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Caballos, asnos y onagros se repartian el espacio y el alimento en las tierras bajas;
muflones, rebecos y cabras monteses se dividian los terrenos mas altos. Los
antilopes saiga recorrian las planicies. [...] venados de todas las variedades, desde el
gamo manchado Yy el timido corzo al alce, el ciervo y el reno.

J.M. Auel. Las llanuras del transito
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SUMMARY

Ecosystem functioning includes all cycling materials and energy, the interactions
among organisms and the abiotic system. This functioning has been modified due to
human activities, especially the biodiversity, which has provoked alterations of
interactions among species. Currently the scientific community has recognized a
biodiversity crisis because of human activities, which could affect negatively to
human wellbeing by means of losing ecosystems and its components. All those
benefits that people obtain from ecosystems are ecosystem services (ES), as for

example food, tools, maintenance of habitats or even cultural aspects.

Historically, our species has been linked to many species and among them ungulates
deserve a chapter of their own. Ungulates are animal species closely related with
human societies. Relations between humans and wild ungulates vary depending of the
context. In developing countries ungulate populations are declining whereas in
developed countries they are increasing in abundance and distribution. This rewilding
process has contributed to the rise negative interactions between humans and between
wild ungulates, as for example agriculture or silviculture damage. To avoid or mitigate
these conflicts people use different management tools such as fencing or
supplementary feeding. So, research about ungulates and their relations with people

should be done from a social-ecological perspective.

This thesis focuses on the human-ungulate relations, both positive and negative
interactions, and the evaluation of management tools employed to mitigate those
negative impacts. Specifically this thesis aims to assess: i) the state of the art of
research in human-ungulates relations (Chapter 1); ii) the services and disservices
provided by wild ungulates for two stakeholders: scientists and shepherds (Chapter
2); the niche overlap and potential competition between the native Iberian ibex (Capra
pyrenaica) and the exotic aoudad (Ammotragus lervia) as a paradigm of conservation

conflict (Chapter 3); the effects of supplementary feeding effects on the target species



(aoudad), other non-target species and soil properties (Chapters 4 and 5). Finally, in

Chapter 6, the results of previous chapters are discussed.

First (Chapter 1), we reviewed scientific publications to establish the state of the art
about human-ungulate relations. We showed that most scientific publications
approach this relations from the perspective of conflicts, being the ES less considered
in that studies. Also, most of the publications included environmental managers and
hunters as the main social actors regarding human-ungulate relations. Moreover,
management tools employed to mitigate ungulate damages to human interests rarely
were evaluated, and lethal control and the use of barriers were the main strategies

recommended to mitigate or avoid damages.

In Chapter 2, we approached to the human-ungulate interactions from the perspective
of researchers and shepherds and the framework of ecosystem services based on the
categories of beneficial nature’s contributions to people (NCP; Diaz et al., 2018) . We
examined and compared scientific research and shepherds’ perceptions regarding the
provision of NCP by wild ungulates. We reviewed scientific articles of NCP provided
by ungulates in Spain and conducted questionnaires regarding NCP to shepherds in
farming systems of Spain where domestic and wild ungulates cohabit. Then, we
compared whether the scientific priorities match with those perceived by shepherds.
Both stakeholders highlighted more detrimental than beneficial NCP, there were some
mismatches between scientific priorities and shepherds’ perceptions. Regarding
detrimental NCP, soil alteration, damage to silviculture, human safety, traffic collision
and human-human conflicts were frequently studied but not mentioned by shepherds.
In contrast, shepherds mainly considered vegetation damage, grazing competence,
damage to animals with economic interests, crop damage and disease transmission to
livestock as important detrimental NCP. Concerning beneficial NCP, whilst hunting
was prominent in the publications, shepherds did not conceived it as an important
beneficial contribution and considered the regulation of other organisms as an
important benefit. These results can have twofold implications. The emphasis on
detrimental NCP can reinforce the idea that ungulates can threaten humans rather than



contribute to societies’ wellbeing. The fact that research does not address the interests
of shepherds can affect the social tolerance towards ungulates as the damages
experienced or perceived by shepherds are not studied. Our results show the relevance
of considering local knowledge systems of shepherds, something highlighted by the

NCP approach.

Regarding Chapter 3, we evaluated the potential competition between the native
Iberian ibex and the exotic aoudad measuring the niche overlap under cohabit
conditions in the Iberian Peninsula. To do that, we compared the trophic niche by
using the content of stable isotopes 615N and 313C in the hair, and the environmental
niche by modelling habitat based on fine-scale presence records. Then we assessed
both species’ co-occurrence to test for spatial segregation. Our results indicated that
both species shared a similar trophic niche, showed a similar distribution of suitable
areas and that their environmental niches were similar. Moreover, negative spatial
association was found between the aoudad and lIberian ibex. So, both species are
ecologically similar and suggest that spatial segregation might have favoured their co-

existence in semiarid Mediterranean mountains where they cohabit.

In order to clarify the effect of diversionary feeding (i.e. specific use of supplementary
feeding to avoid crop damage), in Chapter 4 we evaluated its effect in the spatial
behaviour of the aoudad. Also, we assessed the use of the diversionary feeding stations
(DFS) by non-target species. Nine aoudads were tracked with GPS/GSM collars to
establish their home ranges and the visits to the DFS. We compared the home ranges
and the number of GPS locations in the DFS before and meanwhile food was available
at them. Moreover, eight DFS were monitored with camera traps to identify which
other species used the DFS. We found that home ranges varied for some individuals
and that not all the tracked animals used the DFS. The number of locations in the
DFS increased when food was available. Furthermore, other fifteen non-target species
of birds and mammals used DFS, especially the wild boar. Aoudads and wild boars

segregated temporally in their use of the DFS. These results suggest that diversionary



feeding had little effect on the spatial behaviour of the aoudad and benefited other

conflictive species.

Continuing with the diversionary feeding as a management tool, we evaluated the
effect of this tool on semiarid Mediterranean mountain soils, because physicochemical
and biological soil properties can be altered due to the concentration of wildlife in
areas where food is deposited (Chapter 5). We collected soil samples from three DFS
and compared soil characteristics from three areas: feeding stations (FS), contour area
(C; surrounding the feeding stations) and a reference soil (RS; not influenced by
feeding stations). Our results suggested no effects on soil physical properties.
However, we found that diversionary feeding altered electrical conductivity, nutrient
concentration, microbial activity and microbial communities at FS, but effects were
weaker in the C. Soil functionality could change due to these alterations of soil

dynamics.

Finally, Chapter 6 discusses the results presented in this thesis, the limitations of each
chapter and the biodiversity conservation implications and future perspectives about

wild ungulates and human relations.
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RESUMEN

El funcionamiento de los ecosistemas incluye todos aquellos ciclos de materia y
energia, asi como la interaccion entre los organismos. El funcionamiento natural ha
sido alterado por las actividades humanas, especialmente la biodiversidad,
provocando la modificacion de las interacciones entre las distintas especies.
Actualmente, la comunidad cientifica ha reconocido una crisis de biodiversidad por
causas antropogénicas asociada a la extincion de especies o la introducciéon de
especies exoticas. Esta perdida de biodiversidad puede desembocar en efectos
negativos sobre el bienestar humano, ya que dicho bienestar esta asociado con los
ecosistemas y sus componentes (las sociedades obtienen beneficios de los
ecosistemas). Todos aquellos beneficios que los humanos obtienen de los ecosistemas
son servicios ecosistémicos, como por ejemplo alimentos, herramientas, el
mantenimiento de habitats o incluso aspectos culturales relacionados. Uno de los

grupos taxondmicos mas relacionado con los humanos es el de los ungulados.

Sin embargo, las relaciones entre los humanos y los ungulados silvestres dependen
del contexto. En los paises en vias de desarrollo las poblaciones de ungulados
silvestres estan en descenso, mientras que en los paises desarrollados sus poblaciones
estan creciendo tanto en abundancia como en distribucion. Este proceso, denominado
“rewilding” en inglés y que podriamos traducir como reconstrucciéon de los
ecosistemas, ha favorecido la aparicion de interacciones negativas entre los humanos
y los ungulados silvestres, como por ejemplo los dafios a la agricultura y a la
silvicultura. Para evitar o mitigar estos conflictos se emplean distintas herramientas
de gestion como el vallado o los aportes suplementarios. Por lo tanto, la investigacion
sobre los ungulados y su relacién con las personas debe abordarse desde una

perspectiva socio-ecoldgica.

Esta tesis se centra en las relaciones entre las personas y los ungulados silvestres, tanto
en las interacciones positivas como negativas, y las herramientas de gestion

empleadas para la mitigacion de los conflictos. Concretamente esta tesis pretende

13



evaluar: i) el estado del arte de la investigacion sobre las interacciones humano-
ungulados (Capitulo 1); ii) los beneficios y perjuicios que proveen los ungulados
silvestres para dos agentes implicados: la comunidad cientifica y los pastores
(Capitulo 2); iii) el solapamiento de nicho entre la cabra montesa (Capra pyrenaica),
especie nativa, y el arrui (Ammotragus lervia), especie exotica en la peninsula ibérica,
como ejemplo de un conflicto de conservacion (Capitulo 3); iv) los efectos de los
aportes suplementarios como herramienta de gestién sobre la especie objeto de la
gestion (el arrui), otras especies no objetivo y las alteraciones en las propiedades
edéaficas (Capitulos 4 y 5). En el Capitulo 6 discutimos los resultados obtenidos en los

capitulos anteriores.

Para establecer el estado del arte con respecto a las interacciones que se dan entre los
humanos y los ungulados silvestres, revisamos las publicaciones cientificas sobre este
tema. Este capitulo mostr6 que los articulos cientificos abordan los estudios,
principalmente, desde la perspectiva de los conflictos, teniendo en poca consideracion
los servicios ecosistémicos. En general, la mayoria de las publicaciones tienen en
consideracién a agentes implicados, siendo los principales actores sociales
relacionados con los ungulados silvestres los gestores ambientales y los cazadores.
Ademas, las herramientas de gestién empleadas para la mitigacion de los conflictos
no suelen ser evaluadas, aun siendo recomendadas algunas de ellas como el control

letal y el uso de barreras y elementos disuasorios.

En el Capitulo 2 abordamos las interacciones entre humanos y ungulados silvestres
desde la perspectiva del nuevo término “Contribuciones de la Naturaleza para las
Personas” (NCP por sus siglas en inglés) de dos de los agentes implicados menos
considerados en las publicaciones cientificas, es decir, los propios investigadores y
los pastores. En este trabajo examinamos y comparamos las prioridades cientificas a
partir de los estudios publicados y las percepciones de los pastores respecto a los NCP
proporcionados por los ungulados silvestres. Revisamos articulos cientificos sobre los
NCP proporcionados por los ungulados en Espafia y realizamos entrevistas en
profundidad a pastores en sistemas ganaderos extensivos donde los ungulados

14



domeésticos coexisten con los silvestres. Después comparamos si las prioridades
cientificas coinciden con lo percibido por los pastores. Ambos agentes implicados
destacaron méas los NCP negativos que los positivos, aunque éstos no coincidian en
importancia. Respecto a los NCP negativos, los pastores no mencionaron la alteracion
del suelo, los dafios a la silvicultura, a la salud humana, las colisiones de trafico y los
conflictos entre colectivos humanos. Consideraron como principales aspectos
negativos de los ungulados los dafios a la vegetacion, la competencia por el pasto, los
dafios a otros animales de interés econémico, los dafios agricolas y la transmision de
enfermedades. Por otro lado, mientras que en las publicaciones la caza deportiva
adquiria gran importancia como NCP positivo, los pastores ni siquiera la tuvieron en
cuenta, siendo para éstos agentes implicados la regulacion de otros organismos el
beneficio mas importante. Estos resultados pueden tener dos implicaciones. Un mayor
énfasis en los NCP negativos puede reforzar la idea de que los ungulados pueden
suponer una amenaza para las personas en lugar de contribuir positivamente al
bienestar social. EI hecho de que las investigaciones no coincidan con los intereses de
los pastores puede afectar a la tolerancia social hacia estas especies ya que los dafios
experimentados o percibidos no son evaluados. Nuestros resultados muestran la
relevancia que supone considerar el conocimiento local, en este caso de los pastores,
que es uno de los aspectos destacados por el enfoque que hemos tomado, es decir,
desde los NCP.

Con respecto al Capitulo 3, evaluamos la competencia potencial entre la cabra montés
nativa y el arrui exdtico estableciendo el solapamiento del nicho en condiciones de
coexistencia en la peninsula ibérica. Para ello comparamos el nicho tréfico midiendo
el contenido de is6topos estables de 615N y 813C en pelo, asi como el nicho ambiental
a partir de modelos de nicho basados en datos de presencia a escala fina. Después
evaluamos si ambas especies coocurren espacialmente, o existe segregacion espacial
como mecanismo de facilitacion de coexistencia. Nuestros resultados apuntaron a que
ambas especies comparten un nicho tréfico y un nicho ambiental similares.

Encontramos una asociacion espacial negativa entre la cabra montesa y el arrui. Por
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tanto, las especies son ecoldgicamente similares y es posible que la segregacion
espacial detectada favorezca la coexistencia entre ambas en las sierras mediterraneas

que cohabitan.

Para conocer los efectos de los aportes suplementarios para evitar dafios agricolas, en
el Capitulo 4 evaluamos sus efectos en el comportamiento espacial del arrui, asi como
el uso de los comederos por parte de especies no objetivo de esos aportes. Para ello
marcamos nueve arruis con collares GPS/GSM para establecer sus areas de campeo
sin aportes y con aportes, y lo mismo para el nimero de visitas a los comederos.
Después comparamos ese area de campeo estimada y el nimero de visitas entre
periodos para comprobar si hubo variaciones debidas a los aportes. Ademas,
monitoreamos con camaras de fototrampeo ocho los comederos para identificar que
otras especies podian estar haciendo uso de los comederos. Obtuvimos que las areas
de campeo cambiaron para algunos individuos marcados, aunque no todos acudieron
a los comederos durante los aportes. EI numero de visitas a los comederos se
incremento durante los aportes suplementarios. ldentificamos a quince especies no
objetivo que acudian a los comederos, especialmente el jabali. Los arruis y los jabalies
mostraron una segregacion temporal en cuanto al uso de los comederos. Nuestros
resultados sugieren que la efectividad de los aportes suplementarios es limitada en
cuanto al comportamiento espacial del arrui, por lo que la reduccion de dafios

agricolas es limitada.

Continuando con los aportes suplementarios como herramienta de gestion evaluada,
en el Capitulo 5, evaluamos los efectos de esta herramienta sobre el suelo de un area
montafiosa de clima mediterraneo. Evaluamos este aspecto porque las propiedades
fisicoquimicas y bioldgicas del suelo pueden verse alteradas debido a la concentracion
de la fauna silvestre donde se deposita la comida suplementaria. Para ello tomamos
muestras de suelo de tres comederos y comparamos las caracteristicas del suelo entre
tres areas: suelo de los comederos, suelo de alrededor de los comederos, y un suelo de
referencia no alterado por los comederos. Nuestros resultados sugirieron que las

propiedades fisicas del suelo no se veian afectadas en los comederos. Sin embargo, la

16



conductividad eléectrica, la concentracion de nutrientes, la actividad microbiana y las
comunidades microbianas en los comederos si se alteraron debido a los aportes y la
concentracion de fauna, siendo los efectos alrededor de los comederos més débiles.
La dinamica edéafica pudo verse modificada debido a estas alteraciones detectadas y

contribuir al cambio global.

Finalmente, en el Capitulo 6 discutimos los resultados obtenidos en los capitulos
previos, abordando también las limitaciones de cada uno, las implicaciones para la
conservacion de la biodiversidad y las perspectivas futuras sobre la relacion entre los

ungulados silvestres y los humanos.
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SUMMARY OF MATERIALS AND METHODS

In the general introduction of this thesis (Chapter 1), we searched in the Scopus
database scientific articles published in English between 2000 and 2016 on human-
ungulate relations and we systematically reviewed them. We used different terms
related to ‘conflict’, ‘ecosystem service’, ‘human-herbivore relation’ and ‘ungulate’.
We exclude book chapters, conferences papers, reviews and theoretical papers. These
papers analyzed either human-ungulates conflicts or ecosystem services provided by
wild ungulates. We extracted of each publication its general information, category of
conflicts and ecosystem services, stakeholders, and management tools suggested or

mentioned by authors.

In Chapter 2, we addressed human-ungulate relations in Spain from the perspective
of two stakeholders: scientists and shepherds. First, we reviewed scientific articles of
human-ungulates relations, both positive and negative. For this we used terms such as
‘conflict’, ‘ecosystem service’, ‘human-herbivore relation’ and ‘ungulate’ in the
Scopus database. We selected scientific articles published between 2000 and 2018,
and we extracted negative and positive “Nature Contributions to People” (NCP)
mentioned. Second, to assess the perceptions of the shepherds, we conducted 184
face-to-face questionnaires to them in extensive livestock farming systems in Spain.
We extracted shepherds’ perception of NCP provided by wild ungulates. Moreover,
we built the variable NCP Provider index, which indicates the average shepherd
perceptions of wild ungulates as providers of positive NCP for each species using a
scale from very harmful to very beneficial. We carried out non-parametric tests to
determine differences in the NCP Provider index between different species and to
explore differences due to ecological factors as such as the diet, the origin and the
presence of large predators. Finally, we compared with a correlation test whether the

scientific priorities matched with the shepherds’ perceptions.

In Chapter 3 we compared the niche overlap of the native Iberian ibex and the exotic
aoudad to evaluate potential competition between them at three levels: trophic niche,
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environmental niche and spatial segregation. First, we compared the diet by the degree
of isotopic niche overlap between species analysing the 615N and 613C values of hair
samples from individuals of both species in the Region of Murcia. Second, we
generated environmental niche models for each species in the mountains where they
coexist. Third, we compared the similarity of the environmental niche models. Finally,

we checked if they co-occurred spatially on 200 x 200m grid fine-scale.

In the Chapter 4, we evaluated the effect of diversionary feeding to avoid crop damage
in the spatial behaviour of the exotic aoudad in the Sierra Espufia regional park in
southeast Spain. Moreover, we also evaluated if other non-target species used this
food contributions and co-occurred with the aoudad. We tracked nine aoudads with
GPS/GSM collars during a period without diversionary feeding inputs and other
period with inputs. This allowed us to estimate the home range and the number of
visits to the diversionary feeding stations (DFS) of the tracked aoudads for both
periods. We used non-parametric test to compare home ranges between periods, and
we fitted a model to evaluate if animals increased the visits to the DFS between
periods. To assess if non-target species used the DFS we monitored with automatic
cameras eight of them during the period with food inputs. We calculated if ungulate

species using the DFS co-occurred both temporally and spatially.

In the Chapter 5, we evaluated the physical, chemical and biological effects on soil
due to the use of diversionary feeding in the Sierra Espuiia regional park in southeast
Spain. We took soil samples from the centre of three feeding stations (FS), its contour
(C) and from another area outside of the DFS influence as a reference soil (RS). We
determined in the lab the main physical, chemical, biochemical and biological
properties of soil samples. Then we fitted a model to test whether soil properties
differed among the sampled areas (FS, C and RS).
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SUMMARY OF RESULTS

In the general introduction we found that the largest proportion of publications about
conflicts and ecosystem services related with wild ungulates were in Europe and
North America. Papers were focused mainly on conflicts related with production
damage as crops or livestock. Among ecosystem services highlighted the recreational
hunting. Regarding stakeholders, the most considered in articles about human-
ungulate relations were environmental managers, hunters and farmers. The most
management tools considered and recommended in scientific publications were lethal
control of ungulates and the use of deterrents and barriers to avoid problems with

human activities.

In Chapter 2 we found that research on NCP provided by ungulates in Spain is linearly
increasing, mainly focused on conflicts. Species that received higher scientific
attention were several deer species and the wild boar. Negative NCP that received
higher attention were vegetation, crop and silvicultural damage. The positive NCP
that received the highest scientific attention belonged to the category of non-material
contributions (e.g. hunting). Regarding the shepherds, they perceived ungulates as
harmful. Main negative NCP identified by shepherds were grazing competence,
disease transmission to livestock and crop damage. Among positive NCP, shepherds
mostly mentioned the aesthetic value and the scavenging service provided by the wild
boar. The average shepherds’ perception of wild ungulates as providers of NCP
(NCPP index) varied according to the diet and to the presence of large carnivores in

the study area. Scientific priorities and shepherds’ perceptions were not correlated.

In Chapter 3, we determined the isotopic values of the Iberian ibex and the aoudad
and they did not differ. The environmental niche overlap between the species was
0.71, from a range from 0 to 1. We found that our study species were more similar
than expected regarding the occupied habitat. The spatial co-occurrence analysis

showed a negative association between the Iberian ibex and the aoudad at fine scale.
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In Chapter 4 we found that five out of the nine tracked individuals used DFS during
diversionary feeding inputs. We did not find differences in the home range size
between periods. The model we did showed that the frequency of use of the DFS
increased during the period with diversionary feeding. Regarding the use of DFS by
wildlife, we detected fifteen non-target species, among which the wild boar
highlighted. The temporal co-occurrence analysis showed a negative significant

association between the aoudad and the wild boar.

In Chapter 5 we found no differences for the soil physical properties among FS, C and
RS areas. However, for the chemical and biochemical properties the results showed
that varied between areas, but not for all properties. Biological variables also showed
differences between areas. Fungi, Bacteria and Actinobacteria biomass varied among

sampled areas.
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BACKGROUND

Ecosystem functioning includes all cycling materials and energy, the interactions
among organisms and the abiotic system (Simpson and Christensen 2012). All these
biogeochemical and ecological processes interact with each other and they regulate
the ecosystems. An important compartment in the functioning of the ecosystems is
biodiversity, which encompasses from intra-specific genetic variation to biome
distribution on the planet (see Hooper et al. 2005). Biodiversity can buffer process
rates in response to environmental variation and it contributes to the stability and the
functioning of ecosystem processes (Bardgett and van der Putten 2014; Diaz and
Cabido 2001). Therefore, biodiversity is known to be closely linked to ecosystem
function (Schwartz et al. 2000) and its alteration could have important ecological
consequences (see Loreau et al. 2001). Human activities (e.g. habitat transformation
or species introduction) have largely altered biodiversity (Mooney et al. 2009) and
therefore modified the natural functioning of the ecosystems at the global and local
scales (MEA 2005). Biodiversity alteration entails the modification of the biotic
structure and composition of ecological communities due to the introduction of exotic
species, or the decline or even extinction of native species. In fact, it has been
recognized a global biodiversity crisis caused by anthropogenic impacts especially
during the second half of the twentieth century, which could be a threat to human

wellbeing (Johnson et al. 2017).

Human wellbeing has been related to biodiversity and its role in ecosystem
functioning (Balvanera et al. 2006), as societies may benefit from biodiversity. For
example, carrion consumption by scavenger communities benefits extensive farmers
because they efficiently remove carcasses from the field (Morales-Reyes et al. 2017).
All those benefits that people obtain from ecosystems are called ecosystem services,
hereafter ES (Diaz et al. 2015). There are three types of ES: provisioning, cultural
and regulating services. For example, people have benefited from biodiversity to

survive throughout history, especially from vertebrate animals (Alves 2012).
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Ungulate taxa stand out as species traditionally important for humans since they
provide with three types of ecosystem services described above. Wild ungulates
provide people with food and materials, such as bushmeat and leather, and some
species are linked with cultural aspects of several societies (see Alves 2012).
Moreover, ungulates are key species on many ecosystems, for example by
conditioning nutrient cycles and influencing forest dynamics (Danell et al. 2006).
They are globally distributed throughout Africa, America, Asia and Europe (without
considering those introduced species in other continents such as Australia). Moreover,
they are a diverse group of mammals typically herbivorous and they inhabit a wide
range of different habitats, including forests, steppes, mountains and even rivers.
Perissodactyla (odd-toed) and Artiodactyla (even-toed; Photo 1) orders are the classic
groups considered as true ungulates. Currently, the ungulate term also includes other
mammalian orders, which present hooves, or at least it was present in their ancestors
(i.e. Tubulidentata (aardvark), Hyracoidea (hyraxes), Proboscidea (elephants),
Pholidota (pangolins) and Sirenia (manatees; Wilson and Mittermeier 2011; Wilson
and Mittermeier 2014)).

The Perissodactyla order includes three families (equidae, rhinocerotidae and
tapiridae) with a total of 16 species: The Artiodactyla order is represented by ten
families (camelidae, suidae, tayassuidae, hippopotamidae, tragulidae, moschidae,
cervidae, bovidae, antilocapridae and giraffidae) and it includes 380 different species
(Fennessy et al. 2016; Wilson and Mittermeier 2011; Table 1).
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Photo 1. Examples species of Perissodactyla ( A; rhino Rhinoceros unicornis) and Artiodactyla (B;
chital Axis axis; C; Peters’ duiker Cephalophus callipygus; D; red river hog Potamochoerus porcus)
orders. A and B facilitated by Aishwarya Bhattacharjee, done during her fieldwork in Nepal. C and D
facilitated by Lara Naves, done during her fieldwork in Republic of the Congo with ARC-SPAC

organization.

Table 1. Families, number of species and global distribution of Perissodactyla and Artiodactyla orders.
According to Fennessy et al. 2016, and Wilson and Mittermeier 2011.

Order Family Number of species Distribution

Equidae 7 Africa; Asia

Perissodactyla  Rhinocerotidae 5 Africa; Asia
Tapiridae 4 America; Asia
Camelidae 3 America; Asia
Suidae 17 Africa; Asia; Europe
Tayassuidae 3 America
Hippopotamidae 2 Africa

Artiodactyla Tragulidae 10 Africa; Asia
Moschidae 7 Asia
Cervidae 53 Africa; America; Asia; Europe
Bovidae 279 Africa; America; Asia; Europe
Antilocapridae 1 America
Giraffidae 5 Africa
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Modern interactions of humans with wild ungulates vary throughout the world
depending on the species and the human societies. In many countries of Africa and
Asia, wild ungulate populations are declining because of changes in land use and
direct persecution, to the point that conservation measures are needed (Havemann et
al. 2016; Ghoddousi et al. 2017). For example, the Sahara’s region (the largest hot
desert located in North Africa) has experienced a great loss of megafauna since the
second half of the twentieth century (Durant et al. 2014), favoured by the arrival of
modern firearms and motorized vehicles (Valverde 2004). Nowadays, the exploitation
of natural resources and poaching continues to be problem for the biodiversity and

conservation of Sahara’s wildlife (Duncan et al. 2014).

Paradoxically, in developed countries of Europe and North America, the trend of
ungulate populations is the opposite, as they have increased in abundance and
distribution during the last decades. This rewilding process (passive management of
ecological succession) has benefited from the removal of predators, the introduction
of exotic ungulate species, and the reduction of rural activities such as farming or
hunting, increasing available habitat for wild ungulates (Apollonio et al. 2010;
Navarro and Pereira 2015). Moreover, rewilding in developed countries has increased
the amount of impacts (i.e. direct negative interactions between humans and other
species; Redpath et al. 2013) between wild ungulates and human activities, as for
example damage to agriculture and forestry (Dunkley and Cattet 2003; Gundersen et
al. 2004).

Different management tools have been used to avoid or mitigate these emerging
conflicts with wild ungulates, particularly in developed countries. For example,
increasing hunting pressure, fencing or supplementary feeding (Photo 2) are popular
management tools designed to alleviate conflicts related to wild ungulates. However,
these management tools often do not help to solve the problems associated with wild
ungulates because their populations continue to grow and affect human activities
(Apollonio et al 2010). These strategies could present negative effects on wild
populations, such as changes in population and community dynamics, disease
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transmission, alteration of natural behaviour or even condition their evolutionary
potential (Dunkley and Cattet 2003; Geisser and Reyer 2004; Hayward and Kerley
2009).

Therefore, it exists a link between people and ungulates. Due to this, several authors
have suggested decision-making processes, the establishment of management tools,
conservation strategies and research about these species from a social-ecological

perspective (e.g. Dressel et al. 2018; Lischka et al. 2018).

Photo 2. Aoudads (Ammotragus lervia) on a diversionary feeding station to mitigate damage in the
surrounding crops.

STATE OF THE ART: A REVIEW OF HUMAN-UNGULATE RELATIONS

Applying social-ecological approaches in the research on human-ungulate relations
would allow to identify current knowledge gaps regarding conflicts and ES perceived
by stakeholders. Besides, it contributes to progress in the use and the efficiency of
management tools. Moreover, it would provide relevant information for the future
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research agenda. In order to summarize and appraise the existing publications on

human-ungulate relations in the scientific literature, we have reviewed related papers.

We systematically reviewed articles published between 2000 and 2016. We followed
the guidelines of systematic reviews (Pullin and Knight 2009), which is a strict
protocol to guarantee transparency and minimize the sources of bias. We searched in
the Scopus database by using different terms related to ‘conflict’, ‘ecosystem service’,
‘human-herbivore relation’ and ‘ungulate’ (see Appendix S1.1 for the full search
string). The search was made to title, abstract and keywords. We found 400 articles
(excluding book chapters, reviews, theoretical papers and conferences papers; see
appendix S.1.2) published in English and they analyzed either human-ungulates
impacts and conflicts or ES provided by wild ungulates.

We coded each publication according to its general description (i.e., year of
publication, journal and the ungulate species); category of conflicts; category of ES;
stakeholders; and type of management strategy suggested or mentioned by authors
(modified from Inskip and Zimmerman, 2009). The classification of conflicts was
adapted from Peterson et al. (2010), but we included new conflicts that were derived
from the literature review (Table 2). ES were categorized according to MEA (2005)
and Haines-Young and Potschin (2018) classification, including regulating, provision
and cultural ecosystem services (Table 3). Stakeholders and management tools

identified can be found in Table S.1.1 and S.1.2, respectively.
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Table 2. Conflicts related with wild ungulates extracted from the literature review. Adapted from

Peterson et al. (2010).

Conflicts

Description

Vegetation damage

Negative effects on vegetation, including rooting (i.e.,
foraging activity within surface layers of soil)

Damage to
biodiversity Animal biodiversity ~ Negative effects on wild animal species without direct
damage economic interest, such as livestock or game species
Wild ungulates consume pasture and other natural resources
Grazing competence that could be used by livestock. For example, the European
g P bison (Bison bonasus) competes directly with livestock
(Kuemmerle et al. 2011)
Disease Risk of illness transmission from wild ungulates to livestock
:Tl\:gsstlggll damage to Direct physical damage caused by ungulates to livestock.
Damage to
production Impairment of natural forests or plantations intended for
Silvicultural damage
forestry
Crop damage Direct physical impairment of croplands and orchards
Direct physical damage caused by ungulates to game
Physical damage species. For example, the wild boar as main nest predator of
game species the common pheasant (Phasianus colchicus) (Senserini and
Santilli 2016)
Attacks Ungulates causing physical injuries to humans (Peterson et
al. 2010)
Damage to
human . . .
Damage to human Ungulates transmitting infections agents to humans
health (Peterson et al. 2010)
Ungulates damaging human properties, particularly
Property damage buildings and / or physical structures, such as fences
Material (Peterson et al. 2010)
damage

Traffic collisions

Ungulates damaging vehicles by ungulate-vehicle collision
and / or causing traffic accidents (Peterson et al. 2010)

Human-human conflict

Conflict related to human disagreements over management
decisions of wild ungulates or derived from different
opinions and interests by different stakeholders (adapted
from Peterson et al. 2010)
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Table 3. ES provided by wild ungulates extracted from the literature review. Classification adapted
from MEA (2005) and Haines-Young and Potschin (2018).

Ecosystem services Description

Habitat maintenance

Ungulates contribute to maintenance of habitats or positive
for species important to humans. For example, grazing can
contribute to maintain semi-open habitats (VVera 2000).

Seed dispersion

Facilitation by ungulates of seed dispersion of species
important to humans. For example, grass or small herbs
species via the coat, hoof or feces (Gill and Beardall 2001)

Regulating
. . Maintenance of soil structure (e.g. aeration; Swanepoel et al.
Maintenance of soils
2016).
Removal of animal carcasses by wild boars, i.e., acting as a
Regulation of scavenger (Morales-Reyes et al. 2017) and / or reduction of
organisms attacks on livestock due to the presence of alternative prey
(Sidorovich et al. 2003).
Food resource Food production from wild ungulates, such as meat from red
deer (Milner et al. 2006)
Provisioning Materials Material production derived f_rom wild ungulates, clothing or
ornamental purposes (e.g. skin, horns, antlers).
- Materials derived from ungulates used for medicinal,
Medicinal resources . ;
veterinary or pharmacological purposes.
Opportunities for the development of the capabilities that
Educational and allow humans to prosper through education, acquisition of
inspiration knowledge and development of skills for well-being,
information, and inspiration for art and technological design.
Maintenance of Ungulates with capacity to keep human options open in
options order to support a later good quality of life.
Cultural

Existence value

Satisfaction for the existence of a particular ungulate species
(e.g. Garcia-Llorente et al. 2012).

Recreation

Experiences provided by wild ungulates for human related
with leisure, such as recreational hunting (Gamborg and
Jensen 2017), or enjoy the aesthetic value derived from
ungulate species (de Pinho et al. 2014)
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Temporal and geographical distribution

Number of published studies were increasing since 2000 (Figure 1A). The largest
proportion of research was performed in Europe (39.3%) and North America (34.3%).
By contrast, Asia (14.8%), Africa (6.8%), Central and South America (3.5%) and
Oceania (1.5%) received less scientific attention than the aforementioned regions
(Figure 1B). It is striking the fact that just 6.8% of the publications were in African
study areas, the continent with the highest number of ungulate species (n=204
according to Wilson and Mittermeier 2011). However, North America and Europe,
with 12 and 14 different ungulates species, respectively, represented the 73.6% of

publications about conflicts and ES related with ungulates.

Furthermore, just 8% of publications addressed some exotic species, despite the fact
that the introduction of species is the second cause of biodiversity loss (Wilcove et al.
1998) and other alterations of ecosystem processes (Raizada et al. 2008). The study
species of these publications belong to the most studied families of ungulates, such as
the red deer, the cheetah deer (Axis axis), the wild boar, or the aoudad (Ammotragus

lervia) introduced in different parts of the world out of their native range.
Conflicts and ES related with wild ungulates

Research publications were mainly focused only on conflicts (55.8%) and those
dealing with both conflicts and ES (40.7%). Articles that only mentioned ES
represented 3.5% of publications (Figure 2).

Regarding conflicts mentioned by scientific publications (n=386), 65.0% of articles
referred to production damage, such as crop damage, silvicultural damage and
diseases transmission to domestic animals; 36.3% mentioned biodiversity damage
conflicts, mainly about vegetation biodiversity damage; 18.9% referred to material
damage, such as traffic collisions and property damage. The rest of the conflicts (i.e.
damage to humans, human-human conflicts and others) were cited in less than 10%

of the publications.
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Figure 1. (A) Number of publications per year and accumulated number of publications. (B) World
map showing the number of publications about human-ungulate relations per country between 2000
and 2016 (total n=400).
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Figure 2. Global descriptive analysis of reviewed publications (%) according to their content in terms
of ES and conflicts per family. Numbers in brackets indicate the number of publications of each family.
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Amongst publications that mentioned ES (n=177), 80.2% referred to cultural ES, such
as physical extractive experiences (e.g., recreational hunting); followed by
provisioning ES (23.2%), such as food resource, and regulating ES (20.3%), such as
habitat creation and maintenance (Table S.1.3).

Stakeholders

Most of the published articles about human-ungulate relations considered
stakeholders in the studies (67.3%). The most frequent social actors considered were
environmental managers (40.2% of publications that mentioned stakeholders),
followed by hunters (38.7%) and farmers (37.2%), other stakeholders (e.g. authorities,
researchers or drivers; 27.1%), foresters (22.3%), rural (12.6%) and urban residents
(10.0%). Others social actors involved were cited in less than 10% of publications, as
shepherds, general public, conservationist agencies, indigenous communities and
tourists (Table 4). It is also remarkable that 62.8% of publications that mentioned

stakeholders did it considering more than just one stakeholders.

Table 4. Scientific publications where stakeholders were mentioned or participated in the study.
Percentage in brackets (%).

Stakeholder mentioned Publications

Environmental managers 108 (40.1)
Hunters 104 (38.7)
Farmers 100 (37.2)
Others 73 (27.1)
Foresters 60 (22.3)
Rural residents 34 (12.6)
Urban residents 27 (10.0)
Shepherds/herders 24 (8.9)
General public 24 (8.9)
NGO/conservationists 19 (7.1)
Indigenous com. 12 (4.5)
Tourists 7 (2.6)
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Management actions

We found that in the 61.5% of scientific publications mentioned some management
strategy, and 59.5% of articles recommended at least one of them but only in 21.8%

some were evaluated.

Among management tools considered in the scientific publications (n=246) the most
mentioned were lethal control (43.1% of publications) and deterrents and barriers (e.g.
fencing; 37.0%), followed by regulate local hunting (22.0%), others (e.g. measures on
roads, predators; 17.9%) and economic compensations (11.4%; Table 5). Among
others, supplementary feeding, zoning, aversive conditioning, co-management,
education and awareness raising, translocation of animals, or livestock/crops guarding

were mentioned in less than 10%.

Regarding management tools recommended in the scientific literature (n=238) to face
and mitigate human-ungulate conflicts they are referred to lethal control (28.2% of
publications), deterrents and barriers (25.6%), habitat management strategies
(22.3%), others (20.0%), regulate local hunting (16.0%), co-management (13.4%),
education and awareness raising (12.6%) and zoning (10.1%; Table 5). Other
recommended tools such as supplementary feeding, economic compensation or

aversive conditioning, among others, received less scientific attention (less than 10%).

Altogether, this review on human-ungulate relations allowed us to identify current
knowledge gaps in this issue. First at all, conflicts predominate over ES in the
scientific literature about human-ungulate relations, which is according with previous
studies about human-wildlife relations (Kansky and Knight 2014). However, this
contrasts with the fact that the scientific literature on ES has increased in the last years
(Diaz et al. 2015).
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Table 5. Management tools mentioned and recommended in the publications reviewed. Percentage in
brackets (%).

Management tools Mentioned publications  Recommended publications

Lethal control 106 (43.1) 67 (28.2)
Deterrents and barriers 91 (37.0) 61 (25.6)
Regulate local hunting 54 (22.0) 38 (16.0)
Others 44 (17.9) 49 (20.6)
Economic compensation 28 (11.4) 13 (5.5)
Supplementary feeding 24 (9.8) 14 (5.9)
Habitat management 23 (9.3) 53 (22.3)
Zoning 22 (8.9) 24 (10.1)
Aversive conditioning 19 (7.7) 12 (5.0)
Co-management 15 (6.1) 32 (13.4)
Education and awareness raising 14 (5.7) 30 (12.6)
Translocation 14 (5.7) 7(2.9)

Livestock/crops guarding 13 (5.3) 8 (3.4)

Payment for ES 5(2.0) 4 (1.7)

Tourism 5 (2.0) 6 (2.5)

The concept of ES already appeared in studies published in the 80s and 90s (e.g.
Pearsall 1984; Cairns 1993), but in 1997 the term is widely implemented and applied
mainly by researchers and politicians (see Constanza et al. 2017). Since they appeared,
ES have suffered reclassifications from different perspectives. For example,
Millennium Ecosystem Assessment (MEA 2005) project gave an ecological
perspective, whereas the Economics of Ecosystems and Biodiversity (TEEB 2010)

project focused on economic aspects of ES.

Given the constant scientific progress, from the concept of ES, it has been developed
the new term Nature Contribution to People (NCP). NCP encompasses all the positive
and negative aspects from the functioning of ecosystems to human well-being (Diaz
et al. 2018). Moreover, NCP approach recognizes the role of culture in the links
between people and nature, and it takes into account indigenous and local knowledge.
This new approach has caused discrepancies among scientists related with ecosystem
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services, and some researchers do not support to apply the new term and its meanings
(see Braat 2018; Maes et al. 2018). However, the Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem Services (IPBES) have approved and
recognised the importance of NCP (IPBES 2017).

Regarding social actors related with human-ungulate relations, the most frequently
considered in the published studies were environmental managers, hunters and
farmers. The last two are related with the most common conflicts mentioned, thus,
farmers are related with damage to production activities (e.g. crops and livestock),
and hunters with recreational hunting as cultural ES. Environmental managers are
stakeholders that need to find efficient tools and optimal strategies, in our case, for
the best ungulate management aimed at mitigation conflicts and potentiation of ES.

The scientific community has recognized that the implication of stakeholders in
decision-making process and strategies to manage wildlife is an important factor in
driving human-wildlife conflicts (e.g. Dickman 2010; Redpath et al. 2013). Wildlife
management requires the application of efficient strategies and tools addressed to
species conservation and mitigation of conflicts with human activities. Related with
wild ungulates, the most mentioned and recommended management tools were lethal
control of ungulate populations and the use of deterrent and barriers (e.g. fences,
electric fences or light and loud noises). These management tools have the greatest
impact on the environment and in the wild ungulate populations, whereas others, such
as education awareness raising or supplementary feeding, appeared in fewer
publications. The former tool, however, is increasingly present in studies on the
management and conservation of species (see Watkins et al. 2019; Liu and Sharp
2018). Supplementary feeding is also a management tool little mentioned and hardly
recommended on scientific publications in our field of study. However, it is a strategy
widely employed around the world, mainly by managers, hunters and tourist for
recreation and it involves the entry of tons of food into ecosystems (Murray et al.
2016).
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AIMS AND STRUCTURE OF THIS THESIS

The general aim of this thesis is to assess human-ungulate relations through conflicts
and ES, their management and conservation. To achieve this general objective, these

specific aims were proposed:

I. To review the human-ungulate relations in the framework of ecosystem services

and conflicts at the global scale.

I1. To analyse scientific research and the perception of stakeholders (shepherds) with
respect conflicts and ES associated with wild ungulate populations in Spain.

I1l. To assess conservation conflicts associated with wild ungulate expansion,

specifically between native and exotic species.

IV. To evaluate management tools, particularly the use of supplementary feeding,

used for conflict mitigation.

This PhD dissertation is structured in five chapters (Table 6) and a General
Discussion. We analysed conflicts and ES related with wild ungulates at the global
scale (Chapter 1) and at the Spanish national scale (Chapter 2). In these chapters, we
used literature review and social methods (surveys) to implicate stakeholders on the
research. Chapter 1 (General Introduction) allowed to explore the state of the art in
the research about conflicts and ES related with wild ungulates. In the Chapter 2, we
compared the most important detriments and benefits considered by two stakeholders
(scientific community and shepherds) from the perspective of NCP. The structure of
these chapters follow the common sections of a scientific article: abstract, key words,
introduction, material and methods, results and discussion. Moreover, it has been

included an abstract in Spanish (Resumen).
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Table 6. Features of each chapter of this PhD dissertation.

Obijectives Topics .
Chapter addressed addressed Methodology Scale Location
1 | Conflicts and ES Blbllographlc Global -
review
2 I and Il Conflicts and ES Blbllographlc National Spain
review and surveys
. . . Murcia
3 I Conflicts Empirical Regional (SE Spain)
Conflicts and . Sierra Espufa
4 Il and IV Management Empirical Local (SE Spain)
. Sierra Espufia
5 v Management Empirical Local (SE Spain)

The other three chapters aim to provide insights on a long-term conservation conflict
derived from the introduction of an exotic species in SE Spain (Box 1). We evaluated
the potential competition between two ungulates (Chapter 3), one native (Iberian ibex)
and other exotic (Aoudad). Then we evaluated the effects of supplementary feeding
to avoid crop damage (i.e. diversionary feeding) on the spatial behaviour of the aoudad
and the interactions with other non-target species (Chapter 4). We also analysed the
effects of diversionary feeding on soil properties (Chapter 5). The structure of these
chapters also follow the common sections of a scientific article, as has been describe
previously, including each chapter an abstract in Spanish..

In the General Discussion we widely discuss the main results of this PhD dissertation.
Finally, we present the conclusions of this research. Additional information can be

found at the end of this dissertation in the Appendices section.
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Box 1. The paradigmatic case of the aoudad

J.A. Valverde (1926-2003; Photo 3A), was a renowned Spanish biologist that noticed the
decline of Saharan biodiversity. He managed to create during the 1960’s the Saharan Fauna
Rescue Park (currently called Experimental Station of Arid Zones; EEZA by its initials in
Spanish http://www.eeza.csic.es) to prevent the extinction of ungulates such as the dama
gazelle (Nanger dama), the dorcas gazelle (Gazella dorcas), the Cuvier's gazelle (Gazella
cuvieri), and the Saharan aoudad (Ammotragus lervia sahariensis). In the EEZA, these
species are bred in captivity for later reintroduction programs. Moreover, another aoudad
subspecies (A. lervia lervia; Photo 3B) was released in the Mediterranean mountains of SE
Spain in 1970’s also by Valverde recommendation. The Aoudad introduction in peninsular
Spain could be understood as an attempt to save the species out of its African native range
(besides the hunting interest; Cassinello 1998, Valverde 2004). It can also be considered as
a pioneering project of “assisted colonisation”, i.e. the introduction of species out of its
natural distribution for conservation purpose (Seddon 2010) driving a paradigmatic
conservation conflict.

Photo 3. (A) José Antonio Valverde. (B) Aoudad (A. lervia lervia) in Sierra Espufia. By Sergio
Eguia.
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Scientific priorities vs. Shepherds’ perceptions

ABSTRACT

Nature’s contributions to people (NCP) are all the contributions of living nature, both
positive and negative, to the societies’ life’s quality. Ungulates play this dual role of
providers of beneficial and detrimental NCP, as they are responsible of the supply of
ecosystem services (e.g. extractive experiences, habitat maintenance) and conflicts
(e.g. crops damage, traffic collisions). We examined scientific priorities and
shepherds’ perceptions regarding the provision of NCP by wild ungulates. We
reviewed scientific articles of NCP provided by ungulates in Spain and conducted
questionnaires regarding NCP to shepherds in farming systems of Spain where
domestic and wild ungulates cohabit. Then, we compared whether the scientific
priorities match with those perceived by shepherds. Both stakeholders highlight more
detrimental than beneficial NCP, although there are some mismatches between
scientific priorities and shepherds’ perceptions. Regarding detrimental NCP, soil
alteration, human safety or traffic collision were studied but not mentioned by
shepherds. Contrarywise, shepherds mainly considered vegetation damage, grazing
competence, damage to animals, crop damage and disease transmission to livestock
as important detrimental NCP. Concerning beneficial NCP, whilst hunting was
prominent in the publications, shepherds did not conceived it as an important
beneficial contribution and considered the regulation of organisms (carcasses
elimination, alternative preys) and non-extractive experiences such as the aesthetic
value. These results can have twofold implications. The emphasis on detrimental NCP
can reinforce the idea that ungulates can threaten humans rather than contribute to
societies’ wellbeing. The fact that research does not address the interests of shepherds
can affect the social tolerance towards ungulates as the damages experienced or
perceived by shepherds are not studied. Our results show the relevance of considering
local knowledge systems of shepherds, something highlighted by the NCP approach.

Key words: Bovidae; Cervidae; damage; human-ungulates relations; Suidae
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RESUMEN

Todo aquello que la naturaleza aporta a las personas, tanto positivo como negativo, se
denomina contribuciones de la naturaleza a las personas (NCP por sus sigals en
inglés). Los ungulados desempefian esta doble funcion de proveedores de NCP
beneficiosos y perjudiciales, ya que proporcionan servicios ecosistémicos (como
experiencias extractivas o mantenimiento del habitat) y conflictos (por ejemplo, dafios
a cultivos o colisiones de trafico). En este trabajo examinamos las prioridades
cientificas y las percepciones de los pastores con respecto a los NCP proporcionados
por los ungulados silvestres en Espafia. Revisamos aquellos articulos cientificos sobre
las relaciones entre ungulados y humanos en Espafia, y por otro lado realizamos
cuestionarios sobre los NCP percibidos a pastores de sistemas de ganaderia extensiva
donde los ungulados domésticos cohabitan con los silvestres. Después comparamos
si las prioridades cientificas coinciden con las percepciones de los pastores. Ambos
agentes destacan los NCP negativos frente a los beneficiosos, aunque estos conflictos
varian entre lo estudiado en las publicaciones cientificas y lo percibido por los
pastores. Con respecto a los NCP perjudiciales, los pastores no mencionaron la
alteracion del suelo, el dafio a la salud humana o las colisiones de trafico, auque la
comunidad cientifica los contempla en los estudios. En cambio, los pastores
consideraron principalmente el dafio a la vegetacion, la competencia por el pasto, el
dafio a otros animales, el dafio a los cultivos y la transmision de enfermedades al
ganado como importantes NCP negativos. En lo que respecta a los NCP beneficiosos,
la caza destacaba en las publicaciones, sin embargo, los pastores no lo consideraron,
valorando mas la regulacion de otros organismos (eliminacion de carrofias, presas
alternativas) y las experiencias no extractivas como el valor estético. Este énfasis en
los NCP negativos puede reforzar la idea de que los ungulados son una amenaza para
los humanos en lugar de contribuir al bienestar de las sociedades. El hecho de que la
investigacion no aborde los intereses de los pastores puede afectar la tolerancia social

hacia los ungulados, ya que los dafios experimentados o percibidos por los pastores
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no se estudian. Nuestros resultados muestran la relevancia de considerar los sistemas

locales de conocimiento de los pastores, algo destacado por el enfoque de los NCP.

Palabras clave: Bovidae; Cervidae; dafio; relaciones humano-ungulado; Suidae
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INTRODUCTION

In the last decades, it has been acknowledged that biodiversity and its conservation
contribute to societies’ wellbeing through the provision of multiple ecosystem
services (Brooks et al. 2006; Hevia et al. 2017). Likewise, there is also growing
recognition that biodiversity can also undermine human wellbeing by causing natural
hazards and impairing damages in livelihoods (e.g., Lyytiméki 2015; Shackleton et
al. 2016). The fact that biodiversity can both positively and negatively affect human
wellbeing has been recently acknowledged by the Intergovernmental Platform of
Biodiversity and Ecosystem Services (IPBES 2017) through the concept of nature’s
contributions to people (NCP), i.e., all the contributions of nature, both positive and
negative, to the societies’ quality of life (Diaz et al. 2018). Frequently, the outcome
of an ecological process, species or functional guild is conceived by society as a
benefit or as a detriment depending on the environmental and cultural contexts
(Saunders and Luck 2016; Rasmussen et al. 2017). For example, scavengers can be
perceived by shepherds as beneficial because the consumption of carcasses and at the
same time as harmful because some predators attack livestock (Morales-Reyes et al.
2018).

In NCP research, scientific attention about beneficial contributions of wildlife are
scarcely garnered any (Lyytiméki 2015; Shackleton et al. 2016). However, there is a
large body of literature about the damages caused by wildlife to human wellbeing
under the framework of human-wildlife conflicts, i.e. negative NCP (Peterson et al.
2010). The framework of human-wildlife conflicts refers to wildlife damages to food
production, human safety, human properties or more generally livelihoods (Nyhus
2016). Despite the development on both positive and negative NCP research, although
under the terms of conflicts and ecosystem services given the novelty of the NCP, yet
the dual role of wildlife as beneficial and detrimental to human wellbeing is

underexplored.
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In addition, the research on NCP is unevenly distributed among taxonomic groups.
For example, whilst the role of vegetation for providing positive NCP has been
broadly studied, the role of vertebrates remains understudied (Hevia et al. 2017). By
contrast, research on negative NCP is biased towards carnivores (Peterson et al. 2010;
Kansky et al. 2014). However, there are other taxonomic groups that are relevant as
providers of beneficial and detrimental NCP, such as vultures (Morales-Reyes et al.
2018) or rodents (Rasmussen et al. 2017). Ungulates are also a group that plays this
dual role of providers of beneficial and detrimental NCP. Ungulates play a critical
role for regulating NCP, such as habitat maintenance (Owen-Smith 1988; Sandom et
al. 2014), seed dispersion (Gill and Beardall 2001) and scavenging (Ripple et al.
2014). They also provide material benefits as they are still source of food in many
societies (Ripple et al. 2015) as well as nonmaterial, being attraction for nature-based
tourism and recreational hunting (Naidoo et al. 2016). Ungulates can also be the
source of damages, such as crops damage (Dunkley and Cattet 2003), damage of forest
plantations (Gundersen et al. 2004), collisions with vehicles (Snow et al. 2015) and
competition with livestock for resources (Gortazar et al. 2007). Because this dual role
of ungulates as providers of benefits and source of damages, in this paper, we use the
concept of NCP that explicitly acknowledges both positive and negative contributions
of biodiversity to the societies’ wellbeing (Diaz et al. 2018). The current absence of
knowledge about the beneficial and detrimental NCP provided by ungulates can entail

a blind spot for wildlife management and biodiversity conservation.

In this research, we examine the scientific interests and shepherds’ perceptions
regarding the provision of NCP by wild ungulates. Particularly, we analyzed the
detrimental and beneficial NCP provided by wild ungulates through examining the
scientific priorities and the shepherds’ perceptions in peninsular Spain. We selected
the wild ungulates of the peninsular Spain because their populations are increasing
favoured by changes in land use (Acevedo et al. 2011) that lead to competition for
resources with extensive livestock farming. We specifically aimed to: (1) identify

which negative and positive NCP provided by wild ungulates were studied in the
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scientific literature of Spain; (2) determine whether wild ungulates were perceived as
source of negative NCP or providers of positive NCP by shepherds in extensive and
semi-extensive livestock farming systems in mountainous areas of Spain; and (3)
compare whether the scientific priorities regarding negative and positive NCP of wild

ungulates matched with the priorities derived from shepherds’ perceptions.

MATERIAL AND METHODS
Scientific priorities: systematic review of articles

We reviewed scientific articles of human-ungulates relations, either negative or
positive interactions, in Spain. We searched in the Scopus database by using a search
string comprised by words that combined different terms related to ‘conflict’,
‘ecosystem service’, ‘human-herbivore relation” and ‘ungulate’ (see Appendix S1 for
the full search string). The search was made to title, abstract and keywords from 2000
to 2018. We found 406 articles of potential relevance published in English. Of these,
we only selected those articles of wild ungulates that are present in peninsular Spain
(Table S.2.1), excluding feral domestic ungulates. We excluded those articles of feral
domestic ungulates. Eight species comprise the community of wild ungulates in the
peninsular Spain: aoudad (Ammotragus lervia), chamois (Rupicapra pyrenaica),
fallow deer (Dama dama), Iberian ibex (Capra pyrenaica), mouflon (Ovis orientalis),
roe deer (Capreolus capreolus), red deer (Cervus elaphus), and wild boar (Sus scrofa).
We screened the articles to ensure that they reported on empirical studies (i.e., we
excluded reviews or theoretical papers) and analyzed either negative or positive NCP
provided by wild ungulates. This screening returned a final set of 82 articles (See

appendix S.2.3)

We coded each publication according to: (1) its general description (i.e., year of
publication, journal and the ungulate species), (2) category of negative NCP and (3)
category of positives NCP, both if they mentioned or evaluated the identified NCP.
The classification of negative NCP was adapted from Peterson et al. (2010), but we
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included new negative NCP that were derived from the literature review (Table 1).
We classified positive NCP according to Diaz et al. 2018 (Table 2).

To test whether there was any level of association between the species of wild
ungulates in the peninsular Spain and the NCP studied in the scientific literature, we

conducted Chi-square contingency tables and Fisher’s exact test.
Shepherd perceptions
Study areas

We examined shepherds’ perceptions in five mountains in Spain (Figure 1):
Cantabrian Mountains, Pyrenees, Sierra Morena, Sierras de Cazorla, Segura y Las
Villas Natural Park (hereafter, Cazorla) and Northwest of Murcia (hereafter, Murcia).
These areas represent the main traditional and large extensive and semi-extensive
livestock farming systems (i.e., pasture-based farming) in Spanish mountains. These
areas host an important number of livestock heads (Table S.2.2) that cohabit with wild

ungulates.

Eight species comprising the community of wild ungulates in the peninsular Spain,
and only the red deer and the wild boar are present in the five areas. The aoudad is a
non-native species introduced into Spain in the 1970s and inhabits mountains of
Cazorla and Murcia. The roe deer is present in the Cantabrian Mountains, Pyrenees
and Sierra Morena. The Iberian ibex is present in Sierra Morena, Cazorla and Murcia.
The chamois is only present in the Cantabrian Mountains and Pyrenees. The fallow
deer, another non-native species in the peninsular Spain, inhabits Cantabrian
Mountains, Sierra Morena and Cazorla. The mouflon, also a non-native species
introduced in the 1950s, occupies Pyrenees, Sierra Morena, Cazorla and Murcia (see
Table S.2.1). Of the five study areas, stable populations of large carnivores, such as
the brown bear (Ursus arctos) and the Iberian wolf (Canis lupus signatus), are only

present in the Cantabrian Mountains.
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Figure 1. Map of peninsular Spain showing the five study areas, where questionnaires were conducted.
Study areas are indicated with colored lines. Sampling points are indicated with black circles. Ungulate
species present in each study area are shown in Table S.2.1.
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Data collection and analyses

We conducted face-to-face questionnaires to shepherds from 2012 to 2016, collecting
184 questionnaires (see Table S.2.2 for the sample size in each study area). We
structured the questionnaire in three main sections: (1) wild ungulate species that were
known and seen by shepherds in the study area; (2) perception of NCP provided by
wild ungulates in the study area; and (3) socio-demographic and farming
characteristics of shepherds. We only asked questions concerning section two when
respondents have known and seen the ungulate species existing in the study area (see
Appendix S.2.2 and Figure S.2.1 for details about the species known and seen by
shepherds in each farming system).

We conducted Chi-square contingency tables and Fisher’s exact test to determine
whether some wild ungulates were particularly perceived by shepherds as a source of
a specific NCP. Based on the NCP derived from the perceptions of shepherds, we built
the variable Nature Contributions to People Provider (NCPP) index, which indicates
the average shepherd perceptions of wild ungulates as providers of NCP for each
species using a five-point scale from very harmful (NCPP index = 1) to very beneficial
(NCPP index = 5). Based on this, species with an assigned NCPP index ranged from
1 to 2 were considered harmful and, thus, as source of negative NCP; whilst species
with NCPP index ranged from 4 to 5 were considered beneficial and, thus, as providers
of positive NCP. We carried out Kruskal-Wallis test and Tukey post-hoc test to
determine differences in the NCPP index perceived by shepherds between different
species. We also performed Mann-Whitney U test to explore differences in the NCPP
index due to different ecological factors: (1) the diet of ungulates (herbivore or
omnivore), (2) their origin (native or non-native) and (3) the presence of large
predators in the farming system.

Comparison between scientific priorities and shepherds’ perceptions

To compare whether the scientific priorities given to both, negative and positive NCP,

match with the priorities perceived by shepherds in extensive livestock farming
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systems, we performed two Spearman’s correlation tests: one for negative and another
for positive NCP. The variables included in the correlation test were the percentage
of publications that mentioned each NCP, representing scientific priorities, and the
percentage of shepherds indicating that wild ungulates were responsible of causing

each NCP, representing shepherds’ perceptions.

RESULTS
Scientific publications on NCP provided by wild ungulates

Research on NCP provided by ungulates in Spain has irregularly increased since 2000
(Figure S.2.2). A great number of publications addressed both kinds of NCP (45.1%
of publications). Of the remaining publications, most articles addressed only negative
NCP (36.6%), whilst 18.3% of publications focused only on ecosystem services.
Species that received higher scientific attention were wild boars (61.0%), red deer
(48.8%), roe deer (24.4%), Iberian ibex (22.0%), fallow deer (14.6%) and aoudad
(12.2%). Other species studied in less than 10% of publications were the mouflon
(7.3%), and the chamois (7.3%; Figure 2).

60 1 B Positive NCP M Negative NCP B NCP

Figure 2. Number of publications for each species. Bars indicate total number of papers focused on
each NCP type.
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Negative NCP that received higher attention were damage to biodiversity (61.0% of
publications), particularly vegetation damage (54.9%), animal biodiversity damage
(20.7%), non-native species (11.0%) and soil alteration (11.0%); damage to
production (37.8%), especially diseases to livestock (18.3%); damage to human
(15.9%; including diseases transmission (15.9%) and direct attacks (2.4%)), and
traffic collisions (14.6%). The remaining negative NCP were studied in less than 5%

of publications (Figure 3A).

There was an association between some negative NCP and several species (y2 = 156.6,
df =84, p < 0.001). Particularly, we found significant positive association (p < 0.05)
between vegetation damage and the Iberian ibex (and wild boars (y2 = 3.2), non-native
species and both the aoudad (32 = 44.4) and the fallow deer (x2 = 14.6), crop damage
and the wild boar (y2 = 5.8). Some of the negative NCP less addressed by scientific
literature acquired importance with some species, such as the association between
grazing competence and both Iberian ibex (y2 = 5.7) and the wild boar (y2 = 0.1),
silvicultural damage and the red deer (y2 = 0.2), and property damage and both the
red deer (x2 = 0.01) and the wild boars (y2 = 0.1). Damage to animal biodiversity, soil
alteration, diseases transmission to livestock, and damage to animals and to humans,
as well as traffic collisions and human-human conflicts were not associated to any

species (Figure 3B).

The positive NCP that received the highest scientific attention belonged to the
category of non-material contributions (48.8% of publications), particularly physical
and psychological experiences, where 48.8% of publications mentioned hunting (i.e.,
extractive experience). However, only 4.9% of publications mentioned the aesthetic
value of wild ungulates (i.e., non-extractive experiences) and just 1.2% the cultural
heritage (i.e., supporting identities) and 1.2% the maintenance of options for the
future. Regulating contributions were mentioned in 22.0% of publications: regulation
of organisms (8.5%; including scavenged carcasses (6.1%), scavenging by the wild
boar (3.7%) and alternative prey (2.4%)), habitat maintenance (11.0%), dispersal of
seeds (3.7%), maintenance of soils (2.4) and regulation of hazards and extreme
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(1.2%). Material contributions were only mentioned in 4.9% of publications, being
ungulates conceived as a source of food (4.9%) and materials and assistance resource
(2.4%; Figure 4A). We did not find any association between the species studied and
ecosystem services (x2 = 64.1, df = 70, p = 0.68) (Figure 4B).

The positive NCP that received the highest scientific attention belonged to the
category of non-material contributions (48.8% of publications), particularly physical
and psychological experiences, where 48.8% of publications mentioned hunting (i.e.,
extractive experience). However, only 4.9% of publications mentioned the aesthetic
value of wild ungulates (i.e., non-extractive experiences) and just 1.2% the cultural
heritage (i.e., supporting identities) and 1.2% the maintenance of options for the
future. Regulating contributions were mentioned in 22.0% of publications: regulation
of organisms (8.5%; including scavenged carcasses (6.1%), scavenging by the wild
boar (3.7%) and alternative prey (2.4%)), habitat maintenance (11.0%), dispersal of
seeds (3.7%), maintenance of soils (2.4) and regulation of hazards and extreme
(1.2%). Material contributions were only mentioned in 4.9% of publications, being
ungulates conceived as a source of food (4.9%) and materials and assistance resource
(2.4%; Figure 4A). We did not find any association between the species studied and
ecosystem services (x2 = 64.1, df = 70, p = 0.68) (Figure 4B).

Shepherds’ perceptions of NCP provided by wild ungulates

A higher percentage of shepherds perceived wild ungulates as harmful (55.0%) than
beneficial (20.1%). The way shepherds identified and described the NCP provided by
wild ungulates is presented in Table 1. Among the negative NCP identified by
shepherds, damage to production was the most mentioned (79.9% of shepherds),
particularly grazing competence (37.5%), damage to animals (37.0%; which includes
damage to game species (19.0%) to livestock (17.9%)), crop damage (32.1%) and
diseases transmission to livestock (25.5%). The damage to animals was related to the
role of wild boar as a predator and it included direct physical damage to livestock
(19.0%), game species and their hatchlings and eggs (4.3%), and non-specified
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species (13.6%). Also highlight damage to biodiversity (40.2%), especially vegetation
damage (41.3%); and property damage (7.6%; Figure 5A). Other negative NCP were
no perceived by shepherd, as damage to human safety, traffic collisions or human-
human conflicts. We found positive associations between several species and the
negative NCP perceived by shepherds (y2 = 401.8, df = 49, p < 0.001). We found
associations (p < 0.05) between: rooting behaviour (vegetation damage) and the wild
boar (y2 = 39.7); grazing competence with livestock and the fallow deer (x2 = 7.6),
the mouflon (y2 = 6.2) and the red deer (¥2 = 5.1); disease transmission to livestock
and both the fallow deer (2 = 3.9) and the Iberian ibex (x2 = 3.7); crop damage with
the wild boar (x2 = 11.7); and damage to animals and the wild boar (y2 = 65.2). Some
of the less mentioned negative NCP acquired relevance for some particular species,
such as animal biodiversity damage and the fallow deer (32 = 2.1); non-native trait
and the red deer (y2 = 9.0); property damage and both the chamois (y2 = 17.7) and the
roe deer (y2 = 22.5; Figure 5B).

Among positive NCP, shepherds mostly mentioned regulating contributions (9.2%),
as regulation of organisms (7.6%; including scavenging by the wild boar (6.0%) and
alternative prey (1.6%)), habitat maintenance (2.2%) and maintenance of soils (0.5%).
Non-material NCP were mentioned by 6.5% of shepherds, particularly non-extractive
experiences (aesthetic value of wild ungulates; 4.3%) and supporting identities
(2.2%). Material NCP were mentioned by 0.5% of shepherds (Figure 6A). We did not
find significant positive associations between particular species and the positive NCP
perceived by shepherds (x2 = 33.8, df = 35, p < 0.53; Figure 6B).
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Chapter 2

The average shepherds’ perception of wild ungulates as providers of NCP (NCPP
index) varied among species (y2 = 215.93, df = 7, p < 0.001). Whilst the wild boar
was assessed by shepherds with the lowest score (NCPP index = 1.42), indicating that
this species was mostly considered as harmful; the chamois, the roe deer and the
Iberian ibex were assessed with the highest scores (NCPP index > 3.44), indicating

that they were mostly perceived as providers of NCP (Table 3).

Table 3. Shepherds’ perception of wild ungulates’ capacity to provide NCP. It shows NCPP index,
standard deviation (SD), and posthoc Tukey test grouping species according their NCPP index.

Species NCPP index SD Tukey posthoc test

Chamois 3.53 1.16 a,b
Roe deer 3.51 1.24 a,b
Iberian ibex 3.44 1.44 a,b
Aoudad 3.00 1.65 a

Red deer 2.49 1.32 a,C
Mouflon 2.28 124 a,c
Fallow deer 2.17 1.13 a,Cc
Wild boar 1.42 0.98 d

NCPP index varied according to the diet of the wild ungulate species, since strict
herbivores were significantly perceived by shepherds as providers of more positive
NCP than omnivore species, i.e., wild boars (Mann-Whitney U test, p < 0.001).
Moreover, NCPP index also varied according to the presence of large carnivores in
the study area. We found that wild ungulates in areas with large carnivores were
perceived by shepherds as more beneficial than in areas without large carnivores
(Mann-Whitney U test, p < 0.001). We did not find differences in NCPP index
between native and non-native species of wild ungulates (Mann-Whitney U test, p =
0.35).
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Comparison between scientific priorities and shepherds’ perceptions

Scientific priorities about negative NCP and shepherds’ perceptions of negative NCP
were not correlated (Spearman’s rho = 0.18, p = 0.56). In fact, some negative NCP
such as soil alteration, silvicultural damage, damage to human safety, traffic collisions
and human-human conflicts were only mentioned in the scientific literature, but were
not perceived by shepherds (Figure S.2.3a). Likewise, we found no correlation
between scientific priorities and shepherds’ perceptions of positive NCP (Spearman’s
rho = 0.34, p = 0.31). Dispersal of seeds, regulation of hazards and extreme events,
materials and assistance, extractive experiences and maintenance of options were not
perceived as positive NCP by shepherds, and were only mentioned in the scientific
literature (Figure S.2.3Db).

DISCUSSION

Despite the increasing attention to positive NCP in the last years (Diaz et al. 2015),
most of the scientific attention regarding ungulates evaluated detrimental NCP (96%
of articles). This result is consistent with former research on human-wildlife relations
that show that publications are biased toward negative aspects (Kansky and Knight,
2014). It is also remarkable that the few scientific articles addressing beneficial NCP
focussed on hunting (48.8% of reviewed articles) (e.g. Milner et al. 2006; Schley et
al. 2008). The emphasis in the scientific literature on hunting as a beneficial NCP can
have twofold explanations. On the one hand, hunting has been suggested as a
management action to limit the populations of particular species that cause damage
(i.e. negative NCP). For example, recreational hunting of wild boar has been identified
among other measures to control its population across Europe (e.g., Massei et al.
2014). This control tool was also applied to the management of the red, fallow and
roe deer (e.g., Ramos et al. 2006; Sobalak 2008). In this sense, hunting goes beyond
the recreational experience (i.e. nonmaterial NCP) and it turns into a management

recommendation. On the other hand, the focus on hunting can be also explained by
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the historical bias towards economic valuation in ecosystem service research (e.g.
Gobmez-Baggethun et al. 2010; Nieto-Romero et al. 2014). In fact, several studies on
ungulates assess the economic value of hunting (Martinez-Jauregui et al. 2014; Popa
et al. 2013).

Similar than the scientific literature, shepherds also mentioned more detrimental than
beneficial NCP. Different factors determine shepherds’ perception of wild ungulates
as providers of positive or negative NCP, such as diet and the presence of large
carnivores in the system. Regarding diet, we found that the only omnivorous species
(i.e. the wild boar) was worse valued than strict herbivores because their feeding
behaviour may provoke that shepherds perceive them as harmful. For instance,
shepherds in other countries considered the wild boar as the main predator of their
herds despite there was no evidence of such predation (but scavenging) on livestock
(Herrero and Fernandez de Luco 2003). Concerning the presence of large carnivores
(i.e., wolves and brown bears), we found that in places where large carnivores are
present, shepherds perceived some wild ungulate species as an alternative prey source
and their presence is therefore considered beneficial because it can reduce carnivore
attacks on livestock. This phenomenon has been detected also in other European
countries. For example, Sidorovich et al. (2003) and Vos (2000) in Belarus and
Portugal, respectively, demonstrated that wolf attacks on livestock increase when wild

preys are scarce.

Despite that scientific priorities and shepherds’ perceptions highlight more
detrimental than beneficial NCP, there are some mismatches. For example, whilst soil
alteration, damage to human safety or traffic collisions were considered in more than
10% of publications, they were not mentioned by shepherds. Contrarywise, shepherds
mainly considered vegetation damage, grazing competence, damage to animals, crop
damage and disease transmission to livestock as important detrimental NCP. The last
four negative NCP perceived by shepherds are related with damage to production. As
shepherds’ livelihoods strongly depend on their livestock any potential threat is

considered as relevant. In fact, a meta-analysis developed by Kansky et al. (2014)
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concludes that the potential of experience damages can underpin negative perceptions

toward wildlife.

Regarding beneficial NCP, whilst the ecosystem service of hunting was prominent in
the scientific literature, shepherds did not conceived it as an important beneficial
contribution. However, they considered most important positive NCP the regulation
of other organisms (i.e. the capacity of the wild boar to remove carcasses and the role
of other species as alternative prey for predators and carcasses for scavengers),
followed by non-extractive experience such as the aesthetic value. These results are
consistent with previous research that found that scavenging is positively valued by
shepherds in Spain as it contributes to remove the carcasses of livestock (Morales-
Reyes et al. 2018); and that ungulates are amongst the most valued organisms because
their beauty (Frynta et al. 2013). The fact that shepherds do not conceived hunting as
a beneficial NCP may be because they cannot access to big game hunting, although

they considered that some ungulates could affect species of big and small game.

These results do not only demonstrate that scientific interests regarding biodiversity
and positive NCP differ from shepherds interests, needs and perceptions (e.g. Martin-
Lopez et al. 2007; Iniesta-Arandia et al. 2014), but also that this mismatch can be
determined by the absence of experiencing particular NCP. Furthermore, our results
also show the relevance of consider shepherds’ local knowledge as their
understandings might be different than the scientific knowledge, which is something
highlighted by the NCP approach (Diaz et al. 2018).

In addition, we found that even when scientific priorities and shepherds’ perception
match in terms of detrimental and beneficial NCP, the species responsible were
different. For instance, shepherds did not consider the wild boar as a competitor for
graze (grazing competition), whereas they perceived wild boars as harmful through
rooting behavior and damage vegetation and crops. Further, whilst disease
transmission to livestock was related mainly with the wild boar by scientific priorities
(but not significant association), shepherds did not considered this potential risk as
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relevant. Instead, shepherds emphasized their scavenger behaviour and thus they
might consider that wildboars reduce the risk of disease transmission via scavenging.
Nevertheless, shepherds perceive some ungulates as potential transmissors of diseases
-i.e. Iberian ibex and fallow deer-. Although there were not significant association
among other species such as the mouflon and the red deer with diseases tranmission,
they were considered as potential diseases transmitters by a high percentage of
shepherds. It has been demonstrated that taxonomically related species are more
susceptible to infection by the same parasite species (Freeland 1983). This factor
could be crucial in the wildlife-livestock pathogen interaction as happened with sheep
and bighorn (O. canadensis) (Wehausen et al. 2011) or between cattle (Bos taurus)
and American bison (Bison bison) (Kilpatrick et al. 2009). So, shepherds’ perception
might be influenced by the taxonomic relation which is reflected in the physical
similarity, particularly between Iberian ibex and domestic goat (C. hircus), both
belonging Capra genus, and also with mouflon and sheep (O. aries) both belonging to

the Ovis genus.

Former research has found that shepherds’ perceptions regarding specific negative
NCP do not correspond with the actual ecological processes (e.g., Herrero and
Fernandez de Luco 2003). For example, Ranglack et al. (2015) quantified the relative
grazing impacts of bison, cattle and lagomorphs in an area where ranchers perceived
the bison as the main competitor of cattle, but they found that lagomorphs were the
largest consumers of biomass. Nevertheless, there is evidence about the
correspondance between local knowledge and scientific knowledge of ecological
processes, in particular with scavengers (Morales-Reyes et al. 2018). Former research
has also highlighted the usefullnes of local knowledge to complement assessments of
habitat use by mammals (Prado et al. 2014), or to obtain information on species
abundance and population trends in terrestrial ecosystems (Anadon et al. 2009), whose

results are aplicable to conservation policies and sustainable management measures.
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CONCLUSIONS

The emphasis on detrimental NCP rather than beneficial NCP made by scientists and
shepherds can reinforce the idea that wildlife, and in particular ungulates, can threaten
humans, instead that contribute to our quality of life (Peterson et al. 2010). This could
affect directly the conservation of these wildlife species through management policies,
especially when stakeholder are involve in the development and implementation of
management plans as its recommended (Young et al. 2013). Yet, some discrepancies
were found between scientific priorities and shepherds’ perceptions regarding the
beneficial and detrimental NCP provided by ungulates. For example, those
detrimental NCP mostly stated by shepherds (i.e. grazing competence and damage to
animals) were little considered by the scientific literature. The fact that scientific
research does not address the interests of shepherds can affect the social tolerance
towards wildlife as the damages experienced or perceived by shepherds are not
assessed. Therefore, future research on human-ungulate relations should focus on two
key aspects: the beneficial NCP provided by ungulates and the existing damages
experienced by shepherds. This research agenda will contribute to drift current
perceptions about ungulates as sources of negative NCP to providers of positive NCP

and to provide insights for managing the damages caused by ungulates.
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ABSTRACT

Exploitative competition implies an indirect interaction in which a resource exploited
by one species is not available for another; e.g., when species share diet or habitat. It
plays a key role in the community structure and dynamics. Here we evaluated the
niche overlap under cohabit conditions between the exotic aoudad (Ammotragus
lervia) and the native Iberian ibex (Capra pyrenaica) in the Iberian Peninsula, along
two main dimensions, the trophic niche and the environmental niche. Then we
assessed the spatial segregation of the species. We expected that if a niche overlap
was high, competition could drive to spatial segregation to allow co-existence. We
analyzed their trophic niche overlap by using the content of stable isotopes 615N and
813C in the hair of both species. To establish environmental niche competition, we
compared the similarity in their habitat, estimated by environmental niche models
based on the fine-scale presence records of each species obtained from field surveys.
To test if spatial segregation occurred, we analyzed both species’ co-occurrence. Our
results indicated that both species shared a similar trophic niche measured by stable
isotopes, both species showed a similar distribution of suitable areas, and that both
species’ environmental niches were more similar than expected. Finally, a negative
spatial association was found between the aoudad and Iberian ibex. These results
reveal that both species are ecologically similar and suggest that fine-scale spatial
segregation might have favoured their co-existence in semiarid Mediterranean
mountains. Our results show that integrating information on trophic and
environmental niche overlap with fine scale spatial distribution might improve the

study of competitive interactions among wild ungulates.

Key words: Ammotragus; Assisted colonization; Capra; Environmental model; Diet;

Stable isotopes
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RESUMEN

La competencia por explotacion implica una interaccion indirecta entre dos 0 mas
especies en la que un recurso consumido deja de estar disponible para el resto, por
ejemplo, cuando dos especies comparten dieta o habitat. Este proceso juega un papel
importante en la dindmica de las comunidades y su estructura. En este trabajo
evaluamos el solapamiento de nicho del arrui (Ammotragus lervia), especie exdtica,
y la cabra montesa (Capra pyrenaica), especie nativa, en las sierras en que coexisten
de la peninsula ibérica, comparando sus nichos tréficos y ambientales. Después
analizamos la segregacion espacial de estas especies, que esperabamos encontrar, en
el caso de que el solapamiento de nicho fuese elevado, como mecanismo para permitir
la coexistencia. Para establecer el solapamiento de nicho tréfico medimos el contenido
de isotopos estables de 015N y 013C contenido en el pelo de ambas especies. Para
establecer el solapamiento de nicho, creamos modelos ambientales basados en la
presencia de la especie a una escala fina y los comparamos. Realizamos un analisis de
coocurrencia para testar si existia segregacion espacial entre el arrui y la cabra
montesa. Los resultados indicaron que ambas especies comparten un nicho trofico
similar establecido a partir de isétopos estables, y una distribucién similar por los
habitats disponibles, siendo su nicho ambiental méas similar de lo esperado.
Encontramos también una asociacion espacial negativa entre las especies. Todo ello
apunta a que las especies de estudio son ecolégicamente similares y que a escala
espacial fina la segregacion espacial podria favorecer su coexistencia en los sistemas
montafiosos mediterraneos. Nuestros resultados muestran que integrando
informacion sobre los nichos troficos y ambientales a escala fina podria mejorarse el

estudio sobre las interacciones de competencia entre los ungulados silvestres.

Palabras clave: Ammotragus; Colonizacion asistida; Capra; Modelo ambiental;

Dieta; Isétopos estables
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INTRODUCTION

Interspecific interactions such as competition play a key role in the ecosystem
structure and dynamics (Barbosa and Castellanos, 2005; Tilman, 1987). For the
competition process to happen, the following conditions must be met: 1) different
species must share resources; 2) resources must be limited; 3) the joint exploitation of
these resources must negatively affect both species’ performance (Milne, 1961; Prins,
2000). Competition can be based on interference or exploitation among sympatric
species (Begon et al. 2006). Interference competition happens when both species
directly interact, preventing another species from exploiting resources (Begon et al.
2006; Linnell and Strand, 2000). Exploitative competition implies indirect
interactions in which a resource consumed by one species is not available for another
(Lang and Benbow, 2013; de Boer and Prins, 1990).

Studies that focus on competition between species that exploit the same resources (i.e.
intraguild competition) usually encompass ecological processes with species that have
co-evolved (Ballejo et al. 2018; Grassel et al. 2015; Wright 2002). Co-evolved
competing species can co-exist because they differ in the realized niche; i.e. resources
and conditions that a species exploits as a result of interactions with other species
(Giller 1984). According to Hutchinson (1957), the niche concept is defined as an n-
hyperdimensional volume, where n is the number of dimensions that compose the
niche. Therefore, niche differentiation can occur along different dimensions, such as
food or habitat. Among the mechanisms that facilitate co-existence and alleviate
competition, predation (Chesson 2000) or spatial segregation on fine scales to exploit

shared resources are highlighted processes (e.g. Barrio and Hik, 2013).

Novel intraguild competition processes may appear when exotic species are
introduced beyond their natural range and interact with the native species they share
resources with (Mooney and Cleland 2001). These new interactions can reduce the
abundance and richness of native species (Blackburn et al. 2004; Gaertner et al. 2009).

Introduced species are considered the second cause of biodiversity loss (Wilcove et
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al. 1998) and they are associated with alterations of ecosystem processes (Raizada et
al. 2008) and the community structure (Hejda et al. 2009). It has also been detected
that exotic species may affect the genetic diversity and the evolutionary pathway of
native species (Mooney and Cleland 2001). This phenomenon has been evaluated in
different areas of the world; e.g., introduced carnivores into Australia (Doherty et al.
2017) or Europe (Bonesi et al. 2004; Harrington et al. 2009), or between exotic and
native deer in North America (Faas and Weckerly 2010).

In the case of wild ungulates, introductions usually respond to sport hunting interests
(Spear and Chown 2009). Different studies on the competition between exotic and
native ungulates have concluded that non native species impair native species (Stewart
etal. 2002; Dolman and Waber 2008; Odadi et al. 2011). Other works have also shown
positive effects, such as facilitation processes by non native to native ungulates (Butt

and Turner 2012), which reveals that different situations may occur in similar systems.

Besides translocations, wild ungulates are currently in a process of recolonization in
developed countries (Apollonio et al. 2010). This rewilding process leads to an
increased spatial overlap among ungulates. Considering that current ecosystems are
subject to intense human influence which includes the elimination of predators, the
presence of livestock and the introduction of exotic species (Latham 1999) novel

competition interactions may arise.

Both natural rewilding and introductions are commonplace in Europe, including
Mediterranean ecosystems (Apollonio et al. 2010). The Iberian ibex (Capra
pyrenaica), an endemic ungulate to the Iberian Peninsula, had disappeared in most of
its range. Nevertheless, since the mid-twentieth century, its populations have
increased and large areas from which it had disappeared have been recolonised
(Acevedo and Cassinello 2009).

The aoudad (Ammotragus lervia) is an ungulate native from North Africa, whose
populations are decreasing in its native range due to habitat loss or degradation and

human persecution (Durant et al. 2014). Currently the species is catalogued as
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vulnerable by IUCN in its native range (Cassinello et al. 2008). However, it has been
introduced into several countries of Europe and America in the twentieth century. In
southeastern Spain the aoudad was introduced for hunting (Cassinello 1998) and
conservation purpose (Valverde 2004) in the 1970s. Dr J.A. Valverde was a renowned
biologist that worried about the extinction of Sahara's megafauna. Thus, Valverde and
colleagues brought individuals from the Sahara (Spanish protectorate by that time) of
several threaten ungulates (dama gazelle Nanger dama, dorcas gazelle Gazella dorcas,
Cuvier’s gazelle Gazella cuvieri, and aoudad) as well as to a captivity breeding center
(currently called Experimental Station of Arid Zones, EEZA by its initials in Spanish;
http: http://www.eeza.csic.es). The aoudad was the only species to be released in a
free range in the SE of the Iberian Peninsula in 1970 (Cassinello 1998). The fact of
the introduction of an exotic species outside of its native range for conservation
purpose is currently known as “assisted colonization” (Seddon 2010). Thus, the
introduction of the aoudad in the Iberian peninsula for conservation purpose might be
considered a pioneering example of an assisted colonization before devise that
concept.

Since the 1990s, both the aoudad and Iberian ibex have co-existed in some mountains
of the Region of Murcia (SE Spain), and the expansion of both species has been
apparently influenced by habitat connectivity and interspecific competition (Anadon
et al. 2018). Previous studies indicate that the introduced aoudad could compete with
native ungulates, particularly with the Iberian ibex (Acevedo et al. 2007; but see
Cassinello 2018). Besides the aoudad has been described as a potential hazard to
threatened vegetation due to high population densities (Velamazéan et al. 2017).
Furthermore, crop damage has been also pointed out as another emergent issue leading
to the application of management tools such as diversionary feeding to mitigate these
impacts (Pascual-Rico et al. 2018). Due to these problems associated with the exotic
species, the aoudad was first included in the Spanish catalogue of invasive species in
2013 (Real Decreto 630/2013, Spanish Government) although the population in
Murcia Region introduced legally before 2007 was excluded. However, in a sentence
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by the Spanish Supreme Court (sentence 637/2016) following a demand by
conservationist, the aoudad was included as an invasive exotic in all its range within
the Spanish territory, which spurred a heated debate among the main stakeholders (i.e.
wildlife managers, hunters, ecologist, farmers and conservationists). The potential
competition between the aoudad and the Iberian Ibex was one of the main arguments
to consider the exotic aoudad as an invasive species. Nevertheless, after national
elections the new the Government approved a law (Law 7/2018) to return to the
situation in which aoudad populations introduced legally before 2007 are not
considered as invasive species. Given the changing legislative situation of a current
conservation conflict among the stakeholders abovementioned, it is necessary to
assess with scientific criteria the potential competition between the aoudad and the

Iberian ibex.

Our main objective with the present study was to evaluate the potential competition
between the Iberian ibex (native species) and the aoudad (exotic species) in the
mountain ranges where they live in sympatry. Specifically, we evaluated the
ecological niche overlap along two main dimensions, the environmental niche and the
trophic niche, because they are the commonest partitioned dimensions (Schoener
1983; Toft 1985). Then we assessed the spatial co-occurrence of both species on the
fine scale. We expected that if a niche overlap was high, competition could drive to

spatial segregation to allow co-existence.

MATERIAL AND METHODS
Study area

The study was conducted in different areas in the Region of Murcia (SE Iberian
Peninsula; see Figure 1 and Table S.3.1) where both the Iberian ibex and aoudad
(Artiodactyla order) co-exist. This region forms part of the Iberian ibex’s historical
range, which drastically declined in the first half of the twentieth century, followed

by recovery over the last five decades (Anadon et al. 2018).
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The aoudad was introduced into the region in the 1970s for hunting purposes,
specifically in the Sierra Espufia Regional Park (37°47'-37°56'N, 1°27'-1°40'W).
Since then, this exotic species has spread to other mountains in the region (see
Appendices S.3.1 for more biological information about study species). Data on each

mountain range in the study area is found in Table S.3.1.

Iberian ibex

Figure 1. (A) Position of the study area in the lberian Peninsula. (B) Map of the study area (mountains
in the Region of Murcia, SE Spain). Black areas indicate the mountains where the Iberian ibex and the
aoudad co-exist. (C-D) pictures of the study species by Sergio Eguia.

Trophic niche overlap

Veterinarians, in collaboration with local hunters, collected hair samples of both
ungulates (Iberian ibex n=25; aoudad n=26) during different hunting seasons in 2013
and 2014 in the Region of Murcia (Figure 1). In all cases, the frontal dorsal hair nearest
the skin was collected and cut by stainless steel surgical scissors. All hair samples
were immediately stored in a plastic tube until their isotopic analyses were conducted.
Hair samples were cleaned and powdered. Next 0.3-0.4 mg of each sample was packed
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into tin capsules. The isotopic analyses were performed at the Laboratory of Stable
Isotopes of the Estacién Biologica de Dofiana (www.ebd.csic.es/lie/index.html).
Samples were combusted at 1020°C using a continuous flow isotope-ratio mass
spectrometry system (Thermo Electron) by means of a Flash HT Plus elemental
analyzer interfaced with a Delta VV Advantage mass spectrometer. The stable isotope
ratios were expressed in the standard 6-notation (%o) relative to Vienna Pee Dee
Belemnite (613C) and atmospheric N2 (615N). Based on laboratory standards, the
measurement error was = 0.1 and = 0.2 for 313C and 615N, respectively.

The trophic niche overlap was measured by comparing the degree of isotopic overlap
between species (Jackson et al. 2011). To calculate the isotopic niche overlap between
species, we used the framework proposed by Broennimann et al. (2012), which applies
kernel smoothers to species occurrence in a two-dimensional gridded space. This
space was defined for the respective overlap analysis by the 615N and 613C values of
all the individuals (Navarro et al. 2015).

The overlap was calculated using the D-metric, which ranges from 0 (no overlap) to
1 (complete overlap). We applied a permutation-based approach (100 permutations)
to evaluate whether the overlap values were higher than expected at random according
to the available isotopic space (similarity test, Warren et al. 2008). These analyses
were conducted using the ‘ecospat’ library in R software. Interspecific differences in
the 815N and 613C values were tested by using Student’s t-tests. The significance
level for all the tests was set at p < 0.05.

Environmental niche overlap

We developed an environmental niche model (ENM) for both species in the
mountains that they share. Then we compared the similarity of the resulting models.
We used the Maximum Entropy Software, Maxent 3.3.3 k (Phillips and Dudik 2008),
to develop an ENM of the two species independently using presence-only data. We
compiled presence records of each species using the observations obtained from the

autumn censuses of target species made in 2012, 2014, 2015 and 2016 in the
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mountains where both species were present (Iberian ibex n=174; aoudad n=429). We
assigned the presence records to a grid cell matrix of 200 x 200 m of the study area.
We used the area under the curve (AUC) that derived from the test data as a yardstick
to evaluate the model’s efficacy. We considered test AUC values > 0.75 with

sufficient discriminatory capacity (Elith 2000).

To predict the habitat suitability of both the Iberian ibex and the aoudad, we used land
cover and topography variables as environmental predictors (Table 1). We did not
include climate variables because climate is not likely to be a key driving factor in
both species’ habitat suitability in our study area. Land cover variables represented
the percentage cover of the habitat in the study area in a 200 x 200 m grid cell.
Topography variables were obtained from a 5-meter resolution digital elevation

model, from which the elevation and slope variables were developed.

We employed ENMToolsv.1.4.4 (Warren et al. 2010) to measure the similarity of the
ENMs generated with MaxEnt. With this software, we calculated Schoener’s (1968)
D index to quantify niche similarity, which was estimated by comparing habitat

suitability for each grid cell of the study area using ENMs.

To test whether ENMs were more similar than expected by chance, we ran a
background test. To do so, the test generates a null distribution for the ENM difference
expected between one species and the occurrence points placed at random within the
range of the other species. The niche similarity hypothesis among species is rejected
if Schoener’s D is significantly higher or lower than those expected from the null
distribution (Warren et al. 2010). In our case, significantly higher or lower values
implies that D is over the 0.975 percentile or below the 0.025 percentile (the
equivalent to p = 0.025) of the null distribution values (two-tailed comparison),

respectively.

91



Chapter 3

Table 1. Predictor variables used to assess habitat. All the variables were continuous.

Variable Source
Forest
Shrubland
Land cover Clessamn CLC 2012 CC-BY 4.0 ign.es
Rocky
Croplands
Artificial areas
Topography Elevation MDTS 2009 CC-BY 4.0 ign.es -
Slope Derived from MDT5 2009 CC-BY 4.0 ign.es

Spatial segregation

We tested if our study species more or less co-occurred spatially than expected by
random on the 200 x 200m grid scale. To calculate the number of cells occupied by at
least one species, we used QGIS (2017; http://qgis.osgeo.org). The obtained dataset
consisted in a presence—absence matrix with rows taken as species (n=2) and columns
as occupied cells (n=465). We used the “co-occur” package in R (Griftith et al. 2016),
which applies the probabilistic model of species’ co-occurrence (Veech 2013) to

assess if species co-occur positively or negatively.

RESULTS
Trophic niche overlap

The 615N and 813C values did not differ statistically between species (615N, Iberian
ibex = 3.68 £+ 1.05 %o, aoudad = 3.38 + 095 %o, T =-1.08, p = 0.28; 613C, Iberian ibex
=-23.85 + 0.66 %o, aoudad = -23.94 + 0.87%o, T =-0.42, p = 0.67). Similarly to the
isotopic values, the isotopic niche overlap was high between both species (D-index =
0.59, p = 0.23), the trophic niche of the aoudad overlapped 84.4% the trophic niche of
the Iberian ibex, and conversely, the trophic niche of the Iberian ibex overlapped
77.6% the trophic niche of the aoudad (Figure 2).
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Figure 2. Isotopic niche of both the Iberian ibex and the aoudad, and the overlap niche between them.

Environmental niche overlap

The AUC of the MaxEnt model for the Iberian ibex was 0.88, and the AUC for the
aoudad was of 0.82. Both species showed a very similar distribution of suitable areas
(Figure 3). For the Iberian ibex, the model showed that this species correlated mainly
with elevation and slope, and negatively with croplands. The other variables
contributed less than 5% to the model. With the aoudad, croplands contributed the

most and negatively to the model, as did slope, elevation and grassland (Figure 4).

The environmental niche overlap between the studied species was quantified using
Schoener’s D index, which was 0.71. The background test indicated that our study
species were more similar than expected by chance (Schoener’s D > 97.5% of the null

distribution values; Figure 5).
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Suitability
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Figure 3. Habitat suitability models for both the aoudad and Iberian ibex as assessed from MaxEnt.
The province and the Sierra Espufia Regional Park limits (black lines) are shown for spatial reference.
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Figure 5. Background test histograms for the Iberian ibex (blue bars) and the aoudad (orange bars).
Schoener’s D index (red arrow) was higher for the null distributions generated of both the aoudad and
Iberian ibex. This indicates that the two species are more similar than expected based on available

habitat.
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Spatial segregation

In the spatial segregation analysis on the fine scale, of the 465 cells of 200 x 200m
occupied by at least one of the two species, we found that only six were both co-
occurred species. The spatial co-occurrence analysis showed a negative significant

association between the Iberian ibex and the aoudad (p < 0.001).

DISCUSSION

Our study case provides us with the opportunity to evaluate, in several ways, the
differences in the ecological niche between exotic and native species of the same
ecological guild. According to the stable isotope analysis results, the Iberian ibex and
the aoudad showed high trophic niche similarity. Regarding habitat selection based
on environmental niche models, the study species showed a large overlap in habitat
use, but with slight differences on the fine scale. In the co-occurrence test, as the
studied species showed a negative association, they avoided co-occurring on the fine
scale. These results indicate that both species potentially compete in the trophic and
environmental niche dimensions, and that spatial segregation might be a key

mechanism to allow for long-term co-existence.
Trophic niche overlap

Among its many uses, the stable isotope analysis is a useful tool employed for
reconstructing diets (Kelly 2000, Layman et al. 2012). 515N is a proxy of a species’
trophic level (Peterson and Fry 1987) and, although herbivores can consume
vegetation with different 515N levels (Pacyna et al. 2018), no differences were found
in our study species. Nevertheless, similar 613C values indicate that species feed on
the same kind of vegetation, in our case C3 plants; i.e. they were mainly browsers in
our study area. However, it must be considered that the feeding patterns of ungulates
do not remain constant over time and some species show high feeding plasticity
(Acevedo and Cassinello 2009; Lehmann et al. 2011). Studies about the Iberian ibex
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have demonstrated that browsing focuses on shrub or tree species. (Martinez 1989;
Martinez 2002). The aoudad in the southeast of the Iberian Peninsula also showed
preference for shrub species (Fernandez-Olalla et al. 2016). Moreover, our study
species also feed on grass and forb species (Martinez 1989; Martinez 2002; San
Miguel et al. 2010). Therefore, the proportion of browse, grass and forb eaten by both
the Iberian ibex and the aoudad might depend on vegetation availability, season and
the weather conditions (Cassinello 1998; Wilson and Mittermeier 2011). For example
in their natural distribution area, both species can habit from sea level up to about
3000 — 4000 m (Cassinello 1998; Granados et al. 2007), which indicates that they can
occupy ecosystems with different plant communities. Moreover, the dietary plasticity
of both ungulates allows them to feed on less palatable plants, such as Rhamnus
lycioides bushes and Pinus halepensis trees (San Miguel et al. 2010). In our case, and
according to the values established by Moreno-Gutiérrez et al. (2012) for 613C of leaf
cellulose for several plant species, S. tenacissima forbs and R. lycioides bushes may
form an important part of the diet of both the Iberian ibex and the aoudad in our study

area.

The aoudad showed a higher standard deviation of the 613C levels than the Iberian
ibex. Hence its trophic amplitude was wider. The trophic niche overlap of the aoudad
on the Iberian ibex was higher than that of the Iberian ibex on the aoudad. These
results may indicate that the aoudad feeds on a higher diversity of plants than the
Iberian ibex, which could be interpreted as an advantage for the exotic species versus
the native species. Nevertheless, native herbivores may have narrower trophic niches
than sympatric exotic species because the diet of the former includes fewer items, but
exploits better the resource by feeding on the most nutritious plants available (Jarman
and Sinclair 1979; Reus et al. 2017).

Environmental niche overlap

The ecological niche models reveal that both the Iberian ibex and the aoudad similarly
respond to habitat featuress, although the percentage contribution of each variable
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varied. The distribution of both species is positive linked to elevation and slope, and
altered areas (i.e. croplands) appeared to be avoided. It is interesting that despite
including only the mountain ranges where both species cohabit in this study, the
ENMs slightly differed from one another. This means that the species in these
restricted areas did not distribute in the same way. These results agree with previous
studies conducted for both species (Acevedo et al. 2007; Anadén et al. 2018).

One of the ways to detect ecological niche differences is by comparing the ENMs
developed by the MaxEnt software, which has been demonstrated as the most capable
method for modelling distributions of mammals and other species (Hernandez et al.
2008; Phillips et al. 2006). According to de Boer and Prins (1990), a large overlap in
habitat use could be a sign of non problematic co-existence between two species,
while a small overlap might indicate segregation processes due to competition. The
niche overlap found for our study species was large (Schoener’s D index=0.71), and
the background test showed that the environmental niches for both species were more
similar than expected. This may be related to the fact that both species (included in

the Caprini tribe) present morphological, biological and behavioural similarities.
Spatial segregation

If the niche overlap was large, we expected competition to possibly drive to spatial
segregation. Our results showed that spatial segregation could already be acting as a
mechanism to allow for co-existence, despite the interaction noted between our study
species being a result of recent human intervention (with no common evolutionary
history). Therefore, if we consider that our results indicate that both species are
ecologically similar in terms of the evaluated niche dimensions and the detected
spatial segregation, then both species could compete, especially when resources are
limited; e.g., when environmental perturbations occur, such as drought periods.
Competition between both the Iberian ibex and the aoudad could lead to one species’
displacement, and even to one of them eliminating the other through the principle of

competitive exclusion; i.e. one competing species eliminating or excluding another
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species (Hardin 1960). To determine the output (i.e. competitive exclusion or co-
existence), it will be necessary to estimate the competition coefficient of each species

and the carrying capacity of the environment in future research.

In summary, in the given conditions, the strong similarity in the trophic and
environmental niche of both the Iberian ibex and the aoudad indicates potential
competition between them. However, the spatial segregation on the fine scale seems
to act as a mechanism to facilitate the co-existence between the native and exotic

ungulate species.

Currently the aoudad has been eliminated of the Spanish Catalogue of Invasive Exotic
Species for some areas where it was introduced. However, Carboneras et al. (2017)
created a prioritised list of invasive alien species where the species are ranked
according to their potential threat to biodiversity in Europe, and the aoudad is
considered in a widespread phase invasion and major impact to biodiversity and
ecosystems. This study sheds light on the research gap that exists on the interaction
between the Iberian ibex and the exotic aoudad, which can be applied in the
development of wildlife policies aimed at better management and conservation of the

species.

The zoologist J.A. Valverde anticipated the future consequences of human activities
on the Sahara’s megafauna (see Durant et al. 2014; Brito et al. 2018) when he
proposed the aoudad introduction in the Iberian Peninsula to conserve the species.
However, this pioneering assisted colonization example, accomplished more than 40
years ago, failed to forecast the ongoing conflicts among different stakeholders and
native species from a conservation perspective. Nowadays, assisted colonization is a
controversial tool due to the possible consequences that may result (Hoegh-Guldberg
et al. 2008; Ricciardi and Simberloff 2009), both short and long-term. Although it is
rarely used (e.g. Kuussaari et al. 2011), there are several proposals for its application
(e.g. https://theaustralianrhinoproject.org) that should be done with caution, if finally
this tool is applied (Loss et al. 2011).
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Ungulates (Artiodactyla order) are the mammals with the highest proportion of
successful introductions around the world (Clout and Russell 2007). In their natural
ranges, their abundance and distribution are increasing, which also occurs in new
colonised areas for introduced species (Apollonio et al. 2010). The consequences of
herbivore ungulate introduction, whatever the reason, can alter biodiversity
interactions (Vazquez and Simberloff 2003), and tend to strongly impact the new
ecosystems that they occupy (Duffy 2003). One of the new processes that may appear
is competition between species. However, competition interaction are not easy to
demonstrate in the field because manipulations to evaluate changes in carrying
capacity and population dynamics in relation to the relative abundance of interacting
species are difficult to perform in the wild (Hakkarainene and Korpimaki 1996).
Nevertheless, our results show that integrating information on trophic and
environmental niche overlap with fine scale spatial distribution might improve the

study of competitive interactions among wild ungulates.
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ABSTRACT

Diversionary feeding (i.e. supplementary feeding used to mitigate damage to human
activities) is a management tool widely employed to avoid human-wildlife conflicts,
which could alter the spatial behaviour of target species, and it can affect other species
present in the area, among other effects. We evaluated the effect of diversionary
feeding in the spatial behaviour of the aoudad (Ammotragus lervia), an exotic ungulate
associated with crop damage in the area, and we assessed the use of diversionary
feeding stations (DFS) by non-target species. Nine aoudads were tracked with
GPS/GSM collars. We compared their core home ranges and number of GPS locations
in the DFS before and meanwhile food was available on them. Eight DFS were
monitored with cameras to identify which species used the feeding sites. The home
ranges changed for some individuals, but this variation was not related to
supplementary feeding. Just five out of the nine tracked aoudads used DFS, and the
number of GPS locations in the DFS by aoudad increased when food was available.
DFS were used by fifteen non-target species of birds and mammals, and especially by
the wild boar. Aoudads and wild boars segregated temporally but not spatially in their
use of the DFS. Our study suggests that diversionary feeding had a limited effect on
the spatial behaviour of the aoudad, suggesting that its effectiveness to reduce crop
damage may be restricted.

Keywords: Ammotragus lervia; co-occurrence; wildlife management; home range;

non-target species.
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RESUMEN

La alimentacion suplementaria empleada para mitigar el dafio a las actividades
humanas es una herramienta de gestién ampliamente utilizada para evitar conflictos
entre seres humanos y la fauna silvestre. Esta herramienta podria alterar el
comportamiento espacial de la especie a la que va dirigida, asi como a otras especies
presentes en el &rea. En este trabajo evaluamos el efecto de la alimentacion
suplementaria en el comportamiento espacial del arrui (Ammotragus lervia), un
ungulado exotico asociado con dafios a cultivos, y evaluamos el uso de las estaciones
de alimentacion por especies no objetivo. Se marcaron nueve arruis con collares
GPS/GSM y comparamos las areas de campeo y las visitas a los comederos antes y
durante los aportes suplementarios. Ocho comederos fueron monitoreados con
camaras para identificar qué especies los usaban. Las areas de campeo cambiaron para
algunos de los individuos marcados, pero esta variacion no se relaciond con la
alimentacion suplementaria. Solo cinco de los nueve arruis marcados usaban los
comederos, y el nimero de visitas a los comederos aumentd cuando habia comida
disponible. Ademas, detectamos que quince especies de aves y mamiferos no objetivo
de los aportes suplementarios usaban los comederos, y especialmente el jabali. Arruis
y jabalies se segregaban temporalmente en los comederos, pero no espacialmente.
Nuestro estudio apunta a que los aportes suplementarios tuvieron un efecto limitado
en el comportamiento espacial del arrui, lo que sugiere que su efectividad para reducir

el dafio a cultivos puede ser limitada.

Palabras clave: Ammotragus lervia; coocurrencia; gestion de la fauna silvestre; area

de campeo; especies no objetivo.
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INTRODUCTION

Supplementary feeding is a usual practice as a wildlife management tool. For
example, it can be used to help depleted populations of threatened species (Piper 2005;
Gonzélez et al. 2006; Lopez-Bao et al. 2008; Krofel and Jerina 2016; Cortés-Avianza
et al. 2016). Supplementary feeding is also used for human interests to facilitate
wildlife observations such as touristic attractions (Orams 2002; Robb et al. 2008;
Corcoran et al. 2013) or for hunting purposes to obtain good trophies for hunters and
improve the quality of the game species (Putman and Staines 2004; Inslerman et al.
2006).

Supplementary feeding can also be used as a tool to mitigate human-wildlife conflicts
and in this case it is known as diversionary feeding (Kubasiewicz et al. 2016). Forest
damage (Gundersen et al. 2004; Sahlsten et al. 2010), crop damage (Dunkley and
Cattet 2003), vehicle collisions (Snow et al. 2015) or predation of game species are
some of the most relevant human-wildlife conflicts (Kubasiewicz et al. 2016). These
conflicts are the result of increased interactions between humans and wildlife and they
are characterized by having adverse effects from humans to wildlife and vice versa
(Redpath et al. 2013).

Supplementary or diversionary feeding stations provide pulsed resources because
large quantities of the resource become temporary available (Yang et al. 2008).
Wildlife responds to these peaks in different ways depending on the species and on
the individual behaviour of animals (Bergmuller and Taborsky 2010). Ungulate
populations have a slow rate of population increase, so the short-term effects of
diversionary feeding in these species are not reflected in population growth (Ostfeld
and Keesing 2000). However, as observed for other species, diversionary feeding can
affect ungulate spatial movements patterns, large-scale migrations or survival, which
in a long-term could favour population growth (Robb et al. 2008; Blanco et al. 2011;
Corcoran et al. 2013; Krofel and Jerina 2016; Cortés-Avianza et al. 2016). All these
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aspects make supplementary feeding a controversial management tool (Milner et al.
2014).

Besides the effects on the species to which diversionary feeding is intended, another
non-target species can be affected by these inputs. For example, the abundance of
some non-target species can vary due to habitat alteration in areas close to the feeding
stations (Pedersen et al. 2014) and predation pressure on nests may increase due to
animal concentration (Selva et al. 2014; Oja et al. 2015). Also, the use of feeding
stations by different species could be a potential point for disease transmission

because of their high-use (Bowman et al. 2015), producing a sanitary problem.

In 1970 an exotic ungulate, the aoudad (Ammotragus lervia) original from North
Africa, was introduced in Sierra Espufia regional park (SE, Spain) because of hunting
interests. The population rapidly increased during the following years, spreading in
the region (Anadon et al. 2018). In the 1990’s the population was drastically reduced
because of sarcoptic mange outbreak (Gonzalez-Candela 2002). To help the species
recover from the outbreak, the managers of the regional park placed supplementary
feeding stations. In 2009, the population had reached similar levels to those previous
to the sarcoptic mange outbreak (Eguia et al. 2015). Population growth could have
been favoured by the species’ high birth rate, being twin births (~25% of total births)
and multiple births per year relatively common (Cassinello 1998). This population
increase resulted in the appearance of conflicts with farmers due to crop damage in
areas around the regional park. As a response, the managers continued the
supplementary feeding in order to avoid crop damage by reducing the home range and
movements of the aoudad outside the regional park. Thus, supplementary feeding

stations were transformed to diversionary feeding stations (DFS).

Our study aims to determine the effect of DFS on the spatial behaviour of the target
species (i.e. the aoudad). We also aim to identify which other wildlife species may be
affected by diversionary feeding. The specific objectives of our study are to assess 1)
how the DFS affect the movement patterns of the aoudad; 2) which other non-target
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species are using the resources provided by the DFS; and 3) the spatio-temporal
partitioning in the use of the DFS by different wildlife species, to identify possible
interactions between the species. We predict that by providing food, the home range
of the aoudad will be reduced around the DFS and that the number of encounters in
the DFS of the species will increase. We also predict that other non-target species will
use the food inputs, competing for the resources. This competition may be reflected

in temporal and spatial segregation patterns among the competing species.

MATERIAL AND METHODS
Study area

The study was conducted in the Sierra Espuiia regional park in southeast Spain
(37°47'-37°56'N 1°27'-1°40'W). It occupies an area of 17,800 ha and includes
habitats ranging thermo-, meso- and supra-Mediterranean from 300 to 1500 m.a.s.l.
Pinus halepensis woods, scrublands and pasture dominate mountain range landscape.
Rainfall ranges from 277 mm in the lower part of the mountains to 510 mm in the
upper parts of the park. Average annual temperatures also follow an altitudinal

gradient ranging from 12.8-18.4 °C.

During the previous year of the study (2014), five different municipalities of Murcia
(Aledo, Alhama de Murcia, Mula, Pliego, Totana) registered crop damage close to
Sierra Espufia Regional Park (< 5 km). A total of 71 cases were detected by the
Regional Government. Mean distance from DFS to detected crop damage was 9.16

km, ranging from 1.11 km to 18.92 km.

Sixteen DFS (average size = SD: 350.0 £ 129.6 m2) were located in the West and
South of the regional park (Figure 1) in areas accessible to the entire aoudad
population. DFS were active from mid-July to early October during 2015. The study
was performed during summer, which coincide with the dry season with high

temperatures. In the study year, the summer average temperature was higher than the
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average. Summer precipitations were overall normal, except for some months (July,
August and September) that were considered wet (Table S.4.1; AEMET 2015).
Weekly, 35 kg of fodder composed of a mixture of corn, barley, oats, pelleted sugar
beet pulp and pelleted lucerne meal and about 10 kg of lucerne (Medicago sativa)

were deposited on bare ground into each DFS for aoudads.
Aoudad home ranges and feeding stations use

The population of aoudads during the study period was estimated in 1286 individuals
(Cl: 755-2192) (Eguia et al. 2015). We tracked nine aoudads (4 males and 5 females)
belonging to different social groups from this population. Animals were captured
between April 14th and May 14th, and they were released in the same point where
they were captured, with no transportation. Mean distance from aoudad released
points to DFS was 6.2 km, ranging from 0.2 km to 12.8 km. Tracked aoudad ages
ranged from 2 to 11 years and with a mean (= SD) weight of 39.44 £ 6.35 kg (Table
1). Aoudads were captured using a trap drawer and a stalking technique with an
anaesthetic rifle. All capture proceedings were conducted following ethics statements
(procedure authorized by the regional government, ref 201500036926). During
captures, we were accompanied with at least one veterinary, public gamekeepers and
rangers (see acknowledgements). Aoudads were tracked with GPS/GSM collars
(Vertex Lite GSM made by Vectronic Aerospace GmbH) that registered positions
every 2 hours. To reduce GPS error we used data Dilution of Precision (DOP) less
than 10, which implies that the receiver uses at least five satellites to calculate the

position. Lower levels of DOP indicate less error in the position (Langley, 1999).
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Figure 1. Sierra Espufia regional park. The 16 DFS are indicated with circles (yellow and blue). Blue
circles represent DFS monitored with cameras traps. a) Region of Murcia in peninsular Spain. b) Sierra
Espufia regional park in the Region of Murcia (dark grey).

Table 1. Tracked animals. Core home ranges (k50%) are in km2 during both studied periods. CHR
before: core home range before diversionary feeding; CHR during: core home range during
diversionary feeding. GPS locations in the DFS: percentage of days that tracked animals used DFS of
the total tracked days for each study period, before and during diversionary feeding.

CHR CHR GPS locationsin ~ GPS locations in

Animal - Sex  Age before during  the DFS before the DFS during

B 3 4 1.41 1.76 0.0 0.0
C Q 11 3.67 1.23 3.1 52.3
D Q 4 0.62 1.00 313 50.8
E Q 8 0.99 0.58 9.4 0.0
F 3 2 0.40 0.76 4.7 9.2
G Q 2 0.94 0.65 0.0 0.0
H Q 7 2.14 1.13 10.9 6.2
I 3 3 3.28 0.31 29.2 40.0
J 3 5 1.50 1.29 0.0 0.0
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Home ranges were estimated using a fixed kernel (Worton, 1989) with the amount of
smoothing determined by the reference smoothing parameter (Href). We considered
only the core home range (isopleths of 50% probability) because this represents the
main area used by the ungulates, often associated to important resources (Harris et al.
1990). Core home ranges were estimated for two periods, before diversionary feeding
(from May 13th to July 15th, 63 days) and during diversionary feeding (from July
16th to September 18th, 64 days). These two periods did not reflect a seasonal change,
but the date on which the use of supplementary feedings began. We calculated a fixed
kernel for each period using R software (http://www.r-project.org/ R) and the
"adehabitatHR" package (Calenge 2006).

We considered that an individual had used a DFS if the core home range overlapped
with a buffer of 100 m radius around a DFS. We also assumed that an animal had used
a DFS if at least one GPS location of one day was inside the 100 m buffer around a
DFS (Margalida et al. 2017) during the whole study period. We pooled all positions
from the same date of each tracked individual to assess if the individual had used the

DFS (1/0, use or no use) each day.

We assessed whether additional inputs had an effect on the spatial behaviour of the
aoudads using two approaches: 1) to test if diversionary feeding had an effect on the
size of core home range (k50%), we compared this area before and during
diversionary feeding using non-parametric Wilcoxon test. As some individuals never
used DFS, we also compared the size of the core home range between periods just for
individuals that used DFS at least once during the diversionary feeding period. And,
2) to evaluate if animals increased the number of days using the DFS between periods
we fitted a binomial Generalized Linear Mixed Model (GLMM) with “GPS location
in the DFS” (1/0, use or no use of the feeding points for each day) as the response
variable, “individual ID” as random factor and “period” (before or during) as fixed
factor. Additionally, to assess if the individuals had a differential use of the DFS, we
performed a GLM with “GPS location at the DFS” (1/0, as in the previous analysis)
as the response variable and Individual ID as a fixed term, and we performed an
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ANOVA test comparing this model with a null model. The GLM including
“individual ID” had a better performance than the null model (p < 0.001). Therefore,
we included “individual ID” as random factor in the GLMM to assess the effect of
supplementary feeding considering this variability and the repetitive nature of our
data.

Statistical analyses were calculated using “Rcmdr” package (Fox and Bouchet-Valat

2017) and “Ilme4” package (Bates et al. 2015) in R software.
Use of DFS by wildlife

Eight randomly selected DFS were monitored with automatic cameras activated by
movement (Bushnell HD) to assess their use by wildlife, especially by other ungulate
species. Cameras were active from July 24th to October 6th 2015 (n = 73 days).
Cameras were located in a nearby tree (around 3 m) from DFS. They were
programmed to operate 24 h and to record one picture every 6 minutes after movement
activated them. Pictures were downloaded weekly (except for 2 cameras, which were
stolen between September 9th and 16th). For each picture we recorded date, time,

photographed species and number of individuals of each species.

We finally calculated if ungulate species using the DFS co-occurred more or less than
expected by random. We used the “coocur” package in R (Griffith et al. 2016), which
uses the probabilistic model of species co-occurrence by Veech (2013). We studied
the co-occurrence of the species both temporally (i.e. species occurring at the same

time in the same DFS) and spatially (i.e. species occurring at the same DFS).

RESULTS
Aoudad home ranges and feeding stations use

We recorded a total of 8,541 GPS positions (Average + SD: 949 £ 35 positions per

individual; n = 9). Tracked individuals did not join the same group during the study
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period, staying in different social groups, although we found partial spatial overlap of
core home ranges between some individuals (aoudad C with D, and E with H; Table
1). The average core home range during the total period was 1.65 + 0.67 km2. Five
out of the nine individuals used DFS during food supply. We did not find significant
differences in the core home range size between periods, but the standard deviation of
the areas “before” food inputs was 3 times larger than “during” (1.66 + 1.20 km2
before vs 0.97 £ 0.40 km2 during; V = 33, p = 0.25; Table 1). We also did not detect
differences in the core range size between periods when comparing only the
individuals that used DFS during the diversionary feeding period (V =12, p = 0.31).

The mean number of GPS locations in the DFS during the total period was 8.60 +
11.70 (5.80 % 7.00 before vs 11.40 + 15.00 during), and an average of 11.9% of the
days had GPS locations within a DFS (7.0% before vs 16.9% during). The GLMM
showed that the frequency of use of the DFS increased during the period with

supplementary food (z = 5.87; p < 0.001; Table 2).

Table 2. Binomial Generalized Linear Mixed Model, where the frequency of use (1/0, use or no use)
is the response variable. “Individual ID” was included as a random factor in the model and “period” as
a fixed factor.

Estimate  SE z-value p
Intercept -4.11 0.88 -4.65 <0.001
Period 1.30 0.22 5.87 <0.001

Use of DFS by wildlife

A total of 9,639 pictures were taken in all the DFS. Sixteen species were detected at
the DFS (Table S.4.2), including two ungulates: the aoudad (70.7% of the pictures)
and the wild boar (23.0%). Other species appeared with a frequency lower than 2%.
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The temporal co-occurrence analysis showed a negative significant association
between the aoudad and the wild boar (Sus scrofa; p < 0.001; Figure 2). However,
spatial co-occurrence analysis did not show any significant association among these

species (p > 0.05).
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Figure 2. Average number of aoudad (black line) and wild boar (grey line) per picture along a day.
Both ungulates use DFS at different times. When wild boar increases aoudad reduces its presence, and
vice versa.

DISCUSSION

Contrary to our expectations, our results showed no change in the core home range of
tracked aoudads due to food presence in the DFS and GPS tracking revealed that some
individuals never used the DFS, even though the nine individuals had access to them.
Our limited sample size (n = 9) may be insufficient to detect the effect of food supply
in the core home ranges. However, we detected changes in the frequency of use of the
DFS during the supplementary food period. Overall, just five out of the nine tracked
aoudads reacted to the pulse resource that suppose supplementary feeding. So, the

possible effects on the aoudad population did not seem to affect the entire population,
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However, as some individuals actively used the DFS when food was available, some
conflicts associated with this species, such as crop damage, could be partially
alleviated. Nevertheless, a comparative analysis about crop damage with and without
diversionary feeding would be necessary to assess the effectiveness of DFS for

reducing aoudad impact on crops (Geisser and Reyer 2004).

Despite only a part of the population used the DFS, fodder inputs may lead to high
concentrations of animals in small areas, which might modify soil properties because
of trampling and nutrient inputs (Dunkley and Cattet 2003, Pascual-Rico et al. 2018).
Moreover, this animal concentration might also affect the surrounding vegetation due
to herbivory pressure (Miranda et al. 2015). Although DFS can benefit fire-prone
areas because of the reduction of fuel load by ungulates (Velamazan et al. 2018), this
could be a problem for the conservation of threatened plant species (Velamazan et al.
2017, 2018). In addition, the high concentration of individuals of the same species in

feeding sites could potentially increase the spread of diseases (Sorensen et al. 2014).

The variability showed by our tracked animals in the size of their core home ranges
and in their GPS locations in the DFS could be related to animal behaviour. On the
one hand, animal behaviour may be conditioned by the quality of the available forage
and by the frequency and quantity of fodder inputs (Oja et al. 2015). The nutrient
requirements of herbivores vary along the year and are affected by seasonal changes
in vegetation (Langvatn et al. 1996; Miranda et al. 2012). Indeed, the study year was
wetter than the average (AEMET 2016), and, specifically, the months in which
supplementary feeding was employed (July, August and September) were classified
as wet months. These precipitations could promote the growth of the local vegetation
and favour a greater amount of resources available for the aoudad and, consequently,
reduce the need to use DFS.

On the other hand, animal behaviour may also be conditioned by individual
differences according to factors such as boldness or dominance (Bergvall et al. 2011).
Boldness, expressed as low fearfulness behaviour, is linked to exploratory tendencies

118



Diversionary feeding

in novel situations (Bergvall et al. 2011), foraging (Wilson and Stevens 2005) and
general activity (Wilson and McLaughlin 2007). Different responses detected to
diversionary feeding may reflect these individual differences, as already described for
other ungulate species (Sahlsten et al. 2010). Individual differences based on sex, age
and position in the social group could also affect aoudad spatial behaviour. However,

larger sample sizes are needed to address individual responses.

DFS were used by the target species but also by a wide community of generalist
vertebrates, mainly herbivore and omnivore mammals and birds. This animal
concentration at DFS may alter the environment, for example by increasing pressure
on predation (Cortés-Avianza et al. 2016). Especially remarkable is the use of the DFS
by wild boars (23% of the pictures at the DFS). Aoudad and wild boars showed a
negative co-occurrence in time, mostly related to differences in the activity patterns
among the species: the aoudad is crepuscular, while the wild boar is nocturnal.
However, we did not detect a spatial segregation (i.e. preferential use of some DFS)
between the two species. Altogether, these results indicate that wild boars are using

DFS and they could benefit from this supplementary food (Diamond 1975).

This use of DFS by wild boars is not trivial. Several studies have shown that this
species is widely related to human-wildlife conflicts, including the crop damage that
was intended to avoid with this management strategy (Amici et al. 2012; Bleier et al.
2012; Colino-Rabanal et al. 2012). Diversionary feeding of wild boar has already been
associated with an increase in nest predation (Selva et al. 2014; Oja et al. 2015) and
spread of pathogens (Gortazar et al. 2006; Mufioz et al. 2010), but not to a reduction
in crop damage by this species because of its large movement patterns (Geisser and
Reyer 2004). Thus, the possible side effects of supplementary feeding on non-target

species need to be accounted for when implementing this management action.

To conclude, our results show that diversionary feeding did not change the core home
range of the target species, but increased the use frequency of DFS by several
individuals. DFS were also used by other vertebrates, and particularly the wild boar,
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often considered a pest species subject to culling. Thus, diversionary feeding seems
to have a limited effect to reduce human-wildlife conflicts (i.e. crop damage) in our
study system. Future prospects predict an increase in conflicts associated with wild
ungulates due to their increase in abundance and distribution (Apollonio et al. 2010).
Thus, detailed evaluations of the possible management actions are needed to make the

appropriate decisions and optimize the available resources.
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ABSTRACT

Soil plays an important role in processes that maintain ecosystems function and
support biodiversity. Physicochemical and biological soil properties can be altered by
human activities, and through management tools that affect environment conditions.
Diversionary feeding is a widely employed management tool to avoid human-wildlife
conflicts. This practice could lead to concentrations of fauna in specific areas where
food is deposited, which could affect physicochemical, biochemical and biological
soil properties. We evaluated the effect of diversionary feeding on semiarid
Mediterranean mountain soil in the Sierra Espuiia Regional Park (SE Spain). The
objective of diversionary feeding in this Regional Park is to mitigate crop damage
caused by the aoudad (Ammotragus lervia), an exotic ungulate introduced for hunting
interests in the 1970s. Three diversionary feeding stations were monitored with
automatic cameras to verify their use by target and non-target species. We collected
soil samples from the monitored feeding stations and compared soil characteristics
from three areas: feeding stations soil, contour area soil (surrounding the feeding
stations) and a reference soil (not influenced by feeding stations). Our results
suggested no effects on soil physical properties. However, we found that diversionary
feeding altered electrical conductivity, nutrient concentration, microbial activity and
microbial communities at FS, but effects were weaker in the contour area. These
alterations of soil dynamics contribute to change soil functionality and to reinforce
global change. Not pouring food directly on soil is recommended to reduce these

effects.

Keywords: Ammotragus lervia; PLFA; soil alteration; wildlife management.
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RESUMEN

El suelo desempefia un papel importante en la funcién de los ecosistemas y la
biodiversidad. Las propiedades fisicoquimicas y biol6gicas del suelo pueden alterarse
debido a las actividades humanas, y mediante las herramientas de gestién que pueden
afectar a las condiciones ambientales. Los aportes suplementarios son una herramienta
de gestion empleada para evitar conflictos entre humanos y vida silvestre. Esta
practica podria llevar a concentraciones de fauna en las areas donde se deposita el
alimento, lo que podria afectar las propiedades fisicoquimicas, bioquimicas y
bioldgicas del suelo. En este trabajo evaluamos el efecto de estos aportes en el suelo
en el Parque Regional de Sierra Espufia (SE Espafa). El objetivo los aportes
suplementarios en este Parque Regional es mitigar los dafios a los cultivos causados
por el arrui (Ammotragus lervia), un ungulado exoético introducido por motivos
cinegéticos en la década de 1970. Monitoreamos tres comederos con camaras de
fototrampeo para verificar su uso por parte del arrui y otras especies no objetivo.
Tomamos muestras de suelo de los comederos monitoreados y comparamos las
caracteristicas del suelo de tres areas: comederos, alrededor los comederos y un suelo
de referencia (no influenciado por los comederos). Nuestros resultados sugieren que
no hay efectos en las propiedades fisicas del suelo. Sin embargo, encontramos que los
aportes suplementarios modificaron la conductividad eléctrica, la concentracion de
nutrientes, la actividad microbiana y las comunidades microbianas en los comederos,
pero los efectos fueron mas débiles los alrededores. Estas alteraciones de la dinamica
del suelo contribuyen a cambiar su funcionalidad y a reforzar el cambio global. No se

recomienda verter alimentos directamente sobre el suelo para reducir estos efectos.

Palabras clave: Ammotragus lervia; PLFA,; alteracion del suelo; gestion de fauna

silvestre.
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INTRODUCTION

Many crucial processes to maintain terrestrial ecosystems take place in soils (Roger-
Estrade et al. 2010). Soils support high biodiversity (Young and Crawford, 2004)
which, together with their physicochemical properties, provide important ecosystem
functions and services, such as decomposition (Coleman et al. 2004), nutrient cycling,
soil productivity sustainability (Roger-Estrade et al. 2010), and resistance and
resilience to abiotic disturbance and stress (Brussaard et al. 2007). Microbial soil
communities are the most sensitive and rapid indicators of perturbations and land use
changes (Garcia-Orenes et al. 2013). Indeed, growing interest is being paid to
quantitative description of microbial community structure and diversity as a potential
soil quality evaluation tool (Zelles, 1999; Zornoza et al. 2009). Given its relationship
with soil functionality, the influence of soil microorganisms and soil microbial
population and activity have been proposed as useful indicators to evaluate soil’s
response to different management practices (Garcia-Orenes et al. 2013). The
microbial community’s response can be assessed by changes in phospholipid fatty
acid (PLFA) patterns (Zelles, 1999). PLFA use lipids of microbial membranes as
biomarkers for specific groups of microorganisms (Bacteria, Fungi, G-Bacteria, G+
Bacteria and Actinobacteria), which allows a profile of the community structure to be
created (DeGrood et al. 2005; Zornoza et al. 2009).

Soil management practices due to anthropogenic activities can alter physicochemical
and biological soil properties (Jangid et al. 2008), and can also affect soil function.
For example, nutrient income in ecosystems may alter ecological processes and
influence global change (Oro et al. 2013). These nutrient incomes may significantly
alter soil characteristics by influencing changes in biological, chemical and physical
properties (Macci et al. 2013). One form of nutrient inputs in the environment that can
alter soil properties is supplementary feeding (Dunkley and Cattet, 2003). This
practise drives the concentration of animals in small areas, which might modify the
structural and chemical properties of soil (Hiernaux et al. 1999; Martinez and Zinck,
2004; Savadogo et al. 2007), including organic matter turnover, nutrient capture and
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cycling (Van der Heijden et al. 2008), and the formation and stabilisation of soil
aggregates (Chenu and Cosentino, 2011). Supplementary feeding is practised globally
and as a wildlife management tool for several reasons. This practise is used to
conserve threatened species (Cortés-Avianza et al. 2016; Gonzélez et al. 2006; Krofel
and Jerina, 2016; Lopez-Bao et al. 2008; Piper, 2005), to facilitate wildlife
observations as tourist attractions (Corcoran et al. 2013; Orams, 2002; Robb et al.
2008), and to promote human connectedness to nature (St Leger, 2003). One of the
most widespread uses of supplementary feeding is to manage game species (Inslerman
et al. 2006; Putman and Staines, 2004; Vicente et al. 2005), particularly to improve
trophy quality, and to increase population density, productivity and survival, but also

to mitigate conflicts.

Increasingly growing human activities, along with the expansion of ungulates, might
cause interactions between them and lead to human-wildlife conflicts (Redpath et al.
2013). Conflicts, such as forest damage (Sahlsten et al. 2010), crop damage (Dunkley
and Cattet, 2003) or vehicle collisions (Snow et al. 2015), are some relevant human-
wildlife conflicts (Kubasiewicz et al. 2016). Supplementary feeding is often used as a
tool to avoid these conflicts, in which case it is generally referred to as diversionary

feeding (Kubasiewicz et al. 2016).

Publications about the effects of animal concentration on soil have focused mainly on
livestock species (Betteridge et al. 1999; Castellano and Valone, 2007; Yong-Zhong
et al. 2005). Several studies have also focused on wild boar (Cellina, 2008; Wirthner,
2011), especially in relation to rooting behaviour. Studies about effects of
diversionary feeding stations (FS) on physicochemical and biological soil
characteristics are scarce (Miranda et al. 2015; Oja et al. 2015; Selva et al. 2014). In
this study, we evaluated the effect of FS on soil in the Sierra Espufia Regional Park,
the Murcia Region, in SE Spain. There, the regional government uses diversionary
feeding as a management tool for aoudad (Ammotragus lervia), an African ungulate
introduced into SE Spain in the 1970s for hunting interests. FS were placed in the area

in the 1990s after sarcoptic mange outbreak, which caused the aoudad population to
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drop by more than 90% (Eguia, et al. 2015). The aim of food inputs was to initially
help species to recover from such outbreaks. However, the aoudad population
recovered in 2000-2010, and the regional government continues to practice
diversionary feeding to keep animals within the park’s boundaries and to avoid
damage to surrounding crops in summer. Our objective was to study how diversionary

food inputs could alter soil characteristics in FS.

We hypothesised that the effects on soil would be: 1) compaction around feeding areas
due to trampling; 2) higher nutrient concentrations at FS; 3) alterations of the soil

microbial community structure because of food inputs and wildlife activity.

MATERIAL AND METHODS
Study area

The study was conducted in the Sierra Espuiia Regional Park in SE Spain (37°47'—
37°56'N 1°27'-1°40'W). It covers 17,800 ha and includes meso- and supra-
Mediterranean habitats, which range from 500 to 1,500 m.a.s.l., with Pinus halepensis
woods, scrublands and pasture dominating the mountain range landscape (Sanchez-
Zapata and Calvo, 1999). Rainfall ranges from 277 mm in lower mountain areas to
510 mm in the park’s upper parts. Average annual temperatures also follow an
altitudinal gradient, which ranges from 12.8-18.4°C. The main soil found at the Sierra
Espufia Regional Park is classified as Lithic Leptosol (WRB, 2014) with loam texture
(37% sand, 50% silt and 13% clay). These soils are characterised by being shallow
soil on rock (characteristic of many mountain soils) and they are rich in coarse
fragments. They are only recognised at the subgroup level, which groups together all
soils that are less than 50 cm thick to bedrock. The physicochemical and biochemical

soil characteristics are described in Table 1 and microbiological measures in Table 2.
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Experimental design
Feeding stations

Sixteen diversionary FS (average size 350.0 £ 129.6 m2) were located in the regional
park (Figure 1). These FS consist in clear cut areas where forestry agents can access
them by car to deposit supplementary feeding. In summer 2015, 35 kg of fodder and
about 10 kg of lucerne were deposited weekly at each FS on bare ground, with no
measures taken to prevent use by non-target species. This fodder was composed of a
mixture of corn, barley, oats, pelleted lucerne meal and pelleted sugar beet pulp. The
analytical fodder components included crude protein (10.4%), crude fats (2.8%), fibre
(10.5%), ash (4.2%), sodium (0.05%) and phosphorus (0.28%).

1

Figure 1.The Sierra Espufia Regional Park. The locations of 16 FS are indicated by red circles.
Locations 1, 2 and 3 indicate the monitored FS and C where the soil samples were taken. A square
indicates location 4, where the reference soil (RS) was collected, away from the influence of FS.
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We monitored three FS using automatic cameras, activated by movement (Bushnell
HD), to assess their use by wildlife. Cameras were located in a nearby tree, about 3 m
from the FS, and operated from 24 July 2015 to 6 October 2015 (75 days). They were
programmed to record one picture every minute after detecting movement, and to
operate 24 h/day. Pictures provided information about the species that fed at the FS,
as well as the number of individuals, date and time. We downloaded the pictures taken
by the automatic cameras weekly. The monitored FS enabled us to know the minimum
number of target animals that visited each FS daily. We tested the differences between
the maximum number of aoudad per day to verify that the three FS were used by the

target species at the same intensity.
Soil sampling

We took soil samples from four locations. Three of them (locations 1, 2, and 3)
included the monitored FS areas, and the contour FS areas (C) located between 10 m
and 25 m around each FS, where vegetation was present (Figure 2). Location 4 was
an area located further away from the other FS (>1 km), used to establish the soil
characteristics not influenced by supplementary feeding, and was considered a
reference soil (RS). Samples were taken from all locations in an area with a similar
orientation and environmental conditions where the only apparent difference between
areas was supplementary feeding. To evaluate the effects of diversionary feeding on
soil, we compared the soil collected from the “sampled areas”, FS, with the C and RS

areas.

Six soil samples (100 cc cylinders) were collected at a depth of up to 5 cm within each
FS 1 (37°50'N, 1°31'W), 2 (37°50'N, 1°30'W), and 3 (37°49'N, 1°33'W) (Figure 1)
(n=18). The same procedure was applied to area C for each FS (n=18) and RS (n=6;
37°51°N 1°31"W). The field-moist soil samples were sieved at <2 mm and stored at
environmental temperature for the physico-chemical analysis. An aliquot of each soil
sample was kept cool (4°C) to analyse microbial properties, and also for the PLFA
analysis. Portions of soil air-dried samples were sieved between 0.25-4 mm to
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determine aggregate stability. Soil texture was analysed and classified according to
USDA (2004). Soil organic matter was removed by the H202 pre-treatment (6%).
Size fractions (0.05-2 mm sand; 0.002-0.05 mm silt; 0.002 mm clay) were determined
by the Bouyoucos method (Gee and Bauder, 1986). Aggregate stability (AS) was
measured according to Roldan et al. (1994), based on Benito et al. (1986). Dry bulk
density (BD) was determined in the cylinder soil samples dried at 105°C for 72 h and
was then weighed (Blake and Hartge, 1986). Soil pH and electrical conductivity (EC)
were measured with a 1:5 (w/v) aqueous solution. Soil organic carbon (Corg) was
determined by the potassium dichromate oxidation method (Nelson and Sommers,
1982). Microbial biomass carbon (Cmic) was extracted by the chloroform fumigation
and extraction procedure (Vance et al. 1987). Basal soil respiration (BSR) was
measured in a multiple sensor respirometer (Micro-Oxymax, Columbus, OH, USA).
Available phosphorus (P) was determined by the Burriel-Hernando method (Diez,
1982). Available sodium (Na) and potassium (K) were extracted with 1IN ammonium
acetate (Knudsen et al. 1982), measured by atomic absorption and emission
spectrophotometry. Total nitrogen (N) was determined by the Kjeldahl method
(Bremmer and Mulvaney 1982).

Camera trap

10-25 m

Figure 2. Diagram of the sampled location (A) and an orthoimage of location 1.A) includes feeding
station (FS) and the contour area (C). Six samples were taken at each area (FS or C) of each location.

B) shows the limits of FS area (red line) and C area (yellow line).
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The PLFAs from soil samples were extracted and fractionated following the
procedures by Bossio et al. (1998). Fatty acids were extracted from 10 g of the fresh
soil (4°C) samples using chloroform:methanol:phosphate buffer. After mild alkaline
methanolysis, samples were analysed in a Hewlett Packard 6890 Gas Chromatograph
with a 25 m Ultra 2 (5% phenyl)-methylpolysiloxane column (J and W Scientific,
Folsom, CA, USA). Forty-eight fatty acids were identified. Microbial groups were
assigned following Frostegard et al. 2011, using the PLFASs groups: Fungi, Bacteria,
Gram-negative bacteria (G—), Gram-positive bacteria (G+) and Actinobacteria (Ab)
(Table S.5.1).

Statistical analysis

Soil properties were analysed by a principal component analysis (PCA). To reduce
the number of variables included in the PCA a correlation analysis was run to test the
relationship among the soil variables. The correlated variables, adjusted according to
Holm’s method, were EC and pH, Corg and N, Cmic and BSR, total PLFA and PLFA
of each soil microbial group (p < 0.001). The variables finally included in PCA were
physicochemical AS, BD, EC, N, Na, K, P, C/N, biochemical BSR and biological
total PLFA. Samples with similar values of the physicochemical, biochemical and
biological properties obtained similar scores and, therefore, grouped closer together
when plotted. Significant PCA factors were selected according to Kaiser Criterion

(eigenvalues >1).

To test whether our proposed measures of soil characteristics differed among the
sampled areas (FS, C and RS), we fitted Generalized Linear Mixed Models (GLMM)
using the soil physicochemical (AS, BD, EC, N, Na, K, P, C/N), biochemical (BSR)
and biological (total PLFA, Fungi, Bacteria and Actinobacteria PLFA) variables
measured as response variable. We included Fungi, Bacteria and Actinobacteria even
though these variables were correlated with total PLFA because we needed to evaluate
the changes in the soil microbial community structure (differences in the total PLFA

merely indicates changes in the microbial biomass). We included “sampled area” as
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fixed factor and “location” as random term to control for pseudoreplication (Figure
1). We used Gaussian error distribution and “identity” as link function. The fit of the
residuals of the models to a normal distribution was tested and so data was not
transformed. We applied a Tukey post-hoc contrast of multiple comparisons of means.

All statistical analysis was performed with the Rstudio software (http://www.r-
project.org/ R), “FactoMineR” (Le et al. 2008), “lmer4” (Bates et al. 2015) and
“Remdr” packages (Fox and Bouchet-Valat, 2017).

RESULTS
Intensity of use and users species

The camera traps located at FS recorded 3,932 pictures during the 75-day period that
they operated. Five bird and seven mammal species were detected, which were mostly
consumers of diversionary food (Table 3). The aoudad was by far the most frequent
species recorded at the three monitored FS (78.4% of all the pictures). The maximum
number of recorded individuals was 40. No differences were detected in the intensity
of the use of the sampled FS by aoudad (32 = 3.85, df =2, p = 0.15).

Multivariate analysis

The PCA performed to group samples in relation to soil properties explained 61.8%
of total variation, considering the first three axes. Figure 3 shows two axes. The soils
sampled at FS (n=18) grouped mainly on the right with positive values for axis 1, and
the RS samples (n=6) grouped on the left with negative values (Figure 3A). The C
area samples were distributed along the component 1 axis with negative and positive
values. Axis 1 (29.3% of explained variance) correlated positively with EC, N, K, P
and BSR, and negatively with PLFA (Figure 3B). Axis 2 (17.5% of explained
variance) correlated positively with AS and Na, and negatively with the C:N ratio and
BSR. Axis 3 (14.9%) correlated with the physical variables, as positively and
negatively with AS and BD, respectively.
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Table 3. Photographed species at feeding stations. The percentage of pictures indicates the proportion
of the total pictures (n=3932) in which the species appeared. Total sum is greater than 100% because
some different species appeared in the same pictures. Mean+SD is the average of the individuals in the
pictures; in brackets, the maximum number of individuals detected in a camera trap picture; — for the
species with only one picture recorded.

Species Common name % of pictures Mean + SD
Aquila pennata Booted eagle 0.03 -(1)
Caprimulgus sp Nightjar 0.03 -(1)

g Corvux corax Common raven 1.00 2.46 + 1.61 (6)
Columba palumbus Common wood pigeon 2.90 2.13+1.97 (16)
Alectoris rufa Red-legged partridge 0.30 4.82 + 3.37 (8)
Ammotragus lervia Aoudad 78.40 4,13 £ 4.31 (40)
Sus scrofa Wild boar 23.45 0.72 £ 1.56 (9)

<2 Oryctolagus cuniculus European rabbit 0.15 1.04 £.021 (2)

% Meles meles European badger 0.05 @

= Martes foina Stone marten 0.03 -(1)
Canis lupus familiaris Domestic dog 0.05 1.13+£0.35(2)
Vulpes vulpes European red fox 0.13 (D)

Dim1(29.3%)

Dim2 (17.5%)

-1.0

Total FLFA

-05

05 1.0

Dim1(29.3%)

Figure 3. The scores (A) and loadings (B) plots from the PCA performed on the different parameters
studied in the soil samples. A) Reference soil (green squares), Contour area (blue triangles) and feeding
station (red circles). B) BD: bulk density; AS: aggregate stability; BSR: basal soil respiration; EC:
electrical conductivity; Corg: organic carbon; C/N: carbon:nitrogen ratio; K: potassium; Na: sodium;
P: phosphorus; Total.PLFA: total PLFA.
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Soil physical, chemical and biochemical properties

We did not find any significant differences for the analysed physical properties AS
and BD (GLMM, p > 0.05) among FS, C and RS areas (see Table 4). For the chemical
properties, the results showed that EC values were higher at FS (GLMM, p < 0.05).
N showed significant differences between RS and the other areas (GLMM, p < 0.05),
while no differences were found for Na among areas (GLMM, p > 0.05). K showed
marked differences between FS and C areas (t = -7.92, df = 37, p < 0.05), as did P (t
=-4.12, df = 37, p < 0.05), but did not with RS (GLMM, p > 0.05). The C:N ratio did
not show any differences among areas (GLMM, p > 0.05). Biochemical variable BSR
was significantly higher at FS compared with C areas (t = -3.20, df = 37, p < 0.05),
but was only marginally different with RS (t = -2.33, df = 6.12, p < 0.10).

Table 4. GLMMs fitted for testing the effects of supplementary feeding on physicochemical and
biochemical soil properties. Similar letters mean no differences between areas.

Response variable  Predictor variable t df p Tukey’s post-hoc
FS 18.43 3.12 0.00 a
AS C 151 37.00 0.14 a
RS -0.43 3.12 0.70 a
FS 10.38 2.34 0.01 a
BD C -1.07 37.00 0.29 a
RS -0.09 2.34 0.93 a
FS 8.55 3.31 0.00 a
EC C -4.22 36.99 0.00 b
RS -3.16 3.31 0.04 b
FS 13.22 39.00 0.00 a
N C 0.11 39.00 0.91 a
RS -2.61 39.00 0.01 b
FS 6.10 4.60 0.00 a
Na C -1.52 37.00 0.14 a
RS -2.01 4.60 0.11 a
FS 10.25 2.57 0.00 a
K C -7.92 37.00 0.00 b
RS -2.11 2.57 0.14 a, b
FS 5.17 2.95 0.01 a
P C -4.12 37.00 0.00 b
RS -1.64 2.95 0.20 a, b
FS 17.07 3.51 0.00 a
C/N C 0.55 37.00 0.59 a
RS -0.95 3.51 0.40 a
FS 6.73 6.12 0.00 a
BSR C -3.20 37.00 0.00 b
RS -2.33 6.12 0.06 b
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PLFA biomarkers

Total biomass was estimated as the sum of all the extracted PLFA (Total PLFA).
Based on the GLMM test, the total PLFA showed significant differences between FS
and RS (t = 2.73, df= 39, p < 0.05; Table 5) and marginal differences for FS and C (t
= 1.74, df= 39, p < 0.10). A larger quantity of Fungi was found in RS (GLMM, p <
0.05). Significant differences were detected in Bacteria between FS and RS (t = 2.62,
df=39, p < 0.05). Actinobacteria showed significant differences between FS and the
others areas (GLMM, p < 0.05).

Table 5. Results of the GLMMs fitted for testing the effects of supplementary feeding on PLFA
biomarkers. Similar letters mean no differences between areas.

Response variable Predictor variable t df p Tukey’s post-hoc

FS 3.02 39.00 0.00 a

Total PLFA C 1.74 39.00 0.09 a,b
RS 2.73 39.00 0.01 b
FS 241 39.00 0.02 a
Fungi © 1.05 39.00 0.30 a
RS 3.52 39.00 0.00 b
FS 2.80 39.00 0.01 a

Bacteria C 1.85 39.00 0.07 a,b
RS 2.62 39.00 0.01 b
FS 2.23 39.00 0.03 a
Actinobact C 241 39.00 0.02 b
RS 2.60 39.00 0.01 b

DISCUSSION

Our results showed that FS were used intensively by the target species (aoudad), but
also by other non-target species. Aoudad were by far the most frequent, largest and
abundant species to use this diversionary food, so aoudad could more strongly
influence soil. The detection of non-target species, such as wild boar, is a common
fact when this management tool is employed (Morris et al. 2010; Bowman et al. 2015).
So, non-target species may also contribute to the effects on soil characteristics
(Dunkley and Cattet, 2003), but to a lesser extent than aoudad.
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The use of camtraps at FS allowed us to know the intensity of use throughout the study
year. However, it was not a measure of cumulative long-term use by the target species.
The aoudad population has been subject to variations in density over the years during
which supplementary or diversionary feeding has been employed (Eguia, et al. 2015).
However, no information is available about the use of these FS in previous years. In
any case, we considered that, despite the intensity of use possibly varying

interannually, it would be similar for the three FS on an intraanual basis.

Food, faeces and increased trampling in feeding areas could significantly affect
structural and chemical soil properties, and could have a negative response on
microbial activity (Dunkley and Cattet, 2003; VVan der Heijden et al. 2008). Contrarily
to our expectations, the physical soil properties evaluated by aggregate stability and
bulk density showed no major variations among the compared areas. According to
Herbinetal. (2011), soil damage due to trampling depends on the soil water condition,
which very strongly influences physical soil properties. Wetting and drying cycles in
soil can affect their structural stability (Morugan-Coronado et al. 2011). Rainfall was
scarce in the study area during the diversionary feeding period (summer), which might
explain why we did not detect any increase in the BD of FS soils despite wildlife
trampling. Organic matter content has been positively related with AS (Arden-Clarke
and Hodges 1988; Coleman et al. 2004; Kucza, 2007), so no differences in AS values
among areas could result from fodder and excrements. Furthermore, rooting by wild
boars can reduce bulk density (Wirthner, 2011), which would in turn reduce the effect
of trampling. However, we were unable to confirm this effect because we did not

record any rooting behaviour in the FS areas.

Regarding chemical properties, higher EC was found at FS. Incorporation of nutrients
can increase conductivity, but the EC level reached at these sites was not adverse for
soil (Morugén-Coronado et al. 2011). In other studies about leptosol soils, EC values
ranged from 1.63 (Kizilkaya and Dengiz, 2010) to 2.37 mS/cm (Badia et al. 2013). In
our study area, the EC values were lower than the leptosol soils reported in other
studies despite anthropogenic management.
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The highest concentration of N, K and P were found in FS and C areas. Regarding Na
content, the values did not show differences among areas. The high concentration of
some nutrients at FS could be due to food being poured directly on soil and to faecal
pellets from wildlife (Eigenberg et al. 2002).

N is a limiting nutrient associated directly with microbial growth (Schimel and
Weintraub, 2003). High N addition levels may alter the composition of soil
microorganisms and have strong deleterious effects on forest ecosystems (Smith et al.
1999). Although N might be lost through trampling (Batey, 2009), trampling in our
case did not contribute to reduce N levels, which reinforces its accumulation in areas

used more by wildlife.

Na is a soluble cation that can be lost from soil through rainfall (Coleman et al. 2004).
Despite rainfall being scarce in the area (semiarid region), it could have been enough

to avoid Na from accumulating, despite its content in fodder (0.05%).

K and P are scarce in terrestrial ecosystems, and are limiting elements (van Breemen,
1993; Coleman et al. 2004). At FS, where natural vegetation cover is absent, K and P
concentrations had higher levels than in the C area and RS. The absence of vegetation

that assimilates these nutrients could imply their accumulation.

We detected no alterations in the C:N ratio among sites, unlike Gass and Binkley
(2011) who found that intensive grazing correlated with nutrient loss. Goyal et al.
(1999) found that inorganic fertilisers lowered the C:N ratio. In our case, fodder or
faeces (organic origin) could have contributed to maintain the C:N ratio at values
between 9 and 12, which indicates a fast relative decomposition rate (SSS, 2014).
Other studies about unaltered leptosol soils showed the C/N ratio ranged from 13.30
(Bimdller et al. 2013) to 16.90 (Fernandez-Delgado et al. 2015). These values may be
related to insufficient nitrogen, as long as our soil samples had optimum conditions
for decomposition.

Under natural conditions, low nutrients limit bacteria growth (Morita, 1997), but the

application of organic matter and nutrients can promote greater activity for some
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opportunistic microorganisms (Emmerling et al. 2000; Garcia-Orenes et al. 2010).
This would lead to increased BSR (Chander andBrookes, 1993; Leita et al. 1995;
Dilly, 1999), which is partially supported by our results.

To evaluate biological soil characteristics, BSR is a weak predictor for species
richness (Nielsen et al. 2011), so we assessed the PLFA method as an indicator of the
soil microbial community structure (Zelles, 1999). This method is a rapid inexpensive
way to assay the biomass and composition of microbial communities in soils, and is
suitable for detecting changes in soil community (Frostegard, et al. 2011). Based on
the Total PLFA values, our results proved a different community structure of
microbiota among areas. The distribution and abundance of soil microorganisms are
usually patchy, which makes it difficult to determine their mean abundances without
having to deal with a wide variance in their means (Coleman et al. 2004). In the C and
RS areas, the microbial community may be closer to an equilibrium status because
conditions could undergo fewer alterations than FS. Fungi, Bacteria and
Actinobacteria were negatively affected in the FS areas possibly due to alterations to

soil characteristics.

Evaluating the effects of animal concentration on soil has been limited to studies
mostly on livestock management (Herbin et al. 2011; Ludvikova et al. 2014). In
contrast, there are very little evidences for the effects of wild ungulates management
on soil properties. Considering the expansion of wild ungulates in developed countries
(Apollonio et al. 2010), it is interesting to know how these animals can influence their
habitats at different levels, including biodiversity and soil functioning (Jangid et al.
2008; Macci et al. 2013; Garcia-Orenes et al. 2013). Our results showed that
diversionary feeding targeted to wild ungulates might affect soil properties on the
small scale (feeding stations) on semiarid Mediterranean mountains. The main
detected effects by the diversionary feeding were on the concentration of particular
nutrients (N, P, K) and on the soil microbial structure. We recommend metagenomics
studies to better understand the microbial community that changes due to diversionary
feeding. These effects should be considered to evaluate management strategies for
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wild ungulates and establish the appropriate measures to minimize the effects, for

example not pouring food directly on soils.
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TRENDS IN UNGULATE RESEARCH

The studies of ungulate ecology published during the second half of the 20th century
generally addressed topics from a purely ecological perspective. These topics included
regulation of vegetation and primary productivity (e.g. Hobbs 1996), competitive
interactions (e.g. Lamprey 1963; Leuthold 1978), soil ecology (Ben-Shahar and Coe
1992). Many of these works pursued to understand the implications of ungulates in
ecosystem functioning, where landscapes were usually pristine and with no human
alteration. For example, in relation with wild ungulates McNaughton et al. (1988)
highlight contrasting ecosystem functioning in landscapes with high and low
abundance of wild ungulates because of their effects on habitat and energy flow
regulation. Owen-Smith (1989) discussed about megaherbivores and their regulating
effect on ecosystems. Most of these studies did not approach their work from a
socioecological perspective, although they usually discuss about the role of human

activities.

Currently, a great amount of scientific literature is published from a perspective where
ecological systems interact positively or negatively with humans (e.g. human-
ungulate relations; see Chapter 1). We recognise that our systematic review was
focused on human-wildlife interactions and we did not consider works outside our
search criteria, which could limit our framework. However, nowadays it is difficult to
find non-altered areas where interactions between wildlife (or other ecosystem
components) and human activities do not occur given the widespread human

occupation over different environments (Goudie 2013).

As shown in the different chapters of the thesis, there is a great amount of scientific
publications on human-ungulate relations from a conflict perspective, relegating ES.
Nevertheless, studies considering an Ecosystem Services framework have increased
in recent years. Thus, research on ungulate ecology has changed over the years

incorporating new perspectives and approaches. Besides, human-ungulate relations
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identified at the global and national scales were not exactly the same since they were

context dependent in time and space (Lengyel et al. 2014).

ES is one of the concepts that most influenced ecological research during the last two
decades. This concept appeared at the beginning of this century and it allowed to link
human welfare to ecosystem functioning (MEA 2005). Results from ES scientific
studies have been considered into global and regional conservation policy decisions
(see Constanza et al. 2017). Recently, the new term Nature’s Contributions to People
(NCP; Diaz et al. 2018) has also emerged. NCP supposes a new change in the socio-
ecological research framework, integrating in a further way the people (e.g. through
local knowledge incorporation) and the environment. In any case, the conceptual
framework of ecosystem services (based on the categories of beneficial nature’s
contributions to people of Diaz et al., 2018) might be useful to override the mostly
negative approaches that dominate the scientific literature in relation to ungulates and

humans.

LESSONS FROM A PARADIGMATIC CASE: THE AOUDAD

Human activities have been intensified in different parts of the world and their impacts
on the environment during the last century are obvious. Resource exploitation, habitat
destruction, contamination and poaching have detrimental effects on wildlife,
including ungulates and contribute to biodiversity loss (e.g. Duncan et al. 2014;
Mishra and Fitzherbert 2004). Wars are extreme human-human conflicts that can also
promote large scale damages to biodiversity and ecosystems (Atkins et al. 2019; Brito
et al. 2017). One of this conflicts led the biologist Dr. J.A. Valverde, who witnessed
the sharp decline of the Saharan megafauna, to create the Experimental Station of Arid
Zones (EEZA by its initials in Spanish, http://www.eeza.csic.es) The EEZA
established during the 1960’s aimed to promote in situ conservation programs for

endangered ungulates such as the dama and the dorcas gazelle. Such programs along
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with the creation of protected areas are among the most common and successful

consevation strategies (Lindsey et al. 2017).

But the strategy was different for another Saharan ungulate. The aoudad (Photo 1),
whose populations in their African native range are threatened, was released for
conservation and hunting purposes in SE Spain since the 1970’s. This could be
considered a pioneering program of assisted colonization (Seddon et al. 2010); a
controversial management tool because it is not possible to predict the consequences
that may result of species introductions (Hoegh-Guldberg et al. 2008; Ricciardi and
Simberloff 2009).

More than forty years since the aoudad introduction Peninsular Spain, different
conflicts related with this species and its management have emerged (Pascual-Rico et
al. 2017a), including competition with the native Iberian ibex (Photo 2), damage to
the native flora, or crop damage. Because of these, the species was included in the
Spanish Catalogue of Invasive Exotic Species (Real Decreto 630/2013, Spanish
Government). After several legislative changes regarding the aoudad (and other exotic
species present in Spain), the Government approved a law (Law 7/2018) to allow
populations introduced legally before 2007 to be excluded of the Spanish Catalogue

of Invasive Exotic Species.

Despite the controversy about the aoudad invasiveness in Peninsular Spain (see
Cassinello 2018; Roll and Berger-Tal 2018), our results supported potential
competition between the Iberian ibex and the aoudad (Chapter 3). The introduction of
exotic ungulate species has been a common practice unrelated to conservationist
reasons. Species such as the wild boar (Sus scrofa), the American mountain goat
(Oreamnos americanus) or deer species were introduced in areas outside their natural
range. These species have been related with negative effects on native ungulates
because intraguild competition process and impacts on native forest (e.g. Dolman and
Waéber 2008; Galetti et al. 2015; Gross 2001).
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Photo 1. Saharan aoudad (Ammotragus lervia sahariensis) photographed in Morocco. Harmusch
association.

Photo 2. Iberian ibex (Capra pyrenaica) in Sierra Espufia. By Sergio Eguia.
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Although exotic ungulates have been related with vegetation damage over threatened
species because of their palatability (e.g. Velamazan et al. 2017), vegetation damage
could be due to high densities, and not because of their exotic origin (Fernandez-Olalla
etal. 2016). According to Fernandez-Olalla et al. (2016) and VVelamazan et al. (2018),
the aoudad could be considered in the introduced areas as a functional substitute of
wild ungulates and livestock where they are absent and as consumer of woody fuel to
prevent fire events. But the recolonization of this areas by the native Spanish ibex and
the conflicts with different stakeholders reinforces its role as exotic invasive species.

Among the management tools applied to the aoudad in Peninsular Spain highlight the
diversionary feeding in Sierra Espuiia Regional Park. Diversionary feeding affected
the species differentially. Although the aoudad can cause crop damage, Sierra Espufia
tracked aoudads just include less of three percent of croplands in their home range
(Pascual-Rico et al. 2017b). Some authors evaluated the efficiency of this
management tool on target species (e.g. Putman and Staines 2004; Van Beest et al.
2010), but it remains controversial. Often it is recommended to employ this
management tool in combination with other strategies (such as integrating
stakeholders or lethal control) to improve their efficiency (see Huijser et al. 2009;
Reimoser 2003).

Moreover, non-target species used diversionary feeding (Chapter 4). This is a
common problem associated with diversionary feeding and it has appeared in different
parts of the world (e.g. Selva et al. 2017; Flezar et al. 2019). Besides, food and wildlife
concentration altered soil properties (Chapter 5). Soil alteration has been detected in
previous studies but in relation to domestic ungulates (e.g. Castellano and Valone,
2007; Yong-Zhong et al. 2005). These unexpected effects must be addressed to

improve management strategies.

Paradoxically, the aoudad introduction is an example of how a conservation measure
(i.e. assisted colonisation) has turned into a long term conservation conflict

demanding large management efforts decades after its introduction.
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BIODIVERSITY CONSERVATION & FUTURE PERSPECTIVES

Ungulates are at the forefront of conservation and management strategies for
contrasting reasons. On the one hand, wild ungulates are recolonizing large areas of
developed countries in Europe and North America under a rewilding scenario
(Apollonio et al. 2010). On the other hand, many ungulate species are decreasing and
even facing extinction in many other regions of the world (e.g. Durant et al. 2014).
Introduction of non-native species and the elimination of predator are of changes that
greatly affects ecosystem functioning (e.g. Gass and Binkley 2011; Nufiez et al. 2010).
Moreover, several anthropogenic activities such as forestry and agriculture are
developed in some cases close to the habitat (or even constituting the own habitat) of
some ungulate species (e.g. Boan et al. 2011; Hegel et al. 2009; Reimoser 2003). All
these disturbing factors contribute to the promotion of conflicts between wild
ungulates and human activities. In addition, strategies to mitigate conflicts which
propose the recovery of natural ecosystem functioning are scarce (e.g. Beschta et al.
2013; Licht et al. 2010; Tanentzap et al. 2009), and other strategies with human

intervention are often proposed (see Chapter 1).

In spite of the negative aspects related with wild ungulates, it has been increasingly
demonstrated that these animals are also associated with positive aspects to humans
and for the ecosystem functioning. Wild ungulates (and other species) are related with
cultural and provisioning ES through tourism and sport hunting. These activities
generate economic benefits and promote conservation (Naidoo et al. 2011; Naidoo et
al. 2016). Besides, wild ungulates are key species as providers of regulating ES, such
as forming part of the nutrient cycle or even conditioning the vegetation structure of
terrestrial ecosystems (Danell et al. 2006). A recent study has showed that ungulates
could modulate the vegetation responses to climate variability by reducing the
amplitude of seasonal oscillation in vegetation greenness at the landscape-scale

(Barbosa et al. in press).
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The future management of wild large herbivores will require ecologists to co-operate
with sociologists, economists, politicians and the public (Gordon et al. 2004) to apply
the most appropriate measures that favour the conservation and natural functioning of
ecosystems and the coexistence between humans and wildlife. Moreover, it is
recommendable to develop more studies approaching the role of ungulates in the

ecological functioning of the human dominated ecosystems in the Anthropocene.
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CONCLUSIONS

1 At the global scale, human-ungulate relations are approached mostly from a
negative perspective in which conflicts exceed benefits. However, positive
interactions between humans and ungulates are also arising under the framework of
ecosystem services. At other scales, such as the national scale, the dimension of
human-ungulate relations differs between stakeholders suggesting that conflicts and

services are context dependent.

2 The incorporation of stakeholder perceptions and local ecological knowledge
in scientific research might improve decision-making processes, conservation
measures and wildlife management strategies. Considering stakeholder interests in the
scientific studies and their divulgation can affect positively the tolerance of society

towards wildlife.

3 The introduction of exotic species could lead to the emergence of
unpredictable impacts affecting the ecosystems and the conflicts with human
activities. This may happen independently of the reason for the introduction (e.g.
hunting purposes, aesthetic value, accidentally); even if it is done for conservation
purposes (i.e. assisted colonisation). The results on the potential competition between
the native Spanish and the Aoudad described by means of niche overlap might help

to shed light on a long-term conservation conflict.

4 Diversionary feeding as a management tool had limited effect on the spatial
behaviour of the target species and its efficiency may be restricted. Furthermore, if
applied, it is advisable to avoid the use of the feeding stations by non-target species

and the unintended effects on the soil.
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5 Ungulate management in human dominated landscapes might benefit from
proper scientific evaluation. It is necessary to check the effectiveness of the
management tools implemented but also, and more importantly, to promote adaptive

management oriented by ecological research in a scenario of rewilding.
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CONCLUSIONES

1 A escala global, las relaciones entre los humanos y los ungulados se abordan
generalmente desde una perspectiva negativa en la cual los conflictos superan a los
beneficios. Sin embargo, en los estudios cientificos se consideran cada vez mas las
interacciones positivas en el marco de los servicios ecosistémicos entre los humanos
y los ungulados. A otras escalas, como a escala nacional, las relaciones entre los
humanos y los ungulados difieren entre los agentes implicados, lo que sugiere que los

conflictos y los servicios ecosistemicos identificados dependen del contexto.

2 La incorporacion en la investigacion de las percepciones de los agentes
implicados y del conocimiento ecoldgico local puede mejorar el proceso de toma de
decisiones, las medidas de conservacion y las estrategias de gestion de fauna silvestre.
El hecho de considerar los intereses de los agentes implicados en la ciencia y la
divulgacién de los resultados cientificos puede afectar positivamente la tolerancia
social hacia la fauna silvestre. Los resultados de la competencia potencial entre la
cabra montés autoctona y el arrui descritos por el solapamiento de nichos podrian

ayudar a arrojar luz sobre un conflicto de conservacion a largo plazo.

3 La introduccion de especies exdticas puede causar impactos en los ecosistemas
y provocar conflictos con las actividades humanas. Esto puede suceder
independientemente del motivo de la introduccidon (por ejemplo, por intereses
cinegeticos, valores estéticos o accidentalmente), incluso aunque sea por razones de

conservacion (es decir, colonizacién asistida).
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4 Los aportes suplementarios tuvieron un efecto variable sobre el
comportamiento espacial de la especie objetivo, por lo que su eficiencia debe ser
limitada. Ademas, si se emplea, es recomendable evitar que especies no objetivo usen

los comederos y los efectos sobre el suelo.

5 La gestion de los ungulados en los paisajes dominados por los humanos podria
beneficiarse de una evaluacion cientifica adecuada. Es necesario evaluar la efectividad
de las herramientas de gestion empleadas pero también, y mas importante, promover
una gestion adaptativa orientada por la investigacion en ecologia en un escenario de

recuperacion de fauna (rewilding).
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S.1.1. List of keywords used in the systematic review.

Ecosystem services

"ecosystem service*" OR "ecosystem good*" OR "environmental service*" OR
Conflicts

"conflict*" OR "damage*" OR "impair*" OR "harm*" OR

Human-ungulate relation

"human-wildlife" OR "human-ungulate*" OR "human-hervibore*" AND
Ungulates

("hervibore*" AND "mammal™ AND "ungulate™) OR ("Antilocapra” OR "Addax" O
R "Aepyceros"” OR "Alcelaphus” OR "Ammodorcas™ OR "Ammotragus” OR "Antido
rcas" OR "Antilope” OR "Beatragus" OR "Bison" OR "Bos" OR "Boselaphus" OR "
Bubalus™ OR "Budorcas" OR "Capra" OR "Capricornis" OR "Cephalophus" OR ™
Connochaetes"” OR "Damaliscus” OR "Dorcatragus™ OR "Eudorcas” OR "Gazella"
OR "Hemitragus" OR "Hippotragus" OR "Kobus" OR "Litocranius” OR "Madoqu
a" OR "Naemorhedus” OR "Nanger" OR "Neotragus" OR "Oreamnos" OR "Oreotr
agus"” OR "Oryx" OR "Ourebia™ OR "Ovibos" OR "Ovis" OR "Pantholops™" OR "Pe
lea” OR "Philantomba™ OR "Procapra"” OR "Pseudois” OR "Pseudoryx™ OR "Raph
icerus” OR "Redunca™ OR "Rupicapra” OR "Saiga" OR "Sylvicapra™ OR "Syncerus
" OR "Taurotragus" OR "Tetracerus™" OR "Tragelaphus” OR "Sus" OR "Babyrousa
" OR "Hylochoerus" OR "Phacochoerus™ OR "Potamochoerus” OR "Catagonus" O
R "Pecari" OR "Tayassu" OR "Moschus™ OR "Hexaprotodon™ OR "Hippopotamus™
OR "Giraffa” OR "Okapia" OR "Camelus” OR "Lama" OR "Vicugna" OR "Alces"
OR "Axis" OR "Blastocerus" OR "Capreolus” OR "Cervus" OR "Dama" OR "Elaph
odus" OR "Elaphurus” OR "Hippocamelus” OR "Hydropotes” OR "Mazama" OR "
Muntiacus” OR "Odocoileus” OR "Ozotoceros" OR "Przewalskium™ OR "Pudu™ O
R "Rangifer" OR "Rucervus” OR "Rusa" OR "Equus" OR "Ceratotherium” OR "Di
cerorhinus™ OR "Diceros” OR "Rhinoceros™ OR "Acrocodia” OR "Tapirella" OR "
Tapirus" OR "Hyemoschus™ OR "Moschiola™ OR "Tragulus").
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Table S.1.1. Categories of stakeholders identified in the reviewed publications.

Stakeholders
identified

Urban residents

Foresters

Farmers

Shepherds/herders

Hunters
Indigenous communities
Rural residents

Environmental managers

NGO/conservationists

Tourists
General public
Others

People that live in non-rural areas
Those skilled in forestry or in charge of a forest

Producers of crop and animal products (livestock
owners) who produce for subsistence or for
commercial purposes

Producers of animal products (sheep owners) who
produce for subsistence or for commercial purposes

Those who hunts game animals for food or in sport
Native group of people of a given area
Country people

Responsible for implementing and monitoring
environmental strategies.

Non-Governmental  Organizations with  the

objective of promote conservation
People who visit a given area
Those people non related with any stakeholder

E.g. administrations, researchers, students...
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Table S.1.2. Different management tools (mentioned or recommended) in the reviewed publications.

Management
tools

Payment for ES

Economic
compensation

Tourism

Livestock/crops
guarding

Education and

awareness raising

Co-management

Deterrents and
barriers

Translocation

Aversive
conditioning

Lethal control

Zoning
Regulate local
hunting

Supplementary
feeding

Habitat
management

Others

Payments for ecosystem services, hunting business

Compensation, insurance, economic

incentive schemes

development or

e.g. ecotourism

People or dogs (either livestock herding or guarding dogs)
protecting livestock or crops

Community outreach and education initiatives; provision of
grants for community development in exchange for
communitywide agreements to safeguard livestock and
protect wildlife

Community-based management based on cooperation,
collaboration processes and deliberation

Scarecrows; lights and loud noises; pyrotechnics; face masks;
specialized electric fencing; fences preventing cattle entering
forests; wire mesh, wooden pole or nylon netting barriers
around villages

Translocation of problem animals to protected areas; areas a
distance from human habitation

Electrified human dummies or stuffed animals

Selective removal or regulated harvest of ungulates

Harvest management units; separating livestock grazing from
ungulates habitat

e.g. communal rights

Artificial food contributions to maintain ungulates in a
specific area to avoid conflicts

Actions in the environment to avoid or mitigate conflicts (e.g.
maintenance of connectivity, adequate silvicultural practices)

e.g. contraceptive techniques to reduce ungulate populations,
reducing speed limits (for traffic), monitoring damage and
social attitudes by researchers.
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Table S.1.3. Number of publications where conflicts and ecosystem services were mentioned.

Conflicts Publications Ecosystem services Publications
Vegetation 145 Hat_)ltat 24
damage maintenance

Damage to
biodiversity  Animal
biodiversity 27 S?Ed . 14
damage ) dispersion
9 Regulating
Grazing Maintenance
30 . 1
competence of soils
Disease 44 Regul_atlon of 6
organisms
Physical
damage to 12 Food 40
livestock
Damageto  Silvicultural Provisionin .
production  damage 120 9  Materials 9
Crop 147 Medicinal 1
damage resources
Physical Ed(;u_:athnatl_ 4
damage ; and inspiration
game Maintenance
species . 2
of options
Cultural ;
Attacks 14 Existence 19
value
Damage to
human Damage to
human 25 Recreation 148
health
Propert
. dampagey 37
Material
damage Traffic
L 67
collisions
Human-human conflict 31
Other conflicts 13
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Chapter 2

Scientific priorities and shepherds’
perceptions of ungulate’s contributions to

people.
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Appendix S.2.1. Full search string for the systematic review.

(TITLE-ABS-KEY (("ecosystem service*" OR "ecosystem good*" OR "environmental service*" OR
"benefit*" OR "pros" OR "upside*" OR "advantage*" OR "conflict*" OR "damage*" OR "impair*"
OR "harm*" OR "cons" OR "downside*" OR "drawback*" OR "threat*" OR "disturbance*" OR
"perturbation*" OR "negativ* affect*" OR "positiv* affect*" OR "negativ* effect*" OR "positiv*
effect*")) AND TITLE-ABS-KEY (("Ammotragus lervia" OR "aoudad*" OR "barbary sheep" OR
"Capra pyrenaica” OR "lberian ibex*" OR "Spanish ibex*" OR "Wild goat” OR "Capreolus
capreolus” OR "Cervus elaphus” OR "Dama dama"™ OR "deer" OR "Ovis musimon™ OR "Ovis
orientalis” OR "Ovis gmelini” OR "mouflon” OR "Rupicapra rupicapra” OR "chamois” OR "Sus
scrofa” OR "wild boar” OR "ungulat*" OR "big game™ OR "game species” )) AND TITLE-ABS-KEY
(spain OR "lberian peninsular" OR "Mediterranean" OR "temperate" )) AND PUBYEAR > 1999
AND PUBYEAR < 2019 AND ( LIMIT-TO (DOCTYPE ,"ar") OR LIMIT-TO (DOCTYPE, "ip"))
AND ( LIMIT-TO ( LANGUAGE , "English™))

Appendix S.2.2. Known and seen index of shepherds in each farming system.

Overall, Knowledge index is significantly higher than Seen index (V = 5050, p <
0.0001). We did not detect differences in Knowledge index between species (x2 =
8.24, df =7, p = 0.31), and marginal differences in Seen index between species (x2 =
12.10, df = 7, p < 0.10). The general trend for each species and area is that high
percentage of shepherds known the wild ungulates species present, being the
percentage of those who have seen each species smaller. For example, aoudad and
mouflon in North Murcia, roe deer and Iberian ibex in Sierra Morena, or fallow deer
in Pyrenees, in which the percentage of shepherds who have seen each species is less
than 25 %.

Appendix S.2.3. References selected in the search of articles

Acevedo, P., et al. 2007. The Iberian ibex is under an expansion trend but displaced to suboptimal
habitats by the presence of extensive goat livestock in central Spain. Biodiversity and Conservation
16: 3361-3376.

Acevedo, P., etal. 2007. Invasive exotic aoudad (Ammotragus lervia) as a major threat to native lberian
ibex (Capra pyrenaica): A habitat suitability model approach. Diversity and Distributions 13: 587—
597.
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Figure S.2.3. (a) Percentages of publications that mentioned each conflict (left red bars) and ecosystem
service (left blue bars) and (b) percentages of shepherds that perceived each conflict (right red bars)
and ecosystem service (right blue bars).

207



Appendices

References

Mateo-Tomés, P., Olea, P.P., Moledn, M., Vicente, J., Botella, F., Selva, N., Vifiuela, J., Sdncehz-
Zapata, J.A.2015. From regional to global patterns in vertebrate scavenger communities subsidized
by big game hunting. Diversity & Distributions 21:913-924.

Sebastian-Gonzalez, E., Moledn, M., Gibert, J.P., Botella, F., Mateo-Tomas, P., Olea, P.P., Guimardes,
P.R., Sanchez-Zapata, J.A. 2016. Nested species-rich networks of scavenging vertebrates support
high levels of interspecific competition. Ecology 97: 95-105.

208



Appendices

Chapter 3

Ecological niche overlap between co-
occurring native and exotic ungulates: insights

for a paradigmatic conflict.
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S.3.1. Biological characters of the study species, Iberian ibex and aoudad.

Iberian ibex (Capra pyrenaica) is a wild ungulate native of the Iberian Peninsula. Its
weight ranges from 30 kg to 90 kg, the largest. Both genders have horns, but males
show longer and wider horns than females. Iberian ibex is a gregarious species and it
is grouped in herds of different size, which vary throughout the year. During the
autumn occurs the rut season, and males and females constitute mixed herds. During
the rest of the year it is possible to find herds of males and, separately, herds of
females, young males, sub-adults and new offspring (births occur during the spring)
(Granados et al. 2007, Wilson and Mittermeier 2011).

Aoudad (Ammotragus lervia) is an ungulate native from North Africa and it was
introduced in several parts of the world, including the Iberian Peninsula. Its weight
ranges from 12 kg to 130 kg in the case of the biggest. Males and females have horns,
and they are bigger in males (Cassinello et al. 2007). A characteristic feature of the
species is the mane that presents from the neck to the forelegs (Cassinello 1998). As
in the case of the Iberian ibex, the aoudad is also a gregarious species and it shows
similar behaviour regarding the changes of the herds throughout the year. However,
the aoudad is more social than the Iberian ibex, usually forms large herds and their rut

season begins earlier with respect to the Iberian ibex (Anadon et al. 2018).

210



Appendices

Table S.3.1. Main characteristics of the mountain ranges of the study area.

Mountain range Area (ha) Maximum altitude (m.a.s.l.)
Burete 9869.1 1191
Cambron 13996.6 1510
Espufia 23193.9 1576
Gigante-Pericay 17468.5 1481
Lavia 5263.8 1204
Molino 6535.3 1481
Muela 1296.7 623

Oro 3705.0 939
Ricote 7975.9 1106
Tercia 10917.5 983
Torrecilla 19902.6 1053
Villafuerte 19944.7 1728
Mean 11672.5+ 7160.4 1239.6 + 321.1
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Chapter 4

Is diversionary feeding a useful tool to avoid
human-ungulate conflicts? A case study with

the aoudad.
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Table S.4.1. Precipitation registered in the region of Murcia during the study period 2015 summer per
month compared with the median precipitation in the region.

Month Registered precipitation (mm) Median
May 16.5 33.7
June 14 7.8
July 4.7 15

August 12.0 5.7

September 74.5 21.2

Table S.4.2. Photographed species at the monitored feeding stations from July 24th to October 6th
2015 (n = 73 days). We show the percentage of pictures (N = 9,639) in which animals were observed
and the average (x SD) number of individuals detected in each picture. Maximum number of
individuals detected in parentheses.

Species Common name .% of Me_an N .SD
pictures (Max. individuals)
Ammotragus lervia Aoudad 70.7 4.13 + 4.31 (40)
Sus scrofa Wild boar 23.0 0.72 £1.56 (13)
@ Canis lupus familiaris Domestic dog <0.1 1.13+0.35(2)
% Martes foina Stone marten <01 1)
= Meles meles European badger <0.1 1(2)
Oryctolagus cuniculus European rabbit 1.2 1.04 £.021 (2)
Vulpes vulpes European red fox 0.1 1(1)
Alectoris rufa Red-legged partridge 0.8 4.82 +3.37 (14)
Aquila pennata Booted eagle <0.1 1)
Caprimulgus sp Nightjar <0.1 1(1)
Columba palumbus Common wood pigeon 1.8 2.13 +1.97 (16)
E Corvux corax Common raven 0.4 2.46 + 1.61 (6)
Garrulus glandarius Eurasian jay 1.2 1.37£0.72 (4)
Passer domesticus Sparrow <0.1 1)
Pyrrhocorax pyrrhocorax ~ Red-billed chough 0.5 16.65 + 14.02 (82)
Streptopelia turtur European turtle dove <0.1 1.20£0.45(2)
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Chapter 5

Soil properties in relation to diversionary
feeding stations for ungulates on a

Mediterranean mountain.

215



Appendices

Table S.5.1. The investigated biomarker indices.

Group designation Biomarkers

Bacteria i15:0, 15:0, a15:0, 116:0, 16:1w7, 117:0, al7:0, cy17:0, 17:0, cy19:0
Fungi 18:206

G- bacteria cyl7:0, cy19:0, 17:109c¢, 16:107¢c, 18:1m9¢c

G+ bacteria i14:0, i15:0, a15:0, i16:0, i17:0, al7:0

Actinobacteria 10Me17:0, 10Me18:0
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