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A B S T R A C T

Reconciling biodiversity and agriculture is crucial for conservation and sustainable production. Viticulture im
pacts on ecosystems, and birds, which are highly sensitive to human-induced changes, play key roles in vine
yards. Birds may be affected by in-field management, but most studies have focused on larger spatial scales. 
Understanding field-level effects is fundamental: adjusting field-scale management to accommodate biodiversity 
needs can be feasible and easy to incorporate into conservation schemes. We analysed the effects of parcel 
(homogeneous management unit of vineyards) characteristics/management on the abundance of avian func
tional groups and species richness. We sampled bird communities and vineyards characteristics (both manage
ment- and landscape-related ones) along 43 linear transects in Italy, in May-June 2024. We grouped birds into 
woody vegetation-dwelling insectivores, ground/grass-dwelling insectivores, seed eaters, and potential grape 
eaters. We modelled species richness and abundance of different groups (occurrence for granivores) in relation to 
parcel characteristics. Irrigation was negatively associated with species richness, vegetation-dwelling in
sectivores and granivores. Row tillage and use of herbicides along rows negatively impacted on vegetation- 
dwelling insectivores, likely reducing habitats and resources. Alternate mowing promoted granivores and 
reduced potential grape eaters. Ground vegetation promoted granivores when 10–25 cm-high, and potential 
grape eaters and species richness at 25–40 cm-height. Bare ground cover positively affected granivores and 
species richness, likely increasing food accessibility. Alternate mowing (every second inter-row), retaining some 
bare ground patches and reducing row tillage and herbicide applications represent a win-win solution, promoting 
both bird conservation and potential ecosystem services provided by avian species to viticulture.

1. Introduction

Biodiversity and agriculture are intrinsically linked to each other. 
Wild species play irreplaceable functions in agroecosystems, and pro
vide many ecosystem services, but also some disservices, in farmed areas 
(Pejchar et al., 2018). Agriculture creates and maintains habitats suit
able for some species, but also dramatically impacts many organisms 
and ecosystems, being one of the main causes of species decline and 
ecological degradation (Crist et al., 2017). Reconciling biodiversity and 
agricultural practices is therefore crucial and needed both for conser
vation purposes and sustainable production.

Vineyards represent one of the most impacting crops worldwide 
(Viers et al., 2013). They are often highly intensive and homogeneous 
crops, established in biodiversity-rich areas, where they may exert a 
strong impact on wild species and ecosystem balance. The intense 

management is also leading to frequent agronomical and soil erosion 
issues (Prosdocimi et al., 2016). Integrating nature-based solutions into 
vineyard management and viticulture agroecosystems is key to 
achieving a sustainable grape production (Rusch, 2025).

Birds are highly sensitive to human-induced landscape and habitat 
changes, responding positively or negatively to anthropogenic pres
sures, depending on species and contexts (Fraixedas et al., 2020). In 
vineyards, where they are affected by both landscape and field charac
teristics (Assandri et al., 2016; Barbaro et al., 2021; Bouvier et al., 
2024), birds can represent both allies and threats for grape production. 
Avian species may indeed contribute to key ecosystem services in agri
cultural areas (Gaston, 2022; Nyffeler et al., 2018; Pejchar et al., 2018; 
Roseo et al., 2024) and, in vineyard landscapes, they are involved in 
insect pest control (Barbaro et al., 2017), weed control (Whelan et al., 
2008), and cultural ecosystem services (Assandri et al., 2018b; 
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Brambilla and Ronchi, 2020; Zielonka et al., 2024b). On the other hand, 
some species may feed on grape (Barbaro et al., 2021), possibly leading 
to ecosystem disservices, i.e. reduction in grape production or quality 
(Anderson et al., 2013).

The in-field management strongly impacts ground vegetation in 
vineyards (Nascimbene et al., 2013) and, in turn, affects biodiversity 
and ecosystem services (Winter et al., 2018). Management is indeed 
particularly relevant in determining bird occurrence/abundance, by 
driving the availability of insect prey and of seeds, but also the possi
bility to find and obtain the food items, i.e. accessibility (Bosco et al., 
2019a, 2019b; Schaub et al., 2010; Winter et al., 2018). Too high and 
dense vegetation may prevent access to food for many species, especially 
insectivores (Vickery and Arlettaz, 2012). In fact, many birds in vine
yards seem to prefer intermediate conditions, with heterogeneous 
ground vegetation, where patches with taller and denser vegetation 
‘produce’ the food, which is easily collected in areas with lower and/or 
sparser vegetation (Brambilla and Gatti, 2022). This kind of ‘kitch
en-dining room’ sward system (Vickery and Arlettaz, 2012) may be 
easily obtained in vineyards by alternating inter-row management, i.e. 
by mowing vegetation or tilling the ground every second row. Experi
mental implementations of alternate management of ground vegetation 
in commercial vineyards resulted indeed in an increase in the number of 
bird (and butterfly) species in vineyards, also promoting the richness 
and/or abundance of avian functional groups most prominent for 
ecosystem services, i.e. insectivores and seed eaters (Brambilla and 
Gatti, 2022). Alternated tillage compared to more intensive manage
ment has been reported to promote more diverse plant communities, 
with higher ground coverage (Fiera et al., 2020).

Field-scale agricultural management practices, therefore, may 
strongly affect vineyard use by birds (Guyot et al., 2017). However, most 
studies focussing on the topic until now had been carried out at larger 
spatial scales than the parcel (i.e., the homogeneous unit of a crop, 
vineyard in this case, with the same characteristics and subject to the 
same management), working over sampling units of some hectares 
(Barbaro et al., 2021; Brambilla and Gatti, 2022), while vineyard parcels 
frequently cover a few thousands of square meters. In addition, there are 
still many aspects related to the parcel that deserve investigation and 
that can contribute to driving vineyard use by birds and, in turn, also the 
potential for ecosystem services and disservices. Understanding such 

effects is key to reconciling production and biodiversity, and it is also 
particularly important from a practical point of view. Indeed, while 
changing landscape composition and configuration is often difficult, 
modifying or adjusting parcel-scale management can be feasible, and 
can be easily incorporated into agri-environmental schemes and sub
sidies that have the potential to be adopted and implemented over large 
spatial scales through national or international programmes, like e.g. the 
European Union’s Common Agricultural Policy (CAP).

With this work, we aim to fill some knowledge gaps on the effects of 
fine-scale management of vineyards on birds. We develop a parcel-level 
approach to explore the impact on different avian functional groups and 
bird species richness exerted by the most relevant factors shaping fine- 
scale habitat characteristics in vineyards (Fig. 1): i) different types of 
mowing of ground vegetation (considering both inter- and under-row 
vegetation cover); ii) soil management (e.g., tillage, ploughing); iii) 
height of ground vegetation; vi) use of herbicides; and v) use of irriga
tion systems. Based on previous works, we expect i) significant effects of 
ground vegetation and soil management, with positive outcomes of 
alternated management (Brambilla and Gatti, 2022); ii) variable effects 
of vegetation cover/bare soil on different functional groups (Barbaro 
et al., 2021; Guyot et al., 2017); iii) variable effects of the height of 
ground vegetation (Vickery and Arlettaz, 2012); iv) a negative effect of 
herbicides (Zielonka et al., 2024a); and v) a potential negative effect of 
irrigation (Cabodevilla et al., 2021). Furthermore, we expect a positive 
effect of the parcel area on bird metrics, but such an effect could 
potentially reach a plateau or turn into negative after a given threshold, 
because very large parcels may be less suitable to birds, which are 
generally associated to the occurrence or proximity of natural or 
semi-natural vegetation in vineyard landscapes (Assandri et al., 2016; 
Rösch et al., 2024).

Understanding how such key factors drive vineyard use by birds is 
crucial to identify management practices to maximise the potential for 
conservation and ecosystem services, while reducing disservices. Given 
that those are standard practices, recommendations may be easily 
developed and implemented through schemes and subsidies.

Fig. 1. A schematic summary of the most relevant impacts of management practices assessed in the study, and of the target avian functional groups considered 
(vegetation-dwelling insectivores, ground and grassland-dwelling insectivores, seed eaters, and potential grape eaters). All pictures have been taken in the study area 
in 2024.
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2. Materials and methods

2.1. Study system

The work was carried out in northern Italy, in a vineyard-dominated 
landscape located in Colle di San Colombano, in southern Lombardy 
(extreme coordinates NW: 9.43,45.16; SE: 9.50,45.21, EPSG 4236). This 
is an isolated, low (elevation range 70–146 m asl) hill, stretched over a 
NW-SE direction and standing above the surrounding lowland area in 
the Po plain (c. 60–70 m asl around the site). This area had never been 
considered by previous studies focusing on vineyards and/or breeding 
birds. Given the isolation of the site, the expected avian species richness 
is lower than in other areas surrounded by more suitable landscapes for 
vineyard and farmland birds. This makes this site perfectly comple
mentary to avian-rich and more diverse areas, to test if the positive effect 
of e.g. alternated management found in those areas (Barbaro et al., 
2021; Brambilla and Gatti, 2022) still holds even within poorer avian 
communities.

The landscape of the hill is a mosaic of vineyards interspersed with 
other crops (hay meadows, small cereal fields, and small orchards), 
broadleaved woodlands, and small urban areas. Vineyards are found all 
over the hill, but reach their highest share towards the south-eastern 
portion of the area. Most of the parcels cover a few thousand square 
meters each. Vineyard management is rather heterogeneous: different 
mowing/tilling regimes, use of herbicides and irrigation are randomly 
combined without a clear spatial pattern, with very different manage
ment options frequently found close to each other. Therefore, we 
randomly scattered sampling sites all over the area occupied by 
vineyards.

2.2. Fieldwork

We sampled bird communities during the breeding season along 43 
linear transects scattered over the vineyard landscapes of the entire hill 
(Fig. 2), within a 100 m-buffer, following previous research on vineyard 
birds (Assandri et al., 2017a; Brambilla et al., 2017; Rollan et al., 2019). 

Transects were located on pre-existing paths or unpaved roads and 
measured 200 m (30 transects) or 100 m (13 transects) in length (in the 
case of smaller vineyards, transects were 100 m-long to avoid sampling 
other environments). Transect buffer did not overlap (minimum dis
tance = 200 m) with very limited exceptions in morphologically com
plex areas (the proportion of overlapping buffers was <1 % of the 
overall buffers’ extent), where we paid attention to count each parcel 
only once in the analyses. Each transect was surveyed twice, once in May 
(17− 24) and once in June (3− 14), covering the core of the breeding 
period of most species. Surveys were carried out from dawn to the first 
hours of the morning, and variable clusters of neighbouring transects 
were randomly visited through each survey to minimise possible pat
terns due to temporal autocorrelation. All birds observed or heard were 
considered and accurately mapped on detailed aerial orthophotos 
(Google satellite) using the NaturaList app (www.biolovision.net). 
Overflying birds were noted as such. Transect surveys were carried out 
by the same expert observer (MB), walking at a slow pace, with the help 
of binoculars (Swarovski EL 10 × 42) and avoiding rainy and windy 
days.

We identified four categories of birds as potentially more relevant for 
ecosystem services and disservices in vineyards, based on i) possible 
contribution to pest control (Barbaro et al., 2021; Korányi et al., 2025), 
distinguishing between insectivorous birds foraging on different vege
tation substrates (Granata et al., 2025), ii) possible contribution to weed 
control (Kelly and Mccallum, 1990; Wenny et al., 2011) or seed dispersal 
(García et al., 2024), and iii) possible grape predation (Barbaro et al., 
2021). The four categories (Table S1) were therefore woody 
vegetation-dwelling insectivores (21 species observed along the tran
sects, of which 11 actually found in vineyards), ground or grass-dwelling 
insectivores (5 species in vineyards out of 10 species observed), seed 
eaters (11 out of 12 species observed), and potential grape eaters (8 
species); a few species were included in more than one group. We used 
previously available information (Barbaro et al., 2021; Brambilla and 
Gatti, 2022; Tobias et al., 2022) and considered species-specific 
ecological habits within the region to assign species to the different 
groups; see Table S1 in supplementary material for the list of species 

Fig. 2. Location of linear transects within the study area. The upper right inset shows the location of the study area within Italy. Vineyard cover is derived from the 
land-use/land-cover map DUSAF7 (see text).
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detected in the study area (within and outside vineyards) and the sub
division in subgroups.

At each transect, we also recorded the characteristics and shape of 
vineyard parcels in the field, and mapped their spatial configuration on 
GIS (using QGIS; QGIS Developmen Team, 2022). We recorded a set of 
pre-defined variables that characterise the practices and management 
adopted by the farmer on each individual parcel. Variables described 
ground vegetation management (mowing, alternated mowing) at rows 
and inter-rows, soil operations (light tilling, digging, other type of 
tillage), occurrence of irrigation systems (all being drip (droplet) sys
tems, made of pipes and tubes that distribute water through emitters 
along the vine row), use of herbicides on rows and/or inter-rows, use of 
pheromone traps, the height of ground vegetation (according to the 
percentage cover of four classes of vegetation height), the share of bare 
ground (%), and the occurrence of roses planted at row head (which 
could offer additional shelter or perching sites). All those variables were 
recorded directly in the field through visual assessment, during each 
survey day, to have a perfect correspondence between bird and vineyard 
data. In QGIS, and separately for May and June, we estimated the parcel 
size (extent in square meters). In some cases, management over a 
vineyard was homogeneous during a visit but not during the other one; 
in these cases, the resulting number of parcels was different across the 
two periods, to accurately reflect the parcel characteristics. To consider 
the possible landscape effects, for each parcel we computed the distance 
from the main non-vineyard habitats of the area, i.e. woodland, shrub
land, cropland, grassland, and urban areas. Distances were calculated in 
QGIS based on a detailed land-use/land-cover map made available by 
Lombardy regional authorities (DUSAF 7; https://www.cartografia. 
servizirl.it/arcgis1/services/territorio/dusaf7/MapServer/WMSServer? 
_jsfBridgeRedirect=true). Variables are summarised in Table 1.

2.3. Analyses

Flying over individuals not related to vineyard parcels (i.e., all rap
tors, waterbirds, aerial insectivores, and all individuals of any species 
just overflying transects) were discarded from the analysis. Migratory 
species that do not breed in the area (Clamator glandarius, Hippolais 
icterina, Curruca curruca) and all individuals observed outside vineyards 
were also discarded. We considered all bird observations in vineyards, 
and associated each observation with the parcel where it took place 
(separately defined for May and June, see above). Then, we modelled 
the abundance of different functional groups (the sum of individuals of 
species belonging to a functional group) and the species richness per 
parcel (both on a given date) as a response to the parcel characteristics. 
We removed variables with values different from zero in less than 5 % of 
parcels: soil tillage variables (apart from tillage, i.e. light tilling, at 
rows), pheromone traps, and roses.

We used GLMM (generalized linear mixed models) to model the ef
fect of management and landscape variables on the abundance of each 
functional group. All analyses were carried out in R (R Development 
Core Team, 2020). We entered transect as a random intercept in models 
to correct for the possible non-independence of data collected in 
neighbouring parcels located along the same linear transect. Given that 
the huge number of parcels (453, considering both first and second 
surveys) implied a high proportion of zeros, for the two insectivore 
categories, we randomly selected 106 unused parcels (106 correspond
ing to the highest number of parcels with birds, found for grape eaters) 
and discarded the other parcels without any observations. For species 
richness, we randomly selected 157 unused parcels (equivalent to 157 
parcels with at least one observation). For seed eaters, given that most 
records were related to single individuals, we modelled the use vs. 
non-use of parcels by those birds, i.e. converting the abundance data 
into a binary variable (binomial error, logit link). To reduce the number 
of predictors and possible collinearity issues, we adopted a two-step 
procedure. We initially subdivided predictors into three groups (land
scape – all distances to other habitats; management variables; height of 

the grassland sward) and fitted one model for each group. Parcel size 
was entered, together with its quadratic term, in all models, to take into 
account the possible overwhelming effect due to the parcel extent.

From those three models, we selected all predictors with an effect 
with P < 0.3 (we chose a high value to reduce the risk of leaving out 
potentially relevant predictors, balancing with the need to reduce the 
number of terms presented to the model). Then, we considered all 
selected variables as potentially contributing, in any possible combina
tions with the other factors, to explain parcel use. Therefore, the possible 
variable combinations were treated as alternative hypotheses, for which 
we evaluated the relative support based on Akaike’s Information Cri
terion corrected for small sample size (AICc), computed using the dredge 
command in MuMIn (Barton, 2020). Then, we compared models based 
on the respective value of the AICc, removed models containing unin
formative parameters (Arnold, 2010), and performed a conditional 
averaging of the remaining ones with ΔAICc < 2 (see Table S2 in the 
supplementary material for alternative models for each dependent 
variable).

All variables were scaled before modelling; multicollinearity was 
checked using the variance inflation factor (VIF) and highly collinear 
variables (VIF>4) were left out from the model (actually, only the per
centage cover of ground vegetation higher than 40 cm for granivores, 
potential grape eaters and species richness). Models were fitted using a 

Table 1 
Management variables recorded at the parcel-scale. All variables were inde
pendently measured in May and June, and parcel boundaries always matched 
the management implemented at a given time.

Variable Description Rows or 
inter-rows

Values

mowing of 
ground 
vegetation

combined assessment 
of ground vegetation 
mowing over rows and 
inter-rows

combined 0: no mowing; 1: only 
rows; 2: only inter- 
rows; 3: both rows 
and inter-rows mown

alternate 
mowing

mowing performed 
every second row or 
inter-row

separately 
assessed

0: no; 1: yes

tillage light, superficial tillage 
interesting only the 
first cm of the soil

separately 
assessed

0: no; 1: yes

soil digging deeper tillage separately 
assessed

0: no; 1: yes

other soil 
tillage

other types of tillage separately 
assessed

0: no; 1: yes

herbicides recent use of herbicide separately 
assessed

0: no; 1: yes

pheromone 
traps

use of pheromone traps combined 0: no; 1: yes

roses roses planted at row 
head

only for 
rows

0: no; 1: on < 50 % of 
rows; 2: on > 50 % of 
rows

bare ground cover of bare ground in 
the vineyard

combined % cover on vineyard 
ground

irrigation presence of irrigation 
systems

only for 
rows

​

height of 
ground 
vegetation

percentage cover of 
vegetation of different 
sward height (total: 
100 %)

combined % cover for < 10 cm, 
10–25, 25–40, 
> 40 cm

parcel size parcel extent (also as a 
quadratic term)

- m2

woodland distance to the nearest 
forest patch

- m

shrubland distance to the nearest 
shrubland patch

- m

cropland distance to the nearest 
non-vineyard 
cultivated area

- m

grassland distance to the nearest 
grassland

- m

urban areas distance to the nearest 
built up area

- m
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negative binomial error (log link), as Poisson models proved to be 
overdispersed. As stated above, only for granivores, we used a logistic 
binomial model (as there were very few parcels with observation values 
> 1). All models were fitted using glmmTMB (Brooks et al., 2017) and 
were tested for consistency with assumptions about residuals’ distribu
tion, occurrence of outliers and zero-inflation, using the functions 
implemented in the DHARMa and performance packages (Hartig, 2020; 
Lüdecke et al., 2020); all assumptions were verified for all models (tests 
performed on a full model). Marginal and conditional R2 values were 
computed using the r2 command in the performance package (Lüdecke 
et al., 2020) on the final model (when only one was selected), or on a 
model including all the variables comprised in the averaged model.

3. Results

Sixty-nine species had been observed, for a total of 2280 observa
tions, related to 3259 individuals; of those, 453 observations (43 species 
and 1177 individuals) occurred in vineyards. Thirty-three species and 
471 individuals were retained for the analyses after removing excluded 
species and overflying individuals. The most abundant species were 
long-tailed tit Aegithalos caudatus and common nightingale Luscinia 
megarhynchos among vegetation insectivores, common blackbird Turdus 
merula and common hoopoe Upupa epops among ground-dwelling in
sectivores, European serin Serinus serinus and red-legged partridge 
Alectoris rufa among seed eaters, and common starling Sturnus vulgaris 
and hooded crow Corvus corone cornix among potential grape eaters.

Different functional groups showed different responses to landscape 
and management factors, with models generally having decent marginal 
(between 0.12 and 0.44) and conditional (between 0.13 and 0.53) R2 

values. All the effects (coefficients plus the relative standard errors) of 
the conditionally averaged models are reported in Table 2, together with 
R2 values. Distance to grassland and distance to shrubland negatively 
predicted species richness, and distance to shrubland also predicted the 
occurrence of seed eaters: more species and more frequent granivorous 
birds can be found close to shrublands and the former also closer to 
grasslands. On the other side, distance to grassland was positively 
related to the abundance of both insectivore groups, which was there
fore higher far from grasslands.

The occurrence of irrigation systems was negatively associated with 
species richness, the abundance of vegetation-dwelling insectivores and 
the occurrence of seed eaters. Tillage and herbicide use (both at vine 
rows) had negative impacts on vegetation-dwelling insectivores, and no 
effect on the other metrics. Alternate management of ground vegetation 
had a positive effect on the occurrence of granivores and a negative 
influence on the abundance of potential grape eaters.

The height of the ground vegetation sward had a varying effect on 
different metrics. The cover of vegetation of height comprised between 
10 and 25 cm promoted seed eaters’ occurrence, that between 25 and 
40 cm, the abundance of potential grape eaters and species richness. The 
cover of bare ground had a positive effect on seed eaters’ occurrence and 
species richness.

Finally, the parcel size had a largely positive effect, linearly positive 
for ground/grassland-dwelling insectivores, and with a (much smaller) 
quadratic effect on all other metrics. This suggests that the abundance of 
most groups and the species richness increased with parcel size but that 
the effect weakens at larger extents. In fact, data inspection revealed a 
likely general peak around 1.5 ha of parcel extent, but the modelled 
effect was generally not very different from a linear one (quadratic term 
much smaller than the linear one; see Figs. S1-S5 in the Appendix), 
suggesting that the relationship tends to weaken or reach a plateau 
rather than turning into negative after a given threshold. Main man
agement effects are summarised in Fig. 3.

4. Discussion

Many wild species contribute to key functions to support agricultural Ta
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production and, especially, sustainable production, and at the same 
time, a huge range of organisms is impacted by farming practices and 
land cover changes associated with agriculture. In our study area, avian 
species richness peaked when vineyards were close to grassland and 
shrubland patches, and the proximity to the latter also supported the 
occurrence of granivores. This is consistent with the importance of 
natural habitats around vineyards to promote pest control (Korányi 
et al., 2025; Paredes et al., 2021). Hedgerows, woodlands, shrublands 
and other natural or semi-natural habitats increase pest predation by 
birds and/or bats in and around vineyards, or at least support pop
ulations of those key insect predators (Assandri et al., 2017b; Barbaro 
et al., 2017; Chávez et al., 2025; Korányi et al., 2025; Paiola et al., 2020). 
On the other side, insectivores were more abundant far from grasslands, 
possibly because vineyards might represent alternative habitats to 
grassland for foraging insectivores (which are often rather degraded in 
the study’s lowland context).

Results also revealed the likely importance of management factors. 
Our expectations about the possible relevance of ground vegetation and 
soil management, vegetation cover, height of ground vegetation, use of 
herbicides, and irrigation, were largely met, with each of those key 
factors affecting at least one of the functional groups we considered. 
Vineyard characteristics driven by management practices often interact 
with natural/semi-natural habitats in driving predation pressures 
(Rusch et al., 2017) or contribute per se in increasing the potential for 
pest control (Barbaro et al., 2021). In addition, management is known to 
significantly affect other animal groups (Ancillotto et al., 2023; Beau
melle et al., 2023; Biella et al., 2025; Granata et al., 2023; Zielonka et al., 
2024a), and hence it could have both direct and indirect effects on birds.

In our study system, factors such as irrigation, row tillage, herbicide 
use, alternate mowing, and bare ground extent, all directly or indirectly 
related to ground vegetation, affected at least one of the metrics we 
considered. In fact, the structure and composition of ground vegetation 
may represent a potentially important mediator of management effects. 
Different types of tilling or mowing regimes (Fiera et al., 2020; Nas
cimbene et al., 2013), irrigation (Melloul et al., 2024), and different 
practices in general (Winter et al., 2025), may affect plant communities, 
shaping their diversity and composition. In turn, different plant com
munities may result in different availability of key resources for birds, 
such as seeds, arthropods and microhabitats. Exploring the effects of 
tillage, alternate management, irrigation, and other practices on birds 
via effects on vegetation (e.g. through structural equation modelling, see 
e.g. Anderle et al., 2025; Melloul et al., 2024) represents a promising 
approach to shed light on the links between management, plant com
munities and avian species and related services/disservices.

Management practices affecting vegetation growing under the vines 

are indeed particularly significant (Bosco et al., 2022), and ground 
vegetation characteristics in vineyards affect plants (Nascimbene et al., 
2013), pollinators (Biella et al., 2025; Granata et al., 2023), birds 
(Barbaro et al., 2021), bats (Cistrone et al., 2025), and overall biodi
versity and ecosystem services (Giffard et al., 2022; Mamabolo et al., 
2025; Rocher et al., 2024; Winter et al., 2018), as well as carbon content 
(Liebhard et al., 2024). Alternate management, specifically, has recently 
emerged as a highly favourable option for butterflies and birds 
(increasing species richness of both, abundance and diversity of in
sectivores, and abundance of seed-eating birds) in another area of Italy 
characterised by rich and diverse communities (Brambilla and Gatti, 
2022), and for plants in Romania (Fiera et al., 2020). Alternate man
agement may also mitigate the loss of carbon content in the soil due to 
tillage in contexts where water scarcity does not allow year-round 
vegetation cover (Liebhard et al., 2024). Here, alternate mowing 
(there was virtually no alternate tillage in our study area) promoted 
granivores and discouraged potential grape eaters, confirming the high 
potential of alternate management for biodiversity and for 
bird-mediated ecosystem services in vineyards (Brambilla and Gatti, 
2022), even in depauperate avian communities, where it does not result 
in increased species richness.

Our study also provides the likely first insight into the effects of other 
parcel-scale management attributes (not yet or very scarcely investi
gated) on breeding birds. The negative effect on vegetation-dwelling 
insectivores of tilling the vine row or treating it with herbicides is not 
surprising, considering the degradation and/or depletion of key micro
habitats and resources (such as invertebrates; Bosco, Wan, et al., 2019) 
they cause, and previously reported results (Buehler et al., 2017). We 
also found a less expectable effect of drip irrigation systems. Irrigation is 
typical of modern, intensive vineyards in the Mediterranean region, and 
may impact on biological communities (Cabodevilla et al., 2021), also 
outside vineyards, leading to widespread bird declines (Cabodevilla 
et al., 2022). The presence of an irrigation system in the parcel has a 
negative impact on species richness, the abundance of 
vegetation-dwelling insectivores, and the occurrence of granivores. This 
effect, which to the best of our knowledge has never been reported, 
could be due to fine-scale alteration due either to the surplus of water, 
which may affect vegetation (Melloul et al., 2024), leading e.g. to a 
denser sward (even if irrigation should be used only in the case of scarce 
natural precipitation), to physical impediments or structural alterations 
due to the network of cables along vines, or to different soil humidity 
leading to less favourable conditions for some species. Alternatively, it 
could be that irrigated vineyards are simply more intensively managed 
than non-irrigated ones (cf. Cabodevilla et al., 2021), leading to a gen
eral decrease in parcel suitability for birds. However, in terms of ground 

Fig. 3. Graphical summary of the management effects found for different avian metrics. A red plus symbol indicates a positive effect, a blue minus symbol a negative 
one. For parcel area, the effect is linearly positive for ground/grassland insectivores, and quadratic for all other metrics (see text).
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management they did not differ from other parcels and varied from 
complete cover of untilled vegetation to partial herbicide use and 
complete mowing.

The availability of some bare ground promoted species richness and 
the occurrence of granivores. Bare patches favour the detectability and 
accessibility of food resources, such as seeds or invertebrates (Schaub 
et al., 2010). While some bare soil and low-density vegetation patches 
may increase foraging suitability for many species (Vickery and Arlettaz, 
2012), even outside farmed landscapes (Alessandrini et al., 2022), high 
cover values of bare ground lead to reduced biodiversity (Bosco et al., 
2019a, 2019b). In our parcels, bare ground covered on average 2.8 % (±
0.4 SE), and high values of bare soil are very rare in the study area.

The height of the grassland sward is a key determinant of habitat 
selection in many avian species (Andreatta et al., 2025; Bettega et al., 
2025), and may condition the use or avoidance of different crops 
(Hološková and Reif, 2024). In our study system, the percentage cover of 
medium-low (10–25 cm-height) ground vegetation promoted grani
vores’ occurrence, while the percentage cover of medium-high (25–40 
cm-height) sward favoured potential grape eaters and species richness. 
Further studies are needed to identify the right conditions that promote 
species diversity and key functional groups while not favouring possible 
grape eaters.

The role of parcel size deserves further investigation. Smaller parcels 
are associated with higher heterogeneity and more margins and edges, 
promoting bird communities (Assandri et al., 2016). In our analyses 
focused on parcel-level observation, a higher number of birds could be 
expected in larger parcels because of sampling reasons. We found a 
positive effect of parcel size and a weaker negative contribution of its 
quadratic term on all metrics but the abundance of ground and grassland 
dwelling insectivores, which showed a purely positive linear response. 
This suggests that larger parcels may be more tolerated by species tied to 
open or semi-open habitats, like most ground and grassland-dwelling 
birds. For such species, larger parcels could provide benefits, by e.g. 
reducing edge effects, to which many of them are sensitive (Besnard and 
Secondi, 2014). A similar pattern was recently found for an insectivo
rous bat (Cistrone et al., 2025). For all the other groups, the inclusion of 
the quadratic term suggested that very large parcel size might offset the 
increased sampling.

5. Study limitations

Our study also comes with some limitations. First, compared to other 
areas, Colle di San Colombano lacks several species typically found in 
many agroecosystems dominated by vineyards (e.g., skylark Alauda 
arvensis, corn bunting Emberiza calandra; Barbaro et al., 2021). While 
this suggests that patterns common to previous studies may really apply 
to most vineyard-dominated landscapes, this also implies that with more 
diverse, richer communities, some results might be different. Second, we 
did not have information about the use of pesticides and fertilisers. 
While it is unlikely that vineyards in the area undergo very different 
treatments in that sense, as they belong to relatively few farms, we 
cannot exclude that some hidden differences might contribute to local 
variations not properly accounted for in our work.

Third, the effect of parcel size is likely related to sampling issues (see 
above), and we cannot exclude that a decreased detectability of birds on 
larger parcels might contribute to flattening the relationship between 
avian metrics and parcel size above a given threshold. This possible 
detection effect is mitigated by the fact that we restricted observations 
and analyses to a 100 m-buffer from the transect. At the same time, such 
a restriction also artificially reduced the extent of the largest parcels. 
Such effects are virtually common to all other studies on birds in agri
cultural systems that are based on standardised methods (i.e., linear 
transects, point counts); other approaches, such as mapping carried out 
through accurate exploration of parcels (Assandri et al., 2018a), could 
help disentangle the effects of parcel size from those of variation in 
detectability.

Fourth, most of the effects highlighted by models were not particu
larly strong (see Table 2). This could be a statistical effect due to the 
generally low abundance found in vineyard parcels, or to the fact that 
the impact of many factors is not particularly marked. Paired with the 
relatively low number of species and individuals that dwell in vineyard 
parcels of the study area, this calls for further exploration of the previ
ously unreported effects. Finally, we have evaluated the effect of vege
tation sward height considering the percentage of vegetation within a 
given height class, because ground cover was almost always nearly total. 
In more heterogeneous conditions, different effects could be potentially 
associated with varying actual (and not proportional) cover of ground 
vegetation of different height.

6. Conclusions

Our results confirmed the relevance of vineyard management char
acteristics, in addition to landscape structure. While some specific ef
fects (e.g. that of irrigation systems and parcel size) require further 
investigation to be fully understood, the importance of other manage
ment practices, consistent with previously published evidence at larger 
spatial scales, opens the way to easy-to-implement parcel-scale recom
mendations and prescriptions. Schemes encouraging alternate mowing 
(every second inter-row) and the occurrence of some bare ground 
patches, while reducing as much as possible row tillage and the use of 
herbicides, would promote both bird conservation and the potential for 
ecosystem services provided by avian species to viticulture, leading to 
win-win situations for famers and biodiversity.
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Prosdocimi, M., Cerdà, A., Tarolli, P., 2016. Soil water erosion on Mediterranean 
vineyards: a review. CATENA 141, 1–21. https://doi.org/10.1016/j. 
catena.2016.02.010.

QGIS Developmen Team, 2022. QGIS Geographic Information System.
R Development Core Team, 2020. A Language and Environment for Statistical 

Computing.
Rocher, L., Melloul, E., Blight, O., Bischoff, A., 2024. Effects of sown and spontaneous 

inter-row vegetation on weeds and beneficial arthropods in vineyards. Basic Appl. 
Ecol. 81, 17–24. https://doi.org/10.1016/j.baae.2024.10.001.
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Matysioková, B., Baldassarre, D.T., Martínez-Salinas, A., Wolfe, J.D., Chapman, P.M., 
Daly, B.G., Sorensen, M.C., Neu, A., Ford, M.A., Mayhew, R.J., Fabio Silveira, L., 
Kelly, D.J., Annorbah, N.N.D., Pollock, H.S., Grabowska-Zhang, A.M., McEntee, J.P., 
Carlos, T., Gonzalez, J., Meneses, C.G., Muñoz, M.C., Powell, L.L., Jamie, G.A., 
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