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`I thought that trees were
good for the environment?'
 
- Anonymous farmer





Abstract

Worldwide, biodiversity conservation is one of the key challenges for a sustainable future of nature

and society. It is particularly important to preserve high quality habitats within otherwise inten-

sively managed agricultural landscapes. Within the European Union (EU), farmers are highly de-

pendent on agricultural subsidies through the Common Agricultural Policy (CAP), which hence

have a strong influence on management and biodiversity. In European agricultural landscapes,

wooded pastures form important habitats that contribute to landscape level heterogeneity and high

local biodiversity, values which are often closely linked to trees. Unfortunately, many of these

values were put at risk when a tree density limitation was introduced within the CAP, encouraging

farmers to keep pastures open and ensuring grazing management. However, limiting tree density

to a specific number to increase biodiversity finds little basis in the scientific literature. The main

objective of this thesis is therefore to investigate how different measures of biodiversity across

multiple taxa are affected by tree density and to study the farmers’ perspective on this CAP regu-

lation. Wooded pastures in the biosphere reserveÖstra Vätterbranterna in southern Sweden were
used as study sites. This thesis shows that encouraging farmers to cut trees to receive subsidies

weakens the link between social and ecological values of wooded pastures, with potential sub-

sequent losses in biodiversity. Trees were almost exclusively positive for biodiversity within this

study system, increasing the species richness of plants, birds and bats. However, functional diver-

sity across these taxa were mainly affected by other vegetation attributes within and around the

pastures, such as shrub density and surrounding forest cover. A seed sowing experiment showed

how trees partly shape plant communities already at the germination stage. Further, responses

of functional diversity was mainly driven by resource use related traits among plants and birds,

whereas bat functional diversity responses were mainly determined by their ability to manoeuvre

through the micro-habitats of wooded pastures. Based on this thesis, I conclude that the tree den-

sity limit proposed by the EU has failed to capture the unique biological values of continuously

managed wooded pastures and that the social-ecological links between policy, management and

biodiversity are threatened by number specific governance of nature. It is therefore promising that

the EU in November 2017 announced to open up for excluding the tree density focus in the CAP.

Further development of the CAP can benefit from the findings of this thesis, revealing important

knowledge gaps on biodiversity patterns in relation to trees in pastures.
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Sammanfattning

Hög biologisk mångfald är av yttersta vikt för en hållbar framtid, både för naturen och för männi-

skan. Vartefter vi människor blir fler och fler ökar också behovet av att producera mer mat, vilket

innebär att mer och mer mark tas i anspråk för jordbruk. Inom Europa är dock många höga biolo-

giska värden knutna till just jordbruksmark, men då till de låg-intensivt brukade markerna så som

naturbetesmarker och slåtterängar. Detta tyder på att med rätt skötselmetoder inom jordbruks-

landskapet finns det stor potential att bevara mycket av den biologiska mångfalden, men troligen

krävs det starka ekonomiska drivkrafter för att uppnå detta.

Inom jordbrukssektorn utgör ersättningar från EU och nationella myndigheter en stor del av bru-

kares ekonomi, och har på så sätt stor effekt på skötsel av jordbruksmark. I jordbrukslandskapet

återfinns fortfarande en liten andel så kallade trädbärande betesmarker. Dessa har höga biologiska

värden, både som habitat för många organismer men också genom att bidra till variation i landska-

pet. I Sverige har dessa marker traditionellt sett bestått av varierande täthet av träd, i många fall

så täta att de idag klassas som skog. Som ett slag mot dessa värdefulla miljöer introducerade EU

år 2003 en regel kring hur många träd brukare får ha på sina marker för att få så kallat gårdsstöd,

med målet att uppmuntra fortsatt brukande och upprätthållande av öppna marker i jordbruksland-

skapet.

Denna gräns sattes till 50 träd per hektar, ändrades senare till 100 träd per hektar, och nyligen

annonserade EU att denna begränsning skulle tas bort ur regelverket. Trots en till synes lätthanter-

lig gräns (att räkna antal träd) medförde denna gräns stora svårigheter rent byråkratiskt och resul-

terade i både övergivning av marker och nedhuggning av träd, liksom konflikter mellan brukare,

myndigheter och naturvårdsintressen. En intressant aspekt av denna trädregel är hur godtyckligt

den sattes till 50 träd per hektar. Det finns väldigt lite vetenskaplig grund för en sådan gräns, och

när man tittar närmare på problemet uppdagas en relativt stor kunskapslucka gällande hur biolo-

gisk mångfald påverkas av just träd i naturbetesmarker. Denna avhandling undersöker därför hur

trädregeln påverkat brukare och hur träd faktiskt påverkar biologisk mångfald. Biosfärområdet

Östra Vätterbranterna i södra Sverige har använts som studieområde, där mångfalden av växter,

fåglar och fladdermöss undersöktes parallellt med en intervjustudie med brukare i området.

Denna avhandling består av en sammanfattande syntes av fyra separata studier i form av artik-

lar/manuskript. Den första fokuserar på brukares syn på trädregeln (och andra ekonomiska styr-

medel) och skötseln av naturbetesmarker. I nästföljande studie undersöks hur mångfald och art-

sammansättning av växter påverkas av träd och andra faktorer i 64 betesmarker. För att få en bättre

förståelse av dessa resultat genomfördes i den tredje studien ett frösåningsexperiment inom fyra

av dessa betesmarker för att undersöka hur olika trädarter påverkar olika växtarters groning. I den

sista studien undersöks artrikedom och funktionell mångfald av växter, fåglar och fladdermöss

i relation till träd och andra vegetationsstrukturer i 21 betesmarker. Funktionell mångfald är ett

mått på hur stor variation det finns bland egenskaper hos arterna, i det här fallet inom en betes-

mark, vilket påverkar hur arterna använder sig av och påverkas av sin omgivande miljö.

De intervjuade brukarna såg varken enbart negativt eller positivt på den trädregel som nu gällt

i ungefär ett decennium, även om tendenser till viss frustration kunde märkas. Framförallt ledde

denna regel till en rad konflikter mellan brukare och myndigheter, som dock förbättrats på senare

år. Däremot ansågs skötsel av träd sedan länge vara en del av arbetet med betesmarker, där trädens

kulturella, ekologiska och estetiska värden framhölls som viktiga argument för att bevara dem.

Dessutom uppmärksammade många brukare hur vanliga trädarter togs bort till fördel för andra

mer unika arter, vilket i sin tur givetvis påverkar den biologiskamångfalden, i de flesta fall positivt.
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Fältstudierna av biologisk mångfald visade att artrikedomen av växter, fåglar och fladdermöss

ökar ju fler träd som finns på betesmarken. Däremot var andra vegetationsstrukturer i och runt

betesmarkerna viktigare för den funktionella mångfalden. Frösåningsexperimentet påvisade hur

effekten av träd på gräsmarksvegetation beror på just vilka arter av träd som finns där, vilket är

intressant med tanke på brukarnas tendens att välja vilka trädarter som får vara kvar, samt att

vissa arter faktiskt drar nytta av skuggning av träd under groningsprocessen. Genom att analysera

hur funktionell mångfald påverkas av vilka egenskaper hos respektive artgrupp som inkluderas i

dessa analyser påverkar resultaten klargjordes på flera sätt hur funktionell mångfald inom de un-

dersökta artgrupperna varierar. På så sätt kunde trädens och andra vegetationsstrukturers effekter

på funktionell mångfald summeras i att växt- och fågelsamhällen påverkas främst genom hur de

nyttjar resurser i form av näring och föda, medan fladdermöss påverkas mest i form av hur de rör

sig genom vegetation (i sitt födosökande).

Avhandlingen visar att en begränsning av antal träd i betesmarker riskerar att förbise en rad olika

biologiska värden av flera organismgrupper, men också på hur denna begränsning skapade kon-

flikter mellan framförallt myndigheter och brukare. Trädregeln har därför på många olika plan

bortsett från och missgynnat många av kopplingarna mellan kulturella och biologiska värden och

den skötsel som skapat dessa värden. Dessa kopplingar bör inkluderas på ett bättre sett i regelverk

som styr skötseln av jordbrukslandskapet i sin helhet och naturbetesmarker i synnerhet. Därför är

det mycket lovande att EU i november 2017 öppnade upp för att inte längre fokusera på antal träd

i betesmarkerna, liksom att Jordbruksverket i revideringar av sina riktlinjer framhäver värdena

av träd för biologisk mångfald. Förhoppningsvis har denna avhandling bidragit till dessa föränd-

ringar, samtidigt som den bidrar till att fylla viktiga kunskapsluckor gällande effekter av träd i

betesmarker på biologisk mångfald.



Rekommendationer för policy och skötsel av betesmarker

• Resultaten från denna avhandling visar att ju fler träd det finns på en betesmark,

desto fler arter av växter, fåglar och fladdermös finns där. Det är dock viktigt att

komma ihåg att artsammansättningen ser olika ut i marker med olika trädtäthet. För

att bevara en hög biologisk mångfald på större skala i landskapet så är det viktigt

att bibehålla variationen i trädtäthet mellan olika betesmarker.

• De positiva effekterna av träd på biologisk mångfald är ett resultat av lång kontinui-

tet av beteshävd, och ska inte förväxlas med ökad trädtäthet till följd av igenväx-

ning. Fortsatt skötsel av trädbärande betesmarker är av yttersta vikt för att bibehål-

la variation inom betesmarker och genom det bevara deras biologiska värden. På

så sätt kan förhoppningsvis en del av homogeniseringen av jordbrukslandskapen

motverkas och på så sätt gynna biologisk mångfald.

• Det här arbetet visar hur olika organismgrupper står för biologiska värden som inte

nödvändigtvis hänger ihop, och därmed också påverkas på olika sätt av hur deras

livsmiljö ser ut. Man bör därför ta mer hänsyn till flera olika organismgrupper när

riktlinjer för skötsel av betesmarker bestäms för att säkerställa att viktiga ekologis-

ka värden inte förbises.

• Analyserna av funktionell mångfald i trädbärande betesmarker visar på komplexa

förhållanden mellan arters egenskaper, den funktionella mångfalden och hur dessa

påverkas av träd och andra strukturella attribut i betesmarker. Denna komplexitet

motiverar mer forskning i ämnet, och jag vill uppmuntra att tills vidare använda

enklare mått, t.ex. artrikedom, för att ge riktlinjer för skötsel av betesmarker.

• Trädbärande betesmarker bär på en historia av beteshävd med stark koppling till

kulturella traditioner, och deras värden är till stor del skapade av variation i sköt-

sel. Det visar också resultaten från denna avhandling, där många brukare inte har

ändrat sina skötselmetoder för att få de ersättningar som alltför hög trädtäthet har

förhindrat. Dessutom har detta arbete visat på många biologiska värden som är

kopplade til andra vegetationsstrukturer än just antal träd. Därför behövs det mer

flexibilitet i riktlinjer inom policy för att säkerställa att de många olika kultur- och

naturvärdena som finns i trädbärande betesmarker bevaras.

• Detta arbete visade också på hur brukare värderar träd med avseende på allt ifrån

värden för boskap och biologisk mångfald till estetiska värden i landskapet. In-

tressant var också hur specifika trädarter tenderar att bevaras i betesmarker, vilket

potentiellt har stora effekter på biologisk mångfald. Träd och dess värden utgör

därför en potentiellt bra utgångspunkt för att på ett effektivt och lättförståeligt sätt

diskutera skötsel av naturbetesmarker, så länge den kunskap som finns bland bru-

kare och forskare gällande betesmarkers olika värden tas till vara.
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1 Introduction

One of the most important challenges within biodiversity conservation is to maintain high

quality habitats within intensively managed landscapes, such as agricultural landscapes.

In agriculture, landowners and farmers play key roles shaping the structure and composi-

tion of habitats. However, within the European Union (EU), farmers are strongly depen-

dent on agricultural subsidies, which are guided through the CommonAgricultural Policy

(CAP). Therefore, policy regulations steering farmers’ management decisions form pow-

erful tools to preserve high biodiversity values in agricultural landscapes.

Wooded pastures, pastures partly coveredwith trees, are among themost valuable habitats

within an agricultural landscape context. They contribute to landscape level heterogene-

ity, a unique structurally complex habitat in itself and thus provide home to a wide range

of organisms. Wooded pastures, as well as their biological values, are characterised by

the presence of trees. Nevertheless, one focus point within the CAP regarding pasture

management has restricted the number of trees that farmers are allowed to keep in their

pastures to obtain agricultural support. This CAP regulation is based on an arbitrary limit

with no solid evidence from the scientific literature.

Therefore, in this thesis, I investigate how tree density, and other vegetation attributes

in wooded pastures, such as shrubs and structural complexity, affect biodiversity. To do

so, I look at both the farmers’ perspective on policy guidelines and tree management

as well as how trees affect biodiversity patterns across multiple biological taxa and what

mechanisms that drive those pattern. The main objective is to better understand the farm-

ers’ view on the tree density regulation and to provide scientific evidence of the effects

of trees on biodiversity in wooded pastures. Through that, I aim to inform future policy

guidelines to ensure maintained biological values of wooded pastures.

During the work with this thesis, the CAP has changed several times, also regarding

the tree density regulation. Recently, in November 2017, the European Commission an-

nounced that they will reduce the focus on the number of trees that farmers are allowed to

have in their pastures. First of all, I hope that the findings within this thesis have, to some

extent, contributed to the knowledge basis for these changes. Secondly, the CAP changes

frequently and updated scientific evidence regarding farmers’ situation and biodiversity

patterns is needed for biodiversity conservation in agricultural landscapes in general and

wooded pastures in particular.
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2 Background

2.1 Changing agricultural landscapes, biodiversity and policy

The mosaic of habitats that low intensity agricultural management creates is essential

for individual species and coexistence of species, with resulting high biodiversity at a

landscape scale (Law and Dickman, 1998; Tscharntke et al., 2005; Billeter et al., 2008).

Low-intensity agricultural management relies largely on the dependency on nature in

farming practices (cf. Saltzman et al., 2011). However, the dependency shift from nat-

ural or semi-natural conditions to external inputs, e.g. nutrients, pesticides and water

(Witcombe et al., 1996; Tilman et al., 2002), is part of the reason behind intensification

and abandonment of low-intensively managed habitats (Vera, 2000; Billeter et al., 2008;

Hartel and Plieninger, 2014), although regional-specific drivers may determine abandon-

ment patterns (Beilin et al., 2014). Agricultural intensification and abandonment leads

to habitat degradation and landscape simplification (Landis, 2017), which are among

the most prominent human mediated global changes (Allan et al., 2015; Newbold et al.,

2015) and major drivers of biodiversity loss (Pereira et al., 2012; Tscharntke et al., 2012;

Queiroz et al., 2014; Gámez-Virués et al., 2015; Tsiafouli et al., 2015). Therefore, habitat

and landscape heterogeneity are essential for biodiversity conservation and sustainability

(Benton et al., 2003; Tews et al., 2004; Abson et al., 2013; Duru et al., 2015).

Policy guidelines form essential tools to mitigate the negative impacts of agricultural

intensification and preserve biodiversity values in agricultural landscapes (Rands et al.,

2010; Hodge et al., 2015; Rode et al., 2015). Indeed, the Common Agricultural Pol-

icy (CAP) within the European Union (EU) has a large impact on agricultural practices

and land use (Benton et al., 2003; Hodge et al., 2015), with 38% of the total EU budget

dedicated to agricultural subsidies (European Commission, 2017b). The large monetary

input from the EU makes farmers highly dependent on subsidies for profitability in farm-

ing (Roellig et al., 2016), although the dependency on EU subsidies varies across Europe

(European Commission, 2017a). As farmers are the ultimate managers of agricultural

land and essential food producers, they play a key role to preserve biodiversity values in

parallel with a sustainable food production. However, without steering policy guidelines,

those goals might not be reached due to high costs of continued management or lack of

motivation to manage the land (Rode et al., 2015; Raatikainen and Barron, 2017).

At a global scale, the communication of scientific evidence often fails to reach policy-

makers (Bainbridge, 2014; Rose, 2015), which results in a large information gap between

policy and biodiversity conservation (Geijzendorffer et al., 2015). Such a mismatch is

part of the reason why the EU through the CAP has repeatedly failed to mitigate the

negative impacts from land use abandonment and intensification on biodiversity (Hodge

et al., 2015). Although targeted applied research is needed (Beaufoy and Marsden, 2011;

Plieninger et al., 2015), it may be even more important to bridge the gap between science,

3
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policy and management as the perception of the values of biodiversity itself may differ

both between geographical regions and between different stakeholders, e.g. farmers and

policy makers (Herzon and Mikk, 2007; Cáceres et al., 2015; Plieninger et al., 2015). In

particular, the vast experience based knowledge among farmers needs to be considered

to assess the social-ecological values of habitats and habitat features (Barton et al., 2016;

Raatikainen and Barron, 2017). Hence, to better understand differences in perceptions

and how those affect biodiversity, it is important to investigate the link from policy to

biodiversity through land managers (Mattison and Norris, 2005).

Variation in climate, topography and management traditions make the EU a very het-

erogeneous policy arena. Instead of being a social-political border that dissects ecologi-

cal boundaries (e.g. Cousins et al., 2014; Dallimer and Strange, 2015), the EU could be

seen as a social-political border that encompasses social-ecological system boundaries.

Inevitably, the CAP thus drives homogenisation of diverse systems through categorical

boundaries (cf. Dahlberg, 2015) into either forests or arable lands, with large negative

impacts on biodiversity (Benton et al., 2003; King, 2010; Beaufoy et al., 2011). Agricul-

ture and forest are two distinct land-use categories guided by separate governing bodies

and management rationales (Hartel and Plieninger, 2014; Stenseke et al., 2016), where

agricultural policy falls under the regulations of the EU, whereas forestry is controlled

mainly by national governance.

In the middle of this ongoing landscape homogenisation and governmental polarisation,

semi-natural wooded pastures, with trees but under agricultural management, have be-

come stuck in a dichotomy between agriculture and forestry (Beaufoy, 2014; Plieninger

et al., 2015; Roellig et al., 2016). Particularly alarming for wooded pasture management

and biodiversity, the EU in 2003 introduced a tree density regulation within the CAP (im-

plemented in different years in different countries). The regulation limited the number of

trees that farmers were allowed to have in their pastures to receive Direct Payment sub-

sidies from the EU (Beaufoy et al., 2011). The social-ecological link in wooded pasture

management (Fischer et al., 2012) suggests that these habitats may be particularly sen-

sitive to such specific policy directives (see also Rode et al., 2015; Beaufoy et al., 2015;

Plieninger et al., 2015). Therefore, targeted research is needed in order to improve the

knowledge about farmers’ decisions and better understand how policy guidelines affect

management of wooded pastures and their biodiversity values.

2.2 Wooded pastures – characterisation, values and policy

Characterisation

Within Europe, wooded pastures constitute a variety of grazed grasslands with trees, cov-

ering approximately 200 000 km2 of land (Plieninger et al., 2015). They can be very open

with just a few trees, semi-open single tree species dominated pastures to relatively dense

grazed woodlands (Figure 2.1; Bergmeier et al., 2010; Plieninger et al., 2015), with large

tree density variations both between and within regions (Hartel and Plieninger, 2014).

Continuous grazing and the presence of trees and shrubs have created heterogeneous

habitats (Bakker et al., 2004; Dufour et al., 2006; Peringer et al., 2017), with high biodi-

versity values both within the pastures (Babai and Molnár, 2014; Hartel and Plieninger,

2014; Oldén et al., 2016) and in a landscape context (Billeter et al., 2008; Rossi et al.,

2016; Wood et al., 2017).
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Social and ecological values

Figure 2.1. Examples of European wooded

pastures from Sweden (upper), Portugal

(middle) and Romania (lower). Photos

(from top): Simon Jakobsson, Adriana

Príncipe da Silva and Tibor Hartel.

The historical importance of wooded pastures for

humans all over Europe (Holl and Smith, 2002;

Sjögren, 2006; Albery, 2011) contributes to a wide

variety of sociocultural values such as aesthetics,

recreation, cultural heritage and preservation of

traditional knowledge (see Plieninger et al. (2015)

for a review). Interestingly, these social values

may be strongly attached to trees (Blicharska and

Mikusiński, 2014), which also support many bio-

diversity values (Manning et al., 2006; Prevedello

et al., 2017). The presence of old-growth trees and

long continuity of low-intensity management cre-

ate biodiversity values that stretches across many

different taxa (Fischer et al., 2010; Bugalho et al.,

2011; Moreno et al., 2016). In the otherwise

homogenised agricultural landscapes of Europe,

wooded pastures are therefore essential for biodi-

versity conservation (Dicks et al., 2014). Within

pastures, trees have positive effects on many eco-

logical functions and are therefore keystone fea-

tures for biodiversity at local and landscape scales

(Manning et al., 2006; Rossi et al., 2016). Besides

the benefits for biodiversity, wooded pastures and

other silvo-pastoral systems generally contribute to

society through multiple processes, such as pro-

ductivity, soil fertility and soil stability, which are

linked to trees within the pastures (Barton et al.,

2016; Torralba et al., 2016; García de Jalón et al.,

2018). These links indicate a close relationship be-

tween trees, biodiversity and food production po-

tential in wooded pastures, valuable for sustainable

agricultural practices (Smith et al., 2012; Opper-

mann, 2014; Barrios et al., 2017).

Wooded pastures and policy

Despite their high social-ecological values, wooded pastures face an uncertain future due

to abandonment, land use intensification and lack of emphasis within policy guidelines

(Beaufoy et al., 2015; Plieninger et al., 2015). As trees form major drivers of both so-

cial and ecological values (Manning et al., 2006; Blicharska and Mikusiński, 2014; Har-

tel et al., 2017), one of the major obstacles for continued wooded pasture management

could be the tree density regulation within the CAP. The limit was first set to 50 trees/ha,

increased to 100 trees/ha in 2014 (European Commission, 2014) and recently the EU in-

dicated that the tree density focus will be removed from the CAP regulations (European

Commission, 2017c). Although limiting the number of trees in pastures certainly keeps

the pastures and the agricultural landscapes open, this limit seems arbitrary and exempli-

fies simplification of nature and categorical policy guidelines where heterogeneity within

and between habitats does not fit (Scott, 1998; Dahlberg, 2015).
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The tree density regulation has neglected the values of trees as important features in pas-

tures, shaping plant and animal communities (see Section 2.4). The regulation has also

resulted in large scale abandonment of wooded pastures (Hartel and Plieninger, 2014),

with negative impacts on biodiversity (e.g. Pykälä et al., 2005; Dahlström et al., 2010;

Oldén et al., 2016). Although many studies suggest that increased tree cover as a result

of abandonment has negative effects on biodiversity (e.g. Öckinger et al., 2006; Bugalho

et al., 2011; Oldén et al., 2016), few studies have specifically looked at the effects of

tree density on biodiversity along a tree density gradient from very open to very dense

pastures that are continuously managed (but see Catarino et al., 2016 and Caruso et al.,

2015). Besides the scarce scientific evidence from complete tree density gradients in con-

tinuously managed pastures, effects of tree cover may vary depending on the type of tree

cover (or habitat) that is studied (Harvey et al., 2006), which emphasises how results from

other wooded habitats cannot be translated into ecological processes in wooded pastures.

Thus, the potential impact of regulating tree numbers of continuously managed wooded

pastures needs to be investigated to adopt policies for preserving their high biological

values.

2.3 Biodiversity – values and metrics

The need for biodiversity for a sustainable future, also for humans, has been repeatedly

emphasised in the scientific literature (Cardinale et al., 2012; Díaz et al., 2018). Biodi-

versity is a prerequisite for ecosystem functioning (Duffy et al., 2007; Pasari et al., 2013;

Tilman et al., 2014; Lefcheck et al., 2015) and acts as an insurance mechanism for society

(Baumgärtner, 2007; Craven et al., 2016). Biodiversity is the variability among living or-

ganisms, and could relate to any set of organisms at any spatial, temporal and biological

scale (Purvis and Hector, 2000). Species richness – the number of species of a group of

organisms – is the most commonly used measure of biodiversity, hence also widely used

in conservation strategies (Purvis and Hector, 2000; Gotelli and Colwell, 2001). How-

ever, due to its simplicity, species richness may not be suitable to estimate effects of land

use changes or targeted environmental schemes (Ekroos et al., 2014; Batáry et al., 2015;

Valiente-Banuet et al., 2015).

Scale-related metrics such as beta diversity, reflecting species turnover between loca-

tions (Tuomisto, 2010; Chiarucci et al., 2011), may be more relevant in a biodiversity

conservation context (Socolar et al., 2016). However, a functional approach might be

required to better understand why biotic communities differ in relation to environmen-

tal conditions (Petchey and Gaston, 2002; Cadotte et al., 2011). Compared to species

richness, functional diversity is a better predictor of ecosystem functioning (Gagic et al.,

2015; Finney and Kaye, 2017). Functionally diverse communities are therefore more

likely to adapt to changes in the environment, including anthropogenic pressures (Chillo

et al., 2011). Functional diversity may be especially relevant to inform policies targeting

social-ecological systems such as wooded pastures where the pastures’ contribution to

society is important (Oppermann, 2014; Laurila-Pant et al., 2015).

Choice of biodiversity measures in this thesis

Vascular plant communities are commonly used as indicators of habitat quality and for

estimations of best management practices of grasslands (e.g. Gaujour et al., 2012; Socher

et al., 2013; Dengler et al., 2014; Minden et al., 2016; Tälle et al., 2016). This is in line

with policy strivings for simplicity (Purvis and Hector, 2000; Ekroos et al., 2014), but
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the biological values of wooded pastures stretch beyond plant communities (Fischer et al.,

2010; Moreno et al., 2016; Torralba et al., 2016) and many organism groups are partic-

ularly dependent on the presence of trees (Manning et al., 2006; Fischer et al., 2010;

Harvey et al., 2011; Prevedello et al., 2017). Dissimilarities between different taxa, their

responses to the environment and their effects on ecosystem functioning motivate studies

on multiple taxa to inform policy guidelines (Pärt and Söderström, 1999a; Billeter et al.,

2008; Pedley and Dolman, 2014; Eglington et al., 2015; Lefcheck et al., 2015). Convinc-

ing policy-makers about multiple biodiversity values, stretching beyond simple species

richness measures of one taxon is a key task for ecologists (Purvis and Hector, 2000).

Although a number of recent studies have taken a multiple taxa approach (e.g. Aubin

et al., 2013; Pedley and Dolman, 2014; Jonason et al., 2017), none of them focused on

the structure of pastures in general and tree density in particular.

Thus, besides investigating vascular plant communities, this thesis also looks at bat and

bird communities, two groups rarely used as indicators of pasture quality. In contrast to

plants, bats and birds are mobile organisms that are expected to respond quicker to envi-

ronmental changes (Aubin et al., 2013; Roth et al., 2014), hence also showing different

assets of biodiversity (e.g. Pärt and Söderström, 1999a; Manning et al., 2015). Responses

of bats and birds to environmental differences are also expected to differ, as bat species in

Sweden are predominantly insectivorous whereas the bird communities represent a wider

food resource range. For a better representation of ecosystem functioning (cf. Gagic et al.,

2015 and Finney and Kaye, 2017), the thesis also takes a functional approach on pasture

biodiversity patterns.

2.4 Effects of trees on plants, birds and bats

The following section summarises the existing literature on the effects of trees on plants,

birds and bats, and extends briefly to effects of other vegetation characteristics. Concern-

ing the effects of tree density on the diversity of these taxa, there are indications that tree

density may have a positive impact on all of them. However, there is no solid scientific

evidence from large tree density gradients in continuously managed pastures, in partic-

ular regarding effects on functional diversity. Among the studies targeting a large tree

density gradient in managed pastures, most have been published contemporary to this

thesis (Table 2.1).

Plants

Trees affect the abiotic conditions determining plant community patterns, such as light,

water and nutrient conditions (Joffre et al., 1993; Barbier et al., 2008; Holdo and Mack,

2014). Competition for these resources may have a negative impact on plant species

diversity through competitive exclusion (Hardin, 1960; Newman, 1973; Grime, 2006;

Abdallah and Chaieb, 2012). Although solitary trees have positive impacts on plant di-

versity (Manning et al., 2006; Kiebacher et al., 2017), high tree densities may turn this

into a negative effect (e.g. Gillet et al., 1999 and Rolo et al., 2016). However, grazing

has a general independent positive effect on plant diversity (Ejrnæs and Bruun, 1995)

and long continuity of low intensity management is a major driver of grassland plant di-

versity (Cousins and Eriksson, 2002; Aavik et al., 2008). Thus, long time low-intensity

grazing potentially removes the negative effects of trees on grassland communities, but

could have different effects on taxonomic and functional diversity (Table 2.1). Canopy

shading of different tree species may have different effects on the plant communities be-
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neath them due to species-specific effects on soil conditions (Vesterdal et al., 2008; Cools

et al., 2014; Soliveres et al., 2015). Species-specific effects of trees on plant communi-

ties can appear already at the germination stage of plant communities (Bruun and Ten

Brink, 2008; Thomaes et al., 2011), related to species’ habitat preferences (Vandelook

et al., 2008). Hence, trees may be key ecosystem engineers (Jones et al., 1994) in shaping

plant communities at several stages of plant life cycles. However, studies on the effects

of tree species on grassland plant communities are not well represented in the scientific

literature, where forest understory commonly is the target plant community.

Birds

Trees, and other vegetation structures in open landscapes, are known to have a large

impact on bird communities (Hodgkison et al., 2004; Cunningham and Johnson, 2006;

Hodgkison et al., 2007; Ikin et al., 2012). Tree canopies are used by birds for nesting,

foraging and shelter (e.g. Dean et al., 1999; Fischer and Lindenmayer, 2002; Luck and

Daily, 2003). Cavities in trees are also important nesting sites for birds (e.g. Dean et al.,

1999; Manning et al., 2004). Hence, tree density could be expected to have positive

effects on bird species richness. Indeed, some studies have shown that the number of

bird species increases with increasing tree densities, but few have included very dense

pastures (Table 2.1). However, results from studies of wooded pastures as well as how

birds use scattered trees suggest a functional response of birds to tree structure, size and

landscape context (Fischer and Lindenmayer, 2002; Hartel et al., 2014), which results

in guild-specific effects of trees on species richness patterns (e.g. Catarino et al., 2016).

However, due to the effects of grazing on bird communities (Laiolo et al., 2004), dif-

ferent patterns may appear when studying tree density gradients in continuously grazed

grasslands compared to other wooded habitats. Until now, Catarino et al. (2016) and

Jakobsson and Lindborg (2017) are the only studies targeting an almost complete tree

density gradient in grazed pastures (Table 2.1).

Bats

Bats are in general dependent on additional vegetation features that increase habitat het-

erogeneity and complexity, driven by the positive correlationwith prey abundance (Lentini

et al., 2012; Müller et al., 2012). Similar to birds, bats benefit from the presence of trees

in multiple ways, e.g. using them as roosting sites and foraging substrates (Law et al.,

2000; Lumsden and Bennett, 2005; Silvis et al., 2015; Le Roux et al., 2018). Therefore,

several studies have shown a positive impact of tree density on bat activity and species

richness (Table 2.1), although species richness may saturate at just a few trees/ha in open

areas (Fischer et al., 2010). However, Wood et al. (2017) is the only study that has targeted

continuously managed wooded pastures covering the range of tree densities common in

some European countries, such as Sweden. Even less is known about the functional re-

sponses of bat communities to tree density at habitat scale (Table 2.1), which is likely to

be important due to bats’ dependency on the presence of trees and other vegetation struc-

tures, especially for foraging (Loeb and O’Keefe, 2006; Manning et al., 2006; Rainho

et al., 2010; Jung et al., 2012).
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Table 2.1. Compilation of the scientific literature on the effects of tree density/cover on taxonomic and

functional diversity of plants, birds and bats in managed grasslands (for bats also activity). Effects are

briefly described as significantly positive (+), negative (-), polynomial (�) or no significant effect (n.s.).

For details, see references. This compilation is not a result of a complete systematic literature search, but

summarises published literature cited in this thesis.

Taxon Reference Response Explanatory Range or Effect

variable variable Comparison

Plants Aavik et al. (2008)a Total richness irradiation (%) 20–90 �
Caruso et al. (2015) Total richness canopy cover (%) 3–210 +

- pasture specialists trees/ha 3–210 n.s.

Specialist richness trees/ha 3–210 n.s.

- pasture specialists trees/ha 3–210 n.s.

Dorrough et al. (2006) Total richnessb canopy cover (%) 0–100 +

Total richnessc canopy cover (%) 0–100 n.s.

Gillet et al. (1999) Herb richness tree cover (%) 0–70 �
Oldén et al. (2016) Total richness trees/ha uncleard n.s.

Peterson and Reich (2008)e Total richness canopy cover (%) 10–100 �
- shrubs/trees canopy cover (%) 10–100 +

- forbs canopy cover (%) 10–100 -

- grasses canopy cover (%) 10–100 -

Heterogeneityf canopy cover (%) 10–100 �
Rolo et al. (2016) Total richness woody cover (%) 0–90 �

Functional dispersion woody cover (%) 0–90 +

Söderström et al. (2001) Total richness tree cover (%) 0–54.3 n.s.

Birds Catarino et al. (2016) Total richness tree cover (%)g 10–80 n.s.

- farmland species tree cover (%)g 10–80 -

- edge species tree cover (%)g 10–80 n.s.

- forest generalists tree cover (%)g 10–80 +

- forest specialists tree cover (%)g 10–80 +

- conservation status tree cover (%)g 10–80 -

Shannon’s diversity tree cover (%)g 10–80 n.s.

Fischer et al. (2010) Total richness trees/ha 0–>50 +

Harvey et al. (2006) Total richness high vs. lowh (%) 0–5 vs. 16–25 +

- frugivorous high vs. lowh (%) 0–5 vs. 16–25 n.s.

- insectivorous high vs. lowh (%) 0–5 vs. 16–25 +

Jakobsson and Lindborg (2017)i Total richness trees/ha 3–214

- farmland species trees/ha 3–214

- forest species trees/ha 3–214

Söderström et al. (2001) Total richness tree cover (%) 0–54.3 n.s.

Tellería (2001) Total richness trees/ha 0–100 -

- arboreal species trees/ha 0–>400j +

- border species trees/ha 0–>400j -

Bats Fischer et al. (2010) Total richness trees/ha 0–>100 +

Harvey et al. (2006) Total richness high vs. lowh (%) 0–5 vs. 16–25 n.s.

- frugivorous high vs. lowh (%) 0–5 vs. 16–25 n.s.

Kalda et al. (2015)k Total richness trees/ha 1–>300l +

Total activity trees/ha 1–>300l +

Lumsden and Bennett (2005)k Total activity trees/ha 0–34/300m + /�
Wood et al. (2017)i Total richness trees/ha 3–214 +

Total activity trees/ha 3–214 �
- forest specialists trees/ha 3–214 �
- interface specialists trees/ha 3–214 +

- open specialists trees/ha 3–214 �
Feeding activity trees/ha 3–214 �

a Wooded meadows; b Light and intermittent grazing pressure; c Heavy grazing pressure; d Tree density used in analyses,

figures show basal area (m2/ha); e Experimental fire management of a grassland–woodland ecotone; f Mean dissimilarity

between sub-plots; g Analysis on tree density, but visualisation of variation is on tree cover; h Comparison between pas-
tures with either 0–5 or 16–25% tree cover; i Studies from which data are used in this thesis; j Including broadleaved and

conifer woodlands (wooded pastures up to 100 trees/ha); k Trees in agricultural landscapes; l Range from solitary trees to

tree lines to woodlands; m Scattered tree gradient up to 34 trees/ha, higher tree densities represented by remnant woodland

blocks.
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3 Aims and Scopes

The lack of evidence-based policy-making is an urgent issue for effective biodiversity

conservation, especially for wooded pastures. There are still substantial knowledge gaps

regarding how trees in pastures affect biodiversity, especially concerning the functional

responses across multiple taxa. The overarching aim of this thesis is therefore to inves-

tigate how the CAP tree density limitation affects wooded pasture management and how

tree density affects wooded pasture biodiversity values. Farmers’ perspective on manage-

ment, trees and biodiversity is used as an entry point, after which targeted field studies

on biological communities are used to answer how biodiversity is affected by trees and

other structural attributes of wooded pastures (Figure 3.1).

Figure 3.1. Thesis overview. Box colours represent different papers in the thesis, filled arrows show relation-

ships studied, hollow arrows show relationships not included in the thesis, grey lines show sub-categories

linked to main topics. a = tree density and other pasture vegetation attributes.
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3.1 Objectives

The specific objectives of this thesis are to:

A) Improve the understanding of farmers’ view on the CAP tree density limitation and

how farmers potentially adapt to this regulation

Motivation: To understand management effects on biodiversity and ultimately to in-
form policy guidelines it is crucial to include also farmers’ perspective on the system.
Several studies have already highlighted farmers’ appreciation of pasture trees but
the perceptions of biodiversity values vary between regions and stakeholders. Thus,
understanding farmers in the studied region is essential to inform policy directives,
especially concerning social-ecological systems such as wooded pastures.

B) Investigate how taxonomic and functional biodiversity are affected by tree density

along a complete tree density gradient in managed wooded pastures with long man-

agement continuity

Motivation: Although a number of studies have investigated the effects of trees on
biodiversity, very few have targeted the range of tree densities found in many Euro-
pean pasture systems. Thus, there is no clear consensus about these effects, and even
less is known about the functional responses to tree density, which is key to under-
stand the effects of trees on ecosystem functioning.

C) Increase the mechanistic understanding of biodiversity responses of multiple taxa in

relation to trees in wooded pastures

Motivation: Studies on taxonomic and functional diversity patterns tend to lack
deeper analytical approaches to understand those patterns. Therefore, to clarify the
biodiversity patterns found and make the results more transparent, approaches to
increase the mechanistic understanding of biodiversity are needed.

The objectives are addressed in Papers I-IV through an interview study, field data col-

lection and analyses of different predictor and response variables (Table 3.1; Figure 3.1).

Table 3.1. Overview of the studies included in this thesis: how they relate to the specific objectives and brief

method descriptions.

Paper Objective General method

I A Interview study with farmers to investigate their view on CAP and management of pasture trees

II B & C Field study on plant diversity and species composition in relation to trees

III C Field experiment on plant species’ germination responses in relation to different tree species

IV B & C Field study on taxonomic and functional diversity of multiple taxa in relation to trees
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4 Methods

4.1 Study area

This thesis has been conducted within the UNESCO biosphere reserveÖstra Vätterbran-
terna in southern Sweden (Figure 4.1). In 2012, this area was designated a biosphere

reserve, in which social and ecological systems are linked to ensure a sustainable use of

the reserve and with that preserve biodiversity (UNESCO, 2015). The biosphere reserve,

covering approximately 70 000 ha, is characterised by a mosaic landscape structure, rel-

atively rich in small scale farming and semi-natural wooded pastures. Hence, it is a

representative area of a relatively low-intensively managed Swedish landscape mosaic,

in contrast to the agricultural plains in other parts of southern Sweden. The topographi-

cal complexity and its glacial origin split the landscape in arable fields in the lowlands on

fertile glacial-fluvial deposits and forest dominated hills on shallow soils, rich in bedrock

outcrops. Wooded pastures are typically found on the hillsides, forming intermediate

habitats between arable fields and forests (Jakobsson and Lindborg, 2014).

Figure 4.1. Study sites within the biosphere reserve Östra Vätterbranterna in southern Sweden. Modified
from Paper II.
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Figure 4.2. Four examples of wooded pastures in the biosphere reserve Östra Vätterbranterna in southern
Sweden. Photos: Simon Jakobsson. Figure from Paper I.

The policy situation in Sweden

In Sweden, the tree density regulation was implemented in 2008 and initially caused

conflicts between Sweden and the EU (Blom, 2010). However, Sweden was eventually

allowed to adjust the first limit of 50 trees/ha to 60 trees/ha in general and to 100 trees/ha

for pastures with high biological and/or cultural values concerning the Direct Payment

Scheme (part of the CAP Pillar I) (Beaufoy et al., 2011). Above that limit, the Rural De-

velopment Scheme (CAP Pillar II) has compensated highly valued pastures, subsidised

both by the EU and Sweden. With the new subsidy guidelines in 2014, Sweden introduced

even more flexible rules and recommendations regarding trees, encouraging farmers to

keep trees of special character and high biological values (e.g. old-growth trees and trees

with fleshy fruits) (Jordbruksverket, 2017a). In the regulations regarding Direct Pay-

ments, the Swedish Board of Agriculture emphasises the difference between trees and

shrubs that are of overgrowth character and those that are not (Jordbruksverket, 2017b).

The recent announcement from the EU to reduce the tree density focus in the regulations

makes upcoming changes likely and hence scientific evidence is needed to inform pasture

management guidelines.

Selection and characterisation of study sites

In order to meet the objectives of this thesis, I selected 64 semi-natural wooded pastures

within the study area to cover a gradient of almost completely open pastures (just a few

trees/ha) to very dense pastures (>200 trees/ha). These 64 pastures were used as baseline

study sites, of which all were used in Paper II, whereas a subset of four pastures were

used in Paper III and 21 pastures were used in Paper IV. In Paper I, only farmers owning

or managing one or several out of the 64 pastures were interviewed. Pasture locations
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and status were preliminary checked using the national database on agricultural lands

in combination with satellite images (Google, 2013; Jordbruksverket, 2013). I used five

pre-defined criteria regarding pasture status for final study selection in the field: 1) contin-

uously grazed by livestock, 2) not recently and extensively cleared from trees, 3) having

a relatively homogeneous (area of) tree cover, 4) on dry to semi-dry soil and 5) charac-

terised of a forb/grass dominated field layer. To use comparative pastures (cf. Caruso

et al., 2015), the study site selection considered only pastures of high nature values (Sw:

speciella värden; defined by the County Administrative Board (Sw: Länsstyrelsen)), thus
with an upper limit of 100 trees/ha to receive Direct Payment subsidies at the time of data

collection for this thesis.

4.2 Data collection

Interviews with farmers (Paper I)

To investigate how farmers perceive pasture management in general and pasture trees

in particular, semi-structured interviews were conducted with 22 farmers, 17 men and

five women. The interviewed farmers, representing 17 different farms, own or manage

pastures that were used to assess plant, bird and bat diversity (see below). They also

represent a variety of farms, ranging from 25 to 400 ha in size and focusing on either

dairy or meat production. Hence, the interviewed farmers were considered to represent

the variety of farms and farmers in the study area. Farmers were asked questions about

their background, farming conditions, how they look at wooded pasture management in

general and how they manage trees specifically. Further, they were asked how the CAP

affects management (in general and through the specific tree density limitation), their

interest in biodiversity conservation issues and how pasture management relates to forest

management (most farmers also own and manage forest). In addition to the interviews

with farmers, two officials at the County Administrative Board and one at the Swedish

Board of Agriculture (Sw: Jordbruksverket) were interviewed regarding CAP, guidance
in relation to the CAP implementation and their perception of the farmers’ perspective.

However, the focus in this thesis is the farmers’ perspective and therefore the results from

those latter interviews are only discussed briefly.

Explanatory variables (Paper I-IV)

I estimated the structural characteristics of each wooded pasture by identifying and mea-

suring (diameter at breast height (DBH), at 1.3 m) all individual trees and shrubs present

within a representative subset of 0.8–1.4 ha of each pasture, hereafter referred to as a

site. Using these data, it was possible to get a quick but detailed characterisation of the

study sites using six local environmental variables: tree density, shrub density, structural
complexity, tree diversity (Shannon diversity index H’ (Shannon, 1948)) and tree species
composition (two variables). The latter, tree species composition, was estimated by ex-
tracting the first two axes from a Principal Component Analysis (PCA) on the tree species

composition. In addition, I used aerial photos (Lantmäteriet, 2015) to estimate proximate
forest cover. Details on variable calculations and how they were used are given in Table

4.1.

Although the focus of the thesis is on trees, I selected explanatory variables to cover

a range of potential additional vegetation attributes which are likely to affect the studied

biological communities. For example, understory vegetation has been shown to have a

negative impact on bat species richness (Kalda et al., 2015) but a positive effect on bird
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species richness (Laiolo et al., 2004), which links to how shrub density positively affects

bird species richness (Pärt and Söderström, 1999b; Söderström et al., 2001). Habitat

complexity may have positive impacts on birds but not plants (Eglington et al., 2015;

Lengyel et al., 2016), whereas it affects both plant and bird species composition (Hovick

et al., 2014; Myers et al., 2015; Lindgren et al., 2018). Landscape structure is known to

have a large impact on local grassland plant diversity and species composition, but also

influences bat and bird communities (e.g. Lindborg, 2007; Gazol et al., 2012; Reitalu

et al., 2012; Schmucki et al., 2012; Tscharntke et al., 2012; Frey-Ehrenbold et al., 2013;

Sánchez-Oliver et al., 2014; Charbonnier et al., 2016a; Le Roux et al., 2018). Concern-

ing birds and bats, there are particularly clear functional responses to the surrounding

landscape. For example, bat wing morphology and foraging strategy have been shown

to relate to landscape openness (Cisneros et al., 2015). Mobility traits among birds also

respond to habitat filtering related to vegetation cover (Trisos et al., 2014), and diversified

agricultural landscapes in general have positive impacts on bird taxonomic and functional

diversity (Fischer et al., 2011; Karp et al., 2012; Lee and Martin, 2017).

To estimate canopy cover, I took two photos vertically upward from each vegetation sam-

pling plot (see below), using a fish-eye adapter lens (180◦; the two photos 90◦ rotated to
each other) for iPhone 4S. Canopy cover was used to estimate how tree densities were re-

lated to canopy cover (Paper II) and to analyse species-specific responses of plants (Paper

III). I also divided the pastures into categories based on tree density in order to estimate

potential effects of subsidy regulations based on specific tree densities (Paper II). The cat-

egories relate to the tree density limitations implemented by the EU over the last decade:

1) former CAP (0-50 trees/ha), 2) updated CAP (50-100 trees/ha) and 3) newest CAP/no

limit (>100 trees/ha). These limits were different by the time these analyses were con-

ducted, thus the categories were named differently in Paper II.

To control for the effects of soil conditions on plant communities (e.g. Ejrnæs and Bruun,

1995; Oldén et al., 2016), I took soil samples parallel to the plant inventories. Within each

sampled plot for plant community assessment (see below), three top soil cores were ex-

tracted with a soil auger. The three sub-samples were mixed and left to air dry in room

temperature. Prior to analysis, I ground and sieved the soil samples (for some analyses

also homogenised, see Paper II for details). From the soil samples, soil pH, organic con-

tent, total carbon (C) and nitrogen (N) content and C:N-ratio were estimated. The soil

variables were used in the analyses of Paper II and for site selection in Paper III.

This thesis ignores more detailed analyses of how spatial and temporal landscape config-

uration affect biodiversity patterns (Lindborg and Eriksson, 2004; Tscharntke et al., 2012;

Birkhofer et al., 2018) as landscape scale regulations are rarely implemented in policy

guidelines (Kleijn et al., 2006). However, local habitat characteristics in general filter

biological communities (Zobel et al., 1998), have major influence on multi-functionality

(Allan et al., 2014, 2015) and are easier to manage in practice compared to landscape-

wide characteristics. To keep the study directly applied to policy, I therefore decided to

focus on a habitat scale throughout the thesis.

Assessment of biological communities (Paper II-IV)

Within all 64 wooded pastures, I inventoried plant communities between 17 June and 3

August 2013. In each pasture, ten 1 m2 sample plots where randomly placed within the

pasture, in which the presence of each vascular plant species was recorded (Figure 4.3).
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Table 4.1. Explanatory variables used to characterise wooded pasture structure, the proximate land cover

and soil properties. The papers in which each variable was included are defined in the right column, pa-

per numbers in brackets means that the variable was not used in analysis but for a qualitative description.

SD = standard deviation, DBH = diameter at breast height, PC = principal component. The seed sowing

experiment variables (Paper III) are not included in the table.

Variable Unit Specification Used in paper

Tree density trees/ha within pasture subset; trees with DBH >10 cm II, IV

Shrub density shrubs/ha within pasture subset II, III, IV

Tree diversity Shannon diversity H’ within pasture subset II

Structural complexity SD of DBH within pasture subset II, IV

Tree species composition PC1/PC2 within pasture subset II, III

Proximate forest cover proportion of forest within 250 m from centre II, IV

Canopy cover % canopy cover above each plant sampling plot III, (II)

Soil pH pHKCl each plant sampling plot II, (III)

Soil organic content % (loss on ignition) each plant sampling plot II, (III)

Soil C:N-ratio C:N (combustion) each plant sampling plot II, (III)

Within 21 out of the 64 wooded pastures, I surveyed bird communities using point counts

within the first four hours after sunrise, visiting every site five times between 22 April and

15 June 2014. During all visits, each site was surveyed for five minutes from the central

point of the pasture and during an additional fiveminute slowwalk circulating the site. All

birds seen or heard within the site were recorded (Figure 4.3). I chose the point count ap-

proach because of the relatively small pastures sampled, for which five minutes has been

suggested to be long enough for general community assessments (Fuller and Langslow,

1984). The additional slow walk circulating the site (see also Hartel et al., 2014) was

made to reduce the negative impact of the short sampling period on the detection proba-

bility of inconspicuous species (cf. Scott and Ramsey, 1981; Fuller and Langslow, 1984).

Within 21 out of the 64 wooded pastures, bat communities were surveyed using SM3

bat detectors (Wildlife Acoustics, Inc.) placed at 1.5–2.0 m height at the centre of the

site (Figure 4.3). Each site was surveyed once, between 8 June and 7 August 2015. Bat

calls were identified semi-manually using Sonobat software (Szewczak, 2015) and the

iBatsID system (Walters et al., 2012). Data used in this thesis only consider bat calls

from 30 min after sunset until 30 min before sunrise to avoid recording commuting be-

haviour to and from foraging sites (see also Frey-Ehrenbold et al., 2013; Kalda et al.,

2015).

Seed sowing experiment (Paper III)

For the seed sowing experiment, I selected four out of the 64 wooded pastures based on

their similarity in terms of soil conditions and tree density. In each site, three mature Q.
robur and three mature B. pendula trees were selected. Beneath the canopy of each tree,
I established a permanent 0.5×0.5 m plot, coupled to an identical permanent plot outside

the canopy. In each plot, 25 seeds (bought from Pratensis AB; www.pratensis.se) of eight

selected grassland species were sown in 0.1×0.1 m randomly assigned sub-plots (and an

additional sub-plot used as control). The species selected for the experiment represented

four groups divided by seed mass and shade tolerance (two species in each category)

(Figure 4.4). Prior to sowing, the ground was lightly scratched to simulate semi-natural

conditions created by livestock. I counted the number of germinated seedlings four times

the following year (2015).
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Figure 4.3. Sampling design to assess plant, bird and bat communities. All sampling was conducted within

the pasture subset (quadratic box for plant inventory; see also text for explanation). All individual plant

species were counted within each 1 m2 sampling plot (red quadrats); birds within the site were counted

during 5 minutes from the central point of the site + an additional walk around the sampling circle (black

stars represent recorded birds; white stars represent birds not recorded); bats were recorded during one

sample night per site using a bat detector placed in the centre of the site. Photos: Simon Jakobsson.

4.3 Analysis

4.3.1 Measures of biodiversity

Taxonomic diversity

In Paper II, vascular plant diversity was estimated as alpha diversity (mean number of
species per plot), gamma diversity (total number of species found within plots in a pas-
ture) and beta diversity (gamma/alpha diversity; Tuomisto, 2010) (Figure 4.3). The di-
versity metrics were estimated both for all species and for grassland specialist species

(see below). In Paper III, presence/absence data of each species in each plot was used

to analyse species-specific responses to canopy cover at plot scale. In Paper IV, species

richness of plants was derived from the gamma diversity metric. Bird and bat species

richness were estimated as the total number of species found within a site during the

study period (five visits for birds, one sample night for bats).

Grouping of species

Concerning plant communities in grasslands, specialist grassland species and general-

ist species may show divergent responses to differences or changes in the environment

(Dupré and Ehrlén, 2002; Reitalu et al., 2012). Therefore, I defined grassland specialists,

i.e. typical species of semi-natural grasslands which populations show substantial sensi-

tivity to abandonment and/or fertilisation, based on Gustavsson et al. (2007) with some

modifications (Paper II). In Paper III, grassland species were used for the seed sowing

experiment, but the selection of species was constrained by requirements regarding shade

tolerance and seed mass as well as availability from the seed provider (Pratensis AB). I

made no species grouping for bird and bat communities within the scope of this thesis, as
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Figure 4.4. Seed sowing experiment design. A: For each targeted tree individual, two experimental 0.25 m2

plots were placed, one beneath the canopy (north side) and the other outside the canopy. Within each plot,

25 seeds of each of the selected grassland species were sown in a 0.01 m2 sub-plot, in lightly scratched soil

(the central sub-plot was used as control). B: Species selection for the seed sowing experiment, two species

in each category based on shade tolerance (columns) and seed mass (rows). Modified from Paper III.

the focus of Paper IV was on general taxonomic and functional diversity patterns across

environmental gradients.

Functional diversity

Paper IV looked into how functional diversity of plants, bats and birds varied along the

environmental gradients considered. I used four functional diversity metrics: functional

richness, functional evenness, functional divergence and Rao’s Quadratic entropy. The

metrics cover a variety ofmeasures of the functional space of biotic communities with dif-

ferent ecological meanings (Villéger et al., 2008; Mouillot et al., 2013). The functional

space is the multi-dimensional space determined by species abundances (or presence)

and their traits (Schleuter et al., 2010). The incidence-based volume of this functional

space is typically called the functional richness. Taking into account abundance (i.e.

abundance weighted calculations), functional evenness estimates how evenly distributed

traits are within the functional space, whereas functional divergence estimates how dis-

tant the dominant species are from the weighted mean centre of the functional space.

Rao’s Quadratic entropy measures the mean distance between pairs of species within

the functional space, also weighted by abundance (Villéger et al., 2008; Mouillot et al.,

2013).

To calculate functional diversity, any set of traits can be used, but it should reflect the

variation in trait diversity that the specific study aims to target, as it has a major impact

on outcomes and interpretation (Petchey and Gaston, 2006). In this thesis, I calculated

functional diversity metrics using carefully selected traits coupled to six relevant trait

groups available for all inventoried taxa: morphology, dispersal, foraging level, feeding
resources, reproduction and life history (Table 4.2). Trait groups were used to balance
the functional diversity metrics through weighted calculations and to facilitate interpre-

tation of the results.

Functional diversity metrics were estimated using species’ relative frequencies within

sites in combination with species’ traits: plant species frequencies (0-10) within the ten

sample plots, bird species frequencies (0-5) across the five visits and bat species frequen-

cies as the square root of the number of bat passes for each species within a site. Traits

were accessed from available databases (Kleyer et al., 2008; Jones et al., 2009; Wilman
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Table 4.2. Traits selected for the analysis. Traits were selected to represent six trait groups (left column).

Numbers in brackets indicate number of levels for categorical traits (e.g. ’dispersal mode (6)’ means that

there were six different types of dispersal mode), letters in brackets represent Ellenberg indicator values (L

= light; R = reaction of soil (pH); N = nitrogen; F = moisture).

et al., 2014; Myhrvold et al., 2015) and literature (Cramp et al., 1985-1994; Hill et al.,

1999). Trait values were interpolated from other traits if necessary (van Buuren et al.,

2015).

4.3.2 Statistical analysis

Several different analytical approaches were used within the scope of this thesis. Statis-

tical methods are given in Table 4.3, whereas the text briefly summarises the analyses.

All analyses were conducted using the computing environment R (R Core Team, 2017),

using packages ade4 (Dray and Dufour, 2007), FD (Laliberté et al., 2015), glmmADMB
(Fournier et al., 2012; Skaug et al., 2014), indicspecies (De Cáceres and Legendre, 2009),
mgcv (Wood, 2011), mice (van Buuren et al., 2015) and vegan (Oksanen et al., 2017).

Table 4.3. Methods used in the papers of this thesis. For each paper, response and explanatory variables are

given and the main statistical methods used. TrD = tree density, ShD = shrub density, TrDiv = tree diversity,
TrSp = tree species composition, ForCov = proximate forest cover. GL(M)M = generalized linear (mixed)

models, GAM = generalised additive models, RDA = redundancy analysis.

Paper Response data Explanatory data Statistics

I Interviewed farmers CAP, subsidies, motivation -

II Plant community: alpha, beta and gamma TrD, ShD, TrDiv, Compl., TrSp, ForCov, GLM, GAM,

diversity and species composition and soil pH, organic content, C:N-ratio RDA, bootstrap

III a) Germination success (eight species) canopy presence (p/a), tree species (2) GLMM

b) Plant community: p/a within plots canopy cover, proportion of oak trees GLMM

IV Plant, bat and bird taxonomic and TrD, ShD, Compl., ForCov GLM, 4th corner

functional diversity

Farmers’ perspective on CAP, trees and biodiversity (Paper I)

The interview data were not quantitatively analysed but qualitatively assessed and dis-

cussed. Hence, no direct analytical comparison between the interview data and the bio-

logical data was conducted. However, as a starting point and link between the different
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parts of the thesis, the interview responses were put into context by comparing them with

pasture structure in terms of trees, tree sizes and tree species.

The effects of trees on understory plant communities (Paper II)

I analysed plant species richness at plot (alpha diversity) and pasture (gamma diversity)
scale as well as species turnover (beta diversity) in relation to the local environmental

variables using linear (GLM; with and without quadratic terms) and non-linear models

(GAM). To analyse plant species composition I used ordination methods calculating the

relationship between plant species’ frequencies and environmental variables within sites.

To estimate the potential contribution to plant species richness of the three tree density

categories of the pastures (0-50, 50-100 or >100 trees/ha), I used a permuted bootstrap-

ping method (permutation of the species communities from five randomised pastures

within each of the three tree density categories). In Paper II, I investigated the effects of

local environmental variables only, not considering the potential effects of surrounding

landscape structure.

Plant species-specific responses to tree canopies (Paper III)

I compared the germination response of the eight studied grassland species between plots

beneath and outside tree canopy, between the two tree species and how these effects poten-

tially interact, using generalised non-linear mixed models (GLMM). These results were

qualitatively compared to how species in the overall community assessment were affected

by canopy cover and tree species dominance (regarding the two tree species selected for

the experiment), which were analysed using binomial GLMMs. For these analyses, I split

plant species into four categories based on seed mass and light dependency (i.e. light de-

pendent vs. shade tolerant large seeded species and light dependent vs. shade tolerant

small seeded species).

The effects of trees on multi-taxa functional diversity (Paper IV)

I analysed the response of functional (and taxonomic) diversity to tree density, shrub
density, structural complexity and proximate forest cover using linear models (GLM;
with and without quadratic terms). To better understand these responses, the effect of

excluding one trait group at a time from the functional diversity metrics on their responses

to the environmental variables was tested. In addition, I used a fourth corner analysis

(Dray and Legendre, 2008) to analyse trait-specific responses to the environment. In this

analysis, three matrices are used (species frequencies and environmental variables within

sites together with species’ trait attributes) in order to estimate the correlation between

traits and environmental variables.
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5 Results and Discussion

5.1 Key findings

The results of this thesis are synthesised in the following sections. To provide an overview,

six key findings are highlighted below, in relation to the three objectives they arose from:

A) Improve the understanding of farmers’ view on the CAP tree density limitation and

how farmers potentially adapt to this regulation (Section 5.2)

• Farmers’ view on the CAP tree density regulation was neither completely neg-

ative nor positive, but as monetary subsidies from the EU are important for the

farmers, the regulation definitely affected many farmers economically, but not

necessarily how they managed trees in pastures (Paper I)

• Managing trees was considered an important part of pasture management also

without the regulation and farmers showed strong appreciation for the beauty

of both trees and landscape openness, as well as extensive knowledge about the

values of trees in a social-ecological context (Paper I)

B) Investigate how taxonomic and functional biodiversity are affected by tree density

along a complete tree density gradient in managed wooded pastures with long man-

agement continuity (Section 5.3)

• Trees had exclusively positive effects on taxonomic diversity of plants, birds

and bats, with substantial increases along the entire tree density gradient up to

more than 200 trees/ha, except for a slight drop concerning bird species richness

at around 100 trees/ha (Paper II and IV)

• Functional diversity metrics across the three taxa showed little congruence,

where bird and bat functional diversity responded mainly to other structural

attributes of the wooded pastures and the proximate landscape, highlighting the

need to consider multiple predictors of biodiversity across multiple taxa to un-

derstand how biodiversity is affected by management (Paper IV)

C) Increase the mechanistic understanding of biodiversity responses of multiple taxa in

relation to trees in wooded pastures (Section 5.4)

• Tree species had a major impact on both species composition and germination

success of grassland plant communities and the results suggest that there are

different critical stages of how trees affect plant communities, depending on

tree species and field layer community species (Paper II and III)

• Increased vegetation complexity within wooded pastures (mediated by trees,

shrubs and structural complexity) affected mainly foraging/resource-use related

traits among plants and birds, whereas the functional response of bat communi-

ties seem to be more related to their movements through and around vegetation

at several spatial scales (Paper IV)
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5.2 Farmers’ perspective (Objective A)

General perceptions about the tree density regulation

The overall effect of the tree density limit was neither good or bad according to the inter-

viewed farmers, but resulted in a strong management and subsidy focus on trees and tree

density. Having trees in pastures were considered a standard pasture management prac-

tice and thus the focus on trees in the CAP was not considered strange from the farmers’

perspective (Paper I). Nevertheless, subsidies make up for a substantial part of the farm

income in the EU, ranging from 30 to 50% depending on country/region (Roellig et al.,

2016; European Commission, 2017a). Therefore, regulations related to tree management

have impact on the farmers, and some specific concerns were raised in Paper I regard-

ing the tree density regulation. Most of them relate to the constant changes and shifts

between different management guidelines within the CAP in general, where the tree den-

sity limitation forms a striking example. In general, the swift changes in regulations have

caused mutual constraints regarding the trust and relationship between farmers and offi-

cials (e.g. at County Boards and the Board of Agriculture) (Paper I). Importantly, farmers

highlighted the lack of harmony between the CAP and biophysical cycles, which relate

to productivity but also to biodiversity values of the pastures. This lack of harmony was

well exemplified by one of the responses from the farmers: ’I thought that trees were
good for the environment?’ (Paper I). Nevertheless, the interviewed farmers considered
the communication between officials and farmers being better now compared to the be-

ginning of the EU era.

Some of the farmers also discussed wider perspectives, in which the power of consumers

and themarket was highlighted as well as the debate regardingmeat consumption, climate

and biodiversity (Paper I). Wooded pastures easily become targets for the negative effects

of meat production on greenhouse gas emissions (Garnett, 2009). In light of the climate

impact of agricultural practices and meat production (e.g. Röös et al., 2013; Hedenus

et al., 2014; Erb et al., 2017), a black and white view of land use impact arises, within

which the social-ecological values originating from low intensity management of semi-

natural grasslands are rarely considered. In Paper I, complaints about the market not

promoting (Swedish) semi-natural pasture produced meat were also raised. However,

wooded pastures exemplify an arena where nature conservation, production interests and

possibly also reduced climate impact can meet (Olsson, 2012; Röös et al., 2013), which

some farmers mentioned as a potential development for their farm (Paper I).

Views on tree management in wooded pastures

As the tree density regulation was introduced in 2008 (in Sweden), many farmers cut gi-

ant and dead trees with a following decrease in structural variation within pastures (Blom,

2010). Interestingly, the interviewed farmers would in general prefer to exclude an area

with high tree density from the subsidy application rather than cutting down the trees,

similar to findings of Raatikainen and Barron (2017), who foundweakmanagement adap-

tations to agri-environmental schemes among farmers in Finland. This reasoning related

to the intrinsic values of the trees, especially the aesthetic values linked to traditionally

managed agricultural landscapes in the region. These results are in line with the findings

of Hartel et al. (2017), who also found a strong appreciation among farmers for the beauty

and cultural identity of old oak trees in wood pastures in Romania, as well as with the

attractiveness of trees among farmers in Australia (Seabrook et al., 2008). However, it is

important to keep in mind that all the interviewed farmers had pastures defined having
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high nature or cultural values (defined by the County Administrative Board), which has

given them greater freedom to keep trees in the pastures (Beaufoy et al., 2011), but poten-

tially also additional insights into the high nature values of those lands. Hence, farmers in

the study area may be exceptionally dedicated to values beyond the monetary input from

the EU. Many of the interviewed farmers also have off-farm income, thus having more

freedom to engage in management activities not necessarily leading to direct financial

benefits. Several farmers mentioned the importance of keeping some kind of openness

on the farm to maintain a visually appealing space between trees. Interestingly, openness
has also been found to be a key motivation among farmers in Finland for maintained man-

agement of traditional rural biotopes (Raatikainen and Barron, 2017). Many farmers also

mentioned the appreciation from other people: officials, researchers, visitors and neigh-

bours (see also Burton (2004)). One farmer even stated that keeping the pastures and the

landscape in a good condition comes first, before monetary returns, which exemplifies

the farmers’ own appreciation of pasture management.

Similar to Hartel et al. (2017), the farmers in this area mentioned a wide range of bene-

fits of trees, e.g. shelter and shade for animals, fruit picking and water retention, which

show a high knowledge about pasture trees (see also Seabrook et al., 2008). In addition,

the ecological values of pastures trees formed a common ground between farmers and

officials for setting management goals. For instance, Q. robur and trees with visually
appealing flowers are suggested as priority species among both groups. The preference

for Q. robur among farmers is slightly contradictory though, as Quercus species have
been found to inhibit grass and forb growth (cf. López-Carrasco et al., 2015), although

beneficial for productivity during drought conditions (Frost and McDougald, 1989). The

farmers also saved Q. robur trees inside the forest (if managing forest), probably for the
impressiveness of large trees (aesthetics) or the biological values linked to old-growth

trees (Bergmeier et al., 2010). Other tree species preferred were the flowering species

S. aucuparia and S. intermedia (see also Figure 5.1), which could be considered an ex-
ample of ’charismatic’ species appreciated by the public (cf. Mikkelsen and Cracraft,

2001; McGinlay et al., 2017). The examples of saving the more rare species, or ’odd’

species, relate to the unique environment that wooded pastures are. These tree species

are otherwise rather rare in the region, and keeping them in pastures will contribute to an

additional landscape feature with unique biodiversity values (cf. Hartel et al., 2014;Wood

et al., 2017). Indeed, the relative proportion of large trees (>50 cmDBH) among the ’odd’

species, e.g. P. abies, Pinus sylvestris and Tilia cordata, was relative high (>10%) in the
studied pastures (Figure 5.1). The species-specific selection of which trees to keep (see

also Harvey et al., 2011 and Barton et al., 2016), and the link between the view on trees

of farmers, ecologists and policy implementers suggests a rather strong ecological basis

for discussions on tree management and subsidies, encouraging the use of trees as start-

ing points for discussing future sustainable management of wooded pastures. However,

it also shows that a tree density regulation may be the wrong way to go, and just another
example of simplification of nature (Scott, 1998), which may have negative consequences

for biodiversity.

5.3 Biodiversity patterns in relation to trees (Objective B)

This thesis investigated plant community patterns in relation to tree density and other

structural attributes within 64 wooded pastures, ranging from 3 to 214 trees/ha (corre-

sponding to 6-77% canopy cover) (Paper II). Furthermore, taxonomic and functional di-

versity of plants, birds and bats were investigated in relation to tree density and other
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Figure 5.1. Proportion (mean + SD) of each tree species (A) and distribution of tree sizes (DBH) for each

species (B) in the 64 wooded pastures studied in Paper II. Only trees with DBH >10 cm are included. Mod-

ified from Paper I.

variables within 21 wooded pastures, where tree density ranged from 12 to 214 trees/ha

(Paper IV). The two most common tree species within the study sites were Q. robur and
B. pendula (Figure 5.1), which also made up the clearest division in tree species compo-
sition by a gradient from Q. robur to B. pendula dominated pastures (Paper II) and they
were therefore also used as target tree species in the seed sowing experiment (Paper III).

5.3.1 Taxonomic diversity

Species richness estimates across the three taxa studied in this thesis were not correlated

(Paper IV). Therefore, the results are discussed mainly per taxon, including results from

Paper II and IV. Interestingly, however, is that tree density had exclusively positive effects

on plant, bird and bat species richness, despite the lack of congruence between the taxa

(Figure 5.2; Paper IV), which is further discussed below.

Figure 5.2. Species richness of plants, birds and bats in relation to tree density in 21 wooded pastures.

Fitted line and 95% confidence interval from multi-variable GLM (see Paper IV). Species richness of plants

was derived from gamma diversity of ten sample plots in each pasture. Bird and bat species richness were
estimated as the total number of species found within a site during the study period (five visits for birds, one

sample night for bats). Modified from Paper IV.
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Plants

The only vegetation structure variable that affected total species richness of plants (gamma
diversity) was tree density (Paper II and IV). Similar to Dorrough et al. (2006), gamma
diversity increased linearly by about 50% along the tree density gradient (Figure 5.2),

primarily driven by a substantial species turnover between plots within sites (beta diver-
sity) (Paper II). In contrast, the mean number of species per plot (alpha diversity) was not
significantly affected by tree density, but tended to decrease at 80–100 trees/ha. These

tree densities correspond to 47–53% canopy cover and is thus in line with earlier studies

on small scale plant diversity in relation to trees in grasslands (e.g. Aavik et al., 2008 and

Peterson and Reich, 2008), with parallel positive impacts on plant diversity beyond the

plot scale due to the habitat patchiness created by trees (Tilman, 1980; see also Caruso

et al., 2015). The findings in this thesis correspond to studies in both Australian wooded

pastures and Estonian wooded meadows (Dorrough et al., 2006; Aavik et al., 2008), and

further strengthen the view of trees as positive drivers of grassland plant diversity.

Figure 5.3. Mean and 95% confidence intervals of the

proportion of plant species (%) belonging to each tree

density category based on bootstrapped sub-sampling

of five pastures within each category. Modified from

Paper II.

Grassland specialist species were affected

by neither tree density nor any other struc-

tural variable (Paper II). Hence, grassland

specialists within the studied wooded pas-

ture are likely to be more dependent on

management continuity than light avail-

ability (cf. Aavik et al., 2008; Reitalu

et al., 2012; Caruso et al., 2015). How-

ever, the pastures’ patchiness probably

contributes to areas of openings in the

canopy cover that give space also for more

light dependent species (Tilman, 1980).

This was further confirmed by the boot-

strap analysis, which showed that pastures

with more than 100 trees/ha support the

largest proportion of species (on average

77.3%) and also the highest proportion of

unique species (on average 11.6%, Fig-

ure 5.3). Other structural attributes of the

wooded pastures had no effect on plant

species richness (Paper II).

Birds

Species richness of birds was strongly linked to vegetation characteristics in the wooded

pastures. Species richness peaked at 100 trees/ha, with almost double as many species

compared to the most open pastures (Figure 5.2). The positive, but saturating, effect of

trees was expected (cf. Tellería, 2001; Laiolo et al., 2004; Catarino et al., 2016), and

shows that the contribution of trees to biodiversity may not be as disproportionate as

suggested (Fischer et al., 2010). Instead, the multiple values of trees in terms of nesting

habitats and foraging space (Manning et al., 2006) seem to increase up to rather high

tree densities (see also Jakobsson and Lindborg, 2017). Similarly, bird species richness

peaked at 70 shrubs/ha (Paper IV). Shrubs may increase pasture complexity, improving

the habitat quality for birds (Camprodon and Brotons, 2006) and by that positively af-

fecting pasture bird communities (see also Söderström et al., 2001; Hartel et al., 2014).
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The importance of habitat complexity for birds was further highlighted by the additional

positive impact of structural complexity on species richness (Paper IV). Hence, in con-

trast to forest habitats (Charbonnier et al., 2016b), the complexity seems to be more im-

portant for bird species richness in semi-open habitats such as wooded pastures (see also

Hovick et al., 2014). These local habitat characteristics have also been shown to strongly

affect abundance and species composition of birds (Hovick et al., 2014; Myers et al.,

2015; Jakobsson and Lindborg, 2017), which confirms that vegetation features are major

drivers of bird communities in wooded pastures (Hartel et al., 2014). Shrubs also form

traditional features of wooded pasture management (Vera, 2000; Bergmeier et al., 2010)

and are important for tree regeneration (Bakker et al., 2004), but their presence in pasture

environments are threatened because they tend to appear under too low grazing pressure

or abandonment (Jones, 2008; Beaufoy et al., 2015).

Bats

Concerning bats, tree density was the only significant predictor of species richness (Pa-

per IV), with almost doubled species richness estimates along the tree density gradient

(Figure 5.2). Bat activity is predicted to increase with more (deciduous) tree cover (Kalda

et al., 2015; Charbonnier et al., 2016a), thus the number of species was expected to in-

crease (see also Lentini et al., 2012). As bat activity and species richness have previously

been shown to depend on insect abundance around trees (Le Roux et al., 2018), the re-

sults in Paper IV suggest that increasing tree densities contribute linearly to increasing

food resources (cf. Müller et al., 2012).

The results are in contrast to Lumsden and Bennett (2005) and Fischer et al. (2010)

who found optimum tree densities to be around 30 trees/ha in Australian wooded grass-

lands. Lumsden and Bennett (2005) suggest that this optimum relates to historical tree

cover, thus the long tradition of forest grazing in Sweden may have made bats adapting

to landscapes with dense tree cover, explaining the positive relationship between species

richness and tree density (Figure 5.2). Importantly, the wooded pastures of today are

among the few habitats dominated by deciduous trees in a landscape context where man-

aged forests are considered being of rather poor habitat quality for bats (Wood et al.,

2017). Wooded pastures are therefore key habitats for species linked to deciduous trees.

Although the explanatory power of tree density on bat species richness was rather low

(Paper IV) and landscape scale variables may override local habitat variables (Cisneros

et al., 2015; Charbonnier et al., 2016a), local tree density also seems to be important

by providing valuable foraging and roosting features for bats (Müller et al., 2012; Wood

et al., 2017; Le Roux et al., 2018).

5.3.2 Functional diversity

Both plant and bat communities showed clear functional responses to the environment,

but bird communities responded mainly in terms of species richness (Paper IV). Whereas

increases in tree density explained most of the variation in taxonomic diversity across all

taxa, similar effects on functional diversity were only found for plants. Instead, other

vegetation attributes seem to be more important for the functional diversity metrics, es-

pecially regarding bats (Figure 5.4). In addition, there was little congruence between the

three taxa. Plant and bat functional richness were the only corresponding metrics that

correlated, despite the non-significant relationship between species richness of bats and

plants (Paper IV; see also Aubin et al., 2013 and Eglington et al., 2015 regarding metric
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dependent correlations between different taxa). This relationship was expected as arthro-

pods are the predominant feeding resource for bats in this region and arthropod diversity

is positively related to plant functional richness (Perner et al., 2005). In contrast to the

bat communities, the bird species pool spans a wider feeding resource gradient, including

seed- and fruit-eating species.

Plants

Tree density was the main predictor for plant functional diversity, in terms of functional

richness and Rao’s Quadratic entropy (Paper IV). As these functional metrics are closely

related to species richness (Schleuter et al., 2010; Mouillot et al., 2013), the responses to

the environment logically followed the response of species richness (Figure 5.4). In con-

trast to Rolo et al. (2016), there was no decoupling of species richness and functional

diversity along the tree density gradient. Hence, as tree density increases, function-

ally different species are added to the plant community without substantially affecting

species present in pastures with low tree density (Paper IV). The lack of negative ef-

fects of trees on grassland specialists supports these results (Paper II). Increased pasture

structural complexity also had a positive impact on Rao’s Quadratic entropy (Figure 5.4).

This has previously been shown for landscape scale complexity (Ma and Herzon, 2014),

meaning that complexity at multiple scales is important to sustain functionally diverse

plant communities.

Birds

There were weak functional responses of the bird communities (Figure 5.4), despite ex-

pected guild specific effects, e.g. on open and forest specialist species (e.g. Catarino et al.,

2016; Jakobsson and Lindborg, 2017). There were no significant effects of the explana-

tory variables on any functional diversity metric, but bird functional richness tended to

decrease with increasing proximate forest cover (Paper IV). As forest cover in the sur-

roundings increases, open habitat specialist species might disappear (cf. Jakobsson and

Lindborg, 2017) and with that the functional space decreases. This contrasts the effects

of shrubs, which were in general positive for bird functional richness up to intermediate

densities, most likely driven by the positive effects of shrubs on many different species

(Pärt and Söderström, 1999b; Söderström et al., 2001). Bird functional evenness was

the only biodiversity metric that showed a tendency to respond negatively to tree density

(Paper IV). Thus, the additional species along the tree density gradient are functionally

dissimilar to the species occurring along the entire gradient, leading to decreased func-

tional redundancy (Luck et al., 2013).

Bats

Concerning bats, their functional response to the environmental variables was much

stronger compared to the response of species richness. The effects were rather com-

plex, with different environmental predictors being most important for different diversity

indices (Figure 5.4). Both tree density and proximate forest cover had a positive impact

on functional richness (Paper IV). Hence, the functional space increases as tree cover

increases at several scales (see also García-Morales et al., 2016) since additional species

along both these gradients contribute to more functions within the bat community. How-
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Figure 5.4. Main changes of taxonomic and functional diversity per taxon in relation to increases in the

four environmental variables: shrub density (shrubs), tree density (trees), proximate forest cover (forest;

represented by the green frame colour) and structural complexity (complex). Changes are described as lin-

early positive (+), linearly negative (-) or non-linear polynomial changes (e.g. �), including marginally

non-significant effects (n.s.; 0.05<p<0.06). Each box represents the functional space within a wooded pas-

ture, a unique silhouette represent a ”species”, and the size of the silhouette represents the abundance of that

species. Taxon specific increases (decreases the opposite change) are symbolised as: species richness =more

silhouettes; functional richness (FRic) = larger area covered by silhouettes; functional divergence (FDiv) =

larger distance between large silhouettes (abundant); functional evenness (FEve) = more equal sizes of sil-

houettes and Rao’s Quadratic Entropy (Rao’s Q) = area covered by silhouettes and increased abundances of

some species. Silhouettes from Freepik (www.freepik.com) and Vecteezy (www.vecteezy.com). The figure

is based on results from Paper IV.

ever, bat Rao’s Quadratic entropy showed a humpback response to proximate forest cover,

peaking at around 35%, which shows that accounting for relative abundance of species

results in a non-linear response to forest cover (Paper IV). Vegetation structures have pre-

viously been shown to be important for bats in semi-open environments (Adams et al.,

2009). Indeed, the results in Paper IV show a complex that vegetation complexity in-

creases functional redundancy (Luck et al., 2013) and that shrub density determines how

functionally distant the dominant species within the bat community are (Figure 5.4). The

effects of shrubs on bats may be guild-specific (e.g. Kalda et al., 2015), but it has also

been suggested that more detailed estimations of understory vegetation might be required

to properly investigate its effects on bat communities (Wood et al., 2017).
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5.4 Underlying mechanisms of biodiversity patterns
(Objective C)

5.4.1 How trees affect plant species composition

In Paper II, trees had expected effects on plant community composition, through tree den-

sity and tree species composition (cf. Söderström et al., 2001; Aavik et al., 2008). The

main shift along the tree density gradient was from light dependent to more shade tolerant

plant communities. The effect of tree species composition suggests that tree management

favouring specific tree species will have distinct effects on plant communities (see Paper

I).

To increase the understanding of plant community patterns in wooded pastures, a seed

sowing experiment was conducted in Paper III. In contrast to the predicted negative ef-

fects of canopy shading on germination (Ten Brink et al., 2013), the experiment revealed

that large seeded shade tolerant species (as mature plants) germinated even better beneath

tree canopies than outside. These results suggest that large seeded shade tolerant species

benefit from a canopy induced germination, resulting in a competitive advantage that per-

sists as the plant individual establishes. As expected (Thomaes et al., 2011), there were

strong tree species specific effects on germination, resulting in significant interactions

between tree species and canopy presence explaining germination success (Figure 5.5).

Unfortunately, only one out of the four the small seeded species germinated (Paper III),

most likely due to species variation in site condition requirements for germination (e.g.

Whittington et al., 1988; Pérez-García et al., 2006). Hence, the expected germination ad-

vantage of large seeded species over small seeded species (Bruun and Ten Brink, 2008;

Ten Brink et al., 2013) could not be thoroughly studied.

The link between germination and the mature plant community was weak (Figure 5.5), in

line with Figueroa and Lusk (2001). Nevertheless, some species’ germination response

did correspond to their occurrence in the community, which shows that species expe-

rience different critical stages during establishment. Whereas four out of the five sown

species that germinated showed different responses to canopy presence depending on tree

species (significant interaction), only 14% of the analysed species within the entire plant

community showed tree species specific responses to canopy (Paper III). This suggests

that the effect of specific tree species on grassland species may be erased as the plant

community establishes, but the difference could also relate to the differences in measure-

ments scales regarding the tree species. In the seed sowing experiment, individual trees

of the two species were targeted (Paper III), whereas the community analysis was based

on a rough species dominance variable (principal component axis 1; Paper II).

5.4.2 Drivers of functional diversity responses to the environment

One way to better understand functional responses of biotic communities to the environ-

ment is to look at how individual traits respond to the environment, which was done in

Paper IV through a fourth corner analysis (Dray and Legendre, 2008). To further improve

the mechanistic understanding of the functional diversity responses, a trait exclusion ap-

proach was implemented in Paper IV, excluding traits from one of the trait groups used

(see Table 4.2). This novel approach helps to investigate functional diversity patterns and

processes in depth. Overall, the functional responses of plants and birds were primarily

affected by traits and trait groups linked to resource use and foraging, respectively. In

31



Simon Jakobsson

Figure 5.5. Effects of canopy shading of different tree species on the grassland species used in the seed sow-

ing experiment. Left panel: species categories according to shade tolerance and seed mass. Study species:

A) Campanula rotundifolia, B) Hypericum perforatum, C) Geum rivale, D) Primula veris, E) Lychnis vis-
caria, F)Dianthus deltoides, G) Filipendula vulgaris and H)Galium verum. Central panel: effects of canopy
presence of B. pendula and Q. robur on germination (seedling emergence) for each of the study species. P-
values are symbolised as: * = 0.05>p>0.01, ** = 0.01>p>0.001, *** = p<0.001. Right panel: Effects of

canopy cover (%) and proportion of Q. robur within the site on each species’ presence in the community
(within plots), as significantly (p<0.05) positive or negative, as nearly significant (0.10>p>0.05; sign within

brackets), or not significant (n.s.). Missing bars (central panel) means that the species did not germinate,

missing signs (right panel) means that the species was not present within the plant community. The figure

is based on results from Paper III.

contrast, bats’ functional responses were more dependent on traits related to manoeuvra-

bility and other aspects of micro-habitat use (Table 5.1).

Plants

Resource competition is vital in plant community establishment (Belsky, 1994; Martens

et al., 2000). It was therefore rather expected that increasing tree densities were asso-

ciated with taller and more shade and nutrient tolerant species (Paper IV), in line with

the results on species composition in Paper II. In addition, proximate forest cover had

clear effects on plant traits. The unexpected relationship between light dependency and

forest cover (Paper IV) could be related to land use history (Díaz et al., 1999), which was

not included in the analyses. However, other trait responses (Figure 5.1) indicate that

proximate forest cover may isolate the plant communities in wooded pastures, resulting

in plant communities with a large proportion of species with good dispersal abilities (cf.

Ehrlén and Eriksson, 2000).

Paper IV showed that the plant traits responding to tree density also affected the response

of functional diversity. Higher tree densities supported plant communities with higher
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Rao’s Quadratic entropy when including canopy height, whereas functional richness in-

creased if including shade and nutrient tolerance traits in the functional metrics (Fig-

ure 5.1). Increased functional diversity in relation to higher tree density likely relates to

pasture patchiness at intermediate to high tree densities, leading to large variation in light

transmission through canopies (Martens et al., 2000).

Birds

Local habitat variables have previously been shown to affect specific bird breeding/nesting

traits (Hartel et al., 2014), but the focus of this thesis was habitat use in general rather than

breeding conditions within the pastures. As tree density increased, seed eating ground

foragers decreased, whereas mid-high foragers increased (Figure 5.1). Thus, the effect of

local vegetation characteristics on bird foraging was confirmed (Fuller, 2012; Ikin et al.,

2012), with tree density as the main predictor (Paper IV). In addition, less mobile species

(with relatively shorter wings) were more common in pastures surrounded by more forest

(Figure 5.1), most likely explained by forest dependent species being negatively affected

by fragmentation (Amos et al., 2014).

The trait group exclusion analysis did not further explain the negative effect of tree den-

sity on bird functional evenness, as a variety of trait groups affected this relationship. The

response of functional richness to shrub density and proximate forest was driven mainly

by birds’ foraging levels (Figure 5.1). Decreased variation in foraging levels may be a

result of a reduced number of open habitat species as proximate forest cover increases

(Jakobsson and Lindborg, 2017). In contrast, the habitat heterogeneity created by shrubs

(Bakker et al., 2004) facilitates co-existence of species with varying foraging levels up to

a certain shrub density where ground foragers are negatively affected (Paper IV).

Bats

In contrast to plants and birds, bat traits did not show as clear responses to the environ-

ment, which might be explained by the small spatial scale used in this thesis (Cisneros

et al., 2015). Nevertheless, increased variation in longevity and forearm length explained

many of the functional responses to the environment, including the effect of tree density

(Figure 5.1). Forearm length is a trait closely linked to a bats’ manoeuvrability (Hodgk-

ison et al., 2004) and has previously been shown to affect bats’ responses to vegetation

structure (Jung et al., 2012). The results indicate that bats with shorter forearms are

favoured by denser tree cover at multiple scales, while bats with longer forearms persist,

which results in increased functional richness in relation to increased tree density and

proximate forest cover (Paper IV). Open specialist species have in general longer fore-

arms Müller et al. (2012) and prefer foraging above forest canopies (Russ, 2012), which

may contribute to the increased functional richness.

Bat longevity also affected the increase in functional richness along the tree density gra-

dient, as well as all other metrics’ responses to different environmental variables (Fig-

ure 5.1). Thus, there are complex patterns of bat functional diversity metrics, but the

effect of longevity suggests that many patterns are related to the presence of specific bat

guilds (Paper IV; see also Müller et al., 2012).
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Table 5.1. Results from the trait based approach, with environmental variables as row names and trait groups

(see text) as column names. In grey rows, the contribution of including a specific trait group to how each

functional diversity metric respond to the environmental variables is described. If a metric is present in a

grey cell, it means that the metric’s response to the corresponding environmental variable (left column) is

affected by that trait group (column headings). Responses are described as linearly positive (+), linearly

negative (-) or non-linear polynomial changes (e.g. �). FRic = functional richness, FEve = functional

evenness, FDiv = functional divergence, Rao’s Q = Rao’s Quadratic entropy. In white rows, the effect of

environmental variables (left column) on specific traits belonging to the trait groups (column headings) is

given. Arrow pointing upwards means positive effect; arrow pointing downwards means negative effect; flat

arrow means that a categorical trait was affected. Photos: Simon Jakobsson.
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6 Implications for policy, manage-
ment and research

This thesis provides important findings concerning potential effects of the CAP tree den-

sity limitation on management and biodiversity of wooded pastures. The thesis questions

the relevance of tree number regulations regarding pasture management but also provides

findings that are valuable for further elaboration of the subsidy system. The fact that the

EU in November 2017 announced to open up for excluding the tree density regulation

from the CAP therefore seems promising (European Commission, 2017c). I hope that

this work has contributed to these changes, as it has contributed to national level evalu-

ations of the Swedish rural landscape programme (Smith et al., 2016). In addition, the

results provide important insights into complex biodiversity patterns in wooded pastures

and highlight several future directions for research.

6.1 Policy and management implications

• High tree densities increase biodiversity, but the variation between pastures con-
tributes to large scale habitat heterogeneity which is essential for biodiversity

This thesis shows that tree density is the main positive predictor of species richness of

plants, birds and bats (Paper II and IV). Hence, if high species richness across multiple

taxa is desired, high tree density is positive for biodiversity. However, there is a sub-

stantial species turnover along the tree density gradient (Paper II, see also Jakobsson and

Lindborg, 2017; Wood et al., 2017), and trees are not always positive for biodiversity.

I therefore stress the value of between pasture variation, as pastures with different tree

densities will capture different assets of biodiversity and increase landscape level hetero-

geneity.

• Continued grazing of wooded pastures is important to maintain habitat hetero-
geneity and high biodiversity values

The positive effects of tree density on biodiversity found within this thesis are results

of continuous low-intensity grazing maintaining the high biodiversity values linked to

habitat heterogeneity (Paper II and IV, see also Dufour et al., 2006 and Oldén et al.,

2016). This is in contrast to the negative impacts of more trees as a result of abandon-

ment (Öckinger et al., 2006; Oldén et al., 2016). Therefore, it is important to maintain

the grazing management of wooded pastures, irrespective of their tree density. This may,

in turn, counteract the negative impact of habitat and landscape homogenisation on bio-

diversity (Tews et al., 2004; Gámez-Virués et al., 2015).

35



Simon Jakobsson

• Multiple taxa need to be considered when setting policy guidelines, otherwise im-
portant biodiversity values may be overlooked

The results of Paper IV showed that there was little congruence between taxa across

diversity metrics. The thesis thus confirms how responses of biological communities

are sensitive to choice of taxon and diversity metric, which highlights the need to con-

sider multiple organism groups in policy and management (see also Pärt and Söderström,

1999a). Plants, which are commonly used as biodiversity indicators for grasslands, do

not cover the whole biological response of agro-forestry systems such as wooded pastures

(e.g. Torralba et al., 2016). Plants may also be less good predictors of ecological func-

tioning compared to other organism groups (Lefcheck et al., 2015). I argue that better

acknowledgement of the values of multiple organism groups is one of the most important

improvements needed in policy guidelines.

• Taxonomic diversity is a more feasible tool for policy-makers and managers com-
pared to functional diversity, due to its complex responses to the environment

Paper IV showed that traits primarily linked to foraging and use of resources determined

the functional responses of plants and birds, whereas the functional responses of bat

communities were mainly driven by traits linked to habitat use. These rather complex

responses of functional diversity make me question whether these are relevant metrics in

a policy perspective (see also Jonason et al., 2017). I stress that more research (see section

6.2) is needed before implementing functionality aspects of biodiversity into guidelines

for pasture management.

• The flexibility in policy directives should be increased to acknowledge the multiple
social and ecological values of wooded pastures

A categorical tree density limitation in one end and farmers potentially not following that

in the other end indicates some inefficiency in the policy system (Paper I). The social-

ecological link that applies to wooded pasture habitats andmanagement should encourage

more flexibility in policy guidelines to acknowledge the multiple values of wooded pas-

tures. In addition, tree density was a less important predictor for functional diversity,

which was closer related to other attributes of the wooded pastures (Paper IV). From a

policy perspective, I therefore suggest that the presence of multiple vegetation features

should be considered in policy and management to ensure conservation of pastures’ func-

tional values.

• Trees as starting points in management strategies can be an effective way of steer-
ing pasture management, as long as farmers’ and researchers’ knowledge about the
effect of trees on pasture productivity, biodiversity and functioning are considered

Farmers value trees as key features in their pastures for livestock, biodiversity and land-

scape aesthetics (Paper I, see also Blicharska and Mikusiński, 2014 and Hartel et al.,

2017). The selective management of different tree species highlighted in Paper I empha-

sises the key role of farmers structuring the wooded pastures (see also Harvey et al., 2011

and Barton et al., 2016). Further, trees have different effects on biodiversity depending on

which tree species make up the pastures (Paper III). Exploring alternative pathways and

tools (e.g. Barton et al., 2016) for guiding tree management in wooded pastures to sup-

port high biodiversity values is therefore an important task for the future. Based on this

thesis, I suggest that trees, being easily estimated and tangible structures of the pastures,

should form key features for communication between stakeholders.
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6.2 Future directions for research

• It is important to disentangle the relative contribution of wooded pastures to bio-
diversity at a landscape scale

Although this thesis considered only the proximate forest cover to account for the sur-

rounding landscape, there were indications of landscape effects on biodiversity patterns.

However, the relative contribution of different landscape elements to the landscape scale

biodiversity has been less studied. To properly target the effects of biodiversity on ecosys-

tem functionality, effects across different scales need to be investigated (Pasari et al.,

2013). For example, Wood et al. (2017) showed the substantial contribution of wooded

pastures to bat diversity in comparison to open fields and forests. Hence, similar ap-

proaches would be of high value to further inform policy guidelines at landscape scale

rather than at the habitat scale (see also Lindborg et al., 2008).

• Research should target small-scale habitat features, such as shrubs, to understand
their effects on biological communities

The results show that micro-habitat attributes of wooded pasture, such as shrubs and veg-

etation complexity, are not only traditional attributes of wooded pastures but also very

important predictors of biodiversity. However, shrub density and structural complexity

may not be detailed enoughmeasures to thoroughly understand the responses of biodiver-

sity to small-scale habitat features (cf. Müller et al., 2012 and Wood et al., 2017). Novel

scientific approaches to understand the effects of habitat complexity are therefore needed.

• Studying the response of biodiversity in relation to tree micro-habitats and tree
species will increase the understanding of biodiversity patterns in wooded pastures

This thesis has focused on the density of trees, but several other aspects of trees affect bio-

diversity. Habitat use of especially bats and birds may depend on tree micro-habitats such

as cavities, bark cracks and deadwood (Regnery et al., 2013). Treesmay also contribute to

important micro-habitats for plants, e.g. by providing shade and thereby increase plants’

resistance to drought (Frost and McDougald, 1989). The effects of different tree species

on grassland plant communities (Paper II and III) may, together with tree size, have a

major impact also on other assets of biodiversity (Barbier et al., 2008; Kiebacher et al.,

2017; Le Roux et al., 2018). Targeted studies investigating the responses of biodiversity

in relation to tree micro-habitats and tree species are therefore needed in order to increase

our understanding of the complex biological responses to wooded pasture attributes.
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7 Concluding remarks

This thesis has exemplified how the CAP tree density regulation has failed to capture

multiple biological values of wooded pastures. Positive effects of trees were found for

plant, bird and bat species richness, despite the lack of congruence between these species

groups. Looking beyond species richness, only plant functional diversity partly followed

the patterns of species richness, whereas bird and bat functional diversity were dependent

on other vegetation features. In addition, clear species-specific effects of different tree

species and a variety of trait-effects on functional diversity responses were found. The

results suggest that multiple taxa, environmental variables and diversity metrics need to

be considered in order to inform policy for biodiversity conservation. Since considering

all these aspects is impractical and unrealistic, I suggest that multiple taxa is most impor-

tant to consider because that will cover a wide range of biological values. In order to do

so, however, values of multiple vegetation features need to be acknowledged. Concerning

functional diversity, I do not think it can be handled in policies yet due to its complexity.

Based on the results from this thesis, I believe that trees nevertheless may form fairly good

starting points when discussing pasture management among stakeholders. Trees relate to

a range of social and ecological values in wooded pastures, and belong to regular manage-

ment practices. I hope that the role of trees as major drivers of multiple social-ecological

values will be better acknowledged in the future, in combination with appreciation of

between pasture variation created by farmers’ different management strategies. If so,

there are better chances to increase heterogeneity of the pastures and within agricultural

landscapes as a whole, with subsequent positive effects on biodiversity.

39



Simon Jakobsson

40



Financial support

This thesis was funded by FORMAS 2011-977 (to Regina Lindborg), with additional fi-

nancial support fromCarl Mannerfelts fond, Albert och Maria Bergströms fond, Ahlmanns
fond, Elisabeth och Herman Rhodins minne and Längmanska kulturfonden (to Simon

Jakobsson).

41



Simon Jakobsson

42



Acknowledgements

First and foremost, I wish to thank my main supervisor Regina. Thanks for being an ex-

cellent supervisor. You have repeatedly managed to balance your role as my supervisor

using your scientific and social skills. My occasional need for help and advice mixed

with my constant need for freedom is probably not easy to handle. You were always

there when I needed advice, but you also let me go running as much as I want. That is

a privilege worth a lot to me. I also wish to thank my co-supervisors. Sara, you have

always inspired me with your enthusiasm in your work and taught me the critical way of

thinking in science. Jan, I will never forget when you explained that you remembered me

as the only student understanding what you talked about in a lecture. Reason: I looked

sceptical. Thanks for great scientific discussions which definitely have increased my sci-

entific level throughout the years.

My other co-authors, you have contributed a lot to this thesis. Mattias, it has been very

nice to work with you, quite a journey for both of us. Heather, I am very happy that you

decided to join this project, the bat twist is invaluable. Johan, I have learned a lot from

your ideas and sense of details. Colleagues at the department, you might not believe

me, but I sometimes appreciate hang out with people. You make NG a great working

environment, thanks. A special thanks to Janek, thank you for being a very good friend.

Also, the Landscape Ecology Group has made the department a fantastic place to be –

thank you, both current and former members of the group. I wish to dedicate a special

thanks to Emelie for your tolerance for smelly running wear. I also wish to thank my

assistants, Beke and Josefin, for your contributions to my data collection. Thanks also

to Erik for discussions about bird sampling design, and thanks Ingmar for the help with

species identification of bats. And thank you Adriana and Tibor for sharing your photos

of wooded pastures of Portugal and Romania.

Farmers, I am very thankful for all the meetings out there in your pastures and on your

farms. You have provided wonderful stories, invaluable insights and a lot of laughs.

Eef, thank you for all your support and for taking your time critically reading this piece

of work. I would also like to thank Torpet, where the bulk part of this thesis has been

written. Lastly, I wish to thank my parents and my brothers. Thanks for providing a

wonderful environment to grow up in and to develop as a person, and all your support

whenever needed.

43



Simon Jakobsson

44



References

Aavik T, Jõgar Ü, Liira J, Tulva I, Zobel M. 2008. Plant diversity in a calcareous wooded meadow - The significance of

management continuity. Journal of Vegetation Science 19:475–484. doi:10.3170/2008-8-18380.

Abdallah F, Chaieb M. 2012. The influence of trees on nutrients, water, light availability and understorey vegetation in

an arid environment. Applied Vegetation Science 15:501–512. doi:10.1111/j.1654-109X.2012.01201.x.

Abson DJ, Fraser ED, Benton TG. 2013. Landscape diversity and the resilience of agricultural returns: A portfolio

analysis of land-use patterns and economic returns from lowland agriculture. Agriculture and Food Security 2. doi:

10.1186/2048-7010-2-2.

Adams M, Law B, French K. 2009. Vegetation structure influences the vertical stratification of open- and edge-space

aerial-foraging bats in harvested forests. Forest Ecology and Management 258:2090–2100. doi:10.1111/j.1467-8330.

1974.tb00606.x.

Albery A. 2011. Woodland Management in Hampshire, 900 to 1815. Rural History 22:159–181. doi:10.1017/

S095679331100001X.

Allan E, Bossdorf O, Dormann CF, Prati D, Gossner MM, Tscharntke T, Blüthgen N, Bellach M, Birkhofer K, Boch

S, Böhm S, Börschig C, Chatzinotas A, Christ S, Daniel R, Diekötter T, Fischer C, Friedl T, Glaser K, Hallmann C,

Hodac L, Hölzel N, Jung K, Klein AM, Klaus VH, Kleinebecker T, Krauss J, Lange M, Morris EK, Müller J, Nacke H,

Pa ali E, RilligMC, Rothenwöhrer C, Schall P, Scherber C, SchulzeW, Socher SA, Steckel J, Steffan-Dewenter I, Turke

M, Weiner CN, Werner M, Westphal C, Wolters V, Wubet T, Gockel S, Gorke M, Hemp A, Renner SC, Schoning I,

Pfeiffer S, König-Ries B, Buscot F, Linsenmair KE, Schulze ED,Weisser WW, Fischer M. 2014. Interannual variation

in land-use intensity enhances grassland multidiversity. Proceedings of the National Academy of Sciences 111:308–

313. doi:10.1073/pnas.1312213111.

Allan E, Manning P, Alt F, Binkenstein J, Blaser S, Blüthgen N, Böhm S, Grassein F, Hölzel N, Klaus VH, Kleinebecker

T, Morris EK, Oelmann Y, Prati D, Renner SC, Rillig MC, Schaefer M, Schloter M, Schmitt B, Schöning I, Schrumpf

M, Solly E, Sorkau E, Steckel J, Steffen-Dewenter I, Stempfhuber B, Tschapka M, Weiner CN, Weisser WW, Werner

M, Westphal C, Wilcke W, Fischer M. 2015. Land use intensification alters ecosystem multifunctionality via loss of

biodiversity and changes to functional composition. Ecology Letters 18:834–843. doi:10.1111/ele.12469.

Amos JN, Harrisson KA, Radford JQ, White M, Amos JN, Harrisson KA, Radford JQ, White M, Newell G, Nally RM,

Sunnucks P, Pavlova A. 2014. Species- and sex-specific connectivity effects of habitat fragmentation in a suite of

woodland birds. Ecology 95:1556–1568. doi:10.1890/13-1328.1.

Aubin I, Venier L, Pearce J, Moretti M. 2013. Can a trait-based multi-taxa approach improve our assessment of forest man-

agement impact on biodiversity? Biodiversity and Conservation 22:2957–2975. doi:10.1007/s10531-013-0565-6.

Babai D, Molnár Z. 2014. Small-scale traditional management of highly species-rich grasslands in the Carpathians.

Agriculture, Ecosystems & Environment 182:123–130. doi:10.1016/j.agee.2013.08.018.

Bainbridge I. 2014. Practitioner’s perspective: How can ecologists make conservation policy more evidence based? Ideas

and examples from a devolved perspective. Journal of Applied Ecology 51:1153–1158. doi:10.1111/1365-2664.

12294.

Bakker ES, Olff H, Vandenberghe C, De Maeyer K, Smit R, Gleichman JM, Vera FWM. 2004. Ecological Anachronisms

in the Recruitment of Temperate Light-Demanding Tree Species in Wooded Pastures. Journal of Applied Ecology

41:571–582.

Barbier S, Gosselin F, Balandier P. 2008. Influene of tree species on understory vegetation diversity and mechanisms

involved - A critical review for temperate and boreal forests. Forest Ecology and Management 254:1–15.

Barrios E, Valencia V, Jonsson M, Brauman A, Hairiah K, Mortimer PE, Okubo S, Barrios E, Valencia V, Jonsson M,

Brauman A. 2017. Contribution of trees to the conservation of biodiversity and ecosystem services in agricultural

landscapes. International Journal of Biodiversity Science, Ecosystem Services &Management 14:1–16. doi:10.1080/

21513732.2017.1399167.

Barton DN, Benjamin T, Cerdán CR, DeClerck F, Madsen AL, Rusch GM, Salazar ÁG, Sanchez D, Villanueva C. 2016.

Assessing ecosystem services from multifunctional trees in pastures using Bayesian belief networks. Ecosystem Ser-

vices 18:165–174. doi:10.1016/j.ecoser.2016.03.002.

Batáry P, Dicks LV, Kleijn D, Sutherland WJ. 2015. The role of agri-environment schemes in conservation and environ-

mental management. Conservation Biology 29:1006–1016. doi:10.1111/cobi.12536.

Baumgärtner S. 2007. The insurance value of biodiversity in the provision of ecosystem services. Natural Resource

Modeling 20:87–127. doi:10.1111/j.1939-7445.2007.tb00202.x.

Beaufoy G. 2014. Wood-pastures and the Common Agricultural Policy: Rhetoric and reality. In: T Plieninger, T Hartel,

editors. European wood-pastures in transition: a social-ecological approach. Abingdon, UK: Routledge. p. 273–281.

Beaufoy G, Blom S, Hartel T, Jones G, Popa R, Poux X, Ruiz J. 2015. Europe’s wood pastures: condemned to a slow

death by the CAP? European Forum on Nature Conservation and Pastoralism (EFNCP) and Pogány-havas Association.

Digitallcategories. Technical report.

Beaufoy G, Jones G, Kazakova Y, McGurn P, Poux X, Stefanova V. 2011. Permanent Pastures and Meadows Under the

45



Simon Jakobsson

CAP: The Situation in 6 Countries. European Forum on Nature Conservation and Pastoralism (EFNCP), The Swedish

Rural Network, Swedish Society for Nature Conservation. Available at www.efncp.org. Technical report.

Beaufoy G, Marsden K. 2011. CAP reform 2013 - last chance to stop the decline of Europe’s High Nature Value farming?

European Forum on Nature Conservation and Pastoralism (EFNCP), BirdLife International, Butterfly Conservation

Europe, WWF. Technical report.

Beilin R, Lindborg R, Stenseke M, Pereira HM, Llausàs A, Slätmo E, Cerqueira Y, Navarro L, Rodrigues P, Reichelt N,

Munro N, Queiroz C. 2014. Analysing how drivers of agricultural land abandonment affect biodiversity and cultural

landscapes using case studies from Scandinavia, Iberia and Oceania. Land Use Policy 36:60–72. doi:10.1016/j.

landusepol.2013.07.003.

Belsky AJ. 1994. Influences of trees on savanna productivity: Tests of shade, nutrients, and tree-grass competition.

Ecology 75:922–932. doi:10.2307/1939416.

Benton TG, Vickery JA, Wilson JD. 2003. Farmland biodiversity: Is habitat heterogeneity the key? Trends in Ecology

and Evolution 18:182–188. doi:10.1016/S0169-5347(03)00011-9.

Bergmeier E, Petermann J, Schröder E. 2010. Geobotanical survey of wood-pasture habitats in Europe: diversity, threats

and conservation. Biodiversity and Conservation 19:2995–3014. doi:10.1007/s10531-010-9872-3.

Billeter R, Liira J, Bailey D, Bugter R, Arens P, Augenstein I, Aviron S, Baudry J, Bukacek R, Burel F, Cerny M, De

Blust G, De Cock R, Diekötter T, Dietz H, Dirksen J, Dormann C, Durka W, Frenzel M, Hamersky R, Hendrickx F,

Herzog F, Klotz S, Koolstra B, Lausch A, Le Coeur D, Maelfait JP, Opdam P, RoubalovaM, Schermann A, Schermann

N, Schmidt T, Schweiger O, Smulders MJ, Speelmans M, Simova P, Verboom J, Van Wingerden WKRE, Zobel M,

Edwards PJ. 2008. Indicators for biodiversity in agricultural landscapes: A pan-European study. Journal of Applied

Ecology 45:141–150. doi:10.1111/j.1365-2664.2007.01393.x.

Birkhofer K, Andersson GKS, Bengtsson J, Bommarco R, Dänhardt J, Ekbom B, Ekroos J, Hahn T, Hedlund K, Jönsson

AM, Lindborg R, Olsson O, Rader R, Rusch A, Stjernman M, Williams A, Smith HG. 2018. Relationships between

multiple biodiversity components and ecosystem services along a landscape complexity gradient. Biological Conser-

vation 218:247–253. doi:10.1016/j.biocon.2017.12.027.

Blicharska M, Mikusiński G. 2014. Incorporating Social and Cultural Significance of Large Old Trees in Conservation

Policy. Conservation Biology 28:1558–1567. doi:10.1111/cobi.12341.

Blom S. 2010. Nya regler kring träd och buskar i betesmarker – hur påverkas miljön genom förändrade röjningar? [New

rules regarding trees and bushes on pastures – assessing the effects on support participation rates, biodiversity and

cultural heritage]. Jordbruksverket. Technical report.

Bruun HH, Ten Brink DJ. 2008. Recruitment advantage of large seeds is greater in shaded habitats. Ecoscience 15:498–

507. doi:10.2980/15-4-3147.

Bugalho MN, Caldeira MC, Pereira JS, Aronson J, Pausas JG. 2011. Mediterranean cork oak savannas require human use

to sustain biodiversity and ecosystem services. Frontiers in Ecology and the Environment 9:278–286. doi:10.1890/

100084.

Burton RJ. 2004. Seeing through the ’good farmer’s’ eyes: Towards developing an understanding of the social symbolic

value of ’productivist’ behaviour. Sociologia Ruralis 44:195–215. doi:10.1111/j.1467-9523.2004.00270.x.

Cáceres DM, Tapella E, Quétier F, Díaz S. 2015. The social value of biodiversity and ecosystem services from the

perspectives of different social actors. Ecology and Society 20:art62. doi:10.5751/ES-07297-200162.

Cadotte MW, Carscadden K, Mirotchnick N. 2011. Beyond species: Functional diversity and the maintenance of ecolog-

ical processes and services. Journal of Applied Ecology 48:1079–1087. doi:10.1111/j.1365-2664.2011.02048.x.

Camprodon J, Brotons L. 2006. Effects of undergrowth clearing on the bird communities of the Northwestern Mediter-

ranean Coppice Holm oak forests. Forest Ecology and Management 221:72–82. doi:10.1016/j.foreco.2005.10.044.

Cardinale BJ, Duffy JE, Gonzalez A, Hooper DU, Perrings C, Venail P, Narwani A, MacE GM, Tilman D, Wardle DA,

Kinzig AP, Daily GC, Loreau M, Grace JB, Larigauderie A, Srivastava DS, Naeem S. 2012. Biodiversity loss and its

impact on humanity. Nature 486:59–67. doi:10.1038/nature11148.

Caruso A, Öckinger E, Winqvist C, Ahnström J. 2015. Different patterns in species richness and community composition

between trees, plants and epiphytic lichens in semi-natural pastures under agri-environment schemes. Biodiversity

and Conservation 24:1729–1742. doi:10.1007/s10531-015-0892-x.

Catarino L, Godinho C, Pereira P, Luís A, Rabaça JE. 2016. Can birds play a role as High Nature Value indicators of

montado system? Agroforestry Systems 90:45–56. doi:10.1007/s10457-014-9761-y.

Charbonnier Y, Gaüzère P, van Halder I, Nezan J, Barnagaud JY, Jactel H, Barbaro L. 2016a. Deciduous trees increase

bat diversity at stand and landscape scales in mosaic pine plantations. Landscape Ecology 31:291–300. doi:10.1007/

s10980-015-0242-0.

Charbonnier YM, Barbaro L, Barnagaud JY, Ampoorter E, Nezan J, Verheyen K, Jactel H. 2016b. Bat and bird diversity

along independent gradients of latitude and tree composition in European forests. Oecologia 182:529–537. doi:

10.1007/s00442-016-3671-9.

Chiarucci A, Bacaro G, Scheiner SM. 2011. Old and new challenges in using species diversity for assessing biodiversity.

Philosophical Transactions of the Royal Society B: Biological Sciences 366:2426–2437. doi:10.1098/rstb.2011.0065.

Chillo V, Anand M, Ojeda RA. 2011. Assessing the use of functional diversity as a measure of ecological resilience in

arid rangelands. Ecosystems 14:1168–1177. doi:10.1007/sl.

Cisneros LM, Fagan ME, Willig MR. 2015. Effects of human-modified landscapes on taxonomic, functional and phylo-

genetic dimensions of bat biodiversity. Diversity and Distributions 21:523–533. doi:10.1111/ddi.12277.

Cools N, Vesterdal L, De Vos B, Vanguelova E, Hansen K. 2014. Tree species is the major factor explaining C:N ratios

in European forest soils. Forest Ecology and Management 311:3–16. doi:10.1016/j.foreco.2013.06.047.

Cousins SAO, Eriksson O. 2002. The influence of management history and habitat on plant species richness in a rural

hemiboreal landscape, Sweden. Landscape Ecology 17:517–529.

Cousins SAO, Kaligarič M, Bakan B, Lindborg R. 2014. Political Systems Affect Mobile and Sessile Species Diversity

– A Legacy from the Post-WWII Period. PLoS ONE 9:e103367. doi:10.1371/journal.pone.0103367.

Cramp S, Simmons KEL, Perrins CM. 1985-1994. Handbook of the birds of Europe, the Middle East, and North Africa:

the birds of the western Palearctic. Volume IV-IX. Oxford, United Kingdom: Oxford University Press.

Craven D, Isbell F, Manning P, Connolly J, Bruelheide H, Ebeling A, Roscher C, van Ruijven J, Weigelt A, Wilsey B,

46



Wooded or treeless pastures?

Beierkuhnlein C, de Luca E, Griffin JN, Hautier Y, Hector A, Jentsch A, Kreyling J, Lanta V, Loreau M, Meyer ST,

Mori AS, Naeem S, Palmborg C, Polley HW, Reich PB, Schmid B, Siebenkäs A, Seabloom E, Thakur MP, Tilman D,

Vogel A, Eisenhauer N. 2016. Plant diversity effects on grassland productivity are robust to both nutrient enrichment

and drought. Philosophical Transactions of the Royal Society B: Biological Sciences 371. doi:10.1098/rstb.2015.0277.

Cunningham M, Johnson D. 2006. Proximate and landscape factors influence grassland bird distributions. Ecological

Applications 16:1062–1075.

Dahlberg A. 2015. Categories are all around us: Towards more porous, flexible, and negotiable boundaries in

conservation-production landscapes. Norsk Geografisk Tidsskrift 69:207–218. doi:10.1080/00291951.2015.1060258.

DahlströmA, Rydin H, Borgegård SO. 2010. Remnant habitats for grassland species in an abandoned Swedish agricultural

landscape. Applied Vegetation Science 13:305–314. doi:10.1111/j.1654-109X.2009.01068.x.

Dallimer M, Strange N. 2015. Why socio-political borders and boundaries matter in conservation. Trends in Ecology &

Evolution 30:132–139.

De Cáceres M, Legendre P. 2009. Associations between species and groups of sites: Indices and statistical inference.

Ecology 90:3566–3574. doi:10.1890/08-1823.1.

DeanWR, Milton SJ, Jeltsch F. 1999. Large trees, fertile islands, and birds in arid savanna. Journal of Arid Environments

41:61–78. doi:10.1006/jare.1998.0455.

Dengler J, Janišová M, Török P, Wellstein C. 2014. Biodiversity of Palaearctic grasslands: A synthesis. Agriculture,

Ecosystems and Environment 182:1–14. doi:10.1016/j.agee.2013.12.015.

Díaz S, Cabido M, Zak M, Martínez Carretero E, Araníbar J. 1999. Plant functional traits, ecosystem structure and

land-use history along a climatic gradient in central-western Argentina. Journal of Vegetation Science 10:651–660.

doi:10.2307/3237080.

Díaz S, Pascual U, Stenseke M, Martín-López B, Watson RT, Molnár Z, Hill R, Chan KMA, Baste IA, Brauman KA,

Polasky S, Church A, Lonsdale M, Larigauderie A, Leadley PW, van Oudenhoven APE, van der Plaat F, Schröter

M, Lavorel S, Aumeeruddy-Thomas Y, Bukvareva E, Davies K, Demissew S, Erpul G, Failler P, Guerra CA, Hewitt

CL, Keune H, Lindley S, Shirayama Y. 2018. Assessing nature’s contributions to people. Science 359:270–272.

doi:10.1126/science.aap8826.

Dicks LV, Hodge I, Randall NP, Scharlemann JPW, Siriwardena GM, Smith HG, Smith RK, SutherlandWJ. 2014. A trans-

parent process for "evidence-informed" policy making. Conservation Letters 7:119–125. doi:10.1111/conl.12046.

Dorrough J, Moxham C, Turner V, Sutter G. 2006. Soil phosphorus and tree cover modify the effects of livestock grazing

on plant species richness in Australian grassy woodland. Biological Conservation 130:394–405. doi:10.1016/j.biocon.

2005.12.032.

Dray S, Dufour AB. 2007. The ade4 package: Implementing the duality diagram for ecologists. Journal of Statistical

Software 22. doi:10.18637/jss.v022.i04.

Dray S, Legendre P. 2008. Testing the species traits–environment relationships: the fourth-corner problem revisited.

Ecology 89:3400–3412. doi:10.1890/08-0349.1.

Duffy JE, Cardinale BJ, France KE, McIntyre PB, Thébault E, Loreau M. 2007. The functional role of biodiversity in

ecosystems: Incorporating trophic complexity. Ecology Letters 10:522–538. doi:10.1111/j.1461-0248.2007.01037.x.

Dufour A, Gadallah F, Wagner HH, Guisan A, Buttler A. 2006. Plant species richness and environmental heterogeneity

in a mountain landscape: Effects of variability and spatial configuration. Ecography 29:573–584. doi:10.1111/j.

0906-7590.2006.04605.x.

Dupré C, Ehrlén J. 2002. Habitat configuration, species traits and plant distributions. Journal of Ecology 90:796–805.

Duru M, Therond O, Martin G, Martin-Clouaire R, Magne MA, Justes E, Journet EP, Aubertot JN, Savary S, Bergez

JE, Sarthou JP. 2015. How to implement biodiversity-based agriculture to enhance ecosystem services: a review.

Agronomy for Sustainable Development 35:1259–1281. doi:10.1007/s13593-015-0306-1.

Eglington SM, Brereton TM, Tayleur CM, Noble D, Risely K, Roy DB, Pearce-Higgins JW. 2015. Patterns and

causes of covariation in bird and butterfly community structure. Landscape Ecology 30:1461–1472. doi:10.1007/

s10980-015-0199-z.

Ehrlén J, Eriksson O. 2000. Dispersal limitation and patch occupancy in forest herbs. Ecology 81:1667–1674.

Ejrnæs R, Bruun HH. 1995. Prediction of grassland quality for environmental management. Journal of Environmental

Management 43:171–183. doi:10.1016/S0301-4797(95)90145-0.

Ekroos J, Olsson O, Rundlöf M, Wätzold F, Smith HG. 2014. Optimizing agri-environment schemes for biodiversity,

ecosystem services or both? Biological Conservation 172:65–71. doi:10.1016/j.biocon.2014.02.013.

Erb KH, Kastner T, Plutzar C, Bais ALS, Carvalhais N, Fetzel T, Gingrich S, Haberl H, Lauk C, Niedertscheider M,

Pongratz J, Thurner M, Luyssaert S. 2017. Unexpectedly large impact of forest management and grazing on global

vegetation biomass. Nature 553:73–76. doi:10.1038/nature25138.

European Commission. 2014. Commission delegated regulation (EU) of 11.3.2014, supplementing Regulation (EU) No

1306/2013 .

European Commission. 2017a. CAP explained - Direct Payments for Farmers 2015-2020. Technical Report May. Agri-

culture and Rural Development.

European Commission. 2017b. Consultation on modernising and simplifying the common agricultural policy (CAP).

Available at: https://ec.europa.eu/agriculture/consultations/cap-modernising/2017_en.

European Commission. 2017c. European Commission, Audiovisual Services. Available at:

https://ec.europa.eu/avservices/video/player.cfm?sitelang=en&ref=I147486.

Figueroa JA, Lusk CH. 2001. Germination requirements and seedling shade tolerance are not correlated in a Chilean

temperate rain forest. New Phytologist 152:483–489. doi:10.1046/j.0028-646X.2001.00282.x.

Finney DM, Kaye JP. 2017. Functional diversity in cover crop polycultures increases multifunctionality of an agricultural

system. Journal of Applied Ecology 54:509–517. doi:10.1111/1365-2664.12765.

Fischer C, Flohre A, Clement LW, Batáry P, Weisser WW, Tscharntke T, Thies C. 2011. Mixed effects of landscape

structure and farming practice on bird diversity. Agriculture, Ecosystems and Environment 141:119–125. doi:10.

1016/j.agee.2011.02.021.

Fischer J, Hartel T, Kuemmerle T. 2012. Conservation policy in traditional farming landscapes. Conservation Letters

5:167–175. doi:10.1111/j.1755-263X.2012.00227.x.

47



Simon Jakobsson

Fischer J, Lindenmayer D. 2002. The conservation value of paddock trees for birds in a variegated landscape in southern

New South Wales. Biodiversity and Conservation 11:833–849.

Fischer J, Stott J, Law BS. 2010. The disproportionate value of scattered trees. Biological Conservation 143:1564–1567.

doi:10.1016/j.biocon.2010.03.030.

Fournier DA, Skaug HJ, Ancheta J, Ianelli J, Magnusson A, Maunder M, Nielsen A, Sibert J. 2012. AD Model Builder:

using automatic differentiation for statistical inference of highly parameterized complex nonlinear models. Optimiza-

tion Methods and Software 27:233–249.

Frey-Ehrenbold A, Bontadina F, Arlettaz R, Obrist MK. 2013. Landscape connectivity, habitat structure and activity of

bat guilds in farmland-dominated matrices. Journal of Applied Ecology 50:252–261. doi:10.1111/1365-2664.12034.

Frost WE, McDougald NK. 1989. Tree canopy effects on herbaceous production of annual rangeland during drought.

Journal of Range Management 42:281–283.

Fuller RJ. 2012. Habitat quality and habitat occupancy by birds in variable environments. In: RJ Fuller, editor. Birds and

Habitat: Relationships in Changing Landscapes. Cambridge University Press. p. 37–62.

Fuller RJ, Langslow DR. 1984. Estimating numbers of birds by point counts: how long should counts last? Bird Study

31:195–202. doi:10.1080/00063658409476841.

Gagic V, Bartomeus I, Jonsson T, Taylor A, Winqvist C, Fischer C, Slade EM, Steffan-Dewenter I, Emmerson M, Potts

SG, Tscharntke T, Weisser W, Bommarco R. 2015. Functional identity and diversity of animals predict ecosystem

functioning better than species-based indices. Proceedings of the Royal Society B: Biological Sciences 282. doi:

10.1098/rspb.2014.2620.

Gámez-Virués S, Perovic DJ, Gossner MM, Börschig C, Blüthgen N, De Jong H, Simons NK, Klein AM, Krauss J, Maier

G, Scherber C, Steffan-Dewenter I, Weiner CN, Weisser W, Steckel J, Rothenwo C, Werner M, Tscharntke T, Westphal

C. 2015. Landscape simplification filters species traits and drives biotic homogenization. Nature Communications 6.

doi:10.1038/ncomms9568.

García de Jalón S, Graves A, Moreno G, Palma J, Crous-Durán J, Kay S, Burgess P. 2018. Forage-SAFE: a model for

assessing the impact of tree cover on wood pasture profitability. Ecological Modelling 372:24–32. doi:10.1016/j.

ecolmodel.2018.01.017.

García-Morales R, Moreno CE, Badano EI, Zuria I, Galindo-González J, Rojas-Martínez AE, Ávila-Gómez ES. 2016.

Deforestation Impacts on Bat Functional Diversity in Tropical Landscapes. PLoS ONE 11:1–17. doi:10.1371/journal.

pone.0166765.

Garnett T. 2009. Livestock-related greenhouse gas emissions: impacts and options for policy makers. Environmental

Science and Policy 12:491–503. doi:10.1016/j.envsci.2009.01.006.

Gaujour E, Amiaud B, Mignolet C, Plantureux S. 2012. Factors and processes affecting plant biodiversity in permanent

grasslands. A review. Agronomy for Sustainable Development 32:133–160. doi:10.1007/s13593-011-0015-3.

Gazol A, Tamme R, Takkis K, Kasari L, Saar L, Helm A, Pärtel M. 2012. Landscape- and small-scale determinants of

grassland species diversity: Direct and indirect influences. Ecography 35:944–951. doi:10.1111/j.1600-0587.2012.

07627.x.

Geijzendorffer IR, Regan EC, Pereira HM, Brotons L, Brummitt N, Gavish Y, Haase P, Martin CS, Mihoub JB, Secades C,

Schmeller DS, Stoll S, Wetzel FT, Walters M. 2015. Bridging the gap between biodiversity data and policy reporting

needs: An Essential Biodiversity Variables perspective. Journal of Applied Ecology 53:1341–1350. doi:10.1111/

1365-2664.12417.

Gillet F, Murisier B, Buttler A, Gallandat JD, Gobat JM. 1999. Influence of tree cover on the diversity of herbaceous

communities in subalpine wooded pastures. Applied Vegetation Science 2:47–54. doi:10.2307/1478880.

Google. 2013. Google Earth version 7.0.3.8542.

Gotelli NJ, Colwell RK. 2001. Quantifying Biodiversity: Procedures and Pitfalls in the Measurement and Comparison of

Species Richness. Ecology Letters 4:379–391. doi:10.1046/j.1461-0248.2001.00230.x. ����.

Grime JP. 2006. Plant strategies, vegetation processes, and ecosystem properties. 2 edition. Chichester, UK: Wiley.

Gustavsson E, Lennartsson T, Emanuelsson M. 2007. Land use more than 200years ago explains current grassland plant

diversity in a Swedish agricultural landscape. Biological Conservation 138:47–59. doi:10.1016/j.biocon.2007.04.004.

Hardin G. 1960. The competitive exclusion principle. Science 131:1292–1297.

Hartel T, Hanspach J, Abson DJ, Máthé O, Moga CI, Fischer J. 2014. Bird communities in traditional wood-pastures with

changing management in Eastern Europe. Basic and Applied Ecology 15:385–395. doi:10.1016/j.baae.2014.06.007.

Hartel T, Plieninger T. 2014. European wood-pastures in transition: A social-ecological approach. 1 edition. Abingdon,

UK: Routledge.

Hartel T, Réti KO, Craioveanu C. 2017. Valuing scattered trees fromwood-pastures by farmers in a traditional rural region

of Eastern Europe. Agriculture, Ecosystems & Environment 236:304–311. doi:10.1016/j.agee.2016.11.019.

Harvey CA,Medina A, Sánches DM,Vílchez S, Hernández B, Saenz J,Maes JM, Casanoves F, Sinclair FL. 2006. Patterns

of animal diversity in different forms of tree cover in agricultural landscapes. Ecological Applications 16:1986–1999.

Harvey CA, Villanueva C, Esquivel H, Gómez R, Ibrahim M, Lopez M, Martinez J, Muñoz D, Restrepo C, Saénz JC,

Villacís J, Sinclair FL. 2011. Conservation value of dispersed tree cover threatened by pasture management. Forest

Ecology and Management 261:1664–1674. doi:10.1016/j.foreco.2010.11.004.

Hedenus F, Wirsenius S, Johansson DJA. 2014. The importance of reduced meat and dairy consumption for meeting

stringent climate change targets. Climate Change 124:79–91. doi:10.1007/s10584-014-1104-5.

Herzon I, Mikk M. 2007. Farmers’ perceptions of biodiversity and their willingness to enhance it through agri-

environment schemes: A comparative study from Estonia and Finland. Journal for Nature Conservation 15:10–25.

doi:10.1016/j.jnc.2006.08.001.

Hill M, Mountford J, Roy D, Bunce R. 1999. ECOFACT 2a Technical Annex - Ellenberg’s indicator values for British

plants. Technical report.

Hodge I, Hauck J, Bonn A. 2015. The alignment of agricultural and nature conservation policies in the European Union.

Conservation Biology 29:996–1005. doi:10.1111/cobi.12531.

Hodgkison R, Balding ST, Zubaid A, Kunz TH. 2004. Habitat structure , wing morphology , and the vertical stratification

of Malaysian fruit bats ( Megachiroptera : Pteropodidae ). Journal of Tropical Ecology 20:667–673. doi:10.1017/

S0266467404001737.

48



Wooded or treeless pastures?

Hodgkison S, Hero JM, Warnken J. 2007. The efficacy of small-scale conservation efforts, as assessed on Australian golf

courses. Biological Conservation 135:576–586. doi:10.1016/j.biocon.2006.11.001.

Holdo RM,MackMC. 2014. Functional attributes of savanna soils : contrasting effects of tree canopies and herbivores on

bulk density, nutrients and moisture dynamics. Journal of Ecology 102:1171–1182. doi:10.1111/1365-2745.12290.

Holl K, Smith M. 2002. Ancient wood pasture in Scotland: Classification and management principles. Scottish Natural

Heritage Commissioned Report F01AA108 .

Hovick TJ, Elmore RD, Fuhlendorf SD. 2014. Structural heterogeneity increases diversity of non-breeding grassland

birds. Ecosphere 5:art62.

Ikin K, Knight E, Lindenmayer DB, Fischer J, Manning AD. 2012. Linking bird species traits to vegetation characteristics

in a future urban development zone: implications for urban planning. Urban Ecosystems 15:961–977. doi:10.1007/

s11252-012-0247-2.

Jakobsson S, Lindborg R. 2014. Wood pasture profile: East Vättern Scarp Landscape, Sweden. In: T Hartel, T Plieninger,

editors. European wood-pastures in transition – A social-ecological approach. 1 edition. chapter 9.1. Abingdon, UK:

Routledge. p. 162–163.

Jakobsson S, Lindborg R. 2017. The importance of trees for woody pasture bird diversity and effects of the European

Union’s tree density policy. Journal of Applied Ecology 54:1638–1647. doi:10.1111/1365-2664.12871.

Joffre R, National F, Rambal S, National F. 1993. How Tree Cover Influences the Water Balance of Mediterranean

Rangelands. Ecology 74:570–582. doi:10.2307/1939317.

Jonason D, Ekroos J, Öckinger E, Helenius J, Kuussaari M, Tiainen J, Smith HG, Lindborg R. 2017. Weak functional

response to agricultural landscape homogenisation among plants, butterflies and birds. Ecography 40:1221–1230.

doi:10.1111/ecog.02268.

Jones CG, Lawton JH, Shachak M. 1994. Organisms as ecosystem Organisms engineers. Oikos 69:373–386. doi:

10.2307/3545850.

Jones G. 2008. Eastern Europe hihglights CAP rules central to the future of abandoned land. La Cañada :9–11.

Jones KE, Bielby J, Cardillo M, Fritz SA, O’Dell J, Orme CDL, Safi K, Sechrest W, Boakes EH, Carbone C, Connolly

C, Cutts MJ, Foster JK, Grenyer R, Habib M, Plaster CA, Price SA, Rigby EA, Rist J, Teacher A, Bininda-Emonds

ORP, Gittleman JL, Mace GM, Purvis A. 2009. PanTHERIA: a species-level database of life history, ecology, and

geography of extant and recently extinct mammals. Ecology 90:2648–2648. doi:10.1890/08-1494.1.

Jordbruksverket. 2013. Blockdatabasen. Available at: http://www.jordbruksverket.se/etjanster.

Jordbruksverket. 2017a. Betesmarker och slåtterängar 2017. Available at: http://www.jordbruksverket.se/amnesomraden/stod.

Downloaded 2018-02-21. Technical report.

Jordbruksverket. 2017b. Föreskrifter om ändring i Statens jordbruksverks föreskrifter (SJVFS 2014:41) om direk-

tstöd; beslutade den 30 november. Statens Jordbruksverks Författningssamling (SJVFS) 2017:33. Available at:

http://www.jordbruksverket.se/amnesomraden/stod. Downloaded 2. Technical report.

Jung K, Kaiser S, Bo S, Nieschulze J, Kalko EKV. 2012. Moving in three dimensions: effects of structural complexity

on occurrence and activity of insectivorous bats in managed forest stands. Journal of Applied Ecology 49:523–531.

doi:10.1111/j.1365-2664.2012.02116.x.

Kalda O, Kalda R, Liira J. 2015. Multi-scale ecology of insectivorous bats in agricultural landscapes. Agriculture,

Ecosystems and Environment 199:105–113. doi:10.1016/j.agee.2014.08.028.

Karp D, Rominger A, Ranganathan J, Ehrlich P, Daily G. 2012. Intensive agriculture erodes β-diversity at large scales.
Ecology Letters 15:963–970. doi:10.1111/j.1461-0248.2012.01815.x.

Kiebacher T, Scheidegger C, Bergamini A. 2017. Solitary trees increase the diversity of vascular plants and bryophytes

in pastures. Agriculture, Ecosystems & Environment 239:293–303. doi:10.1016/j.agee.2017.01.034.

King M. 2010. An investigation into policies affecting Europe’s semi-natural grasslands. The Grasslands Trust, com-

missioned by the European Forum on Nature Conservation and Pastoralism (EFNCP) & co-funded by the European

Commission. Available at www.efncp.org. Technical report.

Kleijn D, Baquero RA, Clough Y, Díaz M, De Esteban J, Fernández F, Gabriel D, Herzog F, Holzschuh A, Jöhl R,

Knop E, Kruess A, Marshall EJP, Steffan-Dewenter I, Tscharntke T, Verhulst J, West TM, Yela JL. 2006. Mixed

biodiversity benefits of agri-environment schemes in five European countries. Ecology Letters 9:243–254. doi:10.

1111/j.1461-0248.2005.00869.x.

KleyerM, Bekker RM, Knevel IC, Bakker JP, ThompsonK, SonnenscheinM, Poschlod P, VanGroenendael JM, Klimeš L,

Klimešová J, Klotz S, Rusch GM, Hermy M, Adriaens D, Boedeltje G, Bossuyt B, Dannemann A, Endels P, Götzen-

berger L, Hodgson JG, Jackel AK, Kühn I, Kunzmann D, Ozinga WA, Römermann C, Stadler M, Schlegelmilch

J, Steendam HJ, Tackenberg O, Wilmann B, Cornelissen JHC, Eriksson O, Garnier E, Peco B. 2008. The LEDA

Traitbase: A database of life-history traits of the Northwest European flora. Journal of Ecology 96:1266–1274. doi:

10.1111/j.1365-2745.2008.01430.x.

Laiolo P, Dondero F, Ciliento E, Rolando A. 2004. Consequences of Pastoral Abandonment for the Structure and Diversity

of the Alpine Avifauna. Journal of Applied Ecology 41:294–304.

Laliberté E, Legendre P, Bill Shipley. 2015. Package "FD": Measuring functional diversity (FD) from multiple traits, and

other tools for functional ecology. R package v. 1.0-12.

Landis DA. 2017. Designing agricultural landscapes for biodiversity-based ecosystem services. Basic and Applied

Ecology 18:1–12. doi:10.1016/j.baae.2016.07.005.

Lantmäteriet. 2015. Geodata, digital source. Licence: i2014/00691.

Laurila-Pant M, Lehikoinen A, Uusitalo L, Venesjärvi R. 2015. How to value biodiversity in environmental management?

Ecological Indicators 55:1–11. doi:10.1016/j.ecolind.2015.02.034.

Law B, Dickman C. 1998. The use of habitat mosaics by terrestrial vertebrate fauna: Implications for conservation and

management. Biodiversity and Conservation 7:323–333.

Law BS, Chidel M, Turner G. 2000. The use by wildlife of paddock trees in farmland. Pacific Conservation Biology

6:130–143. doi:10.1071/PC000130.

Le Roux DS, Ikin K, Lindenmayer DB, Manning AD, Gibbons P. 2018. The value of scattered trees for wildlife: Con-

trasting effects of landscape context and tree size. Diversity and Distributions 24:69–81. doi:10.1111/ddi.12658.

Lee MB, Martin JA. 2017. Avian Species and Functional Diversity in Agricultural Landscapes: Does Landscape Hetero-

49



Simon Jakobsson

geneity Matter? PLoS ONE 12:1–21. doi:10.1371/journal.pone.0170540.

Lefcheck JS, Byrnes JE, Isbell F, Gamfeldt L, Griffin JN, Eisenhauer N, Hensel MJ, Hector A, Cardinale BJ, Duffy JE.

2015. Biodiversity enhances ecosystem multifunctionality across trophic levels and habitats. Nature Communications

6:1–7. doi:10.1038/ncomms7936.

Lengyel S, Déri E, Magura T. 2016. Species richness responses to structural or compositional habitat diversity between

and within grassland patches: A multi-taxon approach. PLoS ONE 11. doi:10.1371/journal.pone.0149662.

Lentini PE, Gibbons P, Fischer J, Law B, Hanspach J, Martin TG. 2012. Bats in a Farming Landscape Benefit from Linear

Remnants and Unimproved Pastures. PLoS ONE 7. doi:10.1371/journal.pone.0048201.

Lindborg R. 2007. Evaluating the distribution of plant life-history traits in relation to current and historical landscape

configurations. Journal of Ecology 95:555–564. doi:10.1111/j.1365-2745.2007.01232.x.

Lindborg R, Bengtsson J, Berg Å, Cousins SAO, Eriksson O, Gustafsson T, Hasund KP, Lenoir L, Pihlgren A, Sjödin E,

Stenseke M. 2008. A landscape perspective on conservation of semi-natural grasslands. Agriculture, Ecosystems &

Environment 125:213–222. doi:10.1016/j.agee.2008.01.006.

Lindborg R, ErikssonO. 2004. Historical landscape connectivity affects present plant species diversity. Ecology 85:1840–

1845.

Lindgren J, Kimberley A, Cousins SAO. 2018. The complexity of forest borders determines the understorey vegetation.

Applied Vegetation Science 21:85–93. doi:10.1111/avsc.12344.

Loeb S, O’Keefe JM. 2006. Habitat Use by Forest Bats in South Carolina in Relation to Local, Stand, and Landscape

Characteristics. Journal of Wildlife Management 70:1210–1218. doi:10.2193/0022-541X(2006)70[1210:HUBFBI]

2.0.CO;2.

López-Carrasco C, López-Sánchez A, San Miguel A, Roig S. 2015. The effect of tree cover on the biomass and diversity

of the herbaceous layer in a Mediterranean dehesa. Grass and Forage Science 70:639–650. doi:10.1111/gfs.12161.

Luck GW, Carter A, Smallbone L. 2013. Changes in Bird Functional Diversity across Multiple Land Uses: Interpretations

of Functional Redundancy Depend on Functional Group Identity. PlosONE 8. doi:10.1371/journal.pone.0063671.

Luck GW, Daily GC. 2003. Tropical Countryside Bird Assemblages : Richness , Composition , Foraging Differ by

Landscape Context. Ecological Applications 13:235–247.

Lumsden LF, Bennett AF. 2005. Scattered trees in rural landscapes: Foraging habitat for insectivorous bats in south-

eastern Australia. Biological Conservation 122:205–222. doi:10.1016/j.biocon.2004.07.006.

MaM,Herzon I. 2014. Plant functional diversity in agriculturalmargins and fallowfields varies with landscape complexity

level: Conservation implications. Journal of Nature Conservation 22. doi:10.1016/j.jnc.2014.08.006.

Manning AD, Fischer J, Lindenmayer DB. 2006. Scattered trees are keystone structures – Implications for conservation.

Biological Conservation 132:311–321. doi:10.1016/j.biocon.2006.04.023.

Manning AD, Lindenmayer DB, Barry SC. 2004. The conservation implications of bird reproduction in the agricultural

"matrix": A case study of the vulnerable superb parrot of south-eastern Australia. Biological Conservation 120:367–

378. doi:10.1016/j.biocon.2004.03.008.

Manning P, Gossner MM, Bossdorf O, Allan E, Zhang YY, Prati D, Blüthgen N, Boch S, Böhm S, Börschig C, Hölzel

N, Jung K, Klaus VH, Klein AM, Kleinebecker T, Krauss J, Lange M, Müller J, Pašalić E, Socher SA, Tschapka M,

Türke M, Weiner C, Werner M, Gockel S, Hemp A, Renner SC, Wells K, Buscot F, Kalko EKV, Linsenmair KE,

Weisser WW, Fischer M. 2015. Grassland management intensification weakens the associations among the diversities

of multiple plant and animal taxa. Ecology 96:1492–1501. doi:10.1890/14-1307.1.

Martens SN, Breshears DD, Meyer CW. 2000. Spatial distributions of understory light along the grassland/forest

continuum: Effects of cover, height, and spatial pattern of tree canopies. Ecological Modelling 126:79–93. doi:

10.1016/S0304-3800(99)00188-X.

Mattison E, Norris K. 2005. Bridging the gaps between agricultural policy, land-use and biodiversity. Trends in Ecology

& Evolution 20:610–616. doi:10.1016/j.tree.2005.08.011.

McGinlay J, ParsonsDJ,Morris J, HubatovaM,GravesA, BradburyRB, Bullock JM. 2017. Do charismatic species groups

generate more cultural ecosystem service benefits? Ecosystem Services 27:15–24. doi:10.1016/j.ecoser.2017.07.007.

Mikkelsen P, Cracraft J. 2001. Marine Biodiversity and the Need. Bulletin of Marine Science 69:525–534.

Minden V, Scherber C, Cebrián Piqueras MA, Trinogga J, Trenkamp A, Mantilla-Contreras J, Lienin P, Kleyer M. 2016.

Consistent drivers of plant biodiversity across managed ecosystems. Philosophical Transactions of the Royal Society

B: Biological Sciences 371:20150284. doi:10.1098/rstb.2015.0284.

Moreno G, Gonzalez-Bornay G, Pulido F, Lopez-Diaz ML, Bertomeu M, Juárez E, Diaz M. 2016. Exploring the causes

of high biodiversity of Iberian dehesas: the importance of wood pastures and marginal habitats. Agroforestry Systems

90:87–105. doi:10.1007/s10457-015-9817-7.

Mouillot D, Graham NAJ, Villéger S, Mason NWH, Bellwood DR. 2013. A functional approach reveals community

responses to disturbances. Trends in Ecology and Evolution 28:167–177. doi:10.1016/j.tree.2012.10.004. ����.

Müller J, Mehr M, Bässler C, Fenton MB, Hothorn T, Pretzsch H, Klemmt HJ, Brandl R. 2012. Aggregative response in

bats : prey abundance versus habitat. Oecologia 169:673–684. doi:10.1007/s00442-011-2247-y.

Myers MC, Mason JT, Hoksch BJ, Cambardella CA, Pfrimmer JD. 2015. Birds and butterflies respond to soil-induced

habitat heterogeneity in experimental plantings of tallgrass prairie species managed as agroenergy crops in Iowa, USA.

Journal of Applied Ecology 52:1176–1187. doi:10.1111/1365-2664.12503.

Myhrvold N, Baldridge E, Chan B, Freeman D, Ernest S. 2015. An amniote life-history database to perform comparative

analyses with birds, mammals, and reptiles. Ecology 96:3109. doi:10.5061/dryad.t6m96.

Newbold T, Hudson LN, Hill SL, Contu S, Lysenko I, Senior RA, Börger L, Bennett DJ, Choimes A, Collen B, Day J, De

Palma A, Díaz S, Echeverria-Londoño S, Edgar MJ, Feldman A, Garon M, Harrison ML, Alhusseini T, Ingram DJ,

Itescu Y, Kattge J, Kemp V, Kirkpatrick L, Kleyer M, Correia DLP, Martin CD, Meiri S, Novosolov M, Pan Y, Phillips

HR, Purves DW, RobinsonA, Simpson J, Tuck SL,Weiher E,White HJ, Ewers RM,MacEGM, Scharlemann JP, Purvis

A. 2015. Global effects of land use on local terrestrial biodiversity. Nature 520:45–50. doi:10.1038/nature14324.

Newman E. 1973. Competition and diversity in herbaceous vegetation. Nature 244:310.

Öckinger E, Eriksson AK, Smith HG. 2006. Effects of grassland abandonment, restoration and management on butterflies

and vascular plants. Biological Conservation 133:291–300. doi:10.1016/j.biocon.2006.06.009.

Oksanen J, Blanchet FG, FriendlyM, Kindt R, Legendre P, Mcglinn D,Minchin PR, O ’hara RB, Simpson GL, Solymos P,

50



Wooded or treeless pastures?

Henry M, Stevens H, Szoecs E, Wagner H. 2017. Package "vegan": Community Ecology Package. R package version

2.4-4.

Oldén A, Raatikainen KJ, Tervonen K, Halme P. 2016. Grazing and soil pH are biodiversity drivers of vascular plants

and bryophytes in boreal wood-pastures. Agriculture, Ecosystems & Environment 222:171–184. doi:10.1016/j.agee.

2016.02.018.

Olsson R. 2012. En underbar fredag - Från konflikt till samarbete i Östra Vätterbranterna. Available at:

www.ostravatterbranterna.se. Gränna Skogsgrupp.

Oppermann R. 2014. Wood-pastures as high nature value landscapes. In: T Hartel, T Plieninger, editors. European

Wood-pastures in Transition: A social-ecological approach. New York, USA: Routledge. p. 39–52.

Pärt T, Söderström B. 1999a. Conservation value of semi-natural pastures in Sweden: contrasting botanical and avian

measures. Conservation Biology 13:755–765.

Pärt T, Söderström B. 1999b. The effects of management regimes and location in landscape on the conservation of

farmland birds breeding in semi-natural pastures. Biological Conservation 90:113–123.

Pasari JR, Levi T, Zavaleta ES, Tonthat NK, Milam SL, Chinnam N, Margolin W, Schumacher MA, Sitch S, White MA,

Hashimoto H. 2013. Correction for Wang et al., Variations in atmospheric CO2 growth rates coupled with tropical

temperature. Proceedings of the National Academy of Sciences 110:15163–15163. doi:10.1073/pnas.1314920110.

Pedley SM, Dolman PM. 2014. Multi-taxa trait and functional responses to physical disturbance. Journal of Animal

Ecology 83:1542–1552. doi:10.1111/1365-2656.12249.

Pereira HM, Navarro LM, Martins IS. 2012. Global Biodiversity Change: The Bad, the Good, and the Unknown. Annual

Review of Environment and Resources 37:25–50. doi:10.1146/annurev-environ-042911-093511.

Pérez-García F, Huertas M, Mora E, Peña B, Varela F, González-Benito ME. 2006. Hypericum perforatum L. seed

germination: interpopulation variation and effect of light, temperature, presowing treatments and seed desiccation.

Genetic Resources and Crop Evolution 53:1187–1198. doi:10.1007/s10722-005-2012-3.

Peringer A, Buttler A, Gillet F, Pătru-Stupariu I, Schulze KA, Stupariu MS, Rosenthal G. 2017. Disturbance-grazer-

vegetation interactions maintain habitat diversity in mountain pasture-woodlands. EcologicalModelling 359:301–310.

Perner J, Wytrykush C, Kahmen A, Buchmann N, Egerer I, Creutzburg S, Odat N, Audorff V, Weisser WW. 2005. Effects

of plant diversity, plant productivity and habitat parameters on arthropod abundance in montane European grasslands.

Ecography 28:429–442. doi:10.1111/j.0906-7590.2005.04119.x.

Petchey OL, Gaston KJ. 2002. Functional diversity (FD), species richness and community composition. Ecology Letters

5:402–411. doi:10.1046/j.1461-0248.2002.00339.x.

Petchey OL, Gaston KJ. 2006. Functional diversity: Back to basics and looking forward. Ecology Letters 9:741–758.

doi:10.1111/j.1461-0248.2006.00924.x.

Peterson DW, Reich PB. 2008. Fire frequency and tree canopy structure influence plant species diversity in a forest-

grassland ecotone. Plant Ecology 194:5–16. doi:10.1007/s11258-007-9270-4.

Plieninger T, Hartel T, Martín-López B, Beaufoy G, Bergmeier E, Kirby K, Montero MJ, Moreno G, Oteros-Rozas E, Van

Uytvanck J. 2015. Wood-pastures of Europe: Geographic coverage, social–ecological values, conservation manage-

ment, and policy implications. Biological Conservation 190:70–79. doi:10.1016/j.biocon.2015.05.014.

Prevedello JA, Almeida-Gomes M, Lindenmayer DB. 2017. The importance of scattered trees for biodiversity conserva-

tion: a global meta-analysis. Journal of Applied Ecology 55:205–214. doi:10.1111/1365-2664.12943.

Purvis A, Hector A. 2000. Getting the measure of biodiversity. Nature Insight Biodiverstiy 405:212–219. doi:10.1038/

35012221.

Pykälä J, Luoto M, Heikkinen RK, Kontula T. 2005. Plant species richness and persistence of rare plants in abandoned

semi-natural grasslands in northern Europe. Basic and Applied Ecology 6:25–33. doi:10.1016/j.baae.2004.10.002.

Queiroz C, Beilin R, Folke C, Lindborg R. 2014. Farmland abandonment: threat or opportunity for biodiversity conser-

vation? A global review. Frontiers in Ecology and the Environment 12:288–296. doi:10.1890/120348.

R Core Team. 2017. R: A language and environment for statistical computing. Versions: 3.0.1 - 3.4.2. https://www.R-

project.org/.

Raatikainen KJ, Barron ES. 2017. Current agri-environmental policies dismiss varied perceptions and discourses on

management of traditional rural biotopes. Land Use Policy 69:564–576. doi:10.1016/j.landusepol.2017.10.004.

Rainho A, Augusto AM, Palmeirim JM. 2010. Influence of vegetation clutter on the capacity of ground foraging bats to

capture prey. Journal of Applied Ecology 47:850–858. doi:10.1111/j.1365-2664.2010.01820.x.

Rands MRW, Adams WM, Bennun L, Butchart SHM, Clements A, Coomes D, Entwistle A, Hodge I, Kapos V, Scharle-

mann JPW, Sutherland WJ, Vira B. 2010. Biodiversity conservation: challenges beyond 2010. Science 329:1298–

1303. doi:10.1126/science.1189138.

Regnery B, Couvet D, Kubarek L, Julien JF, Kerbiriou C. 2013. Tree microhabitats as indicators of bird and bat commu-

nities in Mediterranean forests. Ecological Indicators 34:221–230. doi:10.1016/j.ecolind.2013.05.003.

Reitalu T, Purschke O, Johansson LJ, Hall K, Sykes MT, Prentice HC. 2012. Responses of grassland species richness to

local and landscape factors depend on spatial scale and habitat specialization. Journal of Vegetation Science 23:41–51.

doi:10.1111/j.1654-1103.2011.01334.x.

Rode J, Gómez-Baggethun E, Krause T. 2015. Motivation crowding by economic incentives in conservation policy: A

review of the empirical evidence. Ecological Economics 117:270–282. doi:10.1016/j.ecolecon.2014.11.019.

Roellig M, Sutcliffe LME, Sammul M, Wehrden HV, Newig J, Fischer J. 2016. Reviving wood-pastures for biodiversity

and people: A case study from western Estonia. Ambio 45:185–195. doi:10.1007/s13280-015-0719-8.

Rolo V, Rivest D, Lorente M, Kattge J, Moreno G. 2016. Taxonomic and functional diversity in Mediterranean

pastures: Insights on the biodiversity-productivity trade-off. Journal of Applied Ecology 53:1575–1584. doi:

10.1111/1365-2664.12685.

Röös E, Sundberg C, Tidåker P, Strid I, Hansson Pa. 2013. Can carbon footprint serve as an indicator of the environmental

impact of meat production? Ecological Indicators 24:573–581. doi:10.1016/j.ecolind.2012.08.004.

Rose DC. 2015. The case for policy-relevant conservation science. Conservation Biology 29:748–754. doi:10.1111/cobi.

12444.

Rossi JP, Garcia J, Roques A, Rousselet J. 2016. Trees outside forests in agricultural landscapes: spatial distri-

bution and impact on habitat connectivity for forest organisms. Landscape Ecology 31:243–254. doi:10.1007/

51



Simon Jakobsson

s10980-015-0239-8.

Roth T, Plattner M, Amrhein V. 2014. Plants, birds and butterflies: Short-term responses of species communities to

climate warming vary by taxon and with altitude. PLoS ONE 9. doi:10.1371/journal.pone.0082490.

Russ JA. 2012. British Bat Callls. A Guide to Species Identification. Exeter, UK: Pelagic publishing.

Saltzman K, Head L, Stenseke M. 2011. Do cows belong in nature? The cultural basis of agriculture in Sweden and

Australia. Journal of Rural Studies 27:54–62. doi:10.1016/j.jrurstud.2010.09.001.

Sánchez-Oliver JS, ReyBenayas JM, Carrascal LM. 2014. Differential effects of local habitat and landscape characteristics

on bird communities inMediterranean afforestationsmotivated by the EUCommonAgrarian Policy. European Journal

of Wildlife Research 60:135–143. doi:10.1007/s10344-013-0759-y.

Schleuter D, Daufresne M, Massol F, Argillier C. 2010. A user’ s guide to functional diversity indices. Ecological

Monographs 80:469–484.

Schmucki R, Reimark J, Lindborg R, Cousins SAO. 2012. Landscape context and management regime structure plant

diversity in grassland communities. Journal of Ecology 100:1164–1173. doi:10.1111/j.1365-2745.2012.01988.x.

Scott J. 1998. Seeing Like a State - How Certain Schemes to Improve the Human Condition Have Failed. New Haven

and New York: Yale University Press. doi:10.7202/704042ar.

Scott J, Ramsey F. 1981. Length of count period as a possible source of bias in estimating bird numbers. Studies in Avian

Biology 6:409–413.

Seabrook L, McAlpine C, Fensham R. 2008. What influences farmers to keep trees?. A case study from the Brigalow

Belt, Queensland, Australia. Landscape and Urban Planning 84:266–281. doi:10.1016/j.landurbplan.2007.08.006.

Shannon C. 1948. A mathematical theory of communication. Bell System Technical Journal 27:379– 423.

Silvis A, Ford WM, Britzke ER. 2015. Day-roost tree selection by northern long-eared bats—What do non-roost tree

comparisons and one year of data really tell us? Global Ecology and Conservation 3:756–763. doi:10.1016/j.gecco.

2015.03.008.

Sjögren P. 2006. The development of pasture woodland in the southwest Swiss Jura Mountains over 2000 years , based

on three adjacent peat profiles. The Holocene 2:210–223.

Skaug H, Fournier D, Bolker B, Magnusson A, Nielse A. 2014. Generalized linear mixed models using ADmodel builder.

R package version 0.8.0.

Smith HG, Dänhardt J, Blombäck K, Caplat P, Collentine D, Grenestam E, Hansson H, Höjgård S, Jansson T, Johnsson

H, Jönsson A, Lantz M, Lindström Å, Nilsson L, Nordin M, Olsson O, Stewart R, Stjernman M, Öckinger E. 2016.

Slututvärdering av det svenska andsbygdsprogrammet 2007-2013: Delrapport II: Utvärdering av åtgärder för bättre

miljö. Utvärderingsrapport 2016:3, Jordbruksverket. Technical report.

Smith J, Pearce BD, Wolfe MS. 2012. A European perspective for developing modern multifunctional agroforestry

systems for sustainable intensification. Renewable Agriculture and Food Systems 27:323–332. doi:10.1017/

S1742170511000597.

Socher SA, Prati D, Boch S, Müller J, Baumbach H, Gockel S, Hemp A, Schöning I, Wells K, Buscot F, Kalko EK,

Linsenmair KE, Schulze ED, Weisser WW, Fischer M. 2013. Interacting effects of fertilization, mowing and grazing

on plant species diversity of 1500 grasslands in Germany differ between regions. Basic and Applied Ecology 14:126–

136. doi:10.1016/j.baae.2012.12.003.

Socolar JB, Gilroy JJ, Kunin WE, Edwards DP. 2016. How Should Beta-Diversity Inform Biodiversity Conservation?

Trends in Ecology and Evolution 31:67–80. doi:10.1016/j.tree.2015.11.005.

Söderström B, Svensson B, Vessby K, Glimskär A. 2001. Plants, insects and birds in semi-natural pastures in relation to

local habitat and landscape factors. Biodiversity and Conservation 10:1839–1863. doi:10.1023/A:1013153427422.

Soliveres S, Eldridge DJ, Müller JD, Hemmings F, Throop HL. 2015. On the interaction between tree canopy position

and environmental effects on soil attributes and plant communities. Journal of Vegetation Science 26:1030–1042.

doi:10.1111/jvs.12312.

Stenseke M, Lindborg R, Jakobsson S, Sandberg M. 2016. How to bring historical forms into the future?: An exploration

of Swedish semi-natural grasslands. doi:10.4324/9781315597591.

Szewczak J. 2015. Sonobat.

Tälle M, Deák B, Poschlod P, Valkó O, Westerberg L, Milberg P. 2016. Grazing vs. mowing: A meta-analysis of

biodiversity benefits for grassland management. Agriculture, Ecosystems and Environment 222:200–212. doi:

10.1016/j.agee.2016.02.008.

Tellería J. 2001. Passerine bird communities of Iberian dehesas: a review. Animal Biodiversity and Conservation 24:67–

78.

Ten Brink DJ, Hendriksma HP, Bruun HH. 2013. Habitat specialization through germination cueing: A comparative

study of herbs from forests and open habitats. Annals of Botany 111:283–292. doi:10.1093/aob/mcs253.

Tews J, Brose U, Grimm V, Tielbörger K, Wichmann MC, Schwager M, Jeltsch F. 2004. Animal species diversity driven

by habitat heterogeneity/diversity: the importance of keystone structures. Journal of Biogeography 31:79–92.

Thomaes A, De Keersmaeker L, De Schrijver A, Vandekerkhove K, Verscheide P, Verheyen K. 2011. Can tree species

choice influence recruitment of ancient forest species in post-agricultural forest? Plant Ecology 212:573–584.

Tilman D. 1980. Resources: A Graphical-Mechanistic Approach to Competition and Predation. The American Naturalist

116:362–393. doi:10.1086/283633.

Tilman D, Cassman KG, Matson PA, Naylor R, Polasky S. 2002. Agricultural sustainability and intensive production

practices. Nature 418:671–677. doi:10.1038/nature01014.

Tilman D, Isbell F, Cowles JM. 2014. Biodiversity and Ecosystem Functioning. Annual Review of Ecology, Evolution,

and Systematics 45:471–493. doi:10.1146/annurev-ecolsys-120213-091917.

Torralba M, Fagerholm N, Burgess PJ, Moreno G, Plieninger T. 2016. Do European agroforestry systems enhance bio-

diversity and ecosystem services? A meta-analysis. Agriculture, Ecosystems and Environment 230:150–161. doi:

10.1016/j.agee.2016.06.002.

Trisos CH, Petchey OL, Tobias JA. 2014. Unraveling the Interplay of Community Assembly Processes Acting onMultiple

Niche Axes across Spatial Scales. American Naturalist 184:593–608. doi:10.1086/678233.

Tscharntke T, Klein AM, Kruess A, Steffan-Dewenter I, Thies C. 2005. Landscape perspectives on agricultural inten-

sification and biodiversity - Ecosystem service management. Ecology Letters 8:857–874. doi:10.1111/j.1461-0248.

52



Wooded or treeless pastures?

2005.00782.x.

Tscharntke T, Tylianakis JM, Rand Ta, Didham RK, Fahrig L, Batáry P, Bengtsson J, Clough Y, Crist TO, Dormann CF,

Ewers RM, Fründ J, Holt RD, Holzschuh A, Klein AM, Kleijn D, Kremen C, Landis Da, Laurance W, Lindenmayer

D, Scherber C, Sodhi N, Steffan-Dewenter I, Thies C, van der Putten WH, Westphal C. 2012. Landscape moderation

of biodiversity patterns and processes - eight hypotheses. Biological reviews of the Cambridge Philosophical Society

87:661–85. doi:10.1111/j.1469-185X.2011.00216.x.

Tsiafouli MA, Thébault E, Sgardelis SP, de Ruiter PC, van der Putten WH, Birkhofer K, Hemerik L, de Vries FT, Bardgett

RD, Brady MV, Bjornlund L, Jørgensen HB, Christensen S, Hertefeldt TD, Hotes S, Gera Hol WH, Frouz J, Liiri M,

Mortimer SR, Setälä H, Tzanopoulos J, Uteseny K, Pižl V, Stary J, Wolters V, Hedlund K. 2015. Intensive agriculture

reduces soil biodiversity across Europe. Global Change Biology 21:973–985. doi:10.1111/gcb.12752.

Tuomisto H. 2010. A diversity of beta diversities: straightening up a concept gone awry. Part 1. Defining beta diversity

as a function of alpha and gamma diversity. Ecography 33:2–22. doi:10.1111/j.1600-0587.2009.05880.x.

UNESCO. 2015. Biosphere Reserves, available at http://www.unesco.org/new/en/natural-

sciences/environment/ecological-sciences/biosphere-reserves/. Accessed 23 March 2018.

Valiente-Banuet A, AizenMA, Alcántara JM, Arroyo J, Cocucci A, Galetti M, García MB, García D, Gómez JM, Jordano

P, Medel R, Navarro L, Obeso JR, Oviedo R, Ramírez N, Rey PJ, Traveset A, Verdú M, Zamora R. 2015. Beyond

species loss: The extinction of ecological interactions in a changing world. Functional Ecology 29:299–307. doi:

10.1111/1365-2435.12356.

van Buuren S, Groothuis-Oudshoorn K, Robitzsch A, Vink G, Doove L, Jolani S, Schouten R, Gaffert P, Meinfelder F.

2015. Package "mice": Multivariate Imputation by Chained Equations. R package v. 2.30. doi:10.18637/jss.v045.i03>.

Vandelook F, Van deMoer D, Van Assche A. 2008. Environmental signals for seed germination reflect habitat adaptations

in four temperate Caryophyllaceae. Functional Ecology 22:470–478. doi:10.1111/j.1365-2435.2008.01385.x.

Vera FWM. 2000. Grazing ecology and forest history. Wallingford, UK: CABI Publishing.

Vesterdal L, Schmidt IK, Callesen I, Nilsson LO, Gundersen P. 2008. Carbon and nitrogen in forest floor and mineral soil

under six common European tree species. Forest Ecology and Management 255:35–48. doi:10.1016/j.foreco.2007.

08.015.

Villéger S, Mason NWH, Mouillot D. 2008. New multidimensional functional diversity indices for a multifaceted frame-

work in functional ecology. Ecology 89:2290–2301. doi:10.1890/07-1206.1.

Walters CL, Freeman R, Collen A, Dietz C, Brock Fenton M, Jones G, Obrist MK, Puechmaille SJ, Sattler T, Siemers

BM, Parsons S, Jones KE. 2012. A continental-scale tool for acoustic identification of European bats. Journal of

Applied Ecology 49:1064–1074. doi:10.1111/j.1365-2664.2012.02182.x.

Whittington WJ, Wilson GB, Humphries RN. 1988. The germination characteristics of seeds from Lychnis viscaria L .

(Viscaria vulgaris Bernh .), Potentilla rupestris L . and Veronica spicata L. New Phytologist 109:505–514.

Wilman H, Belmaker J, Jennifer S, de la Rosa C, Rivadeneira MM, Jetz W. 2014. EltonTraits 1.0 : Species-level foraging

attributes of the world’ s birds and mammals. Ecology 95:2027. doi:10.1890/13-1917.1.

Witcombe JR, Joshi A, Joshi KD, Sthapit R. 1996. Farmer participatory crop improvement. I. Varietal selection and

breeding methods and their impact on biodiversity. Experimental Agriculture 32:445–460.

Wood H, Lindborg R, Jakobsson S. 2017. European Union tree density limits do not reflect bat diversity in wood-pastures.

Biological Conservation 210:60–71. doi:10.1016/j.biocon.2017.04.001.

Wood SNS. 2011. Fast stable restricted maximum likelihood and marginal likelihood estimation of semiparametric gen-

eralized linear models. Journal of the Royal Statistical Society. Series B: Statistical Methodology 73:3–36. doi:

10.1111/j.1467-9868.2010.00749.x.

Zobel M, van der Maarel E, Dupré C. 1998. Species pool: the concept, its determination and significance for community

restoration. Applied Vegetation Science 1:55–66. doi:10.2307/1479085.

53




