diversity
Article

Assessing Ecological Indicators for Remnant Vegetation Strips
as Functional Biological Corridors in Chilean Vineyards
Javiera Díaz-Forestier 1 , Sebastián Abades 2 , Nélida Pohl 3 , Olga Barbosa 3,4 , Karina Godoy 3,4 ,
Gabriella L. Svensson 5 , María I. Undurraga 3 , Camila Bravo 6 , Camila García 7 , Meredith Root-Bernstein 3,8 ,
Juan J. Armesto 3,9,10 and Juan L. Celis-Diez 7, *
1

2

3

4

5

6




7

Citation: Díaz-Forestier, J.; Abades,
S.; Pohl, N.; Barbosa, O.; Godoy, K.;
Svensson, G.L.; Undurraga, M.I.;
Bravo, C.; García, C.; Root-Bernstein,
M.; et al. Assessing Ecological
Indicators for Remnant Vegetation
Strips as Functional Biological
Corridors in Chilean Vineyards.
Diversity 2021, 13, 447. https://
doi.org/10.3390/d13090447
Academic Editor:
Panayiotis Dimitrakopoulos
Received: 30 July 2021
Accepted: 13 September 2021
Published: 19 September 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affiliations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article

8
9
10

*

Centro Regional de Investigación e Innovación para la Sostenibilidad de la Agricultura y los Territorios
Rurales_CERES, Quillota 2260000, Chile; javi@litre.cl
GEMA Center for Genomics, Ecology & Environment, Facultad de Estudios Interdisciplinarios,
Universidad Mayor, Santiago 8580745, Chile; sebastian.abades@umayor.cl
Instituto de Ecología y Biodiversidad, IEB, Santiago 7800003, Chile; nelypohl@gmail.com (N.P.);
olgabarbosa@gmail.com (O.B.); karinagodoym@gmail.com (K.G.); maundurr@uc.cl (M.I.U.);
mrootbernstein@gmail.com (M.R.-B.); jarmesto@bio.puc.cl (J.J.A.)
Instituto de Ciencias Ambientales y Evolutivas, Facultad de Ciencias, Universidad Austral de Chile,
Valdivia 5090000, Chile
Gerencia de Áreas Silvestres Protegidas del Estado, Corporación Nacional Forestal, CONAF,
Santiago 8330478, Chile; gabi.linnea@gmail.com
Departamento de Ciencias Ecológicas, Facultad de Ciencias, Universidad de Chile, Santiago 7800003, Chile;
camibravo@ug.uchile.cl
Escuela de Agronomía, Pontificia Universidad Católica de Valparaíso, Quillota 2260000, Chile;
camigarbea@gmail.com
UMR CESCO, CNRS, Musée National d’Histoire Naturelle, 75005 Paris, France
Facultad de Ciencias Naturales y Oceanográficas, Universidad de Concepción, Concepción 4070386, Chile
Facultad Ciencias Biológicas, Pontificia Universidad Católica de Chile, Santiago 8331150, Chile
Correspondence: juan.celis@pucv.cl; Tel.: +56-9-9228-4640

Abstract: Mediterranean central Chile is globally recognized as a hotspot for terrestrial biodiversity
due to its high endemism and massive habitat loss. However, within the rural landscape of central
Chile, significant extents of natural areas remain, especially on less productive, steep slopes, and
vegetation strips extending from the surrounding hills to agricultural areas. Accordingly, vegetation
strips or corridors, within lowland farms, constitute key elements to support the conservation of
biodiversity in rural landscapes. To assess the ecological performance of corridors in 22 commercials
vineyards in central Chile, we characterized them in terms of width-, length-, area-, and perimeter-toarea ratios, as well as the number of connections with natural areas. Based on a set of previously
defined ecological indicators (species, functional groups, and structural components), we compared
their occurrence in corridors within vineyards and in the surrounding natural areas. We evaluated
the effects of corridor attributes on the occurrence of the selected ecological indicators, using a
generalized linear mixed model with each vineyard as a random factor. The area, width, and length
of vegetation corridors varied widely (1.2–86.3 ha, 10.5–95 m, and 380–5000 m, respectively). We
found significant differences in the occurrence of indicators between corridors and natural areas.
All sampled ecological indicators in corridors showed a negative relationship with the distance to
the nearest natural area. Vegetation strips within vineyards represent important opportunities for
biodiversity conservation that significantly enhance habitat quality in the agricultural landscape for
biodiversity and habitat connectivity.
Keywords: land-sharing; vinecology; ecological intensification; vegetation corridors; agricultural
landscapes; ecological indicators
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1. Introduction
Increasing ecological intensification for sustainable agriculture, in addition to landscape connectivity approaches (i.e., wildlife-friendly farming systems), have promoted a
greater interest in assessing the benefits that preserved natural ecosystems could provide
to farmland [1–3]. This assessment is valuable because of the strong links recently found
between biodiversity and sustainable crop yields [4]. Moreover, ecosystem benefits to
agricultural production are declining, due to the expansion of cultivated lands, which
is a driver of habitat change and biodiversity loss, resulting in a reduction in nature’s
contributions to people and quality of life [5–7]. This is a serious problem, especially in
biodiversity-rich Mediterranean-climate regions [8], where climate suitability has favored
the successful expansion of agriculture and forestry plantations [9–11]. Generally, these
regions are characterized by the limited amount of land set aside for protected areas, due
to a high-opportunity cost associated with urban expansion and agriculture [10,12].
In Chile, protected areas represent only 1–3% of the original land cover [13] and are
small, scattered, and lack biological connections to one another [14]. However, given the
geography of the area, natural remnants remain dispersed within agricultural landscapes,
including larger areas in less productive zones and steep slopes, as well as vegetation strips
that project from hillsides into agricultural areas and hedgerows [10,15].
Remnant habitats in productive land offer conservation a foothold while also enhancing ecosystem service provision for sustainable agricultural production [1,2,16], in addition
to promoting a historical-cultural landscape, which is very attractive for the development
of agro-tourism at a global scale [17–19].
There is a growing awareness among farmers of a paradigm shift that promotes agricultural production while minimizing adverse effects on the environment [20–22]. This has
led to initiatives enhancing biodiversity conservation and sustainability in vineyards and
in other agricultural landscapes [3,23,24]. One local example is a pioneering and globally
recognized initiative (awarded in 2018 with the Green Awards by the Drinks Business)
known as the “Wine, Climate Change and Biodiversity” program (VCCB, by its acronym
in Spanish) of the Chilean Institute of Ecology and Biodiversity. The wine industry is
now transitioning from sustainability awareness to concrete and innovative management
practices in the region [23,25]. However, further monitoring and evaluation of management
actions, in a way that is feasible for practitioners, seems necessary, including research-based
support, monitoring ecological indicators, and assessing improvements [26,27]. However,
as recently discussed by Bal et al. [27], indicators must be selected a priori and applied
depending on the local context, ensuring reliable management decisions and monitoring
strategies [28]. In this work, we critically assess one of the most relevant conservation
practices adopted by the Chilean grape growers in central Chile: “To maintain forest and
scrubland strips within vineyards” areas [see 25]. Planted vineyards in California, Chile,
and South Africa maintain remnants of native vegetation, such as greenways or vegetation strips [23,29], landscape drainage corridors, and/or soil protection on steep, fragile
slopes [30]. A recent survey of conservation practices adopted by winegrowers indicated
that 100% of the Chilean vineyards participating in the study (n = 14) had implemented “biological corridors” within their land [25], which is what these remnants of native vegetation
or strips, immersed within the crop area, are commonly called by winegrowers.
Biological corridors can act as habitats for some species and act as animal passageways
from one area to another [31,32]. A growing body of evidence in the scientific literature
concerns the importance of biological corridors for biodiversity and their role in the
connectivity in rural and urban landscapes [3,33]. Usually, these works have focused
on the response of biodiversity indicators, i.e., taxa that reflect the state of the wider
biodiversity, are reactive to disturbance, and function as early warning signals for harmful
and unpredictable changes in the environment [27,34]. Depending on the spatial scale,
different ecological indicators could have different responses to landscape changes [35]. In
this work, we want to consider this approach from the perspective of stakeholders, hence
providing effective tools for those who manage productive landscapes.
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To assess the ecological performance of these “biological corridors” in Chilean vineyards, here we addressed following general questions. What are the salient features of
existing vegetation corridors in vineyards? What are their benefits for biodiversity conservation? Are biological corridors useful for different organisms (e.g., plants and birds),
in terms of connectivity in the rural landscape? Given that biological corridors are frequent landscape features intended to enhance conservation of biodiversity in agricultural
areas [3], assessing their performance is critical. Several aspects of corridor design at the
landscape scale, such as area-, shape-, or edge-to-interior ratio, could make a difference,
regarding the goal of conserving biodiversity and nature’s contributions to people [31,32].
Here, we characterize biological corridors in Chilean vineyards, with the aim of deriving
useful insights for the future design and evaluation of key ecological processes operating
in these productive lands. We compared habitat corridors for biodiversity conservation
found within vineyards with the surrounding native vegetation, considered as a reference
system, using a set of ecological indicators (see above) that included functional, structural,
and compositional dimensions of biodiversity [36]. We selected ecological indicators for
monitoring and evaluating potentially beneficial management actions, in a way that is
feasible for practitioners. We hypothesized that: (i) Wider and more connected corridors
could favor the presence of all ecological indicators. (ii) Resident ecological indicators (i.e.,
plants) in corridors were expected to relate to the corridor area, according to the predictions
of island biogeography theory, i.e., the species were more likely to be lost from corridors
with lower areas (or far from large natural remnants (sources)) than from large corridors
(or close to natural areas). These indicators should be more affected by the distance from
farmland to large remnant vegetation areas and by edge-to-interior ratios in corridors
(i.e., birds).
In summary, we asked what corridor features can predict the presence of selected
biodiversity indicators, and which corridor features contribute the most to overall indicator
richness. Results from this study are expected to provide a better understanding of the
relationship between landscape features and biodiversity/ecosystem services in productive
systems, which, in turn, could lead to improved strategies for mitigating the negative
impacts on the biodiversity of current and future agricultural developments.
2. Materials and Methods
We characterized one remnant natural vegetation strip (mostly the only or main one)
within cultivated areas found in 22 different vineyards of central Chile (Figure 1). These
vegetation strips (n = 22) were identified as “biological corridors” by farmers [25] (hereafter
“corridors”).
This study was conducted within vineyards belonging to some of the most important
wine producers in central Chile, which includes about 10% of the total number of central
Chilean wineries. To characterize biological corridors (as defined above), we measured:
(i) Mean corridor width; (ii) Total corridor area; (iii) Corridor length (starting from the
natural area to corridors end); (iv) Branching pattern, as the number of secondary strips
connecting the main vegetation strip to natural vegetation areas adjacent to the vineyard;
(v) The ratio of the corridor-area-to-total-cultivated-area, using the corridor-to-farmland
ratio at each vineyard; (vi) The ratio of the number of branches connecting to natural areas
over corridor length; and (vii) The corridor-perimeter-to-area ratio. Characteristics of each
“corridor” or vegetation strip sampled are presented in Table S1 (Supplementary Material).
Vegetation cover data for vineyards were obtained from Sentinel-2 images for the year 2013,
complemented by field surveys. Image processing for polygon delineation was done in
ArcGis v10 software, Extension Spatial Analyst 10.
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Figure 1. Map of central Chile showing the location of study
study sites.
sites. Gray circles indicate
indicate sampled
sampled
vineyards, found mostly in the central valley and coastal range.

For comparing corridor function in the landscape, we proposed a set of four types of
structural,
andand
compositional
dimensions
ecological indicators,
indicators,considering
consideringthe
thefunctional,
functional,
structural,
compositional
dimenof biodiversity.
Our selection
of indicators
for this
was based
on consultation
sions
of biodiversity.
Our selection
of indicators
forlandscape
this landscape
was based
on consulwith experts
[27], previous
studies,studies,
and analysis
of the available
literature
on the natural
tation
with experts
[27], previous
and analysis
of the available
literature
on the
history and
behavior
of species.
natural
history
and behavior
of species.
We sampled
We
sampled the
the area,
area, considering
considering the
the following
following ecological
ecological indicators:
indicators: (i)
(i) Selected
Selected
bird
species.
Based
on
their
ecological
requirements,
we
selected
5
avian
species
bird species. Based on their ecological requirements, we selected 5 avian species from
from
three different
central
Chile,
which
have
different
habitat
preferences.
three
differentfunctional
functionalgroups
groupsinin
central
Chile,
which
have
different
habitat
preferThese species
were: the
primary
cavity nester
(Dryobates(Dryobates
lignarius:
ences.
These species
were:
the primary
cavitystriped
nesterwoodpecker
striped woodpecker
Picidae) and
the secondary
cavity nester
thorn-tailed
rayadito (Aspharastura
spinicauda:
lignarius:
Picidae)
and the secondary
cavity
nester thorn-tailed
rayadito (Aspharastura
Furnariidae),
both of which
in sites
with
dense
treedense
cover,tree
including
the presence
spinicauda:
Furnariidae),
bothoccur
of which
occur
in sites
with
cover, including
the
of
some
large,
old
trees
for
nesting
and
successful
reproduction
[37].
Additionally,
we
presence of some large, old trees for nesting and successful reproduction [37]. Additionincluded
three
endemic
understory
birds
that
depend
on
dense
understory
cover
for
shelter,
ally, we included three endemic understory birds that depend on dense understory cover
movement,
and reproduction
[38], such as[38],
the such
rhinocryptids
dusky tapaculo
(Scytalopus
for
shelter, movement,
and reproduction
as the rhinocryptids
dusky
tapaculo
fuscus),
the
white-throated
tapaculo
(Scelorchilus
albicollis),
and
the
Moustached
turca
(Scytalopus fuscus), the white-throated tapaculo (Scelorchilus albicollis), and the Moustached
(Pteroptochos
megapodius).
These These
speciesspecies
are all are
insectivorous,
which which
are more
turca
(Pteroptochos
megapodius).
all insectivorous,
aresusceptible
more susthan
other
bird
functional
groups
to
habitat
degradation
and
loss
[39,40].
We assessed
ceptible than other bird functional groups to habitat degradation and loss [39,40].
We asthe occurrence of these birds in the vegetation strips sampled using call playbacks. Using
sessed the occurrence of these birds in the vegetation strips sampled using call playbacks.

Diversity 2021, 13, 447
Diversity 2021, 13, x FOR PEER REVIEW

5 of 14
5 of 14

a JBL charge speaker (2 × 5 W) for playback, one survey team member stayed close
Using
a JBL charge
speaker
× 5 W) forand
playback,
oneteam
survey
team member
stayedfrom
close
to
the speaker
to control
the(2playback,
the other
member
moved away
to
the
speaker
to
control
the
playback,
and
the
other
team
member
moved
away
from
this
this central location (>50 m from the speaker) to increase detection. Playback calls for
central
location
m played
from the
speaker)
detection.
Playback
for each
bird
each
bird
species(>50
were
three
times,toatincrease
intervals
of 15 s, to
enhancecalls
detection
rates.
species
were played three times,
at intervals
15 s, to enhance
rates.
(ii) Tree
(ii)
Tree regeneration—natural
regeneration
ofof
sclerophyllous
treesdetection
within the
vegetation
regeneration—natural
of sclerophyllous
trees by
within
the vegetation
corricorridors
and in areas ofregeneration
remnant vegetation
may be limited
biotic/abiotic
ecological
dors
and
in
areas
of
remnant
vegetation
may
be
limited
by
biotic/abiotic
ecological
filters.
filters. Limited seed availability, summer desiccation (water shortage), and the impacts
Limited
seedon
availability,
shortage),
the impacts
of herof
herbivory
seeds and summer
seedlings,desiccation
especially (water
by invasive
exoticand
species
(e.g., rabbits),
bivory onseedling
seeds and
seedlings,[41].
especially
by invasive
exotic species (e.g.,
constrain
recruitment
We quantified
the presence/absence
of rabbits),
seedlingsconor
strain seedling
We
quantified
the presence/absence
of seedlings
or sapsaplings
(<1 cmrecruitment
diameter at [41].
breast
height)
of sclerophyllous
tree species
in all corridors
lings
(<1 cm natural
diameter
at breast
height) of sclerophyllous
tree species
all corridors
and
and
adjacent
areas.
(iii) Geophytes—this
group of plant
species,inwhich
represents
areas.Mediterranean
(iii) Geophytes—this
group
of plant
species,
which represents
aadjacent
63.4% ofnatural
the Chilean
flora [42],
is often
ignored
in vegetation
surveys.a
63.4% species
of the Chilean
Mediterranean
[42],Chile
is often
ignored
in vegetation
surveys.
These
These
are largely
endemic toflora
central
(70%).
Herbaceous
plant
diversity
is
species
are largely
endemic
to central
(70%).in
Herbaceous
diversity
often enoften
enhanced
by the
presence
of smallChile
mammals
the Chileanplant
matorral
[43]. is
Geophyte
hanced by the
presence
of small
in the
Chileanof
matorral
[43].
Geophyte
recruitment
recruitment
can
be promoted
bymammals
the digging
activities
endemic
rodents
(Octodon
degus
and
cyanus),
consume
theof
bulbs
and store
seeds
[44]. Because
the Spalacopus
presence
can Spalacopus
be promoted
by thewhich
digging
activities
endemic
rodents
(Octodon
degus and
of
vegetative
geophytes
conspicuous
the seeds
field, we
presence/absence
in
cyanus),
which
consumeisthe
bulbs and in
store
[44].recorded
Becausetheir
the presence
of vegetative
all
corridors
adjacentinnatural
areas.
(iv) Woody
coverage—ininboth
vegetation
geophytes
is and
conspicuous
the field,
we recorded
theirplant
presence/absence
all corridors
and
corridors
and remnant
patches,
measured
woody
plant
cover of
trees, shrubs,
and
adjacent natural
areas. (iv)
Woodywe
plant
coverage—in
both
vegetation
corridors
and remnant
succulents,
which
can
be
affected
by
disturbances
such
as
fire,
logging,
and
cattle
grazing,
patches, we measured woody plant cover of trees, shrubs, and succulents, which can be afleading
to disturbances
progressive deterioration
of forestand
structure,
often resulting
net loss of deteriplant
fected by
such as fire, logging,
cattle grazing,
leading in
to aprogressive
cover
and
species
richness.
In addition,
shrubs
are of
considered
toand
be positively
relatedIn
oration
of forest
structure,
often
resulting in
a net loss
plant cover
species richness.
to
endemic
herbaceous
diversity
Woody related
plant cover
was estimated
visually
using
addition,
shrubs
are considered
to [43].
be positively
to endemic
herbaceous
diversity
[43].
standard
cover
ranges
[45].
Woody plant cover was estimated visually using standard cover ranges [45].
For
6 sites
forfor
surveying
ecological
indicaForeach
eachvineyard
vineyardstudied
studied(n(n= =22),
22),we
weselected
selected
6 sites
surveying
ecological
inditors.
Three
sites
randomly
distributed
across
the
selected
vegetation
corridors
within
the
cators. Three sites randomly distributed across the selected vegetation corridors within
cultivated
area
and
other
three
sites
randomly
distributed
in
a
large
remnant
of
adjacent
the cultivated area and other three sites randomly distributed in a large remnant of adjanatural
vegetation
present
withinwithin
200 and
m500
from
vineyard
edge (Figure
2). Samcent natural
vegetation
present
200500
and
m the
from
the vineyard
edge (Figure
2).
pling
was
also
done
within
the
planted
crop
but
due
to
the
total
absence
of
the
ecological
Sampling was also done within the planted crop but due to the total absence of the ecoindicators
in plantations,
results were
notwere
reported
in this study.
In each
ofIn
theeach
six sampled
logical indicators
in plantations,
results
not reported
in this
study.
of the six
sites
at
each
vineyard
(i.e.,
three
within
the
selected
vegetation
corridor
and
three
within
sampled sites at each vineyard (i.e., three within the selected vegetation corridor and
three
the
adjacent
natural
remnant
vegetation),
we
established
a
5-m
radius
circular
plot
where
within the adjacent natural remnant vegetation), we established a 5-m radius circular
plot
we
measured
the selected
ecological
indicators
(see above).
where
we measured
the selected
ecological
indicators
(see above).

Figure2.2.Image
Imageof
ofvineyard
vineyardinincentral
centralChile
Chileshowing
showingaatypical
typicalfarm
farmlandscape,
landscape,including
includingnatural
natural
Figure
areas,
cropland
areas
and
vegetation
strip
corridors
within
crops.
As
shown
in
this
landscape,
we
areas, cropland areas and vegetation strip corridors within crops. As shown in this landscape, we
sampled six sites in this study: three sites within “corridors” (white circles) and three sites in adjasampled six sites in this study: three sites within “corridors” (white circles) and three sites in adjacent
cent natural vegetation (red circles), 200–500 m away from the cultivated areas.
natural vegetation (red circles), 200–500 m away from the cultivated areas.

2.1. Data Analysis
2.1.1. Corridors vs. Remnant Natural Areas
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2.1. Data Analysis
2.1.1. Corridors vs. Remnant Natural Areas
To evaluate the importance of vegetation corridors and adjacent natural areas on
the representation of each ecological indicator, we used a zero-inflated generalized linear
mixed model to account for the potential excess of zeros (i.e., false negative observations),
due to low detection probability of most of our selected ecological indicators within the
study [46]. The fixed part of the model included the type of area compared (i.e., corridor
vs. natural remnant), while the vineyard (i.e., site) was specified as a random component.
The response variable was assumed to be Poisson-distributed for bird species (counts) and
Binomial for tree regeneration, geophytes (presence/absence data), and woody plant cover
(percentage). Model significance was tested by comparing it with the intercept-only model
using the likelihood-ratio test.
2.1.2. Effect of Corridor Features on Ecological Indicators
To assess the effects of corridor attributes on our selected ecological indicators, we used
a multimodel selection routine that compared all subset models that can be constructed
using linear combinations of the following corridor attributes: corridor width (m), corridor
length (m), number of connections between the corridor and the surrounding natural area,
length of connections (m), distance between the randomly-selected sampled plot both in
corridors and natural areas (m), total areas of the vegetation corridors (ha), perimeterto-area ratio (m/ha), and the cultivated area versus corridor-area ratio (unitless). No
interaction terms were included in the models to avoid overfitting. Each subset model
was fitted using a generalized linear mixed model with Poisson assumption for the case of
bird species and Binomial distribution for the remaining ecological indicators. The most
parsimonious model was selected based on AIC [47]. All statistical analyses were carried
out in R 3.6.1 (R CoreTeam), combining functions provided by the pscl [48], lmtest [49],
glmmulti [50] and MuMIn [51] packages.
3. Results
3.1. Corridor Characterization
Sampled vegetation corridors (n = 22) corresponded primarily (68%) to natural
drainage corridors (or seasonal streams) within the cultivated landscape, including a
basin and its tributaries (see Figure 2 for an example). These corridors usually ended in a
cultivated patch, a road, or a degraded site, not in the surrounding natural vegetation due
to the intensification of the landscape use in lowland areas. Drainage corridors connected
the principal basin with the surrounding natural areas at several points. We also sampled
corridors following irrigation channels (9%) and road edges (9%), or a combination of them
(13.6%). The average area of the 22 corridors sampled in the vineyards was 22 ha ± 20.8
(mean ± DS), and their width was 26.22 ± 19.4 m, respectively. Corridor perimeters were
positively correlated with their area (Supplementary Material Figure S1). The area of
corridors was variable and not related to the total area of the farms. Figure 3 summarizes
the main characteristics of the sampled corridors.
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Corridor area was positively correlated with the occurrence of geophytes but negatively related to tree regeneration (Supplementary Material Table S3). The perimeter-toarea ratio of corridors affected tree regeneration and showed a marginally significant relation with woody plant cover. Corridor length was a marginally significant predictor of
tree regeneration but a significant predictor of the occurrence of geophytes (Supplementary Material Table S3). Finally, the high proportion of cultivated-area to corridor-area
explained the lower occurrence of geophytes (Figure 6, Supplementary Material Table S3).
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4. Discussion
Currently, a major challenge for conservation on rural lands is to move towards more
sustainable agriculture [21,52]. Therefore, we evaluated the performance of relevant landscape features, such as biological corridors, and transient ecological indicators of sustainability in vineyards of the Mediterranean-climate region of central Chile, within the Chil-

Diversity 2021, 13, 447

9 of 14

Corridor area was positively correlated with the occurrence of geophytes but negatively related to tree regeneration (Supplementary Material Table S3). The perimeter-to-area
ratio of corridors affected tree regeneration and showed a marginally significant relation
with woody plant cover. Corridor length was a marginally significant predictor of tree
regeneration but a significant predictor of the occurrence of geophytes (Supplementary
Material Table S3). Finally, the high proportion of cultivated-area to corridor-area explained
the lower occurrence of geophytes (Figure 6, Supplementary Material Table S3).
4. Discussion
Currently, a major challenge for conservation on rural lands is to move towards
more sustainable agriculture [21,52]. Therefore, we evaluated the performance of relevant
landscape features, such as biological corridors, and transient ecological indicators of
sustainability in vineyards of the Mediterranean-climate region of central Chile, within
the Chilean winter rainfall biodiversity hotspot. Our analysis first showed that existing
vegetation corridors, in vineyards of central Chile, were elongated remnants of natural
vegetation remaining in adjacent areas where topography (e.g., steep slopes) limited the
expansion of crops [15,40]. These native vegetation strips were not originally designed
as “biological corridors” or for conservation purposes, nor intended to connect remnant
natural areas; hence, they often ended in a cultivated site or close to a road nearby (e.g.,
see Figure 2). Corridors or vegetation strips in vineyards may be better described as
prolongations of remnant patches, having an elongated shape advancing to the lowlands
from surrounding hills, dominated by natural vegetation [53]. Therefore, in these corridor
areas, we can track the loss and arrival of species and the transit of others.
Secondly, could these corridors function as habitats for different taxa, in terms of
connectivity and facilitating movement in the rural landscape? According to studies
that have addressed animal movements along biological corridors in prairies associated
with forested areas, birds (such as rhinocryptids) in southern Chilean forests [54] and
mammals in the California chaparral [29] make regular, non-territorial use (e.g., foraging
and migration) of these habitats when they are at least 19.7 m wide. Consequently, some
of the sampled corridors could potentially function for some bird and mammal species,
to enhance their movements between the cultivated vineyards and surrounding natural
areas. However, our results suggest that greater distance from the corridor to the natural
remnant vegetation has negative consequences for the occurrence of the selected birds,
geophytes, and woody plants. As hypothesized, based on island biogeography theory,
we expected a decrease in the number of taxa away from the natural areas, inside the
corridors. This is particularly relevant for Mediterranean climate areas, where natural
regeneration is limited [55]. Restoring degraded vegetation, which is connected to natural
remnant vegetation, will be more effective than establishing a new corridor beginning
from a denuded area. Therefore, implementing restoration plans for these pre-existing
vegetation strips would allow practitioners to improve functional corridors in the medium
term, with less technical difficulty and economic cost.
Other corridor traits affect the selected indicators in different ways: woody plant
cover and the number of tree seedlings are affected by the greater edge-to-interior ratio
of corridors, probably because area is proportional to the perimeter of vegetation strips
and, therefore, related to the edge effect, which increases adverse abiotic effects, facilitates
plant invasions, and increases the pressure of exotic herbivores [56–58]. These factors can
also explain why tree regeneration in corridors is negatively affected by area. Geophytes,
instead, are favored by a greater area of the vegetation strip since many species occur
naturally in canopy openings in forests and scrublands [59]; hence they tolerate some level
of drought and sun exposure along corridor edges. For all these reasons, contrary to our
hypothesis, wider corridors do not present a greater number of selected indicators.
The density of woody seedlings did not differ between corridors and remnant natural
areas in the proximity of vineyards, indicating that seed dispersal (by wind or biotic vectors)
still functions within corridors; corridors could operate as connectors for the plants in
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remnant forest areas. A possible explanation of why seed dispersal is not limited here is
that many avian seed dispersers are habitat-generalist. Thus, these biotic dispersers are
common in natural habitats but also in human-modified landscapes [60]. However, we
were unable to find woody saplings in the corridors within vineyards. Seedling survival
and establishment, under the current Mediterranean summer-dry conditions, seems to be
extremely low, even in natural areas [55]; drought-related mortality, rather than restricted
dispersal, may be a major cause of sapling rarity, as well as its low absence in corridors.
Finally, do vegetation strip corridors (prolongations of natural vegetation areas) within
vineyards deliver benefits for biodiversity conservation? We found significant differences
in the presence of biodiversity indicators, such as selected bird species, geophytes, and
woody plant cover between natural remnants of sclerophyllous forest and corridors within
vineyards. These differences suggest contrasting environmental conditions. In this context,
it is important to note that although the vineyard’s crop areas were originally considered in
our study, these areas were not included in the analysis, due to the absence of quantitative
data on the effect of the crop area on the selected ecological indicators. Despite these
differences, existing vegetation strips in vineyards represent an important opportunity
for biodiversity conservation and landscape connectivity, associated with the planned
management and design of the vineyard landscape [25]. For example, in urban landscapes,
smaller patches (<15 ha) contribute significantly to overall connectivity, which may have
implications for future conservation efforts [33]. Vegetation strips create habitat heterogeneity in the agricultural landscape that could enhance the permeability to biodiversity
of the entire productive matrix in wildlife-friendly farmland [3,61], providing additional
cultural nature’s contributions to people [17–19]. These strips should be conserved and
restored to significantly enhance and promote habitat quality and connectivity.
In light of our results, we propose the following recommendations to winegrowers
and farmers who wish to receive the benefits of local biodiversity and related nature’s
contributions to people:
(1)

(2)

(3)

(4)

Maintain and restore vegetation strip quality (habitat continuity and width) by reducing impact barriers, such as gaps without plant cover, and preventing corridors from
ending in a cultivated area or road, thus avoiding ecological traps for wildlife [29].
Move from a single farm scale towards a broader landscape scale for agricultural
planning and decision making [62]. Connect different natural areas with management
that goes beyond private property limits [10]. The pattern of alternating valleys
and ridges trending east–west, connecting the Andes and Coastal ranges, that shape
the landscapes in central Chile, favor the design and implementation of large-scale
corridors. The frequency of creeks, irrigation canals, stream hedgerows, riparian
buffers, along with the conservation of scattered remnant vegetation patches could
be used favorably to provide connections among natural areas conserved in central
Chile, at the scale of basins or valleys. These natural areas often occur within the land
owned by wineries worldwide [18,19].
Implement protections (herbivory exclusions and watering in extremely dry summers)
for seedlings and saplings in vegetation corridors to maintain or enhance the contribution of propagule dispersal to the production of vegetation, which, in turn, facilitates
the distribution of other organisms across productive areas, such as arthropod natural
enemies [63].
Use our selected ecological indicators to evaluate conservation and management
impacts, considering that: (a) Birds, geophytes, and woody plant cover are, according
to our results, acceptable indicators of corridor quality, compared to the surrounding
natural, unmodified, ecosystems. This requires that productive and natural areas be
considered integrated and connected components within management planning; and
(b) On the other hand, geophyte and tree seedling occurrences (that were shown to
be associated with most vegetation strip traits), could be considered good indicators
of the ecological status of corridors, and they can be used to monitor the success of
different models of corridor design. These ecological variables can be easily measured
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by farmers, thus avoiding specialized technical assistance, and can provide useful
insights and guidance to land managers.
Using this approach, we could provide novel and natural solutions for the conservation of biodiversity in productive or even suburban and rural landscapes and for enhancing
the positive interactions between productive systems and the surrounding natural vegetation patches, hence integrating natural areas with the productive landscape. This will
ensure the conservation of key components of wildlife within cultivated land and ensure
the delivery of biodiversity-dependent nature’s contributions to people that may represent
valuable inputs for crops [64,65].
Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/d13090447/s1, Figure S1: relation in log scale between corridor area (m2) and perimeter
(m). Table S1: description and characteristic of vegetation strips or corridor in the studied vineyards.
Table S2: effects of corridor versus natural areas on ecological indicators. Model for birds and woody
plant coverage are zero-inflated. Parameter estimates are incidence ratios or odds ratios, depending
on the distributional assumption (Poisson and Binomal) and represent a difference between the
corridor and natural area treatments. Table S3: parameter estimates for corridor attributes obtained
after applying the model selection routine to each ecological indicator. Estimates are incidence ratios
or odds ratios, depending on the distributional assumption of the model (Poisson and Binomal).
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