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Aim of research 

Biodiversity is indispensable for the functioning of ecosystems and includes plants, animals and micro-

organisms that coexist and interact with each other. Currently, factors such as human activity, introduction 

of alien species, use of pollutants, fragmentation and consequently reduction of habitats, limited trophic 

availability and climate change are causing a drastic decline in biological, genetic and habitat diversity 

(Colazza et al., 2018; PNR 2021-2027) and, for these reasons, it is essential to take actions to protect and 

safeguard it at all levels. Pollinators are extremely sensitive and vulnerable to human disturbance and, for 

examples, prolonged exposure to chemical pesticides can impair their learning capacity, short-term memory 

and orientation, leading a reduction in pollination rates of both cultivated and wild plants (Ispra, 2020). In 

addition, climate change causes a no overlapping between the flowering period and the phenological 

rhythms of oligolectic species, closely related to particular plant essences. This phenomenon, often 

overlooked, is particularly alarming because it can cause the extinction of many animal and plant species. 

Furthermore, the placement of hives in natural environments due to the increase in the beekeeping industry 

leads to interspecific trophic competition between domestic and wild bees (Mouillard-Lample et al., 2023).  

The majority of flowering plant species require pollination to produce fruit and seeds and it is also known 

that entomological biodiversity contributes to improving the quality of plantations and, consequently, 

agricultural products, especially if sustainable cultivation practices are adopted. In agroecosystems, the 

preservation of uncultivated ecotonal areas is important as they are reservoirs of biodiversity, providing 

feeding and shelter sites for numerous pollinator species (Colazza et al., 2018; Bortomeus et al., 2014). 

Despite their importance, in Italy (and especially in the South) there is no available data about the faunal 

community and the conservation status of Italian bees. It is crucial to study wild bees to assess species 

presence, their abundance and their distribution in natural settings and in agroecosystems, with particular 

reference to oligolectic species, which are more sensitive to environmental variations (Danforth et al., 

2019).  

In forest habitats, saproxylic beetles are used as bioindicators of the health and conservation status of these 

peculiar ecosystems and they are crucial to maintain ecosystem balance. In fact, saproxylic insects depend 

on decaying wood during at least one stage of their life cycle and they are important because, by feeding 

on the dead wood, they recycle essential nutrients. However, wrong silvicultural practices, as the removal 

of fallen logs and perishing trees, can interrupt the nutrient recycling and eliminate entire populations of 

saproxylics. Some species of saproxylic are protected by law and many beetles are included in the IUCN 

Red List of Italian Saproxylic Beetles (Audisio et al., 2014). 

The agroecosystems of the Sila Plateau are immersed in distinctive landscapes contexts dominated by 

natural and semi-natural vegetation ecotones. Ecotones create unique environmental conditions that must 

be enhanced and protected. The main objective of the research project is the study and safeguard of 

entomological diversity in both mountain and agricultural contexts located within Sila Plateau, to assess 

possible differences based on vegetation and land use. Specifically, agroecosystems dedicated to the 

cultivation of Sila IGP potatoes were selected for the project activities and investigated for the first time in 
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order to identify species of agronomic interest, phytophagous and insect antagonists. Another aim of the 

project is to assess the health status of pollinator populations linked to natural areas and agroecosystems by 

verifying the potential impact of agricultural practices adopted by the chosen farms.  

Carabidae, the main soil bioindicators for assessing environmental quality, were also analysed. A 

bioindicator is an organism that responds predictably and rapidly to disturbance factors. The presence (or 

absence) of some species indicates environmental quality and the impact of human activities on ecosystems. 

From a naturalistic perspective, the main biological characteristics of Carabidae include dispersal power 

(the presence or absence of membranous wings suitable for flight), geographic distribution (from wide 

distribution to endemism), diet and degree of specialization and species diversity (Brandmayr et al., 2005).  

Soil fauna also play a key role in environmental quality. In particular, underground biological forms can 

indicate the degree of soil alteration by the QBS-ar method. This method is based on the organismôs 

morpho-physiological adaptation to soil life. In fact, edaphic fauna have a higher EMI value than less 

adapted forms. The value is assigned based on certain morphological features, such as the presence or 

absence of eyes, number of legs and body coloration (https://www.arpa.veneto.it).  

Current growth in food demand as a result of the increasing human population requires immediate 

alternatives to the use of synthetic fertilizers. Green agricultural innovation involves experimenting with 

new and organic techniques (Bogusz et al., 2021; Klammsteiner et al., 2020; Houben et al., 2020). For 

example, some insects, are bred to produce animal feed, for aquaculture and for human diet; their mass 

farming generates large amounts of waste, known as frass (excrements and exuviae) that could be used as 

a biofertilizer in order to contribute to the development of resilient and sustainable agriculture (Zim et al., 

2022). In light of this, another objective of the research is to analyse the use of frass of some insect species 

through both laboratory and field tests. Firstly, the laboratory tests evaluated the vegetative response and 

growth of Solanum lycopersicum cv. Micro-Tom plants, while the field test at the open area Laboratory of 

Forensic Science and General and Applied Entomology of DIBEST, UNICAL, evaluated the influence of 

frass on soil biological quality. 
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1. Introduction  

1.1 Biodiversity 

Biodiversity is the variability among living organisms in all existing ecosystems. Current biodiversity is 

originated from millions of years of evolution and now it is influenced by natural processes and human 

activity (Gaston & Spicer, 2004; Rawat & Agarwal, 2015). Among Eukaryotes, more than 2 million species 

have been described and, of these, more than a million are insects (Graph 1.1) (https://ourworldindata.org). 

 

 

 

 

 

 

 

 

Graph 1.1 Number of Eukaryotes currently described (ourworldindata.org) 

https://ourworldindata.org/
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Biodiversity is studied at the genetic, species and 

community levels (Fig. 1.1) and all these levels are 

essential for the persistence of ecosystems balance 

(Levin, 2001; Primack, 2007; Verma, 2016). 

Biodiversity corresponds to intraspecific genetic 

variability between geographically separated 

populations and between individuals of the same 

population (Primack, 2007). Genetic variation, in 

individuals with sexual reproduction, occurs through 

genetic recombination (Levin, 2001). Undoubtedly, 

small populations with low dispersal power are more 

vulnerable to inbreeding depression due to consanguinity which can reduce the survival and reproduction 

fitness of organisms. In fact, populations with less genetic diversity may not respond positively to 

environmental stresses and bottlenecks (Mukhopadhyay & Bhattacharjee, 2016; Nonic & Sijacic-Nikolic, 

2021). Nevertheless, high biodiversity value means that communities are more likely to respond positively 

to environmental pressure (Ryan, 2022). Species richness is the number of species present in a certain 

habitat (Levin, 2001) and, in healthy ecosystems, community is composed of numerous and equally 

distributed species. In addition, species depend on each other because all organisms have a key role in 

maintaining the ecosystem equilibrium (Ebeling, 2014). Biodiversity also includes the differences between 

the biological communities and the intra- and interspecific relationships (Primack, 2007). Furthermore, 

biodiversity consist in the variety of ecosystems, such as deserts, forests, wetlands, mountains, lakes, rivers 

and agricultural landscapes, which are composed of a community interrelating with abiotic factors like air, 

water and soil around them (Rawat & Agarwal, 2015).  

Biodiversity is not equally distributed on Earth. In general, there is a latitudinal gradient where diversity 

increases from the polar zones to tropics and the equator. In fact, it is higher near the equator thanks to the 

warm climate and high primary production (Primack, 2007; Rawat & Agarwal, 2015). In terrestrial habitats, 

species richness is influenced by topography, hydrography, climate and habitats, as well as its 

paleogeography. Additionally, species diversity decreases at high altitudes and increases with sunlight 

irradiation and precipitation. Furthermore, complex topography generates a wide variety of habitats, 

making genetic isolation and eventual speciation possible (Primack, 2007). 

Endemism usually refers to species with a restricted or even punctiform distribution. The existence of 

endemic species is linked to geographical isolation and the geological history of the area. In fact, areas that 

remained isolated during glaciations and many islands in the Mediterranean Basin are characterised by a 

high degree of endemism. Endemism is crucial in relation to extinction: if the populations of an endemic 

species contract to the point of extinction, that species disappears from the planet (Primack, 2007; Isik, 

2011). 

 

Figure 1.1 Biodiversity pyramid (Noniĺ & Ġijaļiĺ-

Nikoliĺ, 2021) 
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Endemic species are mainly concentrated in areas defined as biodiversity hotspots, where there are 44% of 

all plant species in only 1,4% of the Earth's surface area (Map 1.1). Initially the biodiversity hotspots 

identified were 25 (Myers et al., 2000; Rawat & Agarwal, 2015) while now they are 34 and are still being 

updated (Mariotti, 2015). Hotspots have to satisfy some criteria such as contain a minimum of 0,5% or 

1.500 species of endemic vascular species and  have lost at least 70% of their primary vegetation (Myers et 

al. 2000). The Mediterranean Basin is one of these biodiversity hotspots and it is divided into ten sub-

hotspots based on endemism and floristic richness (Médail & Quezel, 1999). Thanks to its central location 

in the Mediterranean See, Italy has a remarkable biodiversity in terms of species, communities, ecosystems 

and landscapes, compared to other temperate countries. Furthermore, the  Alps, Continental and 

Mediterranean biogeographical regions are co-present with possible interpenetrations between them despite 

their differences. Moreover, the Alps and the Apennines create geographical barriers which can influence 

the mesoclimate and species distribution (Primack, 2007; Mariotti, 2015; Revertè et al., 2023). As we can 

see from the map (Map 1.2), Italy is one of the richest European countries in wild bees species and this 

because it was a refuge during glaciation and also because geographically it is extremely close to Africa 

(Revertè et al., 2023). 

Map 1.1. Biodiversity hotspots (Mariotti, 2015) 
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Any strategy for the conservation of biological diversity requires a solid understanding of how many and 

which species exist and how they are distributed. According to current knowledge, insects are undoubtedly 

the most diverse group with the greatest number of described species. Moreover, it is estimated that about 

half of the species that actually exist have been described (Primack, 2007). Knowledge of the world's 

existing species is far from complete for several reasons, especially for species that are inconspicuous and 

difficult to sample. Moreover, a general problem that limits the knowledges of biodiversity, and 

consequently its protection, is the lack of a sufficient number of specialist taxonomists capable of 

classifying samples to the species level (Raven & Wilson, 1992). 

 

1.2 Threats to biodiversity  

Biological communities are strongly threatened by human activities (Naeem et al., 1994) and the genetic 

diversity can also decrease, even among species whose populations are in good condition (Primack, 2007). 

Threats to biodiversity can cause extinction of several species in a short time (Primack, 2007; Proenca & 

Pereira, 2013) especially if they act synergistically: for example, acid rain and deforestation combinations 

can cause intensely negative effects on treesô health, making them more vulnerable to parasitic attacks (such 

as fungi, insects and other pathogens) (Myers, 1987; Primack, 2007; Brat & Pathak, 2020). In earlier 

geological eras, extinction was compensated by the evolution of new species. Instead, now the rate of 

species extinction is higher than the rate of speciation due to human activity (Leakey & Lewin, 1996; 

Primack, 2007).  

 

Map 1.2. Different bee species richness in Europe (Revertè et al., 2023) 
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The main pressures on biodiversity can be summarized in (Fig. 1.2): 

- Fire, destruction and fragmentation of habitats; 

- Pollution; 

- Intensive agriculture; 

- Climate change and global worming; 

- Introduction of alien species and pathogens (Primack, 2007; Rawat & Agarwal, 2015; Colazza et 

al., 2018). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Due to the increase of human population, many natural environments have been turned into agricultural 

land. In addition, habitat destruction is also caused by mining and deforestation for logging and urban 

expansion (Primack, 2007; Wagner et al., 2021). As a result of centuries of human activity, only 10% of 

the Mediterranean basin's native forests are currently intact (Primack, 2007; Barbera et al., 2023). 

Figure 1.2. Causes of Biodiversity Decline (Wagner et al., 2021) 
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Therefore, it is vital to protect and conserve natural habitats, especially those where species, communities 

or ecosystems of special interest are found (Primack, 2007). 

Soil is a highly altered abiotic component in habitats; unsustainable 

agricultural practices and mechanical tillage erode it, reducing its 

capacity to absorb and process water. Additionally, intensive grazing 

and incorrect silvicultural practices have changed the natural 

vegetation cover and consequently the soil composition. Moreover, it 

is susceptible to desertification in Mediterranean areas (Allan & 

Warren, 1993; Primack, 2007).  

In addition to the destruction of natural environments, habitat 

fragmentation (Fig. 1.3) is another cause to the biodiversity decline. 

This phenomenon, caused by human activity such as the building of 

infrastructures, divides a continuous habitat into several sub-areas, 

restricting the migration of species, especially those with a low dispersal power. Moreover, fragmentation 

makes both trophic resources and reproductive partner more difficult to find; additionally, it has an impact 

on abiotic parameters that are essential for the survival of species like light, temperature, humidity and wind 

(Allan & Warren, 1993; Primack, 2007; Barbera et al., 2023). 

Another risk factor for the environment is the pollution caused by pesticides and synthetic substances used 

in intensive agriculture, but also from livestock farming and toxic gases emitted by industries and vehicles  

(Primack, 2007; Ispra, 2020); it has strong effects on climate, biodiversity, agricultural products and human 

health (Primack, 2007). In addition, deforestation, fire and the over-exploitation of wood for domestic 

heating have further released more CO2 into the atmosphere (Primack, 2007). As is well known, 

biodiversity is strongly influenced by climate change (Bellard et al., 2012). In fact, changing of seasonal 

temperature alters the phenology, physiology and distribution of species as well as encouraging the 

settlement of alien species (Primack, 2007). Organisms that are outside their natural range of distribution 

due to human intervention are known as non-native species (or alien species). In contrast, species that have 

evolved and spread spontaneously in a certain area are defined as native species (Pellizzari & Dalla Montà, 

1997; Primack, 2007). Invasive alien species are a threat to local biodiversity because they can disturb 

native species through competitions or disease transmission (Pellizzari & Dalla Montà, 1997; Kenis et al., 

2009). 

Effective conservation plans are necessary to protect biodiversity and to apply them, only a medium-long 

term monitoring can assess the state of a population over time, which may be stable, fluctuating, declining 

or growing. In addition, the study of the natural history of rare or threatened species is a pillar in successful 

conservation programmes (Primack, 2007; Montgomery et al., 2021). 

The International Union for the Conservation of Nature (IUCN) has defined different categories of risk and, 

thanks to their classification, a species can be considered Extinct (EX), Extinct in the Wild (EW), Critically 

Endangered (CR), Endangered (EN), Vulnerable (VU), Near Threatened (NT) or Least Concern (LC). 

Figure 1.3 Graphic example of habitat 

fragmentation (www.naturetrust.bc.ca) 
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However, for many species it is impossible to precisely assess their risk of extinction because there are not 

sufficient data about their population health (Primack, 2007). The IUCN also collected information about 

rare species and what measures could be taken to prevent extinction (Begon et al., 2000). 

  

1.3 Entomological diversity and its importance 

Arthropods are the largest phylum of living organisms (Levin, 2001; https://ourworldindata.org) and among 

these, insects are the dominant animal group on earth in terms of taxonomic diversity and ecological 

function (Schowalter, 2006). Currently, the 60% of all described species are insects and the number of 

undescribed species is quite difficult to estimate (Price, 1997); species are distributed unequally among 

orders and those with the greatest number of taxa are: i) Coleoptera (~ 350.000 species); ii ) Hymenoptera 

(~ 250.000 species); iii ) Lepidoptera (~ 158.000 species); iv) Diptera (~ 150.000 species); v) Hemiptera (~ 

95.000 species) (Fig. 1.4) (Gullan & Craston, 2010).  

 

The high species richness depends on several factors: 

- Small size; 

- Quick life cycle; 

- Evolutionary relations with plants;  

- Metamorphosis; 

- Flying ability. 

Figure 1.4 Entomological Diversity (Grimaldi & Engel, 2005) 

https://ourworldindata.org/
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The small size of insects is a morphological characteristic that allows them to distribute in numerous 

ecological niches unlike large animals: for example, a single tree can offer trophic resources for a large 

herbivorous vertebrate while it can support the entire life cycle of several small-sized species with different 

ecological roles. In addition, small size can reduce intra and inter-specific competition. Importantly, rapid 

life cycle makes insects better adapt to environmental changes through genetic recombination between 

generations (Gullan & Craston, 2010; Prince, 2011). Furthermore, their life cycle, which consists of several 

dissimilar stages, influence speciation because they can use different resources and colonize distinct 

habitats according to their life stage (Gullan & Craston, 2010; Prince, 2011). Finally, insects are the first 

organisms to develop flight and therefore they have a high dispersal power (Grimaldi & Engel, 2005).  

Insect orders have different morphologies and habits. For example, beetles are characterized by the presence 

of wings modified in sclerified structures called elytra and below them there are a pair of membranous 

wings. Although elytra are structures for the protection from dehydration and fungi, generally they make 

these insects inefficient flyers (Grimaldi & 

Engel, 2005; Gullan & Craston, 2010). Beetles 

are all holometabolic and their diet is extremely 

varied: they could be saprophytes, 

necrophagous, saproxylic and phytophagous. 

The European beetles are divided into two 

suborders, Adephaga and Polyphaga (Fig. 1.4); 

the second group is the most numerous and it 

diverges from the first one by the absence of 

notopleura sutures (Chinery, 2010). 

Hymenoptera is the most diversified order 

because it includes ants, wasps and bees. 

Hymenoptera are divided in Symphyta 

(Sawflies), which have a conventional 

trisegmented thorax, and Apocrita (ants, bees 

and wasps) which present a constriction between 

thorax and abdomen (Fig. 1.5). Apocrita are an 

extremely varied group of insects which includes 

species with different ecological functions, such 

as ectoparasites, cleptoparasites, predators and 

pollinators (Branstetter et al., 2017). In this 

group there are 3 superfamilies: Chrysidoidea, 

Apoidea and Vespoidea (Chinery, 2010). 

Chrysidoidea is a very large cosmopolitan group 

and they are called cuckoo wasps because they are all cleptoparasites of other insects. Instead, Apoidea 

Figure 1.4 Adephaga vs Polyphaga morphology 

(https://archivo.infojardin.com) 

Figure 1.5 Symphyta vs Apocrita morphology (Goulet & Huber, 

1993) 

SYMPHYTA  APOCRITA  
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have their bodies covered with hairs and special structures for collecting the pollen from flowers. In addition 

to pollinators, this taxon also includes cuckoo bees that parasitize other species of wild bees. In contrast, 

Vespidae have a glabrous body and a bright aposematic coloration (Chinery, 2010).  

Diptera are divided into two suborders: Nematocera, which 

includes mosquitoes, and Brachycera, commonly called 

flies (Fig. 1.6). The peculiarity of this order is the presence 

of a pair of membranous wings and a second pair modified 

in two halteres, one on each side and club-shaped, which 

perform the function to adjust balance during their efficient 

flight. The differences between the two groups are notably 

evident: Brachycera have a more robust body with a 

developed chaetotaxy while Nematocera are slender; in 

addition, Brachycera have antennae with short arista, 

whereas in the Nematocera they are long and filiform. 

Brachycera also play different ecological roles from the decomposition of organic matter to pollination; 

they are also holometabolic insects (Chinery, 2010). 

Lepidoptera include butterflies and moths (Fig. 1.7). 

In Italy there are more than 4000 species and, between 

them, there are important pollinators. These insects are 

characterized by two very developed pairs of wings, 

covered by bright and showy scales. In butterflies, 

antennae are long and clavate while filiform or 

combed in moths. Lepidoptera are all holometabolic. 

Adult Lepidoptera feed on sugary substances like 

nectar, while caterpillars often eat leaves (Chinery, 2010).  

The order of the Hemiptera is subdivided into two sub-orders: Homoptera and Heteroptera. They are two 

very divergent groups of insects and the only similar morphological character is a mouthpart modified into 

a rostrum useful for piercing and extracting liquids from animals and plants. Heteroptera are particularly 

colourful insects that are distinguished by the presence of a pair of wings modified to form the hemelytra: 

unlike beetles, in this case wings are membranous in the distal portion and subsequently sclerified near the 

body. On the other hand, Homoptera (cicadas and aphids) are small insects with two pairs of membranous 

wings closed as roof in a resting condition (Chinery, 2010). 

Finally, Orthoptera includes crickets and grasshoppers. They are divided into Ensifera, with antennae longer 

than body, and Celifera, with shorter ones. They are elongated insects with particularly developed hind legs 

for powerful jumping. Characteristic is the species-specific stridulation they emit in the reproductive period. 

In addition, they have also developed a mimetic coloration that makes them extremely cryptic in the 

environment (Chinery, 2010).  

NEMATOCERA 

Figure 1.6 Nematocera vs Brachycera morphology 

(Beracko et al., 2017) 

BRACHYCERA 

Figure 1.7 Morphology diferences between Butterfly and 

Moth (https://www.majordifferences.com) 
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Insects are extremely significant for the ecosystems balance (Prince, 1997). They play a key role in several 

ecological functions, such as: 

- Transformation of plant biomass into animal biomass through phytophagous species; 

- Preys for zoophagous species (both vertebrates and invertebrates); 

- Decomposition of woody and plant biomass and recycling of nutrients by herbivorous, detritivores 

and saproxylic insects; 

- Decomposition of animal biomass biomass and recycling of nutrients through necrophagous and 

saprophagous species; 

- Control of animal community by transmission of diseases, predation and parasitism;  

- Maintenance of the composition and structure of the plant community through phytophagous and 

spermophagous species; 

- Plant propagation, including pollination and seed dispersal (Gullan & Craston, 2010; Prince, 2011). 

 

 

1.4 Insects for environmental quality and forest management assessment 

The conservation of biodiversity requires the maintenance of healthy and functional ecosystems. Given the 

inherent complexity of ecosystems, the use of indicator species is crucial to accurately assess the quality of 

ecosystems. Indeed, bioindicators are widely used for detecting and monitoring environmental changes and, 

to be considered as effective, they must possess the following characteristics: i) a well-defined taxonomy 

and clearly understood ecology; ii)  a wide distribution over a large geographic area; iii)  a specialisation for 

specific habitat requirements; iv) provide early signals of environmental change; v) simple and inexpensive 

sampling; vi) a stress response that is representative of other species in the ecosystem (Kremen et al., 1993; 

Han et al., 2015; Chowdhury et al., 2023). 

According to their context, bioindicators are divided in biological, ecological and environmental indicators. 

The first category is represent by functional groups with considerable diversity in terms of characteristics, 

species richness or level of endemism used to assess and to identify areas of high conservation value 

(McGeoch, 1998; Stewart et al., 2007; Chowdhury et al., 2023); the ecological indicators reflect the impact 

of long-term stress on a biotic system, such as habitat fragmentation or climate change, providing 

information on ecosystem dynamics, while environmental indicators are used to gather data on local 

environmental changes, such as soil or water pollution (Gullan & Craston, 2010). Anyway, there are 

different bioindicator insects that can be used in distinct habitats (Fig 1.8). For example, ground beetles 

(Coleoptera, Carabidae) communities are useful to assess environmental quality, while the abundance of 

dung beetles (Coleoptera, Scarabaidae) can give information about the seriousness of habitat fragmentation 
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(Lagiz, 2008; Chowdhury et al., 2023). In 

contrast, Lepidoptera and Apoidea can be 

used to assess the degree of pollution in 

agroecosystems because pollinators are 

sensitive to heavy metals and pesticides 

(Sharma & Sharma, 2017; De Groot et al., 

2022; Chowdhury et al., 2023). In particular, 

the wild bees consume and accumulate 

pollutants from flower nectar, which they then 

transfer to their nests. In fact, dead bees and 

their nests are chemically analysed precisely 

to assess pollutant levels (Porrini et al., 2003; 

Chowdhury et al., 2023). Moreover, the 

presence of these pollutants in soil can also be 

measured through the presence of Formicidae (Andersen et al., 2002; Chowdhury et al., 2023). Dipterans 

are considered good bioindicators as well: for example, the family Chironomidae show the presence of 

pollutants in mountain ecosystems through the formation of morphological aberrations on antennae 

(Chowdhury et al., 2023), while hoverflies are effective bioindicators of the management of forest habitat 

(Sommaggio, 1999).  

The most widely used and studied bioindicators are ground beetles because they are able to adapt to 

different environmental conditions. The carabidofauna change in abundance and specific composition 

according to environmental quality and vegetation cover. Infact, the over 1300 Italian species are distributed 

in diverse habitat even if the highest number of species is in alpine grasslands, beech forests and mixed oak 

forests because of altitude, soil type and local climatic conditions (Brandmayr et al., 2005).  

In addition to species richness, the distribution range, trophic specialization and dispersal power of carabids 

should also be considered to assess environmental quality. For example, endemic species, which have a 

restrict distribution range, are sentinels of good quality while widely distributed species, which are able to 

adapt to changing conditions, may indicate less environmental stability. Infact, endemic species of ground 

beetles are more common in beech and oak forests, than in sclerophyll forests or arid Mediterranean 

landscapes (Baroni et al., 1978; Brandmayr et al., 2005). Brachypterous and zoophagous species colonized 

generally climax ecosystems, unlike the zoospermophagous and macropterous species which prefer grazing 

area, grasslands, steppes or other less stable environments and this because a generalist flying species can 

adapt better to environmental changes than a more specialist ones (Brandmayer, 2005; Mazzei et al., 2015; 

Mazzei et al., 2017). 

 

 

Figure 1.8 Principal insects bioindicators (Chowdhury et al., 

2023). 
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For esample, several species prefer cool forests, while others, such as 

Abax parallelepipedus (Piller & Mitterpacher, 1783) (Fig. 1.9), are more 

generalist because they are adapted to various types of woodland. 

The presence of some target species, such as Carabus italicus Dejean, 

1826, can be an indicator of good soil conservation in forests. In 

contrast, practicolous genera, such as Harpalus Latreille, 1802 and 

Amara Bonelli, 1810, which are generally characterized by metallic 

coloured liveries, show a close association with herbaceous habitat 

linked to dietary specialisation. Some examples of opportunistic species 

which live in cropland soil are Harpalus distinguendus (Duftschmid, 

1812) and Pseudoophonus rufipes (DeGeer, 1774) (Thiele, 1977; Brandmayr et al., 2005; Pizzolotto et al., 

2005; Gobbi & Fontaneto, 2008; Pizzolotto et al., 2008; Pizzolotto, 2022; Pezzi et al., 2024). 

To preserve biodiversity, it is essential to pay attention to the forest management practices. In the past, 

forests were overexploited and rotten wood was often removed because it was considered attractive to 

pathogens and harmful insects. Fortunately, in recent years, decaying wood has finally been recognised as 

a pool of biodiversity, as it provides shelter and nutrition, and hosts many different ecological categories 

(Fig. 1.10) (Motta, 2020). In addition, necromass is important for forest regeneration and the carbon cycle. 

In fact, dead trees gradually return carbon to soil through their decomposition (Motta, 2020). 

 

Figure 1.9. Individual of A. 

parallelepipedus (F. Carlomagno) 

Figure 1.10 Importance of dead wood (www.ark.eu). 
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Woody necromass is divided in Standing Dead Trees (SDT) and Lying Deadwood. SDT includes dead 

plants that are still in an upright position while the second category includes trees and branches no longer 

anchored to the ground. Lying Deadwood are categorized in coarse woody debris (CWD) and fine woody 

debris (FWD). CDW includes wood with a diameter more than 10 cm while FWD include wood with 

smaller diameter (Morelli et al. 2007; Audisio et al., 2014).  

Saproxylic beetles are insects that are linked to dead and decaying wood for at least a stage of their life 

cycle. These insects are extremely important in European forest habitat because, together with fungi, they 

provide the wood decomposition and nutrient recycling in natural ecosystems. Saproxylic beetles are also 

an important trophic source for vertebrates and some species participate in the pollination process (Calix et 

al., 2018). In Italy, research on saproxylic beetles has increased significantly over the last decade, with a 

red list of 2049 species of beetles belonging to 66 families (Amori et al., 2022). 

Soil is an important and often underestimated store of biodiversity and the soil fauna plays a central role in 

the functionality of the soil by improving its chemical and physical properties, such as porosity, air 

circulation and natural matter dissemination. Pedofauna feeds on litter, which is composed by decomposing 

plant particles and animal debris (Bal, 1970; Gullan & Craston, 2010), recirculating important nutrients. 

Moreover, interactions between microarthropods and fungi inside the rhizosphere and other soil layers 

make nitrogen and phosphate more accessible for plants (Gullan & Craston, 2010). In summary, pedofauna 

diversity increases soil fertility (Jeffery et al., 2010; Maharning et al., 2008).  

However, fertilizers, herbicides and synthetic pesticides decrease the abundance and variety of soil 

communities (Altieri, 1999; Tabaglio et al., 2009). Edaphic fauna has some common morphological and 

anatomical characters like the reduction of body size, anophthalmia or microphthalmia, apterism or 

microapterism, reduction of cuticle thickness and depigmentation (Bal, 1970; Gullan & Craston, 2010). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.11 Diagram of view of soil profile. The organism deceptive are: Formicidae (1); Collembola (2;13;17); 

Coleoptera adults (3;4); Dipteran larvae (5;11;12;15;18); Diplura (6); pupa of Coleoptera (7); Archeognata (8); 

Dermpatera (9); Coleoptera larvae (10;14;19); Protura (16) (Gullan & Craston, 2010). 
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In the soil profile (Fig. 1.11) there is a gradual transition from the upper layer, composed of naturally fallen 

material, to the lower one, consisting of well-decomposed litter and humus-rich soil. Generally, arthropods 

may be restricted to a specific profile layer but their distribution changes seasonally. In particular, the warm 

deep soil is especially attractive during winter because it is a good way to escape from the low temperatures 

of surface layers (Gullan & Craston, 2010). Moreover, light penetrates only the first few millimetres of soil, 

and the temperature, which changes according to every day and seasonal cycles, gradually stabilizes in the 

lower layers (Condurri, 2005).  

The QBS-ar method (Soil Biological Quality) is a biomonitoring technique that evaluates soil quality based 

on the presence of edaphic arthropods. These organisms are sensitive to soil conditions and their 

presence/absence is an indicator of soil health. The method is based on the concept of "Biological Form" 

and uses ecomorphological indices (EMI) to characterize the pedofauna community (Parisi et al., 2005). 

As a qualitative assessment, it is useful for distinguishing the disturbances and alterations in soil quality 

more quickly than traditional indicators (Masarin et al., 2006). A QBS-ar index value over 150 means 

undisturbed rich of organic matter soil, such as forests, and this value indicates good soil biological quality. 

In contrast, in agrarian and regularly worked soil the index takes values below 100. Values below 50 show 

poor quality situations while values around 100 indicate adequate soil quality (https://www.arpa.veneto.it).  
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1.5 Pollination 

Pollinator populations ensure the reproductive success of plants and they are extremely important for the 

protection of biodiversity and ecosystems (Ispra, 2020). In fact, plants need pollination for sexual 

reproduction (Fig. 1.12), which consists of the transfer of pollen grains (containing the male germ nucleus) 

from the anthers of a flower to the stigma of the same flower (self-pollination) or another co-specific flower 

(cross-pollination) (Tandon et al., 2016). Subsequently, the pollen tube develops from the stigma and, once 

the pollen tube reaches the ovule in the female ovary, reproduction occurs (Walker, 2021).  

 

Pollen can be transferred by wind (anemophily pollination) but entomophilous pollination is more efficient 

for flowering plants (Walker, 2021) for several reasons: 

¶ Reduction of wasted pollen; 

¶ Pollination under environmental conditions not conducive; 

¶ Increased genetic recombination (Gullan & Craston, 2010). 

 

Cross pollination is an insect-plant mutualistic relationship because, thanks to insects, plants can be 

pollinated by another conspecific individual to guarantee genetic recombination, while pollinators can feed 

on pollen and nectar of flowers. To attract pollinators, plants use diverse strategies, such as the movement 

of the flowers (for bumblebees), visual and olfactory signals and the production of trophic rewards (Faheem 

et al., 2004; Khalifa et al., 2021). Nectar is a solution of glucose, fructose and sucrose while pollen is a 

high protein substance composed of starch, lipids, vitamins and inorganic salts (Kevan & Baker, 1983; 

Ollerton, 2017). Generally, it is more advantageous for plants that pollinators are specialised organisms, 

faithfully visiting only the flowers of one or a few plant species, as they are much more effective than 

generalists (Gullan & Craston, 2010; Ollerton, 2017).  

Figure 1.12. Scheme about pollination process (https://www.britannica.com). 
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Pollinators share common morphological characteristics such as a 

body covered with bristles (Fig. 1.13) and a mouthpart suitable for 

nectar harvesting. The bristles hold pollen, which is transferred 

from a flower to another (Ispra, 2020).  

The main pollinators are Coleoptera, Diptera, Hymenoptera and 

Lepidoptera (Fig.1.14). Normally, these insects visit the flowers 

mainly to obtain trophic resources but some species, especially 

beetles, can use flower as a shelter or as a predation site, thus 

becoming accidental pollinators (Gullan & Craston, 2010; Ollerton, 

2017). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cantharophily is the pollination made by beetles. Among Coleoptera, the families of main flower visitors 

are: Buprestidae, Cantharidae, Cerambycidae, Cleridae, Dermestidae, Lycidae, Melyridae, Mordellidae, 

Nitidulidae and Scarabaeidae (Gullan & Craston, 2010). In particular, Coleoptera are considered the most 

primitive pollinators as they were already well differentiated during the Angiosperms evolution (Kevan & 

Baker, 1983) but, despite this, beetles are identified as ñsecondary pollinators" both because they have not 

specialized structures for pollination and they often can damage the flowersô corolla (Potts et al., 2021; 

Muinde & Katumo, 2024). 

Figure 1.13 Pollinia on Scopa of a wild 

bee ( F. Mendicino). 

Figure 1.14 Pollinators. In A: individuals of Lycaenidae; in B: individual of Bombylius sp.; in C 

individual of Oxythyrea funesta; in D individual of Habropoda tarsata (F. Carlomagno). 

A B 

C D 
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Myophily, on the other hand, is pollination by flies that visit flowers in search of nectar, although Syrphidae 

feed mainly on pollen (Gullan & Craston, 2010). Many dipterans are able to use different food sources, so 

their pollination activity is quite unpredictable. However, their abundance makes them important pollinators 

for many plants, especially to compensate the wild bees decline (Gullan & Craston, 2010). Hoverflies play 

a significant role in the pollination of several plants (Potts et al., 2021), especially those with hidden nectar 

such as Ranunculus sp. (L., 1753), Gallium sp. L., 1753, Matricaria sp. L., 1753, Chrysanthemum sp. L., 

1753, Taraxacum sp. F. H. Wigg, 1780 and Mentha sp. L., 1753 (Drabble & Drabble, 1917). As well as 

hoverflies, Bombyliidae are important too in pollination process because they have a long sucking 

mouthpart which is suitable for flowers with deep corolla (Kevan & Baker, 1983). Pollination by 

Hymenoptera is called sphecophily. Insects belonging to the superfamilies Ichneumonoidea, Vespidea and 

Chalcidoidea are strongly specialized in pollinating Ficus spp. Tourn, 1753. Ants are rather poor 

pollinators, although for some species of plants the myrmecophily is known (Levin, 2001). Bees are 

generally considered the most important pollinating insect group (Kevan & Baker, 1983) and they collect 

nectar and pollen for their offspring, as well as for their own diet (Gullan & Craston, 2010). Another 

pollinator group is Lepidoptera, which feed on flowers using a long proboscis. Phalaenophily (pollination 

by moths) is typically associated with light-coloured hanging flowers with crepuscular or nocturnal anthesis 

while psychophily (pollination by butterflies) is related with diurnal anthesis (Gullan & Craston, 2010; 

Kevan & Baker, 1983).  

 

1.5.1 Importance of Apoidea 

As previously discussed, the most specialized pollinators are 

Apoidea (Fig. 1.15). Bees do not refer only to the honey bee, 

but to a multitaxon of wild bees (Danforth et al., 2019). 

Unlike honey bees, wild bees are mostly solitary. The female 

of solitary bees are all capable of producing progenies, 

building and maintaining their own nest and looking for the 

floral resources (pollen and nectar). However, some solitary 

bees form community nests where several active breeding 

females share a common area. In these communities, each 

female behaves as a solitary bee and there is no cooperation 

between them. In contrast, social bees have a reproductive division of work, which means that the queen 

bee is only interested in generating progeny while the other females both build and defend the nest and 

collect pollen and nectar for the developing offspring (Danforth et al., 2019; Richards, 2019).  

There are deep differences between solitary and social bees. The time life in solitary bees is shorter than 

eusocial and social bees. Generally, socially bees are multivoltine, unlike solitary bees. In addition, the 

foraging distance from the nest in solitary bees is much smaller (sometimes on the order of 300-500 m from 

its nest) than those of social bees. In fact, social bees, thanks to communication between colony mates, can 

Figure 1.15 Individual of Andrena sp. (F. 

Carlomagno). 
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fly farther (in some species in the order of a kilometre). Moreover, the species richness of solitary bees is 

highest in arid regions with a Mediterranean climate because these regions have an extraordinarily high 

plant diversity and highly seasonal rainfall rates. In contrast, the biodiversity of social bees is highest in the 

humid tropics. The aim of these differences in distribution are several. Firstly, solitary bees generally nest 

on land and, for this reason, prosper in humid soil is not advantageous for them because fungi could invade 

the broad. Secondly, blooming period in arid and desert environments are short and solitary bees can 

schedule their emergence to coincide with blooming, while social bees need flower resources for much 

longer time therefore they need longer blooms (Danforth et al., 2019; Ispra, 2020).  

Solitary bees build nests in various substrate. In particular, 

the majority (64%) build it in the ground (Fig. 1.16) while 

others in wood, in cut stems or using already existing 

cavities which are closed with their glandular secretions, 

floral oils or a combination of sand and plant products, like 

pieces of leaves (Danforth et al., 2019). 

Bees have a several adaptations which make them 

specialized in feeding pollen and nectar. They have, in 

fact, a ligula in their mouthpiece useful to collect the 

nectar. The morphology of ligula divides Apoidea into 

short-tongued (ST) and long-tongues (LT) bees (Fig. 1.17). The ST are Colletidae, Halictidae, Andrenidae 

and Melittidae while Apidae and Megachilidae are LT bees (Danforth et al., 2019). 

 

Moreover, wild bees have evolved diverse structures to collect pollen which could be taken with their head, 

legs and different part of meso- and metasoma. A structure suitable for collecting pollen is the pollen brush 

present on the last pair of legs of all females, except in Megachilidae, where it is below the abdomen (Fig. 

1.18); in addition, cuckoo bees have not brush. The most widely used method for collecting pollen is called 

"scrabbling" (Thorp, 2000; Michez et al., 2019) and it is a movement that bees perform on the anthers of 

flowers while collecting pollen on the head, legs and mesosoma. Other pollen collection strategy is called 

Figure 1.16 Nest of Colletes hederae (F. 

Carlomagno). 

A B 

Figure 1.17 Different morphologies tongue. In A the short-tongued Andrena tibialis (Kirby, 1802) (Fam: Andrenidae); in 

B the Long-tongued Eucera  nigrescens Pèrez, 1879 (Fam: Apidae) (F. Mendicino) 
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"drumming" (Cane, 2017), in which they give abdominal blows: this movement is realized by the 

Megachilidae which have evolved a developed brush on the abdominal sternites (Danforth et al., 2019).  

Furthermore, not all species of bees feed at the same time of day. Most species fly from 9:00 to 16:00, with 

a single mode distribution of activity that generally reaches its maximum during the hottest part of the day. 

However, many bees show a different time of flight. For example, some wild bees forage in the early hours 

of the day and in late afternoon, with a marked break at mid-foraging activity, while others do not start 

foraging until sunset (Griswold & Parker, 1988). Temperature is a clear element of the foraging behaviour 

of wild bees. However, unlike many insects, bees are also optional endotherms and can regulate body 

temperature through a variety of mechanisms (Danforth et al., 2019). The minimum thorax temperature 

required for bee flight is between 20°C and 30°C (Willmer & Stone 2004). Therefore, bees which live in 

cool and temperate habitats must increase their thorax temperature. Similarly, bees living in warm 

environments must cool their thorax muscles to avoid exceeding the critical upper temperature. Body size 

is another determining factor in the temperature control capacity of bees. Larger bees are better able to 

warm up in cool conditions, but overheat with high temperatures. Conversely, smaller bees need more time 

to warm up but are able to tolerate higher temperatures. Several studies have demonstrated that in warm 

and temperate habitats, larger bees limit foraging early morning and in late afternoon, while small and 

medium-sized bees can feed at midday (Danforth et al., 2019). The evening and sundown bees, on the other 

hand, show both behavioural and morphological adaptations to forage in the dark. Generally, they have a 

large body to permit them to warm up rapidly during the night. Nocturnal and twilight bees have a lighter 

colour, probably because they are not exposed to the strongly UV radiation present in bright sunlight 

(Danforth 1989; Faheem et al., 2004).  

Bees can be oligotrophic, polytrophic and monotropic. The oligotrophic species feed on nectar of species 

of the same genus whereas the polytrophic species feed on pollen of plants of different taxa. In contrast, 

monotropic species feed on the pollen of a single species. Oligotrophic species frequently have to compete 

with generalist and specialist trophic resources. Specialist species, however, are much more resourceful in 

collecting pollen than generalists. Furthermore, oligolectic bees gain an advantage over polytrophic bees 

Figure 1.18 Different scopa. In A Osmia nivetata (Fabricius, 1804) (Fam: Megachilidae) with pollen brush under 

abdomen; in B Andrena nigroaenea (Kirby, 1802) (Fam: Andrenidae) with pollen brusch on hind legs (F. Mendicino). 

A B 
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by maintaining a close synchronization with their target plant, especially in arid or rigid habitats (Danforth 

et al., 2019; ISPRA, 2020). 

Wild bees are in strong population decline and 

therefore it is essential to implement monitoring 

plans (Fig. 1.19); in Europe 45% of the species of 

bumblebees are considered in decline due to 

habitat loss, climate alteration, exposure to 

pesticides and pathogen spread (Nieto et al., 2014). 

Apis mellifera Linnaeus, 1758 is the most 

widespread non-native bee. Colonies are 

composed of thousands of polytrophic bees and 

they consume huge quantities of pollen and nectar. 

It has been estimated that a single colony of honeybees can eat pollen like about 111.000 offspring of 

solitary bees in 3 months. Nevertheless, there does not seem to be a trophic competition between honey bee 

and wild bees, probably because honey bees, communicating in the colony, can quickly move too far and 

more rewarding floral resources (Oô Neal & Waller, 1984; Cane & Tepedino, 2017).  

Global warming and consequent increase of temperatures can drastically modify the areal of bee species 

and can also affect the floral resources such as the number and size of flowers, quality and quantity of nectar 

and pollen and floral perfume. Moreover, climatic change can alter spatial and temporal synchrony between 

plants and their pollinators and it could have huge repercussions on the reproductive success of bees and 

plants and their long-term variability (Memmott et al., 2007; Brown & Paxton, 2009; Danforth et al., 2019; 

Decourtye et al., 2019; ISPRA, 2020). Finally, the intensive grazing of large mammals is impactful on wild 

bees because vertebrates alter the arrangement of floral resources and the nesting environment (Danforth 

et al., 2019). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.19  Image to raise awareness of the decline of wild 

bees (https://davidsuzuki.org). 
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1.6 Phytophagous insects  

Plants provide food for a wide range of phytophagous, which can be classified in according to the diversity 

of plant species they feed on. In particular, phytophagous insects can be divided into monophagous, 

oligophagous or polyphagous species. Monophagous insects are highly specialized to feed on a single plant 

species while oligophagous feed on a limited number of related species. Finally, polyphagous insects are 

generalists and they are able to exploit a wide variety of plants (Gullan & Craston, 2010; Cates, 1981; 

Prince, 2011). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Phytophagous insects can also be classified into chewers, sap suckers and endophage and, according to this, 

they can be placed in different areas of the plants (Fig. 1.20). For example, the chewers are Lepidoptera 

and Coleoptera, which feed on leaves, flowers, pollen, inflorescences and fallen seeds (Prince, 2011). Beetle 

larvae belonging to families Elateridae, Tenebrionidae, Curculionidae, Scarabeidae and Chrysomelidae 

(Alticinae and Galerucinae) often are root-feeding and detecting their presence is quite complicated and, 

for this reason, they can cause the collapse of plants (Gullan & Craston, 2010). 

Visible damage to plants is caused by defoliating insects which are generally easier to identify than small 

gallogenic insects. Large populations of defoliators cause serious economic losses, especially in forestry 

Figure 1.20 Distribution of different phytopagous species on a plant (Prince et al., 2011). 
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and agriculture, and for this reason reliable and reproducible methods are often needed to limit the damage. 

Moreover, plants are not all same attractive and vulnerable to pest attacks and this difference may depend 

on the nutritional value and the degree of sclerification of the leaves (Gullan & Craston, 2010; Prince et al., 

2011). 

The trophic activity of phytophagous significantly affects the reproductive fitness of plants, as they feed on 

vital plant tissues, fruits and seeds. The most damaging fruit-feeding insects belong to the orders Diptera, 

Lepidoptera, Hemiptera and Coleoptera (Gullan & Craston, 2010; Prince et al., 2011). Having higher 

nutrient concentrations than other plant tissues, seeds are a target trophic resource and the main 

spermophagous insects are beetles, ants (Messor Forel, 1890 and Pheidole Westwood, 1839) and some 

bedbugs (Fam: Lygaedidae, Pentatomidae and Scutelleridae) (Gullan & Craston, 2010). Unlike the other 

groups, the action of ants is not entirely harmful as they transport the seeds inside the anthill, where 

germination of the seedlings is often helped (Gullan & Craston, 2010; Kergoat et al., 2015; Burt et al., 

2022). Many plants develop broad-spectrum defences against phytophagous and pathogenic species. 

Mechanical defences include spines or pubescence on stems and leaves and the accumulation of silica or 

sclerenchyma in tissues. In addition, many plants can produce defensive secondary metabolites or 

allelochemicals, which include phenols, terpenoids, alkaloids, cyanogenic glycosides and sulfur-containing 

glucosinolates. These compounds can act as repellents, inhibiting insect grazing or egg laying and also 

reducing the nutritional value of plant parts (Gullan & Craston, 2010; Latif et al., 2017; Santamaria et al., 

2018). 

 

1.6.1 Invasive alien species 

In recent decades, several alien species have been recorded in Italy (Pellizzari & Dalla Montà, 1997; 

Pellizzari et al., 2005) due to the human activities, climatic conditions and the strategic position in the 

Mediterranean Sea. Alien species are considered as one of the threats to biodiversity loss (Kenis et al., 

2009) because they could compete with native species for trophic resources and territory (Jucker & Lupi, 

2011). Short-range expansion is mostly attributed to the dispersal power of adult insects, while long-range 

expansion is often the result of unintentional movements induced by human carriage. In addition, the rates 

of spread of invasive species are strongly influenced by habitat fragmentation (Perrings et al., 2010). 

Fortunately, only some alien arthropods become harmful and once the species has established itself, damage 

can only be severe when the population is sufficiently large (Sakai et al., 2001). In addition, an alien species 

could arrive in a potential new habitat during a season that is not favourable for the insect, imposing 

challenges to its survival and establishment. For example, the larvae of Leucinodes orbonalis Guennèe, 

1854 (Lepidoptera, Pyralidae) were recorded in Milan Airport during a phytosanitary control of imported 

eggplant fruits in winter and, luckily, the temperature was unsuitable for the development of the insect 
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(Jucker et al., 2007). However, if it arrived in the spring or summer, 

a potential colonisation can not be excluded. In addition, a tropical 

or subtropical species could survive the winter in greenhouses or 

houses in a temperate climate. The white fly Trialeurodes 

vaporariorum (Westwood, 1856) (Hemiptera, Aleyrodidae) and 

Harmonia axyridis Pallas, 1773 (Coleoptera, Coccinellidae) (Fig. 

1.21) represent two examples of the application of this strategy in 

Italy (Jucker & Lupi, 2011).  

Moreover, climate change may alter biodiversity and provide new 

opportunities for alien species introduction in areas where previously they were unable to survive (Sutherst, 

2000). For example, the Mediterranean fruit fly, Ceratitis capitata 

Wiedemann, 1824 (Diptera, Tephritidae) (Fig. 1.22), is native to 

sub-Saharan Africa and it is a highly polyphagous phytophagous 

currently distributed in areas below 41° parallel. In Northern Italy, 

this species cannot overwinter in outdoor during their pre-

imaginary stages while adults can survive indoors for long periods 

(Rigamonti, 2004). Although, climate change, with the progressive 

increase in global temperatures, could promote a colonization of 

C. capitata at higher latitudes (Jucker & Lupi, 2011). Initial 

colonization is favoured if there is the ability to establish a self-sustaining population with asexually 

reproduction or switch between r- and k-selected strategies (Sakai et al., 2001). Invasive alien species can 

act as vectors of pathogens (nematodes, fungi, viruses, bacteria) for plants and animals. For example, in 

1983 the American Frankliniella occidentalis (Pergande, 1895) (Thysanoptera, Thripidae) was recorded 

for the first time in Europe and it is the primary vector of the tomato spotted wilt virus, a thoughtful illness 

of numerous crops of worldwide economic importance (Pellizzari & Dalla Montà, 1997; Jucker & Lupi, 

2011).  

Among Hemiptera, more than 50% of alien species attack woody plants, while 34% are phytophagous on 

various herbaceous plants (Jucker & Lupi, 2011). In 2002, the Asian Psyllidae Acizzia jamatonica 

(Kuwayama, 1908) was recorded for the first time in Italy (and in Europe), where it was introduced with 

its ornamental host plant, Albizia julibrissin Durazz., 1772 (Alma et al., 2002; Jucker & Lupi, 2011). 

Western conifer seed bug Leptoglossus occidentalis Heidemann, 1910 (Hemiptera, Coreidae) is a 

dangerous American pest of conifer seeds and since its introduction in Italy, the production of pine nuts has 

rapidly declined in quantity and quality (Roversi et al., 2011). In addition, the Homoptera Corythucha 

ciliata (Say, 1832) and Corythucha arcuata (Say, 1832) are introduced in Italy from North America and 

respectively they feed on Platanus spp. (L., 1753) and Quercus spp. L., 1753 (Bernardinelli & 

Zandigiacomo, 2000). Among the fruit plants, the species Vitis vinifera L., 1753 was seriously attacked by 

the American Scaphoideus titanus Ball, 1932 (Hemiptera, Cicadellidae), an alien species introduced in 

Figure 1.21 Individual of Harminia 

axyridis (https://www.inaturalist.org) 

Figure 1.22 Individual of C. capitata 

(https://www.wikipedia.org) 
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Europe and nowadays common in vineyards; it is the vector of the golden flavescence, a vine disease caused 

by the bacterium Candidatus Phytoplasma vitis (Angelini et al., 2001). Another vine parasite is the 

American Erythroneura vulnerata Fitch, 1851 (Fam: Cicadellidae) (Duso et al., 2005). Several citrus pests 

are located in Italy and among them there are Aonidiella citrina (Coquillett, 1891) (Hemiptera, 

Diaspididae), Aphis spiraecola Patch, 1914 (Hemiptera, Aphidae), Aleurothrixus floccosus (Maskell, 1896) 

and Aleurocanthus spiniferus (Quaintance, 1903) (Hemiptera, Aleyrodidae) (Jucker & Lupi, 2011). 

Some alien beetles have easily acclimatized in our country. For example, 

one of the most widespread pests in our territory is Leptinotarsa 

decemlineata Say, 1824 (Fig. 1.23). This American species is considered 

a harmful defoliator of potatoes (Solanum tuberosum); feed damage can 

cause a significant loss of yield. Tomatoes and eggplants may be attacked 

too in the field, but they can also feed on wild Solanaceae species (EFSA 

et al., 2020). Additionally, Diabrotica virgifera Le Conte, 1898 (Fam: 

Chrysomelidae) is considered the main corn pest in North America; this 

insect colonized Italy in 1998 and now it occupies all the corn area in 

northern and central Italy (Miller et al., 2005). Moreover, the red palm 

weevil Rhynchophorus ferrugineus (A.G. Olivier, 1791) (Fam. 

Dryophthoridae) is native of southern Asia and its first Italian record is dated in 2004 in Sicily. Today, this 

pest is found in the majority regions of peninsula (Longo et al., 2005). Among the most harmful species to 

woody plants there are the Cerambycidae Anoplophora chinensis (Forster, 1771) and Anoplophora 

glabripennis (Motschulsky, 1854) (Colombo & Limonta, 2001; Maspero et al., 2007). Both are dangerous 

xylophagous species to many broad-leaved plants. In Italy, more than 18.000 plants have been removed in 

an eradication programme of A. chinensis and the cost of this process was around 12 million euros (Jucker 

& Lupi, 2011). 

Among the alien Lepidoptera, there are some species that 

cause serious economic and ecological damages, such as 

Paysandisia archon (Burmeister, 1880) (Fig. 1.24). It is a 

South America palm pest and it has easily established itself 

in our country, especially on the Mediterranean shores 

(Espinosa et al., 2003). Originally, it fed on the palm 

Trithrinax campestris (Burmeist.) Drude & Griseb., but in 

Europe this species changed hosts and now it is adapted to the 

only native European palm, Chamaerops humilis Linnaeus, 

1753 (Montagud, 2004). In 2008, the tomato moth Tuta 

absoluta (Meyrick, 1917) was recorded for the first time in Italy and it represents a pest of several 

Solanaceae plants, especially tomatoes ones (Viggiani et al., 2009), while alien defoliation that attack 

Figure 1.23 Larvae of 

Leptinotarsa decemlineata (F. 

Mendicino) 

Figure 1.24 Individual of Paysandisia archon 

(https://verdepubblico.it) 
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woody plants are Cameraria ohridella Deschka & Dimic, 1986, Parectopa robiniella Clemens, 1863 and 

Phyllocnistis citrella Stainton, 1856 (Fam: Gracillariidae) (Butin & Fuhrer, 1994; Jucker & Lupi, 2011).  

The Asian wasp Vespa velutina Lepeletier, 1836 (Hymenoptera, Vespidae) is a predator of Apoidea and, 

thus poses a risk the local beekeeping as well as autochthonous wild beesô biodiversity (Cerri et al., 2022), 

while the Cinipidae Dryocosmus kuriphilus Yasumatzu, 1951 is one of parasite of chestnut which cause 

serious economic losses. This species was documented for the first time in Italy in 2002 and now it is 

present in many regions of the country (Melika et al., 2002; Jucker & Lupi, 2011). 

Among the fruit parasites that cause economic losses, in Italy we find the oriental fruit fly Bactrocera 

dorsalis (Hendel, 1919) (Diptera, Tephritidae) (Nugnes et al., 2018) and Rhagoletis completa Cresson, 

1929 (Duso, 1991). In addition, the Americans Liriomyza trifolii (Burgess, 1880) and Liriomyza 

huidobrensis (Blanchard, 1926) (Diptera, Agromyzidae) 

cause substantial damage to the green component of plants, 

especially those in greenhouse (Arzone, 1979; Süss, 1992). 

The Asian Drosophila suzukii Matsumura, 1931 (Fig. 1.25) 

(Diptera, Drosophilidae) is a pest of red fruits, plums and other 

fruits. In Italy the species was recorded for the first time in 

Trentino Alto Adige in 2009 (Grassi et al., 2011; Jucker & 

Lupi, 2011) and now it also arrived in Calabria (Bonelli et al., 

2022). Today, it represents a serious risk both for many fruit 

crops and for the underwood in natural habitats. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.25 Individual of Drosophila suzukii 

(https://agronotizie.imagelinenetwork.com) 
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1.7 Agroecosystem 

The agroecosystem is a semi-natural habitat where the production compartment, ecotones and human 

settlement interact witch each other (Fig. 1.26) (Altieri, 1995; Moonen & Barberi, 2008; Norris, 2008; Lele 

et al., 2013; Liu et al., 2022). 

Ecotonal areas are crucial because they positively affect soil fertility, pollination, pest control, gas 

regulation and water purification (Poschlod & Bonn, 1998; Liu et al., 2022) and for this reason several 

agricultural lands are located in natural environments (Wiggering et al., 2016; Liu et al., 2022). The rates 

of dispersion between natural and agricultural areas affect the community within the fields (Lens et al. 

2002), although it will never be the same as the ecotonal habitat (Poschlod & Bonn, 1998; Donald 2004). 

In addition, some natural components, like shrubs, must be maintained as they play an important role in 

maintaining the productivity and stability of agroecosystems (Power, 2010). As previously discussed, the 

soil is also of high importance in maintaining the ecosystem balance (Lavelle et al., 1997) and the 

conservation of land management practices, such as no-tillage and crop rotation, can promote: i) high soil 

biodiversity; ii ) mitigation of climate change through carbon sequestration; iii ) nutrient cycle. Moreover, 

integrated farming and livestock can provide positive conditions for the development of soil fauna (Kassam, 

2020). 

Figure 1.26 Scheme about agroecosystem services (Liu et al., 2022). 
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1.7.1 Sustainable agricultural production  

In the enlarged European Union (EU 27) are present about 103 million hectares of agricultural land 

(Poschlod & Bonn, 1998). In addition, global food demand is estimated to double by 2050 (Tilman et al., 

2002) and, in order to satisfy demand, the agricultural land needs to increase, especially in tropical and 

subtropical areas of high biodiversity. Furthermore, land conversion for industrial raw materials, such as 

bioenergy, is increasing (Field et al. 2008). For this reason, farmers have intensified their production 

methods, moving towards agricultural mechanisation and advanced irrigation. In addition, high-yielding 

crops, that are resistant to disease, and increased use of pesticides and chemical fertilizers are also selected 

(ISPRA, 2020). This has led to the reduction of traditional European agricultural landscapes, significantly 

damaging biodiversity and species (Poschlod & Bonn, 1998). In addition, greenhouse gas emissions, soil 

compaction and degradation, and pollution and eutrophication of water resources, due to nitrogen runoff, 

are becoming increasingly severe, thus also posing a threat to food safety (Tillman, 1999; ISPRA, 2020; 

Ollerton, 2017). It is therefore important to regulate the intensity of agricultural management. 

As discussed previously, the worrying decline of pollinators is due to the widespread use of insecticides, 

fungicides and herbicides (ISPRA, 2020; Ollerton, 2017). For example, exposure to sub-lethal pesticides 

alter the bees' vital functions such as learning, memory and orientation. In particular, the disorientation of 

bees prevents them from returning to the hives, leading to significant losses in the colonies and 

compromising pollination of both cultivated and wild plants (Leonard et al., 2018). For this reason, 

promoting at least integrated management of agricultural land is crucial to balance the economic interests 

of farmers with the protection of biodiversity. In fact, farmers should be actively involved in the planning 

and implementation of agrienvironmental policies, to ensure that proposed legislation is feasible and above 

all socially acceptable (Henle et al., 2008). The European Union (EU) has established severe laws and 

regulations on both the use and sale of chemical pesticides; in particular, some substances extremely 

harmful to pollinating insects were recently it banned. To achieve the Green Deal objectives, the European 

agriculture policy promotes more environmentally friendly farming practices by reducing the use of 

pollutants and encouraging some possible alternatives to pesticides such as crop rotation, biological control, 

the conservation of natural areas and the use of organic fertilizers (Colazza et al., 2018; ISPRA, 2020; 

Porrini et al., 2003). 

In addition, agroecosystems optimization must also be directed to maintain non-floral resources essential 

to pollinators, including Apoidea nesting sites and habitats that will support the larvae of both lepidopteran 

and dipteran species. Moreover, ecotones and biocorridors can also contribute considerably to pollinators 

biodiversity, providing habitats and food resources and species migration (Norris, 2008). In addition, mass 

flowering crops such as rape (Brassica napus L., 1753), broad beans (Vicia faba L., 1753), sunflower 

(Helianthus annuus L., 1753) and citrus fruits (Citrus spp. L., 1753) may have a significant effect. For 

example, it has been shown that rapeseed not only increases the number of bumblebee colonies but also the 

abundance and the species richness of wild bees and other pollinating insects that nest in wood cavities or 

soil (Scheper et al., 2013; Diekotter et al., 2014). Pollination is known to increase the yield and quality of 
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fruits, nuts, oils and other plant products (Giannini et al., 2015) and it has been estimated that their 

population generated around 153 billion euros, 9.5% of the total economic value of agricultural production 

for direct human consumption (Gallai et al., 2009). However, increased production also leads to an increase 

in demand for pollination services (Montoya et al., 2020). Europe has a number of funding programmes to 

compensate for any economic losses and promote sustainable agriculture. European agrienvironment 

programmes (AES) require at least two-year monitoring to assess changes in pollinator populations 

(Goulson, 2015; Pywell et al., 2011). The Common Agricultural Policy (PAC) is an agreement between 

Europe and farmers which promotes the creation of habitats and resources for insects, the reduction of 

pesticides, crop rotation and maintenance of ecotones (fig. 1.27) (ISPRA, 2020). 

 

 

Like the other EU Member States, Italy has adopted a National Action Plan (PAN) to promote an agriculture 

that introduces specific measures for the defence of pollinators in protected areas, in the Natura 2000 

network and throughout the country. In the period 2015-2019, ISPRA conducted a monitoring project to 

assess the effectiveness of PAN measures in protecting biodiversity where it has been shown that there are 

more pollinators in organic crops than in those treated with pesticides (ISPRA, 2020). In conclusion, 

conservation agriculture includes minimal disturbance of the soil, plant diversity, crop rotation and the 

preservation of natural grassland areas to obtain better infiltration and retention of water, an increase in soil 

organic matter, a more efficient nutrient cycle and an increasing of biodiversity, especially of pollinators 

and antagonists (Brown et al., 2018). 

 

Figure 1.27 The nine objectives of the PAC post-2020  (ISPRA, 2020) 



35 

 

1.7.2 Biological control  

The main aim of sustainable agriculture is limiting the phytophagous species in cultivated land without 

chemical substances (Porhajosova & Babosova, 2022). In fact, the overuse of insecticides can kill 

antagonistic insects and at the same time select phytophagous-resistant (Georghiou, 1972). Therefore, the 

use of natural antagonists against pests represent an environmental-friendly strategy (Ozgen & Mamay, 

2022), although it often fails to compensate the financial losses. The classical biological control involves 

the introduction of natural antagonists of harmful alien insects but often it could pose a risk to other native 

species (Gullan & Craston, 2010; Colazza et al., 2018; Ozgen & Mamay, 2022). 

For this reason, the conservation methods remain the most effective strategy because ecotonal habitats 

(forests, hedges and meadows) contribute to increase the complexity of the agricultural landscape and, 

consequently, act as biodiversity reserves for many species (Benton et al. 2003; Bianchi et al., 2005), such 

as antagonists (Landis et al., 2000). However, further research is needed to fully understand the dynamics 

between landscape composition and natural enemies of pest (Bianchi et al., 2006). 

The orders with the largest number of parasitoids are Diptera and Hymenoptera (Gullan & Craston, 2010). 

For example, Sitophilus zeamais Motschulsky & V.de, 1855 (Coleoptera, Curculionidae) is a widespread 

stored rice parasite of the Mediterranean basin and it has been shown to be able to be eradicated by the 

parasitoid Anisopteromalus calandrae (Hymenoptera, Pteromalidae) (Riudavets et al., 2021). Exorista 

larvarum (Linnaeus, 1758) and Exorista japonica (Townsend, 1909) (Diptera, Tachinidae) are two 

parasitoids that effectively reduce the populations of the moth Lymantria dispar Linnaeus, 1758 (Dindo & 

Nakamura, 2018). The superfamily Aleocharinae (Coleoptera, Staphylinidae) have been tested on Musca 

domestica Linnaeus, 1758 (Diptera, Muscidae) and Delia sp. Robineau-Desvoidy, 1830 (Diptera, 

Anthomyiidae) and it was shown that these may have positive effects on their control (Ozgen & Mamay, 

2022). 

General predator efficacy studies suggest that spiders, ants, ground beetles, Staphylinidae and Coccinellidae 

can significantly reduce pest density (Symondson et al., 2002). Zoophagous ground beetles show a wide 

range of food specializations, including consumption of invertebrates such as collembola, snails, slugs, 

aphids and insect larvae (Kulkarni et al., 2015), as demonstrated by stomach remains analysed in some 

Carabidae collected in soybean fields, corn and cotton (Matta et al., 2017; Cividanes, 2021). In addition, it 

has been shown that the combined action between Carabidae and Coccinellidae reduces populations of 

aphids in the fields of alfalfa (Grez et al., 2011). It has also been shown that Lebia sp. Latreille, 1802 

(Coleoptera, Carabidae) is an effective predator of the Leptinotarsa decemlineata (Say, 1824) (Coleoptera: 

Chrysomelidae) (Cañas et al., 2002), while the genus Calosoma is recognized as efficient predator of the 

larvae of Lepidoptera (Allen, 1977). In addition, other research highligts that species of genera Harpalus 

and Pterostichus are active predators of Ceratitis capitata (Nourmohammadpour-Amiri et al., 2022). 

Moreover, spermophagous species are fundamental too to weed control, such as the genera Harpalus and 

Amara (Kromp, 1999) 
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1.7.3 Alternatives to synthetic fertilisers 

Modern agriculture must satisfy the growing world population with efficient food production. As previously 

discussed, intensive crops have serious environmental effects, such as soil degradation, loss of biodiversity 

and impurity of air, soil and water (Lindgren et al., 2018). For this reason, sustainable agriculture can restore 

soil quality through the use of non-chemical fertilizers and pesticides (Farooq et al. 2019).  

In recent times, the use of insects as food and feed has been attracting increasing interest (van Huis, 2020) 

and as a result, the number of insect farms is growing fast. One of the waste products from insect livestock 

is frass (excrements and exuviae) which can be considered as a valid organic fertilizer (Ortiz et al., 2016); 

it can also be important in the nutrient cycle (Yildirim-Aksoy et al., 2020) as an essential source of nitrogen, 

carbon, phosphorus and potassium that can be easily assimilated by the roots of plants (fig. 1.28) (Poveda 

et al., 2019).  

 

In addition, another important aspect to consider is the intestinal microbiota of insects: it depends on the 

environmental habitat, insect diet and stage of development (Yun et al., 2014) and it representes a plant 

growth promoter (PGPM), making plants more tolerant to abiotic stress factors (Poveda, 2021). Moreover, 

insect chitin is a sugar-amino polysaccharide which has been shown to positively affect plant growth 

(Barragan-Fonseca et al., 2022). This being so, it is interesting to consider the proposal of a potential 

circular economy using as fertilisers the frass of different insects bred for both food purposes and waste 

conversion. 

Several insect species are bred for different reasons. For example, Tenebrio molitor Linnaeus, 1758 

(Coleoptera, Tenebrionidae) represents a more sustainable edible protein source for humans than milk, 

chicken, pork or beef (Oonincx & De Boer, 2012). Recent trials also indicate that mealworms are a suitable 

alternative source for broilers and fish (Bovera et al., 2015). Instead, the T. molitor frass is recently tested 

Figure 1.28 Summary diagram of the importance of frass as an organic amendment (Poveda, 2021). 
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as a fertilizer and, for example, in bean plants increases the tolerance of seedlings to drought, flooding and 

salinity (Poveda et al., 2019). 

Another species which is widely bred is Hermetia illucens (Linnaeus, 1758) (Diptera, Stratiomyidae) 

because the larvae effectively transform organic matter into high quality fats and proteins (Klammsteiner 

et al., 2020). In addition, extracting fat from H. illucens maggots allows for the production of biodiesel (Li 

et al., 2011). Existing research have also shown that the frass of the black soldier fly has a positive effect 

on the growth of basil and lettuce plants (Borkent & Hodge, 2021), ryegrass (Menino et al., 2021) and 

turnip (Agustiyani et al., 2020).  

Moreover T. molitor and the migratory locust, Acheta domesticus (Linnaeus, 1758) (Orthoptera, Gryllidae) 

was declared a novel food under Regulation (EU) 2015/2283 of the European Parliament and of the Council 

in 2022 (Siddiqui et al., 2022) and recently the frass of migratory locust had also been tested, proving to be 

effective in the development of Brassicaceae (van de Zanden et al., 2024). 

 

1.8 Medical and veterinary entomology 

Within the agrosystems there are also areas where sheep and cattle graze; for this reason, it is interesting to 

focus on species that can cause damage to them. Myasis is defined as the infestation of Diptera larvae in 

living tissues or settle on open wounds or lesions on live vertebrates (Zumpt, 1965). It caused mainly by 

maggots of Calliphoridae and Sarcophagidae and if it left untreated, can be fatal (Gullan & Craston, 2010). 

A warmer climate leads to an increase in generations of flies and, due to global warming, the increase in 

the number of cases is expected (Bernhardt et al., 2018).  

These infestations can cause discomfort to the animals and alter their normal habits, including feeding and 

resting. In addition, it could cause milk and weight loss, sterility, poor skin quality and a weakening of the 

animals (Otranto et al., 2004). The most common host for myasis are cattle (46.4%) followed by dogs 

(15.3%), humans (14.7%), pigs (6%), horses (4%) and sheep (1%) (Rahman et al., 2009). Wounds, ulcers, 

sores, broken horns, wounded eyes and attract flies that cause myasis. The myasis, however, can also be 

urogenital due to poor hygiene of the animal: flies, in fact, can be attracted by tangled hair contaminated 

with excrement and urine (Juyena et al., 2013). 
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Several species of Calliphoridae in Calabria have 

been reported as myiasis agents for wild and 

domestic animals. For example, Calliphora vicina 

Robineau-Desvoidy, 1830, caused a myasis on 

Hystrix cristata Linnaeus, 1758 (Scaravelli et al., 

2017) while Lucilia sericata (Meigen, 1826) on 

Anser domesticus (Linnaeus, 1758) (Pezzi et al., 

2022) and Lucilia caesar on wild boar (Pezzi et al., 

2021). Among Sarcophagidae, the most reported 

species in Calabria is Wohlfahrtia magnifica 

(Schiner, 1862), that caused myiasis in dogs 

(Bonacci et al., 2020), goats (Bonacci et al., 2013) 

and sheep (Bonacci et al., 2017) (Fig. 1.29). 

On the other hand, insects can be vectors of 

pathogens by mechanical or biological transfer too 

(Gullan & Craston, 2010). For example, the fly 

Musca domestica Linnaeus, 1758 (Diptera, 

Muscidae) is contributing to the spread of various 

infectious diseases such as cholera, shigellosis and 

salmonellosis (Olsen et al., 2001; De Jesus et al., 2004). Also, the monitoring of hematophagous insects, 

such as Hippoboscidae, Fleas, Lice, Ticks, Tabanidae and Muscidae, should not be neglected (Prudhomme 

et al., 2023). Among others, Stomoxys calcitrans Linnaeus, 1758 (Diptera, Muscidae) (Fig. 1.30), 

commonly known as "stable fly", it is considered a dangerous hematophagous of livestock, especially for 

cattle, horses and pigs, because it can cause reduction of the animalôs weight and subsequently stop the 

production of meat and milk (Campbell et al., 2001; Patra et al., 

2018). In addition, this species represent a potential vector of 

several pathogens such as Besnoitia besnoiti (Franco and Borges, 

1916), which is responsible for Besnoitiose, a disease currently 

spreading in Europe. Finally, it is also responsible for the 

transmission of Surra, bovine viral diarrhoea, lumpy skin 

dermatitis, Rift Valley fever and bovine leukosis (Alvarez-Garcia 

et al., 2013; Prudhomme et al., 2023). 

 

 

 

 

Figure 1.29 Infestation by Wohlfahrtia magnifica. A, B and 

C: myasis in sheep; D: myasis in goat; E and F: myiasis in a 

sheepdog (Bonacci et al., 2017). 

Figure 1.30 individual of Stomoxys 

calcitrans (https://en.m.wikipedia.org) 



39 

 

2. Material s and Methods 

2.1 Sampling areas 

Entomological sampling was conducted in the Sila Plateau in the province of Cosenza (Calabria, Italy) 

(Map. 2.1). Calabria is the most southerly region in peninsular Italy. This region is predominantly hilly and 

mountainous with a mediterranean weather on the coasts and temperate climate in mountainous regions 

(Rivas-Martinez, 1996). 

 

 

Six sampling areas were selected for the research to verify possible differences in fauna, both in terms of 

vegetation cover and agricultural techniques used. The sites investigated fall into a transept in which there 

Fbio 

Pecot 

Fint  
Gecot 

Pnat 

Gnat 

Map 2.1 Maps of Sampling areas (Software Qgis) 
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are a biologic field of potatoes Sila IGP (Fbio), an ecotonal grassland grazing area (Gecot), a Pine forest 

ecotonal area (Pecot) and an integrated field for the cultivation of Sila IGP potatoes (Fint). As control, a 

natural grazing area (Gnat) and a natural pine forest (Pnat) in Sila National Park were selected too. 

 

2.1.1 Fbio (Field_Biological) 

 

Coordinates: 39°21'54,8''N, 16°31'11,3''E 

Altitude: 1178 m a.s.l. 

Municipality: Spezzano della Sila (CS) 

 

Fbio is a biological potatoes field in the project partner farm ñScrivano Terre D'Altopianoò. The biological 

management encourage the traditional natural farming techniques, excluding the use of OGMs and reducing 

pollutants and mechanisation (Ispra, 2004). The investigation area is about 9.83 hectares and it is located 

near an arm of Cecita Lake (Fig. 2.1). All around, there are cereals crops and greenhouses used for 

strawberries cultivation. In addition, dairy cows are raised in the farm and they graze in a small adjacent 

area to Fbio. The ecotonal areas here are rather absent (Fig. 2.2). 

Figure 2.1 Satellite photo of Fbio (Google Earth) 
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2.1.2 Fint (Field_Integrated Management)  

 

Coordinates: 39°21'35.1'' N, 16°31'25.0'' E 

Altitude: 1204 m a.s.l. 

Municipality: Spezzano della Sila (CS) 

 

 

The Fint area is an integrated management field of Sila IGP potatoes in the farm ñFattoria Pupoò. Integrated 

farming is an intermediate method between conventional and organic agriculture, where the use of chemical 

Figure 2.3. Satellite photo of Fint (Google Earth) 

Figure 2.2. Fbio before (A) and after (B) of Sila IGP potatoes sowing (F. Mendicino) 

A B 
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substances is not excluded, but priority strategies are planned to reduce the use of synthetic substances 

(Ispra, 2004). This area is about 2.5 hectares and, unlike Fbio, it is immersed in a natural context (Fig. 2.3; 

Fig. 2.4). This field is characterized by ecotones, specifically the areas Gecot and Pecot, as well as a small 

wheat field. There are also other cultivations land for the production of red fruits, such as blueberries, 

blackberries and raspberries.  

 

 

2.1.3 Gecot (Grassland Grazing_Ecotonal) 

Coordinates: 39°21'27.8''N, 16°31'13,4'' E 

Altitude: 1240 m a.s.l. 

Municipality: Spezzano della Sila (CS) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Gecot is an ecotonal area of about 2.3 hectares (Fig. 2.5). It used in the spring and summer as a grazing 

area for about 30 cattle. The area, which leads to Popini Mount, is near Fint and a biological berry 

Figure 2.5 Satellite photo of Gecot (Google Earth) 

Figure 2.4. Fint before (A) and after (B) of Sila IGP potatoes sowing (F. Mendicino) 

 

A 
B 










































































































































































































































































































































































