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A B S T R A C T

In intensive farmland, it is often difficult to find charismatic and evocative species to serve as a flagship to inspire
conservation actions and awareness. Here, ‘non-traditional' flagship species may play a fundamental role in
promoting more sustainable and biodiversity-friendly agriculture and achieving conservation targets in this
strongly artificial habitat.

We investigated the abundance (measured in number of territories) of two insectivorous avian species,
spotted flycatcher and common redstart, in response to environmental characteristics and agricultural manage-
ment practices in Italian vineyards at landscape and field scales. We evaluated whether these species could be
used as ‘non-traditional’ flagships in this agroecosystem.

We found that both species were positively affected by vineyard cover, but not all typologies of vineyards are
equally suitable for them. The traditional pergola trellising system was favoured by both species, whereas
spalliera vineyards exerted negative effects. The spotted flycatcher commonly occurred in intensive vineyards on
valley floors where its abundance was negatively affected by young plantations, which provide limited nesting
opportunities, and by the cover of organic vineyards. Conversely, the common redstart was positively affected by
traditional elements interspersed in the vineyard matrix (i.e. hedges, tree rows, and isolated rural buildings),
which were more abundant in the less intensively cultivated valley sides. At the field scale, common redstarts
selected for grass sward shorter than 20 cm, which highlights the importance of active sward management for
this ground-feeding species.

Based on our results, we proposed using the spotted flycatcher as a ‘non-traditional’ flagship species for
intensive vineyards and the common redstart for the less intensive vineyards.

1. Introduction

Agricultural systems are often perceived as of little importance for
conservation or even as species-poor environments. In fact, while
traditional agroecosystems and low-intensity farmlands could host an
outstanding biodiversity (Perrings et al., 2006; Tscharntke et al., 2005),
modern agriculture has strong negative effects on biodiversity, largely
attributable to the intensification of farming practices (Burns et al.,
2016; Foley et al., 2011; Tscharntke et al., 2005) and to the abandon-
ment of marginal and less productive areas (MacDonald et al., 2000;
Rey Benayas et al., 2007).

In the European Union, the Common Agricultural Policy (CAP) has
been the major driver of agriculture intensification and land abandon-
ment (Donald et al., 2002; Young et al., 2005).

Despite increasing awareness of these processes and the claims for a
“greener” CAP reform in 2013, the environmental prescriptions of the
revised CAP (that will be in force until 2020) had been so weakened
that they are unlikely to enhance agroecosystems and their biodiversity
(Pe’er et al., 2016, 2014).

In Europe, permanent crops (e.g. vineyards and orchards) represent
the third most widespread farming system (Iglesias et al., 2011). They
cover about 6% of the cultivated surface in the EU, but in the
Mediterranean countries, their share is much higher (17%-26%)
(http://ec.europa.eu/eurostat/statistics-explained/index.php/Agri-
environmental_indicator_-_cropping_patterns). They were questionably
considered ‘green by definition’ (Hart, 2014) and were thus excluded
from any ‘greening’ obligations, which are mandatory for farmers to be
eligible for the CAP direct payments provided for other crop types.
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However, permanent crops are not immune from intensification and
abandonment (Caraveli, 2000; Ribeiro et al., 2014). Unfortunately,
there is still limited knowledge about the impacts on biodiversity in
these crop types (Balmford et al., 2012).

Among permanent crops, vineyards, due to their high economical
value and in response to climate change pressure, are rapidly expanding
at the expense of natural and semi-natural ecosystems in areas where
they never occurred (Hannah et al., 2013; Winkler and Nicholas, 2016).
Additionally, traditional vineyard agroecosystems are experiencing
unprecedented intensification (e.g. increasing fertilizer and pesticides
inputs, massive use of machinery, large scale irrigation) and landscape
simplification (e.g. field size increasing, elimination of marginal
habitats) (Martínez-Casasnovas et al., 2010), which poses new threats
to biodiversity (Viers et al., 2013).

Considering organisms inhabiting agroecosystems, farmland birds
have experienced a massive population depletion in the last few
decades (Donald et al., 2001), and no signs of recent inverse trends
have been reported (Inger et al., 2014). A decline of this magnitude in
formerly abundant and widespread species has been almost unique in
natural systems (Donald et al., 2002). For this reason, they have been
thoroughly used as models for conservation in farmed landscapes
(Brambilla et al., 2009; Gottschalk et al., 2010; Gregory et al., 2005;
Santana et al., 2014). The causes of this dramatic process are still
debated, but the intensification of farming practices has had a major
role (Chamberlain et al., 2000; Donald et al., 2001). Among the changes
related to intensification, those which probably most impacted birds
were the increase in pesticides use and field size and the reduction of
habitat diversity and marginal habitats occurring within the agroeco-
system (Donald et al., 2002 and reference therein). The decline of
farmland birds is particularly concerning when also considering the
fundamental ecosystem services that birds provide; for example,
insectivorous birds are efficient pest controllers (Sekercioglu et al.,
2004; Whelan et al., 2015).

For these reasons, farmland bird ecological requirements and causes
of their decline have been thoroughly investigated, but studies focused
mainly on cereal field and grassland habitats (Bradbury and Kirby,
2006), whereas scarce attention was posed on farmland birds in
permanent crops, and in particular in vineyards.

‘Flagship’ species are charismatic species that could serve as a
symbol to inspire conservation actions and awareness (Caro et al.,
2004). These are typically large mammals (e.g. elephants; Johnsingh
and Joshua, 1994) and birds (e.g. eagles; Langguth et al., 2013). The
protection and conservation efforts devoted to these species take
advantage of their intrinsic natural appeal and fascination to the public
(Brambilla et al., 2013), and often result in the conservation of their
whole habitat, including a wide range of other organisms (Entwistle,
2000). Unfortunately, traditional flagship species are often missing in
several areas, in particular in those impacted by human activities
(Anne-Isola Nekaris et al., 2015), such as agricultural ones. In these
parts of the world, there is an urgent need to identify species that could
act as flagships for conservation. There, ‘non-traditional' flagship
species (sensu Entwistle, 2000) could play this role. In fact, if raising
awareness and educational activities are targeted at appropriate
audiences, even less-charismatic species may appear appealing for this
purpose (Entwistle, 2000; Walpole and Leader-Williams, 2002). Exam-
ples of species successfully used as ‘non-traditional’ flagships are the
snake Alsophis antiguae in Antigua (Daltry et al., 2001) and the bat
Pteropus voeltzkowi in Tanzania (Trewhella et al., 2005). Unfortunately,
the concept of ‘non-traditional’ flagship species has been rarely applied
and is generally neglected in the conservation literature, despite its
proved utility in conservation practice.

With this study, we focus on two insectivorous avian species:
spotted flycatcher Muscicapa striata and common redstart Phoenicurus
phoenicurus. These species are widely distributed in Europe, but are (or
have been) declining across the continent (Sanderson et al., 2006). In
our study area, they widely exploit vineyard habitats, and thus are ideal

model species to elucidate the impact of viticulture on biodiversity.
We investigate how habitat characteristics, agricultural manage-

ment practices, and topographic-climatic variables affect the abun-
dance (measured as the number of territories) of these two species (i).
Additionally, we evaluated the effect of vineyard ground management
practices on field-scale habitat selection by foraging common redstarts,
since ground characteristics were suggested to be important for setting
territories and foraging activities of ground-dwelling species in agri-
cultural habitats (Martinez, 2012; Martinez et al., 2010; Tagmann-Ioset
et al., 2012) (ii).

We finally discuss the possible role of these two species as ‘non-
traditional’ flagship species in vineyards with different levels of
intensification (iii).

2. Materials and methods

2.1. Study area

This study was performed in the Trento Province, a mountainous
area in the South-eastern Alps (Italy) where vineyards are found in the
valley floors and on the adjacent hillsides, up to 750 m a.s.l. Vineyard
plantations cover about 10,300 ha (i.e. 2% of the total Province extent
and 19% of the area below 500 m). For further details on the study area,
see Assandri et al. (2016a).

2.2. Study species

We chose two species of conservation concern as models, which are
relatively widespread in the study area (Assandri et al., 2016a). This
allowed us to define conservation strategies with possible applications
to the whole study area.

Spotted flycatcher Muscicapa striata is considered ‘SPEC 3′ in Europe
(which means a species with an unfavourable conservation status but
with a population not concentrated in Europe; (Birdlife International,
2004)), where it underwent a 46% population decline in the period
1980–2013. It is now considered stable (2004–2013; http://www.ebcc.
info/trends2015.html), although it is decreasing in large parts of its
range (Freeman and Crick, 2003). In Italy, the species has been reported
to be stable by some authors (Nardelli et al., 2015), and decreasing by
others (Rete Rurale Nazionale and LIPU, 2015).

Common redstart Phoenicurus phoenicurus experienced a sharp
decline in Europe until the end of the last century (Birdlife
International, 2004). Then, it underwent a strong recovery with a
2004–2013 increase of 41% (http://www.ebcc.info/trends2015.html),
which was also reported for the Italian population in the period
2000–2014 (Rete Rurale Nazionale and LIPU, 2015).

2.3. Bird counts and territory definition

We surveyed the two target species along 47 200-m long linear
transects spread across the entire Trentino wine district with half in the
valley floors and half on hillsides (Fig. 1). Birds were counted within
100 m from the transect (i.e. buffer zone), covering a total surface of
7.15 ha for each transects.

We mapped as precisely as possible all contact with every individual
on the most updated aerial photographs available (scale 1:2500). We
took into account both direct observations and songs/calls of the target
species. We discarded overflying birds. To avoid double counting of the
same individual, the minimum distance between neighbouring buffer
zones of the transect was set at 300 m.

We surveyed each transect three times during the breeding season
2014 (10–18 April; 13–22 May; 12–22 June). Five to six transects per
day were censused from dawn to a maximum of five hours later
(5.30–10.30 a.m.). All counts were carried out by one of the authors
(G.A.), who walked at a slow pace along each transect, on days with
calm weather without precipitation and strong winds. The census of a
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transect required 35–45 min, depending on both the local topography
and habitat complexity. The census order across transects was changed
from one visit to the next.

From these counts, we estimated the number of territories totally or
partly found in the transect buffer zone, which became our response
variable. We conducted three (or two, in the case of the spotted
flycatcher, which appeared at the beginning of May in the study area)
visits in each transect, which might be not enough for a detailed
definition of territory boundaries. In any case, we are confident that this
method is suited for estimating relative abundances and should be
much better than using the simple mean or maximum abundance,
because it considers the spatial arrangement of the individual bird
locations (Brambilla et al., 2008). We also adopted an alternative
approach, based on N-mixture models, to estimate population size from
replicated counts (Royle, 2004). We evaluated the potential effect of
census date and time of the day on detection probability through this
approach, in addition to the effect of the independent (environmental)
variable on the (latent) abundance of the species considered. Results
showed that the effect of date and time of the day was not supported for
the common redstart, whereas for the spotted flycatcher, only the effect
of the date was slightly supported (over the two replicates that were
useful for this species, which in April were still absent in the study
area). These findings suggested that detectability was likely a minor
issue in our system. Thus, we decided to continue with territory
estimates based on the number and spatial location of the contacted
individuals.

2.4. Environmental variables and data analysis

Data analysis was carried out at two different spatial scales: transect
and field. Field scale is ‘nested’ within the transect.

2.4.1. Transect level
We measured in a GIS and directly in the field several landscape,

management, and topographic-climatic variables at the transect level
(Table 1).

Land cover variables were measured in GIS and validated or
modified by means of a field survey on all the transects aimed at
improving the quality of land cover estimates. We considered six
habitat categories: woodlands, intensive apple orchards, marginal
habitats, croplands, urban areas, and vineyards, with the last one being
the dominant typology.

We measured the length of hedgerows and tree rows on aerial
photographs, and counted the number of isolated trees and rural
buildings. We also counted the number of habitat and vineyard patches
(recognisable portions of habitat or vineyard fields with the same
spatial arrangement and management) totally or partially overlapping
with the buffer zone of the transect.

In Trentino vineyards, phytosanitary treatments are quite uniform
since they are regulated by a central agricultural institute. The only
difference lies in the use of synthetic fungicides, insecticides, herbi-
cides, and fertilizers in conventional fields that are not allowed in
organic ones. We consequently quantified the cover of vineyards under

Fig. 1. a) Location of the study area in the Trento Province (in grey) and in Italy. b) Location of the 47 transects surveyed (red: valley floor transects; yellow: hillside transects), with the
nine geographical areas used as random intercepts in the GLMMs. They are numbered as follow: 1-Piana Rotaliana; 2-colline di Lavis-San Michele; 3-Val di Cembra; 4-colline di Trento; 5-
Alta Vallagarina; 6-Mori; 7-Bassa Vallagarina; 8-Benaco; 9-Valle dei Laghi. c) Detailed view of an example 200-transect, with its 7.15 ha-buffer zone and a sample of a vineyard considered
for the field scale analysis (area shaded in light grey). Base map: Ortofoto 2011 ©AGEA − Agenzia per le Erogazioni in Agricoltura, Roma.
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these two different management systems for each transect. Organic
viticulture in our study area is however limited, accounting for only
about 3% of the entire area covered by vineyards. We were thus able to
include only some (mean ± sd: 13.9 ± 26.7%; range: 0–100%)
organic vineyards in one third of our sampling plots.

We additionally distinguished young and old vine plantations (with
a threshold set at an age of 15 years) and the two vineyard trellising
systems occurring in the study area, pergola and spalliera. Pergola is the
traditional system in Trentino (about 80% of vineyards of the Province;
Chemolli et al. (2007)) and consists of tall (up to>2 m) and spaced
vines (up to 5 m between rows) supported by poles and beams. Spalliera
is the standard global system; it is characterized by lower vines
supported by wires held between poles and with less spacing
( < 2 m between rows). Within these two systems, management is
basically the same, but some mechanical activities are impeded by the
pergola structure (e.g. mechanical harvesting and pruning).

Topographic variables (mean elevation and mean slope for each
plot) were derived from a 1-m resolution digital elevation model (DEM)
using GRASS 7.0.2 (Neteler et al., 2012). From this, we also obtained
mean direct solar radiation for each plot on 21 June using r.sun
function and taking into account the shadowing effect of the topogra-
phy. We derived mean bioclimatic variables (BIO1-annual mean
temperature; BIO12-annual precipitation) from WorldClim (Hijmans
et al., 2005) at a 30 arc-seconds resolution for each plot.

We did a thorough data exploration for each group of explanatory
variables in order to avoid common statistical problems, following Zuur
et al. (2010). This led us to apply a log + 1 transformation to wood,
apple, young plantations, and isolated trees to reduce the weight of
outliers. We also tested the quadratic effect of patches only in common
redstart, since the preliminary graphical exploration of the data
suggested a possible pattern of this kind.

Based on gVIF, topographic-climatic predictors were highly colli-
near among each other. Thus, according to Ieno and Zuur (2015) we
dropped the ones with the highest gVIF from the analyses (elevation
and BIO12).

We ended up with 17 predictors subdivided into the three above
defined groups (see Table 1) that we tested on our response variable. At

first, we built three separate models (one for each group of predictors)
for each species (the model formulas are reported in the supplementary
materials). The choice to split our analyses in three was motivated by
the fact that our sample (N = 47), and the obvious collinearity of
several variables (possibly relevant from a conservation and planning
point of view), does not allow us to build a single comprehensive
model.

For this reason we also treated the percentage cover of vineyard as a
management explanatory variable (instead of as a land-cover one). This
also allowed us to correct for vineyard cover in the plot when
evaluating the effect of the vineyard management variables and to
remove collinearity amongst covariates in the landscape group. We also
placed the hedgerow and tree row length, the number of isolated trees,
and buildings into the management predictor group, because often in
farmlands, and invariably in our study area, their occurrence is fully
determined by the farmers’ choices (Assandri et al., 2016a).

We did not include any interactions in our models. We acknowledge
this is a simplification of complex ecological patterns expected to occur
in artificial habitats, but due to our sample size and the fact that models
were already complex per se, we preferred to keep it simple to avoid
statistical and computational problems. We standardized all explana-
tory variables before entering them into the models to allow compar-
isons of their relative effects (Schielzeth, 2010) and because recent
literature has highlighted the importance of this procedure for control-
ling for multicollinearity in model averaging (see below) in order to
obtain reliable predictor estimates (Cade, 2015).

We expected our data to show a strong spatial structure, and spatial
autocorrelation is known to severely affect the results of regression
analyses (Beale et al., 2010). Therefore, we ran Poisson GLMMs using
the R package glmmADMB (Skaug et al., 2015) with geographical area,
a categorical variable with 9 levels grouping neighbouring plots (see
Fig. 1), as a random intercept. Subsequently, we verified potential
residual patterns of spatial autocorrelation by means of Moran’s I test
(run with R ape package; Paradis et al., 2004) on the regression’s
Pearson’s residuals. We also computed the overdispersion statistic on
final model residuals in order to evaluate whether Poisson distribution
was the appropriate distribution for the data (Zuur et al., 2013).

Table 1
List of the independent variables used in the transect-level analysis. Mean ± SD is calculated over the 47 transects on the starting variable (i.e. without transformations or
standardizations).

Variable Description Mean ± SD

Landscape variables
Woods % cover of woodlands (mostly broadleaved woodlands). Log + 1 transformed in the models (see text). 6.2 ± 8.9%
Crops % cover of croplands (mainly small family-run fields) 2.3 ± 5.7%
Marginal % cover of marginal habitats (hedgerows and tree rows, abandoned areas with scattered shrubs, field margins,

roads)
14.2 ± 6.1%

Apple % cover of intensive apple orchards. Log + 1 transformed in the models (see text). 4.6 ± 9.4%
Urban % cover of urban areas 2.7 ± 4.3%
Patches Number of patches partially or totally overlapping with the buffer area of the transect. We tested its quadratic

effect on the common redstart (see text).
29 ± 11

Management variables
Vineyards % cover of vineyards 64 ± 18.7%
Hedgerows Length of hedgerows and tree rows in the buffer area of the transect as defined in Assandri et al. (2016a) 318 ± 285.7 m
Isolated trees Number of isolated trees. Log + 1 transformed in the models (see text). 10 ± 2
Isolated buildings Number of isolated rural buildings 2 ± 2
Organic % of organic vineyards (the remaining part is conventional) 13.9 ± 26.7%
Spalliera % of spalliera vineyards (the remaining part is pergola vineyards) 18.3 ± 29.7%
Vineyard patches Number of vineyard patches totally or partially overlapping with the buffer area of the transect 20 ± 9
Young plantations % of young vineyard plantations ( < 15 years). Log + 1 transformed in the models (see text). 30.2 ± 21.1%

Topographic-climatic variables
Slope Mean slope stated in degrees of inclination from the horizontal 8.9 ± 7.8°
Elevation Mean altitude as derived from a DEM. This variable was excluded from the analysis due to high collinearity (see

text).
307 ± 152 m

Solar radiation Mean solar radiation on 21th June 1774 ± 460 W/m2; 8610 ± 240 W/m2

BIO1 Mean annual temperature derived from Hijmans et al., 2005 11.6 ± 1.5 °C
BIO12 Annual precipitation derived from Hijmans et al., 2005. This variable was excluded from the analysis due to high

collinearity (see text).
865.20 ± 22.47 mm
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We worked within an information-theoretic framework (Burnham
and Anderson, 2002) using the dredge function in the R package
‘MuMIn’ (Barton, 2015) to build all the possible models for each
species, separately considering each of the three groups of explanatory
variables. We subsequently kept models with ΔAICc< 2, saving the
most supported models (i.e. considered to be essentially as good as the
best model; Symonds and Moussalli, 2011). We discarded the ‘unin-
formative parameters’ (Arnold, 2010), i.e. the variables included only
in models comprising more parsimonious nested models (Richards,
2008; Richards et al., 2011).

Then, following the analytical method of Koleček et al. (2014), we
built a set of candidate ‘synthetic’ models for each of the two species by
selecting the predictors from the three individual groups which were
selected amongst the most supported models (as defined in the previous
step). After checking again for collinearity, we built these multi-level
models using the same AICc-based procedure as described above
(dredge, only models with ΔAICc < 2 kept, uninformative parameters
removed). We finally conducted model-averaging by obtaining model-
averaged coefficients, their relative standard errors, and the relative
variable importance (Johnson and Omland, 2004) for all supported
explanatory variables. In Fig. S1 is presented a graphical visualization
of the whole modelling process.

2.4.2. Field level
This analysis was conducted only for common redstart, which,

differently from spotted flycatcher (an aerial predator), usually feeds on
the ground and could be affected by ground management practices in
agricultural systems (Schaub et al., 2010).

We considered exclusively the observed bird locations, exactly
attributed to a vineyard field (used field), excluding all the locations
falling in other habitats. We randomly selected an equal number of
unused vineyard fields for each combination of transect and month,
selecting for each observation the field closest to the one used by the
species.

Given the high territoriality of the species and the rather limited
number of territories occurring per transect, we assumed that, at a
given time, if a bird was in a given field, the nearest unused field could
be considered available to the individual, but unused at that precise
time.

In our study area, vineyard grounds are extensively covered by a
grass sward with the exception of the vine base, where herbicides or
plowing are usually applied.

In each used or unused field, at the end of each morning mapping
session, we measured three ground management variables by visual
estimation at the field scales (according to Mermod et al., 2009): i) the
percentage sward cover in each vineyard; ii) the grass height grouped
into three categories (low: ≤5 cm; medium: 6–20 cm; high: > 20:
high) iii) the management of the vine row (three categories: herbicide,
plowing, or only mowing). Patches are generally very homogeneous
according to those three variables.

At the analytical stage, we simplified sward cover variable accord-
ing to three cover categories: 0–75%; 76–99%; 100%.

We modelled used and unused fields as a function of the three field-
level variables using binomial GLMs. The model was defined as follows:

redstart presence/absence ∼ sward cover + grass height + row man-
agement

We worked again within an information-theoretic approach by
building all the possible models as in the procedure described for the
transect level.

3. Results

Overall, we obtained 132 precise locations (62 in May and 70 in
June) for spotted flycatcher and 146 for common redstart (48 in April,
51 in May, and 47 in June).

On the basis of those records, we defined 66 territories for spotted
flycatcher (mean ± sd/transect: 1.40 ± 1.24) and 56 for common
redstart (mean ± sd/transect: 1.19 ± 0.95) in the period investi-
gated.

3.1. Transect level

3.1.1. Spotted flycatcher
The landscape model selection procedure allowed us to retain only

two supported models (see supplementary materials, Table S1), which
highlighted a negative effect of both crop and marginal habitat cover on
the number of spotted flycatcher territories (Table S2).

Similarly, the model selection procedure for management variables
only retained two supported models (Table S3), which showed a
negative effect of organic management, spalliera trellising system, and
young plantation cover, and a positive effect of vineyard cover (Table
S4).

Additionally, there was only one topographic-climatic model se-
lected (Table S5), that showed a negative effect of slope (Table S6).

The synthetic model initially tested in the final analysis was thus
defined in the following way:

number of spotted flycatcher territories ∼ crops + marginal + organic
+ young plantations + vineyards + spalliera + slope + (1|geographical
area)

The synthetic model selection procedure retained six models in
which all the starting variables were included at least once, except for
crop cover and slope; therefore, no topographic-climatic predictors
were retained in these models (Table 2, Fig. 2).

The sign of the predictor effects on the response variable was the
same as in the individual groups (Table 3).

Overall, the most parsimonious model considering the three groups
of predictors, but also the synthetic models, was the most supported
management model (AICc = 136.1). The most parsimonious landscape
model came after (AICc = 140.4), and was closely followed by the
topographic-climatic model (AICc = 141.6).

3.1.2. Common redstart
Landscape model selection retained only two supported models (see

supplementary materials, Table S7), which highlighted a positive effect

Table 2
Most supported synthetic GLMM models for spotted flycatcher number of territories. Models are ranked according to Akaike's information criterion corrected for small sample size (AICc),
and only models within an interval of ΔAICc < 2 are shown. The difference in AICc from the best supported model (ΔAICc), Akaike's weights based on most supported models (wi), and
−2 log-likelihood values (logLik) are also given. Negative (−) or positive (+) relationships between predictors and the number of spotted flycatcher territories are also shown. For
variable acronyms, see Table 1. N = 47.

Model df logLik AICc ΔAICc wi

organic (−) + young plantations (−) + vineyards (+) 5 −62.30 136.1 – 0.29
spalliera (−) + young plantations (−) + vineyards (+) 5 −62.72 136.9 0.84 0.19
spalliera (−) + young plantations (−) + marginal (−) 5 −62.99 137.4 1.37 0.15
organic (−) + marginal (−) + vineyard (+) 5 −63.12 137.7 1.63 0.13
spalliera (−) + marginal (−) 4 −64.42 137.8 1.74 0.12
organic (−) + young plantations (−) + marginal (−) 5 −63.18 137.8 1.74 0.12
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Fig. 2. Effect of the vineyard cover (a), young plantation cover (b) on spotted flycatcher number of territories, and vineyard cover (c), number of isolated buildings (d), and the length of
hedges and tree rows (e) on common redstart number of territories. Plots are based on the predictions of the synthetic averaged GLMM models for the two species. Other predictors
included in the models are kept constant at their mean value. Shaded grey polygons represent the 95% confidence intervals of the mean. N = 47.
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of urban cover and a quadratic effect of the number of patches/transect
on the number of territories of common redstart (Table S8).

Management model selection retained four supported models (Table
S9), which showed a positive effect of hedgerow and tree row length,
the number of isolated buildings, and vineyard cover, and a negative
effect of spalliera trellising system (Table S10). Additionally, no
topographic-climatic models were supported.

The synthetic model initially tested in the final analysis was thus
defined in the following way:

number of common redstart territories ∼ patches + patches^2 + urban
+ hedgerows + isolated buildings + spalliera + young plantations +
(1|geographical area)

The synthetic model selection procedure retained eight models in
which all the starting variables were present (Table 4, Fig. 2). The sign
of the effect of predictors on the response variable was the same as in
the individual groups, except for the number of patches, for which a
better fit of the positive linear relationship (instead of the quadratic
one) was suggested; however, the importance of this last variable was
very low (Table 5).

Overall, the most parsimonious model was the synthetic model
(AICc = 120.4), which was substantially comparable with the manage-
ment model (AICc = 121), but clearly better than the landscape model
(AICc = 125.2).

Spatial autocorrelation did not affect models (Moran’s I tests on
residuals always not significant). Likewise, overdispersion was always
below 1.5, and thus the Poisson distribution we used was always
adequate.

f) Effect of grass height on (foraging) common redstart occurrence
probability as predicted from the only supported binomial GLM, as suggested
by the model selection procedure. 95% confidence intervals of the mean are
also shown. N = 108.

3.2. Field level

We obtained 64 common redstart precise locations in vineyards,
representing the 44% of total locations of the species available over the

47 transects; of these, 54 were used for the analysis at this level (see
Table S11), allowing us to define used vineyards, which we compared
with an equal number of unused fields. Results showed that the only
supported model (ΔAICc< 2) was the grass height model (redstart
occurrence∼ grass height; df = 3; logLik =−71.948; AICc = 150.12),
with sward cover and row management not selected amongst the most
supported models.

This model suggests that the species positively selected medium and
low grass height (with no difference between them) against high grass
(Table 6, Fig. 2e).

4. Discussion

Our results suggest that the intensive vineyards of the Trento
province could harbour populations of two species of insectivorous
birds, spotted flycatcher and common redstart, which have current or
recent negative trends in Europe (Sanderson et al., 2006). This confirms
previous findings on these and other insectivorous avian species in
permanent crops, suggesting that, when food and nest sites are
available, these species could maintain populations in very artificial
habitats (Martinez et al., 2010; Mermod et al., 2009).

Both spotted flycatcher and common redstart were positively
affected by the cover of vineyard at a landscape scale and both species

Table 3
Model averaged standardized parameter (based on models with ΔAICc < 2) and relative
variable importance (measured considering the sum of the Akaike weights over all models
in which that variable appears) of predictors from synthetic models for spotted flycatcher.
Covariates are ranked according to cumulative weights. For variable acronyms see
Table 1. N = 47.

Variable β SE ∑wi

intercept 0.17 0.15 –
young plantations −0.20 0.15 0.75
vineyards 0.20 0.19 0.61
organic −0.21 0.23 0.54
marginal −0.15 0.18 0.52
spalliera −0.19 0.24 0.46

Table 4
Most supported synthetic GLMM models for common redstart. Models are ranked according to Akaike's information criterion corrected for small sample size (AICc) and only models
within an interval of ΔAICc < 2 are shown. The difference in AICc from the best-supported model (ΔAICc), Akaike's weights based on most supported models (wi), and−2 log-likelihood
values (logLik) are also given. Negative (−) or positive (+) relationships between predictors and common redstart number of territories. For variable acronyms, see Table 1. N = 47.

Model df logLik AICc ΔAICc wi

isolated buildings (+) + spalliera (−) + hedgerows (+) + urban (+) 6 −53.13 120.4 – 0.18
isolated buildings (+) + hedgerows (+) + urban (+) + vineyards (+) 6 −53.14 120.4 0.03 0.18
spalliera (−) + hedgerows (+) + urban (+) 5 −54.47 120.4 0.05 0.17
isolated buildings (+) + hedgerows (+) + vineyards (+) 5 −54.76 121.0 0.63 0.13
spalliera (−) + hedgerows (+) 4 −56.19 121.3 0.99 0.11
isolated buildings (+) + hedgerows (+) + urban (+) 5 −55.10 121.7 1.30 0.09
patches (+) + hedgerows (+) + urban (+) + vineyard (+) 6 −53.97 122 1.69 0.08
hedgerows (+) + urban (+) + vineyards (+) 5 −55.42 122.3 1.95 0.07

Table 5
Model averaged standardized parameter (based on models with ΔAICc < 2) and relative
variable importance (measured considering the sum of the Akaike weights over all models
in which that variable appears) of predictors from synthetic models for the common
redstart. Covariates are ranked according to cumulative weights. For variable acronyms,
see Table 1. N = 47.

Variable β SE ∑wi

intercept 0.01 0.15 –
hedgerows 0.36 0.14 1
urban 0.19 0.15 0.76
isolated buildings 0.16 0.17 0.57
spalliera −0.18 0.24 0.46
vineyards 0.15 0.20 0.45
patches 0.02 0.09 0.08

Table 6
Effects of grass height on the probability of foraging common redstart occurrence. The
table shows the parameter estimates on a logit scale from the most (and only) supported
binomial GLM fitted using treatment contrasts (i.e. the “high” level was the reference
level for the comparisons). The contrast between “low” and “medium” was derived by re-
fitting the model using “low” as the new baseline level. N = 108.\.

Estimated coefficient Standard error z p value

High-low 1.10 0.56 1.96 0.049
High-Medium 1.06 0.49 2.18 0.029
Low-medium −0.04 0.48 −0.09 0.92
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seemed to be quite well adapted to this habitat, likely because they are
structurally not very different from their “ancestral” habitats, such as
open forests in warm and sunny climates (Cramp, 1988 ; Cramp and
Perrins, 1993).

This is surprising, because the few existing studies on birds in
vineyards found that, although vineyard-dominated landscape could
harbour quite rich bird communities (Assandri et al., 2016a; Laiolo,
2005; Pithon et al., 2016), particularly in traditional extensively used
landscapes (Verhulst et al., 2004), vineyard cover per se has detrimental
effects on community indexes (e.g. richness and abundance) and on
individual species abundance as shown by the analysis on auto-ecology
at a finer scale (e.g. habitat and micro-habitat selection). Vineyards are
in fact exploited only by a very few generalist species (Assandri et al.,
2017a; Pithon et al., 2016) and, only in particular contexts, by a few
species of conservation concern, such as woodlark Lullula arborea
(Arlettaz et al., 2012; Pithon et al., 2016), skylark Alauda arvensis
(Pithon et al., 2016), or lesser grey shrike Lanius minor (Isenmann and
Debout, 2000).

The spotted flycatcher is likely favoured by vineyards due to their
tree-like structure (in particular pergola ones), which allow the species
to successfully breed on vines and vineyard supports (Assandri et al.,
2017b) and to benefit from the abundance of perches (e.g. poles) used
to fly-catch insects (Kirby et al., 2005). The observed negative effects of
marginal habitat cover on spotted flycatcher are complex to explain,
but probably are not a direct effect, since they are mediated by
landscape complexity and topography. In fact, this species in the study
area is mostly found in the vineyard-dominated main valley floors and
transects richer in marginal habitats found on sloping valley sides have
a lower cover of vineyards.

Common redstart is similarly favoured by vineyard cover, but this
species is limited by the availability of suitable nesting sites, as it is a
secondary cavity-nesting species. This likely explains the positive effect
of urban cover on that species. In fact, sparse urban areas offer a great
availability of artificial nesting sites and short-cut lawns occurring in
gardens, meadows, and vegetable gardens, which confer heterogeneity
at the landscape scale (Assandri et al., 2016b; Droz et al., 2015).
Similarly, isolated rural buildings interspersed within the cultivated
matrix (which had a positive effect on the species) are frequently used
as nesting places. Additionally, hedgerows and tree rows have a clear
positive effect on common redstart for two possible reasons. First, they
probably offer a higher arthropod prey abundance and diversity than
neighbouring vineyards. Second, they possibly provide nesting sites for
the species.

4.1. Vineyard characteristics drive patterns of species abundance

Both spotted flycatcher and common restart are insectivorous,
although with different specialization: common redstart is a non-
specialized arthropod forager, generally hunting on the ground,
whereas the spotted flycatcher is an aerial insectivore, which takes
prey by fly catching (Cramp, 1985; Cramp and Perrins, 1993). As a
consequence of their diet, they should find enough prey to persist in a
breeding site, which is a requisite not necessarily satisfied in intensive
agroecosystems (Altieri and Nicholls, 2004). Vineyards generally
receive high inputs of pesticides (Aubertot et al., 2005), and these (in
particular insecticides) could strongly impact arthropod prey and
indirectly their insectivorous predators (Hallmann et al., 2014). Poten-
tially, strong impacts of pesticides are thus expected on vineyard
insectivores. Notwithstanding, in our study area farmers used a relevant
amount of fungicides (mostly copper and sulphur); however, they use a
limited amount of insecticides (normally only one treatment/year)
against the leafhopper Scaphoideus titanus, which is the vector of the
grapevine yellows Flavescence dorée, a serious vine phytoplasmosis
(Penner et al., 2014). This limited use of selective insecticides possibly
explains why some insectivorous species dwell well in this agroecosys-
tem. In conventional fields, farmers use mainly systemic insecticides

targeted at Scaphoideus, whereas in organic fields, they use non-
targeted insecticides (e.g. pyrethrins, Bacillus thuringiensis), which have
been reported to affect the whole insect community (Wolfenbarger
et al., 2008). This possibly explains the negative effect of organic
farming that we found on spotted flycatcher abundance. Further ad hoc
studies are however needed to confirm the effective impacts of broad-
spectrum organic insecticides on the spotted flycatchers or on other
insectivorous birds.

When considering vineyard characteristics, young plantations had a
negative effect on spotted flycatcher. This result is likely a matter of
structure, since the species can hardly find any suitable nesting sites in
the poorly-structured young plantation, similarly to what happened in
spalliera vineyards. A previous study confirmed that this is a poor
nesting habitat for birds and in particular for spotted flycatcher, which
totally avoids this trellising system for nesting (Assandri et al., 2017b),
supporting the results of the present study (negative effect of spalliera
on the number of spotted flycatcher territories).

The probability of foraging common redstart occurrence in vine-
yards at a field scale was higher when vineyard sward height was under
20 cm, and much lower when it was higher. Similar results were
obtained by Martinez et al. (2010) in a field experiment in Swiss fruit
orchards, where sparse vegetation and patches of bare ground emerged
as key features for redstart occurrence (see also Schaub et al., 2010).

These results suggest that a minimum sward management is
necessary in vineyards to guarantee the presence of this species, that
is likely dependent on the “kitchen-dining room” system (Vickery and
Arlettaz, 2012), according to which arthropod-prey are more abundant
in tall grass, but are detectable by ground feeding birds only if patches
of low or sparse grass (or of bare ground) are available.

4.2. Insectivorous birds as ‘non-traditional’ flagship species in vineyards

In the last few decades, vineyards have been subjected to severe
intensification causing huge negative impacts on the environment
including primarily loss of habitats and biodiversity. Therefore, efforts
towards more sustainable viticulture should be urgently undertaken
(Viers et al., 2013).

At the same time, wine consumers are becoming aware of the
vulnerability of the environment and increasingly demand more
sustainable wine production (Bisson et al., 2002; Tempesta et al.,
2010). Landscape and biodiversity, consequently, are acquiring a new
(at least economical) value, and “green” viticulture is increasingly
considered as a viable way to fulfil sustainability targets (Zucca et al.,
2009).

Insectivorous species are appropriate targets for conservation
actions in vineyard-dominated landscapes and could be valuable flag-
ship species, since they can be efficient pest controllers in vineyards
(Barbaro et al., 2016). Bird conservation practices (e.g. nest-boxes
provisioning) may enhance herbivorous arthropod removal and thus
strengthen the provision of ecosystem services to wine growers
(Jedlicka et al., 2017, 2011).

To be representative of a given ecosystem, flagship species have to
be carefully selected according to the natural and social context of a
given study area. Additionally, flagship species should be not too rare in
the area/habitat considered and should have a good detectability (i.e.
should be generally well visible or singing actively). In agroecosystems,
it is difficult to find traditional flagship species. Thus, we propose here
insectivorous birds as valuable candidates for the role of ‘non-tradi-
tional’ flagships in agricultural systems, in order to promote a more
sustainable and biodiversity-friendly viticulture and to achieve con-
servation targets in this strongly artificial habitat.

Both species we considered largely inhabit vineyard-dominated
landscapes, but not all kinds of vineyards are equally suitable for them.
Moreover, they are widespread in the study area, consistently exploit
vineyards for feeding and nesting, and are not much influenced by the
factors that usually reduce the detectability of birds. These elements
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qualify the spotted flycatcher and common redstart as valuable
candidates for the role of ‘non-traditional’ flagships in vineyards. We
showed, in fact, that the spotted flycatcher is positively affected by
maintaining old vine plantations and traditional pergola structure in
intensive vineyards. Conversely, in less intensive systems, the common
redstart is favoured by a variety of marginal habitats and traditional
elements (i.e. hedge and tree rows, isolated rural buildings) and<20
cm grass height at a field scale.

Relevantly, in previous studies these elements emerged as funda-
mental also for the whole avian community (Assandri et al., 2016a) and
for the majority of the commonest and most widespread bird species in
the area (Assandri et al., 2017a). Thus, it is not too speculative to
assume that by conserving them, it is possible to enhance the overall
avian community and the whole agroecosystem.

In conclusion, spotted flycatcher could be an appropriate flagship
for the intensively cultivated vineyard landscapes, whereas common
redstart, which favours traditional and extensive systems, could be a
flagship for less intensive vineyard systems.

Identifying ‘non-traditional’ flagship species in agricultural systems
lacking more traditional ones, a goal which we developed by presenting
a case study on insectivorous avian species living in vineyards, could
have potentially many applications to other environmental contexts.

Our present contribution provides a first insight into the ecology of
these two species in vineyards. Deeper knowledge is however needed,
specifically with a focus on territory-scale preferences and breeding
performance, to define specific conservation strategies. In parallel, a
dissemination plan addressed to farmers, agricultural technicians, and
citizens should be activated to translate the results of this work into
conservation actions.
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