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PLANT AND SPIDER COMMUNITIES BENEFIT DIFFERENTLY F&M THE
PRESENCE OF PLANTED HEDGEROWS IN HIGHWAY VERGES.

Abstract: Road verges should play a crucial role as a refageative flora and fauna
in human dominated landscapes. However, the infierf construction choices, such
as plantation of woody species, on the biodiversityported by roadsides has received
little attention, although the presence of hedgeranwroadsides is likely to enhance
their role as a refuge, notably for woodland specidsing standardised methods, we
assessed the impact of planted hedgerows on twodaxic groups (plants and spiders)
inhabiting highway verges within an intensive agitieral landscape. We examined
community richness, taxonomic and functional contpos in sites with and without
planted hedgerows. At the site level, the respaigdant and spider communities to
the presence of planted hedgerows differed markéaigigerows were associated with
significantly higher plant richness (highediversity), but similar spider richness. Plant
communities in sites without hedgerows appeared asbset of communities in sites
with hedgerows, whereas spider communities in nantpd sites were complementary
to that of planted sites (increasgdliversity). The presence of planted hedgerows was
also associated with increased taxonomic and fomatitrait diversity at the landscape
level (-diversity), through an increasgddiversity in both plants and spiders. Our
results thus suggest that a mosaic of planted hedgeand grassland habitats is crucial
for the maintenance of biodiversity at a landsceqae. By providing information for
road practitioners and policy makers regardingrtpetential impact on biodiversity,
these results have important direct implicationslie@ management of road networks.
Key words: o andp-diversity, Biodiversity, Functional traits, Roadsimanagement,

Revegetation, RLQ analysis.
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1. I ntroduction

Road networks, which have expanded over large avéghshuman population growth
(Watts et al., 2007), are known to influence lag&cstructure and have major negative
impacts on ecosystems dynamics (Trombulak anddtri2800). However, the potential
biological value of road verges has also long bestognised (Way, 1977) with
possible contribution to the conservation of indiges flora (Spooner et al., 2004,
O’Farrell and Milton, 2006) and fauna (Meunier &t a@000; Ries et al., 2001). This
role as a refuge depends on the surrounding lapdsea natural habitats, generally
supporting a high species diversity, road vergey nw serve as a refuge (O’Farrell
and Milton, 2006) and even have negative effeatsalsly by promoting invasion by
non-indigenous species (Hansen and Clevenger, 2B@ayn, 2006). In contrast, in
human dominated areas such as intensive agricularadscapes, where non-
agricultural habitats (e.g. edges) are criticathte conservation of biological diversity
and ecological processes (Burel, 1996), road vesfpesild play a crucial role as a
refuge and as ecological corridors (Tikka et Q2 Smatrt et al., 2006).

Road verges support intensively managed habitdtshvware artificially created
on bare soil after road construction (restoratiam)l subsequently experience frequent
mowing. This has direct consequences on the contrasithey can support and there is
a need to identify and promote biodiversity-frigndionstruction and management
practices, in order to optimise the role of roadges as a refuge for wild flora and
fauna. As in any habitat, community compositionreéad verges is controlled by an
array of distinct factors acting as filters at bt&thdscape and local scales (Bochet et al.,

2007), few of which can easily be manipulated ttimise biodiversity conservation.
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There have been extensive studies addressingftbherine of management on roadside
biodiversity, notably mowing frequency and timingchaffers, 2002; Jantunen et al.,
2007). In contrast, construction choices have weckimuch less attention, with the
exception of revegetation with herbaceous speditsgsanz et al., 2006; Leps et al.,
2007). In particular, the role of planted treesthe maintenance of diversity in road
verges was never considered to our knowledge, #hargh the presence of hedgerows
along roadsides is likely to enhance their rol@a asfuge, by increasing the diversity of
microhabitats. This role of hedgerows as a refug@dver depends on their ability to
receive a significant proportion of the local sscpool and of the functional diversity
they shelter (Roy and de Blois, 2006). Outsideoafdsides, hedgerows appear to be a
sustainable habitat and even functional corridfesa; Corbit et al., 1999, Roy and de
Blois, 2008; fauna: Maudsley, 2000, Griffiths et 2007; Davies and Pullin, 2007 for a
review) even though other authors consider hedgeasasink habitats (McCollin et al.,
2000; Sitzia, 2007).

The aim of the present study is to evaluate thecefbf hedgerows on the
surrounding biodiversity of highway verges at diffiet spatial scales, and on the
distribution of biodiversity within and among sités the context of an intensive
agricultural landscape. Highway verges offer ideeitings to study the influence of
hedgerows, because, in contrast to other habitegsnfluence of history on community
composition is strongly reduced, due to commonohysof all study sites. To address
the impact of hedgerows on biodiversity, we comg@atitee community richness and
composition in sites with and without planted hedges for two taxonomic groups
(plants and spiders), because no single taxonrdarm on the ecological behaviour of

other groups (Lowell et al., 2007); In addition, ithe context of the search for
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biodiversity indicators, it is of great importantzee better assess the characteristics of
different taxa (Pearman and Weber, 2007). Thesegtwaps differ in their ecological
requirements and dispersal capabilities and arelyliklifferentially affected by the
presence of hedgerows: plant community compositomexpected to be controlled
mostly by soil and light characteristics (Schaffe2802) whereas spider communities
are known to be highly sensitive to habitat streeetand microclimatic conditions (Marc
et al., 1999; Entling et al., 2007; see also Beaf)6) and may exhibit variation on
much smaller time scales than plants. By compasinglar grassland habitats in sites
with and without planted hedgerows, we specificabkgmined (1) whether the presence
of planted hedgerows influenced the surroundingifipeand functional trait diversity,
(2) whether plant and spider communities exhibiéterent environmental patterns,
and (3) whether artificial hedgerows resulted imigher overall biodiversity supported

by highway verges.

2. M ethods

21, Study area

This study was conducted within a 50 km sectionhighway A1l (1°39'30"E —
48°29'15”"N to 1°03'E — 48°14'N) in the Beauce regi an intensive agricultural
landscape, West of Paris, France. The Beauce caafeosit 6 000 km? and is
characterised by a temperate climate and high btdeas soils. This study area is a

fairly typical modern open field landscape with@nplete absence of hedgerows and
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very few semi-natural habitats, such as remnant deoa patches Agricultural
practices consist mostly of intensive cereal prtidac

Al1l Highway was built thirty years ago and enlarged992. At this time, the
newly created verges, devoid of vegetation, wesgnswith the same seed mixture,
including mainly Leguminosae and Poaceae species Kestuca rubra, Festuca ovina,
Lolium perenne, Festuca arundinacea, Bromus inermis, but also Medicago lupulina,
Lotus corniculatus, Trifolium arvense and Achillea millefolium), along the whole
highway section studied, and were planted withstraediscrete locationsCofiroute
construction company, personal communication). he tfollowing, we define
hedgerows as linear patches of planted shrubsraed tonger than 150 m, following
the definition of Baudry et al. (2000). Sites wiahd without planted hedgerows are
subsequently referred to as “WT” sites and “WO'esjtrespectively. Management
practices of highway verges depend on distance trencarriageway edge: all verges
receive a visibility cut up to 6 m from the roadgedwice a year, but areas behind this
safety zone are only cut once a year, whereas agetgrowing under planted trees is

seldom, if ever, cut.

2.2.  Fied sampling and data collection

2.2.1. Field sampling

We selected 25 field sites (Fig. 1) based on tHieviing structural and biological
criteria: highway sections were “roadcuts” (reswgtifrom excavation), with edges of
the same shape (width = 16.1 m = 0.7 SE, height=#0.3 SE), slope (30° = 2.4 SE)

and aspect, and were bordered by crop fields. Withe 50 km study area, we selected
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11 sites with planted hedgerows (WT) along thester@, using geomorphic maps,
aerial photographs, and field surveys. Hedgerowsisted of mature deciduous trees in
the canopy layer, and were on average above 3 sneléand 5 meters wide (5.2 £+ 0.5
SE, varying between 3 and 8 meterEhey were generally pluri-specific, including
most frequently the following planted speciéser campestre, Acer platanoides, Acer
pseudoplatanus, Alnus cordata, Betula verrucosa, Betula pendula, Carpinus betulus,
Cornus alba, Cornus mas, Cornus sanguinea, Corylus avellana, Cotinus coggygria,
Fraxinus excelsior, Prunus avium, Prunus mahaleb, Prunus padus, Prunus spinosa,
Quercus sessiliflora, Quercus robur, Robinia pseudo-acacia, Salix caprea, Sambucus
nigra, Sorbus aucuparia, Sorbus torminalis, Viburnum lantana, Viburnum opulus.
When possible, one site without hedgerows (WO) etexsen within 1.5 km of a given
site with hedgerows (WT). We thus selected 7 paifirgeographically close sites with
and without hedgerows and completed this sample widlated WT (n = 4) and WO
sites (n =7), for a total of 25 sampled sites (1T W14 WO). WO sites were always

located at least 50 m from the closest tree.

2.2.2. Data collection

All inventories were performed through a 60 m tesisrunning parallel to the
carriageway, located at least 7.5 m from the ogemay edge and at 8.2 £ 0.6 SE from
the neighbouring crop field. Such location corresjerl to extensive management
practices. In WT sites, transects were also locatedo 1 m from the canopy of planted
trees (vertical projection of lower branches), atatted and ended at least 50 m away

from the end of the hedgerow, to avoid border ¢ffec
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For flora, sites were surveyed from May 10th toeJ@iith 2006. In each site, all
vascular plant species were inventoried once ie fivm? quadrats regularly distributed
over the 60 m transect. Almost all taxa were idetito species level according to the
International Plant Names Index. A few species tearte difficult to distinguish when
not in flower or fruit Y¥icia gr tetrasperma-hirsuta for example) were grouped.

Spiders were sampled using five pitfall traps per. Sraps were placed within
30 cm of each vegetation quadrat on the 60 m tchrsel were left in place from May
10 to June 10 2006. Each trap was 8.5 cm wide améier and 10 cm deep, and
contained ethylene glycol, a non-attractive presive. Two pitfall traps were
destroyed and were omitted in the analyses (n 3. ¥&Rult spiders were identified to
species level following the nomenclature of Plar(2007). We failed to identify three
individuals to species level; nevertheless, becdliseg were obviously different from
other species, they were conserved for analysadeiSpveniles were generally not
identifiable to species level and were not congider

Sites characteristics: sampling design was deftoetst impact of hedgerows,
so that the variation of other environmental vdgalwas minimised. We recorded sites
characteristics and checked the absence of coorléietween presence/absence of
hedgerows and other environmental factors usingspaacorrelations, to check that the
effects of hedgerows were not confounded with o#rerironmental factors. For each
site, we recorded geographic coordinates, vergehwitinal variation: 10-20 m),
adjacent land use type (crop vs. temporary fallssigpe, distance from crop edge,
aspect, and soil nutrient status. The latter wasatterised via determination of soll
pH, as well as phosphorus(®, Olsen %), salt (N®), and total nitrogen (%)

concentration in a bulked representative soil sampken to a depth of 10 cm in each
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of five plots and subsequently mixed. For each s also recorded the distance from
the nearest woodland patch (411.6 m + 70.4 SEyeakas the total woodland area
within 250 m, 500 m and 1 000 m radius buffersngsaerial photographs and the
Geographical Information System package ARCGIS 8RE 2000). In this open-field

system, woodland patches can be considered as dire matural habitat in Beauce.
Consequently, we considered that they could be itapb reservoirs of species
compared to others habitats, providing a pool dhhaants and spiders from which

species were able to disperse and potentially s#dmnghway verges.

2.3.  Speciesattributes

To address the influence of hedgerows on commufuifictional composition, we

characterised species based on readily availalletituial traits. As such data were
analyzed using multivariate methods that are higédysitive to “rare” species or

classes, we chose to group some classes to minthezeesulting bias (see caption of
fig. 2). For plants, these functional traits ina@ugaunkier types, maximum adult height,
and seed dispersal mode, scored according to matlite review (supplementary

material 1). For spiders, we retained hunting stiais, body size and aerial-dispersal
behaviour (ballooning vs. non-ballooning speciék)nting strategies (diurnal cursorial
hunters, nocturnal cursorial hunters, ambush hsneand web-builders) and species-
specific body sizes were derived from Roberts (19887). As body sizes usually
differ between sexes, the mean value of male amdhlée median sizes was retained.
Species exhibiting aerial dispersal using silk Idzaling) are considered species with

great dispersal capabilities (Bell et al., 2005 feview) and were defined using the
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world species list of ballooning Araneomorphae l@sthed by Bell et al. (2005). All

species that did not appear in this list were aereid “non ballooners”, which may be
incorrect because the list is not exhaustive. Haneas we worked with common

species frequently found in agricultural landscegres whose biology is generally well-
known, we expect that this bias should be small. bédh plants and spiders, a given
taxon was assigned attributes only when it wastifiled to species level and observed
in more than four instances (quadrats or trapsiciwyielded a total of 46 plant species
(100% of species observed in more than four quadeatd 56 spider species (84% of

species detected in more than four pitfalls) forahtall traits were scored.

24. Data analysis

To remove the obvious increase in plant specidmess due to the simple presence of
planted species and examine solely indirect effeétplanted hedgerows on plant
community composition, we chose to work with spaetaus plant species only. Hence,
unless otherwise stated, shrub or tree speciesvidratobserved in the herbaceous strata
in a site where they had been planted (as infdrad historical plantation map data,
Cofiroute — Vegetude) were discarded in subsequent analyses, i.e vikey excluded of
this particular site; not however that these speeiere retained in other sites. In
addition, for spider species, we chose to work \pisence/absence data only, so that a
range of different analyses, some of which valithvaresence/absence data only, could
be used on the same dataset. With few exceptiaokjding abundance data yielded
very similar results. All analyses were conductethvr (R Development Core Team,

2007).

10
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2.4.1. Species richness

To assess the effect of hedgerows at differentiadpstales, we considered species
richness at the quadrat scaleds plants only), at the site scalei(Sin a transect of 60
m, plants and spiders) and at the highway sectateswithin each type of site %,
within WT or WO types of sites, plants and spideE)r plants, we considered local
species richness k&) within quadrats because we assumed that all epesere
detected, whereas for spiders, pitfall trappingnewn to be influenced by the activity-
density of species (Melbourne, 1999). In additianalysis on local spider richness
showed no effect of any environmental variable. Ganmg observed species richness
across sites and habitats might not be valid ire aafs unequal species detection
probabilities (Boulinier et al., 1998; Nichols dt,4998). We therefore used statistical
methods derived from capture-recapture approachegopulation or community
dynamics to estimate species richness and changesmmunity composition As in
recent studies (Lekve et al., 2002; Doherty et 2003; Selmi and Boulinier, 2003;
Devictor et al., 2007; Kerbiriou et al., 2008) agkbing richness estimation and
differences in community composition from speciesird data, we used the program
COMDYN (Hines et al., 1999), based on the jack-&ngstimator of Burnham and
Overton (1979). To estimate species richness asitbdevel (Sit), we used quadrat or
pitfall captures as replicates. To estimate richrastype of site level (e within WT

or WO type of sites), we used sites as replicates (L1): analyses were based on
presence-absence data at the site level, pooledsattre five quadrats for plants and the
five pitfall traps for spiders. As 11 replicateslynvere available for WT sites, we

sampled randomly without replacement 11 sites dufid in the WO group; this

11
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sampling procedure was performed 15 times. Eactbgbairs of (1) 11 sampled WO
sites plus (2) the 11 WT sites was input into progrCOMDYN to obtain estimated
richness per type of site. The estimated richnessdch type of site was then
characterised using the mean and standard ertbhedf5 outputs.

We analysed the combined influence of hedgerowseandonmental variables
on both local species richness for plantsic{ and estimated richness per site for
plants and spiders §&), using linear models and analyses of variancdolésns: for
each taxonomic group (plants and spiders) and dismrvariable (Ga and Sie), we
selected the most informative model using a stepvakgorithm based on Akaike
Information Criterion (StepAlC, library MASS in Rarting from the most complete
model including all environmental variables likety influence species richness (listed
above : see “site characteristics”). Plant richness included as an additional
environmental variable for spiders. Data were lagpsformed when necessary to meet
normality assumptions; the effects of variableaired by the stepwise algorithm were
tested adjusted to others and the nested struofutlee data was taken into account

(local richness per quadrat nested within site;, lilbeary nime in R).

2.4.2. Species composition

We investigated a possible spatial autocorrelailoncommunity composition by
performing mantel tests (mantel.randtest, librageZain R) to assess the correlation
between matrices of geographic vs. specific digggnamong sites. For plants and
spiders, matrices of specific distances across sitere computed with the Jaccard
index on presence/absence matrices. This effectalgastested separately within both

types of edges (WT and WO sites). For these amglydlespecies were retained.

12
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We also examined the effect of hedgerows on theposition of plant and
spider communities in the herbaceous strata usuagtypes of multivariate analyses:
Constrained Analysis of Principal Coordinates (CABRHnd partial Constrained
Correspondence Analysis (pCCA), followed-up by AN®WKke permutation testan(=
999) to assess significance of effects. CAP (cdpsthrary vegan in R, see Anderson
and Willis, 2003) is an ordination method similarRedundancy Analysis (RDA), i.e.
exploring the relationship between two sets of alaas, but allowing non-Euclidean
dissimilarity indices. It was used to examine wileetBpecies similarity among sites
depended on the presence/absence of hedgerowsprartie distance to nearest
woodland patch, which was used as a covariableadt performed on presence/absence
matrices across sites, using the Jaccard indexApC€a, library vegan in R, ter Braak,
1986) is an ordination method based on CCA, a cansd ordination method
developed to relate community composition to knawnation in the environment. It is
considered as a good choice if the user has clahrsaonga priori hypotheses on
constraints. Here, we used pCCA to test whetherptiesence of some species was
associated with the presence or absence of plaeiggerows. We chose pCCA instead
of a simple CCA to remove the effect of the distatz the nearest woodland patch,
used as a covariable, as in CAP. As both analysesemsitive to rare species, we only
retained species observed in more than four sammpegl6 plant species and 67 spider
species.

Third, we examined the complementarity of commaesitiNichols et al., 1998)
in each type of site (WO type and WT type) usingMILY N with sites as replicates (
= 11). In addition to estimating richness withircledype of site (§e within WO and

WT type of sites), we obtained the following estiora: complement of “extinction

13
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probability” between the two types, (i.e. proportion of WT species present in WO),
estimated complement of species “turnover(i.e. proportion of WO species present in
WT), and “estimated local colonising” speci@s(i.e. number of species not present in
WT but present in WO). As for richness, we compatesl mean and standard error

(over 15 re-sampling events) of these estimatonsden WT and WO types.

2.4.3. Functional trait composition

We investigated whether some species attributes were likely associated with one
type of site and distance to neighbouring woodclpdenvironmental variables). To
this end, we used a multivariate ordination analyRLQ, which is an extension of
coinertia analysis. RLQ performs a double inertialgsis of two arrays (R, here the
environmental array and Q, here the trait arrag),measures the adequacy between the
two arrays, with a link expressed by a contingetatyle (L, here the species array:
matrix of presence-absence of species across $itgs)ibrary ade4 in R, complete
description: see Doledec et al., 1996; for an exanfpibera et al., 2001). The general
significance of the relationship between environtakewariables and species traits was
tested using random permutations test ©99). We also used only species observed in

more than four samples to limit the potentiallypsty effects of rare species.

3. Results

Across 25 highway verge sites, we observed a 66t8b plant species and 123 different
spider species. For spiders, we captured 8 30@ithdils, 7 862 of which were adults

that could be identified to species level. Onlyheigf the 85 plant speciesA.(
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campestre, A. pseudoplatanus, B. pendula, F. excelsior, P. avium, P. padus, P. spinosa,
V. opulus) were identical to those planted in the immediatedighbouring hedgerow in
WT sites and were excluded from most analyses; moteever that including them had

no effect on the following results.

3.1.  Speciesrichness

3.1.1. Influence of planted hedgerows on plant comitres

We observed a significant positive effect of thesence of hedgerows (Table 1) on
plant richness at the local scale (quadrat levet, 125, Scawt = 10.20 £ 0.46 SE;
Socawo = 8.20 + 0.47 SE, o= 5.79, p = 0.026). We also found a negative efééct
distance from crop edge (flo= 5.75, p = 0.026), as well as tendencies for &ffet
adjacent land use (higher richness with temporallpwW, F 20 = 4.15, p = 0.055) and
phosphorous rate (negative ;6= 4.00, p = 0.059) on local plant richness. In castt

no effect of hedgerows or any environmental fastas detected on plant richness at the
site level (n = 25, Qewt = 25.45 * 1.66 SE;sewo= 23.75 + 3.12 SE) and there was no
difference in detection probabilities between thwe ttypes of sites. However, at the
section level (n =11), the estimated plant richrveas 139.16 over all WT sitesysawr,

+ 29.20 SE; detection probability dp = 0.47 £ 123R) vs. 87.51 over all WO sites

(Sypewo, = 19.43 SE; detection probability dp = 0.68 +SB.12).

3.1.2. Influence of planted hedgerows on spiderroanities

We found no effect of the presence of planted hexge on spider richness at the site

level. Spider richness was significantly affected distance to the nearest woodland
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patch (negative effect,1frs= 5.94, p = 0.025), site slope (positive effeat;d= 4.65, p
= 0.044) and plant richness (positive effectad= 6.81, p = 0.018). There was no
difference in detection probabilities between the types of sites. At the section level,
(n = 11), estimated spider richness was 119.3 alleWT sites(Sypewt, £ 19.6 SE;
detection probability dp =0.80 + 0.10 SE) and 14:6r all WO sites (§ewo, £ 27.15

SE; detection probability dp = 0.64 + 0.11 SE).

3.2.  Community composition

3.2.1. Spatial autocorrelation

Using Mantel tests on the full dataset, we fourghificant spatial autocorrelation in
plant communities (p = 0.001), but not in spidemaoaunities (p = 0.066). In contrast,
within types of site, spatial autocorrelation waserved in plants (WT: p = 0.006; WO:
p = 0.001) and spiders (WT: p = 0.007; WO: p = 8)0Bowever, as WO and WT sites
were randomly distributed in space (Fig. 1), autoaation should not interfere with

our main purpose, i.e. to assess the influencedgérows on community composition.

3.2.2. The presence of planted hedgerows influeapemunity composition

Sites with and without planted hedgerows supposigdificantly different plant and
spider communities, as shown by CAP (ANOVA-like mpatation tests: plants:1f =
2.26, p < 0.001, inertia explained by hedgerows¥s &d by distance to the nearest
woodland patch = 4%; spidersi & = 1.90, p = 0.006, inertia explained = 7% and 6%,
respectively). This effect of hedgerows on plard apider community composition was

confirmed by the pCCA analysis (ANOVA-like permudat tests: plants: .= 2.13, p
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< 0.01, inertia explained = 8% and 4% respectivepiders : k2> = 1.81, p < 0.005,
inertia explained = 7% and 5% respectively). Thisthnod also identified species that
seemed preferably associated with WT sites. Fantglahese weré. campestre, B.
pendula, Galium mollugo, Centaurium erythraea, Trifolium repens, and for spiders,
Panamomops sulcifrons, Maso sundevalli, Walckenaera dysderoides, Ceratinella
brevis, and Drassodes cupreus. In contrast, the spider speci€sgenaria picta, Ero

furcata, andPalliduphantes ericaeus, were preferably associated with WO sites.

3.2.3. Nested vs. complementary communities

We found that the plant community observed in W@ssiwas a subset of the plant
community in WT sites (Table 1). WO sites did n&hi®it any private species: we

found 99% of WO sites species in WT sites, so &latvVO species were expected in
WT sites (COMDYN estimator B = 0). The reverse wastrue: WT exhibited several

private species (14%), with only 86% of WT sites@ps also observed in WO sites. In
contrast, spider communities appeared complemenRegpectively 83% (WT) and

77% (WO) of spider species were present in therdiipe of site, so that each type of

sites exhibited private species.

3.3.  Relationship between species attributes and presence of hedgerows

For both plants and spiders, there was a significatationship between species

attributes and environmental variables (Fig. 2; Ria@dtest, p = 0.001 and p = 0.001).

For the two taxa, the presence/absence of plargdgenows was associated with the

first axis, which explained respectively 81% and®36f the total inertia, whereas the
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distance to the nearest woodland patch tended &s$@ciated with axis 2 (respectively
19% and 20% of inertia). In spontaneous plant gge&aunkier type was influenced by
the presence of hedgerows, with Phanerophytes bhath&@ephytes (Rank: P) positively
associated with WT sites (Fig. 2). In contrast, ladeight was not significantly
associated with site type. Finally, species with specific means of dispersal
(barochory, autochory) tended to be more preseWtirsites than in WO sites, whereas
animal-dispersed species (zoochory) were more cammoWO than in WT sites;
wind-dispersed species were not affected by theepiee of hedgerows. In spiders, the
mode of dispersal (ballooning vs. non ballooningswstrongly affected by the presence
of hedgerows: ballooning species were more likeynfl in WO sites, and non-
ballooning species in WT sites. In addition, welidrrs were more common in WT
than in WO sites, and diurnal wandering hunter$\i@ sites. Finally, larger species

tended to be more common in WT sites than in Wéssit

4. Discussion

We addressed the effect of the presence of plamtederows on neighbouring plant
and spider communities of highway verges. We shothed (1) planted hedgerows
were associated with higher species richnessaiteghera-diversity @wo < awr), for

plants, but not for spiders. This was due to the fhat plant communities in sites
without hedgerows (WO) were a subset of communitiestes with hedgerows (WT),
whereas spider communities in WO sites were comghgany to communities in WT

sites. Below, we argue that such differences at@atiable to different ecological
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characteristics of species, which is supportedheydistribution of functional traits, and

derive the consequences in terms of roadside mareage

4.1. The influence of propagule source vs. local conditions on plant and spider

community composition

Following the environmental filter model (Keddy,2, two non-exclusive hypotheses
may explain the effect of hedgerows on communityngosition, depending on
taxonomic group. Hedgerows could either be a sowtedispersers (“source”
hypothesis) or could provide microclimatic condiigothat affect the presence of some

species due to their environmental requirementeéll conditions” hypothesis).

4.1.1. “Source” hypothesis and the effect of heags on plant communities

The dispersal of some species from neighbouringyéreadvs into a suboptimal habitat
(grassland) would affect community composition ime tsuboptimal habitat. This
phenomenon, known as the edge effect, has beemvelisi several taxa: contrasted
adjacent habitats supporting distinct species asteg®s often mix over a few meters
on either side of the interface (see for exampléf@&e and Usher, 1994). For example,
Downie et al. (1996) studying spider community cosipon across a plantation-
pasture ecotone, found that most of the commuid@q of species) was formed by the
overlap of both pasture and plantation speciesoaeting across the interface through
dispersal or foraging processes. Interface-spstigtliecies were present but contributed
less to the interface community content than theemispecies categories (23% of

individuals and 25% of species).
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Under the “source” hypothesis, communities areetoee expected to exhibit
higher species richness in WT vs. WO sites. This tha& case for plant communities
(owo < awt), at the quadrat scale, but not at the site le&abther prediction of the
source hypothesis is that WO communities should bebset of WT communities. This
was true again for plants: in WT sites, we obseryenyate’ species which were not
supported by WO sites, whereas the reverse wasuwtFinally, in the case of a higher
effect of dispersal vs. local conditions on spedcissribution within similar habitats, a
distance effect can be expected independently edgorce/absence of hedgerows. In
plant communities, spatial autocorrelation was actfdetected regardless of the
presence of hedgerows. These three observationergmto suggest that dispersal is a
major driver of community composition in this group

The distribution of plant functional traits is catent with this role of
dispersal. We found that Phanerophytes and Chamgesplvere more represented in
WT sites, corresponding mostly to the occurrenceth@d following speciesA.
campestre, B. pendula, C. scoparius, F. excelsior and P. spinosa. These species
observed in the herbaceous strata most likely matgd from seed-bearer trees that
grow spontaneously within the otherwise plantedgeeow. Thus, hedgerows offer a
sustainable habitat where particular species, andbly woody plants, can grow and
reproduce, whereas such species cannot reach tpatithin WO sites, due to frequent
mowing. The fact that zoochory was more represemeWd/O sites is however not

easily interpreted in this framework.

4.1.2. Local conditions hypothesis and the efféttenlgerows on spider communities
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Microclimatic conditions (influenced, among otheby, the neighbouring hedgerows)
might be responsible for observed community contmrsi especially in spiders. For
example, spider richness within sites was posyigelrrelated with local plant richness;
plant community composition and consequently thehiggcture of habitat are well-
known predictors of spider community compositiong(eBeals, 2006). Moreover,
woody hedgerows are known to provide particularraglimate conditions in their
neighbourhood (Forman and Baudry, 1984) and mottoesl agree that those are a
major factor controlling spider distribution (seeaM et al., 1999). For example,
Downie et al. (1996), examining spider communitynposition, proposed that close to
an interface, the role of vegetation structurews tompared to other factors, including
changes in microclimate. Finally, perennial nonpchabitats are known to be used by
spiders as overwintering sites and refuges (Obeérgl.e2008). Grassland habitats
located next to hedgerows maybe therefore proveteibconditions than sites without
hedgerows for overwintering, with direct conseqsncon spider community
composition. Thus, neighbouring hedgerows may havenvironmental filter effect,
which leads to the selection of species with paldicecological requirements.

Under the ‘local conditions’ hypothesis, we exp#wt sites with and without
planted hedgerows support different species. Tlis the case with spiders: WT and
WO communities were complementary instead of nesteds yielding similar species
richness with or without hedgerows. This implieattiome spider species occurring in
WO sites were absent from planted sites. As thetiypes of sites offered the same
habitat (grassland with similar percentage covet daminance of graminoids), the
observed differences are likely be explained byci$ige microclimatic conditions

created by the neighbouring hedgerows. Finally, rile of hedgerow-induced local
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conditions in spider community composition is aBgported by patterns of spatial
autocorrelation: the dominant impact of neighbogifredgerows on spider community
composition removed spatial autocorrelation pasteaoross all sites, whereas spatial
autocorrelation remained significant within WT aMm® sites.

Despite the significant role of local conditionpider community composition is
also likely affected by dispersal. For example,dspirichness within sites was
negatively correlated with the distance to the estawoodland patch. Such effect of
distance is well known from the theory of islandbdeography (Mac-Arthur and
Wilson, 1967) and consistent with results from otfield studies: spider species
richness in wheat fields has been shown to increafethe proportion of non-crop
habitats in the surrounding landscape (SchmidtTesaharntke, 2005; see also Bianchi
et al., 2006 for other groups).

Although the observed distribution of species betweaite types suggests a
major role of local conditions, trait analyses métl that aerial dispersal capabilities are
an important factor explaining the interaction betw the presence of hedgerows and
spider community composition: species exhibitindldming behaviour were more
represented in WO sites and the reverse was trusfoeballooning species. This result
is comparable to that of Bonte et al. (2004), wiwanid that the distribution of 29 spider
species inhabiting fragmented grey dunes depenaededr aerial dispersal potential, as
well as on the interaction between patch connegtamd area. Ballooning is thought to
be more common in species from unstable and epla¢mabitats (Bonte at al., 2003;
Bell et al., 2005); moreover, high dispersal cali#s are generally dominant in
disturbed habitats (e.g. Nyffeler and Sunderlarfif)32for spiders; Ribera et al., 2001

for beetles), allowing the maintenance of poputaion ephemeral agricultural

22



521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

544

ecosystems (Weyman et al., 1995). We thereforeestgfat the significantly higher
proportion of ballooning species in WO sites may dwee to the absence of a
neighbouring hedgerow, i.e. of a stable habitatcdntrast, species that do not exhibit
this behaviour should be more common in WT sitesabse hedgerow likely provides
more stable conditions, both in terms of managenremtmowing) and microclimatic
variables. Hedgerows would thus be overwinteriniyiges (see also: Pywell et al.,
2005), from which species colonise the surroundiagitats in spring. Sites without
planted hedgerows, which receive a cut, generallgutumn, would be poor refuges
that are partly recolonised from more distant sesino spring. Hence, they support a
higher proportion of species exhibiting large drspé capabilities, i.e. “ballooners”.
Dispersal and local conditions therefore appealrive spider community composition
at different temporal scales.

Finally, note that taxonomic differences in compiosi of spider communities
were also associated with differences in huntingtegies: web-builder were more
represented in WT sites possibly due to the greaetsrogeneity of support provided
by the presence of neighbouring hedgerow and tgkehirichness of plant whereas

diurnal wandering hunter were more abundant in W€ s

4.1.3. Conclusions

Planting generally increased thaliversity of highway verges, via an increase ithbo
taxonomic and functional trai-diversity between sites with and without hedgerows
but this positive effect was different in the twaxa considered. For plants, it was
mostly due to an increase in taxonomialiversity within sites with hedgerows,

whereas for spiders it was related to a directeiase of taxonomig-diversity between
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the two types of sites. Note that this partitiordofersity is likely to vary through time
as well (e.g. due to overwintering dispersal paten spiders), with different temporal
scales in the two taxa, but this was not the fafuke present study. From a theoretical
viewpoint, the fact that the partitioning of divieysbetweena andp diversity differed
between the two taxa is probably due to the diffespatial and temporal scales at
which the heterogeneity of interactions betweeranigms and their environment can
be found (see Loreau 2000). According to LorealDQ20“the challenge now is to
understand the relationship betweenand  diversity at multiple scales, and the
processes that determine it”. In our opinion, conmgathe partitioning of diversity
among several taxa and functional groups at diffespatial scales is therefore a

promising way to explore the processes that coftitetistribution of biodiversity.

4.2. Consequencesfor the management of highway verges

Our findings have direct consequences for the mamagt and conservation of
highway verges in agricultural landscapes, wheretnbdodiversity is aggregated in
more stable non-crop habitats and field edges (Biaet al., 2006). Increasing the
botanical and structural heterogeneity of hedgerdysplanting is likely to have
significant beneficial effects on native flora afadina (Maudsley, 2000). Obviously,
plantation increases species richness both dirdcttyoduction of new species) and
indirectly, by providing particular environmentabraditions within woody hedgerows
and thus contributing to the maintenance of someciep (e.g. woody plants) in

landscapes where they are poorly represented. Butresults suggest that planted
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hedges may also affect community composition oflmelaerbaceous strata, enhancing
both taxonomic and functional traidiversity along highway verges.

In practice, our results highlight the importandeci@ating a mosaic of planted
sites alternating with non planted sites in higkligturbed landscapes. Of course,
“natural” dynamics could yield the same results parabably a greater biodiversity as
demonstrated by Boutin et al. (2002), who comparatliral vs. planted hedgerows.
However, in the case of highway verges, naturalgbemvs would only arise by
recolonisation of the newly created habitats, whitiolves successional dynamics with
intermediate states, and the presence of pionemiespoften considered as weeds. In
the context of intensive agricultural landscapegrehfarmers wish to limit weeds in
field boundaries as much as possible, plantingtad@ng highways verges appears as a
compromise between biodiversity conservation artdrapogenic pressures. The issues
of the identity of planted species (which are ulsuakotic species), of management of
hedgerows (Croxton et al., 2004) and of their sphatirangement along highway verges
(to provide effective corridors) remain to be addexl. Given the urge to conserve
biodiversity, especially in the context of climathange, road practitioners should
consider plantation not only for esthetical reasbusalso as a possibility to increase

the role of verges as a refuge and, consequeatigscape connectivity.
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781 Tablel- Changes in species composition in the herbacdmta ®f highway verges in
782 sites without planted hedgerows (WO) vs. sites wiimted hedgerows (WT).

783

784 Fig. 1- Location of the 25 study sites.

785

786 Fig. 2 - RLQ analysis ordination biplot illustrating relatghips among environmental
787 parameters and plant species attributes (A) artésppecies attributes (B).
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Table 1 - Change in species composition in the herbacstata of highway verges in

sites without planted hedgerows (WO) vs. sites pigimted hedgerows (WT).

® Y
Plants 0.86 +0.11 0.99 +0.10
Spiders 0.77 +£0.09 0.83 +0.08

® is the proportion of WT sites species still preasaniVO sites and is the proportion

of WO sites species still present in WT sites.
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795 Fig. 1- Location of the 25 study sites.
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810 A: sites without hedgerows (WO), O: sites with ptghhedgerows (WT); line: All
811 highway; grey patches: woodland patches withirDQ@m radius buffer.
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Fig. 2 - RLQ analysis ordination biplot illustrating retanships between environmental

parameters and plant species attributes (A) ardksppecies attributes (B).
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The analysis IS based on presence/apsence Of Spetie known attributes that were
observed in more than four samples (46 plant spexid 56 spider species).

1) Environmental parameters. WT: sites with planted hedgerows, WO: sites witho
hedgerows; dist: distance to the distance to tlaeesé woodland patch. PJant traits
(A). rank: raunkier type: H: Hemicryptophytes and Geoph (28 species), P:
Phanerophytes and Chamaephytes (6), T: Theropli¥®s heigh: maximum adult
height: S: small (0 to 45 cm: 9), M: medium (46L&0O cm: 19), H: high (100 and more:
18); seed: Seed dispersal: A : anemochory (30hdochory and autochory (9), Z:
zoochory (7). 2)Spider traits (B). ballo: ballooning behaviour: Y: Yes (30), N: No
(26); size; hunt: hunting strategies: W: diurnahdering (18); N: nocturnal wandering
(10); W: web-builders (21); A: ambush hunters (7).
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