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ABSTRACT

Over the last 30 years, ecological networks haes laeployed to reduce global biodiversity loss by
enhancing landscape connectivity. Bird species litvgein woodland habitats that are embedded in
agriculture-dominated landscapes are expected patticularly sensitive to the loss of connectivithis
study aimed to determine the role of landscape ettty in woodland bird species richness,
abundance, and community similarity in north-eadtt@y (north-west France). An exhaustive woodland
selection protocol was carried out to minimize éfffects of woodland size on the response variables.
Connectivity of the woodland and forest networkha study area was evaluated using graph-theory,
accounting for matrix permeability, and a charastiermedian natal dispersal distance at the conityiun
level based on the bird species pool recordedarséimpled woodlands. Information-theoretic model
selection, controlling for woodland size in all tteses, depicted the response of woodland biritie at
community level to the connectivity of agricultwleminated landscapes.

On average, the sampled woodlamis 25) contained 15.5 £ 2.4 bird species, with lamnalance of 25.1
+ 3.9, and had highly similar bird communities (Spe composition and proportion); eight species
represented 57% of total abundance and were priesahteast 22 woodlands. The performance of
models improved when using effective, rather thaalilean, interpatch distances in the connectivity
assessment. Landscape connectivity was only sigmifiy related to similarity of proportional spexie
composition. Large woodlands contained communitigls more similar species proportions in an
inhospitable agricultural landscape matrix thaa more permeable one. Woodland size was the most
relevant factor determining species abundancegatitig that the bird population sizes are primarily
proportional to the local habitat availability. Gattivity in relation to landscape matrix permeiapilid
not seem to induce the flow of woodland-dependedtdpecies that are dominant in the community but
rather of matrix-dwelling bird species that aresldependent on woodland patch area. In conclulith,
habitat conservation and restoration (i.e., amaudtquality), in combination with permeable langsca
structures (such as heterogeneous land cover mspsaie advocated for community level conservation

strategies.
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INTRODUCTION

Land-use changkas major impacts on the structure of communitszdg et al. 2000), and might also
influence ecosystem stability (resistance andieggie to environmental changes) (Cleland 2012keSin
the 1980s, multi-scale ecological networks havenlserecessfully deployed at the political and satiet
level, with the aim to reduce the rates of biodsitgrdeclines in human-modified ecosystems (Jongman
et al. 2004). Dispersal is recognized as a keyogiodl process for community composition and diigrs
(Kadoya 2009), and is largely dependent on landscapnectivity. Landscape connectivity represents
the degree to which a given landscape facilitatémpedes the movement of organisms among habitat
resources (Taylor et al. 1993). Therefore, theveriee of landscape connectivity for many ecological
processes, and for biodiversity conservation, telyi acknowledged (Crooks and Sanjayan 2006,
Kindimann and Burel 2008). Different types of coctoes among habitats (e.g., corridors, stepping
stones) or the permeability of the landscape Wihathe movement, or flow, of organisms, and sinsta
ecological processes that are fundamental for bédity persistence in ecosystems dominated and
fragmented by human activities (Bennett et al. 2006

More empirical data are needed to understand theeirce of connectivity beyond the population level
(Laitila and Moilanen 2013, Muratet et al. 201 3)eWousstudies have mostly focused on single species,
and obtained contradictory results depending oryghe of connector or species being considered lgHoy
and Gilbert 2004, Damschen et al. 2006, Baker 20@Kjnger and Smith 2008). Yet, the outstanding
importance of implementing corridors to protectdiersity is universally agreed upon (Gilbert-Narto
et al. 2010). However, species-specific resporsestinectivity make difficult the deployment of
effective planning schemes aimed at preservingadMeiodiversity. Multi-species response to
connectivity is rarely considered (but see Gil-Tehal. 2013, Muratet et al. 2013) and accuratepfiamg
protocols at the suitable scale are needed torolgliable data about the response of biologiocz ity

to connectivity (e.qg., controlling for other masgieffects, such as patch area and edge effectsh 8mi

al. 2009).

The quantification of landscape connectivity reprgs a major and evolving challenge because
landscape characteristics and species dispersaitiips must be inferred (Taylor et al. 2006hcs it is
very difficult to measure species dispersal dise(Hutherland et al. 2000). A more permeable laaplsc

matrix is expected to promote dispersal (Baum.e2@04; Rosch et al. 2013). Landscape elements
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86  composed of different types of permeable land cbese the potential to enhance connectivity and,
87  ultimately, biodiversity in highly human modifiegstems (Watts et al. 2010), particularly from a
88  community perspective (Gilbert-Norton et al. 20I)is interpretation advocates for a functional
89  approach of landscape connectivity assessments itdidin using connectivity measures that obviate
90 species dispersal capabilities and/or matrix pebitiga(i.e., structural connectivity; Taylor et.£006,
91 Kindimann and Burel 2008). Hence, new improved eatinity methods have been recently developed
92  that allow landscape connectivity pattern to beyeameal through graph theory indices, as well as feom
93  species-specific (more functional) perspective tnysidering the dispersal capacity of species (Sanda
94  Pascual-Hortal 2007, Saura and Torné 2009, Sadr&abio 2010, Foltéte et al. 2012). In addition,
95 increasing awareness about the need to accoutitfaapability of species to traverse differenetypf
96 land covers in landscape connectivity assessmerielao the promotion of related analytical
97  methodologies such as least-cost path modelingig@dsen et al. 2003, Rayfield et al. 2010, Gurmgsxa
98 etal. 2011). Without excluding some level of umaity in matrix permeability modeling (McRae 2006,
99 Rayfield et al. 2010), these methodological advancembined with more functional analytical
100 approaches, provide an opportunity to incorporegs biased criteria based on connectivity assessmen
101 ecological network deployment.
102 In agriculture-dominated regions subject to pragdaenanagement, such as those in Europe, woodlands
103 and forests represent semi-natural habitats, witigla degree of fragmentation, despite supporting a
104 significant number of animal and plant speciestdasing agricultural intensification since 1960s ha
105 favored more open landscapes that are dominatétthsasingly larger crop areas, resulting in the
106 further loss of semi-natural habitats and assatietenponents, which has had a consequent negative
107 impact on farmland biodiversity (Benton et al. 2DG3edgerows are a potential supplementary habitat
108 for some woodland species in agriculture-dominsedscapes (Fuller et al. 2001, Davies and Pullin
109 2007). Yet, as a consequence of agricultural ifieation and the associated landscape homogeaizati
110 over the last century, the length of the hedgeretwark surrounding crop fields, which characterittes
111 countryside of many European regions, has beerdals@asing. Hedgerows have a recognized role as
112  corridors for certain species (Haas 1995, Gilbesttbh et al. 2010); hence, dispersal among woodland

113 patches may be hampered due to reduced landscarpe pesmeability among isolated woodlands.
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In this study, we analyze the effect of landscag®ectivity on bird alpha diversity, abundance and
community similarity in the woodlands of the agftave-dominated landscape of north-east Brittany in
north-west France. We specifically assessed coivitgaif the woodland and forest network in thedstu
area through graph theory and matrix permeabilibgeling techniques, because they allowed for a
functional landscape connectivity assessment. @lgeaf connectivity may vary with woodland size
since the presence of individuals and species allsmwoodlands may be more dependent on landscape
connectivity than in larger ones (Rdsch et al. 20H&nce, an exhaustive selection protocol wasezhrr
out to minimize the effects of woodland size ontbgponse variables. We explicitly tested factoas t
were likely to influence the landscape connectidgitylysis, and the matrix permeability assessnset)
as spatial grain and extent, and interpatch distéype (Euclidean or effective) (Fall et al. 20B&scual-
Hortal and Saura 2007, Moilanen 2011). In additive,also tested whether matrix permeability
improved the modeling of bird alpha diversity, abance, and bird community similarity. We expect a
positive response of woodland bird community talEoape connectivity, with richer and more similar

communities in more permeable landscapes, withdintg out the likely interaction with woodland size

MATERIALS AND METHODS

Study area

The study area encompassed the Armorifuee AteliefArmorique ZA, ca., 13000 ha), which is
located in NE Brittany, and is integrated in theHR (Long Term Ecological Research) international
network. Brittany is part of the Armorican Massithich is composed of shale and granite bedrocky wit
loess deposits on the northern coast. The clinsateéanic, and the landscape is dominated by étgrieu
(with forested areas covering just 12% of the reiand is strongly influenced by intensive farming
devoted to dairy cows, pigs, and poultry. The Ariapee ZA is mainly a set of countryside agrosystems
that have an extensive hedgerow network, a maegipm to the east in the Couesnon Valley, and the
Villecartier forest to the south (Fig. 1). The tyali landscape structure (oocag¢ shows an increasing

density gradient from north to south, with a derfsstgerow network in the southern Armorique ZA.
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Woodland selection and conceptual landscape mattghtad

The initial land-use map that was used to determimieh woodlands would be sampled in the
Armorique ZA was obtained from a photointerpretatid aerial photography (French National Institute
of Geographic and Forest Information) in combinatidth object based and remote sensing aerial
classification by Rapideye satellite data colledadng 2010. Six land-use categories were ideutifi
crops, seminatural grasslands, managed grasslandd|ands and forests, urban areas (e.g., villages)
and water bodies. Moors and heathlands were nopethpecause they are very rare in the region. The
hedgerow network and roads were identified fromvbetor geographic database BDTopo® (2003—
2006), which was produced by the French Nationgtitute of Geographic and Forest Information.

To select woodlands for sampling, all woodlands Were separated by less than 25 m from the edges
were first grouped as a single unique woodland.aksa result, 143 woodland and forest habitats
(woodlands smaller than forests) were identifiethmArmoriqueZA. The average forest patch size is 2
ha. To minimize the size and edge effects on thpase variables characterizing bird community,
homogeneous woodland sample selection was condwetediland size ranged from 1 ha to 8 ha, with
woodland compactness [perimeter (m) /siz&))imeing set below the median (i.e., 0.04)]. Tweiie
woodlands (Fig. 1) were selected based on theiralaess and forest management homogeneity, which
was confirmed through preliminary winter fieldwoHabitat descriptors of the 25 selected woodlands
were recorded, including descriptions of their agaopy cover, and tree species richness. Woodlged
was determined from ancient land cover maps (186&8)orthophotography in 1952, 1974, 1985, 1996,
and 2004. We measured canopy cover and tree spatiasss in six 14x5 m squares placed in the core
(3) and edges (3) of each woodland. Woodland caedefined as the central area 25 m from the edge
(trees with diameter at the breast height gre&tam 10 cm). It was not possible to consider otladitht
descriptors linked to forest management in the Warath after telephone interviews with the owners,
because of lack of data precision (all of the saahploodlands were private, and managed to obtain
firewood).

According to Fischer and Lindenmayer (2006) différeonceptual landscape models can be applied to
explain wildlife distributions (e.g., the fragmetite and the continuum model). The conceptual
landscape model adopted for studying the bird conitynawelling in woodlands of the agriculture-

dominated landscape in NE Brittany was the fragatém model. The fragmentation model assumes
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that: (1) there is a clear contrast between theamidefined habitat patches (woodlands) and areas
outside the patches (agricultural landscape ma(2})the considered species within the woodlamd bi
communities have similar habitat requirements (sgecies nesting in woodlands); and (3) the laaquisc
pattern is a good indicator of multiple interactprgcesses and for this reason we tested the fole o

landscape connectivity on bird community response.

Bird data collection

Bird species occurrence and abundance were estirmaéach woodland using the point-count method
(Bibby et al 1992, Ralph et al 1993). This meth®dimilar to the North American Breeding Bird Swyrve
and the British Constant Effort Sites Scheme (Satial. 1997, Peach et al. 1998). A 5-min pointrtou
was conducted in the morning by the same obseR:d.] approximately at the center of each woodland,
under calm weather conditions, and all individuad Ispecies that were seen or heard within a 100-m
fixed radius were recorded. A hundred meter radarsesponds to the maximum distance where the
greater bird species may be contacted in forest§Bet al., 1992), most species being detectectircke

of 50 meters centered on the counting point. Despitsidering the most compact woodlands, variation
in shape irregularity and size (1-8 ha) of the @&aed woodland patches made distance from point
count centers to woodland edges was about 75 mn\Wwéeessary, point count boundaries were
established in order to record only birds insidedlands (i.e., excluding open-country birds). T fane

we assume that our protocol did not induce an skeeedge effect bias to estimate abundance and the
compositional indices of the woodland bird commigsifrom the smallest to the largest patches becaus
woodland core and edges were well covered by tivg pount surface in all the cases, and particylarl
considering that woodlands were visited 3 timesnduthe breeding season (April, May and June).

The species that were selected for analysis irsthidy were those that were characteristic of the
woodlands in the region. Consequently, we exclugied pica Columba oengsand raptorsguteo

buteg from the analysisPica picais a farmland species rarely nesting inside wantaandColumba
oenasis extremely rare in wood patches of our studwarecording only one case of presence without
certainty of nesting. We remo®uteo butedrom data as its detection was more random thast nfche

singing passerine species and because the spéeiedemves wood patches at observers’ arrival.
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For the sampled woodlands, we calculated: birdispecchness and the total species maximum
abundance across three visits during the breediagps. For each species in the sampled woodlands,
maximum abundance (hereafter termed abundancegamysuted from the number of visual and sound

contacts with a species during each point count.

Similarity measures of the woodland bird community

We computed two different measures of communityilanity. The first measure is based on traditional
measures of spatial turnover, which are derivethftloree matching/mismatching components: continuity
(the total number of species shared by two arga#), (the number of species present in an area but
absent from the focal area), and loss (the numbgpecies present in the focal area but absent fhem
other area) (Gaston et al. 2007). For this stuayused the modified Simpson’s index of beta ditgfsi
dissimilarity measurd) (S= 1 -D)], which quantifies the relative magnitude of tfens and losses of a
given species [min(gain, loss)/(min(gain, loss)ohtmuity)] (Lennon et al. 2001). This measure akal
us to determine the true differences in speciegosition among sites (hereafter termed composition
similarity), separating the influence on speciesposition due to local richness gradients (i.e.,
nestedness).

The other measure of similarity indicated the ayerdmong sampled woodlands in terms of proportional
species composition (hereafter termed proportisimailarity). The Morisita-Horn similarity index was
computed because of its robustness against spaesss, although it is highly sensitive to the
abundance of the most abundant species (Wolda M&jyrran 2009). The index is presented as:
Proportional similarity = 2(an, * bn) / [(da + db)*(Na* Nb)],

whereNa andNb are the total number of individuals in sheandB, respectivelyan, andbn are the total
number of individuals oith species in sit& andB, respectively, anda anddb arezan? /Na? and=bn?
INK, respectively.

Both similarity measures were computed from theesponding dissimilarity matrices by the “vegan”
package (Oksanen et al. 2013Rihttp://www.r-project.org). For each sampled waodl, we averaged

the similarity values in comparison to the remagnsampled woodlands in the study area.
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Landscape connectivity assessment

From the land-use map and the hedgerow and roagrietthe landscape connectivity of the sampled
woodlands was computed by graph theory using Cor2efo(Saura and Torné 2009;
http://www.conefor.org). Our connectivity measuoe & given woodland patdh(dF*,) assessed the
percentage of total dispersal flux among all wondland forest patches in the landscape that occurs
through the connections of patkhvith all other patches in the landscape (wkéneither the starting or
ending patch of that connection or flugf* is given by:

n-1
Z Py

dFk* - nizl,i#: ’
2 2P
i=1 ] =Li#]
wherep*;; is the maximum product probability of all possipleths between two patchésndj, in the
landscape, including direct and non-direct (faaitid by other intermediate patches functioning as
stepping stones) dispersal between the two pa{@#sa and Pascual-Hortal 2007).
The direct dispersal probabilitieg between habitat patches were computed by a negaxtjponential
function of interpatch distance, which has beem usenany published studies (Bunn et al. 2000, brba
and Keitt 2001, Saura and Pascual-Hortal 2007,uUBtaga et al. 2011). The interpatch distance was
calculated as the Euclidean and effective distéeteeen all woodland and forest patches in theystud
area. The decay rate of this negative exponentration was determined by the value of the median
natal dispersal distance characteristic of the tintimunity recorded during the sampling periochi t
woodlands of the study area (Fig. 2), correspontbing = 0.5.
For these species, the geometric mean natal dedpissances were extracted from the bird ringiatad
of the British Trust of Ornithology (Paradis et 8298). Data from Paradis et al. (1998) were altgléor
67% of the recorded bird species, and the medital dspersal distance characteristic of the bird
community in the woodlands of the study area waskin.
The Euclidean and effective (considering landscap&ix permeability) distances between each pair of
habitat patches (including both sampled and unsasnpbodlands and forests within the study area)
were calculated with Graphab 1.0 software (Fokétal. 2012; http://thema.univ-

fcomte.fr/productions/graphab/). The effective aiistes between each pair of woodlands or forests
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(including sampled and unsampled habitats) wemutated as the accumulated cost along the least cos
paths throughout friction surfaces (Adriaensen.2@03) (see Table 1). Although birds fly and kess
sensitive to matrix permeability, in the connedyivassessment we specifically considered the matrix
impedance of this agriculture-dominated landscBgemeable landscape structures may encompass
different types of landscape elements, such apistg[gtones or heterogeneous land cover mosaics,
which are more permeable for species movementsniBdwal. 2004, Rdsch et al. 2013). Uncertainty is
usually associated with the friction values fofeliént land cover types (Rayfield et al. 2010); boer,
the friction values and habitat classification lutstudy were based on Watts et al. (2010), acugprtd
the degree of ecological modification of the vetistructure of different land cover types that Inig
affect birds in woodlands. The study by Watts e{2010) was conducted in a similar agriculturaitest
in the UK. In our case, the friction values cor@sg to a mathematical exponential function, with a
maximum friction threshold of 50, which were vempiar to those of Watts et al. (2010) based oneexp
criteria. Like Gurrutxaga et al. (2011he characteristic median natal dispersal distaftiee sampled
bird community in the study area was multipliedthg statistical median value of resistance in the
friction surface (Table 1). The result indicated #ffective distance (accumulated cost) threshold
corresponding to a 0.5 dispersal probability betweedes f;) (Saura and Pascual-Hortal 2007).

The type of graph that is used might influencedabmputation of the connectivity metrics, and the
understanding of the identified connectivity netk@rall et al. 2007), particularly when considering
large spatial extents, fine spatial grains, anarge set of habitat patches or nodes. For instance,
complete graph, with paths between every pair tfhess, provides a good ecological representation;
however, it poses challenges for computational ggsitig and visualization, particularly for planning
purposes. In comparison, the minimum planar gré&altl ét al. 2007) is a spatial generalization of
Delaunay triangulation in which only neighboringgi@s can be linked, and provides a reasonable
approximation of the complete graph, while facilitg the visualization and comprehension of the
connectivity network. In this study, we tested wiegtthe use of a complete graph versus a minimum
planar graph affects the modeling performance afroanity bird diversity, and abundance. For this
purpose, we used Graphab 1.0, which allows difteygres of graph architectures to be computed.

Hence dF* is adequate for testing the effect of the typgraph (complete grapks minimum planar

1C
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graph), because it considers maximum product piibtied (direct and non-direct dispersal between tw
patches).

The effects of scale issues, such as spatial gralrextent, on the connectivity analysis are rarely
considered in studies that rank landscape elenhgrtseir contribution to overall landscape connétti

(but see Pascual-Hortal and Saura 2007, Gil-Teaa 2013). In this study, spatial grain and exieas
constrained by computational limitations. The firgzatial grain that was used to compute landscape
connectivity was 2 m, which forced us to consideraximum spatial extent of 3 km around the
ArmoriqueZA (355 woodlands and forests; Fig. 1). In comgami at a spatial grain of 10 m, the spatial
extent considered was 5 km (429 woodlands andt&regy 1). Considering a larger spatial extenhtha
the target one (e.g., Armorique ZA in this studs® lbeen suggested as adequate when computing graph-
based connectivity measures sucldls which do not take into account patch area (Paddaoetal and
Saura 2007). The land-use map showing the diffexeteints was obtained in the same manner as for the
Armorique ZA extent, using the same aerial photplgyaand satellite imagery.

Figure 3 provides a schematic representation ofahieus factors that were considered in the
connectivity assessment using graph theory, intiadio the corresponding abbreviations of the
nomenclature [also see the summary statisticseofdimnectivity values of the sampled woodlands (

25) in Table 2].

Data analysis

Ordinary Least Squares (OLS) regression was usewttel bird species richness, species abundance,
and the similarity in species composition (composisimilarity) and in proportional species
composition (proportional similarity) as a functiohlandscape connectivity. In all regression asasy
woodland characteristics (age, averaged canopy cand tree species richness) were also considered,
and woodland size was always retained in the migkelto differences in the size of the sampled
woodlands (Table 2). In addition, the interacti@tvirzen landscape connectivity and woodland size was
tested in order to check if woodland bird commumnégponse to landscape connectivity depends on
woodland size. A backward step-wise OLS model sieleavas performed to adjust the final OLS model.
We checked the variance inflation factors in theSQhodels, which were always under 1.4, indicating

the absence of strong linear dependencies amorigdbpendent variables. To compare alternative

11
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312  priori models, we used the information-theoretic modeftgarison approach based on second-order
313  Akaike’s Information Criterion corrected for smasimple sizes (AlCc) (Burnham and Anderson 2002).
314 Al the statistical analyses were performed with thMASS” package (Venables and Ripley 2002Rin
315 Spatial autocorrelation in the response variabhesraodel residuals was checked through Morbabig
316 means of the “ape” packageR(Paradis et al. 2004).

317

318 RESULTS

319 Inthe 25 sampled woodlands, 30 bird species wamerded. On average, the sampled woodlands

320  contained 15.48 bird species, with a mean abundai2g.1 (Table 2). The bird species assemblages of
321 the sampled woodlands also had highly similar sgecomposition and proportional species composition
322 (average values of 0.86 and 0.88, respectivelydl€ra). Eight bird species were found in almosttas!
323 sampled woodland$pylloscopus collybitaFringilla coelebs Troglodytes troglodyteSylvia

324  atricapilla, Columba palumbygrithacus rubeculaTurdus merulaandCyanistes caeruleusere

325 presentin at least 22 woodlands) and had a relataximum abundance greater than 5% (5-11%, 57% in
326 total), whereas the remaining 22 species werefilegaent and abundant (10 species with less than 1%
327  relative maximum abundance) (Fig. 2). Spatial aat@dation in the bird community response variables
328  was not significant (p>0.05, results not show).

329  Greater variability was obtained in the patch-les@inectivity metric that did not take matrix résise
330 into account compared to that using the effectigtadces among woodlands and forests of the

331 Armorique ZA (Fig. 4). This result was consisteatass the two spatial extents that were consid@ed
332 and 5 km). Connectivity values tended to be grefatethe smallest spatial extent (i.e., 3 km). $ami

333  patterns were observed in the sampled woodlamd26; Table 2). For the sampled woodlands, we
334  recorded similar connectivity measurements depegnoimthe type of spatial resolution (2 and 10 ng) an
335 the type of graph (complete graph and minimum planaph) (Wilcoxon tesp > 0.05). However, we
336 demonstrated that spatial extent and the typetefpatch distance (Euclidean or effective) had a

337 significant effect (Wilcoxon tesp < 0.05; results not shown).

338 The models of species richness and compositiorasityiwere not significanty> 0.05), whereas the
339  models of proportional similarity and abundanceansignificant. The modeling of proportional

340 similarity improved when the permeability of theriagltural matrix was taken into account in the

12
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connectivity assessment, because all of the bgstssion models according to AICc were those that
considered effective distances, rather than Euatigkstances (Table 3). In the best regression lmode
(AAICc < 2) for similarity in the proportion of bird spesieomposition (proportional similarity), about
20% of the variability was explained (adjusf@q-Table 3). These models indicated that woodlang si
and connectivity accounting for matrix permeabiligd a similar influence on proportional similarity
woodland size positively influenced proportionahgarity, whereas connectivity negatively influedce
proportional similarity (Table 3). According to thest regression mod@AlICc = 0), when woodland
size remained constant, one unit increment in cotirity (CEf2m3km) decreased proportional similgrit
by 0.29 units, whereas 1 ha woodland increasedoptiopal similarity by 0.007 units (Fig. 5). The ol
predicting species abundance had a determinatiefficent of 0.18 p = 0.02), and showed that bird
abundance was only positively associated with wadilsize | = 0.02) (Table 3). Bird abundance nearly
increased by 1 unit (0.987) with each 1 ha incrdrirewoodland size. In any case, the interaction
between landscape connectivity and woodland sizspatial autocorrelation in model residuals were

significant (p>0.05, results not show).

DISCUSSION

This study confirmed the relevance of using effextlistances (i.e., considering the landscape xatri
heterogeneity) for graph-based connectivity assessraimed at explaining woodland bird community
composition in an agriculture-dominated landscdje agricultural matrix of the study area was
dominated by crops and grasslands (Fig. 1); thosemeliable measures were obtained when taking
matrix permeability into account. We hypothesizat tihis result would be even more prominent for-non
flying species, such as mammals, as previously shaiwhe species and population level (Gurrutxdga e
al. 2011, Carranza et al. 2012, Decout et al. 2H>)vell as for plants at the community level (Mat

et al. 2013).

Results did not support our main hypothesis, raggrthe positive effect of connectivity on the respe
variables. The relatively small sample sine=(25) might have influenced model significance (e.g
species richness and composition similarity). Tlhermative best models for species richness usiag t
AlCc approach were marginally significant (modetgue< 0.1, with an adjusteB about of 0.16), and

were not always conclusive regarding the positifece of landscape connectivity (results not shavim)
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revegetated urban patches in Australia, connegtivits shown to be the main factor explaining bird
species richness, because more colonizers wergcatdach more available habitat area (Shanahah et
2011). In agriculture-dominated landscapes, theugi®on of matrix-dwelling species (e.g., specissl
dependent on woodland patch area to breed) caenetduded (Fuller et al. 2001, Ewers and Didham
2006), and might, ultimately, increase speciesngsls in woodlands. The lack of model adjustment for
the similarity of species composition might be tethto the fact that bird communities in small
woodlands might be similar to those of hedgerowsléF et al. 2001). In the Armorique ZA, hedgerow
density increases from north to south, ranging fequproximately 44 to 115 m/ha, respectively, with a
total length of 575 km (Vannier 2012). This spatiaterogeneity in hedgerow density might prevent
direct responses in composition similarity fromrigedetermined. In this study, we only controlledtfoe
effect of woodland size (e.g., on species richndms)ause the influence of hedgerows was considered
the connectivity assessment when accounting forixnaermeability. In the specific case of compasiti
similarity, a control for the influence of the hedlgw network would be preferred, but is not feas#d

the extent of the current analysis, if woodlane sizalso considered. In addition, the assumptiaksn
when we selected the fragmentation model as lapésoanceptual model may affect the obtained lack of
landscape connectivity importance (Price et al9200n the one hand, it is possible that the conitypun
level approach might have masked some relationstiygsto differences in the recorded species
ecological traits (Ewers and Didham 2006, Batargle2012). On the other hand, averaged canopyrcove
of the selected woodlands finally ranged from 38%1 % (with Q2 = 68 % and IQR = 20). This may
affect woodland bird community composition, parély the species more associated with more open
canopy covers which are more sensitive to canapguceé (e.gPhyllocopus trochilusSylvia borin
Prunella modularisHinsley et al. 2009), although canopy cover waissignificant in any computed
model.

Our most outstanding result was the negative effeconnectivity on the similarity of proportional
species composition, which was only obtained wharsidering landscape matrix heterogeneity. This
negative influence of connectivity on proportiospkcies composition, together with the positive
association with woodland size, might indicate thage woodlands contain more similar bird
communities in an inhospitable matrix comparechtisé in a more permeable agricultural landscape

matrix. Although the effect of landscape connetgimhay be modulated by the amount of habitat (Résch
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et al. 2013), in this study the interaction betwkesmiscape connectivity and woodland size was not
significant. This result may be partially due te tbw size range of the selected woodlands anébthes

on the smallest woodlands. Less dominant woodlamdsipecies in the community (see Fig. 2) but
highly dependent on landscape connectivity dudeg sensitivity to woodland fragmentation in
agriculture-dominated landscapes [eSitta europaedVerboom et al. 1991)] or other specialists sueh a
Regulus ignicapilldess dependent on woodland size (Telleria ancoSdrg95), may contribute to
community dissimilarity in permeable landscapeshdfited agricultural landscape matrix permeability
might also produce an overlap between woodlanddpeties and matrix-dwelling species (Cook et al.
2002), which ultimately produces different propoms in the species composition of bird speciesahat
typical of woodlands in the study area. Moreovempetition processes with species that have wider
habitat breadths must be considered, as this phemammight also contribute to increase community
dissimilarity. Competition and interactions witthet species might be different at habitat edges
compared to the interior, although the landscamest might buffer interspecific relationships (Ewe
and Didham 2006). Therefore, we hypothesize thatdpecies that are less dependent on woodlands in
agriculture-dominated landscapes are above altipelsi influenced by matrix permeability (Fuller &t
2001, Batary et al. 2012).

Assuming that edge effect biases on bird counte wegligible because woodland core and edges were
fairly covered by the point count surface in a8 tases (see details in tBied data collectionsubsection

in Material and Methods woodland size was the only variable positivadyrelated with species
abundance. This significant positive associatigypsuts the findings of Shanahan et al. (2011), who
found thatgreater patch area, as well as connectivity, cabsddabundance to increase by expanding the
habitat available to species that were alreadyobskeed in revegetated urban patches. In agricedtur
dominated landscapes, small woodlands tend to duaater extents of edges, which might ultimately
cause greater reproductive failure, due to incik@sposure to potential nest predation (Ludwigl.et a
2012); thus, negatively influencing bird abundaridee lack of association between landscape
connectivity and bird abundance when using matepapeability also suggests that a more permeable
matrix does not moderate the edge effects on waddipecies. This finding contradicts with previous
literature (see Ewers and Didham 2006), but migtiicate that abundant woodland bird species in the

community are more sensitive to woodland size micatiure-dominated landscapes compared to
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agricultural landscape matrix permeability. Fotamee, Batary et al. (2012) found that woodland bir
species are more abundant at the forest edgeardidss abundant in hedges, while the inverse
association was obtained for farmland birds.

Landscape connectivity influences the immigratiod amigration of species, but does not affect other
mechanisms that influence population dynamics, sisdbirths and deaths, which are related to habitat
availability or quality (Moilanen 2011). If woodldrsize is the main predictor of bird abundance in
woodlands in agriculture-dominated landscapes, eotimectivity appearing to be more related to the
flow of less dominant or dependent bird woodlanelcégs, then rescue effects modulated by immigration
might be hampered for bird species that are mopemtdent on woodlands in small and isolated
woodlands. Therefore, more insights are neededl@taole of landscape permeability to promote
population viability according to species ecologicaits (Davies and Pullin 2007). In addition, moé

the measures favoring woodland bird species willagually affect farmland birds, which are indeed
more threatened than woodland birds, with significteclining population trends (Gregory et al. 2005
because of agricultural intensification (Donaldkt2001). Whereas some specialist farmland biedsin
large extensions of open-habitat characterizeawjimtensity crop systems (Filippi-Codaccioni et al
2010, Fischer et al. 2011), other farmland birdsweodlands as complementary habitats (Fuller.et al
2004). Particularly in the latter case, negativeiremmental changes affecting woodland birds waba
negatively impact on farmland bird communities,tsas the hedgerow removal, and the implementation
of highly demanding crops with large patch sizg.(emaize; Houet et al. 2010) in the characteristic
bocagelandscape structure of the study area. New imgtgvaph-based connectivity indices might help
integrate and identify the different ways in whlahdscape elements contribute to habitat avaitslzid
connectivity (i.e., inter- and intrapatch conneityivSaura and Rubio 2010). Results for differempiets of
species with contrasted habitat requirements (@apdland and farmland birds in agricultural
landscapes) may be incorporated into decision stppals for landscape planning purposes. Aparnfro
considering the immigration and emigration compadméiabitat use, these connectivity metrics also
take into account the value of local resourcesatheatch to determine the effective amount oftaabi
that may be reached by a given species, with kepieds being integrated in a single analytical
framework (Saura and Rubio 2010). Neverthelesssdingpling methodology used to monitor bird

species dwelling in woodlands prevented us fromgpable to simultaneously consider other factaas th
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also affect the mechanisms involved in populati@biity because relatively small woodlands were
sampled compared to the rest of the study area.

Our results also showed that computing connectihitgugh maximum probability indices, suchdks |
could be accelerated by using minimum planar grépal et al. 2007). For the sampled woodlands, the
different spatial extents in the connectivity assesnt did not affect the modeling of the response
variables. This finding might be partly due to acmlarger extent than the study area being takien in
account from the onset of the connectivity asseasms recommended by Pascual-Hortal and Saura
(2007). In any case, the spatial grain, which Igrgeduces the computational times required for
connectivity assessments, had an effect with réspebe modelling approach and the magnitude of

connectivity among the woodlands and forests irsthdy area (but see Pascual-Hortal and Saura 2007)

Conclusions

Identifying how landscape connectivity affects Wiflelcommunities is a major concern, particularlighw
respect to global change, requiring the developroErgsearch strategies that obtain robust infegna
this study, we demonstrated that connectivity assest through graph-based methodologies that allow
the ecological traits of species to be taken ictmant (e.g., habitat preferences and dispersaloizgs)
might represent a relatively unbiased techniquehferdeployment of ecological networks. These
analytical advances are fundamental for the estamient of effective permeable landscape structures
aimed at enhancing dispersal. The existing landsoagtrix is fundamental for holistically preservithg
biodiversity (e.g., at the community level) of agdiure-dominated landscapes. A combination of
different landscape conceptual models beyond distrabitat patches within a less inhabitable matrix
might help optimize the community level approachid®et al. 2009). In addition, new solutions have
been recently developed for approximating multiesge community level dispersal (Laitila and
Moilanen 2013). However, viable populations dependoth processes influenced by landscape
connectivity (emigration and immigration) and hab#vailability and quality (births and deaths).
Therefore, these factors must also be incorpoiiatedhe analyses of management plans for the
deployment (design and identification) of ecoloivatworks, and particularly for specialist habitat
species, for which landscape matrix permeabilitysdnot necessarily enhance the flow of individuals.

For this purpose, new improved connectivity meastiat are based on a combination of graph theory
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and the habitat availability concept (Saura andi®@b10) should be particularly adequate as intagra
analytical tools that operationally consider as yndifferent factors as possible that influence gapaon

viability.
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725 TABLES
726  Table 1. Friction values used to model landscapieix@ermeability based on the vertical structuféhe
727 land uses (see also Watts et al. 2010) in whiclvaélhees corresponded to an exponential functioh wit

728  maximum friction threshold of 50.

Land cover type Friction value
Woodlands and forests1 ha 1
Hedgerows and woodlands < 1 ha 2.57
Decreasing permeabiliJ( Semi-natural and managed grasslands 6.84
Crops 18.4
Water bodies and watercourses 18.4
Artificial lands (urban areas and roads) 50

765
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767
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769
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770
771 Table 2. Summary statistics of the response vasatiharacterizing woodland bird communities, the

772  connectivity values according to the factors coasad for connectivity assessment, and the othésriac
773  describing the sampled woodlands<(25). min: minimum value, max: maximum value, stigindard
774  deviation. In order of appearance, the abbreviatfathe connectivity metric indicates the type cdgh
775 computed (Complete and minimum planar graph, Crapg, respectively), the consideration or not of
776 the matrix heterogeneity [i.e., effective (Ef) ardidean (Eu) distances among forests and woodjands
777 the spatial resolution of the friction surface (@1d0 m) and the spatial extent considered arcusd t
778 study area where the woodlands were sampled (3 &ng). * Information is not available for two

779  woodlands.

min max mean Std

Descriptors of woodland bird Species richness 12.00 21.00 15.48 2.35

community Abundance 18.00 32.50 25.14 3.90

Composition similarity 0.73 0.88 0.82 0.05

Proportional similarity 0.74 0.86 0.82 0.03

Connectivity CEf2m3km 052 0.67 0.60 0.04

mpgEf2m3km 0.52 0.68 0.60 0.04

CEf10m3km 0.53 0.68 0.61 0.04

mMpgEf10m3km 0.53 0.69 0.61 0.04

CEu2m3km 0.39 0.86 0.64 0.11

mpgEu2m3km 0.39 0.86 0.64 0.11

CEul0m3km 0.38 0.87 0.64 0.12

mpgEul0m3km 0.38 0.87 0.64 0.12

CEf10m5km 0.44 0.56 0.51 0.04

mMpgEf1Om5km 0.44 0.56 0.51 0.04

CEul0m5km 0.32 0.73 055 0.09

mpgEu10m5km 0.32 0.73 055 0.10

Habitat factors Woodland size (ha) 1.13 801 297 181

Age (years)* 10.00 150.00 83.04 51.30

Tree species richness 3.0014.00 10.04 2.73

Averaged canopy cover (%) 38.3390.83 64.60 15.26
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
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795

797  Table 3. Significant models of the factors behirmbdiand bird proportional similarity and abundance.
798 A backward step-wise variable selection was peréatiior each model in which woodland size was
799  always retained to avoid bias due to the diffesire of the sampled woodlands (1 — 8 ha). In tise cé
800 the proportional similarity model, the independeatiables were standardised to compare their réspec
801 magnitude of influence. See abbreviations regarttisgconnectivity metric in Fig. 3. *40.05, **

802  p<0.01 and *** p<0.001. Absence of significant spatial autocorretattf model residuals was checked

803  through Moran’d (p>0.05).

Response variable Parameter Intercept and Estimate ICc A adjusted?’ Modelp

Proportional similarity 0.817*** -105.28 0.20 0.03
woodland size 0.013*
CEf2m3km -0.013*

Proportional similarity 0.817*** -105.26 0.20 0.03
woodland size 0.013*
mpgEf2m3km -0.013*

Proportional similarity 0.817*** -105.08 0.20 0.03
woodland size  0.013*
CEf10m5km -0.013*

Proportional similarity 0.817*** -104.97 0.19 0.04
woodland size  0.013*
CEf10m3km -0.013*

Proportional similarity 0.817*** -104.93 0.19 0.04
woodland size 0.013*
mpgEflOm5km  -0.012*

Proportional similarity 0.817*** -104.85 0.19 0.04
woodland size 0.013*
mpgEflOm3km  -0.012*

Proportional similarity 0.817*** -102.41 0.06 0.12
woodland size  0.009*

Abundance 22.21%** 0.18 0.02

woodland size 0.987*
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FIGURE CAPTIONS

Figure 1. Geographic location of the study areatfreast Brittany in north-west France) (left) and
representation of the land uses in the study aeadqriqueZA) and the sampled woodlands (dats;
25) within the different extents used to computerartivity measures (right). The land uses shown

correspond to the categories of the friction valises Table 1).

Figure 2. Increasingly ranked relative maximum atante of the bird species pool of the woodlands in
the study area. Bird species occurrence in the kahywoodlandsr( = 25) is also shown. For each species
recorded and all the sampled woodlands of the snely, the relative maximum abundance (%) was
computed from the sum of the maximum abundancedoh species during the three visits in the
breeding season regarding the sum of the maximwumdamnce for all the species. Geometric mean natal

dispersal (km) according to Paradis et al. (1998hown in brackets when available.

Figure 3. Factors considered in the connectiviseasment through graph theory. Abbreviations in
brackets comprise the nomenclature of the conrigctiveasure and represent, in order of appearance,
the type of graph computed (C / mpg), the constaerar not of the matrix heterogeneity (Eu / Efje
spatial grain of the friction surface (2m / 10 mydhe spatial extent considered around the strety a

where the woodlands were sampled (3km / 5km).

Figure 4: Boxplot of the connectivity values acdogito the different factors considered to compute
graph-based connectivity in the 143 woodlands anelsts £ 1 ha) within the study area (the thickest

edge represented in Fig. 1). See abbreviationsdegpthe connectivity metric in Figure 3.

Figure 5. Response curves of the top regressiorehaatording to the AICc approach for similarity in
terms of proportional species composition (Tabldi8Jependent variables were not standardised and
each time the unrepresented predictor [connect{@&f2m3km) above and woodland size below,

respectively] was set constant (mean value).
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Figure 1. Geographic location of the study areatfreast Brittany in north-west France) (left) and
representation of the land uses in the study &eadriqueZA) and the sampled woodlands (dats;
25) within the different extents used to computeraetivity measures (right). The land uses shown

correspond to the categories of the friction valiseg Table 1).

o Sampled woodlands
D Woodlands and forests>1 ha (not sampled)
- Hedgerows and woodlands <1 ha

N D Study area - Semi-natural and managed grasslands
D Srudy area + 3 km l: Crops and water
— [ty arcas skm [ Aviicsaltaes

31



855
856

857
858
859
860
861

862
863

Community Ecology 15(2): 256-268, 2014
1585-8553/$ © Akadémiai Kiadd, Budapest
DOI: 10.1556/ComEc.15.2014.2.14

Figure 2. Increasingly ranked relative maximum atante of the bird species pool of the woodlands in
the study area. Bird species occurrence in the kmhwgoodlandsr( = 25) is also shown. For each species
recorded and all the sampled woodlands of the sinely, the relative maximum abundance (%) was
computed from the sum of the maximum abundancedoh species during the three visits in the
breeding season regarding the sum of the maximumdamnce for all the species. Geometric mean natal

dispersal (km) according to Paradis et al. (1998&hown in brackets when available.

Cuculus canorus

Emberiza cirlus
Phoenicurus phoenicurus (3.
Oriolus oriolus

Hyppolais polyglotta
Poecile palustris

Turdus viscivorus (1.5)
Picusviridis (2)
Regulusregulus

Sylvia borin
Sturnusvulgaris (1.1)
Phylloscopustrochilus (2.2
Aegithalos caudatus (2.2
Corvus corone (3.2)
Prunella modularis (0.4)
Garrulus glandarius (0.7)
Dendrocopos major (5.9)
Regulusignicapilla
Turdus philomelos (0.6)
Certhia brachydactyla
Parus major (0.8)

Sitta europaea (1.8)
Cyanistes caeruleus (0.8
Turdus merula (0.3)
Erithacusrubecula (0.6)
Columba palumbus (2.3
Sylvia atricapilla (17.5)
Troglodytestroglodytes (1.2
Fringilla coelebs (0.8)
Phylloscopus collybita

Occurrence M Relative maximum abundance
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864  Figure 3. Factors considered in the connectiviseasment through graph theory. Abbreviations in
865  brackets comprise the nomenclature of the conrigctiveasure and represent, in order of appearance,
866 the type of graph computed (C / mpg), the constamrar not of the matrix heterogeneity (Eu / Efie
867  spatial grain of the friction surface (2m / 10 myighe spatial extent considered around the stuety a

868  where the woodlands were sampled (3km / 5km).

- Complete graph (C)
- Type of graph

- Minimum planar graph (mpg)

- Euclidean distance (Eu)
Connectivity assessme

Mt - Type of distance
through graph theory

- Effective distance (Ef)

- Grain: 2 and 10 m (2m/ 10m)
- Spatial scale

- Extent: 3 and 5 km (3km / 5km)
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Figure 4: Boxplot of the connectivity values acéogdto the different factors considered to compute
graph-based connectivity in the 143 woodlands anests £ 1 ha) within the study area (Armorique ZA,
corresponding to the thickest edge representedinll. See abbreviations regarding the connegtivit

metric in Figure 3.
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907 Figure 5. Response curves of the top regressiorehamdording to the AICc approach for similarity in
908 terms of proportional species composition (Tabldr&Jependent variables were not standardised and
909 each time the unrepresented predictor [connectf@gf2m3km) above and woodland size below,

910 respectively] was set constant (mean value).
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