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Preface

This dissertation is presented as a series of manuscripts based on emgidcataeged out in
Transylvania, Romania. Chapter | provides a general overview of the dissertationthiacluding
overarching goal and specific aims, a summary of all included manuscripts, a synthesis of the results
identifying system properties that facilitate biodiversity conservation in traditional farming
landscapes, and finally an outlook for conservation priorities in traditional farming landscapes.
Beyond Chapter I, the manuscripts included in this dissertation (Chapters II-IX) drénttivide

three sections (A, B, and C). Section A examines the effects of local and smadisdapd-use

patterns on birds and large carnivores and how these animals may be affected tg-distire la
change (Chapters 1I-V). To gauge the role of traditional land-use elements forithjodivers
Section B, | focus on wood pastures as one prominent example of such traditional elements
(Chapters VI-VIII). Lastly, in section C, | use a social-ecological sygtemash to understand

social drivers underlying human-bear coexistence (Chapters IV and IX). With the ekception
Chapter I, all manuscripts are either published, in revision, or under review in international
scientific journals. I, the author of this dissertation, conducted the majority of the research
presented in this dissertation and am the lead author of the manuscripts presented ifr Chapters
V, VII, and IX. | provided important contributions to Chapters VI and VIl asaatbor. A

reference to the journal each manuscript is submitted to and the contributing cdsauthors
presented on the title page of each chapter. The Appendix contains two published manuscripts that
| co-authored during my PhD. The research of these two manuscripts wasdconthesame

study area but with a focus on butterflies and plants; their similar rese@chpeovides

additional insights for the general synthesis of this dissertation.
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Abstract

Traditional farming landscapggically support exceptional biodiversity. Elelyed as tightly
coupled social-ecological systems, in which traditional human land-use shaped highly
heterogeneous landscagdewever, these landscapes are under severe threats-usfeland
change, in particular through larsé intensification and land abandonn@enging land-use
practices fundamentally change the structure of traditional farming landscapes, which implies a
direct threat to the biodiversity they support. Navigating biodiversity conservation in such changing
landscapes requires a thorough understanding of the drivers that maintain the social-ecologica
system.

This dissertation aimed to identify system properties that facilitate biodiversity
conservation in traditional farming landscape, focusing specifically on birds andivargs oar
the rapidly changing traditional farmland region of Southern Transylvania, Romania. In order to
identify these properties first examined the effects of local and landscape scale land-use
patterns on birds and large carnivores and how they may be affected by fukeelamne.
Bird diversity was supported by the broad gradients of woody vegetation cover and
compositional heterogeneity. Larsgé intensification, and hence the loss of woody vegetation
cover and homogenization of land covers, would thus negatively affect biodiversity. This was
especially evident from predictions on the distribution of the corrCrekei@xn response
to potential future land cover homogenization. Here, a moderate reduction of land cover
diversity could drastically reduce the extent of corncrake habitat. Further results showed that
the brown bearUrsus arctowould mainly be affected by land-use change through the
fragmentation of large forest blocks, espedfaland-use change would reduce habitat
connectivity to the presumed source population in the Carpathian Mountains. Moreover, this
dissertation revealed that large carnivores (brown bear an€Camaf,lupusnay have
important and often ignored rol@s structuring the ecosystem of traditional farming
landscapes by limiting herbivores.

Second, to gauge the role of particular traditional$gndlements for biodiversity
this dissertation focused on the conservation value of traditional wood pastores,
prominent example of such traditional eleméffisod pastures were found to have a high
conservation value. The combination ofifensity used grasslands with old scattered trees
provided important supplementary habitat for different foresesmemh as woodpeckers
and the brown bear. dyingly, current management of wood pastures differed from traditional
techniques in several aspects, which may threaten their persistence in the landscape.

Third, this dissertation toaksocial-ecological systems approach to understand how links
between the social and ecological parts of the system affect human-bear cadrdastesjoeity
of people had a positive perception on human-bear coexistence. The use of traditional sheep




herding techniques combined with the tolerance of some shepherds to occasional livestock

predation facilitated coexistence in a region where both carnivores and livestoektaMqyes

generally, the genuine links between people and their environment (i.e. where people value their

QDWXUDO VXUURXQGLQJV ZHUH LPSRUWDQW GUdayrHUV Rl SH

coexistence. However, perceived failures of top-down managing institutions could potentially erode

WKHVH OLQNVY DQG UHGXFH SHRSOH:-V WROHUDQFH WRZDUGV EHI
Through the consideration of two different animal taxa, this dissertation revealed six

important system properties facilitating biodiversity conservation in traditional farming landscapes.

Biodiversity was supported by the heterogeneous character of the traditional farming landscape at

multiple spatial scalég.the scale of the study argailar proportions of the main landarablg/pes

land, grassland, and forests) support species associated with farmland asthwidrestsw

through for example habitat connectivity and continuous spill-over between land-use types.

Heterogeneous landscapes can further support biodiversity thcoogilementation and

supplementation of tattihatlandscape scale, where species can occur outside their considered core

habitat.Gradients of woody vegetation cover and sugieoogenbitdiversity at both local and

landscape scales, possibly through the provision of a wide range of resourceslitatiby f

cross-habitat movements and spill-over. The heterogeneous character of the landscape is tightly

linked totraditional land-use praatidethus these practices are key to maintaining biodiversity. In

addition, specific traditional land-use elements such as wood pastures have high conservation value,

while specific practices such is traditional livestock husbandry technigues facilitate human-

carnivore coexistenceopdown limitation of large caorivibeglsivores may facilitate biodiversity

conservation through for example enhancing vegetation growth and tree regeneration. The genuine

links between humans andungtoréed human-bear coexistence, and these links may form the core

RI SHRSOH:V YDOXHY DQG VXVWDLQDEOH XVH RI QDWXUDO UHVR
Maintaining or preserving these six system properties $feowdd priority for

biodiversity conservation in traditional farming landscapes. However, to accomplish this, there

is an urgent need tdevelop more holistic visions for biodiversity conservation in traditional

farming landscapes that integrates the entire social-ecological systemoliSichpproach may

FRPSULVH YEURDG D QsGale/donserativd measu@stargeaiig Hhe heterogeneous

landscape character of the forest-farmland mosaic at multiple spatial scalegaléarge s

conservation méaXUHV PD\ EH FRPSOHPHQWHG ZLWK PRUH fGHHS DQG ¢

targeting specific species, land-use types, tlue#taditional practices. Finally, conservation

measures should encourage the integration of the entire social-ecological system by recognizing and

incorporating important links between people and the environment. Traditional farming landscapes

are rapidly disappearing worldwide and developing conservation visions to navigate such landscape

through land-use change are now needed to prevent major biodiversity declines in these landscapes.
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Yhe most effective way to save the threatened and decimated natural world is to cause peo
with it again, with its beauty and it Retidy Scott
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Biodiversity conservation in traditional farming landscapes

Introduction

Traditional farming landscapes often harbour exceptional biodiversity and have high conservation
value. These landscapes evolved as tightly coupled social-ecological systemapwhicilere

severe pressure of land-use change. From a biodiversity conservation peispsctieerying

because land-use change may potentially erode the high levels of diversity these landscapes support.
Navigating biodiversity conservation in such changing landscapes requires a thorough
understanding of the drivers that maintain the social-ecological system. In this dissertation | focus
on the ecological part of the system and aim to identify system properties that facilitate biodiversity
conservation in traditional farming landscapes, focusing specifically on the traditional farmland

region in Southern Transylvania.

Human impacts on ecosystems

Humans have shaped and impacted the natural environment for tens of thousands of years (Smith
2007) +XPDQLW\.V GRPLQDQFH RYHU YLUWXDOO\ DOO HFRORIJL
understand the impacts and consequences of this anthropogenic influence (Vitousek et al. 1997
Ellis & Ramankutty 2008). Human influences on the environment range from hunting-gathering
activities to the modification of entire ecosystems, most notably through agriculture. Until the
onset of industrialization, relatively low human population densities and limited technological
progress constrained human development. However, with the dramatic population increase and
technological advances of the last 200 years, human influences on the environmenb are now s
pervasive that they have become the major drivers of environmental change, taking us into a new
geological era, the Anthropocene (Crutzen 2002; Steffen et al. 2007). The Anthropocene is
characterized by a series of rapid biophysical and socio-economic changes (i.e. global change) that
are threatening ecosystems and human well-being. For example, during the last 50 years, the
structure of many ecosystems changed more rapidly than at any time in history (Millennium
Ecosystem Assessment 2005; Steffen et al. 2007). One of the most notable cdsseguence
global biodiversity decline, with current rates potentially leading to the sixth mass extinction event
(Pimm et al. 1995; Pereira et al. 2010; Barnosky et al. 2011; Monasterskis 2ap#).Idss of
biodiversity matters not just because of the intrinsic values ascribed to biodiversity, but also
because current rates of biodiversity loss cannot be sustained without suletzditiglly
resilience of ecosystems around the wiahdt is their ability to continue functioning in the face

of external shocks (Folke et al. 2004; Rockstrém et al. 2009). Ambitious goals to reduce human
induced biodiversity loss (e.g. the Convention on Biological Diversity) have not yet been reached
(Butchart et al. 2010), and because of this failure, such goals have sometimegrsimply be
postponed into the future (www.cbd.int). Thus, a central challenge to humanity is to understand,
address and act on the underlying causes of human-induced biodiversity lossari safegu

biodiversity in the future.
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Land-use change and biodiversity loss

In terrestrial ecosystems, land-use change has been one of the major dademsrsifybloss -

although other drivers such as climate change, pollution, invasive species, and the synergistic
effects between different drivers also significantly contribute to global hipttigsréSala et al.
2000)Land-use change can transform land through the conversion of the natural environment into
farmland or farmland can be transformed through a change in agricultural practicealFoley et
20095. Responses of biodiversity to land-use change are complex and dynamic and depend on the
type of land-use change and the ecological setting (DeFrieg)@4)alhe conversion of the

natural environment into farmland caused biodiversity loss worldwide (Foley et al. 2005). Cropland
and pasture are now the largest terrestrial biome occupying 40 % of the land surfecal(Foley
2005) while the area of forests has been halved over the past three centuries (Millennium
Ecosystem Assessment 2005)

Two of the most distinct effects related to the conversion of the natural environment into
agricultural land are habitat loss and habitat fragmentation for many species (reviewed in Fahrig
2003; Fischer & Lindenmayer 2007), especially for birds and mammals (Andrén 199dkyMonaster
2014) The expansion of agricultural land induced a global loss of birds to between a fifth and a
guarter relative to estimates of pre-agricultural numbers (Gaston et al. 2003). For lagg carnivor
typical life-history traits such as large body size, large area requirements, slow regtesjuctive
and low population densities make them exceptionally vulnerable to habitat loss and fragmentation
(Crooks 2002)ncreased human-carnivore conflicts and a resulting persecution by humans pose
additional threats to large carnivores in modified landscapes (Treves & Karahthl2G03)ss
and fragmentation in combination with human persecution have severely reduceuvarge ca
populations worldwide, which on average occupy only 47% of their historical distribution range
(Breitenmoser 1998; Woodroffe 2000; Ripple et al. BleiMgver, large carnivores play critical
roles in structuring ecosystems through inducing trophic cascades, and tleedessaafivores
has caused undesirable changes to a diverse range of ecosystems anddtbiadscmiityg
(Estes et al. 2011; Ripple et al. 2014)

Farmland biodiversity, in contrast, is to a large degree adapted to and dependent on the
continuation of agricultural management (Tscharntke et al. 2005). Farmland is the dominant
HFRV\VWHP LQ PDQ\ SODFHV HJ LQ (XURSH DQG KROGV D O
(Pimentel et al. 1992). Yet, also farmland biodiversity can be adversely affected bhidagé;use
most notably land-use intensification and land abandonment (Tscharntke et al. 2005; Queiroz et a
2014; Uchida & Ushimaru 2014). Hence, understanding how land-use change affects biodiversity in

agricultural landscapes is important to mitigate global biodiversity loss.

Land-use change in European farmland
In Europe, most forests were cleared for agricultural land before the onsemntfirthoéene
(Kaplan et al. 2009). This historic forest loss, in combination with direct persecution, caused
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dramatic declines of large carnivore populations in large parts of Western Europe during the 18
and 19 century (Breitenmoser 1998). Biodiversity loss as a consequence of agricultural
intensification and land abandonment, in contrast, occurred mainly over the last decades and are
now the major threats to European farmland biodiversity (Donald et al. 2001; Tilman et al. 2001,
Stoate et al. 2009).

Agricultural intensification, with the aim to increase agricultural production, has caused
declines of farmland biodiversity and resulted in a halving of the European farmland bird
population 'RQDOG HW DO 9 R tdeklinke id ¢ause @by ecosystem changes
during intensification due to increased mechanization, increased use of agrochemicals (i.e. fertilizers
and pesticides), loss of crop varieties and management techniques such as crop rotation and
intercropping, and the decline of low intensity land-use. Overall, intensification usually entails
homogenization (e.g. decrease in land cover diversity and woody vegetation cover) at multiple
spatial scales, including entire landscapes (Benton et al. 2003; Tscharntke et als€005). The
changes lead to decreased food availability and increased habitat loss and fragmeemtatéon for
range of species (Hinsley 2000; Weibull et al. 2003; Concepcién et al. 2008; GuQd&R) et a
Species persistence in agricultural landscapes is highly dependent on landscefésstracire
Lindenmayer 2007), and maintaining or restoring heterogeneity in agricultural landscapes has been
suggested as one of the major strategies to halt farmland biodiversity dedtinest gbeP®03).

For instance, negative effects of habitat loss and fragmentation may be reduced if the landscape
contains elements that provide habitat connectivity for a range of species, including birds and
carnivores (Uezu et al. 2005; Donald & Evans 2006; Crooks et al. 2011)

In addition to intensification, abandonment of farmland is also becoming more pervasive
globally, especially in marginal agricultural areas characterized by low-intensity farming and
generating relatively low yields (MacDonald et al. 2000; Queiroz et al. 2014). Land abandonment
typically changes the landscape by transforming agricultural land into shrubland, which eventually
turns into forest (Rudel et al. 2005). Land abandonment is often viewed as a negsdiyerproc
biodiversity because farmland biodiversity in low-intensity farming regions is often higher than in
natural forests (Hochtl et al. 2005; Lindborg et al. 2008). Indeed, especially in Europe, land
abandonment has been reported to negatively affect a range of taxa, with especially detrimental
effects on farmland birds (reviewed by Queiroz et al. 2014). On the other haahdamirent
has also been viewed to offer unique opportunities to restore the biodiversity of natural fores
ecosystems including large carnivores (Navarro & Pereira 2012).

Although intensification and more recently also abandonment have been exacerbated by
WKH (XURSHDQ 8QLRQ:V &RPPRQ $JULFXOWXUDO 3ROLF\ &
farmland biodiversity sparked national and international conservation measures to halt biodiversity
loss on farmland (Young et al. 2005; Henle et al. 2008). Despite these measures, farmland
biodiversity continues to decline and their effectiveness is questioned (Kleijn et al. 204l ; Pe'er e
2014) Ongoing biodiversity decline highlights the need for more effective biodiversity
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FRQVHUYDWLRQ LQ (XURSH:V DJULFXOWXUDO ODQGWFDSHV ,Q W
of great interest to conservation because they often harbour exceptional biodiversity (Tscharntke et
al. 2005; Kleijn et al. 2009).

Traditional farming landscapes: values and challenges

Traditional farming landscapes are increasingly valued for their natural and cultural heritage. Their
importance for biodiversity has been noted worldwide (Ranganathan et al. 2008; Takeuchi 2010;
Robson & Berkes 2011; Liu et al. 2013), including in the traditional village systetes of Eas
Europe (Palang et al. 2006; Fischer et al. 2012). Traditional farming landsbapsstenzed by

a long history of relatively persistent farming practices. Farming techniques risbapedaare

often of low-intensity with low levels of agro-chemical input and little mechanization, that is, a high
degree of manual labour (Bignal & McCracken 2000; Plieninger et al. 2006). Thismiayg of

has created mixed farming landscapes with a mosaic of different land-uses including specific
traditional landscape elements like wood pastures (Plieninger & Schaar 2008), high land cover and
structural heterogeneity, and relatively abundant semi-natural vegetation (Plieninger et al. 2006).

Another distinctive feature of traditional farming landscapes is that they are often tightly
coupled social-ecological systems, that is, systems in which rural communities influence the
ecosystems and vice veflBake 2006). Moreover, the long history of interactions within this
system has created the opportunity for the different entities of the system to constaitlg co-

(Liu et al. 2007). People have shaped the ecosystem through their activitiespduse aard

the ecosystem in turn provided people a variety of ecosystem services (i.e. the benefits people
derive from nature; Millennium Ecosystem Assessment 2005). These ecosystemarggrvices

from provisioning services such as crops, water, and firewood, to cultural sdmvaseshsuc

feeling of afense of plageand have historically provided direct incentives for sustainable land-use
(Fischer et al. 2012; Hartel et al. 2014). It is these centuries of co-evolving interactions between
humans and the natural environment that created the high cultural and natural value of the
landscape (Bignal & McCracken 2000). Moreover, landscapes shaped by traditional farming
practices harbour many of the habitats and species that are valued for biodiversity today (Halada
al. 2011).

Despite their unigque natural and cultural values, traditional farming landscapes are under
increasing pressure from modernization and globalization. Rapid socio-economic, political, and
cultural changes lead to the cessation of traditional farming practices in exchange for mor
intensive practices, or abandonment of farmland altogether (Henle et al. 2008).t@heeparsis
these landscapes depends on how the social-ecological system navigates these profound changes
while simultaneously fostering biodiversity conservation and human well-being. Nevertheless,
current policies often fail to acknowledge the links between the social and the ecolagfical parts
the system, and policies usually target either the social or the ecological part exclusivatly (Fischer
al. 2012). Such one-sided policies potentially erode the established historical connections between

10
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people and the land that maintain the character of these landscapes, and hence the structures
supporting biodiversity. In addition, in Europe in particular, existing policies for farmland
biodiversity are often poorly adapted to traditional farmland (Sutcliffe et al. 2014). This can be
partly ascribed to a significant research gap, with the majority of Europeamrstizatimland
biodiversity conducted in (Western European) countries with more intensively used farmland,
while biodiversity patterns in the more low-intensity traditional farmland regions (e.g. in Eastern
Europe) remain poorly understood (Baldi & Batary 2011; Tryjanowski et al. 2011).

Therefore, fostering biodiversity conservation of traditional farming regions eequires
thorough understanding of the drivers that maintain the social-ecological system. While this
dissertation does not aim to understand the entire social-ecological system, it deals with some
important aspects of the ecological system while acknowledging the significance of the other
features. In particular, | aimed to identify system properties that facilitate biodiversig§iconser
in traditional farming landscapes, focusing specifically on birds and large carnivoagsdiy the r
changing traditional farmland region of Southern Transylvania, Romania.

7UDQV\OYDQ nlard regdD GLWLRQDO ID
Southern Transylvania in Central Romania {Fig. LV RQH RI (XURSH:-V ODVW U
dominated by traditional, small-scale farming systems. The study region was shaypétdirey the
and land-use of the Saxons, which settled in Transylvania ihdhd 12 century. The Saxons
came from different German-speaking European countries, and were the dominatgngugthnic
in the study region where Hungarians, Romanians, and Roma were also present. Saxen land tenur
was based on communal management of pastures and forests, with individually ownets arable fiel
(Sutcliffe et al. 2013). The rise and fall of communism influenced land-use in the region. During
communism, agricultural land became collectivized under state ownership, but intensification was
not severe enough to fundamentally change the landscape and its associated biodivbesity. After
fall of communism in 1989 there was a large exodus of Saxons from the region as many resettled to
Germany. This exodus led to an abandonment of part of the agricultural land, while restitution of
small parcels of arable land to the remaining and new population prevented intensification of
agriculture and stimulated semi-subsistence farming.

'"HVSLWH WKHVH VRFLDO FKDQJHV WKH FKDW®FWHULYV
landscape have changed relatively little since pre-industrial times, and traditiohalssenei-s
farming has maintained a land cover mosaic of relatively similar proportions(28%)earable
land (37%), and grassland (24%; Flj. land-use is primarily determined by topography with
forests occupying the hill-tops, arable fields being located mainly in the valleys, and pastures
occurring on the slopes. Forests are dominated by hornbaquimys betylusmk Quercusp.),
and beechHagus sylvatidaable lands are characterized by farming techniques that are small-scale
(most fields are smaller than two hectares) and are of low-intensity (most fields hemgcliw ¢
input and are tilled manually). The semi-natural pastures are grazed by sheep (dominant livestock),
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goats and cattle. Hay meadows provide fodder for livestock and are often harvestetdhgy hand.
lack of large-scale mechanization and lack of homogenization has facilitated a high structural
diversity, as evident for example in different sward heights during spring amdasdnaniegh
abundance of hedgerows, streamside vegetation and scattered trees. Overall, these features
maintain a uniquely high level of biodiversity across multiple taxa in the landscapee(Glemene
2005; Akeroyd & Page 2007; Wilson et al..2012)

Furthermore, the region is still rich in traditional land-use types like the gtamisgo$ys
wood pastures. Wood pastures were established through ancient silvo-pastoral practices, often
consist of open grasslands with scattered old trees, and are one the oldest European land-use types
This combination of the high ecological value of scattered trees with structural attributes
resembling old-growth forests may support biodiversity of both open-courfoyesndpecies
(Bauhus et al. 2009; Fischer et al. 2010). Apart from forest, arable land anctigedssidschpe
mainly harbours scattered small villages (i.e. with usually less than 1000 inhabitants) and orchards.
3DUW RI 6RXWKHUQ 7UDQV\OYDQLD:-V IDUPODQG LV SURWHFWHG
area, the Tarnava Mare - Podisul Hartibaciului area, within the Natura 2000 networky@lthough
management plan is in effect to date. However, profound on-going societal and economic changes
sihnFH 5RPDQLD:-V LQFOXVLRQ LQWR WKH (8 4u§ chang’8UH OHDGLQJ
Southern Transylvania (Mikulcak et al. 2013; Fig. 1.2). Because traditional farming techniques have
become economically unviable, the rural population increasingly either intensifies or abandons
land. These changes, in turn, may significantly impact biodiversity in the future.

Romania
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Bucharest
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Figure 1.1The study area was located in the foothills (230 m to 1100 m abevel)setithe Carpathian
Mountains in Southern Transylvania, Romania (right). The picture shavesnttend-use types of the
study area (left).

Birds and large carnivores in Southern Transylvania

Different animal taxa may be affected by land-use change in distinct ways, ankirtusnwor
multiple taxa may provide a more complete picture of land-use change effects. Thé traditiona
farmlands of Transylvania harbour high densities of different farmland bird species, including
several protected and rare species such as the coeakeddand several woodpecker species

(I. Moga, unpbl. data; Moga et al. 2010). The current trends in land-use intensifidatidn and
abandonment in this region, however, may cause farmland bird declines comparable to those
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observed in the more intensified countries of Western EudpeQta HN H.\Wor3idering
the effects of land-use change on the entire bird community beyond protected species is highly
necessary since common European birds are declining at high rates while populagons of rar
species are slowly increasing (Inger et al. 2015)

Unlike most European countries, Romania sustains large and stable populations of large
carnivores (Salvatori et al. 2002), and the study area harbours relatively high tenbitegnof
bear (Ursus arctosnd lower densities of the w@€anis lupusin contrast to birds, large
carnivores may be affected especially by changes in forest cover, and Ineapdsitisely
affected by land abandonment. In addition, large carnivores may not only be affected by land-use
or land-use change, but also by the tolerance levels of the rural population towards Taenivores.
reliance of people on forest products (e.g. firewood; Hartel et al. 2014), and the use ¢f traditiona
practices such as shepherding and beekeeping are potential areas of confiittereith Thus,
large carnivore conservation in traditional farming landscapes does not only depend on the
biophysical environment, but also on the willingness of people to live with carnivores (Treves &
Karanth 2003; Dickman 2010).

Aims
As described above the overarching goal of this dissertation Hitastify system properties that
facilitate biodiversity conservation in traditional farmiusintabisisapad large carnivores in the

rapidly changing traditional farmland region of Southern Transylvania as a study s§&em (Fig.

In order to identify these properties this dissertation is divided into three sectiotisnlA,Sec

focus on the effects of local and landscape scale land-use patterns on langis Gardivores

This Section also provides insights on the effects of potential land-userchéodjeersityTo

gauge the role of traditional land-use elements for biodiversity, in Section B, | famd on w
pastures as one prominent example of such traditional elements. Here, we examined the structure
of wood pastures, and their use by woodpeckers and bears. Lastly, in sectom Godials

ecological systems approach to understand social drivers underlying human-bear coexistence. In
this part, we assessed the level of human-bear conflicts and the factors shaltimgntss of

people to live with bears. Thus, my specific aims werk3jFig.

A. How do local and landscape scale land-use and land-use change affect biodiversity (Chapters
B. How do ancient wood pastures affect biodiversity (Chapters VI-VIII)?

C. How do links between the ecological system and the social systemsgéfemt human-bear co
(Chapters l&hd X)?
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Figure 1.2Examples of changes in land-use and land-use practicesgpittiie study areghe pictures
show the change from relatively low intensity land-use to higher intethsige lanarable land (a and b)
and in grassland (c and d). Intensification reduces the structural divérsitiandscapes through for
example reduced woody vegetation cover and land cover diversitg. ®iahdd show a change from
manual to mechanized hay harvest, reducing for example difieremesd heights throughout spring and
summer.
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Traditional farming landscapes have high conservation value. They evolved as tightly coupled social-ecological systems, but
are under severe pressure of land-use change. Navigating biodiversity conservation of such changing landscapes requires a
thorough understanding of the drivers that maintain the social-ecological system. In this dissertation | focus on the ecosystem.

T

Land-use change
Intensification & abandonment

Biodiversity

Ecosystem .
conservation

Social System

FRAMEWORK

$

Identifying system properties that facilitate biodiversity conservation in traditional farming landscapes
A How do local and landscape-wide land use and land-use change affect biodiversity?

B. How do ancient wood pastures affect biodiversity?

C. How do links between the ecosystem and the social system affect human-bear coexistence?

¥

Aims A and B. Effects of:

- Land abandonment

- Land-use intensification

- Landscape complexity

- Top-down human influence

AIMS

Ecosystem Sacial System

A. Effects of land use on biodiversity

- Bird diversity patterns (Il)

- Corncrake (lll) and bear distribution (IV)
- Trophic interactions (V)

C. Links between the ecosystem and social
system

- Level and types of human-bear conflict (IV)

- Shepherd attitudes towards bears (IV)

- Social drivers of coexistence (IX)

System properties
facilitating
biodiversity
B. Effects of wood pastures on biodiversity conservation
- Wood pasture characteristics (V1)
- Woodpeckers (V) and bears in wood
pastures (VIII)

EMPIRICAL WORK

Aim C: Human-bear relationships:
- Human-carnivore interactions
- Coexistence vs. conflict

: £

System properties facilitating biodiversity conservation | Conservation priorities:

- Similar proportions of main land-use types A holistic social-ecological perspective

- Complementary or supplementary habitat - ‘Broad and shallow’ landscape scale conservation

- High woody vegetation cover and heterogeneity - ‘Narrow and deep’ conservation for specific species, land-
- Traditional land-use practices use types, threats, or traditional practices.

- Top-down camivore regulation - Incorporation of links between people and environment

- Human-nature connections

SYNTHESIS

Figure 13 Overview of the dissertation. Starting from the top, the social-ecdi@giebork for
biodiversity conservation in traditional farming landscapes is préskomtezt] by the specific aims of this
dissertation. The middle part summarizes the empirical work of ¢h@mttssdivided into three sections,
each of these addressing a specific aim (A, B and C). The chaptbtging to the sections are indicated
by Roman numbers (I-1X). The synthesis of the dissertation, nameygténe groperties facilitating
biodiversity conservation and the conservation priorities for halditioming landscapes, are presented at
the bottom.
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Summary of included chapters
Chapters 1I-V inSection A address how land-use and land-use change affect biodiversity. In
Chapter 1, we focused on the effects of land-use and land-use change on the passerine
community. We conducted repeated point-counts for breeding males in the three main land-use
types: arable fields, grasslands, and forests. While forest sites supported thiedhspleests
richness (alpha diversity), arable fields and grasslands supported a larger numieeit of differ
species (beta-diversity) and communities were more heterogeneous than in forests. We used a shap-
shot natural experiment to gauge how anticipated agricultural intensification and land abandonment
would affect the bird community in farmland (arable fields and grasslands). Gradients in landscape
heterogeneity and woody vegetation cover measured at three spatial scales, ranging from local to
landscape-wide, were used to indicate anticipated changes in land-use and their effects on birds. We
also included the effects of topographic variables on birds because they repbesghydies!
gradients. Woody vegetation cover was the most important variable affecting the bird community.
Species composition changed along gradients of woody vegetation cover at all three spatial scales.
Total species richness asymptotically increased with local woody vegetation cover. In addition,
woody vegetation cover negatively affected open-country specialists at an intermediate scale, and
farmland birds at the landscape scale. Our study demonstrates the conservationdiatualof tra
farming landscapes for birds. To maintain bird diversity it is important to uphold gradients of
woody vegetation cover at multiple spatial scales, including open areas for open-country specialists.
Both the decrease of woody vegetation through land-use intensification and the incedge of
vegetation through land abandonment, will negatively affect the farmland bird community as a
whole, although the impact may differ between different functional groups. Thus, the landscape
may benefit from different strategies aiming at mitigating either intensification or abandonment,
with their implementation depending on the area.

Chapter 1ll focused on the effects agricultural intensification on an EU-protected
farmland bird species, the corncrake. Similarly to Chapter 1l we used changegendiiytand
woody vegetation cover, measured at three spatial scales, as measures toyesflassobited
with land-use intensification. In addition to heterogeneity and woody vegetation cover, we used
topographic and human disturbance variables to explain corncrake presence in the landscape. The
corncrake is typically considered a grassland species. However, we observed cdroitrakes in
grasslands (e.g. hay meadows) and in the arable mosaic (e.g. alfalfa fields). Furtheakese, cornc
were present more frequently in areas that were wet, flat and higlcomdaliversity within a
scale of 100 ha. This study shows the importance of the heterogeneous land cover mosaic of
traditional farmland for the corncrake, where the loss of land cover diversity due to intensification
could severely reduce the availability of corncrake habitat. To assess this imphctedvénpre
distribution of suitable corncrake habitat under a scenario of land cover homogenization by
simulating a reduction in land cover diversity. Importantly, the loss of land cover diversity and
reductions of corncrake habitat were not linearly related, with even smail lassesover
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diversity resulting in a high loss of suitable corncrake habitat. Thus, pro-active conservation
measures for the corncrake should include the farmland mosaic beyond grasslarvddl. b¢ere
important to encourage the persistence of mixed farming.

We examined the effects of land-use patterns on bear distrib@iapter V. Bear
distribution was indicated through a sign-based metric of bear activity, namely the proportion of
anthills destroyed by bears relative to the total number of anthills in a transect &l wer
interested in identifying specific hotspots for bears in the region, especially with tegard
Natura 2000 area. We modelled bear activity in relation to anthropogenic, biophysical, and
connectivity variables, and based on this, predicted bear activity for the entire Sodyrarga.
to our expectations bears were not influenced by distance to the nearest settlement. Instead,
connectivity to the Carpathian Mountains, where the source population resides, was the most
important variable explaining bear activity. This measure of connectivity was indicated through a
costGLVWDQFH PHWULF ZKHUH Wéugh §dERposgibleé Rt dver ypelwad/ R P R
scored by a local bear expert. In contrast, connectivity between forest patchekvaitnitaihe
study area did not affect bear activity. Connectivity of the different forest patihdicatad
WKURXJK YTEHWZHHQQHVY FHQWUDOLW)\:- ZKLFK UHSUHVHQW\
forest patch network regardless of the other land covers between these patches. Fbghermore,
activity was higher in more rugged areas with large forest blocks and low pasive dioveot
find particular hotspots of activity in the Natura 2000 area. Rather, predicted bear activay showe
gradual increase toward the Carpathian Mountains, but was otherwise relatively homogenous
throughout the study. Our results suggest that conservation management for bears shquld primaril
maintain the connectivity to the Carpathian Mountains, which would require land-use management
beyond the Natura 2000 region. The lack of importance of connectivity between forest patches at
more local scales indicates that forest fragmentation has not yet reachedtaveuwid #ifect
bears and that high connectivity remains throughout the study area. Therefore, emphasis should be
placed on preserving large connected forest blocks, especially in rugged apeasswizardind
shelter. In contrast to birds, reduced pasture cover and an increase in woody a&gesationf
land abandonment is likely to positively affect bears.

Chapter V explored the role of large carnivores in a human dominated ecosystem by
analysing trophic interactions between forest mammals, including humans as apex predators. We
aimed at assessing the top-down effects of large carnivores on herbivoessEmedators in
relation to direct and indirect human top-down effects and bottom-up effects. Wolsges, bear
domestic dog<Canis familigrignd humans represented apex predators, recCdpars(elaphus
and roe deerCapreolus capleoiysesented the herbivores, and the red \Mfaipds vulpes
represented the mesopredator. Bottom-up effects were indicated by pagioestawier. We
combined data on species encounter rates from camera traps and bear and wolf densities from
hunting records to assess trophic interactions with piecewise structural equation niogets. We
that bears and wolves exert top-down control, especially on herbivores, and thus maintain their
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ecological role in human-dominated landscapes. Nevertheless, direct and indirect domran-top
effects at multiple trophic levels affected species encounter rates more strongly. Eurthermor
herbivores were also limited by dogs brought into the system by humans. The importance of top-
down herbivore control was even more evident through the relatively weak effect of the land cove
(i.e. bottom-up) variables. On the other hand, through their limiting effect on predators, humans
PD\ UHGXFH W K Hdds/b ebGidMARNINGh nbtRi&counted for in this study, humans
may further affect trophic cascades by mediating bottom-up effects through landscape
modification. Thus, bears and wolves are important for the regulation of the edngystenan

direct and indirect top-down effects are currently higher. The persistence afdheat/es

should therefore be ensured in order to conserve the ecological character of these valued traditional
landscapes. We also believe that further understanding of the different human effects on trophic
interactions in modified landscapes should be a major research priority.

Chapters VI-VIII inSection B focus specifically on the conservation value of traditional wood
pastures to gauge the role of particular traditional land-use elements for bioDoeyaiity a

better understanding of wood pastures we first of all explored the characteristics, management, and
status of wood pasturesGhapter VI. Wood pastures were mainly dominated by oak and several
species of fruit trees, which differed from the tree community composition ti fMasd

pastures also contained more ancient trees (trees of which the age can reach centuries) compared to
forest sites, but were relatively low in dead tree abundance and shrub cevararEotsristics

reflect the traditional management of wood pastures, which were created from fasstgby

and selective tree removal. Remaining trees were not only valued for their shaderdvitl@dks

timber and acorns for livestock, while fruit trees provided fruits. Specific charactevistids o

pastures were determined by variables such as topography, distance to village, management, and
surrounding forest cover. For example, fruit trees were more prevalent close to villages, while many
dead trees were found in wood pastures surrounded by forests. A detailedrsudgdiversity

of one specific wood pasture showed the high potential of wood pastures to support high levels of
biodiversity. Worryingly, current management of wood pastures differed from traditional
techniques in several aspects, which could potentially threaten their persistence. First, most wood
pastures were grazed by sheep only, whereas mixed livestock grazing used dmiberthe ¢
management type. Second, many large trees suffered from (anthropogenic) burning. Although
pasture clearing through controlled burning has been used for centuries, the cut@matdsnd
uncontrolled burning is a major threat to wood pastures. Third, we found some evidence of (illegal)
WUHH FXWWLQJ ZKLOH KLVWRULFDOO\ RQO\ EUDQFKHYVY ZHUH FX
pastures are not consistently formally protected within the EU, and our results show that thei
persistence in Transylvania is in danger. Therefore, a solid ecological understanding im combinatio
with knowledge on cultural and human livelihood importance of wood pastures needs to be
developed to further their recognition for formal conservation.
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The role of wood pastures for biodiversity was explored in more detail in Chapters VI
and VIII. In Chapter VIl we assessed the habitat value of wood pastures for an assemblage of six
woodpecker species. Woodpeckers are considered to be highly sensitive to dbaesfes in
management due to their large home ranges and their requirement of large trees and dead wood for
nesting and foraging. Since wood pastures retain elements of natural forestspifoeydenay
additional habitat for the more forest-associated woodpeckers. Indeed, we found that species
richness in wood pastures was similar to forests, although species compositiosligliffigred
Wood pastures were especially important for the green woodpecksr v{rigliswhich is
considered an open-country species, while forests were more important foertbpotess
woodpeckerendrocopos mindrich typically avoids foraging in open areas. In contrast, the other
four woodpecker species occurred in both wood pastures and forests. Two of the protested spe
were especially prevalent in wood pastures with a higher surrounding forest cover.drhus, woo
pastures provide valuable supplementary habitat for woodpeckers. Favourable characteristics of
wood pastures may be high food availability (e.g. ants and insects), nesting cavitiegedn large
and the provision of connectivity between different forest patches.

Chapter VIII showed that wood pastures also provide valuable supplementary habitat for
the brown bear. We found evidence for bear activity in 87% of the surveyed woes past
(indicated through destroyed anthills). Similarly to Chapter 1V, bear activity was halez at a
proximity to the Carpathian Mountains and in more rugged and forested areas. Bears may find
wood pastures suitable for foraging because of the availability of multiple food sources and the
shelter provided by woody vegetation. Grassland ant species are not found in forastgarbut for
important source of protein for the mainly vegetarian bear. During autumn, wood pastures further
provide fruits and hard mast, although the use of these food sources by bears could not be assessed
within the time-frame of our study. These two studies show the high potential of wood pastures for
biodiversity conservation. We suggest to explicitly consider wood pastures in major EU
conservation policies, for example by stimulating the maintenance of scattered treeslin extensive

managed pastures.

Section Ctakes a social-ecological systems approach to understand how links between the social
and ecological parts of the system affect human-bear coexisteBbapter IV we used
guestionnaires to obtain an overview on human-bear conflicts in the study areajaed corre
perceived levels of conflicts with observed bear activity. Conflicts with b@aesl @cross the

study area. People reportedly suffered from damage to crops, orchards, and besfiiaes, as
predation on livestock, while attacks on humans were rare. Cow herders had little problems with
bears. In contrast, about half of the shepherds suffered bear attacks durisigeie past three

years. Interestingly, perceived level of damage to orchards and crops was poddteelyithrre

bear activity, while bear activity did not correlate to the number of sheep attacks oripesteived

of damage to beehives. These differences may be explained by differencengn guar
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management. Orchards and crops are often left unguarded, whereas, sheely aneaadtisidy
both shepherds and sheep guard dogs. The lack of a correlation between beamdactivity a
perceived damage to beehives may be more related to the low abundance of thisnesignique a
participants. These results indicate the importance of local factors other than beam Hutivity
prevalence of livestock predation and highlight the possibility for conflict mitigation (e.g. through
location of the sheep camp). We asked shepherds several additional questions to examine whethe
livestock predation affected their attitudes towards bears. There was some tolerance mwards bear
despite occasional sheep predation. Shepherds suffering from a higher rate of bear attacks
nevertheless expressed a strong dislike of bears more frequently. About halpbktds sleze
unsupportive of immediate killing of bears after a sheep attack. Thus, the use of tradjtional shee
herding techniques combined with the tolerance of some shepherds is likely to facilitate human-
bear coexistence in the region.

In Chapter IX, we combined questionnaires with semi-structured interviews for a more
holistic understanding of the social drivers underlying human-bear coexistence. Thef majority o
participants had a positive perception of coexistence. The questionnaires revealed geseral patter
on social drivers underlying coexistence such as past negative interactions, pescefved risk
damage, attitude, and age. The interviews revealed three coexistence pathways highlighting the
FDXVDO PHFKDQLVPV GULYLQJ SHRSOH:V ZLOOLQJQHVV WR FR
different ways in which ongoing interactions between the ecological system and the social system
shape the willingness of people to coexist with bears. The three pathways weby defase
major themes, namely bears, humans, and management. The landscape had important mediating
effects on the pathways centred on bears and humans. For example, in the-daadscape
coexistence pathwagHRSOH:-V SHUFHSWLRQV DQG EHOLHIV DERXW EHDL
direct interactions and experiences with bears. The importance of direct interacfiotisewa
emphasized in the landscapxPDQ FRH[LVWHQFH SDWKZzZD\ ZdHddld SHRSOH: -V
increased following positive encounters with bears, while livestock predation by éases decr
SHRSOH-V WROHUDQFH 1HYHUWKHOHVV QHJIJDWLYH SHUFHSWLEF
shaped by the perception of a high risk of potential conflicts with bears than by the actual
experience of damage caused by bears. Furthermore, the landscape-human-coexisgence pathwa
showed that genuine links between people and their environment (i.e. where people value their
natural surroundings) were impofdanGULYHUV Rl SHRSOH:-V SRVLWLYH DWWLW)
ascription of non-use values to bears. However, the management coexistenceveatieddhat
SHUFHLYHG LQDGHTXDWH PDQDJHPHQW PD\ HURGH WKH UXUL
Management related to bear population management, conflict mitigation and compensation
payments, and trophy hunting was often perceived unsatisfactory by the participants.,In addition
the feeling of distrust towards management bodies and dis-empowerment further widened the gap
between management bodies and local stakeholders. We conclude that to avoid the escalation of
human-human conflicts over bears, where bears represent disagreements |dustwee
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stakeholders and management bodies, coexistence may be maintained or facilitated through: (i)
participation of local stakeholders to enhance the information flow and reduce distrust towards
PDQDJHPHQW ERGLHV LL WDUJHWHG HGXFDWLRQ SURJUD
concerns regarding bear-related issues; and (iii) the development and increased transparency of
current and alternative solutions for conflict mitigation.

Synthesis: System properties facilitating biodiversity conservation

This dissertation provides important insights on biodiversity drivers and patterns inltraditiona
farming landscapes. To start with, it demonstrates the large biodiversity value of traditignal far
landscapes in general, and calls for an increased recognition of theseos\stmihersity
conservation. This is especially urgent since anticipated land-use change andiriwditiossilof

farming practices may cause significant biodiversity declines in traditional farmipgslandsca
Undoubtedly, there are many system properties of traditional farming landscapes that potentially
facilitate biodiversity conservation. Some of these are beyond the focus of this dEsertason
traditional livestock and crop rotation schemes, diverse crop systems, low agro-chemical input, and
land-use that is not optimized to produce maximum yields. However, through the amsiderati

two different animal taxa, this dissertation reveals six important system properties that support high
ELRGLYHUVLW\ LQ 7UDQV\OYDQLD:-V WUDGLWLRQDO IDUPLQJ

1. Similar proportions of main land-use types
Biodiversity was supported by the heterogeneous character of the traditional farming landscape at
multiple spatial scales. At the scale of the study area, relatively similar proportions of the three main
land-use types likely support high biodiversity. Habitat loss and fragmentation are considered major
drivers of mammal and bird declines (Andrén 1994; Monastersky 2014). However, fragmentation
effects usually become visible below a threshold of 30% of available habitat (Andrén 1994; Hanski
2011) ZKLFK LV FORVH WR WKH SURSRUWLRQDWe Efpes.Hbe RI WKH
approximately one-third of forest cover also seemed to provide sufficient habitat conmectivity fo
the brown bear (Chapter IV). Habitat connectivity at large scales is an important system property as
LW FDQ IDFLOLWDWH VSHFLHV:- PRYHPHQWY DQG GIO/RBHUVDO
and metapopulation dynamics (Fischer & Lindenmayer 2007; Kopatz et al. 2012). For the brown
bear in Southern Transylvania, the existing connectivity between the study area and the source
population in the Carpathian Mountains, provided by configuration and composition of land
covers, was found to be particularly important (Chapter \RWhKHU SDUWYV RI WKH EU
(XURSHDQ UDQJH LQ FRQWUDVW IRUHVW FRQQHFWIVY LW\ L
expansion (Fernandez et al. 2012)

Within farmland, bird species composition was not determined by |sed-sge.g.
arable langsgrassland), but was influenced by different environmental gradients (Chapter Il). The
availability of both grassland and arable land in relatively large proportions may ssipptant the
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species composition of birds (Chapter 1) and butterflies (Appendix 1) in both land-use types, fo
example through constant spill-over (Tscharntke et al. 2012). These processeitriag preve
divergence of distinct grassland and arable land communities but maintain more diverse
communities at the landscape scale. Although plant species composition differed between
grasslands and arable land, a substantial number of species was shared and both land-use types
were important contributors to the total species pool (Appendix Il). In addition, a forest-farmland
mosaic facilitates spill-over effects from forests to farmland (Tscharntke E2)alarD we

observed a considerable number of forest bird species in farmland (Chalpbsy; theTObserved

proportions of land-use types in the study area support species associatedawdratawell as

with forests, with all three major land-use types contributing to high regional biodiversity.

2. Complementary or supplementary habitat

Heterogeneous landscapes can further support biodiversity through complementation a
supplementation of habitat at the landscape scale (Dunning et al. 1992). Landscape
complementation is provided in landscapes in which species encounter all required spatially
separated habitats containing necessary resources, while landscape supplementdtidrinis pr
landscapes in which species encounter additional habitats that contain similar resources (Dunning
et al. 1992). We observed several species in land-use types outsidehdt@tatcdfer example,
wood-pastures were extensively used by different woodpecker species and theabrown
(Chapters VII and VIII). The retention of forest structures across the lenthsdeguitional

farming landscapes thus provides supplementary if not complementary habitat for forest species
(Mikusinski & Angelstam 1998). Similarly, the corncrake was present throughout the arable mosaic
despite being considered a grassland species (Chapter IIl). Uncropped arable land in combination
with field margins or ditches may be important in providing resources similar to grasslands, such as
safe breeding and sheltering sites and high insect availability (Corbett & Hudson 2010; Budka &
Osiejuk 2013; Josefsson et al. 2013)

3. High woody vegetation dosterageneity

At a more specific level, traditional farming landscapes supported biodiversity through the presence
of gradients in woody vegetation cover, including semi-natural vegetation, and through
heterogeneity, measured as the composition and configuration of land cover. High woody
vegetation cover supported bird (Chapter Ill), butterfly (Appendix 1) and plant (Appendix 2)
species richness locally, possibly by providing a range of resources sigeh aasagf nesting,
sheltering, and foraging sites (e.g. Benton et al. 2003; Ernoult & Alard 2011),ilibatiog fac
cross-habitat movements and spill-over (Tscharntke et al. 2012). Importantly, not pdirtdxa res
linearly to woody vegetation cover or heterogeneity. For example, bird richness increased
asymptotically with woody vegetation cover, which was especially evident in grasslands (Chapter
which harbours a large number of open-country species that disappear beyond certain levels of
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woody vegetation cover (Sanderson et al. 2013). These findings demonstrate the need to also
maintain relatively homogenous, open areas (Batary et al. 2011b). Another case afiomportant
linearity was revealed by the simulated severe reduction of corncrake habivaiyanretkest

levels of land cover homogenization (Chapter III).

We also identified the significance of the landscape context for effects of woody vegetation
cover and heterogeneity. Woody vegetation cover and heterogeneity influenced different species or
groups of species of birds (Chapter Il), butterflies (Appendix 1), and plants (Appendixr2) at large
spatial scales, and sometimes with effects opposite to those at smaller rdcaiesoréuwe
found biodiversity to be affected not only by processes at multiple spatial scaless lalgceffec
differed between species, which may depend on their specific resource needs (Lindenmayer &
Fischer 2006). To conclude, the availability of woody vegetation cover and heterogeneity at
different spatial scales are important drivers of biodiversity in traditional farming $andscape
Moreover, we demonstrated the need to further understand the scale dependenemtof diffe

species and across different taxa.

4. Traditional land-use practices

The presence of high woody vegetation cover and heterogeneity is linked to traditional semi-
subsistence farming practices. Such farming, including high degree of manual labour and few agro
chemical inputs, is thus key to maintaining biodiversity. The manual cutting of hay in a mosaic
pattern, for example, provides a variety of sward heights throughout the breeding season of
corncrakes, thereby facilitating their presence in agricultural land (Chapter IIl). Wood pastures were
created by traditional silvo-pastoral practices but current management techniques tifer from
traditional ones and may severely threaten the persistence of wood pastures in the landscape
(Chapter VI). This change in management is likely to have a negative effect on thiybiodivers
supported by wood pastures. As another example, the use of traditional livestock husbandry
techniques allowed coexistence between humans and large carnivores (Chapter IVhand IX). T
combination of shepherds, livestock guard dogs, and nightly confinement of livestock are
successful in reducing livestock conflicts worldwide (Rigg 2001; Gehring et alvaaiLa}, ias
Romania, as demonstrated here. This provides an important insight for European regions into
which large carnivores return after their earlier extirpation, but in which the loss of these husbandry
techniques and resulting conflicts hamper their successful establishment (Enserink & Vogel 2006;
Chapron et al. 2014)

5. Top-down carnivore regulation

The presence of large carnivores in the landscape can benefit biodiversity through top-down
control on mesopredators and herbivores (Estes et al. 2011; Ripple et al. 20idgluaéich

trophic cascades that affect species at multiple trophic levels (Letnic et al. 2009). The importance of
trophic cascades for biodiversity have mainly been observed in wildernesgphecaB@schta
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2012b), whereas the role of large carnivores in structuring human-dominated exrsgaisms
unclear (Sergio et al. 2014). We found limited evidence for top-down control on a toesopreda
(the red fox; Chapter V), which may be explained by large differences in body sire&Donadi
Buskirk 2006; Ritchie & Johnson 2009), or by densities of wolves and bears tefbelctively

limit foxes. In contrast, we found top-down limitation of wolves and bears on herbhapes (C

V), which indicates the importance of their persistence for the ecosystem (for example by limiting
overgrazing, enhancing vegetation growth, and maintaining biodiversity in general; Terborgh et al.
20QL; Estes et al. 2011). Still, to fully understand the role of carnivores in traditiowgal farmi
landscapes future research should aim to understand (i) the extent and effetie ofopbssi
cascades induced by carnivore top-down herbivore control; and (ii) the role of humarpbottom

and top-down effects on trophic cascades in combination with the effects induced by carnivores.

6. Human-nature connections

Large carnivore persistence does not only depend on the biophysical environment, biog also on t

degree to which the rural population is willing to coexist with large carnivores (Treaash& Ka

2003) People in our study area had a general positive perception of human-bear coexistence
(Chapter IX). Their ability to tolerate carnivores partly stemmed from genuine links between
KXPDQV DQG QDWXUH ZLWK SHRSOH YDOXLQJ WKH QDWXUDO KH
but the landscape in turn also shapes the culture of people (Pretty 2011). The centuries of ¢
occurrence of humans and bears in Southern Transylvania probably shaped human culture to

accept and adapt to living with carnivores (see also Glikman et al. 2012). fidnéiss bowveen

SHRSOH DQG WKH ODQGVFDSH SRVVLEO\ IRUP WKH FRUH RI SHR
UHVRXUFHYV 'LVFRQQHFWLQJ WKHVH ERQGY FRXOG SRWHQWLDO
associated natural heritage (Pretty 2011). In the case of large carniessaplier perceived

failures of top-down managing institutions may harm carnivores through reduced tolerance and
increased poaching (Chapter IX; Bell et al. 2007; Liberg et al. 2012; Gangaas et al. 2013).

Conservation priorities for traditional farming landscapes

Traditional farming landscapes have a high conservation value, and facilitating biodiversity
conservation in these landscapes should be of priority worldwide. The maintenance or preservation
of the six system properties highlighted in this dissertation should be a central part of conservation
measures targeting traditional farming landscapes. Biodiversity was greatly supported through the
heterogeneous character of the forest-farmland mosaic. This heterogeneous character, however, is
tightly linked to the historical multi-functionality of the landscape and the practice of small-scale
semi-subsistence farming. Yet, it is these features that will vanish under anticipated land-use change
in form of agricultural intensification or land abandonment. Agricultural intensification will cause

major declines in biodiversity. Although land abandonment may benefit certain forest species (e.g.
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bears and forest birds), the associated decline of farmland species will Igigadicamtthe
overall species pool. Moreover, we found that humans and bears can coexist icathe d&nds
current conditions, without the need to set additional land aside for carnivore conservation. Thus
conservation priorities should integrate farming and biodiversity conservation through encouraging
farming that maintain the heterogeneous character of the landscape (i.e. land sharing; Fischer et al.
2008)

Conservation initiatives that prevent biodiversity loss in heterogeneous farmland are
considered to be more (cost-) effective than restoration initiatives after biodiversitgrdesiines
by land-use change (Kleijn et al. 2011). Yet, current conservation measures anetipedly
adapted to support biodiversity in heterogeneous traditional farming landscapes, which face very
different conservation challenges from more intensified landscapes (Tryjanowski et al. 2011,
Mikulcak et al. 2013; Sutcliffe et al. 2014). The two main measures to mitigate farmlargl biodiversi
loss in Europe are agri-environment schemes (AES) of the Common Agricultural Policy and the
Natura 2000 network. The effectiveness of AES for farmland biodiversityatiomsbas been
guestioned because biodiversity continues to decline (Kleijn et al. 2006; Kleijn et al. 2011; Pe'er et
al. 2014). Through the voluntary uptake of AES by farmers, implementation of AES is often
restricted to small field or farm scales and may be one of the reasons why&EB8staeessful
(Whittingham et al. 2007). Furthermore, local-scale AES are generally considiaeftetdive
in highly heterogeneous landscapes (Tscharntke et al. 2005; Concepcion et al. 2008; Batary et al.
2011a). The Natura 2000 network, on the other hand, designates sites at |attupr roddes
specific habitats and species listed under the Habitats and Birds Directives, and candiave positiv
biodiversity impacts (Gruber et al. 2012; Brodier et al. 2013; Pellissier et al. 2013)sd\onethele
these measures also may be limited in their effectiveness, due to for example missing cooperation
between EU member states and a lack of trans- and interdisciplinary research twotdtdain a
social-ecological understanding of the selected sites (Apostolopoulou & Pantis 2009; Albuguerque
et al. 2013; Popescu et al. 2014). In our study area, the implementation of the management plan for
the Natura 2000 area is pending, and it remains unclear how succesghddménfp plan will
be in maintaining the heterogeneous character of the landscape. Furthermore, the brown bear
(listed under the Habitats Directive) depends on connectivity to the Carpathians Mountains outside
the Natura 2000 area, which is threatdhed5RPDQLD:-V LQFUHDVK@ain &I RUHVWD
2012; Griffiths et al. 2013), also in places where the Natura 2000 management peoplyill not
Thus, there is a need to develop more holistic visions for biodiversity conservation in this and
other traditional farming landscapes, which include areas inside and outside protected areas.

Building upon the identified system properties such a holistic approach may firstly
FRPSULVH TEURDG D Q<sald/ tobserzation -stratbyle Siargdlii®Hhe entire forest-
farmland mosaic. Secondly, large scale conservation measures may be complemented with more
TfGHHS DQG QDUURZ:- FRQVHUY D WpheRi€s, RitliddeXtypesy thwdsdrH W L Q
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traditional practices. Third, conservation initiatives should encourage the integratiantiref the e
social-ecological system by recognizing important links between people and the environment.

The application of AES at the landscape scale has already proven beneficial #br a range
species (Merckx et al. 2009; Dallimer et al. 2010). In the case of triditiorgllandscapes,
largpeVFDOH FRQVHUYDWLRQ PHDVXUHPHQWYV FRXOG SURYLGH WK
perspective to maintain the heterogeneous landscape character at multiple spatial scales
(Concepcibn et al. 2008). These measures could focus on maintaining similar proportions of land-
use types, large-scale habitat connectivity, complementary and supplementary habitat of different
species, and the gradients in land cover heterogeneity and woody vegetation cover. Applying this
landscape perspective may, for example, prevent the under-valuation of certain hamtzds (e.g.
pastures) and allow the inclusion of conservation strategies for supplementdmplstsges.
arable land for the corncrake and butterflies).

f"HHS DQG QDUURZ:- FRQVHUYDWLRQ PHDV-XddéelV QHHG W
conservation measures to ensure the persistence of specific spe€iddy HN H.\Weie,Gt
seems vital to advance our understanding of scale-dependent responses of differeat specie
woody vegetation cover and land cover heterogeneity (Pickett & Siriwardena 2011; Tscharntke et
al. 2012). Biodiversity responses in our study also differed between landins&&yingsthe
need for distinct and more detailed strategies for grasslands and arable fields. Similaitly, biodivers
may benefit most from policies targeted to mitigate either abandonment or intensification. For
example, abandonment may be more prevalent in remote grasslands on steep slopes and could be
mitigated by providing incentives to maintain rotational livestock grazing to remove shrubs. In
contrast, intensification is more likely to occur in accessible arable land whtretite of
woody vegetation cover should be prioritized. Lastly, these conservation measures oould focus
the preservation of key elements of traditional land-use and practices (e.g. livdisigpck he
techniques) and on strategies for their future integration in new land-use systems ¢Pkkninger
2006).

The above-mentioned priorities aim to support biodiversity conservation. However,
ultimately, the persistence of biodiversity in traditional farming landscapes will depend on
navigating social-ecological change so that it does not only maintain biodiversity but also benefit
local people. Traditional farming practices have become largely unviable, and standard conservation
SROLFLHV WDNH D fSUHVHUYDWLRQ DSSURDFK:- ZKHUH ILQDQF
maintain traditional farming practices (Fischer et al. 2012; Plieninger & Bieling 2013). These
strategies, however, may only be successful in the short term, because human-envigsiment bo
are not primarily driven by economic incentives (Milcu et al. 2014). In our studgi¢gpeople
tolerate bears for their economic benefits but because of non-use values peopte hsearibed
Understanding and addressing these values and links between people and the environment could
reduce conflicts between rural populations and conservation initiatives (lves & Kendal 2014)
Moreover, the links between people, their activities, and the environment could form the base for a
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PRUH LQWHJUDWHG W (FiddQer eR&). ROLR).LFuch dd SyFptbReh BHOuld foster
new links between the social and the ecological parts of the system aimed at maintaining the system
properties of traditional farming landscapes that support biodiversity but also fostergetluman-
being. Alternative development pathways could be created through, for example, the uptake of
agro-ecological and organic farming or the development of agro-ecotourism (Hole et al. 2005;
Young et al. 2010). Because people may have aspirations for the future differeasdrom th
prioritized by conservation (Milcu et al. 2014), community participation and the support of bottom-
up driven initiatives are essential for the development of holistic conservation strategies.
Importantly, biodiversity conservation of traditional farming landscapes can only be facilitated i
initiatives to support other capitals (e.g. social, human, financial, physical) are developed
simultaneously (Mikulcak et al. 2015). In the end, the future of traditional farming landscapes
globalized world will depend on how well people can capitalize on the available opportunities
(Hanspach et al. 2014), and thus successful biodiversity conservation will hinge on the integration

of the entire social-ecological system.

Conclusion

The unique natural heritage of traditional farming landscapes is under severérgmessare

regional impacts of globalization, with land-use intensification and land abandonment threatening
to erode regional biodiversity. The future of traditional farming landscapes and tedassocia
biodiversity depends on the navigation route of the social-ecological system through these
profound changes. Using the example of birds and large carnivores in the changing traditional
farming region of Southern Transylvania, this dissertation revealed six important systesn propertie
that facilitate biodiversity conservation. Drawing on the identified properties this dissertation
highlighted several conservation priorities that can help to maintain biodiversity in traditional
farming landscapes. There is a clear need to develop a conservation vaiitiofal fiarming
ODQGVFDSHV WKDW WDNHV D KROLVWLF DSSURD&IEeEDQG FRI
conservation of the entire forddbUPODQG PRVDLF ZLWK PRUH YGHHS DQ
initiatives targeting specific spgciland-use types, threats, or traditional practices. More
importantly, integration of the entire social-ecological system within this vision is m®cessary
maintain biodiversity and simultaneously foster the well-being of the rural population whose
livelihoods are strongly interconnected with the natural environment. There is an urgent need to
develop visions that navigate traditional farming landscapes through ongoing land-use change
because these landscapes are rapidly disappearing worldwide. Ensuring the persistence of
traditional farming landscapes in the future would contribute considerably to the challenging yet

crucial goal to halt global biodiversity decline.
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Section A: Land-use
effects on biodiversity

This Section includes Chapters II-IV and examines the effects of local and Isceledapd-use

patterns on birds and large carnivores, and how future land-use change may affect them. Chapter II
aims to gauge the likely effects of future land-use change on the passerine coitimunity, w
emphasis on land-use intensification and land abandonment. Chapter Il aims to assess the
sensitivity of an EU-protected farmland bird species, the corncrake, to possible fuisee land-
intensification. Chapter IV examines the effects of land-use patterns on bralisiritesion.

Chapter V explores the role of large carnivores in the ecosystem by analyzing the ffegtslown e

of large carnivores on herbivores and mesopredators in relation to direct and indireophuma

down effects and land-use bottom-up effects.
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Chapter Il

Maintaining bird diversity in a traditional farming landscape
in Eastern Europe

Ine Dorresteijn, Jacqueline Loos, Jan Hanspach, Cosmin loan Moga, Alin David,
Lunja Marlie Ernst, Joern Fischer

Manuscript

Farmland birds are at their lowest levels since t&R@iblbef@id

We know that wildlife is bleeding from the countryside, we know the reasons behind it and v
WR IL[ LW :H MXVW DUHQ-W IL[LQJ LW E RNMdDKAVdily JRY H U (
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Abstract

Traditional farming landscapes harbor high biodiversity worldwide. However, farmland biodiversity

is increasingly threatened by agricultural intensification and land abandonment. We aimed to assess
the drivers of biodiversity in a traditional farming landscape in order to gauge the tikelfy effec
agricultural intensification and land abandonment on bird communities. We examined the
responses of species composition, species richness, and richness within functgyned group
woody vegetation cover, land cover heterogeneity, and topography (each measured at local,
context, and landscape scales). We conducted repeated point counts for breeding birds in
randomly selected set of 30 forest, 60 grassland, and 60 arable sites, which spauihned stratifie
gradients in heterogeneity and woody vegetation cover. Species composition in forests differed
from that in grassland and arable land. Species composition in grassland and arable land responded
to gradients of woody vegetation cover at all three scales. Within grassland and aoghle land,
species richness, richness of farmland birds, and of forest specialists, allynmotaticsed with
local-scale woody vegetation cover. In contrast, richness of open-country specigsdre
negatively to context-scale woody vegetation cover, and other farmland birds responded negatively
to landscape-scale woody vegetation cover. Our results show that different groups ofdbirds woul

be impacted differently by contrasting future land-use change scenarios. The regional bird
community as a whole would benefit from the maintenance of gradients in woody vegetation cover
across multiple scales.
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Introduction

Agricultural expansion and intensification have caused biodiversity decline worldwide (Tilman et al.
2001; Foley et al. H)Qwith the widespread loss of landscape heterogeneity identified as one of
the major drivers (Benton et al. 20033 JULFXOWXUDO ODQG KROGV D ODUJH
biodiversity (Pimentel et al. 19920 G RFFXSLHYV R1 (D(EoWyKet\al.Qme)G VXUIDFH
Growing recognition of the value of farmland biodiversity has sparked major national and
international conservation initiatives, but nevertheless, farmland biodiversity continues to decline
(Kleijn et al. 2011). In contrast, low-intensity land-use systems, such as traditional farming
landscapes, often harbor exceptional biodiversity and are therefore of great conservation
significance (Tscharntke et al. 2005; Kleijn et al. 2009)

Traditional farming landscapes occur in regions where farming practices have changed
little over long periods of time, and are typically characterized by large amountsatfrabmi-
vegetation and high heterogeneity in land covers and structural elements (Plieninger. et al. 2006)
The value of traditional farming landscapes for biodiversity has been noted worldwide
(Ranganathan et al. 2008; Takeuchi 2010; Robson & Berkes 2011; Liu et al. 2013), including in parts
of Eastern Europe (Fischer et al. 2012). However, traditional farming landscapes have come unde
severe pressure from land-use intensification, and in economically marginednaréas] f
abandonment (Lepers et al. 2005; Plieninger et al. 2006). Land-use intensification influences
landscape structure via the loss of non-crop landscape elements (including $eedgetation,
shrub areas, and woodlands) and consequently, homogenization of the landscape (Benton et a
2003) Land abandonment typically affects landscape structure by transforming agricultural land
into shrubland, which may eventually turn into forest (Rudel et al. 2005; Kuemmerle )t al. 2008
To effectively conserve biodiversity in traditional farmland facing potential ldrathgss thus
requires, first of all, a solid understanding of how different species respond to woody vegetation
cover and landscape heterogeneity.

Here, we present a comprehensive, regional-scale case study on the drivers of bird diversity
in a traditional farming landscape that is subject to land-use change. Our study investigated bird
community responses to landscape structure in Southern Transylvania, Romania, and was
specifically designed to cover the entire agricultural mosaic, spanning large gradients in
KHWHURJHQHLW\ DQG ZRRG\ YHIJHWDWLRQ FRYHU 7UDQV\OYDQ
since pre-industrial times, and traditional semi-subsistence farming has maintained a species-rich
mosaic of arable fields, grasslands, and forests (Wilkie 2001; Crentbefkeroyd & Page
2007) ,Q UHFRJQLWLRQ RI LWV ELRGLY HU\ate&/withintheRNgtttaV ODUJHV W
2000 network has been established in Southern Transylvania to conserve its farmlary. biodiversi
Yet, the region is undergoing rapid socio-demographic and land-use changes, which may
significantly impact biodiversity in the future (Mikulcak et al. 2013). Traditional farming has
become economically unviable, causing land abandonment by the rural population in some cases,
and agricultural land-use intensification in others (Hanspach et al. 2014).
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'H XVHG D VviarebBexpeRriénifiat substituted space for time (Diamond 1986)
to gauge the likely effects of future labl-H FKDQJH RQ 7UDQV\OYDQLD: -V ELUG
already intensified in parts of Transylvania, especially in the broadest valleys, wimerteasrin r
rugged areas, farmland is increasingly being abandoned. We used this opportunity of impending
land-use change to strategically select survey sites along the full existing gradients stirub
cover (from open landscapes to forests) and landscape heterogeneity (from low to high
heterogeneity). Specifically, we assessed the responses of (1) bird community canth{&jtion,
overall species richness and richness of species with different habitat specialgatthests in
woody vegetation cover, landscape heterogeneity, and topography, each measured at three different

spatial scales.

Methods

Study area

The study area covered 74421 kmthe foothills (230 m to 1100 m above sea level) of the
Carpathian Mountains in Southern Transylvania, Romania (Fig. 2.1a). The region contained 28%
forest, 24% pasture, and 37% arable land. The remaining land cover included villages (typically
<1000 inhabitants), towns, water bodies, and permanent crops. Forests were dominated by
hornbeamarpinus betylosk Quercisp.), and beechdgus sylvatiddost agriculture occured at

low intensities and small scales, with some exceptions, especially in the broafibe vah@ys.

crops were maize, alfalfa and wheat. Pastures and hay meadows occurred on the sl@pes and w
grazed by sheep, goats and cattle.

The landscape had an overall heterogeneous character, because of small farm sizes (often
<1 ha), a patchwork of small fields and field boundaries, and the occurrence woody vegetation
throughout fields and grasslands. Woody vegetation occurred in linear features such as lines of
trees and streamside vegetation, but also in small patches of shrubs and treest staat$or
and scattered shrubs or trees. The most common trees in farmland wete sioskin forest,
but fruit trees (e.@runusp.) andRobinia pseudoawacéalso common. Common farmland shrub
species wel®alixsp, Crataegus monogyna, fruBosylus avellana, andgsRogdmost half of the
study area was contained within Natura 2000 sites, including Sites of Community I{8fiitance
Habitats Directive) and Special Protection Areas (SPA, Birds Directive; Fig. 2.1b).

Study design

Our design follow& WKH SULQFLSOHV RI D V QrDteaV WerusedrenDomi UD O H |
selected and replicated experimental units within pre-defined strata of ecologically relevant
landscape gradients (Diamond 1986). We considered two spatial scales for stratification, namely
village catchments (defined below) and survey sites. We selected 30 village catchments and within
each selected five survey sites (Fig. 2.1b & 2.1c). Of a total of 150 sitedp8ateckin forest,
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60 in grassland, and 60 in arable land. We collectively refer to grasslaauleatahdiras
farmland:

(a)

\
Y,

I:I Study area
Altitude [m]
I 1000-2500 — — KM Km
[ 500 - 1000 0 75 150 300 || Village catchment ;75 40
] 0 - 500 I 30 sclected villages

Natura 2000

(©

® Survey site 4
Il Village '

Forest

I Grassland & A N | _:— Km
Arable land | 0 05 1 2

Figure 2.1Study area. (a) Romania with our study area highlighted, (b) our stuitly setted village
catchments highlighted, and (c) example of one of the village catchments gferemmdgypes of land
cover and five survey sites

Village catchments were chosen for stratification at the landscape scale because they
constitute both ecologically and socially meaningful units (Angelstam et al. 2003). We delineated
village catchments using a cost-distance algorithm implemented in ArcGIS, which allocated each
pixel to the village with the lowest travel cost (indicated by slope) to this pixel. These
topographically based village catchments closely reflected historical land-use respandibilitie
were more suitable than official administrative boundaries, which were availabl¢h@nly at
commune level (with communes typically comprised of 3-5 villages). Of 448 village catchments, we
randomly selected 30, stratified to cover full gradients in terrain ruggedness (standard deviation of
the altitude; low, medium, high; defined by the upper, middle, and lower terciles) and protection
level (SCI, SPA, no protection; see Table S2.1 in Supplementary Material).

Sites were also randomly selected. For this, we used the Corine Land Coveaigita
2006 (CLC) to identify three main land-uses, namely forest, grassland amda@ids Maere
circular areas of one ha (i.e. radius of 56 m). To ensure that the entire site waghiocated w
single land-use cover, we buffered all edges between land-use coversdsmtyab® m. These
areas were then masked prior to the random selection of sites. Furthermoregelgetedigites
within an area of 400 m from the closest track to ensure that all fivelsites village could be
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surveyed within one morning. Notably, arable sites included fields as well as faho\wfiédd
margins. The median distance between neighboring sites was 606 m (the minimum was 200 m).
Grassland and arable sites were cross-stratified to cover full gradients in heterogeneity
(low, medium, high; defined by terciles) and percent woody vegetation cover (low (0-5%), medium
(515%), and high (15-60%)). Within our sites, heterogeneity and woody vegetation cover were
independent variables, and all possible cross-combinations were replicated, excepittior sites
low heterogeneity and high woody vegetation cover, which did not exist (see Table S2.2).
Heterogeneity was measured as the standard deviation of 2.5 m monochromatic SPOT 5 satellite
data (©CNES 2007, Distribution Spot Image SA). Percent woody vegetation cover was derived
from a supervised classification of the 10 m panchromatic channels of SPOT 5 data (©CNES
2007, Distribution Spot Image SA) using a support vector machine algorithm (Knorn9t al. 200
The resulting high-resolution map of woody vegetation cover showed the vast majority of large

shrubs, scattered trees, and linear features within the study area.

Environmental variables

We calculated environmental variables at three scales. The local scale covdmtbthe)siaad
approximately corresponded to the typical home range size of breeding passerines (Cramp 2000)
The context scale covered an area of 50 ha (i.e. radius of 400 m), and heaaussedirds
responded to landscape metrics at this scale elsewhere (Barbaro & VaR0e@ldarhe
landscape scale corresponded to the village catchment (mean = SD: 2046 + 1123 ha).

Within each scale we chose at least one variable for each of the followingvizadyres:
vegetation cover, landscape heterogeneity, and topography (Table 2.1). Local variables included the
proportion of woody vegetation cover (range: 0-59%), remotely sensed compositional
heterogeneity, and a topographic wetness index. Local heterogeneity and woody vegetation cover
were calculated as described above. The topographic wetness index was calculated afs a function
slope and topographic position (Fischer et al. 2009).

Context variables included the proportion of woody vegetation cover (range: 0-57%),
6LPSVRQ-V GLYHUVLW\ LQGH[ RI ODQG FRYHU KHUHDIWHU
UXJJHGQHVY ©6LPSVRQ:V GLYHUVLW\ LQGH[ RI ODQG FRYHL
(McGarigal et al. 2012), based on a raster of all land-use type included @ rtrap CiLe.
including land-uses not considered for site selection). Terrain ruggedndsslatad aa the
standard deviation of altitude (based on the Advanced Spaceborne Thermal Emission and
Reflection Radiometer (ASTER) Global Digital Elevation Model Version 2 (GDEM V2)).

Landscape variables again included the proportion of woody vegetation cover (range: 9-

ODQGVFDSH HGJH GHQVLW\ DQG 6LPSVRQ:-V GLYHUVLW\
cover, and terrain ruggedness. The proportion of woody vegetation at the landscape scale was
primarily driven by the amount of forest cover, and we therefore used percecboveress
LQGLFDWHG E\ WKH &/& 6LPSVRQ:-V G Lk Uiggedhesst @edeH|[ RI C
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calculated as described above. Edge density (inY)misha measure of configurational
heterogeneity which standardizes edge per unit area; this meant it was comparable between village
catchments of different sizes. Edge density was calculated using FRAGSTATS 4.2,lbased on a
land-use types in the CLC map.

Table 2.10verview of environmental variables used for generalized linear modelling.

Scale Variable Description

Local Woody vegetation cover Percent woody vegetation cover derived from a supe

(LC) (WVC) classification of the panchromatic channels of SPOT 5 S
data

Heterogeneity (HET) Remotely sensed compositional heterogeneity indicated
reflectance of land surfaces with a resolution of 2.5 m x
measured using the monochromatic channel of SPO™®-5 di
Topographic wetness Measure of soil wetness, calculated as a function of slo
index (TWI) topographic positién

Context  Woody vegetation cover Percent woody vegetation cover derived from a supe

(CTH (WVCQC) classification of the panchromatic channels of SPOTa5 dat
Land cover diversity 6LPSVRQ:-V GLYHUVLW\ LQGH[ RI OIL
(LCD) land-use types derived from CEC
Terrain Ruggedness (TF Terrain ruggedness calculated as the standard deviatior
altitudé

Landscape Woody vegetation cover Percent cover of forest derived from €LC

(LS) (WVC)

Land cover diversity 6LPSVRQ:-V GLYHUVLW\ LQGH[ Rof all

(LCD) land-use types derived from GEC

Edge density (ED) Edge density of land cover (in mbhbased on a raster of lar
use types derived from C<C

Pasture cover (PC) Percent cover of pasture derived from CLC

Terrain Ruggedness (TF Terrain ruggedness calculated as the standard deviation
altitudé

aOCNES 2007, Distribution Spot Image SA

bBased on the Advanced Spaceborne Thermal Emission and RefldimimertBa(ASTER) Global Digital
Elevation Model Version 2 (GDEM V2) with a spatial resolution of 30 m x 30 m

¢CLC: Corine Land Cover Digital map 2006

dCalculated using FRAGSTATS 4.2 (McGarigal et al. 2012)
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Bird surveys

Each site was surveyed three times during the breeding season by one of four experienced
observers, using 10 minute point counts based on visual and auditory observations (Bibby et al.
2000) Based on a pilot study, three surveys proved sufficient to representatively capture the species
within a site (Loos et al. 2014). Only singing males were recorded and included in tife analysis
that is, we excluded non-singing birds, corvids, raptors and aerial foragers. Suceesisdveut

in suitable weather conditions between 05:30 AM and 11:00 AM, between mid-April and mid-July
2012.

Statistical analysis

We analyzed the relationship between environmental variables and species presence, pooled across
the three repeats, using multivariate methods and regression modelling. We first compared specie
richness using Analysis of Variance (ANOVA), and assessed patterns of beta diversitesising spec
accumulation curves (Thompson & Withers 2003), between the three main land-use types (fores
grassland, arable land).

Second, we used detrended correspondence analysis (DCA) to compare bird community
composition between the three land-use types, and visualized the relationship of species
composition and environmental variables for farmland sites. DCAs were performed arelird spe
occurring in more than one site, and rare species were downweighted (Oksageh3gt al.
Because forest communities strongly differed from farmland communities, furthervaedyse
performed on farmland sites only.

Third, we modeled total species richness and species richness of foreds, specialis
farmland birds (defined here as farmland birds using shrubs and trees) andhtgdrirds, as
response variables within generalized linear mixed effects models with Poissdribettion.dis
The models included the environmental variables and the quadratic term of local woody vegetation
cover as explanatory variables (fixed effects), and village catchment and sitedevelt (far a
overdispersion) as nested random effects. We also included the interaction term®aodyocal w
vegetation cover and local heterogeneity with land-use type (arable versus grassland), because the
effects of heterogeneity and woody vegetation cover may differ between arable land and grassland.
Prior to modeling, we log-transformed local and context woody vegetation cover and local
KHWHURJHQHLW\ FRQILUPHG WKDW YDULDEOHV ZHDEBOQRW V
variables to zero mean and unit variance. The final models were obtained throudggea stepw
EDFNZDUG VHOHFWLRQ S~ Z L \AsHudPeRs@itistes FZRWIR DY), LavidR Q V- X
did not exhibit spatial autocorrelation in the residuals. To visualize the effect of local woody
vegetation cover, we plotted predicted total species richness (considering only fixed effects) as a
function of local woody vegetation cover between 0% and 60% cover (the observed range within
the farmland sites) for arable and grassland sites separately. All analysesneetednipline
R-HQYLURQPHQW XVLQJ WKH GOIeMbprhevit GoreTeBrD 2030 Babita P H
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specialization was assigned to all bird species by two Romanian experts (ClvbarddAd),
Birds of the Western Palearctic (Cramp 2000) and specific literature from Rbm@ve L D
1955; Ciochia 1992).

Results

Bird diversity

We identified 61 breeding bird species (see Table S2.3). Species richness wderéggher in
(mean + SE: 10.6 + 0.53) than grasslands (5.5 + 0.35) and arable land (5-5:4,9.88;18,

p<0.001). Despite having the highest alpha diversity, forests had lower beta diversity than arable
and grassland sites (Fig. 2.2).

50+
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40
Arable

Forest

30

20 7

Number of species
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| | | | | | |
0 10 20 30 40 50 60

MNumber of sites

Figure 2.2 Bird species accumulation curves for forest, grassland anditmabMinety-five percent
confidence intervals are indicated by grey shading.

Community composition

Species composition in forest sites differed from grassland and arable sitest aitesfavere

more homogenous in species composition than grassland and arable sites (Fig. 2.3a). Bird
community composition strongly overlapped in grasslands and arable sites, but exhibited clear
gradients (both axes approximately covered one species turnover; length of gradienafisst DCA

= 5.34, second DCA axis = 3.82; Fig. 2.3b, see Fig. S2.1 for speciektbecvedimmation). The

gradients of bird composition in farmland were related to environmental variables at all three
scales. The first axis of community composition followed a gradient from high to low cover o
local woody vegetation (FR3b). The second axis described a gradient from sites with high
woody vegetation cover at the landscape and context scales, and high context land cover diversity,
to sites in less heterogeneous, pasture-dominated landscapes with low woody vegetation cover (Fig.
2.3b).
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Figure 2.3Detrended correspondence analysis (DCA) of bird speciesitimmpo: (a) all three land-use
types sampled, and (b) in farmland sites only, with significant envirovemiablals superimposed on the
ordination plot. Abbreviations for the spatial scales: LC = localC3talezontext scale, LS = landscape
scale; and for environmental variables: WVC = woody vegetation cover, HEGrogéteity, TWI =
Terrain Wetness Index, LCD = Land Cover Diversity, TR = Terrain Ragged@ = Pasture Cover.

Species richness

Species richness increased with increasing local woody vegetation cover, but asgoiEdta

at high woody vegetation cover (Table 2.2; Fig. 2.4). Furthermore, the positive efféct of loca
woody vegetation cover on species richness was more pronounced in arable fields than in
grasslands (Table 2.2; Fig. 2.4). Richness of species groups with different habitat rspecializatio
showed different and sometimes opposite responses to the environmental variables (Table 2.2).
Richness of farmland birds and forest specialists (in farmland) peaked at iatkyveésiEt local

woody vegetation cover. In contrast, richness of farmland birds decreased witfg increas
landscape woody vegetation cover, whereas the richness of forest specialists iregpasse in r

to this variable. Additionally, richness of forest specialists was positively related to local
heterogeneity. Richness of open-country birds decreased with context ruggedness and woody

vegetation cover (Table 2.2).
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Table 2.2Final generalized linear mixed effects models obtained throughdaelattion (threshold pf
< 0.1) for total species richness and for species richness ofvgtbugifferent habitat specialization in
arable land and grasslands. The top row for each parametentefire®stimate + SE.

Total Forest Farmland Open-country
richness specialists  birds birds
(Intercept) 1.64+0.08 042+0.12 0.76+0.12
p<0.001 p<0.001 p<0.001
Local Land-use: grassland  0.13 + 0.09 0.48+0.14
p=0.152 p <0.001

Woody vegetation cove 0.60 + 0.07 1.13+0.15 0.84+0.13
p< 0.001 p <0.001 p< 0.001

Woody vegetation -0.13+0.05 -043+0.11 -0.31+0.13
cover~2 p =0.017 p <0.001 p<0.001
Land-use Grassland * -0.29 £ 0.10 -0.75+0.17
woody vegetation cove p =0.003 p<0.001
Heterogeneity 0.24 £ 0.09
p =0.004
Context Terrain ruggedness 0.16 £ 0.08 -0.19+£0.11
p =0.035 p=0.089
Woody vegetation -0.22 £ 0.10
Cover p =0.026
Landscape Woody vegetation cove 0.19+£0.08 -0.20+0.06
p =0.020 p=0.001
Random Village catchmeéht 0.000 0.000 0.000 0.000
effect
Site-leveél 0.021 0.085 0.000 0.000

*Results are given with arable land-use as baseline (i.e.ctyg sttewn is associated with the regression
line for arable land)
P7KH URZV 19L OO D JSiteldDHFvKiReH/ Qince i3 @iafed with the random effects
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Figure 2.4Predicted total bird species richness (solid lines) in respaasaly vegetation cover in arable
versus grassland sites based on a generalized linear mixed effeddpemodetles (arable sites) and
triangles (grassland sites) represent observed species richness.
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Discussion

To the best of our knowledge, this is the first regional-scale study on birdssforaning

traditional farming landscape that is based on a stratified, randomized design with replicated survey
sites spanning the entire agricultural mosaic. Our study shows the high conservation value of
traditional farmland: although alpha diversity of birds was higher in forests than in faemland, th
opposite was the case for beta diversity. That is, forest sites appeared relageelyusombird
community composition, whereas farmland sites showed larger differences betweiimrsites. W
farmland, bird distribution patterns were primarily driven by gradients in woody vegetation cover,
and to a lesser extent by gradients of landscape hetercgetlegy than by differences in land-

useper s@.e. grassland versus arable land). In combination, our findings suggest that gradients in
woody vegetation cover (and to a lesser extent in heterogeneity) need to be maintained at multiple
scales to conserve regional bird diversity.

The most important driver of bird community composition in farmland was woody
vegetation cover. As local woody vegetation cover decreased, farmland community composition
changed from birds associated with forest and farmland birds (e.g. theBdugsTitgjand the
Long-tailed TitAegithalos caudlatosa community mainly comprising open-country birds (e.g. the
Whinchat,Saxicola rubetaaad the QuailCoturnix coturnigee Fig. Zl)). A similar change in
community composition was observed along the gradient from high context-scale land cover
diversity and woody vegetation cover to less heterogeneous, open pasture-dominated areas (see Fig.
1). Gradients in woody vegetation cover are major drivers of bird community composition
worldwide (Ranganathan et al. 2008; Hanspach et al. 2011), and within Europe, evidence continues
to accumulate that both open farmland and farmland with woody vegetation need to be maintained
and restored to conserve bird diversity in its entirety (Batary et al. 2011b; Fischer.et al. 2011)

Species richness followed similar patterns to community composition. Total species
richness was positively related to local woody vegetation cover, although this relationship was less
pronounced in grassland. This difference probably resulted from the greater prominerale of seve
open-country specialists in grasslandS@xicolsp.), which avoid woody vegetation (Sanderson et
al. 2013). Bird species richness has been observed to increase with high woody vegetation cove
elsewhere in Europe (e.g. Sanderson et al. 2009), with most researglofoedsgjes and field
margins (Herzon et al. 2008; Batary et al. 2010; Wuczynski et al. 2011). Thegpositead
woody vegetation typically has been ascribed to a greater diversity of nesting, sheltering and feeding
sites in areas with woody vegetation (Hinsley & Bellamy 2000). The strongletdoivobdy
vegetation cover in our study therefore may be related to the small home ranges (<1 to 4 ha, for
most observed birds (Cramp 2000)) of breeding birds, with nesting and foraginticitéketjec
determined by fine-scale habitat characteristics. These findings suggest that retaining structures of
woody vegetation at small scales could potentially ameliorate the negative effects of agricultural

intensification on bird richness.
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Despite the strong effect of local woody vegetation cover on species richnesst this eff
was found to level off at high levels of woody vegetation, or become negative in grassland. Land
abandonment, and its subsequent transformation to shrubland and eventually forests, is a majo
threat to farmland in Eastern Europe (Kuemmerle et al. 2008) and is expected to expand in the
future (Renwick et al. 2013). This is concerning, because many farmland bisdfhesldda
backed Shrikd.&nius collyrimeed both open areas for foraging and trees or shrubs for breeding,
and thus require landscapes with scattered woody vegetation cover (Brambilla et als2010). Thu
although an increase in woody vegetation might initially enhance bird diversity, a major expansion
of shrubland will likely have negative impacts on farmland bird richness, especially in grasslands.
Context and landscape woody vegetation cover also had significant effects oesthefriuints
with different habitat requirements. Unsurprisingly, open country-specialists were negatively
affected by high woody vegetation cover at the context scale. These species aitcfiorage
in open landscapes, and dense cover of woody vegetation could also increasdiorestf preda
ground nesting birds (Morris & Gilroy 2008). Forest specialists and farmland birds showed
opposite patterns to landscape woody vegetation cover, with farmland birds responding negatively
and forest specialists positively. Thus, besides a general decreaseithepssiédlowing local
land abandonment, the abandonment of larger farmland areas would be associated with the
replacement of open-country farmland birds and farmland birds by forest specialists. Such a change
in bird community composition would also encompass the loss of several Species of European
Conservation Concern (TaB23). Thus, although extensification through land abandonment may
be a desirable conservation strategy in some intensively managed landscapes &G 2y
Wretenberg et al. 2007), it could be detrimental to the bird fauna of traditional low-intensity
farming landscapes (Suarez-Seoane et al. 2002; Laiolo et al. 2004; Verhulst et al. &0fl4; Sirami
2008)

Heterogeneity has been proposed as a major factor underpinning farmland biodiversity
(Benton et al. 2003), and positive effects of land cover diversity and structapé |éeaisces
on bird assemblages have been widely reported (Atkinson et al. 2002; Piha et al. 200@t Sanderson
al. 2009; Wretenberg et al. 2010; Guerrero et al. 2012). The overall lack of ah effec
heterogeneity in our study (except for the positive response of forest specialists to loca
heterogeneity) may therefore be surprising. However, unlike our study, most other studies to date
have not decoupled the effects of woody vegetation cover and land cover heterogeneity. Our
findings suggest that woody vegetation cover may be more important for bird species richness than
other aspects of heterogeneity related to land cover. This possible explanation is consistent with
Sanderson et al. (2009), who found a stronger positive response of bird ritlhbesslance to
woody edge habitat than to compositional land cover heterogeneity in Poland.

Open<country birds in particular (such as the Skydakida arvensften prefer simpler
landscapes dominated by agriculture and may be expected to respond negatively to heterogeneity
(e.g. Fischer et al. 2011). Nevertheless, within agricultural landscapes, smallHighl sizes

46



Bird diversity in traditional farming landscapes

diversity, and a high proportion of field margins provide better conditions for foraging, nesting,
and shelter (Vickery et al. 2001; Guerrero et al. 2012; Josefsson et al. 2013; Kuiper et al. 2013). The
lack of a response to heterogeneity in this group might be related to the coarse resolution of the
CLC map, used to derive context and landscape heterogeneity measures, whicguishedis

between the main land-use types but not individual arable fields. Alternatively, the reduced
invertebrate prey due to simultaneous application of fertilizers and pesticides in intensified
landscapes may partly explain the loss of open-country farmland birds in the more homogenous
intensified landscapes (Verhulst et al. 2004). In contrast, in our study adeagmestertilizer

use is very limited even in the more intensified regions, and hence invertebrates may be rich
throughout the landscape and dampen the effect of heterogeneity on open-farmland specialists.

In combination, our findpJV VXJJHVW WKDW WKH NH\ PHFKDQLVP X
bird community is the availability of gradients in woody vegetation cover and, to a lesser extent,
land cover heterogeneity across multiple different scales. Notably, we captured rebpdnses of
richness and composition only to those landscape features we could readily quantify, namely woody
vegetation cover and heterogeneity. While these features are important, many other characteristics
of Transylvanian farmland may also be relevant. These include a high varietyraf crops a
rotation within small fields (Guerrero et al. 2012), traditional livestock rotation (Sodeastrom et
2001) occurrence of fallow land and semi-natural vegetation (Devictor & Jiguet 2007; Sanderson et
al. 2013), low pesticide and fertilizer use (Kleijn et al. 2009; Geiger et al. 201¥riatwvafe
different field margins (Wuczynski et al. 2011), and land-use that is not optinaizeddier
performance or to produce maximum yield (Donald et al. 2001). As observedragiotier
(Doxa et al. 2010; Wretenberg et al. 2010; Sanderson et al. 2013), the loss of low-irdensity mixe
farmland from Transylvania very likely would have a negative impact on bird diversity.

Conservation implications

Conservation actions in traditional farming landscapes are urgently needed becaus@darmland
populations are declining in Central and Eastern EurppeL ] HW DO 9RQtaHN H\
Although national conservation efforts improve population trends, decreasing trendsiage not be
reversed .ROHYHN HWReBgarch on farmland biodiversity in these traditional farming
landscapes is lagging behind research in Western Europe, which is problematithébecause
conservation challenges here may be different from those in more intensified landdc&pes (Ba
Batary 2011; Tryjanowski et al. 2012)XU ILQGLQJV VXJIJHVW WKDW WKH NH\ '
bird diversity is to maintain broad gradients of woody vegetation cover across mulliple spatia
scales, and to a lesser extent, maintain small-scale compositional heterogeneity.

In Transylvania, land abandonment is most likely to occur in the grasslands of more
remote, forested, and steep areas. Preventing abandonment in these areas cowdd bg achie
providing incentives to maintain rotational livestock grazing and to remove shrubs in order to

maintain landscapes with little to intermediate woody vegetation cover. Intensification, on the other
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hand, is more likely to occur in arable land, especially in the broader, accessibler&alleys. He
conservation strategies should prioritize the retention of woody vegetation cover at intermediate
levels, for example by maintaining various types of field margins (Wuczynski et @ahd2011),
encouraging high land cover diversity through mixed farming. Furthermore, care should be taken in
both grasslands and arable fields that larger tracts of open landscape with loegetabidn

cover remain available for open-country birds.

In conclusion, there is no simple conservation recipe that can be implemented across
traditional farmland, but rather, farmland bird communities will benefit most from policies targeted
to either mitigate land abandonment or land-use intensification, depending on the specific location.
Because traditional farming has become largely unviable, new strategies need to be identified that
not only maintain farmland biodiversity but also benefit local people, thus preventing an exodus of
the rural population and subsequent cessation of farming. In our study area, potential strategies
could include the uptake of modern agro-ecological and organic farming methods instead of
conventional land-use intensification (Hole et al. 2005; Gabriel et al. 2010), or the development of
incentives for smallholder farmers to engage in (agro-)ecotourism (Young et al. 2010)
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Supplementary Material for Chapter Il

Table S2.1The number of replicated combinations of villages according to stratifigdgiodscape terrain
ruggedness and protection status. Terrain ruggedness wasl dfdestfieee groups based on terciles
covering the entire study area. Sites located within the protecte@0fiuratwork are indicated by Sites
of Community Importance (SCI, according to the EU Habitats Directive) antF8pemition Areas (SPA,
according to EU Birds Directive).

SCI SPA  Non-protected

Terrain Low 1 4 4
ruggedness Medium 4 3 3
High 4 3 4

Table S2.2The number of replicated combinations of sites according to stratifigatical heterogeneity
and woody vegetation cover in arable (A) and grassland (G) sitegehtdtgrand woody vegetation cover
were classified into three groups based on terciles covering theidntinea.

Heterogeneity
Low Medium High

A G A G A G

Woody vegetation cove Low 11 8 6 8 10 6
Medium 6 7 7 7 6 9

High 6 8 8 7

Table S2.3List of recorded bird species, their associated SPEC categtingjramabitat specialization.
SPEC 1 represents European species of global conservatiom abassified as Critically endangered,
Endangered, Vulnerable, Near Threatened or Data Deficient under the IUCst Reiteria at a global
level; SPEC 2 represents species whose global populattmmzemtrated in Europe and which have an
Unfavorable Conservation Status in Europe; SPEC 3 represdntsgpese global populations are not
concentrated in Europe but which have an Unfavorable CowserStdtus in Europe; and SPEC 4
represents species whose global populations are concémtEatespe (more than 50% of their global
population or range in Europe) but which have a FavoraiderCation Status in Europe.

Latin English SPEC Habitat
Aegithalos caudatus Long-tailed Tit NON Forest
Certhia familiaris Eurasian Treecreeper NON Forest
Coccothraustes coccotl Hawfinch NON Forest
Columba oenas Stock Pigeon 4 Forest
Columba palumbus Wood Pigeon 4 Forest
Cuculus canorus Common Cuckoo NON Forest
Dendrocopos major Great Spotted Woodpecker NON Forest
Dendrocopos medius  Middle Spotted Woodpecker 4 Forest
Dendrocopos minor Lesser Spotted Woodpecker NON Forest
Dryocopus martius Black Woodpecker NON Forest
Erithacus rubecula European Robin 4 Forest
Ficedula albicollis Collared Flycatcher 4 Forest
Fringilla coelebs Chaffinch 4 Forest
Garrulus glandarius Eurasian Jay NON Forest
Oriolus oriolus Golden Oriole NON Forest
Parus caeruleus Blue Tit 4 Forest
Parus major Great Tit NON Forest
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Parus palustris
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Figure S21 Species score of the detrended
composition in arable and grassland sites.
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Impact of land cover homogenization on the Corncrake
(Crex crey in traditional farmland

Ine Dorresteijn, Lucas Teixeira, Henrik von Wehrden, Jacqueline Loos, Jan Hanspach,
John A.R. Stein, Joern Fischer

Landscape Ecology (2015), DOI 10.1007/s10980-015-0203-7

The Corncrake Heard No More

My memory take me back long years to when | was young t

To evenings in mid-Summer in June and in July
The corncrake called in darkened mead the same notes o'er an
But now in part of Ireland where | lived the corncrake heard no m

,C, In most of their old breeding grounds the corncrakes now don't &
/ The earlier cutting of the grass stripped cover they did ne

The silage harvester took its toll their nests and eggs destre
And in green meadow near my home the voice of corncrake

The corncrake's voice no longer heard in meads of Duhall
And I've not heard their familiar calls for thirty years or so
The earlier cutting of the grass left the birds with nowhere to t
And the corncrakes have disappeared from my native country

On summer evenings long ago some hours after nightf
. In darkened meadows near my home the corncrakes did «
i e But the migrant rail no longer heard lost to posterity
©lan Lewington And that voice | loved when | was young now just a memo
2 Francis Duggan
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Abstract

Context.

The loss of landscape heterogeneity is causing declines of farmland biodiversity aogyichd the w
Traditional farmland regions are often highly heterogeneous and harbor high biodiversity, but are
under threat of land cover homogenization due to changing agricultural practices. One species
potentially affected by landscape homogenization is the CorGceakergxwhich is threatened

in Western Europe but remains widespread in the traditional farmland regions of Eastern Europe.

Objectives.

In this study we present a case study aiming to assess the potentiaf threiscape
homogenization for the Corncrake in Romania. We first examined current Corncrake distribution

in relation to woody vegetation cover, landscape heterogeneity, and topography (measured at three
different spatial scales), as well as human disturbance, throughout the existing agricultural mosaic.
Second, we predicted potential future distribution of suitable Corncrake habitat intoelgmoihse

cover homogenization by simulating a reduction in land cover diversity.

Results.

Corncrakes were present in grassland and arable fields, and preferentiallyemcoteiacas

that were wet and flat, and had high land cover diversity at the 100 ha scale. The silanthtion of
cover diversity loss revealed that even a moderate reduction of land cover diversity cdiyld drastica
reduce the extent of suitable Corncrake habitat.

Conclusions.

Our findings show the high conservation value of traditional heterogeneous farmland for the
Corncrake. Therefore, to protect the Corncrake in traditional farmland, pro-actinecpslicgs

should encourage the continuation of mixed farming practices to maintain a diversity of land

covers.
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Introduction

Agricultural intensification since the mid-1900s has caused worldwide declines of farmland
biodiversity (Donald et al. 2001; Tilman et al. 2001; Stoate et al. 2009). The proceisgraf agric
intensification typically involves a combination of changes in management practices to increase
production, such as increased mechanization and use of agrochemicals, loss diesr@gmdarie

crop rotation, and the decrease of fallow land, non-cropped areas, and naturahahdaemi-
vegetation (e.g. Tilman et al. 2002; Tscharntke et al. 2005) . One of the defining confequences
agricultural intensification is the homogenization of the agricultural mosaic at multiple spatial
scales, for instance through the loss of land cover diversity and structural heterogmedy (Be

al. 2003; Tscharntke et al. 2005). Such land cover homogenization has severely reduced the
suitability of farmland for numerous species across multiple taxa through reducing (nesting) habitat,
food availability, and causing habitat fragmentation (Hinsley 2000; Weibull et al. 2003; Concepcion
et al. 2008; Guerrero et al. 2012; Tscharntke et al. 2012)

To mitigate the loss of farmland biodiversity, a range of national and international
conservation policies are being implemented. In the European Union, agri-environment schemes
(AES) of the European Common Agricultural Policy (CAP; Pillar 2) are a particularly prominent
strategy (Skogstad and Verdun 2010). Farmers can take up AES voluntarily and reckive financia
support to improve habitat quality and promote certain species. However, the effectiMEBess of
for biodiversity conservation has been questioned, and European farmland biodiversity continues
to decline (Kleijn et al. 2006; Kleijn et al. 2011; Pe'er et al. 2014). The apparent inefééctiveness
AES partly could be explained by the lack of effective tools to assess the outcomes GhAES (Kle
& Sutherland 2003), or by a poor fit of AES to the ecological requirements of specific farmland
bird species (Princé et al. 2012). Moreover, the effectiveness of AES ibdikaédpemdent on
context conditions, including levels of land-use intensification (Princé et al. 2012) and landscape
complexity. For example, local-scale AES may be more effective in relatively h@mogenou
landscapes than in highly heterogeneous landscapes (Tscharntke et al. 2005; Concepcion et al. 2008;
Batary et al. 2011a). However, highly heterogeneous landscapes are threatened as a whole
(Tscharntke et al. 2005). To more effectively protect the ecological values of heterogeneous
landscapes, a key challenge therefore is to scale up AES, from local-leeltonleasiseape-
level measures (Concepcion et al. 2008).

The increasing shift in focus from local to larger scale agri-environment r{egsures
Dallimer et al. 2010; McKenzie et al. 2013) could thus be of particular interest for heterogeneous
landscapes, such as the traditional farming landscapes in Eastern Europe (FiscH&)et al. 20
Traditional farmland is typically characterized by high heterogeneity in land cover and structural
elements (Plieninger et al. 2006), and subsequently often harbors high levels of ,biodiversity
including threatened species (Tscharntke et al. 2005; Kleijn et al. 2009). However, traditional
farming landscapes are under severe pressure of landscape homogenization from changes
associated with agricultural intensification (Lepers et al. 2005). Nevertheless, spgititdabre
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inform conservation management is lacking from the traditional farming regions in Eastern
Europe, and therefore current measures within the CAP are poorly adapted to Eastern European
conditions (Baldi & Batary 2011; Tryjanowski et al. 2011; Sutcliffe et al. 2014). Given this context,
understanding the potential effects of land cover homogenization on biodiversity in traditional
landscapes is an important research priority.

Here, we present a case study highlighting the potential consequence of homogenization of
a traditional farmland mosaic for the Corncr&lex( crgxin Transylvania, Romania. The
Corncrake is a protected bird species in the European Union that primarily occurs initgw-intens
grasslands and wet meadows with tall vegetation (Green et al. 1997). Agricultural intensification
caused major declines in Corncrake populations in Western Europe (Grd®8&8t although
recently, some populations have begun to recolRi ILMEHUJ 6FKIITHU .ROH
2014) In contrast, large populations persist in former USSR and Eastern Europems.countr
However, most populations in this region are decliniRg ILMEHU J 6FKIIITHU .ROH
2014) and current trends in economic development are expected to enhance landscape
homogenization and thus further exacerbate existing declines (Fourcade et al. 2013). To date,
Romania has persisted as a major stronghold of the Corncrake, supporting an estimated 60,000
individuals (Koffijberg & Schaffer 2006).

With this study, we sought to understand the drivers underpinning Corncrake distribution
in traditional Romanian farmland to gauge its sensitivity to possible future land cover
homogenization. Specifically, (1) we assessed the response of Corncrake presence to human
disturbance, and different features of landscape structure at threscafetiaand (2) based on
this, we simulated the possible effects of land cover homogenization on the distribution of suitable
Corncrake habitat.

Methods

Study area and design

The study area covered 3108 &md was located in Southern Transylvania, Romania, at altitudes
EHWZHHQ DQG P )LJ D 7UDQV\OYDQLD LV RQH RI
traditional, small-scale farming systems. The landscape supports a heterogeneous $aimland mo
with similar amounts of forest and farmland: 47% forest, 20% pastures, and@5%nédra

(Corine Land Cover Digital map 2006). Arable land is used mainly for low-intensity semi
subsistence farming, with most fields smaller than two hectares. Most fieldBledebstitidrses

and people, and agrochemical use is low by European standards. Considering all farmland, the use
of inorganic fertilizer was only 16 kg/ha on average in 2013 in the four counties in winid{ our s

was carried out (INS 2015), while the average use in Romania is 28 kg/ha and 76 kg/ha for the
entire European Union (www.ec.euopa.eu). Hay meadows provide fodder for livestock and many
are still cut by hand. This, in turn, provides a variety of different sward heights thtbeghout

spring and summer. The semi-natural pastures are grazed by sheep (dominant livestock), goats and
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cattle. Semi-natural vegetation is present throughout the landscape as hedgerows, streamside
vegetation, and scattered trees. About half of the study area @ ¥¢sKotated within the EU

protected Natura 2000 network, including both Sites of Community Importance (SCI, Habitats
Directive), and Special Protection Areas (SPA, Birds Directive; Fig. 3.1a).

+ survey_points
Natura 2000
Altitude (m)

~879

226

* Corncrake presence
Natura 2000
Land coy?‘r diversity

Figure 3.1A) The inset shows the location of Romania in Europe (rethealodation of the study area in
Romania (black). The close-up of the study area shows the 42 focalogitigef the survey sites, and
the area protected in the Natura 2000 network. The altitude is given feathecapied by farmland
(arable land and pastures), and represents the area for pediteke habitat suitability in Figure 3.3. B)
The location of Corncrake presences in relation to land teersitg at the context scale (100 ha).

To select our survey sittsH GLYLGHG WKH VWXG\ DU édebned@WR JYLOOD.
villages including their surrounding land. Such village catchments have been identified as both
ecologically and socially meaningful landscape units (Angelstam et al. 2003). We delineated the area
belonging to a given village catchment using a cost-distance algorithm that allocated each pixel to
the village with the lowest travel cost (defined by slope) to this pixel in ArcGIS 10.1. The study area
contained 172 villages. We randomly selected a subset of 42 villages (Figifiéd &), coradr
the full gradients of terrain ruggedness (low, medium, high) and protection level (Natura 2000, no
protection). Terrain ruggedness was divided into three categories based on terciles & ruggedne
values across the entire study area. The standard deviation ranged from 32.5 m #h4d.8 m, w
mean altitude of 491 m for the low category; from 47.8 m to 57.7 m with a mean altifuche of 50
for the medium category; and from 57.7 m to 97.2 m, with a mean altitude of 518 m for the high
category. Thus, seven villages were selected for each possible crossrtarhbuggedness
level and protection status. Within each village, survey sites were placed along all drivable roads
with a distance of 500 m between sites (Moga et al. 2010; Fig. 3.1a), resulting <&k surve
total. The number of sites varied between 2 and 18 per village catchment.
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Corncrake surveys
Corncrake surveys were performed under suitable weather conditions in itige deasah of
2013, from May 15 to June 30, from 23:00 to 3:00 hours, which is the mastliangveeriod
(Moga et al. 2010). Each site was surveyed twice, using five minute point counts from the road
based on auditory observations (Bibby et al. 2000). The Corncrake typically calls loudly and
frequently, and is often heard over several hundred meters. Five minutes appeared to be an
appropriate time span, with 82% of all males detected within one minute and 98% within four
minutes. The location of each singing (male) Corncrake was calculated by triangulation, based on
two to three GPS points and their respective compass bearing towards the singing bird.
Triangulation was implemented in ArcGIS using the Beaking distance to lin€orncrake
locations were defined as the crossing of two lines in case of two GPS mithts cerater of
the polygon in case of three GPS points.

To broadly characterize the landscape surrounding Corncrake locations we identified the
land cover of all Corncrake locations from the road within the following categbléeetarata
fallow land, hay meadow, pasture, and marginal elements (e.g. reed patches and i\ margins
further habitat measurements were taken because detailed microhabitat requirements of the
Corncrake in this region were previously described by Moga et al. (2010).

Variables used to model Corncrake presence

We modelled Corncrake presence/absence around each site in relation to tvad imadicas
disturbance as well as to environmental variables that may explain Corncrake oEarrence.
indices ohuman disturbamer human population density and distance to village. Environmental
variables were measured at three spatial scalkescallsedtdrcular area of 10 ha, radius of 178

m) covered the approximate home range of the Corncrake (Grabovsky 1993; Van Weperen 2009)
which rarely moves more than 250 m between calling sites (Peake & McGregor 20018xiThe
scal&ircular area of 100 ha, radius of 564 myikage catchmen(isesla + SD: 18.2 km 10.7

km?) represented scales beyond the typical daily movements of male Corncrakes (Skliba & Fuchs
2004).

At each scale, we quantified environmental variables expressing woody vegetation cover,
land cover heterogeneity, and topography (3abl@oth woody vegetation cover and land cover
heterogeneity are likely to be affected by possible land cover homogenization (Bent@® et al. 20
Tscharntke et al. 2005). In contrast, topography controls key biophysical gradients within the
landscape, but is not subject to medium-term changes.

At the local scale included the variables: (i) proportion of woody vegetation cover, (ii)
spectral variance of monochromatic SPOT imagery (©CNES 2007, Distribution Spot Image SA) as
an index of local structural heterogeneity, and (iii) Topographic Wetness Index (TWI) to indicate
topographic position and potential soil wetness. Atdheext scdleH LQFOXGHG L 6LPS
diversity index of land cover (assessed with FRAGSTATS 4.1, McGarigal et al. 2012), and (ii)
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terrain ruggedness. We excluded woody vegetation cover at this scale becagasatiitelyas

correlated withterr@ UXJJHGQHVV £ ‘H DOVR H[FOXGHG HGJH GHQ
ZDV SRVLWLYHO\ FRUUHODWHG ZLWK WKH 6LPSVRQ:-V GLYHUVLW!
village catchment Z¢dleLQFOXGHG L 6LPSVRQecOWeG (l)Ylahd vaveW edgeQ GH[ RI OL
density, (iii) proportion of arable land cover, and (iv) terrain ruggedness. Together, these
(statistically independent) variables characterized major differences in land cover cordposition an
configuration between village catchments. We did not include woody vegetation at this scale

because it is dominated by forest cover which is unsuitable for Corncrakes.t&iteda de

description of human disturbance and environmental variables and their calculation, see Table 3.1.

Statistical analysis
We pooled Corncrake presence data over the two repeated surveys. Because some individual

Corncrake locations were in very close proximity to one another, we did not attempt to distinguish
between individuals between the two repeats. At sites where no Corncrake was det@dipd (n =
one absence point was randomly allocated in farmland within a 1000 m circular buffer, which
equals the maximum distance a Corncrake call can be heard (Moga et al. 2010)

All analyses were implemented in the R-environment using the p&bkSgedhster;
fodal- m&ptools and §patstat (R Development Core Team 2013). We modeled Corncrake
presence/absence using a generalized linear mixed effects model (function gloomiE@L
10$66- SDFNDJH ZLWK D ELQRPLDO HUURU GLVWULEXWLRQ 7KH
and environmental variables as explanatory variables (fixed effects), villagerassHeaento
account for nested experimental units, and an autocorrelation structure of order 1, implementing
geographic coordinates to account for spatial autocorrelation (Dormann et al. 2007). The final
minimum adeX DWH PRGHO ZDV REWDLQHG WKURXJK VWHSZLVH EDFN.
AIC is not implemented in gimmPQL. The model was internally validated using AUC based on a
model calibrated on a randomly selected training dataset (70% of the data) and predictions to the
remaining validation dataset (30% of the data). Validation was repeated 100 times and AUC values
ZHUH DYHUDJHG :H FRQILUPHG WKDW Y D Uttabstofrtdd/loZaH UH QRW FF
woody vegetation cover and population densityresgad transformed distance to village, and
standardized all variables to zero mean and unit variance, prior to modelling.
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Variable Description and calculation Data source
Human Population density Human population density;
disturbance (people per km?) calculated as the number of people per each
village catchment area
Distance to village Distance to the closest village;
(m) calculated as the distance from each point to
the edge of the nearest village
Local scale Woody vegetation Proportion of woody vegetation cover; CNES 2007,
(10 ha) cover (%) calculated as the percent cover based on a Distribution Spot
supervised classifications of the Image SA;
panchromatic channels of SPOT 5 data resolution of 10 m
Heterogeneity Remotely sensed compositional CNES 2007,
heterogeneity; Distribution Spot
calculated as the standard deviation of the Image SA;
monochromatic channel of SPOT 5 data resolution of 2.5 m
Topographic wetness  Relative position in the landscape and hence ~ ASTER digital
index potential soil wetness; elevation model;

Context scale

Land cover diversity

calculated as a function of upslope

catchment area to local slope

Compositional heterogeneity of different

resolution of 30 m

Corine Land Cover

(100 ha) land covers; Digital map 2006
calculated as the Simpson’s diversity index
of land cover

Ruggedness (m) Terrain ruggedness; ASTER digital

calculated as the standard deviation of the elevation model;
altitude resolution of 30 m

Village Land cover diversity Compositional heterogeneity of different Corine Land Cover

catchment land covers; Digital map 2006

scale calculated as the Simpson’s diversity index

(18.2km? £ of land cover

10.7 km?)

Edge density (m hal)

Aurable land cover (%)

Ruggedness (m)

Configurational heterogeneity of different
land covers;

calculated as the edge density of land cover
in meters per hectare

Proportion of arable land;

calculated as the percent cover

Terrain ruggedness;

calculated as the standard deviation of the
altitude

Corine Land Cover

Digital map 2006

Corine Land Cover
Digital map 2006
ASTER digital
elevation model;

resolution of 30 m

Table 3.1Description and calculation of human disturbance variables enditbemental variables used
to model Corncrake distribution. Environmental variables were calculated gpdtial scales. The data

source for the environmental variables and units for variables witire givien.

Based on the model outlined above, we simulated how the distribution of suitable
Corncrake habitat would change under hypothetical scenarios of land cover homogenization. This
was implemented by a stepwise reduction of context land cover diversity and subsequently
predicting suitable Corncrake habitat for each step. Notably, we only altered context land cover

diversity, because of the modelled variables it is the variable most likely to change order land c
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homogenization. Other variables that influenced Corncrake occurrence are either not influenced by
land cover change (e.g. ruggedness), or would change in unpredictable ways (e.g. human population
density). We reduced land cover diversity incrementally by values of 0.01 for a given pixel in a given
step (original dataset: min = 0, max = 0.84). Pixels with a value of zero were not rddhuced fur

After each homogenization step, we predicted the probability of suitable Corncrake habitat in
farmland (grassland and arable land) of the whole study area using the fixed effecteoastimates

the above described Corncrake model. Finally, the predicted probabilities of occurrence were
converted into presence/absence data using a probability threshold of 0.5 to define suitable
Corncrake habitat.

Based on the results of this simulation, we calculated percent loss in land cover diversity as
the proportion of land cover diversity in a given step relative to the current situation and
standardized to 100%. Similarly, we calculated the remaining proportion of suitable Corncrake
habitat based on the area of predicted suitable Corncrake habitat in a given simulation step relative
to the total area of suitable Corncrake habitat in the region. To visualize the effects of reducing
land cover diversity, we plotted percent loss of land cover diversity against the peadaief
suitable Corncrake habitat. Additionally, land cover diversity and Corncrake suitable habitat were
mapped, both for current conditions and for habitat losses of 33 % and 66 %, corresponding to the

loss of a third or two thirds of the available suitable habitat, respectively.

Results

We found 114 Corncrake presences pooled over the two repeats, of which 7atedene tbe

Natura 2000 area (Fig. 3.1b). Corncrakes occurred most frequently in arable 3&n@%nin=

Alfalfa fields,Medicago satwdsp.sativa marginal elements (n = 31; mostly ré&dagmites

australl and hay meadows (n = 25), followed by fallow land (n = 13) and pastures (n = 9).
Corncrake presence was predicted by human disturbance variables and by environmental

variables at the local and context scales (Table 3.2). The Corncrake wasynmrectkey

remote locations at large distances from villages, and village catchments with a low human

population density. Moreover, the species was more likely to occur in areas withinlow terra

ruggedness and high land cover diversity at the context scale, and a high topographic xvetness inde

at the local scale (Table 3.2; Fig. 3.1b). Model validation indicated a good overall model

performance (AUC mean + SD: 0.84 £ 0.04).
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Table 3.2Model coefficient estimates + Standard Error (SE) of the final generalizadiXedaffects
model obtained through backward selection (threshpkd @fL). ' indicates variables not contained in the
final model.

Scale Variable Estimate + SE p
(Intercept) -0.57 £ 0.37 0.13
Human disturbance Population density -0.77 £ 0.40 0.06
Distance to village 0.35+0.15 0.02
Local Woody vegetation cover -- --
Heterogeneity -- --
Topographic wetness index 0.31+0.14 0.03
Context Land cover diversity 0.49+0.18 <0.01
Terrain ruggedness -0.95+ 0.20 <0.01
Village catchment Land cover diversity -- --

Edge density - -
Arable land cover - -
Terrain ruggedness - -

The simulation of Corncrake distribution in response to landscape homogenization
showed that the extent of predicted suitable Corncrake habitat decreased rapidly with a simulated
loss of land cover diversity at the context scale. Notably, a substantial contractidibeof suita
Corncrake habitat was already apparent at relatively small reductions in landrsityw€Fidive
3.2, 3.3). For example, an 11% overall decrease in current land cover diversity tfimased on
complete range of the variable standardized to 100%) resulted in a 33% loss obmdtakke C
habitat (Fig. 3.3; middle row); and a 35% decrease in current land cover diversity aessfited

loss of Corncrake habitat (Fig. 3.3; bottom row).
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Figure 3.2Predicted suitable Corncrake habitat as a function of land cowitlydoss within the context
scale (100 ha). Land cover diversity loss was simulated throughise sthsation of current land cover
diversity. Suitable Corncrake habitat was calculated as the remainitignpobieorncrake habitat based
on the area of predicted Corncrake habitat in a given simulaticeiadiep to the total area of Corncrake
habitat in the region.
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Land cover diversity

_ Suitable Corncrake habitat
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Figure 3.3 Predicted distribution of suitable Corncrake habitat under currentdaicdd land cover
diversity in a 100 ha surrounding (resolution 27 m x 27 m). The left sbhwsnchanges in land cover
diversity and the right column shows the predicted concur@mgecin the distribution of suitable
Corncrake habitat. The upper row represents the curretibrsitiaresholds for simulation of land cover
diversity were selected to illustrate a habitat loss of 33% and 66% oétidabitat. These figures aver
chosen to exemplify the continuous pattern from FRRit@nd were purely based to show a third and two
thirds of habitat lost. The middle row represents an 11% redodgom cover diversity which reduces
Corncrake habitat by 33%. The lower row represents a 35% reidduetiohcover diversity which reduces
Corncrake habitat by 66%. Land cover diversity varies from low (brely)(dack) on a standardized scale
between 0 and 1. The boxplot below each figure represents the distfitatidcover diversity for a given
step. Suitable Corncrake habitat (black) was assumed by a pretaididypof Corncrake occurrence of
0.5 or higher.
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Discussion

Our study adds to a growing body of knowledge on the effects of heterogeneity on farmland
biodiversity, suggesting that the loss of heterogeneity, typically associated with land-use
intensification, can negatively impact biodiversity (e.g. Stein et al. 2014). Furthermore, substantial
losses of Corncrake habitat are likely to result from relatively small losses irr ldivetrsitye

indicating a non-linear relationship between habitat loss and loss in land cover thesesity. T
findings have important implications for the management of heterogeneous farming landscapes. In
Europe, the majority of studies on the effects of landscape homogenization on farmland
biodiversity have been performed in countries with more intensively used farmland (Devictor &
Jiguet 2007; Pickett & Siriwardena 2011), while more heterogeneous, low-intensity regions remain
poorly understood (Baldi & Batary 2011; Tryjanowski et al. 2011). Our findings suggeist that la
cover homogenization in a traditional farming landscape could drastically reduce suitable habitat
for farmland species such as the Corncrake. This underlines the need fotiaosteteyies

that consider land cover diversity across entire landscape mosaics, and that dyeggaeeifica
towards traditional farmland supporting large populations of rare or threatened species.

Agricultural landscapes are increasingly recognized for their value for biodiversity
conservation (Mendenhall et al. 2014). This is especially important for Europears|amdistape
reflect centuries of interactions between people and the natural environment (Bignal & McCracken
2000) Long-established traditional agriculture has created many of the habitats and niches for
species valued for biodiversity today (Bignal & McCracken 2000). Nevertheless] traditiona
agricultural landscapes have declined dramatically over the last decades (Foley Eiafe2005)
remaining examples are under considerable threat from changes in agricultural management and
their continued existence hinges on both national and international conservation policies (Henle et
al. 2008).

Our study shows that land cover heterogeneity is a key feature to be addressed in
conservation measures targeting traditional farmland. The positive effects of heterogeneity on
biodiversity, including farmland birds, have been well-documented (e.g. Weibull et aita2000; Be
et al. 2003; Diacon-Bolli et al. 2012; Stein et al. 2014). In particular, land cover divesdity appear
positively affect bird richness and abundance in farmland (Sanderson et al. 2009; Pickett &
Siriwardena 2011), suggesting that different land-use covers provide complementary resources,
such as feeding, nesting, and sheltering sites. However, responses of fadslaod bir
heterogeneity are species-specific; especially ground nesting birds and open farmlend specialis
often prefer relatively homogenous landscapes (Filippi-Codaccioni et al. 2010; Fischer et al. 2011,
Pickett & Siriwardena 2011; Guerrero et al. 2012). For such specialist species, management
practices to increase heterogeneity may therefore reduce their populations, especially in low-
intensity farmland (Batary et al. 2011b)

Also the Corncrake is a ground-nesting species in open farmland, and similar to other
grassland species, it has been observed to occur in extensive areas of relatively homogenous,
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uncultivated meadows.HL aVv %HUJ +LURQ . MexXérQalessi W DO
traditional farmland mosaic such as the one we studied evidently can provide important additional
habitat for the Corncrake. Land cover homogenization at the context scale as cown$equence
intensification would have a substantial negative impact on the Corncrake in currently
heterogeneous landscapes. To protect the Corncrake in traditional farmland, it is therefore
important to ensure the persistence of mixed farming practices.

While the use of low-intensity grasslands and hay meadows by the Corncrake is well
documented (Berg & Gustafson 2007; Budka & Osiejuk 2013), less is known about the
complementary values of other land-use types to the species (but see e.g.@eP§R2HiFor
example, in a diverse land cover mosaic, uncropped arable land, and the high density of edges
between different land covers (e.g. field margins or ditches) provide safe breeding or sheltering sites
for the Corncrake (Green et al. 1997; Corbett & Hudson 2010; Budka & Osiejuk 2013). Such
structures are especially important during the early breeding season when the height of
surrounding spring-vegetation is short (Budka & Osiejuk 2013). In addition, field margins are often
rich in invertebrates (Josefsson et al. 2013), and thus a higher abundance of field margins may
increase food availability for the Corncrake.

Some studies have found that the Corncrake tends to avoid annually cropped arable fields

.HL&V %HUJ +LURQ %. XHeWeDer, w2 fdukdVaxchinsiderable
number of Corncrakes in arable fields, and in particular in Alfalfa fields. Corncrakes and other
grassland species have also been observed in grass or clover fields used fdrasilagethad
regions (Corbett & Hudson 2010; Berg & Hiron 2012; Quinn et al. 2012). Although this suggests
that arable fields sown with grass or leguminous plants can provide important additional habitat for
Corncrakes, care should be taken for appropriate management because hayedrerags can
population sinks (Perlut et al. 2006). In contrast, pastures appeared to have little habitat value for
the Corncrake, and similarly to other regions, the Corncrake was more liketggenbén hay
meadows than pasturesHWWVWHLQ HW DOThe Corncridideédnvay avoid grazed
pastures for several reasons. For example, they are typically located on bettstedrmned,
slopes, whereas the Corncrake preferentially uses moist flat areas. In thddittaluced
vegetation height in pastures caused by grazing may reduce habitat suitability (Berg & Gustafson
2007).

Loss of hay meadows and the intensification of grassland management are currently
viewed as the main threats to Corncrake populations (Koffijperg & Schaffer 2006)e, Theref
current conservation strategies (including AES schemes) for the Corncrakenaidyet@the
maintenance of hay meadows and low-intensity grasslands, with emphasis on specified mowing
regimes (Koffijberg & Schaffer 2006; Berg & Gustafson 2007) and leaving unmowtripsfuge
(Tyler et al. 1998). These methods have been successful (Koffijberg & SeBjflend2bave
also provided wider biodiversity benefits in countries with relatively intensive agriculture
(Wilkinson et al. 2012). However, our results suggest that the implementation of grassthnd-focu
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strategies alone may netH VXIILFLHQW IRU &RUQFUDNH FRQVHUYDWLI
farmland. Moreover, at present, farmers in Transylvania mow their land in a wegtdhad c
heterogeneous vegetation structure, including numerous unmown patches until late in the season.
Delayed mowing regimes could potentially be counter-productive, because they may result in the
synchronization of management and thus homogenization of vegetation height (Dahlstrom et al.
2013) which has negatively affected Corncrakes elsewhere (Brambilla & Pedrini 2013). Other
specific CAP measures in Romania, such as sheep premium payments, also may pose a threat to the
Corncrake. This is because such incentives may inadvertently encourage the coimagrsion of
meadows to pastures (Demeter & Kelemen 2012). These examples highlight the efedlgl to car

adjust agri-environment schemes and other CAP measures to traditional farmland, Moreover
schemes particularly related to the Corncrake should primarily target core Corncrasechabitat,

as remote, flat and wet areas, which are especially at risk of conversion toimnagasified

farmland.

Our findings thus underline that agri-environment management needs to be adapted to the
context of the landscape (Batary et al. 2011a), and schemes designed for high-intapsity landsc
cannot be readily transferred to traditional farmland (Sutcliffe et al. 2014heGiffarity of the
Corncrake with the heterogeneous farmland mosaic, there could be major benefits in agri-
environment schemes specifically aiming at maintaining the heterogeneous character of low-
intensity landscapes (Kleijn et al. 2011). Without pro-active policy measures to mabatzén land
heterogeneity in traditional farmland, homogenization of the landscape will have negative effects
on biodiversity in general, and on already threatened species such as the Corncrake in particular.

The successful implementation of measures that maintain land cover heterogeneity across
entire landscapes will hinge on finding ways to coordinate actions across rmutipledther
than relying on local measures alone (McKenzie et al. 2013). Moreover, high heterogeneity i
traditional farmland is tightly linked to the multi-functionality of semi-subsistence farm holdings of
relatively small size (Tryjanowski et al. ZDAd3, landscape-scale governance may be challenging
because it depends on the involvement of many individual farmers (McKenzie et al. 2013). In
traditional farmland, AESs could be used to support collaborations of specific target groups (Pe'er
et al. 2014), such as small-scale farm holders which create the heterogeneous recsigiz but ar
particularly susceptible to selling land to large-scale farmers.

Conclusions

Our study showed that heterogeneous farmland has high complementary conservation value for
the Corncrake, in addition to their core habitat of large areas of wet meadows. Furthermore, our
simulations highlighted that in heterogeneous low-intensity farmland, conservation measures
implemented on small scales by single farmers should be complemented with landscape-scale
measures to maintain land cover heterogeneity. Although we highlighted the importance of
landscape-scale conservation for a single protected species, a similar pattern appears to be emerging
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more generally (Merckx et al. 2009; Dallimer et al. 2010). More reseaededson the
effectiveness of landscape-scale conservation in farmland; however, resiebatsostocus on
how conservation measures targeting whole landscapes rather than single fasms can b
implemented. This is especially important in traditional farming landscapes, many of which are
complex but rapidly changing social-ecological systems that are threatened by land cover

homogenization.
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Abstract

Facilitating human-carnivore coexistence is a major conservation concern in human-dominated
landscapes worldwide. Useful insights could be gained by studying and understanding the dynamics
of human carnivore-coexistence in landscapes in which carnivores and humans have coexisted for a
long time. We used a two-pronged approach combining ecological and social data to study
coexistence of the brown bebéirqus arctosnd humans in Transylvania, Romania. First, we
surveyed 554 km of walking transects to estimate activity via a bear sign index, namely the
proportion of anthills disturbed by bears, and used spatially explicit predictive models to test which
biophysical and anthropogenic variables influenced bear activity. Second, we interviewed 86
shepherds and 359 villagers and community representatives to assess ittorifkets \ath

attitudes of shepherds towards bears. Our interdisciplinary study showexdsttzatdorumans

coexisted relatively peacefully despite occasional conflicts. Coexistence appeariithtedbe fac

by: (1) the availability of large forest blocks that are connected to the source population of bears in
the Carpathian Mountains; (2) the use of traditional livestock management to minimize damage
from bears; and (3) some tolerance among shepherds to occasional conflict with beass, In contra
bear activity was unrelated to human settlements, and compensation for livestock losses did not
LQIOXHQFH SHRSOH:V DWWLWXGHV WRZDUG EHDUV 2XU VW
carnivores is possible, even without direct economic incentives. A key challengesfaritbedting
discontinuous history of human-carnivore coexistence is to reinstate both praditiesdesd

that facilitate coexistence.
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Introduction

Facilitating coexistence between humans and carnivores is a conservation challenge worldwide
(Woodroffe et al. 2005; Treves et al. 2006; Dickman et al. 2011), becauss banevofen

been extirpated locally due to conflicts with humans (Breitenmoser 1998; Woodroffe 2000)
Predators are important because they exert top-down control on ecosystem (fsiesssesl.

2011; Ripple et al. 2014), and provide emotional, recreational, and cultural benefits to society
(Kellert et al. 1996). Due to increasing conservation efforts (Rag0&5pakome carnivore
populations are growing again (Linnell et al. 2001; Enserink & Vogel 2006), but many continue to
decline (Ripple et al. 2014). The two most frequently advocated strategies to comiteract car
declines are: (i) to separate carnivores from settlements by establishing protectezhgefuge a
(Karanth et al. 2010; Packer et al. 2013); and (ii) to promote human-carnivore coexistence in
human-dominated landscapes through conflict mitigation programs (Woodroffe et al. 2005;
Dickman et al. 2011)

Several studies have shown that humans and carnivores can coexist (Carter et al. 2012b;
Schuette et al. 2013). However, coexistence is often hampered by human-carnivore cénflicts, whic
can harm rural households especially (e.g. Holmern et al. 2007). Because manyivearinivores
human-dominated landscapes, a key to their successful conservation is to better understand the
dynamics of human-carnivore coexistence. To this end, one useful approachociealich feom
landscapes in which carnivores and humans have coexisted for a long time.

In Eastern Europe, large carnivores and humans have co-inhabited multiple-use
landscapes for centuries. Romania sustains large, stable populations of the Hoosurs lz@elos
wolf (Canis lupuand lynxL{ynx lynk(Salvatori et al. 2002), with the brown bear population being
SDUWLFXODUO\ ODUJH HVWLPDWHG DW LQGLYLGXDOV E\ WKI
Carpathian Mountains, but many also occur in the Transylvanian foothills of the Carpathian
Mountains, which harbor hundreds of villages characterized by traditional semi-subsistence
agriculture. This situation is exceptional because the majority of bear populations elsewhere i
Europe are confined to remote mountainous areand where bears do range into human-
dominated landscapes, they often damage livestock, orchards and beehives (Zedrosser et al. 2001)
Thus, Transylvania offers an interesting model system that may help to facilitate greater
understanding of the dynamics underpinning successful coexistence of humans and carnivores.

Gathering reliable data on carnivore distribution is notoriously difficult due to their
elusive nature. Especially in Romania, long-term data is scarce, and the reliabiatydataoffic
collected by hunting organizations may be questionable (Salvatori et al. 2002). Therefore, we used a
new, sign-based metric, namely the proportion of anthills destroyed by bears relative to the total
number of anthills in an area, being fully aware of the limitations of sign-based indreators (Ba
Azcon et al. 2007; Long et al. 2007). Although the proportion of destroyed anthills nssy be a le
accurate sign than footprints or faeces, it offers the opportunity to survegdargeaarelatively
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short time, which we believe more than compensates the risks of potentially higher methodological
uncertainty.

To understand long-term coexistence in multiple-use landscapes, both ecological and social
variables are important (Treves & Karanth 2003; Treves et al. 2006; Ca2t&2=t)aAlthough
the need for interdisciplinary work on human-wildlife coexistence has repeatedly been
acknowledged (Redpath et al. 2012), few studies have combined ecological studies on habitat
preferences of carnivores with social data on human-carnivore conflicts ané telezknc
towards carnivores (Glikman and Frank, 2011; but see Schuette et al. 2013). The ovdrarching goa
of our study was to assess how humans and bears coexist in Southkmniaa@sy study had
two specific objectives. First, we sought to understand spatial patterns of bear activity in response
to anthropogenic variables, biophysical variables, as well as local connectivity between forest
patches and regional connectivity to the Carpathian Mountains. Second, we examined the nature of

human-bear conflicts in the region and related it to the spatial distribution of bear activity.

Methods

Study area and design
Our 7441 krastudy area was located within a 50 km radius around the town of Sighisoara, in the
foothills of the Carpathian Mountains in Southern Transylvania (Fig. 4.1a). Recently, one of the
largest sets of non-mountainous EU protected Natura 2000 sites was established ifidpis are
4.1b). We selected transects inside and outside this protected area to provide data for the
foundations of the brown bear management plan, and to provide reference data so the
management plan can later be evaluated. A detailed description of the area is provided in
Supplementary Material Text S4.1.

To quantify bear activity, we used the proportion of anthills destroyed by beat® relative
the total number of anthills in each pasture transect. Destroyed anthills and otheraigns a
forests and therefore we walked transects on pasture adjacent to forestarArdkiisable on
pastures across the entire landscape which allowed us to cover a largetarataidized way.
Ants form an important food source of protein for the brown bear (Dahle et abwW688on et
al. 1999). Ant larvae are particularly sought after by bears in spring and summer, anddhe incidenc
of destroyed anthills has been used in previous sign surveys for besr @leseo et al. 2006;
Ciarniello et al. 2007). Anthills destroyed by bears are readily distinguishable flestrthesk
by other animals (e.g. cattle) and humans because they have a chdfdctarkily dutof the
top.

Our choice of transects was guided by three design considerations. First, we sought to
obtain a broad overview of bear activity in the study area. We surveyed bear 2@tfaitalin
villages and their surrounding land, because villages have been identified as both ecologically and
VRFLDOO\ RhiBEcgprits (Xr@el§tam et al. 2003). We delineated the area belonging to a
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given village using a cost-distance algorithm that allocated each pixel to the itladewet

travel cost to this pixel (slope-penalized distance, implemented in ArcGIS, mean area + SD: 20.5 +
11.2 krd). We randomly selected 30 villages from 448 villages in the study area, stmatéred to c

the full gradient in terrain ruggedness and to include Natura 2000 areas as well as argastected
(Fig. 4.1b). With few exceptions arising from logistical obstacles we surveyecetds rairaunsd

each village (n = 113; described in detail below).

Second, we covered the focal conservation area (2186 Ketail to inform the new
management plan. We divided the Natura 2000 area into grid cells of 2 km x 2 km (n = 759). We
surveyed one transect in each grid cell with more than 15% forest cover (n = 417), and we surveyed
one transect per grid cell for 100 additional, randomly chosen cells with less than &6%&forest
For these two considerations, all transects were chosen to cover the full gradidaitlef ava
distances to the nearest village and amount of surrounding forest cover within a radius of 1500 m.
Third, to assess the connectivity from our study area to the assumed source poputation of
bears in the Carpathian Mountains, we compared alternative cost-distance metrics to the
mountains, so that the best cost-distance metric could be used in later analysestige®the se
variables used to model bear activity below). For this, we specifically surveyedidWittasinse
1520 km from the mountains (Fig. 4.1b). These transects were chosen to cover aggnadient f
likely low cost to high cost by varying the sets of land cover types available between a given
transect and the mountains.

All transects were walked once at the forest-pasture interface at approxinnately 10
distance from the forest edge. Each transect was 800 m long and 6 m wide. All aektroyed a
undestroyed anthills within a transect were counted. We included both fresh (émd pédr)
(previous years but clearly visible) destroyed anthills. In total, we walked 692 5Bh&etts
between April 28 and August 10, 2012. Three transects were excludedysbecalise they
had no anthills. The mean number of anthills per transect was 139. All transectedbr the ¢

distance analysis were surveyed in May and June, 2012.
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Figure 4.1Study area, study design and predicted bear activity. (A) Studwa@rdein Transylvania,
Romania, and location of the Carpathian Mountains used for thistemstedanalysis. (B) Close-up of the
study area and study design and location of the transeéts tismbear activity model (n = 630) and cost-
distance analysis to the Carpathian Mountains (n = 59). The Natuaeed008s surveyed for bear activity
in detail. The study area was surveyed at a large scale for bgamnachivinan-bear conflict in 30 focal
villages and their surrounding land. (C) Predicted bear activitytuilyherea, based on generalized linear
modelling. Bear activity is indicated as the predicted proportiostrof/el relative to total number of

anthills.
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Variables used to model bear activity
We used four sets of variables to explain patterns in bear activity. First, anihdipgbance
was indicated by distance to settlements. Second, the biophysical environment within a radius of
1000 m from the midpoint of each transect was indicated by (i) terrain rugdedlzsd ea the
standard deviation of the altitude; (ii) percent pasture cover; and (iii) the shape and size of forest
patches indicated by the forest edge to forest interior ratio. We did not include forest cover because
LW ZDV FRUUHODWHG ZLWK IR O.AY. WhitdGldddl sbrRedtigtwbidtvdeR U UDW LR
forest patches within the study area was indicated by betweenness centrality. Betmesdityjess ce
is an index of how well connected a given forest patch is within the network phfohes
regardless of land-use between the different forest patches. Fourth, conmdietiv@grpathian
Mountains (the presumed source population) was indicated by the cost-distance of@aoh transe
the mountains. Cost-distance was based on a matrix with a resolution of 10 m x 10 m and
combined distance to the mountains with weights between 1-10, assigned by experts to the
different land-use types. Detailed descriptions of these variables are provided in Supplementary
Material Text S4.1.

We accounted for possible effects of the total number of anthills per aadsaatvey
date (bears might be more attracted to pastures with more anthills; and the number of destroyed
anthills by definition accumulates with time) by including them as variables in the model. Because
the effects of number of anthills and survey date were not necessarily linekrledetheir
guadratic terms (e.g. the number of destroyed anthills might level off before the end of the field
season if bears shift to other food sources such as fruit). Protection laetlineasded in the
models, because the recent establishment of the Natura 2000 area has not yetdifferdied

natural resource use that could affect bear activity.

Statistical modelling

All analyses were performed with the proportion of destroyed vs. total number ofsattthills a
response variable within generalized linear models (GLM) with a quasi-binomralkairertst

account for overdispersion. This model specification took into account that the precision of the
response variable increased with an increasing total number of anthillehguadjiven transect

(e.g. one destroyed anthill out of two total anthills is less precise information thesy&0 dat

of 100). The final GLM was obtained by using model averaging based on a 10-fold cross-validation
(Fielding & Bell 1997). Validation was done by relating the predicted activity (based on a model
using nine tenths of the data) with the activity observed in the remaining tenth via a binomial GLM
(see Table S4.1 for the estimates and explained deviance for each of the validatien steps). W
calculated the amount of deviance explained as a measure of predictive perfoanhrafetod e

ten models. We averaged the parameter estimates over the 10 models, weighting the estimates from
each model by its predictive performance. The averaged estimates were used to predict bear activity
in forest edges bordering pastures across the entire study area, at a re86itionegualling
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WKH WUDQVHFW OHQJWK RI WKH ILHOG VXUYHWKHOJG:- VWD
environment (R Development Core Team 2013). Further details on statistical modelling and
predictive mapping are provided in Supplementary Material Text S4.1.

Human-bear conflicts

Human-bear conflicts were assessed using questionnaires in the same 30 villag@sheageted
transects (Fig. 4.1b). We used a detailed questionnaire for shepherds that adidalessed

livestock, attitudes towards bears, and the current compensation schedule; and a strorter one f
villagers that addressed the types of damage caused by bears. Tiduaesessnang different
stakeholder groups relevant to coexistence dynamics, we used the same short questionnaire fo
mayors, hunters and local councillors. These groups are in charge of compensation payments after
carnivore damage, and we therefore included several questions regarding compensation
(questionnaires are available as Supplementary Material Text S4.2-4.4). We aimed to interview
approximately three shepherds (on average a village had between one and four shepherds), ten
villagers, one mayor and one hunter or councillor per village, but not everyone was alailable in a
villages. Ultimately, we obtained questionnaires from 86 shepherds (73 sheep-herders, 13 cow-
herders), 302 villagers, 22 mayors or vice-mayors, 20 local councillors and 15 hwaitecsl (For
considerations see Supplementary Material Text S4.1.)

We expected a significant relationship between bear activity and perceived number of
conflicts (e.g. higher bear activity could increase bear-related impacts), ablvestticls
management (e.g. proactive measures prevent attacks by bears). To test forelgtiossbip
between bear activity and conflicts, we first averaged predicted bear activity withdn the lan
associated with each village. We then calculated Spearman rank correlations begereen avera
predicted bear activity and: (i) the mean number of bear attacks on sheep in the last three years; and
(i) perceived damage to orchards, crops and beehives. For the latter we used the proportion of
local people who stated that bears caused damage to local orchards, crops or bastésss. To
whether certain herding techniques were more or less prone to attacks we used ®frearman ra
correlations between number of bear attacks on sheep and (i) the number of sheep in the herd; (ii)
the number of sheep per guarding dog; (iii) total number of dogs, and (iv) the number of sheep per
shepherd.

Results

Predictive model of bear activity

Bear activity was recorded in 52% of the 630 transects. Cost-disten@atpathian Mountains
had the largest effect on bear activity (Table 4.1), which decreased witly inostatistance.
Biophysical variables also were strongly related to bear activity (Table &tlyitBearsshighest

in rugged terrain, near large forest patches with a low edge to interior ratio, andith éovea
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pasture cover. The effects of distance to the village and local connectivity betwpatthiesest

were weak and not significant (Table 4.1; Table S4.1).

Table 4.1Model-averaged coefficient estimates (weighted mean * weighteth&Beaf activity model.
Ten separate models were initially calculated, and then a tendeldlictaison procedure was used. The
ten models were largely consistent in terms of which variables were tygmifitad to the response.

Number of times significant
in the ten separate models

Variable Estimate + SE P<0.05 P<0.01
(Intercept) -1.66 + 0.099 10 10
Number of anthills 0.04 £ 0.113 0 0
Number of anthilks -0.29 £ 0.072 10 10
Time 0.58 £ 0.073 10 10
Time -0.24 £ 0.069 10 9
Distance to village 0.02 £ 0.069 0 0
Ruggedness 0.17 £ 0.059 10 7
Pasture cover -0.15 + 0.069 8 3
Forest edge : forest area -0.17 £ 0.065 10 5
Betweenness centrality 0.04 £0.076 0 0
Cost-distance to Carpathian Mountair -0.34 £0.069 10 10

Predicted bear activity showed a gradient with proximity to the Carpathian Mountains but
was otherwise relatively homogenous throughout the region (Fig. 4.1c). We found no obvious
hotspots for bear activity inside the Natura 2000 area, but noted that predicted beaasctivity w
particularly high just north-east of (i.e. outside) the focal Natura 2000 area.

Human-bear conflicts

Predicted bear activity did not correlate with the average number of bear attacks porsbeep re
by shepherds (n = 78o= -0.1, p = 0.61). However, predicted bear activity was positively related
to the damage perceived by local villagers to orchards (mho30261, p < 0.001) and fields (n

= 302,rho= 0.5, p = 0.004), but not to beehives (n = 8@2; 0.03, p = 0.86). All participants,
except one, stated that bear attacks on humans happened rarely or never.

The median herd size of sheep was 500, the median number of sheep per dog (typically
including one herding dog and several guarding dogs per herd) was 88, and the median nhumber of
sheep per shepherd was 400. Of 34 described attacks in 23 villages, 56%t odghtr&d®% in
pastures, and 61% in shrubby places. In 69% of cases, less thanghseeeskiled. Among the
shepherds who had suffered attacks, there was no correlation between the number of attacks and
the number of sheep per shephend<0.13, p = 0.45), the number of sheep per rhog 0.29,

p = 0.11), the total number of dogsof 0.18, p = 0.11), or the total number of shewep=(0.34,
p = 0.052). Many shepherds mentioned that having good dogs was the most important to avoid
sheep predation (pers. comm.).

The majority of shepherds perceived bear populations to be increasing over the past
decade, regardless of how many attacks they had suffered (Fig. 4.2a). However, shepherds who had
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suffered more bear attacks perceived more strongly that bear attacks had incréeseadsive

decade (Fig. 4.2b). Despite these trends, approximately 50% of shepherds had nétiNeal or pos
feelings towards bears (Fig. 4.2c).The percentage of shepherds who strongly disliked bears wa
higher for shepherds who had suffered more attacks (Fig. 4.2c). Only six tiegdssiherated

that their feelings towards bears had changed over the past decade. Over 50% of shegherds did n
support immediate killing of bears after attacks on livestock \(\nidiGnde and] flepends.

Shepherds who answer§ds H S Huppganted the killing of a bear if livestock losses occurred
repeatedly by the same bear. Support for imvediaN L O O L Q Jyed) Q&3 IsligbtywitigBerE\ |
among shepherds who had suffered attacks than among those who had not (Fig. 4.2d).

(a) bear population (b) bear attacks
100 — 100
80 — 80 —
60 — 60 —
) 0,
* 40 1 % 40
20 20 —
0 - cow no low high 0 - cow no low high
herd loss loss loss herd loss loss loss
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(c) attitude (d) eliminate
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Figure 4.2 Perceptions of shepherds regarding the brown bear. (A) theat populations over the last
decade; (B) trend in attacks of bears on livestock over theddst (€l attitudes towards bears; and (D)
immediate elimination of bears after attacks on livestock. Cowdwmvcherders; no loss = shepherd with
no attacks by bears in the past three years; low lossherdhejth fewer than ten attacks by bears in the
past three years; high loss = shepherds with ten or more attzedssliy the past three years.

Ninety-three percent of shepherds found compensation for damage to livestock important.
However, 92% of shepherds agreed that compensation should be received only if appropriate
measures were taken by herders to protect livestock from carnivores. Inte@8¥ngly
shepherds were unaware of the (officially) existing compensation scheme. This finding, however,
should be interpreted cautiously because two shepherds indicated they had tried to receive
compensation, but were of the impression that no current compensation scheme was active.

stark contrast, 85% of mayors, hunters and local councillors thought the compensation scheme was
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readily accessible; but only 43% of mayors, hunter and councillors believed that the majority of the

community was aware of the scheme.

Discussion

There is growing recognition of the need to conserve large carnivores outside peategted.ar
Athreya et al. 2013; Schuette et al. 2013), however, insights from human-dominated fendscapes a
still limited (e.g. Ghosal et 2013) Our approach drawing on both ecological and social data
suggests an apparent balance between humans and bears in Southern Transylvamia. The mai
factors contributing to this appeared to be: (i) the availability of large forest blocks connected to the
presumed source population of bears in the Carpathian Mountains; (ii) the use of traditional
livestock husbandry technigues to minimize damage from bears; and (iii) some tolerance among
shepherds to occasional conflict with bears. Unlike elsewhere, avoidance of human settlements by
bears (Posillico et al. 2004; Preatoni et al. 2005; Nellemann et al. 2007) and fméresl inc
(Maclennan et al. 2009; Banerjee et al. &0d€ared to play negligible roles in facilitating human-

bear coexistence.

Explaining coexistence
The Carpathian Mountains support the largest extant populations of the brown bear in Europe
(Zedrosser et al. 2001). Consistent with this, the most important predictor of beawativity
proximity to the Carpathians. Higher bear activity was also found in rugged areadaagel nea
blocks of forest, which is most likely related to better shelter and den sites in rouginderrain,
potentially a wider variety of food resources (Nellemann et al. 2007; May e(iltH2iD0&; al.
2011) Local connectivity between forest patches, however, was unrelated to bear activity,
suggesting that forest patches are well-connected throughout the region. Indeed, forest cover in
our study area was close to the presumed 30% threshold below which the b#ieittd lufss
may be exacerbated by isolation effects (Andrén 1994). Alternatively, local comiagcbeity
related to shrub cover which was not accounted for in our analyses, and Hrityreaplain the
lack of statistical significance of local connectivity. In contrast to other studies ¢Pakilio04;
Preatoni et al. 2005; Nellemann et al. 2007), bears were not affectethdey tdishuman
settlements. This may be because, at present, vehicle traffic does notstirrghsaear
settlements, and major agricultural machinery is also relatively uncommon, although agricultural
intensification is likely in the future (Mikulcak et al. 2013). In addition, human persemey
not deter bears because local people are not a major threat, given that betatetdpiaw
and hunting is prohibited. Finally, retaliation killing is probably uncommon in the study area,
though better knowledge on this would be useful to more fully understand human-bear
coexistence.

Interestingly, observed bear activity was not related to the frequency of attesqs, on s
but was negatively related to perceived damage to orchards and fields. Unlike sla®p, fields
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orchards are often guarded less carefully and most lack (effective) fendiasy sapése

livestock husbandry techniques used by shepherds may effectively prevent bear ataois. The u
guarding dogs and nightly confinement appeaesiuce livestock attacks worldwide (Gehring et

al. 2010; Rigg et al. 2011). Indeed, most of the reported bear attacks occurred on thel pasture, a
not in the well-guarded sheepfolds. Similar to observations in the Romanian mountains (Mertens &
Schneider 2005), we found no relationship between the frequency of bear attacks and the number
Rl VKHHS SHU GRJ 7KLV LV VXUSULVLQJ JLYHQ WKH VKHSK
guarding dogs. The lack of a relationship between attacked and the number of dog® could ar
from: (i) the use of an appropriately large number of dogs by the majority of sh@plends

sample size being too small to detect a significant relationship; or (iii) our model foritgear ac

only explaining bear distribution in spring and summer, while bear attacks occurred year-round.

The lack of a relationship between bear activity and frequency of attackuidgelses s
that local conditions may be more important than actual carnivore densities in determining rates of
attack (Kaczensky 1999; Rigg et al. 2011). This supports the notion that human-carnivore
coexistence is possible, but knowledge of local conditions is necessaryiver pftecttive
conflict management. In our case, relevant local conditions may include the quality of guarding
dogs and vigilance of shepherds, but also the prevalence of woody vegetation in pasterres. Becaus
local conditions can, in principle, be managed, our findings indicate opportunities for proactive
conflict mitigation.

Public attitudes towards carnivores are typically most positive in areas without carnivores
(Kellert et al. 1996), or where people and carnivores have coexisted for a long time (Boitani 1995)
The long-term coexistence of bears and shepherds may have led to the acceptasiomalf oc
livestock loss by some shepherds, however, as observed elsewhere (Kacte@éiid)et a
shepherds that were heavily affected by bears were also less tolerantkddssesTolerance
could be further enhanced via compensation measures (Dickman et al. 2011) or the availability of
lethal measures to local authortRsWDNH FDUH RI RFFDWesBuzix@& I elIREOHP |
2010) At present, coexistence was not artificially upheld by economic incentives, suggasting that
the absence of effective payment schemes, relatively cheap traditional, non-lethanrethpds ¢
facilitate coexistence. Thus, the key to successful human-bear coexistencencouirlge
livestock losses to levels that are acceptable to a large proportion of the shepherty,communi
while also establishing an understanding between local authorities and people that authorities will
increase efforts to prevent damage by bears. Developing such an understandingdiffighttbe a
challenge in Romania, where trust between local people and authorities is low dueato histor

suppression, corruption and poverty (Hartel 2034.
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Local management priorities

To facilitate the ongoing coexistence of bears and humans in southern Transylvania,rconservatio
measures should aim to maintain or improve: (i) connectivity between the foothills and the
Carpathian Mountains; (ii) availability of large blocks forest; and (iii) acceptance of occasional losses
to bears within the rural population. Maintaining regional connectivity and large forest blocks could
be challenging because of increasing pressure on forests from illegal loggin@<actinigesi.

2012) and because of new major highways planned to cut through the study area. Highways can
negatively impact bear populations by causing habitat fragmentation and increasing the risk of
collisions with vehicles (Kaczensky et al. 2003; Karamanlidis e®)alW2adlife crossing
structures could partly counteract these impacts, but research is needed touiddndify s
locations for such structures (Clevenger & Waltho 2001). Furthermore, there is the danger that
conservation efforts will focus on the protected Natura 2000 area, which deenhdatllethe

way to the Carpathian Mountains, and does not capture all of the most importanttheeas for
brown bear (Figt.1c).

Compensation payments are often used to increase tolerance levels of piaie nega
affected by carnivores (Dickman et al. 2011). In Romania, damage caused by pi&scted spe
should be compensated through the central public authority for environmental protection (law
407/2006). Yet, most shepherds indicated they found compensation payments important but did
not know about the existence of the compensation scheme. Many officials dealing with
compensation thought the scheme was still relatively unknown, but overall, despite a complicated
application process (Mertens & Promberger 2001), they believed that the scherddywas rea
accessible. This suggests that the compensation payments need to be more transparent and
accessible to local people. Importantly, monetary compensation is not the only plausible policy
option. Proactive payments for preventive measures may be more successful in improving
conditions for coexistence (Swenson & Andrén 2005), and subsidizing electric fefmestalong
edges and around sheepfolds could help reduce sheep predation. Moreover, gread wides
mistrust in authorities, bottom-up compensation payments organized by local groups could be
more effective. For example, contributions to a local livestock insurance prasgjneane(Nal.

2003) or replacements of lost livestock from a communal compensation herd may be worth

considering.

Limitations

The proportion of destroyed anthills to total anthills turned out to be a l@macpsagmatic, but
evidently useful, index of bear activity. However, this metric has several limitations. First, bear use
of anthills in a given pasture might be influenced by overall levels of anthill avaddiyilibyheer

pasture characteristics. Our large sample size and stratification of tramddctsirsmize
systematic biases caused by general pasture characteristics, and the avaithidiBtywvat a
accounted for in the model. Therefore, we are confident that our indicator measuredractual be
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activity rather than bear exploitation of anthills. Second, ant larvae are a seasonaéfaouisour

thus, other variables may explain bear distribution patterns in other seasons. The seasbnal nature
our surveys could partly explain the lack of a correlation between bear activity aodesklf-rep
attacks of bears on sheep, which occurred year round. That said, we did find significant correlations
between bear activity and perceived damage to orchards and fields, suggesting d oértain leve
cross-validation of methods by definition, it is highly unlikely that a statistical significant
correlation between our activity index and perceived damage would have arisen by chance if there
was in fact no relationship between these two variables. Third, our data on damage casised by bear
was based on the perceptions of shepherds and local people, and was not validatéd by officia
damage reports. Interview data therefore should be interpreted with care. While these limitations
should be kept in mind, we do not believe they fundamentally undermine the validity of our overall
findings.

Future research and conclusion
Although coexistence of humans and carnivores is a socially desired goal imdscapgsla
around the world, most research takes place in protected areas with few pesgileet(@ho
2013) Our interdisciplinary approach demonstrated the usefulness of combining ecological and
social data to highlight conservation priorities in carnivore conservation. Arguably, framing
carnivore conservation in a social-ecological context would also be useful in other human-
dominated landscapes.

Our study indicates that coexistence of humans and carnivores is possible, even without
direct economic incentives. Continuous coexistence with large carnivores appearsh& foster t
development of management tools and attitudes that effectively reduce conflicts. Nevertheless, this
shared history of relationships between humans and bears has been eroded in many regions
worldwide. Thus, a key challenge for settings with a broken history of human-aarnivore
occurrence is to reinstate both practices and attitudes that facilitate coexisteadaisibtyilef
continuous coexistence cannot be re-created in places where carnivores édirpdtednit is
noteworthy that in areas were carnivores are slowly re-colonizing landscapesedatiiadly
attitudes can become more neutral as people once again become accustomed to living with
carnivores ODMLYy % DWK

Although our study indicates that coexistence is possible, the functional mechanisms
facilitating this remain poorly understood. One recently discussed mechanism is that adlbehaviour
adjustment on behalf of the carnivores, who may adjust temporal activity patterns (Martin et al.
2010; Carter et al. 2012b2 XU VW X G\ VhélaViduramechanisms/onehalf of people
that is, social mechanisfalso deserve more attention. Social mechanisms underpinning human-
carnivore coexistence are acknowledged by several authors (e.g. Carter eAthire3@128al.
2013) but still remain poorly accounted for in many studies on human-carnivore comfidits, as
as in many mitigation programs (Dickman 2010; Glikman & Frank 2011). Future research should
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investigate the drivers of human attitudes towards carnivores, which may vary substantially in
relation to the behaviour and ecology of the species in question, the prevalence of traditional
ecological knowledge, dominant cultural values and beliefs, differences in social equity and
distribution of carnivore impacts, and political context (Dickman 2010; Lescureux & Linnell 2010).
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Supplementary Material for ChaptelV
Text S4.1Additional information on the study area and bear activity model.

Study area

The overall character of Transylvanian villages and the surrounding land has changed relatively
little for decades (Wilkie 2001; Akeroyd & Page 2007). The on-going practice of lovgéntensity
subsistence farming has maintained exceptional levels of biodiversity (Cremene et al. 2005;
Akeroyd & Page 2007). The study area had approximately equal amounts of theusain land-
types forests (28%), pasture (24%), and arable land (37%), and altitudes ranged between 230 and
1100 m above sea level. Most forests are deciduous and dominated by @anmeasetylus

oak Quercsp.), and beeckdgus sylvati€aastures occur on the slopes and are grazed by sheep
(dominant livestock), goats and cattle. Forest edges usually abut pastures. Low-interdéy small sc
farming occupies the valleys. Recently, one of the largest sets of non-mountaino@®00latura

sites in the EU has been established in the study area, including both Sites of Community
Importance (SCI, Habitats Directive), and Special Protection Areas (SPA, Birds Directive; Fig.
4.1b).

Details on the variables used to model bear activity

Distance to the nearest settlement was measured as the distance from the midpoint of a give

transect to the edge of the nearest village (min = 30 m, max = 4368.7 m, median = 1&D5.8 m) a

was included because human activities often negatively affect bear presence (Nall&tann et

Fernandez et al. 2012). We did not include the distance to roads nor human population density,

because there are few big roads, and population density was relatively uniform across the region.
The biophysical variables were calculated within a radius of 1000 m from the midpoint of a

given transect, which is slightly larger than the straight line daily distance travelledd®ars

in Croatia (Huber & Roth 1993). Variables included: (i) terrain ruggedness calculated as the

standard deviation of the altitude (Advanced Spaceborne Thermal Emission and Reflection

Radiometer (ASTER) Global Digital Elevation Model Version 2 (GDEM V2)), because more

rugged areas may offer more and better resting and sheltering sites (Navey;diipper0eat

pasture cover as a general indicator of the extent to which the landscape wabvastatk

grazing; and (iii) forest edge to forest interior ratio as an indication of the shapes arutestes of f

patches (patches with lower edge to interior ratios were both rounder and larges). We fir

calculated forest cover for the entire study area within a moving window with a t80@isrof

Second, we extracted all forest edges as polylines in ArcGIS, and converted them into pixels of 10

x 10 m to create a measure of forest-edge cover. Third, we used these two varialkdés tioecalc

forest edge to forest interior ration. Hence, no artificial forest edges were created by the circle itself.

Forest and pasture variables were derived from the Corine Land Cover digital (G086

variables were calculated and mapped for the entire study area with a resolution of 10 m x 10 m.
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Due to the large home range of the brown bear (58 k88 kma; Huber & Roth 1993)
habitat characteristics probably influence bear activity beyond a 1000 m radius, Weerefore
included a measure of local connectivity between forest patches, indicated by the betweenness
centrality of the forest patch k that was closest to a given transect. Betwegraligsscthe
sum of all shortest pathways between all pairs of patches that go through patch ksihoweasure
much patch k is involved in potential movements between other pairs of patches by serving as an
intermediate stepping stone patch (Bodin & Saura 2010). Betweenness centrality was calculated
with Conefor Sensinode 2.2 (Saura & Torne 2009), between the edges of individual ferest patche
using a dispersal distance of 2000 m (Huber & Roth 1993).

The presumed source population of brown bears resides in the Carpathian Mountains and
thus proximity to the mountains is likely to affect bear activity. We used the costrdistdnee f
midpoint of a given transect to the mountains in our models, which we calculated using the cost-
distance analysis tool in ArcGIS 10.0 at a resolution of 10 m x 10 m. Expert opinions are widely
used in animal habitat suitability models and corridor analyses (e.g. Rathore et al. 2012), and
therefore we asked two local bear experts in Romania to weight the different main lasd-use type
of the Corine Land Cover Map 2006 on a scale from 1-10 with regard tifettisioe bear
movement (TabledR). Expert 1 has approximately 20 years of working experience with bears in
Transylvania including basic research on bears, monitoring movement activities withrsadio-colla
conflict mitigation and non-invasive genetic monitoring. Expert 2 has approximately 10 years of
working experience with bears in Transylvania including basic research on bears tand conflic
mitigation. Based on the weights provided by these experts, we developed two alternative cost
surfaces for the cost-distance analysis in ArcGIS. To decide which costthstixnperformed
best we compared three generalized linear models with a quasi-binomial error structure and the
proportion of destroyed anthills as response variable. For this procedure, we usexd &8y tho
transects at an approximately constant distance of 15-20 km from the Carpathians. The three
different models included the same variables as the model used to predict bear activjty; howeve
they differed in their cost-distance measures. Model 1 and 2 each reflectestamcestidasure
according to either of the experts, while model 3 did not include a cost-distance m#esure. |
latter case, we could have u§dd D Z G la¥ & @l@rRative (with no weightings for land cover
types), but we did not deem this meaningful because raw distance to the mountains was held
approximately constant during this calibration. The cost-distance measure associated with the

model that explained most deviance was used in further analysed gJ.able S
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Details on statistical modelling

Prior to modelling we log-transformed the number of anthills, distance to villagestaddere

to interior ratio; we confirmed that variables were not correlated (allowing only Pea@sb))'s

and we standardized all variables to zero mean and unit variance. We pooled transetheata f

30 villages with data from the Natura 2000 site. We used principal componest® aaeiiam

that the environmental variables spanned similar gradients in these two datasets to ensure they
could be meaningfully combined.

All analyses were performed with the proportion of destroyed vs. total number of anthills as
the response variable within generalized linear models (GLM) with a quasi-binomiattener st
to account for overdispersion. We first included all data into a global model to check model
assumptions and test for spatial autocorrelation. We found spatial autocorrelation in the first fiv
bins using an increment of 4000 m, however, the correlation was low (first bin correlation = 0.13, p
< 0.001). To correct for this (relatively mild) autocorrelation, we ran a mixed effects mode

JOPP34/ ZLWK DQ H[SRQHQWLDO VSDWLDO FRUUHODWLRQ
Although the mixed model diminished spatial autocorrelation of the data, the model estimates were
very similar to the estimates in the quasi-binomial GLM (Tabje Therefore, we chose to
present the modelling results from the simpler quasi-binomial generalized linear model, and als
used it to predict bear activity for the whole study area.

The final GLM was obtained by using model averaging with a 10-fold cross-validation
(Fielding & Bell 1997). This means we randomly divided our data into ten equally-sized groups,
successively left out one tenth of the data to calibrate the models, and predicted and tested bear
activity for the omitted tenth. Validation was done by relating the predicted activity (obtained from
a model using nine tenths of the data) with the activity observed in the remaining tenth via a
binomial GLM. We calculated the amount of deviance explained as a measure of predictive
performance of each of the ten models. Finally, we averaged the parameter estimates over the 10
models, weighting each model by its predictive performance. The averaged parameter estimates
then were used to predict bear activity. TdldlesBows the estimates and explained deviance used
for each of the validation steps.

We predicted bear activity for all 800 m segments (n = 7536) of forest-pasage imteré
entire study area. We first extracted all forest-pasture interfapesyfitse from the Corine Land
Cover Map 2006 using ArcGIS 10.0. We divided all forest-pasture polylines into segdfents of
m, because this was equal to the length of our transects. Then we extracted toeninickdie
each segment. We used these points to extract the values for all vadabldseusear activity
model to predict bear activity across the study area. To extract the variables we used the same maps
(resolution 10 m x 10 m) we created for our bear activity model described abovenuimbésta
of anthills presumed to exist at any given forest edge was set to the mean alibémedvas
set to the time when observed bear activity peaked. All statistical analysiemerechph the
1 %nvironment (R Development Core Team 2013).
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Ethical considerations for the interviews

Prior to all interviews, informed voluntary consent was obtained orally by all interviewees.
Interviewees were provided with information about the research project before the interview.
Interviewees had the opportunity to withdraw from interview at any time if they felt uncomfortable
with the questions. The privacy of the interviewees was protected by keeping them anonymous.
Data were not of a personal nature, and no interviewees expressed concerns.
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Text S4.2.The questionnaire for the personal interviews with 86 shepherds (original in Romanian).

With this questionnaire we would like to learn more about the problems between people and bears
and wolves.

Date: Village:
GPS point:

Please indicate how often you encounter:

Never or very| About once a| Several times| About once a| About once a
rarely year ayear month week

Bears

Wolves

The following questions will ask about your experience with damage by bears and wolves

1. Have you ever lost livestock due to bears?
a) yes b) no

2. How many times did bears attack your livestock in the last 3 years:

3. Have you ever lost livestock due to wolves?
a) yes b) no

4. How many times did wolves attack your livestock in the last 3 years:

If you have ever suffered an attack by bears and/or wolves answer the followirgj gttastdos regarding t
each species.

Bears

5. Date of the attack
0 Year:
o0 Month:

6. Which livestock was present and approximately how many of each?
0 Sheep: present: a) yes b) no c) number:
o Cows: present: a) yes b) no c) number:
o Goat: present: a) yes b) no c) number:
0 Horse: present: a) yes b) no c) number:
o Donkey: present: a) yes b) no c) number:

7. What were the losses?
0 Animal species 1:
o Loss in numbers:

0 Animal species 2:
0 Loss in numbers:

0 Animal species 3:
0 Loss in numbers:

8. When did the attack happen?  a) day b) night
9. Where did the attack happen?
a) in the sheepfold c) inthe forest
b) on the pasture d) other, namely:
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10. Did the attack happen in the location of this sheepfold?
a) yes b) no, in another location, namely:

11. What did the surroundings look like?
a) open landscape c) other, namely:
b) shrubby landscape

12. How many shepherds were present?

13. What was the behavior of the shepherds present?

14. How many dogs were present?

15. What was the behavior of the dogs present?

16. Would you like to add anything else that could explain why the attack was successful or
unsuccessful?

Wolves

17. Date of the attack
0 Year:
0o Month:

18. Which livestock was present and approximately how many of each?
0 Sheep: present. a)yes b) no ¢) number:
o Cows: present. a)yes b) no ¢) number:
o Goat: present: a) yes b) no ¢) number:
0 Horse: present: a) yes b) no ¢) number:
o Donkey: present: a) yes b) no c) number:

19. What were the losses?
0 Animal species 1:
o Loss in numbers:

o Animal species 2:
0 Loss in numbers:

0 Animal specie3:
0 Loss in numbers:

20. When did the attack happen? a) day b) night
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21.

22.

23.

24.

25.

26.

27.

28.

Where did the attack happen?
c) inthe sheepfold c) inthe forest
d) on the pasture d) other, namely:

Did the attack happen in the location of this sheepfold?
b) yes b) no, in another location, namely:

What did the surrounding look like?

a) open landscape c) other, namely:
b) shrubby landscape

How many shepherds were present?

What was the behavior of the shepherds present?

How many dogs were present?

What was the behavior of the dogs present?

Would you like to add anything else that could explain why the attack was successful or
unsuccessful?

This section will ask for your opinion about a list of statements on bears and wolves.
In your opinion:

29.

30.

31.

32.

Bear populations over the last 10 years have:

a) increased b) remained stable

c) decreased G GRQ-W NQRZ
Wolf populations over the last 10 years have:

a) increased b) remained stable

c) decreased G GRQ-W NQRZ
Sheep populations in my region over the last 10 years have:
a) increased b) remained stable

c) decreased G GRQ-W NQRZ
Cow populations in my region over the last 10 years have:
a) increased b) remained stable

c) decreased G GRQ-W NQRZ
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33. Bear attacks on livestock over the last 10 years have:

a) increased b) remained stable
c) decreased G GRQ-W NQRZ

34. Wolf attacks on livestock over the last 10 years have:
a) increased b) remained stable
c) decreased G GRQ-W NQRZ

35. Which of the following describes your feeling towards bears?
a) do not like at all b) do not like ¢) neutral
d) I rather like e) | like very much

36. Has your attitude towards bears changed over the last 10 years? a) yes b) no
37. If yes, have you become a) more negative b) more positive

38. Why has your attitude changed?

39. Which of the following describes your feeling towards wolves?
a) do not like at all b) do not like ) neutral
d) I rather like e) | like very much

40. Has your attitude towards wolves changed over the last 10 years? a) yes b) no

41. If yes, have you become a) more negative b) more positive
42. Why has your attitude changed?

The following questions are about bear attacks on humans.

43. Bear attacks on humans happen:
a) never b) rarely c) regularly d) very often

44, Bears only attack humans when they feel threatened by humans: &) yes

45. | am afraid to be attacked by a bear: a)yes b)no

The following questions are about compensation schemes.

46. It is important to receive compensation for livestock losses:
a) yes b) no
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47. Compensation should only be paid when livestock is properly guarded, e.g. by dogs or
fences
a) yes b) no

48. Bears and wolves should be eliminated after damaging livestock:
a)yes b)no

49. Compensation is currently being paid for livestock losses:
ajyes E QR F GRQ-W NQRZ

48. Have you ever asked for compensation for livestock losses: a) yes; b) no
If yes:
a. Was it easy to receive the compensation: a)yes
b. What did you need to do to receive compensation:

The following questions are about you.
48. Gender:a) M b) F
49. Age:_ years
50. Ethnicity: a) Romanian b) Hungarian ¢) Roma d) Saxon e) Other, namely:

51. Which animals do you have in your camp and how many of each?

0 Sheep number:
o Cows number:
o Goat number:
0 Horse number:
o Donkey number:
o Dogs number:

Thank you very much for your participation!
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Text S4.3 The questionnaire used for interviews with 302 local people, 15 hunters and 20 local
councillors (original in Romanian).

With this questionnaire we would like to learn more about the problems between people and bears
and wolves.

Date: Village:
The following questions will ask about your experience with damage by bears and wolves.

Please indicate how often you encounter:

Never or very| About once a| Several times| About once a| About once a
rarely year ayear month week

Bears

Wolves

Please indicate if you agree or disagree.

1. My village suffers great damage to fields by bears? a) yes b) no
2. My village suffers great damage to orchards by bears? a) yes b) no
3. My village suffers great damage to beehives by bears? a) yes b) no
4. My village suffers great damage to livestock by bears? a) yes b) no
5. My village suffers great damage to livestock by wolves? a) yes b)no

The following questions are about bear attacks on humans.

6. Bear attacks on humans happen:
a) never b) rarely c) regularly d) very often

7. Bears only attack humans when they feel threatened by humans:  a) yes) no
8. | am afraid to be attacked by a bear: a)yes b)no

9. Do you have anything you would like to add regarding your opinion about bears or
wolves?

The following questions are about compensation schemes and should only be filled in for
members of the local councriand hunters.

10. It is important that compensation is paid for livestock losses and/or damage to crops by
wolves and bears

a) yes b) no F GRQ-W NQRZ

11. In my village compensation for damage to livestock by bears and/or wolves is frequently
requested
a) yes b) no F GRQ-W NQRZ
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12.

13.

14.

15.

16.

In my village compensation for damage to crops by bears is often requested
a) yes b)no F GRQ-W NQRZ

Most people in my village are aware of the existing compensation scheme for damage
caused by bears and wolves
a) yes b)no F GRQ-W NQRZ

Most applications for compensations are successful
a) yes b)no F GRQ-W NQRZ

Could you briefly describe the steps that need to be taken to receive compensation for
damage inflicted by bears and wolves?

Do you think the procedure you described is accessible to everybody?
a) yes b) no F GRQ-W NQRZ

The following questions are about you.

17.

18.

19.

20.

21.

Gender:a) M b) F

Age: years

Profession

Ethnicity: a) Romanian b) Hungarian c) Roma d)Saxon e) Other, namely:
Do you have:

i) Land with crops a) yes b) no

ii) Orchards a) yes b) no

iii) Beehives a) yes b) no

iv) Livestock a) yes b) no

Thank you very much for your participation!
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Text S4.4.The questionnaire used for interviews with 22 mayors or vice-mayors (original in
Romanian).

Date: Commune:

In this questionnaire we would like to know about the problems between humans and
bears/wolves in your commune.

The following questions are about damage caused by bears and wolves. Please indicate if
you agree or disagree.

22. My commune suffers great damage to fields by bears? a) yes b) no
23. My commune suffers great damage to orchards by bears? a) yesh) no
24. My commune suffers great damage to beehives by bears? a) yes b) no
25. My commune suffers great damage to livestock by bears? a) yes b) no
26. My commune suffers great damage to livestock by wolves? a) yes b) no

27. Bear attacks on humans in my commune happen:
a) rarely b) regularly c) very often  d) never
The following questions are about compensation schemes.

l. It is important that compensation is paid for livestock losses and/or damage to crops by
wolves and bears

a) yes b) no F GRQ-W NQRZ

Il. In my village compensation for damage to livestock by bears and/or wolves is frequently
requested
a) yes b) no F GRQ-W NQRZ

Il. In my village compensation for damage to crops by bears is often requested
a) yes b)no F GRQ-W NQRZ

IV.  Most people in my village are aware of the existing compensation schemedor damag
caused by bears and wolves

a) yes b)no F GRQ-W NQRZ
V.  Most applications for compensations are successful
a) yes b)no F GRQ-W NQRZ
VI.  Could you briefly describe the steps that need to be taken to receive compensation for

damage inflicted by bears and wolves :

VII. Do you think the procedure you described is accessible to everybody?
a) yes b) no F GRQ-W NQRZ
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VIIL. Do you have anything you would like to add regerading your opinion about bears or
wolves?

The following questions are about you.
8. Gender:a) M b) F
9. Age: years

10. Ethnicity: a) Romanian b) Hungarian ¢) Roma d)Saxon e) Other, namely:

Thank you very much for your participation!
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Table S4.1Model coefficient estimates (+ SE) of the ten models used in the 10-fold cross-
validation and their explained deviance. An asterisk (*) indicates significant variables (p < 0.05).
Explained deviance was calculated as the amount of deviance explained from a binomial GLM

relating the modelled and observed bear activity.

Variable Model 1 Model 2 Model 3 Model 4 Model 5
(Intercept) -1.74 £ 0.101* -1.68 + 0.100* -1.63 + 0.100* -1.72 + 0.098* -1.63 £ 0.101*
Number of anthills 0.04+£0.115 0.10+£0.118 0.01+0.111 0.07+0.113 0.02+0.116
Number of anthilks -0.28 £0.071* -0.35+0.078* -0.25+ 0.081* -0.28 £ 0.069* -0.29 + 0.073*
Time 0.55+0.071* 0.56 £0.071* 0.56 +0.071* 0.58+0.071* 0.61+0.077*
Time? -0.17 £ 0.069* -0.23 + 0.067* -0.27 £ 0.069* -0.23 + 0.069* -0.28 £ 0.072*
Distance to village -0.02+0.068 0.03+0.070 0.06+0.069 0.03+0.069 0.02+0.072
Ruggedness 0.15+0.059* 0.21 +0.057* 0.18 +£0.057* 0.16 +0.057* 0.19 + 0.061*
Pasture cover -0.14 + 0.069* -0.17 £ 0.070* -0.20 + 0.070* -0.15 £ 0.068* -0.15 £ 0.070*
Forest edge : forest -0.18 + 0.065* -0.20 £ 0.064* -0.15 + 0.064* -0.20 + 0.066* -0.16 + 0.066*
Betweenness centrali 0.02 £ 0.076 0.08 +£0.077 0.00+£0.078 0.03+0.075 0.03+0.077
Cost-distance to -0.29 £ 0.069* -0.39 + 0.070* -0.38 £ 0.069* -0.32 + 0.070* -0.34 + 0.069*
Carpathian Mountain:
Explained deviance 0.35 0.12 0.19 0.24 0.27
Model 6 Model 7 Model 8 Model 9 Model 10
(Intercept) -1.64 £ 0.100* -1.61 £0.093* -1.62 £ 0.097* -1.67 = 0.100* -1.65 + 0.100*
Number of anthills 0.03+0.112 0.03+£0.107 0.01+0.110 0.09+0.114 0.06+0.115
Number of anthilk -0.30 £ 0.071* -0.30 £ 0.067* -0.28 £ 0.069* -0.30 + 0.071* -0.29 £ 0.071*
Time 0.56 £ 0.073* 0.67 £0.073* 0.57 £0.071* 0.57 +0.073* 0.60 + 0.075*
Time? -0.23 + 0.070* -0.32 £ 0.068* -0.26 + 0.068* -0.24 + 0.068* -0.25 + 0.070*
Distance to village 0.02+0.070 -0.02+0.068 0.07+0.069 -0.01+0.070 0.03+0.070
Ruggedness 0.17 £ 0.060* 0.14 £ 0.057* 0.14 +0.058* 0.17 £ 0.057* 0.19 + 0.059*
Pasture cover -0.15 £ 0.068* -0.18 + 0.065* -0.19 £ 0.070* -0.13+0.068 -0.12 + 0.068
Forest edge : forest -0.16 + 0.066* -0.16 + 0.063* -0.13 + 0.065* -0.20 + 0.067* -0.18 *+ 0.065*
Betweenness centrali  0.06 £ 0.077 0.01+0.074 0.06+0.074 0.05%+0.074 0.05+0.076
Cost-distance to -0.36 + 0.069* -0.39 + 0.065* -0.33 + 0.068* -0.35+ 0.068* -0.33 £ 0.071*
Carpathian Mountain:
Explained deviance 0.28 0.02 0.39 0.19 0.36
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Table S4.2Weights assigned to different land-uses regarding bear movements by the two local

bear experts. The weights spanned a gradient between 1 and 10, with 10 being difficult for bear
movement and 1 being easy. The weights by Expert 1 were ultimately used in the activity model
because they provided a better fit to the data (see Table S4.3).

Land cover type Expert1  Expert 2
Human settlement/industrial units 8 10
Agricultural land 8
Pasture

Forest
Woodland/scrubland
Major rivers
Orchards

Major roads

ONWEFEREFRR~W
a s~ oNPEFE N

Table S4.3Model coefficient estimates (+ SE) of the three models used to choose the most
appropriate cost-distance measure to be used in the main bear activity model. Thesgemodels w
constructed on the basis of the 59 transects located at 15-20 km from the CaspatlRignsg

4.1a).

Expert 1 Expert 2 No cost-distance
Variable Estimate + SE p Estimate + SE p Estimate + SE p
(Intercept) -3.83+0.846 <0.001 -2.88+0.706 <0.001 -2.20+0.491 <0.001
Number of anthills -0.37+£0.274 0.184 -0.32+0.282 0.267 -0.29+0.283 0.317
Number of anthilks -0.13+0.139 0.370 -0.08 £0.144 0.572 -0.09+0.146 0.561
Time 0.89+1.950 0.651 0.69+1.989 0.729 0.30+1.910 0.877
Time 1.30+1.693 0.445 0.97+1.704 0.571 0.41+1596 0.780
Distance to village -0.33+0.158 0.044 -0.28+ 0.168  0.102 -0.22+0.161 0.171
Ruggedness -0.15+0.227 0.502 -0.02+0.243 0.918 0.21+£0.166  0.205
Pasture cover 0.16 £ 0.24 0.516 0.14+£0.253  0.582 0.09+0.245 0.729

Forest edge : forestar -0.31+0.174 0.085 -0.36 £+ 0.192  0.064 -0.29+0.177 0.103
Betweenness centralit  0.15+ 0.101  0.145 0.07+0.124  0.581 0.17+0.101  0.094

Cost-distance to -1.81£0.764 0.022 -0.70£0.512 0.175 -/ - -/ -
Carpathian Mountains
Proportion of deviance 0.33 0.28 0.25

explained by the mode
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Table S4.4Model coefficient estimates (+ SE) of the global Generalized Linear Model (GLM) and
the alternative Generalized Linear Mixed Model (GLMM) that included a correlation function to
correct for spatial autocorrelation. Because parameter estimates were very similar, the simpler GLM
was used as the final bear activity model.

GLM GLMM

Variable Estimate + SE p Estimate + SE p

(Intercept) -1.66+0.09 <0.001 -1.71+0.106 <0.001
Number of anthills 0.04+0.11 0.675 0.02+0.11 0.861
Number of anthilks -0.29 £+ 0.068 <0.001 -0.26 +0.068 <0.001
Time 0.58 +0.069 <0.001 0.58+0.074 <0.001
Time? -0.25+0.065 <0.001 -0.26 +0.069 <0.001
Distance to village 0.02+0.066 0.765 0.04+0.072 0.536
Ruggedness 0.17+0.055 0.002 0.15+0.059 0.010
Pasture cover -0.16 £+ 0.065 0.016 -0.18+0.069 0.010
Forest edge : forest area -0.17+£0.062 0.006 -0.16+0.066 0.017
Betweenness centrality 0.04+£0.072 0.580 0.07 £0.078 0.403

Cost-distance to Carpathian Mountaii -0.35+ 0.065 <0.001 -0.38 +0.073 <0.001
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Incorporating anthropogenic effects into trophic ecology:
Predator-prey interactions in a human-dominated landscape

Ine Dorresteijn, Jannik Schultner, Euan G. Ritchie, Dale G. Nimmo, Jan Hanspach, Tobias
Kuemmerle, Laura Kehoe, Joern Fischer

In revision in Proceedings of the Royal Society B: Biological Sciences
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Human influence on trophic interactions

Abstract

Apex predators perform important functions that regulate ecosystems worldwide. However, little is
known about how ecosystem regulation by predators is influenced by human activities. In
particular, how important are top-down effects of predators relative to direct and indirect huma
mediated bottom-up and top-down proces€eBR?PELQLQJ GDWD RQ VSHFLHV:- HQI
camera traps and hunting records, we aimed to understand and quantify the relatif/®pffects

down and bottom-up processes in shaping predator and prey distributions in a humad-dominate
landscape in Transylvania, Romania. By global standards this system is diverse, ircluding ape
predators (brown bear and wolf), mesopredators (red fox) and large herbivemds€rbdeer).
Furthermore, humans and free-ranging dogs represent additional predators in the system. Using
structural equation modelling we found that apex predators maintained their ecological role by
suppressing lower trophic levels, especially herbivores. However, direct and indirégp-human
down effects at multiple trophic levels affected the ecosystem more strongly, influeiesiray spe

all trophic levels. Our study highlights the need to explicitly embed humans and their influences
within trophic cascade theory. This will greatly expand our understanding of species interactions
and ecosystem dynamics in hulRaR-GLILHG ODQGVFDSHV ZKLFK FRPSRVH
terrestrial surface.

109



Chapter V

Introduction

There is increasing recognition of the critical role apex predators play in stroosystene
globally (Estes et al. 2011; Ripple et al. 2014). They do so by killing or instilling fear in competitors
and prey (Creel & Christianson 2008; Ritchie & Johnson 2009), thereby inducing trophic cascades
that flow through entire ecosystems (Letnic et al. 2009V SLWH RI WKH (DUWK-:-V WH
surface being dominated by agriculture (Foley et al. 2@@%Y KXPDQ:-V HIIHFWV SHUPHDW
more natural areas (Sanderson et al. 2002), most research on trophic aasoadesdchon
relatively intact wilderness and conservation reserves. However, top-down processes (i.e. the
structuring of the ecosystem by high trophic levels) and bottom-up processeso{i thr@ogir
productivity and low trophic levels) in largely pristine areas may differ substantiallgdrom tho
human-dominated landscapes. Thus, a key question remains: what role do humans play in the
trophic networks of modified ecosystems (Sergio et al. 2014)? Answering this questiantis impor
for a number of reasons. Firstly, many large carnivore populations exist outside protectegd areas
are embedded within human-dominated landscapes (Crooks et al. 2011; Carter et al. 2012b; Vanak
et al. 2013). Secondly, there is increased focus on using large carnivooeteixt thfeecosystem
restoration (Ritchie et al. 2012). And thirdly, in parts of the world such as dadrdperth
America, large carnivores are returning through active rewilding efforts and corisitiatatem
(Enserink & Vogel 2006; Navarro & Pereira 2012; Morell 2013). Together this highlights the urgent
need to better understand relationships between apex predators, people, and ecosystem
components in human-dominated landscapes.

In terrestrial ecosystems, apex predators have been linked to two major trophic cascades
First, apex predators limit herbivores through direct predation and behaviourally mediated changes
in habitat use, thereby promoting vegetation growth (i.e. tri-trophic cascades; Beschta & Ripple
2009; Ripple & Beschta 2012b; Kuijper et al. 2013). Second, apex predators limit smadler predator
through interference competition, including in its most extreme form, intraguild predation (Polis &
Holt 1992; Palomares & Caro 1999; Brook et al. 2012). Mesopredator suppression by ape
predators can thereby increase the abundance of small mammals and birds (i.e. mesopredator
cascades; Crooks & Soulé 1999; Ritchie & Johnson 2009). Such cascading effeas icould diff
human-dominated landscapes in at least two main ways. For example, humans infegence spec
abundances through bottom up processes such as land-use, agriculture, and foresgty, which
translate into a wide range of changes in ecosystem properties and functions (R@ieg)et al.
including ecosystem productiiiaberl et al. 2007), or food and habitat availability (Muhly et al.
2013) Such changes in productivity can significantly modify predator-prey relationships (i.e
Ecosystem Exploitation Hypothesis; Oksanen & Oksanen 2000). Also, humans directly (e.g
harvesting of both predators and prey; Barnosky et al. 2004) or indirectly (eagingyan
anthropogenic landscape of fear; Ordiz et al. 2013) affect top-down procegse=maias
unclear if apex predators can achieve high enough densities outside wildsraadspaotected
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areas to bef HFRO R JL F D(Sdanlé éi bl.H2BAB;LL¥thic et al. 2012; Mech 2012; Ordiz et al.
2013) These latter effects in particular have been overlooked in literature on trophic cascades.

Useful insights into the role of humans could be gained by studying ecosystems in which
both humans and carnivores have coexisted for extended periods. Traditional famgrig regi
Romania form an ideal system in this respect. The forests surrounding the villaghsrdmfer a
the area and are well-connected (Dorresteijn et al. 2014). The heterogenepes hanbiss
cervid herbivore and mesopredator populations, but also relatively high densities of brown bears
(Ursus arct@nd lower densities of the grey wo#r(is fuy The use of free-ranging large-bodied
livestock guard dog€gnis familigri® protect livestock against carnivores adds a third non-
human, predator to the system.

Wolves are the most important cervid predator in the Northern Hemisphere (Peterson e
al. 2003), and are involved in both tri-trophic and mesopredator cascades (Berger et al. 2008; Ripple
& Beschta 2012b). Bears are omnivorous and may not be able to limit herbivtienp@boite
(Ripple & Beschta 2012a), and their effects on mesopredators remain unclear. Hosveaar, bear
limit cervid densities in combination with wolves, and their predation on cervid calves may affect
the recruitment of juveniles (Berger et al. 2001; Barber-Meyer et al. 20@3BRfhia 2012a)

Dogs are the most common predator of wildlife worldwide (Ritchie et al. 2014); nevibeireless,
effects on structuring ecosystems remain largely unknown (Hughes & Macdonald 2013; Lescureux
& Linnell 2014)

Here, we aimed to understand (1) the relative top-down effects of apex predators on
mesopredators and herbivores relative to the indirect effects of humans via theiralah@2)se;
the direct and indirect effects of human presence throughout the landscape on the interactions
between apex predators, mesopredators, and herbivores. We tested gpiecixpectations
within a conceptual framework using piecewise structural equation modelling as outlined below.

Methods

Study area and design

Our study area covered 49002 km the foothills of the Carpathian Mountains in Southern
Transylvania, Romania (Fig. 5.1). The region contains 28% forest, 24% pasturearaide37%

land. The remaining land cover included villages, water bodies, and permanent crops. Forests are
dominated by hornbear@drpinus betylumak Quercusp.), and beeclrdgus sylvatidgastures

occupy the hills and are grazed by sheep (dominant livestock), goats and cattlegwenidddare

by shepherds and guard dogs. Small semi-subsistence farming villages of up to several hundred
inhabitants are scattered throughout the study area (Fig. 5.1).

We surveyed wild mammal, human, and dog presence in forests using remote, heat and
motion, passive infra-red Bushnell Trophy Cam HD Max cameras between May a@@¥8ugus
Camera locations were selected according to two considerations. First, we divideditha study
into grid cells of 5 km x 5 km, and excluded all grid cells with less than 20% folest &dR@r.
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We placed one camera in the middle of each grid cell or in the nearest foresbdatelstiwas

present there (Fig. 5.1). Cameras were rotated in 4 consecutive rounds with grid-cells randomly
allocated to each round. Second, an additional set of cameras in round 3 and 4 were placed within
24 out of 35 hunting blocks with known lowest and highest wolf densities (n = 59, for hunting
blocks see below; Fig. 5.1). Camera locations were chosen randomly but in proportion to fores
cover within each block (one camera per 52fdeest). For both designs, cameras were spaced

with a minimum distance of 1.5 km to minimize spatial autocorrelation.

Romania

® Camera trap
I village
Wolf density (km?)

0.013-0.028
771 0.028 - 0.060
I 0.060 - 0.101
I 0.101 - 0.164

I T I |

Figure 5.1 Study area in Southern Transylvania, Romania, camera trap locatimifdansities (kPhfor
each hunting block. The white areas indicate hunting blocks for whichwasdatailable.

We used a total of 179 camera locations, with individual cameras operating between 15 and 29
days. However, only 138 locations were used for modelling because we excindess dhata
operated for less than 20 days (n = 28; Hamel et al. 2012) or were located in hunting blocks for
which no predator density data could be obtained (n = 12). In addition, seven canstoéesnwere
and one camera recorded 26 bear presences and was removed as a statistical outlier.

To increase the chance of predator detection, we placed cameras alongside animal and
human paths, and used a lure of honey and wolf urine to attract bears and webtaglyes
Lures were deployed at 75% of the locations (selected randomly), while Biéw#esved as
controls to assess whether wolf urine deterred herbivores. Since the presesckdonot affect

species occurrence of predator and prey (Fig. S5.1), we did not consider lures in feether analy
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Variables used for modelling
We modelled the occurrence of five species in relation to top-down and bottom-up beasgebles
and dogs (apex predators), foxes (mesopredatpes vulpeand red and roe deer (herbivores;
Cervus elaplamgl Capreolus capreobspectively). Species occurrence was derived from data
collected by the cameras, and calculated as a cumulative abundance index or encounter rate by
summing all individuals for each species at each camera location, and corcantedafdiays
during modelling (see below). Due to insufficient wolf records (two presences), woives we
included as a response variable.

Explanatory variables included (i) top-down variables which were represented by apex
predators (wolves, bears, dogs) and humans; and (ii) bottom-up variables which stz repres
by land-use variables (forest and pasture cover). Bear and dog vaweabédeuated from the
camera data as the number of presences per camera day. Becausseot wwslffirecords and
surprisingly little spatial variation in bear presences across camera locatiairsedvadsiitional
information on large-scale wolf and bear densities within the 35 hunting blocks from 2010
(http://www.mmediu.ro/paduri/vanatoare.htm-accessed 01.02.2014). Although absolute densities
are most likely overestimated (Salvatori et al. 2002), this data provided a useful gendml indicator
regional-scale differences in predator pressure. Notably, reported predater fiBhdigen
largely stable between 2006 and 2010 (Supplementary Material Fig. S5.2, S5.3), suggesting that the
2010 data was likely to be indicative of bear and wolf densities, despite not being from the same
year as our camera data. The local density of humans near camess talgsilated as the
number of presences per camera day. As an additional approximation of humamwpratsure,
calculated the total number of people within the three nearest villages to each camera location. For
bears, we useithereported hunting block bear densitgear encounter rate from the camera as
an explanatory variable, and for humans, nearby village populatohwsimn encounter rate
from the camera. The choice between these two variables was based on which provided the better
fit for a given response variable, based on Akaike information criterion, AIC (i.&ldower
values). Pasture cover (range 0 - 50%; median: 13%) and forest cover (range tedidi0%;
59.5%) were derived from the Corine Land Cover map (2006) within a radius o&rbQ®@ m
camera locations. Forest cover also indicated fragmentation because it wasdhgbd, wibhr
WKH IRUHVW HGJHD.88R DUHD UDWLR +

Modelling

We used piecewise structural equation modelling (SEM) to model the importance of top-down and
bottom-up effects for the five target species. SEMs are used to analysedbahddindirect
relationships in ecosystem processes, wepeioriknowledge of relationships between
components is available (Grace 2006). In contrast to classical SEM, agpeceactedoes not

calculate global estimates for the entire network of relationships, but calculates local estimates for
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HDFK TQRGH:- RU (Gtas & @QlV2012).0rdis Bp@addh has been applied in recent
studies of trophic cascades (Pasanen-Mortensen et al. 2013; Colman et al. 2014).

First, generalized linear mixed-effect models with a Poisson error distributtmnltwere
for each species. Depending on the species, fixed effects included human variables, natu
predators and competitors, and bottom-up variableM st descriptigi fixed variables were
scaled, and log-transformed where transformation led to a better explanation of tlee respons
variable (based on Akaike information criterion, AIC). Random effects included hunting block,
study round, and LQ FDVHV RI RYHUGLYViadiMdual st€idehtitid (Elftoh et al?2
2001) We included camera days as an offset in all models to accourgrémcd#fin exposure
time for response variables.

Next, we performed model averaging across the set of models with all possible
combinations of fixed variables. We calculated averaged parameter estimates, averaged standard
errors, and the relative importance of explanatory variables (i.e. the sum of AIC weitihts over a
models including the explanatory variable) on the subset of models within dAIC<4 of the best
model. We also calculated margiddbRthe full model to assess the explained variance of the
fixed factors (Nakagawa & Schielzeth 2013). Finally, composite graphs of all local estimates were
generated to visualize the relative importance of relationships between ecosystem components. All
statistical analyses were performed in R using the packages Ime4 and MuMIn (R Core Team 2013).

Model description

The pathways between top-down and bottom-up variables were deterraipeidrbpowledge

on trophic cascade theory and included the following assumptions (Fig. 5.2). Apex predators
(brown bear, wolf, dog) were assumed to potentially limit the main mesopredator, the red fox,
through interference competition or intraguild predation (Elmhagen & Rushton 2007; Ritchie &
Johnson 2009), as well as to limit red deer and roe deer through direct predatmm €Pater

2003; Ripple & Beschta 2012a). Bottom-up factors were assumed to be str@hgden bear

with an expected positive effect of forest cover and a negative effect ot pastyiRorresteijn

et al. 2014). We did not assume a relationship between dogs and forest cover, but expected a strong
positive link with pasture cover because dogs are commonly used for shepherding in our study
area. We assumed bottom-up factors would play a role in mesopredator and drarbivtes

rate, but that top-down would be stronger than bottom-up effects as expected fdivgroduc
ecosystems (Ecosystem Exploitation Hyoptthesis; Oksanen & Oksanen 2000). We expected the
fox encounter rate to be negatively affected by forest cover and positivety @ffpasture

cover since this species prefers fragmented and open farmland (Kurki et al. 1998; Panek &
% U HV L >V Ndrbivores were expected to be positively affected by both forest and pasture
cover (Godvik et al. 2009; Morellet et al. 2011). We assumed that there woirtrdugpuitch
competition between wolves and bears due to different diets, but that wolves would positively
affect bear encounter rate through increasing carrion (Wilmers et al. 2068l we assumed
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that wolves and bears potentially limit dog encounter rate through interference competition. In
addition, we expected that roe deer would be limited by red deer through interspecific competition
(Torres et al. 2012).

Humans were expected to limit all other species, except dogs, through habitat modification
and disturbance (including instilling fear), or direct killing by hunting or poaching. Humans were
expected to indirectly limit red fox and herbivore encounter rate through their posisveneffect
dogs. We did not include a link between humans and wolves because of too fewaanefa re
wolves. We did not attempt to explain wolf or bear densities obtained for hunting blocks, because
these were at a much larger scale than species encounter rates obtaiasgefasnor human
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Figure 5.2A prioripiecewise structural equation model describing hypothesizdéorgyesl interactions in
a human-dominated rural landscape. Positive links are indicaddid bjue lines and negative links are
indicated by dashed red lines.
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Results

Across 3042 camera days at 138 locations we obtained 2197 detectioreenf388 df red
foxes, 275 of humans, 120 of dogs, 94 of red deer, 76 of bears, and 2 of wolves.

Topdown and bottgreffects on species encounter rates

In accordance with oar priorSEM, wolves and bears had a negative effect on foxes (Fig.
5.3a). Bottom-up effects were similar in strength as top-down effects on fox encounter rates
with the strongest negative effect found for forest cover (Fig. 5.3a). Nevertheless, both top-
down and bottom-up effects were fairly weak with standard errors indicating a high degree of
uncertainty, and explained less variance as compared to all other species (Fig. 5.3a). Positive
bottomup effects of forest cover and negative effects of pasture cover were strong

determinants of bear encounter rates (Fig. 5.3a). Within the apex predator guild, bears were
negatively related to wolves (Fig. 5.3a).
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Figure 5.3Final structural equation models showing top-down and bottpathwgays for encounter rates
of (A) predators, and (B) herbivores. Co-efficient estimates anddstanus are presented for each
interaction and marginat Bre given for all response variables (i.e. brown bear, domesé&d fimg, red
deer, and roe deer). The line thickness of the arrovestoetiee Akaike weights and can therefore only be
compared within a species and not between species. Pdsitigeslimdicated by solid lines and negative
links are indicated by dashed lines. The * indicates log-transformed variables
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For herbivores, we also found a negative effect of wolves on red deer asdoof foear
deer. In contrast, a positive effect was found for wolves on roe deer aod beddeer (Fig.
5.3b). Bottom-up effects were positive (except for forest cover on roe deer) aedk/evith a
larger degree of uncertainty compared to top-down effects for both red deerdaed (Biy.
5.3b). For example, the negative coefficient indicating the effect of wolves on red2léer was
times larger than the positive coefficients of pasture cover. Roe deer appeared further limited
through competition with red deer with its coefficient similar to the coefficients of top-down
predator effects (Fig. 5.3b).

Topdown control by humans and their dogs

As predicted, humans limited all other species (Fig. 5.3a, b). While the effect iblasforeglig

foxes, human top-down control on bears, dogs, and herbivores was relatively st@wa Hig.

For example, the coefficient describing the effect of humans on bearstav8s33ifhes larger

than the coefficients of the bottom-up effects. Human effects on red deer andweeedalso

larger than top-down predator effects (red deer coefficients were 1.7 sddrdameroe deer

coefficients were 1.1 - 1.6 times larger) and much larger than the very weak bottom-up effects.
$GGLWLRQDOO\ KXPDQV KDG VLJQLILFDQW LQGLUHFW H

strong positive effect on dogs and their subsequent flow-on effects (Fig. 5.3a). The top-dow

limiting effect of dogs on red deer and roe deer was only slightly weaker than that of natura

predators but stronger than bottom-up processes (Fig. 5.3b). In contrast, dogsitiweke pos

correlated with fox encounter rates; however, the SEM showed a negative effect of wolves on both

dogs and foxes (Fig. 5.3a). All model selection tables are available in Supplementary Material Tables

S5.1585.5

Discussion

Despite growing interest in using apex predators for ecological restoration (Ri20i2ktad
DOWKRXJK DJULFXOWXUH Fr¥ H1d gurface RAol®Y lEtHal. 2606) (Fésy- studids H
have examined and quantified the ecological role of apex predators in human-dominated
landscapes. Our study addressed (1) the relative contributions of top-down limitation by apex
predators and (2) direct and indirect human bottom-up and top-down processes on mesopredator
and herbivore encounter rates in a multiple-predator, human-dominated landscapgarnneacc

with trophic cascade theory, apex predators appeared to be important in structuringehg ecosys
particularly through the suppression of herbivores. However, the extent of human direct and
indirect top-down effects at multiple trophic levels notably had a stronger effect oystesrecos

than apex predators. Our results suggest that human factors need far greateiiocomsidera
trophic ecology research and associated theory, because excluding humans could lead to incomplete

understanding of ecosystem structure and function.
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Mesopredator limitation by apex predators and human-mediated bottom-up effects
The mesopredator release hypothesis predicts top-down control of mesopigdaimes
predators, with bottom-up factors mediating mesopredator abundance, but not regulating it
(Crooks & Soulé 1999; ElImhagen et al. 2010). We found limited evidence of suppression of foxes
by wolves and bears in our study, therefore questioning the mesopredator releaseihypisthesi
human-dominated landscape. The suppressive effects of apex predators, althouglemgresent,
generally weak, and similar in strength toratp control. There are large differences in body-
size and diet between foxes, omnivorous bears, and large ungulate-predating Wwotxesjzand
differences may be too pronounced to provide ecological benefits to bears and wolves by killing
foxes(Donalio & Buskirk 2006; Ritchie & Johnson 2009). Similarly, foxes were not suppressed by
wolves in Europe (Pasanen-Mortensen et al. 2013), but were limited by the smaller-sized dingo,
Canis lupus djngo Australia (Johnson & VanDerWal 2009), and lymx lynx in Europe
(EImhagen et al. 2010; Pasanen-Mortensen et al. 2013). An alternative explanation is that, at
currently low apex predator densities, mesopredators may not be significantgduppliesct
effects of interference competition, such as restricting habitat use and prety dwailaddiliing
fear, could also have contributed to the limiting effects of apex predators boageenented for
in this study (Creel & Christianson 2008; Shirley et al. 2009; Brook et al. 2012).
Human-mediated bottom-up effects were apparent through a preference of fes®s for le

forested areas that are more fragmented (see also Kurki et al. 1998). Netragttedfess was
also weak, probably because generalist foxes can thrive in both forested andsoppasla

3DQHN %QUHVL>VNL , ardiDh&)y Hiemsiies InCrease along a natural-urban
environmental gradientaiOHN HW TBu3, our gradients in land-use may not have been
strong enough to capture fox habitat preferences, or fox distribution may bdetimct (@
other human-mediated bottom-up effects such as the presence of anthropogsoicrdeed

3DQHN % U H MHurthémhbre, increased spatial heterogeneity in more complex habitats
could have mediated interference competition and dampened top-down suppression of foxes
through reduced encounter rates (McGee et al. 2006; Ritchie & Johnson 2009). More importantly,
bottom-up effects influenced foxes and bears, and most likely wolves (Skidetejev2004), in
opposite ways and thus, human-mediated bottom-up processes could furthimteddumace
competition between foxes and apex predators through increasing forest loss and fragmentation in
Romania (Knorn et al. 2012; Griffiths et al. 2013)

Herbivore limitation by apex predators and human-mediated bottom-up effects

Despite human presence, apex predators still exerted substantial top-down limitation on
herbivores. This is consistent with the Ecosystem Exploitation Hypothesis for systems with tri
trophic-cascades, where herbivores should be top-down limited and apex predators bottom-up
limited (Oksanen & Oksanen 2000). Top-down control of wolves and bears on nmed cbeer a

deer showed varying patterns. The observed negative effect on red deer and rod dedhe
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HQFRXQWHU UDWH E\ ZROYHV FDQ EH H[SODLRHGHHNZRZB&MRV
both species are presdatdrzejewski et al. 2000)olf extirpation caused eruptions of deer
populations in European and American national parks (Jedrzejewski et al. 2002; Rijytde & Besc
2012b), and our results suggest that similar wolf reductions and extirpations could have led to
increased red deer populations elsewhere in Europe (Lovari et al. 2007)ad3y roentteer
populations were only suppressed by apex predators in unproductive landscapesnared were
affected by foraging needs and competition for food in Europe (Melis et al. 2009;ebahelius
2013).

In contrast, bears had a negative effect on roe deer and not on red deee Baans
to predate young cervids (Berger et al. 2001; Swenson et al. 2007), and may either have predated
preferentially on fawns of roe deer over those of red deer, or the poditivishiglabetween
bears and red deer is a likely indirect effect of the strong negative impach®fonubah
species. However, since the diet of bears in our region does not incluflmeab{Bojarska &

Selva 2012), deer could alternatively have been suppressed by apex predatorsnttscapb a la
of fear where deer alter their behaviour in response to predation risk (Laingé®&t Creel &
Christianson 2008)

Although our results confirm theoretical predictions of weak bottom-up effects on deer
species, they contrast with a recent study where human-mediation of forage quadiy influe
herbivores more strongly than top-down predator effects (Muhly et al. 2Q33df Ad&tom-up
effects may be due to the present land cover composition, which feasiraadgrasture cover
close to the 30% threshold below which fragmentation effects become severe (Andrén 1994)
Alternatively, the resolution of the Corine Land Cover (25 ha minimum mapping unit) may have
been too coarse to pick up deer habitat preferences. Although human-mediated praogisses thr
land-use may not determine deer encounter rates in our study area; other human-mediated bottom-
up processes such as supplemental feeding of deer may affect their popuiatidhg (8oi
2002) Moreover, similar to mesopredators, an increase in deforestation in tbeldresiuce
apex predator presence and ultimately reduce top-down control of deer.

Humans as apex predators in the system

Direct and indirect humang-down impacts were more important in shaping patterns of species
encounter rates compared to the effects of apex predators and human-mediated bottom-up effects.
Thus, our study shows that humans themselves are an apex predator in the syStgnhaidica

they should not be ignored in predator-prey studies (Sergio et al. 2014), particulagy given th
pervasive impacts of humans across the globe (Steffen et al. 2007; Goudie 2013). Humans are
perhaps unique amongst apex predators in their ability to influence ecosystems through
simultaneously directly reducing large carnivore, mesopredator and herbivore papdlations
impacting their behaviour by creating a landscape of fear for all three trophic levets&Ordiz

2013)
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Direct human effects on foxes were negligible in our study. This is consistent with Baker &
Harris (2006) who showed that fox culling through hunting does not necessarily reduce fox
numbers. In contrast, direct human negative effects on deer were relatiiéiyntargeof deer
could have directly reduced deer populations (seedezgjeivski et al. 2000), however, the
observed pattern could also be a response to an anthropogenic landscageeod fibeervavoid
areas where hunting and other human activities are prevalent (Theuerkauf Z0@8puys
addition, humans also suppressed deer through the use of livestock guard dogs, wharh are kept
the pasture and thus in proximity to preferred deer foraging areas. Although the effeais of dogs
wildlife are relatively unknown, they can reduce herbivore populations through the same
mechanisms of direct predation and behaviourally induced changes as other apex predators (Ritchie
et al. 2014)

Indirectly, humans suppression of bears and possibly wolves (JedrzejevidkiZet al.
Llaneza et al. 2012) could lift top-down control and lead to increased herbivore p@ndations
possibly further mesopredator release. Herbivore and mesopredator populatien afteeas
anthropogenic extirpations of apex predators are widely documented (Terborgh & Estes 2010). For
example, in Europe, the loss of lynx due to a combination of anthropogenic pressures
(Breitenmoser et €2000) caused large scale mesopredator release in Europe (Elmhagen et al.
2010) perhaps even in our study area. However, here we found that in a systdratiwhere
humans and other apex predators are present, top-down control by humans and pdedators a
indirect release due to human suppression of apex predators act simultaneously, particularly on
herbivore population§urther studies that disentangle the effects of humans and predators on
lower trophic levels will be key to advancing our understanding of the drivers and dynamics of
ecosystems, trophic cascade theory, and ultimately how these affect biodiversity corfsisrvation.
is especially important since humans may not replicate the exact nature of indirect effects caused by
other apex predators, highlighting that the ecological roles of apex predators are not always
interchangeable (Ordiz et al. 2013). This may explain in part why humans are often untsuccessful a
preventing or reversing negative impacts such as overgrazing, reduced vegetation recruitment, and
biodiversity loss caused by altered predator-herbivore-plant trophic cascadepredtatoeso
release (e.g. Terborgh et al. 2001; Estes et al. 2011; Kuijper 2011; Ripple et al. 2013).

Conclusions

To date, ecological theory on trophic cascades has not explicitly included human effects, despite
KXPDQLW\:V SHUYDVLY HSdnBessDr-av/al. ROR).\Dur IStudyaRldsHo a growing
recognition that humans play vital roles in influencing ecosystems through mediating and altering
trophic cascades as well as through direct landscape maodification. Apex predators maintained their
ecological role by suppressing lower trophic levels in a human-dominated landscape, but both
direct and indirect anthropogenic top-down effects dominated over natural processes. Improving

our understanding of human impacts on trophic cascades in human-dominated landscapes is
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especially important because apex predators are declining rapidly in much of the wodd, but just
importantly they are also being encouraged to recover and are reintroduced tosofhieerarea

are ample possibilities for restoring ecosystems through rewilding efforts or carnivore
reintroduction programs, but especially in this context, it is important to anticipate the implications
of simultaneous effects of humans and apex predators on multiple trophic levels. Gundresults
conclusions are presented with caution, as we acknowledge the limitations of cardedstive st

and the need to test conceptual understanding via experiments, and in doing so establish
mechanistic causation underpinning the patterns observed. Given the extent and speed of global
anthropogenic environmental change, elucidating how humans directly and indirectly alter bottom-

up and top-down processes should receive increased consideration by future studies.
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Supplementary Material for Chapter V

Figure S5.1Boxplots of species encounter rates per camera day atlceatierss with and without lure.
The boxplots show that the presence of the lure did notsféaieés encounter rates appreciably and was
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therefore not included as a random factor in the model

Five year comparison of wolf densities per hunting block
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Figure S5.25 year comparison of reported wolf densities per hunting blolfkdeffgities per hunting
block (i.e. number of reported wolves divided by hunting blockhttizé/\www.mmediu.ro/paduri/
vanatoare.htm - accessed 01.02.2014) were ranked within each sgeat ¢higiv density, low rank = high
density). Ranks of hunting blocks for 2006-2009 were then plotted agaiastkd0Qerall, the ranks of
hunting block wolf densities were similar throughout years.
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Five year comparison of bear densities per hunting block
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Figure S5.35 year comparison of reported bear densities per huntikgB®ar densities per hunting block
(i.e. number of reported bears divided by hunting block sizewhttp:immediu.ro/paduri/vanatoare.htm

- accessed 01.02.2014) were ranked within each year (high radensitgywlow rank = high density).
Ranks of hunting blocks for 2006-2009 were then plotted against R81Qvarall, the ranks of hunting
block bear densities were similar throughout years.

Table S5.1Model selection table for all candidate models for brown bear. Aagtiragees are given for
each variable. Log stands for log-transformation of the vafliaiolen (B) indicates human population size
in the nearest three villages.

Forest Log delta

Rank (log) Pasture Human (B) Wolf (log) df likelihood AlCc  AICc  weight
1 + + + + 7 -131.09 277.00 0.00 0.42
2 + + + 6 -132.66 278.00 0.92 0.26
3 + + + 6 -133.42 279.50 2.42 0.12
4 + + 5 -134.81 280.10 3.02 0.09
5 + + + 6 -133.79 280.20 3.17 0.09
6 + + 5 -136.89 284.20 7.19 0.01
7 + + 5 -137.10 284.70 7.61 0.01
8 + 4 -140.05 288.40 11.36 0.00
9 + + + 6 -138.58 289.80 12.75 0.00
10 + + 5 -139.74 289.90 12.88 0.00
11 + + 5 -140.82 292.10 15.05 0.00
12 + 4 -142.44 293.20 16.13 0.00
13 + 4 -142.52 293.30 16.29 0.00
14 + + 5 -141.61 293.70 16.63 0.00
15 + 4 -145.40 299.10 22.04 0.00
16 3 -146.84 299.90 22.81 0.00
Coefficient 0.25 -0.38 -2.07 -0.30
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Table S5.2Model selection table for all candidate models for domestic dog. Average astigiagsfor
each variable. Log stands for log-transformation of the variable. BedicgBsifear densities from the
hunting blocks. Human (L) indicates number of humans from the camera traps.

Bear Human Log delta

Rank (log, B) (log, L) Pasture Wolf (log) df likelihood AlCc AlCc weight
1 + + 5 -190.23 390.90 0.00 0.37
2 + + + 6 -189.63 391.90 1.00 0.22
3 + + + 6 -189.83 392.30 1.39 0.19
4 + + + + 7 -188.77 392.40 1.50 0.18
5 + 4 -194.16 396.60 5.71 0.02
6 + + 5 -193.87 398.20 7.28 0.01
7 + + 5 -193.94 398.30 7.43 0.01
8 + + + 6 -193.41 399.50 8.54 0.01
9 + + + 6 -209.17 431.00 40.07 0.00
10 + 4 -211.40 431.10 40.20  0.00
11 + + 5 -210.49 431.40 40.53 0.00
12 + + 5 -210.78 432.00 41.11 0.00
13 3 -215.07 436.30 45.42 0.00
14 + + 5 -213.37 437.20 46.28 0.00
15 + 4 -214.48 437.30 46.36 0.00
16 + 4 -214.50 437.30 46.39 0.00
Coefficient  0.25 0.63 0.37 -0.27

Table S5.3Model selection table for all candidate models for red fox. Average estirgate:s fmeeach
variable. Log stands for log-transformation of the variable. Beaic@gfblear densities from the hunting
blocks. Human (L) indicates number of humans from the camera traps.

Bear Human Pasture Wolf Log delta
Rank (log, B) Dog Forest (log,L) (log) (log) df likelihood AICc AICc weight
1 + + 6 -295.73 604.10 0.00 0.06
2 + + + 7 -294.75 604.40 0.27 0.05
3 + 5 -297.00 604.50 0.36 0.05
4 + + 6 -295.95 604.50 0.44 0.05
5 + + + 7 -294.84 604.50 0.45 0.05
6 + + 6  -296.02 604.70 0.59 0.05
7 + + + 7 -295.22 605.30 1.21 0.03
8 + + 6 -296.37 605.40 1.29 0.03
9 + + + + 8 -294.16 605.40 1.33 0.03
10 + + + 7  -295.48 605.80 1.72 0.03
11 + + + 7 -295.56 606.00 1.88 0.02
12 + + + + 8  -294.44 606.00 1.90 0.02
13 + + 6 -296.81 606.30 2.16 0.02
14 + + + 7 -295.71 606.30 2.19 0.02
15 + + + + 8 -294.61 606.30 2.24 0.02
16 + + + 7  -295.78 606.40 2.32 0.02
17 + + + + 8  -294.67 606.50 2.35 0.02
18 + 5 -298.02 606.50 2.39 0.02
19 + + 6  -296.94 606.50 2.43 0.02
20 + + + 7  -295.87 606.60 2.50 0.02
21 + + 6  -296.99 606.60 2.53 0.02
22 + + + 7  -295.88 606.60 2.53 0.02
23 + + + 7  -295.91 606.70 2.58 0.02
24 + + + + 8  -294.79 606.70 2.60 0.02
25 + 5 -298.14 606.70 2.63 0.02
26 + + + 7  -295.95 606.80 2.66 0.02
27 + + + + 8 -294.91 606.90 2.84 0.02
28 + + + 7  -296.10 607.10 2.97 0.01
29 + + + + + 9 -293.87 607.10 3.04 0.01
30 + + 6 -297.28 607.20 3.10 0.01
31 + + + + 8 -295.08 607.30 3.17 0.01
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32 + + 6 -297.45 607.50 3.43 0.01
33 + + + + + 9  -294.07 607.60 3.45 0.01
34 + + + + 8  -295.22 607.60 3.46 0.01
35 + + + 7 -296.37 607.60 3.50 0.01
36 + + 6  -297.54 607.70 3.62 0.01
37 + 5 -298.72 607.90 3.80 0.01
38 + + + + + 9 -294.28 608.00 3.87 0.01
39 + + + + 8  -295.44 608.00 3.91 0.01
40 4 -299.90 608.10 3.99 0.01
41 + + + + 8 -295.54 608.20 4.10 0.01
42 + + + 7  -296.80 608.50 4.35 0.01
43 + + 6  -297.93 608.50 4.40 0.01
44 + + + 7 -296.83 608.50 4.42 0.01
45 + + + + 8 -295.75 608.60 4.51 0.01
46 + + + + + 9 -294.61 608.60 4.53 0.01
47 + + + + 8 -295.78 608.70 4.57 0.01
48 + + + 7  -296.93 608.70 4.63 0.01
49 + + + + 8  -295.88 608.90 4.78 0.01
50 + + 6 -298.13 608.90 4.81 0.01
51 + + 6  -298.17 609.00 4.87 0.01
52 + 5 -299.35 609.20 5.05 0.01
53 + + + + + 9  -294.90 609.20 5.11 0.01
54 + + + + + + 10 -293.77 609.30 5.18 0.01
55 + + + 7  -297.23 609.30 5.22 0.00
56 + + + + 8 -296.10 609.30 5.22 0.00
57 + + + + + 9 -295.07 609.60 5.46 0.00
58 + + 6  -298.46 609.60 5.46 0.00
59 + + + 7  -297.39 609.60 5.54 0.00
60 + + + 7  -297.44 609.70 5.64 0.00
61 + 5 -299.73 609.90 5.82 0.00
62 + + + + 8 -296.73 610.60 6.48 0.00
63 + + + 7  -297.97 610.80 6.70 0.00
64 + + 6  -299.23 611.10 7.01 0.00
Coefficieni -0.13 0.15 -0.22 -0.03 0.09 -0.16

Table S5.4Model selection table for all candidate models for red deer. Average estigitesfareach
variable. Log stands for log-transformation of the variable. Beaic@giblear densities from the hunting
blocks. Human (B) indicates human population size in the nearest three villages.

Bear Dog Forest  Pasture Human Log delta
Rank (log, B) (log) )log) (log) (log, B) Wolf df likelihood AICc AICc weight
1 + + + + 7 -160.84 336.50 0.00 0.18
2 + + + + + 8 -160.14 337.40 0.86 0.11
3 + + + 6 -162.62 33790 1.34 0.09
4 + + 5 -163.79 338.00 1.49 0.08
5 + + + 6 -162.96 338.60 2.02 0.06
6 + + + + + 8 -160.84 338.80 2.25 0.06
7 + + + + 7 -162.03 338.90 2.39 0.05
8 + + + 6 -163.24 339.10 2.58 0.05
9 + + + + 7 -162.35 339.60 3.02 0.04
10 + + + + + + 9 -160.10 339.60 3.07 0.04
11 + + + + 7 -162.62 340.10 3.56 0.03
12 + + + 6 -163.78 340.20 3.67 0.03
13 + + + 6 -164.02 340.70 4.14 0.02
14 + + + + 7 -162.96 340.80 4.23 0.02
15 + + + + + 8 -162.02 341.20 461 0.02
16 + + + + 7 -163.24 341.30 4.79 0.02
17 + + 5 -165.45 34140 481 0.02
18 + 4  -166.53 34140 4.83 0.02
19 + + + + + 8 -162.35 34180 5.27 0.01
20 + + 5 -165.89 342.20 5.68 0.01
21 + + + + 7  -163.92 342.70 6.16 0.01
22 + + + + 7  -163.95 34280 6.22 0.01
23 + + + 6 -165.37 343.40 6.83 0.01
24 + + 5 -166.47 343.40 6.85 0.01
25 + + + 6 -165.40 34340 691 0.01
26 + + 5 -166.51 34350 6.94 0.01
27 + + + 6 -165.81 344.30 7.73 0.00
28 + + + 6 -165.86 34440 7.83 0.00
29 + + + + + 8 -163.79 344.70 8.16 0.00
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30 + + + + 7 -165.28 345.40 8.88 0.00
31 + + + 6 -166.42 345.50 8.94 0.00
32 + + + + 7 -165.76 346.40 9.84 0.00
33 + + + + 7 -169.15 353.20 16.62 0.00
34 + + + + + 8 -168.73 354.60 18.03 0.00
35 + + + 6 -171.56 355.80 19.22 0.00
36 + + 5 -17311 356.70 20.14 0.00
37 + + + 6 -172.04 356.70 20.17 0.00
38 + + + + 7 -171.26 357.40 20.85 0.00
39 + + + 6 -172.56 357.80 21.21 0.00
40 + + + + 7 -171.63 358.10 21.58 0.00
41 + + + 6 -172.79 358.20 21.68 0.00
42 + + 5 -174.56 359.60 23.04 0.00
43 + + + + 7 -172.37 359.60 23.06 0.00
44 + 4  -176.01 360.30 23.78 0.00
45 + + 5 -175.15 360.80 24.22 0.00
46 + + + 6 -174.44 361.50 24.99 0.00
47 + + 5 -175.87 362.20 25.66 0.00
48 + + + 6 -174.97 362.60 26.04 0.00
49 + + + + 7 -174.82 364.50 27.97 0.00
50 + + + 6 -176.02 364.70 28.14 0.00
51 + + 5 -177.52 365.50 28.96 0.00
52 + + + 6 -176.83 366.30 29.76 0.00
53 + + 5 -178.02 366.50 29.96 0.00
54 + 4  -179.18 366.70 30.12 0.00
55 + + + 6 -177.04 366.70 30.18 0.00
56 + + + 6 -177.04 366.70 30.19 0.00
57 + + 5 -178.16 366.80 30.23 0.00
58 + 4 -179.27 366.80 30.30 0.00
59 + + 5 -178.22 366.90 30.35 0.00
60 3 -180.43 367.00 30.50 0.00
61 + 4  -179.64 367.60 31.04 0.00
62 + + 5 -178.71 367.90 31.32 0.00
63 + 4  -179.84 368.00 31.44 0.00
64 + + 5 -178.95 368.40 31.82 0.00
Coefficiel 0.44 -0.32 0.01 0.18 -0.84 -0.48

Table S5.5Model selection table for all candidate models for roe deer. Average estigiadesfareach
variable. Log stands for log-transformation of the variable. Beaicd@g#blear densities from the hunting
blocks. Human (B) indicates human population size in the nearest three villages.

Red
Bear Dog Pasture Human deer
Rank (log, B) (log) Forest (log) (B) (log) Wolf df logLik AlCc delta weight
1 + + 6 -494.92 1002.50 0.00 0.05
2 + + + + 8 -492.70 1002.50 0.02 0.05
3 + + + 7 -493.95 1002.80 0.26 0.04
4 + + + 7 -494.01 1002.90 0.39 0.04
5 + + + 7 -494.28 1003.40 0.94 0.03
6 + + + + 8 -493.27 1003.60 1.16 0.03
7 + + + + + 9 -492.19 1003.80 1.30 0.03
8 + + + 7 -494.52 1003.90 1.40 0.02
9 + + + + 8 -493.59 1004.30 1.80 0.02
10 + + + 7 -494.73 1004.30 1.82 0.02
11 + + + + 8 -493.65 1004.40 1.93 0.02
12 + + + + + 9 -492.54 1004.50 1.99 0.02
13 + + + + 8 -493.74 1004.60 2.10 0.02
14 + + + + + 9 -492.62 1004.60 2.15 0.02
15 + + + 7 -494.92 1004.70 2.20 0.02
16 + + 6 -496.05 1004.70 2.26 0.02
17 + + + + 8 -493.88 1004.90 2.39 0.01
18 + + 6 -496.14 1004.90 2.43 0.01
19 + + 6 -496.17 1005.00 2.49 0.01
20 + + + + 8 -493.94 1005.00 2.50 0.01
21 + + + 7 -495.08 1005.00 2.53 0.01
22 + + + + 8 -493.96 1005.00 2.54 0.01
23 + + + + + 9 -492.87 1005.10 2.65 0.01
24 + + + + 8 -494.10 1005.30 2.82 0.01
25 + 5 -497.43 1005.30 2.82 0.01
26 + + + 7 -495.23 1005.30 2.83 0.01
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97 + + + + + + 10 -493.34 1008.40 5.92 0.00
98 + + 6 -497.89 1008.40 5.94 0.00
99 + + + + 8 -495.70 1008.50 6.02 0.00
100 + + + + + 9 -494.55 1008.50 6.02 0.00
101 + + + + 8 -495.76 1008.60 6.14 0.00
102 + + + + + 9 -494.62 1008.70 6.16 0.00
103 + + + + + + 10 -493.46 1008.70 6.17 0.00
104 + + + + + 9 -494.65 1008.70 6.21  0.00
105 + + + 7 -496.93 1008.70 6.22  0.00
106 + + + + 8 -495.82 1008.80 6.27 0.00
107 + + + + + 9 -494.68 1008.80 6.28 0.00
108 + + + 7 -496.97 1008.80 6.31 0.00
109 + + 6 -498.09 1008.80 6.32 0.00
110 + + + 7 -496.98 1008.80 6.33 0.00
111 + 5 -499.22 1008.90 6.41 0.00
112 + + + 7 -497.02 1008.90 6.42 0.00
113 + + 6 -498.17 1009.00 6.50 0.00
114 + + + + 8 -495.95 1009.00 6.53 0.00
115 + + 6 -498.31 1009.30 6.77 0.00
116 + + + + 8 -496.08 1009.30 6.78 0.00
117 + + + 7 -497.26 1009.40 6.89 0.00
118 + + + 7 -497.43 1009.70 7.23  0.00
119 + + + + 8 -496.30 1009.70 7.23  0.00
120 + + + + + 9 -495.26 1009.90 7.44 0.00
121 + + + + 8 -496.44 1010.00 7.50 0.00
122 + + + + 8 -496.54 1010.20 7.71  0.00
123 + + + + 8 -496.54 1010.20 7.72  0.00
124 + + + 7 -497.75 1010.40 7.86 0.00
125 + + + + 8 -496.62 1010.40 7.87 0.00
126 + + 6 -498.92 1010.50 7.99 0.00
127 + + + + + 9 -495.59 1010.60 8.10 0.00
128 + + + 7 -498.09 1011.00 8.55 0.00
Coefficient -0.12 -0.08 -0.02 0.05 -0.13 -0.12 0.11
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Section B: Traditional
wood pastures

This Section includes Chapters VI-VIII and focuses specifically on the conservation value of
traditional wood pastures to gain insights on the role of particular traditional land-use elements for
biodiversity. Wood pastures are one of the oldest land-use types in Europe. Th@phetrede

through ancient silvo-pastoral practices and often consist of open grasslands with scattered old
trees. Chapter VI explores the characteristics, management, and status of wood patgares, but
the current threats to wood pastures. The role of wood pastures for biodiversity is assessed in more
detail in Chapters VII and VIII: Chapter VIl examines the habitat value of woodpmchars f
assemblage of six woodpecker species, Chapter VIII aims to assest dfigvegtepastures use

by the brown bear.
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Chapter VI

Wood-pastures in a traditional rural region of Eastern Europe:
Characteristics, management, and status

Tibor Hartel, Ine Dorresteijn, Catherine Klein, Orsolya Mathé, Cosmin I. Moga, Kinga
Ollerer, Marlene Roellig, Henrik von Wehrden, and Joern Fischer

Biological Conservation (2013), 286:267-

$omeone's sitting in the shade today because someone\plarfeel? deda Buifett

Many a genius has been slow of growth. Oaks that flourish for a thousand years do not sj
beauty likeld H HG&2orge H. Lewis
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Abstract

Wood-pastures are among the oldest land-use types in Europe and have high ecological and
cultural importance. They are under rapid decline all over Europe because of ¢hadgesejn

tree cutting, and lack of regeneration. In this study we characterized the structure, condition and
threats of wood-pastures in a traditional rural region in Romania. Forty-twiastaoes were

surveyed, as well as 15 forest sites for comparison. All wood-pasture siestnilzre via four

groups of variables: condition, management, site, and landscape context. Forest sites were
dominated by Hornbear@4rpinus betulaisd BeechFagus sylvatieenereas wood-pastures were
dominated by OalQuercusp.) and various species of fruit trees. Most wood-pastures contained
WUHHV FODVVLILHG DV TDQFLHQW . EXé\pr@p&tionXfdecaiitdesHYV Z H L
was positively related to forest cover within 300 m around the wood-pasture. Mausisitht
management, site and landscape-related variables best explained the prelevance of Oak, Beech,
Hornbeam and Pear trees in wood-pastures. Large oaks and hornbeamsevi&sdynorbe

dead or affected by uncontrolled pasture burning than small oaks and other tree species. Our
results show that ancient wood-pastures are common in this rural region, and theyoneay be
common in Eastern Europe than previously thought. There is an urgent needrébr kegeh
recognition and conservation management of wood-pastures as distinct landscapeoelements f
their cultural, ecological and agricultural importance.
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Introduction

Wood-pastures represent an important part of European éolituedl heritage (Bergmeier et al.

2010) and are one of the oldest land-use types in Europe, being known since the Neolithic (Luick
2008) Although the concept of wood-pastures is broad (Spencer & Kirby 1992; Caledonian
Partnership 2003; Goldberg et al. 2007), it characteristically refers to environments that are define
by trees scattered through an open area, generally grassland. Appropriate livestogihnggazing re
applied through centuries have been crucial for the formation of wood-pastures and will be
important for their further persistence (Quelch 2002)

Ancient wood-pastures bring together several important components that make them
attractive for ecologists and conservationists. First, wood-pastures contathtseadtefde age
RI WKHVH WUHHV FDQ UHDFK FHQWXULHV VXFK WUHHYVY DUH VRPI
(Read 2000; Quelch 2002). Old, scattered trees provide a broad range of habirmideasres
dead branches or hollows (Gibbons & Lindenmayer 2003). For this reason, i@drésers
ORFDO fELRGLYHUVLW\ KRWYV SRW3thet &) aHFDRYLiINGAhFh&er @ BIR X QG WK
2014) Moreover, scattered trees (regardless of their age) significantly influence ticroclima
conditions and soil humidity, and consequently vegetation structure (Manning et al. 2006) and may
help to facilitate adaptation to anthropogenic climate change in the future (Manning et al. 2009)
Second, the open habitat throughout which trees are scattered is managed mostly as pasture
(Quelch 2002; Mountford & Peterken 2003; Bergmeier et al. 2010). Traditional pasture
management has typically been low in intensity, thus supporting a rich flora and fauna, including
many species of conservation interest (Rosenthal et al. 2012). Low intensity grazing, together with
scattered, often old trees, makes many wood-pastures regional hotspots of biodivérsigt (Buga
al. 2011).

Wood-pastures have received increasing scientific attention throughout Europe in recent
years. Studies on the biodiversity of wood-pastures and the ecological value dfanld bees
conducted in the Czech Republic (Vojta & Drhovska 2012; Hordk & Rébl 2013), Portugal
(Goncalves et al. 2012), Romania (Moga et al. 2009; Dorresteijn et al. 2013), andlitBwetden (Pa
al. 2011; Widerberg et al. 2012). Vegetation dynamics and landscape change related to management
regimes are available, for example, from the Swiss Jura Mountains (Buttler)etlzse. 121G
Alps(Gabarino et al. 2011), Belgium (Van Uytvanck et al. 2008), the Netherlands (Smit & Ruifrok
2011; Smit & Verwijmeren 2011), Spain (Plieninger & Schaar 2008) and Sweden (Brunet et al.,
2011). Studies exploring the recruitment of trees in wood-pastures are availablanfrom Spa
(Plieninger 2007); and research about the vegetation structure and conservation status of wood-
pastures is available from Romania (Ollerer 2012, 2013), TRukeyU O X H Wand Greece
(Chaideftou et al. 2011). Finally, the crucial importance of low intensity human use for the
maintenance of biodiversity and ecosystem services in Mediterranean wood-pastures and their

provisioning ecosystem services was reported by Bugalho et al. (2011).
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Wood pasture characteristics, management and status

Existing studies highlight that wood-pastures have been undergoing major changes in the
past few decades. These changes threaten the existence of wood-pasturesstndi@vemby
changing land-use (e.g. land abandonment and changing farming practices), policies, changing
attitudes toward old trees, and lack of tree regeneration (reviewed in Bergmeier et al. 2010).

While until recently Britain was considered as one of the main locations in Europe for
large (veteran) trees in wood-pastures (Rackham 1998; Mountford & Peterken 2003), information
from Central and Eastern European (CEE) countries about ancient wood-pasturesSeraearce
national level evaluations exist for example in Hungary (e.g Haraszthy et al. 1997), suggesting that
wood-pastures are among the most threatened ecosystems in this country.

Here, we present research on wood-pastures in a traditional rural region lof Centra
Romania. Our study had three aims: (i) to compare the structure of tree communities and tree sizes
between forests and wood-pastures, (i) to describe the main characteristics and current
management of wood-pastures and (iii) to model wood-pasture condition using a ruit@ber of
landscape and management related variables. Although our study has a regional fodlis and is pa
descriptive in nature, we discuss our findings broadly in the context of international weod-pastur
conservation. Drawing on our findings, we argue that some Eastern European woolagyastures

particularly high, but largely unrecognised, conservation values.

Methods

Study area

The study was conducted in Southern Transylvania, Romania and covered éa&600iém

ca 860 krhwere covered by Natura 2000 regulations (Site of Community Importance, hereafter
SCI) (Fig. 6.1). The region is dominated by traditional land-use practices and has low levels of
infrastructure development. The most important land cover types based on CORINE land cover
classes (see Table 6.1 for reference) are forest (ca. 30%), paskfeé),(deeterogeneous
agricultural areas (including agro-forestry areas; ca. 15%) and arable fields Tbe. drdn

area cover is low (ca. 3%). Other minor land covers include wetlands and vineghnasteTine

the region is continental and moderate. Annual temperature aver@@esviB2an average
temperature of4-3°C in January and 18.6 °C in July. The yearly mean amount of precipitation is
between 650 and 700 mm (Hartel and Moga, 2010).

137



Chapter VI

Legend ‘e [ f 3 « Y p = =
®  Wood-pasture x P’ & * Y— - ; P e \ A
W Ancient Wood-pasture -y 7 g % /'1‘-‘4 [ I \\

R sl
A Forest { 3 ¥ * L (] ‘; T,\ ,,\J " o W Y ,;\\V!( 1 O (
SCl area \¥ # r SN ‘gd LS “vl\,‘“(\\‘.: }xj s . \53 \;ﬂ“
Foiist NS X S J
- aane v - A f j‘ + A‘\. ‘; A(( J\\ 2 = 2 i) ‘;\; ) s
) \ % ‘*4 % "f ) XQ‘«\ £ ) > 4 o )R/F./”f ».¥ ‘
Lo ol g Ty 2 gy v ’
° ™ = ¥ t ST LIS N o L
S R T e 7 ‘
=03 ‘\ = 5 ¥ /\}\’\/‘HAN/ Y ,£ K e g A " rz. ¥
-~ S A ' o
By 2 3 J\/\z’ ./A/ LI 4‘,‘ i ¢ y\(‘\.,\‘ [ ] . \\7 2
+ e /f N A 5 e e
= .- " £ N a 4 o8 17 o~ b o
L./ L | j
* ¥ a P 'Y r X
: 2 P 4 ,
2 o g . ‘& by o YA ~
\ ke - p

0§ GREME 10 ) “ ' % 4

_-— km » A
4 ! - -~ bl | N

Figure 6.1 Map of the study area. All survey sites, including wood-pastures,waazepastures, and
forests are shown. The Natura 2000 site (SCI) is delineated (see studgrarahRomania description).

Field methods and variables

Data were collected in 2012. Forty-two wood-pastures and 15 forest sites werésestudied
Supporting Information 6.1 and 6.2). We sampled a larger number of wood-pastures than forests
because forests are relatively homogenous, whereas wood-pasturdéstdiffialiyuin structural

elements and adjacent forest cover. Furthermore, we were especially interested in the description of

wood-pastures and thus chose more sites to comprehensively cover existing gradients within wood-
pastures.

We used five groups of variables to characterize wood-pastures: condition vagiables (tre
density per ha, number of scattered trees per ha, proportion of dead trees pescred siaver
and woody vegetation cover), composition variables (prevalence of oak, hornbeam, beech and
pear), site (area, elevation and ruggedness) and landscape (forest cover and disemtce to near
village) related variables and management (evidence for scrub cleaning related fay Agency
Payments and Intervention in Agriculture (hereafter APIA), livestock and burning) related
variables. Descriptions of these variables and their units of measurement endf@odeta
other than field data) are summarized in Tahldhe tree diameter at breast height (DBH) was
calculated from the circumference, which we measured with a tape for standifigedrees
measurements were made in Feb&vkrch (2012) in the following way: (1) all trees in wood-
pastures were measured within a radius of 80 m around a central sur(ie. pothin a 2 ha
site). In forest sites, 50 trees were selected randomly in a spiral from tbétbergite to the
edge of the 2 ha, to obtain a representative sample of trees. (2) Additional treesunasie meas
within four strip transects of ca. 10 m width between 80 m and 300 m freentthkesurvey
point in the four cardinal directions (N, S, E, W). In the case that three or feweré&rdéesnd
within the wood-pasture transects we measured up to five trees close to thd tramesalting
data provided indications of the diameter distribution within 2 ha around a central point and in the
immediate surroundings. We used the DBH of trees as a proxy for their age categudization
FRQVHUYDWLRQ YDOXH L H TWUXO\ DQFLHQW:- 9YDQFLHQW-
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Wood pasture characteristics, management and status

following Read (2000) and Farm Environment Plan Guide (2006)). We also recorded if the
measured trees were burned (i.e. the tree showed signs of fire but was affee)stdedthg

dead trees), healthy (no visible injury on the trunk of the tree) and injured (when wees trunk
injured by cutting coppicing and pollarding were not considered as injuries).

Tree density within 2 ha was assessed in wood-pastures as the count ofthlht&es w
m of the central survey point. All dead trees from the two hectare sites were counted, both in
wood-pastures and forests. Trees were identified to genus level. According to atpdgvious s
(Hartel & Moga 2010), the vast majority of the Oaks in wood-pastures in this region belong to the
speciefuercus rol@0% out of 339 Oaks measured), @.tpetragad hybrids between the two
species. Due to the similarities of the ecology and habit of these two oaks, we believe that
considering them together was reasonable and facilitated meaningful comparison with the othe
dominant tree genera.

Scrub cover was assessed for the entire wood-pasture using 400 m long atel 6 m w
transects which were placed subjectively so that they covered all représestiatiseof the
wood-pasture. This assessment was made in the period of May-July. Thef itanbects in
each wood-pasture was chosen according to the size of the wood-pastureedtsoneansised
in wood-pastures with an area of up to 30 ha, three transects in those B6a30rivay four
transects in those 802130 ha area, five transects in those of1880ha area, and six in those
measuring more than 180 ha. On average there were 3.7 transects per site.nseeachdra
percent of scrub cover was assessed visually every 100 m. Scraluesweere averaged for the
entire wood-pasture to obtain a single representative estimate.

Furthermore we recorded the presence/absence of livestock based onsdineatiarb
of the animals and/or their faeces. Pasture burning was recorded i#Aptdngériod (when this
activity usually takes place as management intervention to remove excessive biomass from
pastures), and the presence of scrub removal was recorded RIUafThble 6.1). We further

recorded if we observed tree cutting activities in wood-pastures in 2012.
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Table 6.1The description of the environmental variables used to charastedzpastures from Southern
Transylvania and to model wood-pasture condition and compaéiti@bles highlighted in italics are those
that were used in statistical models as explanatory or respdniss (sgm@section on Analysis).

Variable name Description

(a) Condition variables

Tree density per ha Calculated from the overall number of standing trees (dead and al
counted in the 2 ha sites.

Number of scattered trees The overall number of scattered trees in the entire wood-pasture |

on counts of trees using Google Earth satellite images.

Proportion of dead trees (2 ha] The percent of dead trees (standing or fallen) in the 2 ha site.

Tree size The median value was computed for each wood-pasture bdsed or
diameter at breast height (DBH) in cm of trees higher than 3 m. Tt
median values across all wood-pastures were then averaged.

Scrub cover The percent cover of scrub in the wood-pasture. Scrub was ithefine
our study as vegetation dominated by woody perennials (sdrubs a
young trees), usually exceeding the height of the grass layer, and
between 0.2 m and ca 3 m in height. Characteristic shrub species
Hawthorn Crataegus monhggtaekthornFrunus spino&ackberry
(Rubusp.) and the Dog Rodedsa canjniihe most common young
tree was the Hornbea@grpinus betlus

Woody vegetation cover The percent coverage of woody vegetation (trees and shrubs) in tl
whole wood-pasture. Source: data derived from a supervised
classification of the monochromatic channels of SPOT 5 data (©C
2007, Distribution Spot Image SA) using a support vector machine
algorithm (Knorn et al. 2009).

(b) Composition variables
Prevalence of Oak, Hornbeam Defined as the proportion of Oak, Hornbeam, Beech and Pear in
Beech and Pear relation to the complete number of trees measured in a given site.

(c) Site related variables

Area The size of the wood-pasture (ha). Source: satellite imagery and (
Elevation In meters (m). Source: recordteditiwith a Global Positioning Syster
Ruggedness The ruggedness of the terrain for the whole wood-pasture and wa

calculated as the standard deviation of elevation ina 25 m x 25 m
(Advanced Spaceborne Thermal Emission and Reflection Radion
(ASTER) Global Digital Elevation Model Version 2 (GDEM V2))

(d) Landscape related context

Forest cover Percentage of forest cover within a 300 m buffer from the edge of
pasture based on CORINE Land Cover classes. Source: Europea
Environmental Agency (2011):
(http://www.eea.europa.eu/publications/CORO0-landcover).

Distance to nearest village The Euclidean distance from the centre of the wood-pasturestigthe
of the closest village calculated in GIS (in m).

(e) Management related variables

Scrub cleaning (APIA) The presence of scrub clearance. Cut scrub collected in piles was
considered evidence for APIA activities at the site.

Livestock Cattle, sheep, buffalo, horses or a mixture of these. The percent ¢
wood-pastures grazed by each of these livestock was calculated.

Burning Presence of burning in the wood-pasture.
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Analysis

Raw data were summarized using descriptive statistics. Due to the different scaling oéthe data th
Coefficient of Variation (CV) was used as dimensionless measure of yvailaiiitg a
meaningful comparison among different variables. lllustration of tree communitiesdwas base
genera composition from forests versus wood-pastures using detrendedndemee analysis

(DCA), using the number of stems belonging to different genera. The DBH of burned and dead
trees was compared against that of healthy trees using t-tests. Prior to thiaDBifedog-
transformed to meet assumptions about the distribution of the data. Density of dpad trees
hectare was compared between forests and wood-pastures using a t-test.

To model indicators of condition and composition we used an information-theoretic
model selection approach based on the Akaike information criterion (AIC) to identifipesbdels
supported by the data (Burnham & Anderson 2002). We separately considered six different
response variables: the proportion of dead trees and the proportion of scrubreovariables
IURP WKH TfFRQGLWLRQ:- JURXS VHH DERYH DQG 7DEOH
DQG 3HDU ZHUH YFRPSRVLWLRQDO:- YDULDEOHVY VHH DERYH
variables as responses because (i) they directly influence the quality of the (weofsgrphstu
cover, proportion of dead trees); and (ii) they are highly dynamic vatathescreased after
the 1989 Romanian revolution, but since the entry of Romania into the European Union (2007
hereafter EU), financial incentives (i.e. APIA payment, see above) have beelearsghstuces
of scrubs. We selected the compositional variables because these tree spbuiedawesnc
some of them (e.g. Oak, Pear) historically have a strong cultural importance for local communities
(Dorner 1910) Each response variable (see above) was modelled separately as a function of six
HISODQDWRU\ YDULDEOHV IURP WKH IROORZLQJ FDWHJRULHYV
(altitude and ruggeQHVY J0DQDJHPHQW UHODWHG:- O YDULDEOHV
HYLGHQFH RI 71$3,$- UHODWHG VFUXE UHPRYROH\DW G RIY BIQ GD/(
distance to nearest village).

We constructed seven candidate models arising from all combinations of the groups of
explanatory variables listed above (M, S, L, M+ S, M+ L, S+L, M+ S + L). iAlamt
variables were standardized to an average of zero and a standard deviation ofrdnenalsde
the effects comparable. For each model, the AIC value was calculated using correction for sma
samples sizes (AlCc, Burnham and Anderson, 2002). The models were ranked according to thei
AICc, where the best model has the smallest AlCc value. Delta AICc (D AlCEuedsdcto
express the difference between each model and the best model. Akaikeyweagbtuiged to
estimate the relative evidence for each model, which could be interpreted as the proliadility that
modeli was the best model for the observed data, given the candidate set of models.
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Results

Tree community composition in wood-pastures and forests

We measured 6739 trees, including 4870 in forests and 1869 in wood-padugdseelgenera
were found in forests and 14 in wood-pastures (Table 6.2). Tree commuaitedsbdiffveen
wood-pastures and forests (Fig. 6.2). Forest sites were dominated by HQaipéauns petylus
and BeechHagus sylvatigdhile wood-pastures were dominated by Qadr¢isp.) (Fig. 6.2).

Table 6.2 Tree genera identified in the forest and wood-pasture sites. The fiounih sfwows which
species are known to occur in our region for each genus (b&@dean1992). A plus denotes presence,
minus denotes absence.

Genus Forest Wood-pasture Species from the region

Acer + + Acer campestre,
A. platanoides,
A. pseudoplatanus,

A. tataricum,

A. neguntio
Betula + + Betula pendula
Carpinus + + Carpinus betulus
Fagus + + Fagus sylvatica
Fraxinus + + Fraxinus excelsior
Juglans - + Juglans regia
Larix + + Larix decidua
Malus - + Malus domeética

M. sylvestris
Pinus + + Pinus nigra

P. sylvestris
Populus + +

Populus alba

P. tremula
Prunus + + Prunus avium,

P. spinosa

P. cerasifera

P. domestica
Pyrus - + Pyrus comniunis

P. pyraster
Quercus + + Quercus petraea

Q. pubescens

Q. robur

Q. robur x Q. petraea

Quercus rubra
Robinia + + Robinia pseudoéacacia
Salix - + Salix alba

S. caprea,

S. cinerea,

S. fragilis,

S. purpurea,

S. triandra
Tilia + + Tilia cordata
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Figure 6.2 Tree community composition in forests versus wood-pastures. #atiblusof tree
communities based on genera composition from forests versus staoespaising detrended
correspondence analysis. Eigenvalues are given in brackets dairsed he length of first axis is 3.1 and
that of the second axis is 1.7. B) Percentage of the most common trelegmhémaforests and wood-
pastures.

Smaller (and presumably younger) trees were better represented in forests than in wood-
pastures, while larger (presumably older) trees were better representegadstwes (Fig. 6.3).
Wood-pastures contained more ancient trees and more trees of conservation valuetwhile only
individuals of such trees were found in forests (Table 6.3). Dead trees were observedeaist every for
site but 64% of wood-pastures contained no dead trees. The average number e$ gead tre
hectare for the remaining wood-pastures was 2nfaxn 1%6) while forest sites contained on
average 7 (mfmax: 1216) dead trees per hectare, this difference being significant (t-test, P <
0.05).
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Table 6.3The number of ancient trees and trees of conservation valuenfthend/ood-pastures (n = 42)
and forests (n = 15). The most common tree genera are presented. Mubonbeksts are sites (i.e. wood-
pastures) where trees from that category were observed.

;rr]ucliz; nte Clog}sirv?tion viaalue P(.);[;zn:ial.ly intsresting’ Ancient?
' % + e P 0 0

Wood-pastures
Oak (n =1113) 3(2) 73 (11) 175 (32) 251 (31)
Hornbeam (n 255) 1 (1) 0 9(4) 37 (16)
Beech (n =100) 0 0 23 (8) 0
Forests
Oak (n =883) 0 0 1 1
Hornbeam (n 1994) 0 0 0 1
Beech (n 21782) 0 0 0 0
a Read (2000)
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Figure 6.3The percent representation of the tree size categories in fatestodspastures. Only Oak,
Hornbeam and Beech are shown because these were tkermmosh trees present in both forests and
wood-pastures.
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The characteristics and current management of wood-pastures

The 42 wood-pastures covered a total area of 422Désuriptive statistics describing wood-
pastures are presented in Table 6.4. Sixty percent of wood-pastures were grazdteeply by
21% only by cattle and 14% were grazed by a mixture of livestock (i.e. cattle, sheep, baffalo) (Tabl
6.4). Evidence for scrub removal (APIA) was found in 88% of wood-pastures (Jable 6.4
Management by burning in 2012 was observed in 50% of the wood-pastures (Table 6.4).
Comparison of the size of burned versus unburned trees was possible only for Oak and Hornbeam
due to insufficient sample sizes for other species. Burned Oaks (mean DBH = 123893%D

n = 76) and dead Oaks (mean DBH = 123.28, SD = 48.73, n = 13) were signifganthala

healthy Oaks (mean DBH = 83.56, SD = 32.59, n = 1014) (tRest6,001 and® < 0.05
respectively; 10 trees injured by humans and struck by lightning were not included). Bur
Hornbeams (mean DBH = 70.95, SD = 28.51, n = 10) were larger than unburned Hornbeams
(mean DBH = 53.03, SD = 26.03, n = 243 two dead trees were not inftheksdy < 0.05).

Across all wood-pastures sampled (though not necessarily within our survey dite=)yase

that more than 40 ancient Oaks (sensu Farm Environment Plan Guide 2006) collapsed following
uncontrolled pasture fires in 2012. In 2012 we recorded tree (Oak and Hornbeam) cutting activitie
in five wood-pastures, two of them being ancient (sensu Farm Environment Plan Guide 2006).

Table 6.4 Descriptive statistics for variables used to characterize the wood-pastaresefiicient of
variation.

Variable Mean SD CVv
Condition variables

Tree density 7.60 4.80 0.63
Number of scattered trees 260.64 230.44 0.88
Proportion of dead trees 0.06 0.10 1.72
Tree size 74.25 23.11 0.31
Scrub cover 0.06 0.12 1.90
Woody vegetation cover 0.19 0.14 0.73
Site related variables

Area 100.50 90.97 0.90
Elevation 543.65 68.21 0.12
Ruggedness 62.75 14.54 0.29
Landscape context

Forest cover 61 0.23 0.37
Distance to nearest village 1225.17 804.17 0.65
Management related variables

Scrub cleaning (APIA) Observed in 88% of wood-pastures
Livestock Cattle: 21%, Buffalo: 7% (always mixed with

other livestockheep: 60%ixed: 14.28. No
grazing: 5%
Burning 50%
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Models of wood-pasture condition and composition

For condition-related response variables, the models best supported by the data contained eithe
management variables (M; scrub cover) or variables describing the landscape context (L;
proportion of dead trees) (Table 6.5). For the prevalence of particular generambeéelsest

always included all three groups of variables (M + S + L) §E9blBLM analysis showed that

the proportion of dead trees was positively related to surrounding forest cover (Table 6.6).
Moreover the prevalence of Oak, Hornbeam and Beech was positively and the prelakence of
was negatively associated with forest cover (Table 6.6). Oak prevalence wasaned@dwety
prevalence was positively related to ruggedness (Table 6.6). Distance to thidlagsaneas

related negatively to the prevalence of Pear and positively to the prevalence of Beg6h. (Table
Oak prevalence was negatively and Pear prevalence was positively associated wtlalgllevation
6.6).

Table 6.5 Model selection results for response variables describing difgrecis of wood-pasture

FRQGLWLRQ DQG FRPSRVLWLRQ 7KWKEHYW RDQNHEDIReBRMEE ORI DUH
QXPEHU RI HYWLPDEOH SDUDPHWHUMG "ZLWK. \WHKWHHBRRE8 H® ZBWK WRHA

AICc, wi= Akaike weights; S = site variables, M = management variables, L péavatsables. Variables

are defined in the Methods section.

Response variables Model Log (L) K AlCc . Wi
52%‘;0”'0” ofdead | 7114 4 151.37 0.00 0.60
Scrub cover M 38.53 4 -67.98 0.00 0.54
Oak prevalence M+S+L -25481 7 526.92 0.00 0.66
S+L -2568.34 5 52836 143 0.32
Beech prevalence M+S+L -114.72 7 246.47 0.00 0.99
Hornbeam prevalenc M+S+L  -173.62 7 36454 0.00 0.98
Pear prevalence M+S+L -169.81 7 356.92 0.00 1.00

Table 6.6 The relationship between the response variables (first cohgrime eexplanatory variables,
separately tested using GLMs.

Livestock  APIA Altitude Ruggedness Forest Village
type clearing cover distance
Proportion g NS NS NS 0.47 (0.21)* NS
of dead trees
Scrub cover NS NS NS NS NS NS
Oak . «~ 0.23
prevalence NS -0.50 (0.19) -0.19 (0.06)* -0.45 (0.06) (0.06)* NS
Hornbeam  -0.92 - sxee 0.67
prevalence  (0.16)*** 0.66 (0.23) NS 0.24 (0.06) (0.09)** NS
Beech -1.26 - sxx 0.66 *
prevalence  (0.26)** 1.61 (0.53) NS 0.56 (0.08) (0.16)* 0.30 (0.13)
Pear 0.56 ~ 039 -0.61 *
prevalence  (0.16)*** 0.70(0.28) (0.07)*** NS (0.08)*** -0.17(0.08)

NS = non-significant.

*** = P<0.001.
*»* = P<0.01.
3 ”
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Discussion

In this paper we showed that forests and wood-pastures differed with toegpett tree

community structure, typical tree sizes and the prevalence of dead trees. We also showed that sheep
grazing dominated wood-pastures while the other livestock (cattle, horse and buffal@elyere scar
used. Burning as a management tool was widely applied, and large trees appearedddybe particu
affected by this. Scrub clearance induced by the EU level financial incentives wasvaggilied
wood-pastures. Finally, the prevalence of different species and of dead trees iruresogigsast

related to management, site and landscape related variables.

Wood-pastures versus forests

While wood-pastures were dominated by Oak and fruit trees (mostly Pear), fosesterbad
balanced proportion of Beech, Oak and Hornbeam. Differences between the tree communities of
forests and wood-pastures can be explained the ecology of the trees (Vera 2000), natural
prerequisites and the traditional preferences of local people for Oak and fruitetreetenfial

primary vegetation in the study region is represented by mixed Oak and Hornbeam, and mixed
Beech and Hornbeam forests. Mixed Oak and Hornbeam f@asteus petragarobyrC.
betulysvere found on shaded and semi shaded hills while mixed Beech and Hornbedm forests (
sylvatic&. betulyshave a more zonal distribution on valley slopes (Coldea 1992). Historical
information suggests that many wood-pastures from Southern Transylvania originate from forest
grazing and selective tree removal from forestd 0 F X O $ +DUWHO ORJI
Transylvanian Saxons traditionally valued Oak not only for timber production but also (and
especially) for the acorns, which were eaten by domestic pigs and sometimes sheegdPorner 19
Oroszi 2004). The importance of grazing for wood-pasture formation and their maiisteredince

known for other European wood-pastures (Mountford & Peterken 2003).

Our results highlight that the largest trees in Southern Transylvania occusmt in w
pastures: the majority of the surveyed wood-pastures contained ancient Oaks tiilesfores
contained virtually no such trees. Within the same bioclimatic conditions large trees of a given
species are typically older than smaller ones (Gibbons & Lindenmayer 2003; etodtv201tB)
and hence the relative proportion of young trees appeared to be higher in forests than in wood
pastures. Age estimations for Oaks ffdhK H 9 % U H L W Fpasii@ Fsitrh@d\tladdr B (e
centre of the study region) suggest that a tree with a DBH®ftm may be at least 200 years
old, and the largest Oaks may be up té80M0years old (Hartel & Moga 2010; Patrut 2011). The
main reason for these size (and age) differences could be the long term managen®andf fores
wood-pastures. In our region trees were maintained on pastures mostly to provide shade
livestock and for their fruit (TH, unpublished results of 110 semi structured interviewsrim Southe
Transylvania). Timber extraction occurred also in wood-pastures, but it was done mainly by
pollarding (i.e. cutting branches while maintaining the trunk) (Rackham 1980; Hartel & Moga

2010) This allowed trees to grow and eventually to become large (old). By contrasteferests

147



Chapter VI

traditionally managed for timber production (see Oroszi 2004 for and overview of forest
managament by Transylvanian Saxons), and the economic value (in a monetatyessnsay of

and still is important in determining management actions. Old trees were and atdroemove

forests because their economic value is decreasing as the amount of dead elements and hollows
LQFUHDVH ZLWK DJH $VVXULQJ VXVWDLQDELOLWRRIBVNKH IRUHV
replanting the cleared parcels) was important both traditionally (Oroszi 2004) and cdrginues to

common practice nowadays (Codul Silvic (Forest Code of Romania), Law 46/2008). However, no
mechanisms to re-plant trees (or otherwise support their regeneration) occur in tjeeityast ma
wood-pastures.

Management of wood-pastures

Sixty percent of wood-pastures surveyed in 2012 were grazed only by sheep anchidd@beby

of livestock (Table 6.4). This is in sharp contrast with traditional grazing systemsefaxeths pr

cattle, horses, buffalo and pigs, and typically each of these had its own pastures with specific
management practices around a given village (Dorner 1910; and also Heinlein et al. 2005 for
selected areas of Bavaria, Germany). Pig grazing stopped in the late 1940s amdl th@50s,
number of buffalo dropped after the Romanian revolution in 1989, partly because of mass
emigration of Saxons and partly for economic reasons. Cattle grazing also declined sharply in many
wood-pastures after 1989 (although less so than for buffalo), and the number of sheep is now
higher than ever before in the Saxon region of Transylvania (TH, unpublished resudésmf 110
structured interviews in Southern Transylvania). Changes to the traditional grazing systems also
have been reported from many European wood-pastures throughout Europe (Plieninger & Schaar
2008; Bergmeier et al. 2010; Costa et al. 2011; Garbarino et al. 2011; Chételat et al. 2013).

Half of the wood-pastures were burned in 2012, and large trees (Oaknéedrior
appeared to be most likely to be permanently damaged from this. Fire has been used as a metho
for pasture clearing in the region since the 16th century (R8d@rHowever, uncontrolled
pasture burning appears to have increased in recent years, even in protectegitardesngle
illegal (TH, personal observation).

Wood-pasture condition

Our model selection approach showed that the prevalence of Oak, Beech, Hornbeam and Pea
trees in wood-pastures was best explained by models containing management, site and landscape
related variables. Oak dominated in wood-pastures with low terrain ruggedness while Beech
dominated in areas with high ruggedness. This result can be explained partly by the ecology of
these species (see above) and partly by human influence. For example, it is possible that Oak was
retained in flatter terrain where accessibility for livestock was high and which cohtaiaad we

often preferred by these animals (especially cattle, domestic pigs and buffalo). Fruit trees (especially
Pear) dominated in wood-pastures close to villages (suggesting that accessibility fos people wa
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important in creating them) with little forest cover in their surroundings. By contrasi\eres

was an important positive predictor for the abundance of all three forest treeAspkelgs.
explanation is that many, if not most, thinning existing forests created wood-pastures in our region.
The pear prevalence was positively associated with the elevation; this is mossluikedf the

slight increase of the average elevation toward the Eastern part of the region, wherg this tree
more abundant. Our result regarding the significant relationship found between the management
related variables and prevalence of different tree genera (Table 6.5) ishtfotvearaigthe
relationship is likely caused by the fact that local conditions shaped human activity (this being
recorded in 2012) and not the other way round. For example, it is possible that wood-pastures
where beech and hornbeam dominated were less attractive for grazing, possibly tesperse of s
slopes or higher woody vegetation density. The grazing system in our region is ungiergoing ra
changes, and therefore this relationship is likely to change in the future.

The percentage of dead trees was significantly related to forest cover amwood-the
pasture. Wood-pastures surrounded by forests may be less accessipée firan the wood-
pastures from open landscapes. Traditional rural communities from this region carefulheclea
pastures of dead wood and scrub to maintain pasture quality (Dorner 1910; TH, unpublished
results of 110 semi structured interviews in Southern Transylvania). Based on this, it & reasonabl
to assume that wood-pastures in traditional societies contained dead wood only accidentally and if
the scrub was present, it was deliberately maintained (e.g. as occasional fiewoodt®nf
fruits). It is possible that the increase of the dead wood on pastures is the tesult of
abandonment of pastures, which was very pronounced after the 1989 Romanian revolution. As the
continuation of use of pastures and hay meadows is promoted by EU agro-enviroemtieas,
it is likely that abundance of dead wood will decline again in the future in most of wood-pastures

from this region.

7KH ELRGLYHUVLW\-pastueeKH T%UHLWH:- DQFLHQW ZRRG

In the context of wood-pasture conservation, it is important to note that some wood-pastures in
our study area have been shown to support a very rich diversity of plants andi\arid®ls

range of studies have been conducted on one of the wood-pastures also surveyethisy us for
SDSHU QDPHO\ Wpdadtur§,%itudted \Wedr- the RdRi@ of our study area, near the town
Sighisoara. The Breite measures 133 ha and is completely surrounded by dexstulbus fo
dominated by Oaks (mosf)y robQr many of which are over 200 years old (Patrut 2011). Overall,
476 species of vascular plants (Ollerer, 2012), 121 species of mac(myceteEh over 50

species were found on ancient Oak% X F 0 D %XFOD , 28X gmeces of
Lepidoptera, 40 species of xylophagous beetles (i.e. insects to which wautd tbprpsenary

diet), eight species of amphibians, four species of reptiles, 27 species of nesting birds and 38 species
of mammals (including Gray Wa&#nis lupusnd Brown Brealrsus arcidsgave been identified

in this wood-pasture (synthesized in Hartel & Moga 2010; Hartel et al. 2011). The overall number
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of species considered rare or protected at national (e.g. Red List) and international (e.g. IUCN,
Habitats and Birds Directives) level exceeds 50.

Conclusions and conservation implications

We showed that there were differences between the tree communities in wood+mhstures a
forests. Ancient trees were found only in wood-pastures, and most pfeyedswood-pastures
contained ancient trees. Historical and current management, traditional preféveacpsayile,

and natural environmental gradients are likely explanations for these differences. Rinebappears
regularly used in pasture management, but our data suggest that uncontrolled fires Iyan negative
affect (or even kill) trees, especially large ones. Further, our data, in comtimistorigal

records, suggest that major changes are underway regarding patterns ofgtaastpadk

Southern Transylvania, implying that the management of wood-pastures is shifting from traditional
practices. Demographic and economic factors are the likely drivers ofcdmsghifes. Data

from one of the wood-pastures in the centre of our study area suggest thatrnbe gpiese
scattered, old trees, in combination with dead trees, scrub and extensively managed grassla
results in a high biodiversity, with species rich communities of woodland and gratetand rela
organisms. To maintain the ecological value of wood-pastures, at least some of tlseathehd tree
scrub need to be maintained - although this runs counter to both traditional practicesnand c

policy incentives. Wood-pastures are currently managed as pastures (or oc=mdiayally
meadows) and are formally recognized as such at the national level (Romanian Law No. 214/2011).
While tree cutting from wood-pastures without a formal institutional agreement is illegal in
Romania (Law 214/2011), there is no legal framework that specifically targets the maintenance and
regeneration of wood-pastures and the conservation of old (including ancient and veteran) trees.
With very few exceptions, wood-pastures are not recognized in the naturdiconsaivias of

the EU and are not protected as distinct land cover types with special management

history, ecological and cultural value. Therefore their maintenance as such isoteat grom

policy level. Our study shows that ancient wood-pastures are common in our regien, and
suggest that they also may be common in other CEE countries. We urge iarochqrasture
inventories and research in other parts of CEE, to develop the knowledge basedeat fisrne

their formal recognition and legal protection.
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The conservation value of traditional rural landscapes:
The case of woodpeckers in Transylvania, Romania
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When a dead tree falls, the woodpeckers shatdal@gateptbverb quote
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Woodpeckers in wood pastures

Abstract

Land-use change is a major threat to global biodiversity. Forest spettiesdizadethreats of
deforestation and intensification of forest management. In regions where forests threatnder

rural landscapes that retain structural components of mature forests potentiallygiuabige

additional habitat for some forest species. Here, we illustrate the habitat value of traditional wood
pastures for a woodpecker assemblage of six species in southern Transylvania, Romania. Wood
pastures are created by long-term stable silvo-pastoral management practicasnpodedatref

open grassland with scattered large, old trees. Because of their demanding habitat requirements,
woodpeckers share habitat with many other bird species, and have been considebdel as possi
indicator species for bird species diversity. We first compared woodpecker asbemldages

forests and wood pastures. Second, we grouped features of wood pastures into three spatial
contexts and addressed how these features related to the occurrence of pheekewspdcies

that are formally protected. Woodpecker species composition, but not the number of species,
differed between forests and wood pastures, with the green woodpecker occurring more commonly
in wood pastures, and the lesser spotted woodpecker more commonly in forests. Within wood
pastures, the intermediate context (especially surrounding forest cover) best explained the presence
of the grey-headed and middle spotted woodpecker. By contrast, variables desaribing loc
vegetation structure and characteristics of the surrounding landscape did not affect woodpecker
occurrence in wood pastures. In contrast to many other parts of Europe, in wiathpsoies

of woodpeckers have declined, the traditional rural landscape of Transylvania continues to provide
habitat for several woodpecker species, both in forests and wood pastures. Givennthe appare
habitat value of wood pastures for woodpeckers we recommend wood pastures be explicitly
considered in relevant policies of the European Union, namely the Habitats Directive and the EU
Common Agricultural Policy.

157



Chapter VI

Introduction

Human-induced landscape change poses a major threat to global biodiversity (Fahrig 2003; Foley et
al. 2005). Forest species face the dual threat of deforestation and intensification of forest
management. Woodpeckers are especially sensitive to these changes because they require large
home ranges and depend on large trees for nesting and dead wood for foraging @ngelstam
Mikusinski 1994). Consequently, changes in forest structure and cover have causker woodpec
declines worldwide (Conner & Rudolph 1991; Roberge et al. 2008; Lammertink et al. 2009)
Because of their demanding habitat requirements, woodpeckers share habitat requirements with
many other bird species. Therefore, woodpeckers have been considered asnguiiotial

species for bird species diversity (Roberge & Angelstam 2006)

In Europe, six out of ten species of woodpeckers are protected under the EU Birds
Directive Annex |. While several woodpecker species have declined in Western Europe, Eastern
European woodpecker assemblages have remained diverse and stable due to theopersistence
large forest tracts (Mikusinski & Angelstam 1998). However, Eastern Europeandscapeta
are increasingly coming under pressure from more intensive and widespread logging operations
(Knorn et al. 2012). Against this background, it is important to understand to what extent the
landscape context surrounding forest patches could provide complementary habitat for
woodpeckers in Eastern Europe. Many agricultural landscapes in Eastern Européegizedharac
by low-intensity subsistence farming that still contain semi-natural vegetation cover, including
transitional elements between forest patches such as scattered trees (Tryjanowski ®tieth. 2011)
relatively complex landscapes have the potential to support high biodiversity. However, the link
between biodiversity and land-use are still relatively poorly understood in Eastern Europe
(Tryjanowski et al. 2011). Mikusinski and Angelstam (1998) proposed that rural landscapes
retaining remnant structures of natural forests could provide valuable additional habitat for species
otherwise confined to forests, but little work has specifically tested this claim to date.

One of the most intact traditional rural landscapes in lowland Europe occurs in southern
Transylvania (Romania). In this area, traditional wood pastures are of partictiliar tetere of
their potential habitat value for woodpeckers. Many wood pastures in southern Transylvania are
several centuries old; they are composed of open grassland with scattereddsedtsfiaom
ancient silvo-pastoral management practices. Wood pastures bring together threlly ecologica
important components. First, scattered trees have a disproportionate ecological value, that is their
effect on ecosystem functioning is disproportionately large relative to the small arebyoanupied
individual tree, both locally (Fischer et al. 2010) and at a landscape scale (Marging;et a
Manning et al. 2009). Second, many wood pastures contain large and old trees I(RA@és et a
Hartel & Moga 2010), and therefore incorporate structural attributes that support biodiversity
elements typical of old-growth forests (Bauhus et al. 2009). Third, wood paspn@sdean
habitat for both open-country and forest species. Despite their high potential to support
biodiversity, the ecological importance of wood pastures, especially in Eastern Europe, remains
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poorly understood (but see e.g. Mountford & Peterken 2003; Taboada et al. 2006; Bergmeier et al.
2010. However, existing evidence from Western Europe suggests that wood pastures can provide
habitat for a range of bird species including woodpeckers and secondary cavity-gesting bir
(Robles et al. 2007; Robles et al. 2011)

Here, we document the habitat value of wood pastures for an assemblage of six
woodpecker species in Transylvania, Romania. Our specific objectives were to (1) compare
woodpecker communities between wood pastures and forests; and (2) assess whighaeature
wood pasture are particularly important for different woodpecker species. Our firldiggs hig
the conservation value of wood pastures in traditional rural landscapes in Eastern Europe.

Methods

Ethics statement

All necessary permits were obtained for the described study. Permission wosdpesker

within the EUNatura 200@etwork was granted by Progresul Silvic, the organisation officially
entrusted with the custody of the protected area by the Romanian government. The survey
procedure, including the use of playback calls for protected species, was dlearethiby
committee of Leuphana University Lueneburg.

Woodpeckers were surveyed in 28 wood pastures and 12 forests in Southern Transylvania
Romania (Fig. 7.1a). We sampled a larger number of wood pastures than forestsdstsauee f
relatively homogenous, whereas wood pastures differ substantially in structatal axidme
adjacent forest cover. Furthermore, we were especially interested in whicloffeatuoes]
pasture affected woodpecker presence and thus chose more sites to compiahemnsxétying
gradients within wood pastures. Wood pastures were chosen on the basis of availatgB;, and acc
and to cover a gradient in surrounding forest cover (min. = 3.3%; max. = 96.8%; mean + SE
59.7 £ 4.8%). Within each wood pasture we choose one survey site, located approtimately
centre of the wood pasture, for woodpecker point counts. Forests were chosen on the basis of
accessibility, and each forest site was located randomly at a distadeestd®C@t m from the
forest edge. Wood pastures and forests differed in tree species composit®nvdges
dominated by oakQUercus rokand Q. petrahornbeam Garpinus betulasnd beechFagus
sylvatizawhereas wood pastures were dominated by oak and had more fruit tregseémainly
Pyrus pyragidrable 7.1). Trees were larger (and typically older) and occurred atem$ityen
wood pastures than in forests (Table 7.1).

159



Chapter VI

]
4 n - -
"
n n
n In AR A L
m  Wood pasture site| Wy - - "
A Forest site 0 510 20Km 2 u
Forest [EYI o TP Y

| | Wooy vgetalion

Figure 7.1Study area and design. A) The location of the study arehénns®ransylvania, Romania, and
location of the 12 forest and 28 wood pasture sites. B) Examplevelysstear showing the three different
landscape extent groups considered in the analyses. Thestmdllcuele (a 300 m radius around the
survey point) represents the local context; solid lines repiresatérmediate context (a 300 m buffer from
the border of the wood pasture); and the large dashed piedents the broader landscape context (a 2000
m radius around the survey point).

Table 7.1Habitat characteristics (mean + SE) of the two surveyed habitat types: for&2)safrd-wood
pastures (n = 28). The number of trees was calculated as theafiureberin 2 ha; median dbh (cm) was
calculated as the mean of the medians measured within 2 ha eenl 8@@nd 300 m; the proportion of a
tree species was calculated as the mean of the proportipacdsiia 2 ha and between 80 and 300m.

Habitat variables; mean + SE Forest Wood pasture
Number of trees 1345 + 255.89 16.54 + 1.77
Median DBH 2597 £2.69 76.52+ 4.86
Proportion of oak 0.20 £ 0.03 0.63+0.04
Proportion of hornbeam 0.44 + 0.05 0.12 + 0.03
Proportion of beech 0.33+£0.07 0.05 + 0.02
Proportion of fruit trees 0.003 + 0.001 0.15+0.03

We surveyed the six most common woodpecker species, hamely great spotted woodpecker
(Dendrocopos majaddle spotted woodpecker. fnedijdesser spotted woodpeckBr Mmingr
green woodpeckelPi¢us Vviriflisgrey-headed woodpecke. canysand black woodpecker
(Dryocopus maytiushe middle-spotted woodpecker, grey-headed woodpecker and black
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woodpecker are protected under the EU Birds Directive Annex |I. We did not include the Syrian
woodpeckerQiendrocopos syriaedsvhite-backed woodpeckaer{drocopos leupdtsur study
because they are very rare in our study area, and we did not encounter thedarisgeoie
surveys. We used unlimited point counts enhanced by the use of playbacks of woodpecker
drummings and/or calls with an audible range of approximately 150 m. Following 5 minutes of
initial listening, playbacks were used in a sequence from smallest to larg@stspcieSingh
2010) For each species, a sequence of drummings and/or calls was played threel&mes for
seconds, with 15 seconds of silence between playbacks and 1.5 minutes of silencecietween spe
All sites were surveyed three times during appropriate weather conditions betweemadd 61arch
April 2012.

To characterize the structure of sites, we recorded the species andchtliam@aseheight
(dbh) of: (1) within 80 m of the survey point (= 2 ha), all trees in wood pastures (%) &4 tre
50 trees in forests (selected randomly in a spiral from the survey point to th2 bdyeantl (2)
in four strip transects of 10 m width between 80 and 300 m from the survey poifdun the
cardinal directions (N, S, E, W). In case that no or too few trees wdrerfoarriransect we
measured between one and four trees close to the transect. For forest s#inated tree
density in 2 ha by doubling the count of all trees in two opposite quarters of a 2 ha owdle; in w
pastures we counted all trees within 2 ha around the survey point.

All analyses were performed on presence/absence data, pooled acrossrépedtsee
DQG LPSOHPHQWHG L QRVDEVdIofment CQry TeaR QUALB).(Fikst, we assessed
differences in woodpecker species composition and the number of species betvaites fordst
wood pastures. We conducted nonmetric multi-dimensional scaling based on Sgrensen dissimilarity
to assess the differences in woodpecker composition between forests and woadsipasthees
5 SDFNDJH f9HJDQ- :H XVHG D QD @revdel dirsimiaitrek)GWvdHJLU0DD\ $1 2 ¢
permutations to test for differences in woodpecker composition between forests and wood
pastures. In a last step, we modelled the number of woodpecker species as a filadipe of s
using a generalized linear model with Poisson error structure. Although using atalytaeles
repeat surveys presumably decreased the incidence of false abseaoemttheyuled out. This
is especially the case for the species that were relatively uncommon (number speiries was
observed at least twice compared to total number of sites present: great spotted woodpecker:
21/33; middle spotted woodpecker: 7/15; lesser spotted woodpecker: 1/9; grey-headed
woodpecker: 9/22; green woodpecker: 23/30; black woodpecker: 4/10). Importantly, however, we
are confident that detectability did not differ between forests and wood pastures. Potential
differences in visibility between forests and wood pastures were of minor ienpedanse: (1)
most woodpeckers were identified using calls; and (2) trees did not yet have leavetyand visibili
forests was therefore good.

Second, we assessed which features of a wood pasture were impoftardrfospiecies
of woodpeckers. The response of the three species protected under thes Bhirdgitiste to
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environmental variables was analysed using generalized linear models with a binomial error
structure. We did not include the forest sites in these analyses because their habitat characteristics
were very different from wood pastures (Table 7.1), and we were specifiestdimewhich

features of wood pastures affected woodpecker occurrence. We did not analyse the thre
unprotected species because they occurred too rarely or too frequently to be modelled (site
occurrence of great spotted woodpecker: 23/28; green woodpecker: 26/28; ldgsger spo
woodpecker: 5/28)

We hypothesized that different site-specific and landscape variables might influence
woodpecker presence, and we therefore grouped our explanatory variables as follows: local context
(L) represented by a circle with a 300 m radius around a site; intermediate context (I) represented as
an irregular buffer of 300 m around a particular wood pasture; and broader leowotscai8)
represented by a circle with a 2000 m radius around a site (Fig. 7.1b). Ssellestedebsth to
match the scale of the wood pastures and to be ecologically meaningful to woodpeckers.

Local variables included the proportion of oak, median dbh, and percent woody vegetation
cover. Woodpeckers generally prefer older trees for nesting, with severalhspgcgesa s
particular preference for oakRVL>V NL .HPSD YaHpdpddtior 6) AR Was
estimated by calculating the mean of the proportion of oak in 2 ha and between 80 and 300 m, and
median dbh was estimated by calculating the mean of the median diameters measured within 2 ha
and between 80 and 300 m. Percent woody vegetation was derived from a supmficiatondas
of the panchromatic channels of SPOT 5 data (©CNES 2007, Distribution Spot Image SA) using a
support vector machine algorithm (Knorn et al. 2009)

Intermediate context variables were related to specific structures of the waodmhstur
included the area of the wood pasture and percent woody vegetation cover within a 300 m buffer
from the edge of the wood pasture (as a measure of how much of the peringitenofeod
pasture was adjacent to forest). Adjacency to forest cover was dangidetant because it may
positively or negatively affect the use of wood pastures by woodpeckers.

Landscape variables related to compositional heterogeneity and terrain ruggedness within a
radius of 2000 m around the survey point. This radius corresponds to the appreiagae a
valley width of the study area. Birds occurring in farmland mosaics have been ob=spued to r
strongly to landscape heterogeneity (Benton et al. 2003). Compositional heterogeneity was
calculated as the standard deviation of the monochromatic channel of SPOT 5 data (©CNES 2007,
Distribution Spot Image SA). Terrain ruggedness was calculated as the standard deviation of the
elevation. It indicated the geomorphology of the surrounding landscape, and also functioned as a
proxy for forest cover because highly rugged landscapes tended to be densely forested.

Prior to modelling we log transformed percent woody vegetation within 300 m of the
survey point, as well as area of the wood pasture; we standardized all variatdesiry thaltr
mean and dividing by their standard deviation; and we confirmed that variables were not correlated.
We then used an information theoretic approach for model selection to identify models that best
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explained woodpecker presence (Burnham & Anderson 2002). We constructed eight alternative
candidate models arising from all possible combinations of the three groups of idrtables (

I+B, I+L+B, L, L+B,B DQG WKH QXOO PRGHO :H XVHG WKH 5 SDFNI
candidate models, based on AICc values to account for small-sample bias (Burnham & Anderson
2002) ORGHOV FRQVLGHUHG EHVW KDG DQ $,&F GLIIHUHQFH 7§
with the lowest AICc.

Results

We found differences in species composition between wood pastures and forestniatithe or

and the analysis of similarity (NMDS: two axes, stress = 15.1, 82 ANOSIM: R = 0.14F

= 0.009). The R-statistic from the analysis of similarity was only slightly lapgeo tingiicating

that compositional dissimilarity between groups was only slightly larger than within groups. Only
two species showed a clear habitat preference: the green woodpecker for wesanzhsher

lesser spotted woodpecker for forests (Fig. 7.2). The number of speciesorartgedtér six in

wood pastures, and from zero to four in forests. The mean number of species dier not diff
significantly between wood pastures (mean: 3.14 £ 0.25) and forests (mean: 2.58 +(z38) (GLM,
0.91P=0.34).

We detected the middle-spotted woodpecker in 11, the grey-headed woodpecker in 16, and
the black woodpecker in 7 of our 28 wood pasture sites. The best ranked modelsidat indivi
species included the intermediate context group and the null model for the middle spotted
woodpecker, and the intermediate context and broader landscape context groups for the grey-
headed woodpecker (Table 7.2). Within the intermediate context, the amount of woody vegetation
within 300 m from the edge of the wood pasture (i.e. a proxy of the amount of perimeter that was
forested) had the largest effect on both species, with both responding positively to estedre for
perimeter (Table 7.3). For the black woodpecker only the null model was selected as the best-
ranked model (Table 7.2).
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Figure 7.2 Woodpecker species composition in forests and woodepadlon-metric multidimensional
scaling of woodpecker composition in both forests and woodepastased on a Sgrensen dissimilarity
matrix (two axes; stress = 15.1).
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Table 7.2Full model summary of all the candidate models for the three woodpe@®pspected under
the EU Bird Directive Annex |.

Species Model Log(L) K AlCc LAICc W,

Middle spotted

woodpecker I* -15.69 3 38.39 0.00 0.479
Null* -18.76 1 39.67 1.29 0.252
B -16.86 3 40.73 234 0.149
B+l -15.05 5 42,83 4.44 0.052
L -16.77 4 43.28 4.89 0.041
L+B -14.28 6 4458 6.19 0.021
L+ -15.73 6 47.47  9.08 0.005
L+I+B -13.94 8 51.46 13.07 0.001

Grey-headed

woodpecker |* -15.06 3 37.12  0.00 0.606
1+B* -13.12 5 38.97 1.85 0.241
Null -19.12 1 40.40  3.27 0.118
B -1894 3 4487 7.75 0.013
L+l -1465 6 45.05 7.92 0.012
L -18.05 4 4554  8.42 0.009
L+I+B -12.41 8 48.39 11.26  0.002
L+B -17.95 6 51.65 1453 0.000
Black woodpecker Null* -1575 1 33.64 0.00 0.701
L -13.91 4 3756 391 0.099
I -15.33 3 37.66 4.02 0.094
B -15.60 3 38.21 4.56 0.072
L+B -12.65 6 4131  7.67 0.015
I+B -1452 5 41.76  8.12 0.012
L+l -13.56 6 43.12 9.48 0.006
L+I+B -11.62 8 46.76  13.12 0.001

Best ranked models; & 2) are marked with *.

Model: L = local context; | = intermediate context; B = broader landscdeet; Null = null model

Model summary: Log(L) = the maximised log-likelihood, K = numbestiofated parameters; AICc:
$NDLNH: -V ,QIRUPDWLRQ &ULWHU LR @QICERIffer¢hEeVinHABCd RAthperBdvii® VD P SC
the model with the lowest AlICc;: Wkaike weights.
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Table 7.3 Model coefficients (and standard errors) of the environmental vanelblésd in the best
ranked models in binomial GLMs for the middle spotted and grey-iveadpdcker.

Model terms
Species Model  (Intercept) Size wood Woody Hetero- Ruggedness
pasture vegetation in geneity
perimeter
Middle spotted
woodpecker I -0.58+ 045 0.40+0.48 1.03+0.52
Null -0.44+ 0.39
Grey-headed
woodpecker I 0.34+£045 -025+043 1.31+0.55
| +B 048+051 -047+051 241+0.98 0.001+0.51 -1.27+0.72
Model: | = intermediate context; B = broader landscape context; Null = null model

Discussion

Our findings highlighted that traditional wood pastures, as well as forests, providabitaéful

for woodpeckers in southern Transylvania. The value of wood pastures was paritiarfiyr

the green woodpecker, which was more likely to occupy wood pastures than forests. This finding is
consistent with earlier work by Rolstad et al. (2000) who suggested that home ranges of the green
woodpecker were often confined to meadows and pastures. The diet of the green woodpeckers
consists of ants, and it actively selects foraging sites with a high ant biomdsst (&0oR080;

Alder & Marsden 2010). High ant abundance occurs in grazed semi-natural grasslands (Dauber et
al. 2006), whereas forests typically support lower ant abundances than opentarckas dRols

2000) Furthermore, the green woodpecker avoids foraging in areas with tall and dense vegetation
(Alder & Marsden 2010). Thus, the structure and management of wood pastures support optimal
foraging habitat for the green woodpecker (and possibly for other species specialized on ants).

The lesser-spotted woodpecker was more strongly associated with forests than wood
pastures. Although the home ranges of the lesser spotted woodpecker sometimes include open
areas, the species typically avoids open areas for foraging (Wiktander et al. 2001). The lesser spotted
woodpecker feeds on insects such as aphids, beetle larvae and antspfidnicfoane in dead
wood (Angelstam & Mikusinski 1994). This suggests that wood pastures could provide potential
foraging habitat for the lesser spotted woodpecker, and foraging requireméares ¢charet
explain why the species appeared to avoid wood pastures. A possible alternative explanation is that
the lesser-spotted woodpecker may avoid wood pastures to reduce predation riskh@dsher a
have suggested that the lesser spotted woodpecker appears to select lodati@rgovatiation
risk (e.g. forests compared to more open wood pastures) over locations with higher energetic
profitability (Olsson 1998 citedWiktander et al. 2001).

However, wood pastures may be used by other woodpecker species typically associated
with forest environments, as demonstrated in Spanish dehesas for the middle spotted woodpecker
(Robles et al. 2007). Indeed, we found no difference in the number of speees weod
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pastures and forests, and all three woodpecker species protected by the EdtB&d\Direx |
(and typically considered to be forest-associated) were present in both types of sites.

Surprisingly, environmental variables at different spatial scales had little effect on the
presence of protected woodpecker species. The only environmental variable positively related to
the presence of two species was surrounding forest cover (especially evident for ddedyrey-he
woodpecker; Tablé3). The grey-headed woodpecker may preferentially occupy forest stands
containing beech (Shurulinkov et al. 2012), which in our study area more frequentlynoccurred
forests rather than wood pastures. It is possible, therefore, that the grey-headekbwseldges
nest sites in beech trees within forest patchBsV L>V N L . H P& Dses nearby wood
pastures for foraging. We observed the grey-headed woodpecker twice or moreulnadrttyed
22 sites in which it was ultimately detected, which may support the notion that it uses wood
pastures for foraging rather than breeding. The grey-headed woodpecker foragekhmugints,
it is less specialized compared to the green woodpecker (Angelstam & Mikusinski i5994)
primarily a ground feeder when the ground is free of snow or forages on barkitseelisngn
dead trees during winter (Rolstad & Rolstad 1995). While it appears that wood pastures should
provide good foraging habitat for the grey-headed woodpecker, data on breeding locations would
be required to further scrutinize this explanation of occurrence patterns.

Similarly to the grey-headed woodpecker, the black woodpecker also may preferentially
select beech trees for nestiniR VL>VNL . H,R&dOts diet also includes ants (Angelstam
& Mikusinski 1994). However, the black woodpecker is likely to use the landscapeeat a differ
spatial scale compared to the other two species. It moves over larger areag €T jeknb@93)
and the intermediate spatial scale chosen in our study may have been too smallcies tluis spe
show an effect of adjacent forest cover.

Local vegetation structure, including the availability of large trees, is known to influence
woodpecker presence elsewhere (e.g. Pasinelli 2000). The lack of association of woodpecker species
with local variables in our study may reflect that wood pastures contain enough old trees to provide
critical habitat elements such as dead wood and food resources (Angelstam & MiBdisinski 19
the amount of old-growth elements thus apparently did not limit woodpecker distribution.

Habitat fragmentation by loss of forests has been hypothesized to be one of the major
causes of forest bird declines (Robinson et al. 1995). Because woodpeckers have large home ranges
they may be highly sensitive to forest fragmentation (Pettersson 1985; Wiktander et al. 1992)
Given the widespread occurrence of woodpeckers throughout our study area, @auggesstlts
that woodpeckers are likely to perceive the landscape as largely unfragmentedn{hove
difference in the number of species between forests and wood pastures; and (2) environmental
variables such as ruggedness (a proxy for landscape level forest cover) leatl dittithefthree
threatened woodpecker species. Broad-leaved forest cover in our ssidppi@amately 42%,
and existing evidence suggests that fragmentation effects becomes severe only well below this
threshold (Tjernberg et al. 1993; Andrén 1994; Wiktander et al. 2001). For example, the black
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woodpecker was largely insensitive to fragmentation in a highly fragmented landscape with only
26% of forest cover (Tjernberg et al. 1993). Moreover, scattered tredslaeethxaughout the
agricultural mosaic, very likely providing effective functional connectivity between forest patches
(Manning et al. 2006). Because we lack information on reproductive performance of vgoodpecke
in wood pastures compared to forests, we cannot make inferences about the quatity of woo
pastures as breeding habitat for woodpeckers. Nevertheless, our results suggegidbatresood
provide important feeding habitat for woodpeckers and probably provide connectivity between
different forest patches.

Conservation implications

Despite their high cultural and natural values, wood pastures are declining rapidly throughout
Europe (Bergmeier et al. 2010). Considering their important values for a range (Glaedas

et al. 2006; Paltto et al. 2011; Robles et al. 2011; Horadk & Rébl 2013), the consemation of
pastures should be addressed in relevant policies and directives. For woodpecker conservation
specifically, we recommend that conservation policies focus not only on maintaining mature forests
but also recognize the complementary value of wood pastures that have retained old-growth
structures. There are a few national conservation policies for wood past@ekliferg. et al.

2007, but to date there is no pan-European conservation policy (Bergmeier et al. 2010)

To improve the conservation status of European wood pastures we suggest they should be
considered explicitly in two major EU policies: (1) the EU Habitats Directive; and (2) the EU
Common Agricultural Policy, specifically with respect to agri-environment payments. Currently,
wood pastures are inconsistently considered in the EU Habitats Directive, and the Directive does
not include Romanian wood pastures (Bergmeier et al. 2010). Although the ecolbgital effec
some agri-environment payments is still debated (Kleijn et al. 2006), when appropriately targeted,
they can provide a useful tool for farmland biodiversity conservation (Donald & Evans 2006). In
many member states of the EU, agri-environment payments exist for management of extensive
pastures, which typically provide subsidies for clearing woody vegetation to maintain extensive
grassland environments. However, such payments may inadvertently pose a threat to wood
pastures, because scattered tress can fall victim to the clearing process (letgibalty, qeos.
obs.; (Blom 2012)). More carefully specified agri-environment schemes could stimulate the
conservation of trees in extensively managed pastures, thereby recognizing theilkdpstane

wide range of organisms (Manning et al. 2006)
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Brown bear activity in traditional wood-pastures in Southern
Transylvania, Romania
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We're going on a bear hunt!
We're gonna catch a big one!
I'm not afraid!
Are you?
Not me!
2&KLOGUHQ: -V VF
Michael Rosen
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Abstract

During the past century, habitat fragmentation and increased human impacts have reduced
populations of large carnivores throughout the world. Although bears have been extirpated from
human-dominated landscape in most parts of Europe, they still occur in multiuse cultural
landscapes in Southern Transylvania, Romania. Wood-pastures - grazed perrarnivgiass
scattered or clumped trees and shrubs - are important elements of these cultyras landsca
provide habitat for a wide range of species. However, wood-pastures are undemthaealt fr

use change, including intensified agricultural use and land abandonment. In 2012 we assessed the
level of activity of brown beatdrgus arct@nd environmental factors influencing bear activity in

54 wood-pastures in Southern Transylvania. As an index of bear activity, we theasured
proportion of anthills that were destroyed by bears. The variables were combined in 3 groups
(anthropogenic effects, local variables, and landscape context) to test which group most strongly
influenced bear activity. Bear activity was found in 47 (87%) wood-pasturesieanadest
explained by variables describing the landscape context, with proximity to the Carpathian
Mountains, terrain ruggedness, and amount of surrounding woody vegetation positively related to
bear activity. Local variables (distance to forest edge and anthill density) had no effect, and
surprisingly, variables related to anthropogenic features (distance to major tewmes tadis
villages) were positively related to bear activity (albeit weakly). Most of the wesdipastur
Southern Transylvania were used by bears for foraging on ant larvae. For Hagictomder

brown bears in Southern Transylvania, it is important to maintain large areas of fassst but
consider cultural landscape elements such as wood-pastures. To conserve Hodpean w
pastures, we suggest they be explicitly considered in national nature conservatiomd policies a
major European Union (EU) policies such as the EU Habitats Directive.
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Introduction

Habitat fragmentation and increased human impact have reduced populations of large carnivores
throughout the world (Breitenmoser 1998; Woodrof®®)2The brown bearUfsus arctos

(XURSH:V ODUJHVW FDUQLYRUH E Xddmikazy laBdd¢hmes GILWOStODFHG [U |
parts of Europe (Swenson et al. 1995; Zedrosser et al. 2011; Kopatz et al. 2012)inhgst rema

populations are confined to mountainous regions and heavily depend on major conservation

efforts (Swenson et al. 2000; Zedrosser et al. 2001). Thus, the need to protect learbirown

Europe remains a priority (Zedrosser et al. 2011; Krofel et al. 2012), eveth¢hspeties has

been listed in Annex Il and Annex IV of the European Union (EU) Habitats Directive
(92/43/EEC) since 1992. Although bear populations are now increasing in some aresar(Zedros

et al. 2011), agricultural intensification and habitat fragmentation, resource extraction, road
GHYHORSPHQW UHFUHDWLRQ GHYHORSPHQW DQG XUEDQ H[SDQ
populations (Swenson et al. 1995; Breitenmoser 1998; Zedrosser et al. 2001).

Romania has the largest national brown bear population in Europe (excluding Russia,
Chestin 1999; Spassov & Spiridonov 1999), estimated by the International Union for Conservation
of Nature, to be stable at approximately 6,000 individuals (Huber 2007). In Transgksania, be
occur not only in large forest patches, but also in multi-use cultural landscapes, ptderial
landscape changes such as intensified agriculture, deforestation, and planned new highways could
QHIJDWLYHO\ DIIHFW 7UD Q \SvwensbtnQet 2l: \20HNinistrg Bf SAgr@ el R Q
Forestry and Rural Development and the Ministry of Environment and Water Management
[MAPDR and MMGA] 2005)

Changes in land-use also pose a major threat in multi-use cultural landscpdsesuch
traditional grazing systems of wood-pastures (Plieninger 2007; Bergmeier et al. 2010). Wood-
pastures are grazed permanent grasslands with scattered trees and shrubs or withegeoups of tr
and shrubs, and important elements of cultural landscapes in Europe (Bergmeier et al. 2010)
Wood-pastures are used by a wide range of species, including many threate(iBackpedes
Evans 1997; Wegener 1998; Olea & San Miguel-Ayanz 2006; Bergmeier et akeadih &tor
al. 2013). Plants, invertebrates, and birds are the most commonly studied species in wood-pastures
but, apart from some publications mentioning use of the Spanish dehesas by Ibdwyaux lynx (
parding®lea & San Miguel-Ayanz 2006; Bergmeier et al. 2010), relatively little is known about the
use of wood-pastures by large carnivores. To our knowledge, this is ¢beldystal study
focusing on the use of wood-pastures by large carnivores.

Wood-pastures in Southern Transylvania (Fig. 8.1) are generally open, with a density of
approximately 8 trees/ha (Hartel et al. 2013). Some wood-pastures are sugrdorestdvizhile
others are situated within open pastures or, more rarely, arable fields. Wesdfp&stuthern
Transylvania are mainly grazed by sheep, cattle, and sometimes goats andiwffatpierds.

The main tree species are @lefcisgp.) and beechi-égus sylvatitat also fruit trees such as
wild pearRyrus silveytaisd hornbeanCarpinus betul@haracteristic shrub species are hawthorn
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(Crataegus monpgytaakthornFrunus spinpddackberryRubuspp.) and dog rosBdsa canjna
Hartel et al. 2013). Most of these trees provide potential food sources (mast éoddraiis)
bears.

Anthills are also typical elements of woodpastures, and the larvae within these provide an
important source of protein for brown bears in spring (Swenson et al. 1999).t Toenmos
antspecies in grasslands (such as the wood-pastures in Southern Transylvaniallowclude y
meadow antsLésius flayusblack garden ant&. (niggr L. paralienusind pavement ants
(Tetramoriuoh. caespitu®. Marké and K. Erds, Babes-Bolyai University, Cluj-Napoca, Romania,
unpublished data). Three of thdsdléavud.. nigerandT. cf. caespitiiare probably consumed by
bears, based on the abundance of nests in the field, the abundance of individuals iarttie nests,
the amount of larvae and pupae (B. Marké , personal communication).

Wood-pastures in Southern Transylvania thus contain several useful elements for brown
bears: (1) their heterogeneous character provides a wide variety of food sources including ant larvae
in spring, fruits and berries in the summer, and hard mast during autumn; (2) groups of trees or
shrubs provide immediate refuge for bears (Swenson et al. 2000); and (3péiegxdensively
by grazing livestock in moving herds (Hartel et al. 2013), meaning that pastures are ndt fenced a
are accessible for bears.

To date, it is largely unknown which environmental variables explain bear activity in
cultural landscapes such as wood-pastures, and at which scales these variables are iithportant. To f
this knowledge gap, we investigated bear activity in wood-pastures in Southern Transylvania. We
aimed to ascertain (1) whether, and to what extent, wood-pastures wereroseddmats; and
(2) which environmental variables, and at which scale, could explain bear activity in wood-pastures.

Figure 8.1Typical wood-pasture in southern Transylvania, Romania.
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Methods

Study area and site selection

We conducted the study in Southern Transylvania, Romania. Southern Transylvania is a plateau
surrounded by the Carpathian Mountains. We investigated bear activity in 54 wood-pastures
around the town of Sighisoara (Fig. 8.2). The study area was chosen becawgtesried
occurrence of wood-pastures and available information about them (Hartel & Moga 2010)

We defined wood-pastures as pastures with scattered trees and shrubs, or vath groups
trees and shrubs (Bergmeier et al. 2010). To locateastods, we used published literature
(Hartel & Moga 2010) as well as CORINE pasture distribution data (CORINE landcover;
European Environment Agency [EEA] 2006) and satellite images of the area @athdghtyd-
selected wood-pastures with a broad gradient in percentage surrounding forest covech Within ea
wood-pasture, we establishédl 2ansects, depending on the size of the wood-pasture (<30 ha =
2 transects; 380 ha = 3 transects; 8B0 ha = 4 transects; 1280 ha = 5 transects; >180 ha =
6 transects). At each site, we placed one transect 7 m from, and parallel to ethgefaresone
in the centre of the pasture. Additional transects were placed randomly via Geographic Information
System and were typically separated by several hundred meters. Each transectongsa#do
6 m wide.

To quantify bear activity, we documented the proportion of anthills disturbed by foraging
activity (i.e., we counted all destroyed and intact anthills in each transect). This method was
developed and successfliW HG E\ WKH ODPPDO &RQVHUYDWLRQ :RUNJURXS
Bird and Nature Protection Association for monitoring bear activity in Transylvania
(http://milvus.ro/Mammal_Conservation). In each transect, we noted the coordinates in longitude
and latitude using a Global Positioning System at 100-m intervals, and recorded the number of
intact anthills (diam > 25 cm, ht > 15 cm) and destroyed anthills in the previous 100-m segment.
All surveys were conducted from 1 May to 24 June 2012.

Figure 8.2 Study area in southern Transylvania, showing Romania, thiei@@apatintains, forest areas,
villages, major roads, and locations of the 54 wood-pasture sites.
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Environmental variables

Bears are known to react to both human activity (e.g. Clevenger et al. 1992; Nedler2d@; et

May et al. 2008) and environmental conditions (Slobodyan 1974; Swenson et al. 2000), and we
assumed based on their large range size (Preatoni et al. 2005) that they ate sediiige

spatial scales. Therefore, to investigate which combination of variables best exptaitieitlybear

in wood-pastures, we grouped our explanatory variables as follows: (1) anthropogenic variables
(AV), (2) local variables (LV), and (3) variables describing the (broader) landscape context (LC).
Each of the variables was calculated based on the midpoints of each 100-m segment.

We used anthropogenic variables to describe disturbance, measured as the shortest
distance to village limits and major roads, based on each midpoint. For local variables, we estimated
the proportion of woody vegetation cover within a 300-m-radius circle and measured the distance
to forest edge (using CORINE forest data from 2006 [EEA 2006]), as a proxarioe dcs
VKHOWHU IURP HDFK VHJPHQW:-V PLGGOH SRLQW :H DOVR
number of anthills/100 m by including them as a local variable, because bears might be more
attracted to pastures with more anthills. Finally, landscape-context variables included woody
vegetation cover and terrain ruggedness withiN3UDGLXV DURXQG HDFK VHJPHC
ZHOO DV GLVWDQFH WR WKH &DUSDWKLDQ ORXQWDLHQV PHD\
of the Carpathian Mountains. Both woody vegetation cover and ruggedness may be important with
respect to the availability of sheltering habitat and a wider variety of food for bears. Woody
vegetation and distance to the Carpathian Mountains may be important for connectivity to a larger
(source) population and to dens at the higher altitudes. We derived woody vegetation from a
supervised classification of the monochromatic channels of SPOT 5 data (ECNES 2007;
Distribution Spot Image SA, Toulouse, France) using a support vector machine algorithm (Knorn
et al. 2009). We calculated terrain ruggedness as the standard deviation of the elevation (Advanced
Spaceborne Thermal Emission and Reflection Radiometer [ASTER] Global Digital Elevation
Model Version 2 [GDEM V2]; Land Processes Distribution Active Archive Center, Sipux Falls
South Dakota, USA).

Modelling bear activity
As an index of bear activity, we quantified the proportion of destroyed anthitisodlae total
number of anthills in each 100-m segment of each transect. The resulting datdhsreftiree
was nested, with 4 segments/transect, and several transects per site (i.e.Thusstuve).
modelled activity at the transect level to simplify the structure of random effeetsted Bvels
(transect/site). We used a binomial error distribution for the response datatiéédl statlyses
were implemented in the R environment (R Development Core Team 2013), and generalized linear
mixed model HUH ILWWHG XV LQMBateskethl2DIENDJH TOPH
To account for the nested data structure, we initially included site as a ranépininnterc
the model, while in a second model we accounted for potential changes in activity over time by
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including Julian date as a random slope. Using both date and site as random factors at the same
time was not meaningful because they were redundant, meaning each site was sampled on a specific
date. Because site explained a greater amount of variance and arrived at more parsimgnious model
based on initial Akaike Information Criterion (AIC) comparisons, we used the model that included
site only as a random intercept.

Distance to forest and anthill density were strongly skewed; therefore, wedog¢chnsf
these variables before modelling. Furthermore, we standardized all predictors by subtracting their
mean and dividing by their standard deviation to make the estimates comparable. Because of a
strong correlation between distance to forest edge and woody vegetation within a 300-m-radius
circle (Spearman rank correlation; -0.68), we removed woody vegetation from the group of
local variables.

We used an information theoretic approach for model selection to identify models that
best explained bear activity (Burnham & Anderson 2002). We constructed 7 alternative candidate
models, which considered all possible combinations of the 3 groups of variables (AVM\MeV, LC).
used the R package AlICmodavg (Mazerolle 2012) to rank the candidate models, based on AICc
values to account for small-sample bias (Burnham & Anderson 2002). The AlCcthalbestof
models were compared with the AICc values of the null model (which only included the random
effects). Marginal and conditionalvRlues were calculated following the procedure outlined by
Nakagawa and Schielzeth (2013), using the pdcka{@elman et al. 2013).

Results

The size of wood-pastures ranged from approximately 11 ha to 475 ha, but mosti86rhe30 -
(<30 ha, n = 8; 380 han = 19; 83130 han = 15; 133180 han = 6;>180 ha, n = 6). We
surveyed 199 transects, with a mean of 3.6 transects/wood-pasture. Amhidanaein all
pastures; only 1 of the transects and 21 of the 100-m segments contained no anthills.

We detected destroyed anthills in 87% of wood-pastures and in 42% of traesects. W
found 29,236 total anthills, including 1,771 destroyed anthills (6%). Within a given 100-m segment,
ZH UHFRUGHG XS WR DOQOWKLOOV DQG XS WR GHVWUR\HG D/
GHVWUR\HG P 8

Mean distance to nearest village was 2 km (range = approx. 150 m to approx. 5 km). The
distance to the major roads averaged 35 km (120 m to 100 km). The average distance to the
Carpathian Mountains was 30 km (11 - 64 km) and average distance to forest 2dge (@as O.
to 1.8 km). The woody vegetation cover within 3,000 m averaged 44% (7% - 84%). Terrain
ruggedness averaged 57 m (32 - 105 m). All models including explanatory variables performed
better than the null model (Table 8.1). The best supported medel QW6) included
anthropogenic variables (AV) and landscape context variables (LC). Despite the lowirifference
AIC values (<2) between the best supported and the second-ranked model, we selected the most
parsimonious one (i.e., containing AV and LC), because the contribution of the third group of
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variables (local variables; LV) was unlikely to contribute meaningful explanatory power to the
model (Burnham & Anderson 2002; Arnold 2010), given the low estimates of the local variables
(Table 8.2). The marginal (i.e., only explaining the fixed effecaf)eRfor the top model was

low, but the conditionalPRalue (explaining the random and fixed effects) was 70% (Table 8.1).

Table 8.1 Summary of candidate models influencing brown bear activity irpasbacs, southern
Transylvania, Romania, including the maximised log-likelihood (Log(L)), sfuedtienable parameters

$,&F GLIIHUHQFH LQ $,&F FRPSDBHGWZ BVWIEF WKH PRGHINDILWHK XVH
Also shown are the marginal and conditional R2 values for all (dddels\nthropogenic variables, LV =
Local variables, LC = Landscape context).

Model Summary

Model Log(L) K AlCc .. L Wi Marginal R2  Conditional R2
AV+LC -1778.81 7 3571.77 0.00 0.66 0.125 0.695
AV+LV+LC -1777.46 9 3573.16 1.39 0.33 0.117 0.686

LC -1785.53 5 3581.15 9.38 0.01 0.179 0.754

LV+LC -1784.27 9 3582.68 10.90 0.00 0.167 0.7434
AV+LV -1801.77 6 3615.64 43.87 0.00 0.017 0.451

AV -1804.16 4 3616.36 44.60 0.00 0.014 0.446

LV -1811.37 4 3630.78 59.00 0.00 0.003 0.429

Null Model -1813.90 2 3631.81 60.04  0.00

Landscape context was the most important variable group related to bear activity. Within
this group, the distance to the Carpathians Mountains had the strongest effect. Bear activity
increased with decreasing distance to the mountains. Also terrain ruggedness andopercentage
woody vegetation cover in the surrounding area were positively related to bear activity in wood-
pastures (Table 8.2). Bear activity was slightly correlated with the anthropogenic ‘eariables: w
found higher bear activity in wood-pastures that were closer to villages, but aéiadsnship

between bear activity and proximity to roads.

179



Chapter VIii

Table 8.2 Best-supported model describing which variables explainedcthétgr in wood-pastures,
southern Transylvania, Romania. The table shows the model codficteistandard errors) that were
included in the best ranked models. Also shown is the setked meodel to highlight the low estimates
fRU ERWK YDULDEOHV RI WYK#HAdtbr&oddenk Odkiables) LY B Lbtdd EafaHIes; LC =
Landscape context).

Model terms

Model (Intercept) Distance  Distance % Woody Terrain Distance to Distance to  Anthill

to villages to roads vegetation  Rugged- mountains  forest edge density
(km) (km) 3km ness (km) (km) (no./0.06ha)

AV+LC 3.67%x0.33 -0.26+£0.07 -0.05+0.06 0.29+0.10 0.74+0.11 -0.90+ 0.30
AV+LC 3.72+0.34 -0.26+0.07 -0.05+0.6 0.30+0.10 0.72+0.11 -0.82+0.30 -0.02+0.03  -0.14+0.09

Discussion

Our findings show that most of our studied wood-pastures in Southern Transylvania were used by
brown bears, confirming the relevance of non-forest habitats (Slobodyan 1974; Swenson et al.
2000) In the following, we reflect on the survey method used, the variables relatedttaityear a

and potential conservation implications arising from our work.

Survey method

Ants are a well-known food resource for bears (Swenson et al. 19@@grahgdrsvious studies

have used destroyed anthills as a sign for the presence of bear activity (M2006;eCimrniello

et al. 2007). Using the proportion of destroyed anthills to total anthills turned out to be a
pragmatic, but apparently useful, index of bear activity in our study, despite the unequal
distribution of anthills across wood-pastures. Ideally, we would have compared our activity
estimation with some other measure of bear activity known to be reliable. No such vadidation wa
possible during the study period; however, a similar study in 2012 in the same study @rea also use
destroyed anthills as an index for bear activity and generated ecologictdit cessits (1.
Dorresteijn et al., Leuphana University, Lueneburg, Germany, unpublished data). Studies on the
foraging behavior of bears have shown that bears often target ants during spring whesf numbers
pupae increase (Noyce et al. 1997; Swenson et al. 1999). Because of the harg®iidinter of
2012, ant larvae were available later in the season than expected, and bear foraging activity
increased rapidly a few weeks after we started our surveys. Additionallyjbtashmaastivity

may increase over time because we considered anthills during a period of Batioofhbese

issues could result in a positive effect of time on observable foraging activity;Sumlveaféacts

were corrected for by including site (and thus implicitly survey date) into our model as a random
intercept. We did not take into account potential selection by bears for different grifigpseies

acknowledge that this may occur and warrants addition research.
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Variables influencing bear activity in wood-pastures
Bear activity in wood pastures was primarily driven by environmental variables at the landscape
level and to a lesser extent by anthropogenic variables. The importance of the landscape variables is
consistent with previous studies, which also identified mountainous regions (Posillico gt al. 2004)
as well as rugged and forested areas, as being preferred by beklies,fdesning sites, and food
(Clevenger et al. 1992; Preatoni et al. 2005; Nellemann et al. 2007; May et al. r20fiB)e The
lack of importance of local variables was surprising because we hypothesizaddbdab dise
forest edge could be an important element of escape over (Swenson et al. 2000)ednd expec
higher bear activity closer to forests. However, the relatively small size andltapgptéxmany
of the studied wood-pastures may have ensured that the forest edge was genecidgewithin
proximity. Alternatively, the structurally rich wood-pastures could have provided adequate shelter.
Anthill density also did not appear to influence bear activity; fewer anthills thanilakble ia
our study area are potentially still sufficient in number to attract bears.

Bear occurrence has been shown to be negatively affected by human preseges (Cle
et al. 1992; Preatoni et al. 2005; Nellemann et al. 2007; May et al. 2008). Howairgty rear a
our study was slightly positively associated with the anthropogenic variables we rhéasured. T
unexpected finding may be explained by most villages in Southern Transylvania being small and
characterized by low human density (approx. 34 inhabitaéntafion et al. 2011). Elsewhere in
Europe, bears inhabit areas with human densities up to 80 pebfilaikail et al. 2001). In
Scandinavia, female brown bears avoided human activity, but used human-dominated landscapes
for foraging when human density was low, especially at night (Martin et al. 2010). $akch tempo
niche partitioning between humans and bears may also occur in Southern Transylvania. Major
roads were generally several kilometers from the wood-pastures we studiedywdplain
their lack of influence on bear activity.

Conservation and management implications

Although bears typically require large, relatively undisturbed areas, we showed thaisthey also u
wood-pastures within the cultural landscapes of Southern Transylvania. This isugelih&gca
represent a source of protein (ants), which is critically important in the otherwisegetanign

diet of the brown bear in temperate latitudes (Bojarska & Selva 2012). Wood-pastures likely
provide fruits and hard mast as food sources for brown bears in summer andbatitomnn,
investigations were confined to the spring season when ants and their larva¢ amradant

and sought after by bears.

Wood-pastures in Southern Transylvania face several threats. Land abandonment leads t
forest succession, which will eventually displace species linked to the semi-open chardeter of wo
pastures, including fruit trees and invertebrates such as the grassland ant speotsgbotbso
for bears). On the other hand, intensified agricultural use, including clearing of tree cover or
fertilization, will destroy the semi-open and semi-natural character of the wood-pastuies, which

181



Chapter VIii

also a threat to animal and plant species (Manning et al. 2006). Additional threats to wesod-pastur
are illegal burning in spring, which often leads to the destruction of trees, and legal and illegal
cutting of trees. These factors, in combination with occasional overgrazing and clearing the
pastures of shrubs as part of the requirements for EU agricultural subsidites aléads of
regeneration (Hartel et al. 2013). Within Europe, some types of wood-pastures (such as the dehes
in Spain and the Fennoscandia wooded pastures in Scandinavia) are protected under the EU
Habitats Directive, but there is no consistent conservation approach across Egrop&(Bxtr

al. 2010) $ ORVV RI 7U D Qpas@rédd@udmyanztReRdSs of some food sources for
bears, but also the loss of a buffer between forest patches and villagesulghickrease

conflicts between people and bears. The protection and management of wood-pastures in Southern
Transylvania thus could make a positive contribution to bear conservation.

Finally, a critical aspect of bear conservation in Southern Transylvania is the maintenance
of a network of large and well-connected forest patches. Southern Transylvania has approximately
30% forest cover, which offers several potential corridors to nearby mountaiogr@nd s
populations. We did not observe a negative effect of roads on bear use of wood-pastures.
However, other studies have shown the negative impact of highways, and newly planned major
highways could negatively impact bear activity by causing habitat fragmentation (Kaczensky et al.
2003; Karamanlidis et al. 2011). Further research is needed on the importance of connectivity of
forest patches to the mountains and how it may be affected by improvements and/or alterations to
the local road network.

Zedrosser et al. (2011) suggested that bear conservation in Europe should not be restricted
to only wild and remote areas, because few such areas remain (Linnell etaald P@@a)se
other landscape elements can provide useful complementary conservation opportunities. Our
findings suggest this is the case for our study area, where beaesveadgalpastures within
multi-use cultural landscapes.

Acknowledgements

We are deeply grateful to the team of the Milvus Mammal Conservation group, especially A.
KecskésH. Latkova S. Szilard, and. Mezey for establishing and sharing with us the survey
method described in this paper. For creating the woody-vegetation layer we thank P. Griffiths, J.
Knorn, and T. Kimmerle. For his opinion on ant consumption by bears we thank Balint Marké.
We thank also A. Szapanyos and M. Solomon for their efforts in the field, and L. Sutcliffe for
providing language assistance and for proof reading the manuscript. Lastly wee thank th
anonymous reviewers for constructive suggestions on a previous draft of this manuscript. The
project was funded by the Alexander von Humboldt Foundation through a postdoctoral fellowship
to T.H. and a Sofja Kovalevskaja Award to J.F.

182



Section C: Human-
bear coexistence

This Section includes Chapters IV (see Section A) and IX and takes a socialscitgial
approach to understand how links between the social and ecological parts of the system affect
human-bear coexistence. Chapter IV aims to obtain an overview on human-bear conflicts in the
study region. Chapter IV also examines whether the level of perceived conflict relates to bear
activity and whether it influences attitudes of shepherds towards bears. Chapter IX aians to gain
more holistic understanding on the social drivers shaping the willingness of people to coexist with
bears.
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Chapter IX

Social factors mediating human-carnivore coexistence:
Understanding coexistence pathways in Central Romania

Ine Dorresteijn, Andra loana Milcu, Julia Leventon, Jan Hanspach, Joern Fischer

In revision in AMBIO

Matureism D SODFH WR YLVLYV
2 Gary Snyder

Well, for us the bear is like our neighbor.
Like the neighbor at home. There's no
difference between my neighbor and the bear
that comes every second evening. We're

somehow used tedtmepherd from
Vidacut, Southern Transylvania
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Drivers of human-carnivore coexistence

Abstract

Successful carnivore conservation depends on the degree to which hunams/ames can

coexist. Facilitating human-carnivore coexistence does not only depend on the biophysical
environment but also on understanding the social factors that shape human-carnivore coexistence.
Focusing on Central Romania, we aimed to understand social drivers of coexistence &y applying
combined approach of questionnaires (n = 252) and inductive semi-structured intervi@yvs (n

to examine human-beddrgus arctosoexistence. The majority of respondents had a positive
perception of coexistence. The questionnaires revealed general patterns on the most important
social drivers, and highlighted four distinct groups of respondents. Perceptions of coexistence were
negatively influenced by negative attitudes towards bears, past negative interactions with bears, and
perceived risks of damage. Qualitative content analysis of interviews identifieextsterce

pathways. These pathways showed different (but not mutually exclusive) ways in which ongoing
interactions between the ecological system and the social system shape the willingness of people
coexist with bears. While the connection between humans and the landscape had important
mediating effects on perceived coexistence, the generally positive perception of camiibtence

be undermined by perceived flaws in official bear management. We suggest thapttleé conce
coexistence pathways, coupled with a comprehensive approach to their analysis, can help landscape
managers identify drivers that facilitate or hinder coexistence, and thus target interventions
accordingly. This conceptual framework, in turn, may help facilitate human-carnivoreeoexiste
worldwide.
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Introduction

Where humans and large carnivores share the same landscape, there are inevitable conflicts:
humans experience attacks and predation on livestock, with resultant economic impacts (Thirgood
et al. 2005; Holmern et al. 2007); and carnivore populations decline as a result of paisecution
growing human pressure on carnivore habitat (Woodroffe 2000; Ripple et al. 2014, Therefor
successful carnivore conservation depends not only on the biophysical environmeninbut also o
understanding the social factors that shape human-carnivore coexistence (Treves2d3ranth
Importantly, human tolerance towards carnivores is not only shaped by the experienge of dama
(Hazzah et al. 2009; Dickman et al. 2014; Kansky et al. 2014). Rather, it is constructed through a
vaiety of factors related to economic, aesthetic, ecological, cultural, religious, and intinsic value
ascribed to carnivores (Zinn et al. 2000; Dickman 2010). For example, traditional and cultural
differences between pastoralist and agriculturalists lead to differences in theirtdalardsce
lions in South Africa (Gusset et al. 2008; Lagendijk & Gusset 2008). Moreover, in mérgy places
political environment has added an additional factor influencing human-carnivore interactions, for
example through the implementation of top-down conservation management, financial incentives,
or tight legislation (Redpath et al. 2012), which may clash with the prioritiépopulagons
6NRJHQ HW DO . ODMLY HW DO

To design effective tools that facilitate coexistence, studies need to account for the
complexity of social factors that shape it (Dickman 2010). Despite an increasing recognition of the
need to integrate social science into understanding the extent of human-carnivore conflicts (Carter
et al. 2012a; Inskip et al. 2014), the majority of studies to date have described patiftiots or
of attitudes towards carnivores, whereas fewer studies have focused orlyting uiniders and
impacts of conflict, or on conflict resolution and coexistence (Lescureux & Linnell 20&0; Barua
al. 2013; Can et al. 2014). In Europe, such knowledge is particularly important betause rece
expansions of brown beé&lrg$us arctgmpulations have caused conflicts (Enserink & Vogel 2006;

Can et al. 2014), and illegal killing could undermine the recovery of bear populations (Ciucci &
Boitani 2008; Kaczensky et al. 2011). To understand coexistence, regions where humans and
carnivores have successfully co-occurred for a long time could provide particuladgsasef
studies (Boitani 1995).

In this study, we aimed to elicit the social drivers of coexistence by taking a combined
approach of questionnaires and inductive semi-structured interviews to examine human-brown
bear coexistence. We focused on the foothills of the Carpathian Mountains in Transylvania,
Romania. Here, people and bears have co-occurred for extended periods of timelpsed the c
proximity of the forest to villages and farmland, as well as the reliance of peopk on fore
ecosystem services (e.g. firewood) provide ample opportunities for human-bear interactions.
Furthermore, traditional practices such as shepherding and bee keeping are potential areas of

conflict with bears (Zedrosser et al. 2001)
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Our specific objectives were (i) to obtain a general overview of how social drivers aff
SHRSOH: -V SHU F Hhé&nchéxidtere; KN RiiDtQ generate a deeper understanding of the
PHFKDQLVPV DQG FDXVDO IDFWRUV XQGHUO\LQJ SHRSOH:V
outcomes is the concept of coexistence pathways, which show how ongoing interactions between
elements of the ecological system and the social system shape the willingness oberisple to ¢
with carnivores. We outline specific coexistence pathways for our case study, atigbidiscuss
potential general relevance for carnivore conservation. In addition, we discuss howpttioé conce
co-existence pathways could be extended to other species and locations by providing a general
framework for unpacking the social factors mediating human-carnivore co-existence.

Methods

Our research design was based on a sociological triangulation approach which combined
guantitative and qualitative methods to broaden understanding rather than to validate each other
(Olsen 2004). In particular, we used quantitative questionnaires to identify generalngatterns, a
inductive, semi-structured qualitative interviews to gain a deeper understanding of the social factor
mediating human-carnivore coexistence. We used an inductive approach to generate insights on
human-carnivore coexistence, rather than a deductive approach to test specific theories or
hypotheses (Pratt 2009). This approach was chosen to construct a holistic framework of
understanding that would account for a wide range of social factors that shape co-existence.
Indeed, inductive research has previously been useful in gathering detailed information for
understanding human-carnivore relationships (Inskip et al. 2014)

Questionnaires for an overview

We used questionnaires to identify general patterns in the social drivers underlying coexistence
REMHFWLYH L E\ DVVHVVLQJ KRZ FRPELQDWLRQV RI SUH!

perception of current and future coexistence. Questionnaires are useful kgsearttieers know

what they are seeking, give the opportunity to sample many individuals and thereby obtain an

impression of average opinions, and simplify the comparison between respondents by enabling

guantitative analyses (Huntington 2000). We utilised these strengths by basing questbns on soc

factors we deemed relevant to our study area, including socio-demographic factors, interactions and

conflicts with bears, general attitudes, knowledge acquisition and culture, perceived benefits and

disadvantages of bears, and bear management (e.g. Kaczensky et al. 2004; Dickdpat2010; R

et al. 2012; Dickman et al. 2014). For all questions on perceptions wepaetLakBrt scale

(from strongly disagree to strongly agree), whereas for all other questions we eithiéplesed m

choice or yes/no answers (46 questions total; Supplementary Material Text S9.1). Questions that

could not be answered bW KH UHVSRQGHQW ZHUH QRWHG DV TGRQ-W NQ

We randomly selected 30 villages of the over 400 villages scattered throughout the 7441
kme study area spanning the full range of biophysical and social conditions (Dorres26ijd)et al.
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The average number of inhabitants per village was 58hdmioc. 3@1900) (INS 2011). We
aimed to ask 7-10 persons per village for the questionnaires in all 30 villages,chased
encounters, and obtained 252 responses.

*HQHUDO SDWWHUQV RQ KRZ VRFLDO GULYHUYV LQIOXHQFHG
analysed using hierarchical agglomerative cluster analysis (Wards clustering based on Euclidean
distances: agglomerative coefficient of 0.95) and principal component analysegs? @&
used a cluster analysis to identify groups of people that were similar in their perfcdmions
importance of different social factors (questions based on a 5-point Likert schadtésized
these groups based on their perceptions of coexistence, interactions and conflicts with bears, and
socio-demographic factors. Second, we used PCA to extract the main social driversioé coexiste
and related these to four groups previously obtained from the cluster analysis. We calculated four
separate PCAs for each of the following themes: (i) attitudes towards bears; (ii) cudtaral value
bear knowledge acquisition; (iii) benefits and disadvantages related to bearsbeard (iv)
management (Supporting information Fig. S9.1-S9.4). For each theme, we plotted the first two axes
and overlayed them with the four groups from the cluster analysis. Twenty individdad&eniss
question, and their responses were replaced with imputed values (i.e. the averagal of the tot
sample pool). All questions that were answeredv@iiR Q - WiwHe¢r@ Bcdred with a 3 (neutral
RSLQLRQ DERXW D VWDWHPHQW $00 VWDWLVWLKRO DQDO\VLYV
Core Team 2013).

Semi-structured interviews for in-depth analysis
In contrast to questionnaires, semi-structured interviews give the opportunity to go deeper into
certain topics by guiding participants into discussions but allowing the interview to follow the
thoughts of the participant (Huntington 2000). Therefore, interviews can generate insights into the
PHFKDQLVPV DQG FDXVDO IDFWRUV XQGHba \do€xiste®BIRSOH -V S}
(objective ii), and can help interpret the patterns derived from questionnaires. Although the
interviews were guided to prompt discussions, we allowed for discussions on un#mticipated
The themes covered were the same as in the questionnaire (Supplementary Mat&jalkllext S9.
interviews were conducted by a local Romanian and Hungarian speaker, digitally recorded, and later
transcribed and translated into English.

We aimed to interview 3-4 people per village in a total of 20 villages, and selected the 10
villages with the highest and 10 with the lowest perceived human-bear confliceteas bgdi
previous research (Dorresteijn et al. 2014) to ensure a broad gradient in perceivedncbnflicts,
thus a broad range of responses on conflict and coexistence. We purposefully sampled for
shepherds, foresters and hunters to obtain a wide variety in human-bear interactions. In total, we
conducted 70 interviews.

We analysed the interview transcripts by first grouping all interview participants into three
groups regarding their perception of human-bear coexistence (positive, negative and neutral). For
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ease of communication we only show the results here for people with positive or negative
perceptions. We applied qualitative content analysis by coding the interviews for themes using
fivivo 10-(QSR International Pty Itd 2012). Coding was conducted in an exploratory way to
extract themes that related to those covered in the interview guide as well as to unprompted
content or emerging themes. To gain a deeper understanding of the mechanisms driving
coexistence, we combined themes in an emergent conceptual framework that included three
coexistence pathways. These coexistence pathways reflected how different eleensotsabf t

and ecological systems interacted to create mechanisms that shaped human-bear coexistence
according to local people. Each coexistence pathway consisted of different themes, and in a second
round of coding, we categorized the statements of the participants to the different themes within
each pathway.

Results

Social drivers affecting perceptions, based on questionnaires

The cluster analysis revealed four distinct groups of respondents (Fig. 9.1), whidh ttiéered
perception of coexistence, interactions with bears, and socio-demographic factods.(Table 9.
majority of people clustered in groups 1 and 2 and had a more positive perception of current and
future human-bear coexistence compared to groups 3 and 4. Respondents from group 1 had the
fewest interactions with bears, and respondents from groups 3 and 4 most egpadetigzed

damage to crops and predation on livestock. The largest proportion of women was in group 1 and
the largest proportion of men was in group 2. Respondents in group 4 were oldest on average.

The identified groups revealed that attitudes towards bears, culture and knowledge
acquisition, perception of damages and threats, and opinion of management, may be important
VRFLDO GULYHUV LQIOXHQFLQ JbeaHdaeiGtehey. Toel ol WL & QV R
respondents were characterized by their position along the main gradients of the four themes (see
PCAs in Fig. 9.1; full ordinations can be found in Supporting Information, Fig. S9.1-S9.4). Overall
patterns were more similar between groups 1 and 2, who had a more positive attitude towards
bears and between groups 3 and 4, who held a more negative attitude (Fig. 9.1). Similarly, groups 1
and 2 perceived bears to be less harmful than groups 3 and 4, while in congrasbelités
regarding the benefits provided by bears were not reflected in the grouping (Fig. 9.1). Also,
responses on the influence of culture, knowledge acquisition, and management had relatively little
influence on the grouping. However, group 4 ascribed low cultural importance to bearg, and grou
3 acquired most knowledge through experience (Fig. 9.1). Opinions on management most
importantly were characterized by the desire to be more actively involved, which was especially
high for group 2, whereas the overall satisfaction with bear management differed only slightly
between the groups (Fig. 9.1).
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Figure 9.1Classification and ordination of the 252 questionnaire respgoacn ding to their perceptions
of bear-related themes. The left panel shows the dendrograra tmd tiroups of people derived from
hierarchical agglomerative cluster analysis. The other panele ghrivcipal components analyses of the
four different themes. The upper row shows the main gradientsaswierdower four rows show the
loadings for each group on the different PCAs. The legs of the dipgtams indicate each person
bdonging to a given group and the circle indicates the standard deviatione@htieel \average of each

group.
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Table 9.1 Perception of current and future coexistence, socio-demographiemcireof actual bear
encounters and conflicts, and average knowledge score, of theefamt difbups derived from the cluster
analysis based on the questionnaires. The number of aedle percentage in parentheses within a
certain group are given.

Group1l Group2 Group3 Group4
(n=84) (n=87) (n=50) (n=31)

Current Coexistence

Positive 70(83) 82(94) 24(48) 18 (58)

Negative 14 (17) 4 (5) 25 (50) 13 (42)
Future Coexistence

Better 9(11) 20(23) 2(4) 2 (6)

No change 35(42) 44 (51) 15(30) 7 (23)

Worse 23 (27) 13(15) 29(58) 15 (48)
Gender

Male (n =181) 46 (55) 78(90) 34(68) 23(74)

Female (n = 71) 38 (45) 8 (9) 16 (32) 8 (26)
Average age 47 46 47 62

Frequent bear
observations

Frequent damage to crops,
orchards and hives 6(7) 5() 21(42)  6(19)

Frequent attacks on livestock 1) 2(2) 8 (16) 2 (6)

7(8) 22(25 19(38) 9(29)

Mechanisms that shape perceptions, derived from interviews

Coexistence pathways

Similar to the questionnaires, the majority of respondents in the interviews had a positive
perception of human-bear coexistence (61%; n = 50), whereas 18 people (25%) had a negative
perception, and 10 people (14%) did not have a very strong opinion. Three cqeatisieace
HPHUJHG IURP WKH GDWD DQG VKRZHG KRZ SHRSWOWH WKW WL
human community, and management support or oppose their willingness to live with bears (Fig.
9.2). Furthermore, the pathways related to bears and humans were affected through interactions
with the landscape (Fig. 9.2). However, the identified pathways do not predict perceptions of
coexistence, and each pathway can lead to both positive and negative perceptiotenod,coexis
GHSHQGLQJ RQ WKH UHVSRQGHQW 5DWKHU D SDWKZzZD\ UHII
relationship with bears, and how that relationship is perceived depends on how the respondent

experiences those mechanisms.
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Figure 9.2 Conceptual framework showing three identified coexistence pathaayson qualitative
content analyses of 70 interviews. A coexistence pathway shows hanirdaggitions between elements
of the ecological system and the social system shape the willingnptes tof gmexist with bears.

Landscape-bear coexistence pathway

The landscape-bear coexistence pathway contained two components. The first component was
related to how people conceptualise interactions between bears and the surrounding landscape,
while the second RPSRQHQW GHVFULEHG SHRSOH:V RSLQLRQ RQ EHDL
SDWKzZD\V GHPRQVWUDWHG WKDW FRH[LVWHQFH ZDV VXSSRUW
behaviour, and hindered by concerns about inadequate bear habitat, deforestation, and increasing
bear populations. The makeS RI WKH VXUURXQGLQJ ODQGVFDSH SOD\HG DQ
perception of current and future coexistence (Table 9.2, row a). People with a poesitivos per
deemed forest size and food supply in the region sufficient, while people with a negative perception
deemed it insufficient. Deforestation and land-use change were major concerns ofpboth grou
because they expected an increase in future conflicts with increasing disturbartabitatoea
(Table 9.2, row b).
The fleaceful behaviour of bears and their relatively low damage compared to other
species (e.g. wolf) were character traits considered important to coexistenagdypbdilable
9.2, row c). The importance of perceptions of bear behaviour to coexistendtbevapressed
through the local belief of the existence of two types of bears, namely the printariinfge
eating bearand theffarnivorous beafTable 9.2, row d). Coexistence with the ant-eating bear was
perceived to be unproblematic, whereas the carnivorous bear was perceivgdrassaatamal.
Despite the view of bears being relatively harmless, the perceived increasar ipajeldieon
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was considered a major problem to coexistence (Table 9.2, row €). Several paeplgoaeeh
that bears were only present recently and that they either came down from the orobathins
been brought to the area from overpopulated areas or for hunting purposes.

Table 9.2 Characterizing quotes for the themes within the landscapesbgistence pathway. The
respondents were grouped into two groups based on their peroeptieristence (positive or negative).
The number of people mentioning a given theme is reported anctéimégoe within each group is given in
SDUHQWKHVHW -bélnd efiéh qiote ifidicates whether the person had a positagative
perception of coexistence.

Landscape-bear coexistence pathway
Perception of coexistence
Positive  Negative

(n=43) (n=18) Characterizing quotes

a. Bear resources 17(40) 6(33) 6R ORQJ DV IRUHVWYV UHPDLQ , GR
KDSSHQ , GRQ-W WKLQN WKH EHDL
(ALM4; P);

As long as it has food in the forest it won't eat up the peog
potatoes or corn. Then it has no reason to come into the \
(SAC2; P);

We have only a few, small forests here! There's no place
bear to stay there (BLAS3; N).

b. Land-use 17(40) 4(22) The bear typically stays far from humans. Only when it is

change attacked or when it has cubs they are dangerous (ALM1;
, P WKLQNLQJ DERXW GHIRUHVWDW
habitat. It needs to adapt as well. It can't hide anymore; it
more and more in contact with humans, its hunting area
disappears and that becomes a problem. This is how the
may become a problem! (MAL1; N).

c. Bear behaviour 21(72) 14(78) The bear is not an animal that attacks without being provc
(BLAZL; P);
The shepherd was always sayftey, the bear is coming, the
EHDU LV FRPLQJ - >, DQVZHUHG @
When it comes, it takes [one/ a few]... It's not like the wolf
wolf, once it jumps into a compound, it kills 4-5-10 sheep,
then it takes one and leaves! But the bear takes one unde
arm and leaves (DEA1; N).

d. The anteater 12(28) 5(28) There are only ant-eating bears. They don't attack the she
vs. the carnivore (MAL2; P);
Doesn't matter what point of view we take on them: As lor
they eat plants, there's no problem with them, but once it
to taste meat, it'll get aggressive (SAC1; N).

e. Bear 25(58) 12(67) No, there aren't 'urgent' problemis's just that they appear
population more and more often! (VAD3; P);
Because there are more of them, it attacks animals and r
more often! (SAC4; N);
We have knowledge about the fact that bears have been
brought here. There haven't been that many bears in the |
by far (ALE1; P);
It has been brought here. And then it reproduced (VAL3; |
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Landscape-human coexistence pathway

The landscape-human coexistence pathway also contained two components. The first component
described the relationships between people and the landscape (including interactions with bears),
ZKLOH WKH VHFRQG FRPSRQHQW UHO baarsl ShdWeRureS drifl$he H-V Y D O X|
YDOXHV DVFULEHG WR WKHP ZHUH NH\ LQ VKDSLRHSSHRKOH: V S
of coexistence was especially positive for people that had positive interactions,withileears
negative perceptions were related to higher livestock predation and the levels of paagéved da
and danger by bears (Fig. 9.3a). Interestingly, such damage beliefs appeared to haveenore influe
on coexistence than actual conflict (Fig. 9.3a). In contrast, crop damage and indirect Knowledge o
conflicts had little effect on the perception of coexistence (Fig. 9.3a). Moreover, preventing
conflicts by adjusting human behaviour or using traditional shepherding techniques was seen as a
integral component of coexistence by both groups and was mentioned in 62% and 23% of the
cases respectively.
Family, community members, and education all played a role in acquiring knowledge on
how to live with bears, but people with a positive perception mentioned more often that they
learned through experience (Fig. 9.3b). Attitudes towards bears were especially pesipike f
with a positive perception of coexistence (88% positive attitude; 0% negative attitude), compared
to people with a negative perception (19% positive attitude; 28% negative attitude). Non-use
values, such as cultural, existence, and historical values, were more iatiieth \@ghdeears than
use values by both groups, although these values were more prominent among people with a
positive perception (Fig. 9.3c). The genuine and continuous relations between people and nature,
where they experience and value nature, seemed to be more important to support coexistence than
financial incentives or other use-valfestHOO |IRU XV WKH EHDU LV OLNH RXU QH|
neighbour at home. There's no difference between my neighbour and the bear that comes every
second evening. We're somehow used to it. (YI¥¥hen you love nature | don't think that you
need a lesson, necessarily, to live with them [bears] (CINER X G R @-d¥e 4 DeadMorést
[without animals], right? It's different when you see a bird on a tree, dderafhat makes the
difference! You see life in nature! Dead nature is like a village without inhabitantE¢bA®4%
one of the emergent themes but only mentioned by several people (afraid: n = 6; not afraid n=9),
without large differences between the two groups.
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Figure 9.3Human-bear interactions, bear knowledge acquisition, and vailed tasbears between two
groups of respondentsthose with a generally positive perception (n = 43) of humanobriatence
versus those with a generally negative perception (n = 18). a) Tdmceiffetween actual conflicts, bear
interactions and perceived damage risks. The actual conflicts abddveations were derived from direct
guestions asked at the beginning of the interview (see S9.2)ensbileep damage risk, other direct
interactions, and indirect knowledge of conflicts was interpreted fronethiewis. b) Sources where
people acquire knowledge on how to live with bears. c¢) Valiesiasdoears. The importance of cultural
values was a question in the interview guide (see S9.2) whereasdypkotbevalues emerged from the
interviews.

Management coexistence pathway

The management-coexistence pathway was related to the institutions managing bears and how
people perceived these institutions. The majority of people were dissatisfied with aurrent be
management mainly due to a lack of concern for their problems with bearsstdisintetiee
management authorities, distrust towards them, lack of conflict mitigation, and perceived bad
management (Table 9.3). The only 12 people that were satisfied with management believed that the
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provision of supplemental or divisionary feeding was enough to prevent conflict (Table)9.3, row
However, the majority of people believed that authorities and hunting organizations failed to
mitigate conflict by not feeding the bears (enough), by not controlling the bear population, and by
not providing compensation after damage (Table 9.3, rows i-k). Furthermore, six pesygld expre
concerns about trophy hunting, indicating that common people carried the burden of living with
bears so that hunting organizations could earn money from trophy hunting (Table 9.3, row I).
Although the law and protection status was perceived to aid coexistence by people with a positive
perception of coexistence, people with a negative perception viewed it as an drtifatiahé&yo

could not influence or even felt disempowered by, because they were not able eodbke car

problem animals themselves (Table 9.3, row g and m).

Table 9.3 Characterizing quotes for the themes within the management coexistence Ppathway
respondents were first grouped into two groups based on daleptipn of coexistence (positive or
negative), and second, based on their opinion whether thegtiséieel with current bear management. The
number of people mentioning a given theme is reported anddbetgge within each group is given in
parentheses. Th& -or i -behind each quote indicates whether the person had a mpositagative
perception of coexistence.

Management coexistence pathway
Perception of coexistence
Positive  Negative
(n=11) (n=1)
Satisfied with current bear management

Characterizing quotes

a. Lack of

concern and

distrust

b. Conflict 1(9) Yes, there is the principle when an animal caused dam

mitigation: WKH SHUVRQ DIIHFWHG ZLOO EH

compensation principle of compensation at local level (BLAL;P).

c. Conflict 9(82) 1(100) Yes, they feed theAthe flaznic de vanatoar&his has

mitigation: been done in the past as well, when they brought them

feeding animals in a big open pit (CIN1; P).

e. Management: 1(9) I'm against their killing and wiping them out, but I think 1

control bear their population growth should be controlled a bit, as we

population their spreading (CINS; P).

f. Management: 6(55) Every year we shoot one bear which is pretty ok. That's

legal and illegal money of the hunting association. They pay something

hunting the state as well. Don't know if they pay something to tt
local community (VAN2; P).

g. Law and 5(45) They'd almost disappeared and [you can shoot them to

disempowermen only with a special permit where the cause big damage

wolf, the wild cat, the beathey're all protected (GRAL; F
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Positive
(n=21)

Negative
(n=13)

Dissatisfied with current bear management

h. Lack of
concern and
distrust

11(52)

i. Conflict 5(24)
mitigation:
compensation

j- Conflict 8(38)
mitigation:
feeding

k. Management: 3(14)
control bear
population

I. Management: 13(62)
legal and illegal
hunting

m. Law and 8(38)
disempowermen

3(23)

5(38)

4(31)

3(23)

8(62)

5(38)

But they don't do anything. Nobody cares for nothing!
Nothing. I've been to the mayor and he shidhuld | come
and guard them instead of yguiD4; P).

A bear values four human lives. Yes! Once it has killed
humans, you're allowed to shoot it. Therefore, it is wortl
four human lives. (VAL3; N).

The one who has the damage, stays with the damage.

when the damage is bigger. Only then. Otherwise noba
cares/makes an effort (ALM1; P);

| guard the fields that | have paid for, otherwise the wild
animals destroy the harvest and nobody pays me the d
Nobody pays for it! Because we don't have such a big ¢
(...).We don't have a big production but we're living of it
damages aren't big for them [authorities], but we have t
from this (GHI1; N).

When there are many bears, they should guarantee the
VR WKH\ GRQ W FRPH DQG DWWDF
them the feed, that's why they attack! (CRI2; P).

They must be fed as well! It's not enough to let them fre
the forest, but to feed them as well. The forest authority
fed them in the past! (PRO3; N)

Let the bear population grow but keep it under control
(AGAL; P).

The population management is a bit out of control. | doi
WKLQN WKHUH LV D WUXH SRSXOI
true control was in the past the fact that the bears were
under a certain number/density in a certain area (MAL1

For the locals it's just disadvantages, cause the hunters
not from this region so that we can e keep the
earnings from the huntingrh case they shoot a bear. The
problem is that those who shoot the bears are not local
the truth is that, as far as | see, they don't even care for
compensating for losses that locals might have (SACS3;
The management of bears by the state is not working
properly. This could be improvéthut as long as a hunter
may come to shoot a bear for a certain amount of Euro:
without caring that this causes to others a double amou
damage or even a human's life... We'd need to think ab
this! Then bears and humans would get along well (MA
N).

How should | say: They could live together. Cause you

do them anything! You can't go in the forest and shoot
What can you do else, but live next to them (BLAZ2; P);

A human life is worth more than a bear's, Sir. Protecting
bears is good, but it's somehow overprotected, Sir (MIF
N).
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Discussion

Our methodological approach provided two different perspectives on the social tiiveas o
bear coexistence. First, questionnaires revealed general patterns of the mostdmvpostant
within groups of people. Grouping people with similar perceptions may be bendfieidegign
of more specific conservation programs targeted at different groups or sociatal Geumard,
semi-structured interviews identified coexistence pathways highlighting the causal mechanisms
GULYLQJ SHRSOdW covexigtLvitio bears QBLY ¥esallrch showed that perceptions of
coexistence were negatively influenced by negative attitudes, past negative interacticss with be
SHUFHLYHG ULVNV RI GDPDJH DQG UHVSRQGHQWew: DJH ZKLFk
Naughton-Treves et al. 2003; Kaczensky et al. 2004; Carter et al. 2012a). Nevertheless, other factors
such as culture and management were also found to be important.

Our study showed that human-carnivore coexistence is possible, and we identified three
major pathways consisting of different social drivers that influenced human-camigience
from the perspective of the rural population. These pathways serve as a franmidewatikyfog
the drivers that shape co-existence and how they interact. Identifying such drieetialisness
shaping management approaches, but also to linking the drivers to broader theoretical and research
areas that help to understand how these factors are shaped. Thus the concept of coexistence
pathways and the research approach to elicit them offers a conceptual framewstrknto ass
facilitating human-carnivore facilitation worldwide.

Factors mediating coexistence
The two landscape-mediated coexistence pathways showed that conservation management geared
WRZDUGYV IDFLOLWDWLQJ FRH[LVWHQFH QHHGY WR DGGUHVV Wl
carnivores, and maintain orlteV WDEO LV K SHRS O Hivere§ 8@ eatifeWsinRd@p v WR FDU
other regions (Lescureux et al. 2011), direct interaction with bears and experientigé knowle
acquisition was particularly important in shaping perceptions and beliefs about bears (e.g.
behaviour, anteater vs. carnivore, population size).

The importance of direct interactions was further emphasized through reduced tolerance
of people that experienced livestock predation, while positive direct interactions were distinctively
higher among people with a positive perception of coexistence. Nevertheless, beliefs about bear-
UHODWHG FRQIOLFWY DQG GDPDJH ULVN PRUH VWURQJO\ GHWHU
the actual negative experiences, which has also been observed elsewhere (Kdc2&@2ky et a
Carter et al. 2012a). More importantly, a stronger impact of affective risk pecoeppiared to
cognitive risk perceptions can influence human behaviour and has been associated to motivations
of tiger killing (Inskip et al. 2014). To fully comprehend human-carnivore coexistence therefo
requires an understanding of the links between beliefs and risk perceptions.

The landscap& XPDQ FRH[LVWHQFH SDWKzZD\ DOVR VKRZHG WKDW
perceptions of human-bear coexistence were landscape-mediated attitudes andluesi-use va
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These were constructed through the existence of genuine links between people and nature, where
people valued their surrounding landscape and considered bears as part of their natural heritage.
Thus, human-carnivore coexistence may be influenced by factors such asptaseseaat
understanding which specific dimensions of sense of place affect human-caexigteace

could be an important domain for further research (Williams & Stewart 1998). Such Jadues may
more importantGULYHUV Rl SHRSOH:-V SHUFHSWLRQ \(LAYyeRAP& GV FDU:
Gusset 2008; Glikman et al. 2012; Dickman et al. 2014). Tolerance may have been further
facilitated by low fear levels, most likely resulting from sharing the landscape with béaes (Roska
DO O0DMLYy. Muveole@ in intact social-ecological systems cultural tolerance to
carnivores is not uncommon (Lagendijk & Gusset 2008) and can reduce carnivore extinction risk
(Karanth et al. 2010). Such a genuine link to nature is perhaps facilitated by the continuous
coexistence with large carnivores over long periods of time. Such long-term coexistence most likely
also influenced human behaviour to avoid conflict with bears and prevent livestock predation by
using traditional livestock husbandry techniques. Thus, the continuous coexistence with large
carnivores presumably shaped the emotional component of human culture to accept @and adapt t
human-bear coexistence (Glikman et al. 2012). While a history of continuous coexistence cannot be
re-created in places where carnivores were once extirpated, a key condeaitatiga for

settings without a continuous history of human-carnivore coexistence is to (re-)connéxt people
nature and carnivores.

The management coexistence pathway underlined the perceived gaps in current
management and showed that perceptions of (mis-)management could become a major obstacle to
coexistence. Consistent with the varying responses to management in the questionnaire, strong
negative opinions about current management did not necessarily lead to a neggitiveqgberce
FRH[LVWHQFH 1HYHUWKHOHVY SHRSOH:-V QHJIJDWLYH RSLC
management and the feeling of being treated unfairly have the potential to erode the build-up
tolerance towards carnivores through human-human conflicts. For example, a perception of
inadequate governance can compel people to retaliatory killing (Treves et al. 2002), and poaching in
Greece is partly motivated by a desire to defy the authorities (Bell et alh@@pf)robch of
seeking coexistence pathways was particularly useful to detect where people perceived mitigation a
necessary, which strategies were culturally accepted, and whether curreetrefattsfactory.

For example, the beliefs and concerns around an increasing bear population and its control should
receive high priority because increasing carnivore populations, rumoufeeatsbotrnivore
introductions, and inequality over benefits and disadvantages, could re8u@eHpadd WROHUD Q
towards carnivores (Skogen et al. 2008).
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Managing coexistence

To avoid such disagreements between management bodies and local stakeholders, management
may facilitate coexistence through participation and education. Distrust and the feeling of
disempowerment can be reduced by including people in carnivore management through
participatory processes or active management (Treves et al. 2006), and conflicteduozéd be r
through a holistic set of mitigation strategies geared towards the needs ofdratahdrbears

(Can et al. 2014). Although the interviewed respondents did not express the wish to e involved
bear management, several respondents to the questionnaires showed this aspiration. This potential
for co-management of different local stakeholders may increase or maintaia tbtexagic

shared responsibilities, accepted management and good relationships between local people and
management bodies (Treves et al. 2006; Lagendijk & Gusset 2008)

Such participation or collaboration could also provide an education component or
function. Under the landscape-mediated pathways, experience and education were mentioned as
the most important sources to acquire knowledge about bears, and conservation could use these
WRROV WR DGGUHVY SHRSOH:V EHOLHIV DQG FRIRPHUKWYWLYR IDF
positive interactions with bears, people may feel less threatened and their toleranbeatswards
may increaseO DM Ly H WEduEation can help to foster tolerance towards large carnivores by
targeting specific (local) beliefs (Zinn et al. 2008)

Finally, direct actions such as well-regulated and managed options for local people to react
against certaiffarnivorousproblem animals could increase empowerment of people (Lescureux &
ILQQHOO 0 D MXset, mbwvletDdD interventions are still more effective in reducing
livestock predation rates (Bergstrom et al. 2014), and socially accepted methods like divisionary
feeding need more attention. The anger around compensation payments may be harder to resolve
when it is governed by perceivigebk-institutions (Ferraro & Kiss 2002). Although compensation
payments or other financial benefits can aid conservation (Dickman et al. 2011), theyoften do
improve tolerance (Naughton-Treves et al. 2003; Hazzah et al. 2009) or are distribuled unequal
among society (Hemson et al. 2009). Therefore it could be worthwhile to explore w#tieealter
for social-ecological systems to manage human-carnivore conflicts such as bottom-ug communit

organized payments like contributions to a local livestock insurance program (Mishra.et al. 2003)

Conservation implications

Facilitating human-carnivore coexistence is a conservation goal worldwide. By highlighting the
existence of coexistence pathways, and then unpacking these pathways, it is possible to derive
meaningful recommendations for approaches to manage coexistence. In our case study, the content

of conservation programs should be designed to target these mechanisms in a way that
PHDQLQJIXOO\ HQJDJHV ZLWK SHRSOH - \of EdtditladdweidthsH SHUFHSW
delivered. In particular, we advocate for a more collaborative, participatory approach to carnivore
PDQDJHPHQW LQ WKLY DUHD 7KH DSSURDFK VKRXOG IRVWHU ¢
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provide education on bears and management approaches, and provide transparency around
management.

More broadly, we believe that our approach of combining questionnaires for large scale
patterns with the concept of coexistence pathways could be extended to regions worldwide. In
particular, the inductive approach of generating an understanding of coexistence pathways could be
used to understand human-carnivore coexistence for different regions and spéwesh&/he
specific pathways and their outcomes are transferable to other regions taimdiagested in
future studies. However, by constructing co-existence pathways through inductive research, a
broad range of factors that influence co-existence can be identified, and how tkdséefactor
with each other can be understood. We therefore encourage scientists to usplimagrdisc
research to obtain a comprehensive understanding of social drivers to human-carnivore
coexistence, and thus to work towards holistic conservation efforts. Through the framework
concept of coexistence pathways, and a comprehensive analysis of such pathwpgs, landsc
managers can identify factors that facilitate or hinder coexistence, and thus targetnsiterventio
accordingly.
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Supplementary Material for Chapter IX

Text S9.1The questionnaire used for 252 people (original in Romanian).

Please indicate how often:
1. You see a bear
a) never b)rarely c)severaltimes ayear d) often

2. A bear damages your fields/orchards/beehives
a) never b)rarely c)severaltimes ayear d)often e) notapplicable

3. A bear attacks your animals
a) never b)rarely c)severaltimes ayear d)often e) notapplicable
The following questions will ask if you use any protective measures against bears

Please indicate:
4. Do you use protective measures to prevent damage to fields/orchards/beehives
a) no b) occasional C) yes d) not applicable

5. Do you use protective measures to prevent bear attacks on your animals
a) no b) occasional C) yes d) not applicable

6. | go into areas where bears are present
a) no b) occasional c) yes

7. In my daily life | try to prevent getting into conflict with bears
a) no b) occasional c) yes

The following questions are general questions about bears

Please answer the following statements to your best knowledge:

8. Bears mainly feed on meat a) yes b) no
9. Female bears have young every year a)yes b)no
10. Most bears weigh more than 150 kg a)yyes b)no
11. Bear cubs leave the mother in their first year of their life a)yes b)no
12. Bears are protected animals in Romania a)yes b)no

The following questions will ask about how you achieve knowledge about bears

Please indicate the extent to which you disagree or agree with the following statements:
1 = strongly disagree; 2= disagree; 3 = neutral; 4 = agree; 5 = strongly agree

13. My parents told me how to live in a landscape with bears 12 345
14. At school we learned about bears and how to live with them 12 345
15. Local authorities provide information on how to live with bears 12 345
16. /R F D O 1pr@vidé information on how to live with bears 12 3 45

206



Drivers of human-carnivore coexistence

17. What | know about bears, | learned from experience 1 2 3 45
The following questions will ask about bears in your culture

Please indicate the extent to which you disagree or agree with the following statements

18. Bears are important in our culture 12 345
19. Hunting bears is important in our culture 12 345
20. | grew up hearing stories about bears 12 345
21. In the stories | know, bears mainly have a positive character 12 3 45
22. It is important for our culture that bears persist in the landscape 12 345

The following questions are regarding your feelings towards bears in general

Please indicate the extent to which you disagree or agree with the following statements

23. | generally like bears 12 345

24. It is bad to have bears in Transylvania 12 345
25. Bears should remain part of our landscape in the future 12 345
26. 1 am afraid to meet a bear 12 345

27. Bears do not have the same rights as humans to exist in the landscapet 52 3
The following questions are regarding the usefulness of bears in the landscape

Please indicate the extent to which you disagree or agree with the following statements

28. Bears have a negative impact on hunting opportunities 12 345
29. In areas where there are bears and sheep, bears Kill a lot of sheep 12 345
30. Bears damage a lot of orchards and fields 12 345
31. Bears are dangerous to humans 12 345

32. Bears increase the value of a hunting area 12 345
33. Having bears increases tourism in the area 12 345
34. Bears keep the forest clean of dead and sick animals 1 2 345
35. Bears keep nature in balance 12 345
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The following questions are regarding the management of bears

Please indicate the extent to which you disagree or agree with the following statements

36. Bears should be completely protected 1 23 45
37. Local authorities put in enough effort to prevent damage by bears 1 23 45
38. Hunting associations put in enough effort to prevent damage by bears 1 2345
39. I would like to be involved in the management of bears in the area 1 23 45
40. We receive compensation for damage by bears 1 23 45
41. Trophy hunting benefits the entire community 1 23 45
42. Hunting bears should be possible to everybody in the community 1 23 45

The following questions are about your opinion on how humans and bears share the
landscape

43. In your opinion, how do bears and humans live together in this region
a. Peacefully without conflicts
b. Relatively peacefully with tolerance for occasional conflicts
c. Relatively unpeacefully due to occasional conflicts
d. Unpeacefully due to escalating conflicts

44. In your opinion, how do you see the relationship between humans and bears in the future?
a. Better
b. Worse
c. No change

45. Explain shortly your answer under question 44

46. Would you like to add any additional information about bears?

The following questions are with respect to you

IX. Gender:a) M b) F
X. Age: years
XI. Profession
XIl. Ethnicity: @) Romanian b) Hungarian c) Roma d)Saxon e) Other, namely:
XIILI. Where did you grow up: a) this region b) a different region, but with bears present c) a

different region without any bears present

Thank you very much for your participation!
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Text S9.2.The interview guide used for semi-structured interviews with 70 people (original in
Romanian).

1. The following questions will ask about your experience with bears

Please indicate how often:
1.1 You see a bear
a) never b) rarely c) several times a year d) often

1.2 A bear damages your fields and/or orchards, and/or beehives
a) never b) rarely c) several times a year d) often e) not applicable (no
fields/orhards/beehives)

1.3 A bear attacks your animals
a) never b) rarely c) several times a year d) often e) not applicable (no
animals)

1.4 Which other animals cause problems in the village? Do you think these problems are worse
than the problems caused by bears?

2. (Traditional ecological) knowledge on how to live with bears

Romania is a special country regarding bears because it has one dfttpepalations in

Europe. Furthermore, Transylvania is especially unique, because people and Ibaegeidive a

each other and share the same landscapes. This is very different franEWepterThere are

few bears in Western Europe, and in many places they have been hunted to extinction. However, at
the moment in many places bears are returning to Western Europe. Therefore, we would like to
know and learn more on how you manage to live together with bears in Transylvania.

2.1 How do you manage to live together with bears?

2.2 Where and how do you learn to share a landscape with bears?

3. Which factors could disturb human-bear relationships

The Transylvanian country side has changed rapidly over the last years. For examtentouri

foreign countries has increased and the architecture of the houses has changed. In your opinion,
are there certain changes that have changed or might change the relationships between humans and
bears?

3.1 Do you think the way people and bears live together now is different from the past?

3.2 Do you think people and bears can live together in this region in the future?

3.3  What do you think are the major factors that could change the way people currently live
with bears?
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4. Cultural values and attitudes towards bears

In some countries bears are important for their culture and there are stories and dgligves ar
bears. For example, Sleeping Bear Dunes, a huge sand dune in America, is naNat/after a
American legend. A female bear and her cub swam across a big |akieH(igaky. Exhausted
from their journey, the bears rested on the shoreline and fell sound asleep. O rtkimesygerar
covered them up, creating a huge sand dune. Or for example, in Finland and Rusgésatiiee bear
national animal. In your opinion, does the bear play an important role in your culture?

4.1  Are bears an important part of your culture?

4.2 Can you remember any particular stories that include bears? Which one and what kind of
character did the bear have?

Germany and Switzerland have had similar recent experiences with bears. In both countries one
bear came back and lived in the country for a while. However, in both countdesidieyto

shoot the bear as it was classified as a problem bear and a threat to hurhanwsadeypu feel

about this approach?

4.3 What would you do in this case? What are your feelings in general towards bears?
4.4 Do you think it is important that bears persist in the Transylvanian landscape in the future?

5. Management of bears

Not everybody in a country, region or village is affected in the same heaingytre landscape

with bears. Do you think that there are any benefits or disadvantages of sharing the iémdscape w
bears?

5.1 Are these benefits or disadvantages equally distributed between community members?

5.2 Do local authorities/hunting associations help to prevent damage caused by bears? Do
they take care to close the difference in the distributions of benefits/disadvantages
indicated in the previous question?

People living in countries that lack large carnivores such as bears arg afipnegeed by the

presence of these animals. Therefore, many countries have developed tourism based on large
carnivores. This includes guiding tourists around the landscape with the chance to see and
photograph carnivores, or tourists pay for a license to hunt for carnivoresy anaah take home

the fur and parts of the skeleton (trophy hunting). Are there any of these examples prasent in you
village?

5.3a Ifyes, are they managed well and does the community benefit from this? Who benefits?
5.3b If no, do you see a future for tourism based on bears in this region?

The following questions are with respect to you

I.  Gender: a) M b) F
I. Age:
II. Profession
\VA Ethnicity: a) Romanian b) Hungarian ¢) Roma d)Saxon

V.  Where did you grow up: a) this region b) a different region, but with bears present
c) a different region without any bears present
Thank you very much for your participation!
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Figure S9.13ULQFLSDO &RPSRQHQW $QDO\VHV RILBIOSD §WHW VID MR VW X i IF
bears. The numbers reflect the four different groups derived from thehisigraagglomerative cluster

analysis. ThéDX -indicates the question from the questionnaire in Supporting InfarimetinS9.1. The

PCA was based on the following six questions: 23-26, 36, 42.

Figure S9.23ULQFLSDO &RPSRQHQWYV $QDO\VLV 8D Q@W O/ TSHHMWISRAQ\R Q HRIC
values of bears and knowledge acquisation about bears.nmibleesneeflect the four different groups

derived from the hierarchical agglomerative cluster analysi@XThadicates the question from the
questionnaire in Supporting Information Text S9.1. The PCA was hasedallowing six questions: 13-

22.
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Figure S9.33ULQFLSDO &RPSRQHQWYV $QDO\VLV RIQWOW FEKBINMAWRIQR/Q URII @& HiD)
related benefits and disadvantages. The numbers reflect the fourt diftenes derived from the

hierarchical agglomerative cluster analysis.@bMheindicates the question from the questionnaire in

Supporting Information Text S9.1. The PCA was based on the followingtgxsjuasss.

Figure S9.4Principal Components Analysis ofBXKHVWLRQV UHIOHFWLQJ WKH SDUWLFLSDQW
bear management. The numbers reflect the four different groups demivibet fhierarchical agglomerative

cluster analysis. THBX -indicates the question from the questionnaire in Supporting Inforfreatido.1.

The PCA was based on the following six questions: 37-41.
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Butterfly diversity in traditional farming landscapes

Abstract

European farmland biodiversity is declining due to land-use changes towards agricultural
intensification or abandonment. Some Eastern European farming systems have sustained
traditional forms of use, resulting in high levels of biodiversity. However, global markets and
international policies now imply rapid and major changes to these systems. To effectively protect
farmland biodiversity, understanding landscape features which underpin species divegdity is
Focusing on butterflies, we addressed this question for a cultural-historic landscape in Southern
Transylvania, Romania. Following a natural experiment, we randomly selected 120 survey sites in
farmland, 60 each in grassland and arable land. We surveyed butterfly species richness and
abundance by walking transects with four repeats in summer 2012. We analysed specie
composition using Detrended Correspondence Analysis. We modelled species richnesfs, richness
functional groups, and abundance of selected species in response to topographgetatiody ve

cover and heterogeneity at three spatial scales, using generalised linear mixed effects model
Species composition widely overlapped in grassland and arable land. Composition changed along
gradients of heterogeneity at local and context scales, and of woody vegetation cover at context and
landscape scales. The effect of local heterogeneity on species richnatisenasapable land,

but negative in grassland. Plant species richness, and structural and topographic conditions at
multiple scales explained species richness, richness of functional groups and species abundances.
Our study revealed high conservation value of both grassland and arable land in low-intensity
Eastern European farmland. Besides grassland, also heterogeneous arable land provides important
habitat for butterflies. While butterfly diversity in arable land benefits from heterogeneity by sma
scale structures, grasslands should be protected from fragmentation to provide sufficiently large
areas for butterflies. These findings have important implications for EU agricultural and
conservation policy. Most importantly, conservation management needs to consider entire

landscapes, and implement appropriate measures at multiple spatial scales.
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Introduction

$OPRVW KDOI RI (XURSH:-V WHUUHVWULDO V XigludifgHaleRQVLVWYV
and endangered ones, depend on farmland as habitat (Stoate et al. 2009; Kleijn et al. 2011). The
loss of cultural-historic landscapes through intensification or abandonment of fartitieg igrac

causing declines of farmland biodiversity (Benton et al. 2003; Thomas et al. 200&t@Glemene

2005; Foley et al. 2005; Stoate et al. 2009). To effectively design conservat®yrketratedige

is needed about which variables influence species richness and distribution at different spatial scales
(Weibull et al. 2003; Kumar et al. 2009; Briickmann et al. 2010).

In Western Europe, species loss in farmland has been associated with an increase of
agricultural productivity (Maes & Van Dyck 2001; Weibull et al. 2003; Van Dyck et al. 2009), most
likely caused by the use of agrochemicals (McLaughlin & Mineau 1995) and the loss and
fragmentation of semi-natural patches, especially grasslands (Bergman et al. 2004; Balickmann et
2010) In Eastern Europe, soeeconomic conditions and land-use have been rapidly changing
since the breakdown of communism and accession of new member states to the European Union
(EVU) (Kuemmerle et al. 2008; Kluvankova-Oravska et al. 2009; Mikulcak et al. 2013). Current
changes involve a dual threat to biodiversity, with a trend towards structural simplification on the
one hand and abandonment of low-intensity practices on the other hand (Schmitt & Rakosy 2007;
Young et al. 2007). The current situation in Eastern Europe thus differs in impostémanmvay
Western European countries (Pullin et al. 2009; Stoate et al. 2009; Tryjanowski et ala2011), and
better understanding is needed of how organisms respond to landscape features within low-
intensity farming areas of Eastern Europe.

Heterogeneous landscapes typically harbour greater species richness than homogenous
landscapes (Benton et al. 2003; Tscharntke et al. 2005; Ekroos et al. 2013), mostsiealy be
their greater niche diversity, as well as spillover effects and habitat complementation (Dunning et
al. 1992). Agricultural simplification and land abandonment typically lead to a loss of landscape
connectivity, which may not only dissect the habitats for species, but also causes fltsxeon effec
the composition and configuration of the landscape as a(Rdérsd®n et al. 2010; Fahrig et al.

2011).

A particularly interesting cultural-historic region in Eastern Europe is Transyhania, w

supports extraordinarily high levels of farmland biodiversity (Fischer et al. 2@t 2| P2@E2)

Especially in its South, Transylvania is characterised by a small-scale mosant dbwliffe

intensity land-uses that provide many different, well-connected structures such agnse&thdhar
roadside vegetation. The historic management of the area has created heterogeneity at multiple
spatial scales: within tens of metres (hereafter termed the local scale), in the immediate
surroundings around any given location (the context scale), as well as over thousands of metres (the
landscape scale) (Akeroyd & Page 2006; Hartel et al. 2008).

Here, we focus on butterflies as a taxonomic group that rapidly responds to environmental
changes (Erhardt 1985) and is known to be sensitive to land-use change worldwide (Thomas et a

244



Butterfly diversity in traditional farming landscapes

2004) In Europe, many butterflies use anthropogenic landscape elements (van Swaay, et al. 2006)
but species with different traits are expected to respond differently to land-use change (Krauss et al.
2003; Briickmann et al. 2010). For example, Ockinger & Smith (2006) found that the effects of
landscape composition differed between species of different mobility classischigdeB al.

(2013) found that intensively used agricultural landscapes mostly support generalists.eret, evidenc
on the responses of butterflies to gradients of spatial heterogeneity is sparse, and more thorough
studies at multiple scales are needed (Ockinger et al. 2009; Ekroos et al. 2013).

We sought to understand the responses of butterfly diversity to key landscape gradients in
Southern Transylvania, using a snapshot natural experiment (Diamond 1986; Lindenmayer et al.
2008)that spanned the full range of environmental conditions with respect to heterogeneity and
woody vegetation cover across multiple scales. Our overarching aim was to undenstaofd dr
species richness and composition. Specifically, we asked (i) how landscape $tretcthees af
composition of butterfly communities; (i) which landscape structures explain butterfly species
richness at various spatial scales; and (iii) which landscape structuabaraféee patterns of
selected species. We discuss our findings in the context of possible landscape changes that may take

place in Transylvania.

Materials and methods

Ethics Statement

We obtained the necessary permit for surveying butterflies within the EU Natura 2000 network

from Progresul Silvic, the organization officially entrusted with the custody of the protected area by
the Romanian government. The survey procedure was approved beforehand by the ethics

committee of Leuphana University Lueneburg.

Data Availability Statement
All data underlying the findings reported in this study are available from the Dryad Digital
Repository (http://doi.org/10.5061/dryad.97s1Kk).

Study area and experimental design
The study area covered approximately 7,000inkime lowlands of Southern Transylvania,
Romania (Fig. Al.1). We followed the notion of a natural experiment (Diamond 1986), with
randomised site selection in pre-defined strata at two levels: study villages aitdssuiitiein
villages.

To select study villages, we first allocated each raster pixel of the study fmemtto dif
TYLOODJH . Fbege e lacWated using a cost-distance algorithm in ARCGIS with the
village centre as the reference point and the slope and the distance to tlag@ed thik cost
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variables. Information about village locations was extracted from CORINE land cover data 2006
(http://www.eea.europa.eu/data-and-maps/data#cl2=corine+land+cover+version+13&b_start=
0&c17=CLC2006), and slope was calculated from the digital elevation model ASTER (Advanced
Spaceborne Thermal Emission and Reflection Radiometer). Topographically based village
catchments were used instead of administrative boundaries because administratigeviernendarie
only available at the commune level (typically 3-5 villages). However, we found that the resulting
polygons accurently reflected historical land-use responsibilities. Second, wevitixgtfied
catchments along a gradient of terrain ruggedness and according to their protection status under
the EU Birds and Habitats Directives. Terrain ruggedness was calculated as treestatidard
of the altitude of the catchment, and we used quantiles to classify ruggedness as either low, medium
or high. Protection status of the catchments was either unprotected, SCI (Site of Community
Importance) or SPA (Special Protection Area). Third, we randomly chose 30 villages, covering all
combination of ruggedness and protection status (Table SAL.1).

To select survey sites, we stratified the agricultural area within theses3aceitiatieg
to CORINE land cover as grassland or arable land and excluded other land saEs/eNdlais
these strata, we spanned two gradients that we assumed sensitive to change in thegultire as a r
of structural simplification, namely woody vegetation cover and heterogeneity. We estimated
woody vegetation cover in a circular one hectare area based on classified 10 m SPOT data (CNES,
ISIS programme). To assess heterogeneity, we used the standard deviation of 2.5 m panchromatic
SPOT data within a one hectare circle. We assigned each hectare of the agricultural landscape to a
combination of three classes of woody vegetation cover by three classes of ingtaNgene
distinguished low (0-5%), medium (>5-15%) and high (>15%) woody vegetation cover and used
the lower, middle and upper third of percentiles to classify heterogeneity. Within these
combinations, we randomly selected replicates for each cross-combination (except for the
combination of high heterogeneity and low woody vegetation cover, which did not exist (Table
SA1.2)). In total, we selected 120 circular 1 ha survey sites, with 60 in grassland abie 60 in ar
land, and an average of four survey sites per village catchment. Notably, sitdarid arahle
context were consciously placed not to represent only arable fields specificalher biot
capture the whole range of conditions within the mosaic of arable land (Bennett et al. 2006)
including field margins and fallow land.
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Figure Al.1llLocation of the study area with investigated village catchments in Tian&dvaania. The
small letters indicate the village catchments illustrated for predictions in FigureGiicti,(&= Granari,
c= Viscri).

Data collection

Butterfly surveys (response data)

We assessed species richness and abundance of biRtieofliek@eeand diurnal burnet moths
(Zygaenigdsy walking four transects of 50 m length per survey site (Pollard & Yaed¥Ved
included burnet moths because they are comparable to butterflies in their ecology (Nalumann et
1999; Ockinger & Smith 2006). These transect pointed north, east, south and west, and started 6 m
from the centre of a given site. In a given transect walk, each buttaxfgdobikin 2.5 m of

each side of the transect and 5 m in front of the observer was identifiedrdaed. Species that

we could not identify in the field were treated as compound shed@mpis/ juverpni€a
alfacariensis/ hgaldZygaena minos/ purpukdbsitalordani@andCarcharodoscurred within the

study region, and are represented by two, two and three species, respectively dR2KOS)
However, these species are difficult to distinguish and therefore were only idehgfigentas

level. Surveys were repeated on four occasions between May and Augusb@0dEfdnerit,

trained observers. Surveys were conducted under suitable weather conditions (no ckind<90%

cover, >17 °C, no strong wind), between 9 am and 5 pm.
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Environmental data (explanatory variables)

We followed a multi-scale approach and included explanatory variables that could potentially
explain butterfly distribution at the local (1 ha), context (50 ha) and landscape scale (i.e. village
catchments, ranging from 430 to 4963 ha). An overview of all variables included in te analysis
presented in Table Al1.1.

At the local scale, we collected data on vascular plant species richness in eight randomized
quadrants (1x1 m). We used cumulative plant species richness per site as an explanatory variable.
We also calculated indices for heatload (after Parker 1991) and terrain wetnessirasch mea
potential soil wetness, and included heterogeneity assessed by the spectral variancéaof SPOT da
(see Table Al for details). We calculated percent woody vegetation cover at local and context
scales, and used CORINE land cover to calculate percent forest at the lamdisc&pe g
context and landscape scales, we calculated the terrain ruggedness as the standard deviation of
altitude. We also quantified compositional or configurational heterogeneity of the different land
covers grassland, arable land and forest as provided by CORINE land cover data. At the conte
scale, our chosen heterogeneity measures (Simpson index of land cover diversitytypdge dens
were correlatedH= 0.76). Hence, we included only edge density as an explanatory variable
(following Kumar et al. 2009). At the landscape scale, we used both edge density armhthe Simps
index of diversity and added the amount of pasture and forest per village catchment, based on
CORINE land cover data. Variables on compositional and configurational heterogeneity were
calculated using FRAGSTATS v4.2 (McGarigal et al. 2012) and all other variablesGikSng ARC
10.1 (ESRI Inc., Redland, CA).
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Table Al.1Definition of environmentaiariables used in the study at three different scales and method of
obtaining those. Abbreviations are used in Figure A1.2 and Table A1.2.

Scale Variable (abbreviation) Definition and method
Local Number of plants species Vascular plant species richness assessed by eight rau
(1 ha) (NoPlant) distributed quadrants of one by one meter
Heterogeneity (het_1ha) Heterogeneity measured as the standard deviatiomof
panchromatic SPOT picture (©CNES, ISIS programm
Woody vegetation cover Proportion of woody vegetation cover based on classi
(woody_1ha) 10m SPOT satellite image (©CNES, ISIS programme
Heat index (heatload) Potential for ground heating calculated after Parker:(1

Heat index = cos (slope aspect -225) * tan (slope ang

Terrain Wetness Index (TWI) Measure of potential soil wetness, estimated as the p
in the landscape and the slope from ASTER digital
elevation model with 30m resolution.

Land Cover (LU_type) Land-use classification as arable land, grassland or fc
based on CORINE land cover
Context Ruggedness (rugg_50ha) Terrain ruggedness, calculated as standard deviation
(50 ha) altitude
Woody vegetation cover Proportion of woody vegetation cover based on classi
(woody_50ha) 10m SPOT satellite image
Configurational heterogeneity =~ Configuration of different land covers, calculated as tt
(ED_50ha) edge density with FRAGSTATS v4.2 based on CORII
land cover
Landscape Amount of pasture (past_catch) Proportion of pasture, based on CORINE land cover
(village Woody vegetation cover Proportion of forest cover based on CORINE land cov
catchment) (woody _catch)
Ruggedness (catch_rugg) Terrain ruggedness, calculated as the standard devia
the altitude
Compositional heterogeneity Composition of different land covers, calculated as
(sIDl) Simpson index of diversity with FRAGSTATS v4.2 ba:
on CORINE land cover
Configurational heterogeneity (E Configuration of different land covers, calculated as e
density with FRAGSTATS v4.2 based on CORINE lar
cover
Random  Village catchment Classification of the landscape into social-ecological t
effects according to a cost distance algorithm of proximity to-
nearest village as reference point and the slope of the
terrain as cost factor
Level Observation level random effect
Analysis

We pooled all observed butterfly species and individuals from the four survey rounds for each
survey site. First, we tested for differences in species richness and abundanadiffertm
levels of official protection by using Analysis of Variance (ANOVA). Second, we conducted a
detrended correspondence analysis (DCA) to describe species composition and i3 relation
environmental variables. We used a permutation test to fit and test the correlation of
environmental variables with the ordination.

Third, we used generalized linear mixed effects models (GLMMs) to asgesef eff
environmental variables on butterfly species richness. Beforehand, we tested the explanatory
variables for collinearity (atk 0.7; Table SA1.3; (Dormann et al. 2013)). We log-transformed

woody vegetation cover at local and context scales and heterogeneity at the local scale becaus
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these variables were highly skewed. All numerical explanatory variables were scalstdo mea

and unit variance. We included the variables listed in Table Al.1 to model specied richness o
butterflies. To test for a unimodal relationship in response to woody vegetation coxadesle

a quadratic term of local woody vegetation cover. We furthermore expected that the effect of
heterogeneity may differ between grassland and arable land and therefore included an interaction
term between land cover type and heterogeneity. Grasslands are also interesting to look at
separately because they are among the most species rich biotopes for butterfipes (vak

Swaay et al. 2011). We assessed the variance inflation factor (VIF) of liredglemesaa model

(GLM) and tested for spatial auto-correlation in the residuals. We included the village aatchme

a random effect and corrected for overdispersion by adding an observation level random effect. We
simplified the model by stepwise backwards selection retaining all variables with p<0.1. For
GLMMs, significance levels are only approximations, hence many statisticians suggest using a
significance level of p<0.1 (Bolker et al. 2009)

Likewise, we modelled species richness of functional groups. To this end, we distinguished
between species of low mobility (Bink’s mobility classes 1 and 2) and high mobility (Bink’'s
mobility classes 7, 8 and 9; Bink 1992)). Highly mobile speci€olmsrerocB@ris brassicae
Vanessa atalargad Vanessa cardubw-mobility species welrenthis daphBeenthis ino
Coenonympha gly¢arfmdo minimEsiphydryas auriRiamaeris lugirizteropterus mordbaiaga
achinéMelitaea britomaMslitaea diamigmad Satyrium acacks a third group we modelled the
richness of grassland specialists, neeuglydryas aurifalyommatus corCigemiris semigrgus
Lysandra bellarghengaris arfonpido minirarslErynnis tagean Swaay et al. 2013)

We also modelled the abundance of individual species considered to be declining in
Western and Northern Europe, but that are widespread or even increasing in EasternriEurope (va
Swaay & Warren 1999; Konvicka et al. 2003; Franzén & Ranius 2004; van Swday.aval. 20
only used species that were common enough in the study area to obtain reliabtemeglgels,
Maniola jurtin€oenonympha pam@olysmmatus Icarus, Lycaenandi§tancopsyche aldds.
performed all statistical analyses in R (R Core Team 2013), using the pacRagesM&x&gan,
gdata and Ime4.

Results

In total, we counted 19,878 individuals of 112 species of butterflies (Table SAl.4)s|&adsvel
richness varied between three and 45, and the number of individuals between seven and 452.
Eighty-five percent of all individuals belonged to 12 speolexs alfacariensis/hyale, Minois dryas,
Aphantopus hyperantus, Pieris rapae, Everes argiades, Coenoeptigds sihagisfayeknica,
Melanargia galathea, Coenonympha pamphilus, Maniola jurtina, Pahoiriehaius iaegbs),

SPA and unprotected sites did not differ in species richness (F=0.54, p=0.58) but SCI sites

appeared to have a slightly lower abundance of individuals than unprotected sites (F=2.37, p=0.09).
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Arable land and grassland did not differ in species richness (F=1.32, p=0.25) nor aifundance
individuals (F=1.51, p=0.22).

Multivariate analysis showed substantial overlap in species composition between arable
land and grassland (Fig. A1.2), with less than one complete species turnover (length of first axis =
2.9). The first axis (Eigenvalue = 0.21) described a gradient from sites with a low terrain wetness
index in homogenous landscapes to sites with a high terrain wetness index within highly
heterogeneous landscapes. The second DCA axis (Eigenvalue = 0.18) described a gradient from
low to high richness of vascular plants, ruggedness, woody vegetation cover and context-level
heterogeneity and landscape-level woody vegetation cover.

Figure A1.2DCA ordination plot of butterfly species, with significant environmeiahlessuperimposed
(p<0.05) (Abbreviations: NoPlant = Local plant species richnesss: T\Wdal terrain wetness index;
rugg_50ha = context terrain ruggedness; woody 50ha = context woody vegetatioBRD 50ha =
context edge density; woody_catch = landscape woody vegetatioBIDbvetandscape compositional
heterogeneity; Table AL
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Butterfly species richness was positively related to local plant species ricloweds and
woody vegetation cover, but negatively to local heat load (Table Al1.2). It increased itoresponse
local heterogeneity in arable sites, but not in grasslands (Fig. A1.3). Species richness furthermor
increased with configurational heterogeneity and ruggedness at the context scale,ebut decreas
with landscape woody vegetation cover. The models show suitable areas for species of
conservation interest exist throughout village catchments, especially in large grasafahd areas
boundary areas of arable land (Fig. A1.4).

Species richness of mobile butterflies was highest in arable land, and responded positively
at the landscape scale to both compositional heterogeneity and ruggedness. By contrast, richness o
low-mobility species was negatively related to landscape configurational heterogeneity, but
responded positively to local-scale plant species richness and context heterogeneiongélor additi
details, see Table Al.2). Richness of specialist species was higher in grasslaaquksniizimdsc
high terrain ruggedness and at sites with high plant species richness.

Figure Al.3Predicted effect of local heterogeneity on species richneskeitaadabersus grassland, based
on the simplified generalized linear mixed model (Table A1.2).

252



Butterfly diversity in traditional farming landscapes

Figure Al.4Maps of predicted butterfly distributions in three example villages. Left.oktandnap
according to CORINE 2006; middle: predicted species richness forratajskessland areas within each
village catchment; right: predicted abundance of the Meadow Meoeiq jurtipa

For individual species, bdth dispaandG. alexisvere more abundant in arable land, and were
positively related to local plant species ricHnedispaalso responded positively to local woody
vegetation cover, but negatively to local heatload, wBeidagishowed a positive response to
context ruggedness and the amount of grassland in the landscape. The abuRdacaes oM.
jurtinaand C. pamphiluscreased with heterogeneity in arable land, but not in grassland, and
decreased with increasing heatload. AbundaktgutinandC. pamphilugre positively related

to local plant species richness, and negatively to landscape woody vegetatinicarver.
responded positively to the amount of grassland in the landscape. Abundapeenphilugs
unimodally related to local woody vegetation cover.
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Table A1.23DUDPHWHU HVWLPDWHYV RI WKH VSHFLHVY GDWHGA EXW,LRQ PRGHC
P<0.1; *P<0.05; **P<0.01; ***P<0.001. Arable land was used as the basalmetandll models. See
Table Al.1 for abbreviations.

Species  High Low Spec- L. G. P. M. C. pam-
Richness mobile mobile ialists dispar alexis icarus jurtina  philus
species species

Intercept  3.026 -0.739 0.681 -0.436 0.581 -1.172 2914 2.637 1.959

NoPlant 0.261 0.600 0.685 0.581 0.941 0.597 0.313
*%k%k *%k% *%% * *% *%x% *%%
LU type -0.243 -1.250 0.052 -2.059 -1.554 -0.040 0.046 0.210
*% *k%k *k%k *
het_1lha 0.109 0.278 0.235 0.224
* *% * *
LU _type -0.140 -0.326  -0.415 -0.387
*het_lha * * *% *
TWI
woody_ 0.072 -0.054 0.443 0.102
lha * )
woody_ 0.232 0.177*
lhan2 ,
heatload  -0.057 -0.622 -0.167 -0.321 -0.207
* * *%x% *%
rugg._ 0.064 0.511
50ha , *
woody_
50ha
ED_ 0.077 0.261
50ha * *
woody -0.079 -0.412 -0.232
catch * xkk ,
past_ 0.721 0.256
catch *x
rugg_ -0.423 0.249 0.051
catch * * *x
ED -0.374
*%
SIDI 0.448
*
Discussion

We found a high diversity of butterflies in the cultural-historic landscape of Southern Transylvania.
This is especially the case considering that we did not seek out sites expectedharpoari

great diversity, but rather surveyed randomly selected sites within the agricultural matrix. An even
greater diversity of butterflies, including rare and endangered species, would be expected to occur
in dry grassland patches and traditionally managed hay-meadows, which occur within our study
area but which we did not specifically target. Our findings suggest that some typeseof land
change could pose serious threats to butterfly diversity in Transylvania. Our findiegs can
summarised within four themes, which we discuss in the following: (i) both grassland and arable
land have conservation value; (i) low-intensity landscapes provide important resources for
butterflies; (iii) heterogeneity has a different effect in arable land than in grassland; and (iv) it is

important to consider multiple scales for effective butterfly conservation.
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Both grassland and arable land have conservation value

Our findings revealed a high conservation value for butterflies of the smaittrsngleyatem in

the lowlands of Transylvania. Interestingly, butterfly species richness and abundance were similar in
arable land and grassland. This is a surprising result and suggests a need to broaden the emphasis o
conservation activities from grassland protection towards the maintenance of heterogeneous
mosaic farmland, including cropland (Bennett et al. 2006). This is particularly important in the
FRQWH[W RI FULWLFLVPV WKDW WKH UHFHQW UHIRUP RI WKH
for example, falls far short of what is needed in terms of biodiversity consereatiost @®.

2014) Throughout Europe, grasslands are considered most important for butterfly conservation
(e.g. Briuckmann et al. 2010; van Swaay et al. 2011). Arable land, on the otheebenedhas r

less attention. In Western Europe, arable land has been found to support lower species richness
and more homogenous butterfly communities than grassland (Weibull & Ostman 2003; Weibull et
al. 2003). Our results indicate that this situation may be different in Eastern Europe, and tha
certain types of arable land can in fact support similar levels of butterfly aivgragglands. A

possible explanation for the similar species richness in arable land and grasslamehimialransy

may be spillover effects (Dunning et al. 1992), which may be more likely calsmadissiics of

land covers. The mosaic character of the landscape also could explain the strong overlap in
butterfly communities between arable land and grassland.

Low-intensity landscapes provide important resources for butterflies

The fine-grained mosaic nature of arable land and the low-intensity nature of grassland in Southern
Transylvania emphasize that low-intensity land-use practices have major benefitdlyfor butte
conservation. Semi-natural elements occur throughout the landscape, and are a likbly reason
species richness is high throughout different land covers (Ekroos et al. 20X8&)oFyripecies

richness of vascular plants can be high in field margins, which in turn may indicate high quality
habitat for butterflies (Steffan-Dewenter & Tscharntke 2000). Consistent with the dindings
Kumar, Simonson & Stohlgren (2009), we found plant species richness strongly related to butterfly
VSHFLHV ULFKQHVV &XUUHQWO\ 7UDQV\OYDQKDDERQ@WDIRQV
plants (Wilson et al. 2012), which is partly linked to the low use of fertilizers (Jones 2009)
Agricultural intensification, by contrast, would likely lead to increased use of fertilizers and hence
reduced plant species richness (Zechmeister et al. 2003; Van Landuyt et al. 2008; KO&i)n et al. 20
Furthermore, intensification is typically associated with the use of fewer, high yielding crop
varieties. Interestingly, many butterflies in Transylvania use the comniMedcago sassp.
sativdAlfalfa), a leguminous species that provides nectar and that we also observed ¢ serve as
host plant for several butterfly species @agicopsyche pléfalfa is grown in small parcels, is
primarily used as winter fodder for livestock, and may easily be lestuisod intensification.
However, high amounts of floral resources are critically important to maintain butterfjy diversi

Similarly, woody vegetation offers important resources for butterflies, including shelter and space
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for thermoregulation (Dover et al. 1997). At present, Transylvania contains many ssstered tr
and hedgerows, and we found that butterfly species richness responded positively to these
structures at the local scale. By contrast, a large amount of woody vegbimmdatape scale

may lead to decreased species richness, probably due to a lack of open habitat.

Heterogeneity has a different effect in arable land than in grassland

We considered heterogeneity and woody vegetation cover at the local scale as two potentially
important gradients describing the structure of the landscape. Interestingly, our results showed that
the effect of local heterogeneity on species richness depended on land cover. In apsaieand,
richness increased with heterogeneity, supporting our hypothesis that small-scalen&fitming be
biodiversity by providing a range of different resources for butterflies. Notalalyd-ase class

of &rable landreflected the highly heterogeneous nature of traditional farmland, and include
cropped areas as well as fallows and uncultivated field margins. Theppedm@as are likely

to be particularly important to maintain butterfly diversity in arable land. By contrast, in grassland,
high heterogeneity was associated with reduced butterfly diversity. A possible explanation for this
pattern is that heterogeneity of grassland may correspond to a higher degree of fragmentation of
butterfly habitat, with likely negative consequences for species diversity (Krauss)etair 2004
study thus confirms that heterogeneély ses not universally beneficial for species richness (see
also Ekroos et al. 2008), although most work to date has focused on its pos#tijegficerr et

al. 2001).

The importance of considering multiple scales
To date, results from studies investigating multiple scales have been disparate and difficult to
generalize (Flick et al. 2012). We included three spatial scales in our study aisatered c
relevant for butterfly diversity and distribution. Our study revealed that all investigated scales
affected butterfly community composition. Previous studies found local factors affecting butterfly
species composition, with local heterogeneity in land cover being a good predictorsfor specie
composition in CanadKerr et al. 2001; Weibull & Ostman 2003). Butterfly species composition
in Transylvania also showed a significant correlation with local factors, builaieed by
heterogeneity and woody vegetation cover only at the two larger scales. Butterfly species richness
also responded to variables at all different spatial scales, especially atéhe logbahiso at the
two larger scales (see also Weibull et al. 2003). This suggests that local habitat reonditions a
particularly important, yet these cannot be considered in isolation from the surrounding landscape
(Steffan-Dewenter et al. 2002; Ockinger & Smith.2006)

Our models also showed that the different functional groups of butterflies were affected
by variables from different spatial scales. For example, landscape heterogeneity bppetired to
mobile species but not low-mobility species. Furthermore, we found that woody vegetation cover
was related to species richness. Land abandonment induces natural succession, whereas
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intensification leads to loss of scattered woody vegetation, and both have negative effects on
butterfly richness in the long term (Baur et al. 2006). Both processes dtoctass
heterogeneity, which is important for viable butterfly populations in agricultural landscapes. In ou
study, onlfCoenonympha pamsindvuged a unimodal relationship to local woody vegetation cover.

For such low-mobile species, presence of woody vegetation is crucial for winchdshield a
thermoregulatiorC. pamphilis abundant in Transylvania, however its population state in other
European countries is declining (Conrad et al. 2007). Habitat heterogeneity fronmspiétedent

scales, including the presence of woody vegetation, should be further investigated as possible key

elements in landscapes to halt biodiversity loss in farmland.

Conclusion

Collapse of communism and accession of Romania to the European Union have aauélerated la
use change in the rural areas of Transylvania, in particular towards land atianddnme
agricultural intensification. The two key gradients considered in this study, namely woody
vegetation cover and heterogeneity, would fundamentally change as a result of these two land-use
change processes. Along the gradients of woody vegetation cover and heterogeneitylewe were a
to show that butterfly abundance and distribution were affected by a range of differest variable
operating at multiple spatial scales. Not only local conditions, but the composition and
configuration of the landscape as a whole need to be considered for effectivatiaonse
management of butterflies in low-intensively managed farming landscapes such as in Transylvania.
Our results showed that, unlike in Western Europe, species richness of butterflies was not
only high in grassland, but also in arable land. This suggests that more emphasis needs to be placed
on low-intensity farming practices and management of the landscape mosaic, and thdt arable la
needs to be actively considered in butterfly conservation strategies. In ourastbdyteafly
richness would likely benefit from (1) the continuation of small-scale farming; (2) the pobduction
a variety of crops, including legume species; and (3) the maintenance of broad field margins and
uncultivated ruderal areas. New payment schemes under the Common Agricultural Policy have
recently been criticised as grossly inadequate (Pe'er et al. 2014). Our findingmisagges
measures considered adequate in Western Europe may not be directly trem3ranadivania
2in low-intensity landscapes, it will be particularly important to consider the high nature value that
entire agro-ecosystems provide, both inside and outside of protected areasGeneaidg-
Estébanez et al. 2011). Ultimately, the continued existence of historic-cultural landseapes suc
those in Transylvania hinges on the successful transfer of its appreciatitoriantddriagement
to future generations of farmers. Substantial efforts are therefore needed in environmental
education and in developing alternative ways for local people to make a living, for example through

the development of cultural and ecological tourism.
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Supporting Information for Appendix |

Table SA1.1Number of the 30 focal villages within different strata. TRI= Terrain Ruggedpg&ss in
Protection status is according to the EU Habitats and Birds Directives

Protection status

No SCI SPA
TRI Low 4 1 4
Medium 3 4 3
High 4 4 3

Table SA1.2Number of survey sites along the two gradients local heterogeneitsl amgolbe vegetation
cover. A = Arable land and G = grassland

Heterogeneity
Low Medium  High

A G A G A G

Woody vegetation cover | ow 8 7 7 8 0 0
Medium 7 8 8 7 7 8

High 8 7 7 8 8 7

Table SA1.3orrelation matrix of the variables used in the study

NoPlant  het_ woody_ heat- TWI rugg_ woody_ ed_ past_ woody_ catch_ SIDI ED

lha lha load 50ha 50ha 50ha catch catch rugg
NoPlant 1.00 -0.22 0.07 0.03 -0.25 0.39 0.27 0.06 -0.09 0.14 -0.02 -0.17 -0.11
het_lha -0.22 1.00 0.22 0.15 0.09 0.02 0.09 0.12 -0.18 0.15 0.03 0.02 0.11
woody_1lha 0.07 0.22 1.00 0.00 0.25 0.10 0.29 0.02 0.02 0.22 -0.04 -0.20 -0.15
heatload 0.03 0.15 0.00 1.00 -0.04 0.12 0.00 0.06 0.00 -0.01 0.13 0.15 0.18
TWI -0.25 0.09 0.25 -0.04 100 -0.13 -0.02 0.02 -0.05 0.17 0.10 0.04 -0.04

rugg_50ha 0.39 0.02 0.10 0.12 -0.13 1.00 0.49 0.27 -0.29 0.38 0.24 -0.07 0.15
woody_50ha 0.27 0.09 0.29 0.00 -0.02 0.49 1.00 0.42 -0.29 0.61 0.01 -0.27 0.14

ed_50ha 0.06 0.12 0.02 0.06 0.02 0.27 0.42 1.00 -0.29 0.30 0.20 -0.12 031
past_catch -0.09 -0.18 0.02 0.00 -0.05 -0.29 -0.29 -0.29 1.00 -0.46 -0.10 -0.11 -0.11
woody_catch  0.14 0.15 0.22 -0.01 0.17 0.38 0.61 0.30 -0.46 1.00 0.09 -0.29 -0.05
catch_rugg -0.02 0.03 -0.04 0.13 0.10 0.24 0.01 0.20 -0.10 0.09 1.00 0.25 0.09
SIDI -0.17 0.02 -0.20 0.15 0.04 -0.07 -0.27 -0.12 -0.11 -0.29 0.25 1.00 0.29
ED -0.11 0.11 -0.15 0.18 -0.04 0.15 0.14 031 -0.11 -0.05 0.09 0.29 1.00
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Table SAl.4Species list of butterfly species observed in the transects

Adscita sp Hipparchia fagi Polyommatus dorylas
Aglais urticae Inachis io Polyommatus icarus
Antocharis cardamines Iphiclides podalirius Polyommatus thersites
Apatura ilia Issoria lathonia Pontia edusa

Apatura iris Jordanita sp Pseudophilotes vicram
Aphantopus hyperantus  Lasiommata megera  Pyrgus armoricanus
Aporia crataegi Leptidea morsei Pyrgus alveus
Araschnia levana Leptidea sinapis/ juveri Pyrgus malvae
Argynnis adippe Limenitis camilla Rhagades pruni
Argynnis aglaja Limenitis populi Satyrium acaciae
Argynnis laodice Lopinga achine Satyrium ilicis
Argynnis niobe Lycaena alciphron Thymelicus lineola
Argynnis paphia Lycaena dispar Thymelicus sylvestris
Aricia agestis Lycaena phleas Vanessa atalanta
Aricia artaxerxes Lycaena thersamon Vanessa cardui
Boloria dia Lycaena tityrus Zygaena angelicae
Boloria euphrosyne Lycaena virgaureae Zygaena carniolica
Boloria selene Lysandra bellargus Zygaena ephialtes
Brenthis daphne Phengaris arion Zygaena filipendulae
Brenthis hecate Maniola jurtina Zygaena loti

Brenthis ino Melanargia galathea  Zygaena minos/purpuri
Brinthesia circe Meleagera daphnis Zygaena viciae
Cacharodus sp Melitaea athalia

Callophrys rubi Melitaea aurelia

Celastrina argiolus Melitaea britomartis

Coenonympha arcania Melitaea cinxia

Coenonympha glycerion  Melitaea diamina
Coenonympha pamphilus Melitaea didyma
Colias alfacariensis/ hyale Melitaea phoebe

Colias crocea Melitaea trivia

Cupido decoloratus Minois dryas

Cupido minimus Neptis sappho

Cupido osiris Nymphalis antiopa
Cyaniris semiargus Ochlodes sylvanus
Erebia medusa Papilio machaon
Erynnis tages Pararge aegeria
Eumedonia eumedon Pieris brassicae
Euphydryas aurinia Pieris napi

Everes alcetas Pieris rapae

Everes argiades Plebejus argus
Glaucopsyche alexis Plebejus argyrognomoi
Gonepteryx rhamni Plebejus idas
Hamearis lucina Polygonia c-album
Hesperia comma Polyommatus amandu

Heteropterus morpheus  Polyommatus coridon

264



Appendix Il




266



Appendix

Plant diversity in a changing agricultural landscape mosaic in
Southern Transylvania (Romania)

Jacqueline Loos, Pavel Dan Turtureanu, Henrik von Wehrden, Jan Hanspach, Ine
Dorresteijn, Jozsef Pal Frink, Joern Fischer

Agriculture, Ecosystems & Environment (ZE8G35799:

267



Appendix Il

268



Plant diversity in traditional farming landscapes

Abstract

Traditional agricultural landscapes represent mosaics of land-use covers tbppafterigh

species diversity. Many Eastern European countries contain large areas dfuidigiiaNa

(HNV) farmland. However, these landscapes are likely to change under current EU iaguilations
global market pressure, with potentially negative consequences for biodiversitgefiatian

YDOXH RI 5RPDQLD- -V JUD Vd bubtQeGoutehtil cbhsemdabion ali& & bdr] H
parts of the landscape mosaic has not been assessed to date. For this reagbhior@ssess

patterns of plant diversity across the entire landscape mosaic. We samplqolardscaiat39

sites (comprising 8 plots of Zina) in forest (n = 23), grassland (n = 57) and within the arable
mosaic (n = 59). To examine potential differences in species richness and composition betwee
these land cover types, we used Analysis of Variance and Detrended Correspornygend&d/énal

also modeled total species richness, richness of HNV indicator plants and riahaigleswdeds

in response to variables representing topography as well as structural and cwifiguratio
heterogeneity. Species composition differed strongly between grassland, the arable mosaic and
forests. Richness was highest in grasslands, but surprisingly, the arable mosaic @nd grasslan
contributed similarly to the cumulative number of recorded species. Models of specses richnes
revealed a wide range of responses of plant groups to topographical conditions and lto structura
and configurational heterogeneity, which often differed between land-use types. Plants were
affected by conditions measured at both local (1 ha) and landscape (50 ha) scalbs. Noting t
substantial, and hitherto under-recognised, contribution of the agricultural mosaic tocedgional-s
plant diversity, we recommend consideration of the entire landscape mosaic in fututmeonserva

schemes.
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Introduction

Many agricultural landscapes around the world are characterized by a mosaic ofsland cove
(Forman 1995). With their various patches of land-use types and structurelnohsssies
often host a wide range of species (Bennett et al. 2006). However, unprecedentéd changes
agricultural mosaic landscapes are causing major biodiversity loss worldwide (Tscharntke et al.
2005) Moreover, patterns of species richness and distribution in agricultural landscapes ar
affected by processes operating at multiple spatial scales, including both local paddaeldsca
variables (Vandvik & Birks 2002; Rundlof et al. 2010; Costanza et al. 2011). Hanee, effec
management of biodiversity in agricultural landscapes requires an assessment & d¢iie drive
species diversity across multiple spatial scales.

In many Eastern European countries, such as Romania, traditional practices have created
small-scale mosaic landscapes. For example, 72% of farms in Romaniaratkasntalha
(Fundatia Adept 2012)DQG LQGLYLGXDO ILHOGY DUH W\SLFDOO\ VPDOOH
farmland has been undergoing drastic changes since the collapse of communism in 1990
(Kuemmerle et al. 2008) and accession to the European Union (EU) in 2007. Ongoing land-use
changes comprise both intensification of land-use in some areas, and land abamddmengnt
(Government of Romania 2010; Dahlstrom et al. 2013; Mikulcak et al. 2013). At present, twenty
percent of Romanian farmland is considered to be High Nature Value (HNV) farmland, and ten
percent is protected under the EU Birds and Habitats Directives (Natura 2000) (European
Environment Agency 2010). Despite official recognition of the ecological values ofdange area
IDUPODQG WKH IXWXUH RI 5RPDQLD:V DJULFXOWXUDO ODQGVFD!

6RPH RI 5RPDQLD:-V PRVW QRWDEOH PRVDLF ODQGVFDSHV
Transylvania. A large part of Transylvania was recently designated one dft tbenkamgeus
(lowland) Natura 2000 sites in Europe (i.e. Tarnavelor Plateau), partly in recognition of its
outstanding grassland diversity (Jones et al. 2010; Akeroyd & Page 2011). Thivdegositg
includes various taxa that are rare or endangered in other parts of Europe, suctoas the ye
bellied toad Rombina variegétiartel & von Wehrden 2013 aculinebutterfies 9RG HW DO
2010)and several rare species of woodpeckers (Dorresteijn et al. 2013).,Moagsybranian
dry grasslands hold the world record for vascular plant species richness atah@.$célesd
10 m? (Wilson et al. 2012). However, land-use change is likely in Transylvania, and would pose
major threats to its biodiversity. Modifications of land-use will most likely afoimgigtasing
cropland area, increasing the use of agrochemicals, structural homogenization, andofonversion
traditional hay meadows to pastures, thus mirroring the patterns already appasetrin W
Europe (McLaughlin & Mineau 1995; Benton et al. 2003; Billeter et al. 2008; Ernadit & Ala
2011).

In this study we focus on vascular plants and their distribution throughout the entire
landscape mosaic in Southern Transylvania. Plants respond relatively slowly to environmental

changes (Helm et al. 2006), but in agricultural landscapes, specialized species are highly prone to
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rapid decline (Davies et al. 2004; Clavel et al. 2010). Plant communities in agricultural landscapes
are at risk of homogenization in composition because of nutrient inputs, which manyngpecies, a
especially grassland specialists, are sensitive to. For Transylvania, a specific set of sensitive grasslan
specialists has been proposed to indicate High Nature Value (HNV) gr&sblaht) R\ G % G U X
2012) Furthermore, arable weeds are of particular interest. Many such veepdssisted in
Transylvania to date, but are under worldwide decline, and may react quickly to ¢hanges in
environment, both at local and landscape scales (Gabriel et al. 2005; Armengot et al. y012; Storke
et al. 2012)

We sought to understand the responses of vascular plant diversity to key landscape
features. To that end, we used a snapshot natural experiment (Diamond 1986; Lindenmayer et al.
2008)that spanned a wide range of environmental conditions with respect to heterogeneity and
woody vegetation cover across local and landscape scales. We sampled vegetation and
environmental conditions throughout the landscape mosaic and asked: (i) how current land-use was
associated with vascular plant diversity and species composition; and (ii) how landscape structure
was related to total richness, richness of HNV indicator plants and richness of arable weeds.

Methods

Study area

Our study area covered approximately 7,0@0irkrthe lowlands of Southern Transylvania,
Romania. The area consists of undulating terrain with altitudes from 300 to 700 m above sea level,
and its climate is subcontinental-temperate. The area comprises a mosaic otyfzs]-use
including arable fields (40% according to CORINE land cover), secondary grasslaridatand anc

dry steppe-like grasslands (30%) and deciduous forests (30%) (Dengler et al. 2012). The natural
vegetation consists of oak-hornbeam for@sisr(us petraea-Carpinus Betutust al. 2004).

Site selection

We followed the notion of a natural experiment (Diamond 1986), with randomised site selection in
pre-defined strata at two levels: (i) village catchments and (ii) survey sitetagdttuatefiiments.

We delineated the study area into village catchments using a cost-distance algorithm that allocated
each pixel to the village with the lowest travel cost to this pixel (slope-penalized distance,
implemented in ArcGIS 10.1). We randomly selected a subset of 30 village catchments within three
different strata cross-combined by a gradient of terrain ruggedness (low, medium, higly; defined
guantiles) and protection status according to EU Birds and Habitats Directives (Site of Community
Importance (SCI), Special Protection Area (SPA) and unprotected; Table SA2.1). Within each
village catchment, we assigned land to three different land-use types using the COfN¢E land

map (EEA 2006), namely forest, grassland or arable |rdbRylandwe refer to the mosaic of

arable land in its entirety, including semi-natural vegetation occurring within the mosaic, such as
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field margins, road verges, hedges and old fields. Throughout grassland and arakletilaig (coll
termed farmland, we identified gradients of heterogeneity and woody vegetation cover. We
guantified heterogeneity as the standard deviation of panchromatic SPOT 5 data (©CNES 2007,
Distribution Spot Image SA) within a 1 ha moving window. We calculated the percentage of woody
vegetation within a 1 ha moving window by supervised classifications of the panchromatic channels
of SPOT 5, using a support vector machine algorithm (Knorn et al. 2009). We used the upper,
middle and lower thirds of these gradients to randomly select cross-repligiatedl bcsurvey

sites 2 59 within arable land and 57 within grassland (Table SA2.2). An additional 23 sites (also
measuring 1 ha) were randomly selected in forest without further stratification.

Vegetation surveys

We conducted vegetation surveys between 26 May and 26 August 2012. We sampled eight plots
measuring 1 m x 1 m within each site, placed at a random distance from the alistebuded

every 45 degrees. We alternated between random distances >40m and <40m from the center to

cover the inner and the outer 0.5 ha of the site equally. In each plot, we identified vascular plants to

species level and recorded their percent cover.

Environmental parameters

We considered variables that were potentially related to plant species richnesdesitifimme

hectare (henceforth: local level) and circles of 50 hectare (henceforth: landscape level) around a
given site. At the local level, we considered heterogeneity, altitude, woody vegetation tcover, a hea
index (after Parker (1991): cos (slope aspect -225) * tan (slope angle)), a terrain wetness index (after
Fischer et al. 2010), and land cover type. At the landscape level, we considered terrai ruggedne
woody vegetation cover, edge density to account for configurational heterogeneity (Fahrig et al.
2011) and a Simpson index of heterogeneity to account for compositional heterogeneity. Variables
were calculated using ArcGIS 10.1 and Fragstats 4.1, and are described inl imoflealoletai

A2.1.
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Table A2.1Definition and method description of the explanatory variabtesousodel plant species
richness

Scale Variable Definition and method
Local Heterogeneity Heterogeneity measured as the standard deviation of 2.5 m
(1 ha) panchromatic SPOT 5 data
Altitude Altitude above sea level derived from ASTER DEM
Woody vegetation cove Proportion of woody vegetation cover based on supervised
(woody 1ha) classification 10m SPOT 5 data
Heat index Potential for ground heating calculated after Parker (1991): t

index = cos (slope aspect -225) * tan (slope angle)
Terrain wetness index Measure of potential soil wetness, estimated as the topograg
position in the landscape and the $I¢gpiter Fischer et al. 2010

Land cover Land-use classification as arable land, grassland or foremh bz
CLC
Landscape Ruggedness Terrain ruggedness, calculated as standard deviation of altitt
(50 ha) Woody vegetation cove Proportion of woody vegetation cover based on classified 10
(woody 50ha) SPOT 5 data
Edge density Configurational heterogeneity of different land covers, based
CLCd
Random  Village catchment Classification of the landscape into social-ecological units
effects according to a cost distance algorithm of proximity to the nee
village as reference point and the slope of the terrain as cost
Level Observation level random effect

a©CNES (2007), ISIS programme, Distribution Spot Image SA

b Based on the Advanced Spaceborne Thermal Emission and RefldicinatRa(ASTER) Global Digital
Elevation Model with 30 m resolution Version 2 (GDEM V2)

¢CLC: Corine Land Cover Digital map 2006

d FRAGSTATS 4.2 (McGarigal et al. 2012)

Statistical analyses

The analyses consisted of three steps. First, we compared the means of alpha and beta richness
(sensu Tuomisto 2010) between the different types of land-use and differentpietelion

status. Second, we investigated patterns in community composition. Third, we modelled richness of
all plant species, richness of HNV indicator plants, and richness of arable weedsoasoh func
environmental predictors. To visualize the resulting diversity patterns at a regional scale, we

predicted species richness across the entire study area.

Patterns of alpha and beta richness

For all analyses, we pooled individual plots (n = 8) within a given site (1 ha) to obtain a relative
estimate of plant species richness at the local level. First, we compared species richness between the
different land-use types (arable, grassland, forest) and different levels of mtatesti@®ClI,

SPA and unprotected) using Analysis of Variance (ANOVA). Second, we illustrated additive beta
richness (Lande 1996) using species accumulation curves, and calculated species turnover by
additive partitioning of species richness (Veech et al. 2002; Tuomisto 2010). We testex] difference

in beta richness between land-use types using ANOVA and a post-hoc Tukey test of Honest
Significant Difference (HSD).
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Species composition analysis

We conducted Detrended Correspondence Analysis (DCA) to describe species contpesition at
local level and to assess its relation to possible underlying environmental gradients. We first
performed DCA including all survey sites. To more clearly capture patternssit@pposition

within farmland, we performed a second DCA excluding forest sites. For both ®0desg &
permutation test with 1000 permutations to correlate environmental variables with the ordination.

Species richness models

We used generalized linear mixed effects models (GLMMs) to assksdtstiué efivironmental
variables on richness of (i) all plant species, (i) HNV indicator plants, and (iiigedable all
cases, we specified village catchment and site (to account for overdispersion) aserasndom ef
Only farmland sites (i.e. arable land and grassland) were used in this anagesirbstsa
differed fundamentally in structure and composition. Prior to the modelling procedure, we tested
the predictor variables for collinearity. Based on this, we excluded the Simpson index of
heterogeneity, because it was highly correlated with edge density. Furthermore, veerteagtransf
local heterogeneity, local and landscape woody vegetation cover and landscape edge density to
(near-) normal distribution and standardized all continuous variables to zero mean and unit
variance. We calibrated the models using a randomly selected subset of 75% of the data. W
included interactions of land-use with all environmental variables, because we consideed respons
may differ substantially between arable land and grassland. We derived the final minimum adequate
PRGHOV XVLQJ VWHSZLVH EDFNZDUG PRGHOI Mdd&sHWaANLRQ 3 ”
predicted species richness on the remaining 25% of the dataset and compared the predicted species
richness with observed species richness using Pearson correlations.

Finally, to obtain a regional-scale overview of species richness patterns, wegbaddicted
plant species richness throughout the farmland of the study area, based on the tfixed effec
estimates of the final model. For this purpose, we used a raster of data points with @f drid siz
ha that lay within the calibration range of the environmental variables as measureddin our fie
samples (x 5%). We plotted the results in a cumulative richness density curve to visualize what
SURSRUWLRQ RI WKH VWXG\ DUHD: -V IDUPODQG VXSSRUWHG VSHF
thresholds. All analyses were performeR jrusing the packages vegime4-and fibmle- (R
Core Team 2013)
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Results

Diversity patterns

In total, we identified 603 vascular plant species in 139 sites, of which 258cexctusieely in

pastures, 20% exclusively in arable land and 7% exclusively in forests (Fig. A2.peki€3f all s
30%occurred in more than one land-use type. We found a maximum of 50 species per 1 m x 1 m
plot (mean + standard deviation: 14 + 9) and a maximum of 84 species per 1 ha site (42 £ 21).
Species richness differed significantly between the three land-use types (ANSV2L.B7, P

< 0.001), but not between Natura 2000 and unprotected sites (ANONE: 07, P = 0.93). A
comparison of beta richness revealed significant differences between land(aBEOpeds-,

136= 81.47, P < 0.001). Species accumulation curves illustrated that grasslands had the highest beta
richness, closely followed by arable land (Fig. A2.1b).

Figure A2.1aNumber of plant species that occurred exclusively in or \wezd blg the different landuse
types, arable land (=A), grassland (=G), and foresb{=3f)ecies accumulation curves in the three different
landuse types.

Species composition

DCA ordination with all land-use types showed a clear separation of the three land¥ige types
A2.2a). It revealed woody vegetation at the local and the landscape scale as the strongest underlying
environmental gradients and both correlated with the first axis (length of axis 1 = 4.92, Fig. A2.2a),
which indicated more than one full species turnover. The second axis (length = 3.48) described
gradients in topography and heterogeneity, represented by the terrain wetness index and
heterogeneity at the local scale, and ruggedness and edge density at the landscap€Acale. The
ordination restricted to farmland sites showed a separation of grassland and arablergyes, with

small overlap of sites (Fig. A2.2b). None of the measured environmental variables were

significantly correlated with the first axis (length = 3.51), which corresponded to approximately one

275



Appendix Il

full species turnover. The second axis of the DCA (length = 2.24) correlated with landscape

variables, including both topography and configurational and compositional heterogeneity.

Figure A2.2aDetrended correspondence analysis including all survey. $d€# with agricultural sites
only. Significantly correlated environmental variables are superimpasétedoenvironmental
superimposed (p<0.05) (Abbreviations: TWI_1ha = Local terrain wetdess het 1ha = local
heterogeneity, ed_50 ha = landscape edge density; rugg_50ha = landstapggedness; woody 50ha
= landscape woody vegetation cover; woody 1lha =local woody vegetatip SIDI_50ha = landscape
compositional heterogeneity; pd_50 ha = landscape configurational heterogeneity.

Species richness models
Independently of the land-use type, local woody vegetation cover was positively related to total
species richness (Fig. A2.3a). Total plant species richness was higher irihgirasslamndble
land (Table A2.2). Terrain ruggedness at the landscape scale affectechapssig®sitively in
arable land, but negatively in grasslands. The terrain wetness index had a negatispeeitect o
richness in arable land, but a slightly positive effect in grasslands (Table A2.2).

Unsurprisingly, richness of HNV indicator plants was higher in grasslands than in arable
land. Especially in arable land, richness of this group was positively relgtedi¢osity (Fig.
A2.3c). Terrain ruggedness had a positive effect on HNV plant richness in arable land and a weaker
positive effect in grassland. The terrain wetness index was negatively relatethrtesthefric
HNV plants in arable land, but positively in grassland. We found a unimodal relationship with local
woody vegetation cover, which was negative in arable land and positive in grassland (Fig. A2.3b).
Richness of arable weeds was higher in arable land, where it decreasedsirit local woody

vegetation cover (Fig. A2.3d).
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Figure A2.3Results of generalized linear mixed effect models for relative richnessmédiets| HNV
indicator species, and arable weeds. Relationships are basédairmodels summarized in TablA2.
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Table A2.2Results of generalized linear mixed models for total plantsrigewiss, richness of grassland
specialists, High Nature Value (HNV) indicator plants and arable wesdsteP@stimates are shown, with
significance levels indicated bip<0.1; *P<0.05; **P<0.01; ***P<0.001

Response variable Total plant HNV Arable
richness plants weeds

Intercept 3.648 0.178 0.277

Grasslands 0.453 *** 0.822 * - 2,292 xx*

Arable: altitude

Arable: edge density 0.969 ***

Arable: heat index
Arable: heterogeneity

Arable: ruggedness 0.215 ** 0.933 **

Arable: terrain wetness index -0.136 ** -0.347,

Arable: woodylha -0.249 *
Arable: (woody 1ha)"2 -0.722 *

Arable: woody 50ha

Grassland: altitude

Grassland: edge density -0.918 **
Grassland: heat index

Grassland: heterogeneity

Grassland: ruggedness -0.234 ** -0.879 *
Grassland: terrain wetness index  0.163, 0.45,
Grassland: woody 1ha -0.106
Grassland: (woody 1ha)"2 0.931 **
Grassland: woody 50ha

Altitude

Edge density

Heat index

Ruggedness

Woody 1lha 0.077, -0.146
Woody 50ha

Predicting total species richness across the study area highlighted that the résailtsafring

model correlated well with our field observation (total species richness: Pearsoiis r = 0.
grassland specialists: r = 0.76; HNV plants: r = 0.69; arable weeds: rBré&di@jons for total

plant species richness throughout the farmland mosaic of our study ardairrgsudticted

values between 12 and 77 species per hectare (Fig. A2.4). The distribution of predicted value
illustrated the widespread occurrence of high species richness throughout the farmland mosaic,

with approximately half of this mosaic supporting at least 50 species per hectare (Fig. A2.5).
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Figure A2.4Map of predicted plant species richness for 1 ha pixels in agricultiratHanstudy area,
based on the final generalized linear mixed model summarized ikZT2bkreas that are displayed in
white were excluded from predictions, because they were eittierodtite calibration range of our dataset
or represented land cover types other than farmland.

Figure A2.5Density curves of predicted plant species richness in the famkaid of the study area,
separated for arable land (black dashed line) and grassladl{gtelng). The two lines illustrate different
distributions of species richness, which explains the two huti<imulative density curve (solid line).
For example, point A indicates that 50 % of the landscape contains 50ptaféwpecies per hectare.
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Discussion

Besides notable exceptions (Wagner et al. 2000; Waldhardt et al. 2004; Simmeringthkisal. 2006),
work is one of few studies on plant diversity patterns in Europe applying a sampling approach that
covers a large extent of an agricultural landscape, and at the same time investigates environmental
variables at different spatial scales. Our results illustrate the considerable caftravabtn

land to total vascular plant diversity in a low-intensity traditional agricultural landscape. Our cas
study may well reflect a situation that is typical for other Eastern European cdurgdes w
agricultural landscapes are still structurally complex and rich in biodiversity (Young et al. 2007)
Based on our findings, we argue that maintaining the extraordinary plant diversity of low-intensity
farming landscapes calls for a conservation vision and for management mansidbatthe

entire farmland mosaic.

To date, biodiversity conservation in Europe has often targeted specific sites or local
Kotspotsof biodiversity, instead of considering species pools across entire landstepat€T
et al.,, 2012). In Romania, such hotspots are represented by extensively and traditicdhlly manag
grasslands (Jones et al. 2010; Akeroyd & Page 2011; Dahlstrom et al. 2013). Soare of these
DPRQJ WKH ZR U O-@Gchwidtdpas\Wis@HeFdl.F2V12), and often support a range of
species that are rare or endangered especially in Western European caménmesdiCal. 2005;

Peter et al. 2009). Hence, it is not surprising that in our case study, we fodrall éffeoved

plant species in grasslands. However, we also found 63% of all species mtendthpretiee

arable mosaic of our study area. Although site-level species richness was sigwiicamtly

arable land than in grassland, arable land also supported a considerable amount of species.
Furthermore, plant communities in arable land differed strongly from those indgrassla

forests. In combination, these findings suggest that grassland, small-scale arabtedatslaind f

make important contributions to the landscape species pool. Hence, conservation management in
farmland would be most effective if it considers both arable land and grasslanal asitsexjr

the landscape (Matson & Vitousek 2006; Perfecto & Vandermeer 2010).

Our study unraveled several key drivers of species richness, which occéfsoerilly d
between grassland and in arable land. In both land-use types, total speciesspcimoest re
positively to woody vegetation at the local scale. Woody vegetation may provide relatively
undisturbed refuge areas, which provide niches for several species (Ernout® Blavdoody
vegetation therefore is an important part of structural heterogeneity, which is oftendeattas a
of land-use intensification.

In grasslands, species richness was higher in locations with low ruggednessaihigher te
wetness and higher woody vegetation cover. This might indicate the importance of continuous
areas of grasslands on species richness. Reasons why we maydipetiesvechness on rugged
terrain might be that (i) rugged land is vulnerable to erosion if the grazing pheghusnd (ii)
rugged land is prone to land abandonment, because it is less accessible and léss valuable
agriculture than flat areas. Typically, abandonment induces re-growth of woody vegetation. Whil
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the positive effect of a certain amount of shrub encroachment on speciedsikhoass(and is

consistent with our findings; see above), later successional stages that are dominated by woody
vegetation do not support high grassland species diversity (Baur et al. 2006; RupP€dlt) et
Consistently with this, our findings indicate the importance of land cover heterogeneity on species
richness of HNV indicator plants. For woody vegetation and edge density, we found contrasting
effects for HNV indicator plants between arable land and grassland. Specifically, greater
heterogeneity appeared to be more beneficial in arable land than in grassland. This indicates the
importance of maintaining structural elements within the arable mosaic while simultaneously
keeping grasslands free from woody encroachment and fragmentation in order to maintain the
richness of specialized and sensitive species (see also: Zulka et al. 2014)

We presume that high plant diversity at the landscape scale in our study afemresults
agricultural practices that are still dominated by semi-subsistence farming and labor-intensive,
traditional techniques, with low levels of agrochemical inputs (van Elsen 2000; Oppermann et al.
2012) In Southern Transylvania, arable land in particular contains many semi-natural elements,
including woody vegetation, which create high heterogeneity and provide different niches for a
variety of species. However, these traditional systems are being lost rapidly, and EU legislation is
likely to inadvertently foster the abandonment of traditional systems and intensificatiosef land-
(Kleijn & Baldi 2005; Strijker 2005; Fischer et al. 2012). It is well known from Wiesterrhat
modernization in the agricultural sector, including farm consolidation and agrochemical application,
has caused a drastic declines of plant species richness in arable land, wéfidtdsvairother
taxa and areas (Feest et al. 2014). Application of nitrogen, for exampley kaswneéor
decades to affect plant communities, and its negative impacts on species richmetsnae s
irreversible (Strengbom et al. 2001; Stevens et al. 2004). Given existing trends towards rural exodus,
it is likely that traditionally used grasslands in Southern Transylvania will also decrease in extent
(Government of Romania 2010). In the long term, both abandonment and intensification imply
structural simplification of the landscape, and typically cause declines in species richymess in man
different taxa (Weibull et al. 2000; Benton et al. 2003; Diacon-Bolli et al. 2012; Sarmadierson
2013).

SUHYHQWLQJ ELRGLYHUVLW\ ORVV LV DW WKH FRUH RI
(Government of Romania 2010). It is not only an important goal in its own right, but also
necessary to secure the delivery of important ecosystem services andamdscegie multi-
functionality (Tscharntke et al. 2012). Moreover, protection of biodiversity in farmland is
economically far more effective than expensive restoration management in hindsight, which is
being applied in many more intensively used farmland areas in Western Europel(iRjjf)et a
To counteract loss of species diversity in agricultural landscapes, the Common Agriculture Policy
includes a series of agri-environment schemes, which provide opportunities to promote HNV

farming practices, especially in semi-natural grasslands (Page et al. 2010). fexigitiogragnit
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schemes, however, are largely derived from experiences in Western Europesfiautitbaess
in new EU member states is questionable (Gorton et al. 2009; Dahlstrém et al. 2013)

At the moment, 20% of Romania’s farmland is of High Nature Value (European
Environment Agency 2010), and 10% is protected under Natura 2000 regulations. In our study
area, a management plan for the Natura 200§ ameava Mares currently being developed, but
to date, it remains unclear how much effective support there will be for small-scalarfdrmer
other decision makers to use land in a way that promotes biodiversity. Our resultthandicate
management strategies are needed that account for a range of different amg) effecsés of
environmental conditions on species richness and particular species groups. The pliaptsity of
across the landscape thus appears to result from there being a wide range ebdifféoerst
available that suit different plant speéisgggesting that the mosaic character of the region as a
whole is important.

Conclusions

Despite many initiatives to conserve biodiversity in agricultural landscapes, it is highly likely that
existing policy settings, coupled with rural exodus, will cause land-use changgsaits roainy
Eastern Europe. The negative effects of land-use intensification, in particular, are known to be
especially pronounced in species-rich, extensively managed agricultural landscapes (Kleijn et al.
2009) such as in Southern Transylvania. Our study showed that plants responded in a range of
different ways to variables representing structural heterogeneity, as eckpbysembody
vegetation cover at the local and the landscape scale, and to land-use heterogeneityapethe landsc
scale. To effectively safeguard the extraordinary biodiversity of this and dtkesebfadming
landscapes of Eastern Europe, we suggest it would be useful to broaden the foengatiboons
strategies to encompass entire agricultural mosaics. Such strategies sholdgelke bddve

within and outside protected areas, and need to consider different managemeatfaneasure
grassland and arable land.
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Supplementary Material for Appendix Il

Table SA2.1Number of villages sampled for a given combination of protection status aind terr
ruggedness

Protection statu$
No SCI SPA

TRI2 Low 4 1 4
Medium 3 4 3
High 4 4 3

aTerrain ruggedness, calculated as standard deviation of altitudenwitlillage catchmehgsed on the
Advanced Spaceborne Thermal Emission and Reflection Radiometer (B®baRDigital Elevation
Model with 30 m resolution Version 2 (GDEM V2)

bProtection status is according to the EU Habitats and Birds Directives

Table SA2.2Number of survey sites (n=116) along the two local ecological gradients hiéteangene
woody vegetation cover. A = arable land and G = grassland

Heterogeneity?
low  medium high
AG A G A G
Woody vegetation covér |ow 8 5 7 8 0 O
Medium 6 7 8 7 7 8
High 8 7 7 8 8 7

aProportion of woody vegetation cover based on supervised classifirat®POT 5 data, ©CNES
(2007), ISIS programme, Distribution Spot Image SA

bHeterogeneity measured as the standard deviaZibmopanchromatic SPOT 5 data, ©CNES (2007),
ISIS programme, Distribution Spot Image SA.
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Table SA2.3List of plant species used for modelling the ecological groups, namelgrassdsd

specialists and HNV indicator species

Grassland specialists

HNV indicator plants

Arable weeds

Achillea millefolium
Acinos arvensis
Agrostis gigantea
Agrostis stolonifera

Ajuga genevensis

Ajuga laxmanii
Anthyllis vulneraria
Arrhenatherum elatius
Artemisia campestris
Asperula cynanchica
Asperula tinctoria
Astragalus monspessulanus
Astragalus onobrychis
Astrantia major
Avenula pratensis
Bellis perennis
Bothriochloa ischaemum
Briza media

Bromus erectus
Bupleurum falcatum
Campanula patula
Campanula sibirica
Carex humilis

Carex pallescens
Carex spicata

Carex tomentosa
Carlina vulgaris
Centaurea jacea

Centaurea bieberstgirbiebersteir

Centaurea phrygia
Cephalaria radiata
Cerastium holosteoides
Cerastium pumilum
Chaerophyllum aromaticum
Chamaespartium sagittale
Chrysopogon gryllus
Cirsium canum

Cirsium pannonicum
Colchium autumnale
Crepis biennis
Cynosurus cristatus
Cynodon dactylon
Dactylorhiza incarnata
Danthonia alpina
Dianthus armeria
Dianthus carthusianorum
Dorycnium pentaphgfpm
herbaceum

Elymus hispidus
Erysimum odoratum
Euphorbia cyparissias
Euphrasia officinalis
Festuca ovina

Festuca pratensis
Festuca rubra

Festuca rupicola
Festuca valesiaca
Filipendula vulgaris

Asperula cynanchica
Anthyllis vulneraria
Campanula sibirica
Coronilla varia

Dorycnium pentaphyllum

ssp.herbaceum

Dianthus carthusianorum

Galium verum

Inula ensifolia

Linum flavum

Linum hirsutum
Onobrychis viciifolia
Polygala major
Scabiosa ochroleuca
Prunella grandiflora
Teucrium chamaedrys
Thymus glabrescens
Veronica austriaca
Trifolium montanum
Viola hirta

Adonis aestivalis
Amaranthus retroflexi
Apera spica-venti
Armoracia rusticana

Asclepias syriaca

Avena sativa
Brassica oleracea
Consolida regalis
Cucurbita pepo
Echinochloa crus-gall
Eruca vesicaria
Fallopia convolvulus
Galeopsis ladanum
Lathyrus tuberosus
Oxalis corniculata
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Fragaria viridis
Galium verum
Gypsophila muralis
Helianthemum nummularium
Hieracium pilosella
Hypochoeris radicata
Juncus conglomeratus
Juncus effusus
Juncus inflexus
Juncus tenuis
Koeleria macrantha
Lathyrus nissolia
Lathyrus pratensis
Leontodon crigspscrispus
Leontodon autumnalis
Leontodon hispidus
Linum austriacum
Linum catharticum
Linum flavum

Linum hirsutum
Lolium perenne

Lotus corniculatus
Luzula campestris
Lychnis flos.cuculi
Lythrum salicaria
Medicago minima
Melampyrum pratense
Nardus stricta
Oenanthe aquatica
Onobrychis viciifolia
Ononis arvensis
Orchis coriophora
Parnassia palustris
Pastinaca sativa
Phleum pratense
Pimpinella major
Plantago lanceolata
Plantago major

Poa angustifolia

Poa pratensis
Polygala comosa
Polygala major
Polygala vulgaris
Potentilla argentea
Potentilla cinerea
Potentilla erecta
Potentilla recta
Prunella laciniata
Prunella vulgaris
Ranunculus acris
Ranunculus bulbosus
Ranunculus polyanthemos
Rhinanthus rumelicus
Rhinanthus angustifspus
angustifolius
Rhinanthus minor
Rumex acetosa
Rumex acetosella
Salvia glutinosa
Salvia nemorosa
Salvia pratensis
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Salvia transsylvanica
Sanguisorba minor
Scabiosa ochroleuca
Serratula radiata
Seseli annuum
Seseli peucedanoides
Silene nutans

Silene vulgaris
Stachys recta
Stellaria graminea
Stipa capillata
Teucrium montanum
Thalictrum lucidum
Thymus glabrescens
Thymus pannonicus
Thymus pulegioides
Tragopogon pratensis
ssp.orientalis
Trifolium alpestre
Trifolium arvense
Trifolium campestre
Trifolium hybridum
Trifolium montanum
Trifolium pratense
Trifolium repens
Veronica arvensis
Veronica austriaca
Veronica prostrata
Veronica spicata
Vinca herbacea
Viola canina
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