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Abstract
In the last few decades, farmland biodiversity has suffered a strong anthropogenic pressure due to
intensification of agricultural practices and abandonment of traditional agricultural systems. Moreover, the
few still existing pristine ecosystems worldwide are undermined by the expansion of cultivated fields in
response to increasing food demand.
In Europe, the Common Agricultural Policy (CAP) has played a major role in supporting these two
phenomena and qualifies itself as one of the major drivers of biodiversity loss in European agricultural
systems.
Permanent crops and anthropogenic grasslands used to be the most important low-intensity seminatural farmlands of the continent and were both negatively impacted by intensification and
abandonment. Today most of these systems exhibit a very limited natural value.
In this thesis, I present a collection of studies on the effects of agricultural practices, land use change,
and landscape structure on birds conducted in four typologies of permanent agricultural systems:
vineyards, olive groves, fruit orchards, and hay meadows. The studies were conducted at different levels of
scale, from landscape to foraging sites.
I focused on farmland birds, because they are reliable indicators of biodiversity and could be
regarded as “umbrella species,” whose conservation may enhance the overall biodiversity of the
agroecosystem.
The ultimate scope of this thesis is to inform possible best-management practices to favour bird
conservation in man-made ecosystems. These measures could potentially be used to implement evidencebased policies aimed at reducing the impacts of agriculture on biodiversity and to enhance the
sustainability of the agroecosystems. This is particularly urgent as permanent crops were excluded from
any ‘greening’ obligations planned by the current CAP. Hence, the only possibility for developing
conservation actions in these kinds of agroecosystems will be to demand agri-environmental schemes in
the framework of national and regional Rural Development Programmes or through other local initiatives.
My findings show that, in permanent crops, bird diversity and the abundance of individual species
are driven by a multitude of elements related to the landscape, management, and topographic-climatic
contexts. Considering the whole community, the landscape level emerged as the most important driver of
biodiversity patterns, but some agricultural management traits also affect biodiversity; conversely, the
abundance of individual species could be influenced not only by the landscape characteristics, but also by
the significant, or even predominant, effects of climatic-topographic attributes and, especially, of
management practices.
At the community level, the predominant land use throughout the landscape had negative effects on
the community itself; this is also generally true for the most common species dwelling in those crops: for
example, six common species that typically breed in intensive vineyards were shown to have a low
reproductive outcome, and this possibly supports the hypothesis of vineyard as sub-optimal habitat for
those birds.
A relevant exception to this pattern was represented by three insectivores of conservation concern
(i.e. common redstart, spotted flycatcher and wryneck), which are favoured by vineyard cover at the
landscape scale likely because vineyards are structurally similar to their “ancestral” habitat. However,
investigating the wryneck habitat selection at a finer spatial scale (i.e. territory), I showed that it is more
affected by specific vineyard characteristics, which determined nesting site availability, than by general land
cover traits.
Importantly, my results also point out a broadly positive effect on birds with the cover of habitats
different from their dominant ones (e.g. marginal habitats) and with traditional elements (e.g. hedge and
tree rows, isolated trees, and buildings), which allowed for the persistence of species that are not adapted
to the main habitat that characterise the matrix, since those species are unable to nest or forage in the
crops.
From my models on communities, I estimated some reference values for the heterogeneity (number
of patches of different habitats) and cover of marginal habitats for which the majority of community
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indexes displayed values above the respective average, and I discuss the best scale at which these
thresholds should be applied in a planning framework.
I also investigated the effect of organic viticulture on birds by considering several indicators and
spatial scales without finding any positive effect of this kind of management. Organic farming was
previously shown to exert much more positive effects in annual crop systems and in simplified landscapes,
thus in agroecosystems quite different from vineyards. Additionally in the study area, organic and
conventional management forms do not differ very much in terms of pesticide use or other agricultural
practices. Based on these findings, I suggest that much effort should be allocated at a wider landscape scale
in making organic viticulture more biodiversity-friendly.
In a conservation or planning framework, it is fundamental to identify the target (i.e. the whole
community or a singular species) of a defined action. Indeed, if the primary needs of the majority of the
species which constitute the community could be satisfied by acting at a landscape level, then some needs
of individual species could rely mainly, or exclusively, on particular elements determined by agricultural
management. As a consequence, to favour these particular species, these elements should be conserved or
restored. As an example, I showed that the effect of hedgerows and small woodlots on birds is contextdependent. In fact, although these traditional elements are generally positive for biodiversity in farmland, if
they are provided in areas where they never occurred, they may lead to a decline of open-habitat
specialists.
Likewise, abandonment is generally regarded as detrimental for farmland biodiversity; however, I
showed that a limited and controlled abandonment of some patches of olive groves in very intensive
monocultures might benefit blackcaps and possibly the ecosystem services (i.e. seed dispersal) provided by
this passerine species.
Biodiversity provides essential services to society and its loss can deeply undermine the goal of
sustainably increasing food production in response to the predicted World population increase. This study
closes some knowledge gaps on biodiversity in permanent crops and, to a lesser extent, on Alpine hay
meadows; however, a number of questions still remain; hence, in the last part of the thesis, I briefly
address some possible future research directions.
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Riassunto
La biodiversità degli ambienti agricoli è soggetta a forti pressioni di origine antropica, in particolare
l’intensificazione delle pratiche agricole e l’abbandono dei sistemi agricoli tradizionali e marginali.
In aggiunta a questi due processi, l’espansione delle coltivazioni agrarie volta a soddisfare il crescente
fabbisogno alimentare dell’uomo, sta continuando a erodere i pochi ecosistemi incontaminati che si
trovano sulla Terra.
In Europa, in ambito agricolo, la Politica Agraria Comune (PAC) ha giocato un ruolo di primo piano nel
favorire l’intensificazione e l’abbandono, qualificandosi come una delle principali cause di perdita di
biodiversità nei sistemi agricoli.
Le coltivazioni permanenti e le praterie secondarie costituivano i più importanti esempi di sistemi
agricoli estensivi e semi-naturali del continente ed entrambe le tipologie sono state ampiamente
compromesse dai due processi succitati. Oggi, entrambe hanno un valore naturalistico estremamente
limitato, almeno in Europa occidentale.
In questa tesi è presentata una raccolta di studi sugli effetti delle pratiche colturali, dei cambiamenti
di uso del suolo e della struttura del paesaggio sugli uccelli a vari livelli di scala (dal paesaggio al sito di
foraggiamento) condotti in quattro tipologie di agroecosistemi permanenti: vigneti, oliveti, frutteti e prati
da sfalcio.
Gli uccelli degli ambienti agricoli sono efficaci indicatori di biodiversità e molti di questi possono
essere considerati come “specie ombrello”, cioè specie che possono favorire la conservazione dell’intero
agroecosistema se adeguatamente conservate.
Lo scopo ultimo di questa tesi è di individuare possibili pratiche gestionali che favoriscano la
conservazione degli uccelli in questi ecosistemi artificiali. Queste misure, che sono basate su evidenze
scientifiche, potrebbero essere inserite in adeguate regolamentazioni volte a ridurre gli impatti
dell’agricoltura sulla biodiversità e favorire infine la sostenibilità complessiva dell’agroecosistema. Ciò è
particolarmente urgente dal momento che le coltivazioni permanenti e le praterie sono state escluse da
qualsiasi forma di greening (contribuzione europea erogata agli agricoltori che rispettano alcune regole
volte a favorire l’ambiente) programmata nella PAC attualmente in vigore. Di conseguenza, l’unica
possibilità di sviluppare azioni volte alla conservazione in questo tipo di agroecosistemi è demandata alle
misure agro-ambientali dei Programmi di Sviluppo Rurale nazionali o di altre iniziative locali.
I risultati mostrano come, nelle coltivazioni permanenti, la diversità ornitica e l’abbondanza di alcune
specie dipendono da una moltitudine di elementi relativi al contesto paesaggistico, gestionale e
topografico-climatico. Considerando l’intera comunità, il livello paesaggistico è quello che maggiormente
influenza la diversità, tuttavia anche alcuni elementi relativi alla gestione agricola hanno un effetto su di
essa. Diversamente, l’abbondanza di alcune specie non è solo influenzata dalle caratteristiche del
paesaggio, ma anche significativamente, o primariamente, da effetti di caratteristiche climaticotopografiche e, soprattutto, dalle pratiche colturali.
L’uso del suolo predominante a scala di paesaggio è risultato avere effetti negativi a livello di
comunità e generalmente anche sulle specie più comuni. I risultati di questo lavoro hanno ad esempio
dimostrato che sei specie comuni nidificanti nei vigneti intensivi hanno in generale un basso successo
riproduttivo, supportando l’ipotesi dei vigneti come habitat sub-ottimali per questi uccelli.
Tre specie insettivore di interesse conservazionistico (codirosso comune, pigliamosche e torcicollo),
invece, hanno mostrato di essere favorite dalla copertura di vigneto a scala di paesaggio, probabilmente
perché, strutturalmente, il vigneto non è poi così differente dal loro habitat “ancestrale” d’origine. Tuttavia,
indagando la selezione dell’habitat del torcicollo a una scala spaziale più fine (quella del territorio) è emerso
che questa specie è più influenzata da specifiche caratteristiche del vigneto, che determinano la
disponibilità di siti riproduttivi, piuttosto che da un particolare uso del suolo.
I risultati presentati evidenziano anche un ampio effetto positivo della copertura di habitat diversi da
quello dominante (es. habitat marginali) e degli elementi tradizionali (es. siepi e filari, alberi ed edifici
isolati) sugli uccelli, che permettono la presenza di specie non adattate all’habitat dominante che
caratterizza la matrice, verosimilmente perché queste specie non riescono a nidificare o nutrirsi nella
coltivazione.
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Utilizzando modelli costruiti con i dati di comunità, è stato possibile stimare, per l’eterogeneità
(intesa come numero di patches di habitat differenti) e la copertura di habitat marginali, alcuni valori soglia
di riferimento per cui la maggior parte degli indici di comunità mostrava valori sopra le rispettive medie.
Questi valori sono discussi nel testo anche in relazione a quale scala spaziale debbano essere applicati in un
contesto gestionale.
Nel corso del progetto si è investigato inoltre l’effetto dell’agricoltura biologica sugli uccelli,
considerando vari indicatori e scale spaziali, senza tuttavia dimostrare alcun effetto positivo di questo tipo
di gestione rispetto a quella convenzionale. Le principali cause di questo risultato riguardano il fatto che
l’agricoltura biologica, a conferma di precedenti studi, ha di norma maggiori effetti in sistemi agricoli
annuali e in contesti paesaggistici molto semplificati, quindi in agroecosistemi molto diversi da quelli
indagati e che nell’area di studio le due forme di gestione non differiscono di molto in termini di utilizzo di
pesticidi e altre pratiche colturali. In generale, per rendere l’agricoltura biologica più favorevole alla
biodiversità sono necessari maggiori sforzi a scala di paesaggio.
In un contesto gestionale o conservazionistico, è necessario identificare il target di una specifica
azione (es. l’intera comunità o una specifica specie) perché se i bisogni principali della maggior parte delle
specie che costituiscono la comunità possono essere soddisfatti in prima battuta a una scala di paesaggio,
al contrario, alcune specifiche necessità di determinate specie di interesse conservazionistico possono
riguardare principalmente, o esclusivamente, particolari elementi determinati dalla gestione agricola. Di
conseguenza, questi elementi dovrebbero essere conservati o ricreati, per favorire queste particolari
specie. A titolo di esempio, nel corso di questo studio, si è mostrato che l’effetto sugli uccelli delle siepi e
dei boschetti è dipendente dal contesto. Infatti, sebbene questi elementi tradizionali siano generalmente
positivi per la biodiversità agricola, se sono creati in aree in cui non sono mai esistiti, ciò può causare il
declino di specie legate agli ambienti aperti.
Allo stesso modo, l’abbandono in ambito agrario è generalmente considerato come negativo per la
biodiversità, tuttavia, nella tesi si evidenzia che un limitato e controllato abbandono di alcune patches di
oliveto in una monocoltura intensiva può favorire la capinera e potenzialmente anche i servizi ecosistemici
forniti da questo passeriforme (es. la dispersione dei semi).
La biodiversità fornisce fondamentali servizi alla società e la sua perdita può profondamente minare
la possibilità di aumentare sostenibilmente la produzione di cibo in funzione del predetto aumento di
popolazione a scala globale. Questo studio ha permesso di sanare alcune lacune di conoscenza sulle
coltivazioni permanenti e in misura minore sui prati da sfalcio alpini; tuttavia, numerose domande
rimangono aperte e nell’ultima parte della tesi si evidenziano brevemente alcune possibili direzioni future
di ricerca.
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Section I

General introduction
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I.1. Agriculture: success and shortcomings of the revolution that changed the
World
In human history, no other practice has transformed the Earth and mankind as much as agriculture did
(Diamond, 1997). Agriculture was the key innovation that determined the rise of sedentary civilization. Our
ancestors moved from being nomadic hunter-gatherers to rely upon the foods produced through farming.
In turn, the domestication of animal and plant species provided food surpluses that favoured sedentariness
and ultimately allowed the development of structured societies (Bellwood, 2004). This process is known as
the Neolithic Revolution (Childe, 1936).
At least 11 separate regions of the Old World and the Americas were involved as independent
centres of agricultural origin in a temporal span comprised between 20,000 BC and 3,600 BC (Larson et al.,
2014). From that time, agricultural practices faced a strong spread and development, but for thousands of
years, agriculture remained a subsistence practice aimed at satisfying family or local needs with little left
over for commercialisation.

Figure I.1. The green revolution trends.
Global cereal production, the use of fertilizer, water, and pesticides increase in the period from 1960-2000 have
characterised the so called “green revolution.” [Modified from Tilman et al., 2002]

The birth of industrial agriculture coincided with that of the Industrial Revolution. With the rapid rise
of mechanisation in the late nineteenth and twentieth centuries, farming tasks became more efficient and
started to be conducted on a previously impossible scale. The industrialisation also determined the largescale production and use of synthetic fertilizers, which strongly increased the amount of yields per hectare.
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Additionally, one of the offshoots of the World War II were the first synthetic biocides (e.g. insecticides,
fungicides, herbicides), which along with huge inputs of chemical fertilizers and water introduced highyielding cultivars and other technologies that led to modern agriculture as we know it in a process
universally known as the “Green Revolution” (Mazoyer & Roudard, 2006). This process produced a massive
increase in crop yields; for example, the global cereal production doubled in the last 50-60 years (Figure I.1;
Tilman et al., 2002; Foley et al., 2005).
Today, industrial agriculture allows approximately 7,400 million people to live on the planet. For
comparison, before the Neolithic revolution, hunter–gatherer lifestyle supported only about 4 millions
people worldwide (Tilman, 1998; Tilman et al., 2002). Such an impressive revolution in human wellbeing
was not priceless, and its costs have been paid by the environment. Agricultural impacts on the
environment are various and include those due to the expansion of cultivated fields and those caused by
intensification of agricultural practices (Foley et al., 2011).
The main environmental cost of agricultural expansion is the conversion of natural ecosystems into
farmlands with tremendous impacts on biodiversity (see I.3 for further details), carbon storage, and soil
integrity. To date, approximately 70% of grasslands, 50% of savannas, 45% of temperate deciduous forests,
and 27% of tropical forests have been already converted into agricultural lands (Ramankutty & Foley,
1999).
On the other hand, intensification provided progressive water degradation (e.g. pollution and
eutrophication), salinization of arable lands, soil erosion and loss of fertility, and increased energy usage
(Tilman, 1998, 1999; Tilman et al., 2002; Foley et al., 2005, 2011).
Moreover, agriculture is responsible for 30–35% of global greenhouse gas emissions and is thus a
major contributor to climate change (Foley et al., 2011).
Finally, the negative impacts of agriculture on the environment had an incalculable number of
cascade effects, which ultimately created a loss of ecosystem services (e.g. pollination, regulation of soil
fertility, pest control, etc.) that are fundamental for the agricultural sector itself (Power, 2010).

I.2. Closing the “yield gap” while conserving biodiversity
In the very near future, the global population is predicted to further increase and by 2050 it is expected it
will reach a plateau, stabilizing at 9 billion people (Godfray et al., 2010). At the same time, the global grain
demand is expected to double; as a consequence, we are facing two major challenges: doubling food
production and maintaining it at that level through time. A further challenge for the years to come will be
succeeding in providing food while ensuring environmental and social sustainability (Tilman et al., 2002).
Among the possible solutions proposed to realize this, there is a proposal to stop further expansion
of farmlands by intensifying food production per unit area. The final aim of this strategy would be to close
the “yield gap” (i.e. the difference between realized productivity and the best that can be achieved; Lobell
et al., 2009). Closing the yield gap could lead to a further widening of the “sustainability gap”, namely the
difference between our current development trajectory and sustainability targets dictated by the
biophysical limits of the Earth (Fischer et al., 2007; Cunningham et al., 2013).
This strategy to close (or at least reduce) both the yield and sustainability gaps is known as landsparing and is often in contrast with another possible strategy, the land-sharing (or wildlife friendly
practices) (Figure I.2).
Land-sparing consists of increasing the intensity of agricultural practices in existing farmland to
minimize the yield gap and avoid further conversion (or enable restoration) of natural lands into farmland.
Remaining pristine areas should be conserved and accommodate biodiversity conservation needs.
On the contrary, land-sharing consists of the maintenance of natural patches and extensively farmed
seminatural habitats within the agroecosystem and applying farming techniques that minimize the negative
effects of intensive agriculture on biodiversity. This generally leads to reduced yields and if demand for
goods increases, to conversion of natural lands into farmland (Green et al., 2005; Phalan et al., 2011).
Recent opinions have pointed out that both solutions have evident shortcomings and that neither of the
two is a complete solution: they will only delay and not avert biodiversity loss unless we reduce our
requirements for land.
10

An evident limit with land-sharing is that a big share of organisms can not live in the most extensive
agricultural systems, thus pristine ecosystem must be conserved. On the other hand, limits of land-sparing
are that: i) yield and biodiversity are not necessarily negatively correlated where farms are efficiently
managed; ii) increased yield does not necessarily spare land for nature; iii) conventional intensification
tends to disrupt beneficial biodiversity functions and service (e.g., natural pest control and pollination) and
degrades environmental quality which threatens the sustainability of food production. Intensification
should be an “agroecological intensification” matching the criteria for sustainability, namely, without
compromising natural resources and biodiversity (Tscharntke et al., 2012).
Current rates of biodiversity loss are so severe that, nowadays, the goal must be the reduction of this
trend, instead of its stabilization (Butchart et al., 2010). Unfortunately, the detrimental impact of
agriculture on biodiversity is predicted to continue through the 21st century (Norris, 2008); thus,
considering these premises, conservationists and researchers should keep investigating the consequences
of farming on biodiversity and on the ecosystem services it provides in order to propose viable strategies to
close the yield gap while conserving biodiversity (Balmford, Green & Phalan, 2012).

Figure I.2. Land-sparing VS land-sharing.
Schematic representation on how land-sparing or land-sharing (wildlife-friendly farming) paradigms could meet an
increase in food demand starting from a region with equal areas of natural habitats, low-yield farmland, and high-yield
farmland (top). Land-sparing (centre) increases yields in the production landscape while maintaining pristine natural
habitats. Land-sparing (bottom) expands the area of low-yield farmland at the expense of both natural habitats and highyield farmland. [Modified from Phalan et al., 2011]

I.3. How agriculture threatens biodiversity
Millennia of agricultural expansion since the Neolithic period has resulted in a substantial amount of
biodiversity surviving on land dedicated to food production, at least in temperate climates (Donald et al.,
2001; Krebs et al., 1999). As a consequence, several high biodiversity ecosystems across Europe are a direct
result of traditional agricultural practices (Bignal & McCracken, 2000). Since the green revolution, farmland
biodiversity has suffered strong anthropogenic pressure; two primary (and antithetic) causes of biodiversity
loss have been identified: intensification of agricultural practices and land abandonment (Donald et al.,
2001, 2006; Tscharntke et al., 2005; Henle et al., 2008; Uchida & Ushimaru, 2014).
The effects of agricultural intensification on biodiversity were largely investigated and occur at two
distinct but interconnected spatial scales: the local and the landscape scale. At the local (field) scale, they
involve the intensification of farming practices (e.g.: increasing fertilizer/pesticide inputs, deep ploughing,
massive use of machinery, large scale irrigation). At the landscape scale, intensification causes
homogenization and fragmentation through the conversion of perennial grassland-like habitats into arable
11

fields that increase field size, remove marginal habitats, and ultimately result in highly simplified landscapes
(Tscharntke et al., 2005; Fahrig et al., 2011).
Land abandonment is a process that threatens biodiversity in a more subtle way than intensification.
It affects marginal, poor, and isolated (e.g. mountain and hilly) areas formerly cultivated in a traditional and
extensive way which produces limited incomes. In those areas, low profits, harsh working conditions, and
socio-economic transformations progressively lead to depopulation and a cessation of agriculture. The
interruption of management practices strongly impacts the biodiversity of open areas like meadows, seminatural grasslands, grazed forests, pseudo-steppes, and extensive croplands that originated through the
millenary interaction between extensive agriculture and nature. The negative effects of land abandonment
on biodiversity are particularly marked in Eurasia, where agriculture has interacted with natural systems for
millennia (Figure I.3; MacDonald et al., 2000; Rey Benayas et al., 2007).
Conversely, a number of studies showed that the abandonment of agricultural lands may also have a
variety of ecological positive consequences, including revegetation and rewilding with an associated
increase in biodiversity (Rey Benayas et al., 2007; Sirami et al., 2008; Plieninger et al., 2014; Queiroz et al.,
2014). The limit of this process is that an increase of shrub and woody ecosystems favours the species
characteristics of those ecosystems and not that of open habitat dwellers (Rey Benayas et al., 2007;
Cramer, Hobbs & Standish, 2008).

Figure I.3. Land abandonment in the Italian Alps.
The pictures show the progressive forest encroachment due to pasture abandonment in Malga Valli, Trambileno (TN,
Italy, 1550 m a.s.l.). Pictures were taken in 1940-50; 1980; 2010. [Courtesy of Arch. foto PAT, Progetto Open-LOC]

I.4. The Common Agricultural Policy as a major driver of biodiversity loss in
farmland
Agriculture in the European Union (EU) is regulated by means of a common strategy plan, defined from
1957 as the Common Agricultural Policy (CAP). This plan acts through economic support of certain practices
or crops, translated into direct payments to farmers. It has had a huge impact at the continental scale on
the spread of the supported practices and in modifying land-use patterns. The CAP also has an
12

overwhelming economic importance with an allocated budget of € 362.8 billion for the period 2014-2020,
which represents 38% of the EU budget (the most expensive voice in the EU budget).
After the austerity of the World War II years, the aim of the CAP was to increase agricultural
productivity in order to enhance both food production and the wealth of people engaged in food
production. Thus, the CAP has played a major role in supporting agricultural intensification on one hand
and land abandonment on the other and qualifies itself as one of the major drivers of biodiversity loss in
European agricultural systems (Bignal, 1998; Krebs et al., 1999; Bignal & McCracken, 2000; Caraveli, 2000;
MacDonald et al., 2000; Donald et al., 2002).
CAP is reformed every seven years. Progressively, EU leaders have become aware that the original
stress on production that lead to massive intensification, and consequently to big surpluses and harm for
the environment, was no longer sustainable. Thus, subsequent reforms have tried to some extent to
respond to this double challenge by applying adequate correctives. As a result, from 1999, the CAP was
divided into two “pillars.” The first pillar regulates and supports production and includes subsidies paid to
farmers to supplement their income. These have become conditional to cross-compliance consisting of a
set of minimal rules for good agricultural and environmental practices to which farmers have to conform to
receive direct payments.
The second pillar regulates the Rural Development Programmes (RDPs) and, among others, the agrienvironmental schemes (AESs) that support specifically-designed farming practices that help protect the
environment and maintain the countryside. In this case, farmers commit themselves on a voluntary basis to
adopt, for a minimum of five-years, environmentally-friendly farming techniques that must exceed the
cross-compliance standards. In return, farmers receive annual payments which compensate for the
additional costs and loss of income resulting from altered farming practices. RDPs are established at a
regional level on the basis of Member States guidelines, and today they represent the most significant
source of funding for the environment in rural areas. RDPs are also critical for the delivery of ecosystem
services across the EU countryside. Recent meta-analyses showed that AESs generally increase farmland
biodiversity with their degree of effectiveness depending upon the structure and management of the
surrounding landscape and with the most positive results occurring in simple landscapes (Kleijn et al., 2006;
Batáry et al., 2011, 2015).
The adoption of agri-environmental measures by farmers is generally very low due to inadequate
funding, resistance to long-term obligations and reluctance to abandon traditional practices (Allen & Hart,
2013).
The 2013 CAP reform that has defined the new CAP for the period 2014-2020 was designed to
support farmers in adopting and maintaining those farming systems and practices that are particularly
favourable for the environment. It introduced a strong (30% of the direct payments to farmers) “greening”
component into the first pillar by ensuring that all EU farmers, in order to receive subsidies, have to go
further than the cross-compliance requirments and deliver environmental benefits as part of their everyday
activities. The main “green” elements were: i) crop diversification, ii) maintenance of permanent grasslands
and iii) Ecological Focus Areas (EFAs).
EFAs include landscape elements and land-usages that are beneficial to the environment and
biodiversity, such as uncropped arable land, woodland buffers, over-winter stubbles, landscape features
and extensively managed farmland, such as extensively grazed permanent pasture or traditional orchards.
Unfortunately, during CAP reform negotiations, these appreciable “greening” measures have been
substantially eroded by the European Parliament and Council. In fact, they apply to only roughly 50% of EU
farmland and are strongly weakened. EFAs mandatory surface was reduced to 5% (from the initially
proposed 7%) of the farm surface and many farms were excluded from having any on their land (on the
basis of size, geographical criteria, and crop type), and the continuation of several production activities on
Ecological Focus Area land has been approved without demonstrating the environmental benefits of them.
Furthermore, the funds allocated to pillar II for environmental-friendly practices were reduced, leaving little
funding available for agri-environmental measures (Pe’er et al., 2014).
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I.5. Permanent crops and grasslands: threats and opportunities in a biodiversity
conservation perspective
Permanent crops and anthropogenic grasslands, along with arable crops, are the most representative
example of farmland worldwide. Permanent crops are cultivations that, after each harvest, do not need to
be planted for several years (United Nations, 1997). They are represented by trees or shrubs that are not
grown in rotation but occupy the soil and yield harvests for several (usually more than five) consecutive
years. They are usually intended for human consumption and mainly consist of olive groves, oak tree
systems, vineyards, and orchards of fruit and nut trees (United Nations, 1997; Kizos et al., 2012).
Grasslands are ecosystems dominated by herbaceous plants. They occur where there is sufficient
moisture for grass growth, but where environmental conditions, both climatic and anthropogenic, prevent
tree growth. The occurrence of grasslands correlates with a rainfall intensity intermediate between that of
desert and forest and is extended by grazing and/or fire. A very basic distinction of grassland types is
between natural and secondary anthropogenic types. The productive role of the latter is fundamentally
oriented at livestock rearing, through direct pasture or fodder production (FAO, 2005).
On a global scale, permanent crops cover only 1.27% of the World surface and that increases up to
12.52% in Europe (United Nations, 2016), where permanent crops represent the third most widespread
farming system (Iglesias et al., 2011).
This share further increases in Mediterranean countries that comprise between 17% and 26%
(http://ec.europa.eu/eurostat/statistics-explained; Figure I.4).
On the contrary, (natural and anthropogenic) grasslands are among the largest ecosystems in the
world and occupy approximately 40.5% of the terrestrial area excluding Greenland and Antarctica (FAO,
2005). Man-made grasslands (i.e. permanent meadows and pastures) account for the largest share of the
world’s agricultural area (about 69%, United Nations, 2016), although in Europe the value is lower (35%;
http://ec.europa.eu/eurostat/statistics-explained, Figure I.4).
Permanent crops and grasslands were both affected by the two processes, farming intensification
and land abandonment, that negatively impacted agricultural systems worldwide (see I.3) with consequent
detrimental effects on biodiversity (Caraveli, 2000; Plieninger, Höchtl & Spek, 2006; Reidsma et al., 2006;
Marini et al., 2008; Ribeiro et al., 2014).
This is particularly concerning, because European permanent crops and grasslands used to be some
of the most important low-intensity semi-natural farmlands of the continent, several of which are still
recognised as High Nature Value farmlands (Silva et al., 2008; Veen et al., 2009; Kizos et al., 2012). In
contrast today, most of the European permanent crops are intensive production systems in form of
monoculture and exhibit a very limited natural value. Additionally, conspicuous areas of biodiversity-rich
traditional permanent crops disappeared due to land abandonment (Kizos et al., 2012; Pe’er et al., 2014).
Permanent grassland cover has decreased by 6.4% between 1993 and 2011 in the EU and by 11.8% in
countries that have accessed Europe since 2004, due to either active conversion to other land-use (e.g.
crops and urban areas) or passive conversion due to abandonment. The remaining grasslands have been
strongly intensified through the addition of external inputs, in particular nitrogen supplements and water,
with consequent large scale impacts on biodiversity (Fischer et al., 2008; Andrey et al., 2014).
In Europe, concerns about biodiversity in permanent crops and grasslands are exacerbated by the
fact that, during the last CAP reform, farms with those types of land-usages were questionably considered
‘green by definition’ because they provide some basic ecosystem service (e.g. carbon storage) and were
thus excluded from any ‘greening’ obligations (Hart, 2014).
Among greening measures, there was one specifically oriented at halting the grassland decline in
surface area (see I.5). However, the approved reform, instead of obligating maintainance of all permanent
grasslands, allowed a reduction of up to 5% of the net area of permanent grasslands at national or regional
scales, without any distinction among grassland based on their level of intensification. Moreover, further
degradation was permitted by the lack of management criteria (Pe’er et al., 2014).
In this discouraging scenario for biodiversity conservation in permanent crops and grasslands,
Member States of the EU can still rely on the flexibility granted by the actual CAP (in particular by its second
pillar) to design national and regional schemes aimed at protecting farmland habitats and species and at
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ensuring long-term provisions of ecosystem services (Pe’er et al., 2014). For these reasons, further research
on biodiversity is needed to design adequate conservation measures in these two ecosystems. The
situation is particularly urgent for permanent crops, where studies of their effect on biodiversity have
received surprisingly scarce attention from ecologists and conservationists, in particular when compared
with the huge body of knowledge available for other agricultural systems (grasslands included). As a
consequence, the factors affecting plants and animals in these agroecosystems are not completely
understood (Batáry et al., 2011; Balmford et al., 2012).
A relevant case study in this sense is represented by vineyards. In the past, viticulture had a
preeminent role in creating impressive “cultural landscapes” (Cohen et al., 2015), characterised by
extensive and traditionally terraced areas (Petit, Konold & Höchtl, 2012). Nowadays, viticulture
intensification and expansion is resulting in homogeneous monocultures (Martínez-Casasnovas, Ramos &
Cots-Folch, 2010) and creating a substantial reduction of natural habitats in the Mediterranean biome
(Viers et al., 2013; Figure I.5).
Due to their high economic value and in response to climate change pressure, vineyards are rapidly
expanding in areas where they never previously occurred (Hannah et al., 2013). This expansion occurs at
the expense of pristine ecosystems, in particular in the Mediterranean basin which is the second largest
biodiversity hotspot in the world (BirdLife International, 2010). For example in England, the area covered
with vineyards has doubled since 2004 and prevision for drier summers and higher temperatures strongly
suggests a future increase of wine production there (Winkler & Nicholas, 2016).
Despite the potentially high impact that these crops can have on species and ecosystems, very little
attention has been paid to investigate factors and management practices affecting biodiversity in
vineyards. In recent years, the environmental quality of wine production is increasingly perceived by
consumers as a key determinant of wine quality. As a consequence, landscape (in its cultural and ecological
dual nature) and biodiversity are assuming a new (at least economic) value, and this could represent a
fundamental resource for research and conservation, as a better understanding of management effects on
biodiversity in this agroecosystem is needed to implement well-focused conservation strategies (Bisson et
al., 2002; Tempesta et al., 2010; Viers et al., 2013).
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Figure I.4. Permanent crops and anthropogenic grasslands distribution in Europe.
The map is based on CORINE Landcover 2012. Mediterranean biogeographical regions are also shown according to EEA
(2002). Permanent crops include olive groves, vineyards, fruit trees, berry plantations (CORINE code: 221, 222, 223) and
agro-forestry areas (244). Anthropogenic grasslands are coded as 231 in the CORINE classification. Permanent crops occur
mainly in the Mediterranean region; conversely, grasslands occur mainly in the central-northern part of the continent and
on the main mountain ranges.
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Figure I.5. Comparison of two distinct vineyard landscapes (Trentino, SE Alps).
On the top: Valle dell’Adige e Piana Rotaliana (TN). Intensification of agriculture in the last 50-70 years has transformed a
number of Alpine valley floors into highly productive systems dominated by (permanent) crops, urbanized areas and
infrastructures. Here, natural elements were almost completely eroded with strong detrimental impacts on biodiversity.
On the bottom: Valle di Cembra (Lisignago, TN). The high acclivity characterizing several valleys in the Alps does not allow
widespread mechanization of agriculture, and viticulture was made possible by a massive system of terraces supported
by dry-stonewalls. Crops are interspersed with natural remnants and traditional elements (small rural buildings, isolated
trees, etc.) which allow the persistence of a rich biodiversity and shape impressive cultural landscapes. [Photos: Giacomo
Assandri]
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I.6. Birds as indicators of biodiversity in farmland
Birds are well recognised and popular indicators of biodiversity. This derives from several of their
characteristics, in particular: i) there is a clear and well understood bond between birds and their habitats;
ii) they occupy all positions in the trophic net in a variety of ecosystems; iii) their ecology is well
understood; iv) they are quite easily censused; v) they show rapid responses to environmental change (in
particular by the short-lived species); vi) they are distributed continuously along gradients of progressive
anthropogenic disturbance; viii) they generally have a good appeal with public opinion and could perform
well as flagship species (Browder, Johnson & Ball, 2002; Gregory et al., 2005; Padoa-Schioppa et al., 2006;
Clucas, McHugh & Caro, 2008). For these and other reasons, indicators of biodiversity based upon birds
were integrated into international policies as an index of environmental quality. For example, the EU has
adopted the European Farmland Bird Index (EFBI) as a Structural and Sustainable Development Indicator,
identifying farmland bird trends as a proxy for wider biodiversity health in agricultural systems (Butler et
al., 2010). Recent assessments at the global and European scale showed that farming is (and will be) the
single biggest source of threat to bird species, especially in developing countries (Green et al., 2005;
BirdLife International, 2015).
In Europe, farmland is the richest habitat in Species of Conservation Concern and harbours nearly
120 species which adapted to farmland during the course of the millenary development of agriculture
(Krebs et al., 1999; Tucker and Heat, 1994). In parallel, the EFBI shows that farmland bird populations have
nearly halved across Europe since 1980, while bird population tied to other habitats remained nearly stable
or increased (Fuller et al., 1995; Figure I.6).

Figure I.6. European Wild Bird Indicators 1980-2013.
The indicators are based upon population change of 169 species in 28 EU countries.
Farmland Bird Index is based upon 39 farmland specialists and shows an overall decline of 57% in the period from 19802013 [Modified from: http://www.ebcc.info/pecbm.html].
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Evidence of the negative impacts of farming intensification and land abandonment on farmland birds
are striking (Chamberlain et al., 2000; Donald et al., 2001, 2006; Gregory et al., 2005). Generally, studies are
based upon wide scale spatial and temporal correlations between agricultural intensification and land-use
change and farmland bird decline (e.g. Plieninger et al., 2014; Chamberlain et al., 2000; Donald et al., 2001;
Gregory et al., 2005; Moreira and Russo, 2007). Evidence of the detrimental effects of these two processes
also came from detailed studies on individual species autoecology in farmland (e.g. Bradbury et al., 2000;
Brambilla et al., 2007; Brickle et al., 2000; Peach et al., 2004), demographic studies (Newton, 2004) and
experimental demonstrations that reversing intensification can lead to a recovery in populations that had
declined as a consequence of earlier intensification (e.g. Peach et al., 2001).
In the EU, intensification and abandonment were mainly driven by the effect of the CAP (see I.4),
which was identified as a major cause of decline for farmland birds. Detrimental effects were in fact
stronger in central-western Europe where the CAP has been in force for a considerable longer time than in
Eastern Europe. However, the entry of eastern countries in the EU in 2004 poses further major
conservation threats for farmland birds and biodiversity at a continental scale (Donald et al., 2002, 2006;
Butler et al., 2010; Sanderson et al., 2013).
Attempts to reverse the CAP negative effects on biodiversity and farmland birds mostly failed and
future perspectives (at least till 2020) are discouraging (see I.3). Avian abundance and biomass are both still
declining with most of this decline being attributed to common avian species, in particular farmland species
(Inger et al., 2014). An example of reversing the negative effect of the CAP on the environment were the
AESs, on which conservationists have long placed their hopes. They were shown to moderately enhance
farmland birds (Batáry et al., 2011), but recent evidence suggests that there was no sign of improvement in
their overall effectiveness over time and a possible suggested explanation of this was that scientific
evidence was not used to improve or correct the schemes (Batáry et al., 2015). Given these assumptions,
there is an increasing urgency to incorporate conservation knowledge into conservation policy and practice
(Cook et al., 2013).

I.7. General aims and the philosophy of the thesis
In recent years, conservation scientists have become aware that conservation decisions need to take into
account the available knowledge about the processes affecting biodiversity and biodiversity loss; in other
words, conservation must be based on evidence (Pullin and Knight, 2001; Sutherland et al., 2004;
www.conservationevidence.com). In parallel, conservation measures should be built on a solid
(quantitative) basis of biological and ecological knowledge that are often lacking in well-known agricultural
systems (Lawler et al., 2006; see also I.5).
Even when knowledge is available, a big challenge remains: bridging the great divide between
conservation knowledge and action (Anon, 2007; Cook et al., 2013). Conservation practitioners and policy
makers must be provided with the information they need to act and define adequate policies to actually
solve conservation problems and conservation scientists must be involved directly in conservation plans
(Arlettaz et al., 2010; Gibbons, Wilson & Green, 2011).
In this thesis I present a collection of studies on the effects of agricultural practices, land use change
and landscape structure on birds (used as indicators of biodiversity) in four typologies of permanent
agricultural systems: vineyards, olive groves, fruit orchards, and hay meadows. Vineyards were the crop
typology on which I invested more time; as a consequence, results on this kind of habitat are more
extensive and detailed.
The ultimate scope of the this is to inform possible best-management practices to favour bird
conservation in those kinds of man-made ecosystems. These measures could be potentially used to
implement policies aimed at reducing the agricultural impacts on biodiversity and to enhance the
sustainability of the agroecosystems. As permanent crops were excluded from any ‘greening’ obligations
planned by the actual CAP first pillar (see I.5), the only possibility for developing conservation actions in
these types of agroecosystems will be to demand agri-environmental schemes in the framework of national
and regional Rural Development Programmes or at other local initiatives (Pe’er et al., 2014).
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During this project I worked in collaboration with the viticulture technicians of the technology
transfer centre of the “Edmund Mach Foundation” (San Michele all’Adige, TN). This centre has an advisory
function for farmers (e.g. regarding chemical treatments and other management practices), and its
suggestions are generally widely accepted and applied by farmers. This choice allowed me to: i) understand
some productive and social problems that were also relevant in interpreting ecological patterns in my
system; ii) disseminate the relevant conservation findings of the thesis to the productive system, thus
starting to reduce the conservation knowledge-action divide.
The studies I present all focus on birds which are (as seen in I.6) reliable indicators of biodiversity;
moreover, birds could be regarded as “umbrella species”, whose conservation may enhance the overall
biodiversity of agroecosystems (Roberge & Angelstam, 2004; Branton & Richardson, 2011).
Ecological patterns and processes act at various spatial scales. For this reason, the causes and
consequences of environmental change on organisms or communities can be measured along multiple
scales (Gibson, Ostrom & Ahn, 2000).
In conservation biology, as well as in ecology, there is an increasing awareness about the importance
of the spatial scale of conservation actions. This depends on the nature of conservation problems, which
exist at one or more specific scales. Conversely, conservation policies are often constrained by institutional,
jurisdictional, and political scales leading to a problem of scale mismatch, namely when the implementation
of a conservation action is at a scale that does not reflect the scale of the conservation problem (Boyd et
al., 2008; Guerrero et al., 2013). Planning efforts limited to one scale will neglect biodiversity patterns and
ecological processes that are important at other scales (Huber, Greco & Thorne, 2010).
For this reason I explored birds’ responses to environmental variables at various levels of scale, from
landscape to the foraging sites, in order to finally suggest best management practices potentially suitable at
several spatial scales (see also Table I.1).

I.8. Outline of the thesis
The body of the thesis is organized in the form of eight study cases (Chapters I-VIII).
Section II represents the bulk of the thesis and it is focused on the drivers of diversity, occurrence,
abundance, and reproductive output of birds in vineyards at various spatial scales. All the studies presented
were conducted in Trentino (South-Eastern Alps, Italy), a mainly mountainous area where vineyards cover
around 10,300 ha in the valley bottoms and hilly mountain sides, in a belt comprised between 65 m a.s.l.
and 750 m a.s.l.
In Chapter I, I present a study on avian communities occurring in vineyards in both breeding and
wintering seasons aimed at understanding the effects of habitat characteristics and management practices
on birds. Specifically, I aimed to disentangle which environmental levels (i.e. landscape, management and
topography-climate) most affect avian assemblages in vineyards; secondly, I investigated the specific
effects of each environmental variable belonging to the three cited levels on the community.
In Chapter II, with a similar analytic approach, I investigated several landscapes across a gradient of
progressive intensification in order to understand how landscape traits and management factors shape the
abundance patterns of several common species dwelling in vineyards. Despite the low contribution to
community richness, common species are exceptionally influential in determining many macroecological
patterns and in providing ecosystem services; furthermore, nowadays, they ‘lie at the very heart of the
biodiversity crisis’, and thus these species deserve a preeminent role in conservation biology (Gaston,
2011).
In Chapter III, I focused on very intensive vineyard and searched for bird nests naturally occurring on
vines (i.e. not in nest boxes). I aimed to: i) evaluate the effect on nest abundance and breeding success of
organic and conventional farming in two different vineyard trellising systems; ii) evaluate the effect of
management activities on nest fate; iii) describe nest-site selection, nesting phenology, and factors
affecting them. To the best of my knowledge, this was the first study on birds nesting in vineyards in
“natural” nests.
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In Chapter IV, I investigated the abundance pattern of three insectivorous avian species (the wryneck
Jynx torquilla, the common redstart Phoenicurus phoenicurus and the spotted flycatcher Muscicapa striata)
in response to environmental variables at a landscape scale. These species are still widely distributed in
Europe, but are (or have been) declining and widely exploits vineyard habitats in our study area.
Additionally, I assessed the potential effect of vineyard ground management practiced on these species at a
foraging site scale. On the basis of my findings, I finally discussed the feasibility of using these three species
as non-traditional flagship species (sensu Entwistle, 2000) for biodiversity conservation in vineyards with
different levels of intensification.
In Chapter V, I focused on the habitat selection of the wryneck at the territory scale by obtaining
some preliminary knowledge on the breeding ecology of this species in response to landscape structures
and management practices in a study area characterised by vineyards grown in two contrasting landscapes
(i.e. simple and complex, sensu Batáry et al. (2011). I was particularly interested in understanding how
these second-cavity breeders could maintain a population in simple and intensively exploited landscapes,
apparently deprived of suitable nesting sites.
Section III deals with bird ecology in orchards.
In Chapter VI, I worked on intensive apple orchards in Trentino, assessing the effect of orchard
management features and landscape traits on the abundance of three common bird species widespread in
this agroecosystem.
In Chapter VII, I present a case study on Spanish olive groves. This is the unique study of the thesis
aimed at assessing the effect of land abandonment on an indicator species instead of that of agriculture
intensification. Specifically, I studied habitat selection in the blackcap Sylvia atricapilla during the breeding
and wintering seasons by means of radiotelemetry. I was particularly interested in understanding whether
the species positively or negatively selected for: (i) managed or abandoned olive groves; (ii) herbaceous,
low, or high undergrowth occurring in woody habitats; and whether (iii) habitat preferences changed
among seasons.
Section IV presents a case study (Chapter VIII) on a particular (and neglected) aspect of bird
conservation in anthropogenic grasslands.
I considered five study areas in the Alps of Trentino that have undergone recent urban expansion at
the expense of semi-natural habitats. This is a relevant topic, as urban sprawl is impacting most Alpine
valleys and it is therefore urgent to evaluate what measures for non-urban habitat conservation or
restoration should be primarily implemented in urbanized or urbanizing landscapes. In particular, I
investigated which environmental variables most affected the occurrence of eight passerine species (six of
which are species of conservation concern at the European level) at the interface between urban areas
expanding at the expense of hay meadows (i.e. a type of anthropogenic grassland of high biodiversity
value).
Finally, in section V, I present a comprehensive discussion and synthesis of the results with a
particular focus on the management of best-practices favouring birds in different agroecosystems or in the
same agroecosystems at different spatial scales. These technical results were translated into an easy-tounderstand “vade mecum” (see appendix I) of best management practices in vineyards defined through the
collaboration with the viticulture technicians of the technology transfer centre (see I.7) and addressed to
the same technicians acting in viticultural system and to farmers. This document will be delivered to
farmers in the same manner as suggested chemical treatments are spread with the aim of disseminating
the result of this research to the people that should have the most relevant role in the sustainable and
biodiversity-friendly management of the agroecosystem.
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Table I.1. Graphical outline of the thesis.
At the intersection between columns (agricultural system considered) and rows (scale at which studies were conducted) is shown
the species/assemblage of species used as indicators in the relative chapter of the thesis.

AGRICULTURAL SYSTEM
Vineyards

Fruit orchards

i) Avian community
(Chapter I)

SCALE

Landscape

Ecosystem

Home range –
territory

Foraging site

Olive groves

Sylvia atricapilla
Fringilla coelebs
Carduelis chloris
(Chapter VI)

ii) Prunella modularis
Troglodites troglodites
Erithacus rubecula
Turdus merula
Turdus philomelos
Sylvia atricapilla
Parus major
Fringilla coelebs
Carduelis chloris
Serinus serinus
Emberiza cia
(Chapter II)
iii) Jynx torquilla
Phoenicurus phoenicurus
Muscicapa striata
(Chapter IV)
Muscicapa striata
Turdus merula
Turdus philomelos
Fringilla coelebs
Carduelis carduelis
Serinus serinus
(Chapter III)
Jynx torquilla
(Chapter V)

Jynx torquilla
Phoenicurus phoenicurus
(Chapter IV)
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Anthropogenic
grassland
Hirundo rustica
P. ochruros
P. phoenicurus
Muscicapa
striata Sturnus
vulgaris
Passer italiae
Passer montanus
Serinus serinus
(Chapter VIII)

Sylvia atricapilla
(Chapter VII)
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Spreading of viticulture may pose serious threats to biodiversity and adequate policies targeted at
decreasing its impact are urgently required. Current knowledge of viticulture effects on biodiversity is
scarce and studies on bird communities in vineyards are even scarcer.
We surveyed avian assemblages in Trentino vineyards (North-East Italy) in both breeding and
wintering seasons to evaluate the effect of: i) landscape, ii) management and iii) topographic-climatic
characteristics on birds and to derive implications for conservation. We calculated four community
indexes (species richness, abundance, evenness and conservation index) and modelled their relative
variation according to 18 environmental variables belonging to the three above-mentioned groups.
Landscape models performed better than the others, except for winter evenness, for which
management models were the most supported ones. Generally, models considering the three groups
together explained more variation than models from an individual group.
Landscape (and agricultural) heterogeneity, extent of marginal habitats, density of traditional elements
(hedgerows, tree rows, isolated trees and rural buildings) all had positive effects, whereas vineyard cover
had negative impact on the value of the four community indexes.
Organic management had no apparent effect on avian communities. We detected a seasonal difference
in the effects of environmental characteristics on bird communities, which suggested that local
conservation efforts could be tuned according to the seasonal importance of vineyards in different
regions.
Key measures to promote biodiversity in vineyards include maintaining patches of residual habitats in
the vineyard matrix and enhancing heterogeneity. Marginal features appeared particularly important in
the homogeneous landscape of intensive vineyards to favour bird communities.
ã 2016 Elsevier B.V. All rights reserved.
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1. Introduction
Millennia of agricultural expansion have resulted in a substantial amount of terrestrial species surviving on land dedicated to
food production (Krebs et al., 1999). At the same time, agricultural
intensiﬁcation is one of the main causes of biodiversity loss (Green
et al., 2005), and thus sustainable management of farmland
habitats has become a key topic of modern conservation biology
(Chapin et al., 2000). Considering the agricultural impacts on

* Corresponding author at: University of Pavia, Dept. of Earth and Environmental
Sciences, Via Adolfo Ferrata 9, Pavia 27100, Italy.
E-mail addresses: giacomo.assandri@gmail.com (G. Assandri),
giuseppe.bogliani@unipv.it (G. Bogliani), paolo.pedrini@muse.it (P. Pedrini),
brambilla.mattia@gmail.com (M. Brambilla).

biodiversity, arable crops in temperate regions are among the most
studied systems (Balmford et al., 2012), whereas permanent crops
(e.g. orchards, vineyards, timber plantations) had received much
less attention. As a result, knowledge of factors affecting
biodiversity in these cultivations remains limited. In addition,
permanent crops have been excluded from any kind of biodiversity-friendly practices in the recent Common Agricultural Policy
(CAP) 2013 reform. In particular, the 30% of direct payments
delivered to farmers according to three ‘greening measures’ (the
most relevant of which is devoting 5% of the farm to Ecological
Focus Areas), applies to only half of EU farmland and all permanent
crops had been excluded (Pe’er et al., 2014).
Such exclusion is particularly concerning, as available evidences
suggested that permanent crops are no more suitable for
biodiversity than other crops. Intensiﬁcation in olive orchards,
traditionally considered to host a high level of biodiversity

http://dx.doi.org/10.1016/j.agee.2016.03.014
0167-8809/ã 2016 Elsevier B.V. All rights reserved.
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(Loumou and Giourga, 2003), produced strongly detrimental effect
on plant biodiversity (Allen et al., 2006), whereas in fruit orchards
different management strategies strongly affected bird assemblages (Myczko et al., 2013). Therefore a better understanding of the
effect of management practices on biodiversity in permanent crops
is urgently needed to inform evidence-based conservation
practices (sensu Arlettaz et al., 2013).
Vineyard is a typical Mediterranean permanent crop, which can
locally reach extreme levels of intensiﬁcation. Despite the high
economic value and the potentially high impact that such crops
can have on species and ecosystems, very little attention has been
paid to investigate factors and management practices affecting
vineyard biodiversity. In recent years, the environmental quality of
wine production is increasingly perceived by consumers as a key
determinant of the wine quality. As a consequence, landscape, in
its cultural and ecological dual nature, and biodiversity are
assuming a new (at least economic) value, and this could be a
foundamental resource for research and conservation (Bisson et al.,
2002; Viers et al., 2013).
Recent studies suggested that different taxonomic groups,
occupying different trophic levels, may respond differently to
disturbance intensity and types in vineyards (Bruggisser et al.,
2010). A better understanding of management effects is therefore
needed to implement well-focused conservation strategies.
Agricultural intensiﬁcation caused major decreases in farmland
bird populations in Europe (Donald et al., 2001). Despite the
efﬁcacy of birds as environmental indicators (Gregory et al., 2005),
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there are a very few studies on bird communities in vineyards,
often limited to highly speciﬁc topics. Duarte et al. (2014) reported
that soil conservation practices based on mechanically managed
herbaceous corridors favour bird communities in vineyards.
Similarly, an endangered ground-nesting bird species, the woodlark Lullula arborea, have been reported to be favoured by a mixture
of ground vegetation and bare ground in vineyards (Arlettaz et al.,
2012).
Sierro and Arlettaz (2003) suggested that vineyards have the
potential for harbouring quite rich communities, but the availability of natural remnants and ground vegetation cover are key factors
for several species. The same authors also advocated for further
studies with a ﬁne-scale approach, which should also consider
management type and intensity.
In this work, we studied avian communities in Italian vineyards
in both breeding and wintering season, aiming at understanding
the effects of habitat characteristics and management practices on
birds. In particular, we ﬁrst tried to disentangle which environmental levels (i.e. group of variables: landscape, management,
topography-climate) affect avian assemblages in vineyards;
secondly, we investigated what are the speciﬁc effects of each
environmental variables belonging to the above mentioned
groups. The ultimate goal of this study was the deﬁnition of some
potential measures for bird conservation at both the landscape and
at the farm scale. Such measures could be used to inform agrienvironmental schemes in the framework of national and regional
regulation (e.g. Rural Development Programme).

Fig. 1. Study area. (A) Position of Trento Province in Northern Italy. (B) Vineyard cover in Trento Province (in violet). (C) position of the 47 plots in Trento Province wine district.
(For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the web version of this article.)
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2. Materials and methods
2.1. Study area and experimental design
The study took place in Trento Province (South-eastern Alps,
Italy) which is characterized by intensively cultivated and partly
urbanized valley bottoms (65–250 m), mountainsides covered by
woodlands, interspersed with pastures, apple orchards and
vineyards (up to 750 m) and with anthropogenic secondary
grasslands (750–2000 m); the highest areas (>2000 m) are covered
by alpine grasslands, rocks and snow. Mean human density is
relatively low (86 inhabitants/km2), especially in mountain areas
(Servizio Statistica. Provincia Autonoma di Trento, 2013).
Vineyards primarily occur in the valley bottoms and hilly sides
of the two main North-South oriented valleys (Adige and Sarca),
between 65 m a.s.l. and 750 m a.s.l. Vineyards cover about
10,300 ha, corresponding to 2% of the total Trento Province extent,
but to 19% of the entire area under 500 m a.s.l.; moreover, they
account for more than 30% of the entire economic value of the
agricultural income in the province (ISTAT, 2010).
To survey birds in vineyards, we scattered forty-seven 200-m
long linear transects over the entire area occupied by vineyards
(Fig. 1). Each transect had a 100-m buffer area within which bird
counts were performed and thus each census plot covered 7.15 ha.
Half of the transects were approximately on the valley bottom and
half on the sloping valley sides. To avoid double counting the same
individuals we set the minimum distance among neighbouring
transects equal to 300 m.
2.2. Bird data, avian community indexes and environmental variables
We censused birds at each plot three times during the breeding
season (hereinafter: spring) (10th–18th April; 13th–22nd May;
12th–22nd June 2014) and twice in winter (14th–22nd December
2014; 12th–21st January 2015). Five to six transects per day were
censused from dawn to a maximum of ﬁve hours after it (5.30–
10.30 a.m. in spring; 8:15–12.15 a.m. in winter). Surveys were
conducted by the same observer (G.A.) walking at a slow pace
along transects and avoiding precipitations and strong winds. In
each transect the observer spent 35–45 min depending on habitat
complexity and topography. We changed the census order across
transects from one visit to the following one, to ensure variability
of the time of the morning in which a plot was monitored.
We mapped all the ﬁrst contacts with every bird inside the 100m buffer on updated aerial photographs (scale 1:2500 m). All
contacts were recorded as precise as possible, invariably at least at
the habitat patch scale, where patch is deﬁned as a recognisable
portion of the same habitat inside the plot or, in the case of
vineyards, a parcel with a deﬁned spatial arrangement or
homogenous management. Two vineyards with the same spatial
arrangement and homogeneous management could be owned by
two different farmers; in such cases we counted them as a single
patch.
Such a census method is more time-consuming than the simple
counts of individuals along the transect, but it allows the observer
to obtain precise counts of each species, by paying attention to the
exact location of all individuals, thus avoiding double counts and
reducing biases due to imprecise mapping of the birds.
On the basis of the census results for all plots and for each
season (spring and winter), we calculated four community
indexes: species richness (hereinafter: richness), abundance,
Pielou’s evenness (evenness), and conservation index. We only
considered birds standing in the plot (not overﬂying) and (for
spring survey) only breeding species in Trentino, based on our
knowledge and available literature (Pedrini et al., 2003). We
preferred to focus on breeding species because the environmental

variables we measured are much more likely to be important for
the pool of ‘local’ species than for migrant ones. The ﬁrst three
indexes were calculated in R (R Core Team, 2015) using the package
vegan (Oksanen et al., 2015).
Richness was calculated cumulatively over the two (winter) or
three (spring) censuses, whereas abundance and evenness were
calculated as the mean value over the two/three censuses,
respectively. Conservation index was a sum of scores attributed
to each plot on the basis of the species occurring in it. Each species
had a speciﬁc score ranging from 0 to 6 and calculated on the basis
of: i) two European commonly recognised indicators: Annex I of
the ‘Birds’ Directive 2009/147/EC (1 point for species listed in the
Annex I) and on BirdLife (2004) assessment (3 points for SPEC 3;
2 points for SPEC 2, 1 point for SPEC 3); ii) two Italian bird
conservation assessments: the Red List (Peronace et al., 2012:
4 points for critically endangered species, 3 point for endangered,
2 points for vulnerable, 1 point for near-threatened) and the Italian
bird species’ conservation status (Brambilla et al., 2013; Gustin
et al., 2010) (bad: 2 points, inadequate: 1 point). Other authors (e.g.
Ponce et al., 2014) adopted similar approaches using only SPEC
scores. Our approach integrated up-to-date conservation priorities
for the study area.
We measured directly in the ﬁeld or in GIS landscape,
management and topographic-climatic variables. Land cover
variables were measured based on an accurate photointerpretation
of aerial photographs, updated and validated with ﬁeld surveys at
the patch scale. We deﬁned eight habitat categories: woodlands,
herbaceous croplands, marginal habitats, traditional orchards and
olive groves, intensive apple orchards, meadows, urban areas,
vineyards. Vineyards were the dominant typology, covering
between 13.4% and 96.7% of plots (mean: 64  2.7 SE%).
Based on these variables we also calculated the H’ Shannon
diversity index of land cover, the total number of habitat patches
and the number of vineyard patches totally or partially overlapping
with the plot.
We also measured in a GIS environment, by using detailed aerial
photographs, the length of hedgerows and tree rows within the
plot, as well as the number of isolated tree and the number of
isolated rural buildings (deﬁned as small, traditional, uninhabited
building used for agricultural purposes, typical and widespread in
the study area). The deﬁnition of ‘hedgerows’ is tricky because in
real landscapes all possible transitional states between hedgerows
and woodlands occur. We considered as hedgerows and three rows
all the linear clusters of shrubs and/or trees, which were less than
15-m wide, isolated into the farmed landscape or originating from
woodlands remains but clearly isolated from the main woodland
area. Also in this case we carried out a speciﬁc ﬁeld validation of
the values derived via GIS.
Although viticulture is quite intensive, especially in valley
bottoms, the very small mean vineyard farm size (less than 1 ha, F.
Ghidoni (pers. com)) found in Trentino leads to a certain degree of
agricultural heterogeneity, which we tried to describe by measuring some management variables at the scale of the individual
vineyard patch. Despite this, vineyard features at ground level
generally are very homogeneous (except at vine base, where
herbicides or mowing are applied), because vineyard ground is
covered by grass vegetation as a standard practice since ‘70s
(Bertamini et al., 1999). Grass is usually mown three times per year
(once during the spring period). Also phytosanitary treatments are
uniform over all the vineyards in the province, because they are
carried out according to the recommendations made by a central
agricultural institute. The only major difference is between organic
and conventional patches, so we quantiﬁed the amount of
vineyards under the two different managements within each plot.
We considered as “organic” only the farms ofﬁcially certiﬁed by the
Agricultural service of the Province. Organic and conventional
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viticulture in Trentino differ mainly in the use of synthetic
fungicides, insecticides, fertilizers and herbicides (not allowed in
the former, see Table S1 in Supplementary materials for further
details). Organic viticulture in our study area is a marginal
management form, accounting for less than 3% of the entire
vineyard surface, consequently we were able to include some
organic vineyards in one third of our sampling plots (mean  sd:
13.9  26.7%, range: 0–100%).
We further distinguished between the two types of vineyard
structure occurring in our study area: pergola, which is the
traditional and predominant one (80% of vineyards in Trentino;
Chemolli et al., 2007), and spalliera. The former consists of quite tall
vines (up to more than 2 m considering the secondary branches,
growing in a dense canopy), supported by a robust structure of
poles and beams. Spalliera is the most widespread vineyard
arrangement, in which low vines are supported by wires bent
among poles. Pergola implies a greater distance among vines rows
(up to 5 m) than spalliera arrangement (generally less than 2 m)
(See Fig. S1 in Supplementary materials). In pergola vineyards,
some typologies of mechanical activities (e.g. mechanical harvesting and pruning) are not possible, but apart from this, the two
types do not differ a lot in term of general management.
We also recorded if a vineyard patch had stone walls along at
least one of its sides.
Topographic variables (i.e. elevation, aspect and slope) were
derived from a 10-m resolution digital terrain model. We also
derived bioclimatic variables (BIO1-annual mean temperature;
BIO12-annual precipitation) from WorldClim (www.worldclim.
org,Hijmans et al., 2005) at a 30 arc-seconds resolution.
2.3. Statistical analyses
We grouped all the environmental variables into three different
categories of predictors: landscape, management and topographicclimatic variables (Table 1).
Although the percentage cover of vineyard is a land cover
variable, we placed it with the management predictors, to correct
for the cover of vineyard in the plot when evaluating the effect of
the management variables, as well as to reduce collinearity
amongst predictors in the landscape group. We placed length of
hedgerows and tree rows into the management group because in
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our study area their occurrence is determined by farmers’
individual decisions. The same applies to the number of isolated
trees and isolated rural buildings, which we combined into a single
variable (index of traditional element). Their amount in a plot
depends on the level of agricultural intensiﬁcation in the farmland,
with extensive ones hosting much more traditional elements than
intensive ones. In order to have the same scale for both
measurements, we log + 1 transformed isolated trees before
summing.
We initially applied the protocol for data exploration proposed
by Zuur et al. (2010) for each group of predictors in order to avoid
common statistical problems. This led us to apply
log + 1 transformation to woods, traditional orchards and apple,
to reduce the weight of the outliers. H’ Shannon diversity index of
land cover was highly collinear (VIF = 11.4) with most land cover
variables, so it was discarded from analyses. Also topographicclimatic variables were highly collinear among each other. We
ﬁrstly removed elevation (as it was the variable most correlated
with all the others, and in particular with BIO1-annual mean
temperature, r = 0.8). Then, we also discarded BIO12-annual
precipitation, because it was strongly correlated with BIO1 (r = 0.8).
In the case of dichotomous variables (i.e. organic-conventional,
spalliera-pergola, wall occurrence-wall absence), we used only one
of the two values (the less represented of the two), because they
are of course intrinsically collinear.
We ended up with 18 environmental variables (see Table 1)
subdivided into the three groups that we analysed separately for
each of the four response variables, for both spring and winter
(N = 47 plots, in all cases).
Our data present a strong spatial structure, and spatial
autocorrelation is known to severely affect the results of regression
analyses (Beale et al., 2010), so we used GLS models, which allow us
to incorporate spatial structure (i.e. geographic coordinates of the
plot centroids) into a linear model to correct for this violation of
independence (Brambilla and Ficetola, 2012; Dormann et al.,
2007). We ﬁtted models by maximum likelihood and with a
Gaussian spatial correlation structure; other structures of the
spatial error gave identical results. When graphical analyses of
relationships suggested potential quadratic effects, we included
the corresponding quadratic term in the analysis. We ﬁtted models
using the R package ‘nlme’ (Pinheiro et al., 2015).

Table 1
List of variables used in the analysis.
Acronym

Description

Mean  SD

Landscape variables
Woods
Crops
Marginal
Traditional orchards
Apple
Meadows
Urban
Patches

% cover of woodlands (large majority of broadleaved woodlands)
% cover of herbaceous croplands (mainly small family-ran ﬁelds; in winter contain also extirpated wood crops)
% cover of marginal habitats (ﬁeld margins, hedges and tree rows, abandoned areas with scattered shrubs, roads)
% cover of traditional orchards and olive groves
% cover of intensive apple orchards
% cover of meadows
% cover of urban areas
Number of habitat patches into the plot

6.2  8.9%
2.3  5.7%
14.2  6.1%
2  4.4%
4.6  9.4%
4  7.7%
2.7  4.3%
29  11

Management variables
Vineyards
Hedgerow
Index of traditional elements
Organic
Spalliera
Wall
Vineyard patches

% cover of vineyards
Length of hedgerows and tree rows in the plot
Number of isolated trees (log + 1 transformed) + number of isolated rural buildings
% of organic vineyards into the plot
% of spalliera vineyards into the plot
% of vineyard into the plot with stone wall along at least one of their sides
Number of vineyard patches into the plot

64  18.7%
318  285.7 m
4.1  2.4
13.9  26.7%
18.3  29.7%
46.9  40.5%
20  9

Topographic-climatic variables
Slope
Aspect
BIO1

In degrees from South
Annual mean temperature derived from Hijmans et al. (2005)

8.9  7.8
56.6  34.4
11.6  1.5  C
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Table 2
Mean values (standard errors) and results of t-test testing for differences in means
of the 4 response variables for spring and winter (N = 47). Levels of signiﬁcance:
*<0.05; ***<0.001.
Plot means

Species richness
Abundance
Pielou’s evenness
Conservation index

3. Results
The four community indexes were calculated considering
59 bird species for spring and 51 for winter (for the full list of
the species see Table S2 in Supplementary materials).
Richness, evenness and conservation index were signiﬁcantly
higher in spring than in winter, whereas abundance showed the
opposite pattern (Table 2).
On the basis of the AICc values (Table 3), models based on
landscape predictors were generally better ranked than those
based on management or topography-climatic variables for all the
community indexes, except for winter evenness, for which
management models performed better than others.
Models based only on topographic-climatic features were
always worse than the other two sets of models, except for winter
evenness again, for which landscape model was the worst and
topographic-climatic model stood between this and the most
supported management one (yet all the models were comprised in
a fairly small DAICc = 4.12).
Final models for richness, evenness (winter) and conservation
index ranked better than the best models from individual group.
This suggested that the combination of the three sets of predictors
better explained variation in community indexes, which are thus
likely affected by factors of different types (i.e. belonging to
different groups), although for richness and winter evenness the
difference was small (DAICc < 2). For abundance (both spring and
winter) and spring evenness the ﬁnal model was the same of the
best single-set-of-variables model.

t-tests

Spring

Winter

t

df

p

14.32  0.60
30.68  1.81
0.88  0.01
14.26  1.02

12.94  0.57
72.68  5.65
0.73  0.02
8.36  0.70

1.66
7.11
7.44
4.75

92
55.27
54.34
81.48

*
***
***
***

Three response variables (richness, abundance and conservation index) were counts, so they should have been ﬁtted using
Poisson or negative binomial distributions, which is not possible
with GLSs. We then tested for the normality of the residuals of the
respective models using Kolmogorov-Smirnov test and given that
they resulted to be normally distributed, we opted to use the GLS
approach also for those variables to appropriately deal with spatial
autocorrelation (output of normality tests are given in Table S2 in
Supplementary materials).
We worked within an information-theoretic approach (Burnham
and Anderson, 2002) and built all possible models for each response
variables using each of the three predictor groups for both seasons.
For this purpose, we used the dredge function in the R package
‘MuMIn’ (Barton, 2015).
We then averaged across all models with AICc < 2 within each
group, obtaining model-averaged coefﬁcients and conﬁdence
intervals (Johnson and Omland, 2004).
Finally, we built four ‘ﬁnal’ models per season (one per each
response variables), selecting from the individual groups the
predictors which had conﬁdence intervals (as calculated in the
previous step) not encompassing zero with p < 0.05 and after
checking again for collinearity, we built such multi-level models
using all the selected predictors, adopting the same AICc-based
cek et al., 2014).
ranking (Kole9
In one case (winter evenness), we decided to include also the
predictors whose conﬁdence intervals did not encompass zero
with p < 0.1, because a lot of potentially relevant variables did not
reach the more stringent threshold.
In other two cases (spring richness and evenness) we tested in
the models eight predictors, a relatively high number of predictors
considering our sample size. We therefore carefully checked
models’ outcomes: model outputs were fully consistent with the
exploratory analyses of the relationships.
To deﬁne thresholds useful to derive concrete targets for
conservation, we plotted the ‘ﬁnal’ model predictions against some
selected habitat predictors. We chose among the most important
variables (according to the ﬁnal models) the ones that were more
severely affected by agricultural intensiﬁcation: cover of marginal
habitat, number of patches and length of hedgerows, which are all
reduced by intensiﬁcation.

3.1. Effects of landscape, management and topographic-climatic
variables on community indexes
Our analysis was designed to end up with four averaged models
combining each community response variable with the most
relevant predictors (potentially belonging to different variable
groups) identiﬁed in the previous step. Full results of the ﬁrst step
are summarized in the Supplementary material (Table S4 and S5).
In short, amongst landscape variables, the ones which were most
frequently selected in the most supported models were: wood
cover in spring (positive effect on richness and evenness, negative
on abundance and conservation index), urban cover (quadratic
unimodal effect on richness and conservation index, positive on
abundance and negative on evenness).
Considering management variables, hedgerow length had
linear positive effects on all the community indexes in both
seasons, except for winter abundance, when the effect was
negative. In winter, the percentage of spalliera vineyard had
negative effect on all the indexes, except for evenness (positive
effect, but the standard error was very large), whereas stone walls
had a positive effect on richness and abundance, and negative on
evenness and conservation index.
Finally, the only topographic-climatic variable which had
detectable effect on all four indexes (in spring) was slope (positive
effect on richness and evenness, negative on abundance and
conservation index).

Table 3
AICc of the best models for each of the three groups of predictors and for the ﬁnal models. Models in bold are the most supported ones among the three competing groups.
Data are shown for all response variables and for both seasons.
Species richness

Landscape
Management
Topographic-climatic features
Final model

Abundance

Pielou’s evenness

Spring

Winter

Spring

Winter

248.83
252.75
258.28
246.04

256.96
258.98
261.19
256.46

352.36
372.01
373.28
352.36

478.00
478.84
482.47
478.00
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Spring
184.60
170.64
163.38
184.60

Conservation index
Winter

Spring

Winter

50.12
54.24
51.92
55.32

298.75
319.34
319.66
295.40

277.89
280.16
284.77
265.61
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Table 4
Model averaged parameter estimates, standard errors and relative variable importance (R.V.I) of models with DAICc < 2 for spring: ﬁnal model. Variables in bold are those for
which conﬁdence intervals did not encompass zero. NS: variables used in the dredge (coming from the ﬁrst step of the analysis) but not selected by the most supported models
(DAICc < 2).
Species richness

Abundance

Coef.  st. er.
Intercept
Woods
Crops
Marginal
Marginal2
Traditional orchard
Apple
Meadows
Urban
Urban2
Patches
Patches2
Vineyards
Hedgerow
Index of traditional
elemens
Index of traditional
elemens2
Organic
Spalliera
Wall
Vineyard patches
Slope
Aspect
BIO1

R.V.
I.

13.43  2.73
8.82  10 1  4.47  10

Pielou’s evenness

Coef.  st. er.

R.V.
I.

0.32

NS
NS

9.98  10 1  2.73  10 1
5.24  10 2  1.71 10 2

1
1

1.64  3.19  10

1

1

1.27  4.60  10 1
1.84  10 2  7.27  10
5.80  10
NS

2

 2.50  10

2

R.V.
I.

8.39  10 1  2.58  10 2
1.10  10 2  4.71 10 3
2.40  10 3  9.67  10 4
6.96  10 3  3.30  10 3
2.43  10 2  1.05  10 4

13.33  11.15
1

Conservation index

Coef.  st. er.

3

8.25  10
1.52  10
3.92  10

0.94
1
0.38
0.38

 3.82  10 3 0.87
 7.84  10 4 0.66
3
 1.12  10 3 1

Coef.  st. er.
1.71 10 1  3.72
1.49  5.88  10

R.V.I.

1

1

1.65  4.82  10 1
5.64  10 2  1.47  10

2

1
1

3

2.15  4.60  10 1
1.14  10 1  2.77  10

0.67
0.67

0.68
NS

1.51 10

2

1
1

3

1.90  1.01

NS
3.61 10

2

 1.26  10

2

3.75  10

4

1.53  10

3

 1.86  10

4

0.61

 7.34  10

4

0.78

0.80
1

1.17  10

1

0.80

1

NS
5.02  10

3.2. Final models for the community indexes
Outputs of the ﬁnal model averaging for the four response
variables are reported in Table 4 (spring) and Table 5 (winter). The
effects (linear positive or negative and quadratic) of predictors on
response variables were the same as in the ﬁrst step of the analyses
(see Table S4 and S5), but some of these variables were not selected
(or had lower relative importance) in the best models in this multilevel framework.
Richness in spring was affected by urban (quadratic unimodal
effect) and vineyard cover (negative effect), and by vineyards with
stone walls (positive effect); also wood cover was included
(positive effect), but its conﬁdence intervals encompassed zero.
Slope was excluded from this model, because of its collinearity
with other variables (VIF = 3.73). In winter, all the variables
selected in the previous step (i.e. urban, marginal and crop covers,
all with positive effects) were included in the best models, as well
as hedgerow length (positive effect) and percentage of spalliera
vineyard (negative effect), but the latter two variables showed
conﬁdence intervals including zero.
Abundance in spring was affected only by urban cover (positive
effect) and by the number of patches (quadratic unimodal effect).
In winter, all the variables previously selected (wood, apple
orchard, spalliera with negative effect and number of patches with
positive) were included also in the most supported ﬁnal models,
although all of them had conﬁdence intervals encompassing zero.
For evenness in spring, all the variables selected at the previous
step (i.e. wood, crop, spalliera cover and number of vineyard
patches with positive effects; marginal habitat with quadratic
unimodal effect; apple orchard, meadows and urban with negative
effect) were included in the best models, although meadows and
spalliera had conﬁdence intervals including zero. In winter,
hedgerow length and aspect (positive effect) and number of
vineyard patches (negative effect) were included; however, only
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1

 2  10

1

1

hedgerow length had conﬁdence intervals not encompassing zero.
The number of patches was excluded due to its high collinearity.
For conservation index (in both seasons), all the variables selected
by the previous step were included in the most supported models:
in spring, aspect (positive effect), marginal habitats, urban cover,
index of traditional elements (quadratic unimodal effect) and
wood (negative effect); in winter: urban and hedgerow length
(positive effect); marginal habitats cover (quadratic unimodal
effect) and vineyard with stone walls and spalliera (negative effect).
Fig. 2 shows a graphical representation of the effect of some
relevant predictors according to the ‘ﬁnal’ model predictions. In
line with those relationships, when marginal habitat cover was
between 15 and 20%, all the community indexes here considered
displayed values above the respective average. Similarly, about 30–
50 habitat patches per plot (corresponding to 4–7 patches/ha)
should be preserved to harbour bird communities richer and more
abundant than the average ones.
Considering length of hedgerows and tree rows, about 200–
400 m per plot (corresponding to 28–56 m/ha) in winter is needed
to guarantee richer and more even communities than average. In
addition, the more hedgerows are provided, the highest is the
conservation index of the bird community.
4. Discussion
Farmland biotic communities are shaped by both landscape
structure and agricultural management, with multi-level interactions often difﬁcult to disentangle (Batáry et al., 2011). Generally,
the landscape structure plays a key role, but also management may
affect communities (Fuentes-Montemayor et al., 2011; Purtauf
et al., 2005; Schmidt et al., 2005; Weibull et al., 2003). The
landscape level was the most important one for the majority of the
community indexes considered in our study system, but some
features describing agricultural management also had an effect on
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Table 5
Model averaged parameter estimates, standard errors and relative variable importance (R.V.I) of models with DAICc < 2 for winter: ﬁnal model. Variables in bold are those for
which conﬁdence intervals did not encompass zero. NS: variables used in the dredge (coming from the ﬁrst step of the analysis) but not selected by the most supported models
(DAICc < 2).
Species richness

Abundance

Coef.  st. er.
Intercept
Woods
Crops
Marginal
Marginal2
Traditional orchards
Apple
Meadows
Urban
Urban2
Patches
Vineyards
Hedgerow
Index of traditional elemens
Organic
Spalliera
Wall
Vineyard patches
Slope
Aspect
BIO1

R.V.
I.

Pielou’s evenness

Coef.  st. er.

R.V.
I.

6.81  2.08

7.56  10
10.28  5.15

2.01 10
1.86  10

1

 9.31 10
 8.19  10

1

2

1

1.10  10

1

3.74  10

3

3.36  10

1

1

 4.73  10

2

0.89

 1.92  10

3

0.24

 1.79  10

1

 5.66  10

2

0.53

Coef.  st. er.
3.26  10

0.76
0.76

2

 1.29  10

2

1

R.V.
I.

2

R.V.I.

 2.71

0.43
1.39  3.77  10 1
4.93  10 2  1.14  10

8.91  4.69
3.30  10

Conservation index

Coef.  st. er.

1

 1.97  10

communities for some combinations of indexes and seasons, the
likely similar importance of the two groups of variables was
suggested by the limited difference in AICc (<4) between
landscape and management models. On the other side, over the
geographically restricted area covered by our study, topographic
and climatic variables had lower importance.
Models considering together landscape, management and
topographic features were generally better than the ones
considering only one level of environmental features. This suggests
that avian communities in vineyards are affected by a plurality of
factors and not only by a single type of environmental traits.
Importantly, the effect of several factors was different on different
indexes and also varied with season: in the ﬁnal models, there is no
variable having a consistently positive or negative effect for all
indices or in both seasons. In this vineyard-dominated agroecosystem, the amount of vineyard cover had a negative effect on
the species richness. On the opposite, the amount of other
landcovers broadly resulted in a positive effect on most
community indexes. The positive effect of heterogeneity on
biodiversity in agricultural systems is widely recognised and this
is likely one of the main reasons why intensiﬁcation, which causes
a marked reduction of heterogeneity, has so detrimental effects on
biodiversity (Benton et al., 2003). Studies on the effect of
heterogeneity in permanent crops are scarce, but in Spanish olive
groves Castro-Caro et al. (2014a) found no effect of landscape
heterogeneity on abundance and richness of songbirds, although
hedgerows, that generally characterized extensive and heterogeneous agricultural systems, had positive effect on those two
community parameters (Castro-Caro et al., 2015). In our study
system habitat heterogeneity is clearly important: the number of
habitat patches (a measure of it) had indeed a positive linear effect
on richness and abundance in winter and a quadratic unimodal
effect on spring abundance. Consistently the number of vineyard
patches, which is an indirect measure of the probability of having
different management systems and overall of agricultural heterogeneity, had largely similar effects on community indexes.
Several habitat traits had different effects on the different
community indexes. Woodlands (in spring) were associated to

4.03  10

1

 1.28  10

1

–

7.30  10

3

 2.36  10

3

–

0.71
1.22  10

1

–
–

0.73

1.23  6.70  10

3.85  10

2

1

4

 6.60  10

5

0.61

5.90  10
4.82  10

0.74
4.83  10
1.11 10

3

3

 2.12  10

 5.41 10

4

3

2
2

 1.77  10
 1.68  10

2
2

–
–

1
0.77

richer and even communities, but had negative effect on species of
conservation concern, that in our study area (as over most of
Europe) are mainly tied to agricultural and open habitats. In
addition, residual woodlots in the vineyard matrix are often small
and disturbed, thus unlikely suitable for forest species of
conservation concern, which generally show more specialized
ecological requirements. Arable crops (mainly small family-ran
vegetables ﬁelds interspersed among vineyards) showed positive
effect on richness (spring) and evenness (winter).
The effect of marginal habitats on community indexes in spring
were generally better modelled through a quadratic unimodal
relationship. Given that we included in this category not only
fallow lands, hedgerows and three rows, but also elements
marginal to vineyard like roads and ﬁeld margins, it is possible
that above a certain amount, road occurrence could result in a
considerable disturbance. In winter, vineyards are very poor
habitat (only used by ﬂocks of ﬁnches and thrushes), and most
birds are thus forced to exploit all kinds of marginal habitats,
including roads and ﬁeld margins, where some tall grasses were
left, this potentially explaining the positive linear relationship in
this season.
The key importance of marginal elements (in particular
hedgerows and tree rows) was conﬁrmed by the management
models. These elements are mostly tied to a traditional and
extensive farming, as are isolated trees and rural buildings. Trees
and buildings are probably less important than hedgerows at the
scale we worked, but still had positive effects, in particular on the
species of conservation concern, providing potential nest sites in
the monotonous vineyard matrix.
The importance of patches of different habitats within the
vineyard matrix was also conﬁrmed by the amount of urban cover
in the plot. Urban cover promoted bird assemblages that were
abundant but scarcely even, and this is consistent with the effects
of urbanization worldwide (Chace and Walsh, 2006). Urban cover
had also a positive effect on richness and conservation index until a
certain threshold, then the quadratic unimodal relationship
suggested an opposite effect. These overall positive or quadratic
effects were likely due to additional habitats potentially suitable
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Fig. 2. Graphical representation of the effect of marginal habitat cover, number of habitat patches and lenght of hedgerows and tree rows on the community indexes, as
predicted by the ﬁnal (multi-level) models. Other predictors included in the models are kept constant at their mean value. For habitat patches and hedgerow length, the
predictor values refer to number and lenght over the plot (7.15 ha). Dashed lines represent the 95% conﬁdence intervals of the mean. Horizontal dotted line show the mean
values of raw data for each response variables.
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for different species hosted by sparse and small urban areas
occurring in the study plots. Gardens with big trees, vegetable
gardens and buildings offer a variety of possible nest sites. In
winter the positive effect of urban areas was even stronger,
probably because towns in winter are warmer and provide greater
feeding opportunities for birds than surrounding areas.
During the breeding season, apple orchards interspersed within
the vineyard matrix had a negative effect on community evenness,
probably because such crops host a few but widespread species,
which could be very abundant in apple orchards (e.g. blackbird
Turdus merula and song thrush Turdus philomelos; see also
Brambilla et al., 2015). The opposite was found in winter, when
probably the few species feeding on ground grass prefer more open
crops.
To the best of our knowledge, this is the ﬁrst time that the effect
of organic versus conventional agriculture was evaluated in
vineyard using bird assemblages as indicators. We found no effect
of organic farming on our communities: this is quite surprising,
given the reported positive effect of organic farms, hosting richer,
more diverse or more abundant communities of organisms,
including birds (Tuck et al., 2014), than conventional ones. This
positive effect, mainly due to the sympathetic management of noncrop marginal habitats (Hole et al., 2005), was also reported for
birds in fruit orchard system (Genghini et al., 2006) and for
invertebrates (Caprio et al., 2015; Isaia et al., 2006; Sabbatini
Peverieri et al., 2009) or plants (Nascimbene et al., 2012) in
vineyards, although no positive effect of organic farming was
detected by Bruggisser et al. (2010). At the landscape scale, the
effect of organic farming was shown to be less inﬂuent than the
structure of the surrounding landscape (e.g. Fuller et al., 2005).
Organic farming is expected to be particularly important in
intensive and non-permanent crops (Bengtsson et al., 2005), thus
in agroecosystems quite different from ours. Moreover, in Trentino
organic wine farming is mostly adopted in easy-to-mechanize
ﬁelds, often resulting from the recent reclamation of natural and
semi-natural areas and it is quite intensive. In organic ﬁelds
phytosanitary treatments are generally more frequent than in
conventional ones, although mostly copper, sulphur and pyrethrin
are used instead of other synthetic chemicals. Nevertheless, these
products are known to negatively affect arthropod communities in
vineyards (Nash et al., 2010; Rusch et al., 2015).
Additionally, organic farms are few and quite isolated in the
matrix dominated by conventional vineyard. Therefore, also
pesticide drift from other farms could potentially vanish the
potential beneﬁts of organic management. All those elements
probably concur to explain why organic management had no effect
on bird communities. In short, even if we included in our
experimental design much more organic vineyards than those
averagely occurring in Trentino, organic vineyards sampled in our
study were relatively few and embedded in a matrix dominated by
conventional vineyards, and further investigation is needed to
better understand the effect of organic farming on birds.
The effect of spalliera vineyards was complex and seasondependent. In spring the percentage of spalliera enhanced richness
likely thanks to the heterogeneity it adds in the uniform matrix of
pergola vineyard, and possibly because it is often located on the
steepest slopes, in rather well-preserved traditional agricultural
areas, close to the altitudinal limit of vineyard, in species-rich
landscapes. Moreover, mowing is generally done every second row
in spalliera vineyards, this creating an alternation of tall and short
sward, typical of the ‘kitchen-dining room’ system (Vickery and
Arlettaz, 2012), which is particularly suitable for ground-feeding
birds. On the contrary, abundance is lowered by the relative
amount of spalliera because the very simple structure (compared
with pergola) reduces the availability of potential breeding sites. In
winter, all the indexes were negatively affected by spalliera

vineyards, maybe because the sloping and relatively highelevation areas where they occur are less favourable for birds
and because the positive ‘kitchen-dining room’ effect is irrelevant
in winter, when the grass sward in the vineyards is used only by a
few generalist species.
Stone walls probably had hardly any direct inﬂuence on bird
communities at the landscape scale and the effects we found are
likely more due to the level of local intensiﬁcation, as stone walls
are mainly found on the valley sides, where intensiﬁcation is
generally lower. Given this, the surprising negative effect of stone
wall occurrence on the conservation index was due to the local
distribution of wryneck Jynx torquilla and spotted ﬂycatcher
Muscicapa striata, which mostly occur in the valley bottoms where
stone walls are scarcer; this is also consistent with the slope effects
we found. Stone walls could be still important for birds (Woodhouse et al., 2005), but their effect should be better investigated at
a ﬁner spatial scale (e.g. individual home range).
In general, we acknowledge that the effect of some management variables (e.g. spalliera vineyards, stone walls) was difﬁcult to
disentangle from the confounding effect of other factors, in
particular slope, which in our Alpine context creates strong
gradients associated with different frequencies of spalliera and
stone walls. Speciﬁcally designed studies (e.g. reducing altitudinal
and slope gradients) are required for a full understanding of the
effects of those variables. Finally, winter bird assemblages
signiﬁcantly differ from the spring ones, with the latter being
richer, more even and more relevant for conservation (but lower in
biomass). This is partially consistent with a previous study (Laiolo,
2005) reporting a higher abundance in winter. However, she
considered vineyards as a very poor habitat for breeding bird, this
suggesting that local drivers, mainly dependent on management
practices (e.g. the traditional pergola structure), could have a
determinant role in shaping bird communities in vineyard
landscapes.
5. Conclusions
In this work, using birds as indicators, we provided information
on multi-season biodiversity drivers in vineyards, an economically
relevant agroecosystem poorly considered in conservation biology.
Understanding the effect of winegrape cultivation on biodiversity is
urgently required because this crop is expanding in temperate
regions outside the Mediterranean basin and upwards in mountain
areas. This phenomenon originates in response to climate change
and fast economic and social development, especially of the ‘second
world’ countries (Viers et al., 2013). However, this expansion is
happening at the expense of natural habitats (Jedlicka et al., 2014).
In our study, birds showed clear responses according to
landscape and management variables and they conﬁrmed to be
reliable indicators for biodiversity patterns also in this largely
artiﬁcial habitat. This is particularly relevant because there are
very few studies on this taxon carried out at the community level in
different seasons of the year in vineyards or in similar intensive
permanent crops (but see Castro-Caro et al., 2015, 2014a,b for olive
groves). Investigating bird assemblages also in winter allowed us to
point out differences with breeding season in relation to some
environmental variables, posing further challenges for conservation efforts.
Landscape heterogeneity is a key element also for the
conservation of birds in vineyards. Conservation efforts should
thus enhance it, especially by preserving (and maybe restoring)
habitats different from the crop itself and in particular the
marginal ones. Linear (hedgerows, tree rows) and punctual
(isolated trees, rural buildings) marginal features all have major
positive effects on community and on species of conservation
concern, thus being particularly relevant.
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Vineyard management has a noticeable role in shaping avian
communities too. As a consequence, farmers have a key role in
enhancing (or depleting) biodiversity in vineyards by means of
their choices. Policies targeted at maintaining the small farm mean
size (e.g. favoring family-run farms) could enhance bird communities in the study region, by favoring small-scale heterogeneity in
management and vineyards traits.
The recent trend in Trentino viticulture is facing a slow, but
increasing, abandonment of the traditional pergola system,
progressively replaced by the spalliera system. Results suggested
that the latter has ambiguous (but mainly negative) effects on
birds; thus a better assessment of the impact of this vineyard type
is urgently needed, in particular at the upper sites, where quite rich
communities still occur.
Based on our results, we recommend some general conservation measures aiming at favoring vineyard bird communities. In
particular, we suggest that a mean of 4–7 different patches/ha
should be preserved in the farmed landscape, including also
patches different from vineyard. In particular, marginal habitats
should represent the 15–20% of the whole landscape and the
density of hedgerows and tree rows should be at least 28–56 m/ha.
Our ﬁndings could be relevant in an applied EU policy
framework, considering that vineyard was excluded from the
‘greening’ measures included in the last CAP reform, and then
Member States and local governments are expected to deﬁne
adequate measures to counteract the loss of biodiversity in this
type of ecosystem.
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a

b
Fig. S1. The two types of vineyard structure occurring in the study area: a) spalliera and b) pergola.

40

Table S1. Differences in agricultural management between conventional and organic vineyard farms in the study area. Data
represent average values usually recorded in the Trento Province and are courtesy of Franca Ghidoni (Fondazione “Edmund Mach”
– CTT – Unità viticoltura).
CONVENTIONAL

ORGANIC

herbicides

1-2 / year

Plowing, mowing

fertilizers

1-2 / year

Organic manure

fungicides

11-15 / year (both Cu-S and synthetic)

19-21 (sometimes more) / year Cu-S

insecticides

1-2 (5) /year

1-2 (pyrethrin) / year

Table S2. Test of the normality of final models’ residuals for spring and winter (N=47). D is the Kolmogorov-Smirnov statistic and p
the associated p value. We used the residuals of a single model built with all the variables included in the candidate models with
ΔAICc < 2.
Spring
D

p

Winter
D

p

Species richness

0.12 0.43 0.09 0.74

Abundance

0.14 0.28 0.10 0.60

Conservation index 0.97 0.57 0.98 0.93

Table S3. List of the species censused during the fieldwork with number of contacts divided per months. In bold the species used
for the calculation of the community indexes (see methods for further details).
C. I.: The value of conservation index; pl: precise location; nl: not localized (e.g.: overflying).

C. I.
Anas platyrhynchos
Coturnix coturnix
Phasianus colchicus
Phalacrocorax carbo
Ardea cinerea
Pernis apivorus
Milvus migrans
Circaetus gallicus
Accipiter gentilis
Accipiter nisus
Buteo buteo
Falco tinnunculus
Falco subbuteo
Falco peregrinus
Gallinago gallinago
Columba livia
Columba palumbus
Streptopelia decaocto
Streptopelia turtur
Cuculus canorus
Asio flammeus
Apus apus
Apus melba
Merops apiaster
Upupa epops
Jynx torquilla
Picus viridis
Dryocopus martius
Dendrocopos major

April
pl
nl
1

3
1
2
1
4
5

1
6
1

2
1
1
2
5
2
2

June
pl
nl
1

2
3
19
1

2
2
20

12

3
1
1
1

1
1
3

May
pl
nl
2
1
1
1

3
6
13

1
5
2

10
1

1

20
5
1

2

2

7
1
2
4
13

7
2

1

3
12
15
1
2

1
1
2

3
1
3

10
4
4
3
4

3
24
6

16
7

1
1
1

3
4
8
1
2
3
3
1
2
24
1
1

5
5
3

41

2
4

Spring total
4
1
5
1
7
5
51
1
0
10
23
43
2
4
1
30
14
13
7
33
1
55
9
1
1
46
22
1
3

December
pl
nl

1
1

1
1
4

1
2
7
1
2

2

4

1

3

5
2

January
Winter total
pl
nl
0
0
1
2
1
0
0
0
0
1
3
1
2
6
6
13
2
7
0
1
3
0
4
10
1
1
3
3
10
0
0
0
0
0
0
0
0
2
7
0
1
3

Ptyonoprogne rupestris
Hirundo rustica
Delichon urbicum
Anthus trivialis
Anthus pratensis
Anthus spinoletta
Motacilla flava
Motacilla cinerea
Motacilla alba
Cinclus cinclus
Troglodytes troglodytes
Prunella modularis
Erithacus rubecula
Luscinia megarhynchos
Phoenicurus ochruros
Phoenicurus phoenicurus
Saxicola rubetra
Saxicola torquatus
Oenanthe oenanthe
Turdus merula
Turdus pilaris
Turdus philomelos
Turdus iliacus
Turdus viscivorus
Acrocephalus arundinaceus
Hippolais icterina
Hippolais polyglotta
Sylvia atricapilla
Sylvia communis
Sylvia melanocephala
Phylloscopus bonelli
Phylloscopus sibilatrix
Phylloscopus collybita
Phylloscopus trochilus
Regulus regulus
Regulus ignicapilla
Muscicapa striata
Ficedula hypoleuca
Aegithalos caudatus
Cyanistes caeruleus
Parus major
Lophophanes cristatus
Periparus ater
Poecile palustris
Sitta europaea
Certhia brachydactyla
Lanius collurio
Garrulus glandarius
Pica pica
Pyrrhocorax graculus
Corvus corone
Corvus cornix
Corvus corax
Sturnus vulgaris
Passer italiae
Passer montanus
Fringilla coelebs
Fringilla montifringilla
Serinus serinus
Carduelis citrinella
Carduelis chloris
Carduelis carduelis
Carduelis spinus
Carduelis cannabina

4
3
3

2
3

7
11
5
14
3

3
1
1

1
3
1

6

1
5

12
1

11
24
15

4
1
9

3
2
5
8
50
4

7
47
1
2
197

2
256

36

46

60

1
1
1
3
68
1
2
1
1

1
2

1

1
3
3

1
7
6

8
9
47
2
5

1
5

5

11
6
2

1

6

9
1
5
4

2
26
8
155

1
4

12
9
7
46

306
1

61

1

2
83
4
1
2

1
1
1
60
1
5
8
63

1

1

2
17

2
21
29

1

7

2
2
2
3

1
1

1
13
3
1
2

1
7
7
45
33
195

1
67
5
8
69

1

2
13
3
1

6
1
1
3
16
2
1
5

3
13
2

7
52
32
203

1
1

87

8

116

2

111

2

2
2

15
7

10
13

43
21

11
17

38
17

9
17

4

9

2

4

2

42

21
58
49
19
6
0
5
5
53
1
4
0
21
14
22
143
4
1
4
759
0
145
0
1
1
1
5
211
1
7
2
2
9
7
2
1
127
1
18
25
179
0
3
16
1
1
14
28
4
0
8
60
8
18
124
76
553
0
326
126
92
0
17

1

5
11

1

1
1

1

8
8

5
7

4
3

58
61
198

48
74
167

16

7

154
3
3
1
2

243
3
3

6

5

2

1

9
2

9
2

17
31
111
1
1
8

1
1

2

1

1
12

22
2
2
6

16
23
110

1
4
6
1

20
9
146
5
5

1
1
3

42
20

16
18
5

3

17
1
1
1
8
5
20
17
158
10
3
41
28

4
9
1

1
3
2
1
9
8
1

0
0
0
0
2
3
0
22
29
0
106
135
365
0
23
0
0
0
0
397
6
6
2
3
0
0
0
11
0
3
0
0
0
0
18
4
0
0
35
55
221
1
2
20
0
0
0
39
3
2
11
29
2
5
41
28
310
17
11
1
108
74
5
1

Carduelis flammea
Pyrrhula pyrrhula
Coccothraustes coccothraustes
Emberiza citrinella
Emberiza cirlus
Emberiza cia
Emberiza schoeniclus
Total

1
1
1
1

1
3
2

1
11
5

2
2
5
7

834 160 1179 219 1259 192

3
0
4
0
19
14
0
3843

1
14
1
3
44

4

2
18

5

3
58
1
1
1060 108 1139 75
5

1
2
41
1
6
108
1
2382

Table S4. Model average parameter estimates, standard errors and relative variable importance (R.V.I) of models with ΔAICc < 2 for
spring and for each of the three sets of predictors. In bold: variable for which confidence intervals did not encompass zero and then
used in the next step of the analysis (final model).
Species richness
Coef. ± st. er.
R.V.I.

Abundance
Coef. ± st. er.
R.V.I.
Landscape model

Pielou’s evenness
Coef. ± st. er.
R.V.I.

Conservation index
Coef. ± st. er.
R.V.I.

Intercept

7.61 ± 3.07

10.06 ± 10.54

1.02 ± 3.72

Woods

1.31 ± 0.40

1

Crops

1.38*10^-1 ±
7.86*10^-2
8.66*10^-1 ± 3.3
1*10^-1
-2.70 * 10^-2 ±
1.04*10^-2

0.55

8.51*10^-1 ±
2.64*10^-2
1.31*10^-2 ±
4.32*10^-3
2.69*10^-3 ±
8.84*10^-4
7.15*10^-3 ±
3.30*10^-3
-2.53*10^-4 ±
1.04*10^-4

Marginal
Marginal

2

-1.25 ± 1.24

0.16

0.49
0.49

1

-1.90 ± 0.60

1

1

1.78*10^-1 ±
1.33*10^-1
1.82 ± 5.11*10^-1

0.32

- 5.97*10^-1 ±
1.58*10^-1
-9.81*10^-1 ±
9.37*10^-1
8.74*10^-1 ±
5.38*10^-1

1

2.47 ± 0.45

1

-1.22*10^-1 ±
2.89*10^-2

1

0.62
0.62

Traditional orchards
1.60 ± 1.10

Apple

0.27

Meadows
Urban
Urban

2

Patches
Patches

2

1.04 ± 0.28

1

-4.97*10^-2 ±
1.79*10^-2
6.88 * 10^-2 ±
4.70*10^-2

1
0.22

1

1.67 ± 0.32

1.29 ± 0.49

0.82

-1.86*10^-2 ±
7.23*10^-3

0.82

-9.10*10^-3 ±
3.88*10^-3
-1.89*10^-3 ±
7.31*10^-4
-4.19*10^-3 ±
1.08*10^-3
6.85*10^-4 ±
4.61*10^-4

1
1
1

0.41

1

0.12
0.43

Management model
Intercept

14.07 ± 2.89

Vineyards

-6.28*10^-2 ±
2.99*10^-2
5.20*10^-3 ±
2.28*10^-3

Hedgerow
Index of traditional
elemens
Index of traditional
2
elemens
Organic
Spalliera
Wall
Vineyard patches

-3.03*10^-2 ±
2*10^-2
4.59*10^-2 ±
1.99*10^-2
3.45 + 10^-2 ±
1.50*10^-2
1.24*10^-1 ±
6.80*10^-2 *

28.58 ± 2.93
0.78
0.87

0.84

1.45*10^-2 ±
7.19*10^-2

8.21*10^-1 ±
2.01*10^-2
-2.36*10^-4 ±
3.01*10^-4
2.30*10^-5 ±
1.86*10^-5
2.13*10^-3 ±
2.36*10^-3

11.21 ± 2.90
0.16
0.24
0.18

7.21*10^-3 ±
4.39*10^-3
2.66 ± 1.26

0.63

-2.98*10^-1 ±
1.27*10^-1

0.57

-4.97*10^-2 ±
3.08*10^-2

0.32

-2.05*10^-1 ±
1.30*10^-1
6.05*10^-2 ±
2.81*10^-2

0.35

0.57

0.33
0.29
0.72
0.28

-6.56*10^2 ±
5.82*10^-2
-7.67*10^-2 ±
5.27*10^-2

0.29
0.38

5.91*10^-4 ±
2.06*10^-4

1

5.91*10^-3 ±
7.32*10^-4

1

Topographic-climatic features model
Intercept

11.41 ± 1

Slope

2.90 * 10^-1 ±
6.68*10^-2
1.63*10^-2 ±
1.50*10^-2

Aspect

1
0.35

-1.77*10^-1 ±
2.35*10^-1
5.46*10^-2 ±
5.02*10^-2

0.21
0.28

9.07*10^-1 ±
5.65*10^-2
1.13*10^-3 ±
7.61*10^-4
-7.66*10^-4 ±
5.22*10^-4

BIO1

43

0.32

0.32

0.79

Table S5. Model averaged parameter estimates, standard errors and relative variable importance (R.V.I) of models with ΔAICc < 2
for winter and for each of the three sets of predictors. In bold: variable for which confidence intervals did not include encompass
and then used in the next step of the analysis (final model).

Intercept

Species richness
Coef. ± st. er.
R.V.I.

Abundance
Coef. ± st. er.
R.V.I.
Landscape model

Pielou’s evenness
Coef. ± st. er.
R.V.I.

Conservation index
Coef. ± st. er.
R.V.I.

5.68 ± 1.83

49.05 ± 14.49

7.52*10^-1 ±
6.01*10^-2
2.94*10^-2 ±
1.85*10^-2

1.66 ± 4.64

Crops
Marginal
Marginal

-

-11.43 ± 4.80

Woods

2

1.83*10^-1 ±
8.60*10^-2
1.80*10^-1 ±
8.26*10^-2

0.65
1

Traditional
orchards
Apple

3.63 * 10^-3 ± 3.25
* 10^-3

-

-10.28 ± 4.50

0.44

0.15

2.05*10^-2 ±
1.76*10^-2

0.22

5.32*10^-3 ±
4.58*10^-3
-3.51*10-3 ±
2.08*10^-3

0.22

Meadows
Urban
Patches

3.43*10^-1 ±
1.16*10^-1
1.19*10^-1 ±
4.59*10^-2

Intercept

14.48 ± 2.98

Vineyards

-6.07 *10^-2 ±
3.13*10^-2
4.87 * 10^-3 ±
2.16*10^-3

Hedgerow

1
1

Wall

-3.63*10^-2 ±
1.76*10^-2
2.13*10^-1 ±
1.54*10^-2

0.67
1

1
0.32

Vineyard patches

Intercept

15.81 ± 5.98

Slope

1.08 *10^-1 ±
7.98*10^-2

0.44

3.21 ± 3.14*10^1
-3.43*10^-2 ±
2.23*10^-2

6.86*10^-2

0.55

7.38*10^-1 ±
6.56*10^-2

0.23

1.06*10^-3 ±
6.85*10^-4
-4.49*10^0.91
1.04*10^-3 ±
1±1.87*10^-1
6.72*10^-4
2.74*10^-1 ±
0.58
-9.33*10^-4 ±
1.55*10^-1
5.46*10^-4
1.01 ± 7.54*10^0.20
-5.02*10^-3 ±
1
2.52*10^-3
Topographic-climatic features
73.91 ± 5.90
6.83*10^-1 ±
4.38*10^-2

0.07

1.13*10^-3 ±
5.55*10^-4
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-5.00*10^-2 ±
1.36*10^-2

0.66

6.69*10^-1 ±
4.87*10^-1
1.49*10^-1 ±
9.18*10^-2
4.39*10^-1 ±
1.48*10^-1

0.10

0.07
0.66

0.56
1

0.11
0.81

0.41

0.16

9.36 ± 2.34

1.56*10^4±8.21*10^-5
1.27*10^-2 ±
9.03*10^-3

Aspect
BIO1

-

Management
69.20 ± 17.53

Index of
traditional
elemens
Organic
Spalliera

1.66 ± 5.45*10^-1

-9.25*10^-1 ±
5.84*10^-1
1.07*10^-1 ±
1.11*10^-1
1.25 ± 4.3*10^-1

0.21

0.32
0.29
0.53

6.80*10^-3 ±
2.97*10^-3
4.61*10^-1 ±
3.16*10^-1

0.85

-5.97*10^-2 ±
2.57*10^-2
-4.33*10^-2 ±
1.99*10^-2
-1.91*10^-1 ±
9.93*10^-2

1

0.34

0.54
0.33

9.22 ± 1.17

1

-1.64*10^-1 ±
8.94*10^-2

0.62
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Abstract – Viticulture contributed to shape “cultural landscapes” in several regions over all continents.
Recent farming intensification is causing landscape homogenization and biodiversity loss in several of those
areas, but knowledge about the impacts on biodiversity in vineyards is scarce.
Simplified agro-ecosystems resulting from intensification host mainly generalist and common species,
which still play a key role in ecosystems’ regulation and in the provision of ecosystem services.
We investigated factors affecting the abundance of common bird species in a vineyard-dominated
landscape, evaluating the effect of both landscape structure and management practices.
We assessed the abundance of eleven common bird species at 47 linear transects in Trentino (NE Italy) in
both spring and winter and analysed abundance data in relation to three independent groups of predictors:
landscape, management and topographic-climatic variables.
In many species, abundance was affected by landscape attributes. However, some other species were
mainly affected by management practices, often with conspicuous seasonal differences. Overall, landscape
and management heterogeneity positively influenced the abundance of most of species.
The vineyard cover (and in particular the new spalliera breeding form) was negatively related to
abundance, with strongest impacts in winter. On the contrary, the cover of marginal habitats had major
positive effects over most species.
Hedgerows, tree rows and stone walls, as well as traditional pergola vineyards and landscape and
management heterogeneity should be conserved or restored in viticultural landscapes. Such strategy would
ensure a proper conservation of common bird species (and possibly of the wider biodiversity), as well as
the maintenance of the invaluable ecosystem services they provide.
Keywords – abundance; commonness; greening; Trentino; hedgerows; stone walls.
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Introduction
Agricultural-driven land-use intensification is the most important cause of global terrestrial biodiversity loss
(Foley et al., 2011) and nowadays the goal must be the reduction of this trend, instead of its stabilization
(Butchart et al., 2010).
In this scenario, a key unanswered questions is how to achieve biodiversity conservation while meeting the
growing global demand for food (Godfray et al., 2010).
Agricultural intensification acts at two distinct but interconnected spatial scales. At the local (field) scale, it
involves the intensification of farming practices (e.g.: increasing fertilizer/ pesticide inputs, deep ploughing,
massive use of machinery). At the landscape scale, intensification causes homogenization and
fragmentation through e.g. conversion of perennial grassland-like habitats into arable fields, increasing field
size, removal of marginal habitats, resulting in highly simplified landscapes (Tscharntke et al., 2005; Fahrig
et al., 2011).
Agri-environmental schemes (AESs) are targeted at counteract such negative effects of modern agricultural
intensification on ecosystems, by providing financial incentives to farmers adopting farming practices with
lower environmental impacts (Kleijn et al., 2006).
Landscape structure can explain much of the patterns of biodiversity in complex landscapes (i.e. with >20%
cover of semi-natural habitat, Batáry et al. (2011)), whereas in simpler landscapes management practices
(e.g. intensive vs. extensive farming) could have important effects on biodiversity (Chamberlain, Wilson &
Fuller, 1999; Schmidt et al., 2005). As a consequence, general (and not specifically landscape-oriented) AESs
could be poorly effective in complex landscapes, but pivotal in simpler ones (Batáry et al., 2011).
Such simplified systems host mainly generalist and common species, defined as ‘those that are abundant
and widespread’ (Gaston, 2010). Despite the low contribution to community richness, common species are
exceptionally influential in determining many macroecological patterns and in providing ecosystem services
(Gaston, 2011). As an example, birds provide fundamental services and economic benefits to humans, such
as seed dispersal, pollination, biocontrol (Sekercioglu, Daily & Ehrlich, 2004).
A small proportional reduction in the abundance of a common species can result in the loss of a large
number of individuals, then dramatically impacting on ecosystems.
A lot of natural and anthropogenic factors could suddenly change a common species into a rare or
threatened one (Gaston & Fuller, 2008). Nowadays, common species ‘lie at the very heart of the
biodiversity crisis’ (Gaston, 2011). In Europe, avian abundance and biomass are declining due to depletion
of common species (Inger et al., 2014), with farmland birds being amongst the most threatened ones
(Donald et al., 2006).
In temperate regions, permanent crops such as vineyards, olive groves and fruit orchards could host
relevant populations of several common bird species (Rey, 2011; Brambilla, Martino & Pedrini, 2013). This
kind of crops are nowadays subjected to severe intensification (Caraveli, 2000), but there is limited
knowledge about impacts on biodiversity, including farmland common bird species (Balmford, Green &
Phalan, 2012).
Such a lack of knowledge is particularly concerning considering that permanent crops have been excluded
from ‘greening’ measure introduced in the recent Common Agricultural Policy (CAP) 2013 reform, aimed at
reducing the impact of EU agriculture. Such exemption for permanent crops would hinder efforts to
conserve biodiversity in these crops, which are often managed as highly intensive monocultures (Pe’er et
al., 2014).
Vineyards are an example of permanent crops in which management practices have a direct effect on
landscape structure, and thus in turn on biological communities (Bruggisser, Schmidt-Entling & Bacher,
2010; Nascimbene et al., 2013). In the past, viticulture had a preeminent role in creating impressive
“cultural landscape” (Cohen et al., 2015), characterised by extensive and traditionally terraced areas (Petit,
Konold & Höchtl, 2012). Nowadays, viticulture intensification is resulting in homogeneous monocultures
(Martínez-Casasnovas, Ramos & Cots-Folch, 2010), determining a substantial reduction of natural habitats
in the Mediterranean Biome (Viers et al., 2013). In this framework, the landscape-mediated effect of
viticulture on biodiversity is likely relevant for conservation (Hilty & Merenlender, 2004; Isaia, Bona &
Badino, 2006; Gillespie & Wratten, 2012), but it is far from being fully understood.
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Within this study, we explored the effect of landscape and management characteristics of vineyards on
several common avian species, in an area largely dominated by viticulture. We investigated several
landscapes across a gradient of progressive intensification to understand how landscape traits and
management factors shape the abundance pattern of common bird species.
We expected that some common species may be affected by the availability of marginal, natural and seminatural habitat remnants. This could be particularly expected for species which cannot nest on vines, or for
species foraging mostly in other habitats, or feeding on resources not available in or below/above vines.
Other species may be tied to traditional elements of agricultural landscapes, e.g. hedgerows, buildings or
isolated large trees, which provide nest-sites. Also management practices may be expected to affect bird
abundance, by e.g. regulating food availability (e.g. via an effect of treatment intensity for insectivorous
species) or detectability (e.g. creating patches of bare ground where prey detection is enhanced, e.g.
Schaub et al. (2010).

Materials and Methods
Study area
This study was carried out in Trento Province (South-eastern Alps, Northern Italy; fig. 1a-b), a mostly
mountainous area, where vineyards occur in the main valley floors and on the adjacent hilly sides, between
65 m a.s.l. and 750 m a.s.l. See Assandri et al. (2016) for further details.
Model species, experimental design and bird counts
In this study we considered 11 common and widespread species in Italy (Nardelli et al., 2015). Three
species are found in the study area both in the breeding and wintering seasons: blackbird Turdus merula,
great tit Parus major and chaffinch Fringilla coelebs. Four species are much more frequent in the breeding
season: song thrush Turdus philomelos, blackcap Sylvia atricapilla, serin Serinus serinus and greenfinch
Carduelis chloris. Four species occur exclusively or predominantly in winter: dunnock Prunella modularis,
wren Troglodytes troglodytes, Eurasian robin Erithacus rubecula and rock bunting Emberiza cia.
We counted these species along forty-seven 200-m long linear transects distributed across the entire area
covered by vineyards ( Fig. 1c; Assandri et al., 2016). We counted birds within a 100-m buffer around the
transect, thus each census plot covered 7.15 ha. To avoid double counting of the same individuals, the
minimum distance between neighbouring plots was 300 m. Further details on bird counts are given in
supplementary materials and in Assandri et al. ( 2016).
Environmental variables collection
Following our previous approach (Assandri et al., 2016), we measured landscape, management and
topographic-climatic variables (Table 1) in a GIS environment and through an accurate field validation for
some variables.
Phytosanitary treatments are quite uniform as they are recommended by a central agricultural institute,
but there are differences in the use of synthetic insecticides, fungicides, fertilizers and herbicides in
conventional fields, not allowed in organic ones. We then quantified the amount of vineyards under
conventional and organic management for each plot. Certified organic agriculture in our study area is
limited (<3% of vineyard area), but a specifically targeted design allowed us to include a cover of organic
vineyard equal to 13.9%±26.7 SD (range: 0-100 %).
We further distinguished vineyards according to two vine breeding forms occurring in the area: i) pergola,
the traditional form (80% of province vineyards; Chemolli et al., 2007), consisting of tall (up to >2 m) and
spaced vines (up to 5m between rows), supported by poles and beams; ii) spalliera, the standard global
vineyard arrangement, with lower vines supported by wires bent among poles and with lower spacing (<2
m between rows).
Within these two forms, management is substantially the same, but mechanical harvesting/pruning are
impeded by the pergola structure.
Topographic variables (mean elevation and slope) were derived from a 1-m resolution
digital elevation model (DEM). We also calculated mean direct solar radiance for each plot on 21th June (for
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spring analysis) and 1st January (for winter) using r.sun function from GRASS 7.0.2 (Neteler et al., 2012),
taking into account the shadowing effect of the topography. We derived mean bioclimatic variables (BIO1annual mean temperature; BIO12-annual precipitation) from WorldClim (www.worldclim.org, Hijmans,
Cameron, Parra, Jones, & Jarvis, 2005) at a 30 arc-seconds resolution for each plot.

Fig. 1. Study area. A: Localization of Trento Province in Northern Italy. B: Vineyard cover in Trento Province (in violet). C: position of
the 47 study plots in Trento Province viticultural district with the nine geographical areas used as levels in the GLMMs’ random
effect. Legend of figure 1c: 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.

Statistical analyses
We grouped environmental variables into three categories of predictors: landscape, management and
topographic-climatic variables (Table 1).
We considered the cover of vineyard within the management predictors, in order to: i) correct for vineyard
cover in the plot when evaluating the effect of the management variables, ii) reduce collinearity among
landscape variables. We placed the length of hedgerows and tree rows among management variables,
because in our study area their occurrence is determined by farmers’ choices.
We applied the protocol for data exploration proposed by Zuur, Ieno, & Elphick (2010) for each group of
predictors and applied log+1 transformation to apple, wood, urban and young plantations to reduce
outlier’s weight. Topographic-climatic variables were highly collinear and elevation and BIO12 were
consequently discarded.
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We ended up with 16 environmental variables belonging to three groups (Table 1). We modelled separately
their effect on each species/seasons. We used GLMs with a Poisson error distribution and a log-link
function. Then, to evaluate whether Poisson distribution was appropriate for our data, we calculated the
dispersion statistic on the residuals and, in case of overdispersion (> 1.5), we changed our distribution into
a negative binomial one (Zuur, Hilbe & Ieno, 2013) implemented with R package MASS (Venables & Ripley,
2002).
Our dataset presented a strong spatial structure, and spatial autocorrelation could affect the results of
regression analyses (Beale et al., 2010), so we performed the Moran’s I test on regressions’ Pearson’s
residuals with R ape package (Paradis, Claude & Strimmer, 2004). In case of significant spatial
autocorrelation we ran Poisson GLMMs with the R package glmmADMB (Skaug et al., 2015) using the
geographical area (a factor with 9 levels grouping neighbouring plots, see fig. 1c) as a random effect. Then
we tested again for residual’s spatial autocorrelation and in all cases the GLMM procedure allowed us to
remove them.
We worked within an information-theoretic approach (Burnham & Anderson, 2002) and we built all
possible models for each species/season/predictor group with the dredge function in the R package
‘MuMIn’ (Barton, 2015).
We then compared averaged across models with AICc<2 within each group, obtaining model-averaged
coefficients, standard errors and relative variable importance (Johnson & Omland, 2004) for each
explanatory variables. We used the full-average option which is the most suited to determine which
predictors have the strongest effect on the response variable (Grueber et al., 2011). We then compared the
AICc value of the most supported model selected for each group to estimate the groups’ relative
importance.
For each species/season/group, model validation and dispersion estimation were performed on single
models including all the variables comprised in the most supported (ΔAICc < 2) models. All the analyses
were performed with R version 3.2.0 (R Core Team, 2016).
Table 1. List of variables used in the analysis.
Acronym
Woods
Crops
Marginal
Apple
Urban
Patches
Vineyards
Hedgerows
Organic
Spalliera
Wall
Vineyard patches
Young plantations
Slope
Solar radiance
BIO1

Description

Mean ± SD

Landscape variables
% cover of woodlands (large majority of broadleaved woodlands)
% cover of croplands (mainly small family-ran fields; contain also
extirpated wood crops
% cover of marginal habitats (field margins, hedgerows and tree
rows, abandoned areas with scattered shrubs, roads)
% cover of intensive apple orchards
% cover of urban areas
Number of patches totally or partially overlapping with the plot
Management variables
% cover of vineyards
Length of hedgerows and tree rows in the plot defined as is
Assandri et al. (2016)
% of organic vineyards into the plot (the remaining part is
conventional)
% of spalliera vineyards into the plot (the remaining part is pergola
vineyards)
% of vineyard into the plot with stone wall along at least one of
their sides
Number of vineyard patches totally or partially overlapping with
the plot
% of young vineyard plantation (<15 years) into the plot
Topographic-climatic variables
st

th

Mean solar radiance on 1 January and 21 June
Mean annual temperature derived from Hijmans et al., 2005
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6.2 ± 8.9 %
2.3 ± 5.7 %
14.2 ± 6.1 %
4.6 ± 9.4 %
2.7 ± 4.3 %
29 ± 11
64 ± 18.7 %
318 ± 285.7 m
13.9 ± 26.7 %
18.3 ± 29.7 %
46.9 ± 40.5 %
20 ± 9
30.2 ± 21.1 %
8.9 ± 7.8 °
2
2
1774 ± 460 W/m ; 8610 ± 240 W/m
11.6 ± 1.5 °C

Results
The comparison of the AICc values of the most supported models within each group of predictors (Table 2),
allowed an assessment of the most relevant group(s) of predictors for each species/seasons.
Coherently with the diversity of the birds species here considered, the importance of different types of
environmental variables varied among species and seasons. Several species were mainly affected by
landscape variables: blackbird (both seasons), chaffinch and blackcap (spring) and great tit (winter).

Fig. 2. Graphical representation of the effect of several landscape and management predictors on species abundance as predicted
by the averaged models. Other predictors included in the models are kept constant at their mean value. Dashed lines represent the
95% confidence intervals of the mean.
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Dunnock and serin were similarly affected (ΔAICc<2) by landscape and by management, and by landscape
and topographic-climatic variables, respectively.
The abundance of some other species resulted more related to management variables: great tit (spring),
chaffinch and rock bunting (winter). Song thrush was affected similarly by management and topographicclimatic features. Topographic-climatic variables better explained the abundance patterns of a few more
species: greenfinch (spring), robin and wren (winter).
Tables S1, S2, S2 in supplementary online materials report the effects of all the 16 environmental variables
(subdivided into the three categories) on all the 11 species.
Vineyard cover was the dominant habitat type and generally had negative effects on bird abundance; in
winter, on blackbird, robin (fig. 2b), dunnock, wren and rock bunting and in spring on great tit and blackcap
(fig. 2a). Only in the cases of chaffinch (both seasons) and serin, vineyard cover promoted abundance.
Wood cover was frequently selected in the most supported models, especially in spring, when it had
opposite effects on species abundance, positive for blackcap, great tit and song thrush, and negative for
blackbird, chaffinch, goldfinch and serin. In winter, wood cover effect was positive for dunnock, wren and
rock bunting, negative for chaffinch.
The cover of herbaceous crops had generally low importance, and its effect was negative for blackbird
(both seasons), chaffinch and blackcap (spring), and positive for wren (winter); for great tit, the effect was
positive in spring and negative in winter.
The cover of marginal habitats showed positive effects (and a relatively high importance) for most species,
in particular in winter (e.g. fig. 2c, e-f). Only song thrush was negatively affected (spring), whereas a
quadratic relationship was found for great tit (fig. 2d).
The cover of intensive apple orchard showed positive effect on the abundance of both thrush species and
greenfinch in spring; in winter blackbird was the only species still positively affected, whereas great tit and
chaffinch were negatively affected by apple orchards.
Urban cover showed a general positive effect on most species, except for song thrush (negative effect in
spring) and chaffinch and rock bunting (negative effect in winter).
The number of habitat patches had a generally positive (e.g. fig. 2j) or quadratic (serin) effect on bird
abundance. However, some relevant exceptions occurred (the two thrushes in spring and rock bunting in
winter, although for the latter the effect was secondary). The number of vineyard patches affected
blackbird abundance (quadratically in winter, negatively in spring), and had a positive effect for great tit
(both seasons), chaffinch (both seasons, see fig. 2k for spring), serin and dunnock, negative for robin.
Hedge and tree rows had positive effects on most species in both seasons (e.g. fig. 2g), negative on song
thrush (spring) and chaffinch (winter).
The cover of organic vineyards had negative effects on four species, and positive only in the case of
greenfinch. The effects were consistent both in spring and winter.
The cover of spalliera vineyards had negative effect on six species and the effects were consistent across
seasons. However, song thrush (spring) and rock bunting (winter) were positively affected by them.
The occurrence of stone walls along vineyard parcels had generally negative effect during breeding period
(with blackcap, fig. 2h, and great tit as exceptions) and positive in winter for all the species considered (e.g.
fig. 2i).
The cover of young plantations had negative effects in spring on blackbird and positive on great tit, song
thrush and chaffinch, negative effects in winter on blackbird, robin and dunnock and positive on chaffinch,
wren and rock bunting.
Considering topographic-climatic variables, slope had generally negative effects in spring (on blackbird,
chaffinch (fig. 3b), serin and greenfinch), but positive for great tit and blackcap (fig. 3c). Conversely in
winter its effect was positive on robin, dunnock, rock bunting, wren and great tit.
Solar radiation had generally a low relative importance than other variables and showed positive effects on
serin and greenfinch (spring; fig. 3a) and robin (winter), and negative effects on blackbird and chaffinch
(spring) and on great tit and dunnock (winter).
The men annual temperature (BIO1) in spring had positive effect on blackbird, serin and greenfinch,
negative on song thrush. In winter it had positive effect on the abundance of robin, blackbird and great tit.
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Table 2. Type of model and relative AICc of the best model for each combination of groups of predictors and species/seasons. Type
of model - GLM p: generalized linear model with a poisson error distribution; GLM nb: generalized linear model with a negative
binomial error distribution; GLMM p: generalized linear mixed model with a poisson error distribution. The most supported winter
topographic-climatic model for the chaffinch was the null model.

Blackbird spring
Blackbird winter
Great tit spring
Great tit winter
Chaffinh spring
Chaffinch winter
Song thrush spring
Blackcap spring
Serin spring
Greenfinch spring
Eurasian robin winter
Dunnock winter
Wren winter
Rock bunting

Landscape model
Type of
AICc
model
GLM nb
243.29
GLM nb
251.22
GLM p
139.41
GLM p
186.16
GLM p
194.67
GLM nb
421.02
GLMM p
148.69
GLM p
136.45
GLM p
178.80
GLM nb
145.82
GLM p
188.51
GLMM p
151.39
GLMM p
147.28
GLM nb
224.94

Management model
Type of
AICc
model
GLM nb
249.64
GLM nb
262.13
GLM p
135.54
GLM p
191.50
GLM p
197.03
GLM nb
418.59
GLMM p
132.66
GLM p
151.92
GLM p
181.19
GLM nb
145.82
GLM p
196.06
GLMM p
150.52
GLMM p
144.17
GLM nb
220.26

Topographic-climatic model
Type of
AICc
model
GLM nb
250.21
GLM nb
263.29
GLM p
141.43
GLM p
200.05
GLM p
201.60
GLM nb
GLMM p
132.64
GLM p
143.29
GLM p
177.79
GLM nb
142.65
GLM p
186.18
GLMM p
152.85
GLMM p
139.37
GLMM p
225.63

Discussion
Vineyards are increasingly expanding at the expense of natural habitats and, contrarily to the past,
nowadays they are very intensively managed with massive external inputs (Viers et al., 2013). Nonetheless,
due to their structural complexity and ‘perennial’ nature, they could still host richer and more abundant
biological communities if compared with many annual crops, even if increasingly simplified landscapes,
associated with intensive management practices, result in uneven communities, with few common species
dominating over the others (Assandri et al., 2016).
Common species still deserve a relevant amount of attention from conservationists because they shape the
world around us (Gaston, 2010). Even in heavily human-altered ecosystems, conserving their ecological and
functional roles should be a priority to comply with the very basic principles of sustainability (Gaston &
Fuller, 2008).
In this framework, our work is virtually the first attempt to investigate the basic ecological requirements of
several common bird species in vineyards and to derive conservation implications.
Previous studies were carried out at the community level (e.g., Bruggisser et al., 2010; Pithon et al., 2015;
Nascimbene et al., 2016) or investigated the species-specific requirements of individual taxa of
conservation concern (Isenmann & Debout, 2000; Arlettaz et al., 2012).
The species we considered are mostly habitat generalists, supposed to have broad ecological requirements,
which allow them to dwell in different habitats and to be common also in this kind of artificial habitat.
Nevertheless, our results suggested that not all vineyards are equally suitable for those species, and that
different landscape and management characteristics definitely affect their abundances.
The cover of vineyard in our plots emerged indeed as a negative (or irrelevant) element in determining bird
abundances, with only two species, chaffinch and serin, favoured by this kind of crop, thus being probably
well adapted to it (they are able to nest on vines and forage under them). Both species also showed a
positive relationship with the number of vineyard patches, this suggesting that they are favoured by
heterogeneity at the field-scale.
In our study system, landscape and management heterogeneity in vineyards were positively related with
the abundance of most species.
The positive effect of heterogeneity on biodiversity in agricultural systems has been postulated for a long
time (Benton, Vickery & Wilson, 2003; Fischer & Lindenmayer, 2007) and it has been reported also for
vineyards (Verhulst, Báldi & Kleijn, 2004; Gaigher & Samways, 2010; Assandri et al., 2016).
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Fig. 3. Graphical representation of the effect of several topographic-climatic predictors on species abundance as predicted by the
averaged models. Other predictors included in the models are kept constant at their mean value. Dashed lines represent the 95%
confidence intervals of the mean.

The presence of habitats different from the vineyard and embedded into the matrix, allowed the
persistence of species less adapted to this kind of habitat, which are not able to nest or forage on (or
under) the crop itself. This is the case of e.g. blackcap, which is favoured by woods, urban areas and hedge.
Similarly, the greenfinch visit vineyards for feeding, but does not nest into them, and thus was favoured by
the occurrence of urban areas (within which they breed in gardens), hedges and apple orchards. Even in
apple orchards, where greenfinches regularly nest, their abundance is enhanced by the presence of
natural/semi-natural habitats, as for other common species (Brambilla et al., 2015).
The negative effect of vineyards was particularly evident in winter, when most species occur in vineyards
only if other habitats/structures exist. Marginal habitats, such as hedgerows and tree rows and small
abandoned areas with scattered shrubs, are particularly important (see also Ceresa et al., 2012).
There is a general consensus on the importance of hedgerows, which have a focal ecological role in a
variety of agroecosystems (Baudry, Bunce & Burel, 2000), including permanent crops (Castro-Caro, Barrio &
Tortosa, 2015). As a consequence, incentives (provided by e.g. AESs) are frequently targeted at the creation
of hedgerow networks. However, the effect of hedgerows on biodiversity is landscape-dependent.
Hedgerow networks created in areas where they never occurred may cause declines of open-habitat
specialists (Besnard & Secondi, 2014; Pithon et al., 2016). Conversely, in systems like those here
investigated, where permanent crops occur and hedgerows have a traditional and cultural landscape value,
such elements must be definitely preserved and possibly restored.
Stone walls in winter had positive effects, probably because they were generally associated with marginal
elements, as well as with weeds. This probably also explain the positive effect found in spring with blackcap
and great tit abundance. The latter species can also use dry stone walls as nesting site (pers. obs.). In
addition, stone walls occur on sloping valley sides, and in winter could be associated with a milder microclimate.
Organic management have no or negative effects (in particular in spring) on the majority of species. This is
a quite counterintuitive result according to previous findings in a variety of agricultural systems, e.g. Tuck et
al (2014), but this is consistent with other vineyard studies, (e.g. Brugisser et al (2010); Rusch et al. (2015).
We believe that the local characteristics of organic wine farming play a key role in this sense. In Trentino
organic farms cover a reduced surface and are isolated in a matrix of conventional farms and in an overall
complex landscape (sensu Batary et al (2011). Moreover, organic farming is quite intensive and
phytosanitary treatments are generally more frequent than in conventional farming. Treatments are mostly
based on the use of copper, sulphur and pyrethrin instead of others synthetic chemicals. Nonetheless,
sulphur and copper were previously demonstrated to have negative effects on arthropods (Nash, Hoffmann
& Thomson, 2010). Although these results are consistent with those at the community level (Assandri et al.,
2016), further studies are needed to obtain more detailed information on the effect of organic vineyard
management on birds.
In the study area, the occurrence of two well distinct methods of vine breeding allowed for a comparison of
the effect of breeding structures on species abundance. Spalliera vineyards, a recent novelty in Trentino
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viticulture, are subject to an intensive management, with high mechanization. This probably led to the
negative effect of this breeding type on several species here considered. In spring this effect could be
mostly due to the fact that the few common species breeding in vineyards (i.e. blackbird, chaffinch and
serin) are likely to be favoured by the more complex “tree-like” structure of pergola vineyards, which offer
a higher availability of potential breeding sites. In winter, spalliera vineyards are a “bare and poor” habitat,
without any structures apart from poles, wires and single-branch wines. This could explain the general
negative effect of this structure on most species in winter. Rock bunting was an exception, as its abundance
was promoted by spalliera cover. In winter this species exploits areas in proximity of rocky cliffs or stone
wall-terraced systems, which, due to their harsh topography, are most suitable for this kind of cultivation.
Moreover, it is the only open-habitat species considered in this study, and the more open appearance of
spalliera probably better suited its needs.
The climatic-topographic models are generally less supported than the landscape and management ones.
Nonetheless, for some species these factors could be of high relevance. The abundance of serin and
greenfinch, were e.g. affected by both landscape and climatic-topographic variables (both species preferred
warm and sunny areas at lower slopes).
Song thrush showed significant differences when compared with other species, being negatively affected
by marginal habitat cover, hedgerow length, stone walls, number of patches and positively by spalliera
vineyard cover. We hypothesize that such distinct pattern was mainly driven by the strong positive
preference of this species for apple orchards, which mainly occur in valley floors, in very intensive and
simplified agroecosystem. This strong relationship was previously demonstrated in Trentino by Brambilla et
al. (2013). Song thrush did not avoid intensive vineyards; on the contrary, an apparent process of
“spillover” seems to occur in the northern part of the study area, where the species tends to colonize
vineyards adjacent to apple orchards. This was also indirectly confirmed by the negative effect of
temperature (which is higher in the southern part of the study area) on the species.
In conclusion, we showed that the abundance of common species inhabiting vineyard agroecosystems
depends on a variety of environmental characteristics related to landscape characteristics, management
practices and local topographic and climatic variables, with some important seasonal effects. This partially
confirms previous findings at community level in the same area (Assandri et al., 2016), thus suggesting that
common species could be reliable biological indicator in this system. Biodiversity pattern at the community
level were primarily affected by landscape attributes, with management still playing a role and
topographic-climatic variables having minor importance (Assandri et al., 2016). Individual species
abundance could be affected not only by landscape characteristics, but also by significant, or even
predominant, effects of climatic-topographic attributes and, especially, of management practices.
Protected areas are not enough to conserve common species, because they can only support a limited
amount of their populations (Gaston & Fuller, 2008). Initiatives to promote the environmental quality of
the wider landscape matrix are consequently fundamental to maintain naturally common species and the
invaluable ecosystem services they provide (Kleijn et al., 2006). This implies that farmers have a great
responsibility in conserving biodiversity over agricultural system and in particular in preserving common
farmland bird species and related services (Sekercioglu et al., 2004; Gaston & Fuller, 2008). Unfortunately,
the recent CAP reform does not help conserve biodiversity in vineyards and other perennial crops (Pe’er et
al., 2014). Recent efforts oriented towards a more sustainable viticulture (e.g., Sigwalt et al., 2012) are too
week or affect too limited areas and consequently should be strengthened (Viers et al., 2013). At the same
time, policy-makers should promote the environmental quality through well designed and scientifically
sounding AESs, which should compensate for the lack of ‘green’ prescription of the European regulation.
In our study system, considering the different environmental factors and the relative effect on common
species (this study) and on avian communities (Assandri et al., 2016), some key features appear of critical
importance. The conservation or restoration of marginal habitats and hedgerows or tree rows, the
maintenance of other 'traditional' elements such as stone walls and pergola vineyards, and the increase of
heterogeneity at both the landscape and the field scale should be the focus of conservation initiatives
targeted at biodiversity in vineyards, including raising awareness in farmers and the proper definition of
AESs.
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If a synergy among farmers, policy makers and conservationists working on viticultural systems will be
achieved, consequences are expected to have large positive effects on common bird species and on wider
biodiversity.
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Supplementary materials
Bird count details
Birds were counted (by G. A.) at each plot three times during the breeding season (hereinafter spring; 10th 18th April; 13th - 22nd May; 12th - 22nd June 2014) and two times in winter (14th–22nd December 2014 and
12th–21st January 2015) from dawn to a maximum of five hours later, in days without rainfall and wind.
We mapped all the contacts with every bird within the plot on updated aerial photographs (scale 1:2500).
We only considered adults birds standing in the plot (not overflying), whereas young birds and fledglings
were discarded.
Such a method allows the observer to precisely count each species, by paying attention to the exact
location of individuals, avoiding double counts and birds outside the plot.
We used the abundance of each species as response variable, calculated as the average over the two
(winter) or three censuses (spring) within each plot.
We used average abundance instead of maximum count or latent abundance (cf. Brambilla et al., 2015),
because: i) our species are multi-brooded species that could potentially display within-season variation due
to differential habitat use in the course of the breeding season (as found for farmland birds in this and
neighbouring regions, see e.g. Brambilla et al. (2012; 2013) and references therein), and ii) during winter,
there are daily variation in the abundance of several species, which are much more mobile than during the
breeding season, being not tied to nesting sites.

Table S1. Model averaged parameter estimates, standard errors and relative variable importance (RVI) of models with ΔAICc < 2 for
species considered both in spring and winter. The most supported winter topographic-climatic model for the chaffinch was the null
model.
Blackbird
spring
winter
Coef. ±
RVI Coef. ±
RVI
st. er.
st. er.

Great tit
spring
winter
Coef. ±
RVI Coef. ±
RVI
st. er.
st. er.

Chaffinch
spring
winter
Coef. ±
RVI Coef. ±
RVI
st. er.
st. er.

Landscape model
Intercept

1.68 ±
1.9*10^-1

Woods

-4.0*10^-2
±
6.26*10^-2
-2.18*10^3±
7.72*10^-3

Crops

1.26 ±
2.4*10^-1
0.40
0.17

Marginal
Marginal

2

2.29*10^-2
±
4.99*10^-2
2.6 ±
7.99*10^-1

0.30

Patches

-2.40*10^3±
5.53*10^-3

0.23

Intercept

2.03 ±
2.88*10^-1

Apple
Urban

1

-4.64*10^2±
1.98*10^-2
5.56*10^-3
±
1.15*10^-2

1

2.23*10^-1
±
7.89*10^-2
3.99*10^-1
±
9.61*10^-2

1

0.33

-4.28*10^2±
3.51*10^-1
7.94*10^-2
±
1.03*10^-1
6.27*10^-3
±
1.33*10^-2
3.23*10^-2
±
2.16*10^-2

*1.24 ±
5.69*10^-1
0.50
0.29
0.85

1
1.50*10^-3
±
5.13*10^-3

1.53 ±
2.19*10^-1

0.13

-5.79*10^3±
1.24*10^-2
2.30*10^-1
±
7.51*10^-2
-6.46*10^3±
2.33*10^-3
-1.46*10^2±
4.56*10^-2
2.17*10^-1
±
8.75*10^-2
1.93*10^-2
±
6.84*10^-3

0.3

-2.24*10^1±
7.14*10^-2
-1.30*10^3±
1.69*10^-3

2.94 ±
3.28*10^-1
1

-2. 84*10^1 ±
1.03*10^-1

1

- 9.38*10^2 ±
1.13*10^-1
- 6.03*10^2 ±
1.08*10^-1
3.41*10^-2
±
1.19*10^-2

0.53

0.54

1
1
0.2
1
1

6.54*10^-3
±
8.36*10^-3

0.53

Management model
1.36 ±
3.78*10^-1

-1.03*10^1±
4.24*10^-1
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5.24*10^-1
±
3.30*10^-1

5.82*10^-1
±
4.15*10^-1

3.48±
3.86*10^-1

0.38
1

Vineyards
Hedge
Organic
Spalliera
Wall
Young
plantations
Vineyard
patches

2.97*10^-4
±
3.62*10^-4
-1.39*10^4±
9.41*10^-4
-6.92*10^4±
2.00*10^-3
-6.60*10^4±
1.17*10^-3
-2.29*10^2±
0.48*10^-2
-1.01*10^2±
1.19*10^-2

0.56
0.05
0.16
0.17
0.30
0.55

Vineyard
2
patches

3.58*10^-4
±
4.12*10^-4
-1.75*10^4±
1.17*10^-3
-5.34*10^3±
1.86*10^-2
6.26*10^-4
±
1.76*10^-3
6.55*10^-2
±
8.76*10^-2
1.47*10^-2
±
3.94*10^-2
-1.75*10^4±
1.17*10^-3

0.56
0.06

-4.79*10^4±
2.48*10^-3
9.85*10^-4
±
3.69*10^-4
-3.32*10^4±
1.17*10^-3

0.12
1
0.12

8.66*10^-3
±
5.84*10^-3
3.25*10^-4
±
4.17*10^-4
-6.14*10^4±
1.93*10^-3

0.47
0.14

0.15
0.16
0.50
0.15

2.79*10^-4
±
1.38*10^-3
1.29*10^-1
±
1.10*10^-1
1.43*10^-3
±
6.16*10^-3

0.12
0.79
0.13

0.82

5.65*10^-3
±
3.79*10^-3

0.81

1.75*10^-2
±
1.56*10^-2

0.70

-7.30*10^4±
1.92*10^-3
-1.39*10^3±
2.37*10^-3
5.92*10^-2
±
6.93*10^-2
1.02*10^-2
±
1.26*10^-2

0.20
0.33
0.57
0.54

0.15

Topographic-climatic model
Intercept

1.85 ± 1.43

Slope

-1.27*10^3±
5.26*10^-3
-2.78*10^5±
1.49*10^-4
1.97*10^-3
±
4.95*10^-3

Solar
radiance
BIO1

1.39 ±
8.46*10^-1

4.37*10^-1
±
1.99*10^-1
1.83*10^-2
±
1.67*10^-2

0.17
0.16
0.25

3.41*10^-3
±
7.16*10^-3

0.36
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1.29 ±
7.30*10^-1
0.69

4.47*10^-2
±
1.12*10^-2
-3.78*10^4±
1.65*10^-4
2.05*10^-3
±
5.29*10^-3

2.85 ± 2.35
1
1
0.31

-2.33*10^2±
1.02*10^-2
-1.40*10^2±
1.02*10^-4

1
0.38

1.06*10^-3
±
3.65*10^-3
-3.34*10^4±
5.22*10^-4

0.15

-1.19*10^2±
415*10^-3
2.50*10^-3
±
3.51*10^-3
8.43*10^-3
±
3.74*10^-2
2.93*10^-3
±
9.09*10^-3

1

0.39

0.47
0.09
0.15

Table S2. Model averaged parameter estimates, standard errors and relative variable importance (R.V.I) of models with ΔAICc < 2
for ‘spring’ species.
Song trush
spring
Coef. ± st. er.

Blackcap
spring
RVI

Coef. ± st. er.

Serin
spring
RVI

Coef. ± st. er.

Greenfinch
spring
RVI

Coef. ± st. er.

RVI

Landscape model
Intercept
Woods

-1.10*10^-1 ±
7.07*10^-1
1.29*10^-1 ±
1.69*10^-1

0.56

Crops
Marginal
Apple
Urban
Patches
Patches

2

-7.33*10^-3 ±
1.95*10^-2
2.06*10^-1 ±
9.45*10^-2
-8.88*10^-2 ±
1.88*10^-1
-6.70*10^-3 ±
1.50*10^-2

0.19

-8.22*10^-1 ±
4.29*10^-1
5.08*10^-1 ±
1.00*10^-1
-2.92*10^-3 ±
1.14*10^-2
2.26*10^-2 ±
2.11*10^-2

1

5.47*10^-1 ±
6.99*10^-1
-1.96*10^-1 ±
8.51*10^-2

1

0.43

0.19
0.70

1.34*10^-2 ±
1.68*10^-2

0.53

1
0.31

1.70*10^-1 ±
3.01*10^-1
-7.52*10^-2 ±
1.21*10^-1

2.60*10^-1 ±
1.22*10^-

1

0.29

8.24*10^-2 ±
1.01*10^-1
3.23*10^-2 ±
4.57*10^-2
-5.02*10^-4 ±
7.09*10^-4

0.54

8.47*10^-2 ±
1.26*10^-1
8.85*10^-2 ±
1.53*10^-1

0.46
0.40

0.43
0.43

Management model
Intercept

-3.80*10^-1 ±
5.84*10^-1

Vineyards
Hedge

-2.13*10^-4 ±
5.10*10^-4

0.27

Organic
Spalliera

1.51*10^-3 ±
3.75*10^-3

7.66*10^-1 ±
5.90*10^-1
-1.14*10^-2 ±
7.43*10^-3
2.64*10^-4 ±
4.06*10^-4
-6.56*10^-4 ±
2.44*10^-3

0.85
0.44
0.17

0.26
8.05*10^-3 ±
3.21*10^-3

Wall
Young
plantations
Vineyard
patches

1.16*10^-1 ±
1.46*10^-1

Intercept

1.79 ± 2.30

1

1.29*10^-3 ±
3.49*10^-3
4.64*10^-4 ±
4.73*10^-4
-3.32*10^-4 ±
1.57*10^-3
-3.49*10^-3 ±
4.05*10^-3
-4.90*10^-3 ±
3.83*10^-3

0.21

3.49*10^-3 ±
9.62*10^-3

0.18

0.63
0.07
0.59

4.29*10^-1 ±
2.10*10^-1
5.52*10^-5 ±
2.57*10^-4
2.41*10^-3 ±
5.65*10^-3
-9.55*10^-3 ±
9.11*10^-3

0.13
0.24
0.72

0.82

0.54

Topographic-climatic model
-1.94*10^-1 ±
2.16*10^-1
7.27*10^-2 ±
1.40*10^-2

Slope

-3.85 ± 4.78
1

Solar radiance
BIO1

-1.62*10^-2 ±
2.04*10^-2

0.54
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-1.27*10^-1 ±
1.58*10^-1
4.33*10^-4 ±
5.12*10^-4
1.07*10^-2 ±
1.06*10^-2

-15.25 ± 7.31
0.57
0.57
0.67

-4.70*10^-3 ±
1.35*10^-2
1.76*10^-3 ±
8.36*10^-4
2.26*10^-3 ±
7.59*10^-3

0.24
1
0.22

Table S3. Model averaged parameter estimates, standard errors and relative variable importance (R.V.I) of models with ΔAICc < 2
for ‘winter’ species.
Eurasian Robin
winter
Coef. ± st. er.

Dunnock
winter
RVI

Coef. ± st. er.

Wren
winter
RVI

Coef. ± st. er.

Rock bunting
winter
RVI

Coef. ± st. er.

RVI

Landscape model
Intercept

5.57*10^-1 ±
2.77*10^-1

-1.16*± 5.81*10^-1

Woods

-1.21 ± 5.53*10^-1

1.61*10^-1 ±
1.43*10^-1

0.72

Crops
Marginal
Apple
Urban
Patches

4.54*10^-2 ±
1.17*10^-2

1

5.85*10^-1 ±
2.27*10^-1

1

1.00*10^-1 ±
9.98*10^-2
3.92*10^-3 ±
6.10*10^-3

0.64

2.00*10^-1 ±
1.71*10^-1
1.27*10^-2 ±
1.41*10^-2

0.72

0.44

0.59

1.76*10^-1 ±
1.56*10^-1
1.10*10^-2 ±
2.02*10^-2
5.70*10^-2 ±
2.32*10^-2

1.29*10^-2 ±
1.41*10^-2

0.71
0.38
1

0.60

9.54*10^-1 ±
4.65*10^-1
1.67*10^-1 ±
1.76*10^-1

0.65

1.11*10^-2 ±
2.43*10^-2

0.29

- 2.47*10^-2 ±
9.76*10^-2
-1.77*10^-3 ±
8.00*10^-3

0.13
0.11

Management model
Intercept

1.19 ± 2.10*10^-1

Vineyards

-4.65*10^-3 ±
5.16*10^-3
1.55*10^-4±
2.77*10^-4

0.59

-3.14*10^-3 ±
3.69*10^-3
3.95*10^-3 ±
3.09*10^-3
-3.89*10^-3 ±
2.20*10^-2

0.57

-6.18*10^-3 ±
1.19*10^-2

0.27

Hedge
Organic
Spalliera
Wall
Young
plantations
Vineyard
patches

0.32

0.79
0.25

2.33*10^-1 ±
6.26*10^-1
-6.82*10^-3 ±
7.94*10^-3
3.48*10^-4 ±
4.80*10^-4

1.50 ± 7.22*10^-1
0.58

-6.76*10^-3 ±
8.78*10^-3

0.53

-5.25*10^-3 ±
1.00*10^-2

0.34

2.94*10^-3 ±
5.65*10^-3
4.79*10^-4 ±
2.12*10^-3
1.14*10^-2 ±
6.00*10^-2

0.34

0.49

-8.15*10^-4 ±
2.57*10^-3
9.56*10^-3 ±
4.21*10^-3
-1.83*10^-2 ±
5.69*10^-2

0.16

2.19*10^-3 ±
9.10*10^-3

0.07

0.93
0.20

1.19*10^-2 ±
3.59*10^-3
6.02*10^-2 ±
1.10*10^-1

1
0.39

0.11
0.10

Topographic-climatic model
Intercept

-2.11 ± 1.04

Slope

4.67*10^-2 ±
1.09*10^-2
3.92*10^-5 ±
1.10*10^-4
2.59*10^-2 ±
7.80*10^-3

Solar radiance
BIO1

1
0.29

5.30*10^-2 ±
3.32*10^-1
6.10*10^-2 ±
1.57*10^-2
-7.29*10^-5 ±
1.70*10^-4

1
0.32

1

63

-4.44*10^-1 ±
2.44*10^-1
7.41*10^-2 ±
1.58*10^-2

1.21 ± 2.55*10^-1
1

8.25*10^-3 ±
1.82*10^-2

0.35
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Abstract - Increasing intensification in vineyards has detrimental effects on biodiversity. Although many
studies addressed this topic, the reproductive outcomes of model organisms in vineyards received little
attention.
We carried out the first study on birds nesting in natural nests on vines, focusing on nest density, breeding
performance and nest-site selection in organic and conventional systems and in two contrasting trellising
systems, pergola (taller, with more spaced rows and a denser canopy) vs. spalliera.
We surveyed 228 nests of six species and analysed nest densities and final fates as a function of vineyard
management and trellising system by means of GLM(M)s.
51% of nests were abandoned before egg deposition and the probability of early abandonment was
positively related with the amount of access farmers had for management activities. The number of nests
was four times higher in pergola than in spalliera vineyards, likely due to pergola’s complex and tree-like
structure. Organic or conventional management did not affect nest density, probably due to reduced
differences in terms of management practices between them. Breeding success was low and marginally
affected by the interaction of the management and trellising systems, being higher in conventional pergola.
Nests were preferentially built on larger vines and were placed at an increasing height on the vine as the
season progressed. Nests built at greater heights had greater success.
We provide some management recommendations for bird conservation in vineyards: promoting pergola
and maintaining older vineyards, limiting grass mowing in April and May, and in compatibility with
agricultural management, optimising the amount of farmers’ access to vineyards.
Keywords – Fringilla coelebs; Mayfield’s logistic regression; organic; trellising system; Turdus merula; Turdus
philomelos.
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Introduction
The detrimental impact exerted by intensive agriculture on ecosystems and the environment is widely
recognised and is predicted to further increase through the 21st Century (Norris, 2008).
In Europe, agricultural intensification resulted in severe depletion of farmland bird populations (Donald et
al., 2006, 2001), avian abundance and biomass are still severely declining, and the trend for many common
and widespread farmland species is particularly concerning (Inger et al., 2014).
Nevertheless, agroecosystems could still harbour rich biodiversity (Perrings et al., 2006), and there is a
requirement for adequate knowledge that lead to effective agricultural policies in which biodiversity
conservation is effectively addressed (Rands et al., 2010).
Permanent crops (e.g. orchards and vineyards) are the third largest farming system by area in Europe
(Iglesias et al., 2011) and have experienced strong intensification (Caraveli, 2000), with detrimental effects
on biodiversity (Plieninger et al., 2006) as is the case with many other crops. Intensification in permanent
crops may impact biodiversity at both the landscape and the field scale and is usually associated with
increased fertilizer and pesticide inputs, deep ploughing, homogenization of biotic communities, and habitat
fragmentation (Tscharntke et al., 2005).
Notwithstanding, the biodiversity of vineyards and orchards in Europe has received surprisingly scarce
attention from ecologists and conservationists; as a consequence of this, the factors affecting plants and
animals in these agroecosystems are poorly known (Balmford et al., 2012; Batáry et al., 2011), preventing
the formulation of adequate management recommendations. This critical situation is exacerbated by the
exemption of permanent cultivations from the ‘greening’ measures introduced with the recent 2013 reform
of the Common Agricultural Policy, specifically designed to reduce the negative impact of agriculture on the
EU environment (Pe’er et al., 2014).
Vineyards are among the most widespread permanent crops in the Mediterranean region. In the last few
decades, vineyards have been subjected to severe intensification, with consequent substantial loss of
habitats and biodiversity (Viers et al., 2013). Now, wine producers are increasingly aware that
environmental quality is also perceived by consumers as important for wine quality (Tempesta et al., 2010).
As a consequence, landscape and biodiversity are acquiring a new economic value, and this context, organic
viticulture is increasingly regarded as a way to accommodate the rising consumers’ demand for healthier
and sustainable products (Zucca et al., 2009).
Organic agriculture, indeed, has been reported to reduce the environmental impacts of agriculture (Lynch et
al., 2012; Tuomisto et al., 2012), with only limited loss of yields (Seufert et al., 2012). The organic
management system is also associated with the quality and healthiness of products (Smith-Spangler et al.,
2012) and is perceived as providing more ecosystem services than the conventional regime (Sandhu et al.,
2010). The effects of organic agriculture on biodiversity are highly debated and system-dependent. The
organic regime has been reported to have positive effects on biodiversity compared with conventional
systems (Tuck et al., 2014); however, the effects are highly variable and depend upon scale, crop type, taxa
considered, and especially landscape complexity with greater effects at field scale, on arable lands, on
poorly mobile species, and in homogeneous landscapes (Fuller et al. 2005; Gabriel et al. 2010; Winqvist et
al. 2012).
In viticulture, some authors claimed positive effects of organic agriculture both on the diversity and
abundance of plants (Nascimbene et al., 2012) and arthropods (Isaia et al., 2006; Sabbatini Peverieri et al.,
2009). Conversely, other studies found no effects using the same or similar indicators (Bruggisser et al.,
2010; Rusch et al., 2015).
Although birds are valuable biodiversity indicators (Gregory et al., 2005), very few studies have assessed the
impact of viticulture on this taxon. Those available deal mainly with avian diversity (Assandri et al., 2016;
Pithon et al., 2015; Sierro and Arlettaz, 2003), but analyses on whole communities at coarse scales can not
consider the fine-scale ecological requirements of individual species, which have been investigated by only a
few studies (Arlettaz et al., 2012; Isenmann and Debout, 2000; Swolgaard et al., 2008). Assessments of the
effects of organic viticulture on birds are even scarcer, with no effects detected on communities (Assandri et
al., 2016) and negative effects reported for woodlarks, Lullula arborea, due to the dense swards found in
organic fields which are unsuitable for the species (Arlettaz et al., 2012).
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Surprisingly, virtually no study has investigated the reproductive outcome of bird species nesting on vines.
Reproduction is the most critical phase in the life cycle of most bird species (Lofts and Murton, 1973), and
during it birds experience a variety of stressors, which effect fitness (Hanssen et al., 2005).
Studying the reproductive performance of bird species in vineyards with different management regimes is
urgently needed to understand their impact on avian populations.
To the best of our knowledge, no study has considered birds nesting in vineyards in natural nests (i.e. not in
nest-boxes). We aim to provide a pilot study in that sense, and again stress the importance of investigating
the reproductive outcomes of model organisms in this intensive and highly managed habitat. Specifically,
with this study, we aim to: i) evaluate the effect on bird nest density and breeding success of organic and
conventional farming in two different vineyard systems; ii) evaluate the effect of management activities on
nest survival; iii) describe the nest-site selection, the nesting phenology, and the factors affecting them in
this human-shaped landscape; iv) propose best-practices and practical management recommendations to
promote bird conservation in vineyards.

Materials and methods
Study area and experimental design
The study was carried out in the Piana Rotaliana lowland (200-230 m a.s.l.), located at the confluence of the
Non Valley into the Adige Valley, in Trento Province (Northern Italy; Fig. 1a-b).

Fig. 1. Study area. (a) Position of Trento Province in Northern Italy. (b) Vineyard cover in Trento Province (in violet). (c) Piana
Rotaliana with the position of the 21 vineyards studied. The four categories of vineyard trellising systems (spalliera/pergola) and
management form (conventional/organic) are shown.
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The alluvial soil of the area and the relatively warm climate are particularly favourable for viticulture, which
is by far the dominant land use, along with apple orchards and urban areas and infrastructures.
Viticulture in this area is very intensive (large chemicals usage, high levels of mechanisation, and water
supplementation), and the resulting landscape is dominated by large patches of monoculture and
considered “simple” (sensu Batáry et al., 2011), since the semi-natural habitats that remains account for less
than 10% of the overall area and are mostly limited to river banks. Even hedgerows and isolated trees,
which characterise other agroecosystems in the neighbouring areas (Assandri et al., 2016), are also severely
reduced, with mean estimated densities of 18 m/ha and 0.2 tree/ha, respectively.
Two vineyard trellising systems occur: pergola and spalliera (Fig. 2). Pergola consists of tall vines (up to 2.5
m considering the secondary branches and grow into a dense leaf “roof”), supported by a robust structure
of poles and beams. Spalliera is similar to a number of row-based trellising systems with lateral cordons
occurring in most vine production areas worldwide (also known as espalier). It is characterised by low vines
(generally less than 2 m) supported by wires held between poles. Pergola implies a greater distance among
vine rows (up to 5 m) than the spalliera arrangement (generally less than 2 m). In pergola vineyards, some
mechanical activities (e.g. mechanical harvesting and pruning) are not allowed, but in general the
management practices do not differ between the two trellising systems.

Fig. 2. Nest position categories in pergola (A) and spalliera (B) vineyards. (a) main vine trunk (ramification of the main trunk and
immediately adjacent branch segments), shaded in dark grey; (b) secondary branches (growing in a leaf “wall”) shaded in light grey;
(c) artificial vineyard supports. Modified from original sketches, courtesy of F. Penner (Fondazione Edmund Mach).

Pergola is the traditional and predominant form in the region (80% of the vineyard surface in Trentino
(Chemolli et al., 2007).
Unfortunately, recent trends in regional viticulture, at least in the last few years, has seen a progressive
replacement of pergola by spalliera, which can also successfully be grown at higher altitudes on steeper
slopes, allows a higher degree of mechanisation and is apparently more suitable for the production of
several renowned white vines (Chemolli et al., 2007).
Vines in the area are managed according either to conventional or organic regimes, but the latter is very
rare (although increasing) in Trentino and accounts for less than 3% of the entire area covered by vineyards
(our estimation based on unpublished public data). In organic viticulture, synthetic fungicides, insecticides,
fertilizers and herbicides are not allowed, whereas sulphur, copper (as fungicides) and pyrethrum (as
insecticides) are used.
Within the study area we selected 21 vineyards accounting for total 15.64 ha, subdivided as follow: 4.09 ha
of organic spalliera (3 vineyards), 3.53 ha of conventional spalliera (3), 3.72 ha of organic pergola (8), 4.30
ha of conventional pergola (7) (Fig. 1c). Organic vineyards were all certified as such for at least four years.
The different number of plots per category was imposed by the fact that the two trellising systems also
differ in their average vineyard extension (smaller parcels in pergola than in spalliera), but we tried to
sample a similar overall extent per each category.
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It was not possible to choose study plots randomly or with perfectly homogeneous landscape surroundings
(e.g. with the same amount of urban or semi-natural habitats in a determined radius from the plot)
especially due to the scarce and uneven distribution of organic vineyards in the study area. Thus, we
selected eight farms which supported the project and agreed to provide some data about agricultural
activities carried out in each vineyards, allowing us to conduct specific analyses (otherwise impossible) on
the effect of management practices on bird reproduction. However, excluding the differences explicitly
determined by the design, all the plots were quite uniform and representative of the typical intensive
vineyard found in the Piana Rotaliana.
Data collection
Fieldwork was carried out during the period 15 April - 30 July 2015. Each vineyard was visited 13 times,
every 7 ± 3 days by the same observer (M.GI.). During each visit, the observer walked at a slow pace along
each row of the vineyard searching for nests. We considered nests directly built on vines or vineyards
supports (e.g. poles) or on the ground, excluding other categories of nests (in holes, in nest-boxes, or
occurring on natural vegetation, the latter being very rare). The observer, whenever possible, recorded the
status of each nest found (i.e. under construction, completed but empty, abandoned, depredated,
destroyed, fallen down, missing –i.e. nests no longer found because of unknown reasons-, or active). In the
case of active nests, the number of eggs (and the relative status - intact or damaged) and the number of
nestlings (and the relative status - alive or dead) were further recorded.
We recorded the position of each nest with GPS and with a marker positioned several meters away from the
nest and on the same row, in order to avoid farmers finding the nest and thus possibly producing bias on
the data.
From the second visit onward, we checked all the nests known to be active and searched for new ones in
the whole study area. We visited each nest about once a week because more frequent (e.g. daily) nest visits
may have negative effects on nest survival, favouring nest predation (Kurucz et al., 2015).
We measured the circumference of the vine base at about 40 cm above the ground for nests occurring on
the main vine trunk, the nest height above the ground, and the position of the nest according to four
categories: ground, main vine trunk (ramification of the main trunk and immediately adjacent branch
segments), secondary branches (growing in a leaf “wall”), artificial vineyard supports, and their interface
with vines (see Fig. 2 for further details).
For each vineyard, we measured the planting density estimated by means of the product of the number of
vineyard rows and the number of vines per row (counted along several representative rows). We also
recorded the mean vine circumference (taken as a proxy for the average vineyard age) based on a
circumference sample (N=30) of vine trunks representative of the vineyard and taken at about 40 cm above
the ground. For all vineyards, except for one, farmers gave us some aggregated data about phytosanitary
treatments and other management activities. From these cumulative data, it was not possible to directly
associate each nest observation period to a precise number/typology of treatments; conversely, it was
possible to calculate the number of chemical treatments (applied by periodically spraying a solution of
water and chemical products on the vines), mechanical management activities (mowing, suckering and
mechanical leaf removal generally applied once per year by means of compressed air) and manual
management activities (cutting longer vine branches, manual leaf removal performed several times per
year, vine ligation) that each vineyard experienced during the study period. From these data we calculated
an overall “disturbance”, i.e. a cumulative variable approximating the total amount of farmer’s access to the
vineyards during the whole study period to perform the above cited management activities.

Statistical analysis
We analysed nest data according to two different levels, by alternatively considering the vineyard and the
nest as sampling units, and by separately treating the predictors describing vineyard type (trellising system:
pergola vs. spalliera; management form: conventional vs. organic, and their interaction), and those
describing vineyard characteristics (vine density at the vineyard level, mean vine circumference,
disturbance). Therefore, four analyses were carried out according to the different combinations of levels
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and variables: i) vineyard level and vineyard type, ii) vineyard level and vineyard characteristics, iii) nest level
and vineyard type, iv) nest level and vineyard characteristics (also including number of manual management
activities and period, defined as the median day of exposure, with zero set at 14.04.2015; see below). We
performed the analysis considering all species together.
This approach allowed us to mitigate the limitation imposed by the small sample size and by collinearity
among predictors. We also conducted individual analyses on two species with larger sample sizes, and since
we obtained similar results to the global analysis, we decided to present the results of the global analysis,
which is more concise and general.
Vineyard-level analysis
We evaluated the effect of predictors (vineyard type and characteristics) on the number of nests found in
each vineyard, regardless of their nest status, by means of Generalized Linear Models (GLMs) with Poisson
error distribution and a log-link function. Then, to evaluate whether the Poisson distribution was
appropriate for the data, we calculated the dispersion statistic on the residuals and, in the case of an
overdispersion (> 1.5), we changed our distribution into a negative binomial one (Zuur et al., 2013),
implemented by the R package MASS (Venables and Ripley, 2002). To account for the different vineyard
sizes, we used the log of each vineyard area as an offset (Zuur et al., 2013).
Subsequently, we tested the effect of the same predictors on the proportion of nests prematurely
abandoned (i.e. before the deposition of the first egg) in a single vineyard over the total of the nests found
in the same field, by means of binomial GLMs with a binomial error distribution and a logit-link function
(the dispersion parameter was always < 1.5 in that case).
Given that our experimental design subtends a strong spatial structure (see Fig. 1c), we checked for the
potential occurrence of spatial dependencies in the four vineyard-level models' residuals. We assessed the
occurrence of spatial autocorrelation by calculating Moran's I and the associated P-value by means of the
software SAM (Rangel et al. 2010).
Nest-level analysis
We evaluated the predictors’ effect on daily nest failure (DNF) rates using generalized linear mixed effect
models (GLMMs) with binomial errors and a logit-link function.
The response variable’s binomial numerator contained nest fate (0: success, i.e. at least one chick fledged; 1:
failure, i.e. no chicks fledged) for the nests where at least one egg was laid, while the denominator
contained the observation days for each nest (‘exposure’).
This techniques is known as Mayfield logistic regression and was proposed to account for the bias
introduced in the analysis by nest failure in the early stages of reproduction (Hazler, 2004), which have a
lower probability to be found (Mayfield, 1961).
The definition of exposure is not straightforward when nests are not monitored every day, from discovery to
fledging/failure; thus, to calculate exposure we made some basic assumptions following Hazler’s (2004)
guidelines. For the nests that had not failed during the observation period (regardless of whether this had
ceased before or after the final fate) exposure was “lastactive”-“dayfound”, where “dayfound” is the first
observation day on which a nest contained at least one egg and “lastactive” was the last observation day on
which a nest was active. For the nests that failed during the observation period, exposure was
[(“lastcheck”+”lastactive”)/2] - “dayfound”, where “lastcheck” is the day when the nest failure was
discovered
Additionally, nest success/failure is not always straightforward to assess when nests are not constantly
monitored. It also requires some assumptions, which should be clearly stated (Manolis et al., 2000;
Weidinger, 2007). Following the above mentioned works, we considered a nest to be successful when: i)
fledging was observed; ii) we found an empty nest at the last visit and chicks had potentially exceeded the
threshold age for fledging and the general nest conditions were good (i.e. without any trace of predation,
abandonment or damage). Trampled nest margins were also considered to be a clue for fledging.
On the contrary, a nest was considered unsuccessful when we found it fallen down, destroyed or damaged,
evidently abandoned, or empty before the threshold age for fledging. We derived thresholds for fledging
from Cramp (1988), Cramp & Perrins (1994), Harrison (1987), and Summers-Smith (1952). To account for
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the potential non-independence of nests found in the same vineyard and for the possible effect of the
species, we used the vineyard identity and the species identity as random (non-nested) intercepts in the
GLMMs.
In accordance with Hazler (2004), we only considered nests in which at least one egg was laid. We discarded
from the analyses the vineyards where only a single nest was found.
Considering the high homogeneity and environmental simplicity of the vineyard plots and the census
methods applied, we are quite confident that we found a high proportion of the nests actually occurring in
each vineyard. Similarly, nest detectability in different plots could be considered quite constant among
vineyards and through the course of the study, thanks to the simplified and homogeneous study system
(totally vineyard covered) and the accurate and repeated field inspections we carried out (13 visits/plot). In
addition, potential biases in nest detection would have led to a lower number of nest discoveries in the
most complex vineyard type (i.e., pergola), whereas the pattern we found was the opposite, thus suggesting
that nest detectability was less of an issue for our study.
Preliminarily to each analysis, we applied the protocol for data exploration proposed by Zuur et al. (2010) to
avoid some common statistical problems and to correctly build the models. In the case of collinearity
among predictors, we included the variable with the most relevant biological meaning in the models and
discarded the others. We widely address the alternative choices in the discussion section.
Collinearity tests were based upon different statistics depending on the nature of the data: a linear model
was used to assess the relationship between vine density and trellising system; Poisson GLMs assessed the
relation between disturbance and the trellising system and management forms; linear mixed models with
vineyard and species as random intercepts assessed the relationship among period, nest position, and
height. Collinearity was inferred when the positive or negative relationships between the variables tested
were statistically significant (p<0.05). Some of these relationships were relevant from an ecological point of
view, so we also present the result of those tests to improve the discussion of the results.
The covariate significance was assessed by means of likelihood ratio chi square tests (for GLMs) or Wald’s
chi square tests (GLMMs), performed with the R package car (Fox and Weisberg, 2011), because for nonnormal GLM(M)s, these tests are considered to be more reliable than the default Wald statistic (Venables
and Ripley, 2002).
Due to the low number of predictors tested in each model, we assessed the variables importance by
hypothesis testing; for variable interactions, we discarded the non-significant ones and refitted the model
without them, following Bolker (2008).
We finally calculated an overall mean breeding success based on model prediction for each
breeding/management form. It was calculated as the daily nest survival (1-DNF, as obtained by GLMM)
elevated at power 30, which is the mean duration of the breeding cycle from the deposition of the first egg
to fledging, for the species considered in the models. This assumption is straightforward, because the
durations of breeding cycles are very similar across all the species considered (blackbird: min. 26-max. 37;
song thrush: 26-36; spotted flycatcher: 25-29; chaffinch: 27-32; goldfinch: 27-32; Cramp and Perrins, 1994,
1993; Cramp, 1992, 1988; Harrison, 1987; Pazzuconi, 1997).
We additionally assessed whether in both pergola and spalliera the mean circumference of vines on which
nest were built significantly differed from the mean of a random sample of vine circumferences by means of
t-tests.
Unless specifically stated, all the analyses were performed with R version 3.2.0 (R Core Team, 2016).

Results
We found 228 nests of which 117 failed before the deposition of the first egg; of the latter, 74 were only
started but not completed, so it was not possible to identify them at the species level, and we attributed
them to Turdus sp. or Turdus sp./spotted flycatcher. Nests identified at the species level belonged to six
species: blackbird Turdus merula, song thrush Turdus philomelos, chaffinch Fringilla coelebs, spotted
flycatcher Muscicapa striata, goldfinch Carduelis carduelis, and serin Serinus serinus; the latter, because of
the very small sample size (only two nests found) was discarded from the nest-level analysis. The first three
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species accounted for about the 90% of the nests found and identified at the species level (see Tab. 1 for
further details).
Table 1. Number of nests found in the study area subdivided by the species and by the vineyard categories of the trellising system
and management form. T: all nests considered; H: nests considered in the nest-level analysis.

Turdus merula
Turdus philomelos
Turdus sp.
Muscicapa striata
Turdus sp./Muscicapa striata
Fringilla coelebs
Serinus serinus
Carduelis carduelis
Not identified
Total

Spalliera
Organic Conventional
T
H
T
H
16 12
10
10
1
0
1
1
0
0
0
0
0
0
2
1
7
0
7
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
25 12
20
14

Pergola
Organic Conventional
T
H
T
H
19 11
35
26
8
6
12
8
2
0
20
0
2
2
4
3
7
0
29
0
25 15
11
5
1
0
1
0
0
0
5
4
0
0
2
0
64 34
119
46

Total
T
80
22
22
8
50
36
2
6
2
228

H
59
15
0
6
0
20
0
4
0
104

Birds were actively involved in nest building from the beginning of the study period (on the second half of
April). In particular, during the first two visits, we found almost 40% of the total chaffinch nests found in the
whole study period.
The number of nests peaked from the end of May to the beginning of July. From the first half of July, the
number of nests found steeply decreased (Fig. 3).

Fig. 3. Number of nests divided by species found in each of the 13 periods surveyed in breeding season 2015. Intervals on x axis
refer to the day counted setting 14.04.2015 as zero. In each period, the whole study area was surveyed (N=228).

Vineyard-level
The number of nests found in each vineyard was significantly affected by the trellising system (with a
positive effect of pergola), whereas management form and the interaction of these two predictors did not
have significant effect (Tab. 2; Fig. 4a). Mean vine circumference and disturbance had no significant effect
on nest number, whereas vine density negatively affected it (Tab. 2; Fig. 5a). Vine density was correlated to
trellising system (although collinearity issues were avoided, as the two variables were included in two
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different models), with significant lower vine densities in pergola vineyards (linear regression coefficient for
pergola: -2915.8 ± 288.5; t=-10.11; p<0.001, N=21; df=19).
The proportion of nests that were prematurely abandoned was not significantly related to trellising
system/management form (Fig. 4b), to vine density, or to vine circumference, whereas it was affected by
disturbance, with a significant positive effect (Tab. 2; Fig. 5b).

Fig. 4. Graphical representation of the effect of vineyard type predictors on the number of nests (a, N=21), proportion of
prematurely abandoned nests (b, N=19) and Daiy Nest Failure (DNF) (c, N=104) according to the model predictions. 95% confidence
intervals of the mean are also shown. SO: organic spalliera; PO: organic pergola; SC: conventional spalliera; PC: conventional
pergola.

Disturbance was not significantly related to trellising system (Poisson GLM coefficient for pergola: -0.15 ±
0.11; χ2 = 2.18; df = 1; p = 0.13; N=21) or management form (Poisson GLM coefficient for conventional 0.03
± 0.01; χ2=0.12; df=1; p=0.72; N=21).
The overall predicted proportion of prematurely abandoned nests ranged between 42-56%.
Spatial autocorrelation was not an issue here as Moran’s I tests on model residuals were all non-significant
(p ≥ 0.7 in all cases).

Fig. 5. Graphical representation of the effect of significant vineyard characteristics on: the overall number of nests found in each
vineyard during the study period (a, N=21), the proportion of prematurely abandoned nests (i.e. before the deposition of the first
egg) over all nests found in each vineyard (b, N=19) and Daily Nest Failure (DNF) (c, N=97) according to the model predictions. Vine
density (a) represents the estimated number of vines/ha. Disturbance (b) is the sum of farmer’s access to the vineyard during the
whole study period. Period (c) is the median day of exposure, with zero set at 14.04.2015.
Other predictors included in the models and not shown are kept constant at their mean value. Dashed lines represent the 95%
confidence intervals of the mean. In b the dot size is proportional to the sample for each vineyard.
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Table 2. Effects of predictors on the number of nests and on the proportion of prematurely abandoned nests. Coefficients (β) and
relative standard errors (s.e.) are based upon the GLMs output. p values are based on likelihood ratio chi square test outputs (for
which statistic values and degrees of freedom are also given). In experimental design models, intercept coefficients include spalliera
and organic. See methods for further details.
Response: number of nests (N=21)
Experimental design (negative binomial GLM)

intercept
management form
trellising system

β

s.e.

LR χ

-7.32

4.21*10

2

df

p

-1

3.84*10

-1

1.09

-1

3.94*10

-1

9.31*10

1 0.335

-1

5.25

1 0.022

-4

8.91

4.39*10

Other predictors (negative binomial GLM)
intercept
vine density
mean vine circumference
disturbance

-6.90

1.60

-5.07*10

-4

-1.59*10
1.24*10

-2

-1

1.41*10

-2

5.70*10

-2

5.72*10

1 0.003
-2

7.06*10

1 0.790

3.38

1 0.066

Response: proportion of prematurely abandoned nests (N=19)
Experimental design (binomial GLM)
β

s.e.
-1

3.25*10

-1

2.76*10

intercept

-3.29*10

management form

4.37*10

trellising system

LR χ

1.46*10

-1

2

df

p

-1

-1
-1

3.39*10

2.51

1 0.112
-1

1.86*10

1 0.666

-4

1.97

1 0.160

-2

1.06

1 0.302

-2

7.44

1 0.006

Other predictors (binomial GLM)
intercept
vine density
mean vine circumference
disturbance

-2.52

1.62

-1.97*10

-4

-4.94*10
1.80*10

-2

-1

1.41*10
4.80*10
6.87*10

Nest-level
The daily nest failure was affected by a significant (p=0.04) effect of the interaction of trellising system and
management forms (Tab. 3). This effect is mostly due to the conventional pergola management, in which
daily nest failure appeared lower than in other typologies (Fig. 4c).
Disturbance, manual management activities and mean vine circumference did not significantly affect Daily
Nest Failure, whereas period had a negative effect with failure rates being lower in the late season (Tab. 3,
Fig. 5c). Period was significantly related with nest position (χ2=48.522, df=3, p<0.001, N=102), with nests on
the ground found only at the beginning of the study period, nests on the secondary branches only at the
end and nests on main trunk and artificial supports spread throughout the whole season (Fig. 6a). Period
was also significantly related with nest height with a positive linear relationship (0.29 ± 0.03; χ2= 94.31,
df=1, p < 0.001; Fig. 6b).
In both pergola and spalliera, the mean vine circumference on which nests were built (pergola: 17.32 ± 4.95
cm - N=37; spalliera: 20.16 ± 6.29 cm - N=6) was significantly larger (pergola: t=-2.60, df=47, p=0.012 ;
spalliera: t=-2.53; df=155, p=0.013) than the mean circumference of the studied vineyards (pergola: 15.06 ±
6.55 cm - N= 451; spalliera: 13.57 ± 4.70 cm - N=151), with a wider span in spalliera .
Overall, the mean breeding success based on model predictions was 28.5% in organic spalliera, 10% in
conventional spalliera, 15.1% in organic pergola and 38.9% in conventional pergola.
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Fig. 6. Relationship between period and nest position (a) and period and nest heigh (b) (N=102).

Table 3. Effects of predictors on Daily Nest Failure (DNF). Coefficients and relative standard errors are based upon the GLMMs
output, p values are based on likelihood Wald’s chi square test output (for which statistic values and degrees of freedom are also
given). In experimental design models, the intercept coefficient includes spalliera and organic. See methods for further details.
Experimental design (binomial GLMM, N=104)
β
intercept
management form
trellising system

s.e.

-3.14

df

-1

1 0.482

p

0.46
-1

4.11*10

-1

6.08*10

trellising system*management form

2

Wald’s χ

-1.32

-1

5.85*10

4.94*10

-1

1.47

1 0.226

-1

4.05

1 0.044

-3

15.16

1 <0.001

-2

2.16

5.02*10

6.57*10

Other predictors (binomial GLMM, N=97)
intercept
period
mean vine circumference
disturbance
manual management activities

-1.94

1.40
-2

-2.14*10

-2

-7.31*10

-2

4.73*10

-2

2.57*10

5.51*10
4.97*10

-2

5.60*10

-2

7.99*10

1 0.142

7.13*10

-1

1 0.399

1.04*10

-1

1 0.747

Discussion
Bird species nesting in intensive vineyards
Homogenisation of agricultural habitats is considered to be one of the main causes of biodiversity loss in
agroecosystems (Benton et al., 2003). In vineyards, bird communities are richer in more extensive and
heterogeneous landscapes than in intensive and homogeneous ones (Assandri et al., 2016; Pithon et al.,
2015; Sierro and Arlettaz, 2003; Verhulst et al., 2004). The intensive monoculture we investigated harbours
a very simplified breeding bird assemblage and only six species directly build their nests on vines or on
vines’ artificial supports. Other species (i.e. wryneck, great tit, common redstart and tree sparrow)
commonly visit vineyard patches, but need cavities to nest and thus are rarely and patchily found in this
intensive area. For comparison, in a wider extent of vineyard-dominated areas of Trentino (in both intensive
and more extensive landscapes) we found at least 59 breeding species (Assandri et al., 2016).
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The high abundance of song thrush in this intensive agroecosystem was surprising, considering that this
species preferably exploits farmland with natural or semi-natural habitats (e.g. woodland edge, field
boundaries, gardens, grassland and scrub; Peach et al., 2004a). These habitat preferences, along with the
need for damp soils suitable for collecting invertebrates, were considered the basis for the decline of the
species observed in the UK (Peach et al., 2004a, 2004b). Conversely in the study area, the species increased
in number and colonised apple orchards from the mid ‘90s (Pedrini et al., 2003) and now is the most
common breeding bird in orchards (Brambilla et al., 2013). From orchards, song thrush also colonised
vineyards where they are now common and widespread (our unpub. data).
Effect of vineyard trellising system and management form on bird reproduction
The two vineyard trellising systems occurring in the area offered different nesting opportunities to breeding
birds. Avian species preferred pergola vineyards, which hosted a significantly and fourfold higher number of
nests and nesting attempts compared to spalliera vineyards.
The case of chaffinches was emblematic as we found nests only in pergola vineyards, with spalliera being
completely avoided. Also, song thrush almost completely avoided spalliera. In blackbirds, 75% of their
ground nests were found in spalliera, whereas nests on the ground represented 34.6% of the total nests,
compared with only 5.6% of ground nests in pergola. This strongly suggests that spalliera is also less suitable
for nesting blackbirds, despite the occurrence of blackbird nests in vineyards with these trellising systems.
The preference for pergola vineyards is easily explained considering the ‘forest origin’ of the species
breeding in intensive vineyards, which all prefer trees or rather dense vegetation for breeding (Cramp and
Perrins, 1994; Cramp, 1988). A pergola vine resembles a small tree, since it is taller and more branched than
a spalliera vine, and therefore offers many more potential nesting sites. Additionally, pergola vineyards are
supported by a multitude of poles and beams, which are often covered by vines branches and then used by
birds for nesting. Moreover, pergola implies a greater distance among vines rows, and consequently a
greater sward cover is found that generally accounts for more than 85% of the vineyard ground. This
characteristic could be particularly suitable for the species foraging on the ground, which are also favoured
by a higher moisture level guaranteed by the shadow created by the dense canopy.
Conversely, spalliera vineyards are very simple in structure during the growing season and consist of a
narrow leaf “wall” held up by wires. Spalliera also lacks supports that are particularly favourable for bird
nests and their vertical development is no more than 2 m.
We also showed that birds prefer nesting on larger vines; in the case of spalliera vines, the span between
the selected and the average ones was considerably wider than in pergola, which possibly suggests that
only the oldest and largest vines are selected for nesting among all spalliera vines.
The effect of the trellising system on breeding success was less clear. We only found a weak significance of
the interaction of the trellising system and management forms, mainly driven by the positive effect of
conventional pergola on daily nest survival.
Organic management in the study area did not affect the number of nests found, neither the breeding
success (with the only partial exception of the interaction discussed above).
In literature, the effects of organic farming on breeding birds are various and dependent on species, crop
type, and the scale considered. Some authors reported that more nests or breeding territories occur in
different types of organic crops (Bouvier et al., 2005; Kragten and De Snoo, 2007; Kragten et al., 2008;
Lokemoen and Beiser, 1997), whereas in many other cases no effect was found (Fluetsch and Sparling, 1994;
Kragten and De Snoo, 2008; Kragten et al., 2009). Regarding breeding success, a number of studies failed to
find any positive effect of organic farming (Bradbury et al., 2000; Elliott et al., 1994; Kragten and De Snoo,
2007; Lokemoen and Beiser, 1997); whereas Bouvier et al. (2005) found a lower rate of nest abandonment
during the incubation period, and Fluetsch & Sparling (1994) found an overall higher breeding success in
organic fields.
Previous studies in the same region and considering bird communities (Assandri et al., 2016) or the
abundance of several common species (including the ones considered here; Assandri et al., unpub. data)
found a similar lack of effect - or even negative effects- of organic agriculture on birds. These studies were
carried out at a landscape scale over highly heterogeneous areas, within which the effect of organic farming
is quite obviously less important than the structure of the surrounding landscape, in particular for very
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mobile species such as birds (Fuller et al., 2005; Winqvist et al., 2012). In fact, organic farming is expected to
be particularly important in simplified and intensive landscapes (Batáry et al., 2011; Tuck et al., 2014), such
as the one considered here.
The observed absence of organic farming’s positive effects on birds breeding in intensive vineyards could be
explained by the fact that, in the vineyards of the study area, conventional and organic farming do not differ
so much in terms of management: disturbances due to agricultural activities were statistically comparable,
although only a limited number of chemicals are used in organic farming. In addition, the isolation of the
few organic farms in the conventional matrix could lead to a dilution or vanishing of the potential positive
effects of this management form (Hole et al., 2005). Potentially, birds nesting in organic fields could have
foraged in conventional ones, but we believe that such a pattern could have only occurred at a low rate
since our study species usually forage very close to their nest (e.g. Peach et al., 2004a).
Kragten et al. (2011) studied the abundance of invertebrates that are commonly predated by birds and
concluded that more invertebrates (in particular earthworms) occurred in organic cereals and vegetable
crops.
In vineyards, Caprio et al. (2015) observed a general positive effect of organic agriculture on spiders and
carabid beetles: however, they found that such an effect was driven not only by omission of synthetic
pesticides, but also by habitat characteristics and landscape structure, with different effects on different
guilds.Further investigation of the toxic effects on breeding birds of the different chemicals applied in the
different management regimes would be important in order to assess whether different chemicals could
have different effects on birds, as it had been suggested for apple orchards (Bouvier et al., 2005).
Effect of agricultural disturbance on bird nesting
In the study area we found a relevant number of nests initiated but abandoned at various stages (but
generally very early) before egg deposition. These were difficult to attribute to a given species, but
reasonably they belong mainly to blackbirds and, to a lesser extent, to song thrushes. This behaviour was
previously reported for blackbirds (Hatchwell et al., 1996a), but it occurred at a very high rate in our study
area.
Noteworthy, the only management variable affecting the proportion of nest prematurely abandoned was
disturbance with a positive effect, so the more farmers worked in vineyards, the more birds abandoned
their nests before deposition. Conversely, the breeding success was neither affected by this variable nor by
the number of manual management activities.
This behaviour is likely due to the fact that once birds have already invested so much energy into the
breeding attempt (e.g. completed the nest and deposed), they tend to avoid nest abandonment (CluttonBrook, 1991). It is also possible that disturbance due to agricultural activities, after filtering out the less
sensitive species to human disturbance, could also act at the individual level, by selecting the less sensitive
individuals among a given species on the basis of individual behaviour (Dall et al., 2004; Dingemanse et al.,
2010) and animal personality (Biro and Stamps, 2008), which could play a key role for disturbance tolerance
(Végvári et al., 2011). Future studies are needed to investigate the potential importance of disturbance
occurring in early breeding phases vs. individual traits/personality.
Disturbance was not significantly related to trellising system or management form, but depends on the
personal farmer’s attitude.
Nesting phenology and nest-site selection in an artificial habitat
Birds had nests with eggs and even nestlings at the beginning of the study period (in the second half of
April), when leaf cover in vineyard is almost absent or very reduced, so these early nests were exposed and
easily visible. This was especially the case for chaffinches, which nested during the whole study period, but
started very early, as suggested by the high number of nests found in the first census period. The first eggs
and chicks from blackbirds were found from the beginning of the study period, but the number of nests
increased considerably from the end of May and remained almost constant until the beginning of July.
During this period, vineyards had a denser leaf cover and were more favourable for nesting than previously.
A similar or even more marked pattern can be suggested for song thrush, with their first nestlings found late
in the season at the end of May.
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Vine phenology also determined the nest position in vineyards. At the beginning of the study period, when
only a few leaves occur, nests were mainly found on the main trunk, which probably offers the best
possibility for birds to nest in the very simplified structure of the vine. 15% of blackbird nests were found in
the herbaceous sward; their success was low (25% of them had at least one young fledged) but comparable
with overall breeding success in the vineyard. Subsequently, when branches and leaves developed, birds
also used vine supports (which at this stage are partially hidden by foliage) and secondary branches. This
also explains the positive relation between nest height and period. Similar results were obtained by
Bradbury et al. (2000), which observed a seasonal increase of yellowhammer Emberiza citrinella nest height
due to hedgerow usage (instead of the ground) late in the season.
This seasonal shift of nest location is probably adaptive as breeding late in the season (and consequently
higher on the vine) determined a consistently higher breeding success. Hatchwell et al. (1996b) did not find
any relationship between period (and height) on blackbird nest success in a mixed farmland and woodland
system, but found an effect of nest exposure, suggesting that the ultimate driving factor is leaf coverage. On
the contrary, Ludvig et al. (1995) observed a nest height pattern similar to ours in an urban park, but found
a bimodal pattern on nest success determined by a complex interaction of factors, such as disturbance,
predation, and habitat structure.
The species considered in our study showed a high ability to cope with seasonal habitat transformations,
and this possibly contribute to their widespread occurrence and abundance even in this highly intensive
monoculture.
Conservation implications
In our study, intensive vineyards stand out as a largely unsuitable habitat for bird reproduction: they host
few and very common species: just six species considering the ones actually breeding on the vines.
In our study area, the breeding outcomes of those species are generally low with on average only one nest
(of those with at least one egg laid) out of four having a positive fate. This result is slightly higher than the
breeding success found for blackbirds by Hatchwell et al. (1996a, 1996b) in a mixed farmland-woodland
system and definitely lower than the values reported by other authors in natural (Lu, 2005) or urban (Ludvig
et al., 1995) habitats. It is also lower than that obtained by Kelleher and O’Halloran (2006) for song thrushes
and by Macleod et al. (2004) for chaffinches in other agroecosystems.
Pergola, the traditional vineyard trellising system in Trentino, should be preferred for new plantations as it
hosts a considerably higher number of nests in comparison with spalliera. Unfortunately, recent trends in
regional viticulture are seeing a progressive replacement of the former by the latter (Chemolli et al., 2007).
Spalliera, the most widespread vineyard arrangement worldwide, is associated with vineyards largely
unsuitable for nesting birds. Based on our results, we suggest some management recommendations to
promote bird conservation in vineyards, which should be intended as possible best-practices to favour
nesting birds in vineyards and to improve the environmental sustainability of viticulture.
Older plants of both categories were positively selected by birds, thus a vineyard (or, at least, a part of it)
should be maintained as long as possible to offer favourable nesting sites over time.
Compatibly with agricultural management, the amount of farmer access to the vineyards should be
optimised to reduce nest abandonment in the earlier phases of the breeding attempt.
Mowing should be limited or avoided in April and May, to reduce the destruction of blackbird nests on the
ground during the first half of the breeding season. During the first spring cut, some patches of high grass
should be left unmown to provide potential benefits for the overall biodiversity.
In the study area, but also in other viticultural districts (Arlettaz et al., 2012; Bruggisser et al., 2010; Rusch et
al., 2015), organic viticulture alone does not favour biodiversity; as a consequence, efforts should be
allocated at a wider landscape scale in making (organic) viticulture more biodiversity-friendly.
The species considered in this study have an overall favourable conservation status in Italy, being stable or
increasing (Gustin et al., 2010; Nardelli et al., 2015), with the exception of the goldfinch, which is considered
‘near threatened’ (Peronace et al., 2012). As a consequence, it might seem unwise to pay attention to the
conservation of a few, widespread species that breed in these intensive vineyards.
However, we believe that these common species in such a highly human-shaped landscape still deserve
attention because of at least three different reasons. First, common species, even if scarcely contributing to
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assemblage richness, are fundamental in regulating macroecological patterns and in delivering ecosystem
services (Gaston, 2011). In agroecosystems, birds guarantee economically relevant services to farmers, such
as biocontrol (Garfinkel and Johnson, 2015; Sekercioglu et al., 2004), which has been shown to also be
effective in vineyards by several studies (Jedlicka et al., 2011; Barbaro et al., 2016). Nowadays, a
conspicuous proportion of those species are subject to several threats and are consequently declining and
deserving as much as attention as threatened species do from conservationists (Gaston and Fuller, 2008;
Inger et al., 2014). In particular, the huge decline of common farmland birds (Donald et al., 2001), coupled
with the ongoing expansion of vineyards (Viers et al, 2013), makes initiatives for bird conservation in this
context particularly timely. Second, in the study area, as in other agricultural districts worldwide, land
devoted to intensive agriculture largely occur close to the more densely inhabited areas. Increasing the
environmental quality of these agroecosystems for birds could likely increase overall life quality in these
areas. Furthermore, conserving biodiversity in densely inhabited areas could have an important cultural and
educational value. Third and most important, the further increase of intensification in agricultural lands
aimed at increasing yields, while simultaneously focusing conservation efforts to pristine (or devoid of
economic values) areas (i.e. land-sparing, sensu Green et al. 2005) is no longer considered a viable path for
development in temperate regions (Tscharntke et al., 2012). Yields and biodiversity are not necessarily
mutual exclusive when farms are efficiently managed; however, increasing yields does not necessarily spare
land for nature and conventional intensification tends to disrupt the beneficial service and functions of
biodiversity. For these reasons recent trends in agroecology and conservation advocate an “agroecological
intensification”, in which a trade-off between production needs and natural resources conservation is
obtained through wildlife-friendly agricultural practice (Tscharntke et al., 2012), which, in the case of
vineyards, should include adjustments required to favour the breeding birds that are an essential
component of the ecosystem.
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Abstract - In Europe, Common Agricultural Policy has determined agricultural intensification for a long
time. Despite intensification have had major negative impacts on biodiversity, its effect in permanent crops
like vineyards is still scarcely investigated and not well understood.
Farmland is often perceived as a habitat of little importance for biodiversity conservation. Here, 'nontraditional' flagship species may play a fundamental role, acting as a symbol to inspire conservation actions
and awareness; thus insights into their ecology are urgently needed.
We investigated the abundance of three declining insectivorous avian species (wryneck, common redstart
and spotted flycatcher) in response to environmental characteristics and agricultural management
practices in Italian vineyards at landscape and field scales.
We found that all the species were positively affected by vineyard cover, but not all typologies of vineyards
are equally suitable for each species. Traditional pergola vineyard structure is favoured by all species,
whereas spalliera ones exerted negative effects. Wryneck and spotted flycatcher favoured intensive
vineyards in warm valley floors, and were negatively affected by young plantations. Spotted flycatcher
abundance was also negatively related with organic vineyard cover, whereas wryneck was favoured by
management heterogeneity at field scale. Common redstart was more abundant in less intensive valley
sides, being positively affected by marginal habitats, hedge and tree rows, isolated trees and isolated
buildings. It selected for grass sward shorter than 20 cm at field scale.
On the basis of our results, we proposed to use the wryneck and the spotted flycatcher as non-traditional
flagship species for intensive vineyards, and the common redstart for less intensive ones.
Keywords – farmland birds; Jynx torquilla; intensification; Muscicapa striata; Phoenicurus phoenicurus;
Trentino.
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Introduction
Modern agriculture has strong negative effects on biodiversity, largely attributable to the intensification of
farming practices (Tscharntke et al., 2005; Foley et al., 2011; Burns et al., 2016) and to the abandonment 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 abandonment (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., 2014).
In Europe, permanent crops (e.g. vineyards and orchards) represent the third most widespread farming
system (Iglesias et al., 2011), covering about the 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/statisticsexplained/index.php/Agri-environmental_indicator_-_cropping_patterns.). They were questionably
considered ‘green by definition’ (Hart, 2014) and were thus excluded from the ‘greening’ obligations,
which are mandatory for farmers to be eligible for the CAP direct payments for other crop types. However,
permanent crops are not immune to the pattern of intensification and abandonment described above
(Caraveli, 2000; Ribeiro et al., 2014); unfortunately, there is still limited knowledge about their effects on
biodiversity (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 pristine ecosystems, in particular in the Mediterranean
basin, the second largest biodiversity hotspot in the world (BirdLife International, 2010), also in areas
where they never occurred. Additionally, traditional low-input vineyard agroecosystems are experiencing
unprecedented intensification and landscape simplification (Martínez-Casasnovas, Ramos & Cots-Folch,
2010), posing new threats to biodiversity (Hannah et al., 2013; Viers et al., 2013).
In this framework, there is an increasing need to identify organisms that could act as ‘flagship’, ‘charismatic’
species that serve as a symbol to inspire conservation actions and awareness (Caro et al., 2004), especially
in a farmed habitat which is perceived as of little importance for conservation or even as a definitely
species-poor environment.
Farmland birds have been used as models and flagships for conservation in farmed landscape (Santana et
al., 2014). They have experienced a massive population depletion in the last decades (Donald, Green &
Heath, 2001) and no signs of recent inverse trend 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).
The causes of this dramatic process are still debated, but intensification played undoubtedly a major role
(Chamberlain et al., 2000; Donald et al., 2001). Among the effects of intensification, the ones which most
impacted on birds were the increase in pesticides use and mean field size and a reduction of habitat
diversity and marginal habitat occurrence within the agroecosystem (Donald et al., 2002 and reference
therein).
Birds provide fundamental ecosystem services; in particular insectivorous birds are efficient pest controllers
(Sekercioglu, Daily & Ehrlich, 2004; Whelan, Şekercioğlu & Wenny, 2015), consequently farmland bird
species conservation should be integrated within wider strategies targeted at the provision of ecosystem
services in a more environmentally sustainable farmland perspective (Bradbury, Stoate & Tallowin, 2010).
Moreover, birds are valuable indicator of biodiversity (Gregory et al., 2005) and also in farmland they
proved to perform well (Brambilla et al., 2009; Gottschalk et al., 2010).
Knowledge on farmland birds ecological requirements and on the causes of their decline have been
investigated mostly in cereal fields and grassland (Bradbury & Kirby, 2006), whereas little attention had
been paid on species dwelling in permanent crop and in particular on vineyards.
With this study, we focused on three insectivorous avian species, wryneck Jynx torquilla, spotted flycatcher
Muscicapa striata and common redstart Phoenicurus phoenicurus, widely distributed in Europe, which are
(or have been) declining and which in our study area widely exploit vineyard habitats, thus being ideal
model species to elucidate the impact of viticulture on biodiversity.
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We investigated the abundance pattern of these three species in response to habitat characteristics,
agricultural management practices and topographic-climatic variables to assess which, among these levels,
has the most important effect on species’ abundance and how individual environmental and management
variables affect it.
To identify possible field-scale best management practices, we also investigated the potential effect of
management practices of vineyard ground on wryneck and common redstart, as ground characteristics
were suggested to be important for territory setting and foraging performance of ground-dwelling species
in agricultural habitats (Coudrain, Arlettaz & Schaub, 2010; Martinez et al., 2010; Schaub et al., 2010;
Weisshaupt et al., 2011; Martinez, 2012).
We finally discuss the feasibility of using those three species as non-traditional flagship species (sensu
Entwistle, 2000) for conservation in vineyards with different levels of intensification.

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 grown 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 under 500 m).
For further details on the study area see Assandri et al. (2016).

Fig. 1. Localization of the study area in Italy. In the box is shown the vineyard cover in the Trento Province and the position of the
47 plots surveyed (in black), with the nine geographical areas used as random intercepts in the GLMMs and numbered as follow: 1Piana 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.
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2.2 Study species
Wryneck Jynx torquilla suffered a moderate decline (estimated in -57%) in Europe in the period 1980-2013
(http://www.ebcc.info/trends2015.html), but its decline started much earlier. In the UK, as an example, it
started declining in the early 1800s and now it is virtually extinct (Holling & Rare Breeding Birds Panel,
2012). The species is listed as SPEC 3 in Europe by BirdLife (2004) and appears to be stable in recent years
at the continental level (2004-2013; http://www.ebcc.info/trends2015.html). Italy hosts a consistent share
of the continental population (7.6-8.6%; BirdLife, 2004) of the species, which is still strongly declining at the
national level (-60.86 %, 2000-2014; Rete Rurale Nazionale and LIPU, 2015) and disappeared from large
portions of its former range, being now considered endangered in the National Red List (Peronace et al.,
2012).
Spotted flycatcher Muscicapa striata is also considered SPEC 3 in Europe (Birdlife International, 2004),
where it was subjected to a moderate decline (-46%) in 1980-2013, while it is now considered stable (20042013; http://www.ebcc.info/trends2015.html), although decreasing in large parts of its range (Freeman &
Crick, 2003). In Italy the species is though to be stable by some authors (Nardelli et al., 2015) or in weak
decrease by others (-24%, 2000-2014; 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), followed by a strong recovery, with a 2004-2013 increase estimated
in +41% (http://www.ebcc.info/trends2015.html). In Italy this trend was even more evident, with an
increase estimated in +223% in the reference period 2000-2014 (Rete Rurale Nazionale & LIPU, 2015).
2.3 Bird counts and collection of environmental variables
We surveyed the three target species along forty-seven 200-m long linear transects, spread across the
entire Trentino wine district, half in the valley floors, and half on hillsides (Assandri et al., 2016, Fig. 1). Birds
were counted within 100 m from the transect (i.e. buffer zone). Each plot (transect plus 100 m-buffer zone)
then covered a surface of 7.15 ha.
To avoid double counting of the same individual, the minimum distance between neighbouring plots was
set at 300 m.
We surveyed each plot three times during the breeding season 2014 (10-18 April; 13-22 May; 12-22 June)
mapping the contacts with every individual on updated aerial photographs (scale 1:3000). We discarded
overflying birds and also youngs/fledglings, because of their highly variable detectability among different
plots and periods.
Such a method has a double advantage as it allows: i) to accurately count each species, by focusing on the
precise location of birds and avoiding to count twice the same individual or considering ones standing
outside the buffer (Assandri et al., 2016); ii) fine-scale analyses at the field level.
We collected environmental variable and conducted subsequent analyses at two levels (transect and field).
2.3.1 Transect level
We used the abundance of each species as a response variable, calculated as the average over the three
censuses within each plot (two in the case of spotted flycatcher, which arrived in the study area at the
beginning of May).
We preferred to use average abundance instead of maximum count or latent abundance (cf. Brambilla et
al., 2015), because our species are multi-brooded and could potentially display within-season variation due
to differential habitat use in the course of the breeding season, as found for farmland birds in this
(Brambilla & Pedrini, 2011, 2013) and neighbouring regions (Brambilla, Falco & Negri, 2012).
We measured directly in the field or in a GIS environment landscape, management and topographicclimatic variables at the transect level following our previous approach (Assandri et al., 2016a) (Tab.1). Land
cover variables were measured in GIS and validated or modified by means of field survey. We considered
six habitat categories: woodlands, intensive apple orchards, marginal habitats, croplands, urban areas and
vineyards, the last one being the dominant typology.
We measured on aerial photographs the length of hedgerows and tree rows (defined as in Assandri et al.,
2016) and the number of isolated trees and rural buildings.
We also counted the number of habitat and vineyard patches (recognisable portions of habitat or vineyard
parcels with the same spatial arrangement and management) totally or partially overlapping with the plot.
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In Trentino vineyards, phytosanitary treatments are quite uniform since they are regulated by a central
agricultural institute. The only difference relies in the use of synthetic fungicides, insecticides, herbicides
and fertilizers in conventional fields, not allowed in organic ones. We consequently quantified the cover of
vineyards under these two different management forms for each plot. Organic viticulture in our study area
is however limited, accounting for about the 3% of the entire area covered by vineyards. We were then
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 15 years old) and the
two vineyard trellising systems occurring in the study area: i) pergola, the traditional and predominant one
(80% of vineyards in the Province; Chemolli et al., 2007), consisting of tall vines (up to >2 m growing in a
dense canopy), supported by a robust structure of poles and beams; ii) spalliera (or espalier), the almost
‘universal’ vineyard arrangement, with low vines supported by wires held between poles.
Pergola is associated with a greater distance between vine rows (up to 5 m) than in spalliera arrangement
(<2 m). Within these two systems, management is substantially the same, but some mechanical activities
are impeded by the pergola peculiar 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). From this, we also obtained mean direct solar radiation for each plot on 21th
June using r.sun function from GRASS 7.0.2 (Neteler et al., 2012) and taking into account the shadowing
effect of the topography. We derived mean bioclimatic variables (BIO1-annual mean temperature; BIO12annual precipitation) from WorldClim (Hijmans et al., 2005) at a 30 arc-seconds resolution for each plot.
Table 1. List of the variables used in the transect-level analysis.
Acronym
Woods
Crops
Marginal
Apple
Urban
Patches
Vineyards
Hedgerows
Isolated trees
Isolated
buildings
Organic
Spalliera
Vineyard
patches
Young
plantations

Description

Mean ± SD

Landscape variables
% cover of woodlands (large majority of broadleaved woodlands)
% cover of croplands (mainly small family-ran fields)
% cover of marginal habitats (hedgerows and tree rows, abandoned areas with
scattered shrubs, field margins, roads)
% cover of intensive apple orchards
% cover of urban areas
Number of patches partially or totally overlapping with the plot
Management variables
% cover of vineyards
Length of hedgerows and tree rows in the plot defined as is Assandri et al. (2016)
Number of isolated trees
Number of isolated rural buildings

6.2 ± 8.9 %
2.3 ± 5.7 %
14.2 ± 6.1 %
4.6 ± 9.4 %
2.7 ± 4.3 %
29 ± 11
64 ± 18.7 %
318 ± 285.7 m
10 ± 2
2±2

% of organic vineyards into the plot (the remaining part is conventional)
% of spalliera vineyards into the plot (the remaining part is pergola vineyards)
Number of vineyard patches totally or partially overlapping with the plot

13.9 ± 26.7 %
18.3 ± 29.7 %
20 ± 9

% of young vineyard plantation (<15 years) into the plot

30.2 ± 21.1 %

Topographic-climatic variables
Slope
Solar radiation

Mean solar radiation on 21 June

BIO1

Mean annual temperature derived from Hijmans et al., 2005

th

8.9 ± 7.8 °
2
1774 ± 460 W/m ; 8610 ±
2
240 W/m
11.6 ± 1.5 °C

2.3.2 Field level
For this approach we considered exclusively the bird precise locations, attributing them to a vineyard parcel
(presence parcels) and randomly selected an equal number of unused vineyard (pseudo-absence) parcels.
This latter operation was stratified by month and by transect.
In our study area, vineyards ground is extensively covered by a grass sward with the exception of the vine
base, where herbicides or plowing are usually applied.
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In each presence and pseudo-absence parcels, at the end of each morning mapping session, we measured
three ground management variables by visual estimating at the patch scales (according to Mermod et al.,
2009): i) the percentage sward cover in each vineyards; ii) the grass height grouped in tree categories (low:
<5 cm; medium: 6-20 cm; high: >20: high) iii) the management of the vine row (three categories: herbicide,
plowing, no management-only mowing). Patches are generally very homogeneous according to those three
variables.
2.4 Statistical analyses
At the transect level, we put the percentage cover of vineyard with the management explanatory variables
(instead of with the other land-cover ones), in order 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 placed the hedgerow and tree row length, the number of isolated trees and
buildings into the management predictor group, because in farmland, and specifically in our study area,
their occurrence is fully determined by the farmers’ choices.
We did an accurate 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,
urban, apple and isolated trees aiming at reducing the weight of outliers. Topographic-climatic predictors
were highly collinear among each other; we consequently dropped elevation and BIO12 from the analyses.
We standardized all the explanatory variables before entering them into the models to allow comparisons
of their relative effects (Schielzeth, 2010) and because recent literature has highlighted the importance of
this procedure to control for multicollinearity in model averaging (see below) in order to obtain reliable
predictor estimates (Cade, 2015).
We ended up with 17 environmental variables (see Table 1) subdivided into the three groups that we
modelled separately for each species. To test the effect of the covariates on the response variables, we
initially used GLMs with a Poisson error distribution and a log-link function.
Our data were expected to subtend a strong spatial structure, and spatial autocorrelation is known to
severely affect the results of regression analyses (Beale et al., 2010), so we tested this violation of the
independence by means of Moran’s I test (run with R ape package; Paradis et al., 2004) on regression’s
Pearson’s residuals. When the test showed significant spatial autocorrelation we ran Poisson GLMMs using
the R package glmmADMB (Skaug et al., 2015) and the geographical area (a categorical variable with 9
levels grouping neighbouring plots, see fig. 1) as random intercept. Then we applied again Moran’s I test on
residuals and computed the overdispersion statistic in order to evaluate whether Poisson distribution were
the appropriate distribution for the data (Zuur, Hilbe & Ieno, 2013). In all cases the GLMM applied allowed
to remove spatial autocorrelation and to maintain overdispersion below 1.5.
We worked within an information-theoretic framework (Burnham & 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 group of explanatory variables. We subsequently averaged across
models with ΔAICc<2 within each group of predictors, obtaining model-averaged coefficients, their relative
standard errors and the relative variable importance (Johnson & Omland, 2004) for each explanatory
variables. We determined which was the best of the three groups of “competitive” models on the basis of
the AICc value of the most parsimonious model within each group.
We carried out model validation for each species/group of predictors on single models including all the
variables included in the most supported (ΔAICc < 2) models.
In the analysis at field-level, we simplified sward cover variable according to three cover categories: 0-75%;
76-99%; 100%.
We modelled presence and pseudo-absence locations as a function of the three field-level variables using
binomial GLMs. We worked again within an information-theoretic approach, building all the possible
models as in the procedure described above.
This analysis was performed only for wryneck and common redstart, which, differently from spotted
flycatcher (that is an aerial predator), usually feed on the ground and in agricultural systems could be
affected by ground management techniques (Schaub et al., 2010).
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3. Results
3.1. Transect level
AICc values of the best models among each group of predictors suggested that for common redstart the
best ranked model was the management model, followed by the landscape one (ΔAICc=2.8). We found no
topographic-climatic models better than the null model, suggesting that these variables are of null
relevance in explaining redstart abundance. On the contrary, most parsimonious topographic-climatic
model was the best ranked for the spotted flycatcher, being slightly better than management one
(ΔAICc=2.72), which is definitely better than the landscape one (ΔAICc=3.94). For wryneck all the three
models had similar performances, being all included in a small ΔAICc interval of 1.74 (table 2).
The species here considered are all positively affected by vineyard cover (Fig. 2) and negatively by
woodland cover. The positive effect of vineyards cover is particularly relevant for the spotted flycatcher,
being the most important variable and the only one with a positive effect among the variables included in
the most supported models.
The abundance of all the species considered was reduced by spalliera vineyards, whereas young plantation
cover had negative effect on wryneck and spotted flycatcher, with the latter negatively affected also by the
cover of organic vineyards.
Urban cover and marginal habitats had a positive effect on common redstart, whit the former variable
being much more important. Wryneck is also favoured by urban areas and apple orchards, but such
variables had a low relative importance suggesting minor effects.
Hedge and tree rows and isolated trees had a negative effect on the wryneck and positive on common
redstart, which was also favoured by isolated buildings.
The number of habitat patches had a strongly supported quadratic effect on common redstart, whereas the
number of vineyards patches had a (weak) positive effect on wryneck.
Considering topographic-climatic covariates, slope had negative effect on wryneck and spotted flycatcher
abundance, whereas the mean annual temperature positively affected both species (see also table 2).

Fig. 2. Effect of the vineyard cover on spotted flycatcher, common redstart and wryneck abundance as predicted by the averaged
models. 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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Table 2. Model averaged parameter estimates, standard errors and relative variable importance (RVI) of transect-level models with
ΔAICc < 2 for wryneck, common redstart and spotted flycatcher. AICc of the most parsimonious model for each combination
species/group of predictors is also given. The most supported topographic-climatic model for the common redstart was the null
model. N=47.
Wryneck

Landscape model
Intercept
Woods
Crops
Marginal
Apple
Urban
Patches
2
Patches
AICc

Common redstart

Spotted flycatcher

β ± s.e.

RVI

β ± s.e.

RVI

β ± s.e.

RVI

-5.35* 10^-1 ± 3.54* 10^-1
-3.76* 10^-1 ± 2.72* 10^-1

0.82

3.93 * 10^-1 ± 1.54 * 10^-1
-2.36* 10^-1 ± 2.04 * 10^-1

0.72

1.43*10^-1 ± 1.41 * 10^-1

0.21

5.20 * 10^-1 ± 2.40 * 10^-1
-1.06* 10^-1 ± 1.58 * 10^-1
-3.53* 10^-2 ± 1.06 * 10^-1
-2.36* 10^-1 ± 1.62 * 10^-1

0.44
0.19
0.82

2.06* 10^-2 ± 8.38* 10^-2
2.69* 10^-2 ± 9.72* 10^-2

0.18
0.19

2.83 * 10^-1 ± 1.18 * 10^-1
5.29 * 10^-1 ± 2.51 * 10^-1
-2.80 * 10^-1 ± 0.13 * 10^-1
128.4

1
1
1

1.23* 10^-1± 1.49 * 10^-1
2.56* 10^-1± 2.22 * 10^-1
3.64* 10^-1± 1.31 * 10^-1
6.64* 10^-2± 1.52 * 10^-1
1.14* 10^-1± 1.15 * 10^-1

0.73
1
0.22
0.48

-2.97* 10^-1± 2.55 * 10^-1

0.76

98.71

172.34

Management model
-5.56* 10^-1 ± 3.05* 10^-2
6.49* 10^-2 ± 1.57* 10^-1
-3.20* 10^-2 ± 1.22* 10^-1

0.23
0.13

-3.39* 10^-1± 3.14* 10^-1

0.71

-2.24* 10^-2 ± 9.99* 10^-2
-9.62* 10^-2 ± 1.68* 10^-1
2.48* 10^-2 ± 1.01* 10^-1
100.01
Topographic-climatic model
-3.76* 10^-1 ± 3.79* 10^-1
Intercept
-1.60* 10^-1 ± 2.47* 10^-1
Slope

0.11
0.36
0.12

Intercept
Vineyards
Hedge
Isolated trees
Isolated buildings
Organic
Spalliera
Young plantations
Vineyard patches
AICc

Solar radiation
BIO1
AICc

3.91* 10^-2 ± 1.34* 10^-1
100.45

125.06

5 * 10^-1 ± 1.76 * 10^-1
3.11 * 10^-1 ± 1.33 * 10^-1

1

-2.23 * 10^-1 ± 2.11 * 10^-1
-1.87 * 10^-1 ± 2.04 * 10^-1
-1.90 * 10^-1 ± 1.41 * 10^-1

0.68
0.61
0.78

168.4

0.43

3.99* 10^-1 ± 3.71 * 10^-1
-6.81 * 10^-1 ± 2.35 * 10^-1

1

0.18

4.88* 10^-2 ± 1.28 * 10^-1
165.62

0.30

3.2. Field level
We obtained 27 wryneck and 54 common redstart precise locations defining presence parcels, which we
compared with an equal number of pseudo-absence parcels (table 3).
For wryneck, no model was better than the null model. On the contrary, the only retained model for the
common restart was the grass height model, which suggested that the species positively selected medium
and low grass height (with no difference between them) against high grass (table 4, figure 3).

Figure 3. Effect of grass height on common redstart occurence probability as predicted by the most (and only) supported binomial
GLM. 95% confidence intervals of the mean are also shown. N = 108.
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Table 3. Percentage of presence and pseudo-absence parcels available for each level of the three categorical variables (sward
cover, grass height, row management) used as predictors in the field-scale analysis for wryneck and common redstart.

sward cover

grass height

row management

0-75 %
76-99 %
100%
low
medium
high
herbicide
plowing
no managementonly mowing

wryneck
pseudo-absence
presence (%)
(%) (N=27)
(N=27)
3.7
3.7
70.4
77.8
25.9
18.5
14.8
14.8
55.6
44.4
29.6
40.7
59.3
51.9
7.4
7.4
33.3

40.7

common redstart
pseudo-absence
presence (%)
(%) (N=54)
(N=54)
5.6
11.1
70.4
68.5
24.1
20.4
20.4
27.8
42.6
55.6
37.0
16.7
51.9
51.9
11.1
5.6
37.0

42.6

Table 4. Effects of grass height on common redstart occurence probability. 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.

High-low
High-Medium
Low-medium

Estimated coefficient
1.1
1.06
-0.0444

Standard error
5.64*10^-1
4.87*10^-1
4.84*10^-1

z
1.96
2.18
-0.09

p value
0.049
0.029
0.92

4. Discussion
Intensive vineyards harbour three species of conservation concern
The intensive vineyards of the Trento province are largely inhabited by three species of insectivorous birds,
with current or recent negative trends in Europe (Sanderson et al., 2006): wryneck, spotted flycatcher and
common redstart. These species are all positively affected by the cover of vineyard at a landscape scale.
The few existing studies on avian communities in vineyards found that, although vineyard-dominated
landscape could harbour quite rich bird communities (Laiolo, 2005; Assandri et al., 2016a; Pithon et al.,
2016), in particular in traditional extensive landscapes (Verhulst, Báldi & Kleijn, 2004), vineyard cover per se
has detrimental effect on community indexes (e.g. richness and abundance). Furthermore, in depth
analyses on the species auto-ecology at a lower scale (e.g. habitat and micro-habitat selection) showed that
vineyards are generally unfavourable habitats for birds, being positively selected only by a small group of
generalist species (our unpub. data ; Pithon et al., 2015) and, in particular context, also 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 & Debout, 2000).
The three species we considered tolerated or even appreciated vineyards, likely because structurally they
are not so different from their “ancestral” habitats, such as open forest in warm and sunny climate (Cramp,
1985, 1988; Cramp & Perrins, 1993). In particular, a strong positive effect of vineyard cover was obtained
for the spotted flycatcher, which in the study area can be regarded as a vineyard specialist. Probably, this
species is favoured by (pergola) vineyards due to their tree-like structure, which allow the species to
successfully breed on vines and vineyard supports (our unpub. data) and to benefit from the abundance of
perches (e.g. poles) used to fly-catch insects (Kirby et al., 2005). In addition, flycatcher may found an ideal
“fly catching-tunnel” under this type of vineyard, which is largely exploited by the species for hunting flying
insects (pers. obs.). Also common redstart is favoured by vineyard cover, but it is limited by the availability
of suitable nesting site, as it is a secondary cavity-nesting species. This likely explains the positive effect of
urban cover on that species. Sparse urban areas are favoured by this species because of the great
availability of artificial nesting sites and short-cut lawn occurring in gardens, meadows and vegetable
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garden, which confer heterogeneity at the landscape scale and provide small patches where insects are
particularly detectable (Droz et al., 2015; Assandri et al., 2016b).
Wryneck is a secondary cavity-breeder too, and it is more limited by the availability of nesting sites and by
the abundance and detectability of ants, than by the habitat types (Mermod et al., 2009; Coudrain et al.,
2010). In this study we showed that, as the other two species, it is positively affected by vineyards (as well
as by the cover of apple orchards), even if we obtained a less clear pattern because of lower sample size.
In addition, the number of vineyard patches per transect (that is a proxy of vineyard management
heterogeneity) positively affected wryneck abundance. Consistent results were found by Mermod et al.
(2009) considering the overall number of cropping units, thus confirming the importance of heterogeneity
for this species.
All the three species were negatively affected by woodlands cover. In the study area only small patches of
woods occur in the vineyard matrix, mainly in unsuitable places for vine cultivation (e.g. on steep slopes
and in cold and shaded places), which could be unsuitable for the warm-loving species we considered.
Furthermore, these wood patches were subjected to strong disturbance and host mainly small trees, likely
unsuitable for nesting.
Not all the vineyards are the same
The result that vineyards are largely inhabited by the species considered definitely does not imply that all
kind of vineyards are suitable for them.
Management models for spotted flycatcher and common redstart performed better than landscape
models, strongly suggesting that the abundance of these two species is driven more by vineyard
characteristics than by landscape composition. This contrasts with the overwhelming importance of
landscape composition at the community level (Assandri et al., 2016a) and on the majority of the generalist
species dwelling in the vineyards of the same study area (our unpub. data).
All the three species we considered are insectivorous, although with different specialization: wryneck is a
ground-dwelling ant forager, hunting from perch or directly on the ground, common redstart is a nonspecialized arthropod forager, generally hunting on the ground, and the spotted flycatcher is an aerial
insectivorous that takes prey by fly catching (Cramp, 1985, 1988; Cramp & Perrins, 1993). As a
consequences of their diet, they should find enough arthropods to persist in a breeding site, a requisite not
necessarily satisfied in intensive agroecosystems (Altieri & Nicholls, 2004). Vineyards generally receive high
input of pesticides (Aubertot et al., 2005) and these (in particular insecticides) could strongly impact on
arthropod preys and indirectly on insectivorous predators (Hallmann et al., 2014). Potentially, strong
impacts of pesticides are thus expected on vineyard insectivores. Notwithstanding, in our study area,
farmers, despite they use a relevant amount of fungicides (mostly copper and sulphur) make a very limited
use 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, Ghidoni &
Bottura, 2014), and this limited use of insecticides possibly explains why some insectivorous species dwell
well in this agroecosystem. In conventional fields, farmers use mainly systemic insecticides targeted at the
Scaphoideus, whereas in organic fields they use non-targeted insecticides (e.g. pyrethrins, Bacillus
thuringiensis), which were shown to affect the whole community of insects (Wolfenbarger et al., 2008).
This is a possible explanation of the negative effect of organic farming we found on spotted flycatcher
abundance. Further ad hoc studies are however needed to confirm effective negative effects of broadspectrum organic insecticides on the spotted flycatchers or on other insectivorous birds.
Young plantation had negative effect on wryneck and spotted flycatcher. Such an effect is likely due to
different underlying reasons. For the spotted flycatcher, it could be a matter of structure, as in the poorlystructured young plantation it can hardly find any suitable nesting site. Conversely, wryneck is possibly
affected by the very reduced sward ground cover (often 0-20%) found in young plantations as it was
reported to strongly favour at least 40-50% of ground cover for foraging (Schaub et al., 2010).
Spalliera vineyards had negative effects on all the species considered (although with limited statistical
support for wryneck). Previous studies confirmed that spalliera is a poor nesting places for birds (including
also spotted flycatcher) nesting on vines (our unpub. data), although it could enhance landscape scale
heterogeneity, thus favouring overall bird diversity and an alternation of tall and short sward, possibly
increasing ground-feeding species occurrence (Assandri et al., 2016a). At the landscape (transect) scale the
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latter hypothesis seems not to be sustained by our findings, but at the field scale, we found that common
redstart probability of occurrence is higher when vineyard sward height is under 20 cm, and much lower
when it is 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 focal features in determining
occurrence of redstarts, which may easily find preys (see also Schaub et al., 2010).
We did not find any significant relationship within vineyard ground management and wryneck occurrence.
In Switzerland, Weisshaupt et al. (2011) did not find any relationship between its occurrence and
vegetation height, but at the foraging scale a quadratic relationship with bare ground cover was found, with
higher probability of occurrence when more than 60% of bare ground cover occurred. This was suggested
to be an ideal trade-off between ant prey abundance and their detectability. This relationship was less
evident at the territory scale, in which territory occupancy was only marginally affected by the proportional
cover of bare ground, with an optimum at 30% (Mermod et al., 2009), whereas a stronger effect (with an
optimum at 50%) was reported by Coudrain et al. (2010). Although our sample was tiny and wrynecks are
elusive and difficult to detect, this possibly reducing the efficacy of our analysis at such a parcel scale, it is
important to note that in our study area the percentage of bare ground is far less than the optimum
reported by Swiss studies, and, despite this, wrynecks occur in good numbers, possibly being able to
adequately forage also under conditions not corresponding to the reported optimum. The same applies to
row management, which is strongly influenced by the percentage of sward cover on the vineyard ground
(independently on the method by which grass removal is obtained, i.e. herbicide or plowing), because,
excluding a narrow strip on the row, on the majority of cases, grass sward is fully maintained.
Considering topographic-climatic variables, the negative effect of slope suggested a preference by wryneck
and spotted flycatcher for valley floors instead of hilly valley sides, where a relatively less intensive farming
system occurs. These is probably due to the fact that these two species are rather warm-loving birds,
favouring sunny and dry open habitats (Cramp & Perrins, 1993; Gorman, 2004), as confirmed by the
detected positive effect of mean annual temperature. In addition, valley floors are of alluvial origin and are
then characterized by soft sandy soils, in contrast with the harder soils of valley sides. Soil differences are
also the likely reason for differential vineyard selection by wryneck in two different study areas of
Switzerland, as vineyard in soft soils host high ant nest densities (Coudrain et al., 2010).
In conclusion, provided that food and nest sites are available, also in our study is confirmed that intensive
farmland could harbour populations of these two species, as reported for wryneck in Swiss valley floors
(Mermod et al., 2009).
We acknowledge that the current study does not shed light on all the aspects of the species-vineyard
relationship, and that further important points must be investigated. In particular, further studies are
needed to understand how wryneck, a secondary cavity nesting bird, can find adequate nesting sites in
such an intensive landscape dominated by vines, which do not offer nesting sites suitable for the species.
Three common insectivorous birds as flagship species for intensive vineyards
In the last decades, vineyards have been subjected to severe intensification causing huge negative impacts
on the environment, primarily loss of habitats and biodiversity; and therefore efforts toward a more
sustainable viticulture should be urgently undertaken (Viers et al., 2013).
At the same time, wine consumer are becoming aware of the vulnerability of our environment and
increasingly demand a more sustainable wine production (Bisson et al., 2002; Tempesta et al., 2010).
Landscape and biodiversity, as a consequence, 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).
'Non-traditional' flagship species may play a fundamental role for conservation, in particular where more
traditionally charismatic species (e.g. top-predators, large herbivores) are absent; in fact, if awareness
raising and educational activities are targeted at appropriate audiences, even less-charismatic species may
appear appealing (Entwistle, 2000),
In this framework, in intensively managed vineyards, insectivorous birds could be valuable candidates for
the role of flagship species in order to promote a more sustainable and biodiversity-friendly viticulture.
Farmers should become the first promoters of this paradigm, as insectivorous birds were proven to be
efficient pest controller in vineyards (Barbaro et al., 2016) and bird conservation practices (e.g. nest-boxes
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provisioning) were reported to enhance herbivorous arthropods removal and thus strengthen ecosystem
services to winegrape growers (Jedlicka, Greenberg & Letourneau, 2011).
In intensive vineyards, we showed that spotted flycatcher and wryneck are positively affected by the
maintaining of old vine plantations, traditional pergola structure and management heterogeneity at field
scale. On the opposite, 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 trees and rural building) and medium
or low (<20 cm) grass height at field scale.
Relevantly, in previous studies these elements emerged as fundamental also for the whole avian
community (Assandri et al., 2016b) and for the majority of the commonest and most widespread bird
species in the area (our unpub. data), possibly qualifying these species as umbrella species. Thus, by
conserving them, it is possible to enhance the overall ecosystem (Roberge & Angelstam, 2004; Branton &
Richardson, 2011).
For this reason we proposed to use wryneck and spotted flycatcher as flagship species for intensive
vineyards in the Italian Alps, and common redstart as a flagship for less intensive ones, providing
preliminary knowledge of their habitat preferences in this ecosystem. Better insights into their ecology in
this habitat are urgently needed, with a particular focus on territory-scale preferences and breeding
performances.
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Abstract - Farming intensification is one of the primary causes of the decline of farmland bird populations
in Europe, and wryneck (Jynx torquilla) is among the species which underwent the largest declines because
of this process.
We investigated wryneck territory-scale habitat selection and provided a preliminary assessment of its
breeding ecology in a viticultural area in NE Italy.
We measured variables describing land-cover, management and nest-site availability in 88 presence and
pseudo-absence territories obtained through territory mapping in 24 study plots and tested the effect of
such factors on wryneck occurrence by means of GLMMs.
In the subsequent year, we surveyed wryneck nests in a subset of 8 plots in simple landscapes (<20% of
semi-natural habitats). We checked twice all the nest boxes and the holes originated by pipe beams
supporting traditional ‘pergola’ vineyards.
Territory scale analysis showed that wrynecks did not select particular habitat types, but set territories in
sunny areas in which pergola vineyards were more abundant than spalliera ones, with a high availability of
pipe holes and in simple landscapes.
Breeding attempts in pipes were few and all failed during the egg laying; on the contrary, 39% of the few
available nest boxes were occupied, with an overall breeding success of 57% and a rate juveniles
fledged/eggs laid of 36%.
We could not prove that vineyards with pipes are an ecological trap, but our findings suggested a pattern in
which these structural features of farmland, which provide potential nesting sites, positively affected
territory settlement, but eventually resulted to be highly unsuitable for reproduction. These results raise
serious concerns on the potential persistence of a viable wryneck population in the area.
The prime conservation measure to enhance wryneck should be the provisioning of nest boxes, provided
that a preliminary pilot assessment of the reproductive outcome following nest-box supplementation
exists.
Keywords – bare ground, cavity breeder; intensification; nest boxes; territory; vineyards.

102

Introduction
Farmland is one of the most biodiversity rich habitats in Europe. Agricultural systems harbour nearly 120
species of birds, which adapted to this habitat during the course of the millenary development of
agriculture (Krebs et al., 1999; Tucker and Heat, 1994).
The European wild bird indicator shows that farmland bird populations have nearly halved across Europe
since 1980, while the populations of other bird species tied to other habitats generally remained nearly
stable or increased (Fuller et al., 1995; Gregory et al., 2005; http://www.ebcc.info/).
Farming intensification had been reported as the primary cause of direct negative impacts on farmland bird
population (Chamberlain et al., 2000; Donald, Green & Heath, 2001; Donald et al., 2006; Newton, 2004).
Agricultural intensification depletes birds and biodiversity at two distinct but interconnected spatial scales:
the landscape and the local scales. At the landscape level, it causes removal of marginal habitats,
homogenization and fragmentation through conversion of grassland-like habitats into crops, increase in
field size, ultimately resulting in highly simplified landscapes. At the field level, intensification regards the
exacerbation of the intensity of farming practices (e.g. increasing fertilizer/pesticide inputs, deep
ploughing, massive use of machinery, large scale irrigation) (Tscharntke et al., 2005; Fahrig et al., 2011).
Attempts to reverse the negative trend of farmland birds in Europe mostly failed. A recent assessment
showed that avian abundance and biomass are both still declining with most of this decline being
attributable to common avian species, in particular farmland species (Inger et al., 2014).
In the years to come, farming is predicted to be the single greatest source of threat to birds in Europe and
worldwide (Green et al., 2005; BirdLife International, 2015).
Wryneck Jynx torquilla is one the farmland species which declined most throughout Europe in the last
decades (Birdlife International, 2004; Sanderson et al., 2006). The decline in the period 1980-2013 was
estimated in -57%. In recent years (2004-2013) it was considered overall stable
(http://www.ebcc.info/trends2015.html), but its decrease continued in several countries including Italy
(Rete Rurale Nazionale & LIPU, 2015).
In Europe it breeds in a variety of sunny and dry semi-open landscapes, in particular farmland (traditional
orchards, vineyards and wooded grassland) or open woodland, including forest hedges, copses, parks and
gardens, provided that two basic resources occur: cavities to breed, as the species is a secondary cavity
breeder, and ground-dwelling ants (Formicidae), as it feeds almost exclusively on those insects (Cramp,
1985; Freitag, 1996; Gorman, 2004; Mermod et al., 2009).
The causes of its decline are not fully understood. Habitat loss had been reported as the most impacting, in
particular in farming systems (Gorman, 2004). Modern agriculture, in fact, leads to a reduction of nesting
sites and perches used for hunting, in particular large isolated trees (Coudrain, Arlettaz & Schaub, 2010;
Roux et al., 2015). Similarly, also high-stem orchards, which used to be a preferential habitat in Europe, are
progressively disappearing (Herzog, 1998; Kizos et al., 2012). In parallel, agricultural intensification led to a
reduction of food available to wrynecks: on the one hand, it determined the reduction of ant abundance in
the agroecosystem (by e.g. intensive use of insecticides), whereas on the other hand, the increase of
ground vegetation cover caused by intensive use of fertilizers negatively affects accessibility to ants
(Mermod et al., 2009).
As for other species wintering in sub-Saharan Africa, climatic and land use changes in western Sahel, which
lead to desertification and habitat degradation, possibly impacted this specie causing a reduced overwinter
survival in dry open habitats (Sanderson et al., 2006; Zwarts et al., 2009). However, those causes could not
explain the decline of central European and Mediterranean populations, as recent evidence suggested that
wrynecks breeding in central Europe (and probably, as a consequence of leap-frog migration, also
Mediterranean populations) mainly winter in the Mediterranean basin (van Wijk et al., 2013).
Wryneck is generally regarded as a species that dwells well in farmland, but only in traditional and
extensive systems (Gorman, 2004); a recent study in Switzerland showed that it could persist also in
intensive permanent crops (orchards and vineyards), where a quite heterogeneous habitat matrix with bare
ground occur and ants and nest sites are available (Mermod et al., 2009). This Swiss study was conducted in
an area where hundreds of nest boxes were supplemented for conservation purposes (Arlettaz et al., 2010;
Zingg, Arlettaz & Schaub, 2010), but also elsewhere the species had been found to occur in good number in
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very intensive vineyards (Chapter IV of this thesis), although how it could find adequate nesting sites
remained unclear.
In this paper we studied the habitat selection at the territory scale and tried to obtain some preliminary
knowledge on the breeding ecology of the wryneck in response to landscape structure and management
practices in an area devoted to viticulture. In this area, the intensification of management practices and the
conversion of natural habitats into vineyards have largely created homogeneous monocultures, as
elsewhere in the Mediterranean basin (Martínez-Casasnovas, Ramos & Cots-Folch, 2010), determining
harsh impacts on biodiversity (Viers et al., 2013).
In particular we were interested in understanding how this second-cavity breeders could maintain a
population in this kind of simple and intensively exploited landscape, apparently deprived of suitable
nesting sites.
We have already proposed the wryneck as a non-traditional flagship species (sensu Entwistle, 2000) in this
kind of intensive vineyards to promote a greener agricultural paradigm (Chapter IV of this thesis);
notwithstanding, further knowledge on the ecology of this declining species is urgently needed.

Materials and methods
Study area
This study was performed, a mountainous area in the South-eastern Alps (Italy) characterized by valley
bottoms intensively exploited for permanent crop cultivation and partly urbanized, and mountainsides
covered by woodlands, interspersed with pastures, apple orchards and, in particular, vineyards (up to 750
m). For further details on the study area see Assandri et al. (2016).
We focused on 3 macro-areas (Piana Rotaliana, Cembra Valley and eastern side of Adige Valley) with
different environmental and topographic characteristics, which in turn deeply shape agricultural
management and practices at the local scale, creating a strong land use contrast, resulting in highly
intensive cultivation in most accessible and flat areas, and in a more extensive farming system elsewhere.
Piana Rotaliana is an alluvial plain (200-230 m a.s.l.) with land use dominated by intensive vineyards (for
further details see Chapter III of this thesis).
Also in Cembra valley the dominant land use is vineyard, which is cultivated at altitudes ranging between
370 and 900 m a.s.l. in the sunny South-exposed valley side. The high acclivity characterizing this area does
not allow widespread mechanization of agriculture, and viticulture was made possibly by a massive system
of terraces supported by dry-stonewalls (Agnoletti, 2013).
The third macro-area considered was the eastern side of Adige Valley from San Michele all’Adige to Trento,
a well-exposed hilly area largely exploited for vineyard cultivation which is expanding at the expense of
forest. Here viticulture intensification is intermediate between Piana Rotaliana and Valle di Cembra.
We selected eight plots for each of the three macro-areas (totally accounting for 400 ha; figure 1). The plots
were chosen on the basis of the following criteria: i) to be representative of the environmental
characteristics of each of the three main areas; ii) to be small enough in order to census three of them in a
morning; iii) to be easily censused (i.e. without any parts hidden when walking along a pre-defined route).
Field methods
We conducted territory mapping in each of the 24 plots during 4 visits in the breeding season 2015 (10.0417.04; 05.05-12.05; 29.05-05.06; 27.06-05.07).
In each visit, the same observer (G.A.) followed the same route inside the study area walking at a slow
pace, allowing him to thoroughly survey the whole plot.
We recorded all the contacts with every bird inside the plot as precisely as possible on updated aerial
photographs (scale 1:2500 m), starting from the first location. If the wryneck moved spontaneously (i.e.
non disturbed by the observer), we mapped also the subsequent location(s) until the individual persisted
on the same activity for at least 10 minutes (e.g. feeding, staying in a hole, singing from the same perch,
etc.). We accurately recorded individuals’ behaviours and interactions between individuals (e.g. aggressive
behaviour, courtship, cavity showing, etc.).
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Fig. 1. Localization of the study area in Italy. In the box is shown the vineyard cover in Trento Province and the position of the 24
plots in which wryneck territory mapping was performed (in black). The three macro-areas described in the study area section are
shown.

Three plots per day were censused from dawn to a maximum of six hours after it (5.30– 11.30 a.m. in
spring), when wryneck song activity is highest. We avoided bad weather conditions (e.g. strong wind, rain).
We changed the census order across plots from one visit to the following one, to ensure variability of the
time of the morning in which a plot was monitored.
Presence and pseudo-absence territory definition
In studies dealing with resource selection by birds, several methods for the definition of a territory after a
territory mapping session are available (Bibby, 2000). Often circular buffers (e.g. around the nest) are
assumed as representative of the territory defended by territorial species (e.g. Jedlikowski et al., 2016;
Martinez et al., 2010).
Here, we surveyed environmental variables inside 2.07 ha circular buffer (radius=81 m) defined by means
of a two steps procedure and representing a territory defended by a pair.
Firstly, we built the minimum convex polygon on the basis of the locations attributed to the same wryneck
pair using in particular simultaneous locations and interactions between different individuals. We discarded
the records potentially attributable to migrant individuals (e.g. birds feeding in unsuitable habitats during
the early part of the study season and no longer contacted in the same site).
We then calculated the centroid of each polygons and the mean surface of the polygons that were base on
more than 3 points (N=12), from which, approximating them to a circle, we obtained a radius of 47 m.
In the cases in which we found the nest, we considered it as the final center of the territory.
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Subsequently, we calculated the distance between the nearest neighbour centroids (in the same plot) and
divided it by two, obtaining a value of 115 m (N=36). We finally averaged the two values obtained by the
two-steps procedure assuming the result (81 m) as the final radius of a mean wryneck territory, and we
used it to buffer all the available centroids (N=44) obtaining ‘presence territories’.
In Switzerland, Coudrain et al. (2010) and Mermod et al. (2009) used an average radius of 111 m, based on
previous telemetry data on seven wrynecks (Weisshaupt et al., 2011), whereas in other studies on
territorial species at a wider scale, reference values obtained from literature were applied (Brambilla et al.,
2010; Martinez et al., 2010). Our method seemed to be a good trade off between accuracy and the
inclusion of a wider area.
We measured environmental variables in the 44 presence territories and in other 44 pseudo-absence sites,
defined starting from random points scattered within the 24 surveyed plots in sites where wryneck was not
recorded. Overlapping of presence territories was limited to 4.44%. We used QGIS 2.14.2 for all the spatial
analyses.
Environmental variables collection
Land-cover variables were measured based on an accurate photointerpretation of aerial photographs,
validated and updated by means of ad hoc field surveys. We defined nine habitat categories: woods, apple
orchards, urban areas, hedge and tree rows, paved roads, open areas, fallow land, vineyards and field
margins and calculated their percentage cover for each territory. Agricultural land-covers were measured at
the parcel scale (field with the same crop, spatial arrangement and management characteristics, see also
Coudrain et al. (2010)) and for each vineyard parcel we measured management variables related to
vineyard. In particular, we distinguished the two vineyard trellising systems occurring in the study area:
pergola and spalliera. Pergola consists of tall vines (up to 2.5 m considering the secondary branches,
growing in a dense leaf “roof”), supported by a robust structure of poles and beams. Beams could be metal
irrigation pipes of various diameters (generally 7 cm) or made of wood (figure 2). The first system is
widespread in modern and intensive vineyards, the latter in old and traditional vineyards.
Spalliera (espalier) is the globally widespread vineyard arrangement, in which low vines (generally lesser
than 2 m) are supported by wires held between poles. Pergola implies a greater distance among vines rows
(up to 5 m) than spalliera arrangement (generally less than 2 m). In pergola vineyards, some typologies of
mechanical activities (e.g. mechanical harvesting and pruning) are not possible, but apart from this, the two
types do not differ in terms of general management. Pergola is the traditional and predominant form in the
region, accounting for about 80% of the overall vineyard surface in Trentino (Chemolli et al., 2007). We
attributed each vineyard in the study area to one of these two systems and used the percentage cover of
spalliera as explanatory variable (due to the intrinsic collinearity with pergola).
In our study area, vineyard ground is extensively covered by a grass sward with the exception of the vine
base (a strip of about 1 m), where herbicides, plowing or mowing are usually applied. We distinguished
vineyards and apple orchards between weeded/ploughed or not (i.e. fully cover with grass) and used as
explanatory variable the percentage cover of weeded/ploughed vineyards and orchards.
For each territory we measured the average areas of vineyard parcels totally or partially overlapping with
the buffer.
Wryneck is a secondary-cavity breeder that needs holes for nesting. So we quantified the number of
available nesting sites for each territory, counting: the number of isolated trees with a diameter at breast
height >20 cm (see Coudrain et al. (2010); the number of nest-boxes (occasionally supplied by farmers in
their fields); the number of holes originated by pipe beam ends in pergola vineyards. We measured this
latter variable because there were anecdotal records of wrynecks using this vineyard support for nesting.
As pipes are typical of intensive and modern vineyards, we were interested in their effect in contrasting
landscapes, so we divided our 24 plots into two landscape typologies following Batary et al. (2011), i.e.
simple and complex landscapes. Landscapes with >20% of semi-natural areas (e.g. wood, hedgerows, tree
lines, fallow lands, meadows, field margins), typical of traditional agriculture were considered as complex,
whereas landscapes with <20% of these habitats were considered as simple.
Following the criteria proposed by Batáry et al. (2011), 10 plots over 24 were classified as simple landscape
(mean of semi-natural areas cover: 12.02 ± 5.80%), whereas 14 as complex (mean of semi-natural areas
cover: 29.91 ± 5.82 %), including all the plots on the eastern side of Adige Valley, except two. In the simple
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Fig. 2. Comparison of different beams found in pergola vineyards in Trentino. A. Metal beam mainly found in simple landscape
made from an irrigation pipe (diameter 7 cm). In the inset: detail of the hole originated from this kind of beams. B. Wooden beam
mainly found in complex landscape

landscapes, also viticulture is more intensive compared with complex landscapes, where agriculture is
conducted in a more traditional and extensive way.
We additionally measured mean elevation and mean direct solar radiation for each territory from a 1m resolution digital elevation model (DEM). Solar radiation was calculated on the 21th June using r.sun
function from GRASS 7.0.2 and taking into account the shadowing effect of the topography (Neteler et al.,
2012). For further details on explanatory variables see table 1.
Table 1. List of variables used in the analysis and their mean value in presence and pseudo-absence territories.
Variable name

Woods
Apple orchards
Urban areas
Hedge and tree rows

Paved roads
Open areas
Fallow land

Description

Land-cover/topographic variables
% cover of woodlands (large majority of broadleaved woodlands).
% cover of intensive apple orchards.
% cover of urban areas (including isolated houses).
% cover of hedge and tree rows, defined as linear clusters of shrubs
and/or trees, which were less than 15-m wide, isolated into the
farmed landscape or originating from woodlands remains but
clearly isolated from the main woodland area.
% cover of paved roads.
% cover of open areas (fields, meadows, extirpated wood crops).
% cover of fallow land (also including abandoned vineyards invaded
by shrubs).
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PRESENCE
TERRITORIES
(Mean ±
standard
deviation)

PSEUDOABSENCE
TERRITORIES
(Mean ±
standard
deviation)

2.75 ± 7.01%
5.02 ± 10.41%
1.58 ± 4.53%
1.41 ± 2.15%

5.14 ± 8.54%
3.40 ± 9.99%
2.68 ± 6.03%
2.25 ± 2.88%

2.01 ± 1.86%
2.11 ± 4.35%
1.43 ± 4.80%

2.84 ± 2.53%
1.52 ± 3.79%
1.25 ± 2.84%

Field margins
Altitude

% cover of field margins (also including unpaved roads and small
rural buildings).
Mean territory altitude

Solar radiation

Mean territory solar radiation on 21 June

Vineyards
Spalliera
Weeded/ploughed
fields
Mean area of
vineyard parcels
Isolated trees
Nestboxs
Pipes
Landscape typology

th

Management variables
% cover of vineyards
% cover of spalliera vineyards
% cover of permanent crop fields (vineyards and apple orchards)
with weeded/ploughed rows.
Mean area of vineyard patches overlapping with a territory.
Nest-site variables
Number of isolated trees (diameter at breast height >20 cm) per
territory.
Number of nestboxes per territory.
Number of holes originated by pergola pipe beam ends per
territory.
Categorical. Two levels: complex and simple.

9.58 ± 5.56%

12.03 ± 5.28%

317.98 ± 159.32
m
8741.52 ±
2
202.05 W/m

409.58 ± 148.72
m
8546.39 ±
2
320.82 W/m

73.60 ± 18.49%
7.12 ± 17.39%
63.42 ± 29.72%

68.10 ± 15.66%
22.47 ± 30.69%
50.68 ± 28.06%

4200.66 ±
2
2035.66 m

3295.66 ±
2
2865.17 m

0.25 ± 0.61

0.34 ± 0.61

0.11 ± 0.49
20.47 ± 13.88

0.16 ± 0.48
11.79 ± 10.90

-

-

Nest survey
During breeding season 2016 we searched for wryneck nests within the eight plots of Piana Rotaliana (all
classified as simple landscapes). We mapped again territories in the same way as in 2015, but more
intensively (seven visits for each plot between 22.03 and 13.05). We then circled each wryneck location
with a circle of radius 81 m (see “presence and pseudo-absence territory definition”) defining a buffer area
of “potential nest presence” and conducted two sessions of nest-searching, one for the first broad,
between 24.05 and 10.06; and one for the second between 09.07 and 27.07, as the wryneck is regarded by
Gorman (2004) as a double brooded species. We searched for nests in the entire vineyard parcel totally or
partially overlapping with the “potential nest presence area” using an “Explorer Premium” digital
endoscope which allowed us to survey all the pipe holes and the nest-boxes occurring in this area. We
overall surveyed an area of 272 ha and approximately 3,000 pipes and 18 nest-boxes occurring there. This
area is almost completely covered by vineyards (92.3% of the land cover, with the remaining part mainly
constituted by roads, field margins and apple orchards), thus we were virtually able to find all the nests
occurring in this area.
After finding a nest, we checked it at regular intervals to asses breeding success and obtain some
reproductive parameters.
To evaluate environmental condition occurring in pipes, we positioned four “Ibutton” data loggers at the
entrance of pipes next to perfectly similar pipes (e.g. same conditions of solar exposition, same colour and
material, same hole diameter) used as nest by wrynecks. The sensors measured temperature every minute
between the 10th May and the end of June, thus measuring during the wryneck first brood (nest site
selection and egg lying). We also compared the minimum and maximum pipe temperatures with the air
temperatures in the same period using data measured at a meteorological station found in the study area
(Maso delle Part, Mezzolombardo, TN).
Statistical analysis
We divided our explanatory variables in three groups that we considered separately when building models:
land-cover/topographic, management and nest-site predictors (see table 1). Such an approach was adopted
in similar studies when variables’ nature differed a lot and information embedded in different sets of
variable partially overlapped (see for example Coudrain et al., 2010).
We included the cover of vineyard in the management group (instead of land-cover) to correct for vineyard
cover in the territory when evaluating the effect of the vineyard management variables and to remove
collinearity among covariates in the land-cover group.
We carried out an accurate data exploration for each group of predictors in order to avoid common
statistical problems (e.g. collinearity), following Zuur et al. (2010).
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We standardized all the explanatory variables before entering them into the models to allow comparisons
of their relative effects (Schielzeth, 2010) and because recent literature has highlighted the importance of
this procedure to control for multicollinearity in model averaging in order to obtain reliable predictor
estimates (Cade, 2015).
To test the effect of the covariates on wryneck occurrence probability we used GLMMs with a binomial
error distribution and a logit-link function. We used mixed models due to the nested nature of our
experimental design and to account for potential non-independence of territories in the same plot.
Response variable was wryneck occurrence, explanatory variables were the ones defined above and
random (intercept) factor was the plot. In the nest-site model we included an interaction between pipes
and landscape typology. GLMMs were run with R package glmmADMB (Skaug et al., 2015).
We worked within an information-theoretic framework (Burnham & Anderson, 2002) using the dredge
function in the R package ‘MuMIn’ (Barton, 2015) to build all the possible models for each set of
explanatory variables separately.
We then ranked the models on the basis of their AICc and retained the most parsimonious models (i.e.
ΔAICc < 2). Subsequently, we averaged across most supported models within each group of predictors,
obtaining model-averaged coefficients, their relative standard errors and the relative variable importance
(Johnson & Omland, 2004) for each explanatory variables. In doing that we discarded the ‘uninformative
parameters’ (Arnold, 2010), i.e. variables included only in models comprising more parsimonious nested
models (Richards, 2008; Richards, Whittingham & Stephens, 2011).
Finally, we built a synthetic model with the variables retained in the previous individual-group models and
adopted the same AICc-based ranking and model-averaging procedure as before (Koleček et al., 2014;
Assandri et al., 2016). All the analyses were performed with R version 3.2.0 (R Core Team, 2016).

Results
The land-cover/topographic most parsimonious models only retained the topographic variables (i.e. solar
radiation and elevation), whereas all the land-cover categories were excluded as not comprised in a
ΔAICc=2 or being uninformative (see supplementary materials online, table S1-S2).
Considering management variables, spalliera vineyard cover and mean area of vineyard parcels were
retained, whereas weeded/ploughed field cover and vineyard cover were not (table S3-S4).
Similarly, considering nest-site predictors, only the interaction between pipes and landscape typology was
retained and isolated trees and nest boxes were discarded (table S5-S6).
Among the individual groups, the land-cover/topographic best model (AICc=114.6) had perfectly
comparable support compared with the nest-sites model (AICc=114.3), whereas the management one was
less supported (AICc=118.6). The synthetic model, combining variables from different groups, determined a
slight improvement of the model performance (AICc=113).
Despite a moderate collinearity among the retained predictors (higher gVIF=4.18), all of them were entered
in the final synthetic model. No odd effect imputable to collinearity was detected in the model output and
parameter estimates were biologically meaningful and comparable with individual group model outputs, so
we considered the statistical issue of possible collinearity of minor concern in that case.
We found support for nine synthetic models and all the variables resulted to be informative, with the
exception of mean area of vineyard parcels (table 2).
Overall, without considering landscape typology in interaction with other covariates, wryneck had a higher
probability of occurrence in simple landscapes than in complex ones (table 2, figure 3a-d).
Solar radiation had a positive effect on wryneck occurrence (figure 3a), whereas spalliera vineyard cover
(figure 3b) and elevation had a negative effect (figure 3c).
The negative effect of elevation was barely uninfluential, as suggested by the parameter estimated very
near to zero (table 2, figure 3b).
The interaction between pipes and landscape types was well supported (retained in the most parsimonious
model) and suggested a strong positive effect of pipes, but only in simple landscapes. Confidence intervals
were very wide, suggesting that the interaction is mainly driven by simple landscape; in addition, by
excluding two outliers in simple landscapes, we found an even stronger effect.
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Table 2. Most supported synthetic GLMM models on wryneck occurrence. 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 (wi), and -2 log-likelihood values (logLik) are also given. Negative (-) or
positive (+) relationships between predictors and wryneck occurrnce are shown. For variable acronyms, see Table 1. N=88.
Model
solar radiation (+) + pipes (-) *landscape typology
solar radiation (+) + pipes (+)
spalliera (-) + pipes (-)*landscape typology
solar radiation (+) + spalliera (-) + landscape typology
solar radiation (+) + landscape typology
solar radiation (+) + spalliera (-)
pipes (-) *landscape typology
elevation (-) + irradiation (+)
spalliera (-) + landscape typology

df
6
4
6
5
4
4
5
4
4

logLik
-49.996
-52.325
-50.118
-51.427
-52.713
-52.860
-51.786
-53.073
-53.254

AICc
113

ΔAICc
0.10
0.24
0.56
0.88
1.17
1.27
1.60
1.96

wi
0.16
0.15
0.14
0.12
0.10
0.09
0.09
0.07
0.06

Noteworthy, the second most supported model suggested that pipes, without including the interaction
with landscape typology, had an overall positive effect in the study area.
In 2016, the number of defended territories, defined with the same methodology as in 2015, was 17, each
covering a surface of 2.89 ha (r=96 m). For comparison, in 2015 on the same study area we found 25
territories. We found 11 nests during the first broad (plus a replacement brood), of which 6 in pipes (figure
S1) and 5 in nest boxes, and 2 during the second, both in nest boxes. Only 4 nests occurred inside one of
the 17 defended territories.
All the broods in pipes were abandoned, 4 after the deposition of the first egg, one with 3 eggs and one
with 6, due to possible predation by Apodemus sp. In nest boxes, 3 broods failed (due to abandonment or
predation), 3 were partially successful (at least 13 juveniles fledged over 37 eggs laid) and one containing 6
eggs was predated and subsequently the (same?) female laid further 4 eggs which hatched, bringing to the
fledging of the juveniles.
Mean temperature in pipes, as measured by data loggers, was 22.03° C, the overall mean of the minimum
temperature was 6.61° C and the overall mean of the maximum 43.11° C (N=4). Temperatures above 40°C
accounted for the 6.7% of the sample. For comparison, the air temperature in the same area and in the
same period registered a minimum of 3.4° C and a maximum of 33.4° C.

a)

b)
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c)

d)

Fig. 3. Graphical representation of the effect of solar radiation (a), elevation (b), spalliera vineyard cover (c) and pipes (d) on
wryneck probability of occurence in contrasting landscape (complex and simple) as predicted by the averaged sinthetic models.
Other predictors included in the models are kept constant at their mean value. Shaded grey polygons represent the 95% confidence
intervals of the mean. E: complex landscape; I: simple landscape. N=88.
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 of
wryneck occurrence. Covariates are ranked according to cumulative weights. The reference value for landscape typology and its
interaction is complex landscape, thus “pipes” coefficient refer to complex landscape and “pipes*landscape” is the correction for
simple ones. For variable acronyms see Table X1. N=88.
Variable
intercept (reference value for complex landscape)
solar radiation
landscape typology (simple)
pipes
spalliera
pipes*landscape (simple)
elevation

β
-0.691
0.458
0.871
-0.273
-0.219
0.683
-0.389

SE
0.737
0.394
0.859
0.769
0.329
1.031
0.544

∑wi
0.71
0.68
0.55
0.42
0.39
0.07

Discussion
In our vineyard-dominated study system, wrynecks did not seem strictly tied to particular habitat types, but
set territories in sunny areas in which pergola vineyards were more abundant than spalliera ones, with an
high availability of pipe holes (i.e. potential nesting sites) and in simple landscapes, namely landscapes in
which the cover of natural remnants is lower than 20% (sensu Batáry et al., 2011).
A previous study on the abundance of wryneck (partly conducted in the same study area, Chapter IV of this
thesis) showed that the species is positively affected by vineyard cover at a landscape scale, possibly
because vineyards recall the natural habitat to which wryneck is generally associated with: sunny open
forests in warm climates (Cramp, 1985; Gorman, 2004). The present results do not contradict that previous
study because at a finer spatial scale (i.e. territory) specific vineyard characteristics possibly have a greater
importance than land cover for wryneck, in particular, nesting site availability, that in this habitat do not
occur naturally. Accordingly, other studies performed in intensive farmland (orchards and vineyards)
showed that more than habitat typologies, wryneck territory setting and reproductive output was driven by
limiting factor such as food availability/detectability and, in particular, nesting site availability (Mermod et
al., 2009; Coudrain et al., 2010; Zingg et al., 2010; Weisshaupt et al., 2011).
The number of holes available in a territory (for wryneck, but also for other cavity-nester bird species) had
been previously reported to be correlated with territory quality, as birds could choice the more appropriate
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holes tuning their choice in response to changing environmental conditions or to predation pressure (Tomé,
Bloise & Korpimaki, 2004; Coudrain et al., 2010; Zingg et al., 2010).
In our study system, wrynecks likely perceived artificial pipe holes as valuable nesting sites and,
consequently, defended territories with a high availability of these. As a matter of fact, our extensive
research of nests in holes showed that effective breeding attempts recorded in pipes were very few (in
particular if compared with potential pipe nesting site availability and parallel high occupancy of nest
boxes) and all occurred during the first part of the breeding season (i.e. first brood). All the breeding
attempts occurring in pipes failed during the egg laying, thus suggesting that such a kind of nesting sites
was strongly unsuitable for reproduction. Possible causes of this widespread failure were the high
maximum temperatures reached within pipes, which were approximately 10°C higher than outside, and the
fact that the holes available in a metal pipe of 7 cm of diameter were probably too narrow to guarantee
adequate egg incubation. We acknowledge that our sample is low and thus this study must be regarded as
an exploratory one, however the low sample was due to the fact that pipe nesting is a rare behaviour.
A behaviour like the one here described, in which wrynecks defended a territory on the basis of the number
of pipe holes and then were forced to leave or to attempt to nest in unfavourable place (i.e. in pipes) could
be imputable to juvenile/inexperienced individuals, with more experienced individuals ultimately exploiting
the few favourable available nesting site (e.g. nest boxes). Overall it could also be driven by a generalized
scarcity of suitable nesting site.
We can not say where wrynecks go after failing reproduction in pipes; possibly, on the basis of their
previous negative experience, they do not try again reproduction in pipes. They could not reproduce at all
in the same year or try again in more suitable places performing for istance altitudinal movements, as
found for other species in the same study area or elsewhere by Brambilla and Pedrini (2011) and Brambilla
and Rubolini (2009).
In the analysis at the territory scale, the number of nest boxes was not selected among the informative
predictors, but in the nest survey they emerged as fundamental elements for the wryneck reproduction:
39% of them were in fact occupied -a rather high occupancy rate, particularly if considering that in several
cases they occurred clustered among each others and that some of them were damaged or very small.
Additionally, they harboured the only four pairs that fledged juveniles in the whole study area. We then
consider the lack of effect in the territory analysis a result of the very low density at which they occurred in
the study area (0.055 nest-boxes/ha in 2015; 0.066 nest-boxes/ha in 2016).
Comparably, we found no effect of the number of isolated tree at the territory scale. Isolated trees were
reported to favour wryneck territory occupancy (Coudrain et al., 2010) and, also in the study area, farmers
reported that big cavitated willow trees, keep to produce cords to tie the vines (now almost disappeared),
used to be occupied by wrynecks to breed. Also in this case, the low rate at which they occurred (0.145
trees/ha) could have led to underestimation of their importance by the model.
Pipe holes distribution likely also explain why the species in the study area had both higher probability of
occurrence in pergola than in spalliera vineyards (i.e. the latter do not have beams with holes) and in
simpler landscapes than in complex ones. In fact, complex landscapes are characterized by a more
traditional and less intensive viticulture and vineyards there tend to be supported by wood beams without
any (or few) holes; thus, the few wrynecks occurring there likely depended on other kinds of cavities to
breed.
In previous studies in similar agroecosystem, bare ground availability emerged as a crucial predictor of
wryneck occurrence at the foraging scale, with higher probability when more than 60% of bare ground
cover was available. This association with bare ground is due to the fact that it favours ant detectability. At
the territory scale, this relationship was less clear, with territory occupancy only marginally affected by
cover of bare ground (with an optimum at 20-30%) reported by Mermod et al. (2009), whereas a more
evident effect (with an optimum at 50%) was found by Coudrain et al. (2010). In our study area, vineyard
and apple orchard ground is almost completely covered with grass, with percentage of bare ground
generally far less than the optimum reported in those studies; in fact, no more than 10-15% of bare ground
occurred and only in fields in which some herbicides, plowing or mowing are applied. This considered, we
however expected to find proportionally more of those fields in the territories of wryneck presence, but
our models discarded weeded/ploughed field cover accordingly to previous result obtained at the foraging
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site scale, in which nor bare ground cover, grass height or row management seem to affect wryneck
occurrence (see Chapter IV of this thesis).
On the light of these results, we could not definitely rule out that bare ground is an uninfluential feature for
wryneck occurrence in our study area as other data (e.g. from radio telemetry) are needed. However our
result suggest a low importance of this management features, possibly because other primary drivers of
territory selection (e.g. nesting site availability) dim its importance, which might be however high in
explaining, for example, breeding success.
In conclusion, territory setting in wryneck is strongly dependent on a vineyard feature characterising simple
(and intensive) landscape, which plays the possible role of nesting site. As a matter of fact, this element is
barely unsuitable for reproduction and the species breeds successfully only in the few nest boxes that occur
scattered in the study area. Such a pattern raises serious concerns on the possible persistence of a vital
population of wryneck in the area.
Agricultural systems worldwide often represent ecological traps for wild species. These occur when
anthropogenically driven environmental changes lead animals to prefer a poor quality habitat to another
habitat that confers higher fitness outcome (Schlaepfer, Runge & Sherman, 2002).
In this preliminary study, we could not prove the true occurrence of an ecological trap in vineyards with
pipe beams, as ecological traps could be formally proved only when: i) an habitat is preferred, or equally
preferred, over another; ii) a reasonable surrogate measure of individual fitness differed among habitats,
with the preferred, or equally preferred, habitat determining a lower fitness than the fitness of the
individuals dwelling in other available habitats (Robertson & Hutto, 2006). We obtained only reproductive
parameters for simple vineyard landscapes with pipes, thus we cannot compare breeding success across
different landscapes; however, our results at least suggest the possibility of the existence of a mechanism
of this kind.
In our systems, experimentally demonstrating preference and determine fitness in the two contrasting
landscapes would have been extremely difficult.
In areas characterized by intensive agriculture which did not experience specific conservation measure (e.g.
nest boxes provisioning, Zingg et al., 2010), like the one here investigated, wrynecks persistence could be
strongly challenged. Our results suggest that particular structural features of the farmland, which provide
potential nesting sites (e.g. pipes) attracting individuals, but turn out to be unsuitable for reproduction,
could even aggravate the impact on population.
We think that the primary limiting factor for wryneck was nest-site availability, thus the prime conservation
measure for its conservation should be the provisioning of nest boxes.
Provisioning of nest box is a popular conservation measure to enhance secondary-cavity nesting birds when
natural cavities lack (e.g. due to removal of large trees in response to agricultural intensification)(Newton,
1994a, 1994b). However, this kind of conservation measure should be cautious, because if the general
environmental condition are not suitable for the species, the risk of providing nest boxes is to create an
ecological trap (Mänd et al., 2005; Klein et al., 2007). Hence, this conservation measure should be tested on
defined sample areas and subsequently an assessment of the reproductive outcome post supplementation
provided. Furthermore, next boxes should be provided in an adequate number, otherwise wrynecks could
choice a nest box not because it is in a favourable territory, but because it is the only available.
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Fig. S1. Wryneck’s eggs in metal pipes.

LAND-COVER/TOPOGRAPHIC MODEL
Table S1. Most supported land-cover/topographic GLMMs on wryneck occurrence. 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 (wi), and -2 log-likelihood values (logLik) are also given.
Negative (-) or positive (+) relationships between predictors and wryneck occurrnce are shown. For variable acronyms, see Table 1.
Model
elevation (-) + solar radiance (+)
solar radiance (+)

df
4
-

logLik
-53.073
-55.143

AICc
114.6

ΔAICc
1.94

wi
0.73
0.27

Table S2. 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 landcover/topographic most supported models. Covariates are ranked according to cumulative weights. For variable acronyms see
Table 1.
Variable
Intercept
elevation
solar radiance

β
-0.037
-0.348
0.77

SE
0.235
0.298
0.296

∑wi
1
0.73

MANAGEMENT MODEL
Table S3. Most supported management GLMMs on wryneck occurrence. 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 (wi), and -2 log-likelihood values (logLik) are also given. Negative (-) or
positive (+) relationships between predictors and wryneck occurrence are shown. For variable acronyms, see Table 1.
Model
spalliera (-) + mean area of vineyard parcels (+)
spalliera (-)

df
4
3

logLik
-55.062
-56.545

AICc
118.6
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ΔAICc
0.77

wi
0.6
0.4

Table S4. 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 management most
supported models. Covariates are ranked according to cumulative weights. For variable acronyms see Table 1.
Variable
intercept
spalliera
mean area of vineyard parcels

β
-0.065
-0.778
0.238

SE
0.241
0.319
0.263

∑wi
1
0.6

NEST-SITE MODEL
Table S5. Only supported nest-site GLMM models on wryneck occurrence. Only models within an interval of ΔAICc < 2 are shown.
The Akaike's weight (wi), and -2 log-likelihood value (logLik) are also given. Negative (-) or positive (+) relationships between
predictors and wryneck occurrence are shown. For variable acronyms, see Table 1.
Model
pipes (-) * landscape typology

df
5

logLik
-51.786

AICc
114.3

ΔAICc
-

wi
1

Table S6. Standardized parameter and relative variable importance (measured considering the sum of the Akaike weights over all
models in which that variable appears) of predictors from nest-site only supported model. The reference value for landscape
typology and its interaction is complex landscape, thus “pipes” coefficient refer to complex landscape and “pipes*landscape” is the
correction for simple ones. For variable acronyms see Table 1.
Variable
intercept
pipes
landscape typology (simple)
pipes*landscape (simple)

β
-1.400
-0.828
1.646
1.780

SE
0.683
0.747
0.749
0.907
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Abstract Intensive orchards are artiﬁcial habitats managed according to production criteria, but they may
mimic open woodlands and harbour wild species. We
investigated the eﬀect of orchard features on the true
abundance (estimated with occupancy models) of some
bird species widespread in orchards. Our study was
carried out in Val di Non (Trento province, Italy) where
apple cultivation is the most widespread and intensive.
We counted blackcaps Sylvia atricapilla, chaﬃnches
Fringilla coelebs, and greenﬁnches Carduelis chloris three
times at 44 transects 300-m long. At each transect, we
estimated the number of territories/pairs and recorded
variables describing the cover of the habitats and management factors. Blackcap abundance was positively
aﬀected by the cover of shrubland and broadleaved
woodland and by a low cover of coniferous forests.
Chaﬃnch abundance was driven by a negative impact of
anti-hail nets and secondarily by bare ground and urbanized areas, with chaﬃnches more abundant in areas
with grassland ground cover and 5–10 % cover of urban
habitats. Greenﬁnch abundance increased with wetland
cover, cover of other natural/semi-natural habitats and
tree height and decreased with grassland cover. Both the
availability of natural and semi-natural vegetation and
the orchard traits determined by management can signiﬁcantly aﬀect the abundance of common species. The
conservation of the remaining patches of woodland,
shrubland, wetland (and other natural/semi-natural
habitats) is essential for bird conservation. The already
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reported negative impact of anti-hail nets and the importance of the height of apple trees are conﬁrmed; irrigation systems and bare ground may also be important
factors.
Keywords Agricultural intensiﬁcation Æ Common
birds Æ Management Æ Natural habitats

Introduction
Knowing factors aﬀecting species abundance is essential
for studying species ecology and also has a basic importance for the correct implementation of conservation
measures. This could be particularly compelling when
human-driven habitat changes aﬀect species abundance.
A particularly concerning case of wild species being
severely impacted by human activities and human-induced changes in the environment is represented by
animal species inhabiting farmed landscapes (Balmford
et al. 2012). In the course of a millenary history of land
domestication by humans throughout large parts of
Europe, many wild species have adapted to live in
agricultural landscapes created and maintained by humans (Tucker and Evans 1997). The recent dramatic and
rapid changes in farming practices, mostly due to agricultural intensiﬁcation occurring in the last decades, has
led to a collapse of many species, especially a huge
number of breeding birds (Donald et al. 2001). This is
the reason why so many studies have been carried out to
understand factors aﬀecting bird species ecology in
farmed landscapes and why such studies are particularly
valuable in order to counteract the dramatic decline
shown by tens of species.
Here, we investigate the environmental factors affecting the abundance of birds breeding in intensive
apple orchards. Traditional orchards are considered one
of the high natural value farming systems in Europe
(Cooper et al. 2007), because they host a rich biodiversity thanks to a combination of grassland in the understory and broadleaved woodland in the overstory
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(Herzog 1998; Horak et al. 2013; Myczko et al. 2013). In
large parts of Europe, agricultural intensiﬁcation has
turned orchards into strongly artiﬁcial habitats frequently shaped and managed entirely according to
production criteria (Simon et al. 2010). However, intensive orchards can also mimic open woodlands and
can be occupied by species originally inhabiting forest
habitats, thus acting as refuges in simpliﬁed agroecosystems (e.g. Wia˛cek and Polak 2008; Bouvier et al.
2011; MacLeod et al. 2012; Brambilla et al. 2013a, b;
Myczko et al. 2013) for species of conservation concern
(Mermod et al. 2009; Schaub et al. 2010). Moreover, the
residual ‘natural’ elements interspersed within orchards
may be more or less important for supporting wildlife in
this artiﬁcial habitat, as diﬀerent eﬀects can be expected
for habitat patches providing diﬀerent types of resources
for breeding species (e.g. food, cover, nesting sites)
(Genghini et al. 2006; Wiacek and Polak 2008; Bailey
et al. 2010; Watson et al. 2011; Marini et al. 2012).
With this study, we try to estimate the eﬀect of orchard features on the true abundance of some bird
species found widespread in orchards to obtain reliable
information for developing management recommendations targeted at increasing habitat suitability for bird
species. Obtaining reliable estimates of abundance and
density is required for wildlife monitoring and to design
management options maximising the abundance of target species (Fiske and Chandler 2011).

Methods

sloping mountainsides at middle elevation without rocky
outcrops or deep river valleys) being covered by apple
orchards and having scattered woodlots and other
habitats mostly located on steeper slopes. Apple orchards mainly consist of multiple rows of apple trees,
but there are still some scattered areas with an older
traditional type of tree plantation characterised by a
sparser distribution with taller trees not so rigorously
aligned along well-deﬁned rows. Although the orchards’
ground is generally covered with grass, the soil at tree
bases is commonly treated with herbicides, and during
late spring and summer, many orchards are protected
with overhead nets, to avoid damage caused by hail.
Nets are spread throughout all the area with a ﬁxed
maximum amount (as proportion of orchards covered)
and a slightly higher cover in the upper valley. The
dominant pest management system is integrated agriculture following speciﬁc protocols (Anonymous 2013).
Apart from anti-hail nets, which are mostly spread in
late May–June, the structure and availability of the main
habitats undergo no or little change during the course of
the breeding season, although bare soil decreases (from
an average cover of 29 % of orchard ground in April to
18 % in June), whereas the use of herbicides increases
with the course of the season (from 75 % of rows in
April to 88 % in June).
Orchards in Val di Non occur between c. 200 m and
1200 m a.s.l. Study transects were regularly scattered
within the belt with the highest share of orchards at an
elevation comprised between 300 and 960 m a.s.l.
Nets are spread from May (in the study year, net
spreading began in the second half of May) to October.

Study area
Our study was carried out in Trento province, northern
Italy, in the Val di Non valley (Fig. 1). Val di Non is the
Italian area where apple cultivation is most widespread
with nearly all the suitable portions of the valley (gently

Fig. 1 Location of the study area (shaded area) within the Trento
province; the insect shows the location of the Trento province in
Italy

Bird data and habitat variables
Birds were counted at 44 transects, each one 300-m long.
Transects were regularly scattered over the study area,
with a minimum distance of 300 m between each other.
Here, we used data collected during three visits to each
transect: the ﬁrst was carried out between 17 and 30
April, the second between 21 May and 3 June, and the
last between 18 and 26 June 2011. Transects were censused early in the morning (6.00–11.00 a.m.) in clear
weather and without wind by the same observer (G.M.)
who walked at a slow pace while noting on detailed
aerial photographs (scale 1:3000) all contacts with the
target species within a 100-m buﬀer and specifying the
type of contact obtained (singing males, nest construction, incubation, courtship, food carrying, alarm calls,
etc.). After each census, the number of occupied territories/pairs per transect was estimated on the basis of
simultaneous contacts with singing males, pairs, etc. By
carrying out all counts within a limited time-span in each
period, singing activity and detection rate in each period
should be the same across all the transects.
At each transect, we also recorded habitat variables
that describe the cover of semi-natural and human
modiﬁed habitats, as well as, management factors/ef-
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Table 1 Variables considered as factors potentially aﬀecting breeding density (abundance) and detectability of the three model species in
apple orchards
Acronym
Abundance
% Anti-hail nets
% Droplet
Tree height
Bare ground
Mixed and conif. wood
Broadleaved woodland
Shrubland
Wetland
Grassland
Other habitats
Urbanized
Detectability
Month
Paved road
Dirty road

Description
Percentage of area covered by spread nets in June
Percentage of orchard rows irrigated by droplet systems
Average height of apple trees (cm)
Percentage of orchards with bare ground (average over the three periods)
Percentage of area covered by coniferous or mixed woodlands
Percentage of area covered by broadleaved woodlands
Percentage of area covered by shrubland
Percentage of area covered by wetlands and waterbodies
Percentage of area covered by grassland
Percentage of area covered by other natural or semi-natural habitats
Percentage of area covered by urbanized land
Census month (factor: April, May, June)
Length (m) of paved roads
Length (m) of unpaved roads

fects (Table 1). Variables were recorded directly in the
ﬁeld with the help of print-outs of aerial photographs for
land-cover. Here, we used the following management
variables for the analyses: cover of bare ground (averaged across the three counts), height of apple trees,
percentage of orchard rows irrigated by droplet, and the
percentage cover (measured in June) of anti-hail nets.
The following land-cover variables were included as the
percentage of cover within the transect buﬀer: grassland,
shrubland, mixed and coniferous forests, broadleaved
forests, wetlands, other habitats (see also Brambilla et al.
2013a).
Model species
We focused on three species showing a similar number
of territories during the three censuses, thus excluding
the species that arrive late in the season and those that
show a substantial increase in number from April to
June, indicating a diﬀerential time of territory settlement
(such as song thrush, Turdus philomelos; Brambilla et al.
2013a). We selected the following species (number of
detected occupied territories in April, May, and June,
respectively): blackcap Sylvia atricapilla (31, 28, 34),
chaﬃnch Fringilla coelebs (188, 187, 176), greenﬁnch
Carduelis chloris (59, 52, 53). For all model species, the
end of March–April should correspond with the time of
territory settlement and the start of their ﬁrst brood,
April–May to the period of ﬁrst brood raising, and June
to the time for the second brood initiation.
Analyses
Our aims were (1) to estimate the species’ latent abundance, and (2) to estimate the habitat factors aﬀecting it.
Given that we used data from a single season, we assumed the population is closed.

As factors potentially aﬀecting the observation process and hence the detection probability, we considered
the following ones: the month the census was carried out
(a decline in detectability can be expected with season
progression), the length of paved road, and the length of
unpaved road. Road length could be relevant, since increases in length is expected to be associated with greater
human disturbance in the site. Paved roads are associated
with disturbance by traﬃc, and unpaved roads by the
passage of agricultural machines for work in the ﬁelds.
Conversely, road occurrence may somewhat promote
species visibility by breaking tree rows and providing
wider views of orchards. Therefore, road length could
have diﬀerent eﬀects on detectability for the three species
according to their diﬀerent life history traits.
A conventional approach using binomial mixture
models (Royle 2004) to estimate bird abundance led to
extremely high and unrealistic estimates, likely due to
the occurrence of non-linear relationships between species abundance and habitat factors. Therefore, we were
forced to separately estimate species abundance (on the
basis of month and road lengths as described above) and
to model the eﬀect of habitat factors on species abundance using non-linear methods.
To estimate true abundance, we built models with the
estimated number of territories (see above) as the dependent variable for each species using the R package
‘unmarked’ (Fiske and Chandler 2011). Then using the
package ‘MuMIn’ (Bartoń 2014), we calculated the AICc
value of all possible models for detection for each species, and ranked them according to this value. For
blackcaps and greenﬁnches, the most supported models
(DAICc < 2) included a most parsimonious model and
another including the former and ‘uninformative parameters’ (cf. Arnold 2010), i.e. variables only included
in models that comprised more parsimonious and simpler models as nested ones (Ficetola et al. 2011).
Therefore we selected the most parsimonious model (cf.
Richards 2008) for each species. For chaﬃnches, two

123

600

models (paved road and month, only paved road) had
roughly the same support; we selected the one also including month, which gave much more meaningful estimates of species abundance.
Then, we calculated the latent abundance for each
species at each transect using the command ‘ranef’ in the
‘unmarked’ package; this method gives an estimate posterior distribution of the latent abundance using empirical
Bayesian methods (Royle and Dorazio 2008). We calculated both average and modal abundance at each transect;
the two were highly correlated (for all species, r ‡ 0.98).
Finally, we estimated factors aﬀecting the true species
abundance by means of multivariate adaptive regression
splines (MARS; Friedman 1991; Hastie et al. 2009), a
ﬂexible machine learning technique able to model nonlinear relationships (Elith and Leathwick 2007) which is
now increasingly used in ecology (Leathwick et al. 2005;
Mac Nally et al. 2008; Heinanen and von Numers 2009;
Brambilla and Gobbi 2014). This regression method ﬁts
non-linear functions by ﬁtting linear segments to the data,
breaking predictors at knots, varying the slope of segments
between knots, and connecting adjacent segments at knots.
Prior to multivariate analyses, variable correlations
were checked. Although variable autocorrelation has
been reported to be less problematic for machine-learning
than for statistical methods, it may still aﬀect models
(Merow et al. 2013) and in particular the interpretation of
the eﬀects of habitat factors on species’ response. In our
dataset, there was no pair of variables highly intercorrelated (|r| < 0.63 for all possible pairs of variables). The
earth package version 3.2-1 (http://cran.r-project.org/
web/packages/earth/index.html) in R 3.0.1 (R Development Core Team 2013) was used. The earth package allows MARS analyses for diﬀerent types of distribution,
including Poisson distributions, which was used for our
models with modal abundance as dependent variables
(Milborrow 2011a). The following settings, commonly
adopted as default values, were used for model selection:
threshold = 0.001, penalty = 2, degree of interactions = 1 (no interaction allowed among variables).
Variable importance was evaluated on the basis of the
evimp command (Milborrow 2011a; Brambilla et al.
2013b; Jedlikowski et al. 2014) which estimates importance according to three criteria, i.e. the number of model
subsets generated by the pruning pass (variables included
in more subsets are considered more important), the decrease in the residual sum-of-squares (RSS) rescaled to a
percentage scale (largest one equal to 100), and the generalised cross validation (GCV) of the model, similarly
rescaled to a percentage scale (largest one equal to 100)
(Milborrow 2011a). The plotmo package version 1.3-1
(http://cran.r-project.org/web/packages/plotmo/index.
html) was used to plot the ﬁtted functions (Milborrow
2011b).
We built two diﬀerent ‘families’ of models: the ﬁrst
one estimates the eﬀects of habitat factors on average
latent abundance (Gaussian models), whereas the second one takes the mode value of the latent abundance at
a given transect as the dependent variable (Poisson

models). For chaﬃnches and blackcaps, the two models
were qualitatively identical (same variables and relationships); conversely for greenﬁnches, the model considering average abundance was not supported by the
evimp results: the variable most important according to
the latter (i.e. height of apple trees) was not included in
the model, whereas when using modal abundance, tree
height was included with the other three variables that
were also selected by the Gaussian model. Therefore, we
selected the model with modal abundance and reported
the outcomes of the latter for all the species.

Results
Observed and estimated abundance
For all the species, the estimated latent abundance was
twice (or slightly more) the maximum count of territories
per transect, and results suggested that the ﬁeldwork underestimated abundance by 50–56 %. The numbers of
territories (sum of maximum count and sum of modal
estimate per transect, respectively) were the following:
blackcap 51 vs. 109 (47 % of territories detected during
surveys), chaﬃnch 256 vs. 578 (44 % of territories detected during surveys), greenﬁnch 94 vs. 188 (50 % of
territories detected during surveys). Detected and estimated counts were highly correlated (P < 0.01 in all
species) in blackcaps (considering the correlation between
observed abundance and average and modal number of
territories per transect, respectively: 0.90, 0.89),
chaﬃnches (0.88, 0.88) and greenﬁnches (0.92, 0.93).
Factors aﬀecting detection included both a time eﬀect
(for chaﬃnches, a progressive decrease in detectability
had been found) and road eﬀects (positive for blackcaps
and chaﬃnches, negative for greenﬁnches) (Table 2).
Factors aﬀecting breeding density
The breeding density of the three species was aﬀected by
factors related both to orchard management and to the
availability of residual natural and semi-natural habitat.
Given that the estimated abundance of each species
varied according to habitat variables diﬀering from
those aﬀecting the other species, the density variations
follow patterns that are truly species-speciﬁc (Fig. 2).
Blackcap abundance was positively aﬀected by the
cover of shrubland and broadleaved woodland and by
the low cover of coniferous forests (the eﬀect of this type
of forest ceased soon, at 5 % cover). Moreover, the
blackcap abundance was very slightly but negatively
aﬀected by the percentage of rows irrigated by droplet
systems (Fig. 2).
Chaﬃnch abundance was primarily driven by the
percentage of orchard covered by anti-hail nets, which
strongly and negatively aﬀected the estimated number of
territories. Secondarily, bare ground and urbanized areas also aﬀected the number of territories with
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chaﬃnches being more abundant in areas with full
herbaceous ground cover and with 5–10 % cover of
urban habitats (Fig. 2).
Greenﬁnch abundance was favoured by the cover of
wetlands and other natural or semi-natural habitats, as
well as, by tree height; whereas it was negatively aﬀected
by grassland cover (Fig. 2).
Model residuals approached a normal distribution
for all the three species.
Table 2 Summary of the selected detection models for the three
species (see text for explanation)
Variable
Blackcap Sylvia atricapilla
Intercept
Paved road
Dirty road
Chaﬃnch Fringilla coelebs
Intercept
Month: May
Month: June
Paved road
Greenﬁnch Carduelis chloris
Intercept
Paved road
Dirty road

Coeﬃcient
0.84 ± 0.67
1.46 · 10 3 ± 8.93 · 10
1.90 · 10 3 ± 6.83 · 10 4
1.39 ± 0.37
0.03 ± 0.12
0.14 ± 0.13
9.15 · 10 4 ± 3 · 10

4

4

0.17 ± 0.56
5.22 · 10 4 ± 5.75 · 10
2.22 · 10 3 ± 8.24 · 10

4
4

Fig. 2 Graphical summary of the MARS models for breeding
density of blackcaps, chaﬃnches, and greenﬁnches. Breeding
density values (on the y-axis) are the modal value of latent
abundance at transects (see text for details). a % Droplet; b %
cover of shrubland; c % cover of mixed and coniferous woodlands;

Discussion
Our study suggests that both the availability of natural
and semi-natural vegetation, and the speciﬁc traits of
orchards determined by management can signiﬁcantly
aﬀect the abundance of common species, and are potentially important for the structure of this assemblage
and ecosystem (cf. Gaston and Fuller 2008). These
species are not conservation priorities, given their current favourable status at the EU level (but greenﬁnches
are declining in Italy, Rete Rurale Nazionale and LIPU
2014), but although they are common now, they may not
be in the near future (cf. Barrett et al. 1994); moreover,
common species may be considered early warning indicators for the loss of function in ecosystems (Gregory
et al. 2005; O’Brien et al. 2011). Common species are
also likely to be important for the structure, biomass,
and function of ecosystems and ecosystem services
(Gaston and Fuller 2008; Elliott et al. 2010) within orchards (e.g. insect control by predation to feed chicks
during the breeding period, seed dispersal by adults,
recreational value in the countryside enhanced by rich
‘wildlife’, etc.), and thus their ecological needs should be
considered when planning management and agri-environmental schemes for orchards. Insectivorous birds in

d % cover of broadleaved woodlands; e % cover of bare ground;
f % of anti-hail nets; g % cover of urbanized areas; h average
height of apple trees (in cm); i % cover of other habitats; j % cover
of grasslands; k % cover of wetlands
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Table 3 Summary of selected MARS models for the three species
Variable
Blackcap (R2 = 0.63)
Intercept
Shrubland (>3 %)
Mixed and conif. wood (<4 %)
Broadleaved woodland
% Droplet (<40 %)
Chaﬃnch (R2 = 0.38)
Intercept
% Anti-hail nets (>8 %)
Bare ground (<21.7 %)
Urbanized (>5 %)
Greenﬁnch (R2 = 0.40)
Intercept
Tree height (<310 cm)
Other
Wetland
Grassland

Coeﬃcient

No. of subsets

GCV

RSS

1.00
0.05
0.17
0.06
0.01

4
3
2
1

100.0
57.4
44.1
31.7

100.0
65.6
50.5
34.9

2.54
0.01
0.03
0.04

3
2
1

100.0
49.8
29.3

100.0
68.5
46.0

1.40
0.01
0.06
0.03
0.02

3
2
2
2

100.0
70.5
70.5
70.5

100.0
75.6
75.6
75.6

For complex hinge functions, the eﬀect for the speciﬁed range of values is reported; see Fig. 2 for a detailed description of the specieshabitat relationships. See text for details
No. of subsets number of model subsets generated by the pruning pass which includes a given variable, RSS decrease in the residual sumof-squares, R2 model’s R square

particular are considered valuable tools in integrated
biological pest control (Mols and Visser 2002; Jones
et al. 2005; Mols et al. 2005). All these aspects are becoming even more relevant, because nowadays there is a
societal demand for environmentally friendly systems
and healthy fruits; this poses a challenge to farmers,
public administrators, and conservationists, and frequently the potential solutions involve the preservation
and promotion of biodiversity within agricultural landscapes (Simon et al. 2010).
The preservation of diﬀerent and varied habitats
(resulting in heterogeneity) is of pivotal importance for
biodiversity conservation in agroecosystems (Benton
et al. 2003; Vickery and Arlettaz 2012). Our results
conﬁrmed the importance of patches of woodland
(especially broadleaved ones), shrubland, wetland (and
other natural or semi-natural habitats within the orchard-dominated matrix), and the conservation of such
habitat remnants should be encouraged to promote bird
abundance within orchards. Species-speciﬁc or more
general favourable reference values for the availability of
those habitats could be deﬁned (cf. Brambilla et al.
2014a) to have clear ﬁgures for recommendations and
agri-environmental schemes. Those habitat remnants
may promote bird abundance within orchards and increase connectivity for many species, both in the
breeding (Wiacek and Polak 2008; Bailey et al. 2010)
and the wintering season (Myczko et al. 2013). The
natural and semi-natural habitats oﬀer suitable cover
used for nesting and as a refuge by many species that
cannot ﬁnd adequate cover in the open and sparse
vegetation of orchards. For the set of species we investigated, grassland had no positive eﬀect, because our
model species are mostly tied to trees and high shrubs;
however, for other species occurring in the area (such as

buzzards Buteo buteo, hoopoes Upupa epops, wrynecks
Jynx torquilla, redstarts Phoenicurus phoenicurus and P.
ochruros, red-backed shrikes Lanius collurio) the conservation (and management) of grassland patches within
the orchard matrix might be crucial for oﬀering adequate feeding habitats (e.g. Brambilla et al. 2009;
Weisshaupt et al. 2011); moreover, grassland patches are
frequently used by spring migrants (e.g. wagtails
Motacilla spp., wheatears Oenanthe oenanthe, winchats
Saxicola rubetra) as is found in apple orchards in the
neighbouring Lombardy region (Brambilla et al. 2014b).
Bare ground deserves particular attention. Although it
had a slightly negative impact on chaﬃnch abundance
(see ‘‘Results’’), a certain amount of bare ground or of
very sparse vegetation is required by many insectivorous
species thriving in orchards, including hoopoes (Tagmann-Ioset et al. 2012), wrynecks (Weisshaupt et al.
2011), and common redstarts (Schaub et al. 2010), and
thus it could be worth maintaining bare patches in apple
orchards.
Regarding orchard management, our results conﬁrmed the negative impact of anti-hail nets (for
chaﬃnches) and secondarily, of bare ground (for
chaﬃnches), as well as a positive eﬀect of the height of
apple trees (for greenﬁnches). A negative eﬀect of the
droplet irrigation system was found for blackcaps, although the eﬀect was extremely weak (Fig. 2), and the
statistics used to evaluate variable importance in the
model suggest a minor eﬀect (Table 3). Similar patterns
with an important eﬀect of anti-hail nets and the height
of apple trees have already been reported for song
thrushes breeding in the orchards of the Trento province
(Brambilla et al. 2013a) and for the entire assemblage of
breeding birds in the same habitat (Brambilla and Pedrini 2012). Therefore, the use of anti-hail nets and the
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height of apple trees are likely to be key factors for the
correct implementation of agri-environmental schemes
and of wildlife-friendly management practices.
In short, bird conservation in intensively managed
apple orchards should be based on both the preservation
of the relict patches of other habitats (and in particular
of broadleaved woodland, shrubland and wetland) and
on dedicated management options; the latter should
especially consider tree height and the use of anti-hail
nets (this study), and also bare ground (Schaub et al.
2010), irrigation systems, and the use of herbicides
(Brambilla et al. 2013a). Future research should aim to
evaluate further aspects potentially relevant for bird
conservation in orchards and in particular the eﬀect of
diﬀerent pesticides (e.g. Chiron et al. 2014), the availability of nesting and feeding habitat and their potential
limiting eﬀects (e.g. Arlettaz et al. 2010), and the factors
aﬀecting breeding success (including the potential impact of anti-hail nets).
Our study also shows that an average observer
counting birds along transects may detect around half of
the territories actually occupied by common passerines
breeding in orchards. Detectability decreases with season progression in chaﬃnches, and is aﬀected by roads
with diﬀerent patterns found in diﬀerent species. In
some cases, road occurrence likely enabled the observer
to detect a higher number of birds (chaﬃnch), whereas
increased disturbance due to roads likely decreases the
detection rate of the shier species (greenﬁnch); a mixed
eﬀect was found for blackcaps, for which detection is
lowered by the presence of more frequently travelled
paved roads and increased by dirty roads which are
likely to increase visibility while not creating an impacting disturbance for that species. As a consequence,
when ‘‘true’’ bird abundance data is needed, more than
one single session of a census is highly recommended for
orchard birds (cf. Royle 2004).
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Myczko L, Rosin ZM, Skòrka P, Wylegała P, Tobolka M, Fliszkiewicz M, Mizera T, Tryjanowski P (2013) Eﬀects of management intensity and orchard features on bird communities in
winter. Ecol Res 28:503–512

O’Brien JM, Thorne JH, Rosenzweig ML, Shapiro AM (2011)
Once-yearly sampling for the detection of trends in biodiversity:
the case of Willow Slough, California. Biol Conserv
144:2012–2019
R Development Core Team (2013) R: a language and environment
for statistical computing. R Foundation for Statistical Computing, Vienna
Rete Rurale Nazionale and LIPU (2014) Uccelli comuni in Italia.
Aggiornamento degli andamenti di popolazione e del Farmland
Bird Index per la Rete Rurale Nazionale dal 2000 al 2013.
http://www.reterurale.it/farmlandbirdindex. Accessed 4 Nov
2014
Richards SA (2008) Dealing with overdispersed count data in applied ecology. J Appl Ecol 45:218–227
Royle JA (2004) N-mixture models for estimating population size
from spatially replicated counts. Biometrics 60:108–115
Royle JA, Dorazio RM (2008) Hierarchical modeling and inference
in ecology. Academic Press, New york
Schaub M, Martinez N, Tagmann-Ioset A, Weisshaupt N, Maurer
ML, Reichlin TS, Abadi F, Zbinden N, Jenni L, Arlettaz R
(2010) Patches of bare ground as a staple commodity for declining ground-foraging insectivorous farmland birds. PLoS
One 5:e13115
Simon S, Bouvier JC, Debras JF, Sauphanor B (2010) Biodiversity
and pest management in orchard systems. A review. Agron
Sustain Dev 30:139–152
Tagmann-Ioset A, Schaub M, Reichlin TS, Weisshaupt N, Arlettaz
R (2012) Bare ground as a crucial habitat feature for a rare
terrestrially foraging farmland bird of Central Europe. Acta
Oecol 39:25–32
Tucker GM, Evans MI (1997) Habitats for birds in Europe: a
conservation strategy for the wider environment. Birdlife International, Cambridge
Vickery J, Arlettaz R (2012) The importance of habitat heterogeneity at multiple scales for birds in European agricultural
landscapes. In: Fuller RJ (ed) Birds and habitat. Relationships
in changing landscapes. Cambridge University Press, Cambridge
Watson JC, Wolf AT, Ascher JS (2011) Forested landscapes promote richness and abundance of native bees (Hymenoptera:
Apoidea: Anthophila) in Wisconsin apple orchards. Environ
Entomol 40:621–632
Weisshaupt N, Arlettaz R, Reichlin TS, Tagmann-Ioset A, Schaub
M (2011) Habitat selection by foraging Wrynecks Jynx torquilla
during the breeding season: identifying the optimal habitat
proﬁle. Bird Study 58:111–119
Wia˛cek J, Polak M (2008) Bird community breeding in apple orchards of Central Poland in relation to some habitat and
management features. Pol J Environ Stud 17:951–956

128

Chapter VII

The value of abandoned olive groves for Blackcaps (Sylvia atricapilla) in
a Mediterranean agroecosystem: a year-round telemetry study
GIACOMO ASSANDRI, MICHELANGELO MORGANTI, GIUSEPPE BOGLIANI, FRANCISCO PULIDO

Under revision in:
European Journal of Wildlife Research

129

The value of abandoned olive groves for Blackcaps (Sylvia atricapilla) in a Mediterranean
agroecosystem: a year-round telemetry study
Giacomo Assandria, b,*, 1, Michelangelo Morgantic,1, Giuseppe Bogliania, Francisco Pulidoc
a: Department of Earth and Environmental Sciences, University of Pavia, Via Ferrata 9, 27100 Pavia, Italy.
b: MUSE. Sezione Zoologia dei Vertebrati, Corso della Scienza e del Lavoro 3, I-38123, Trento, Italy.
c: Departamento de Zoología, Universidad Complutense de Madrid, Calle J.A.Nováis 12, 28040 Madrid, Spain.
*Corresponding author
1
These authors contributed equally to this work.

Abstract - The European Common Agricultural Policy has promoted the intensification of productive olive
orchards and the abandonment of the unproductive ones. This strategy has resulted in a significant loss of
biodiversity and ecosystem functionality of this type of agroecosystem.
Here, we studied the blackcap Sylvia atricapilla, a common frugivorous bird species, in an olive-dominated
agroecosystem of southern Spain to assess the effects of the abandonment of olive groves and
undergrowth structure on habitat selection in this species.
By means of radiotelemetry, we determined habitat selection of blackcaps during both the breeding (N=30)
and the non-breeding (N=27) seasons of 2011 and 2012.
We found that outside the breeding season olive groves were widely used by blackcaps, which invariably
preferred abandoned olive groves over intensively managed ones. Additionally, deciduous woods and
poplar plantation were positively selected, whereas open habitats and Pinus forests were avoided.
Generally, woody habitats without undergrowth or with herbaceous undergrowth were avoided.
During the breeding season, the species selected mainly riverine habitats and poplar plantations, favouring
habitats with well developed undergrowth.
Our results suggest that the blackcap could benefit from maintaining patches of abandoned olive groves
freely left to natural succession within intensive olive groves. In such a landscape, ecological services (i.e.
seed dispersal provided by frugivorous birds) and functioning could also improve as a consequence of these
measures.
Keywords - Agricultural intensification; land abandonment; habitat selection; home range; permanent
crops; poplar plantations.
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Introduction
The two primary causes of biodiversity loss in agricultural landscapes are the intensification of agricultural
practices and land abandonment (Donald et al. 2001; Tscharntke et al. 2005). The effects of land
abandonment are complex and can either positively or negatively affect biodiversity, depending (i) on the
proportion of abandoned areas within a landscape (Sirami et al. 2008), (ii) on prior land use (Rey Benayas
2007; Tryjanowski et al. 2011), and (iii) on the biogeographic origin of the impacted species (Suarez-Seoane
et al. 2002).
In Europe, the Common Agricultural Policy (CAP) has been driving the processes of agriculture
intensification and land abandonment since its implementation in 1962 (Young et al. 2005). In the
Mediterranean basin, its immediate consequence was the rapid replacement of natural ecosystems (i.e.
shrublands and forests) with olive groves during the 1980s and 1990s. In lowlands, where the yields, and
the CAP payments to farmers, were considerably higher, olive groves have replaced the original ecosystems
(Loumou and Giourga 2003). In contrast, traditional, low-input olive groves in hilly and mountainous areas
have been progressively abandoned (Beaufoy 2001). Since the last CAP reform in 2013, 30% of the direct
payments to farmers depends on the fulfilment of “greening” measures. The most relevant of these
measures for conservation purposes is the establishment of Ecological Focus Areas, which was not provided
for permanent crops (e.g. orchards and vineyards) because those were arguably assumed to be favourable
for biodiversity per se. This poses serious concerns for biodiversity conservation in this kind of crops (Pe’er
et al. 2014).
It is widely recognised that common species are central for regulating macroecological patterns and in
providing fundamental ecosystem services (Gaston and Fuller 2008), and birds play a fundamental role in
this sense (Sekercioglu et al. 2004). Mediterranean native ecosystems have been recognised as important
wintering grounds for several Palearctic species of migratory birds, especially, for common frugivorous
species (Telleria et al. 2005). These birds are the most important agents for seed dispersal, a fundamental
ecological service that influences the long-term dynamics of plant communities (Howe and Miriti 2004).
The olive tree range in this area largely overlaps with the wintering ranges of many populations of
frugivorous birds, which largely winter in this habitat (Rey 2011). Thus, understanding the species-habitat
relationship in this permanent crop is an urgent issue for wildlife management and conservation in the
whole Mediterranean Region.
The blackcap Sylvia atricapilla is one of the most common European frugivorous bird species and it can
easily adapt to feeding on olives (Rey 1993). Thus, olive groves have the potential to be an alternative
wintering habitat for this species (and other frugivorous birds) in the Mediterranean region (Rey 1993,
2011).
Spain harbours an important population of blackcaps in winter, which mainly consists of migrants that
breed in central and northern Europe. They primarily exploit remnants of natural habitats and olive groves
(Rey 1993, 2011; SEO/BirdLife 2012). In the Iberian Peninsula there is also a conspicuous breeding
population that is mainly found in riparian forests and anthropogenic habitats (Carbonell and Telleria 1998).
For these reasons, the blackcap could be an ideal model to evaluate the suitability of different typologies of
olive groves for frugivorous birds during different periods of the year.
Here, we present a study on habitat selection of blackcaps during the reproductive and wintering season.
The study was carried out in an olive-dominated agroecosystem in south-eastern Spain. We were
particularly interested in understanding whether: (i) blackcaps select for managed or abandoned olive
groves; (ii) they prefer herbaceous, low or high undergrowth in woody habitats, which, in olive groves, is
strongly influenced by the status of the field (abandoned or not); and (iii) habitat preferences change
among seasons. Finally, we discuss our findings proposing possible measures to favour blackcaps, and
potentially other frugivorous bird species, in olive-dominated landscapes.
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Materials and Methods
The study area is located in a hilly Mediterranean agricultural mosaic in south-eastern Spain (lat. 38.7293°,
long. -0.4295°; see Fig. 1a-b). It extends about 2.5 km along the River Serpis riverbank, covering a total of
113 hectares. An almost continuous poplar plantation mixed with patchy riparian woodlands is found along
the riverbanks. These poplar plantations have been partly abandoned for several decades, and generally
have well-developed undergrowth. The remaining areas of the floodplain are covered by extensive crops,
vegetable gardens, orchard patches and by arid grasslands with scattered trees. The sides of the hilly
terraces are mostly cultivated with olive groves (accounting for the 29% of the study area), of which 48%
shows signs of recent abandonment. Alternatively, residual patches of Pinus halepensis forest are found.
The overall habitat composition of the study area is shown in Fig. 1c.

Fig. 1. Localization of the study area in Spain (a) and in El Comtat Comarca (b). c: Percentage of cover of each habitat category
present in the study area.

In this area, blackcaps occur in very high numbers, particularly in winter, when migrants that breed further
North stay in the area (Morganti et al. 2016).
In 2011 and 2012, we followed blackcaps using radio-telemetry, during both the breeding (from the 20th of
April to the 20th of July) and the non-breeding season (from the 15th of January and the 20th of February).
Birds were mist netted and aged and sexed, if possible, based on plumage characteristics (Jenni and
Winkler 1994).
PicoPip radio transmitters (Biotrack) were attached to the birds following Rappole and Tipton (1990).
Emitters were installed at the start of each season and locations were recorded as long as possible,
depending on the duration of the battery (about 40 days).
Birds were tracked by two observers working in parallel by means of the homing techniques (Kenward
1987). In a single day of tracking, we obtained one or more positions from each of the tagged individuals at
different times of the day. Over the complete season, we tried to obtain for each bird at least one position
within each hour of daylight and at least one for the roosting site. See Morganti et al. (2016) for further
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details on field methods. We obtained telemetry data from a total of 57 blackcaps: 30 during the nonbreeding season and 27 in the breeding season. 37 of these were males and 20 females; 23 juveniles (birds
born in the previous breeding season) and 34 adults.
Following the method by Rodgers et al. (2007), we merged all the locations of an individual bird each
season into a unique home range represented by a fixed kernel at 95% (see OR for details). Home ranges
were based on a mean (± SE) of 36.93 ± 1.57 (range: 17-54) locations in non-breeding season and 28 ± 1.4
(range: 16-50) locations in the breeding season for each blackcap.
We mapped the distribution of the habitats within the study area based on photointerpretation of aerial
photographs, followed by a field validation of polygons contents and borders (see OR for details). Olive
groves were classified in two main macro-typologies, ‘managed’ and ‘abandoned’. Managed olive groves
are cultivated using modern agricultural techniques, so that the soil between the trees is continuously tilled
and no undergrowth can grow. Abandoned olive groves used to be traditional olive orchards that are not
subjected to management anymore. This has lead to the development of thick undergrowth with scattered
low shrubs and that unharvested olives are retained during winter.
Differences in undergrowth structure could be associated with a different functional use of habitats by the
blackcap (e.g. nesting vs feeding). For this reason and to analyse habitat preferences in more details, we
subdivided olive groves, poplar plantations and Pinus forest in three sub-categories: (i) with no
undergrowth or herbaceous undergrowth; (ii) with low undergrowth (mainly Rubus sp. occurring in poplar
plantations, and low Mediterranean maquis, occurring in olive groves and Pinus forest); (iii) with high
undergrowth (tall Mediterranean maquis, Ulmus sp., Rosa sp., Sambucus nigra). The high undergrowth
heterogeneity of riparian woodlands made it impossible to define discrete undergrowth categories for this
habitat type.
Statistical analyses
We ran two MANOVAs to evaluate which factors influence habitat selection during the breeding and the
non-breeding seasons. Both proportions of available (i.e., habitat categories inside home ranges) and of
used habitat (i.e., habitat categories in which telemetry locations fall inside the home range) were log-ratio
transformed. These data were then used to calculate the difference (d) between habitat use and
availability for each habitat category considered. “d” was the final response variable in the MANOVAs
(Aebischer et al. 1993). For obtaining the best statistical model a backward approach was used. Starting
from a full model, including all factors and interactions, in subsequent steps non-significant
factors/interactions were removed until only significant effects remained. For the breeding season,
interactions were not tested because of small sample size. We considered the following predictors: study
year (2011/2012), age (adult/juvenile), sex (male/female) and all two-way interactions.
MANOVAs were performed using the R package Car (Fox and Weisberg 2010). Subsequently, we performed
Compositional Analysis of habitat use (Aebischer et al. 1993). We conducted different compositional
analyses for each homogeneous group identified in the MANOVAs. We tested whether habitat use is nonrandom using a Wilks’ λ randomization test. Habitat ranking definition was based on randomization tests
with 1000 repetitions.
Preference for the three undergrowth categories was tested separately for the two seasons and
independently from habitat typology (i.e. gathering together all wooded typologies). This latter test was
based on Manly's Selection ratio, which yields more interpretable results than compositional analysis for
cases with reduced habitat typologies (Manly et al. 2002). Compositional analysis and Manly’s Selection
ratios were implemented by means of the R package adehabitat (Calenge 2006). All the analyses were
performed with R version 3.2.0 (R Core Team 2015).
Although habitat selection is not a direct measure of habitat quality or suitability, it has been widely used
for measuring habitat quality in birds, giving good results if the species studied meets the assumptions of
an ideal free (or despotic) distribution (see, Johnson 2007). These are likely to be met by blackcaps, as this
species is highly mobile during winter tracking sites with the best and most abundant resources (see, for
instance, Tellería et al. 2008).
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Results
In the non-breeding season, habitat selection significantly differed between the two years (F9,20=3.12,
p=0.016). The effect of all other predictors was not significant. Such a result led us to conduct two separate
compositional analyses for the two non-breeding seasons. However, to describe overall winter habitat
selection, we first present the results from the analysis based on the two years pooled.
Habitat use of blackcaps was non-random in the non-breeding season (Wilks’ λ test: λ=0.25, p=0.001,
N=30). Deciduous woods and abandoned olive groves were the most selected habitats in the non-breeding
season. Abandoned olive groves ranked seconds out of nine habitat types and were clearly and significantly
preferred over managed olive groves, which ranked eighth. Also riparian vegetation, gardens and orchards,
were positively selected, whereas wooded grassland, open areas and Pinus forest were avoided by
blackcaps. For poplar plantations there was no evident difference between habitat use and availability, thus
no (positive or negative) selection occurred (Fig. 2a; table ESM1).

Fig. 2. Comparison of mean composition of used and available habitat categories within home ranges of blackcaps. Error bars
represent standard error. Abbreviations: 1: river and riparian vegetation; 2: sparsely wooded grassland; 3: open areas; 4: gardens
and orchards; 5: abandoned olive groves; 6: managed olive groves; 7: deciduous wood; 8: Pinus forest and similar; 9: poplar
plantations. A: non-breeding period (2011-2012); B: breeding period (2011-2012); C: winter 2011; D: winter 2012

Considering the two non-breeding seasons separately, habitat use was non-random in 2012 (λ=0.18,
p=0.002, N=21), but did not differ from habitat availability in 2011 (λ=0.008, p=0.16, N=9), possibly due to
the reduced sample size. Olive groves were more important for blackcaps in 2012, when abandoned olive
groves were the most selected habitat. Clearly, in both non-breeding seasons, abandoned olive groves
were used more than managed ones (Fig. 2c-d; tab. ESM2).
Undergrowth height selection was non-random during the non-breeding season (χ²12=9.4, p<0.001, N=30).
Low undergrowth was positively selected, while negative selection occurred for absent/herbaceous
undergrowth (Fig. 3). We found no selection, neither positive nor negative, for high undergrowth.
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Although we found that habitat use of blackcaps was non-random during the breeding season (λ=0.01,
p=0.001, N=27), none of the considered predictors had a significant effect on habitat selection.
During the breeding season, poplar plantations were the predominantly used habitat type, which was
significantly favoured over all other habitats, except for deciduous woods (third selected typology). River
and riparian vegetation was the second most preferred habitat. Abandoned olive groves, gardens and
orchards were of marginal importance, similarly to open areas, which were completely avoided. Managed
olive groves and Pinus forest were used only by one blackcap each and, therefore, excluded from the
analysis (Fig. 2b, table ESM3).
During the breeding season, undergrowth height selection was non-random (χ²12=24.78, p=0.01, N=26),
whereby high undergrowth was positively selected. No selection occurred for low undergrowth and
absent/herbaceous undergrowth, although for the latter, there was a trend towards negative selection (Fig.
3).

Fig. 3. Manly’s selection ratios for the three categories of undergrowth height during breeding and non-breeding seasons. AE:
absent/herbaceous undergrowth; LS: low shrub undergrowth; HS: high shrub undergrowth. Undergrowth height selection was
assumed if the selection ratio (ŵ) differed significantly from 1, i.e. if the confidence interval for ŵ did not contain 1. Positive
selection for the category is indicated if the lower limit of ŵ is >1. Avoidance of a habitat category is indicated if the upper limit of ŵ
is <1. Use in proportion to availability (neutral selection) is suggested if the confidence interval for ŵ includes the value 1 (Manly et
al. 2002).

Discussion
We show that in an agroecosystem dominated by olive groves, where no wild olive shrubland or
Mediterranean maquis occur, abandoned olive groves were positively selected in winter by blackcaps.
Although the importance of olives in the winter diet of blackcap has been already reported for the
Mediterranean area (Jordano and Herrera 1981), we show here, for the first time, that abandoned olive
groves are preferred over managed ones. This result is not surprising, as it was previously shown that
intensively managed olive orchards are characterized by high predation rates (Castro-Caro et al. 2014b) and
low prey availability and quality (Rodriguez et al. 2006), which together with the results of this study
suggests that they are unfavourable habitats for birds.
In highly anthropized landscapes, abandoned olive groves possibly take the ecological role that wild olive
shrublands have in natural Mediterranean habitats, where blackcaps overwinter in large numbers reaching
high densities (Rey 1993, 2011). In abandoned olive groves, blackcaps probably easily find a large amount
of unharvested fruits and take advantage of the shrub layer that provides shelter, lowering their
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detectability for predators compared to managed olive groves. Moreover, this habitat offers a more varied
diet, due to the presence of fruiting species of low Mediterranean shrubland that invade abandoned
orchards. This may be particularly important since the variety of fruits in a habitat is a factor to which
blackcaps are especially sensitive (Pérez-Tris and Tellería 2002; Galimberti et al. 2016).
Our telemetry data further show that woody habitats with low undergrowth height (largely occurring in
abandoned olive groves) were the most favoured during the non-breeding season. In contrast, woody
habitats with absent or herbaceous undergrowth were avoided. Previous findings suggested that policies
aiming at reducing soil erosion in olive groves (e.g. maintaining a herbaceous ground cover) could provide
some benefits to biodiversity (Castro-Caro et al. 2014a, 2015), but are probably not enough to favour
blackcaps.
In Spain, blackcaps show a strong preference for moist habitats with a dense shrub layer during the
breeding season, as those habitats stay relatively humid during the dry period and provide suitable
conditions for rearing young (Carbonell et al. 2003). In line with this, almost 80% of locations of blackcaps
in our study area were obtained in only two habitat types, poplar plantation and deciduous wood. Poplar
plantations have been abandoned for a long time, thus have a well-developed underbrush, a feature that
we found to be positively selected by blackcaps and which is possibly more important than the woody
habitat type. This is consistent with findings obtained in other studies, where only poplar stands with
unmanaged, high undergrowth were associated with typical bird species of natural riparian forests
(Archaux and Hilaire 2009; Martín-García et al. 2013).
In traditional, high-nature-value olive-dominated landscapes, which have suffered agricultural
abandonment in recent decades, further abandonment would possibly have negative impacts on
biodiversity (Rey Benayas et al. 2007). In this context, the remaining traditional olive plantations should be
preserved (Beaufoy 2001). However, this is not the case in most Mediterranean lowlands, where CAP has
favoured intensification at the expense of natural habitats (Caraveli 2000; Donald et al. 2002). Here,
abandonment could partially recreate the original natural environments with benefits for blackcaps and
potentially for other similar frugivorous species. Although further investigation is needed, particularly on
directly measuring the impact of different olive grove management forms on the fitness of these species, it
is likely that abandoned olive groves will also favour other frugivorous birds that overwinter in
Mediterranean basin. In fact, blackcap is a highly adaptable species, which is able to feed in intensive olive
plantations where it is found in high densities, similarly to other frugivorous species such as Turdus
philomelos and to a lesser extent Sylvia melanocephala, Erithacus rubecula and Turdus iliacus (Rey 2011). In
contrast, other common frugivorous species (e.g. Turdus merula, a major frugivore, Turdus viscivorus,
Cyanopica cyanus, Phoenicurus ochruros and, to a lesser extent, other Corvidae and Sturnidae, considered
minor frugivores) widely occur in shrublands and wild olive shrublands, but are rarely found in artificial
olive groves. This may suggest that they are not able to feed on them (Rey 2011). Many factors related to
the intensity of the management of artificial olive groves, such as the lack of adequate habitat complexity
(i.e. lacking underbrush), may render this habitat unsuitable to species that are common elsewhere in
winter. Thus, if blackcaps prefer abandoned olive groves instead of intensively managed ones, it is highly
likely that more demanding species will also profit from a controlled abandonment of olive groves, given
that these turn into a habitat resembling wild olive shrublands.
Although abandoned olive groves were only of marginal importance for blackcap during reproduction, they
were preferred over managed ones also during this season. In line with this result, abandoned olive groves
have been found to be important for other bird species during reproduction (Solomou & Sfougaris 2015).
Although “greening” measures included in the 2013 CAP reform do not apply to olive groves, Member
States could still use the flexibility granted by the new CAP to design adequate Rural Development
Programmes, which could effectively contribute to the conservation of biodiversity (Pe’er et al. 2014). In
this framework, the preservation of small patches of abandoned olive orchards freely left to natural
succession could be a possible measure to conserve blackcaps and potentially other bird species in
intensive olive agroecosystem, and, as a consequence enhance ecosystem regulation and service
provisioning, such as seed dispersal.
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Supplementary materials

Habitat definition and mapping
Habitat categories were defined following EUNIS categories (Davies et al. 2004; see also:
http://eunis.eea.europa.eu/habitats.jsp). New categories were added when habitat typologies observed in
the study area were not considered in the EUNIS categorization. In total, 27 habitat categories were
identified, but at the analytical stage some of them were merged according to a criterion based on
vegetation macro-typology and olive-grove management, in order to reduce the number of modelled
factors and improve the interpretative power of the models.
Home range calculation
Home ranges were calculated as fixed kernel at 95% using the “HRT tools” extension (Rodgers et al. 2007)
for ArcGis 9.3. The smoothing parameter of the kernel (href) was individually-adjusted by selecting the
smallest value of href (rounded to the nearest 0.05) for which the external boundary of the kernel remains
continuous, following the progressive method described in the HRT tools manual (Rodgers et al. 2007).
Home-range calculation was based on a mean of 33 ± 1 (range: 16-54) locations for each blackcap.
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Deciduous wood

Abandoned olive groves

Poplar plantations

River and riparian vegetation

Sparsely wooded grasslands

Gardens and orchards

Pinus forest and similar

Managed olive groves

Open areas

Rank

Table ESM1. Simplified ranking matrix of habitat typologies obtained with compositional analysis for non-breeding period (20112012 data pooled; N=30). Habitat typologies are listed in order of preference from top to bottom and left to right. +: row habitat
positively selected with respect to column habitat; -: row habitat negatively selected with respect to column habitat. +++ or --indicate statistical significance of preference or avoidance in randomization tests.
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Abandoned olive groves

Deciduous wood

Gardens and orchards

Poplar plantations

Managed olive groves

River and riparian vegetation

Sparsely wooded grasslands

Pinus forest and similar

Open areas

Rank

Table ESM2. Simplified ranking matrix of habitat typologies obtained with compositional analysis for the winter 2012 (N=21).
Habitat typologies are listed in order of preference from top to bottom and left to right. +: row habitat positively selected with
respect to column habitat; -: row habitat negatively selected with respect to column habitat. ++ + or --- indicate statistical
significance in randomization tests. Table for winter 2011 is not presented because it was not possible to obtain a ranking matrix
for the winter 2011 (see text).
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positively selected with respect to column habitat; -: row habitat negatively selected with respect to column habitat. ++ + or --indicate statistical significance of randomization tests.
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Abstract - Negative effects of urban sprawl on biodiversity are widely recognised, but information on how
to counteract such effects are still scarce, especially for urban ecosystems in mountain regions.
We evaluated the effect of land-use and topography on the occurrence of eight passerine species in five
urbanized study areas in the Italian Alps, which have undergone recent urban sprawl. Our aim was to
identify the best planning and management practices to favour these indicator species in mountain periurban areas.
We surveyed the species' presence/absence at 142 point counts during the 2013 breeding season and
evaluated the effects of environmental variables on occurrence using binomial multivariate adaptive
regression splines (MARS). Species occurrence was mostly affected by meadows (positively) and woodland
(negative effect, except in contexts with high meadow cover or high habitat diversity).
In Alpine valleys affected by recent sprawl, the conservation or restoration of grassland patches and the
maintenance of heterogeneous landscapes can contribute to the conservation of some species of
conservation concern found in suburban habitats. Afforestation, a common mitigation practice in and
around urban centres, could be counter-indicated when urbanization occurs at the expense of open and
semi-open habitats.
Keywords - Alps, meadows, mountain landscape, urban sprawl, Trentino.
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Introduction
Though urban surfaces cover only 0.51% of the world’s land surface (1.78% in the highly urbanized Europe)
(Schneider et al. 2009), currently more than 50% of the human population lives in urban settlements
(United Nation 2012), a figure expected to rapidly increase leading to a dramatic increase of urban areas
(Cohen 2006).
Urban districts grow mainly in suburban areas due to a process known as urban “sprawl”, a pattern of
human settlement characterized by a patchwork of low-density housing development (Gillham 2002,
Robinson et al. 2005), which leads to a disproportionately large increase in the spatial extent of the urban
areas (Marzluff 2001) with detrimental effects on natural resources and ecosystems (Gillham 2002). This
process consumes natural or agricultural habitats in suburban and exurban lands (sensu Marzluff et al.
2001a), reducing their availability for wildlife. It also reduces overall habitat quality, increases
fragmentation, isolation and degradation, often facilitating invasion of native habitats by exotic species
(Marzluff 2001, McKinney 2002, Speir & Stephenson 2002, Ewing et al. 2005, Salvati et al. 2014).
The increment in the amount of urban areas increases in turn the surface of urban ecosystems (Magle et al.
2012). They are sometimes rich in biodiversity, especially in suburban areas with plenty of gardens and
subjected to an intermediate level of urbanization (Crooks 2004, Daniels & Kirkpatrick 2006, McKinney
2006), though the landscape is unlike the original one and vegetation is often dominated by non-native
species (Cadenasso & Pickett 2001, van Heezik et al. 2008). Only a subset of native species can cope with
changes induced by urbanization (Kark et al. 2007), and generally urban development produces major
habitat-loss, increases local extinction rates of native species and results in ecosystem homogenization
(McKinney 2002, 2006). In addition, urban development also incorporates within urban boundaries natural
or semi-natural habitats, creating small and scattered non-urban remnants (Miller & Hobbs 2002,
Wittemyer et al. 2008, Ramalho & Hobbs 2012). The conservation of such remnants virtually provides the
only remaining habitats for many wild species and is important to preserve local biodiversity, ecosystem
services, ecological connectivity and to improve the overall urban environment and life quality of people
living in cities (Dearborn & Kark 2010, Ramalho & Hobbs 2012). Therefore, conserving biodiversity in and
around urban settlements is a big challenge as well as a basic need in an urbanizing world (Miller & Hobbs
2002).
Birds are widely acknowledged as good bioindicators (e.g. Gregory et al. 2005, Padoa-Schioppa et al. 2006)
and are the most studied group in urban areas (Chace & Walsh 2006), consequently the majority of our
understanding on the ecological implications of urbanization on biodiversity derives from ornithology.
Impacts of urbanization on avian communities are deep and still not completely understood, despite a
growing body of information (Chace & Walsh 2006). Urban sprawl effects are a relevant driver of bird
decrease (Valiela & Martinetto 2007), although some adaptable species have been reported to have higher
population density in cities than in their ancestral habitat (Møller et al., 2012). As a consequence, welladapted urban birds, due to their ecological plasticity, were also the most successful species when
established outside their native range (Møller et al., 2015).
The European Alps, with a population of 14.2 million inhabitants, are among the world’s most densely
populated mountain regions (Perlik et al. 2001) and nearly two-thirds of the population in the European
Alps lives in towns or peri-urban municipalities which are largely undergoing widespread processes of
sprawl (Perlik et al. 2001, Perlik & Messerli 2004, Astrade et al. 2007). The Alps are also a centre of
biodiversity, exhibiting a high heterogeneity of habitat and climatic conditions along reduced spatial scales
and altitudinal gradients (Chemini & Rizzoli 2003). All the negative consequences on environment caused
by urban sprawl outlined above, are evident in mountain areas, and in the Alps in particular (Romero &
Ordenes 2004, Carruthers & Vias 2005, Perlik 2006, Zimmermann et al. 2010).
Human activities have been shaping Alpine landscapes for centuries, and thus biodiversity conservation
cannot disregard managing and regulating human land use, by applying appropriate planning and
management practices to enhance biodiversity in human-altered landscapes (Chemini & Rizzoli 2003).
Breeding birds in and around Alpine urban settlements become an ideal model to evaluate the importance
of maintaining patches of remaining natural or semi-natural habitats for conservation. If different habitats
(e.g. forests, grasslands, different crop types) have different values for wildlife, it would be important to
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understand what habitat(s) should be primarily conserved or promoted in areas subjected to urban
expansion.
In this work we focused on the effects of the main natural, semi-natural and agricultural land-cover types
which are eroded (or, on the contrary, restored) in the case of new urbanization. In particular, we
investigated what environmental variables most affected the occurrence of eight passerine species (six of
which are species of conservation concern at the European level) in the Italian Alps. We considered areas
that have undergone recent urban sprawl in order to identify the best planning and management practices
to favour these indicator species in peri-urban settlements of mountain regions. This is a neglected but
potentially relevant topic, as urban sprawl is impacting most Alpine valleys and it is therefore urgent to
evaluate what measures for non-urban habitat conservation or restoration should be primarily
implemented in urbanized or urbanizing landscapes.

Materials and Methods
Study system
We considered eight passerine species that in Italy and Trento Province, as in other parts of Europe, are
found exclusively or at least regularly in urban and, especially, peri-urban settlements: barn swallow
Hirundo rustica, black redstart Phoenicurus ochruros, common redstart Phoenicurus phoenicurus, spotted
flycatcher Muscicapa striata, common starling Sturnus vulgaris, serin Serinus serinus, Italian sparrow Passer
italiae and tree sparrow Passer montanus. These species show a various degree of synanthropy, from the
obligate commensalism of the Italian sparrow (Summers-Smith 1988), to the often reported dependence
of barn swallow on cattle farming (Møller 2001, Ambrosini et al. 2012), to an only moderate adaptation to
urban ecosystems of others, that however commonly occur in urban areas, using buildings or gardens to
nest.
Six of them are considered of European conservation concern by BirdLife (2004): barn swallow (SPEC 3),
common redstart (SPEC 2), spotted flycatcher (SPEC 3), common starling (SPEC 3), Italian sparrow (not
evaluated according to SPEC category as recently split from house sparrow (Trier et al. 2014); being
endemic to Italy and declining, it should likely be considered as a SPEC 2) and tree sparrow (SPEC 3).
Study area
Trento province (NE Italy) is located in the Italian Alps (6,206 km2, elevations 67–3,769 m a.s.l. and with
50% of the area lying between 1,000 and 2,000 m). Valley bottoms are intensively cultivated and partly
urbanized; mountainsides are covered by woodlands, interspersed with pastures and vineyards (up to 800
m) and with anthropogenic grasslands (800 – 2,000 m); highest areas (2,000 m) are covered by alpine
grasslands, rocks and snow.
Mean human density (85 inhabitants/km2; Servizio Statistica PAT 2013) is relatively low, especially in rural
and mountain areas.
Urban sprawl in Trento Province is considered a serious threat for Alpine environment (Diamantini & Zanon
2000): although urbanized surface is only about 2.5% of the province, between 1990 and 2006 it increased
by 18%, with a major increase of “discontinuous urban fabric”, most likely caused by this process (data
based on comparison of CORINE Land Cover data for 1990 and 2006).
Within the Province, we identified five valley-bottom study areas (figure 1) characterized by small urban
settlements which have known recent urban expansion, mainly at the expense of farmland (and in
particular meadows). These are found between 360 m a.s.l. and 1375 m a.s.l., but only Talpina area is
wholly under the 800 m a.s.l.
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Fig. 1. Location of the study sub-areas in Trentino Province. A: Val di Non, B: Val di Fiemme, C: Primiero, D: Tesino, E: Talpina.
Topography and urban centers in the Province are schematically outlined. The box shows as an example the distribution of 45 point
counts and their relative 100 m buffers in Val di Fiemme study sub-area. The position of Trentino in Italy is also shown.

Bird data and habitat variables
We defined a total of 142 random points scattered in each of the five study areas according to their extent:
34 in Val di Non, 45 in Valle di Fiemme, 13 in Primiero, 37 in Tesino and 13 in Talpina.
Point counts were at a minimum distance of 300 m one from another and at a maximum distance of 1050
m (mean 262 m, 1SE: 19 m) from the urban patches defined in the most recent land cover map of the area
(Servizio Urbanistica e Tutela del Paesaggio 2003). Therefore, all points can be considered to be located at
the interface between urban areas and semi-natural landscape.
At each of the point counts we surveyed the presence/absence of our target species in the breeding season
2013 (22 May - 19 July), early in the morning (6.00-11.00 a.m.), in clear weather and without wind. We
considered a species occurring at a given point when territorial or foraging birds were observed, whereas
we excluded species only contacted as overflying individuals.
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Each point count was surveyed twice (Primiero), three (Val di Non, Tesino, Talpina) or five times (Val di
Fiemme). Birds were recorded within a fixed radius from the point (100 m; Bibby 2000).
We then measured the land cover as percentage cover of some land-use within a 100-m buffer from each
point using the most recent data available (Servizio Urbanistica e Tutela del Paesaggio 2003) and merged
some of the original layers to obtain seven land-cover types: woodland, quarries, crops, wooded meadows
and pasture, meadows, vineyards and other natural habitats. We also calculated the habitat heterogeneity
at each site using the Shannon diversity index of land uses (H’ = −∑pi × log pi), where pi is the relative
proportion of land use i (Krebs 1998). Finally, we computed the mean elevation and the mean slope at each
site, using a digital terrain model (resolution: 10 m).
Statistical analyses
To model the effect of habitat variables on species occurrence we used the multivariate adaptive
regression splines (MARS), a rather recent machine-learning technique (Friedman 1991, Hastie et al. 2009),
which is now increasingly used in ecology (e.g. Heinänen & von Numers 2009, Brambilla et al. 2013) thanks
to its flexibility and ability to model complex relationships in species-habitat studies (Elith & Leathwick
2007).
MARS fits non-linear functions, by fitting linear segments to the data, breaking predictors at knots, while
connecting adjacent segments at knots, so that the full fitted function does not have gaps, steps or breaks.
This approach is ideal to analyse our dataset because it is a non-parametric regression method, which
efficiently model non-linear relationships, which were expected in our study system. Moreover, it allows
multi-response models, which are particularly useful in our work because some of our target species were
present only at few points, this resulting in a low sample sizes and, most importantly, because we are
particularly interested in determining what factors are more likely to be important across all species.
Multiresponse models are built and pruned in exactly the same way as a single-response MARS model,
except that the residual squared errors are averaged across all response variables, with individual basis
functions selected to give the best average improvement in performance. The final multiresponse model
uses a common set of basic functions for all species, while the variables included in the species-habitat
models are the same for all species (Elith and Leathwick 2007). Multi-species models have been shown to
better perform than single-species models for poorly represented taxa (Elith & Leathwick 2007, Brambilla &
Gobbi 2014).
We used the earth package ver. 3.2-7 (Milborrow 2014a) in R 3.0.3 (R Development Core Team) to fit MARS
models. There was no pair of variables highly collinear (|r| < 0.7 for all possible pairs of variables). We
modelled the potential effect of the ten habitat variables described above and of their interaction on the
occurrence of bird species by running: 1) four species-specific models for barn swallow, common redstart,
serin and tree sparrow, which had an adequate sample size, and 2) a multi-species model for black redstart,
spotted flycatcher, common starling and Italian sparrow, that had a smaller sample size.
We used in all models the following settings for model selection: pmethod=backward (default), penalty=3,
degree of interactions=2, maximum number of MARS terms (nk) = 10. Variable importance was evaluated
on the basis of the evimp command in earth package (Jedlikowski et al. 2014, Milborrow 2014a). The evimp
command estimates the importance of a variable in a MARS model according to three criteria: (i) the
number of model subsets generated by the pruning pass, which include a given variable: variables included
in more subsets are considered more important; (ii) the decrease in the residual sum-of-squares (RSS) for
each subset relative to the previous subset: for each variable evimp sums these decrease over all subsets
that include the variable and rescales the summed decreases to a percentage scale (largest one equal to
100); (iii) the generalized cross validation (GCV) of the model, calculated using the penalty argument, which
considers the increase or decrease in the GCV associated with a variable being added to the model; the
evimp command uses GCV criterion exactly like the RSS criterion (Milborrow 2014a). The plotmo package
ver. 1.3-3 (Milborrow 2014b) was used to plot the fitted functions.
Because sampling efforts were not uniform in the five study areas, we ran also a model with sampling effort
and study areas as factorial predictors of presence/absence of birds. None of them produced significant
output, and then we assumed that the differences in sampling efforts were irrelevant (details not shown for
brevity).
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Results
The effect and importance of predictors on the occurrence of the eight model species is summarised in
Table 1 and Figures 2-3.
The multiresponse model suggested that the occurrence of the four species analysed was mainly driven by
woodlands, meadows and elevation. However, such a model had a fairly low explanatory power, except for
the spotted flycatcher (Table 1).
The species-specific models had a fairly good performance (R2 > 0.2), except for serin (Table 1).
Only five out of the 10 predictors considered were selected by the two model groups: percentage cover of
woodlands, meadows and crops; Shannon diversity index of land cover; elevation (Table 1).
Meadow cover was selected for all species except for the tree sparrow. High meadow coverage was
particularly relevant for barn swallow, black redstart and spotted flycatcher and, to a lesser extent, for serin
and common redstart. The latter species was particularly favoured by meadows in heterogeneous
landscape, as shown by the interaction of meadow cover and Shannon diversity index.
On the other hand, high percentage cover of woodlands had a negative effect on the occurrence of
common starling, Italian sparrow and tree sparrow, whereas woodland cover had a positive effect on the
occurrence of spotted flycatcher and black redstart, but only if also meadows occurred in the plot.
Crop cover was selected only for serin, with a negative effect.
Table 1. Evimp summary of the selected MARS models for the eight species considered. * indicates the variables that appear only in
interactions with another. Abbreviation: no. of subset: number of model subsets generated by the pruning pass, which include a
2
given variable; RSS: decrease in the residual sum-of-squares; R : model's R square. See text for details
Variable

no. of subsets

GCV

2

RSS
2

multiresponse model (Black restart: R =0.09; Spotted flycatcher: R = 0.26;
2
2
Common starling: R =0.11; Italian sparrow: R = 0.06)
woodland

3

100

100

meadows*

2

48.3

73.4

elevation

1

32.7

51.3

meadows*

1

100

100

elevations*

1

100

100

Shannon d. i.

5

100

100

meadows

4

33.7

62.9

elevation*

2

30.6

46.1

elevation

3

100

100

crops

2

83.3

81.3

meadows*

2

83.3

81.3

elevation

5

100

100

woodland

4

74.9

78.8

crops*

1

17.3

28.1

2

Barn swallow (R =0.21)

2

Common redstart (R =0.33)

2

Serin (R =0.11)

2

Tree sparrow (R =0.39)
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Elevation was selected for all the species, generally with a negative effect (Figs. 2-3), with the remarkable
exceptions of black redstart (positive effect) and tree sparrow (positive effect at intermediate elevation,
but with a curve shape suggesting overfitting; see Fig. 3).

Discussion
Urban sprawl in mountain regions is an increasing process with possible serious consequence on the
environment (Romero & Ordenes 2004, Zimmermann et al. 2010). Other types of human impact on
mountain ecosystems and species have received a considerably higher attention.

Fig. 2. Graphical representation of the effects of predictors selected by the multiresponse model on the species occurrence.

Threats as disturbance to wildlife (Arlettaz et al. 2007), soil and vegetation trampling and waste dumping
(Geneletti & Dawa 2009), deforestation (Laiolo 2004), soil degradation, fragmentation of natural habitats,
barriers to dispersal and edge effects (Rolando et al. 2006, Patthey et al. 2008, Caprio et al. 2011, Walzer et
al. 2013), agricultural transformation (Mottet et al. 2006, Agnoletti 2007) have been the subject of specific
research, whereas the effect of urbanization has been hardly considered in the Alps. Our work then
provides evidences on the importance of conserving or restoring some habitat types rather than others in
an area which experienced recent urban expansion.
In particular, we showed that in Alpine urban settlements, which recently underwent expansion at the
expense of semi-natural habitats, some synanthropic bird species of conservation concern are mostly
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favoured by the presence of meadows, whereas woodland has a mainly negative effect and is tolerated
only when there is a high meadow cover, or in a context of high habitat diversity.
Conversely, other authors suggested that in areas in which urban expansions eroded natural woodlands,
conservation of remnant woodland patches and creation of new ones could be an adequate measure for
forest specialists (Myczko et al. 2014), thus conservation strategies should be specifically targeted.

Fig. 3. Graphical representation of the predictors selected by the species-specific model on the species occurrence.

Our results can have relevant conservation implications and could suggest best planning and management
practices, with particular emphasis on open habitats. Urbanization has been reported to impact more on
open ground birds than on woody or riparian species (Chace & Walsh 2006), and it is crucial to conserve
non-urban remnants (and restore them when possible) in lands subjected to urban sprawl (McKinney 2002,
Ramalho & Hobbs 2012). We outlined that the conservation or restoration of grassland patches and the
maintenance of heterogeneous landscapes can contribute to favour some species of conservation concern
found in suburban habitats. Currently, the commonest measure to buffer or mitigate the effect of
urbanization is afforestation, which means planting trees to create stands of trees in areas where there was
no forest (Alvey 2006). However, tree planting could be counter-indicated when urbanization occurs at the
expense of open and semi-open habitats, as frequently found in the Alps, where villages expand mostly at
the expense of secondary grasslands and pastures. In those cases, remnant meadow patches must be
conserved and when possible restored in order to create larger patches (cf. Husté et al. 2006) and favour
grassland and open-habitat species (Davis 2004; Meffert et al. 2012). The preference shown by openhabitat species for larger patches is explained by the negative impact exerted by the edge effect between
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cities and grassland, probably because of the loss of preferred grassland cover-types at the urban-grassland
interface (Bock et al. 1999, Haire et al. 2000).
The importance of meadows in urban areas has been already emphasized in other geographical areas,
where bird species richness is highest in areas with meadow cover, and consequently urban planners are
expected to allocate more meadows in the most densely inhabited areas of the city to strengthen the
connectivity between existing meadowlands (Lin et al. 2008).
In conclusion, our results and the consequent suggestions for planning are consistent with the conservation
strategies suggested for biodiversity conservation in open habitats eroded by other factors, such as the
progressive colonization by woodland due to forest encroachment as a consequence of land abandonment,
one of the main threats for farmland birds and biodiversity in Europe (Sirami et al. 2006, Brambilla et al.
2010) and also in the Alps (Chemini & Rizzoli 2003, Laiolo et al. 2004).
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V.1. General conclusions
The results presented in this research were obtained by studying different agroecosystems and
indicators at various spatial scales and allowed me to identify some of the shared drivers for bird diversity
and abundance in permanent crops and hay meadows. These results possibly have a relevant role for bird
(and biodiversity) conservation by helping define management best-practices in the agricultural systems
investigated.
I showed that, in permanent crops, bird diversity and the abundance of individual species are driven
by a multitude of elements related to the landscape/land use, management, and topographic-climatic
contexts. Considering the whole community, the landscape level emerged as the most important driver of
biodiversity patterns, but some agricultural management traits also affected it (Chapters I, VI).
This is in accordance with the findings of similar studies carried out on other farmland biological
communities which are shaped by both landscape structures and agricultural practices with multi-level
interactions often difficult to disentangle (Weibull, Östman & Granqvist, 2003; Purtauf et al., 2005; Schmidt
et al., 2005; Batáry et al., 2011; Fuentes-Montemayor, Goulson & Park, 2011). Topographic and climatic
variables were, however, found to have a lower importance in explaining the structure of communities
(Chapter I).
Conversely, the abundance of individual species could be affected not only by the landscape characteristics,
but also by significant, or even predominant, effects of climatic-topographic attributes and, especially, of
management practices. For example, in Trentino vineyards, the vineyard management attributes were
more influential in explaining the patterns of abundance for the spotted flycatcher Muscicapa striata and
the common redstart Phoenicurus phoenicurus, than the landscape features. This strongly suggests that the
abundance of these two species is driven more by vineyard characteristics than by landscape composition
(Chapters II, IV). Similarly, wrynecks Jynx torquilla did not rely on particular land-use features, but selected
territories in sunny areas with particular vineyard structures, which were fully determined by management
practices (Chapter V).
Hence, in a conservation or planning framework, it is fundamental to identify the target (i.e. the whole
community or a singular species) of a defined action, because if the various needs of the majority of the
species which constitute the community could be satisfied acting at landscape levels, then, some of the
needs of individual species could rely mainly, or exclusively, on particular elements determined by
agricultural management. As a consequence, these elements should be conserved or enhanced, to favour
those particular species, in particular when these species are of conservation concern or are considered
umbrella/flagship species (see also Chapter IV).
My studies were conducted in quite intensive monocultures (vineyards, fruit orchards) and the
predominant land use had negative effects on the community at the landscape scale (Chapter I). This is in
accordance with the few existing studies on avian communities in vineyards which stressed that, although
vineyard-dominated landscapes could harbour quite rich bird communities (Laiolo, 2005; Pithon et al.,
2016) in particular in traditional extensive landscapes (Verhulst, Báldi & Kleijn, 2004), vineyard cover per se
has detrimental effects on community indexes (e.g. richness and abundance).
Also, the common species that are apparently well adapted to those monocultures are negatively (or at
least irrelevantly) affected by the predominant land-use. In the intensive vineyards I investigated, those
species have a low reproductive outcome, and this possibly supports the hypothesis of vineyards as suboptimal or low-quality habitats for those birds (cf. Andrén, 1990; Pärt, 2001). I hypothesized that this
habitat is more likely to be occupied by subordinate and inexperienced individuals, which are potentially
more prone to breeding in less favourable contexts, including vines without leaves (see Chapter III) or pipebeams, which turn out to be possible ecological traps (see Chapter V).
Some relevant exceptions to this general rule were represented for vineyards by the serin Serinus serinus
and the chaffinch Fringilla coelebs, which were positively affected by vineyard cover. The same was also
true for the abundance of three insectivores of conservation concern (the common redstart, the spotted
flycatcher and the wryneck) at a landscape scale, likely because vineyards are structurally not so different

157

from their “ancestral” habitats, such as the open forest growing in warm and sunny climates (Chapter IV),
and the same reasoning could apply to the above mentioned serins and chaffinches.
In other viticultural systems, several species of conservation concern, such as the woodlark Lullula arborea
(Arlettaz et al., 2012; Pithon et al., 2016), the skylark Alauda arvensis (Pithon et al., 2016), or the lesser grey
shrike Lanius minor (Isenmann & Debout, 2000) seem to be positively affected by vineyards if particular
conditions, imputable to a determined management practice, occurred.
Similarly, the song thrush Turdus philomelos, the most common species found in apple orchards, also
showed a strong positive preference for vineyards when these are mixed with orchards; in fact, an
apparent process of “spillover” seems to occur in northern Trentino, where the species is colonising
vineyards adjacent to apple orchards (Chapter II; Brambilla, Martino & Pedrini, 2013).
The avian communities and the species negatively affected by the predominant land cover, however,
generally were broadly positively affected by the cover of other habitats in the landscape (Chapters I, II, VI,
VIII). This is unsurprisingly as, despite the paucity of studies on the effect of heterogeneity in permanent
crops, the positive effect of heterogeneity on biodiversity in agricultural systems is widely recognised
(Benton, Vickery & Wilson, 2003; Vickery & Arlettaz, 2012). Heterogeneity reduction, at least in Europe, is
likely one of the main reasons why intensification, which causes a marked reduction of heterogeneity, had
such dramatic detrimental effects on biodiversity and in particular on farmland birds (Newton, 2004).
A similar effect could also be observed in the intensive monocultures investigated, which generally
harbour extremely simplified communities. In these landscapes, the number of crop patches, which is used
as an indirect measure of the agriculture heterogeneity, was found to have positive effects on community
indexes as well as on the abundance of individual species (Chapters I, II, IV).
Another relevant finding of my research is the importance of marginal habitats/elements to enhance
bird occurrence in landscapes dominated by permanent crops. In this thesis I considered several marginal
elements, namely fallow lands, hedge and tree rows, field margins, isolated trees, and rural buildings.
These elements are mostly tied to a traditional and extensive way of farming, which has been progressively
disrupted by intensification and has also reduced the presence of different habitat types embedded into
the monoculture matrix. Traditional elements and the availability of different habitats allowed the
persistence of species less adapted to the main habitat characterising the matrix, as those species are not
able to nest or forage on the crops themselves, and thus the reduction of such elements generally result in
harsh negative effects on species’ persistence and on biodiversity in general in agricultural areas (Chapters
I, II, IV).
This is particularly true in winter, when the cover of vineyards resulted in severe negative effects (more
striking than those observed during the breeding season) on bird communities and on several common
species. During this season, the habitat becomes extremely simplified structurally; as a consequence, most
bird species are forced to exploit all kinds of marginal habitats, including roads and field margins, where
some tall grass remains (Chapters I, II).
There is a general consensus on the importance of hedge and tree rows (Baudry, Bunce & Burel, 2000),
isolated trees (Roux et al., 2015), field margins (Vickery, Feber & Fuller, 2009), and fallow lands (Newton,
2004) in favouring biodiversity in agricultural systems, including permanent crops (Castro-Caro, Barrio &
Tortosa, 2015). As a consequence, incentives (provided by e.g. AESs) are frequently targeted at the
creation, for example, of hedgerow networks. However, the effect of hedgerows on biodiversity is contextdependent. Hedgerow networks or woodlots created in areas where they never occurred may cause
declines in open-habitat specialists (Chapter VIII; Besnard & Secondi, 2014; Pithon et al., 2016). Conversely,
in systems where permanent crops occur and hedgerows have a traditional and cultural landscape value,
these elements must definitely be preserved and possibly restored.
For conservation and planning purposes, I estimated from my community models some reference
values for the heterogeneity (number of patches of different habitats) and cover of marginal habitats for
which the majority of community indexes displayed values above the respective average. I found that the
adequate value for heterogeneity was 4–7 patches/ha and for marginal habitat cover was between 15 and
20% (Chapter I). The suggestion of thresholds could be very useful when policies (e.g. AESs) have to be
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defined; however, a relevant problem is the scale at which to apply these regulations. My study area
presents an extreme fragmentation of the property, with an average farm size less than 1 ha. In this
situation, it is impossible to apply that kind of threshold directly on individual farms; thus, a network
approach is needed to provide benefits to biodiversity at the landscape scale, which is also the scale at
which those thresholds were defined.
Several EU Member States integrated several AESs in their RDPs that encouraged farmers to act jointly
toward the achieving of landscape-scale targets (Emery & Franks, 2012); however additional incentives to
groups of farmers which jointly provide landscape scale benefits to biodiversity and ecosystem services
(e.g. improving habitat connectivity and diverse habitat mosaics at the landscape scale) are urgently
needed (Pe’er et al., 2014).
As a further example of how traditional elements strongly influence birds, I thoroughly investigated
the effect of two distinct vineyard trellising systems occurring in Trentino vineyards: spalliera and pergola.
The first system is the globally widespread vineyard trellising system. Pergola is the traditional and
predominant system in Trentino and accounts for about 80% of the overall vineyard surface in the region
(Chemolli et al., 2007).
My results show that birds are invariably favoured by pergola, with a partial exception to this pattern found
for the community in spring. In this season, the percentage cover of spalliera enhanced richness, likely due
to the heterogeneity it adds in the uniform matrix of pergola vineyards, and possibly because it is often
located on the steepest slopes, in rather well-preserved traditional agricultural areas close to the altitudinal
limit of vineyards and in species-rich landscapes (Chapter I). In these areas, the vineyards are often also
exploited by species generally not occurring in this habitat, such as the rock bunting Emberiza cia, whose
abundance was promoted by spalliera cover. This species usually exploits areas in close proximity to rocky
cliffs or stone wall-terraced systems, which due to their harsh topography, are most suitable for this kind of
cultivation (Chapter II).
On the contrary, the abundance of the majority of species at community level is lowered by the relative
amount of spalliera (Chapters I, II, IV). This was confirmed by the findings of the study investigating the
breeding performance of birds in intensive vineyards (Chapter III), which highlighted how pergola hosted a
significantly and fourfold higher number of nests and nesting attempts compared to spalliera vineyards. Of
the only six common species which build their nests on vines, the chaffinch completely avoided spalliera
and only the blackbird Turdus merula nested in those types of vineyards with a regular frequency. The
preference for pergola is easily explained considering that vines growing in this way resemble a small tree,
being taller and more branched than spalliera vines, and therefore offer many more potential nesting sites.
Additionally, pergola vineyards are supported by a multitude of poles and beams which are often covered
by vine branches and then used by birds for nesting. Moreover, pergola implies a greater distance among
vine rows, consequently a greater sward cover is found, generally accounting for more than 85% of the
vineyard ground. This characteristic could be particularly suitable for species foraging on the ground, which
are also favoured by a high moisture level guaranteed by the shade created by the dense canopy.
Trentino viticulture has experienced a slow, but increasing, abandonment of the traditional pergola
system which is progressively replaced by spalliera. Although in recent years this phenomenon has slowed
down, I suggest that pergola, which have social and ethnographic values, as well as values for birds as is
shown here, should also be favoured by means of specific public regulations and incentives targeted at the
conservation of both rural tradition and avian populations in vineyards.
A management form which receives strong incentives and is generally regarded as “green by
definition” is organic agriculture. Organic farms, for example, are exempt from greening in the current CAP;
moreover, in almost every Member State there is a specific AES for organic farming (Pe’er et al., 2014). In
the present study, I investigated the effect of organic viticulture on birds considering several indicators and
spatial scales without finding any positive effect of this kind of management form.
In my study system, birds are not affected (or, in some cases, they are negatively affected) by organic
farming when considering both communities and individual species’ abundance and breeding success
(Chapters I, II, III, IV). Elsewhere, positive effects of organic farms on biodiversity are quite well
documented. Generally, this type of farm hosts richer, more diverse, or more abundant communities of
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organisms, including birds, than conventional systems (Tuck et al., 2014). This positive effect is mainly due
to the sympathetic management of non-crop marginal habitats (Hole et al., 2005) and was also reported for
birds in fruit orchard systems (Genghini, Gellini & Gustin, 2006) and for invertebrates (Isaia, Bona & Badino,
2006; Sabbatini Peverieri et al., 2009; Caprio et al., 2015) or plants (Nascimbene, Marini & Paoletti, 2012) in
vineyards, although no positive effect of organic farming was detected by Bruggisser, Schmidt-Entling &
Bacher (2010) in Swiss vineyards. However at the landscape scale, the effect of organic farming was shown
to be less important than the structure of the surrounding landscape, particularly for very mobile species
such as birds (e.g. Fuller et al., 2005; Winqvist, Ahnström & Bengtsson, 2012). Whit this considered, organic
farming is then expected to exert positive effects in intensive and non-permanent crops (Bengtsson,
Ahnström & Weibull, 2005; Batáry et al., 2011; Tuck et al., 2014), thus in agroecosystems quite different
from the ones studied in my research.
Additionally, in Trentino, organic viticulture is mostly adopted in easy-to-mechanize fields and often results
from the recent reclamation of natural and semi-natural areas, and this process is conducted in a very
intensive way. In conventional fields, phytosanitary treatments are generally quite similar to treatments in
organic fields or are even less frequent, although mostly copper, sulphur, and pyrethrin are used in organic
regimes instead of other synthetic chemicals.
Kragten et al. (2011) studied the abundance of invertebrates that are commonly preyed upon by birds and
concluded that more invertebrates (in particular earthworms) occurred in organic cereals and vegetable
crops. In vineyards, Caprio et al. (2015) observed a general positive effect of organic agriculture on spiders
and carabid beetles: however, they found that this preference was driven not only by the omission of
synthetic pesticides, but also by habitat characteristics and landscape structures, with different effects on
different guilds. Although we have no data on invertebrates in our study area, according to the available
literature we can suppose that the large use of copper (which accumulates in the soil) made in organic (and
also in conventional) viticulture, may have negative effects on invertebrates (Eijsackers et al., 2005; Nash,
Hoffmann & Thomson, 2010; Rusch et al., 2015); nevertheless, these effects seem to not be harsh
considering that we found several insectivorous species also in the most intensive (organic and
conventional) vineyards occurring in the study area (Chapters III, IV).
Additionally, organic farms are few and quite isolated in the matrix dominated by conventional vineyard.
Therefore, the pesticide drift from other farms could also diminish the potential benefits of organic
management.
At the present stage, in the study area, but also in other viticultural districts elsewhere (Bruggisser et al.,
2010; Arlettaz et al., 2012; Rusch et al., 2015), organic viticulture alone does not favour biodiversity; as a
consequence, efforts should be allocated at a wider landscape scale in making (organic) viticulture more
biodiversity-friendly.
This whole thesis ultimately aims to propose some possible best-management practices to maintain
biodiversity in agricultural systems devoted to food production. I acknowledge that a possible basic
question about that point could be: “Why conserving biodiversity in farmland, which is by definition
devoted to food production?”
Overall, biodiversity provides essential services to society, and its loss can deeply undermine the goal of
increasing food production in response to predicted population increases, or create other risks to human
welfare that exceed any benefits of increased food production. Simply considering the sole economic value
of biodiversity, recent estimates showed that the services it provides may be 10 to 100 times the cost of
maintaining it (Daily, 1997; Rands et al., 2010). In agroecosystems, biodiversity provides ecosystem services
well beyond the production of food and income. Animal, plants, and microorganisms allow for, among
others, the recycling of nutrients, control of local microclimates, the regulation of local hydrological
processes, regulation of the abundance of undesirable organisms (pests and weeds), pollination, and
detoxification of noxious chemicals. These renewal processes and ecosystem services are largely biological,
therefore their persistence depends upon the maintenance of biological diversity (Altieri, 1999).
Furthermore, biodiversity has an intrinsic (cultural, intellectual, aesthetic, and spiritual) value, irrespective
of its economical or utilitarian values, and this alone should be enough to guarantee its conservation
(Chapin III et al., 2000; Justus et al., 2009).
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Biodiversity conservation will not work without protecting the only remaining 5% World pristine
habitats, but also it will not work if the contribution of the remaining 95% of ecosystem functioning and
service provisioning is not recognised (Tscharntke et al., 2005, 2012).
Protected areas are necessary, but alone are not enough, to conserve biodiversity, because they can only
support a limited amount of the species and populations living on Earth (Gaston & Fuller, 2008). Thus,
initiatives to promote the environmental quality of the wider landscape matrix are fundamental to
maintaining biodiversity and the invaluable ecosystem services it provides (Kleijn et al., 2006).
In these human-dominated landscapes, conservation strategies are a matter of public debate over which
type of ecosystem or landscape is wanted and should have priority for conservation (Tscharntke et al.,
2005). In the agroecosystem, the maintenance of biodiversity and ecosystem functioning requires closer
collaboration with farmers (Jackson & Jackson, 2002).
Very simple measures (e.g. rewilding small patches among the intensive matrix, see Chapter VII, or nest
boxes provisioning, see Chapter V) often could have overwhelming results in a conservation perspective.
However, these simple measures must also have a solid scientific background and a relatively public
disclosure to allow conservationists together with farmers, practitioners, and policy makers to bridge the
great divide between conservation knowledge and action (Anon, 2007; Arlettaz et al., 2010).

V.2. Perspectives
This study closed some gaps of our knowledge on biodiversity in permanent crops and to a lesser
extent on Alpine hay meadows. I focused on the first typology (and in particular on vineyards), because
they are a very neglected topic in the available scientific literature, although in recent years there was an
apparent increase of interest on this topic (e.g. Arlettaz et al., 2012; Duarte et al., 2014; Barbaro et al.,
2016; Pithon et al., 2016).
A number of questions remain, however, still remain open, and in the subsequent points I will
briefly describe some possible future research directions.
i.

Further insights into organic regimes in permanent crops
The present study found hardly any positive effects of organic viticulture on birds. Although
the evidence is quite straightforward, they are based on comparisons between bird
abundance, diversity, and reproductive success in different management regimes (organic
vs conventional).
Further investigations on this relevant topic should include an evaluation of the toxic
effects of different chemicals used in different management regimes on breeding birds
through a toxicological approach. Additionally, a more comprehensive assessment,
considering the whole trophic network level (i.e. including insectivorous birds and their
insect prey) in the analysis would be highly useful. The further inclusion of apple orchards
would be of relevant interest.

ii.

Functional diversity and (agro)ecosystem services
Functional diversity is defined as ‘the value and range of those species and organismal
traits that influence ecosystem functioning’ (Tilman, 2001), and it gained a place of
increasing importance in ecological research (Petchey & Gaston, 2006). However,
functional composition of communities and the magnitude of ecosystem services they
provide in agricultural systems remains poorly understood and deserve further
investigation in permanent crop systems (Cadotte, Carscadden & Mirotchnick, 2011;
Barbaro et al., 2016).

iii.

Biodiversity in cultural landscapes and associated ecosystem services
In the past, agriculture shaped impressive “cultural landscapes”, which when preserved to
the present days, have assumed major aesthetic and cultural meanings, as well as in many
cases a high farmland biodiversity value. For these reasons, they must be regarded as a
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priority for conservation (Vos & Meekes, 1999; Cohen et al., 2015). Examples of these are
the streuobst occurring in central and eastern Europe (Herzog, 1998) or the terraced
vineyards of the Mediterranean basin (Petit, Konold & Höchtl, 2012; Agnoletti, 2013). A
better comprehension of the role of biodiversity in this kind of cultural landscape and of
the cultural/recreational ecosystem services they provide could also have relevant
implications from a conservation point of view.
iv.

Climate-change-driven range shifts of Mediterranean permanent crops and their
effects on associated biodiversity
Due to their high economical value and in response to climate change pressure, the
permanent crops occurring in the Mediterranean basin (in particular vineyards) are rapidly
expanding northwards and above their historical altitudinal range (Hannah et al., 2013).
This process is also affecting areas where these types of crops have never previously
occurred and is encroaching upon some pristine ecosystems, or in the majority of cases,
other agricultural land usages (Winkler & Nicholas, 2016). For example in Trentino,
vineyards and apple orchards are grown at increasingly higher altitudes and are replacing
natural (e.g. woodland) and artificial ecosystems (e.g. hay meadows). This poses serious
threats for biodiversity and an assessment of this phenomenon is urgently needed.
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Appendix I
FAVORIRE LA BIODIVERSITA’ IN VITICOLTURA. Buone pratiche per un’agricoltura sostenibile.
Questo “piccolo vademecum” è il risultato di una ricerca sulla biodiversità nei vigneti Trentini sviluppato
dalla Sezione di Zoologia dei Vertebrati del MUSE in collaborazione con il Centro di Trasferimento
Tecnologico della “Fondazione Edmund Mach”-Unità viticoltura.
La biodiversità, ossia la ricchezza di specie selvatiche animali e vegetali, deve essere vista come un valore
aggiunto di grande importanza per l’agricoltura e non come un ostacolo alla produzione, dal momento che
molte di queste specie forniscono servizi ecosistemici unici e inestimabili. Fra questi, il biocontrollo, ossia la
rimozione di organismi dannosi per la vite operata dagli animali (quali gli uccelli).
I consumatori, inoltre, apprezzano sempre più i vini prodotti con criteri di sostenibilità e un ambiente sano
e naturale può presentare possibilità di sviluppo collaterali alla produzione (es. eco-turismo), oltre che
essere più vivibile per tutti i cittadini.
La nostra ricerca si è incentrata prevalentemente sugli uccelli, ma i consigli che forniamo possono avere
ripercussioni positive per tutta la biodiversità, dal momento che gli effetti positivi (o negativi) sugli uccelli
sono sintomo di quello che succede nell’intero ecosistema.
Nel paesaggio agricolo
Mantenimento di ambienti diversificati nelle aree vitate
Nella monocultura intensiva a vigneto, la conservazioni di altri ambienti naturali residui (boschetti, fasce
incolte, piccole zone umide, ecc.;) è il fattore che influisce in maniera più positiva sugli uccelli. Idealmente,
mantenere almeno il 15-20% di questi ambienti per ettaro, avrebbe ricadute piuttosto positive sugli uccelli.
In minor misura, anche la diversificazione delle tipologie colturali (prati, orti e piccoli frutteti, altre tipologie
di coltivi, oltre al vigneto) può avere ricadute importanti. Dal momento che questi obiettivi sono spesso
(troppo) ambiziosi per una piccola azienda è necessario perseguirli a scala di paesaggio e quindi a livello di
sistema, es. di distretto produttivo, consorzio, cooperativa di produttori, cantina sociale, etc.
Mantenimento e ricreazione di siepi e filari
Nei vigneti trentini garantire almeno 28-56 m di siepi o filari per ettaro favorisce gli uccelli e pertanto
sarebbe buona pratica conservare questi elementi paesaggistici. Molte aree trentine si trovano al di sotto di
questa soglia e quindi la messa a dimora di nuove siepi e filari sarebbe da incentivare. Per le piantumazioni
andrebbero favorite specie vegetali autoctone del Trentino e possibilmente produttrici di bacche (es.
biancospino, sanguinello, rosa canina, viburno, sambuco, ecc.).
Le siepi sono alleate dei produttori biologici perché difendono il vigneto dalla deriva dei fitofarmaci, ma
sono necessarie sia nella gestione integrata, sia in quella biologica.
Anche in questo caso è necessario un ragionamento a livello di sistema, ricreando le siepi ad esempio lungo
corsi d’acqua, strade e altre infrastrutture, o nei dintorni di centri abitati.
Mantenimento di elementi tradizionali
Alberi isolati (es. salici da fascine, gelsi), edifici rurali isolati (baiti) e muretti a secco favoriscono gli uccelli
primariamente perché offrono potenziali siti per la nidificazione. I muretti cementati invece non hanno lo
stesso effetto positivo.
Canali e fossi irrigui
In alcune aree del Trentino (es. Piana Rotaliana) sono presenti complessi sistemi di canali e fossi irrigui che
ospitano una ricca biodiversità. La gestione della vegetazione in questi fossi è talvolta incompatibile con le
esigenze delle specie selvatiche, in quanto vengono eliminate tutte le piante acquatiche (es. cannucce
palustri) presenti negli stessi. Laddove questa pratica non può essere evitata, sarebbe auspicabile che fosse
effettuata tra ottobre e febbraio, non andando a interferire con la riproduzione di molti animali che vivono
in questo ambiente.
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Favorire la pergola
Delle due forme di allevemento presenti in Trentino, pergola e spalliera, la seconda è risultata essere la più
favorevole per gli uccelli, in particolare per le maggiori opportunità di nidificazione che offre a molte specie.
Nidi nei vigneti
Alcune specie di uccelli si sono adattate a nidificare nei vigneti facendo il nido sulle viti o sui sostegni. E’
importante sapere che gli uccelli che nidificano nei vigneti nella stagione riproduttiva si nutrono di insetti e
anche ai pulcini portano questo tipo di prede, quindi non danneggiano l’uva ed anzi possono predare insetti
nocivi per la vite stessa, mantenendone "sotto controllo" le popolazioni.
Cassette nido
Apporre nel proprio vigneto una (o alcune, ma non più di tre per ettaro e di diversa dimensione) cassette
nido per uccelli (e anche per pipistrelli), oltre che favorire la biodiversità, può avere un effetto positivo per
l’agricoltore, in quanto la maggior parte degli uccelli che le occupano sono insettivori (come i pipistrelli) e
possono contribure a limitare gli insetti nocivi.
Taglio dell’erba
L’erba è essa stessa biodiversità floristica e allo stesso tempo favorisce sia gli insetti e altri piccoli animali,
sia gli uccelli. Consigliamo di ridurre quindi all’indispensabile i tagli e di evitarli ove possibile nel periodo
aprile-giugno. Durante il taglio sarebbe auspicabile non tagliare a raso tutto il vigneto, ma mantenere delle
“isole” di erba alta. Alcune di queste isole dovrebbero essere mantenute per più anni ed essere sfalciate al
massimo una volta all’anno in autunno-inverno. Queste isole possono essere ricavate in aree marginali non
produttive del vigneto (es. margini, rampe di ingresso, dintorni dei casotti per gli attrezzi).
Ingressi nei vigneti
Il disturbo ha effetti negativi dimostrati in particolare nelle prime fasi delle riproduzione degli uccelli; di
conseguenza, compatibilmente con le esigenze agricole, sarebbe auspicabile ridurlo al minimo soprattutto
tra marzo e maggio.
Vasche per il verderame
In molti vigneti si trovano ancora antichi vasconi in cui veniva preparato il verderame da irrorare sulle viti.
Oggi queste sono spesso inutilizzate e abbandonate. Il loro recupero (riempendole d’acqua), oltre a essere
piuttosto piacevole da un punto di vista estetico, può favorire numerosi piccoli animali legati agli ambienti
acquatici, come l’Ululone dal ventre giallo, un piccolo rospo di grande interesse conservazionistico tutelato
anche a livello europeo dalle direttive comunitarie.
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