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SUMMARY

Grazing animals alter natural processes by affecting ecosystems and at the same

time fulfiling ecosystem functions, thus they are regarded as ecosystem engineers.

Effects of grazing are mainly studied in managed systems, where grazing animals are

restricted in their movement and thus limited to certain vegetation types. On the

island of Asinara the grazing system is now, due to its history as agro-penitentiary, a

natural grazing system with donkeys, horses, goats, mouflons and wild boars. This

multitude of grazers poses a challenge for the Asinara National Park and its man-

agement. Therefore the central question of this thesis is: Are the grazing animal

species on the island of Asinara key factors for the maintenance and conservation

of the diverse island ecosystem?

This thesis is part of the junior research project “Influence of grazing, soil, relief and

climate change on the biodiversity of the National Park Asinara” and therefore it

takes an interdisciplinary approach to exemplarily investigate grazing animals and

their interrelations with different components of the island ecosystem, to analyse

their role on the island and evaluate their effects on the biodiversity.

The baseline forms an analysis of the composition and distribution patterns of the

five grazing animal species in the context of the land-cover types of the island ecosys-

tem. The results of this part show differences in the occurrence of grazing animals

based on topography, land-cover types such as vegetation structure and availability

of water which corresponds with their requirements, for example, of feeding habits

and breeding. The second part takes a closer look at the most abundant species of
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odd-toed and even-toed ungulates, donkeys and goats, and their input on the vege-

tation through endozoochorous seed dispersal. This survey demonstrates that don-

keys and goats are complementing each other in their endozoochorous seed dispersal

pattern and confirms their feeding habitats. The third part of this thesis focuses

on three highly frequented vegetation units within the main distribution area of

donkeys and horses to analyse their impact on dung beetle assemblages taking into

account their intensity of use on these vegetation units. This investigation considers

the influence of the surrounding habitat characteristics and dung conditions. The

results show that species richness and abundance of dung beetles decrease with in-

creasing intensity of use by grazing animals. In addition, these findings underline

the importance of diverse vegetation, particularly with respect to vegetation struc-

ture, which interrelates with the microclimate and thus the composition of dung

beetle species.

In summary, the results of this work highlight the importance of studying graz-

ing animals and their interrelations within an island ecosystem. Moreover, the

insights derived in this thesis concerning the interrelations of grazing animals with

different components of the island ecosystem should open up the view on grazers

and their multifaceted effects leading to management implementations for a sound

functioning of the island ecosystem as well as the conservation and maintenance of

biodiversity.
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ZUSAMMENFASSUNG

Durch ihren Einfluss auf Ökosysteme ändern Weidetiere natürliche Prozesse und

erfüllen so gleichzeitig Ökosystemfunktionen, so dass Weidetiere als Ökosystemin-

genieure betrachtet werden. Der Einfluss von Beweidung wird dabei meist in gema-

nagten Weidesystemen untersucht, in dem Weidetiere in ihren Bewegungsmustern

beschränkt und auf bestimmte Vegetationstypen begrenzt sind. Auf der Insel

Asinara ist heutzutage, aufgrund der Geschichte der Insel als landwirtschaftliches

Gefängnis, ein natürliches Weidesystem mit Eseln, Pferden, Ziegen, Mufflons und

Wildschweinen vorzufinden. Diese Vielzahl an Weidetieren stellt eine Herausforder-

ung für den Nationalpark Asinara und dessen Management dar. Deshalb ist die zen-

trale Frage dieser Doktorarbeit: Sind die vorherrschenden Weidetierarten Schlüssel-

faktoren für den Schutz und die Erhaltung des vielseitigen und artenreichen In-

selökosystems der Insel Asinara?

Diese Doktorarbeit ist Teil eines Junior-Forschungsgruppenprojektes mit dem Titel

”
Einfluss von Beweidung, Topographie und Klimawandel auf die Biodiversität des

Nationalpark Asinara“ und wählt deshalb einen interdisziplinären Ansatz, um ex-

emplarisch Weidetiere und ihre Interaktionen mit verschiedenen Bestandteilen des

Inselökosystems zu untersuchen, ihre Rolle auf der Insel zu analysieren und ihren

Einfluss auf die Biodiversität zu bewerten.

Die Basis dieser Arbeit bildet eine Analyse der Zusammensetzung und Verbre-

itungsmuster der fünf Weidetierarten im Kontext der Landbedeckungstypen der

Insel.
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Die Ergebnisse dieses Teils zeigen Unterschiede im Vorkommen der Weidetiere

basierend auf der Topographie, den Landbedeckungstypen wie zum Beispiel Veg-

etationstypen und die Verfügbarkeit von Wasser, was mit den Anforderungen der

Tiere, beispielsweise, an ihr Nahrungs- und Jungtieraufzuchthabitat übereinstimmt.

Ein weiterer Teil dieser Arbeit fokussiert sich auf die jeweils häufigste Art der Paar-

und Unpaarhufer, Ziegen und Esel, und ihrem Eintrag in die Vegetation durch

endozoochore Samenverbreitung. Diese Untersuchung legt dar, dass Ziegen und

Esel sich in ihrem endozoochoren Samenverbreitungsmuster ergänzen und bestätigt

deren Nahrungshabitate. Der dritte Teil dieser Doktorarbeit konzentriert sich auf

drei hochfrequentierte Vegetationseinheiten im Hauptverbreitungsgebiet von Eseln

und Pferden, um deren Einfluss, unter Berücksichtigung ihrer Nutzungsintensität,

auf die Dungkäfergemeinschaft zu analysieren. Dabei umfasst diese Untersuchung

den Einfluss von umgebenden Habitatcharakteristika sowie den der Dungbedingun-

gen. Die Resultate zeigen, dass der Artenreichtum und die Abundanz der Dungkäfer

mit zunehmender Nutzungsintensität abnehmen. Darüber hinaus unterstreichen die

Erkenntnisse dieses Teils die Wichtigkeit von vielfältiger Vegetation, insbesondere

in Bezug auf die Vegetationsstruktur, die mit dem Mikroklima verknüpft ist und

somit die Zusammensetzung der Dungkäferarten beeinflusst.

Zusammenfassend heben die Ergebnisse dieser Arbeit die Wichtigkeit der Unter-

suchung von Weidetieren und ihren Wechselbeziehungen in einem Inselökosystem

hervor. Zudem sollen die im Rahmen dieser Doktorarbeit gewonnenen Erkenntnisse

bezüglich der Zusammenhänge der Weidetiere mit verschiedenen Komponenten des

Inselökosystems die Betrachtung von Weidetieren und ihren vielseitigen Effekten

eröffnen und zur Implementierung von Managementmaßnahmen zum Schutz und

Erhalt der Biodiversität sowie für ein intaktes und funktionierendes Inselökosystem

führen.
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RIASSUNTO

Gli animali pascolo possono essere considerati dei veri e propri ingegneri dell’ecosiste-

ma data la loro capacitá di alterarne i processi naturali ed allo stesso tempo di svol-

gerne le funzioni di sostentamento. Le ricerche riguardanti gli effetti degli animali

da pascolo sull’ecosistema sono solitamente svolte in spazi recintati, in cui diviene

possibile limitare i movimenti di quest’ultimi e di conseguenza limitarne anche la

vegetazione loro circostante. Sull’isola dell’Asinara in Sardegna, per via della sua

storia di centro agro-penitenziario, si é venuto a creare un naturale sistema di ani-

mali da pascolo generalmente composto da asini, cavalli, capre, mufloni e cinghiali.

Questa moltitudine di animali costituisce un problema per la gestione del Parco

Nazionale dell’Asinara. Di conseguenza il quesito fondante di questo elaborato di

tesi é investigare se le specie di animali da pascolo, presenti sull’isola dell’Asinara,

svolgano realmente un ruolo fondamentale per il mantenimento e per la conser-

vazione del diversificato ecosistema isolano.

Questa tesi fa parte di un progetto di ricerca chiamato “L’influenza del pascolo,

della pedosfera, dei rilievi e del cambiamento climatico sulla biodiversitá del Parco

Nazionale dell’Asinara” e di conseguenza utilizza un approccio interdisciplinare per

esaminare esemplarmente gli animali da pascolo e le loro diverse relazioni con gli

altri componenti dell’ecosistema insulare ed il ruolo di quest’ultimi sulla biodiver-

sitá dell’isola.

Il progetto si fonda su un’analisi della composizione e dei modelli di distribuzione di

cinque specie di animali da pascolo nel contesto del terreno dell’ecosistema isolano.
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I risultati di questa parte di progetto mostrano differenze nella presenza di questi

animali basate su elementi topografici, vegetazione e la disponibilitá di acqua che

devono essere in grado di corrispondere alle loro esigenze vitali come la nutrizione.

La seconda parte dello studio approfondisce l’analisi focalizzandosi sulle specie piú

abbondanti nell’isola appartenenti agli perissodattili ed artiodattili, ovvero asini e

capre ed agli input sulla vegetazione autoctona dati dalla dispersione endozoocora

dei semi da parte di quest’ultimi. Questa ricerca conferma le abitudini alimentari

di asini e capre e dimostra come essi come si completino a vicenda nella disper-

sione endozoocora. Nella terza parte del seguente elaborato di tesi viene vengono

prese in considerazione tre tipi di vegetazione altamente popolate da parte di asini

e cavalli, con lo scopo di esaminare l’impatto di queste due specie sulla comunitá

degli Coleotteri Scarabeoidei. Questa indagine considera inoltre l’influenza data

delle caratteristiche dell’habitat circostante e dalle condizioni dello sterco. I risul-

tati rivelano che la diversitá e l’abbondanza di specie di Scarabeoidei diminuiscono

all’aumentare dell’intensitá di uso da parte degli animali da pascolo. In aggiunta,

questi risultati sottolineano l’importanza che ha la variertá vegetativa in partico-

lare a livello di struttura che si interaziona col microclima e di conseguenza con la

composizione delle specie di Scarabeoidei.

In conclusione, questo lavoro evidenzia l’importanza dello studio degli animali da

pascolo e le loro relative connessioni con l’ecosistema dell’isola. Inoltre, i risultati

ottenuti da questo elaborato di tesi riguardanti le interazioni degli animali da pas-

colo con i diversi elementi dell’ecosistema insulare dovrebbero aprire a una nuova

prospettiva su questi animali e sui loro molteplici effetti benefici per il funziona-

mento dell’ecosistema dell’isola in termini di migliore preservazione della biodiver-

sitá.
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CHAPTER 1

GENERAL INTRODUCTION

Ecosystem engineers are important components of key processes creating, modify-

ing and maintaining habitats by directly or indirectly modulating “the availability

of resources to other species” (Jones et al. 1994, p.374). In doing so, ecosystem

engineers are able to influence the distribution and abundance of a wide range of

plants and animals and thus, affect the biodiversity (Wright et al. 2002; Lill and

Marquis 2003; Hastings et al. 2007) or even restore ecological systems (Byers et al.

2006). Hence, the behaviour of ecosystem engineers can be linked to their effects on

communities, landscapes and the functioning of ecological systems, by understand-

ing these links and behaviours one can implement ecosystem engineers as measure

for ecosystem management (Wright and Jones 2006).

Ecosystem engineers are found in all ecosystems from aquatic to terrestrial habitats

as plants or animals (Jones et al. 1994). Grazing animals like large herbivores,

for example, are ecosystem engineers enhancing rangeland biodiversity through in-

creasing the availability of diverse habitats for grassland birds (Derner et al. 2014).

Grazing animals provide food resources, shelter and habitat for a diverse commu-

nity of invertebrates by turning plant material into dung (Mohr 1943; Jones et al.

1994). Besides ecosystem engineering, grazing animals provide ecosystem functions

like dispersal of diaspores via their dung or fur, provision of high nutrient concen-

trations through their faeces and compaction of soil by trampling and thus affecting

the structure and composition of plant communities and their faunal diversity (Noy-

Meir et al. 1989; Jaramillo and Detling 1992; Milchunas et al. 1998; Semmartin
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Chapter 1 General introduction

and Oesterheld 2001; Rook and Tallowin 2003; Sjödin et al. 2008; Auffret 2011;

van der Waal et al. 2011). Therefore, grazing animals are regarded as one of the

most important factors altering natural processes through directly and indirectly

affecting ecosystems (Hay and Kicklighter 2013).

Particularly in the Mediterranean region, grazing is considered to be determining

for vegetation patterns and their processes (Naveh and Whittaker 1979; Alados

et al. 2004) as this region has a long history with wild and domestic herbivores

(Perevolotsky and Seligman 1998). An extensive proportion of its vegetation has

been shaped by grazing, intensive human activities and the pressure of the Mediter-

ranean climate (Blondel 2006). Thus, Mediterranean rangelands are highly diverse

and characterised by a vegetation mosaic of herbaceous vegetation, scrubland dom-

inated by dwarf shrubs in combination with patches of herbaceous plants and dense

woody vegetation (Perevolotsky and Seligman 1998) or silvopastoral systems (Olea

and San Miguel-Ayanz 2006; Plieninger et al. 2011). Plant diversity is affected by

grazing intensity; in semi-arid environments, it was shown that low intensities of

grazing support vegetation with low species diversity (Perevolotsky and Seligman

1998; Osem et al. 2002; Papanikolaou et al. 2011). However, too high grazing inten-

sities or the introduction of alien ungulates may threaten the biodiversity (Spear

and Chown 2009) and the survival of endangered species, especially in isolated

ecosystems like islands (Courchamp et al. 2003).

One of the regions with the highest biodiversity, particularly regarding plants, is the

Italian island of Sardinia (Médail and Quézel 1997, 1999), including a small island

(51.9 km2) named Asinara which is located in the Northwest of Sardinia. On the

island of Asinara, up to now, 709 plant species have been recorded (Bocchieri 1988;

Pisanu et al. 2014), comprising 35 species endemic to Sardinia and other Western

Mediterranean islands (Bocchieri and Filigheddu 2008). This species richness in

plants is based on the highly structured landscape with an undulating topography

and coastal zones, and its corresponding different soil types. In addition, the variety

of grazing animals inhabiting the island are horses, donkeys, goats, wild boars and

mouflons, which were introduced on the island for centuries, also contribute to this

high diversity of species (Bocchieri 1988; Bocchieri and Filigheddu 2008; Pisanu et

al. 2014). These animal species are a legacy of the former cultivated landscape,

which now is part of the Asinara National Park and still interacting with its natural

dynamics (Treitler et al. 2017; Treitler et al. submitted).

At present Asinara Island is a natural grazing ecosystem where the grazing animals
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Chapter 1 General introduction

can roam free and, for example, are able to migrate according to spatial and tem-

poral variation in their resources (Frank et al. 1998). However, a group of horses is

kept in a restricted area for horse riding tourism but they are not further considered

in this thesis.

The general objective of the National Park is to restore and conserve habitats and

species of community importance (Council Directive 94/43/EEC). According to the

management plan (ENTE Parco Nazionale dell’Asinara 2014) of the National Park,

one of the measures to achieve this objective is the eradication and control of the

grazing animals, in specific wild boars, goats, horses and donkeys.

However, to assure a sound functioning of a closed ecosystem like an island, it is

important to know the functions and interrelations of its components. This raises

the question, are the grazing animal species of the island of Asinara key factors for

the maintenance and conservation of the diverse island ecosystem.

To analyse the grazing animals and their role in the island ecosystem, direct and in-

direct interrelations were exemplarily investigated on different scales as the impact

of ecosystem engineers depends on the temporal and spatial (local and regional)

scale of its activities (Jones et al. 1994). The interrelations with land-cover types

and vegetation types of the island were studied regarding the composition and dis-

tribution of the grazing animals as well as the (endozoochorous) seed dispersal,

which is decisive for the regulation of the community structure of plants (Foster

and Tilman 2003) and thus indicates the feeding habitat of the grazers. In addi-

tion, on a rather local scale the indirect effect of grazers on dung beetle assemblages

was explored, with dung beetles representing invertebrates that are, particularly

in the Mediterranean, due to land use change in decline (Lobo et al. 2001). Fur-

thermore, up to now there is little known how dung density in combination with

environmental factors affect the dung beetle assemblages.

As grazing and its effects are mostly studied in managed systems which restrict the

animals in their movement and thus in the availability of vegetation types this the-

sis provides insights about the importance and functioning of the declining natural

grazing ecosystems.
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Chapter 1 General introduction

Research objectives and questions

The overall objective of this thesis is to investigate grazing animals and their in-

terrelations with different components of the island ecosystem to analyse their role

in the ecosystem and to evaluate their effects on the biodiversity of the Asinara

National Park. Therefore, direct and indirect interactions are analysed relating to

the land-cover types, vegetation and seed input, as well as coprophagous beetles

assemblages. In specific, the three main research objectives are:

1. to analyse the composition and distribution of grazing animals within the

land-cover types of the island (Chapter 2)

2. to examine the direct interaction of donkeys and goats with the vegetation

through seed input on the vegetation and colonisation processes by identifying

the endozoochorous seed dispersal patterns and feeding habitats (Chapter 3)

3. to investigate the indirect interaction of grazing animals with coprophagous

beetle assemblages by assessing the effects of dung density (as a measure for

the intensity of use by grazing animals) and dung-pad conditions on dung

beetle assemblages (Chapter 4).

Thus, the research questions are:

1. Which pattern determine the composition and distribution of grazers in the

context of the vegetation and land-cover types of the island?

2. How does the endozoochorous seed dispersal capacity and the potential re-

sulting feeding habitats differ between grazing animals species?

3. How do dung density and dung-pad conditions affect coprophagous beetles

assemblages?

Study area

The island of Asinara with 51.9 km2 is located in the Northwest of Sardinia (41◦04’N,

8◦18’E). The first evidence of settlement on the island goes back to the 4th millen-

nium BC presumably with agricultural activities (Tanda et al. 1998; Boninu 2008),

but in the modern days, mostly shepherds and fishermen have inhabited Asinara.
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Chapter 1 General introduction

Around the 1860s, they divided the island into particular areas as grazing land for

cattle (4,000 animals on about 0.7 km2), forest (0.45 km2) and area of shepherds

(Doneddu 2008). In 1888 residing people had to leave the island because it became

a quarantine station, which later, during the first world war, was extended to a

prison with around 24,000 war prisoners (Ferrante 1998; Doneddu 2008). There-

upon the island stayed as an agro-penitentiary prison island with prisoners working

in agriculture, cultivating crops and rearing livestock, and later on high-security

prisons were added (Forteleoni and Gazale 2008; Pisanu et al. 2014). During the

50s apart from the livestock already existing, mouflons and wild boars were intro-

duced to the island (Monballiu and Torre 2008). After the prison closed in 1997 the

island became a National Park, since then all the animals have been roaming wild

on the island. Currently Asinara has feral donkeys, horses, goats, mouflons and

wild boars. The last census data showed that there are about 155 horses, 330 don-

keys, 800 mouflons, 900 wild boars and 1400 goats on the island (Parco Nazionale

dell’Asinara 2013, 2014). However, the actual numbers of wild boars and goats

may deviate because of their high reproduction rate and as they are intermittently

captured to reduce their number on the island according to the management plan

of the National Park. Further information about the island of Asinara can be found

in the material and methods sections of the Chapters 2, 3 and 4.

Framework and methodology of the study

This thesis was conducted in the framework of the junior research project “In-

fluence of grazing, soil, relief and climate change on the biodiversity of the National

Park Asinara”. This project was conceived, as the title points out, to investigate

the interrelations between climate, relief, soil, grazing and biodiversity with respect

to plant diversity, arthropod diversity and bat diversity. It aims also to develop

recommendations for a future protection and management concept of the National

Park. Therefore, it comprised four PhD projects with different research foci study-

ing the soils of Asinara and their interaction with biotic and abiotic factors, the

plant diversity and distribution on the island as well as the occurrence, distribution

and roosting ecology of the bat fauna. The present study focusses on the research

of grazing animals and their interrelations with different components of the island

ecosystem, and is based on an interdisciplinary approach combining zoology, ecology

as well as aspects of vegetation and dispersal ecology. Within the interdisciplinar-

ity of the junior research project, results derived from the work of this thesis have
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Chapter 1 General introduction

contributed to complement the investigation on the importance of environmental

factors to plant composition and diversity:

Plant composition and diversity in a semi-natural Mediter-

ranean island landscape: the importance of environmental fac-

tors

Tim Drissen, Christopher Faust, Robin Stadtmann, Julia T. Treitler,

Stefan Zerbe, Jasmin Mantilla-Contreras.

Plant Biosystems (2019), doi: 10.1080/11263504.2018.1549606

“Islands crucially contribute to the Mediterranean Basin’s high floristic

diversity, which, however, is at risk facing climate and land-use changes.

Besides the identification of highly diverse areas, the knowledge about

factors favouring diversity is of great importance. We analysed plant

species diversity and composition related to environmental factors over

varied vegetation units on a former Italian prison island in the northwest

of Sardinia. Due to a long history of land use with grazing and later

abandonment the nowadays protected island features a semi-natural

landscape and can serve as an example for strongly anthropogenic al-

tered insular ecosystems. Floristic composition, soil properties, micro-

climate and ungulate abundance were assessed. Relationships of vegeta-

tion composition and diversity with abiotic variables were examined by

Canonical Correspondence Analysis, which indicated the importance of

air temperature, soil moisture, slope gradient and C/N ratio for floristic

differentiation. Most important abiotic factors for plant species richness

were relative air humidity and soil moisture, while floristic diversity was

mainly determined by air temperature and pH. Furthermore, observa-

tion data pointed to an adverse influence of ungulate abundance for

plant species diversity. Regarding nature conservation, grazing inten-

sity thus must be critically taken into account, especially for sensitive

vegetation units like the coastal garrigue.”

But also results of this thesis have benefited from the collaborative input of vege-

tation analysis (Drissen et al. 2019) and digital vegetation mapping:

6



Chapter 1 General introduction

Digitale Vegetationstypenkartierung des Nationalparks Asinara

(Sardinien)

Robin Stadtmann, Moritz Sandner, Tim Drissen, Julia T. Treitler, Re-

becca Winter, Martin Sauerwein.

Hildesheimer Geographische Studien (2016) 6: 26-51

“Using remote sensing techniques and digital image analysis we con-

ducted a digital mapping of vegetation types on the Mediterranean is-

land of Asinara (Sardinia). Based on field data and high resolution

satellite pictures (Pléiades, 2 x 2 m) a pixel-based Supervised Classifica-

tion via Maximum-Likelihood-Algorithm was realised and statistically

as well as visually evaluated. The results show clear limits of pixel-based

classifications with high resolution data. Editing these interim results

by integrating auxiliary geodata together with visual interpretation of

orthophotos we accomplished the first extensive high resolution mapping

of vegetation types on Asinara.”

A preceding inductive part of this thesis was followed by deductive research impli-

cating an observational approach, which was supplemented with an experimental

component. The data of the study were obtained during extensive field campaigns

(May to August 2013, November to December 2013, March to August 2014 and

November to December 2014) on the island of Asinara, in addition, a germination

experiment (January to July 2015) was conducted in a greenhouse in Hildesheim.

The respective sampling methods are based on systematic sampling (Chapter 2) and

stratified random sampling (Chapter 3 and 4) comprising point transect sampling

(distance sampling, Chapter 2) of grazing animals, collection of dung samples for

the germination experiment (Chapter 3), sampling of dung beetles by floating dung

pads to extract all beetles from them (Chapter 4). Additionally, indirect counts

were performed as evidence of the presence of horses and donkeys (Chapter 4) and

further environmental variables were obtained. Thereupon, the data was analysed

by descriptive and analytical statistics such as univariate and multivariate statis-

tics. Detailed description of the methods are available in the respective chapters.

Within this thesis, the grazing herbivores donkeys, horses, goats and mouflons and

the omnivore wild boars are referred as grazing animals.
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Chapter 1 General introduction

Outline of the thesis

Chapter 2 analyses the composition and distribution patterns of the five graz-

ing animal species in the context of the land-cover types of the Asinara island

ecosystem and forms a baseline for the further chapters of this thesis.

In Chapter 3, the input on vegetation and colonization processes by grazing an-

imals through endozoochorous seed dispersal was explored by means of two exem-

plary species, donkeys and goats representing the most observed species of their

order, i.e. donkeys representing Perissodactyla and goats Artiodactyla. Further-

more, these two grazing animal species have different status on the island, donkeys

are regarded as the symbol of Asinara, and goats are considered a pest and there-

fore captured to ultimately remove them from the island. In addition, this chapter

sheds light on feeding habitats of these two species.

In contrast to Chapter 2 and 3 which comprise the whole island ecosystem, Chapter

4 focuses on three highly frequented vegetation units within the main distribution

area of donkeys and horses in the southern part of the island (Table 1.1). As don-

keys and horses provide quantitatively the main dung resource for dung beetles, the

impact of the intensity of use by donkeys and horses on dung beetle assemblages was

investigated. The investigation comprised the influence of the surrounding habitat

characteristics and dung conditions.

Chapter 5 is the synthesis of this thesis where the main findings are interrelated

to another and set into context of the overall question of this thesis. Ultimately,

the results are discussed in the frame of three different management scenarios that

could be implemented by the National Park towards conservation and maintenance

of biodiversity.

Chapters 3 and 4 are published in peer-reviewed journals, Chapter 2 is submit-

ted. The references to the respective publications or submitted manuscript are

provided ahead of the chapters.
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CHAPTER 2

GRAZING ANIMALS

Linking occurrence and distribution of wild and
feral grazers to land-cover types of a semi-natural
Mediterranean island landscape

Julia T. Treitler, Robin Stadtmann, Stefan Zerbe, Jasmin Mantilla-Contreras

Population Ecology (submitted)

Abstract

Grazing by domestic and wild animals has shaped vast parts of the Mediterranean

throughout the history. The Mediterranean rangelands are highly diverse and in-

clude various vegetation types forming a vegetation mosaic ranging from herbaceous

vegetation to scrubland and woody vegetation or silvopastroral systems. We anal-

ysed the patterns of composition and distribution of wild and feral grazing animals

in the context of the vegetation and land-cover types in the Asinara island ecosys-

tem (Sardinia). Through point observations we assessed the number of donkeys,

horses, goats, mouflons and wild boars and the land cover type where they were

sighted. We show differing patterns in the dispersion of the five grazing animal

species. Based on topography, land-cover types such as vegetation structure and

availability of water grazing animals differ in their occurrence which goes along with

their requirements for feeding habits and breeding. Goats are the most abundant

ungulates on the island, they mainly occur in the highly diverse Cistus monspelien-
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sis-dominated garrigue. Coastal vegetation in contrast, is also one of the vegetation

units with the highest plant species richness, however, it is frequented by grazing

animals solely in lower numbers. The composition and distribution patterns of wild

and feral grazing animals and the possible resulting effects on the ecosystem are

essential knowledge as a basis for the development of future management and con-

servation implementations on the island.

Keywords Grazing animals · Land-cover types · Vegetation · Water availability

· Mediterranean island

Introduction

Natural grazing ecosystems are in decline, however, managed grazing systems cover

over 25 % of the worlds land surface (Asner et al. 2004). Approximately 60 % of the

global agricultural land is used for grazing, e.g., by cattle, sheep or goats (Haan et al.

1997). While within natural grazing systems individual animals and herds are able

to range free and for example can migrate following spatial and temporal variation

in forage (Frank et al. 1998), grazing animals in managed systems are constrained

by the decisions of their owners or land managers. Because domestic grazers are

reduced in their mobility and show lower tendencies to migrate than wildlife, free-

ranging herbivores are supposed to affect the ecosystem positively whereas grazing

by domestic livestock may not (McNaughton 1986, 1993). In Europe, the decline

of natural grazing went along with the disappearance of prominent large herbivores

(van Wieren 1995) which had a great impact on the vegetation and are assumed

to be a major driver in the maintenance of open landscapes (Svenning 2002). This

decline resulted in managed grazing systems which can be distinguished in intensive

and extensive systems (van Wieren 1995). While intensive grazing management is

directed to increase the production and efficiency, extensive management comprises

a relatively big area per animal (Allen et al. 2011) and, thus, through large-scale and

near-natural grazing extensive grazing may contribute to maintenance of a sound

ecosystem.

The Mediterranean region has a long history of grazing with wild and domestic

herbivores (Perevolotsky and Seligman 1998) shaping vast parts of the environment

(Blondel 2006). Mediterranean rangelands, for example, are highly diverse and

include various vegetation types forming a vegetation mosaic ranging from herba-
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ceous vegetation to scrubland with dwarf shrubs and patches of herbaceous plants to

woody vegetation (Perevolotsky and Seligman 1998) or silvopastroral systems (Olea

and San Miguel-Ayanz 2006; Plieninger et al. 2011). Nowadays, the Mediterranean

region is undergoing an agricultural intensification, where the productive sectors

are enforced and this enforcement often goes along with environmental degradation,

species loss and abandoning other sectors such as traditional arable and pastoral

systems (Carpaneto et al. 2007; Stoate et al. 2009). Thus, practices of extensive

grazing like traditional transhumance with sheep and goats are converted to inten-

sive grazing with large-scale free-ranging cattle or abandoned (Peco et al. 2001).

In general, grazing in combination with other environmental conditions is known

to lead globally to desertification, woody encroachment and deforestation (Asner

et al. 2004). However, grazing can have positive as well as negative effects. Graz-

ing animals disperse diaspores over long distances (Higgins and Richardson 1999;

Couvreur et al. 2005; Trakhtenbrot et al. 2005) and provide with their faeces high

nutrient concentrations and resources for dung-inhabiting arthropods (Koskela and

Hanski 1977; Sladecek et al. 2013; Treitler et al. 2017a). Upon intensity and history

of grazing, grazing can, for example, increase or decrease the diversity of grassland

and it can be a crucial factor for land degradation (Cingolani et al. 2005; Thompson

et al. 2008; Carmona et al. 2012). It has been reported that in the Mediterranean

rangelands a low to moderate grazing intensity enhances the fertility of soil, wa-

ter retention capacity and vegetation cover (Peco et al. 2006; Peco et al. 2012).

However, some ecological studies have also shown that plant diversity is affected

by the grazing intensity, as low grazing intensities tend to foster vegetation with

low species diversities in semi-arid Mediterranean environments (Perevolotsky and

Seligman 1998; Osem et al. 2002; Papanikolaou et al. 2011). Nevertheless, too high

grazing intensity can, through trampling and defoliating plants, reduce the vegeta-

tion cover and compact the soil and thus, increase the risk of soil erosion, loss of

productivity (Thornes 2007) and irreversible changes in the vegetation, which rather

tends to occur in managed than in self-regulating natural systems (van de Koppel

and Rietkerk 2000). In addition, introducing alien ungulates may also threaten the

biodiversity (Spear and Chown 2009) such as the persistence of endangered plant

and animal species, especially in susceptible ecosystems like islands (Courchamp et

al. 2003).

The island of Asinara, in the Northwest of Sardinia, belongs to one of the regions

with the highest biodiversity, particularly relating to the flora (Médail and Quézel

17



Chapter 2 Grazing animals

1997, 1999). On this island 709 plant species have been recorded (Bocchieri 1988;

Pisanu et al. 2014) including 35 species endemic to Sardinia and other Western

Mediterranean islands (Bocchieri and Filigheddu 2008). This plant diversity can

be attributed to the highly structured landscape with a versatile topography and

coastal zones, differing soil types and a variety of grazing animals, like horses, don-

keys, goats, mouflons and wild boars, which were introduced to the island centuries

ago (Bocchieri 1988; Bocchieri and Filigheddu 2008; Pisanu et al. 2014). These

animals are, thus, a relict of the historic cultivated landscape which now is part of

the Asinara National Park and interacting with its natural dynamics.

Depending on the grazing species and their composition, the effects of the graz-

ing animals can vary according to their type of herbivory and selective behaviour

(Loucougaray et al. 2004; Fraser et al. 2007). Species may on the one hand com-

pete against another for resources such as overexploiting fodder resources and on

the other hand benefit from another by facilitating the accessibility of forage in a

certain height or quality (McNaughton 1976; Illius and Gordon 1987; Arsenault and

Owen-Smith 2002). Competition among species is diminished due to differences in

body size and trophic adaptions which means different fodder preferences (Jarman

1974; Demment and van Soest 1985; Illius and Gordon 1987). Large species, for

example, consume a high biomass of low quality forage, while small species require

rather high quality fodder, even so they can tolerate a lower biomass (Demment and

van Soest 1985; Illius and Gordon 1987). Hence, small species may benefit from

larger grazing animals, and even outcompete large species in low forage availability

(Illius and Gordon 1987; Gordon and Illius 1989). In addition, small species and

narrow-muzzled grazers respectively may deplete detrimentally the forage quality

for the lager species by grazing selectively on green leaves in taller swards (Murray

and Illius 2000).

Previous studies have shown that grazing animals have certain preferences for habi-

tat types (Keiper and Berger 1982; Duncan 1983; Putfarken et al. 2008) and fodder

plants (Etzenhouser et al. 1998; Ciuti et al. 2009; Miranda et al. 2012; Marchand

et al. 2013; Treitler et al. 2017b), however these preferences might change according

to the availability and composition of the ecosystem such as between domesticated

animals and free ranging grazers.

Thus, assessing and studying the composition and distribution of wild and feral graz-

ing animals and possible resulting effects on the ecosystem is essential knowledge

as a basis for the development of future management and conservation implemen-
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tations on the island of Asinara. Therefore, we conducted point observations and

based the analyses on the following questions: How are grazing animals distributed

on the island of Asinara? Which pattern determine the composition and distri-

bution of the grazers in the context of the vegetation and land cover types of the

island? Do climate variables influence the occurrence and composition of grazing

animals?

Materials and methods

Study area

The study area was the island of Asinara (51.9 km2) which is located at the north-

western tip of Sardinia, Italy (Fig. 2.1). Asinara island originated from the post-

glacial transgression which separated Sardinia and Asinara through rising water

(Marini 2008). Repeated variations in the sea level have to a great extent formed

the island’s morphology (Ginesu et al. 1998; Marini 2008). The relief is now charac-

terized by steep cliffs at the western coast of the island and a mostly flat coastline

on the eastern side enclosing the Gulf of Asinara forming an undulating and al-

ternating landscape. The bedrock of Asinara is primarily formed by metamorphic

complexes (mica schist, paragneiss, orthogneiss and migmatites) and intrusive mag-

matic granite formations (Oggiano and Di Pisa 1998; Carosi et al. 2004).

The island has a typical Mediterranean climate with hot dry summers and rainy

seasons between October and April. The mean annual temperature is 17.7◦C and

the mean annual precipitation is 430 mm (Osservatorio ambientale Parco Nazionale

dell’Asinara, Fornelli, Asinara 2014).

Asinara Island throughout its history has been under anthropogenic use (Ferrante

1998; Doneddu 2008). For almost a century the island was used as a prison with

high-security prisons and an agro-penitentiary system with prisoners working in

agriculture, cultivating crops and rearing livestock (Forteleoni and Gazale 2008;

Pisanu et al. 2014). After the prison closed in 1997, the animals have been roaming

wild on the island. Because of that the Asinara National Park, which was founded

in the same year, is now inhabited by feral donkeys, horses and goats. In addition,

in the 1950s mouflons and wild boars were introduced to the island (Monballiu and

Torre 2008). In the recent years, there are about 155 horses, 330 donkeys, 800

mouflons, 900 wild boars and 1400 goats on the island (Parco Nazional dell’Asinara
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Figure 2.1. Location of the observation points on the island of Asinara and digital mapping of the
land-cover types in the 500 m buffer surrounding the observation point. Data source: gadm.org.

2013, 2014). The number of wild boars and goats may have some fluctuations, as

both are intermittently captured to reduce their number on the island according

to the management plan of the National Park and because their reproduction rate

is quite high. Donkeys comprise a normally coloured grey populations but also a

white albino subpopulation, both subpopulations being able to mate and produce

hybrids (Utzeri et al. 2016). Full-grown grazing animals have no natural predators

on the island, however, young animals of wild boar, goat and mouflon are vulnerable

to predators like eagles, hawks and owls.

During the prison time, plant communities were shaped by fire, agricultural land

use and grazing (Pisanu et al. 2014). However, the vegetation today is dominated

by a typical Mediterranean maquis (e.g. Euphorbia dendroides, Pistacia lentiscus)

and garrigue (e.g. Cistus monspeliensis). Moreover, the island of Asinara is highly

diverse regarding plants exhibiting various vegetation types like coastal vegetation
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(e.g. Centaurea horrida, Helichrysum italicum subsp. microphyllum), grassland

(e.g. Erodium moschatum, Hordeum marinum), shrub vegetation as well as wood-

land and forest (e.g. Juniperus phoenicea, Quercus ilex ) (Drissen et al. 2019). The

forest area of Quercus ilex was diminished to a small part in the North which is

now enclosed and some remnants in the southern part of the island (0.203 km2, 0.40

%) due to the intensive land use during the last decades.

Animal observation

To assess the number of grazing animals, we performed point counts at 12 evenly

distributed observation points over the whole island (minimal distance 1.5 km; Fig.

2.1) during the dry (June-August 2013 and May-August 2014) and wet (November-

December 2013, March-April and November-December 2014) seasons. We con-

ducted the observations fortnightly, starting in the morning with sunrise or ending

in the evening with the sunset, visiting each point for 15 minutes, recoding the num-

ber of grazing animals, their distance from the observation point and the respective

land-cover type where they were observed.

Environmental parameter and land cover

During each observation session we assessed the climate variables temperature, wind

speed (thermos anemometer, PCE-TA 30, PCE Group, Meschede, Germany), rela-

tive humidity (hygro haar-synth., TFA Dostmann, Wertheim, Germany) and esti-

mated the percentage cloud cover at the respective observation point.

Land cover was determined based on remote-sensing techniques and digital image

analysis. A digital mapping of the land-cover types of the island was performed

based on field data and high resolution satellite images, using the program ERDAS

IMAGINE 2015 (Hexagon Geospatial, Madison, US) to conduct a pixel-based su-

pervised classification via maximum-likelihood algorithm. These preliminary results

were analysed and improved through implementation of the visual interpretation of

digital orthophotos and by integrating auxiliary geodata in a geographic informa-

tion system (ArcGIS Desktop 10.4.1, ESRI, Redlands, US) (Stadtmann et al. 2016).

On the basis of the digital map, the proportional area of each land-cover type was

calculated for each buffer surrounding the observation point with a radius of 500

m. We differentiated between two sets of land-cover type data differing in the veg-

etation component. While one data set includes vegetation units (Drissen et al.

2019), the other set contains structural vegetation types occurring on the island,
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both data sets additionally comprise rock, infrastructure, waterbodies and tempo-

rary streams (Table 2.1; Stadtmann et al. 2016). Based on vegetation composition

and the growth form of its dominant species, vegetation units were grouped into

structural vegetation types (coastal vegetation, open grassland, garrigue, maquis

and forest). Species richness data for all vegetation units were obtained from Dris-

sen et al. (2019), except for species richness of open grassland (GRA) which was

calculated without consideration of data from an enclosure.

Data analysis

To analyse the differences in the species composition of grazing animals (based on

Bray-Curtis dissimilarity) between observation sites during dry and wet season we

used non-metric multidimensional scaling (NMDS, package: vegan R, (Oksanen et

al. 2018). Mean number of grazing animals per observation site and season were

used for this analysis.

In addition, we performed a permutational multivariate analysis of variance based

on distance matrices with 1000 permutations (adonis, package: vegan) to assess

how environmental variables and the season correlated with the differences in the

composition of grazing animals. Therefore, we tested land cover and climate (tem-

perature, relative humidity, wind speed, cloud cover) variables separately. For the

land cover, we differentiated between the ones based on structural vegetation types

and the vegetation units (Table 2.1). These analyses were performed by exclud-

ing positively correlated variables. From the climate variables we excluded the

season as it correlated with cloud cover (Supplementary material 2.1). From the

land-cover variables based on vegetation units we left out Tamarix - (TAM) and

Juncus- (JUC) dominated vegetation, as well as the intermediate low-growing veg-

etation type (LOW), infrastructure and season due to correlations (Supplementary

material 2.2). Furthermore, from the set of land cover variables with structural

vegetation types we excluded the season as it correlated with temporary streams

(Supplementary material 2.3). Environmental variables were fitted onto the ordi-

nation by using the function envfit (package: vegan).

We performed multiple pairwise Mann-Whitney U tests to test differences in the

mean number of the total observed grazing animal species and to test for differ-

ences in the mean number of grazing animals between the land-cover types in which

they were observed. These tests were followed by Holm’s sequential Bonferroni

procedures.
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Chapter 2 Grazing animals

All statistical analyses were conducted using R statistical package version 3.4.4 (R

Core Team 2018).

Results

Overall, we could observe a general distribution pattern of the grazing animals

on the whole island. Goats, mouflons and wild boars occur all over the island.

Donkeys also occur all over the island, however, depending on their fur coloura-

tion they show a predominant pattern with normally coloured (grey) donkeys in

the northern part and white albino donkeys in the southern part. Both are found

together in an overlapping area in the southern part of the North. Horses occur

in two separate areas. While solely one herd is roaming around in the plain areas

between the southern part of the North and the northern isthmus in the centre of

the island, further herds occur in the plain areas of the South up to undulating

areas of the centre of the island (Fig. 2.1).

Non-metric multidimensional scaling separated the observation sites based on dif-

ferences in the composition of grazing species (NMDS, final stress = 0.151, linear

fit r2 = 0.88, Fig. 2.2). In detail, the observation sites differed evidently in the oc-

currence of the grazing species that can be grouped into Equidae and non-Equidae.

NMDS axis 1 separated sites with a higher occurrence of non-equine grazing ani-

mals like mouflons, wild boars and goats from sites with higher occurrence of the

Equidae donkeys and horses. NMDS axis 2 separated particularly the observation

sites based on differences in the occurrence of the two Caprinae goat and mouflon

(Fig. 2.2). Observation sites with a higher cover of waterbodies were separated

from study sites with high occurrence of temporary streams during the wet season

along the NMDS axis 1 indicating differences in the composition of grazing animals

according to water availability. In addition, the vegetation structure and, thus, the

growth height of the vegetation separated study sites with a higher cover of highly

structured vegetation types like forest, maquis and garrigue from sites with lower

growing and structured vegetation like open grassland and coastal vegetation along

the NMDS axis 2 (Fig. 2.2a).

Differences in the composition of the grazing animals can be specifically explained

by the fitted environmental variables. Of the land-cover type data set with struc-

tural vegetation types, waterbodies (Adonis, F =3.221, r2 = 0.116, p = 0.026) and

open grassland (F =3.009, r2 = 0.108, p = 0.038) significantly explain differences
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Chapter 2 Grazing animals

in the composition of grazing animals. The structural vegetation types maquis (F

= 2.194, r2 = 0.079, p = 0.083) and coastal vegetation (Adonis, F = 2.393, r2 =

0.086, p = 0.087) show a tendency to be explicative for differences in the compo-

sition of the grazing species. Environmental fitting with the land-cover type data

set based on the vegetation units supports a similar pattern of the composition of

the land-cover types (Fig. 2.2b). However, there were no significances found that
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Figure 2.2. Non-metric multidimensional scaling of observation sites during dry and wet season
based on Bray-Curtis dissimilarity of grazing animal species. Grazing animal species are displayed
as triangles and observation sites as circles with the colour representing the respective season. Dark
grey circles refer the dry season and light grey circles represent the wet season. Environmental
variables, (a) land-cover types with structural vegetation, (b) land-cover types with vegetation
units and (c) climate variables, explaining differences in species composition between observation
sites are depicted as vectors. Statistically significant variables (p <0.05) are displayed as solid
lines, not significant variables as dashed lines.

explain the composition of the grazing animals. On the basis of climate variables,

the observation sites with higher wind speeds were separated, in the analysis, from

sites with higher temperature along NMDs axis 2 (Fig. 2.2c). Despite this, the

composition of grazing animals on the study sites was not significantly explained
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by these climate variables.
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Figure 2.3. Mean number of grazing animals observed at the 12 observation points on the island
of Asinara during dry and wet seasons of 2013 and 2014. Significant differences are depicted as
follows: p value with *** ≤ 0.001; ** ≤ 0.01; * ≤ 0.05.

Regarding the comparison of total observed grazing animal species, we found sig-

nificant differences between the mean numbers of total observed grazing species

(Fig. 2.3). We observed a particular high number of goats and significantly lower

numbers of the other grazers. The grazing animal species differed significantly in

their mean number between the land-cover types (Fig. 2.4). Donkeys were mainly

observed in open grassland and garrigue and maquis. Horses occurred almost ex-

clusively in open grassland. Goats, in contrast, used a broader array of land-cover

types. For the most part goats were observed in garrigue, followed by maquis, open

grassland and rocks. Mouflons show a similar pattern, however the most animals

were observed in open grassland followed by maquis, garrigue and rocks. Wild boars
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occurred in higher numbers in open grassland, but also their presence is accounted,

although with lower numbers, in garrigue, maquis and coastal vegetation.
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Figure 2.4. Mean number of grazing animals in the land-cover types (with structural vegetation
types) observed during the point transects. Significant differences are depicted as follows: p value
with *** ≤ 0.001; ** ≤ 0.01; * ≤ 0.05.

Discussion

The general distribution pattern of grazing animals on the island of Asinara shows

that from the five studied species goats, mouflons and wild boars are roaming all

over the island while horses and donkeys are found in certain areas. Horses occur in

areas with specific topographical characteristics, i.e. the great plains of the island.

Rugged or steep areas are mostly just crossed by horses to reach elevated plain sites
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(Ganskopp and Vavra 1987). Donkeys are mainly separated following their coloura-

tion into North, normally coloured donkeys, and South, white albino donkeys. This

distribution is most likely due to former anthropogenic impacts.

From the general composition of grazing animals, wild grazers (mouflon and wild

boar) tend to use a rougher terrain (e.g. coast, rocks) than ferals (donkey, horse

and goat). However, the composition, in detail, shows clear differences in the oc-

currence of grazing species according to their taxonomic affiliation, and associated

habitat requirements and adaptions (Fig. 2.5). The occurrence of equids (odd-toed

ungulates), horses and donkeys, increases towards areas with larger waterbodies,

because, both have a great need for water to cool themselves and to sustain their

intermediary metabolism (King 1983; Bennett and Hoffmann 1999). Therefore,

they range in a certain distance around water sources (Ganskopp and Vavra 1986;

Ransom and Cade 2009; Ovejero et al. 2011). Even-toed ungulates, in contrast,

occur predominantly in terrains characterized by temporary streams and land cover

types of different structure and vegetation heights. For example goats are, in com-

parison with other domestic species, less dependent on free water sources as they

can adapt their water intake depending on the availability of water (El-Hadi 1986).

Goats can complement their water intake not only by drinking but also by the water

content of plants (NRC 1981), their water intake through foraging is higher than in

other species as goats are able to browse (Giger-Reverdin and Gihad 1991).

In respect to feeding habits our results exhibit differing distribution patterns of

the grazing animals in relation to the land-cover types. Grasses and shrubs, for

example, are grazed by donkeys and goats, which are considered generalists for

herbaceous and non-herbaceous plants (Coppock et al. 1986; Rutagwenda et al.

1990; Cosyns et al. 2001; Ovejero et al. 2011). Both species have been observed in

this study in the most abundant vegetation types on the island which are maquis

(27.52 %), garrigue (23.37 %) and open grassland (23.15 %) with donkeys mostly

in open grassland while goats in garrigue. A previous study demonstrated that

donkeys and goats on the island of Asinara actually feed on the vegetation units

temporarily wet and (dry) grassland (vegetation structure open grassland), as they

disperse plant species of theses vegetation units, however, goats, additionally, for-

age in semi-open maquis to preforest formations of Juniperus phoenicea (vegetation

structure maquis) and the Pinus pinea forest (vegetation structure forest) (Treitler

et al. 2017b). These variable feeding habitats of the goats point out their conspicu-

ous adaptiveness regarding their forage (Morand-Fehr et al. 1983; Bartolome et al.
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Figure 2.5. Relations between grazing animals and the occurring land-cover types of island of
Asinara. Land-cover types influencing significantly the composition of wild and feral ungulates
are indicated by arrows in both directions. The diagram is based on results of our study and
other studies (e.g. Morand-Fehr et al. 1983, Onida et al. 1995, Cransac et al. 1997, Bartolome
et al. 1998, Cosyns et al. 2001, Giménez-Anaya et al. 2008, Ciuti et al. 2009, Bueno et al. 2010,
Karmiris et al. 2011, Ovejero et al. 2011, Fleurance et al. 2012, Miranda et al. 2012, Marchand
et al. 2013, Treitler et al. 2017b).

1998). It is important to mention, that in contrast to other ungulates, goats can

have more crucial effects on woody vegetation as they also browse (Morand-Fehr et

al. 1983), move easily between rocks and trees, and even use a bipedal posture to

feed in higher vegetation layers (Pfister et al. 1988).

Mouflons, similar to goats, use rocky areas as well as open grassland, maquis and

garrigue, however, of these two Caprinae, mouflons were more abundant in open

grassland and hardly observed close to infrastructure. Structure-rich vegetation

like scrubland is, for instance, used to give birth and as shelter during lactation,

thus, female mouflons avoid open vegetation like meadows (Ciuti et al. 2009).

However, grasses are known to be a major part of the mouflons’ diet which is of-

ten complemented according to spatio-temporal variations with forbs and shrubs

(Garćıa-González and Cuartas 1989; Cransac et al. 1997; Miranda et al. 2012;

Marchand et al. 2013). On the island of Asinara, the plain open grassland, mostly

used by horses, is also a hotspot for the gathering family group of female and male

mouflons especially during their mating season. Here, mouflons and horses might

profit from one another or compete against each other, especially when shared
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resources in a highly overlapping niche are limited (de Boer and Prins 1990; Put-

man 1996). Competition according to the competitive exclusion principle (Hardin

1960) is likely, because both species have been shown to predominantly forage on

graminoids (Karmiris et al. 2011; Fleurance et al. 2012). However, during the

observations horses and mouflons were rarely observed close to each other. This,

on the one hand, might be because the two species avoid each other through their

activity phases, i.e., horses are mainly day active (Keiper and Keenan 1980) and

mouflons are rather nocturnal (Castelló 2016). On the other hand, it might be due

to differences in the composition of these grazing animals which tend to be indi-

cated by the more detailed vegetation units, temporarily wet grassland (mean plant

species richness 58.5) and (dry) grassland (mean plant species richness 56.1) (Fig.

2.2b, Table 2.1), which both are attributed to the structural vegetation type open

grassland. Thus, mouflons seem to occur more on temporarily wet grassland, while

horses rather use the dry grassland.

In relation to wild boars on the island, we observed them preferentially in open

grassland as well as garrigue, maquis and coastal vegetation, reflecting their ver-

satile feeding habits as omnivores. Depending on the season the components of

their diet change, at which plant material in general prevails (Giménez-Anaya et

al. 2008). Wild boars are known to feed on plant material such as rhizomes, roots

and fruits, in addition, they consume other animals, for example, snails, terrestrial

arthropods, cray fish, birds and even mammals (Onida et al. 1995; Pinna et al.

2007; Giménez-Anaya et al. 2008). Among the animal material in the diet of wild

boars, birds make up the greatest part (Giménez-Anaya et al. 2008), therefore wild

boars can be a severe threat especially to ground breeding birds like the Barbary

Partridge (Alectoris barbara) and marine birds as the Audouin’s Gull (Larus au-

douinii) nesting in the coastal environment on the island of Asinara. In addition

wild boars are known to cause damage to crops and harm grassland by breaking of

the turf leading to disturbance and erosions on slopes (Onida et al. 1995; Bueno

et al. 2010). However, another report showed that the disturbance by wild boars

through rooting can have positive impacts, in the long term, on the plant diversity

(Kotanen 1995).

By the results of our analyses, we found that differences in the composition of graz-

ing animals were not significantly explained by climate variables. However, other

studies have shown, that individual species are affected by climate variables, for ex-

ample, that the percentage of breeding female wild boars decreased under drought
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conditions in comparison to other Mediterranean areas (Fernández-Llario and Car-

ranza 2000). Contrary, the survival of mouflon lambs was affected by the amount

of rainfall, while extreme high temperatures did not have an effect on them (Garel

et al. 2004).

On the island of Asinara, nearly all grazing animals but particularly goats, which

are considerably the most abundant ungulates on the island, occur in the garrigue,

which is dominated by Cistus monspeliensis and is the vegetation unit with the

highest plant species richness (Table 2.1). Even if this was not the focus of our

study, this might indicate, that a high variety of grazing animals and a high inten-

sity of goats can foster the plant species richness, which would go in accordance

with studies showing that with increasing grazing intensity plant species richness

increases, too (Perevolotsky and Seligman 1998; Papanikolaou et al. 2011). Coastal

vegetation is also one of the vegetation units with a high plant-species richness,

however, this vegetation unit is frequented by grazing animals solely in lower num-

bers (Table 2.1, Fig. 2.4).

Summarising, we show differing dispersion patterns of five wild and feral grazing

animals in island ecosystem of Asinara. Based on topography, land-cover types such

as vegetation structure and availability of water grazing animals differ in their oc-

currence which goes along with their requirements for feeding habits and breeding

indicating their interrelation with the vegetation and landscape composition.
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Garćıa-González R, Cuartas P (1989) A comparison of the diets of the wild goat (Capra pyrenaica),

domestic goat (Capra hircus), mouflon (Ovis musimon) and domestic sheep (Ovis aries) in

the Cazorla mountain range. Acta Biol Mont 9: 123-132.

Garel M, Loison A, Gaillard JM, Cugnasse JM, Maillard D (2004) The effects of a severe drought

on mouflon lamb survival. Proc Biol Sci 271 Suppl 6:S471-3. doi: 10.1098/rsbl.2004.0219

Giger-Reverdin S, Gihad EA (1991) Water metabolism and intake in goats. In: Morand-Fehr P

(ed) Goat nutrition. Pudoc, Wageningen, pp 37-45
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Peco B, Carmona CP, Pablos I de, Azcárate FM (2012) Effects of grazing abandonment on func-

tional and taxonomic diversity of Mediterranean grasslands. Agr Ecosyst Environ 152:27-32.

doi: 10.1016/j.agee.2012.02.009

Perevolotsky A, Seligman N’aG (1998) Role of grazing in Mediterranean rangeland ecosystems.

BioScience 48:1007-1017. doi: 10.2307/1313457

Pfister JA, Malechek JC, Balph DF (1988) Foraging behaviour of goats and sheep in the Caatinga

of Brazil. J Appl Ecol 25:379. doi: 10.2307/2403830

Pinna W, Nieddu G, Moniello G, Cappai MG (2007) Vegetable and animal food sorts found in

the gastric content of Sardinian Wild Boar (Sus scrofa meridionalis). J Anim Physiol Anim

Nutr (Berl) 91:252-255. doi: 10.1111/j.1439-0396.2007.00700.x

Pisanu S, Farris E, Caria MC, Filigheddu RS, Urbani M, Bagella S (2014) Vegetation and plant

landscape of Asinara National Park (Italy). Plant Sociol 51:31-57.

doi: 10.7338/pls2014511/04

Plieninger T, Schaich H, Kizos T (2011) Land-use legacies in the forest structure of silvopas-

toral oak woodlands in the Eastern Mediterranean. Reg Environ Change 11:603-615. doi:

10.1007/s10113-010-0192-7
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CHAPTER 3

ENDOZOOCHORY

Complementing endozoochorous seed dispersal pat-
terns by donkeys and goats in a semi-natural island
ecosystem

Julia T. Treitler, Tim Drissen, Robin Stadtmann, Stefan Zerbe, Jasmin

Mantilla-Contreras

BMC Ecology (2017) 17: 42, doi: 10.1186/s12898-017-0148-6

Abstract

Background: Endozoochory is, in grazing systems, a substantial vector for seed

dispersal. It can play an important role in vegetation dynamics, especially in colo-

nization processes through seed input on the vegetation and on the soil seed bank.

We investigated the endozoochorous seed input of donkeys and goats on a semi-

natural island ecosystem in the Mediterranean. Through germination experiments,

we assessed the viable seed content of the dung of these grazing animals to estimate

their suitability and efficiency for seed dispersal of the vegetation types of the is-

land.

Results: We show different dispersal patterns of donkeys and goats. Goats disperse

a high number of diaspores from shrubs while donkeys disperse more diaspores of

grasses. In addition, goats disperse plants of greater growth height and donkeys

plants of shorter height. These dispersal patterns are in accordance with the vege-
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tation types of which donkeys and goats disperse indicator species. Both, donkeys

and goats, feed on and disperse species of the vegetation types, open grassland

and temporarily wet grassland. In addition, goats feed on and disperse diagnostic

species of the semi-open maquis and preforest formations.

Conclusions: Overall, our results show that donkeys and goats are complementing

each other in their endozoochorous seed dispersal potential. This emphasizes the

importance of both grazing animals for the vegetation dynamics of the semi-natural

island ecosystem. Therefore, the adaption of the goat management to a traditional

land management based on directed transhumance might maintain and enrich veg-

etation types.

Keywords Grazing · Germination experiment · Plant functional groups · Mediter-

ranean region

Background

Seed dispersal and re-colonisation processes are decisive factors for the regulation

of the community structure of plants (Foster and Tilman 2003). Due to intraspe-

cific competition with the mother plant and conspecific seedlings, dispersal plays

an important role for the successful establishment of the diaspore (Debussche and

Lepart 1992). Considering that the composition of the vegetation, dispersal, and

colonisation are based on natural fluctuations essential for both stable (e.g. late-

successional) as well as unstable (e.g. early-successional) habitats (Grubb 1977),

the dispersal of diaspores enables the conservation of fragmented and permanently

changing populations in a consolidated vegetation (van der Maarel 1996).

Wind (anemochory), streaming water (hydrochory) or animals (zoochory) disperse

diaspores over long distances (Higgins and Richardson 1999; Couvreur et al. 2005;

Trakhtenbrot et al. 2005). In grasslands, endozoochory was shown to be an effective

dispersal process (Traba et al. 2003). In particular, in the Mediterranean region

endozoochory by herbivores plays an important role (Malo et al. 2000; Traba et

al. 2003) as has been shown that, in grazing systems, on average, 740 seeds per

square metre are dispersed endzoochorously (Malo et al. 2000). In addition, the

long history of livestock farming has promoted the adaptability of plants to grazing

(Aschmann 1973). Through their dung animals, like sheep and hare, disperse a high

number of plant species however the effect of the passage through the gut can vary
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between animal species and thus can have consequences on the germination and

survival of the seed (Russi et al. 1992; Eichberg et al. 2007; Campos et al. 2008).

Nevertheless, through seed dispersal animals increase species richness and spatial

homogeneity through an intensification of the intra- and intercommunity seed flow

(Malo and Suárez 1995a). This seed input on the vegetation and to the soil seed

bank can be of high importance for colonization processes (Malo and Suárez 1995b;

Malo et al. 2000) and regeneration (Malo and Suárez 1995a; Pakeman et al. 1998).

Success of colonization and regeneration dominates in early-successional habitats

and in most forests (Fenner 1992) and depends, for example, on local characteris-

tics like light and ground conditions (Gill and Beardall 2001) created by disturbance

(Pakeman et al. 1998), and safe sites (Gómez-Aparicio 2008).

Grazing is considered one of the most important factors which alters natural pro-

cesses by directly or indirectly affecting ecosystems (Hay and Kicklighter 2013) thus

it might be a key factor for conservation and maintenance of biodiversity. Besides

dispersal of diaspores and the creation of safe sites for plant germination (Urbanska

1997), grazing animals affect the structure and composition of plant communities

by disturbance and suppression of certain species susceptible to grazing (Auffret

2011; Papanikolaou et al. 2011; Hay and Kicklighter 2013). Grazing, thus, has an

impact on the establishment, growth and survival rate of species, and influences

the abiotic conditions of the ecosystem (Facelli and Springbett 2009). In addition

to plant defoliation, grazing animals alter the competitive interactions of plants

(Milchunas et al. 1988; Graff et al. 2007). Furthermore, grazing animals compact

the soil through trampling (Warren et al. 1986; Hiltbrunner et al. 2012), and with

their faeces they provide high nutrient concentrations (Jaramillo and Detling 1992;

Semmartin and Oesterheld 2001; van der Waal et al. 2011) and thus influence the

conditions of germination. However, intensive grazing or the introduction of alien

ungulates may threaten the biodiversity (Spear and Chown 2009) and the survival

of endangered plant and animal species, particularly in isolated ecosystems like is-

lands (Courchamp et al. 2003).

The Italian island of Sardinia is one of the regions with the highest biodiversity,

especially considering the flora (Médail and Quézel 1997, 1999). In the Northwest of

Sardinia on the island of Asinara (51.9 km2), 709 plant species have been recorded

(Bocchieri 1988; Pisanu et al. 2014), including 35 species endemic to Sardinia and

other Western Mediterranean islands (Bocchieri and Filigheddu 2008). This plant

diversity originates from the highly structured landscape that is: a rich topography
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and coastal zones, with the corresponding different soil types, and also, from the

variety of grazing animals such as horses, donkeys, goats, wild boars and mouflons,

which were introduced on the island for centuries (Bocchieri 1988; Bocchieri and

Filigheddu 2008; Pisanu et al. 2014).

In the Mediterranean region, goats are a productive way of using areas dominated by

scrublands (Papachristou 1994), however, under not adequate management goats

can cause decline and deterioration of the vegetation (Morand-Fehr et al. 1983;

Garćıa et al. 2012). On the island of Asinara goats and donkeys roam wild through-

out the island but goats are considered to cause a decline in biodiversity, therefore

the capture of goats has been implemented to remove them from the island.

Through our study, we seek to assess the potential and contribution of donkeys and

goats as endozoochorous seed dispersers in order to estimate their possible input on

the vegetation and colonization processes and thus, their suitability and efficiency

for seed dispersal in a semi-natural island ecosystem. Up to now, there are hardly

any studies investigating the dispersal capacity of grazing animals in a complete

Mediterranean island ecosystem. The knowledge about the importance of donkeys

and goats for the dispersal of plants and the regulation of the plant community

structures on the island is necessary to evaluate and produce viable management

implementations.

As donkeys and goats differ in their feeding behaviour (Rutagwenda et al. 1990;

Bagchi et al. 2004), we hypothesize to see differences in the dispersal capacity. Don-

keys are expected to contribute to a higher part to the distribution of grasses, while

goats disperse a higher variety of growth forms (e.g., grasses, dwarf shrubs, large

browse plants). Due to the phenology of plants and fodder preferences of donkeys

and goats, we expect differences in their dispersal capacities with the course of the

season. Consequently, we focus on the following particular research questions:

1) How do donkeys and goats differ in their endozoochorous dispersal

capacity?

2) Is there a seasonal effect on the dispersal capacity of donkeys and goats?
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Methods

Study area

Our study area is the Asinara National Park, an island with an area of 51.9 km2

located at the northwest of Sardinia (Italy). Asinara has a typical Mediterranean

climate with a dry hot summer and a rainy season between October and April.

The mean annual temperature is 17.7◦C and the mean annual precipitation is 430

mm. During the wet season, mean temperatures range between 11.0 and 19.5◦C,

mean humidity is about 80 % and mean precipitation about 300 mm (Osservatorio

ambientale Parco Nazionale dell’Asinara, Fornelli, Asinara 2014).

Formerly, the island hosted various prisons with prisoners working in the agricul-

ture, cultivating crops and rearing livestock (Forteleoni and Gazale 2008; Pisanu

et al. 2014). After the prison closure in 1997, these animals have been roaming

wild on the island. Therefore, the National Park, founded in the same year, is now

inhabited by grazing animals, which have become feral, namely donkeys, horses,

and goats. In addition to these grazing animals, mouflon and wild boars were intro-

duced to the island in the 1950s (Monballiu and Torre 2008). There are about 330

donkeys and approximately 1400 goats on the island (Parco Nazionale dell’Asinara

2013). Since goats are intermittently captured to reduce their number according to

the management plan of the National Park and the reproduction rate of goats is

quite high, the number of goats may have had some fluctuations.

During the prison time, the spread of the plant communities was determined by

fire, agricultural land use and grazing (Pisanu et al. 2014). Today, the vegeta-

tion is mainly characterized by a typical Mediterranean maquis (e.g. Euphorbia

dendroides, Pistacia lentiscus) and garrigue (e.g. Cistus monspeliensis), however

Asinara is a highly diverse island regarding plants exhibiting various vegetation

types like coastal vegetation (e.g. Centaurea horrida, Helichrysum italicum subsp.

microphyllum), grassland (e.g. Erodium moschatum, Hordeum marinum), shrub

vegetation such as woodland and forest (e.g. Juniperus phoenicea, Quercus ilex ).

Due to the intensive land-use during the last decades, the area of the Quercus

ilex forest was diminished to a small part in the North and some remnants in the

southern part (0.203 km2, 0.40 %).
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Dung sampling

Dung of donkeys and goats was collected fortnightly from the end of March until

mid of August 2014. The island was evenly divided into eight sampling areas. Dur-

ing each sampling session, a fresh sample per animal species was collected (total

number of samples for donkeys is 87 and goats 88) randomly within each of the eight

sampling areas. The collected dung was dried and stored at room temperature until

it was processed. This treatment resembles natural conditions, because dung dries

up in the field and almost all plant species in the Mediterranean germinate during

autumn (Malo and Suárez 1995b).

Germination experiment

The viable seed content of the dung was determined by a greenhouse germination

experiment. Each sample (9 g) was crumbled and prepared for the germination

in sterile soil. The samples were kept moist for a six-month period. Experimen-

tal conditions in the greenhouse were (1) mean temperature 19.1◦C (range 11.7 -

35.6◦C), (2) mean relative humidity of 67 % (range 25 - 94 %) and (3) day length

which was adapted to the mean day length of the island during the wet season i.e.

10 h 22 min. Light cycles were adapted by using plant luminaries (high pressure

sodium vapour lamp Sirius X400, Bio Green OHG, Bischoffen-Oberweidbach, Ger-

many; 55000 Lumen at 1.3 m distance) with mean PAR values of 200 µmol m−2

s−1 (MQ-200, Apogee Instruments, Inc., Logan, Utah, USA). Position of pots was

changed at a weekly interval to provide the same conditions for all samples. To

account for external seed entry, ten pots containing only sterile soil were set up as

a control for seed contamination. Germinating seedlings in these control pots were

left out of the data analysis (Salix caprea, which does not occur on Asinara).

During the germination experiment (6 month), all seedlings were counted and iden-

tified to the lowest taxonomic group possible (species, genus or family). Seedlings

were removed as soon as possible after the germination to reduce competitive effects.

Then, seedlings were transferred to pots to allow them to flower and to facilitate

the identification of species. When germination stagnated, dung was remixed to al-

low remaining seeds to germinate. Species were identified using literature (Pignatti

1982; Hanf 1990), following the nomenclature of Conti et al. (2005). All species

were classified based on plant traits to 5 functional types (shrub, forb, leguminous

forb, grasses, and sedges and rushes) and based on their mean growth height (taken

from Pignatti 1982) to different height classes (≤ 10, ≤ 20, ≤ 40, ≤ 60, ≤ 80, ≤
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100, and >100 cm).

Vegetation analysis

Based on remote-sensing techniques and digital image analysis, a digital mapping

of the main vegetation types of the island of Asinara was performed by using the

program ERDAS IMAGINE 2015 (Hexagon Geospatial, Madison, US) with field

data and high resolution satellite images to conduct a pixel-based supervised clas-

sification via maximum-likelihood algorithm. These interim results were evaluated

and improved by implementing the visual interpretation of orthophotos and in-

tegrating auxiliary geodata in a geographic information system (ArcGIS Desktop

10.4.1, ESRI, Redlands, US) (Stadtmann et al. 2016). The digital map was used to

calculate the proportional area of each vegetation type on the island. The main veg-

etation types of the island in physiognomy and cover are: coastal vegetation mainly

at the shoreline dominated by dwarf scrubs, annual forbs, and graminoids (COA);

open grassland with annual graminoids, annual forbs and legumes (GRA); tem-

porarily wet grassland located in slight depressions and dominated by graminoids,

annual forbs, and legumes (TWG); garrigue dominated by Cistus monspeliensis

shrubs (CIS); semi-open maquis dominated by Euphorbia dendroides (EUP); large

maquis to preforest formations with Olea europaea (OLI); semi-open maquis to pre-

forest formations of Juniperus phoenicea (JUN); forest of Pinus pinea (PIN); and

holm oak forest of Quercus ilex (QUE). Additionally, there is an intermediate vege-

tation type of low-growing heterogeneous grassy and herbaceous vegetation (LOW),

a vegetation type dominated by Juncus acutus (JUC) and some areas covered by

Tamarix spp. (TAM). Vegetation surveys were performed on 88 randomly selected

study sites (10 x 10 m) representing the main vegetation types according to the

physiognomic structure of the plant cover. Surveys were conducted between March

and May and to record late flowering species study sites were checked again between

July and August. Using a continuous percentage scale, the cover of plant species

was assessed.

Data analysis

Parametric tests (paired t-tests) were used to compare donkeys and goats in the

mean number of germinated seedlings, plant species, and plant functional types.

Further differences between donkeys and goats in their dispersal of plant functional

types and different growth heights were analysed using generalised linear mixed

49



Chapter 3 Endozoochory

models (GLMMs). The plant functional type model included animal species and

plant functional type as explanatory variables whereas the model of growth height

contained animal species and growth height as explanatory variables. The response

variable in both models was the number of seedlings. To examine seasonal influ-

ences on the dispersal by donkeys and goats, we ran further GLMMs for the number

of germinated seedlings and the number of viable species, with animal species and

month inserted as explanatory variables. All GLMMs were carried out using the

’lme4’ package (Bates et al. 2015) with Poisson distribution as the data originated

from counts. We tested for over-dispersion and in case the data were over-dispersed,

we used negative binomial distribution. The sampling area was included in all mod-

els as a random factor. All models were checked for homogeneity of variance.

For each vegetation type, we determined diagnostic species by an indicator species

analysis (Tichý and Chytrý 2006) using PC-ORD 6.22 (MjM Software, Gleneden

Beach, US). The Phi coefficient was assessed as a measure of fidelity (Sokal and

Rohlf 1995; Chytrý et al. 2002) and the significance of the observed maximum in-

dicator value was tested by a Monte Carlo permutation test (4,999 permutations).

Species with Phi values greater than 0.5 (p ≤ 0.05) were considered as diagnostic

species. To analyze if diagnostic species of the main vegetation types correlate with

the viable species distributed by donkeys and goats, we performed Spearman cor-

relations with the number of germinated diagnostic species of each main vegetation

type and the number of viable species of the dung of donkeys and goats. In all

analyses on the number of seedlings, one sample of goat was left out because it

contained 1,456 seedlings with the majority of seedlings belonging to the species

Juncus acutus. All statistical analyses were conducted using R statistical package

version 3.1.3 (R Core Team 2015).

Results

The digital mapping of the main vegetation types of the island (Supplementary

Material 3.1) revealed that most of the area of the island is dominated by semi-

open maquis with Euphorbia dendroides, garrigue with Cistus monspeliensis shrubs

and open grassland with annual graminoids, annual forbs and legumes. Vegetation

types that are preforest formations or forest (e.g. Juniperus phoenicea formations,

Quercus ilex forest, Pinus pinea forest) cover only a minor part of the whole area

(Table 3.1).
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Table 3.1. Proportional coverage and mean species richness (±SD) of the main vegetation types.

Description Area [%] Species richness

EUP semi-open maquis dominated by Euphorbia dendroides 26.83 69.2(±14.6) (N = 15)
CIS garrigue dominated by Cistus monspeliensis shrubs 23.37 73.1(±10.2) (N = 10)
GRA open grassland with annual graminoids, annual forbs and

legumes
18.58 56.1(±8.3) (N = 11)

NOVEG infrastructure, rocks 16.65 0
COA coastal vegetation mainly at the shoreline dominated by

dwarf scrubs, annual forbs and graminoids
8.86 60.9(±13.1) (N = 19)

TWG temporarily wet grassland located in slight depressions and
dominated by graminoids, annual forbs and legumes

1.57 58.5(±15.5) (N = 10)

QUE holm oak forest of Quercus ilex 0.4 34.0(±6.7) (N = 5)
OLI large maquis to preforest formations with Olea europaea 0.33 66.0(±15.8) (N = 6)
JUN semi-open maquis to preforest formations of Juniperus

phoenicea
0.33 58.1(±18.3) (N = 9)

PIN forest of Pinus pinea 0.04 49.7(±5.4) (N = 3)

A total of 618 seedlings of 90 plant species (83 species and 7 species groups) be-

longing to 17 plant families germinated in the dung samples of donkeys, while in

the samples of goats 2,395 seedlings of 72 plant species (69 species and 3 species

groups) and 23 corresponding plant families emerged (Supplementary Material 3.2).

Out of the whole species pool of Asinara island (709 plant species, (Bocchieri 1988;

Pisanu et al. 2014), donkeys dispersed 11.7 % and goats 9.7 % of the occurring

plant species. The mean number of germinated seedlings in the dung of donkeys

(7.14 ± 1.76) and goats (10.83 ± 7.57) did not show significant differences (paired

t (7) = -1.3591, p = 0.216), however, there was a greater variability in the dung of

goats. The mean number of viable plant species in the dung differed significantly

between donkeys (3.75 ± 0.98) and goats (2.36 ± 0.86) (paired t (7) = 3.276, p =

0.0135). In addition, the mean number of dispersed plant functional types (paired

t (7) = 3.7886, p = 0.0068) differed significantly between donkeys (1.91 ± 0.33)

and goats (1.34 ± 0.31). Donkeys and goats showed significant differences in the

dispersal of plant functional types (Table 3.2). However, sedges and rushes were

those functional types with the most seedlings in the dung for both, donkeys and

goats. The samples of goats exhibited a high number of shrubs and leguminous

forbs while donkeys dispersed a high number of seeds of grasses but also of legu-

minous forbs (Fig. 3.1a). In comparison, in the dung of goats significantly more

seedlings of forbs and sedges and rushes germinated than in the dung of donkeys.

In addition, there was a considerable trend of more shrubs that potentially can be

dispersed by goats than by donkeys. In contrast, the dung of donkeys contained

significantly more viable seeds of grasses than the dung of goats.
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Table 3.2. GLMM on number of seedlings of plant functional types and growth heights with
estimates, standard error (SE) and p value (***≤0.001; **≤0.01; *≤0.05; .≤0.1; n.s. = non-
significant).

Estimate SE p value

Plant functional type
Intercept 0.867 0.159 <0.001 ***
Goat 0.474 0.222 0.032 *
Grasses 0.477 0.213 0.025 *
Leguminous forb 0.328 0.274 0.232
Sedges & Rushes 0.896 0.231 <0.001 ***
Shrub -0.867 0.974 0.373
Goat : Grasses -1.19 0.394 0.002 **
Goat : Leguminous forb -0.041 0.386 0.914
Goat : Sedges & Rushes 0.884 0.339 0.009 **
Goat : Shrub 1.84 1.044 0.078 .

Growth height
Intercept 0.66 0.189 <0.001 ***
Goat 0.24 0.3 0.423
GH ≤ 100 -0.185 0.42 0.658
GH >100 -0.194 0.747 0.794
GH ≤ 20 0.858 0.22 <0.001 ***
GH ≤ 40 0.605 0.223 0.006 **
GH ≤ 60 -0.655 0.641 0.306
GH ≤ 80 -0.667 0.58 0.25
Goat : GH ≤ 100 2.054 0.53 <0.001 ***
Goat : GH ≤ 20 -0.302 0.347 0.385
Goat : GH ≤ 40 -0.322 0.355 0.365
Goat : GH ≤ 60 0.574 0.774 0.458
Goat : GH ≤ 80 0.87 0.82 0.288

Donkeys and goats showed significant differences in the dispersal of plants with

different growth height (Table 3.2). The dung of goats exhibited significantly more

seedlings of greater growth height (80-100 cm). However, donkeys’ dung contained

significantly more viable seeds of plants with small growth heights like the two

height classes 10-20 and 20-40 cm (Fig. 3.1b).

In the seasonal course between March and August, donkeys and goats show signif-

icant differences in the number of germinated seedlings (Table 3.3) in their dung.

From the dung samples of the earlier months (March-June) significantly fewer

seedlings germinated from the dung of goats. The number of seedlings from the

dung of donkeys peaked in June, while the highest number of seedlings for goats

occurred in July and August (Fig. 3.2a). Regarding the number of plant species

dispersed in the seasonal course between March and August, the goat samples ex-

hibited consistently fewer species than those of donkeys (Fig. 3.2b). The maximal

number of plant species that germinated from the dung of donkeys was from the

samples collected in June and July whereas for goats most plant species germinated

from the dung samples of July.
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Figure 3.1. Plant functional types (a) and growth height (b) weighted by the mean number of
seedlings that germinated of the dung of donkeys and goats. Error bars represent standard errors
(SE).
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Table 3.3. GLMM on seasonal influences on the plant dispersal (seedlings and species number) by
donkeys and goats with estimates, standard error (SE) and p value (***≤0.001; **≤0.01; *≤0.05;
.≤0.1; n.s. = non-significant).

Estimate SE p value

Seedlings number Intercept 0.522 0.305 0.086 .
Goat -1.848 0.554 <0.001 ***
August 1.425 0.494 0.003 **
July 1.784 0.369 <0.001 ***
June 2.177 0.398 <0.001 ***
March 0.159 0.823 0.846
May 0.48 0.428 0.262
Goat : August 2.976 0.786 <0.001 ***
Goat : July 2.619 0.645 <0.001 ***
Goat : June 1.323 0.681 0.051 .
Goat : March -13.583 147.801 0.926
Goat : May 1.473 0.712 0.038 *

Species number Intercept 0.145 0.211 0.49
Goat -1.427 0.453 0.001 **
August 1.283 0.263 <0.001 ***
July 1.57 0.217 <0.001 ***
June 1.627 0.224 <0.001 ***
March 0.423 0.492 0.389
May 0.483 0.275 0.078 .
Goat : August 1.119 0.524 0.032 *
Goat : July 1.263 0.471 0.007 **
Goat : June 0.691 0.487 0.156
Goat : March -14.238 228.973 0.95
Goat : May 0.78 0.551 0.156

Diagnostic species of the main vegetation types (Supplementary Material 3.3), open

grassland (GRA) and temporarily wet grassland (TWG), are correlated with the

species germinated in the dung of donkeys (GRA: rs = 0.40, p ≤0.001; TWG:

rs = 0.65, p ≤0.001; Supplementary Material 3.4), whereas species emerged from

the dung of goats are correlated with open grassland (GRA: rs = 0.39, p ≤0.001),

temporarily wet grassland (TWG: rs = 0.42, p ≤0.001) and, rather weakly, with the

semi-open maquis to preforest formations of Juniperus phoenicea (JUN: rs = 0.21,

p = 0.047) and the Pinus pinea forest (PIN: rs = 0.22, p = 0.035).
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Figure 3.2. Differences during the seasonal course (March-August) between donkeys and goats
in (a) the mean number of seedlings and (b) the mean number of species. Error bars represent
standard errors (SE).
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Discussion

We show clear differences between donkeys and goats in their potential and contribu-

tion as endozoochorous seed dispersers to the vegetation dynamics of a semi-natural

island ecosystem in the Mediterranean. Donkeys and goats have different patterns

of dispersal of plant functional types. In general, goats disperse a higher number of

diaspores of all plant functional types except grasses. Shrubs and leguminous forbs

are among the most dispersed functional types by goats. Donkeys, in contrast,

disperse high numbers of grasses. Both, donkeys and goats, disperse the highest

number of seedlings of the functional type sedges and rushes with a particularly

high occurrence of Juncaceae which produce a high number of small sized seeds

following the assumption that plants producing small seeds entail a high number of

seeds (Harper et al. 1970; Moles et al. 2004). Bruun and Poschlod (2006) reported

that the number of seeds plays an important role in the plant dispersal ability by

making more seeds available for dispersal. Furthermore, previous studies detected

that small seeds are more likely to germinate from dung (Bruun and Fritzbøger

2002; Pakeman et al. 2002; Cosyns and Hoffmann 2005) and thus, it was suggested

that the small size of seeds might be an essential characteristic for the survival of

ingestion and gut passage (Russi et al. 1992; Cosyns et al. 2005). In addition,

the type of digestive system might explain differences in the seed dispersal patterns

between donkeys (hindgut fermenters) and goats (ruminants). Dispersal through

endozoochory on one hand is affected by the survival of the seeds in the digestive

tract (Gardener et al. 1993) and on the other hand by the feeding habits (Gilhaus

et al. 2017). The resulting dispersal spectrum from our experiment reflects the

feeding habits of donkeys and goats. Donkeys prefer monocotyledons like grasses

while the proportion of these in the fodder plants of goats is lower (Rutagwenda et

al. 1990; Cosyns et al. 2001). Goats graze on shrubs, forbs and to a lesser extent

on grasses (Genin and Pijoan 1993; Papachristou 1994). Even leaves and twigs of

maquis shrubs and trees that generally exhibit a poor nutritional quality and com-

prise secondary metabolites (e.g. tannins, terpenes and volatile oils) like Pistacia

lentiscus, Juniperus phoenicae and Quercus ilex are reported to be eaten by goats

(Bartolomé et al. 1998; Rogosic et al. 2006). This and the fact that goats are agile

animals which can climb rocks and trees or use a bipedal posture to feed indicate

the tendency of goats to forage in higher vegetation strata (Pfister et al. 1988) and

therefore they can disperse plant species that are less accessible for other grazers like

donkeys. Our results corroborate this by showing divergent dispersal patterns of
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donkeys and goats for plants with different growth height. Donkeys disperse higher

numbers of plants with shorter height, especially with growth heights between 10

and 40 cm. In contrast, goats mainly contribute to the dispersal of plants with

greater heights (e.g. 80-100 cm) but also plants of the lowest height category (0-10

cm).

These patterns are reflected in the vegetation types that were predicted by the di-

agnostic species dispersed by donkeys and goats. Besides the potential vegetation

of origin of the species germinated in the dung of donkeys and goats, the correlation

of the diagnostic species of the main vegetation types with the endozoochorously

dispersed species also provide information about the dispersal of character species of

the respective vegetation type and thus of the vegetation type itself. Both, donkeys

and goats, feed on and disperse species of the early-successional vegetation types

open grassland (most relevant diagnostic species dispersed: Phalaris minor, Astra-

galus pelecinus) and temporarily wet grassland (most relevant diagnostic species

dispersed: Hordeum marinum, Mentha pulegium). Both are characterized by a low

growth and diagnostic species of the following plant functional types, grasses and

leguminous forbs. However, temporarily wet grasslands can be distinguished by the

occurrence of sedges and rushes. These vegetation types take a major part of the

whole area of the island of which, open grassland comprises about 20 % and tem-

porarily wet grassland only ca. 2 % (Stadtmann et al. 2016). Goats, in addition,

feed on and disperse diagnostic species of the semi-open maquis to preforest forma-

tions of Juniperus phoenicea and the Pinus pinea forest, which both involve plants

of diverse functional types and different growth heights. However, the diagnostic

species of the vegetation type dominated by Juniperus phoenicea is herbaceous (most

relevant diagnostic species dispersed: Chenopodium murale). Nevertheless, it indi-

cates that goats might forage in this late-successional vegetation type and randomly

disperse plant species of it. On the island of Asinara, the vegetation dominated by

Juniperus phoenicea constitutes solely < 1 % of the whole area and, for instance, the

highly valuable coastal dune formations corresponding to the priority Natura 2000

habitat with code 2250 (Picchi 2008; Pinna et al. 2015) are rare and floristically

impoverished (Pisanu et al. 2014). As goats are indicated to feed in Juniperus for-

mations and disperse diagnostic species, they also might enrich this vegetation type

through their endozoochorous seed input. Other conservation relevant vegetation

types like the coastal vegetation, which, for example, includes the endangered and

to Sardinia endemic species Centaurea horrida (Filigheddu and Pisanu; Pisanu et

al. 2014) did not show strong evidence that donkeys or goats feed and disperse its
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characteristic plant species. This vegetation type is highly restricted to the rocky

coastal areas and threatened by overgrazing as well as abandonment of grazing ac-

tivities leading to succession and thus competition (Filigheddu and Pisanu; Pisanu

et al. 2012). The Pinus pinea forest (most relevant diagnostic species dispersed:

Rubus ulmifolius), which is also a late-successional habitat and constitutes solely

< 0.5 % of the whole area of the island and exhibits a rather low species richness,

might also be enhanced in its species richness through the endozoochorous seed

dispersal by goats. The impact of endozoochorous seed input on the vegetation and

also on the seed bank can play an important role in colonization processes and at

small scales (Malo and Suárez 1995b; Malo et al. 2000) at which the defecation

pattern and the content of seeds in the dung are determining (Malo et al. 2000).

However, goats instead of a positive effect can also have a detrimental effect on

the biodiversity especially under a non-adequate management and particularly in

sensitive ecosystems like islands (Morand-Fehr et al. 1983; Courchamp et al. 2003;

Garćıa et al. 2012). Grazing by goats and cattle was shown to inhibit the expan-

sion of trees and woody vegetation (Carmel and Kadmon 1999). The vegetation can

even be irreversibly changed, which is often the consequence of too high numbers

of grazing animals (van de Koppel and Rietkerk 2000). Plant diversity depends on

grazing intensity, though some studies have shown that in Mediterranean semi-arid

habitats low intensity of grazing tends to foster a low species diversity in the veg-

etation (Perevolotsky and Seligman 1998; Osem et al. 2002; Papanikolaou et al.

2011). This might go back to the long history of grazing in the Mediterranean, thus

wild and domestic grazers have shaped vast parts of the vegetation, rangelands, for

example, comprise a vegetation mosaic that ranges from herbaceous vegetation, to

scrubland and woody vegetation (Perevolotsky and Seligman 1998) or silvopastoral

systems (Olea and San Miguel-Ayanz 2006; Plieninger et al. 2011).

Seasonal differences in the endozoochorous dispersal capacities of donkeys and goats

show that donkeys in general disperse more species than goats and have an earlier

dispersal peak. This might be due to the differing dispersal patterns of plant func-

tional types and their divergent phenology. Phenology most likely is also the reason

why species of scrubland and forest, like fleshy-fruited plants, are underrepresented.

There is a peak of these species fruiting in autumn (Herrera 1986) which could not

be recorded within this study. However, the majority of fleshy-fruited plant species

in the Mediterranean are dispersed by birds or carnivorous mammals (Debussche

and Isenmann 1989; Herrera 1989; Herrera 1995).
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Our results point out differences in the dispersal capacity of donkeys and goats and

thus indicate complementing seed input in a semi-natural island ecosystem. This

corroborates the importance of the dispersal activities of both animal species. Re-

moving an animal species completely from the island might lead to considerable

changes in the vegetation dynamics of the island. Besides affecting the composition

and structure of the vegetation, this abandonment might also change light condi-

tions as well as physical and chemical characteristics of the soil (Peco et al. 2006).

Grazing animals are ecosystem engineers influencing the landscape dynamics and a

potential conservation measure (Bonn and Poschlod 1998). Supporting the impor-

tance of traditional land management, a directed and controlled transhumance of

goats might be an option to integrate the benefits of goats to maintain and enrich

the island ecosystem.

Conclusions

Overall, our results show that donkeys and goats are complementing each other in

their endozoochorous seed dispersal potential. This emphasizes the importance of

both grazing animals for the vegetation dynamics of the semi-natural island ecosys-

tem of Asinara. Nevertheless, besides the positive effects of goats, stocking rates

and the extent of the degradation through them should be taken into consideration

(e.g., over-grazing, soil damage and preventing regeneration).
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native and exotic herbivores in dry areas: Consequences for germination and survival of

Prosopis seeds. Seed Sci Res 18:91-100. doi: 10.1017/S0960258508940344

Carmel Y, Kadmon R (1999) Effects of grazing and topography on long-term vegetation changes in

a Mediterranean ecosystem in Israel. Plant Ecol 145:243-254. doi: 10.1023/A:1009872306093
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Garćıa RR, Celaya R, Garćıa U, Osoro K (2012) Goat grazing, its interactions with other herbivores

and biodiversity conservation issues. Small Rumin Res 107:49-64

Gardener CJ, McIvor JG, Jansen A (1993) Passage of legume and grass seeds through the digestive

tract of cattle and their survival in faeces. J Appl Ecol 30:63-74. doi: 10.2307/2404271

Genin D, Pijoan AP (1993) Seasonality of goat diet and plant acceptabilities in the coastal scrub

of Baja California, Mexico. Small Rumin Res 10:1-11

61



Chapter 3 Endozoochory

Gilhaus K, Freitag M, Kunze S, Hölzel N (2017) High fodder value and feeding likelihood favour

endozoochorous plant dispersal. J Veg Sci 28:357-367. doi: 10.1111/jvs.12481

Gill RMA, Beardall V (2001) The impact of deer on woodlands: the effects of browsing and seed

dispersal on vegetation structure and composition. Forestry 74:209-218.

doi: 10.1093/forestry/74.3.209
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Supplementary Material

Supplementary Material 3.1 Digital mapping of the vegetation types of the

island of Asinara. Colours represent the vegetation types.
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Supplementary Material 3.2 Plant species germinated in the dung samples of

donkey and goat, their plant functional type and abundance in the dung samples

of donkeys and goats of the Asinara National Park (Sardinia).

Family Species Plant functional type Donkey Goat

Amaranthaceae Chenopodium murale L. forb 0 10
Apiaceae Daucus carota L. s.l. forb 1 1
Apiaceae Torilis nodosa (L.) Gaertn. forb 1 7
Asteraceae Anthemis arvensis L. s.l. forb 2 22
Asteraceae Bellis perennis L. forb 1 0
Asteraceae Calendula arvensis L. forb 1 3
Asteraceae Chamaemelum fuscatum (Brot.) Vasc. forb 2 5
Asteraceae Crepis foetida L. forb 0 1
Asteraceae Filago gallica L. forb 0 1
Asteraceae Glebionis coronaria (L.) Spach forb 0 1
Asteraceae Helichrysum italicum (Roth) Don subsp. mi-

crophyllum (Willd.) Nyman
shrub 0 1

Asteraceae Senecio vulgaris L. forb 1 0
Asteraceae Sonchus asper (L.) Hill s.l. forb 1 0
Brassicaceae Sisymbrium officinale (l.) Scop. forb 1 2
Caprifoliaceae Valerianella microcarpa Loisel. forb 0 1
Caryophyllaceae Caryophyllaceae indet. forb 1 0
Caryophyllaceae Cerastium glomeratum Thuill. forb 4 1
Caryophyllaceae Moenchia erecta (L.) P. Gaertn., B. Mey. &

Scherb. s.l.
forb 1 0

Caryophyllaceae Paronychia echinulata Chater forb 7 6
Caryophyllaceae Polycarpon tetraphyllum (L.) L. s.l. forb 1 0
Caryophyllaceae Sagina maritima G. Don forb 6 2
Caryophyllaceae Silene gallica L. forb 6 4
Caryophyllaceae Silene laeta (Aiton) Godr. forb 2 3
Caryophyllaceae Spergularia salina J. & C. Presl forb 4 1
Caryophyllaceae Stellaria media (L.) Vill. s.l. forb 2 0
Cistaceae Cistus monspeliensis L. shrub 2 8
Crassulaceae Phedimus stellatus (L.) Raf. forb 0 15
Crassulaceae Sedum rubens L. forb 2 2
Cyperaceae Carex divulsa Stokes sedges & rushes 1 0
Cyperaceae Carex microcarpa Bertol. Ex Moris sedges & rushes 2 0
Cyperaceae Carex sp. sedges & rushes 6 3
Cyperaceae Cyperus longus L. sedges & rushes 1 4
Cyperaceae Isolepis cernua (Vahl) Roem. & Schult. sedges & rushes 10 0
Fabaceae Astragalus pelecinus (L.) Bameby leguminous forb 1 1
Fabaceae Calicotome villosa (Poir.) Link shrub 0 4
Fabaceae Fabaceae indet. leguminous forb 0 2
Fabaceae Lotus angustissimus L. leguminous forb 0 1
Fabaceae Medicago arabica (L.) Huds. leguminous forb 0 1
Fabaceae Medicago polymorpha L. leguminous forb 1 1
Fabaceae Ornithopus pinnatus (Mill.) Druce leguminous forb 1 0
Fabaceae Trifolium angustifolium L. leguminous forb 0 7
Fabaceae Trifolium arvense L. s.l. leguminous forb 1 0
Fabaceae Trifolium campestre Schreb. leguminous forb 12 18
Fabaceae Trifolium cherleri L. leguminous forb 9 7
Fabaceae Trifolium glomeratum L. leguminous forb 31 45
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Supplementary Material 3.2 continued.

Family Species Plant functional type Donkey Goat

Fabaceae Trifolium lappaceum L. leguminous forb 1 0
Fabaceae Trifolium ligusticum Loisel. leguminous forb 0 1
Fabaceae Trifolium nigrescens Viv. s.l. leguminous forb 2 6
Fabaceae Trifolium resupinatum L. leguminous forb 2 4
Fabaceae Trifolium scabrum L. leguminous forb 12 15
Fabaceae Trifolium subterraneum L. s.l. leguminous forb 1 0
Fabaceae Trifolium suffocatum L. leguminous forb 2 0
Fabaceae Vicia sativa L. s.l. leguminous forb 0 1
Frankeniaceae Frankenia laevis L. shrub 0 4
Gentianaceae Centaurium pulchellum (Sw.) Druce forb 0 1
Geraniaceae Geranium robertianum L. forb 0 5
Juncaceae Juncus acutus L. sedges&rushes 7 1151
Juncaceae Juncus articulatus L. sedges&rushes 1 1
Juncaceae Juncus bufonius L. and J. hybridus Brot.

species group
sedges&rushes 6 0

Juncaceae Juncus bufonius L. sedges&rushes 70 15
Juncaceae Juncus effusus L. sedges&rushes 0 1
Juncaceae Juncus hybridus Brot. sedges&rushes 40 12
Juncaceae Juncus sp. sedges&rushes 66 807
Lamiaceae Mentha pulegium L. forb 14 0
Onagraceae Epilobium tetragonum L. s.l. forb 0 10
Orobanchaceae Bartsia trixago L. forb 1 0
Plantaginaceae Plantago bellardii All. forb 1 3
Plantaginaceae Plantago coronopus L. forb 23 39
Plantaginaceae Plantago lagopus L. forb 16 16
Plantaginaceae Plantago lanceolata L. forb 0 3
Poaceae Agrostis pourretii Willd. grasses 3 1
Poaceae Agrostis stolonifera L. grasses 1 1
Poaceae Aira caryophyllea L. s.l. grasses 1 0
Poaceae Aira elegantissima Schur grasses 1 0
Poaceae Anthoxanthum aristatum Boiss. s.l. grasses 7 3
Poaceae Brachypodium retusum (Pers.) P. Beauv. grasses 2 0
Poaceae Briza maxima L. grasses 3 1
Poaceae Briza sp. grasses 9 0
Poaceae Bromus hordeaceus L. s.l. grasses 1 0
Poaceae Catapodium balearicum (Willk.) H. Scholz grasses 4 1
Poaceae Catapodium rigidum (L.) C.E. Hubb. Ex Dony

s.l.
grasses 0 1

Poaceae Cynodon dactylon (L.) Pers. grasses 7 0
Poaceae Cynosurus echinatus L. grasses 18 2
Poaceae Dactylis glomerata L. s.l. grasses 1 0
Poaceae Gastridium ventricosum (Gouan) Schinz &

Thell.
grasses 62 3

Poaceae Hainardia cylindrica (Willd.) Greuter grasses 1 0
Poaceae Hordeum marinum Huds. s.l. grasses 1 0
Poaceae Lagurus ovatus L. s.l. grasses 1 0
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Supplementary Material 3.2 continued.

Family Species Plantfunctional type Donkey Goat

Poaceae Lolium perenne L. grasses 16 0
Poaceae Lolium rigidum Gaudin s.l. grasses 19 0
Poaceae Lolium sp. grasses 7 0
Poaceae Parapholis strigosa (Dumort.) C.E. Hubb. grasses 1 0
Poaceae Phalaris minor Retz. grasses 1 0
Poaceae Piptatherum miliaceum (L.) Coss. s.l. grasses 3 0
Poaceae Poa annua L. grasses 14 4
Poaceae Poa trivialis L. grasses 1 2
Poaceae Poacea indet. grasses 5 0
Poaceae Polypogon maritimus Willd. grasses 13 1
Poaceae Polypogon monspeliensis (L.) Desf. grasses 3 9
Poaceae Polypogon viridis (Gouan) Breistr. grasses 1 0
Poaceae Rostraria cristata (L.) Tzvelev s.l. grasses 2 1
Poaceae Vulpia ligustica (All.) Link grasses 1 0
Poaceae Vulpia myuros (L.) C.C. Gmel. grasses 1 0
Polygonaceae Rumex bucephalophorus L. s.l. forb 1 1
Polygonaceae Rumex crispus L. forb 1 0
Primulaceae Anagallis arvensis L. s.l. forb 4 5
Primulaceae Samolus valerandi L. forb 2 3
Rosaceae Rubus ulmifolius Schott shrub 0 64
Rubiaceae Sherardia arvensis L. forb 4 0
Rubiaceae Theligonum cynocrambe L. forb 1 1
Solanaceae Solanum nigrum L. forb 3 2
Solanaceae Solanum villosum Mill. s.l. forb 1 0
Urticaceae Parietaria judaica L. forb 0 3

618 2395
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Supplementary Material 3.3 Diagnostic species of the dominant vegetation types

germinated in the dung samples of donkey and goat of the Asinara National Park

(Sardinia). Phi coefficients are the measure of fidelity and p values are derived from

a Monte Carlo permutation test.

Vegetation
type

Species Phi Phi Max Vegetation
type

p value

COA Helichrysum italicum subsp. microphyllum 0.766 0.766 COA ≤0.001 ***
Dactylis glomerata 0.519 0.519 COA ≤0.001 ***
Rumex bucephalophorus 0.502 0.502 COA ≤0.001 ***

CIS Valerianella microcarpa 0.555 0.555 CIS 0.0236 *
Cistus monspeliensis 0.549 0.549 CIS ≤0.001 ***
Trifolium arvense 0.547 0.547 CIS 0.0088 **

EUP -

GRA Phalaris minor 0.647 0.647 GRA ≤0.001 ***
Astragalus pelecinus 0.612 0.612 GRA 0.0024 **
Trifolium nigrescens 0.574 0.635 TWG ≤0.001 ***
Vulpia ligustica 0.571 0.571 GRA 0.0034 **
Rostraria cristata 0.543 0.543 GRA 0.0036 **

TWG Hordeum marinum 0.883 0.883 TWG ≤0.001 ***
Mentha pulegium 0.756 0.756 TWG ≤0.001 ***
Juncus bufonius 0.728 0.728 TWG ≤0.001 ***
Silene laeta 0.728 0.728 TWG ≤0.001 ***
Trifolium nigrescens 0.635 0.635 TWG ≤0.001 ***
Juncus hybridus 0.632 0.632 TWG ≤0.001 ***
Agrostis pourettii 0.613 0.613 TWG ≤0.001 ***
Cyperus longus 0.61 0.61 TWG 0.006 **
Trifolium resupinatum 0.586 0.586 TWG ≤0.001 ***
Lotus angustissimus 0.547 0.547 TWG 0.0068 **
Polypogon monspeliensis 0.525 0.525 TWG 0.0158 *
Chamaemelum fuscatum 0.52 0.52 TWG ≤0.001 ***

JUN Chenopodium murale 0.611 0.611 JUN 0.0032 **

OLI Solanum nigrum 0.558 0.558 OLI 0.004 **

PIN Rubus ulmifolius 0.696 0.696 PIN 0.0022 **
Catapodium rigidum 0.555 0.579 QUE ≤0.001 ***

QUE Carex divulsa 0.756 0.756 QUE ≤0.001 ***
Poa trivialis 0.736 0.736 QUE ≤0.001 ***
Rubus ulmifolius 0.583 0.696 PIN 0.0022 **
Catapodium rigidum 0.579 0.579 QUE ≤0.001 ***
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Supplementary Material 3.4 Correlations between number of germinated diag-

nostic species of the main vegetation types of Asinara island with number of viable

species in the dung of donkeys and goats with rs and p value (***≤0.001; **≤0.01;

*≤0.05; .≤0.1; n.s. = non-significant).

Donkey Goat
rs p value rs p value

COA 0.02 0.854 0.14 0.179
CIS 0.01 0.916 0.04 0.726
EUP - - - -
GRA 0.4 <0.001 *** 0.39 <0.001 ***
TWG 0.65 <0.001 *** 0.42 <0.001 ***
JUN - - 0.21 0.047 *
OLI 0.03 0.81 0.14 0.189
PIN - - 0.22 0.035 *
QUE -0.07 0.524 0.14 0.179
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CHAPTER 4

DUNG BEETLES

Effects of dung-pad conditions and density on co-
prophagous beetle assemblages in a Mediterranean
rangeland

Julia T. Treitler, Jörn Buse, Giuseppe M. Carpaneto, Stefan Zerbe, Jasmin

Mantilla-Contreras

Biodiversity and Conservation (2017) 26: 1431-1444,

doi: 10.1007/s10531-017-1308-x

Abstract

Dung beetles highly depend on the ephemeral microhabitat dung which is food re-

source and larval habitat at the same time. Environmental conditions surrounding

a dung pad, such as vegetation structure, have an impact on dung beetle assem-

blages. We investigated the influence of dung conditions and surrounding habitat

characteristics on Mediterranean dung beetle assemblages in a permanently grazed

landscape in northern Sardinia. We sampled the dung beetle assemblages of donkey

and horse dung in three different vegetation types and assessed species richness and

abundance of dung beetles. Species richness was determined by dung and surround-

ing habitat conditions, whereas abundance was solely affected by dung conditions.

However, species richness and abundance decreased with increasing dung density.

The effect of dung density on species richness varied depending on vegetation type,
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with dry grassland exhibiting the highest number of dung beetles species at high

dung density. Species composition in dung pads was influenced by abiotic factors

with dwellers being negatively affected by increasing dung-pad temperature. Our

results underline the importance of diverse vegetation, particularly with respect to

the complexity of vegetation which interrelates with the microclimate. Furthermore,

our findings illustrate the negative effect of high dung densities on dung beetle as-

semblages, suggesting that the degree of the intensity of use by grazing animals is

important when considering measures for the conservation of dung beetles.

Keywords Large herbivores · Surrounding habitat · Microhabitat conditions · Sar-

dinia · Species richness · Species composition

Introduction

Grazing animals are considered one of the most important factors altering natu-

ral processes by directly or indirectly affecting ecosystems (Hay and Kicklighter

2013). In addition to the defoliation of plants and dispersal of diaspores grazing

animals compact the soil through trampling and provide high nutrient concentra-

tions with their faeces, thus influencing the structure and composition of plant

communities (Noy-Meir et al. 1989; Jaramillo and Detling 1992; Olff and Ritchie

1998; Semmartin and Oesterheld 2001; Auffret 2011; van der Waal et al. 2011) and

their faunal diversity (Milchunas et al. 1998; Rook and Tallowin 2003; Sjödin et al.

2008).

In the Mediterranean region, grazing is considered a decisive factor affecting vege-

tation patterns and processes (Naveh and Whittaker 1979; Alados et al. 2004); this

dates back to a long history of both wild and domestic herbivore activity (Perevolot-

sky and Seligman 1998). A vast proportion of the Mediterranean vegetation has

been shaped by intensive human activities, livestock grazing and the pressure of the

Mediterranean climate (Blondel 2006). The Mediterranean rangelands are highly

diverse and comprise a vegetation mosaic varying from herbaceous vegetation to

scrubland dominated by dwarf shrubs in combination with patches of herbaceous

plants to dense woody vegetation (Perevolotsky and Seligman 1998) or silvopastoral

systems (Olea and San Miguel-Ayanz 2006; Plieninger et al. 2011).

Areas providing a variety of habitats support high biodiversity (Romero-Alcaraz

and Ávila 2000; Söderström et al. 2001) through differing environmental and mi-
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croclimatic conditions. These conditions describe the quality of the habitat which is

often restricted to a small area. Grazing animals besides influencing the vegetation

provide through their dung larval habitat and food resources to dung beetles (i.e.

coprophagous species). Here, we focus on dung beetles of the families Scarabaeidae,

Aphodiidae and Geotrupidae. According to their nesting strategies, these insects

can be divided into three functional groups, i.e. (1) dwellers (endocoprid) which lay

eggs and brood their larvae in the dung pad or at the dung-soil interface, (2) tun-

nellers (paracoprid) which bury brood mass in vertical chambers under the dung

pad, and (3) rollers (telecoprid) which transport dung balls away before burying

them beneath the soil (Cambefort and Hanski 1991). Through their feeding and

nesting behaviour, dung beetles reduce animal faeces (Tixier et al. 2015) and foster

sustainable livestock husbandry by increasing pasture productivity and suppressing

parasites, as well as stimulating ecological functions such as nutrient cycling and

bioturbation (Nichols et al. 2008). Therefore, dung beetles have been investigated

in several studies on ecology, biodiversity and human impact assessment (Hutton

and Giller 2003; Nichols et al. 2007; Jay-Robert et al. 2008; Sánchez-de-Jesús

et al. 2015), but there are hardly any references to the impact of predation on

dung beetles although birds, bats, hedgehogs and reptiles are among their potential

predators (Young 2015).

However, dung beetles are in decline particularly in the Mediterranean region (Lobo

et al. 2001), where the decrease in species is often linked to the change in land use

from extensive livestock grazing to intensive agriculture or reforestation (Carpaneto

et al. 2007). In addition, size, grazing continuity and management of pastures af-

fect dung beetle assemblages, and are major factors in determining the occurrence

of habitat specialists (Buse et al. 2015). The impact of grazing on dung beetles

depends on the biogeographical context and local environmental conditions (Lobo

et al. 2006; Barragán et al. 2014; Sánchez-de-Jesús et al. 2015). However, lit-

tle is known about how the conditions of the dung resources in combination with

vegetation type, soil conditions and dung density affect dung beetle assemblages.

Possible interactions between these conditions are also largely unknown. Improving

our understanding of the way dung beetles respond to these environmental vari-

ables could provide valuable information about dung beetles as a taxon suitable for

environmental monitoring or in ecological management implementations.

The aim of our study was to analyse how the conditions of the dung and its surround-

ing habitat characteristics affect Mediterranean dung beetle assemblages. This was
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done by comparing dung beetle samples from three vegetation types in a perma-

nently grazed landscape of Asinara Island, northern Sardinia.

In this study, we hypothesise that

(1) dung beetle assemblages are mainly affected by surrounding habitat conditions

and

(2) dung density positively influences species richness and abundance, but its

influence varies among functional groups.

Materials and methods

Study area

Our study was conducted in the Asinara National Park, a 51.9 km2 large island

(named Asinara) to the northwest of Sardinia (Italy; Supplementary Material 4.1).

The island has a typical Mediterranean climate with a hot dry summer and a rainy

season between October and April. The mean annual temperature is 17.7◦C and

the mean annual precipitation is 430 mm (Osservatorio ambientale Parco Nazionale

dell’Asinara, Fornelli, Asinara 2014).

In the past, the island hosted several prisons with the prisoners working in agricul-

ture cultivating crops and rearing livestock. After the prisons closed in 1997, the

farm animals have since been roaming wild on the island. Asinara National Park,

established in the same year, is, thus, now used by a number of different grazing

animals which have become feral, namely donkeys, horses, and goats. In addition,

mouflon and wild boars were introduced to the island in the 1950s.

The island’s vegetation was shaped by intensive land use, including fire, agriculture

and overgrazing, during the prison period (Pisanu et al. 2014) and is now charac-

terised by Mediterranean maquis (dominated by Euphorbia dendroides and Pistacia

lentiscus), garrigue (dominated by Cistus monspeliensis) and open grasslands (dry

and wet grassland) in the southern parts of the island.

Dung beetle sampling

Sampling of donkey and horse dung was performed in three different vegetation

types (dry grassland (dg), garrigue (ga), and wet grassland (wg); Supplementary
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Materials 4.1, 4.2) in the southern part of the island, the main distribution area of

donkeys and horses; their dung is quantitatively the main dung resource provided

to dung beetles. The vegetation types differed in terms of vegetation structure, soil

moisture and, thus, also in the microclimatic conditions, which are known to impact

dung beetle assemblages (Sowig 1995; Menéndez and Gutiérrez 1996, 2004; Romero-

Alcaraz and Ávila 2000; Davis et al. 2003). In each pre-stratified vegetation type,

we sampled 13 dung pads (minimum distance between pads 10 m) from mid-March

to mid-June 2014, the main activity period for most dung beetle species in Mediter-

ranean environments (Mart́ın-Piera et al. 1986, 1992; Galante et al. 1995). We

only collected dung pads that were still fresh inside and which had no hard crust to

avoid major differences in dung beetle assemblages due to differences in moisture

(Koskela and Hanski 1977). Floating of the dung was used to extract all beetles

from each dung pad (Moore 1954; Koskela and Hanski 1977). Samples were sorted

and specimens were identified to species level following Lompe (2015), Krell and

Fery (1992) and references from the private collections of Carpaneto, Rössner and

Buse. In the following, we only use data for coprophagous Aphodiidae, Geotrupidae

and Scarabaeidae.

Dung and surrounding habitat conditions

Environmental factors were differentiated into dung pad and surrounding habitat

variables (Supplementary Material 4.3). In order to determine the dung conditions,

we assessed mass, temperature (digital thermometer, resolution 0.1◦C, AVAX DT-

1) and moisture of the sampled dung pad (TDR-100, Spectrum Technologies, Inc.,

USA). The conditions of the surrounding habitat were characterised in terms of

vegetation type, soil temperature and soil moisture at each sampling site, the latter

are mean values of three measurements at a distance of 1.5-2 m to the sampled

dung pad. We also counted the dung pads in a 10 m (radius) buffer area around

the sampled dung pad as a measure of dung pad density, which is a widely accepted

measure of connectivity of dung resources and indicates the intensity of use by don-

keys and horses.

Data analysis

To analyse the effect of the conditions of dung and its surrounding habitat char-

acteristics on species richness and abundance of dung beetles, we used generalised

linear mixed models (GLMMs). Prior to analysis we checked for collinearity between

77



Chapter 4 Dung beetles

all environmental variables (Supplementary Material 4.4). To avoid collinearity, we

calculated variance inflation factors (VIF) for all models and excluded variables with

VIF>3 from the model (Zuur et al. 2009); this was soil moisture which correlated

with vegetation type. We run separate models for dung and surrounding habitat to

determine the best models for each. Dung condition models included temperature,

moisture and dung mass as explanatory variables, with temperature and moisture

added into the full model as a two-way interaction. The full model of the surround-

ing habitat contained vegetation type, mean soil temperature and dung density,

with vegetation type and mean soil temperature included as two-way interaction.

The most parsimonious models were determined based on the AICc values (Akaike

information criterion corrected for small sample sizes) using the function ‘dredge’

in the package ‘MuMIn’ (Barton 2016). In the results we displayed all models with

∆AICc<2, as they are considered to be equally plausible (Burnham and Anderson

2002). Subsequently, the variables of these models of the dung conditions and sur-

rounding habitat were combined in a final model to analyse the importance of these

two levels.

Using a new GLMM we examined whether the impact of dung density on species

richness of dung beetles can be buffered by the vegetation type. To do this, we

included dung density and vegetation type in the model as interacting factors. An

analysis of deviance (Type III Wald χ2 test) was used as a post hoc test.

To evaluate the influence of pad temperature and the affiliation to the functional

groups (dwellers and tunnellers) on species richness we used further GLMMs and

inserted dung-pad temperature as explanatory variable.

All GLMMs were carried out using ‘glmmADMB’ package (Fournier et al. 2012,

Skaug et al. 2016) with Poisson distribution because our data originated from

counts. We tested for overdispersion and in case the data were over-dispersed (abun-

dance models), we used the negative binomial distribution. The identity of cluster

(N = 5) was included in all models as a random factor. All models were checked

for homogeneity of variance.

Non-metric multidimensional scaling (NMDS, package: vegan R, Oksanen et al.

2015) was used to investigate differences in species composition of dung beetles

(based on Bray- Curtis dissimilarity) between sampled dung pads. We performed

the ordination with and without single occurring species because these can have

strong influences on the analysis. In order to assess how environmental variables
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(dung-pad temperature, dung-pad moisture, dung mass, vegetation type, dung den-

sity) correlated with these differences in dung beetle species composition, we per-

formed a permutational multivariate analysis of variance based on distance matrices

with 1000 permutations (package: vegan, function: adonis). Additionally, we used

permutational multivariate analysis of variance to estimate the influence of environ-

mental variables on functional groups (dwellers and tunnellers). For these analyses

we excluded soil moisture which correlated with vegetation type and soil tempera-

ture because it correlated with dung-pad temperature.

All statistical analyses were conducted using R statistical package version 3.1.3 (R

Core Team 2015).

Results

In total, we captured 3349 individuals belonging to 15 dung beetle species (five

dweller and ten tunneller species) in the 39 sampled dung pads (Table 4.1). Species

Table 4.1. Dung beetle species (alphabetically listed), their functional groups and abundance in
the 39 dung pads, sampled between mid-March and mid-June, in the three vegetation types, dry
grassland (dg), garrigue (ga) and wet grassland (wg), of the permanently grazed landscape of the
Asinara National Park (Sardinia).

Family Species Functional group
Abundance

dg ga wg

Aphodiidae Alocoderus hydrochaeris dweller 1 3 1
Aphodiidae Biralus mahunkaorum dweller 0 0 1
Aphodiidae Calamosternus mayeri dweller 0 1 8
Aphodiidae Chilothorax lineolatus dweller 983 490 874
Aphodiidae Colobopterus erraticus tunneller 9 0 0
Aphodiidae Melinopterus consputus dweller 25 102 146
Geotrupidae Jekelius intermedius tunneller 0 3 0
Geotrupidae Sericotrupes niger tunneller 2 0 0
Scarabaeidae Bubas bison tunneller 1 1 0
Scarabaeidae Cheironitis furcifer tunneller 1 1 0
Scarabaeidae Euoniticellus fulvus tunneller 99 62 18
Scarabaeidae Euoniticellus pallens tunneller 8 4 3
Scarabaeidae Onthophagus opacicollis tunneller 2 3 0
Scarabaeidae Onthophagus taurus tunneller 40 50 59
Scarabaeidae Onthophagus vacca tunneller 230 69 49

total 1401 789 1159

richness ranged from 0 (in 1 dung pad) to 7 (in 2 dung pads) species per dung pad
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and according to the model comparison, dung beetle richness was affected by the

dung and surrounding habitat conditions, such as dung temperature, dung density,

or both (Table 4.2). We found negative influences of increasing dung temperature

and dung density on species richness. However, the negative effect of dung temper-

ature could not be distinguished from the positive effect of dung moisture, because

dung pads with high temperature tended to have low moisture (Pearson r = -0.42,

p = 0.018).

Contrasting vegetation type and dung density, showed a trend that the interaction

of vegetation type and dung density affected dung beetle species richness (Table

4.3). Species richness decreased throughout the vegetation types with increasing

dung density. Dung beetle richness decreased most steeply with dung density in

garrigue and least so in dry grassland (Fig. 4.1).
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Figure 4.1. Relationship between species richness of dung beetles per dung pad and dung density
in the three vegetation types. Black circles and the black line refer to dry grassland, grey circles
and the grey line represent wet grassland and open circles and the dashed line display garrigue.

Abundance, in contrast, was mainly influenced by dung conditions, with the highest

abundance found in pads with high dung moisture (Table 4.2). Looking at the sur-

rounding habitat conditions, the abundance of dung beetles was negatively affected

by increasing soil temperature and dung density.
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Table 4.3. Analysis of deviance table, presenting the effect of dung density and vegetation type
on the species richness of dung beetles on the island of Asinara.

Species richness Environmental variables Chi-square p value

Intercept 25.586 < 0.001 ***
Vegetation type 3.4849 0.175 n.s.
Dung density 3.8717 0.049 *
Vegetation type : dung density 4.7168 0.094 .

Differences in species composition of dung beetles (NMDS, final stress = 0.141,

linear fit r2 = 0.968, Fig. 4.2) were significantly influenced by pad temperature

(Adonis, F = 4.849, r2 = 0.147, p<0.001). Results were consistent when ordination

was conducted with and without single occurring species. Pad temperature (Ado-

nis, F = 14.497, r2 = 0.356, p = 0.0019) also explained differences in functional

group composition according to their nesting behaviour. While the species richness

of dwellers decreased with increasing dung temperature, tunnellers showed only a

slight decrease in species richness with increasing dung temperature (Table 4.4; Fig.

4.3).

Table 4.4. Influence of dung temperature and affiliation to functional groups (dwellers and
tunnellers) on species richness of dung beetles with estimates, standard error (SE) and p value.

Estimate SE p value

Intercept 3.296 0.855 <0.001 ***
Functional group tunnellers -2.44 0.974 0.012 *
Dung temperature -0.136 0.037 <0.001 ***
Functional group tunnellers : dung temperature 0.135 0.041 0.001 **

Discussion

We show differing effects of dung and surrounding habitat conditions on a Mediter-

ranean dung beetle assemblage. Species richness of dung beetles is determined by

the conditions of dung and the surrounding habitat, whereas abundance is affected

solely by dung conditions. Dung beetle assemblage structure shows considerable

variations with dwellers being strongly negative affected by high dung tempera-

tures. High dung densities influence species richness of dung beetles negatively;
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Figure 4.2. Non-metric multidimensional scaling of dung pads based on Bray-Curtis dissimilarity
of dung beetle species. Dung beetle species are displayed as triangles and dung pads as circles with
the colour representing the respective vegetation type. Dark grey circles refer to dry grassland,
light grey circles represent wet grassland and open circles display garrigue. Environmental vari-
ables explaining differences in species composition between dung pads are represented as vectors
and were fitted using the function envfit (R-package vegan, Oksanen et al. (2015)). Statistically
significant variables (p < 0.05) are depicted as solid lines, the others as dashed lines.

however abundance and assemblage composition are not considerably affected.

Local factors such as quality and type of habitat are known to determine species

richness (Rosenzweig 1995; Collinge et al. 2003). At local scale, habitat condi-

tions for dung beetles are determined by chemo-physical conditions of the soil, the

vegetation type and by direct and indirect effects of the grazing animals (Lumaret

and Kirk 1987; Menéndez and Gutiérrez 1996; Lobo et al. 1998). Here we can

demonstrate that temperature and moisture of dung influence species occupancy in

a semi-natural pasture where no direct management of grazing animals is applied.

Microclimate of the dung, which is mainly a function of temperature and moisture,

is known to facilitate seasonal niche separatism in an ephemeral resource with high

competitive species interactions (Sladecek et al. 2013). Particularly, dung mois-

ture is the driving factor promoting dung beetle abundance, which goes along with
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Figure 4.3. Relationship between functional groups (in terms of number of species) and dung
temperature (Table 4.4). Open circles and the dashed line represent dwellers and black circles and
the black line refer to tunnellers.

the succession of dung-inhabiting beetle communities that decrease in abundance

over time (Koskela and Hanski 1977) due to desiccation. Because of the correla-

tion between dung temperature and soil temperature the decrease in species might

also be explained by the increase in soil temperature. A previous study, also con-

ducted in a Mediterranean environment, observed a high activity of all dung beetle

species (regardless their functional group) at low soil temperatures (16.1◦C) and

lower activity with increasing temperatures (Galante and Cartagena 1999). Both

temperature and moisture content are interrelated with the vegetation type, in par-

ticular with respect to the vegetation structure and the way which this influences

the microclimate. Comparing the three vegetation types in our study, dung beetle

richness declines less strongly with dung density in dry grassland. Influences of

vegetation type on dung beetles were demonstrated; cover and complexity of veg-

etation were taken into account, as these affect abundance and species richness of

dung beetles, with higher vegetation complexity leading to lower abundance, species

richness and diversity (Romero-Alcaraz and Ávila 2000). In addition, differences

in vegetation types can be explained by the ability of dung beetles to detect re-
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sources by means of olfactory cues (Dormont et al. 2004) that are diffused more

efficiently in open grassland (e.g. dry grassland) than in more complex vegetation

types, such as the garrigue. In case of high dung density our results support these

findings, however, at lower dung densities the vegetation types garrigue and wet

grassland, which are greater in height and richer in structures than dry grassland,

show a higher species richness of dung beetles. As vegetation type and soil mois-

ture correlate in our study, this effect can also be traced back to the impact of

soil moisture. Reproductive behaviour and survival of larvae of dung beetle species

were demonstrated to be influenced by soil moisture (Brussaard and Slager 1986).

In wet grassland some tunnelling species were not recorded (Table 4.1) because

the relatively high groundwater table makes larval development below ground al-

most impossible. Furthermore, functional groups differ in their response to dung

temperature, which reveals differences in the adaption of dwellers and tunnellers

to temperature pointing to their nesting behaviour. Dwellers, which lay their eggs

and brood the larvae in the dung pad, decrease with increasing dung temperature

while the number of tunnelling species, which bury brood mass in vertical chambers

under the dung pad, decrease only slightly with increasing dung temperature. We

conclude that dung beetle assemblages are indirectly influenced by the quality of

the surrounding habitat that determines dung pad conditions.

Our findings highlight the importance of dung density as a measure of intensity of

use by grazing animals, species richness and abundance of dung beetles decrease

with an increase of dung density, indicating that areas with low pressure by grazing

animals host a more species-rich dung beetle fauna. High intensity of use by grazing

animals with high dung pad density does not promote dung-inhabiting species. In

addition, our results reveal different strong effects of dung density and vegetation

type on the species richness of dung beetle assemblages. Low dung-pad density fos-

ters species richness of dung beetles in all vegetation types, while species richness

decreases with higher dung density, indicating a dilution effect, as also reported for

herbivores that have been shown to decrease with increasing resource availability

(Yamamura 2002; Otway et al. 2005). Thus, our results are inconsistent with the

resource concentration hypothesis suggested by Root (1973) which states that con-

sumers are more likely to find and remain on resources that are concentrated (e.g.

in dense patches). Similar to experiments with herbivores in field surveys, our find-

ings correspond with the resource diffusion hypothesis where herbivores use more

efficiently resources that are sparsely distributed (Yamamura 1999). This might

be related to the active dispersal behaviour of dung beetles with adequate sensory
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abilities to detect and direct their dispersal towards suitable dung resources. Addi-

tionally, different resource requirements of male, mature and immature females such

as density-dependent effects based on intra- and interspecific competition may affect

their movement between dung resources (Yasuda 1987; Hanski 1991). In areas with

low dung density dung beetles seem to tolerate interspecific competition due to a

low number or respectively a larger distance to suitable alternatives. High intensity

grazing with high dung pad density is not necessarily a benefit for dung-inhabiting

species because of negative indirect effects on vegetation structure (Koike et al.

2014).

Previous ecological studies have shown that plant diversity depends on the intensity

of use by grazing animals: in semi-arid Mediterranean environments, low grazing

intensities tend to support vegetation with low species diversity (Perevolotsky and

Seligman 1998; Osem et al. 2002; Papanikolaou et al. 2011). However, irreversible

changes in the vegetation can be caused by too high numbers of grazing animals,

an effect which tends to occur in managed rather than in self-regulating natural

systems (van de Koppel and Rietkerk 2000). Thus, for semi-natural ecosystems like

our study location, the Island of Asinara, the influence of grazing animals on the

vegetation needs to be studied in order to define the optimal herbivore number to

ensure the highest diversity of both plant and insect species.

Contrary to our hypothesis, high dung density influences species richness negatively.

In conclusion, dung conditions and its surrounding habitat characteristics affect

Mediterranean dung beetle assemblages in different ways. Thus, our results imply

the importance of diverse vegetation that enables variable microclimatic conditions

which support species-rich dung beetle assemblages and their functional diversity.

The degree of the intensity of use by grazing animals should also be taken into con-

sideration in terms of management because it is likely to play a substantial role in

the conservation of speciesrich dung beetle assemblages and their broad ecosystem

service. Considering the influence of the intensity of use by grazing animals in com-

bination with local conditions such as dung and surrounding habitat characteristic

can reduce the decline in dung beetle species and maintain their ecosystem func-

tions. Therefore, we recommend lower moderate grazing intensities ensuring diverse

vegetation with structural heterogeneity to foster species-rich dung beetle assem-

blages. This implies that management of the large herbivores should be adapted to

reduce the number of grazing animals (stocking rate) and prevent areas with too

high densities of dung (accumulations of dung). In addition, these results indicate
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the importance of large-scale grazing as it comprises a broad area with different

vegetation types and a wide range of environmental conditions.
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Supplementary Material

Supplementary Material 4.1 Location of the sampled area in the southern part

of the island of Asinara (Sardinia, Italy). Symbols indicate the location of the 39

sampled dung pads in the different vegetation types: circles - dry grassland, squares

- garrigue and triangles - wet grassland. Data source: gadm.org.
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Supplementary Material 4.2 Vegetation types and their characteristics. Nomen-

clature of the dominant plant species follows Conti et al. (2005). Vegetation cover

and height are presented as means (± SD) of the 13 study locations for each veg-

etation type. Intermediate layer refers to non-woody plants (e.g. Juncus acutus)

which exceed the herbaceous layer.

garrigue dry grassland wet grassland

dominant species Pistacia lentiscus Calendula arvensis Juncus acutus
Cistus monspeliensis Galactites elegans Calendula arvensis

Galactites elegans Poaceae Rumex sp.
Poaceae Chamaemelum fuscatum Euphorbia pithyusa

herbaceous layer [cm] 22.1 ± 8.6 17.3 ± 7.4 23.6 ± 12.5

vegetation height intermediate layer [cm] 37.7 ± 70.6 0 ± 0.0 111.5 ± 39.4

shrub layer [cm] 102.7 ± 26.5 6.9 ± 24.0 7.7 ± 26.6

herbaceous layer % 82.9 ± 21.5 87.6 ± 16.3 94.4 ± 6.5

vegetation cover intermediate layer % 4.2 ± 11.9 0 ± 0.0 21.3 ± 16.9

shrub layer % 42.3 ± 11.5 0.1 ± 0.3 1.9 ± 6.7

Supplementary Material 4.3 Vegetation types and mean values (± SD) of patch

and matrix conditions.

garrigue dry grassland wet grassland

pad temperature [◦C] 25.8 ± 6.7 24.8 ± 5.1 27.4 ± 4.9

pad moisture [%] 49.2 ± 22.3 52.8 ± 26.5 42.7 ± 19.1

dung mass [g] 652.2 ± 631.7 730.5 ± 525.1 536.8 ± 302.2

mean soil moisture [%] 10.1 ± 6.1 12.4 ± 13.2 51.1 ± 21.1

mean soil temperature [◦C] 26.5 ± 8.1 26.7 ± 9.0 23.2 ± 4.6

dung density [# heaps 10 m buffer] 4.5 ± 2.8 13.6 ± 7.7 9.8 ± 7.9
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Supplementary Material 4.4 Correlation matrix on all environmental variables.
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CHAPTER 5

SYNTHESIS

This thesis focuses on grazing animals and their interrelations with different compo-

nents of the island of Asinara to analyse their role in the ecosystem and, to evaluate

their effects on the biodiversity of the Asinara National Park. Therefore, the thesis

is splitted into three research objectives investigating:

1. the composition and distribution of grazing animals within the land-cover

types of the island (Chapter 2)

2. the direct interaction of donkeys and goats with the vegetation through seed

input on the vegetation and colonisation processes by identifying the endo-

zoochorous seed dispersal patterns and feeding habitats (Chapter 3) and

3. the indirect interaction of grazing animals with coprophagous beetle assem-

blages by assessing the effects of dung density (as a measure for the intensity of

use by grazing animals) and dung-pad conditions on dung beetle assemblages

(Chapter 4).

Within this synthesis, the main findings are interrelated to one another and set into

context of the overall question. Finally, different scenarios of the National Park and

its development are discussed based on the results of this thesis.

Grazing animals on the island of Asianra either evolved from farm to feral animals or

were introduced to the island. Population sizes between 1990 and 2010 reached up

to 180 horses, 300 donkeys, 7000 goats, 1000 wild boars and 600 mouflons (Pisanu
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et al. 2012). But comparing these population sizes with the most recent census

data (Parco Nazionale dell’Asinara 2013, 2014) (Figure 5.1) the overall population

shows a decline, especially, in goats and wild boars because these are intermittently

captured according to the management plan of the National Park. The estimated

numbers based on the point observations of the grazing animals from Chapter 2

(Fig. 2.3) show a similar pattern in the proportion of the species, indicating the

representativeness of the approach taken in this thesis.
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Figure 5.1. Census data of the grazing animals of the Asinara National Park. Light grey refers
to the period 1990 and 2010 (Pisanu et al. 2012) and dark grey represents the census data of
2013/2014 (Parco Nazionale dell’Asinara 2013, 2014).

On the island scale, the analysis of the point observations exhibited different pat-

terns of the composition and distribution of the five grazing animal species within

the context of the vegetation and land-cover types of the Asinara island ecosystem

(Chapter 2). The grazing animals differed in their occurrence based on topography

and land-cover types, for example, vegetation structure and availability of water,

which correspond with their requirements for feeding habitats and breeding. Open

grassland and garrigue (dominated by Cistus monspeliensis) are in general the most
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frequented vegetation types by the grazers. Goats, for example, which are the most

abundant ungulates on Asinara mainly occur in the highly diverse garrigue. Coastal

vegetation, which is also one of the vegetation types with the highest plant species

richness, comprises the endangered Sardinian endemic species Centaurea horrida,

however, it is frequented by grazing animals just in lower numbers. This indicates

that with respect to a biodiversity optimisation each vegetation type requires a

specific grazing intensity.

Knowing where on the island and in which land-cover types (vegetation types) graz-

ing animals occur builds a basis for further analysis. Occurrence in certain habitats

might have various reasons as grazing animals might use it as a mating habitat, for

shelter during the birth, lactation period or as a feeding habitat (Chapter 2, Fig.

2.5).

Through feeding grazing animals not only defoliate plants they also serve as an

important vector for seed dispersal, for example, by consuming intendedly or unin-

tendedly seeds and dispersing them through their faeces (endozoochory) (Bonn and

Poschlod 1998). Endozoochory is one of the seed dispersal mechanisms that can

disperse diaspores over long distances (Higgins and Richardson 1999; Couvreur et

al. 2005; Trakhtenbrot et al. 2005) and thus play an important role in vegetation

dynamics, particularly by seed input on the vegetation and on the soil seed bank

for colonization processes (Malo and Suárez 1995; Malo et al. 2000). Also at the

same time, it indicates which plant species and in which vegetation types grazing

animals have foraged.

To conduct the endozoochory experiment, donkeys and goats were choosen as they

are distributed all over the island and they are the most abundant odd-toed (don-

key) and even-toed ungulate (goat) on Asinara (Chapter 2, 3). Moreover, they have

different characteristics regarding their digestive system, donkeys are hindgut fer-

menters and goats are ruminants. Interestingly, they have a contrasting status on

the island. Goats are assumed to cause decline in biodiversity and therefore they

are captured and removed from the island, while donkeys are kept because they

are symbol of the Asinara National Park. The results of this thesis show that the

two species differ in their dispersal patterns (Chapter 3). While goats disperse a

high number of diaspores from shrubs and plants of greater growth height, donkeys

disperse more diaspores of grasses and plants of shorter height. These patterns

correspond with the vegetation types of which donkeys and goats disperse indicator

species. Donkeys and goats feed on and disperse plant species of open grassland
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and temporarily wet grassland. Goats, in addition, feed on and disperse diagnostic

species of semi-open maquis and preforest formations of Juniperus phoenicea and

the Pinus pinea forest. The results on the dispersal patterns and feeding habitats

show that donkeys and goats are complementing each other in their endozoochorous

seed dispersal, which underlines the importance of both animal species for the veg-

etation dynamics of the island ecosystem.

Besides direct impacts on the vegetation and its dynamics, grazing animals also

indirectly affect other taxa such as birds (e.g. Bock et al. 1993; Martin and Poss-

ingham 2005) or coprophagous beetles (Verdú et al. 2000). Coprophagous beetles

are particularly dependent on the ephemeral microhabitat dung, which is simultane-

ously food resource and larval habitat, but they provide a broad array of ecosystem

functions like nutrient cycling, bioturbation and secondary seed dispersal (Nichols

et al. 2008).

The dung sampling for this part of the thesis was conducted in the southern region

of the island where the main distribution area of donkeys and horses is (Chapter

2, 4). In contrast to the preceding parts of the study, this one is focussing on a

subset of vegetation types, garrigue, dry and wet open grassland that are the most

frequented types by the grazing animals on the Island of Asinara. In addition, the

two grazing species, donkeys and horses, were chosen because quantitatively they

provide the main dung resource for dung beetles. Dung density is a measure for

the intensity of use by grazing animals and therefore it is one of the primary exper-

imental variables in this dung beetle study.

The results demonstrate that dung density and dung conditions affect the species

richness of dung beetles (Chapter 4). The abundance of dung beetles, however, was

solely determined by dung conditions. The relation between dung density, species

richness and abundance is that the higher the density the lower the species richness

and abundance. It is important to note that this effect of dung density on species

richness varies depending on the vegetation type. Overall, dry grassland exhibits

the highest species richness of dung beetles at high dung densities. Whereas gar-

rigue shows the highest number of dung beetles species at low dung densities with

a steep decline resulting in the lowest species number at high dung densities. In

addition, the results obtained in this part of the thesis revealed the importance

of abiotic factors also for the species composition in dung pads, at which dwellers

(dung beetles laying eggs and brooding their larvae in the dung pad) are negatively

affected by an increase in dung-pad temperature (Chapter 4). These last results
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corroborate the importance of diverse vegetation, especially regarding the complex-

ity (structure richness) of vegetation, which is linked to the microclimate and thus

affects dung conditions. In the context of grazing and its effects on biodiversity the

findings that high dung densities affect dung beetle assemblages negatively are a

decisive point suggesting the importance of the intensity of use by grazing animals

even for organisms which highly depend on the ephemeral microhabitat provided by

grazers. Thus, intensity of use by grazing animals should be considered in measures

for the maintenance and conservation of species rich dung beetle assemblages.

Grazing animals as ecosystem engineers on the Island of
Asinara

Developing measures for the maintenance and conservation of a sensitive ecosys-

tem like an island, it is fundamental to be aware of the functions and interrelations

of its components.

Grazing animals, which are ecosystem engineers, create, modify and maintain habi-

tats by modulating the availability of resources to other species (Jones et al. 1994).

Jones et al. (1994) published a list of factors that scale the impact of ecosystem

engineers. Following the given criteria, the most distinct engineer exhibits a long

lifespan with comprehensive per capita effects, exists at a high density across a

broad area for a long time, creates or modulates structures which persist for a long

time and influence many resource flows.

Evaluating the grazing animals of Asinara according to these factors and based on

the results of this thesis (Chapter 2-4), there are marked differences between the

grazing species. The equids, donkeys and horses, have potentially the longest life

span in comparison to the other grazers on the island (Groves 1974; Monfort et

al. 1994) and correspondingly the most persistent impacts on the ecosystem. How-

ever, their population densities (donkeys 0.64x10−2 ha−1 and horses 0.3x10−2 ha−1)

are the lowest in relation to the area of the island whereas goats (2.7x10−2 ha−1),

mouflons (1.54x10−2 ha−1) and wild boars (1.73x10−2 ha−1, calculation based on

census data of the National Park 2013, 2014) have population densities that are

more than the double of the equids. A fair comparison with population densities of

other grazing systems is very difficult because of the special situation on the island.

Studies concerning grazing are usually conducted in a managed system, where there

is solely one grazing species (mostly cattle or sheep) and the animals are restricted
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to a certain area. Thus the grazing animals are limited in their movement and

the availability of resources. On Asinara, all animals occur all over the island, ex-

cept for horses, which are regional and found in the great plain areas of the South,

mainly in the vegetation type open grassland (Chapter 2). It has been reported

that this grazing animals in addition to other impacts (e.g., agriculture, fire), have

contributed to the current state of the vegetation (Bocchieri and Filigheddu 2008;

Pisanu et al. 2014) at which mouflons and wild boars were introduced in the 1950s

(Monballiu and Torre 2008). Donkeys, horses and goats already existed beforehand

on the island, however, it is not clear when exactly they were introduced to the

island, probably this goes back to the prison time or even to the time when settle-

ment started on the island.

The persistence of the constructs or impacts of the grazing animals was not as-

sessed within this study as it would exceed the time frame of the project. However,

in addition to the distribution and composition of the grazing animals (Chapter 2)

this thesis exemplarily addresses the impact of grazing animals on the vegetation

dynamics through endozoochorous seed dispersal (Chapter 3) and on dung beetle

assemblages (Chapter 4). Via endozoochory, grazers foster re-colonisation and reg-

ulation of the vegetation community structure (Foster and Tilman 2003), and at the

same time contribute to the conservation of fragmented and continually changing

populations in a consolidated vegetation (van der Maarel 1996). Thus they create,

modify and maintain habitat for other species like birds (Fuhlendorf et al. 2006;

Derner et al. 2014). Here, the most distinct grazing species of even-toed (goat) and

odd-toed (donkey) ungulates were analysed based on their endozoochorous dispersal

patterns. The results reveal that donkeys disperse 11.7 % and goats 9.7 % of all oc-

curring plant species on the island (Chapter 3). Species not being dispersed through

endozoochory may have other dispersal mechanisms like anemochory (wind) or hy-

drochory (streaming water). The results of this part of the thesis put into frame

that donkeys and goats are complementing each other in their endozoochorous dis-

persal patterns. However, the findings also show that both, donkeys and goats feed

on and disperse species of the vegetation types open grassland and temporarily wet

grassland, but goats, additionally, feed on and disperse species of the semi-open

maquis to preforest formations of Juniperus phoenicea and the Pinus pinea forest

(Chapter 3). This indicates a broader spectrum of feeding habitats of goats and

therefore a higher potential for positive impacts by goats, except when they over-

graze.
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The impact of grazing animals on the dung beetle assemblages was analysed fo-

cusing on the influence of use intensity by grazing animals on the dung beetle

assemblage. As donkeys and horses are the main dung resource for dung beetles on

the island, they are the grazers under study. Considering the before mentioned fact

that donkeys and horses can reach the longest lifespan, they thus provide, accord-

ing to Jones et al. (1994), extensive per capita effects although having the lowest

population densities, the results of this part of the study are alarming because it

was found that as the intensity of use increases the species richness and abundance

of dung beetles decreases. An example of this effect is seen in garrigue where the

decrease in species richness is the highest. This means that a higher population

density of donkeys and horses may further decrease the diversity of dung beetles on

the island. Therefore, to maintain and conserve a diverse dung beetle assemblage,

population densities of donkeys and horses should be monitored and considered in

future management measures as well as a diversified vegetation.

Based on this exemplary analysis of grazing animals as ecosystem engineers all three

in detail studied species (donkeys, horses and goats) (Chapter 3, 4) provide within

the examined aspects, essential ecosystem functions and therefore are notable key

factors for the maintenance of biodiversity.

Potential scenarios for the management of the grazing animals
of the Asinara National Park

The island of Asinara offers with its multifaceted history, great number of graz-

ing animal species and a large variety of vegetation and habitat types (Chapter 1;

Drissen et al. 2019; Stadtmann et al. 2016) a broad spectrum of management ap-

proaches and objectives. But depending on the aim these approaches, regarding the

grazing animals, management could reach from a hands-off approach to removing

all grazing animals from the island in order to reset the island to its original state.

Based on a hands-off approach (scenario 1) no management interventions are to

be undertaken in the island ecosystem, meaning that the population of grazing

animals are left to themselves and, importantly no animals are removed from the

island. Thus, the ecosystem can evolve solely due to natural dynamics. Accord-

ing to the IUCN protected area management categories, National Parks are “large

natural or near-natural areas protecting large-scale ecological processes with char-

acteristic species and ecosystems, which also have environmentally and culturally
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compatible spiritual, scientific, educational, recreational and visitor opportunities”

with certain strictly protected core areas (Dudley 2008, p.16). In these core ar-

eas, natural dynamics already determine the ecosystem processes. A very strict

implementation of this hands-off approach would also include dealing with natural

fluctuations of animals including carcasses, which might provoke controversy, for

example, with tourists and animal welfare activists. A comprehensive environmen-

tal education strategy should be implemented to arouse the interest in this topic

as well as enlighten and educate the tourist and citizen. A functional system based

on natural dynamics is self-regulating, thus does not need profound management

interventions, and consequently, in this respect, is economically and ecologically

interesting. Contrary to a balanced system, there is a high possibility of a strong

degradation particularly of the vegetation of the island ecosystem through too high

densities of grazing animals. It is to be expected that populations increase within

a hands-off approach without any predators, especially the number of goats as they

have a very high reproduction rate. Goats, in general, are known for their strong

impact on island ecosystems (e.g. Coblentz 1978; Desender et al. 1999; Gizicki et

al. 2018). On the island of Asinara this impact can be observed on the Trabuccato

peninsula where captured goats are fenced in and kept until they are transported

from the island. This area illustrates the effects of goats at too high densities in a

restricted space, for example, the occurring Pistacia lentiscus shrubs show browsing

damage and therefore are reduced to a minimal growth form or even dead wood.

The contrary approach to reset the island to its original state (scenario 2), at least

relating to the grazing animals, means a total removal of all grazing animals (horses,

donkeys, goats, mouflons and wild boars) because they were introduced to the island

at one point of the island’s history. But the removal or eradication of all grazing an-

imals from the island is exceedingly elaborate and cost intensive (Cruz et al. 2010).

Apart from these issues, and in relation to the vegetation, it is questionable if its

original state could be reached.

However, the general objective of the Asinara National Park is to restore and

conserve habitats and species of community importance according to the Coun-

cil Directive on the conservation of natural habitats and of wild fauna and flora

(92/43/EEC), as Asinara is part of Natura 2000 network. Nevertheless, flora-fauna-

habitat biotopes in Italy often lack scientific background and economical resources

so that conservation and management prioritise recreational and aesthetical func-

tion of biotopes and biodiversity over their functional role (Guarino 2008). Exactly
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at this point, the present thesis comes into action. The thesis contributes to the

scientific background of the functioning of the Asinara island ecosystem. Based on

the thesis’ results (Chapter 2-4) a third scenario is developed with a special focus on

the studied grazing animals and their interrelations and effects on the island ecosys-

tem. This scenario is built on the history of Asinara as a grown cultural landscape

and thus preserves the functions of grazing animals as ecosystem engineers for the

islands ecosystem functioning. Concerning seed dispersal, which is a decisive factor

for the regulation of the community structure of plants (Foster and Tilman 2003)

and consequently of habitats for other organisms, grazing animals enable a disper-

sal over long distances. Through endozoochory grazing animals additionally to the

dispersal via their faeces also create safe sites for the plant germination (Urbanska

1997). On the island of Asinara, the exemplary comparison of two grazing species

(donkey and goat) showed that donkeys and goats complement each other in their

endozoochorous seed dispersal patterns (Chapter 3). As goats, in contrast to don-

keys, disperse a high number of diaspores of shrubs and plant species of greater

growth height, it is not recommendable to completely abstain from goats on the

island of Asinara. Through a complete exclusion of goats from the island, the long

distance dispersal of these aforementioned plant species might be severely limited

affecting also colonization processes and regeneration of vegetation. Considering

the fact, that goats are known for the negative effect on island ecosystems through

overgrazing, the goats should be removed from the island. But to maintain their

positive effect, such as seed dispersal, the National Park should establish a manage-

ment based on the traditional grazing system like transhumance or semi-sedentary

systems (Nefzaoui et al. 2012). This means shepherds from the mainland of Sar-

dinia would ferry their herd of goats across the sea to Asinara to let them graze.

Based on the results of endozoochory part of this thesis, July and August, for in-

stance, would be a good time for goat grazing on the island as the highest number

seedlings and species germinated from the samples of this period (Chapter 3). An

additional later grazing period during autumn is also worth considering because of

the fruiting peak of plant species of scrubland and forest, like fleshy-fruiting plants.

This approach would promote traditional Mediterranean grazing systems and ap-

preciate its benefits. This kind of management with respect to land use is compat-

ible with the definition of a National Park according to the IUCN protected area

management categories. Furthermore, the area can be managed to conserve its na-

tural values, including removal of invasive species or traditional farming methods

to maintain certain species (Dudley 2008).

105



Chapter 5 Synthesis

The island of Asinara hosts 26 species of dung beetles (Carpaneto et al. 1997; Tre-

itler et al. unpublished) which is a relatively high number of species in comparison

to other Sardinian islands (mean number of species 7, Carpaneto et al. 1997). To

maintain and conserve this species richness, too high intensities of use by grazing an-

imals should be prevented, as the results of this thesis revealed that with increasing

dung density species richness of dung beetles decreases (Chapter 4). A fencing in of

donkeys and horses to the plain southern areas of the island, as it is proposed in the

management plan of the National Park (ENTE Parco Nazionale dell’Asinara 2014)

is not recommendable because the increasing intensity of use by grazing animals

affects the species richness of dung beetles negatively. In addition, the restriction

of the animals to solely one vegetation type can also have negative impacts on the

dung beetle assemblages. As the vegetation structure plays an important role in

influencing the microclimate which is a driving factor for the species composition

of dung inhabiting beetles. That is, dung pads with dwellers are negatively affected

by increasing dung temperature influenced by the microclimate (Chapter 4). This

finding indicates that a restriction of donkeys and horses to solely open grassland

could be critical to dung beetle species dwelling in the dung pad. With regard

to dung beetles, donkeys and horses are essential providing their ephemeral habi-

tat. Both donkeys and horses should not be restricted to certain vegetation types,

nor should they completely removed from the island. However, their populations

should be monitored to prevent too high intensities of use. A self-regulating system

as mentioned in scenario 1 could be an option for donkeys, horses and mouflons.

Supplementary feeding of horses and consequently other grazing animals during dry

periods with lack of forage should be refrained from as it artificially reinforces the

population in a sensitive environment and there also might be a danger of intro-

duction of not native plant species to Asinara.

Mouflons, similarly as horses, mainly occur in the plain open grasslands, where

they gather during the mating season in big family groups, and use these areas as

feeding habitat as well as horses do (Chapter 2). Both, mouflons and horses, are

known to predominantly forage on graminoids (Karmiris et al. 2011; Fleurance et

al. 2012) therefore competition according to the competitive exclusion principle

(Hardin 1960) is likely. However, based on the results of the point observations

mouflons and horses rarely occurred together (Chapter 2). This could be due to

differing activity phases or because of preferences for different vegetation units of

the structural vegetation type open grassland. Mouflons occur mainly on temporar-

ily wet grassland while horses prefer dry grassland (Chapter 2). Mouflons of all the
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grazing animals on the island are the most reclusive being rather nocturnal and

searching the shelter of higher vegetation like garrigue and maquis. With their abil-

ity to climb rocks, they cover a broad range of used land cover types. On this basis,

nothing stands in the way of a coexistence of mouflons and horses. Furthermore,

mouflons are listed on the Annex II and IV of the Council Directive (92/43/EEC),

and thus must be protected and should remain on the island.

Wild boars are omnivores and according to the definition of Allen et al. (2011)

not grazing animals, however, because of their known impact on the environment

they were taken into account within this thesis. On the island of Asinara wild

boars were observed in open grassland as well as garrigue, maquis and coastal

vegetation indicating their versatile feeding habits (Chapter 2). In general, their

predominant diet is plant material like rhizomes, roots and fruits (Giménez-Anaya

et al. 2008). Depending on the season wild boars also feed on snails, terrestrial

arthropods, cray fish and birds ( Onida et al. 1995; Pinna et al. 2007; Giménez-

Anaya et al. 2008). Birds are the greatest part of the animal material of the wild

boars diet (Giménez-Anaya et al. 2008), thus wild boars can be considered a severe

threat particularly to ground breeding birds. On Asinara this concerns especially

the Barbary Partridge (Alectoris barbara) and marine birds like the Audouin’s Gull

(Larus audouinii) which brood in the coastal environment. As both species are

restricted in their local distribution and thus they are sensitive to decline in their

population, both species are listed in annex I of the Birds Directive (2009/147/EC)

and therefore precautionary measures are necessary or even the eradication of wild

boars should be considered. Furthermore, wild boars were shown to damage crops

and harm grassland by breaking of the turf leading to disturbance and erosions on

slopes (Onida et al. 1995; Bueno et al. 2010). However, it was also reported that

the disturbance by wild boars through rooting can have positive effects, in the long

term, for example on the plant diversity (Kotanen 1995).

To conclude, the results of this thesis show the importance of investigating grazing

animals and their interrelations within a sensitive island ecosystem. The insights

obtained throughout this study concerning the interrelations of grazing animals with

different components of the island ecosystem should open up the view on grazers
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and their multifaceted effects leading to management implementations for a sound

functioning of the island ecosystem as well as the conservation and maintenance of

biodiversity.
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boars (Sus Scrofa) in a Mediterranean coastal wetland. Wetlands 28:197-203. doi: 10.1672/07-

18.1

Gizicki ZS, Tamez V, Galanopoulou AP, Avramidis P, Foufopoulos J (2018) Long-term effects of

feral goats (Capra hircus) on Mediterranean island communities: Results from whole island

manipulations. Biological Invasions 20:1537-1552. doi: 10.1007/s10530-017-1645-4

Groves CP (1974) Horses, asses and zebras in the wild. David & Charles, Newton Abbot [England]

Guarino R (2008) Flora-fauna-habitat biotopes in Italy: policy and management issues. Berichte
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con grande professionalitá. Giovanni trovava soluzione per le piccole e “grande”

problemi della vita sull’Asinara, molte volte con il supporto locale di Giomaria De-

riu. Grazie a tutti sull’Asinara per il vostro aiuto con un passaggio, un pranzo o

una cena o semplicemente una conversazione, con voi ho imperato l’italiano e ho

fatto l’esperienza di una buona comunitá dell’isola. Grazie mille a tutti! Avete
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