/0004-
8038(2002)119[0018:TRBSAF]2.0.CO;2

Thompson, W. (Ed.). (2013). Sampling rare or elusive species: concepts, designs,
and techniques for estimating population parameters. Island Press.



https://doi.org/10.1111/1365-2664.13005
https://doi.org/10.1371/journal.pone.0030859

227

References

Tobias, J. A., and Pigot, A. L. (2019). Integrating behaviour and ecology into
global biodiversity conservation strategies. Philosophical Transactions of
the Royal Society B 374, 20190012.

Torres, A., Jaeger, J. A., and Alonso, J. C. (2016). Assessing large-scale wildlife
responses to human infrastructure development. Proceedings of the
National Academy of Sciences 113, 8472-8477.

Traba, J., Garcia De La Morena, E. L., Morales, M. B. and Sudrez, F. (2007).
Determining high value areas for steppe birds in Spain: Hot spofs,
complementarity and the efficiency of protected areas. Biodiversity and
Conservation 16, 3255-3275.

Tscharntke, T., Tylianakis, J.M., Rand, T.A., Didham, R.K., Fahrig, L., Batary, P.,
Bengtsson, J., Clough, Y., Crist, T.O., Dormann, C.F., Ewers, R.M., Fr€und,
J., Holt, R.D., Holzschuh, A., Klein, A.M., Kleijn, D., Kremen, C., Landis, D.A.,
Laurance, W., Lindenmayer, D., Scherber, C., Sodhi, N., Dewenter, S.,
Thies, C., van der Putten, W.H. and Westphal, C. (2012). Landscape
moderation of biodiversity patterns and processes-eight hypotheses.
Biological Reviews 87, 661- 685.

Tucker, M. A. et al., (2018). Moving in the Anthropocene: Global reductions in
terrestrial mammalian movements. Science 359, 466—-469.

Tucker, M. A., Busana, M., Huijbregts, M. A., and Ford, A. T. (2021). Human-
induced reduction in mammalian movements impacts seed dispersal in
the tropics. Ecography 44, 897-906.

Turbek, S. P., Scordato, E. S., and Safran, R. J. (2018). The role of seasonal migration
in population divergence and reproductive isolation. Trends in ecology
and evolution 33, 164-175.

UNEP-WCMC, IUCN, and NGS. 2019. Protected planet live report 2019.
Cambridge, UK; Gland, Switzerland; and Washington, DC. Retrieved from
https://livereport.protectedplanet.net/Google  Scholar.  (Accessed
December 15, 2020).

van Beest, F. M., Mysterud, A., Loe, L. E. and Milner, J. M. (2010). Forage quantity,
quality and depletion as scaledependent mechanisms driving habitat
selection of a large browsing herbivore. Journal of Animal Ecology 79,
9210-922.

van Doren, B. M., Conway, G. J., Phillips, R. J., Evans, G. C., Roberts, G. C.,
Liedvogel, M., and Sheldon, B. C. (2021). Human activity shapes the
wintering ecology of a migratory bird. Global Change Biology 27, 2715-
2727.

van Eeden LM, Crowther MS, Dickman CR, Macdonald DW, Ripple WJ, Ritchie
EG, and Newsome TM. (2018). Managing conflict between large
carnivores and livestock. Conservation Biology 32, 26-34.

van Eeden LM, Dickman CR, Ritchie EG, Newsome TM. 2017. Shifting public values
and what they mean for increasing democracy in wildlife management
decisions. Biodiversity and Conservation 26:2759-2763.

van Overveld, T., Gangoso, L., Garcia-Alfonso, M., Bouten, W., de la Riva, M., and
Dondzar, J. A. (2020a). Seasonal grouping dynamics in a ferritorial
vulture: Ecological drivers and social consequences. Behavioral Ecology
and Sociobiology 74, 1-13.

van Overveld, T., Blanco, G., Moledén, M., Margalida, A., Sdnchez-Zapata, J. A,
de la Riva, M., and Dondzar, J. A. (2020b). Integrating vulture social
behavior into conservation practice. The Condor 122, duaa035.



van Overveld, T. et al., (2018). Food predictability and social status drive
individual resource specializations in a territorial vulture. Scientific Reports
8, 1-13. https://doi.org/10.1038/541598-018-33564-y.

Velevski, M., Nikolov, S.C., Hallmann, B., Dobrev, V., Sidiropoulos, L., Saravia, V.,
Tsiakiris, R., Arkumarev, V., Galanaki, A., Kominos, T., Stara, K., Kret, E.,
Grubac, B., Lisicanec, E., Kastritis, T., Vavylis, D., Topi, M., Hoxha, B. and
Oppel, S. (2015). Population decline and range contraction of the
Egyptian vulture Neophron percnopterus in the Balkan Peninsula. Bird
Conservation International 25, 440-450.

Venter O, Sanderson EW, Magrach A, Allan JR, Beher J, Jones KR, et al., (2016).
Sixteen years of change in the global terrestrial human footprint and
implications for biodiversity conservation. Nature Communications 7, 1-
1.

Watson, J. (2010). The Golden Eagle. Bloomsbury, London. Wiehn, J. and
Korpimdki, E. 1997. Food limitation on brood size: experimental evidence
in the Eurasian kestrel. Ecology 78, 2043-2050.

Watson, J.E.M., Shanahan, D.F., Di Marco, M., Allan, J., Laurance, W.F,,
Sanderson, E.W. et al., (2016). Catastrophic declines in wilderness areas
undermine global environment targets. Current Biology 26, 2929-2934.

Watson J.E.M., Venter O, Lee J, Jones KR, Robison JG, Possingham HP, Allan JR.
(2018). Protect the last of the wild. Nature 563, 28-30. doi:10.1038/541586-
018-0572-6

Watson, H., Monaghan, P., Heidinger, B. J., and Bolton, M. (2021). Effects of
human disturbance on postnatal growth and baseline corticosterone in
a long-lived bird. Conservation Physiology, 9, coab052.

Web.bizkaia.eus. (2010). Climbing Management in Bizkaia and Urkiola. Available:
https:.//www.bizkaia.eus/home2/Temas/DetalleTema.asp2Tem_Codigo
=6386andidioma=CAanddpto_biz=2andcodpath_biz=2%7C7309%7C63
86. (Accessed October 13, 2020).Weegman MD, Bearhop S, Fox AD,
Hilton GM, Walsh AJ, McDonald JL, and Hodgson DJ. (2016). Integrated
population modelling reveals a perceived source to be a cryptic sink.
Journal of Animal Ecology 85, 467-475.

Weimerskirch, H., Delord, K., Guitteaud, A., Phillips, R. A. and Pinet, P. (2015).
Extreme variation in migration strategies between and within wandering
albatross populations during their sabbatical year, and their fitness
conseqguences. Scientific Reports 5, 1-7.
https://doi.org/10.1038/srep08853.

White, E. R. (2019). Minimum time required to detect population trends: the need
for long-term monitoring programs. BioScience 69, 40-46.

Whittingham, M. J., Stephens, P. A., Bradbury, R. B. and Freckleton, R. P. (2006).
Why do we sfill use stepwise modelling in ecology and behavioure.
Journal of Animal Ecology 75, 1182-1189.

Wickham H. (2016). ggplot2: Elegant Graphics for Data Analysis. New York.
Springer-Verlag.

Wikelski, M., and Kays, R. (2019). Movebank: Archive, Analysis and Sharing of
Animal Movement Data. Available online at: http://www.movebank.org
(accessed January 02, 2019).

Williams, H. J., Shepard, E. L. C., Holton, M. D., Alarcén, P. A. E., Wilson, R. P., and
Lambertucci, S. A. (2020). Physical limits of flight performance in the
heaviest soaring bird. Proceedings of the National Academy of Sciences
117, 17884-17890.



Wilmers, C. C., Nickel, B., Bryce, C. M., Smith, J. A., Wheat, R. E., and Yovovich, V.
(2015). The golden age of bio-logging: How animal-borne sensors are
advancing the frontiers of ecology. Ecology 96, 1741-1753.

Wilson, H.R., Neuman, S.L., Eldred, A.R. and Mather, F.B. 2003. Embryonic
malpositions in broiler chickens and bobwhite quail. Journal of Applied
Poultry Research 12, 14-23.

Wilson, H.B., Rhodes, J.R., Possingham, H.P., 2015. Two additional principles for
determining which species to monitor. Ecology. 96, 3016-3022.
https://doi.org/10.1890/14-1511.1

Wilson MW, Ridlon AD, Gaynor KM, Gaines SD, Stier AC, and Halpern BS. (2020).
Ecological impacts of human-induced animal behaviour change. Ecol.
Letfters 23, 1522-1536.

Wilson, R. P., White, C. R., Quintana, F., Halsey, L. G., Liebsch, N., Martin, G.R., and
Butler, P. J. (2006). Moving towards acceleration for estimates of activity-
specific metabolic rate in free-living animals: the case of the cormorant.
Journal of Animal Ecology 75, 1081-10%0.

Wilson, R. P., Borger, L., Holton, M. D., Scantlebury, D. M., Gomez-Laich, A.,
Quintana, F., .. and Shepard, E. L. (2020). Estimates for energy
expenditure in free-living animals using acceleration proxies: A
reappraisal. Journal of Animal Ecology, 89, 161-172.

Winger, B. M., Auteri, G. G., Pegan, T. M., and Weeks, B. C. (2019). A long winter
for the Red Queen: rethinking the evolution of seasonal migration.
Biological Reviews 94, 737-752.

Winger, B., and Pegan, T. M. (2020). The evolution of seasonal migration and the
slow-fast continuum of life history in birds. bioRxiv.

Wintle, B.A., Runge, M.C., Bekessy, S.A. (2010). Allocating monitoring effort in the
face of unknown unknowns. Ecology Letters 13, 1325-1337.
https://doi.org/10.1111/j.1461-0248.2010.01514.x

Wintle, B.A., Walshe, T.V., Parris, K.M., McCarthy, M.A. (2012). Designing
occupancy surveys and interpreting non-detection when observations
are imperfect. Diversity and Distributions 18, 417-424.
https://doi.org/10.1111/j.1472-4642.2011.00874.x

Wu, C. H., Dodd, A. J., Hauser, C. E., and McCarthy, M. A. (2021). Reallocating
budgets among ongoing and emerging conservation projects.
Conservation Biology 35, 955-966.

Xirouchakkis, S.M. and Mylonas, M. (2007). Breeding behaviour and parental care
in the Griffon Vulture Gyps fulvus on the island of Crete (Greece).
Ethology, Ecology and Evolution 19, 1-26.

Yoccoz, N.G., Nichols, J.D., Boulinier, T. (2001). Monitoring of biological diversity
in space and fime. Trends in Ecology and Evolution 16, 446-453.
https://doi.org/10.1016/50169-5347(01)02205-4

Zabala, J., Zuberogoitia, 1., Garin, . and Aihartza, J. (2003). Landscape features
in the habitat selection of European mink (Mustela lutreola) in south-
western Europe. Journal of Zoology 260, 415-421.

Zabala, J. and Zuberogoitia, I. (2014). Individual Quality Explains Variation in
Reproductive Success Better than Territory Quality in a Long-Lived
Territorial Raptor. PLoS One. 9, €90254. https://doi.org/doi/10.1371/journal.pone.
0090254.

Zuberogoitia, I., Zabala, J., Martinez, J.A., Martinez, J.E. and Azkona, A. (2008).
Effect of human activities on Egyptian Vulture breeding success. Animal
Conservation 11, 313-320.


https://doi.org/10.1890/14-1511.1
https://doi.org/10.1111/j.1472-4642.2011.00874.x
https://doi.org/10.1016/S0169-5347(01)02205-4
https://doi.org/doi/10.1371/journal.pone

Zuberogoitia I, Alvarez K, Olano M, Rodriguez AF, and Arambairri R. (2009). Avian
scavenger populations in the Basque Counftry: status, distribution and
breeding parameters. In Dondzar JA, Margalida A, and Campion D
(eds.). Vultures, feeding stations and sanitary legislation: a conflict and
its consequences from the perspectiva of conservation biology.
Monograph Munibe, n° 29: 34-65.

Luberogoitia, I., Zabala, J., Martinez, J.E. (2011). Bias in little owl population
estimates using playback techniques during surveys. Animal Biodiversity
and Conservation 34, 395-400.

Zuberogoitia, I., Zabala, J., Martinez, J.E., Gonzdlez-Oreja, J.A. and Lopez-Lopez,
P. (2014). Effective conservation measures to mitigate the impact of
human disturbances on the endangered Egyptian Vulture. Animal
Conservation 17, 410-418.

Zuberogoitia, I, Martinez, J.E., Larrea, M. and Zabala, J. (2018). Parental
investment of male Peregrine Falcons during incubation: influence of
experience and weather.Journal of Ornithology 159, 275-282.




APPENDICES






CHAPTER 2 - APPENDIX A






m Chapter 3-Appendix A

Supporting Information

Appendices

Supporting information A.1. — Details on the monitoring costs estimates.
Supplementary tables

Table A.1. Survey costs when no covariates are considered.

Table A.2. Survey costs when nest was not visible in rainy years.

Table A.3. Survey costs when nest was visible in rainy years.

Table A.4. Survey costs when nest was not visible in dry years.

Table A.5. Survey costs when nest was visible in dry years.



Supporting information A.1. — Details on the monitoring costs estimates.

Estimation of monitoring costs

We determined the minimum number of visits (n) required to assure the
occupancy with 95% of confidence. The minimum number of visits (n) was
multiplied by the monitoring effort necessary in each case, being from 1
to 5 hours in each breeding phase (E), obtaining the total hours necessary
in each case. Then, we estimated the cost per monitored hours (€/h) of
an expert technician based on current average field work salary in Spain
(i.e., 45 €/hour)(w). Overall, we computed the cost of a technician who

carried out monitoring as the simple product of n, E and w:
CTtechnician=n X E X w (1)

We also accounted for the ftotal cost of distance. We first
considered the cost to arrive at each nest using the distance (dist) to each
nest from a common point and return to the point of origin (outward
journey) by using Google Maps (Google, 2019), in our case, the capital of
the study area (Bilbao, mean=85.1 km, SD = 31.4 km, range= 33 - 155 km).
Furthermore, we assessed the total intfer-nests distance in one survey day.
We considered the total number of possible visits to different nests in one
day, considering the effort (hours) and a hypothetical average working
time of eight hours per day. Based on our calculations, the maximum
number of sites to survey in a single day was five, all of them for a single
hour, three nests with a two hours effort, two for three hours and only one
nest investing 4-5 hours of monitoring in a single day (nmax). The mean
inter-nest distance (6.49 km and 6.31 km in 2017 and 2018, respectively)
was obtained from averaged nearest neighbor distance analysis in ArcGIS
10.5 (ESRI, 2016) (d). The total inter-nest distance was obtained from
multiplying the possible number of the nests to monitor in one day (from
one to five) by the mean inter-nest distance. We estimated fravel

expenses costs by multiplying a standard cost of displacement (0.19 €/km)
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(CDisplacement) by the total distance (the result of the sum of the mean

distance to each nest round trip and total inter-nest distance).
CTravel expenses=C Displacement (€/km) [(nmoxd)"'disﬂ (2)

We calculated the cost of technician displacement. We first
estimated the tfotal hours invested in displacement by multiplying a
standard time of displacement (2mins/km) (TDisplcamenet) by total
distance (the result of the sum of the mean distance to each nest round
trip and total inter-nest distance),obtaining the total minutes investing in
displacement. We then converted minutes into hours and multiplied this
value by the cost of the technician (w, explained above) obtaining the

total cost of displacement:
Cpisplacement cost=(T Displacement(mins/km) [(Nmaxd)+dist]) X w (3)

Finally, we calculated the total cost for assuring 95% of nest
detections as the sum of the total cost of fechnician hours plus distance

and cost of technician displacement.

CTofoI: CTechnicion"‘ CTroveI expenses"‘CDispIocemenT cost (4)
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Supporting Information

Supplementary tables

Table B.1. Summary calculations of selected Basic Movement

Parameters.

Table B.2. Environmental variables at 200 m spatial resolution used to

model Egyptian vulture space use.
Table B.3. Correlation matrix of the variables used in RUF analysis.
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Table B.5. Estimates of standardised RUF coefficients (B) and standard

errors for each variable of the full RUF models.
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Supporting Information

Appendices

Supporting information C.1. — Details on the study area.

Supporting information C.2. -Details on the estimation of breeding
parameters.

Supporting information C.3. — Details on the determination of the death of

tagged individuals.

Supplementary tables

Table C.1. Metada of tagged individuals used in the current study..

Table C.2. Summary of tfagged individuals used in each analysis.

Table C.3. AIC-based model selection of each of the computed analyses.

Table C.4. Home range areas (km2) based on the monthly 95% Kernell

Density Estimation of migrant (n=13) and non-migrant (n=14) tagged birds.
Supplementary figures

Figure C.1. Worldwide distribution of the Egyptian Vulture (Upper right) and

the location of the populations from which birds were tagged.

Figure C.2. Movement tracks of the tagged (A) migrant (n=25) and (B)

resident birds.

Figure C.3. Differences in the home range area based on the monthly 25%
Kernell Density Estimate of migrant and resident individuals during non-

winter and wintering seasons.



Supporting information C1.

Study area

The study area is located in the western lberian Peninsula, corresponding
to the administrative region of Cdceres (Extremadura, Spain). The climate
is typically Mediterranean semi-arid to dry sub-humid with some oceanic
influence with mild winter temperatures and autumn rainfall (Felicisimo,
2001). Trends observed in the last fifty years showed slight aridification of
the climate (Figure S2A). Similarly, it has been observed an increase in the
mean, maximum annual temperature of 1.2 °C, respecting the values
observed in 1973 (Agencia Estatal de Meteorologia, 2020; Figure S2B). In
the same way, similar patterns were observed in mean winter
temperatures and non-winter temperatures with 2.97 °C and 1.4 °C
increase, respectively (reference value from the year 1973) (Figures S2C
and D). Very low human population density, a markedly rural
environment, and scarce industrial activity define the region, which is also
recognized as one of the major biodiversity hotspots of the Mediterranean
region (Lopez-Lopez et al,, 2011). Landscapes are mostly characterized by
the so-called “dehesas” (sometimes referred to as the “Spanish
savannah”), agrosilvopastoral systems composed by holm oak (Quercus
ilex) and corn oak (Quercus suber) forests which were progressively
thinned until forming wood-pasture used for animal grazing and foraging
plus crop production. Most of the region’s land is used for agriculture,

combining arable and extensive livestock rearing.
Supporting information C2.

Breeding information

In some cases, it was not possible to confirm neither the breeding status
nor the breeding success of tagged birds in the field (n=14
individuals/breeding events/year). We then used the nestR package

(Picardi et al., 2020) to identify 1) nest location when this data was not



available for a certain individual/year, 2) breeding status and 3) breeding
success. The package uses recursive movement patterns to locate
breeding attempts and estimate their fate from GPS-tracking data of
cenftral place foragers, such as Egyptian Vultures (e.g., Morant et al., 2020;
van Overveld et al., 2018). In case the nest location is known but not the
breeding output for a given year, we inspected if individuals used the
previous year nest/s by using trajectories with known breeding attempts,
by using "find_nest" function to find nests among revisited locations. If no
prior information exist, we used "find_nests" function, visualize the data to
find frusted nests, select nests/non-nests to compare (e.g., to tell apart
roosting sites from nests) and find trustful revisitation patterns by using
"get_explodata" and "discriminate_nest" functions, respectively. When a
potential nest was identified we visually inspected the areq, distance to
previous year/s nest/s (if any), the number of visits that it received, the days
between the first and the last visit and percentage of the day of maximum
attendance to confident that the location represents a frue nest. Given
that species breeding cycle and duration is well known (see Dondzar et
al.,, 1994; Morant et al., 2019), we estimated if an attempt was successful
or not according to whetherit lasted as long as the duration of a complete
nesting cycle for the species. We set 153 days (from 1st April to 31th
August) and a minimum of 10 visits into function parameters to
differentiate the potential nests. The number of days was estimated so that
it covered all species breeding cycle (see Morant et al., 2019). In either,
when prior existence or previous nests or noft, revisitations histories were
formatted to infer whether a nesting attempt was completed or not by
using "format_attempts" function. To estimate the breeding output we
used ‘“estimate_outcomes” function. This function fits a Bayesian
hierarchical model to the histories of nest revisitation and estimates the
probability that each nest is still active (i.e., "alive") on the last day of the
aftempt. The model specification includes two processes. the survival
process, which is not directly observable, and the observation process,

which is the signal we get in the revisitation data. The reproductive



outcome is defined as the probability that the value of znest_cycle=1, i.e.,
the probability that the nest was still surviving after nest_cycle days (more
details in Picardi et al., 2020). We used the model with p (detection) since
the species attendance decreases as the chick energetic demands grow,
thus decreasing during the last month (see Picardi et al., 2020 for details
on modelling approach). We visually inspected by plotting the survival
and detection probability through time at the population level and daily
survival estimated individually for each nest. For instance, a nest whose
survival remained constant or abruptly decreased before the last month,
noting that the pair has bred but failed during the last breeding stages
(i.,e., when chick demand is higher). We then assigned 0/1 (i.e., breeding
failure or success) for each individual/year/breeding season based on the
probability  assigned by  Markov-Chain-Monte-Carlo  algorithm
implemented in the nestR package, being 1 the probability of success and
O of failure. We then summed up each breeding year and successful
breeding year for each individual, thus obtaining these two parameters

for further analysis.

Supporting information C3.

Death of tagged individuals

We followed three indicators to separate deaths from cases of transmitter
failure: (1) stationarity of GPS locations and accelerometry data (when
equipped with this sensor type); (2) confirmation or disproof of stationarity
by background Doppler data from the E-obs/Ornitrack/Ecotone Systems;
and (3) indication of fransmitter malfunctioning by low frequencies of GPS-
locations preceding signal loss (see details in Rotics et al., 2017 and Sergio
et al., 2018). In some individuals, the tags lost signal (e.g., in their African
wintering quarters) for long fime periods to then started sending data
again (e.g., after six months without GPS signalling); we, therefore, set a
minimum of six months as fime-buffer to be confident that the lack of

signal was linked to a plausible death event (see also Rotics et al., 2017).



Using the steps mentioned above we were able to successfully classify

100% of all cases of actual deaths (individuals physically recovered as
dead) and 100% of actual tfransmitter failures (see also Sergio et al., 2019).
Additionally, some individuals whose transmitter failed were later resighted
during breeding season thanks to the alphanumeric ring and therefore

confirmed to be alive (n=2).
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Table C4. Home range areas (km?) based on the monthly 95% Kernell Density
Estimation of migrant (n=13) and non-migrant (n=14) tagged birds between non-
winter (March-October) and winter (November-February). Average values are
provided together with SE.

Non-winter Winter
Migrant 1251 £2418 4101 £ 3031
Resident 1417 + 2349 211 + 564

D Extremadura

D Douro

|| castilla-La Mancha / Valencia

N

A

Figure C1. Worldwide distribution of the Egyptian Vulture (Upper right) and the
location of the populations from which birds were tagged, including,
Extremadura (red), Duero/Douro (pink) and Castilla-La Mancha/ Valencia
(yellow).
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Non-winter Winter
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Migratory behaviour

Figure C3. Differences in the home range area (km?2) based on the monthly
95% Kernell Density Estimate of migrant (n=13)* and resident (n=14)
individuals during non-winter and wintering seasons. Estimates were
calculated by using “rhrKDE” and “rhrArea’” functions implemented in the
“rhr’” package (Signer and Bakenhol, 2015). The horizontal line in the box
plot represents the mean, whilst the standard deviation is shown as error
bars.

*Note that only individuals tagged with E-obs and Ornitela are used for this
analysis due to the timeframe differences in location recordings of Ecotone
and Microwave tags.
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Human activities transformed virtually all landscapes worldwide to fulfil their
basic needs (e.g., resource extraction, agriculture or leisure activities). By
doing so, they also affect species inhabiting these human-dominated
landscapes. Due to their historical link to human activities, apex predators,
especially vultures, are especially vulnerable to human-induced behavioural
alterations and have undergone population declines worldwide. Therefore,
finding a solution that reconciles vulture conservation and human activities
in such landscapes is necessary. By using a set of behavioural indicators {e.g.,
breeding, occupancy/detectability and space wuse) from long-term
monitoring and movement ecology, this thesis aims to build links between
behaviour and conservation of Egyptian vulture Neophron percnopterus in
human-dominated landscapes. The current dissertation shows that the
species invests similar effort in parental care and that incubation and
hatching are important tipping points during the breeding season (Chapter 1).
This information could be, in turn, used to design cost-effective monitoring
while accounting for imperfect detection and breeding phenology and other
environmental variables that could help to adapt monitoring programs to
different available budgets {Chapter 2). Similarly, the knowledge of breeding
behaviour of the species could be used to infer the impact of habitat
alterations on species nest occupancy and reproduction patterns and to
improve conservation programs (Chapter 3), and test whether management
programs and collaboration networks resulted effective in reducing the
synergistic effect of various human disturbances {Chapter 4). Finally, it poses
an advance in the understanding of how certain human activities that provide
continuous and predictable food pulses, such as farming, could alter species
space use and favour residency in partial migratory species (Chapter 5), and
that human-driven changes in migratory behaviour could even have
consequences on fitness and energy use of different migratory phenotypes
(Chapter 6). Overall, this work demonstrates the utility of increasing vulture
behaviour knowledge to ascertain the effects of human activities on the
species and find coherent conservation solutions that favour its persistence
and promote vulture-human coexistence in anthropogenic landscapes.
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