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SUMMARY

Human activities are the main driver of global change in the Anthropo-
cene, being responsible for the loss of biodiversity at a global scale. The 
loss of biodiversity alters the ecosystem functions, impacting on the 

contributions that nature provides to people, which condition human wellbeing. One 
of the most threatened functional groups are scavengers, which are related to important 
regulating functions in ecosystems. This thesis focuses on how human activities affect 
the conservation of scavenger species, whilst at the same time, delving into the multiple 
benefits derived from human-scavenger relations. In particular, this thesis aims to assess 
the following points: the response of scavenger birds to transhumant livestock activity 
(Chapter 1); the potential biases in the detection of poisoned wildlife (Chapter 2); the role 
of scavenger species in nature’s non-material contributions to people (Chapter 3); and the 
spatial patterns that determine the provision of non-material contributions (Chapter 4).

Chapter 1 assesses the changes in the abundance of scavenger birds according 
to the presence of transhumant livestock, in addition to the changes in the foraging 
behaviour of griffon vultures (Gyps fulvus). For this purpose, we conducted field surveys 
to monitor changes in the abundance of scavenger birds and ungulates according to the 
season with presence and absence of livestock in a pastureland area of southeaster Spain 
where transhumant activity is still preserved. In addition, we tracked 30 griffon vultures 
by GPS devices, which allowed us to analyse their foraging activity in both seasons. In the 
presence of the livestock, there was an increase in the abundance of obligate scavengers, as 
well as an increase in the foraging activity of the tracked vultures. These results highlight 
the importance of traditional agrosystems for the conservation of obligate scavengers.

In Chapter 2, a field experiment, in which animals consuming non-poisoned 
baits were detected by means of camera traps, was conducted in six study areas to assess 
potential biases in the records of poisoned wildlife. The results were compared with 
the poisoning records in an official database in Spain. We found that the detection of 
poisoned wildlife is species-dependent. Domestic animals and vultures tended to be 
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over-represented in the database relative to those detected in the experiment, while 
corvids and small wild mammals were underrepresented. The differences were mediated 
by species traits such as size and colour. These results can provide guidance to improve 
strategies in the detection of poisoned wildlife.

In Chapter 3, we explored different indicators to assess the role of the scavenger 
guild in providing non-material contributions to people in Spain. In particular, 
we assessed the categories of physical and psychological experiences, learning and 
inspiration, and the supporting identity. In addition, we explored the ecological traits 
of species that may determine the capacity to provide these contributions. The results 
showed associations among the categories, mediated by species traits. Four main groups 
were identified: aesthetic enjoyment experiences and contribution to knowledge through 
wildlife observation records, related to common species; recreational experiences and 
contribution to knowledge for society, related to charismatic species; contribution to 
scientific knowledge, associated with mesocarnivores; and supporting identity, related to 
species with dual roles, capable of providing both beneficial and detrimental contributions. 
The use of different indicators allowed to reveal the interlinkages among contribution 
categories and species. These findings highlight the importance of scavengers in the 
contributions to the human well-being.

Chapter 4 explores the spatial patterns that determine the provision of non-
material contributions in continental Spain. For this purpose, several indicators that assess 
aesthetic enjoyment experiences, recreational experiences, and contribution to scientific 
knowledge were mapped, and we calculated hotspots of contributions. In addition, we 
explored environmental factors that may condition the provision of these contributions: 
the presence of protected areas, the human impact index, and the richness of scavenger 
species. We found that protected areas, especially national parks, have a very important 
role in the provision of non-material contributions by scavengers, as they are preferentially 
developed in areas with higher species richness. Recreational experiences were associated 
to areas with low human impact, while aesthetic enjoyment and contribution to scientific 
knowledge was developed in areas with some degree of humanization.

Finally, the general discussion addresses the implications of the findings in a 
context of global change. We also discuss the limitations identified, as well as the insights 
for future research addressing human-nature relations.
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RESUMEN

Las actividades humanas son el principal motor de cambio en la era del 
Antropoceno, responsables de la pérdida de biodiversidad a nivel glo-
bal. Esta pérdida de biodiversidad altera las funciones de los ecosiste-

mas repercutiendo en las contribuciones que la naturaleza proporciona a las perso-
nas, las cuales condicionan el bienestar humano. Uno de los grupos funcionales más 
amenazado es el de las especies carroñeras, de cuyos procesos ecológicos dependen 
importantes funciones de regulación en los ecosistemas. Esta tesis se centra en abor-
dar cómo las actividades humanas afectan a las especies carroñeras, al mismo tiempo 
que profundiza en los múltiples beneficios que se derivan de las relaciones humanas 
con estas especies. En particular esta tesis pretende evaluar los siguientes objetivos: 
la respuesta de las aves carroñeras a la actividad ganadería trashumante (Capítulo 
1); los potenciales sesgos en la detección de fauna envenenada (Capítulo 2); el papel 
que desempeñan las especies carroñeras en las contribuciones no materiales de la 
naturaleza para las personas (Capítulo 3); cuáles son los patrones espaciales que de-
terminan la provisión de contribuciones no materiales (Capítulo 4).

El Capítulo 1 evalúa los cambios en la abundancia de aves carroñeras según 
la presencia de ganado trashumante junto a los cambios en los patrones de forrajeo 
de los buitres leonados (Gyps fulvus). Para ello, en una zona de pastizales del sureste 
de España peninsular, donde aún se conserva la actividad trashumante, se realizaron 
muestreos de campo para contabilizar los cambios en la abundancia de aves carroñeras 
y de ungulados acorde a la estación con presencia y ausencia de ganado. Además, 30 
buitres leonados fueron equipados con emisores GPS, que permitieron analizar el uso 
del espacio en ambas estaciones. Ante la presencia de los rebaños, se produjo un incre-
mento en la abundancia de las aves carroñeras obligadas, así como un aumento en el 
forrajeo de los buitres rastreados. Estos resultados ponen de manifiesto la importancia 
de los agrosistemas tradicionales para la conservación de estas especies.
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En el Capítulo 2 se desarrolla un experimento de campo en seis áreas de estudio 
para testar los potenciales sesgos en los registros de fauna envenenada, en el cual, me-
diante cámaras de fototrampeo, se detectaron los animales consumidores de cebos no 
envenenados. Los resultados se compararon con los registros de envenenamiento de la 
base de datos oficial. Encontramos que la detección de fauna envenenada es especie-de-
pendiente. Los animales domésticos y los buitres tendieron a estar sobrerreprentados en 
la base de datos respecto a lo detectado en el experimento, mientras que los córvidos y 
los pequeños mamíferos silvestres estuvieron infrarepresentados. Estas diferencias estu-
vieron mediadas por las características de las especies, como el tamaño y la coloración. 
Estos resultados, pueden servir de guía para mejorar las estrategias de detección de fauna 
envenenada.

En el Capítulo 3, exploramos diferentes indicadores para evaluar el papel del gre-
mio de especies carroñeras en las categorías de provisión de contribuciones no mate-
riales para las personas en España. En particular, evaluamos las experiencias físicas y 
psicológicas, el aprendizaje e inspiración, y la base para la construcción de identidades. 
Además, exploramos las características ecológicas de las especies que pueden determinar 
la capacidad de provisión de estas contribuciones. Los resultados mostraron asociacio-
nes entre las categorías según las características de las especies. Se identificaron cuatro 
grupos principales: las experiencias de disfrute estético y la contribución al conocimien-
to mediante los registros de observación de fauna estuvieron relacionados con especies 
comunes; las experiencias recreativas y la contribución al conocimiento para la sociedad 
se relacionó con las especies carismáticas; la contribución al conocimiento científico fue 
asociada a los mesocarnívoros; y la base para la construcción de identidades estuvo ligada 
a especies con rol dual capaces de proveer tanto contribuciones beneficiosas como perju-
diciales. El uso de diferentes indicadores permitió desvelar las interconexiones entre las 
categorías de contribuciones y las especies. Estos hallazgos ponen en valor la importancia 
de las especies para las contribuciones al bienestar de las sociedades.

En el Capítulo 4 se exploran los patrones espaciales que determinan la provisión 
de contribuciones no materiales en España continental. Para ello, se cartografiaron 
diferentes indicadores que evalúan las experiencias del disfrute estético, las experien-
cias recreativas y la contribución al conocimiento científico, y calculamos los puntos 
calientes de provisión de contribuciones. Además, exploramos las características del 
paisaje que pueden condicionar la provisión de estas contribuciones: la presencia de 
áreas protegidas, el índice de impacto humano, y la riqueza de especies carroñeras. 
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Encontramos que las áreas protegidas, especialmente los parques nacionales tienen un 
papel muy importante para la provisión de contribuciones no materiales, así como se 
desarrollan preferentemente en áreas con mayor riqueza de especies. Las experiencias 
recreativas están asociadas a zonas con bajo impacto humano, mientras que el disfrute 
estético y la contribución al conocimiento científico puede desarrollarse en áreas con 
cierto grado de antropización.

Finalmente, en la discusión general se abordan las implicaciones de los resulta-
dos obtenidos en un contexto de cambio global, las limitaciones encontradas, así como 
propuestas para futuras líneas de investigación que aborden las relaciones entre los seres 
humanos y la naturaleza.
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GENERAL INTRODUCTION

HUMAN-NATURE RELATIONS: A CHANGING WORLD

Increasing human development is having a huge impact on the planet, and 
one of such magnitude that we are witnessing a new geological era: the 
Anthropocene. The severe transformation of ecosystems, especially in the 

last 50 years, to supply the growing human population’s increasing high demands has 
brought about a global biodiversity crisis (Foley et al. 2005; Bellard et al. 2012; Hooper 
et al. 2012). Habitat fragmentation, pollution, invasive species and climate change are 
some of the main drivers of the global change (Brook et al. 2008) that has resulted in 
the extirpation of natural populations, and even species, as well as associated ecological 
functions (MEA 2005; Díaz et al. 2019; Brauman et al. 2020). 

In response, this Global Environmental Change has led to growing awareness of 
and concern about nature conservation. Several international meetings have been held 
to establish common planetary objectives to curb biodiversity loss, such as the Aichi 
Targets adopted from the Convention of Global Diversity (Secretariat of the Convention 
on Biological Diversity 2010), including the ongoing 2030 Sustainable Development 
Goals of the United Nations. The Intergovernmental Science-Policy Platform on 
Biodiversity and Ecosystem Services (IPBES) was created to reinforce the integration 
of scientific knowledge into policy decisions about conservation and the sustainable use 
of biodiversity (IPBES 2019). In the past century, protected areas have been established 
to prevent their degradation. Currently, designation of protected areas is one of the 
most frequently implemented conservation strategies (Chape et al. 2005), together with 
granting legal protection of endangered species for their conservation and recovery in 
many areas (Chapron et al. 2014; Johnson et al. 2017).

Thus, humans may trigger both negative and positive effects on wild species and 
ecosystems. Conversely, humans may receive (or perceive) both benefits and detriments 
from nature. Therefore, biodiversity conservation must be approached from a broad 
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perspective by acknowledging the complexity and interaction among these pathways 
(Díaz et al. 2018; see Figure 1).

Figure 1. Conceptual map for human-nature relations.

NCP IN A CHANGING WORLD

Given the need to emphasise human dependence on nature, the scientific community 
has proposed different terminologies. They have evolved into today’s nomenclature of 
Nature’s Contributions to People (NCP) (Box 1). NCP is a framework that addresses 
both the positive and negative effects of living nature on people’s quality of life (Díaz 
et al. 2018). NCP are classified into 18 categories, which are clustered into three 
main groups: regulating, material and non-material. Regulating NCP refer to the 
ecological processes that sustain environmental conditions for human development 
and well-being, including both material and non-material contributions (e.g., climate 
regulation, pollination). Material NCP are the physical elements of nature that 
humans use for consumption (e.g., food, raw materials). Non-material NCP are the 
subjective and psychological effects of nature on human well-being, which comprise 
the aesthetic enjoyment of nature, recreation experiences, learning and inspiration, 
and animal or plants that are the basis of spiritual experiences (Díaz et al. 2018). 
However, NCP categories are not stand-alone because they considerably overlap 
and are intertwined. They are also context-specific depending on the considered 
stakeholders (Chan et al. 2016). For example, extensive livestock farmers positively 
value wild ungulates as alternative prey for the predators that attack their livestock, 
while researchers do not focus on these positive effects, but on others like the benefits 
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of hunting (Pascual-Rico et al. 2020). The changes in natural habitats in the past 
century include substantial social changes. A rural exodus to urban areas has taken 
place in many parts of the world (Parry et al. 2010; Ma et al. 2018; Llorent-Bedmar 
et al. 2021), which has led to changes in the way we relate to nature (Berenguer et 
al. 2005). The rural life-urban life dichotomy also affects the perception of nature’s 
contributions (Martín-López et al. 2012).

Box 1. From Nature’s Services to Nature’s Contributions to People

The many ways in which nature benefit humans have been studied since Westman 
coined the term Nature’s Services (Westman 1977). This term resulted from some 
scientists’ emerging concern to adequately define such human dependence on 
nature given accelerated human population growth and resource exploitation. 
Shortly afterwards, Ehrlich and Ehrlich (1981) introduced the term ecosystem 
services for the first time. However, it was not until 1997, with the publications 
of Daily (1997) and Costanza et al. (1997), when this research topic began to 
flourish. In the Millennium Ecosystem Assessment (MEA) (2005), the term 
ecosystem services (ES) was formalised and defined as the direct or indirect 
benefits that people obtain from ecosystem functioning. Since then, research 
on this topic has been on the rise (Costanza et al. 2017). The Intergovernmental 
Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES) 
recently established a broader definition of the links between people and nature, 
termed nature’s contribution to people (NCP) (Díaz et al. 2018). This updated 
conceptualisation considers both the benefits and detriments of living nature 
for people’s quality of life, incorporates indigenous and local knowledge into 
its assessments, and considers culture to play a transversal role to define the 
human-nature link. Therefore, the NCP framework allows more integrative 
analyses than ES to explore complex socio-ecological systems (Dean et al. 2021). 

Most research into NCP has focused on material and regulating contributions 
(Luederitz et al. 2015; Fagerholm et al. 2016; Hevia et al. 2017), whereas non-material 
contributions are clearly underrepresented in the scientific literature (Daniel et al. 2012; 
Milcu et al. 2013), which has centred mostly on recreational activities and aesthetic 
enjoyment (Kosanic and Petzold 2020).
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NCP assessments have been made based on numerous indicators. Regulating 
assessments, such as carbon storage capacity or water regulation, have been assessed by 
biophysical landscape metrics like land cover (Maes et al. 2016). In these cases, spatial 
mapping has been a key tool for identifying the provision areas of NCP, which are useful 
for developing land-use planning and focusing on conservation efforts (Malinga et al. 
2015). Some cultural or non-material topics have been addressed by counting users in 
enjoyment experiences, such as fishing or birdwatching (Maes et al. 2016). Meanwhile 
according to species distribution, biodiversity-based NCP has been less assessed (Maes 
et al. 2016) despite being very closely linked with NCP provisions and human well-being 
(Balvanera et al. 2006; Haines-Young and Potschin 2010; Díaz et al. 2019).

SCAVENGERS IN THE HUMAN SPHERE

Vertebrates have been paid less scientific attention compared to vegetation and 
invertebrates  among the biodiversity groups that have been assessed within an NCP 
framework, (Hevia et al. 2017). Birds have been identified as providers of all NCP categories 
(Whelan et al. 2008; Sekercioglu et al. 2016), are an important component of human diet, 
and also contribute to regulate ecosystems by seed dispersal (Jordano et al. 2007), pest 
control (Gorosábel et al. 2022) and carrion removal (Moleón et al. 2014a; DeVault et al. 
2016). Furthermore, recreational activities like birdwatching have flourished worldwide, 
and are argued to favour conservation, act as a tool for environmental education, and 
can even be considered to provide economic local input (Sekercioglu 2002). Regarding 
mammals, carnivores have predominantly been considered to be detrimental to humans 
(Lozano et al. 2019; Methorst et al. 2020). Their predatory behaviour has historically been 
a source of conflict with humans given competition for the same resources (livestock, 
game animals). But there also many charismatic species (Wolf and Ripple 2018).

The functional guild of terrestrial vertebrate scavengers, which comprises mainly 
birds and mammals, has also been linked with the provision of all NCP categories 
(Moleón et al. 2014a; DeVault et al. 2016; O’Bryan et al. 2018), and is closely linked with 
human well-being. The human-scavengers relation dates back to the Late Pliocene, when 
early humans followed vultures to find carrions. At the same time, humans competed 
with scavenging birds and mammals for meat from megaherbivore carcasses (Moleón 
et al. 2014a; Morelli et al. 2015). Over time, this relation has changed. In a next step, 
humans became hunters and, thus, providers of hunting leftovers to scavengers. This role 



37

General Introduction

as carrion providers expanded with animal domestication, to the point that humans are 
now the main providers of food for scavenger species in many world regions, especially 
where native herbivores have been extirpated (Chamberlain et al. 2005; Lambertucci et 
al. 2009; Margalida et al. 2011a; Lambertucci et al. 2018; Margalida et al. 2018).

Among scavenging species, many birds and mammals exploit carrion 
opportunistically (facultative scavengers), while vultures are the only ones in terrestrial 
ecosystems that totally rely on carrion for their survival and reproduction (obligate 
scavengers) (DeVault et al. 2003). Annually in terrestrial ecosystems, tons of dead 
biomass are naturally generated (Moleón et al. 2019), and scavengers largely contribute 
to recirculate this biomass in the ecosystem. Vultures consume large amounts of carrion 
in very short times (DeVault et al. 2003; Sebastián-González et al. 2016; Morales-Reyes et 
al. 2017b). This efficient carcass removal performs a regulating function by avoiding long 
carrion decomposition in the environment, which could otherwise spread infectious 
diseases, such as anthrax (Den Heever et al. 2021) with negative effects for human 
well-being. Vultures also have a top-down regulating effect on facultative scavenger 
populations as they more efficiently compete for carrion resources, which limits access 
to facultative ones, thus exercising control over their populations (Sebastián-González 
et al. 2013; Morales-Reyes et al. 2017b). Mammalian scavengers, such as dogs and 
rats, are reservoirs of zoonotic diseases like rabies, which can have strong detrimental 
effects on human well-being when their populations increase (Markandya et al. 2008; 
Ogada et al. 2012b; Den Heever et al. 2021). Top-carnivores also have regulatory top-
down effects on ecosystems, whose absence causes a trophic cascade that affects not only 
herbivores, vegetation and ecosystem dynamics (Boyce 2018; Atkins et al. 2019), but also 
the structure of scavenger communities (Selva and Fortuna 2007; Moleón et al. 2014b; 
Sebastián-González et al. 2020).

In addition to the role in ecosystem regulations, scavengers have also been present 
in cultural spheres of human civilisations. Vultures have taken part in sacred rituals from 
ancient times, when Neanderthals used avian scavengers feathers and claws as ornaments 
(Finlayson et al. 2012), and also in current local communities like those in Western and 
Southern Africa, which employ vulture body parts for traditional medicine purposes 
(Ogada et al. 2012a; Mashele et al. 2021). Some ethnic groups, such as the Zoroastrians 
and Tibetan Buddhists, continue to offer the corpses of their dead to scavenger birds as 
part of their religious practices (DeVault et al. 2016). In addition, ecotourism related to 
scavenger watching is globally flourishing, and provides a human-wildlife connection that 
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can help to raise awareness of the species conservation of both avian (DeVault et al. 2016) 
and mammalian (Montag et al. 2005) scavengers. Moreover, economic valuations related 
to scavengers watching, such as that of Becker et al. (2005) in Israel and García-Jiménez 
et al. (2021) in the Spanish Pyrenees, point out that this activity provides considerable 
economic inputs to these areas. 

Scavengers can be perceived by humans in a dual sense as either beneficial or 
detrimental. For example, farmers perceive vultures as beneficial thanks to carrion 
removal, but mammalian scavengers are perceived as harmful for their potential predatory 
behaviour (Morales-Reyes et al. 2018). However, some stakeholders have wrongly blamed 
vultures for attacking livestock, which has generated a negative perception of them (e.g., 
Andean condors (Vultur gryphus) in South America and griffon vultures (Gyps fulvus) 
in Europe; Restrepo-Cardona et al. 2019; Lambertucci et al. 2021; Margalida et al. 2011b; 
Margalida et al. 2014; Duriez et al. 2019), and has led to groundless human-wildlife 
conflicts.

HUMAN IMPACT ON SCAVENGER POPULATIONS

Despite the numerous benefits that scavengers can provide people with, the global 
anthropisation of our planet is a serious concern for the conservation of this functional 
group. Globally, humans are the main drivers of scavenger population decline worldwide 
(Ogada et al. 2012a). This makes scavenger species richness lower in areas with a stronger 
human impact (Sebastián-González et al. 2019). Currently, avian scavengers are the most 
threatened group of birds (Buechley and Şekercioğlu 2016). Of the 23 vulture species that 
inhabit the world, 12 of them, especially in Eurasia and Africa, are classified as Vulnerable, 
Endangered or Critically Endangered by the IUCN (2021). There are several reasons for 
vulture decline, but dietary intoxication and human persecution prominently feature 
(Botha et al. 2017). Unintentional intoxication caused by consumption of carcasses from 
livestock treated with non-steroidal anti-inflammatory drugs, particularly diclofenac, has 
been the cause of 95-99% of vulture populations to plummet in the Indian subcontinent 
in just over one decade (Prakash et al. 2007). The illegal use of poisoned baits to eliminate 
carnivores may secondarily kill other scavenger species, which is the main cause of vulture 
mortality in Europe and Africa (Ogada et al. 2012a). In addition, lead intoxication that 
derives from hunting activities is of growing concern (Arrondo et al. 2020a). Furthermore, 
today’s African vulture crisis is driven by poachers’ direct persecution, who poison 
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large carcasses to eliminate vultures, and to prevent them from bird circling by alerting 
rangers of their illegal activity (Ogada et al. 2016). Additionally, human industrialisation 
is leading to an increasing number of collisions with infrastructures, such as wind farms, 
power lines and railways, which is another cause of mortality for scavenger birds (Botha 
et al. 2017). For large carnivores, direct persecution and habitat degradation have led to 
their global decline (Ripple et al. 2014).

Therefore, to prevent scavengers’ decline and loss of associated NCP, it 
is necessary to consider the human factor as a powerful driver that affects their 
conservation. Generally delving into the humans-wildlife relation could help to 
highlight the human dependence on nature to develop appropriate management 
and conservation policies that alleviate misperceptions and conflicts. Improving the 
human activities that positively and directly impact scavengers’ population dynamics 
is another crucial issue for their conservation. Livestock farming and managing 
livestock carcasses greatly condition necrophagous species’ behaviour, survival and 
population dynamics (Margalida and Colomer 2012). Traditional livestock practices, 
rather than modern, intensive livestock rearing, can be particularly important 
to sustain healthy and functional populations of scavenging species, especially in 
areas where declining wild ungulate populations ecological functions are being lost. 
Likewise, it is equally important to address the threats that scavengers face. A proper 
understanding of the real impact that anthropogenic activities have is necessary 
to take appropriate mitigation measures. It is only in this way that will we be able 
to achieve sustainable development as humanity that does not jeopardise nature 
conservation, including humans.

THE SPANISH CONTEXT

Spain houses the main population of European vultures (Botha et al. 2017), which 
comprises four breeding species: Eurasian griffon vulture; cinereous vulture (Aegypius 
monachus); Egyptian vulture (Neophron percnopterus); bearded vulture (Gypaetus 
barbatus). The Iberian Peninsula also connects European and African populations via 
the migratory route that crosses the Strait of Gibraltar. In addition, the presence of the 
critically endangered Rüppell’s vulture (G. rueppelli) in Spain is increasingly frequent 
(Garrido et al. 2020). Spain also houses a rich community of facultative scavenger species, 
including important populations of two large carnivores, the brown bear (Ursus arctos) 
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and the grey wolf (Canis lupus) (Fernández-Gil et al. 2016), and endangered raptors like 
the Spanish imperial eagle (Aquila adalberti) (BirdLife International 2021).

It is well-known that this diverse scavenger community provides important 
regulating NCP through carrion consumption in Spain (Sebastián-González et al. 2013; 
Morales-Reyes et al. 2015; Sebastián-González et al. 2016; Mateo-Tomás et al. 2017; 
Morales-Reyes et al. 2017a; Morales-Reyes et al. 2017b). That is why livestock farmers 
recognise the value of scavengers as beneficial species for ecosystems (Morales-Reyes et 
al. 2018). Otherwise, in a scenario in which scavengers are unable to consume livestock 
carcasses, industrialised carrion removal entail an economic cost in insurance payments 
for farmers and high greenhouse gas emissions (Morales-Reyes et al. 2015). 

Spain has a long-standing history of livestock farming. The earliest pieces of 
evidence for livestock activity, including transhumance, date back to the Neolithic 
(7700 years BP; Zeder 2008; Tejedor-Rodríguez et al. 2021). Transhumance peaked in 
popularity in the 18th century, when Spain had the European monopoly on merino 
wool (Oteros-Rozas et al. 2013). Market changes and industrialisation have led to 
the decline in extensive livestock farming, although the Spanish government has 
acknowledged transhumance as a representative manifestation of intangible cultural 
heritage (Spanish Royal Decree 385/2017, of 8 April) to avoid it from disappearing 
given the great cultural legacy with which it is associated. In recent times, traditional 
extensive livestock farming continues mainly on grassland and dehesas landscapes, 
where vultures predominantly forage (Martin-Díaz et al. 2020). However, intensive 
livestock industries are rapidly replacing extensive livestock regimes, including 
transhumance, and strongly impacts scavengers’ ecology and conservation. 
Intensification implies a change in the carrion distribution on landscapes, which 
becomes a predictable resource in time and space terms in association with fenced 
feeding sites and farms (Moreno-Opo and Margalida 2019). Carrion from intensive 
farming exposes vultures to veterinary drugs and pollutants (Blanco et al. 2019), in 
addition to being linked with anthropised areas, which expose scavengers to poorer 
physiological conditions (Gangoso et al. 2021) and to higher risks of human-caused 
mortality, such as collisions, electrocution and poisoning (Arrondo et al. 2020b). 
Thus,examining the livestock-scavengers ecological relation in-depth could shed 
light on how they will be affected by changing future scenarios.
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Traditional activities, such as livestock farming or hunting, are performed in 
nature in a close connection with wildlife. When conflicts arise, stakeholders react in 
retaliation. Notably, the illegal use of poisoned bait is an ancestral practice that is carried 
out to eliminate the wildlife that humans consider to be competitors. In Spain, poisoning 
is promoted mainly by hunters, followed by livestock farmers, to eliminate mammalian 
carnivores (De la Bodega et al. 2020). Nevertheless, birds of prey and domestic animals 
are primary victims (De la Bodega et al. 2020). Today poisoning is one of the main 
mortality risks for Spanish scavengers. This activity has led endangered species like the 
bearded vulture (Margalida et al. 2008), Egyptian vulture (Hernández and Margalida 
2009) and red kite (Mateo-Tomás et al. 2020) to decline. Despite the use of poison being 
considered a crime according to the Spanish penal code (Organic Law 10/1995 of the 
Criminal Code), the legal consequences for poisoners have proven largely insufficient. 
For instance, of all the poisoning episodes that occurred between 1993 and 2018 in Spain, 
only 1.8% led to legal sentences. Of these, 80.8% resulted in a penalty for perpetrators 
(Durá Alemañ et al. 2020). These figures undoubtedly promote poisoners’ impunity. In 
addition, monitoring protocols and the quantification of poisoned fauna are managed 
independently by each Spanish Autonomous Community, with marked heterogeneous 
efforts and procedures (Cano 2017). So, the number of animals reported to be poisoned 
should be taken into account as only “the tip of the iceberg”. Therefore, research that 
uncovers the real extent of using poison would be very useful for estimating their impact 
on wild populations and to, thus, establish appropriate mitigation measures.

To date, however, the non-material NCP associated with scavengers have been 
hardly explored in Spain, or elsewhere. Recent research conducted in the Spanish 
Pyrenees has revealed the role of scavenging birds in supporting identities (based on 
the emotions aroused by watching it) of birding tourists (García-Jiménez et al. 2022), 
with considerable economic benefits (García-Jiménez et al. 2021). Nevertheless, studies 
covering other non-material NCP categories (aesthetic enjoyment, contribution to 
knowledge, etc.) are lacking. In addition, studies performed on larger spatial scales 
remain completely unexplored, especially for highly mobile species like avian scavengers 
(Arrondo et al. 2020b). Spatial studies on a national scale could reveal key areas for the 
human-nature connection.

Spain still houses large populations of scavengers (which attract the attention of 
national and international ecotourists and other sectors of society), a large number of 
extensive livestock, and one of the most effective antipoison programmes in Europe. 
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Thus, Spain plays a crucial role in the conservation of scavengers (Santangeli et al. 2019), 
and is also an ideal scenario for exploring human-scavenger relations.

AIMS

The present thesis aims to disentangle the interface between human and scavengers in 
Spain. As a first approach, this thesis addresses in Chapter 1 how traditional human 
activities impact positively the conservation of scavenger species populations by providing 
the carrion resource and, in Chapter 2, negatively by jeopardising their populations’ 
viability by the illegal use of poison. As another approach of the human-scavengers 
relation, this thesis analyses how people benefit from the role that species play in nature 
and, hence, contributes to people’s well-being. Chapter 3 particularly assesses which 
species are the most significant for humans in the non-material NCP context, as well as 
the traits that this depends on. Chapter 4 describes how non-material contributions are 
spatially distributed and their conditioning factors (see Figure 2).

Figure 2. Framework for the present thesis. Blue arrows: positive effects. Red arrow: negative effect.
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Specific aims:

Chapter 1: to assess avian scavengers’ response to transhumant herds at two levels: 
landscape and individuals

Chapter 2: to identify the potential biases for detecting poisoned fauna by a field 
experiment and the traits on which it depends

Chapter 3: to assess the role played by vertebrate scavengers in the provision of non-
material NCP, and to identify which ecological variables determine scavengers’ 
capacity to provide non-material NCP

Chapter 4: to describe how scavengers’ non-material NCP are spatially distributed, and 
to explore which landscape features condition this spatial pattern
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Photo by Pilar Oliva Vidal.
Commons ravens (Corvus corax) in Pre-Pyrenees of Lleida.
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SUMMARY OF  
MATERIALS AND METHODS

The present thesis benefits from diverse methods associated with ecology 
and social sciences, as briefly explained below and separately for each 
chapter.

Chapter 1 were developed in Los Campos de Hernán-Perea (located in the Sierras 
de Cazorla, Segura y Las Villas Natural Park, SE Spain), where traditional transhumant 
livestock practices are still frequent. We carried out field surveys to estimate the seasonal 
abundance of avian scavengers, livestock and wild ungulates, and used non-parametric 
Wilcoxon rank tests to assess how the abundance of these faunal groups changes during 
the seasonal cycle. We also performed GLMMs to explore the influence of the presence 
of transhumant livestock on griffon vulture abundance on the landscape level. We GPS-
tracked 30 adult griffon vultures over a 4-year period. This allowed us to obtain the flying 
fixes that fell inside and outside the study area, and to assess by GLMMs how griffon 
vultures’ individual foraging behaviour changed according to transhumant livestock’s 
seasonal movements.

In Chapter 2, we compared the official database of poisoned wildlife in peninsular 
Spain, compiled by WWF and SEO/BirdLife, with the information obtained from a field 
experiment, which was designed to detect species that could potentially be vulnerable 
to poisoning. For this purpose, by means of camera-trapping, we firstly monitored the 
consumption patterns of three bait types: eggs, sausages, and chicken (all frequently used 
to poison wildlife) in six study areas across peninsular Spain: Sierra de Cabrera; Sabinar 
de Calatañazor-Sierra de Cameros; Pre-Pyrenees of Lleida; Sierra Harana; the Sierras de 
Cazorla, Segura y Las Villas Natural Park; Sierra Escalona. Then we took those animal 
species that had been recorded as poisoned in each experimental area according to the 
official poisoning database. Afterwards, we classified all the species in the poisoning 
database and the field experiments into nine group: wild carnivores; domestic carnivores; 



56

Summary of  Materials  and Methods

suids; small mammals; corvids; vultures; other raptors; other birds; reptiles. Next, we 
compared the frequency of occurrence of each group in both data sources by means 
of c2 tests, and separately for each study area. Finally, we used GLMMs to explore the 
species traits that could explain the dissimilarities in both data sources, such as: body 
mass, colour pattern, mobility, sociality and conservation status.

In Chapter 3, we used data about scavengers and their provision of non-material 
NCP in Spain. Based on previous studies about carrion consumption in Spain (García-
Heras et al. 2013; Mateo-Tomás et al. 2015; Sebastián-González et al. 2016), we considered 
the terrestrial vertebrate scavenger guild to be composed mainly of 22 species: four 
vultures, six raptors other than vultures, three corvids and nine mammals (Figure 1). We 
firstly used several Internet data sources to obtain indices that represent the provision of 
non-material NCP by each species.

•	 Aesthetic enjoyment was assessed by examining photographs of scavengers posted 
on a social media platform by nature photographers

•	 Recreational experiences were obtained from the wildlife-watching touristic offer 
related to scavengers

•	 Contribution to knowledge was evaluated from two perspectives: firstly, contribution 
to knowledge acquired by citizens was assessed with the occurrence of scavenger 
species in the Spanish outreach magazine Quercus; secondly, contribution 
to knowledge acquired by scientists was assessed by collecting the records of 
scavenger species’ observations from the Global Biodiversity Information Facility 
(GBIF), and by examining the species studied in scientific publications

•	 Supporting identities, particularly people’s satisfaction of knowing that a particular 
scavenger species exists, were approached according to the prominence of each 
scavenger species in Google searches

We secondly conducted median and mean comparison tests to explore 
whether taxonomic group determined the occurrence in each data source. We also 
performed a canonical correspondence analysis (CCA) to identify the ecological 
traits of the species that underpinned scavengers’ capacity to provide non-material 
NCP: body mass, foraging activity, home range, fecundity, diel activity, conservation 
status and taxonomic group. 
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Figure 1. Scavenger community addressed in Chapter 3 & 4. Left to right, and from top to bottom. 
Blue line, obligate scavengers: griffon vulture (Gyps fulvus), black vulture (Aegypius monachus), 
bearded vulture (Gypaetus barbatus), Egyptian vulture (Neophron percnopterus). Red line, facultative 
scavengers’ raptors: Spanish imperial eagle (Aquila adalberti), golden eagle (Aquila chrysaetos), western 
marsh harrier (Circus aeruginosus), common buzzard (Buteo buteo), red kite (Milvus milvus), black kite 
(Milvus migrans). Yellow line, corvids: common raven (Corvus corax), carrion crow (Corvus corone), 
Eurasian magpie (Pica pica). Green line, mammals: grey wolf (Canis lupus), brown bear (Ursus arctos), 
red fox (Vulpes vulpes), stone marten (Martes foina), pine marten (Martes martes), common genet 
(Genetta genetta), Eurasian badger (Meles meles), Egyptian mongoose (Herpestes ichneumon), wild 
boar (Sus scrofa). Photo credit: Pilar Oliva Vidal; Shutterstock.

Finally in Chapter 4, we mapped the indicators of photography, tourism activities 
and wildlife observation records, obtained from the previous chapter, to reveal spatial 
patterns in the provision of non-material NCP by scavengers in peninsular Spain. 
With the QGIS software, we generated hotspots for these non-material NCPs. We also 
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used generalised linear models (GLMs) to explore the landscape features (presence of 
protected areas, human footprint, scavenger species richness) that could explain the 
spatial distribution of the non-material NCP provided by scavengers.
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Photo by Toni Sánchez Zapata.
Transhumant livestock herds in Los Campos de Hernán Perea (Jaén).
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ABSTRACT

In recent decades, intensive techniques of livestock raising have flourished, 
which has largely replaced traditional farming practices such as transhumance. 
These changes may have affected scavengers’ behaviour and ecology, as 

extensive livestock is a key source of carrion. This study evaluates the spatial responses 
of avian scavengers to the seasonal movements of transhumant herds in south-eastern 
Spain. We surveyed the abundance of avian scavengers and ungulates, and analysed the 
factors affecting the space use by 30 GPS-tracked griffon vultures (Gyps fulvus). Griffons’ 
foraging activity increased in the pasturelands occupied by transhumant herds, which 
implied greater vulture abundance at the landscape level during the livestock season. In 
contrast, facultative scavengers were more abundant without transhumant livestock herds, 
and the abundance of wild ungulates did not change in relation to livestock presence. 
We conclude that fostering transhumance and other traditional farming systems, to the 
detriment of farming intensification, could favour vulture conservation.

Keywords: farming intensification, GPS-tracking, livestock, traditional farming practices, 
vultures, wild ungulates.
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INTRODUCTION

Humans and scavengers have maintained a close and changing relationship since our 
origins (Moleón et al. 2014). With the first hunters and, especially, shepherds, humans 
became key carrion suppliers to scavenging animals, while scavengers provided humans 
with an important hygienic service by efficiently removing animal debris (Moleón et al. 
2014). In particular, extensive livestock carcasses from traditional exploitations became 
a staple food source for vultures and other scavengers in many areas (Margalida et al. 
2011), and even exceeded the contribution of wild ungulates (Margalida et al. 2018). 
Thus, traditional extensive livestock farming has helped to sustain scavenger populations 
in many regions of the world, such as Eurasian griffon vultures (Gyps fulvus; Parra and 
Tellería, 2004) and Egyptian vultures (Neophron percnopterus; Mateo-Tomás and Olea, 
2010) in south-western Europe.

However, the profound change in livestock products demand and management in 
the last few years could strongly influence scavenger behaviour and conservation. Both 
economic development and human population growth have led to an increasing demand 
in livestock products and a shift towards industrialization (“livestock revolution”; Seré et 
al., 2008). This change has involved the stabling of livestock (i.e., intensive farming) and 
a decline in extensive farming practices, particularly transhumance, which consists of 
the seasonal movement of herds to take advantage of the availability of natural pastures 
(Bunce et al. 2004). Transhumant livestock movement takes place twice a year, from 
wintering to summering areas and back, and is usually based on either latitudinal (north 
to south in the Northern Hemisphere) or altitudinal travels (generally, from mountains 
to lowland areas). There is evidence that this farming system has been practised in the 
Mediterranean region since the Neolithic (6000 yrs BC; Tejedor-Rodríguez et al., 2021). 
In Spain, a Mediterranean country with marked historic transhumance activity (MARM, 
2011), there were 3.5 million transhumant sheep in the 18th century, linked with Europe’s 
wool demand and the Spanish monopoly on merino wool production (Oteros-Rozas et 
al. 2013a). After the breakdown of this monopoly, transhumance underwent a continuous 
decline. Today, fewer than 0.5 million of the c. 15.5 million sheep in Spain perform 
transhumance (MAPA, 2019). In parallel, the main market product of transhumant 
livestock has changed from wool to meat. Among the causes of the current decline 
of transhumant livestock numbers are the loss of economic profitability compared to 
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intensive systems, rural abandonment and lack of generational relay (Oteros-Rozas et al. 
2013a). In order to protect transhumance from disappearing, the Spanish government 
declared it to be a representative manifestation of intangible cultural heritage (Spanish 
Royal Decree 385/2017, of 8 April). The United Nations Educational, Scientific and 
Cultural Organization (UNESCO) also inscribed transhumance on the Representative 
List of the Intangible Cultural Heritage of Humanity in 2019 (https://ich.unesco.org/en/
decisions/14.COM/10.B.2).

Moreover, the abandonment of transhumance and other traditional livestock 
practices leads to landscape transformation. Lack of livestock grazing may entail 
vegetation succession, which promotes a landscape change from grassland to shrub and 
forest by means of a passive rewilding process (Navarro and Pereira 2015; Corlett 2016). 
Rewilding triggers an effect on the entire ecosystem, from primary producers to tertiary 
consumers, such as scavengers (Cortés-Avizanda et al. 2015). Shrub and forest landscape 
has favoured the expansion of wild ungulates in many European countries (Apollonio 
et al. 2010), such as Spain (Acevedo et al. 2011). However, for vultures and other avian 
scavengers, finding carcasses in more heterogeneous habitats with greater vegetation 
cover takes longer than in the open grazing areas occupied by livestock (Arrondo et al. 
2019). In addition, intensive livestock farms substantially change the feeding paradigm 
for vertebrate scavengers by providing more predictable food in both space and time 
(Moleón et al. 2019). In turn, the food provided by these highly-predictable resources is of 
low-quality, as it contains veterinary drugs and other pollutants to which scavengers are 
exposed (Blanco et al. 2019). Thus, vultures inhabiting anthropized areas with intensive 
livestock farming have poorer physiological conditions (Gangoso et al. 2021) and lower 
survival rates due to human-cause mortality than those inhabiting more natural areas 
with more traditional farming systems (Arrondo et al. 2020a). Given vultures’ poor 
conservation status worldwide (Ogada et al. 2012), investigating the livestock-vulture 
ecological relationship in the current scenario of rapid global environmental change is 
an urgent task.

Unlike most avian scavenger species, which are considered facultative or 
opportunistic scavengers, vultures are obligate scavengers (DeVault et al. 2003), which 
means that they completely rely on carrion to survive and reproduce. Thus, their foraging 
and distribution are greatly conditioned by carrion availability (Arrondo et al. 2018). 
Previous studies based on field surveys provided some evidence that vultures respond 
to the presence of transhumant livestock, with increased griffon vulture occurrence in 
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roosts close to transhumant herds (Olea and Mateo-Tomás 2009). However, vultures 
are extremely mobile species (Ruxton and Houston 2004), which challenges in depth 
investigation of causes and consequences of vulture movement. In recent years, there 
has been an increase in the use of GPS devices to track large bird movements (Alarcón 
and Lambertucci 2018). Thus, combining GPS-tracking techniques and field surveys 
could help to obtain a wide understanding of the ecological processes that shape vulture 
foraging, at spatial scales ranging from individuals to landscapes.

The present study aims to evaluate the space use by avian scavengers in response 
to the seasonal movements of transhumant herds in Sierra de Cazorla, Segura y Las 
Villas Natural Park (Spain), an area that houses the largest number of transhumant 
sheep in western Europe. To address this, we firstly explored the relationship between 
the abundance of avian scavengers (both obligate and facultative) and the abundance 
of wild and domestic ungulates at the landscape level, as inferred by field surveys. We 
secondly analysed the individual spatial responses of GPS-tracked griffon vultures to the 
presence and absence of transhumant herds. We focused on the griffon vulture because 
it is the most abundant vulture species in Europe (Margalida et al. 2010) and the most 
efficient consumer of ungulate carcasses in Mediterranean habitats (Mateo-Tomás et al. 
2017). Our general hypothesis is that avian scavengers, especially vultures, will arrange 
their space use according to carrion availability. In particular, we expect that vultures will 
increase their use of transhumant livestock areas in the season in which transhumant 
herds are present, while avian facultative scavengers will show a weaker response due to 
their reliance on alternative food sources.

METHODS

STUDY AREA

This study was carried out in one of Europe’s largest protected areas (the Sierras de 
Cazorla, Segura y Las Villas Natural Park; 2143 km2), a mountain region in south-eastern 
Spain. The climate is Mediterranean, with annual rainfall ranging between 300 and 
1600 mm, and a mean annual temperature of 12-16ºC. The area is covered mainly by 
pine (Pinus halepensis, P. nigra, P. pinaster and P. sylvestris) and oak (Quercus ilex and 
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Q. faginea) forests (Rivas-Martínez 1987). The natural park hosts a rich community of 
vertebrate scavengers. Obligate scavengers include four vulture species: three resident 
species (griffon, bearded Gypaetus barbatus and Egyptian vultures) and one species that 
is occasionally present (cinereous vultures Aegypius monachus) (Morales-Reyes et al. 
2017). The griffon vulture is the most abundant vulture in this area, with more than 300 
breeding pairs (Del Moral and Molina 2018). Major facultative scavengers include birds 
like golden eagles (Aquila chrysaetos), common ravens (Corvus corax), carrion crows (C. 
corone), Eurasian magpies (Pica pica) and Eurasian jays (Garrulus glandarius), and also 
mammals like red fox (Vulpes vulpes) and wild boar (Sus scrofa) (Arrondo et al. 2019). 
Apart from wild boar, the wild ungulates community includes red deer (Cervus elaphus), 
fallow deer (Dama dama), mouflon (Ovis orientalis) and Iberian ibex (Capra pyrenaica)
(Martínez-Martínez 2002).

In the highest part of this natural park, there is a plateau called “Campos de Hernán 
Perea” (150 km2; 1,600-1,700 m a.s.l.; Fig. 1). This plateau is covered by communal 
pastures where transhumant herds from different lowland ranges in the Sierra Morena 
mountains (located 50-200 km away) arrive at the end of May and stay until the end 
of November (Morales-Reyes et al. 2018). This denotes two clearly delimited seasons 
in relation to the presence (June-November; hereafter “livestock season”) or absence of 
livestock (December-May; hereafter “no livestock season”). Transhumant herds include 
c. 35 000 animals (Arrondo et al. 2019) (7% of the total transhumant livestock in Spain; 
Oteros-Rozas et al. 2013a), mostly (>90%) sheep (Ovis aries), but also goats (Capra 
aegagrus hircus), cattle (Bos taurus) and horses (Equus ferus caballus).

ABUNDANCE OF AVIAN SCAVENGERS, LIVESTOCK AND WILD 
UNGULATES

To determine if transhumance practices affect avian scavengers’ space use, we assessed 
the differences in the abundance of avian scavengers (both obligate –vultures– and 
facultative scavengers –other raptors and corvids–) and ungulates (both domestic and 
wild species) between the seasons with and without transhumant livestock. For birds, we 
conducted 75 systematic 30-minute point counts (for a similar approach, see Moleón et 
al. 2020). We surveyed 37 points during the livestock season (17 in September-October 
2019, 20 in July 2020) and 38 during the no livestock season (18 in January, 20 in February 
2020). Point counts were separated by at least 1.2 km from one another (Fig. 1). Surveys 
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were conducted with the help of binoculars (x12) and field scopes (20-60x) from 2 hours 
after sunrise to 2 pm (UTC+1) in winter and 3 pm (UTC+2) in summer to, thus, cover 
soaring birds’ main active period (Vergara 2010). For each point count, we recorded the 
observed species and the number of observed individuals. To minimize recounting birds 
within and among points, we also recorded observation time, distance from the birds to 
the observer, and their flight direction (Bibby et al. 2000).

In order to quantify seasonal changes in the relative abundance of wild and 
domestic ungulates, we conducted 40 systematic 3 kilometre-long transects (Putman et 
al. 2011): 20 during the livestock season (10 in September-October 2019, 10 in July 2020) 
and 20 during the no livestock season (10 in January, 10 in February 2020). Transects 
were done by walking on the unpaved roads distributed across the study area (Fig. 1). 
Transects were carried out at dawn or dusk when ungulates are more active (Pérez et al. 
2014). For each transect, we recorded the observed species and number of individuals. 
To avoid double counting among transects, we also recorded observation time, location 
of the observed ungulates, and their direction, and their age and sex whenever possible. 
We expressed the relative abundance of both wild and domestic ungulates according to 
the Kilometric Abundance Index (KAI), i.e., the number of individuals observed per km 
walked (Vincent et al. 1991).

Both point counts and transects were distributed throughout the area mostly used 
by transhumant herds, i.e., the grassland plateau (Fig. 1). The average bird and ungulate 
abundances were calculated separately for each season (livestock and no livestock).

VULTURE GPS TRACKING

Using a baited cannon-net, we captured 30 adult griffon vultures in the natural park in 
December 2014. Each vulture was equipped with 90 g GPS/GPRS-GSM devices from 
e-obs digital telemetry (http://www.e-obs.de), which were attached using a backpack 
harness. These devices were configured according to weather conditions (see Table S1). 
Birds were monitored between January 2015 and December 2018, unless they died or 
the device technically failed (Table S2). All the individuals were sexed by molecular 
procedures (Wink et al. 1998). For each monitored year, the breeding status of all the 
tracked individuals was determined (breeding vs. non-breeding; see Table S2 for details) 
and the nest location of all the breeding birds. Breeding status was firstly identified by the 
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accumulation of GPS fixes on cliffs suitable for nesting during vultures’ nestling period 
(from March to August; Donázar, 1993), and was then confirmed by field observations. 
The number of flying fixes (a proxy for foraging activity) located both inside and outside 
the plateau used by transhumant herds (see Fig. 1) was identified for this period. Flying 
fixes were considered those locations with a ground speed > 5 m/s (see Arrondo et al. 
2018 for more details).

STATISTICAL ANALYSES

We firstly used non-parametric Wilcoxon rank tests to explore changes in the abundance 
of avian scavengers and ungulates between seasons. The absence of normality in these 
variables was confirmed by the Shapiro-Wilk test (α = 0.05).

In order to analyse the influence of transhumant herds on griffon vultures’ use of 
the study area, we followed two different approaches: one focused on the landscape level 
and another on the individual level. In the first approach, the aim was to explore whether 
griffon vultures were more frequently observed in the livestock area during the livestock 
season. For this purpose, we used generalized linear mixed models (GLMMs; Zuur et al. 
2009) with Poisson error distributions and log link functions. We considered as response 
variable the “abundance” of griffon vultures observed per point count. The explanatory 
variables in the fixed term were the livestock “season” (yes/no) and the “nestling” period 
of griffon vultures (yes/no). To avoid pseudoreplication, we included “point” counts as 
a random term. We firstly constructed a full model with all the explanatory variables 
(no interactions among variables were considered due to low sample size). We secondly 
constructed the set of alternative models with different combinations of the random 
structure (i.e., one model with a “point” count as a random factor and another with 
no random term). We used the glmer() function of the lme4 package in R (Bates et al. 
2015). We thirdly selected the model with the most appropriate random structure. Model 
selection was based on Akaike’s Information Criterion (AIC). After selecting the most 
appropriate random structure (with a random term in our case), we selected the model 
with the most appropriate fixed structure by exploring the complete set of alternative 
models using the dredge() function of the MuMIn package in R (Barton 2013). The models 
with delta-AIC < 2 in relation to the best model (i.e., the model with the lowest AIC) were 
considered to have similar support (Burnham and Anderson 2002). We finally explored 
candidate model’s performance by means of marginal R2, which measures how much 
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variability in the response variable is explained by the model’s fixed term (Nakagawa 
and Schielzeth 2013). For this purpose, we used the r.squaredGLMM() function of the 
MuMIn package in R (Barton 2013). 

In the second approach, which aimed to assess individual griffon vulture foraging 
activity changes, we explored whether the GPS-tracked griffon vultures used the study 
area more during the livestock season, and which factors made some griffon vultures to 
use the area more than others. We applied GLMMs with binomial error distributions and 
logit link functions. We modelled the response variable as the proportional data with a 
binomial denominator of the total “GPS fixes” that fell within vs. beyond the study area 
limits each month per griffon vulture individual. The explanatory variables in the fixed 
term were livestock “season” (yes/no), “breeding” status (breeding/non-breeding), “sex” 
(male/female) and “year” (as a factor, one for each tracked year). The individual (“ind.”) 
was included as a random term. The process for model construction and selection, and 
for calculating the candidate models’ performance, was like that described above.

All the analyses were done in R software, version 3.6.1 (R Core Team 2019) (https://
cran.r-project.org/).

RESULTS

ABUNDANCE OF AVIAN SCAVENGERS, LIVESTOCK AND WILD 
UNGULATES

Obligate scavengers were more abundant during the livestock season (Wilcoxon rank 
test (p < 0.05); Fig. 2). We observed avian scavengers in 95.9% of the point counts, and 
totalled 1728 observed birds (range: 0-154 per point; mean ± SD: 23.4 ± 28.0; Table 1). 
We detected three species of obligate scavengers (griffon, black and bearded vultures) and 
five species of facultative scavengers. Griffon was by far the most abundant vulture (89.1% 
of all the observed birds), with 1106 individuals observed during the livestock season and 
434 during the no livestock season (Table 1). In general, vultures were c. 2.5-fold more 
abundant during the livestock season than during the no livestock season (Fig. 2). In 
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contrast, avian facultative scavengers were more abundant during the no livestock season 
(Fig. 2), with the carrion crow being the most frequently observed species, followed by 
common raven and golden eagle (Table 1).

Figure 1. Location of the study area (i.e., the high plateau called “Campos de Hernán Perea”) in 
the Sierra de Cazorla, Segura y Las Villas Natural Park, south-eastern Spain. Point counts for avian 
scavengers and transects for ungulates are shown per season (livestock and no livestock). The size of 
the point counts (circles) and transects (lines) are proportional to the median number of observed 
individuals.
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Figure 2. Abundance comparisons of (obligate and facultative) avian scavengers and (domestic and wild 
species) ungulates between seasons (livestock vs. no livestock) in the study area. Boxes include from the first 
to the third data quartiles; the median is represented by a horizontal line; thin lines extend from the hinge 
to the largest and smallest value no further than 1.5 * IQR (the interquartile range); points show outliers. 
Differences between seasons were calculated by the non-parametric Wilcoxon rank test (α = 0.05).

Domestic ungulates were found in 55.0% of the transects, and totalled 10 
046 animals (range: 0-2228 per transect; mean ± SD: 251.2 ± 479.3; Table 2). Sheep 
represented the bulk of the observed livestock species, followed far behind by goats. 
Cattle and horses were occasionally recorded. During the livestock season, domestic 
ungulates were c. 12-fold more abundant than during the no livestock season (Fig. 2). In 
contrast, wild ungulates were observed in more transects (70.0%), but total abundance 
(418 individuals; range: 0-56 per transect; mean ± SD: 10.45 ± 14.70) was much lower 
than that of domestic ungulates, and was similar between seasons (Fig. 2). Mouflons 
were the most abundant species during both seasons, followed by red and fallow deer, 
Iberian ibex and wild boar (Table 2).
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The GLMM with higher performance included livestock season (Table 3), and 
supported the notion that griffon vulture abundance increased during the livestock season 
(Table 4). According to R2, season explained c. 33.0% of the variability in the number of 
observed griffon vultures on the plateau. Adding “nestling” period to the previous model 
did not improve R2 (Table 3), which suggests that the increased abundance of griffon 
vultures in the study area during the livestock season was not related to changes in breeder 
behaviour in relation to either the nesting season or movements of young vultures.

Table 3.  Generalized linear mixed models (GLMMs) obtained from the AIC-based model selection to 
assess the factors influencing the changes in: a) the number of griffon vultures observed in the study 
area per point count (“abundance”); b) the GPS fixes per griffon vulture individual that fell within 
vs. beyond the study area limits (“GPS fixes”; see Methods for details on the explanatory variables). 
Number of estimated parameters (k), AIC values, AIC differences (delta-AIC) with the highest ranked 
model (that with the lowest AIC) and the variability of the response variable explained by the predictors 
(R2) are shown. Bold: the selected models.

Response 
variable Model k AICc

delta-
AIC R2

Abundance season + (1|point) 1 1334.2 0 0.330
season + nestling + (1|point) 2 1334.2 0.02 0.328
nestling + (1|point) 1 1507.2 172.97
(1|point) 0 1679.6 345.40

GPS fixes breeding + season + year + (1|ind.) 5 8468.5 0 0.014
breeding + season + sex + year + (1|ind.) 6 8468.7 0.17 0.040
season + year + (1|ind.) 4 8498.5 30.00
season + sex + year + (1|ind.) 5 8499.1 30.55
breeding + year + (1|ind.) 4 8735.2 266.70
breeding + sex + year + (1|ind.) 5 8735.3 266.79
year + (1|ind.) 3 8764.8 296.25
sex + year + (1|ind.) 4 8765.3 296.73
season + (1|ind.) 1 8795.4 326.89
season + sex + (1|ind.) 2 8796.0 327.48
breeding + season + (1|ind.) 2 8796.9 328.40
breeding + season + sex + (1|ind.) 3 8797.5 328.95
(1|ind.) 0 9099.5 631.00
sex + (1|ind.) 1 9100.1 631.51
breeding + (1|ind.) 1 9101.5 632.99
breeding + sex + (1|ind.) 2 9102.0 633.51
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SEASONAL CHANGES IN THE FORAGING AREAS OF THE 
GPS-TRACKED GRIFFON VULTURES

Griffon vultures tracking generated 11 805 GPS fixes in the study area and 544 429 outside it. 
According to the GLMM with higher performance, the proportion of inside vs. outside fixes 
depended on vulture breeding status, livestock season, sex, and year, as well as individual 
as random factor (Table 3). In particular, the proportion of GPS fixes inside the study area 
increased during the livestock season (Fig. 3), especially for non-breeding vultures and 
females, with some variation among years (Table 4). However according to R2, this model 
had low explanatory capacity (4%), which became lower after excluding the variable “sex” 
(Table 4). During the livestock season, the proportion of GPS fixes inside vs. outside the 
study area increased for 19 individuals (c. 63% of the GPS-tracked individuals; Fig. 3A).

Figure 3. GPS fixes of the tracked griffon vultures in the study area during the livestock and no 
livestock seasons per tracked individual (A) and for all the tracked individuals together (B). Bars show 
the average of the monthly proportion of GPS fixes in relation to the total fixes; thin lines show the 
standard error. The individuals for which the proportion of fixes in the study area is higher during the 
livestock season than during the no livestock season are highlighted with boxes. 
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DISCUSSION

The results obtained from field observations and the GPS-tracked griffon vultures revealed 
that vulture (mostly griffons) abundance in the studied pastureland increased after trans-
humant herds had arrived. This agrees with previous research conducted in northern Spain, 
which found that the occurrence of griffon vultures increased at the roosting sites near 
transhumant sheep’s summer pastures (Olea and Mateo-Tomás 2009). In contrast, the pre-
sence of transhumant livestock did not lead to an increase in the abundance of observed 
avian facultative scavengers. This was true even for species that frequently scavenge, such as 
the golden eagle, which is a regular carrion consumer in nearby Mediterranean mountains 
where griffon vultures are absent (Blázquez et al. 2009; Sánchez-Zapata et al. 2010). In the 
study area, however, golden eagles do not feed on livestock carcasses, likely because vultures 
quickly consume them (Arrondo et al. 2019). The high abundance of vultures here, espe-
cially during the livestock season, could therefore prevent other less efficient scavengers 
from responding to transhumant herds, as found in other areas and with other carcass types 
(Sebastián-González et al. 2013; Morales-Reyes et al. 2017).

These seasonal differences in carrion availability were probably perceived by 
griffon vultures, as c. two thirds of the GPS-tracked individuals increased their use of 
the study area during the livestock season (Fig. 3). However, our models indicated high 
inter-individual variability, so there must be other variables associated with the tracked 
individuals that influenced their movement, such as carrion availability outside the study 
area. In fact, this area is very small (c. 150 km2) compared to the griffon vulture home 
range in southern Spain (average = c. 11 000 km2; Arrondo et al. 2020b). Though this 
small area congregates more than 35 000 transhumant ungulates every summer, vultures 
may also find abundant food in many other areas within their home ranges (Arrondo et 
al. 2018; Arrondo et al. 2020b). For instance, Martin-Díaz et al. (2020) found that griffon 
vultures from south-eastern Spain widely forage in big game areas, feeding on wild 
ungulate carcasses from hunting activities. However, the main hunting season, which 
takes place in autumn-winter, overlaps only partially with the presence of transhumant 
herds in our study area. Outside the hunting season, griffon vultures greatly tend to 
forage in grasslands with abundant livestock (Martin-Díaz et al. 2020), as it is the case of 
our study area. Regardless, griffon vultures’ observed individual response to transhumant 
livestock sufficed to trigger the above-mentioned strong seasonal variation in vulture 
abundance in the study area at the landscape level. An alternative, non-mutually exclusive 
explanation is that griffon vultures from other populations could also be attracted by 
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transhumant herds to our study area, thus contributing to the increased vulture numbers 
there during the livestock season.

We also found that non-breeding and female griffon vultures were the individuals 
that responded the most to the presence of transhumant herds. On one hand, most of the 
griffon vultures observed using roosts near transhumant livestock in northern Spain were 
immature (Olea and Mateo-Tomás 2009). However, why breeding vultures respond less 
to an abundant food resource that is very close to their nesting sites is difficult to explain. 
On the other hand, griffon vultures have very slight sexual dimorphism (Xirouchakis 
and Poulakakis 2008) and share chick-rearing investment (XirouchakKis and Mylonas 
2007). Thus, finding differences between sexes was an unexpected result. This contrasts 
to other vulture species with marked sexual dimorphism, such as Andean condors 
(Vultur gryphus), which show different resource exploitation patterns (Perrig et al. 2021). 
However, recent studies suggest that sex-partitioning in resource exploitation on a fine 
scale should not be ruled out in griffons (Arrondo et al. 2020a; Arrondo et al. 2020b). In 
any case, our results do not support a strong influence of the studied individual traits on 
griffon vulture responses to transhumant livestock.

Transhumance implies that the presence of domestic ungulates is drastically 
different between seasons. Although the seasonal absence of livestock could facilitate 
access of wild ungulates to the plateau after release from pasture competition, which 
occurs in other areas (Chirichella et al. 2014), our results showed that wild ungulates’ 
seasonal abundance did not change seasonally. This might be due to the harsh climatic 
conditions in winter, which limits pasture availability in the plateau. In autumn-winter, 
some big game hunting takes place in the study area, which could make wild ungulates 
more cautious during this period. This generally means that when transhumant livestock 
leaves the plateau, carrion availability in the study area sharply declines, which leads to 
vultures’ lower abundance and foraging activity. 

Overall, our findings indicate that pasturelands with extensive livestock are important 
foraging areas for vultures. Although livestock farming has historically been involved in 
landscape transformation, extensive livestock farming might support high biodiversity 
values compared to intensive farming practices (Bernués et al. 2016). In particular, extensive 
farming modulates plant diversity in mountain pastures (Komac et al. 2014) and limits the 
vegetation succession in rewilding contexts (Riedel et al. 2013). Nevertheless, the global 
trend of increasing resources demand to supply the growing human population drives 
the intensification of production systems. Thus, the risk of traditional livestock practices, 
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such as transhumance, being completely replaced with more intensive techniques in the 
near future is high, especially in developed countries. This may seriously compromise the 
sustainable development of human societies, as intensive farming demands high inputs of 
energy, water, and feed, which is linked to land degradation, water pollution, greenhouse 
gas emission, and, eventually, biodiversity loss (Ilea 2009). Thus, if the rewilding process is 
not properly managed, this situation could compromise not only vultures’ conservation, 
but also the maintenance of other values associated with traditional activities, including 
local ecological knowledge (Oteros-Rozas et al. 2013b). In Mediterranean areas, the 
social stakeholders linked to extensive farming systems (e.g., shepherds) positively value 
scavengers’ role (mostly vultures) as providers of ecosystem services (Cortés-Avizanda et 
al. 2018; Morales-Reyes et al. 2018). Therefore, loss of traditional practices as a result of 
disconnecting people from nature could imply a negative impact on the perception of the 
scavenger guild (Gigante et al. 2021) and a rise in harmful practices for scavengers, such as 
poisoning (Brink et al. 2021). Moreover, with the decline of extensive farming systems and 
the reduction of grassland areas in abandoned rural areas, scavenging birds will be driven 
to exploit resources in more anthropized landscapes, where the physiological condition and 
survival rates of vultures are lower (Arrondo et al. 2020b; Gangoso et al. 2021).

Until rewilding processes may lead to natural landscapes where wild ungulate 
carrion is made abundantly accessible to avian scavengers, it is essential for scavenger 
conservation to maintain extensive livestock farming against further development 
of intensive farming practices. This requires addressing the causes that are driving 
traditional farming systems towards extinction. Among them, the low profitability of the 
extensive livestock’s product stands out as the main concern for Spanish farmers (Oteros-
Rozas et al. 2013a). Hence, agro-economic policies need to be aimed at enhancing the 
market value of products by creating quality seals and effective publicity campaigns. In 
our study area, there is a system of public incentives, from both the European Union 
and regional administrations, that contributes to support transhumance, as well as 
an educational centre specialised in training young shepherds. These strategies have 
successfully helped to maintain a relatively important transhumant activity in this area, 
so they could also be implemented elsewhere. At the same time, intensive farming should 
be subject to stricter regulatory policies that allow minimize their multiple negative 
impacts on ecosystems and rural communities (Leip et al. 2015). Consequently, a more 
comprehensive understanding of the ecological consequences of abandoning traditional 
farming practices is crucial for environmental managers and policy makers to harmonize 
human activities and biodiversity in the current global ecological transition.
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ABSTRACT 

Intentional poisoning is a global wildlife problem and an overlooked risk factor 
for public health. Managing poisoning requires unbiased and high-quality 
data through wildlife monitoring protocols, which are largely lacking. We 

herein evaluated the biases associated with current monitoring programmes of wildlife 
poisoning in Spain. We compared the national poisoning database for the 1990–2015 
period with information obtained from a field experiment during which we used camera-
traps to detect the species that consumed non-poisoned baits. Our findings suggest that 
the detection rate of poisoned animals is species-dependent: Several animal groups 
(e.g., domestic mammalian carnivores and vultures) tended to be over-represented in 
the poisoning national database, while others (e.g., corvids and small mammals) were 
underrepresented. As revealed by the GLMM analyses, the probability of a given species 
being overrepresented was higher for heaviest, aerial, and cryptic species. In conclusion, 
we found that monitoring poisoned fauna based on heterogeneous sources may produce 
important biases in detection rates; thus, such information should be used with caution 
by managers and policy-makers. Our findings may guide to future search efforts aimed 
to reach a more comprehensive understanding of the intentional wildlife poisoning 
problem.

Keywords: human-wildlife conflict; predator control; public health; vultures; wildlife 
conservation; wildlife poisoning
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INTRODUCTION

Intentional poisoning is a critical global wildlife conservation problem that may affect 
individuals, populations, and even entire communities [1–5]. Consequently, many 
countries have passed strict legislation with severe penalties and invested considerable 
resources to reduce wildlife poisoning [1,3,6–8]. However, these measures have largely 
proved insufficient to date, and deliberate poisoning is still pervasive (e.g., [8,9]). 
Although many reasons lie behind this illegal activity, most are associated with human–
wildlife conflicts related to predator control in game hunting and livestock farming areas 
[2,10], hence the most impacted species are mammalian carnivores and large raptors 
[2,6,11,12]. One dramatic example is the thousands of vultures that have been poisoned 
by elephant and rhino poachers and traditional medicine users in Africa in recent years 
[3,9,13].

Managing poisoning events requires high-quality data on the species, location and 
the number of individuals affected, which can be obtained through detection protocols of 
poisoned wildlife. However, as systematic approaches are rare, searching efforts may be 
biased by not only substantially underrepresenting the number of real events and affected 
individuals, but also overestimating the representation of certain species that may be 
more conspicuous or attractive to researchers and conservationists [3]. Frequently, 
poisoned animals are opportunistically detected by people who accidentally find them 
dead and inform local authorities. Thus, an accurate quantification of the potential impact 
of poison and its population-scale consequences requires improving the detection rate of 
poisoning animals and a comprehensive identification of affected species [3,14,15].

To date, several methods have been proposed to obtain a more complete approach 
to the wildlife poisoning problem. For instance, telemetry is a useful tool to evaluate 
the relative importance in the study population of different mortality causes, including 
poisoning [16,17]. However, telemetry is costly in both logistic and economic terms 
and its use is prevented on a large spatial-temporal scale. Dogs may also be efficiently 
trained to detect wildlife poisoning [18]. Currently, these canine patrols are successfully 
operating in Spain and other European countries, frequently as part of LIFE projects [19]. 
However, the information obtained through these procedures is probably biased towards 
the most likely detected species, such as the largest ones, domestic animals or endangered 
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species, which are the object of monitoring programmes. To improve management and 
conservation actions, these biases should be evaluated.

Here we take Spain as a case study because it is one of the most biodiverse 
countries in the European Union according to the IUCN (https://www.iucn.org/regions/
europe/resources/country-focus/spain), with 27.4% of the Spanish territory included in 
the Natura 2000 network. In this country, the use of poison has been considered a crime 
since 1995 (Organic Law 10/1995 of the Criminal Code), and at least 160 judgements 
have been made for illegal poisoning. National regulatory legislation was established in 
2007 (Law 42/2007 on Natural Heritage and Biodiversity) and is applicable regionally by 
each Spanish Autonomous Community in different action plans. Yet despite Spain being 
a pioneer in the application of criminal law and administrative sanctions in Europe [20], 
wildlife poisoning is still a frequent illegal activity performed mainly to kill predators in 
game hunting areas and on pasturelands [2,18,21]. Every year, hundreds of individuals of 
threatened species, such as the Spanish imperial eagle (Aquila adalberti) [22], Egyptian 
vultures (Neophron percnopterus) [12], cinereous vultures (Aegypius monachus) [11], 
bearded vultures (Gypaetus barbatus) [16], and brown bears (Ursus arctos) [23], are 
poisoned. Furthermore, poisoning has been described as a major factor that contribute 
to the population decline of Egyptian vultures [24,25] and red kites (Milvus milvus) [4] 
on local and national scales. In addition, poisoning frequently involves domestic animals, 
including pets (particularly dogs and cats) and livestock [18,26], which might pose public 
health a risk. Given the environmental and public health consequences of intentional 
poisoning, research is necessary to improve the assessment of the risk associated with 
this activity.

Our main goal was to explore whether an experiment using non-poisoned baits 
could reveal the potential biases associated with the long-term Spanish poisoned fauna 
database. We compared this database to the information obtained from a field experiment 
in which we used camera-traps to detect the species that consumed non-poisoned baits. 
Our starting hypothesis was that the detection rate of poisoned animals would be species-
dependent, which could lead to under or overestimate the representation of certain 
species in the poisoning database. Thus, our study could have profound implications for 
wildlife management, with important ramifications for domestic animals and human 
health.
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2. MATERIALS AND METHODS

STUDY AREAS

The study was carried out in six areas of peninsular Spain (Figure 1A): Sierra de Cabrera 
(hereafter Cabrera); Sabinar de Calatañazor—Sierra de Cameros (hereafter Cameros); Pre-
Pyrenees of Lleida (hereafter Pre-Pyrenees); Sierra Harana (hereafter Harana); Cazorla, 
Segura y Las Villas Natural Park (hereafter Cazorla); and Sierra Escalona (hereafter 
Escalona). These areas are located in different administrative regions (six provinces) and 
covering a wide gradient in environmental conditions (three Mediterranean areas and 
three transitional Mediterranean to Euro-Siberian areas), land uses (livestock types and 
densities, and intensity and type of sport game activities), presence and abundance of 
obligate scavengers and top predators (i.e., wolves Canis lupus), and degrees of protection, 
ranging from unprotected areas to the largest Spanish protected area (Cazorla, Figure 1A, 
Table 1). Thus, we obtained a wide representation of the socio-environmental variability 
that characterises peninsular Spain, including areas with the presence of particularly 
vulnerable species to poisoning (vultures) and others considered controversial that are 
usual targets for poisoning (wolves; [2]; see Table 1 for details).

Table 1. Description of the six study areas.

Area Habitat Type

Hunting 
Type/
Intensity

Natural 
Park

Livestock/
Density

Vulture 
Abundance 

Wolf 
Abundance

Cabrera Mosaic of transitional 
Mediterranean to 
Euro-Siberian scrubs, 
forests and meadows

Small and 
big game/
low

No Cattle, sheep/
high

Low High

Pre-
Pyrenees

Mosaic of transitional 
Mediterranean to 
Euro-Siberian forests 
and meadows

Small and 
big game/
low

No Cattle, sheep/
high

High (Absent)

Cameros Mosaic of transitional 
Mediterranean to 
Euro-Siberian forests 
and meadows

Small and 
big game/
medium

No Cattle, horses, 
sheep/high

High Low

Harana Mosaic of xeric 
Mediterranean scrubs, 
forests and crops

Small and 
big game/
high

No Sheep, goats/
low

Low (Absent)

Cazorla Mediterranean forests Big game/
medium

Yes Sheep, goats/
medium

High (Absent)

Escalona Mosaic of xeric 
Mediterranean scrubs, 
forests and crops

Small 
game/high

No Sheep/very 
low

(Absent) (Absent)
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POISONING DATABASE

We used the “Antídoto Programme” database (https://www.venenono.org/), which 
compiles data from poisoning events in Spain from 1990 to 2015. A poisoning event 
in this database is defined as the finding of a poisoned bait and/or a group of animals 
(one individual or mores of one species or several) poisoned by the same poison and 
bait types, and in a given spatiotemporal location (within 1 km and 1 month) [2,27]. 
For each event, data include the affected species, date and location. In all, the “Antídoto 
Programme” registered 18,212 poisoned individuals of 182 species, with widespread 
events throughout Spain (Figure 1A). Data availability varied depending on the 
administrative region, with some regions investing lots of poisoning search efforts (e.g., 
Andalusia, South Spain, Catalonia, Northeastern Spain), while others barely reported 
any data [28]. The most frequently found species were dogs (Canis lupus familiaris), 
red foxes (Vulpes vulpes), domestic cats (Felis silvestris catus), and several scavenging 
bird species [18]. Information on bait type was provided in 16.2% of database records 
(n = 2011), with the most commonly used being pieces of meat (50.7%), followed by 
sausages (6.5%) and eggs (5.7%). Bait usage frequency varied among areas (Figure 1B).

The location of poisoning events was recorded at the municipality level (Figure 
1A). For our study, we extracted the number of poisoned individuals per species 
recorded in the municipalities included in each study area. Because of the limited 
sample size, we were unable to analyse the effects of bait type on the number of 
individuals and species affected by poisoning. This limitation also led us to consider 
the whole period for the available data without separating it into different subperiods.

FIELD EXPERIMENT

To detect and quantify the community of animal species that can potentially feed on 
poisoned baits, we designed a field experiment by a non-invasive methodology based on 
the monitoring of non-poisoned baits. As baits, we used those identified by the “Antídoto 
Programme” as the most widely used bait types: small meat pieces (one fresh chicken 
piece, 100 g), sausages (one sausage, 50 g) and eggs (three chicken eggs, 70 g each, placed 
together to simulate a ground nests). At each study site, we deployed 10 baits of each type 
from March 2019 to September 2019, which included the period of the year with the 
highest poisoning incidence in Spain [18]. 
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Figure 1. Poisoning events from the national database (“Antídoto Programme”) for the 1990–2015 
period. (a) Distribution of poisoning events in Spain based on municipalities (no. of poisoning 
events per 100 km2 of municipality surface) and location of the six study areas. Grey lines delimit the 
administrative provinces. Blank areas denote lack of data, which should not be interpreted as zero 
poison. (b) Bait types used to poison the fauna in the study areas, as recorded in the national poisoning 
database. Number of events are in brackets.
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Finally, we monitored the consumption process of 161 baits by means of passive infrared 
triggered cameras (Bushnell HDTM and Browning Strike Force HDTM) placed 4–6 m away 
from baits. Cameras were programmed to take three pictures per trigger, with a 30-s delay 
whenever they detected movement. Meat pieces and sausages were fixed to the ground 
by wire or some similar material to ensure they were consumed in front of the cameras. 
Baits were placed on wildlife paths to simulate poisoners’ modus operandi. The distance 
between cameras was generally >1 km [29], except for Escalona and Pre-Pyrenees, 
where they were separated <200 m to simulate gamekeepers and shepherds’ reported 
local poisoning strategy. Experiments were reviewed weekly until bait had completely 
disappeared. If after 1 month bait remained untouched, we still finished the experiment. 
Generally, due to its small size, each bait was consumed only by one individual of each 
scavenger species that visited the site with bait. Thus, per individual bait, each consumer 
species was taken as one individual in the subsequent analyses.

ETHIC STATEMENT

We conducted the field experiment without handling or disturbing wildlife. Authorisations 
to photograph wildlife using bait attractants were obtained from the respective 
administrative offices in the study areas (EP/SO/389/2019, SF/002, 47/CV/20, SGMN/
GyB/JMIF). If the study was conducted on private property, express authorisation was 
requested from owners.

STATISTICAL ANALYSES

First, we classified the different species into nine groups following taxonomic and 
behavioural criteria as follows: wild carnivores (i.e., mammalian carnivores); domestic 
carnivores (dogs and cats); suids (wild boar Sus scrofa); small mammals (rodents, shrews, 
hedgehogs); corvids; vultures; other raptors; other birds; and reptiles. Separately for each 
study area, we compared the representation of each group (frequency of occurrence) 
between both data sources: the “Antídoto Programme” poisoned animals database and 
the field experiment results. Frequency of occurrence was defined as the percentage 
of the total number of individuals: (a) poisoned (the “Antídoto Programme” database) 
and (b) recorded consuming baits (field experiment) that corresponded to a given 
group. Comparisons of frequencies were made by χ2 tests on 2 × 2 contingency tables. 
Bonferroni’s correction was applied for P-levels.
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Second, we used Generalised Linear Mixed Models (GLMMs; [30]) to explore 
the factors that potentially influenced the differences between both data sources (the 
“Antídoto Programme” database and the field experiment) in the representation of the 
different species. Specifically for a given species in a certain area, our response variable 
was the number of poisoned individuals included in the “Antídoto Programme” 
database, minus the number of baits consumed by that species during the field 
experiment. Thus, the value could be positive or negative, depending on whether 
the species was over- or underrepresented, respectively, in the poisoning database in 
relation to the field experiment data. Study area was included as random factor, while 
fixed factors were: species weight (mean adult—female and male—weight in Spain in kg; 
log-transformed); colour (conspicuous –with the presence of black and white or shiny 
black patches—/cryptic otherwise); mobility (aerial—birds—/terrestrial—mammals 
and reptiles—); sociality (social—foraging in large or family groups—/solitary—
foraging alone or in pairs—); and conservation status (endangered/non-endangered) 
(see Table S1 for species details). The weight data were obtained from the Virtual 
Encyclopaedia of Spanish Vertebrates (http://www.vertebradosibericos.org/) and [31]. 
First, we constructed two models with all the explanatory variables (no interactions 
were considered given the small sample size): one with no random term and another 
one with a random term. Then we selected the model with the most appropriate 
random structure by a restricted maximum likelihood (REML) procedure and the 
glmer() function of the lme4 package of R [32]. We used Gaussian error distributions 
and identity link functions. Having identified the most suitable random structure (i.e., 
with a random term; see the Results), we selected the model with the most appropriate 
fixed structure using maximum likelihood (ML). For this purpose, we explored the 
complete set of alternative models using the dredge() function of the MuMIn package 
of R [33]. We then proceeded to model selection, according to Akaike’s information 
criterion corrected for small sample sizes (AICc). By this approach, we identified the 
most parsimonious model (lowest AICc) by ranking the remaining models from the 
lowest to highest delta-AICc (the difference in AICc between each model and the most 
parsimonious model). We considered those models with delta-AICc <2 to have similar 
support [34]. Then we recalculated the selected model by REML, and the resulting 
model was taken as the final model. The final model’s performance was assessed by 
calculating marginal R2, which measures how much variability of the response variable 
is explained by the model’s fixed term [35]. To do so, we used the r.squaredGLMM() 
function of the MuMIn package of R [33]. All the analyses were conducted with the R 
statistical software (https://www.r-project.org/).
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RESULTS

In the six study areas, we detected 38 species actually or potentially suffering from 
intentional poisoning (27 species included in the poisoning database and 26 species 
feeding on the experimental baits) (Tables 2 and 3, Figure 2). According to the poisoning 
database, the most frequent groups were wild and domestic carnivores, vultures, and 
other raptors, while wild carnivores, small mammals and corvids were the groups that 
most frequently consumed experimental baits (Figure 3B). The most represented species 
in the study areas were domestic dogs (108 individuals poisoned; three experimental 
baits consumed), griffon vultures (104 individuals poisoned; seven experimental baits 
consumed) and red foxes (62 individuals poisoned; 57 experimental baits consumed; 
Table S2). The pool of species detected either in the field experiment or the poisoning 
database well represents the Spanish community of wild carnivores, corvids and raptors, 
especially vultures, as the four European species were represented between the two data 
sources (Table 2). Most of the chicken pieces (95.8%) and sausages (95.1%) used in 
the experiment were completely consumed, while nearly half the egg groups (41.2%) 
remained untouched at the end of the experiment.

We found differences (p < 0.0005 with Bonferroni’s correction) between both data 
sources for 15 comparisons (27.7% of 54 χ2 comparisons), with three groups detected 
at higher rates than expected by random in eight comparisons (14.8%) and another 
three groups were underdetected in seven comparisons (12.9%; Figure 3). In general, 
the results among the six areas were consistent: For wild carnivores and other raptors, 
we found no differences between data sources in five areas; for domestic carnivores, we 
found an over-representation in the poisoning database in five areas; for suids, other 
birds and reptiles, of which very few were detected, we found no differences between data 
sources in all the areas (Figure 3). Corvids and small mammals were underrepresented in 
the poisoning database in three areas, and vultures were overrepresented in this database 
in two areas; in other areas, we found no difference in the representation of these groups 
between data sources (Figure 3). Thus, we found no contrasting results for any group; i.e., 
overrepresentation in the poisoning database in one area, but underrepresentation in the 
poisoning database in another area, or vice versa.
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Figure 2. Individuals of the nine species groups feeding on experimental baits. (a). Wild carnivores, 
Vulpes vulpes. (b). Domestic carnivores, Canis lupus familiaris. (c). Suids, Sus scrofa. (d). Small 
mammals, Eliomys quercinus. (e). Corvids, Corvus corone. (f). Vultures, Aegypius monachus, Gyps 
fulvus and Neophron percnopterus. (g). Other raptors, Falco tinnunculus. (h). Other birds, Parus major. 
(i). Reptiles, Timon lepidus.

As revealed by the GLMMs (Table S3), the factors that influenced the differences 
between the number of poisoned individuals included in the “Antídoto Programme” 
database and the number of individuals recorded consuming baits during the field 
experiment were the species’ weight, colour and mobility. According to marginal R2, 
this model explained c. 20% of the variability in the response variable. Study area (i.e., 
random term) was also included in the selected model (Table S3). However, this variable 
explained very little variability of the response variable (0.7%), which agrees with the 
results described in the previous paragraph. In particular, heavy, aerial and cryptic species 
were overrepresented in the poisoning database vs. the field experiment compared to 
light, terrestrial and conspicuous species (Table 3).
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Figure 3. Comparison between the national poisoned fauna database (“Antídoto Programme”) 
and the field experi-ment results according to the different species groups and study areas. (a) 
Frequency of occurrence of individuals in each group recorded in the “Antídoto Programme” 
(orange bars) compared to the percentage of baits consumed during the field experiment per 
group (from left to right: wild carnivores, domestic carnivores, suids, small mammals, corvids, 
vultures, other raptors, other birds, and reptiles). Brackets indicate the total number of poisoned 
individuals in the da-tabase and the estimated total number of different individuals that consumed 
baits (see the text for details). The pair-wise χ² tests results are shown whenever we detected 
significant differences between both data sources (p < 0.05). (b) Number of study areas in which 
each group was over- (orange dots) or underrepresented (black dots) in the nation-al database 
compared to the results of experimental baits. White dots denote the groups for which we detected 
no sig-nificant differences between data sources.
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Table 3.  Selected Linear Generalised Mixed Model (GLMM) showing the variables explaining the 
difference between (a) the number of poisoned individuals included in the “Antídoto Programme” 
database and (b) the number of individuals recorded consuming baits during the field experiment. 
The estimates of the parameters (including the sign) and the standard error of parameters (SE) 
are shown.

Parameter Estimate SE

(Intercept) 1.154 1.325

weight 3.612 0.950

color (conspicuous) −5.139 1.960

mobility (aerial) 4.289 1.863

4. DISCUSSION

By a field experiment to identify the community of species that are potentially poisoned 
in different Spanish areas, we evaluated possible biases in the detection rates of poisoned 
animals resulting from current wildlife poisoning monitoring programmes to offer a 
pioneering approach to this key global wildlife conservation problem [36].

Our main hypothesis was supported by data as the detection rates differed 
among poisoned species. We identified three factors that influence the probability 
of a species being over- or underrepresented in the poisoning database in relation to 
bait-based field experiment results. First, larger species were more susceptible to be 
overrepresented in the poisoning database, which is likely because these species are 
easier to detect by searchers [37]. Second, compared to mammals and reptiles, birds 
were more frequently poisoned than expected according to the field experiment, which 
could be explained by secondary poisoning. Birds like vultures and other raptors 
might feed on the carcasses of animals that have been previously poisoned. Secondary 
poisoning may affect mainly birds because of their higher response capacity due to 
great searching and movement abilities compared to terrestrial animals [38,39]. Our 
experiment was unable to capture these cascading effects, which could be relevant to 
fully assess the impact of poisoning along the food web, as previously described for 
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rodenticides [40]. Third, conspicuous species like those herein defined (see Materials 
and Methods) were more susceptible to be underrepresented in the poisoning database. 
This is probably because most conspicuous species were either rare (e.g., bearded and 
Egyptian vultures), with a limited contribution to the global pattern, or, especially, 
corvids. Corvids comprise a relatively conspicuous group of medium-sized birds 
with non-cryptic colours that are relatively abundant in the study areas. Thus, their 
underrepresentation in poisoning records could be related to a lesser local effort in 
monitoring them as they are not target species of conservation programmes. The fact 
that they are common could imply that they are ignored when considering species 
affected by poisoning events. However, this should not be the case of regions in which 
efficient canine patrols operate, specifically if they look for poisoned baits and dead 
animals. Moreover, we assigned only one individual to each species that was observed 
feeding on a given bait. This could lead to an underrepresentation of small gregarious 
species (e.g., several corvid species) as larger species like carnivores normally ate all 
the bait. Therefore, alternative explanations for low corvid detection rates by poisoned 
fauna searchers are required, but difficult to establish.

Besides corvids, poisoned small mammals and wild carnivores were 
underrepresented in poisoning records. This was expected for small mammals because 
this group includes several small-sized burrowing species, which are difficult to detect 
after poisoning events [41], especially in closed habitats. In addition, small carcasses 
could also degrade faster [42] and may disappear before being detected. Also, several 
small mammal species are considered “pests”, which may lead searchers to ignore them. 
To solve this problem, it is necessary to develop specific monitoring programmes for 
those scenarios with endangered small-sized species. Despite being the subject of several 
scientific and conservation monitoring programmes in Spain, the representation of 
mammalian carnivores in the poisoning database was no higher than that expected based 
on the field experiment results. Indeed, poisoned wild carnivores were underrepresented 
in one study area (Cameros), a result that could be partially related to local monitoring 
procedures, which apparently focus more on locating poisoned vultures and partially 
disregard other poisoned species (Figure 3). In any case, other factors like species-
specific behavioural responses might influence these results. Carnivores, like corvids, are 
major facultative scavengers worldwide [43,44] and may display flexible behaviours and 
outstanding learning capacity [45,46]. These abilities can help them to avoid consuming 
poisoned baits and other risky carrion sources [29]. Thus, with fierce poisoning pressure, 
carnivores and corvids might refuse to eat potentially risky baits. For example, our 
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experiment found that wolves detected at least two (non-poisoned) baits in the only 
study areas where they were present, but did not consume them.

Poisoned pets like dogs and cats, were recorded in the national poisoning 
database more often than when they were observed in the field experiment in most 
of the study areas. This was an expected result because these pets are easier to detect 
than smaller species. In addition, a higher presence of pets would be expected near 
inhabited areas [47], whereas field experiments were run in natural areas, usually far 
from these areas. Moreover, dogs and cats are probably more familiar with the bait 
types commonly used for poisoning than wild species are [48], which could increase 
the risk of the former being poisoned due to reduced aversion or neophobia to baits 
[49]. Also, pet owners might often report the occurrence of poison to authorities 
because they look for their missing pets or contact their veterinarians whenever they 
suspect a poisoning event [26]. Pets might pose a high public health risk because of 
their proximity to humans. Similarly, poisoned wild boars could also be taken into 
account because of their potential consumption by humans.

We found some geographical variations in the detection bias of poisoned fauna. 
Geography-based variations were affected by administrative divisions, which determined: 
1) the local poison sources and preferred way to poison (Figure 1B); and 2) the different 
poisoning monitoring approaches followed by environmental authorities [18]. For 
example, the specialised canine patrols that detect poisoned animals or baits in some 
Spanish Autonomous Communities (e.g., Andalusia, where two of the study areas were 
located: Harana and Cazorla) are well-known for increasing the efficiency of searches 
[18]. In addition, the presence and management of hunting areas may affect poisoning 
type and intensity [11,12]. Unfortunately, the “Antídoto Programme” database does not 
allow a more detailed analysis of the different geographical scenarios because it does not 
record the methodological approaches used to detect poisoning. In any case, the fact that 
the study area was relatively unimportant in the GLMMs indicated that geographical 
differences must be related mainly to the detection rate of poisoned animals (i.e., with 
some areas invest more search efforts than others) rather than to differences in the 
probability of over- or underrepresenting poisoned species. This suggests that the people 
involved in poisoning detection from different administration may share similar search 
criteria. However, whether these criteria for searching poisoned fauna have changed with 
time is an open question.
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CONCLUSIONS AND CONSERVATION IMPLICATIONS

Intentional poisoning is a global conservation concern for scavenger species, especially 
vultures [3,13,24,50,51], but also other endangered species [4]. Poisoning big game 
species, such as wild boars, and pet species, such as dogs and cats, may pose a risk for 
humans. Thus, deliberate poisoning is not only a wildlife problem, but an environmental 
and human health matter.

We found potentially important biases in the detection of different animal 
groups that are vulnerable to deliberate poisoning, even within administrative divisions 
with exceptional global poisoning monitoring programmes. We particularly highlight 
that the detection rate of poisoned fauna from current monitoring schemes based on 
heterogeneous sources is strongly species-dependent. So, these data must be interpreted 
with caution. Having identified the several species traits influencing the detection rate of 
poisoned animals, our findings may guide future search efforts to more comprehensively 
understand the extent of the intentional poisoning problem. This could mean that, from 
a practitioner viewpoint, the personnel responsible for wildlife vigilance (e.g., guards, 
rangers, gamekeepers) can conform to an appropriate tool to detect poisoning events that 
affect vultures and other raptors, especially if they are supported by local people previously 
trained by education and engagement programmes [18]. Given the biases revealed by this 
field experiment, more attention should be paid to consider small mammals and corvids 
found dead as susceptible to poisoning. Few administrative regions currently operate 
with specialised canine units, which are essential to improve the detection of poisoned 
fauna [37]. Therefore, implementing canine units in all regions would be a priority 
in the fight against wildlife poisoning [52]. All these measures could benefit from the 
establishment of a national body that coordinates anti-poisoning strategies [52]. Only by 
developing unbiased monitoring programmes for deliberate poisoning can we achieve 
healthy ecosystems for wildlife, domestic animals and humans.
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Photo by Carlos Javier Durá Alemañ.
Grey Wolf (Canis lupus signatus) detected by camera trap in the Sierra de la Cabrera 
(León).
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ABSTRACT

In today’s societies, scavengers play an important role as providers of nature’s 
contribution to people (NCP), such as disease control and carcass removal. 
Yet very little is known about the non-material NCP (i.e. nature’s effects on 

subjective and psychological aspects of people’s well-being) that scavengers provide 
societies with. The first aim of this study is to determine which species of obligate and 
facultative scavengers provide different non-material NCP in Spain, including recreational 
and aesthetic experiences, learning and inspiration, and supporting identities. The second 
aim is to identify which ecological variables determine their capacity to provide the 
aforementioned non-material NCP. To assess non-material NCP nationwide, data were 
collected from different sources, including the Internet (websites of nature photography 
and wildlife watching tours, Global Biodiversity Information Facility, and Google 
Trends), outreach magazines and scientific articles. A top predator, Canis lupus, followed 
by another top scavenger, Gyps fulvus, were among the most prominent species to provide 
multiple non-material NCP. Aesthetic experiences were provided mainly by common 
species, such as Genetta genetta, Milvus migrans and corvids. The NCP of recreation and 
learning by civil society were provided by threatened and charismatic species, such as C. 
lupus, Ursus arctos and Aquila adalberti. Knowledge acquired by scientists was provided 
mainly by meso-carnivores. Finally, the NCP of supporting identities was related with 
species capable of providing beneficial and detrimental contributions, such as C. lupus 
and Sus scrofa. Integrating data mined from different sources has allowed it to reveal the 
interweaving among non-material categories. Recognising that all species of scavengers 
are essential for providing non-material NCP can raise society’s awareness about their 
important cultural role and may, hence, contribute to their conservation.

Keywords: cultural ecosystem services; functional traits; people’s quality of life; physical 
and psychological experiences; social media; vultures.



110

Chapter 3. 
Role of scavengers in providing non-material contributions to people

INTRODUCTION

In the last 20 years, a new stream of studies has emerged to disentangle the link between 
nature and humans (Costanza et al., 2017) to highlight the dependence of human well-
being on the maintenance of ecosystem functioning. This dependence on nature was 
first named “nature’s services” by Westman (1977), but it was from Daily (1997) and 
Costanza et al. (1997)’s publications when this topic began to receive wider scientific 
attention. The term “ecosystem services” was formalised in the Millennium Ecosystem 
Assessment (2005) to define the direct or indirect benefits that people obtain from 
ecosystem functioning. Recently, and drawing on the ecosystem service concept, the 
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services 
(IPBES) has coined the concept of “nature’s contributions to people” (NCP), which 
comprises both positive and negative effects of living nature to people’s quality of life 
(Díaz et al., 2018). The generalising perspective of NCP, which seeks to compare multiple 
NCP, recognises three broad categories: regulating, material and non-material. Regulating 
NCP refers to the functional and structural aspects of ecosystems and biodiversity that 
contribute to societies’ well-being by modifying environmental conditions and regulating 
the provision of material and non-material NCP. Material NCP are elements collected 
from ecosystems and biodiversity that directly contribute to people’s physical existence 
through supplies; e.g. food, energy or raw materials. Non-material NCP are nature’s effects 
on the subjective and psychological aspects of people’s well-being, including recreational 
and aesthetic experiences, learning and inspiration, and supporting identities (which in 
this research refers to people’s satisfaction derived from knowing that a particular species 
exists) (Díaz et al., 2018).

Most previous research into ecosystem services and NCP has focussed to date 
on material and regulating contributions (Luederitz et al., 2015; Fagerholm et al., 2016; 
Hevia et al., 2017) and has left non-material NCP underrepresented (Daniel et al., 2012; 
Milcu et al., 2013). Different reasons have been argued for this underrepresentation of 
non-material NCP, such as the epistemological challenge of engaging with multiple 
disciplinary and methodological perspectives (Milcu et al., 2013), and the challenge of 
unpacking the interlinkages between biodiversity and non-material NCP (UK NEA, 
2011; Balvanera et al., 2016). In addition, little research has focused on understanding 
which functional traits of biodiversity are important for the provision of non-material 
NCP (Hevia et al., 2017), despite linking functional traits with non-material NCP 
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provision can offer a way to understand people’s appreciation of biodiversity (Echeverri 
et al., 2019).

Furthermore, some taxonomic groups and functional guilds in ecosystem services 
and NCP research have received little attention, such as vertebrates (Cardinale et al., 
2012; Hevia et al., 2017) and the scavenger guild (Moleón et al., 2014; DeVault et al., 
2016). However, scavengers (i.e. animals that rely totally -obligate scavengers- or partially 
-facultative scavengers- on carrion as a food resource) have always benefited humans by 
helping to find food, providing feathers and other animal tissues as ornamental resources 
(i.e. material NCP), controlling diseases and pests by eliminating carcasses, and recycling 
nutrients (i.e. regulating NCP; Moleón et al., 2014). Scavengers have contributed to the 
well-being of ancient societies by providing non-material NCP too. For example, vultures 
were involved in many sacred rituals and celebrations held by Egyptians and Native 
Americans (Gordillo, 2002; Morelli et al., 2015). In addition, human-scavenger relations 
also lead to conflicts because of the predatory behaviour of some species. For example, 
top predators in Europe and North America, such as the grey wolf (Canis lupus) and 
the brown bear (Ursus arctos), have been historically persecuted and hunted for years 
because their attacks to livestock and game species (Chapron et al., 2014). In Africa, 
hyaenas (Crocuta crocuta, Hyaena sp.), lions (Panthera leo) and leopards (P. pardus) have 
been killed in retaliation for livestock predation (e.g. Kissui et al., 2008; Yirga et al., 2014; 
Koziarski et al., 2016), and in Asia, tigers (P. tigris), snow leopards (Uncia uncia) and 
leopards may cause livestock losses (e.g. Sangay and Vernes, 2008, Battharai and Fischer, 
2014; Carter et al., 2014; Johansson et al., 2015). Moreover, farmers may also perceive 
that vultures attack their livestock. For example, in South America, farmers associate the 
Andean condor (Vultur gryphus) with predation of sheep and cattle (Manzano-García 
et al., 2017; Restrepo-Cardona et al., 2019). Likewise, in Southern Europe farmers have 
complaint reports about griffon vultures (Gyps fulvus) attacking livestock (Margalida et 
al., 2011, 2014; Duriez et al., 2019). 

In today’s societies, scavengers also play a relevant role in providing NCP, 
particularly regulating. For instance, Old World vultures contribute widely to regulate 
zoonotic diseases (O’Bryan et al., 2018), to remove human corpses in the Zoroastrian 
culture (Markandya et al., 2008), to remove organic material (Grilli et al., 2019) and to 
remove waste in urban areas (Gangoso et al., 2013). Some scavenging mammals, such 
as spotted hyenas (Crocuta crocuta) and golden jackals (Canis aureus), contribute to the 
removal of livestock carcass and waste in rural environments (Yirga et al., 2015; Ćirović 
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et al., 2016). In Spain, scavengers contribute to reduce greenhouse gas emissions through 
the natural elimination of livestock carcasses that should otherwise be transported in 
trucks to incineration and processing plants (Morales-Reyes et al., 2015). Although there 
is evidence for the importance of scavengers to provide regulating NCP, their role in the 
provision of non-material NCP remains understudied. Only a few studies have explored 
the role of particular scavengers on providing wildlife-based tourism and recreation in 
protected areas. For example, large carnivores have been identified in Africa as potential 
providers of non-material NCP, such as wildlife-based tourism and aesthetic experiences 
(Willemen et al., 2015; Ament et al., 2017). Moreover, it has been estimated that the 
economic annual value of viewing the Eurasian griffon vulture (Gyps fulvus) in Israel to 
be more than 1.1 million USD (Becker et al., 2005).

Despite the importance of scavengers providing NCP, many are globally endangered 
species, particularly vultures and large carnivores (Estes et al., 2011; Ogada et al., 2012; 
Ripple et al., 2014). On the one hand, 12 of the 23 vulture species are globally threatened 
(nine of them are Critically Endangered; IUCN, 2018). Poisoning, climate change, sanitary 
policies on leaving domestic carcasses in the field, and collision with wind turbines and 
power lines are some of the main causes that lead to declining vulture populations (DeVault 
et al., 2016). On the other hand, top-predators are globally threatened as a result of a wide 
array of human-related impacts (Estes et al., 2011). In addition to these pressures, the 
skewed viewpoints provided by magazines and media as to damage caused by scavengers, 
i.e. attacks on livestock by vultures (Margalida et al., 2011) or wolves (Dressel et al., 2015), 
foster negative social perceptions that challenge the conservation of scavengers (O’Bryan et 
al., 2018). However, social perceptions of scavengers vary according to the functional guild. 
For example, whereas obligate scavengers (i.e. vultures) are usually perceived positively by 
farmers as providers of NCP, some facultative scavengers are negatively perceived due to 
their role as predators (e.g. foxes, wolves and bears) (Morales-Reyes et al., 2018). Moreover, 
conflicts and detrimental NCP have been more widely studied in the scientific literature 
than the beneficial NCP provided by carnivores (Expósito-Granados et al., 2019; Lozano et 
al., 2019), which can also influence social perceptions of scavengers and social support for 
their conservation (Martín-López et al., 2009). Evidencing the beneficial NCP provided by 
scavengers may not only contribute to improve scientific knowledge but might also promote 
positive social perceptions and support conservation policies.

The main goal of this study is to assess the beneficial role played by vertebrate 
scavengers in people’s well-being by uncovering the provision of non-material NCP. In 
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particular, it firstly aims to determine which scavenger species are able to provide: (1) 
physical and psychological experiences related to recreational and aesthetic enjoyment; 
(2) learn and inspire in association with knowledge acquisition; (3) supporting 
identities (i.e. people’s satisfaction derived from knowing that a particular scavenger 
exists). Secondly, it aims to identify which ecological variables (i.e. conservation status, 
taxonomy and functional traits) determine scavengers’ capacity to provide non-material 
NCP. We considered both obligate (vultures) and facultative scavengers (other raptors, 
corvids and mammals). We conducted this study in Spain, which hosts more than 90% of 
European vultures (Margalida et al., 2010) and important populations of large facultative 
scavengers, such as the brown bear and the grey wolf (Chapron et al., 2014).

METHODS

DATA COLLECTION

To determine the role of scavengers as providers of non-material NCP, we collected 12 
indicators of: physical and psychological experiences, particularly aesthetic enjoyment 
and recreation; learning and inspiration, derived from knowledge acquisition; supporting 
identities, based on people’s satisfaction derived from knowing that a particular scavenger 
species exists (see Table 1). We considered 22 obligate and facultative scavenger species 
that inhabit in Spain (see the complete list in Table D.1 in Appendix D).

To assess the aesthetic enjoyment provided by scavengers, we used three 
different indicators to represent the aesthetic relevance of these species through 
photography. The photographs posted on social media platforms, such as Panoramio, 
Instagram and Flickr, have been used to evaluate people’s aesthetic appreciation 
of species (Willemen et al., 2015; Martínez Pastur et al., 2016), with Spain being one 
of the countries with more users of social media in relation to Important Bird and 
Biodiversity Areas (Hausmann et al., 2019). In this research, we used the images posted 
on Fotonatura (www.fotonatura.org), which represents the Spanish-speaking nature 
photographers’ community. The Fotonatura platform has already been used to assess 
cultural ecosystem services associated with trees in the Iberian Peninsula (Vaz et al., 
2018). We derived three quantitative indicators to represent the aesthetic enjoyment 
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of scavengers of each species: (1) the percentage of photos posted for each species relative 
to the total number of scavenger’s photos; (2) the average number of received views in 
the photos by the Fotonatura audience; (3) the average number of obtained votes. Of the 
38,454 photos posted between 2000 and 2016 on Fotonatura in Spain, we selected those 
that represented any of the 22 species considered herein; i.e. 1,174 images (3.05% of all 
the photos posted on Fotonatura). All the analysed images were stored in the Fotonatura 
gallery “geotagged” to check geographical locations, and were assigned to the dominant 
species on the photograph or whose species name appeared in its title. We considered 
images representing both wild and captive animals.

To assess the recreational experiences provided by scavengers, we collected 
information on wildlife-based tourism in Spain. We used two different indicators: (1) 
the percentage of websites that advertise wildlife watching tours and include any of the 
22 species regards to the total web reviewed; (2) the average number of times that each 
species name appears on each website. To identify those websites offering nature-based 
tours related to the 22 scavenger species, in 2017 we searched on the World Wide Web 
using Google’s Search Engine. We used a search string for each species, which included 
either its popular English name or scientific name, recreational activity, i.e. “wildlife 
watching”, and location, i.e. “Spain” (see details in Appendix A). We analysed those 
websites provided by the first five Google search pages, by excluding personal comments 
and blogs, reports about wildlife-based tours and governmental information webs. We 
also excluded those websites that presented captive animals, such as zoos. We obtained 
150 records on 40 different websites.

We evaluated learning and inspiration by considering the knowledge acquired 
by citizens and scientists. To assess the knowledge acquired by citizens, we examined 
the Spanish outreach magazine Quercus, which is the oldest and most prestigious 
publication related to the study, observation and defence of nature (Martínez-Abraín 
et al., 2013). Both authors and the readership include researchers from universities and 
other scientific institutions, environmental managers, NGOs’ stuff and other agents 
concerned with national and international wildlife. Quercus sales 12 000 copies per 
month and has more than 40 000 followers in social networks (https://revistaquercus.
es/). We used three indicators: (1) the percentage of covers in which each species 
appears, relative to the total issues; (2) the percentage of issues in which each species 
appears on their headlines, relative to the total issues; (3) the percentage of articles 
in which each species appears in the summary, relative to the total articles in the 
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summaries. We explored all the 204 issues with a total number of 3254 articles in the 
summaries published from 2000 to 2016.

To assess the knowledge acquired by scientists, we collected information from the 
Global Biodiversity Information Facility (GBIF,  http://www.gbif.org/) and from English 
peer-reviewed scientific articles. The GBIF is the largest initiative worldwide to provide 
information about the occurrence of organisms over time and across space (Yesson et al., 
2007; Otegui et al., 2013). In fact, the GBIF has been suggested as a useful tool to monitor 
the status and trends of biodiversity knowledge (CBD, 2016). In 2017 we searched the 
occurrence of the 22 scavenger species in the Spanish node of the GBIF (http://datos.gbif.
es) between 2000 and 2016, which is considered the most representative sample of the 
biodiversity data available in the country (Otegui et al., 2013). Our search was conducted 
using the scientific name between quotation marks for each species, using two indicators: 
(1) the percentage of recorded human observations of each species, relative to the total of 
records for the 22 scavenger species; (2) the percentage of recorded human observations 
for each species, relative to the total of records for the 22 scavenger species, after excluding 
the official census records of the Spanish Ministry of the Environment in 2007 (MAPAMA, 
2013). In addition, to assess the knowledge acquired by scientists, we also conducted a 
systematic review of scientific articles in English peer-reviewed scientific articles about the 
22 scavenger species in Spain using the Web of Science engine. The search string comprised 
three main elements: (1) the functional group of scavengers (i.e. scavenger, scavenging 
and vulture); (2) species’ scientific names; (3) their geographic location, i.e. ‘Spain’ (see 
Appendix A for the search string details). Searching was conducted in the research area of 
‘biodiversity conservation’. To avoid double counting in the review, we searched for original 
articles, but not reviews and conferences. The search was applied to the Abstract, Title and 
Keywords of articles published between 2000 and 2016. The search returned 460 articles 
and (see list of references in Appendix B). We calculated as indicator the percentage of 
publications of each species relative to the total number of reviewed articles.

To evaluate supporting identities, we explored the search volume on the Internet 
of each species by using Google Trends Search Engine (https://trends.google.es/trends/). 
Google Trends has been suggested to be one of the best proxies to assess public 
curiosity, attention and issue salience (Burivalova et al., 2018), also as indicator of the 
public interest in biodiversity and conservation topics (Ladle et al., 2016; Nghiem et 
al., 2016) and the public’s perception of conservation (Soriano-Redondo et al., 2017). 
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Therefore, we used Google Trends as a proxy for acquiring information that 
supports identity development. Despite using Google Trends to assess the NCP 
of supporting identities, we are aware that other sources of information, such as 
photography, wildlife-based tourism and outreach magazines, can also represent this 
NCP (Table 1). In this study, we extracted information from public searches made on 
the Internet by searching through each species’ scientific name in quotations, filtered 
through the bird and animal categories and geographical locations in Spain. The use 
of scientific names and a category filter ensured that the data extracted from Google 
Trends were associated only with species to avoid any source of bias due to homonyms. 
For example, the term ‘buitre’ (i.e. vulture in Spanish) often refers to ‘vulture funds’, 
which actually presents information about political corruption. The search was 
done for the period between January 2004 (the beginning of the available data) and 
December 2016. In Google Trends, a search request can be conducted only to compare 
up to five species. The extracted data return a monthly score, which represents the 
frequency of any search query in Google between 0 to 100, with 100 being the peak 
of a relative search volume for each keyword of the search query during the requested 
period. To compare the search volume on the Internet of the 22 scavengers on the 
same scale, we first detected that the wolf was the species with the highest monthly 
scores before including it as reference in all the search queries of five species. Using 
the extracted data, we calculated the average score for each species.

To study the relationship between non-material NCP and species, we considered 
different functional traits of the species: body mass, foraging activity, home range, 
fecundity and diel activity. In addition, we included the conservation status (i.e. threatened 
or non-threatened species) and the taxonomic group (i.e. vultures, raptors -excluding 
vultures-, corvids and mammals) of scavenger species. We selected these functional traits 
because they are suitable to study the functional diversity of scavengers in Spain and they 
have been used to associate functional diversity with scavenging NCP (Morales-Reyes et 
al., 2018). Appendix D presents data details per species (Table D.1) and description of 
considered traits (Table D.2).
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DATA ANALYSES

We created six indices of scavenger contribution to represent the non-material NCP 
according to the information sources (Table 1): photography, wildlife-based tourism, 
outreach magazines, the GBIF, scientific articles and Google Trends. Before creating the 
six indices and allowing their comparability, we scaled the values of the 12 indicators 
from 0 to 1 by considering the maximum value to be 1 and weighting the rest. To create 
the indices that were comprised by more than one indicator (i.e. photography, wildlife-
based tourism, outreach magazines and the GBIF; Table 1), we summed up the scaled 
indicators and then we scaled the indices between 0 and 1 (see Appendix C and Figure 
C.1 for calculation details of indices).

To explore whether the taxonomic group can determine scavengers’ capacity to 
provide non-material NCP to society, we performed median and mean comparison tests 
(i.e. analysis of variance (ANOVA) for photography and wildlife-based tourism, and 
the Kruskal-Wallis test for outreach magazines, Google Trends, the GBIF and scientific 
articles; α = 0.05). Before the comparison analysis, we tested normality by the Shapiro-
Wilk test (α = 0.05).

To determine which ecological variables underpinned scavengers’ capacity to 
provide non-material NCP, we performed a canonical correspondence analysis (CCA). 
We used the six indices as the dependent variables in the CCA. We included conservation 
status, taxonomic group and functional traits (body mass, foraging activity, home range, 
fecundity and diel activity) as explanatory variables (see Table D.1 in Appendix D for 
details). To avoid heteroscedasticity, we log-transformed the continuous variables; i.e. 
body mass and fecundity. We employed the Monte Carlo permutation test (500 iterations) 
to test the significance of the CCA.

We used the XLSTAT software (version 2016.04, Addinsoft) to conduct all the 
statistical analyses.
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RESULTS

The species that contributed to provide non-material NCP varied across the six indices 
(Figure 1A), although the grey wolf emerged among the three most relevant species in four 
indices: photography, wildlife-based tourism, outreach magazines and Google Trends. 
Besides the wolf, the most relevant species in the index associated with photography were 
the common genet (Genetta genetta) and the griffon vulture. 

However, the saliency of these species varied according to the particular indicator 
used. Whereas griffon vultures were the most photographed, wolves obtained the most 
received views and common genets received the most votes (Figure 1B). Regarding 
wildlife-based tourism, the wolf had the highest score, followed by the Spanish imperial 
eagle (Aquila adalberti) and the brown bear (Figure 1A). In this case, the wolf was the 
most prominent species in the two indicators used: the number of websites advertising 
wildlife-based tourism (together with the Spanish imperial eagle) and the number of 
times each species was named in each website (Figure 1B). In the index of outreach 
magazines, apart from bearded vultures (Gypaetus barbatus), two facultative scavengers, 
wolves and bears, were the most prominent species (Figure 1A). Wolf was the most 
important species in the three indicators used to assess the knowledge acquired by 
citizens: number of covers, number of issues with headlines, number of articles (Figure 
1B). Regarding the knowledge acquired by researchers, we found differences for most of 
the relevant species between both indices (i.e. the GBIF and scientific articles). Whereas 
griffon vultures, black kites (Milvus migrans) and carrion crows (Corvus corone) obtained 
the most observations in the GBIF, two mammalian scavengers, the wild boar (Sus 
scrofa) and the red fox (Vulpes vulpes), were found in more scientific articles (Figure 1A). 
Differences were also found in the source of the GBIF observations: whereas the black 
kite was the most observed when official censuses were considered, the griffon vulture 
had the highest record when official censuses were excluded (Figure 1B). Finally, Google 
Trends revealed that mammals were the focus of web search interest, especially the wolf 
and the wild boar (Figure 1A). Although different species of vultures, raptors, corvids 
and mammals were the most relevant in the different indices used to assess non-material 
NCP (Figure 1A), we did not find any significant differences among taxonomic groups 
for each index (Figure 2).
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Figure 1. Scavengers contribution index by species in Spain. A. Indices showing non-material 
nature’s contributions to people (NCP) provided by species. B. Indicators showing non-material NCP 
provided by species used to construct the indices that were comprised by more than one indicator (i.e. 
photography, wildlife-based tourism, outreach magazines and the GBIF). The different colours display 
the taxonomic groups -i.e., vultures (in blue), raptors (red), corvids (orange) and mammals (green)-. 
Calculation details of indices are in methods, Appendix C and Figure C.1. The comparison among 
taxonomic groups is shown in Figure 2.
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Figure 2. Scavenger contribution index by taxonomic groups in Spain. Bars and whiskers indicate 
the mean value of indices showing non-material nature’s contributions to people (NCP) provided by 
taxonomic groups ± SD. Differences among taxonomic groups in photography and wildlife-based 
tourism were estimated by an ANOVA test (α = 0.05) and in outreach magazines, Google Trends, the 
GBIF and scientific articles by a Kruskal–Wallis test (α = 0.05). Calculation details of indices are in 
methods, Appendix C and Figure C.1. Results per species are shown in Figure 1.

The CCA showed statistically significant associations between the ecological variables 
and indices representing non-material NCP. Three axes explained 93.74% of total variance 
(Table 2). The first axis (56.17% of variance) revealed a gradient between the information 
sources of photography and the GBIF (in positive scores) and outreach magazines and 
wildlife tourism (in negative scores). Whereas photography and the GBIF of scavengers were 
associated with the taxonomic group of corvids and with non-threatened species with small 
body mass and small home range, the indices of outreach magazines and wildlife-based 
tourism were associated with threatened species, with large body mass and large home range 
(Table 2). Griffon vultures, carrion crows, magpies (Pica pica), ravens (Corvus corax), black 
kites, common buzzards (Buteo buteo), western marsh harriers (Circus aeruginosus), common 
genets and red foxes were the species associated with the positive scores of the first axis, i.e. 
photography and the GBIF. In contrast, the Spanish imperial eagle, the wolf and the brown 
bear appeared in the negative scores, i.e. wildlife-based tourism and outreach magazines 
(Figure 3A; Table D.3 in Appendix D). The second axis (25.62%) represented Google Trends 
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in its positive scores in relation to non-threatened species belonging to social mammals with 
high fecundity and nocturnal diel activity, i.e. wild boars (Table 2, Figure 3A; Table D.3). The 
third axis (11.95%) represented the index of scientific articles in its negative scores. This index 
was related with non-social mammals (Table 2), particularly with the Egyptian mongoose 
(Herpestes ichneumon), the Eurasian badger (Meles meles), the pine marten (Martes martes) 
and the stone marten (M. foina) (Figure 3B; Table D.3).

Table 2. Summary statistics and results of the CCA showing the associations between the indices 
representing non-material nature’s contributions to people (NCP) provided by scavengers and the 
ecological variables (i.e. conservation status, taxonomic group and functional traits).

Axis 1 Axis 2 Axis 3
Indices of non-material NCP
 Outreach magazines -0.635 -0.383 0.067
 Photography 0.230 -0.052 -0.150
 Wildlife-based tourism -0.320 -0.150 0.111
 Google Trends -0.817 0.998 0.125
 The GBIF 0.617 0.072 0.341
 Scientific articles 0.090 0.173 -0.254
Conservation status
 Threatened -0.205 -0.214 -0.019
Taxonomic group
 Vultures -0.027 -0.140 0.041
 Raptors 0.037 -0.079 0.017
 Corvids 0.177 0.034 0.074
 Mammals -0.111 0.167 -0.092
Functional traits
 Body mass -0.299 0.085 0.000
 Foraging act-social -0.007 0.144 0.144
 Home range -0.230 -0.092 0.039
 Fecundity 0.011 0.212 -0.027
 Diel act-both -0.048 -0.060 -0.019
 Diel act-diurnal 0.125 -0.161 0.076
 Diel act-nocturnal -0.101 0.212 -0.069
CCA statistics
 Explained variation (%) 56.167 25.624 11.952
 Cumulative explained variation (%) 56.167 81.791 93.743

Factor score of response (i.e. indices of non-material NCP), explanatory variables (i.e. 
conservation status, taxonomic group and functional traits) are shown in the first three axes. 
Bold font indicates the highest squared cosines (>0.4) for the response variables and the 
significant regression coefficients for the explanatory variables. The eigenvalues for the first 
three CCA axes were significant (Monte Carlo permutation test with 500 iterations; P < 0.0001). 
Additional information of response and explanatory variables are shown in Table 1 and Table 
D.1 in Appendix D. See Figure 3 and Table D.3 in Appendix D for species details).
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Figure 3. Results of the CCA showing the associations between the indices representing non-material 
nature’s contributions to people (NCP) and the scavenger species. A. The axis 1 (i.e., photography and 
the GBIF in positive scores and outreach magazines and wildlife-based tourism in negative scores) and 
the axis 2 (Google Trends in positive scores). B. The axis 1 and the axis 3 (scientific articles in negative 
scores). Superscript numbers indicate the correspondent axis. Bold font indicates the highest squared 
cosines (>0.4) for the response variables and the significant regression coefficients for the explanatory 
variables. Eigenvalues for the first three CCA axes were significant (Monte Carlo permutation test with 
500 iterations; P < 0.0001). Additional information of indices is shown in Table 1. See Table D.3 in 
Appendix D for factor score details.
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DISCUSSION

SCAVENGERS AS PROVIDERS OF NON-MATERIAL NCP

Our findings show, for the first time, that different species in the scavenger guild are 
key for providing a large set of non-material NCP in Spain. The wolf, a top predator 
and facultative scavenger, reached the highest values in three of the six evaluated non-
material indices, followed by the griffon vulture, an obligate scavenger that stood out with 
high values for two indices (Figure 1). Previous studies have found that other NCP, such 
as the regulation of ecological processes by means of carcass consumption, were provided 
by both rare and common species, particularly vultures and top predators (Mateo-Tomás 
et al., 2017). Thus, top predators and vultures can be considered both ecological and 
cultural keystone species (Paine, 1969; Garibaldi and Turner, 2004), as they might play a 
major role in the functioning of social-ecological systems (Naidoo et al., 2011). Besides, 
both are functional groups in the scavenger guild that deserve particular attention 
because their populations are globally declining (Estes et al., 2011; Ogada et al., 2012; 
Ripple et al., 2014).

Our results showed that the indicator used to represent people’s supporting 
identities (i.e. Google Trends) might actually represent other aspects of human-
scavenger relations. The grey wolf and the wild boar were the species most searched for 
by people in Google (Figure 1). This can be explained by the fact that people may search 
information on these particular species not only because they show a positive interest 
in them, but also because people are interested in knowing about the damage that these 
species can cause. We also identified that the wolf is the most relevant scavenger for 
providing multiple non-material NCP, including photography, wildlife-based tourism 
and outreach magazines. However, for rural people, livestock breeders and shepherds in 
Spain, the wolf is considered a dangerous predator that can cause livestock losses (Dressel 
et al., 2015; Morales-Reyes et al., 2018) and the wild boar is associated with damage to 
crops, animals and vegetation (Pascual-Rico et al., 2020). All over the world, farmers 
and shepherds developed negative perceptions towards wolves and wild boars because 
of the damages caused to livestock and crops, respectively (e.g. Linkie et al., 2007; Ogra, 
2008; Suryawanshi et al., 2013; Li et al., 2015). The dual role of wolves and wild boars 
as providers of beneficial and detrimental contributions to people’s well-being supports 
the use of the paradigm of “nature’s contributions to people” (NCP) since this concept 



125

Chapter 3. 
Role of scavengers in providing non-material contributions to people

is defined as “all the contributions, both positive and negative, of living nature (diversity 
of organisms, ecosystems, and their associated ecological and evolutionary processes) to 
people’s quality of life” (Díaz et al., 2018).

TRAITS AND NCP IN THE SCAVENGER GUILD

Biological and functional traits have been previously used for ecosystem service assessments 
(Díaz et al., 2007; Luck et al., 2009), but very little research has been conducted to date as 
to how to evaluate relations between traits and NCP, particularly for those interlinkages 
between non-material NCP and vertebrates (Hevia et al., 2017; Echeverri et al., 2019). 
Our results revealed that there are some interlinkages between non-material NCP and the 
selected functional traits, and that these interlinkages are mediated by the taxonomic groups 
of scavengers (Table 2). For example, higher body mass and larger home range together 
with the endangered status of species were associated with the indices of wildlife-based 
tourism and outreach magazines, which represent the NCP of physical and psychological 
experiences and learning and inspiration, respectively (Table 2). This might be interpreted 
because those threatened species with large body sizes tend to have large home range (Tucker 
et al., 2014) and they are often charismatic species (e.g. the wolf, the Spanish imperial eagle, 
the brown bear and the bearded vulture) that attract the attention of customers. In fact, 
Clucas et al. (2008) revealed that the covers of US magazines focused on large charismatic 
species to attract new subscribers and to maintain membership. However, we also found 
that some species with high body mass, such as the wild boar, were not associated with the 
above-mentioned indices, but with Google Trends (Figure 3; Table D.3).

In addition, we found that although photography has been considered a 
representative indicator of aesthetic enjoyment provided by wildlife (e.g. Martínez Pastur 
et al., 2016), our results demonstrated that the index created with the three photography 
indicators is closely related to the GBIF index (Table 2). This result means that those 
species able to be photographed are also those able to be observed and recorded in the 
GBIF. Indeed, this association can be explained by the probability of people sighting 
scavengers, which is higher for the common species widely distributed in Spain (e.g. 
griffon vultures, ravens and red foxes) than for other scavengers.

Finally, we found that the learning and inspiration acquired through scientific 
articles focused mainly on mesocarnivores, such as Egyptian mongooses, Eurasian 
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badgers, pine martens and stone martens (Figure 3; Table D.3). By contrast, a recent 
global review indicated that mesocarnivores received less scientific attention than large 
carnivores in human-carnivore relations research (Lozano et al., 2019). This could 
be explained because mesocarnivores in Spain are much more widely distributed 
and abundant than large mammalian scavengers, and thus can be investigated by 
comparatively more research groups. In addition, our results contrast with former 
research in Spain that has shown how the information provided by outreach magazines 
on different animal taxa goes hand in hand with scientific publications (Martín-López 
et al., 2009). However, when focussing on scavengers, we found that whereas the non-
material NCP of the learning acquired through the outreach magazine Quercus relies 
mainly on charismatic and threatened species, the learning associated with scientific 
journals relies mostly on mesocarnivores.

The necessity to identify the traits of organism that intervene in the provision of 
NCP has been identified as an important knowledge gap in ecosystem service research 
(Luck et al., 2009; Bennett et al., 2015). This knowledge gap is particularly remarkable in 
the case of non-material NCP and vertebrates (Hevia et al., 2017). To our best knowledge, 
Echeverri et al. (2019) was the only study connecting functional traits with the provision 
of non-material NCP by birds. Similar to our findings, Echeverri et al. (2019) found that 
several functional traits, including plumage pattern, diet and having a crest, can contribute 
to explain the variation on non-material NCP provided by different bird species in Costa 
Rica. However, findings by Echeverri et al. (2019) also contradict our results since they 
found that scavengers are less likely to provide non-material NCP than other bird species 
because they are considered ugly and stinky. Future research is therefore needed to explore 
the connections between functional traits and detrimental NCP provided by scavengers.

METHODOLOGICAL CONSIDERATIONS: INSIGHTS FOR 
FUTURE RESEARCH

This study follows recent calls to advance conservation science by considering the data 
mined from social media platforms and the Internet. The so-called digital conservation 
is emerging as an innovative field in biological conservation to monitor biodiversity 
(Van der Wal and Arts, 2015; Ladle et al., 2016) and to explore patterns of wildlife-based 
tourism (Willemen et al., 2015; Hausmann et al., 2017; Di Minin et al., 2018). In addition, 
the use of social media data has been recently highlighted in ecosystem service research 
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to assess cultural ecosystem services (Guerrero et al., 2016; Oteros-Rozas et al., 2018; 
Vaz et al., 2018, 2019). Although very few studies on NCP and ecosystem services have 
considered diverse sources of information to date (e.g. Vaz et al., 2018), to the best of our 
knowledge, this study is the first to comprehensively assess different non-material NCP 
by integrating multiple indicators derived from social media platforms and the Internet. 
Nevertheless, the use of data mined from social media platforms and the Internet requires 
some reflection as to their limitations.

Firstly, the data mined from these sources could represent only a particular 
sector of society. The Internet user profile seems closer to urban than to rural people 
(Oteros-Rozas et al., 2018) and, therefore, the results of this study may not represent the 
social actors who directly relate with scavengers, such as traditional livestock farmers 
and shepherds which perceive scavengers as beneficial and detrimental at the same 
time (Manzano-García et al., 2017; Morales-Reyes et al., 2018). However, in relation to 
livestock attacks by large carnivores, the media can widely echo the farmer perceptions, 
influencing the general public perception and management decisions (Fernández-Gil et 
al., 2016). Thus, the opinion of farmers and shepherds could partially be reflected in 
online resources, though probably biased towards conflicts (Fernández-Gil et al., 2016). 
The non-material NCP associated with farmers and shepherds deserve further scientific 
attention, which should be extended to hunters also.

The outreach magazine we selected to represent the NCP of inspiration and learning 
has a wide potential audience, including researchers, managers and the general public 
interested in nature. In Spain, 47.6% of people declare to be interested in ecology and the 
environment (CIS, 2016). However, the magazine’s monthly circulation only reaches the 
sector of society that is a priori most interested in environmental issues. Thus, Quercus 
does not capture the general motivation of the Spanish society. Interestingly, however, this 
magazine is very much used by environmental managers in Spain as the primary source of 
information on wildlife monitoring and conservation strategies, as well as to be informed 
on environmental offences. This indicates that this magazine may have important practical 
implications that may pervade other society sectors.

Secondly, regarding the NCP of supporting identities, we selected a proxy (i.e. 
Google Trends) that can represent people interest, in our case for scavengers. However, 
this indicator cannot represent the other dimensions embedded in this NCP, such as 
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sense of place and belonging, connectedness with nature and the employment of nature 
for narratives, rituals and celebrations (Díaz et al., 2018). To reveal the contributions of 
scavengers to these other dimensions, further interdisciplinary research is needed that 
includes additional proxies, such as local species names, place names, stories, ceremonies 
and folklore (see e.g. Stara et al., 2016).

Thirdly, information sources, such as photographs uploaded in social media and 
the GBIF observations, can only represent those species that are not elusive, nocturnal and 
geographically limited or with small population sizes. For example, the fact that nocturnal 
mammals were less represented in the posted photographs and the GBIF observations 
than diurnal scavengers (Figure 1A) does not necessarily mean that the former are not 
relevant for providing non-material NCP. This is the case of the common genet, which is 
very elusive and difficult to sight and photograph, but once it is portrayed, social media 
users experience aesthetic enjoyment as it obtains the most votes per photograph (Figure 
1B). These are not necessarily methodological pitfalls, but should be taken into account 
when interpreting the results of such studies.

Finally, this study demonstrates the importance of scavengers for providing non-
material NCP, but was unable to determine to what extent this guild is more relevant than 
other guilds. Scavengers occupied 22% of magazine covers in Quercus and appeared in 
3% of the photographs posted on Fotonatura. Nonetheless, these data do not provide 
information about the importance of this guild for providing non-material NCP relative 
to others. Future research could determine to what extent non-material NCP are provided 
by different ecological guilds and which functional traits can lead to higher levels of their 
provision. For example, Willemen et al. (2015) found that in African protected areas, the 
African elephant (Loxodonta africana) and large predators, such as lions and leopards, were 
essential for providing wildlife-based tourism. Davies et al. (2018) also found that popular 
interest, measured by web searching, was greater in globally threatened mammals and 
birds than in those not threatened. Future research that applies data mining to social media 
platforms and the Internet should offer a high potential to unveil which species and which 
functional guilds and traits are essential for providing non-material NCP. In addition, the 
reason for people’s attraction to some of scavengers remain unexplored. Although previous 
research has revealed that scavenger species can be dually perceived as beneficial or harmful 
depending on their consideration as primarily scavengers or predators (Manzano-García et 
al., 2017; Morales-Reyes et al., 2018), further research is needed.
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CONCLUSIONS

This study contributes to advance knowledge of NCP by assessing the role of scavengers 
in providing non-material contributions for two main reasons. First, it sheds light on the 
dual role of NCP as we found that the same species (e.g. the wolf and the wild boar) can 
positively and negatively contribute to people’s well-being. Second, we found that non-
material NCP are interweaved and, therefore, the way people benefit from scavengers 
in non-material terms does not squarely fit only one category. These two findings fall in 
line with the arguments of Díaz et al. (2018), who claimed a more inclusive and flexible 
system than ecosystem services to assess the diverse ways by which people relate with 
nature. This enables the recognition that different social sectors, such as here evaluated (i.e. 
photographers, tourists, magazine readers, scientists, and civil society) and maybe others 
(e.g. farmers, shepherds, hunters), may consider scavengers as providers of both beneficial 
and detrimental NCP and different NCP according to their relationship with wildlife.

The knowledge of non-material NCP provided by threatened species, such as brown 
bear and bearded vulture in Spain, could be underestimated if the assessment relies only 
on one source of information. For example, both species have few photographs posted on 
internet and few human observations in the GBIF because of their low population size and 
restricted distribution. However, their photographs have high scores of views, an important 
demand in wildlife-based tourism, and considerable occurrence in outreach magazines 
(Figure 1). This shows the need of multiple indicators to comprehensible assess the capacity 
of threatened species to provide NCP. We hypothesize that the extinction of these threatened 
populations and species would drive the vanishing of the NCP they provide.

The present study also contributes to recent calls to better integrate scavenger 
conservation in the IPBES (Mateo-Tomás and Olea, 2018) by unravelling the non-
material NCP provided by this guild. By assessing the non-material NCP provided by 
scavengers, our study supports current claims for conserving vultures and top predators 
because their current declining populations compromise not only the regulating NCP of 
scavenging, as demonstrated by the IPBES Regional Assessment of Europe and Central 
Asia (Martín-López et al., 2018), but also them providing multiple non-material NCP. 
Scavengers provide multiple beneficial non-material NCP by enhancing human-wildlife 
connections through recreation activities in nature, aesthetic enjoyment and learning. 
Identifying the ecological variables and functional traits that underpin each NCP might 
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help to predict which NCP can be potentially provided by different species in a guild. 
For example, our result showed that widely distributed species (e.g. corvids and griffon 
vultures) acted as providers of aesthetic enjoyment, whereas scarce scavengers and 
species with higher body mass (e.g. bearded vultures and wolves) were associated with 
recreational experiences.

Detailed assessment of human-wildlife relations should be emphasized in 
conservation policies. Informing on both the species and the human actors involved in 
detriments and benefits provided by focal species groups to people may help to prioritize 
wildlife management strategies. Overall, this study, in combination with previous 
research showing the role of scavengers for regulating NCP (e.g. Morales-Reyes et al., 
2015; Ćirović et al., 2016), provides with powerful arguments to raise awareness about 
the importance of these species for our societies.
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ABSTRACT

Scavengers play an important role in both the regulation of ecosystems and 
the provision of non-material Nature’s Contributions to People (NCP). 
Non-material NCP, such as aesthetic enjoyment and recreational activities, 

are closely linked with human well-being. Understanding where non-material NCP are 
spatially distributed could allow us to comprehend how humans interact with nature. 
For this purpose, we mapped the non-material NCP that vertebrate scavengers provide 
people within continental Spain using 10x10 km grids. We explored indicators about 
nature photography, wildlife-based tourism, and records of scavenger observations 
recorded at the Global Biodiversity Information Facility, and we calculated hotspots of 
contributions. We also explored the environmental factors that could influence their 
provision: presence of protected areas, human footprint, and scavenger species richness. 
Our findings revealed the importance of protected areas for scavengers’ non-material 
NCP, particularly of National Parks. Tourism was linked to more pristine areas whereas 
aesthetic enjoyment and the contribution to knowledge categories could be performed in 
areas with some index of anthropisation. These findings help to recognise the importance 
of scavenging species for people’s quality of life, supporting their conservation policies.

Keywords: cultural ecosystem services; ecotourism; learning and inspiration; 
physical and psychological experiences; supporting identities; vultures.
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INTRODUCTION

The Natures’ Contributions to People (NCP) framework provides a conceptualisation of 
human-nature interactions (Díaz et al., 2018). Of all the NCP categories, material and 
regulating contributions have been most frequently assessed (Fagerholm et al., 2016; Hevia 
et al., 2017; Luederitz et al., 2015) for being directly related to the consumptive goods that 
support the development of human societies. Contrarily, the intangible aspect of non-
material contributions (i.e., effects of nature on the subjective or psychological aspects 
that affect human quality of life (Díaz et al., 2018)) and the indirect benefits that enhance 
people’s quality of life are underrepresented in the scientific literature (Daniel et al., 2012; 
Milcu et al., 2013). Notwithstanding, some aspects of non-material contributions, such 
as recreational experiences, are being shown increasing interest (Hernández-Morcillo et 
al., 2013; Milcu et al., 2013).

In the non-material contributions context, vertebrates in general (Cardinale et 
al., 2012; Hevia et al., 2017), and scavengers in particular (DeVault et al., 2016; Moleón 
and Sánchez-Zapata, 2015), have been paid less scientific attention than other taxonomic 
and functional groups like mammals and reptiles (Methorst et al., 2020). Recent studies 
have highlighted that scavengers provide numerous NCP , mainly related with carrion 
consumption supporting key ecological functions in ecosystems (DeVault et al., 2016; 
Markandya et al., 2008; Moleón et al., 2014; Morales-Reyes et al., 2015). Recreational 
activities likes ecotourism have been studied in relation to scavengers on the local scale to 
reveal their importance for non-material NCP, particularly supporting identities (García-
Jiménez et al., 2022) and their positive economic impact (Becker et al., 2005; García-
Jiménez et al., 2021). To our knowledge, only one national-scale research work based on 
several indicators has revealed that scavengers provide many non-material contributions 
based on species traits: common species are prone to provide aesthetic enjoyment, 
charismatic species lead recreational experiences, and the species that play the dual 
role of being beneficial and detrimental provide supporting identities (Aguilera-Alcalá 
et al., 2020). Some scavenging species have been historically misperceived as harmful 
by some social groups, such as livestock farmers (Lambertucci et al., 2021; Margalida et 
al., 2014). As the scavenger guild includes highly endangered species (e.g., vultures and 
apex predators; Buechley and Şekercioğlu, 2016; Wolf and Ripple, 2018), adequately 
highlighting their socio-cultural benefits could be an e fficient str ategy to imp rove 
scavengers’ conservation policies and to alleviate human-scavenger conflicts.
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The spatial mapping of NCP can be a powerful tool to understand where and how 
humans relate to nature, and can help to guide better environmental conservation and 
management (Hernández-Morcillo et al., 2013; Martínez-Harms and Balvanera, 2012). 
Mapping research is general conducted on local scales (Fagerholm et al., 2016; Plieninger 
et al., 2013; Wu et al., 2013), usually in protected areas (PA) (i.e., Ament et al. (2017); Vaz 
et al. (2020)). PA are currently designed to protect nature from degradation and human 
impact (Chape et al., 2005), although the establishment of the first national parks in the 
USA, and in other world regions, at the beginning of the 20th century was to mainly 
conserve landscape for aesthetic enjoyment, among other purposes (e.g., declaration of 
the Yellowstone National Park, National Park Service Organic Act of 1916, 16 U.S.C. 
1). So it is not surprising that most NCP research has focused on these areas. However, 
exploring the provision of NCP on larger spatial scales is essential because different 
resolutions can help to improve to make management decisions according to different 
administrative levels (Ceaușu et al., 2021). Moreover, large-scale mapping exercises can 
help to identify which factors lie behind the distribution of NCP (Ceaușu et al., 2021; 
Maes et al., 2012). Regarding highly mobile species like scavengers, large-scale mapping 
of regulating contributions has been carried out (Ceaușu et al., 2021; Morales-Reyes et al., 
2015), but, surprisingly, no study has to date mapped the large-scale arrangement of their 
non-material contributions. This prevents relevant applied conclusions being reached; 
for instance, it remains unclear if PA are also efficient in preserving non-material NCP.

Here we assess the spatial distribution of the non-material NCP provided by the 
functional guild of scavengers on a national scale by taking the scavenger community of 
continental Spain a study focus (Aguilera-Alcalá et al., 2020). We focus on the physical 
and psychological experiences (aesthetic enjoyment and recreational experiences) and 
learning and inspiration (particularly, contribution to scientific knowledge). We firstly 
identify hotspots of provision of non-material NCP and explore the relations among the 
different non-material NCP categories. We secondly explore the landscape features that 
may condition the provision of NCP, namely the presence of protected areas, the degree 
of landscape alteration (i.e., human footprint index, HF), and the avian and mammal 
scavengers’ local richness. As PA are designed to protect species and their environment 
(Chape et al., 2005), we expect to find higher values for non-material NCP in this areas. 
We also expect non-material NCP to be linked with the distribution of scavenger species 
richness. In contrast, we expect those areas with high human footprint values to be 
related to little NCP provision.
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METHODS

DATA COLLECTION

This study focused on continental Spain (494,011 km2). We considered 22 
scavenger species, including specialists or obligate scavengers (vultures), and 
opportunistic or facultative scavengers (other raptors, corvids and mammals) (see the 
Species List in Table S1). We compiled the NCP indicators and the environmental 
factors described below into geographical units of 10x10 km UTM grids.

Non-material NCP’s indicators

We firstly identify the areas where scavenger species provide the physical and psycholo-
gical experiences of aesthetic enjoyment, exploring the photographs posted by people on 
the website of Spanish-speaking nature photographers Fotonatura (www.fotonatura.org). 
This website allows all the published nature photographs to be freely browsed. We explo-
red the “geotagged” gallery, which contains only georeferenced photographs. Then we 
collected the coordinates of the location of the photographs showing scavengers. Of the 
38,454 photos posted between 2000 and 2016 in Spain, we explored those that featured 
any of the 22 herein considered species, i.e., 1,031 images (2.68% of all the photos posted 
on Fotonatura). We selected the number of photographs posted per 10x10 km grid as an 
indicator of aesthetic enjoyment (Table 1).

Then we explored the recreational experiences associated with scavengers. We 
carried out a search of the wildlife watching tourism in Spain. For this purpose, in 
September 2017 we explored a search string on Google by including, for each scavenger 
species, the English and scientific names, the focal recreational activity (i.e., “wildlife 
watching”) and country name (i.e., “Spain”; see Table S2 in the Supplementary Material 
for further details). We performed the search in English to focus on the main companies 
that cover both national and international tourism because Spain is the target of 
substantial foreign tourism, mostly from the European Union (INE, 2022). We looked at 
the links found on the first five pages of the Google search (the first 50 links) by looking 
for the companies offering wildlife watching tourism. Then we recorded the municipality 
or, if not provided, the region where wildlife watching was offered, and excluded those 



145

Chapter 4. 
Mapping the large-scale non-material contributions of 
scavengers reveals the importance of protected areas

companies not based in continental Spain, as well as tour reports, personal comments, 
personal blogs, and governmental information webs because they cannot be attributed to 
specific tourism offers. This gave us 40 company websites. Then we calculated the number 
of companies (different webs) operating per location. As each municipality or region was 
an irregular polygon, and to standardise spatial information, we transformed the number 
of companies from polygons to the 10x10 km grid by performing a spatial join in QGIS 
(version 3.10.0) calculating the average number of companies per grid as an indicator of 
recreational experiences (Table 1). In those cases in which the municipality and region 
polygons spatially overlapped, we separately calculated the average number of companies 
per grid according to each polygon origin, and then selected the maximum per grid from 
both values to prevent redundancies.

Table 1. Indicators of the non-material NCP categories assessed.

Non-material NCP Proxy
Spatial 
resolution

Indicator per 
10x10 km 
grid References

Physical and psychological 
experiences, particularly 
aesthetic enjoyment. They 
also represent recreational 
experiences, and people’s 
satisfaction of knowing 
that a species exists 
(supporting identities).

Photography x, y 
coordinates

Number of 
georeferenced 
photos posted

(Martínez-Pastur 
et al., 2016; 
Willemen et al., 
2015)

Physical and psychological 
experiences, particularly 
recreational experiences 
based on wildlife-
based tourism. They 
also represent aesthetic 
enjoyment, and people’s 
satisfaction of knowing 
that a species exists 
(supporting identities).

Wildlife-
based 
tourism

Polygon of 
municipality 
or
protected 
area

Mean number 
of companies 
advertising 
wildlife 
watching 

 (Nahuelhual et al., 
2013)

Learning and inspiration, 
particularly scientists 
acquiring knowledge.

The GBIF x, y 
coordinates

Number of 
observations 
recorded

UN Environment 
World 
Conservation 
Monitoring Centre 
(2017) (Horns et 
al., 2018)
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We thirdly extracted the location of people’s observations of scavengers from 
the Global Biodiversity Information Facility (GBIF, http://www.gbif.org/), which 
provides information about occurrence of organisms (Otegui et al., 2013; Yesson et 
al., 2007) from various databases, including those of citizen science. This allowed us 
to spatially assess the areas in which humans can obtain knowledge about scavengers 
(i.e., the learning and inspiration category; Díaz et al., 2018). Moreover, as people 
reports of biodiversity observation contribute to improve scientific knowledge (Horns 
et al., 2018), we searched the GBIF’s Spanish node (https://datos.gbif.es/) for any data 
recorded between 2000 and 2016 in continental Spain by employing the scientific 
name of each scavenger species in quotation marks (to avoid searching for other 
species with a shared scientific nomenclature). Then we extracted the location, and 
excluded any data corresponding to observations made from official Spanish Ministry 
of the Environment censuses (MAPAMA, 2013), and those from scientific bird ringing 
surveys, because they do not represent citizen records. Our search gave 11,477 records. 
We selected the number of observations reported per 10x10 km grid as an indicator of 
contribution to knowledge (Table 1).

Environmental factors

We firstly identified the 10x10 km grids that contained a PA on more than 10% of 
their surface. We considered the main PA categories in Spain (including National 
Parks and Natural Parks, among other less frequent categories; MITECO, 2020), plus 
the PA included in the EU’s Natura 2000 Network (European Environment Agency, 
2019). 

Then we downloaded the human footprint (HF) dataset for 2009 (available 
at https://wcshumanfootprint.org/ in 1x1 km resolution) and calculated the mean 
HF for each 10x10 km grid. HF is a measure of the cumulative human impact on the 
environment (Venter et al., 2016), which is available in a data layer with an index scaled 
from 0 (minimum impact) to 50 (maximum impact). HF includes the extent of built 
environments, population density, night light, crop and pasture lands, roads, railways 
and navigable waterways (Venter et al., 2016).

We thirdly collected the geographic distribution of the avian and mammalian 
scavenger species from the atlas dataset of the 2007 National Biodiversity Inventory 
(available at https://www.miteco.gob.es/), with a grid resolution of 10x10 km. Bird 
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species data represent their distribution during the breeding period, while mammals’ 
distribution is permanent. Then we calculated the number of species (“richness”) present 
per grid (see Table S1 for species list). 

STATISTICAL ANALYSES

The spatial pattern of NCP 

We explored the spatial pattern of the three non-material NCP categories: aesthetic 
enjoyment (“photography”); recreational activities (“tourism”); contribution to 
knowledge (GBIF records of “observation”). We identified the hotspots (i.e., contiguous 
spatial units with high values of NCP) for the three categories using the Getis-Ord Gi* 
spatial statistic in QGIS (version 3.10.0). Gi* returns Z-scores that measure cluster 
intensity based on queen’s continuity criterion, and gives statistical significance. In this 
way, hotspots were defined from Z-scores ≥ 1.65 and p-values ≤ 0.10 (90% confidence) 
onwards (see Figure 1 caption). We also evaluated the hotspots for a “non-material 
NCP index”, which resulted from joining the three above-mentioned NCP non-material 
categories. To obtain this integrative NCP index, we standardised values between 0 and 
1, based on the minimum and maximum values for each category (Maes et al., 2012). 
Then we summed up the three NCP values of each grid, and once again standardised 
from 0 to 1. The resulting index represents the capacity of each grid cell to provide 
multiple non-material NCP.

We also checked the correlation among the non-material categories with the 
Spearman correlation test (α = 0.05) to detect synergies in the performance of NCP 
categories. 

Environmental factors that influence NCP provision

We checked the influence of PA presence, HF and scavenger species richness (i.e., 
explanatory variables) on the provision of aesthetic enjoyment, recreational activities 
and contribution to knowledge. To do so, we fitted Generalised Linear Models (GLMs) 
using the value of the NCP indicators: “photography”, “tourism” and “observations”, 
as well as the presence (yes/no) of their respective hotspots and the “non-material 
NCP hotspots”, as response variables. We used negative binomial distributions with 
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log link functions for the NCP raw data, and binomial distributions and logit link 
functions for hotspots’ presence/absence data. Firstly for each response variable, we 
constructed the full model, i.e., with the three explanatory variables. We secondly 
explored all the possible alternative models (including the “null” model, i.e., 
without explanatory variables) with the dredge() function of the MuMIn package in 
R (Barton, 2013). Models were ranked by Akaike’s Information Criterion (AIC) for 
small sample sizes (AICc), with those with delta-AICc < 2 in relation to the model 
with the lowest AICc being considered to provide similar support (Burnham and 
Anderson, 2002). Then we explored the proportion of explained deviance (D2) for 
the selected models according to formula D2 = (null deviance – residual deviance) 
/ null deviance * 100 (Burnham and Anderson, 2002). Finally, we focused on the 
most explanatory model. Statistical analyses were performed using the R software 
(version 3.6.1) (http://www.r-project.org/R).

RESULTS

The distribution of the non-material NCP provided by scavengers throughout continental 
Spain was highly heterogeneous, and we identified different hotspots for each non-material 
NCP category (Figure 1). We found a weak correlation between the distribution of the 
different non-material categories (all rs < 0.25). However, the non-material NCP index 
identified 18 hotspots as important areas for the provision of scavengers’ non-material 
NCP. In particular, these hotspots were associated with PA, and notably, overlapped with 
seven of the 10 National Parks of continental Spain (Figure 1, Table 2). 

The provision of the different non-material NCP categories by scavengers was 
associated with not only PA, but also with scavenger species richness and HF (Table 3). 
In particular, the provision of the non-material NCP was positively related to scavenger 
richness and the presence of protected areas (Figure 2, Table S3). In contrast, the relation 
between HF and the provision of the non-material NCP depended on specific NCP: HF 
was related positively to the provision of aesthetic enjoyment (i.e., “photography” and 
“photography hotspot”) and contribution to knowledge (i.e., scavengers’ “observation” 
and “observation hotspot”), but negatively to recreational activities (i.e., “tourism” and 
“tourism hotspot”) and the “non-material NCP hotspot” (Figure 2, Table S3). 
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Figure 1. Spatial distribution of non-material NCP provided by scavengers in continental Spain. We 
show raw data and hotspots (i.e., set of contiguous spatial units characterised by high values, identified 
with Local Getis-Ord Gi* in QGIS (version 3.10.0)) for physical and psychological experiences: aesthetic 
enjoyment (photography), and recreational activities (tourism companies); learning and inspiration: 
contribution to knowledge (scavengers’ observations). We also show the non-material NCP hotspot. 
Numbers indicate the associated National Parks: 1, Picos de Europa; 2, Ordesa y Monte Perdido; 
3, Aigüestortes i Estany de Sant Maurici; 4, Sierra de Guadarrama; 5, Monfragüe; 6, Cabañeros; 7, 
Doñana. Numbers in brackets indicate National Parks without non-material NCP hotspots associated: 
(8) Tablas de Daimiel; (9) Sierra Nevada; (10) Sierra de las Nieves. 90% confidence: Z-score ≥ 1.65 and
< 1.96, and p-value ≤ 0.1 and > 0.05; 95% confidence: Z-score ≥ 1.96 and < 2.58, and p-value ≤ 0.05 and 
> 0.01; 99% confidence: Z-score ≥ 2.58, and p-value ≤ 0.01.
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Table 3. Generalized linear models (GLMs) obtained from the AIC-based model selection to assess 
the effects of protected areas (PA), human footprint (HF) and scavenger species richness (Richness) 
on aesthetic enjoyment (photography, photography hotspot), recreational activities (tourism, tourism 
hotspot), contribution to knowledge (observation, observation hotspot) and non-material NCP 
hotspots. Number of estimated parameters (k), AICc values, AICc differences (ΔAICc) with the highest 
ranked model (that with the lowest AICc) and the variability of the models explained by the predictors 
(D2) are shown. Selected models are indicated in bold.

Response variable Model k AICc Δ-AICc D2

Photography PA + HF + Richness 3 3756.9 0.00 22.04%
HF + Richness 2 3798.7 41.87
PA + Richness 2 3806.0 49.18
Richness 1 3838.0 81.16
PA + HF 2 3949.9 192.99
PA 1 3961.6 204.71
HF 1 4019.7 262.84
null 0 4020.0 263.13

Photography hotspot PA + Richness 2 1447.1 0.00 10.31%
PA + HF + Richness 3 1448.2 1.10 10.36%
Richness 1 1461.8 14.70
HF + Richness 2 1463.4 16.30
PA + HF 2 1561.5 114.43
PA 1 1562.5 115.36
HF 1 1604.9 157.82
null 0 1608.7 161.59

Observation PA + HF + Richness 3 11146.7 0.00 18.50%
PA + HF 2 11309.1 162.45
HF + Richness 2 11341.3 194.65
PA + Richness 2 11364.0 217.31
PA 1 11434.4 287.74
Richness 1 11492.0 345.28
HF 1 11560.0 413.36
null 0 11603.6 456.95

Observation hotspot PA + HF + Richness 3 1734.8 0.00 11.76%
PA + HF 2 1766.7 31.94
PA + Richness 2 1801.0 66.20
PA 1 1810.9 76.14
HF + Richness 2 1861.4 126.60
Richness 1 1921.7 186.95
HF 1 1927.7 192.94
null 0 1958.9 224.13
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Response variable Model k AICc Δ-AICc D2

Tourism PA + HF + Richness 3 5782.8 0.00 25.83%
PA + Richness 2 5787.7 4.90
PA + HF 2 5899.4 116.61
PA 1 5945.9 163.03
HF + Richness 2 6020.3 237.43
Richness 1 6025.9 243.08
HF 1 6219.7 436.92
null 0 6300.5 517.71

Tourism hotspot PA + HF + Richness 3 2557.5 0.00 16.44%
PA + Richness 2 2581.7 24.16
PA + HF 2 2685.8 128.28
PA 1 2745.9 188.37
HF + Richness 2 2746.3 188.80
Richness 1 2783.1 225.56
HF 1 2960.3 402.74
null 0 3053.4 495.86

Non-material NCP 
hotspot

PA + Richness 2 2852.8 0.00 14.879%
PA + HF + Richness 3 2854.6 1.84 14.884%
PA + HF 2 3027.2 174.36
PA 1 3039.5 186.72
Richness 2 3049.8 196.98
HF + Richness 1 3049.9 197.12
HF 1 3318.1 465.30
null 0 3346.4 493.60

Table 3. (Cont.)
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DISCUSSION

Mapping non-material nature’s contribution to people allows researchers and managers 
to understand where and how humans relate to nature. Non-material contributions, as 
opposed to regulation or material ones, tend to aggregate in certain areas in relation 
to human accessibility to people (Queiroz et al., 2015). Our work highlights that 
protected natural areas play an important role for the human-scavengers relation. In line 
with our expectation, the three explored non-material NCP categories (i.e., aesthetic 
enjoyment, recreational experiences, contribution to knowledge) were positively related 
to the presence of PA. In particular, the index that assembled the three categories (i.e., 
non-material NCP index) showed their hotspots covering seven of the 10 national 
parks of continental Spain (Figure 1). National parks have a long-standing history of 
protection, publicity and appreciation. In 1918, the first two Spanish National Parks were 
established (Picos de Europa and Ordesa y Monte Perdido) for the purpose of recognising 
their aesthetic and scenic importance. The interest in conserving valuable ecosystems 
progressively led to the designation of several new protected areas at different protection 
levels, with the last Spanish national park being declared in 2021 (Sierra de las Nieves). 
Our results support the notion that the recreational role of PA is still fundamental as 
they are scenarios that connect both “people with nature” and also “people with people” 
(Roux et al., 2020). To maintain and enhance this role, PA require well-designed use 
and management plans to be established, with economic investment for safeguarding, 
and developing infrastructures to promote visitors. Otherwise, uncontrolled crowding 
could have a negative impact on natural areas, which could bring about the loss of both 
positive affect and non-material contributions (Taff et al., 2019). These assets, together 
with the societal appreciation of ecosystems that entails setting up PA in a given territory 
(Hernández-Morcillo et al., 2013), could evoke a call effect on people (Adamowicz et al., 
2011). These facilities for visiting PA would contribute to the humans-nature relation 
and, thus, to the provision of non-material contributions.

We found that the provision of non-material scavenger contributions was also 
positively related to scavengers’ species richness. However, the scavengers guild was 
distributed beyond where hotspots were located, which could have been interpreted as 
habitat suitability with the potential to provide NCP (Burkhard and Maes, 2017). So, the 
provision of non-material contributions could be preferentially linked with the spaces in 
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which humans and scavengers co-occur, rather than with the distribution of the species 
responsible for providing them. This would reinforce the idea that people come to areas 
where there is infrastructure and information that facilitate enjoyment. PA are habitats of 
charismatic species that attract visitors (Arbieu et al., 2018). In fact charismatic species 
like brown bears and bearded vultures are related to touristic activities in Spain (Aguilera-
Alcalá et al., 2020). 

The NCP categories benefited by HF were aesthetic enjoyment and contribution 
to knowledge (i.e., photography and observations recorded on the GBIF). Nevertheless, 
studies at a higher scale of resolution also showed that the use of social media inside 
African protected areas is not directly related to the richness of charismatic mammals, 
which would be expected, but to areas with fewer access restrictions (Hausmann et al., 
2017). The GBIF records reflect the occurrence of biodiversity in Spain (Otegui et al., 
2013); that is, common scavenger species are more represented. Common scavengers, 
such as griffon vultures or black kites (Aguilera-Alcalá et al., 2020), are easy to observe 
outside PA, and to also photograph. This means that the HF variable does not negatively 
condition the provision of these non-material NCP. Nevertheless, HF has negative 
impacts on both global biodiversity hotspots (Weinzettel et al., 2018) and global scavenger 
richness (Sebastián-González et al., 2019). Therefore, low HF levels may suggest that 
humans access nature, while high HF levels could exclude the species responsible for 
providing NCP by inhabiting these territories.

METHODOLOGICAL CONSIDERATIONS BY EVALUATING NON-
MATERIAL CONTRIBUTIONS

As non-material NCP are intrinsically related to human activities, perceptions and the 
cultural valuation of nature, their distributions are anthropocentrically biased. Our 
assessment was developed by employing data about the involved stakeholders; that is, 
preferences of photographers, areas with tourist activities and places where scavenger 
species have been sighted. Therefore, non-material NCP assessments capture human 
behaviour in nature. Contrarily, assessments of regulating contributions reflect the 
ecological process that species perform in ecosystems, and covers the full species 
distribution range. For example, avian scavengers have a vast home range (Alarcón 
and Lambertucci, 2018) and perform regulating contributions to carrion depletion in 
their distribution area (Morales-Reyes et al., 2017), regardless of people being present. 
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Consequently, non-material mapping allows us to understand how people relate to 
nature, but should not be used to identify areas on which conservation programmes 
should focus.

Data mining from Internet sources offers the advantage of obtaining larger data 
volumes, and on a broader scale than conventional surveys performed by researchers 
in the field, such as interviews. However, data from Internet sources entail limitations 
that should be considered. For example, urban and young adults are more prone to use 
technology and social media (Oteros-Rozas et al., 2018; Schwartz et al., 2013; Toivonen 
et al., 2019). Photo posting, recreational offers and observation reports, used herein 
as indicators of non-material NCP, have an inherent bias related to people who access 
technology and Internet users’ ability, and may not represent all the social groups in a 
given country (Burkhard and Maes, 2017; Oteros-Rozas et al., 2018). In addition, regional 
biases could exist; for example, a regional citizen science platform that operates in 
northeast Spain (Catalonia) (www.ortnitho.cat) could increase biodiversity observations 
compared to the rest of the country. However, at the same time, this would demonstrate 
a particular interest in sharing biodiversity information in a region.

In this paper, we separately explore the non-material NCP categories by using 
different indicators, and each one is affected by HF in a different sense. Aggregating many 
contributions is useful for detecting general patterns, but more detailed studies that relate 
distinct indicators allow us to uncover not only intertwining NCP categories (Aguilera-
Alcalá et al., 2020), but also the underlying processes in the humans-nature relation.

CONCLUSIONS

Our results might contribute to understand the context for non-material NCP 
development. These findings could be included in decision-making processes to improve 
people´s accessibility to wildlife enjoyment as a positive societal valuation of biodiversity 
can positively impact and support future conservation programmes (Bennett, 2016; 
Lenda et al., 2020; Martín-López et al., 2009). As protected areas play an important 
role in this regard, proper management is essential to prevent crowding from being 
counterproductive for wildlife conservation. Future studies which aim to monitor 
the impact of the people who visit nature are key to properly manage these activities. 
Additionally, as non-material NCP tend to be context-dependent and strongly influenced 
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by local culture, new issues arise to assess whether these provision patterns are analogous 
to other regions and in other wildlife groups. 
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Red kite (Milvus milvus) and black kite (Milvus migrans)  
discussing in Pre-Pyrenees of Lleida.
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In the context of the current global environmental change, understanding 
human-wildlife relations is, more than ever, an urgent task. This includes 
investigating the impact of human activities on ecosystems, while 

acknowledging the multiple contributions that nature provides to people. By using 
different methodological approaches, the findings presented in this thesis may contribute 
to a better understanding of the wide array of pathways in which humans and scavengers 
interact, which has strong conservation ramifications. In doing so, it also pretends to 
stimulate further research on both old and new questions related to this promising topic. 
The way we address the present challenges for scavenger conservation will contribute to 
determine how humans will relate with scavengers in the future.

The conservation of scavenger species is closely related to several human activities, 
such as livestock farming and sport hunting, which eventually are chief drivers of the 
use of poison (Santangeli et al. 2016). Importantly, these activities appear to be declining 
in developed countries (Oteros-Rozas et al. 2013; Massei et al. 2015; De la Bodega et al. 
2020). This thesis has contributed to understand these issues. Livestock management has a 
direct impact on the conservation of scavenger species, especially for obligate scavengers, 
whose populations widely benefit from the carrion provided by extensive and intensive 
livestock (Margalida and Colomer 2012; Morales-Reyes et al. 2017). Also, the availability of 
livestock carrion in the field strongly shapes the use of foraging areas by highly mobile avian 
scavengers (Arrondo et al. 2018; González-Delgado et al. 2022). The findings from this 
dissertation support that the extensive livestock practices of transhumance affect the spatial 
foraging patterns of avian scavengers, even in those areas where pasturelands are small in 
size relative to vultures’ home range (Alarcón and Lambertucci 2018) (Aguilera-Alcalá et al. 
2021). Therefore, the current transition towards intensive livestock husbandry (Ilea 2009), 
abandoning the extensive one, may directly affect to the species whose populations depends 
on it if rewilding process are not properly managed. The recovery of wild ungulates in many 
European areas has been noticeable (Apollonio et al. 2010; Acevedo et al. 2011; Carpio et al. 
2021). However, if this increase does not compensate for the decline of extensive livestock 
farming in terms of carrion biomass availability and spatiotemporal arrangement, the 
scavenger populations may be affected.

Although poisoning has decreased in Spain in the last decades (De la Bodega et 
al. 2020), it still poses a worrying mortality risk for scavengers. To date, no experimental 
approaches have been carried out to contrast the diversity of species that are recorded 
as victims of poisoning with those that could potentially die from this illegal activity. 
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The findings presented in Chapter 2 of this thesis (Gil-Sánchez et al. 2021) shed light 
on this issue. The records in the official poisoning database have underestimated several 
facultative scavenger species as victims. These findings can be very useful to improve 
detection protocols for poisoned wildlife. Even more, considering that Spanish protocols 
are reference models for other European countries in the fight against poisoning (Silva et 
al. 2018), the improvements implemented here can be easily transferred to other areas.

The decline of these traditional activities goes together with changes in societal 
lifestyles, such as the abandonment of rural areas in favour of urban life (Llorent-Bedmar 
et al. 2021). This entails a polarisation in the perception of nature and its contributions to 
people. For example, rural people are more prone to recognise a higher diversity of nature 
contributions than urban people, probably because their own well-being is closely connected 
with nature (Martín-López et al. 2012). Urban people tends to be cognitively disconnected 
from the human dependence of environment, recognising preferentially non-material 
contributions of ecosystems (Martín-López et al. 2012). Therefore, the importance of non-
material contributions to people, such as those described in this thesis for the scavengers’ 
guild (Aguilera-Alcalá et al. 2020), will become increasingly recognised and valued.

Recreational experiences are among the most assessed non-material contributions 
(Kosanic and Petzold 2020), likely because nature-based tourism, such as birdwatching, 
is flourishing worldwide (Ma et al. 2013; Steven et al. 2014). Wildlife tourism arises as 
an opportunity to develop political and financial support for conservation programs of 
endangered species, not only scavengers (Becker et al. 2005; García-Jiménez et al. 2021), 
but also other species, such as mountain gorillas (Nielsen and Spenceley 2010), whales and 
turtles (Wilson and Tisdell 2003), and others (Buckley et al. 2012). However, other categories 
of non-material contributions that are also linked to people’s well-being, have received less 
research attention (Kosanic and Petzold 2020). Taking scavengers as example, recreation 
experiences are linked to charismatic species, often endangered, but other (non-threatened) 
species also play an important role in providing wider non-material contributions, which are 
very highlighted in aesthetic enjoyment experiences (Aguilera-Alcalá et al. 2020).

The non-material scavengers’ contributions addressed in this thesis, have been 
measured by different indicators that assess the perceiving human-nature experiences 
(Russell et al. 2013). These perceiving contributions are not necessarily mediated by living 
within nature (e.g., shepherds who directly benefit from the regulating contributions of 
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livestock carcass removal). Rather, non-material contributions can be perceived even by 
people from other places, such as tourists that travel or citizens that read dissemination 
magazines, being decoupled from the place in which originate. This means that the 
benefits to people’s well-being are extended far beyond their origin areas. The areas in 
which non-material contributions take place are mostly linked to natural environments, 
especially to protected areas (Chapter 4).

Therefore, the modern human-nature relations and the perceived contributions 
opens up a new paradigm that may condition future conservation challenges. For example, 
an excess of visitors in protected areas may cause disturbance to wildlife (Donázar et al. 2018; 
Perona et al. 2019), which would be disadvantageous to the provision of their contributions. 
Pristine areas, such as the Tibet, are currently threatened by increasing human pressures 
(Li et al. 2018), and the unregulated crowding of natural areas can diminish their positive 
perception (Taff et al. 2019). In short, future conservation concerns will have to harmonise 
the provision of non-material contributions and the conservation of ecosystems in order to 
achieve a sustainable coexistence between humans and natural elements.

CONSIDERATIONS AND FUTURE PERSPECTIVES

During the development of this thesis, some limitations have been identified that 
should be considered for future research. The effect of transhumant livestock presence 
on scavengers has been addressed on summering areas of southern Spain. However, the 
foraging behaviour of scavengers in the livestock’s wintering areas remains unexplored. 
The wintering areas of the transhumant herds considered in Chapter 1 are scattered along 
Sierra Morena mountains, making the assessment of the scavenger response unclear. 
Therefore, it would be desirable to extend this work to larger areas in order to explore how 
transhumance affects scavenger foraging behaviour in the two different areas according 
to seasons. In addition, if the decline of extensive livestock farming continues, rewilding 
processes will need to be monitored to ensure that these transitions do not jeopardise the 
population dynamics of scavengers.

The database of poisoned wildlife has the limitation that data collection comes 
from heterogeneous sources, and, also, the detection efforts of poisoning episodes are 
variable among administrative regions. However, this heterogeneity could be adjusted 
by developing spatial modelling to describe the risk of poisoning in future research. 
Yet, the available information has great potential that deserves to be explored in depth. 
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For example, spatially explicit information about poisoning episodes would allow the 
creation of mortality risk maps on a national scale, which can be matched with the 
movement patterns of the griffon vultures tracked in Chapter 1 (Aguilera-Alcalá et al. 
2021), and then, to detect priority areas for anti-poisoning surveillance. Furthermore, 
the mortality risk mapping could be assessed in comparison with the non-material 
contribution mapping developed in Chapter 4 to identify areas with potential loss of 
contributions to people. Furthermore, the development of non-material contribution 
mapping, addressed in Chapter 4, opens up the opportunities to explore synergies and 
trade-offs with regard to previous research on the regulating contributions provided by 
scavengers (e.g. Morales-Reyes et al. 2015; Morales-Reyes et al. 2017).

Data mined from social media arise as an important source of information to study 
human-nature interactions (Di Minin et al. 2015), although it has certain limitations that 
need to be considered in the interpretation of the results found. Internet users’ profile 
is biased to young people (Schwartz et al. 2013), to urban profiles (Oteros-Rozas et al. 
2018), and even to certain administrative regions, as we noticed in the observations 
of scavengers assessed in Chapter 4. Therefore, according to the research question 
under consideration, it would be desirable to contemplate complementary methods 
to help unravel the perception about nature contributions by different stakeholders 
(Martín-López et al. 2012). Thus, new approaches are needed to assess the non-material 
scavengers’ contributions to those stakeholders not captured by data mining from the 
internet (employed on Chapter 3 & 4). For example, recently, some approaches that assess 
non-material scavengers’ contribution by interviews to wildlife watching tourist have 
emerged (García-Jiménez et al. 2022), and further studies could cover the contributions 
perceived by other stakeholders, especially of those who have an impact on scavengers’ 
conservation derived from their activities, such as hunters, farmers or wildlife managers.

Evaluations of social perception about wildlife have shown that news about human-
scavenger conflicts in the media and social networks boosts the negative perception of the 
species, even when it is not promoted by empirical conflicts (Fernández-Gil et al. 2016; 
Lambertucci et al. 2021). Therefore, highlighting the benefits provided by scavengers, 
such as those described in this thesis (Aguilera-Alcalá et al. 2020; Chapter 4), could 
provide new arguments to improve the social perception about these species. Thus, it 
would be desirable to communicate, in the media, the importance of these species to 
sustain healthy ecosystems and human well-being, to encourage the social support for 
conservation policies, and to alleviate future potential conflicts.
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Humans are constantly undergoing changes that influence the conservation of 
nature. We encourage that further research should evaluate not only how environmental 
changes affect biodiversity, but also how these changes affect humans’ relations with 
nature, and thus human well-being, from a multidisciplinary approach, including 
environmental, sociological, and anthropological dimensions. These assessments will 
provide empirical information that will help to shape human-wildlife coexistence in 
human dominated ecosystems.
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Photo by Pilar Oliva Vidal.
Bearded vulture (Gypaetus barbatus) in Pyrenees of Lleida.
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CONCLUSIONS

I Despite the widespread decline of extensive livestock farming, the presence 
of transhumant herds still has an effect in the foraging activity of obligate 

scavengers in southeastern Spain. Preserving traditional, as opposed to industrial, 
farming systems may contribute to biodiversity conservation.

II Official databases about wildlife poisoning in Spain are biased, with several 
facultative scavenger species being underrepresented. More exhaustive 

monitoring of poison detection protocols is needed in order to be able to estimate the 
real impact of this activity, and to establish the appropriate corrective measures.

III In Spain, scavengers play a major role in providing different non-material 
contributions to people, such as aesthetic enjoyment, recreational 

activities, contribution to knowledge for both society and the scientific community, and 
supporting identity. These contributions are mediated both by the ecological traits of the 
species and by the sociocultural context of the stakeholders.

IV The scavengers’ non-material contributions are heterogeneously 
distributed throughout peninsular Spain. In particular, they are linked 

to natural areas, specially to National Parks, so that proper management of these areas is 
essential to ensure that human presence does not compromise scavenger populations and 
the provision of their contributions.

V	 The poisoning of wildlife and the abandonment of traditional livestock 
practices in favour to more intensive ones can be a threat not only to 

scavenger populations, but also to the important and diverse non-material contributions 
that scavengers provide to society.
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CONCLUSIONES

I Pese al declive generalizado de la ganadería extensiva, la presencia de rebaños 
trashumantes todavía tiene un efecto en el uso del espacio por parte de los 

carroñeros obligados en el sureste de España. Preservar los sistemas agroganaderos 
tradicionales, frente a los más industrializados, puede contribuir a la conservación de la 
biodiversidad.

II Las bases de datos oficiales sobre envenenamiento de fauna silvestre en 
España presentan sesgos, estando infrarrepresentadas algunas especies de 

carroñeros facultativos. Se hace necesaria una vigilancia más exhaustiva en los protocolos 
de detección de veneno, con el fin de poder estimar el impacto real de esta actividad y 
establecer las medidas correctoras oportunas.

III En España, los carroñeros desempeñan un papel importante en la 
provisión de diferentes contribuciones no materiales para las personas, 

como el disfrute estético, las actividades recreativas, la contribución al conocimiento para 
la sociedad y para la comunidad científica, y son base para la construcción de identidades. 
Estas contribuciones se relacionan tanto con los rasgos ecológicos de las especies como 
con el contexto sociocultural de los agentes implicados.

IV La provisión de contribuciones no materiales por parte de las especies 
carroñeras se distribuye heterogéneamente a lo largo de la España 

peninsular. En particular, está vinculada a los espacios naturales, especialmente a los 
parques nacionales, por lo que una gestión adecuada de estos espacios es esencial para 
que la presencia humana no perjudique ni a las poblaciones de carroñeros ni a la provisión 
de sus contribuciones.

V El envenenamiento de fauna silvestre y el abandono de las prácticas 
ganaderas tradicionales por otras más intensivas pueden ser una amenaza 

no solo para las poblaciones de carroñeros, sino también para las importantes y diversas 
contribuciones no materiales que éstos proporcionan a la sociedad.
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Photo by Pilar Oliva Vidal.
Griffon vulture (Gyps fulvus) and Egyptian vulture (Neophron percnopterus)  
in Pre-Pyrenees of Lleida
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Annexes

SUPPLEMENTARY MATERIAL TO CHAPTER 1:
THE VALUE OF TRANSHUMANCE FOR BIODIVERSITY 
CONSERVATION: VULTURE FORAGING IN RELATION TO 
LIVESTOCK MOVEMENTS

THIS MATERIAL INCLUDES:

Table S1. GPS device settings and time elapsed between consecutive locations.

Table S2. Details of griffon vultures tagged and tracking.
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Table S1. GPS device settings and time elapsed between consecutive locations. Devices were activated 
one hour before sunrise and turned off one hour after sunset. High-performance settings were active 
continuously except if we detected a low battery status for several days. We then activated the low-
performance setting until the battery recovered normal status. During the study period, the time 
between consecutive locations ranged from 5 seconds to 14.9 h with a median of 5 min.

Battery status

Full Non-full
Close to security 
level

Under security 
level

Low-performance setting 10 min 30 min 1 h 1 day
High-performance setting 5 min 20 min 30 min 1 day
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Table S2. Details of griffon vultures tagged and tracking. The table shows fixes recorded during the 
period 2015-2018, the number of monitored months and the number of breeding years for each tagged 
individual.

Individual Sex No. fixes No. months No. breeding years

L73 Male 35539 49 4
L8J Male 5552 45 1
T00 Female 11043 49 4
T01 Female 10185 45 3
T02 Male 14850 22 2
T03 Male 6764 40 3
T05 Male 49161 49 4
T06 Male 8965 9 0
T07 Male 3177 14 1
T08 Female 22062 47 4
T09 Male 42442 49 4
T0A Male 20769 46 3
T0C Male 56490 49 3
T0H Male 31780 49 1
T0J Female 37920 49 3
T0L Male 11991 9 0
T0U Female 18603 25 2
T0V Male 5551 43 3
T0W Female 9778 14 2
T0X Male 15831 22 2
T10 Female 6030 11 1
T11 Male 21468 49 0
T12 Male 8197 33 3
T14 Male 6747 43 1
T15 Female 36000 49 3
T16 Male 779 33 1
T17 Male 22698 49 0
T19 Female 9471 23 2
T1C Female 5751 32 3
T1J Female 20640 49 3
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SUPPLEMENTARY MATERIAL TO CHAPTER 2:
BIASES IN THE DETECTION OF INTENTIONALLY POISONED 
ANIMALS: PUBLIC HEALTH AND CONSERVATION 
IMPLICATIONS FROM A FIELD EXPERIMENT

THIS MATERIAL INCLUDES:

Table S1. Species traits considered in the GLMM.

Table S2. Species and individuals recorded in the “Antídoto Program” database and 
observed feeding upon baits in the field experiment, by study area.

Table S3. AICc-based model selection.
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Table S3. AICc-based model selection to assess the effect of study area (random factor) and weight, 
color, mobility, sociality, and conservation status of the species on the difference between a) the number 
of poisoned individuals included in the “Antídoto Program” database and b) the number of individuals 
recorded consuming the baits in the field experiment. Number of estimated parameters (k), AICc 
values, AICc differences (delta-AICc) with the highest ranked model (i.e., the one with the lowest 
AICc), and the variability of the response variable that is explained by the fixed factors (R2) are shown. 
The selected model is in bold.

Model k AICc delta-AICc marginal R2
weight + color + mobility (+ 1|area) 4 721.6 0 19.69
weight + color + mobility + status (+ 1|area) 5 723.8 2.21
weight + color + mobility + sociality (+ 1|area) 5 723.9 2.28
weight + color (+ 1|area) 3 724.5 2.88
weight (+ 1|area) 2 725.9 4.31
weight + mobility (+ 1|area) 3 726.0 4.38
weight + color + sociality (+ 1|area) 4 726.1 4.50
weight + color + mobility + sociality + status (+ 1|area) 6 726.2 4.55
weight + color + status (+ 1|area) 4 726.7 5.09
weight + mobility + sociality (+ 1|area) 4 728.1 6.51
weight + mobility + status (+ 1|area) 4 728.1 6.51
weight + sociality (+ 1|area) 3 728.1 6.51
weight + status (+ 1|area) 3 728.2 6.52
weight + color + sociality + status (+ 1|area) 5 728.4 6.73
weight + mobility + sociality + status (+ 1|area) 5 730.2 8.57
weight + sociality + status (+ 1|area) 4 730.4 8.77
color + sociality (+ 1|area) 3 731.7 10.04
color + mobility + sociality (+ 1|area) 4 732.5 10.89
color + mobility (+ 1|area) 3 733.4 11.81
color + sociality + status (+ 1|area) 4 733.5 11.88
color (+ 1|area) 2 733.6 11.95
color + mobility + sociality + status (+ 1|area) 5 734.7 13.03
color + status (+ 1|area) 3 735.3 13.71
color + mobility + status (+ 1|area) 4 735.6 13.94
(1|area) 1 737.2 15.53
sociality (+ 1|area) 2 737.7 16.04
mobility (+ 1|area) 2 739.1 17.50
status (+ 1|area) 2 739.1 17.50
sociality + status (+ 1|area) 3 739.7 18.08
mobility + sociality (+ 1|area) 3 739.8 18.21
mobility + status (+ 1|area) 3 741.2 19.53
mobility + sociality + status (+ 1|area) 4 742.0 20.33  
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SUPPLEMENTARY MATERIAL TO CHAPTER 3:
ROLE OF SCAVENGERS IN PROVIDING NON-MATERIAL 
CONTRIBUTIONS TO PEOPLE

THIS MATERIAL INCLUDES:

Appendix A. Search strings used in this study.

Appendix B. List of references of the scientific articles included in the review.

Appendix C. Detailed description of the calculation of indicators and indices.

Figure C1. Graphical description of the indices calculation.

Appendix D. Supplementary tables.

Table D1. List of scavenger species included in this study and traits used as 
explanatory variables in the canonical correspondence analysis.

Table D2. List of functional traits for which data were collected on the scavenger 
species. 

Table D3. Summary statistics and results of the canonical correspondence analysis 
showing the associations between the indices representing non-material 
nature’s contributions to people (NCP) provided by scavenger species and 
the ecological variables.
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APPENDIX A. 
SEARCH STRINGS USED IN THIS STUDY

Search string for webs offering wildlife watching tours in Google

Species Search string

Aegypius 
monachus

”black vulture” OR “cinereous vulture” OR “Aegypius monachus” AND 
“wildlife watching” AND “Spain”

Gypaetus barbatus “bearded vulture” OR ”lammergeier” OR “Gypaetus barbatus” AND 
”wildlife watching” AND “Spain”

Gyps fulvus ”griffon vulture” OR “Gyps fulvus” AND “wildlife watching” AND “Spain”
Neophron 
percnopterus

”egyptian vulture” OR “Neophron percnopterus” AND “wildlife watching” 
AND “Spain”

Aquila adalberti “imperial eagle” OR Adalbert’s eagle” OR “Aquila adalberti” AND “wildlife 
watching” AND “Spain”

Aquila chrysaetos “golden eagle” OR “Aquila chrysaetos” AND “wildlife watching” AND 
“Spain”

Milvus migrans “black kite” OR “Milvus migrans” AND “wildlife watching” AND “Spain”
Milvus milvus “red kite” OR “Milvus milvus” AND “wildlife watching” AND “Spain”
Buteo buteo “common buzzard” OR eurasian buzzard” OR “Buteo buteo” AND “wildlife 

watching” AND “Spain”
Circus aeruginosus “marsh harrier” OR “Circus aeruginosus” AND “wildlife watching” AND 

“Spain”
Corvus corax “raven” OR “Corvus corax” AND wildlife watching” AND “Spain”
Corvus corone “carrion crow” OR “Corvus corone” AND “wildlife watching” AND “Spain”
Pica pica “magpie” OR “Pica pica” AND “wildlife watching” AND “Spain”
Canis lupus “gray wolf ” OR “wolf ” OR “Canis lupus” AND “wildlife watching” AND 

“Spain”
Ursus arctos “brown bear” OR “Ursus arctos” AND “wildlife watching” AND “Spain”
Vulpes vulpes “red fox” OR fox” OR “Vulpes vulpes” AND “wildlife watching” AND 

“Spain”
Martes foina “stone marten” OR “beech marten” OR “Martes foina” AND “wildlife 

watching” AND “Spain”
Martes martes “pine marten” OR “Martes martes” AND “wildlife watching” AND “Spain”
Genetta genetta “common genet” OR “Genetta genetta” AND “wildlife watching” AND 

“Spain”
Meles meles “eurasian badger” OR badger” OR “Meles meles” AND “wildlife watching” 

AND “Spain”
Herpestes 
ichneumon

“egyptian mongoose” OR “Herpestes ichneumon” AND “wildlife watching” 
AND “Spain”

Sus scrofa “wild boar” OR “Sus scrofa” AND “wildlife watching” AND “Spain”
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Search string for Web of Science

Search data: 12/06/2017

Topic: “scaveng*” OR “vulture” OR “Gypaetus barbatus” OR “Gyps fulvus” OR “Neophron 
percnopterus” OR “Aegypius monachus” OR “Aquila chrysaetos” OR “Aquila 
adalberti” OR “Milvus migrans” OR “Milvus milvus” OR “Buteo buteo” OR “Circus 
aeruginosus” OR “Corvus corax” OR “Pica pica” OR “Corvus corone” OR “Canis 
lupus” OR “Ursus arctos” OR “Vulpes vulpes” OR “Martes foina” OR “Martes 
martes” OR “Genetta genetta” OR “Meles meles” OR “Herpestes ichneumon” OR 
“Sus scrofa”

Topic: “Spain”

Refined by:

Type of document: article

Language: English

Research area: biodiversity conservation

Time period: 2000-2016.
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APPENDIX B. 
LIST OF REFERENCES OF THE SCIENTIFIC ARTICLES 
INCLUDED IN THE REVIEW.

Acevedo, P., Farfán, M.Á., Márquez, A.L., Delibes-
Mateos, M., Real, R., Vargas, J.M., 2011. 
Past, present and future of wild ungulates in 
relation to changes in land use. Landsc. Ecol. 
26, 19–31. https://doi.org/10.1007/s10980-
010-9538-2

Acevedo, P., González-Quirós, P., Prieto, J.M., 
Etherington, T.R., Gortázar, C., Balseiro, A., 
2014a. Generalizing and transferring spatial 
models: A case study to predict Eurasian 
badger abundance in Atlantic Spain. Ecol. 
Modell. 275, 1–8. https://doi.org/10.1016/j.
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Acevedo, P., Quirós-Fernández, F., Casal, J., 
Vicente, J., 2014b. Spatial distribution of 
wild boar population abundance: Basic 
information for spatial epidemiology 
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APPENDIX C. 
DETAILED DESCRIPTION OF THE CALCULATION OF 
INDICATORS AND INDICES

An index was created for each source of information by species: photography, wildlife-
based tourism, outreach magazines, the GBIF, scientific articles and Google Trends. The 
indices were created transforming the indicators measured. The 12 indicators were scaled 
between 0 and 1. Assigning value 1 to the species with greater value for the indicator 
and pondering the value for the rest of the species. For those source of information for 
which more than one indicator was measured (i.e. photography, wildlife-based tourism, 
outreach magazines and the GBIF; Table 1), we summed up the scaled indicators which 
constitute them, giving a value comprising between 0-3 for those sources of information 
with 3 indicators (photography and outreach magazines), and giving a value comprising 
between 0-2 for the sources of information with 2 indicators (wildlife-based tourism and 
the GBIF). Then, the resulting sum was scaled between 0 and 1, assigning value 1 to the 
species with greater value for the sum of indicators and pondering the rest.

Case with 3 indicators (I) measured by source of information: 
	 IA+IB+IC = 0-3 → Index 0-1

Case with 2 indicators (I) measured by source of information:
	 IA+IB = 0-2 → Index 0-1

Figure C1. Graphical description of the index’s calculation.
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APPENDIX D. 
SUPPLEMENTARY TABLES

Table D1. List of scavenger species included in this study and traits used as explanatory variables in the 
canonical correspondence analysis. 

Common 
name

Scientific 
name

Taxonomic 
group

Conservation 
status

Body 
mass

Foraging 
activity

Home 
range Fecundity

Diel 
activity

Bearded 
vulture

Gypaetus 
barbatus

vultures 1 1.95 0 4 1.1 diurnal

Griffon 
vulture

Gyps fulvus vultures 0 2.25 1 4 0.69 diurnal

Egyptian 
vulture

Neophron 
percnopterus

vultures 1 1.1 0 4 1.1 diurnal

Cinereous 
vulture

Aegypius 
monachus

vultures 1 2.38 1 4 0.69 diurnal

Golden eagle Aquila 
chrysaetos

other 
raptors

0 1.61 0 2 1.39 diurnal

Spanish 
imperial 
eagle

Aquila 
adalberti

other 
raptors

1 1.39 0 2 1.61 diurnal

Black kite Milvus 
migrans

other 
raptors

0 0.56 1 1 1.61 diurnal

Red kite Milvus 
milvus

other 
raptors

1 0.69 1 1 1.61 diurnal

Common 
buzzard

Buteo buteo other 
raptors

0 0.55 0 1 1.79 diurnal

Western 
marsh harrier

Circus 
aeruginosus

other 
raptors

0 0.47 0 1 2.08 diurnal

Raven Corvus corax corvids 0 1.1 1 1 2.2 diurnal
Carrion crow Corvus 

corone
corvids 0 0.47 1 1 2.08 diurnal

Magpie Pica pica corvids 0 0.22 1 1 2.3 diurnal
Gray wolf Canis lupus mammals 0 3.43 1 3 2.4 nocturnal
Brown bear Ursus arctos mammals 1 4.94 0 3 0.92 both
Red fox Vulpes 

vulpes
mammals 0 1.95 0 2 2.56 both

Stone marten Martes foina mammals 0 0.79 0 2 2.2 nocturnal
Pine marten Martes 

martes
mammals 0 1.06 0 2 2.2 nocturnal

Common 
genet

Genetta 
genetta

mammals 0 1.06 0 1 1.61 nocturnal

Eurasian 
badger

Meles meles mammals 0 2.12 0 2 1.79 nocturnal

Egyptian 
mongoose

Herpestes 
ichneumon

mammals 0 1.45 0 1 1.61 diurnal

Wild boar Sus scrofa mammals 0 3.99 1 2 2.3 nocturnal
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Species detected in the monitoring of the consumption of carcasses using cameras traps. 
See García-Heras et al., (2011), Mateo-Tomás et al., (2015), Sebastián-González et al., 
(2016) for a more detailed description of the monitoring and the study areas. Based on 
Morales-Reyes et al., (2018). Conservation status (1 = threatened species: i.e., listed as 
‘Critically Endangered’, ‘Endangered’ or ‘Vulnerable’; 0 = non-threatened species: i.e., 
listed as ‘Near Threatened’ or ‘Least Concern’) according to IUCN (2017). See Table D.2 
for a detailed description of functional traits. 
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Table D2. List of functional traits for which data were collected on the scavenger species. Based on 
Luck et al., (2012).

Characteristics Description

Body mass Average adult (female and male) weight, in kg. Ln (x+1) transformation 
was applied to avoid heteroskedasticity

Foraging activity Foraging in large groups, i.e., social (1); foraging alone or in pairs, i.e., 

Home range

Fecundity

Diel activity

solitary (0)
Adult home range normally <10 km2 (1); 10-100 km2 (2); 100-1000 km2 
(3); >1000 km2 (4)
Maximum number of offspring per female and year. Ln (x+1) 
transformation was applied to avoid heteroskedasticity
Mostly nocturnal (nocturnal); mostly diurnal (diurnal); both nocturnal 
and diurnal (both)
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Table D3. Summary statistics and results of the canonical correspondence analysis (CCA) showing 
the associations between the indices representing non-material nature’s contributions to people (NCP) 
provided by scavenger species and the ecological variables (i.e. conservation status, taxonomic group, 
and functional traits). 

  Axis 1 Axis 2 Axis 3

Indices of non-material NCP

 Outreach magazines -0.635 -0.383 0.067
 Photography 0.230 -0.052 -0.150
 Wildlife-based tourism -0.320 -0.150 0.111
 Google Trends -0.817 0.998 0.125
 The GBIF 0.617 0.072 0.341
 Scientific articles 0.090 0.173 -0.254

Conservation status

 Threatened -0.205 -0.214 -0.019

Taxonomic group

 Vultures -0.027 -0.140 0.041
 Raptors 0.037 -0.079 0.017
 Corvids 0.177 0.034 0.074
 Mammals -0.111 0.167 -0.092

Functional traits

 Body mass -0.299 0.085 0.000
 Foraging act-social -0.007 0.144 0.144

 Range -0.230 -0.092 0.039
 Fecundity 0.011 0.212 -0.027
 Diel act-both -0.048 -0.060 -0.019
 Diel act-diurnal 0.125 -0.161 0.076
 Diel act-nocturnal -0.101 0.212 -0.069

Species

 Aegypius monachus -0.202 -0.273 0.165

 Gypaetus barbatus -0.300 -0.331 -0.166

 Gyps fulvus 0.301 -0.079 0.307

 Neophron percnopterus -0.179 -0.440 -0.097

 Aquila adalberti -0.560 -0.349 -0.060

 Aquila chrysaetos -0.037 -0.167 0.073
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  Axis 1 Axis 2 Axis 3

 Circus aeruginosus 0.330 0.012 -0.132

 Buteo buteo 0.412 -0.054 -0.112

 Milvus migrans 0.496 0.010 0.232

 Milvus milvus -0.007 -0.184 0.090

 Corvus corax 0.497 0.173 0.197

 Corvus corone 0.625 0.060 0.259

 Pica pica 0.590 0.085 0.260

 Canis lupus -0.672 0.411 0.145

 Ursus arctos -0.550 -0.374 -0.050

 Vulpes vulpes 0.260 0.026 -0.057

 Martes foina 0.166 0.053 -0.188

 Martes martes 0.128 0.088 -0.210

 Genetta genetta 0.744 0.078 -0.394

 Meles meles 0.109 0.117 -0.260

 Herpestes ichneumon 0.428 0.194 -0.516

 Sus scrofa -0.294 0.602 -0.128

CCA statistics

 Explained variation (%) 56.167 25.624 11.952
 Cumulative explained variation (%) 56.167 81.791 93.743

Factor score of response (i.e., indices of non-material NCP), explanatory variables (i.e., 
conservation status, taxonomic group, and functional traits) and species are shown in the 
first three axes. Bold font indicates the highest squared cosines (>0.4) for the response 
variables and the significant regression coefficients for the explanatory variables. The 
eigenvalues for the first three CCA axes were significant (Monte Carlo permutation test 
with 500 iterations; P < 0.0001). Additional information of response and explanatory 
variables are shown in Tables 1 and D.1 in Appendix D. Graphical representation of 
results in Figure 3.

Table D3. (Cont.)
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SUPPLEMENTARY MATERIAL FOR:
MAPPING THE LARGE-SCALE NON-MATERIAL 
CONTRIBUTIONS OF SCAVENGERS REVEALS THE 
IMPORTANCE OF PROTECTED AREAS 

THIS MATERIAL INCLUDES:

Table S1. List of Spanish scavenger species included in this study.

Table S2. Search string for webs offering wildlife watching tours in Google.

Table S3. Selected generalized linear models (GLMs).
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Table S1. List of Spanish scavenger species included in this study. Species detected consuming 
carcasses monitored by cameras traps (see García-Heras et al. 2011, Mateo-Tomás et al. 2015, Sebastián-
González et al. 2016 for a more detailed description of the monitoring methodology and the study 
areas). Based on Morales-Reyes et al., 2018.

Common name Scientific name Taxonomic group

Bearded vulture Gypaetus barbatus vultures

Griffon vulture Gyps fulvus vultures

Egyptian vulture Neophron percnopterus vultures

Cinereous vulture Aegypius monachus vultures

Golden eagle Aquila chrysaetos other raptors

Spanish imperial eagle Aquila adalberti other raptors

Black kite Milvus migrans other raptors

Red kite Milvus milvus other raptors

Common buzzard Buteo buteo other raptors

Western marsh harrier Circus aeruginosus other raptors

Raven Corvus corax non-raptor birds

Carrion crow Corvus corone non-raptor birds

Magpie Pica pica non-raptor birds

Gray wolf Canis lupus mammals

Brown bear Ursus arctos mammals

Red fox Vulpes vulpes mammals

Stone marten Martes foina mammals

Pine marten Martes martes mammals

Common genet Genetta genetta mammals

Eurasian badger Meles meles mammals

Egyptian mongoose Herpestes ichneumon mammals

Wild boar Sus scrofa mammals



237

Annexes

Ta
bl

e S
2.

 S
ea

rc
h 

st
ri

ng
 fo

r w
eb

s o
ffe

ri
ng

 w
ild

lif
e w

at
ch

in
g 

to
ur

s i
n 

G
oo

gl
e.

Sp
ec

ie
s

Se
ar

ch
 st

ri
ng

Ae
gy

pi
us

 m
on

ac
hu

s
”b

la
ck

 v
ul

tu
re

” O
R 

“c
in

er
eo

us
 v

ul
tu

re
” O

R 
“A

eg
yp

iu
s m

on
ac

hu
s”

 A
N

D
 “w

ild
lif

e w
at

ch
in

g”
 A

N
D

 “S
pa

in
”

Gy
pa

et
us

 b
ar

ba
tu

s
“b

ea
rd

ed
 v

ul
tu

re
” O

R 
”l

am
m

er
ge

ie
r”

 O
R 

“G
yp

ae
tu

s b
ar

ba
tu

s”
 A

N
D

 ”w
ild

lif
e w

at
ch

in
g”

 A
N

D
 “S

pa
in

”

Gy
ps

 fu
lv

us
”g

riff
on

 v
ul

tu
re

” O
R 

“G
yp

s f
ul

vu
s”

 A
N

D
 “w

ild
lif

e w
at

ch
in

g”
 A

N
D

 “S
pa

in
”

N
eo

ph
ro

n 
pe

rc
no

pt
er

us
”e

gy
pt

ia
n 

vu
ltu

re
” O

R 
“N

eo
ph

ro
n 

pe
rc

no
pt

er
us

” A
N

D
 “w

ild
lif

e w
at

ch
in

g”
 A

N
D

 “S
pa

in
”

Aq
ui

la
 a

da
lb

er
ti

“i
m

pe
ria

l e
ag

le”
 O

R 
Ad

al
be

rt’
s e

ag
le”

 O
R 

“A
qu

ila
 ad

al
be

rt
i” 

A
N

D
 “w

ild
lif

e w
at

ch
in

g”
 A

N
D

 “S
pa

in
”

Aq
ui

la
 ch

ry
sa

et
os

“g
ol

de
n 

ea
gl

e”
 O

R 
“A

qu
ila

 ch
ry

sa
et

os
” A

N
D

 “w
ild

lif
e w

at
ch

in
g”

 A
N

D
 “S

pa
in

”

M
ilv

us
 m

ig
ra

ns
“b

la
ck

 k
ite

” O
R 

“M
ilv

us
 m

ig
ra

ns
” A

N
D

 “w
ild

lif
e w

at
ch

in
g”

 A
N

D
 “S

pa
in

”

M
ilv

us
 m

ilv
us

“r
ed

 k
ite

” O
R 

“M
ilv

us
 m

ilv
us

” A
N

D
 “w

ild
lif

e w
at

ch
in

g”
 A

N
D

 “S
pa

in
”

Bu
te

o 
bu

te
o

“c
om

m
on

 b
uz

za
rd

” O
R 

eu
ra

sia
n 

bu
zz

ar
d”

 O
R 

“B
ut

eo
 b

ut
eo

” A
N

D
 “w

ild
lif

e w
at

ch
in

g”
 A

N
D

 “S
pa

in
”

Ci
rc

us
 a

er
ug

in
os

us
“m

ar
sh

 h
ar

rie
r”

 O
R 

“C
irc

us
 ae

ru
gi

no
su

s”
 A

N
D

 “w
ild

lif
e w

at
ch

in
g”

 A
N

D
 “S

pa
in

”

Co
rv

us
 co

ra
x

“r
av

en
” O

R 
“C

or
vu

s c
or

ax
” A

N
D

 w
ild

lif
e w

at
ch

in
g”

 A
N

D
 “S

pa
in

”

Co
rv

us
 co

ro
ne

“c
ar

rio
n 

cr
ow

” O
R 

“C
or

vu
s c

or
on

e”
 A

N
D

 “w
ild

lif
e w

at
ch

in
g”

 A
N

D
 “S

pa
in

”

Pi
ca

 p
ica

“m
ag

pi
e”

 O
R 

“P
ic

a p
ic

a”
 A

N
D

 “w
ild

lif
e w

at
ch

in
g”

 A
N

D
 “S

pa
in

”

Ca
ni

s l
up

us
“g

ra
y 

w
ol

f”
 O

R 
“w

ol
f”

 O
R 

“C
an

is 
lu

pu
s”

 A
N

D
 “w

ild
lif

e w
at

ch
in

g”
 A

N
D

 “S
pa

in
”

Ur
su

s a
rc

to
s

“b
ro

w
n 

be
ar

” O
R 

“U
rs

us
 ar

ct
os

” A
N

D
 “w

ild
lif

e w
at

ch
in

g”
 A

N
D

 “S
pa

in
”

Vu
lp

es
 v

ul
pe

s
“r

ed
 fo

x”
 O

R 
fo

x”
 O

R 
“V

ul
pe

s v
ul

pe
s”

 A
N

D
 “w

ild
lif

e w
at

ch
in

g”
 A

N
D

 “S
pa

in
”

M
ar

te
s f

oi
na

“s
to

ne
 m

ar
te

n”
 O

R 
“b

ee
ch

 m
ar

te
n”

 O
R 

“M
ar

te
s f

oi
na

” A
N

D
 “w

ild
lif

e w
at

ch
in

g”
 A

N
D

 “S
pa

in
”

M
ar

te
s m

ar
te

s
“p

in
e m

ar
te

n”
 O

R 
“M

ar
te

s m
ar

te
s”

 A
N

D
 “w

ild
lif

e w
at

ch
in

g”
 A

N
D

 “S
pa

in
”



238

Annexes

Sp
ec

ie
s

Se
ar

ch
 st

ri
ng

G
en

et
ta

 ge
ne

tta
“c

om
m

on
 g

en
et

” O
R 

“G
en

et
ta

 g
en

et
ta”

 A
N

D
 “w

ild
lif

e w
at

ch
in

g”
 A

N
D

 “S
pa

in
”

M
ele

s m
ele

s
“e

ur
as

ia
n 

ba
dg

er
” O

R 
ba

dg
er

” O
R 

“M
el

es
 m

el
es

” A
N

D
 “w

ild
lif

e w
at

ch
in

g”
 A

N
D

 “S
pa

in
”

H
er

pe
ste

s i
ch

ne
um

on
“e

gy
pt

ia
n 

m
on

go
os

e”
 O

R 
“H

er
pe

ste
s i

ch
ne

um
on

” A
N

D
 “w

ild
lif

e w
at

ch
in

g”
 A

N
D

 “S
pa

in
”

Su
s s

cr
of

a
“w

ild
 b

oa
r”

 O
R 

“S
us

 sc
ro

fa”
 A

N
D

 “w
ild

lif
e w

at
ch

in
g”

 A
N

D
 “S

pa
in

”

Ta
bl

e S
2.

  (
C

on
t.)



239

Annexes

Table S3. Selected generalized linear models (GLMs) showing the effects of protected areas (PA), 
human footprint (HF) and scavenger species richness (Richness) on photography, photography hotspot, 
tourism, tourism hotspot, observation, observation hotspot and total non-material NCP hotspots. The 
estimate of the parameters (including the sign), the standard error of the parameters (SE) and the 
degrees of freedom (df) are shown.

Response variable Model Parameter Estimate SE df

Photography PA + HF + Richness Intercept -5.3920 0.2622 5
PA 0.9289 0.1410
HF 0.0564 0.0081
Richness 0.2826 0.0224

Photography hotspot PA + HF + Richness Intercept -6.1845 0.3379 4
PA 0.6689 0.1586
HF 0.0105 0.0109
Richness 0.2748 0.0269

Observation PA + HF + Richness Intercept -3.0867 0.1803 5
PA 1.5912 0.1178
HF 0.0874 0.0064
Richness 0.2212 0.0164

Observation hotspot PA + HF + Richness Intercept -5.6730 0.2780 4
PA 1.5902 0.1409
HF 0.0643 0.0075
Richness 0.1288 0.0224

Tourism PA + HF + Richness Intercept -3.0990 0.1732 5
PA 1.5422 0.0968
HF -0.0176 0.0065
Richness 0.1608 0.0153

Tourism hotspot PA + HF + Richness Intercept -4.2555 0.2182 4
PA 1.4878 0.1081
HF -0.0428 0.0089
Richness 0.1984 0.0181

Non-material NCP hotspot PA + HF + Richness Intercept -4.6528 0.2076 4
PA 1.4231 0.1010
HF -0.0029 0.0071
Richness 0.2162 0.0171
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