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ABSTRACT 
The work carried out during the XXXV cycle of the PhD in Cotutela between the University of 

Naples Federico II (Italy) and the Universidad de León (Spain) involved Dr. Nadia Piscopo in 

Italian and Spanish scientific teams. In a common context such as the Mediterranean 

Biogeographical Region, our thesis wanted to demonstrate that the different components of the 

agro-ecosystem play an active and passive role in providing Ecosystem Services or Disservices. The 

wild boar model studied between 2019 and 2022 involved one of the sites present in the Natura 

2000 network. The presence of wild boar (Sus scrofa), a species considered one of the most 

invasive on the planet, in a Special Conservation Area/Site of Community Interest (SCA/SCI) 

affects the biodiversity present, both of particular conservation interest and on that considered least 

concern. This situation involves the sites present in the Natura 2000 network in all 27 countries of 

the European Union. Almost all of the existing bibliography reports the wild boar as a demographic 

surplus and as an agent responsible for damage to agriculture and, lately, for road accidents and 

invasion of urban centres. The innovative element that distinguishes the experimental research work 

consists in demonstrating that, together with the ecosystem disservices produced by the wild boar to 

human activities, there are a series of ecosystem services that the suidae provides to man and the 

ecosystem. The first part of the work was carried out to determine a numerical estimate of the wild 

boars present in a sufficiently large area. We then proceeded to identify an area of approximately 

13,000 hectares defined as the "PSR Area" and, within this, a smaller area called the "Focal Area". 

The vegetation characteristics and biodiversity were described by the Standard Data Form of the 

SCA/SCI. Together with other operators, the areas of interest were checked with direct and indirect 

census methods. The results obtained made it possible to define a population of wild boars residing 

in the PSR Area equal to 244 specimens (average of the surveys between the years 2019 and 2022). 

The experience gained in the Regional and private Game Reserves of Castilla y Leon has made it 

possible to use the mathematical method of hunting effort (CPUE). The datum calculated thanks to 

field data produced a result comparable to that experienced in the field (264 specimens obtained 

from the average of the years observed). The negative effects consisting in damage to agriculture 

(413,950 Euros) and road accidents (25,000 Euros) were provided by the Campania Region and 

represented the items relating to the disservices caused by the wild boar. The positive effects 

consisting in the provisioning  provided by the shot of wild boars in the PSR area (242,316 Euros) 

and the estimate of cultural factors (280,560 Euros) were calculated on an experimental basis and 

represented the Services connected to the presence of the wild boar. The resulting difference 

showed a weight in favor of disservices (-83,926 euros). This result could be reversed when the 

definition of the influence of wild boar on other living species (plants and animals) will be 

completed. At the moment, it has not been possible to quantify the monetary value of the 

biodiversity present in the habitat under study (Habitat/Biodiversity). However, direct observations 

have allowed us to ascertain the presence of 3/22 species indicated in the art. 4 of Directive 

2009/147/EC. If we consider that there are 10 bird species described in the Natura 2000 site, the 

percentage increases to 30% (3/10). Another 17 species were observed including 10 birds and 7 

mammals. Among the mammals, the description of the presence of Canis lupus was important. 

Three domesticated animal species frequented the same habitats as the animals listed above. 
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1. INTRODUCTION 

1.1 ECOSYSTEM SERVICES, A NEW VISION FOR THE SUSTAINABILITY 

Esposito, L., Piscopo, N., Aloisio, A. (2022) I sistemi agro-zootecnici e i service ecosistemici, quali strumenti 

di pronto uso per la transizione ecologica, le persone, il pianeta e la prosperità. Libro Verde sulla 

Prevenzione Sostenibili (05) Quaderni sulla Sanità Pubblica. Ed. MIDA, Pertosa, Auletta ISBN 978-88-

946717-4-2 

In the "Green Book on Sustainable Prevention”, the authors (Esposito, Piscopo & Aloisio, 2022) 

address some evolutionary aspects of our planet. Starting from the present and imagining the future 

of the sustainability concept. Agenda 2030 proposes specific solutions using social/economic 

sectors and finally analyzing the effects and transformations achieved. 

The Third Millennium began with invading human societies ("citizens of the world"), through an 

uncontrollable technology opulence, mainly linked to information technology and 

telecommunications. The development of new knowledge has brought about radical global changes 

in political and economic choices which are often identified with denominative forms that have 

repercussions in the common lexicon both on an intralinguistic and on an interlinguistic level. The 

harmonious development of the language also depends on the responsible use that is made by 

"authoritative people", ensuring that each citizen becomes aware of the individual behavior 

necessary to guarantee the survival of a correct environmental balance (the environment is a good 

for everyone). A living language, in good health and capable of adapting correctly to historical 

changes, will also allow the new generations to learn more about their past in order to be able to live 

the future effectively and incisively (Adamo & Della Valle, 2019). However, some definitions that 

are used in modern jargon are rooted in intellectual currents that have developed over the last two 

centuries. For example, the term "Biodiversity", which is sometimes abused, was used for the first 

time in 1988 by the American entomologist Edward Osborne Wilson (National Academy of 

Sciences, 1988) and indicates the variety of living beings on Planet Earth ( biosphere): plants, 

animals, microorganisms, genes, complex ecosystems. Similarly, we will have to wait until 2005 

and the publication of the "Millennium Ecosystem Assessment" project (MEA, 2005) to formalize 

the conceptual definition of "Ecosystem Services". 

1.2 ECOSYSTEM SERVICES AND THE 2030 AGENDA 

In general, an environment where life develops (ecosystem) is able to provide biodiversity, 

including man, with "direct benefits" and "indirect benefits" which are classified by the MEA into 

four categories: 1) provisioning; 2) regulating; 3) cultural; 4) support. This classification becomes 

complex when trying to quantify and economically evaluate the different ecosystem services. In 

2009, the Institute for European Environmental Policy (Cooper, Hart and Baldock, 2009) indicated 

that services usable by all individuals and whose use by one individual does not reduce the 

availability for others, could be considered public and were grouped into "non-provisioning" 

services (regulating, cultural, supporting). The complexity of the services offered by the ecosystem 

and the difficulty of describing the benefits from an economic point of view leads the project "The 

Economics of Ecosystems and Biodiversity" (TEEB, 2010) to include the supporting services in a 

separate category, defined "Habitat and supporting", which includes the services of "Habitat for 

species" and "Maintenance of genetic diversity". Currently, unfortunately, the only services that are 

easily measurable and quantifiable from the point of view of economic value remain the 

procurement services (provisioning) which, being privatizable, respond to market systems and are 

easily monetised. Even the need to safeguard Planet Earth is not a recent alarm. Already in 1987 the 

World Commission on Environment and Development (WCED) and the United Nation 

Environment Program (UNEP) in the Report "Our Common Future" (WCED, 1987; Report of the 

World Commission on Environment and Development, 1988) introduce the concept of "sustainable 

development" (Brundtland Report) defining it as "development that satisfies the needs of the 

present generation without compromising the ability of future generations to satisfy their own". 
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Subsequently, during the "Earth Summit" held in Rio de Janeiro in 1992 (United Nations, 1992), the 

political bases were defined for the realization of sustainable development through the "Action Plan 

for the XXI Century" (Agenda 21). 

The commitments made and the definition of the steps necessary to be able to proceed towards 

sustainable development were renewed in the Rio+20 Conference of 2012 (United Nations, 2012) 

while, in 2015, the United Nations General Assembly adopted «the Agenda 2030 for sustainable 

development» within which the guidelines to be adopted at a global level are clearly identified 

through an action program for people, the planet and prosperity (Andreoni & Miola, 2016). The 17 

Sustainable Development Goals (SDGs) take into account the need to support universal peace, 

freedom and the eradication of poverty in a major action program which achieves, through 169 

targets, the sustainable transformation of society, of the economy and environment by the year 2030 

by monitoring results with 240 indicators (United Nations, 2021a; b). In this meaning it is evident 

that the objective proposed more and more urgently is that of inverting the paradigm of the 

currently dominant model of "unsustainable growth" (unbridled consumption of renewable 

resources, depletion of non-renewable resources, waste of materials, invasion of residues material 

cycles, pollution, corruption, crime) towards a "model of sustainable growth" at all levels (global, 

national, regional, urban) based on an integrated vision of the various dimensions of development 

(economic growth, protection of the environment, human and social rights) in order to preserve the 

planet for future generations both from an ecological point of view and from a social and civil point 

of view. The structure of the "Agenda 2030" action program is based on three dimensions (MiTE, 

2022) which aim to obtain positive results on the "Biosphere" (SDGs 6, 13, 14, 15), on the 

"Society" (SDGs 1, 2, 3, 4, 5, 7, 11, 16) and on the "Economy" (SDGs 8, 9, 10, 12). The pyramid 

structure of the program indicates that only by achieving the objectives linked to the Biosphere will 

those linked to Society and, therefore, the economic ones be supported, to the benefit of the current 

biodiversity present on Planet Earth (fig. 1): "there cannot be a healthy economy in absence of a 

healthy society; society cannot be healthy if the environment is not healthy” (UN, 2021).  

 

 
Figure 1. Agenda 2030 goals developments. 

(https://www.mite.gov.it/pagina/il-contesto-internazionale-l-agenda-2030; United Nations, 2021) 

1.3 THE ECOSYSTEM AT THE SERVICE OF THE PLANET 

It appears evident that the future activities of mankind must be closely linked to the compatibility 

between economic development and environmental protection. It is precisely in this context that the 

"Ecosystem Services" enter which, however, are still struggling to find a classification that is able 

to economically quantify and map, in a clear way, the services that ecosystems provide to 

biodiversity, man in the lead. In order to standardize and hierarchically classify ecosystem services 

for their quantification and economic evaluation, the European Environment Agency (EEA, 2010) 



6 

 

has decided to identify the final services that derive from support services and has reduced the 

categories of three-way services (provisioning, regulating and maintenance). For the foreseeable 

future, the European Union has based its environmental policies on the concrete integration of 

ecosystem services in the sustainable development actions of the Euro-Union. It is no coincidence 

that the "EU Biodiversity Strategy 2030", in continuity with the EU strategy on biodiversity for 

2020, consists of a long-term plan which, through specific actions and commitments, is able to 

reverse the degradation of ecosystems to bring Europe's biodiversity on the road to recovery by 

2030. With the "Mapping and Assessment of Ecosystems and their Services" (MAES) initiative, the 

EU has asked the Member States to map and evaluate the state of ecosystems and their services in 

the various national territories and, through the "Common International Classification of Ecosystem 

Services” (CICES) provided guidelines and indicators to identify ecosystem types (fig. 2) and 

assess their status (https://cices.eu). 

 
Figure 2. Classification of Ecosystem Services according to TEEB (modified). 

 

1.4 ECONOMIC GROWTH AND ECOSYSTEM SERVICES 

The wealth and economic growth of a nation are strongly influenced by the capital it owns (stock) 

and by the way in which this is managed and invested in order to increase and improve the 

individual and collective well-being of present and future generations.  

The capital of a nation is made up of different types of resources which, over time, have been 

recognized as assets that have contributed to the prosperity of some peoples (Natural Capital 

Committee, 2017). The economies of the countries and the public opinion have no difficulty in 

recognizing the Manufacturing Capital (machinery and real estate); Human Capital (people with 

their skills and knowledge); the Social Capital (set of rules, institutions and values that regulate the 

interactions between both public and private entities); Financial Capital (currency and all the 

financial instruments that allow it to be invested). Over time, all these types of capital have been 

identified, quantified and recognized as fundamental for increasing a country's development 

capacity. Not in the same way has a global economic value been given to Natural Capital 

(functionality of the ecosystems on which human life depends and from which natural resources and 

raw materials for the economy and human development are obtained) (World Bank, 2006 ). The UK 

Natural Capital Committee (2013) specifies that "Natural capital includes the entire stock of natural 

assets - living organisms, air, water, soil and geological resources - which help to provide goods and 

services of direct or indirect value to man and that they are necessary for the survival of the very 

environment from which they are generated”.  It follows that Natural Capital is a stock quantity and 

therefore it is identifiable with the physical or monetary value of all the elements that compose it at 
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a given moment. Using the ecosystem approach promoted by the Convention on Biological 

Diversity (U.N., 1992) it is possible to classify the different components of the planet into "biotic" 

and "abiotic" components. The biotic components include all terrestrial and marine ecosystems, 

with the flora and fauna (biodiversity) they contain (AA.VV., 1956-2015; AA.VV., 2001-2009; 

Minelli et al., 2002 ; AA.VV., 2003; AA.VV., 2004; AA.VV., 2005; AA.VV., 2011; Audisio, 2013; 

Audisio et al., 2014), while abiotic components are minerals, metals , fossil fuels, but also air, wind 

or solar energy (Daly and Cobb, 1989; FAO, 2016; UK Natural Capital Committee, 2013; UK 

Natural Capital Committee, 2014; UK Natural Capital Committee, 2015). It is also essential to 

underline that, while almost all biotic components are renewable, abiotic components can be both 

non-renewable (minerals, energy from fossil fuels) and renewable (solar energy) (Costanza and 

Daly, 1992).  

A further classification of Natural Capital is based on the type of source from which the resources 

derive: 

Soil (forests, flora and fauna, soil microbes, etc.); 

Subsoil (minerals, fossil fuels) 

Water (rivers, lakes, oceans, groundwater, and marine flora and fauna) 

Atmosphere (air and climate elements) 

The set of constituents of Natural Capital (stock) produces a flow of services which, finally today 

we identify as "Ecosystem Services" (De Groot, 1992). Since man obtains a continuous flow of 

benefits from the environment that are necessary for his own life, as well as for the production of 

goods and services, for their consumption but also for the usability of free time, the value of the 

flow of Ecosystem Services also defines the value of the Natural Capital stock from which they are 

generated. From Natural Capital we obtain, for example, air to breathe, water to drink and to grow, 

energy from the sun or from fossil fuels, genetic diversity for food and medical and industrial 

research, fish fauna for to feed us, textile fibers to produce clothes, a mountain landscape or an 

urban park for walking, the systems of plants and micro-nutrients in the soil that protect us from 

hydrogeological instability, bacteria for the natural purification of water, the biodiversity of insects 

necessary to pollination. All these benefits, in order to be measured and assigned in qualitative and 

quantitative terms to the assets that produce them, are classified in comprehensive categories. The 

classification of "Ecosystem Services" reported by TEEB (2010), which can be linked through 

CICES (2016) with the classifications originally proposed by the Millennium Ecosystem 

Assessment (fig. 5), indicates the following categories whose common basis is provided by the 

“Support Services”: 

- Provisioning/sustenance of food, materials and energy obtained from ecosystems. 

- Regulating of the functioning of ecosystems. 

- Cultural, associated with the benefit obtained from recreational uses of ecosystems or natural 

assets. 

«Ecosystem Services» can be provided exclusively by Natural Capital (raw materials, water, food) 

but, in most cases, they are obtained in complementarity with other types of capital and production 

factors: this is an example the case of agriculture is clear. Food production depends on the type and 

quality of the soil and the climate but is significantly influenced by the use of agricultural 

machinery, the skills of those who optimize the functioning of the machinery, as well as the skills of 

the farmer who uses them. The agriculture example allows us to clearly see how by replacing the 

types of capital it is possible to obtain a result opposite to the "Service" or cause a "Disservice". In 

fact, substitution can be responsible for the onset of environmental sustainability problems: for 

example, soil fertility can be increased with the use of chemical fertilizers rather than through the 

regulation offered by natural nutrients and this substitution, causing an excess of chemical elements 

in the soil, is responsible for the pollution (excess of nutrients) of the soil and groundwater. 

However, as the science of ecological economics demonstrates (Comitato Capitale Naturale, 2017 

Annex A), it is possible to state that without Natural Capital there is no human well-being since 
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some assets (air, water, soil, oceans, biodiversity) are unique, not replaceable and constitute the 

essential basis for human life and needs (Costanza et al., 1997). Ecosystem Services therefore 

represent the tool that allows you to manage (use), while preserving (resilience), the set of 

constituents of the Natural Capital (stock) in a dynamic and evolutionary state capable of providing 

services in the present, ensuring them also in the future. However, if this vital and essential function 

in support of human activities is recognized, the importance of "Ecosystem Services" is still largely 

ignored today because many of these services, not being traded on the market, do not have a price 

that indicates their social value (reduced or no monetary valuation).  

1.5 PAC AND THE EUROPEAN MODELS FOR SUSTAINABILITY 

Although there is a generalized recognition of the positive influences exerted by ecosystem services 

on all human activities, there is still a difficulty in implementing and inserting the conceptual and 

operational schemes in other community policies (Bouwma et al., 2018; Allen, 2020). However, an 

attentive observer of Community Agricultural Policies (CAP) will not have escaped the fact that 

from the initial actions of economic support tout court to the productions of the primary sector 

(Agriculture, Forestry and Animal Husbandry) we have moved on to the current revisions which 

include saving and conservation strategies such as , for example the “Farm to Fork” strategy which 

aims to accelerate the transition towards a sustainable food production system for humans (EC, 

2020; Meredith et al., 2021). In fact, there is a trend towards a holistic system that can be integrated 

within the "European Green Deal" (EC, 2018). The European Commission calls for the adoption of 

proposals capable of transforming the EU's climate, energy, transport and taxation policies so as to 

reduce net greenhouse gas emissions by at least 55% by 2030 compared to the levels of the 1990. 

The "Farm to Fork" strategy is at the heart of the European Green Deal (EGD) with the aim of 

making food systems fair, healthy and environmentally friendly. It is extremely clear that we need 

to redesign the food production and food consumption systems that today account for a third of 

global greenhouse gas emissions, consume large quantities of natural resources, cause biodiversity 

loss and negative impacts on health (under- or over-nutrition) and do not allow fair economic 

returns and livelihoods for all actors, especially primary producers. The success of the "Farm to 

Fork" strategy depends on the ability of those who manage agro-forestry-pastoral resources, both 

from a political point of view (land management bodies) and from an entrepreneurial point of view 

(farmers, foresters, breeders) and from a technical point of view (agronomists, zoonomists, 

biotechnologists, veterinarians), to accelerate the transition from the current food system of Homo 

technologicus towards a sustainable food system thus obtaining:  

➢ a neutral or positive environmental impact; 

➢ action to mitigate climate change; 

➢ an adaptation of resources to the new impacts due to climate change; 

➢ a reversal of global biodiversity loss; 

➢ a control system aimed at food safety for the benefit of consumers; 

➢ a new food scheme that guarantees nutrition and public health; 

➢ a modern vision of food production systems; 

➢ fair governance to ensure: 

• a) the accessibility of safe, nutritious and sustainable food products to all; 

• b) adequate competitiveness with satisfactory economic returns; 

➢ fair control of the EU supply sector; 

➢ a convinced promotion of fair trade and the importance of sustainability. 

The objectives of the "Farm to Fork" strategy and the transformative role it will have for 

European agri-food systems are in line with all the Sustainable Development Goals (SDGs) of 

the 2030 Agenda and the direct and indirect effects that its implementation will be able to 

generate will greatly depend on the ability to transform theoretical objectives into concrete 

ecosystem services.  
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A concrete and ready-to-use tool to evaluate the environmental impact and the deriving 

ecosystem services is the "animal breeding" sector.  

The third millennium must consider that most of the planet's ecosystems have undergone radical 

transformations due to agricultural and zootechnical activities (fig. 3). 

 
Figure 3. Agro-ecosystem and animal breeding in the province of Benevento (San Giorgio la Molara). 

1.6 LIVESTOCK AND AGRO-ECOSYSTEMS 

At best, the transformation of the original environments has given rise to mixed systems that today 

we define as «agro-ecosystems». Agriculture and animal breeding are the anthropic activities 

which, over time, have created agro-ecosystems and which, through agro-zootechnical systems and 

management practices, obtain supply services for the Genus Homo, i.e. food for the man and for 

farmed animals (Ramanzin et al., 2021). The ecosystem services linked to agro-zootechnical 

systems have been well described (Zhang et al., 2007) and both the services that support 

agricultural and animal breeding activities and the services that are produced by man's activities on 

the so-called Utilized Agricultural Area (SAU). The impact of land management (agricultural 

processing, crops, canalization and use of water, grazing, etc.) can cause negative effects on the 

environment and agro-zootechnical systems can produce ecosystem disservices (fig. 4). 

Figure 4 gives a graphic schematization of the "Services" and "Disservices" that the agricultural and 

zootechnical systems are capable of producing/providing in the environments they occupy. 

Currently, agriculture and animal husbandry benefit from direct services which, since they are 

monetarily well identifiable, are defined as «Services with market». At the same time, however, the 

activities carried out by anthropic practices associated with agriculture and animal breeding produce 

effects (services) that are difficult to quantify from a monetary point of view which, although of 

fundamental importance for the existence of the ecosystem, are defined «Services without market». 

It therefore follows that agro-zootechnical systems produce a series of components useful to man 

(food, fibres, workforce, fuels) which, once supplied, are identified as «Provisioning Services». As 

in a cascade process, in order to be produced, supply services need the presence of a whole series of 

conditions (soil fertility, nutrient cycle) which are identified as «Regulating Services» and which, in 

turn, in order for continue to provide services and do not turn into disservices, they need «Support-
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habitat services» identified in the contemporary presence of biological diversity (natural diversity, 

domestic diversity such as farmed breeds and cultivated plant varieties). 

 

 
Figure 4. Agriculture, animal husbandry and ecosystem services (from Ramanzin et al., 2021 modified). 

Very often the support, regulation, habitat and biodiversity, cultural services involved in the process 

of direct provision of services are also indirectly involved in "non-provisioning services". This 

results in services or disservices depending on whether positive or negative effects arise from the 

management methods and the type of agro-zootechnical system (Ramanzin et al., 2021). The 

Millenium Ecosystem Assessment (MEA, 2005) defines biodiversity as “the variability between 

living organisms and the ecological complexes of which they are part (terrestrial, marine and other 

aquatic systems); including the diversity of species, between species and of ecosystems”. Making a 

parallel with biodiversity, we can define the agro-zootechnical system as “the variability between 

farmed organisms (plants and domestic animals), their compatibility with wild species and the 

ecological complexes of which they are part; including the diversity of species, between species and 

agro-ecosystems” (Esposito, Piscopo & Aloisio, 2022). Therefore, both in the case of biodiversity 

and in that of agro-zootechnical systems, only a multidimensional and multi-criteria evaluation of 

the various components of the inhabited system can provide indicative information on the structure 

and functioning of ecosystems or agro-ecosystems as well as the services provided in terms of 

sustainability (ISPRA, 2009). Biodiversity in a broad sense (living beings; the biological evolution 

process; the instrumental use of resources for human needs; cultural, artistic and engineering 

creativity; the landscape, etc.) therefore represents the operational basis of the preserved or 

modified ecosystems and therefore guarantees the provision of services which, precisely, are 

defined as ecosystem services (fig. 5): 

1) Life support services (nutrient cycling, soil formation, photosynthesis); 

2) Natural resource supply services (air, water); 

3) Regulating services (climate, air and water quality); 

4) Cultural services (recreation, aesthetic enjoyment, spiritual expressions). 
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Figure 5. Relationships between biodiversity, ecosystem services and human well-being. 

(MEA, 2005 modified; La Camera, 2009 modified) 

1.7 THE AGRO-LIVESTOCK MODEL 

The agro-livestock model, with its ability to produce primary goods, is able to describe the 

influence of the anthropic activities connected to it, positive or negative, on the environment and in 

the socio-economic field. This model is, therefore, able to describe the production of services or 

disservices that agricultural and animal breeding activities produce in a given environment. 

Ecosystems and agroecosystems provide, through their structures and processes including the work 

of man, services related to the ecological sphere, which, once used by society, become beneficial in 

the socio-economic sphere. The resulting value will determine the public and private choices of 

economic development and the various policies that will decide the management of the ecosystems 

themselves (Haines-Young and Potschin, 2010). Generally, the use of intensive practices (chemical 

fertilization, use of herbicides and pesticides) and an industrial management of agricultural crops 

(monocultures, horticulture, greenhouse crops) produce disservices on overexploited environments 

that outweigh the benefits obtained. Conversely, sustainable management of agricultural practices 

provides ecosystem services to the environments in which cultivated land is located and, even if to a 

lesser extent, to natural ecosystems. Objective 2 of the Agenda 2030 in terms of food security 

directs Governments to integrate national policies by incorporating Community policies that 

promote rural development towards sustainable actions in agriculture. To these actions is added the 

commitment undertaken at international level, to reduce greenhouse gas emissions [art. 4 of the 

Paris Agreement (COP21, 2015; COP26, 2021)]. In this context, knowledge of Ecosystem Services 

would help a lot in undertaking activities which, while continuing to guarantee the supply of human 

resources, would provide services useful for maintaining the ecosystem or, at worst, the agro-

ecosystem with all the diversity they contain. A considerable help in the interpretation of the most 

important agro-ecosystem services is provided by TEEB (2010) which classifies them in the 

following areas: 

 

(i) Provisioning/Sustenance: Supply of fiber and food, a key element for food security; 

(ii) Regulating: 

Contribution to the conservation of soil fertility, pollination and 

water quality and for the role of containing greenhouse gas 

emission; 

(iii) Habitat & Supporting: both agricultural and natural biodiversity. 

 



12 

 

In this regard, the Common Agricultural Policy (CAP) has recognized the importance of 

maintaining good environmental status in the agricultural sector, by virtue of maintaining and 

enhancing the supply of agro-ecosystem services in the cultivated areas.  

In particular, the CAP has prepared a series of loans for "greening activities" or for all those 

activities that favor the formation of a link between the agricultural territory and the natural 

ecosystem in which it is inserted. Direct payments are intended for example: 

- activities to enhance agricultural biodiversity through crop diversification; 

- maintaining the quality of the soils and their fertility through the use of less invasive practices; 

- the conservation of microhabitats, ecotones and natural corridors (Ecological Focus Area) 

within areas adjacent to crops that have been renaturalized or that have been destined for 

traditional agro-pastoral systems. 

The role of agriculture in mitigating climate change has also been re-evaluated in the context of art. 

4 par. 2 of the Paris Agreement (COP 21, 2015). Each "Party" or each State, must prepare, 

communicate and comply with a national contribution aimed at achieving the greenhouse gas 

reduction objective (Nationally Determined Contributions - NDCs). Since crops, livestock and land 

use changes account for more than 30% of emissions of anthropogenic origin, many of the NDCs 

presented by the Parties have included agriculture and its agricultural emissions among the 

mitigation tools for greenhouse gases greenhouse. The Report on Natural Capital, released jointly 

by the MATTM and the MiPAAF (Comitato Capitale Naturale, 2017), indicates that the inclusion 

of the agriculture, forestry and other land uses sector would allow Italy (through the related 

definition of policies and technical conditions that should have been completed by 2020) to 

contribute to the overall reduction of European greenhouse gases with a 40% reduction in national 

emissions by 2030 compared to 1990. The data published by ISPRA (2016) indicate that Italian 

agricultural emissions represent 7.2% of the national total, with a decreasing trend of 16.2% from 

1990 to 2014 mainly due to the reduction in the number of reared animals and the increase in the 

collection of biogas from animal manure (about 10%). The National Inventory Report reports that, 

in 2014, the agricultural sector, on the total of national emissions, contributed by producing 42.7% 

of methane (CH4); 61.7% nitrous oxide (N2O); 0.13% carbon dioxide (CO2). Although carbon 

dioxide is the best known gas for the greenhouse effect, overheating is mainly attributable to N2O 

and CH4, respectively 300 and 30 times more harmful than CO2, for a Total Greenhouse Gas 

Emissions of 30.338 Gg CO2-eq . If the agricultural sources responsible for the most significant 

greenhouse gas emissions are recognized in the categories agricultural soils, enteric fermentation, 

manure management, rice paddies and stubble combustion; the carbon sinks linked to the agro-

zootechnical system are identified in multi-year woody crops (olive groves, vineyards, orchards, 

coppices) in which the accumulation in the biomass can be considered significantly positive unlike 

in annual crops where, at the end of the cycle, the biomass production and loss correspond to a zero 

balance. In order to tend towards a zero or negative balance, it is necessary to know the different 

storage capacities of greenhouse gases in soils. The margins for change in the final balance of 

emissions vary enormously with the variation of cultivation techniques and soil treatment 

(agronomic practices, trampling of grazing animals). If we evaluate, for example, the net emissions 

of CO2 for the year 2014 (ISPRA, 2016) it can be seen that in grasslands these are less than 6.611 

Gg while for crops the net emissions of carbon dioxide are 3.216 Gg, therefore much with the most 

impact (agriculture and land use sector, land use change and forestry). To obtain the containment of 

greenhouse gas emissions and tend towards a zero balance, studies (FAO and ITPS, 2021) report a 

series of indications that translate into good practices that favor the storage of carbon in soils such 

as, for example: 

- the incorporation of crop residues into the soil rather than their combustion; 

- the introduction of species with deep roots to stabilize and enrich the soils as well as to save 

water; 
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- the extension of crop rotations and crop diversification, also in consideration of the positive 

correlation that exists between biodiversity and carbon stocks. 

Although the accounting of agricultural emissions has historically been carried out within the 

framework of the IPCC (Agriculture, Forestry and Other Land Use - AFOLU), there are still many 

gaps in the assessment of soil carbon stocks and in the ways of integrating them into climate 

policies. In this direction, Europe has recently introduced, with the LULUCF accounting decision 

(529/2013/EU), the obligation at Community level of the accounting of emissions and carbon 

absorption of cultivated lands and pastures (Natural Capital Committee, 2017). 

1.8 AGRI-ENVIRONMENTAL SUSTAINABILITY INDICATORS 

Territorial problems must be addressed through adequate planning of resource use actions as well as 

those of habitat and biodiversity conservation, supported by appropriate political-administrative 

choices. The results expected from the sustainable use of agro-ecosystems must be adequately 

monitored through environmental assessment (De Groot, 1992; Costanza et al., 1997). 

To describe the sustainability of the agricultural system, it has been proposed to use a series of 

indicators (sustainability indicators of the agro-ecosystem, agri-environmental performance 

indicators, agri-environmental indicators) which provide statistical information useful for 

environmental assessment (Greco, 2002; ISPRA, 2009). According to the multifactorial and 

multilevel criteria already indicated in the description of "Ecosystem Services", the sustainability 

indicators must be able to describe and consider the relationships between the spatio-temporal, 

social, economic, environmental, institutional, etc. dimensions. occupying a given environment. 

The European Commission recommends using agri-environmental indicators to evaluate, with the 

statistical method, the results of the actions implemented and, if necessary, modify them with a new 

action plan (EC, 2003). European policies have paid close attention to the compatibility of 

agricultural-zootechnical production systems with natural and semi-natural ecosystems (agro-

ecosystems) and with the biodiversity they contain. In this context, due importance has been given 

to landscape indicators such as, for example, the perimeter borders of the plots of land (length of the 

hedges; height of the dry stone walls; extension of the non-agricultural border areas) but also the 

incidence of structures of farms on their functioning and on the agro-ecosystem in which the 

company is included. At the same time, the indicators must translate the relationships between 

human activities and the environment in a quantifiable way (Conference of European Statisticians, 

2001; Tellarini and Caporali, 2000) for which the O.E.C.D. (1999a, 1999b, 2001) has developed an 

international reference framework for the development of sustainability indicators called "Driving 

force - Pressure - State - Impact - Response" (Kristensen, 2004) (fig. 6). 

 
Figure 6. D.P.S.I.R scheme: identification of sustainability indicators (O.E.C.D., 1997 modified). 
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2. AIM OF WORK 

2.1 AIMS AND PURPOSES 

The analysis of the multiple variables that contribute to the determination of "Services" or 

"Disservices" is greatly influenced by the context in which one operates. Although the holistic 

approach dates back to the end of the 20th century, at present it is not yet possible to quantify all the 

ecosystem services provided by biodiversity. Our study therefore started from the identification of 

the different components of supply, regulating, habitat and biodiversity, cultural services already 

expressed previously. The special part, on the other hand, wanted to use a dynamic experimental 

approach in an attempt to apply a series of customized methodologies aimed at the possibility of 

quantifying, in monetary terms, the Service/Disservice associated with a species, the wild boar, 

which is seen only as a negative impact. Over the three years of work, the biotic communities 

present, in a specific territory were identified, quantified and contextualized. The updating and 

integration of field data has provided information that has proved to be a valid preparatory tool for 

solving complex wildlife and environmental management problems which, until now, have only 

been perceived as a disservice linked to the damage caused by the wild suidae.  

The difficulty of managing the fauna heritage correctly derives from a series of critical points 

connected to a scarce or incomplete knowledge: 

• the biology and habits of wild species that live in a habitat that no longer corresponds to the 

original one; 

• deeply changed habitats and environmental dynamics as a function of the very high anthropic 

pressure and climate change. 

The approximation of know-how translates, in a decisive way, into the inadequate use of this 

knowledge by the bodies responsible for management decisions.  

A correct assessment of ecosystem Services/Disservices: 

❖ must provide an interpretation of the phenomena of interaction between the environment, 

anthropic activities and animal populations (sedentary and migratory) that can occur over a 

suffucuously vast territory; 

❖ it must facilitate the understanding of the general/particular status of the possible medium and 

long-term scenarios; 

❖ it must show, clearly and through a complete analysis of the biocenoses, the possible actions, 

the ways for solving management problems that from time to time the planning bodies 

identify and decide to face. 

The experimental work therefore proposes a model on which to draw a specific multilevel analysis 

which, if well applied and subsequently verified over time, becomes a tool that can be transferred to 

any living being to evaluate its monetary value in an ecosystem context. 

In particular, starting from the data available for the wild boar, a multifactorial analysis was carried 

out from which, after evaluating a good number of variables, it is possible to quantify, in monetary 

terms, the services and inefficiencies connected to the target species.  

Each item is described, updated and compared in the appropriate chapters. Some of the results 

obtained have been published in indexed journals and are reported at the end of the thesis.  

This PhD thesis in "Veterinary Sciences" has the following aims: 

 Priority purpose. 

“the protection, conservation and improvement of wild and domestic fauna” for 

- Ensure the best conditions of natural and semi-natural habitats. 

- Obtain the maximum expression of biodiversity (animal and vegetable). 
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- Define a monetary value to the components of the agroecosystem. 

- Propose a "correct" management of all the components of the agro-ecosystem (dynamic and 

controlled management). 

Alongside the primary purpose, secondary purposes are indicated, identified with the social role 

expressed by the Sus scrofa species: 

 Economic purpose. 

Interpreted as: 

- Resilience of Ecosystem Services. 

- Guarantee of ecological balances. 

- Recreational, cultural and socio-economic opportunities. 

- Negative pressures on human activities. 

 Educational purpose. 

Summarized in “knowing to protect” 

- In the schools of the first cycle of education (primary, lower secondary). 

- In the schools of the second cycle of education (secondary level). 

- In universities and research institutions. 

- In recreational and/or cultural associations or circles. 

- In the community and public opinion. 
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3. MATERIAL AND METHODS 

3.1 CHOICE OF THE AREA OF INVESTIGATION 

Agriculture is, among the systems of human activity, the one that has most affected the change of 

natural ecosystems, necessarily providing for their replacement with agro-ecosystems organized and 

managed to obtain food and raw materials for human physiological needs (ISPRA, 2009). However, 

it is not possible not to consider how agriculture has settled in different ways in the different 

habitats present on the emerged lands of Planet Earth, modifying and transforming their balances. 

The Palearctic ecozone is one of eight ecozones (Udvardy, 1975) that divide the Earth's surface 

(Palearctic; Nearctic; Indomalaya; Australasian; Neotropical; Afrotropical; Oceanian; Antarctic). 

The steppe, for example, is an ecoregion of the Palearctic ecozone and represents a relatively dry 

variant of the temperate continental climate (hard winters, very hot summers); forms the transition 

belt between wooded areas (deciduous forest, mixed temperate forest and taiga) and desert areas of 

semi-arid climates. 

If we consider the westernmost part of the Eurasian steppe starting from Kazakhstan, it is possible 

to state that the agro-zootechnical systems operated in the country condition the original ecosystems 

to a limited extent and, certainly, less than the fossil hydrocarbon extraction works. In fact, the 

agricultural land is occupied almost exclusively by cereal crops and, mainly, by pastures for 

livestock (bovine, ovine and caprine) with traditional and valuable products such as the astrakhan 

furs obtained from the Karakul sheep. 

A second example is represented by the semi-desert and the Nubian-Sinaitic tropical desert of the 

Red Sea, also considered an ecoregion of the Palearctic ecozone, consisting mainly of immense flat 

expanses of sand, gravel or lava. In some areas the flat relief is broken up by isolated mountains of 

granite and sandstone which rise in an elevated range in the southern part of the Sinai Peninsula. If, 

as in the previous case, we consider the westernmost part of the desert, used by Israel, we can 

highlight that, even in such extreme areas, agriculture and animal husbandry have an important 

influence on the territories, radically modifying their ecosystem and landscape. In the Negev desert 

(part of the arid belt that extends from the Atlantic Ocean to India) 80,000 hectares of sand and 

loess (very fine wind sediment, similar to silt) with a small percentage of organic matter (<0.6%) 

they have been transformed into agricultural land where vegetables, cereals and citrus fruits are 

grown. A survey conducted by the WWF (2020) indicates that 75% of the non-frozen land has been 

modified by human activities. «The Living Planet Report 2020» (WWF, 2020) highlights that 

biodiversity includes all ecosystems on earth (deserts, forests, wetlands, mountains, lakes, seas, 

rivers and agricultural landscapes). In any ecosystem, living creatures, including humans, form a 

community, interacting with each other and with the air, water, and soil around them. The 

destruction of habitats is mainly due to human actions responsible for changes in land use as well as 

the use and trade of natural resources (animals, plants, living resources). Human predation actions 

added to climate change, also accelerated by man (IPCC, 2022), are accused of having caused 

(between 1970 and 2016) an average decline of 68% of the populations of global vertebrate species. 

The severe decline in wildlife populations is a clear indicator of reduced quality of life and an 

alarming signal for human health. Our investigation refers to one of the most envied areas of the 

planet which, due to the unequal distribution of organisms on the globe (latitudinal gradient of 

species diversity) seems to be the most inhabited by living things after the tropics. The 

Mediterranean Biogeographic Region is, together with the Alpine and Continental Biogeographic 

Regions, one of the three ecoregions of the Palearctic ecozone present in Italy (Fig. 7).  

3.2 MEDITERRANEAN BIOGEOGRAPHICAL REGION 

This biogeographical region includes the Mediterranean Sea and seven Member States, either 

partially (France, Portugal, Italy, Spain) or completely (Greece, Malta, Cyprus). It has specific 

regional features: a climate of hot dry summers and humid, cool winters and a generally hilly 
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landscape. The Mediterranean has not only a very rich biodiversity but also a large number of 

species that do not exist anywhere else. 

To best protect the Mediterranean region, the relevant Member States and key stakeholders team up 

to devise nature protection measures, tailored to suit the particular needs of the entire region and to 

target its specific pressures. 

 
Figure 7. Map of the Biogeographical Regions of the European Union (27). 

Source: https://ec.europa.eu/environment/nature/natura2000/biogeog_regions/maps/mediterranean.pdf 

 

3.2.1 Regional features 

The climate is characterised by hot dry summers and humid, cool winters. It is also very changeable 

with sudden heavy rain or bouts of high winds such as the Sirocco and Mistral. This climate has a 

profound influence on the vegetation and wildlife of the region. 

For a region that takes its name from the sea it surrounds, the Mediterranean is surprisingly hilly. It 

includes high mountains and rocky shores, thick scrub and semi-arid steppes, coastal wetlands and 

sandy beaches as well as a myriad of islands dotted across the sea. 

Man has left its mark across much of the landscape. The Mediterranean scrub, with its many 

flowers and aromatic plants, is a direct result of centuries of human activities (livestock grazing, 

forest fires and disforestation). This scrub has evolved into a complex and intricate mobile mosaic 

of habitats, home to an exceptionally rich biodiversity. 

3.2.2 Biodiversity 

Mediterranean wildlife and habitats are very specific as the region was not affected by the last Ice 

Age. The rate of endemism is exceptionally high. The Mediterranean is one of the world's top 

biodiversity hotspots. 

Whilst the Mediterranean scrub is synonymous with the region, there are many other species-rich 

habitats here. Large tracts of natural, virtually pristine, forests have remained relatively untouched 

by man. While most central and northern European forests are now dominated by only a dozen or so 

tree species, the Mediterranean forests are much more diverse, harbouring up to 100 different tree 

species. Too dry for trees, other areas of the Mediterranean are covered in grasslands. These semi-
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arid steppic areas may seem barren and lifeless but, on closer inspection, reveal an equally rich 

wildlife. These grasslands are prime locations for the great bustard (Otis tarda), the little bustard 

(Tetrax tetrax) and a whole range of ground-nesting birds such as the pin-tailed sandgrouse 

(Pterocles alchata). 

Where water is more bountiful, wetlands appear at regular intervals, ranging from tiny coastal 

lagoons to vast deltas around the long coastline. They harbour hundreds of species of endemic fish, 

amphibians, and insects which, in turn, attract huge flocks of waders and ducks, especially during 

the migration season. Up to two billion birds migrate to, or through, the Mediterranean Region 

every year. Some merely stop over for a few days to refuel before crossing the Sahara, but others 

spend the entire winter here to escape the cold weather further north. 

As for the Mediterranean Sea, its clear blue waters are famous throughout the world. It harbours a 

tremendous diversity of marine organisms, many of which are endemic to the region. It is estimated 

that the Mediterranean contains 8–9% of all the world’s marine creatures. Many of the lesser-

known sponges, sea squirts and crustaceans can be found hidden amongst the vast underwater 

meadows or Posidonia beds that grow in shallow coastal waters. 

3.2.3 Pressures 

The Mediterranean Region is under tremendous pressure due to human activities. It is the number 

one tourism destination in the world. As a result, much of the Mediterranean coastline has 

disappeared under concrete. There are chronic water shortages and a constant threat of forest fires. 

Inland, many of the ancient pastoral regimes are being abandoned because they are no longer 

economically viable. 

(https://ec.europa.eu/environment/nature/natura2000/biogeog_regions/mediterranean/index_en.htm). 

The European Commission, aware of the excessive anthropic pressure on the natural environments 

of the 27 member countries (then 28), to ensure the conservation of natural habitats, wild fauna and 

flora, has chosen to protect some habitats even if these fall outside the traditional protected areas. 

Following the Conference of the Parties in Rio de Janeiro in 1992, it approves Directive 92/43/EEC 

better known as the "Habitats Directive”, recently implemented1.  

 
1COMMISSION IMPLEMENTING DECISION (EU) 2022/234 

of 16 February 2022 

adopting the fifteenth update of the list of sites of Community importance for the Mediterranean biogeographical region 

(notified under document C(2022) 862) 

THE EUROPEAN COMMISSION, 

Having regard to the Treaty on the Functioning of the European Union, 

Having regard to Council Directive 92/43/EEC of 21 May 1992 on the conservation of natural habitats and of wild fauna and flora 

(1), and in particular the third subparagraph of Article 4(2) thereof, 

Whereas: 

(1) The Mediterranean biogeographical region referred to in Article 1(c)(iii) of Directive 92/43/EEC comprises the Union territories 

of Greece, Cyprus, in accordance with Article 1 of Protocol No 10 of the 2003 Act of Accession, and Malta, parts of the Union 

territories of Spain, France, Italy, Portugal and Croatia as specified in the biogeographical map approved on 20 April 2005 by the 

committee set up by Article 20 of that Directive (the ‘Habitats Committee’). 

(2) The initial list of sites of Community importance for the Mediterranean biogeographical region, within the meaning of Directive 

92/43/EEC, was adopted by Commission Decision 2006/613/EC (2). That list was last updated by Commission Implementing 

Decision (EU) 2021/159 (3). 

(3) The sites included in the lists of Community importance for the Mediterranean biogeographical region form part of the Natura 

2000 network which is an essential element of the protection of biodiversity in the Union. In order to make further progress in the 

actual establishment of the Natura 2000 network and in the context of a dynamic adaptation of that network, the lists of sites of 

Community importance are reviewed regularly. 

(4) Between 10 August 2020 and 11 February 2021 Member States have proposed additional sites of Community importance for the 

Mediterranean biogeographical region. Member States have also submitted changes in the site-related information contained in the 

list of sites of Community importance for the Mediterranean biogeographical region. 

(5) On the basis of the draft list drawn up by the Commission in agreement with each of the Member States concerned, which also 

identifies sites hosting priority natural habitat types or priority species, an updated list of sites selected as sites of Community 

importance for the Mediterranean biogeographical region should be adopted. Article 4(4) and Article 6 of Directive 92/43/EEC apply 

to the newly included sites. 

(6) Knowledge of the existence and distribution of the natural habitat types and species is constantly evolving as a result of the 

surveillance undertaken in accordance with Article 11 of Directive 92/43/EEC. Therefore, the evaluation and selection of sites at 

Union level was carried out using the best available information at the time. 
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The work carried out during the PhD period developed on the assumption that an essential part of 

the EU strategy for the conservation of biodiversity was based on the assessment of forest 

ecosystem services and conditions. Forest is the largest terrestrial ecosystem in the European Union 

covering around 40% of the territory and is home to much of the continent’s biodiversity. In 

addition, forests provide a multitude of benefits to humans in terms of climate regulation, water 

supply and regulation, timber, energy, habitat for biodiversity, clean air, erosion control and many 

others. (https://forest.jrc.ec.europa.eu/en/activities/forest-ecosystem-services/). 

Knowledge of the extent and spatial distribution of Forest Available for Wood Supply (FAWS) is 

key for the forest bioeconomy. The importance of the presence of forest (fig. 8), requires to 

assessing the some main restrictions to wood availability and the related forest area and biomass 

stock. The Forest Not Available for Wood Supply (FNAWS) was defined as “Forests where there 

are environmental, social or economic restrictions that have a significant impact on the current or 

potential supply of wood” The economic restrictions accounted for most of the FNAWS, followed 

by environmental restrictions, while social restrictions had a marginal role. Copernicus HRL Forest 

Type map 2015 was used as a base map of forest areas. FNAWS areas were mapped using the 

following restrictions: high slope, high altitude, protected areas, protected species, low accessibility 

(distance to roads), and unproductive forests (Avitabile et al., 2018). 

Forests are biologically diverse ecosystems that provide habitat for a multiplicity of plants, animals 

and micro-organism. Forest biodiversity can be considered at different levels, including the 

ecosystem, landscapes, species, populations and genetics. In high biodiversity forests this 

complexity allows organisms to adapt to continually changing environmental conditions and to 

maintain ecosystem functions. Forest ecosystems and biodiversity are strongly interlinked. On the 

one hand, biodiversity levels depend to a large extent on the integrity, health and vitality of forests. 

On the other hand, losses of forest biodiversity lead to decreased forest productivity and 

 
(7) Certain Member States have not proposed sufficient sites to meet the requirements of Directive 92/43/EEC for certain habitat 

types and species. Furthermore, knowledge of the existence and distribution of some habitat types listed in Annex I and some of the 

species listed in Annex II to Directive 92/43/EEC remains incomplete. For those habitat types and species it can therefore not be 

concluded that the Natura 2000 network is complete. 

(8) In the interests of clarity and transparency, Implementing Decision (EU) 2021/159 should be repealed. 

(9) The measures provided for in this Decision are in accordance with the opinion of the Habitats Committee, 

HAS ADOPTED THIS DECISION: 

Article 1 

The fifteenth update of the list of sites of Community importance for the Mediterranean biogeographical region as set out in the 

Annex is adopted. 

Article 2 

Implementing Decision (EU) 2021/159 is repealed. 

Article 3 

This Decision is addressed to the Member States. 

 

Done at Brussels, 16 February 2022. 

 

ANNEX 

PART 1 

Fifteenth update of the list of sites of Community importance for the Mediterranean biogeographical region 

Each site of Community importance (SCI) is identified by the information supplied in the Natura 2000 format, including the 

corresponding map. This information has been transmitted by the competent national authorities in accordance with the second 

subparagraph of Article 4(1) of Directive 92/43/EEC. 

The table below gives the following information: 

A : SCI code comprising nine characters, the first two being the ISO code for the Member State; 

B : name of SCI; 

C : * = presence on the SCI of at least one priority natural habitat type and/or species within the meaning of Article 1 of 

Directive 92/43/EEC; 

D : area of SCI in hectares or length of SCI in km; 

E : geographical coordinates of SCI (latitude and longitude) in decimal degrees. 

All the information given in the Union list below is based on the data proposed, transmitted and validated by Greece, Croatia, Spain, 

France, Cyprus, Italy, Malta, Portugal. 

http://data.europa.eu/eli/dec_impl/2022/234/oj  
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sustainability. The European Union indicates that sustainable forest management is geared towards 

supporting the provision of forest services and improving biodiversity levels.  

Therefore, taking literally what has been said by the European Commission, the purpose of this 

thesis is to contribute in a concrete way, of asustainable forest management is oriented to support 

the provision of forest services and to enhance biodiversity levels.  

Our work starts from a sample forest site, included in the Natura 2000 network, and from a 

component of biodiversity considered highly harmful to all habitat types, the wild boar. Three years 

of data recovery have permit to provide information and tools which are able to signal the services 

connected to the presence of the suidae trying to insert its presence in a balanced way in the studied 

habitat. Indeed, the results obtained contribute to the EU forest strategy and suggest some ways to 

assess and halt biodiversity loss. Finally, a calculation is proposed to attribute a monetary value to 

the wild boar to be used in the near future for calculating the value of the ecosystem service 

provided by this animal. 

 
Figure 8. Preliminary map of Forest Available for Wood Supply (FAWS) and not available (FNAWS) in Europe. 

The sum of FAWS and FNAWS corresponds to forest area mapped by the 2015 Copernicus Forest type map. 

Source: https://forest.jrc.ec.europa.eu/en/activities/forestbioeconomy/fawsmapping/ 
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3.3 DESCRIPTION OF THE INTERVENTION CONTEXT 

The experimentation carried out during the research doctorate period involved the agro-forestry-

pastoral territory (TASP) of the Avellino's province (fig. 9). The agro-environmental resources 

present in the area are under the political-administrative competencies of various public 

management bodies, while the economic-monetary valorisation is entrusted to the numerous private 

companies present. At the moment, there is no estimate of the monetary value of the ecosystem 

services produced by the agro-forestry-pastoral environments of the Campania Region. 

 

 

 

ADMINISTRATIVE AUTHORITIES 

• Campania Region 

• Regional Parks 

• Avellino’s Province 

• Municipalities 

• Mountain Communities 

• Water Reclamation Authority 

COMPANIES 

• Territorial Hunting Area 

• Farms 

• Farm holiday 

• Meat processing laboratory 

 

 

Figure 9. Geographical overview of the Avellino’s Province. 

Since the beginning of the experimentation, we have been aware that it would not have been 

possible to study the entire province of Avellino. The trial, therefore, started with the analysis of 

what was reported by the available official data relating to a "wide area", and subsequently through 

in the field collection data, into a "point area" as descripted in the subsequently subparagraphs 

(3.3.1 and 3.3.2). The data collected in the field were necessary to create a management model to be 

proposed as the beginning of the monetary evaluation of all the elements that make up a given agro-

ecosystem and related to the "Ecosystem Services" connected to it.  

3.3.1 Wide Area 

The "wide area" is divided according to the type of habitat: 

• STR 18. The agro-forestry territory of the Campania Region is divided into 28 Rural 

Territorial Systems. The territory of the STR 18 (Monte Partenio-Monti di Avella-Pizzo d'Alvano) 

includes 31,800 hectares falling within 23 municipalities, 15 of which in the province of Avellino 

(230.2 sq km); 4 in the province of Benevento (28.1 sq km); 3 in the province of Naples (45.6 sq 

km); 1 in the province of Caserta (14.1 sq km). 

The experimental investigation started from a representative sample area of the STR 18. The STR 

18 is, in fact, made up for 68% of landscapes of the high and medium limestone mountains typical 

of the pre-Apennines (beech woods, grasslands of the peaks and summit karst plateaus; sub-

Mediterranean hardwood forests, xerophilous grasslands on the middle and lower slopes). The total 

forest area amounts to about 16,955 hectares and the grazing areas have an extension of about 1,500 

hectares (5%). 

The foothills are mainly for agricultural use, with hazelnut and chestnut groves. The foothill plain 

(12%) is characterized only by hazel groves while the alluvial plain (8%) shows a landscape 
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dominated by arable land and industrial crops, interspersed with vineyards and fruit orchards. The 

urban area has reached 6% of the territory. 

• SCA IT8040013. For the purposes of our investigation, the presence of the Special 

Conservation Area/Site of Community Interest (SCA/SCI) IT8040013 “Monti di Lauro” (fig. 10) 

helps us a lot. 

 

A B C D D E E 

CI code 
Name of  

SCA/SCI 
Priority 

Area of  

SCA/SCI  

(ha) 

Length of 

SCA/SCI 

(km) 

Longitude Latitude 

       

IT8040013 Monti di Lauro * 7,040 0 14,66361 40,84083 

Figure 10. SCA/SCI IT 8040013 “Monti di Lauro” (www.minambiente.it) 

 

The SCI IT8040013 "Monti di Lauro" was established in May 1995 (D.G.R. n. 795/2017). 

Although there is still no management plan, the Italian Ministry of the Environment (MiTE) 

recognizes it as SCA IT8040013 "Monti di Lauro", with the Ministerial Decree of 21/05/2019 - 

G.U. no. 129 of 04/06/2019. 

The latest update made by the Campania Region is in December 2019, sent by the MiTE database to 

the European Commission in December 2020. The European Commission approves the proposal 

with decision (EU) 2022/234 of February 16, 2022 (adopting the fifteenth update of the 'List of sites 

of importance of the community for the Mediterranean Biogeographic Region - notified under 

document C (2022) 862). 

(ftp://ftp.minambiente.it/PNM/ Natura2000/Transmission%20CE_December2020/) 

The SCA IT8040013 “Monti di Lauro” is shared between 8 municipalities [Lauro, Quindici, Forino 

(province of Avellino); Carbonara di Nola, Palma Campania (Metropolitan city of Naples); 

Bracigliano, Sarno, Siano (province of Salerno)], and includes particular forms of plant and animal 

biodiversity (fig. 10a and 10b). 

This biodiversity is threatened by bad anthropic management but also by the presence of animals 

and alien plants or that in competition with the native species create ecosystem imbalance. 
 

http://www.minambiente.it/
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Figure 10a. Natura 2000 – Standard Data Form Site IT 8040013 “Monti di Lauro”. 

A species of all is the wild boar (Sus scrofa) which is included in the black list of the 100 most 

harmful invasive species in the world. The presence of this wild suide has been demonstrated and 

quantified by our study within the two Point Areas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10b. Natura 2000 – Standard Data Form Site IT 8040013 “Monti di Lauro”. 
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3.3.2 Point Area 

• PSR area. Since the assessment of the wide area, as a whole, would have been too 

problematic, with the project “S.U.S. Campania" of the 2014-2020 Rural Development Plan of 

Campania, we concentrated the attention of field sampling on a smaller area but corresponding to 

the vegetational and ecological peculiarities of the wide area (STR 18 and SCA IT8040013).  

The territory of interest in the PSR area is a total of 13,118 hectares characterized by habitat 

homogeneity (fig. 11) of the Municipalities of Domicella, Forino, Lauro, Monteforte Irpino, 

Moschiano, Pago del Vallo di Lauro, Quindici, Taurano. The results obtained from the sampling 

analysis will be able to provide a model for the evaluation of Ecosystem Services and their role for 

the conservation of biodiversity and socio-economic benefits in the agroecosystems of the 

Mediterranean biogeographical region. 

 

 
Figure 11. Land cover of the “PSR Area”. 

 

 
Figure 12. Subdivision of the territory of the “PSR Area” according to wildlife management. 



25 

 

Figure 12 shows that the PSR Area is included in the SCA/SCI IT8040013 "Monti di Lauro" close 

to, but not included in, the Regional Park of the hydrographic basin of the river Sarno. 

The wildlife-hunting management is exercised under the control of the Territorial Hunting Area 

(ATC) of the Avellino’s Province in compliance with the Regional Law of Campania 09 August 

2012, n. 26 as amended and the Hunting Calendars approved with a Regional Council Resolution 

for the different hunting seasons. With reference to wild boar hunting, the focal area is close to 

ACS04LB (834 ha) and ACS05LB (930 ha) falling within the municipality of Quindici and 

included in District 10 "Vallo di Lauro". 

• Focal area. The collection of samples and the evaluation of Ecosystem Services and their 

role for the conservation of biodiversity was carried out, during the period 2019-2022, in a farm 

representative of the "wide area" and "point area". The focal area is the "Raffaele Antonio farm" 

identified in the Campania Region (fig. 13) in the municipality of Quindici (AV). The land on 

which the study was carried out occupies an area of 4.70 hectareas which has as its intended use 

agricultural management classified as permanent crops (hazelnut), Chestnut Forest (code 9260) 

other than permanent meadows (code 6210). The land is identified by the coordinates 

40°50'33.2999''N; 14°37'40.0001''E. 

 
Figure 13. Farm "Antonio Raffaele" - Location of the focal area in the Campania Region. 

 

Avellino's province, on the basis of the Provincial Territorial Coordination Plans (PTCP), is divided 

into 5 homogeneous districts (fig. 14) which contain 3 main classes of land use distribution. It is 

also characterized by two landscape typologies: the first of a mountainous type, predominantly 

tectonic in nature, the second typically fluvial, in which the action of erosion, transport and 

sedimentation of surface waterways overlaps the tectonic phenomena. The sample company falls 

within the District 1 Partenio and in the mountainous landscape typology even if we can frame it in 

a natural landscape with strong anthropic influence. During the three-year period, the agronomic 

and structural conditions of the "Raffaele Antonio" farm were monitored, in order to verify the 

starting conditions reported in the company file. The inspections carried out confirm that the 

Company occupies 10.48.95 hectares falling within the Municipality of Quindici (AV), of which 

05.91.19 hectares of agricultural management classified as permanent crops other than permanent 

meadows. In particular, there are tree crops or non-rotation crops that provide repeated crops and 

occupy the land for at least 5 years. Among the specialized tree crops there is the hazelnut which 

occupies 05.17.49 hectares (with 930 plants) and mixed tree crops, including the chestnut (00.16.73 

hectares) and the hazelnut (00.19.44 hectares). There is also a forest which occupies 00.33.39 

hectares. Finally, an area of 00.04.13 hectares is classifying as "use other than agricultural or 

forestry". The company, although engaged in the production of hazelnut and chestnut trees, shares 
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the company surfaces with the forest and its importance at an environmental level is closely 

associated with the SAC/SCI "Monti di Lauro" (IT8040013). 

 
Figure 14. ATC homogeneous districts of the Province of Avellino. 

Biodiversity is threatened in the event of anthropic mismanagement but also by the presence of 

alien animals and plants that compete with the native species. One species among all is the wild 

boar (Sus scrofa). The farmlands are subject to continuous visits by wild boars, coming both from 

Monte Pizzo d'Alvano and from the reliefs of Sarno, and from the mountains between Bracigliano 

and Siano as evidenced by the identification of transhumance routes documented by the camera 

traps used for censuses. The Farm's participation in the PSR project made it possible to identify the 

wild boars and a great number of animal biodiversity around a specific area of observation.  

The PSR project suggest an innovative procedure aimed at the numerical verification of wild boars, 

and the possible role (Ecosystem Service) of this swine species for preserving the natural resources 

present and, mainly, at enhancing ecosystem services in a context of rural supply chain and 

sustainable development. The presence of specialized tree crops mixed with woods and bordering 

forest areas characterized by the presence of holm oaks, downy oaks, beeches and carob trees 

represents an opportunity to demonstrate that, by implementing correct management, it is possible 

not only to conserve the existing biodiversity in agroecosystems from balance, but also guarantee 

the presence of exuberant species without resorting to the eradication of harmful species or 

exclusively to hunting.. 

3.4 WILDLIFE MANAGEMENT IN THE INTERVENTION AREA 

Esposito, L., Piscopo, N. et al. (2023) Piano Faunistico Venatorio Provinciale 2019-2024 - Avellino. Ed. 

Regione Campania, Avellino. https://campaniacaccia.it/pianofaunaav.php 
 

To correctly interpret the investigation site, it is essential to know who and how carries out wildlife 

management activities in the area of interest. As in the entire province of Avellino, wildlife 

management is the responsibility of the Campania Region. However, two areas must be 

distinguished (fig. 15):  

1) The agro-forestry-pastoral territory falling within the Protected Areas (managed by the Park 

Authorities). 

2) The agro-forestry-pastoral territory in which it is possible to hunt (managed by the Hunting 

Territorial Area of the Avellino’s province - ATC); 

. 
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3.4.1 Protected areas 

The Protected Areas in the territory of the wide and point areas (Table 1, Fig. 15) are:  

The Partenio Regional Park, with its 14,870 hectareas, occupies the North-West part of the 

Avellino's Province and is shared with the Metropolitan City of Naples (3,415 hectareas), the 

Province of Caserta (750 hectareas) and the Province of Benevento (1,660 hectareas). Of the 9,045 

hectareas falling within the Avellino's Province, approximately 1,400 hectareas are included in the 

PSR area (only to the Municipality of Monteforte Irpino). Focal area does not fall within any 

protected area. 

Table 1: Surfaces of the Protected Areas falling within or contiguous to the wide area. 

Protected area Surface (ha) 

Partenio Regional park 14,870 

Regional Park of the hydrographic basin of the river Sarno 3,436 

Total 18,306 

 

 
Figure 15. Protected areas and urbanized areas/infrastructures (roads and railways) in the territory 

of the ATC of the Avellino’s Province with particular in the PSR Area. 

The Regional Park of the hydrographic basin of the river Sarno (fig. 11), with its 3,436 ha, is close 

to the Province of Avellino but belongs to the Metropolitan City of Naples (791 ha) and the 

Province of Salerno (2,645 ha) and it does not concern the two study areas. 

3.4.2 Wildlife institutes of the Avellino’s Territorial Hunting Area 

During the drafting of the Provincial Wildlife Hunting Plan 2019-2024 - Avellino it was found that 

the focus areas do not include any Wildlife Institutes (fig. 16 and 17). In fact, there are no 

Repopulation and Capture Areas (ZRC); Dog Training Zones (ZAC) with or without shooting; 

Wildlife Protection Oasis (OPF). 
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Figure 16. Repopulation and Capture Areas, Dog Training Areas, SCA, SPA  

in the ATC territory of the Avellino’s Province (particular PSR area). 

 

 
Figure 17. Wildlife Hunting Companies, Game Production Centers  

in the ATC territory of the Avellino’s Province (particular PSR area). 
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Conversely, in the PSR Area and in the Focal Area, there are two "Specific Wild Boar Hunting 

Areas" of Hunting District no. 10 “Vallo di Lauro” and in particular ACS04LB and ACS05LB (fig. 

18). The focal area is therefore included both in the ACS04LB and in the SCA IT8040013 "Monti 

di Lauro”. 

 
Figure 18. Specific Wild Boar Hunting Areas (ACS04LB; ACS05LB) of  

District 10 Vallo di Lauro in the ATC territory of the  

Avellino’s Province (particular in the PSR area and in the Focal Area). 
 

3.5. METHODS FOR THE IDENTIFICATION OF ANIMAL BIODIVERSITY 

Lo studio delle popolazioni selvatiche (Lovari S. & Rolando A. 2004) può essere effettuato 

attraverso differenti metodi: 1) conteggio diretto per osservazione; 2) conteggio indiretto; 3) analisi 

sperimentale; 4) conteggio per indici. 

Nel periodo 30 luglio 2019 - 24 agosto 2022 nella Focal Area e nella PSR Area sono state realizzate 

operazioni di censimento diretto e indiretto per la identificazione delle specie animali presenti 

all’interno degli habitat rappresentativi della wide area.  

3.5.1 – Direct count 

Direct observation is a method based on the observation of animals by an operator. The systems 

used are of two types: 

1) Total census. The total count (census in the strict sense) involves the observation and counting of 

each individual in the study area. Carrying out a total count of large animals can be effective, 

especially in very small, fenced areas; on the other hand, it is usually inaccurate and excessively 

expensive when it concerns large areas and/or with a rather low animal density. 

2) Sample census. The sample census is a method based on the analysis of a portion of the total area 

(sample unit) and on the extrapolation from this of data relating to the whole. In the sampled area an 

absolute census is carried out to all intents and purposes, for this reason we often also speak of 

absolute counting for sample areas. In wildlife censuses the sample unit is generally represented by 

quadrants, transects or irregular portions chosen randomly from the totality. 

From an operational point of view, the techniques used can be: 
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- Direct survey on a linear path (Line transect): the counts are carried out along pre-established 

paths within the area of interest, traveled by various means (on foot, by car, by plane, etc.) at 

constant speed. (Gatto M. & Casagrandi R. 2003). 

- Direct survey in parceled out areas (block census) or strip (strip census): it is based on direct and 

simultaneous observation by several detectors operating within a sufficiently defined territorial unit, 

moving along pre-established routes or from fixed locations with the aid of suitable optical 

instruments (Gatto M. & Casagrandi R. 2003). 

3.5.2 – Indirect counting 

Indirect detection is a method based on the observation of signs and traces (beds, passage points, 

footprints, hair, excrement) left by animals during their movements. This area includes a set of 

methods that see the use of camera traps, radio transmitters, or GPS positioning systems. 

The most used indirect estimation methods are: 

a) “Capture - Mark - Recapture" system proposed by Petersen” (citato da Robson, 1969).  

b) “Stool detection in sample areas”.  

c) “Fingerprinting under suitable environmental conditions”. 

d) “Measurement of hunting effort”. 

e) “Use of camera traps from georeferenced points”. 

a) The system “Capture - Mark - Recapture” consists in capturing a small part of the population, 

marking it appropriately, releasing it and subsequently recapturing new samples by counting the 

previously marked and recaptured animals. If it is assumed that the number of tagged animals 

remains constant, the ratio between the number of initially tagged animals and the number of tagged 

and subsequently recaptured animals will give an estimate of the total population. 

In a first phase, therefore, the method provides for the capture of a sample of N1 individuals, which 

are marked and then released into the population. Subsequently, a second random sample of N2 

individuals is collected, of which M are marked. Assuming that tagged individuals mix perfectly 

with untagged animals, the proportion of tagged individuals within the population of unknown size 

N and within the recaptured sample remains constant: 

 
and, therefore, from this relationship it is possible to derive an estimate of N: 

 
Depending on the species, different objects are usually used for marking. In the case of the wild 

boar, plastic marks are used, generally positioned on the auricle. In medium-large sized mammals, 

colored collars or radio collars can be used. In some cases, it is possible to identify the animals by 

the presence of particular signs of a permanent nature such as mutilations or scars but also 

chromatic alterations of the coat. 

b) The system of "Detection of faeces in sample areas" (pellet and pellet-group census) is a sample-

type method which allows to estimate the population density by counting, in each sample area, the 

number of groups of "pellets fecal" found. 

b1) Faecal Accumulation Rate (FAR). The FAR count data start from the subdivision of the sample 

area into different parcels of approximately 50x50 metres. A certain number of areas to be sampled 

are randomly chosen. On a central survey line about 1000 meters long and about 500 meters wide 

(250 meters on each side) the observers look for the droppings of the species to be studied. 

The original scheme, proposed for the lagomorphs (Taylor & Williams, 1956) and adapted to the 

ungulates, foresees that the areas to be sampled are at time zero (T0) cleared of the pre-existing 
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facts after a certain period of time (Tn), normally not less than 15 days, the operators go through the 

sample area and count the number of faecal agglomerates (5-10 cm) present. 

The calculation of the estimate of the number of subjects present in the sample area derives from 

the following formula: 

 
Where:  

N= number of animals 

n= number of faecal agglomerates 

DDR= daily defecation rate 

For wild boar the daily defecation rate is between 3.8 and 4.5 (Briedman, 1986)  

days= number of days between collections 

x100= 100 hectares  

b2) Faecal Standin Crop (FSC).  

The FSC counting data start from the subdivision of the sample area into different parcels of about 

50x50 meters. A number of areas to be sampled are randomly selected. On a central survey line 

about 1000 meters long and about 500 meters wide (250 meters sideways) the observers look for the 

droppings of the species to be studied. 

The original scheme (Laing et al., 2003) adapted to ungulates, foresees that the areas to be sampled 

are at time zero (T0) cleaned of the pre-existing faecal agglomerates after a certain period of time 

(Tn), normally not less than 15 days, the operators they pass through the sample area and count the 

number of faecal agglomerates (5-10 cm) present. Unlike FAR, FSC takes into account, for the 

different species, the average time of disappearance (decay) of the excreta in the different habitats. 

For wild boar, the decay time is considered to be 125 days in open pasture, 46 days in the oak wood 

and 19 days in the chestnut wood. 

The calculation of the estimate of the number of subjects present in the sample area derives from 

the following formula: 

 
Where:  

N= number of animals 

n= number of faecal agglomerates 

DDR= daily defecation rate  

For wild boar the daily defecation rate is between 3.8 and 4.5 (Briedman, 1986)  

DR= number of days for the faecal agglomeration to decay 

 

c) The system of "Taking footprints in suitable environmental conditions" (e.g. ground covered by 

fresh snow) is a method which overall does not always provide completely reliable data and, 

therefore, is not used for the numerical calculation of the individuals who make-up the group (Gatto 

M. & Casagrandi R., 2003). 

d) The measure of hunting effort is considered as an indirect index of the relative abundance of a 

given species in an area, but can, in theory, also be used to obtain an estimate of the absolute 

abundance of the target species.  
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The hunting statistics provide for the analysis of the data coming from the killings and represent a 

further method to evaluate some structural parameters of the populations of species subject to 

hunting (Gatto M. & Casagrandi R., 2003). 

The evaluation of the hunting effort consists in quantifying the average number of hunting days 

necessary for the killing of a head of a species.  

The method used to estimate fish populations and to evaluate the degree of exploitation of fishing 

banks has also proved to be applicable to terrestrial fauna, but with varying degrees of 

effectiveness. It is based on the De Lury depletion model (Sanders, 1988) and rests on some critical 

assumptions that must be respected so that the final result gives information corresponding to 

reality: 

• The number of animals slaughtered per unit of time dedicated to their capture must 

be proportional to the population density; 

• The population should be closed; 

• The animals' vulnerability should be constant over time; 

• The skills of those who collect data should not influence their quality; 

• Hunting should be done individually. 

The effectiveness of the model does not seem to be influenced by the factors vulnerability, closed 

population, hunter's ability. The result obtained, if compared for at least three consecutive years, 

provides a real indication of the population in a specific area. It seems obvious that even if the 

factors mentioned above were standardized, the result obtained would be more precise.  
The hunting effort is measured by the "Catch Per Unit Effort" (CPUE) which indicates the ratio 

between the individuals hunted and the number of hunting days or hours necessary to kill the 

individuals. The CPUE is an almost always available source of information for harvested ungulates 

and can therefore be used to estimate population sizes or rates of population change (Crichton, 

1993., Lancia et al., 1996). Numerous studies have demonstrated its usefulness as an index of 

abundance (Fryxell et al., 1991, Roseberry & Woolf, 1991). 

The simplest model of the relationship between CPUE and abundance is represented by a linear 

equation (Ricker, 1940): 

CPUEt=qNt 

Were 

q = huntability coefficient 

N = abundance of the population under study 

t= time required for shoot 

 

In sostitution of the previous form, the relationship between effort and abundance can be 

represented by a curve described by a function where, in addition to the hunting coefficient, we also 

find an exponent (Cooke and Beddington, 1985): 

 

CPUEt=αNt
β 

Were 

α = huntability coefficient 

β = huntability exponent 

N = abundance of the population under study 

t= time required for shoot 

 

In this second model there are 3 possible cases of relationship between the CPUE and the 

abundance depending on the value assumed by β. The three possible cases are: 

β <1 

β = 1 

β >1 
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The first case (β <1) occurs when the collection is extremely efficient or when it is concentrated in 

areas where the abundance of animals is higher or when the animals, even if in decline, tend to 

remain concentrated. 

This situation is often referred to as "hyperstability". 

In the second case (β = 1) the CPUE is proportional to the abundance. 

The third case (β >1) occurs when CPUE decreases faster than abundance, for example if hunting 

first focuses on a small but extremely vulnerable slice of the population and then decreases in 

efficiency even though the population is still abundant (assumed of constant vulnerability). This 

situation is referred to by the term “Hyperdepletion” 

 
Figure 19. Three possible relationships between abundance and CPUE. Situation of “Hyperstability” (β = 0,5); 

proportionality (β = 1) e “Hyperdepletion” (β = 2) (Hatter, 2001). 

 

The huntability of ungulates is influenced by several factors:  

• variable weather conditions 

• seasonal change of habitat 

• ability to move (migrations)  

• changes in the hunting calendarmbi del calendario venatorio 

• evolution of hunting techniques 

 

It can be argued that without independent estimates of absolute or relative abundance, the capture 

exponent cannot be estimated, and the reliability of the CPUE for determining the rate of change 

cannot be assessed (Hatter, 2001).  

e) Use of camera traps from georeferenced points. In the preliminary investigations, the passage 

points of the family groups of wild boars at entry and exit points of the focal area were identified. 

As a result of these observations, 6 points were chosen. Each camera trap was fixed on natural 

supports and equipped with metal boxes to protect against atmospheric agents. In order to have as 

much information on the animals, each camera trap was reloaded with a new video card every week 

from 30 July 2019 to 24 August 2022. The camera trap model used is “Spromise”® Full HD + SMS 

(Digital Trail Camera S358). The weight of each camera trap is 0.38 kg while the dimensions are 

15.3x12.4x9.0 cm. High resolution images (12 MP), infrared night lighting, motion sensors (PIR) 

set to high mode have been installed. Sound recording has been turned on to record animal sounds 

made during videos. Finally, the detection range and flash range of the camera traps are 25 meters 

and 18 meters respectively.  

3.5.3 Experimental analysis 

Experimental analysis is a method whose purpose is to subject a hypothesis advanced theoretically 

or as a result of previous descriptive studies to practical tests. For example, it is possible to take 

advantage of climatic changes, natural or otherwise, to evaluate the behavioral and/or biological 

variations of the subjects in question (Lovari S. & Rolando A., 2004). 



34 

 

3.5.4 – Index counting 

The relative counts or by indices are aimed at defining indices of density or relative abundance 

when it is not possible to establish the exact size of a population, or of a part of it, in relation to the 

scarce permanence and the low coefficient of contactability of many species (Gatto M. & 

Casagrandi R. 2003). 

A density index is an attribute that changes in a predictable manner with a change in population 

density. The indices, when repeated several times at established time intervals, provide information 

about the trend of a population. Instead, they can be used to estimate the absolute abundance of a 

population only if the relationship between an attribute that changes in a predictable way and the 

population under consideration is proportional, if it is then demonstrated through independent 

estimates of both. 

Density indices can be direct and indirect. 

1) Direct density indices. Among the direct density indices, the "kilometric abundance index (KAI - 

from Kilometric Aboundance Index)" is of particular importance, which allows you to make a direct 

comparison between the abundances of an animal species detected both in a single area but in 

periods different (population trends) and in sites with different territorial typologies. This index is 

expressed as the ratio between the number of sightings of a given species (or one of its subclasses) 

along the itinerary of a transect and the number of kilometers actually travelled. Numerous studies 

have in fact demonstrated the relationship between the kilometric abundance index and the absolute 

abundance of a given animal species, above all if the population in question exceeds a certain 

density (Vincent J. P. et al., 1991; Acevedo P. et al., 2008; Fernandez-de-Simon J. et al., 2011). 

2) Indirect density indices. Among the commonly used indirect density indices there is the "Fecal 

detection in sample areas" (FAR) and the Faecal Standing Crop (FSC) which has already been 

mentioned above.  

 

During the experimental period, priority was given to identifying the presence of wild boar in the 

focal area. At the same time, an attempt was made to identify the animal biodiversity that shared the 

habitat of the swine. To this end, it was decided to use the direct counting method for sample census 

for direct block census survey from a fixed location located in known passage points. 10 operators 

were assigned 5 observation posts in the four cardinal points and in the special observation point of 

the Focal Area. After 15 days, two hours of observation were carried out simultaneously by the 

observers in the twilight hours (before and after sunset) through the use of optical (binoculars, 

telescopes) and photographic equipment.  

The accuracy of the data obtained (Fryxell J.M. et al., 2014) was assessed by the difference between 

the estimate made and the actual observations (accuracy) as well as by the repeatability of the actual 

observations (precision). 

Four routes have been identified with a North-South and East-West orientation for a total length of 

approximately four kilometres (fig. 20). 

On different dates from the direct census, the wild boar presence was indirectly determined in the 

Focal Area. All the signs of the presence (footprints, skin marks, hairs, roots, puddles, “insogli” and 

“lestre”) were detected and collected along the tracks, which were traveled every 15 days. 

In specific points (georeferenced) of the Focal Area (crossing points, water points, refreshment 

points, feed points) 9 Camera Traps were mounted (fig. 21). Once a week, the operators replaced 

the memory cards from the Camera Traps. 
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Figure 20 Paths for the indirect determination of wild boar presence into Focal Area. 

 

The collected data was downloaded and stored in a dedicated memory to be subsequently analyzed 

and interpreted. 

 
Figure 21 Camera Traps observation points around Focal Area. 

 

Among the census systems present were used, the "Faecal Accumulation Rate"; the "Faecal 

Standing Crop"; the "taking of footprints in suitable environmental conditions"; the "measure of 

hunting effort". Despite having prepared structures for the "Capture-Marking-Recapture" due to a 

series of bureaucratic problems this method could not be implemented. 
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4. STATISTICAL ANALYSIS 

4.1 ANALYSIS OF THE DENSITIES OF WILD POPULATIONS IN THE STUDY AREA 

For the statistical analysis we proceeded, in the first instance, with the numerical quantification of 

the wild boar population present in the focal area. Subsequently, the densities of the individual 

animal species present were quantified. The data collection operation was repeated for three 

comparable periods (July 2019-July 2020; July 2020-July 2021; July 2021-July 2022). In the same 

period, the negative pressure exerted by wild boars on human activities (damages and road 

accidents) was quantified. The statistical analysis was performed using JMP® PRO14 software. For 

each species, the difference between the density detected over the years considered was compared 

using the t Test (One sample t test) in order to verify the significance of this difference. The results 

expressed as a percentage were compared using the test of independence of Chi Quadro. 

It was decided to evaluate the density pairs referring to the probability of error, resulting from the 

test: 

p> 0,05 not significant (NS) 

0,01<p<0,05 statistically significanti (SS) (p≤0,05) 

0,001<p<0,01 statistically very significant (MS) (p≤0,01) 

p<0,001 estremely significant (ES) (p≤0,001). 

4.2 HUNTING EFFORT ANALYSIS  

In the special wild boar hunting areas (ACS) present in the point area (PSR area; focal are) the 

hunting effort expressed as CPUE was calculated for each hunting season (2019-2020; 2020-2021; 

2021-2022), as the ratio between the number of animals killed in that season and the sum of hunting 

days actually used to do so, in the time interval in which data are available for each ACS. 

For the wild boar, a species for which hunting is authorized in the ACS, the correlation between the 

estimated population and the hunting effort was studied. 

The Paerson correlation coefficient (r) was calculated as: 

 

 
 

Based on its r value, each correlation was placed into one of the following categories: 

0,7＜|r|≤1  Strong Correlation 

0,4＜|r|＜0,7  Moderate Correlation 

0,2＜|r|＜0,4  Weak Correlation 

0≤|r|＜0,2  Absence of Correlation 

The level of significance expressed as a value is also reported together with each coefficient p 

(probability value). 

 

Subsequently, for each pair in which a statistically significant correlation between abundance and 

hunting effort was demonstrated, a power regression (ƒ(x)= αxβ) was performed to build a model 

capable of estimating the abundance of the especially starting from the CPUE values. The values of 

α and β were then used to predict the abundance of each species separately for each year and the 

data thus obtained were compared with those estimated in the field. 

The difference for each “true abundance” – “CPUE predicted abundance” pair was described in 

percentage terms and the relationship studied. 
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Specie α β 

Wilde Boar 0,335495 0,305496 

 

In the final analysis, the densities detected in the different years of observation were compared.  

4.3 CAMERA TRAPS 

During the total experimental period it was possible to make 405 single evaluations on the animals 

captured by camera traps video, 302 examined snaps and 3.619 minutes of recorded images are 

studied. Time of entrance and time of exit from the observational point is measured. On the basis of 

a timescale of six hours each, the snaps were grouped into two different clusters: CL1 (6-11 pm); 

CL2 (11pm-4am). The frequencies obtained on the total number of observations per month were 

compared with the non-parametric Chi-square test assuming that the three age groups attended the 

observation point at the same times. In the same way, the presence of the other species was 

evaluated in the different times in which they appeared in the three years of observation. 
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5. RESULTS 

5.1 CENSUS SPECIES REFERRED TO ART. 4 OF DIRECTIVE 2009/147/EC AND LISTED IN 

ANNEX II OF DIRECTIVE 92/43/EEC AND SITE EVALUATION FOR THEM 

In the area subject to intervention, census operations were carried out with help of the Regional 

Center for Monitoring and Management of the Agro-Ecosystem of Campania (MoGAE - DG 730 of 

27/11/2017).  In the period 30 July 2019 – 24 August 2022 census operations were sistematically 

continued within the point areas (PSR Area; Focal Area). 

 
Figure 22. Area of intervention and points of dispersion of the wild boar. 

In particular, the presence of some species listed in the Natura 2000 File - Standard Data Form 

relating to SAC/SCI IT8040013 "Monti di Lauro" - point 3 Ecological Information (2019-12 

update) was found in the Focal Area (fig. 22). 

The results obtained from sampling with Camera Trap allowed to identify the following species: 

Streptopelia turtur (A210); Turdus merula (A283); Turdus philomelos (A285). 

In addition, in the focal area we have detected the presence of wild species not reported in the 

SAC/SCI IT8040013: Athene noctua; Buteo buteo; Columba palumbus; Corvus cornix; Falco 

tinnunculus; Garrulus glandarius; Phasianus colchicus; Pica pica; Picus viridis; Strix alauco; 

Canis lupus; Erinaceus europaeus Lepus europaeus; Martes foina; Martes martes; Talpa europaea; 

Vulpes vulpes. 

Finally domestic animals were signaled in focal area: Felis catus; Canis lupus familiaris; Ovis 

aries.  
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5.2 WILD BOAR CENSUS 

Starting from 30 July 2019, in the three years of activity, the research group has dedicated itself to 

census activities for the definition of the number of wild boars on which to structure the multi-

criteria Zootechnical Model (TBL) for the containment of wild boars in the Campania Region and 

quantify his ecosystem value. We started from the Focal Area (Antonio Raffaele farm) and then 

extrapolated the precise data obtained to the entire PSR Area. It was not possible to use the data 

obtained to estimate the distribution of wild boars in the entire Avellino’s Province but we 

extrapolated the data from the Focal Area to estimate the number of wild boars in the Wide Area. 

5.2.1 - Number of wild boars in the Wide Area 

Wild boar populations are significantly increasing in all Italian agro-forestry-pastoral territories and 

represent an emerging problem. However, the Ungulate Data Bank (ISPRA) complains about a 

serious lack of information about the size of the wild boar populations and reports a population of 

one and a half million distributed over the national surface (ISPRA, 2023). In Campania, ISPRA 

(2009) reports a number of wild boars killed in the 2004-2005 hunting year of 2,100 heads 

(significantly underestimated) while in the Extraordinary Plan "Emergency Wild Boars" in 

Campania the samples examined by the IZSM for health checks went from 151 of 2010 to 4,508 of 

2015 and the Plan provides for the increase of controls, starting from 2016, on 12,000 samples 

(http://burc.regione.campania.it).  

The Campania region, on the https://www.campaniacaccia.it/cinghialefaq.php site, reports that in 

the last four hunting seasons, on average, between 9,000 and 10,000 wild boars have been killed 

exclusively with the "hounded course hunting" method. 

In 2009, 1,360 wild boars reared in family or industrial farms were reported in the Campania 

Region (Fontana et al., 1999), of these 620 were bred in the province of Avellino in 124 farms 

(Fontana et al., 2007). Today it seems that in the province of Avellino there are 33 family farms 

where there would be 112 wild boars raised (PFV AV 2019-2024) even if their real location is 

unknown. 

Our observations carried out between the first and third year of the study (2019-2022) allowed us to 

extrapolate the data and, therefore, estimate the number of wild boars also in the Wide Area (31,800 

hectares) of the Campania Region (Rural Territorial System 18 : Monte Partenio, Monti di Avella, 

Pizzo di Alvano). The numerical estimate, although not precise, appears to be fundamental in the 

innovative process proposed for the demographic containment of wild boars which is based on 

standardized management processes. 

On the basis of the censuses carried out in the Focal Area it is possible to estimate in the Wide Area 

between 7,018 and 8,214 subjects. The value is only indicative as it is calculated in proportion to 

what is obtained from the census operations (direct and indirect) in the Focal Area. 

5.2.2 - Number of wild boars in the Focal Area 

In the period 2019 - 2022, the census operations were carried out with the combined census 

methods described in the materials and methods (direct and indirect). The results obtained allowed 

to calculate the average number of animals representative of the environments present in the Focal 

Area. The numerical estimate is reported in the respective tables (tabs. 2, 3, 4, 5). 

In the period 01 August - 31 December 2019 the census operations, in addition to the direct and 

indirect survey activities, were carried out using the visual control operated through camera traps 

made available by the MoGAE center. 

The numerical estimate of the wild boars presents in the Focal Area during the year 2019 is shown 

in table 2. Total number of wild boars surveyed (all age classes) varied from a maximum of 240 

specimens (end of the breeding season) to a minimum of 86 (end of the hunting season). 
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Table 2. Wild boar numerical estimate (combined census operation) 

during period 01 August - 31 December 2019 (in red hunting season). 
 2019 

 A S O N D 

Estimated number 240 240 199 131 86 

The numerical estimate of the wild boars presents in the Focal Area during the year 2020 is shown 

in table 3. Total number of wild boars surveyed (all age classes) varied from a maximum of 239 

specimens (end of breeding season) to a minimum of 123 (end of the hunting season). 

Table 3. Wild boar numerical estimate (combined census operation) 

during period 01 January - 31 December 2020 (in red hunting season). 

 2020 
 G F M A M G L A S O N D 

Estimated number 123 144 172 200 225 231 239 234 234 219 196 173 

The numerical estimate of the wild boars presents in the Focal Area during the year 2021 is shown 

in table 4. Total number of wild boars surveyed (all age classes) varied from a maximum of 290 

specimens (near the end of breeding season) to a minimum of 189 (end of the hunting season). 

Table 4. Wild boar numerical estimate (combined census operation) 

during period 01 January - 31 December 2021 (in red hunting season). 

 2021 
 G F M A M G L A S O N D 

Estimated number 189 216 232 262 284 290 284 270 278 254 216 190 

The numerical estimate of the wild boars presents in the Focal Area during the year 2022 is shown 

in table 5. Total number of wild boars surveyed (all age classes) varied from a maximum of 219 

specimens (at the start of breeding season) to a minimum of 122 (end of the hunting season). 

Table 5. Wild boar numerical estimate (combined census operation) 

during period 01 January - 31 December 2022 (in red hunting season). 

 2022 
 G F M A M G L A S O N D 

Estimated number 196 196 205 203 204 214 216 216 219 188 150 122 

The use of camera traps and the direct census operations made it possible to identify and quantify 

the different age groups within the Focal Area (tab. 6). 

Table 6. Estimate of the wild boars’ class of age present in the Focal Area. 

 2019 2020 2021 2022 
 Aug Dec Jan Dec Jan Dec Jan Dec 

Striped 78 0 31 0 61 0 64 0 

Red 87 21 35 41 15 47 20 19 

Young Subadults 0 29 0 53 4 71 71 44 

Young Adults 40 19 38 62 57 49 25 38 

Old Adults 35 17 19 17 52 23 16 21 

Total 240 86 123 173 189 190 196 122 

Table 6 shows the number of animals observed in the various years, divided by age group. 
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Graph 1. Distribution of class of age at the end of the hunting season. 

Graph 1 shows the average presence of animals belonging to the different age groups between the 

years 2020-2022 in the months of January and December. The two months considered collect the 

animals that survived the hunting season. The comparison between the age groups shows a highly 

significant difference (P<0.0001) only for the animals of the young subadult age group (9-12 

months). The number of young subadult subjects present in the month of December drastically 

decreases in the month of January. It can therefore be hypothesized that a certain number of animals 

is killed during the hunt and that a part of the survivors disperses to form new families. The absence 

of differences between the other age groups would mean that the structured family groups remain in 

the Focal Area.  

If we consider the average of only adult animals (old adults 19.50 min 24.66 max), the calculation 

of the number per 100 hectares returns a number of animals 415 min and 525 max in 100 hectares. 

5.3 NUMBER OF BOARS KILLED IN ACS 04LB AND 05 LB OF DISTRICT 10 

The hunting teams operating in the observation area fall within the District 10 "Vallo di Lauro 

Baianese" and are the ACS04LB and the ACS05LB. The two teams are each made up of thirty 

hunters whose responsibility is attributed to a Huntsman. In accordance with the Hunting Calendars, 

teams can only go wild boar hunting from 1st October to 31st December for a defined number of 34 

days overall. Each hunter, for each hunting season, pays an equal concession fee. 

The authorized hunting teams killed a different number of wild boars (all age groups except striped) 

in the years considered. The highest number of killed animals was that relating to the year 2019 

(155). In the years 2020 and 2021, as a result of the pandemic lockdown, the number of wild boars 

killed resulted lower (tab. 7). 

Table 7. Number of wild boars killed near Focal Area (ACS) in different years. Costs related with hunting activity. 

 2019 2020 2021 2022 

Number of wild boars killed 155 84 88 97 

Cost of hunting concession / year 451 451 451 451 

Cost of hunting day / year 2.380 2.380 2.380 2.380 

Cost of cartridges / year 350 350 350 350 

Cost of dogs / year 1.495 1.495 1.495 1.495 

una tantum costs 2.450 

In order to evaluate the economic value linked to the wild boar, table 7 shows also the costs 

incurred by each hunter for a hunting season. 
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5.4. EVALUATION OF THE NEGATIVE IMPACTS ATTRIBUTED TO THE WILD BOAR ON 

ANTHROPIC ACTIVITIES 

Among the wild animals, the wild boar is the one best known by the public opinion and whose 

presence is the most disputed due to its association with damage to agriculture (Amici et al., 2012; 

Geisser, Reyer & Krausman, 2004; Herrero et al., 2006; Ficetola et al., 2014; Laznik & Trdan, 

2014), road accidents (Primi et al., 2009; Kruuse, Enno & Oja, 2016) and, in recent years, the 

invasion of cities (Castillo-Contreras et al., 2021). In the 21st century, or rather the era defined by 

the "social networks", in the web spaces dedicated to animals, the wild boar appears to be highly 

competitive with the most loved cats and dogs but, unlike these, they seem to be hated for their well 

quantified, population explosion (Saez-Royuela & Telleriia, 1986; Massei et al., 2014). It is 

currently considered one of the most invasive species on the planet after man (Lowe et al., 2018), 

with which it has always had a close relationship. Over the decades, the wild boar populations 

present in Italy (Apollonio, Randi & Toso, 1988; Gallo Orsi et al., 1995) have undergone the 

influence of restocking carried out, first for wildlife purposes and immediately afterwards for 

hunting purposes. Since the 1950s, the introduction of animals from northeastern Europe (Scillitani, 

Monaco & Toso, 2010; Amici et al., 2015) and uncontrolled hybridization with domestic pigs 

(Marsico et al., 2007; Schleimer et al., 2022) influenced the original phenotypic expression 

(Pedone, Mattioli & Mattioli, 1995). In the three years of the research doctorate, the objective was 

pursued of tackling the problems related to the conflict between natural resources, such as wild 

boars, with agricultural and zootechnical activities, producing ecosystem services or disservices; in 

this chapter the disservices connected to the presence of the wild boar will be dealt with  

5.4.1 Trend of damage to the agricultural sector in the province of avellino: psr sus area and 

focal area  

The data provided by the Campania Region STP Avellino for the three-year period 2018-2020 

indicate that the trend of damage to the agricultural sector caused by wild boar shows an undulating 

trend due to the high number of complaints recorded in 2019 (fig. 23). 

 

 
Figure 23. Number of wild boar damages to agriculture:  

Comparison between the Avellino’s Province and the PSR Area. 

 

By extrapolating the PSR Area from the provincial data, it is possible to note that the trend of 

wild boar damages shows an increasing trend with the highest percentage of damages reported in 

the year 2020. Examining the eight municipalities of the PSR Area S.U.S. (fig. 24) it is possible 

to report the absence of complaints in the municipalities of Domicella and Pago del Vallo di 

Lauro while a growing number of complaints starting from Monteforte Irpino to reach the peak 

in the municipality of Quindici which expresses the highest percentage of damagesThe town of 

Fifteen is also the town hosting the S.U.S. Campania and represents the focal area of the 
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proposed Plan. The S.U.S. Project Campania highlights the need to identify an adequate 

integrated management strategy and proposes experimental capture for which an opinion is 

sought. The preliminary investigations conducted in 2019 and 2020 by the S.U.S. Campania 

indicate that the data provided by the Campania Region are largely underestimated since the 

interviews carried out with local farmers show a failure to present the compensation request. 

 

 
Figure 24. Number of wild boar damages to agriculture in the municipalities of the PSR Area. 

 

The latter cause, which leads to an indefinable underestimation of the damages, is due to various 

factors, including: 

• many companies, after years of delays and only partial acknowledgment of the damage 

suffered against advance investigation costs, do not report the harmful event due to the distrust 

they now place in the compensation system; 

• many companies do not report the harmful event as they are not eligible for compensation 

under the "de minimis" regime which provides for the disbursement of a maximum of 

€15,000.00 over three years; 

• many harmful events remain submerged because they are suffered by categories other than 

those of "Direct Farmers" and "Professional Agricultural Entrepreneurs" who, pursuant to the 

regional law, are the only ones entitled to compensation. 

5.4.2 Damages to the agricultural sector in the psr area and in the focal area 

Within the perimeter of the PSR SUS Area, the trend in the value of damage to agricultural crops 

underwent a sharp increase in the three-year period 2018-2020. However, from the interviews 

carried out in the three-year PhD period (2019-2022) it emerged that, due to the inefficiency of the 

damage verification systems by the Region as well as the enormous delay in paying the damages 

suffered in previous years, many farmers prefer not to present a claim for compensation and that, 

therefore, the damages are not reported causing an underestimation of the same. In this paragraph, 

for a detailed analysis of the characteristics of the damage, it is deemed necessary to refer to the 

most recent information available, i.e. that relating to the period 2018-2020. The category most 

affected is that of nuts (hazelnuts and chestnuts), followed by arable land, arable land and coppice 

(fig. 25). 
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Figure 25. Damages from wild boar, by macro-category, estimated in the period 2018-2020 in the PSR area. 

 

The breakdown by type of crop reflects the agricultural vocation of the district identified even if the 

damages are characterized differently in the three years considered. Damage to hazelnut and 

chestnut groves was reported in all three years considered, while in 2020 damage was reported to 

traditional arable land or trees and to coppice (fig. 26). 

 
Figure 26. Damages from wild boar, by macro-category, estimated in the period 2018-2020 in the PSR Area. 

 

The analysis of the 2018-2020 period (fig. 27) allows us to highlight that the damage caused by the 

wild boar to agricultural crops is directed towards the Agricultural Woody Crops and in particular 

towards the hazelnut groves, vineyards and chestnut groves followed by the arable land and in 

particular by the seed plants (wheat, oats and corn) and a discreet attention to forage crops and in 

particular to clover. It should also be reported that the ATC of the province of Avellino receives 

continuous reports of damage from agricultural associations and individual farmers, which however 

do not translate into requests for compensation. The estimates provided show a localization of the 

damage distributed over the whole area dedicated to agricultural activities in the province of 

Avellino, with more evident problems in the vicinity of the Protected Areas and the Oasis of 

Protection. In general, considering both the damages officially reported and the reports that have not 

resulted in requests for compensation, the situation does not seem to have substantially changed 

compared to previous years, even if the latter are not supported by comparable data. 
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Figure 27. Number of wild boar damages to reported crops 

in the province of Avellino in the period 2018-2020. 
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5.4.3 Trend of road accidents in the province of Avellino: psr sus area and focal area 

The Provincial Territorial Service of Avellino has provided the database relating to road 

accidents caused by wild boars on the various roads in the province of Avellino in the period 

2016-2020. The trend of claims was growing (fig. 28) increasing by 3.5 times in 2020 compared 

to 2016. It should be noted that, at the moment, the "Selective sampling of wild boar in 

unsuitable areas of the Campania Region" (DD n. 33 of 12/02/2021) which was to be operational 

from 1 February - 31 December 2021, has not yet given results and, the measures and initiatives 

for the prevention and protection of road accidents implemented by the managing bodies of the 

road networks, they do not seem to be able to control the phenomenon. 

 
Figure 28. Number of road accidents caused by wild boar in Avellino’s Province. 

Up to now, therefore, it seems that only the intensification/rationalization of hunting in collective 

forms and the efforts in prevention and dissuasion, made by the ATC and the locally involved wild 

boar hunting teams, have ensured a slight decrease in the impact indicators agricultural which, 

however, have produced a significant numerical increase in wild boar (demonstrated in the focal 

area) due to the downsizing of wild boar hunting in the 2019-2020 and 2020-2021 hunting years, 

due to the ban on circulation following the COVID 19 Pandemic. 

For the years 2019 and 2020, the results of insufficient demographic control of the wild boar can be 

linked to the bureaucratic slowdowns that the "Wildlife-Hunting Plan" and the "Management and 

control interventions of the wild boar in Campania" plan both under Evaluation procedure VAS + 

VI. Therefore, the elements of necessity remain for the planning of interventions to prevent damage 

and to reduce the number of the population, both through the strengthening of hunting and 

numerical control with alternative methods to shooting. 

5.4.4 Toad accidents in the province of Avellino and in the PSR Area  

In 2016 and 2020, 452 road accidents caused by wild boar were recorded and officially reported on 

the roads of the entire province of Avellino (fig. 29). 

Road accidents have undergone a markedly increasing trend in recent years, currently amounting to 

around 100 accidents/year in the province of Avellino. This evidence is to be considered above all 

with respect to public safety, which is seriously endangered by the increasingly frequent impact 

between animals and cars along provincial and state roads. 
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Figure 29. Distribution of road accidents caused by wild boar in 

Avellino’s Province in the years 2016-2020. 

 

5.4.5 Reporting by citizens of problem events caused by wild boar in the Avellino’s province 

Together with what has already been highlighted in relation to damage to agricultural crops and 

road accidents, reports are increasingly frequent, from citizens living in the Irpinia countryside and 

those who live in the urban territory of the cities bordering agricultural areas and woodlands, as 

well as by some agricultural associations, of inconvenience due to the presence of single individuals 

and/or groups of wild boar. 

These reports refer to encounters near homes, road crossings, incursions into public and private 

green areas, etc. Many of these are also reported by the local press, which also receive video-

photographic footage of the events. 

Here is a brief press review of some local newspapers: 

15/09/2015 

h ttps://www.binews.it/lauro-e-dintorni/quindici-emergenza-cinghiali-nel-vallo-la-testimonianza-di-

un-anziano-contadino-e-linteressamento-di-rubinaccio/ 

 

30/08/2017 

https://youtu.be/yfKBesr259w?t=20 

 

08/07/2021 

https://www.youtube.com/watch?v=go8CEwIBncE 

 

05/08/2021 

www.irpinia24.it/wp/blog/2021/08/05/ariano-irpino-continuano-le-attivita-estive/ 

 

08/09/2021 

Allarme cinghiali in Irpinia, Regione e associazioni: “Stiamo studiando un modo per sopperire alla 

vicenda” | Irpinia24 
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25/11/2022 

ttps://www.ottopagine.it/av/economia/275101/allarme-cinghiali-e-strategie-di-contenimento-

esperti-a-confronto-ad-avellino.shtml 

 

30/12/2022 

https://www.cronachedellacampania.it/2022/12/avellino-auto-si-ribalta-per-evitare-cinghiali-in-

strada-3-feriti/ 

 

In the face of reports from citizens, the Prefectures stimulated by the flash-mobs and by the 

demonstrations through which they wanted to sensitize the institutions, have begun to address the 

wild boar problem to identify and adopt suitable measures to stem the risk of damage from wildlife. 

During the last few years the problem, amplified by the media, has overwhelmed the first citizens 

who have found themselves forced to issue, not always in accordance with current legislation, 

Ordinances of Mayors for the capture of wild boars considered dangerous for public safety, as they 

circulate in the vicinity of homes. 

It was also considered appropriate to highlight this aspect linked to citizens' concerns, for a better 

understanding of the ongoing phenomenon. In this regard, it is hoped that citizens and all social 

partners will be increasingly involved in the management of the wild boar (as well as other wild 

species), in order to reach a real solution to the problems. 
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5.4.6 Hunting effort analysis results 

Hunting effort (CPUE) and wild boar numerical abundance in the two ACS involving swine 

populations in the Focal Area (r= - 0.44; P <0.05). Table 8 shows the results of the censuses carried 

out according to the two counting methods. Even if the correlation indicates a moderate association 

with the negative r index, the CPUE value was able to predict the population increase that occurred 

in the 2019-2020 and 2021-2022 hunting seasons. Even the predicted decrease in the 2020-2021 

season would seem to have occurred (Graf. 2).  

Table 8. Hunting season, census population, CPUE and population estimated by CPUE of the wild boar  

(Sus scrofa) in the ACS bordering the Focal Area. 

Species Hunting season Census population CPUE*100 

Estimate poplation 

Wild boar 2019-2020 234 247 

 2020-2021 278 259 

 2021-2022 219 285 

 

 

 
Graphic 2. Comparison between the real population and the population estimated by CPUE of wild boar in the 

Focal Area. 
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6. OTHER FACTORS NECESSARY FOR THE CALCULATION OF 

THE GENERAL ECOSYSTEM VALUE RELATED TO THE 

PRESENCE OF THE WILD BOAR 

6.1 CENSUS OF STRUCTURES POTENTIALLY CONNECTED TO THE PRESENCE OF WILD 

BOARS 

In order to produce an estimate of the Ecosystem Services potentially connected to the presence of 

the wild boar, the research group also surveyed the factories and operators in the primary sector 

(farms, livestock farms, agritourism companies) and in the secondary sector (slaughterhouses, meat 

processing laboratories , food distribution areas) that could have been involved in the creation of the 

“S.U.S. Campania”, in the absence of the advent of reports of African swine fever in Italy starting 

from 07 January 2022. 

The results obtained from the study of the problems connected to agro-food production and the 

conflict with the wild boar are summarized below.  

✓ Landscape.Within the eight Rural Territorial Systems involving the Municipalities of 

Irpinia, the POI S.U.S. Campania develops in an extremely articulated territory, made up of 

high and medium mountain landscapes (STR18: Monte Partenio Monti di Avella Pizzo 

d'Alvano). 

✓ Habitat. The characterizing environment with which you have to work is made up of the 

typical altitudinal succession of the environments of the Campania Apennines (beech 

woods, grasslands of the peaks, summit karst plateaus, deciduous woods, xerophilous 

grasslands) with a total forest area of about 16,955 ha and a scarce presence of pasture. 

✓ Agricultre. Agricultural activities develop on the foothills and are mainly characterized by 

tree crops (specialized hazelnut groves and fruit chestnut groves). The remaining portions of 

the territory are occupied by arable land and industrial crops, interspersed with vineyards 

and fruit orchards. 

✓ Farmhouse. In the list of agritourism operators in the Campania Region, 125 agritourism 

companies are registered located in 57 Irpinia municipalities. In the first year of activity, the 

POI verified the existence and real vocation of 19 agritourisms present in 15 Municipalities 

(Avella, Avellino, Atripalda, Cesinali, Contrada, Domicella, Forino, Grottolella, Monteforte 

Irpino, Moschiano, Pago del Vallo di Lauro ; Pietrastornina, Salza Irpina, Santo Stefano del 

Sole, Summonte) which can be reached within 10 km from the intervention area in Quindici. 

✓ Slaughterhouses. The slaughter of captured animals represents the critical point to be 

addressed with the Mayor and the competent ASL. Currently, in the province of Avellino, 

there are 19 slaughterhouses in which, in 10, cattle, sheep, goats and solipeds are 

slaughtered in addition to swine; in 6 cattle and sheep and goats; in 1 sheep and goats and in 

a factory only the pig species is slaughtered. Since the slaughterhouses in Irpinia do not 

appear to slaughter wild boars and in the whole province of Avellino there are no officially 

present processing centers for game killed in hunting attached to fresh meat production 

plants, the best proposal that can be made by the POI S.U.S. Campania consists in activating 

the S.U.S. Campania by regulating and controlling the slaughter of wild boar directly in the 

companies which will be entrusted with the captured striped. This proposal is justified by 

the presence in the Campania Region of a disciplinary that allows private slaughtering for 

self-consumption ("Regulation of private slaughtering" - DGR n. 2234 of 06/07/2002).  

✓ Urbanization. Between 1970 and 2020 the urban area that occupied 2% of the total area, 

today occupies 6% of the Irpinia territory. The anthropic invasion has led to the 

fragmentation of habitats which has produced a double negative result: 1) the reduction of 

habitats available for wildlife; 2) the easier accessibility of fauna in urban centers through 

the roads. Both cases have produced a greater presence of wild animals in areas frequented 

by humans and, as a result, an increase in claims. 
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7 MONETARY EVALUATION OF ECOSYSTEM SERVICES 

RELATED TO WILD BOAR 

7.1 ECOSYSTEM DISSERVICES 

Our study starts from Liekens' citation et al. (2013) “The monetary valuation of ecosystem services 

offers a promising approach to highlight the relevance of ES to society and the economy, to serve 

as an element in the development of cost-effective policy instruments for nature restoration and 

management, and to use in impact assessments in cost-benefit analysis”. In order to estimate the 

economic value of the Ecosystem Services linked to the presence of the wild boar in the study area, 

we started from the evaluation of the disservices clearly attributed to the wild swine. 

7.1.1 Damage to the agricultural sector in the study areas 

Table 9 shows the wild boar damage reported in the observation areas and it can be deduced that in 

the habitats considered natural or in any case not managed primarily by man, the areas affected by 

wild boar only concern the year 2019 for a very small percentage (min 0.03% max 0.58%).  

 
Table 9. Agronomic classification of crops presents in the PSR Area with the relative percentages of area damaged by 

wild boar in the years made available by the Campania Region. 

Classification  2018 2019 2020 

 Total surface Damage % Damage % Damage % 

WOOD Ha       

Avellino Province 38,704.00 0.00 0.00 0.00 0.00 0.00 0.00 

PSR Area 3,173.62 0.00 0.00 2.40 0.08 0.00 0.00 

Focal Area 413.07 0.00 0.00 2.40 0.58 0.00 0.00 

PASTURE        

Avellino Province 15,606.48 0.00 0.00 4.00 0.03 1.00 0.01 

PSR Area 118.77 0.00 0.00 0.00 0.00 0.00 0.00 

Focal Area 77.10 0.00 0.00 0.00 0.00 0.00 0.00 

 

It appears evident that the reports of damage to these two habitats cannot be considered real since it 

is known that woods and pastures are considered suitable areas for wild boar and their presence is 

proven by the plowing of the topsoil referred to the two habitats which benefit from surface rooting. 

The monetary value referring to the surfaces reported, equal to 4 hectares and 80 (sum of the PSR 

Area and the Focal Area) of forest and 4 hectares of pasture in the province of Avellino, not being 

reliable, are not quantified. 

More substantial are the damages attributed to the wild boar on tree crops, among which hazelnut 

and chestnut are the most affected crops. 

The Focal Area reports the highest percentage of damage to chestnuts and hazelnuts in 2019, as do 

the PSR SUS area and the Provincial AV area, albeit with low percentages (tab. 10). 

If the yields per hectare of each tree cultivation are calculated and the entire annual production is 

considered lost for the largest area damaged in the three-year period considered, it follows that the 

province of Avellino declares damages for chestnut equal to 97.78 ha; the core 103.60 ha; 134.01 ha 

for vines and 6.16 ha for olive groves, respectively equivalent to €244,450; €518,000; €804,055 and 

€9,856. 
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Table 10. Agronomic classification of crops presents in the PSR Area with the relative percentages of area damaged by 

wild boar in the years made available by the Campania Region. 

Classification  2018 2019 2020 

 Total surface Damage % Damage % Damage % 

CHESTNUT GROVE        

Avellino Province 2,459.35 12.16 0.49 97.78 3.98 25.37 1.03 

PSR Area 1,130.82 12.96 1.15 50.62 4.48 29.17 2.58 

Focal Area 219.35 11.17 5.09 42.12 19.20 25.50 11.63 

HAZELNUT        

Avellino Province 6,322.87 18.15 0.29 68.38 1.08 103.60 1.64 

PSR Area 2,908.05 13.46 0.46 92.98 3.20 57.48 1.98 

Focal Area 563.97 3.20 0.57 64.80 11.49 33.85 6.00 

VINEYARD        

Avellino Province 6,916,39 8.00 0.12 134.01 1.94 111.74 1.62 

PSR Area 38.78 0.00 0.00 0.00 0.00 0.00 0.00 

Focal Area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

OLIVE GROVE        

Avellino Province 7,294.89 0.00 0.00 6.16 0.08 1.00 0.01 

PSR Area 158.32 0.00 0.00 0.00 0.00 0.00 0.00 

Focal Area 1.77 0.00 0.00 0.00 0.00 0.00 0.00 

 

7.1.2 Road accidents in the PSR Area 

The data provided by the regional administration of Campania, relating to the years 2019 and 2020, 

indicate that, in the municipalities in which the Point Area falls, 10 car accidents were recorded due 

to wild boar. Table 11 shows the number of road accidents recorded in the individual municipalities 

of the Point Area (PSR Area and Focal Area). 

The average monetary value, calculated on the basis of the compensation recognized by the 

Campania Region for recognized road accidents attributable to wild boar, was Euro 2,500 therefore, 

the total compensation would amount to 25,000 Euros. 

Table 11. Road accidents recorded in the PSR Area in the period 2019-2020 and average compensation. 

Municipality n. € average € tot 

DOMICELLA 0   

FORINO 2   

LAURO 0   

MONTEFORTE IRPINO 1   

MOSCHIANO 3   

PAGO DEL VALLO DI LAURO 2   

QUINDICI 2   

TAURANO 0   

Total 10 2,500.00 25,000.00 
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7.2 ECOSYSTEM SERVICES 

In order to estimate the economic value of the Ecosystem Services linked to the presence of the 

wild boar in the study area, we complete our evaluation by quantifying the services clearly 

attributed to the wild swine. 

7.2.1 Provisioning related with wild boar presence 

Table 12 lists the possible revenues in Euros for the different salable parts of the wild boar. 

Table 12. Wild Boar salable parts and monetary value in Euros. 

 Unit cost/unit n. shot WB Monetary value 

Wild boar 1 animal  106 Euro 

Meat 1 kg 10 5,088 50.880 

Pappardelle 1 kg 40 5,088 203.520 

Cured meat 1 kg 47 3,562 167.414 

Teeths 1 teeth 1,5 424 636 

Bristle 1 kg 989 10.6 10.483 

Complete skin 1 unit 360 106 38.160 

Head 1 unit 150 106 15.900 

Hoof 1 unit 109 424 46.216 

Table 13 shows 5 different choices to obtain from each wild boar killed during the hunting season 

an economic value attributable to the supply factor. 

Although an indisputable monetary advantage can be identified for each choice, with maximum 

optimization it is evident that the most economically advantageous choice is choice 4 deriving from 

the combination of the sale of meat in the form of typical dishes at the restaurant; of the 4 canines; 

of whole skin after taxidermy treatment. However, since taxidermy is not required for every animal 

killed, choice 2 would seem to be the really best one (sum of the pappardelle gastronomic dish; the 

teeth and bristles).  

Table 13. Wild Boar salable parts and monetary value in Euros. 

    choise 1 choise 2 choise 3 choise 4 choise 5 

Wild boar 1 animal €/U Quantity 1 1 1 1 1 

Meat 1 kg 10 48 Kg 480.00     

Pappardelle 1 kg 40 48 Kg  1,920.00  1.920 1.920 

Cured meat 1 kg 47 33 Kg   1.579   

Teeths 1 teeth 1,5 4 U 6.00 6.00 6.00 6.00 6.00 

Bristle 1 kg 989 100 gr 98.90 98.90 98.90   

Complete skin 1 unit 360 1 U    360.00  

Head 1 unit 150 1 U     150.00 

Hoof 1 unit 109 4 U     109.00 

    584.90 2,024.90 1,683.90 2,286.00 2,185.00 

 

Finally, table 14 shows the sum of the monetary value of the provisioning that at the end of the 

hunting season could be obtained from the killing of wild boars. 
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Table 14. Wild boars Provisioning value in Euros at the end of hunting season. 

 €/choise Quantity €/choise/quantity 

choise 1 584.90 106 61,999.40 

choise 2 2,024.90 106 214,639.40 

choise 3 1,683.90 106 178,493.40 

choise 4 2,286.00 106 242,316.00 

choise 5 2,185.00 106 231,610.00 

 

7.2.2 Cultural related with wild boar presence 

As seen in table 7, each hunter incurs fixed costs in order to exercise his activity in the period 

permitted by law. 

Table 15 shows the costs relating to the two hunting teams authorized in the ACS bordering the 

Focal Area. 

Table 15. Monetary value in Euros related with authorized hunters for wild boar shot. 

 n. hunters €/cultural 

ACS04LB+ACS05LB 60  

€/ concession year 451.00 27,060.00 

€/equipment/year 2,380.00 142,800.00 

€/cartridges/year 350.00 21,000.00 

€/dog/year 1,495.00 89,700.00 

€ Total  280,560.00 

 

 



55 

 

CONCLUSIONS 

Starting from an area of Campania included in the Mediterranean Biogeographical Region, a shared 

process with the Universidad de León has begun to express an assessment of ecosystem services by 

analyzing some biodiversity indicators. 

The model that we wanted to use is that of the wild boar, a species to which only ecosystemic 

disservices are attributed (damage to agriculture, road accidents, invasions of urban centres). Our 

work, whose diffusion has begun through the submission of some data to the scientific community 

in the form of publications and reported below, intends to attribute to one of the animal species 

considered among the most invasive on the planet, also a positive value in the habitat it frequents. 

The comparison between the disservices and the services reported in chapter 7 would demonstrate 

that even the wild boar would be able to produce ecosystem services. In the case of our survey (tab. 

16), which was unable to fully analyze the values relating to the habitat/biodiversity, the disservices 

would be even greater than the services. However, the value of the outages would be significantly 

reduced. 

 
Table 16. Comparison between Ecosystem Disservices/Services related with Focal Area. 

 Disservices Services Differences 

 Total amount € Total amount €  

Damage to agricolture 413,950.00  -413,950.00 

Roads accidents 25,000.00  -25,000.00 

Provisioning  242,316.00 +242,316.00 

Cultural  280,560.00 +280,560.00 

Habitat/biodiversity ??? ??? ??? 

   -83,926 

 

In conclusion, we can hope that a detailed multilevel analysis will be able to restore a real value of 

agro-zootechnical systems and related agro-ecosystems. At present, even if having to resort to the 

monetary parameter, it seems possible to use the tools of sustainability as indicated in detail by the 

2030 Agenda. Objective 2 indicates that, through a correct quantification of Ecosystem Services, it 

is possible to obtain correct conservation results and proper use of natural resources. 

Running sustainable food production channels while simultaneously creating new economic 

opportunities would considerably limit the problem of environmental pollution which will not be 

resolved if water, air and soil management are addressed separately. If the goals of Homo 

technologicus stop at the challenges of digitization and the application of technological knowledge, 

without concretely addressing the problems of man's compatibility with the planet, we will have to 

deal not so much with the end of the world but with the extinction of one of the species that 

dominated Planet Earth. 

As was asked in a recent publication (Aloisio, 2021; Esposito, 2021) new technologies and 

scientific discoveries, combined with the growing awareness of public opinion towards the concepts 

of sustainability, will lead towards "electronics for life or life for electronics”? 
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