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RESUMEN

El estudio de las relaciones existentes entre distintos componentes de los ecosistemas
permite, entre otros, conocer las causas que determinan la presencia de algunos
taxones en determinados emplazamientos asi como la preferencia de éstos por distintos
elementos de los habitats. Para el caso de especies o poblaciones que suscitan un mayor
interés, bien por su estado desfavorable de conservacion o bien por su papel clave en
los ecosistemas, el reconocimiento de las caracteristicas del habitat seleccionadas
resulta muy importante de cara a la identificacion de posibles factores limitantes o de
amenazas. Disponer de esta informacion es un paso previo al disefio y aplicacion de
medidas destinadas a favorecer a la especie: se incrementa la precision en el
diagndstico de la situacion, se comprenden mejor las lineas prioritarias de trabajo a
implantar y, en definitiva, aumentan las probabilidades de éxito de las actuaciones de
gestion proyectadas.

El buitre negro Aegypius monachus es la mayor de las aves rapaces europeas y ha sido
objeto en Espana de numerosos trabajos de seguimiento, estudio y conservacion,
debido a que su poblacion era muy escasa tras la realizacion de los primeros censos en
las décadas de 1970 y 1980. Forma parte del gremio de las aves necréfagas ibéricas,
cuyas poblaciones son las mas abundantes de todo el Paleartico occidental. Estas aves
necrofagas juegan un importante papel en los ecosistemas ibéricos; asi, por ejemplo,
prestan servicios derivados del procesado de los animales muertos de manera
sostenible, higiénica y econémica. Ademas, el buitre negro es una especie indicadora
de determinadas caracteristicas de los espacios naturales que habita y constituye un
buen modelo de estudio para evaluar qué factores son mds representativos en el
mantenimiento de condiciones favorables para especies superpredadoras o necréfagas
en los medios forestales y agrarios mediterraneos. También, de su estudio, resulta
reveladora su relacion con las actividades humanas, el impacto que éstas tienen y como
pueden reconducirse y compatibilizarse. Las principales amenazas para la especie
provienen de malas practicas realizadas por el hombre, como son el envenenamiento
intencionado o la alteracion del medio natural.

En este escenario, los objetivos de la presente Tesis Doctoral son 1) profundizar en el
conocimiento de las relaciones existentes entre el buitre negro y su habitat, 2)
determinar los factores y caracteristicas del habitat que resultan mas determinantes
para el asentamiento de nidos de la especie y para su éxito reproductivo, asi como para
la seleccion de determinadas dreas de alimentacién y tipos de alimento, 3) evaluar el
efecto de determinadas actividades humanas en areas de reproduccién y alimentacion,
4) establecer patrones de gestion que eviten los efectos negativos de las actividades
realizadas por el hombre sobre el buitre negro, y 5) analizar el estado de conservacién
de la especie y las posibles causas que han incidido en la tendencia poblacional
registrada en los tultimos afnos en Espafa. Para la consecucion de los mencionados
objetivos se aplicaron distintas técnicas de estudio. Para los puntos 1 y 2 se planifico un
muestreo de variables geomorfoldgicas, ecoldgicas y antrdpicas con el fin de evaluar
los factores que determinan tanto la seleccion de habitat de reproduccion como el éxito
reproductivo. Ademads, para esclarecer patrones de seleccion del habitat de cria a escala
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Resumen

global, se llevé a cabo un metanalisis basado en los resultados obtenidos en otros
estudios previos, en el que también se evalud el efecto de la aplicacion de distintos
procedimientos metodoldgicos. Por otro lado, se realizé un seguimiento detallado de
aportes en los que se controlaron las caracteristicas de los aportes y las del habitat
circundante. También se recopilaron sistematicamente crotales de ganado, como
elementos indicativos para conocer, por medio de sistemas de informacion geografica,
las areas de campeo y de alimentacion en torno a una colonia de cria de buitre negro.
En relacién a los objetivos 3 y 4 se evalud la incidencia del trabajo de descorche de los
alcornoques existentes en una colonia de cria sobre los buitres negros reproductores y
sobre sus pollos. Ademas, se llevo a cabo un ensayo para conocer la aceptacion tanto
del buitre negro como de otras rapaces necrofagas a aportes de carrofia depositados en
vallados perimetrales moéviles, dispuestos con la intencion de evitar la entrada de otras
especies necrofagas no objetivo y optimizar asi el manejo de los puntos de
alimentacion suplementaria. Por ultimo, para explorar el objetivo 5 se recopilaron
publicaciones relacionadas con el buitre negro y, con la informacién obtenida, se
realiz6 un analisis de las posibles relaciones causa-efecto entre el esfuerzo de
investigacion y de conservacion y la tendencia poblacional de la especie en Espana.

Los trabajos de campo se desarrollaron entre los afios 2003 a 2011 en Espafa centro-
occidental. De manera especifica, los muestreos relativos al estudio de factores
asociados a la reproduccién y a la actividad de campeo se ejecutaron en la colonia de
cria de la Umbria de Alcudia, Castilla-La Mancha, mientras que los estudios sobre
preferencias de presa en carronas o de evaluacion de vallados en puntos de
alimentacion suplementaria se desarrollaron en distintas zonas de especial proteccion
de aves (ZEPA) de Extremadura y Castilla-La Mancha.

Los resultados obtenidos muestran la importancia de masas forestales con arboles
grandes y con elevada cobertura vegetal, alejadas de la actividad humana y en dreas de
dificil acceso como enclaves seleccionados por el buitre negro para emplazar sus nidos.
Ademas, valores elevados de estas mismas variables, junto con un mejor estado de
conservacion de las plataformas de nidificacion, incrementan las posibilidades de éxito
reproductivo. En relacién a los métodos de estudio de la seleccion de habitat a escala
global, la aplicacion de métodos diferentes de muestreo y analisis entre estudios
determind la variabilidad recogida en los modelos resultantes. Asi, la eleccion de
determinados procedimientos experimentales en cada estudio implicé una mayor
varianza/devianza: puntos de muestreo > parcelas de muestreo, puntos aleatorios de
muestreo dentro de la colonia > puntos aleatorios fuera de la colonia, un tnico afio de
estudio > mas de un afno de estudio, y mayor proporciéon de puntos aleatorios respecto
nidos > menor proporcion de puntos aleatorios respecto nidos. En definitiva, tanto la
eleccion de los protocolos de muestreo como la homogeneizacion de éstos entre los
distintos estudios es importante para comparar adecuadamente resultados de seleccion
de requerimientos ecologicos en un contexto global.

El buitre negro resulta mas abundante en los aportes de carrona cuando ésta se
dispone dispersa en una superficie amplia y en elevadas cantidades. De esta manera
optimiza la adquisicion de alimento respecto al buitre leonado Gyps fulvus, principal
especie competidora, sobre todo cuando la carrofa se presenta concentrada en un
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Resumen

unico punto y en forma de cadaveres enteros. Ademas, el buitre negro consume
preferentemente trozos dispersos pequenios y medianos, de musculos y tendones.
Promover esta tipologia de aportes cuando se realizan actuaciones de alimentacion
suplementaria o cuando se depositan despojos de ungulados cazados resulta muy
favorable para el buitre negro y para otras necrofagas amenazadas como el alimoche
comun Neophron percnopterus o el milano real Milvus milvus. Durante el periodo de
reproduccion los adultos acuden a los aportes de alimento en mayor medida, mientras
que la proporcién de jovenes y subadultos en las carrofias permanece constante
durante todas las fases del ciclo vital. Respecto a las dreas de campeo en areas de
aprovechamiento ganadero, la localizacion de los crotales mostro la presencia de
ejemplares alimentandose en un total de 66,732.28 km? (Maximo Poligono Convexo,
MCP) y, en base a una probabilidad de presencia del 95% (analisis Kernel), en una
superficie de 152.290,13 ha. El promedio de los desplazamientos en linea recta
realizados por los ejemplares desde el punto de alimentacion a la colonia de cria fue de
26.3 km. Con este trabajo, se ha revelado un sistema novedoso de estudio de areas de
campeo que presenta ciertas limitaciones y divergencias metodologicas respecto a las
técnicas empleadas en otros estudios andlogos.

Las actividades de aprovechamiento forestal en areas de cria tienen repercusion
negativa sobre el éxito reproductivo del buitre negro si no se realizan de manera
adecuada. En concreto, el estudio del efecto del descorche puso de manifiesto que los
adultos abandonaban el nido cuando se rebasaba por parte de los trabajadores una
distancia promedio de 132 m, sobre todo cuando el ruido producido era alto o medio.
Si en esas circunstancias el pollo era menor de 40 dias de edad, el abandono se
producia en las horas de mas calor y la molestia se repetia en dias consecutivos, la
probabilidad de fracaso se incrementaba. Asi, en dreas sometidas a descorche el éxito
reproductivo se redujo un 20% y la mortalidad de pollos en nido se triplic. No
obstante, el descorche es una actividad tradicional y necesaria para el mantenimiento
de los alcornocales donde habita el buitre negro y se produce cada nueve afnos. Por
ello, es preciso establecer mecanismos de trabajo dirigidos a reducir al minimo las
molestias, adecuando algunos patrones de actuacion sobre horarios, zonas de trabajo y
reduccion del nivel de ruido. En relacion a la gestion de la alimentacion de especies
necrofagas, resulta necesario satisfacer los requisitos sanitarios que disminuyan el
riesgo de transmision de enfermedades, al tiempo que las especies necrofagas
satisfacen sus requerimientos tréficos en relacion a su disponibilidad, aparicion en el
territorio y calidad. Para cumplir los anteriores requisitos puede resultar de ayuda la
implantacion de vallados perimetrales méviles que impidan la entrada a la carrona de
especies no objetivo que podrian actuar como vectores de enfermedades transmisibles.
Las mallas electrificadas moviles resultan eficaces en este sentido y no alteran el acceso
natural de aves necrofagas a la carrofia. Su facil montaje y desmontaje las convierten en
un sistema comodo y resolutivo para poder alternar distintas areas de aporte de
alimento dentro de una misma explotacion.

Por ultimo, y como conclusion de la Tesis, del anélisis de las distintas publicaciones
sobre el buitre negro se concluye que la poblacion de la especie se ha podido ver
favorecida por el incremento del conocimiento sobre aspectos basicos de su ecologia y
conservacion y por la publicacion de resultados en revistas cientificas de impacto. La
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Resumen

proteccion de la propia especie y la de sus colonias de cria supusieron un hito
importante entre las décadas de 1970 a 1990. La tendencia positiva de la poblacion esta
correlacionada con la de una de sus fuentes de alimento mas importantes, los
ungulados silvestres. En este sentido, de la adquisicion del alimento provienen los
principales factores de riesgo, como son la escasez de determinadas presas como el
conejo de monte Oryctolagus cuniculus, la disminuciéon de cadaveres de origen
ganadero por las politicas de gestion de subproductos iniciadas en la década de 2000 o
la ingestion de cebos envenenados. A la luz de la recopilacion de informacion, los
trabajos de conservacion de buitre negro han propiciado una evolucion positiva de su
contingente poblacional en Espafia, a pesar de que en las primeras fases no se contaba
con un conocimiento tan adecuado como el que se dispone actualmente.
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ABSTRACT

The study of the relationships between ecosystem components allows, among other
things, a greater knowledge of factors determining the presence of some taxa in certain
locations, and the preference of these taxa for different habitat characteristics. In the
case of species or populations of great interest, either due to their unfavorable
conservation status or because of their key role in ecosystems, recognition of the
selected habitat characteristics is very important in order to identify potential limiting
factors or threats. Acquiring this information is a prerequisite for the design and
implementation of conservation measures: it enhances the accuracy of diagnosiing the
problem, a better understanding of the priority work to be implemented and,
ultimately, it increases the likelihood of success of planned management actions.

The cinereous vulture Aegypius monachus is the largest European raptor and has been
the subject of a great number of monitoring, research and conservation programs in
Spain, since its population was shown to be very low in the first censuses in the 1970s
and 1980s. It belongs to the guild of Iberian necrophagous birds, whose populations
are the most abundant of the Western Palearctic. These scavengers play an important
role in Iberian ecosystems by, for example, processing dead animals in a sustainable,
hygienic and economic way. In addition, the cinereous vulture is an indicator of certain
characteristics of the environment and is a good case study to assess the factors that are
most representative and determinant in maintaining favorable conditions for
scavenger and top-predator species within Mediterranean forests and agricultural
lands. Moreover, from the study of this species we can learn about its relationship to
human activities, the impact these activities have on population dynamics and how
these activities can be redirected and compatibilized to avoid negative effects. The
main threats to the species come from human activity, including poisoning or
alteration of the natural habitats.

Given this scenario, the objectives of this Thesis are 1) to achieve a deeper
understanding of the relationship between the cinereous vulture and its habitat; 2) to
identify the most crucial factors for the settlement of nests of the species, for its
breeding success and for the selection of feeding areas and types of food; 3) to evaluate
the effects of certain human activities on breeding and foraging areas; 4) to determine
management measures that mitigate the negative effects of human activities on the
cinereous vulture; and 5) to assess the conservation status of the species and the causes
of the recent population trends in in Spain. To achieve these objectives different study
techniques were applied. For goals 1 and 2 geomorphological, ecological and
anthropogenic variables were sampled in order to evaluate the factors that determine
both the selection of breeding habitat and breeding success. Moreover, to clarify
patterns of breeding habitat selection at a global scale, a meta-analysis based on the
results of previous studies was conducted, which also evaluated the effect of applying
different methodological procedures in the achieved results. On the other hand, a
survey of feeding events of the cinereous vulture was performed in which the
characteristics of the inputs and the surrounding habitat were monitored. We also
systematically collected livestock ear tags as indicative of feeding locations of cinereous
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Abstract

vultures to reveal, through GIS techniques, foraging and feeding areas around a
breeding colony. Regarding goals 3 and 4 we evaluated the incidence of cork
exploitation in a breeding colony, assessing its effect on breeding cinereous vultures
and their chicks. In addition, a study was performed to determine the whether the
cinereous vulture and other scavenger raptors accepted carrion inputs provided within
mobile perimeter fences. These exclosures were installed with the intention of
preventing the entry of non-target scavenger species and were aimed at optimizing the
management of supplementary feeding sites. Finally, to explore goal 5, publications
related to the cinereous vulture were compiled with the aim of comparing and
quantifying possible cause-effect relationships between research effort and population
trends of the species in Spain.

Fieldwork took place between 2003 and 2011 in west-central Spain. Specifically, the
study of the factors associated with breeding and foraging activities was implemented
in the Umbria de Alcudia breeding colony, Castilla-La Mancha, while studies on prey
preferences and evaluation of different supplementary feeding procedures were
developed in different special protection areas for birds (SPAs) of Extremadura and
Castilla-La Mancha regions.

The results showed the importance of forests with large trees and well-developed
scrub cover, far from human activities and in areas of difficult accessibility, for
selecting the location of the nests. In addition, high values for these variables, along
with a better conservation status of nesting platforms, increase the chances of breeding
success of the species. In relation to habitat selection at different locations, the
application of different sampling and analysis methods across studies determined the
variability contained in the models. Thus, the choice of certain experimental
procedures involved greater variance / deviance values within the results: sampling
points> sampling polygons, random points within the colony> random points outside
the colony, a single year of study> more than one year of study, and a higher
proportion of random points in relation to nests>lower proportion of random points in
relation to nests. In short, both the choice of sampling protocols and the
homogenization of protocols between different studies are important for a proper
comparison of species requirements in a global context.

In relation to feeding, the cinereous vulture was more abundant when carrion was
spread over a large area and in high quantities. These conditions optimize the ingestion
of food compared to Eurasian griffon vultures Gyps fulvus, the most competitive
species, especially when food is concentrated at single points and as entire carcasses. In
addition, the cinereous vulture selects scattered, small and medium pieces of muscles
and tendons. Promotion of these characteristics when providing carrion in
supplementary feeding programs can be highly favorable to the cinereous vulture and
to other threatened raptors such as the Egyptian vulture Neophron percnopterus or the
red kite Milvus milvus. During the breeding period adults attend to inputs of carrion in
higher numbers, while the proportion of young and subadult birds at carrion inputs
remains stable throughout the breeding cycle. Regarding the home ranges of the
cinereous vulture, the location of the identified livestock tags showed a foraging range
of 66,732.28 km? (maximum convex polygon, MCP) and, based on a likelihood of
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presence of 95 % (kernel analysis), of 152,290.13 ha. The mean distance of flights made
by individuals from the breeding colony to the feeding point was 26.3 km. As a result
of this work, a novel system for studying foraging areas was implemented, with some
methodological differences from techniques used in other similar studies.

Logging activities within cinereous vulture breeding areas have negative impacts on
breeding success. Specifically, the study of cork exploitation showed that adults left the
nest when workers came closer than an average distance of 132 m to the nest,
especially when the noise level was high or at mid-level. If under these circumstances
the chick was under 40 days of age, the activity occurred during the hottest hours of
the day and the presence of workers occurred on consecutive days, the probability of
breeding failure increased. Thus, in areas subject to cork exploitation breeding success
decreased by 20% and the mortality of chicks in nests tripled. On the other hand, cork
exploitation is traditional and neccessary for the conservation of cork oak forests
inhabited by the cinereous vulture and harvesting occurs only every nine years. It is
therefore necessary to establish protocols aimed at minimizing disturbances by
adjusting some working patterns to defined periods and areas and by reducing the
level of noise made by the workers. Regarding the management of supplementary
feeding points for avian scavengers, it is necessary to satisfy sanitary conditions that
reduce the risk of disease transmission while scavengers meet their feeding
requirements regarding availability, quality and occurrence. To meet the above
conditions when providing carrion, the implementation of mobile, affordable and easy
to install/dismantle perimeter fences may help to prevent entry by non-target species
that could act as vectors of disease. The mobile electrified mesh fences are effective in
this regard and do not alter natural access to the food of avian scavengers. Its easy
assembly and disassembly makes it a reasonable option for alternating feeding points
for scavengers within the same estate or farm.

Finally, in conclusion of this PhD Thesis, the analysis of publications on the cinereous
vulture showed that the Spanish population could benefit by increased knowledge
about basic aspects of its ecology and conservation status published in journals of
scientific impact. The protection of the species and breeding colonies represented a
major milestone in the 1970s to 1990s. The positive trend of the population is correlated
with one of its most important food sources, wild ungulates. Otherwise, the major risk
factor for the species is lack of appropriate food sources, due in part to the scarcity of
preys such as the wild rabbit Oryctolagus cuniculus, the alteration in availability and
occurrence of livestock carcasses as a result of the European management policies for
animal by-products and the ingestion of poisoned baits. In light of the information
collected, the initiatives and projects for cinereous vulture conservation have led to an
increase in the Spanish population.
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INTRODUCCION

Conservacion de especies amenazadas

Sobre la Biologia de la Conservacion

A'lo largo del siglo XX y primeros afnos del siglo XXI se ha producido una alteracion en
la dindmica de los sistemas naturales a escala global que ha generado una alerta,
avisada por expertos y organizaciones cientificas, sobre las posibles consecuencias
negativas para la sostenibilidad del planeta (Wilson 1992, Rockstrom et al. 2009). Estas
alteraciones, agrupadas bajo el concepto de cambio global, son consecuencia de la
modificacion de distintos parametros fisicos, quimicos y ecoldgicos, como la
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temperatura media, la dinamica de precipitaciones, la superficie ocupada por bosques
maduros o el aumento de la concentracion de didéxido de carbono en la atmdsfera
(Vitousek 1994, Sala et al. 2000). Una consecuencia de esta situacion ha sido la
aceleracion de la tasa de extincidn de especies, que se ha multiplicado por entre 100 y
1.000 veces (Brooke et al. 2008, Rockstrom et al. 2009). De hecho, el ritmo de extincion
supondrd, de no remediarse, la desaparicion de cientos de especies en los proximos 100
afnos y generara efectos perjudiciales para el hombre, econdmicos, sanitarios o estéticos,
por la pérdida de funcionalidad de los ecosistemas (Sala et al. 2000, Hassan et al. 2005,
Diaz et al. 2006).

En este escenario, surgio la Biologia de la Conservacion como disciplina cientifica que
se encarga de estudiar las causas de la pérdida de diversidad bioldgica en todos sus
niveles (genético, individual, especifico y ecosistémico) y de proteger y restaurar dicha
diversidad bioldgica a través de la busqueda de soluciones que tengan en cuenta los
principios basicos en los que se fundamenta: 1) la necesidad de conocer la distribucion
de la vida en el planeta y de las amenazas a las que ésta se enfrenta, 2) la evolucion
como mecanismo de generacion de biodiversidad y de resolucion de los problemas de
conservacion, 3) el dinamismo de los procesos ecoldgicos y la existencia de numerosos
factores que lo afectan, y 4) la influencia de las actividades humanas en los sistemas
ecologicos y la necesidad de considerar dichos efectos en la planificacion de
actuaciones (Soulé 1985, Meffe y Carroll 1994, Pullin 2002, Primack 2012).

Uno de los ambitos abordados por la Biologia de la Conservacion es la proteccion de
especies y/o poblaciones que se encuentran en un estado desfavorable de conservacion
y cuya probabilidad de extincion es elevada (Soulé 1985). La accion del hombre ha
provocado modificaciones en el habitat, en la dindmica de poblaciones y en el
comportamiento de la mayoria de especies cuyo riesgo de extincion es alto, de modo
que es preciso plantear iniciativas que reviertan sus tendencias demograficas y mejoren
su estado de conservacion (Novacek y Cleland 2001). Pero ;es realmente necesario
proteger las especies?, ;por qué hay que invertir recursos en conservarlas? Existen
varios principios que argumentan dicha necesidad: ético — la vida en si misma es un
acontecimiento inaudito y valioso puesto que cada especie ha sido originada a lo largo
de millones de afos de casualidades probabilisticas (Minteer y Collings 2005)-; estético
—la consideracion de que la vida es bella se debe a la existencia de todos y cada uno de
los componentes que la forman-; cientifico — cada especie encierra numerosos enigmas
aun por resolver para la ciencia que podrian ayudar a comprender mejor la vida en el
futuro (Primack 2012)-; econdmico — todas las especies tienen un valor econdémico y
suponen un recurso que beneficia al bienestar humano a través, por ejemplo, de
alimentos, medicamentos, materiales, etc. (Carpenter et al. 2009, Primack 2012)-;
complementariedad — las especies no estan aisladas y forman parte de un entramado
interrelacionado entre si, en el que unas dependen de otras, de modo que la pérdida de
una de ellas puede acarrear consecuencias negativas en cascada para el resto del
ecosistema y, en consecuencia, su funcionalidad y valor econdmico (Soulé et al. 2005,
Bascompte y Stouffer 2011, Estes et al. 2011)-.
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Riesgo de extincion, listas de especies amenazadas y proteccion legal

Para evaluar el estado de conservacion de especies y poblaciones se han usado
distintos mecanismos en los ultimos afios. Todos ellos tienen como objetivo analizar el
riesgo de extincion de los taxones, y uno de los mas extendidos y consensuados es el
propuesto por la Unién Internacional de Conservacion de la Naturaleza (IUCN 2001),
en base a criterios de seleccidn y categorias de amenaza. La asignacion de un nivel de
amenaza depende de la informacién disponible acerca de la situacion y tendencia de la
poblacién, del numero de individuos o de la superficie/extension de territorio ocupado.
La informacién detallada sobre estas cuestiones es escasa para la gran mayoria de
especies por lo que estimas precisas de riesgo pueden ser realizadas solo para unas
pocas o, si se realizan, es en base datos poco robustos y concluyentes (O’Grady et al.
2004, Mace et al. 2008). De no contar con informacion fiable sobre tendencias de censos
y distribucion, otra opcién recomendable puede ser el analisis del riesgo de extincion a
través de técnicas que modelizan las poblaciones en base a rasgos bioldgicos y
demograficos propios de la especie objetivo (poblacion, tendencia, natalidad,
mortalidad, reproduccion, etc.), mediante los analisis de viabilidad poblacional PVA
(Shaffer 1990, Boyce 1992). Se trata de una técnica que informa sobre las probabilidades
de supervivencia de poblaciones y que, bajo determinados escenarios y supuestos,
permite evaluar distintas prioridades de conservacion (Carrete et al. 2009a, Ortega et
al. 2009, Fernandez-Olalla 2012). Desarrollos mas avanzados de esta técnica permiten
incorporar a los andlisis aspectos genéticos y de viabilidad de hdabitat (Schadt et al.
2002, Krame-Schadt et al. 2005) o de disponibilidad de recursos tréficos (Margalida et
al. 2011a, Margalida y Colomer 2012), integrando un mayor abanico de circunstancias
para la toma de decisiones sobre conservacion.

La evaluacién del riesgo de extincidn y la definicion de prioridades de conservacion
son dos ejercicios diferentes pero relacionados. La evaluacion del riesgo de extincion,
por lo general, precede a la definicion de prioridades de actuacion. Los criterios de
categorizacion en listas rojas y libros rojos tienen como finalidad la estimacion relativa
de la probabilidad de extincion de un taxon. Por otro lado, los catdlogos de especies
amenazadas tienen como objetivo el establecimiento de prioridades de conservacion,
que llevan asociadas actuaciones de gestion con un refrendo legal y vinculante. La
definicion de prioridades de los catdlogos oficiales toman en consideracion el riesgo de
extincion, pero también otros factores como su valor cientifico, ecologico y cultural, su
singularidad y rareza, la interaccion con las actividades tradicionales e historicas
realizadas por el hombre, asi como la probabilidad de éxito de las acciones de
conservacion, la disponibilidad de recursos econdmicos y/o humanos para ejecutar las
actividades de conservacion y los marcos legales para conservar las especies
amenazadas (IUCN 2003).

Conservacion de procesos ecoldgicos y evolutivos
Ademas de la proteccion de especies amenazadas, otros postulados derivados de la
Biologia de la Conservacion abogan por la conservacion de los procesos ecoldgicos y

evolutivos que ocurren en los distintos ecosistemas, como mecanismo para restaurar la
diversidad bioldgica de una manera mas duradera, compleja y funcional (Brooks et al.
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2004, Klein et al. 2009, Gilman et al. 2011). Dentro del estudio de los procesos
ecologicos se integran otras disciplinas que lo desarrollan y complementan, como son
la ecologia del paisaje —composicion y caracteristicas-, la estructura de las comunidades
ecologicas o los servicios ecosistémicos (Lindenmayer et al. 2008, Fisher et al. 2009,
Tscharntke et al. 2012). La conservacion de especies y de procesos ecoldgicos son
complementarios aunque en determinadas ocasiones han surgido discusiones sobre la
prioridad entre ambos tipos de actuacion y cudl de ellos tiene una repercusion mayor
para la conservacion de la diversidad bioldgica (i.e. Franklin 1993, Mace et al. 2003,
Likens y Lindenmayer 2012). En este sentido, el mantenimiento de los procesos
ecologicos, entendidos como la matriz de relaciones entre los componentes de un
ecosistema y que pueden incluir, por ejemplo, tasas de intercambio fisico y quimico
entre elementos bioticos y abidticos, interacciones ecoldgicas, relaciones de
competencia, etc., no ha sido incorporado como objeto de conservacion hasta tiempos
recientes (Bowker et al. 2008, Klein et al. 2009), debido principalmente a la dificultad de
definirlos explicitamente en una escala espacial considerada (Lindenmayer et al. 2008).
Ello ha hecho que los responsables politicos y gestores en conservacion no lo hayan
considerado tan frecuentemente como a las especies o los habitats como criterios de
elegibilidad en la declaracion de espacios protegidos (e.g. European Commission 1992,
Zisenis 2009). No obstante, esta tendencia esta cambiando y, en la medida en que
avanzan las técnicas para la definicion y cuantificacion de dichos procesos, se estan
integrando en planes y programas de conservacion (Klein et al. 2009, Likens y
Lindenmayer 2012).

La conservacion de los procesos evolutivos se refiere a la preservacion de la diversidad
genética dentro de las poblaciones de cada especie. Esta diversidad genética
intraespecifica puede deberse tanto a fendmenos histdricos de aislamiento geografico
entre individuos como a mecanismos de evolucion adaptativa debidos a presiones
selectivas divergentes y que se manifiestan fenotipicamente en los individuos
(Crandall et al. 2000, Moritz 2002). Ambas cuestiones han sido tratadas hasta tiempos
recientes a nivel taxondmico, integrandose en subespecies, razas, etc., aunque dicha
delimitacion presenta limitaciones y subjetividades por la heterogeneidad en los
criterios de discriminacion, por el esfuerzo de estudio dedicado a las diferentes
especies y por su falta de reflejo en evidencias moleculares y genéticas (Zink 2004).
Para paliarlo, las Unidades Evolutivas Significativas (ESU, en inglés) son poblaciones
consideradas singulares e independientes y conforman unidades prioritarias con fines
de conservacion (Moritz 1994). Estas ESU han evolucionado independientes de otras
poblaciones y estan delimitadas por caracteristicas genéticas comunes (Crandall et al.
2000). La identificacion de ESUs ayuda en el proceso de decidir qué poblaciones,
dentro de cada especie, deben ser priorizadas para su conservacion (Moritz 2002). Este
concepto es complementario y coherente con la conservacion de especies amenazadas,
resultando un criterio mas avanzado para determinar qué porcion de la poblacion de la
especie es prioritaria para la dedicacion de esfuerzos por sus caracteristicas evolutivas.

Las especies amenazadas como motor de actuaciones de conservacion

La proteccion de las especies mas amenazadas se ha convertido en las tultimas décadas
en una de las acciones mas importantes de conservacion de la biodiversidad a escala
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global, junto con la declaracidn y gestion de espacios naturales protegidos (Margules y
Pressey 2000, Primack 2012). Tras la progresiva aparicion de la conciencia ecoldgica,
surgio la necesidad de conocer de manera detallada los componentes de la vida
silvestre, sobre todo en los paises desarrollados. Asi, surgieron programas de
seguimiento y evaluacion del estado de conservacidn de especies y habitats (Baillie
1990, Magurran et al. 2010) y, como consecuencia de sus resultados, se ha podido
conocer qué especies estan en un estado de conservacion mas desfavorable. Gracias a
estos programas y a otras actuaciones dirigidas a especies representativas, se han
priorizado las especies sobre las que actuar (e. g. Maxwell y Jennings 2005,
SEO/BirdLife 2010). La inversién econémica realizada en los tltimos afios para salvar
especies amenazadas ha tenido resultados variables (Ferraro y Pattanayak 2006).
Algunas especies han logrado soslayar su estado critico gracias a la ayuda
proporcionada por el hombre (i.e. Gonzalez et al. 2008, Simoén et al. 2012), mientras que
otras aun continiian amenazadas o se incrementa su riesgo de extincion (i.e. Hoffman
et al. 2010, Waltson et al. 2010).

La dotacion de recursos economicos a la proteccion de especies amenazadas ha
permitido que, ademas de acciones destinadas a los propios individuos, se inviertan
esfuerzos en proteger el habitat y los espacios en los que dichas especies viven (Soulé et
al. 2005). Existen actuaciones dentro de programas de conservacion cuyos receptores
son los propios individuos, como son las tareas de seguimiento, las acciones de
conservacion ex situ, el suministro de alimento o la sensibilizacion ambiental (Redford
2011). Pero por otro lado, gran parte de las propuestas emanadas de proyectos de
conservacion de especies se dirigen a restaurar y proteger los espacios habitados o
potencialmente habitables. Asi, actuaciones como mejoras de habitat, eliminacion de
factores de mortalidad no natural, proteccion de areas criticas y de periodos sensibles,
declaracién de espacios protegidos, compatibilizacion de usos econdmicos, resolucion
de conflictos con intereses humanos o vigilancia ambiental generan un efecto positivo
sobre otros elementos de los ecosistemas, de forma genérica y a distintas escalas
espaciales (Soulé et al. 2003, Redford et al. 2011, Maes et al. 2012). De este modo, las
especies amenazadas receptoras de acciones de conservacion que benefician a otras
especies y elementos del medio natural pueden considerarse paraguas, segtn su rol y
conexiones ecoldgicas con otros elementos del ecosistema (Lambeck 1997, Meffe et al.
2002, Larsen et al. 2007). La utilidad y rigor del concepto de especie paraguas ha sido
discutido en numerosas ocasiones, destacando la ausencia de evidencias sobre
repercusiones positivas generales sobre el resto de seres vivos, debido a las complejas
relaciones y equilibrios existentes en cada una de las areas y ecosistemas de que se trate
(Seddon y Leach 2008, Branton y Richardson 2011, Lindenmayer y Likens 2011). No
obstante, en tanto las actuaciones promovidas y ejecutadas para una especie
amenazada puedan beneficiar a otras especies de su entorno, el concepto de especie
paraguas puede contribuir a los fines ultimos perseguidos en Biologia de la
Conservacion (Suter et al. 2002, Roberge y Angelstam 2004). Un ejemplo de ello es la
consideracion de la presencia de especies animales y vegetales amenazadas o
prioritarias como criterio de seleccion para la designacion de zonas de especial
conservacion en Europa (European Commission 1992).
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Gestion adaptativa y seguimiento de las actuaciones de conservacion

La conservacion de especies amenazadas requiere el analisis de la efectividad de las
medidas aplicadas y de su repercusion en la dindmica poblacional (Margules y Pressey
2000, Groom et al. 2006). Una vez logrado dicho conocimiento, la probabilidad de
mejorar su estado de conservacion es mayor puesto que se podrad comprobar qué
aspectos pueden mejorarse de entre los propuestos como medidas de actuacion (Pullin
et al. 2005, Arlettaz et al. 2010). Esta cuestion forma parte de la disciplina conocida
como gestion adaptativa, que incorpora la investigacion a la practica de la
conservacion a través de la evaluacion del disefio experimental de un proyecto, su
gestion y su seguimiento, con el objetivo de adaptar las actuaciones a las mejores
practicas posibles y a los objetivos propuestos inicialmente, asi como divulgarlo
publicamente (Salafsky et al. 2001, Meffe et al. 2002).

En ocasiones, cuando el nivel de amenaza de una especie es muy elevado, es preciso
llevar a cabo acciones de conservacion antes de haber conseguido el conocimiento
necesario. Ello supone reducir las garantias de consecucion de los objetivos planteados
(Pullin et al. 2004). En este caso, es preciso acompasar la investigacion sobre biologia,
amenazas y patrones de seleccion de habitat y alimentacion, con la evaluacion de la
eficacia de las medidas de conservacion aplicadas. Ello permitira modular los
planteamientos de manejo, inversion econdmica y lineas de actuacidn, en un marco de
gestion adaptativa que resulta favorable y positivo (Salafsky et al. 2001, Meffe et al.
2002, Martin-Lopez et al. 2009).

Las complejas relaciones hombre-conservacion de especies

El hombre es el causante de la mayor parte de las amenazas que afectan a las especies
silvestres, bien de forma intencionada o indirecta. Los factores que estan haciendo
reducir los niveles de diversidad biologica a escala global son, por orden aproximado,
la destruccion y fragmentacion de hébitats naturales, la introduccion de especies
exoticas invasoras, alteracion de las caracteristicas ecoldgicas de los territorios por
efecto del cambio y calentamiento globales, la persecucion directa, los cambios en los
sistemas de aprovechamiento agrario hacia métodos intensivos con un mayor uso de
productos fitosanitarios o la aparicion de enfermedades emergentes (Wilson 1992,
Brook et al. 2008). En tanto estos problemas no se eliminen o reduzcan, continuard
acelerandose la tasa de extincion de especies en nuestro planeta (Hoffman et al. 2010).

Pero ademas de generar estos factores a gran escala, el hombre es un actor principal
durante la ejecucion de acciones de conservacion y su papel debe tenerse en cuenta
tanto para analizar en detalle las causas de declive como para la propuesta de acciones
de conservacion (Meffe et al. 2002). A menudo, la grave situacion de determinadas
especies surge como consecuencia de conflictos directos entre las especies y los
intereses economicos o sanitarios de las personas (Luck et al. 2004, Heydon et al. 2010).
Asi, es preciso estudiar mecanismos de coexistencia sostenible para poder asegurar la
resolucion de los problemas. Esta es una linea de trabajo avanzada en numerosos
paises y que, en numerosas ocasiones, ha producido resultados satisfactorios (Young et
al. 2005, Dickman 2010). En otras circunstancias, estos conflictos han conducido a
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acciones coercitivas para la poblacion humana local o bien a la desaparicion o declive
de las especies que generaban el conflicto (Hazzah et al. 2009, New et al. 2011).

Dinamica, amenazas y conservacion del gremio de buitres en Espafia

Las especies de buitres que habitan la peninsula Ibérica son el quebrantahuesos
Gypaetus barbatus, el alimoche, el buitre negro y el buitre leonado. Estas cuatro especies
conforman el gremio de rapaces necrofagas estrictas de Espafia y presentan una
ecologia trofica y comportamental interrelacionada (Dondzar 1993). Son especialistas
en explotar un recurso como la carrofia, rentable energéticamente por la abundancia en
biomasa que ofrece y ausencia de conflictos violentos en su depredacion, pero que
conlleva elevados costes por la competencia intra e interespecifica en su
aprovechamiento o por su impredecibilidad espacial y temporal (DeVault 2003, Ruxton
y Houston 2004, Carrete et al. 2010, Barton et al. 2012). Los buitres ejercen tanto
procesos facilitatorios para el hallazgo de carronas (Jackson et al. 2008, Cortés-
Avizanda 2010) como mecanismos de competencia por lugares de nidificacion y
alimento, o diferencias en los patrones de dispersién y migracion (Cramp 1998). Las
caracteristicas morfologicas, de seleccion de habitat y de movimientos migratorios de
estas especies son consecuencia de adaptaciones evolutivas, habiendo determinado
una complementariedad entre ellas en cuanto a la ocupacion del territorio o a la
explotacion de las carronas (Konig 1983, Hertel 1994, Demody et al. 2011). Asi, la
estructura del pico, el tamafo corporal, la presencia de plumas en la cabeza o la
capacidad prensil de garras son indicadores de las preferencias por distintos tipos de
restos (Konig 1983, Hertel 1994). Del mismo modo, diferencias en los patrones de
campeo y prospeccion del territorio hacen que la dieta varie en relacion al tamafio de
presay a su caracter mas o menos predecible respecto su distribucion en el territorio
(Konig 1983, Selva 2004). La territorialidad es otro componente que varia en los buitres
ibéricos, mostrando un gradiente que va desde la ocupacion y defensa de un territorio
en el que satisfacer las demandas tréficas —casos del quebrantahuesos o alimoche- o
abogar por criar en grupo y aumentar el intercambio de informacién para el hallazgo
de carronas- buitre leonado y buitre negro- (Dondzar 1993, Demody et al. 2011). No
obstante, esta relacion no es lineal y tanto alimoches como buitres negros muestran
patrones variables de territorialidad 6 colonialidad. Del mismo modo, la agresividad y
la tolerancia hacia otros congéneres es variable y hace que, por ejemplo, el
quebrantahuesos disponga de territorios de dimension variable en funcion de las
fuentes de alimento existentes, lo que provoca en ocasiones el empaquetamiento de sus
territorios (Carrete et al. 2006a, Margalida et al. 2008a, Cortés-Avizanda et al. 2010). En
definitiva, las caracteristicas de las cuatro especies de buitres ibéricos han propiciado
una cohesion ecoldgica que les confiere funcionar en determinados casos como
grupo/gremio dentro de la familia Accipitridae. Este gremio puede ampliarse con otras
especies en el ambito de la necrofagia, en el cual se integrarian el resto de necréfagas
facultativas (Selva y Fortuna 2007).
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Servicios ecosistémicos prestados

Los ecosistemas naturales proporcionan elementos imprescindibles para que el hombre
y el resto de especies puedan sobrevivir (Carpenter et al. 2009) Ademas de los
elementos cuantificables derivados de la explotacion de recursos naturales, los
ecosistemas constituyen un reservorio para la sostenibilidad de la vida en el Planeta,
tanto por lo que contienen en la actualidad como por la capacidad de regeneracion de
elementos materiales (Schréter et al. 2005). El estudio, evaluacion y divulgacion de los
servicios que prestan los ecosistemas resultan necesarios para poner de manifiesto la
importancia de conservar los procesos ecologicos (Dupont et al. 2011). Se trata de una
disciplina de estudio compleja por la dificultad que entrafia cuantificar dichos
servicios, por la necesidad de establecer unidades de medida homogéneas y
comparables, y por la propia complejidad de las relaciones ecoldgicas (Kremen 2005,
Boyd y Banzhaf 2007).

Los buitres ibéricos prestan importantes servicios ecosistémicos, derivados
principalmente de su papel como consumidores de biomasa de animales muertos y
facilitadores de la eliminacion de restos organicos del medio natural (DeVault et al.
2003, Sekercioglu et al. 2004, Barton et al. 2012, Margalida y Colomer 2012). Los
patrones temporales y espaciales de consumo de las carrofias dependen de numerosos
factores, de modo que su evaluacidn constituye un reto para determinar las
circunstancias en que los buitres pueden ser aliados del hombre para reducir la
diseminacion de enfermedades transmisibles, o para disminuir los costes econdmicos
asociados a la recogida de cadaveres realizada (Caley y Hone 2004, Gortazar et al. 2007,
Dupont et al. 2011, Ogada et al. 2012). Ademas, su integracion en las cadenas troficas
como consumidor secundario contribuye a regular las relaciones con otros grupos
taxonomicos mediante fendmenos de competencia —por ejemplo, con depredadores
generalistas- o depredacion —contribuyendo a capturar conejos moribundos-
(Sekercioglu 2006, Selva y Fortuna 2007). De esta manera, presenta un papel clave en el
equilibrio de los balances energéticos de los ecosistemas ante alteraciones que puedan
tener lugar, como son cambios en la abundancia de recursos troficos, alteraciones de
habitat o epidemias sanitarias (Selva 2004, Markandya et al. 2008, Whelan et al. 2008).
Por otro lado, ademas de su papel necrofago, los buitres generan beneficios en otros
ambitos. Desde el punto de vista social, constituyen un importante reclamo turistico en
zonas rurales y atraen recursos a las economias locales (Wenny et al. 2011).

Tendencia y dindmica poblacional

Espafia alberga las poblaciones de buitres mas abundantes de todo el Paleartico
occidental. A nivel europeo, buitres negros y leonados tienen méas del 95% de su
poblacion reproductora en Espafia, mientras que alimoche (80%) y quebrantahuesos
(70%) también encuentran en Espana su principal drea de distribucion (Ministerio de
Medio Ambiente y Medio Rural y Marino 2010). La tendencia poblacional de cada una
de ellas ha sido diferente. Asi, el buitre leonado y el buitre negro han experimentado
importantes aumentos poblacionales en los tltimos 30 afios (Parra y Telleria 2004, Del
Moral 2009a), llegando a alcanzar casi 25.000 parejas el primero y las 2.000 el segundo,
desde poblaciones mucho mas escasas en la década de los afios 1970 (De la Puente et al.

32



Introduccion

2007, Moreno-Opo y Margalida in rev). El quebrantahuesos ha mostrado una tendencia
positiva igualmente, aunque mas atenuada y con unos efectivos poblacionales mas
escasos, existiendo en la actualidad 134 territorios regentados (Grupo de Trabajo del
Quebrantahuesos 2012). El alimoche es la especie cuya tendencia ha sido menos
positiva. Aunque los censos nacionales realizados han evidenciado un namero de
parejas aproximadamente estable, alrededor de las 1.400 parejas (Del Moral 2009b), el
esfuerzo de prospeccion ha mejorado en los censos mas recientes, hecho que ha podido
introducir un sesgo sobre la tendencia poblacional. Al mismo tiempo, se han
producido importantes declives en determinados nticleos poblacionales (Carrete et al.
2007, Margalida et al. 2012b). En un contexto global, la especie en un estado de
conservacion mas desfavorable es el alimoche, por las amenazas que se ciernen tanto
en las areas de reproduccion como de invernada (BirdLife International 2012). Por otro
lado, Espana se localiza en el extremo occidental de distribucidn de estas especies y sus
poblaciones, salvo para el alimoche, funcionan como metapoblaciones respecto a las
continuas y abundantes de Oriente Medio y Asia Central (i.e. Agudo et al. 2011,
Moreno-Opo et al. 2012b).

En relacion a la dindamica poblacional es preciso tener en cuenta aspectos demograficos
y ecoldgicos que determinan el estado de conservacion y la viabilidad futura de la
poblacion (Moss et al. 1982). Asi, en especies especialistas longevas y con bajas tasas de
reproduccion como son los buitres, es importante evaluar la influencia que tienen sobre
la viabilidad de las poblaciones factores como la mortalidad no natural, la abundancia
y dispersion de recursos troficos, las tasas de productividad/éxito reproductivo, la
disponibilidad de habitat potencial, las caracteristicas genéticas de la poblacion o los
patrones de dispersion y migratorios (Oro et al. 2008, Carrete et al. 2009a, Garcia-
Ripollés y Lopez-Lopez 2011).

Amenazas comunes al gremio de buitres: mortalidad y pérdida de habitat

El aspecto mas condicionante sobre la dindmica poblacional de los buitres es la
mortalidad no natural de individuos adultos (Oro et al. 2008, Grande et al. 2009). De
hecho, es el factor que ha provocado graves declives poblacionales en los ultimos afios
en distintas regiones (Green et al. 2004, Koenig 2006, Virani et al. 2011). La causa que
provoca mayor numero de muertes no naturales es el envenenamiento por ingestion de
cebos toxicos, que se colocan mayoritaria e intencionadamente para matar especies
depredadoras que entran en conflicto con intereses econémicos de ganaderos y
gestores cinegéticos (Carrete et al. 2007, Hernandez y Margalida 2008, Mateo-Tomas et
al. 2012), o bien como fdrmacos para combatir enfermedades del ganado (Green et al.
2004). En Espafia, en general, los buitres no son las especies a las que se envenena
intencionadamente —si lo son zorros, lobos, perros o cualquier otro mesocarnivoro-,
pero sufren las consecuencias debido a su capacidad de prospeccién del territorio y
localizacion e ingestion de cebos toxicos (Margalida 2012). Para todas las especies
constituye la principal amenaza y para las que estan en un estado de conservacion mas
desfavorable es el factor que impide, en mayor medida, su recuperacion poblacional
(Madrono et al. 2004). En este sentido, los sectores sociales y organizaciones implicados
en la conservacion de los buitres son conocedores de la gravedad del asunto y
numerosas iniciativas se han puesto en marcha para remediarlo (i.e. WWF Espafia
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2011, SEO/BirdLife 2012). No obstante, la heterogeneidad de casuisticas en el empleo
de veneno, su cardcter indiscriminado, la complejidad en la deteccion y disuasion de su
uso, la dificultad para la identificacién de responsables y la ausencia de alternativas
viables, econdémicas y eficaces para el control de depredadores en el medio natural
provocan que siga siendo un tema vigente y trascendente (Fundacién Gypaetus 2005,
Margalida 2012). Dentro de la intoxicacion por compuestos quimicos, el plumbismo
representa otra amenaza que, si bien no provoca una mortalidad directa significativa,
genera numerosos problemas de viabilidad reproductiva (Gangoso et al. 2009,
Hernandez y Margalida 2009a, Finkelstein et al. 2012).

Otros factores que provocan un numero importante de muertes de especies de buitres
en Espafia son las colisiones con aerogeneradores y la electrocucion-colision con
tendidos eléctricos (Camina 2007, Telleria 2009a, 2009b, Carrete et al. 2012). La
idoneidad de instalar parques eolicos es un asunto emergente en la conservacion de la
diversidad bioldgica, puesto que se enfrentan la posibilidad de emplear una energia no
contaminante frente al impacto paisajistico y a la mortalidad causada en aves
planeadoras (Noguera et al. 2010). En Espafia constituye un riesgo muy importante
para buitres leonados y alimoches en tanto se ubican en zonas clave de reproducciéon y
migracion (Carrete et al. 2012, Martinez-Abrain et al. 2012). De hecho, puede
condicionar la viabilidad de determinadas poblaciones por su impacto continuado
(Carrete et al. 2009a). La electrocucion y colision también afecta a los buitres aunque en
menor medida que a otras rapaces cuyo comportamiento de campeo las hace mas
proclives a posarse en torretas eléctricas (Guil et al. 2011).

La alteracion del héabitat representa otra amenaza para los buitres ibéricos,
principalmente relacionada con los cambios en los usos agrarios que pueden
determinar cambios en la disponibilidad de alimento (ver apartado siguiente). Los
enclaves de nidificacion, al situarse en roquedos y cantiles —salvo en el caso del buitre
negro- evitan de manera general la pérdida de lugares potenciales de cria. No obstante,
las molestias humanas causadas por actividades econémicas o de ocio en las
inmediaciones de los nidos pueden provocar el fracaso de la reproduccion en funcién
de la intensidad y frecuencia con que se produzcan (Arroyo y Razin 2006, Zuberogoitia
et al. 2008).

Alteracién en la disponibilidad de alimento

Un asunto al que han tenido que hacer frente las rapaces necréfagas en Espana en los
ultimos anos ha sido la modificacion de los patrones de aparicion de carronas en el
campo, en relacion a su ocurrencia y abundancia (Donézar et al. 2009a, Margalida et al.
2010). Los cambios normativos acaecidos tras la crisis de las vacas locas a primeros de
los afios 2000 obligaron a retirar de manera generalizada los cadaveres de ganado en
cualquier tipo de explotacidon ganadera, permitiendo tinicamente la posibilidad de
destinar cadaveres a las aves necréfagas través de puntos de alimentacion
suplementaria vallados (Garcia de Francisco y Moreno-Opo 2009). Esta situacion fue
generando situaciones negativas para las cuatro especies de buitres a medida que se
implanto la recogida de cadaveres (Tella 2001, Dondzar et al. 2009b). Algunas de las
consecuencias de la reduccion de carrona disponible y de la dependencia de fuentes
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predecibles de alimento son la alteracion en los patrones de campeo y dispersion
(Deygout et al. 2009, 2010, Margalida et al. 2010), cambios en la dindmica poblacional
de las especies (Carrete et al. 2006a, Robb et al. 2008), el incremento del nimero de
ejemplares ingresados en centros de recuperacion por deshidratacion y emaciacion
(Garcia de Francisco y Moreno-Opo 2009) o cambios en la conducta alimentaria que
suponen un riesgo para las aves —por alimentacién continuada en basureros y por
mayor proximidad a infraestructuras- o, incluso, alarma social por los ataques de
buitres sobre ganado vivo (Dondzar et al. 2010, Zuberogoitia et al. 2010, Margalida et
al. 2011b). A la luz de esta situacion, se ha modificado la legislacion que regula la
gestion de los subproductos animales no destinados a consumo humano, permitiendo
en determinadas circunstancias que se puedan proporcionar cadaveres para la
alimentacion de especies necrofagas sin necesidad de recogerlos ni llevarlos a lugares
fijos y vallados (Council of Europe 2009a, European Commission 2011). Se espera que
estos cambios, una vez sean aplicados convenientemente, reestablezcan patrones de
aparicion de cadaveres de ganado equiparables a lo que ocurriria de forma natural y,
en consecuencia, atentien los efectos negativos causados (Margalida y Colomer 2012,
Margalida et al. 2012a, Moreno-Opo et al. 2012c).

Ademas de lo anterior, otros asuntos relacionados con la disponibilidad de alimento se
plantean de cara a futuro como condicionantes para la conservacion de las especies de
buitres. La pérdida de rendimiento econémico de la ganaderia extensiva esta
modificando la distribucion y abundancia de las cabafias ganaderas, promoviendo las
précticas agrarias intensivas y disminuyendo las extensivas (Godfray et al. 2010). La
poblacion ganadera espafola ronda los 30 millones de cabezas de ganado, no habiendo
sufrido cambios significativos durante los ultimos 45 afios (Spanish Statistics Institute
www.ine.es). No obstante, la oveja ha reducido en nueve afios su poblacién un 25%,
pasando de las 24.9 a los 18.5 millones (Spanish Statistics Institute www.ine.es). Este
hecho es especialmente preocupante puesto que el ovino es la cabafia mas abundante y
la que mas intimamente esté relacionada con la distribucion y dieta de las especies de
buitres, debido a su caracter extensivo y a su presencia en el entorno de las principales
areas naturales del pais (De Juana y De Juana 1984, Margalida et al. 2009, Olea y
Mateo-Tomas 2009). Por otro lado, la poblacion de ungulados silvestres cinegéticos se
ha incrementado en los tltimos 20 afios, a tenor de las estadisticas de caza disponibles
(Spanish Statistics Institute www.ine.es , Garrido 2011), lo que ha supuesto un
aumento importante de estas presas en la dieta de los buitres ibéricos (Corbacho et al.
2007). Esta cuestion podria considerarse positiva y paliativa de otros problemas si no
fuera por el riesgo que entrana la alimentacion de una carne que esta expuesta a unos
niveles muy elevados de contaminacion por plomo (Taggart et al. 2011). Este hecho
resulta condicionante y sus consecuencias sobre la dindmica poblacional no estan muy
claros, aunque los efectos negativos sobre la eficacia bioldgica si han sido puestos de
manifiesto, asi como el riesgo de mortalidad asociado (Gangoso et al. 2009, Herndndez
y Margalida 2009a). Por ultimo, el conejo es una especie clave en el funcionamiento de
los ecosistemas ibéricos por ser una de las principales presas de toda la comunidad de
depredadores (Delibes-Mateos et al. 2007). Sus cadaveres forman parte importante de
la dieta de alimoches y buitres negros y, en menor medida, de quebrantahuesos y
buitres leonados, durante los episodios anuales de mortandad por las epidemias
viricas que padece en verano o en invierno-primavera (Costillo et al. 2007a, Donazar et
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al. 2010). Dichas enfermedades han reducido de manera importante su abundancia
durante las tltimas décadas (Gortazar et al. 2007, Delibes-Mateos et al. 2009) y han
propiciado cambios en la composicion de la dieta de los buitres (Costillo et al. 2007b).

Actuaciones realizadas y estado de conservacion

Las cuatro especies de buitres se encuentran entre las que mayor atencion han recibido
por parte de investigadores, de modo que gran parte de los aspectos de su ecologia y
amenazas se han estudiado de manera muy detallada (i.e. Costillo 2005, Cortés-
Avizanda 2010, Margalida 2010a). Ademas, han constituido buenos modelos de
estudio para evaluar distintas hipdtesis sobre comportamiento, evolucion o estrategias
de vida (Carrete et al. 2006b, Grande et al. 2008). Por ello, y posiblemente por su
cardcter llamativo y atractivo social, han sido receptores de numerosos programas de
conservacion. En este sentido, se conocen de manera adecuada los aspectos mas
generales e importantes que permiten desarrollar medidas de gestion efectivas
(Moreno-Opo y Guil 2007, Dondazar et al. 2009b). Asi, estas especies han vehiculado la
proteccion de espacios naturales por presencia de sus enclaves de reproduccion, se han
desarrollado proyectos de reintroduccion para expandir su presencia (Simon et al.
2007, http://es.blackvulture-pyrenees.org/), se han aprobado planes de recuperacion
oficiales en distintas regiones espafolas, se han promovido programas de alimentacién
suplementaria, se han aprobado planes de manejo ex situ y de cria en cautividad, han
sido destinatarios de proyectos coordinados a nivel internacional y objeto de acciones
contra el uso de venenos (SEO/BirdLife 2012). A pesar de todo ello, pocos trabajos han
cuantificado y evaluado la eficacia de las acciones de conservacion aplicadas sobre la
dindmica poblacional o sobre el grado de amenaza (Oro et al. 2008, Margalida 2010b).
En la actualidad, todas las especies estan protegidas legalmente y no se pueden realizar
acciones que dafien los individuos o sus habitat (Ministerio de Medio Ambiente y
Medio Rural y Marino 2011). El quebrantahuesos y el alimoche estan considerados “en
peligro de extincion”, el buitre negro “vulnerable” y el buitre leonado “no amenazado”
(Ministerio de Medio Ambiente y Medio Rural y Marino 2011), lo que significa que atin
queda un largo camino por recorrer para mejorar su estado de conservacion y reducir
el nivel de amenazas que sufren.

El buitre negro: aproximacion a su ecologia

Caracteristicas morfoldgicas e identificacion

El buitre negro es la rapaz (orden Falconiformes, familia Accipitridae) mas grande del
Paleartico (Cramp 1998). Puede alcanzar los 10 kg de peso y una envergadura alar de
295 cm (Hiraldo 1977). Es una especie cuya coloracion caracteristica es marron oscuro
uniforme, presentando plumon negro o grisaceo en la cabeza, asi como plumas
lanceoladas en el cuello que forman la collareta lateral-posterior que le confiere el
aspecto de monje que dio origen a su nombre en latin —monachus- (Moreno-Opo y Guil
2007). Es una especie monotipica, con escasas variaciones biométricas entre individuos
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de distintas areas geograficas, siendo los presentes en la peninsula Ibérica mas
pequenos (Cramp 1998, Del Hoyo et al. 1994).

Para su identificacion en vuelo, resulta caracteristico su gran tamafio y sus alas largas y
anchas en forma rectangular de las que emergen, en el borde exterior, seis o siete
plumas primarias. La cola es proporcionalmente corta y tiene forma de cufia ancha no
muy apuntada. La cabeza no sobresale mucho de la silueta. Visualizado desde abajo,
existe contraste en la coloracién de las alas: las plumas cobertoras (la parte superior)
son mas oscuras que las primarias y secundarias (Moreno-Opo y Guil 2007, Del Moral
y De la Puente 2010).

Las adaptaciones evolutivas han determinado la anatomia del buitre negro generando
especializaciones en cuanto a su comportamiento trofico, organizacion social y
seleccion de habitat. Presenta un pico robusto y fuerte para desgarrar partes duras en
los cadaveres (musculos, piel, tendones). Las plumas largas estan ausentes de la
cabeza, lo que evita que supongan interferencia por rotura, impregnacion o reduccion
de la visibilidad durante la ingestion de partes internas en las carrofias (Dondzar 1993).
Tiene garras con cierta capacidad prensil, con dedos largos y unas fuertes (Donazar
1993).

Datado y sexado

Las diferencias entre sexos son muy escasas, practicamente imperceptibles en el campo,
aunque las hembras son ligeramente mas grandes que los machos (Newton 1979,
Cramp 1998).

Los ejemplares juveniles presentan una coloracion mas oscura y mate en sus plumas,
tanto en el cuerpo como en las alas, que torna progresivamente en tonos mas pardos
hasta alcanzar el patron de adulto definitivo, alrededor de los seis afios de edad
(Hiraldo 1977, Forsman 2003). El color de la cabeza también varia con la edad (Del
Moral y De la Puente 2010): los juveniles de primer afio presentan plumén negruzco
generalizado por toda la cabeza. En los inmaduros de segundo o tercer afio el plumoén
negro de la cabeza se reduce coincidiendo con la aparecién de franjas de piel desnuda
que se desarrollan hacia las comisuras del pico y hacia la parte trasera de los ojos. En
las aves de tres a cinco afios, el plumoén oscuro y tupido se va aclarando
progresivamente y adquiere aspecto pardo claro. En estas fases intermedias (2% a 5°
ano) existe una gran variabilidad de coloracion dentro de estos patrones generales
(Moreno-Opo y Guil 2007). Los adultos poseen colores mas aclarados, con cejas claras
muy marcadas y apenas color negro-oscuro en la cabeza.

A través del estudio de la muda se pueden datar los ejemplares de hasta cinco afos de
edad, que es el tiempo que tardan en sustituir las tltimas primarias juveniles (De la
Puente y Elorriaga 2012). Muda las primarias de dentro hacia fuera, a razon de entre
dos a cuatro plumas por afno. Durante el primer afio de vida no sustituye ninguna
primaria y no es hasta la primavera-verano del segundo afio cuando inician el
recambio de primarias. Las aves de cinco afios, que ain no han reemplazado las

37



Introduccion

primarias juveniles mas externas, vuelven a mudar las primarias internas (De la Puente
y Elorriaga 2012).

Biologia de la reproduccion

El buitre negro presenta una estrategia reproductiva tipica de especie longeva
(Winemiller 1992), con una tasa de reproduccién anual baja y una elevada
supervivencia adulta, que puede llegar hasta los 35-40 afios (Sdnchez 2004). Alcanza la
madurez sexual, entendido ésta como edad de primera reproduccion, generalmente a
los cuatro anos (Tewes 1996), aunque existen referencias de aves criando en su tercer
ano calendario en el ambito programas de reintroduccién de la especie (Terrasse et al.
2004). Aunque se ha considerado una especie mondgama (Cramp 1998) el radiomarcaje
ha permitido evidenciar los cambios entre individuos de la pareja (Del Moral y De la
Puente 2010) o incluso la formacion de trios de forma ocasional (Luque et al. 2010). Se
reproducen cada afio, dejando algunos de descanso intercalados en funcion de factores
como la disponibilidad de alimento, la sustitucion de alguno de los miembros de la
pareja, la edad o la climatologia (Hiraldo 1983). Los adultos permanecen ligados
durante todo el afio al nido, aunque durante fuera de la época de cria la presencia en
torno al mismo resulta mas esporddica (Bernis 1966).

El ciclo reproductivo dura aproximadamente nueve meses, y se inicia en enero con el
cortejo. En esta época los nidos son muy frecuentados y se produce el arreglo y aporte
de material, que se realiza con palos, lana, pelo y otro material vegetal. En ocasiones, la
excesiva acumulacion de material en los nidos provoca su desplome. Sitia los nidos en
la parte superior de la copa de los drboles, siendo éstos de un didmetro de entre 1,40-
2,5 m y una altura de entre 0,9-1,3 m (Tewes 1996, Cramp 1998, Moreno-Opo y Guil
2007). Cada pareja regenta un namero variable de nidos, con un promedio de 2,7 (De la
Puente 2007). Las copulas suelen producirse en los nidos a partir del mes de enero. Las
puestas se inician a primeros de febrero y se prolongan hasta mediados de abril, siendo
mas numerosas en el periodo que transcurre entre la tltima semana de febrero hasta
mediados de marzo (Del Moral y De la Puente 2010). Generalmente ponen un tinico
huevo (Donazar 1993), que pesa entre 210,5 y 280,0 g (Glutz von Blotzheim et al. 1971).
El periodo de incubacion dura alrededor de 57 dias, con un rango que va desde los 50
hasta los 68 dias (Bernis 1966, Hiraldo 1983, Del Moral y De la Puente 2010).

El desarrollo post-embrionario es lento, dilatdndose la estancia del pollo en el nido
unos 110-120 dias, (rango 88-137 dias; Hiraldo 1983, Tewes 1996, Moreno-Opo y Guil
2007, Del Moral y De la Puente 2010). Durante las primeras semanas de vida del pollo,
sobre todo durante las ocho primeras, los adultos permanecen junto a éstos en todo
momento, reduciéndose su estancia paulatinamente a medida que los pollos crecen.
Una actividad muy importante que los adultos realizan en nido es la de sombreo de los
pollos, con objeto de protegerlos de la insolacién y disminuir las posibilidades de
deshidratacién cuando éstos estan atin cubiertos de plumoén y carecen de plumas
protectoras (Donazar 1993). Los primeros vuelos tras abandonar el nido transcurren
desde inicios de agosto hasta primeros de octubre. En este periodo los juveniles
regresan periddicamente al nido, vuelan junto a los progenitores y durante los dos
primeros meses todavia reciben alimento de éstos (Hiraldo 1983).
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Los parametros reproductivos del buitre negro dependen en gran medida del impacto
de factores que causan mortalidad no natural y de la disponibilidad de alimento
(Sanchez 2004). La variable mas empleada para valorar las tasas de reproduccion es el
éxito reproductivo (nimero de pollos volados/parejas que inician la reproduccion). Los
valores medios de éxito reproductivo en Espana se encuentran en torno al 0,75
pollos/pareja/afio (Sanchez 2004), aunque existen diferencias entre distintas colonias y
anos. Las causas de esta diferencia son varias y dependen, por ejemplo, de la
mortalidad no natural de las aves reproductoras (Sanchez 2004, Moreno-Opo et al.
2012a) o de cuestiones metodologicas: la fiabilidad de los parametros esta directamente
ligada a la frecuencia de seguimiento (De la Puente 2006), por lo que si las visitas de
censo a las colonias son escasas se tiende a sobreestimar los valores reproductivos. El
éxito reproductivo también depende de las molestias de origen antrépico ocasionadas
(Margalida et al. 2011c), de la disponibilidad de alimento y de la alteracion sufrida por
ésta en los ultimos anos (Costillo et al. 2007a, Garcia de Francisco y Moreno-Opo 2009).
La mayor proporcion de fracasos se produce durante la incubacion, sobre todo en los
ultimos dias, cuando se evidencia la inviabilidad de los huevos (Del Moral y De la
Puente 2010). Las muertes de los pollos son menos frecuentes y tienen que ver
principalmente con la desaparicion de algtin progenitor, la ingesta de cebos
envenenados o la deshidratacion por falta de sombreo ante una molestia prolongada
(Sanchez 2004, Margalida et al. 2011c).

Movimientos

El buitre negro es una especie sedentaria, cuyos ejemplares adultos permanecen la
mayor parte del afio, salvo durante el otofio, muy ligados a las colonias de cria (Bernis
1966). Los individuos juveniles, una vez independizados y durante los tres-cinco
primeros anos de vida, se desplazan distancias variables, visitando distintas areas.
Estas pueden corresponder a otras colonias de cria, zonas con abundantes recursos
troficos o a desplazamientos junto a buitres leonados visitando zonas fuera del area de
distribucién en el norte de la peninsula Ibérica o excepcionalmente llegando a zonas
del Africa subsahariana (Del Moral y De la Puente 2010)

Los desplazamientos para la busqueda de alimento son también variables. Sus areas de
alimentacion dependen de la época del afio, la edad y la actividad de los individuos
(Newton 1979). La superficie promedio en la que se mueven los ejemplares para buscar
alimento durante la época de cria varia de 61,000 ha a 151,000 ha, abarcando los
movimientos diarios en torno a las 10.000 ha (Carrete y Dondazar 2005, Costillo 2005,
Vasilakis et al. 2006, Moreno-Opo et al. 2010). Los ejemplares no reproductores tienen
areas de alimentacién mucho mas extensas, acorde con los movimientos erraticos que
realizan (Jiménez y Gonzalez 2012). En esta época, tanto éstos como los adultos tienen
también movimientos fijos dirigidos a lugares donde existe alimento predecible, como
son los muladares (Moreno-Opo et al. 2010). Los movimientos de los buitres negros
estan condicionados por la climatologia, como corresponde a aves planeadoras que
dependen de la formacién de corrientes térmicas para el planeo. El tiempo que dedican
a la prospeccion es mayor si las condiciones son buenas, mientras que si existe lluvia
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constante o fuerte viento se ven limitados para localizar el alimento (Hiraldo y
Donazar 1990).

Habitat de reproduccion y de alimentacion

El buitre negro es una especie que en Espana selecciona hdbitats forestales para
nidificar, mientras que ocupa un espectro de ambientes mas amplio para conseguir el
alimento (Moreno-Opo y Guil 2007). Son varios los tipos de formaciones boscosas
seleccionadas para criar: bosques mediterraneos maduros, con nidos situados en
alcornoques Quercus suber, encinas Quercus ilex, enebros Junniperus oxycedrus y
madrofnos Arbutus unedo, bosques supramediterraneos en Pinus sylvestris y Pinus nigra,
bosques mediterrdneos de coniferas Pinus pinaster y acantilados con vegetacion en
costas mediterraneas en Pinus halepensis (Moran et al. 2007, Del Moral y De la Puente
2010). Muestra preferencia por zonas alejadas de la presencia humana, prefiriendo
arboles grandes en la parte superior de laderas con pendiente pronunciada y
preferentemente no orientadas al norte (aunque depende de la disponibilidad de masas
arboreas) (i.e. Fargallo et al. 1998, Dondzar et al. 2002, Moran-Lopez et al. 2006). En
amplias zonas de Asia, la especie construye los nidos en roquedos o en el suelo de
laderas (Batbayar 2012, Sklyarenko y Katzner 2012).

Las areas que el buitre negro prospecta para conseguir alimento son variadas y
dependen en gran medida de la abundancia de presas y de la edad del ave (Costillo et
al. 2007c). Asi, los ambientes de matorrales abiertos, las dehesas y baldios con matorral
asociado son los que mas frecuenta para detectar carrofas de lagomorfos, ganado
doméstico o ungulados (Hiraldo 1977, Carrete y Donazar 2005, Costillo 2005). Existe
variacion de las areas prospectadas en funcion de la época del afio (Jiménez y Gonzalez
2012). Asi, durante la época de cria los buitres negros realizan desplazamientos
alrededor de las colonias en los hdbitat mencionados, en zonas con mayor cobertura de
vegetacion que las seleccionadas por el buitre leonado, por ejemplo (Costillo et al.
2007c). Durante el invierno los buitres negros se observan con mayor frecuencia en
zonas de monte mediterraneo, en lugares donde se celebran cacerias que convierten el
alimento en mas predecible (Moreno-Opo y Guil 2007). Los ejemplares no
reproductores realizan movimientos dispersivos donde el alimento resulta mas
abundante, ya sean sistemas agropecuarios ganaderos (dehesas y pastizales), bosques
mediterraneos maduros con abundancia de ungulados silvestres o conejo, o muladares
(Moreno-Opo et al. 2010, Jiménez y Gonzalez 2010)

Dieta

La mayor parte de la dieta del buitre negro la componen mamiferos (Corbacho et al.
2007, Costillo et al. 2007a), existiendo variacion en el tipo de carrofia explotada, segin
la disponibilidad, el drea geografica y la época del afio. Prefiere piezas no muy grandes
(Hiraldo 1977), para evitar la interaccion con los buitres leonados que si seleccionan
caddveres de grandes herbivoros (Dondzar 1993, Hertel 1994). En las carrofias
selecciona las partes mas duras, como tejidos musculares y cartilaginosos (Konig 1983,
Dondzar 1993). El conejo tiene gran importancia en la dieta del buitre negro en Espafia,
con porcentajes de aparicion en su dieta desde el 3% hasta el 60% (véase revision en

40



Introduccion

Corbacho et al. 2007). La variacion en las abundancias de conejo, debido en parte a su
disminucion poblacional por enfermedades (Delibes-Mateos et al. 2007, Gortazar et al.
2007), ha propiciado un cambio en la dieta en los ultimos afios, reduciendo en amplias
zonas su consumo (Costillo et al. 2007a). Los restos de ungulados silvestres cinegéticos,
muchos procedentes de los despojos de cacerias invernales, son también importantes y
han adquirido un papel cada vez mas representativo en la dieta del buitre negro
(Corbacho et al. 2007). Los cadaveres de ganado doméstico, sobre todo de oveja, son un
recurso tréfico muy importante para el buitre negro (Corbacho et al. 2007, Costillo et al.
2007a) por lo que resulta una cabana a proteger en actuaciones de gestion (Garzon
1997, Garcia de Francisco y Moreno-Opo 2009). Los muladares tienen también
importancia como areas fijas de obtencion de alimento, resultando fundamentales para
los individuos reproductores de algunas colonias de cria (Del Moral y De la Puente
2010), asi como para un importante contingente de ejemplares inmaduros (Cortés-
Avizanda et al. 2010). En relacion a los cambios en la disponibilidad de alimento
producidos en los tltimos anos, sobre todo por la reduccidon de conejos y la alteracion
en la aparicion de cadaveres de ganado (Donézar et al. 2009a), los buitres negros han
mostrado una capacidad de adaptacion a dichos cambios y una consiguiente
plasticidad en su dieta (Costillo et al. 2007b).

Se han estimado unos requerimientos nutricionales de 500-656 g de carrona/dia
(Dondzar 1993), que puede obtener de forma irregular gracias a la capacidad de ingerir
de una vez en torno a 1,5 kg de biomasa. El periodo en que necesita mayor consumo de
alimento transcurre entre la mitad y el final del crecimiento de los pollos, con unos 700
g diarios (Hiraldo 1983). Por ello, se estima que una pareja de buitres negros
reproductores necesita unos 600 kg de carne cada afno (Donazar 1993).

Comportamiento y organizacion social

El buitre negro se reproduce en colonias laxas. Esto es, los nidos se concentran en
nucleos delimitados aunque distantes entre si. Por otro lado, la estructura interna de la
colonia funciona como un entramado de territorios que los buitres negros defienden
variablemente (Bernis 1966, Moreno-Opo y Guil 2007). A una distancia que puede
variar desde decenas hasta varios cientos de metros se encuentran los nidos de las
parejas mas cercanas. Los buitres negros aprovechan los beneficios de ambos tipos de
uso del espacio; por un lado, la cercania entre parejas permite la comunicacion entre
individuos sobre hallazgos de grandes presas mientras que conserva el
comportamiento territorial para la prospeccion de presas de menor tamaro, que se
distribuyen mas uniformemente en el territorio (Dondzar 1993). La distancia entre
colonias depende del habitat disponible y su superficie puede extenderse por varios
cientos de kildmetros cuadrados o por escasas decenas. Incluso, se ha documentado la
existencia de parejas solitarias (Del Moral y De la Puente 2010).

Los ejemplares adultos permanecen asociados durante la practica totalidad del afio a
las colonias. Los ejemplares inmaduros, en cambio, pueden permanecer ligados en
torno a una fuente de alimento por un tiempo variable. Asi, los buitres negros pueden
utilizar dormideros comunales, cuyo sustrato principal son drboles y roquedos (Cramp
1998). Suelen ser compartidos con buitres leonados (Bernis 1966, Valverde 1966) y
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esporadicamente con inmaduros de adguilas imperiales Aquila adalberti, reales Aquila
chrysaetos o perdiceras Aquila fasciata. De estas congregaciones obtienen beneficios,
puesto que reciben informacion sobre dreas donde existe alimento, ahorrando energia
y estableciendo vinculos sociales (Dondzar 1993).

El buitre negro tiene, en general, un comportamiento poco agresivo. Los territorios de
nidificacion son defendidos por ambos miembros de la pareja, expulsando a otros
congéneres en la época de celo e incubacion. Las plataformas de nidificacién son
usurpadas en ocasiones por buitres leonados, existiendo cierta competencia en zonas
donde este ultimo resulta muy abundante o carece de sustrato de nidificacion
suficiente. A escala local este hecho puede llegar a ser importante y afectar
negativamente al buitre negro (Traverso 2001).

Distribucion y tendencia poblacional

A nivel mundial, la especie se distribuye por zonas templadas del Paleartico, desde la
peninsula Ibérica hasta China, Rusia y peninsula de Corea (Del Hoyo et al. 1994), de
manera discontinua. La poblacién mundial ronda las 7.200-10.000 parejas
reproductoras (BirdLife International 2012). En Europa crian unas 2.100 parejas
(Moreno-Opo y Margalida en rev.) ubicadas en Espana, Portugal, Grecia y Francia. La
tendencia general de las poblaciones en Europa es de incremento. En Asia existe un
desconocimiento general sobre el numero de parejas existentes, aunque distintas
estimas realizadas indican 5.500-8.000 y muestran la importancia, por un lado, del
extenso nucleo poblacional de Mongolia, que es el pais con mayor niimero de parejas
(4.000, Batbayar 2012), China y paises del centro de Asia (Kazajstan, Uzbekistan,
Tajikistan, Kyrgizistan, Turkmenistan) y, por otro, del entorno de paises caucasicos

(Armenia, Georgia y Azerbaijan principalmente) y Turquia (Dobado y Arenas 2012). La

tendencia global de la especie es negativa y por ello esta considerada Casi Amenazada
(BirdLife International 2012).
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Figura 1. Area de distribucién aproximada de las poblaciones reproductoras de buitre negro Aegypius
monachus en 2012. En gris se exponen poblaciones reproductoras e invernantes, y en color negro las areas

de invernada (Fuente: BirdLife International 2012 y datos propios).
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Figura 2. Nucleos y colonias de cria de buitre negro Aegypius monachus en Espafia peninsular excepto

Catalufa, mostrando el nimero de parejas reproductoras. (Fuente: De la Puente et al. 2007)
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Tabla 1. Parejas de buitre negro Aegypius monachus en los distintos paises donde se ha comprobado su
nidificacion en los ultimos diez afios (Fuente: Skartsi et a. 2008, LPO 2010, BirdLife International 2012,
Dobado y Arenas 2012, Moreno-Opo y Margalida en rev.) * = individuos.

Pais Parejas reproductoras (n) Afio Tendencia
Espana 2.068 2011 positiva
Francia 23 2010 positiva
Portugal 3 2011 positiva
Grecia 19 2005 estable
Ucrania 11 2004 negativa
Rusia >1.000 2002 negativa
Turquia 200-300 2004 negativa
Armenia 7-8 2002 negativa
Azerbaijan 10-30 2002 negativa
Georgia 20-30 2001 negativa
Kazajstan 150-300 2004 | desconocida
China >1.760 * 1991 | desconocida
Mongolia 4.000 2004 | desconocida
Kazajstan
Uzbekistan
Turkmenistan 400-500 2004 | desconocida
Tadyikistan
Kirguizistan
Irdn desconocido desconocida
Afganistan desconocido desconocida
India desconocido desconocida
Pakistan desconocido desconocida

Total estimado 7.200-10.000 negativa

En Espana, el buitre negro cria asociado a formaciones montafiosas de siete regiones:
Extremadura, Castilla-La Mancha, Castilla y Ledn, Andalucia, Madrid, Islas Baleares y
Cataluna. En esta ultima region, las parejas asentadas (tres en 2012) provienen de un
proyecto de reintroduccion (www.blackvulture-pyrenees.org). Los censos realizados
en Espana han mostrado un paulatino incremento de las poblaciones de la especie. El
primer censo realizado dio como resultado el hallazgo de 206 parejas en 1973, aunque
la cobertura del censo se considera incompleta (Hiraldo 1974). Posteriormente, se
produce un incremento paulatino hasta el censo nacional coordinado de 2006, en el que
se hallaron 1625 parejas reproductoras (De la Puente et al. 2007). La tltima recopilacion
de censos, para 2011, otorga una cifra de 2068 parejas reproductoras (Moreno-Opo y
Margalida en rev.) La mayoria de las colonias han tenido un crecimiento poblacional
destacable, sobre todo en Extremadura, Madrid y Castilla y Ledn.
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Figura 3. Evolucién de la poblacién reproductora de buitre negro Aegypius monachus en Espafia (nimero de
parejas reproductoras). (Fuente: Moreno-Opo y Guil 2007)
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Esta Tesis Doctoral esta dirigida al estudio de las relaciones del buitre negro con su
habitat de reproduccion y alimentacion, asi como a evaluar los efectos de determinadas
actividades humanas. Los resultados son discutidos desde una perspectiva practica,
sugiriendo la aplicacion de medidas de actuacién que mejoren su estado de
conservacion. En este sentido, se toman como modelo de estudio tanto los individuos
como las poblaciones de buitre negro, teniendo en consideracion, en la medida de lo
posible, su dinamica poblacional y los procesos ecologicos que ocurren en el area de
estudio. Los objetivos de la Tesis Doctoral son:

- Profundizar en la comprension de las relaciones entre el buitre negro y el
habitat en el que se localiza, con el proposito de identificar las caracteristicas del
medio mdas importantes para la reproduccion —tomando como referencia la
localizacion de los nidos y el éxito reproductivo- y para la alimentacion —de
acuerdo con patrones de campeo y de seleccion de distintos tipos de presa-.
Este objetivo se desarrolla en los capitulos 1 a 4, en la seccion Reproduccion, dieta
y seleccion de habitat en el buitre negro.

- Basado en lo anterior, evaluar las consecuencias de determinadas actividades
antrdpicas sobre las areas de reproduccion y alimentacion del buitre negro, con
objeto de establecer patrones de gestion y aprovechamiento compatibles que
eviten los efectos negativos sobre la especie objetivo. Esta cuestion se expone en
los capitulos 5 y 6, en la seccion Gestion del hdbitat de reproduccion y alimentacion.

- Analizar y actualizar el estado de conservacion del buitre negro en Espana, asi
como los factores que han podido determinar su dinamica poblacional en los
ultimos afios, a través de la recopilacion de bibliografia sobre el esfuerzo de
investigacion realizado y sobre medidas de conservacién aplicadas. Este punto
se desarrolla en el capitulo 7, relativo al Estado de Conservacidn.

Reproduccion, dieta y seleccion de hdbitat en el buitre negro (capitulos 1 a 4)

El buitre negro es una especie para la cual existe un amplio conocimiento sobre
patrones de seleccidon del habitat de nidificacion (i.e. Fargallo et al. 1998, Poizaridis et
al. 2004, Dondzar et al. 2002, Moran-Lopez et al. 2005, Gavashelishvili et al., 2006). Esta
informacion ha sido emitida para distintas localidades de su area de distribucién
Paleartica, principalmente en Espafa. Sin embargo, ningtin estudio ha abordado un
analisis comparativo a escala global de los resultados de seleccion de habitat de
reproduccion, considerando asimismo la influencia que tiene el empleo de distintas
metodologias de trabajo sobre los resultados finales. Este asunto es tratado en el
capitulo 1 de la presente Tesis Doctoral. En primer lugar, se llevé a cabo un trabajo de
campo para identificar los factores que determinaron la seleccion de hébitat de
nidificacion en la colonia de cria de la Umbria de Alcudia, Castilla-La Mancha (Espafa
Central). Con posterioridad, los resultados de este estudio de campo junto con los de
otras siete publicaciones que informaron sobre 15 colonias de cria fueron analizados
para reconocer los factores que determinan la seleccion de habitat de reproduccién a
escala global. Del mismo modo, se analizd la influencia que tiene el tipo de
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procedimiento experimental y de toma de datos sobre la variabilidad explicada por los
modelos resultantes (expresada como varianza o devianza). De esta manera, es posible
proponer metodologias mas adecuadas en programas de investigacion coordinados
para la misma especie a escala global.

En el capitulo 2 se discuten los factores que propiciaron un mayor éxito reproductivo
del buitre negro. Se llev a cabo un muestreo de campo de las caracteristicas
geomorfoldgicas, ecologicas y de vegetacion, asi como de variables sobre la influencia
del hombre, a escala de microhabitat y de paisaje, con el proposito de modelar los
factores mas influyentes sobre la mayor probabilidad de éxito en la reproduccion,
tomando como referencia la colonia de la Umbria de Alcudia, Castilla-La Mancha
(Espana Central). Los resultados se compararon con los trabajos previos que abordaron
esta cuestion para el buitre negro en Espafia (Donazar et al., 2002, Moran-Ldpez et al.
2006).

El conocimiento del uso del espacio que ejercen las especies constituye un aspecto
primordial de cara al planteamiento de medidas de conservacion. En este sentido, y
tomando como referencia los estudios previos sobre seleccion de habitat de
alimentacion, se planted la busqueda de una nueva metodologia de evaluacién de
areas de campeo que, de manera 4gil y con bajo coste, permitiera realizar una
aproximacion fidedigna a las zonas que ofrecen recursos tréficos para la especie. Asi,
en la misma colonia de cria se recogieron sistematicamente crotales de ganado en las
inmediaciones de nidos y posaderos de buitre negro, al objeto de conocer su origen
geografico y localizar de forma precisa —a escala de explotaciéon ganadera- donde los
buitres los ingirieron junto con el cadaver. El estudio de las areas de campeo se realiza
normalmente individualizando el ejemplar objeto de estudio, mediante radiotelemetria
o con transmisores satélite, GPS o GSM, de modo que unos pocos individuos informan
sobre las areas de campeo y alimentacion (Carrete y Dondzar 2005, Jiménez y Gonzélez
2012). A diferencia de lo anterior, en este trabajo, incluido en el capitulo 3, se uso una
novedosa metodologia, mas limitada en cuanto a la variedad de tipos de presa
estudiadas —solo incluyé ganado- pero mas genérica en relacion al numero de aves
para el que se ofrecen resultados —las pertenecientes a dicha colonia- y mas precisa
sobre la localidad donde se alimentaron los buitres negros.

Distintos estudios previos han analizado la dieta del buitre negro basandose en restos
de presas hallados en egagrdpilas (Corbacho et al. 2007). Asi, existe un adecuado
conocimiento de los patrones de variacion temporal y geografica de la dieta, asi como
de la importancia de distintas especies en ella (Corbacho et al., 2007, Costillo et al.
2007a, 2007b). Sin embargo, hasta la fecha ningtin estudio ha evaluado de manera
detallada los factores que influyen sobre la presencia del buitre negro en carronas, en
las que se haya controlado el tipo de aportes suministrados mediante un disefio
experimental adecuado. Este es el tema tratado en el capitulo 4 de esta Tesis Doctoral,
en el que se identificaron las caracteristicas de los aportes de carrofia para evaluar
diferencias en las tasas de alimentacion de buitres negros. Asi, la obtencion de
informacion sobre este particular es clave para el manejo y optimizacion de los puntos
de alimentacion suplementaria, de modo que puedes dirigir la alimentacion a la
especie que interesa ayudar desde el punto de vista de su conservacion. Este trabajo se
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realizo en distintas zonas de Extremadura y Castilla-La Mancha (Espafna occidental y
central, respectivamente), en el entorno de nucleos de nidificaciéon de buitre negro.

Gestion del habitat de reproduccion y alimentacion (capitulos 5y 6)

El efecto que tienen distintas actividades socioecondmicas sobre especies amenazadas
ha sido objeto de estudio tanto en Espana (Bautista et al. 2004, Gonzalez et al. 2006a,
Zuberogoitia et al. 2008) como en otros paises (i. e. Richardson y Miller 1997, Young et
al. 2005, Preisler et al. 2006). En relacién a la reproduccion en aves, el estudio de las
molestias humanas ha permitido comprender los efectos negativos que pueden llegar a
tener sobre distintas variables poblacionales (Blumstein et al. 2005, Gill 2005) aunque
para rapaces amenazadas la informacion disponibles es atin escasa (Richardson y
Miller 1997, Arroyo y Razin 2006, Gonzalez et al. 2006a, Zuberogoitia et al. 2008). Del
mismo modo, ante la presencia humana, se ha propuesto de manera general el
establecimiento de zonas de proteccion (buffer zones) alrededor de lugares clave en las
que se prohiban o limiten ciertas actividades humanas durante determinados periodos
(Fernandez-Juricic et al. 2005, Gonzalez et al. 2006a). No obstante, existen algunos
aprovechamientos que son fundamentales para el mantenimiento de las economias
locales y la preservacion del medio natural. Es el caso del descorche en las areas de cria
del buitre negro, asunto tratado en el capitulo 5. En la colonia de cria de la Umbria de
Alcudia, Castilla-La Mancha (Espafia Central), se analizé el impacto de dicha actividad
sobre el éxito reproductivo del buitre negro y sobre las reacciones generadas en los
propios individuos.

Los cambios legales relativos a la gestion de subproductos animales con fines de
alimentacion de aves necréfagas que se implantaron a primeros de los afios 2000
provocaron la alteracion en la disponibilidad y aparicion de cadaveres en el campo
(Tella 2001, Dondzar et al. 2009a, Margalida et al. 2010). Al mismo tiempo, estos
cambios provocaron la aparicion de efectos negativos sobre la dindmica poblacional y
el comportamiento de determinados individuos o poblaciones (Dondazar et al. 2009b,
Margalida et al. 2011b). Por ello, la legislacion relativa al control y gestion de
subproductos animales ha sido modificada con el propdsito de armonizar la seguridad
sanitaria de animales y personas y la alimentacion de especies necrofagas de manera
sostenible y natural (European Commission 2011, Margalida et al. 2012a). En este
sentido, podria resultar necesario, en determinadas circunstancias, usar técnicas y
modelos de vallados de puntos de alimentacion que faciliten el manejo de la
alimentacion de rapaces necréfagas a propietarios y gestores de fincas privadas y
explotaciones ganaderas, administraciones u otras organizaciones y personas
interesadas. Con este fin, se evaluaron distintos métodos-modelos de delimitacion de
puntos de aporte de carrofia en relacion a su eficacia para, por un lado, permitir la
entrada de rapaces necréfagas y, por otro, evitar la ingestion de carrofia por especies
no objetivo potenciales vectores de enfermedades. Ademas de lo anterior, se considero
un elemento favorable la facilidad de transporte e instalacion del modelo, su caracter
asequible y su aplicabilidad en distintas regiones.
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Estado de conservacién (capitulo 7)

En conservacion de especies, es importante evaluar si las medidas de conservaciéon
aplicadas han resultado efectivas y han tenido el impacto positivo inicialmente
planteado (Groom et al. 2006). Este analisis revela si el enfoque practico de actuacién
habria de modificarse y si existen lagunas de conocimiento que deberian ser cubiertas
(McCarthy y Possingham 2007, Arlettaz et al. 2010). La recopilacion y analisis de
bibliografia puede contribuir a analizar el esfuerzo de seguimiento e investigacion
dedicado a una especie (Zhang et al., 2010, Liu et al. 2011). Ademas, este esfuerzo de
investigacion podria correlacionarse con el estado de conservacion de la especie, su
tendencia poblacional y las amenazas que la afectan. Hasta la fecha, pocos estudios han
realizado este ejercicio para especies amenazas. Para el buitre negro en Espana, este
analisis, junto con la actualizacion de su estado de conservacion, se presenta en el
capitulo 7.
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Efecto de la metodologia de estudio y de la influencia de factores
ecoldgicos sobre la heterogeneidad en la seleccion de habitat de
nidificacion de una especie longeva de buitre

La aplicacién de medidas de conservacion basadas en evidencias cientificas requiere
que las metodologias de muestreo en estudios de modelizacién sobre aspectos
ecoldgicos similares produzcan resultados comparables que faciliten su interpretacion.
El presente estudio plantea mostrar como la eleccion de distintos enfoques
metodoldgicos y ecoldgicos puede condicionar las conclusiones de los estudios de
seleccion de lugares de nidificacion a lo largo de distintas metapoblaciones palearticas
de una especie indicadora. En primer lugar, se realiz6 un analisis multivariante acerca
de las variables que determinaron la seleccién de los lugares de nidificacion en una
colonia de cria de buitre negro en Espafia Central. A continuacion, se aplico un
metanalisis para evaluar cdmo los factores metodoldgicos y las caracteristicas del
hébitat determinan las diferencias y similitudes en los resultados obtenidos en estudios
previos que modelizaron el hdbitat de reproduccion forestal de la especie. Los
resultados revelaron patrones comunes de seleccion de hébitat de nidificacion del
buitre negro en toda el drea de distribucion estudiada, dirigidos positivamente hacia
laderas de pendientes pronunciadas y orientadas preferentemente hacia el sur, elevada
cobertura de grandes arboles y largas distancias a puntos con actividad humana. La
situacion de los puntos de muestreo aleatorio respecto a la colonia de cria, la
proporcion entre nidos y puntos aleatorios, el uso de puntos respecto poligonos como
unidades de muestreo y el nimero de afos de toma de datos determinaron la
variabilidad explicada por el modelo. Ademas, en colonias de cria de gran tamato las
variables ecoldgicas y geomorfoldgicas resultaron mas influyentes sobre la seleccion de
hébitat de nificacion que en colonias medianas y pequefias. Del mismo modo, las
actividades humanas afectaron en mayor proporcion a las colonias situadas en bosques
de tipo mediterrdneo. Por primera vez, se ha aplicado un metanalisis relativo a los
factores que influyen en la heterogeneidad de la seleccion de emplazamiento de los
nidos de una especie particular, a una escala geografica amplia. En este sentido, es
esencial homogeneizar y coordinar el disefio experimental en la modelizacion de los
requerimientos ecologicos de las especies, al objeto de evitar que las diferencias en los
resultados entre estudios se deban a variaciones en los procedimientos metodoldgicos.
Ello optimizaria la aplicacion de las mejores practicas de conservacion y gestion de
especies en un contexto global.
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Abstract

The application of scientific-based conservation measures requires that sampling methodologies in studies modelling
similar ecological aspects produce comparable results making easier their interpretation. We aimed to show how the choice
of different methodological and ecological approaches can affect conclusions in nest-site selection studies along different
Palearctic meta-populations of an indicator species. First, a multivariate analysis of the variables affecting nest-site selection
in a breeding colony of cinereous vulture (Aegypius monachus) in central Spain was performed. Then, a meta-analysis was
applied to establish how methodological and habitat-type factors determine differences and similarities in the results
obtained by previous studies that have modelled the forest breeding habitat of the species. Our results revealed patterns in
nesting-habitat modelling by the cinereous vulture throughout its whole range: steep and south-facing slopes, great cover
of large trees and distance to human activities were generally selected. The ratio and situation of the studied plots (nests/
random), the use of plots vs. polygons as sampling units and the number of years of data set determined the variability
explained by the model. Moreover, a greater size of the breeding colony implied that ecological and geomorphological
variables at landscape level were more influential. Additionally, human activities affected in greater proportion to colonies
situated in Mediterranean forests. For the first time, a meta-analysis regarding the factors determining nest-site selection
heterogeneity for a single species at broad scale was achieved. It is essential to homogenize and coordinate experimental
design in modelling the selection of species’ ecological requirements in order to avoid that differences in results among
studies would be due to methodological heterogeneity. This would optimize best conservation and management practices

for habitats and species in a global context.
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Introduction

To date numerous studies have evaluated the relationships
between one or various threatened species and the environmental
variables at work in the habitats in which they carry out the
distinct phases of their life cycles [1]. Of these, one of the
commonest areas of study is research into the factors affecting
reproductive processes, which have serious repercussions for
population dynamics, and which have become one of the most
important lines of work in conservation biology [2,3]. In general,
the extent of our knowledge of the factors that determine
reproduction depends on natural processes and/or human
activities, but it is also influenced by the methodology employed
in research [4,5]. Thus, general conclusions regarding the
ecological aspects affecting the choice of reproduction sites of a
single species at different spatial scales and geographical locations
has only been possible in a very few cases. A possible solution is the
application of a meta-analysis in order to combine results of
previous studies and draw general conclusions concerning the
ecological and human factors that affect habitats and species under
study [6]. In order to do so, this type of analysis has to overcome
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the difficulties posed by the need to standardize heterogeneous
information, the deficiencies in data collection in certain analyses,
the lack of unifying criteria in data recording and variations in the
ecological requirements of the species being modelled [7,8].

In light of these considerations and taking as a case study the
cinereous vulture (degypius monachus) we evaluated the factors that
determine breeding habitat selection by a new field study in Spain.
This species is a good model for evaluating the conservation status
of the ecosystems in which it breeds given its role in trophic chains
by completing the processing cycle and assimilation of biomass of
dead animals [9,10] and its sensitivity to alterations affecting the
landscapes it inhabits, such as non-compatible forestry practices or
human disturbances [11,12].

From a descriptive perspective, precedent studies showed
common patterns of nesting-habitat selection by cinereous vulture
[13-19]: nests were located in forests situated on mountain slopes
with large trees and high vegetation cover, far away from the
human presence. Nevertheless, there are also differences across the
studies in the variables that were statistically significant as well as
divergences in the applied methods that could affect the final
results. Therefore, we evaluated as hypothesis how the method-
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ological procedures influenced the variability reflected in the
results of different studies and, as consequence, the nesting-habitat
selection of the cinereous vulture at a global scale, through meta-
analysis [20]. Meta-analysis is a statistical procedure for combining
data from multiple studies by applying objective formulas with the
purpose of evaluating the identification and reasons of the
common findings or the variation among the results of the
compared studies [20].
The general objectives of this work were thus:

1)  to know the environmental factors determining the nesting-
habitat selection of the cinereous vulture in a breeding colony
of central Spain,

i)  to study the causes of variation in results regarding nest-site
preferences from different published studies, together with
the present field study, all integrated in a meta-analysis, and

i) to evaluate which of the statistically significant factors
highlighted in each study are the most relevant to nest-site
selection in a Palearctic context and how they are related to
the vulnerability and the ecological characteristics of each
studied population, as a way of establishing the most
appropriate management and conservation measures.

Methods

The study species

The cinereous vulture is classified as near threatened (7 200—
10 000 pairs) [21] and breeds from the Iberian Peninsula as far as
Eastern Asia. This vulture can be considered as an habitat
indicator species due to its large foraging range [9], the specificity
of its food requirements [22,23] and its nest-site selection in large
mature trees [13]. This species’ habitat is located in areas with
high conservation status that are important to many other species,
some of which are also threatened [24-26].

Study area

The nest-site selection study was conducted in Alcudia and
Sierra Madrona Natural Park, Spain (Figure 1), home to a colony
of 129 pairs [27]. The site is part of an upland area (736-1 115 m
a.sl.) in which the dominant vegetation consists of typical
Mediterranean trees such holm oak (Quercus rotundifolia), cork oak
(Quercus  suber), strawberry-tree (Arbutus unedo), prickly juniper
(Funiperus oxycedrus) and Lusitanian oak (Quercus faginea), associated
with a well-developed shrub layer.

Field work and studied variables

In October-December 2005, once the breeding season was over,
we visited all the cinereous vulture nests in the area (n = 155 nests).
All nests, occupied in 2005 or unoccupied but with evidence of
occupation in recent years, were studied [14,28]. We also selected
random points (n=85) in areas within the perimeter of the
breeding colony [15,29]. We visited each point and recorded, from
the nearest tree (since cinercous vulture breed in trees), the same
data as for nests. The presence or absence of a nest at each point
was established as a response variable [30].

The independent variables studied were chosen on the basis of
previously evaluated aspects of this species’ nest-site selection [15,16]
or as factors that relate to the land management [15]. Specifically,
explanatory variables affecting factors relating to two spatial scales
(microhabitat, n = 3, and landscape, n = 18) were selected.

As microhabitat variables we measured the tree characteristics
in relation to the tree species (Sp_tree), the height (m) from a visual
estimation of the tree where nest is present or the tree randomly
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selected (/1_tree) and the diameter (cm) at breast height (dbh) of tree
where nest is present or the tree randomly selected (D_tree).

For the landscape scale we considered 1) geomorpholocial
variables as the altitude (m asl, 4%), the presence of nest/random
tree in a natural scree (yes/no, Scree), the orientation of the slope
where nest/random tree is located since all nests in the study area
are situated in slopes greater than 15% (N, S, W, E, Orieni), the
slope of the hillside in a 100 m radius around the location of a
nest/random tree (%, Slope) and the distance (m) from nest/
random tree to nearest natural scree (D_scree), all of them
calculated through GIS (ArcView 3.1 software) and aerial
photographs; 2) vegetation variables, as the number of trees taller
than 4 m existing in a 25 m radius around the nest/random tree
through setting a survey plot and visual estimation of the height of
the trees (Rad25_tree), the average high of the shrub in a 100 m
radius around the nest/random tree through the measurement of
the shrubs existing in four line-transects (H_shrub), the percentage
of coverage in a 100 m radius around nest/random tree of trees
(%o_tree), shrub (%_shrub), pasturelands (%_past), scree or rock
outcrop (%_scree-rock), cork oak tree (%_Qsuber), holm oak tree
(%_Qrol) and other tree species (%o_othersp) through a direct visual
assessment in the field; and 3) human disturbance-related variables
as the length (m) of unpaved tracks in a 500 m radius around the
nest/random tree (Long_tracks) and the distances (m) from the nest/
random tree to the nearest paved road (D_road), to the nearest
building (D_consf) and to the nearest unpaved track (D_track)
through the application of geographic information systems (GIS,
ArcView 3.1) to measure distances and length of tracks.

Climatic factors were not taken into account due to the
relatively small study area (11 115 ha) and the homogeneity of
vegetation structure and altitude intervals, which imply similar
values of temperature, rainfall, humidity or solar radiation across
the studied landscape.

Data compilation from previous studies: meta-analysis

We carried out a bibliographical search of articles published on
habitat selection in the cinereous vulture in peer-reviewed journals
and official reports. We were able to collate data from seven
articles referring to 15 colonies in three different metapopulations
(Figure 1, see Appendix S1).

We generated two response variables as means of comparison of
the following null-hypothesis: 1) absence of differences in the
explained variability (=variance or deviance) among the studies
(Appendix S1). The variance and deviance were selected in order
to compare the variability explained and, thus, the robustness of
the results from all the analyzed studies [31,32], but taking into
account that deviance is related to the number of studied variables
and the sample size (Appendix S1), and 2) no differences in the
frequency of a variable resulting statistically significant in the
analyzed studies. We assumed that a variable might better explain
the general selection patterns if being significant more times. For
this later variable we also considered a) its positive/negative (+/—)
relationship with the presence of cinereous vultures, and b) the
proportion of times that each variable was significant in relation to
the number of times it was studied.

Additionally, explanatory variables related to the data-sampling
methods (Sampling methods, n=4) and to aspects regarding the
vulnerability and ecology of the species (Ecological-vulnerability,
n=3) were identified from the different studies. Sampling methods
variables were intended for a better detailing of the meta-analysis
and thus were included into the assessment of the effect of the
methodological procedures used in each study on the explained
variability. The variables considered were the type of sample
considered in the analysis (point or polygon, Sample), the
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Figure 1. Global distribution range of cinereous vulture (dark grey) and metapopulations in which nest-site modelling studies and
meta-analyses have been performed in this article (black stars). (A). Distribution in peninsular Spain of the Special Protected Areas (SPA) with
presence of breeding cinereous vultures, specifying those in which nest-site modelling were studied (dark grey) and where the present field study

was developed (black) (B).
doi:10.1371/journal.pone.0033469.9001

assignment to data set in only one year (yes or no, Year of sampling),
the proportion between the number of nest-samples and number
of random samples (Nest/random) and the location of random plots
(1= inside the perimeter of breeding colony; 2 = forest habitat in
and around breeding colony; 3 = all habitats in and around the
breeding colony, Location of random samples).

Studied breeding colonies were classified into vulnerability and
ecological categories for a further analysis aiming at illustrating if
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any of the more significant kind of variables from those evaluated
in the studies were related to the ecological and vulnerability
characteristics of the studied populations. So, we identified as
variables the vulnerability of the study area (1 = less than 40 pairs
in the breeding colony and less than 500 pairs at national level;
2= less than 40 pairs in the breeding colony and more than 500
pairs at national level; 3= more than 40 pairs in the breeding
colony and more than 500 pairs at national level, Threat level), the
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number of breeding pairs in the colony (1=30 pairs; 2>30 pairs
and =100 pairs; 3>100 pairs, Colony size) and the type of
vegetation (pine or oak, Habitat).

Statistical analyses

Present field study. To study the factors that affect nest-site
selection, we selected a total of 240 points, that were analyzed at
both microhabitat and landscape scales (Microhabitat and landscape).
The analyses were performed with the software R.2.8.0 [33].

First, the variables to be included in each model were examined
using Spearman’s rank correlation (p) index to test the correlation
between continuous candidate variables. Only non-correlated
variables or those with weak correlation (p<<0.3) were included in
the model carried out at each scale. We did not pose a multiple
contrast hypothesis and subsequent selection using information
criterion (AIC or similar) [34,35], in order to integrate the results
of this study into the meta-analysis presented later in this work. All
previous published papers on nesting-habitat selection of the
cinereous vulture used the criteria of statistical significance, so we
decided to maintain this criterion [13-16].

Response variables were binary (nest/random plot) and so we
used generalised linear models with binomial family errors and
logit-link functions. We looked for overdispersion using the
dispersion parameter, which was calculated for each model by
dividing the residual deviance by the residual degrees of freedom.
Those models showing overdispersion were refitted by quasi-
binomial family error [36].

The models were simplified by removing non-significant terms
(@=25%). Once we had determined the statistically significant
factors in each model, we subsequently aggregated the non-
significant levels of each factor to obtain the “minimal adequate
model”, by a stepwise a posteriori procedure. If two levels of a factor
did not differ significantly and did not improve the fit of the model,
they were grouped together [36].

Meta-analysis. First, we compared the variability explained
by each of the studies, including the present field study results, for
evaluating their ability to effectively model habitat selection from a
methodological point of view. Hence, a meta-analysis testing the
null-hypothesis of no-differences among the mean values of the
deviance or variance was performed by using the Cochran’s Q
statistics of hetereogeneity. Previously, we checked that variance-
deviance values of the studies fitted to a Chi-square distribution
(x2=136.12; df=8; p<<0.001) [37]. I-squared test quantifies the
degree of heterogeneity of the studied values by analysing the
percentage of the whole observed differences in the deviance-
variance values between studies which are not due to chance [38].
The effect-size of the studied variable (deviance or variance) and
its confidence interval at 95% were also evaluated. ANOVA (for
categorical variables) and regression (for continuous variables)
analyses were performed to assess the influence of sampling
procedures on the deviance-variance results. All analyses were
performed with the software Comprehensive Meta-Analysis
V.2 [20].

On the other hand, we analysed which variables from those
studied predicted to be important in habitat selection. Thus, to
evaluate the frequency of appearance of each statistically
significant variable regarding nest-selection we chose variables
that were significant most often by selecting those resulting
significant more than once from the whole studies and provided
that the variable was significant more than 1/3 of times it was
considered. These variables were grouped according to their
relationship with mucrohabitat, to the ecological characteristics at
landscape level (landscape), to climate, to the effect of anthropic
activities (anthropic) and others.
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Subsequently, a Fisher’s exact test was used to analyze the
proportion of appearance of each type of significant variables
(landscape, microhabitat and anthropic) and the characteristics of the
studied population (in terms of the threat level, colony size and habitai).
The software Statistica 6.1 [39] was used to perform these
analyses.

Results

Habitat modelling from present field study

In relation to microhabitat, the variables D_free and H_tree were
highly correlated (p=0.58) and we decided to include the first
variable in the analysis, together with Sp_tree and their first-order
interaction (Appendix S2). The levels ‘cork oak’ and ‘juniper’ of
the factor Sp_tree were not apparently different from each other but
were with respect to the level ‘holm oak’. We checked that they
could be combined into a single level without any statistically
significant variation in the model by analysing changes in null
deviance (x°=—1.29; df=2; p=0.041) to derive the minimal
adequate model (Table 1). Vultures bred less often in holm oaks
than in cork oaks and junipers. The interaction between species
and tree diameter was also significant, and indicated that the
diameter effect was greater in the case of holm oaks (see Table 1
for further details).

At landscape scale, we did not include in the model the variables
%_Qsuber and %_ othersp, as they were correlated with %_Qrot
(p=—0.88 and p=—0.73, respectively), nor %_scree-rock (corre-
lated with D_scree p=—0.61) nor Long tracks (correlated with
D_track p=—0.75 and D_road p = 0.36). It was necessary to correct
for overdispersion. South-facing slopes were selected for cinereous
vulture to locate their nests in advance so northern, eastern and
western orientation were joined obtaining a more parsimonious
model from the precedent without statistical differences (F=0.91,
df=2, p=0.40) in order to simplify the number of levels of this
variable. The model, after the simplification, it is shown in Table 1.
A greater slope and the closeness of screes had a significant positive
effect on nest-site selection; southern facing sites were selected in
comparison with other orientations. Greater tree coverage within a
radius of 100 m around the studied plot and a higher scrub layer
showed a positive effect on nest presence. On the other hand, the
presence of trees over 4 m high in a radius of 25 m around the
nest as well as a greater cover of holm oak and shrub disfavoured
selection by the cinereous vulture. Finally, the nests tended to be
far from tracks, roads and human buildings (see Table 1 for further
details).

Meta-analysis from published articles

In terms of sampling procedures, significant statistical differ-
ences in the deviance/variance existed between colonies
(Q=89.18, df=12, p<<0.001, I>=86.54, Figure 2). In addition,
other factors also influenced the effect size of the deviance/
variance reported in each of the analyzed studies: the location of
the random plots (Q =52.81, df =2, p<<0.001, greater deviance/
variance when plots are inside the perimeter of breeding colony),
whether all data were sampled in a single year (Q =29.28, df=1,
p<<0.001, greater deviance/variance when one-year sampling), the
type of random data considered (Q =47.87, df=1, p<<0.001,
greater deviance/variance for points) and the ratio between the
number of nests sampled and the number of random samples
(Q=289.18, df=1, p=0.002, greater deviance/variance when
lesser nest/random ratio).

The variables that were most often selected as statistically
significant in nest-site selection for the whole Eurasian studies are
presented in Table 2, being a greater slope, bigger diameter of the
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minimal adequate models.
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Table 1. Dependence of nest-site selection on microhabitat characteristics and on variables at landscape scale from the selected

Parameter Effects+SE z value p value Explained deviance
Microhabitat Intercept —3.7721+1.4289 —2.649 <0.001 0.18

Sp.(cork oak+juniper) oak+juniper) 3.3882+1.6553 2.047 0.040

D_tree 0.1242+0.0397 3.127 <0.001

D_tree*Sp. oak+juniper —0.0905+0.433 —2.088 0.036

Parameter Effects+SE t value p value Explained deviance
Landscape Intercept 2.6212+5.9622 0.440 0.660 0.89

Slope 0.5549+0.0954 5.813 <0.001

Orient_(N+E+W) —4.0760*0.7230 —5.638 <0.001

D_scree —0.0279%0.0052 —5.290 <0.001

Rad25_tree —0.8642*0.1622 —5.327 <0.001

%tree 0.4772%+0.08554 5.562 <0.001

H_shrub 3.3206+0.8554 3.882 <0.001

D_road 0.0018+0.0091 3.500 0.0011

D_track 0.0451+0.0090 4.875 <0.001

%_shrub —0.0059+0.0155 —3.854 <0.001

Alt —0.0564+0.0112 —5.014 <0.001

%_Qrot —0.0601+0.0202 —2.971 0.003

D_const 0.0065+0.0019 6.043 <0.001

doi:10.1371/journal.pone.0033469.t001

tree, the presence of scree around the nest-tree, orientation of the
slope to south and a longer distance to tracks the five more
proportionally and positively related to the presence of cinereous
vulture nests. The number and type of significant variables
regulating nest-site selection did not relate to the vulnerability of
the colony (Table 3). Colony size conditioned the number of
significant variables in relation to landscape such that in the largest
colonies these variables were of greater importance (Table 3). In
terms of habitat type, human activities had a greater negative

Reference Deviance/ Lower  Upper

Variance  limit limit

[36] (1) lruelas. SP 0,52 0,37 0,66
[36] (2) S. Pelada. SP 0,22 0,12 0,36
[34] Dadia. GR 0,89 0,72 0,96
[91] Rascafria. SP 0,96 0,88 0,98
[26] (1) Gata. SP 0,92 0,77 0,97
[26] (2) Granadilla. SP 0,91 0,76 0,96
[26] (3) Monfraglie. SP 0,94 0,79 0,98
[26] (4) Ibores. SP 0,76 0,60 0,87
[26] (5) S. Pedro. SP 0,84 0,68 0,92
[26] (6) Tajo. SP 0,90 0,75 0,96
[31] (1) Caucassus. GE 0,83 0,50 0,95
[31] (2) Caucassus. GE 0,84 0,51 0,96
Present study. Alcudia. SP 0,89 0,67 0,96
Total 0,75 0,70 0,80

41,00

Effects=SE were calculated considering the reference value of zero for Sp_Tree (olm oak) and the same for the interaction D_tree*Sp; Orient_(S).

effect in colonies in Mediterranean forests of Quercus sp. than in
colonies located in pines (Table 3).

Discussion

Habitat selection

The present field study and the meta-analysis showed that the
cinereous vulture selected nest-sites in large trees, on steep, south-
facing slopes, close to screes and away from human infrastructures

Event rate and 95% CI
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Figure 2. Effect size of the meta-analysis of the deviance-variance values of different studies on the breeding habitat selection of
the cinereous vulture Aegypius monachus. The studies references, according to Appendix S1, its location (SP = Spain, GR = Greece, GE = Georgia),
the values of deviance/variance and their confidence intervals at 95% are presented.

doi:10.1371/journal.pone.0033469.9g002
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or anthropogenic factors than can provoke disturbances. Steeper
slopes determine nest-site selection in the cinereous vulture since
disturbances are less likely to occur in rugged areas [40,41]. The
largest trees cope better with the weight of nests and are easier to
land on and take off from [16,17]. This robustness and height, often
found around screes [42] and in old cork oaks, as well as the
positively selected situation on the upper third of a hillside, ease the
detection of predators and other sources of disturbance [12,43].

South- and east-facing slopes are selected as nest sites, probably
because there are higher trees and better climate at a local scale
[44]. Nonetheless, no climate-related variables were relevant in the
general nest-site choice in the cinereous vulture, either due to the
inter-annual heterogeneity of this feature, the fact that at local
scale these variables do not predict adequately variations in
ecological processes [45] or because not all the same variables
were examined in the studies that we analyzed. Anthropic factors
are very important in habitat selection, as occurs in other species
that are wary of humans [46,47].

Nevertheless, the impact of human activities is a complex issue
that should be case-by-case evaluated in relation to each breeding
colony, since the secular management practices, the degree of
habituation to human presence, the social awareness to this
potential beneficial species or the ecological and biogeographical

Table 2. Most frequent significant variables resulting from nest-site selection in 16 cinereous vulture breeding colonies.
Variable Type Relation Ngignif Ngtud Proportion

Slope Landscape + 8 12 0.67

Tree diameter Microhabitat + 4 6 0.67

Scree presence Landscape + 2 3 0.67

Orientation south Landscape + 3 5 0.60

Distance to track Anthropic + 7 12 0.58

Cork oak cover Landscape + 3 6 0.50

Human population index Anthropic = 3 6 0.50

Holm oak cover Landscape - 3 6 0.50

Position on upper third of the slope Landscape + 2 4 0.50

Tree height Microhabitat + 3 7 0.43

Distance to road Anthropic + 5 12 0.42

Orientation east Landscape + 3 5 0.60

Distance to nearest nest Others + 2 5 0.40

Altitude Landscape + 6 16 0.37

Relation indicates the type of relationship (positive or negative) of the variable with the selection by the cinereous vulture; (n ggnif) shows the number of colonies for
which the variables was statistically significant; (nsq) indicates the number of colonies in which the variable was studied, and Proportion shows the ratio of the two
previous numbers (n/n,). The table includes variables that were statistically significant more than once and in more than one third of the studied colonies.
doi:10.1371/journal.pone.0033469.t002

conditions may nuance its real influence [48,49]. In this sense,
both vegetation and the availability and characteristics of trophic
resources, as well as the impact of human activities, vary between
regions approximately along a geographical gradient [50,51],
although this species does have a certain plasticity in its ecological
requirements [52]. These differences can be very marked as is
shown by the fact that this species breeds on cliffs in Mongolia and
Russia [53], thereby demonstrating that the factors affecting life
histories in a single species with a wide range can be very
heterogeneous [54,55].

Modelling and methodological conclusions

First, the number of studies analyzed (n=13) was small to be
able to draw definitive conclusions so patterns regarding the most
efficient sampling approaches (see below) might be considered in
relation to this low sample size. This is a common gap for meta-
analysis works whose analytical procedures allow to integrate the
onset of low sample sizes [32,37]. Nevertheless, this type of analysis
of a single species has never previously been conducted in such a
wide geographical context [56].

The total number of variables under study influences the results
of the models and the variability that they reflect [57,58]. This
implies that in habitat-modelling studies both the number and type

Table 3. P-values of the Fischer's exact test of the relation between variables that were significant in higher proportion in the
different studies of nest-site selection of cinereous vulture (grouped in variables related to microhabitat, to landscape scale and to
human interactions- anthropic-) to the threat level of the studied breeding colonies, to their colony size and to their type of habitat.

Type of significant variable of the nesting-habitat selection

Characteristics of the studied breeding colonies Microhabitat Landscape Anthropic
Threat level 0.993 0.693 0.941
Colony size 0.561 0.015 0.552
Habitat 0.275 0.314 0.077

doi:10.1371/journal.pone.0033469.t003
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of variables must be carefully chosen beforechand [59,60]. In this
sense, it is worth highlighting the fact that it is important to choose
the most explanatory variables and/or those that are easily
repeatable [4]; otherwise, there is a risk that the processes will not
provide information regarding the proposed objectives. This
deficiency is especially relevant in the study of climate, since
many different variables are used to study the same factors [e.g.
temperature, humidity, rainfall, frost and wind) and provide only
scattered and inconclusive information [30,61]. On the other
hand, the influence of other factors such as the effects of global
change, the use of integrating variables in ecological processes,
diseases and certain biochemical factors [62,63] could modify the
tendencies of the results obtained and could lead to the application
of better planned and more efficient conservation policies [64].
Our study followed the patterns of choice of variables commonly
considered in previous works, both in number and type, so it was
not possible to include more interesting and complex analysis in
the field work, which may reveal other significant factors.

The location of the random sampling points influences the
variability detected in the study. Thus, if the random plots are
situated within the colony the information obtained will be more
detailed in terms of factors operating at a local scale. On the other
hand, if random points are chosen at a scale that includes
heterogeneous types of habitat, some of the more general variables
are more likely to be significant [e.g. altitude, slope or vegetation
cover; 13,57,65]. In our case we selected a prior: the inner perimeter
of the studied breeding colony as the framework for analysing
differences between random and nests plots. One main objective
was to assess differences in the selected habitat characteristics at
precise level and thus, to show the sensitive factors for the breeding
of cinereous vulture and to recommend the most suitable locations
for developing land-use practices to local managers.

Our results reveal that if data are gathered during just one
breeding season, the variability explained by the models increases,
possibly because uncontrolled aspects such as inter-annual change
regulating nest-site choice, weather conditions and individual
behaviour are avoided [66]. Nevertheless, other studies have
shown that bias could be reduced and variability in the results
increased when long-term data incorporating temporary dynamics
are analyzed [58,67]. Bias-variance trade-off determines general
model fitting [58,66] and it is not possible to know exactly the bias
integrated in each of the meta-analysed studies. Thus, our results
should be interpreted with caution in this regard.

The election of points as random plots allows us to reflect
greater deviance/variance in the model than if polygons are
employed. Thus, results can throw light more accurately on
questions regarding nest selection by species [16,68].

Lastly, it is important that the proportion between the sampled
nests and the random plots is as balanced as possible, although if
there is an unbalance it should be in favour of the random plots. In
this way, when the relationship sample/random approaches 0, the
explained variability increases [57,66,69]. Therefore, the election
of a lesser number of random plots in relation to the nests in our
field study could reduce the explained deviance (Table 1).

Implications for conservation

The results obtained show that habitat type and the size of
breeding colony affect the type of variables that most influences
nest-site selection. Thus, human activities have greater incidence
in colonies situated in Mediterranean oak forests. This may be due
to the relative ease of access to the colony, to the habitat quality or
to the existence of the additional conservation problems [70,71].
In addition, it is possible that cinereous vultures may have a closer
relationship with human activities in specific habitats such as pine
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forests, which have been exploited for a long time in a sustainable
way with respect to the requirements of species present [72,73]. In
Mediterranean oak forests, on the other hand, few human
economic activities are undertaken during the breeding season
(except cork harvesting) and so it is possible that in these
environments the species 1s more sensitive to human presence [43].
Despite the existence of various forest management models [73],
the results of our meta-analysis suggest the need to implement
different generalized management policies in temperate forests of the
Palaearctic: 1) Mature forests must be given priority in forest
protection as they act as source of resources and diversity [48,72,74].
Our results showed that areas with greater trees and tree cover are
the most valuable type of forests for the breeding cinereous vultures.
2) Economic activities often determine habitat selection by
threatened species [75] and so exclusion areas should be established
for the most threatening activities and/or agreements should be
reached to make human activiies compatible [12]. Cinereous
vultures tend to locate their nests as far as possible from human
presence so one of the management priorities should be the
regulation of such activities [71]. 3) It is advisable to coordinate and
to standardize the data sampling procedures in advance when
planning habitat modelling studies for the same species at different
geographical scales. It is thus interesting to make the effort of
developing scientific and technical working groups integrated by
experts and researchers dealing with species of conservation concern
[6,74]. 4) The analysis of ecological processes that include variables
that have not been taken into account to date in habitat modelling
like those related to climate change, parasites-diseases or biochemical
properties must be encouraged [64] and scientific evidence-based
criteria must be applied on the basis of these specific studies [76].
According to these conclusions, the knowledge of habitat
selection in indicator-endangered species is very valuable for
optimizing evidence-based conservation actions [56,76,77]. Spe-
cifically, the modelling of species requirements should be
undertaken for both conservation actions ex situ and in situ. Species
reintroduction programmes should take into account the analysis
of global patterns of habitat selection [78,79] and so studies
evaluating ecological requirements are of great relevance for
carrying out population viability analyses [80,81]. In the case of
the cinereous vulture, it could be even more important given that
one of the main conservation objectives for this species is the
establishment of biological corridors that will connect currently
isolated Palearctic populations [21,82] through reintroduction
projects (e.g., in the Pyrenees, France, Balkan Peninsula).

Supporting Information

Appendix S1 Information contained in the articles consulted for
the meta-analysis of the variation in the nest-site selection in the
cinereous vulture Aegypius monachus. The variables considered for
conducting the different analysis are shown (see methods for further
information).

(DOC)

Appendix 82 Models evaluated for the analysis of nest-site
selection by the cinereous vulture Aegypius monachus in the colony in
Alcudia Natural Park, Spain. The scale of analysis, categorical
(factors included) and continuous variables, the pairs of variables that
were found to be correlated using the Spearman test (p), the
interactions between pairs of variables included in the models, and
the number of generalized linear models resulting that were
analyzed are shown. Each model was built including all factors,
non-correlated continuous variables and those with interactions
with p<<0.30, and only one of correlated variables each model.
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Factores ambientales que determinan el éxito reproductivo del
buitre negro en el centro de Espafia

El éxito reproductivo es un parametro demografico clave que condiciona la dindmica
de las poblaciones de aves y, por tanto, la comprension de los factores que lo
determinan resulta importante para la aplicacion de medidas de conservacion de
especies amenazadas. En este sentido, el éxito reproductivo depende de distintas
variables, no excluyentes entre si, como son las estrategias vitales desarrolladas por las
especies asi como por variables ambientales, ecoldgicas y antrépicas. Tomando como
especie modelo el buitre negro, se evalud la influencia sobre el éxito reproductivo de
las caracteristicas del nido, del arbol que albergd el nido, de la composicion paisajistica
y de molestias antrdpicas, en una colonia de cria del centro de Espafia. Para hacerlo, se
seleccionaron y estudiaron variables relativas a la vegetacion, la geomorfologia y la
presencia humana. El éxito reproductivo resultd influido significativa y positivamente
por un mejor estado de conservacion de las plataformas de nidificacion, una mayor
altura de los arboles-nido y una situacion de éstos en pendientes mas pronunciadas,
orientadas al sur y con una elevada cobertura de alcornoque en un radio de 100 m. Este
patron reflejaria la influencia que tienen sobre las probabilidades de éxito las
condiciones climatoldgicas, de accesibilidad a los nidos o de la propia seleccion de
habitat de nidificacion. Las conclusiones extraidas estan condicionadas por la
metodologia de trabajo empleada y ponen de manifiesto la necesidad de
homogeneizarlas en estudios comparados. Se recomienda que los bosques maduros en
areas poco accesibles y en laderas de elevada pendiente sean gestionados
convenientemente y que estas masas forestales sean protegidas de molestias humanas
con el proposito de promover la conservacion de areas de reproduccion de rapaces
amenazadas de medios forestales.
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ABSTRACT

Breeding success is a key demographic parameter determining the fate of bird
populations and, therefore, understanding its determinants is an important issue for
the application of conservation measures in the case of endangered species. In this
sense, breeding success depends on diverse, not mutually exclusive, effects such as the
life strategies developed by species, as well as environmental, ecological and anthropic
factors. The influence of nest and nest tree characteristics, landscape composition and
human disturbance factors on the breeding success of a Cinereous Vulture Aegypius
monachus breeding colony in central Spain was analysed. To do so, a number of
variables on the basis of the characteristics of the existing vegetation around the nest-
tree and the own features of the nest and the nest-tree were selected. Our results
suggest that better-conserved and bigger nesting platforms, taller nesting trees and a
higher tree and shrub coverage in a radius of 100 m around the nest resulted in an
increased success of the breeding pairs. These findings shows the influence that nest
orientation and location, nest accessibility and habitat selection have on breeding
success, also stressing the importance to take into account similar studies for the design
of management strategies. We recommend that mature forests in less-accessible,
steeper slopes are carefully conserved and that these forests are protected from
anthropogenic disturbances in order to strengthen the conservation of breeding areas
of forest-dwelling endangered raptor species.

KEY WORDS
Aegypius monachus; forest management; vegetation influence; conservation practice;
threatening factors; human disturbance; landscape features.

INTRODUCTION long-lived species it is more important

Birds exhibit a number of diverse life-
traits with large, long-lived species
typically showing low fecundity and
high adult survival rates (Cody 1971,
Bdayaev & Ghalambor 2001). This is
more evident in many birds of prey
with highly specific nutritional and
habitat requirements (Newton 1979)
whose life strategies are influenced by
environmental factors (Erikstad et al.
1998). The study and knowledge of the
inherent details of species’ life-traits is
essential if suitable ~management
measures are to be applied, mainly
when their populations are threatened
(Pullin et al. 2004, Oro et al. 2008).

The trade-off between survival
and reproduction is a key aspect in the
understanding of birds’ life strategies
(Linden & Mpgller 1989). Thus, for a

in terms of its overall fitness to attain
high adult survivorship than to rapidly
engender many offspring (Hirshfield &
Tinkle 1975, Erikstad et al. 1998). This
means that the most important task in
the
conservation

successful resolution of
questions
large threatened birds is the reduction
of non-natural adult mortality (Oro et
al. 2008, Ortega et al. 2008, Grande et al.
2009). Nevertheless, this principle must
be implemented within a
framework and thus take into account
the real possibilities that management
action will be effective (McCarthy &
Possingham 2007). So, other
demographic parameters, such as the
reproduction rates, might be dealt to
favour the conservation status in the
case of endangered species.

concerning

realistic
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Breeding success in birds, i.e.
the number of chicks fledged in each
breeding
dependent on a wide-range of factors.

female’s attempt,  is
For instance, the survival of newly
hatched chicks is affected by climatic
conditions (Kostrzewa & Kostrzewa
1991, Margalida et al. 2007), as well as
by landscape features, the possibilities
of finding food and the ability to ward
off predators (Lind & Creswell 2005,
Wilkin et al. 2009). As well, human
presence, which generally involves
activities that are likely to have a
negative the breeding
attempt, affects the number of chicks
fledged, even if the disturbance occurs
once the breeding cycle has begun
(Gonzalez et al. 2006, Zuberogoitia et al.
2008, Margalida et al.  2011).
Disturbances  not influence

impact on

only
breeding success during a breeding
attempt, but can also lead to changes in
distribution  patterns  and,
changes in individual behaviour
(Sutherland 2007).

The recovery programmes for
species
understand both the choice of breeding
habitat and the factors that determine
breeding success (Lindenmayer et al.
2008). An abundant body of literate
exists on threatened raptors and habitat

even,

threatened implies  to

selection (i.e. Gonzalez et al. 1992,
Margalida et al. 2008, Bosch et al. 2010),
although information on identifying the
factors that determine the success or
failure of the breeding attempt is
somewhat scarcer (Jenking 2000,
Arroyo & Razin 2006, Bionda &
Brambilla 2012). In this study we
evaluated the influence of
environmental factors and human-
related activities on the breeding
success of Cinereous Vulture Aegypius
monachus, in order to understand which
factors are the most relevant and thus

be able to take them into account in the
management of the areas this raptor
inhabits. In this sense, this vulture is
one of the species that has received
most attention internationally from
conservation programmes (Heredia
1996, BirdLife International 2008) and
so the long-term effects of this active
territorial ~management can  be
evaluated and the efficiency of the
measures carried out can be studied in
as much detail as is necessary (Moreno-
Opo & Guil 2007).

METHODS

The study species

The Cinereous Vulture is the largest
Palearctic raptor and is considered to be
Near Threatened (7,200-10,000 pairs,
BirdLife International 2008). In Spain a
total of 1,825 pairs occur (De la Puente
et al. 2007) and it is regarded as
Vulnerable (Ministry of Environment,
Rural and Marine Affairs 2011). Its
habitat is to be found in upland areas in
the south-west of the Iberian Peninsula
and in the island of Mallorca. It breeds
colonially in forests and builds large
nests on treetops (Dondzar 1993). It
reaches the sexual maturity at 5-6 years
of age (Cramp 1998), although the
earliest successful breeding attempts
have been registered at 3 years old
(Terrasse et al. 2004). Nests occupied by
different pairs are located at varying
distances (average 556.6 + 606.9 m,
Moran-Lopez et al. 2006a), while the
same pairs usually hold an average of
24 nests (De la Puente 2007) in a
different state of repair within a shorter
distance each other. Only one chick per
breeding attempt fledges (Hiraldo
1983). It is one of the bird species with
the longest breeding cycle throughout
the Palearctic (Cramp 1998); in Spain,
the mating behaviour begins in late
December and lasts until February,

70



laying eggs between February and
April. After about 59 days of incubation
(range 51-68) chicks hatch, and they
will not start their first flights tries until
114 + 11 days, which usually occurs
during August and September (Del
Moral & De la Puente 2005). Its feeding
behaviour determines both its use of
space and the time invested in different
activities. As a scavenger species it
feeds on the carcasses and remains of
various animals, mainly domestic cattle
and populations of wild lagomorphs
and ungulates (Costillo et al. 2007).

Study area

Fieldwork was carried out in the
breeding colony of Umbria de Alcudia,
Castilla-La Mancha, central Spain, the
fourth largest in Spain (De la Puente et
al. 2007). This site is protected as a
Special Protected Area (SPA) for birds
and consists of an wupland area at
altitudes of 736-1,115 m a.sl. The
vegetation on the slopes of the nesting
dominated by
Mediterranean trees such as holm oak
(Quercus rotundifolia), cork oak (Quercus
suber), strawberry-tree (Arbutus unedo),
prickly juniper (Juniperus oxycedrus),
Lusitanian oak (Quercus faginea) and, to
a lesser extent, associated shrubs in
areas with a developed shrub layer.

colony is typical

Field work and studied variables
Fieldwork was carried out during
October 2005 to January 2006. During

2005 breeding season, a monitoring
program was developed to check
occupation and success of the
Cinereous Vulture. In order to reduce
disturbances from the field technicians,
after breeding season the occupied
nests (n = 89) were visited for the
measurement of the variables. The nests
in which a chick was fledged (n = 50)
were compared to occupied nests that
failed to fledge a young bird (n = 39).

Independent variables of the
study were selected on the strength of
either their possible influence on the
species’ breeding success as reported in
previous studies (Dondzar et al. 2002,
Moran-Lopez et al. 2006b), or as factors
related to the management of the
selected habitats, as per modelling
tendencies in raptor habitats (Poizaridis
et al. 2004). Five types of variables were
taken tree and nest
characteristics, geomorphologic
variables, variables related to the
vegetation, and variables linked to
human disturbance (n = 20 total
variables, Table 1). Climatic variables
were considered to be irrelevant to
breeding success given the relatively
small surface area of the study site
(total 11,115 ha) and were not included
in the analyses. The success or failure of
the breeding attempt was chosen as the
study’s response variable (Guisan &
Zimmerman 2000).

into account:
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Table 1. Independent variables considered in the analysis of the characteristics that determine

the breeding success of the Cinereous Vulture Aegypius monachus in the colony in Umbria de
Alcudia, Ciudad Real, Spain. *continuous variable, **categorical variable.

Variable
Sp_tree**
H_tree*

Nest_cons™**

Description
Tree species
Total height of nest tree m

Study level

Tree characteristics

Conservation status of the nest: "good" = well structured, with upper herbaceous

cover, circular or squared shaped, "not good" = with any imperfection, with upper

herbaceous cover but not circular or squared shaped, "bad" = old, not structured nor

renewed, without upper herbaceous cover, partially collapsed or fallen

Nest characteristics

D_nest* Length of the longer diameter of the platform of the nest cm
Alt* Altitude m asl
Scree** Presence of nest/random tree in a natural scree "yes"/"no"
' Geomorphologic
Orient** Orientation where nest/random tree is located "N", "S", "W", "E"
D_scree* Distance from nest/random tree to nearest natural scree m
Rad25_tree* Number of tree higher than 4m existing around the nest tree in a 25m radius
H_shrub* Medium high of the shrub in a 100m radius to nest tree m
Yo_tree* Percentage of tree coverage in a 100m radius around nest tree %
Yo_shrub* Percentage of shrub coverage in a 100m radius around nest tree %
%o_scree-rock™ Percentage of scree or rock outcrop coverage in a 100m radius around nest tree % Veoetati
egetation

%_Qsuber*
%_Qrot*

Y%_othersp*

Coverage of cork oak Quercus suber in tree covered surfaces in a 100m radius around

the nest tree %

Coverage of holm oak Quercus rotundifolia in tree covered surfaces in a 100m radius

around the nest tree %

Coverage of other tree species in tree covered surfaces in a 100m radius around the

nest tree %

Long_tracks*
D_road*
D_const*
D_track*

Length of not paved tracks in a 500m radius around the nest tree m

Distance from the nest tree to the nearest paved road m

Distance from the nest tree to the nearest human building m
Distance from the nest tree to the nearest unpaved track m

Human disturbance

Statistical analyses

To select the independent
variables to be included in each model
the correlation between the continuous
candidate variables was checked using
Spearman’s rank correlation (g) index.
The wvariable %_Qrot (see Table 1)
showed with
%_scree-rock (o= -0.61) and %_othersp
(0= -0.66) and, therefore, %_Qrot was
not included in any model. In order to
explore the influence of each group of
Vulture
breeding success, we established a set

strong  correlations

variables in  Cinereous

of a priori competing generalized lineal
models (6 models, see Table 2). In all
cases, the response variables were
binary (success/failure) and so we used
binomial family errors and logit-link
We looked
overdispersion through the dispersion

functions. for
parameter, which was calculated for
each model by dividing the residual
deviance by the residual degrees of
freedom (Crawley 2007). No model
showed dispersion parameters greater
than 1.5,

compensate

so we did not have to

for overdispersion
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(Crawley 2007). Model selection was
done wusing Akaike’s
Criteria (AIC), duly corrected for small
Akaike’s
weights (wj, for each model j) as an
index of the strength of evidence of
each model (Burnham & Anderson
2002). All analyses were conducted
with  the software R.2.12.0 (R
Development Core Team 2008).

Information

sample size, as well as

RESULTS

After comparing and selecting
the models exploring the effects in
Cinereous Vulture breeding success,
the most parsimonious model (model 6)
included the effect of nest and tree
characteristics, together with variables
describing vegetation around each nest
(Table 2).

From the model 6, we found
that  breeding
according to the height of the nest-tree
(0.43 0.15
error-), the diameter of the nesting
platform (0.13 + 0.52), the abundance of
trees higher than 4m around the nest-
tree (0.11 + 0.05), the height of the shrub
(0.73 + 0.41) and the coverage of tree
(0.06 + 0.02 for all tree species, 0.01 +
0.01 for cork oak, 0.11 = 0.05 for other
species than cork and holm oak), shrub
(0.04 = 0.01) and scree (0.02 + 0.01)
within 100 m around the nest (Figure
1). By
seemed to be negatively affected by the

success increases

—coefficient- =+ -standard

contrast, success

breeding

degree of deterioration of the nest (-2.43
+1.51).

Table 2. Multiple hypotheses testing aimed at assessing the effect of Tree, Nest, Vegetation and
Geomorphologic characteristics on Cinereous Vulture Aegypius monachus breeding success, as
well as the effect of human-related disturbance. All the variables considered in these
characteristics see Table 1 are included in the models. K: number of variables, AICc: Akaike’s
Information Criterion corrected for small sample size, wi: Akaike weight of each model.

% explained

Model Deviance K AICc AAICc wi )
deviance

Model 1: Tree characteristics + Nest

characteristics + Vegetation + 113.60 20 104.44  3.87 0.09 3229

Geomorphologic + Human disturbance

Model 2 . Tree characteristics + Nest 114.73 4 115.73 15.15 000 498

characteristics

Model 3: Geomorphologic 111.54 4 121.45  20.88 0.00 1.39

Model 4: Vegetation 118.66 114.00 13.43 0.00 9.59

Model 5: Human disturbance 118.66 122.24 21.67 0.00 0.67

Model 6: Tree characteristics + Nest 114.73 1 100.57 0.00 0.62 0484

characteristics + Vegetation
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DISCUSSION

The results obtained in this study show
how variables related to the solidity of
the nest structure, to the height of the
nest-tree, to the length of the diameter
of the nest and to the vegetation at
landscape scale (greater tree, shrub and
scree coverage and high of the shrub)
may influence the breeding success of
the Cinereous Vulture. Firstly, an
adequate support where to place the
nest is an essential precondition for
viable incubation and chick-rearing
periods (Margalida & Bertran 2000,
Dalley et al. 2008). For this reason,
breeding vultures constantly furnish
the nest with additional material to

0O Tree height

A Trees > 4min 25m rad (n)

yes no

Figure 1. Mean values + 95% confidence interval of
the variables included in the most parsimonious

model (model 6, Table 2) in relation to the

breeding

success yes/no. (A) Nest diameter and shrub height

in m. (B) Tree height in m and number (n)

of trees

taller than 4m height within a radius of 25m
around the nest. (C) Coverage in % of trees, shrub
and scree around a radius of 100m around the nest.

ensure it is always in a good state of
repair. Taller nesting trees facilitate the
tasks involved in successful nesting:
they make it easier for birds to access
the nest (Donazar et al. 2002), increase
the possibility of detecting predators or
other sources of disturbance (Magana et
al. 2010, Margalida et al. 2011) and can
support the weight of larger nests
(Fargallo et al. 1998). At vegetation
level, the determinant wvariables in
breeding success could be related to 1)
accessibility: dense forests with high
shrub hamper access by pedestrian
potential predators or other elements
liable to cause disturbance (Aubad et al.
2010), and 2) a positive selection of
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certain plant communities, in this case,
cork-oak forests or prickly juniper
(authors unpubl. data).

The results from present work
differ from those reported by previous
studies that have evaluated factors
determining reproductive success of
the Cinereous Vulture in other Spanish
colonies (Donazar et al. 2002, Moran-
Lépez et al. 2006b). First of all, it has to
be taken into account that the present
work has been achieved for one
breeding season, so conclusions might
be considered these
circumstances (Brotons et al. 2007). In
terms of the variables at landscape

within

scale, in all previous studies greater
breeding success was found to occur in
areas at higher relative altitude, on
steeper, more rugged slopes, and on
slopes not facing north (Donazar et al.
2002, Moran-Lopez et al. 2006b). Other
important
Cinereous Vulture breeding territories
is the effect of human disturbance on
breeding success (Margalida et al. 2011).
Variables related to this effect were

issue  when managing

only reported to influence breeding
success in the two colonies studied by
Donézar et al. (2002). They found that
less human presence had a positive
effect on breeding success. This factor is
generally seen to be important on
nesting habitat selection in the
Cinereous Vulture (Fargallo et al. 1998,
Poizaridis et al. 2004, Gavashelishvili et
al. 2006, Moran-Lopez et al. 2006a).
Moreover, studies on
Cinereous Vulture’s breeding success

previous

considered other types of variables,
such as climatic ones, obtaining that
higher temperatures, less rain during
the time the chicks are in the nest and
more rain in the preceding winter
favour breeding success (Moran-Lopez
et al. 2006b). On the other hand, before
the current study no previous work had

ever analyzed the importance of
variables related to the micro-habitat
scale (nest and tree characteristics).

One important
determining the breeding success of the
Cinereous Vulture not taken into
account in these studies, including the
present one, is the quality of the
breeding birds (Robinson et al. 2005,
Sanz-Aguilar et al. 2008). There is a
correlation physical
characteristics of the individual (i.e.
age, experience, etc.) and the quality of
the breeding site, as occurs in other bird
species (Velando & Freire 2001).
Additionally, the quality of the
breeding site may also be related to the
birds” preferences or to the direct
effects of environmental characteristics
on the breeding success (Lascroel et al.
2009). The consideration of these factors
in the study might have increased the
accuracy and representativeness of the
results, but we did not achieve a priori
the assessment of the breeding quality
of the birds.

The wuse of

variable

between the

heterogeneous
modelling procedures could affect the
precision of generated by
comparing different studies (Katzner et
al. 2007, Drew et al. 2010). Besides
differences in the variables studied,
sources of variation among studies also
exists in a number of other aspects
(Moreno-Opo et al. 2012): the type of
habitat of the studied colonies (nests in
pines or oaks), the number of studied
breeding pairs (Dondzar et al. 2002,
Moran-Lopez et al. 2006b), ecological
and socio-economic
between different areas, data gathering
carried out in just one or in more than
one years (Brotons et al. 2007) or the
number of variables studied (Moreno-
Opo et al. 2012). Moreover, numerous
non-controlled
contribute to determine the breeding

results

differences

variables could
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success in this species, which may
influence the results, as the values of
explained variance or deviance would
seem to suggest for the studied colonies
in Dondzar et al. (2002) (0.02, 0.03),
Moran-Lopez et al. (2006b) (0.15, 0.59,
0.63) and the present study (0.24). The
non-controlled variables could be a
product of physiological, health or
genetic aspects of the birds themselves
(Ricklefs & Wikelski 2002, Hogstad
2005), or mortality factors that affect
certain individuals according their age
class or sex (Hernandez & Margalida
2008, Margalida et al. 2008).

Implications for the conservation of
endangered forest species

Firstly, mature, well-evolved
forests harbouring tall trees must be
conserved. Such forest are the source
areas and guarantee good numbers of
offspring that will increase the relative
abundance of the species (Lindenmayer
et al. 2000) and mitigate the effects of
non-controlled mortality (Hernandez &
Margalida 2008). Secondly, areas of
mature forest in wild landscapes with
steep
breeding areas for large forest raptors
such as the Cinereous Vulture. Finally,
human presence and activity in natural
areas negatively affect the presence of

slopes are the most critical

threatened species (Martinez-Abrain et
al. 2010) and their reproductive success
(Donazar et al. 2002). Thus, it is
essential to establish buffer areas to
avoid  disturbance by  forestry
management (Arroyo & Razin 2006,
Gonzalez et al. 2006) and/or reach
collaboration agreements with local
agents to ensure that management tasks
are compatible with conservation aims
(Margalida et al. 2011).

Nevertheless, these
recommendations should not eschew
the aspects that most affect the

conservation of a long-lived raptor
species: 1) the need to guarantee a
suitable survival rate in adult birds
(Oro et al. 2008, Carrete et al. 2009,
Ortega et al. 2009) by fighting the illegal
use of poisoned bait and accidents
occurring on certain types of large
infrastructures (Guitart ef al. 2010), and
2) the maintenance of a minimum
of habitat in good
conservation status in which birds can
carry out their breeding, feeding and
rest requirements (Harris et al. 2005).

surface area
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Area de campeo y alimentacion del buitre negro segun recursos
ganaderos en el centro de Espana

Se analizan las 4reas de campeo del buitre negro en las que se alimenta de caddveres de
ganado doméstico, en una colonia del centro-sur de Espafia, mediante un método
indirecto de estima de las zonas de movimiento a través de localizaciones de
alimentacion. Entre 2004 y 2008 se recogieron 377 crotales en las inmediaciones de
nidos y posaderos de la especie, y se averigud su procedencia geografica. Los codigos
individualizados de los crotales permitieron obtener localizaciones donde los buitres
negros se alimentaron, a escala de explotacién ganadera. La distancia media entre los
lugares de recogida y de procedencia del crotal fue de 26,3 km (SD = 36,1). Los vuelos
lineales oscilaron entre los 7,9 km y los 342 km. El poligono minimo convexo de todas
las localizaciones resulté de 66.732,28 km?2. El drea de campeo en que los buitres negros
se alimentaron de carrofias de ganado (al 95 % de probabilidades, segtin el analisis
Kernel) alcanzé 152.290,13 ha. Se discute la metodologia empleada en este trabajo
comparandolo con otros estudios similares que usaron el radioseguimiento como
técnica de localizacion. Las diferencias de método han supuesto probablemente que las
areas de campeo y las distancias de vuelo obtenidas resultaran distintas. Estas
consecuencias se analizan en relacion a los tipos de presa disponibles, a los
aprovechamientos econdmicos del medio, al tipo de habitat y a la presencia de fuentes
predecibles de alimento.
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FORAGING RANGE AND DIET OF CINEREOUS VULTURE
AEGYPIUS MONACHUS USING LIVESTOCK RESOURCES
IN CENTRAL SPAIN

AREA DE CAMPEO Y ALIMENTACION DEL BUITRE NEGRO
AEGYPIUS MONACHUS SEGUN RECURSOS GANADEROS
EN EL CENTRO DE ESPANA

Rubén MORENO-OPO* !, Angel ARREDONDO* and Francisco GUIL*

SUMMARY.—Foraging range and diet of cinereous vulture Aegypius monachus using livestock
resources in central Spain.

We analysed the foraging area of cinereous vultures from a breeding colony of central Spain which
were feeding on livestock carcasses by an indirect method that estimated movement ranges and feeding
locations. Between 2004 and 2008 we checked the origin of 377 cattle tags, collected at nests and perches
of the species. Using the individual codes of tags, we obtained the location (livestock exploitation) where
the vultures fed. The average distance of the locations was 26.3 km (SD = 36.1). The linear flight routes
ranged from 7.9 km to 342 km from the point of tag collection. The minimum convex polygon of all
locations was 66,732.28 km”. The home range of cinereous vultures feeding on carcasses (95 %, analysis
Kernel) was 152,290.13 ha. We discuss the methodology used in this study compared to others using
radiotracking as the location technique. Differences between methods probably explain why estimates
of foraging areas and distances varied widely. These differences are analysed in relation to the different
prey categories, the economic land use, type of habitat and the presence of predictable sources of food.

Key words: Aegypius monachus, carcass, cattle tags, cinereous vulture, diet, livestock, foraging range.

RESUMEN.—Area de campeo y alimentacién del buitre negro Aegypius monachus segiin recursos ga-
naderos en el centro de Esparia.

Se analizan las dreas de campeo del buitre negro en las que se alimenta de cadaveres de ganado do-
meéstico, en una colonia del centro-sur de Espafia, mediante un método indirecto de estima de las zonas
de movimiento a través de localizaciones de alimentacién. Entre 2004 y 2008 se recogieron 377 crota-
les en las inmediaciones de nidos y posaderos de la especie, y se averigud su procedencia geografica.
Los cddigos individualizados de los crotales permitieron obtener localizaciones donde los buitres ne-
gros se alimentaron, a escala de explotacién ganadera. La distancia media entre los lugares de recogida
y de procedencia del crotal fue de 26,3 km (SD = 36,1). Los vuelos lineales oscilaron entre los 7,9 km
y los 342 km. El poligono minimo convexo de todas las localizaciones result6 de 66.732,28 km?. El drea
de campeo en que los buitres negros se alimentaron de carrofias de ganado (al 95 % de probabilidades,
segun el andlisis Kernel) alcanzé 152.290,13 ha. Se discute la metodologia empleada en este trabajo
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comparandolo con otros estudios similares que usaron el radioseguimiento como técnica de localiza-
cién. Las diferencias de método han supuesto probablemente que las areas de campeo y las distancias
de vuelo obtenidas resultaran distintas. Estas consecuencias se analizan en relacién a los tipos de presa
disponibles, a los aprovechamientos econémicos del medio, al tipo de hdbitat y a la presencia de fuen-

tes predecibles de alimento.

Palabras clave: Aegypius monachus, area de campeo, buitre negro, carrofia, crotal, dieta, ganado.

INTRODUCTION

Prey abundance, distribution, ocurrence and
size are likely to influence foraging areas and
home range characteristics of scavenging rap-
tor species (Costillo et al., 2007; Margalida
et al., 2009) and, therefore, determine their
feeding behaviour and associated territoria-
lity (Hiraldo, 1977; Dondzar, 1993). Foraging
areas of the cinereous vulture have been stu-
died in different regions where the species
occurs (Carrete and Donézar, 2005; Costillo,
2005; Vasilakis et al., 2006). Efforts have been
mainly directed to knowing the extension of
these areas and to evaluate the impact that
food availability has on them, as well as va-
riations depending on the season and invidual
age classes. This knowledge is the basis for
assessing food resource availability, habitat
selection patterns and the influence of diffe-
rent threats.

We report the locations where cinereous
vultures fed on livestock carcasses in relation
to their breeding colony in south-central Spain.
The aim is to define the extension and loca-
tion of feeding areas of the species in order to
implement efficient management and conser-
vation strategies.

MATERIAL AND METHODS

Fieldwork was carried out in the Umbria
de Alcudia cinereous vulture breeding colony,
in Ciudad Real province (figure 1). This co-
lony holds the fourth largest aggregation in
Spain, with 129 pairs in 2006 (De la Puente
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et al., 2007). This is an area mainly covered
by Mediterranean forest, with tree species in-
cluding Quercus suber, Quercus rotundifolia,
Junniperus communis and Arbutus unedo,
and a thick bush and understory development.
Nests are located on mountain slopes ranging
in altitude between 736 and 1.178 m a.s.I. This
area is inhabited by significant populations of
wild ungulates (i.e., red deer Cervus elaphus
and wild boar Sus scropha) and lagomorphs,
while in the surrounding areas there are dehe-
sas —parkland with varying densities of trees
and agricultural land with abundant livestock
populations. Between 2004 and 2008, in the
period October-December, cinereous vulture
food remains were collected from close to 88
nests and 11 perches in the colony. 480 cattle
tags were found among the food remains. The
origin of animals that wear cattle tags can be
identified, because these plastic marks have
the individual codes of the farm of origin and
the municipality in which it is located. The
cinereous vultures ingest these tags, which
are later regurgitated in pellets. Therefore,
cattle tags show at a livestock farm scale the
location where cinereous vultures have inges-
ted the prey.

In order to know the exact origin of the cat-
tle tags an information request was addressed
to the Official Livestock Administrations. This
search revealed the origin of 377 units (78.5 %
of the total). The species that carries the plas-
tic tag is known based on the use described
in the official databases of the farms and/or
through the written code on the tag.

Cinereous vulture individuals that ingested
cattle tags were any individuals that had been
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FiG. 1.—Study area in the Iberian Peninsula, including the cinereous vulture Aegypius monachus breeding
colony and the foraging locations obtained through the collection of livestock tags.

[Area de estudio del presente trabajo, incluyendo la colonia de buitre negro Aegypius monachus objeto
de seguimiento y las localizaciones de presencia obtenidas. |

presented in the breeding colony during the
study period. Results do not show the fora-
ging areas of specific age classes or sexes.
However, given that 95 % of the cattle tags
had been collected directly under nest sites,
these suggesting that individuals that had in-
gested the tags were probably established as
breeders in the colony.

The feeding area has been considered as
the total surface where feeding locations have
been registered. It has been expressed through
the Minimum Convex Polygon (MCP; Mohr,
1947). MCP is defined as the area formed by
the outer polygon encompassing all the points
where the studied animals have been loca-
ted. The foraging range is referred to as the
probability of finding locations using Kernel
polygons (Worton, 1989; White and Garrot,
1990). These are surfaces delimited by pro-
bability isolines of finding the locations of the
studied animals; in most studies it is shown the

95 % of probability though the present work
also offers other probability values. The spa-
tial analysis has been conducted with ArcView
GIS 3.1. software, Animal Movement exten-
sion. Similarly, distances travelled by the birds
were obtained, taking as point of origin the lo-
cation where cattle tags had been collected in
the colony and as destination the geographic
centre of the farm of origin of the tag.

RESULTS

Cinereous vultures of the Umbria de Alcu-
dia colony feed in an area of 66,732.28 km?
(table 1). There have been feeding points in the
provinces of Ciudad Real, Cérdoba, Badajoz,
Jaén, Cuenca and Céceres. The foraging ran-
ge of the studied individuals, in a 95 % proba-
bility Kernel polygon (White y Garrot 1990),
has resulted 152.290,13 ha (table 1, figure 2).
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114 MORENO-OPO, R., ARREDONDO, A. and GUIL, F.

TABLE 1

Foraging and feeding areas and distances of the foraging locations of cinereous vultures Aegypius

monachus in central Spain.

[Areas de alimentacion y distancias entre las localizaciones de alimentacion de buitres negros Aegypius

monachus en Esparia central. ]

Feeding area (MPC, km?)

Area de alimentacion (MPC, km?) 66,732.28
95 % 152,290.13
90 % 83,516.97

Foraging range (ha) 80 % S1,172.54

Area de campeo (ha) 70 % 40,640.08
60 % 32,463.15
50 % 25,401.11

Average distance among foraging and tags collection locations (km)

Distancia promedio de localizaciones de alimentacion al punto 26.3 (= 36,1)

de recogida de crotales (km)

Maximum foraging distance (km)

. L . . 342
Distancia mdxima de alimentacion (km)
Minimum foraging distance (km) 79

Distancia minima de alimentacion(km)

It was possible to determine the species for
74.8 % of the tags. 54.6 % of the tags were
put in pigs, 37.1 % in sheep/goats and 8.3 %
in cattle.

DiscussioN

The method assigning feeding locations in
this study is novel and different with respect to
the majority of previous works (Corbacho et
al., 2004; Carrete and Donazar, 2005; Costi-
1o, 2005; Vasilakis et al., 2006) which deter-
mined foraging areas based on the telemetry
of specific individuals. Radiotracking allows
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a larger number of locations of the different
studied cinereous vultures -1.219 (Corbacho
et al., 2004), at least 673 (Carrete and Dona-
zar, 2005) and 929 (Vasilakis et al., 2006) vs.
377 cattle tags recovered over five years of
work in the present study. Moreover, and ta-
king into account the errors assigned to the
technique (White and Garrot, 1990; Kenward,
2001), telemetry enables precise location of the
foraging areas of the studied species. Further-
more, radiotracking specific individuals allows
assessment of possible variations in foraging
ranges among age classes and sexes and at
different times of the year (Corbacho er al.,
2001; Costillo et al., 2007), while the impos-
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FiG. 2.—Home range of cinereous vulture Aegypius monachus in the studied breeding colony. It includes
the different probabilities of occurrence in Kernel polygons (ArcView GIS 3.0, Animal Movement), the
outline of the studied colony (thick black line), the origin of the cattle tags (black dots) and the Natura

2000 network in the area (grey shading).

[Areas de campeo de los buitres negros Aegypius monachus presentes en la colonia objeto de estudio,
expresado segiin las distintas probabilidades de aparicion en poligonos Kernel (ArcView GIS 3.0, Ani-
mal Movement). Se muestra el contorno de la colonia estudiada (linea negra gruesa), las localizaciones
de procedencia de los crotales (puntos negros) y la trama de espacios incluidos en Natura 2000.]

sibility of knowing which individual has in-
gested the cattle tag prevents carrying out
these comparisons. Finally, the main limiting
factor for using cattle tags in these studies is
that it is not possible to track the searching
movements for finding non ear-tagged dead
animals, mainly wild ungulates and lago-
morphs, which are of great importance in the
diet of the cinereous vulture (Corbacho et al.,
2007). This limits the general conclusions
about the entire foraging area used by the
species. Nevertheless, the use of cattle tags as
location technique has several methodologi-
cal advantages. The samples correspond to
the foraging pattern of a large number of in-

dividuals, since they were collected in 88
different nests and 11 perches over five con-
secutive years of work. In the previously ci-
ted works, the maximum number of tracked
cinereous vultures was 14 (Carrete and Do-
nazar, 2005). In addition, to know the origin
of the tags involves locating an unmistakable
feeding point; scavengers ingest these tags
along with the whole biomass.

The foraging area of the cinereous vulture
estimated herewith is larger compared with
that obtained in other studies (table 2). The
size of the foraging range could be related to
the number of studied individuals, as well as
to the relatively large population size of the
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studied colony, the period of the annual cycle
or the availability of food resources (Costillo,
2005; Costillo et al., 2007). In this work, the
number of vultures carrying cattle tags to the
collection points is unknown. Therefore, re-
sults are expressed as the total of all the indi-
viduals of the breeding colony. For this rea-
son, as there is greater potential variability in
the foraging behaviour, the foraging range
should have been larger than that obtained by
tracking a few individuals (Carrete and Do-
nazar, 2005; Vasilakis et al., 2006). When
pooling breeding and non-breeding birds, the
size of the feeding area increases (Corbacho
et al., 2004), giving similar values to those
obtained in the present work. However, the
reported areas could have been overestima-
ted by not registering the feeding on poten-
tial wild prey species abundant in the close vi-
cinity of the colony. The Kernel probability
polygons are determined by the number of
locations, so that when no records exist in the
close surroundings of the colony, these poly-
gons could cover wider and remote areas ba-

MORENO-OPO, R., ARREDONDO, A. and GUIL, F.

sed exclusively in the presence of livestock.
The nearest areas around the breeding nuclei
offer only wild prey to cinereous vultures —
rabbit Oryctolagus cuniculus, Spanish ibex
Capra hispanica, red deer and wild boar. The-
se areas are covered by mature Mediterranean
forests and rangelands with no livestock ex-
ploitation. Therefore, these two factors (type
of available prey and habitat) are of great im-
portance for the configuration of the foraging
areas because they determine search patterns
(Carrete and Donazar, 2005) and could reflect
an increase in their extension (table 2).

The distances travelled while foraging are
on average higher than those of other simi-
lar studies (26,3 + 36,1 —SD— km, as compa-
red to 16,1 + 14,0 —SD— km in Corbacho et
al., 2004).

It has to be noted that 54.5 % of the obtai-
ned locations came from a single vulture res-
taurant, with a continuous input of food; this
illustrating the importance of these places for
the management and conservation of scaven-
ging birds (Dondzar, 1992; Camifia and Mon-

TABLE 2

Home range (ha) of cinereous vulture Aegypius monachus individuals, in 95 % Kernel polygon (Arc
View GIS 3.1). References: ' Costillo, 2005; 2 Carrete y Dondzar 2005; 3 Vasilakis et al. 2006; * present

study.

[Area de campeo (en ha.) de individuos de buitre negro Aegypius monachus, considerando el poligono
Kernel al 95 % (Arc View GIS 3.1). Fuentes: ! Costillo, 2005; 2 Carrete y Dondzar 2005; 3 Vasilakis et

al. 2006; * presente estudio.]

Study area Breeding Seaton Non breeding Seaton
Area EPOCG reproductora " E[)()Cll no Fe‘pl’OdMC[O}’[l !
Sierra de San Pedro' 66,755 £ 71,397 6 15,526 + 4,240 4
Sierra Pelada® 135,430 + 58,965 14 77,775 + 35,021 6
Dadia National Park?® 61,203 + 22,391 6
Umbria de Alcudia* 152,290.13
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telio, 2006; Carrete et al., 2006; Moreno-
Opo et al., 2007). This has probably altered
the natural foraging and movement patterns,
these being routinely directed towards a spe-
cific point where food is abundant and pre-
dictable (Robb et al., 2008; Carrete et al.,
2009). On the other hand, it would be interes-
ting to evaluate the relationship between li-
vestock availability in the foraging areas and
the diet proportion obtained in the present
work (Savage, 1931) in order to check the se-
lection of some prey categories or to test the
influence of the official management proce-
dures towards different kind of carcasses (Gar-
cia de Francisco and Moreno-Opo, 2009; Mo-
reno-Opo et al. 2010).

Cinereous vulture conservation depends on
the land management where it is to be found.
While breeding sites have a strictly enforced
protection level (Moreno-Opo, 2007), mana-
gement efforts in foraging areas are still inci-
pient (Carrete and Donézar, 2005). The main
threats to this and other scavenging raptor
species come from the scarcity and poor qua-
lity of the food, including poisoning (Gonza-
lez and Moreno-Opo, 2008; Hernandez and
Margalida, 2008; Margalida et al., 2008, Her-
nandez and Margalida, 2009). Therefore, one
of the most effective conservation measures
is evaluating food resources, ensuring their
availability and quality (Dondzar et al., 2009).
The first step to undertake these conservation
actions is to know and to delimit areas where
the species is present at different life cycle
periods.
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Factores que influyen en la presencia de buitres negros en
carronas: preferencias alimentarias e implicaciones para la
gestion de puntos de alimentacion suplementaria

Se estudiaron los factores que determinan la presencia del buitre negro en 134 aportes
de carrona depositados experimentalmente en distintas Zonas de Especial Proteccion
para las Aves (ZEPA) del oeste y centro de Espafia. Nuestros objetivos fueron evaluar
el aprovechamiento de estos caddveres y otros subproductos animales con el fin de
averiguar las preferencias de alimentacion del buitre negro y, de este modo, formular
recomendaciones para la gestion de puntos de alimentacidon suplementaria especificos
para esta especie de buitre. Los resultados sugieren que el nimero de buitres negros
que acuden a alimentarse en los aportes de carrona esta relacionado con la cantidad de
biomasa existente y con los tipos de trozos y partes en que se presenta el alimento. El
buitre negro selecciona piezas musculares de tamafio mediano y pequefios trozos
periféricos de carne y tenddn. El tiempo que transcurre antes de que los buitres negros
comiencen a consumir la carrofia depende de la cantidad de biomasa existente, del
numero de trozos en las que esta carrofa esté dividida, y del tipo de formato en que se
suministre (trozos pequenos y medianos mas favorables que piezas grandes; y trozos
mas dispersos mas favorable que todos en un mismo punto). Por otro lado, la densidad
poblacional relativa de la especie en nuestra drea de estudio y la fase del ciclo
reproductivo en que se encuentre parecen determinar el tiempo invertido en la
alimentacion sobre los cadaveres. Estos resultados pueden ayudar a los gestores a
optimizar la creacion y el manejo de puntos de alimentacion suplementaria para
favorecer su uso por el buitre negro.
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In Europe, vultures have mainly fed on carrion from
wild and domestic ungulates. The main sources of
the carcasses were the death of wild ungulates (nat-
ural and non-natural mortality through hunting
practices) and extensive livestock grazing (Donazar
et al. 2009a). Alternative food sources included the
traditional 'muladar' (place where livestock car-
casses were traditionally dumped so that scavenger
birds could eat them and thus get rid of them) and,

© WILDLIFE BIOLOGY 16:1 (2010)

more recently, artificial supplementary feeding sites.
The supplementary feeding sites were created in an
effort to increase the vulture populations and their
breeding parameters, as well as to facilitate the spe-
cies’ geographical expansion and reduce the risks of
consumption of micro-pathogen/pesticide contam-
inated prey (Donazar et al. 2009a). However, since
2004, the appearance of Bovine Spongiform En-
cephalopathy (BSE) significantly reduced the pres-
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ence of food in the field. The precautionary principle
of banning the dumping of animals that died in the
field in order to avoid zoonoses and livestock trans-
missible diseases spreading, and the decrease in
trophic availability due to the closing of the
'muladares’', may affect the feeding habits and for-
aging behaviour of scavengers and thus have major
implications for the conservation of endangered
vultures (Tella 2001, Garcia de Francisco &
Moreno-Opo 2009, Donazar et al. 2009b). In this
respect, the sudden changes in the availability of
food may cause changes in the species’ population
dynamics (Ostfeld & Keesing 2000). In the case of
scavenger birds, a rapid significant reduction in
food availability can have a negative impact on
population parameters, since these are K-selected
species characterised by long life cycles and low
fecundity rates (Donazar 1993, Moreno 2002).

In Spain, the implementation of public health
regulations has led to a reduction in the availability
of livestock carcasses (Camifia & Montelio 2006,
Moreno-Opo et al. 2007). This has resulted in an
increase in the number of malnourished young vul-
tures being taken to wildlife recovery centres, and an
increase in the number of reports of attacks on neo-
natal and non-neonatal livestock by Eurasian grif-
fon Gyps fulvus and cinereous Aegypius monachus
vultures (see Donazar et al. 2009a).

The management of trophic resources is of great
importance for the conservation of threatened spe-
cies (BirdLife International 2004, Jones 2004) such
as the cinereous vulture, a species considered 'Near
Threatened' by IUCN (BirdLife International
2009). The Spanish cinereous vulture population is
estimated at 1,845 pairs, which represents 98% of
the European population and between 18-25% of
the world population (De la Puente et al. 2007,
Moreno-Opo 2007). Some of the main threats come
from the lack of natural food and its poor quality
(Sanchez 2004) as well as poisoning from the con-
sumption of pesticide-contaminated prey (Hernan-
dez & Margalida 2008). Thus, the application of
measures for the management of trophic resources
through feeding stations may constitute an effective
conservation tool.

The cinereous vulture mainly feeds on the
carcasses of rabbits, sheep and wild ungulates (see
Hiraldo 1976, Corbacho et al. 2007). However,
changes in the availability of prey over the last 30
years have led to a decrease in the number of rabbits
in its diet and an increase in the consumption of
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domestic ungulates (Corbacho et al. 2007, Costillo
et al. 2007). For the conservation of this species,
detailed knowledge of its diet and which specific
anatomic parts of a carcass it prefers may constitute
a fundamental tool for the design of conservation
strategies (see for example Margalida et al. 2009).

In our study, we aim to assess the use of carcasses
and food preferences by cinereous vultures, and to
provide recommendations for the future establish-
ment of vulture restaurants. We obtained informa-
tion directly in the field through the experimental
placing of carcasses and by-products. Our results
allow us to provide recommendations regarding
how to optimise the future management of specific
supplementary feeding stations for the management
and conservation of the cinereous vulture.

Material and methods

Study area

The fieldwork was carried out in six Special Pro-
tection Areas for Birds (SPA, Fig. 1) in the regions
of Extremadura and Castilla-La Mancha (western
and central Spain). These are areas with rolling hills
and mountains with vegetation dominated by holm
oak Quercus ilex and cork oak Q. suber, in which
most of the species’ nests are located. In our study,
the carcasses were delivered at altitudes ranging
between 336 and 788 m a.s.l., in the proximity of six
cinereous vulture breeding colonies, which included
the four largest colonies in Spain: Sierra de San
Pedro (336 pairs), Monfragiie (287 pairs), Caba-
fieros (165 pairs) and Umbria de Alcudia (129 pairs)
(De la Puente et al. 2007). The distance between the

L ~

\ »
CASTILLA-LA MANCHA

. SPASiemade
los Canalizos

SPA Rio Guadalén
\

Figure 1. Study area with the six Special Protection Areas for Birds
in which the carrion was delivered.
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feeding sites and the nests occupied by the species
ranged between 0.97 and 39.1 km.

Fieldwork and variables studied

Our study was carried out between December 2003
and December 2006. We monitored 134 carcasses,
spread out homogeneously over the different
months and years. The remains were delivered to
67 different sites in 13 private estates. The feeding
sites were chosen as randomly as possible and were
in no case determined by the presence of fenced-in
'muladares'. The carcasses were monitored by the
observers, using 20-60 x telescopes at distances of >
500 m, so that their consumption and the vultures’
behaviour could be studied without disturbing the
birds. The species delivered as carrion were all
present in our study area. The following species
were delivered: 2,945 carcasses of red deer Cervus
elaphus, 113 of sheep Ovis aries, 178 of wild boar Sus
scrofa, one of pig Sus scrofa var. dom., 21 of fallow
deer Dama dama, 14 of mouflon Ovis musimon, one
of cow Bos taurus, and two of red fox Vulpes vulpes.
Each carcass delivered was monitored for a maxi-
mum of 48 hours after it was deposited (carcasses
generally were eaten during this period), and until it
was consumed. Five response parameters were con-
sidered in order to assess the presence of the cine-
reous vulture at the studied carcasses, in accordance
with their characteristics: 1) the number of cinere-
ous vultures that came to the carcass, 2) the ratio of
cinereous vultures to griffon vultures, 3) the ratio of
non-adult cinereous vultures (juveniles and sub-
adults pooled) to the adults (> 5 years), 4) the time
the vultures took to start eating, considering this to
be the interval of time between the moment the
carcass was delivered until the first cinereous vulture
started to eat, and 5) how long the birds ate for,
considering this to be the time that elapsed between
the moment the first cinercous vulture started eating
and the time when the last cinereous vulture at the
carcass stopped eating. These parameters were re-
lated to a series of explanatory variables in order to
analyse their influence on the presence of vultures
(Table 1).

The number of nests around the site where the by-
products were delivered was selected as an explan-
atory variable of the density of cinereous vultures,
since, as a central foraging species, the nest is the
origin of the foraging activity for territorial mem-
bers of this species (Carrete & Donazar 2005). Based
on the home ranges of individual cinereous vultures

© WILDLIFE BIOLOGY 16:1 (2010)

during the breeding season, which were obtained
from the literature (Carrete & Donazar 2005, Co-
stillo 2005, Vasilakis et al. 2006), we estimated the
daily flight distance of the vultures at 16.4 km
average radius (N =3). Thus, this distance was con-
sidered a theoretical radius for calculating the num-
ber of nests present around the location of the deli-
vered carcasses, in order to then divide the cinereous
vulture population density into three categories
(low, medium and high; see Table 1).

In order to discover how often the carcasses were
used by different age classes (juvenile, subadult and
adult) in accordance with breeding stage, observa-
tions were grouped into three periods: incubation (I:
February-April), chick-rearing (CR: May-August),
and the non-breeding period (NB: September-
January), partially corresponding to post-fledging
and pre-laying periods.

In parallel, in order to determine the most con-
sumed parts of the supplied carcasses, a series of
categories were established to approximate food pre-
ferences: 1) all kinds of remains from the carcass
(vultures feeding indistinctly on all kinds of remains
available, from the whole carcass to muscular
pieces, entrails, etc. both concentrated in one place
and/or scattered), 2) muscular pieces extracted from
a whole carcass, 3) loose medium-sized muscular
pieces (0.2-5 kg), 4) entrails in a whole carcass, 5)
entrails scattered around a carcass, and 6) small
peripheral scraps of meat and tendons. The obser-
vations of the different carcasses were independent
and more than one category was noted, in accor-
dance with the feeding activity displayed by the
birds studied.

Statistical analyses

We conducted three different statistical analyses
based on ecological issues considered in the study.
First, in order to determine the appearance patterns
of the cinereous vultures in accordance with the
different explanatory variables considered, we fitted
General Linear Models (GLM). This analysis aims
to establish an applicable and predictable relation-
ship between the presence of the cinereous vulture at
carcasses (expressed as five response parameters)
related to the different predictor explanatory vari-
ables (see Table 1). All the explanatory variables
were included in the analysis as independents. The
independent variables 'estate' and 'SPA' were
nested as they were integrated, since the different
estates were grouped together in each of the SPAs
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Table 1. Independent variables assessed to analyse the presence of the cinereous vulture at carcasses through GLM analysis (* =
continuous variable, ** = categorical variable), and description of the categories and the field of study referred to by the variables.

Field of feeding

Variable Categories  Description of the category or variable ecology study
Format** 1 Whole carcass(es) Carrion typology
2 Whole carcass(es) and piled up scraps
3 Whole carcass(es) and scattered scraps (radius of up to 50 m)
4 Piled up scraps
5 Scattered scraps (radius of up to 50 m)

Biomass (kg)*

Number of items*
divided

Weight (kg) of the carcass delivered
Number of different items into which the carcass delivered was

Breeding period** Non-breeding

Outside of the breeding period, post-fledging and pre-laying

Time

periods (September-January)

Incubation
Chick-rearing
Time**

Incubation period (February-April)
Period when chicks are reared in the nest (May-August)
Time when the animal by-products were delivered

Plant cover*

Percentage (%) of land covered by vegetation > 50 c¢m high in

Habitat

a 100 m radius around the centre of the carcass

Cinereous vulture density ** Low
the feeding station
Medium
the feeding station
High

< 25 cinereous vulture nests within a 16.4 km radius around

Population density

26-75 cinereous vulture nests within a 16.4 km radius around

> 75 cinereous vulture nests within a 16.4 km radius around
the feeding station

Estate**

SPA**
delivered

Private estate in which the carcass was delivered

Location

Special Protected Area (SPA) in which the carcass was

studied. The dependent variables were fitted to a
binomial error, and a log link function was used.
The normality of residuals of the response param-
eters analysed was studied, in order to check the
required hypothesis to fit a GLM analysis. Five
multi-relation parameter-independent response
variable analyses were arranged to identify statisti-
cal significance of the variables. We first analysed
the number of cinereous vultures attending to the
carcasses in relation to the considered variables. The
initial model included: 'format of the carcass', 'bio-
mass delivered', 'number of items', 'plant cover',
'population density', 'breeding period', 'time' and
'SPA*estate' (nested). Then, we analysed four other
response parameters: the ratio of cinereous vultures
to griffon vultures at carcasses, the ratio of non-
adult to adult cinereous vultures at carcasses, the
time to arrival of cinereous vultures to begin feeding
and the time spent by cinerecous vultures feeding on
the carcass. The initial model was the same as that
described for the number of cinercous vultures
attending to the carcasses. For the sake of clarity, in
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our presentation, we reported only the significant
terms (factors and their interactions). All other fac-
tors not reported were non-significant (P > 0.05).

The second analysis was conducted to determine
the differences in the percentage of visits by different
age classes of cinereous vultures over the three phe-
nological periods considered (non-breeding, incu-
bation and chick-rearing). This was tested using
analysis of variance (ANOVA). When the ANOVA
results proved to be statistically significant, a post-
hoc analysis was made employing the Scheffé test to
identify differences between groups.

Finally, frequencies obtained in the observations
of the type of categories fed on by the cinereous
vultures were analysed using the y? test. Values are
presented as means = SD.

Results

Of the 134 carcasses monitored, a total of 3,136
visits of cinereous vultures and 10,610 visits of
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Table 2. Statistically significant relationships between the explanatory variables studied in relation to the response parameters, resulting

from the GLM analysis.

Response parameter Explanatory variable Sum of squares df F P
Cinereous vulture (N) that came Biomass delivered (kg) 55245.40 1(114) 103.49 0.00001
to the carcass Format of carcass 6468.58 4 (114) 3.03 0.0215
Time (minutes) elapsed until Biomass delivered (kg) 165054.30 1 (75) 7.22 0.0097
starting eating Format of carcass 230198.16 4 (75) 2.52 0.0520
Number of items of the carcass 238988.11 1 (75) 10.45 0.0022
Time (minutes) that cinereous Cinereous vulture density 87514.39 2 (74) 4.51 0.0158
vulture spent eating Breeding period 60211.66 2 (74) 3.11 0.0535
Special Protected Area for birds 190670.06 7 (74) 2.81 0.0151

griffon vultures were recorded. The average number
of cinereous vultures observed at each carcass was
23.40 £ 52.25 individuals (range: 0-400, N = 134),
with the average maximum number of cinerecous
vultures observed simultaneously at a carcass being
21 *= 26 (range: 2-110, N = 87). The average time
that elapsed between the carcass being delivered and
it being eaten was 236.64 = 134.42 minutes (range:
10-780, N=179). The average time the birds spent at
the carcass was 165.18 = 113.68 minutes (range: 12-
606, N = 78). The ratio of cinereous vultures vs
griffon vultures present at the carcass was 1.29 +
0.75 (range: 0-6.19, N=95).

The results of the GLM analysis were significant
for three of the five response parameters analysed in
relation to the total number of studied variables: the
number of cinereous vultures that visited the car-
casses (F = 23.05, df = 24, 114, P = 0.00001, ad-
justed R2=82.27%), the time that elapsed between
the delivery of the carcass until the first cinercous
vulture started eating (F = 1.83, df =24, 75, P =
0.035, adjusted R>=21.06%) and the time invested
by the cinereous vultures in eating each carcass (F=
2.17, df =24, 74, P=0.010, adjusted R?>=27.47%).
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Figure 2. Relationship between the total number of cinereous
vultures and the biomass present (kg) at the carcasses studied.
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The number of cinereous vultures that visited the
carcasses was positively related to the biomass
delivered, and significantly related to the format of
the carcass (Table 2, Figs. 2 and 3a). The time that
elapsed between the delivery of the carcass until the
first cinereous vulture started eating was signifi-
cantly related to the biomass delivered and the
number of items (see Table 2), and marginally
related with the format (see Table 2 and Fig. 3). The
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Figure 3. Number of cinereous vultures at carrion (A), and time
difference between carrion delivery and vulture feeding (B) in
relation to carrion format. 1) Whole carcass(es), 2) whole
carcass(es) and piled up scraps, 3) whole carcass(es) and scraps
scattered over a radius of up to 50 m, 4) piled up scraps, and 5)
scraps scattered over a radius of up to 50 m.
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Figure 4. Time differences between carcass delivery and vulture
feeding in relation to A) population density and B) breeding stage
(CR: chick rearing, I: incubation, NB: non-breeding).

time that the cinereous vultures spent feeding de-
pended significantly on the vulture density, and on
the SPA*estate interaction, and marginally on the
phenology (see Table 2 and Fig. 4).

With regard to age classes, the ratio of non-adult
cinereous vultures to adult cinereous vultures was
1.77 = 2.08 (range: 0-9, N=61). When we compared
the proportion of different age classes in the car-
casses through the breeding season, the adults vis-
ited the carcasses significantly more frequently
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Figure 5. Variation in the ratio of age classes of the cinereous
vultures present at the carcasses in accordance with breeding stage.
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Figure 6. Categories of pieces ingested by cinereous vultures on
different carcass parts: 1) all kinds of remains available at the
carcass, 2) muscular pieces in a whole carcass, 3) scattered,
medium-sized, muscular pieces, 4) entrails in a whole carcass, 5)
entrails lying around a carcass, and 6) small peripheral scraps and
tendons.

during the chick-rearing period (F = 4.75, df = 2,
73, P=0.001, Fig. 5), whereas the juveniles visited
the carcasses more frequently during the non-
breeding season (F =4.81, df =2, 73, P=0.011).
The subadults did not show significant differences
among periods (F=0.30,df=2, 73, P=0.74; see Fig.
5).

Carcass parts or remains most consumed among
the six categories considered showed significant dif-
ferences (y>=30.96, df=5, P=0.004, N=99; Fig. 6).
Cinereous vultures mostly fed on medium-sized
muscular pieces and small remains and peripheral
scraps, tendons etc. from the centre of the carcass,
with observations of individuals eating entrails
being rare, both at the carcasses and in the sur-
rounding areas.

Discussion

The variables that explained the higher abundance
and optimisation of the consumption of carrion by
the cinereous vulture depended on several factors.
Firstly, the quantity of biomass fed correlates di-
rectly with the total number of cinereous vultures
that congregated as found for griffon vultures (Bosé
& Sarrazin 2007), and also inversely with the time
that elapsed before they began to eat. The average
time the birds took to come to the carcass (214
minutes) was much lower than the time estimated
for the cinereous vultures in the Caucasus (1,122
minutes, Gavashelishvili & McGrady 2006). This
may be due to the proximity of the population nuclei
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and the high population density in our study area. In
this respect, the high average number of individuals
observed per carcass in our study (23.4 individuals),
suggests that the use of conspecifics as cues to food
location probably improves foraging success (Jack-
son et al. 2008). Secondly, the format of the food
remains appeared to determine the access time and
the total number of cinereous vultures attending the
carcasses. Thus, when scattered, small or medium-
sized remains were available, the cinereous vultures
started eating more quickly than when large
quantities of carrion were delivered to the same
feeding station, which could favour other species
such as the griffon vulture. This aspect could be of
interest in relation to interspecific competition,
dominance or ability to exploit food, which may
explain differing selection of the type of remains
(Hertel 1994, DeVault et al. 2003). Thus, the species
would appear to be favoured by the consumption of
medium-sized, relatively tough pieces, due to their
external morphological adaptations to this type of
food (Konig 1983).

The ratio of cinereous vultures compared with
that of griffon vultures feeding at the carcass can
constitute a measurement of the carrion consump-
tion efficiency, since the griffon vulture will take
more of the food at the carcass due to its numerical
dominance and the species’ adaptations to large
numbers of individuals consuming big carcasses
(Ko6nig 1983). Our results suggested that the ratio of
cinereous to griffon vultures is 1.29. These results
suggest a ratio favourable for the cinereous vulture
in comparison to all populations that live in the
Iberian Peninsula, presumably because the study
was carried out near large population nuclei of ci-
nereous vultures, where their relative density is
potentially greater (Carrete & Donazar 2005), and
due to the abundance of wild ungulates and ex-
tensively reared livestock.

The species’ breeding stage did not determine the
number of individuals that came to a carcass, but
was related to the duration of the consumption of
the food. Moreover, when the age classes were
separated in accordance with breeding stage, the
results suggested that the juvenile age class exploited
carcasses preferably during the winter, whereas
adults increased their consumption during the
chick-rearing period. This temporal segregation
could be explained by the breeding population’s
greater energy requirements during the breeding
season (Corbacho et al. 2007). In the case of the
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juvenile age class, the greater concentration during
September-January could coincide with the post-
fledging period before the start of juvenile dispersal.
The fact that young birds have less foraging ex-
perience makes them more dependent on the
movement of other scavengers such as the griffon
vulture (see Jackson et al. 2008). Thus, the juveniles
congregated in greater numbers during this period.
During the spring and summer, the greater avail-
ability of trophic resources, milder weather and the
start of the juvenile dispersal period could facilitate
the birds leaving the breeding sites, and, therefore,
could explain a lower number of birds at the feeding
sites. In addition, these variables could have an
impact on the time the cinereous vulture takes to
search for food and its flight efficiency (Hiraldo &
Donazar 1990).

Neither the number of nests in the radius around
the feeding stations nor the plant cover appeared to
determine the presence of cinereous vultures at
carcasses. However, as central-place forager, the
probabilities of obtaining food increase with the
proximity to breeding nuclei (Carrete & Donazar
2005). In addition, the cinereous vulture is better
adapted than other vulture species to detect prey in
more overgrown areas (e.g. scrub, wasteland,
'dehesas’ (pastureland with holm and cork oaks,
grazed by livestock) and grazing land), although at
all times thisis related to prey availability (Carrete &
Donazar 2005, Costillo 2005). The type of food
consumed was mainly small or medium-sized items,
tough or relatively tough pieces (e.g. muscles, ten-
dons and skins), preferably scattered and not con-
centrated in one place (Konig 1983).

In summary, the cinereous vulture benefits from
carcasses being delivered with significant biomass,
broken up into small and medium-sized pieces that
are scattered and not concentrated in one place. In
order to increase the cinereous vulture’s use of this
resource, the delivery of a higher number of separate
pieces of carrion would favour the birds’ presence.
In this respect, the relatively tough, medium-sized
remains and pieces of muscle and tissue, and the
small, scattered pieces are those that the cinercous
vulture eats most efficiently.

Implications for conservation

The management of the feeding of threatened avian
scavengers is a major challenge currently facing
conservationists (Deygout et al. 2009, Donazar et
al. 2009a). In endangered species, supplementary
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food has been proved useful for increasing pre-adult
survival (Oro et al. 2008) and breeding parameters
(Gonzalez et al. 2006, Lopez-Bao et al. 2008). Vul-
ture restaurants also may help to reduce vulture
mortality by providing safe food (not contaminated
by pesticides and confirmed not to contain trans-
missible agents of zoonosis or livestock diseases be-
cause of the human control of the deliveries, see
Gilbert et al. 2007, Margalida et al. 2008b, Her-
nandez & Margalida 2009). However, supplemen-
tary feeding can also have negative effects (see Robb
et al. 2008). The creation of supplementary feeding
stations in which large quantities of food are de-
livered and pile up, does not favour the most
threatened avian scavengers. In this respect, it can
influence the spatial distribution of the breeding
population (Margalida et al. 2008a). It can also
attract facultative scavengers, which could predate
on species living in the surrounding area (Cortés-
Avizanda et al. 2009), and thereby have a detrimen-
tal effect on fecundity (Carrete et al. 2000).
Moreover, recent studies show a potential increase
in levels of antibiotics in the birds’ blood as a
consequence of feeding on carcasses from intensive
farming feeding stations (Lemus et al. 2008). Thus,
this procedure of feeding should be based on rigor-
ousinformation that allows the pros and cons of this
type of management to be evaluated. In this regard,
managers must assess what type of remains the ci-
nereous vulture prefers, how the remains should be
laid out in order to optimise their consumption, and
how to discourage less endangered species such as
the griffon vulture using this resource. However,
there is still a need for more studies about these
subjects in the scientific literature, which can pro-
vide guidelines regarding the use of feeding stations
for the whole scavenger raptor community.

When managing supplementary feeding stations
for cinereous vultures, managers should focus on
quantity, format and the number and dispersal of
the pieces, in order to optimise the birds’ consump-
tion of the carrion. Moreover, carrion should be
mainly supplied during the chick-rearing period
within the breeding areas, in order to increase the
species’ productivity and avoid the above-men-
tioned negative side effects (Deygout et al. 2009).
These results suggest that the feeding of the species
should be based on the appropriate sustainable
measures, such as carcasses from extensively reared
livestock, which occur more heterogeneously on
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spatial and temporal levels (Bosé & Sarrazin 2007,
Margalida et al. 2007).
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Compatibilizando la conservacion de especies amenazadas con
actividades humanas econdmicamente importantes:
interacciones entre descorche y buitre negro en Espana

La limitacion de actividades que generan molestias alrededor de lugares de
nidificacion de especies protegidas no siempre es posible, en tanto estas actividades
tienen una elevada importancia desde el punto de vista econdmico y, ademas,
generan efectos positivos sobre la proteccion del habitat de dichas especies
protegidas. La busqueda de soluciones que permitan compatibilizar la explotacién
comercial de recursos naturales con la conservacion de la biodiversidad es un
asunto de gran importancia para gestores y responsables politicos. Este es el caso
del buitre negro, que cria en numerosos bosques de alcornoques, y el descorche,
una actividad socioecondmica tradicional desarrollada en distintos paises
mediterraneos que resulta clave para el mantenimiento de este importante habitat
natural. Se estudiaron los efectos de este aprovechamiento humano sobre el
comportamiento y el éxito reproductivo de buitres negros reproductores en
Espana. Para los adultos, la probabilidad de abandono del nido dependi6 de la
distancia de los trabajadores al nido y el nivel de ruido que éstos generaron; las
actuaciones a menos de 500m del nido provocaron una mayor probabilidad de
abandono del nido por los adultos, en el caso de que el nivel de ruido fuera medio
o alto. Ni el nimero de personas trabajando ni el uso de maquinaria para la
explotacion resultaron tener influencia sobre el abandono del nido. Las parejas
reproductoras situadas en las zonas donde se desarrolld el descorche y, por tanto,
expuestas a molestias humanas, tuvieron un 20% menos de éxito reproductivo que
aquellas de la misma colonia no expuestas a dichas molestias. Si la aplicacién de
zonas protegidas-tampon (buffer zones) no es posible, como es el caso por los
grandes pérdidas econdmicas que supondrian, se recomiendan distintas
alternativas provenientes de nuestros resultados que minimizan el impacto de estas
actividades, sobre todo la reduccion del nivel de ruido durante la extraccion del
corcho. Estudios observacionales como éste contribuyen a la comprension de la
magnitud de distintas amenazas para especies amenazadas y al hallazgo de
soluciones alternativas que armonicen conservacion y desarrollo econdémico.
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Abstract

Limitation of disturbing activities around the breeding areas of protected species is
not always possible, if these activities are economically important and have, in
addition, positive effects on protecting the habitats of those protected species.
Searching for optimal solutions making commercial exploitation of natural
resources compatible with biodiversity conservation is thus of concern to managers
and policy makers. This is the case of the cinereous vulture Aegypius monachus,
breeding primarily in cork-oak woodland, and cork exploitation, a traditional
socio-economic activity carried out in several Mediterranean countries, and critical
for the maintenance of this important habitat. We studied the effects of this
anthropogenic activity on the behaviour and breeding success of breeding ciner-
eous vultures in Spain. For the adults, the probability of nest abandonment was
dependent on the distance of workers from the nest and the level of noise; activities
within 500 m from the nest were likely to cause abandonment of the nest by adults,
if the level of noise was intermediate or loud. Neither the size of the working group
nor the use of machines per se, had any effect on the probability of nest
abandonment. Pairs in an area of the colony exposed to intrusive anthropogenic
activity had 20% lower breeding success than those in the same colony that were
not exposed to these disturbances. If the application of buffer zones of 500 m is not
possible (as is likely given the economic losses involved), several alternatives are
recommended based on our results to minimize the impact of these activities, in
particular to diminish the noise level of cork extraction activities. Observational
studies like this help understanding the magnitude of the problem and finding
alternative solutions for harmonizing conservation and economic development.
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sites), where the disturbing activities are limited or prohib-

Introduction ited. The radius for these buffer areas usually depends on the

The relationships between the development of human
activities and wild animal species are of concern to managers
and policy makers searching for alternative solutions mak-
ing conservation compatible with anthropogenic activities
(Young et al., 2005; Preisler, Ager & Wisdom, 2006).
Human disturbance and its effects on the behaviour or
breeding success of birds are a widely studied subject in
several avian species (Blumstein et al., 2005; Gill, 2005;
Langston et al., 2007), including threatened raptors (Steidl
& Anthony, 2000; Arroyo & Razin, 2006; Gonzalez et al.,
2006; Zuberogoitia et al., 2008). The conservation measure
most often used by managers and conservationists to avoid
disturbance is the establishment of spatial and temporal
buffer zones around potentially sensitive areas (e.g. breeding

sensitivity of the species, and may be calculated through the
observations of distances at which an activity produces alert
behaviour or nest abandonment (Richardson & Miller,
1997; Fernandez-Juricic et al., 2005; Whitfield, Ruddock &
Bullman, 2008). The establishment of buffer zones is gen-
erally easily regulated in those cases when the disturbing
activities are leisure activities, such as hunting or ecotour-
ism (see Richardson & Miller, 1997; Guil & Moreno-Opo,
2008). However, in the case of activities with strong
economic interests (industrial activities such as the con-
struction of highways and roads or forest-related activities
such as logging), the implementation of conservation
measures may be more difficult (Donazar et al., 2002;
Bautista et al., 2004; Speziale, Lambertucci & Olsson,

Animal Conservation 14 (2011) 167-174 © 2010 The Authors. Animal Conservation © 2010 The Zoological Society of London 167


mailto:margalida@inf.entorno.es

Anthropogenic activities and cinereous vulture conservation

2008). Additionally, the economic interests associated with
the same activities that may be disturbing to the birds may
help to maintain the habitat on which the birds themselves
depend. This may be the case with the exploitation of forest
products causing disturbance to the fauna in the area
in which the activity is carried out. Harmonizing conserva-
tion and economic development can pose a challenge
for managers and necessitates appropriate and objective
research studies leading to solutions making anthropogenic
activities compatible with the conservation of a threatened
species.

An example of this dilemma is the case of the cinereous
vulture Aegypius monachus and cork harvesting, a tradi-
tional socio-economic activity carried out in several Medi-
terranean countries including Spain and Portugal, as well as
Morocco, France, Italy and Algeria. The cinereous vulture
is a species considered Near Threatened by IUCN (BirdLife
International, 2008) and the Spanish population (c. 1845
pairs) represents 98% of the European population and
between 18 and 25% of the world population (De la Puente,
Moreno-Opo & Del Moral, 2007). This species breeds
frequently in cork oak Quercus suber trees in Spain. Cork
harvesting generates an annual turn over of €1.5 billion and
results in the direct and indirect creation of around 100 000
jobs (WWF, 2006), but it is considered to be one of the main
causes of disturbance to the cinereous vulture during
its breeding period, because this activity is carried out in
June—July, while chicks are being reared (Moreno-Opo
& Arredondo, 2007). During this period, it is essential that
the adults provide their chicks with shade in order to protect
them from direct sunlight, which could lead to dehydration
of the chicks (Donazar, 1993; Moreno-Opo & Arredondo,
2007). The study of the interaction of this activity and
any possible disturbance that it may create and its impact
on breeding cinereous vultures might offer information that
could enable possible solutions to be found.

A. Margalida et al.

In this paper, we examine the effects of cork harvesting on
the cinereous vulture’s behaviour during the breeding sea-
son and on their breeding success. We discuss the results
to assess whether and in what circumstances this anthropo-
genic activity may be compatible with the conservation
of this endangered vulture and, more generally, discuss the
use of observational studies as a tool in finding optimal
solutions for harmonizing conservation and economic
development.

Methods

Study area

Cork harvesting and its impact on the cinereous vulture’s
breeding was monitored in June 2005 in the Umbria de
Alcudia colony (Ciudad Real, Spain, Fig. 1), an 11 115ha
sector containing 99 breeding pairs. Within this area, cork
extraction in 2005 occurred in a 3200 ha area, containing 51
pairs (Fig. 2).

The habitat in the study area consists of mature Mediter-
ranean landscapes, made up of arboreal species such as the
cork oak Q. suber, holm oak Quercus ilex, prickly juniper
Juniperus oxycedrus and the strawberry tree Arbutus unedo,
with a well-developed shrub cover, on slopes with an incline
of 25-45% and at altitudes ranging between 736 and 1115 m.

The cork harvest

Cork harvesting is a forestry activity that consists of the
removal of the bark from cork oaks. Each tree is harvested
every 9—10years. The initial prospecting activity and the
subsequent harvest are carried out between May and mid
August with the optimum time for cork extraction (accord-
ing to the physiological state of the tree) being between June
and mid July (Borges, Oliveira & Costa, 1997; Pereira,

—

"= 7|  Figure 1 General location of the study area in

5 Spain. Special protected area (SPA) in which
the breeding colony of cinereous vultures Ae-
gypius monachus studied is found, highlighted
in dark grey. In light grey appears the whole
Natura 2000 network in the Southern mid
Spain.
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Figure 2 Location of the cinereous vulture
Aegypius monachus breeding pairs in the stu-
died colony in 2005. Dark grey corresponds to
the cork harvesting area (n=51 nests), while
light grey is the control area for breeding
success analysis (n=28 nests). Black dots:
nests in which vulture behaviour was studied
in relation to cork-harvesting activity (n=22);
white dots: rest of nests of breeding cinereous
vultures (n=77). Black line: outline of the
breeding colony; grey lines: river network.

2007). The harvest is carried out between 07:00 AM and
02:30 pm by teams of 15-30 workers, who remove the cork
with manual tools and then transport it using animal
transport and/or vehicles.

Field procedures

First, we conducted meetings with the managers of the cork
harvesting to know in advance the areas and timing where
harvesting works would occur. A total of 12days in June
2005 were spent monitoring the impact of cork harvesting
on 22 cinereous vulture nests with chicks, with a total of 122
observations. The minimum distance between neighbouring
pairs was 150 m. Observers were placed at > 800 m from the
areas with cork extraction activity, usually in the opposite
slopes to where work was carried out. Each observation day
corresponded to a different harvesting event. On average,
we monitored simultaneously two nests daily (range 1-5,
n = 14). Observations were carried out with x 20-60 spot-
ting scopes. The visible reactions of breeding individuals and
chicks were noted. These were divided into three categories
for the adults: No reaction, when the bird displayed no
apparent change in behaviour; alert reaction, when the bird
stood up in the nest with its head outstretched and looked in
the direction of the human activity, but did not leave the
nest; and flight reaction, when the adult bird left the nest. In
the third case, the minimum time the adults were absent
from the nest was noted (in some cases the observation
ended before the adult returned to the nest). In the case of
the chicks, we described chick behaviour as no reaction or
alert reaction as above. In each case, we also noted the
following variables: (1) the distance between people and the
nest, noted by the positions in aerial photographs and
the subsequent measurement of distances using Gis compu-
ter programs; (2) the noise level as perceived by the ob-
servers (and thus, theoretically, as perceived by the

vultures), considering this to be zero (no voices), slight
(when only a few voices were heard sporadically), moderate
(when voices were heard often, but not constantly or loudly)
and Joud (when generalized voices were heard constantly
and at a loud volume), independently; (3) the number of
people present; (4) the presence or absence of machinery.

To evaluate whether cork extraction activities influenced
breeding success, we compared two areas of the colony in
2005 (Fig. 2). The two areas correspond to two different
private estates, with different management regimes, but
have similar habitat characteristics and similar vulture
breeding densities. In one area, containing 51 breeding pairs,
cork harvesting occurred in 2005. The other one (hereafter
called ‘control area’), containing 28 pairs, had no cork
harvesting activities in 2005. Breeding success was moni-
tored in both areas with the same methodology and survey
effort. Observations of all nests in the colony were periodi-
cally conducted each fortnight; we noted the breeding status
in each visit (nest occupied or unoccupied and, in the former
case, incubation, chick present, adult/s presence/absence,
abandonment or failure, chick fledged). For each area, we
calculated the breeding success (number of pairs in which a
chick fledged divided by total number of pairs with clutches)
and the chick mortality rate (number of nests in which the
chick died divided by the total number of nests with hatched
eggs). Cinereous vultures rear a maximum of one chick per
breeding event (Hiraldo, 1983).

Statistical analyses

We carried out generalised linear mixed models to analyse
vulture behaviour. We included nest, date (i.e. harvesting
event) and their interaction as random variables to account
for the lack of independence of observations carried out the
same day for different nests and different observations (in
the same or different dates) for the same nest.
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We first analysed the probability that the nestling would
be alarmed in relation to various attributes of the activity.
As explanatory variables we included distance to the nest,
number of people involved, level of noise (because of the
sample size for this analysis, we combined the zero and slight
noise categories), whether vehicles and machines were in-
volved or not, the interaction between distance and noise,
the interaction between distance and presence of machines
and the interaction between distance and number of people.

In analysing the effect of cork harvesting work on the
behaviour of the adults, we were particularly interested in
evaluating the probability of reactions that may have a
potential effect on reproductive success. We thus analysed
the probability of nest abandonment (and lumped observa-
tions when adults showed ‘no reaction’ or ‘alert reaction’ for
analyses). The initial model was the same as that described
above for nestlings.

The dependent variables were fitted with a binomial error,
and a log link function. Backward selection was used to identify
the most parsimonious model. Type I1I results are presented.

Finally, in order to observe the impact of cork harvesting
on the breeding parameters of cinereous vultures, we tested
whether breeding success and chick mortality rate varied
between the subsections of the colony that were subjected to
human disturbance (n =151 nests) and the control area
(n = 28 nests), with Fisher’s exact tests.
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Results

Effect of cork harvesting on vulture
behaviour

The probability of nestlings being alarmed depended only
on distance between the activity and the nest, and on the
level of noise (Fj 02 =15.44, P=0.0001 for distance,
5100 =4.99, P=10.009 for level of noise). Activities with a
high level of noise occurring within 500 m from the nest had
a high probability of alarming the nestlings (Fig. 3a). If the
level of noise was low, nestlings were alarmed only when the
activities were closer to the nest (Fig. 3a).

For the adults, the probability of nest abandonment was
also only dependent on distance from the nest, and there was
a near significant effect on the level of noise (¥ 75 = 10.66,
P =0.002 for distance; F; 75 =2.55, P=10.08 for level of
noise). Any activity within 500 m from the nest, if the level
of noise was intermediate or loud, was highly likely to
cause abandonment of the nest by adults (Fig. 3b).
The average observed flight distance was 220.21 +153.8 m
(range 10-600, n=23). Average observed alert distance
was 332.24+1742m (range 50-700, n=39). When
adults flew from the nest, the average observed time
of nest abandonment was 132 £+ 85min (range 12-330 min,
n=722).
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Figure 3 Probability of (a) alert reactions of cinereous vulture Aegypius monachus chicks (above) or (b) nest abandonment by breeding adults
(below) in response to cork-harvesting activities, in relation to the distance to the nest and intensity (low, intermediate and loud) of the noise.
Modelled results are presented in the left figures, whereas raw data are presented in the right ones. Sample sizes (number of observations) above

bars.
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Influence on breeding success

The breeding success of pairs in the area with cork harvest-
ing activities was 0.55+0.50 chicks per pair with clutches
(n=51), whereas in the control area it was 0.75+0.44
(n=28). Differences approached statistical significance
(Fisher’s exact test P = 0.06).

Taking into account only the pairs where hatching was
observed, in the cork harvesting area chick mortality was
24.6% (n = 37 nests with hatching), whereas in the control
area this percentage was three times lower, 8.7% (n = 23),
although the differences were not statistically significant
(Fisher’s exact test P=0.12). In the cork harvesting
area, two chicks died dehydrated at age 29 and 32 days old
as a consequence of nest abandonment by the adults
directly related to the cork harvesting activity, as showed
by necropsies conducted in official veterinarian centres.
In a third nest, cork harvesting activity led to nest abandon-
ment for 2 consecutive days and the chick was rescued
the second day at the age of 26days with symptoms of
dehydration.

Discussion

Our observations indicate that cork extraction activities
resulted in a high likelihood that breeding cinereous vultures
would leave the nest for long periods and in lower breeding
success. However, they also suggest that the overall impact
of this loss at the population level may be lower than that
arising from stopping cork harvesting, indicating how to
best minimize this impact. We discuss these results below, as
well as the conflict between maintenance of economic
activities, habitat and wildlife conservation.

Cork harvesting and cinereous vulture
conservation

Nest abandonment by breeding cinereous vultures during
the incubation or early chick-rearing periods is rare because
of the high temperatures and the consequent risk of chick
dehydration (Hiraldo, 1983). The higher probability of nest
abandonment during cork extraction observed here is thus
likely to have strong impacts on the nestlings and, indeed,
our data indicate that nests exposed to this activity had
a chick mortality three times higher than those in a
control area (although this difference was not statistically
significant). Our results also suggest that the elimination of
the disturbance could lead to a 20% increase in successful
nests. The life history of a long-lived species such as this is
characterized by low fecundity and high survival rate
(Hiraldo, 1983), and adult survival is the most sensitive
parameter affecting variations in population dynamics (e.g.
Meretsky et al., 2000; Oro et al., 2008). Thus, it could be
argued that the global effects of disturbance in the vulture
populations might be negligible (particularly bearing in
mind that this activity is carried out on each tree every
9-10years, and hence, the activities affect only a fraction of
the breeding population each year). Nevertheless, as yet, no

Anthropogenic activities and cinereous vulture conservation

demographic models have been constructed to measure the
effect of this loss and, in any case, this decrease in produc-
tivity could be an added detrimental factor to already
threatened populations. In addition, it could be useful to
measure the non-lethal physiological stress effects of dis-
turbance (Gill, Norris & Sutherland, 2001; Holmes, Giese &
Kriwoken, 2005), which may have consequences beyond the
nest stage. A simple method to measure the stress level
would be to analyse corticosterone levels in chick feathers
collected in the nests (Bortolotti et al., 2008).

Our results showed that activities occurring <500 m from
the nest had a >25% probability of adults abandoning the
nest. This suggests that cork harvesting activities should be
minimized within 500m of active nests in order to avoid
disturbance, and the subsequent decrease in breeding suc-
cess. However, each kilo of cork generates a turnover of
€1.43 (MMAMRM, 2009), and in the area of 500 m around
a nest, the amount of money lost could be as great as
€67 650. Moreover, cork that is not removed at the optimal
time decreases in unit value and thus could be lost for future
generations. A delay in cork extraction until August, when
nestlings have fledged, is not a valid option because extrac-
tion outside the optimal physiological time for the tree also
has added costs (Borges et al., 1997; Pereira, 2007). Ulti-
mately, the exploitation of the cork oaks allows these forests
to be conserved, due to their economic yield leading to their
protection (WWE, 2006), and biodiversity conservation
necessitates not only the preservation of species but also
their habitats (Behera, Kushwaha & Roy, 2005). This
creates a dichotomy from a conservation standpoint, be-
cause cork-harvesting activity is interlinked to the conserva-
tion of the cinereous vulture.

A cost—benefit analysis suggests, as described above, that
the costs of reducing cork harvesting activities are much
greater than the benefits (in terms of increased productivity)
for the cinereous vultures. Finding a compromise that
maintains this economic activity while minimizing the detri-
mental effects on this endangered species should be consid-
ered. Our data show that, in addition to distance, the noise
level also determined the reaction of species toward distur-
bance, a factor that has been shown to modify the behaviour
of other bird species that come in contact with humans
(Bowles, 1995; Bautista et al., 2004; Arroyo & Razin, 2006).
The distance at which there was a high probability of nest
abandonment during cork extraction was greatly reduced if
the activity was silent, or almost silent. Hence, simply
diminishing the noise level would promote the conservation
of such umbrella Mediterranean raptor species. In addition,
aspects such as carrying out the activities during hours of
cooler temperatures, not prolonging activities affecting the
same nests by more than one consecutive day or carrying out
work on a slope below the nest such that activity can
be observed by adults from above, would strongly minimize
the impact of these activities. Thus, supervision of cork-
extraction activities by teams of technicians trained in
advising workers and in taking action towards rescuing
birds subjected to a prolonged absence of the parents is
advisable.
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Reconciling conservation of endangered
species with economically important
anthropogenic activities

The conservation of threatened species is a crucial challenge
in the current context of biodiversity loss, and there are
social and international objectives for halting this loss
(Butchart et al., 2010; Marton-Lefévre, 2010). However, it
is increasingly recognized that the creation of protected
areas alone is not always sufficient for the preservation of
biodiversity. Finding adapted, alternative solutions as in our
case may result in more effective conservation. Thus, it is
extremely important to integrate the management of pro-
tected areas with the human activities and land use occur-
ring in their surroundings (Sergio et al., 2005), particularly
for species living in habitats dominated and conditioned by
human activities. In most cases (at least within populated
Europe), conservation of threatened species needs to be
compatible with human activities if conservation pro-
grammes aim to be sustainable (Margalida et al., 2010).
Additionally, the economic benefits arising from human
activities may help to preserve the ecosystems in which they
occur. For example, the economic benefit from red grouse
Lagopus lagopus scoticus hunting helps to maintain the
ecologically important heather moorland habitat (Thomp-
son et al., 1995). Otherwise, human activities may cause
negative effects on wildlife, such as disturbance, causing
disruption of normal breeding behaviour or even breeding
failure in wildlife (Blumstein et al., 2005; Arroyo & Razin,
2006; Gonzalez et al., 2006; Langston et al., 2007, Zuber-
ogoitia et al., 2008). Additionally, these negative effects may
be direct, as for example in the case of hunting (e.g.
persecution of predators considered competitors) or agricul-
ture (losses of nests or incubating birds through mechaniza-
tion of practices) (see Thompson et al., 2003; Woodroffe,
Thirgood & Rabinowitz, 2005). Thus, conflicts between
human development and wildlife conservation are common,
and their resolution is a key aspect of current conservation
philosophy (Conover, 2002; Woodroffe et al., 2005; Macdo-
nald & Service, 2007).

Ecotourism, fisheries and forestry exploitation are eco-
nomically important anthropogenic activities that, in addi-
tion, are key sources of disturbance (Bowles, 1995; Donazar
et al., 2002; Arlettaz et al., 2007). The creation of buffer
zones into which humans are prohibited to enter, or in
which certain activities are temporally restricted, may con-
stitute a tool for minimizing the impact of the human
disturbance (Gonzalez et al., 2007), but may be unviable in
certain circumstances and even detrimental in terms of
conservation if the activities that are limited are rendered
economically unsustainable, and this in turn causes land use
changes that are as negative for the species as the distur-
bance itself (or even more so). Examples of such conflicts
between economic activities that are negative for a particu-
lar species, but that maintain the habitats on which these
species depend are, for instance, the hunting of red grouse in
Scotland, which has a negative effect on hen harrier Circus
cyaneus conservation, but that helps to maintain its breeding
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habitat (Thirgood et al., 2000), the timber exploitation in
mature boreal forests overlapping the breeding activity of
different animal species but constituting a long-term sus-
tainable forest management and the protection of important
biodiversity hotspots (Lindenmayer, Margules & Botkin,
2000; Rosenvald and Lohmus, 2003) or burning vegetation
in a sustainable way to prevent the spread of scrub and to
increase the heterogeneity in grasslands for animal commu-
nities conservation (Fuhlendorf ef al., 2006; Spottiswoode
et al., 2009).

In the specific case of human activities being a source of
disturbance, studies quantifying their impact on wildlife help
us to understand the magnitude of the problem. It is thus
particularly important to quantify the effects of disturbance
not only on behaviour but also on population sustainability
(via quantifying the effects of behaviour change on population
parameters such as productivity or survival), such that we can
measure the costs and benefits (in terms of population
changes) of not limiting these activities. In this sense, it seems
advisable to examine the cost-effective conservation actions
before their application (Pullin ef al., 2004; Sutherland e al.,
2004). Additionally, observational studies (such as this one)
aid in finding optimal solutions for harmonizing conservation
and economic development when the application of buffer
zones is not possible. Overall, these studies may help to
decrease the tension between stakeholders by putting the
conflict in an objective, traceable context.
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Uniendo requisitos sanitarios y ecoldgicos en la conservacion
de aves necrofagas: eficacia de vallados ante mamiferos en
puntos de alimentacion suplementaria

La compatibilizacidn de distintas politicas sectoriales resulta de gran importancia para
asegurar el cumplimiento de los objetivos de conservacion de la biodiversidad. Este el
caso de la aplicacion de medidas de control sanitario a la gestién de los subproductos
animales no destinados a consumo humano y sus efectos negativos en la dinamica
poblacional y ecologia comportamental de algunas especies de aves necréfagas. Por
ello, es preciso adoptar medidas que permitan la alimentacion de estas especies y que
paralelamente garanticen la ausencia de riesgos de transmision de enfermedades. El
presente estudio tiene como objetivo la mejora en el desarrollo técnico de una de las
herramientas mas utilizadas por gestores y conservacionistas para la conservacion de
aves necrofagas: la alimentacion suplementaria en comederos vallados. De acuerdo con
la normativa vigente que obliga en determinadas circunstancias el cercado de estos
enclaves, se evalud la permeabilidad a distintas especies de cuatro modelos de
cercados, para conocer cudles de ellos satisfacen los requisitos sanitarios de impedir el
acceso de especies necrofagas no objetivo de la alimentacion vectores potenciales de
determinadas enfermedades transmisibles. Los ensayos de aportes en cercados se
compararon respecto a aportes aleatorios (control) en emplazamientos no cercados. Los
resultados muestran cémo dos de los modelos (red alta y red baja) impiden la entrada de
mamiferos necrofagos facultativos durante un periodo de mas de dos meses y de entre
siete y ocho aportes, tras la realizacion del primero de ellos en el mismo punto. Las
aves necrofagas accedieron al interior para consumir los aportes independientemente
del tipo de cercado. Como consecuencia de estos resultados, se plantean
recomendaciones de gestion para la alimentacion suplementaria de aves amenazadas y
de manejo de los cercados ensayados.
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Abstract In order to ensure that the objectives behind the conservation of biodiversity
are fulfilled it is essential that policies of all stakeholders are compatible. This is the case of
the application of sanitary measures for the management of animal by-products and the
negative effects that such restrictions had on the population dynamics and behavioural
ecology of the avian scavengers’ guild. Thus, measures that allow these species to feed and
that reduce risks of disease transmission must be put into practice. This study aims to
improve the technical implementation of one of the commonest tools employed in the
conservation of avian scavengers: supplementary feeding stations. We evaluated the per-
meability of three types of fences in experimental feeding stations to determine which of
the models prevent non-target species from accessing the food provided. We compared
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results from fenced-off feeding stations with those from random points in unfenced-off
sites. The results showed that two of the models (high and low nets) were the most
effective avoiding facultative mammal scavengers from gaining access into the exclosure
for over two months and for 7-8 inputs of food. Avian scavengers were able to access food
regardless of the type of exclosure, which did not determine the abundance of birds or the
species present. The carrion consumption by non-target species can be reduced by
affordable and sustainable means. We suggest proposals to optimize the management of
supplementary feeding stations for threatened avian scavengers and for the design of
fenced exclosures.

Keywords Animal by-products - Health legislation - Scavenger - Spain -
Feeding programs - Vulture conservation - Vulture restaurant

Introduction

Avian scavengers provide important ecosystem services in balancing trophic chains by
completing the processing cycle and assimilation of biomass of dead animals (DeVault
et al. 2003; Sekercioglu et al. 2004). Scavenger species have evolved behavioural and
morphological mechanisms that enable them to optimize the way in which they exploit
carrion (Konig 1983; Dondzar 1993; Hertel 1994). The traditional presence of dead ani-
mals in the wild has led to the development of complex ecological relationships between
soils, vegetation and primary and secondary consumers (DeVault et al. 2003; Whelan et al.
2008). Yet, various scientific sources have revealed that the interaction among wild and
domestic animals and humans can lead to the spread of certain diseases (Caley and Hone
2004), which may negatively affect human and animal health and increase costs in farming
practices, conservation actions and sanitary measures (Daszak et al. 2000; Horan and Wolf
2005; Gortazar et al. 2008). Furthermore, these interactions have been proposed as the
cause of spreading of emerging diseases that are potentially threatening for the world’s
population health (Schiermeier 2001; Kilpatrick et al. 2006). In order to avoid sanitary
risks it is vital that the management techniques of animal carcasses be as appropriate as
possible (Gortazar et al. 2007; Maichak et al. 2009).

As a means of avoiding risks to human and animal health, sanitary authorities in the
European Union (EU) have set up in recent years initiatives aimed at regulating the use and
exploitation of animal by-products that could become potential vectors of transmittable
diseases (Donazar et al. 2009b). EU legislation has been issued in the last decade whose
intention is to control the management of animal by-products not intended for human
consumption (Regulation CE 1774/2002); from the onset it was perceived that such con-
trols were likely to affect the occurrence and availability of food resources as well as to the
foraging patterns of avian scavengers (Tella 2001). In particular, such sanitary legislation
only exempted the compulsory carcasses destruction in certain cases for allowing their
transfer to only enclosed avian scavenger feeding stations whose fences would prevent
access by mammals and thus the propagation of disease.

The management of food resources exclusively via specific enclosed feeding points has
been shown to be insufficient in terms of availability for the Iberian avian scavenger
populations (Garcia de Francisco and Moreno-Opo 2009). Moreover, since the obligation
of providing carrion in fenced feeding sites alterations in foraging patterns, dispersion and
even behaviour have been detected (Deygout et al. 2009; Margalida et al. 2010; Zubero-
goitia et al. 2010), which have led to changes in species’ population dynamics, the
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appearance of the negative effects associated with predictable availability of food, and
negative social and economic impacts on the interests of rural communities (Carrete et al.
2006; Robb et al. 2008; Margalida et al. 2011b). In light of this situation, as of 2011 the EU
have loosened restrictions in certain circumstances and new aspects related to the natural
patterns of feeding behaviour in avian scavengers have been incorporated into the legis-
lation (Council of Europe 2009; European Commission 2011). As a result, some carcasses
may be left in the wild without prior collection and without the obligation of placing in a
fenced-off area.

After this modification of the sanitary legislation, it is expected that supplementary
feeding programs could allow a higher availability and wider occurrence of carcasses,
improving the food quality, more consistent with the ecological requirements of avian
scavengers (Margalida et al. 2010). Similarly, no obligation of fencing all the supple-
mentary feeding points is likely to reduce the economic costs to administrations and
managers as well as the negative effects that food concentration at a few points implies in
the behavioural ecology of avian scavengers (Carrete et al. 2006; Francisco de Garcia and
Moreno-Opo 2009; Cortés-Avizanda et al. 2010; Margalida et al. 2010). On the other hand,
it may be advisable in certain circumstances the use of technical systems that prevent the
access of potential disease vectors to the provided carcasses. In these cases, and in order to
provide a quick and healthy consumption of by-products by avian scavengers, it would be
necessary to have effective, manageable and affordable designs to limit access to the
carcass only to the target species.

This study aims to contribute to making sanitary requirements compatible with eco-
logical needs in the supplementary feeding of threatened avian scavengers. It tries to
implement the new EU legislation on the management of animal by-products, proposing
best practical fencing models and meeting certain positive requirements for all the involved
stakeholders: threatened scavengers feed on a sustainable way, health risks are avoided and
economic costs are reduced in relation to conventional feeding stations. The specific
objectives of the study are thus as follows: 1) to evaluate the permeability of different types
of exclosures and the ability of different scavenger species to enter fenced-off areas and 2)
to promote cheap, mobile and easily manageable models of exclosures that not only
prevent facultative mammalian scavengers from entering feeding stations, but also repli-
cate as much as possible the natural appearance of carrion for avian scavenger species.

Materials and methods
Studied area and species

Two supplementary feeding areas were chosen in Castilla-La Mancha in central Spain
(Fig. 1): in Los Yébenes (Montes de Toledo) food was provided in exclosures (treatment),
whilst four sites at Almoddvar del Campo and Fuencaliente (Sierra Morena) were treated
as controls.

Similar scavenger communities in terms of composition and relative abundance exist in
both areas (Del Moral and Marti 2003). The following avian scavenger guild were studied:
Eurasian griffon vulture Gyps fulvus (<20 breeding pairs in a radius of 10 km around the
feeding stations, although there are also many non-breeding present in both treatment and
control areas throughout the year); cinereous vulture Aegypius monachus (the feeding
stations are less than 5 km from the two largest colonies of this species in Castilla-La
Mancha: 165 pairs in the treatment area and 129 in the control area; De la Puente et al.
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Castilla-
La Mancha

100 Kilometers

Fig. 1 Location of study sites in Castilla-La Mancha, central Spain. Study sites were in Montes de Toledo
(1) and in Sierra Morena (2)

2007); common raven Corvus corax (2-5 pairs in a radius of 10 km from the feeding
points and presence of flocks in winter in treatment and control areas); and the Spanish
imperial eagle Aquila adalberti (3-5 pairs in a radius of 10 km of the feeding station and
presence of non-breeders in treatment and control areas). The facultative mammalian
scavengers present are red fox Vulpes vulpes and wild boar Sus scrofa. The relative
abundance of these mammals in both the treatment and control areas were not calculated,
although they were considered to have similar values given the similarities between both
areas in terms of their socio—economic models, habitats, hunting statistics and the potential
abundance of available resources (Virgés 2002; Vicente et al. 2007; Mangas and Rodri-
guez-Estival 2010). Dogs Canis familiaris were also considered during this study given the
presence at the end of the hunting season of animals escaped from hunters (R. Moreno-
Opo, A. Arredondo and F. Garcia, unpublished data). The presence of red deer Cervus
elaphus was also taken into account given that, despite not being a scavenger, it is attracted
to carrion and as such could become a vector of transmittable diseases (Gortazar et al.
2008).

Field work and variables

Exclosure models were chosen from livestock and other properties mobile protection
systems, among the best available options. Then, three models were selected according to
their compliance of the prior requisites of the study: (a) low economic cost in comparison
with conventional feeding stations—that typically have fences of 2 m high with overhangs,
fixed posts and cover c. 1 ha (i.e. Consejeria de Medio Ambiente 2006), (b) a surface area
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of at least 0.5 ha and (c) can be easily set up and removed. The following types of
exclosures were tested:

— Ribbons: electrified ribbons (5-8 volts) and metal posts enclosing a 75 x 75 m; four
parallel lines of white polythene ribbons with 20 mm steel conductors attached by
means of plastic insulators to posts; as well, a galvanized steel wire (diameter 0.4 mm)
placed 20 cm from the ground and 20 cm in front of the tapes; gate kit and Viper S250
solar-powered fence charger equipped with rechargeable battery (Fig. 2A).

— Low net: a 90 cm high electrified mesh fence (5-8 volts), enclosing an area of
75 x 75 m; orange polythene net woven with three 0.25 mm wire conductors; 17 cm?
mesh sized; plastic posts and Viper S250 solar-powered fence charger equipped with
rechargeable battery (Fig. 2B).

— High net: a 170 cm high electrified mesh fence (5-8 volts), enclosing an area of
75 x 75 m; orange polythene mesh woven with three 0.25 mm wire conductors;
17 cm? mesh sized; plastic posts and Viper S250 solar-powered fence charger equipped
with rechargeable battery (Fig. 2C).

The conventional feeding stations authorized by official bodies (Consejeria de Medio
Ambiente 2006) were not studied since they do not fulfil the previously established req-
uisites regarding cost, mobility and size.

The three tested models were set up and activated for a period of 4 months (Table 1), by
using one exclosure of each model at one site. Between April 2010 to April 2011 carrion
was supplied every fortnight to control sites (without fencing; n = 4 sites and n = 40
inputs of food) and treatment areas (n = 46 whole inputs of food for all the exclosures, see
Table 1 for details) to test their respective permeability to scavenger species. Inputs of
food consisted of remains of red deer and wild boar in both control and treatment areas
(n = 606), as well as goat Capra hircus (n = 3) and rabbit Oryctolagus cuniculus var. dom.
(n = 17) carcasses. The average quantity of carrion supplied each time was
75.0 + 37.8 kg (range 40-180) for ribbons, 74.4 £+ 48.7 kg (range 30-200) for low net,
55.9 + 25.6 kg (range 25-120) for high net and 85.5 + 147.8 kg (range 5-450) for the
controls.

Two automatic photo-cameras were placed at 5 m from the carrion to detect and
identify which species were feeding on and thus which species were able to penetrate into
the feeding station. Specifically, Scoutguard SG550 (HCO Outdoor Products, Norcross,
USA) cameras were used, equipped with movement and infrared sensors for night-time
use, and programmed in phases of three photos with a delay of one minute between phases.
The cameras were checked and images downloaded every fortnight. After images were
analysed, the following variables were noted: type of exclosure, date on which food was
supplied, quantity of biomass supplied (these three variables not obtained from the photo
analysis), maximum number of each feeding species present simultaneously, and number
of days elapsing between the food supply and the arrival of each feeding species.

Statistical analyses

Differences between the different types of exclosure were analyzed in terms of the number
of days (from the beginning of the food supply) until each of the study species was detected
for the first time and in relation to the number of individuals accessing the food. As a
result, two response variables were selected: 1) the number of days that the scavengers took
to come to feed since the input of the food, and 2) the maximum number of individuals of
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Fig. 2 Examples of the fence types used for exclosures: A Ribbons—this can be seen behind the foraging
birds (Aquila adalberti, Aegypius monachus and Gyps fulvus); B Low net; C High net (see text for detailed
descriptions of each fence type)

each species counted at each input of food, as the maximum simultaneous number reg-
istered in the photos.

Both of these variables were analyzed in relation to the following independent vari-
ables: 1) exclosure type, 2) the total number of days that the supplementary feeding site
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Table 1 Summary of carrion inputs used during the study by treatment type. Inputs (n) = total number of
carrion inputs; Days = number of days carrion was available; Date = the dates on which the treatments
remained active; Biomass (kg) = the total mass of carrion provided in kilograms

Fence models Inputs (n) Days Date Biomass (kg)
Ribbons 17 125 6th May to 8th Sept 2010 1,275
Low net 17 142 19th April to 7th Sept 2010 1,265
High net 11 110 14th Dec 2010 to 5th April 2011 615
Control (no fenced) 40 202 24th April 2010 to 31st Jan 2011 3,420

was active (Table 1) and, 3) the total biomass (kg) of food supplied in each exclosure type
(Table 1).

The analysis consisted of a General Linear Model (GLM) with a Poisson-type family of
errors, using as fixed factors each of the three independent variables and with a confidence
interval of 95 %. Only the significant results and those that approach significance are
presented. The analyses were carried out using the software Statistica 6.1 (StatSoft 2002).

Results

In total, 6,655 kg of carrion on 86 different inputs were supplied, and a total of 2,561
griffon vultures, 617 cinereous vultures, 127 ravens, nine Spanish imperial eagles, 45
foxes, 33 wild boars, nine dogs and 24 red deer could be counted (obtained by summing the
maximum number of simultaneous individuals present at each input of food).

Only significant values are presented due to the great amount of models performed
(n = 16). In terms of the accessibility into the different exclosures, there were no sig-
nificant differences in the number of days it took for the birds to accede to the carrion. On
the other hand, the time taken by foxes to get to the carrion after its supply was greatest
when the feeding site had a low net and high net fence (F = 9.04, df = 4, P = 0.001).
Thus, these two models resulted more successful in delaying the entrance of the fox for a
greater number of inputs and for a longer period (Table 2, Fig. 3); wild boar, dogs and red
deer, on the other hand, did not get into the exclosures and were only recorded at control

Table 2 Time taken by different mammal species to access the supplied carrion, expressed as both the
ordinal number of carrion inputs and the number of days prior to entrance of each species since activation of
the feeding site. For the controls, each input was considered as independent for the four different study sites
so mean values (£S.D.) are shown for the day of first recorded entrance to feed

Fox Wild boar Dog Red deer

Fence models Input Day Input Day Input Day Input Day

Ribbons Ist 0 No No No No No No
access access access access access access

Low net 7th 62 No No No No No No
access access access access access access

High net 8th 64 No No No No No No
access access access access access access

Controls (no 1st 3.1 £4.6 2nd 72 +9.8 st 9.0 £ 1.4 st 234+05

fenced)
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Fig. 3 Number of fox Vulpes vulpes entrances to the carrion provided within each site using different types
of fencing in relation to the number of carrion inputs to each site

sites without fences. Time needed for foxes to access the food was less when the amount of
biomass was greater (F = 4.66, df = 1, P = 0.037).

In relation to the number of individuals accessing to the carrions, fewer foxes were
recorded in the exclosures, mainly in the low net and high net models (F = 2.36, df = 4,
P = 0.058) than at the unfenced (control) sites. Wild boar became more abundant when
the feeding point was active longer (in the case of non-fenced points, F = 6.15, df = 1,
P = 0.015). Only in the case of the cinereous vulture the number of individuals resulted
related to the type of fence where carrion was provided (F = 5.06, df = 4, P = 0.011,
Fig. 4); this species was more abundant at control feeding sites without perimeter fences.
An increase in the number of days a feeding station was operative ensured that the number
of cinereous vultures, ravens and Spanish imperial eagles also increased (F = 19.58,
df =1, P =0.001; F=6.05,df =1, P =0.016; F = 3.82, df = 1, P = 0.054, respec-
tively). Likewise, the supply of a greater quantity of biomass involved that more griffon
and cinereous vultures were present at the feeding site (F = 179.00, df = 1, P = 0.001;
F =49.73,df =1, P = 0.001, respectively).

Discussion

Feeding of targeted and non-targeted species

These results constitute the first obtained from an experiment aimed at optimizing the
management of supplementary feeding sites for scavenger species, and throw light on the
patterns of access to carrion protected by different types of perimeter exclosures by a

scavenger guild. To date only few studies have been published on this subject (Cortés-
Avizanda et al. 2010) and so we are unable to contrast our results with others from other
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Fig. 4 Mean number of individuals of each scavenger bird species (£95 % confidence interval) recorded in
each exclosure type

geographical areas or other types of exclosures. The reasons for this lack of previous global
comparative studies may be due to the fact that only within the EU the recent legal sanitary
framework has lead to avian scavengers to several conservation problems associated with
changes in the availability of food resources (Donazar et al. 2009a; Margalida et al. 2012).
In this sense, given the serious conservation problems affecting vulture populations in the
South Asian region in recent years (Oaks et al. 2004; Shultz et al. 2004; Gilbert et al. 2007)
and the incipient detected threat for African vulture populations due to loss of food quality
(Naidoo et al. 2009; Virani et al. 2011), the information contained in our study could be of
interest for managing of supplementary feeding sites as an effective conservation tool
(Markandya et al. 2008).

Our results showed that no avian scavenger avoided entering the tested exclosures. This
is highly relevant for the development of management protocols for feeding stations,
despite considerations about their suitability and usefulness (Piper 2006; Robb et al. 2008).
Although very few studies have tackled the subject of the availability of food resources and
their effects on population dynamics of scavenger species (Colomer et al. 2011; Margalida
et al. 2011a), different public administrations have already set up supplementary feeding
programmes through conventional feeding stations in order to palliate the problems
regarding carrion availability (Garcia de Francisco and Moreno-Opo 2009). Such con-
ventional structures of feeding station comply with sanitary regulations and prevent non-
target mammal species from entering (if the appropriate maintenance is carried out). These
models have had positive effects and have helped mitigate the shortage of carrion and its
lack of quality that has occurred in recent years (Gilbert et al. 2007; Hernandez and
Margalida 2008; Oro et al. 2008; Garcia de Francisco and Moreno-Opo 2009). In addition,
for threatened species such as the Egyptian vulture Neophron percnopterus these feeding
stations have performed a fundamental role in the exchange of information among birds
and the substitution of individuals in breeding pairs via the establishment of communal
roosting sites (Donazar et al. 1996; Benitez et al. 2009) and probably by reducing the high
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mortality rates related with the illegal use of poisoning baits (Hernandez and Margalida
2009).

Management of supplementary feeding sites

The two models that best prevent facultative scavenger mammals from entering the ex-
closures were the low net and high net (Figs. 3, 4) and are the most recommendable
structures for fulfilling the objectives proposed at the beginning of this study. Furthermore,
both types are highly manageable and easy to install, remove and move to another site
given that there is no need to fix posts permanently or to set up a system of insulators. The
cost of each exclosure (0.5 ha) is 900 €, as opposed to ~9,000 € in the case of fixed
conventional feeding stations.

In terms of the efficiency, we recommend that exclosures are checked and maintained for
a suitable working. Moreover, regarding the permanence, exclosures may be kept at the same
site for a maximum of around 2 months so as to prevent opportunist mammals such as red
foxes learning how to find a way in. The presence of abundant food resources at the same site
for an over-long period of time will also increase its attraction vis-a-vis other foraging areas
and thus modify certain ecological processes and relationships (Cortés-Avizanda et al. 2009;
Deygout et al. 2009; Donazar et al. 2009b). Once the two-month period finishes, it is
advisable to then move the feeding point elsewhere, preferably as far away as possible. In this
way the temporal and spatial unpredictability of the natural appearance of carrion is imitated,
sanitary conditions are guaranteed and the management of supplementary feeding of avian
scavengers can be optimized (Olea and Mateo-Tomas 2009).

The suggested models could be highly appropriate for sectors that are directly involved
in the management of livestock and game animal by-products. Farmers and hunting
managers could perceive as positive these types of installations and hence may encourage
their implementation. In this way, the territorial scope of these models could be broadened.
This active participation may help lessen any reticence regarding the presence of avian
scavengers and deter the use of certain types of illegal predator control methods (Koenig
2006; Hernandez and Margalida 2008, 2009; Margalida et al. 2011b), since these carrion
provided in the proposed exclosures, unlike those occurring naturally in the field (Cortés-
Avizanda et al. 2010), are not accesible to opportunistic predators and do not favor the
growth of their populations. The fact that 1) the cost of purchasing and installing this type
of feeding stations is much less than that of conventional exclosures, that 2) the possibility
of their use in periods that are beneficial for the management and exploitation in the estates
(hunting, culling for sheeps and goats, and lambing seasons), and that 3) it is not necessary
to intend permanently a large land surface of the settlement of a feeding station (up to 1 ha)
are three reasons that could forward that the use of these types of feeding stations are
practical; generalizable and appropriate to many rural scenarios (Piper 2006; Margalida
et al. 2010).

Regardless questions arising from management issues, it is important to monitor the
supplementary feeding measures arranged (Buckland et al. 2005; Oro et al. 2008) with
regard to the presence of scavenger species, their relative abundance, their feeding
selection patterns and the detection of possible conservation problems as human distur-
bances or the lack of available food in the surrounding areas (Cortés-Avizanda et al. 2010;
Moreno-Opo et al. 2010). This could be essential if we aim to evaluate the efficacy of the
implemented measures and, if necessary, modify certain aspects of the management pro-
tocols in order to increase the positive effects on target species (McCarthy and Possingham
2007).
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Conservacion del buitre negro en Espafa (1966-2011): revision
biobliométrica de amenazas, investigacion y gestion adaptativa

La deteccién y cuantificacion de amenazas, la investigacion y la aplicacién de medidas
de gestion son aspectos clave para evaluar el estado de conservacién de las especies
amenazadas. Cuando dichas cuestiones pretenden ser analizadas con perspectiva
historica o a largo plazo, el andlisis bibliométrico puede ser una técnica ttil. Para el
caso del buitre negro en Espaiia, se evalu la relacion existente entre la dindmica
poblacional y los esfuerzos de investigacion, las amenazas existentes y los hitos de
conservacion. Los resultados reflejaron una correlacion de la tendencia poblacional
positiva de la especie, de 206 parejas en 1976 a 2 068 en 2011, con el nimero total de
trabajos, el nimero de publicaciones en revistas SCI y con los trabajos que trataron
aspectos de conservacion-amenazas-gestion. Dichas cuestiones se discuten en términos
de causa-efecto teniendo en cuenta que otros factores no excluyentes entre si
probablemente también contribuyeron a explicar dicha tendencia poblacional. Del
mismo modo, se analizaron las amenazas y la disponibilidad de alimento en relacién al
numero de parejas reproductoras, obteniéndose una relacion positiva con las
estadisticas de caza mayor. En relacion a los hitos, se concluye una situacion actual
positiva en cuanto a la proteccion de la especie y de su habitat, no siendo clara la
situacion en relacion a la disponibilidad de alimento. Por tltimo, se repasan las
principales lineas de actuacion realizadas con la especie en Espafia y como éstas han
ido modulando progresivamente en funcién las nuevas evidencias cientificas y
técnicas, en un ejemplo de gestion adaptativa aplicada a conservacion.
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ABSTRACT

Detecting and quantifying threats, researching and implementing management actions
are key factors to assess the conservation status of endangered species. When such
questions are intended to be evaluated from long-term perspective, bibliometric
analysis can constitute an useful tool. Taking as a case study the cinereous vulture
Aegypius monachus in Spain, we tested relationships between population dynamics and
research efforts, existing threats and conservation milestones. Our results suggest a
positive correlation between the population increase of the species (from 206 pairs in
1976 to 2068 in 2011), with the total number of publications, the number of articles in
SCI journals and the number of published works dealing with conservation-threats-
management aspects. These results are discussed in terms of cause-effect relationships
taking into account that influence of other non-mutually exclusive factors probably
could also explain such associations. Similarly, we analyzed the trend of the cinereous
vulture breeding population with respect to different threats and indexes of food
available, obtaining a positive correlation with the big-game hunting bags progress in
Spain. With respect to the conservation milestones, we concluded a positive current
situation regarding the protection of the species and its habitat, not being clear the
situation in relation to food availability. Finally, we reviewed the main conservation
actions arranged with the species in Spain and how these progressively modulated on
the basis of new scientific and technical evidences, as example of adaptive
management applied to conservation.

KEY WORDS: animal by-products, bibliometry, conservation plans, habitat protection,
land management, poisoning, Spain, special protected areas

INTRODUCTION
The assessment of the conservation

bibliometrics is a helpful study tool (i.e.
Zhang et al. 2010, Liu et al. 2011). In this

status of endangered species requires
several analysis stages, such as the
recognition of the threats and their
impacts, the monitoring of the
population and the analysis of the
efficiency of the applied management
measures to eliminate risk factors
(Soule 1986, Groom et al. 2006). These
three aspects must be closely
interrelated and without their proper
coordination is very difficult to obtain
successful results in conservation
biology (Pullin et al., 2004, Arlettaz et
al. 2010). When intending to study,
with long time prospect, how these
three questions have been conducted,
in order to report on the history of
conservation of a particular species, it is
helpful to conduct an extensive
collection of information, for which

sense, assuming that the increase in the
knowledge of a target species and the
application of such information to
optimize management and
conservation measures will imply to
improve their conservation status, we
hypothesized that their population
trends should be parallel to the increase
of published literature. As a result, the
analysis of publications may establish
relationships of the research effort and
the field study with variables such as
the population trend of the species, the
non-natural mortality rates or the
conservation measures implemented,
allowing the discussion about the
relations between them. Obviously, it
will exist cases in which both, the
positive  or negative effect of
anthropogenic variables (i.e. illegal

137



poisoning, disturbance, habitat
alterations, supplementary feeding) can
have an important influence on the
species population trend and as
consequence distort the linearity of the
results obtained (Oro et al. 2008, Ortega
et al. 2009). However, the expected
result is that conservation measures
and for extension the conservation
status of a species will improve with an
increase in their knowledge.

To analyze the above issues, the
cinereous vulture Aegypius monachus
constitutes a sound model species since
it exhibits a key role in balancing
ecosystems it inhabits. Due to its
scavenger behaviour, it provides
important ecosystem services: it feeds
on wildlife and livestock carcasses and
helps to reduce the risks of spread of
transmissible diseases (DeVault et al.
2003, Sekercioglu et al 2004, Margalida
et al. 2012, Ogada et al. 2012). It also
inhabits areas in good conservation
status and is indicator of several
characteristics of the habitat: to breed it
requires mature forests, with specified
ecological and geomorphologic
conditions, far away from disturbing
human activities (Moreno-Opo et al.
2012a). Spatial patterns of its foraging
ranges are related to food availability
and habitat quality and, in the case of
breeding individuals, to the distance
from the breeding colony (Costillo 2004,
Carrete and Donazar 2005). It is also
closely related to the land management
and exploitation made in rural areas
which can affect in positive or negative
ways (Dondzar et al. 2002, 2009a).

This  paper
conservation story of the cinereous
vulture in Spain during 1966-2011 in a
summarized way, as a compilation of
studies and conservation works. Its

presents  the

objectives are: 1) to update the census
of the species in Spain and to evaluate

its population trend, 2) to gather
information on the researching,
monitoring and protection efforts made
in Spain, 3) to assess the relationships
between the number and types of
publications and the population
dynamics of the species in order to
discuss if a greater study output is
cause or consequence of the numerical
evolution of the population, 4) to
analyze the effects of threats to the
cinereous vulture, as well as the actions
taken and their results, from a
perspective of conservation biology.

METHODS

The study species

The cinereous vulture is the largest
raptor of the Palearctic and its
distribution range includes temperate
latitudes from the Iberian to the Korean
peninsulas (Del Hoyo et al. 1994). Its
current population has been estimated
in 7 200-10 000 pairs (BirdLife
International 2008), of which around 2
000 are located in Europe (BirdLife
International 2004). It is considered
Near Threatened due to the decline of
its Asian populations and to different
threatening factors: mortality caused by
human actions (mainly by the use of
illegal poisoned baits), alteration of
food availability and occurrence,
human disturbances and habitat loss
(BirdLife International 2008). In Europe,
the cinereous vulture is distributed
within three metapopulations: Iberian
Peninsula and France, Majorca island
and Balkan Peninsula (Del Hoyo et al.
1994). The Spanish population is the
greater (De la Puente et al. 2007) and
more studied in recent years (i.e.
Costillo 2004, Carrete and Donazar
2005, Moran-Lépez et al. 2006, Moreno-
Opo et al. 2012a), exhibiting during the
last 40 years a continuous recovery (De
la Puente et al. 2007). It is one of the
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most emblematic species of the
Mediterranean forest, having received a
soundly number of monitoring,
researching and protection actions by
governments and scientific and
conservation organizations (Moreno-
Opo and Guil 2007, De la Puente 2012,

Dobado and Arenas 2012).

Bibliographic search and studied variables
The breeding pairs, as the number of
nests in which incubation started, was
obtained through the request to the
regional governments of the most
updated census. Precedent census were
consulted in compiling publications
(i.e. Gonzalez 1990, Sanchez 1998, De la
Puente et al. 2007).

With the aim of finding
published works in which the cinereous
vulture in Spain was targeted we
performed a literature search (see Liu et
al. 2011). We used searchers (Web of
Science, Google Scholar), reviewed
references in the articles, and made a
compilation of books, PhD
dissertations, legal texts and abstracts
in proceedings of meetings on the
cinereous vulture. The works were
grouped according to: 1) the type
and/or character of the publication in
which the work appeared, and 2) the
topic of the work. For the section 1,
works were assigned to the following
five categories: SCI journals, other
technical-scientific articles in periodic
journals, legal-divulgation, books-PhD
thesis, and chapters-articles in abstracts
of  monographs,  workshops or
congresses. For the part 2, works were
grouped as the field study dealt:
census, biology-ecology, conservation-
threats-management, and others that
included shared aspects to the above
categories, compilations, distribution
atlas, etc. Furthermore, works were
clustered, according to their year of

publication, into five-year periods from
1966 to 2011 to analyze their trend.

To assess the effect of different
threats on the population dynamics of
the cinereous vulture, we considered
the number of individuals affected by
poisoning, obtained from Hernandez
and Margalida (2008), and the number
of admissions into official rescue
centres due to starvation or
dehydration. This latter information
was provided by 10 regional
administrations for the period 2001-
2009 (Ministry of Environment and
Rural and Marine Affairs 2010).
Moreover, we used variables related to
the availability of food: 1) the hunting
bags of the wild rabbit Oryctolagus
cuniculus in the regions of peninsular
Spain where cinereous vulture breeds
(Guil et al. 2007, Garrido 2011), as an
index of relative abundance of one of
the main prey in the diet of the species
(Costillo et al. 2007a), 2) the hunting
statistics of the two most abundant
game ungulates -wild boar Sus scrofa
and red deer Cervus elaphus- in the
regions of peninsular Spain where
cinereous vulture breeds (Garrido
2011), as the remains of the hunting
activity on  these species are
traditionally intended to scavengers
consumption and are an important
source of the diet of the cinereous
vulture (Costillo et al. 2007a, Moreno-
Opo and Guil 2007) and, 3) the number
of extensive livestock of bovine, ovine,
caprine and porcine not integrated in
insurances programs of removal of
carcasses, as an index of the trophic
resources potentially available in the
wild for scavenger raptors -by
deducting the proportion of livestock
covered by official corpses-collection
insurances from the total extensive
livestock population- (National Entity
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of Agriculture Insurances 2011, Spanish
Statisticts Institute 2011).

Lastly, we performed a review
of the most important events for the
conservation of the cinereous vulture in
Spain during the study period (1966-
2011). These milestones were related to
the release of legal and technical crucial
documents or to biological situations
relevant to three important issues for
the conservation of the species (BirdLife
International 2008): species protection,
habitat protection and food availability.

We chose 1966 as the start of this
study since it is the first year with
scientific and technical publications on
the cinereous vulture in Spain (Bernis
1966, Suetens and Van Groenendal
1966, Valverde 1966).

Statistical analyses

We first checked differences in the
distribution of the published papers
into different five-periods, regarding
the topic discussed and the type of
publication. Thus, we performed Chi-
square frequency analysis.

In order to correlate the
population trend in Spain during 1966-
2011, we performed regression analysis
(Sokal and Rohlf 1995) between the
number of breeding pairs and 1)
bibliometric variables — total number of
publications and number of published

works classified by type of publication
and by subject treated-, 2) variables
related to direct threats — number of
cinereous vultures found poisoned and
number of starved individuals
admitted to rescue centres- and 3)
variables related to the potential food
availability ~-wild rabbit hunting
statistics, potential number of available
carcasses from extensive livestock, big-
game hunting bags, and the previous
three variables together-. On the other
hand, to assess possible correlations
between food availability and threats,
we applied simple regression analysis
between the number of potential
available livestock corpses and 1) the
number of poisoned cinereous vultures
and, 2) the number of
starved/dehydrated cinereous vultures
admitted to rehabilitation centres. The
analyses were carried out using the
software Statistica 6.1 (StatSoft Inc.
2002).

RESULTS

The breeding population of cinereous
vulture in Spain in 2011 amounted 2
068 pairs, distributed in 35 colonies
(Fig. 1). Since 1973, when the first
national census yielded 206 breeding
pairs, there has been an annual increase
rate of 25.7% in the number of breeding
pairs (Fig. 1).
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Figure 1. Breeding pairs (nests with hatching, black dots, left y-axis) of cinereous vulture
Aegypius monachus in Spain, since the first Spanish national census in 1973 to the most updated
in 2011. The number of poisoned cinereous vulture (1990-2006, black columns, Hernandez and

Margalida 2008) and the number of starved cinereous vultures admitted to official wildlife

rescue centres in (2001-2009, grey columns) are shown respect the right y-axis.

In the period 1966-2011, 164
papers on the cinereous vulture in
Spain were published (Appendix SI).
Regarding the type of publication,
31.5% were articles in technical and
scientific ~ periodical journals not
included in SCI, 30.9% were legal or
divulgative releases, 17.5% papers in
SCI journals, 14.0% abstracts in
proceedings of conferences or chapters
of monographs, and 5.8% books or PhD
thesis. The proportion of the different
literature published varied significantly
among the different studied five-year

periods (x?=11.48; df = 4; p = 0.021; Fig.
2). In relation to the topics of the paper,
32.3% dealt with conservation, threats
or applied
presented aspects of the biology and
ecology of the species, 21.9%
population census and 13.8% exposed
common issues to the above mentioned

management, 31.8%

categories or were compilations, atlas,
etc. No significant differences were
found with respect the proportion of
the subjects treated between different
periods (x? = 4.11; df = 3; p = 0.249; Fig.
2).
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Figure 2. Evolution of the proportion of publications (Y-axis) on the cinereous vulture Aegypius
monachus in Spain in five-year periods, distributed according to the type of publication (left; SCI

journals —white-, other technical-scientific articles in periodic journals -light grey-, legal-

divulgation -medium grey-, books-PhD thesis —dark grey- and chapters-articles in abstracts of
monographs, workshops, congresses or meetings —black-) and the subject treated (right;
biology-ecology —white-, conservation-threats-management -light grey-, census —dark grey- and

others —black-)

The unique common Spanish
database of wildlife poisonings showed
the affection to 454 cinereous vultures
during the period 1990-2006, with a
maximum in 1998 and 1999 (Hernandez
and Margalida 2008; Fig. 1). Data of
admissions of cinereous vultures in
rescue centres showed and increasing
trend from 2001 to 2007, when a
maximum of 190 entrances were
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recorded, which was subsequently
reduced to 2009 (Fig. 1). The analysis of
the most relevant historical events (Fig.
3) provided that current situation is
positive with respect to the protection
of the species and its habitat, while
there is no certainty about whether the
food occurrence and availability is
favourable or unfavourable during the
last decade.
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Figure 3. Milestones of the conservation of the cinereous vulture Aegypius monachus in Spain in
1970-2011, in relation to the species protection, the habitat protection and the food availability.
Colours of horizontal bars indicate the conservation status in relation to the ecological
requirements of the species (black: negative situation; grey: unknown-neutral; white: favourable
situation). 1= Decree for the protection of raptors in Spain -1973-; 2= Royal Decree of the
National Catalogue of Endangered Species -1990-; 3= Species Action Plan, European
Commission -1996-; 4= First regional recovery/conservation plans -2003-; 5 = Habitats Directive
92/43/CEE -1992-; 6= Special Protected Areas statement and first LIFE and land-stewardship
projects -1997-; 7= Progressive recovery of wild rabbit populations after myxomatosis outbreak
in the 50’s —1978-; 8= Outbreak of the rabbit haemorrhagic disease — 1991-; 9= Regulation CE
1774/2002 on the sanitary control of animal by-products -2002-, but progressive increase of wild
boar Sus scrofa/red deer Cervus elaphus hunting bags; 10= Regulation CE 1069/2009 on the
sanitary control of animal by-products -2011-.

Since 2002 there was a
progressive and significant reduction in
the number of available carcasses in the
wild, following the entry into force of
the mandatory carcasses collection

was positively related to the number of
publications in SCI journals (r= 0.824; p
= 0.022), to the number of papers that

addressed
management of threats (r = 0.909; p =

conservation and

(Council of Europe 2002), from 36
million potential available carcasses in
2001 to 3.6 in 2010 (r = -0.682; p <0.001;
Fig. 4). Furthermore, the number of
hunted wild boar and red deer per year
has been multiplied by 13.5 from 1973
(r=0.94; p <0.001; Fig. 5). Furthermore,
wild rabbit hunting statistics have
showed variations without any clear
trend (r =-0.11; p = 0.789). After a slight
abundance increase until the late 80s a
shocking decrease occurred that has
been attenuated and even reverted
since 2008 (Fig. 4).

The trend of breeding pairs of
cinereous vulture was positively
correlated with the total number of
published studies (r = 0.757; p = 0.048).
Likewise, the number of breeding pairs

0.004), and, marginally, to works on
ecology and biology (r = 0.749; p =
0.052). There were no statistically
significant relationships (p > 0.05) of the
trend of the breeding population with
other classes of publications or to the
number of poisoned/entered to rescue
centres cinereous vultures. There was
also no correlation between cinereous
population ~ with  food
availability variables, except for the
number of wild boar and red deer
hunted (r=0.984; p < 0.001). Finally, the
admissions of starved cinereous

vulture

vultures into recovery centres were
negatively and marginally correlated
with the decrease of available carcasses
(r=-0.926; p = 0.068).
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Figure 4. Evolution of hunted wild rabbits Oryctolagus cuniculus in the Spanish peninsular
regions where cinereous vulture Aegypius monachus breeds (black dots), the number of livestock
carcasses potentially available for scavengers in Spain (x106; squares), and wild boar Sus scrofa
and red deer Cervus elaphus hunting bags in the Spanish peninsular regions where cinereous
vulture Aegypius monachus breeds (x10% grey triangles). For the wild rabbit, the number of
hunted individuals in 1973 is taken as reference (starting value = 10.0, not corresponding to any
unit, Guil et al. 2007, Garrido 2011). The number of carcasses available has been obtained by
deducting the proportion of livestock covered by official corpses-collection insurances from the
total extensive livestock population (sources; Spanish Statisticts Institute www.ine.es and

National Entity of Agriculture Insurances, 2011).

DISCUSSION

This work constitutes the first long-
term study about the association
between published research and
conservation of the cinereous vulture.
However, this information includes
different deficits which require a
cautious  interpretation  regarding
conclusions about cause-effect
relationships. This is the case of the use
of a single variable (number of
breeding pairs) to assess the population
trend as consequence of the difficult to
obtain extensive data of other
demographic parameters as the non-
breeding proportion of the population,

the total number of pairs, mortality
rates, breeding success, etc. that could
help to understand and to analyze
more accurately the population trend
(Oro et al. 2008, Ortega et al. 2009). In
this sense, a common problem with
census of elusive species is that their
reliability improves with time due to a
progressively better knowledge of the
terrain and the species, as well as due
to an increasing investment in logistics.
This could imply variable census effort
between years and areas, and negative
effects in the accuracy and bias of the
final data of population size (Katzner et
al. 2011, Margalida et al. 2011a).For this
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reason we used the comparison
between censuses due to their historic
basis, for being the only ones available
and after knowing that all or most of
the existing colonies were prospected in
each census.

Threats

In relation to the food availability, a
direct relationship between the increase
of the breeding population of the
cinereous vulture and big-game
hunting bags was evidenced, since this
leisure activity has experienced an
important rise in Spain (Garrido 2011).
On the other hand, changes in animal
by-products regulations occurred in
early of the 2000s, that led to the
compulsory collection of livestock
carcasses from the wild provoking food
shortages (Donazar et al. 2009a, 2009b),
have not been associated with a
reduction of the breeding population of
the cinereous vulture. On the other
hand, wild rabbit, a keystone prey-
species for most endangered predators
in Spain (Delibes-Mateos et al. 2007),
has suffered an important population
decline during the last 40 years,
provoking dietary shifts in Spanish
cinereous vulture population (Costillo
et al. 2007a, b, Corbacho et al. 2007).
This  dietary plasticity and the
adaptation to feed on alternative preys
when the main food resource is scarce
have been evidenced in the vulnerable
Spanish imperial eagle after the
decrease of wild rabbit abundance
(Sanchez et al. 2009) and in other
obligate avian scavenger as
consequence of changes in sanitary
policies  (Donazar et al. 2010).
Nevertheless, other effects have been
reported in the scavenger guild
regarding
behavioural variables (e.g. modification

demographic and

of the foraging, and dispersal patterns,

trophic behaviour increasing feeding on
dumps and attacks on livestock,
changes in juvenile survival rates,
Dondzar et al. 2009b, Margalida et al.
2010, Zuberogoitia et al. 2010,
Margalida et al. 2011b).

Legal protection of breeding
areas, reaching more than 90% of the
breeding pairs in Spain (Moreno-Opo
and Guil 2007), ensured the protection
of wide territories by preventing
actions irreversibly altering natural
habitats. From the 80s and, above all,
90s a large number of protected natural
areas and special protected areas for
birds (Council of Europe 1992) were
declared and several official
conservation plans were adopted. This
fact has succeeded in minimizing the
negative effects of human disturbance
during the breeding season and in
reducing habitat loss, despite some
difficulties in managing these areas in
relation to reconciling economic uses in
them (Margalida et al. 2011c).

It is possible that other factors
may have influenced the -cinereous
vulture population trend. Issues such as
socio-cultural changes in the perception
of nature conservation occurring in
Spain, the inclusion into governmental
bodies of technicians and biologists
trained in wildlife protection, changes
in rates of economic progress,
development of infrastructure, etc,
may also correlate with the population
dynamics of the species.

Research and population trend

The bibliometric analysis showed how
papers published in SCI journals, as
well as studies on conservation, threats
and management issues and, to a lesser
extent, works dealing with the species
biology grew up with a similar trend as
the breeding population of the
cinereous vulture in Spain. This could
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highlight that a better understanding of
the ecological requirements and the
magnitude of the threats of the studied
species may contribute to a greater
success in conservation policies (Pullin
et al. 2004, Sutherland et al. 2004,
Arlettaz et al. 2010) and, consequently,
an improvement in the situation of the
species population. However, it is
difficult to assess whether there exists
causal link between the study effort
and conservation status or population
trend of the targeted species (Pullin and
Stewart 2006). To this constraint it
could contribute several facts, as the
possibility that it is unknown a priori
whether the studied matter is really
useful and important to address the
risk factors of the species, if there are
other major non-weighted or difficult-
to-investigate threats, whether results
obtained in a geographical and
temporal framework are representative
and applicable to other regions or
circumstances, or if the management
recommendations are feasible, rather
expensive or require highly qualified
training to be implemented (Pullin and
Knight 2005, Arlettaz et al.2010).

In addition, in order to justify
causality, it might be necessary a time
mismatch between the publication of
the work, its application and the
verification of positive effects. Thus, it
could be argued that publication of
valuable scientific works comes after
the release of an adequate basic
knowledge of the species (Faaborg et al.
2010) and, even, as a result of the
recovery of its populations. This would
allow to deepen into up-to-date,
fashionable study lines or to increase
the efficiency of results, as a
consequence of a likely accessibility to
the species, a greater sample size or a
greater ease for obtaining official
permits. Therefore, core, accurate and

well-publicized information on the
species may be as important for the
conservation of endangered species
such as the publication of scientific
studies in SCI journals (Martin-Lopez et
al. 2009, Botrill et al. 2011). In this sense,
several examples on well studied
targeted species exist in which the
increase in their knowledge has not
been parallel to their recovery. For
example, the
Gymnogyps californianus in the USA that
reduced their numbers reaching the
near extinction as consequence of lead
poisoning mortality (Finkelstein et al.
2012) or the Egyptian vulture Neoprhon
percnopterus that in the last decades
reduced their population in some
Spanish areas as consequence of the
illegal use of poisoning (Carrete et al.
2007, Hernandez and Margalida 2009).
In both cases, the increase of non-
natural anthropogenic mortality factors
nor detected or minimized their impact
previously provoked failures in the
application of conservation measures.

Anyway, the exercise of stop and
assess the results of scientific research,
the legal and economic endowments for
the implementation of practical actions
and the population dynamics of an
endangered species, with somewhat
historical perspective, is very relevant
to conclude whether the decisions
adopted have been successful or should
be modified (Salafsky et al. 2001,
McCarthy and Possingham 2007,
Palomares et al. 2011).

California  condor

Adaptive management

The cinereous vulture in Spain could
provide an example of coevolution
between the recognition of threats and
the application of management actions
on them. First, in the 70 and 80 decades
the need for the legal protection of the
species was advertised. So, this issue
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was subsequently implemented with
the enactment of different acts and
conservation plans (i.e. Ministry of
Agriculture 1990, Heredia 1996, Fig. 5).
Later, in the 80s-90s, the lack of proper
habitat protection conditioned the
safety of the species mainly in breeding
territories. This situation led to the
statement of the Special Protected
Areas for birds (Council of Europe
1992) and to the implementation of
demonstrative projects on best land
management practices.

During the first decade of the
twentieth century, progresses have
been made on the detailed study of
limiting factors such as the food
availability = and  occurrence, the
mortality due to illegal poisoning, the
compatible  management of the
exploitation of natural resources or the
settlement of new breeding areas
(Moreno-Opo and Guil 2007, Donazar
et al. 2009a, Del Moral and De la Puente
2010). In this regard, best available
knowledge has been engaged to adapt
the early management policies into the
most appropriate needs of the species
(McCarthy and Possingham 2007). As a
result, for instance, 1) a new legal
framework is being enforced to enable
cinereous vulture to feed in an
extensive and  sustainable way,
compared to the previous sole

possibility through fenced
supplementary feeding points
(European Commission 2011,

Margalida et al. 2012, Moreno-Opo et
al. 2012b); 2) the procedures of forestry
activities in breeding areas of cinereous
vulture  have  been  evaluated
promoting, when appropriate, the
substitution of the ban of certain
activities  for its implementation
according to defined technical protocols
(Junta de Extremadura 2005, Moreno-

Opo and Guil 2007, Margalida et al.

2011c); 3) the knowledge of harmful
chemical products used in
phytosanitary treatments has increased,
and their prohibition and replacement
by other compounds has been fostered
(Herndndez and Margalida 2008,
Council of Europe 2009); 4) monitoring
methods of the cinereous vulture have
been analyzed, suggesting a
homogenization of data collection that
allows comparison of results among
different Spanish regions (De la Puente
et al. 2007); 5) it has been highlighted
the need for protection and suitable
management of the foraging habitat, as
the geographic scope in which many of
the threats of the species are recorded,
in relation to the initial approach that
just prioritized the nesting habitat
(Carrete and Donazar 2005, Moreno-
Opo et al. 2010); 6) the principles of
operating against the illegal use of
poisoned baits have been updated,
incorporating informative and practical
preventive measures to surveillance
and punishment (Conover 2001,
Direccion General para la
Biodiversidad 2007); and 7) it has been
indicated the usefulness of common
databases at the mnational or
international level on different incident
threats, especially poisoning, as
evidence  base  for  prioritizing
conservation measures (Mateo 2010).
Although its population trend is
expected to be favourable, it is
necessary to continue monitoring,
studying and  to
conservation efforts on the cinereous
vulture in Spain. This will, first, ensure
the ecosystem services provided by the
species, especially those from the

maintaining

recycling of carcasses in an economical
and hygienic way (DeVault et al. 2003;
Margalida et al. 2012) and those from
its role as indicator of the conservation
status of the environments (Moreno-
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Opo et al. 2012a). Similarly, and since
Spain hosts about 20-25% of the whole
breeding pairs (BirdLife International
2008), this population may become a
guarantee of the global conservation of
the species versus the decline events in
Asian populations (BirdLife
International 2008) and source to
promote  the reintroduction and
connection of the different
metapopulations (Houston 2006).
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Appendix S1. Publications on Cinereous Vulture Aegypius monachus in Espafia, integrated in the
analysis of the present article. It is specified the author/s, the name of the publication, the year
of releasing, the type of publication (SCI journals, other technical-scientific articles in periodic
journals, legal-divulgation, books-PhD thesis and chapters-articles in abstracts of monographs,

workshops, congresses or meetings) and the subject treated (biology-ecology, conservation-

threats-management, census and others).

Name of the

Author/s publication year type of publication subject
Bernis Ardeola 1966 | other scientific-technical articles others
Suetens & Groenendal | Ardeola 1966 | other scientific-technical articles biology-ecology
Valverde Ardeola 1966 | other scientific-technical articles others
Garzon Ardeola 1968 | other scientific-technical articles others
Elosegui Munibe 1970 | other scientific-technical articles census
Elosegui Ardeola 1971 | other scientific-technical articles census
Morillo & Lalanda Bol. Est. Central Ecol. 1972 | other scientific-technical articles biology-ecology
Mayol Aegypius 1973 = other scientific-technical articles census
Sudrez Ardeola 1973 | other scientific-technical articles biology-ecology
Bernis Ardeola 1974 | other scientific-technical articles biology-ecology
Garzon Ardeola 1974 | other scientific-technical articles others
Hiraldo Naturalia Hispanica 1974 | other scientific-technical articles census
Mayol Ardeola 1975  other scientific-technical articles conservation-threats-

management
Richford et al. Ardeola 1975 | other scientific-technical articles census
Alvarez et al. Ornis Scandinavica 1976 SCI journals biology-ecology
Hiraldo Doiiana Acta Vertebrata | 1976 | other scientific-technical articles biology-ecology
Mayol Aegypius 1976 | other scientific-technical articles census
Amores PhD Thesis 1977 books-PhD Thesis others
Amores et al. Book Raptors of Sierra 1977 books-PhD Thesis others
Morena
Hiraldo PhD Thesis 1977 books-PhD Thesis others
Acedo & Ruiz Oxyura 1978 | other scientific-technical articles census
Mayol Bol. Soc. Hist. Nat. Bal. | 1978 | other scientific-technical articles others
Torres et al. Bolet. Est. Centr. Ecol. 1980 | other scientific-technical articles others
Hiraldo Naturalia Hispanica 1981 | other scientific-technical articles biology-ecology
Mayol Quercus 1982 legal-divulgation others
Hiraldo Vulture Biology Manag. | 1983 | other scientific-technical articles biology-ecology
De Juana y De Juana I;ZZZZ/ L:Z;jzs's 1984  other scientific-technical articles biology-ecology
Martin-Mateo et al. EOS 1984 SCI journals biology-ecology
Caballero Panda 1986 legal-divulgation census
Gonzalez et al. Congress Mediterrancan 1986 chapters-articles in abstracts census
Raptors
Hernandez et al. J. Field Ornithology 1986 SCI journals conservation-threats-
management

Muntaner & Tewes La Garecilla 1989 legal-divulgation others
Bermejo Congress CODA 1990 chapters-articles in abstracts census
Gonzalez Quercus 1990 legal-divulgation census
Hiraldo & Donazar Bird Study 1990 SCI journals biology-ecology
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Book imperial

Jiménez eagle/black vulture . 1990 books-PhD Thesis biology-ecology
Castilla-La Macha
Jiménez Congress CODA 1990 chapters-articles in abstracts biology-ecology
Jiménez Congress CODA 1990 chapters-articles in abstracts biology-ecology
Ruiz et al. Congress CODA 1990 chapters-articles in abstracts biology-ecology
Ruiz Romero et al. Testudo 1990 | other scientific-technical articles census
Tewes Quercus 1991 legal-divulgation census
Viada Boleta 1991 | other scientific-technical articles conservation-threats-
management
onth -
Adecab Quercus 1992 legal-divulgation conservation-threats
management
Blanco & Gonzalez Red Book 1992 = other scientific-technical articles conservation-threats-
management
Sanchez et al. Aegypius 1992 | other scientific-technical articles census
Donazar Book Los buitres ibéricos | 1993 books-PhD Thesis others
Tewes Raptor conservation 1994 | other scientific-technical articles conservation-threats-
today management
Alvarez & Garcés Holarctic birds of prey 1995 chapters-articles in abstracts biology-ecology
C Medit
Alvarez & Garcés RZZ?J:SSS CatmerTanean 1996 chapters-articles in abstracts biology-ecology
Andrés et al Congress Mediterranean 1996 chapters-articles in abstracts census
Raptors
Galan et al. Ecologia 1996  other scientific-technical articles conservation-threats-
management
. . . tion-threats-
Heredia European Action Plan 1996 legal-divulgation conservation-threats
management
Tewes PhD Thesis 1996 books-PhD Thesis others
C Medit
Torres et al. ongress ICAIerranean | 1996 chapters-articles in abstracts census
Raptors
Blanco et al. J. Raptor Research 1997 SCI journals biology-ecology
tion-threats-
Galan Quercus 1997 legal-divulgation conservation-threats
management
C
Galan et al. m(;;i::ss O SCAOENEET | 1997 chapters-articles in abstracts biology-ecology
De Andrés et al. Congress Cinereous 1998 chapters-articles in abstracts census
Vulture
. biology-ecology &
Fargallo et al J. Raptor Research 1998 SCI journals )
conservation
tion-threats-
Galan et al. Holarctic birds of prey 1998 chapters-articles in abstracts conservation-threats
management
Lo . . tion-threats-
Galan et al. Holarctic birds of prey 1998 chapters-articles in abstracts conservation-threats
management
Gentil & Ventanas Holarctic birds of prey 1998 chapters-articles in abstracts others
Guzman & Jiménez Holarctic birds of prey 1998 chapters-articles in abstracts biology-ecology
C Ci
Sanchez ongress HIETEOS - 1908 chapters-articles in abstracts census
Vulture
Wink et al. 1998 Molecular Ecology 1998 SCI journals biology-ecology
Worksh p. N.
Marti et al. oresiop 1999 chapters-articles in abstracts census

Perialara
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Oria Vulture News 1999  other scientific-technical articles biology-ecology
. Raptor Research . . .
Atienza et al Foundation Congress 2001 chapters-articles in abstracts biology-ecology
Raptor Research . . .
Corbacho et al. . 2001 chapters-articles in abstracts biology-ecology
Foundation Congress
Costillo et al. Congress SPAs 2001 chapters-articles in abstracts census
Extremadura
R R ion-th -
Costillo et al. aptor . esearcl 2001 chapters-articles in abstracts conservation-threats
Foundation Congress management
Rapt R h
Moleoén et al. F(?Z nZation Cong::se:rc 2001 chapters-articles in abstracts biology-ecology
L . . tion-threats-
Sanchez Congress on poisoning | 2001 chapters-articles in abstracts conservation-threats
management
Blanco et al. Wo~rk5h0p P. N. 2002 chapters-articles in abstracts conservation-threats-
Pefialara management
Worksh p. N.
Costillo et al. Pe(:i:zlizrzp 2002 chapters-articles in abstracts biology-ecology
De la Puente et al Quercus 2002 legal-divulgation others
Workshop p. N. . .
Del Moral et al. _ 2002 chapters-articles in abstracts census
Peiialara
Worksh p. N.
Donazar Of S1op 2002 chapters-articles in abstracts others
Pefialara
‘ , I . biology-ecology &
Donazar et al. Ecological Applications | 2002 SCI journals .
conservation
Galan Andalus 2002 | other scientific-technical articles census
Godino et al. Vulture News 2002 | other scientific-technical articles census
1 . . .
Jiménez CZZL;ZORealormtOloglw 2002 | other scientific-technical articles biology-ecology
Margalida & Heredia | Sandgrouse 2002 | other scientific-technical articles biology-ecology
Ministori ; onth -
nisterio  Medio | o1 Decree 1098/2002 | 2002 legal-divulgation conservation-threats
Ambiente management
. Atlas  wintering birds L . .
Muioz . 2002 | other scientific-technical articles others
Madrid
. Comparative . .
Vill L. 2002 I 1 logy-ecol
illegas et a Biochemistry 00 SCI journals biology-ecology
Galan et al. Quercus 2003 legal-divulgation census
t Castilla-L tion-threats-
Junta astitia-ta Conservation Plan 2003 legal-divulgation conservation-threats
Mancha management
a . .
Sanchez S;fzaisn breeding - birds 2003 | other scientific-technical articles others
tion-threats-
Tewes Anuario Ornit. Baleares = 2003 | other scientific-technical articles conservation-threats
management
Arenas Symposium  Cinereois 2004 chapters-articles in abstracts census
Vulture Cordoba
S ] Ci
Azcarate & Carbonell | 27 POSHIt - HHETEOUS | 5004 chapters-articles in abstracts census
Vulture Cordoba
Caldera Symposium  Cinereois 2004 chapters-articles in abstracts census
Vulture Cordoba
. ) . biology-ecology &
Costillo PhD Thesis 2004 books-PhD Thesis

conservation
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Spanish  Ornithological

Costillo et al. Congress 2004 chapters-articles in abstracts biology-ecology
. Symposium  Cinereous . . .
till L. 2004 h -articl logy-ecol
Costillo et a Vilture Cordoba 00 chapters-articles in abstracts biology-ecology
De la Puente Symposium  Cinereois 2004 chapters-articles in abstracts census
Vulture Cordoba
S ] Ci
De la Puente YIPpOSITL ~ HIIETEOS 5004 chapters-articles in abstracts others
Vulture Cordoba
Symposium  Cinereous . . .
De la Puente Vilture Cordoba 2004 chapters-articles in abstracts biology-ecology
Dobado Symposium  Cinereois 2004 chapters-articles in abstracts census
Vulture Cordoba
S ] Ci tion-threats-
Galan & Segovia ymposim HIETEOUS | 9004 chapters-articles in abstracts conservation-threats
Vulture Cordoba management
Godino et al. Symposium  Cinereois 2004 chapters-articles in abstracts census
Vulture Cordoba
Symposium  Cinereous . .
Luque et al. Vilture Cordoba 2004 chapters-articles in abstracts census
Martin et al. Symposium  Cinereois 2004 chapters-articles in abstracts census
Vulture Cordoba
Martinez et al. J. Parasithology 2004 SCI journals biology-ecology
S ] Ci
Mayol V]Z TZ‘ZZZZ??Z’ dObamereous 2004 chapters-articles in abstracts others
. . onth -
Moreno-Opo et al. Symposium  Cinereois 2004 chapters-articles in abstracts conservation-threats
Vulture Cordoba management
tion-threats-
Moreno-Opo et al. Trofeo 2004 legal-divulgation conservation-threats
management
Symposium  Cinereous . .
M 2004 h -articl t
osqueda Vilture Cordoba 00 chapters-articles in abstracts census
tion-threats-
Sanchez Red Book 2004 | other scientific-technical articles conservation-threats
management
Tewes Anuario Ornit. Baleares | 2004 | other scientific-technical articles census
tion-threats-
Tewes Raptors Worldwide 2004 chapters-articles in abstracts conservation-threats
management
Symposium  Cinereous . . conservation-threats-
Tewes 2004 chapters-articles in abstracts
Vulture Cordoba management
S ] Ci
Vielva ymposim HIETEOUS | 9004 chapters-articles in abstracts census
Vulture Cordoba
Villegas et al. J. Raptor Research 2004 SCI journals biology-ecology
tion-threats-
Cano & Hernandez Quercus 2005 legal-divulgation conservation-threats
management
Carrete y Dondzar Biological Conservation | 2005 SCI journals biology-ecology
Cuevas y De la Puente | Unedited report 2005 | other scientific-technical articles biology-ecology
De la Puent
€ “ vemte Gypas Conference 2005 chapters-articles in abstracts census
Gamonal
Jiménez Gypas Conference 2005 chapters-articles in abstracts others
tion-threats-
Junta Extremadura Conservation Plan 2005 legal-divulgation conservation-threats
management
tion-threats-
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DISCUSION

Efecto de la metodologia y de factores ecoldgicos sobre la seleccion de habitat
de nidificacion

La reproduccion de los animales silvestres esta condicionada por los procesos naturales
y/o actividades humanas que acontecen en el medio natural, y su estudio también esta
relacionado con el tipo de metodologia empleada (Katzner et al. 2007, Magana et al.
2010). Existen pocos casos en los que se han podido extraer conclusiones de los factores
que determinan la eleccidn de los lugares de reproduccion para una especie a distinta
escala espacial y en localidades geograficas diferentes. En este sentido, los metanalisis
pueden constituir una buena herramienta para evaluar e integrar los resultados de
estudios previos, exponiendo conclusiones sobre los factores ecoldgicos y antropicos
que afectan a hébitats y especies objeto de estudio (Pullin y Stewart 2006). En este tipo
de anélisis es importante contemplar y soslayar algunas dificultades que presenta la
informacion proveniente de los distintos estudios a comparar, como son las
deficiencias en la toma de datos en distintos trabajos, la falta de criterios homogéneos
en la recogida de datos y la variacién en los requerimientos ecologicos de la especie
objeto de modelizacion entre distintas areas (Hoeksema y Forde 2008, Benitez-Lopez et
al. 2010)

Distintos estudios han mostrado patrones comunes de seleccion de habitat de
nididificacion del buitre negro (Fargallo et al. 1998, Donézar et al. 2002, Jiménez 2002,
Poizaridis et al. 2004, Cuevas y De la Puente 2005, Moran-Lépez et al. 2005,
Gavashelishvili et al. 2006). A pesar de estas conclusiones, existieron diferencias en
relacion a las variables que resultaron estadisticamente significativas entre los estudios
asi como divergencias en los métodos experimentales aplicados, lo que pudo
condicionar los resultados finales. Asi, en el Capitulo 1 de esta Tesis Doctoral se
evalud, a través de un metanalisis, como los procedimientos metodoldgicos influyeron
en la variabilidad recogida en los resultados de los distintos estudios y, en
consecuencia, como afectd a la seleccion del habitat de nidificacion del buitre negro a
escala global (Biostat 2006). Los metanalisis son técnicas estadisticas que combinan
datos de varios estudios con el proposito de identificar y cuantificar comparativamente
los factores que determinan la similitud y variacion entre los resultados de dichos
estudios (Biostat 2006).

El analisis conjunto de los trabajos previos de seleccion de hébitat y del trabajo de
campo presente mostrd que el buitre negro selecciona, para ubicar sus nidos, grandes
arboles en laderas pronunciadas, en el tercio superior de éstas, y orientadas
principalmente hacia el Sur y Este, en la proximidad de canchales y alejado de
infraestructuras humanas o de factores antropogénicos que pudieran provocar
molestias. Las laderas con mayor pendiente pudieron resultar seleccionadas por su
mayor inaccesibilidad y lejania al hombre y, en consecuencia, por su mayor
tranquilidad ante molestias (Gonzalez et al. 2006a, Aubad et al. 2010). Por otro lado, los
arboles mas grandes soportan mejor el peso de grandes nidos y, al ser mas altos que el
resto, permiten una mayor facilidad de aterrizaje y despegue de un ave como el buitre
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negro (Fargallo et al. 1998, Donazar et al. 2002). Esta mayor robustez de los arboles se
localiza a menudo alrededor de canchales y pedrizas (Thompson 2005) lo que, ademas
de facilitar el acceso a la plataforma de nidificacién, permite una mayor detectabilidad
de predadores y de otro tipo de perturbaciones (Blumstein et al. 2005, Margalida et al.
2011c). Las laderas orientadas hacia el Este y Sur proporcionarian unas mejores
condiciones para el establecimiento del nido, tanto por la presencia de arboles grandes
respecto al resto de dosel arboreo de menor tamano como por unas mejores
condiciones climatoldgicas a escala local (Pérez 2005).

En relacién al andlisis de la influencia de la metodologia empleada, el nimero total de
variables estudiadas influyd en los resultados de los modelos y en la variabilidad
recogida por éstos (Fielding y Bell 1997, Drew et al. 2010). Ello supone que en los
estudios de modelizacion del habitat, tanto el nimero como el tipo de variables deben
ser elegidos cuidadosamente a priori (Guisan y Thuiller 2005, Jiménez-Valverde et al.
2008). Por ello, resulta especialmente valiosa la eleccion de variables 1o mas
explicativas y repetibles entre estudios y localidades (Katzner et al. 2007). Ademas, es
importante considerar la influencia que pueden tener otro tipo de factores ademas de
los habitualmente empleados en este tipo de estudios (vegetacion, climatologia,
geomorfologia e influencia antrdpica), y que pudieran incorporarse a estudios de
modelizacién. Entre ellos se hallan cuestiones relacionadas con el cambio global, los
procesos ecologicos o los factores bioquimicos (Allen et al. 2002, Hijmans y Graham
2006). El emplazamiento de los puntos aleatorios de muestreo determina la
variabilidad incluida en el estudio. Asi, si los puntos aleatorios se sitian dentro de los
limites de la colonia, la informacion resultante sera mas detallada en cuanto a los
factores que operan a escala local (Fielding y Bell 1997, Hirzel y Guisan 2005, Moran-
Lépez et al. 2005). Por otro lado, los resultados del metandlisis mostraron que si los
datos se toman en un solo afio la variabilidad explicada por el modelo se incrementa
(Scott et al. 2002). A diferencia de esta conclusidn, otros estudios han mostrado que los
sesgos en los resultados de trabajos de modelizacion se reducen y la variabilidad
recogida aumenta cuando los datos se toman a lo largo de un periodo temporal
prolongado, debido a la atenuacion y absorcion de los efectos que pudieran operar de
manera particular durante un anico afio (Drew et al. 2010, Brotons et al. 2010). La
eleccion de puntos como unidad de muestreo aleatorio permitio englobar una mayor
devianza/varianza en el modelo respecto al uso de poligonos. Ello pudo ser causado
por la mayor precisién que ofrecen los datos obtenidos en un punto concreto, acerca de
cuestiones relacionadas con la seleccion ejercida por una especie (Donazar et al. 2002,
Segurado y Araujo 2004). Por otro lado, la proporcion de nidos estudiados respecto a
muestras aleatorias debe ser lo mas equilibrada posible, de manera que cuando esta
relacion se aproxima a 1 o incluso es favorable a las muestras aleatorias, la variabilidad
explicada por el modelo se incrementa (Fielding y Bell 1997, Scott et al. 2002, Engler et
al. 2004).

Los resultados también indicaron que el tipo de habitat y el tamano de la colonia
determinan el tipo de variable mas influyente sobre la seleccion del emplazamiento de
nidificacion. En este sentido, las actividades humanas tuvieron mayor influencia sobre
las colonias situadas en bosques mediterraneos de Quercus. Es posible que los buitres
negros hayan tenido una mayor relacion con las actividades humanas en hébitats como
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los pinares, que han sido objeto de un mayor aprovechamiento secular, en muchos
casos sostenible con los requerimientos de la especie (Lindenmayer et al. 2000, Paillet et
al. 2009). En cambio, en los bosques de vegetacion tipica mediterranea solo se
desarrollan actividades econdmicas de manera ocasional y, en muchos casos, durante
la época de cria (descorche, repaso caminos, etc), lo que ha podido provocar una mayor
sensibilidad del buitre negro hacia la presencia del hombre (Blumstein et al. 2005).

Entre las conclusiones emanadas de este Capitulo I cabe resefiar la importancia y valor
que tiene el reconocimiento de la seleccion de hébitat de una especie como es el buitre
negro, para optimizar las acciones de conservacion en base a evidencias de
conocimiento, tanto para la propia especie como para las que habitan el mismo medio
(Sutherland et al. 2004, Branton y Richardson 2011, Olea y Mateo-Tomas 2011). En este
sentido, la modelizacion de los requerimientos de las especies contribuye a mejorar
tanto las acciones de conservacion ex situ como in situ. Asi, ambos tipos de programas
deberian tener en cuenta los patrones globales de seleccion de habitat, asi como los
analisis de viabilidad poblacional que se realicen al respecto (Armstrong y Seddon
2008, Sutherland et al. 2010).

Factores ambientales que determinan el éxito reproductivo

El estudio y conocimiento en detalle de las estrategias de vida de las especies resulta
esencial para la adopcion de medidas de conservacion, sobre todo cuando sus
poblaciones estan amenazadas (Pullin et al. 2004, Oro et al. 2008). Para desarrollar
dicho conocimiento distintas variables poblacionales resultan muy reveladoras. Entre
ellas, el éxito reproductivo es un parametro que depende de un amplio nimero de
factores como son, por ejemplo, las condiciones climatoldgicas (Kostrzewa y Kostrzewa
1991, Margalida et al. 2007), las caracteristicas del habitat, la disponibilidad de
alimento, la capacidad para eludir a depredadores (Lind y Creswell 2005, Wilkin et al.
2009) y las molestias de origen humano (Zuberogoitia et al. 2008, Margalida et al.
2011c). La puesta en marcha de programas de recuperacion de especies amenazadas
requiere la comprension tanto de la seleccion de hébitat ejercida como de los factores
que determinan el éxito reproductivo (Lindenmayer et al. 2008). En este Capitulo 2 se
evaluo la influencia de variables ambientales y de actividades humanas sobre el éxito
reproductivo del buitre negro, con el propdsito de identificar cudles de ellas son mas
incidentes y, en consecuencia, las que habrian de ser tenidos en cuenta para la gestion
de las dreas habitadas por la especie.

Los resultados obtenidos mostraron como variables relativas al estado de conservacion
del nido, la altura del arbol-nido, el didmetro del nido y la vegetacion a escala de
paisaje (mayor cobertura de arboles, arbustos y pedrizas, y mayor altura de matorral)
tuvieron repercusion significativa positiva sobre el éxito reproductivo del buitre negro.
En primer lugar, para llevar a cabo la reproduccion con éxito es necesario que la
estructura del nido sea la adecuada y no se produzcan problemas de falta de
sustentabilidad o acondicionamiento (Margalida y Bertran 2000, Dalley et al. 2008). Por
ello, los buitres realizan aportes continuados de material al nido, para asegurar la
estructura y tapizado del mismo. Por otro lado, los arboles mas altos facilitan las
operaciones necesarias para un adecuado proceso de cria: es mas facil acceder a los
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nidos situados en dichos arboles (Dondzar et al. 2002), aumenta la probabilidad de
deteccion de predadores u otras fuentes de molestias (Magana et al. 2010, Margalida et
al. 2011c) y soportan de manera mas adecuada el peso de nidos tan grandes como los
del buitre negro (Fargallo et al. 1998). En relacién a la vegetacion, las variables
resultantes significativas podrian tener relacion con aspectos como la accesibilidad al
lugar de cria, de modo que bosques densos reducen la posibilidad de llegar a las
inmediaciones del nido por parte de predadores terrestres y personas (Aubad et al.
2010). También podrian relacionarse con la seleccion positiva de determinadas
especies, como son los alcornoques o los enebros (datos propios).

El Capitulo 2 no evidencio influencia significativa de molestias humanas sobre el éxito
reproductivo. No obstante, este tipo de variables si tuvieron efecto en las colonias de
cria estudiadas en estudios previos (Dondzar et al. 2002). En ese caso, se hall6é que una
menor presencia humana tuvo efectos positivos sobre el éxito reproductivo tal y como
ocurre para la seleccion del emplazamiento de los nidos (Fargallo et al. 1998, Poizaridis
et al. 2004, Moran-Ldpez et al. 2005, Gavashelishvili et al. 2006). Sobre las variables a
escala de paisaje, ademas, los estudios previos indicaron unas mayores tasas
reproductivas en zonas de mayor altitud relativa, en laderas escarpadas, pronunciadas
y no orientadas al norte (Dondazar et al. 2002, Moran-Lopez et al. 2006). Una cuestion
importante que podria condicionar el éxito reproductivo del buitre negro que no ha
sido tenida en cuenta en los estudios, incluido el presente, es la propia calidad
individual de las aves (Robinson et al. 2005, Sanz-Aguilar et al. 2008). En distintas
especies de aves existe una correlacion entre las caracteristicas fisicas del individuo, la
edad o experiencia y la calidad del lugar de reproduccion (véase por ejemplo Velando
y Freire 2001). Asi, individuos en mejor estado fisico y mejores capacidades
competitivas seleccionarian determinadas caracteristicas de los habitat que estarian
relacionadas con la calidad general del 4area de cria (Lascroel et al. 2009). La inclusion
de estos factores en el presente capitulo podria haber incrementado la precision y
representatividad de los resultados, aunque no se llevé a cabo por la dificultad de
evaluar la calidad individual de las aves de la poblacion objeto de estudio.

De forma general, los bosques maduros que albergan arboles robustos y altos deben ser
mantenidos de manera prioritaria. Estas masas boscosas constituyen areas fuente para
la reproduccion contribuyendo a la produccion continuada de jovenes y, en
consecuencia, a mejorar el estado de conservacion de la especie (Lindenmayer et al.
2000). Ademas, estas areas forestales maduras en laderas pronunciadas son también el
habitat de reproduccion de otras grandes rapaces. Ademas de proteger el habitat de
cria, no se debe perder de vista los aspectos que condicionan en mayor medida la
conservacion de una especie de rapaz longeva: la necesidad de garantizar una
adecuada supervivencia adulta mediante la lucha contra el uso ilegal de cebos
envenenados y accidentes contra infraestructuras humanas (Oro et al. 2008, Carrete et
al. 2009a, Ortega et al. 2009), y el mantenimiento de superficies minimas de habitat en
las que satisfacer los requerimientos de alimentacion y descanso (Harris et al. 2005).
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Area de campeo y alimentacion

La abundancia relativa, distribucion y tamafio de las presas influyen sobre la
dimension y caracteristicas de las dreas de campeo de las rapaces necrofagas (Costillo
et al. 2007c, Margalida et al. 2009) y, en consecuencia, determinan el comportamiento
alimentario y la territorialidad asociada (Hiraldo 1977, Donazar 1993). Las areas de
alimentacion del buitre negro han sido estudiadas en distintas regiones europeas
(Carrete y Donazar 2005, Costillo 2005, Vasilakis et al. 2006), habiéndose dirigido
dichos trabajos a conocer su extension y las posibles variaciones existentes entre clases
de individuos y periodos. Esta base de conocimiento es clave para analizar la
disponibilidad de alimento existente, los patrones de seleccidon de habitat o las
amenazas que se ciernen sobre la especie.

La principal particularidad del trabajo del Capitulo 3 fue el empleo de un método de
recopilacion de informacién original, econdémico y novedoso, como es la recogida de
crotales de ganado, ingeridos por los buitres negros junto con la carrofia y
posteriormente expulsados en egagropilas, y el hallazgo posterior de la explotacién
ganadera de procedencia del crotal. Este método de asignacion de localidades de
alimentacion es distinto al empleado en los trabajos previos (Carrete y Donazar 2005,
Costillo 2005, Vasilakis et al. 2006), que usaron la radiotelemetria de determinados
individuos. El marcaje con emisores de radio y la recepcion de las sefiales permite
obtener un elevado nimero de localizaciones de cada ejemplar. De acuerdo con las
caracteristicas del ave marcada, se pueden evaluar variaciones de los movimientos y
territorios ocupados segun la edad y sexo, asi como diferencias en funcién de la época
del afio. Ademas, las localizaciones con radiotelemetria informan sobre el uso general
del espacio para la obtencion de cualquier presa potencial de la especie (Corbacho et al.
2007), a diferencia del empleo de crotales que solo informa sobre la ingestion de
alimento de origen ganadero (que son los que obligatoriamente han de estar
identificados con crotales). No obstante, el uso de crotales como técnica de localizacion
tiene distintas ventajas metodoldgicas. La muestra de aves para las que se obtienen
patrones de alimentacion es mucho mayor que con individuos radiomarcados; con esta
técnica se informa acerca del conjunto de aves que regurgitaron crotales en la base de
88 nidos distintos y en 11 posaderos de la colonia, a lo largo de cinco afios de muestreo.
Por el contrario, en los trabajos de radioseguimiento, el maximo ntimero de buitres
negros marcados fue 14 (Carrete y Dondzar 2005). Ademas, el hallazgo de la
procedencia de los crotales informa sobre una localidad inequivoca de alimentacion, a
escala de explotacion ganadera, a diferencia del radioseguimiento donde resulta muy
complejo discernir la actividad concreta realizada por el ave, en este caso la ingestion
de alimento, en cada punto del territorio.

La distancia recorrida para la adquisicion del alimento, tomando como punto de
partida la colonia de cria, resulté mayor en promedio que en otros estudios (26,3 + 36,1
km, respecto a los 16,1 + 14,0 km expuestos en Corbacho et al. 2010). Es destacable que
mas de la mitad de las localizaciones de alimentacién (54,5%) procedieron de un tinico
punto, un muladar con aportes continuados de carrona de aves necréfagas. Este hecho
ilustra la importancia de este tipo de lugares para la gestion de la alimentacion de aves
necréfagas (Dondzar 1992, Dondzar et al. 2009a, 2009b), asi como la probable alteracién
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de sus patrones naturales de campeo y alimentacion, que han sido dirigidos de manera
rutinaria hacia una localidad donde el alimento resulta abundante y predecible (Robb
et al., 2008; Carrete et al. 2009b).

La conservacion del buitre negro depende, en parte, de la gestion del habitat donde se
encuentra. Mientras que las areas de cria han sido objeto de una elevada cobertura de
proteccion oficial (Moreno-Opo y Guil 2007), los esfuerzos de proteccion de las areas
de campeo y alimentacién son todavia incipientes (Carrete y Dondzar 2005). Las
principales amenazas a las que se enfrentan ésta y otras rapaces necrofagas provienen
de la escasez, alteracion y escasa calidad del alimento (Gonzalez y Moreno-Opo 2008,
Hernandez y Margalida 2008, Margalida et al. 2008b, Hernandez y Margalida 2009b).
Por ello, una de las medidas de conservacion mas eficaces proviene de la necesaria
dotacion de recursos troficos, con el fin de asegurar su disponibilidad y calidad
(Dondzar et al. 2009b). El primer paso para ejecutar dichas medidas es conocer y
delimitar las zonas donde la especie se encuentra presente en los distintos periodos de
su ciclo vital.

Presencia de buitres negros en carrofias

Las principales presas que conforman la dieta de los buitres en Europa son los
cadaveres de ganado extensivo y de distintas especies silvestres, sobre todo ungulados
y lagomorfos (ver revisiéon en Dondzar et al. 2009b). Estas presas las obtienen tanto del
medio natural como de muladares, entendidos éstos como los lugares donde se
depositaban los caddveres de ganado doméstico de forma tradicional y, mas
recientemente, de puntos de alimentacion suplementaria. Estos tiltimos han sido
implantados con el proposito de intentar incrementar las poblaciones de buitres y sus
parametros reproductivos, facilitar la expansion geografica de las especies y reducir los
riesgos derivados del consumo de presas contaminadas (Dondzar et al. 2009b,
Margalida et al. 2010).

Una adecuada gestion de los recursos troficos resulta determinante para la
conservacion de las especies amenazadas (BirdLife International 2004, Jones 2004). En
el caso de rapaces necrofagas, el conocimiento detallado de la dieta y de las
preferencias por determinadas partes de las carronas, puede constituir una
herramienta clave para el disefio de estrategias de conservacion (Margalida et al. 2009).
En este Capitulo 3 se analiz¢ el uso de carronas y los patrones de seleccion de distintos
formatos de éstas por parte del buitre negro, con el objetivo de proporcionar
recomendaciones de actuacion para el establecimiento de puntos de alimentacion
suplementaria.

Distintas variables explicaron una presencia mas numerosa de buitres negros en las
carrofas y una optimizacion de ésta. En primer lugar, la cantidad de biomasa
proporcionada se correlaciond positivamente con el niumero total de buitres negros que
acudieron a la carrofia e inversamente con el tiempo transcurrido desde el depodsito de
ésta hasta el inicio del consumo. El tiempo promedio que emplearon los buitres negros
en acudir a las carrofias (214 min) resulté menor que el hallado para la misma especie
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en el Caucaso (1122 min, Gavashelishvili y McGrady 2006). Ello pudo deberse a la
proximidad de nucleos poblacionales y a una alta abundancia relativa de individuos en
el area de estudio. En este sentido, el elevado promedio de individuos observados por
carrofia (23.4 ejemplares) sugiere la comunicacion entre congéneres para la localizacion
del alimento, lo que probablemente mejora el éxito de campeo y alimentacion (Jackson
et al. 2008). Por otro lado, el formato en que se aporta la carrofia determind tanto el
tiempo que tardaron en acceder como el niimero total de buitres negros que acudieron
a alimentarse. Asi, cuando se proporcionaron restos dispersos, los buitres negros
comenzaron antes a alimentarse que cuando se depositaron en un mismo punto, lo que
favorecio sobre todo al buitre leonado. Respecto a las preferencias por distintas partes
de la carroiia, el buitre negro selecciond principalmente restos pequenios o medianos,
de partes carnicas duras o relativamente duras (musculo, tendon, piel, etc),
preferiblemente cuando se encontraban dispersos y no concentrados en un tnico punto
(Konig 1983). De este modo el buitre negro podria verse favorecido por el consumo de
los mencionados formatos (Hertel 1994). En resumen, el buitre negro se beneficié de
carrofas suministradas en grandes cantidades de biomasa, despiezadas en trozos
pequenos y medianos, dispersos y no concentrados en un tmico punto. Del mismo
modo, si el nimero de piezas en que se divide el aporte es elevado se optimizara la
presencia de la especie.

La gestion adecuada de la alimentacion es uno de los grandes retos a los que se
enfrentan gestores y especialistas en conservacion de aves necrdéfagas. En especies
amenazas, la alimentacion suplementaria resulta muy tutil para aumentar las tasas de
supervivencia preadultas (Oro et al. 2008) y de parametros reproductivos (Gonzalez et
al. 2006b, Lépez-Bao et al. 2008). Los muladares bien gestionados, ademas, contribuyen
a reducir la mortalidad no natural mediante el aporte de alimento no contaminado
(Gilbert et al. 2007, Margalida et al. 2008b). Sin embargo, la alimentacidon suplementaria
también puede tener repercursiones negativas sobre la dindmica poblacional (p. ej.
Robb et al. 2008), por lo que, de acuerdo con la coevolucion entre buitres y sus presas, y
tal y como ha ocurrido durante los tltimos siglos, la alimentacion de las especies
necrofagas debe estar basada principalmente en el aprovechamiento sostenible de
cadaveres de ganado extensivo o de animales silvestres, que se presentan en el
territorio de manera espacial y temporalmente heterogénea y pulsada (Dondzar et al.
2009b, Cortés-Avizanda 2010). No obstante, cuando se plantee la puesta en marcha de
puntos de alimentacion suplementaria para buitres negros, los gestores deberian tener
en cuenta variables relativas a cantidad, formato, nimero y dispersion de trozos en que
se aporta la carrona, con el proposito de optimizar su consumo.

Conservacion de especies amenazadas y aprovechamientos econdmicos:
descorche en colonias de buitre negro

Las relaciones entre actividades humanas y especies animales silvestres es un asunto
de preocupacidn e interés para gestores y legisladores, que buscan soluciones que
permitan hacer compatible la conservacion de la diversidad bioldgica con el desarrollo
economico (Young et al. 2005, Preisler et al. 2006). Las molestias de origen humano y
sus efectos sobre el comportamiento en aves han sido un campo de estudio muy
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comun (Steidl y Anthony 2000, Blumstein et al. 2005, Gill 2005, Zuberogoitia et al.
2008). La medida de conservacién mas habitualmente recomendada para evitar las
molestias humanas ha sido el establecimiento de zonas de proteccion alrededor de
areas sensibles o criticas, en las que las actividades mas lesivas son limitadas o
prohibidas. Sin embargo, en el caso de actividades con una gran importancia
econdmica y social (industriales, construccion de infraestructuras o explotacion
forestal), la implantacion de medidas restrictivas genera y conlleva mayores
dificultades (Donazar et al. 2002, Bautista et al. 2004, Speziale et al. 2008). Un ejemplo
de este dilema es el caso del buitre negro y la extracciéon de corcho, una actividad
tradicional de importancia socioeconémica desarrollada en varios paises
circunmediterraneos como Espafia, Portugal, Marruecos, Francia, Italia y Argelia.

Los resultados del trabajo mostraron que el descorche afecta negativamente a la
reproduccion del buitre negro, tanto por el abandono del nido durante largos periodos
de tiempo como por la reduccidn del éxito reproductivo. El abandono del nido por los
adultos tuvo un impacto importante sobre los pollos, evidenciandose que los expuestos
a la perturbacion tuvieron una mortalidad tres veces mas alta que en zonas donde no
se desarroll6 el descorche (aunque esta diferencia no result6 estadisticamente
significativa). También se comprob6 que las molestias por descorche redujeron un 20%
el niimero de nidos exitosos. Del mismo modo, las actividades realizadas a menos de
500 m del nido provocaron una probabilidad de abandono del nido por los adultos de
mas del 25%, lo que sugiere que se deben extremar las precauciones cuando se trabaje a
menos de 500 m para evitar molestias y, en consecuencia, el fracaso en la reproduccion.
Ademas de la distancia, el nivel de ruido también determiné la reaccion de los buitres,
una cuestion que previamente se ha demostrado como alteradora del comportamiento
de las aves (Bowles 1995, Bautista et al. 2004, Arroyo y Razin 2006). La distancia a la
que se produce con mayor probabilidad el abandono del nido se amplia si el nivel de
ruido es bajo o se alcanza el silencio. Por ultimo, aspectos como la realizacion de las
actividades de extraccion durante las horas mas frescas del dia, no prolongar el
descorche alrededor de los mismos nidos durante mas de un dia consecutivo, o
procurar desplazarse por la parte inferior de las laderas, debajo del nido, para que los
buitres no perciban molestias de la parte superior, minimizan de manera contrastada el
impacto del descorche.

La estrategia vital de una especie longeva como el buitre negro esta caracterizada por
una baja fecundidad y una elevada tasa de supervivencia (Cody 1972, Hiraldo 1983),
de modo que la supervivencia adulta es el pardmetro mas condicionante sobre la
dindmica poblacional (por ejemplo Meretsky et al. 2000, Oro et al. 2008). Asi, podria
argumentarse que los efectos de pérdida de productividad por molestias por descorche
sobre la dindmica de la poblacion pueden ser insignificantes, a lo que contribuye el
hecho de que el descorche se produzca cada 9-10 afios. La creacion de areas tampon en
las que se prohiban o restrinjan actuaciones humanas puede constituir una buena
herramienta de trabajo (Gonzalez et al. 2006a), pero puede ser inviable o incluso
negativo para la conservacion del medio natural si las actividades humanas se
convierten en no rentables econdmicamente y el abandono rural o el cambio de uso
consecuentes pueden resultar mas perjudiciales. En este sentido, el andlisis costes-
beneficios sugiere que los costes de eliminar o restringir el descorche son mayores que
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los beneficios que generaria para el buitre negro (en términos de aumento de la
productividad). El hallazgo de protocolos que, manteniendo esta actividad, reduzcan
los efectos negativos sobre los buitres debe considerarse prioritario. Asi, es muy
importante integrar la gestion de los espacios naturales con las actividades humanas
que se desarrollan en ellos (Sergio et al. 2005), particularmente en el caso de especies
que habitan areas humanizadas. Ademas, los beneficios econémicos generados por las
actividades humanas pueden contribuir a preservar los ecosistemas en los que dichas
actividades tienen lugar, como es el caso de los bosques maduros de alcornoque,
explotados para la obtencion del corcho. Del mismo modo, resulta recommendable
examinar los costes y la eficacia de las actuaciones de conservacion antes de proponer
su aplicacion (Sutherland et al. 2004, Pullin et al. 2004). Por tltimo, este tipo de trabajos
ayuda a reducir los posibles conflictos entre los distintos agentes involucrados en la
gestion del medio natural mediante el analisis de los resultados y su discusion
compartida.

Gestion de puntos de alimentacion suplementaria siguiendo requisitos
sanitarios y ecologicos

Las aves necréfagas proporcionan importantes servicios ecosistémicos y contribuyen a
equilibrar las cadenas troéficas completando el ciclo de asimilacion de la biomasa de
animales muertos (DeVault et al. 2003, Sekercioglu et al. 2004). Las especies necrdéfagas
han desarrollado mecanismos evolutivos comportamentales y morfologicos que
optimizan la explotacion y aprovechamiento de cadaveres (Konig 1983, Dondzar 1993,
Hertel 1994). Otra cuestion importante relativa a las especies necrofagas y las carronfas,
desde el punto de vista sanitario, es la interaccién entre animales y seres humanos que
puede provocar la expansion de determinadas enfermedades transmisibles (Caley y
Hone 2004), y afectar negativamente a la salud animal y humana e incrementar los
costes de gestion ganadera, de acciones de conservacion y de medidas sanitarias
(Daszak et al 2000, Horan y Wolf 2005, Gortazar et al. 2008, Ogada et al. 2012). Por ello,
y para evitar riesgos sanitarios, es necesario que las técnicas de gestion de cadaveres de
animales sean los mas apropiadas y cuidadosas (Gortazar et al. 2007, Maichak et al.
2009).

La legislacion europa relativa al manejo de subproductos animales no destinados a
consumo humano (Reglamento CE 1774/2002) tinicamente permitio, bajo determinadas
prescripciones, la alimentacion de aves necréfagas en puntos de alimentacion vallados
que evitaran la entrada de potenciales vectores de enfermedades transmisibles. La
gestion y suministro de recursos alimenticios a través de muladares vallados se ha
mostrado insuficiente, en términos de disponibilidad, para las poblaciones ibéricas de
aves necrofagas (Garcia de Francisco y Moreno-Opo 2009). De hecho, ha provocado
alteraciones en los patrones de campeo, dispersion e incluso comportamiento (Deygout
et al 2009, Margalida et al. 2010, Zuberogoitia et al. 2010), lo que ha conducido a
cambios en la dindmica poblacional de las especies, la aparicion de efectos negativos
asociados a fuentes predecibles de alimento e impactos econémicos y sociales (Carrete
et al. 2006a, Robb et al. 2008; Margalida et al. 2011b). Por otro lado, es recomendable, en
ciertas circunstancias, el empleo de sistemas y técnicas que eviten el acceso de
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necrofagos oportunistas potenciales vectores de enfermedades a las carronias. En estos
casos, y al objeto de proveer un rapido consumo de los subproductos por las aves
necrofagas, seria necesario contar con modelos de cierres perimetrales que limiten el
acceso unicamente a las especies objetivo.

El Capitulo 6 tuvo como finalidad contribuir a la compatibilizaciéon de los requisitos
sanitarios y ecologicos en la alimentacion suplementaria de aves necréfagas amenazas.
Los objetivos especificos se dirigieron a testar modelos econdmicos, moéviles y
facilmente manejables de cerramientos perimetrales que 1) evitaran la entrada a los
aportes de carrofia a mamiferos necrofagos facultativos, 2) replicaran de la manera mas
natural posible la aparicién de carrofia en el medio, y 3) aseguraran el consumo 6ptimo
por parte de rapaces necrofagas. Los resultados mostraron que todas las especies de
aves necrofagas accedieron a los aportes depositados en el interior de los cercados
perimetrales moviles indistintamente del modelo que se tratara. Esto tiene su
importancia para el desarrollo de protocolos de gestion de puntos de alimentacion
suplementaria; aunque la mayor parte de administraciones publicas abogan por la
implantacion de muladares convencionales (Garcia de Francisco y Moreno-Opo 2009),
los sistemas moviles también pueden satisfacer las necesidades de las aves necrofagas.
Los muladares convencionales estan formados por vallados perimetrales fijos que
cumplen los requisitos sanitarios contra diseminacion de enfermedades, aunque la
previsibilidad en la oferta de carrofia que ofrecen perjudica a los patrones naturales de
busqueda de alimento de las rapaces necrofagas.

En nuestro caso, los dos modelos moviles que evitaron mas eficazmente la entrada de
mamiferos necrdéfagos facultativos fueron las redes alta y baja, que mantuvieron
durante alrededor de dos meses, en el mismo emplazamiento, su estanqueidad ante
oportunistas como el zorro Vulpes vulpes en los aportes quincenales suministrados.
Estos modelos son, ademas, recomendables por cumplir los requisitos iniciales del
ensayo: facil montaje y desmontaje por la no instalacion de elementos fijos, y coste
econdmico menor (acotar 0,5 ha con redes alta y baja cuesta aproximadamente 900 €
respecto a los 6 000 €-9 000 € de los muladares convencionales).

Estos resultados experimentales son los primeros que muestran patrones de acceso a la
carrofa depositada en el interior de distintos tipos de cercados perimetrales por parte
de distintas especies del gremio de necréfagos. En este sentido, dados los problemas
relativos a la calidad y abundancia del alimento que afectan a las poblaciones de
buitres del sur de Asia en los tltimos afios (Oaks et al. 2004, Gilbert et al. 2007) y que
empiezan a detectarse y amenazar a las poblaciones africanas de buitres (Naidoo et al.
2009, Virani et al. 2011), la informacidn ofrecida en este trabajo puede resultar de
interés global para un adecuado manejo de los puntos de alimentacion suplementaria
(Markandya et al. 2008). Los modelos sugeridos pueden ser aplicados por los sectores
sociales involucrados en la gestion de subproductos de ganado y de ungulados
silvestres, de modo que ganaderos, cazadores y administraciones podrian aprovechar
este tipo de modelos econdmicos y extrapolables a distintos escenarios geograficos.
Esta colaboracidn, ademads, podria poner de relieve la utilidad de las aves necréfagas
como aliados para el reciclado de la materia organica en el medio natural y disuadir
del uso de métodos ilegales de control de depredadores que pudieran afectarlas
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negativamente (Koenig 2006, Herndandez y Margalida 2008, 2009b, Margalida et al.
2011b).

Una perspectiva sobre la conservacion del buitre negro en Espafia

La evaluacién del estado de conservacion de especies amenazadas requiere distintas
etapas de analisis, como son la identificacion de las amenazas y sus impactos, el
seguimiento de la poblacion y el analisis de la eficacia de las medidas de gestion
aplicadas (Soulé 1986, Groom et al. 2006). Estas tres cuestiones deben estar
intimamente relacionadas y sin una adecuada coordinacion entre ellas es muy dificil
obtener resultados exitosos (Pullin et al. 2004, Arlettaz et al. 2010). Cuando se pretende
estudiar con perspectiva temporal como estas tres fases de andlisis se han desarrollado,
para conocer la historia de conservacion de una especie, puede resultar de ayuda la
recopilacion de informacion bibliografica y su consiguiente andlisis a través de técnicas
bibliométricas (Zhang et al. 2010, Liu et al. 2011). De esta manera, se pueden establecer
correlaciones entre el esfuerzo de investigacion y variables como la tendencia
poblacional de una especie, las tasas de mortalidad no-natural o las medidas de
conservacion implantadas, permitiendo una discusion sobre el tipo de relaciones que
pueden vincular dichas variables. Obviamente, existen numerosos aspectos que
influyen en el devenir de una poblacién de una especie amenazada y que deben
tenerse en cuenta para concluir los términos causa-efecto de dichas relaciones. Entre
estos aspectos, las actuaciones antropogénicas (envenemiento, molestias, alteracion del
habitat, alimentacion suplementaria, etc.) son las méas determinantes (Oro et al. 2008,
Ortega et al. 2009).

El trabajo expuesto en el Capitulo 7 constituye el primer analisis a largo plazo del
esfuerzo de investigacion y del estado de conservacion del buitre negro, y
probablemente uno de los pocos realizados para vertebrados amenazados en Espafa.
Las conclusiones obtenidas deben considerarse con cautela al existir sesgos en las
relaciones causa-efecto que pudieran darse entre las variables estudiadas. Respecto a
las amenazas, la consideracion de la especie como protegida constituy6 un hito
importante en la década de 1970 que acabd con su persecucion directa. Ademas, la
proteccion de las areas de reproduccidn, que cubre a mas del 90% de las parejas
existentes en Espafia (Moreno-Opo y Guil 2007), asegurd la conservacion de amplios
territorios evitando acciones irreversibles alteradoras de los hédbitats naturales. En
relacién a la disponibilidad de alimento, se ha evidenciado una correlacion positiva
entre el aumento de la poblacion reproductora de buitre negro y las estadisticas de
caza mayot, actividad que ha experimentado un auge muy importante en Espafia en
las ultimas décadas (Garrido 2011). Por el contrario, los cambios en la regulacion sobre
subproductos animales acontecidos a principios de los afios 2000, que condujeron a la
recogida obligatoria de los cadaveres de ganado provocando una reduccion de la
disponibilidad de alimento (Dondzar et al. 2009a, 2009b), no implicaron la disminucion
de la poblacion reproductora de buitre negro. Del mismo modo, el declive general de
las poblaciones de conejo de monte (Gortdzar et al. 2007), una especie presa clave para
la mayoria de depredadores amenazados de Espana (Delibes-Mateos et al. 2007), que
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provocd cambios en la dieta del buitre negro (Costillo et al. 2007a, b, Corbacho et al.
2007), no ha mostrado una asociacion significativa con su tendencia poblacional.

El analisis bibliométrico mostré cdmo los articulos publicados en revistas con impacto
cientifico, asi como los estudios sobre temas de conservacion, amenazas y gestion y, en
menor medida, los trabajos relacionados con la biologia de la especie, aumentaron con
una tendencia similar a la de la poblacién reproductora de buitre negro. Este hecho
podria poner de relieve que una mejor comprension de los requerimientos ecolégicos y
de los efectos de las amenazas puede contribuir a un mayor éxito en las politicas de
conservacion (Pullin et al. 2004, Sutherland et al. 2004, Arlettaz et al. 2010) y, en
consecuencia, conducir a una mejora de la situacion poblacional de la especie. No
obstante, resulta muy complejo analizar si existen vinculos causales entre el esfuerzo
de investigacion realizado y el estado de conservacion o la tendencia poblacional
(Pullin y Stewart 2006). En esta linea, para poder justificar causalidad entre ambas
cuestiones, seria preciso un desfase entre la publicacion del estudio, su aplicacion y la
verificacion de efectos positivos. Asi, podria discutirse que la publicacion de trabajos
cientificos acontece tras la existencia de un adecuado conocimiento basico sobre la
especie (Faaborg et al. 2010) e, incluso, como resultado de la propia recuperacion de las
poblaciones (lo que aumentaria las probabilidades de manejo de la especie por existir
mas individuos o por la mayor facilidad de obtencion de permisos para investigar). Por
ello, la informacion genérica y bien divulgada podria ser tan importante como la
publicacion de estudios cientificos en revistas de impacto (Martin-Lépez et al. 2009,
Botrill et al. 2011).

El buitre negro en Espafia puede constituir un ejemplo de coevolucion entre el
reconocimiento de los factores de amenaza y la aplicacion de medidas de gestion, de
manera que el conocimiento disponible ha permitido adaptar las politicas de
conservacion a las necesidades de la especie (McCarthy y Possingham 2007). Como
resultado, por ejemplo, 1) se ha podido implantar un nuevo marco legal que permite
acceder a carronas de una manera sostenible y extensiva en el medio natural, a
diferencia de la situacion anterior donde tinicamente se podia proporcionar alimento a
las especies necréfagas en comederos vallados (European Commission 2011, Margalida
et al. 2012a); 2) las actividades de aprovechamiento forestal en dreas de cria han sido
evaluadas y se han implantado protocolos de actuacion compatibles con la presencia
de la especie sin necesidad de impedir dichas actividades (Moreno-Opo y Guil 2007,
Margalida et al. 2011c); 3) se ha incrementado el conocimiento de los productos
fitosanitarios mas perjudiciales, promoviendo la prohibicion de su uso y su sustitucion
por otros compuestos menos lesivos (Hernandez y Margalida 2008, Council of Europe
2009b, 2009c¢); 4) los métodos de seguimiento de la especie se han evaluado, y se ha
sugerido una homogeneizacion de los mismos para poder comparar los datos
obtenidos en distintas regiones espafolas (De la Puente et al. 2007); 5) se ha puesto de
manifiesto la necesidad de proteger y gestionar adecuadamente las areas de
alimentacion, como ambito geografico donde acontecen las principales amenazas para
la especie, (Carrete y Dondzar 2005, Moreno-Opo et al. 2010); 6) los principios de lucha
contra el uso ilegal de cebos envenenados han sido actualizados, incorporando
medidas practicas informativas y preventivas para su seguimiento, persecucion y
castigo (Conover 2001, Direccién General para la Biodiversidad 2007); y 7) se ha
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indicado la utilidad y necesidad de contar con bases de datos sobre las distintas
amenazas incidentes, especialmente el envenenamiento, como base documental para la
priorizacion de medidas de conservacion (Mateo 2010).
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CONCLUSIONES

1. La conservacion de las especies amenazadas requiere una aproximacion
cientifica inicial al reconocimiento de los requerimientos ecoldgicos de la especie, a la
identificacion de las amenazas y factores limitantes que la afectan y al andlisis de la
interaccién entre amenazas y dindmica poblacional. Una vez logrado dicho
conocimiento, la aplicacion de medidas de actuacion encaminadas a mejorar su estado
de conservacion tiene una mayor probabilidad de éxito.

2. Cuando el nivel de amenaza de una especie es muy elevado, a menudo es
preciso iniciar la ejecucion de acciones urgentes de conservacion antes de haber
conseguido el conocimiento necesario. Ello implicard que no se tengan las mayores
garantias en la consecucion de los objetivos planteados. En este caso, es preciso
acompasar la investigacion sobre biologia, amenazas y patrones de seleccion de habitat
y alimentacion de la especie, con la evaluacion de la eficacia de las medidas de
conservacion aplicadas. Esta simbiosis permite una modulacion de los planteamientos
de manejo, inversion econdémica y lineas de actuacion, en un marco de gestion
adaptativa que resulta favorable y positivo.

3. El buitre negro es una de las especies para las que se ha destinado un mayor
esfuerzo de investigacion y un mayor ntimero de actuaciones de gestion en la historia
de la conservacion de la naturaleza espafiola. El incremento progresivo en la
publicacion de trabajos cientificos principalmente relacionados con aspectos de la
biologia de la especie y de su manejo, ha ido acompafnado de un aumento de la
poblacion reproductora en Espafia. Ello podria evidenciar una relacion entre
conocimiento basico y diagnostico de las mejores politicas de proteccion, aunque por el
hecho de no poder probarse una relacion causa-efecto entre ambas cuestiones conviene
tomar con cautela cualquier conclusion al respecto.

4. La poblacion de buitre negro ha aumentado significativamente en Espafia en los
ultimos 40 anos, habiéndose conseguido, secuencialmente en este periodo, la
proteccion de los ejemplares, la gestion adecuada y sostenible de las areas donde se
reproduce y, en los ultimos afios, la adecuacion legal conducente a mejorar la
disponibilidad de alimento. No existen conclusiones claras sobre la dindmica de la
mortalidad causada por la ingestion de cebos envenenados, principal factor de riesgo
de la especie, que aparentemente muestra ciclos de intensidad sometidos a sesgos
relacionados con la capacidad y esfuerzo de deteccion. Como retos futuros, resulta
prioritario reducir la mortalidad no natural de ejemplares adultos y gestionar de
manera adecuada los aprovechamientos econdmicos en las dreas donde los ejemplares
campean y obtienen su alimento.

5. El buitre negro constituye un buen indicador de determinadas caracteristicas de
los héabitats donde se reproduce en Espana. Selecciona para criar masas boscosas
maduras, con elevada cobertura vegetal, drboles altos, en laderas pronunciadas e
inaccesibles para el ser humano. En general, a escala de colonia de cria, se registran
mayores tasas de éxito reproductivo cuando los valores de las anteriores caracteristicas
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son mas elevados. Por lo tanto, es recomendable continuar protegiendo los espacios
con este tipo de caracteristicas en las sierras y montes del centro, sur y oeste de Espana
peninsular para garantizar la viabilidad de nticleos reproductores fuente.

6. Es preciso abordar de forma coordinada y homogénea la metodologia de
estudio de los patrones de seleccion de habitat de una especie a distintas escalas
geograficas. De esta manera, se produciran resultados comparables entre si, que
permitirdn evaluar conjuntamente trabajos a escala global. Las propuestas de métodos
de censo y seguimiento habrian de ser desarrolladas por las entidades,
administraciones y/o expertos que trabajan de manera mas directa con la especie,
promoviendo coordinacién a nivel nacional e internacional en la medida de lo posible.

7. Las actuaciones de aprovechamiento forestal desarrolladas en las colonias de
cria de buitre negro influyen en su éxito reproductivo. Esta interaccion se ha producido
de manera secular en nuestros montes y, en la actualidad, existen bases de
conocimiento y planes de actuacion que la hacen compatible con la presencia del buitre
negro. Resulta mas eficiente proponer alternativas de actuacion compatibles que
prohibir los aprovechamientos y permitir que se visualice la especie objetivo como
impedimento al desarrollo econdmico. Ademas, es preciso aunar esfuerzos para que
los hébitats de reproduccion del buitre negro se conserven y sean rentables para sus
propietarios y gestores (caso de alcornocales y pinares maduros en explotacién) y asi
reducir la posibilidad de que se altere el modelo de aprovechamiento existente o el
abandono de las practicas forestales tradicionales.

8. Los crotales identificativos que porta el ganado y que son ingeridos y
posteriormente regurgitados por los buitres negros permiten averiguar localizaciones
de zonas de alimentacion de la especie (a escala de explotacion agraria). Es un método
novedoso y econémico que permite determinar las dreas de campeo de los individuos
pertenecientes a una colonia de cria, y que presenta diferencias metodoldgicas respecto
a otros estudios destinados al mismo fin pero que emplean otras técnicas de
seguimiento.

9. Las rapaces necréfagas reportan servicios ecosistémicos a través del consumo
de carrofas, contribuyendo a un ahorro econdmico y energético y a una mayor
salvaguarda sanitaria. En este sentido, el buitre negro depende de la ganaderia
extensiva y de la gestion cinegética de caza mayor, sectores a los que también favorece.
Prueba de ello es que existe relacion directa entre el crecimiento de la poblacion de
buitre negro y el de las estadisticas de caza de ungulados silvestres cinegéticos. Asi, el
mantenimiento de précticas ganaderas tradicionales, sobre todo de ovino y caprino, y
la gestion adecuada de las poblaciones de ungulados silvestres contribuyen a asegurar
la disponibilidad de alimento para el buitre negro y éste, a su vez, actia como
coadyuvante para mantener la rentabilidad en las explotaciones y acotados.

10. La presencia del buitre negro en las carronas depende del formato y disposicion
en que éstas se presentan. Si existen trozos dispersos de tamafio pequefio y mediano y
en elevadas cantidades el nimero de ejemplares que acude a alimentarse es superior.
De esta manera, y con el objetivo de evitar una proporcion de necréfagas muy
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desviada a favor del buitre leonado, que es la especie que acapara la mayor cantidad de
recursos en las carronas de aparicion predecible, se recomienda depositar los restos de
subproductos animales repartidos en una superficie lo mas extensa posible y en trozos
pequenos y medianos. Ademas, en la medida de lo posible, resulta conveniente
incrementar los aportes durante la época de crianza del pollo (entre abril y agosto) que
es cuando menor disponibilidad de alimento existe de forma natural en el medio
mediterraneo.

11. En relacién a la gestion de la alimentacion de especies necrofagas, es preciso
aplicar las medidas legales vigentes destinadas a procurar una apariciéon de carrofia de
la forma mas dispersa e impredecible posible, asemejando las condiciones de aparicion
natural de cadaveres de animales silvestres y domésticos. En este sentido, se
recomienda aplicar técnicas de gestion sostenibles y econémicas que compatibilicen los
requisitos de las aves necrofagas y la necesaria seguridad sanitaria en explotaciones
ganaderas y acotados.

12. Es posible complementar la ejecucion de trabajos de seguimiento de especies
amenazadas, cuya finalidad principal es conocer aspectos demograficos, con el
desarrollo de estudios conducentes a optimizar las politicas de conservacion. En este
sentido, resulta primordial planificar un adecuado disefio experimental y llevar a cabo
un completo proceso formativo de técnicos de campo y guarderia, para lograr la
obtencion de datos rigurosos que permitan alcanzar conclusiones solventes y
comparables.

13. En definitiva, esta tesis doctoral expone informacion sobre distintos patrones de
seleccion de recursos en ambientes de monte mediterraneo, en dreas de reproduccion y
de alimentacion — en estas ultimas considerando como unidad de estudio el propio
alimento -, tomando como especie modelo al buitre negro. Tiene un enfoque
eminentemente practico e incluye en los analisis, en la medida de lo posible, la
influencia humana a través de las actividades que desarrolla en el medio que comparte
con la especie. Pretende, ademads, promover lineas compatibles de gestion del territorio,
en un escenario de intervencion de personas que tengan como objetivo, por un lado,
favorecer el estado de conservacion de la especie objetivo o, por otro, poder desarrollar
actividades socioecondmicas en el medio rural. Las conclusiones y resultados
obtenidos pueden ser aplicables a otros taxones que ocupan los mismos habitats o
presentan requerimientos ecoldgicos similares.
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1. The conservation of endangered species requires an initial scientific approach
aimed at the recognition of the ecological requirements of the species, the identification
of limiting factors and the analysis of the interactions between threats and population
dynamics. Once this knowledge is aquired, the application of measures to improve
conservation status has a greater likelihood to succeed.

2. When the threat level to a species is very high, implementation of urgent
conservation actions must often begin before obtaining required comprehensive
knowledge. This implies that, at this stage, the best guarantees in achieving objectives
are not ensured. In this case, it is necessary to consider research on biology, threats and
patterns of habitat and feeding selection with the assessment of the effectiveness of
conservation measures. This symbiosis allows a progressive modulation of the
management approaches, the economic investment and priority policies, in a
framework of adaptive management.

3. In the history of the Spanish nature conservation, the cinereous vulture is one of
the species to which a great research effort and strong management actions have been
devoted. The increase in the publication of scientific papers, mainly related to
biological aspects, conservation and management, has been matched with the growth
in its breeding population in Spain, showing a positive correlation between the
increase in basic knowledge and the diagnosis of best practices to protect individuals
and their habitats.

4. The cinereous vulture population has increased in Spain during the last 40
years, having sequentially achieved in this period the effective protection from
intentional killing of the species, the sustainable management of breeding areas and in
recent years legal enforcement leading to optimizing food availability. There are no
reliable conclusions regarding the dynamics of mortality caused by poisoning, the
main threat to the species, apparently showing cycles of intensity but subject to biases
related to the ability of detection of the affected birds. The most important conservation
challenges for the future are the reduction of non-natural mortality of adult birds and a
proper management of the anthropogenic activities in foraging areas.

5. The cinereous vulture is a good indicator of certain characteristics of the
habitats in which it breeds in Spain. For breeding, it selects mature forests with well-
developed scrubland, large trees, on steep slopes inaccessible to humans. In general, at
the breeding colony scale, greater breeding success is registered when the values of the
above conditions are higher. Therefore, it is recommended that the protection and
promotion of areas with such features in the mountains of central, southern and
western Iberian Spain, continue to ensure the viability of core breeding areas.

6. A coordinated and consistent methodology to study habitat selection patterns

of a species at different geographical scales must be addressed. Thus, it may be
possible to obtain comparable results enabling the evaluatation of the results of
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different studies on a global basis. The proposal of census and monitoring methods
would be developed by institutions, governments and / or experts working more
directly with the species, and promoting coordination at national and international
levels as much as possible.

7. Forest harvesting activities developed within the breeding colonies of cinereous
vultures influence breeding success adversely. This interaction has occurred secularly
but, at present, there exists a foundation of knowledge to be applied to action plans
that reconcile the presence of the cinereous vultures with logging activities in managed
forests. The proposal of alternative methods for compatible use, such that people are
not disadvantaged by the presence of an endangered species, can be more effecive than
simply prohibiting harvesting practices, which could lead to the perception of target
species as a deterrent to economic development. Furthermore, efforts should focus on
the protection of breeding habitats and their maintenance in a way that remains
profitable (such as the case of harvested cork oak and mature pine forests) such that
habitat alteration is minimized andthe abandonment of traditional forestry practices is
avoided.

8. Livestock ear tags allow the location of feeding points for vultures at the farm
scale. They feed on the tags, along with the carrion, carrying them to the nests and
perches and regurgitating them within their pellets. This is an novel technique to
determine home ranges of individuals at a breeding colony, however cannot be used to
make comparisons with other similar studies using different sampling methodology.

9. Avian scavengers provide ecosystem services through their carrion
consumption by contributing to economic and energy savings and by increasing health
guarantees. In this sense, the cinereous vulture both favors and depends on extensive
livestock as well as on big game estates. This is evidenced in the concurrent growth of
cinereous vulture breeding populations and wild ungulate hunting bags in recent
years. Thus, maintaining traditional farming practices, particularly ovine enterprises,
and the proper management of wild ungulate populations contributes to ensuring the
availability of food for the cinereous vulture while this species, in turn, helps to
balance the profitability of farmlands and hunting estates.

10. The presence of the cinereous vulture at carcasses depends on the form and
manner of disposal in which carcasses occur. Thus, if there are small and medium
scattered pieces in high quantities, the number of feeding cinereous vultures will be
higher. In order to avoid a proportion of birds that is strongly biased in favor of the
griffon vulture (the species monopolizing most feeding resources at carcasses) we
recommend that remains of animal by-products be spread over a wide area and in
small and medium pieces. Moreover, as much as possible, it is desirable to increase the
input of food during the breeding season (between March and August) overlapping
with the higher energy demand of the cinereous vultures and the lower food
availability in the Mediterranean environments.

11. Regarding feeding management of scavenger raptors, it is necessary to
implement the existing legal measures intended to ensure the occurrence of scattered
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and unpredictable animal by-products as much as possible, simulating naturally-
occurring conditions of carcasses. In this sense, it is recommended that sustainable and
affordable management techniques are applied that reconcile ecological requirements
of avian scavengers and the health security of livestock farms and hunting estates.

12. It is possible to complement the monitoring of endangered species, the main
purpose of which is to inform demographic parameters, with a broader approach
leading to the research of other ecological aspects, threats and best management
practices. In this sense, it is essential to plan an appropriate experimental design and to
implement a training process for field technicians and landholders, in order to achieve
comparable and sound results.

13. In summary, this PhD Thesis presents information on patterns of the selection
of resources by the cinereous vulture in Mediterranean environments, both in breeding
and feeding areas. It has a practical focus and integrates within the analysis, as much as
possible, human influence via activities carried out in the areas shared with the
cinereous vultures. It also aims to promote compatible methods of land management,
in a scenario of human intervention with targets that consider both the conservation of
the cinereous vulture and, alternatively, the socio-economic development of rural
areas.
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