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Abstract
Wood-pastures are multi-functional habitats that uphold high ecological and cultural
values. However, they are currently declining in Europe as a result of land use changes.
How can we better understand wood-pastures to foster conservation?
To answer the question it is necessary to investigate both the social and ecological
components of wood-pastures. Ecosystem services assessments have been dominated by
biophysical and economic valuation approaches, while qualitative socio-cultural
valuations are not commonly applied and therefore important services to people fail to
be captured. To this end, a cross-site comparison of stakeholder perspectives in Sweden
and Spain was applied here. This approach allows to additionally explore particular
services and to identify current challenges for wood-pasture conservation.
In Sweden, most valued services were related to landscape beauty and recreation and
eco-tourism, as well as pastures and biodiversity. In contrast, Spanish respondents
perceived additional cultural services such as sense of place and identity values,
traditional knowledge, cultural landscape and heritage values. Such similarities and
differences might be explained by space and place theories of human-landscape
relationship. Wood-pasture dehesas may then be perceived as places since people live
within a wood-pasture matrix, and therefore have created associated values and social
identities to the landscape transforming wood-pastures into places.
Swedish respondents identified the abandonment of wood-pastures and lack of new
entrants into farming as major challenges for landscape and biodiversity conservation.
To test potential new alternatives for wood-pasture restoration and management a field
exclusion experiment was applied, where horse stallions were introduced. Horses
reduced forest structural diversity and affected tree composition via selective browsing,
suggesting that they could restore and maintain wood-pastures in Sweden. Horse grazing
changed the functional composition of grasslands which favored prostrate plant species,
with high specific leaf area, characteristic of ruderal communities. Plant and pollinator
species richness were significantly higher in grazed compared to ungrazed areas. Thus,
the reintroduction of horses may mitigate current biodiversity declines and foster woodpasture and semi-natural grassland conservation.
Keywords: browsing pressure, ecosystem services, forest structure and composition,
functional traits, grazing, large herbivores, pollinators, semi-natural grasslands, species
richness, wood-pastures
Author’s address: Pablo Garrido, SLU, School for Forest Management,
P.O. Box 43, 739 21 Skinnskatteberg, Sweden
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biodiversity conservation
Sammanfattning
Skogsbetesmarker är multifunktionella miljöer som upprätthåller höga ekologiska- och
kulturella värden. Arealen skogsbetesmarker minskar emellertid i Europa till följd av
förändringar i det areella brukandet. Hur kan vi bättre förstå hur skogsbetesmarkerna
fungerar för att främja dess bevarande?
För att kunna svara på den frågan är det nödvändigt att studera såväl både sociala- och
ekologiska perspektiv av skogsbetesmarker. Biofysiska- och ekonomiska
evalueringsmetoder dominerar ofta i utvärderingar av ekosystemtjänster, medan
kvalitativa, socio-kulturella värderingar sällan värdesätts, vilket kan leda till att viktiga
antropogena funktioner åsidosätts. I denna avhandling gjordes en jämförande analys
mellan Sverige och Spanien av avnämarnas perspektiv på skogsbetesmarkernas
ekosystemtjänster. Det möjliggjorde en kartläggning av vilka ekosystemtjänster som är
viktiga för avnämarna och en identifiering av aktuella utmaningar för bevarandet av
skogsbetesmarker.
I Sverige var de högst värderade tjänsterna främst relaterade till landskapets
skönhet, rekreation och ekoturism, men även värdet som betesmarker och bevarande av
biodiversitet värderades högt. I Spanien, däremot värderades andra kulturella tjänster,
såsom en känsla av tillhörighet och identitet, traditionell kunskap, det kulturella
landskapet och kulturarvet. Sådana likheter och skillnader kan förklaras med så kallade
rymd- och plats teorier som förklarar förhållandet mellan människa och landskap.
Spanska skogsbetesmarker, dehesas, uppfattas i högre grad som viktiga platser eftersom
många människor fortfarande bor i dess närhet, och de har därmed skapat andra värden
och identiteter knutna till landskapet. I Sverige framhåller informanterna övergivandet
av skogsbetesmarker och bristande rekrytering av nya brukare som huvudsakliga
utmaningar för landskapet och bevarandet av dess biodiversitet.
För att testa nya alternativ till restaurering och förvaltning av skogsbetesmarker
utfördes ett fältexperiment bestående av uthägnader och inhägnader med hästar (hingstar)
som betesdjur. Hästarnas bete begränsade skogens strukturella diversitet och påverkande
sammansättningen av träslag, vilket indikerar att hästar kan vara användbara för att
restaurera och underhålla skogsbetesmarker i Sverige. Hästarnas bete ändrade även den
funktionella artsammansättning av gräsmarkernas växtsamhälle, och gynnade marknära
arter med stor bladstorlek, något som är karaktäristiskt för ruderatmarker. Artrikedomen
av såväl växter som pollinerande insekter var signifikant högre på betade ytor än på
obetade. Resultaten visar att återintroduktion av hästar som betesdjur kan begränsa
förlusten av biologisk mångfald och främja bevarandet av skogsbetesmarker och seminaturliga betesmarker.

Nyckelord: buskbete, ekosystemtjänster, skogsstruktur och -sammansättning,
funktionalitet, bete, stora herbivorer, pollinerare, semi-naturliga gräsmarker, artrikedom,
skogsbetesmarker
Author’s address: Pablo Garrido, SLU, School for Forest Management,
P.O. Box 43, 739 21 Skinnskatteberg, Sweden

Dedication
To humanity

“The tendency nowadays to wander in wildernesses is delightful to see.
Thousands of tired, nerve-shaken, over-civilized people are beginning to find out
that going to the mountains is going home; that wildness is a necessity; and that
mountain parks and reservations are useful not only as fountains of timber and
irrigating rivers, but as fountains of life. Awakening from the stupefying effects
of the vice of over-industry and the deadly apathy of luxury, they are trying as
best they can to mix and enrich their own little ongoings with those of nature,
and to get rid of rust and disease”
Muir, 1901
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1

Introduction

Terrestrial ecosystems are largely modified by humans (Foley et al., 2005). This
transformation has created diverse cultural landscapes (Tieskens et al., 2017),
which can be significantly different in terms of structure and composition but
provide valuable cultural services and support high levels of biodiversity
(Tengberg et al., 2012, Fischer et al., 2012). Such landscapes resulted from longterm human nature interactions and thus contain important cultural heritage
values (Plieninger and Bieling, 2012). Wood-pastures are cultural landscapes of
particular interest due to their bio-geographical distribution and socio-ecological
importance (Plieninger et al., 2015b). They have been an important part of
European rural landscapes (Jørgensen and Quelch, 2014), and still cover about
203 000 km2 in the EU27 (Plieninger et al., 2015b), concentrated mostly in
Mediterranean and East European countries. In Europe, wood-pastures are
historical management systems (Mosquera-Losada et al., 2009), characterized
by scattered trees which provide shelter and forage for animals (Rackham, 2008,
Costa et al., 2014), as well as a variety of by-products (e.g. firewood, charcoal,
cork, fodder, acorns). Traditional management practices were characterized by
multi-functional and extensive (cf. intensive agriculture) practices (Halada et al.,
2011), implemented at varied temporal and spatial scales which fostered high
biodiversity (Bugalho et al., 2011, Diaz et al., 2013, Torralba et al., 2016), and
local ecological knowledge (Plieninger et al., 2015b). Wood-pastures have
therefore been considered as high nature value farmland systems in Europe
(Oppermann et al., 2012). However, they are severely threatened due to the
effect of land use change modulated either by agricultural intensification or
abandonment (Bergmeier et al., 2010), which entails great uncertainty for woodpasture conservation and the services provided by interconnected human-nature
interactions (Garrido et al., 2017b, Plieninger et al., 2015b). Further research is
thus required for the successful conservation of wood-pastures in the long term,
and constitutes the rationale behind the research presented in this thesis.
11

2

Connecting concepts and disciplines

Negative effects of human activities on nature and ecosystems were early
emphasized (Marsh and Lowenthal, 1965). Hence, industrial societies began to
realize the non-infinite nature of natural resources, and to evidence human
induced consequences on natural capital and ecosystems (e.g., resource
exploitation and pollution) (Braat and de Groot, 2012). Consequently, an
increasing number of scholars started to capture ecological matters in economic
terms, to highlight human societal dependence on ecological systems (Daily,
1997), and thus fostering biodiversity conservation concerns (Braat and de
Groot, 2012). It is in this context when the term ecosystem services (ES) was
coined (Ehrlich and Ehrlich, 1981) to connect the value of nature and ecosystems
for human well-being (see Box 1). ES are generally defined as the benefits
people obtain from ecosystems (MA, 2005). Therefore, ES can be understood as
the link between the ecological and the social system (Díaz et al., 2011).
However, ecological processes generating ES operate at different spatial scales.
Thus, ES generated at a certain ecological scale (i.e., plant, plot, ecosystem,
landscape, biome, globe) may benefit stakeholders at different institutional
scales (i.e., local, regional, national, international level) (Hein et al., 2006). Each
institutional scale comprises different stakeholders, whose interests might be
conflicting (Tacconi, 2000). Stakeholders at local and regional level may ascribe
different values to ES based on their cultural background and upon the impact
of such services on their well-being (Hein et al., 2006). It is therefore crucial to
consider different spatial and institutional scales on ES valuation since it may
exert a significant effect on valuation results (Martín-López et al., 2009a).
Human management decisions and practices are the result of the dynamic
interaction of biophysical and sociocultural factors (Torralba et al., 2017), which
in turn has an effect on the ecological system via land use and management
practices (Díaz et al., 2011). Wood-pastures have been shaped by human
activities and are therefore considered social-ecological systems (Plieninger and
Bieling, 2012). They thus need continuous human management for their stability
12

and are easily affected by socio-economic changes and subsequent management
decisions altering their social-ecological resilience (Plieninger and Bieling,
2012, Plieninger and Bieling, 2013).

Box 1. Ecosystem services framework adapted from Millennium Ecosystem Assessment 2005.

ES in wood-pastures are frequently co-generated by natural processes in
combination with human activities (Fischer and Eastwood, 2016, Palomo et al.,
2016). Hence, they have been recently re-framed as social-ecological services
(Huntsinger and Oviedo, 2014). Capturing aspects of human-nature coproduction is important to avoid mistakes caused by narrow assumptions about
“natural” systems, and to understand the need for multi-functional landscape
management (O'Farrell and Anderson, 2010, Huntsinger and Oviedo, 2014).
This is especially important in wood-pastures where management practices are
needed to maintain the fragile ecosystem balance and the services produced by
human-nature interactions. That fragile balance and the outstanding biodiversity
levels of wood-pasture landscapes might be explained by the intermediate
disturbance hypothesis (Marull et al., 2015).
Biodiversity, understood as the living components of ecosystems, is directly
related to the provision of ES (Chapin III et al., 2000). Hence, biodiversity
supports ecosystem functioning and the provision of services important for
people and their well-being (Hooper et al., 2012, Cardinale, 2012).
Simultaneously, stakeholder land use decisions favour or hamper certain
organisms and their traits and therefore feed back onto the composition and
functioning of ecosystems (Figure 1) (Díaz et al., 2011). The relative abundance,
distribution, range and value of functional traits from the organisms that form
13

certain ecosystem is referred to as functional diversity (Díaz et al., 2007). The
functional traits of the organisms in an ecosystem, i.e., functional diversity,
modulates ES delivery (Elmqvist et al., 2003, Kremen et al., 2007, de Bello et
al., 2010).

Figure 1. Conceptual framework to understand the interplay between the social and ecological
system. Land use choices affects the ecological system and generate different land covers which
favour or hamper certain organisms and therefore trait diversity. This in turn, feed back onto the
composition and functioning of ecosystems and delivered services. The central arrow highlights the
importance of combining social and natural sciences to better understand social-ecological systems.
Adapted from Diaz et al. 2011.

For instance, different plant species comprise different functional trait values,
which affect different ecosystem properties and therefore have different effect
on the environment we live in. Nutrient and carbon cycling (Wardle et al., 2004),
litter decomposition and productivity (Pérez-Harguindeguy et al., 2000, Lavorel
and Garnier, 2002), plant-herbivore strategies (Díaz et al., 2001), and plant
resistance to climate variability (Grime et al., 2008), are all regulating the
ecosystem properties and thus the delivery of services to humans. Moreover,
different stakeholders develop different strategies to secure their livelihoods and
well-being. In order to obtain the ES needed to secure their livelihood strategies
or well-being, they use and access ecosystems and their functional diversity in
different ways. For instance, traditional farmers perceived wood-pastures as
source of food, pastures for their livestock, fuel (e.g., firewood), and medicine
14

(Garrido et al., 2017b, Garrido et al., 2017a). They therefore highly value
productive oaks to feed their swine herds (Parsons, 1962), the abundance of
plants of high nutritional value for their livestock, and a diverse landscape that
provides opportunities for different subsistence activities at different times of the
year (Jørgensen, 2013, Davies and Watson, 2007). Due to their low-intensity
multi-purpose management strategies, farmers practicing traditional
management use a high number of ES and thus value the presence of a wide
range of species of different biological attributes. Production oriented cattle
ranchers who have simplified the traditional management, have specialized in
the use of a small number of ES to sustain their production. They therefore value
certain biological attributes for their commercial production and placed higher
value on the abundance of high-quality grass fodder and neglect the properties
and functions of other biological components since they are of no value to them.
In times of fodder shortage they can supplementary feed the livestock and
therefore they do not depend on a wide range of functional attributes and do not
therefore value them. Crop production oriented farmers, prioritize a single ES,
i.e., soil fertility, to maximize crop yield. This stakeholder group may not ascribe
any value to any component of functional diversity as provider of ES. Indeed,
any pre-existing natural or semi-natural vegetation is not contributing to their
strategy and is therefore considered as an obstacle for their activity.
Environmental NGOs and official authorities value wood-pastures as source of
education, recreation and heritage values and thus appreciate all components of
functional diversity with special emphasis on endemic, endangered or
emblematic species (e.g., Iberian lynx (Lynx pardina) and Spanish imperial
eagle (Aquila adalberti)) (Caro, 2010). Additionally, abundant organisms
usually have higher impact on ecosystem properties than less common ones
(Grime, 1998, Garnier et al., 2004), and therefore in wood-pastures, dramatic
changes can be expected when for instance grazing as traditional management
practice, cease (Paper IV). Understanding biodiversity through the functional
traits of organisms that form an ecosystem clarifies the linkages between
biodiversity and properties and processes that generate the ES important to
support human life and well-being (Cadotte et al., 2011). This in combination
with capturing the different stakeholder perspectives and values may help to
better understand the social and ecological components of wood-pastures and
therefore facilitate novel management alternatives for their conservation in the
long term (Garrido et al., 2017a). Since stakeholders manipulate different land
covers, functional diversity, and ecosystem properties to obtain particular
combination of ES, to capture their perspectives is crucial. The impact at
landscape level of decisions made by stakeholders will greatly depend on their

15

relative political power and access to ecosystems (Díaz et al., 2011, Quétier et
al., 2010).

16

3

Objectives

Wood-pastures are appreciated for biodiversity and cultural heritage values, but
are threatened today by land use changes in the form of agricultural
intensification or abandonment. Thus, the first aim of this thesis was to diagnose
the status of wood-pastures and elucidate pressing current challenges for their
long term persistence by applying a qualitative socio-cultural valuation of
ecosystem services. This allowed for realising the second aim of the thesis
namely to experimentally test potential alternatives for wood-pasture and seminatural grassland conservation in Sweden.
The main questions were:
1. How the perception of services vary among different stakeholder
profiles? Is the perception of services different at local and regional
level? Which are key services for wood-pasture conservation? Are
stakeholders from different countries perceiving ecosystem services
differently? What are the pressing challenges for wood-pasture
conservation? (Paper I and II)
2. Can wood-pasture abandonment in Sweden be tackled by introducing
large herbivores? Is it possible to use Gotland Russ (Equus ferus
Caballus) for wood-pasture restoration and management? Does horse
browsing have an effect on the forest structure? What is the effect of
browsing on the forest composition? Which trees are preferred by
horses? (Paper III)
3. What are the effects of horse grazing on semi-natural grasslands? Can
current biodiversity declines be mitigated through horse grazing? What
is the effect on plant species richness? Can grazing have positive
cascade effects on pollinators? (Paper IV)

17
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4

Methods

4.1 Study areas
4.1.1 Cáceres province (Paper I)
Extremadura is a region located in southwestern Spain (ca. 39°N, 6°O) covering
more than 40 000 km2 (Ezquerra Boticario and Gil Sanchez, 2008). The total
forest and woodland cover equals 16 000 km2 of which 77% (12 370 km2 )
correspond to oak wood-pastures called dehesas (Pulido et al., 2010), where the
Cáceres province is at the center of its range and was therefore selected as the
study area (Figure 2). Early signs of human forest opening by fire goes as far as
6 000 years back (López Sáez et al., 2007), although there is evidence of tree
adaptation to fire (e.g., cork oak), suggesting a much longer co-evolution (Grove
and Rackham, 2003).
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Figure 2. The location of both study areas: (Right) Östergötland County in Sweden with total cover
of oak wood-pastures with high natural values equals 180 km2; and (Left) Cáceres province in Spain
where the total forest and woodland area equals 16 000 km2 of which 77.3 % (12 370 km2)
correspond to dehesas. Sweden and Spain administrative borders were extracted from the GADM
database (www.gadm.org), version 2.8, November 2015.

The dehesa is mostly privately owned by big estates (>100 ha). Tree species
such as holm (Quercus ilex), cork (Q. suber) and Pyrenean oak (Q. pyrenaica)
dominate the tree canopy of dehesas. Tree density varies (10-100 ha-1)
depending on land use (Moreno and Pulido, 2009). The trees are a fundamental
component of the dehesa system, producing not only forage (acorns, fodder,
browse), energy (firewood and charcoal), and cork, but also creating favourable
micro-climatic conditions for herbaceous understory and providing shelter for
livestock (Marañón, 1988, Joffre et al., 1988). The traditional multi-purpose land
management has generated a mosaic of habitats with high plant species diversity
both at local (Marañón, 1985, López-Sánchez et al., 2016) and landscape scales
20

(Moreno et al., 2016). The dehesa landscape has been fundamental for the
regional rural economy (Campos, 2004), while simultaneously supporting high
biodiversity values (Dı́az et al., 1997, Olea and San Miguel, 2006) for which it
has been included in the EU Habitat directive 92/43 (Costa et al., 2014) (Photo1).

Photo 1. Traditional dehesa where Iberian swine herds are free ranging feeding on acorn in autumn.
Photo: Pablo Garrido.

There has been a transition from an agro-silvo-pastoral system, to a simplified
wood-pasture during the last decades (Mosquera-Losada et al., 2009).
Traditionally, native cattle breeds, merino sheep, goats and Iberian pigs were
free ranging in dehesas (Marañón, 1988), and pig fattening with acorns was
important for the agrarian economy (Parsons, 1962). Agricultural practices were
performed in long rotation periods (3-12 years; depending on soil productivity),
in combination with pruning and lopping activities of oaks to facilitate sunlight
to reach the ground for agriculture and grassland development, and to maximize
acorn production (Moreno and Pulido, 2009). These practices also prevented
shrub encroachment and soil compaction. Seasonal herd movements
(transhumance) were common, traditionally conveying more than 3 million
sheep from the north to wintering areas in the southern part of the Iberian
peninsula (Klein, 1920). These seasonal movements utilized a specific network
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for their migrations, known as drove roads (cañadas), that are today legally
protected (Law 3/1995).
Currently, eco-tourism, bird watching and recreational big game hunting
activities are gaining momentum on dehesa estates, while agricultural practices
are becoming less central (see Paper I, Table 1). Particularly recreational hunting
is today an important socio-economic activity for private dehesa estates after the
abandonment of the traditional uses and rural depopulation (Olea and San
Miguel, 2006, Moreno and Pulido, 2009). Today ranchers are mostly specialized
in the production of single livestock species, i.e., cattle, sheep, goats, pigs and
fighting cattle, although combinations commonly occur.

4.1.2 Östergötland County (Paper II)
In Sweden, the largest area of wood-pasture remnants is located in Östergötland
County (Figure 2; Photo 2), where in total around 180 km2 of valuable woodpasture habitats persist scattered in small patches (CAB, 2005). They were
traditionally used for animal husbandry, including grazing and hay-making
(Jørgensen and Quelch, 2014).

Photo 2. Tinnerö eklandslkap in Ötergötland. Photo: Mikael Angelstam

Today, old sun-exposed pedunculated oaks (Quercus robur) located on woodpastures host a high diversity of saproxylic beetles (Ranius et al., 2005),
22

butterflies (Bergman et al., 2007) and lichen species (Paltto et al., 2010). Also,
associated semi-natural grasslands are the most species-rich habitats in Sweden
(Svensson, 1988). However, such wood-pastures are currently threatened by
insufficient or non-existent traditional land management (Paltto et al., 2011), and
are severely fragmented (Bergman et al., 2004). Moreover, due to changes in
land use and the abandonment of agricultural practices these habitats have
dramatically declined (SBA, 2005b, SBA, 2005a).
To understand the current distribution of oak habitats and wood-pastures in
Sweden, it is important to consider both broad climatic drivers and historical
facts (Eliasson and Nilsson, 2002, Lindbladh and Foster, 2010). During the 16th
to 19th centuries, acorns were an important source of fodder for livestock, and
timber was valuable in the agrarian economy. Simultaneously, oak timber was a
strategic resource for warships construction by the Swedish state. Hence, to
ensure the preservation of oak trees, in 1558 the oak was declared property of
the Swedish state by King Gustav Vasa. This decision had adverse consequences
for farmers since the use of oaks was no longer allowed and thus oak became an
impediment for agricultural development. As a consequence a large proportion
of oaks were deliberately damaged. This conflict of interest between the state
and local farmers escalated during the following centuries and created a
widespread hatred toward oaks. This lasted until 1830 when royal ownership of
oak ceased. A consequence of this oak hatred was a significant reduction of oak
trees due to intense harvesting by local farmers (Eliasson and Nilsson, 2002). In
contrast, nobility could afford to preserve the oaks within their estates. By the
19th century the oak occurrence had been reduced dramatically to current levels
(Eliasson and Nilsson, 2002, Lindbladh and Foster, 2010).
Wood-pasture restoration (i.e. removal of competing secondary woodland
trees and introduction of livestock to maintain the open woodland character
through grazing) has been implemented in order to restore the biodiversity and
cultural values associated with wood-pasture landscapes. Core areas for oak
habitat conservation have been identified based on the hermit beetle
(Osmoderma eremita) requirements as focal species (see Paper II, Figure 1);
these habitats are also included in the EU Habitat directive 92/43.
4.1.3 Krusenberg (Paper III and IV)
Krusenberg is an estate of 842 ha located 17 km south of Uppsala (Sweden),
owned and managed by the Swedish University of Agricultural Sciences (Figure
3a). The property contains 204 ha of agricultural land, 72 ha of pasture and
grasslands, 510 ha of forest and, 46 ha correspond to other land uses (Päiviö,
2008). The forest land is dominated by coniferous species (71 %) interspersed
23

with coniferous forest on lichen-dominated (12 %), dry (6 %), and wet areas (2
%). Broad-leaved-coniferous (mixed) forest, and broad-leaved forest also occur.
The area is located within the Hemiboreal zone (Ahti et al., 1968). Mean
temperature over the study period corresponded to -4.8 °C (±6.5 SD) in January
and 17.5 °C (±4.1 SD) in July, while precipitation in July ranged between 65
mm and 123 mm. From 2004 to 2014 (i.e., the beginning of the experiment),
pasturelands have not been tilled, and were occasionally harvested and/or
grazed. During the growing season, the experimental area, including forest land,
has been grazed by cattle in unknown numbers (Ryberg, pers.comm.).
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Figure 3. a) Location of the study area and experimental design at Krusenberg estate in
southwestern Uppsala (Knvista), Sweden. © Lantmäteriet. b) Design of each herbivore exclosure
(control area). c) Vegetation survey design. Seven paired permanent control and experimental plots
(0.25m2) were surveyed. d) Butterfly and bumble bee survey design, where the area surveyed is
shaded in grey, adapted from the Swedish Butterfly Monitoring Scheme.
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4.2 Wood-pasture diagnostic methods (Paper I and II)
4.2.1 Stakeholder sampling
A stakeholder is considered as a person or group that has an interest in
something, in this case in wood-pastures. To characterize the different
stakeholder profiles of the study areas, stakeholder categories were first
identified by communication with experts and official authorities. The selection
of respondents was attained through snowball sampling (Atkinson and Flint,
2004). They were later grouped according to the sector they represented, i.e.,
civil sector, including non-governmental organizations and civil associations,
private sector, comprising businesses controlled or owned by private individuals,
and public sector respondents, which were represented by governmental
agencies and local governmental units. They were additionally categorized by
their level of governance or institutional scale in either local or regional level;
important to implement cross-scale assessments (Ribeiro et al., 2016). This
sampling strategy resulted in a total of 29 respondents in Sweden, and 34 in
Spain (see Paper I, Table 2; Paper II, Table 1).
4.2.2 Socio-cultural valuation of ecosystem services
Ecosystem services research is increasingly used in environmental policy and
practice (de Groot et al., 2010a, Gómez-Baggethun et al., 2010 ), and has proven
useful to stress changes in ecosystems and to identify priority areas for
implementing the wider political agenda (MA, 2005, TEEB, 2010). Three main
approaches have been utilized in ES research including biophysical, sociocultural and economic (de Groot et al., 2010b). However, in practice ES research
has focused predominantly on biophysical and economic assessments
(Vihervaara et al., 2010). In contrast, efforts to characterize cultural services
have been neglected due to the difficulty to capture intangible aspects
(Satterfield et al., 2013, Chan et al., 2012b, Daniel et al., 2012, Chan et al.,
2012a, Blicharska et al., 2017). These aspects, however, are of paramount
importance for a successful implementation of management strategies (Mascia
et al., 2003, Ban et al., 2013).
Most studies analysing ES demands from stakeholder perspectives have been
performed at the local level and have focused on a few services and narrow
stakeholder profiles (Martín-López et al., 2012). While some research on sociocultural valuation of ES has recently emerged (Villamor et al., 2014, Scholte et
al., 2015, Oteros-Rozas et al., 2014), there is a need for qualitative assessments
to widen valuation methods of ecosystem services (Fagerholm et al., 2016).
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Qualitative approaches “interpret phenomena in terms of the meanings people
bring to them” (Denzin and Lincoln, 2011), and are therefore fundamental to
articulate the expression of services and values important to people (Chan et al.,
2012b, Chan et al., 2012a). For a holistic understanding of the studied woodpasture landscapes a case study approach was applied (Flyvbjerg, 2011) and for
a full characterization of services, a qualitative socio-cultural assessment of
ecosystem services (see Appendix 1 for Questionnaire). The responses were
translated into ES categories (MA, 2005) (see Box 1). The themes that emerged
during the analysis were coded and grouped into main categories. To identify
how ES were addressed in the interviews an Ecosystem Service Coding Protocol
(CP) was applied (Wilkinson et al., 2013). This allowed for consistence of
coding among all analysed interviews. The CP included four categories of
services: supporting (coded A), provisioning (B), regulating (C) and cultural
services (D) (MA, 2005). Additionally, each category contained a number of ES
(see Paper I, Table 3; Paper II, Table 2).

4.3 Field experimental approach: the treatment (Paper III
and IV)
4.3.1 Experimental design
A three year field experiment with paired control and experimental plots was
applied at three different 13, 11 and 10 ha wood-pasture enclosures. Control
plots mimicked land abandonment conditions, while experimental plots the
restoration of wood-pastures and semi-natural grasslands by a known stocking
rate of large herbivores. Along the edge zone of each enclosure, three rectangular
40 x 5 m (20 m into the forest and 20 m into the grassland) exclosures (controls)
were placed to simulate abandonment conditions in May 2014 (Figure 3b). Four
free-ranging one-year-old horse stallions were released per enclosure, where
they were kept without supplemental feeding for three growing seasons till
September 2016. Although the experimental design might have allowed wild
herbivores (e.g., rodents, hares, roe deer and moose) access the exclosure areas,
their effect was considered negligible (Photo 3). The study was performed using
a cross-over design where the horse groups were shifted between enclosures
once a year. The body condition of horses were scored every week according to
Henneke et al. (1983), and horses that scored < 4 (4 equals “moderately thin”)
were temporarily removed from the enclosures and offered additional pasture or
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were supplementary fed. During the study period, four individuals were
temporarily removed due to low body condition in late winter.
Remains of wild horses dated to 11 200-10 400 years before present (YBP)
have been found in southern Sweden (Liljegren and Ekström, 1996). The oldest
finding suggested to be a domesticated horse, have been found in Gotland, dated
to 4700 YBP (KSLA, 1998). Although this horse might have been domesticated,
free-ranging horses have been present on Gotland until the 20th century
(Ljunggren, 1967). Feral horses are mentioned in the literature from the 13th
century and, when Carl Linnaeus visited Gotland in 1741, he described traps
made to capture horses (von Linné, 1745). The last known hunt for horses on
Gotland was in 1932 (Norrby, pers. comm.). Because of the feral history of the
breed, it may have retained a sufficient rustic character (e.g., energy retaining
characteristics and feeding behavior) to serve as a tool for wood-pasture
restoration and management, while fostering the conservation of a critically
endangered national breed; liability commissioned by FAO (First report on the
state of the world’s animal genetic resources), according to which Sweden is
obliged to preserve the breed.

Photo 3. Effects of grazing and browsing on experimental and control areas at Krusenberg estate in
2016. Photo: Pablo Garrido.

4.3.2 Vegetation surveys and plant traits
For tree vegetation, the total number of trees was counted at paired controlexperimental plots in 2016 (Figure 4). Trees taller or equal to 20 cm (minimum
browsing height for large herbivores; Nichols et al., 2015) were identified to
species level (besides Salix spp.) and selected for the study. Tree height (cm),
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diameter (cm), total number of twigs, and total number of browsed twigs were
recorded per selected tree. Additionally, trees were also categorized into height
classes; class 1, trees up to 3 m, class 2 included trees from 3 to 5 m, and class 3
corresponded to trees higher than 5 m. Diameter of class 3 tree individuals were
taken at breast high (dbh; 1.30 cm); few centimeters from the ground otherwise.

Figure 4. Detail of study design

For grassland vegetation, seven circular plots of 0.25 m2 (0.282 m radius) were
placed equidistant 2.5 m at paired control-experimental plots (Figure 3c).
Vegetation surveys were performed in July and September 2014, and May, July
and September 2015 and 2016. Permanent plots were marked with black plastic
needles hammered into the soil. For each plot, all plants were identified at
species level and their abundance recorded. Grasses were registered as a group,
including Alopecurus pratensis, Festuca rubra, Dactylis glomerata, Phleum
pretense, Festuca pratensis, Poa annua, Lolium perenne, Elytrigia repens,
Agrostis gigantean, Agrostis capillaris, Deschampsia cespitosa.
To understand the effects of grazing on plant ecological strategies (Grime,
1977), plant-herbivore interactions, biodiversity and ecosystem functioning,
functional trait-based approaches have recently emerged (de Bello et al., 2005,
Laliberte et al., 2012, Violle et al., 2007). Plant functional traits can therefore
facilitate the understanding of the mechanisms modulating plant responses to
grazing. For instance, leaf N content and specific leaf area (SLA) are traits
closely associated to growth rate (Wright et al., 2004), as well as to plant
tolerance strategies to herbivory (Strauss and Agrawal, 1999, Díaz et al., 2001).
In order to understand the response of plants to biotic and abiotic factors,
three plant ecological strategies were proposed (e.g., Grime, 1977): plants
adapted to (i) low stress and low disturbance levels (competitive plants; C), (ii)
high stress and low disturbance (stress-tolerant; S), and (iii) low stress and high
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disturbance levels (ruderal plants; R). However, limitations to the applicability
of the CSR scheme has been argued due to axes’ definitions based on reference
concepts and, therefore LHS plant ecology scheme was also included (Westoby,
1998). This scheme comprise specific SLA (mm2 g-1), plant height at maturity
(H; cm), and seed mass (SeedMass; g). LHS data was compiled from the LEDA
plant trait database (Kleyer et al., 2008), and CSR trait data from Hunt (Hunt et
al., 2004) and the BiolFlor database. Based on the species-specific trait values
obtained, community weighted mean (CWM) values were derived for each plant
trait (Lavorel et al., 2008). Since a parallel decline of plants dependent on insect
pollination for reproduction have been reported (Biesmeijer et al., 2006,
Carvalheiro et al., 2013), plants dependent on different pollination mode vectors
were also categorized. To assign plant pollination mode vectors to the plant pool
data, the BiolFlor database and the flower classification from Mueller (see Klotz
et al., 2002) was used. Plant species were classified as bee, generalist and wind
pollinated (see Paper IV, Appendix 1 for details).
4.3.3 Pollinator surveys and traits
Biodiversity conservation management strategies for grasslands have primarily
been targeting vascular plants (WallisDeVries et al., 2002, Tälle et al., 2016),
while plant-pollinator interactions are equally fundamental for the stability and
functioning of ecosystems and intrinsically connected to changing land use
practices (Kremen et al., 2007, Aslan et al., 2013). Therefore, flower-visiting
species such butterflies and bumble bees, should be monitored for improving the
understanding of how management practices affect biodiversity and the
functioning of ecosystems (van Klink et al., 2015). Butterflies and bumble bees
are both key pollinator groups with differing co-evolutionary relationship with
plants (Alanen et al., 2011). They have additional specific properties that qualify
them as suitable complementary taxon for biodiversity conservation
assessments. They are well-studied compared to other taxonomic groups (Boggs
et al., 2003), have shown to have a rapid response to environmental changes
(Goulson et al., 2005, Thomas et al., 2004), and may be used as umbrella species
for other insect taxa (Thomas, 2005). For butterflies and bumble bees, a point
inventory method developed by The Swedish Butterfly Monitoring Scheme was
applied. Each paired 5 x 5 m experimental and control plot was observed for 20
minutes twice a day (Figure 3d) and three times a year in 2016. Surveyed areas
were observed depending on sunlight and solar time; criteria described in the
National Inventory of Landscapes in Sweden (NILS), i.e., at least 17°C and
preferably sunshine, particularly for butterflies (Cornvall, 2017). Total number
of species in paired grazed and ungrazed plots were recorded.
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Life-history traits can be used to assess changes of insect communities in
response to environmental changes. For instance, niche breadth is a key
ecological characteristic determinant of species distribution and abundance in
fragmented landscapes (Ewers and Didham, 2006), and suggested to explain
sensitivity to land use changes (Moretti et al., 2009). For bumble bees, niche
breadth can be characterized by proboscis length, being long tongued bees more
specialized in foraging long corolla tube flowers (Goulson, 2003). For
butterflies, it can be defined by larval-plant specificity feeding habits (Komonen
et al., 2004) and larval host plant specialization (Alanen et al., 2011). Butterfly
species were classified as host-plant specialist when butterfly larvae fed on
plants belonging to a single plant genus, or generalist when feeding on at least
two species belonging to different plant genera (Öckinger et al., 2010). For
bumble bees, species were classified as having long or short proboscis. Longtonged species denote a higher degree of flower forage specialization (Ødegaard
et al., 2015, Cederberg and Mossberg, 2012)(see Paper IV, Appendix 2 for
details).

4.4 Statistical analyses
4.4.1 Quantitative estimates of tree selection (Paper III)
In order to elucidate whether the experimental horse breed could be used as tool
for wood-pasture restoration and management, it is important to quantify the
browsing pressure exerted on different tree species and to estimate tree
preferences. In this thesis, browsing pressure was investigated up to three
meters; i.e. the browsing height for moose (Alces alces) (Bergström et al., 1995)
and assumed to be the maximum reachable height for horses (height at withers
around 115-130 cm). Browsing pressure per tree was calculated as the ratio
between the number of browsed twigs divided by the total number of twigs per
tree. To generate quantitative estimates of tree selectivity, a general model was
applied (Chesson, 1978, Greenwood and Elton, 1979, Månsson et al., 2007).
This consisted in three different parameters:
𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣
𝑖𝑖=1 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣

𝑢𝑢𝑢𝑢 = ∑𝐼𝐼

(1)

where ui is the relative proportion of utilized food item i; based on browsing
pressure estimates per individual tree species, v corresponds to a selectivity
parameter, a refers to the proportion of available food item i; computed as the
number of trees of species i divided by the total number of trees per plot, and I
represents the total number of tree species considered; including Scots pine
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(Pinus sylvestris), silver birch (Betula pendula), European ash (Fraxinus
excelsior), aspen (Populus tremula), blackthorn (Prunus spinosa), pedunculate
oak, sallow (Salix spp.) and rowan (Sorbus aucuparia). Pine was considered as
representing the minimum number of observations to ensure sufficient statistical
power (i.e., 41), and thus species with lower occurrences were excluded as well
as Norway spruce (Picea abies) due to herbivory avoidance (see Paper III, Table
1). Availability of tree species was calculated based on the selected eight tree
species per plot. Trees up to five meters were included in the analysis; higher
trees (class 3 category) were excluded due to limited effect of browsing on tree
survival.
To find the selectivity parameter v for each tree species eq. 1 can be reorganized so that
𝑢𝑢𝑢𝑢
𝑣𝑣𝑣𝑣 =
(2)
𝐼𝐼
𝑎𝑎𝑎𝑎 ∑𝑖𝑖=1(𝑢𝑢𝑢𝑢/𝑎𝑎𝑎𝑎)
since the relative proportion of utilized tree species u sum to 1. One of the
strengths of the model is the possibility to compare selectivity parameters for
different tree species. However, this index is not normally distributed (Månsson
et al., 2007) and therefore a log transformation is suggested (Aitchison, 1986).
𝑣𝑣𝑣𝑣
𝑥𝑥𝑥𝑥 = 𝑙𝑙𝑙𝑙 � �
(3)
𝑣𝑣0
where vi represents the selectivity parameter for the tree species i, and v0 denotes
the selectivity parameter of the reference species; in this case pine.

4.4.2 Grazing effects on grasslands and pollinators (Paper IV)
Generalized linear mixed models (GLMM) were used, due to the hierarchical
structure of the experimental design where plots were nested within exclosures
and these within enclosures (Bolker et al., 2009, Zuur et al., 2009). GLMMs
were fitted to a Gaussian, Poisson or Binomial distributions, including a nested
random structure conditioned by the hierarchical experimental design.
Additionally, butterfly and bumble bee data was collected twice a day and three
times a year and therefore a particular method to handle the repeated
measurement nature of the data was used. For this a GLMM using a penalized
quasi-likelihood (PQL) method was applied (McCulloch and Neuhaus, 2001,
Breslow and Clayton, 1993).
First, whether plant species richness was affected by the experimental
treatment (grazed vs. ungrazed) and time was investigated. GLMMs were used
with a nested random structure term; plot within exclosure and enclosure, and
season, fitted to a Poisson distribution (log-link). Then, the relative proportion
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of bee, generalist and wind pollinated plants was calculated to test for effects of
treatment and year. GLMMs with a nested random structure term; plot within
exclosure and enclosure, and season, fitted to a Binomial distribution (logit-link)
were used. The relative abundance per plot of the response variables was used
as weights in the model.
Secondly, CWM traits as a measure of functional composition (Laliberte et
al., 2012) were applied. CWM were computed as the weighted trait mean per
plot, where weight corresponded to the species relative abundance. CSR and
LHS (log-transformed) CWM traits and principal component analysis (PCA) to
visualize the grassland community changes induced by treatment through time
were used. Then the effect of the CWM trait values on the experimental
treatment trough time was tested by fitting the CWM trait values to a GLMM
with a nested random structure term, plot within exclosure and enclosure, fitted
to a Gaussian distribution.
Finally, butterfly and bumble bee species richness and behavior (feedingresting) was investigated in grazed compared to ungrazed conditions. For this
purpose only data on pollinators from 2016 was employed in order to test for the
cumulative effect during the three year experimental time. GLMM-PQL models
were used due to the repeated measurement nature of the butterfly data, with a
nested random structure term, i.e., plot and treatment within enclosure and date,
fitted to a Poisson distribution. The effect of butterfly and bumble bee species
richness and behavior on butterfly host plant specialization traits and, on bumble
bee proboscis length trait was also tested. For more details on statistical
packages, models and literature references for statistical analyses see Appendix
3 in Paper IV.
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5

Results and discussion

5.1 Wood-pasture diagnosis (Paper I and II)
5.1.1 Cross-site comparison of stakeholder perspectives
In Spain, stakeholders acknowledged a total of 45 ecosystem services (Paper I).
In contrast, 34 services were acknowledged by Swedish respondents (Paper II).
At local level, cultural services were the most commonly perceived services in
Sweden while provisioning services were highlighted the most in Spain (Figure
5a,b). Among cultural services, stakeholders from both regions acknowledged
recreation and eco-tourism services associated with wood-pastures (see Paper I,
Table 3 and Paper II, Table 2). Additionally, cultural landscape and landscape
beauty were identified as important in Sweden, whereas in Spain respondents
additionally highlighted traditional knowledge and heritage values. Provisioning
services included livestock and pastures and, to a lesser extent timber and crops
were also indicated in Sweden. In Spain, livestock and pastures were also the
most mentioned provisioning services at local level, followed by fodder from
trees, firewood, charcoal, wild game and other sub-products such as cheese,
olive oil, sausages, and wine. Regarding supporting services, both Swedish and
Spanish respondents appreciated biodiversity. In Spain, respondents additionally
acknowledged water cycling, nutrient cycling and photosynthesis. Regulating
services were rarely expressed by stakeholders in Sweden; the only two services
mentioned were noise regulation and water regulation and purification. The
variety of services perceived by Spanish respondents was much greater, and
natural hazard regulation, in particular fire prevention, was the most frequently
acknowledged. Seed dispersal, erosion regulation and climate regulation were
also mentioned.
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Figure 5. Ecosystem services from wood-pasture landscapes mentioned by stakeholders from
different sectors at local and regional level in a) Östergötland County (Sweden), and b) Cáceres
province (Spain). Yellow-cultural, red-regulating, green-provisioning, blue-supporting services.

At regional level, both Swedish and Spanish respondents valued cultural services
the most (Figure 5a,b). Swedish mostly mentioned recreation and eco-tourism
services, landscape beauty and education and knowledge. Spanish appreciated
most frequently education and knowledge services, traditional knowledge,
cultural landscape and recreation and eco-tourism services (see Paper I, Table 3
and Paper II, Table 2). Biodiversity, and particularly species richness, were
highlighted both by Swedish and Spanish respondents as supporting services at
regional level. Primary production services were additionally acknowledged in
Spain. Provisioning services were rarely mentioned by Swedish respondents,
with timber, fodder and crops being equally named. In contrast Spanish
respondents, acknowledged livestock the most, followed by fodder and other
services mentioned to much lesser extent. Surprisingly, regulating services were
not mentioned by any Swedish respondent at regional level (Figure 5a), whereas
Spanish respondents acknowledged climate regulation, water regulation and
purification and natural hazard regulation most frequently.
These results are in line with other socio-cultural valuation studies. Livestock
was also considered among the most important ES for social well-being among
stakeholders, as well as nature recreation activities, rural tourism and
environmental education (Oteros-Rozas et al., 2014). This may be a consequence
of urban users increasingly demanding environmental education as well as
recreational and eco-tourism activities (Martín-López et al., 2012); services
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which are increasingly being demanded in Europe (Harrison et al., 2010).
Grouping stakeholders into different homogeneous categories as done in this
study (see Paper I, Table 2; Paper II, Table 1), provides more accurate
information on ES demands among different groups of stakeholders (MartínLópez et al., 2009b), and therefore might lead to optimal landscape stewardship
and land management strategies (Hein et al., 2006). Wood-pastures demonstrate
a multi-functional character by delivering multiple ES to stakeholders from
different sectors and levels of governance; this stresses the need for further
investigation of multiple ES provision in relation to land use change, and to
consider the relationship between supply and demand of ES (Wolff et al., 2015).
ES important for different stakeholders were not only related to the biological or
aesthetic values of the landscape per se, nor to its recreational potential alone.
Additionally, accessibility of desired benefits in terms of outdoor recreational
activities was also highlighted by respondents (Paper I & II), and therefore
important to consider for future research and planning (Díaz et al., 2011,
Cerqueira et al., 2015).
The presented results demonstrate that the perception of ES by humans is
largely context-dependent. When traditional knowledge disappears, the human
ability and capacity to perform multi-functional agricultural practices is
compromised. At the same time the generation that holds the knowledge to
perform multi-functional traditional management practices has not been
successful in transmitting this knowledge to younger generations in Sweden.
This has two main consequences: an extreme simplification of the management
of wood-pastures and, a lack of knowledge and incentives to engage in
traditional farming and wood-pasture management. Values and visions of
societies are continuously changing, both across time and among individuals,
and that might affect the willingness of people to engage in agricultural practices
that maintain wood-pastures; other commodities are today more valued. In Spain
even when traditional management practices ceased in the 1960s, there are better
opportunities for the transmission of traditional ecological knowledge.
Additionally, only few people in Sweden depend on the management of woodpastures for their livelihoods, and thus the recreation function of the landscape
is dominant. In Spain, it is common to combine some farming activities with
other occupation, and therefore the use of the landscape and the perception of
ES is much richer, which reinforces additional identity values. This highlights
the importance of cultural ES as key services for people (Plieninger et al., 2015a,
Plieninger et al., 2013, Blicharska et al., 2017). Maintaining such key cultural
services is thus a milestone in landscape conservation and planning. This new
knowledge can also guide more integrative agri-environmental policies deeming
to be crucial for a more balanced future (Plieninger et al., 2015b). Additionally,
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traditional knowledge and practices such as transhumance has been positively
related to biodiversity (Hevia et al., 2013), and appeared to be an important
factor for holm oak regeneration of dehesas (Carmona et al., 2013), and may
therefore influence the system maintenance and stability. Thus, cultural ES may
play an important role and aid to elucidate current drivers of land use change
which may also be fundamental to tackle potential future management issues
(Szücs et al., 2015). The abandonment of such traditional practices may however
endanger the provision of important services for people and the conservation of
wood-pasture landscapes in the long term. To date, cultural ES associated to
aesthetical and recreational values of landscapes have already been
acknowledged (Daniel et al., 2012). However traditional knowledge, heritage
values, cultural landscape, as well as education and knowledge have not been
yet targeted, nor included into political commitments. These immaterial
dimensions are highly valued services in wood-pastures and should therefore be
implemented into specific policies so land managers and ranchers can be
financially supported for the supplied services to society (Gaspar et al., 2016).
This may potentially be achieved by the creation of specific Payment for
Ecosystem Services (PES) integrated into CAP agri-environmental schemes.
Additionally, integrative approaches, such as High Nature Value (HNV) farming
systems (Oppermann et al., 2012) may become valuable tools to understand the
connections of ecosystem functioning and associated ES, as well as the role of
the different components of wood-pasture landscapes (Plieninger et al., 2015b,
Sohel et al., 2015). In Swedish and Iberian wood-pastures, the provision of ES
is the result of traditional land use practices as a necessary condition for the
delivery of multiple services as reported in this and previous studies (Bugalho et
al., 2011, Huntsinger and Oviedo, 2014).
5.1.2 Challenges for conservation
At European level the importance of wood-pasture has been recognized
(Plieninger et al., 2015b, Hartel et al., 2013, Hartel et al., 2015). However, they
are still subjected to changing socio-economic processes and are commonly
becoming degraded and fragmented (Bergmeier and Roellig, 2014). Current
threats such as urban sprawl, land abandonment or agricultural intensification
entail even greater uncertainty for the long term conservation of valuable woodpasture landscapes in Europe (Bergmeier and Roellig, 2014, Moreno and Pulido,
2009, Bugalho et al., 2011, Plieninger et al., 2015b).
Wood-pastures in Sweden are deteriorating due to land abandonment and the
absence of livestock (CAB, 2005), active transformation of agricultural land into
Norway spruce plantations (Brunet et al., 2012, Paltto et al., 2011) and habitat
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fragmentation (Öckinger et al., 2012a). Additionally, the beauty of the landscape
attracts people to live closer to wood-pastures, which promotes further
fragmentation of habitats due to urbanization and grey infrastructure
development (Lättman et al., 2014). The restoration of wood-pastures is of
limited effect unless grazing is maintained and oak regeneration is secured
(Paper II). According to regional officials, two thirds of wood-pasture habitats
with high natural values are abandoned and need restoration. However, clearing
secondary woodlands and introducing grazing regimes are of marginal
profitability today. Additional reported constraints were hard working
conditions, lack of financial support and new entrants into farming.
Wood-pastures in Spain are currently threatened by tree regeneration failure
(Plieninger et al., 2004), oak diseases (Brasier, 1996), land use change,
transformation or abandonment (Bugalho et al., 2011) as well as intensification
(Moreno and Pulido, 2009). Spanish respondents were also concerned about
hard working conditions and the marginal profitability of their high quality
products. They expressed additional concerns about the loss of traditional
knowledge, excessive grazing pressure with negative consequences for tree
regeneration and wood-pasture stability, the abandonment of traditional
practices like transhumance, and climate change. According to respondents this
traditional practice (transhumance), which is nowadays mostly abandoned,
allowed wood-pastures to recover from the pressure livestock exerted to the
system, by taking advantage of foraging resources available elsewhere and
providing flexibility and mobility in response to climate variability (OterosRozas et al., 2012). Institutional factors were also commonly mentioned,
including the lack of a new specific legal framework for dehesas. Today it falls
under the forestry legislation, agriculture, livestock and environment, which all
hinder an integrated management of wood-pastures. Indeed, due to its multifunctional character, the dehesa system is far from being understood by strict
mono-sectorial policies (Guzmán Álvarez, 2016). Further, the disappearance of
dehesa multi-functional practices and products can partially be attributed to the
actual low profitability of the generated secondary products like firewood,
charcoal, meat, cereals. Ranchers and herders generally stressed the low
profitability of farming and ranching, referring to market prices obtained 30-40
years back. They also commented that quality was not prized by the market.
High quality extensively produced products had the same market value than
intensively produced conventional ones, and thus many ranchers have changed
to more productive breeds or mix-breeds. How can then multi-functionality and
promotion of the diversity of practices and associated products be fostered? In
this regard, recent research has highlighted the most relevant factors in the
purchase of food products by consumers (Gaspar et al., 2016). These were price,
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quality, brand name and origin, and therefore may suggest the development of
Protected Designation of Origin (PDO), and their identification with quality
brands. Such PDO’s should encompass geographical areas rather than specific
products, and be related to specific traditional management practices to ensure
the highest quality of the product as well as the diverse and multi-functional
sustainable management of farmlands.

5.2 Wood-pasture treatment: experimental ecology
(Paper III and IV)
5.2.1 Novel restoration alternatives
Can we find plausible alternatives for wood-pasture restoration and management
in Sweden given the identified challenges?
To answer this question the effect of horse browsing on the forest structure
and composition was experimentally tested (Paper III). Horse browsing
significantly reduced tree height/diameter ratios for European ash (t-test = -6.5,
df = 55.4, p-value < 0.01), rowan (t-test = -5.0, df = 92.7, p-value < 0.01), sallow
(t-test = -6.5, df = 69.5, p-value < 0.01), blackthorn (t-test = -4.8, df = 110, pvalue < 0.01), aspen (t-test = -7.3, df = 331.3, p-value < 0.01), and silver birch
(t-test = -5.2, df = 81.9, p-value < 0.01), but not for pine, spruce and oak (Figure
6). This implies that for a given diameter, seedlings and saplings were generally
lower at experimental browsed conditions than at controls, and therefore horses
can affect the structure of forest understory. The lack of such effect on pine was
most probably due to low pine occurrence; for spruce however, only two
browsed twigs were recorded and therefore no such relation was found due to
herbivore avoidance (Paper III). Studies on oak recruitment have shown that
regeneration is prevented by browsing (Kuiters and Slim, 2002, Götmark et al.,
2005) although resistance to browsing has also been reported and this in
combination to the short study period (three years), might explain the present
results despite the high browsing pressure reported here (Table 1). Additionally,
the total number of seedlings and saplings were also significantly lower in
experimental conditions compared to controls (t-test; t = -12.22, df = 1057.4, p
< 0.01). Seedling density has also been reported to decrease as deer density
increase (Gill and Morgan, 2010); pattern commonly observed in previous
investigations (Gill, 1992a, Gill, 1992b, Gill, 2006, Ward et al., 2008).
Reductions of the understory structural complexity has also been described in
relation to high deer numbers (Corney et al., 2008, Martin et al., 2010), as well
as altered tree size distributions (Peltzer et al., 2014).
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Figure 6. Height/diameter ratio for trees in experimental and control plots. This ratio was utilized
as proxy to elucidate the effect of browsing on forest structure. Outliers are not shown to enhance
boxplot visibility.

The magnitude of the effect however, may be modulated by the preference of
deer for certain tree species (Månsson et al., 2007), the relative forage quality
(Pollock et al., 2005) and availability (Hörnberg, 2001, Bergqvist et al., 2014),
plant resistance mechanism to herbivory (Gill, 2006), and previous history of
browsing (Palmer and Truscott, 2003). In this experiment, the browsing
pressure, tree consumption and selection for horses was assessed, as potential
tool for the restoration and maintenance of wood-pastures; assessment not tested
before. The rustic characteristics of the horse breed in combination with the feral
conditions and absence of supplementary feeding in which they were
experimentally kept, resembles the impact of wild horses in ecosystems and
make their effects comparable with other sympatric wild herbivores. Paper III
describes how browsing pressure decreased from ash to, rowan, oak, sallow,
blackthorn, aspen, silver birch, and scots pine in relation to availability, ranging
from 71% of browsed twigs in ash to 19% for pine. This resulted in a four times
higher probability for ash of being browsed compared to pine (Table 1). Similar
results were reported for moose by Månsson et al. (2007) although moose
exerted a much higher selectivity for preferred tree species. A consequence of a
sustained browsing pressure on preferred tree species can lead to plant
compositional changes and the dominance of browse resistant species (Gill,
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1992a, Gill and Beardall, 2001, Gill, 2006, Côté et al., 2004, White, 2012, Holm
et al., 2013). For instance, Tilghman (1989) reported studying white-tailed deer
(Odocoileus virginianus) a clear decline of browse-sensitive species and
diversity with increasing deer density. More recently, decades of sustained
browsing pressure have been shown to severely limit the development of
palatable species and shift the dominance towards non-preferred species such as
Picea glauca in North America (White, 2012). In Japan, sika deer (Cervus
nippon) browsing has altered the forest structure and composition by favoring
unpalatable shade-intolerant plant species (Takatsuki, 2009).
Table 1. Mean values ± SD for tree species availability and browsing pressure estimates.
Consumption, selectivity parameters and tree relative preference estimates are also shown
Ash

Rowan

Oak

Aspen

Birch

Tree species
availability a

0.11

0.13

0.11

Sallow Blackthorn
0.08

0.13

0.31

0.10

Pine
0.02

±0.12

±0.07

±0.11

±0.10

±0.13

±0.17

±0.08

±0.04

Browsing
pressure b

0.71

0.55

0.53

0.47

0.36

0.35

0.27

0.19

±0.10

±0.12

±0.11

±0.13

±0.14

±0.14

±0.13

±0.11

Consumption c

0.08

0.07

0.06

0.04

0.05

0.11

0.03

0.004

±0.02

±0.02

±0.02

±0.03

±0.04

±0.05

±0.02

±0.010

Selectivity
parameter d

0.21

0.16

0.15

0.14

0.10

0.10

0.08

0.05

Relative
preference e

3.73

2.89

2.79

2.49

1.89

1.86

1.40

****

Note: a Tree species (forage) availability was estimated as the number of focal tree species divided
by the total number of species recorded in experimental plots. Species with low occurrences and
Norway spruce were excluded from the calculations. b Browsing pressure was obtained as the ratio
between the number of browsed twigs divided by the total number of twigs up to three meters per
selected tree species. c Consumption was computed as the product of the previous two values. d The
selectivity parameter per tree species was calculated based on eq. 2 (see section 4.4.1. Statistical
analysis). e The relative preference index was computed utilizing eq. 3 and using Scots pine as
reference species, i.e., the denominator in eq. 3. **** represents the reference species.

The results provide empirical evidence on the effects of horse browsing on forest
structure and composition, and therefore suggest their potential use for woodpasture restoration and management in south-central Sweden. This, combined
with quantitative browsing and tree consumption estimates, as well as
quantitative estimates of tree species selectivity, i.e., the probability of a tree
species of being browsed in relation to the species availability, create a
management “tool-kit” that may facilitate evidence-based biodiversity
conservation oriented management efforts for abandoned wood-pasture habitats.
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5.2.2 Testing for biodiversity conservation
Is the introduction of a large herbivore supporting grassland biodiversity?
To answer this question the effect of horse grazing on the functional composition
of grasslands communities and effects on plant species richness was
investigated. Additionally, the effect on pollinator species richness was also
tested.
At the community level, the functional composition of the grassland
vegetation gradually changed in response to grazing (Paper IV, Figure 3 and 4).
Grazing favored prostrate plant species with high specific leaf area (GLMM, β
± SE; -0.17 ± 0.08, p-value = 0.04), and lower plant height at maturity (GLMM,
β ± SE; -0.31 ± 0.13, p-value = 0.02), characteristic of ruderal (GLMM, β ± SE;
0.03 ± 0.01, p-value < 0.01) communities. This change occurred rapidly (Figure
7). The same pattern has also been observed for sheep grazing in Patagonian
steppe grasslands (Cingolani et al., 2005). The abandonment of grazing regimes,
on the other hand, may favor competitive and taller species (Paper IV) which
have advantages when competing for light (Grime, 1977), whereas shorter plants
can maximize growth by reducing costs related to structural support (Westoby
et al., 2002). This response of the grassland community can be interpreted as
exerting a mixed tolerance-avoidance response to grazing. For example, plant
height and SLA are functional traits intimately related to plant growth,
photosynthetic capacity and leaf turnover rate, considered important trade-offs
between growth and anti-herbivore defense (Westoby et al., 2002, Reich et al.,
2007). Higher SLA values are associated to rapid growth under intense grazing
conditions; and thus representing a grazing-tolerance strategy of plants to
grazing (Laliberte et al., 2012), and favouring faster growing more palatable
plants (Westoby et al., 1999). Shorter plant height, however, has been associated
to herbivory resistance as mechanism of grazing avoidance which corroborates
the present results (Díaz et al., 2001, Cingolani et al., 2005, Zheng et al., 2015).
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Figure 7. PCA applied to Westoby’s LHS (A) and Grime’s CSR (B) community weighted mean
(CWM) functional traits to illustrate the change in the grassland plant community after three years
of treatment. X axes represent the first principal component, while Y axes correspond to the second
principal component. In parenthesis the explained variation of each component is presented.

Shorter vegetation, such as in the grazed plots, are expected to favour higher
species richness as grazing may impede competitive species to dominate the
vegetation community (Pykälä et al., 2005). Accordingly, a significant
interacting effect of higher plant species richness was detected in grazed
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compared to ungrazed areas and time. Further, this difference in plant species
richness increased with time (Figure 8; see Paper IV, Table 1).

Figure 8. Interaction effect of plant species richness in relation to time and treatment (grazed vs.
ungrazed). Shown interacting effects are significant.

In Europe, positive effects of grazing on plant species richness have been shown
for cattle (Pykälä, 2003, Pykälä, 2005, Pöyry et al., 2004), sheep (Hellström et
al., 2003), and cattle and horse grazing compared to sheep (Öckinger et al.,
2006), whereas negative effects of sheep grazing have also been reported
(Krahulec et al., 2001). Positive effects of grazing have also been observed in
North America for cattle (Beck et al., 2015) and bison (Bison bison) (Knapp et
al., 1999). Positive effects may depend on herbivore assemblages including large
herbivores and habitat productivity (Bakker et al., 2006, Lezama et al., 2014).
However, the results presented in Paper IV do not explain the general decline of
plant species richness with time. In addition, plant species richness has been
shown to increase when grazing is re-introduced, and is strongly related to
historical land use (Cousins, 2006). Thus additive landscape and land-use effects
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may potentially explain the general decline of plant species richness with time
observed in this study (Tscharntke et al., 2012, Öckinger et al., 2012b).
A higher butterfly species richness was also found in grazed areas
(GLMMPQL, β ± SE; -2.11 ± 0.85, p-value = 0.04); pattern followed both by
generalist (GLMMPQL, β ± SE; 0.61 ± 0.16, p-value < 0.01) and specialist
butterfly species (GLMMPQL, β ± SE; 0.64 ± 0.17, p-value < 0.01). This is
however in contrast with the general pattern described for European temperate
grasslands, where a higher butterfly species richness is expected in taller and
more structurally diverse vegetation (Milberg et al., 2016, Pöyry et al., 2004),
however this is much related to grazing intensity and could explain this
contradiction. Additionally, low intensity (extensive) grazing can have positive
effects on the structural diversity of grassland vegetation by exhibiting spatial
selectivity in feeding, defaecation and wallowing (van Klink et al., 2015).
Indeed, Zhu et al. (2012) reported that plant structural diversity was the major
factor associated to insect diversity on grazed grasslands. Bumble bee species
richness was also higher in grazed compared to ungrazed areas (GLMMPQL, β
± SE; -0.58 ± 0.16, p-value = 0.01). Short (GLMMPQL, β ± SE; 0.61 ± 0.12, pvalue < 0.01) and long-tongued bumble bees (GLMMPQL, β ± SE; 0.64 ± 0.12,
p-value < 0.01) were also higher in grazed areas, suggesting a positive effect of
grazing for both generalist and specialist bumble bee species. Different
functional groups of bees might differ in their response to habitat loss
(Bommarco et al., 2010, Williams et al., 2010), in particular long-tongued
bumble bees with narrow diet breadth are especially vulnerable (Bommarco et
al., 2011) and therefore more sensitive to habitat loss and intensification or
abandonment of agricultural landscapes (Clough et al., 2014). Flower abundance
has been shown to positively correlate with bee community composition (Sjödin
et al., 2008), and may explain the use of grazed habitats by a higher number of
bumble bee species (Paper IV). To conclude, grazing is revealed as a key factor
to maintain grassland plant species richness and may thus tackle
disproportionate negative effects of landscape abandonment as well as cascading
effects on pollinator assemblages and ecosystem services important for the
conservation and functioning of grassland ecosystems in agricultural landscapes.
Although grazing and browsing by horses have shown to aid wood-pasture
restoration and management (Paper III) and have positive effects on plant and
insect biodiversity (Paper IV), the full complexity of wood-pasture management
and biodiversity conservation depend on additional factors such as fire regimes,
a diversity of herbivory assemblages and human management.
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5.3 Looking back to see forward and concluding remarks
Stakeholders from Sweden and Spain have shown both similarities and
divergences concerning ES perception. Such similarities and differences can be
better understood by putting them in the framework of space-place theories of
human-landscape interaction (Hunziker et al., 2007). In space theories the
landscape is perceived to fulfill human needs, i.e., instrumental value, whereas
landscapes in place theory are the arenas for self-reflection and values, norms
and meaning providers. Therefore, when humans settle in a certain environment
(space), and establish particular links to it in terms of cultural values, personal
experiences and social meanings, that environment transforms into a place for
them (Tuan, 1977). In Sweden, most valued services were related to landscape
beauty and recreation and eco-tourism services (i.e., cultural ES). Feeling and
appreciating the beauty of these savannah-like landscapes might be explained by
the information (Kaplan and Kaplan, 1989), savannah (Orians, 1980), prospectrefuge (Appleton, 1975) and psycho-evolutionary (Ulrich, 1983) theories. These
cultural services arise when landscapes are mainly perceived as spaces, as today
wood-pastures are remnant and severely fragmented habitats in Sweden. In
contrast, Spanish respondents additionally perceived wood-pastures (dehesas)
as places, since they live within a wood-pasture matrix, and have therefore
created associated values and social identities with the landscape, transforming
wood-pastures into places. They therefore additionally highlighted services as
sense of place and identity values, traditional knowledge, cultural landscape and
heritage values. Indeed, places symbolizing collective belonging, places used
during childhood, for recreation and frequented natural areas, have been shown
of high significance to local people (Buchecker, 2005, Korpela et al., 2001).
Likewise, as the amount of time spent in a place increases, the attachment to that
place, i.e., sense of place, increases accordingly (Hay, 1998). The benefits of
wood-pastures (Paper I & II) and natural environments on human health and
well-being, may also contribute to the perceived high value of wood-pastures
reported both in Sweden and Spain, as shown in recent research (Berman et al.,
2008, Hartig et al., 2011, Hartig et al., 2014). The results from this thesis pose
nevertheless many questions for further research. Given that sense of place can
foster landscape conservation (Eisenhauer et al., 2000) and environmental
concern (Williams et al., 1992), what would the impact of naturbanization (sensu
Velasco, 2008) be on sense of place and identity regulation? Cultural ES were
in both Sweden and Spain acknowledged as very important services, but for
different reasons. Thus, this differences seem to represent the two poles of the
perceptual development of cultural services in increasingly urbanized societies.
The former perceiving primarily recreational services from wood-pastures,
whereas the latter traditional knowledge and identity values, which are currently
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being eroded by socio-economic changes. How large a landscape should be to
provide important services that trigger landscape and biodiversity conservation
and therefore the provision of important services to people?
As societies “develop” and become more and more urbanized, the challenges
wood-pastures face change accordingly. In southern Sweden, wood-pastures are
vanishing surrounded by other dominant land uses and only surviving in big
estates or protected public land refuges. In Spain, the loss of traditional
knowledge and practices (multi-functionality) is dually changing and
simplifying management practices which compromise wood-pasture stability in
the long term by intensification and limit the provision of services co-generated
by human-nature interactions (Fischer and Eastwood, 2016, Palomo et al., 2016).
Immaterial dimensions and recreational services are highly valued services in
wood-pastures, and therefore the creation of specific Payment for Ecosystem
Services (PES) integrated into policy could financially support farmers and
ranchers for the supplied services to society (Gaspar et al., 2016). To increase
the value of wood-pasture landscapes and associate products, the development
of Protected Designation of Origin (PDO) brands could also foster valuation of
products and services, and thus landscape conservation, given that agricultural
practices and products are of marginal profitability today. However, a major
challenge is how to promote people to engage in farming and therefore support
rural environments and wood-pasture landscape conservation. It is clear that
wood-pastures need to be managed in order to retain their structural
characteristics through which the expression of biodiversity and ES is supported
and delivered. Humanity may currently face paradigm changes in which assets
such as biodiversity and ES are hard to translate into monetary terms and thus
difficulty to assess. This may consequently pose major challenges in the future
to sustain a harmonious living planet if current disproportionate anthropogenic
effects are not tackled.
Large herbivores could be re-introduced for wood-pasture restoration and
management, and thus facilitate biodiversity conservation oriented management
efforts for abandoned wood-pasture and forest habitats. Wood-pastures in
Sweden normally occur interspersed with other habitats, which are populated by
sympatric wild herbivores whose tree preferences are similar to the ones reported
here (Månsson et al., 2007, Angelstam et al., 2017b). Thus the combined effect
of sympatric large herbivore communities, including large and megaherbivore
fauna, on forest and wood-pasture structure and composition for future
restoration and management oriented programs should be therefore further
investigated. As recently demonstrated, human impact on trophic interactions
between predators, large herbivores and vegetation can affect young deciduous
tree recruitment to mature canopy trees (Angelstam et al., 2017a) and therefore
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hampering the future key-stone functions of such tree species for biodiversity.
Continued wood-pasture management in the experimental study conditions may
lead to long-term plant compositional changes, shifting from pine-spruce
dominated to probably oak-aspen-spruce dominated wood-pastures. Oak, aspen,
and spruce are considered foundation species (Ellison et al., 2005) because of
the disproportionate impact they exert on community and ecosystem properties
in relation to their abundance and could therefore be targeted for biodiversity
conservation oriented management. The conservation of such species and woodpasture structural characteristics does not have to be maintained by agricultural
management practices alone. The re-introduction of large mammal herbivores
and fire (cease suppression) may generate the desire landscape attributes and
support the species of high conservation value in self-regulating ecosystems
(Bond, 2005, Svenning et al., 2016).
Biodiversity is subjected to a global decline (Butchart et al., 2010, Barnosky
et al., 2011, Ceballos et al., 2015). Current defaunation processes are also
affecting other species and ecosystem functioning (Ripple et al., 2014, Ripple et
al., 2017, Dirzo et al., 2014), as well as the extinction of ecological interactions
(Valiente‐Banuet et al., 2015), expected to continue in the future (Pereira et al.,
2010). In Europe, the decline of biodiversity is particularly severe in agricultural
landscapes controlled either by agricultural intensification or abandonment
(Krebs et al., 1999, Landis, 2017, Berendse et al., 2004). Quantitative estimates
reported a 28% decline for plant species, 54% for birds, and 71% for butterfly
species over the last decades in Britain (Thomas et al., 2004). In addition, a
dramatic reduction in flying insect biomass was recently reposted by Hallmann
et al. (2017) with expected far reaching consequences on ecosystem functioning.
The results from Paper IV show that horse grazing can have rapid positive effects
on the functional composition of grassland communities, plant species richness
and cascade effects on pollinators. Therefore the re-introduction of large
herbivores can have positive effects on biodiversity and ecosystem functioning.
However, in order to assess the full potential of horses for biodiversity
conservation in Sweden and elsewhere, we should designate large areas to
experimentally test the effect of richer herbivore communities, with different
stocking rates and habitat productivity gradients and monitor their effect for the
restoration and management of forest and species-rich semi-natural grasslands.
Wood-pastures and semi-natural grassland are the most species-rich habitats in
Sweden (Svensson, 1988), and traditionally grazed grasslands are the most plant
species-rich ecosystems in Europe (Wilson et al., 2012). The first two chapters
of the thesis highlighted the importance of cultural services to people and their
key function for wood-pasture conservation. Wood-pastures are millennial
ancient ecosystems, shaped throughout centuries by human activities. The multi48

purpose agricultural management practices are not profitable today and this
poses serious challenges for wood-pasture conservation in the long term. Former
prehistorical ecosystems may have had similar characteristics than woodpastures today. If so, could the ancestors of extant domesticated megaherbivores shaped the landscape as modern humans in historical times?
Late Quaternary megafaunal extinctions were not only driven by a dramatic
change in climatic conditions but also coincide with human arrivals and
therefore anthropogenic combined with climatic factors modulated such
extinction patterns (Prescott et al., 2012). Indeed, human-caused extinction of
Quaternary megafauna has been recently confirmed (Sandom et al., 2014).
Moreover, later Homo sapiens global expansion also had dramatic consequences
on prehistoric megafauna extinctions (Barnosky et al., 2004, Sandom et al.,
2014). This led to a progressive simplification of the megafaunal component of
ecosystems, and subsequent cascading effects on plant community composition,
vegetation structure, fire regimes (Gill, 2014) as well as ecological interactions
(Galetti et al., 2017); pattern that still continues today (Dirzo et al., 2014). This
demonstrates that humans have exerted a significant effect on ecosystem change
for long time. Hence, which ecosystem state or baseline should we aim for in
conservation? A new scientific approach, i.e., trophic rewilding, aiming at
restoring trophic cascades to promote self-regulating biodiverse ecosystems
(Svenning et al., 2016), may contribute to the development of new narratives
and science-based initiatives and thus to help palliate current unprecedented
global challenges and biodiversity declines. Current and former megaherbivore
fauna (≥ 1000 kg) have a disproportionate effect on ecosystems (Owen-Smith,
1987) due to their abundance and ecosystem engineering effects (Haynes, 2012),
and were not top-down regulated by predators (Van Valkenburgh et al., 2016).
Similarly, large herbivores in some ecosystems are neither regulated by
predators rather largely bottom-up regulated (Hopcraft et al., 2010).
Additionally due to their ecological importance, the disappearance of megafauna
have produced ecological state shifts in different biomes (Barnosky et al., 2016).
Consequently, ecological state shifts have likely occurred in Europe as well,
affecting the composition and structure of vegetation and ecosystem function.
Therefore, re-introducing extinct large herbivore taxa with equivalent
ecologically functional substitutes could mitigate global biodiversity declines
and foster self-regulating ecosystems. Potential candidates for Europe could be
European bison (Bison bonasus), and rustic cattle and horse breeds. It seems
plausible that herbivore assemblages including substitutes of recently extinct
large and megaherbivores may tackle biodiversity declines and re-structure and
re-shape ecosystems to prehistoric analogues. Appropriating terrestrial surface
for rewilding, in response to agricultural land abandonment in Europe, will
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likely generate additional human-wildlife conflicts to account for, and may
reduce the provision of some services (e.g., food) but possibly foster others
especially regulating and cultural services (Cerqueira et al., 2015). Such actions
may mitigate the ubiquitous biodiversity decline and accelerated defaunation
processes, but not completely halter planetary biodiversity loss (Crutzen, 2002).
Wilson (2000) argue that we need to save as much as 50% of terrestrial
ecosystems for biodiversity and planetary balance. Will that suffice to tackle
current biodiversity declines? Human impacts have tremendously escalated at
global scale for the last three hundred years and therefore the Anthropocene as
new geological era has been suggested (Crutzen, 2002). Does current research
really contributing to a global environmental amelioration? Is there a way to
sustain the planetary biodiversity and life sustaining systems without changing
the human approach to nature and natural environments? This thesis show that
cultural services and biodiversity are key services to people, and that the reintroduction of extant domesticated large herbivores may benefit wood-pasture
restoration and management, while supporting pollinators and ecosystem
functioning. Most probably sense of place and attachment values would favor
the conservation of wood-pastures by humans, while already abandoned (or
highly degraded) areas perceived today as spaces, could potentially host
rewilding experiences. That may lead to a plausible change in narratives and
culminate in the development of different human-nature interactions that
ultimately will convert such spaces back into wilder places. Large areas in
Sweden and Spain are suitable for rewilding (Cerqueira et al., 2015). However,
modern lifestyle, industrialization, and urbanization are dually harmful for
nature and humanity, as long known and expressed in the following quote:
“The tendency nowadays to wander in wildernesses is delightful to see.
Thousands of tired, nerve-shaken, over-civilized people are beginning to find out
that going to the mountains is going home; that wildness is a necessity; and that
mountain parks and reservations are useful not only as fountains of timber and
irrigating rivers, but as fountains of life. Awakening from the stupefying effects
of the vice of over-industry and the deadly apathy of luxury, they are trying as
best they can to mix and enrich their own little ongoings with those of nature, and
to get rid of rust and disease” (Muir, 1901).

Are we ready to go a step forward for conservation? Alia iacta est
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Popular science summary
How can we better understand wood-pastures to foster conservation? To answer
the question it is necessary to investigate both the social and ecological
components of wood-pastures.
Wood-pastures combine scattered trees, grasslands and grazing animals.
They have been and are part of European cultural landscapes, occur in most
regions in Europe, and cover 203 000 km2. These landscapes have, however,
declined due to land use change including both intensification and abandonment
of agriculture. Here oak wood-pastures in Sweden (“eklandskap”) and Spain
(“dehesa”) that are protected by the Habitat Directive of the EU were compared.
A standardized research design based on 63 semi-structured interviews with
stakeholders at local and regional level of governance was applied. The aim was
to map the full range of ecosystem services as perceived by stakeholders, and to
compare their perceptions among stakeholders from different sectors and levels
of governance in Sweden and Spain.
In Sweden, wood-pastures were traditionally important habitats for the
livelihoods of rural people, and were used for animal husbandry and haymaking. Today wood-pastures are valuable habitats for many red-listed
saproxylic beetles, butterflies and lichen species that are associated to old sunexposed oak trees. However, these habitats are severely fragmented, and
threatened by the abandonment of traditional land management practices. The
best preserved oak wood-pastures in Sweden occur in Östergötland County
where they cover around 180 km2 as scattered small patches. In Spain the woodpasture landscape (dehesa) was used as an agro-silvo-pastoral system for
centuries. It has a mosaic structure with a diversity of habitats which hosts
specialised and endangered species. Traditional management practices were
abandoned in the 1960s, leading to a simplification of land uses. Yet, very large
areas remain covered by oak wood-pastures in the Iberian Peninsula, where the
province of Cáceres is at the center of the range of the dehesas.
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Local level perspectives on ecosystem services
Cultural services were the most commonly perceived ecosystem services in
Sweden while provisioning services were highlighted the most in Spain. Among
cultural services, stakeholders from both regions acknowledged recreation and
eco-tourism services associated with wood-pastures. Additionally, cultural
landscape and landscape beauty were identified as important in Sweden, whereas
in Spain respondents additionally highlighted traditional knowledge and heritage
values. Provisioning services included fodder from pastures and meat from
livestock, and to a lesser extent timber and crop products in Sweden. In Spain,
livestock and pastures were the most mentioned provisioning services, followed
by fodder from trees, firewood, charcoal, wild game and many other subproducts such as cheese, olive oil, sausages, and wine. Regarding supporting
services, both Swedish and Spanish respondents appreciated biodiversity. In
Spain, respondents also acknowledged water cycling, nutrient cycling and
photosynthesis. Regulating services were rarely expressed by stakeholders in
Sweden; the only two services mentioned were noise regulation and water
regulation and purification. The variety of services perceived by Spanish
respondents was much greater, and natural hazard regulation was the most
frequently acknowledged. Seed dispersal, erosion regulation and climate
regulation were also mentioned.

Regional level perspectives on ecosystem services
Swedish and Spanish respondents valued cultural services the most. Swedes
mostly mentioned recreation and eco-tourism services, landscape beauty and
education and knowledge. Spaniards appreciated most frequently education and
knowledge services, traditional knowledge, cultural landscape and recreation
and eco-tourism services. Biodiversity, and particularly species richness, as
supporting services were highlighted both by Swedish and Spanish respondents
at the regional level; as well as primary production services in Spain.
Provisioning services were rarely mentioned by Swedish respondents, with
timber, fodder and crops being equally named. In contrast, livestock was
acknowledged the most, followed by fodder and other services mentioned to
much lesser extent by regional level Spanish respondents. Surprisingly,
regulating services were not mentioned by any Swedish respondent at regional
level, whereas Spanish respondents acknowledged all services but noise
regulation; climate regulation, water regulation and purification and natural
hazard regulation appeared most frequently.
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Current challenges for wood-pasture conservation
Throughout Europe the importance of wood-pasture landscapes has been
recognized. However, they are still subject to changing socio-economic
processes, and are commonly becoming degraded and fragmented. Current
threats such as urban sprawl, land abandonment and agricultural intensification
entail even greater uncertainty for the long term conservation of valuable woodpasture landscapes in Europe. In Sweden, oak wood-pastures are deteriorating
due to (1) land abandonment and the absence of livestock, (2) active
transformation of agricultural land to Norway spruce plantations, and (3) habitat
fragmentation. Additionally, the beauty of the landscape attracts people to live
closer to wood-pastures, which promotes further fragmentation of habitats due
to urbanization and grey infrastructure (i.e., road development) development.
Restoration of wood-pastures is of limited effect unless grazing regimes are
maintained and oak regeneration is secured. However, such management
practices are of marginal profitability today. Additional constraints are hard
work conditions, lack of financial support, as well as the lack of new entrants
into farming. Both Spanish and Swedish respondents were concerned about hard
working conditions, marginal profitability, and abandonment, transformation or
intensification of land. Spanish respondents expressed additional concerns about
the loss of traditional knowledge, excessive grazing pressure with negative
consequences for tree regeneration; a disease causing tree death (“la seca”);
abandonment of traditional practices like transhumance (i.e., traditional seasonal
migration of herds from the summer pastures in the north to the winter areas in
the south of Spain), and climate change. Institutional factors were also
commonly mentioned, including lack of a new specific legal framework for the
dehesa. Today it falls under the legislation for forestry, agriculture, livestock and
environment, which limits integrated management of the dehesa system.
Multi-stakeholder collaboration and multifunctional landscape management
should be supported, as well as the incorporation of mechanisms facilitating the
delivery of local products and markets. This could potentially be achieved by
developing Protected Designation of Origin mechanisms. Finally, Payment
schemes for Ecosystem Services could be integrated into agri-environmental
schemes to compensate farmers for the production of services to society.

Possible solutions for wood-pasture conservation
Current wood-pasture restoration efforts are costly and grazing management
regimes of marginal profitability to farmers and therefore alternatives for woodpasture restoration and management are needed. Large herbivores are an integral
component of wood-pastures and may thus be utilized for wood-pasture
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restoration and management. In Sweden there is a critically endangered horse
breed, the Gotland Russ (Equus ferus caballus L.), that might have retained a
sufficient rustic character to be used for wood-pasture restoration and
management. To test whether this horse breed could be used for wood-pasture
restoration and management, a three year field experiment with paired control
and experimental plots was applied. We specifically tested whether horse
browsing had an effect on the forest structure, and on the forest composition,
and therefore quantified 1) browsing pressure, 2) tree consumption and 3) tree
selectivity estimates. Horses reduced forest structure diversity and affected the
tree composition via selective browsing. Browsing pressure ranged from 71 %
for ash to 19 % for pine, thus ash had 4 times higher probability of being browsed
compared to pine.
Horse grazing also promoted grassland biodiversity by inferring changes in
the grassland composition and plant species richness. Additionally grazing had
positive effects on butterfly and bumble bee species richness and habitat use,
which have positive effects for the functioning of grassland ecosystems. Horses
could therefore be used for wood-pasture restauration and management since
they have clear effects on the forest structure and composition. This management
alternative could promote the generation of additional income for farmers and
thus dually support landscape and biodiversity conservation oriented
management efforts as well as the preservation of a critically endangered breed.
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Populärvetenskaplig sammanfattning
Hur kan vi bättre förstå skogsbetesmarker för att främja dess bevarande? För att
kunna svara på den frågan är det nödvändigt att studera både sociala- och
ekologiska aspekter av skogsbetesmarker.
Skogsbetesmarker karakteriseras av glest spridda träd, gräsmarker och
betesdjur. De har varit och är fortfarande en del av det europeiska
kulturlandskapet, förekommer i de flesta regioner i Europa och täcker 203 000
km2. Dessa kulturlandskap har dock minskat på grund av förändrad
markanvändning, både i form av intensifiering och nedläggning av traditionellt
jordbruk. I denna studie jämfördes svenska eklandskapet med Spaniens
motsvarighet ”dehesa”, vilka båda finns upptagna i EU:s habitatdirektiv. En
standardiserad forskningsdesign användes, baserad på totalt 63 intervjuer med
intressenter på lokal och regional nivå. Syftet var att kartlägga hela spektret av
ekosystemtjänster så som de uppfattas av intressenter, och att jämföra
intressenter från olika sektorer och nivåer för samhällsstyrning i Sverige och
Spanien.
I Sverige var skogsbetesmarker traditionellt viktiga livsmiljöer för
landsbygdsbefolkningen och användes för beteshävd och slåtter. Idag är
skogsbetesmarker värdefulla livsmiljöer för många hotade vedlevande
skalbaggar, samt fjärilar och lavarter som trivs i gamla, solexponerade grova
ekar. Dessa livsmiljöer är numera fragmenterade och hotas av att det traditionella
brukandet överges. De bäst bevarade eklandskapen i Sverige förekommer som
spridda små fläckar i Östergötlands län, där de täcker omkring 180 km2. I
Spanien har eklandskapet använts som ett agro-silvo-pastoralt system under
århundraden. Det har en mosaikstruktur med en mångfald av livsmiljöer som
hyser specialiserade och hotade arter. Det traditionella brukandet övergavs på
1960-talet, vilket ledde till en förenklad markanvändning. Mycket stora områden
på den iberiska halvön täcks dock fortfarande av glesa, betade ekskogar.
Centrum av det spanska dehesa-området ligger provinsen Cáceres.
74

Lokala perspektiv på ekosystemtjänster
Kulturella tjänster var de vanligast upplevda ekosystemtjänsterna i Sverige,
medan bidragande tjänster framhölls mest i Spanien. Bland kulturella tjänster
framhöll intressenter från båda regionerna rekreations- och ekoturismstjänster.
Dessutom identifierades kulturlandskapet och landskapets skönhet som viktiga
i Sverige, medan respondenterna i Spanien även framhöll traditionell kunskap
och kulturarv. Bidragande ekosystemtjänster omfattade i Sverige foder från
betesmarker och kött från boskap, samt i mindre utsträckning timmer och
jordbruksgrödor. I Spanien var boskap och betesmark de mest nämnda
bidragande tjänsterna, följda av foder från träd, ved, kol och vilt samt många
förädlade produkter såsom ost, olivolja, korv och vin. När det gäller stödjande
ekosystemtjänster uppskattade både svenska och spanska respondenter biologisk
mångfald. I Spanien nämnde respondenterna även kretslopp av vattnet och
näringsämnen, samt fotosyntes. Reglerande tjänster uttrycktes sällan av
intressenter i Sverige; de enda som nämndes var skydd mot buller samt
vattenrening och -reglering. Spanska respondenter framhöll generellt fler
ekosystemtjänster, varav skydd mot naturliga faror såsom brand och erosion var
de vanligaste. Fröspridning, erosionsskydd och klimatreglering nämndes också.

Regionala perspektiv på ekosystemtjänster
Svenska och spanska respondenter värderade de kulturella tjänsterna mest.
Svenskar nämnde mestadels rekreations- och ekoturismtjänster, landskapets
skönhet, samt utbildning och kunskap. Spanjorerna uppskattade utbildning och
kunskapstjänster, traditionell kunskap, kulturlandskap, rekreation och
ekoturism. Biologisk mångfald, särskilt artrikedom, som stödjande
ekosystemtjänst betonades av både svenska och spanska respondenter på
regional nivå. I Spanien framhölls även primärproduktionstjänster. Försörjande
tjänster nämndes sällan av svenska respondenter, men timmer, foder och grödor
förekom i lika omfattning. Däremot framhölls i Sverige boskap, följt av foder
och andra tjänster som i mindre utsträckning nämndes av regionala spanska
respondenter. Överraskande nog nämndes inte reglerande tjänster av någon
svensk respondent på regional nivå, medan spanska respondenter omnämnde
alla tjänster utom bullerskydd; klimatreglering, vattenreglering, vattenrening
samt skydd mot naturkatastrofer nämndes oftast.

Nuvarande utmaningar för bevarande av skogsbetesmarker
Skogsbetesmarkernas betydelse uppmärksammas i hela Europa. De påverkas
dock fortfarande negativt av förändrade socio-ekonomiska processer, vilket
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leder till degradering och fragmentering. Nuvarande hot, såsom urban expansion
samt nedläggning och intensifiering av jordbruket, riskerar långsiktigt bevarande
av skogsbetesmarkernas biologiska mångfald i Europa. I Sverige försvinner
eklandskapet på grund av (1) nedläggning av jordbruk och frånvaro av boskap,
(2) aktiv omvandling av jordbruksmark till granplantager och (3) fragmentering.
Dessutom attraherar skogsbetesmarker människor som vill bo nära
eklandskapet, vilket i sin tur leder till ytterligare fragmentering av dessa miljöer
på grund av urbanisering och expansion av grå infrastruktur (som vägar).
Restaurering av eklandskap har begränsad effekt om inte betestrycket
upprätthålls och ekföryngringen säkras. Sådana skötselmetoder har dock dålig
lönsamhet idag. Tillkommande begränsningar är de hårda arbetsvillkoren,
avsaknad av ekonomiskt stöd samt svårighet att rekrytera nya brukare. Både
spanska och svenska respondenter var oroade över hårda arbetsförhållanden,
dålig lönsamhet, och övergivande-, omvandling- eller intensifiering av
brukandet. Spanska respondenter uttryckte även oro över förlusten av
traditionell kunskap, för hårt betestryck med negativa följder för
trädregenerering; en sjukdom som orsakar träd död ("la seca"); upphörande av
traditionella vanor såsom transhumans (dvs säsongsmässig förflyttning av
människor och deras boskap mellan fasta sommarområden i Pyrenéerna i norra
Spanien och vinterområden i södra Spanien), samt klimatförändringar.
Institutionella faktorer nämndes också ofta, inklusive bristen på nya rättsliga
regler som är anpassade till mångbruket i dehesan. Idag faller dehesan under
lagstiftning för såväl skogsbruk, jordbruk, boskap och miljö, vilket begränsar en
integrerad förvaltning av hela dehesa-systemet.
Samverkan mellan intressenter från olika sektorer och multifunktionell
landskapsförvaltning behöver stödjas, såväl som mekanismer som underlättar
transporten av lokala produkter och -marknader. Det senare kan potentiellt
uppnås genom att utveckla skyddade ursprungsbeteckningar. Slutligen kan
betalningssystem för ekosystemtjänster integreras i jordbrukets miljöstöd så att
jordbrukare får ersättning för sin produktion av tjänster till samhället.

Möjliga lösningar för skogsbetesmarkernas bevarande
Nuvarande ansträngningar för att restaurera skogsbetesmarker är dyra och
beteshävd är marginellt lönsamt för bonden. Därför behövs alternativ till dagens
restaurering- och förvaltning av skogsbetesmarkerna. Stora växtätare är en
integrerad del av skogsbetesmarkerna och kan därför användas som ett redskap.
I Sverige finns en hotad lantras, gotlandsrusset (Equus ferus caballus L.), som
kan ha bevarat rustika egenskaper som lämpar sig för detta ändamål. För att testa
detta utfördes ett treårigt fältförsök med parade kontroll- och försöksytor. Vi
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testade hur hästarnas bete påverkade skogens struktur och sammansättning, och
kvantifierade 1) betestryck, 2) trädbete och 3) trädval. Hästarna reducerade
skogens strukturella diversitet och påverkade trädsammansättningen genom ett
selektivt betestryck. Betestrycket varierade mellan 71% för ask till 19% för tall;
det var alltså fyra gånger högre sannolikhet för en ask att betas än en tall.
Hästbete gynnade även gräsmarkernas biodiversitet genom att orsaka
förändringar i gräsmarkernas komposition och växtsamhällets artrikedom. Betet
hade även positiva effekter på artrikedom och habitatnyttjande av fjärilar och
humlor, vilket är gynnsamt för gräsmarkernas ekosystem. Hästar kan därför
lämpa sig för restaurering och förvaltning av skogsbetesmarker, i synnerhet som
de även har en tydlig effekt på skogens struktur och sammansättning. Detta
förvaltningsalternativ kan generera nya former av inkomster för brukare, stödja
landskaps- och biodiversitetsinriktade förvaltningssansträngningar samt främja
bevarandet av en hotad lantras, gotlandsrusset.
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Appendix 1. The interview manual
A. Background information about an interviewee:
• Could you tell us about yourself?
•

How long have you been living /working in the area?

•

Do you have any special connections to the area?

B. Ecosystem services and land covers: at present
• How do you use the landscape?
•

What services/benefits do you obtain from the landscape/region?

•

What services/benefits does your
community/organisation/association/company get from the
landscape/region?

•

What services/benefits are the most important for you?

•

Are those benefits free of access?

•

How valuable are they for your livelihood?

•

Does the landscape contain any value important for you?

•

And at your community/organisation/association/company level?

•

What are your favourite places in the region? Why?

•

If you would be asked to rank benefits from ecosystems from the most
important to least important for you, how would you rank it?

A researcher has to use a land cover or topographic map to delineate sites on
the map (by using pencil or markers) which were pointed out by an
interviewee. Each site has to have an index which connects a certain benefit, a
site on the map and the data in excel file (ad hoc process).
C. Trends in supply of ecosystem services
• In the past, how the landscape was used?
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•

What has changed since then?

•

What do you think about why those changes have happened?

•

Which are the major changes, both positive and negative?

•

How would you like to see the landscape in the future?

The final question:
• Whom should we meet to learn more about the region?
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