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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 organism’s
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 ef 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 ef 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.



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).

Number of described specics
The number of identified and named species in each taxonomic group’, as of 2022. Since many species have not

yet been described, this is a large underestimate of the total number of species in the world.

All groups 2.16 million

1.05 million

Insects
Plants
Fungi and protists

424,335

141,541

120,000
113,813

110,615

80,122
36,367

21,925
17,000
12,929
11,800
11,733
11,188

8,536

7,568

6,596

5,574

4541

Mushrooms
Molluscs
Arachnids
Crustaceans
Fishes
Mosses
Lichens
Green algae
Ferns and Allies
Reptiles
Birds
Amphibians
Red algae
Mammals
Corals

Brown algae
Data source: International Union for Conservation of Nature (IUCN) Red List (2022) OurWorldIinData.org/biodiversity | CC BY

1. Taxonomic group: A taxonomic group is a category in the scientific classification of living things, based on shared characteristics and genetic
similarity. It is arranged in a hierarchical system, with each group being more specific than the one above it, and all groups forming the entire

classification of living things.

Graph 1.1 Number of Eukaryotes currently described (ourworldindata.org)
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Biodiversity is studied at the genetic, species and
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diversity essential for the persistence of ecosystems balance
(Levin, 2001; Primack, 2007; Verma, 2016).

%%g’ Biodiversity corresponds to intraspecific genetic

variability between geographically separated
M% populations and between individuals of the same
: population (Primack, 2007). Genetic variation, in

individuals with sexual reproduction, occurs through

Figure 1.1 Biodiversity pyramid (Noni¢ & Sijaci¢-
Nikoli¢, 2021)

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).



W Hotspots

Map 1.1. Biodiversity hotspots (Mariotti, 2015)

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 ef 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; Reverte ef 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

(Reverte et al., 2023).
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Map 1.2. Different bee species richness in Europe (Reverte et al., 2023)

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 ef 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 trees’ 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).
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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).

Interaction Disruption Global Warming

Arctic sea ice is declining precipitously, arctic-alpine
and other cold-adapted communities are
contracting, while sea-level rise threatens coastal
ecosystems,

Fire

Global warming elevates
fire risk. Fires in Australia,
Amazonia, and California
burned an unprecedented
=5 million hectares of
forestin 2019,

Climate change is affecting
ranges globally. Here ants are
invading and consuming
wildiife in cloud forest never
before exposed to these
marauders.

Storm Intensity

Climate changes bring stronger, more
frequent storms and hurricanes; more
fire-igniting lightening; and damaging
floading.

Droughts

Periods with diminished
‘ precipitation are becoming

longer, maore frequent, and
warmer, with grave
consequences for all life.

Nitrification

Fertilizer and products of fossil
fuels combustion are nitrifying the
planet, challenging the biotas
adapted to low-nutrient

DEATHBYA ¢
THOUSAND CUTS

Deforestation

The tropics lost 11.% million
hectares of forest in 2019, mostly to

Pollution ]

Chemical, light, and sound
pollution of water, air, and soil are

.

Introduced S

impacting plant and animal life Global trade is accelerating the Agricultural agriculture.
worldwide. movement of pernicious plants, TS

animals, and pathogens to new Intensification

regions—often with devastating Industrialized agriculture, with Insecticides

Urbanization

its attendant increases in scale,

consequences. 1 2ot
9 " Maodern, industrialized agriculture,

with its increasing reliance on
chemical insecticides, has led to
chronic contamination of wildlands
and impacts to non-target insects.

g monoculturalization, nutrient
— input, and pesticide use, is
— becoming increasingly nature
unfriendly.

Our global population of 7.8 billion,
spread planet-wide, comes at great
cost to biodiversity and wildlands. o
Already, over 500 vertebrates have

been driven to extinction.

Figure 1.2. Causes of Biodiversity Decline (Wagner ef al., 2021)

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).
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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 Conti
ontiguous Fragmented

agricultural practices and mechanical tillage erode it, reducing its Interior

Habitat‘—‘ \

-\

-

M
>

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).

\

Edge/

In addition to the destruction of natural environments, habitat Habitat

fragmentation (Fig. 1.3) is another cause to the biodiversity decline. Figure 1.3 Graphic example of habitat
This phenomenon, caused by human activity such as the building of  fragmentation (www.naturetrust.be.ca)
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 CO, 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 Monta,
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 Monta, 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).
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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 ef 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).

Figure 1.4 Entomological Diversity (Grimaldi & Engel, 2005)

The high species richness depends on several factors:
- Small size;
- Quick life cycle;
- Evolutionary relations with plants;
- Metamorphosis;
- Flying ability.
13
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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 — B

are all holometabolic and their diet is extremely

varied: they could be  saprophytes,

necrophagous, saproxylic and phytophagous. ——
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Chrysidoidea is a very large cosmopolitan group

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

NEMATOCERA BRACHYCERA

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
Figure 1.6 Nematocera vs Brachycera morphology

(Beracko et al., 2017) 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). | buterty

costal margin

In Italy there are more than 4000 species and, between | aemse

them, there are important pollinators. These insects are

characterized by two very developed pairs of wings,

covered by bright and showy scales. In butterflies,

\s—mer margin
hind wing inner angle

antennae are long and clavate while filiform or

combed in moths. Lepidoptera are all holometabolic.  Figure 1.7 Morphology diferences between Butterfly and
Adult Lepidoptera feed on sugary substances like  Moth (https:/www.majordifferences.com)

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).
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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,
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Aquatic Ecosystem

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

Forest Ecosystem

to assess pollutant levels (Porrini et al., 2003;
Chowdhury et al., 2023). Moreover, the Figure 1.8 Principal insects bioindicators (Chowdhury et al.,
presence of these pollutants in soil can also be 2023).

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 ef 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).
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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 ~ Figure 1.9. Individual of 4.
which live in cropland soil are Harpalus distinguendus (Duftschmid, parallelepipedus (. Carlomagno)
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).
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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 ef 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 ef al., 2010; Maharning et al., 2008).

However, fertilizers, herbicides and synthetic pesticides decrease the abundance and variety of soil
communities (Altieri, 1999; Tabaglio ef 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).
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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 ez 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).

Cross-pollination

1. Pollen from stamens sticks to a bee 3. Pollen on the bee sticks
pollen grains as it visits a flower to collect food. to a pistil of a flower
on the other plant.

- Y pollen ;5‘:‘ ﬁf’;\t I
2. The bee z:"??

m travels to /
another
plant of the
same type.

© Encyclopeedia Britannica, Inc.

Figure 1.12. Scheme about pollination process (https://www.britannica.com).

Pollen can be transferred by wind (anemophily pollination) but entomophilous pollination is more efficient
for flowering plants (Walker, 2021) for several reasons:

e Reduction of wasted pollen;

e Pollination under environmental conditions not conducive;

e 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 ef 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).
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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 [~ ﬁ?@# e

beetles, can use flower as a shelter or as a predation site, thus  Fjgure 1.13 Pollinia on Scopa of a wild
becoming accidental pollinators (Gullan & Craston, 2010; Ollerton,  bee ( F. Mendicino).
2017).

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).

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 “secondary pollinators" both because they have not
specialized structures for pollination and they often can damage the flowers’ corolla (Potts et al., 2021;

Muinde & Katumo, 2024).
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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 ef 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 er 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 ~ Figure 1.15 Individual of Andrena sp. (F.
female behaves as a solitary bee and there is no cooperation Carlomagno).

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
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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 Figure 1.16- Nest of - Colletes hederae  (F.

Carlomagno).
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 ez al., 2019).

Figure 1.17 Different morphologies tongue. In A the short-tongued Andrena tibialis (Kirby, 1802) (Fam: Andrenidae); in
B the Long-tongued Eucera nigrescens Pérez, 1879 (Fam: Apidae) (F. Mendicino)

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
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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 ez al., 2019).

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).

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 ef 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
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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
Figure 1.19 Image to raise awareness of the decline of wild  composed of thousands of polytrophic bees and
bees (https://davidsuzuki.org). 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 (O’ 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 ef al., 2007; Brown & Paxton, 2009; Danforth ef 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

etal.,2019).
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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).
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Figure 1.20 Distribution of different phytopagous species on a plant (Prince et al., 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, Scarabeidaec 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
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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 ef 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 Monta, 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 Guennee,
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

Figure 1.21 Individual of Harminia Italy (Jucker & Lupi, 2011).

idis (https://www.inaturalist. . Ny . .
axyridis (https inaturalist.org) 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 | . o ‘
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

Figure 1.22 Individual of C. capitata

increase in global temperatures, could promote a colonization of
C. capitata at higher latitudes (Jucker & Lupi, 2011). Initial (s wiipedia.ore)
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 Monta, 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
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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

. . . . . . Figure 1.23 Larvae  of
insect colonized Italy in 1998 and now it occupies all the corn area in £
Leptinotarsa decemlineata (F.

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

Figure 1.24 Individual of Paysandisia archon

only native European palm, Chamaerops humilis Linnaeus,  (https://verdepubblico.it)
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
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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 bees’ 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; Siiss, 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 ef al., 2011; Jucker &

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

Figure 1.25 Individual of Drosophila suzukii . . . .
o ) 2022). Today, it represents a serious risk both for many fruit
(https://agronotizie.imagelinenetwork.com)

crops and for the underwood in natural habitats.
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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
etal.,2013; Liu et al., 2022).
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Figure 1.26 Scheme about agroecosystem services (Liu ez 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: 7) high soil
biodiversity; ii) mitigation of climate change through carbon sequestration; #i7) nutrient cycle. Moreover,

integrated farming and livestock can provide positive conditions for the development of soil fauna (Kassam,
2020).
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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 ef 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).
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Figure 1.27 The nine objectives of the PAC post-2020 (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).
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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 ef al. 2003; Bianchi et al., 2005), such
as antagonists (Landis ef 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) (Cafias 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)

35



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
etal, 2019).
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Figure 1.28 Summary diagram of the importance of frass as an organic amendment (Poveda, 2021).

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 ef 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
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as a fertilizer and, for example, in bean plants increases the tolerance of seedlings to drought, flooding and
salinity (Poveda ef 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 ef 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 ez 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 ef 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 ef 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

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).

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 animal’s weight and subsequently stop the

Figure 1.30

individual of Stomoxys

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

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

et al., 2013; Prudhomme et al., 2023).
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2. Materials 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).
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Map 2.1 Maps of Sampling areas (Software Qgis)

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
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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)

N i : ";.-' L agial -

T

Google Earth

Figure 2.1 Satellite photo of Fbio (Google Earth)

Fbio is a biological potatoes field in the project partner farm “Scrivano Terre D'Altopiano”. 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).
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Figure 2.2. Fbio before (A) and after (B) of Sila IGP potatoes sowing (F. Mendicino)

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)

Google Earth

Figure 2.3. Satellite photo of Fint (Google Earth)

The Fint area is an integrated management field of Sila IGP potatoes in the farm “Fattoria Pupo”. Integrated
farming is an intermediate method between conventional and organic agriculture, where the use of chemical
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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.

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

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)

Figure 2.5 Satellite photo of Gecot (Google Earth)

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
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cultivation area. This grassland is characterized by several herbaceous species such as Dacus carota L.,
1753, Carduus sp. L., 1753, Cirsium sp. Miller, 1754, Leucanthemum vulgare Lam., 1778, Allium L., 1753,
Malva sylvestris L., 1753, Anacamptis morio (L.) R. M. Bateman, Pridgeon & M. W. Chase, 1997, Papaver
sp. (L., 1753) and sporadic trees of Sambucus L., 1753 and Pinus sp., 1753 (Fig. 2.6).

Figure 2.6 Photos of Gecot in June (A), July (B) and August (C) (F. Carlomagno)

2.1.4 Pecot (Pine Forest_Ecotonal)
Coordinates: 39°21'41,0"N, 16°3121,0" E
Altitude: 1192 m a.s.L.

Municipality: Spezzano della Sila (CS)

Figure 2.7 Satellite photo of Pecot (Google Earth)

The pine forest ecotone is located in Fattoria Pupo and it is about 2,2 hectares (Fig. 2.7). This sampling
area is characterized mainly by Pinus nigra J. F. Arnold, 1785 trees and grass cover. From mid-August
until autumn, the cattle, that are usually present in Gecot, move to Pecot (Fig. 2.8).
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Figure 2.8 On the Left a picture of Pecot; on the right a cow in the sampling area (F. Mendicino)

In this sampling area there are few rotting woods on
soil: this boxplot (Graph 2.1) summarizes the
distribution of diameters (cm) of SDT (standing dead
trees), CWD (coarse woody debris) and FWD (fine
woody debris) (Audisio et al., 2014). There are no
trees smashed to the ground and the only necromass
present are some dead trees standing with diameter
between 15 and 24 cm and branches on the ground

with diameters less than 10 cm.

Diameter (cm)

8 g :

Graph 2.1 Boxplot of wood necromass (Software
Past)
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2.1.5 Gnat (Grassland Grazing_ Natural)
Coordinates: 39°22'29,6"N, 16°32'17,0" E
Altitude: 1181 m a.s.l.

Municipality: Spezzano della Sila (CS)

SN
;%

9gle Earth

Figure 2.9 Satellite photo of Gnat (Google Earth)

A grazing control area was selected within the Sila National Park (zone C). This area is about 9 hectares
and it is located between Cecita Lake and a pine forest of Pinus nigra. Gnat is characterized by intensive
cattle grazing. From a vegetative point of view, there are several herbaceous species such as Daucus carota
Linnaeus, 1753, Carduus L., 1753, Malva moschata L., 1753, Anacamptis morio (L.) R. M. Bateman,
Pridgeon & M. W. Chase, 1997 and Verbascum sp. L., 1753, but also shrub species such as Spartium
Jjunceum L., 1753.

Figure 2.10 Pictures of plants in Gnat (F. Mendicino)
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2.1.6 Pnat (Pine Forest_natural)
Coordinates: 39°23'16,3"N, 16°34'16,5"E
Altitude: 1275 m a.s.l.

Municipality: Longobucco (CS)

Figure 2.11 Satellite photo of Pnat (Google Earth)

To verify the faunistic differences from Pecot, a natural pine forest near Biogenetic Natural Reserve Golia-
Corvo was identified (Fig. 2.11). This area it characterizes by Pinus nigra J. F. Arnold, 1785 trees and an
undergrowth composed of Pteridium aquilinum (L.) Kuhn, Epipactis sp. Zinn, 1757 and Fragaria vesca
L., 1753 (Fig. 2.12).

Figure 2.12 Picture of habitat and plants of Pnat (F. Mendicino)
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In addition, it is in a good state of conservation thanks to
the lack of grazing and a good amount of necromass in
the area (Graph 2.2), that means that there is a good forest
management. The trees that are fallen to the ground have
a diameter of 20-30 cm, while standing trees have
diameters greater than 40 cm. There are also branches

below 10 cm in diameter on the ground.

2.2 Sampling methods

Diameter (cm)
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Graph 2.2 Boxplot of wood necromass (Software

*ast)

The insects collection was carried out during two sampling seasons (May to November 2022 and May to

November 2023) in relation to the sowing and harvesting of potatoes. In each sampling area, different traps

were placed inside an appropriately chosen transect of about 200 m (Montgomery ef al., 2021). In particular,

the placed traps were (Fig. 2.13):

- S pitfall traps, spaced 15 m apart from each other and activated with salt, vinegar and a drop of soap

to break the surface tension. These were put inside the soil to collect walking insects, such as

Carabidae and Staphylinidae (Honek, 1988; Brandmayr et al., 2005);

- 3 pan traps, activated with water, salt and a drop of soap. These traps use different fluorescent colours

(yellow, white and blue) to specially attract different pollinators and they are placed about 50 cm

above the ground (Vrdoljak & Samways, 2012);

- 1 Malaise trap, a particular white/black tent-shaped trap, useful for attracting different groups of flying

insects (Uhler et al., 2022).

Figure 2.13 Pictures of traps. In A a pitfall trap, in B the pan traps and in C Malaise trap (F. Mendicino)
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In addition, in all sampling areas, hand entomological nest was used to collect flying insects which are not

attracted by traps. Moreover, in the pine forests, the inspection of rotting wood was also carried out to

assess the presence or absence of saproxylics species (Fig. 2.14).

A g = ! TN

Figure 2.14 Pictures of direct sampling. On the left the hand net, on the right the
debarking of decay wood (F. Carlomagno)

2.3 Insect morphological identifications

The entomological material was collected almost every 15 days and subsequently sorted and partially dry
prepared. Once dried, the prepared specimens were placed in entomological boxes within the DiBEST
Entomological Collection (supervised by Prof. Teresa Bonacci). The remaining material was preserved in
70% ethanol and stored in the Laboratory of General and Applied Entomology of DiBEST, Unical (Head
Prof. Teresa Bonacci). The insects were morphologically determined in the laboratory of General and
Applied Entomology using a stereomicroscope Euromex 55x and specialized dichotomous keys (Allegro,
2021; Allegro et al., 2022; Amiet et al., 2001, 2004, 2007, 2010, 2014; Cerretti, 2010; Chinery, 2010; Dathe
et al., 2016; Dijkstra & Schroter, 2021; Dvorak & Roberts, 2006; Falk et al., 2016; Friese, 1896; Gregor et
al., 2016; Intoppa et al., 2009; Latella & Gobbi, 2008; Lebas et al., 2016; Leraut, 2019 (a, b); Massa et al.,
2012; McAlpine et al., 1981 (a,b,c); Michez et al., 2019; Negrisolo & Pagliano, 2005; Oesterbroek, 2006;
Porta, 1923, 1926, 1929; Richet et al., 2011; Rognes, 2002; Rozkosny et al., 1997; Schmid-Egger &
Scheuchl, 1997; Tamanini, 1988; Tschorsnig & Herting, 1994; Tolman & Lewington, 2014; van Veen,
2010).

The determination of Carabidae species was confirmed thanks to the comparison with the DiBEST

Entomological Collection under the supervision of Prof. Pizzolotto R. and Dr. Mazzei A. (Unical).
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Regarding wild bees, due to the lack of complete specialist dichotomous
keys, during my period abroad in Switzerland at the Institute of Biology -
University of Neuchatel, Switzerland (Supervisor: Dr. Christoph J. Praz), the
Apoidea were firstly identified by comparing our samples with the
entomological collections of UniNE (Fig. 2.15) and subsequently confirmed
by the principal European experts (Megachilidae: Dr. Christophe J. Praz,
University of Neuchatel (Switzerland); Andrenidae: Dr. Thomas J. Wood,
Naturalis Biodiversity Centre (Netherlands); Eucerinae: Dr. Achik Dorkin,
University of Mons (Belgium); Halictidae: Dr. Simone Flaminio, University
of Mons (Belgium) and University of Bologna (Italy); Hylaeus spp.: Dr.
Romain Le Divelec, University of Mons, (Belgium)).

The photos of the specimens were taken at the University of Calabria, using
the stereomicroscope Kern OZP 558C825 with Kern Optix ODC 825 camera
and at the University of Mons, with a Digital Microscope VHX - Keyence
VHX-970F.

2.4 Determination of insects by barcoding

Figure 2.15 Determination of
sample with the reference
collection in University of

Neuchatel

Due to difficulties in morphological determination of some Apoidea, 38 specimens were identified by

Barcoding at the Laboratory of Genetic in University of Neuchatel. The molecular analysis were performed

to confirm uncertain species and to load missing species sequences to the Bold system.

The DNA extraction was carried out using the NuceloSpin Tissue Kit
(Macherey-Nagel) (Fig 2.16). For pre-lysis, a midleg was placed in an
Eppendorf tube with 180 pL of Lysis Buffer T1 and 25 pL of proteinase
K and incubate at 56°C overnight. After this procedure, 200 pL of Lysis
Buffer B3 were added to the solution and the samples were placed in dry
bath at the temperature of 70°C for 10 minutes. Subsequently, 210 pL of
ethanol 99% were added. At this point, the sample was washed first with
500 pL and then with 600 pL of Wash Buffer. The last step was to add the
Evolution Buffer BE (25-50 pL, depending on the size of the insect). The
658 bp mitochondrial DNA fragment was amplified using LepF1 (ATT
CAA CCA ATC ATA AAG ATA TTG G; Hebert et al., 2004) and LepR1
(TAA ACT TCT GGA TGT CCA AAA TA; Hebert et al., 2004) primers;
it is also used a forward primer UAE3 (TAT AGC ATT CCC ACG AAT

Figure 2.16 Extraction of DNA in

genetic laboratory of Unine

AAA TAA; Lunt ef al., 1996) together with LepR1 to amplify a 409 bp fragment of the same gene. In

summary, each sample was amplified twice time.
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In the pre-pcr phase, a solution composed by 7,125 uL of water H,O, 3,0 uL of 5x Buffer concentration,
1,5 uL of MgCl>25mN, 1,5 pL of ANTPs 2 mM, 1,0 uL of DNA, 0,6 pL of LepF1/UAE3, 0,6 pL of LepR1
and 0,075 pL of Taq polymerase was done.

Samples were, then, placed in a Biometra TProfessional Basic 96 thermal cycle. The polymerase chain
reaction (PCR) is a cyclic reaction consisting of 36 cycles each with 3 successive steps: denaturation of
DNA, pairing of oligonucleotides and polymerizations. During denaturing, the DNA solution is heated to
94°C, so that the double helix of DNA is completely split into two strands. Subsequently the temperature
is lowered to 45-51°C to allow the primers to bind to complementary regions of the denatured DNA strands
(pairing or annealing phase). Finally, the temperature is rised to 72°C to maximise the DNA polymerase
activity. After this procedure, electrophoretic running was done (Fig. 2.17). The gel consists of 1.5 g agarose
and 100 ml of running buffer 1x TAE. For the electrophoretic run, the sample is prepared by taking 4.0 uL.
of PCR and adding 1.5 pL of fluorescent GelRed Nucleic Acid Gel Stain (Biotium). The electrophoretic
run lasted 20 minutes at 100V 76 mA. Once the run is over, the gel was placed in the UVP GelStudio Plus
- Analytick Jena and observed under UV light.

At this point, the samples should be prepared for sequencing. In the Post-PCR phase, 3,6 uL. of H,O, 1,0
pL 5x of PCR buffer, 0,2 uL of Exonuclease 20 u/pl and 0,2 pL. of Thermosensitive Alkaline Phosphatase

1 u/pl were added to the solution.

Figure 2.17 On the left preparation of electrophoretic run, on the right the result of electrophoretic run

The centrifuged samples were placed again in Biometra TProfessional Basic 96 thermocycle in a
programme divided into two parts: 20 minutes at 37°C and 20 minutes at 80°C. After this step, in a PCR
plate was inserted 12 pL of solution composed by: 3 pL of Primer (LepR1/UAE3) and 3-9 pL of DNA
solution (depending on the quality of the band obtained from the electrophoretic run) and the remaining (0-
6 puL) of H>O.

For sequencing, samples were sent to Microsynth AG Sequencing Service (Balgach, Switzerland) and, once
received, the analysis of sequences and the phylogenetic trees (Genetic Distance Model: Tamura-Nei; Tree
Build Method: Neighbour-Joining) were done using Geneious prime 2024 0.7 software (GraphPad
Software LLC) (Fig. 2.18). The sequences will be recorded in the Bold system and the National Centre for
Biotechnology Information (NCBI).
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Figure 2.18 Software Geneious prime with a DNA sequence

2.5 Sila plateau climate data

The thermo-pluviometry data (Graph 2.3; Graph 2.4) of the investigated areas were obtained from the
online service of the Multirisk Functional Centre-ARPACAL (Regional Agency for Environmental
Protection of Calabria) (Catanzaro, Italy), Station of Cecita (cod. 1100).
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Graph 2.3 Temperature during the sampling (ARPACAL) Graph 2.4 Rainfall during the sampling (ARPACAL)
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About temperature (Graph. 2.3) there is an increasing in July and August with medium temperature around
20°C while the lowest temperature is recorded in November. As regarding rainfall, the abundance of rain
is recorded from September to November even if in the first year there is an abundance of rainfall also in

June.

2.6 Analysis of soil quality with QBS-ar

To study soil fauna and therefore soil biological quality (QBS-ar), in spring and late summer 4 replicates
of soil were taken in each sampling area. Soil clods, about 10 cm x 10 cm and 10 cm deep, were placed
inside Berlese selectors at the Laboratory of General and Applied Entomology, DiBEST (UNICAL) for 15
days (Masarin et al., 2006).

A Berlese selector (Fig. 2.19) consist in a funnel
of 25 cm with a 2 mm mesh steel sieve, where a
single soil clod was placed. Above the soil pad is
placed a 60 W light bulb while a container with
70% alcohol is put under the funnel. The light and
heat produced by the bulbs cause the movement
of arthropods downward and they fall into the
collector box (Masarin et al, 2006). The

entomologlcal materlal was preserved ln 70% Figure 2.19 Berlese selectors (F Mendicino)

alcohol and then analysed for QBS-ar.

The QBS-ar index evaluates the entire edaphic microarthropod community, which is classified using
biological form (FB). Each FB is associated to an Ecomorphological Index (EMI) value, between 1 and 20.
In some cases, the score is unique, emphasizing the characteristics of the affinity group to the soil
compartment while, in other cases, the score may vary and assume different values according to
morphological adaptations to the hypogeal environment. At least 3 replicates per site are required and the
final QBS-ar value is the maximum recorded value. The table below (Fig. 2.20), show the scheme for

compiling EMI values (Parisi, 2001).
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SCHEDA QBS-ar

Date
Sigla Localita FPralievo Fine Estr. Smistamento
GRUPPO FORMA BIOLOGICA eMI[s-A[s8[s-c[ER]  ote

Pseudoscorpioni 20
Scorpioni Forme giavami 10
Paipigradi 20
Opilionidi 10

| Fonme superian 2 Smm 1

i

Araneidi Fowrme piocole & poco o "] 3
Acart 20
Isopodi 10

Forme supericn 2 Smm 1o
Diplopodi | Fanme infanion @ Smm 20
Paurcpoedi 20
Sinfili 20

Farma superion ai § mm, ma con rampe ben swippate | 10
Chilopodi i

Altra farmae {Gaofllomant) 20
Proturi 20
Dipluri 20

Farme epiges: aopendk attungafe, hen sviliopade,

Apparalo vishve (macchiz ocelare & oochi) ben 1

sviippate. Dimensloni medie'grand, presesza of Ferea

mmplesaa

Formme nen legats alls vagetazons

Buon delle appandici coa forte seiluppo df setole | 3

o Appavare wislvo ben

Forme di plooods dimensions con medo syiluppo dele

appendicl, apparats visive ben sviiuspals, Tvres 4

madests, forme lmitate alls lethiers
Collemboli Farme con app visivo ben sviluppato, | ¢

sppandici aon alfiengate, iivres con colans

Forme emisdefiche con nduziona del numano of poalk,

appandici pace sviluppate, oo fircs ridodts o assente. 8

[Prepenze of pRbastazione.

Forme suadafiche con pigmantzricne assants, 10

riduzione o ssmenis o ooelll Flacs présends, ma ridolts

Farma euadafiche depigrmentats, prive o furca,

appendicl fozze, presenza of prevdooull, omano 20

2 fe svilupgato (ma Ao

pressmte), strutiune seesnriall apomorfiche
Microcorifl 10
Zigentomi 10
Dermatteri 1

In generale 1

rtotten
ha Farniglia Griflicies 20
Embiotter S
Fasmodel 1
Mantodei 1
Mecotteri i
Isotteri 10
Blattari 5
Psocotteri 1
: | Farme epiges 1

AT |unp cicala 10
Rafidiotteri 1
Tisanotteri 1

Forma apiges 1

Dimengienl < 2mm + 4

Tegumenti Sobtill, con coler tastacal 4+ 5

£

Coleotteri (*) P s

Microftalmia o anoftaimia +5

Nel casa di forme edufoble 20

In ganerzie 1
Imenotteri = 5
Ditteri | Aduiti i
Rafidiotteri 10
Planipenni ) 1 G
Mecotteri (Irv) 10
Coleotteri (Irv) 10
Ditteri (larve} 10
Imenotteri 10
Lepidotteri 10
Altri olometaboli |acui 1

QBS-ar per og picla (

er ogni repicla (R)
e QSS-ar massimo

(*) per le forme chiaramente NON epigee, si assegnano 5 punti per la presenze di ciascuno dei caratieri
elencatl con I + (max = 20)

Figure 2.20 Table with EMI values for QBS-ar (Parisi et al., 2001)
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2.7 Organic and sustainable fertilizer trials

On behalf of the partner company “Scrivano Terre d'Altopiano” and in collaboration with the Laboratory
of Plant Biology (BioVeLab; Head Prof. Leonardo Bruno, Unical) and the “Italian cricket farm”, frass
(excrements and remains of insects) of some insect species were tested as biofertilizer on Solanum
lycopersicum cv. Micro-Tom to verify their growth and yield. The experiment was conducted at the

Laboratory of General and Applied Entomology under controlled conditions inside a climatic chamber.

2.7.1 Breeding of insects for the frass production

The frass of Tenebrio molitor and Acheta domesticus were provided by Italian Cricket Farm, with which
our research group collaborates. The frass of H. illucens was produced by a bred in the Laboratory of
General and Applied Entomology. The larvae of the black soldier fly were purchased from Italian Cricket
Farm and subsequently bred in our laboratory in a climate chamber at 27°C and 70% humidity. The
photoperiod was set to 16:8= light:dark (cold light 6000 K) while the food substrate consisted of bran and
rotting fruit (Georgescu et al., 2020; Caruso et al., 2013) (Fig. 2.21).

Figure 2.21 Breeding of Hermetia illucens in Applied and General Entomology Laboratory (F. Mendicino)

2.7.2 Nutrient contents of fertilisers

The nutritional contents of 7. molitor and A. domesticus frass were obtained from analyses by Caim Grop
- A Tentamus company on behalf of Italian Cricket farm while the frass of H. illucens was analysed by Idro
Consult — Laboratori Uniti s.r.1.

Frass of H. illucens has the highest value of Mg, K, Ca, Mn, Cu, Zn while the highest value of P>O, is in T.

molitor frass. The highest nutrient value in 4. domesticus are Na and Fe (Tab. 2.1).
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Table 2.1 Nutritional content of the frass

A. domesticus |T. molitor |H. illucens

Determination Results Results | Results u. M.
pH 6,02 6,27 6,9 %
Ammoniacal nitrogen 0,14 0,11 0,01 %
Total organic carbon (TOC) 39,02 46,47 37,8 %Sss.
Total nitrogen 5,41 4,23 4,7 % s s.
C/N ratio 7,21 10,99 8
Nitrates (N) <0,25 <0,25 <0,25 mg/kgs.s
Total phosphorus (P,05) 22100 25900 15169 mg/kgs.s
Sodium (Na) 2990 2100 1531  mg/kgs.s
Magnesium (Mg) 3380 4112 5789 mg/kgs.s
Potassium (K) 12610 15320 16737 mg/kgs.s
Calcium (Ca) 10230 12200 29591 mg/kgs.s
Manganese (Mn) 63,8 96,4 236 mg/kg s.s
Iron (Fe) 323 297 275 mg/kg s.s
Cupper (Cu) 21,6 23,9 31 mg/kg s.s
Zinc (Zn) 98 93,4 154 mg/kg s.s

2.7.3 Frass test on plants under controlled conditions

Insects frass was tested on a culture of tomato plants (Solanum lycopersicum cv. Micro-Tom) grown in pot
under controlled conditions, at the Laboratory of General and Applied entomology, University of Calabria.
Specifically, 5 treatments, with 7 replicates each, were carried out with different soil improvers: i) Control,
without fertilisers; ii) Biocompost (organic waste dried Terra Sana Bio); iii) Hermetia illucens frass; iv)

Tenebrio molitor frass; v) Acheta domesticus frass.

Figure 2.22 Seedbeds inside the climatic chamber (F. Mendicino)
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The seeds of S. lycopersicum were germinated in paper towel and subsequently planted in seedlings with
autoclaved soil (Fig. 2.22) composed by coconut granules, Irish peat, volcanic pumice and superfine peat.
Once the leaves were produced, the plants were transplanted in pots with frass and soil mix at 1:20 volume

ratio, according to the protocol of Zim et al. (2022). Plants were kept in a climatic chamber at 21°C, with

60% humidity and L/D:16/8 h photoperiod for 168 days. They were watered twice a week with about 200
ml of distilled water (Fig. 2.23).

Figure 2.23. Culture of Solanum lycopersicum cv. Micro-Tom inside the climatic chamber. A: control; B: Biocompost; C: Tenebrio frass; D: Acheta

frass; E: Hermetia frass (F. Mendicino)

In order to verify the effect of different fertilizers on the growth of tomato plants, every week the height of
the plant, the number of leaves, flowers and fruits were evaluated. In addition, at the end of the trial, the
development time of plants, fruit size and root size and dry weight were also estimated. In particular, 30
fruits were collected for each treatment and measured using the Imagel software (National Institutes of
Health, USA) while the dry weight of the roots is obtained after drying the roots in a stove at 60°C for about
10 hours and they were assessed using a precision scale. The roots (3 per treatment) once placed inside the
stove, were measured periodically after about 3 hours: when the weight of the root no longer decreased,

they could be considered dry.

2.7.4 Field test of the frass on the pedofauna

From January to July 2024, the frass of Tenebrio molitor was tested to assess the soil quality after treatment
in an experimental area of the Laboratory of Forensic Sciences and General and Applied Entomology of
DiBEST, Unical (Head: Prof. Teresa Bonacci). In particular, two plots of 1x2 m were selected: one was
untreated as a control, while the second one was treated with frass (Fig. 2.24) (Zim et al., 2022). These
plots were located at a distance of 15 meters from each other with the same sun exposure. The soil was

taken after 1, 12 and 24 weeks since the start of the study. The soil clods (size 10x10x10 ¢cm) were taken
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from each treatment with four replicates and placed into Berlese selectors to subsequently perform the

QBS-ar analysis.

Figure 2.24 In A fertilization of plot; in B controlo after 24 weeks; in C plot treated with T. molitor on the right

The open air laboratory (39°21°35.70” N, 16°13°53.39” E;
318 m as.l.) is a 0,46-hectare grassland with sparse
deciduous trees of Quercus pubescens Wild. (Fagales:
Fagaceae) and Olea europaea L. (Lamiales: Oleacea)
(Fig. 2.25). The granulometry of the experimental area’s
soil was examined by the Laboratory of Geodynamics and

Earth Surface Processes, DIBEST (Unical) and it is

identified as sandy clay loam because it is composed
mainly of sand (54%) and also of silt (23%), clay (14%)
and gravel (9%) (Pezzi et al., 2024).

Figure 2.25. Sperimental area (F. Carlomagno)
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2.8 Statistical data analysis
Biodiversity indices of the groups investigated (pollinators, predators, phytophagous, ground beetles and
saproxylics) were calculated using Past v.4.11 software (Hammer ef al., 2001). In particular, were
considered:
e Dominance (D), which indicate if there is dominant species. When the index is higher it means
that there is low biodiversity (Magurran, 2004);
e Shannon Diversity Index (H'), which estimates how many diversities of species are in habitat
(Magurran, 2004);
e Margalef index, which compensates for differences due to the size of sampling effort and it
considers both species richness and total number of individuals present in a sample (Margalef,
1972);
e Evenness Index, which provides information about the community. Its value range is from 0 to 1,
where 1 indicates a fair distribution of species where 0 means an imbalance distribution (Pielou,

1984);

In order to verify possible differences between the various sampling areas on the abundance of
phytophagous, ground beetles, pollinators and saproxylic, we applied permanova analysis using the
software Past v.4.11 (Anderson, 2001). The species rarefaction curve, calculated with the software Past
v4.11, was performed on total species and in wild bees communities to identify the number of taxa expected
for any areas (Krebs, 1989). In addition, cluster analysis (algorithm: paired groups; similarity index: Bray-
Curtis; 1000 bootstraps) is performed using the software Past 4.11 to analyse the similarity between areas
and the community of ecological categories considered (Matthiesen, 2010). Instead, with the IBM SPSS
software (IBM Corp, 2022), the Correspondence analysis (CA or CoA) was conducted both to assess
whether there is a relationship between areas and species and to sort the species within considered groups
(Podani, 2007). Finally, the Canonical Correspondence Analysis (CCA), carried out using the Past 4.11
software, was conducted to correlate species with different environmental variables (Podani, 2007).

As regards the graphs, the Boxplots were done using the software Past 4.11 while the others using Excel
software.

Finally, to analyse the results obtained from the frass test, the non-parametric Friedman test was carried out
on Several-sample repeated (Bortz ef al., 2000) and the Wilcoxon pairwise - Bonferroni test corrected p
values for non-parametric data that had repeated measurements over time (for example, n leaves, height, n
fruits, n flowers) were conducted. Instead, parametric data of non-repeated measurements over time (roots
and tomato size) were examined by the Kruskal-Wallis test and the post hoc Dunn’s-Bonferroni corrected

p values.
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3. Results

3.1 Orders

During the sampling period, a total of 76.844 individuals were collected (Tab.3.1), in particular N=14.224
Coleoptera (19%), N=46.672 Diptera (61%) and N=8956 Hymenoptera (12%) (Graph 3.1).

Lepidptera Order Table. 3.1 Abundance of Order
3% Aranea
Hymenopter _\\ /— 1% Order TOT %
123% \ Araneae 952 1,24%
Hemiptera Others 28 0,04%
Coleoptera 14224 18,51%
Dermaptera 175 0,23%
Diptera 46660 60,73%
Dictyoptera 288 0,37%
Hemiptera 3173 4,13%
Hymenoptera 8956 11,66%
Lepidoptera 1929 2,51%
Mantodea 1 0,00%
Graph 3.1 Abundance of Order Mecoptera 4 0,01%
Neuroptera 21 0,03%
Odonata 4 0,01%
Opiliones 22 0,03%
Orthoptera 394 0,51%
Raphidioptera 13 0,02%
TOT 76844

From graph 3.2, a clear predominance of Diptera over all other groups is evident. In the area Fbio
(Field Biological) the most abundant orders are mainly Coleoptera (37%) and Dipterans (44%); in Fint
(Field_integrated) the number of Coleoptera is reduced (23%) while Diptera increase (49%); however, the
Hymenoptera are abundant too (18%). As regards the grazing areas, in Gecot (Grassland Grazing_Ecotonal
area) Diptera and Hymenoptera have similar abundances (respectively 36% and 32%) while the Coleoptera
have an abundance of 17%. In Gnat (Grassland Grazing area Natural) Diptera dominates over the other
orders (62%); the second most abundant group is Coleoptera (16%). In the pine forests there is a dominance

of Diptera (Pecot 82%; Pnat 72%) (Graph 3.2).
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Graph 3.2. Abundance of Order for each sampling area

The number of individuals recorded in agricultural fields is lower than that in pine forests (Graph 3.3). In

terms of the number of families, they are more abundant in open grassland than in agrosystems, probably

due to the presence of monocultures (Graph 3.4).
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3.2 Analysis of family
The graph 3.5 shows the relative abundance of individual and families of beetles collected. The higher
abundance of Coleoptera specimens was recorded in Fbio (N=3.593) and Pnat (N=3.033), while the largest

number of families was present in pine forests (Pnat N=39 and Pecot N=37).

Coleoptera
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2 =
.=
g 2000 20 E
o =
z z
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0 0

Fbio Fint Gecot Gnat Pecot Pnat

s Specimens Families

Graph 3.5 Abundance of Coleoptera Families for

sampling area

In the biological field (Fbio) the most abundant families are Staphylinidae (31%), Anthicidae (22%),
Carabidae (13%) and Chrysomelidae (11%), while in the integrated field (Fint) besides Staphylinidae
(34%), the Anthicidae (10%), Carabidae (10%) and Oedemeridae (9%) are abundant too. In the grassland
grazing ecotonal area (Gecot) we find mainly Oedemeridae (17%), Chrysomelidae (14%), Mordellidae
(10%) and Carabidae (10%). In contrast, in the natural area of pasture (Gnat) (N families: 33; N specimens:
1869) there is an abundance of Mordellidae (22%), Carabidae (15%), Staphylinidae (10%) and Lampyridae
(9%). Finally, in the ecotonal pine forest (Pecot), the families Carabidae (38%), Staphylinidae (11%) and
Scraptidae (10%) dominate, while in the natural pine forest (Pnat) we find the dominance of Dasytidae

(44%) followed by Carabidae (16%) and Staphylinidae (9%) (Graph 3.6).

62



COLEOPTERA FIELD

® Anthicidae ® Carabidae ® Cerambycidae  m Cetoniidae ® Chryvsomelidae ™ Courculionidae— m Dasviidae
u Dermestidae u Mordellidae u Oedemeridae Staphylinidac @ Tencbrionidac = Others
: 3
-
=| &
E (o}
= 2
=) = & s =
z = 2 . &
2 : . £
& o F '\. |r. ur. A
B ¥ | T HTHHETIHE
= =mmm il '] | I Il m =
F BIO FINT
SAMPLING AREAS
COLEOPTERA GRASSLAND
® Anthicidae ® Carabidae = Cerambycidac mCetonidac # Chrysomelidae ® Curculionidae
® Dasytidac ® Dermestidae u Elateridae u Lampyridae ® Mordellidae u Nitidulidae
B Oedemeridae = Scarabacidae u Scraptidae Staphylinidae B Tenebrionidae u Others
]
Z £ . =
g £ £ 5 2 g
= = = =
E. = 2 2 e 2 .
% sz s - i & 3 - 2 ® % £% 0= 3
3 F TH I H EH B B HOE | HTHH
= alnliin ol BT ] Y B P B ) e AR R
G ECOT G NAT
SAMPLING AREAS
COLEOPTERA PINE FOREST
= Carabidae » Cerambyeidae m Chrvsomelidae mCurculiomidae  m Dasyvtidae mDermestidae m Elateridae
® Lampyridae  ® Nitidulidae ~ wOedemeridac  » Scraptidae Staphylinidac @ Tenebrionidae = Others
F
3
F
4
<
=)
; -]
= 2 °
& T :
i g = g G
E g g =
i 2 8
@f*lgislél : § = s BT EI
- - . _m_ - . [ | - e N I -
P ECOT P NAT

SAMPLING AREAS
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About Diptera (Graph 3.7), the highest number of

families was found in Gnat (N=41), while the lowest

15000

in Fbio (N=37); however, inside the pine forests, the =
3 10000

largest number of specimens were collected (Pecot 5
£ 5000

N=13366 and Pnat N=12868). Specifically, the graph z
0

3.8 shows the percentages of families in the survey
areas. In Fbio the most abundant are Anthomyiidae

(44%), Muscidae (18%) and Calliphoridaec (10%)

Diptera

Specimens

Fbio Fint Gecot Gnat Pecot Pnat

Families

40
38
36
34

Graph 3.7 Abundance of Dipteran Families

while in Fint abundant are Bibionidac (22%),

Anthomyiidae (19%) and Muscidae (14%). In Gecot

sampling area

N families

for

we find quite similar abundances (Bibionidae 23%, Anthomyiidae 16% and Muscidae 14%) while in Gnat
abundant are Drosophilidae (56%) and Muscidae (12%). In Pecot, Drosophilidae (45%) with Muscidae
(10%) and Uliididae (9%) predominate while in Pnat the most abundant are Heleomyzidae (23%),

Drosophilidae (21%), Chloropidae (17%) and Muscidae (12%).
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Graph 3.8 Abundance of family of Diptera in sampling areas
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Graph 3.9 Abundance of Hemiptera families for

sampling area

Among Hemiptera (Graph 3.9) the largest number
of families and specimens was collected in Gecot
(N families= 21; N specimens= 968); the smallest
number of specimens was collected in Pecot (N=
227) while the smallest abundance of families was
estimated for Pnat (N= 13). In the graph 3.10 we
have the abundances as a percentage of the
different families collected in each area. In all
areas, abundant are the families Psyllidaec and
Cicadellidae, but in the pine forests there are also

Cydnidae and Pyrrhocoridae.
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Graph 3.10 Abundance of family of Hemiptera in sampling areas
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Graph 3.11 Abundance of Hymenoptera Families for

sampling area

As regards the order of the Hymenoptera, the
largest number of families was collected in Gecot
and Pecot, while the smallest in Fbio; the highest
abundance was recorded in Gecot and the lowest in
Gnat (Graph 3.11). About families, the Formicidae
predominate in all areas except Pnat, where the
abundance of other families is almost distributed.
Other abundant families are Apidae and Halictidae;
in the pine forests, then, there are Diapriidae

(Graph 3.12).
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Graph 3.12 Abundance of family of Hymenoptera in sampling areas

Finally, among Lepidoptera, Noctuidae are abundant in all sampling areas but in pine forests Nymphalidae

are abundant too (Graph 3.13).
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Graph 3.13 Abundance of family of Lepidoptera in sampling areas
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3.3 Genera
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Graph 3.14 Abundance of genus of Cerambycidae in sampling areas
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As regards the Coleoptera Cerambycidae (Graph 3.14), in the potatoes fields and in the open areas abundant
genera are Chlrophorus Chevrolat, 1863 and Pseudovadonia Lobanov, Danilevsky & Murzin, 1981, both
xylophagous insects. In addition, in the open areas are also abundant Stictoleptura Casey, 1924 and

Stenurella Villiers, 1974. In the pine forests is also present the genus Rhagium Fabricius, 1775.
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Graph 3.15 Abundance of genus of Chrysomelidae in sampling areas

About Chrysomelidae (Graph 3.15) there are a significant presence of the phytophagous Chaetocnema
Stephens, 1831 and Galeruca Geoffroy, 1762. In addition, in the biological field (Fbio) abundant is the pest
of the Solanaceae Leptinotarsa decemlineata Say, 1824.

Among Diptera (Graph 3.16), within the family Anthomyiidae we find Botanophila Lioy, 1864 and Delia
Robineau-Desvoidy, 1830 while between Calliphoridae the most abundant is the genus Onesia Robineau-
Desvoidy, 1830. In the agroecosystems (Fbio and Fint) and in the ecotonal area (Gecot) genera Bellardia
Robineau-Desvoidy, 1863 and Stomorhina Rondani, 1861 are present, while in the pine forest there is the
genus Melinda Robineau-Desvoidy, 1830. Regarding the genera of Muscidae, in the crops (Fbio and Fint)
are abundant Neomyia spp. Walker, 1956, Musca spp. Linnaeus, 1758 and Thricops spp. Rondani, 1856; in
addition, in Fbio is also abundant Stomoxys Geoffroy, 1762, which is a genus composed by hematophagous
species of cattle and probably it is present in that area because of the proximity of the farm’s stable. Finally,
in the pine forests and in the pasture area we have an abundance of the genus Phaonia Robineau-Desvoidy,

1830. The genus Muscina is abundant especially in grazing areas.
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In all areas, the family Sarcophagidae (Graph 3.17) is abundant with genus Sarcophaga Meigen, 1826. In
crops and Gnat Angiometopa Brauer & Bergenstamm, 1889 is abundant too, while in Pecot there is the
genus Wohlfahrtia Brauer & Bergenstamm, 1889; in Fint and in Gecot is present also the genus Ravinia
Robineau-Desvoidy, 1863. As regards the family Syrphidae, in the biological field is abundant the genus
Sphaerophoria Le Peletier & Serville, 1828 followed by the genera Eupeodes Osten Sacken, 1877, Eristalis
Latreille, 1804 and Merodon Meigen, 1803, while in the integrated field there are Merodon and Eupeodes.
About grazing area, if in the ecotone the most abundant genus is Eupeodes, in the natural ones is Merodon.
Finally, in Pecot are abundant Melanostoma Schiner, 1860 and Epistrophe Walker, 1852 while in Pnat
Sphaerophoria. At the end, for the Tachinidae, in crops and in Gecot is abundant the genus Nowickia
Wachtl, 1894 while in Gnat Dufouria Robineau-Desvoidy, 1830. In pine forests (Pecot and Pnat) we have
the presence of genus Tachina Meigen, 1803.

About Hymenoptera (Graph 3.18), the family Apidae is one of the best represented. For example, Apis
mellifera Linnaeus, 1758 is abundant in agroecosystems while the genus Bombus Latreille, 1802, although
it is present in all areas, is more abundant in pine forests. Ceratina Latreille, 1802 is abundant in Fbio, in
Gnat and in Pecot while in Pnat it is interesting the presence of the genus Eucera Scopoli, 1770. Among
the family Megachilidae, abundant are the genera Heriades Spinola, 1808 and Osmia Panzer, 1806. On the
other hand, the most abundant genera of Formicidae in Fbio are Formica Linnaeus, 1758, Lasius Fabricius,
1804 and Pheidole Westwood, 1839 while in Fint are Messor Forel, 1890 and Formica,; in Gecot abundant
are Lasius, Messor and Camponotus Mayr, 1861 while in Gnat Lasius with Messor and Formica. At the

end, in Pecot are present Camponotus and Formica, while in Pnat Formica and Lasius.
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3.4 Descriptive analysis of species

The number of species and morphotypes determined is different between the investigated areas (Graph

3.19; Tab. 3.2), with higher richness for Gecot (525 species) and Fbio (491 species) and fewer species in

Pecot (390 species) and Pnat (424 species).

Table 3.2 Biodiversity index

F bio F int G ecot G nat P ecot P nat
Taxa_ S 491 483 525 466 390 424
Individuals 7459 7562 9101 6518 8714 11048
Dominance D 0,04018 0,03323  0,0485  0,02183 0,03455 0,03682
Simpson_1-D 0,9598 0,9668 0,9515 0,9782 0,9655 0,9632
Shannon H 4373 4,543 4,329 4,776 4,293 4,126
Evenness e H/S | 0,1611  0,1942  0,1446 02545 0,1876 0,146
Brillouin 4237 4,407 4208 4,623 4,197 4,044
Menhinick 5,969 5,566 5,503 5,772 4,178 4,034
Margalef 55,06 54,08 5748 52,95 42,88 45,43
Equitability J 0,7055 0,7349 0,6912 0,7773 0,7195 0,682
Fisher_alpha 1183 1153 1212 114.9 83,8 87,49
Berger-Parker 0,1235 0,109 0,1657 0,0942 0,1367 0,1189
Chao-1 748 700,8 862,3 722,5 653.,5 648.8
SD 4565134 41,98981 61,28208 29,1572 49,34947 64,61904
Species Species
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500 —'—’\/‘ 0,05
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Graph 3.19 Biodiversity index
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About Biodiversity index, dominance values are rather low, indicating that there are not particular dominant
species in sampling areas. Specifically, Gecot shows the highest dominance value while Fint and Gnat show
lower values. In addition, the Shannon index shows a low variability between areas, with values ranging
around 4. In particular, Gnat has slightly higher diversity value while in Pnat and Pecot it is lower.
Moreover, Gnat has a high value of Evenness index (0.25), indicating that the species present in that area
are more similarly distributed than others even if the value is rather low. In contrast, the species in Fbio and

Pnat are less equally distributed.

* i
Fint
Gecot

2 Gnat

o Pecot

@ Pnat

Graph 3.20 Correspondence analysis of all species (Software Past)

The correspondence analysis (Graph 3.20) shows the distribution of species in the different sampling areas.
We can distinguish four distinct groups. In detail, Pnat (in blue), Pecot (in red) e Gnat (in green) show a
distinct species community compared to that present in crops and in Gecot. Within the macro group of Fbio,
Fint and Gecot, a higher concentration of species is observed, especially near Gecot and Fint, indicating
that the ecotone area is a reservoir of biodiversity for the integrated management field.

The individual rarefaction graph (Graph 3.21) relates the number of individuals (x axis) and taxonomic
richness (y axis). Pine forests show slower growth in taxonomic richness than open grassland. The
agricultural fields show intermediate curves, with the integrated field slightly higher than the biological

field. The curve pattern reflects habitat complexity, availability of trophic resources or selective pressure.
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Graph 3.21 Species rarefaction (Software Past)

The cluster analysis (Graph 3.22) (algorithm:

paired groups; similarity index: Bray—Curtis; E E 3 H E [_:3
1000  bootstraps,  cophenetic  correlation Lo

coefficient: 0.9191) shows the similarity between 0.5

sampling areas based on species composition.

Pecot and Pnat are quite similar, indicating that "

these two habitats share many species, which are 0.7

probably specialized to live in forest 0.6

environments, although there is a different

Similarity
%

degree of naturalness between the two areas.

Gecot and Fint form a subgroup with a relatively 0.4

R—
high degree of similarity because, despite the
ecological differences between a grazing and a 037
managed agricultural field, there is overlap and 0.2- o

exchange of species. Fbio is linked to this group
at a lower level of similarity probably due to the  Graph 3.22 Cluster analysis of all species (Software past)
different management of the agricultural field

(biological) and the absence of natural or semi-

natural ecotones. Gnat, despite being related to this group, is still distinct from the agroecosystem,

suggesting a different species composition compared to other habitats.
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3.5 Analysis of the phytophagous community

About phytophagous species, there is a significant difference between the sampling areas (Permanova;

£:2,251; p: 0,0001). In the table (Tab.3.3) the Bonferroni test is also performed. In particular there is a

significant difference between the phytophagous species, except between Fint vs. Gecot, because the

ecotonal area and crop share species, and between Pecot vs. Pnat and Gnat vs Pecot.

Table 3.3 Bonferroni-corrected p values.

Fbio Fint Gecot Gnat Pecot Pnat
Fbio 0,003 0.0015 0.0015 0.0015 0.0015
Fint 0.003 1 0.0195 0.0015 0.0015
Gecot 0.0015 1 0.0075 0.0015 0.0015
Gnat 0.0015 0.0195 0.0075 0.09 0.0015
Pecot 0.0015 0.0015 0.0015 0.09 1
Pnat 0.0015 0.0015 0.0015 0.0015 1

The largest number of phytophagous species was recorded in the ecotonal area (Gecot), while the greatest

abundance of specimens is found in the biological field, although the species abundances are not uniform

(as indicated by the Evenness value) due to the predominance of leaf miner Leptinotarsa decemlineata. In

the open natural area (Gnat) we have a greater value of biodiversity (Tab. 3.4).

Table 3.4 Phytophagous biodiversity index

Fbio Fint Gecot Gnat Pecot Pnat
N° taxa 67 80 92 65 48 47
N° specimens 2361 2291 2171 688 1195 850
Shannon_H 1,885 2,306 2,509 3,179 2,216 2,421
Evenness 0,09827 0,1254 0,1336 0,3695 0,1911 0,2395
Margalef 8,498 10,21 11,84 9,795 6,633 6,82
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C34
C35
C36
C37
C38
C39
C40
C41
C42
C43
C44
C45
C46
C47
C48
C49
C50
Cs1
Cs52
Cs3
Cs54
C55
C56
C57

Table 3.5 CA and CCA code

COLEOPTERA

Agrilus sp. Curtis, 1825

Agapantia sp. Serville, 1835

Calamobius filum (Rossi, 1790)

Agapanthia cynarae (Gyllenhal, 1817)

Alosterna tabacicolor (De Geer, 1775)

Tropinota (Tropinota) squalida squalida (Scopoli, 1783)
Tropinota (Epicometis) hirta (Poda, 1761)

Althica sp. Geoffroy, 1762

Cassida (Cassida) prasina 1lliger, 1798

Cassida (Cassida) rubicinosa O.F. Muller, 1776
Cassida sanguinolenta Muller, 1776

Cassida sp. Linnaeus, 1758

Chrysolina (Chalcoidea) interstincta (Suffrian, 1851)
Chrysolina rossia (1lliger, 1802)

Chrysolina (Synerga) herbacea (Duftschmid, 1825)
Crepidodera aurea (Geoffroy, 1785)

Cryptocephalus sp. O. F. Muller, 1764

Derocrepis sodalis (Kutschera, 1860)

Exosoma lusitanicum (Linnaeus, 1767)

Galeruca (Galeruca) littoralis (Fabricius, 1787)

Galeruca (Galeruca) pomonae subsp. pomonae (Scopoli, 1763)

Galeruca (Galeruca) tanaceti (Linnaeus, 1758)
Galerucella lineola (Fabricius, 1781)
Halticinae

Hispa atra Linnaeus, 1767

Leptinotarsa decemlineata (Say, 1824)
Luperus sp. Geoftroy, 1762

Mantura (Mantura) obtusata (Gyllenhal, 1813)
Neocrepidodera ferruginea (Scopoli, 1763)
Neocrepidodera impressa (Fabricius, 1801)
Pachybrachis sp. Dejean, 1836

Phyllotreta cruciferae (Goeze, 1777)
Phyllotreta sp. Chvrolat, 1837

Phyllotreta undulata Kutschera, 1860
Psylliodes (Psylliodes) chrysocephala (Linnaeus, 1758)
Bothynoderes affinis (Schrank, 1781)

Coniocleonus (Plagiographus) pseudobliquus (G. Muller, 1921)

Lixus sp. J.C.Fabricius, 1802

Phyllobius (Subphyllobius) virideaeris (Laicharting, 1781)
Pityogenes sp. Bedel, 1888

Pentodon bidens (Pallas, 1771)

Agriotes sp. Eschscholtz, 1829

Agrypnus murinus (Linnaeus, 1758)

Athous (Athous) ineptus Candeéze, 1860

Athous sp. Eschscholtz, 1829

Cidnopus pseudopilosus Platia & Gudenzi, 1985
Ctenicera cuprea (Fabricius, 1775)

Ctenicera pectinicornis (Linnaeus, 1758)
Cerocoma (Cerocoma) schaefferi (Linnaeus, 1758)
Amadotrogus quercanus (Burmeister, 1855)
Firminus baudii (Brenske, 1886)

Firminus ciliatus vexillis (Reitter, 1902)
Rhizotrogus marginipes Mulsant, 1842
Rhizotrogus aestivus (Olivier, 1789)

Moycterus (Eutryptes) tibialis Kuster, 1850
Mycterus (Mycterus) curculioides (Fabricius, 1781)
Urophorus humeralis (Fabricius, 1798)
Amphimallon ochraceum (Knoch, 1801)
Amphimallon pseudomajale Sabatinelli, 1976
Omophlus lepturoides (Fabricius, 1787)
Omophlus picipes (Fabricius, 1792)

Opatrum sp. Fabricius, 1775

Omophlus sp. Solier, 1835

Apteropeda orbiculata (Marsham, 1802)
Chaetocnema spp.

Psyllioides spp. Stephens, 1831

Orthotomicus sp. Ferrari, 1867

Oryzaephilus surinamensis(Linnaeus, 1758)

Ailopus sp. Fieber, 1853

Calliptamus italicus (Linnaeus, 1758)
Calliptamus siciliae Ramme, 1927
Eyprepocnemis plorans (Charpentier, 1825)
Oedipoda caerulescens (Linnaeus, 1758)
Omocestus (Omocestus) rufipes (Zetterstedt, 1821)
Stenobothrus lineatus lineatus (Panzer, 1796)
Gryllus campestris Linnaeus, 1758

Tetrix sp. Latreille, 1802

Chorthippus sp. Fieber, 1852

Decticus sp. Serville, 1831

Cercopis arcuata Fieber, 1775

Cercopis sanguinolenta (Scopoli, 1763)
Haematoloma dorsatum (Ahrens, 1812)
Aphrodes sp. Curtis, 1833

Eupelix cuspidata (Fabricius, 1775)

Ledra aurita (Linnaeus, 1758)

Cicadella viridis (Linnaeus, 1758)

Coriomeris sp. Westwood, 1842

Coriomeris scabricornis (Panzer, 1809)
Spathocera lobata (Herrich-Schéffer, 1840)
Syromastus rhombeus (Linnaeus, 1767)
Centrocoris variegatus Kolenati, 1845
Coriomeris hirticornis (Fabricius, 1794)
Canthophorus sp. Mulsant & Rey, 1866
Ochetostethus sp. Fieber, 1860

Issus sp. Fabricius, 1803

Lygaeus equestris (Linnaeus, 1758)
Rhyparochromus vulgaris (Schilling, 1829)
Eremocoris plebejus (Fallen, 1807)

Gastrodes grossipes (De Geer, 1773)
Melanocoryphus albomaculatus (Goeze, 1778)
Rhyparochromus vulgaris (Schilling, 1829)
Xanthochilus saturnius (Rossi, 1790)
Eremocoris sp. Fieber, 1861

Emblethis verbasci (Fabricius 1803)

Raglius confusus (Reuter, 1886)

Gargara genistae (Fabricius, 1775)
Adelphocoris lineolatus (Goeze, 1778)
Calocoris nemoralis (Fabricius, 1787)
Calocoris sp. Fieber, 1858

Deraeocoris (Deraeocoris) ruber (Linnaues, 1758)
Deraeocoris punctum (Rambur, 1839)
Deraeocoris sp. Kirschbaum, 1856

Grypocoris (Lophyromiris) sexguttatus (Fabricius, 1777)
Lygus pratensis (Linnaeus, 1758)

Metopoplax sp. Fieber, 1860

Aelia acuminata (Linnaeus, 1758)

Aelia rostrata Boheman, 1852

Carpocoris mediterraneus mediterraneus (Tamanini, 1958)
Dolycoris baccarum (Linnaeus, 1758)
Dyroderes umbraculatus (Fabricius, 1775)
Eurydema (Eurydema) oleracea (Linnaeus, 1758)
Eurydema (Eurydema) ornata (Linnaeus, 1758)
Eurydema fieberi Schummel, 1837

Eurydema ventralis (Kolenati, 1846)
Graphosoma lineatum (Linnaeus, 1758)
Palomena prasina (Linnaeus, 1761)

Sciocoris sp. Fallen, 1829

Pyrrhocoris apterus (Linnaeus, 1758)
Pyrrhocoris marginatus (Kolenati, 1845)
Chorosoma schillingii (Schilling, 1829)
Corizus hyoscyami (Linnaeus, 1758)
Xanthochilus saturnius (Rossi, 1790)
Odontoscelis (Odontoscelis) fuliginosa (Linnaeus, 1761)
Tettigomedra sp. Latreille, 1804

Dictyla humuli (Fabricius, 1794)

Tingis sp. Fabricius, 1803

DIPTERA

Eustalomyia sp. Kowarz, 1873
Aulacigaster leucopeza (Meigen, 1830)
Bibio hortulanus (Linnaeus, 1758)
Bibio marci (Linnaeus, 1758)
Dilophus femoratus Meigen, 1804
Carpomya schineri (Loew, 1856)
Drosophila suzukii Matsumura, 1931
Loxocera aristata (Panzer, 1801)
Chaetorellia Hendel, 1927

Tephris sp. Ragonot, 1891

Nephrotoma sp. Meigen, 1803
Pegomyia sp. Robineau-Desvoidy, 1830
Anthomyia sp. Meigen, 1803
Botanophila sp. Lioy, 1864

Delia sp. Robineau-Desvoidy, 1830
Hylemya sp. Robineau-Desvoidy, 1830
Lasiomma sp. Stein, 1916

Chlorops sp. Meigen, 1803
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Tab.3.6 CA and CCA code

HYMENOPTERA LEPIDOPTERA
Hyl Arge sp. Schrank, 1802 L1 Amata phegea Linnaeus, 1758
Hy2  Athalia bicolor Serville, 1823 L2 Amata sp. Fabricius, 1807
Hy3  Athalia circularis (Klug, 1815) L3 Epilecta linogrisea (Denis & Schiffermuller, 1775)
Hy4  Dolerus sp. Panzer, 1801 L4  Noctua pronuba (Linnaeus, 1758)

HyS Macrophya (Macrophya) montana (Scopoli, 1763) LS  Trigonophora (Trigonophora) flammea (Esper, 1785)
Hy6  Nematus (Pteronidea) myosotidis (Fabricius, 1804) L6  Adscita mannii (Lederer, 1853)

Hy7  Nematus sp. Panzer, 1801 L7  Zygaena sp. Fabricius, 1775

Hy8  Tiphia sp. Fabricius, 1775 L8  Noctua orbona (Hufnagel, 1766)

Hy9 Athalia sp. Leach, 1817

The correspondence analysis (chi square= 11812,777; p<0,01) (Graph 3.6; legend codes are explained in
Tab. 3.5; Tab. 3.6) is useful to explore the relationships between phytophagous species (red dots) and
sampling areas (yellow rhombuses). For example, there are four groups of species: one related to Pnat, one
to Pecot, one to Fbio and a numerous group associated with Gnat, Gecot and Fint. What emerges from the
correspondence analysis is that the greater number of species are linked to agrosystems.

Several species correspond to Fbio (Field biological) such as the Pentatomidae (Hemiptera) Eurydema
(Eurydema) oleracea (Linnaeus, 1758) (H43), which is a well-known pest of cruciferous vegetables
(Pollini, 2013), the Chrysomelidae (Coleoptera) Chaetocnema

sp. Stephens, 1831 (C65), the potatoes pest Leptinotarsa
decemlineata (Say, 1824) (C26) (Boniotti, 2020), the first record
for Calabria Galeruca (Galeruca) littoralis (Fabricius, 1787)
(C20), Chrysolina (Synerga) herbacea (Duftschmid, 1825)
(C15), Mantura (Mantura) obtusata (Gyllenhal, 1813) (C28)
and Pachybrachis sp. Dejean, 1831 (C31); among the

Curculionidae (Coleoptera), important is the presence of the beet Figure 3.1 Photo by stereomicrospe of
pest Bothynoderes affinis (Schrank, 1781) (C36) (Fig. 3.1) Bothynoderes affinis (F. Mendicino)
(Toshova et al., 2019), which is a first report for Calabria; in addition, there are Calamobius filum (Rossi,
1790) (C3) (Coleoptera, Cerambycidae) and Urophonus humeralis (Fabricius, 1798) (C57) (Coleoptera,
Nitidulidae), which is a pest of orchards (Vincent & Lindgren, 1972). Between Diptera, there is the genera
Eustalomyia sp. Kowarz, 1873 (D1) and Lasiomma sp. Stein, 1916 (D17) (Fam: Anthomyiidae), whose
larvae can feed of the roots of many plants (Pollini, 2013). Instead, closely associated to the natural pine
forest (Pnat), among Hemiptera there is the family Cydnidae with genera Ochetostethus sp. Fieber, 1860
(H15) and Canthophorus sp. Mulstant & Rey, 1866 (H14), while between Diptera there is the Drosophilidae
Drosophila suzukii Matsumura, 1931 (D7), which is an Asian alien pest of red fruits typical of the
underwood of forests (Cini et al., 2012). In addition, there the Elateridae (Coleoptera) Cidnopus
pseudopilosus Plantia & Gudenzi, 1985 (C46) and the Chrysomelidae (Coleoptera) Derocrepis solidalis
(Kutschera, 1860) (C18): the last one species is a first record for Sila National Park.
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In contrast, the ecotonal pine forest (Pecot), among Coleoptera, is associated with the Elateridae Athous
inepust Candéze, 1860 (C44) and the Chrysomelidae Phyllotreta undulata Kutschera, 1860 (C34), which
is a phytophagous of Euphorbiacea and Crucifere (Boniotti, 2020). About Diptera, there is Tephris sp.
Ragonot, 1891 (D10) (Fam: Tephritidae).

In the macrogroup Fint, Gecot and Gnat there is the majority of species; in particular, in Fint and Gecot
there are the beetles of Cerambycidae family Agapanthia sp. Serville, 1835 (C2), the Silvanidae
Oryzaephilus surinamensis (Linnaeus, 1758) (C68), which is a cereal pest (Hashem et al., 2021) and the
Mycteridae Mycterus (Mycterus) curculioides (Fabricius, 1781) (C56). Moreover, among Diptera there is
the Tipulidae Nephrotoma sp. Meigen, 1803 (D11), which is a cereal pest too (Hofsvang, 2010). Between
Hemiptera there are the wheat pest, such as the Cercopidae Cercopis sanguinolenta (Scopoli, 1763) (H2)
and the Pentatomidae Aelia acuminata (Linnaeus, 1758) (H638) (Biedermann, 2002; Pollini, 2013),
Dolycoris baccarum (Linnaeus, 1758) (H41), that feeds on fruits (Pollini, 2013) and Eurydema (Eurydema)
ornata (Linnaeus, 1758) (H44) which is a pest of cereals and patatoes (Pollini, 2013).

In Gnat (natural grazing area) there are the Hemiptera of Lygaenidae family Rhyparochromus vulgaris
(Schilling, 1829) (H19) and the Cercopidaec Haematoloma dorsatum (Ahrens, 1812) (H3); among
Coleoptera there are the Melolonthidae Firminus baudi (Reitter, 1902) (C51) and the first record for Sila
National Park Rhizotrogus marginepes Mulsant, 1842 (C53).

The CCA analysis (Graph. 3.24), instead, correlates the phytophagous species to the variables tree cover
vegetation, land use, average temperature, rainfall and the presence of grazing. The Eigenvalue for the first
(0,42773) and the second axis (0,2268) indicate that the canonical axes represent strong gradients and that
a large percentage of variance is concentrated between them (Axis1=43,82%; Axis2=23,24%). A

simulation with 9999 permutation indicates that the distributions along the axes are not casual (p: 0,0002).
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In this analysis emerges that a strong influence on the distribution of species is given mainly by the
vegetation cover and, therefore, the amount of light and by the average temperature, the number of days of
rain and land use. For example, species positively affected by vegetation cover and grazing and negatively
by land use are the Hemiptera Spathocera lobate (Herrich-Schéffer, 1840) (H10) (Fam: Coreidae) and
Ochetostethus sp. Fieber, 1860 (H15) (Fam: Cydnidae). Among Hymenoptera there is the Tenthreniidae
Nematus (Pteronidea) myosotidis (Fabricius, 1804) (Hy6), while between Diptera the genera Eustalomyia
sp. Kowarz, 1873 (D1), Pegomyia sp. Robineau-Desvoidy, 1830 (D12) and Hylemya sp. Robineau-
Desvoidy (D16) (Fam: Anthomyiidae). About Coleoptera there is the Elateridae Cidnopus pseudopilosus
(Leske, 1785) (C46) while between Orthoptera the Acrididae Calliptamus siciliae Ramme, 1927 (03).

In contrast, the average temperature positively affects several species of beetles including the Elateridae
Agripnus murinus (Linnaeus, 1758) (C43) and the Melolonthidae Rhizotrogus aestuvus (Olivier, 1792)
(C54). Among Hemiptera there are the Miridae Dereacoris punctum (Rambur, 1839) (H33), the
Pentatomidae Dolycoris baccarum (Linnaeus, 1758) (H41) and the Scutelleridac Odontoscelis
(Odontoscelis) fuliginosa (Linnaeus, 1761) (H55). About Lepidoptera there is Amatha sp. Fabricius, 1807
(L2) while between Hymenoptera Tiphia sp. Fabricius, 1775 (HyS8). Finally, about Orthoptera there is
Stenobothrus lineatus (Panzer, 1796) (O7). The beetle Curculionidae Bothinoderes affinis (Schrank, 1781)
(C36) and the dipterans Delia sp. Robineau-Desvoidy (D15) and Lasiomma sp. Stein, 1916 (D17) (Fam:
Anthomyiidae) are positively correlated to the land use. In addition, there are the Hemiptera Coreidae
Coriomeris scabricornis (Panzer, 1809) (H9) and the Miridae Calocoris nemoralis (Fabricius, 1787) (H30).
To conclude, to the rains there are some species such as the Coleoptera Chrysomelidae Chrysolina rossia
(Illiger, 1802) (C14) and Galeruca (Galeruca) tanaceti (Linnaeus, 1758) (C22). Among the Hemiptera
there is the Lygaedidae Rhyparochromus vulgaris (Schilling, 1829) (H18) while between Diptera the
Bibionidae Dilophus femoratus Meigen, 1804 (D5).

Not all phytophagous species are damaging for plants and the species reported in the literature as potentially
harmful are distributed differently in the areas. Specifically (Tab. 3.7), the species reported as potentiality
pest are 21 in Fbio, 16 in Fint, 22 in Gecot, 23 in Gnat, 11 in Pecot and 9 in Pnat.

Table 3.7 Number of pest species and number of specimens (Pollini, 2013)

Fbio Fint Gecot Gnat Pecot Pnat
N° species 21 16 22 23 11 9
N° specimens 1097 1593 1436 232 815 448

In detail, in the farm Scrivano Terre d’ Altopiano (Tab. 3.8) were collected 7 pests for the cereal plantation,
2 for the cherry and 2 for the field of alfalfa. For other vegetables present in this farm, 9 pests were collected,
in particular 8 for the organic strawberry plantation and 5 for the potato Sila IGP BIO crop. However,
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obvious damage were only recorded during the first season of sampling on the leaves of potatoes plants by

L. decemlineata. In the following year, the number of individuals of that insects were decidedly reduced.

Table 3.8 Pest in Fbio — Scrivano terre D’altopiano

Species/genera Fbio Cereal Cerry Alfalfa Vegetables Strawberries Patatoes
Agrilus sp. Curtis, 1825 3 X
Calamobius filum (Rossi, 1790) 3 X
Tropinota (Epicometis) hirta hirta (Poda, 1761) 4 X X
Tropinota (Tropinota) squalida squalida (Scopoli, 1783) 12 X X
Chaetocnema sp. Stephens, 1831 19 X
Galeruca (Galeruca) pomonae subsp. pomonae (Scopoli, 1763) 2 X
Galeruca (Galeruca) tanaceti (Linnaeus, 1758) 3 X X X
Leptinotarsa decemlineata (Say, 1824) 260 X
Psylliodes (Psylliodes) chrysocephala (Linnaeus, 1758) 1 X
Phyllotreta cruciferae (Doeze, 1777) 2 X
Bothynoderes affinis (schrank, 1781) 3 X
Agrypnus murinus (Linnaeus, 1758) 3 X
Urophorus humeralis (Fabricius, 1798) 1 X
Delia sp. Robineau-desvoidy, 1830 730 X X X
Dilophus femoratus Meigen, 1804 28 X X
Drosophila suzukii Matsumura, 1931 6 X
Haematoloma dorsatum (Ahrens, 1812) 7 X X
Lygus pratensis (Linnaeus, 1758) 5 X X X
Dolycoris baccarum (Linnaeus, 1758) 1 X X
Chorthippus sp. Fieber, 1852 1 X
Gryllus campestris Linnaeus, 1758 3 X X

On the farm Fattoria Pupo, different pests are collected (Tab. 3.9; Tab.3.10; Tab.3.11). Cereal-harmful
species are in total 14, respectively 9 species in the potatoes field, 12 in the ecotonal area (Gecot) and 6 in
the ecotonal pine forest (Pecot); the pest of alfalfa collected are 5, two in the field and pine forest and in
the open area; pest of vegetables are 10, of which 8 in the potato field and open area and 4 in the pine forest.
As regards pest of berries, 9 species are recorded, of which 6 in the field, 9 in the ecotone and 4 in the pine
forest; potatoes pests species are 10, of which 4 in the field, 7 in the open area and 3 in the pine forest. The
damage were mainly recorded in the BIO berry plantation due to the alien pest D. suzukii but also from D.
baccarum. In the integrated management potatoes crop, on the other hand, damage to potatoes were

observed due to the larvae of Agrypnus murinus and Agriotes spp.
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Table 3.9 Pests in Fint- Fattoria Pupo

Species/genera Fint Cereal Alfalfa  Vegetables Redfruits Patatoes
Tropinota (Epicometis) hirta hirta (Poda,
1761)
Tropinota (Tropinota) squalida squalida
(Scopoli, 1783)
Chaetocnema sp. Stephens, 1831 5 X

Galeruca (Galeruca) pomonae subsp. p

29 X X

62 X X

omonae (Scopoli, 1763) ? X

i{lslg)ruca (Galeruca) tanaceti (Linnaeus, | X X X
11\f76603¢,;repidodera ferruginea (Scopoli, ) X X
Psylliodes (Psylliodes) chrysocephala ) x

(Linnaeus, 1758)

Delia sp. Robineau-Desvoidy, 1830 446 X X X
Bibio hortulanus (Linnaeus, 1758) 241 X X X

Dilophus femoratus Meigen, 1804 758 X X

Drosophila suzukii Matsumura, 1931 17 X
Nephrotoma sp. Meigen, 1803 1 X

o
=
=

Dolycoris baccarum (Linnaeus, 1758)
Eurydema (Eurydema) ornata (Linnacus,

1758) 2 X
Chorthippus sp. Fieber, 1852 5 X
Gryllus campestris Linnaeus, 1758 7 X
Table 3.10 Pests in Gecot- Fattoria Pupo

Species/Genera Gecot Cereal Alfalfa Vegetables Red fruit Patatoes Carduus
Agrilus sp. Curtis, 1825 22 X
Tropinota (Epicometis) hirta hirta (Poda, 1761) 43 X X
Tropinota (Tropinota) squalida squalida (Scopoli, 1783) 21 X X
Chaetocnema sp. Stephens, 1831 2 X
Galeruca (Galeruca) pomonae subsp. pomonae (Scopoli, 1763) 13 X
Galeruca (Galeruca) tanaceti (Linnaeus, 1758) 1 X X X
Galerucella lineola (Fabricius, 1781) 1 X
Lixus sp. J.C.Fabricius, 1802 1 X
Rhizotrogus aestivus (Olivier, 1789) 1 X
Oryzaephilus surinamensis (Linnaeus. 1758) 1 X
Opatrum sp. Fabricius, 1775 1 X
Delia sp. Robineau-Desvoidy, 1830 332 X X X
Bibio hortulanus (Linnaeus, 1758) 33 X X X
Dilophus femoratus Meigen, 1804 860 X X
Drosophila suzukii Matsumura, 1931 14 X
Aelia rostrata Boheman, 1852 3 X X
Dolycoris baccarum (Linnaeus, 1758) 7 X X
Eurydema (Eurydema) ornata (Linnaeus, 1758) 6 X X X
Eurydema ventralis (Kolenati, 1846) 1 X X X
Calliptamus italicus (Linnaeus, 1758) 2 X X X X
Chorthippus sp. Fieber, 1852 67 X
Gryllus campestris Linnaeus, 1758 4 X
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Table 3.11 Pests in Pecot — Fattoria Pupo

Genere/Specie Pecot Cereals Alfalfa Vegetables Red Fruit Patatoes Pine
Galerucella lineola (Fabricius, 1781) 1 X
Agriotes sp. Eschscholtz, 1829 1 X X X X
Agrypnus murinus (Linnaeus, 1758) 1 X
Oryzaephilus surinamensis (Linnaeus. 1758) 1 X
Delia sp. Robineau-Desvoidy, 1830 133 X X X
Bibio hortulanus (Linnaeus, 1758) 1 X X X
Dilophus femoratus Meigen, 1804 234 X X
Drosophila suzukii Matsumura, 1931 425 X
Nephrotoma sp. Meigen, 1803 1 X
Haematoloma dorsatum (Ahrens, 1812) 16 X
Eurydema (Eurydema) ornata (Linnaeus, 1758) 1 X X X

3.6 Analysis of predator insect communities

Assessing the presence of predator species and how their distribution change in the investigates areas is
interesting, especially in sites where the presence of pests has been highlighted.

The CA analysis (chi square = 1780,031; p<0,001) (Graph 3.25; legend code Tab. 3.12), show the
distribution of zoophagous species in the sampling areas. In particular, there is the formation of 5 groups
where each area has a distinct community, except for Fint and Gecot which share species. For example, the
natural pine forest (Pnat) is correlated to the species Cucujus cinnaberinus (Scopoli, 1763) (Cuc 1)
(Coleoptera, Cucujidae). This species is considered a predator of saproxylics and it is included in the red
list of Italian saproxylic with risk category “Vulnerable” (VU) and it is strongly linked to rotting woos.
Other generalist zoophagous species, like the Staphylinidae Ocypus (Matidus) italicus (Aragona, 1830)
(Sta_8), the Dasytidae Divales bipustulatus (Fabricius, 1781) (Das 1), the Drillidae Drilus flavescens
Olivier, 1790 (Dri_1) and the Elateridae Cidnopus pilosus (Leske, 1785) (Ela_5) are founded. In contrast,
the ecotonal pine forest (Pecot) corresponds to species like Calvia quatuordecimguttata Linnaeus, 1758
(Coc_3; Fam: Coccinellidae), Opilo mollis (Linnaeus, 1758) (Cle 1; Fam: Cleridae), Ampedus (Ampedus)
sinuatus Germar, 1844 (Ela_1; Fam: Elateridae) and Lordithon lunulatus (Linnaeus, 1760) (Sta_6; Fam:
Staphylinidae). In the grazing natural area (Gnat) the predators connected to this zone are the Staphylinidae
Gyrohypnus punctulatus (Paykull, 1789) (Sta_4) and Xantholinus (Typhlonus) appenninicola Steel, 1946
(Sta_21). In addition, in Fbio for example, there are the Cleridae Trichodes alvearius (Fabricius, 1792)
(Cle 3) and Trichodes leucospideus (Olivier, 1795) (Cle 5), the Coccinellidae Coccinula
quatuordecimpustulata (Linnaeus, 1758) (Coc_7) and Hippodamia (Hippodamia) variegata Goeze, 1777
(Coc_9) and the Elateridae Drasterius bimaculatus (Rossi, 1790) (Ela_6).

Finally, in Gecot and in Fint, there are mainly Coccinellidae, such as Ceratomegilla (Ceratomegilla)

undecimnotata Schneider D. H., 1792 (Coc_4), Coccinella (Coccinella) septempunctata Linnaeus, 1758

86



(Coc_5) and Coccinella (Spilota) undecimpunctata Linnaeus, 1758 (Coc_6), but also the Cybocephalidae
Cybocephalus politus Gyllenhal, 1813 and the Dasytidae Enicopus (Enicopus) pilosus (Scopoli, 1763)
(Das_4). Coccinellidae are insects well known in the literature as predator of phytophagous, such as aphids,
and they are often used in biological control. For this reason, these species are more closely related to

agrosystems (Franzmann, 2002; Cabral et al., 2009).
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Table 3.12 Code CA predator species

Species Code Species Code
Cleridae Cucujidae

Opilo mollis (Linnaeus, 1758) Cle_1 Cucujus cinnaberinus (Scopoli, 1763) Cuc_1
Thanasimus formicarius (Linnaeus, 1758) Cle_2 Pediacus dermestoides (Fabricius, 1792) Cuc_2
Trichodes alvearius (Fabricius, 1792) Cle_3 Cybocephalidae

Trichodes apiarus (Linnaeus, 1758) Cle 4 Cybocephalus politus Gyllenhal, 1813? Cyb 1
Trichodes leucospideus (Olivier, 1795) Cle 5 Cybocephalus sp. Erichson, 1844 Cyb 2
Coccinellidae Histeridae

Adalia (Adalia) bipunctata (Linnaeus, 1758) Coc_1 Saprinus (Saprinus) semistriatus (Scriba, 1790) His_1
Adalia (Adalia) decempunctata (Linnaeus, 1758) Coc_2 Staphylinidae

Calvia quatuordecimguttata Linnaues, 1758 Coc_ 3 Bolitobius castaneus (Stephens, 1832) Sta_1
Ceratomegilla (Ceratomegilla) undecimnotata Schneider D.H., 1792  Coc 4 Boreaphilus velox (Heer, 1839) Sta 2
Coccinella (Coccinella) septempunctata Linnaeus, 1758 Coc 5 Carphacis striatus (Olivier, 1795) Sta 3
Coccinella (Spilota) undecimpunctata Linnaeus, 1758 Coc_6 Gyrohypnus angustatus Stephens, 1833 Sta_4
Coccinula quatuordecimpustulata (Linnaeus, 1758) Coc_7 Gyrohypnus punctulatus (Paykull, 1789) Sta_5
Exochomus (Exochomus) quadripustulatus Linnaeus, 1758 Coc_8 Lordithon lunulatus (Linnaeus, 1760) Sta_6
Hippodamia (Hippodamia) variegata Goeze, 1777 Coc 9 Ocypus (Pseudocypus) fulvipennis Erichson, 1840 Sta 7
Hyperaspis sp. Chevrolat, 1836 Coc 10  |Ocypus (Matidus) italicus (Aragona, 1830) Sta 8
Mpyrrha octodecimguttata (Linnaeus, 1758) Coc 11 |Ocypus (Ocypus) olens (O.Muller, 1764) Sta 9
Propylea quatuordecimpunctata (Linnaeus, 1758) Coc_12  |Ocypus (Pseudocypus) sericeicollis (Menetries, 1832) Sta_10
Psyllobora vigintiduopunctata (Linnaeus, 1758) Coc_13  |Othius laeviusculus Stephens, 1833 Sta_11
Scymnus (Scymnus) frontalis (Fabricius, 1787) Coc_14 |Ontholestes murinus (Linnaeus, 1758) Sta_12
Dasytidae Oxytelus (Oxytelus) piceus (Linnaeus, 1767) Sta 13
Aplocnemus sp. Stephens, 1830 Das 2 Phyllodrepa salicis (Gyllenhal, 1810) Sta 14
Divales bipustulatus (Fabricius, 1781) Das_3 Platydracus stercorarius (Olivier, 1795) Sta_15
Enicopus (Enicopus) pilosus (Scopoli, 1763) Das 4 Quedius (Microsaurus) latinus Gridelli, 1938 Sta_16
Elateridae Quedius (Raphirus) semiobscurus (Marsham, 1802) Sta_17
Ampedus (Ampedus) sinuatus Germar, 1844 Ela_1 Tachinus humeralis Gravenhorst, 1802 Sta 18
Cardiophorus (Cardiophorus) collaris/italicus Ela 2 Tasgius (Rayachiela) morsitans (Rossi, 1790) Sta 19
Cardiophorus (Cardiophorus) italicus Platia & Bartolozzi, 1988 Ela 3 Tasgius pedator (Gravenhorst, 1802) Sta 20
Cardiohorus sp. Eschscholtz, 1829 Ela 4 Xantholinus (Typhlolinus) appenninicola Steel, 1946 Sta_21
Cidnopus pilosus (Leske, 1785) Ela_5 Xantholinus (Polydontophallus) elegans (Olivier, 1795) Sta_22
Drasterius bimaculatus (Rossi, 1790) Ela 6 Xantholinus sp. Dejean, 1821 Sta 23
Hemicrepidius hirtus (Herbst, 1784) Ela 7 Tenebrionidae

Melanotus (Melanotus) castanipes (Paykull, 1800) Ela 8 Gonocephalum granulatum (Fabricius, 1791) Ten 1
Melanotus crassicollis (Erichson, 1841) Ela 9 Grynocaris oblonga (Linnaeus, 1757) Ten 2
Drillidae

Drilus flavescens Olivier, 1790 Dri 1

88



3.7 Carabidofauna analysis

Analysis of the carabidofauna in the sampling areas revealed significant differences in species composition

and abundance. The aim of these analyses is to evaluate the data collected, highlighting the ecological

linkage to diverse habitats. The Permanova analysis with the Bray-Curtis index, confirm a significant

difference in the specific composition in study areas (F:7,739; p:0,0001). This indicates that the structure

of communities differs significantly between the groups considered and these differences are real and not

causal. The Bonferroni test also confirmed these differences, especially between pine forests and

agricultural and grazing areas (Tab. 3.13).

Table 3.13 Permanova — Test Bonferroni (Software Past)

Fbio Fint Gecot Gnat Pecot Pnat
Fbio 0,0015 0,5745 0,0015 0,0015 0,0015
Fint 0,0015 1 0,351 0,0015  0,0015
Gecot | 0,5745 1 0,198  0,0015 0,0015
Gnat | 0,0015 0,351 0,198 0,0015  0,0015
Pecot | 0,0015 0,0015 0,0015 0,0015 0,0015
Pnat | 0,0015 0,0015 0,00150 0,0015 0,0015
Table 3.14 Diversity index (Software Past)
Fbio Fint Gecot Gnat Pecot Pnat
N° taxa 30 20 20 13
N° specimens 219 178 286 601 496
SD 3,781163 3,981818 3,178571 5,107143 10,73214 8,857143
Shannon 2,114 2,563 2,06 1,437 1,821 1,71
Evenness 0,2511 0,4326 0,3922 0,2105 0,2686 0,4253
Margalef 5,18 5,381 3,667 3,359 3,438 1,933

The areas with the greatest diversity are agricultural fields and their ecotonal grazing area. The pine forests,

both ecotonal and natural, have a lower biodiversity, but the most abundance. However, as indicated by

Evenness index, in these areas specimens are not evenly distributed among the species, suggesting the

presence of dominant species (Tab. 3.14).
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There is a clear ecological preference by some genera for specific habitats. The most abundant genus is
certainly Calathus Bonelli, 1810, especially in agroecosystems; later there are Pseudophoonus
Motschoulsky, 1848 in the field of biological management (27%) and Harpalus Latreille, 1802 in the
integrated management (14%). In the pine forests there are the presence of Pterostichus Bonelli, 1810,
especially in the natural pine forest (39%) and Carabus Bonelli, 1810, (Pecot 12%; Pnat 11%). In addition,
in the natural pine forest (Pnat) there are also the presence of Abax Bonelli, 1810 (16%) (Graph 3.26).

CARABIDAE
B Abax Bonelli. 1810 1 Amara Bonelli, 1810 Others
u Calathus Bonelli, 1810 B Carabus Linnaeus, 1738 u Harpalus Latreille, 1802
Nebria Latreifle, 1802 B Microlestes Schmidi-Goebel, 1846 B Ophonus Dejean, 1821
Pseudophoonus Motschoulsky, 1848 Prerostichus Bonelli, 1810 Svauchus Gyllenhal, 1810
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Graph 3.26 Abundance Genus of Carabidae in Sampling Areas

In the following table (Tab. 3.15) are indicated the abundances in percentage of the individuals by species

collected for each area, together with their choriotype, diet, presence or absence of wings and size.
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Table 3.15 Abundance of species and distribution, wings, diet and size. Abbreviations of chorotypes as reported in Vigna
Taglianti et al., 1999 e Brandmayer et al., 2005: EUR: European, OLA: Oleartic, PAL: Palearctic, ASE: Asiatic-European,
WPA: W-Palearctic, EUM: European-Mediterrancan, WEU: W-European, END: endemic, SEU (APPE): S-European
Apennine, SEU (APDI): S-European Appennine-Dinarie, SIE: Siberico-European, MED: Mediterranean, TUE: Turanic-
European, TEM: Turanic-European-Mediterranean. Wing: B: Brachypterous, M: Macropterous, D: dimorphic. Diet Z:

Zoophagous, ZS: Zoospermophagous, S: spermophagous.

Species Fbio Fint Gecot  Gnat  Pecot  Pnat Chorotype  Diet Wing Size
Abax (Abax) parallelepipedus subsp. curtulus (Fairmaire, 1856) 0,0% 0,0% 0,0% 0,0% 0,0%  155% EUR A B 4
Acupalpus (Acupalpus) meridianus (Linneus, 1761) 0,0% 0,5% 0,0% 0,0% 0,0% 0,0% EUR A M 1
Amara aulica (Panzer, 1796) 0,2% 0,0% 0,0% 0,0% 0,0% 0,0% OLA ZS M 2
Amara (Amara) aenea (De Geer, 1774) 1,0% 4,6% 1,7%  11.9%  0,0% 00%  PAL(OLA) ZS M 2
Amara (Bradytus) apricaria (Paykull, 1790) 4,4% 32% 4,5% 0,0% 0,0% 00%  PAL(OLA) ZS M 2
Brachinus (Brachinus) explodens Duftschmid, 1812 0,2% 0,5% 0,0% 0,0% 0,0% 0,0% ASE z M 1
Calathus cinctus Motschulsky, 1850 2,5% 0,9% 1,1% 0,3% 0,0% 0,0% WPA z M 2
Calathus fuscipes (Goeze, 1777) 334%  358% 36,0% 664%  4,7% 0,0% EUM 4 D 3
Calathus melanocephalus (Linnaeus, 1758) 0,4% 0,0% 0,0% 0,0% 0,0% 0,0% EUR z D 2
Calathus micropterus (Duftschmid, 1812) 0,4% 0,0% 0,0% 0,0% 0,0% 0,0% PAL z D 2
Calathus (Amphyginus) rotundicollis Dejean, 1828 0,0% 0,0% 0,6% 0,0% 0,0% 1,0% WEU V4 B 2
Calathus (Calathus) montivagus Dejean, 1831 13,5% 0,9% 0,6% 0,0% = 344%  24,6% END z B 3
Calosoma (Campalita) maderae (Fabricius, 1775) 0,2% 0,0% 0,0% 0,0% 0,0% 0,0% MED z D 5
Carabus (Chaetocarabus) lefebvrei subsp. bayardi Solier, 1835 0,0% 0,0% 0,0% 0,0% 0,7% 7,5% END z B 5
Carabus (Oreocarabus) preslii subsp. neumeyeri Schaum, 1856 0,2% 1,8% 0,0% 2,4% 9,7% 3,8%  SEU (APDI) z B 5
Carabus (Tomocarabus) convexus subsp. convexus Fabricius, 1775 0,2% 0,5% 1,1% 3,5% 1,7% 0,0% SIE V4 B 5
Clinidium (Arctoclinidium) canaliculatum (O.G. Costa, 1839) 0,0% 0,0% 0,0% 0,0% 0,0% 3,83%  SEU(APPE) Z B 2
Cychrus italicus Bonelli, 1810 0,0% 0,0% 0,0% 0,0% 0,3% 2,4% END Z B 5
Cymindis (Menas) miliaris (Fabricius, 1801) 0,0% 2,3% 3,4% 2,8% 0,0% 0,0% TUE Z D 2
Dromius (Dromius) agilis (Fabricius, 1787) 0,0% 0,0% 0,0% 0,0% 0,2% 0,0% EUR Z M 2
Dromius fenestratus (Fabricius, 1794) 0,0% 0,0% 0,0% 0,0% 0,2% 0,0% EUR z M 2
Harpalus (Harpalus) attenuatus Stephens, 1824 0,0% 6,0% 5,6% 0,3% 0,0% 0,0% MED ZS M 2
Harpalus (Harpalus) serripes (Quensel in Schonherr, 1806) 0,4% 0,5% 0,0% 0,0% 0,0% 0,0% PAL ZS M 2
Harpalus (Harpalus) tardus (Panzer, 1797) 0,4% 0,5% 0,0% 0,0% 0,5% 0,0% ASE A M 2
Harpalus (Harpalus) decipiens Dejean, 1829 3,1% 1,4% 2.2% 2,8% 0,0% 0,2% WEU A M 2
Harpalus (Harpalus) distinguendus (Duftschmid, 1812) 0,2% 0,0% 1,1% 0,0% 0,0% 0,0% PAL ZS M 2
Harpalus (Harpalus) sulphuripes Germar, 1824 0,2% 4,1% 2,2% 1,0% 0,0% 0,0% EUM VA D 2
Harpalus (Harpalus) dimidiatus (P. Rossi, 1790) 0,0% 0,0% 0,0% 0,3% 0,0% 0,0% EUR A M 2
Harpalus (Harpalus) rubripres (Duftschmid, 1812) 1,0% 0,5% 0,6% 0,3% 0,0% 0,0% ASE ZS M 2
Harpalus (Harpalus) rufipalpis Sturm, 1818 1,9% 0,9% 1,1% 0,3% 0,2% 0,0% SIE zZS M 2
Laemostenus (Pristonychus) terricola (Herbst, 1783) 0,2% 0,5% 0,0% 0,0% 0,0% 0,0% EUR (OLA) z M 4
Laemostenus (Pristonychus) cimmerius subsp. cimmerius (Fischer von Waldheim, 1823)  12% 2,8% 4,5% 0,0% 1,0% 0,0% EME(APDI) Z B 4
Lebia trimaculata (Villers, 1789) 0,0% 0,0% 1,7% 0,7% 0,0% 0,0% TEM z M 2
Leistus (Pogonophorus) spinibarbis subsp. fiorii Lutshnik, 1913 0,0% 0,0% 0,0% 0,0% 0,2% 0,0% EUR A M 1
Leistus fulvibarbis Dejean, 1826 0,2% 0,0% 0,0% 0,0% 0,0% 0,0% EUM ZS M 2
Lionychus (Lionychus) quadrillum (Duftschmid, 1812) 0,4% 0,0% 0,0% 0,0% 0,0% 0,0% EUR z M 1
Masoreus wetterhallii (Gyllenhal, 1813) 0,6% 0,0% 0,0% 1,0% 0,0% 0,0% PAL Z D 1
Metallina (Metallina) lampros (Herbst, 1784) 0,2% 0,5% 0,0% 0,0% 0,0% 0,0% PAL(OLA) Z M 1
Microderes scaritides (Sturm, 1818) 0,0% 0,0% 0,0% 0,7% 0,0% 0,0% TUE S M 1
Microlestes seladon Holdhaus, 1912 3,7% 1,8% 1,7% 2,8% 0,0% 0,0% SEU z D 1
Nebria (Nebria) brevicollis (Fabricius, 1792) 0,2% 1.8% 0,6% 0,0% 0,3% 0,0% TUE Z M 3
Nebria (Nebria) kratteri Dejean & Boisduval, 1830 0,2% 7.8% 0,0% 0,0%  260% 02% SEU(APDI)) Z M 3
Notiophilus biguttatus (Fabricius, 1779) 0,0% 0,5% 0,0% 0,0% 0,5% 0,0% OLA Z D 2
Notiophilus rufipes Curtis, 1829 0,0% 0,5% 0,0% 0,0% 0,0% 0,2% EUR z D 1
Notiophilus substriatus G.R. Waterhouse, 1833 0,0% 0,0% 0,0% 0,0% 0,2% 0,0% EUR Z M 1
Ophonus cribricollis (Dejean, 1829) 0,0% 2,3% 0,6% 0,3% 0,0% 0,0% TUE z M 2
Ophonus puncticollis (Paykull, 1798) 0,2% 0,5% 0,0% 0,0% 1,5% 0,0% SIE S D 2
Paradromius (Manodromius) linearis (Olivier, 1795) 0,4% 0,0% 0,0% 0,0% 0,0% 0,0% EUM z D 1
Philorhizus crucifer (Lucas, 1846) 0,0% 0,0% 0,0% 0,3% 0,2% 0,0% MED z D 1
Poecilus cupreus (Linnaeus, 1758) 0,2% 0,0% 0,0% 0,0% 0,0% 0,0% ASE z M 3
Pseudophoonus (Pseudophoonus) rufipes (De Geer, 1774) 268%  119%  292%  0,3% 0,2% 0,0% PAL S M 4
Pterostichus (Feronidius) melas subsp. italicus (Dejean, 1828) 0,0% 3,7% 0,0% 1,0% 17,0% = 38,9% EUR z B 4
Syntomus impressus Dejean, 1825 0,0% 0,0% 0,0% 0,0% 0,0% 0,2% MED z D 1
Synuchus vivalis (Illiger, 1798) 0,0% 0,0% 0,0% 0,0% 0,2% 1,6% ASE 4 M 2
Trechus (Trechus) obtusus Erichson, 1837 0,0% 0,0% 0,0% 0,0% 0,2% 0,0%  EUM (OLA) Z M 1
Trechus (Trechus) quadristriatus (Schrank, 1781) 1,5% 1,4% 0,0% 0,0% 0,3% 0,0% TEM z M 1
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As regards the choriotype (Graph 3.27), in Fbio are abundant the euromediterranean species and the
palearctic species. In Fint and Gecot, the euromediterranean and palearctic species are particularly
important. In Gnat we have a dominance of 70% of eurmediterranean species while in Pecot species of the

Apennines. Finally, in Pnat we have an abundance of endemic and euromediterranean species.
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Graph 3.27 Abundance of chorotypes. EUR: European, OLA: Oleartic, PAL: Palearctic, ASE: Asiatic-European, WPA: W-
Palearctic, EUM: European-Mediterranean, WEU: W-European, END: endemic, SEU (APPE): S-European Apennine, SEU
(APDI): S-European Appennine-Dinarie, SIE: Siberico-European, MED: Mediterranean, TUE: Turanic-European, TEM:

Turanic-European-Mediterranean.

The species show different abundance according to the use of soil. In fact, as shown by phenological graphs
(Graph 3.28; Graph 3.29; Graph 3.30), in the agricultural fields the species are abundant especially from
August. Specifically, in Fbio between August and September are abundant the species C. fuscipes and C.
presli while in October C. montivagus. On the other hand, in Fint there is the presence of 4. apricaria in
June 2023; in addition, between August and September there is mainly present C. presli while in October
N. kratteri. In Gecot the peaks of presence are also between August and October, with C. fuscipes, P. rufipes
and 4. apricaria. In contrast, in Gnat there are peaks of presence in June of C. convexus and A. aenea, while
in September C. fuscipes. In Pecot have peaks of N. kratteri in June, P. rufipes in July and C. montivagus
from August to September. Finally, in Pnat there are peaks of A. parallelepipedus in June, C. montivagus

in July and P. melas in August.
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Graph 3.28 Relative abundance of species in Fbio and Fint
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The cluster analysis (Graph 3.31) (algorithm: paired groups; similarity index: Bray—Curtis; 1000 bootstraps,
cophenetic correlation coefficient: 0.9703) show a clear separation, in terms of similarity, between the pine
forests and other areas because the wood communities is very different from those in the agriculture fields
and grazing areas. In addition, the cluster consisting of biological field (Fbio) and the natural grazing area
(Gnat) differs from Fint and Gecot. The last two areas constitute a third cluster have a high similarity (0,7)
because there is a species interpenetration between the agricultural field and its inbuilt ecotonal area. Fbio
and Gnat are much more similar to each other and differ from the Fint-Gecot group due to the strategies

used by the integrated management farm.
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Graph 3.31 Cluster Analysis of Carabidae in Sampling Areas (Software Past)
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Graph 3.32 Correspondence of species of Carabidae in Sampling Areas (Software SPSS)

From the analysis of correspondences (Graph 3.32) (chi square= 3282,528; p<0,01) species vs. sampling
areas we can observe the presence of 3 macrogrups. The species associated with the ecotonal pine forest
(Pecot) are several, including N. kratteri, N. substriatus, O. puncticollis and C. presli. The second group of
species, associated with the natural pine forest (Pnat), includes the species P. melas, N. rufipes, C. italicus,
C. lefebvrei, C. canaliculatum and A. parallelepipedus. In addition, all these species are zoophagous and
there are almost all brachypterous species. The wingless species non associated to the natural pine forest,
are linked to the ecotonal pine forest (Pecot). All other species are related to open grazing areas and crops,
thus showing an environmental preference and because they are also predators and could be useful in
biological control vs. phytophagous species. In addition, these species are macropterous or dimorphic and

that means that crops and grazing areas are fewer stable environments than pine forests.
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Graph 3.33 Distribution of macropterous, brachypterous and dimorphic species and categories

related to trophic preference among the sampling areas (Software SPSS).

In the correspondence analysis (Graph 3.33) between the wing conformation of the species vs. the sampling
areas, we can observe how the brachypterous species are associated to the Pine forest, thus confirming a
stable environmental condition. In contrast, macropterous and dimorphic species are more common in
disturbed environments such as agricultural and grazing. Regarding, instead, the trophic regime, the
generalists are related especially to agrosystems, especially Fbio and Gecot, demonstrating how these
environments are disturbed and not stable, while the zoophagous are positioned between the pine forests,
indicating how stable these environments are, and the crops, which are area with a rich presence of

phytophagous individuals.

98



In addition, a CCA (Graph 3.34) was carried out correlating the collected species with 6 variables: use of
soil, presence of grazing, average of temperature and rainfall, tree cover and presence of decay woods. The
large eigenvalue for the first (0,73194) and the second axis (0,36909) indicate that the canonical axes
represent strong gradients and that a large percentage of variance is concentrated between them
(Axis1=51,89%; Axis2=26,17%). A simulation with 9999 permutations indicates that the distribution of
species along the axes is not random (p: 0,0001).

This analysis show that the distribution of species is influenced mainly by land use, tree vegetation cover
and dead wood. In particular, we can distinguish 3 macrogroups. In the first group there are the species that
are positively related mainly to the degree of arboreal vegetation cover, such as D. agilis, N. kratteri, N.
biguttatus and N. substriatus, mostly zoophagous and macropterous species. The presence of dead wood,
on the other hand, affects 8 species such as P. melas, C. rotundicollis, C. italicus, C. lefebvrei and S. vivalis,
which are species associated to pine forest and stable environments. The other species (39 species), mostly

macropterous and generalist, are mainly associated with land use and the presence of grazing.
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3.8 Phytophagous vs predators in agroecosystems
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Graph 3.35 Distribution phytophagous vs. zoopgagous species among the sampling areas (Software SPSS).

From the analysis of the correspondences (chi square= 9840,513; p<0,01) phytophagous vs. predators
present exclusively within the agrosystem (Fbio, Fint, Gecot and Pecot) we can observe 3 macrogroups
(Graph 3.35; legend Code Tab. 3.16). The largest macrogroup of species is linked to the integrated
management crop (Fint) and its ecotonal area (Gecot). Zoophagous linked to Fint are the Staphylinidae
Othius laeviusculus Stephens, 1833, the Dasytidae Enicopus (Enicopus) pilosus (Scopoli, 1763) (DA3) and
the Tenebrionidae Gonocephalum granulatum (Fabricius, 1791) (TE1) while in Gecot are mainly Carabidae

such as Amara (Amara) aenea (De Geer, 1774) (CAR4), Laemostenus (Pristonychus) terricola (Herbst,
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1783) (CAR31) and Leistus fulvibarbis Dejean, 1826 (CAR35). Among the phytophagous in Fint there are
the Hemiptera Aphrodes sp. Curtis, 1833 (H4) (Fam: Cicadellidae) and Eurydema (Eurydema) ornata
(Linnaeus, 1758) (H44) (Fam: Pentatomidae) and the beetle Tropinota (Tropinota) squalida squalida
(Scopoli, 1783) (C6) (Fam: Scarabdeidae) while in Gecot the Hymenoptera Tiphia sp. Fabricius, 1775
(Hy8) (Fam: Tiphidae). In the group of species corresponding to Pecot there is the Hemiptera phytophagous
Ochetostethus sp. Fieber, 1860 (H15) and Pyrrhocoris apterus (Linnaeus, 1758) (H50) (Fam:
Pyrrhocoridae) while among the zoophagous beetles there are the Elateridae Cardiohorus sp. Eschscholtz,
1829 (EL4) and the Carabidae Carabus (Tomocarabus) convexus subsp. convexus Fabricius, 1775
(CAR16), Nebria (Nebria) brevicollis (Fabricius, 1792) (CAR41), Nebria (Nebria) kratteri Dejean &
Boisduval, 1830 (CAR42) and Ophonus cribricollis (Dejean, 1829) (CAR46).

Finally, in the biological field (Fbio) the phytophagous are, for examples, the beetles Galeruca (Galeruca)
littoralis (Fabricius, 1787) (C20) and Chaetocnema spp. Stephens, 1831 (C65) and the Diptera Lasiomma
sp. Stein, 1916 (D17). Among predators there are the Coccinellidae Hippodamia (Hippodamia) variegata
Goeze, 1777 (CO9) and the Carabidac Calathus cinctus Motschulsky, 1850 (CAR?7), Calathus
melanocephalus (Linnaeus, 1758) (CAR9), Harpalus (Harpalus) attenuatus Stephens, 1824 (CAR22),
Harpalus (Harpalus) tardus (Panzer, 1797) (CAR24) and Microderes scaritides (Sturm, 1818) (CAR39).

All these predators could be potential antagonists of the phytophagous present in the agroecosystem.
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Table 3.16 CA code — Phytophagous species

COLEOPTERA DIPTERA
C1 _Agrilus sp Cortis, 1825 D1 Fustalomyia sp_Kowaz, 1873
C2 Agapantia sp_Scrvilk, 1835 D2 Aulacigastar lsucopea (Megen_ 1830)
C3  Calamobius flum (Rossi, 1TW) o3 Bibio hortulanus (Lanacus_ 1758)
CA  Agapanthia cynaraas (Gy 1817) D4 Bibio marci (Lonacuns, 1758)
C6 Troph {Tropn } i Jida (Scopok, 1783) D3  Dilophas Fmoraizs Meigen, 1304
C7 Tropinota (Epicomatis) hirta (Poda, 1761) i Carpomya schinari (Locw, 1856)
C8 Althica sp_Geofliuy, 1762 o7 Drosophila suzaksi Mat=wmora, 1931
CY  Cassida (Cassida) prasina Eger, 1798 D8  Loxocera aristaia (Panzer, 1801)
C10 Cassida (Cassida) rubicinesa OF_Mulker, 1776 (Do Chastorallia Hendel, 1927
C11 Cassidasarguinolaniac Muler 1776 D10 Faphri sp_Ragonet, 1891
C12 Cassida sp_Lamaens, 1758 D11 Naephrotoma sp_Meigen, 1803
C13 Chrpolma (Chalcoidea) intarstincia (Soffian, 1851) D12 Pag ia sp_Roba I idy, 1330
C14 Chrpolina rossia (Riger, 1302) D13 Anthomyia sp. Meigen, 1303
C15 Chrpsolina (Synerga) herbacea (Dofschmid, 1825) D14  Botanophila sp_Lioy,1364
Cl6 Crepidodsra aurea (Geoffiwy, 1785) D15 Delia sp. Robmean-Desvoidy, 1830
C17 Cryptocaphalus sp.O_F_Muler, 1764 D16 Hylemya sp_. REobmncan Desvouly, 1830
C18 Derocrapis sodalis (Knischera, 1360) D17  Lasiomma sp_Sicm, 1916
C19 Ex Husitani (L . 1767) D18 Chlorops sp_Meigen, 1803
C20 Galeruca (Galsruca) liioralis (Fabncis, 1787) HEMIPTERA
C21 Galereca (Galeruca) pomonae subsp_pomonas (Scopok. 1763) [H2 Carcopis sanguinolenta (Scopok. 1763)
C22 Galervca (Galaruca) tanacati (Linnaeus, 1758) H3 Hoamatoloma dorsatum (Ahmens_ 1812)
C23 Galerucella Iineola (Fabnduns, 1781) H4  Aphrodas sp. Coriis, 1333
C24 Alticinac HY  Eupslir cuspidata (Fabncms, 1775)
C23 Hispa aitra Lamacus, 1767 Hé  Lsdra aurita (Linnacus, 1758)
C26 Laplinctarsa decemiineata (Say, 1824) HT Cicadella viridis (Linnacus, 1758)
C2T Luperus sp_Geoffiny, 1762 HE Coriomaris sp_Westwood, 1342
C28 Mantura (Mantura) obtusata (Gyllenhal, 1313) HO Coriomaris scabricornis (Panzer, 1309)
C29 Naocrapidodara frruginea (Scopok, 1763) H10  Spathocara lobata (Hemich-Schaffer, 1340)
C30 Neocrepidodera imprassa (Fabricins, 1301) H11  Syr hombaus (La 1767)
C31 Pachybrachis sp_Dejean, 1836 H12 Centrocoris varisgains Kolenafi, 1845
C32 Phylioirata cruc ifirae (Goeee, 17T77) H18  Coriomeris hirticomis (Fabncms, 1794)
C33 Phyliotreta sp_ Chvrolat, 1837 H15 Ochsetosiethus sp_Feber, 1860
C34 Phyliotrata undelaia Knischera, 1860 [H16  Ksws sp_Fabncios, 1303
C35 Psylliodas (Psylliodas) chrysocaphala (Linnacus, 1758) H17  Lygasus eqeasiris (Lamnacuos, 1758)
C36 Bothynodsres affinis ( 1781) H18 RAyparochrommus velgars (Schilling, 1829)
C37 Coniocl (Plagiographus) psaudoblig (G Mukr 1921) H19 Ersmocoris plabaps (Falken, 1507)
(38 Liras sp_ J.C Fabricins, 1502 HX} Gotrodes grossipas (De Geer, 1773)
C39 PhyHobms (Subphyllobius) virideaerts (Lawcharting, 1781) H21 AMelarocoryphus albomaculatus (Goere, 1778)
ICAD Pityogenes sp_Bedel, 1388 H22 RAyparochromus velgars (Schillmg, 1329)
C41 Paniodon bidens (Pallas, 1771) H23  Xanthochilus saiurnivs (Rossi, 1790)
C42 Agriotas sp_ Eschscheliz, 1329 H24 Eremocoris sp_Ficher, 1861
C43 Agryprus murius (Lmnacus, 1758) H2%  EmbBlathis verbasci (Fabnons 1803)
C44 Athous (Athous} meptes Candézc, 1860 H27  Raglis confisus (Renter, 1886)
C453 Athous sp_Eschscholiz, 1529 H28 Gargara genisias (Fabndns, 1775)
CA6 Cidnopus psesdopilosus Phin & Gudena, 1985 H20  Adelphocori Imeolatus (Goeze, 1778)
CA% Clenicera pectinicorns (Lamacus, 1758) H30 Calocoris aemoralis (Fabnaus, 1787)
CAY Carocoma (Cerocoma) schagfBri (Linmacus, 1758) H31 Calocoris sp_TFcber, 1858
C50 Amadoiroges quercanus (Bumcister, 1855) H32 Derasocoris (Darasocoris) rabar (Lnmanes, 1758)
C51 Firminus baudii (Brenske, 1386) H33 Derasocoris punctzm (Rambur, 1335)
C54 RAzotrogus aestives (Oivner, 1789) H34 Desrasocors sp.Kmschbanm_ 1856
55 Myctarus (Eulryptes) tibiaks Kuster, 1850 H35% Grypocoris (Lophyromirs} saxgultains (Fabnauns 1777
C56 Myctarus (Myclarus) carcalioidas (Fabricuns,1781) H36 Lygas pratensis (Lonacus, 1758)
C5T Urophorus humarals (Fabrcis, 1798) H37 Matopoplax sp_Feber, 1360
C58 Amphimalion ockracenm (Enoch, 1301) H38 Aelic acumingia (Linnacus,1758)
C59 Amphimalion p lomajals Sabatinclk, 1976 H39  Adselia resiraia Boheman, 1852
C60 Omophlus lapiuroidas (Fabncms, 1787) H40  Carpocoris maditerraneus mediterranees (Tamanini, 1958)
C6l Omophlus picipas (Fabnicns, 1792) H41  Dolycoris baccaram (Lmnacus,, 1758)
Opairem sp_Fabucms, 1775 \H43  Eurydema {Eurydema) oleracea (Linmacus, 1758)
C63 Omophlus sp_Solicr, 1835 \H44  Eurydema (Eurydema)} ormala (Lamacus, 1758)
C64 Apteropeda orbicalata (Marsham, 1302) 045  Eurydema faberi Schummel, 1837
C65 Chastocnema spp.- H46  Eurydema ventralis (Kolenati, 1346)
Co6 Psyllicides spp_Siephens, 1831 H47  Graph i (L . 1758)
C67 Orthotomicus sp_Feman, 1867 H49  Sciocoris sp_Fallen, 1329
Oryzaephilus suri is (La 1758) H50  Pyrrhocorss aplerss (Lmnacas, 1758)
HYMENOPTERA H52 Chorosomaschilimgii (Schilling, 1829)
Hyl Args sp_Schrank 1802 H33  Corizus Ayoscyami (Lmnacus, 1758)
Hy2 Athalia bicolor Serville, 1823 H54  Xunthochilus saturnius (Rossi, 17940)
Hy3 Athalia circelaris (King, 1815) H¥ O iz (Ot iz} Eliginosa (L . 1761)
Hvd Dolerus sp_Panzer, 1301 H36 Tattigomedra sp_Latreille, 1504
Hys Macrophya (Macropkya) montana (Scopoli, 1763) H37 Diclyla humuli (Fabrcuos, 1704
Hyh Nematus (Pteronidea) myosetidts (Fabocius, 154) H58 JTingi sp_Fabnoius, 1308
Hy7 Namatus (Pteronidea) oligospilus Forster, 1854 ORTHOPTERA
Hy8 Tiphia sp_Fabncms, 1755 01 Ailopus sp_Feber, 135
HyY Athalia sp_Leach 1817 02 Calliptamus italices (Lmmacus, 1758)
LEPIDOPTERA 03 Calliptamus sicilia e Ramme, 1927
L2 Amaia sp_Fabncs, 1507 04 Eyprapocnamis plorans (Charpentier, 1825)
L4 Noctua pronuba (Linnacus, 1758) 05 Oadipoda casrulascans {Linnaeuns, 1758)
L5 Trigonophora (Trigonophora) fammaa (Esper, 1785) Oh Omocesius (Omocastus) rufipes (Zetiersiedt, 1821)
L7 Zygasaa sp_Fabucms, 1775 07  Stenobothrus Ineaius lineatus (Panzer, 17T06)
L8 Noclua orbona (Hufmagel, 1766) 0% Gryfus campastris Lamacus_ 1758
09 Tatrix sp_Lahwilke, 1302
010 Chorthippus sp_ Foher, 1852
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Table 3.17 CA code — Zoophagous species

Cleridae Tenebrionidae

Thanasimus formicarius (Linnaeus, 1758) CL2 Gonocephalum granulatum (Fabricius, 1791) TE1
Trichodes alvearius (Fabricius, 1792) CL3 Carabidae

Trichodes apiarus (Linnaeus, 1758) CL4 Acupalpus (Acupalpus) meridianus (Linneus, 1761) CAR2
Trichodes leucospideus (Olivier, 1795) CLS Amara aulica (Panzer, 1796) CAR3
Coccinellidae Amara (Amara) aenea (De Geer, 1774) CAR4
Adalia (Adalia) bipunctata (Linnaeus, 1758) CO1 Amara (Bradytus) apricaria (Paykull, 1790) CARS
Adalia (Adalia) decempunctata (Linnaeus, 1758) Cco2 Brachinus (Brachinus) explodens Duftschmid, 1812 CAR6
Calvia quatuordecimguttata Linnaues, 1758 COo3 Calathus cinctus Motschulsky, 1850 CAR7
Ceratomegilla (Ceratomegilla) undecimnotata Schneider D. H., 1792 CO4 Calathus fuscipes (Goeze, 1777) CARS
Coccinella (Coccinella) septempunctata Linnaeus, 1758 CO5 Calathus melanocephalus (Linnaeus, 1758) CAR9
Coccinella (Spilota) undecimpunctata Linnaeus, 1758 CO6 Calathus micropterus (Duftschmid, 1812) CAR10
Coccinula quatuordecimpustulata (Linnaeus, 1758) co7 Calathus (Amphyginus) rotundicollis Dejean, 1828 CAR11
Exochomus (Exochomus) quadripustulatus Linnaeus, 1758 CO8 Calathus (Calathus) montivagus Dejean, 1831 CAR 12
Hippodamia (Hippodamia) variegata Goeze, 1777 C0o9 Calosoma (Campalita) maderae (Fabricius, 1775) CAR 13
Hyperaspis sp. Chevrolat, 1836 CO10 Carabus (Chaetocarabus) lefebvrei subsp. bayardi Solier, 1835 CAR 14
Myrrha octodecimguttata (Linnaeus, 1758) COl11 Carabus (Oreocarabus) preslii subsp. neumeyeri Schaum, 1856 CAR 15
Propylea quatuordecimpunctata (Linnaeus, 1758) CO12 Carabus (Tomocarabus) convexus subsp. convexus Fabricius, 1775 CAR 16
Psyllobora vigintiduopunctata (Linnaeus, 1758) Co13 Clinidium (Arctoclinidium) canaliculatum (O.G. Costa, 1839) CAR17
Scymnus (Scymnus) frontalis (Fabricius, 1787) CO14 Cychrus italicus Bonelli, 1810 CAR 18
Dasytidae Cymindis (Menas) miliaris (Fabricius, 1801) CAR 19
Aplocnemus sp. Stephens, 1830 DAl Dromius (Dromius) agilis (Fabricius, 1787) CAR20
Divales bipustulatus (Fabricius, 1781) DA2 \Dromius fenestratus (Fabricius, 1794) CAR21
Enicopus (Enicopus) pilosus (Scopoli, 1763) DA3 Harpalus (Harpalus) attenuatus Stephens, 1824 CAR22
Elateridae Harpalus (Harpalus) serripes (Quensel in Schonherr, 1806) CAR23
(Ampedus (Ampedus) sinuatus Germar, 1844 EL1 Harpalus (Harpalus) tardus (Panzer, 1797) CAR24
Cardiophorus (Cardiophorus) collaris/italicus EL2 Harpalus (Harpalus) decipiens Dejean, 1829 CAR25
Cardiophorus (Cardiophorus) italicus Platia & Bartolozzi, 1988 EL3 Harpalus (Harpalus) distinguendus (Duftschmid, 1812) CAR26
Cardiohorus sp. Eschscholtz, 1829 EL4 Harpalus (Harpalus) dimidiatus (P. Rossi, 1790) CAR28
Drasterius bimaculatus (Rossi, 1790) El6 Harpalus (Harpalus) rubripres (Duftschmid, 1812) CAR29
Hemicrepidius hirtus (Herbst, 1784) El7 Harpalus (Harpalus) rufipalpis Sturm, 1818 CAR30
Melanotus (Melanotus) castanipes (Paykull, 1800) EI8 Laemostenus (Pristonychus) terricola (Herbst, 1783) CAR31
Melanotus crassicollis (Erichson, 1841) E19 Laemostenus (Pristonychus) cimmerius (Fischer von Waldheim, 1823) CAR32
Staphylinidae Lebia trimaculata (Villers, 1789) CAR33
Boreaphilus velox (Heer, 1839) ST2 Leistus (Pogonophorus) spinibarbis subsp. fiorii Lutshnik, 1913 CAR34
Carphacis striatus (Olivier, 1795) ST3 Leistus fulvibarbis Dejean, 1826 CAR35
Gyrohypnus angustatus Stephens, 1833 ST4 Lionychus (Lionychus) quadrillum (Duftschmid, 1812) CAR36
Gyrohypnus punctulatus (Paykull, 1789) ST5 Masoreus wetterhallii (Gyllenhal, 1813) CAR37
Lordithon lunulatus (Linnaeus, 1760) ST6 Microderes scaritides (Sturm, 1818) CAR39
Ocypus (Pseudocypus) fulvipennis Erichson, 1840 ST7 Microlestes seladon Holdhaus, 1912 CAR40
Ocypus (Matidus) italicus (Aragona, 1830) ST8 Nebria (Nebria) brevicollis (Fabricius, 1792) CARA41
Ocypus (Ocypus) olens (O. Muller, 1764) ST9 Nebria (Nebria) kratteri Dejean & Boisduval, 1830 CAR42
Ocypus (Pseudocypus) sericeicollis (Menetries, 1832) ST10 Notiophilus biguttatus (Fabricius, 1779) CAR43
Othius laeviusculus Stephens, 1833 ST11 Notiophilus rufipes Curtis, 1829 CAR 44
Phyllodrepa salicis (Gyllenhal, 1810) ST14 Notiophilus substriatus G.R. Waterhouse, 1833 CAR 45
Platydracus stercorarius (Olivier, 1795) ST15 Ophonus cribricollis (Dejean, 1829) CAR 46
Quedius (Microsaurus) latinus Gridelli, 1938 ST16 Ophonus puncticollis (Paykull, 1798) CAR47
Quedius (Raphirus) semiobscurus (Marsham, 1802) ST17 Paradromius (Manodromius) linearis (Olivier, 1795) CAR48
Tachinus humeralis Gravenhorst, 1802 ST18 Philorhizus crucifer (Lucas, 1846) CAR49
Tasgius (Rayachiela) morsitans (Rossi, 1790) ST19 Poecilus cupreus (Linnaeus, 1758) CAR 50
Tasgius pedator (Gravenhorst, 1802) ST20 Syntomus impressus Dejean, 1825 CARS3
Xantholinus (Typhlolinus) appenninicola Steel, 1946 ST21 Synuchus vivalis (Illiger, 1798) CAR54
Xantholinus (Polydontophallus) elegans (Olivier, 1795) ST22 Trechus (Trechus) obtusus Erichson, 1837 CAR 55
Xantholinus sp. Dejean, 1821 ST23 Cybocephalid:

Histeridae Cybocephalus sp. Erichson, 1844 CY2
Saprinus (Saprinus) semistriatus (Scriba, 1790) HIl
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3.9 Analysis of the pollinator community

Abundance pollinator Orders
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Graph 3.36 Abundance of pollinator orders

Although with different abundances, in all the areas we have a clear presence of the Diptera, and following

the Coleoptera, Hymenoptera and Lepidoptera (Graph 3.36).

Data analysed by permanova show a significant difference between the areas in terms of specific

composition (F:3,256; p:0,0001), as confirmed by Bonferroni-corrected p values. There are substantial

differences between the areas, except for Fbio vs. Fint, Fint vs. Gecot, and between the two pine forests

(Tab. 3.18).
Table 3.18. Bonferron-corrected p values (Software Past)
Fbio Fint Gecot Gnat Pecot Pnat
Fbio 0,0555 0,009 0,0015 0,0015 0,0015
Fint 0,0555 1 0,0255 0,0015 0,0015
Gecot 0,009 1 0,0165 0,0015 0,0015
Gnat 0,0015 0,0255 0,0165 0,0015 0,0015
Pecot 0,0015 0,0015 0,0015 0,0015 1
Pnat 0,0015 0,0015 0,0015 0,0015 1
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The cluster analysis (similarity index: Bray-Curtis;
Boot N: 1000; cophen. Corr: 0,8816) (Graph 3.37),
highlights two mainly clusters, one composed by pine
forests, which are medially similar to each other
(similarity about 0.5) and open areas. Fint and Gecot
are the most similar areas, precisely for the exchange
of species between field and ecotone. Fbio differs from
this group probably not only because the different use
of soil, but also for the lack of margins of grass; from
this last group, it differs even more Gnat in that it

presents different floral essences.
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Graph 3.37 Cluster analysis of pollinators (Software

Past)
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It was chosen to divide the main pollinators (Apoidea, Syrphidae, Bombyliidae and diurnal Lepidoptera)
from all other flowers visitor and nectariferous mentioned in literature as according to Proposal for an EU
Pollinator monitoring scheme (Potts et al., 2021) because beetles and other families of Diptera are less
specialized pollinators, although they could help to compensate the reduced pollination rate because of the
wild bees decline.

The different parameters describing biological diversity in the six sampling areas are shown in the graphs
3.38. Gecot has the greatest number of taxa while Pecot has the least number; the largest number of
specimens in total and flower visitors is in the Fint area, while the most pollinators are present in Gecot,
representing, therefore, a remarkable hotspot of biodiversity; Pecot shows the lowest number of specimens.
Gnat has the highest value of Shannon and Evenness indexes both in total pollinators and in Flower visitors,
while among the main pollinators the area Fbio has a higher biodiversity value. Pnat has the lowest value
of diversity and equity in total and among flower visitors, while Pecot for specialised pollinators. In
conclusion, in Fbio there is a lower diversity of flowers visitors compared to the integrated field and
ecotonal area while the diversity of main pollinators is greater in Fbio than Fint and Gecot, probably due to
the use of pesticides and the presence of grazing to which pollinators are particularly sensitive. Furthermore,

the species of specialised pollinators in Fbio are equally distributed unlike Gecot and Fint.

107



Dimension 2

* Species

Graph 3.39 Correspondence analvsis Flower Visitors (Software SPSS)
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Table 3.18 Code CA Flower visitors

COLEOPTERA
Anthaxia (Melantheaxia) hevetica Stierlin, 1868
Anthaxia mendizabali Cobos, 1965
Anthaxia (Haplard havia) millefolii (Fabricins, 1801)
Anthaxia (Anthaxia) nifidula (Limmacus, 1758)
Amthaxia (Anthaxig) semicupreq Kuster, 1351
Amthaxia sp. Bschscholtz, 1829
Cantharis decipiens Bandi, 1871
Cartharis sp. Linnacus, 1758
Dichelotarsus procerulus (Kiesemwetter, 1860)
Malthirus sp. Latreille, 1806
Metacantharis clypedata (Illiger, 1798)
Rhagonycha (Rhagonycha) fulva (Scopoli, 1763)
Rhagonycha (Rhagonycha) lignosa (Muller, 1764)
Rhagorycha (Rhagonycha) lutea (Muller, 1764)
Alosterna tabacicolor (De Geer, 1775)
Anastrangdlia dubia (Scopoli, 1763)
Anastrangdia sanguinolerda (Linnacns, 1761)
Chiorophorus sartor (Midler, 1766)
Clytus lama Mulsant, 1847
Chytus rhanmi Germar, 1817
Preudovadonia livida (Fabricius, 1776)
Rutpela macuiaia (Poda, 1761)
Senopterus rufus Linnacns, 1767
Stermirella bifasciata (0. F. Muller, 1776)
Stictoleptura cordigera (Fuessly, 1775)
Paracorymbia fulva (De Geer, 1775)
Celonia auraia subsp. pisana Heer, 1841

Protaetia (Nefocia) cuprea subsp. cruprea (Fatricins, 1775)

Protaetia (Netocia) morio morio (Fabricins, 1781)
Tropinota (Epicometis) hirta kirta (Poda, 1761)
Tropinota (Tropinota) sq
Valgus hemiplerus Linnaens, 1758

Trichodes aivearius (Fabricius, 1792)

Trichodes apimrus (Linnaeus, 1758)

Trichodes leucospideus (Olivier, 1795)

Danacea sp. Laporte de Castelnan, 1836

Dasytes sp. Paykull, 1799

Divales bipustulatus (Fabricins, 1781)

Enicopus (Enicopus) pilosus (Scopoli, 1763)
Pylothrix sp. Kuster, 1858

Pxilothr ix viridicoerulea (Geoffioy, 1785)

Anthrenus (Florilinus) signafus Prichson, 1846
Anthrenus sp. Geoffroy, 1762

Mylabris (Eumylabris) fabricii Sommacov, 1924
Mylabris (Mylabris) variabilis (Pallas, 1781)
Mordella sp. Linnacns, 1758

Mordellistena sp. Costa, 1854

Chrysantlia viridissima (Linnaens, 1758)

Nacerdes (Xarthockroa) carniolica (Gistl, 1834)
Oedemera (Oedemera) alrala W. Schmidt, 1846
Oedemera femorata (Scopoli, 1763)

QOedemera (Oedemera) flavipenmis W. Schmidt, 1846
COedermera flavipes (Fabricins, 1792)

Oedemera hrida/crassipes

Oedemera (Oedemera) nobilis (Scopoli, 1763)
Oedemera podagrarice (Limaeus, 1767)

QOedemera (Oedemera) pthysica (Scopoli, 1763)
Oedemera (Oedemerq) simplex (Linnaens, 1767)
QOedemera sp. Olivier, 1789

librus sp. Brichson, 1845

Anaspis sp. Geoffroy, 1762

Fi; (I? ) pb Kiesemwetter, 1851

Jida squedida (Scopoli, 1783)

QE3gaQRQe

o0
o
-

HYMENOPTERA
Chrysis bicolor Lepeletier, 1306
Chrysis sp. Limaens, 1761
FEampus sp. Spinola, 1806
Argogorytes sp. Ashmead, 1399
Astata sp. Latreille, 1796
Cerceris sp. Latreille, 1802
FEctemrus massiliensis (Kohl, 1883)
Ectemreus sp. Dahlbom, 1845
Gorytes sp. Latreille, 1804
Linderius sp. Lepeletier&Brullé, 1835
Oxybelus sp. Latreille, 1796
Oxybelus subspinosus Klng, 1835
Colpa (Heterelis) quinquecincta (Fabricins, 1793)
Colpa sexmactlata (Fabricius, 1781)
Megascolia flavifrons (Fabricins, 1775)
Scolia (Discolia) hirta (Schrank, 1781)
Ammophila sp. W. Kirby, 1798
Ammwophila pubescens Curtis, 1836
Sphex sp. Linnaeus, 1758
Arge sp. Schrank, 1802
Atkhalia bicolor Serville, 1823
Athdlia circudaris (Klug, 1815)
Athalia sp. Leach, 1817
Dolerus sp. Panzer, 1501
Macrophya (Macrophya) montana (Scopoli, 1763)
Nemgatus (Pleronidea) myosotidis (Fabricins, 1804)
Nemutus sp. Panzer,
Ancistrocerus sp. Wesmael, 1836
Dolichovespula media (Retzins, 1783)
Fumenes mediterraneus Kriechbanmer, 1879
Polistes atrimandibularis Zimmermann, 1930
Polistes dominula (Christ, 1791)
Polistes gallicus (Limmaens, 1767)
Polistes nimphus (Christ, 1791)
Polistes sulcifer Zimmermann, 1930
Vespa crabro Linnaens, 1761
Vespula germarica (Fabricins, 1793)

LEPIDOPTERA

Epilecta linogriseq (Denis & Schiffermuller, 1775)
Noctua orbona (Hufnagel, 1766)
Noctua promuba (Linnaeus, 1758)

Trigonophora (Trigonophora) flammen (Esper, 1785)

H1

H2

H3

H4

HS

Hé6

a7

H8

H9

H10
H11
Hi2
H13
H14
H15
H16
H17
His
Hi9
020
H2l
022
H23
H24
H15
H26
027
H28
H29
H30
H31
H3z
H33
H34
H3s
H36
H37

L1
L2
L3
L4
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Table 3.19 Code CA Flower visitors

Anthomyia sp. Meigen, 1803

Botanophila sp. Lioy, 1864

Delia sp. Robincan-Desvoidy, 1530
Eustalomyia sp. Kowarz, 1873

Hylemya sp. Robincan-Desvoidy, 1830
Laviomma sp_ Stem, 1916

Pegomytia sp. Robmexn-Desvoidy, 1830
Bibio hortulanus (L mnacw, 1758)

Bibio marci (Linmacos, 1758)

Bibiosp. Geofiroy, 1762

Diophus femoratus Magen, 1804

Belardia viaruam (RobincanDesvordy, 1830)
Bellardia vilgarss (Robincan-Desvoidy, 1830)
Calliphora vicina Robinexn-Desvoidy, 1830
Calliphora vomitoria (Lisnaens, 1758)
Clrysomya albizeps Wicdemann, 1819
Cynontya mortorun: (Linnaems, 1761)
Lucilin amprdlacen Villencove, 1922

Lucilia caesar (Linnacm, 1758)

Luciia sericata (Meigen, 1826)

Melinda gentils Robinean-Desvoidy, 1830
Melinde virdicyomea (Robincan-Desvoidy, 1830)
Onesia floralis Robmean-Desvoidy, 1830
Protocdliphora azren (Fallen, 1817)
Leopoldnir sp. Rondana, 1843

Sicus sp. Scopohi, 1763

Threcophora sp. Rondani, 1845

Zodion sp. Lateille, 1796

Enpis (Engpis) permmipes Linnacna, 1758
FEmpis sp. Lmnacoe, 1758

Farmia cantcularss (Linnacms, 1761)

Fannia lineata (Stemn, 1895)

Fanmia sp. RobineanDesvooidy, 1830
Lycidla sp. Collm, 1948

Minettia fasciata (Fallen, 1820)

Minettia sp. RobimeanDesvoidy, 1830
Sapromnyza quadripmctata (Gimmerthal, 1842)
Coenosia tigring (Fabricim, 1775)
Eudavyphora cianella (Magen, 1826)
Graphonyia mocadata (Scopoli, 1763)
Helina impunciata (Fallen 1825)

Helina reversio (Hams, 1780)

Hydrotaea albpuncta (Zcttemtedt, 1845)
Mesembrina meridiana (Linmacus, 1758)
Morellia simplex (Locw, 1857)

Musea autyurmdlis De Geer, 1776

Musca domestica Lmnaes, 1758

Neomyia cornicing (Fabmcie, 1781)

Neonyia virid: (Rob -Desvoidy, 1830)
Phaoria angelicae (Scopoli, 1763)

Phaonia pallida (Fabricim, 1787)

Phaonia subventa (Hars, 1780)

Phaonia tuguriorum (Scopoli, 1763)

Polictes meridionalis Penia & Llorende, 1963
Thricops sepicneress (Wicdemann, 1817)
Ppuncudus sp. Lateille, 1802

Pollenta griseviomentosa (Jacendkoveky, 1944)
Pollenia rudis (Fabricins, 1794)

Pollenia sp. Robican-Desvoidy, 1830

DIPTERA

D1 Loxocera aristata (Paxzer, 1801)
D2 Rhagio sp. Falwicim, 1775
m Paylullia sp. Robmem - Desvoidy, 1830
D4 Phyio sp Robinem-Desvoidy, 1830
D5 Rhinophora lepida (Maigen, 1524)
D6  Stevenio sp. RobmcanDesvouly, 1530
D7  _Angiometopa fallent Pape, 1986
D8 Miltogramma sp. Meigen, 1803
D9  Prerella grivea Meigen, 1824
D10  Ravinia perniv (Haris, 1780)
D11 Sarcophaga (Helicophagella) erassimargo Pandelle, 1896
D12 Sarcophaga (Heteronychia) haemorrhoa Meigen, 1826
D13 Sarcophaga (Thyrsocnema) incisiobata Pandelle, 1896
Dl4 Sarcophaga (Helicophagella) melarira Meigen, 1526
D15  Sarcophaga (Myorhina) nigriventris (Meigen. 1826)
D16 Sarcophaga (Sarcophaga) subviema Rohdendorf, 1937
D17 Chloromyia formosa (Scopoli, 1763)
DI8  Migrodwysa palis (Linnacs, 1758)
D19 Chnsops (Cirysops) coeatiens (Limmacoe, 1758)
D21 Haematopoda #alica Mewpen, 1804
D22  Hoaematopota sp. Meigen, 1503
D23 Hybomitra montana (Meigen, 1820)
D24 Tabanus rectus Low, 1858
D25  Tabanus sp. Lmmancs, 1758
D26 Tabamu tergestiros Epper, 1859
D27  Bithia modesta (Mapen, 1824)
D80 Clausicella sp. Rondani, 1856
D32  Cylindromyia sp. Meipen, 1803
D33 Cyzenws dbicans (Fallen, 1810)
Di4 Dexivsoma camirem (Fabricims, 1781)
™3 Dufouria chalybeata (Mcigen, 1824)
D44 Dufouria nigrita (Fallen, 1810)
D45 Eriothrix moniticole (Egger, 1856)
D6 FEriothrix rufomaciiata (DeGear, 1776)
™9 FEstheria microcera (RobincanDesvoidy, 1830)
D51 Estheria petivlata (Bonsdordf, 1866)
D52  Gonia bimaculata Wicdemamn, 1819
D53 Gonia picea (Robinean-Desvoidy, 1830)
DS8  Gonia vacua Magen, 1826
D60  Gyemosoma nitens Magen, 1824
D64  Gymmasoma sp. Mcipen, 1803
D69  Microphthalma exropea Fgger, 1860
D70 Nowichia sp. Wachil, 1894
D71 Nowickia strobeli (Rondani, 1865)
D75  Peleteria sp. Robmean-Desvoidy, 1830
D76  Peleteria rubescens (RobincanDesvoidy, 1830)
D77  Smudtia sp. Robincan-Desvoidy, 1830
D84 Tachina casta (Rondam, 1859)
D28  Tachina fere (Lmmcm, 1761)
D0 Taching magnicorns (Zetterstedt, 1844)
D91  Tacking sp. Magen, 1803
D94 Wegnerio sp. Diskomoff, 1951
D95  Carpomya schmeri (Locw, 1856)
D96  Chaetorellia Flendel, 1527
D97  Tephris sp. Ragonot, 1891
D98  Thereva sp. Latrellle, 1797

Thereva walida Locw, 1847

D100
D1
D12
Dis
D14
D105
D106
Do7
D1
D116
Dle
D120
D122
D124
D130
D134
D3s
D136
D137
D138
D139
D140
D141
Di42
D143
Dl
Di14s
D146
D147
D48
D149
D150
Dis1
D152
D153
D154
D1ss
D156
D157
D158
D159
D160
D161
Di&2
D163
Dls4
D165
D166
Ds7
D68
Dl
DI
D7
D172
mn3
D74
D175
D176
mm
D178

D17%
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In the correspondences analysis of less specialized pollinators (chi square= 25894,666; p<0,01) a different
distribution of species in the areas is observed (Graph 3.39; legend code Tab. 3.18; 3.19) and the majority
of species are related to Fint, Gecot and Gnat and less to Fbio, Pecot and Pnat.

In the biological field (Fbio), associated species are the dipterans of the genera Eustalomyia sp. Lowarz,
1873 (D4), Botanophila sp. Lioy, 1864 (D2) and Lasiomma sp. Stein, 1916 (D6) (Fam: Anthomyidae), the
Calliphoridae Cynomya mortorum (Linnaeus, 1761) (D17) and Protocalliphora azurea (Fallen, 1817)
(D24) and the Tachinidae Cylindromyia intermedia (Meigen, 1824) (D148), Nowickia strobeli (Rondani,
1865) (D166) and Tachina casta (Rondani, 1859) (D170); among beetles there are the Cerambycidae
Chlorophorus sartor (Muller, 1766) (C18) and the Buprestidae Anthaxia (Haplanthaxia) millefolii
(Fabricius, 1801) (C3).

The integrated field (Fint) and its ecotonal area (Gecot) have common species, such as the Hymenoptera
Oxybelus subspinosus Klug, 1835 (H12) (Fam: Crabronidae) and the beetles Tropinota (Tropinota)
squalida squalida (Scopoli, 1783) (C31) (Fam: Cetoniidae), Divales bipustulatus (Fabricius, 1781) (C38)
(Fam: Dasytidae) and Olibrus sp. Erichson, 1845 (C60) (Fam: Phalacridae).

In contrast, in Gnat there are the Hymenoptera Nematus (Pteronidea) myosotidis (Fabricius, 1804) (H26)
(Fam: Tenthrenidae) and Ancistrocerus sp. Wesmael, 1836 (H28) (Fam: Vespidae) and the Diptera
Hylemya sp. Robineau-Desvoidy, 1830 (D5) (Fam: Anthomyidae) and Lucilia caesar (Linnaeus, 1758)
(D19) (Fam: Calliphoridae).

Associated with Pecot there are several species such as the Coleoptera Metacantharis clypeata (Illiger,
1798) (C11) (Fam. Cantharidae) and Anaspis sp. Geoffroy, 1762 (C61) (Fam: Scraptidae) and the dipteras
Antomyiidae Pegomyia sp. Robineau-Desvoidy, 1830 (D7), the Bibionidae Bibio sp. Geoffroy, 1762 (D10)
and the Muscidae Phaonia tuguriorum (Scopoli, 1763) (D90);

Finally, in Pnat among the beetles there are the Cantharidae Malthinus sp. Latreille, 1806 (C10) and
Rhagonycha (Rhagonycha) lignosa (Muller, 1764) (C13), the Cerambycidae Anastrangalia dubia (Scopoli,
1763) (C16) and the Oedemeridae Oedemera femorata (Scopoli, 1763) (C51); among Diptera there are the
Fanniidae Fannia sp. Robineau-Desvooidy, 1830 (D34) and the Tabinidae Hybomitra sp. Enderlein, 1922
(D140).
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DIPTERA
Amdictus sp. Wiedemam, 1817
Bombyius minor (Lamacas, 1758)
Lomatia sp_ Meigen, 1822
Usiz sp. Lasreille, 1802
¥illz sp Lioy, 1864
Arctophila superbiens (Muller, 1776)
Brochypalpoidas lantus Meigen, 1822
Chailosia sp. Magen, 1822
Chailosia vidipine (Mcigen, 1822)
Chrysatoxum festivire (Linaes, 1758)
Chrysatoxum alegons Loew, 1841
Chrysatoxum irtarmadiurs (Meigen, 1817)
Clrysotoxum octomacwaton Curds, 1837

Episyrphus baltantus (De Geer, 1776)
Episyrphus sp. Matsomwa & Adachi 1917
Eristalts arlustorum (Lanacos, 1758)
Eristalts jugorum Egger, 1925
Eristalis partinax (Scopoli, 1763)
Eristalic sp_Latrelle, 1804
Eristalis tanerx (Linnaenss, 1758)
Eumeris flavitarsis Zetterstedt, 1843
Eumerts sp.Meigen, 1822
Fupecdas corollas (Fabecns, 17M4)
thbrmnwlm)

Amata phagea (Lonaeos, 1758)

Pyrgus armoricanus (Obesthin, 1910)
Cupido (Cupido) mirgmus (Focsdy, 1775)
Plsbajr (Plebejus) argus (Linaens, 1758)
Argyrts {(Argyrees) pophin (Linnaens, 1758)
Cosnorympha poepislus (Linaeas, 1758)
Hypparchia (Hipparchiz) fagi (Scopdk, 1763)
Hipparchia statinus (Huokagd, 1766)
ZIssoria lothorsa (Linnaens, 1758)
Mriola jurting (Linnaeas, 1758)
Melitean ciria (Lanacos, 1758)
Pararge asgeria (Limaeas, 1758)
Polygoria c-album (Linaeas, 1758)
Fanasse cardw (Linnaeas, 1758)

Aporia crataag? (Linnaras, 1758)

Cdlias crocass (Fomaoy, 1785)

Euchlon (Euchloa) musoria (Hibnes, 1804)
Picris rapas (Lanaes, 1758)

Pontia adusa (Fawicae, 1777)
Parnassius mremosyns (Linnaens, 1758)
Zygasma sp. Fabocms, 1775
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Table 3.20 Code CA of pollinators

| Andrene afeliellz (Kuby, 1802)
| Andrena agidissime (Scopdi, 1770)

| Andrema fidve (Moller, 1766)

| Andremn fivago (Chst, 1791)

| dndrena fubvata E. Stwockhert, 1930

| Anciramn fibvitarsic Prollé, 1832

| Andrena_fimida Pexer, 1895

| Andrena gelriae van dex Vecht, 1927
| Andrena gravida Imhoff, 1832

| Andrena halvola (Linnaens, 1758)

| Andremn Al Imhaff. 1837

| Arndremn komarti Schomedelnechs, 1900
| Andrena lnkiata Faborms, 1781

| Andrenn mirdulcidas Pedans, 1914

| Amdremn mimaula (Kitby, 1802)

| Andremn (Milardrena) morio Brollé, 1837
|Andrenz nigroasnea (Kiby, 18112)

| Andrera ovate Schendk, 1853

| Andrena pilipas Fabhrcms, 1781

| Andrena polta Smith 1847

| Andrena thoracice (Fabocs, 1775)

| Andrena tomora Wamcke, 1975
|Andrena trimmarana (Kaby, 1B02)

| Andrerz wilkalla (Kiby, 1802)

| Pamrrgus cacaratus (Scopol, 1763)
| Amegilla gquadrifesciata (Vilers, 1789)

| Anthophora retuse (Linnaeas, 1758)
| Anthophora sp. Latvelle 1803

|Apts mallifera Lanaexs, 1758
Bombus hortorum (Lamaews, 1758)
Bombus lopidariss Lanaes, 1758
Bombus sp_Latrelle, 1802

Bambus paxuorus (Scopdi, 1763)
Bombus pratorum (Lnaces, 1761)
Bombus rudarats (Fadwuns, 1715)
Bombus rupastris (Fabeicis, 1793)
Bambus sylovirm Lanaexs, 17%61
Bambus terrastris (Lamaes, 1758)
Bambus vastalis (Geoffroy, 1785)
Cearatim cucurbging (Rosi, 192)
|Eucara cingraria Eversmann, 1852
Euwrera longicornis (Linnaens, 1758)
Ewrera rigrifacies Lepeleter, 1841
|Ewcera pornorice Mocsary, 1878
Fuwrera albofasciztn Frese, 1895

| Hafropoda torsata (Spinok, 1838)
AMdacta sp Latrelle, 1802
Nomada armatz Hench Schaffer, 1839
Nomada fucata Paneer, 1798
Nomada mutnbils Mocawitz, 1870
Nomada parcari gr.

Nomade plarosticta Hemch-Scaffer, 1839
Nomada signata Jaone, 187
Nomadz sp. Scopoli, 1770
Tatralonic malvas (Rosd, 179)
Tatralorialla dantate (Germar, 1839)
|AMlocopa iris (Chist, 1791)
|Xlocopa vaiga (Gerstaeckes, 1877)
| Xylocopa vicdaces (Lanaens, 1758)
Collatas mlokossewiczi Radoszharveski, 1891
Collatas simis Schendk, 1853
Fiaews clypearss (Schendk, 1853)

Hlaets commurds MNander, 1852
Hylams dilatatus (Kaby, 1802)

HYMENOPTERA

H1 Hylasus kakri Foster, 1871

N2 Hylasus imparilis Forstex, 1871

H3 Hylasus incongrns Farster, 1871

H4 Hylagus sinuatus (Schenck, 1853)

HS Hyloaus tnamiolats Farster, 1871

H6 Halirtus olffcralis Stad, 1909

H7? Halictus aurygnats Bloethpen, 1930
HE Halictus brumascens (Eversmam, 1852)
M9 Halictus fulvipas (Klog, 1817)

H10 Halictus macidatus Smth, 1848

H11 Halictus scabiosas (Ross, 1790)

H12 Holirtus saxcirctis (Fabicas, 1775)
H13 Halictus simpleax gr.

H14 Holirtus submrats (Rosd, 1797)

H13% Halictus guadricinctus (Fabocins, 1756)
H16 Lasioglassium aaratum (Exby, 1802)
H17 Lasioglassum alkipas (Fabecms, 1781)
HI1& Lasioglossum albocinctum (Locas, 1849)
H19 Lasioglassum birarulates (Doms, 1872)
H Lasioglassioe brevicorne (Schende, 1870)
H Lasioglossum calceatum (Scopok, 1763)
H22 Lasioglassum crasepunctatum (Biothpen, 1923)

H32 Lasioglassiuom laticeps @dm:k,lm)
H33 Lasioglassuom lativertre (Schenck, 1853)
H34 Lasioglossuam loucopus (Kiba, 1807)

H35 Lasioglassiae leucozormm (Schaok, 1781)
H36 Lasioglassium linsare (Schenck, 1870)
H37 Lasioglassum majus (Nkandes, 1857)

HA0 Lasioglassum morio (Fabocins, 1793)

H41 Lasioglossum miticdhuscrdum (Kiby, 1802)
H42 Lasioglassum pauparatur: (Brollé, 1832)
H43 Lasioglassium pauilium (Schenck, 1853)
H44 Lasioglassum punciatissimurs (Schenke, 1853
H45 Lasioglassum pygmacum (Schendk, 1853)
H46 Lasioglassuam rfirse (Zeterstedt, 1838)
H47 Lasioglaisuom semiucers (Alfken, 1914)
H48 Lasioglassiae trarcitorium (Schenck, 1868)
H49 Lasioglassum tricinctum (Schenck, 1874)
H51 Lasioglossum xanthopis (Kaby, 1802)
H52 Seladoria seladoria sp. Robextsan, 1918
H53 Seladoria smaragdula complax

H54 Sphacodas ephippius (Linnaeas, 1758)
H55 Sphacodas miriats von Hagens, 1882
H56 Sphacodas raticulatus Thamson, 1870
H57 Sphacodas sp. Latrelle, 1804

H58 Sphacodas psaudafasciztum Blolgen, 1925
H59 Chaostoma of_florisomna (Lmnaens, 1758)
Hﬂcﬁﬁmmm 1852)

mmmm&mm}
H64 Harindas (Harinde) truncorum (Linnaens, 1758)
H65 Hoplitis srutallaris Morawitz, 1868

H66 Lithergns chrysuns (Fonscodombe, 1834)
H67 Mepuckhie centuncdaris (Lonaens, 1758)
H6B Magnchia maanopyga Costa, 1863

H69 Magrchis argentata (Faboicns, 1793)

H Stalis sp. Panwer, 1806

HN Osmia caphaictas Moraeiz, 1870

H72 Osmia carinthidis Mocawitz, 1876

H?4 Osmeia lagiana (Kiby, 1802)

H75 Osmin {Hoplasmin) ligurica Muoraxitz, 1868
H76 Osmia riveate (Fadeicks, 1804)

H77 Daypoda kirtipas (Falricius, 1793)

H78 snia targastemsis (Dacke, 1897)

HT9 Nomada castallana Deemet, 1913

Hylaaus hyalmnatus momteboversts (Pittimd, 1950) HED Moloctn fastive Lieftindm 1980

Hogditis papavar (Latreille, 1799)

H1E
HlB
HiM
H1s
H106
HIz
HI108
H19
HI110
Hil
HI112
HIB
HI1M
HI115
H116
HI117
H1I8
HI1W
H1H
HiA
H122
HI1B
H14
HI125
HIX
H127
HI12E
H129
HI130
HI131
HI132
HI133
H134
HI135
HI136
HI137
HI138
HI139
H140
Hi4
Hi142
Hi43
H1#4
H145
H146
H147
H148
H149
HI15
HI151
HI152
HIB
H1H4
HI155
HI136
HI157
HI1%E
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Graph 3.40 Correspondence analysis of pollinators {Software Past). Code in Tab. 3.20

As regards the correspondences analysis of specialized pollinators (chi square= 5069,432; p<0,01) there
are three goups in the distribution of specie: Gnat, pine forests and the groups composed by agriculural
fields (Fbio and Fint) and the ecotonal area (Gecot) with the greatest number of species (Graph 3.40).

The agrosystem is the richest area in pollinators: there are several species related to Fbio, Fint and Gecot,
such as, among Diptera, the Bombylidae Usia sp. Latreille, 1802 (D4) and the Syrphidae Eristalis sp.
Latreille, 1804 (D23) and Sphaerophoria scripta (Linnaeus, 1758) (D44); about Hymenoptera there are the
Andrenidae Andrena cinerea (Brulle, 1832), Andrena pilipes Fabricius, 1781 (H27), Andrena gravida
Imhoff, 1832 (H17) and Andrena curvungula Thomson, 1870 (H7) and these last two first records for the
southern Italy. There are also the Colletidae Colletes mkojossexiczi Radoszkowski, 1891 (H74), Hylaeus
imparilis Forster, 1871 (H82) and Hylaeus sinuatus (Schenck, 1853) (H84) and the Halictidae Halictus
scabiosae (Rossi, 1790) (H91), Lasioglossum albocinctum (Lucas, 1849) (H98), Lasioglossum griseolum

(Morawitz, 1872) (H106), Lasioglossum interruptum (Panzer, 1798) (H108), Lasioglossum laticeps
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(Schenck, 1869) (H111), Lasioglossum laevigatum (Kirby, 1802) (H110), Lasioglossum leucozonium
(Schrank, 1781) (H114) and Lasioglossum xanthopus (Kirby, 1802) (H128); the last two species are
included in the red list of European wild bees as NT. Finally, there are also the Apidae Anthophora
balneorum Lepeletier, 1841 (H36).

In the natural grazing area (Gnat) there are manly Lepidoptera, including the Nymphalidae Vanessa cardui
(Linnaeus, 1758) (L16), the Pieridae Aporia crataegi (Linnaeus, 1758) (L17) and Euchloe (Euchloe)
ausonia (Hiibner, 1804) (L19), but also the Diptera Merodon aeneus Meigen, 1822 (D33) (Fam: Syrphidae).
Finally, in the pine forests (Pecot and Pnat), the correlated species are the Lepidoptera Nymphalidae
Pararge aegeria (Linnaeus, 1758) (L14) and the Hymenoptera Andrenidae Andrena dorsata (Kirby, 1802)
(H8), Andrena fucata Smith, 1847 (H10) and Andrena minutuloides Perkins, 1914 (H22), both new record
for the southern Italy, but also Andrena minutula (Kirby, 1802) (H23) and Andrena trimmerana (Kirby,
1802) (H32). In addition there are the Colletidae Hylaeus communis Nylander, 1852 (H78) and the
Halictidae Halictus alfkenellus Stand, 1909 (H86) and Lasioglossum laeve Kirby, 1802 (H109): while the
last one is rare in Europe and it is included in the European red list of wild bees as endangered species, H.
alfkenellus is a new record for Italy mainland.

About the analysis of species and morphotypes, the areas with the greatest biodiveristy of wild bees are
Pnat and Fbio due to the absence of pesticides (Tab. 3.21) while Gnat is the area with the lowest bee
biodiversity because of the presence of intensive and massive grazing that altered the vegetation

composition and the diversity of the floral essences.

Table 3.21 Biodiversity index of bees (Software Past)

Fbio Fint Gecot Gnat Pecot Pnat
N° taxa 65 71 74 47 36 60
N° specimens 338 364 419 235 81 146
SD 5,8448 10,38 9,7568 7,568531 7,686516 1,547245
Shannon 3,548 3,167 3,293 2,63 3,404 3,846
Evenness 0,5344 0,3342 0,364 0,2952 0,8356 0,78
Margalef 10,99 11,87 12,09 8,426 7,965 11,84
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Graph 3.41 Rarefaction of bees species (Software Past)

As regards the rarefaction of wild bee species (Graph 3.41), Pnat has a rapidly growing curve about species

richness than other areas because it is a habitat more favourable for wild bees due to its high degree of

naturalness. Gnat, Fbio, Fint and Gecot have very similar rarefaction curves, indicating a comparable

richness of species due to the less variety of flowering plants, increased use of pesticides and anthropogenic

disturbance. The results therefore underline the importance of preserving and improving habitat quality to

counter pollinator decline.

In the cluster analysis (similarity index: Bray-Curtis;
Boot N:1000; Cophen corr. 0.9811) (Figure 3.42) we can
observe the similarity between the sampling areas. In
particular, pine forests (Pecot and Pnat) form a cluster
with a high degree of community similarity, as they share
similar ecological characteristics such as vegetation.
Another cluster with a high degree of similarity is that
composed by Fint and Gecot, which also in the case of
bees confirm that ecotonal areas are reservoirs of
biodiversity. Although there is a presence of a smaller
quantity of pollutants in Fint, Gecot manages to
repopulate it with pollinators. To this cluster join Gnat
and Fbio, who have a low degree of dissidence. These two

areas have environmental and ecological characteristics

Similarity
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Graph 3.42 Cluster analysis of bees
(Software Past)

(such as the absence of pesticides) that affect the composition of wild bee species slightly different from

other agricultural areas.
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The permanova analysis (Similarity index: Bray-Curtis; Permutation N: 9999) shows a significant
difference between areas (F:3,259; p: 0,0001), which is confirmed by the Bonferroni test. There is a
significant difference in the specific composition between the areas except for Fbio vs. Gnat, Fint vs. Gecot,

Gecot vs. Gnat, Pecot vs. Gnat and between the pine forests (Tab. 3.21).

Table 3.21 Bonferron-corrected p values

Fbio Fint Gecot Gnat Pecot Pnat
Fbio 0,0017 0,0051 0,0238 0,0001 0,0001
Fint 0,0017 0,234 0,0055 0,0001 0,0001
Gecot 0,0051 0,234 0,0143 0,0001 0,0001
Gnat 0,0238 0,0055 0,0143 0,0351 0,0017
Pecot 0,0001 0,0001 0,0001 0,0351 0,436
Pnat 0,0001 0,0001 0,0001 0,0017 0,436
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The CCA analysis was performed by correlating species to tree cover, rainy days, precence and abundance
of grazing, temperature, land use and proximity of hives (Graph 3.43). The eigenvalues for the first (0.4313)
and second axis (0.35202) compared to the other axes indicate that the canonical graph represent strong
gradients and that a large percentage of variance is concentrated between them (Axis1=31.66%;
Axis2=25.84%). A simulation with 9999 permutations indicates that the distribution of species along the
axes is not random (p: 0.0001; trace: 1.362). Bees are affected by the degree of shading, land use and
humidity. Species at the centre of the axes, such as Dasypoda hirtipes (Fabricius, 1793) (H154) (Fam:
Melittidae) and Lasioglossum semilucens (Alfken, 1914) (H124), indicate that they are not affected by any
of the environmental variables.

Species that are not negatively affected by the proximity to hives, grazing and land use are: the Andrenidae
Andrena ovata Schenck, 1853 (H26), the Apidae Apis mellifera Linnaeus, 1758 (H43) and Anthophora
bimaculata (Panzer, 1801) (H37), the Colletidae Colletes mlokosiewiczi Radoszkowski, 1891 (H74), the
Halictidae Halictus scabiosae (Rossi, 1790) (H91), Halictus subauratus (Rossi, 1792), Lasioglossum
albipes (Fabricius, 1781) (H97), Lasioglossum binaculatum (Dours, 1872) (H99), Lasioglossum
brevicorne (Schenck, 1870) (H100) and Lasioglossum xanthopus (Kirby, 1802) (H128) and the
Megachilidae Chelostoma grande (Nylander, 1852) (H137). These species do not appear to be
disadvantaged by land use (integrated management agriculture) and competition with honey bees. On the
contrary, species that seem to be negatively affected by the proximity of the hives are the Andrenidae
Andrena curvungula Thomson, 1870 (H7), the Apidae Bombus lapidarius Linnaeus, 1758 (H45) and the
Megachilidae Hoplitis tridentata (Dufour & Perris, 1840) (H140).

The variable “tree cover” influence species such as the Apidae Bombus pratorum (Linnaeus, 1761) (H48),
the Halictidae Lasioglossum albocinctum (Lucas, 1849) (H98), Lasioglossum calceatum (Scopoli, 1763)
(H101) and Lasioglossum pauxillum (Schenck, 1853) (H120), the Andrenidae Andrena minutula (Kirby,
1802) (H23) and the Megachilidae Hoplitis scutellaris Morawitz, 1868 (H142). These species are therefore
positively influenced by rather stable and shady environments, while species in the opposite direction show
a preference for more sunny environments. In contrast, species such as Eucera albofasciata Friese, 1895
(H59) (Fam: Apidae), which is a first record for Italy mainland, Andrena gravida Imhoff, 1832 (H17),
Andrena nigroaenea (Kirby, 1802) (H25), Andrena thoracica (Fabricius, 1775) (H30) (Fam: Andrenidae),
Lasioglossum griseolum (Morawitz, 1872) (H106) and Lasioglossum leucozonium (Schrank, 1781) (H114)
(Fam: Halictidae) are strongly associated with the rain conditions. This is because the rain influence on
flower availability and soil moisture, which can affect nesting. The increase of the temperature slightly
affects community distribution of wild bees.

Graphs 3.44 show the genera’s abundances in sampling areas. In Fbio the most abundant genera, in terms
of number of specimens, are Lasioglossum Curtis, 1833, Andrena Fabricius, 1775 and Halictus Latreille,
1804. In Fint abundant is Apis mellifera, probably because of the proximity of beehives (about 700 meters),
but also Lasioglossum spp.; in Gecot there are Hylaeus Fabricius, 1763 and Bombus Latreille, 1802 while
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in Gnat also Ceratina Latreille, 1802. In pine forests the most abundance genera are Andrena, Bombus and

Lasioglossum.
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Graph 3.44 Abundance of genera of wild bees
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The abundance of oligolectic and
polygolectic ~ species is  also
interesting (Graph 3.45). Oligolectic
are fewer in both abundance and
specific composition. In agricultural
fields, however, the polygolectic
species are about twice as many as
the oligolectic ones due to the non-
differentiation of the floral essences.
The same is in the ecotonal pine
forest and in natural grazing area. In

natural pine forest, there is less
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Graph 3.45 Oligolectic vs polygolectic species (Comba, 2019)

difference in terms of specific composition between oligolectic and polygolectic.

N specimens

Moreover, evaluate the sociality of bees and where they make their nest (Graph 3.46) is important to assess

their state of conservation. As for the sociality of bees, most of them are solitary, so they are probably bees

that have a nest nearby from the sampling area. In addition, the most collected wild bees in agroecosystems

make their nest in the ground. There are also the renters that built their nest in already existing cavities.
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Finally, the species included in the European Red List of Wild Bees are several (Nieto ef al., 2014).

Tab. 3.22 Bees in European Red List of Wild Bees (Nieto et al., 2014)

IUCN Eu Fbio Fint Gecot Gnat Pecot Pnat
Andrenidae
Andrena afzeliella (Kirby, 1802) X X
Andrena agilissima (Scopoli, 1770) DD X
Andrena barbareae Panzer, 1805) DD X X
Andrena bicolor Fabricius, 1775 LC X
Andrena cinerea Brulle, 1832 DD X X X
Andrena combinata (Christ, 1791) DD X
Andrena curvungula Thomson, 1870 DD X X
Andrena dorsata (Kirby, 1802) DD X X X
Andrena flavipes Panzer, 1799 LC X X X X X X
Andrena fucata Smith, 1847 X X
Andrena fulva (Muller, 1766) DD X
Andrena fulvago (Christ, 1791) DD X
Andrena fulvata E. Stockhert, 1930 DD X
Andrena fulvitarsis Brulle, 1832 LC X X X X
Andrena fumida Perez, 1895 DD X
Andrena gelriae van der Vecht, 1927 DD X
Andrena gravida Imhoff, 1832 DD X X X X X
Andrena helvola (Linnaeus, 1758) DD X
Andrena humilis Imhoff, 1832 DD X
Andrena (Chlorandrena) kamarti DD X
Schmiedeknecht, 1900
Andrena labiata Fabricius, 1781 DD X X X
Andrena minutuloides Perkins, 1914 DD X X X X
Andrena minutula (Kirby, 1802) DD X X X
f;tgl;ena (Melandrena) morio Brulle, DD X X
Andrena nigroaenea (Kirby, 1802) LC X X
Andrena ovata Schenck, 1853 X
Andrena pilipes Fabricius, 1781 LC X
Andrena polita Smith, 1847 LC X X X
Andrena thoracica (Fabricius, 1775) DD X X
Andrena tomora Warncke, 1975 DD X X X
Andrena trimmerana (Kirby, 1802) DD X X X X
Andrena wilkella (Kirby, 1802) DD X X
Panurgus calcaratus (Scopoli, 1763) LC X X X X X X
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IUCNEu Fbio Fint Gecot Gnat Pecot Pnat
Apidae
Amegilla quadrifasciata (Villers,
1789) Le X
Anthophora balneorum Lepeletier,
1841 . ’ LC X
Anthophora bimaculata (Panzer,
1801) LC X X
Anthophora plumipes Pallas, 1772 LC X
Anthophora retusa (Linnaeus, 1758) LC X X
Apis mellifera Linnaeus, 1758 DD X X X X X X
Bombus hortorum (Linnaeus, 1758) LC X X
Bombus lapidarius Linnaeus, 1758 LC X X X
Bombus sp. Latreille, 1802 LC X
11333191)143 pascuorum melleofacies Vogt, LC X X X %
Bombus pratorum (Linnaeus, 1761) LC X X X X X
Bombus ruderatus (Fabricius, 1775) LC X X X
Bombus rupestris (Fabricius, 1793) LC X
Bombus sylavurum Linnaeus, 1761 LC X
Bombus terrestris (Linnaeus, 1758) LC X X X X X X
Bombus vestalis (Fourcroy, 1785) LC X X X X X
Ceratina cucurbitina (Rossi, 1792) LC X X X X X X
Eucera albofasciata Friese, 1895 DD X
FEucera cineraria Eversmann, 1852 LC X
Eucera longicornis (Linnaeus, 1758) LC X X
Eucera nigrifacies Lepeletier, 1841 LC X X
Eucera pannonica Mocsary, 1878 DD X X
Habropoda tarsata (Spinola, 1838) LC X
Melecta festiva Lieftinck, 1980 DD
1839 NT X
Nomada castellana Dusmet, 1913 LC
Nomada fucata Panzer, 1798 LC X
Nomada mutabilis Morawitz, 1870 LC X
Nomada panzeri gr. LC X
Nomada pleurosticta Herrich-Scaffer,
1839 3 NT X
Nomada signata Jurine, 187 LC X
Tetralonia malvae (Rossi, 1790) LC X X
Tetraloniella dentata (Germar, 1839) LC X
Xylocopa iris (Christ, 1791) LC X
Xylocopa valga (Gerstaecker, 1872) LC X
Xylocopa violacea (Linnaeus, 1758) LC X X X X X
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Genera/Species IUCN Eu Fbio Fint Gecot Gnat Pecot Pnat
Halictidae
Halictus alfkenellus Stand, 1909 DD X
Halictus brunnescens (Eversmann,
1852) DD X X
Halictus euryvgnatus Bluthgen, 1931 DD X X X
Halictus fulvipes (Klug, 1817) LC X
Halictus maculatus Smith, 1848 LC X X
Halictus scabiosae (Rossi, 1790) LC X X X X X X
Halictus sexcinctus (Fabricius, 1775) LC X
Halictus subauratus (Rossi, 1792) LC X X X X X
Halictus quadricinctus (Fabricius,
T X X X
1776) il
Lasioglossum aeratum (Kirby, 1802) LC X X X
Lasioglossum albipes (Fabricius, LC x< x< x x
1781)
Lasioglossum albocinctum (Lucas,
X X X X D
1849) —
Lasioglossum binaculatum (Dours, LC x< x< x< < <
1872)
Lasioglossum brevicorne (Schenck, NT < < < <
1870)
Lasioglossum calceatum (Scopoli,
1763) LC X X X
Lasioglossum crassepunctatum
DD X
(Bluthgen, 1923)
Lasioglossum convexiusculum
(Schenck, 1853) NP X
Lasioglossum fulvicorne (Kirby,
- L X
1802) -
Lasioglossum glabriusculum LC
(Morawitz, 1872)
Lasioglossum griseolum (Morawitz, LC < < < <
1872)
Lasioglossum (Evylaeus) immunitum
(Vachal, 1895) DD X
Lasioglossum interruptum (Panzer, LC e < < <
1798)
Lasioglossum laeve Kirby, 1802 EN X X
Lasioglossum laevigatum (Kirby,
1802) NT X X X
Lasioglossum laticeps (Schenck,
X X X
1869) i
Lasioglossum lativentre (Schenck, LC x< x< < x<
1853)
Lasioglossum leucopus (Kirbu, 1802) LC X
Lasioglossum leucozonium (Schrank, LC x< x< < <
1781)
Lasioglossum lineare (Schenck, 1870) DD X
Lasioglossum majus (Nylander, 1852) NT X
Lasioglossum morio (Fabricius, 1793) LC X X X
Lasioglossum nitidiusculum (Kirby,
1802) — X
Lasioglossum pauperatum (Brulle, LC x< x< x< x
1832)
Lasioglossum pauxillum (Schenck, LC =< =< =<
1853)
Lasioglossum punctatissimum
(Schenck, 1853 — X
Lasioglossum pygmaeum (Schenck,
X X
1853) NS
Lasioglossum rufitarse (Zetterstedt,
1838) ite X
Lasioglossum semilucens (Alfken,
X X
1914) —
Lasioglossum transitorium (Schenck, LC x< x
1868)
Lasioglossum tricinctum (Schenck,
DD X X X
1874)
Lasioglossum villosulum (Kirby,
1802) i X
Lasioglossum xanthopus (Kirby,
X X X
1802) g
Seladonia smaragdula complex LC X X X
Sphecodes ephippius (Linnaeus, 1758) LC X
Sphecodes miniatus von Hagens, 1882 LC X X
Sphecodes reticulatus Thomson, 1870 LC X
Sphecodes pseudofasciatus Bluthegen, DD <

1925
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Genera/Species IUCNEu Fbio Fint Gecot Gnat Pecot Pnat
Colletidae

Colletes mlokossewiczi Radoszkowski, 1891 LC X X X

Colletes similis Schenck, 1853 LC X

Hylaeus brevicornis Nylander, 1852 LC X X X

Hylaeus clypearis (Schenck, 1853) LC X X X X

Hylaeus communis Nylander, 1852 LC X X X X X
Hylaeus dilatatus (Kirby, 1802) LC X

Hy_la_eus. hyalinatus montebovensis LC X

(Pittioni, 1950)

Hylaeus kahri Forster, 1871 DD X
Hylaeus imparilis Forster, 1871 LC X X

Hylaeus incongruus Forster, 1871 DD X X
Hylaeus sinuatus (Schenck, 1853) LC X

Hylaeus taeniolatus Forster, 1871 LC X

Genera/Species IUCNEu Fbio Fint Gecot Gnat Pecot Pnat
Megachilidae

Chelostoma cf. florisomne (Linnaeus, 1758) LC X
Chelostoma grande (Nylander, 1852) DD X

Heriades crenulatus (Nylander, 1856) LC X

Heriades (Heriades) truncorum (Linnaeus, LC X X X X

1758)

Hoplitis tridentata (Dufour & Perris, 1840) LC

Hoplitis scutellaris Morawitz, 1868 DD X
Lithurgus chrysurus (Fonscolombe, 1834) LC X X

Megachile argentata (Fabricius, 1793) LC X X

Megachile centuncularis (Linnaeus, 1758) LC X X

Megachile melanopyga Costa, 1863 LC X X X
Osmia cephalotes Morawitz, 1870 LC X

Osmia cerinthidis Morawitz, 1876 LC X X
Osmia dimidiata Morawitz, 1870 LC X
Osmia leaiana (Kirby, 1802) LC

Osmia (Hoplosmia) ligurica Morawitz, 1868 LC X X X

Osmia niveata (Fabricius, 1804) LC X

Genera/Species IUCN Eu  Fbio Fint Gecot Gnat Pecot Pnat
Melittidae

Dasypoda hirtipes (Fabricius, 1793) LC X X X
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Although the biological field showed a
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Graph 3.47 Abundance of IUCN category of risk of wild bees
presence is ensured precisely by the
presence of the ecotonal area (Gecot) that guarantees trophic resources and ideal nesting sites, as well as
mitigating the effects of agricultural practices (Graph 3. 47). Graph 3.47 also shows the high percentage of
Data Deficient (DD) species, expecially the genera Andrena, which underscores how extremely important

it still is to continue studying and monitoring wild bees.

3.10 Analysis by barcoding

The barcoding analysis was conducted on 35 Apoidea specimens to identify the species. Further genetic
and morphological analyses are currently underway in collaboration with University of Neuchatel,

University of Mons and Naturalis Biodiversity Center of Netherlands to further explore some aspects.
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Figure 3.1 Phylogenetic tree of Anthophora balneorum (Bold systems)

For example, the population of Anthophora balneorum Lepeletier, 1841 (Fig. 3.1), which is the first record

for Calabria, is much more similar to the French populations than to those of Spain or Morocco.
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Figure 3.2 NJ tree of Colletes spp. Latreille, 1802 (Geneious Prime Software)

The genetic analysis is also conducted on the Colletidae Colletes mlokossewiczi Radoszkowski, 1891 and
Colletes similis Schenck, 1853, and this last one is a first report for Calabria (Fig. 3.2). It was found that C.
mlokossewiczi is much closer to the population of Germany and Hungary, while it differs from the Italian

population (Valle da Aosta) and even more from Spanish populations. As far as C. similis is concerned, our

population is more similar to the population of Bulgaria.
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Figure 3.3 NJ tree of Osmia cerinthidis Morawitz, 1876 (Geneious Prime Software)

Osmia cerinthidis Morawitz, 1876 is a first report for the Southern Italy. As shown in the phylogenetic tree

(Fig. 3.3), the sample collected in Pnat and Fint differs from the sequence previously loaded on the Bold

system. The interesting fact is that it is quite different also from a specimen collected by our research group

in the Aspromonte National Park, indicating that they could be two isolated populations, although the two

areas are within the same region and therefore not particularly far apart.

Instead, the species Osmia tergestensis (Ducke, 1897) is rather isolated from the Spanish population and

the French population (Fig. 3.4).
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Figure 3.4 Phylogenetic tree of Osmia tergestensis (Ducke, 1897) (Bold System)
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Hylaeus intermadius|[E2]Ttaly Aosta Valley|Collatidae|
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Hylaeus intermedius|[85]Ttaly. Veneto|Colletidae
Hylaeus kahri|[86]|Switzerland Ticino|Colletidas;
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Hylaeus kahri|[88]|Switzarland Ticino|Colletidas;
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Hylaeus kahri|[30]|Switzerland Ticino|Colletidae
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Hylaeus kahri|[99]|Germany Baden-Wuerttemberg|Colletidae|
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Unknown Specimen *

Figure 3.5 Phylogenetic tree of Hylaeus kahri Forster, 1871 (Bold System)
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Impressive is the result obtained from the genetic analysis of Hylaeus kahri Forster, 1871 (Fig. 3.5). That
actually know in literature is that this species is represents by two BINs group (Praz et al., 2023), and
actually several researches are carrying on. These groups are distributed one in northern Europe and the
other one in Mediterranean basin. Our individuals are genetically much more similar to the French, Swiss
and German populations than to the Italian, Greek and Albanian ones. This extremely important data could
confirm that both groups are present in the Italian region and also this population could represent a
biogeographical relic, but additional studies are crucial. For this reason, several studies about this subject

are carrying on.

0.5%
MNeomada diserepans|[1]|Spam Comumdad de _\Iac.rl' dlApidze| i

Momada discrepans|[2][Pertugal Castelo Branco|Apidae

I'_\'omada discrepans|[3][Portuzal Castelo Branco|Apidae

Nomada castellana|[4] France. Occitanae| Apidas

|Nom:1ciz castellanz|[3]|Gemany Saxony-Anhalt Apidas
Nomada castellana|[6][Russia. Meskovskaya Oblast|Apidae

Nomada castellana|[ 7] [taly Lombardy|Apidas

MNomada castellana|[8] Ttaly. Aostz Valley|Apidae:

Meomada castellana|[9])|/Germany Bavana|Apidael

Momada castellana|[10]|Germany Saxony-Anhalt|Apidas

Meomada castellana|[11]|Germany. Thuringial Apidas)

|_._'1i\' nown Specimen *

Figure 3.6 Phylogenetic tree of Nomada castellana Dusmet, 1913 (Bold System)

Interesting is also the case of Nomada castellana Dusmet, 1913, which is a first report for the South and
cleptoparasite of Andrena spp. Our sample is placed in a different clade compared to the German, French

and northern Italian populations, indicating that it could be therefore an isolated population (Fig. 3.6).
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3.11 Saproxylic beetles

Several species of saproxylics are listed by the

IUCN with different category of endangered

SAPROXYLICS

H Fbio MFint MGecot

SPECIMENS

Gnat M Pecot M Pnat

risk. In particular, the red list of Italian
saproxylic beetles is considered (Audisio et al.,
2014). The LC species were collected in every
sampling area and they are species whose adults
have a high dispersive power while the NT

species were collected in pine forests and in

Gnat and Gecot because of their proximity to

NT vu EN

neighbouring pine forests. Finally, while the
. . Graph 3.48 Abundance of IUCN category of risk of Italian
vulnerable species were collected only in the

saproxylics (Audisio et al., 2014)
two pine forests, endangered species were
found only in the natural pine forest (Graph 3.48).
The majority of saproxylics species were collected in Pnat (N= 40) and then in Pecot (N= 26), while the
smallest number was collected in Fbio (N= 12). Higher values for Fint and Gecot suggest greater variation
in specimens distribution. Pnat has the highest value of Shannon and Margalef index, confirming its high
biodiversity, while Fbio has the lowest value, being the area furthest from forests. In Gnat there is a higher

uniformity index, suggesting a more balanced distribution, while Fbio has the lowest value, indicating that

few species numerically dominate the group (Tab. 3.23).

Table 3.23 Biodiversity index of saproxylics (Software Past)

Fbio Fint Gecot Gnat Pecot Pnat

N° taxa 12 13 17 13 26 40

N° specimens 90 82 78 30 147 331
SD| 6,51273 4,944857 3,130681 1,197565 6,011557 10,83398
Shannon| 1,642 1,876 2,484 2,553 2,63 2,954
Evenness| 0,4306  0,5021 0,7053  0,9877  0,5335 0,4796
Margalef| 2,445 2,723 3,672 3,528 5,01 6,722

From the species rarefaction graph (Graph 3.49), all curves show an increase in specific richness as the
number of specimens sampled increases. Curves like Fint and Fbio tend to reach the plateau at lower
specimen values, indicating a lesser specific diversity, whereas the pine forests curve flattens more slowly,

indicating a degree of structural complexity and a greater availability of microhabitats.
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Graph 3.49 Rarefaction of saproxylics species (Software Past)

From the permanova analysis, there are significant differences between the sampling areas in terms of

communities (F:2,895; p: 0,0001). In particular, as confirmed by the Bonferroni-corrected p values, there

are differences between pine forests and open areas, but not between distinct pine forests (Tab. 3.24). The

few species that differentiate Pnat from Pecot, however, have a high naturalistic value.

Table 3.24 Bonferroni corrected p values (Software Past)

Fbio Fint Gecot Gnat Pecot Pnat
Fbio 1 1 1 0,0015 0,0015
Fint 1 1 1 0,0015 0,0075
Gecot 1 1 1 0,0045 0,0135
Gnat 1 1 1 0,0015 0,0075
Pecot 0,0015 0,0015 0,0045 0,0015 0,858
Pnat 0,0015 0,0075 0,0135 0,0075 0,858
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Graph 3.50 Correspondence analysis between sampling area and Trophic categories. SX:
saproxylic; XY: xylophagous; MY: mycetophagous; SF: sap-feeder; Z: zoophagous of
saproxylics (Software SPSS)

The correspondence analysis (Graph 3.50) (chi square= 367,333; p<0.01) show how trophic categories are
distributed in different areas. The xylophagous are related to agricultural fields and to Gecot both for the
presence of shrubs and fruit trees and for the vagility of the insects. In the natural pine forest, on the other
hand, the associated species are saproxylics, saproxylic predators and mycetophagous, as they are extremely
linked to dead wood in decomposition. In Pecot, species that feed on fermented sap produced by previous

xylophagous attacks are related.
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Table 3.25 List of saproxylic beetles (Audisio et al., 2014) SX: saproxylic; XY: xylophagous; MY: mycophagous; SF: sap-

feeder; Z: zoophagous IUCN H]JZ?IN C:::gl:ices Fbio Fint Gecot Gnat Pecot Pnat
Buprestidae
ﬁﬁ:repoie}‘::r{h; 6 /)‘lavofasczata (Piller & LC XY 1 | 1 1
Anthaxia (Melanthaxia) helvetica Stierlin, 1868 LC XY 1 1 3
Anthaxia mendizabali Cobos, 1965 LC XY 1
fgz(t)}{c)lxia (Haplanthaxia) millefolii (Fabricius, LC <y 2
Anthaxia (Anthaxia) nitidula (Linnaeus, 1758) LC XY 1 1
Anthaxia (Anthaxia) semicuprea Kuster, 1851 LC XY 1
Chalcophora mariana (Linnaeus, 1758) LC XY 1
‘ Carabidae
(C:'f)t:tlanlgg gf)lrctochmdtum) canaliculatum (O.G. NT 7 19
‘ Cerambycidae
Anastrangalia dubia (Scopoli, 1763) LC XY 2 5 2 28
Anastrangalia sanguinolenta (Linnaeus, 1761) LC XY 14
Arhopalus rusticus (Linnaeus, 1758) LC XY 1
Chlorophorus sartor (Muller, 1766) LC LC XY 49 14 14 3
Clytus lama Mulsant, 1847 LC LC XY 1
Clytus rhamni Germar, 1817 LC LC XY 1
Deilus fugax (Olivier, 1790) LC LC XY 1 1
Oxypleurus nodieri (Mulsant, 1839) NT XY 1
Pogonocherus decoratus Fairmaire, 1855 NT XY 1
Pseudovadonia livida (Fabricius, 1776) LC XY 14 33 13 3 1
Rhagium (Hagrium) bifasciatum Fabricius, 1775 LC SX 2
Rhagium (Rhagium) inquisitor Linnaeus, 1758 LC SX 4 4
Rutpela maculata (Poda, 1761) LC XY 1 1 49
Stenopterus rufus Linnaeus, 1767 LC LC XY 6 6 3
i/tlirlllbgfl{c; ; g)ifasciata ssp. bifasciata (O. F. LC Xy 6 16 10 6 3 5
Stictoleptura cordigera (Fuessly, 1775) LC XY 6 6 8 1
Paracorymbia fulva (De Geer, 1775) LC XY 2
Cetoniidae
Cetonia aurata subsp. pisana Heer, 1841 LC XY 1 1
g;;?iitill?s, 1ﬂ7V7eé(;cza) cuprea subsp. cuprea LC XY 1 1
Valgus hemipterus Linnaeus, 1758 LC LC XY 1 1 1
‘ Cleridae
Opilo mollis (Linnaeus, 1758) LC 2 1
Thanasimus formicarius (Linnaeus, 1758) LC 3 1
‘ Cryptophagidae
Pteryngium crenulatum (Erichson, 1846) LC MY 16
Sternodea baudii Reitter, 1875 LC MY 1 1
‘ Cucujidae
Cucujus cinnaberinus (Scopoli, 1763) vu NT 7
Pediacus dermestoides (Fabricius, 1792) NT DD 1 2
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IUCN  IUCN Eu sz:é’ohr‘fe , Fbio Fint Gecot Gnat Pecot Pnat

Curculionidae
Hylastes ater (Paykull, 1800) LC XY 5 4
Hylastes attenuatus Erichson, 1836 LC XY 12 11
Tomicus minor (Hartig, 1834) LC XY 1

I Dasytidae ‘
éé)alto)rcl;;iizjsl 792) (Aplocnemus) nigricornis LC 7 1 10 4

‘ Elateridae ‘
Ampedus (Ampedus) sinuatus Germar, 1844 %0 LC Z 4 1
]lléeolg;totus (Melanotus) castanipes (Paykull, LC LC 7 4

I Endomychidae ‘
Lycoperdina bovistae (Fabricius, 1792) LC MY 1 1

l Erotilidae ‘
Dacne rufifrons (Fabricius, 1775) NT DD MY 1
Triplax lacordairii Crotch, 1870 NT EN MY 1 6
Triplax marseuli Bedel, 1864 NT DD MY 30 53
Triplax rufipes (Fabricius, 1787) LC LC MY 2

‘ Lycidae ‘
Lygistopterus anorachilus Ragusa, 1838 NT MY 1 2

I Melandridae ‘
Rushia parreyssi (Mulsant, 1856) NT MY 7

l Nitidulidae ‘
Glischrochilus quadrisignatus (Say, 1835) NT MY 1 4 2 1 1
Ipidia binotata Reitter, 1875 VU MY 1
Pityophagus ferrugineus (Linnaeus, 1758) LC Z 9 11
Soronia grisea (Linnaeus, 1758) LC SF 31 24
Staphilinidae
Anisotoma castanea (Herbst, 1792) LC MY 1
Phyllodrepa salicis (Gyllenhal, 1810) VU Z 1 1
Scaphium immaculatum (Olivier, 1790) NT MY 1
Tenebrionidae
Diaperis boleti (Linnaeus, 1758) LC MY 23
Enoplopus dentipes (Rossi, 1790) LC SX 2 9 5 8
Helops caerulaeus (Linnaeus, 1758) LC SX 1
Nalassus dryadophilus (Mulsant, 1854) LC SX 3 3

‘ Trogroscidae ‘
Grynocaris oblonga (Linnaeus, 1757) NT Z 2

‘ Zoopheridae ‘
Corticus celtis Germar, 1824 LC SX 1
gﬁ(;fglﬁ/leilt‘tserpacher, 1783) arcoviehians NT sX !
Pycnomerus italicus (Ganglbauer, 1899) EN SX 27
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As shown in table (Tab. 3.25) numerous and important species are collected only in the natural pine forest,
such as the endangered and endemic species Pycnomerus italicus (Ganglbauer, 1899), the NT species
Clinidium (Arctoclinidium) canaliculatum (O.G. Costa, 1839), Pogonocherus decoratus Fairmaire, 1855
and Grynocaris oblonga (Linnaeus, 1757) and the vulnerable species Cucujus cinnaberinus (Scopoli, 1763)
(Fig. 3.7).

Figure 3.7 Photo of some saproxylics beetles. A: Pycnomerus italicus; B: Clinidium canaliculatum; C: adult of

Cucujus cinnaberinus; D: larvae of Cucujus cinnaberinus (F. Mendicino)
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3.12 Species of medical and veterinary interest

Several species of veterinary interest are collected in the sampling areas (Tab. 3.26). As regards the
myasigen agents reported in the literature, several Calliphoridae have been collected, including Calliphora
spp., Chrysomyia albiceps and Lucilia spp., the Muscidae Muscina stabulans, the Sarcophagidae
Wohlfhartia magnifica (Schiner, 1862) and the Syrphidae Eristalis tenax (Linnaeus, 1758). There are also
different vectors of pathogens such as Musca domestica Linnaeus, 1758 and Musca autumnalis De Geer,
1776. Among the hematophagous species, the dangerous Stomoxys calcitrans (Linnaeus, 1758) (Fam:
Muscidae) was also collected. As listed in the table 3.23, this species has been found in or near grazing
areas. No serious damage has been documented from farmers at present, but monitoring and control of this

species is necessary.

Table 3. 26. List of medical-veterinary interest species

Fbio Fint Gecot Gnat Pecot Pnat VECTOR MYIASIS BLOND Bibliography
[Calliphoridae
Calliphora vicina Robineau-Desvoidy, 1830 X X X X X X X Pezzietal., 2017
Calliphora vomitoria (Linnaeus, 1758) X X X X X X X Amendt et al.., 2004
Chrysomya albiceps Wiedemann, 1819 X X X X Sotiraki & Hall, 2012
Lucilia ampullacea Villeneuve, 1922 X X X X Principato & Cioffi, 1996
Lucilia caesar (Linnaeus, 1758) X X X X X Pezzi et al., 2021
Lucilia sericata_(Meigen, 1826) X X X Sotiraki & Hall, 2012
|Muscidae
Haematobosca stimulans (Meigen, 1824) X X X Gregor et al., 2016
Musca autumnalis De Geer, 1776 X X X X X X Steve & Lilly, 1965
Musca domestica Linnaeus, 1758 X X X X X X X Bertelloni et al., 2023
Muscina stabulans (Fallen, 1817) X X X X X X X Wang et al., 2019; Pezzi et al., 2022
Stomoxys calcitrans (Linnaeus, 1758) X X X X X X Patraetal., 2018
Sarcophagidae
Ravinia pernix (Harris, 1780) X X X X X da Silva Xaviet & Carvalho Queiroz, 2016
Sarcophaga (Bercaea) africa (Wiedemann, 1824) X X X Snyman et al., 2022
Sarcophaga crassipalpis Macquart, 1839 X X Giangaspero et al., 2017
Sarcophaga (Helicophagella) melanura Meigen, 1826 X X X X X X X Chigusa et al., 1997
Sarcophaga (Liosarcophaga) portschinskyi (Rohdendorf, 1937) X X X X X Pezzi et al., 2022
Wohlfartia magnifica (Schiner, 1862) X X X X X Bonacci et al., 2017
[Syrphidae |
Eristalis tenax (Linnaeus, 1758) X X X X Tolba, 2020
[Tabanidae |
Chrysops (Chrysops) caecutiens (Linnaeus, 1758) X X X X X X Southwick, 2019
Chrysops viduatus (Fabricius, 1794) X X X Southwick, 2020
Haematopoda italica Meigen, 1804 X X X X Kremar & Maric, 2006
Hybomitra montana (Meigen, 1820) X X X Kremar & Maric, 2006
Tabanus rectus Low, 1858 X X X X Krcmar & Maric, 2007
Tabanus tergestinus Egger, 1859 X X X X Kremar & Maric, 2008
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3.13 New records

There are several new reports. Specifically, for Calabria, there are 197 first records including 9 species of

Coleoptera and a species of Dictyoptera for Calabria. Among the Hemiptera, the new records for Calabria

are 18 while the Diptera new reports are 90, specifically 77 for Calabria and 13 for the South. Regarding

the Hymenoptera, there are 79 new reports, including 25 new reports for the South and 3 new reports for

the Italian mainland (Graph. 3.51).

FIRST RECORD CALABRIA FIRST RECORD SOUTHERN
ITALY

77

25

51

w
G‘ I

COLEOPTERA DIPTERA DYCTIOPTERA HEMIPTERA HYMENOTPTERA DIPTERA HYMENOTPTERA

Graph 3.51 New records for Calabria and Southern Italy

In the following tables we have the list of species.

Table 3. 27. List of new records of Coleoptera

Coleoptera

Family Genera/Species New Calabria New Southern Italy New Italy

Laemostenus (Pristonychus) terricola (Herbst,

1783) X

Carabidae

Cerambycidae|Oxypleurus nodieri (Mulsant, 1839)

Chrysomelidae | Galeruca (Galeruca) littoralis (Fabricius, 1787)

Curculionidae | Bothynoderes affinis (Schrank, 1781)

Cybocephalidae|Cybocephalus politus Gyllenhal, 1813

Dacne rufifrons (Fabricius, 1775)
Triplax rufipes (Fabricius, 1787)

Erotylidae

Melolonthidae|Rhizotrogus marginipes Mulsant, 1842

e I

Nitidulidae|Glischrochilus quadrisignatus (Say, 1835)
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Table 3. 28 List of Dictyoptera and Hemiptera new records

Dyctioptera
Family Genera/Species New Calabria New Southern Italy New Italy
Ectobidae Ectobius (Ectobius) pallidus (Olivier, 1789) X
Hemiptera
Family Genera/Species New Calabria New Southern Italy New Italy
Alydidae Alydus calcaratus (Linnaeus, 1758) X
. Cercopis arcuata Fieber, 1775 X
Cercopidae
Haematoloma dorsatum (Ahrens, 1812) X
Centrocoris variegatus Kolenati, 1845 X
. Coriomeris hirticornis (Fabricius, 1794) X
Coreidae - - - -
Coriomeris scabricornis (Panzer, 1809) X
Spathocera lobata (Herrich-Schiffer, 1840) X
Eremocoris plebejus (Fallen, 1807) X
Lygaenidae Emblethis verbasci (Fabricius 1803) X
Xanthochilus saturnius (Rossi, 1790) X
Membracidae Gargara genistae (Fabricius, 1775) X
Miridae Grypocoris (Lophyromiris) sexguttatus (Fabricius, 1777) X
Pentatomidae Dyroderes umbraculatus (Fabricius, 1775) X
Eurydema fieberi Schummel, 1837 X
Pyrrochoridae Pyrrhocoris marginatus (Kolenati, 1845) X
Reduvidae Rhynocoris (Rhynocoris) annulatus (Linnaeus, 1758) X
Rhophalidae Chorosoma schillingii (Schilling, 1829) X
Rhyparochromidae Xanthochilus saturnius (Rossi, 1790) X
Scutelleridae Odontoscelis (Odontoscelis) fuliginosa (Linnaeus, 1761) X
Tingidae Dictyla humuli (Fabricius, 1794) X
Table 3. 29 List of new records of Diptera
Diptera
Family Genera/Species New Calabria New Southern Italy New Italy
Asilidae| Machimus cyanopus (Loew, 1849) X
Aulacigastridae|Aulacigaster leucopeza (Meigen, 1830) X
Bibionidae|Dilophus femoratus Meigen, 1804 X
Angioneura cyrtoneurina (Zetterstedt, 1859) X X
Bellardia viarum (Robineau-Desvoidy, 1830) X
Cynomya mortuorum (Linnaeus, 1761) X X
Calliphoridac Eur)'/chaeta mvu.scaria .(Meigen, 1826) X
Melinda gentilis Robineau-Desvoidy, 1830 X
Melinda viridicyanea (Robineau-Desvoidy, 1830) X
Onesia floralis Robineau-Desvoidy, 1830 X
Stomorhina lunata (Fabricius, 1805) X
Dolichopodidae|Neurigona suturalis Fallem, 1823 X
Drosophilidae | Leucophenga (Leucophenga) maculata (Dufour, 1839) X
Dryomyzidae|Dryomyza flaveola (Fabricius, 1794) X
Heleomyzidae Sul:lll:aﬂaw.z (Meigen, 1830) X
Suillia flavifrons (Zetterstedt, 1838) X X
Lauxanidac Minettia fasciata (Fallen, 1820) ;

Sapromyza quadripunctata (Gimmerthal, 1842)
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Family

Diptera
Genera/Species

New Calabria New Southern Italy New Italy

Muscidae

Coenosia intermedia_(Fallén, 1825)

Coenosia tigrina (Fabricius, 1775)

Helina celsa (Harris, 1780)

Helina confinis (Fallen, 1825)

Helina cothurnata (Rondani, 1866)

Helina impuncta (Fallén, 1825)

Helina quadrinotata (Meigen, 1826)

Helina reversio (Harris, 1780)

Helina setigera (Pokorny, 1887)

Hydrotaea albipuncta (Zetterstedt, 1845)

Hydrotaea meridionalis Porchinskiy, 1882

Neomyia cornicina (Fabricius, 1781)

Neomyia viridescens (Robineau-Desvoidy, 1830)

Phaonia incana (Wiedemann, 1817)

Phaonia mediterranea Hannig, 1963

Phaonia pallida (Fabricius, 1787)

Phaonia rufipalpis (Macquart, 1835)

Phaonia trimaculata (Bouche, 1834)

Phaonia tuguriorum_(Scopoli, 1763)

Thricops semicinereus (Wiedemann, 1817)

Pallopteridae

Palloptera muliebris (Harris, 1780)

Pollenidae

Pollenia griseotomentosa (Jacentkovsky, 1944)

Psillidae

Loxocera aristata (Panzer, 1801)

Rhinophoridae

Rhinophora lepida (Meigen, 1824)

Sarcophagidae

Angiometopa falleni Pape, 1986

Pterella grisea Meigen, 1824

Oebalia cylindrica (Fallen, 1810)

Sarcophaga (Helicophagella) agnata Rondani, 1860

Sarcophaga (Discachaeta) amita Rondani, 1860

Sarcophaga (Helicophagella) crassimargo Pandelle, 1896

Sarcophaga (Heteronychia) filia Rondani, 1860

Sarcophaga (Thyrsocnema) incisilobata Pandelle, 1896

Sarcophaga (Thyrsocnema) kentejana (Rohdendorf, 1937)

Sarcophaga (Helicophagella) novercoides Bottcher, 1913

Sarcophaga (Pandelleana) protuberans Pandelle, 1896

Sarcophaga (Sarcotachinella) sinuata Meigen, 1826

Sarcophaga (Heteronychia) vicina Macquart, 1835

Sarcophila latifrons (Fallen, 1817)

Sespidae

Sepsis thoracica (Robineau-Desvoidy, 1830)

Stratiomydae

Microchrysa polita (Linnaeus, 1758)

Syrphidae

Arctophila superbiens (Muller, 1776)

Brachypalpoides lentus Meigen, 1822

Cheilosia vulipina (Meigen, 1822)

Episyrphus (Meliscaeva) auricollis (Meigen, 1822)

Eristalis jugorum Egger, 1925

Eumerus flavitarsis Zetterstedt, 1843

Merodon equestris (Fabricius, 1794)

Merodon rufus Meigen, 1838

Syrphus vitripennis Meigen, 1822

Tropidia fasciata Meigen, 1822

Tabanidae

Chrysops (Chrysops) caecutiens (Linnaeus, 1758)

Chrysops viduatus (Fabricius, 1794)

Haematopoda italica Meigen, 1804

Tabanus rectus Low, 1858

Tabanus tergestinus Egger, 1859

Tachinidae

Bithia modesta (Meigen, 1824)

Cylindromyia intermedia (Meigen, 1824)

Dufouria chalybeata (Meigen, 1824)

Dufouria nigrita (Fallen, 1810)

Eriothrix moniticola (Egger, 1856)

Eriothrix rufomaculata (DeGeer, 1776)

Estheria microcera (Robineau-Desvoidy, 1830)

Estheria petiolata (Bonsdorff, 1866)

Gonia picea (Robineau-Desvoidy, 1830)

Gonia vacua Meigen, 1826

Gymnosoma nitens Meigen, 1824

Kirbya moerens (Meigen, 1830)

Microphthalma europea Egger, 1860

Nowickia strobeli (Rondani, 1865)

Tachina magnicornis (Zetterstedt, 1844)

Tephritidae

Carpomya schineri (Loew, 1856)

Therevidae

Thereva valida Loew, 1847
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Family

Table 3. 30 List of Hymenoptera New records

Hymenoptera
Genera/Species

New Calabria Southern New Italy

Andrenidae

Andrena afzeliella (Kirby, 1802)
Andrena barbarae Panzer, 1805)

Andrena curvungula Thomson, 1870

Andrena fucata Smith, 1847

Andrena fulva (Muller, 1766)

Andrena fulvata E. Stockhert, 1930

Andrena fumida Perez, 1895

Andrena gelriae van der Vecht, 1927

Andrena gravida Imhoff, 1832

Andrena (Chlorandrena) kamarti Schmiedeknecht, 1900

Andrena minutuloides Perkins, 1914

Andrena ovata Schenck, 1853

Andrena pilipes Fabricius, 1781

Andrena trimmerana (Kirby, 1802)

Andrena wilkella (Kirby, 1802)

Apidae

Anthophora balneorum Lepeletier, 1841

Anthophora retusa (Linnaeus, 1758)

Eucera albofasciata Friese, 1895

Eucera nigrifacies Lepeletier, 1841

Eucera pannonica Mocsary, 1878

Melecta festiva (Fabricius, 1804)

Nomada armata Herrich-Schéffer, 1839
Nomada castellana Dusmet, 1913

Nomada mutabilis Morawitz, 1870

Nomada panzeri Lepeletier, 1841

Nomada pleurosticta Herrich-Scaffer, 1839

Nomada signata Jurine, 187

Tetralonia malvae (Rossi, 1790)

Crabronidae

Ectemnius massiliensis (Kohl, 1883)

Oxybelus subspinosus Klug, 1835

Colletidae

Colletes similis Schenck, 1853

Hylaeus dilatatus (Kirby, 1802)

Hylaeus hyalinatus montebovensis (Pittioni, 1950)

Hylaeus kahri Forster, 1871

Hylaeus incongruus Forster, 1871

Cynipoidea

Brachymeria femorata (Panzer, 1801)

Formicidae

Camponotus (Myrmentoma) gestroi Emery, 1878
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Family

Hymenoptera

Genera/Species

New Calabria Southern New Italy

Halictidae

Halictus alfkenellus Stand, 1909

X

Halictus fulvipes (Klug, 1817)

Halictus simplex gr.

Lasioglossum aeratum (Kirby, 1802)

Lasioglossum albipes (Fabricius, 1781)

Lasioglossum calceatum (Scopoli, 1763)

Lasioglossum convexiusculum (Schenck, 1853)

Lasioglossum fulvicorne (Kirby, 1802)

Lasioglossum griseolum (Morawitz, 1872)

Lasioglossum laeve Kirby, 1802

Lasioglossum laevigatum (Kirby, 1802)

Lasioglossum lativentre (Schenck, 1853)

Lasioglossum leucopus (Kirbu, 1802)

Lasioglossum lineare (Schenck, 1870)

Lasioglossum morio (Fabricius, 1793)

Lasioglossum pygmaeum (Schenck, 1853)

Lasioglossum rufitarse (Zetterstedt, 1838)

Lasioglossum semilucens (Alfken, 1914)

Lasioglossum transitorium (Schenck, 1868)

Lasioglossum tricinctum (Schenck, 1874)

Lasioglossum xanthopus (Kirby, 1802)

Seladonia smaragdula complex

Sphecodes miniatus von Hagens, 1882

Sphecodes reticulatus Thomson, 1870

Sphecodes pseudofasciatus Bluthegen, 1925

Megachilidae

Chelostoma grande (Nylander, 1852)

Heriades crenulatus (Nylander, 1856)

Hoplitis scutellaris Morawitz, 1868

Hoplitis papaveris (Latreille, 1799)

Megachile centuncularis (Linnaeus, 1758)

Osmia cephalotes Morawitz, 1870

Osmia cerinthidis Morawitz, 1876

Osmia (Hoplosmia) ligurica Morawitz, 1868

Mutillidae

Cystomutilla ruficeps (Smith, 1855)

Myrmilla (Myrmilla) calva (Villers, 1789)

Pompilidae

Anoplius viaticus (Linnaeus, 1758)

Scolidae

Colpa (Heterelis) quinquecincta (Fabricius, 1793)

Tenthrenidae

Athalia bicolor Serville, 1823

Athalia circularis (Klug, 1815)

Nematus (Pteronidea) myosotidis (Fabricius, 1804)

Vespidae

Dolichovespula media (Retzius, 1783)

Polistes atrimandibularis Zimmermann, 1930
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Some new reports are quite interesting.

3.13.1 Halictus alfkenellus Strand, 1909

Halictus alfkenellus

Map 3.1 Distribution of Halictus alfkenellus (http://www.atlashymenoptera.net)

H. alfkenellus is a rather rare Halictidae from central Asia and south-eastern Europe (Map. 3.1). In Italy it
is reported only in Sicily (Pagliano, 1988; Reverte e al., 2023). A female (Fig. 3.9) was collected on
05/05/2023 in Pnat by yellow chromotactic trap and it was identified both on a morphological basis by
Federica Mendicino (Unical) and Thomas Brau (UniMons). The genetic data also confirms the

morphological identification (Fig. 3.8).

~Halictus senilis|[89]Egypt Alexandria/Halictidae|
Halictus sexilis|[90] Egypt.Alexandria/Halictidae|
-IHzlictus senilis|[91] Egypt Ismailia Halictidse|
Halictus senilis|[92][Egypt AlexandnalHahctdae|

alictus senilis|[93] Egypt. Iamatlia[Halictidae|

Halictus senilis|[94] Egypt. Alexandria[Halictidas|
Halictus senilis|[95] Egypt. Alexandria[Halictidas|
Halictus senilis|[96] Egypt. Alexandria[Halictidas|

_[Halictls sentlis|[87][Egypt QalyubiaHalictidae|
Halictus senilis|[98] Ezypt QabyubiaHalictidae|

Halictus alfkensllus|[99]France Oceitanie/Halictidag|

Halictus alfkenellus|[100]France. Occitanie[Halictidae|
——Unknown Specimen||

Fig. 3.8 Phylogenetic tree of Halictus alfkenellus (Bold systems)
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Figure 3.9 Photo of a female of Halictus alfkenellus. A: dorsal view; B: lateral view; C: head, D: abdomend (F.

Mendicino)
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3.13.2 Eucera albofasciata Friese, 1895

E. albofasciata is a European species and it is present in Bulgaria, Greece, Russia and Ukraine (Reverte et
al., 2023). In Italy it has been reported only in Sicily and, therefore, is a new report for the peninsular Italy.
In addition, the last record in Sicily was in 1860 (Comba, 2019). Two females (Fig. 3.10) of this species
were collected by pitfall traps on 08/06/2022 in Fbio. The samples were determined on both morphological
basis by Federica Mendicino, Unical and Achik Dorchin, UniMons.

Figure 3.10 Photo of Eucera albofasciata female. A: dorsal view; B: lateral view; C: head,; D: abdomend

(F. Mendicino)
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3.13.3 Andrena (Chlorandrena) kamarti Schmiedeknecht, 1900

This species is part of the family Andrenidae
and it is a first report for the Italian Mainland.
The species has been collected only in Sicily
and in North Africa (Wood, 2023). A male was
collected by pitfall trap in Pnat on 08/07/2022
while the female on 05/07/2023 by yellow
chromotactic trap.

The species was identified on morphological
basis by Thomas Wood (Naturality
Biodiversity Centre — Netherland) and

genetically confirmed.

Andrea?ﬁarﬁarti, 10 data -~
=
<.,

Map 3.3 Distribution of Andrena kamarti
(http://www.atlashymenoptera.net)

Fig. 3.11 Photo Andrena kamarti male. A: dorsal view; B: lateral view ; C: head, D: genitalia.

(F. Mendicino)
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3.14 QBS-ar of Sampling areas

QBS-ar was also analysed in the sampling areas to assess soil quality. In the boxplot created with the
software Past, the green line highlights the margin of good soil quality at 93,7, according to Menta et al.,
2018. In the graph 3.52 both pine forests show a good soil quality, typical of forest environments, even if
Pnat shows a higher biological quality of the soil than the Pecot due to the absence of anthropogenic
disturbance and grazing. All other areas have low soil biological quality. Gnat, following the parameters of
Menta et al. (2018) presents typical values of "Soils in natural degraded conditions" while Fbio the typical
values of "agriculture lands". Extremely low values were recorded in Fint and Gecot, indicating a strong

anthropogenic disturbance and poor soil quality.

QEBS-arin Sampling Areas

A
135
High soil
1204 biological
quality
1054
90—
T
5" -
=
60 ,
Low soil
45 biological
quality
30
15—
0 v

Fhio
Fint
Gecot
Gnat
Pecot
Pnat

Graph 3.52 Box-plot of QBS-ar in sampling areas (Software Past; Menta et al., 2018)
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3.15 Frass

About the testing of organic fertilisers, there are several results. As regards the time of development (graph
3.53), from the day of repotting until the first ripe fruit, the plants that developed more quickly were those
of control and those treated with the organic control (Biocompost). The slowest plants were those treated

with Tenebrio molitor frass.

DEVELOPMENT

B Flower ®Flower - Imature Fruit Imature Fruit - Mature Fruit

Acheta
Tenebrio
Hermetia 42 16

Biocompost

Control 42 11

Graph 3.53 Development of plant tested

Regarding the number of leaves of the various plants treated, the results show significant differences thanks
to the Friedman test on several-sample repeated (chi square= 82,28; p: 3,5893 E7); these differences are

also confirmed by the Wilcoxon pairwise - Bonferroni corrected p values test (Tab 3.31).

Table 3.31 Wilcoxon pairwise — Bonferroni corrected p value of leaves (Software Past)

Control Biocompost | Hermetia | Tenebrio | Acheta
Control 0,0001773 | 0,02947 0,0001229 | 0,0002001
Biocompost | 0,0001773 0,0001229 | 0,0006766 | 0,01561
Hermetia 0,02947 0,0001229 0,0001229 | 0,0001229
Tenebrio 0,0001229 | 0,0006766 | 0,0001229 0,0005612
Acheta 0,0002001 | 0,01561 0,0001229 | 0,0005612

As regards the height of the plant, the Friedman test (chi square= 67.355, p:7,7904E'%) shows a significant
difference between the different treatments during development, as confirmed by Wilcoxon pairwise -
Bonferroni corrected p values. Specifically, there are significant differences between all treatments except

between Control vs. Hermetia and Hermetia vs. Acheta (Tab. 3.32).
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Table 3. 32 Wilcoxon pairwise — Bonferroni corrected p value of height of plants (Software Past)

Control Biocompost Hermetia Tenebrio Acheta
Control 0,0004613 1 0,0004613 0,002947
Biocompost | 0,0004613 0,000401  0,02155 0,000401
Hermetia 1 0,000401 0,000401  0,7157
Tenebrio 0,0004613 0,02155 0,000401 0,000401
Acheta 0,002947  0,000401 0,7157 0,000401

Also, regarding to the number of flowers, the Friedman test (chi square= 27,611; p:1,2816E%) shows that

there are significant differences in the development between the diverse treatments, especially as indicated

by the Wilcoxon pairwise - Bonferroni corrected p values, between Control vs. Hermetia, Control vs.

Tenebrio and Hermetia vs. Tenebrio (Tab. 3.33).

Table 3.33 Wilcoxon pairwise — Bonferroni corrected p value of number of flower (Software Past)

Control
Biocompost
Hermetia
Tenebrio

Acheta

Control Biocompost Hermetia Tenebrio Acheta

0,0004613  5,722E%  0,000114  0,05375
0,4867 1 0,8743 1
5,722E% 1 0,04749 1
0,000114  0,8743 0,04749 0,9551
0,05375 1 1 0,9551

About the number of fruits, the Friedman test show significant differences (chi square= 35.4; p: 3.9973

E7) in the development trend and, as shown by the Wilcoxon pairwise - Bonferroni corrected p values,

there are significant differences between all groups except between Biocompost vs. Hermetia, Hermetia vs.

Acheta and Acheta vs. Tenebrio (Tab. 3.34).
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Table 3.34 Wilcoxon pairwise — Bonferroni corrected p value of number of fruits (Software Past)

Control Biocompost Hermetia Tenebrio Acheta

Control 0,007322 0,007322  0,007322  0,05375
Biocompost | 0,007322 0,6712 0,007322 1
Hermetia 0,007322  0,6712 0,007322 1
Tenebrio 0,007322  0,0007322  0,007322 0,1635
Acheta 0,007322 1 1 0,1635

As regards fruit size, the Kruskal-Wallis test shows a significant difference between the medians (chi
square= 10.74; p: 0.01321), although the Dunn’s post hoc-Bonferroni corrected p values show no
significant differences between individual groups. Finally, the dry weight shows a significant difference
between the medians (Anova Kruskal-Wallis test, chi square= 11,4; p: 0,02242) although the Dunn’s post
hoc - Bonferroni corrected p values show no significant differences between the various groups while, about
the size, the Kruskal-Wallis test (chi square: 5,358; p: 0,2472) does not show significant differences
between the different treatments.

The graph 3.54 show the value of the various parameters measured weekly. Plants treated with the Tenebrio
and Acheta frass produced on average many more leaves, while those that produced less are plant treated
with the Hermetia frass. In general, plants treated with frass show a wider range, as they have a greater
variability in the number of leaves, while Biocompost and control show a rather stable distribution, although
with lower values than the plants treated with Tenebrio and Acheta.

Also, as regards the measured height of the plant, the ones treated with Tenebrio frass were the highest,
followed by those treated with Biocompost. The lowest average height is observed in plants treated with
Acheta’s frass. In this case, plants treated with the Tenebrio and Hermetia frass show a greater variability
in plant height, while the other treatments are more stable. In addition, plants treated with frass, especially
of Tenebrio, produced more flowers, while the control produced fewer flowes. The Biocompost, on the
other hand, has an upper outlier, showing that there was plant with a greater number of flowers than average.
Finally, as regards the number of fruits, plants treated with frass have the greatest number of fruits, while
the Control has the least number of fruits.

The size of the fruits in the control has a relatively higher median than other groups while the smallest are
those of plants treated with the Acheta frass. The other three treatments are quite similar, although Hermetia
has a longer range than Biocompost which seems stable, even if it has outliers. At the end, as far as the
roots are concerned, the plants of Control have a higher dry weight, while those of Hermetia have the lowest
dry weight. Finally, the plants with Biocompost have a longer root system, while those of Hermetia are the

smallest.

149



s % ¥ 3 %

N. leaves

Fog P o)

Stze tomato fom)

N. flowers

Dried Ronots fort

X

.

!

Length Roots (em)

N. fruits

s i % %

Graph 3.54 Boxplot of weekly plant response (Software PAST)
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Figure 3.12 Control Plant. A: 0-day, B: 21 days, C: 35 days, D: 49 days; E: 63 days, F: 77 days, G: 98 days, H: 105 days, I:
119, L: 140 days, M: 154 days, N: 168 days (F. Mendicino)
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Figure 3.13 Biocompost. A: 0-day, B: 21 days, C: 35 days, D: 49 days; E: 63 days, F: 77 days, G: 98 days, H: 105 days, I:
119, L: 140 days, M: 154 days, N: 168 days (F. Mendicino)
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Figure 3.14 Hermetia illucens. A: 0-day, B: 21 days, C: 35 days, D: 49 days; E: 63 days, F: 77 days, G: 98 days, H: 105 days,
I: 119, L: 140 days, M: 154 days, N: 168 days ( F. Mendicino)

153



Figure 3.15 Tenebrio molitor. A: 0-day, B: 21 days, C: 35 days, D: 49 days; E: 63 days, F: 77 days, G: 98 days, H: 105 days,
I: 119, L: 140 days, M: 154 days, N: 168 days (F. Mendicino)
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Figure 3.16 Acheta domesticus. A: 0-day, B: 21 days, C: 35 days, D: 49 days; E: 63 days, F: 77 days, G: 98 days, H:
105 days, I: 119, L: 140 days, M: 154 days, N: 168 days (F. Mendicino)
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Figure 3.14 Tomatoes and roots measured T_C: Tomato control, T_B: Tomato Biocompost, T_H: Tomato
Hermetia, T_T: Tomato Tenebrio, T_A: Tomato Acheta, R_C: Roots Control, R_B: Roots Biocompost,
R_H: Roots Hermetia, R_T: Root Tenebrio, R_A: Roots Acheta (Foto: F. Mendicino)
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3.16 Field trials of Tenebrio molitor frass

From the field experiments with the T. molitor frass, the box plot (Graph 3.55) shows how the soil treated

with this biofertilizer have a much higher quality than the control. The median of the QBS-ar values of the

control plot is in a low biological quality of the soil, while that of the plot treated with frass is in a high

biological quality of the soil. In addition, the plot with frass, according to Menta et al., 2018, has a typical

value of Soils in natural degraded conditions while the plot control of the transition values between this and

Agriculture land.
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Graph 3.55 QBS-ar of sperimental plot with Tenebrio frass (Software PAST)
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4. Discussion

The agroecosystems of the Sila Plateau are located in a peculiar landscape context, characterized by natural
and semi-natural ecotones, which create unique environmental traits to be enhanced and protected. This
pioneering project has allowed a better knowledge of insects present to assess their conservation status and
their role in the ecosystems. This research also provides a better understanding about the ecosystems health
through the analysis of bioindicators, which can contribute to the comprehension of ecological dynamics
and species distribution. Biological and genetic biodiversity, as well as habitat, is threatened by human
activities such as the use of chemical pesticides, fungicides and herbicides, but also habitat fragmentation
and climate change (Colazza et al., 2018; PNR 2021-2027).

The natural grassland ecosystem (Gnat) shows the highest diversity than other areas investigated because
the presence of a wider vegetation diversification while the agricultural fields and the ecotone grazing area
(Gecot) have similar levels of diversity; on the other hand, despite being characterized by a biological
management of the soil, Fbio has lower biodiversity values than Fint and Gecot precisely because of the
limited interconnections with adjacent natural areas. More specifically, despite being integrated
management field, Fint has ecotonal areas that bring useful faunistic elements to the agricultural system. In
fact, Gecot is a reservoir of biodiversity which represent a transition area between natural environments
and agricultural fields that allows the overlap between several communities (Wielgolaski et al., 2017) and
ensure shelter/reproduction sites not subject to mechanical soil treatment. As for the pine forests, they have
a rather low biodiversity values, with the ecotonal pine forest (Pecot) better structured than the natural
pinewood. Nevertheless, in the natural pine forests (Pnat) saproxylic insects at risk of extinction and of high
natural value have been observed.

An aspect that deserves particular attention is the correlation of species with areas. In the agrosystems we
have a greater number of species, compared to the natural grazing area and the two pine forests; each of
them presents exclusive species, unlike Fbio, Fint and Gecot which instead show communities of similar
species. In addition, because of the overlap of species, the entomological communities of Fint and Gecot
have a high degree of similarity. This confirms that, despite the ecological differences between a grazing
area and a managed agricultural field, there is overlap and exchange of species between adjacent areas.
Fbio differs slightly from Fint and Gecot, indicating that the community in this habitat shows significant
differences compared to Fint and Gecot, due to different management and natural context. Gnat differs
from the fields and the ecotonal area, as well as being totally different are the communities of the pine
forests.

As far as the phytophagous insects, Fint have a greater diversity of phytophagous than Fbio even if this last
one shows a greater richness of harmful insects. Several species related to the biological field (Fbio) are
reported in literature (Pollini, 2013) as potential pest, such as the pest of cruciferous vegetables (Furydema
oleracea, Hemiptera: Pentatomidae), the potatoes alien pest (Leptinotarsa decemlineata, Coleoptera:
Chrysomelidae), the beet pest (Bothynoderes affinis, Coleoptera: Curculionidae) and the pest of fruit trees
(Urophorus humeralis, Coleoptera: Nitidulidae); these species can attack different agricultural crops
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present on the farms, where they can feed both on the fruits and the leaves of the plants. Closely associated
to the natural pine forest we have the Drosophilidae Drosophila suzukii (Diptera: Drosophilidae) which is
an Asian alien species and pest of red fruits typical of the pinewood undergrowth. In addition, in the
ecotonal pine forest we find the presence of Phyllotreta undulata (Coleoptera, Chrysomelidae), a
phytophagous of Euphorbiacea and Cruciferae. Fint and Gecot are correlate with the cereal pests
(Oryzaephilus surinamensis, Coleoptera: Silvanidae and Nephrotoma sp., Diptera: Tipulidae), the red fruits
pest (Dolycoris baccarum Hemiptera: Pentatomidae) and the cereal and potatoes pest (Eurydema ornata
Hemiptera: Pentatomidae). These species could be harmful to fruit orchards and cereals crops present in
the farm. Although there are not many pests and therefore there are a good condition of balance, the damage
recorded in Fbio is due to the presence of Leptinotarsa decemlineata while in the farm Fattoria Pupo,
damage was reported to red fruits by Drosophila suzukii (Diptera: Drosophilidae) and to potatoes tubers by
larvae of Agripnus murinus and Agriotes sp. (Coleoptera: Elateridae). The population of D. suzukii was
reduced by using a bait traps composed by apple cider vinegar, red wine and cane sugar, while
entomopathogenic nematodes of the species Steinernema carpocapsae of Koppert company were used to
reduce the population of Elateridae larvae. Both methodologies had positive responses, excluding the use
of synthetic substances.

Predators are greater in Fint and Gecot. In the agrosystems we have abundance of Coccinellidae, known
for their active predation especially of aphids; in the ecotonal pine forest we have the Staphylinidae and
Elateridae, while in the natural pine forest we found others Elateridae and saproxylic predators, like Cucujus
cinnaberinus. The predator community, therefore, differs between different ecosystems.

As for the carabidofauna, in the agrosystem (Fint, Gecot and Fbio) we have a greater diversity than the pine
forests and the natural grazing area, just because among them are so many potential antagonists of pest. In
the pine forests, especially in the natural one, however, we found not only endemic species, such as
Calathus montivagus, Carabus lefevbrei and Cychurus italicus, but also NT species like Clinidium
canaliculatum. As for the similarity of the community, we have the formation of three distinct groups: Fint
and Gecot, Gnat and Fbio and the two pine forests. This means that there is a difference in the distribution
of species not only by habitat but also by land use. While the integrated field has a similar biogenesis to its
ecotone as a result of species interpenetration, the carabidofauna of the biological field is similar to the
natural grazing area (Gnat). Thus, indicating that there is a better environmental quality, more similar to a
natural area than another agrosystem. The correlation between the species of ground beetles and the
sampling areas showed clear differences. Species correlated to Pecot are Nebria kratteri, Notiophilus
substriatus, Ophonus puncticollis and Carabus presli, while the others correlated to Pnat are Pterosticus
melas, Notiophilus rufipes, Cychrus italicus, Carabus lefebvrei, Clinidium canaliculatum and Abax
parallelepipedus: these are all zoophagous and almost brachypterous species and this confirms that the pine
forests, especially the natural ones, are stable environments rich of natural interest species. All other species
collected are related to grazing areas and agricultural fields, showing an environmental preference based

on their trophic strategies. In addition, in these areas, the species identified are all macropterous or
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dimorphic, capable of moving rapidly following sudden changes in agricultural or grazing environments.
Asregards, however, the trophic regime, while generalists are mainly related to agrosystems (demonstrating
how these environments are disturbed and not stable), zoophagous species are linked to both Pine Forests,
which are more stable environments, and in Fint, which is an area with a rich presence of phytophagous
individuals that may represent potential prey. The distribution of ground beetles depends on land use, but
also on tree cover: N. biguttatus, N. substriatus and C. montivagus prefer forest environments while other
species such as C. canaliculatum, C. lefevbrei, A. parallelepipedus and Syntomus impressus are linked to
climax forest with decay wood. Moreover, in Fbio, Fint and Gecot, due to agricultural practices and the
mechanical working of the soil associated with sowing, the peaks of abundance of ground beetles are
concentrated in the months of August, September and October, while in the pine forest and in natural areas
there are peaks of presence also in June and July. Finally, the species distribution is also indicative of the
environmental quality. In Pnat there is an abundance of mainly endemic and eumediterranean species, with
a restrict distribution, which indicates a rather stable environmental condition. In Pecot the species found
have a wider distribution, up to the southern Apennines, indicating also a stable environment although
lesser than Pnat. In Gnat the species have a Euro-Mediterranean distribution while in Fbio, Fint and Gecot
are both Euro-Mediterranean and Palearctic, therefore with a wider distribution. Species with a wide
distribution have less restricted ecological preferences and their presence may indicate fewer stable soils.
To conclude, data collected shows that land management has a significant impact on the composition and
diversity of carabidofauna.

Saproxylic insects, for the majority Coleoptera, are linked at least in one phase of their life cycle to rotting
wood (Calix et al., 2018). They are fundamental because, feeding on dead wood, they put back in circulation
important nutrients and due to wrong silvicultural practices are protected and included in the red list of the
Italian saproxylic beetles of the IUCN. Pycnomerus italicus Fam: Zoopheridae (EN) was collected
exclusively in Pnat. This shows optimal forest management compared to Pecot. Vulnerable species were
found only in pine forests (Ipidia binotata and Phyllodrepa salicis Fam: Nitidulidae; Ampedus sinuatus
Fam: Elateridae; Cucujus cinnaberinus Fam: Cucujidae), while species NT are collected in pine forests and
less in other areas, such as Clinidium canaliculatum, Oxypleurus nodieri and Pogonocherus decoratus
(Fam: Cerambycidae), Pediacus dermostoides (Fam: Cucujidae), Dacne rufifrons, Triplax lacordarii and
Triplax marseuli (Fam: Erotilidae), Lygistopterus anorachilus (Fam: Lycidae), Rushia parreyssi (Fam:
Melandridae) and Glischrochilus quadrisignatus (Fam: Nitidulidae). In addition, the xylophagous species
are related to the agricultural fields and to Gecot both for the presence of shrubs and fruit trees and for the
agility of the adults. In the natural pine forest, on the other hand, the species fall into the group of
saproxylics, zoophagous of saproxylics and mycetophagous, as they are extremely related to dead wood in
decomposition. In Pecot we find the species that feed on fermented sap produced by previous xylophagous
attacks.

The pollinators collected during this research project include Coleoptera, Diptera, Lepidoptera and

Hymenoptera. Among these, the Syrphidae, Diurnal Lepidoptera and Apoidea are considered of primary
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importance, while the other taxa are considered secondary pollinators as they do not present morphological
adaptations that make them specialists. Beetles and other families of Diptera are less specialized pollinators,
although they may help to compensate the reduced pollination rate due to the bees decline (Potts et al.,
2021; Muinde & Katumo, 2024), particularly in agroecosystems. The area with the greatest biodiversity of
pollinators in general is the area of natural grazing; however, if we consider only the specialized pollinators,
the most biodiverse area is Fbio which has a good equipartition of species too. The difference compared to
other sampling areas may be associated with the not use of pesticides to which specialized pollinators are
particularly sensitive, and also for the lack of grazing that reduces the amount of floral essences.

In the biological field the flower visitors are mainly dipterans of the families Anthomyiidae (Eustalomyia
sp.; Botanophila sp. and Lasiomma sp.), Calliphoridae (Cynomya mortorum and Protocalliphora azurea)
and Tachinidae (Cylindomya intermedia, Nowickia strobeli and Tachina casta); among Coleoptera there is
Cerambycidae (es. Chlorophorus sartor) and Buprestidae (es. Anthaxia millefolii). The integrated field
(Fint) and the ecotonal area (Gecot) share species, specifically Crabronidae (es. Oxybelus subspinosus) and
beetles Cetoniidae (es. Tropinota squalida), Dasytidae (es. Divales bipustulatus) and Phalacridae (es.
Olibrus sp.). In Gnat there are Tenthreniidae (es. Nematus myosotidis) and Vespidae (es. Ancistrocerus
sp.), the Diptera Anthomyidae (es. Hylemyia sp.) and Calliphoridae (es: Lucilia caesar). Linked to Pecot
there are the Coleoptera Cantharidae (es. Metacantharis clypeata) and the dipterans Anthomyiidae (es.
Pegomyia sp.), Bibionidae (es. Bibio sp.) and Muscidae (es. Phaonia tuguriorum). In Pnat among beetles
there are Cantharidae (Malthinus sp. and Rhagonycha lignosa), Cerambycidae (es. Anastrangalia dubia)
and Oedemeridae (es. Oedemera femorata) while about dipterans there are Fanniidae and Tabinidae (es.
Hybomitra sp.). There is, therefore, a different distribution of species according to the different habitats.
As regards the specialized pollinators, the agricultural fields are the richest species to which are associated
Diptera Bombyliidae (es. Usia sp.) and Syrphidae (Eristalis sp. and Shaerophoria scripta). Among the
Hymenoptera there are above all the Andrenidae (4dndrena cinerea, Andrena pilipes, Andrena gravida and
Andrena curvungula), the Colletidae (Colletes mlokosiewiczi, Hylaeus imparilis and Hylaeus sinuatus), the
Halictidae (Halictus scabiosae, Lasioglossum albocinctum, Lasioglossum griseolum, Lasioglossum
interruptum, Lasioglossum laticeps, Lasioglossum laevigatum, Lasioglossum leucozonium and
Lasioglossum xanthopus) and finally, the Apidae Anthophora balneorum. In the natural grazing area there
are mainly the Lepidoptera Nymphalidae (es. Vanessa cardui), the Pieridae (Aptoria crataegi and Euchloe
ausonia) and the Diptera Syrphidae (es. Merodon aeneus). About pine forests, the groups associated are
the Lepidoptera Nymphalidae (Pararge aegeria) and the Hymenoptera of family Andrenidae (Andrena
dorsata, Andrena fucata, Andrena minutuloides, Andrena minutula and Andrena trimmerana), Colletidae
(es. Hylaeus communis) and Halictidae (Halictus alfkenellus and Lasioglossum laeve).

For wild bees, the areas with the greatest biodiversity are Pnat and Fbio, due to the absence of human
activity, in the former environment, and pesticides and grazing in the latter. Gnat is the area with the lowest
bee biodiversity due to the presence of intensive and massive grazing that alters the vegetation composition

and the diverse presence of floral essences. The results underline the importance of preserving and
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improving habitats in areas with high diversity such as Pnat and Pecot, and investigating and mitigating
limiting factors in other areas. In addition, although we have a lower level of biodiversity in Fint, we find
several NT species with high ecological value in this area precisely because of the transition areas. The
distribution of wild bees is influenced by several factors, such as land use, rainfall and vegetation cover.
Interesting is how the species are distributed according to trophism: the polygolectic species, in fact, are
much more abundant in the transept Fbio, Fint and Gecot than in other areas. The majority of the oligolectic
species are present in Pnat and in the agricultural fields, while few species are in Gnat and Pecot: if in Pecot
the flowers in the undergrowth are rather absent, in Gnat massive grazing in the area influences the bee
communities. As regards sociality, the social species are present mainly in crops and in Gecot; solitary bees
are abundant in the agricultural transept because of the possibility of nesting in the surrounding areas. In
those areas, in fact, there are many species that nest in the soil, while in Gnat the species that nest on the
ground are equally abundant as those that nest inside the wood.

Several wild bees are in the European red list of species (the Italian red list is currently incomplete). The
endangered species were collected in pine forests, while the near threatened species were found in pine
forest and in grazing areas. In particular, one of the EN species is Lasioglossum laeve, which is a rare
species in Europe and it was collected only in Pine forest, while the NT species are the Halictidae Halictus
quadricintucs, Lasioglossum brevicorne, Lasioglossum convexiusculum, Lasioglossum laevigatum,
Lasioglossum majus, Lasioglossum pygmaeum and Lasioglossum xanthopus and the Apidae Nomada
pleurosticta and Nomada armata. Unfortunately, many species, especially those with a southern
distribution, are data deficient: for this reason, it is extremely important to know which species are present
in order to apply monitoring plans.

The genetic analysis of the wild bees has revealed interesting results. Many species are genetically distinct
from other European and northern Italy populations; for example, Anthophora balneorum (Apidae) is
distinct from the French and Spanish population while the Colletidae, Colletes mlokossewiczi is much more
similar to the central European populations (Germany and Hungary) than to the population of the Valle
d’Aosta. Instead, Colletes similis is related to the populations of Bulgaria compared to that of the North-
Central Europe. Interesting, then, is the result obtained from the genetic analysis of H. kahri. This species
has two subgroups, one distributed in northern Europe, while the other in southern Europe and our
individuals are genetically much more similar to the central/northern European populations (France,
Switzerland and Germany) as to the southern regions (northern Italy, Greece and Albania). This extremely
important data confirms not only that both groups are present in the Italian territory, but that this population
could represent a biogeographic relict confined to our mountain. The results obtained from the analysis of
the Megachilidae are also noteworthy. For example, Osmia cerinthidis was collected both in the sampling
areas of this research and in other projects conducted in Aspromonte National Park: genetically these
population are quite different, indicating that could be isolated populations. In addition, Osmia tergestinis
is also totally different from other European populations (Spain and France). Among the Apidae, the result

obtained with the genetic analysis of Nomada castellana appear to be particular interesting: our population
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differs not only from other European populations (Spain, Portugal, France, Germany, Russia), but also from
the populations of Valle d’ Aosta and Lombardy.

In addition, in the Sila plateau there are both species with extensive distribution and species typical of the
Mediterranean and Alpine environments; for example, Lasioglossum immunitum (Fam: Halictidae) is a
species typical of the Mediterranean environments, while species such as Hylaeus dilatatus and Hylaeus
incongrus (Fam: Colletidae) (Straka & Bogusch, 2011), Sphecodes pseudofasciatus (Fam: Halictidae) and
Chelostoma grande (Fam: Megachilidae) are typical of the Northern Italy. Moreover, Eucera pannonica
(Fam: Apidae) is present only in central Italy, Portugal and Southern France. The species with a wide
distribution are, for examples, the Holarctic species Anthophora plumipes, Ceratina cucurbitina (Fam:
Apidae), Hylaeus kahri (Fam: Colletidae), Halictus subauratus and Lasioglossum leucozonium (Fam:
Halictidae) but also the palearctic species Amegilla quadrifasciata (Fam: Apidae) and Colletes similis
(Fam: Colletidae).

Finally, Eucera cineraria, Melecta festiva, Nomada mutabilis, Tetralonia malve (Fam: Apidae), Halictus
fulvipes, Lasioglossum immunitum, Lasioglossum pauperatum, Lasioglossum semilucens, Sphecodes
pseudofascitus (Fam: Halictidae), Heriades crenulatus and Osmia ligurica (Fam: Megachilidae) are
collected for the first time above 800 m a.s.l. However, there are many new records for the South of the
wild bees and this shows the need to continue studying this group. Among these, interesting are the finding
of Eucera albofasciata which is a new record for the peninsula.

Important is the new record for Calabria of Oxypleurus nodieri (Fam: Cerambycidae), Dacne rufifrons
(Fam: Erotylidae) and Glischrochilus quadrisignatus (Fam: Nitidulidae): while the first is a xylophagous
species, the other two are mycetophagous and all are included in the red list of Italian saproxylic species
with category of risk NT; also interesting is the first record in Calabria of the pest of vegetables and sugar
beet Bothynoders affinis.

Among the dipterans, there are several first reports for Calabria, but the most interesting is definitely the
forensic indicators Cynomya mortorum (Fam: Calliphoridae) (Breat et al., 2015). For the Calliphoridae,
remarkable is the further finding of the species Calliphora rohdendorfi: this species, collected by our
research group for the first time in Italy in 2018, is distributed in central/northern Europe and whose
ecological role is not known (Pezzi et al., 2024) and are being further studied.

Several species of medical and veterinary interest were collected during the sampling, which could have
disastrous effects on milk and meat production and oh animals’ health, such as the myiasis agents
Calliphora vicina, Calliphora vomitoria, Chrysomyia albiceps, Lucilia ampullacea, Lucilia caesar, Lucilia
sericata, Sarcophaga spp. and Eristalis tenax, but also the hematophagous Stomoxys calcitrans. There are
currently no serious cases reported by farmers, but monitoring of these species is necessary because the
climate change could increase their activity; it is also essential to monitor and maintain optimum hygiene
conditions of cattle.

Soil arthropods are crucial for nutrient recycling and they contribute to the fertility of the soil. The QBS-ar

analyses showed that both pine forests environments, although Pnat shows a higher biological soil quality
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than the more ecotonal pine forest. All other areas have low soil biological quality. Gnat, following the
parameters of Menta et al., 2018 presents typical values of soils in natural degraded conditions because of
intensive grazing, while Fbio shows typical values of agriculture lands. Lower values than standard were
recorded in Fint and Gecot, indicating a strong overuse of soil.

The ever-increasing demand for food as a result of the increase in human population requires immediate
alternatives to the use of synthetic fertilizers and the mass-produced insect feed is a sustainable and
environmentally friendly alternative to natural soil improvers. Plants treated with insect frass fo insects
generally have longer development times. As regards the number of leaves, flowers and fruits, plants treated
with Tenebrio molitor frass are significantly larger value than the other treatments; the size of the fruit, on
the other hand, is very similar to that of the other experimental plots, but these showed no significant
differences. The root size of plants treated with 7. molitor frass was also smaller, especially compared to
those treated with Biocompost. But even here the difference is not significant. The size of the roots is
important because generally larger roots could absorb more water and nutrients (Tajima, 2021), but since
there is no significant difference between treatments it does not appear to be a disadvantage. Also, the plants
treated with the frass of Acheta domesticus and Hermetia illucens responded well, especially for the number
of flowers and fruits, but they were less efficient. Therefore, the frass obtained from mass breeding of
insects (in particular 7enebrio molitor), therefore, is not only a sustainable and ecological alternative to the
production of synthetic fertilizers but also positively affects the development of the plant compared to
organic agents.

The Tenebrio molitor frass, moreover, at the same environmental conditions of soil and solar irradiation,
has produced a superior biological quality of the soil, assessed by QBS-ar, going from low average values
to good quality values. It is known that more arthropods lead to more nutrient recycling and more fertile
soil (Gullan & Craston, 2010).

To conclude, this PhD work provides pioneering key aspects of species conservation and understanding of
ecological dynamics, providing a basis for future conservation and sustainable management strategies, as
well as evaluating possible new biofertilizers that, in addition to lowering costs, could promote a sustainable
circular economy. In additon, several important data emerged from this research and numerous faunal
elements of economic and ecological importance and the identification of crop-related pests were identified.
The agroecosystems of the Sila plateau show a close correlation between soil management and species
distribution, also in reference to the presence of ecotonal areas that serve as reservoirs of biodiversity.
Agricultural practices that avoid the use of synthetic pesticides, such as organic farming, have been found
to be beneficial for the biodiversity of pollinators and natural predators, although the land use negatively
affects soil quality and the presence of epigean species. However, the presence of ecotonal areas has been
found to be a predominant factor in risk mitigation, as well as having an important ecological role in the
conservation of endangered species and, for this reason, it is extremely important to encourage the
maintenance of grassed areas as well as to apply organic farming practices. The presence of saproxylic and

predatory species in pine forests underlines the importance of forest management that preserves dead wood
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and reduces anthropogenic disturbance. Well managed natural areas bring positive influences towards
agrosystems by increasing the diversity of pollinating and antagonist species. Finally, the study of wild
bees communities has highlighted the need for further research to monitor the health of wild bee

populations, especially in relation to climate change and habitat fragmentation.

Bibliography

Abdollahi T., Jalalizand A. R., Mozaffarian F., Wilson M. R., 2015. A faunistic study on the leathoppers of North
Western Iran (Hemiptera, Cicadellidae). ZooKeys 496(496):27-51.

Adedaral. A., Mohammed K. A., Da-Silva O. F., Salaudeen F. A., Goncalves F. L. S., Rosemberg D. B., Aschner M.,
Rocha J. B. T., Farombi E. O., 2022. Utility of cockroach as a model organism in the assessment of toxicological
impacts of environmental pollutants. Environmental Advances 8:100195.

Agustiyani D., Agandi R., Arinafril A., Nugroho A., Antonius S., 2020. The effect of application of compost and frass
from Black Soldier Fly Larvae (Hermetia illucens L.) on growth of Pakchoi (Brassica rapa L.). IOP Conf Series:
Earth and Environmental Science 762:02036.

Ali A., Rizvi Q., 2007. Development and Predatory Performance of Coccinella septempunctata L. (Coleoptera:
Coccinellidae) on Different Aphid Species. Journal of Biological Sciences 7(8): 1478-1483.

Allan, T., Warren, A., 1993. Deserts, the Encroaching Wilderness: A world Conservation Atlas. Oxford University
Press. London.

Allegro G., 2007. Carabidi della riserva naturale “Ghiaiagrande” (Alessandria, Piemonte) (Coleoptera, Carabidae).
Rivista Piemontese di Storia Naturale 28:181-193.

Allegro G., 2024. Tabella illustrata di determinazione per le specie della tribu Zabrini (generi Amara e Zabrus) note
in Italia (Coleoptera, Carabidae, Pterostichinae). Version 2.0 (24 giugno 2024). Memorie dell’Associazione
Naturalistica Piemontese — Vol. XIV.

Allen R. T., 1977. Calosoma (Castrida) alternans granulatum Perty: a predator of cotton leaf worms in Bolivia
(Coleoptera: Carabidae: Carabini). Coleopts. Bull. 31: 73-76.

Alma A., Ferracini C., Burgio G., 2005. Development of a Sequential Plan to Evaluate Neodryinus typhlocybae
(Ashmead) (Hymenoptera: Dryinidae) Population Associated with Metcalfa pruinosa (Say) (Homoptera: Flatidae)
Infestation in North-western Italy. Environmental Entomology, Vol. 34, No. 4, (August 2005), pp. 819-824, ISSN
0046-225X.

Alma A., Tedeschi R., Rossi J., 2022. Acizzia jamatonica (Kuwayama) nuova psilla per 1'Europa (Homoptera
Psyllidae). Informatore Fitopatologico, Vol. 52, No. 4, (April 2002), pp. 64-65, ISSN 0020-0735.

Altieri M. A., 1995. Agroecology: The Science of Sustainable Agriculture. CRC Press, Boca Raton, Florida, United
States pp. 448.

Altieri MLA., 1999: The ecological role of biodiversity in agroecosystems. Agriculture, Ecosystems & Environment,
74:19-31.

Alvarez-Garcia G., Frey C.F., Mora L.M., Schares G., 2013. A century of bovine besnoitiosis: an unknown disease
re-emerging in Europe. Trends in Parasitology 29(8), 407—-415.

Amari R., Gammoudi M., Tilili H., Ben Ali M., Hedfi A., Albogami B., Almalki M., Allagui M. S., Achouri M. S.,
2021. Notes on the biological development of the darkling beetle Blaps nefrauensis Seidlitz, 1893 (Coleoptera:
Tenebrionidae). Brazilian Journal of Biology 82(3).

Ambrose D. P., Kumari A. G., 2016. Reduviid Predators In: Omkar (Ed.), Ecofriendly Pest Management for Food
Security. Elsevier, San Diego, USA, pp. 329-366.

Amendt J., Krettel R., Zehner R., 2004. Forensic entomology. Naturwissenschaften 91:51-65.

165



Amori G., Mazzei A., Storino P., Urso S., Luzzi G., Aloise G., Gangale C., Ouzounov D., Luiselli L., Pizzolotto R.,
Brandmayr P., 2022. Forest management and conservation of faunal diversity in Italy: a review. Plant Biosystems -
An International Journal Dealing with all Aspects of Plant Biology.

Andersen A. N., Hoffmann B. D., Muller W. J., Griffiths A. D., 2002. Using ants as bioindicators in land management:
Simplifying assessment of ant community responses. J. Appl. Ecol. 39, 8—17.

Anderson M.J., 2001. A new method for non-parametric multivariate analysis of variance. Austral Ecology 26:32-46.

Andrews I., Sivell O., 2019. Summary of the current knowledge of Angioneura acerba (Meigen) and Angioneura
cytoneurina (Zetterstedt) (Diptera, Calliphoridae) in Britain with new records. Dipterists Digest 26:219-226.

Angelini E., Clair D., Borgo M., Bertaccini A., Boudonpadieu E., 2001. Flavescence Dorée in France and Italy:
occurrence of closely related Phytoplasma isolates and their near relationships to Palatinate grapevine yellows and
an alder yellows phytoplasma. Vitis, Vol. 40, No. 2, (June 2001), pp. 79-86.

Angelini F., 2020. Contribution to the knowledge of beetles (Insecta Coleoptera) of some protected areas of Apulia,
Basilicata and Calabria (Italy). Biodiversity Journal 11(1):85-254.

Arinton M., Razvan D., Moglan I., Catanoiu S., 2012. Coprophilous and Coprophagous Beetles in The Faeces of
European Bison (Bison bonasus Linnaeus 1758) From the Van Tori Neam Natural Park (Neam County, Romania).
Muzeul Olteniei Craiova. Oltenia. Studii i comunicari Stiintiele Naturii. Tom. 28, No. 1/2012.

Arzone A., 1979. L’agromizide neartico Liriomyza trifolii (Burgess) nuovo nemico di Gerbera in Italia. Informatore
Fitopatologico, Vol. 29, No. 3, (March 1979), pp. 3—6, ISSN 0020-0735.

Atanassova J., Sivilov O., 2014. Pollen analysis of the crop contents of adult Oedemeridae (Coleoptera) in Bulgaria.
European Jornal of Entomology III (4): 588-593.

Atay T., 2018. Tachinid (Diptera: Tachinidae) parasitoids of the lucerne beetle, Gonioctena fornicata (Briiggemann,
1873) (Coleoptera: Chrysomelidae), with a new parasitoid record and their parasitism rates. Turkish Journal of
Entomology 42(2):141-147.

Audisio P., Baviera C., Carpaneto G.M., Biscaccianti A.B., Battistoni A., Teofili C., Rondinini C., 2014. Lista Rossa
IUCN dei Coleotteri saproxilici Italiani. Comitato Italiano ITUCN e Ministero dell’Ambiente e della Tutela del
Territorio e del Mare, Roma.

Awad T. I, Onder F., 1997. Contribution to the study of Turkish Pyrrhocoridae (Heteroptera). Turk. Entomol. Derg
21(3):163-171.

Badenes-Pérez F. R., Marquez B. P., Petitpierre E., 2017. Simultaneous use of winter cress (Brassicaceae) in trap
cropping, conservation biological control, and pollinator conservation. Proceedings of the IOBC/WPRS Working
Group "Landscape Management for Functional Biodiversity", Scotland, UK.

Baker A. M., Potter D. A., 2020. Invasive paper wasp turns urban pollinator gardens into ecological traps for monarch
butterfly larvae. Scientific Reports 10(1):9553.

Bal L., 1970. Morphological investigation in two moder-humus profiles and the role of the soil fauna in their genesis.
Geoderma 4(1):5-36.

Balletto E., Bonelli S., Barbero F., Casacci L. P., Sbordoni V., Dapporto L., Scalercio S., Zilli A., Battistoni A., Teofili
C., Rondinini C., 2015. Lista Rossa IUCN delle Farfalle Italiane - Ropaloceri. Comitato Italiano ITUCN e Ministero
dell’ Ambiente e della Tutela del Territorio e del Mare, Roma.

Barbera F., Berardi B., De Castro G., Gallerano L., Nicoletti A., Raimondi S., 2023. Biodiversita a rischio. Rapporto
sullo stato di salute delle specie viventi, sui principali fattori di rischio e sulle strategie da adottare per far fronte alla
perdita della diversita biologica. Osservatorio per il Capitale Naturale. Ufficio Aree Protette e Biodiversita di
Legambiente.

Barbosa T. M., Jales J. T., Medeiros J. R., Vasconcelos S. D., Gama R. A., 2021. Behavioural Aspects of the Prey-
Predator Interaction Among Necrophagous Diptera: Implications for Cadaveric Colonization. Neotropical
Entomology 50(2):303-311.

166



Baroni Urbani C., Ruffo S., Vigna Taglianti A., 1978. Materiali per una biogeografia italiana fondata su alcuni generi
di Coleotteri Cicindelidi, Carabidi e Crisomelidi. Memorie della Societa entomologica italiana, 56: 35-92.

Baronio P., Sehnal F., 1980. Dependence of the parasitoid Gonia cinerascens on the hormones of its lepidopterous
hosts. Journal of Insect Physiology 26(9): 619-626.

Barragan-Fonseca K., Nurfikari A., van de Zande E. M., Wantulla M., van Loon J. J. A., de Boer W., Dicke M., 2022.
Insect frass and exuviae to promote plant growth and health. Trends in Plant Science 27(7):646-654.

Battiston R. 2016. Mantis religiosa. The IUCN Red List of Threatened Species 2016:¢.T44793247A4479847.

Baviera C., Biondi M., 2015. The Alticini (Coleoptera: Chrysomelidae, Galerucinae) of Sicily: Recent records and
updated checklist. Atti della Accademia Peloritana dei Pericolanti. Classe di Scienze Fisiche, Matematiche e Naturali.
Vol.93, No. 2, A2.

Baviera C., Platia G., 2018. The Elateridae (Coleoptera: Elateroidea) excl. Cebrionini and drilini of Sicily: recent
records and updated checklist. Atti della Accademia Peloritan dei Pericolanti. Classe di Scienze Fisiche, Matematiche
e Naturali. Vol. 96 No.2 Al.

Baviera C., Vienna P., 2019. The Histeridae (coleoptera: Histeroidea) of Sicily: new records and an updated checklist.
Atti della Accademia Peloritana dei Pericolanti. Classe di Scienze Fisiche, Matematiche e Naturali. Vol. 97, No. 2,
A7.

Begon M., Harper J. L., Towndens C. R., 2000. Ecologia. Individui, popolazioni, comunita. Zanichelli. Bologna, Italia
pp.854.

Bellard C., Bertelsmeier C., Leadley P., Thuiller W., Courchamp F., 2012. Impacts of climate change on the future of
biodiversity. Ecology letters 15(4):365-377.

Bellows T. S., Fishet T. W., Caltagirone L. E., Dahlsten D. L., Huffaker C., Gordh G., 1999. Handbook of Biological
Control: Principles and Applications of Biological Control. Academic Press pp. 1046.

Benelli G., Otranto D., Caselli A., Romano D., Remorini D., Di Giuseppe G., Stefanini C., Mele M., Canale A., 2018.
High innate attractiveness to black targets in the blue blowfly, Calliphora vomitoria (L.) (Diptera: Calliphoridae).
Acta Trop., 182 (2018), pp. 144-148.

Benton T. G., Vickery J. A., Wilson J. D., 2003. Farmland biodiversity: is habitat heterogeneity the key? Trends Ecol.
Evol. 18, 182-188.

Beracko P., Rufusova A., Bulankova E., Derka T., Kalaninova D., Korte T., Stloukalova V., 2017. Benthic
invertebrates and their habitats. Comenius University in Bratislava, Faculty of Natural Sciences. ISBN 978-80-223-
4462-3.

Bernardinelli 1., Zandigiacomo P., 2000. Prima segnalazione di Corythucha arcuata Say (Heteroptera: Tingidae) in
Europa. Informatore Fitopatologico, Vol. 50, No. 12, (December 2000), pp. 47-49, ISSN 0020-0735.

Bernhardt V., Finkelmeier F., Verhoff M. A., Amendt J., 2018. Myiasis in humans—a global case report evaluation
and literature analysis. Parasitology Research 118:389-397.

Bertelloni F., Bresciani F., Cagnoli G., Scotti B., Lazzerini L., Marcucci m., Colombani G., Bilei S., Boss T., De
Marchis M. L., Ebani V. V., 2023. House Flies (Musca domestica) from Swine and Poultry Farms Carrying
Antimicrobial Resistant Enterobacteriaceae and Salmonella. Veterinary Science 10(2), 118.

Betz O., 2006. Comparative studies on the predatory behaviour of Stenus spp. (Coleoptera: Staphylinidae): The
significance of its specialized labial apparatus. Journal of Zoology 244(4):527-544.

Betz O., Mumm R., 2001. The predatory legs of Philonthus marginatus (Coleoptera, Staphylinidae): Functional
morphology and tarsal ultrastructure. Artropod Structure & Development 30(2):77-97.

Bezzi M., 1895. Contribuzioni alla fauna ditterologica italiana. Ditteri della Calabria. Bullettino della Societa
entomologica italiana, 27:39-79.

Bianchi F. J. J. A., Booij C. J. H., Tscharntke T., 2006. Sustainable pest regulation in agricultural landscapes: a review
on landscape composition, biodiversity and natural pest control. Proceedings of the Royal Society 273:1715-1727.

167



Bianchi F. J. J. A., van Wingerden W. K. R. E., Griffioen A. J., van der Veen M., van der Straten M. J. J., Wegman
R. M. A., Meeuwsen H. A. M., 2005. Landscape factors affecting the control of Mamestra brassicae by natural
enemies in brussels sprout. Agric. Ecosyst. Environ. 107, 145-150.

Bidolini C., 1974. Contributo alla conoscenza dei Crisomelidi Italiani (Coleoptera Chrysomelidae) I1I. Osservazioni
sulla etologia di Cassida denticollis sufft., Cassida prasina illig e Cassida ornata creutz e la loro distribuzione
geografica. Atti del X congresso Nazionale Italiano di Entomologia: pag 1-3.

Biedermann R., 2002. Mating success in the spittlebug Cercopis sanguinolenta (Scopoli, 1763) (Homoptera,
Cercopidae): the role of body size and mobility. Japan Ethological Society 20:13-18.

Bonacci T., Carapezza A., Zetto-Brandmayr T., 2002. L’eterotterofauna di un’azienda agricola a conduzione biologica
del versante ionico calabrese. Entomologica, Bari 36:61-69.

Bonacci T., Massolo A., Brandmayr P., Zetto Brandmayr T. Z., 2006. Predatory behaviour on Ground Beetles
(Coleoptera: Carabidae) by Ocypus olens (Miiller) (Coleoptera: Staphylinidae) under laboratory conditions.
Entomological News 117(5):545-551.

Bonacci T., Vercillo V., Brandmayr P., Fonti A., Tersaruolo C., Brandmayr T. Z., 2009. A case of Calliphora vicina
Robineau-Desvoidy, 1830 (Diptera, Calliphoridae) breeding in a human corpse in Calabria (southern Italy). Legal
Medicine 11:30—32

Bonacci T., Zetto Branmayrs T., Brandmayr P., Vercillo V., Porcelli F., 2011. Sucessional patterns of the insect fauna
on a pig carcas in southern Italy and the role of Crematogaster scutellaris (Hymenoptera, Formicidae) as a carrion
invader. Entomological Science 14:125-132

Bonacci T., Greco S., Whitmore D., Curcio U. 2013. First data on myiasis caused by Wohlfahrtia magnifica (Schiner,
1862) (Diptera, Sarcophagidae) in Calabria, southern Italy. Life: The Excitement of Biology, 1(4): 197-201.

Bonacci T., Greco S., Cavalcanti B., Brandmayr P., Vercillo V., 2014. The flesh fly Sarcophaga (Liopygia)
crassipalpis Macquart, 1839 as an invader of a corpse in Calabria (Southern Italy). J forensic Sci Criminol 1(4):1-5.

Bonacci T., Vercillo V., & Benecke M., 2017. Dermestes frischii and D. undulatus (Coleoptera: Dermestidae) on a
human corpse in Southern Italy: First report. Rom J Leg Med, 25(2), 180-184.

Bonacci T. Curia G., Leoncini R., Whitmore D., 2017. Traumatic myiasis in farmed animals caused by Wohlfahrtia
magnifica in southern Italy (Diptera: Sarcophagidae). Fragmenta entomologica 49(1):57-60.

Bonacci T., Curia G., Scapoli C., Pezzi M., 2020. Wohlfahrtiosis in Italy: a case in a puppy and overview of
geographical distribution. Acta Vet. Brno 89:171-177.

Bonacci T., Mendicino F., Bonelli D., Carlomagno F., Curia G., Scopoli C., Pezzi M., 2021. Investigations on
Arthropods Associated with Decay Stages of Buried Animals in Italy. Insects 12(4), 311.

Bonelli D., Mendicino F., Carlomagno F., Pezzi M., Bonacci T., 2022. La diversita entomologica delle serre Calabresi
(Appennino Calabro). Poster, Atti del congresso UZI 20-23 Settembre 2022, Trieste.

Boniotti B., 2020. Sviluppo di un database delle piante ospiti dei Coleotteri Crisomelidi Ovest Paleartici: la sua
applicazione allo studio delle cenosi montane, subalpine e alpine. Tesi di laurea in Valorizzazione e tutela
dell’ambiente e del territorio montano. Universita degli Studi di Milano.

Borkent S.; Hodge S., 2021. Glasshouse Evaluation of the Black Soldier Fly Waste Product HexaFrass™ as an
Organic Fertilizer. Insects 12, 977.

Bortz J., Lienert G.A., Boehnke, K., 2000. Verteilungsfreie Methoden in der Biostatistik. 2nd ed. Springer.

Bovera F., Piccolo G., Gasco L., Marono S., Loponte R., Vassalotti G., Mastellone V., Lombardi P., Attia Y.A., Nizza
A., 2015. Yellow mealworm larvae (Tenebrio molitor L.) as a possible alternative to soybean meal in broiler diets.
Br. Poult.Sci. 56, 569¢575.

Braet Y., Bourguignon L., Vanpoucke S., Drome V., Hubrecht F., 2015. New developmental data for Cynomya
mortuorum (L., 1761) in Belgium (Diptera: Calliphoridae). Forensic science international 252:29-32.

168



Brandmayr P., Pizzolotto R., 1990. Grounf Beetle Coenoses in the landscape of the Nebrodi Mountains, Sicily
(Coleoptera, Carabidae). Naturalista Siciliano, S, IV, XIV (suppl.), pp.51-64.

Brandmayr P., Zetto T., Pizzolotto R., 2005. I Coleotteri Carabidi per la valutazione ambientale e la conservazione
della biodiversita. Manuale operativo APAT pp. 240.

Branstetter, M. G.; Danforth, B. N.; Pitts, J. P.; Faircloth, B. C.; Ward, P. S.; Buffington, M. L.; Gates, M. W.; Kula,
R. R.; Brady, S. G., 2017. Phylogenomic Insights into the Evolution of Stinging Wasps and the Origins of Ants and
Bees. Current Biology - Volume 27, Issue 7, 3 April 2017, Pages 1019-1025.

Brat D., Pathak I. R., 2020. Impact of Pollution on Biodiversity: A Review. IRE Journals. Volume 4 Issue 2. ISSN:
2456-8880.

Brown M. J. F., Paxton R. J., 2009. The conservation of bees: a global perspective. Apidologie 40:410-416.

Brown G. G., da Silva E., Thomazini M. J., Niva C. C., Decaéns T., Cunha L. F. N., Nadolny H., Demetrio W. C.,
Santos A., Ferreira T., Maia L., Conrado A. C., Segalla R. F., Ferreira A. C., Pasini A., Bartz M. J. C., Sautter K. D.,
James S., Baretta D., Antoniolli Z. 1., Briones M. J. 1., Sousa J. P., Rombke J., Lavelle P., 2018. The role of soil fauna
in soil health and delivery of ecosystem services. In: Reicosky, D. (Ed.), Managing Soil Health for Sustainable
Agriculture Volume 1: Fundamentals. Burleigh Dodds Science Publishing, Cambridge, UK, pp. 197-241.

Bruschini C., Cervo R., 2011. Venom volatiles of the paper wasp social parasite Polistes sulcifer elicit intracolonial
aggression on the nest of the host species Polistes dominulus. Insectes Sociaux 58(3):383-390

Buck M., Marshall S., 2006. Revision of New World Loxocera (Diptera: Psilidae), with phylogenetic redefinition of
Holarctic subgenera and species groups. European Journal of Entomology 103(1):19-219.

Buenaventura E., Szpila K., Cassel B. K., Wiegmann B. M., pape T., 2020. Anchored hybrid enrichment challenges
the traditional classification of flesh flies (Diptera: Sarcophagidae). Systematic Entomology, 45:281-301.

Burt M. A., Resasco J., Haddad N. M., Whitehead S. R., 2022. Ants disperse seeds farther in habitat patches with
corridors. Ecosphere 13(12):e4324.

Butin H., Fuhrer E., 1994. The horse-chestnut miner (Cameraria ohridella Deschka & Dimic), a new pest of Aesculus
ippocastanum. Nachrichtenblatt des Deutschen pflanzenschutzdienstes, Vol. 46, No. 5, pp. 89-91, ISSN:00277479.

Cabral S., Soares A. O., Garcia P., 2009. Predation by Coccinella undecimpunctata L. (Coleoptera: Coccinellidae) on
Myzus persicae Sulzer (Homoptera: Aphididae): Effect of prey density. Biological Control 50(1):25-29.

Calix M., Alexander K.N.A., Nieto A., Dodelin B., Soldati F., Telnov D., Vazquez-Albalate X., Aleksandrowicz O.,
Audisio P., Istrate P., Jansson N., Legakis A., Liberto A., Makris C., Merkl O., Mugerwa Pettersson R.,
Schlaghamersky J., Bologna M.A., Brustel H., Buse J., Novak V., Purchart L., 2018. European Red List of Saproxylic
Beetles. Brussels, Belgium: [UCN.

Campbell J. B., Skoda S. R., Berkebile D. R., Boxler D. J., Thomas G. D., Adams D. C. & Davis R., 2001. Effects of
stable flies (Diptera: Muscidae) on weight gains of grazing yearling cattle. J. Econ. Entomol. 94:780-783.

Camras S., 1944. Notes on the North American species of the Zodion fulvifrons group (Diptera: Conopidae). Pan-
Pacif. Ent. 20: 121-128.

Canas L. A., R. J. O’Neil, T. J. Gibb., 2002. Population ecology of Leptinotarsa undecimlineata Stal (Coleoptera:
Chrysomelidae): population dynamics, mortality factors, and potential natural enemies for biological control of the
Colorado potato beetle. Biol. Control. 24: 50—64.

Cane J. H., 2017. Specialist bees collected Asteraceae pollen by distinctive abdominal drumming (Osmia) or tapping
(Melissodes, Svastra). Arthropod-Plant Interact. 11(3):257-261,

Cane J. H., Tepedino V. J., 2017. Gauging the effect of honey bee pollen collection on native bee communites.
Conserv. Lett. 10(2):205-210.

Caruso D., Devic E., Subamia W., Talamond P., Baras E., 2013. Technical Handbook Of Domestication And
Production Of Diptera Black Soldier Fly (Bsf) Hermetia [llucens, Stratiomyidae. Percetakan IPB, Borgon pp. 141.

169



Cates R. X., 1981. Host plant predictability and the feeding patterns of monophagous, oligophagous, and polyphagous
insect herbivores. Oecologia 48(3):319-326.

Ceccolini F., Pizzocaro L., Cianferoni F., 2020. Contributo alla conoscenza coleotterologica del Molise. Quaderno di
studi e notizie di storia naturale della romagna 51:265-276. ISSN 1123-6787.

Cerretti P., Tschorsnig H. P., 2010. Annotated host catalogue for the Tachinidae (Diptera) of Italy. Stuttgarter Beitrige
zur Naturkunde A, Neue Serie 3: 305-340.

Cerretti P., Tschorsnig H. P., 2012. Three new species of Estheria Robineau-Desvoidy (Diptera: Tachinidae) from the
Mediterranean, with a key to the European and Mediterranean species of the genus. Stuttgarter Beitrdge zur
Naturkunde A, Neue Serie 5: 271-286.

Cerri J., Lioy S., Porporato M., Bertolino S., 2022. Combining surveys and on-line searching volumes to analyse
public awareness about invasive alien species: a case study with the invasive Asian yellow-legged hornet (Vespa
velutina) in Italy. NeoBiota 73:177-192.

Chigusa Y., Kawai S., Kirinoki M., Matsuda H., Morita K., 1997. A case of myiasis due to Sarcophaga melanura
(Diptera: Sarcophagidae) in a patient suffering from pontine infarction. Med. Entomol. Zool. 48(2):141-143.

Chinery M., 2010. Guida degli insetti d’Europa, Atlante illustrato a colori — Franco Muzzio Editore.

Choi S. W., Jung C., 2015. Diversity of Insect Pollinators in Different Agricultural Crops and Wild Flowering Plants
in Korea: Literature Review. Journal of Apiculture 30(3): 191~201.

Chowdhury S., Dubey V.K., Choudhury S., Das A., Jeengar D., Sujatha B., Kumar A., Kumar N., Semwal A., Kumar
V., 2023. Insects as bioindicator: A hidden gem for environmental monitoring. Frontiers in Environmental Science
11:1146052.

Cini A., loriatti C., Anfora G., 2012. A review of the invasion of Drosophila suzukii in Europe and a draft research
agenda for integrated pest management. Bulletin of Insectology 65 (1): 149-160.

Cirling N., Iurcu-Straistaru E., Titei V., 2021. The impact of the entomofauna on the plants of Phacelia tanacetifolia
benth. in the collection of the “al. ciubotaru” national botanical garden (institute). Scientific Papers. Series A.
Agronomy, Vol. LXIV, No. 2.

Cividanes F. J., 2021. Carabid beetles (Coleoptera: Carabidae) and biological control of agricultural pests in Latin
America. Annals of the Entomological Society of America 114(2):175-191.

Colazza S., Peri E., Lo Bue P., 2018. Lineamenti di Entomologia agraria in agricoltura biologica. Palermo University
Press. pp. 266.

Colombo M., Limonta L., 2001. Anoplophora malasiaca Thomson (Coleoptera Cerambycidae Lamiinae Lamiini) in
Europe. Bollettino di Zoologia Agraria e di Bachicoltura, ser I, Vol. 33, No. 2, (August 2001), pp. 65-68, ISSN 0336-
2403.

Comba M., 2019. Hymenoptera: Apoidea: Anthophila of Italy. https://digilander.libero.it/mario.comba/. Accessed on:
2024-04-10.

Condurri M., Truzzi A., Bertonazzi M.C., 2005. Microartropodi del terreno: manuale da campo per il riconoscimento
dei microartropodi del terreno come indicatori della qualita biologica del suolo (metodo QBS-ar). Quaderno di campo
n. 4. Parco Oglio Sud, Calvatone (CR).

Cook D. F., Voss S. C., Rich J. T. D., Rander R. C., Cook J. M., Spurr C. J., 2020. The Role of Flies as Pollinators of
Horticultural Crops: An Australian Case Study with Worldwide Relevance. Insects 11(6), 341.

Corazza C., Irno Consalvo B., Maccapani D., 2022. Ground beetles (Coleoptera Carabidae) in the wall park of the
city of Ferrara (Emilia-Romagna, Italy). Quaderni del Museo Civico di Storia Naturale di Ferrara - Vol. 10 p. 79-92.

Cosandey V., Broennimann O., Guisan A., 2022. Modeling the distribution of coprophagous beetle species in the
Western Swiss Alps. Alpine Entomology 6, 25-38.

Costa A., 1862. Nuovi studi sulla entomologia della Calabria ulteriore. R. Accademia Della Scienze Fisiche e
Metamatiche 1(2), 1.
170



Coupland J. B., Barker G. M., 2004. Diptera as Predators and Parasitoids of Terrestrial Gastropods, with Emphasis on
Phoridae, Calliphoridae, Sarcophagidae, Muscidae and Fanniidae in Natural enemies of terrestrial molluscs a cura di
Barker G. M, CAB International.

Currah L., Ockendon D. J., 2008. Pollination activity by blowflies and honeybees on onions in breeders' cages. Annals
of Applied Biology 105(1):167-176.

Da Silva-Xavier A., de Carvalho Queiroz M. M., 2016. Ultrastructure analysis of the immature stages of Ravinia
belforti (Diptera: Sarcophagidae), a species of medical-veterinary and forensic importance, by scanning electron
microscopy. Acta Tropica 159:192-199.

Danforth B. N., 1989. The evolution of hymenopteran wings: the importance of size. J. Zool. 218(2):247-276.

Danforth B. N., Minckley R. L., Neff J. L., 2019. The Solitary Bees. Biology, Evolution, Conservation. Princeton
University Press, Princerton, New Jersey pp. 472.

De Groot R. S., Wilson M. A., Boumans R. M. J., 2002. A typology for the classification, description and valuation
of ecosystem functions, goods and services. Ecol. Econ. 41, 393—408.

De Jesus A. J., Olsen A. R., Bryce J. R., Whiting R. C., 2004. Quantitative contamination and transfer of Escherichia
coli from foods by houseflies, Musca domestica L. (Diptera: Muscidae). International Journal of Food Microbiology
93(2):259-262.

Decourtye A., Alaux C., Le Conte Y., Henry M., 2019. Toward the protection of bees and pollination under global
change: present and future perspectives in a challenging applied science. Current Opinion in Insect Science 35:123-
131.

Dekeirsschieter J., Frederick C., Verheggen F. J., Drugmand D., Haubruge E., 2013. Diversity of Forensic Rove
Beetles (Coleoptera, Staphylinidae) Associated with Decaying Pig Carcass in a Forest Biotope. J Forensic Science 58
(4):1032-1041.

Dekeirsschieter J., Verheggen F., Lognay G., Haubruge E., 2011. Large carrion beetles (Coleoptera, Silphidae) in
Western Europe: a review. Biotechnology Agronomy Soci. Environ 15(3):435-447.

Dellacasa G., Bordat P., Dellacasa M., 2001. A revision essay of world genus-group taxa of Aphodiinac. Memorie
della Societa entomologica Italiana 79:1-482

Dellacasa M., Gordon R. D., Dellacasa G., 2007. Systematic Review to The Genus Liothorax (Coleoptera:
Scarabaeoidea: Scarabacidae: Aphodiinae). Zootaxa 1407: 23-42.

Dellacasa M., Kirgiz T., 2002. Records of Aphodiinae (Coleoptera, Scarabacoidea, Aphodiidae) from Edirne province
and neighbouring areas (European Turkey). Italian Journal of Zoology, 69:1, 71-82.

Dettner K., Beran A., 2000. Chemical Defense of the Fetid Smelling Click beetle Agrypnus murinus (Coleoptera:
Elateridae). Entomological General 25(1): 027-032.

Dettner K., Reissenweber F., 1991. The defensive secretion of Omaliinae and Proteininae (Coleoptera: Staphylinidae):
its chemistry, biological and taxonomic significance. Biochemical Systematics and Ecology 19(4):291-303

Diekétter T., Franziska F.P., Birgi P., Birgit J., Frank J. 2014. Mass-flowering crops increase richness of cavity-
nesting bees and wasps in modern agro-ecosystems. April 2014GCB Bioenergy 6(3):219-226 DOI:
10.1111/gcbb.12080

Dietz T, Stern P, Rycroft RW. 1989. Definitions of conflict and the legitimation of resources: the case of
environmental risk. Sociolog For 4:47-70.

Dijkstra K. B. B., Schroter A., 2021. Libellule d’Italia e d’Europa. Seconda Edizione. Ricca Editore, Roma pp.336.

Dindo M. L., Nakamura S., 2018. Oviposition Strategies of Tachinid Parassioids: two Exorista Species as Case
studies. International Journal of Insect Science 10:1179543318757491

Dioli, P. 1997. Eterotteri (Heteroptera) del Monte Barro (Italia, Lombardia, Lecco). Mem. Soc. It. Sci. Nat. e Mus.
Civ. St.Nat. Milano.

171



Dixon A. F. G., 1959. An Experimental Study of the Searching Behaviour of the Predatory Coccinellid Beetle Adalia
decempunctata (L.). Journal of Animal Ecology. Vol.25:259-281.

Donald P.F., 2004. Biodiversity impacts of some agricultural commodity production systems. Conserv Biol 18, 17—
37.

Drabble E., Drabble H., 1917. Some flowers and their Dipteran visitors. New Phytologist 16:105-109.
Duff A. G., 2012. Beetles of Britain and Ireland. Volume 1: Sphaeridium to Silphidae. West Runton, Norfolk pp. 433.

Duff A. G., 2016. Beetles of Britain and Ireland. Volume 4: Cerambycidae to Curculionidac. West Runton, Norfolk,
United Kingdom pp. 544.

Duff A. G., 2020. Beetles of Britain and Ireland. Volume 3: Geotrupidae to Scraptiidae. West Runton, Norfolk, United
Kingdom pp. 670.

Duso C., 1991. Sulla comparsa in Italia di un Tefritide neartico del noce: Rhagoletis completa Cresson (Diptera:
Tephritidae). Bollettino di Zoologia Agraria e di Bachicoltura, Ser II, Vol. 23, No. 2, (August 1991), pp. 203-209,
ISSN 0336-2403.

Duso C., Bressan A., Mazzon L., Girolami V., 2005. First record of the grape leathopper Erythroneura vulnerata Fitch
(Hom., Cicadellidae) in Europe. Journal of Applied Entomology, Vol. 129, No. 3, (April 2005), pp. 170-172, L.

Dutto M., 2018. Analisi di alcune invasioni sostenute da Ptinidae e Latridiidae in abitazioni italiane (Coleoptera).
Quaderni del Museo Civico di Storia Naturale di Ferrara - Vol. 6 - pp. 83-86.

Dvrak L., Ruchin A. B., Egorov L. V., Aleksanov V. V., Alekseev S. K., Shulaev N. V., Zakharova E. Y., 2023.
Distribution of Species From the Genus Panorpa (Mecoptera, Panorpidae) In European Russia Except The Caucasus.
Nature Conservation Research. 3anoBennas Hayka. 8(1): 24-33.

EFSA Panel on Plant Healt (PLH), Bragard C., Dehnen-Schmutz K., Di Serio F., Gonthier P., Jacques M.-A., Miret
J. A. J., Justesen A. F., Magnusson C. V., Milonas P., Navas-Cortes J. A., Parnell S., Potting R., Reignault P. L.,
Thulke H.-H., van der Werf W., Civera A. V., Yuen J., Zappala L., Kertesz V., Maiorano A., Streissl F., MacLeod
A., 2020. Pest categorisation of Leptinotarsa decemlineata. EFSA Journal 18(12):6359.

El Hamouly H., Sawaby R. F., Fadl H. H., 2010. Taxonomic review of the subfamily Pseudophloeinae (Hemiptera:
Coreidae) from Egypt. Egyptian Jurnal of Biology 12:108-124.

El Harche H., Mansouri D., Kaioua S., Chavanon G., 2023. Diversity Auand Distribution of Hemipteran Species
Associated with Crop Ecosystems In Northwest Morocco. Plant Protection, 07 (03) 2023. 477-488.

Elkinton J. S., Boettner G. H., Broadleu H. J., 2021. Successful biological control of winter moth, Operophtera
brumata, in the northeastern United States. Entomological Applications 31(5).

El-Salam M. A., Shalaby F., EL-Sebay E. 1., Hafez A. A., 2020. Taxonomy of genus Brachymeria species
(Hymenoptera: Chalcididae) in Egyptian fauna. Egypt. J. Plant Prot. Res. Inst., 3 (1): 215 —236.

El-Shazly M. M., El-Sebaey I. I. A., 1997. Development and predation rates of Coranus aegyptius (F.) and vachiria
natolica Stal (Hemiptera: Reduviidae: Harpactorinae). Egyptian Journal of Biological Pest Control 7 (1):47-51.

Emmerson M., Molales M. B., Onate J. J., Batary P., Berendse F., Liira J., Aavik T., Guerrero 1., Bombarco R., Egger
S., Parte T., Tscharntke T., Weisser W., Clement L., Bengtsson J., 2016. Chapter Two - How Agricultural
Intensification Affects Biodiversity and Ecosystem Services. Advances in Ecological Research 55:43-97.

Espinosa B., Muccio P., Di Russo G., 2003. Paysandisia archon, una minaccia per le nostre palme. L’Informatore
Agrario, Vol. 59, No. 7, (February 2003), pp. 61, ISSN 0020-0689.

Eugen N., Nitzu E., 2009. The first study on the beetle fauna in the Giumalau spruce primeval forest (Eastern
Carpathians, Romania), mainly based on a quantitative analysis of terrestrial and saproxylic species. Saproxylic
Beetles - their role and diversity in European woodland and tree habitats Proceedings of the 5th Symposium and
Workshop on the Conservation of Saproxylic Beetles p 27-48.

Faheem M., Aslma M., Razaq M., 2004. Pollination Ecology with Special Reference To Insects-A Review. Journal
of Research (Science). 15(4):395-409.
172



Falk S., 2017. Promoting pollinators along Highways England’s Area 9 road network. Buglife Service.

Fanelli D., Henshaw M. T., Cervo R., Turillazzi S., Queller D., Strassmann J., 2005. The social parasite wasp Polistes
atrimandibularis does not form host races. Journal of Evolutionary Biology 18(5):1362-7.

Farooq M., Rehman A., Pisante M., 2019. Sustainable agriculture and food security. In: Farooq M, Rehman A (eds)
Innovations in sustainable agriculture. Springer, Cham, pp 3-24.

Felicioli A., 2014. Insetti parassiti e predatori (lepidotteri, ditteri, coleotteri, imenotteri). In: Carpana, E., Lodesani,
M. (eds) Patologia e avversita dell’alveare. Springer, Milano. https://doi.org/10.1007/978-88-470-5650-3 9.

Fent M., Dursun A., Kiyak S., 2021. A Preliminary List on the Host Plants of Lygaeoidea Species (Hemiptera:
Heteroptera) in Turkey- II. Journal of the Heteroptera of Turkey 3(2):87-105.

Ferreiro 1. 1., 2017. Inter-annual variation in the plant-pollinator network of a rupicolous plant community. Master’s
Degree in Terrestrial Ecology and Biodiversity Management. Universitat Autonoma de Barcelona. Supervisors: Luis
Navarro and Jordi Bosch.

Field C.B., Campbell J.E., Lobell D.B., 2008. Biomass energy: the scale of the potential resource. Trends Ecol Evol
23, 53-112.

Foerster L. A., Doetzer A. K., 2002. Host Instar Preference of Peleteria robusta (Wiedman) (Diptera: Tachinidae) and
Development in Relation to Temperature. Neotropical Entomology 31(3).

Fornasari L., 2004. Ecology of selected species of Alticinae (Coleoptera, Chrysomelidae) and their hosts, Euphorbia
spp. (Euphorbiales, Euphorbiaceae) in Eurasia. In: New Developments in the Biology of Chrysomelidae. Brill p. 321-
332

Franzmann B. A., 2002. Hippodamia variegata (Goeze) (Coleoptera: Coccinellidae), a predacious ladybird new in
Australia. Australian Journal of Entomology, 41(4), 375-377.

Gallai N., Salles J.M., Settele J., Vaissiére B.E., Economic valuation of the vulnerability of world agriculture
confronted with pollinator decline. Ecol. Econ. 2009, 68, 810—821.

Gaston K. J., Spicer J. 1., 2004. Biodiversity: an introduction. Second Edition. Blackwell Science Ltd pp. 191.

Gavrilovic B., Curcic S., 2010. Diversity of species of the family Scarabaeidae (Coleoptera) in Serbia. Archives of
Biological Sciences 62 (3).

Georgescu B., Struti D., Papuc T., Ladosi D., Boaru A., 2020. Body weight loss of black soldier fly Hermetia illucens
(Diptera: Stratiomyidae) during development in non-feedung stages: Implication for egg clutch parameters. European
Journal of Entomology 117:216-225.

Georghiou G. P., 1972. The Evolution of Resistance to Pesticides. Annual Review of Ecology and Systematics 3:133-
168.

Gerhadt A., 2002. Bioindicator Species And Their Use In Biomonitoring environmental Monitoring. Vol. 1T —
Bioindicator Species and Their Use in Biomonitoring.

Gerlach J., Samways, M., and Pryke, J., 2013. Terrestrial invertebrates as bioindicators: An overview of available
taxonomic groups. J. Insect Conserv. 17 (4)

Ghahari H., Moulet P., Linnavuori R. E., Ostovan H., 2012. An Annotated Catalog of the Iranian Coreidae,
Rhopalidae, and Stenocephalidae (Hemiptera: Heteroptera: Pentatomomorpha: Coreoidea). Zootaxa 3519 (3519):1-
31.

Giangaspero A., Marangi M., Balotta A., Venturelli C., Szpila K., DI Palma A., 2017. Wound Myiasis Caused by
Sarcophaga (Liopygia) argyrostoma (Robineau-Desvoidy) (Diptera: Sarcophagidae): Additional Evidences of the
Morphological Identification Dilemma and Molecular Investigation. The scientific World Journal 9064531.

Giannini T. C., Cordeiro G. D., Freitas B. M., Saraiva A. M., 2015. Imperatriz-Fonseca, V.L. The dependence of crops
for pollinators and the economic value of pollination in Brazil. J. Econ. Entomol.108, 849—857.

173


https://doi.org/10.1007/978-88-470-5650-3_9

Gobbi M., Bragalanti N., Lencioni V., Pedrotti L, 2013. Contributo alla conoscenza delle comunita di carabidi
(Coleoptera: Carabidae) del Parco Nazionale dello Stelvio (Settore Trentino). Bollettino del Museo Civico di Storia
Naturale di Verona, 37, 2013 Botanica Zoologia 123-130.

Gobbi M., Fortaneto D., 2008. Biodiversity of ground beetles (Coleoptera: Carabidae) in different habitats of the
Italian Po lowland. Agriculture, Ecosystems and Environment 127:273-276.

Gogala A., Vadnjal D., Kastelic M., 2020. Four species of Heteroptera new to the fauna of Slovenia. Acta
Entomologica Slovenica 28 (1):15-21.

Goulet H. Huber J. T., 1993. Hymenoptera of the world: An identification guide to families. Centre for land and
biological resources research. Ottawa, Ontario. pp. 668.

Goulson D., Nicholls E., Botias C., Rotheray E. L., 2015. Combined stress from parasites, pesticides and lack of
flowers drives bee declines. Science 347: 6229.

Grassi A., Giongo L., Palmieri L., 2011. Drosophila (Sophophora) suzukii (Matsumura), new pest of soft fruits in
Trentino (North-Italy) and in Europe. Integrated Plant Protection in Soft Fruits Bullettin 70:121-128.

Greco S., Bonacci T., 2012. First report of Platystoma spp. Visiting bait traps in Calabria (Diptera: Platystomatidae).
Entomologia Generalis 34(1-2) (1):149-155,

Greco S., Brandmayr P., Bonacci T., 2014. Synanthropy and Temporal Variability of Calliphoridae Living in Cosenza
(Calabria, Southern Italy). Journal of Insect Science 14(216).

Gregor F., Rozkosny R., Bartak M., Vanhara J., 2016. Manual of Central European Muscidae (Diptera). Morphology,
taxonomy, identification and distribution. Schweizebart Science Publishers, Stuttgart pp. 219.

Grez A. A., Zaviezo T, Mancilla A., 2011. Effect of prey density on intraguild interactions among foliar and ground-
foraging predators of aphids associated with alfalfa crops in Chile: a laboratory assessment. Entomol. Exp. Appl. 139:
1-7.

Grimaldi D., Engel M. S., 2005. Evolution of the Insects. Cambridge University Press. New York, USA pp. 755.

Griswold T.L., Miller W., 2010. New Perdita (Perdita) oligoleges of Mentzelia, with noyes on related species of the
Ventralis group (Hymenoptera: Andrenidae). Pan-Pac. Entomol. 64(1):43-52.

Grzywacz A., Prado Castro C., 2012. New records of Fannia Robineau-Desvoidy (Diptera: Fanniidae) collected on
pig carrion in Portugal with additional data on the distribution of F. conspecta Rudzinski. Entomol. Fen-nica 23: 169—
176.

Gullan P. J., Craston P. S., 2010. Lineamenti di Entomologia. Zanichelli, Bologna, Italia pp.514.

Hammer O., Harper D. A. T., Ryan P. D., 2001. Past: Paleontological Statistics Software Package for Education and
Data Analysis. Palaentologia Electronica, 4,9 p. (Version 4.11).

Han Y. G., Kwon O., Cho, Y., 2015. A study of bioindicator selection for long-term ecological monitoring. J. Ecol.
Environ. 38 (1), 119-122.

Hansen A. K., Brunke A., Simonsen T., Solodovnikov A., 2022. Revision of Quedius sensu stricto (Coleoptera:
Staphylinidae). Acta Entomologica 62(1):225-299.

Hansen L. O., Fjellstad B. M., 1998. Ledra aurita (Linnaeus, 1758) (Hem., Cicadellidae) rediscovered in Norway.
Fauna norv. Ser. 45.

Hashem M. Y., Khalifa E. A., Ahmed S. S., 2021. The effect of modified atmospheres on the saw-toothed grain beetle
Oryzaephilus surinamensis (L.) (Coleoptera: Silvanidae) and the quality of semi-dried dates. Journal of Stored
Products Research 93:10185.

Haupt J., Haupt H., 2002. Guide Des Mouches Et Des Moustiques. L'Identification Des Especes Europeennes.
Delachaux et Niestlé pp.352.

174



Hebert P.D.N., Penton E.H., Burns J.M., Janzen D.H., Hallwachs W., 2004. Ten species in one: DNA barcoding
reveals cryptic species in the neotropical skipper butterfly Astraptes fulgerator. Proc. Natl. Acad. Sci. U.S.A. 101:
14812-14817.

Heiss E., Eckelt A., Lederwasch M., Unterasinger R., 2023. The Heteroptera Collection Ernst Heiss at the Tiroler
Landesmuseum Ferdinandeum. Part X: Pentatomomorpha III: Family Coreidae. Entomologica Austriaca 30:85-145.

Helyer N., Cattlin N. D., Brown K. C., 2014. Biological Control in Plant Protection: A colour Handbook, Second
Edition. CRC Press, Taylor & Francis Group pp.276.

Henle K., Alard D., Clitherow J., Cobb P., Firbank L., Kull T., McCracken D., Moritz R. F: A., Niemela J., Rebane
M., Wascher D., Watt A., Young J., 2008. Indentifying and managing the conflicts between agricolure and biodiversity
conservation in Europe-A review. Agriculture, Ecosystems and Environment 124:60-71.

Hernandez J. M., de la Rosa J. J., 2001. Description of larva and pupa of Plagionotus scalaris (Brullé, 1832) and
distinctive host plant for Central Spain populations (Coleoptera, Cerambycidae, Cerambycinae). Deutsche
Entomologische Zeitschrift 48(2):267-271.

Hofsvang T., 2010. Nephrotoma Meigen, 1803 (Diptera, Tipulidae) as potential agricultural pests in Norway. Norw.
J. Entomol. 57, 12—-16.

Holloway G. J., Pinniger D. B., 2020. Anthrenus species (Coleoptera; Dermestidae) found in UK museums with
special reference to A. museorum Linnaeus, 1761, the museum beetle. Holloway, G., J. and Pinniger, D., B. 2020.
JoNSC. 7. pp.68-71.

Honek A., 1988. The effect of crop density and microclimate on pitfall trap catches of Carabidae, Staphyiinidae
(Coleoptera), and Lycosidae (Araneae) in cereal fields. Pedobiologia 32:233-242.

Howlett B. G., 2011. Hybrid carrot seed crop pollination by the fly Calliphora vicina (Diptera: Calliphoridae). Journal
of Applied Entomology doi: 10.1111/j.1439-0418.2011.01665.x

Hranni J. P., 2009. The Bibionidae (Diptera) of Sardinia, with description of two new species. Zootaxa 2318:427-439.

Hribar L., 2009. Empicoris subparallelus (Hemiptera: Heteroptera: Reduviidae), a Predatory Bug New to the Fauna
of FloridaFlorida Entomologist 90:738-741

Hristov G. H., Chobanov D. P., 2016. An annotated checklist and key to the Bulgarian cockroaches (Dictyoptera:
Blattodea). Zootaxa 4154 (4):351-388.

IBM Corp. Released, 2022. IBM SPSS Statistic for Windows, version 28.0.1, Armonk, NY: IBM corp.
Isik K., 2011. Rare and endemic species: why are they prone to extinction?. Turkish Journal of Botany 35(4):11.

ISPRA, 2004. Rapporto sull’agricoltura biologica. Agenzia per la protezione dell’ambiente e per i servizi tecnici
(APAT) ISBN 88-448-0141-6 pp. 96.

ISPRA, 2020. 11 declino delle api e degli impollinatori. Le risposte alle domande piu frequenti. Quaderni Natura e
Biodiversita n.12/2020. ISBN 978-88-448-1000-9, pp. 43

Jeffery S., Gardi C., Jones A., Montanarella L., Marmo L., Miko L., Ritz K., Peres G., Rombke J., van der Putten
W.H,, eds, 2010: European Atlas of Soil Biodiversity. Publications Office of the European Union, Luxembourg.

Jekeska L. S., Durbesic P., 2009. Comparison of the body size and wing form of carabid species (Coleoptera:
Carabidae) between isolated and continuous forest habitats. Annales de la Société entomologique de France (N S )
45(3):327-338.

Jucker C., Lupi D., 2011. Exotic Insects in Italy: An overwiew on their Environmental Impact in The Importance of
Biological Interactions in the Study of Biodiversity. IntechOpen ISBN 978-953-51-4429-8.

Jucker C., Quacchia A., Colombo M., Alma A., 2007. Hemiptera recently introduced into Italy. Bulletin of
Insectology, 61(1): 145-146.

Juyena N. S., Tapon M. A. H., Ferfousy R. N., Paul S., Alam M. M., 2013. A retrospective study on occurrence of
myiasis inruminants. Progressive Agriculture 21(1-2):101-106.

175



Kang S., Eun U. C,, Donguk K., Suh J. S., 2023. A taxonomic revision of the genus Fannia Robineau-Desvoidy
(Diptera: Fanniidae) from Korea. Journal of Asia-Pacific Biodiversity 16: 516-524.

Karagoz M., Aksu S., Gozuacik C., Kara K., 2009. Microphthalma europaea Egger (Diptera: Tachinidae), a new
record for Turkey. Turkish Journal of Zoology 35(6): 887-889.

Karataraki K., Goumenaki E., Raftakis E., Goutos D., Kapetanakis E., 2015. First record of the mycetophagous
ladybird Psyllobora vigintiduopunctata on greenhouse cucumber plants in Crete (Greece). Entomologia Hellenica
24(2), 37-41.

Karimi M. S., Namin S. m., Seifouri M., 2018. The Flies of Family Lauxaniidae (Diptera, Lauxanioidea) in Gilan
Province, with New Records for The Iranian Fauna. Journal of the Entomological Research Society 20(2):71-78.

Kassam A., 2020. Advances in Conservation Agriculture Volume 2: Practice and Benefits, Burleigh Dodds Science
Publishing, Cambridge, UK, 2020.

Kenis M., Auger-Rozenberg M. A., Roques A., Timms L., Peré C., Cock M. J. W., Settele J., Augustin S., Lopez-
Caamonde C., 2009. Ecological effects of invasive alien insects. Bicl. Invasion 11:21-45.

Keplan M., 2022. Determination of Tropinota hirta (Poda) (Coleoptera: Cetoniidae) Caught in Different Traps
Feeding on Almond (Prunus amygdalus Linnaeus) Flowers. Entomological News 130(3).

Kergoat G. J., Le Ru B. O., Sadeghi S. E., Tuda M., Rein C. A. M., Gyorgy Z., Genson G., Riberiso-Costa C. S.,
Delobel A., 2015. Evolution of Spermophagus seed beetles (Coleoptera, Bruchinae, Amblycerini) indicates both
synchronous and delayed colonizations of host plants. Molecular Phylogenetics and Evolution 89:91-103.

Kevan P. G., Baker H. G., 1983. Insects as flower visitors and pollinators. Ann. Rev. Entomol. 28:407-453.

Khalifa S. A. M., Elshafiey E. H., Shetaia A. A., El-Wahed A. A. A., Algethami A. F., Musharraf S. G., AlAjmi M.
F., Zhao C., Masry S. H. D., Abdel-Daim M. M., Halabi M. F., Kai G., Al Nagger Y., Bishr M., Diab M. A. M., El-
Seedi H. R., 2021. Overview of Bee Pollination and Its Economic Value for Crop Production. Insects 12(8):688.

Kim J. K., Yamane S., 2009. Taxonomic Review of the Genus Ancistrocerus Wesmael (Hymenoptera: Vespidae:
Eumeninae) from the Far East, with a Description of a New Species from Korea. Animal Cells and Systems 13:31-
47.

King C., Ballantyne G., Wilmer P. G., 2013. Why flower visitation is a poor proxy for pollination: measuring single-
visit pollen deposition, with implications for pollination networks and conservation. Methods in Ecology and
Evolution 4, 811-818.

Klammsteiner T., Turan V., Dernandez-Delgrado Jurez D., Oberegger S., Insam H., 2020. Suitability of Black Soldier
Fly Frass as Soil Amendment and Implication for Organic Waste Hygienization. Agronomy 10:1578.

Kocakoglu N.O., Candan S., 2022. Ultrastructural Characterization of Salivary Glands, Alimentary Canaland
Malpighian Tubules of the Red Shield Bug Carpocoris mediterraneus Tamanini, 1958 (Heteroptera, Pentatomidae).
Microscopy and Microanalysis 28:824-836

Korneyev V. A., Mishustin R. 1., Korneyev S. V., 2017. The carpomyini fruit flies (Diptera: Tephritidae) of Europe,
Caucasus, and middle east: new records of pests, with improved keys. Vestnik zoologii 51(6):453-470.

Kozyra K. B., Baraniak E., 2016. Causes of mortality of Polistes nimpha colonies. Insectes Sociaux 63(3):481-482.

Krcmar S., Maric S., 2006. Analysis of the Feeding Sites for some Horse flies (Diptera, Tabanidae) on a human in
Croatia. Collegium Antropologicum 30(4):901-904.

Krebs C. J. 1989. Ecological Methodology. Harper & Row Publisher Inc, New York pp. 654.

Kremen C., Colwell R. K., Erwin T. L., Murphy D. D., Noss R. F., Sanjayan M. A., 1993. Terrestrial Arthropod
Assambages: Their Use in Conservation Planning. Conservation Biology 7(4):796-808.

Kristenova M., Exnerova A., Stys P., 2011. Seed preferences of Pyrrhocoris apterus (Heteroptera: Pyrrhocoridae):
Are there specialized trophic populations?. European Journal of Entomology 108(4):581-586.

176



Kromp B., 1999. Carabid beetles in sustainable agriculture: a review on pest control efficacy, cultivation impacts and
enhancement. Agriculture, Ecosystems & Environment 74(1-3):187-228.

Kulkarni S. S., Dosdall L. M., Willenborg C. J., 2015. The role of ground beetles (Coleoptera: Carabidae) in weed
seed consumption: a review. Weed Sci. 63: 355-376.

Kutur M., 2005. The Fauna and Systematics of the Genus Tephritis Latreille, 1804 (Diptera: Tephritidae) with a Key
to the Species of Tephritis in Turkey. Turk. J. Zool 30:345-356.

Lacourt J., 2020. Sawflies of Europe. N.A.P. Edition. Verri¢res-le-Buisson., France pp. §76.

Lagisz M., 2008. Changes in morphology of the Ground beetle Pterostichus oblongopunctatus Fab. (Coleoptera;
Carabidae) from vicinities of a zinc and lead smelter. Environ. Toxicol. Chem. 27 (8), 1744—1747.

Landis D. A., Wratten S. D., Gurr G. M., 2000. Habitat management to conserve natural enemies of arthropod pests
in agriculture. Annu. Rev. Entomol. 45, 175-201.

Lantsov V. 1., 2003. Biology, Ecology, and Immature Phases of the Crane Fly Tipula semivittata semivittata (Diptera,
Tipulidae). Entomological Review 83(7): 906-913.

Lason A., Dobosz R., Gren C., Grzywocz J., 2023. Epuraea (Haptoncus) ocularis Fairmaire, 1849 (Coleoptera:
Nitidulidae): the first record in Poland. Annals of the Upper Silesian Museum in Bytom Entomology 32:1-4.

Latif S., Chiapusio G., Weston L. A., 2017. Allelopathy and the role of allelochemicals in plant defence. Advances in
Botanical Research 82:19-54.

Lavelle P., Bignell D., Lepage M., Wolters V., Roger P., Ineson P., Heal O. W., Dhillion S., 1997. Soil function in a
changing world: the role of invertebrate ecosystem engineers. European Journal of Soil Biology 33, 159-93.

Leakey R., Lewin R., 1996. The sixth extibctions: patterns of life and the future of humankind. Doubleday, Anhor,
New York.

Lebas C., Galkowski C., Blatrix R., Wegnez P., 2016. Guida alle Formiche d’Europa. Ricca editore, Roma pp. 415.

Lee M. H., Lee S., 2020. Four new record genera of subfamily Nitidulinae (Coleoptera: Nitidulidae) in Korea. Journal
of Asia-Pacific Biodiversity 13:198-203.

Lele S., Springate-Baginski O., Lakerveld R., Deb D., Dash P., 2013. Ecosystem Services: Origins, Contributions,
Pitfalls, and alternatives. Conservation and Society 11(4):343-358.

Lens L., Van Dongen S., Norris K., Githiru M., Matthysen E., 2002. Avian persistence in fragmented rainforest.
Science 298, 1236-1238.

Leonard R. J., Vergoz V., Proschogo N., McArthur C., Hochuli D. F., 2018. Petrol exhaust pollution impairs honey
bee learning and memory. Oilos 128(2):264-273.

Lessieur D., 2017. Présence en Gironde de Xanthochiluus saturnis (Rossi, 1790) (Hemiptera, Lygaeidae). Bull. Soc.
Linn. Bordeaux, Tome 45(2):158-160.

Letardi, A., 2004. 1 Formicaleoni (Insecta Neuroptera Myrmeleontidae) delle aree costiere italiane. Atti dei Convegni
Lincei, 205, pp.293-298.

Levin S. M., 2001. Encyclopedia of Biodiversity. Accademic Press, Princeton, New Jersey (USA) pp. 943.

LiQ., Zheng L., Cai H., Garza E., Yu Z., Zhou S., 2011. From organic waste to biodiesel: Black soldier fly, Hermetia
illucens, makes it feasible. Fuel 90(4);1545-1548.

Lindgren E., Harris F., Dangour A. D., Gasparatos A., Hiramatsu M., Javadi F., Loken B., Murakami T., Scheelbeek
P., Haines A., 2018. Sustainable food systems-a health perspective. Sustain Sci 13: 1505-1517.

Liu Q., Sun X., Wu W, Liu Z., Fang G., Yang P., 2022. Agroecosystem services: A review of concepts, indicators,
assessment methods and future research perspectives. Ecological Indicators 142:109218

Lo Giudice G., Woznica A. J., 2013. An update checklist of the Italian Heleomyzidae (Diptera: Sphaeroceroidea).
Genus 24(3-4):439-458.

177



Lodos N., Onder F., 1982. Contribution to the study on the Turkish Pentatomoidea (Heteroptera). Turk. Bit. Kor.
Derg. 6:133-146

Lodos N., 2008. Aelia Species and their Economic Importance in Turkey. Bulletin OEPP/EPPO Bulletin 11(2):29-32.

Lommen S. T. E., Middendorp C. W., Luijten C. A., van Schelt, Brakefield P. M., de Jong P. W., 2008. Natural
flightless morphs of the ladybird beetle Adalia bipunctata improve biological control of aphids on single plants.
Biological Control 47 (2008) 340-346.

Longo S., Tamburino V., 2005. Gravi infestazioni di punteruolo rosso della palma. L’Informatore Agrario, Vol. 61,
No. 50, (December 2005), pp. 73-74, ISSN 0020-0689.

Loni A., Samartsev K. G., Scaramozzino P. L., Belokobylskij S. A., Lucchi A., 2016. Braconinae parasitoids
(Hymenoptera, Braconidae) emerged from larvae of Lobesia botrana (Denis & Schiffermiiller) (Lepidoptera,
Tortricidae) feeding on Daphne gnidium L.. Zootaxa587:125-150.

Lu L., Zhou H-Z., 2012. Taxonomy of the genus Oxytelus Gravenhorst (Coleoptera: Staphylinidae: Oxytelinae) from
China. Zootaxa 3576:1-63

Lunde L. F., Ferkingstad B., Wegger H., Hoye T., Mann H. M. R., Birkemoe T., 2023. Quantification of invertebrates
on fungal fruit bodiesby the use of time-lapse cameras. Ecological Entomology 48(5):1-13.

Lunt D.H., Zhang D.X., Szymura J.M., Hewitt G.M., 1996. The insect cytochrome oxidase I gene: evolutionary
patterns and conserved primers for phylogenetic studies. Insect Molecular Biology 5: 153—165.

Lupi D., 2003. Contribution to the knowledge of Cyvocephalid beetles. Biology and ethology of Cybocephalus freyi
Endrody-Younga. Bollettico zool. Agr. Bachic. Ser I 35(1):45-54.

Lupi D., Colombo M., Zanetti A., 2006. The rove beetles (Coleoptera Staphylinidae) of three horticultural farms in
Lombardy (Northern Italy). Boll. Zool. Agr. Bachic. SCR. II. 38(2):143-165

Lutska M., Sirenko A., 2020. Ecological features of groups of rove beetles (Coleoptera: Staphylinidae) in beech forest
ecosystems of the lower forest belt of the gorgan massif. Biological Science 3(24): 29-34.

MacGowan 1., Merz B., Wermelinger B., 2007. Six species of Lonchaea Falléen (Diptera, Lonchaeidae) new to
Switzerland. Bulletin de la societé entomologique Suisse 80:31-35.

Magurran A. E., 2004. Measuring Biological Diversity. Blackwell Science Ltdt, Oxford, UK pp. 215.

Mabhar J. M., Oemke M. P., 1981. A North American Record for Valgus hemipterus (Coleoptera: Scarabaeidae) and
information on its life cycle. The great lakes entomologist 14(2):77-79.

Maharning A. R., Mills A. A., Adl S. M., 2008. Soil community changes during secondary succession to naturalized
grasslands. Applied Soil Ecology, 41: 137-147.

Margalef R., 1972. Homage to Evelyn Hutchinson, or why is there an upper limit to diversity? Trans. Connect. Acad.
Arts Sci. 44, 211-235.

Mariotti M. G., 2015. La biodiversita e i suoi hotspot in Italia e altrove. Societa di Ortoflorofrutticoltura Italiana.
Summer School of Floriculture 2015. Tradizione e innovazione nel comparto delle colture aromatiche e officinali.
Sanremo — Albenga 7-11 settembre 2015.

Marques 1., Rossell6-Graell A., Draper D., Iriondo M. J., 2007. Pollination ecology and hybridization between
Narcissus cavanillesii A. Barra & G. Lopéz and N. serotinus L. in Portugal. Bocconea 21:65-75.

Masarin G., Miani N., Skert N., Battistella S., Colla A., 2006. Uso di artropodi quali bioindicatori e bioaccumulatori
nel monitoraggio di suoli inquinati nella valle delle noghere (Trieste). Atti Museo Civico Storia Naturale, Trieste
52:39-73.

Mason F., 2013. Updated Italian checklist of Soldier Flies (Diptera, Stratiomyidae). ZooKeys 336:61-78

Mason F., Cerretti P., Nardi G., Whitmore D., Birtele D., Handersen S., ... and Fabbio F., 2006. Aspects of Biological
diversity in the Cibecifir plots. IV. The invertebrate Biodiv pilot project. Annali dell’Istituto Sperimentale per la
Selvicoltura, 30 (suppl 2):51-70.

178



Maspero M., Jucker C., Colombo M., 2007. First record of Anoplophora glabripennis (Motschulsky) (Coleoptera
Cerambycidae Lamiinae Lamiini) in Italy. Bollettino di Zoologia agraria e Bachicoltura, Ser II, Vol. 39, No. 2, (August
2007), pp. 161-164, ISSN 0336-2403.

Mathis W. N., Sueyoshi M., 2011. World Catalog and Conspectus on the Family Dryomyzidae (Diptera: Schizophora).
MYIA 12:207-233.

Matta D. H., Cividanes F. J., Silva R. J., Batista M. N., Otuka A. K., Correia E. T., Matos S. T. S., 2017. Feeding
habits of Carabidae (Coleoptera) associated with herbaceous plants and the phenology of coloured cotton. Acta Sci.
Agron. 39: 135-142.

Matthiesen R., 2010. Bioinformatics Methods in Clinical Research. Springer Protocols. Methods in Molecular Biology
593. Humana Press pp. 387.

Matuszewski S., Szafalowicz M., Jarmusz M., 2013. Insects colonising carcasses in open and forest habitats of Central
Europe: search for indicators of corpse relocation. Forensic science international, 231(1-3), 234-239.

Mazzei A., Bonacci T., Gangale C., Pizzolotto R., Brandmayr P., 2015. Functional species traits of carabid beetles
living in two riparian alder forests of the Sila plateau subject to different disturbance factors (Coleoptera: Carabidae).
Frafmenta entomologica 47(1):37-44.

Mazzei A., Gangale C., Laurito M., Luzzi G., Menguzzato G., Pizzolotto R., Scalise C., Uzunov D., Brandmayr P.,
2017. I Coleotteri Carabidi (Coleoptera, Carabidae) come indicatori di passati interventi selvicolturali in foreste
vetuste del Parco Nazionale della Sila (Calabria, Italia). Forest@ 14:162-174.

Mc Geoch M., 1998. The selection, testing and application of terrestrial insects as bioindicators. Biol. Rev. 73, 181—
201.

Médail F., Quezel P., 1999. Biodiversity Hotspots in the Mediterranean Basin: Setting Global Conservation Priorities.
Cons. Biol. 13: 1510-1513.

Melika G., Brussino G., Bosio G., Csoka G., 2002. Chestnut gall wasp (Dryocosmus kuriphilus Yamatzu), a new pest
of chestnut in Europe. Novényvédelem, Vol. 39, No 2, pp. 59-63, ISSN 0133-0829.

Memmott J., Craze P. G., Waser N. M., Prince M. V., 2007. Global warming and the disruption of plant-pollinator
interactions. Ecol. Lett. 10(8):710-717.

Mendicino F., Bonelli D., Carlomagno F., Pezzi M., Bonacci T., 2022. Diptera di interesse medico-veterinario e
forense in Calabria. Proceding of 27th Italian National Congress of Entomology (CNIE). Palermo, 12-16 June 2023
p. 225.

Menino R., Felizes F., Castelo-Branco M. A., Fareleira P., Moreira O., Nunes R., Murta D., 2021. Helllyon 7:¢05855

Menta C., Conti F. D., Pinto S., Bodini A., 2018. Soil Biological Quality index (QBS-ar): 15 years of application at
global scale. Ecol. Indec. 82,779-780.

Merz B., 2004. Revision of the Minettia fasciata species-group (Diptera, Lauxaniidae). Revue Suisse de zoologie
111(1):183-211-

Michez D., Rasmont P., Terzo M., Vereecken N. J., 2019. Bees of Europe. Hymenoptera of Europe 1. Nap Editions,
Verrieres-le-Buisson, France pp 547.

Milénder G., Nagirndi V., Siida, 1., 1997. Revision of earth-boring dung Beetles from the genus Geotrupes Latr
(Coleoptera, Scarabaeidae) of Estonia. In Proceedings of the Estonian Academy of Sciences. Biology. Ecology (Vol.
46, No. 4, pp. 246-256).

Miller N., Estoup A., Toepfer S., Bourguet D., Lapchin L., Derridj S., Kim K. S., Reynaud P., Furlan L., Guillemaud
T., 2005. Multiple transatlantic introductions of the western corn rootworm. Science, Vol. 310, No. 5750 pp. 992.

Mojib-Haghghadam Z., Send J. J., Zibaee A., Mohaghegh J., 2023. Effect of cold storage on some biological and
physiological performance of Adalia decempunctata L. Comparative Biochemistry and Physiology Part B:
Biochemistry and Molecular Biology. Volume 263, 110797

179



Montagud S., 2004. Paysandisia archon (Burmeister, 1880) (Lepidoptera, Castniidae), nuevas localizaciones en la
Peninsula Ibérica y su gestion. Boletin Sociedad Entomologica Aragonesa, Vol. 34, (April 2004), pp. 237-246, ISSN
1134-6094.

Montgomery G.A., Belitz M.W., Guralnick R.P., Tingley M.W., 2021. Standards and Best Practices for Monitoring
and Benchmarking Insects. Front. Ecol. Evol. 8:579193.

Montoya D., Gaba S., de Mazancourt C., Bretagnolle V., Loreau M., 2020. Reconciling biodiversity conservation,
food production and farmers’ demand in agricultural landscapes. Ecol. Modell. 416:108889—-108909.

Moonen A. C., Barbieri P., 2008. Functional biodiversity: ad agroecosystem approach. Agric. Ecosyst Environ. 124(1-
2):7-21

Morelli S., Paletto A., Tosi V., 2007. Il legno morto dei boschi: indagine sulla densita basale del legno di alcune specie
del Trentino. Forest@, 4 (4): 395-406.

Motta R., 2020. Perché¢ dobbiamo aumentare la quantita di necromassa nelle nostre foreste? Quanta necromassa
dobbiamo rilasciare? Forest@ 17: 92-100.

Mouillard-Lample L., Gonella G., Decourtye A., Henry M., Barnaud C., 2023. Competition between wild and honey
bees: Floral resources as a common good providing multiple ecosystem services. Ecosystem Services 62:101538.

Miickstein P., Tschorsnig H.-P., Vaohara J., Michalkova V., 2007. New host and country records for European
Tachinidae (Diptera). Entomologica Fennica 18:179-183.

Muinde J., Katumo D. M., 2024. Beyond bees and butterflies: The role of beetles in pollination system. Journal for
Nature Conservation 77:126523.

Mukhopadhyay T., Bhattacharjee S., 2016. Genetic Diversity: Its Importance and Measurements in book: Conserving
Biological Diversity: A Multiscaled ApproachChapter: 17Publisher: Research India Publications, New Delhi,
IndiaEditors: A. H. Mir, N. A. Bhat.

Musoli D. L., Maysov A. V., Saulich A. H., 1999. Egg diapause in Alydus calcaratus (L.) (Heteroptera: Alydidae):
Photoperiodic induction under natural temperature conditions. Applied Entomology and Zoology 34(4):469-473.

Myers N., 1987. The extinction spsm impending: Sybergism at work. Conservation biology 1: 14-21.

Myers N., Mittermeier R.A., Mittermeier C.G., da Fonseca G.A.B., Kent J., 2000. Biodiversity hotspots for
conservation priorities. Nature, 403: 853-858.

Naeem S., Thompson L., Lawler S. et al., 1994. Declining biodiversity can alter the performance of ecosystems.
Nature 368, 734-737.

Naranjo S. E., Gibson R. L., Walgenbach D. D., 1990. Development, survival, and reproduction of Scymnus frontalis
(Coleoptera: Coccinellidae), an imported predator of Russian wheat aphid, at four fluctuating temperatures. Annals of
the Entomological Society of America, 83(3), 527-531.

Narthshuk E. P., 2007. The Character of Soldier Fly Distribution (Diptera, Stratiomyidae) in Eastern Europe.
Entomological Review 89 (1): 46-55.

Nartshuk E. P., 2011. Chloropidae from southern Sardinia (Diptera: Cyclorrhapha, Acalyptratae) in: Nardi G.,
Whitmore D., Bardiani M., Birtele D., Mason F., Spada L. & Cerretti P. (eds), Biodiversity of Marganai and
Montimannu (Sardinia). Research in the framework of the ICP Forests network. Conservazione Habitat Invertebrati,
5:717-732.

Negrisolo E., Pagliano G., 2005. Fauna d'Italia Vol. XL - Hymenoptera — Sphecidae. Edagricole pp. 572.

Niehuis M., Waitzbauer W., 2023. Records of jewel beetles (Coleoptera: Buprestidae) from Jordan, with stray finds
from North Africa. Zeitschrift der Arbeitsgemeinschaft Osterreichischer Entomologen 75: 31-65.

Nieto A., Roberts S. P. M., Kemp J., Rasmont P., kuhlmann M., Garcia Cirado M., Biesmeijer J. C., Bogusch P.,
Dathe H. H., De la Rua P., De Meulemeester T., Dehon M., Dewulf A., Ortiz-Sanchez F. J., Lhomme P., Pauly A.,
Potts S. G., Praz C., Quaranta M., Radchencko V. G., Scheuchl E., Smit J., Straka J., Terzo M., Tomozii B., Window
J., Michez D., 2014. European Red List of Bees. Luxembourg: Publication Office of the European Union.

180



Nikolay B. N., Schigel D., 2004. Beetles in polypores of the Moscow region: checklist and ecological notes.
Entomologica Fennica, vol. 15

Nikolova I., 2018. Insect Pests in Forage Crops and Integrated Plant Protection. Agricultural Research & Technology
17(5): 556038.

Nonié¢ M., Sija¢i¢-Nikoli¢ M., 2021. Genetic Diversity: Sources, Threats, and Conservation. In: Leal Filho, W., Azul,
A.M., Brandli, L., Lange Salvia, A., Wall, T. (eds) Life on Land. Encyclopedia of the UN Sustainable Development
Goals. Springer, Cham. https://doi.org/10.1007/978-3-319-95981-8 53.

Norris K., 2008. Agriculture and biodiversity conservation: opportunity knocks. Conservation Letters 1:2-11.

Nourmohammadpour-Amiri M., Shayanmehr M., Amiri-Besheli B., 2022. Influence of ground beetles (Carabidae) as
biological agent to control of the Mediterranean fruit fly pupae, Ceratitis capitata, in Iranian citrus orchards. Journal
of Asia-Pacific Entomology 25(4):101986.

Nugnes F., Russo E., Viggiani G., Bernardo U., 2018. First records of an Invasive Fruit Fly belonging to Batrocera
dorsalis complex (Diptera: Tephritidae) in Europe. Insects 9(4):182.

O’Neal R. J., Waller G. D., 1984. On the pollen harvest by the honey bee (4pis mellifera L.) near Tucson, Arizona
(1976-1981). Desert Olants 6(2):81-109.

Obrycki J. J., Orr C. J., 1990. Suitability of three prey species for Nearctic populations of Coccinella septempunctata,
Hippodamia variegata, and Propylea quatuordecimpunctata (Coleoptera: Coccinellidae). Journal of Economic
Entomology, 83(4), 1292-1297.

Oliveira S., Amorim D. D. S., 2016. Family Mycetophilidae. Zootaxa 4122(1):065-072.

Oliveira M. A., Gomes C. F. F., Pires E. M., Marinho C. G. S., Della-Lucia T. M. C., 2014. Bioindicadores ambientais:
Insetos como um instrumento desta avaliagdo. Rev. Ceres 61, 800-807.

Ollerton J., 2017. Pollinator diversity: distribution, ecological function, and conservation. Annual Review of Ecology,
Evolution and Systematics. 48, pp. 353-376

Olsen A. R., Gecan J. S., Ziobro G. C., Bryce J. R., 2001. Regulatory Action Criteria for Filth and Other Extraneous
Materials V. Strategy for Evaluating Hazardous and Nonhazardous Filth. Regulatory Toxicology and Pharmacology
33(3):363-392.

Oonincx D.G., de Boer 1.J., 2012. Environmental impact of the production of mealworms as a protein source for
humans-A life cycle assessment. PLoS One 7 (12): e51145.

Ortiz J.C., Ruiz A.T., Morales-Ramos J.A., Thomas M., Rojas M.G., Tomberlin J.K., 2016. Insect mass production
technologies. In: Dossey AT, Morales-Ramos JA, Rojas MG (eds). Academic Press, Insects as sustainable food
ingredients, pp 153-201.

Otranto D., Traversa D., Giangaspero A., 2004. Myasis caused by Oestridae: serological and molecular diagnosis.
Parasitologia 46(1-2):169-172.

Otronen M., Hanski 1., 1983. Movement Patterns in Sphaeridium: Differences between Species, Sexes, and Feeding
and Breeding Individuals. Journal of Animal Ecology, 52:663-680

Ozbek Catal B., Aliskan Kece A. F., Ulusoy M. R., 2021. Distribution and host plants of Drosophilidae (Diptera)
species detected in fruit orchardsof the Eastern Mediterranean Region of Turkey. Mustafa Kemal Universites Tarm
Bilimleri Dergisi 26(2):431-442.

Ozgen 1., Mamay M., 2022. Aleocharinae (Coleoptera: Staphylinidae) Subfamily and its Role in Biological Control
of Agricultural Pests. Science 33(1):11-20.

Pagliano G., 1988. Catalogo degli Imenotteri italiani. I. Halictidae. Bollettino del Museo Civico di Storia Naturale di
Venezia, 38: 85-128.

Pagliano G., Negrisolo E., 2005.Hymenoptera Sphecidae. Fauna d’Italia. Edizioni Calderini de Il Sole 4 ORE
Edagricole S.r.1., Bologna pp.559.

181



Pan Z., Bologna M. A., 2014. Taxonomy, Bionomics and Faunistics of the Nominate Subgenus of Mylabris Fabricius,
1775, with the description of five new species (Coleoptera: Meloidae: Mylabrini). Zootaxa 3806 (1):001-078.

Parisi V., 2001. La qualita biologica del suolo. Un metodo basato sui microartropodi. Acta Naturalia de "L’ Ateneo
Parmense" 37: 97-106.

Parisi V., Menta C., Gardi C., Jacomini C., Mozzanica E., 2005. Microarthropod communities as a tool to assess soil
quality and biodiversity: a new approach in Italy. Agricolture, Ecoystems and Environment 105: 323-333.

Patra G., Behera P., Kumar S. D., Saikia B., Ghosh S, Biswas P., Kumar A., Alam S. S., Kawlni L., Lalnunpuia C.,
Lalchhandama C., Bachan M., Debbarma A., 2018. Stomoxys calcitrans and its importance in livestock: a review.
IJAAR 6 (2018):30-37.

Pearce J. L., Venier L. A., 2006. The use of ground beetles (Coleoptera: Carabidae) and spiders (Araneae) as
bioindicators of sustainable forest management: A review. Ecological Indicators 6:780-793.

Pellizzari G., Dalla Monta L., 1997. Gli insetti fitofagi introdotti in Italia dal 1945 al 1995. Informatore Fitopatologico,
Vol. 47, No. 10, (October 1997), pp. 4-12, ISSN 0020-0735.

Pellizzari G., Dalla Monta L., Vacante V., 2005. Alien insect and mite pests introduced to Italy in sixty years (1945-
2004). Proceeding of Plant protection and plant health in Europe: introduction and spread of invasive species, pp. 275-
276.

Penev 1., Niemela J., Kotze D. J., Chipev N., 2004. Ecology of the City of Sofia. Species and communities in an Urban
Environment. Pensoft Publichers, Sofia — Moscow p.429-436

Perera-Fernandez L. G., de Pedro L., Sanchez J. A., 2023. Sown Covers Enhance the Diversity and Abundance of
Ground-Dwelling Predators in Mediterranean Pear Orchards. Agronomy 13(12), 3049.

Pernice M., Simpson S.J., Ponton F., 2014. Towards an integrated understanding of gut microbiota using insects as
model systems. J Insect Physiol 69:12—18.

Perrings C., Mooney H., Williamson M., 2010. Bioinvasion and globalization. Ecology economics, management,
Oxphord University Press pp. 288.

Pervez O., 2005. Ecology of two-spotted ladybird, Adalia bipunctata: a review. Journal of applied entomology
129(9/10):465-474.

Petrasiunas A., 2023. Distribution of Gargara genistae (Hemiptera: Cicadomorpha, Membracidae) in Lithuania.
Bulletin of the Lithuanian Entomological society 7(35).

Pezzi M., Whitmore D., Bonacci T., Del Zingaro C. N. F., Chicca M., Lanfredi M., Leis M., 2017. Facultative myiasis
of domestic cats by Sarcophaga argyrostoma (Diptera: Sarcophagidae), Calliphora vicina and Lucilia sericata
(Diptera: Calliphoridae) in northern Italy. Parasitol Res 116, 2869-2872. https://doi.org/10.1007/s00436-017-5582-z.

Pezzi M., Scapoli C., Wyatt N., Bonacci T., 2021. Wound myiasis in a wild boar by Lucilia caesar (Diptera:
Calliphoridae): First case and current status of animal myiasis by this species. Parasitology International 85:102305.

Pezzi M., Krcmar S., Mendicino F., Carlomagno F., Bonelli D., Scapoli C., Chicca M., Leis M., Bonacci T., 2022.
Lucilia sericata (Diptera: Calliphoridae) as Agent of Myiasis in a Goose in Italy and a Review of Myiasis by This
Species in Birds. Insects 13 (6):542.

Pezzi M., Bonelli D., Carlomagno F., Di Biase E., Fumo F., Mendicino F., Munari C., Bonacci T., 2024. Ground
Beetle (Coleoptera: Carabidae) Assemblages in Hazelnut Groves in Calabria (Southern Italy). Diversity 16(8), 491.

Pezzi M., Bonelli D., Mendicino F., Carlomagno F., Munari C., Mistri M., Chicca M., Szpila K., Bonacci T., 2024.
Calliphora rohdendorfi (Grunin, 1966) (Diptera: Calliphoridae): a new blow fly in the Italian fauna detected in
Calabrian Apennines, The European Zoological Journal, 91:1, 395-405.

Piccini 1., Bellone D., Di Pietro V., Berretti R., Cristiano L., Caprio E., Biscaccianti A.B., Bonelli S., 2023. Saproxylic
Beetle Community in the Expansion Site of a Megaproject and in the Surrounding Area in the Western Italian Alps.
Diversity 15: 556.

182



Pielou E. C., 1984. The interpretation of ecological data: a primer on classification and ordination. Wiley InterScience,
New York, pp. 279.

Piper R., 2021. What Insects Do, and Why. Princeton University Press, Princeton pp. 224.
Pizzolotto R., 2022. Carabids species diversity in Mediterranean beech forests. Biodiversity data journal 10:¢78291

Pizzolotto R., Brandmayr P., Mazzei A., 2005. Carabid beetles in a Mediterranean Region: biogeographical and
ecological features. In Lovei, G. & Toft, S. (eds.): European Carabidology 2003. Danish Institute of Agricultural
Sciences, DIAS Report 114: 243-254.

Pizzolotto R., Mazzei A., Belfiore T., Bonacci T, Odoguardi R., Scalercio S., lannotta N., Brandmayr P., 2009.
Biodiversita dei Coleotteri Carabidi (Coleoptera: Carabidae) nell’agroecosistema oliveto in Calabria. Entomologica,
Bari, 41:5-11

Plowright R. C., Laverty T. M., 2003. The Ecology and Sociobiology of Bumble Bees. Annual Review of Entomology
29(1):175-199.

Podani J., 2007. Analisi ed esplorazione multivariata dei dati in Ecologia e Biologia. Liguori Editori, Napoli pp. 515.

Pollini A., 2013. Entomologia applicate. Edagricole — Edizioni Agricole de Il Sole 24 ORE Spa, Bologna, Italia pp.
1715.

Poloni R., 2019. Nacerdes (Xanthochroa) carniolica peloponesiaca Svihla, 1991 (Coleoptera: Oedemeridae) in Italy:
the first case of trans-Adriatic false blister beetle with considerations on Nacerdes (Xanthochroa) carniolica (Gistl,
1834). Bollettino Societa entomologica italiana 151 (2): 61-64.

Poloni R., Morelli, A., 2021. New or interesting beetles from the Abruzzi region (Central Italy) (Insecta Coleoptera).
Bollettino Societa entomologica Italiana 153 (1): 39-41.

Pont A. C., Falk S., 2013. Polietes meridionalis Peris & Llorente (Diptera, Muscidae) new to Britain. Dipierists Digest
20,45-51.

Pont A. C., Meier R., 2022. Fauna Entomologica Scandinavica. Volume 37. The Sepsidae (Diptera) of Europe. Brill,
Leiden, Netherlands pp. 219

Porhajasova J. J., Babosova M., 2022. Impact of arable farming management on the biodiversity of Carabidae
(Coleoptera). Saudy Journal of Biological Sciences 29:103371.

Porrini C., Sabatini A., Girotti S., Ghini S., Medrzycki P., Grillenzoni F., Bortolotti, Celli G., 2003. Honey bees and
bee products as monitors of the environmental contamination APIACTA 38, 63-70.

Poschlod P., Bonn S., 1998. Changing dispersal processes in the central European landscape since the last ice age: an
explanation for the actual decrease of plant species richness in different habitats. Acta Bot. Neerlandica 47, 27—44.

Potts S.G., Imperatriz-Fonseca V., Ngo H.T., Aizen M.A., Biesmeijer J.C., Breeze T.D., Dicks L.V., Garibaldi L.A.,
Hill R., Settele J., et al., 2016. Safeguarding pollinators and their values to human well-being. Nature 540, 220-229.

Potts S. G., Dauber J., Hochkirch A., Oteman B., Roy D. B., Biesmeijer K., Breeze T. D., Carvell C., Ferreira C.,
FitzPatrick U., Isaac N. J. B., Kuussaari M., Ljubomirov T., Maes J., Ngo H., Pardo A., Polce C., Quaranta M., Settele
J., Sorg M., Stefanescu C., Vujic A., 2021. Proposal for an EU Pollinator Monitoring Scheme. JRC Techni.cal report.
Publications Office of the European Union, Ispra.

Poveda J., Jiménez-Gomez A., Saati-Santamaria Z., Usategui-Martin R., Rivas R., Garcia-Fraile P., 2019. Mealworm
frass as a potential biofertilizer and abiotic stress tolerance-inductor in plants. Appl Soil Ecol 142:110-122.

Poveda J., 2020. Use of plant-defense hormones against pathogendiseases of postharvest fresh produce. Physiol Mol
Plant Pathol 111:101521.

Poveda J., 2021. Insect frass in the development of sustainable agriculture. A review. Agronomy for Sustainable
Development 41 (1):1-5.

Power A. G., 2010. Ecosystem service and agricultrural: tradeoffs and synergies. Philos. Trans. R. Soc. Lond B. Biol
Sci. 356(1554):2959-2971.

183



Praz C., Miiller A., Bénon D., Herrmann M., Neumeyer R.. 2023. Annotated checklist of the Swiss bees
(Hymenoptera, Apoidea, Anthophila): hotspots of diversity in the xeric inner Alpine valleys. Alpine Entomology 7:
219-267.

Primack R. B., 2007. Conservazione della Natura. Zanichelli, Bologna, Italia pp. 514.
Prince P. W, 1997. Insect ecology. John Wiley & Sons, Inc. Canada pp. 847.

Prince P. W., Denno R. F., Eubanks M. D., Finke D. L., Kaplan I., 2011. Insect Ecology. Behavior, Populations and
Communities. Cambridge University Press, Edimburg, UK pp. 814.

Principato M., Cioffi A., 1996. Note on the incidence of the Lucilia genus (Diptera: Calliphoridae) in Umbria, Central
Italy. A case of myiasis by Lucilia ampullaceal (Villen, 1922) in Testudo graeca. In: Proceedings of the 20 th
Internationa Congress of Entomology, Florence, Italy.

Principato M., Moretta 1., Grelloni V., Zampetti S., Cittadini F., Bajo A., 2007. XXI Congresso Nazionale Italiano di
Entomologia, Sezione VII Entomologia medica/veterinaria, merceologica ¢ urbana. Campobasso 11-16 Giugno 2007.

Proenca V., Pereira H. M., 2013. Comparing Extincion Rates: Past, Present and Future in Encyclopedia of Biodiveristy
pp. 167-176.

Prudhomme J., Depaquit J., Fite J., Quillery E., Bouhsira E., Lienard E., 2023. Systematic review of hematophagous
arthropods present in cattle in France. Parasite 30:56

Pusceddu M., Lezzeri M., Cocco A., Floris 1., Satta A., 2022. Bio-Ethology of Vespa crabro in Sardinia (Italy), an
Area of New Introduction. Biology 11, 518.

Pusceddu M., Mura A., Floris 1., Satta A., 2018. Feeding strategies and intraspecific competition in German
yellowjacket (Vespula germanica). PLOS ONE 13(10):¢0206301.

Pywell R.F., Meek W.R., Hulmes L. et al. 2011. Management to enhance pollen and nectar resources for bumblebees
and butterflies within intensively farmed landscapes. J Insect Conserv 15, 853—864. https://doi.org/10.1007/s10841-
011-9383-x

Qian X., Ding X., Yang D., Wang N., 2023. Morphological Description and Potential Geographic Distribution of the
Genus Dolichopus Latreille (Diptera, Dolichopodidae, Dolichopodinae) in Inner Mongolia, China. Insects 14(2):935.

Radwan Z., Lovei G. L., 1983. Aphids as prey for the coccinellid Exochomus quadripustulatus. Entomologia
experimentalis et applicata, 34(3), 283-286.

Rahman M. A., Hossain M. A., Alam M. R., 2009. Clinical evaluation of Different treatment regimens for
management of myiasis in cattle. Bangl. J. Vet Med. 7(2):348-352

Raper C., Smith M., 2002. Recent records for Cistogaster globoosa (Fabricius, 1775) and Phasia barbifrons
(Girschener, 1887) (Diptera: Tachinidae) in Berkshire. Dipterist’s Digest (Second Series) Vol. 9 N. 1

Rastelli M., Curletti G., 2007. Note Sui Coleotteri Xilofagi Del Parco Naturale Val Troncea - Pragelato (TO)
(Coleoptera: Cerambycidae, Buprestidae). Rivista Piemontese di Storia Naturale 28:251-260.

Raven P. H., Wilson E. O., 1992. A fifty-year plan for biodiversity surveys. Science 258 1099-1100.

Raw A., 1968. The behaviour of Leopoldius coronatus (Rond.) (Dipt., Conopidae) towards its hymenopterous hosts.
he Entomologist’smonthly Magazine 104: 54.

Rawat U. S., Agarwal N. K., 2015. Biodiversiry: Concept, threats and conservation. Environment Conservation
Journal 16(3):19-28.

Reverte S., Milicic M., Acanski J., et al., 2023. National records of 3000 European bee and hoverfly species: A
contribution to pollinator conservation. In: Insect Conservation and Diversity 1:18

Richards M. H., 2019. Social trait definitions influence evolutionary inferences: a phylogenetic approach to improving
social terminology for bees. Current Opinion in Insect Science 34:97-104.

184



Richet R., Blackith R. M., Pape T., 2011. Sarcophaga of France (Diptera: Sarcophagidae). Pensoft. Sofia-Moscow
pp. 327.

Rigamonti I. E., 2004. Contribution to the knowledge of Ceratitis capitata Wied (Diptera, Tephritidae) in Nortern
Italy II. Overwintering in Lombardy. Bollettino di Zoologia agrarian e di Bachicoltura, Ser 11, Vol. 36, No. 1, (April
2004), pp. 89-100.

Riudavets J., Martinez-Ferrer M. T., Campos-Rivela J. M., Agusti N., Castane C., 2021. Releases of the parasitoid
Anisopteromalus calandrae (Hymenoptera: Pteromalidae) can control Sitophilus zeamais (Coleoptera: Curculionidae)
in big bags of paddy rice. Biological Control 163:104752

Rivas-Martinez S., 1996. Clasificacion bioclimatica de la Tierra. Folia Bot. Matritensis, 16, 1-20.

Rivest S., Lee S. T., Cook D., Forrest J. R. K., 2024. Consequences of pollen defense compounds for pollinators and
antagonists in a pollen-rewarding plant. Ecology 105:e4306.

Rohacek J., Sevcik J., 2013. Diptera associated with sporocarps of Meripilus giganteus in an urban habitat. Central
European Journal of Biology (8) :143-167.

Rohlfs M., Kurschener L., 2010. Saprophagous insect larvae, Drosophila melanogaster, profit from increased species
richness in beneficial microbes. Journal of Applied Entomology 134(8):667-671.

Rounds R. J., Floate K. D., 2012. Diversity and Seasonal Phenology of Coprophagous Beetles at Lake City, Michigan,
USA, with a New State Record for Onthophagus taurus (Schreber) (Coleoptera: Scarabaeidae). The Coleopterists
bulletin 66(2):169-172.

Roversi P. F., Covassi M., Toccafondi P., 1989. Danni da Haematoloma dorsatum (Ahrens) su conifere (Homoptera,
Cercopidae). II. Indagine microscopica sulle vie di Penetrazione degli stiletti boccali.

Roversi P. F., Strong W. B., Caleca V., Maltese M., Sabbatini Peverieri G., Marianelli L., Marziali L., Strangi A.,
2011. Introduction into Italy of Gryon pennsylvanicum (Ashmead), an egg parasitoid of the alien invasive bug
Leptoglossus occidentalis Heidemann. EPPO Bulletin, Vol. 41, No. 1, (April 2011), pp.72—75, ISSN: 1365-2338.

Ruffo S., Stoch F, 2005. Checklist e distribuzione della fauna italiana. Memorie del Museo Civico di Storia Naturale
di Verona, 2. serie, Sezione Scienze della Vita 16: 77-78.

Rusina Y., 2011. Some Aspects of Interrelations between Ants (Hymenoptera, Formicidae) and Polistine Wasps
(Hymenoptera, Vespidae). Entomological Review 91 (2): 241-252.

Ryan C., 2022. Knowing the importance of species. Global Science Research Journals 1(1):9-10.

Sakai A.K., Allendorf F.W., Holt J.S., Lodge D.M., Molofsky J., With K.A., Baughman S., Cabin R.J., Cohen J.E.,
Ellstrand N.C., McCauley D.E., O’Neil P., Parker .M., Thompson J.N., Weller S.G., 2001. The population biology
of invasive species. Annual Review of Ecology, Evolution, and Systematics, Vol. 32, (November 2001), pp. 305-332.

Saminathan V. R., Baskaran R. K. M., Mahadeven N. R., 1999. Biology and predatory potential of green lacewing
(Chrysoperla carnea) (Neuroptera: Chrysopidae) on different insect hosts. Indian Journal of Agricultural Sciences 69
(7): 502-505.

Santamaria M. E., Arnaiz A., Gonzalez-Melendi P., Martinez M., Diaz 1., 2018. Plant Perception and Short-Term
Responses to Phytophagous insects and mites. Int. J. Mol. Sci 19(5):1356.

Saulich A. K., Musolin D. L., 2009. Seasonal Development and Ecology of Anthocorids (Heteroptera, Anthocoridae).
Entomological Review 89 (5): 501-528.

Scalercio S., Di Marco C., 2022. Fauna macrolepidotterologica notturna degli ambienti forestali della media valle dei
fiumi Alli e Simeri (Calabria, Italia) (Lepidoptera). BOLL. SOC. ENTOMOL. ITAL., 154 (3): 99-116, ISSN 0373-
3491.

Scaramozzino P. L., Di Giovanni F., Loni A., Gisondi S., Lucchi A., Cerretti P., 2020. Tachinid (Diptera, Tachinidae)
parasitoids of Lobesia botrana (Denis & Schiffermiiller, 1775) (Lepidoptera, Tortricidae) and other moths. ZooKeys
934:111-140.

185



Scaravelli D., Senini C., Bonacci T., 2017. First case of traumatic myiasis caused by Calliphora vicina in a crested
porcupine Hystrix cristata L. in Italy. Journal of Entomological and Aralogical Research, 42(2).

Scharlemann J. P. W., Green R. E., Balmford A., 2004. Land-use trends in Endemic Bird Areas: global expansion of
agriculture in areas of high conservation value. Glob Change Biol 10, 2046—2051.

Scheper J., Holzschuh A., Kuussaari M., Potts S.G., Rundlof M., Smith H.G., Kleijn D., 2013. Environmental factors
driving the effectiveness of European agri-environmental measures in mitigating pollinator loss — a meta-analysis.
Ecology Letters, 16, 912-920.

Schlinger E. 1., Gillung J. P., Borkent C. J., 2013. New spider flies from the Neotropical Region (Diptera, Acroceridae)
with a key to New World genera. ZooKeys 270:59-93.

Schmitz G., 1998. The phytophagous insect fauna of Tanacetum vulgare L., (Asteraceae) in Central Europe. Beitr.
Ent. 48 (1):219-235.

Schowalter T. D., 2006. Insect ecology. An Ecosystem Approach. Elsevier pp. 572.

Selis M., 2023. Illustrated key to the genera and a checklist of Italian Vespidae (Hymenoptera). Fragmenta
entomologica, 55 (1): 63-88.

Semelbauer M., Kozanek M., 2014. Immature stages of Meiosimyza Hendel 1925 and related genera (Diptera,
Lauxaniidae). Organisms Diversity & Evolution. Springer 14:89-103.

Servadei A., 1966. Un Tingide neartico comparso in Italia (Corythucha ciliata Say). Bollettino della Societa
entomologica italiana 96:94-99.

Sharma M., Sharma N., 2017. Suitability of butterflies as indicators of ecosystem condition: A comparison of butterfly
diversity across four habitats in girwildlife sanctuary. Int. J. Advan. Res. Biol. Sci. 4, 2348-8069.

Siddiqui S. A., Zhao T., Fitriani A., Rahmadhia S. N., Alirezalu K., Fernando 1., 2022. Acheta domesticus (house
cricket) as human foods- An approval of the European Commission — A systematic review. Food Frontiers 5:435-473

Sipos J., Hodecek J., Kuras T., Dolny A., 2017. Principal determinants of species and functional diversity of carabid
beetle assemblages during succession at post-industrial sites. Bulletin of Entomological Research (2017) 107, 466—
477

Sivell O., Sivell D., 2021. The genome sequence of a snail-killing fly, Coremacera marginata (Fabricius, 1775).
Wellcome Open Research 6:338.

Skouras P., Margaritopoulos J. T., Zarpas K. D., Tsitsipis J. A., 2015. Development, growth, feeding and reproduction
of Ceratomegilla undecimnotata, Hippodamia variegata and Coccinella septempunctata fed on the tobacco aphid,
Myzus persicae nicotianae. Phytoparasitica 43(1).

Skouras P.J., Darras A.I., Mprokaki M., Demopoulos V., Margaritopoulos J.T., Delis C., Stathas G.J., 2021. Toxicity,
Sublethal and Low Dose Effects of Imidacloprid and Deltamethrin on the Aphidophagous Predator Ceratomegilla
undecimnotata (Coleoptera: Coccinellidae). Insects 2021, 12, 696.

Slama M. E. F., 1998. Cerambycidae of the Czech Republic and Slovak Republic. Milan Slama private printing,
Krhanice, 383pp, 1998.

Smaili M. C., Haddad N., Afechtal M., Streito J.C., 2022. Contribution to the knowledge of aphrophoridspittlebugs
(Hemiptera: Aphrophoridae) from Morocco. Acta Entmologica Serbica 27(1): xx-xx

Smith K. G. V., 2009. The larva of Thecophora occidensis, with comments upon the biology of Conopidae: Diptera.
Journal of Zoology 149(3):263-279.

Snyman L. P., Penning K E., Williams K. A., 2022. the first reported case of accidental intestinal myiasis in a domestic
dog by the flesh fly, Sarcophaga africa (Wiedeman, 1824). Res. Vet. Sci. 149:71-73.

Sommaggio D., 1999. Syrphidae: Can they be used as environmental bioindicators? Agricul. Ecosys. Environ. 74 (1—
3), 343-356.

186



Soritaki S., Hall M. J. R., 2012. A review of comparative aspects of myiasis in goats and sheep in Europe. Small
Ruminant Research 103(1):75-83.

Southwick F. S., 2020. Infectious Diseases: A Clinical Shourt Course, 4™ Edition. McGraw Hill pp. 496

Sowing P., 1996. Brood Care in the Dung Beetle Onthophagus vacca (Coleoptera: Scarabacidae): The Effect of Soil
Moisture on Time Budget, Nest Structure, and Reproductive Success. Ecography 19(3): 254-258.

Sparacio 1., 1982. Introduzione allo studio dei Buprestidi in Sicilia (Coleoptera Buprestiae). Naturalista Siciliano, S
IV, VI (3-4) pp. 81-85

Stange L., 1994. The Tiphiid wasps of Florida (Hymenoptera: Tiphiidae). Florida Department of Agriculture and
Consumer Services, Division of Plant Industry. Entomology Circular No. 364. 2 pp.

Staniec B., Pilipczuk J., Pietrykowska-Tudruj E., 2009. Morphology of immature stages and notes on biology of
Ocypus fulvipennis Erichson, 1840(Coleoptera: Staphylinidae). Annakes Zoologici 59(1):47-66.

Steenberg T., Langer V., Esbjerg P., 1995. Entomopathogenic fungi in predatory beetles (Col.: Carabidae and
Staphylinidae) from agricultural fields. BioControl 40(1):77-85.

Steve P. C., Lilly J. H., 1965. Investigations on Transmissability of Moraxella bovis by the Face Fly. Journal of
Economic entomology 58(3):444-446.

Stewart A. J., New T. R., Lewis O. T., 2007. Insect conservation biology: Proceedings of the royal entomological
society’s 23nd symposium (CABI), 1-473.

Sunderland K. D., 1975. The diet of some predatory arthropods in Cereal crops. Journal of Applied Ecology 12(2):507-
515.

Siiss, L., 1992. Prima segnalazione in Italia di Liriomyza huidobrensis (Blanchard) (Diptera: Agromyzidae). Bollettino
di Zoologia agraria e Bachicoltura Ser. II, Vol. 23, No. 2, (August 1992), pp. 197-202.

Sutherst R.W., 2000. Climate change and invasive species: a conceptual framework, In: Invasive Species in a
Changing World, Mooney, H.A. & Hobbs, R.J., eds, pp. 211-240, Island Press, Washington DC

Symondson W. O. C., Sunderland K. D., Greenstone M. H., 2002. Can generalist predators be effective biocontrol
agents? Annu. Rev. Entomol. 47: 561-94.

Szelez 1., Feddern N., Seppey C. V. W., Amendt J., Mitchell E. A. D., 2018. The importance of Saprinus semistriatus
(Coleoptera: Histeridae) for estimating the minimum post-mortem interval. Legal medicine 30:21-27.

Tabaglio V., Gavazzi C., Menta C., 2009: Physico-chemical indicators and microarthropod communities as influenced
by no-till, conventional tillage and nitrogen fertilisation after four years of continuous maize. Soil and Tillage
Research, 105: 135-142.

Tajima R., 2021. Importance of individual root traits to understand crop root system in agronomic and environmental
contexts. Breed Sci. 71(1):13-19.

Tandon V., Kumar A., Rana C., Rana A., 2016. Pollination. Its type, threats and role in environment conservation.
International Journal of Current Research 8(8):35744-35751.

Telnov D., 2010. Ant-like flower beetles (Coleoptera: Anthicidae) of the UK, Ireland and channel isles. Br. J. Ent.
Hist 23.

Temreshev 1. 1., Makezhanov A. M., Tursynkulov A. M., Yeszhanov A. B., 2019. On species composition of Insecta
Coleoptera of feed crop fields in the Kerbulak branch of Bayserke-Agro LLP. SERIA AGRARNYH NAUK, 113.

Thiele H. U., 1977. Carabid beetles in their environment. Zoophysiology and ecology, 10. Springer Verlag, Berlin.
Thorp R. W., 2000. The collection of pollen by bees. Plant Syst. Evol. 222:211-223.

Tilman D., 1999. Global environmental impacts of agricultural expansion: the need for sustainable and efficient
practices. Proc Nat Acad Sci U A 96, 5995-6000.

187



Tilman D., Cassman K.G., Matson P.A., Naylor R., Polasky S., 2002. Agricultural sustainability and intensive
production practices. Nature 418, 671-677.

Tocco C., Roffero A., Rolando A., Palestrini C., 2011. Interspecific shape divergence in Aphodiini dung beetles: The
case of Amidorus obscurus and A. immaturus (Coleoptera: Scarabacoidea). Organism Diversity & Evolution 11(4):
263-273.

Tolba M. M., 2020. Eristalis tenax intestinal myiasis: An electron microscope study. Tropical Parasitology 10(1):39-
43

Torniainen J., Komonen A., 2021. Different trophic positions among social vespid species revealed by stable isotopes.
R. Soc. Open Sci. 8: 210472.

Toshova T. B., Toth M., Velchev D. 1., Meregalli M., Talamelli F., Abaev V. D., Subchev M., 2019. Grandisol as an
attractant for the sugar beet pest Bothynoderes affinis and data on other Lixinae species. Entomologia experimentalis
et applicata, 167(9), 794-802.

Trotta A., 2005. Introduzione ai Ragni Italiani (Arachnidae Araneae). Memorie Societd entomologica italiana 83:3-
178.

Tu B. B, Lelej A. S., Chein X. X., 2014. Review of the genus Cystomutilla André, 1896 (Hymenoptera: Mutillidae:
Sphaeropthalminae: Sphaeropthalmini), with description of the new genus Hemutilla gen. nov. and four new species
from China. Zootaxa 3989 (1):71-91.

Tuccia F., Giordani G., Cattaneo C., Mazzarelli D., Vanin S., 2021. First record of Physyphora alceae (Preyssler,1791)
(Diptera, Ulidiidae) from a forensic case in Northern Italy: description of immature stages, DNA barcoding and
phylogenetic analysis. The European Zoological Journal, 88:1, 1071-1083.

Turco F., Bologna M. A., 2011. Systematic revision of the genus Cercoma Geoffroy, 1762 (Coleoptera: Meloidae:
Cerocomini). Zootaxa 2853:1-71

Turner C. R., Anderson M., 2020. Modern Devon records and ecological note on Sigorus porcus (Fabricius)
(Scarabaeidae). The Coleopterist 29(1): 62-65

Tyumaseva, Z. 1., & Guskova, E. V. (2016). Trophic relations of lady beetles (Coleoptera, Coccinellidae) of the Urals.
Ukrainian Journal of Ecology, 6(2), 61-66.

Uhler J., Haase P., Hoffmann L., Hothorn T., Schmidl j., Stoll S., Welti E. A. R., Buse J., Miiller J., 2022. A
comparison of different Malaise trap types. Insect Conservation and Diversity, 15(6):666-672.

Ulgentiirk S., Szentkiralyi F., Uygun N., Fent M., Gaimari S. D., Civelek H., Ayhan B., 2013. Predators of Marchalina
hellenica (Hemiptera: Marchalinidae) on pine forests in Turkey. Phytoparasitica, 41, 529-537.

Uygun N., de Mendoza A. H., Baspinar H., 2012. Aphidae. Chapter 9. Integrated Control of Citrus pest in the
Mediterranean Region, 126-136.

van de Zande E. M., Wantulla M., van Loon J. J. A., Dicke M., 2024. Soil amendment with insect frass and exuviae
affects rhizosphere bacterial community, shoot growth and carbon/nitrogen ratio of a brassicaceous plant. Plant Soil
495:637-648.

van der Goot V. S., 19609. Italian Syrphidae (dipt.). Entomologische Berichten, 29(5):89-96.

van Herk W. G., Vernon R. S., Cronin E. M. L., Gaimari S. D., 2014. Predation of Thereva nobilitata (Fabricius)
(Diptera: Therevidae) on Agriotes obscurus L. (Coleoptera: Elateridae). Journal of Applied Entomology 139 (1-
2):154-157.

van Huis A., 2020. Insects as food and feed, a new emerging agricultural sector: a review. J Insects Food Feed 6:27—
44,

van Veen M. P., 2010.Hoveflies of Northwest Europe. Identification keys to the Syrphidae. Knnv Publishing pp. 247.

Vandereycken A., Joie E., Francis F., Haubruge E., Verheggen F. J., 2013. Occurrence of aphid predator species in
both organic and conventional corn and broad bean. Entomologie Faunistique — Faunistic Entomology 66, 77-87.

188



Vannin S., Tasinato P., Ducolin G., Terranova C., Zancaner S., Montisci M., Ferrara S. D., Turchetto M., 2008. Use
of Lucilia species for forensic investigations in Southern Europe. Forensic Science International 177:37-41.

Verma A. K., 2016. Biodiversity: Its Different Levels and Values. International Journal on Environmental Sciences 7
(2): 143-145.

Viggiani G., Filella F., Delrio G., Ramassini W., Foxi C., 2009. Tuta absoluta, nuovo lepidottero segnalato anche in
Italia. L’Informatore Agrario, Vol. 65, No. 2, (January 2009), pp. 66,

Vigna Taglianti A., Audisio P.A., Biondi M., Bologna M.A., Carpaneto G.M., De Biase A., Fattorini S., Piattella E.,
Sindaco R., Venchi A., Zapparoli M., 1999. A proposal for a chorotype classification of the Near East fauna, in the
framework of the Western Palearctic region. Biogeographia — The Journal of Integrative Biogeography, 20, 31-59.

Vincent L. E., Lindgren D. L., 1972. Hydrogen phosphide and ethyl formate: fumigation of insects infesting dates and
other dried fruits. Journal of Economic Entomology, 65(6):1667-1669.

Virant-Doberlet M., Kuhelj A., Polajnar J., Sturm R., 2019. Predator — Prey Interactions and Eavesdropping in
Vibrational Communication Networks. Frontiers in Ecology and Evolution 7:203.

von Hoermann C., Steiger S., Muller J. K., Ayassw M., 2013. Too Fresh Is Unattractive! The Attraction of Newly
Emerged Nicrophorus vespilloides Females to Odour Bouquets of Large Cadavers at Various Stages of
Decomposition. PloS One 8(3):e58524.

Vrdoljak S. M., Samways M. J., 2012. Optimising coloured pan traps to survey flower visiting insects. J Insect
Conservation 16:345-354.

Vuyji¢ A., Gilbert F., Flinn G., Englefield E., Ferreira C.C., Varga Z., Eggert F., Woolcock S., B6hm M., Mergy R.,
Ssymank A., van Steenis W., Aracil A., Foldesi R., Grkovi¢ A., Mazanek L, Nedeljkovi¢ Z., Pennards G.W.A., Pérez
C., Radenkovi¢ S., Ricarte A., Rojo S., Stahls G., van der Ent L.-J., van Steenis J., Barkalov A., Campoy A., Jankovié¢
M., Likov L., Lillo I., Mengual X., Mili¢ D., Mili¢i¢ M., Nielsen T., Popov, G. Romig, T., Sebi¢ A., Speight M., Tot
T., van Eck A., Veseli¢ S., Andric A., Bowles P., De Groot M., Marcos-Garcia M.A., Hadrava J., Lair X. , Malidzan
S., Néve G., Obreht Vidakovic D., Popov S., Smit J.T., Van De Meutter F., Velickovi¢ N., Vrba J., 2022. Pollinators
on the edge: our European hoverflies. The European Red List of Hoverflies. Brussels, Belgium: European
Commission.

Wagner D. L., Grames E., Forister M. L., Berenbaum M. R., Stopak D., 2021. Insect decline in the Anthropocene:
Death by a thousand cuts. Proceedings of the National Academy of Sciences 118(2):¢2023989118

Walker T., 2021. L’impollinazione. La lunga relazione tra piante e impollinatori. Ricca Editore pp. 224.

Wang M., Zhang Y., Bourgoin T., 2016. Planthopper family Issidae (Insecta: Hemiptera: Fulgoromorpha): linking
molecular phylogeny with classification. Molecular Phylogenetics and Evolution 105:224-234.

Wang Y., Hu G., Zhang Y., Wang M., Amendt J., Wand J., 2019. Development of Muscina stabulans at constant
temperatures with implications for minimum postmortem interval estimation. Forensici Sci. Int. 298:71-79

Watson L., Dallwitz M. J., 2003. Insects of Britain and Ireland: the families of Diptera. Version: 14th April 2022.
delta-intkey.com’

Webb L., Beaumont D. J., Nager R. G., McCracken D., 2007. Effects of ivermectin residues in cattle dung on yellow
dung fly Scathophaga stercoraria (Diptera: Scathophagidae) populations in grazed pastures. Bulletin of
Entomological Research 97, 129-138.

Weiner C., 2016. Diversity and resource choice of flower-visiting insects in relation to pollen nutritional quality and
land use. Diversitdt und Ressourcennutzung Bliiten besuchender Insekten in Abhéngigkeit von Pollenqualitidt und
Landnutzung. Vom Fachbereich Biologie der Technischen Universitdt Darmstadt zur Erlangung des akademischen
Grades eines Doctor rerum naturalium genehmigte.

Weithmann S., von Hoermann C., Schmitt T., Steiger S., Ayasse M., 2020. The Attraction of the Dung Beetle
Anoplotrupes stercorosus (Coleoptera: Geotrupidae) to Volatiles from Vertebrate Cadavers. Insects 11(8), 476.

Werner, F. G.; Chandler, D. S., 1995. Anthicidae (Insecta: Coleoptera). Fauna of New Zealand 34, 65 pp.

189



Whitmore D., Greco S., Bonacci T., 2016. Nuovi dati dui Ditteri del genere Sarcophaga in Calabria (Diptera:
Sarcophagidae). Atti del convegno sulla biodiversita, Matera, Italy

Wielgolaski F. E., Hofgaard A., Holtmeier F. K., 2017. Sensitivity to environmental change of the treeline ecotone
and its associated biodiversity in European mountains. Climate research 73:151-166.

Wiggering H., Weibhuhn P., Burkhard B., 2016. Agrosystem Services: An Additional Terminology to Better
Understand Ecosystem Services Delivered by Agriculture. Landscape Online 49(1):1-15

Willmer P. G., Stone G. N., 2004. Behavioural, Ecological and physiological determinants of the activity patterns of
bees. Adv. Study behaviour 34:347-466.

Wilson C., Graham C., 1983. Exotic Plant Pests and North American Agriculture. Academic Press, First Edition 522
pp-

Wood T.J., Praz C., Selis M., Flaminio S., Miei M., Cornalba M., Rosa P., Le Divelec R., Michez D., 2023. Revisions
to the Andrena fauna of Italy, with the description of a new species (Hymenoptera: Andrenidae). Fragmenta
Entomologica 55(2):271-310.

Wood T. J., 2023. The genus Andrena Fabricius, 1775 in the Iberian Peninsula (Hymenoptera, Andrenidae). Journal
of Hymenoptera Research 96:241-484

WWF (World Wildlife Fund for Nature), 1989. The importance of biological diversity. WWF, Gland, Switzerland.

Yaran M., 2019. A new Diptera family (Pallopteridaec Loew, 1862) for the fauna of Turkey with four new records.
Turkish Journal of Entomology 43 (4):451-457.

Yazicil G., Avar Y., Yildirim E., 2014. Contribution to the knowledge of the Cydnidae (Hemiptera, Heteroptera,
Pentatomoidea) fauna of Turkey. Turkish Journal of Zoology 39:604-609.

Yildirim-Aksoy M., Eljack R., Beck B. H., 2020. Nutritional value of frass from black soldier fly larvae, Hermetia
illucens, in a channel catfish, Ictalurus punctatus, diet. Aquacult Nutr 26:812—819.

Yun J. H., Roh SSW., Whon T. W., Jung M. J., Kim M. S., Park D. S., Yoon C., Nam Y. D., KimY. J., Choi J. H.,
Kim J. Y., Shin N. R, Kim S. H., Lee W. J., Bae J. W, 2014. Insect gut bacterial diversity determined by
environmental habitat, diet, developmental stage, and phylogeny of host. Appl Environ Microbiol 80:5254-5264.

Zhang Y., Li L., Liao M., Kang C., Hu G., Guo Y., Wang Y., Wang J., 2024. Development of Megaselia scalaris at
constant temperatures and its significance in estimating the time of death. International Journal of Legal Medicine
138:97-106.

Zhang Y., Zhao Z., Wang Y., Liu T., 2023. Suitable Habitats for Cicadella viridis and Evacanthus interruptus
(Hemiptera: Cicadellidae) with Global Climate Change. Journal Entomological Science 58 (2): 215-229.

Zhang Z., Elser J. J., Cease A. J., Zhang X., Yu Q., Han X., Zhang G., 2014. Grasshoppers regulate N: P stoichiometric
homeostasis by changing phosphorus contents in their frass. PLoS One 9:¢103697

Zhu J., Park K. C., 2005. Methyl Salicylate, a Soybean Aphid-Induced Plant Volatile Attractive to the Predator
Coccinella septempunctata. ] Chem Ecol 31, 1733—-1746.

Ziegler J., 2008. Rhinophoridae. Diptera Stelviana. Studia dipterologica. Supplement 16:221-228.

Ziegler J., 2016. 3.3.26 Tachinidae. Part 4. Results from Malaise traps. Diptera Stelviana. Studia dipterologica.
Supplement 21:283-311.

Zim J., Aitikkou A., El Omari M. H., El Malahi S., Azim K., Hirich A., Nilahyane A., Oumouloud A., 2022. A New
Organic Amendment Based on Insect Frass for Zucchini (Cucurbita pepo L.) Cultivation. Environmental sciences
proceedings 16,28.

Zumpt F., 1965. Myiasis in man and animals in the Old World. Butterworths, London, United Kingdom.

190



Dicotomic keys
Allegro G., 2021. Tabella illustrata di determinazione per le specie del genere Pterostichus note in Italia (Coleoptera,
Carabidae, Pterostichinae). Memorie Societa entomologica Italiana 98:65-91.

Allegro G., Magrini P., Pavesi M., 2022. Tabella illustrata di determinazione per le specie del genere Harpalus note
in Italia (Coleoptera, Carabidae, Harpalinae). Bollettino Societa entomologica Italiana 154 (2): 51-86.

Amiet F., Herrmann M., Muller A., Neumeyer R., 2001. Apidae 3. Halictus, Lasioglossum. Fauna Helvetica 6 CSCF
& SEG, Neuchatel pp. 209.

Amiet F., Herrmann M., Miiller A., Neumeyer R., 2004. Apidae 4 — Anthidium, Chelostoma, Coelioxys, Dioxys,
Heriades, Lithurgus, Megachile, Osmia, Stelis. Fauna Helvetica 9. info fauna CSCF & SEG, Neuchatel pp. 275.

Amiet F., Herrmann M., Miiller A., Neumeyer R., 2007. Apidae 5 — Ammobates, Ammobatoides, Anthophora, Biastes,
Ceratina, Dasypoda, Epeoloides, Epeolus, Eucera, Macropis, Melecta, Melitta, Nomada, Pasites, Tetralonia,
Thyreus, Xylocopa. Fauna Helvetica 20 info fauna CSCF & SEG, Neuchatel pp. 357.

Amiet F., Herrmann M., Miiller A., Neumeyer R., 2010. Apidae 6 — Andrena, Melitturga, Panurginus, Panurgus.
Fauna Helvetica 26, CSCF & SEG, Neuchatel pp. 317.

Amiet F., Muller A., Neumeyer R., 2014. Apidae 2. Colletes, Dufourea, Hylaeus, Nomia, Nomioides, Rhophitoides,
Rophites, Sphecodes, Systropha. Fauna Helvetica 4. CSCF & SEG, Neuchatel pp. 240.

Cerretti P., 2010. I Tachinidi della fauna italiana (Diptera Tachinidae), con chiave interattiva dei generi ovest-
paleartici. Vol. I. Centro Nazionale Biodiversita Forestale - Verona. Cierre Edizioni, Verona, 573 pp. + CD-ROM.

Chinery M., 2010 — Guida degli insetti d’Europa, Atlante illustrato a colori — Franco Muzzio Editore

Dathe H. H., Scheuchl E., Ockermuller E., 2016. Illustrierte Bestimmungstabelle fiir die Arten der Gattung Hylaeus
F. (Maskenbienen) in Deutschland, Osterreich und der Schweiz. Entomologica Austriaca. Supplement 1 pp. 51

Dijkstra K.D.B., Schroter A., 2021. Libellule d’Italia e d’Europa. Ricca Editore pp. 336.

Dvorak L., Roberts S. P. M., 2006. Key to the paper and social wasps of Central Europe (Hymenoptera: Vespidae).
Acta Entomologica Musei Nationalis Pragae 46: 221-244.

Falk S., 2016. British Blowflies (Calliphoridae) and Woodlouse Flies (Rhinophoridae)

Friese H., 1896. Die Bienen Europa’s (Apidae europaeae) narch ihren Gattungen, Arten und Varietaten auf
vergleichend morphologisch-biologischer Grundlage. Theil II. Solitare Apiden Genus Eucera. R. Friedlander & Sohn,
1896, Berlin, Germany. pp. 216.

Gregor F., Rozkosny R., Bartak M., Vanhara J., 2016. Manual of Central European Muscidae (Diptera). Morphology,
taxonomy, identification and distribution. Schweizerbart Science Pubblisher. Stuttgart, Germany pp. 219.

Intoppa F., Piazza M. G., Bolchi Serini G., Cornalba M., 2009. I Bombi. Guida al riconoscimento delle specie italiane.
Editore: CRA — Unita di Ricerca di Apicoltura e Bachicoltura, Bologna, Italia. pp. 174.

Latella L., Gobbi M., 2008. La fauna del suolo. Tassonomia, ecologia ¢ metodi di studio dei principali gruppi di
invertebrati terresti italiani. Quaderni del Museo Tridentino di Scienze Naturali, 3, Trento pp. 192.

Lebas C., Galkowski C., Blatrix R., Wegnez P., 2016. Guida alle formiche d’Europa. Ricca editore, Roma pp. 415.
Leraut P., 2019a. Moths of Europe. Volume 5. Noctuids 1. NAP editions pp. 621.
Leraut P., 2019b. Moths of Europe. Volume 6. Noctuids 2. NAP editions pp. 575.

Massa B., Fontana F., Buzzetti F. M., Kleukers R., Baudewijin O., 2012. Fauna d'Italia vol. XLVIII — Orthoptera.
Edagricole pp. 592

McAlpine J. F., Peterson B. V., Shewell G. E., Teskey H. J., Vockeroth J. R., Wood D. M., 1981(a). Manual of
Nearctic Diptera. Volume 1. Biosystematics Research Institute Ottawa, Ontario.

191



McAlpine J. F., Peterson B. V., Shewell G. E., Teskey H. J., Vockeroth J. R., Wood D. M., 1981 (b). Manual of
Nearctic Diptera. Volume 2. Biosystematics Research Institute Ottawa, Ontario.

McAlpine J. F., Peterson B. V., Shewell G. E., Teskey H. J., Vockeroth J. R., Wood D. M., 1981©. Manual of Nearctic
Diptera. Volume 3. Biosystematics Research Institute Ottawa, Ontario.

Michez D, Rasmont P., Terzo M., Vereecken N. J., 2019. Bees of Europe. Hymenoptera of Europe Vol. 1. Nap Edition
pp- 547.

Negrisolo E., Pagliano G., 2005. Fauna d'Italia Vol. XL - Hymenoptera — Sphecidae. Edagricole pp. 572

Oosterbroek P., 2006. The European Families of the Diptera. Indentification, diagnosis, biology. Knnv Pubblishing
pp. 205.

Porta A., 1923. Fauna Coleopterorum Italica. Vol I - Adephaga. Stabilimento Tipografico Piacentino, Piacenza pp.
285.

Porta A., 1926. Fauna Coleopterorum Italica. Vol II - Staphylinoidea. Stabilimento Tipografico Piacentino, Piacenza
pp. 405.

Porta A., 1929. Fauna Coleopterorum Italica. Vol III - Diversicornia. Stabilimento Tipografico Piacentino, Piacenza
pp. 466.

Richet R., Blackith R. M., Pape T. H., 2011. Sarcophaga of France (Diptera: Sarcophagidae). Pensoft Series
Faunistica. Volume 97 pp.327

Rognes K., 2002. Blowflies (Diptera: Calliphoridae) of Israel and adjacent areas, including a new species from
Tunisia. Entomologica scandinavica now: Insect Systematics & Evolution. Supplement No. 59 pp. 148.

Rozkosny R., Gregor F., Pont A. C., 1997. The European Fanniidae (Diptera). Institute of Landscape Ecology pp. 70.

Schmid-Egger C., Scheuchl E., 1997. Illustrierte Bestimmungstabellen der Wildbienen Deutschlands and Osterreichs.
Band III: Andrenidae. Bund freunde der erde pp. 180

Straka J., Bogusch P., 2011. Contribution to the taxonomy of the Hylaeus gibbus species group in Europe
(Hymenoptera, Apoidea and Colletidae). Zootaxa 2932:51-67.

Tamanini L., 1988. Tabelle per la determinazione dei pitt comuni Eterotteri Italiani. Memorie Societa Entomologica
Italiana, Genova (2):359-471.

Tolman T., Lewington R., 2014. Guida delle Farfalle D’Europa e Nord Africa. Ricca Editore, Roma. pp. 384

Tschorsnig P., Herting B., 1994 - The Tachinids (Diptera: Tachinidae) of Central Europe: Identification Keys for the
Species and Data on Distribution and Ecology.

Van Veen M. P., 2010. Hoverflies of Northwest European. Identification keys to the Syrphidae. KNNV Publishing
pp. 247.

192



Sitography

https://www.faunaitalia.it/checklist/

https://www.naturetrust.bc.ca/news/habitat-fragmentation-and-how-land-conservation-is-putting-the-pieces-back-
together

https://www.eea.europa.eu/en/topics/in-depth/pollution

https://www.arpa.veneto.it/temi-ambientali/suolo/monitoraggio-dei-suoli/qualita-biologica

https://archivo.infojardin.com/tema/coleoptera-escarabajos.198764/page-201

www.ark.eu/doodhout

https://www.britannica.com/science/pollination

https://www.majordifferences.com/2013/05/difference-between-butterfly-and-moth.html

https://davidsuzuki.org/story/cities-hold-the-key-to-reversing-bee-decline/

https://www.inaturalist.org/taxa/48484-Harmonia-axyridis

https://it.wikipedia.org/wiki/Ceratitis_capitata

https://verdepubblico.it/speciale-emergenza-tignola-delle-palme-paysandisia/

https://agronotizie.imagelinenetwork.com/difesa-e-diserbo/2023/08/23/vigneto-attenti-a-drosophila-suzukii/79938

https://en.m.wikipedia.org/wiki/File:Stomoxys_calcitrans-sucking blood.jpg

http://www.atlashymenoptera.net

193


https://www.faunaitalia.it/checklist/
https://www.naturetrust.bc.ca/news/habitat-fragmentation-and-how-land-conservation-is-putting-the-pieces-back-together
https://www.naturetrust.bc.ca/news/habitat-fragmentation-and-how-land-conservation-is-putting-the-pieces-back-together
https://www.eea.europa.eu/en/topics/in-depth/pollution
https://www.arpa.veneto.it/temi-ambientali/suolo/monitoraggio-dei-suoli/qualita-biologica
https://archivo.infojardin.com/tema/coleoptera-escarabajos.198764/page-201
http://www.ark.eu/doodhout
https://www.britannica.com/science/pollination
https://www.majordifferences.com/2013/05/difference-between-butterfly-and-moth.html
https://davidsuzuki.org/story/cities-hold-the-key-to-reversing-bee-decline/
https://www.inaturalist.org/taxa/48484-Harmonia-axyridis
https://it.wikipedia.org/wiki/Ceratitis_capitata
https://verdepubblico.it/speciale-emergenza-tignola-delle-palme-paysandisia/
https://agronotizie.imagelinenetwork.com/difesa-e-diserbo/2023/08/23/vigneto-attenti-a-drosophila-suzukii/79938
https://en.m.wikipedia.org/wiki/File:Stomoxys_calcitrans-sucking_blood.jpg
http://www.atlashymenoptera.net/

Appendix 1 — Checklist

Below is the checklist of the species collected with their respective qualitative data, trophic categories,
TUCN categories (Audusio ef al., 2014; Nieto et al., 2014; Balletto et al., 2015; Calix ef al., 2018; Quaranta
et al., 2018; Vujic et al., 2022) and distribution.

Trophic category: CLEP: Cleptoparasite; CP: Coprophagous; D: Detritivores; EMA: Hematophagous;
FV: flower visitor; MY: mycetophagous; N: Necrophagous; P: Phytophagous; Par: Parasite; POL:
Pollinator; S: saprophagous; SS: Sarcosaprophagous; SX: Saproxylic; XY: Xylophagous; Z: zoophagous;
ZS: Zoospermophagous; ?: unknown

New: C: first record for Calabria; S: first record for Southern Italy; P: first record for Italy Mainland.

Coleoptera
Anobidae
. Thropic - - -
Genera/Species category Bibliography IUCN|IUCN EuFbio|Fint|Gecot|Gnat|Pecot|Pnat|NEW| Bibliography
Ptinus sp. Linnaeus, 1767 D Dutto, 2018 X X X X Angelini, 2020
Anthicidae
) Thropic - T -
Genera/Species category Bibliography IUCN|IUCN EuFbio|Fint|Gecot|Gnat|Pecot|PnatNEW| Bibliography
Anthicus niger (Oliver, 1811) S Telnovetal.,, 2010 X Angelini, 2020
Anthicus sp. Paykull, 1798 S Telnovetal., 2010 X X X X X Angelini, 2020
Anthicus tristis W. L. E. Schmidt, 1842 S Telnovet al., 2010 X Angelini, 2020
Hirticomus hispidus (Rossi, 1792) S Telnovet al., 2010 X X X X Angelini, 2020
Hirticomus quadriguttatus (Rossi, 1792) S Telnovet al., 2010 X X X Angelini, 2020
Apionidae
. Thropic - - -
Genera/Species category Bibliography IUCN|IUCN EuFbio|Fint|Gecot|Gnat|Pecot|Pnat|NEW| Bibliography
n.d. P Pollini, 2013 X X X X X Angelini, 2020
Apionidae
. Thropic - I -
Genera/Species category Bibliography IUCN|IUCN EuFbio|Fint|Gecot|Gnat|Pecot|PnatNEW| Bibliography
Acmacoderella flavofasciata (Piller & XY/SX Ceccolini et al., 2020 LC X X X X Angelini, 2020
Mitterpacher, 1763)
Acmaeodera sp. Eschscholtz, 1829 XY/SX Audisio et al., 2014 X X X Angelini, 2020
Agrilus sp. Curtis, 1825 P Pollini, 2013 X X X Angelini, 2020
Anthaxia (Melanthaxia) helvetica Stierlin, 1868 XY/SX/FV Rastelli & Curletti, 2007 LC X X X Angelini, 2020
Anthaxia mendizabali Cobos, 1965 XY/SX/FV Audisio et al., 2014 LC X Angelini, 2020
Anthaxia (Hap l"”’h‘fggf )’”’”eﬁ’l” (Fabricius, o /Py Audisio et al., 2014 LC X Angelini, 2020
Anthaxia (Anthaxia) nitidula (Linnaeus, 1758) XY/SX/FV Audisio et al., 2014 LC X X Angelini, 2020
Anthaxia (Anthaxia) semicuprea Kuster, 1851  XY/SX/FV Audisio et al., 2014 LC X Angelini, 2020
Anthaxia sp. Eschscholtz, 1829 XY/SX/FV Audisio et al., 2014 X Angelini, 2020
Chalcophora mariana (Linnaeus, 1758) XY/SX Audisio et al., 2014 LC X Angelini, 2020
Meliboeus amethystinus (Olivier, 1790) XY Sparacio, 1982 X X X Angelini, 2020
Meliboeus (Melib ""{’gg;;) parvulus (Kuster, XY Nichuis & Waitzbauer, 2023 X X Angelini, 2020
Meliboeus sp. Deyrolle, 1864 XY Niehuis & Waitzbauer, 2023 X X Angelini, 2020
Sphenoptera (Sp he””f’;‘;g‘;) barbarica (Gmelin, .y, Audisio ct al., 2014 X Angelini, 2020
Cantharidae
. Thropic - Py chp
Genera/Species category Bibliography IUCN|[IUCN EuFbio|Fint|Gecot|Gnat|Pecot|Pnat|NEW| Bibliography
Cantharis decipiens Baudi, 1871 FV Audisio et al., 2014 X Angelini, 2020
Cantharis sp. Linnaeus, 1758 FV Duff, 2020 X Angelini, 2020
Dichelotarsus procerulus (Kiesenwetter, 1860) Fv Duff, 2020 X Angelini, 2020
Malthinus sp. Latreille, 1806 Fv Duff, 2020 X X Angelini, 2020
Metacantharis clypeata (Illiger, 1798) Fv Duff, 2020 X X X X Angelini, 2020
Rhagonycha (Rhaﬁo;g}c)ha)fulva (Scopoli, BV Duff, 2020 X X X Angelini, 2020
Rhagonycha (Rh”g”l'%ih)“) lignosa (Muller, FV Duff, 2020 X X Angelini, 2020
Rhagonycha (Rhagonycha) lutea (Muller, 1764) Fv Duff, 2020 X Angelini, 2020
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Carabidae

Genera/Species ::;Z;s:; Bibliography ‘IUCN|IUCN EI{FbiO Fint|Gecot| Gnat|Pecot|Pnat NE“" Bibliography
Abax (Abax) parallelepipedus subsp. curtulus ..
(Fairmaire, 1856) zs Brandmayr et al., 2005 X Angelini, 2020
Acupalpus (Acupamlu%:n)endzanus (Linneus, 7S Corazza et al., 2022 Angelini, 2020
Amara (Amara) aenea (De Geer, 1774) zS Pizzolotto et al., 2009 X X X X Angelini, 2020
Amara (Bradytus) apricaria (Paykull, 1790) zS Gobbi et al., 2013 X X X Angelini, 2020
Amara (Curtonotus) aulica (Panzer, 1796) zS Gobbi et al., 2013 X Angelini, 2020
Brachinus (Brachynidius) explodens . .
Duftschmid. 1812 z Pizzolotto et al., 2009 X X Angelini, 2020
Calathus cinctus Motschulsky, 1850 V4 Pizzolotto et al., 2009 X X X X Angelini, 2020
Calathus fuscipes (Goeze, 1777) V4 Pizzolotto et al., 2009 X X X X X Angelini, 2020
Calathus melanocephalus Linnaeus, 1758) V4 Gobbi et al., 2013 X Angelini, 2020
Calathus micropterus (Duftschmid, 1812) V4 Gobbi et al., 2013 X Angelini, 2020
Calathus (Calathus) montivagus Dejean, 1831 Z Pizzolotto et al., 2009 X X X X X Angelini, 2020
Calathus (Amphy. g’”l"g)zgm""dw"”” Dejean, z Pizzolotto et al., 2009 X X Angelini, 2020
Calosoma (Campal{t;l;;r;aderae (Fabricius, z Brandmayr et al., 2005 X Angelini, 2020
Carabus (Tomocarabus) convexus subsp. z Brandmayr et al., 2005 X X X X X Angelini, 2020
convexus Fabricius, 1775
Carabus (Chaetocarabus) lefebvrei subsp. . .
bayardi Solier, 1835 Z Pezzi et al., 2024 X X Angelini, 2020
Carabus (Oreocarabus) preslii subsp. z Pezzi etal., 2024 X X X X X Angelini, 2020
Neumeyeri Schaum, 1856
Cychrus italicus Bonelli, 1810 Z Gobbi et al., 2013 X X Angelini, 2020
Clinidium (Arctoclinidium) canaliculatum . .
(0.G. Costa, 1839) Z/SX Audisio et al., 2014 NT X Angelini, 2020
Cymindis (Menas) miliaris (Fabricius, 1801) Z Brandmayr et al., 2005 X X X Angelini, 2020
Dromius (Dromius) agilis (Fabricius, 1787) VA Gobbi et al., 2013 X Angelini, 2020
Dromius fenestratus (Fabricius, 1794) Z Brandmayr et al., 2005 X Angelini, 2020
Harpalus (Harpalus) attenuatus Stephens, 1824 zS Pizzolotto et al., 2009 X X X Angelini, 2020
Harpalus (Harpalus) decipiens Dejean, 1829 zS Pezzi et al., 2024 X X X X X Angelini, 2020
Harpalus (Harp “Z“ls; :é;”’d’“"” (P Rossi, 7S Pizzolotto et al., 2009 X Angelini, 2020
Harpalus (Harpalus{)i df;l{;fuendus (Duftschmi 7 Pizzolotto et al., 2009 X X Angelini, 2020
Harpalus (Harp “l“f)g’i‘;';”" es (Duftschmid, zs Brandmayr et al., 2005 X X X X Angelini, 2020
Harpalus (Harpalus) rufipalpis Sturm, 1818 zS Pezzi etal., 2024 X X X X X Angelini, 2020
Harpalus (Harpalus) serripes (Quensel in . ..
Schonherr, 1806) zZS Pizzolotto et al., 2009 X X Angelini, 2020
Harpalus (Harpalus) sulphuripes Germar, 1824 zS Pizzolotto et al., 2009 X X X Angelini, 2020
Harpalus (Harpalus) tardus (Panzer, 1797) zZS Pizzolotto et al., 2009 X X Angelini, 2020
Laemostenus (Pristonychus) cimmerius subsp. . ..
cimmerius (Fischer von Waldheim, 1823) zS Pizzolotto et al., 2009 X X X Angelini, 2020
Laemostenus (Prtxtor;);;};l;s) terricola (Herbst, 7 Brandmayr et al., 2005 X X C
Lebia trimaculata (Villers, 1789) zS Brandmayr et al., 2005 X X Angelini, 2020
Leistus fulvibarbis Dejeans, 1826 zs Pizzolotto et al., 2009 X Angelini, 2020
Leistus (Pogonophorus) spinibarbis subsp. . .
fiorii Lutshnik, 1913 zZS Pizzolotto et al., 2009 X Angelini, 2020
Lionychus (onnychusl)quu;)drlllum (Duftschmid, 7 Brandmayr et al., 2005 X Angelini, 2020
Nebria (Nebria) brevicollis (Fabricius, 1792) Z Pizzolotto et al., 2009 X X Angelini, 2020
Nebria (Nebria) k’“’]’;’; ODEJ”“ & Boisduval, z Pizzolotto et al., 2009 X X X X Angelini, 2020
Masoreus wetterhallii (Gyllenhal, 1813) Z Pizzolotto et al., 2009 X X Angelini, 2020
Metallina (Metallina) lampros (Herbst, 1784) V4 Pizzolotto et al., 2009 X X Angelini, 2020
Microderes scaritides (Sturm, 1818) SP Brandmayr et al., 2005 X Angelini, 2020
Microlestes seladon Holdhaus, 1912 Z Brandmayr et al., 2005 X X X X Angelini, 2020
Notiophilus biguttatus (Fabricius, 1779) V4 Brandmayr et al., 2005 X X Angelini, 2020
Notiophilus genzzna;;;oDejean & Boisduval, 7z Pizolotto et al., 2009 Angelini, 2020
Notiophilus rufipes Curtis, 1829 V4 Pezzi et al., 2024 X X Angelini, 2020
Notiophilus substriatus G.R. Waterhouse, 1833 z Pezzi et al., 2024 X Angelini, 2020
Ophonus cribicollis (Dejean, 1829) V4 Pizzolotto et al., 2009 X X X Angelini, 2020
Ophonus puncticollis (Paykull, 1798 SP Pizzolotto et al., 2009 X X X X Angelini, 2020
Poecilus cupreus (Linnaeus, 1758) z Pizzolotto et al., 2009 X Angelini, 2020
Paradromius (Mano:;’r;grgl;us) linearis (Olivier, z Brandmayr et al., 2005 X Angelini, 2020
Pseudophoonus (Pseudophoonus) rufipes (De Ssp Pizzolotto et al., 2009 X X X X X Angelini, 2020
Geer, 1774)
Philorhizus crucifer (Licas, 1846) Z Brandmayr et al., 2005 X X Angelini, 2020
Pterostichus (Feronlfilus) melas subsp. italicus z Pizzolotto et al., 2009 X X X X Angelini, 2020
(Dejean, 1828)
Syntomus impressus Dejean, 1825 Z Brandmayr et al., 2005 X Angelini, 2020
Synuchus vivalis (Illiger, 1798) Z Pezzi et al., 2024 X X Angelini, 2020
Trechus (Trechus) obtusus Erichson, 1837 VA Pizzolotto et al., 2009 X Angelini, 2020
Trechus (Trechus) quadristriatus (Schrank, z Pizzolotto et al., 2009 X X X Angelini, 2020

1781)
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Cerambycidae

Genera/Species ;I::;g;; ‘ Bibliography ‘lUCNllUCN El{FbiO Fint|Gecot|Gnat|Pecot|Pnat NEW| Bibliography

Agapanthia cynarae (Gyllenhal, 1817) P Poloni & Morelli, 2021 X Angelini, 2020

Agapantia sp. Serville, 1835 P Poloni & Morelli, 2021 X Angelini, 2020

Alosterna tabacicolor (De Geer, 1775) P/FV Poloni & Morelli, 2021 X Angelini, 2020

Anastrangalia dubia (Scopoli, 1763) XY/SX/FV Audisio etal., 2014 LC X X X X Angelini, 2020

Anastrangalia sanguinolenta (Linnaeus, 1761) XY/SX/FV Audisio et al., 2014 LC Angelini, 2020

Arhopalus rusticus (Linnaeus, 1758) XY/SX Audisio et al., 2014 LC X Angelini, 2020

Calamobius filum (Rossi, 1790) P Sldma, 1998 X Angelini, 2020

Chlorophorus sartor (Muller, 1766) XY/SX/FV Audisio et al., 2014 LC LC X X X X Angelini, 2020

Clytus lama Mulsant, 1847 XY/SX/FV Audisio et al., 2014 LC LC X Angelini, 2020

Clytus rhamni Germar, 1817 XY/SX/FV Audisio et al., 2014 LC LC X Angelini, 2020

Deilus fugax (Olivier, 1790) XY/SX Audisio et al., 2014 LC LC X X Angelini, 2020

Oxypleurus nodieri (Mulsant, 1839) XY/SX Audisio et al., 2014 NT X C

Pogonocherus decoratus Fairmaire, 1855 XY/SX Audisio etal., 2014 NT X Angelini, 2020

Plagionotus scalaris (Brull¢, 1832) XY/SX Hernandez & de 1a Rosa, 2001 X Angelini, 2020

Pseudovadonia livida (Fabricius, 1776) XY/SX/FV Audisio et al., 2014 LC X X X X X Angelini, 2020

Rhagium (Hagrium) bifasciatum Fabricius, 1775 SX Audisio et al., 2014 LC X Angelini, 2020

Rhagium (Rhagium) inquisitor Linnaeus, 1758 SX Audisio et al., 2014 LC X X Angelini, 2020

Rutpela maculata (Poda, 1761) XY/SX Audisio et al., 2014 LC X X X Angelini, 2020

Stenopterus rufus Linnaeus, 1767 XY/SX Audisio et al., 2014 LC LC X X X Angelini, 2020

Stenurella bifasciata (O.F. Muller, 1776) XY/SX/FV Audisio etal., 2014 LC X X X X X X Angelini, 2020

Stictoleptura cordigera (Fuessly, 1775) XY/SX/FV Audisio et al., 2014 LC X X X X Angelini, 2020

Paracorymbia fulva (De Geer, 1775) XY/SX/FV Audisio et al., 2014 LC X Angelini, 2020

Cetoniidae
. Thropic P - .

Genera/Species category Bibliography IUCN|IUCN EuFbio|Fint|Gecot|Gnat|Pecot|PnatNEW| Bibliography

Cetonia aurata subsp. pisana Heer, 1841 XY/SX/FV Audisio et al., 2014 LC X X Angelini, 2020

Protactia (Netocia) cuprea subsp. cuprea gy py Audisio et al., 2014 LC X X Angelini, 2020
(Fabricius, 1775)

Protactia (Netocia) 1"7’2’1’)” morio. (Fabricius, SX/FV Audisio et al., 2014 X X X X X Angelini, 2020

Tropinota (Epicometis) hirta hirta (Poda, 1761) SX/FV Keplan, 2020 X X X Angelini, 2020

Tropinota (Tropmotq) squalida squalida SX/FV Pollini, 2013 X Angelini, 2020
(Scopoli, 1783)

Valgus hemipterus Linnaeus, 1758 XY/SX/FV Mahar & Oemke, 1981 LC LC Angelini, 2020

Cholevidae
. Thropic P - .
Genera/Species category Bibliography IUCN|IUCN EuFbio|Fint|Gecot|Gnat|Pecot|PnatNEW| Bibliography
n.d. P Duff, 2016 X Angelini, 2020
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Chrysomelidae

Throoi
Genera/Species catz;g‘r‘; Bibliography IUCN|]UCN EuFbio|Fint|Gecot|Gnat| Pecot|Pnat[NEW| Bibliography
Alticinae P Duff, 2016 X X X X Angelini, 2020
Althica sp. Geoffroy, 1762 P Baviera & Biondi, 2015 X X X Angelini, 2020
Aphthona sp. Chevrolat, 1836 P Fornasari, 2004 X X Angelini, 2020
Apteropeda orbiculata (Marsham, 1802) P Pollini, 2013 X Angelini, 2020
Bruchinae P Pollini, 2013 X X X X X X Angelini, 2020
Cassida (Cassida) prasina llliger, 1798 P Boniotti, 2020; Bidolini, 1974 X Angelini, 2020
Cassida (Cassida) rubicinosa O.F: Muller, 1776 P Boniotti, 2020 X Angelini, 2020
Cassida sanguinolenta Muller, 1776 P Boniotti, 2020 X Angelini, 2020
Cassida sp. Linnaeus, 1758 P Boniotti, 2020 X Angelini, 2020
Chaetocnema sp. Stephens, 1831 P Boniotti, 2020 X X X Angelini, 2020
Chrysolina (Synergti)gzir)bacea (Duftschmid, P Boniotti, 2020 Angelini, 2020
Chrysolina (Chalcawiz;as)ll)nterstmcta (Suffrian, P Boniotti, 2020 X Angelini, 2020
Chrysolina rossia (Illiger, 1802) P Boniotti, 2020 X X Angelini, 2020
Crepidodera aurea (Geoffroy, 1785) P Boniotti, 2020 X Angelini, 2020
Cryptocephalus sp. O. F. Muller, 1764 P Boniotti, 2020 X X X Angelini, 2020
Derocrepis sodalis (Kutschera, 1860) P Boniotti, 2020 X X X Angelini, 2020
Exosoma lusitanicum (Linnaeus, 1767) P Boniotti, 2020 X X X Angelini, 2020
Galeruca (Galeruca) littoralis (Fabricius, 1787) P Boniotti, 2020 X X X C
Galeruca (Galeruca) po@onae subsp. pomonae P Boniotti, 2020 X Angelini, 2020
(Scopoli, 1763)
Galeruca (Galeruca) tanaceti (Linnaeus, 1758) P Boniotti, 2020 X X Angelini, 2020
Galerucella lineola (Fabricius, 1781) P Boniotti, 2020 X X Angelini, 2020
Halticinae P Boniotti, 2020 X X Angelini, 2020
Hispa atra Linnaeus, 1767 P Boniotti, 2020 X X Angelini, 2020
Leptinotarsa decemlineata (Say, 1824) P Boniotti, 2020 X Angelini, 2020
Longitarsus sp. Berthold, 1827 P Boniotti, 2020 X X X X Angelini, 2020
Luperus sp. Geoffroy, 1762 P Boniotti, 2020 X Angelini, 2020
Mantura (Mantura) obtusata (Gyllenhal, 1813) P Boniotti, 2020 X Angelini, 2020
Neocrepidodera ferruginea (Scopoli, 1763) P Boniotti, 2020 X Angelini, 2020
Neocrepidodera impressa (Fabricius, 1801) P Boniotti, 2020 X Angelini, 2020
Pachybrachis sp. Dejean, 1836 P Boniotti, 2020 X Angelini, 2020
Psylliodes (P.sylllodes) chrysocephala P Boniotti, 2020 X X Angelini, 2020
(Linnaeus, 1758)
Psyllioides sp. Berthold, 1827 P Boniotti, 2020 X X X X X Angelini, 2020
Phyllotreta cruciferae (Goeze, 1777) P Boniotti, 2020 X Angelini, 2020
Phyllotreta sp. Chvrolat, 1837 P Boniotti, 2020 X X Angelini, 2020
Phyllotreta undulata Kutschera, 1860 P Boniotti, 2020 X Angelini, 2020
Cleridae
. Thropic - P ShT
Genera/Species category Bibliography TUCN[IUCN EuFbio(Fint|Gecot| Gnat|Pecot| Pnat[NEW| Bibliography
Opilo mollis (Linnaeus, 1758) Z/SX Audisio et al., 2014 LC X X Angelini, 2020
Thanasimus formicarius (Linnaeus, 1758) 7/SX Audisio et al., 2014 LC X X Angelini, 2020
Trichodes alvearius (Fabricius, 1792) ZIFV Felicioni, 2014 X X X X Angelini, 2020
Trichodes apiarus (Linnaeus, 1758) Z/FV Felicioni, 2014 X X Angelini, 2020
Trichodes leucospideus (Olivier, 1795) Z/FV Felicioni, 2014 X X Angelini, 2020
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Coccinellidae

Genera/Species ;l::;g;; ‘ Bibliography ‘lUCNllUCN EL{Fhio Fint|Gecot|Gnat|Pecot|Pnat NEW‘ Bibliography
Adalia (Adalia) bipunctata (Linnaeus, 1758) z Pervez, 2005 X Angelini, 2020
Adalia (Adalia) deT:r;zg)unctam (Linnaeus, 7z Dixon, 1959 X Angelini, 2020
Calvia quatuordecimguttata Linnaues, 1758 z Pollini, 2013 X X X X X Angelini, 2020
Ceratomegilla (Ceratomegilla) undecimnotata ..
Schneider, D. H., 1792 Z Skouras et al., 2021 Angelini, 2020
Coccinella (Coccmelia)f;a;)éempunctata Linnaeu 7z Ali & Rizi, 2007 X X X X X Angelini, 2020
Coccinella (Spilota) uyj;);zmpunctatu Linnaeus, z Zhu & Park, 2005 X Angelini, 2020
Coccinula quatuordle);'zsngustulata (Linnaeus, z Pollini, 2013 x X X Angelini, 2020
Exochomus (Exochomus) quadripustulatus Linn z Radwan & Lovei, 1983 X Angelini, 2020
aeus, 1758
Hippodamia (Hlppoft;;n;a) variegata Goeze, 7z Fr. ann, 2002 X X X Angelini, 2020
Hyperaspis sp. Chevrolat, 1836 z Pollini, 2013 X Angelini, 2020
Myrrha octodecimguttata (Linnaeus, 1758) z Ulgenturk et al., 2013 X X Angelini, 2020
Propylea q““t”"’dl";’s”;’;”"““m (Linnacus, z Obrycki & Orr, 1990 X X X X X Angelini, 2020
Psyllobora vig ’”"‘f;’g;’;‘”““’” (Linnacus, z Karataraki et al., 2015 X X X X Angelini, 2020
Scymnus (Scymnus) frontalis (Fabricius, 1787) z Naranjo et al., 1990 X Angelini, 2020
Scymnus sp. Kugelann, 1794 Z Pollini, 2013 X X X X X X Angelini, 2020
Subcoccinella vigintiquatuorpunctata P Pollini, 2013 X X Angelini, 2020
Cryptophagidae
Genera/Species ::;:g'rcy ’ Bibliography IUCN|1UCN E4Fbio Fint| Gecot|Gnat|Pecot|Pnat NEW‘ Bibliography
Cryptophagus sp. Herbst, 1792 MY Duff, 2020 X X X X X X Angelini, 2020
Pteryngium crenulatum (Erichson, 1846) MY/SX Audisio et al., 2014 LC X Angelini, 2020
Sternodea baudii Reitter, 1875 MY/SX Audisio et al., 2014 LC X X Angelini, 2020
Cucuijidae
. Thropic - P R
Genera/Species category Bibliography IUCN|IUCN EuFbio|Fint|Gecot|Gnat|Pecot|PnatNEW| Bibliography
Cucujus cinaberinus (Scopoli, 1763) Z/SX Audisio et al., 2014 VU NT X Angelini, 2020
Pediacus dermestoides (Fabricius, 1792) Z/SX Audisio et al., 2014 NT DD X X Angelini, 2020
Curculionidae
. Thropic - N - e
Genera/Species category Bibliography IUCN|IUCN EuFbio|Fint|Gecot|Gnat|Pecot|PnatNEW| Bibliography
Bothynoderes affinis (Schrank, 1781) P Toshovaetal., 2019 X C  Angelini, 2020
Coniocleonus (Plagiographus) ..
pseudobliquus (G. Muller, 1921) P Duff, 2016 X Angelini, 2020
Hylastes angustatus (Herbest, 1793) SX Audisio et al., 2014 LC X Angelini, 2020
Hylastes ater (Paykull, 1800) SX Audisio et al., 2014 LC X X Angelini, 2020
Hylastes attenuatus Erichson, 1836 SX Audisio et al., 2014 LC X X Angelini, 2020
Hylastes sp. Erichson, 1836 SX Audisio et al., 2014 X X Angelini, 2020
Lixus sp. J.C.Fabricius, 1802 P Pollini, 2013 X Angelini, 2020
Phyllobius (Subphy{lobms) virideaeris (Laichar p Pollini, 2013 X Angelini, 2020
ting, 1781)
Pityogenes sp. Bedel, 1888 P Pollini, 2013 X Angelini, 2020
Scolytinae P Pollini, 2013 X Angelini, 2020
Orthotomicus sp. Ferrari, 1867 P Pollini, 2013 X Angelini, 2020
Tomicus minor (Hartig, 1834) XY/SX Audisio et al., 2014 LC X Angelini, 2020
Cybocephalidae
Genera/Species ;I::;g:; ‘ Bibliography ‘lUCNllUCN EL{Fhio Fint|Gecot|Gnat|Pecot|Pnat NEW‘ Bibliography
Cybocephalus politus Gyllenhal, 1813 z Lupi, 2003 X C
Cybocephalus sp. Erichson, 1844 z Lupi, 2003 X Angelini, 2020
Dasytidae
. Thropic _— - -
Genera/Species category Bibliography IUCN[IUCN EuFbio|Fint| Gecot| Gnat|Pecot|Pnat|NEW| Bibliography
Aplocnemus (dplocnemus) nigricornis 7/SX Audisio etal., 2014 LC X X X Angelini, 2020
(Fabricius, 1792)
Aplocnemus sp. Stephens, 1830 Z/SX Audisio et al., 2014 X Angelini, 2020
Danacea sp. Laporte de Castelnau, 1836 Z/FV Duff. 2020 X X X X X X Angelini, 2020
Dasytes sp. Paykull, 1799 Z/FV Duff. 2020 X X X X Angelini, 2020
Divales bipustulatus (Fabricius, 1781) Z/FV Duff. 2020 X X X X X Angelini, 2020
Enicopus (Enicopus) pilosus (Scopoli, 1763) Z/FV Duff. 2020 X Angelini, 2020
Psylothrix sp. Kuster, 1858 Z/FV Duff. 2020 X Angelini, 2020
Psilothrix viridicoerulea (Geoffroy, 1785) FV Badenes-Pérezet al., 2017 X X X X Angelini, 2020
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Dermestidae

Genera/Species ‘ ;I:;;g;; Bibliography ‘lUCNllUCN EL{Fhio Fint|Gecot|Gnat|Pecot|Pnat NEW‘ Bibliography
Anthrenus (Florilinus) signatus Erichson, 1846 S/FV Holloway & Pinniger, 2020 X X Angelini, 2020
Anthrenus sp. Geoffroy, 1762 S/FV Holloway & Pinniger, 2020 X Angelini, 2020
Ctesias serra (Fabricius, 1792) S Audisio et al., 2014 LC X Angelini, 2020
Dermestes erichsoni (Ganglbauer, 1903) SS Pollini, 2013 X Angelini, 2020
Dermestes (Dermeslt 17n9uzs) Jrischi Kugelann, SS Bonacci et al., 2017 X Angelini, 2020
Dermestes (D ”’””1’6755);””’”"’” Linnacus, ss Matuszewski et al., 2013 X X Angelini, 2020
Dermestes (Dermesie;v; 8lardarms Linnaeus, ss Bonacei et al., 2017 X Angelini, 2020
Dermestes murinus Linnaeus, 1758 SS Bonacci et al., 2017 X X X Angelini, 2020
Dermestes (Dermestzrltgi)émuslehnus Erichson, ss Bonacci et al., 2017 X X Angelini, 2020
Dermestes (M""“’”‘f;g’;’) olivieri Lepesme, ss Bonacci et al., 2017 X X X X Angelini, 2020
Dermestes_sp. Linnaeus, 1758 SS Pollini, 2013 X X X X Angelini, 2020
Drillidae
. Thropic A g - .
Genera/Species category Bibliography IUCN|IUCN EuFbio|Fint|Gecot|Gnat|Pecot|PnatNEW| Bibliography
Drilus flavescens Olivier, 1790 Z Duff, 2020 X Angelini, 2020
Dynastidae
. Thropic - P - P
Genera/Species category Bibliography IUCN|IUCN EuFbio|Fint|Gecot|Gnat|Pecot|Pnat NEW| Bibliography
Pentodon bidens (Pallas, 1771) P Temreshevet al., 2019 X Angelini, 2020
Elateridae
. Thropic A P - 11
Genera/Species category Bibliography TUCN[IUCN EuFbio|Fint|Gecot|Gnat|Pecot|Pnat|NEW| Bibliography
Agriotes sp. Eschscholtz, 1829 P Pollini, 2013 X Angelini, 2020
Agrypnus murinus (Linnaeus, 1758) P Detter & Beran, 2000 X X X Angelini, 2020
Ampedus (Ampedus) sinuatus Germar, 1844 Z/SX Audisio et al., 2014 VU LC X X Angelini, 2020
Ampedus sp. Dejean, 1833 Z/SX Audisio et al., 2014 X Angelini, 2020
Athous (Athous) ineptus Candéze, 1860 P Baviera & Platia, 2018 X Angelini, 2020
Athous sp. Eschscholtz, 1829 P Baviera & Platia, 2018 X Angelini, 2020
Cardiophorus (Cardiophorus) collaris/italicus ZS Baviera & Platia, 2018 X X X Angelini, 2020
Cardiophorus (Cardtophf)rus) italicus Platia & 73 Baviera & Platia, 2018 X Angelini, 2020
Bartolozzi, 1988
Cardiohorus sp. Eschscholtz, 1829 zS Baviera & Platia, 2018 X X X X Angelini, 2020
Cidnopus pilosus (Leske, 1785) zS Baviera & Platia, 2018 X Angelini, 2020
Cidnopus pseudop ’f‘;?;s Platia & Guden, P Baviera & Platia, 2018 X X Angelini, 2020
Ctenicera cuprea (Fabricius, 1775) P Duff, 2020 X X Angelini, 2020
Ctenicera pectinicornis (Linnaeus, 1758) P Duff, 2020 X X Angelini, 2020
Dicronychus cinereus (Herbst, 1784) ? Piccini etal., 2023 X Angelini, 2020
Drasterius bimaculatus (Rossi, 1790) z Baviera & Platia, 2018 X X Angelini, 2020
Hemicrepidius hirtus (Herbst, 1784) A Baviera & Platia, 2018 X X Angelini, 2020
Idiotarmon quadrivittatus (Ragusa, 1893) ? Baviera & Platia, 2018 Angelini, 2020
Melanotus (Melanotus) castanipes (Paykull, .. ..
1800) Z/SX Audisio et al., 2014 LC LC X Angelini, 2020
Melanotus crassicollis (Erichson, 1841) Z Baviera & Platia, 2018 X Angelini, 2020
Nothodes parvulus (Panzer, 1799) ? X X Angelini, 2020
Pheletes quercus (Olivier, 1790) ? X X Angelini, 2020
Endomychidae
. Thropic - - -
Genera/Species category Bibliography IUCN|IUCN EuFbio|Fint|Gecot|Gnat|Pecot|PnatNEW| Bibliography
Lycoperdina bovistae (Fabricius, 1792) MY/SX Audisio etal., 2014 LC X X Angelini, 2020
Erotylidae
. Thropic - - -
Genera/Species category Bibliography IUCN|IUCN EuFbio|Fint|Gecot|Gnat|Pecot|PnatNEW| Bibliography
Dacne rufifrons (Fabricius, 1775) MY/SX Audisio et al., 2014 NT DD X C
Triplax lacordairii Crotch, 1870 MY/SX Audisio etal., 2014 NT EN X X Angelini, 2020
Triplax marseuli Bedel, 1864 MY/SX Audisio et al., 2014 NT DD X X Angelini, 2020
Triplax rufipes (Fabricius, 1787) MY/SX Audisio et al., 2014 LC LC X C
Triplax sp. Herbst, 1793 MY/SX Audisio et al.,, 2014 X X Angelini, 2020
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Geotrupidae

Genera/Species ;l::;g;; ‘ Bibliography ‘lUCNllUCN EL{Fhio Fint|Gecot|Gnat|Pecot|Pnat NEW‘ Bibliography
Anoplotrupes stercorosus (Scriba, 1791) CP Weithmann et al., 2020 X Angelini, 2020
Geotrupes spinigier CP Milander et al., 1977 X Angelini, 2020
Histeridae
. Thropic - P R
Genera/Species category Bibliography TIUCN[IUCN EuFbio|Fint|Gecot| Gnat|Pecot|Pnat|NEW| Bibliography
Gnathoncus sp. Jacquelin du Val, 1858 S Duff, 2012 X Angelini, 2020
Hister quadrimaculatus Linnaeus, 1758 S Duff, 2012 X X X X Angelini, 2020
Hypocaccus (Hypac&;;c:;‘; rugifrons (Paykull, S Duff, 2012 X Angelini, 2020
Pachylister (Pach.y_lzster) inaequalis (A.G. S Baviera & Vienna, 2019 Angelini, 2020
Olivier, 1789)
Onthophilus punctatus (O.F. Muller, 1776) S Baviera & Vienna, 2019 X Angelini, 2020
Saprinus (Saprinus) semistriatus (Scriba, 1790) Z Szelecz et al, 2018 X Angelini, 2020
Saprinus sp. Erichson, 1834 y4 Szeleczet al, 2018 X X Angelini, 2020
Hydrophillidae
Genera/Species :::gg':y ’ Bibliography ‘IUCN||UCN E+?bi0 Fint|Gecot|Gnat|Pecot | Pnat NEW‘ Bibliography
Anacaena globulus (Paykull, 1798) CpP Duff, 2012 X Angelini, 2020
Sphaeridium bipustulatum Fabricius, 1781 CP Duff, 2012 X Angelini, 2020
Sphaeridium lunatum Fabricius, 1792 CP Otronen & Hanski, 1983 X Angelini, 2020
Lampyridae
Genera/Species ;l::;g;; ‘ Bibliography ‘lUCNllUCN EL{Fhio Fint|Gecot|Gnat|Pecot|Pnat NEW‘ Bibliography
Lampyris brutia Costa, 1882 z Pollini, 2013 X X X Angelini, 2020
Lampyris sp. Geoffroy, 1762 z Pollini, 2013 X X X X X X Angelini, 2020
Latridiidae
. Thropic - P R
Genera/Species category Bibliography TUCN[IUCN EuFbio|Fint| Gecot| Gnat|Pecot|Pnat|NEW| Bibliography
nd. ? X Angelini, 2020
Leioidae
. Thropic - P - .
Genera/Species category Bibliography IUCN|IUCN EuFbio|Fint|Gecot|Gnat|Pecot|PnatNEW| Bibliography
Chlovinae MY Duff, 2012 X X X Angelini, 2020
Anemadus sp. Reitter, 1885 MY Duff, 2012 X Angelini, 2020
Leiodes badia (Sturm, 1807) MY Duff, 2012 X Angelini, 2020
Leiodes sp. Latreille, 1797 MY Duff, 2012 X X Angelini, 2020
Lycidae
. Thropic - P PR
Genera/Species category Bibliography IUCN|[IUCN EuFbio|Fint|Gecot| Gnat|Pecot|Pnat|NEW| Bibliography
Lygistopterus anorachilus Ragusa, 1838 MY/SX Audisio et al., 2014 NT X X Angelini, 2020
Malachidae
. Thropic A - .
Genera/Species category Bibliography IUCN|IUCN EuFbio|Fint|Gecot|Gnat|Pecot|Pnat NEW| Bibliography
n.d. ? X X X X X X Angelini, 2020
Melandryidae
Genera/Species ::;Z;gg ‘ Bibliography ‘IUCN|IUCN EL{Fbio Fint|Gecot|Gnat|Pecot|Pnat NEW‘ Bibliography
Rushia parreyssi (Mulsant, 1856) MY/SX Audisio et al., 2014 NT X Angelini, 2020
Cerocoma (C”"C”’I':)Sgghaeﬂ eri (Linnacus, P Turco & Bologna, 2011 X X Angelini, 2020
Meloe sp. Linnaeus, 1758 PAR Pan & Bologna, 2014 X Angelini, 2020
Mpylabris (Eumylabris) fabricii Soumacov, 1924 ~ PAR/FV Pan & Bologna, 2014 Angelini, 2020
Mpylabris (Mylabris) variabilis (Pallas, 1781) PAR/FV Pan & Bologna, 2014 X Angelini, 2020
Melolonthidae
. Thropic _— - -
Genera/Species category Bibliography TUCN[IUCN EuFbio|Fint|Gecot|Gnat|Pecot|Pnat|NEW| Bibliography
Amadotrogus quercanus (Burmeister, 1855) P Chinery, 2010 X Angelini, 2020
Firminus baudii (Brenske, 1886) P Chinery, 2010 X X X X X Angelini, 2020
Firminus ciliatus vexillis (Reitter, 1902) P Chinery, 2010 X Angelini, 2020
Rhizotrogus aestivus (Olivier, 1789) P Chinery, 2010 X X Angelini, 2020
Rhizotrogus marginipes Mulsant, 1842 P Chinery, 2010 X C
Mordellidae
. Thropic - By - -
Genera/Species category Bibliography TUCN[IUCN EuFbio|Fint|Gecot|Gnat|Pecot|Pnat|NEW| Bibliography
Mordella sp. Linnaeus, 1758 P/FV Duff, 2020 X X X X X X Angelini, 2020
Mordellistena sp. Costa, 1854 P/FV Duff, 2020 X X X X X Angelini, 2020
Mycteridae
. Thropic - - .
Genera/Species category Bibliography TUCN[IUCN EuFbio|Fint|Gecot|Gnat|Pecot|Pnat|NEW)| Bibliography
Mycterus (Mycterus)l ;’grlc)'ulwtdes (Fabricius, p Duff, 2020 X X X Angelini, 2020
Mycterus (Eutryptes) tibialis Kuster, 1850 P Duff, 2020 X Angelini, 2020
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Nitidulidae

Genera/Species ;22;5;; ‘ Bibliography ’lUCN'lUCN EL{Fhio Fint|Gecot|Gnat|Pecot|Pnat NEW‘ Bibliography
Carpophilus hemipterus (Linnaeus, 1758) S Pollini, 2013 X X Angelini, 2020
Epuraea sp. Erichson, 1864 S Pollini, 2013 X X X Angelini, 2020
Glischrochilus quadrisignatus (Say, 1835) MY/SX Audisio et al., 2014 NT X X X X X C
Haptoncus ocularis (Fairmaire, 1849) S Lasonetal., 2023 X X X X X Angelini, 2020
Haptoncus sp. (Fairmaire, 1849) S Lasonetal., 2023 X X X Angelini, 2020
Ipidia binotata Reitter, 1875 MY/SX Audisio et al., 2014 vu X X Angelini, 2020
Meligitinae FV Pollini, 2013 X X X X X X Angelini, 2020
Nitidula flavomaculata Rossi, 1790 S Bonacci etal., 2021 X Angelini, 2020
Urophorus humeralis (Fabricius, 1798) P Vincent & Lindgren, 1972 X Angelini, 2020
Pityophagus ferrugineus (Linnaeus, 1758) Z/SX Audisio et al., 2014 LC X X Angelini, 2020
Soronia grisea (Linnaeus, 1758) SX Audisio et al., 2014 LC X X Angelini, 2020
Thalycra fervida (Olivier, 1790) MY Duff, 2020 X X X Angelini, 2020
Xenostrongylus sp. Wollaston, 1854 MY Lee & Lee, 2020 X Angelini, 2020
Oedemeridae
. Thropic - Ll -
Genera/Species category Bibliography IUCN|IUCN EuFbio|Fint|Gecot|Gnat|Pecot|Pnat NEW| Bibliography
Chrysanthia viridissima (Linnaeus, 1758) FV Atanassova & Silvilov, 2014 X X X X X X Angelini, 2020
Nacerdes (Xanthochroa) carniolica (Gistl, SIFV Poloni, 2019 X X X Angelini, 2020
1834)
Oedemera (Oedemera) atrata 'W. Schmidt, 1846 P/FV Duff, 2020 X X Angelini, 2020
Oedemera femorata (Scopoli, 1763) P/FV Atanassova & Silvilov, 2014 X X Angelini, 2020
Oedemera (06demerc1)£t;vzpenms W. Schmidt, PIEV Duff, 2020 X X X X X Angelini, 2020
Oedermera flavipes (Fabricius, 1792) P/FV Atanassova & Silvilov, 2014 X X X X X X Angelini, 2020
Oedemera lurida/crassipes P/FV Atanassova & Silvilov, 2014 X X X X X Angelini, 2020
Oedemera (Oedemera) nobilis (Scopoli, 1763) P/FV Ferreiro, 2017 X X X X X Angelini, 2020
Oedemera podagrariae (Linnaeus, 1767) P/FV Atanassova & Silvilov, 2014 X X Angelini, 2020
Oedemera (Oedemera) pthysica (Scopoli, 1763) P/FV Atanassova & Silvilov, 2014 X X Angelini, 2020
Oedemera (Oede’"f;gi‘;""” fex (Linnacus, P/EV Atanassova & Silvilov, 2014 X X X Angelini, 2020
QOedemera_sp. Olivier, 1789 P/FV Duff, 2020 X Angelini, 2020
Phalacridae
. Thropic - g - .
Genera/Species category Bibliography TUCN|IUCN EuFbio|Fint|Gecot|Gnat|Pecot|Pnat|NEW)| Bibliography
n.d. ? X Angelini, 2020
Olibrus_sp. Erichson, 1845 FV Duff, 2020 X X X X X X Angelini, 2020
Salpingidae
. Thropic - - -
Genera/Species category Bibliography IUCN|[IUCN EuFbio|Fint|Gecot|Gnat|Pecot|Pnat NEW| Bibliography
Rabocerus foveolatus (Ljungh, 1823) Y4 Duff, 2020 X Angelini, 2020
Scarabaeidae
Genera/Species ;‘:Zg:‘; ’ Bibliography ‘IUCN’!UCN E4Fhio Fint|Gecot|Gnat|Pecot|Pnat NEW‘ Bibliography
Amidorus obscurus ls;g.z)Obscurus (Fabricius, cp Tocco etal, 2011 X Angelini, 2020
Amphimallon pseudomajale Sabatinelli, 1976 P Pollini, 2013 X X X Angelini, 2020
Amphimallon ochraceum (Knoch, 1801) P Pollini, 2013 X Angelini, 2020
Caccobius schreberi (Linnaeus, 1767) P Aronton et al., 2012 X Angelini, 2020
Chilothorax distinctus (O. F. Muller, 1776) CP Dellacasa et al., 2001 X Angelini, 2020
Chilothorax paykulli (Bedel, 1907) CP Dellacasa et al., 2001 X X X Angelini, 2020
Colobopterus erraticus (Linnaeus, 1758) CP Duff, 2020 X Angelini, 2020
Coprimorphus scrutator (Herbst, 1789) CP Palestrini & Barbero, 1994 X Angelini, 2020
Esymus merdarius (Fabricius, 1775) CP Dellacasa & Kirgiz, 2002 X X X X Angelini, 2020
Esymus pusillus subsp. pusillus (Herbst, 1789) Cp Dellacasa & Kirgiz, 2002 X Angelini, 2020
Euoniticellus fulvus (Goeze, 1777) CP Cosandey et al., 2022 X X Angelini, 2020
Euonthophagus gibbosus (Scriba, 1790) CP Duff, 2020 X Angelini, 2020
Liothorax niger (llliger, 1798) S Dellacasa et al., 2007 X Angelini, 2020
Mycetoporus sp. Mannerheim, 1830 CP Duff, 2020 X Angelini, 2020
Nimbus obliteratus (Panzer, 1823) CP Dellacasa et al., 2001 X Angelini, 2020
Onthophagus (Palaeonthophagus) coenobita ( el
Herbst, 1783) CP Cosandey et al., 2022 X Angelini, 2020
Onthophagus illyricus (Scopoli, 1763) CpP Cosandey et al., 2022 X Angelini, 2020
Onthophagus (Palaeonthophagus) fracticornis cp Cosandey et al., 2022 % x Angelini, 2020
(Preyssler, 1790)
Onthophagus (Palaeonthophagus) semicornis ( S Duff, 2020 X X Angelini, 2020
Panzer, 1798)
Onthophagus (Ontho‘fijtsagg)us) taurus (Schreber, S Rounds & Floate, 2012 X X Angelini, 2020
Onthophagus (Paleonthophagus) vacca . ..
Linnacus, 1767 S Sowing, 1996 X Angelini, 2020
Pseudacrossus suffertus (A. Schmidt, 1916) S Dellacasa & Kirgiz, 2002 X X Angelini, 2020
Sigorus porcus (Fabricius, 1792) S Turner & Anderson, 2020 X Angelini, 2020
Trichonotulus scrofa (Fabricius, 1787) S Gavrilovic & Curcic, 2010 X Angelini, 2020
Scirtidae
. Thropic - L S e
Genera/Species category Bibliography IUCN|IUCN EuFbio|Fint|Gecot|Gnat|Pecot|Pnat NEW| Bibliography
Elodes sp. Latreille, 1796 S Duff, 2020 X Angelini, 2020
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Scolydidae

Genera/Species ’ ;I:;;g;; ‘ Bibliography ‘IUCN'IUCN EL{Fhio Fint|Gecot|Gnat|Pecot|Pnat NEW‘ Bibliography
Ipinae X Angelini, 2020
Scraptidae
. Thropic A - .
Genera/Species category Bibliography IUCN|IUCN EuFbio|Fint|Gecot|Gnat|Pecot|PnatNEW| Bibliography
Anaspis sp. Geoffroy, 1762 FV Duff, 2020 X X X X X X Angelini, 2020
n.d. FV X X X Angelini, 2020
Trotomma (Tmtamma)1 g;{fescens Kiesenwetter, FV Duff, 2020 X Angelini, 2020
Silphidae
. Thropic - P - .
Genera/Species category Bibliography IUCN|IUCN EuFbio|Fint|Gecot|Gnat|Pecot|PnatNEW| Bibliography
Nicrophorus vespilloides Herbst, 1783 N von Hoermann et al., 2013 X Angelini, 2020
Silpha olivieri Bedel, 1887 N Dekeirsschieter et al., 2011 X Angelini, 2020
Silvanidae
. Thropic - - -
Genera/Species category Bibliography IUCN|IUCN EuFbio|Fint|Gecot|Gnat|Pecot|PnatNEW| Bibliography
Oryzaephilus surinamensis (Linnaeus, 1758) P Hashem et al., 2021 X X Angelini, 2020
Staphilinidae
. Thropic - I - -
Genera/Species category Bibliography IUCN|IUCN EuFbio|Fint|Gecot|Gnat|Pecot|PnatNEW| Bibliography
Aleocharinae z Ozgen & Mamay, 2022 X X X X X X Angelini, 2020
Anisotoma castanea (Herbst, 1792) MY/SX Audisio etal., 2014 LC X Angelini, 2020
Bolitobius castaneus (Stephens, 1832) z Eugen & Nitzu, 2009 X Angelini, 2020
Boreaphilus velox (Heer, 1839) z Lupi et al., 2006 X X Angelini, 2020
Carphacis striatus (Olivier, 1795) z Nikitsky & Schigel, 2004 X X Angelini, 2020
Eusphalerum sp. Kraatz, 1857 FV Rivest et al., 2024 X X Angelini, 2020
Gyrohypnus angustatus Stephens, 1833 z Steenberg et al., 1995 X X Angelini, 2020
Gyrohypnus punctulatus (Paykull, 1789) z Steenberg et al., 1995 X X Angelini, 2020
Lordithon lunulatus (Linnaeus, 1760) Z Lunde et al., 2023 X X X Angelini, 2020
Oaypus (Pseudocyp ‘;Z{g’””’ ennis Erichson, z Staniec et al., 2009 X X X X X Angelini, 2020
Ocypus (Matidus) italicus (Aragona, 1830) z Bonacci et al., 2006 X X X Angelini, 2020
Ocypus (Ocypus) olens (O. Muller, 1764) z Lupi et al., 2006 X X X X X Angelini, 2020
Oaypus (Pseudocyp l‘i)ggezr;”e’””ll” (Menetries, z Bonacci et al., 2006 X X X X Angelini, 2020
Othius laeviusculus Stephens, 1833 Z Sunderland, 1975 X X X X X Angelini, 2020
Omaliinae MacLeay, 1825 Z Dettner & Reissenweber, 1991 X X Angelini, 2020
Ontholestes murinus (Linnaeus, 1758) VA Dekeirsschieter et al., 2013 X Angelini, 2020
Oxytelus (Oxytelus) piceus (Linnaeus, 1767) z Lu & Zhou, 2012 X Angelini, 2020
Phyllodrepa salicis (Gyllenhal, 1810) Z/SX Audisio et al., 2014 VU X X Angelini, 2020
Philonthus sp. Stephens, 1829 z Betz & Mumm, 2001 X X X X Angelini, 2020
Platydracus stercorarius (Oliviero, 1795) Z Lupi et al., 2006 X X Angelini, 2020
Platystethus nitens (Sahlberg, 1832) SS Lupi et al., 2006 X Angelini, 2020
Quedius (Microsaurus) latinus Gridelli, 1938 Z Hansen et al., 2022 Angelini, 2020
Quedius (Raphirus) lsg(')”z’sbs curus (Marsham, z Hansen et al., 2022 X X X X X X Angelini, 2020
Quedius sp. Stephens, 1829 z Hansen et al., 2022 X Angelini, 2020
Scaphium immaculatum (Olivier, 1790) MY/SX Audisio etal., 2014 NT X Angelini, 2020
Stenus sp. Latreille, 1797 Z Betz, 2006 X Angelini, 2020
Tachinus humeralis Gravenhorst, 1802 Z Lutska & Serenko, 2020 X X Angelini, 2020
Tachinus sp. Gravenhorst, 1802 z Lutska & Serenko, 2020 X X X Angelini, 2020
Tachyporus sp. Gravenhorst, 1802 Z Lutska & Serenko, 2020 X Angelini, 2020
Tasgius (Rayachiela) morsitans (Rossi, 1790) z Lutska & Serenko, 2020 X X X Angelini, 2020
Tasgius pedator (Gravenhorst, 1802) z Lutska & Serenko, 2020 X Angelini, 2020
Xantholinus (Typhlohlngu:é appenninicola Steel, z Lupi et al., 2006 X X Angelini, 2020
Xantholinus (Pnlydnrntlo;;lsa)llus) elegans (Olivie Lupi et al, 2006 X X Angelini, 2020
Xantholinus sp. Dejean, 1821 y4 Lupi et al., 2006 X Angelini, 2020
Tenebrionidae
. Thropic _— - o
Genera/Species category Bibliography IUCN|IUCN EuFbio|Fint|Gecot|Gnat|Pecot|PnatNEW| Bibliography
Blaps gibba Laporte de Castelnau, 1840 S Amari et al., 2021 X X X X X Angelini, 2020
Diaperis boleti (Linnaeus, 1758) MY/SX Audisio et al., 2014 LC X Angelini, 2020
Enoplopus dentipes (Rossi, 1790) SX Audisio et al., 2014 LC X X X X Angelini, 2020
Gonocephalum granulatum (Fabricius, 1791) z Perera-Fernandez et al., 2023 X X X X X X Angelini, 2020
Helops (Helops) “’mﬁ";;)“””lam (Linnacus, - g Audisio et al., 2014 LC X Angelini, 2020
Isomira sp. Mulsant, 1856 z Perera-Fernandez et al., 2023 X X X X X Angelini, 2020
Lagria sp. Fabricius, 1775 z Perera-Fernandez et al., 2023 X Angelini, 2020
Nalassus dryadophilus (Mulsant, 1854) SX Audisio et al., 2014 LC X X Angelini, 2020
Omophlus lepturoides (Fabricius, 1787) P Wilson & Graham, 1983 X Angelini, 2020
Omophlus picipes (Fabricius, 1792) P Wilson & Graham, 1983 X X X X Angelini, 2020
Omophlus sp. Solier, 1835 P Wilson & Graham, 1983 X Angelini, 2020
Opatrum sp. Fabricius, 1775 P Pollini, 2013 X X Angelini, 2020
Pedinus meridianus Mulsant & Rey, 1853 ? X X X X X Angelini, 2020
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Throscidae

Throni
Genera/Species ‘ catzgﬁi‘cy ‘ Bibliography ’lUCN)‘UCN El{FblO Fint|Gecot|Gnat|Pecot|Pnat NEV\" Bibliography
Trixagus sp. Kugelann, 1794 ? X X Angelini, 2020
Trogidae
. Thropic -
Genera/Species category Bibliography TUCN[IUCN EuFbio|Fint|Gecot|Gnat|Pecot|Pnat|NEW| Bibliography
Trox (Trox) niger Rossi, 1792 ? Angelini, 2020
Trogossitidae
. Thropic .
Genera/Species category Bibliography IUCN|IUCN EuFbio|Fint|Gecot|Gnat|Pecot|PnatNEW| Bibliography
Grynocaris oblonga (Linnaeus, 1757) Z/SX Audisio et al., 2014 X Angelini, 2020
Zoopheridae
. Thropic -
Genera/Species category Bibliography IUCN|IUCN EuFbio|Fint|Gecot|Gnat|Pecot|PnatNEW| Bibliography
Corticus celtis Germar, 1824 SX Audisio et al., 2014 X Angelini, 2020
Endophloeus markovichianus .. ..
X Audis 1.,2014 T X Angelini, 202
(Piller&Mitterpacher, 1783) § udisio etal., 20 N gelini, 2020
Pycnomerus italicus (Ganglbauer, 1899) SX Audisio et al., 2014 EN X Angelini, 2020
Diptera
Asilidae
. Thropic - Py ibli
Genera/Species category Bibliography IUCN|IUCN Eu |Fbio|Fint|Gecot|Gnat| Pecot|Pnat|NE Bibliography
Machimus cyanopus (Loew, 1849) z Pollini, 2013 X C
Machimus_sp. Loew, 1849 z Pollini, 2013 X X X X X X www.gibf.org
n.d. z Pollini, 2013 X X X X www.gibf.org
Stichopogon_sp. Loew, 1847 y4 Pollini, 2013 X www.gibf.org
Aulacigasteridae
. Thropic - - -
Genera/Species category Bibliography IUCN|IUCN Eu |Fbio|Fint|Gecot|Gnat|Pecot|Pnat|NE Bibliography
Aulacigaster leucopeza (Meigen, 1830) X X X X X X C
Bibionidae
. Thropic - P - -
Genera/Species category Bibliography IUCN|IUCN Eu |Fbio|Fint|Gecot|Gnat|Pecot|Pnat|NE Bibliography
Bibio hortulanus (Linnaeus, 1758) P/FV  Pollini, 2013; Weiner, 2016 X X X X X Heanni, 2009
Bibio marci (Linnaeus, 1758) P/FV  Pollini, 2013; Weiner, 2016 X X X X Heanni, 2009
Bibio sp. Geoffroy, 1762 P/FV  Pollini, 2013; Weiner, 2016 X X X X X X Heanni, 2009
Dilophus femoratus Meigen, 1804 P/FV  Pollini, 2013; Weiner, 2016 X X X X X C
Bombylidae
. Thropic - Y -
Genera/Species category Bibliography IUCN|IUCN Eu |Fbio|Fint| Gecot| Gnat{Pecot Pnat|NE Bibliography
Amictus sp. Wiedemann, 1817 POL Pollini, 2013 X X X www.gibf.org
Bombylius minor (Linnaeus, 1758) POL Pollini, 2013 X X X X Bezzi, 1895
Lomatia_sp. Meigen, 1822 POL Pollini, 2013 X X X X X www.gibf.org
n.d. POL Pollini, 2013 X X www.gibf.org
Usia_sp. Latreille, 1802 POL Pollini, 2013 X X Bezzi, 1895
Villa sp. Lioy, 1864 POL Pollini, 2013 X X X X X www.gibf.org
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Calliphoridae

Throni
Genera/Species catzgg:’cy Bibliography |IUCN| IUCN Eu |Fbio|Fint|Gecot|Gnat|Pecot |Pnat NEW{ Bibliography
Angioneura cyrtoneurina (Zetterstedt, 1859) PAR Andrews & Sivell, 2019 X S
Bellardia sp. Robineau-Desvoidy, 1863 PAR/FV Falk, 2016; Falk 2017 X www.gibf.org
Bellardia viarum (Robineau-Desvoidy, 1830) | PAR/FV Falk, 2016; Falk 2017 X X C
Bellardia vulgaris (Robineau-Desvoidy, 1830) | PAR/FV Falk, 2016; Falk 2017 X X X X X Bezzi, 1895
Calliphora rohdendorfi (Grunin, 1966) ? Pezzi, 2024 X Pezzi et al., 2024
Calliphora vicina Robineau-Desvoidy, 1830 | N/FV Bonacci et al., 2009; X X X X X Bonacei et al. 2011
Howilett, 2011
) o . . Greco et al., 2014; Currah & .
Calliphora vomitoria (Linnaeus, 1758) N/FV Ockendon, 2008 X X X X X X Bonacci et al. 2021
Chrysomya albiceps Wiedemann, 1819 zpyN  Barbosa CZ‘IEZO%I; Cooket X X X Greco etal., 2014
. Braet et al., 2015; Weiner,
Cynomya mortuorum (Linnaeus, 1761) SS/FV racte 2016 emer X X
Eurychaeta muscaria (Meigen, 1826) PAR Coupland & Barker, 2004 X X X X C
Vannin et al., 2008; Choi & Bonacci et al., 2010;
Lucili 1l Vill 1922 N/FV ’ . X ? ’
petiia ampuifacea Vieneuve, Joung, 2015 Greco etal., 2014
. . Pezzi etal., 2021; Weiner, Bonacci etal., 2010;
Lucilia caesar (Linnaeus, 1758) SS/FV 2016 X X X X Greco et al., 2014
. . . Pezzi et al., 2022; Weiner, Bonacci et al., 2010;
Lucilia sericata Meigen, 1826 SS/FV 2016 X Greco etal., 2014
Melinda gentilis Robineau-Desvoidy, 1830 PAR/FV  Falk, 2016; Weiner, 2016
Melinda wrldlcyan]e;g(()I){obmeau-Desvondy, PAR/FV  Falk, 2016; Weiner, 2016 X X X
Onesia floralis Robineau-Desvoidy, 1830 PAR/FV Rognes, 1991; Weiner, 2016 X X X X X C
Protocalliphora azurea (Fallen, 1817) PAR/FV  Falk, 2016; Weiner, 2016 Mendicino et al., 2023
.. Falk, 2016; M tal.,
Stomorhina lunata (Fabricius, 1805) PAR/FV é ZOOa;ques et X X X X X C
Chironomidae
Genera/Species ::t'; gg:—; Bibliography |IUCN’ IUCN Eu |[Fbio|Fint| Gecot|Gnat| Pecot| Pnat NEW‘ Bibliography
n.d. X www.gibf.org
Chloropidae
. Thropic - P sprs
Genera/Species category Bibliography IUCN|IUCN Eu [Fbio|Fint|Gecot|Gnat|Pecot|Pnat[NEW| Bibliography
Chlorops sp. Meigen, 1803 P Nartshuk, 2011 X X X X X X www.gibf.org
n.d. P Nartshuk, 2011 X X X X X www.gibf.org
Conopidae
. Thropic - P s
Genera/Species category Bibliography IUCN|IUCN Eu [Fbio|Fint|Gecot|Gnat|Pecot|Pnat[NEW| Bibliography
Leopoldius sp. Rondani, 1843 PAR/FV Raw, 1968 X www.gibf.org
n.d. PAR/FV X X X www.gibf.org
. . Plowright & Laverty, 2003; .
Sicus sp. Scopoli, 1763 PAR/FV Falk, 2017 X Bezzi, 1895
Threcophora_sp. Rondani, 1845 PAR/FV Smith, 2009 X www.gibf.org
Zodion sp. Latreille, 1796 PAR/FV  Camras, 1944; Falk, 2017 X X www.gibf.org
Dolichopodidae
. Thropic P P .
Genera/Species category Bibliography IUCN|IUCN Eu |Fbio|Fint|Gecot|Gnat|Pecot|Pnat|NE Bibliography
Dolichopus_sp. Latreille, 1796 z Qianet al., 2023 X X X www.gibf.org
n.d. z X X X X X X www.gibf.org
Neurigona suturalis Fallem, 1823 Y4 libro ditteri X X X X X C
Drosophilidae
. Thropic - P Srs
Genera/Species category Bibliography IUCN|IUCN Eu [Fbio|Fint|Gecot|Gnat|Pecot|Pnat[NEW| Bibliography
Drosophila sp. Fallen, 1823 S Rohlfs & Kurschner, 2010 X X X X X X www.gibf.org
Drosophila suzukii Matsumura, 1931 P Cini et al., 2012 X X X X X X Bonelli et al., 2022
Leucophenga (Leucophe y Duf
eucophenga (1 ‘”“’pl};‘j”gé;”) maculata (Dufour, |\ Ozbel Catal et al., 2021 X X X X X X C
n.d. X X X X X www.gibf.org
Dryomyzdae
. Thropic - Py s
Genera/Species category Bibliography IUCN|IUCN Eu |Fbio|Fint| Gecot| Gnat{Pecot Pnat|NE Bibliography
Dryomyza flaveola (Fabricius, 1794) S Mathis & Sueyoshi, 2011 X X X X C
Empididae
. Thropic - P cprs
Genera/Species category Bibliography IUCN|IUCN Eu |Fbio|Fint|Gecot|Gnat|Pecot|Pnat|NE Bibliography
Empis (Empis) pennipes Linnaeus, 1758 S/FV Watson & Dallwitz, 2003 X X X X X Bezzi, 1895
n.d. X X X X X X www.gibf.org
Fanniidae
. Thropic - P sprs
Genera/Species category Bibliography IUCN|IUCN Eu [Fbio|Fint|Gecot|Gnat|Pecot|Pnat[NEW| Bibliography
Fannia canicularis (Linnaeus, 1761) S/FV  Kanget al., 2023; Falk, 2017 X X X X X Bezzi, 1895
Fannia lineata (Stein, 1895) gpy  Grawacz &2522‘1" e Castro, X X X X X Bezzi, 1895
Fannia sp. Robineau-Desvooidy, 1830 S/FV  Kanget al., 2023; Falk, 2017 X X X Bezzi, 1895
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Helomyzidae

Thropic

Genera/Species category Bibliography |IUCN| IUCN Eu |Fbio|Fint|Gecot|Gnat|Pecot |Pnat NEW{ Bibliography
Suillia affinis (Meigen, 1830) MY  Rohacek & Sevcik, 2013 X X X X X X Lo G‘“d‘zeo‘fzw"m“‘
Suillia bicolor (Zetterstedt, 1830) MY  Rohacek & Sevcik, 2013 X X X X X Lo G‘“d‘c;o‘fzw"m‘ca’
Suillia flava (Meigen, 1830) MY Rohacek & Seveik, 2013 X X X X X X C
Suillia flavifirons (Zetterstedt, 1838) MY Rohacek & Seveik, 2013 X X X X X S
. . Lo Giudice & Woznica,
Suillia laevifrons (Loew, 1862) MY  Rohacek & Seveik, 2013 X X X X X 0 b 'C;) 5 ozmca
Lo Giudi Wozni
Suillia notata (Meigen, 1830) MY Rohacek & Sevcik, 2013 X X X X X 0 G‘“d“;eo‘f‘} ozmea,
Lo Giudi .
Suillia sp. Robineau-Desvoidy, 1830 MY  Rohacek & Seveik, 2013 X X X X X X © G'“d'c;o‘fzw"m”’
Suillia variegata (Loew, 1862) MY  Rohacek & Sevcik, 2013 X X X X X X Lo G‘“d';%‘fzw"mca‘
Hybotidae
. Thropic - P A
Genera/Species category Bibliography IUCN| IUCN Eu |Fbio|Fint|Gecot|Gnat|Pecot|Pnat|NE Bibliography
n.d. z X X X X X www.gibf.org
Lauxanidae
. Thropic P P - .
Genera/Species category Bibliography IUCN|IUCN Eu |Fbio|Fint|Gecot|Gnat|Pecot|Pnat|NE Bibliography
Lyciella sp. Collin, 1948 S/FV Semelbafé i“,Koza"Sk’ X X X X www.gibf.org
Minettia fasciata (Fallen, 1820) gpy | Karimiet 3216024018;1“6”’ X X X X X c
. . Karimi et al., 2018; Merz, .
Minettia sp. Robineau-Desvoidy, 1830 S/FV arimt @ 2004 oz X X X X X www.gibf.org
1 Kozanek
Sapromyza quadripunctata (Gimmerthal, 1842) | S/FV Seme bauze(r)fz ozAnek, X C
Lonchaedidae
. Thropic - P Sy
Genera/Species category Bibliography IUCN| IUCN Eu |Fbio|Fint|Gecot|Gnat|Pecot|Pnat|NE Bibliography
Lonchaea_sp. Fallen, 1820 S MacGowan et al., 2007 X X X X X X www.gibf.org
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Muscidae

Throni
Genera/Species cat:;g;; Bibliography |IUCN‘ IUCN Eu |Fbio|Fint|Gecot|Gnat|Pecot |Pnat NEW‘ Bibliography
Coenosia intermedia_(Fallén, 1825) S Gregor et al., 2016 X S
Coenosia_sp. Meigen, 1826 S Gregor et al., 2016 X X X X X X www.gibf.org
Coenosia tigrina (Fabricius, 1775) gpy | Oreeoret ;)"127016;Falk’ X X X X X X cC
Dasyphora albofasciata_(Macquart, 1839) CP Gregor etal., 2016 X X X X X X Bezzi, 1895
Eudasyphora cianella (Meigen, 1826) cppy  Oreeoret ;’16’13016; Falk, X Bezzi, 1895
Eudasyphora cyanicolor (Zettersteds, 1845) | cppy | Oregoret ;1)"127016; Falk, X X X X X X Bezzi, 1895
. Gr t al., 2016; Fal .
Graphomya maculata (Scopoli, 1763) Z/FVIN egore 2017 alk, X Bezzi, 1895
Haematobosca stimulans (Meigen, 1824) CP/Z Gregor etal., 2016 X X Mendicino et al., 2023
Helina celsa (Harris, 1780) S Gregor etal., 2016 X C
Helina confinis (Fallen, 1825) N Gregor et al., 2016 X X C
Helina cothurnata (Rondani, 1866) S Gregor etal., 2016 X C
Helina impuncta (Fallén, 1825) gy Oregoret alz"ozloé”’; Weiner, X X X X X C
Helina quadrinotata (Meigen, 1826) S Gregor etal., 2016 X X X X S
1.,2016; i
Helina reversio (Harris, 1780) gy Oreeor etaz’m(; 6; Weiner, X X X X C
Helina setigera_(Pokorny, 1887) N Gregor etal., 2016 X S
Helina_sp. Robineau-Desvoidy, 1830 N Gregor et al., 2016 X X X X X X www.gibf.org
Hydrotaea albipuncta (Zetterstedt, 1845) CP/FV Gregor et a12.,0210616; Weiner, X S
Hydrotaea ignava (Harris, 1780) S Gregor etal., 2016 X www.gibf.org
Hydrotaea sp. Robineau-Desvoidy, 1830 N Gregor etal., 2016 X www.gibf.org
Hydrotaea meridionalis Porchinskiy, 1882 S Gregor etal., 2016 X C
Mesembrina meridiana (Linnacus, 1758) | Cp/py ~ Oregoret ;1)"127016;133”" X X X X Bezzi, 1895
Gr tal., 2016; Fal!

Morellia simplex (Loew, 1857) CP/FV egore ;0’1 S alk, X X Bezzi, 1895
Musca autumnalis De Geer, 1776 cppy  Greeeret 23’1270] 6; Falk, X X X X X Mendicino et al., 2023
Musca domestica Linnacus, 1758 gpy  Creeoret ;gﬁmﬁ;F alk, X X X X X X Bonacci et al., 2011

Muscina levida (Harris, 1780) g  Gregoret a12"0210616; Weiner, X X X X X X Bonacci et al., 2011
Muscina prolapsa (Harris, 1780) N Gregoret ;1)"127016; Falk, X X X X X X Bonaccietal., 2011
Muscina stabulans (Fallen, 1817) S Gregor et al., 2016 X Bonacci etal., 2011

Neomyia cornicina (Fabricius, 1781) cppy  Gregoret 312"0210616; Weiner, X X X X X X cC
Neomyia viridescens (Robineau-Desvoidy, Gregor et al., 2016; Falk,
FV X X X
1830) Y 2017 s
. tal., 2016; Falk, L.
Phaonia angelicae (Scopoli, 1763) FV Gregore 20’17 a X X X X X X Mendicino et al., 2023
1., 2016; Falk .
Phaonia errans (Meigen, 1826) s Gregor et ;0’1 70 6; Falk, X X X X X Mendicino et al., 2023
Phaonia incana (Wiedemann, 1817) s Gregor et gg’liolﬁ;F alk, X X X X X X s
Phaonia mediterranea Hannig, 1963 S Gregor etal., 2016 X X X X X C
1., 2016; Falk
Phaonia pallida (Fabricius, 1787) myrpy  Gregoret ;’0’1 70 6; Falk, X X X X cC
Phaonia rufipalpis (Macquart, 1835) S/FV Gregor etal., 2016 X S
Phaonia fuscata (Fallen, 1823) S Gregor etal., 2016 X X X X X X Bezzi, 1895
Phaonia_sp. Robineau-Desvoidy, 1830 S Gregor etal., 2016 X X X X Bezzi, 1895
1.,2016; Ki .
Phaonia subventa (Harris, 1780) gy Oregor et;l‘ 5 001 36’ ing et X X X X X X Bonacci et al., 2021
Phaonia trimaculata (Bouche, 1834) S Gregor et al., 2016 X X X X X
t al., 2016; Falk.
Phaonia tuguriorum (Scopoli, 1763) S/FV Gregore ;0’1 70 6; Falk, X X X X X C
Polietes meridionalis Peris & Llorente, 1963 | S/Fv  Cr&r eF‘ajlk" ;g}g; Pont & X X X X X X Bonacci et al., 2021
Stomoxys calcitrans (Linnaeus, 1758) EMA Gregor et al., 2016 X X X X X Bezzi, 1895
Thricops simplex (Wiedemann, 1817) S Gregor et al., 2016 X X Mendicino et al., 2023
Thricops semicinereus (Wiedemann, 1817) S/FV Gregor et alé,021()616; Weiner, X X X C
Mycetophilidae
. Thropic — P .
Genera/Species category Bibliography IUCN|IUCN Eu |Fbio|Fint|Gecot|Gnat| Pecot|Pnat|NE Bibliography
n.d. MY Oliveira & Amorim, 2016 X X X X X X www.gibf.org
Pallopteridae
. Thropic - P crs
Genera/Species category Bibliography IUCN|IUCN Eu [Fbio|Fint|Gecot|Gnat|Pecot|Pnat(NEW]| Bibliography
Palloptera muliebris (Harris, 1780) MY Yaran, 2019 X C
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Platystomatidae

Thropi
Genera/Species catzzglcy Bibliography |IUCN| IUCN Eu |Fbio|Fint|Gecot|Gnat|Pecot |Pnat NEW{ Bibliography
Platystoma gemmationis (Rondani, 1869) N Greco & Bonacci, 2012 X X X X X X Greco et al., 2012
Platystoma lugubre (Robineau-Desvoidy, 1830) N Greco & Bonacci, 2012 X X X X X Greco etal., 2012
Platystoma_sp. Meigen, 1803 S Greco & Bonacci, 2012 X X X X X X www.gibf.org
Phoridae
. Thropic P P .
Genera/Species category Bibliography IUCN|IUCN Eu |Fbio|Fint|Gecot|Gnat|Pecot|Pnat|NE Bibliography
Anevrina_sp. Lioy, 1864 N Penevet al., 2004 X www.gibf.org
Megaselia sp. Rondani, 1856 S Zhang et al., 2024 X X X X X X www.gibf.org
n.d. S X X X www.gibf.org
Pipinculidae
. Thropic - P s
Genera/Species category Bibliography IUCN|IUCN Eu [Fbio|Fint|Gecot|Gnat|Pecot|Pnat[NEW]| Bibliography
Pipunculus sp. Latreille, 1802 PAR/FV Pollini, 2013 X X X X www.gibf.org
Pollenidae
. Thropic P P .
Genera/Species category Bibliography IUCN|IUCN Eu |Fbio|Fint|Gecot|Gnat|Pecot|Pnat|NE Bibliography
Pollenia griseotomentosa (Jacentkovsky, 1944) | PAR/FV Falk, 2016; Falk 2017 X X X X X C
Pollenia rudis (Fabricius, 1794) PAR/FV Falk, 2016; Falk 2017 X X X X X X Bezzi, 1895
Pollenia sp. Robineau-Desvoidy, 1830 PAR/FV Falk, 2016; Falk 2017 X www.gibf.org
Psillidae
. Thropic P P - .
Genera/Species category Bibliography IUCN|IUCN Eu |Fbio|Fint|Gecot|Gnat| Pecot|Pnat|NE Bibliography
Loxocera aristata_(Panzer, 1801) P Buck & Marshall, 2006 X X S
Rhagionidae
. Thropic - P Srs
Genera/Species category Bibliography IUCN| IUCN Eu [Fbio|Fint|Gecot|Gnat|Pecot|Pnat[NEW]| Bibliography
Rhagio sp. Fabricius, 1775 EMA/FV Weiner, 2016 X X X X X X www.gibf.org
Rhinophoridae
. Thropic P P .
Genera/Species category Bibliography IUCN|IUCN Eu |Fbio|Fint|Gecot|Gnat| Pecot|Pnat|NE Bibliography
n.d. X X X www.gibf.org
Paykullia_sp. Robineau-Desvoidy, 1830 PAR/FV Ziegler, 2008 X X X www.gibf.org
Phyto_sp. Robineau-Desvoidy, 1830 PAR/FV Ziegler, 2008 X X X www.gibf.org
Rhinophora lepida (Meigen, 1824) PAR/FV  Ziegler, 2008; Falk, 2017 X X X X X X S
Stevenia_sp. Robineau-Desvoidy, 1830 PAR/FV Ziegler, 2008 X X X X www.gibf.org
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Sarcophagidae

Thropi
Genera/Species catzzg:'cy Bibliography IUCN|IUCN Eu |Fbio|Fint| Gecot|Gnat|Pecot |Pnat NEW‘ Bibliography
Angiometopa falleni Pape, 1986 SS Buenaventura et al., 2020 X X X C
Buenaventura et al., 2020; .
i X \4 www.gibf.
Miltogramma sp. SS/F Falk, 2017 X X gibf.org
Pterella grisea Meigen, 1824 ? X C
Oebalia cylindrica (Fallen, 1810) SS Richetetal., 2011 X C
Ravinia pernix (Harris, 1780) SS/FV Weiner, 2016 X X X X Bezzi, 1895
Sarcophaga (Be’“’fg’lz) 4‘;f rica (Wiedeman, ss Richet etal., 2011 X X Whitmore et al., 2016
Sarcophaga (Helzcoplhségglla) agnata Rondani, ss Richet et al., 2011 X X x X C
Sarcophaga (Heltcaf);tzaéella) sp. Enderlein, ss Richet et al., 2011 x X wwwgibforg
Sarcophaga a)arasarcl"gzhgg“) albiceps Meigen| g Richet et al., 2011 X X X Whitmore et al., 2016
Sarcophaga (Discachaeta) amita Rondani, 1860 SS Richetetal., 2011 X (o)
Sarcophaga (Robineauella) caerulescens Zetter| oo Richet et al., 2011 X X X X X Whitmore et al., 2016
stedt, 1838
Sarcophaga (Lzopygxré;;asstpa&)ts Macquart, SS Richet etal., 2011 X Whitmore et al., 2016
Sarcophaga (Helicophagella) crassimargo Pand Richet et al., 2011; Falk,
elle, 1896 SSIEV 2017 X X ¢
Sarcophaga (Sarcophaga) croatica/variegata SS Richetetal., 2011 X X X X X X
Sarcophaga (Heteronychia) filia Rondani, 1860 SS Richetetal., 2011 X X X X C
Sarcophaga (Heteronychia) haemorrhoa Meige SSFV Richet et al., 2011; Falk, X X X x X Whitmore et al., 2016
n, 1826 2017
Sarcophaga (Heteronychia) sp. Brauer & ss Richet et al., 2011 X gibforg
Bergenstamm, 1889
Sarcophaga (Llosarlcséiémga) sp. Enderlein, s Richet et al., 2011 X X gibforg
Sarcophaga (Thyrsocnema) incisilobata Pandell SS/FV Richet et al., 2011; Weiner, X X X X C
e, 1896 2016
Sarcophaga (Thyrsocnema) kentejana .
(Rohdendorf, 1937) SS Richet etal., 2011 X X X X X X S
Sarcophaga (Thyrsocnema) sp. Enderlein, 1928 SS Richetetal., 2011 X X X X X www.gibf.org
Sarcophaga (Helicophagella) melanura Meigen SSFV Richet et al., 2011; Weiner, 17 X X x X X Whitmore et al., 2016
, 1826 2016
Sarcophaga (Helicophagella) novercoides s Richet et al., 2011 X C
Bottcher, 1913
Sarcophaga (Myorhina) nigriventris (Meigen, SS/FV Richet et al., 2011; Falk, X Whitmore et al., 2016
1826) 2017
Sarcophaga (Liosarcophaga) portschinskyi (Ro| g Richet etal., 2011 X X X X Whitmore et al., 2016
hdendorf, 1937)
Sarcophaga (Pandelleana) protuberans .
Pandelle, 1896 SS Richet etal., 2011 X C
Sarcophaga (Sarcotalcglzng’lla) sinuata Meigen, ss Richet et al., 2011 x C
Sarcophaga (Myorhina) socrus Rondani, 1860 SS Richetetal., 2011 X Whitmore et al., 2016
| Sarcophaga (Sarcophaga) sp. Meigen, 1826 SS Richet et al., 2011 X X X www.gibf.org
Sarcophaga (Sarcophaga) subvicina Rohdendor SS/FV Richet et al., 2011; Falk, X Whitmore et al., 2016
f, 1937 2017
Sarcophaga (Heterolng;‘l;za) vicina Macquart, ss Richet et al., 2011 X
Sarcophila latifrons (Fallen, 1817) SS Richet etal., 2011 X X X X X C
Wohlfartia magnifica (Schiner, 1862) SS Bonacci etal., 2013 X X X X Bonacci et al., 2017
Scathophagidae
. Thropic - P sbrs
Genera/Species category Bibliography IUCN| IUCN Eu (Fbio|Fint|Gecot|Gnat|Pecot|Pnat [NEW, Bibliography
Scathophaga sp. Meigen, 1803 CP Webb et al., 2007 X X X X X www.gibf.org
Scathophaga stercoraria_(Linnaeus, 1758) CP Webb et al., 2007 X X X X X Bezzi, 1895
Sciaridae
. Thropic - P sbrs
Genera/Species category Bibliography IUCN| IUCN Eu (Fbio|Fint|Gecot|Gnat|Pecot|Pnat [NEW, Bibliography
n.d. MY Pollini, 2013 X X X X X X www.gibf.org
Sciomyzdae
. Thropic - P .
Genera/Species category Bibliography IUCN|IUCN Eu |Fbio|Fint|Gecot|Gnat|Pecot|Pnat|NE Bibliography
Coremacera marginata (Fabricius, 1775) PAR Sivell & Sivell, 2021 X www.gibf.org
Coremacera_sp. Rondani, 1856 PAR Sivell & Sivell, 2021 X X www.gibf.org
n.d. X X X X
Sepsidae
. Thropic - P shrs
Genera/Species category Bibliography IUCN| IUCN Eu (Fbio|Fint|Gecot|Gnat|Pecot|Pnat [NEW, Bibliography
Sepsis_sp. Fallen, 1810 S Pont & Meier, 2002 X X X X X X www.gibf.org
Sepsis thoracica_(Robineau-Desvoidy, 1830) S Pont & Meier, 2002 X C

208



Stratiomyidae

Thropi
Genera/Species cat:;g;; Bibliography |IUCN| IUCN Eu |Fbio|Fint|Gecot|Gnat|Pecot |Pnat NEW{ Bibliography
Chloromyia formosa (Scopoli, 1763) S/FV Nartshuk, 2007 X X X X X X Mason, 2013
Microchrysa polita_(Linnaeus, 1758) S/FV Nartshuk, 2007 X X X X C
Syrphidae
. Thropic . T .
Genera/Species category Bibliography TIUCN|IUCN Eu |Fbio|Fint| Gecot| GnatPecot Pnat|NE Bibliography
Arctophila superbiens (Muller, 1776) POL X C
Brachypalpoides lentus Meigen, 1822 POL X C
Cheilosia_sp. Meigen, 1822 POL van Veen, 2010 X X X X Bezzi, 1895
Cheilosia vulipina_(Meigen, 1822) POL van Veen, 2010 LC X C
Chrysotoxum festivum_(Linnaeus, 1758) POL van Veen, 2010 X Bezzi, 1895
Chrysotoxum elegans Loew, 1841 POL van Veen, 2010 NT X van Der Goot., 1969
Chrysotoxum intermedium (Meigen, 1822) POL van Veen, 2010 LC X X X Costa, 1863
Chrysotoxum octomaculatum Curtis, 1837 POL van Veen, 2010 NT X X van Der Goot., 1969
Chrysotoxum_sp. Meigen, 1803 POL van Veen, 2010 X www.gibf.org
Dasysyrphus_sp. Enderlein, 1938 POL van Veen, 2010 X X www.gibf.org
Epistrophe sp. Walker, 1852 POL van Veen, 2010 X X X www.gibf.org
Episyrphus (]l/[eltsca;;v;lz))aurtcollts (Meigen, POL van Veen, 2010 C
Episyrphus balteatus (De Geer, 1776) POL van Veen, 2010 LC X X X X Bezzi, 1895
Episyrphus sp. Matsumura & Adachi, 1917 POL van Veen, 2010 X Bezzi, 1895
Eristalis arbustorum (Linnaeus, 1758) POL van Veen, 2010 LC X Bezzi, 1895
Eristalis jugorum Egger, 1925 POL van Veen, 2010 LC X C
L . . van Der Goot., 1969;
Eristalis pertinax (Scopoli, 1763) POL van Veen, 2010 LC X Mason et al., 2006
. . . van Der Goot., 1969;
Eristalis sp. Latreille, 1804 POL van Veen, 2010 X X X X X Mason et al., 2006
Mason et al., 2006;
Eristali. Li 1 POL 201 L X X X ? i
ristalis tenax (Linnaeus, 1758) SS/PO van Veen, 2010 C Mendicino et al., 2023
Eumerus flavitarsis Zetterstedt, 1843 POL van Veen, 2010 LC X (o)
Eumerus_sp. Meigen, 1822 POL van Veen, 2010 X X X X X X Bezzi, 1895
Eupeodes corollae (Fabricius, 1794) POL van Veen, 2010 LC X X X X X X Bezzi, 1895
Eupeodes latifasciatus (Macquart, 1829) POL van Veen, 2010 LC X X X van Der Goot., 1969
Eupeodes luniger (Meigen, 1822) POL van Veen, 2010 LC X X X X X X coll. Mus. Verona 1989
Melanostoma mellinum (Linnaeus, 1758) Z/POL van Veen, 2010 LC X X Bezzi, 1895
Mallota fuciformis (Fabricius, 1794) S/POL van Veen, 2010 X Bezzi, 1895
Merodn aberrans Shannon, 1927 POL van Veen, 2010 LC X X Bezzi, 1895
Merodon aeneus Meigen, 1822 POL van Veen, 2010 X X X X Bezzi, 1895
Merodon albifrons Meigen, 1822 POL van Veen, 2010 LC X X X Bezzi, 1895
Merodon avidus (Rossi, 1790) POL van Veen, 2010 LC X X X X X Bezzi, 1895
Merodon equestris (Fabricius, 1794) POL van Veen, 2010 LC X C
Merodon rufus Meigen, 1838 POL van Veen, 2010 LC X X C
Merodon_sp. Meigen, 1803 POL van Veen, 2010 X X X X Bezzi, 1895
Myathropa florea (Linnacus, 1758) POL van Veen, 2010 LC X bezzi, 189;52/?50“ etal,
Pelecocera sp. Meigen, 1822 POL van Veen, 2010 X www.gibf.org
Platycheirus angustatus (Zetterstedt, 1842) POL van Veen, 2010 LC X X X Bezzi, 1895
Sphaerophoria rueppelli (Wiedmann, 1830) POL van Veen, 2010 LC X Bezzi, 1895
Sericomyia silentis (Harris, 1776) POL LC X Bezzi, 1895
. ta, 1 ; t.
Sphaerophoria scripta (Linnaeus, 1758) POL van Veen, 2010 LC X X X X X costa, 86139‘6‘?1 der got,
Sphaerophoria sp. Le Peletier & Serville, 1828 POL van Veen, 2010 X X X X Bezzi, 1895
Syrphus sp. Fabricius, 1775 POL van Veen, 2010 X X X X van der got, _1969; Coll.
Mus. Firenze
Syrphus vitripennis Meigen, 1822 POL van Veen, 2010 LC X C
Tropidia fasciata Meigen, 1822 POL LC X X X C
Tropidia_sp. Meigen, 1822 POL X X X Bezzi, 1895
Xylota sp. Meigen, 1822 POL van Veen, 2010 X X Bezzi, 1895
Tabanidae
. Thropic - Ll S
Genera/Species category Bibliography IUCN|IUCN Eu |Fbio|Fint|Gecot|Gnat| Pecot|Pnat|NE Bibliography
Chrysops (Chrysops) caecutiens (Linnaeus, POL/EM Southwick, 2020 X | x X X X C
1758) A
. POL/EM .
Chrysops viduatus (Fabricius, 1794) 0 14 Southwick, 2020 X X C
POL/EM
Haematopoda italica Meigen, 1804 O/i Kremar & Maric, 2006 X X X C
Haematopota sp. Meigen, 1803 PO]XEM Kremar & Maric, 2006 X X X www.gibf.org
Hybomitra montana (Meigen, 1820) POIXEM Kremar & Maric, 2006 X X Mendicino et al., 2023
Tabanus rectus Low, 1858 POIXEM Kremar & Maric, 2006 X X X C
. POL/EM . .
Tabanus sp. Linnaues, 1758 A Kremar & Maric, 2006 X X X www.gibf.org
POL/EM
Tabanus tergestinus Egger, 1859 O/i Kremar & Maric, 2006 X X X C
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Tachinidae

Thropi
Genera/Species cat:;z;; Bibliography |IUCN| IUCN Eu |Fbio|Fint|Gecot|Gnat|Pecot |Pnat NEW{ Bibliography
Bithia modesta (Meigen, 1824) PAR/FV Muckstein et al., 2007 X C
Bithia sp. Robineau-Desvoidy PAR/FV Muckstein et al., 2007 X www.gibf.org
Cistogaster globosa (Fabricius, 1775) PAR/FV Raper & Smith, 2002 X Bezzi, 1985
Clausicella_sp. Rondani, 1856 PAR/FV  Scaramozzino et al., 2020 X www.gibf.org
Cylindromyia intermedia_(Meigen, 1824) PAR/FV Ziegler, 2016 X X C
Cylindromyia_sp. Meigen, 1803 PAR/FV Ziegler, 2016 X www.gibf.org
Cyzenis albicans (Fallen, 1810) PAR/FV Eskinton et al., 2021 X X X X X Mason et al., 2006
Dexiosoma caninum (Fabricius, 1781) PAR/FV Piper, 2021 X Mason et al., 2006
Dufouria chalybeata (Meigen, 1824) PAR/FV Atay, 2018 X C
Dufouria nigrita (Fallen, 1810) PAR/FV Atay, 2018 X X C
Eriothrix moniticola (Egger, 1856) PAR/FV  Cerretti & Tschorsnig, 2012 X X X X
Eriothrix rufomaculata (DeGeer, 1776) PAR/FV  Cerretti & Tschorsnig, 2012 X X C
Estheria microcera (Robineau-Desvoidy, 1830) | PAR/FV  Cerretti & Tschorsnig, 2012 X C
Estheria petiolata (Bonsdorff, 1866) PAR/FV Cerretti & Tschorsnig, 2012 X C
Estheria sp. Robineau-Desvoidy, 1830 PAR/FV Cerretti & Tschorsnig, 2012 X Cerretti, 2010
Gonia bimaculata Wiedemann, 1819 PAR/FV  Baronio & Sehnal, 1980 X X X Cerretti ‘;‘()TISOCh"rsmg’
Gonia picea (Robineau-Desvoidy, 1830) PAR/FV  Baronio & Sehnal, 1980 X C
Gonia vacua Meigen, 1826 PAR/FV Baronio & Sehnal, 1980 X C
Gymnosoma nitens Meigen, 1824 PAR/FV  Cerretti & Tschorsnig, 2010 X
Gymnosoma sp. Meigen, 1803 PAR/FV Cerretti & Tschorsnig, 2010 www.gibf.org
Kirbya moerens (Meigen, 1830) PAR/FV Karagoz et al., 2009 X X X C
Microphthalma europea Egger, 1860 PAR/FV X C
Nowickia sp. Wachtl, 1894 FV Cerretti & Tschorsnig, 2010 X www.gibf.org
Nowickia strobeli (Rondani, 1865) FV Cerretti & Tschorsnig, 2010 X X X X X X C
Peleteria_sp. Robineau-Desvoidy, 1830 PAR/FV  Foerster & Doetzer, 2002 X www.gibf.org
Peleteria rubescens (Robineau-Desvoidy, 1830) [ PAR/FV  Foerster & Doetzer, 2002 X X www.gibf.org
Smidtia_sp. Robineau-Desvoidy, 1830 PAR/FV Haupt & Haupt, 2002 X www.gibf.org
Tachina casta_(Rondani, 1859) PAR/FV Haupt & Haupt, 2002 X X X X Bezzi, 1895
Tachina fera (Linnaeus, 1761) PAR/FV Haupt & Haupt, 2002 X X X X Bezzi, 1895
Tachina magnicornis (Zetterstedt, 1844) PAR/FV Haupt & Haupt, 2002 X X X X X C
Tachina_sp. Meigen, 1803 PAR/FV Haupt & Haupt, 2002 X www.gibf.org
Wegneria sp. Diakonoff, 1951 PAR/FV  Cerretti & Tschorsnig, 2010 X X www.gibf.org
Tephritidae
. Thropic I P .
Genera/Species category Bibliography IUCN|IUCN Eu |Fbio|Fint|Gecot|Gnat|Pecot|Pnat|NE Bibliography
Carpomya schineri (Loew, 1856) P/FV Korneyex et al., 2017 X C
Chaetorellia_sp. Hendel, 1927 P/FV Pollini, 2013 X X X www.gibf.org
Tephris_sp. Ragonot, 1891 P/EV Kutur, 2005 X X X X X X www.gibf.org
Therevidae
. Thropic - P - spre
Genera/Species category Bibliography IUCN| IUCN Eu [Fbio|Fint|Gecot|Gnat|Pecot|Pnat [NEW, Bibliography
Thereva_sp. Latreille, 1797 Z/FV van Herk et al., 2014 X X www.gibf.org
Thereva valida Loew, 1847 Z/FV van Herk et al., 2014 X C
Tipulidae
. Thropic - P sbns
Genera/Species category Bibliography IUCN| IUCN Eu (Fbio|Fint|Gecot|Gnat|Pecot|Pnat [NEW, Bibliography
Nephrotoma sp. Meigen, 1803 P Hofsvang, 2010 X X www.gibf.org
Tipula sp. Linnaeus, 1758 S Lantsov, 2003 X X X X X X www.gibf.org
Uliididae
. Thropic - P Shrs
Genera/Species category Bibliography IUCN| IUCN Eu [Fbio|Fint|Gecot|Gnat|Pecot|Pnat [NEW, Bibliography
Herina_sp. Robineau-Desvoidy, 1830 S Tucciaetal., 2021 X X X www.gibf.org
Otites sp. Latreille, 1804 N Tucciaet al., 2021 X X X X X X www.gibf.org
Physiphora alceae (Preyssler, 1791) S Tucciaetal., 2021 X X X X Bezzi, 1895
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Hymenoptera

Andrenidae
. Thropic - - -
Genera/Species category Bibliography | IUCN |IUCN Eu|Fbio [Fint |Gecot|Gnat |Pecot| Pnat|[ NEW Bibliography
Andrena afeliella (Kirby, 1802) POL Da“f;gi‘;t al, X X C
Andrena agilissima (Scopoli, 1770) POL Comba, 2019 DD X Comba, 2019
Andrena barbareae Panzer, 1805) POL Comba, 2019 DD X X S
Andrena bicolor Fabricius, 1775 POL Comba, 2019 LC X Comba, 2019
Andrena cinerea Brulle, 1832 POL Comba, 2019 DD X X X Comba, 2019
Andrena combinata (Christ, 1791) POL Comba, 2019 DD X Comba, 2019
Andrena curvungula Thomson, 1870 POL Comba, 2019 DD X X S
Andrena dorsata (Kirby, 1802) POL Comba, 2019 DD X X X Comba, 2019
Andrena flavipes Panzer, 1799 POL Comba, 2019 LC X X X X X X Comba, 2019
Andrena fucata Smith, 1847 POL Comba, 2019 X X S
Andrena fulva (Muller, 1766) POL Comba, 2019 DD X
Andrena fulvago (Christ, 1791) POL Comba, 2019 DD X Comba, 2019
Andrena fulvata E. Stockhert, 1930 POL Comba, 2019 DD X S
Andrena fulvitarsis Brullg, 1832 POL Comba, 2019 LC X X X X Comba, 2019
Andrena fumida Perez, 1895 POL Comba, 2019 DD X C
Andrena gelriae van der Vecht, 1927 POL Comba, 2019 DD X C
Andrena gravida Imhoff, 1832 POL Comba, 2019 DD X X X X X S
Andrena helvola (Linnaeus, 1758) POL Comba, 2019 DD X Comba, 2019
Andrena humilis Tmhoff, 1832 POL Comba, 2019 DD X Comba, 2019
Andrena (Chlorandrena) kamarti
Schlqﬁedeknecht, 1)900 POL Comba, 2019 bb X P
Andrena labiata Fabricius, 1781 POL Comba, 2019 DD X X X Comba, 2019
Andrena minutuloides Perkins, 1914 POL Comba, 2019 DD X X X X C
Andrena minutula (Kirby, 1802) POL Comba, 2019 DD X X X Comba, 2019
Andrena (Melandrena) morio Brullg, 1832 POL Comba, 2019 DD X X X Comba, 2019
Andrena nigroaenea (Kirby, 1802) POL Comba, 2019 LC X X X Comba, 2019
Andrena ovata Schenck, 1853 POL Comba, 2019 X C
Andrena pilipes Fabricius, 1781 POL Comba, 2019 LC X Comba, 2019
Andrena polita Smith, 1847 POL Comba, 2019 LC X X X C
Andrena sp. Fabricius, 1775 POL Comba, 2019 X X Comba, 2019
Andrena thoracica (Fabricius, 1775) POL Comba, 2019 DD X X Comba, 2019
Andrena tomora Warncke, 1975 POL Comba, 2019 DD X X X Wood et al., 2023
Andrena trimmerana (Kirby, 1802) POL Comba, 2019 DD X X X X C
Andrena wilkella (Kirby, 1802) POL Comba, 2019 DD X X C
Panurgus calcaratus (Scopoli, 1763) POL Comba, 2019 LC X X X X X X Comba, 2019
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Apidae

Genera/Species ::::gg‘:y Bibliography ‘ IUCN ‘ IUCN Eu | Fbio | Fint| Gecot| Gnat | Pecot | Pnat NEW‘ Bibliography
Amegilla quadrifasciata (Villers, 1789) POL Comba, 2019 LC X Comba, 2019
Anthophora balneorum Lepeletier, 1841 POL Comba, 2019 LC X S
Anthophora bimaculata (Panzer, 1801) POL Comba, 2019 LC X X Comba, 2019
Anthophora plumipes Pallas, 1772 POL Comba, 2019 LC X Comba, 2019
Anthophora retusa (Linnaeus, 1758) POL Comba, 2019 LC X X C
Anthophora sp. Latreille,1803 POL Comba, 2019 X Comba, 2019
Apis mellifera Linnaeus, 1758 POL Comba, 2019 DD X X X X X X Comba, 2019
Bombus hortorum (Linnaeus, 1758) POL Comba, 2019 LC X X Comba, 2019
Bombus lapidarius Linnaeus, 1758 POL Comba, 2019 LC X X X Comba, 2019
Bombus sp. Latreille, 1802 POL Comba, 2019 LC LC X Comba, 2019
Bombus pascuorum melleofacies Vogt, 1909 POL Comba, 2019 LC X X X X Comba, 2019
Bombus pratorum (Linnaeus, 1761) POL Comba, 2019 LC X X X X X Comba, 2019
Bombus ruderatus (Fabricius, 1775) POL Comba, 2019 LC X X X Comba, 2019
Bombus rupestris (Fabricius, 1793) POL Comba, 2019 LC X Comba, 2019
Bombus sylavurum Linnaeus, 1761 POL Comba, 2019 LC X Comba, 2019
Bombus terrestris (Linnaeus, 1758) POL Comba, 2019 LC X X X X X X Comba, 2019
Bombus vestalis (Fourcroy, 1785) POL Comba, 2019 LC X X X X X Comba, 2019
Ceratina cucurbitina (Rossi, 1792) POL Comba, 2019 LC X X X X X X Comba, 2019
Eucera albofasciata Friese, 1895 POL Comba, 2019 DD X P
Eucera cineraria Eversmann, 1852 POL Comba, 2019 LC X Comba, 2019
Eucera longicornis (Linnaeus, 1758) POL Comba, 2019 LC X X Comba, 2019
Eucera nigrifacies Lepeletier, 1841 POL Comba, 2019 LC X X C
Eucera pannonica Mocsary, 1878 POL Comba, 2019 DD X X C
Habropoda tarsata (Spinola, 1838) POL Comba, 2019 LC X Comba, 2019
Melecta festiva Lieftinck, 1980 CLEP/POL  Comba, 2019 DD S
Melecta sp. Latreille, 1802 CLEP/POL  Comba, 2019 X X X Comba, 2019
Nomada armata Herrich-Schiffer, 1839 CLEP/POL  Comba, 2019 NT X C
Nomada castellana Dusmet, 1913 CLEP/POL  Comba, 2020 LC S
Nomada fucata Panzer, 1798 CLEP/POL  Comba, 2019 LC X Comba, 2019
Nomada mutabilis Morawitz, 1870 CLEP/POL  Comba, 2019 LC X S
Nomada panzeri gr. CLEP/POL  Comba, 2019 LC X C
Nomada pleurosticta Herrich-Scaffer, 1839 CLEP/POL  Comba, 2019 NT X S
Nomada signata Jurine, 187 CLEP/POL  Comba, 2019 LC X C
Nomada sp. Scopoli, 1770 CLEP/POL  Comba, 2019 X Comba, 2019
Tetralonia malvae (Rossi, 1790) POL Comba, 2019 LC X X C
Tetraloniella dentata (Germar, 1839) POL Comba, 2019 LC X Comba, 2019
Xylocopa iris (Christ, 1791) POL Comba, 2019 LC X Comba, 2019
Xylocopa valga (Gerstaecker, 1872) POL Comba, 2019 LC X Comba, 2019
Xylocopa violacea (Linnaeus, 1758) POL Comba, 2019 LC X X X X X Comba, 2019
Braconidae
. Thropic . - -
Genera/Species category Bibliography | IUCN |[IUCN Eu|Fbio |Fint|Gecot |Gnat|Pecot | Pnat| NEW Bibliography
n.d. CLEP/POL Loni et al., 2016 X X X X X X www.gibf.org
Chalcididae
. Thropic - . . T
Genera/Species category Bibliography IUCN [IUCN Eu | Fbio |Fint|Gecot | Gnat | Pecot | Pnat | NEW Bibliography
n.d. PAR Pollini, 2013 X X X X www.gibf.org
Chrysididae
. Thropic - . . So1
Genera/Species category Bibliography IUCN [IUCN Eu | Fbio |Fint|Gecot | Gnat | Pecot | Pnat | NEW Bibliography
Chrysis sp. Linnaeus, 1761 PAR/FV Pollini, 2013 X X X X X X www.gibf.org
Elampus sp. Spinola, 1806 PAR/FV Pollini, 2013 X www.gibf.org
n.d. PAR/FV Pollini, 2013 X X X X X www.gibf.org
Crabronidae
. Thropic - . . So1
Genera/Species category Bibliography IUCN [IUCN Eu | Fbio |Fint|Gecot | Gnat | Pecot | Pnat | NEW Bibliography
3 Pagliano &
Argogorytes sp. Ashmead, 1899 Z/FV Negrisolo, 2005 X X gibforg
. Pagliano &
Astata sp. Latreille, 1796 Z/FV Negrisolo, 2005 X gibforg
. . Pagliano &
Cerceris sp. Latreille, 1802 Z/FV Negrisolo, 2005 X X X gibforg
X I Pagliano &
Ectemnius massiliensis (Kohl, 1883) Z/FV Negrisolo, 2005 X C
) Pagliano &
Ectemnius sp. Dahlbom, 1845 Z/FV Negrisolo, 2005 X gibforg
. Pagliano &
Gorytes sp. Latreille, 1804 Z/FV Negrisolo, 2005 X gibforg
. . . N Pagliano &
Lindenius sp. Lepeletier&Brull¢, 1835 Z/FV Negrisolo, 2005 X X X gibforg
n.d. X X X X X X www.gibf.org
. Pagliano &
Oxybelus sp. Latreille, 1796 Z/FV Negrisolo, 2005 X X X gibforg
Oxybelus subspinosus Klug, 1835 ZEV Pagliano & X X X X C

Negrisolo, 2005
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Colletidae
. Thropic - . . apys
Genera/Species category Bibliography | IUCN |IUCN Eu|Fbio |Fint|Gecot|Gnat|Pecot|Pnat | NEW Bibliography
Colletes mlokossewiczi Radoszkowski, 1891 POL Comba, 2019 LC X X X Comba, 2019
Colletes similis Schenck, 1853 POL Comba, 2019 LC X C
Hylaeus brevicornis Nylander, 1852 POL Comba, 2019 LC X X X Comba, 2019
Hylaeus clypearis (Schenck, 1853) POL Comba, 2019 LC X X X X Comba, 2019
Hylaeus communis Nylander, 1852 POL Comba, 2019 LC X X X X X Comba, 2019
Hylaeus dilatatus (Kirby, 1802) POL Comba, 2019 LC X S
Hylaeus hyalinatus montebovensis (Pittioni, POL Comba, 2019 L X C
1950)
Hpylaeus kahri Forster, 1871 POL Comba, 2019 DD X S
Hylaeus imparilis Forster, 1871 POL Comba, 2019 LC X X Comba, 2019
Hylaeus incongruus Forster, 1871 POL Comba, 2019 DD X X S
Hylaeus sinuatus (Schenck, 1853) POL Comba, 2019 LC X Comba, 2019
Hylaeus taeniolatus Forster, 1871 POL Comba, 2019 LC X Comba, 2019
Cynipoidea
. Thropic e . . P
Genera/Species category Bibliography | IUCN |IUCN Eu|Fbio |Fint|Gecot|Gnat | Pecot|Pnat | NEW Bibliography
Brachymeria femorata (Panzer, 1801) PAR El-Salam, 2020 X S
n.d. P Pollini, 2013 X X X X X www.gibf.org
Diapriidae
. Thropic F— . . P
Genera/Species category Bibliography | IUCN |[IUCN Eu|Fbio [ Fint|Gecot | Gnat|Pecot | Pnat| NEW Bibliography
n.d. PAR  Bellowetal., 1999 X X X X X X .
www.gibf.org
Evaniidae
. Thropic - . . P
Genera/Species category Bibliography | IUCN [IUCN Eu|Fbio |Fint|Gecot|Gnat|Pecot | Pnat [ NEW Bibliography
n.d. PAR Pollini, 2013 X X X X X www.gibf.org
Formicidae
Throni
Genera/Species catzgg:cy Bibliography | IUCN [IUCN Eu|Fbio |Fint|Gecot|Gnat|Pecot |Pnat [ NEW Bibliography
Camponotus (Tan.aemyrmex) aethiops (Latre 78 Lebas et al., 2016 X X X X X )
ille, 1798) www.gibf.org
Camponotus (Myrmlegz;(;ma) gestroi Emery, 78 Lebas et al., 2016 X C
Camponotus micans (Nylander, 1856) zS Lebas et al., 2016 X X X www.gibf.org
Camponotus sp. Mayrm 1861 ZS Lebas et al., 2016 X X X X www.gibf.org
Camponotus yagus (mettere qui le ultime 7 Lebas et al., 2016 X x x )
mincans in genere) www.gibf.org
Cardiocondyla sp. Emery, 1869 ZS Lebas etal., 2016 X X X www.gibf.org
Formica (Serviformica) cinerea Mayr, 1853 ZS Lebas etal., 2016 X X .
www.gibf.org
Formica cunicularia Latreille, 1798 A Lebas et al., 2016 X Lebas etal., 2019
Formica (Serviformica) fusca Linnaeus,
1758 A Lebas et al., 2016 X X X X Lebas et al., 2019
Formica gagates Latreille, 1798 ZS Lebas etal., 2016 X Lebas et al., 2019
Formica (Serviformica) rufibarbis Fabricius,
1793 zS Lebas et al., 2016 X X X X Lebas et al., 2019
Formica (Raptiformica) sanguinea Latreille,
1798 A Lebas et al., 2016 X Lebas et al., 2019
Lasius alienus Forster, 1850 A Lebas et al., 2016 X X X X X X Lebas etal., 2019
Lasius (Lasius) brunneus (Latreille, 1798) zS Lebas etal., 2016 X X X Lebas et al., 2019
Lasius (Lasius) lasioides (Emery, 1869) ZS Lebas etal., 2016 X X X X Lebas et al., 2019
Lasius sp. Fabricius, 1804 (gruppo alienus) A Lebas et al., 2016 X X X X X Lebas et al., 2019
Messor capitatus (Latreille, 1798) ZS Lebas etal., 2016 X X X X X Lebas et al., 2019
Messor structor (Latreille, 1798) ZS Lebas et al., 2016 X Lebas et al., 2019
Myrmica sabuleti Meinert, 1861 A Lebas et al., 2016 X X Lebas etal., 2019
Myrmica sp. Latreille, 1804 ZS Lebas et al., 2016 X X X Lebas et al., 2019
Pheidole sp. Westwood, 1839 ZS Lebas et al., 2016 X X Lebas et al., 2019
Tapinoma nigerrimum (Nylander, 1856) ZS Lebas etal., 2016 X X X Lebas etal., 2019
Tetramorium sp. Mayr, 1855 ZS Lebas etal., 2016 X Lebas et al., 2019

213



Halictidae

Genera/Species ::::gg‘r‘; Bibliography | IUCN |[IUCN Eu|Fbio | Fint|Gecot |Gnat|Pecot|Pnat[NEW|  Bibliography
Halictus alfkenellus Stand, 1909 POL Comba, 2019 DD X P
Halictus brunnescens (Eversmann, 1852) POL Comba, 2019 DD X X Comba, 2019
Halictus eurygnatus Bluthgen, 1931 POL Comba, 2019 DD X X X Comba, 2019
Halictus fulvipes (Klug, 1817) POL Comba, 2019 LC X C
Halictus maculatus Smith, 1848 POL Comba, 2019 LC X X Comba, 2019
Halictus scabiosae (Rossi, 1790) POL Comba, 2019 LC X X X X X X Comba, 2019
Halictus sexcinctus (Fabricius, 1775) POL Comba, 2019 LC X Comba, 2019
Halictus simplex gr. POL Comba, 2019 X X X C
Halictus subauratus (Rossi, 1792) POL Comba, 2019 LC X X X X X Comba, 2019
Halictus sp. Latreille, 1804 POL Comba, 2019 X X X Comba, 2019
Halictus quadricinctus (Fabricius, 1776) POL Comba, 2019  DD/LC NT X X X Comba, 2019
Lasioglossum aeratum (Kirby, 1802) POL Comba, 2019 LC X X X C
Lasioglossum albipes (Fabricius, 1781) POL Comba, 2019 LC X X X X X C
Lasioglossum albocinctum (Lucas, 1849) POL Comba, 2019 LC X X X X X Comba, 2019
Lasioglossum binaculatum (Dours, 1872) POL Comba, 2019 LC X X X X X X Comba, 2019
Lasioglossum brevicorne (Schenck, 1870) POL Comba, 2019 DD/LC NT X X X X Comba, 2019
Lasioglossum calceatum (Scopoli, 1763) POL Comba, 2019 LC X X X C
Lasioglossum cras]s;gg;tctatum (Bluthgen, POL Comba, 2019 DD X Comba, 2019
Lasioglossum conlv;)sc?)sculum (Schenck, POL Comba, 2019 DD/LC NT x S
Lasioglossum fulvicorne (Kirby, 1802) POL Comba, 2019 LC X S
Lasioglossum glalbg;uzs)culum (Morawitz, POL Comba, 2019 I x Comba, 2019
Lasioglossum griseolum (Morawitz, 1872) POL Comba, 2019 LC X X X C
Lasiog lossxaﬁg 1 ‘Ieg’gss))’"’m””””m POL Comba, 2019 DD X Comba, 2019
Lasioglossum interruptum (Panzer, 1798) POL Comba, 2019 LC X X X X Comba, 2019
Lasioglossum laeve Kirby, 1802 POL Comba, 2019 EN X X C
Lasioglossum laevigatum (Kirby, 1802) POL Comba, 2019  DD/LC NT X X X C
Lasioglossum laticeps (Schenck, 1869) POL Comba, 2019 LC X X X Comba, 2019
Lasioglossum lativentre (Schenck, 1853) POL Comba, 2019 LC X X X X C
Lasioglossum leucopus (Kirbu, 1802) POL Comba, 2019 LC X S
Lasioglossum leucozonium (Schrank, 1781) POL Comba, 2019 LC X X Comba, 2019
Lasioglossum lineare (Schenck, 1870) POL Comba, 2019 DD X X S
Lasioglossum majus (Nylander, 1852) POL Comba, 2019 NT X Comba, 2019
Lasioglossum morio (Fabricius, 1793) POL Comba, 2019 LC X X X C
Lasioglossum nitidiusculum (Kirby, 1802) POL Comba, 2019 LC X Comba, 2019
Lasioglossum pauperatum (Brulle, 1832) POL Comba, 2019 LC X X X X Comba, 2019
Lasioglossum pauxillum (Schenck, 1853) POL Comba, 2019 LC X X X Comba, 2019
Lasioglossumpunlctgast;vsimum (Schenck, POL Comba, 2019 L X Comba, 2019
Lasioglossum pygmaeum (Schenck, 1853) POL Comba, 2019  DD/LC NT X X C
Lasioglossum sp. Curtis, 1833 POL Comba, 2019 X X X X Comba, 2019
Lasioglossum rufitarse (Zetterstedt, 1838) POL Comba, 2019 LC X C
Lasioglossum semilucens (Alfken, 1914) POL Comba, 2019 LC X X S
Lasioglossum transitorium (Schenck, 1868) POL Comba, 2019 LC X X C
Lasioglossum tricinctum (Schenck, 1874) POL Comba, 2019 DD X X X C
Lasioglossum villosulum (Kirby, 1802) POL Comba, 2019 LC X Comba, 2019
Lasioglossum xanthopus (Kirby, 1802) POL Comba, 2019  DD/LC NT X X X C
Seladonia seladonia POL Comba, 2019 X Comba, 2019
Seladonia smaragdula complex POL Comba, 2019 LC X X X C
Sphecodes ephippius (Linnaeus, 1758)  CLEP/POL  Comba, 2019 LC X Comba, 2019
Sphecodes miniatus von Hagens, 1882 CLEP/POL  Comba, 2019 LC X X S
Sphecodes reticulatus Thomson, 1870 CLEP/POL  Comba, 2019 LC X C
Sphecodes sp. Latreille, 1804 CLEP/POL  Comba, 2019 X X Comba, 2019
Sphecodes pseudofasciatus Bluthegen, 1925 CLEP/POL  Comba, 2019 DD X S
Ichneumonidae
. Thropic - . . P
Genera/Species category Bibliography | IUCN [IUCN Eu|Fbio |Fint |Gecot|Gnat | Pecot|Pnat [ NEW Bibliography
Enicospilus sp. Stephens, 1835 PAR Pollini, 2013 X X X X X X www.gibf.org
Gelis sp. Thunberg, 1827 PAR Pollini, 2013 X X X X www.gibf.org
Ichneumon sp. Linnaeus, 1758 PAR Pollini, 2013 X X X www.gibf.org
n.d. PAR Pollini, 2013 X X X X X X www.gibf.org
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Megachilidae

Genera/Species ::::gg‘:y Bibliography | IUCN [IUCN Eu|Fbio | Fint|Gecot |Gnat|Pecot|Pnat|[NEW|  Bibliography
Chelostoma cf. florisomne (Linnaeus, 1758) POL Comba, 2019 LC X Comba, 2019
Chelostoma grande (Nylander, 1852) POL Comba, 2019 DD X S
Heriades sp. Spinola, 1808 POL Comba, 2019 X X X Comba, 2019
Heriades crenulatus (Nylander, 1856) POL Comba, 2019 LC X C
Heriades (Hertadef)ér;)ncorum (Linnaeus, POL Comba, 2019 LC X X X Comba, 2019
Hoplitis tridentata (Dufour & Perris, 1840) POL Comba, 2019 LC Comba, 2019
Hoplitis scutellaris Morawitz, 1868 POL Comba, 2019 DD X X C
Lithurgus chrysurus (Fonscolombe, 1834) POL Comba, 2019 LC X X Comba, 2019
Megachile argentata (Fabricius, 1793) POL Comba, 2019 LC X X Comba, 2019
Megachile centuncularis (Linnaeus, 1758) POL Comba, 2019 LC X X X C
Megachile melanopyga Costa, 1863 POL Comba, 2019 LC X X X Comba, 2019
Stelis sp. Panzer, 1806 POL Comba, 2019 X Comba, 2019
Osmia cephalotes Morawitz, 1870 POL Comba, 2019 LC X C
Osmia cerinthidis Morawitz, 1876 POL Comba, 2019 LC X X S
Osmia dimidiata Morawitz, 1870 POL Comba, 2019 LC X Comba, 2019
Osmia leaiana (Kirby, 1802) POL Comba, 2019 LC X Comba, 2019
Osmia (Hoplosmia) ligurica Morawitz, 1868 POL Comba, 2019 LC X X C
Osmia niveata (Fabricius, 1804) POL Comba, 2019 LC Comba, 2019
Melittidae
A Thropic - . . apys
Genera/Species category Bibliography | IUCN |IUCN Eu|Fbio |Fint|Gecot|Gnat | Pecot|Pnat | NEW Bibliography
Dasypoda hirtipes (Fabricius, 1793) POL Comba, 2019 LC X X X Comba, 2019
Mutillidae
. Thropic - . . P
Genera/Species category Bibliography | IUCN [IUCN Eu|Fbio |Fint|Gecot|Gnat|Pecot | Pnat [ NEW Bibliography
Cystomutilla ruficeps (Smith, 1855) PAR Tu, 2014 X C
Mutilla sp. Linnaeus, 1758 PAR Pollini, 2013 X www.gibf.org
Myrmilla (Myrmilla) calva (Villers, 1789) PAR Pollini, 2013 X C www.gibf.org
Myrmilla sp. Wesmael, 1852 PAR Pollini, 2013 X X X X www.gibf.org
n.d. PAR Pollini, 2013 X X www.gibf.org
Ronisia brutia (Petagna, 1787) PAR Pollini, 2013 X www.gibf.org
Pompilidae
. Thropic e . . P
Genera/Species category Bibliography | IUCN |IUCN Eu|Fbio | Fint|Gecot | Gnat|Pecot | Pnat| NEW Bibliography
Anoplius viaticus (Linnaeus, 1758) PAR Pollini, 2013 X X X C
Cryptocheilus Panzer, 1806 PAR Pollini, 2013 X X X X X www.gibf.org
n.d. PAR Pollini, 2013 X X X X X X www.gibf.org
Proctotrupidae
. Thropic - . . P
Genera/Species category Bibliography | IUCN |IUCN Eu|Fbio |Fint|Gecot|Gnat | Pecot|Pnat | NEW Bibliography
n.d. PAR Pollini, 2013 X www.gibf.org
Pteromalidae
Throni
Genera/Species e tzgg'r‘; Bibliography | IUCN |IUCN Eu|Fbio |Fint|Gecot |Gnat|Pecot|Pnat|[NEW|  Bibliography
n.d. PAR Pollini, 2013 X X X X X www.gibf.org
Scolidae
. Thropic e . . P
Genera/Species category Bibliography | IUCN |IUCN Eu|Fbio |Fint|Gecot|Gnat | Pecot|Pnat | NEW Bibliography
Colpa (Heterelis) qlu;l;g;tecmcta (Fabricius, PAR/POL  Pollini, 2013 x X C
Colpa sexmaculata (Fabricius, 1781) PAR/POL  Pollini, 2013 www.gibf.org
Megascolia maculata flavifrons (Fabricius, PARPOL  Pollini, 2013 )
1775) www.gibf.org
Scolia (Discolia) hirta (Schrank, 1781) ~ PAR/POL  Pollini, 2013 X X X X www.gibf.org
Sphecidae
. Thropic - - -
Genera/Species category Bibliography | IUCN [IUCN Eu|Fbio |Fint|Gecot|Gnat|Pecot | Pnat[ NEW Bibliography
. . Pagliano &
Ammophila sp. W. Kirby, 1798 zZ Negrisolo, 2005 X gibforg
X . Pagliano & Negrisolo & Pagliaro,
Ammophila pubescens Curtis, 1836 V4 Negrisolo, 2005 X X 2005
Pagliano &
nd. z Negrisolo, 2005 X www.gibf.org
. Pagliano &
Sphex sp. Linnaeus, 1758 zZ Negrisolo, 2005 X www.gibf.org
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Tenthreniidae

Thropic

Genera/Species category Bibliography | IUCN |IUCN Eu|Fbio |Fint|Gecot|Gnat | Pecot|Pnat | NEW Bibliography
Arge sp. Schrank, 1802 P/NE Lacourt, 2020 X www.gibf.org
Athalia bicolor Serville, 1823 P/NE Lacourt, 2020 X X X C
Athalia circularis (Klug, 1815) P/NE Lacourt, 2020 X X X C
Athalia sp. Leach, 1817 P/NE Lacourt, 2020 X X X X X www.gibf.org
Dolerus sp. Panzer, 1801 P/NE Lacourt, 2020 X www.gibf.org
Macrophya (Macrophya) montana (Scopoli, P/INE Lacourt, 2020 X x C )
1763) www.gibf.org
n.d. P/NE Lacourt, 2020 X X www.gibf.org
Nematus ﬂjteromdelaé(;zx‘);osottdts (Fabricius, P/NE Lacourt, 2020 x x x x x C
Nematus sp. Panzer, 1801 P/NE Lacourt, 2020 X www.gibf.org
Tiphidae
. Thropic e . . Sh1s
Genera/Species category Bibliography | IUCN |IUCN Eu|Fbio |Fint|Gecot|Gnat | Pecot|Pnat | NEW Bibliography
Tiphia sp. Fabricius, 1775 PAR Strange, 1994 X X X X X X www.gibf.org
Vespidae
. Thropic _— - R
Genera/Species category Bibliography | IUCN [IUCN Eu|Fbio |Fint|Gecot|Gnat|Pecot | Pnat [ NEW Bibliography
. KyuKim &
Ancistrocerus sp. Wesmael, 1836 Z/FV Yamane, 2009 X X X gibforg
. . . Torniainen &
Dolichovespula media (Retzius, 1783) ZS/FV Komonen, 2021 X X C
Eumenes mediterraneus Kriechbaumer, ZEV Selis, 2023 )
1879 www.gibf.org
n.d. X X X www.gibf.org
Polistes alrzmar1dzlb9u3[(c)1rzs Zimmermann, PAR/FV  Fanelli et al., 2005 C
. . . Baker & Potter,
Polistes dominula (Christ, 1791) ZS/FV 2020 X X X X X gibforg
Polistes gallicus (Linnaeus, 1767) ZS/FV  RusinaL. Yu, 2011 X X X .
www.gibf.org
. . . Kozyra &
Polistes nimphus (Christ, 1791) ZS/FV Baraniak, 2016 X X X X X X gibforg
Bruschini
Polistes sulcifer Zimmermann, 1930 ZS/FV ruschini & Cervo, X .
2011 www.gibf.org
. Pusceddu et al.,
Vespa crabro Linnaeus, 1761 ZS/FV 2022 X gibforg
Vespula germanica (Fabricius, 1793 zspy | Puscedductal, X X X X
espula germanica (Fabricius, ) 2018 gibforg
Xiphydriidae
. Thropic R— - -
Genera/Species category Bibliography | IUCN [IUCN Eu|Fbio |Fint |Gecot|Gnat | Pecot|Pnat [ NEW Bibliography
n.d. ? X www.gibf.org
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Hemiptera

Alydidae
. Thropic - s s -
Genera/Species category Bibliography IUCN|IUCN Eu | Fbio [Fint |Gecot|Gnat | Pecot | Pnat | NEW| Bibliography
Alydus calcaratus (Linnaeus, 1758) Z Musolin et al., 1999 X X X X C
Anthocoridae
. Thropic R - S
Genera/Species category Bibliography IUCN|[IUCN Eu | Fbio |Fint| Gecot |Gnat | Pecot | Pnat | NEW| Bibliography
n.d. P Saulich & Musolin, 2009 X X www.gibf.org
Aphrophoridae
Genera/Species :::Z;ﬂlfy Bibliography  |IUCN|IUCN Eu|Fbio|Fint|Gecot|Gnat|Pecot|Pnat[NEW|  Bibliography
n.d. P Smaili et al., 2022 X X X X X X www.gibf.org
Aphidae
. Thropic - . . -
Genera/Species category Bibliography IUCN|IUCN Eu | Fbio |Fint| Gecot |Gnat | Pecot|Pnat | NEW| Bibliography
n.d. P Uygunetal., 2012 X X X X X X www.gibf.org
Cercopidae
. Thropic — - R
Genera/Species category Bibliography IUCN|IUCN Eu |Fbio |Fint|Gecot |Gnat | Pecot |[Pnat[NEW|  Bibliography
Cercopis arcuata Fieber, 1775 P Cirlig et al., 2021 X C
Cercopis sanguinolenta (Scopoli, 1763) P Biedermann, 2002; X X X www.gibf.or;
TCopIS sanguin PotL, Pollini, 2013 -gioL.org
Haematoloma dorsatum (Ahrens, 1812) P Rover51_et' al,, 1989; X X X X X X C
Pollini, 2013
Cicadellidae
. Thropic S - S
Genera/Species category Bibliography IUCN|IUCN Eu | Fbio | Fint|Gecot Gnat | Pecot | Pnat[NEW|  Bibliography
Aphrodes sp. Curtis, 1833 P Schmitz, 1998 X www.gibf.org
Cicadella viridis (Linnaeus, 1758) P Zhang et al., 2023 X www.gibf.org
Eupelix cuspidata (Fabricius, 1775) P Abdollahi et al., 2015 X X X X www.gibf.org
H Fjellst
Ledra aurita (Linnaeus, 1758) P anscng,géc stad, www.gibf.org
n.d. P X X X X X X www.gibf.org
Coreidae
. Thropic - . . crys
Genera/Species category Bibliography IUCN|IUCN Eu | Fbio [Fint | Gecot|Gnat | Pecot | Pnat| NEW|  Bibliography
Centrocoris variegatus Kolenati, 1845 P Ghabhari et al., 2012 X C
Coriomeris hirticornis (Fabricius, 1794) P El Hamouly et al., 2010 X C
Coriomeris scabricornis (Panzer, 1809) P Heiss et al., 2023 X C
Coriomeris sp. Westwood, 1842 P Heiss et al., 2023 X X www.gibf.org
n.d. P X X X www.gibf.org
Spathocera lobata (Herrich-Schiffer, 1840) P Heiss et al., 2023 X X C
Syromastus rhombeus (Linnaeus, 1767) P Heiss et al., 2023 X www.gibf.org
Cydnidae
. Thropic - . . -
Genera/Species category Bibliography IUCN IUCN Eu | Fbio |Fint| Gecot |Gnat | Pecot | Pnat | NEW| Bibliography
Canthophorus sp. Mulsant & Rey, 1866 P Yazici et al., 2014 X X www.gibf.org
n.d. P Yazici et al., 2014 X X X www.gibf.org
Ochetostethus sp. Fieber, 1860 P Yazici et al., 2014 X X X X X www.gibf.org
Issidae
. Thropic _— - _—
Genera/Species category Bibliography IUCN|IUCN Eu | Fbio |Fint|Gecot |Gnat | Pecot [Pnat[NEW|  Bibliography
Issus sp. Fabricius, 1803 P Wanget al.,, 2016 X X X www.gibf.org
n.d. P Wang et al., 2016 X X www.gibf.org
Lygaenidae
. Thropic - . . .
Genera/Species category Bibliography IUCN IUCN Eu | Fbio |Fint| Gecot |Gnat | Pecot | Pnat | NEW| Bibliography
Eremocoris plebejus (Fallen, 1807) P Fent et al., 2021 X X X X X C
Eremocoris sp. Fieber, 1860 P Fent et al., 2021 X www.gibf.org
Emblethis verbasci (Fabricius 1803) P Fent et al., 2021 X C
Gastrodes grossipes (De Geer, 1773) P Fent et al., 2021 X www.gibf.org
Lygaeus equestris (Linnaeus, 1758) P Fent et al., 2021 X X www.gibf.org
Melanocoryphus z]zl7b708r;laculatus (Goeze, P Fent et al., 2021 X gibforg
n.d. P Fent et al., 2021 X www.gibf.org
Raglius confusus (Reuter, 1886) P Fent et al., 2021 X Bonacci et al., 2002
Rhyparochromus vulgaris (Schilling, 1829) P Fent et al., 2021 X X X X www.gibf.org
Xanthochilus saturnius (Rossi, 1790) P Fent et al., 2021 X C
Membracidae
. Thropic - . . Sh1s
Genera/Species category Bibliography IUCN|[IUCN Eu | Fbio |Fint|Gecot |Gnat | Pecot [Pnat[NEW|  Bibliography
Gargara genistae (Fabricius, 1775) P Petrasiunas, 2023 X X C
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Miridae

Genera/Species cTa'::'g’f)"rcy Bibliography IUCN | IUCN Eu | Fbio |Fint | Gecot I Gnat | Pecot | Pnat NEW| Bibliography
Adelphocoris lineolatus (Goeze, 1778) P Nikolova, 2018 X X X X X X Tamanini, 1981
Calocoris nemoralis (Fabricius, 1787) P Bonacci et al., 2002 X Bonacci et al., 2002
Calocoris sp. Fieber, 1858 P Bonacci et al., 2002 X Tamanini, 1981
Deraeocoris punctum (Rambur, 1839) P Helyer et al., 2014 X X Bonacci et al., 2002
D is (D is ber (Linnaues L
eraeocoris (i eraelr;csogr;v) ruber (Linnaues, P Helyer et al., 2014 X Tamanini, 1981
Deraeocoris sp. Kirschbaum, 1856 P Helyer et al., 2014 X Tamanini, 1981
Grypocoris (Lophyromiris) sexguttatus
P Hel tal., 2014 X
(Fabricius, 1777) elyer etal., 20 C
Lygus pratensis (Linnacus, 1758) P Pollini, 2013 X Tamanini, 1981
n.d. P X X X X X
Oxycarenidae
. Thropic - . . Shl
Genera/Species category Bibliography TUCN | IUCN Eu |Fbio [Fint|Gecot | Gnat | Pecot | Pnat | NEW Bibliography
Metopoplax_sp. Fieber, 1860 (ditomoides) Principato et al., 2007 X www.gibf.org
Pentatomidae
. Thropic . . . P
Genera/Species category Bibliography IUCN [IUCN Eu | Fbio | Fint| Gecot | Gnat | Pecot | Pnat [ NEW Bibliography
Aelia acuminata (Linnaeus, 1758) P Lodos N., 2008 X X X www.gibf.org
Aelia rostrata Boheman, 1852 P Pollini, 2013 X www.gibf.org
Carpocoris mediterraneus mediterraneus Kocakoglu & Candan, e
(Tamanini, 1958) P 2022 X | X gibforg
Dolicoris baccarum (Linnaeus, 1758) P Pollini, 2013 X X X X X Bonacci et al., 2002
Dyroderes umbraculatus (Fabricius, 1775) P Lodos & Onder, 1982 X C
Eurydema fieberi Schummel, 1837 P Pollini, 2013 X C
Ei e, Ei ea (Li
urydema (1 uryde;r’l;ls)go)leracaa (Linnacus, P Pollini, 2013 x < x gibforg
EBurydema (Eury df;"s"é)" rnata (Linnaeus, P Pollini, 2013 X X X X Bonacci et al., 2002
Eurydema ventralis (Kolenati, 1846) P Pollini, 2013 X Dioli, 1997
Graphosoma lineatum (Linnaeus, 1758) P Pollini, 2013 X X X Dioli, 1997
n.d. P X X X www.gibf.org
Palomena prasina (Linnacus, 1761) P Pollini, 2013 X Dioli, 1997
Sciocoris_sp. Fallen, 1829 P Bonacci, 2002 X X X Bonacci et al., 2002
Psyllidae
. Thropic A . . -
Genera/Species category Bibliography TUCN | IUCN Eu | Fbio [Fint|Gecot | Gnat | Pecot | Pnat | NEW Bibliography
n.d. P X X X X X X
Pyrrhocoridae
. Thropic . . < P
Genera/Species category Bibliography TUCN | IUCN Eu |Fbio [Fint|Gecot | Gnat | Pecot | Pnat | NEW Bibliography
Pyrrhocoris apterus (Linnaeus, 1758) P Kristenova et al., 2011 X X X X www.gibf.org
Pyrrhocoris marginatus (Kolenati, 1845) P Awad & Onder, 1997 X C
Reduvidae
. Thropic . . < P
Genera/Species category Bibliography TUCN |IUCN Eu |Fbio [Fint| Gecot | Gnat | Pecot | Pnat | NEW Bibliography
Coranus (Coranus) aegyptius (Fabricius, 7 El-Shazly & El-Sebaey, X X Tamanini, 1981
1775) 1997
Empicoris sp. Wolff, 1811 Z Hribar, 2009 X Tamanini, 1981
Phymata (Phymata) crassipes (Fabricius, Virant-Doberlet et al., ..
1775) Z 2019 X Tamanini, 1981
Rhynocoris (Rhynocoris) annulatus z Ambrose & Kumar, X c
(Linnaeus, 1758) 2016
Rhynocoris sp. Hahn, 1833 z Amm’szeo‘f‘ﬁK“mar’ X Tamanini, 1981
Rhynocoris (Rhynocoris) erythropus z El Harche et al., 2023 X X X X Tamanini, 1981
(Linnaeus, 1767)
Rhophalidae
. Thropic F— . « Shli
Genera/Species category Bibliography TUCN [ IUCN Eu | Fbio |Fint | Gecot | Gnat | Pecot | Pnat | NEW Bibliography
Chorosoma schillingii (Schilling, 1829) P Gogala et al., 2020 X X X C
Corizus hyoscyami (Linnaeus, 1758) P X www.gibf.org
n.d. P X X X X www.gibf.org
Rhyparochromidae
. Thropic - . . P
Genera/Species category Bibliography IUCN [IUCN Eu | Fbio | Fint| Gecot | Gnat | Pecot | Pnat [ NEW Bibliography
Xanthochilus saturnius (Rossi, 1790) P Lessieur, 2017 X X X C
Scutelleridae
. Thropic - . . P
Genera/Species category Bibliography TUCN | IUCN Eu |Fbio [Fint| Gecot | Gnat | Pecot | Pnat | NEW Bibliography
n.d. X X www.gibf.org
Odontoscelis (Odontoscelts)/ullgmosa P Pollini, 2013 X x c
(Linnaeus, 1761)
Stenocephalidae
. Thropic - . . Shli
Genera/Species category Bibliography TUCN | IUCN Eu |Fbio [Fint|Gecot | Gnat | Pecot | Pnat | NEW Bibliography
n.d. X X www.gibf.org
Tettigometridae
. Thropic - . . -
Genera/Species category Bibliography TUCN | IUCN Eu |Fbio [Fint|Gecot | Gnat | Pecot | Pnat | NEW Bibliography
Tettigomedra_sp. Latreille, 1804 P Pollini, 2013 X www.gibf.org
Tingidae
. Thropic - - -
Genera/Species category Bibliography TUCN [IUCN Eu | Fbio |Fint | Gecot | Gnat | Pecot | Pnat | NEW Bibliography
Dictyla humuli (Fabricius, 1794) P Pollini, 2013 X C
n.d. P Pollini, 2013 X X www.gibf.org
Tingis sp. Fabricius, 1803 P Pollini, 2013 X X X X X www.gibf.org
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Others

Dermaptera ]
Family { Genera/Species lThrnpic categorvl Bibliography llUCN[IUCN EL{FhiolFinthemt{Gnat{ Pecotll’nathE\N] Bibliography ]
. Forficula sp. Linnaeus, 1758 Z Pollini, 2013 X X X X X www.gibf.org
Forficulidae . -
n.d. yA Pollini, 2013 X X X X www.gibf.org
Dyctyoptera
Family ‘ Genera/Species [Thropic catcgory| Bibliography |IUCNL[UCN Edeio|Fint|Cccut‘Gnat‘l’ccot|Pnat|NEW| Bibliography ]
Blattellidae n.d. S X X X X www.gibf.org
Ectobius (Ectobius) pallidus (Olivier, 1789) S Adedara et al., 2022 X X X X X C
Ectobidae Ectobius sp. Steohens, 1835 S Adedara et al., 2022 X X www.gibf.org
n.d. S Adedara et al., 2022 X X X www.gibf.org
Phyllodromica marginata_(Schreber, 1781) N Hristov & Chobanov, 2016 X www.gibf.org |
Lepidoptera
Family ‘ Genera/Species ‘ Thropic categoryl Bibliography |IUCN[IUCN EdeiolFinthecot‘Gnat‘ Pecotl PnathE\NI Bibliography ‘
Amata phegea (Linnaeus, 1758) P/POL Tolman & Lewington, 2014 X www.gibf.org
Arctidae Amata sp. Fabricius, 1807 P/POL Tolman & Lewington, 2014 X X X X www.gibf.org
n.d. P/POL Tolman & Lewington, 2014 X X X X X www.gibf.org
Erebidae n.d. Tolman & Lewington, 2014 X X X X X www.gibf.org
Geometridae n.d. X X X X X X www.gibf.org
Pyrgus armoricanus (Oberthir, 1910) POL Tolman & Lewington, 2014  LC LC X www.gibf.org
Hesperidae Thymelicus lineola (Ochsenheimer, 1808) POL Tolman & Lewington, 2014 LC LC X X X X www.gibf.org
Thymelicus sp. Hubner, 1819 POL Tolman & Lewington, 2014 X www.gibf.org
Cupido (Cupido) minimus (Fuessly, 1775) POL Tolman & Lewington, 2014  LC LC X X X X X www.gibf.org
Lycaenidae n.d. POL Tolman & Lewington, 2014 X X X X www.gibf.org
Plebejus (Plebejus) argus (Linnaeus, 1758) POL Tolman & Lewington, 2014 LC LC X X X www.gibf.org
Plebejus sp. Kluk, 1780 POL Tolman & Lewington, 2014 X www.gibf.org
Epilecta linogrisea (Denis & Schiffermuller, 1775) P/POL Leraut, 2019 X Scalercio & Di Marco, 2022
n.d. X X X X X X www.gibf.org
Noctuidae Noctua orbona (Hufnagel, 1766) P/POL Leraut, 2019 X X X X X www.gibf.org
Noctua pronuba (Linnaeus, 1758) P/POL Leraut, 2019 X X X X www.gibf.org
yphora (Tri, phora) fl (Esper, 1785) P/POL Leraut, 2019 X X X X www.gibf.org
Argynnis (Argynnis) paphia (Linnaeus, 1758) POL Tolman & Lewington, 2014  LC LC X X www.gibf.org
Coenonympha pamphilus (Linnaeus, 1758) POL Tolman & Lewington, 2014 LC LC X www.gibf.org
Hipparchia (Hipparchia) fagi (Scopoli, 1763) POL Tolman & Lewington, 2014  LC NT X X X X www.gibf.org
Hipparchia statilinus (Hufnagel, 1766) POL Tolman & Lewington, 2014  LC NT X X www.gibf.org
Issoria lathonia (Linnaeus, 1758) POL Tolman & Lewington, 2014  LC LC X www.gibf.org
Maniola jurtina (Linnaeus, 1758) POL Tolman & Lewington, 2014 LC LC X X X www.gibf.org
Nymphalidae Melanargia galathea f. procida POL Tolman & Lewington, 2014  LC LC X X X X X X www.gibf.org
Melitaea cinxia (Linnaeus, 1758) POL Tolman & Lewington, 2014  LC LC X www.gibf.org
Melitaea sp. Fabricius, 1807 POL Tolman & Lewington, 2014 X X X X www.gibf.org
n.d. POL Tolman & Lewington, 2014 X X X X X X www.gibf.org
Pararge aegeria (Linnaeus, 1758) POL Tolman & Lewington, 2014  LC LC X X X X X X www.gibf.org
Polygonia c-album (Linnaeus, 1758) POL Tolman & Lewington, 2014  LC LC X www.gibf.org
Vanessa cardui (Linnaeus, 1758) POL Tolman & Lewington, 2014  LC LC X X www.gibf.org
Aporia crataegi (Linnaeus, 1758) POL Tolman & Lewington, 2014 LC LC X X www.gibf.org
Colias croceus (Fourcroy, 1785) POL Tolman & Lewington, 2014  LC LC X X X www.gibf.org
Pieridae Euchloe (Euchloe) ausonia (Hiibner, 1804) POL Tolman & Lewington, 2014  LC LC X X X www.gibf.org
Pieris rapae (Linnaeus, 1758) POL Tolman & Lewington, 2014  LC LC X X www.gibf.org
Pieris sp. Schrank, 1801 POL Tolman & Lewington, 2014 X X X X X X www.gibf.org
Pontia edusa (Fabricius, 1777) POL Tolman & Lewington, 2014  LC LC X www.gibf.org
Papilionidae Parnassius mnemosyne (Linnaeus, 1758) POL Tolman & Lewington, 2014  LC NT X X X www.gibf.org
Zygaenidae Adscita mannii (Lederer, 1853) P/POL Tolman & Lewington, 2014 X www.gibf.org
Zygaena_sp. Fabricius, 1775 P/POL Tolman & Lewington, 2014 X X X X www.gibf.org
Mantoidea
Family l Genera/Species [Thmpic categuryl Bibliography IIUCN[IUCN EdeioIFintICccothnathccotIPnstINEW] Bibliography ]
Mantidae Mantis religiosa Linnaeus, 1758 Y4 Battiston, 2008 X www.gibf.org
M. a
Family | Genera/Species [ Thropic category] Bibliography [lucNIUCN EdFbio[FintGecot[Gnat[Pecot[Pnat[NEW] Bibliography |
Panorpidae Panorpa_sp. Linnaeus, 1758 S Dvorak et al., 2023 X X X www.gibf.org
Neuroptera
Family { Genera/Species lThropic categoryl Bibliography |IUCNL[UCN El‘FbianintlGecot‘Gnat[PecothnathE\’Vl Bibliography ]
Chrysopidae Chrysoperla sp. Steinmann, 1964 z Saminathan et al., 1999 X X www.g?bf.org
n.d. X X X X X www.gibf.org
N Myrmeleon formicarius Linnaeus, 1767 VA Saminathan et al., 1999 X Letardi, 2004
Myrmelontidae B B N
Myrmeleon_sp. Linnaeus, 1767 VA Saminathan et al., 1999 X Letardi, 2004
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Odonata

Family

[

Genera/Species

[ Thropic catcgury]

Bibliography

Bibliography

Coenagrionidae

Platycnemididae

Coenagrion castellani Roberts, 1948
Coenagrion sp. Kirby, 1890
Platycnemis pennipes (Pallas, 1771)

z
z

Djkstra & Schroter, 2021
Djkstra & Schroter, 2021
Djkstra & Schroter, 2021

[IUCNJIUCN EuFbio[Fint{Gecot]Gnat[Pecot[Pnat[NEW]
X

LC X

X

www.gibf.org

Dijkstra & Schroter, 2021

www.gibf.org

Orthoptera
Family ‘ Genera/Species IThrnpic categorvl Bibliography |IUCNIIUCN EthiolFinthecot‘Gnat‘ PecothnathEWl Bibliography
Ailopus sp. Fieber, 1853 P Massa et al., 2012 X www.gibf.org
Calliptamus italicus (Linnaeus, 1758) P Massa et al., 2012 X X www.gibf.org
Calliptamus siciliae Ramme, 1927 P Massa et al., 2012 X X www.gibf.org
Acrididae Chorthippus sp. Fieber, 1852 P Massa et al., 2012 X X X X www.gibf.org
Eyprepocnemis plorans (Charpentier, 1825) P Massa et al., 2012 X X X www.gibf.org
Oedipoda caerulescens (Linnaeus, 1758) P Massa et al., 2012 X X www.gibf.org
Omocestus (Omocestus) rufipes (Zetterstedt, 1821) P Massa et al., 2012 X www.gibf.org
Stenobothrus lineatus lineatus (Panzer, 1796) P Massa et al., 2012 X X X www.gibf.org
Gryllidae Gryllus campestris Linnaeus, 1758 P Massa et al., 2012 X X X X X www.gibf.org
n.d. P Massa et al., 2012 X X X X www.gibf.org
Tettigoniidae Dectitus sp. Serville, 1831 P Massa et al., 2012 X www.gibf.org
n.d. P Massa et al., 2012 X X X X X www.gibf.org
Tetrigidae Tetrix sp. Latreille, 1802 P Massa et al., 2012 X X www.gibf.org
Raphioptera |
Family ‘ Genera/Species ‘ Thropic calegorvl Bibliography |IUCN‘IUCN EthiolFinthecot‘Gna!‘ Pecolana!‘NE\NI Bibliography |
Raphidiidae Raphidia sp. Linnaeus, 1758 X X X X www.gibf.org
Aranea |
Family | Genera/Species [ Thropic category] Bibliography [TUCNIUCN EdFbio[Fint]Gecot[Gnat[Pecot[Pnat[NEW] Bibliography |
Araneidae n.d. Z Trotta, 2005 Trotta, 2005
Dysderidae n.d. z Trotta, 2005 X X X X X X Trotta, 2005
Eresidae Eresus sp. Walckenaer, 1805 z Trotta, 2005 X X X Trotta, 2005
Gnaphosidae n.d. VA Trotta, 2005 X X Trotta, 2005
Lycosidae nd. z Trotta, 2005 X X X X X X Trotta, 2005
n.d. n.d. Z Trotta, 2005 X X X X X X Trotta, 2005
Salticidae n.d. z Trotta, 2005 X X X X X X Trotta, 2005
Thomisidae n.d. Z Trotta, 2005 X X X X X X Trotta, 2005
Scorpiones |
Family ‘ Genera/Species IThrnpic categnryl Bibliography |lUCNIIUCN El‘FhiolFinllGecnl‘Gnat‘ Pemtll’nallNEWl Bibliography |
Scorpionidae n.d. Z Gullan & Craston, 2010 X X www.gibf.org
Opiliones |
Family l Genera/Species [Thropic cstcgoryl Bibliography |[UCN[IUCN EﬂFbiolFinthccut] Gnat“’ccotl Pnat[NEWI Bibliography |
Phalangidae n.d. ? X X X X www.gibf.org
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