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Abstract. Mediterranean semiarid areas are suffering a growing process of agricultural abandonment
that represents a challenge for restoration. Limited seed arrival, drought, and scarce suitable microhabitats
in oldfields make plant colonization difficult. Restoration through ecological succession can take advantage
of increased seed dispersal through animal vectors, but precise knowledge of the factors involved (e.g.,
seed disperser behavior, rate of effective recruitment of dispersed seeds, and effectiveness of the applied
restoration structures) is critical. Otherwise, efforts to foster the processes of interest may be misdirected.
We propose and test a methodological approach based on the combination of ecological (bird censuses and
camera trapping) and genetic tools (DNA barcoding), to assess seed dispersal of fleshy-fruited shrub spe-
cies by birds toward oldfields in one of the driest areas of southeastern Spain. We assisted natural restora-
tion with artificial bird attractors (perches and water troughs) in two abandoned areas with different ages.
Furthermore, we provided microenvironments (rocks) and prevented herbivory (by fencing) to enhance
plant recruitment. Results revealed strong differences among assessment techniques in the characterization
of dispersal interactions. While bird censuses only informed about frugivores occurrence, camera trapping
and barcoding enabled the quantification of species responses. Attractors proved to be effective in trigger-
ing a quantifiable seed arrival, but no subsequent plant establishment occurred. We highlight the impor-
tance of implementing different techniques to characterize and assess avian seed disperser performance.
Water provision increased seed arrival, but our design failed to enhance plant recruitment. The next logical
step in the restoration of Mediterranean oldfields is the optimization of conditions for seed germination
and successful plant establishment.
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INTRODUCTION

Land abandonment is increasing worldwide
(Cramer and Hobbs 2007), especially in devel-
oped countries of temperate areas such as the
Mediterranean Basin, where models predict its
increase (Rounsevell et al. 2006). Oldfields
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represent an opportunity for the recovery of nat-
ural vegetation (Schroter et al. 2005) and hence
are considered target areas for restoration poli-
cies (Navarro and Pereira 2015). Oldfield sec-
ondary succession in Mediterranean areas has
been widely studied under mesic conditions (see
references in Pausas et al. 2006), but much less
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under semiarid climates (but see Pausas et al.
2006, Robledano-Aymerich et al. 2014). Mediter-
ranean semiarid environments (with a long
drought period and extreme rainfall events)
show slow natural recovery (Pugnaire et al.
2006, Rey-Benayas et al. 2015) which can entail
severe soil erosion (Romero-Diaz et al. 2017).
Therefore, practical restoration strategies for acti-
vating and accelerating secondary succession are
urgently needed (Méndez et al. 2008).

Frugivorous animals can play a key role in the
restoration of oldfields by dispersing seeds from
natural vegetation remnants (Méndez et al. 2008)
and have been widely studied as drivers of
restoration in degraded lands. In Mediterranean
oldfields, perching birds tend to deposit seeds
beneath isolated remnant trees (Debussche et al.
1982) that also provide better conditions—higher
humidity, less insolation—for seedling establish-
ment (facilitation effect, Verda and Garcia-Fayos
1998). This produces a nucleation effect concen-
trating seeds in suitable microenvironments
(Verdu and Garcia-Fayos 1996, Pausas et al.
2006). Pausas et al. (2006) recommended taking
advantage of such effect in management policies
of degraded landscapes, enhancing vegetation
recovery in oldfields by providing artificial
perches. Guidetti et al. (2016) found that artificial
perches increase seed arrival to target restoration
habitats, being considered one of the cheapest
and more effective nucleation techniques. How-
ever, they pointed out some research gaps as the
lack of studies evaluating plant recruitment, and
particularly, of practical studies in temperate
areas such as the Mediterranean biome (e.g.,
Heelemann et al. 2012).

In the absence of perch effect, the role of fru-
givorous birds in restoration of oldfields can be
limited, resulting in a poor contribution to seed
dispersal in open areas with low vegetation cover
(as many semiarid Mediterranean degraded habi-
tats; Debussche et al. 1982) where other animal
vectors can be more [effective (e.g., carnivorous
mammals, Escribano-Avila et al. 2015). Further-
more, oldfields are unattractive to frugivorous
birds since low vegetation cover implies high pre-
dation risk and scarce trophic resources (i.e., few
fruits; Garcia et al. 2011). However, many fleshy-
fruited plants in Mediterranean habitats depend
largely on birds for the dispersal of their seeds
(Herrera 1989). Contribution of birds to habitat
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restoration, as well as their responses to restora-
tion initiatives, has been investigated mostly at
community level because of the difficulty of
establishing species-specific interactions (bird—
plant interactions) through classical methods
such as bird censuses or observational studies
(Lavabre et al. 2016). The study of such relation-
ships, however, is crucial as different bird species
provide complementary seed dispersal services
(Garcia et al. 2013, Lavabre et al. 2016, Gonzalez-
Varo et al. 2017). Non-intrusive tracking methods
(e.g., camera trapping) can elucidate the composi-
tion of animal communities (Burton et al. 2015),
their associated services (e.g., seed removal,
Mokotjomela et al. 2016), and their response to
restoration policies (Boone et al. 2017), whereas
molecular techniques can shed light on seed dis-
persal processes (e.g., seed dispersal distances
and spatial patterns of seed rain, Jordano et al.
2007, Lavabre et al. 2016; effects of fragmentation,
Martinez-Lopez et al. 2017) and dispersal net-
works of bird communities (Gonzalez-Varo et al.
2017). However, these genetic tools have been
rarely applied to restoration studies (Galimberti
et al. 2016).

Here, we test a methodological approach to
measure frugivorous bird contribution to the col-
onization in semiarid Mediterranean oldfields by
fleshy-fruited shrubs, as well as to study species-
specific relationships (bird—plant interactions) in
relation to restoration activities. We installed arti-
ficial perches and water troughs (a limiting
resource in arid conditions; Degen et al. 1983) to
attract birds to abandoned lands, and we created
microenvironments and prevented herbivory to
favor seedling survival. Since not all species are
expected to respond in the same way to our
attractors, we combined ecological and genetic
tools to get a comprehensive picture of the bird
seed dispersal pattern and its relevance for
restoration. First, we studied bird community
composition in a “natural restoration unit”
involving seed arrival and seed source sites (old-
fields and surrounding natural land) through
classical methods (bird census) to know all
potentially attractable bird species. Then, we
used non-intrusive detection methods (camera
trapping) in oldfield patches to determine which
species were lured by our attractors. Finally, we
used molecular techniques (DNA barcoding) to
identify which species were dispersing seeds into
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oldfields. Our hypotheses are (1) this method-
ological approach detects differential species-
specific responses of the frugivores in the areas
under restoration; (2) our restoration framework
attracts frugivorous birds providing a seed flow
directed to water troughs; and (3) the microenvi-
ronments and protection against herbivory pro-
vided, promote seedling and subsequent plant
establishment.

MATERIALS AND METHODS

Methodological approach

A detailed description of our methodological
approach can be found in Appendix S1. It
includes three different tools to tackle the key
questions arising in frugivorous bird-based
restoration projects. Briefly, birds in the study
area are recorded by a classical census method
(point counts, Blondel et al. 1981). Then, camera
trapping assesses how each species from the dis-
perser assemblage reacts to restoration facilities
(e.g., water troughs and/or perches). Data are
then transformed in an unbounded comparative
seed dispersal index used as a proxy of the seed
dispersal service provided by frugivores. The
index, adapted from Pons et al. (2003) in a previ-
ous study (Robledano-Aymerich et al. 2014),
makes easier to display differences between
study units. However, we have improved it by
including additional features shaping the disper-
sal potential of species (e.g., body mass; details
about the index parameters in Appendix S2:
Table S1). Finally, DNA barcoding is used to
determine which birds dispersed the seeds found
(Gonzalez-Varo et al. 2014). This technique
allows the identification of species by the ampli-
fication of a specific region of the mitochondrial
DNA which shows high specificity among ani-
mals (cox1: cytochrome c oxidase subunit [;
Hebert et al. 2003). Therefore, the method can be
used to amplify remaining avian DNA in seed
surfaces after defecation or regurgitation to iden-
tify bird species (Gonzalez-Varo et al. 2014).

Case study

Study area—This study was conducted in Cas-
tillo de Chuecos, a rural area located in a coastal
semiarid Mediterranean mountain zone of the
southeast of the Iberian Peninsula (37°3'57.25"N,
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1°36/2.89"0; 550600 m a.s.l.; Fig. 1a; description
of the area in Appendix S3). Here, we studied
seed dispersal from mid-November to late Jan-
uary in 2016-2017 and 2017-2018 (16.2 £ 2.9
and 14.0 £ 04 d between sampling dates,
respectively; five samplings each year, dates in
Data S1: Bird censuses). The sampling period
was selected according to the peak of fructifica-
tion of most Mediterranean fleshy-fruited shrub
species (Jordano 1988). In addition, abiotic condi-
tions are better for plant recruitment as tempera-
tures are cooler and precipitation is more likely
(rainfall in Mediterranean areas concentrates in
autumn and spring).

Restoration design.—We applied a bird-based
restoration scheme in two abandoned almond
fields devoid of fleshy-fruited shrubs, from
September 2015 till January 2018. One field
remained unploughed for more than 20 yr (old
abandonment, OA, hereafter) showing a shrub-
land cover over 90%, mostly of Anthyllis cyti-
soides L. The second one, abandoned shortly
before the beginning of the experiment (recent
abandonment, RA, hereafter), had <10% of vege-
tation cover (mainly annual species and chamae-
phytes; Appendix S2: Fig. S1). We established 16
square plots of 64 m* (eight in each abandon-
ment type), half of them fenced for preventing
from the effect of herbivory on plant recruitment.
However, only 15 plots were considered by the
end of the study since the water troughs of one
were stolen in 2016 (unfenced plot 3 in RA,
Fig. 1b). Two plots (fenced and unfenced) were
kept as controls in each study area (OA and RA;
Fig. 1b). In each of the remaining plots, we estab-
lished water troughs (three replicates per plot; a
drum connected to a cement container) which
were surrounded by three artificial crossbars
perches (90 cm high with a 20 cm long crossbar;
Appendix S2: Fig. Slc) to increase bird use of the
plots (Fig. 1c). A plastic tray (44 x 28 cm, 7 cm
height) was placed under a perch in each repli-
cate to collect bird-dispersed seeds. Trays were
covered with wire mesh (1-cm light) to prevent
post-dispersal seed predation, and small holes
were made on the bottom (1 mm diameter) to
allow water drainage. Other perch was kept in
bare soil, and some rocks (around 10) were
placed under the third perch to provide better
microenvironments (i.e., shade and wind protec-
tion) for seedling establishment. Rocks are
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Fig. 1. (a) Study area. (b) Restoration design (OA, old abandonment; RA, recent abandonment). Plots of study
are represented with squares (green squares, unfenced; brown squares, fenced; asterisk, control plots). (c) Experi-
ment design inside each plot (circles, water trough; triangles, artificial perches).

recognized as effective facilitators increasing
plant recruitment (Fujita and Mizuno 2015). In
every plot, we also had a control, which con-
sisted of three perches without water trough
(Fig. 1c). Three plastic trays were located in each
control plot to assess seed arrival in the absence
of perches and water (i.e., perch effect provided
by birds would depend on natural vegetation
existing in these plots).

Plant sampling.—We sampled data on shrubs
both as seed sources and as colonizers (individu-
als established from seeds germinating in the
plots; Appendix S2: Table S2). In 2016 and 2017,
we surveyed natural vegetation in the surround-
ings of the study fields to assess fleshy-fruited
species and fruit abundance. Such information is
crucial since we did not supply additional
propagules (e.g., through seeding or planting);
thus, plant colonization depended exclusively on
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wild vegetation remnants. We determined the
density of fleshy-fruited shrub species (individu-
als/surface unit) in 16 circular units of 100 m?
and assessed fruit abundance visually (total
number of fruits per individual recorded). These
circular units were located in the first 100 m from
the studied oldfields since most seed dispersal
events mediated by birds occur in such distances
(Jordano et al. 2007). To assess seed arrival effect
on vegetation recovery, we fortnightly checked
fleshy-fruited plant establishment in eight
perches per plot, two per water trough (those
without tray), and two in the control point dur-
ing the three years of study.

Identification of the seed-dispersing birds via
censuses and camera trapping.—First, we recorded
the presence of birds in the area through nine
point counts of ten minutes each considering a
radius of 50 m (see Appendices S1, S2: Table S2):
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three in the oldfields and six in the surrounding
natural vegetation. Data collected (individuals of
each species per unit of time, birds/hour) were
used to calculate seed dispersal indexes
(Appendix S1, index calculation details in Data
S1: Bird censuses and seed dispersal indexes bird
censuses). The seed dispersal index for each date
was calculated from the average bird abundance
of the nine point counts. Then, we identified bird
species using water troughs by camera trapping.
We set six cameras (three in RA and three in OA)
which were randomly rotated among plots of
each abandoned category (we only used data
from five cameras for sampling periods 1 and 5
(2016—2017) and sampling periods 2 and 3 (2017—
2018) because one of the cameras failed in each
of them, see Data S1: Bird camera trapping, seed
dispersal indexes camera trapping, and averaged
seed dispersal index camera trapping per period
for more details). Cameras were focused on the
water trough and programmed to record 10-s.
video when activated by movement. We also cal-
culated seed dispersal indexes based on birds
using water troughs. Bird abundance was calcu-
lated by dividing the number of individuals
detected for each species between the number of
hours that each camera was functioning (birds/
hour, see details in Data S1: Bird camera trapping).
The seed dispersal index of each period was calcu-
lated as an average of the seed dispersal indexes
of cameras in each category (RA and OA). Finally,
we checked for seed arrival to the study plots by
sampling plastic trays under perches and water
troughs (from mid-November to late January
2015-2016, 20162017, and 2017-2018).
Identification of seed-dispersing birds via DNA
barcoding.—Seeds were directly sampled into
Eppendorf plastic tubes avoiding any contact
that could contaminate samples before molecular
analysis. Once in the laboratory, samples were
kept frozen (—20°C) until DNA extraction. Bird
dispersers were identified through DNA barcod-
ing following Gonzalez-Varo et al. (2014; labora-
tory protocol in Appendix S4). After DNA
extraction, seeds were used to identify the dis-
persed plants by the seed’s external morphology.
Sequences were edited with Mega7 (Kumar et al.
2016), and identification was done through
“BOLD: The Barcode Life of Data System” (Rat-
nasingham and Hebert 2007). This platform
allows researchers to identify species by
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uploading sequences and comparing them with
those stored in the system.

Data analysis.—Data analyses were performed
using R v. 325 (R Development Core Team
2016). Statistical differences among dispersal
indexes in the area (data from point counts) and
dispersal indexes in the oldfields with water
troughs (data from camera trapping) were
checked with Mann-Whitney U-tests. For this
analysis, we pooled data from the two sampling
periods 2016-2017 and 2017-2018. Data from dif-
ferent periods were considered independent as
we assumed that bird behavior is affected by
spatio-temporal variation of resources abun-
dance (similar approach as in Telleria et al. 2008).
We also tested for statistically significant differ-
ences between periods. Weighted seed dispersal
networks between birds and dispersed seeds
were plotted using bipartite R package (Dor-
mann et al. 2009).

REesuLTs

Fleshy-fruited shrubs and fruits in the area

Five fleshy-fruited species were detected (indi-
viduals/ha + SE): Asparagus horridus L. (18.75 +
6.25), Dhapne gnidium L. (3.12 & 3.12), Juniperus
oxycedrus L. (100.0 £ 12.5), Rhamnus alaternus L.
(6.25 £ 0), and Rhamnus lycioides L. (21.87 £ 3.12;
Data S1: Shrub density). Juniperus oxycedrus was
by far the most abundant species. All fruits
observed belonged to this species, being more
abundant in 20162017 than in 2017-2018 (3593.5
vs. 1131.2 fruits/ha; Data S1: Shrub density).

Seed disperser bird community

We detected 24 frugivorous bird species
through point counts. Of these, seven were legiti-
mate dispersers (Erithacus rubecula L., Phoenicurus
ochruros S. G. Gmelin, Sylvia melanocephala Gme-
lin, Sylvia undata Boddaert, Turdus merula L., Tur-
dus philomelos Brehm, and Turdus viscivorus L.)
and five facultative (Aegithalos caudatus L., Alec-
toris rufa L., Columba palumbus L., Phylloscopus
collybita Vieillot, and Pica pica L.; details of frugiv-
orous bird classification in Appendix S1). Seed
dispersal indexes ranged from 0.005 to 0.017
(2016-2017) and from 0.005 to 0.034 (2017-2018;
Data S1: Seed dispersal indexes bird censuses).
There were no significant differences between
both periods (Census P-value = 0.841, n = 10).
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Camera trapping detected 16 bird species
using the water troughs (2303 individuals); six
were legitimate seed dispersers (E. rubecula,
P. ochruros, S. melanocephala, S. undata, T. merula
and T. viscivorus) and two facultative (A. caudatus
and P. pica). Seed dispersal indexes ranged from
0.151 + 0.095 to 2.202 + 0.947 in 20162017 and
from 0.148 =+ 0.078 to 3.830 + 1.575 in 2017-2018
(Data S1: Averaged seed dispersal index
camera trapping per period). There were no sig-
nificant differences neither between periods (OA
P-value = 0.095, n =10; RA P-value = 0.841,
n = 10) nor between categories (i.e., when data
from different years were pooled, OA-RA
P-value = 0.420, n = 20, Fig. 2b). Seed dispersal
indexes of bird censuses were significantly differ-
ent from seed dispersal indexes of camera trap-
ping (P-value >0.001, n = 30, Fig. 2a).

Frugivorous bird seed dispersal to oldfields

We collected 256 seeds during the three sam-
pling campaigns (2015-2016, 2016-2017, and
2017-2018; Data S1: Dispersed seeds and seed
dispersers). Seed arrival to study plots was quite
heterogeneous among years. No seed was
detected in 2015-2016, whereas most (255) were
found in 20162017, and only one in 2017-2018.
No seed was detected in the control plots along
the study period.

MARTINEZ-LOPEZ ET AL.

DNA barcoding allowed us to identify the dis-
persers of 248 seeds (96.87% of those collected):
E. rubecula (1.21% of dispersed seeds), P. ochruros
(6.45% of dispersed seeds), and T. viscivorus
(92.34% of dispersed seeds; Data S1: Dispersed
seeds and seed dispersers). Four plant species
were dispersed into oldfields: A. albus, A. hor-
ridus, ]. oxycedrus, and Osyris lanceolata Hochst &
Steud (Fig. 3). In 20162017, most seeds were
deposited in fenced RA plots (Fig. 4). Further-
more, seed arrival to controls inside study plots
(i.e., perches without water trough, Fig. 1c),
expressed as the number of seeds found in each
sampling averaged for the three study plots in
fenced RA and two study plots in unfenced RA,
was negligible (RAconwor fenced = 0.33 £ 0.33;
RAontro1 unfenced = 0) when compared with
seeds found close to the water troughs
(RA-fenced =26.00 £+ 10.45; RA-unfenced = 1.67
+ 0.67). Regarding places where seeds arrived,
most of them were deposited in the water trough
(95.92%) mainly by T. viscivorus (Appendix S2:
Fig. S2).

We did not detect any recruitment (no seedling
emerged from the seeds deposited in the study
plots) throughout the sampling period. However,
we can confirm the usage of perches by birds as
we detected feces on the rocks placed beneath
them (Appendix S2: Fig. S3).
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Fig. 2. Seed dispersal indexes in the study area and in the plots where restoration activities have been applied.

Data were pooled for the ten sampling periods (five in 2016-2017 and five in 2017-2018). Boxplots show the med-
ian, the quartiles, and the outliers (white dots). Significance of Mann-Whitney U-tests is shown upper right. (a)
Comparison between seed dispersal indexes of camera trapping (ABAN; n = 20) and point counts (CENS,
n = 10). (b) Comparison between seed dispersal indexes of camera trapping in old abandonment (OA, n = 10)

and recent abandonment (RA, n = 10).
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Fig. 3. Seed dispersal networks among frugivorous birds and fleshy-fruited dispersed plants in the target area
after applying our restoration design (based on 248 seeds). Bird—plant interactions have been established through

DNA barcoding.
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Fig. 4. Seed rain mediated by each identified disperser inside the different sampled plots in oldfields during
20162017 campaign (RA, recent abandonment; OA, old abandonment).

DiscussioN

The proposed methodological approach based
on the combination of ecological and genetic
tools succeeded in identifying bird species-
specific responses to habitat restoration activities.
The combination of perches and water troughs
proved effective in attracting frugivores, which
resulted in an increase in seed arrival to oldfields.
However, no positive impact on colonization
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could be detected, since seedling establishment
did not occur.

Garcia et al. (2010) suggested to use fruit avail-
ability as a signal of the seed dispersal in a study
area, since frugivores show a high capability of
tracking such trophic resources in Mediterranean
ecosystems (Telleria et al. 2005). Fruit availability
in our study area was low and highly variable
between years (3,593.5 fruits/ha 20162017 and
1,131.2 fruits/ha 2017-2018), given that a single
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shrub of . oxycedrus could carry from hundreds
to thousands of fruits (authors personal observa-
tion). Furthermore, all fruits detected belonged
to . oxycedrus, whose fruit diameter is around
10 mm (Adams 2014). Fruits that birds can dis-
perse are restricted to those they can swallow. In
other words, it depends on the gape width of
each species (Wheelwright 1985). In our system,
the gape width of the seed disperser species
ranges from 6.48 mm (S. undata) to 13.52 mm
(T. merula) (Data from Pigot et al. 2016), with
only three species (Turdus spp) exceeding the
fruit diameter of J. oxycedrus. Thus, only a small
fraction of the frugivorous community can use
these resources (but see Gonzalez-Varo and Tra-
veset 2016). Indeed, our results mirror such limi-
tation since only T. viscivorus dispersed seeds of
J. oxycedrus into the oldfield. However, other
plant species were also dispersed into the habitat
under restoration (A. albus, A. horridus, and
O. lanceolata), which highlights the known ability
of birds to disperse seeds from more distant
source populations than those sampled by us
(>100 m, Jordano et al. 2007). Furthermore, spe-
cies with greater body mass are more important
in seed dispersal networks in terms of interaction
strength (i.e, number of plant species that
depends on each frugivore; Pigot et al. 2016).
Results of our seed dispersal networks mirror
such trends since T. viscivorus, with one of the
highest body mass in our system (Appendix S2:
Table Sla), dispersed the seeds of all plant spe-
cies that arrived at the study plots. Other studies
highlighted the role of this thrush in seed deposi-
tion in degraded landscapes (Garcia et al. 2013).
Seed rain mediated by frugivores determines
the chances for fleshy-fruited plant recovery in
abandoned lands. However, this represents a
challenge for colonization by bird-dispersed
shrubs since such open areas are generally
avoided by the frugivorous bird community due
to scarce trophic resources and low vegetation
cover (Garcia et al. 2011). In our case study, most
of the seed dispersers in the landscape also
occurred in oldfields (six out of seven, with the
only exception of T. philomelos). Seed dispersal
service, measured through seed dispersal
indexes, was significantly higher in the study
plots (data from camera trapping) than in the
surrounding landscape (data from point counts).
This fact indicates the effectiveness of our
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structures (perches and water troughs) directing
birds toward oldfields. Therefore, our restoration
framework managed to overcome the barrier
that open areas constitute for many birds increas-
ing seed dispersal services to target areas. Seed
dispersal indexes did not significantly change
between study periods (neither in the landscape
nor in the oldfield) in spite of fruit availability
variation. Frugivores can track changes in fruit
abundance within heterogeneous landscapes
(Telleria et al. 2005). However, some species
(e.g., T. philomelos) perform better in such role in
the Mediterranean (Telleria et al. 2008). In fact,
T. philomelos occurrence was low during our
study period and did not use the water troughs,
which could be related to the low abundance of
fruits in the area.

Seed rain in oldfields was highly heteroge-
neous between years with one sampling account-
ing for nearly all seeds (255 out of 256 in
2016-2017). This could be ascribed to the
observed fluctuation in fruit abundance between
years, what is a key predictor of seed dispersal in
temperate ecosystems (Garcia et al. 2010). Inter-
annual changes in fruit availability are common
in ecosystems even within the same landscape
(Garcia et al. 2013). The lack of seed arrival to the
control plots evidences the effectiveness of our
structures (perches and water troughs) to
enhance seed deposition in open areas. Our
results are in line with previous studies revealing
that artificial perches and water troughs enhance
seed dispersal (Garcia-Castellanos et al. 2016,
Guidetti et al. 2016). Seed arrival was much
greater in perches close to water troughs than in
controls only with perches inside each plot,
which shows that the attraction of water outper-
forms the effect of artificial perches used alone.
Most seeds were deposited in RA-fenced plots
what contrasts with the absence of differences
between abandonment categories in terms of
seed dispersal service. Such differences may
occur due to habitat preferences of different bird
species (forest species vs open habitat species,
Gonzalez-Varo et al. 2017) as OA presents much
higher vegetation cover than RA. Turdus vis-
civorus is by far the most important disperser in
our system, and it has been described to use
open areas more than other Turdus species
(Garcia et al. 2013). Phoenicurus ochruros, the sec-
ond species with higher contribution to seed
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rain, is also a common disperser in open habitats
(Gonzalez-Varo et al. 2017). Indeed, open habitat
species abundance was markedly greater in RA
than in OA in 20162017 (Appendix S2: Fig. 54).
Seed deposition was higher in fenced plots due
to T. viscivorus disperser activity. This phe-
nomenon could be related to the use of the fence
as intermediate perch when birds fly toward
water troughs since we observed them using
these structures. Turdus viscivorus was the largest
seed disperser we detected, and it may prefer
bigger and/or taller perch sites. This fact points
out that the fence could be another restoration
structure susceptible to be monitored in future
studies. Moreover, we identified dissimilar seed
rain in the two monitored restoration structures
(i.e., water troughs, 236 seeds; and perches, 12
seeds). These results point out the importance of
identifying species-specific interactions with
attractors, in order to adapt the restoration
design to bird preferences as seed fate can influ-
ence the chance of seedling survival (Rey et al.
2004). Our perches were smaller than those used
in previous studies (e.g., 6 m high, Holl 1998;
1.8 m high; de Almeida et al. 2016). The idea
behind this design was to make their usage easier
by future practitioners since their size was felt
enough to be used by birds (vegetation in RA
was low and plant height in OA was always
shorter than the perch). Furthermore, contrary to
precedent studies relying only on perches, we
combined them with another attractor (water).
The fact that perches were used by birds con-
firms that the design appears suitable.

For activating oldfield secondary succession,
seed arrival needs to be translated into plant
recruitment. Our restoration measures improved
seed arrival, but plant recruitment cannot be
granted by this fact (Reid and Holl 2013). Differ-
ent biotic and abiotic factors can limit plant
recruitment. With regard to the biotic ones, post-
dispersal seed predation by small mammals and
herbivory can represent a barrier for vegetation
recovery in fragmented landscapes (Santos and
Telleria 1994, MacDougall and Wilson 2007). We
did not record any signal of seed predation (e.g.,
seed coats), and herbivory was controlled by
fencing. Thus, recruitment seems limited by abi-
otic factors (light, water, etc.), in turn determined
by the microhabitat where the seeds arrive (Rey
et al. 2004). Our microenvironments (rock piles)
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were not fully effective in spite of their demon-
strated facilitator effect (Fujita and Mizuno 2015).
Although they could represent safe sites against
seed predation, microclimate amelioration was
insufficient to allow plant establishment.

CoNCLUSIONS AND FUTURE PERSPECTIVES

Many studies have highlighted the importance
of taking advantage of frugivorous animals to
restore degraded lands (Pausas et al. 2006,
Méndez et al. 2008). However, there is a gap of
knowledge regarding practical experiences in
Mediterranean environments (but see Rey-
Benayas et al. 2015, Fedriani et al. 2017, Castillo-
Escriva et al. 2018), where such information is
crucial to develop management policies that pro-
mote vegetation recovery of degraded lands
threatened by desertification processes such as
the Iberian Southeast (Romero-Diaz 2016).

Our measures were mainly directed at increas-
ing frugivore occurrence and seed arrival to tar-
get areas, and we supplied only one type of
microhabitat (rocks), which proved insufficient
for seedling establishment (Reid and Holl 2013).
In the future, they could be oriented to the imple-
mentation of facilitating elements. Many studies
report an enhancement of recruitment when
shrub species are located beneath perching sites
as seeds arrive to suitable environments with
proper conditions for plant establishment
(Gomez-Aparicio et al. 2005). Hence, active
planting of vegetation under perches could help
plant colonization. Furthermore, the characteriza-
tion of the microhabitat of seed deposition
(Garcia-Cervigén et al. 2018) and the perfor-
mance of germination trials could help to get a
comprehensive idea of the contribution of frugiv-
orous animals to the effective colonization of fle-
shy-fruited plants in oldfields. On the other hand,
landscape configuration (e.g., fruit abundance
and vegetation cover) can condition restoration
success. Restoration frameworks can also
increase propagule abundance in target areas by
supplying fruits, a solution when extreme land-
scape degradation eliminates surrounding seed
sources. Indeed, an increase in resource availabil-
ity can prevent the loss of mutualistic interactions
in fragmented landscapes (Fonturbel et al. 2017).

There are other management alternatives such
as seeding or planting which could be used in
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oldfield restoration. These measures could result
in a faster vegetation colonization of oldfields in
relation to techniques which rely on seed dis-
perser attraction through artificial structures as
our approach. However, promoting regeneration
via seed dispersal ensures the use of local
resources (seeds from local plant populations)
which can be important in terms of preserving
the genetic identity of local plant populations.
Furthermore, some measures, as providing
water troughs, can have additional benefits for
the fauna, especially in semiarid areas. With
regard to the economical investment, our
restoration framework can be considered cheap
if we do not install fences (each restoration point
—perches plus water troughs—costs around
50€) and it requires a scarce maintenance as we
can provide water from October/November till
May/June with a 50 L deposit. Active planting
or seeding under semiarid conditions would
require watering during the first years; other-
wise, plant establishment would be null or quite
limited. This would be a critical point to restore
large areas. Therefore, each restoration frame-
work has intrinsic advantages and drawbacks
and the selection of a suitable restoration
approach requires a case-by-case detailed analy-
sis which considers the natural ecosystem resili-
ence, the landscape matrix, and the land-use
history (Holl and Aide 2011). Combinations of
both types of measures, with localized active
planting and the enhancing of natural processes
of seed dispersal, would be a good option for
future applied investigations.

Our methodological approach effectively iden-
tified species-specific disperser responses to
attractors. The application of such approach
makes possible to adapt restoration practices to
the target frugivores according to particular con-
ditions (landscape characteristics such as fruit
abundance and distribution, or vegetation
cover). Our study represents, to our knowledge,
the first example of applied research on the use
of perches and water troughs for enhancing fru-
givore-mediated oldfield restoration in semiarid
Mediterranean environments. Thereby, our
results provide restoration ecologists and practi-
tioners with practical knowledge that can be
used as a tool to manage abandoned lands in
semiarid environments where habitat restoration
remains as a challenge.
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