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Hypothetical low-quality habitats can hold an overlooked conservation value. Some frugivorous mam-
mals such as the red fox ( Vulpes vulpes ) and the European rabbit ( Oryctolagus cuniculus ) disperse many
viable seeds of fleshy-fruited shrubs along the verges of soft linear developments (SLD), such as trails
and firebreaks. However, seed arrival does not guarantee plant recruitment, since several post-dispersal
processes can alter 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
SLD verges and the adjacent scrubland.

Both seedlings and adult fleshy-fruited shrubs dispersed by foxes and rabbits reached higher densities
along SLD verges than in the scrubland, suggesting SLD verges can be suitable habitats for shrub recruit-
ment and establishment. Bird-dispersed shrubs showed a similar pattern, whereas shrubs dispersed by
ungulates and badgers ( Meles meles ) as well as rockroses ( Cistaceae) showed similar densities in both hab-
itats. Shrub species composition and diversity were similar between habitats.

Due to a marked differential seed arrival, SLD verges housed higher densities of fleshy-fruited shrubs
than the adjacent scrubland. Established shrubs may attract seed-dispersing wildlife, and create proper
environments for plant recruitment, generating a reforestation feedback. Incipient shrub populations
along roadsides may act as stepping stones with potential to connect isolated populations in fragmented
landscapes, where SLD are pervasive. We recommend careful management of frugivore populations and
SLD verges in order to favor the diversity and the structural complexity of native vegetation while pre-
venting the spread of invasive species.
1. Introduction

Plants are sessile organisms that rely on pollen and seed vectors
for dispersal. The spatial distribution of seeds (i.e. seed rain) influ-
ences the spatial and genetic structures of plant populations and
communities, and also determines plant colonization ability (Howe
and Miriti, 2000; Nathan and Muller-Landau, 2000; Wang and
Smith, 2002). Seed rain often depends on the interaction between
seed vectors and landscape structure (Damschen et al., 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
in strong seed clustering. For example, birds and monkeys deposit
most seeds they ingest underneath perches, roosts and nests (Har-
vey, 2000; Herrera and García, 2009; Russo et al., 2006; Shiels and
Walker, 2003).

However, seed arrival does not guarantee plant recruitment
(Gómez-Aparicio, 2008; Hampe et al., 2008). Whether seed
dispersal foci such as isolated trees (Herrera and García, 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 foci become hotspots of plant colonization (Wenny, 2001),
with a huge potential for improving reforestation success (Breder-
veld et al., 2011) and plant diversity conservation (Ozinga et al.,
2009). In particular, pervasive natural or human-made structures
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that receive seeds and also facilitate plant recruitment and estab-
lishment should be carefully considered in reforestation and con-
servation programs worldwide.

Identifying successful places for plant restoration requires a de-
tailed evaluation of seed arrival and seedling recruitment (Hampe,
2011; Sagnard et al., 2007). For example, some studies have found
that experimental linear clearings of forest can enhance bird-med-
iated seed dispersal (Levey et al., 2005; Tewksbury et al., 2002) and
that this seed corridor effect improves connectivity, which in turn
promotes plant diversity at different scales (Damschen and Brud-
vig, 2012; Damschen et al., 2006). In the same line, a recent study
in SW Spain (Suárez-Esteban et al., 2013) has suggested that perva-
sive human-made structures devoid of vegetation, such as trails
and firebreaks (called ‘‘soft linear developments’’; hereafter SLD),
can act as seed receptors for native fleshy-fruited shrubs, especially
for those dispersed by rabbits ( Oryctolagus cuniculus ) and red foxes
(Vulpes vulpes ), which positively select SLD verges for defecation
(Suárez-Esteban et al., 2013). However, whether such dispropor-
tionate seed arrival along SLD leads to an enhanced local woody
species recruitment and establishment is unknown for any study
system.

Although SLD can receive a considerable amount of animal-dis-
persed seeds, they could also represent an ecological trap ( sensu
Schlaepfer et al., 2002) if most of those seeds fail to establish. Seed
accumulation can lead to increased density-dependent mortality
(Spiegel and Nathan, 2010), either at the seed (e.g. post-dispersal
seed predation; Hulme, 1997) or at the seedling stage (e.g. herbiv-
ory, nutrient competition, water stress, trampling; Hille Ris Lam-
bers and Clark, 2003). Therefore, assessing whether pervasive
structures such as SLD verges are not only seed dispersal foci but
also suitable habitats for woody plant recruitment could be critical
to understand the dynamics of natural shrub regeneration and
plant diversity in human-dominated landscapes.

In this study, we quantified for the first time the density and
diversity of a large community of Mediterranean shrubs composed
of both dry-fruit rockroses ( Cistaceae) and fleshy-fruited shrubs in
relation to SLD. Whereas there are no reasons to think that seed
rain of rockroses should be modified by the presence of SLD, an
earlier study indicated that the seed rain of fleshy-fruited species
varied in relation to SLD, as a consequence of the fecal marking
behavior of their main dispersal vectors (Suárez-Esteban et al.,
2013). Considering the importance of seed rain in shaping spatial
patterns of plant recruitment (Howe and Miriti, 2000), we ex-
pected to find a concordance between shrub densities and the
main habitat used for defecation by their main seed dispersal vec-
tors. This is: (1) higher densities of fleshy-fruited shrubs dispersed
by rabbits and foxes (which defecated mainly along SLD verges;
Suárez-Esteban et al., 2013) along SLD verges than in the scrub-
land. Contrary, we expected to find (2) the opposite pattern for fle-
shy-fruited shrubs dispersed by ungulates and badgers ( Meles
meles; which defecated mainly in the scrubland; Suárez-Esteban
et al., 2013), and (3) similar rockrose densities along SLD verges
and the scrubland, given their lack of specific dispersal mecha-
nisms (Bastida and Talavera, 2002).

Because post-dispersal processes (i.e. seed predation, droughts,
herbivory, etc.) could alter the seed template (Fedriani et al., 2012;
Gómez-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
not in species diversity in relation to SLD (Suárez-Esteban et al.,
2013), we expected (5) no differences in the diversity of neither fle-
shy-fruited shrubs nor rockroses between SLD verges and the
scrubland.

This study provides evidence and a basis for assessing the po-
tential of SLD to recruit native shrubs, as well as the influence of
such pervasive landscape features on plant colonization and estab-
lishment spatial patterns.
2. Material and methods

2.1. Study area and species

The quantification of shrub abundance and diversity was carried
out during the spring (March–April) of 2011 in the Doñana National
Park (SW Spain; 37 �90N, 6 �260W; 510 km 2; elevation 0–80 m). This
area contains several ecosystems (e.g., marshland, scrubland,
dunes) and a vast (over 2000 km) SLD system composed of dirt
tracks (62.5%) and firebreaks (35.5%). The Doñana’s scrubland har-
bors a diverse and spatially variable community of native Mediter-
ranean shrubs. To encompass most shrub species present in the
area, we chose the same three sites sampled by (Suárez-Esteban
et al., 2013), which are separated from each other by 2.5–14 km
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.). It has also a relative high presence of fleshy-
fruited species such as Juniperus phoenicea subsp. turbinata, Philly-
rea angustifolia and Rubus ulmifolius (overall density is
0.14 ± 0.03 shrub/m 2; mean ± SE). ‘‘Rocina’’ is a riparian woodland
zone surrounded by Mediterranean scrubland and croplands. The
scrubland area comprises scattered Pinus pinea with a dense under-
story of Cytisus grandiflorus , H. halimifolium , and Stauracanthus spp.
Fleshy-fruited plants such as Asparagus spp., Olea europaea var. syl-
vestris, Osyris alba , and R. ulmifolius are present but scarce (overall
density 0.07 ± 0.02 shrub/m 2). ‘‘Matasgordas’’ is characterized by
an open Mediterranean woodland dominated by scattered Fraxinus
angustifolia, Quercus suber , with patches of rockroses such as Cistus
salvifolius and H. halimifolium with a variable extension, and a di-
verse and dense community of fleshy-fruited plants such as Cham-
aerops humilis , Daphne gnidium , Myrtus communis , P. angustifolia ,
Pistacia lentiscus , Pyrus bourgaeana , Rhamnus oleoides and Rubia
spp. (overall density 0.42 ± 0.08 shrub/m 2; for further details con-
cerning the study area see (Suárez-Esteban et al., 2013).

In Doñana most of these fleshy-fruited species flower during la-
ter winter and spring (February–May) and produce drupes (e.g., P.
lentiscus, R. ulmifolius ) or berries (e.g., M. communis ) that ripen dur-
ing August–December (Fedriani and Delibes, 2009a; Jordano,
1984). Depending on the species, each fruit contains generally from
one to eight seeds, though R. ulmifolius fruits can contain more than
20 seeds (Jordano, 1995). They are mainly dispersed by birds and
mammals (Fedriani and Delibes, 2009b, 2011; Jordano, 1984).
Rockroses flower in April-June and their seed release mechanism
consists basically in the dehiscence and fragmentation of the cap-
sules containing many small seeds (Bastida and Talavera, 2002).
Though these plants have no long-distance dispersal adaptations,
they have considerable colonization ability, especially in disturbed
and burned habitats (Guzmán and Vargas, 2009). They are occa-
sionally dispersed by ungulates (Malo and Suarez, 1996).

Suárez-Esteban et al. (2013) found that the seed rain of fleshy-
fruited shrubs varied near and away from SLD, depending on the
fecal marking behavior of their main dispersal vectors. Specifically,
79.49% ( N = 13,066) of J. phoenicea , P. angustifolia and R. ulmifolius
seeds was dispersed along SLD verges, mostly by the European rab-
bit and the red fox. Contrary, 88.91% ( N = 451) of Asparagus spp., C.
humilis and P. lentiscus seeds was dispersed in the scrubland (away
from SLD), mostly by the Eurasian badger, the red deer Cervus ela-
phus, the fallow deer Dama dama and the wild boar Sus scrofa (boar
and both deer species will be subsequently referred to as
‘‘ungulates’’).



2.2. Sampling design

In each of our three study sites, we setup two 500 m transects
along SLD verges and two parallel transects of the same length lo-
cated 60 m away from SLD, in the scrubland. Along each transect in
Matasgordas and Reserva, we sampled fifteen (12 m 2) plots placed
equidistantly (around 27 m apart), where we counted all fleshy-
fruited shrubs as well as all rockroses (i.e. Halimium spp. and Cistus
spp.). In the Rocina site, we proceeded in the same way except that
we surveyed double-sized plots (24 m 2) to offset the local low den-
sities of fleshy-fruited shrubs. We controlled for plot size in all
analyses to enable meaningful among-sites comparisons.

We classified fleshy-fruited shrub species into three functional
groups according to their main dispersal vectors in our study sites
(Table 1): (1) species whose seeds are mostly dispersed by rabbit
and fox, (2) species whose seeds are mostly dispersed by ungulates
and badger, and (3) species that in Doñana are mostly dispersed by
birds (according to (Jordano 1984, 1995). Rockroses were used as
control species because they have not any dispersal mechanism
(Bastida and Talavera, 2002).

Furthermore, we measured the height, and the maximum and
minimum diameter (their product estimates the volume occupied
by each individual) of every fleshy-fruited shrub within the sam-
pling plots. Shrubs were then classified into three size classes:
seedlings (plants with cotyledons and/or with a volume lower than
100 cm 3), adults (plants with flowers, fruits or their remains and/or
with a volume higher than 8.5 m 3), and saplings (plants outside the
other categories). Due to logistic limitations, rockroses could not be
measured and thus were excluded from some analyses (see below).
2.3. Statistical analyses

To assess whether recruitment and establishment in relation to
SLD varied according to shrub dispersal vector, we determined the
combined influence of habitat (SLD verges vs. scrubland) and dis-
persal vectors in the density of both fleshy-fruited shrubs and rock-
roses. We used the number of shrubs found per plot (standardized
by using the plot area as offset variable) as the response variable
with habitat, dispersal vector and their interaction as fixed factors
in a generalized linear mixed model (GLMM) with negative
binomial distribution (which was more appropriate than Poisson
Table 1
Mean (±SE) density of each shrub taxa per plot (12 m 2) along SLD verges and 60 m away in 
references provided below – is shown.

Plants SLD verges Scrubland Disp

Fleshy-fruited shrubs
Asparagus spp. 0.32 ± 0.09 0.67 ± 0.30 Ung
Pistacia lentiscus 0.23 ± 0.11 0.20 ± 0.06 Ung
Myrtus communis 0.03 ± 0.02 0.18 ± 0.12 Ung
Chamaerops humilis 0.17 ± 0.07 0.36 ± 0.18 Bad
Pyrus bourgaeana 0.10 ± 0.09 0.08 ± 0.06 Bad
Rubia spp. 1.01 ± 0.46 0.27 ± 0.25 Bird
Osyris alba 0.44 ± 0.32 0.33 ± 0.23 Bird
Rhamnus oleoides 0.30 ± 0.10 0.29 ± 0.09 Bird
Daphne gnidium 0.27 ± 0.10 0.11 ± 0.06 Bird
Olea europaea sylvestris 0.02 ± 0.02 0.02 ± 0.02 Bird
Tamus communis 0.01 ± 0.01 0.00 ± 0.00 Bird
Juniperus phoenicea turbinata 0.60 ± 0.19 0.13 ± 0.07 Rab
Phillyrea angustifolia 0.87 ± 0.36 0.43 ± 0.18 Rab
Rubus ulmifolius 0.08 ± 0.05 0.01 ± 0.01 Fox

Rockroses
Halimium halimifolium 10.14 ± 1.33 9.79 ± 1.13 Non
Halimium calicinum 3.18 ± 0.59 3.44 ± 0.47 Non
Cistus salvifolius 0.90 ± 0.37 0.87 ± 0.27 Non
Cistus libanotis 0.29 ± 0.10 1.92 ± 0.47 Non
Cistus crispus 0.07 ± 0.04 0.00 ± 0.00 Non
distribution for our zero-inflated count data; Quinn and Keough,
2002) and log-link function (by means of SAS 9.2 glimmix proce-
dure; Littell et al., 2006).

We also evaluated the effect of SLD on the size structure of the
three functional groups of fleshy-fruited shrubs. To do so, we fitted
a GLMM with negative binomial distribution and log-link function
with the number of fleshy-fruited shrubs found per plot (standard-
ized by plot area as above) as the response variable, and habitat,
dispersal vector, size class and their second- and third-order inter-
actions as fixed factors.

In our mixed models, site and plot (nested within site) were in-
cluded as random factors to control for environmental heterogene-
ity. For interactions, we tested the effect of one factor on the
different levels of the other factor (‘‘tests of simple main effects’’)
using the SLICE option in the LSMEANS statement (Littell et al.,
2006). Adjusted means and standard errors were calculated using
the LSMEANS statement, which estimates the marginal means over
a balanced population.

To characterize shrub community structure in relation to SLD,
we built two matrices (one for fleshy-fruited shrubs and one for
rockroses) with the number of shrubs found per plot of each spe-
cies considering all size classes within each habitat. We evaluated
the similarities in the plant community between the habitats using
the ADONIS procedure (permutational multivariate analysis of var-
iance using distance matrices) in the VEGAN package (Oksanen
et al., 2012). It was performed in R.2.15.0 (R development core
team, 2012) with 9999 permutations and the pairwise Bray-Curtis
approximation (Bray and Curtis, 1957). In the fleshy-fruited shrub
matrix we removed three plots from the analysis due to absence of
any shrub species. ADONIS reports a P-value estimated by repeated
permutations of the data (Oksanen et al., 2012) that indicates po-
tential differences in shrub species composition and diversity be-
tween habitats.
3. Results

3.1. Influence of dispersal vectors on shrub density and community
structure in relation to SLD

We found fleshy-fruited shrubs and rockroses in 49.4% and
93.89% of the sampled plots ( n = 180), respectively. Overall, we
the scrubland. The major dispersal vector of each taxa – selected based on the
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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;
F3,623 = 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 (F1,56 = 1.66;
P = 0.09) and rockroses (F1,59 = 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 (F1,1513 = 15.13; P < 0.001). However,
the relative density of each size class varied between habitats
(interaction Habitat�Size class; F2,1513 = 3.73; P < 0.05). The density
of seedlings and adults was 5.2 (test of slices; F1,1513 = 11.02;
P < 0.001) and 1.7 (F1,1513 = 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 (F1,1513 = 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
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).

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 recruitment in relation to SLD in the Doñana area. As ex-
pected based on the observed seed rain (Suárez-Esteban et al.,
2013), rabbit/fox-dispersed fleshy-fruited shrubs reached greater
densities along SLD verges than in the adjacent scrubland, whereas
rockroses showed similar densities in both habitats. These results
add support to the hypothesis that plant community responses
to habitat structure are strongly influenced by seed dispersal vec-
tors, corroborating evidence from other studies (Damschen et al.,
2008; Higgins et al., 2003).

Unexpectedly, we found also higher densities bird-dispersed
species along SLD verges than in the scrubland. We suspect this
is probably related to a more intensive seed rain generated by fru-
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
reception of bird-dispersed species has been documented in other
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-
lar between habitats, perhaps because badger occurs in low densi-
ties (Fedriani and Delibes, 2009b) and ungulates disperse few
viable seeds of local fleshy-fruited shrubs (Perea et al., 2013; Suár-
ez-Esteban et al., 2013).

Because mammalian and avian frugivores disperse different
shrub species, they probably have a complementary 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; Suárez-Esteban et al.,
2013), promoting plant spatial heterogeneity. Therefore, the main-
tenance of diverse communities of frugivores is necessary to en-
sure plant diversity conservation (McConkey et al., 2012; Ozinga
et al., 2009) and ecosystem resilience (Loiselle et al., 2007), espe-
cially in fragmented landscapes where long-distance dispersal of
plants relies on seed rather than on pollen movement (Damschen
et al., 2008).

The greater density of seedlings found along SLD verges sug-
gests that these structures can be suitable places for shrub recruit-
ment. However, the overall density of saplings suggests that the
proportion of seedlings that reached the sapling stage was greater
in the scrubland (Fig. 2). This can be due either to a lower seedling
conspicuousness for herbivores in the scrubland or to higher seed-
ling mortality (mainly driven by herbivory, competition and water
stress during the Mediterranean summer; Kitajima and Fenner,
2005; Tormo et al., 2006), along SLD verges. For example, the posi-
tive selection of SLD by rabbits (Suárez-Esteban et al., 2013) can
lead to higher local herbivory pressure on seedlings and thereby
higher mortality. Indeed, Rost et al. (2012) found that rabbits pre-
date large amounts of Mediterranean hackberry ( Celtis australis )
seedlings in habitats similar to our study sites.

On the other hand, considering the density of adult plants, the
proportion of saplings that reached the adult stage seemed to be
higher along SLD verges. That could be due to a stronger herbivory
pressure on saplings by large herbivores such as deer, which avoid
SLD (Suárez-Esteban et al., 2013). This hypothesis is consistent
with the results of (Cadenasso and Pickett, 2000), showing that
meadow voles ( Microtus pennsylvanicus ) predate greater amounts
of seedlings along forest edges than in forest interiors, whereas
white-tailed deer ( Odoleicus virginianus ) feed mainly on saplings
within the forest. The relative importance of seedling and sapling
predators is known to differ among communities and microhabi-
tats (Kitajima and Fenner, 2005). Thus, beyond seed arrival, the
suitability of SLD verges as recruitment and establishment habitats
will depend also on the identity and the abundance of herbivores,
and their response to SLD.
As expected, we found no differences in the community struc-
ture of both fleshy-fruited species and rockroses between SLD
verges and the adjacent scrubland. This is likely because rockroses
lack of special dispersal mechanisms, and frugivores visit all kind
of habitats with some regularity and thus all of them receive some
seeds of every fleshy-fruited shrub species. Such similarity in spe-
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
et al., 2010) and forest edges (Harper et al., 2005).

Given the higher density and comparable species diversity of fle-
shy-fruited shrubs along SLD verges as compared with the scrub-
land, SLD verges (usually considered to be marginal, low-quality
habitats) could yield poorly understood conservation benefits. Fur-
thermore, the pervasiveness of SLD in almost every terrestrial eco-
system gives our findings potentially wide and important
applicability in vegetation restoration and conservation programs.

4.1. Implications for plant conservation and landscape management

Planting narrow tree strips is a proper method to favor the
maintenance of plant diversity in fragmented landscapes, as well
as to control erosion and to soften local microclimate conditions
(e.g. wind, temperature, humidity; Harvey, 2000). Conserving
highly mobile frugivores that positively selected SLD verges for fe-
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
(Hinsley and Bellamy, 2000; Johnson and Adkisson, 1985) and cre-
ate favorable microclimate conditions for the establishment of new
recruits (Harvey, 2000), which boost both seed arrival and plant
recruitment (Pulido-Santacruz and Renjifo, 2011), leading to a
reforestation feedback.

Shrubs that colonize SLD verges can spread to adjacent habitats,
especially those species dispersed by highly mobile animal vectors
(Brudvig et al., 2009). In farmlands, such ‘‘spillover’’ effect of plants
established along SLD hedgerows, which often act as reservoirs and
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
important in southern Europe, considering the high rates of farm-
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)
and birds (Hinsley and Bellamy, 2000) that in turn provide ecosys-
tem services such as pollination (Blake et al., 2012) and pest con-
trol (Boyles et al., 2011) in agricultural lands.

In human-dominated landscapes, habitat patches are usually
separated by long distances, so plants may be unable to disperse
between them, requiring establishment, growth and reproduction
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-
fruited shrubs, serving both as movement conduits and as stepping
stone habitats for the establishment of new plant populations. In
the long term, such intermediate populations can connect other-
wise isolated fragments, even boosting the migration of fleshy-
fruited plants vulnerable to climate change (Hampe, 2011; Jump
and Peñuelas, 2005). That will improve gene flow and metapopula-
tion dynamics (Leidner and Haddad, 2011), benefiting plant
diversity at large scales, such as documented for linear, narrow
clear-cuts (Damschen and Brudvig, 2012; Damschen et al., 2006).



To take advantage of all the described potential benefits of SLD
verges holding shrubs, which certainly deserve further research
(Haddad and Tewksbury, 2005; Ries et al., 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). In order to increase shrub abundance, 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
methods that remove any shrubby cover.

This is the first study documenting the potential role of SLD
verges as pervasive hotspots not only for the reception of seeds,
but also for the recruitment and the establishment of many Medi-
terranean fleshy-fruited shrubs. Although SLD verges occur in high
densities worldwide and hold a high potential as plant conserva-
tion habitats, the extension of these results to larger scales and
ecosystems are complicated by lack of data and must proceed with
caution. Beyond seed dispersal, processes influencing the dynamics
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
understand SLD effects on each step of the plant life cycle, helping
us to close the seed dispersal loop (Wang and Smith, 2002) in hu-
man-dominated ecosystems. Such essential information would
bring stakeholders the opportunity to design and manage SLD
more efficiently whenever plant conservation and landscape fores-
tation efforts are necessary.
Acknowledgements

We are in debt with Gemma Calvo, Przemek Kurek, Sofía Con-
radi, M. Carmen Ramírez and the staff of Doñanas’ Reserve for their
assistance. We thank Dr. Pedro Jordano, Dr. Jose M. Gómez and Dr.
Daniel García for providing useful discussions. We are sincerely
grateful to Dr. Manuela Gonzalez for comments on earlier drafts
and for English review, and two anonymous reviewers for useful
suggestions that significantly improved the manuscript. The re-
search was financed by the Spanish Ministerio de Medio Ambiente,
Rural y Marino (070/2009), Ministerio de Ciencia e Innovación
(CGL2010-21926/BOS) and Ministerio de Educación (FPU grant to
A.S.E.; AP2008-01874).
References

Arévalo, J.R., Otto, R., Escudero, C., Fernández-Lugo, S., Arteaga, M., Delgado, J.D.,
Fernández-Palacios, J.M., 2010. Do anthropogenic corridors homogenize plant
communities at a local scale? A case studied in Tenerife (Canary Islands). Plant
Ecol. 209, 23–35.

Avon, C., Dumas, Y., Bergès, L., 2013. Management practices increase the impact of
roads on plant communities in forests. Biol. Conserv. 159, 24–31.

Bacles, C.F.E., Lowe, A.J., Ennos, R.A., 2006. Effective seed dispersal across a
fragmented landscape. Science 311, 628.

Bastida, F., Talavera, S., 2002. Temporal and spatial patterns of seed dispersal in two
Cistus species (Cistaceae). Ann. Bot. London 89, 427–434.

Blake, R.J., Westbury, D.B., Woodcock, B.A., Sutton, P., Potts, S.G., 2012.
Enhancement of buffer strips can improve provision of multiple ecosystem
services. Outlooks Pest Manage. 23, 258–262.

Boyles, J.G., Cryan, P.M., McCracken, G.F., Kunz, T.H., 2011. Economic importance of
bats in agriculture. Science 332, 41–42.

Bray, J.R., Curtis, J.T., 1957. An ordination of the upland forest communities of
Southern Wisconsin. Ecol. Monogr. 27, 325–349.

Brederveld, R.J., Jähnig, S.C., Lorenz, A.W., Brunzel, S., Soons, M.B., 2011. Dispersal as
a limiting factor in the colonization of restored mountain streams by plants and
macroinvertebrates. J. Appl. Ecol. 48, 1241–1250.

Brudvig, L.A., Damschen, E.I., Tewksbury, J.J., Haddad, N.M., Levey, D.J., 2009.
Landscape connectivity promotes plant biodiversity spillover into non-target
habitats. Proc. Natl. Acad. Sci. USA 106, 9328–9332.

Cadenasso, M.L., Pickett, S.T.A., 2000. Linking forest edge structure to edge function:
mediation of herbivore damage. J. Ecol. 88, 31–44.
Damschen, E.I., Brudvig, L.A., 2012. Landscape connectivity strengthens local-
regional richness relationships in successional plant communities. Ecology 93,
704–710.

Damschen, E.I., Brudvig, L.A., Haddad, N.M., Levey, D.J., Orrock, J.L., Tewksbury, J.J.,
2008. The movement ecology and dynamics of plant communities in
fragmented landscapes. Proc. Natl. Acad. Sci. USA 105, 19078–19083.

Damschen, E.I., Haddad, N.M., Orrock, J.L., Tewksbury, J.J., Levey, D.J., 2006. Corridors
increase plant species richness at large scales. Science 313, 1284–1286.

Fedriani, J.M., Delibes, M., 2009a. Functional diversity in fruit-frugivore
interactions: a field experiment with Mediterranean mammals. Ecography 32,
983–992.

Fedriani, J.M., Delibes, M., 2009b. Seed dispersal in the iberian pear,Pyrus
bourgaeana: a role for infrequent mutualists. Ecoscience 16, 311–321.

Fedriani, J.M., Delibes, M., 2011. Dangerous liaisons disperse the mediterranean
dwarf palm: fleshy-pulp defensive role against seed predators. Ecology 92, 304–
315.

Fedriani, J.M., Wiegand, T., Delibes, M., 2010. Spatial pattern of adult trees and the
mammal-generated seed rain in the Iberian pear. Ecography 33, 545–555.

Fedriani, J.M., Zywiec, M., Delibes, M., 2012. Thieves or mutualists? Pulp feeders
enhance endozoochore local recruitment. Ecology 93, 575–587.

Freemark, K.E., Boutin, C., Keddy, C.J., 2002. Importance of farmland habitats for
conservation of plant species. Conserv. Biol. 16, 399–412.

Fuentes-Montemayor, E., Goulson, D., Park, K.J., 2011. Pipistrelle bats and their prey
do not benefit from four widely applied agri-environment management
prescriptions. Biol. Conserv. 144, 2233–2246.

Gómez-Aparicio, L., 2008. Spatial patterns of recruitment in Mediterranean plant
species: linking the fate of seeds, seedlings and saplings in heterogeneous
landscapes at different scales. J. Ecol. 96, 1128–1140.

Guzmán, B., Vargas, P., 2009. Long-distance colonization of the Western
Mediterranean by Cistus ladanifer (Cistaceae) despite the absence of special
dispersal mechanisms. J. Biogeogr. 36, 954–968.

Haddad, N.M., Tewksbury, J.J., 2005. Low-quality habitat corridors as movement
conduits for two butterfly species. Ecol. Appl. 15, 250–257.

Hampe, A., 2011. Plants on the move: the role of seed dispersal and initial
population establishment for climate-driven range expansions. Acta Oecol. 37,
666–673.

Hampe, A., Garcia-Castaño, J.L., Schupp, E.W., Jordano, P., 2008. Spatio-temporal
dynamics and local hotspots of initial recruitment in vertebrate-dispersed trees.
J. Ecol. 96, 668–678.

Harper, K.A., Macdonald, S.E., Burton, P.J., Chen, J., Brosofske, K.D., Saunders, S.C.,
Euskirchen, E.S., Roberts, D., Jaiteh, M.S., Esseen, P.A., 2005. Edge influence on
forest structure and composition in fragmented landscapes. Conserv. Biol. 19,
768–782.

Harvey, C.A., 2000. Colonization of agricultural windbreaks by forest trees: effects of
connectivity and remnant trees. Ecol. Appl. 10, 1762–1773.

Herrera, J.M., García, D., 2009. The role of remnant trees in seed dispersal through
the matrix: being alone is not always so sad. Biol. Conserv. 142, 149–158.

Higgins, S.I., Nathan, R., Cain, M.L., 2003. Are long-distance dispersal events in
plants usually caused by nonstandard means of dispersal? Ecology 84, 1945–
1956.

Hille Ris Lambers, J., Clark, J.S., 2003. Effects of dispersal, shrubs, and density-
dependent mortality on seed and seedling distributions in temperate forests.
Can. J. Forest Res. 33, 783–795.

Hinsley, S.A., Bellamy, P.E., 2000. The influence of hedge structure, management and
landscape context on the value of hedgerows to birds: a review. J. Environ.
Manage. 60, 33–49.

Howe, H.F., Miriti, M.N., 2000. No question: seed dispersal matters. Trends Ecol.
Evol. 15, 434–436.

Hulme, P.E., 1997. Post-dispersal seed predation and the establishment of
vertebrate dispersed plants in Mediterranean scrublands. Oecologia 111, 91–98.

Isbell, F., Calcagno, V., Hector, A., Connolly, J., Harpole, W.S., Reich, P.B., Scherer-
Lorenzen, M., Schmid, B., Tilman, D., van Ruijven, J., Weigelt, A., Wilsey, B.J.,
Zavaleta, E.S., Loreau, M., 2011. High plant diversity is needed to maintain
ecosystem services. Nature 477, 199-202–202.

Johnson, V.C., Adkisson, C.S., 1985. Dispersal of beech nuts by blue jays in
fragmented landscapes. Am. Midl. Nat. 113, 319–324.

Jordano, P., 1984. Relaciones entre plantas y aves frugívoras en el matorral
mediterráneo del área de Doñana. University of Seville.

Jordano, P., 1995. Angiosperm fleshy fruits and seed dispersers: a comparative
analysis of adaptation and constraints in plant-animal interactions. Am. Nat.
145, 163–191.

Jump, A.S., Peñuelas, J., 2005. Running to stand still: adaptation and the response of
plants to rapid climate change. Ecol. Lett. 8, 1010–1020.

Kitajima, K., Fenner, M., 2005. Ecology of seedling regeneration, In Seeds. In: Fenner,
M. (Ed.), The Ecology of Regeneration in Plant Communities. CABI Publishing,
Wallingford, pp. 331–360.

Leidner, A.K., Haddad, N.M., 2011. Combining measures of dispersal to identify
conservation strategies in fragmented landscapes. Conserv. Biol. 25, 1022–1031.

Lenda, M., Skórka, P., Knops, J.M.H., Moron ´ , D., Tworek, S., Woyciechowski, M., 2012.
Plant establishment and invasions: An increase in a seed disperser combined
with land abandonment causes an invasion of the non-native walnut in europe.
Proc. R. Soc. B – Biol. Sci. 279, 1491–1497.

Levey, D.J., Bolker, B.M., Tewksbury, J.J., Sargent, S., Haddad, N.M., 2005. Ecology:
effects of landscape corridors on seed dispersal by birds. Science 309, 146–148.

Littell, R.C., Milliken, G.A., Stroup, W.W., Wolfinger, R.D., Schabenberger, O., 2006.
SAS for Mixed Models, second ed. SAS Institute Inc., Cary, NC.

http://refhub.elsevier.com/S0006-3207(13)00254-1/h0005
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0005
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0005
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0005
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0010
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0010
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0015
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0015
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0020
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0020
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0025
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0025
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0025
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0030
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0030
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0035
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0035
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0040
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0040
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0040
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0045
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0045
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0045
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0050
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0050
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0055
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0055
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0055
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0060
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0060
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0060
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0065
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0065
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0070
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0070
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0070
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0075
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0075
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0080
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0080
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0080
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0085
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0085
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0090
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0090
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0095
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0095
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0100
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0100
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0100
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0105
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0105
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0105
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0110
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0110
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0110
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0115
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0115
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0120
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0120
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0120
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0125
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0125
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0125
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0130
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0130
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0130
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0130
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0135
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0135
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0140
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0140
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0145
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0145
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0145
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0150
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0150
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0150
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0155
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0155
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0155
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0160
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0160
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0165
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0165
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0170
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0170
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0170
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0170
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0175
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0175
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0180
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0180
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0185
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0185
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0185
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0190
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0190
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0340
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0340
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0340
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0195
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0195
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0200
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0200
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0200
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0200
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0205
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0205
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0210
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0210


Loiselle, B.A., Blendinger, P.G., Blake, J.G., Ryder, T.B., 2007. Ecological redundancy in
seed dispersal systems: a comparison between manakins (Aves: Pipridae) in
two tropical forest, In Seed dispersal. In: Dennis, A.J., Schupp, E.W., Green, R.J.,
Westcott, D.A. (Eds.), Theory and its Application in a Changing World. CAB
International, Wallingford, pp. 178–199.

Malo, J.E., Suarez, F., 1996. Cistus ladanifer recruitment – not only fire, but also deer.
Acta Oecol. 17, 55–60.

McConkey, K.R., Prasad, S., Corlett, R.T., Campos-Arceiz, A., Brodie, J.F., Rogers, H.,
Santamaria, L., 2012. Seed dispersal in changing landscapes. Biol. Conserv. 146,
1–13.

Mwangi, D., Kasina, M., Nderitu, J., Hagen, M., Gikungu, M., Kraemer, M., 2012.
Diversity and abundance of native bees foraging on hedgerow plants in the
Kakamega farmlands, western Kenya. J. Apicult. Res. 51, 298–305.

Nathan, R., Katul, G.G., 2005. Foliage shedding in deciduous forests lifts up long-
distance seed dispersal by wind. Proc. Natl. Acad. Sci. USA 102, 8251–8256.

Nathan, R., Muller-Landau, H.C., 2000. Spatial patterns of seed dispersal, their
determinants and consequences for recruitment. Trends Ecol. Evol. 15, 278–
285.

Oksanen, J., Blanchet, F.G., Kindt, R., Legendre, P., Minchin, P.R., O’Hara, R.B.,
Simpson, G.L., Solymos, P., Stevens, M.H.H., Wagner, H., 2012. Vegan:
Community Ecology Package. R Package Version 2.0-5.

Ozinga, W.A., Römermann, C., Bekker, R.M., Prinzing, A., Tamis, W.L.M., Schaminée,
J.H.J., Hennekens, S.M., Thompson, K., Poschlod, P., Kleyer, M., Bakker, J.P., Van
Groenendael, J.M., 2009. Dispersal failure contributes to plant losses in NW
Europe. Ecol. Lett. 12, 66–74.

Perea, R., Delibes, M., Polko, M., Suárez-Esteban, A., Fedriani, J.M., 2013. Context-
dependent fruit–frugivore interactions: partner identities and spatio-temporal
variations. Oikos 122, 943–951.

Pulido-Santacruz, P., Renjifo, L.M., 2011. Live fences as tools for biodiversity
conservation: a study case with birds and plants. Agroforest. Syst. 81, 15–30.

Quinn, G.G.P., Keough, M.J., 2002. Experimental Design and Data Analysis for
Biologists. Cambridge University Press.

R Development core team, 2012. R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Austria.
Ries, L., Debinski, D.M., Wieland, M.L., 2001. Conservation value of roadside prairie
restoration to butterfly communities. Conserv. Biol. 15, 401–411.

Rost, J., Pons, P., Bas, J.M., 2012. Seed dispersal by carnivorous mammals into burnt
forests: an opportunity for non-indigenous and cultivated plant species. Basic
Appl. Ecol. 13, 623–630.

Russo, S.E., Portnoy, S., Augspurger, C.K., 2006. Incorporating animal behavior into
seed dispersal models: implications for seed shadows. Ecology 87, 3160–3174.

Sagnard, F., Pichot, C., Dreyfus, P., Jordano, P., Fady, B., 2007. Modelling seed
dispersal to predict seedling recruitment: recolonization dynamics in a
plantation forest. Ecol. Model. 203, 464–474.

Schlaepfer, M.A., Runge, M.C., Sherman, P.W., 2002. Ecological and evolutionary
traps. Trends Ecol. Evol. 17, 474–480.

Shiels, A.B., Walker, L.R., 2003. Bird perches increase forest seeds on Puerto Rican
landslides. Restor. Ecol. 11, 457–465.

Spiegel, O., Nathan, R., 2010. Incorporating density dependence into the directed-
dispersal hypothesis. Ecology 91, 1538–1548.

Standish, R.J., Cramer, V.A., Hobbs, R.J., 2008. Land-use legacy and the persistence of
invasive Avena barbata on abandoned farmland. J. Appl. Ecol. 45, 1576–1583.

Suárez-Esteban, A., Delibes, M., Fedriani, J.M., 2013. Barriers or corridors? The
overlooked role of unpaved roads in endozoochorous seed dispersal. J. Appl.
Ecol. 50, 767–774.

Tewksbury, J.J., Levey, D.J., Haddad, N.M., Sargent, S., Orrock, J.L., Weldon, A.,
Danielson, B.J., Brinkerhoff, J., Damschen, E.I., Townsend, P., 2002. Corridors
affect plants, animals, and their interactions in fragmented landscapes. Proc.
Natl. Acad. Sci. USA 99, 12923–12926.

Tormo, J., Bochet, E., García-Fayos, P., 2006. Is seed availability enough to ensure
colonization success? An experimental study in road embankments. Ecol. Eng.
26, 224–230.

Wang, B.C., Smith, T.B., 2002. Closing the seed dispersal loop. Trends Ecol. Evol. 17,
379–385.

Wehling, S., Diekmann, M., 2009. Importance of hedgerows as habitat corridors for
forest plants in agricultural landscapes. Biol. Conserv. 142, 2522–2530.

Wenny, D.G., 2001. Advantages of seed dispersal: a re-evaluation of directed
dispersal. Evol. Ecol. Res. 3, 51–74.

http://refhub.elsevier.com/S0006-3207(13)00254-1/h0345
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0345
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0345
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0345
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0345
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0220
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0220
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0225
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0225
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0225
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0230
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0230
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0230
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0235
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0235
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0240
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0240
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0240
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0245
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0245
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0245
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0245
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0250
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0250
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0250
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0255
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0255
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0260
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0260
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0265
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0265
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0270
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0270
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0275
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0275
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0275
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0280
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0280
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0285
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0285
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0285
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0290
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0290
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0295
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0295
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0300
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0300
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0305
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0305
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0310
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0310
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0310
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0315
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0315
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0315
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0315
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0320
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0320
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0320
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0325
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0325
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0330
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0330
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0335
http://refhub.elsevier.com/S0006-3207(13)00254-1/h0335

	Unpaved road verges as hotspots of fleshy-fruited shrub recruitment  and establishment
	1 Introduction
	2 Material and methods
	2.1 Study area and species
	2.2 Sampling design
	2.3 Statistical analyses

	3 Results
	3.1 Influence of dispersal vectors on shrub density and community structure in relation to SLD
	3.2 Size distribution of fleshy-fruited functional groups in relation to SLD

	4 Discussion
	4.1 Implications for plant conservation and landscape management

	Acknowledgements
	References


