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ABSTRACT

Hypothetical low-quality habitats can hold anoverlooked conservation value. Some frugivorous mam-

malssuchastheredfox(

Vulpesvulpes )and the Europeanrabbit(  Oryctolagus cuniculus )dispersemany

viable seeds of fleshy-fruited shrubs along the verges of soft linear developments (SLD), such as trails
andfirebreaks.However,seedarrivaldoesnotguaranteeplantrecruitment,sinceseveral post-dispersal
processes canalter seed rain. To examine whether SLD verges assist shrub recruitment and establish-
ment, we compared the density and the structure of a community of Mediterranean shrubs between

{,f?l/:g;;iﬁon SLDvergesandtheadjacentscrubland.

Conservation Bothseedlingsandadultfleshy-fruitedshrubsdispersedbyfoxesandrabbitsreachedhigherdensities
Corridors alongSLDvergesthaninthescrubland,suggestingSLDvergescanbesuitablehabitatsforshrubrecruit-
Hedgerows mentand establishment.Bird-dispersed shrubsshowedasimilar pattern, whereasshrubsdispersed by
Reforestation ungulatesandbadgers( Melesmeles )aswellasrockroses(  Cistaceae)showedsimilardensitiesinbothhab-
Steppingstones itats.Shrubspeciescompositionanddiversity weresimilarbetweenhabitats.

Duetoamarkeddifferentialseedarrival,SLD verges housed higherdensities offleshy-fruited shrubs
thantheadjacentscrubland.Established shrubsmayattractseed-dispersingwildlife,and create proper
environments for plant recruitment, generating a reforestation feedback. Incipient shrub populations
alongroadsidesmayactassteppingstoneswithpotentialtoconnectisolatedpopulationsinfragmented
landscapes,whereSLDarepervasive.Werecommend carefulmanagementoffrugivore populationsand
SLDvergesinordertofavorthediversityand thestructuralcomplexity of nativevegetation while pre-
ventingthespreadofinvasivespecies.

1.Introduction

Plantsaresessileorganismsthatrelyonpollenandseedvectors
fordispersal.Thespatialdistributionofseeds(i.e.seedrain)influ-
ences the spatial and genetic structures of plant populations and
communities,andalsodeterminesplantcolonizationability(Howe
and Miriti, 2000; Nathan and Muller-Landau, 2000; Wang and
Smith,2002).Seedrainoftendependsontheinteractionbetween
seedvectorsandlandscapestructure(Damschenetal.,2008).For
example, wind-dispersed species will be further dispersed in
open-windy compared to dense-windless habitats (Bacles et al.,
2006). Moreover, the presence of certain features (e.g. a forest
edge) can promote seed accumulation associated with them
(Nathan and Katul, 2005). In the case of endozoochores (plants
whose seeds are dispersed in animal interiors), the preferential
use of certain structures or habitats by frugivores can also result
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instrongseedclustering.Forexample,birdsand monkeysdeposit
mostseedstheyingestunderneathperches,roostsandnests(Har-
vey,2000; HerreraandGarcia,2009; Russoetal.,2006;Shielsand
Walker,2003).

However, seed arrival does not guarantee plant recruitment
(Gémez-Aparicio, 2008; Hampe et al, 2008). Whether seed
dispersal foci such as isolated trees (Herrera and Garcia, 2009),
windbreaks (Harvey, 2000), perches (Shiels and Walker, 2003)
and resting sites (Russo et al., 2006) lead to plant recruitment
and establishment (Wenny, 2001) or, conversely, they become
propagule sinks (Hille Ris Lambers and Clark, 2003; Spiegel and
Nathan, 2010), has paramount importance for plant diversity
(Ozinga et al., 2009), population dynamics (Howe and Miriti,
2000) and ecosystem functioning (Isbell et al., 2011). Wherever
seed concentration actually leads to enhanced recruitment, dis-
persal focibecome hotspots of plant colonization (Wenny,2001),
withahugepotentialforimprovingreforestationsuccess(Breder-
veldetal.,2011)and plant diversity conservation (Ozingaetal.,
2009).In particular, pervasive natural orhuman-made structures
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thatreceiveseedsandalsofacilitate plantrecruitmentandestab-
lishmentshouldbecarefully consideredinreforestationand con-
servationprogramsworldwide.

Identifyingsuccessfulplacesforplantrestorationrequiresade-
tailedevaluationofseedarrivalandseedlingrecruitment(Hampe,
2011;Sagnardetal.,2007).Forexample,somestudieshavefound
thatexperimentallinearclearingsofforestcanenhancebird-med-
iatedseeddispersal(Leveyetal.,2005;Tewksburyetal.,2002)and
thatthisseedcorridoreffectimprovesconnectivity,whichinturn
promotes plantdiversity atdifferentscales(Damschenand Brud-
vig,2012;Damschenetal.,2006).Inthesameline,arecentstudy
inSWSpain(Sudrez-Estebanetal.,2013)hassuggestedthatperva-
sive human-made structures devoid of vegetation, such as trails
and firebreaks (called “softlinear developments”; hereafter SLD),
canactasseedreceptorsfornativefleshy-fruitedshrubs,especially
forthosedispersedbyrabbits(  Oryctolaguscuniculus )Jandredfoxes
(Vulpes vulpes ), which positively select SLD verges for defecation
(Suarez-Estebanetal.,2013). However, whether such dispropor-
tionate seed arrival along SLD leads to an enhanced local woody
speciesrecruitmentand establishmentis unknown forany study
system.

AlthoughSLDcanreceiveaconsiderableamountofanimal-dis-
persed seeds, they could also represent an ecological trap ( sensu
Schlaepferetal.,2002)ifmostofthoseseedsfailtoestablish.Seed
accumulation can lead to increased density-dependent mortality
(Spiegeland Nathan,2010),eitherattheseed(e.g. post-dispersal
seedpredation;Hulme,1997)orattheseedlingstage(e.g.herbiv-
ory,nutrient competition, water stress, trampling; Hille Ris Lam-
bers and Clark, 2003). Therefore, assessing whether pervasive
structuressuchasSLDvergesarenotonly seed dispersalfocibut
alsosuitablehabitatsforwoodyplantrecruitmentcouldbecritical
to understand the dynamics of natural shrub regeneration and
plantdiversityinhuman-dominatedlandscapes.

In this study, we quantified for the first time the density and
diversityofalargecommunityofMediterraneanshrubscomposed
ofbothdry-fruitrockroses( Cistaceae)andfleshy-fruited shrubsin
relation to SLD. Whereas there are noreasons to think that seed
rain of rockroses should be modified by the presence of SLD, an
earlierstudyindicated thatthe seedrainoffleshy-fruited species
varied inrelation to SLD, as a consequence of the fecal marking
behavior of their main dispersal vectors (Suarez-Esteban et al.,
2013).Consideringtheimportanceofseedraininshapingspatial
patterns of plant recruitment (Howe and Miriti, 2000), we ex-
pected to find a concordance between shrub densities and the
mainhabitatusedfordefecationbytheirmainseeddispersalvec-
tors.Thisis:(1)higherdensitiesoffleshy-fruitedshrubsdispersed
by rabbits and foxes (which defecated mainly along SLD verges;
Suarez-Estebanetal.,2013)along SLD verges than in the scrub-
land.Contrary,weexpectedtofind(2)theoppositepatternforfle-
shy-fruited shrubs dispersed by ungulates and badgers (  Meles
meles; which defecated mainly in the scrubland; Suarez-Esteban
etal.,2013),and (3) similar rockrose densities along SLD verges
and the scrubland, given their lack of specific dispersal mecha-
nisms(BastidaandTalavera,2002).

Becausepost-dispersal processes(i.e.seed predation,droughts,
herbivory,etc.)couldaltertheseedtemplate(Fedrianietal.,2012;
Gomez-Aparicio, 2008), we also expected (4) a stronger concor-
dance between seed rain and the density of seedlings of fleshy-
fruited shrubs than regarding saplings and adult shrubs. Finally,
given that fleshy-fruited shrub seed rain varied in intensity but
notin species diversity in relation to SLD (Suarez-Estebanet al.,
2013),weexpected(5)nodifferencesinthediversityofneitherfle-
shy-fruited shrubs nor rockroses between SLD verges and the
scrubland.

Thisstudy provides evidenceand abasis forassessing the po-
tential of SLD torecruitnative shrubs,as well as the influence of

suchpervasivelandscapefeaturesonplantcolonizationandestab-
lishmentspatial patterns.

2.Materialandmethods
2.1.Study areaandspecies

Thequantificationofshrubabundanceanddiversitywascarried
outduringthespring(March-April)of201 lintheDofianaNational
Park(SWSpain;37 °9'N,6 °26'W;510km ?;elevation0-80m).This
area contains several ecosystems (e.g., marshland, scrubland,
dunes) and a vast (over 2000km) SLD system composed of dirt
tracks(62.5%)andfirebreaks(35.5%).TheDofiana’sscrublandhar-
borsadiverseandspatiallyvariablecommunityofnativeMediter-
ranean shrubs. To encompass most shrub species present in the
area, we chose the same three sites sampled by (Suarez-Esteban
etal.,2013), which are separated from each other by 2.5-14km
and are called “Reserva”, “Rocina” and “Matasgordas”. “Reserva”
is covered by pine woods and a dense Mediterranean scrubland
dominated by dry-fruit rockroses (Cistaceae), such as Cistus
libanotis, Halimium calicinum , Halimium halimifolium , and gorses
(Stauracanthus spp.).Ithasalsoarelativehighpresenceoffleshy-
fruitedspeciessuchas Juniperusphoenicea subsp. turbinata, Philly-
rea angustifolia and Rubus ulmifolius (overall density is
0.14%0.03shrub/m 2;meanSE).“Rocina”isariparianwoodland
zone surrounded by Mediterranean scrubland and croplands. The
scrublandareacomprisesscattered Pinuspinea withadenseunder-
storyof Cytisusgrandiflorus, H.halimifolium ,and Stauracanthus spp.
Fleshy-fruitedplantssuchas Asparagus spp., Oleaeuropaea var. syl-
vestris, Osyrisalba ,and R.ulmifolius arepresentbutscarce(overall
density 0.07+0.02shrub/m  2). “Matasgordas” is characterized by
anopenMediterraneanwoodlanddominatedbyscattered  Fraxinus
angustifolia, Quercussuber ,withpatchesofrockrosessuchas  Cistus
salvifolius and H.halimifolium withavariableextension,andadi-
verseanddensecommunityoffleshy-fruited plantssuchas Cham-
aerops humilis , Daphne gnidium , Myrtus communis , P. angustifolia ,
Pistacia lentiscus , Pyrus bourgaeana, Rhamnus oleoides and Rubia
spp.(overalldensity0.42+0.08shrub/m  2;forfurtherdetailscon-
cerningthestudyareasee(Suarez-Estebanetal.,2013).

InDofianamostofthesefleshy-fruitedspeciesflowerduringla-
terwinterandspring(February-May)and producedrupes(e.g., P.
lentiscus, R.ulmifolius )orberries(e.g., M.communis )thatripendur-
ing August-December (Fedriani and Delibes, 2009a; Jordano,
1984).Dependingonthespecies,eachfruitcontainsgenerallyfrom
onetoeightseeds,though R.ulmifolius fruitscancontainmorethan
20seeds(Jordano,1995).Theyare mainlydispersed bybirdsand
mammals (Fedriani and Delibes, 2009b, 2011; Jordano, 1984).
Rockroses flowerin April-June and their seed release mechanism
consistsbasicallyinthedehiscenceandfragmentationofthecap-
sules containing many small seeds (Bastida and Talavera, 2002).
Thoughthese plantshave nolong-distancedispersal adaptations,
theyhaveconsiderablecolonizationability,especiallyindisturbed
and burned habitats (Guzman and Vargas, 2009). They are occa-
sionallydispersedbyungulates(MaloandSuarez,1996).

Suarez-Estebanetal.(2013)foundthattheseedrainoffleshy-
fruited shrubs varied nearand away from SLD, depending on the
fecalmarkingbehavioroftheirmaindispersalvectors.Specifically,
79.49%( N =13,066)of J.phoenicea, P.angustifolia and R.ulmifolius
seedswasdispersedalongSLDverges,mostlybytheEuropeanrab-
bitandtheredfox.Contrary,88.91%(  N=451)of Asparagus spp., C.
humilis and P.lentiscus seedswasdispersedinthescrubland(away
fromSLD),mostlybytheEurasianbadger,thereddeer Cervusela-
phus,thefallowdeer Damadama andthewildboar Susscrofa (boar
and both deer species will be subsequently referred to as
“ungulates”).



2.2.Samplingdesign

Ineachofourthreestudysites,wesetuptwo500mtransects
alongSLDvergesandtwoparalleltransectsofthesamelengthlo-
cated60mawayfromSLD,inthescrubland.Alongeachtransectin
MatasgordasandReserva,wesampledfifteen(12m
equidistantly (around 27m apart), where we counted all fleshy-
fruitedshrubsaswellasallrockroses(i.e.
spp.).IntheRocinasite,weproceededinthesamewayexceptthat
wesurveyeddouble-sizedplots(24m  2)tooffsetthelocallowden-
sities of fleshy-fruited shrubs. We controlled for plot size in all
analysestoenablemeaningfulamong-sitescomparisons.

Weclassifiedfleshy-fruited shrubspeciesintothreefunctional
groupsaccordingtotheirmaindispersalvectorsinourstudysites
(Table1):(1)specieswhoseseedsare mostly dispersed by rabbit
andfox,(2)specieswhoseseedsaremostlydispersedbyungulates
andbadger,and(3)speciesthatinDofianaaremostlydispersedby
birds(accordingto(Jordano1984,1995).Rockroseswereusedas
control species because they have not any dispersal mechanism
(BastidaandTalavera,2002).

Furthermore, we measured the height,and the maximumand
minimumdiameter(theirproductestimatesthevolumeoccupied
byeachindividual)ofeveryfleshy-fruited shrubwithin the sam-
pling plots. Shrubs were then classified into three size classes:
seedlings(plantswithcotyledonsand/orwithavolumelowerthan
100cm 3),adults(plantswithflowers,fruitsortheirremainsand/or
withavolumehigherthan8.5m  3),andsaplings(plantsoutsidethe
othercategories).Duetologisticlimitations,rockrosescouldnotbe
measuredandthuswereexcludedfromsomeanalyses(seebelow).

2.3.Statisticalanalyses

Toassesswhetherrecruitmentandestablishmentinrelationto
SLDvariedaccordingtoshrubdispersalvector,wedeterminedthe
combinedinfluenceofhabitat(SLDverges
persalvectorsinthedensityofbothfleshy-fruitedshrubsandrock-
roses.Weusedthenumberofshrubsfoundperplot(standardized
by usingthe plotareaasoffsetvariable)astheresponsevariable
withhabitat,dispersalvectorandtheirinteractionasfixedfactors
in a generalized linear mixed model (GLMM) with negative
binomial distribution (which was more appropriate than Poisson

Table1
Mean (SE)density of each shrub taxa per plot (12m
references provided below-isshown.

2)plotsplaced

Halimium spp.and Cistus

vs.scrubland)anddis-

distribution for our zero-inflated count data; Quinn and Keough,
2002)andlog-link function(by meansof SAS9.2 glimmix proce-
dure; Littelletal.,2006).

WealsoevaluatedtheeffectofSLDonthesizestructureofthe
threefunctionalgroupsoffleshy-fruitedshrubs.Todoso,wefitted
aGLMMwithnegativebinomialdistributionandlog-linkfunction
withthenumberoffleshy-fruitedshrubsfoundperplot(standard-
izedby plotareaasabove)astheresponsevariable,and habitat,
dispersalvector,sizeclassandtheirsecond-andthird-orderinter-
actionsasfixedfactors.

Inourmixedmodels,siteandplot(nestedwithinsite)werein-
cludedasrandomfactorstocontrolforenvironmentalheterogene-
ity. For interactions, we tested the effect of one factor on the
differentlevelsofthe otherfactor(“testsofsimple maineffects”)
using the SLICE option in the LSMEANS statement (Littell et al.,
2006).Adjustedmeansandstandarderrorswere calculated using
theLSMEANSstatement,whichestimatesthemarginalmeansover
abalanced population.

Tocharacterize shrubcommunity structureinrelationtoSLD,
we built two matrices (one for fleshy-fruited shrubs and one for
rockroses)withthenumberofshrubsfound perplotofeachspe-
ciesconsideringallsizeclasseswithineachhabitat. Weevaluated
thesimilaritiesintheplantcommunitybetweenthehabitatsusing
theADONISprocedure(permutationalmultivariateanalysisofvar-
iance using distance matrices) in the VEGAN package (Oksanen
etal., 2012). It was performed in R.2.15.0 (R development core
team,2012)with9999permutationsandthepairwiseBray-Curtis
approximation(BrayandCurtis,1957).Inthefleshy-fruited shrub
matrixweremovedthreeplotsfromtheanalysisduetoabsenceof
anyshrubspecies. ADONISreportsa  P-valueestimatedbyrepeated
permutationsofthedata(Oksanenetal.,2012)thatindicates po-
tential differencesinshrub species compositionanddiversity be-
tweenhabitats.

3.Results

3.1.Influenceofdispersalvectorsonshrubdensity and community
structureinrelationtoSLD

We found fleshy-fruited shrubs and rockroses in 49.4% and
93.89% of the sampled plots (  n =180), respectively. Overall, we

2)along SLD verges and 60m away in the scrubland. The major dispersal vector of each taxa - selected based on the

Plants SLDverges Scrubland Dispersalvector References
Fleshy-fruitedshrubs

Asparagus spp. 0.32+0.09 0.67+0.30 Ungulate Sudrez-Estebanetal.(2013)
Pistacialentiscus 0.231+0.11 0.20+0.06 Ungulate Sudarez-Estebanetal.(2013)
Myrtuscommunis 0.03£0.02 0.18+0.12 Ungulate Suarez-Estebanetal.(2013)
Chamaerops humilis 0.17+0.07 0.36+0.18 Badger Sudrez-Estebanetal.(2013),FedrianiandDelibes(2011)
Pyrusbourgaeana 0.10+0.09 0.08+0.06 Badger Sudarez-Estebanetal.(2013),Fedrianiand Delibes(2009b)
Rubia spp. 1.01+0.46 0.27+0.25 Birds Jordano(1984,1995)
Osyrisalba 0.44+0.32 0.33+0.23 Birds Jordano(1984,1995)
Rhamnusoleoides 0.30+0.10 0.29+0.09 Birds Jordano(1984,1995)
Daphnegnidium 0.27+0.10 0.11+0.06 Birds Jordano(1984,1995)
Oleaeuropaeasylvestris 0.02+0.02 0.02+0.02 Birds Jordano(1984,1995)
Tamuscommunis 0.01£0.01 0.00+0.00 Birds Jordano(1984,1995)
Juniperusphoeniceaturbinata 0.60+0.19 0.13+0.07 Rabbit/Fox Suarez-Estebanetal.(2013)
Phillyreaangustifolia 0.87+0.36 0.43+0.18 Rabbit Suarez-Estebanetal.(2013)
Rubusulmifolius 0.08+0.05 0.010.01 Fox Sudrez-Estebanetal.(2013)
Rockroses

Halimiumhalimifolium 10.14+1.33 9.79+1.13 None BastidaandTalavera(2002)
Halimiumcalicinum 3.18+0.59 3.44+0.47 None BastidaandTalavera(2002)
Cistussalvifolius 0.90+0.37 0.87+0.27 None BastidaandTalavera(2002)
Cistuslibanotis 0.29+0.10 1.924£0.47 None BastidaandTalavera(2002)
Cistuscrispus 0.07+0.04 0.00+0.00 None BastidaandTalavera(2002)
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located 678 fleshy-fruited shrubs belonging to 14 species (Table 1),
with 59.14% and 40.86% of individuals found within SLD and scrub-
land plots, respectively. Rockroses were more abundant but less di-
verse than fleshy-fruited shrubs. Overall, we found 2754
individuals belonging to only five rockrose species (Table 1), with
47.64% located within SLD plots and 52.36% within scrubland plots.

As predicted, the dispersal vector affected the distribution of
shrubs in relation to SLD (interaction Habitat*Dispersal vector;
F3623=4.70; P<0.01). Whereas the density of rockroses and ungu-
late/badger-dispersed fleshy-fruited shrubs was similar between
habitats, rabbit/fox- and bird-dispersed species reached 2.7 and
2.0 times higher densities along SLD verges, respectively (Fig. 1).

As we expected, matrix analyses performed with the ADONIS
procedure showed that the community structure (species compo-
sition and diversity) of both fleshy-fruited shrubs (F;s¢=1.66;
P=0.09) and rockroses (F; 59 = 1.94; P=0.11) did not significantly
differ between SLD verges and the scrubland.

3.2. Size distribution of fleshy-fruited functional groups in relation to
SLD

Considering seedling, saplings and adults altogether, the overall
density of fleshy-fruited shrubs was 2.2 times greater along SLD
verges than in the scrubland (F; 1513 = 15.13; P<0.001). However,
the relative density of each size class varied between habitats
(interaction Habitat*Size class; F» 1513 = 3.73; P < 0.05). The density
of seedlings and adults was 5.2 (test of slices; F;1513=11.02;
P<0.001) and 1.7 (Fy1513=3.59; P=0.058) times higher along
SLD verges than in the scrubland, respectively, whereas the density
of saplings was very similar between both habitats (F; 1513 = 0.90;
P=0.342; Fig. 2).

Nonetheless, while the density of saplings was similar between
habitats for every plant functional group (Fig. 2), the differences in
the density of seedlings and adults between habitats varied among
different plant functional groups. Regarding bird-dispersed spe-
cies, we found 29.9 times greater seedling density along SLD verges
as compared with the scrubland, and a similar density of adult
shrubs in both habitats (Fig. 2A). In the case of rabbit/fox-dispersed
species, we found 3.2 times and 4.2 times greater seedling and
adult densities along SLD verges than in the scrubland, respectively
(Fig. 2B). Despite the lack of significant differences for some size
classes, the trend of shrub densities was positively related with
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Fig. 1. Differences in the adjusted mean density (+SE) of rockroses and fleshy-
fruited shrubs between habitats. Whereas the density of rockroses and ungulate/
badger-dispersed fleshy-fruited shrubs did not differ between habitats, the density
of both bird- and rabbit/fox-dispersed fleshy-fruited shrubs were higher along SLD
than in the scrubland. P-values of the corresponding test of slices are shown,
indicating whether the differences between habitats were significant (n.s., non-
significant; “P < 0.05, *P < 0.01).
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Fig. 2. Differences in the mean density (+SE) of shrub size classes between habitats
in the three functional groups of fleshy-fruited shrubs (bird-dispersed, above;
rabbit/fox-dispersed, middle; ungulate/badger, below). P-values of the differences
of least square means are shown, indicating whether the differences between
habitats were significant in each case (n.s., non-significant; **P<0.01; ***
P <0.0001). Interestingly, rabbit/fox-dispersed fleshy-fruited species appeared in
higher densities along SLD verges than in the scrubland either at seedling or adult
stage. Thus the presence of SLD is likely promoting their recruitment and
establishment.

SLD in both plant functional groups (Fig. 2A and B). However, the
absence of differences between habitats in the density of ungu-
late/badger-dispersed species was consistent for all size classes
(Fig. 2C).

4. Discussion

Although seed arrival does not guarantee plant recruitment and
establishment, it seems to play an important role in determining



shrub recruitmentinrelation to SLD in the Doflana area. As ex-
pected based on the observed seed rain (Suarez-Esteban et al.,
2013), rabbit/fox-dispersed fleshy-fruited shrubs reached greater
densitiesalongSLDvergesthanintheadjacentscrubland,whereas
rockrosesshowedsimilardensitiesinbothhabitats.Theseresults
add support to the hypothesis that plant community responses
tohabitatstructurearestronglyinfluencedbyseeddispersalvec-
tors, corroborating evidence from other studies (Damschenetal.,
2008;Higginsetal.,2003).

Unexpectedly, we found also higher densities bird-dispersed
species along SLD verges than in the scrubland. We suspect this
isprobablyrelatedtoamoreintensiveseedraingeneratedbyfru-
givorous birds selecting as perches fleshy-fruited shrubs already
established along SLD verges, which provide birds with shelter
and food resources (Hinsley and Bellamy, 2000). A similar seed
receptionofbird-dispersedspecieshasbeendocumentedinother
linear plant formations such as windbreaks (Harvey, 2000) and
hedgerows (Pulido-Santacruz and Renjifo,2011). Contrary to our
prediction, ungulate/badger-dispersed shrub densities were simi-
larbetweenhabitats,perhapsbecausebadgeroccursinlowdensi-
ties (Fedriani and Delibes, 2009b) and ungulates disperse few
viableseedsoflocalfleshy-fruitedshrubs(Pereaetal.,2013;Sudr-
ez-Estebanetal.,2013).

Because mammalian and avian frugivores disperse different
shrubspecies,they probably have acomplementary and synergic
effect on plant recruitment and establishment along SLD verges
rather than being functionally redundant (Loiselle et al., 2007).
Furthermore, different species within the local mammal commu-
nity disperse seeds of different shrubs into different habitats
(Fedriani et al., 2010; Perea et al., 2013; Suarez-Esteban et al.,
2013),promotingplantspatialheterogeneity.Therefore,themain-
tenance of diverse communities of frugivores is necessary to en-
sure plantdiversity conservation (McConkey etal.,2012; Ozinga
etal.,2009)andecosystemresilience(Loiselleetal.,2007),espe-
cially in fragmented landscapes where long-distance dispersal of
plantsreliesonseedratherthanonpollenmovement(Damschen
etal.,2008).

The greater density of seedlings found along SLD verges sug-
geststhatthesestructurescanbesuitableplacesforshrubrecruit-
ment. However, the overall density of saplings suggests that the
proportionofseedlingsthatreachedthesaplingstagewasgreater
inthescrubland(Fig.2).Thiscanbedueeithertoalowerseedling
conspicuousnessforherbivoresinthescrublandortohigherseed-
lingmortality(mainlydrivenbyherbivory,competitionandwater
stress during the Mediterranean summer; Kitajima and Fenner,
2005;Tormoetal.,2006),alongSLDverges.Forexample,theposi-
tive selection of SLD by rabbits (Suarez-Estebanetal.,2013)can
lead to higher local herbivory pressure on seedlings and thereby
highermortality.Indeed,Rostetal.(2012)foundthatrabbitspre-
date large amounts of Mediterranean hackberry (
seedlingsinhabitatssimilartoourstudysites.

Ontheotherhand,consideringthedensityofadultplants,the
proportionof saplings thatreached the adult stage seemed tobe
higheralongSLDverges.Thatcouldbeduetoastrongerherbivory
pressureonsaplingsbylargeherbivoressuchasdeer,whichavoid
SLD (Suarez-Esteban et al., 2013). This hypothesis is consistent
with the results of (Cadenasso and Pickett, 2000), showing that
meadowvoles( Microtuspennsylvanicus )predate greateramounts
of seedlings along forest edges than in forest interiors, whereas
white-tailed deer ( Odoleicus virginianus ) feed mainly on saplings
withinthe forest.Therelativeimportance ofseedlingand sapling
predatorsis knowntodifferamong communities and microhabi-
tats (Kitajima and Fenner, 2005). Thus, beyond seed arrival, the
suitabilityofSLDvergesasrecruitmentandestablishmenthabitats
willdependalsoontheidentityandtheabundanceofherbivores,
andtheirresponsetoSLD.

Celtis australis )

Asexpected,wefoundnodifferencesinthe community struc-
ture of both fleshy-fruited species and rockroses between SLD
vergesandtheadjacentscrubland.Thisislikelybecauserockroses
lackof'special dispersalmechanisms, and frugivoresvisitall kind
ofhabitatswithsomeregularityandthusallofthemreceivesome
seedsofeveryfleshy-fruitedshrubspecies.Suchsimilarityinspe-
cies composition and diversity suggest that SLD verges recruit a
species pool equivalent to that found in the scrubland, contrary
to the patterns detected both along some paved roads (Arévalo
etal.,2010)andforestedges(Harperetal.,2005).

Giventhehigherdensityandcomparablespeciesdiversityoffle-
shy-fruited shrubsalong SLD vergesas compared withthe scrub-
land, SLD verges (usually considered to be marginal, low-quality
habitats)couldyieldpoorlyunderstoodconservationbenefits.Fur-
thermore,thepervasivenessofSLDinalmosteveryterrestrialeco-

system gives our findings potentially wide and important

applicabilityinvegetationrestorationandconservationprograms.
4.1.Implicationsforplantconservationandlandscapemanagement

Planting narrow tree strips is a proper method to favor the
maintenance of plantdiversity in fragmented landscapes, as well
astocontrol erosion and to soften local microclimate conditions
(e.g. wind, temperature, humidity; Harvey, 2000). Conserving
highlymobilefrugivoresthatpositivelyselectedSLDvergesforfe-
cal marking (such as rabbits and foxes), and by promoting the
growth of native plant recruits, stakeholders can reforest SLD
verges without any cost, creating natural hedgerows (i.e. shrub
strips). Hedgerows will likely attract seed-dispersing wildlife
(HinsleyandBellamy,2000;]JohnsonandAdkisson,1985)andcre-
atefavorablemicroclimateconditionsfortheestablishmentofnew
recruits (Harvey, 2000), which boost both seed arrival and plant
recruitment (Pulido-Santacruz and Renjifo, 2011), leading to a
reforestationfeedback.

ShrubsthatcolonizeSLDvergescanspreadtoadjacenthabitats,
especiallythosespeciesdispersedbyhighlymobileanimalvectors
(Brudvigetal.,2009).Infarmlands,such*spillover”effectofplants
establishedalongSLDhedgerows,whichoftenactasreservoirsand
corridors for native plants (Freemark et al., 2002; Wehling and
Diekmann, 2009), can accelerate the reforestation of abandoned
fields by native species, probably hindering the colonization suc-
cess of exotics (Standish et al., 2008). This could be particularly
importantinsouthernEurope,consideringthehighratesoffarm-
land abandonment and consequent risk of exotic plant invasion
(Lenda et al., 2012). Furthermore, the diversity of plants in SLD
hedgerows may offer habitat and resources for beneficial insects
(Mwangi et al., 2012), bats (Fuentes-Montemayor et al., 2011)
andbirds(HinsleyandBellamy,2000)thatinturnprovideecosys-
temservicessuchaspollination(Blakeetal.,2012)and pestcon-
trol(Boylesetal.,2011)inagriculturallands.

In human-dominated landscapes, habitat patches are usually
separated by longdistances, so plants may be unable todisperse
betweenthem,requiringestablishment,growthandreproduction
within intermediate habitats (Damschen et al., 2008). Given the
high density of reproductive fleshy-fruited shrubs found along
SLD verges (especially those dispersed by rabbits and foxes), we
believe these structures can act as effective corridors for fleshy-
fruitedshrubs,servingbothasmovementconduitsandasstepping
stone habitats for the establishment of new plant populations.In
thelong term, suchintermediate populations can connect other-
wise isolated fragments, even boosting the migration of fleshy-
fruited plants vulnerable to climate change (Hampe, 2011; Jump
andPefiuelas,2005).Thatwillimprovegeneflowandmetapopula-
tion dynamics (Leidner and Haddad, 2011), benefiting plant
diversity at large scales, such as documented for linear, narrow
clear-cuts(DamschenandBrudvig,2012; Damschenetal.,2006).



Totakeadvantageofallthedescribed potentialbenefitsof SLD
verges holding shrubs, which certainly deserve further research
(Haddad and Tewksbury, 2005; Riesetal.,2001), these stripes of
habitat must be cautiously managed. Traditional roadside and
hedgerow management practices, including periodical mowing
and the use of herbicides, are highly unadvisable (Avon et al.,
2013).Inordertoincrease shrubabundance, diversity and struc-
tural complexity along SLD verges, we suggest selectively remov-
ing undesirable species and to cut only potentially dangerous
branches/shrubs rather than using destructive and unselective
methodsthatremoveanyshrubbycover.

This is the first study documenting the potential role of SLD
verges as pervasive hotspots not only for the reception of seeds,
butalsofortherecruitmentandtheestablishmentofmanyMedi-
terraneanfleshy-fruitedshrubs.AlthoughSLDvergesoccurinhigh
densitiesworldwide and hold a high potential as plant conserva-
tion habitats, the extension of these results to larger scales and
ecosystemsarecomplicatedbylackofdataandmustproceedwith
caution.Beyondseeddispersal,processesinfluencingthedynamics
of shrub colonization (e.g. germination, seedling emergence and
survival, growth) along SLD verges remain largely unexplored.
Long-term comprehensive studies are therefore necessary to
understandSLDeffectsoneachstepoftheplantlifecycle,helping
ustoclosetheseeddispersalloop(WangandSmith,2002)inhu-
man-dominated ecosystems. Such essential information would
bring stakeholders the opportunity to design and manage SLD
moreefficientlywheneverplantconservationandlandscapefores-
tationeffortsarenecessary.
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