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Preface

This dissertation is presented as a series of manusanigtbook chapters. The manuscripts are
based on empirical research carried ioutlifferent regions of EuropeChapter | provides a
general overview of the dissertatiofihis chapteiincludesthe overarching goal and specific
research questiona summary of all included manuscriptsd book chapters synthesis of the
resultsin relation to the specific research question and policy recommendationsigatights
pathwaysfor a sustaable future of woogbastures in Europe. Almanuscriptsare either
published oin revision in internationgeer reviewedcientific journalsThe book chaptefsave

been published (under peer review) in a scientific book.

A reference to the journal daenanuscript is submitted to and the contributingagthorsare
presented on the title page of each chafitee. chapters are designed to be stalode articles;
therefore stylistic differences (e.g. U.K or American spelling) and some repetition af@lgoss
among the chapters. The content of each chapter is the same as in the published journal article or
book chapter with figure and table legends adapted to this dissertation. The style used for citing
literature, in the text and for the references atetind of each chapter, represents the formatting

requirements of the respective journal or book.
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European woogbastures in a changing world

Introduction

Woodpastures have been present Europe forthousands of yearsThis form of grazed
landscape, combining herbaceous vegetation with trees and shrubs, has-efteived with its
human users into complex soegdological systems (SES)Noodpastures are associated with
high cultural and biodiverssi valuesand are an example othe sustainable use of resources.
However, due to their often relativegbourintengve management and low productivity, large
areas of woogbastures have been lost over the last century. The loss of these areas means not
only the loss of biodiversity oboth localandlandscapescales, but also the loss of traditional
farming and cultural heritage in some regions. Across the European, Mrdod-pastures are
facing different problemsand are embedded in different socialsgyms and ecological
environmentsYet they are all affected by global change and comrBamopeanpolicies. To
understand the challenges for wemaktures in a changing worlaholistic approach combining
different disciplines is needed. Therefoie this dissertation | analyze woqmhstures across
Europe a® SES, combining ecology and social science with the aim to identityafieers and

drivers for woodpastures persistence into the future.

Human impact on the environment

Human activity has shaped the nat@alironment for thousands of ye&8nith 2007) Human

impacts orthe environmencan range from huntingathering activities to the modification of

entire ecosystemsnainly through agriculturgFoley et al. 2005)There arenow only few
landscapes on earth thate not influenced by human interactions with natgBtgnal and
McCracken 2000)Human activitieshave negatively influenced ecodgsns and biodiversity,
especially in the last 200 years, due to population growth but also due to new technologies.
Especially in the last 50 yearsumars havechanged the structure of many ecosystem more
rapidly thanat any other timg(Steffen et al. 2007; Vihervaara et al. 2Q10herefore hhman

action can be considered as the main driver of global ch@igminger and Bieling 2012p)

taking us iro the geological era of the Anthropoce(@rutzen 2002; Steffen et al. 2011)
Nowadaysabout one third of primary productionappropriatedy humans and more than feur

fifths of the earth ®ndareais human dominate@Plieninger and Bieling 2012bfonsequences

of this impact are the loss of ecosystems, biodivessitjecosystem services all over the world
(Pereira et al. 2012) The overal/l har mf ul consregphat nces
ecosystems in the past decades are beyond doubt. However, there are relatively large areas of
Europe that still contain agricultural systems that have not become divorced from their roots in
natured systems that have developed management pratiiesxploit, but do not ovexxploit,

natural resource@ignal and McCracken 2000)
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Cultural landscapes
Land use systems and practices have shiigbdy-valued altural landscapes all over the world
thateffectively integrate ecolagal, economic and cultural neeff&scher et al. 2012; Plieninger
and Bieling 2012b)Such altural landscapesan allow sustainable use of natural resources,
serving as wildlife habitats, providing economic benefits, scenery and open spdusirand
source oftultural heritagéPretty 2011) These cul tur al |l andscapes are
nature and culture, tangible and i (Schaiochget bl e her.
al. 2010) FollowingHorceaMilcu etal.(2017) cul t ur al dographiccacasmwiesr ar e fig
humans and the environment harvadually ceevolved through a variety of land uses over long
per i od s(seedlsoPlienngebetal., 20083 such, they are increasingdgingrecognized
asworthy of protectiomot only for their conservation value, but also for providintural and
ecologicé services and fosterinipod security, traditionaldowledge and sociocultural values
(Plieninger and Bieling 2012b; Horcédilcu et al. 2017)
The first cultural landscapes also recognized by the World Cultural Heritage List was the
Tongariro National Park in New Zealarigeing of cultural and religious significance for the
Maori people and symbolizg the spiritual links between the people and their environment
(Roéssler 2007)More examples of cultural landscap&sm across the worldvere summarized
by Fischer et al(2012) from the Satoyama landscagaslapanTakeuchi 201Q)to the Western
Ghats of IndigRanganathan et al. 2008)e Milpa cultivation systems in Mexi¢Robson and
Berkes 2011)agroforestry systems in si@aharan AfricadMcNeely and Schuth 2006) and
traditional village systems in parts of Eastern Eur@adang et al. 2006; Horcddilcu et al.
2017)
Despite their cultural and ecological importanodtural landscapes are under pressure
from recent change due to globalization, agricultural expansion, and intensification, land
abandonment and urbanization leading to a worldwide decline of these rmutithal
landscapegFischer et al. 2012; Plieninger and Bieling 2012b)

Woodpastures

Woodpastures are important elements of cultural landscépagmeier et al. 2010Wood
pastures or silvopastoral systems can be found all over the (Malthing et al. 2006; Gibbons
et al. 2008; Lindenmayer et al. 201#r example inAustralia(Fischer et al. 201@)r California
(Lathrop et al. 1991as well as in different parts of Euroffgergmeier etl. 2010) All these
systems have in common the combinatiopp@fmanenpastureland andcatteredreesand/or
shrubs often with large old trees functioning as keystone strustuaed formingecotons
(Bergmeier et al. 2010; Lindenmayer et al. 200jrough theidong history of use, societies
have gained not only material benefits (animal and timber products)sfomapasturesbut in

many cases have built up complex cultural uses, e.g. as locations for social events or as the basis
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for resource sharing systeniBue to their specific structure they harbour high biodiversity on
local and landscape scalénduding many threatened speci@ergmeier et al. 2010; Garbarino
and Bergmeier 2014; Hartel et al. 201Mpreover wood-pastures can contribute tandscape
connectivity(Fischer and Lindenmayer 200&)d adaptation to climate chan@/danning et al.
2006; Manning et al. 2009pespite theseommon elements, woguhstureseven withina single
region can differgreatlyin their structure, species composition as well in their historical origin.

Woodpastures in Europe

In Europe wood-pastures evolved thousands of years ago under management according to the
needs of human®ergmeier et al. 2010; Hartel and Plieninger 2014; Jgrgensen and Quelch 2014;
Plieninger et al. 201585ince thei origin in Europe in thearly Holocene(MosqueralLosada et

al. 2009; Bergeier et al. 2010; Jgrgensen and Quelch 2014y have developed as
multifunctional resources, shapby local social, economic and envimoental factors, grazing
intersity, and type of livestockChételat et al. 2013; Huber et al. 2013; Hartel and Plieninger
2014) The usually multifunctional management involved typically livestock grazing but also the
management dhe woody component by extracting goods and services provided by the trees and
shrubs(Bergmeier et al. 2010)The type of livestock, the grazing intensity as well as the tree
management in woepasture could vary not only ew geographical regions, but also over time
(Hartel and Plieninger 2014Tree and grazing management were influenced not only by the
environmental factors and local needs of humans, but also by external shocks during history (e.g.
regime shifts or newly introduced law3he variations in managemesd well aggeographical
conditions created a huge variety of wepalstures across Eurofféartel and Plieninger 2@}).

In contemporary Europd&ergmeier et al. 201@entify 13 types of woogpasture based on a
geobotanical classificatioams well ason regional identifications of these wopdstures (based

on regional names and local management). Figure 1 showslsexamples of wocgastures
across Europe.

All types of woodpastures depend on active management to maintain thekopemi
character(Bergmeier et al. 2010; Garbarino and Bergmeier 2014; Hartel and Plieninger 2014;
Van Uytvanck and Verheyen 2014 the management of the wood component is the focus and
grazing activitiesstop, woodpastures would turn into a forest due to their usually high
regeneration potentiglPlieninger et al. 2003; Plieninger et al. 2004arMing et al. 2006;
Manning et al. 2009; Hartel and Plieninger 2014)ngterm overgrazing and a neglect of the
woody component on the other hand, lead to what Plieninger 2003 calls a treeless pseudo steppe.
The grass and tree management of wpastues has diverse interdependencies as summarized
in a figure byHartel and Plieninger, (2014fig. 2).
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Figure 1. Examples of different wogmhstures in Europe a) from southern Portugal, b) from
Western Estonia, ¢) from Central Germany, d) from Central Romania, €) from Southern England
and f) from Southern Sweden.

Note: These pictures do not necessarily show a typical \paetiire for a region, but give an
overview of the variety.

Source all pictures: Marlene Roellig

As semiopen landscapes, wogastures mimic the ecological conditsin the naturally
sparsely wooded areas that are thought to have existedrapebefore human colonization,
caused by drought (e.g. forest steppe), flooding or other disturbances in combinittion w
herbivore pressuréRackham 1998; Vera 20Q@pue to their high density of ecotonespod
pastures support a wide variety both open habitat and forest species, including several
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endangered plant and animal spe¢i®srgmeer et al. 2010; Garbarino and Bergmeier 2014;
Hartel et al. 2014)Especially species dependent on dead wood need the large old trees, as well
as hollownesting bird specig®orresteip et al. 2013; Horak et al. 2014Iso large mammals

such as the Iberian lynx and the European brown bear make use epasiacegBergmeier et

al. 2010; Roellig et al. 2014)

Most of these species benefit from or can tolerate the extensive farming practices of
woodpasture management, making wemastures a prime example for high nature value
farming (HNV) in EuropgOppermann 2014)The concept of high nature value farmland was
developed in Europe to recognize the importance ofitdgnsity farming for biodiversity.
Oppermanri2014)evencallswoogp ast ur es fAarchetypeso of HNV f a
a wide range of species due to their active, but low (chemical) input management. They combine
several factors of importance for high nature farming, such as being maofsitesconditions in
space and time, and in many cases supporting the management of raré@ppedsiann and
Paracchini 2012)

Despitetheir long and widespreagxistence throughout Europe, thereaktively little
information onthe spatialdistribution of woodpasturesiiWoodpasturé is not mapped as a
habitat type in systems such as CORINE Land Caret,although regional estimations on their
distribution exis(seeGlaser and Hauke 2004; Luick 2008; Garbarino and Bergmeier 20héd)
provide a comprehensivuantitative survey of all types of wogastures in an internationally
consistent wayA recent aempt to map wooepasture across Europe wasde byPlieninger et
al. (2015) by gathering information three different categories of grassland with trees using the a
georeferenced database from the LUCAS project of the European Union. The study estimates the
total area of woogbasture within the EU at around 203,000 km? (4GP&U territory) and
confirming the highest proportions of wepdstures in south and east Europe. The real extent of
area covered by wogphstures is still unknown, which is concerning considering that wood
pastures are facing an uncertain future.

Many ofthethreats to woogbasturexorrespondo the threats for cultural landscapes in
general. These are mainly land use change due to abandonment or expansion and intensification
of agriculture caused by social and economic chg@Rtieninger and Bieling 2012a; Hartel and
Plieninger 2014; Plieninger et al. 201%hese changes affect wopdstures in different ways.

First, land abandonment will lead tshrub encroachment and tree regeneration, while
intensification will cause a declimewoodyplants or even their complete remov&alich changes

in management wilead to a loss of the specific seapen character of wogohstures and a loss
of smaltscale habitat diversitffFinck et al. 2004; Bergeier et al. 2010)These effects are further
compounded by land fragmentation due to urbanisation and road const(Betigmeier et al.
2010)
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Wood - pasture

Tree related management Grassland related management
-Selective maintenance of certain tree -Grazing
species -Hay making
-Selective maintenance of individual -Maintenance activities (e.g. shrub
trees removal)

-Use of tree related goods and services

v v

Wood component Herbaceous vegetation component
-Tree community structure -Vegetation structure

-Tree age structure -Grassland yield and quality

-Tree density -Shrub cover

-Tree recruitment

7 \
' ) A \
Biotic and abiotic conditions

I \
I -Microclimate 1
I -Light |
| I
\ I

-Evapotranspiration
-Soil properties
\ -Tree seed bank 1

(Ecological function and biodiversity of wood-pasture \
-High diversity of tree and grassland related habitats
-Rare/protected species (tree and grassland related)
-Keystone structures
-Landscape connectivity
-Ecological memory
\-Adaptation to climate change )

Figure 2: Generalised overview on the management activities interacting eeitfogical
conditions in the creation and maintenancevobd-pasture.

Source: Modified based on Hartel and Plieninger (2014)

Beingatransitionalcategory of land useetween forest and pasture, weuabtureslso
receive very little and inconsistemblicy support at the European Union (EU) le(éaufoy et
al. 2011; Peeters 2012n fact, direct paymentegulatiors for pastures from Pillar | of the
Common Agricultural Policy (CAP3xclude sembpen habitatsvith more than 100 trees per ha
(Beaufoy 2014; Jakobsson and Lindborg 20C®ncerning nature conservation policy, only four
wood-pasturesarerecognized s distinct typs of combinations of pasture and treesthg EU
Habitas Directive (5130 Juniperus communi®rmationson heaths or ce&reous grasslands,
5210Arborescent matorral witduniperusspp, 6310Dehesas with evergreen oaks, &0¥0
Fennoscandian wooded past)ré&ther woodpasturetypes receive neither formal recognition

nor protectiorat EU level(Bergmeier et al. 2010; Plieninger et al. 2015)

10
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As discussed above, contemporary wpadtures have tn been created through centuilimsg
interactions between social and ecological systéee alsoHuber et al. 2013; Hartel and
Plieninger 2014)These underlying mechanism links were often complex and affected by changes
in the ecological or social system. Most studies on wuasture in the gst have been focused

on their ecological significance, particularly regarding plant diver@grgmeier et al. 2010;
Scahmucki et al. 2012; Garbarino and Bergmeier 2014; Jakobsson and Lindborg2@isge.g.
Tucker and Evans 1997; Dorresteijn et al. 2013; Hartel et al. 2014; Jakobssdmddnadg 2017)

or insectqe.g.Hordk and Rébl 2012; Vojta and Drhovska 2012; Falk 2014; Horak et al. 2014)
or their structural developent over tim@Plieninger et al. 2003; Plieninger et al. 2004; Van
Uytvanck and Verheyen 2014; Valipour et al. 20E4)en though everal studies in recent years
have acknowledged the strong link between the social and the ecological systems -of wood
pasturegHuber et al. 2013; Plieninger and Hartel 2014; Plieninger et al. 2015; Moga et al. 2016;
Garrido et al. 2017)knowledge about these complex interactions still needs to be improved to
betterunderstand the drivers of wog@asture loss and potential for sustainable development of

these systems into the future.

This dissertation therefore ainsto develop a holistic, sociakcologicalbasedunderstanding
of wood-pasturesacross Europe to identifypathwaysfor their sustainable developmeninto
the future.

To achieve thisim,an interdisciplinary approach is needed to understand the interaction between

the social and the ecological systefBserkes and Folke 1998a; Berkes et al. 2003; Folke 2006;

Fischer et al. 2012Yherefore in this dissertation, wopdsturesare analyzed through a soeial

ecological systems lens as proposedbykes and-olke (19983 and adapted and modified by

others, includingFolke 2006 and Janssen and Ostra2006 Socialecological systems are
characterized by their connection between human and n@earkes and Folke 1998b; Folke

2006) As Berkes et al(2003) point out, the ecological system and the social system of-socio
ecological systems are not only linked, but the separation between these is systems atrtificial and
arbitrary. Moreover,lte socialecological approach recogeizhe tight link between human and

nature, considering humansasintegral part of natuf@iolling and Gunderson 2002; Berkes et

al. 2003; Forbes et al. 2009)his view allows the analysis of humerat@mplexinteractions

between the social drthe natural systeMilcu 2015) The knowledge about these interaias

becomes even more importantpariodsof changewhen human actors in SES need to navigate
uncertaintiegHolling 2001; Foke 2006; Walker and Salt 2008)he SES concept caisobe

used synonymously witdentvhe oheerfiurnes ¢ al.te@Bed hum
Acoupl ed human arld etnah COOF)@rl s hewnvaemMmon me nt syst
(Vihervaara et al. 2010)

11
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To create an understanding of SES, different béggneed to be taken into account describing

the ecological system and the social system as well as their subsystems and their interrelations
(Anderies et al. 2004; Janssen and Ostrom 2006; Ostrom.Z8@9¢xampleOstrom (2009)
suggests 4 core subsystems to asgaljocialecologicalsystems:resource systems, resource
units, governance systems and us&@ch core subsystem consists of multiple sedevel
variables which are further composed of dedpeel variablegOstrom 2009)

To describe and explain woguistures as a SES in this dissertatiotherefore spafically
addressed the following research questions:

1. What is the current status of European wooepastures?
2. What is the structure of European woodpastures?
3. How does the management influence the structure of woguhstures?

4. How do institutions influence the management of woogbastures?

While question 1 mainly addresses the resource system {pastdre} questions 2 describes a
resource unit within the system (treeQuestions3 focus on the interaction between the users
(farmers) and resouraenits (trees) and questions 4 addresses the interaction between users
(farmers) and the governance system (institutions). Each claajokersses different secolavel
variables depending on the specific research questions.

Because wodpasturs in Europeare highly diverse due to the variation in local
influences, yet are often affected by common drivers related to global change or EU policies. |
thereforeuse both comparative studies across Europe (chapters 2 and 3) and case studies on local
scale (chamrs 4, 5 and 6) to describe the status of woastures in Europe. Chaptepi@vides
a descriptive overview of woeplastures across Europe based on existing literature, regarding
their history, biodiversity, management as well as theirs threats andediffeonservations
approachesChapters 3, 4 and 5 abased on empirical data describithg structure of wood
pastures at a European (chapter 3) and local scale (chapter 4 and 5). Chapter 5 gives insights in
the link between the management and structure based on a case study combining ecological
(quantitative) and social (qualitative) daf@he interactions between institutions and the
management of woeplastures are addressed in chapter 5 based on empirical data and in chapter
6 in a more descriptive way, using a case study of the historical development of the institutions

influencing woodpasture management.

Summary of chapters

Chapter 2 gives an overview of wooepastures in Europe based on the literature to collect

existing knowledge about the status of these systems. In this chapter, we outline the geographical

12



European woogbastures in a changing world

variation and functional @racteristics of woogastures across Europe. Further, we explain their
significance for biodiversity conservation, comment on threats to various types opasintles,

and address conservation needs and existing conservation approaches at local arah Europ
levels.

Grazed wooded landscapes have played a crucial role in the history of the European
countryside. From the early Neolithic, wepdstures have been at the heart of subsistence
economies of most rural societies throughout Europe, and they atecstlly relevant for the
economic integrity of some marginal rural areas. Although the number of-pastdres has
declined significantly over the past century, most countries retain a significant number of these
habitats.

Despite sharing the common elents of scattered trees and bushes accompanied by
herbaceous vegetation, European wpadtures exhibit a wide variability of structures and types.

In this chapter, we identify 21 different types of wemaktures based on their geographical
distribution,their prevailing trees and natural vegetation, but also their different grazing and tree
management. This represents how wpadtures are not only influenced by biogeography and
environmental conditions but also by regional land use history, current emeag grazing
animals and seasonality of grazing.

Variability at local and regional scale is also one of the main factors contributing to the
biodiversity value of woogbastures, summarized in the second half of the chapter. The semi
open character of waepastures contributes to high level of biodiversity on local and on
landscape scale, combinisgecie®f forest and open landscapes. Although there are no species
exclusively linked to woogbasturessome species may be regionally restricted today talwoo
pasture landscapes. Dead wood dependent species such as several insects and birds feeding on
these insects, but also those using knotholes and other structures of old and gnarled trees for
nesting, are especially related to wemaktures. In addition, em large mammals such as the
Iberian lynx and the European brown bear makeofis@mod-pastures.

Despite their importance, wodqahstures are threatened throughout Europe. We
identified the main threats for wogmhstures discussed in the literature, as asktonservation
approaches to maintain them. Among the major threats, we identified forest regrowth due to land
abandonment, landse change and the degradation caused by a reduction in the number of old
trees and the lack of regeneration due to ovenmggaZlthough national or local conservation
approaches exist to maintain wepdstures as important habitats for biodiversity, they are poorly
supported by international policies. At the European Union level, ypastures are only partially
recognisedn conservation policies such as the Habitats Directive, while agricultural policy is

actively detrimental to the structural integrity of wepastures in some areas.

Building on theliteraturebased overviewf the status of European wopdstures in chapte,

chapter 3 concentrates on the structure of wquabtures in Europe using empirical data. We

13
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collected a dataset of 13,693 trees from 390 plots in yastlres from eight European countries
(Estonia, Greece, Germany, Hungary, ltaly, Portugal, Romani& Sweden) covering
information on diameters at breast height, tree density per plot, tree species composition and the
grazing management. We found wegpalstures with only one species present (in Southern
Portugal) and woogastures with up to 19 speci@idungary). Species occurrence in general
appeared to be chiefly related to the geographical range: although we did not explicitly test it, this
is suggested by the species occurrence in the surrounding forests. The density-pastoces

can differ acros different regions in Europe, e.g. from 2 trees per ha in Central Romania to almost
5000 trees per ha in Western Estonia. However, we also found a considerable range within a
single regionffom 4 to 263 trees per lya Southern Sweden).

Similarly, the stuctural gradient of wooe@astures varies widely across and within regions. We
identified three majorstructuralgroups from very dense woogasturesvith mosttrees in the

lower DBH classesto very sparse wooegastures withmosttrees in the higher DBHlasses,

while a third group had intermediatensity and a balanced range of DBH clas$ée dense
wood-pasturesvith small treegmostly representeit our studyby woodpastures from Western
Estonia and Northern Germang)je most at risk of turning intforestdue to the difficulty of
grazing management hesehilst thesparse woogbastures with large trees (mostly represented

by regions from Eastern Europ@gk turning into treeless pasture due to the large proportion of
trees in old and senescent atpessesThe structural gradient could not be related to the grazing
management, which underlines the importance of secialogical contexts for woegasture
condition (history and landscapes perceptioje conclude that tprevent the loss ofvood
pagures in some regions and to maintainirtkeeological and cultural valugi is necessary to

more comprehensively consider them in European policies, such as the Common Agricultural

Policy, taking into account both their structural characteristics and their regamakts

To gain a better understanding of wepaktures at lcal scaleChapter 4 presents the first case
studyof this thesis, describindpe characteristics, management, and status of yastilires in a
traditional rural region of Central Romania. For this, we surveyed-faxdywoodpastures, as
well asfifteen forest sites for comparison, related to their condition, management, site, and
landscape context ifiransylvaniaWe found evidence dfee andshrub removal to fulfill the
requirements for subsidy payments in the majority of woasturesand in half é the wood
pastures we also found sign$ burning management. Woguhstures in this regiohad an
average tree densitf 7.6 trees per havhich is low when compared to other European wood
pastures as discussed in chaptefl#&e dominant trees were majrdaks and several species of
fruit trees, while in the surrounding forest hornbearas most dominantSmaller (and
presumably younger) trees were better represented in forests than ipagtoes, while larger
(presumably older) trees were better repnésd in wooepasturesWood-pastures also contained

ancient trees (trees of which the age can reach centuries), which could not be found in the forest.
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On the other hand, woeuhstures were relatively low in dead tree abundance and shrub cover
compared tdorest. These characteristics reflect the traditional management ofpastares,

which were created from forests by grazing and selective tree removal. Remaining trees were not
only valued for their shade, but oaks provided timber and acorns for tkesthile fruit trees
provided fruits.

Specific characteristics of woquhstures 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 fourdHpastures
surrounded by forests. A detailed study on the biodiversity of one specificpesture showed
the high potential of woe@astures to support high levels of biodiversity.

Worryingly, current management of woepdstures differed from traditiahtechniques in several
aspects, which could potentially threaten their persistence. First, mosipastdes were grazed

by sheep only, whereas mixed livestock grazing used to be the common management type.
Second, many large trees suffered from (ambgenic) burning. Although pasture clearing
through controlled burning has been used for centuries, the current trend towards uncontrolled
burning is a major threat to wogusturesWe alsofound some evidence of (illegal) tree cutting,

while historicallyonl v br anches wer e cut iamgdd othgasidfesr un k
in Central Romaniare not consistently formally protected within the EU, and our results show
that their persistence in Transylvania is in danger. Therefore, a solid ecologieadtanding in
combination with knowledge on cultural and human livelihood importance of yasidires

needs to be developed to further their recognition for formal conservation.

Chapter 5 uses a further case stuttygain a deeper understanding of weuatstures at local
scale. In this chapter, we investigated the link between institutions, users and the ecological
system in Western Estonia. We compared the structure of-pasidres under a national subsidy
schemes for either restoring or managing wpestures, to abandoned wepdstures and
ungrazed forest stands to explore the effects of management. The density qfastods was
higher in abandoned wogqghstures than in all other sites, also the skhersitywas the highest
in forest and abandonedes. The most common species in all wgratstures was birch. This
was also the most common species in forest, suggesting, that in the Estonian case the natural
forest composition has a strong influence over the tree species inpastdes. Our results
showed a positive effect of subsidies on the habitat value of ywasetlires, as restored sites were
not significantly different from old wooegastures in density and canopy openness, while
abandonment rapidly led to a fordike structure. The significawkifference between old/restored
and abandoned sites shows that wpadtures in Estonia are dependent on regular active
management.

In addition, we conducted interviews with 24 farmers to understand the history of wood

pasture management and investigdeir motivations to join the schemes and carry out the
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management. The history of woepdsture management in Western Estonia was diverse and
complex due to various regime shift and land reforms. Many had been abandoned during the
second half of the twemrtih century. Most farmers started farming in or after the end of the Soviet
rule in 1991. Only a few of the farmers had farmed independently before that time with a small
amount of land, while the others established their farms more recently. The mosbrcomm
livestock in woodpastures in Western Estonia were cattle for beef production. Dairy cows and
sheep as main livestock declined in recent years because of workload and market prices. Like the
grazing management, also the tree management was very diuemsenost cases only done for
keeping the pastures open. Still almost all wpadtures in Western Estonia are too dense to
receive the single area payment from the first pillar of the common agricultural policy of the
European Union and therefore theacial support from the national subsidy schemes was vital

for management. We were able to identify five categories of motivations including $plit in
intrinsic and extrinsic motivations, with the financial support being the most important. However,
thefinancial incentives were not the only reasons for farmers to carry out the managastent
personal values related to tradition also played an important role. The interviewed farmers
differed considerably in their motivations. Nevertheless, almostratigies confirmed that they

would not manage the wd-pastures without the subsighayments, making this a necessary
(albeit not sufficient) condition for farmers to manage wpadtures. We shad that wood
pastures in western Estonia are sd@ablogical systems that depend strongly on active
management to maintain their habitat value. This management, in turn, is dependent on various
factors such as EU and national policies, but also on the extrinsic and intrinsic motivations of
farmers. For example, finac i a | incentives play an-makingortant
but also intrinsic motivations such as tradition. When designing policies this combination of

motivations should be takentinaccount.

Chapter 6focuses in another case study on thk fiatweerformal and informainstitutionsand

users in woogpasture managementaéentral Romanidn this chapter, we look at woquhsture
governance in the region of Tarnava Mare in southern Transylvania (central Romania). We
describe the development @foodpastures in the region, their relatively stable historical
communal managemehy the Saxon communityhe destructive impact of the communist era

and challenges faced today as Romania is entering a new era of agricultural development. The
woodpastues in Southern Transylvania were formed and maintained over centuries under
communal governance, and their status as a community resource is an important part of their
historical identity. The governance of comnuool resource faesseveral challengesish as
temptation to freeload, i.e. to benefit at the cost of others, or overharvest. However, stable
institutions that are monitored and enforced can provide-tiermg sustainable management of
common resources. Analysing the problems and solutions foyndommons governance

institutions around the world, Elin@dstromdeveloped a number of design principles or core
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factors shared by long sustained commons regimes. Along these principals we compared general
characteristics of thaistoric Saxon grazing gime. Wood-pastures had clear boundaries on
spatial and temporal scale, as well as rules where to graze when and even with which type of
livestock. The proportional equivalence between benefits and costs was reflected in the work
amount of the villagers l&ted to amount of livestock. Collective choice arrangements were made

in an annual meeting held by an elected grazing committee and the monitoring of the pastures
was secured by peers and formally recoded by the committee. The committee also worked as
corflict resolution mechanism, dealing with the problems of users. For not carrying out
maintenance work, graduated sanctions were imposed ranging from financial penalties to be
excluded from the use of the resources. The minimal recognition of rights tizergaas secured
through the political, administrative and judicial autonaimt thecommunityhad at that time,

as well as the byheir sole right to control grazing on pasture and oak folaestontrast to
previous views of commons as ineffective and even damagingrfoof resourcananagement,

it appearghat the commons institutions of the Saxons were able to managepastules in a
sustainable waydowever, theseommunitiesvereirrevocablydestroyed in the late 2@entury

ard their institutions damaged by decades of political and social upheaval. Recent developments
suggest that the future of the wepdstures is not assured and unstable governance increases
susceptibility to threats such as abandonment and illegal felingecent years, grazing
associations have been formed in the region to manage the commém&dentifed challenges

linked to Ostrons key threatdo sustainable governance systefasing these associatians
Blueprint thinking tries to apply universal sbhns to often locally specific conditions, in much

the same way as current requirements for European agricultural subsidy payments dictate
management parameters that asggmis must fulfil. Also, rapicchanges in technology and
human populations occudewith the mechanization of agriculture and the changes in farm
structures, as well as the dramatic population changes that took place in Romania in the second
half of the 20th century. The population changes have also led to transmission failureshin whic
the principles of an effective communigg@verned institution were not passed down from one
generation to another, due to the interruption of the period of collectivization. The changes in
technology and farming systems in general have increased thredeeteity of participants;
villagers with rights to a communal pasture may own 1, 10 or 100 cows, increasing the
heterogeneity of interests represented. Finally, corruption and other forms of opportunistic
behaviour were rife in the communist era and areoaraged today by the subsidy money
available, leading to a decrease in trust in commons institutions and in willingness to cooperate.
The current governance seems to be negatively affecting the ecological value of the wood
pastures. Half of all woedastres were affected by under or occasionally @rezing.
Potentially more serious, however, is the burning (intentional or unintentional) or felling of trees

in wood-pastures. Problems of wogastures management in the region cannot be sufficiently
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addrs sed by a c¢l assical conservation Oreservebd
pastures and too little support from the current conservation infrastructure in Romania, but also
such an approach would decouple the ecological and social systemsai\eapproaches could

include strengthening communal institutions to support sustainable community use.

Synthesis

This dissertation provides important insights on wpadtures as sociakological systems and

their sustainable development into the fatuFirst, it demonstrates the ecological and cultural
importance of woogbastures in general, and second calls for an increased recognition of these
socialecological systems for conservation and especially in land use policies. This is urgent,
since laneuse change and the ongoing erosion of the links between the ecological and the social
systems may cause a further decline of wpasture all over Europe. By looking at wepalsture
through the lens of soctalcological systems, this dissertation contigisuto the knowledge of
wood-pastures on European and local scales, as well as from an ecological and a cultural point of
view. In the following, | will discuss my findings from this dissertation following the structure of
my research questions my reseagefestions. | then derive policy recommendations from my
findings, followed by an identification of potential pathways for the sustainable development of
these important landscapes in the future.

Current status and recognition of wopdstures as landisetype

All chapters of this dissertation show that European wmastures are still a largely forgotten
habitat type in European land use policies, and often also at national level. This results in them
Afalling through the c¢r ac lOsetgtivef(dhapterka mpghee i n
Common Agricultural Policy (chapters 3, 4, 5 and 6). The EU Habitats Directive only recognizes
some distinct type of woepastures such as the Fennoscandian vpaatures in Scandinavia or
Dehesas and Montados in Spain andd®al (chapter 2), while the CAP only supports pastures
with up to 100 trees per ha (chapters 3 and 5), creating an incentive to abandon (chapter 5) or
transform wooepastures by removing trees and shrubs (chapters 4 and 6). This development has
certainly at least partly to do with the relatively small and scattered remaining area of wood
pastures in Europ@lieninger et al. 2015However, looking further, this may be also the result

of historical traditions duringspecially the 19th century of dividing grazing and forested land in
much of Europe, whereby the combination of the two was largely forbidden (chapter 6). As a
result, frameworks and concepts for dealing with land use types usually consider only land for
grazing or land for timber production, but rarely the combination of the(Beogmeier et al.

2010; Beaufoy 2014 Related to this, the large variability in wepdsture structure as shown in
Chapters 2 and 3 meant that it falls foul of thetreddy restrictive definitions of land use/land

cover that are often used in policy makifgpaufoy 2014; Beaufoy et al. 201%ven though
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there are some good approaches to supportypastlres financially on national or regional scale
(chapters 2 and 5), it would make their integration in agricultural land easier if they would be
recognized as a specific land use type by EU land use policies but also on national scale.

Structure of woogbastures contributes to heterogeneous landscapes

The definition of wooepastures apermanent grazed grasslands combined gdttteredrees
and/orshrubs(Bergmeier et al. 2010% broad, and my results shaaross all chaptetbat the
diversity contained within this definition is central to their identithe dructureand species
composition of woogpastures is vergiverse across Eurogehapters 23, 4 and %, sometimes
even within regions (chapters 3 aBjJl Through selectivéree management, e.gemoval or
maintainingof trees for differenpurposes (fruit production, ledddder, shade, timber etc.),
wood-pastires differ not only in species composition from the surrounding forest, baftare
more speciesich thanthe locafforest (chapters 4 and 5), acting agaegic resourcg®lieninger

et al. 2015; Garrido et al. 201 Nloreover, the empirical work of this dissertation showes t
open environment of woepastures allows trees to becobigger (and therefore assumed older)
than in forest (chapter 4), thus also insieg their value as habitats for different speitsrak

and Rébl 2012; Dorresteijn et al. 2013; Lindenmayer et al. 26{eterogeneous landscapes,
especially with a high proportion of semétural habitats, have been suggested as a major driver
of farmland biodiverisy (Tscharntke et al. 2012; Tuck et al. 20&4y through their contribution

to this heterogeneity on landscape scale woagtures are also supporting biodiversity
(Bergmeier et al. 2010; Mannireg al. 2013)Nevertheless we found across all chapters the main
threat to wooepastures, due tdifferent causes, itheloss oftheir semiopen structure, which

would lead to a loss of heterogeneity and therefore to a loss of biodiversity.

Tradition maintains structural diversity

My findings in chapters 4 and 5 suggest that the management ofpastdte is important for
maintaining their serabpen structure. While the history of management had a strong influence
on the current structure of wogeéstires (chapters 2, 3, 4, 5 and 6) the current management will
shape their structure in the future (chapter 3). Without any management, mogiasture will

be lost in the future (chapters 3, 4 and 5). Abandonment will lead to forest regrowth (chapter 5),
while neglecting the tree component will lead to an open pasture (chapter 4) confirming the
findings ofPlieninger et al. (2003)herefore not only active managemerigoter 5), but also
appropriate (chapters 4 and 6) management is important to maintain thepsentharacter of
wood-pasturegsee also Plieninger and Hartel, 2D1#h general also many other spediieh
habitats of high nature value in Europe depend on human managseehtalada et al. 2011)
Therefore it is important to know what influences farmers to managensgunal habitat or high
nature value (HNV) farmland such as adpastures (de Snoo et al. 2013; Birge and Herzon

2014). In my case study form Western Estonia, | found different factors influencing management
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decisions. Farmers are not only managing wpasture for financial incentives, but also for more
intrinsic reasons such as animal welfare, biodiversity and especially tradition (chapter 5). The
case study in Central Romania highlights the importance of tradition for a continuous
management over centuries (chapter 6). Other studies (e.g., Siebert et al. 2006;aRdrt
Schwarz 2013) have also shown that financial aspects are not the only, or even the main,
motivation for farmers to carry out biodiversityendly management. Chapter 6 shows
furthermore how management can change when traditions vanish and thenabihowledge

about systems is lost, leading to inappropriate management actions for the system such as
uncontrolled fire (chapter 4). Therefore, traditional and local ecological knowledge is considered
a valuable for improving management of wemastues (Burgi et al. 2013; Varga and Molnar

2014) Traditions, and thus traditional management, can vary across regionsracc:ase
different ideas of how landscapes are perceived, and thus what an ideal landscape should look
like (Schaich et al. 2010and with this contribute to the diversity of wepdstures within and

across regiongsee also Moreira et al. 2006)

Robustinstitutions safeguarding sustainable management of vpastures

In Chapter 5 and 6 | have shown how institutions can influence the management ef wood
pasturesThe case study in Western Estonia fitka 5)exemplifieshow formal institutions can
support the contimusmanagement of woeplastures and even their reactivation. The financial
support(in this case byhe state environmental board providing agrvironment payments) is
necessary for themanagement of @od-pastures in Western Estonia, in a situatidrere this

form of land use is no longer economically competitivether pastures (chapter 5).Romania,

in contrast higher level formal institutions (European Union) can even hinderustaisable
management of woeplastures by providing incentives to clear pastures of trees (chapter 4 and
6). While centuryiong informal institutions have secured a sustainable management of wood
pastures, the loss of theses informal institutions in CleRoenania (chapter 6) has also
contributed to an unsustainable management of wpastures (chapter 6). Formal institutions
(such as the EU or national authorities) play an important role when it comes to the management
of woodpasturegBeaufoy 2014; Kirby and Perry 2014; Plieninger et al. 20lgVvertheless
formal institutions are known to be prone to collafisartel et al. 2016and existing literature
highlights the importance of robust informal institutions forSSétich as wooegasturege.g.
Brondizio et al. 2009; H&zl et al. 2016; HorceRlilcu et al. 2017) Informal institutions can be
seen as a form afocial capital formedithrough divese processes involving thevddopment of

trust, norms of reciprocity, and networks of civic engagement, including the nadégves within

and between levels oirganization (Brondizio et al. 2009)Social capital is known for playing

an important role in the management for SBE8nitage et al. 2009; Ostrom 2008hd is also

described byPlieninger and Hartgk014)as fit he gl ue o | oc aphstueo mmuni ti e

together.
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My case studies highlight the importance for both robust formal and informal institutions
for the management of wogmhstures. These institutions need to be adaptable to the context, and
there is a need for consistency over time to governteng socialecological systems such as
wood-pastures. Nevertheles@{artel et al. 2016plso suggestethat periods of institutional
instability can create possibilities faleveloping a multilevel governancesggm for socidl
ecological suminability, following the idea oBennett et al(2015 thatonly multiple institutions

may achieve sustainable results, crafted by the sec@bgical system in question.

Policy recommendations

Based ommy findings on the current status wbodpasturesl! identify the need for a better
integration of wooepastures in international and national policies. That means spégiftbat

all wood-pastures should be eligible for the Single Area Payments of the European Common
Agricultural Policy,independently of the number of trees peytbamake them equal to other
pasture landThis call has been echoed by a wide range of experts in this field in recent years
(e.g.Beaufoy, 2014; Garbarino and Bergn{dakobsson and Lindborg 20152014; Plieninger

et al., 2015)In addition both CAP regulations and implementation of regulations at national
level should use a more flexibEbout thedefinition of grazing land not only when it comes to
tree density, but also for other structural features sushréece stonegroups of treesr hedges
(Beaufoy et al. 2011)This would benefitnot only woodpasturesbut also the thousands of
hectares of ineligible but high nature value grazing I@ehufoy and Marsden 2010; Peeters
2012)

Also resultsbased agrenvironmeh measuregpromoted at EU level would be an ideal
measureto supportwoodpastures, as the presence of trees is an excellent indicator for
biodiversity andcan easily be measuredseeUnderwood 2014) This could be an additional
source of support for taking specific management actook as removing or replanting trees to
guarantee their seripen structureNevertheless, when designing AES the different motivations
of farmers should be considered to guarantee the acceptance of farmers for the measures and
therefore their succegseealsoSchmitzberger et al. 2005; de Snoo et al. 2013; Birge and Herzon
2014)

Nature conservation policies at the EU level, suclha€tUHabitas Directive, need to include
wood-pastures across Europe aspacifichabitattype (or group of habitat types) with land use
combining grazing and forestry management. This recognition walitdv the special
managemenbf woodpasture as aotnbination of pasture and tre@Blieninger et al. 2015)
Further work describing differemtood-pasture habitats (e.qg. floristically, on which EUNIS and
Habitats Diretive definitions can be based) is necessary tourederstand the variation in wood
pasture types across Europe and provide an inclusive and workable definition for these policies.
It would also help to identify the most valuable habitats, either from a biodiversity or a cultural

point of view, which cou then be included as priority habitat types for conservation.
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Pathwaydor a sustainable development of European wpastures

Financial incentives or regulations and sanctions are frequently used in the support-of semi
natural habitats such as wepddures(Kleijn et al. 2011; Birge and Herzon 2014)et asthis
dissertation has shown, wopdstures areomplexsociatecological systems with long histories

of use, andnany other dctorsapart from economigslay a role in their continued management

As elements of cultural landscapemod-pastures were influenced by changing saionomic
conditions such asregime shifts, changing institutiongchapters 5 and 6) but also
industrialization,populationgrowth and market conditiongchapter 2). These changes have
caused a loss of the link between the ecological and the social system over time (Plieninger &
Hartel 2014). Nevertheless, all empiricailidies in this dissertation have shown the ecological
and cultural value of woegdasture in Europe (chapters 3, 4 and 5). The question is therefore how
to foster a sustainable futufer woodpasturesBetter integration of woegastures into EU and
national policies as suggested above will play an important role, but it is unlikelystdfiméent

to ensure their sustainable futyBeaufoy 2014)The evidence shows thaixsidy based systems
havehad mixed succedbus far in conservinthe nature values of sematural farming systems
(Kleijn et al. 2001; Kleijn et al. 2011)n fact, making management depeamdon subsidies can
weaken the tig between humanand naturgBeaufoy 2014) leading to a decouplinof the
ecological ad the social systefffrischer et al. 2IR). Yet strong links between nature and society
are essential for an effective conservation of cultural lands¢&seher et al. 2012nhcluding

their elements such as woepdstures. Therefore it is important to strengthening existing links or
to create new links between tbecial and the ecological systamhile not trying to preserve the
past, but instead finding links that fit into modern con{@kscher et al. 2012; Plieninger and
Hartel 2014) Some of these new links are mentioned in this dissertation, such as the production
of high quality products undéhe umbrella of organic farming such as the famous Iberian ham
(chapter 2). Chapter 5 also notes options in Western Estonia to sell products froipastods

as organic. Another option would be e@oaoirism, also shown in chapter 5 as one potential to
diversify the use of wooegastures.Plieninger and Hartel(2014) also mention forest
certifications, renewable energy producti@so mentioned bRieling and Konold 2014)and
hunting as opportunities for woquhstures.

My case studies have shown the impact of social capital for the management of wood
pasturesAlso other case studies have shown the importance of social capital foipasioule
managemenseePlieninger and Hartel 2014 owever it depends on the social background what
kind of social capital is needed to support a sustainable management fepasiods. For
Central Romania building up social capital in the newly formed grazing associdtyons
strengthening the trust between members and the professionalising the framework of the
association could benefit the management of the vpastures administem MWestern Estonia,

networks of farmers managing wopdstures could be of potential use to share knowledge but
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also machinery. Overall, the stronger the social capital, the more resilient are systems is in times
of changgPlieninger and Bieling, 2013)herefore woogbasture all over Europe would benefit

by increasindeatures of sociataptialsuch as trust, norms, formal support groups and informal
networks(Buchmann2009)

Conclusions and further research

Woodpasturesare elements otultural and natural heritagbut they are under pressure from
global change. This leads mainly to lamgk intensification or abandonment, whereby the unique
semiopen structure of woedastures that supports biodiversity on both local and landscape
scales is lost. The future of thesaluable cultural landscapes depends on the resilience of the
sociatecological system that they are part of. Looking at woastures from different scales and
across disciplines, this dissertation contributes to the knowledge about thisesotigicd
system in a holistic way and identifies pathways for sustairddlelopment into the future.
These pathways include better integration of wpastures in different policies and policy levels
(agricultural and environmental, European and national)tioreaf new links between the social
and ecological components of wepdstures for example by diversifying their use, as well as
creating social capital among wopdsture users and managers. To use these pathways, we need
further research on the real emt of woodpastures across Europe, as well as to understand better
the effects of tree density on biodiversity and productive use to inform policy. Market options
should be explored to incentivise sustainable use and collaborations between farmergeshcoura
to increase social capital. Bygportingthe persistence of these seppen, extensively used
culturallandscapes & @uld make a significant contribution to the goal of halting biodiversity
decline andmaintaining cultural heritage Europe
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Diversity, threats and conservation of European woastures

Introduction

Grazed wooded landscapes have played a cruciahrtie history of the European countryside.
From the Neolithic, woogbastures have been at the heart of subsistence economies of most rural
societies throughout Europe, and they are still locally relevant for the economic integrity of some
marginal ruralareas. Various, often complex, forms of agilwopastoral systems evolved and
became part of the regional cultural history. Although the number of ywastires has declined
significantly over the past century, most countries retain a significant nurtierse habitats.
Sharing the common elements of scattered trees and bushes accompanied by herbaceous
vegetation, European woguhstures nevertheless exhibit a wide range of structures and types,
due to the variety of biogeographic and environmental condit(climate, soil, topography,
geology) as well as social contexts in which they develop. ¥pastures are also influenced by
the regional land use history, current management, grazing animals and seasonality. Also the uses
of wood-pastures vary widelgver space and time. Remarkable in their multifunctionality, wood
pastures can provide a variety of products and services, such as building materials, fuel, forage,
food, cork, shelter and recreation, the importance of which depends on the local cestalddqs
Oppermann2014). Agricultural and industrial developments have affected the economic value
of woodpastures, which is now very low imost parts of Europe. Although still in active use in
many parts of Southern and Eastern Europe, in Western arkdekh Europe they are mostly
relicts or new achievements primarily maintained for biodiversity conservation purposes
(Bergmeieret al, 2010). Wooepastures are vulnerable across Europe. Among the major threats
are forest regrowth due to land abandonmiamduse change and the degradation caused by a
reduction in the number of old trees and the lack of regeneration due to overgrazing. Although
national or local conservation approaches exist to maintain-pasiires as important habitats
for biodiversiy (Finck et al.,, 2002), they are poorly supported by international policies. At the
European Union level, woggastures are only partially recognised in conservation policies such
as the Habitats Directive (Bergmeeral,, 2010), while agricultural policis actively detrimental
to woodpastures in some areas (Peeters and Warda, 2012).

In this chapter, we attempt to outline the geographical variation and functional
characteristics of woedastures across Europe. Further, we comment on threats to vgpesis t
of woodpastures, exemplify their significance for biodiversity conservation, and address

conservation needs and approaches at local and European levels.

Wood-pastures in Europei geographical diversity and variation in management

Woodpastures still in use can be found especially in southern andeastétrn Europe, in parts
of boreal and subarctic Europe and in the central European mountains. Activpasbocks are
easily recognizable by the-omcurrence of both trees and graganimals; former wocgastures

may be identified by the presence of ancient trees overgrown by forest or scattered in an
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agricultural land scape, often revealing signs of former management such as pollarding and
lopping. The essential purpose of weaastures is to provide fodder, including grdsayes and

buds, acorns and other fruits, for a variety of domestic animals. Closely connected is the collection
of leafy hay from deciduous trees. Ldaflder was indispensable in areas of sedentary animal
husbandry where livestock had to be kept and fed in stables during harsh winters, particularly in
areas without stubble fields and other pasture resources to be used for grazing in the cold season.
Machatschek (2002) illustrates the diversity of historigalg and techniques and manners of use
around farming systems using leafy hay in Southern central Europe. Halstead and Tierney (1998)
exemplify the significance of leafind twigfodder cut from trees for animal husbandry until the

late 20th century in thmountains of northwest Greece. During the 20th century, together with
silvopastoralism, the use of arboreal fodder has declined dramatically to the point of nearly total
abandonment in almost all European countries. It should be kept in mind, thoutgafifaatder

was not only essential to livestock but also shaped the cultural landscape together with wood
pasture from Norway to the Mediterranean over millennia.

Multipurpose grazed woodlands provided a variety of additional products of major local
importance, such as firewood, brushwood, timber and wood to carve tools and for furniture, bark,
bast fibre for textiles and rope, cork, also litter, fruits, mushrooms and honey. Different tree
species serve different purposes, and each region of Europe dtasf daree species at disposal
that fulfiled local demands of sustenance, craft, trade and industry. Onekneelh
contemporary supplementary use of wqpadtures is cork harvesting, practised in the southern
Iberian Peninsula, southern Italy and norteiMsfrica. The thick cork cambium layer of the cork
oak Quercus subdris harvested everyi&2 years to produce cork. Cork oak forests are an
important part of the Iberian wogqehstures called dehesa and montado and an important habitat
for many threaterteplants and animals. Bergmeddral.(2010) classify European woquhsture
types using geobotanical criteria such as overall distribution, vegetation structure, elevation and
prevailing trees. Following this survey, Table 2.1 shows the wide spectruadifonal wood
pasture types from the subarctic to the Mediterranean, and Figure 2.1 shows an example of
abandoned riparian oash wooe€pasture. Some types are still managed and are of local or
regional economic significance, while other types have lakgmished or are still extant as relict
of a former period in landse history.

Several names of wooded pastures or grazed woodlands in local or regional use have
become internationally recognised to describe regional variants of wastires (Bergmeiet
a., 2010). Commonly, the regional -pagtmurfed, Oowiatsh
the implicit understanding of the presence of trees in any decent pasture. Dehesa and montado
are Spanish and Portuguese equivalents of open pastoral nagditen savanndtke, chiefly
with old- growth evergreen holm oalQ(ercus rotundifolia and cork oak, used as grazing

grounds for hogs, cattle, sheep and sometimes deer. Forest, hutewald (Hutewald), weidfeld,
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wytfeld and I6vang denote wooded grasstama grazed open woodlands with -gicbwth
deciduous trees in England, north and south Germany, Switzerland and Sweden, respectively.
This type of wooepasture can be found in much of Europe, although there might be no specific

traditional names in somegiens.

Figure 2.1 Abandoned riparian oa#sh wooepasture (Hudewaktype with veteran trees of
Quercus robur and Fraxinus pallisa€hilia Dendra,Doiran, CentralMacedonia, Greece, May
2013.

Source: U. Bergmeier

Open wooded commons (viehweidgighwoadt) in the northern Alps foreland, until the
19th century multipurpose woquhsture where ledfay and litter was collected and trees cut for
timber and firewood, are still locally used as pasture for cattle and horses. Shibljak-is semi
deciduous stubland of the Balkan and Black Sea regions resulting from forest degradation and
long-term grazing (Figure 2.2). Macchia (maquis), garrigue and matorral are Mediterranean
evergreen bushland and scrub formations of heights mostly between 1 and 3meteemeThe
composed of ericaceous and cistaceous species, but junipers, brooms and many-otueirs co
Pseudomacchia is an oOartificialé geobotanica
formations dominated by shrubby Kermes o&luércus cocciferp frequently as patches in
grasslands and replacing sub Mediterranean woodlands. Kratt (krattwald, krattskog, stiihbusch)
indicate deciduous coppiced oak woodland, in former times frequently used apagtock, in
northern central Europe and in southern Ferenodi@. Rotational historical agsivopastoral
woodpastures such as the Ha ullirehrcgppide édvbbdscirkthee r g 6 )
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Siegerland and Westerwald in nowtlestern Germany provided in a-g8ar rotation charcoal,
fodder for cattle, litterrdanbar k ( 6Ger bl ohed) and firewood after
the trees, and eventually buckwheat or rye and straw in an intercropping year after the wood
harvest (Becker and Fasel, 2007).
From its medieval origin, the Hauberg wood rotation asstaswble and cooperative
systemlasted several centuries until it declined in themiddle of the 20th century. Similar

multipurpose coppice woodlands existed in south Germany, such as the Reutberg and the

Birkenberg system in the central Black Forest an®tharian Forest, respectively (Abetz, 1955;
Reif and Oberdorfer, 1990).

Yy,

Figure 2.2 Sheepand goaigrazed deciduous shrubland (shibljak) with Paliurus splmsti
and lowground pasture rich in annuals, Central Macedonia, Greece, May 2013.
Source: UBergmeier

Biodiversity of wood-pastures

Depending on the density and age of the trees as well as grazing managemepgstoes can

vary in structure, with different environmental conditions and gradients even within a wood
pasture. This provides a high density of ecotones, i.e. borderéas af different habitats with
shortdistance gradients of light and nutrient availability, humidity, soil moisture and browsing
impact. Through grazing and browsing, unpalatable, small or seasonal plants gain competitive
strength. Domestic grazing animalample trackways, dig the ground, seek shelter underneath
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tree canopies and produce faecal sites that are commonly ungrazed. Such daily and yearly routines
result in spatially and temporally very different degrees of disturbance of the ground. Grazing
animals distribute propagules and create open soil, thereby providing safe sites for seedlings of
uncompetitive plants. The impact of different grazing animals on the vegetation structure is
significant (see Uytvanck and Verhey@®14. Nurse effects of shbs or shrubby trees may be

vital for the rejuvenation of other woody plants or herbs (see also Garbarino and Bergmeier,
2014. A large number of plants, animals and fungidf@ from the varied structuref wood
pastures. Although there are no speciadusively linked to woodpastures, some species may

be regionally restricted today to wepdsture landscape&mong vascular plants, shattderant
unpalatable geophytes such as peorffegniasp.) and helleboredi€lleborussp.) belong to

this groupHelleborus odorus subsp. cyclophyliuas found to remain as virtually the last living
herbaceous plant in a heavily overgrazed game enclosure in oak woodland in the region of Epirus
(northwest Greece) (Chaideftat al, 2009). The richness of rare epipibybryophytes and
lichens on solitary trees in woqmhstures, as observed in several studies, is chiefly based on
habitat continuity associated with the presence of ancient trees and deadwood.

A considerable number of hypogean fungi such as trufflfesbg sp.) prefer
thermophilous open woodlands, especiallysutb Mediterranearegions of Europe such as in
Spain, France and ltaly (Reylmmenech andsarciaBarreda, 2009). In Greece, open pine
woods, deciduous and evergreen oak woodlands, as well as widbdsornbeam(Carpinus
betulus,C. orientali§ and hazel Corylus avellana have recently been identified as principal
habitats for truffles (Tuber sp.) and other hypogean trliKEe fungi (Elaphomyces,
Melanogasteiand other genera) (Diamandis and &enli, 2008). As truffle habitats, grazed oak
and hornbeam woodlands are currently gaining attention in Greece as possible economic
alternatives to more intensive forms of land use, or to abandonment.

Ancient tree§ similar to senescent primeval forestt lucontrast to commercial forests
I are a characteristic element of many types of wwmasture. Old wood and deadwood,
continuously present through centuries, is a precondition also for many other rare and specialist
organisms, including saproxylic fungind wooddwelling beetles (Desendest al, 1999;
Taboadeet al, 2006; see also FalR014). Populations of large insects to feed on as well as
knotholes and other structures of old and gnarled trees for nesting maggowttd wood
pastures an attracéhabitat for insectivorous birds such as shrikesijussp.), hoopoel{pupa
epop$, roller (Coracius garrulug, scops and little owl(@tus scops, Athene nocjuavryneck
(Jynx torquillg and middle spotted woodpeck®&egndrocopus mediyswhich all prefe stands
with old trees, particularly oaks. Nine out of ten species of woodpeckers of Romania were
identified in the ancient woepastures of southern Transylvania, some listed in the EU Birds
Directive. The extensive Iberian cork oak dehesas are thergrimhitat of Spanish imperial

eaglesAquila adalbert), also listed in the EBirds Directive Annex |, which nests in tall solitary
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trees (Tucker and Evans, 1997; BirdLife International, 2004). The rarest European felid, the
Spanish lynx [(ynx pardinu}, listed as Annex Il priority species in the EU Habitats Directive,
prefers wooepasture landscapes, in particular cork oak dehesas. Also the European genet
(Genetta genet)aand Egyptian mongooseéiérpestes ichneumdroccur in Iberian dehesas.
Recent studis in Romania have shown that the European brown hiauq arctoy, also
priority-listed in the EU Habitats Directive, uses weuastures for foraging activities. Several
largescale conservation projects are making use of wiasdures as suitable hattitto
reintroduce large herbivores such as European biBisor{ bonasys Eurasian elk4lces alcek

wild boar Sus scrofpand semferal domestic animals such as the konik, Exmoor ponies and the
heck cattle (Finclet al, 2004).

Threats to wood-pastures

Threats to woogbasture habitats are primarily the result of changes in traditional land use caused
by overall social and economic change in rural landscapes. Such clmaagesfect wood
pastures in two different ways: intensification ofraal husbandry and thus higher livestock
densities on the one hand, and land abandonment followed by shrub encroachment, wood
succession and loss of smadicale habitat diversity on the other hand. As for other non
intensively used habitats, agriculturatpansion and intensification, urbanisation and road
construction have fragmented wepdsture habitats (Bergmeietral, 2010). The major threats

are highlighted below.

Decline of old trees

Much of the biodiversity of pastoral woodlands depends on trseipce and abundance of -old
growth, tall broaetanopy trees, in particular veteran trees, chiefly oaks, and locally beeches,
chestnuts, ashes or others. If the natural loss of senescent trees is not compensated by
rejuvenation, the result will be open gihassl; or if the wooepasture is neglected, dynamic
processes will lead tmore or lessdense forest (Bergmeiet al, 2010). Reduction of old trees

may be caused by natural decay, but also triggered by unusual climatic events (late winter frost,
dry andwarm spring and summer, lightning strike). Further causes, especially in east and
southeast Europe, are cutting of old trees (legal or illegal) and uncontrolled burning to reduce the

dead grassy vegetation.

Lack of regeneration

The dieback of old trees in woguhstures is particularly problematic if there is a lack of tree
regeneration (Diaet al,, 1997; Plieningeet al, 2003;Dimopoulos and Bergmeier, 2004; Hartel

et al, 2013). Regeneration failure may be an inherent proldbemvoodpastures, requiring
replanting of the key tree species. It can additionally occur through too long periods of

overgrazing, such as has regionally occurred in the Mediterranean over recent decades (Bauer
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and Bergmeier, 2011). Lack of seedlings angknile trees can be observed chiefly in pastoral
woodlands with goat grazing. Goats are known to selectively browse young trees and shrubs.
Overgrazing in general also reduces the understorey, including shrubby nurse plants that would
otherwise providefeelter for shadelemanding tree seedlings (Vera, 2000). The effects of grazing

on regeneration are complex and summarised in by Ujtvanck and Ve(RBéydn In some areas,
numbers of sheep and other livestock increased towards the end of the 20th cemtiaryhe

EU Common Agricultural Policy per capita subsidies (Lyrintzis, 1996). EUsubsidies are currently
no longer paid per livestock unit, but instead decoupled from production. The present
requirements for the payments (for detailed information seaf8g22014 can, however, also

pose a threat to regeneration. For instance, in Romania and other east European countries, farmers
commonly remove all kind of shrubs and young trees to fulfil the obligations. Similar problems

occur in other parts of EurogBeaufoyet al., 2011).

Forest regrowth

Most lowland pastoral woodlands of the Hutewald type in western and central Europe were
abandoned in the 19th century and converted to ungrazed forest. This was partly a result of
decreasing economic viability of thland use type, but also because of the legal prohibition of
grazing in forest due to increasing timber and fuelwood scarcity (Vera, 2000; Ellenberg and
Leuschner, 2010). In southern and eastern Europe, rural depopulation and land abandonment took
place n particular in the second half of the 20th century. The abandonment of pastdre and
low-intensity farming systems leads to scrub encroachment and denser woodlands, which may
increase fire hazards especially in Mediterranean wpastures (Bostrorat al., 2013). As a

result of beech forest succession over a century in a former Hutewald in Germany, Schmidt (2010)
found that the recent plant species composition on the ground indicates overall darker, drier and
more nutrientrich conditions than 100 yesaago, when the landscape still had the appearance of

a Hutewald. Several rdisted species disappeared with the loss of the patchiness that is so

characteristic of woogastures.

Landuse intensification

Landuse intensification is a serious threat taapastures, especially in the lowland regions of
Europe. The use of woequhstures can be intensified in two main (and often simultaneously
occurring) ways: (1) with the removal of the structural elements (i.e. trees) to enlarge grazing
areas and obtaimore grass fodder for the livestock and (2) with the use of fertilizer and artificial
seeding, thus destroying the sematural condition of woogbastures. In Mediterranean
countries, traditional sedentary wopdsture, commonly including olive orchards stimes

with centuryold trees, are threatened by intensification. Groves of old olive trees are a
characteristic element of the traditional Mediterranean landscape (Figure 2.3). Ancient olive

groves can be very rich in rare bulbous plants such as orctiigs, fiyacinths and crocuses.
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Modern irrigationdependent olive varieties were introduced in the late 20th century,
subsequently replacing leimput orchards by plantations that are irrigated, more frequently tilled
or ploughed, and treated with herbigd&izos and Koulouri, 2010).

Similarly, in norMediterranean Europe, extensive Streuobst grasslands of standard
apple, pear and cherry trees, formerly common around villages and eminent for the cultivation of
traditional or local fruit varieties, have been abandoned or removed. fdseb®en considerable
loss of Streuobstmeadows in Central Europe from the 1960s, chiefly due to reallocation of
farming lands and rural development (Bergmeieall., 2010). Another fornof intensification is
to give up the pasture in total and to convbe area in arable land, which is more efficient in
terms of subsidies and brings more yields. Higher yields are likewise the motive for the enormous
increase of Eucalyptus plantations in recent decades ina@stiern Europe. Large quantities of

Eucalyptis wood is used for paper production and many such plantations in Portugal and southern

Spain have replaced wogastures of the dehesa type.

P v i £ RS N AN I8/ A

Figure 2.3.0ld polrded olives and arable fields used as pasture after
Island of Chios, East Aegean, Greece. March 2013,

harvest. Kambochora,

Source: U. Bergmeier

Tree disease
Various species of Phytophthora root fungus have been identified as the pathogerdistsikg
in oak trees in central and southern Europe. Mortality rates in mature holm and cork oak stands

are high, particularly in the last two decades in Portugal, southwest Spain and lItaly. In recent
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years, moth infestations have occurred in central sodthern Europe, chiefly of oak
processionary mothThaumetopoea procession@égthodontidag but also ofTortrix viridana

(Tortricidae) and species of geometer moths (Geometridae), apparently associated with unusual
climatic events (late winter frost, dry and w
at the end of a process of vitality loss that may have gone unnoticsshfsr Affected weakened

trees commonly finally die through the additional effects of drought, fungus and insect attacks,

and water shortage (Brasier, 1992, 1996; Brasteal, 1993 Moreira and Martins, 2005;

Kaltenbach, 2007). In addition t®hytophthoa infestation, the chestnut blight fungus
Cryphmectria parasiticahas led to a sharp decline @astaneagroves, especially in Italy and

southern France, including former and present pastoral woodlands.

Conservation of woodpastures in Europe

The conseration status of the different European wqmabture types is difficult to establish, as

in each case a reference point for conservation status would have to be defined. To do this, the
environmental and management history should be known (see examgegeinsg&n anQuelch,

2014, and how these were related to the dynamics of the key structural elements of the wood
pastures. These variable factors differ from case to case and, even within a region, change over
time. Perhaps the greatest impediment to woasture conservation is that, despite their
existence throughout Europe, there is no baseline quantitative or spatial data on their international
distribution upon which to base a threat assessiénbd pasture is not mapped as a habitat

type in systemssuch as CORINE Land Cover, and although regional estimations on their
distribution exist (see Garbarino and Bergme®€]14 moreover Glaser and Hauke, 2004 or

Lui ck, 2009 for Ger many, and the maps of 6 Wo o
UK Biodiversity Action Plan, DEFRA, 2011), neither provides a comprehensive quantitative
survey of all types of woegastures in an internationally consistent way.

Nevertheless, with increasing recognition of the numerous benefits of pasbares for
biodiversity, but also of their vulnerability, there has been growing interest in recent years in the
preservation of woopastures (Plachter and Hampicke, 2010). Thedade approaches for the
protection of biodiversity and habitats, but also for sustainable agriculture, rural development
through valueadded production, and rural tourism (see also Bieling and Ko?@ld). Below,

we outline several important polisi@nd approaches supporting their preservation in Europe.

Biodiversity policy: The EU Habitats Directive

The Habitats Directive, together with the Birds Directive, is the major EU legislative instrument
for wildlife and nature conservation. Adopted in 198% aims of the Directive are to maintain

and restore favourable conservation status of natural habitats and of wild fauna and flora of

Community interest. The major means of achieving this is through a designated network of
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conservation areaisNatura 200 7 which host the species and habitat types identified in the

annexes of the Directive. Among the 233 European natural habitat types listed in Annex |

(European Commission, 2013), no less than 65 are to some extent related {oastooe. Of

these,onf our habi tat types are explicitly recognise
Juniperus communi§ or mati ons on heaths or cal careous gr &
arborescentmatorral 6, 66310: Sclerophlgl | ous gr a
wooded pasturesbéb. These habitat typ@atureover mer
habitats as classified by Bergmegtral. (2010) (Table 2.1).Most Annex | habitat types related

to woodpasture refer actually to forest habitats but it séaaspropriate to manage all of these

as, or restore them towards, forests as demanded by the definition given in the Interpretation

Manual. If criteria and definitions of forest habitats were strictly applied (which they are

frequently not), woogbastureswould have to be assessed unfavourable conservation status
(Bergmeieret al, 2010). Adequate forest management in Natura 2000 sites focuses on natural

processes and aims to maintain or restore ungrazed dense and tall forest. In this way, restoration

would lead to natural oldrowth forest rather than open waepdsture. In current practice,

however, sustainable livestock grazing in forests of Natura 2000 sites is commonly tolerated, at

least in south and southeast Europe, although it contradicts natgst €evelopment. The

resulting uncertainty in Natura 2000 sites of what should be managed as forest and what as wood

pasture calls for clarification. In general, the problem is that some-p@asidres are seen as

forest while others are recognised as wa&st, neither providing optimal management

prescriptions specifically for woegbastures. Many excellent wo@éstures, not included under

the Natura 2000 network due to poor conservation status as forest, should be included under a

new code designatidnas woodpasture.

State approaches to preserve wguastures

In countries where the economic value of wgadtures is now almost naxistent, local efforts

to maintain the semopen character of wogghstures focus on conservation management.
Support mayome from agricultural subsidies, as implemented for example in Estonia. Estonia
introduced national payments to support wooded meadows andpastages in 2001. Now the
money is partly extended by agmvironment subsidies from the EU for the managenirri
support for restoring (cutting out trees and fencing) is still paid by a national support scheme.
Every year, 00.15 million have been paid to supp
2001 and 2006, 200 ha of these habitats were restoredniB8a2008). Similarly, an agri
environment scheme option in Scotland offers support for the management of ancient wood
pastures, providing a yearly payment per hectare for environmentally sensitive practices and
management interventions such as the ertdicaf exotic rhododendron, creating protection for

young trees and the management of old trees. Public agricultural and nature conservation
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subsidies are essential for wepdsture preservation. A project on the commaibnendé in
the Alps foreland insouthern Bavaria showed that cooperative engagement together with
available public means in wogzhstures can provide an economically reasonable alternative to

agricultural intensification or abandonment (Lederbogfesl., 2004).

Rewilding

Another approeh tomaintain woogbastures is to establish sewild large herbi vores in
woodlands with yearound grazing, thus restricting the regrowth of trees and bushes. Such
interventions, known as rewilding, have increased in recent years. Robust breedsaoirfzats

or reintroduced native wild animals may be used (Bubréke et al, 2008). It is
recommendable to employ a suitable combination of herbivores, such as browsers and grazers
together. Sufficiently large and heterogeneous areas are necessaryethbteato feed the
growing popd lations of animals and to satisfy the specific requirements during all seasons.
Rewilding projects focus mainly on the biodiversity benefits of wpastures, attempting to
increase the ar ea olyinvestarn Burogel This ihnatmnlytasnsesl par t i
costefficient approach, but may also attract tourism (McAdaimal, 2009).However, by
emphasising natural driving forces, rewilding projects may disregard the former productive and
cultural functions ofvood pasture. As a result, rewilding has attracted both criticism and support
from various stakeholders, and has become a topic of controversy in some areas (see for example
Kirby, 2009; Vera, 2009).

Well-known and successful rewilding projects are for instance Oostvaardersplassen in
the Netherlands with Konik ponies, red deer and heck cattle, and the New Forest in southern
England, UK, with New Forest ponies, cattle and deer. Among the more re@mptattof
establishing largscale wooepasture are the Holtigbaum in north Germany and the Ennerdale
Valley project in the Lake District, UK, both grazed chiefly by Galloway cattle (von Oheimb
al., 2006; Browning and Gorst, 2013). Abandoned forme r@nylitraining areas are siale
enough to be very suitabfer reintroducing woogbasture, provided that the area of heavily
contaminated sites and the pollution risk through ammunition remains and oil spills can be
controlled. These projects also requimattstate and EU funding for landscape development and
biodiversity conservation can be combined with local initiatives andegyoomic, farming and
scientific expertise. In Germany, many former military training areas, especially in the east of the
courtry, have become property of the German Environment Foundation (DBU). This foundation
promotes rewilding as pasturelands, for example in Oranienbaumer Heide, part of the Biosphere
Reserve of the Middle Elbe in SaxeAyhalt (Figure 2.4) (Felinkst al, 2012).
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Vo

Figure 2.4.Wood pasture in the Oranienbaumer Heide, Saxfamyalt, Germany, with birch
(Betula pendulpand speciesich perennial grassland witheucedanum oreoselinuon base
rich sands. The former military training area is grazed by Konik horses and Heck cattle. July
2012,

Source A. Lorenz

Valueadded production

The rewilding approach may preserve some of the characteristics of formerpastares, but

it is not tre original meaning of woedasture, with the sustenance of the local societies having
priority. Just like certain other types of agroforestry systems, ypastlres may be sustainably
used (Mosquerhosadaet al, 2009) and due to the absence of chemical fertilizer may be
approved as organic farming, which means the products qualify agmiggoods. This applies

to a wide range of products and may enhance rural development in some European regions. A
well-knownsuch product is Iberian hainjamaon ibérico Large parts of the dehesas are primarily
maintained for the production of the ham through the acorn hard mast of the black Iberian pigs.
It has even been suggested to increase the area of holm oak dehesaasspecies provides
acorns most suitable to fatten the pigs (Gaspak, 2007). While in Spain, Portugal, the Croatian
Sava lowlands and elsewhere in southern Europe the farming of pigs ifpasiodes is extant

or recent history, in other partsifirope pig grazing in forests ended chiefly in the 19th century.

It is now being rediscovered locally. A wopdsture in Iphofen, Lower Franconia, Germany,
was restored in 2003 for the acornmast of different old pig breeds (Huss, 2013). Through the
immeda t e s u c chickelschweid tphr e j G c-pasturé wae extermed ¢h 2011 to 50
hectares. Traditional cattle breeds such as the s$fivetrwélderin the southern Blacforest,

southwest Germany, are well adapted to local diet, weather conditidrsteep slopes. As typical
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dualpurpose cattle it is farmed under suckler cow husbandry and as dairy cows. The
Hinterwaldercattle is indispensable toaintain the wooded pastures call&@idfeldwith their
impressive solitary beeches (Ludemann and Bgt2009; see also Bieling and Kondk@14).

Conclusion

Woodpastures are humanade. Even if implemented or revived under a rewilding concept, they
cannot be maintained or preserved without human interference. If they are to be accepted by the
locals, wand-pastures will have to be accessible and of economic or recreational value. The
income generated through tourism and landscape management, but also through animal and plant
products is essential and wil|l hetl lpe itrod cmreataud re
environment. European woguhstures are highly diverse in structure, species composition, land
use history and management. Due to their sggein and patchy character, as well as to their
habitat continuity, they accommodate numerous spegiagy of which rare and endangered.
Traditional woodpastures express part of the local social and economic history and are therefore
of considerable cultural significance. Nevertheless, many types op&am woogpastures are
threaened by various facts, most of them related to lade change. International conservation

is difficult due to considerable variation in the status, sustainability and resilience of extant wood
pasture, and the lack of information on a nati@ral parEuropean scale. Thedamplete and
inconsistent coverage of woopasture types in the Habitats Directive of the EU reflects this
problem. A wooegpasture seen as forest habitat suggests conservation measures that differ greatly
from those applicable to pastureland. The divgrsitwoodpasture types and its multiple threats
clearly require a diverse set of conservation approaches. Due to different pathways -of wood
pasture developmeintby way of succession or degradatioa consistent Europeanonitoring

scheme is requireddowever, management must be flexible and adapted to the local situation.
Especially in rewilding areas without a herding tradition, thorough success monitoring and quick
adaptation to unforeseen or unwanted developments are essential. Such monitorinpshsuld

on criteria such as old tree numbers, tree densities and composition, tree regeneration, proportion
of shrub and grounglant cover, area, number and kinds of grazing animals and other kinds of
impact. A target of the measures will have to be defaratian initial study of the biodiversity

and feasibility is necessary. Then, the success of \paetlire or any specific measure must be
tested along the contrasts of before versus after, with versus without and target versus actual.
Local studies on biddersity and laneuse history are scarce or the results unpublished or
unavailable, in particular in parts of southeast and east Europe. Such stildégsmay be
biodiversity, agrarian, history or ethnobotanyorientedi should be encouraged and pshéd.

By way of case studies, also open questions of sustainability may be solved. Sustainability is a

precondition for woodpasture to be acknowledged as a granitthy type of land use. Local
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approaches of woepasture, as well as other types of agreétry, should make sustainability

their primary concern.

48



Diversity, threats and conservation of European woastures

References

Abetz, K. (1955Bauerliche Waldwirtschaft. Dargestellt an den Verhaltnissen in Baelaul
Parey, Hamburg & Berlin

Bauer E. M. andBergmeier E. (201} Thé mountain woodlands of western Criefgant
communities, land use ado n s e r RPhytbcoeaatn@igvol 41, pp73105

Beaufoy, G., (2014) Woopgastures and the Common Agricultural Policy: Rhetoric and reality,
in: Hartel, T., Plieninger, T. (edsBuropean WoodPastures in Transition: A Social
Ecological ApproachEarthscan, London, pp. 27281

Beaufoy, G., Jones, G., Kazakova, Y., McGurn, P., Poux, X. and Stefanova, V. (2011)
@®Permanent pastures and meadows: adapting CAP Pillar 1 to supporigpabticd s 6
European Forum on Nature Conservation and Pastoralism

Becker, A. and Fasel, P. (200Rutzungsgeschichte der Siegerlander Niederwalder und
Beschreibung des Untersuchungsgebietes »Historischer Hauberg Fellinghénsen
Landesamt fir Natur, Umwelt und Verbraucherschutz Nordiiéstfalen (LANUV)
(ed.),Niederwalder in NordrheiWestfalen. Beitrage zur Okologie, Geschichte und
Erhaltung LANUV -Fachbericht 1, Recklinghausen.
[http://iwww.lanuv.nrw.de/veroeffentlichungéachberichte/fabe1/63
01_Hist_Hauberg_Fellinghausen.pdifcessed 09.07.2013

Bergmeier, E., Petermann, J. and Schrdder, E. 2016 G e o bsarvew af Wwooepalsture
habitats in Europe: diversity, threats an® n s e r Biadivdrsiyradd,Conservation
vol 19, pp29953014

Bieling, C., Konold, W. (2014) Common management of wpasitures and sustainable
regional development in the southern Black Forest (Germany), in: Hartel, T.,
Plieninger, T. (eds.European WoodPastures in Transition: A Sociélcolagical
Approach Routledge, London, pp. 28853.

BirdLife International (2004§Birds in Europe: Population Estimates, Trends and Conservation
St a Biudlsfé Internationa) Cambridge, UK

Bostrom, C., Sebastian, A., Hernando Lara, C., Planelles, R., Buffoni, A., Alves, R., Jappiot, M.
and San Miguel Ayanz, J. (201&orest and land management options to prevent
unwanted forest i 1, ie Rotherham, I.D. (§dlrees, forested landscapes agrdzing.
animals. A European perspective on woodlands and grazed treesBaptiedge,

London and New Yorkpp180i 188

Brasier, C. M. (1992§0ak tree mortality in b e Natwedvpl 360, p539

Brasier, C. M. (1996 Phytophthora cinnamomi and oak deelin southern Europe.
Environmental constraints including climateh a nAneates des Sciences Forestieres
vol. 53,n02-3, pp34%358

Brasier, C. M., Robredo, F., and Ferraz, J. F. P. (1¥&dence for Phytophthora cinnamomi
involvement in Iberian dad e ¢ | Rlamtd?éthologyvol 42, pp140145

Browning, G. and Gorst, J. (201@)ild cattle and the wildevalley experiences: The
introduction of extensive grazing with Galloway cattle in the Ennerdale Valley
E n g | & Ralhérham, I.D. (edTrees forested landscapes and grazing animals. A
European perspective on woodlands and grazed treesdapetiedge, London and
New York,pp269i 280

49



Chapter 2

BunzelDrike, M., Bohm, C., Finck, P., Kdmmer, G., Luick, R., Reisinger, E., Riecken, U.,
Riedl, J., Scharf. Mand Zimball, O. (2008)Wi | de Wei dend, Praxisleitf
Ganzjahresbeweidung in Naturschutz waddschaftsentwicklurd
Arbeitsgemeinschaft Biologischer Umweltschutz im Kreis Soest (A3d)
Sassendoff.ohne.

Chaideftou, E., Thanos, C. A., Bergmeigr, Kallimanis, A. and Dimopoulos, P. (200®eed
bank composition and abogeound vegetation in response to grazing insub
Mediterranean oak forests (NW Grepa®lant Ecology vol 201, pp255265

Desender, K., Ervynck, A. and Tack, G. (19&B¢etle dversity and historical ecology of
woodlands i | a n dBelgias dournal of Zoologyol 129, ppl139 156

Diamandis, S. and Perlerou, Ch. (2p8e&ent records of hypogeous fungi@m e eActa 6 ,
Mycologica vol 43, no2, ppl139142

Diaz, M., Campos, P. and Pulido, F. J. (198 e Spanish dehesas: a diversity in lasd and
wi | d, InPdineDdl. and Pienkowski M.W. (¢d=arming and birds in Europe. The
Common Agricultural Policy and its implications for bird conservatiaecad. Press,
San Diego, ppl17209

Dimopoulos, P. and Bergmeier, E. (20@8Ajood-pasture in an ancient submediterranean oak
f or &mlbgia,Mediterraneavol 30, pp514

Ellenberg, H. and Leuschner, C. (20M@getation Mitteleuropas mit den Alpen in
Okologische dynamischer und historischer Sichth ed. Ulmer, Stuttgart

European CommissiorDG Environment (2007nterpretation Manual of European Union
Habitats.EUR 27, Brussels

Falk, S., (2014) Woogastures as reservoirs for invertebrates, in: Hartel, T., Plieninger, T.
(eds.),European WoodPastures in Transition: A Soci@cological Approach
Earthscan, London, pp. 13P48.

Felinks, B., Tischew, S., Lorenz, A., Osterloh, Symdmhaar, B., Wenk, A., Poppe, P. and
Noack, J. (2012 Management von FH®ffenlandlebensrdumen auf ehemaligen
Truppentbungsplatzérlaturschutz und Landschaftsplanurgl 44, pp1423

Finck, P., Riecken, U. and Schrdder E. (2082)sture landscapes amature conservation
new strategies for the preservation of open landscapes in BujoRedecker, B,
Finck, P., Hardtle, W. et al (edRasture landscapes and nature conservat®pringer,
Berlin, pp1 13

Finck, P., Hardtle, W., Redecker, B. a@kcken, U. (edg2004)Weidelandschaften und
Wildnisgebiete Vom Experiment zur PraxiSchriftenreihe fur Landschaftspflege und
Naturschutz 78_andwirtschaftsverlag, Minster

Garbarino, M., Bergmeier, E., (2014) Plant and vegetation diversity in Eurepesodpastures,
in: Hartel, T., Plieninger, T. (edsBuropean WoodPastures in Transition: A Social
Ecological ApproachEarthscan, London, pp. 1i11831.

Gaspar, P., Mesias, F. J., Escribano, M., de Ledesma, A. R., and Pulido, J. E200@mic
and maagement characterization of dehesa farms: implications forstheis t ai nabi | i t y &
Agroforestry Systemsol 71, no3, pp151162

50



Diversity, threats and conservation of European woastures

Glaser, F. F. and Hauke, U. (20@4istorisch alte Waldstandorte und Hudewalder in
DeutschlandSchriftenreine Angewandte Landschaftstkologie, 61,
Landwirtschaftsverlag, Minster

Halstead, P. and Tierney, J. (1998eéfy hay: an ethnoarchaeological study in B¥ e e c e 6 ,
Environmental Archeologyol 1, pp7%80

Hartel, T., Dorresteijn, I., Klein, CMéathé, O., Moga, C.1., Ollerer, K., Rollig, M., von
Wehrden, H. and Fischer, 2 0 1 W/dodpastures from a traditional rural region of
eastern Europe: characteristics, managemens andch Bialegigal Conservatioyvol
166, pp267275

Huss, H-H. (2013)Geschichte der Schweinehaltung in Waldern
http://www.eichelschwein.de/index.hticcessed 09.07.2013

Jagrgensen, D., Quelch, 2014). The origins and history of medival wepastures, in: Hartel,
T., Plieninger, T. (eds.European WoodPastures in Transition: A Soci&cological
Approach Routledge, London, pp. B69.

Kaltenbach, T. (2007Decline of cork oak (Quercus subendaholm oak (Quercus
ilex/rotundifolia) in southwesterR o r t Wiplantadhesis, Department of Forestry,
Highschool of Applied Science and Art (HAWK), Gottingen

Kirby, K. (2009)Palicy in or for the wildernes$ritish Wildlife, vol. 20 no. 5, pp5%2

Kizos, Th. and Koulouri, M. (201@pame land cover, same land use at the large scale, different
landscapes at the small scale: Landscape change in olive plantations on Lesvos Island,
Gr e elamdg€cape Researchol 35, pp449467

Lederbogen, D., Rosenthal, G., Scholle, D., Trautner, J., Zimmermann, B. and Kaule, G. (2004)
Allmendweiden in Stdbayern: Naturschutz durch landwirtschaftliche Nufzung
Schriftenreihe Angewandte Landschaftsokologi¢62, pp469,Landwirtschaftsverlag,
Munster.

Ludemann, T. and Betting, D. (2008phrringanalytische Untersuchungen an Weidbuchen im
Sidschwarzwaldl Mitteilungen des Vereins flr Forstliche Standortskunde und
Forstpflanzenziichtungol 46, pp83107

Luick, R. (2009)dNood-pastures irGermany , RigueircRodriguez, A., McAdam, J. and
MosqueralLosada, M. R. (edsAgroforestry in Europe. Current status and future
prospectsSpringer, pp350376

Lyrintzis, G. (1996)Human impact trend in Crete: the case of PsiloMesu nt ai n 6,
Environmental Coservationvol 23, pp14G 148

McAdam, J.H., Burgess, J.H. and Graves, A.R. (2@08ssification and functions of
agroforestry systems B u r o p RigueiroRodriguez, A., McAdam, J. and
MosqueralLosada, M. R. (edsAgroforestry in EuropeCurrentstatus and future
prospectsSpringer, Berlinpp21-41

Machatschek, M. (2002)aubgeschichten. Gebrauchswissen einer alten Baumwirtschaft,
Speiseund FutterlaubkulturBéhlau Verlag, Wien, Koln, Weimar

McAdam, J. H. and Mosquetapsada, M. R. (edsAgrofaestry in Europe. Current status and
future prospectsSpringer, Berlin, pp3L9

51


http://www.eichelschwein.de/index.htm

Chapter 2

Moreira, A.C. and Martins J.M.S (2008ifluence of site factors on the impact of
Phytophthora cinnamomi in cork oak standPio r t uUa@restlPathologyvol 35,
ppl45 162

Mosquera_osada, M. R., McAdam, J. H. and Romémanco, R. (2009jDefinitions and
components of agroforestry practice€inu r g ip RigueireRodriguez, A.,

Oppermann, R2014) Woodpastures as high nature value landscapes, in: Hartel, T.,
Plieninger, T. (edsfuropean WoodPastures in Transition: A Soci#cological
Approach Routledge, London, pp. B9S2

Peeters, A., and Warda, M. (201Pgst and future of European ggkands. The challenge of
the CAPtoward® 0 210® , Pol ski e Towarzystwo Gakarskie (F
(ed),Grassland a European resourceRroceedings of the 24th General Meeting of the
European Grassland Federation, Lublin, Polard J8ne 2012pp. 1732

Plachter, H. and Hampicke, U. (20XD)vestock grazing and nature conservation objectives in
E u r qip Rlathter, H. and Hampicke, U. (gdsarge-scale livestock grazing
management tool for nature conservati&pringer, Berlin & Heidelbey, pp325

Plieninger, T., Pulido, F. J. and Konold, W. (20€Bifects of landuse history on size structure
of holm oak stands in Spanish dehesas: implications for conservationearsdt or at i on 6,
Environmental Conservatignol 30, pp61 70

Reif, A. and Obsgdorfer, E. (1990§Die Birkenberge im Bayerischen Wal@der Bayerische
Wald, vol 23, nol, ppl2i 19

ReynaDomenechS. andGarciaBarreda S. (2009 Eudopean Black truffle: Its potential role
in agroforestry development in the marginal lantslediterranean calcareous
mo u n t, miRiguei®Rodriguez, A., McAdam, J. and Mosquéi@sada, M. R. (eds
Agroforestry in Europe. Current status and future prosp&singer,pp295- 320

Sammul, M., Kattai, K., Lanno, K., Meltsov, V., Otsus, M., NKag L., Kukk, D., Mesipuu,
M., Kana, S. and Kukk, T. (2008)Vooded meadows of Estonia: conservation efforts
for a traditionah a b i Agrécultdral and Food Sciengeol 17, no4, pp413429

Schmidt, M. (2010 om Hut ewal d iaerdandeAibbernvwanlFloré und Vegetation
im Naturschutzgebi et AUr wal dJ &Sharbeatb,ur gt ( Rei nt
Forstarchiy, vol 81, pp53 60

Taboada, A., Kotze, D. J., Tarrega, R., and Salgado, J. M. (@D@@)tional forest
management: Do carabid beetles respond to hueneaited vegetation structures in an
oak mosaic landscaped-orest Ecology and Managemewnol 237,pp436449

Tucker, G. M. and Evans, M. I. (199Fpbitats for birds in Europe. A conservation strategy for
thewider environmentBirdLife International, Cambridge

Van Uytvanck, J., Verheyen, K2014).Grazing as a tool for wogpasture restoration and
management, in: Plieninger, T., Hartel, T. (edSuropean WoodPastures in
Transition: A SocialEcological Aoproach Routledge, London, pp. 14967

UK Biodiversity Action Plan Priority Habitat DescriptiondaVood-Pasture and Parkland
(2011) http://jncc.defra.gov.uk/pa@d@ 06 Accessed 09.07.2013

Vera, F. W. M (2000¥srazing ecology and forest histor@ABI, Wallingford.

52


http://www.springerlink.com/content/?Author=S.+Reyna-Domenech
http://www.springerlink.com/content/?Author=S.+Garc%c3%ada-Barreda

Diversity, threats and conservation of European woastures

Vera F.W.M. (2009) Largscale nature developmeéinthe Oostvaardersplassérijtish
Wildlife, vol. 20 no. 5, pp236

Von Oheimb, G., Eischeid, I., Finck, P., Grell, H., Hardtle, W., Mierwald, U., Riecken, U. and
Sandkuhler, J. (2006@Halboffene Weidelandschaft Holtigbaum. Perspektiven fur den
Erhalt und die naturvertragliche Nutzung von Offenlandlebensrabidaturschutz
und Biologische Vielfaltvol 36, pp1-280

53



54



Chapter 3




56



Chapter 3

Variation of stand structure across European wooepastures:
Implications for land-use policies
Marlene Roellig, Augusta Costa, Matteo Garbarino, Jan Hanspach, Tibor Hartel, Simon

Jakobsson, Regina Lindborg, SabMayr, Tobias Plieninger, Marek Sammul, Anna
Varga and Joern Fischer

In revision inRangeland management and Ecology

57



Chapter 3

58



Variation ofstand structure across European wpadtures

Abstract

Across Europe, wooegastures exhibit major differences in structure due to different social
ecological backgrounds. Manguropean woogbastures are deteriorating, either because of
abandonment and forest regeneration, or because of lack of tree regeneration due to overgrazing
or tree and shrub removal. Despite a considerable number of local studies, there has been no
comprelensive overview of the stand structure of wqadtures in Europe showing which
systems are most at risk of losing their semeén character. To provide such an overview, this
study aimed to: (I) show differences and similarities of wpastures across Eape; and ()

identify threats for woogbasture persistence in the future. We collated a dataset of 13,693 trees
from 390 plots in woogbastures from eight European countries (Estonia, Greece, Germany,
Hungary, ltaly, Portugal, Romania and Sweden) cogetiriormation on diameters at breast
height, tree density per plot, management type, and tree species composition. Based on their
structural characteristics we classified weuastures using principal component analysis (PCA)

and cluster analysis. The PGhowed a gradient from dense wemaktures with high levels of
regeneration (e.g. in Estonia), to sparse wpastures with large trees but a lack of regeneration
(e.g. in Romania). Along this gradient, we identified five different types of wood pastwes:

pastures from Romania constituted a largely separate group, whilepastdes from Sweden

varied in structure, such that they were represented in all five clusters. Our results demonstrate a
large structural gradient of wogqmhstures across Europas well as varying degrees of
abandonment and lack of regeneration, which highlights the importance ofesmuiadical
contexts for wood pasture condition. To maintain the ecological and cultural values of European
wood-pastures it is necessary to (i) macomprehensively consider them in European policies
such as the Common Agricultural Policy, while (ii) taking into account both their structural

characteristics and sociatological background.
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Introduction

Human impact has shaped the structure ofdamastures for thousands of years all over Europe
(Hartel et al., 2015; Hartel and Plieninger, 2014; Jgrgensen and Quelch, 2014). Since their origin
in the early Holocene (Bergmeier et al. 2010), wpadtures have developed from forkased
livestock graing to semopen landscape elements, shaped not only by biogeographic and
environmental conditions, such as climate, altitude and soil, but also by the needs of local people
and other social factors such as tradition and economy (Bergmeier and Ro&HigChételat et

al., 2013; Hartel and Plieninger, 2014; Huber et al., 2013). The resulting mosaics of grassland
with shrubs and trees of different ages, as well as variable light and shade conditions, provide
important sembpen habitats for a wide rangé species (Bergmeier and Roellig, 2014; Falk,
2014; Hartel et al., 2014; Roellig et al., 2014).

Despite their shared origin in fordsased livestock grazing, today, wepdstures across
Europe are highly varied because of differences in past and preseintgs in grazing and tree
management (Bergmeier and Roellig, 2014; Hartel et al., 2013; Plieninger et al., 2015). Different
grazing management and intensity as well as livestock type fundamentally influence the structure
of woodpastures (Van Uytvancknd Verheyen, 2012). Whereas in Northern Europe, forests
were mostly used for cattle grazing, in Central and Eastern Europe, pigs were sent into the forest
for mast in autumn, and in Southern Europe, pigs, sheep and goats were herded under trees (Van
Uytvarck and Verheyen, 2012). Moreover, historical tree management has also strongly
influenced the current structure of wepdstures (Hartel et al., 2015; Jagrgensen and Quelch,
2014). Trees were either managed as high forest or as coppice (Ellenberg anddre@8dip).
Pollarding (as a form of coppicing) trees in wemastures for firewood or leaf hay was common
in many parts of Europe (Bergmeier et al., 2010; Oppermann, 2014). Similarly, the planting of
oaks to feed livestock in autumn was widespread in fgu(8ergmeier et al., 2010; Garbarino
and Bergmeier, 2014). In contrast, tree management played a less prominent role in some
Northern European countries. For example, neither pollardinthagroduction of leaf hay was
common in Estonia (Roellig et aR015). In Soutfwestern Europe such as on the Iberian
Peninsula and southern ltaly, tree management still plays an important role due to bark (cork)
harvesting from cork oak (Quercus suber) (Alias et al., 2010; Costa et al., 2014). To ensure an
ongoing awilability of this still highly valued resource, trees were regularly planted in these
systems (Costa et al., 2014). In Central and Eastern Europe on the other hanpastoazs
often include former orchards or fruit trees, whereas in Greece livestmtogin olive orchards
(Bergmeier et al., 2010; Hartel et al., 2013).

Today the structure of woeaastures in Europe differs in tree density, tree distribution
and the age distribution of trees (represented by the distribution of stem diameter clagses) ac
countries or regions (Garbarino and Bergmeier, 2014; Hartel et al., 2015). Tree density can range

from only 4 trees per hectare (ha) in central Romania (Hartel et al., 2013} 6@ tB8es per ha
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in Iberian cork oak savannahs (Bugalho et al., 2ab1§5 trees per ha in Southern Italy (Alias

et al., 2010). Higher densities of up to 200 trees per hectare can be found ipagtaes in
England (222 trees per ha) (Mountford et al., 1999) or Southern Sweden (Jakobsson and
Lindborg, 2015). The higheseported densities of trees in woepdstures were reported in
subalpine larch woog@astures in Northern lItaly with 20800 trees per ha (Garbarino et al.,
2011), and in Western Estonian wapastures with up 368 trees per ha in an old woasture
(Roellig et al., 2015). Abandoned wogéstures with dense shrub regeneration can reach
densities of woody vegetation that are higher by yet another order of magnitude (Roellig et al.,
2015; Varga et al., 2015).

The spatial arrangement of trees also differs dicanitly across Europe (Garbarino and
Bergmeier, 2014). In the absence of tree management and low grazing pressure, trees can form a
nearly closed canopy. Wogmhstures with longerm traditional management, on the other hand,
typically exhibit a relatively\sparse distribution of trees, and where trees are planted (e.g. on the
Iberian peninsula) the distribution can be close to a regular pattern (Plieninger and Schaar, 2008;
Pulido et al., 2001).

The age of wooghasture establishments, together with the mament and the
distribution of trees as a result of differences in management, also influence the distribution of
stem diameter classes within the pasture (Fischer et al., 2009; Plieninger et al., 2003). Whereas
natural and sermatural forest typically sbw a high proportion of young trees, the diameter
distribution of trees in woaegastures can be described by a normal bell curve (Fischer et al.,
2009; Plieninger et al., 2003; Pulido et al., 2001). That is, there is typically a dominance of
mediumdiamete classes and a low representation of younger and very old classes (Garbarino
and Bergmeier, 2014). Lortgrm intensive grazing and tree removal lead to a shift towards larger
size classes indicating a lack of regeneration (Bauer and Bergmeier, 20lihgefienal., 2011).

In abandoned woogastures, larger trees surviving from the former land use tend to become
overgrown by younger trees, showing a hump on the lower diameter classes of the otherwise
normally distributed diameter classes (Plieninget.e2803; Rapp and Schmidt, 2006; Varga et

al., 2015).

Despite their importance for biodiversity conservation and their multiple cultural values,
wood-pastures are facing multiple threats (Bergmeier and Roellig, 2014). A lack of tree
regeneration due to exgrazing and the removal of wooded structures, as well as forest regrowth
due to abandonment of wopastures are two of the main threats to their persistence (Bergmeier
and Roellig, 2014). Changes in traditional uses of weestures typically lead tolass of their
semiopen character, either turning into a treeless pastretferred to by Plieninger (2003) as a
Atreel ess peréhougb suscésson peeeding to forest. Both cases imply a loss of
habitat diversity at the scales of individymgstures, but also at the landscape scale (Garbarino

and Bergmeier, 2014).
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A key challenge is that the management of wpasdtures is often not economically
profitable anymore. Traditional management is typically labour intensive, but less productive
thanother grazing systems (Bergmeier et al., 2010; Roellig et al., 2015). Another major influence
on woodpastures is that of national and European Union (EU) agricultural and nature
conservation policies. These policies often do not formally recognize-pasidres, and if so,
very insufficiently or uniformly across Europe, ignoring the actual and historic variability of these
habitats (Beaufoy, 2014; Jakobsson and Lindborg, 2015; Peeters, 2012). For example, wood
pastures with more than 100 trees per hauartally not eligible for the single area support
payments (SAP) of the EUbs Common Agricultural
Furthermore, nature conservation policies such as the EU Habitat Directive only recognize some
European woogbastures sucas the dehesas in Spain and the fennoscandian wooded pastures in
Scandinavia (Bergmeier et al., 2010; Comission of the European Communities, 2009), and there
are few national policies to protect woepdstures.

Despite a considerable number of local stadia the stand structure of wepédstures
(Plieninger, 2007; Plieninger et al., 2003; Pulido et al., 2001), there has been no comprehensive
overview of the stand structure of waepdstures in Europe showing which systems are most at
risk of losing their smi-open character. To provide such an overview, in this study we aim to (i)
show differences and similarities of wepdstures across Europe in terms of their tree species
composition and stand structure, and on this basis (i) identify threats tepsdate persistence
in the future. To achieve these aims we compiled data, either already existing or especially
collected for this study, on tree structure in wqastures from eight different countries in
Europe.

Methods

Data collection

To compare different woepasture systems we collected a comprehensive dataset of 13,693 trees
from 390 plots located in wogphstures from eight European countries (Estonia, Germany,
Greece, Hungary, ltaly, Portugal, Romania and Sweden) covering a wiglaghkical range (Fig.

1). The dataset included information on plot size, numbers of trees per plot, diameters at breast
height (DBH) for all surveyed trees within the plot and management type (grazed or ungrazed).
For all countries we collected information tree species composition (though in some case data
were only available at the genus level), as well as coordinates for the plots. Because some datasets
also included shrub species, trees were defined for our study as woody plant species usually
havingone or few selsupporting stems, with a welefined crown and being part of the canopy

layer (>5m total height) when fully grown (Di
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Fig. 1 Study areas in Europe, showing the study regions for Estonia, Germany, Greece, Hungary,
Italy, Portugal, Romaa and Sweden

Gregorio, 2005). Under this definition shrub species such as h@reyl§s avellang and
hawthorn Crataegusspp.) were not considered, even when they were present in a given study
plot. The sample methods of the collected data differeddsstwlots, and involved random to
systematic sampling design in temporary or permanent plots of different sizes (see Table 1 for
details). Despite these differences in sampling methodology between countries, we considered

the resulting data comparable.
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Table 1 Sampling design used to assess wpasture structure in eight European countries

Country Year of Plots Plots Plots Plot Sampling design
data total grazed ungrazed  size
collection (ha)
Estonia 2013 30 20 10 0.0625 Pastures were chosen to cover ¢

restored and abandoned pastu
(10 in each category). Plots we
subjectively placed in the centre
each wooepasture (se®oellig et

al., 2015)
Germany 2013/ 20 10 10 0.0625 Pastures were chosen to co\
2014 0.5 grazed and not grazed pastures |

in each category). Plots wel
subjectively placed ithe centre of
each wooepasture (unpublishet
data).

Romania 2012 39 37 2 2 Pastures were chosen to co\
average woogbastures in the
region. Plots were subjectively
placed in the centre of each weo
pasture (seklartel et al., 2013)

Sweden 2013 64 64 0 0.81 Pastures were chosen to covel

1.39 large tree density gradient, from
to 214 trees/ha, of grazed weo
pastures. Plots were subjective
placed in a representative area
each pasture, in an area wi
homogeneous tree density (s
Jakobsson and Lindborg, 2015)

Greece 2009 71 65 6 0.071 Pastures were chosen through
randomwalk procedure, covering
five clusters of contrasting sit
characteristics (distance to villag
slope, aspect, and altitude). Plc
were subjectively placed in th
centre of each pasture (s
Plieninger et al., 2010)

Hungary 2013 10 10 0 0.1 Pastures were chosen to co\

2014 average grazed pastures. Pl
were subjectively placed to incluc
representative area of each past
and with as homogenous tre
density within the plot
(unpublished data).

Italy 2011 11 9 2 0.0451 Temporary circular plots
(Garbarino et al.,, 2013)and
permanent guadrat plot

(Garbarino et al.,, 2011)were
chosen to cover grazedand
abandoned  subalpine  woor
pastures.

Portugal 2007 148 148 0 0,2 Woodpastures were chosen to
cover a large cork oak woodland
area with native pasture areas
intercropped with grazing areas i
a stateowned farm. Plots were
placed using a systematic
sampling design for cork oak
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forest inventory (se€osta etl.,
2010, 2008)

Data analysis

To assess composition of tree species we determined the ten most abundant trees (species or in
some cases genus) per wemakture in a given country. In order to characterise the structure of

each survey plot, wealculated the mean, median, kurtosis, skewness, interquartile range, total
range, standard deviation and the 10% and 90% quantile of the DBH distribution. Based on the
number of trees per plot and plot size we also calculated tree density per ha fotismmpgdi

variables, except skewness, were not normally distributed and therefore wénankigrmed

prior to further analysis. In addition, all variables were scaled. With the resulting set of variables

we then performed a principal components analy&&A) to explore relationships between sites

and countries. In the next step we performed a cluster analysis on the same variables, using the
AWar do method with the Euclidean distance as
pastures across Europflar dds cl ustering was chosen becaus
structures (no problems with chaining), and the resulting clusters were readily interpretable
(Legendre and Legendr e, 2012) . Al l anal yses v
software R (version 3.0.2) (R Core Team, 2013).

Results

In general the structure of wogrhstures across Europe shows a wide variety, sometimes even
within regions. The density of woquhstures can differ between 2 trees per ha (central Romania)
to almosts000 tress per ha (Western Estonia) across different regions in Europe, but also from 4
to 263 within a region (Southern Sweden). In Central Romania, followed by-pasbdres from
Hungary, we found the highest DBH values, but also the highege and anhdard deviation

The lowest DBH values we found in Western Estonia, Northern Germany and Southern Sweden.
In Northern Germany the DBH distribution was the most skewed and narrowest:pAstodes

in Portugal, in contrast, were relatively normally disttézlias judged by their skewness and

kurtosis valuegAppendix J.

Species occurrence

Overall, at least 55 tree species were recorded in \pastlires across Europe (fall species
list see Appendix 2 In Hungary, we found at least 19 species in all dvpastures across the
country; however information on willow speciesafixspp.) were only collected at genus level.
In Sweden we found 19 species and in Germany 18 species in allpastdes. At least 16
species were found in Estonia where we had information on [Betilaspp.) and willow only
on genus level. We identifieat least eleven species in wepdstures in Romania, with genus
level data for mapleAcerspp.), birch, ashHraxinusspp.), spruceRiceaspp.), willow and lime

(Tilia spp.). In Greece, ten species were found, in Italy four and in Portugal only on2)(Fig
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Some regions had many species, but a high percentage of individuals belonged to the

three mosabundant species. In Hungary we found 19 species, but the three most abundant species

formed together 63% of all species (Fig. 2). In Northern Geynia® tree species), 73% of all

tree species were covered by the three most abundant tree species, and in Estonia three out of

sixteen tree species accounted for 50% of all tree species. In Eastern Greece and Central Romania

we found fewer tree speciestistal, but the three most abundant ones covered up to 90% of all

tree species. In northern Italy the three main abundant tree species were forming almost 100% of

all tree species; while in Portugal 100% were covered by only one tree species. In alesountri

(except Italy), oak specieQercusspp.) were among the three main species. Oak was most

abundant in four countries (Hungary, Romania, Greece and Portugal). In Estonia and Sweden,

birch speciesRetulaspp.), while in Germany beechggus sylvaticawere most abundant (Fig.

2).

Stand structure of woeplastures

Principal components analysis separated wgagtures based on tree density per ha, tree

diameters and the range of diameters within a plot (Fig. 3). The first PCA axis of structural

variables explained 52% of the variance and represented a gradientefmemsands with low

DBH values (left hand side of ordination; plots from Estonia and Germany), to sparse wood

pastures with a dominance of large trees (right side of ordination; plots from Hungary and

Romania). The second axis explained 26% of variandalascribed woogastures with a high

variation in stand structure (upper part of ordination), due to a high range of DBH, and a high
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mean DBH, such as plots from Hungary, to homogenous yastlires with a rather low DBH
such as plots from Portugal or @ce (lower part of ordination). In terms of countries, there was

substantial overlap, with exception of Estonia and Romania (Fig. 3).

PCA of Wood-pastures Iin Europe
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Fig. 3. First two axes of the principal component analysis (PCA) of the ten structural variables
describing the standrsicture of wooepastures in eight countries across Europe.

Based on a visual inspeati of the dendrogram (Appendi¥, 4ve identified five clusters
of woodpastures. These clusters occurred in two large branches, one comprising two and the
other comprisinghree clusters. The first branch contained cluster one and two (Fig. 4)-Wood
pastures in the first branch were characterized by a high tree density and low DBH values.
Furthermore, they showed a very right skewed DBH distribution. In the first clusted w
pastures were even denser and had lower DBH values than in cluster two, while range and
standard deviation of the DBH were the lowest of all clusters in clust€Pypendix 3. In both
clusters plots from all countries were represented, except fronmaRia.

The second branch was formed by clusters three, four and five. These were wood
pastures with lower stem densities and higher values in mean, median and mode of the DBH.
Clusters four and five were relatively similar. Both contained plots from benaus wood
pastures with a low IQR, range and standard deviation, especially in cluster five. DBH followed

an approximately normal distribution in both clusters (Fig. 4).
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Fig. 4 Distribution of the DBH structure of woeghstures for the differectusters (15). Each
red line denotes the estimated density distribution of the DBH (in @xres) in a single plot.
The black lines indicate the average density distribution for plots in a given cluster.

Cluster four included plots from Germany, Hunga®yeden and Portugal, while in
cluster five plots from all countries were represented except Estonia. In contrast to clusters four
and five, in cluster three we found wopdstures with a very low tree density and trees with a
high DBH but also a wide rargand standard deviation of the DBH. This cluster contains almost
only woodpastures from Romania, apart from a small number of exceptions from Sweden.

Most of the countries were present in two to four different clusters, except Sweden, which
was presenin all clusters and Romania, which was almost entirely restricted to a cluster three

(Fig. 5). Woodpastures from Germany occurred mainly in clusters one and two, while Greece,
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Hungary and Italy were spread between cluster one, two and five. Portugal agdy m

represented in clusters four and five.

Estonia  Germany  Greece Hungary italy Sweden  Portugal  Romania

100

80

60

40

20

B Cluster1 W Cluster2 ® Cluster3 O Clusterd Cluster 5

Fig. 5 Distribution of the five clusters over the different countries

There was no clear pattern regarding grazed versus ungrazed sites. The ungrazed sites of
Estonia were split between cluster one (n=6) and cluster two (n=4). Ungrazed sites from Germany
were found in cluster one (5), cluster two (4) und cluster five (3 .URgrazed sites from Greece
were split half (5) between cluster two and five. Both ungrazed site from Italy was found in cluster

one, and one in cluster five. The only ungrazed site from Romania was found in cluster three.

Discussion

Our results demonstte a large structural gradient of wagoastures across Europe, sometimes
even within regions. We identified five different clusters along this gradient, showing three major
groups of structural differences. The first group (clusters one and two) cont@inedense
wood-pastures and a high proportion of trees in the lower DBH classes. The second group (cluster
three) was formed by very sparse wquastures with trees in the higher DBH classes, but only a
few trees in the lower DBH classes, while a thirdugp (cluster four and five) had intermediate
characteristics. In the following, we discuss these findings in relation to existing knowledge on
regeneration patterns, as well as to biogeographical and-scolagical differences, and the

current policy avironment. We conclude by outlining key implications for the future.
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Patterns of tree regeneration and density
The distribution of current tree diameters in the three different groups ofpastdres provides
a clear indication of the status of tree regeneration in different regions across Europe (Garbarino
and Bergmeier, 2014; Plieninger et al., 2003; Varga €2@15). While woogpastures in the first
and second cluster, mostly containing plots from Western Estonia and Northern Germany, show
a lot of regeneration but very few old trees, in cluster three with mostly Romanian plots we found
the largest trees batnear complete lack of regeneration. With the exception of clusters one and
two, regeneration is suppressed in all wpadtures examined compared to natural forest systems
(Hartel et al., 2013; Plieninger et al., 2003).

To date, little is known about ¢hregeneration rate of trees that is needed to secure the
persistence of a given woguasture. However, drawing on the conceptual model of Plieninger et
al. (2003) on changes in diameter distribution following the transformation from forest to dehesas
in Spain, the DBH distribution in plots from Central Romania shows a clear trajectory for wood
pastures from that region towards becoming a treeless pasture. In contrast, tpastaoss in
cluster one (mostly plots from Western Estonia and Northern Gerrshow) clear signs of an
abandoned woegdasture, despite most of the sites being actively managed. Although wood
pastures in cluster four and five showed a normal (ordhelped) distribution typically associated
with stand structure in woegdastures (Gadrino and Bergmeier, 2014; Plieninger et al., 2003),
it is not clear if regeneration in these wegabtures is sufficient. A model by Kirby (2015) based
on oak regeneration in wogmhstures in England, suggests that at least 32 trees per ha are needed
in the age class of 5000 years to maintain two trees above 400 years based on a loss rate of 0.5
trees per annum. According to this model, more trees are needed in the lower DBH classes to
sustain a tree population. This finding, in turn, is consistent Gittbons et al. (2008) who
modelled the regeneration status of scattered tree systems around the world. For most regions,
the persistence of trees is questionadblespecially in the case of Central Romanian wood
pastures, which had an average tree denéityly approximately 8 trees per ha. In combination,
our findings suggest that woguhstures in different regions of Europe face different structural
problems. Regions such as Central Romania are at risk of losing theiog@mcharacter from
a lack oftree regeneration, whereas regions such as Western Estonia are at risk of losing this

character due to too much regeneration.

Biogeographical differences and soe&tological backgrounds

Generally speaking, species composition in wpadtures was broadlsimilar to expected
species composition in the surrounding forest in a given region, apart from a higher occurrence
of fruit trees compared to forest in some regions (B6loni et al., 2011; Drdssler, 2010; Garbarino
et al., 2013; Hartel et al., 2013; Raglét al., 2015). Only plots from Central Portugal stood out,

with only one species being present. In most regions, oak species were among the most abundant
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species, except in the Italian system where oaks do not grow due to the high altitude (Ellenberg
ard Leuschner, 2010).

The structure of woog@astures, and especially diameter distribution, is influenced by
species composition. Some tree species such as birch do not grow to a large DBH (Ellenberg and
Leuschner, 2010), and thus wepdstures with a highercentage of birch evidently have more
trees in the lower DBH classishis may be the case for some wegmabtures in Southern Sweden
and Western Estonia. In contrast, in Northern Germany, for example,-pestutes were
dominated by trees that can redaige DBH values, especially when not grown under a closed
canopy (Pretzsch et al., 2015). Despite this potential for large DBH values in German wood
pastures, most sites actually were found in clusters with a high number of trees in the lower DBH
classe$ suggesting that management effects, rather than species composition, kept DBH values
low. This difference is clearly apparent when comparing plots in German-pastdres with
those in Romania and Hungary, which are geographically relatively closepbatad in hilly
areas, and had similar species composition, but a very different structure.

When it comes to the management, one key part of ypastire management is the
current grazing regime (Van Uytvanck and Verheyen, 2012). In the sample froniak:zstoe
third of the wooepastures were ungrazed, while in Germany half of the sampled pastdres
were ungrazed. We would have expected to find more ungrazed sites in the first cluster than in
all other clusters, but there was no clear pattern ineswits, suggesting that the current grazing
management is part of the persistence of the-spem character but not the only influence on
the structure of woog@astures. Importantly, our variable describing the status of grazing
management related onlyttee present, but did not contain information on how long a given site
had been grazed or ungraZiedhis, in turn, may explain why we did not observe systematic
differences between grazed and ungrazed sites.

Consistent with this, local history and pastmagement appeared to have an important
effect and can partly explain differences in the structure of vpastures across Europe. In
Estonia, hundreds of years ago livestock was sent into the forest for grazing, but during the last
hundred years, due togiene shifts and intensification of agriculture, wegaisture management
almost disappeared (Kukk and Sammul, 2006; Lotman and Lotman, 2011). This partly explains
the high tree density and large number of trees in the lower DBH classes. The high tressdensit
in Northern Germany can be explained by a law which banned forest grazing (including wood
pastures) in the nineteenth century almost everywhere in Germany until today (Luick, 2008). In
Central Romania, in contrast, the same prohibition (of grazinerdrest) led to an entirely
different structure. Already opened up grazed forests were turned from forests into pastures, and
t oday 6 s sppstureswith old aral thrge trees developed as a result of ongointgilong
grazing management (Sutclifée al., 2014). In Hungary the same law also separated grazing and

forest management, but a decrease in grazing activities in the mid of the 20th century led to an
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increasing tree regeneration (Varga et al., 2015). Also Italian subalpinepastges were
historically maintained sparse through positive selection of larch trees, but the second half of 20th
century abandonment caused grazing decline and a subsequent increase of regenerating trees
(Garbarino et al., 2011). Wogqahstures in Southern Sweden ontrast are located in a hilly
landscape where small scale farming survived over a long period, leavingpastuaes with a

very diverse structure due to different topography and management (Jakobsson and Lindborg,
2014). Similarly, history influenced wdepasture structure in Portugal. Here, the active tree
management from the beginning 18th century, including planting and replanting, fundamentally
shaped the stand structure of current wpastures (Costa et al., 2014; Joffre et al., 1999). The
structureof the Greek woogbastures is similar to distribution of natural Mediterranean oak
forests, suggesting that the traditional larsg system has supported continuous regeneration.
However, the almost complete absence of seedlings in the plots indicatesgtreeration has

been interrupted more recently, probably as a consequence of major intensification of livestock

husbandry that took place in the past30years in the area (Plieninger et al., 2011).

European and national polices and the challengesvimodpasture management
The loss of the sertipen character of woggastures is associated with a loss of biodiversity at
both the local and landscape level (Bergmeier et al., 2010). Positive effects of trees, especially
large old trees, have been reported for numerous groupsgafisms (Manning et al., 2006;
Soderstrom et al., 2001). In 2014, the European Union raised the limit of trees per ha from 50
trees per ha to 100 trees per ha (European Commission, 2014) for its financial support (through
Single Area Paymenis SAP), stil leaving denser woog@asture unsupported (Beaufoy, 2014).
So far, recent studies found no specific threshold of tree density to maximise biodiversity benefits
in wood-pastures. For example, Aavik et al. (2008) as well as Jakobsson and Lindborg (2015)
found no significant difference in diversity of ground vegetation along a gradient of tree density.
Similarly, Jakobsson and Lindborg (2017) found no negative impacts of increased tree density on
bird diversity in Swedish woegdastures, although Hartel et €014) found a higher absolute
species richness of passerine birds in wpastures compared to closed forests and open pastures
in Central Romania. In combination, existing work suggests that theogemi character of
woodpastures in general is moreportant than a specific threshold of tree density (see also
Sammul et al., 2008). Instead of defining tree density limits, wiastures thus should be
acknowledged as complex systems that are important for biodiversity through their structural
heterogendy. The benefits of such a pluralistic understanding of woastures should be
reflected through adequate flexibility in relevant European nature conservation and agricultural
policies.

Finally, the current and historical socedological context affecty woodpasture

management needs to be taken into account when designing policies foipagbocks
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(Plieninger et al., 2015). Estonian wepdstures are much denser due to their history and
environmental conditions, and their management cannot be dicectiyared with systems that

are environmentally and historically very different, such as wzasdures in central Romania or
Portugal. Nevertheless, where the SAP of the CAP does not cover the additional workload or
financial cost to maintain the semmpencharacter of woogbastures, such as replanting or cutting
trees, national policies need to be established to motivate farmers to carry out the additional

management (see also Roellig et al., 2015).

Implications

The risk of losing the sentipen characteof woodpastures in Europe demonstrated by our
results poses a key challenge for biodiversity conservation in these systems. So far management
actions and policies are focusing on maintaining wpastures as open as possible, but this
uniform focus doesat adequately account for differences in the threats to persistence across
Europe. As demonstrated by our results, wpastures in some locations (such as Romania) are

at risk of being too open, whereas wemaktures in other locations are at risk of gvewing

(e.g. in parts of Germany). These differences, as well as the importance of thesaogical
background driving them, need to be taken into account more fully in policies targeting wood
pasture management. Specifically, to maintain wpastues: (i) all woodpastures should be
eligible for the Single Area Payments of the European Common Agricultural Policy,
independently of the number of trees per ha; (ii) nature conservation policies at the EU level need
to include all wooepastures across Eape as special habitat, while acknowledging regional
differences; and (iii) regions with too much or too little tree regeneration should be supported by

national policies for specific management actions.
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Appendix

Appendix I Minimum, maximum and average values for the structural variables of plots in
wood-pastures for each country. Minimum and maximum values for each variable are indicated
in bold. (1Inter quarter range, 2Standard deviation, 310% Quantil, 490% Quantil)
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Appendix 2: Minimum, maximum and average values for the structural variablgletsfin
wood-pastures used for the principal component analysis (PCA) in all five clusters.

(Yinter quarter rangéStandard deviatiorf10% Quantil?90% Quantil)
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Appendix 3. Full species list for all study regions (sometime only on genus level)

Tree species

Estonia Germany

Greece

Hungary

Italy Portugal Romania Sweden

Acer campestre
Acer platanoides
Acer pseudoplatanus
Acer spp.

Alnus glutinosa
Alnus incana
Betula pendula
Betula pubescens
Betula spp.
Carpinus betulus
Cerasus mahaleb
Fagus sylvatica
Fracinus spp.
Fravinus angustifolia
subsp. pannonica
Fraxinus excelsior
Fraxinus ornus
Larix decidua
Malus sylvestris
Olea europaea
Picea abies

Picea spp.

Pinus brutia

Pinus cembra
Pinus mugo

Pinus sylvestris
Populus tremula
Prunus avium
Prunus domestica
Prunus dulcis
Prunus padhis
Prunus serotina
Pseudotsuga menziesii
Pyrus amygdaliformis
Pyrus communis
Pyrus pyraster
Quercus cerris
Quercus macrolepis
Quercus petraea
Quercus pubescens
Quercus robur
Quercus rubra
Quercus suber
Quercus spp.
Robinia pseudo-acacia
Salix caprea

Salix cinerea

Salix myrsinifolia
Salix spp.

Sorbus aucuparia
Sorbus intermedia
Tilia cordata

Tilia spp.

Ulmus glabra
Ulmus laevis

Ulmus minor

X

[ ]

X

X

v

v

80



Variation ofstand structure across European wpadtures

Appendix 4 Dendrogram resulting from the cluster analysisdohon ten structural variables
describing stand structure from eight countries across Europe. Cluster analysis was based on
Euclidean distances and Ward's method.
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Abstract

Woodpastures are among the oldest kaisé types in Europe and have high ecological and
cultural importance. They are under rapid decline all over Europe because of changes in land
use, tree cutting, and lack fgeneration. In this study we characterized the structure, condition
and threats of wooegastures in a traditional rural region in Romania. Fwty woodpastures

were surveyed, as well as 15 forest sites for comparison. All ywastdire sites were dedid

via four groups of variables: condition, management, site, and landscape context. Forest sites
were dominated by Hornbea@4rpinus betulusand BeechKagus sylvatica whereas wood
pastures were dominated by Od&pugrcussp.) and various species fofiit trees. Most wood
pastures contained trees <classified as O6ancient
proportion of dead trees was positively related to forest cover within 300 m around the wood
pasture. Models that included management,asitk landscapeelated variables best explained

the prelevance of Oak, Beech, Hornbeam and Pear trees inpastdes. Large oaks and
hornbeams were more likely to be dead or affected by uncontrolled pasture burning than small
oaks and other tree speci@air results show that ancient wepdstures are common in this rural
region, and they may be more common in Eastern Europe than previously thought. There is an
urgent need for research, legal recognition and conservation management gfastods as
distinct landscape elements for their cultural, ecological and agricultural importance.
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Introduction

Wood-pastures represent an important part of European ciilataral heritagéBergmeier et

al. 2010) and are one of the oldest lanse types in Européeing known since the Neolithic
(Luick 2008) Although the concept of wogghstures is broadSpencer & Kirby 1992;
Caledonian Partnership 2003; Goldberg et al. 200€haracteristically refers to environments
that are defined by trees scattered throaghopen area, generally grassland. Appropriate
livestock grazing regimes applied through centuries have been crucial for the formation -of wood
pastures and will be important for their further persisté@uesich 2002)

Ancient woodpastures bring together several important components that make them
attractive for ecologists and conservationists. First, wustures contain scattered trees. The
age of these trees can reach centuries; such trees are sometimes refared tO vet er anb
6anci e (Real 2000; @uelsh 2002pId, scattered trees provide a broad range of habitat
features such as dead branches or holi@isbons & Lindenmayer 2003Jor this reason, old
trees represent | oc aobystéms arauddithe eor(Bischeryet ah 2010s pot s 6
Lindenmayer et al. 2014Moreover, scattered trees (regardless of their age) significantly
influence microclimatic conditions and soil humidity, and consequently vegetation structure
(Manning et al. 2006and 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 past@uelch 2002; Mountford & Peterken 2003; Bergmeier et &0p0
Traditional pasture management has typically been low in intensity, thus supporting a rich flora
and fauna, including many species of conservation intéResenthal et al. 2012)ow intensity
grazing, together with scattered, often old trees, maleas/ woodpastures regional hotspots of
biodiversity(Bugalho et al. 2011)

Wood-pastures have received increasing scientific attention throughout Europe in recent
years. Studies on the biodiversity of wepalstures and the ecological value of old tresmgeh
been conducted in the Czech Republiojta & Drhovska 2012; Horak & Rébl 201,3ortugal
(Gongalves et al. 2012RomanigMoga et al. 2009; Dorresteijn et al. 2018)d Swede(Paltto
et al. 2011; Widerberg et al. 2012)egetation dynamics and laswhpe change related to
management regimes are available, for example, from the Swiss Jura Mo(Bitdiles et al.

2008) the lItalian Alps(Garbarino et al. 2011)Belgium (Van Uytvanck et al. 2008)the
NetherlandqSmit & Ruifrok 2011; Smit & Verwijmegn 2011) Spain(Plieninger & Schaar
2008) and Sweden (Brunet et al., 2011). Studies exploring the recruitment of trees in wood
pastures are available from Spélieninger 2007)and research about the vegetation structure
and conservation status of wepdstures is available from Romafilerer 2012, 2013)Turkey

(UJj ur |l u eand GadecéChadefio et al. 2011}inally, the crucial importance of low
intensity human use for the maintenance of biodiversity and ecosystem services in Mediterrane

wood-pastures and their provisioning ecosystem services was reported by Bugalho et al. (2011).
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Existing studies highlight that woquhstures have been undergoing major changes in the
past few decades. These changes threaten the existence gbastmd and are mostly driven
by changing landise (e.g. land abandonment and changing farming practices), policies, changing
attitudes toward old trees, and lack of tree regener@garewed in Bergmeier et al. 2010)

While until recently Britain was considst as one of the main locations in Europe for
large (veteran) trees in woguhsturegRackham 1998; Mountford & Peterken 2008jormation
from Central and Eastern European (CEE) countries about ancienpastues is scarce. Some
national level evaluans exist for example in Hungafg.g Haraszthy et al. 199&uggesting
that woodpastures are among the most threatened ecosystems in this country.

Here, we present research on wgastures in a traditional rural region of Central
Romania. Our studyad three aims: (i) to compare the structure of tree communities and tree
sizes between forests and wemabktures, (i) to describe the main characteristics and current
management of woepastures and (iii) to model woguhsture condition using a numbersite,
landscape and management related variables. Although our study has a regional focus and is
partly descriptive in nature, we discuss our findings broadly in the context of international wood
pasture conservation. Drawing on our findings, we arguesthae Eastern European weod
pastures have particularly high, but largely unrecognised, conservation values.

Methods

Study area

The study was conducted in Southern Transylvania, Romania and covered ca 3ad@vrich

ca 860 kmhwere covered by Natura 2000 regulations (Site of Community Importance, hereafter
SCI) (Fig. 6.1). The region is dominated by traditional fasd practices and has low levels of
infrastructure development. The most important land cover types based oNEG@RU cover

classes (see Table 6.1 for reference) are forest (ca. 30%), pasture (ca. 26%), heterogeneous
agricultural areas (including agforestry areas; ca. 15%) and arable fields (ca. 14%). The urban
area cover is low (ca. 3%). Other minor land ceveclude wetlands and vineyards. The climate

in the region is continental and moderate. Annual temperature averages 8.2 °C, with an average
temperature 0f4.3 °C in January and 18.6 °C in July. The yearly mean amount of precipitation

is between 650 andd®@ mm (Hartel and Moga, 2010).
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Figure 6.1 Map of the study area. All survey sites, including w@adtures, ancient woqehstures, and
forests are shown. The Natura 2000 site (SCI) is delineated (see study area in Central Romania description).
Field methods and variables
Data were collected in 2012. Fotttyo woodpastures and 15 forest sites were studied (see
Supporting Information 6.1 and 6.2). We sampled a larger number ofmastdres than forests
because forests are relatively homogenous, whevesodpastures differ substantially in
structural elements and adjacent forest cover. Furthermore, we were especially interested in the
description of wooghastures and thus chose more sites to comprehensively cover existing
gradients within woogbastures

We used five groups of variables to characterize wamagtures: condition variables (tree
density per ha, number of scattered trees per ha, proportion of dead trees per, tee size, scrub cover
and woody vegetation cover), compaosition variables (prevalehoak, hornbeam, beech and
pear), site (area, elevation and ruggedness) and landscape (forest cover and distance to nearest
village) related variables and management (evidence for scrub cleaning related to Agency for
Payments and Intervention in Agrioule (hereafter APIA), livestock and burning) related
variables. Descriptions of these variables and their units of measurement and sources (for data
other than field data) are summarized in Table 6.1. The tree diameter at breast height (DBH) was
calculatedfrom the circumference, which we measured with a tape for standing trees. Tree
measurements were made in Februltgrch (2012) in the following way: (1) all trees in weod
pastures were measured within a radius of 80 m around a central survey poirithjnea & ha
site). In forest sites, 50 trees were selected randomly in a spiral from the centre of the site to the
edge of the 2 ha, to obtain a representative sample of trees. (2) Additional trees were measured
within four strip transects of ca. 10 m whdbetween 80 m and 300 m from the central survey
point in the four cardinal directions (N, S, E, W). In the case that three or fewer trees were found
within the woodpasture transects we measured up to five trees close to the transect. The resulting

dataprovided indications of the diameter distribution within 2 ha around a central point and in
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the immediate surroundings. We used the DBH of trees as a proxy for their age categorization

and conservation value (i . e.onotvradluye 6da n cainedn tédp, o tde
interesting6, following Read (2000) and Farm Env
if the measured trees were burned (i.e. the tree showed signs of fire but was alive), dead (for

standing dead trees), healthy (no visiinjury on the trunk of the tree) and injured (when the

trunk was injured by cutting coppicing and pollarding were not considered as injuries).

Tree density within 2 ha was assessed in woagtures as the count of all trees within
80 m of the centtasurvey point. All dead trees from the two hectare sites were counted, both in
woodpastures and forests. Trees were identified to genus level. According to a previous study
(Hartel & Moga 2010)the vast majority of the Oaks in wopdstures in this regh belong to
the specieQuercus robuf90% out of 339 Oaks measured), oQtgetraeaand 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 agititééed meaningful comparison with the other
dominant tree genera.

Scrub cover was assessed for the entire waasdure using 400 m long and 6 m wide
transects which were placed subjectively so that they covered all representative locations of the
wood-pasture. This assessment was made in the period ofIMgyThe number of transects in
each wooepasture was chosen according to the size of the ypastlire: two transects were used
in woodpastures with an area of up to 30 ha, three transects in thaseinmg 3080 ha, four
transects in those of B030 ha area, five transects in those ofiIBD ha area, and six in those
measuring more than 180 ha. On average there were 3.7 transects per site. In each transect, the
percent of scrub cover was assesssdally every 100 m. Scrub cover values were averaged for
the entire woogpasture to obtain a single representative estimate.

Furthermore we recorded the presence/absence of livestock based on direct observation
of the animals and/or their faeces. Pasturming was recorded in MaricApril period (when
this activity usually takes place as management intervention to remove excessive biomass from
pastures), and the presence of scrub removal was recorded iri MayqfTable 6.1). We further

recorded if we oberved tree cutting activities in wopastures in 2012.
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Table 6.1The description of the environmental variables used to characterizepastges from Southern
Transylvania and to model wogquhsture condition and composition. Variables highlighted in italics are
those that were used in statistical models as explanataesponse variables (see section on Analysis).

Variable name Description
(a) Condition variables
Tree density per ha Calculated from the overall number of standing trees (dead and

alive) counted in the 2 ha sites.
Number of scattered trees Theoverall number of scattered trees in the entire woasture
based on counts of trees using Google Earth satellite images.
Proportion of dead trees (2 h¢ The percent of dead trees (standing or fallen) in the 2 ha site.
Tree size The median value wamputed for each wogglasture based on th
diameter at breast height (DBH) in cm of trees higher than 3 m.
These median values across all wgadtures were then averaged.
Scrub cover The percent cover of scrub in the wepasture. Scrub was defined
in our study as vegetation dominated by woody perennials (shrul
and young trees), usually exceeding the height of the grass layel
being between 0.2 m and ca 3 m in height. Characteristic shrub
species were: Hawthor€(ataegus monogynaBlackthorn Prunus
spinosd, Blackberry Rubussp.) and the Dog RosR¢sa canina
The most common young tree was the Hornbe@argdinus betulus
Woody vegetation cover The percent coverage of woody vegetation (trees and shrubs) in
whole woodpasture. Source: datlerived from a supervised
classification of the monochromatic channels of SPOT 5 data
(©CNES 2007, Distribution Spot Image SA) using a support vect
machine algorithniKnorn et al. 2009)

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

(c) Site related variables

Area The size of the woog@asture (ha). Source: satellite imagery and C

Elevation In meters (m). Source: recordiedsitu with a Global Positioning
System.

Ruggedness The ruggedness of the terrain for the whole wpadture and was

calculated as the standard deviation of elevationina 25 m x 251
grid (Advanced Spaceborne Thermal Esiog and Reflection
Radiometer (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 c
wood-pasture based on CORINE Land Cover clasSesrce:
European Environmental Agency (2011):
(http://www.eea.europa.eu/publications/CORAdcover).

Distance to nearest village = The Euclidean distance from the centre of the wpasture to the
edge 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 we
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 wopdsture.

91



Chapter 4

Analysis

Raw data were summarized using descriptive statistics. Due to the different scaling of the data

the Coefficient of Variation (CVjvas used as dimensionless measure of variability, allowing a

meaningful comparison among different variables. lllustration of tree communities was based on

genera composition from forests versus wpadtures using detrended correspondence 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 usasgst Prior to this, DBH data were {og

transformed to meet assumptions about the distribution of the data. Deindiad trees per

hectare was compared between forests and ywastlires using atést.
To model indicators of condition and composition we used an informttemretic

model selection approach based on the Akaike information criterion (AIC) to idemigls

best supported by the dgBurnham & Anderson 2002We separately considered six different

response variables: the proportion of dead trees and the proportion of scrub cover were variables

from the 6conditiond gr opeplerfcsdat @ak, Mtrrbeam, Baechd Tabl e

and Pear were Ocompositional 6 variables (see ab

variables as responses because (i) they directly influence the quality of the) (@astdre (scrub

cover, proportion of deatlees); and (ii) they are highly dynamic varialildsoth increased 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 been used to clean

pastures of scrubs. We selected the compositional variables because these tree species were

abundant and some of them (e.g. Oak, Pear) historically have a strong cultural importance for

local communitiegDorner 1910) Each response variable (see abovey madelled separately

as a function of six explanatory variables from the following categories (detailed in Table 6.1):

60Site relatedb6 (S) variables (altitude and rug

(evidence of sheep grazing or not, evidente 06 APl A6 r el ated scrub remova

relateddo (L) variables (forest cover and distanc
We constructed seven candidate models arising from all combinations of the groups of

explanatory variables listed above (M, S, L, M + S+M, S + L, M + S + L). All continuous

variables were standardized to an average of zero and a standard deviation of one in order to make

the effects comparable. For each model, the AIC value was calculated using correction for small

samples sizes (AIC&urnham and Anderson, 2002). The models were ranked according to their

AICc, where the best model has the smallest AICc value. Delta AlCc (D AlCc) was calculated to

express the difference between each model and the best model. Akaike waighgss(usedo

estimate the relative evidence for each model, which could be interpreted as the probability that

the model was the best model for the observed data, given the candidate set of models.
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Results

Tree community composition in wepdstures and forests

We measured 6739 trees, including 4870 in forests and 1869 in-pasidres. Twelve tree
genera were found in forests and 14 in wpadtures (Table 6.2). Tree communities differed
between woogbastures and forests (Fig. 6.2). Forest sites were dominatddoimpeam
(Carpinus betulusand BeechKagus sylvaticg while woodpastures were dominated by Oak
(Quercussp.) (Fig. 6.2).

Table 6.2 Tree genera identified in the forest and wgadture sites. The fourth column shows which
species are known to occuranr region for each genus (based on Coldea 1992). 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. negundd
Betula + + Betulapendula
Carpinus + + Carpinus betulus
Fagus + + Fagus sylvatica
Fraxinus + + Fraxinus excelsior
Juglans - + Juglans regia
Larix + + Larix decidua
Malus - + Malus domestica

M. sylvestrig
Pinus + + Pinus nigr&

P. sylvestri§
Populus + +

Populusalba

P. tremula
Prunus + + Prunus avium,

P. spinosa

P. cerasifera

P. domestica
Pyrus - + Pyrus communfs

P. pyrastef
Quercus + + Quercus petraea

Q. pubescens

Q. robur

Q. robur x Q. petraea

Quercus rubra
Robinia + + Robinia pseudoacacia
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 wpadtures. A) lllustration of tree
communities based on genera composition from forests versus-pestares using detrended
correspondence analysis. Eigenvalues are given in brackets for each axisgitheflérst axis is 3.1 and

that of the second axis is 1.7. B) Percentage of the most common tree genera found in forests-and wood
pastures.

Smaller (and presumably younger) trees were better represented in forests than in wood
pastures, while larggpresumably older) trees were better represented in yastlires (Fig.
6.3). Woodpastures contained more ancient trees and more trees of conservation value, while
only two individuals of such trees were found in forests (Table 6.3). Dead trees weweolser
every forest site but 64% of woguhstures contained no dead trees. The average number of dead
trees per hectare for the remaining wquagstures was 2 (nmimax: 1 6) while forest sites
contained on average 7 (max: I 16) dead trees per hectatgstdifference being significant
(t-test, P < 0.05).
Table 6.3The number of ancient trees and trees of conservation value found in thepagiaces (n = 42)

and forests (n = 15). The most common tree genera are presented. Numbers in brackets .are\gites (i
pastures) where trees from that category were observed.

;r]lélii e Conservation valué  Potentially interesting® Ancient®
(DBH O (DBH O 1.E:5(DBH O 1 m)
Woodpastures
Oak (n =1113) 3(2) 73 (11) 175 (32) 251 (31)
Hornbeam (n 255) 1 (1) 0 94 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 =1782) 0 0 0 0
2 Read (2000fFar m Environment Plan Guide (2006): DBH O 75

150 cmfor Beech
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Figure 6.3 The percent representation of the tree size categories in forests angasbaaks. Only Oak,
Hornbeam and Beech are shown because these were the most common trees present in both forests and
wood-pastures.

The characteristics and current management @fehpastures

The 42 wooepastures covered a total area of 42.2%. descriptive statistics describing weod
pastures are presented in Table 6.4. Sixty percent of-pasidires were grazed only by sheep,
21% only by cattle and 14% were grazed by a mixture of livestock (i.e. cattle, sheep, buffalo)
(Table 6.4). Evidence facrub removal (APIA) was found in 88% of wepdstures (Table 6.4).
Management by burning in 2012 was observed in 50% of the pastires (Table 6.4).
Comparison of the size of burned versus unburned trees was possible only for Oak and Hornbeam
due to irsufficient sample sizes for other species. Burned Oaks (mean DBH =123.93, SD = 39.99,
n = 76) and dead Oaks (mean DBH = 123.28, SD = 48.73, n = 13) were significantly larger than
healthy Oaks (mean DBH = 83.56, SD = 32.59, n = 10}Hs(s,P < 0.001 ad P < 0.05
respectively; 10 trees injured by humans and struck by lightning were not included). Burned
Hornbeams (mean DBH = 70.95, SD = 28.51, n = 10) were larger than unburned Hornbeams
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(mean DBH = 53.03, SD = 26.03, n = 243 two dead trees were noteagl(ktest,P < 0.05).
Across all wooepastures sampled (though not necessarily within our survey sites), we observed
that more than 40 ancient Ogkgensu Farm Environment Plan Guide 208#i)apsed following
uncontrolled pasture fires in 2012. In 20%2 recorded tree (Oak and Hornbeam) cutting
activities in five wooepastures, two of them being anciésgnsu Farm Environment Plan Guide
2006)

Table 6.4Descriptive statistics for variables used to characterize the-pastires. CV = coefficient of
variation.

Variable Mean SD Ccv
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

Scrubcleaning (APIA) Observed in 88% of woepastures
Livestock Cattle: 21%, Buffalo: 7% (always mixed with

other livestock) Sheep: 60%Mixed: 14.28. No
grazing: 5%
Burning 50%

Models of wooepasture condition and composition

For conditionrelatedresponse variables, the models best supported by the data contained either
management variables (M; scrub cover) or variables describing the landscape context (L;
proportion of dead trees) (Table 6.5). For the prevalence of particular genera, the bést mode
always included all three groups of variables (M + S + L) (Table 6.5). GLM 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 pgs#tivitthe prevalence of Pear

was negatively associated with forest cover (Table 6.6). Oak prevalence was negatively and
Beech prevalence was positively related to ruggedness (Table 6.6). Distance to the nearest village
was related negatively to the prevade of Pear and positively to the prevalence of Beech (Table
6.6). Oak prevalence was negatively and Pear prevalence was positively associated with elevation
(Table 6.6).
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Table 6.5Model selection results for response variables describing different aspects opasioce
condition and composition. The best r anrikekhdodmodel s

K = number of esti mabl e pacomparediwihrtse modatiwiththe idwestf er e n«
AlCc, wi = Akaike weights; S = site variables, M = management variables, L = landscape variables.
Variables are defined in the Methods section.

Response variables Model Log (L) K AlCc Q Wi
5;%20”'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  -254.81 7 526.92 0.00 0.66
S+L -258.34 5 528.36 1.43 0.32
Beech prevalence M+S+L  -114.72 7 246.47 0.00 0.99
Hornbeam
prevalence M+S+L  -173.62 7 364.54 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 column) and the explanatory variables,
separately tested using GLMs.

Livestock APIA Altitude Ruggedness Forest Village
type clearing cover distance
Proportion 0.47
of dead NS NS NS NS . NS
(0.21)*
trees
Scrub cover NS NS NS NS NS NS
Oak -0.19 -0.45 0.23
prevalence NS -0.50 (0.19) (0.06)* (0.06)** (0.06)*** NS
Hornbeam  -0.92 0.66 NS 0.24 0.67 NS
prevalence (0.16)***  (0.23)** (0.06)*** (0.09)***
Beech -1.26 1.61 NS 0.56 0.66 0.30
prevalence (0.26)**  (0.53)** (0.08)*** (0.16)*** (0.13)*
Pear 0.56 0.70 (0.28)* 0.39 NS -0.61 -0.17

prevalence (0.16)***
NS = nonsignificant.
*** = P<0.001.
** = P<0.01.
* = PO0.O065.

(0.07)*** (0.08)**  (0.08)*

Discussion

In this paper we showed that forests and wpastures differed with respect to their tree
community structure, typical tree sizes and the prevalence of dead trees. We also showed that
sheep grazing domated wooepastures while the other livestock (cattle, horse and buffalo) were
scarcely used. Burning as a management tool was widely applied, and large trees appeared to be
particularly affected by this. Scrub clearance induced by the EU level finamogatives was

applied in most woogbastures. Finally, the prevalence of different species and of dead trees in

wood-pastures was related to management, silida@ndscape related variables.

Woodpastures versus forests
While woodpastures were dominated by Oak and fruit trees (mostly Pear), forests had a more

balanced proportion of Beech, Oak and Hornbeam. Differences between the tree communities of
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forests and woog@astures can be explained the ecology of the t(¢esa 2000) natural
prerequisites and the traditional preferences of local people for Oak and fruit trees. The potential
primary vegetation in the study region is represented by mixed Oak and Hornbeam, and mixed
Beech and Hornbeam forests. Mixed Oak and HesnibforestsQuercus petragaQ. robur, C.
betulud were found on shaded and semi shaded hills while mixed Beech and Hornbeam forests
(F. sylvatica C. betulu}, have a more zonal distribution on valley slog€sldea 1992)
Historical information suggesthat many woo¢pastures from Southern Transylvania originate
from forest grazing and selective tree removal fromforesise k cul £ & A. 2007; Har t
2010) Transylvanian Saxons traditionally valued Oak not only for timber production but also
(and epecially) for the acorns, which were eaten by domestic pigs and sometime$hep
1910; Oroszi 2004)The importance of grazing for wogasture formation and their maintenance
is well known for other European wog@asturegMountford & Peterken 2003
Our results highlight that the largest trees in Southern Transylvania occurred in wood
pastures: the majority of the surveyed wgastures contained ancient Oaks while forest sites
contained virtually no such trees. Within the same bioclimatic condiliarge trees of a given
species are typically older than smaller of@&bons & Lindenmayer 2003; Holzwarth et al.
2013) and hence the relative proportion of young trees appeared to be higher in forests than in
wood-pastures. Age estimations forOaksd m t he 0 Br e ipastu@ (sivatedicleset wo o d
to the centre of the study region) suggest that
years old, and the largest Oaks may be up té 80D years oldHartel & Moga 2010; Patrut
2011) The man reason for these size (and age) differences could be the long term management
of forests and wocgastures. In our region trees were maintained on pastures mostly to provide
shade for livestock and for their fruit (TH, unpublished results of 110 samiwted interviews
in Southern Transylvania). Timber extraction occurred also in wastures, but it was done
mainly by pollarding (i.e. cutting branches while maintaining the tr@Rkkham 1980; Hartel
& Moga 2010) This allowed trees to grow and eugally to become large (old). By contrast,
forests were traditionally managed for timber produc{sme Oroszi 2004 for and overview of
forest managament by Transylvanian Saxpas)l the economic value (in a monetary sense) of
trees was and still is imp@nt in determining management actions. Old trees were and are
removed from forests because their economic value is decreasing as the amount of dead elements
and hollows increase with age. Assuring sustainability of the forests by regeneration (naturally
60from seedd or by replanting the (©Olo=zi2004d par cel s
and continues to be common practice nowadays (Codul Silvic (Forest Code of Romania), Law
46/2008). However, no mechanisms teptent trees (or otherwise suppoheir regeneration)

occur in the vast majority of woeghstures.
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Management of woepastures

Sixty percent of woogbastures surveyed in 2012 were grazed only by sheep and 14% by a

mixture of livestock (Table 6.4). This is in sharp contrast with traditional grazing systems: Saxons

preferred cattle, horses, buffalo and pigs, and typically eactesé thad its own pastures with

specific management practices around a given villBgener 1910; and also Heinlein et al. 2005

for selected areas of Bavaria, Germamiyj grazing stopped in the late 1940s and 1950s, and the

number of buffalo dropped aft¢he Romanian revolution in 1989, partly because of mass

emigration of Saxons and partly for economic reasons. Cattle grazing also declined sharply in

many woodpastures after 1989 (although less so than for buffalo), and the number of sheep is

now higherthan ever before in the Saxon region of Transylvania (TH, unpublished results of 110

semi structured interviews in Southern Transylvania). Changes to the traditional grazing systems

also have been reported from many European vpastiures throughout Euroflieninger &

Schaar 2008; Bergmeier et al. 2010; Costa et al. 2011; Garbarino et al. 2011; Chételat et al. 2013)
Half of the woodpastures were burned in 2012, and large trees (Oak and Hornbeam)

appeared to be most likely to be permanently damagedthisntire has been used as a method

for pasture clearing in the region since the 16th cer{idoyner 1910) However, uncontrolled

pasture burning appears to have increased in recent years, even in protected areas, despite being

illegal (TH, personal obseation).

Woodpasture condition

Our model selection approach showed that the prevalence of Oak, Beech, Hornbeam and Pear
trees in wooepastures was best explained by models containing management, site and landscape
related variables. Oak dominated in weuaktures 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 infatter terrain where accessibility for livestock was high and which contained wet areas
often preferred by these animals (especially cattle, domestic pigs and buffalo). Fruit trees
(especially Pear) dominated in woepdstures close to villages (suggestingt accessibility for

people was important in creating them) with little forest cover in their surroundings. By contrast,
forest cover was an important positive predictor for the abundance of all three forest tree species.
A likely explanation is that man if not most, thinning existing forests created waadtures in

our region. The pear prevalence was positively associated with the elevation; this is most likely
a result of the slight increase of the average elevation toward the Eastern part abthewegye

this tree is more abundant. Our result regarding the significant relationship found between the
management related variables and prevalence of different tree genera (Table 6.5) is not
straightforward: the relationship is likely caused by th¢ fiaat local conditions shaped human

activity (this being recorded in 2012) and not the other way round. For example, it is possible that
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woodpastures where beech and hornbeam dominated were less attractive for grazing, possibly
because of steeper slop@shigher woody vegetation density. The grazing system in our region
is undergoing rapid changes, and therefore this relationship is likely to change in the future.

The percentage of dead trees was significantly related to forest cover around the wood
pastre. Woodpastures surrounded by forests may be less accessible for people than the wood
pastures from open landscapes. Traditional rural communities from this region carefully cleared
the pastures of dead wood and scrub to maintain pasture quality (R6d@erTH, unpublished
results of 110 semi structured interviews in Southern Transylvania). Based on this, it is reasonable
to assume that woegghstures in traditional societies contained dead wood only accidentally and
if the scrub was present, it wasiterately maintained (e.g. as occasional firewood or as source
of fruits). It is possible that the increase of the dead wood on pastures is the result of the
abandonment of pastures, which was very pronounced after the 1989 Romanian revolution. As
the coninuation of use of pastures and hay meadows is promoted by Etemgronment
incentives, it is likely that abundance of dead wood will decline again in the future in most of

wood-pastures from this region.

The biodiversity ofpasturbe 6éBreited ancient wood

In the context of woogbasture conservation, it is important to note that some ypastlires in

our study area have been shown to support a very rich diversity of plants and animals. A wide
range of studies have been conducted on one of the-pastutes also surveyed by us for this
paper, namel y-pasture, sithaBed mearthe dentreyaf oudstudy area, near the town
Sighisoara. The Breite measures 133 ha and is completely surrounded by deciduous forest. It is
dominated by Oaks (mostlQ. robun, many of which are over 200 years ¢fhatrut 2011)

Overall, 476 species of vascular plaridrer, 2012), 121 species of macromycétesm which

over 50 species were found on ancientGa8Bsucka 200 7 ; Buc R spgcieF L uk an

of Lepidoptera, 40 species of xylophagous beetles (i.e. insects to which wood represents the
primary diet), eight species of amphibians, four species of reptiles, 27 species of nesting birds
and 38 species of mammals (including Gray WoHnis lupusand BrownBrear,Ursus arcto}

have been identified in this wogmhsturgsynthesized in Hartel & Moga 2010; Hartel et al. 2011)

The overall number of species considered rare or protected at national (e.g. Red List) and

international (e.g. IUCN, Habitats and Biriirectives) level exceeds 50.

Conclusions and conservation implications

We showed that there were differences between the tree communities irpagiocks and
forests. Ancient trees were found only in weuaktures, and most of the surveyed wpastures
contained ancient trees. Historical and current management, traditional preferences of local

people, and natural environmental gradients are likely explanations for these differences. Fire
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appears to be regularly used in pasture management, but oungigg@stghat uncontrolled fires

can negatively affect (or even kill) trees, especially large ones. Further, our data, in combination
with historical records, suggest that major changes are underway regarding patterns of livestock
grazing in Southern Transinia, implying that the management of weqmatures is shifting

from traditional practices. Demographic and economic factors are the likely drivers of these
recent shifts. Data from one of the wepalstures in the centre of our study area suggest that the
presence of scattered, old trees, in combination with dead trees, scrub and extensively managed
grassland, results in a high biodiversity, with species rich communities of woodland and grassland
related organisms. To maintain the ecological value of wiasdures, at least some of the dead
trees and scrub need to be maintainatthough this runs counter to both traditional practices
and current policy incentives. Woguéstures are currently managed as pastures (or occasionally
as hay meadows) and arerfally recognized as such at the national level (Romanian Law No.
214/2011). While tree cutting from wogmstures 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 waumabktures and the conservation of old (including ancient
and veteran) trees. With very few exceptions, wpastures are not recognized in the nature
conservation policies of the EU and are not protected as distinct landtgpge with special
managemenhistory, ecological and cultural value. Therefore their maintenance as such is not
promoted at policy level. Our study shows that ancient waasiures are commaon in our region,

and we suggest that they also may be commaihier CEE countries. We urge for more weod
pasture inventories and research in other parts of CEE, to develop the knowledge base that is
needed for their formal cegnition and legal protection.
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Figure 2. KML-file of the surveyed forest sites shown in Google Earth Map
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Reviving woodpastures fobiodiversity and people

Abstract

Woodpastures are associated with high cultural and biodiversity values in Europe. However, due
to their relatively low productivity, large areas of wepalstures have been lost over tast
century. In some areas, incentive schemes have been developed to reviveastaoes. We
investigated the effects of one such scheme in western Estonia. We compared the structure of
grazed wooepastures (old and restored) to those of abandoned-pasidres and ungrazed
forest stands to explore the effects of management, and conducted interviews with 24 farmers to
investigate their motivations to carry out the management. We found a positive influence of active
management on the seopen structure ofvoodpastures. Financial support was vital for
management, but personal values related to tradition also played an important role. The
interviewees differed widely in their range of motivations, suggesting that other strategies in
addition to financial inentives would further improve the management of woastures in the

region.
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Introduction

Woodpastures are complex sogiatological systems (Huber et al. 2013; Hartel and Plieninger
2014). Since their origin in Europe in the Holocene (Bergmeier 2040), they have developed

as multifunctional resources, shaped by the local needs of humans, local social and environ
mental factors, grazing intensity, and type of livestock (Chetelat et al. 2013; Hartel and Plieninger
2014). The resulting mosaic ofagsland with shrubs and trees of different ages as well as variable
light and shade conditions provides important sep@n and sermatural habitats for a wide
range of species (Bergmeier and Garbarino 2014; Falk 2014; Hartel et al. 2014).

As social ecolajical systems, wocegastures depend on management to maintain their
characteristic structure. The loss of this management due to the changing social and economic
context of farming and forestry has led to their decline throughout Europe over the last centu
(Bergmeier and Roellig 2014). In the European Union (EU), one major recent driver ofchange
in European woogbasture maagement has been the availability of agricultural support payments
under the EU common agricultural policy (CAP) (Hartel et al. 28E2aufoy 2014). Most woed
pastures are ineligible for single area support payments (SAP) from the first pillar of the CAP
because they are too dense (Beaufoy et al. 2011). Nevertheless, some are eligible for payments
through agrenvironmental schemes (& under the second pillar of the CAP, or through
national support schemes (Beaufoy 2014). AES and associated financial incentives have often
been hailed as potential solutions to stop the decline ofms&tmial habitats (Ahnstrom et al.

2008; de Snoo el. 2013). Although financial aspects are important (e.g., Siebert et al. 2006;
Burton and Schwarz 2013), they are not the only factors motivating landgens, and personal
norms and values have also been found to play a role (Burton 2004; Sieb@®@6aAhnstrém

et al. 2009). It is therefore important to understand the interplay of different motivations of land
managers to design effective conservation incentives (de Snoo et al. 2013; Birge and Herzon
2014).

Like many other countries in EuropestBnia has a long tradition of wogeésture
management (Talvi and Talvi 2012). In Estonia, grazing in forests was historicallysprdad
(Troska 2004), and although this practice was stopped in eastern Estonia in the late 18th century,
it continued in e west until the early twentieth century (Meikar 2002a, b). In weEsonia,
wood-pasturesvere mostly used as common land until independence in 1918 (Troska 2004).
After this, pastures in Estonia were rapidly divided up among farmers and fenceul leeain
abrupt reduction in forest grazing (Lotman and Lotman 2011). Much land fell out of use during
the communist era due toral depopulation, enforced dettivization, and later due to the
industrialization of agriculture. By the 1970s, a largegportion of natural grassland had been
plowed and fertized, and most of the woquhgures were abandoned or oghazed very lightly.

This sitwation did not change after the end of the Soviet period in 1990, and by 1999 grazing in

woodpastures had almbsompletely ceased (Kukk and Sammul 2006). In 1996, the first trials
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of grazing subsidies for managing and restoring sathiral grasslands started hatsalu
National Park, which were later expanded to the whole country (Lotman 2004). Currently,
Estoniais one of the only countries in the EU providing financial supparaimtain intactvood
pastures and restore abandoned ones (Sammul et al. 2008).

Estonian wooepastures are listed in Annex | of the EU Habitats Directiype(t9070
Fennoscandiawood-pasturesand many are protected within Natura 2000 sites. Most Estonian
wood-pastures do not receive SAP (Beaufoy et al. 2011), but are eligible for AES. Afyeaa 3
pilot project, a national subsidy scheme was introduced in 2001 to supportrihgament of
seminatural habitats, including wogshstures. This included payments to maintain their-semi
open structure (e.g., grazing and tree thinning), as well as to restore abandongzhstoes
(e.g., tree removal and fencing) (Talvi 2010). Sin€@®72 the payments for woguhsture
maintenance are part of the national AES, while restoration is paid solely by the Estonian
government. In the context of the widespread decline of vpastures throughout Europe,
lessons learnt from Estonia could providaluable insights for their conservation in other
countries.

To date, there is little published information about the management and structure of
woodpastures in Estonia. Wogmhsture maintenance and restoration activities have not been
investigated, efter in terms of their effects on habitat structure, or concerning the motivations of
farmers to carry out these activities. Focusing on western Estonia, we therefore investigated (i)
the effects of restoration activities on the structure of waestures ad (ii) the motivations of
farmers to carry out these activities. We gsovide general information about the structure of
wood pastures and their current management in western Estonia. To achieve these aims, we
combined ecological surveys of 30 wepastures (abandoned, restored, and old), as well as of

10 ungrazed forest sites as reference points, with- stmactured interviews with farmers.

Materials and methods

Study area

The study was conducted in the counties Saaremaa and Ladnemaa in westégiirEstmmer

2013. LAdnemaa is located on the west coast of mainland Estonia, while Saaremaa consists of the
islands Saare and Muhu (as well as many other small islands) in the Baltic Sea (Fig. 1). The
proportions of landuse types are similar in bothwdies, namely (avelage for both counties)
49%forest (20%broatbaved forest, 17% coniferous forest, 12% mixed forest) and 28% agri
cultural area (11% arable land, 11% heterogeneous agricultural land areas, 6%open pastures)
(CORINE landcover; Europeainvironmental Agency [EEA] 2006). The counties were chosen

because of their relatively high abundance of wpastures (Lotman and Lotman 2011).
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Ecological data

We selected 30 woepasture sites based on a map of the habitat type 9070 (Fennoscandian wood
pastures), information about grazing activities from the Estonian Environmental Board, and
additional information about the history and the management of tisefigita interviews with
farmers (see below). We also selected 10 ungrazed forest sites for comparison, which were chosen
randomly via ArcGIS based on CORINE lanse cover of deciduous forest and mixed forest
(avoiding pine plantations). Active woquhsturs were categorized afd (actively used for 20

years with maintenance but no major restorationjestored(used ford2 years with major
restoration activity during this perioddbandonedvoodpastures had been unused for at least 5
years. Ten sites we surveyed for each of these four categories, seven of which were on Saaremaa
and three on La&nemaa (due to the higher frequency of-pasidres on Saaremaa) (Fig. 1).

Legend \
® old wood-pastures %Q‘&

A abandoned wood-pastures
B restored wood-pastures

® ungrazed forest

32 I broadleaf and mixed forest
Kilometers[ | study area

24

v

Figure 1 Study area in western Estonia, with the counties Saaremaa and Ld&dnemaag show
broadleaf and mixed forest in the study area and all 40 survey sites

To characterize thstands, we surveyed one 25 r25xm plot (0.0625 ha) in each site.
The plots were placed subjectively in a representative area near the center. We measured the
diameter at breast height (DBH) for all living and dead trees within this plot, estimated their
height, and identified species. In plots with unusually low tree densities, we also measured trees
in the immediate vicinity of the plot perimeter until a minimah®b0 trees per plot was reached,
so that the sample sizes for species composition and DBH distribution were statistically robust.

The density of each plot was based on the number of trees within th& 25 m
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Figure. 2 Examples of sites from different management categodesid woodpasture
dominated by hazel, ash, and birdhyestored woogasture with birch, hazel, and ash;
bandoned woogasture with hazel and lime; addingrazed forest dominated by hazel antpi
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25 m plot. Within each plot, we also recorded shrub cover including tree saplings (visual
estimation) and took five pictures with a fislie lens to determine canopy openness. The latter
were analyzed using the software Gap Light Analyzer 2.0 (Fraatrki99).

We analyzed seven variables (following McElhinny et al. 2005) to describe stand
structure: (1) tree density per ha, (2) standard deviation of DBH, (3) standard deviation of height,
(4) % shrub cover, (5) % of canopy openness, (6) basal ardeadfwood, and (7) species
richness within the plot or within the minimum of 50 trees. The variables density, shrub cover,
and dead wood were skewed, so wetlagsformed them for analysis. No strong correlations
( Sp e ar macodettionr aeaffikien0.6) were foundbetween the habitat variables. To
explore relationships between habitat variabledamdluse categories, we performed a principal
component analysis (PCA) with the set of habitat variables described above. To test for significant
differenes between the landse categories, we used a MANOVA with default Pillai statistic.
Afterwards, we performed individual ANOVAs with Bonferroni corrections for each single
variable. For significant variables, a post hoc test (Tukey HSD, using the R packiicemp;
Hothorn et al. 2008) was performed to determine differences between categories. All analyses

were performed using the 66statsdd package

Interview data

To address the motivations of farmdéos managing woodpastures, we conducted 24 semi
structured interviews with farmers (both commercial and hobby farmers, hereafter referred to
collectively as farmers). Of these, 17 were conducted on Saaremaa and 7 in Lddnemaa. All
interview partners actaly managed wooeg@astures, except one who owned but did not manage

a woodpasture. Because no owners of abandoned ypastlires could be located, we did not
include these in our interview sample. Interviews lasted on average for 30 min (min. 10 min, max.
1 h) and were conducted either in Estonian with the help of a translator (n = 21), or in English or
German by the interviewer (n = 3). All interviews were recorded, sometimes only partly (n = 4),
and supported by notes. Our questions covered two themedetéills on woogpasture
management to provide background information about the system and for further analysis of the
interviews, and (ii) motivations for managing wepdstures and benefits of waepdstures in
general, but also benefits for the farm dindstock in question, as well as participation in and
importance of AES and restoration schemes. All interviews were transcribed and translated, and
interview notes were added to the transcripts. We used content analysis to identify motivations
for farmes to manage woegastures, coding the interviews thematically using the software
MaxQDA 11 (MAXQDA 2014). We then identified different types of farmers based on the

different combinations of motivations.
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Results

Ecological data

In total, we measured 48@&es in 30 woogbastures and 10 forest sites. The density of wood
pastures ranged from 368 trees per ha (category old) to 6704 trees per ha (abandoned). The
standard deviation of diameter per site ranged from 3.27 (old) to 15.51 cm (old), while that of
height ranged from 3 m (abandoned) to 20 m (abandoned). Shrub cover ranged from 1% (old and
restored) to 50% (forest). We found13l tree species per plot, with marium and minimum
occurring in old sites. Canopy opamess ranged between 8 % (forest) a@#ogrestored), and

dead wood ranged from 0 cm2 (old) to 19 718 cm2 (old) (Fig. 2).

We found 25 tree species in total, 24 species in wiasdures, and 23 species in forest
sites. The most common species in wpadtures was birclBétulaspp.), which occued in 80
% of all woodpastures and represented 10 % of all recorded individualsFfestirfus excelsigr
was found in 76 % of woedastures but represented only 8% of all individuals. Hazeh(us
avellang, on the other hand, was found in 71% of weadtures and repesented 22 % of all
individuals in wooedpastures. Finally, oakQuercus robuy occurred in 73% of wooegastures
and represented 5 % of all individuals (Table S1).

The first PCA axis ohabitat variables explained 378bthe variance ahrepresented a
gradient from high canopy openness and low amounts of dead wood to low canopy openness and
more dead wood (Fig. 3). The second axis (26% of variance) represented the standard deviation
of diameter and height. Of all variables, species gshrhad the lowest effect on the PCA. Old
and restored wooagastures were separated along the first axis from abandonedpastuaes

and forest sites.
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Figure 3 Principal component analysis (PCA) of seven structural variables in old-wood
pastures (squares), restored wgadtures (triangles), abandoned wgadtures (circles), and
forest sites (crosses)
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The MANOVA also showed significant differences between thedspasture categories
in terms of their structural characteristics (d.f. = 21, F = 220f). The individual ANOVAs
showed only density and canopy openness to be significantly diffesemeen categories (Table
1). The post hoc tests showed old ansteeed wooepastures to be significantly less dense, with
a significantly more open canopy than forest or abandoned-pastidres (Fig. 4).

Table 1Results of individual ANOVAs showing the significance of the differences between old,
restored, and abandahevoodpastures and forest categories. P values given with Bonferroni
correction (*A0.01, ***\0.001). Differences between the site types are shown in Fig. 4

Variable Degree of Sum of F Corrected
freedom square p-value
Density (stems per ha) 3 9.568 9.023 0.001**
Standard deviation of DBH 3 7.490 0.226 1.000
Standard deviation of height 3 2.607 0.281 1.000
Shrub cover 3 10.282 3.895 0.116
Canopy openness (%) 3 3394.40 10.237  <0.001***
Dead wood 3 23.198 3.395 0.197
Species richness 3 30.600 1.671 1.000

Interviews
History and management of wopdstures
Around half of the interviewees took (back) possession of their current land in or after 1991 (the
end of Soviet rule). Only a few of the interviewees had farmed independently before that time
with a small amount of land, while the others established their farms more recently. Farming was
the main source of income for the majority of the interviewees, but some kept animals as a hobby.
Where farming was not the main business, it was often combinbdawitism. Where farming
was the main business, it mostly focused on livestock. Few farmers also grew crops
commercially, while most made hay and grew crops for their own use. The most common
livestock in wooepastures was cattle, mostly for beef. Dairitledhad been declining in the last
10 years, because of the low price for the milk and/or the workload with the dairy cows. Besides
professional farming, livestock also served to keep the land open. Sheep were more common 10
years ago, but for various s (e.g., lynx attacks on the mainland) many farmers changed to
cattle. Our sample included only one farm where horses and goats were kept in@agtooe.
The number of animals per farm ranged from 5 to 300.

Over half of the farms practiced orgafécming, but not all of them were certified. The

main reason for not being certified was that farmers perceived the paperwork and monitoring as

excessi was O66ganic for 2 years in the beginning.

but the papework and requirements are justtoomuchh 6 ( | 3 ) .
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Of the woodpastures we surveyed, the longest continuous use we could confirm
(including use by previous owners) was 30 years, the shortest 6 years. Nevertheless, the history
of woodpastures was difficultot reconstruct due to changes in ownership and different land

reforms, and previous land use sometimes even varied within a single pasture.
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Figure. 4 Variation in a tree density (shown on log scale) between old, restored, and abandoned
woodpastures and forest sites, and b canopy openness for the different categories. Significant
differences (j0.05) according to the post hoc Tukey HSD are shown viftérent letters (see

Table 1 for ANOVA scores)

Typically, woodpastures were either grazed at low intensity, mown, or farmed more
intensively as part of a collective farm. Many had been abandoned during the second half of the
twentieth century. Only eighdf the interviewees farmed only their own land. Typically, the
majority, if not the whole area of a given wepdsture, was rented from neighbors or the state.
Often woodpasture areas were adjacent to other setiral habitats such as alvars (natural
calcareous grasslands) or coastal pastures.

Tree management was also diverse. Most farmers managed trees in some way, mainly to
keep the pastures open rather than to produce wood. One farmer did not cut out trees, because his

rented land had too many diféat owners and it was complicated for him to agree on a
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management regime with the other owners. Farmers often mentioned that it was difficult to
manage the trees if the land belonged to the state. Tree management varied from cutting single
trees with a chinsaw to removing groups of trees with light machinery (bought from the
subsidies). All kinds of trees were cut, but in general farmers preferred to keep broadleaf trees or
0tbhe good | @8 Paksvgould always bedképt and were consideredaypood

pasture trees. If there was a lot of wood left (e.g., after first restoration activities), it was typically
used as firewood for personal use or sold for woodchips. All interviewees received agricultural
subsidies from the state, but only oneeiged SAP from the first pillar of the CAP. All other
woodpastures surveyed were not eligible for area support due to their high density of trees, but
participated in the AES for grazing senatural habitats; ten of them also participated in the

restordion scheme.

Farmersé motivatpasgtunes t o manage wood
Five categories of motivations emerged from the content analysis, which represent extrinsic
motivations (two categories) and intrinsic motivations (three categories). Both extrinsic
motivations werdinancially driven, but in different ways. Due to the rapid regrowth of trees and
the similarly high labor costs of both management and restoration, the differences in motivation
for management and restoration were often blurred. We therefore conceptiatady on the
motivation for management, but refer to the motivation for restoration in the description of
different groups of farmers where appropriate (see below). The most frequently mentioned
motivation wasfinancial support. Farmers could not affd to manage the woegghstures
without subsi di e sWihoatithe sulesidies® dduld berimpdssitie)to: buy@ry
kind of machinery. And since the cattle is on serait ur a l habitat, their produ
as productiororientedcattlé 6 (1 8) . Wi t hout the payments, most
woodpastures, keeping them only in some special cases, for example, in combination with other,
more profitable land, or as a hobby. One farmer said that he would keepgrastode without
the payments, if it were his own land.
The second extrinsic motivation was s@arcity of land. The® was no other laddd
(124 and 113), especially because wemastures were historically common in western Estonia.
During the Soviet era, farmers woulseuwoodpastures because this was the land left for private
livestock after collectivization. Newly established or expanding farms recently looking for land
only found sematural habitats (including woegahstures) left for rent, which they were not
allowed to clear as they were already included in a protected area. The intrinsic motivations were
more complex, but in our analysis, three main categories emerged. The most frequently
mentioned kind of intrinsic motivation wasdition . This included traditioal farming methods
( G ldas always been like this [withtreesandgrés§] (1 1 7)) and the memory o

( ®ien | was little, itwas all cleanand beautd (1 20) ). Keeping tradition
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a strong motivation for land owners tcaimtain or even restore woguhstures. To keep the

landscape open was part of this tradition, and land owners (especially hobby farmers) felt
responsible for maintaining the landscapes. The second intrinsic motivatiamivwes welfare,

that is, providingg 6 nat ur al 66 conditions for t-pasturesni mal s
(and in other semnatural habitats). People believed that having animals in a-pastdre was
Oabosertonature 66 The ani mals coul d f i rsbw. Fheeweteer f r o
often out for the whole year and even gave birth in denser parts of thepaste. The animals

found more diverse fodder from ground and woody vegetation, with the result that some farmers

did not have to medically treat their animalsnasch (e.g., for worms). The third category,
biodiversity, was less frequently mentioned. The farmers talked about the diversity of plants and

also birds, sometimes even mammals. Some of the pastures were wooded meadows before, and

as such had been tlseibject of scientific resear8hhence, some farmers were aware of rare

species. Where farmers knew about rare species in their pasture, they expressed pride in hosting

them.

Types of farmers

Based on the combinations of motivations stated by the intervieweeidentified three groups

of farmers. Notably, some farmers did not fit into any of these groups, but rather showed a broad
range of mo ttraditianalistsdms .h aTdhea 6hG gh i ntrinsic mot
above other factors. Theiriman concern was keeping theondda@athdsc:
want to | i v(@). Thaywerdmthhighlydaepéndedtdn direct profits from the wood
pastures, because they often had only small pastures, sometimes in combination wittelasger ar
elsewhere or nefarming income (e.g., tourism). Biodiversity and animal welfare were also
important to this group, but were not the main motivation. Farmers in this group had little to no
financial motivation, but still without the payments many wdwdste been unable to manage the

pastures. Some of the restored wgadtures in this group were only reactivated because of
tradi ti othasalMaystbben likedg66 (I 17) or farmers wanted t
they remembered from their childlo d s . Soeofitable stewards®6 had bot h extr|
intrinsic motivations. Farming was their main source of income, and often thepastgdes

were combined with other (large) sendtural habitats such as coastal pastures. Profitable
stewards wated to make profit, but at the same time also had a high intrinsic motivation, mostly
relating to animal welfare and biodiversity conservation. Old wpadtures in this group often

belonged to established organic farms, including some of the firstiorgams in the region:

OWe have always beenorgadié (1 11 and 1 19). Farmers partic
in this group were often looking especially for seratural habitat to rent and restore, because it

was not only the most frequently @eble land, but also suitable for meeting organic farming

gui delines and percei ved a sppoeunistsddo nneernet arhd syt |
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motivated by the extrinsic motivation of the scarcity of land, but also by financial aspects.
Farmers in tls category managed woogastures mainly because it was the only land they had.
Since the woogbastures were not eligible for the SAP, they joined the AES to get some additional
money. If they took part in the restoration scheme, they often used thetiestsubsidy to
modify land they were already using so that it would become eligible for management subsidies.

Discussion

Our results showed a positive effect of subsidies on the habitat value opasiues, as restored
sites were not significantly fierent from old wooepastures in density and canopy openness,
while abandonment rapidly led to a foréike structure. The significant difference between
old/restored and abandoned sites shows that ypastlires in Estonia are dependent on active
managerant. We identified a variety of motivations for farmers to carry out this management,
both extrinsic (e.g., financial support) and intrinsic (e.g., tradition). The interviewed farmers
differed considerably in their motivations. Nevertheless, almost atigier confirmed that they
would not manage the wogquhstures without the AES payments, making this a necessary (albeit
not sufficient) condition for farmers to manage wquatures.

Woodpasture structure

In general, Estonian woguhstures appeared to bladenser than woepastures in other parts

of Europe (min. 368 trees per ha). For example, an average of only eight trees per ha was recorded
in Romanian woogbastures (Hartel et al. 2013), while Spanish wpastures ranged from *16

trees per ha in olgtands and *28 trees per ha in younger stands (Plieninger et al. 2003). Even in
central Sweden (which has wapdstures more similar to those in Estonia), a maximum of 200
trees per ha has been reported (Jakobsson and Lindborg 2014). This high densiayenay
historical explanation, as most wepdstures in Estonia originate from grazed forests and have
developed without strong conscious thinning efforts (Kukk and Kull 1997;Pa’rtel et al. 2005). In
addition, there was a period of abandonment (12800)during which almost none of the wood
pastures were grazed in Estonia (Kukk and Sammul 2006; Sammul et al. 2008). Higher tree
density also logically leads to a faster return to forest conditions, and thus an even greater threat
of habitat loss through abamwiment here than in other areas of Europe. During the interviews,
farmers often mentioned the fast regrowth and the associated workload of cutting out trees in
addition to grazing management. This suggests that although the restoration scheme has been
sucessful in terms of its effect on the structure of wpadtures, these effects may be rapidly

reversed should management cease, for example, if subsidies were no longer available.

Motivations of farmers

Understanding f ar mer s -&aunlkhabitatsguch as wogdsturesisaa n a g e

important step in tailoring future incentive schemes, so they have the best outcomes for
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biodiversity (de Snoo et al. 2013; Birge and Herzon 2014). This is not always straightforward, as
farmers are typically quitketerogeneous in their motivations (Busck 2002). Such heterogeneity
was also shown by the three main groups of farmers identified in our results, as well as by some
farmers that did not fit into any of the groups.

The most common motivation, shared by adm all farmers, was the fina@ati
compensation for the managent of woodpastures. This shows that this financially oriented
policy instrument plays a key role in the survival of wgadture habitats (see also e.g., Beaufoy
2014), which are rarely eligie for the single area payments from the first pillar of the CAP
(Beaufoy et al. 2011). However, there is also a threat that farmers will become too dependent on
subsidies and grazing will lose its economic value. The second extrinsic motivation was the
scarcity of grazing land. This is somewhat in contrast to trends in other parts of Europe, where
farming is concentrated in the most productive areas and marginal habitats are abandoned. The
use of wooepastures as extra land brings indirect financial gairesto an increase in productive
area and was especialiyportant for the group of gmrtunists. While theris some debate about
the impotance of production (independently of profit) in farmer decision making today, it
appears to remain at least oneélaf major factors for European farmers (Busck 2002; Burton and
Wilson 2006). However, in addition to this productivist aspectersg\farmers mentioned the
synbolic importance of the ownership, rather than simply the use of land, suggeatirtigeth
needfor land as a motation may also have an intrinsic aspect.

Tradition, in terms of landscape esthetics and farming practices, was the most frequently
mentioned intrinsic motivation and the main motivation of tla€litionalists It was so strong

that it ezen extended to rented land. The importance of tradition was to some extent unexpected,
because there is relatively little information on the effects of tradition on farmer decision making
(although in a wider sense, the influence of norms and valuesbasiaidely studied, see e.g.,
Beedell and Rehman 1999, 2000; Burton 2004). The role of tradition may therefore be an aspect
that could be capitalized on in other countries in order to promote the use chastades.

The second and third most frequently mentioned intrinsic motivations were animal
welfare and biodiversity benefits of wogastures, respectively. Birge and Herzon (2014) also
found animal welfare and nature conservation (similar to our category of bgtiyamong the
motivations of Finnish farmers to manage seatiural habitats. Herzon and Mikk (2007) also
showed that Estonian farmers were willing to implement simple conservation measures in semi
natural habitats even without financial compensatiande, although this motivation was less
important than the others, it does appear to play a role for many farmers. Thus, as other studies
have shown (e.g., Siebert et al. 2006; Burton and Schwarz 2013), financial support is a necessary
prerequisite, but isot the only (or even main) motivation for farmers to carry out biodiversity

friendly management such as wepasture maintenance and restoration.
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Chapter 5

Groups of farmers and targeting of incentives

Ideally, different groups of farmers should be addressed diffttrent incentives within AES
(Schmitzberger et al. 2005). In our study, three groups of farmers were idewdtifieel
traditionalists, profitable stewards, and opportundstsvith different sets of motivations for
managing woogpastures. Of the farmershe opportunists appeared to be most strongly
motivated by (as opposed to facilitated by) the subsidies in their decision to manage wood
pastures. However, although financial incentives can maintain traditional farming practices in the
short term, in the log term they can deouple social systems from ecological benefits (Fischer

et al. 2012). In Estonia, there was still evidence of a tight link between social systems-and eco
logical benefits. Théraditionalistsandprofitable stewardstill had strong liks to the past, but

also actively sought to diversify their benefits from wqpastures by adopting organic farming

or farm tourism. Instead of, or in addition to, support payments, these farmers may be better sup
ported in their choice to farm wogquhstires by what Fischer et al. (2012) described as a
66transformation strategy66 for the sustainabl e
strategy entails the creation of new direct links between nature and social and economic well
being, which arehten viable over the longer term and robust to changing conditions. This could
happen in Estonia through support of organic farming and farm tourism as well as through
developing and supporting local and regional initiatives that create-adtied productfrom

woodpastures.

Conclusion

We have shown that wogahstures in western Estonia are sd@&eblogical systems that depend
strongly on active management to maintain their habitat value. This management, in turn, is
dependent on various factors such as EU and national policies, butrathe extrinsic and
intrinsic motivations of farmers. For example, (extrinsic) financial incentives play an important
role in farmers6é decision making, but we al so fc
our interviewees. Although this wasregional case study, our results also provide insights that
may be of use in other countries aiming to revive wpasture management. For example, we
have shown that national subsidies may be an effective means of restoring and maintaining the
habitat \alue of woodpastures. If eligibility problems mean that EU funds through the CAP are
not available, payments can alternatively be provided by national funds. In addition to financial
incentives, land managers have a range of other motivations for theyenasva of wood
pastures, which should be taken into account when designing incentive mechanisms for the
management of such sematural habitats. Particularly, the role of tradition is rarely focussed on

in the agricultural context, but could play an intpok role in maintaining woegdastures.
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