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Aim of research

Biodiversity isindispensabldor 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 @msequentlyedudion of habitats]imited trophic
availability and climate change are causing a drastic decline in biological, genetic and habitat diversity
(Colazzaet al, 2018; PNR 2022027)and, for these reasonsjs essential to takactionsto protect and
safegardit at alllevels. Pollinators are extremely sensitive and vulnerabieieandisturbanceand for
examplesprolonged exposure tthemicapesticidesanimpair their learning capacity, shagrm memory
and orientationleadinga redwction in pollinationratesof both cultivated and wild plants (Ispra, 2020). In
addition, climate change causes@ overlapping between thifowering period andhe phenological
rhythms of oligolectic species, closely related to particular plant essentais phenomenonoften
overlooked, is particularly alarmingecause it canausethe extinctionof many animabnd plantspecies
Furthermore, the placement of hives in natural environments due to the increase in the beekeeping industry
leads to interspéiic trophic competition between domestic and wild b@édsuillard-Lampleet al.,2023).
The majority of floweringplant species require pollination to produce fruit and serdg is also known
that entomological biodiversity contributes itaproving the quality of plantations and, consequently,
agricultural products, especially if sustainable cultivation practices are adopiagtoecsystemsthe
preseration of uncultivated ecotonal are@&simportantas they areeservoirs of biodiversityproviding
feeding and shelter sites for numerous pollinator spé€iekmzzaet al.,2018; Bortomeugt al., 2014).
Despite their importance, in Italy (and especially in the South) tkere availabledata abouthe faunal
community andhe conservation statuof Italian beeslt is crucial to study wild bees to assess species
presere their abundancand their distribution in natural settings and in agmystems, with particular
reference to oligolectic specjewhich are moresensitive to environmental Kations (Danforth et al.,
2019.
In forest habitat, saproxylicbeetlesare used as bioindicators of the health and conservation status of these
peculiar ecosystenmandthey are crucial to maintagcosystenbalanceln fact, @proxylic insectslepend
on decaying wood duringt least one stage of their life cy@rd they arémportant because, by feeding
on the dead wood, thegcycle essential nutrientdowever,wrongsilvicultural practicesasthe removal
of fallen logs and perishing tregsaninterruptthe nutrient recyclingand eliminatesntire populations of
saproxylics. Somepecies obaproxylicare protected by law and many beetles are included in the IUCN
Red List of ItalianSaproxylicBeetleg/Audisio et al.,2014).
The agroecosystems of tlsla Plateau are immersed in distinctive landssapentexts dominated by
natural and sermatural vegetation ecotones. Ecotones creaigueenvironmentatonditions that must
be enhanced and protected. The main objective ofréisearch project ithe study and safeguardf
entomological diversity in both mountain and agricultural contexts located withifPBileay to assess
possible differences based on vegetation and land use. Specificallgc@gstems deicaed to the
cultivation of Sila IGP potatswere selected for the project activities and investigated for the firstiime
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orderto identify species of agronomic interest, phytophagma insect antagonist&nother aim of the
project is b assesthe health statusf pollinatorpopulations linked to natural areas agoecosystemnisy
verifying the peentialimpact of agricultural practices adopted by theserfarms.

Carabidae, the main soil bioindicators for assessing environmental quality, weranalgsed A
bioindicator is an organism that responds predictably and rapidly to disturbance flotopsesencéor
absencedf some specidgadicaiesenvironmental quality and the impact of human adéisitn ecosystems.
From anaturalisticperspectivethe mainbiological characteristicef Carabidae includeispersal power
(the presence or absence of membranous wings suitable foy, figlatgraphic distributioffrom wide
distribution to edemisn), diet and degree of specialization and species divéBiigndnayret al, 2005).

Soil fauna also play a key role @mvironmentafuality. In particularundergroundiological formscan
indicate the degree of soil alteration by the @B3nethod. This method is based on the gani s moé s
morphephysiological adaptain to soil life. In fact, edaphicfaunahave a higher EMI value than less
adapted forms. The value is assigned based on certain morphological features, theqiresence or
absence of eyeaumber of legs anldody coloration(https://www.arpa.veneto)it

Currentgrowth in food demand as a result thie increasing human population requires immediate
alternatives to the use of synthetic fertilizers. Green agricultural innovation involves experimenting with
new andorganic technique@oguszet al.,2021; Klammsteineret al., 2020; Houberet al., 2020) For
example, some insects, are bred to produce animal fimedquacultureandfor human diet their mass
farminggenerates large amounts of waste, known as frass (excrements and d¢Rava@r)ld e used as

a biofertilizerin order tocontribute to the development of resilient and sustainable agric(ftimeet al.,
2022) In light of this,amotherobjectiveof the researclhs to analyse the use of frass of some insect species
through botHaboratory and field tests. Firstly, thaboratory testevaluatedhe vegetative response and
growthof Solanum lycopersicurv. Micro-Tom plants while the field tesat the open area Laboratory of
Forensic Science and General and Applied Entomolo@®IBEST, UNICAL, evaluatd the influence of

frasson soil biological quality.



1. Introduction
1.1 Biodiversity

Biodiversity is the variability among living organisms in all existing ecosystebusrentbiodiversityis
originated frommillions of years of evolutiorandnow 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 inseqiis 1@)¢https://ourworldindata.olg

? i N 1. o . N l
Number of described species O e’
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.

2.16 million

All groups

Insects 1.05 million

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

4,541

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.

Grgph 1.1 Number of Eukaryotes currently describedr{vorldindata.org)
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Biodiversity is studied atthe genetic, species and
communitylevels(Fig. 1.1)and dl theselevelsare
Ecosystem . .

diversity essential for the persistence axfosystems balance
(Levin, 2001; Primack 2007; Verma, 2016).
Biodiversity corresponds to intraspecific genetic
variability between geographically separated

populatiors and between individuals of the same

population Primack 2007). Genetic variationn

individuals with sexual reproductipaccurs through
Figure 1.1 Biodiversity pyramid No ni | &-

) genetic recombinatiofLevin, 2001).Undoubtedly,
Ni kolil, 2021)

small populatios with low dispersal powesremore
vulnerable tdnbreedingdepression due toonsanguinitywhich canreduce the survival and reproduction
fitness of organisms.In fact, ppulatiors with less genetic diversity may not respond positively to
environmental stresses anotiieneckgyMukhopadhyay & Bhattacharjee, 2Q2%onic & SijacieNikolic,
20217). Neverthelesshigh biodiversitywaluemeans that communities are more likely to respond positively
to environmental pressure (Ryan, 2022pecies richness is the number of species présentertain
habitat (Levin, 2001)and in healhy ecosystemscommuniy is composed ofnumerous and equally
distributedspecies In addition,speciesdepend on each othbecauseall organismshave a key ple in
maintaining the ecosystem equilibrif&beling, 2014)Biodiversity also includes the differences between
the biological communitieand the intraand interspecific relationshig®rimack 2007) Furthermore,
biodiversityconsistin the variety ofecosystems, such as deserts, forests, wetlands, mountains, lakes, rivers
and agricultural landscapeashich arecomposedf a communiy interrelatingwith abioticfactorslike air,
water and soil around thefRawat & Agarwal, 2015)
Biodiversity is not eqgally distributedon Earth.In general, there is a latitudingtadientwherediversity
increases from the polar zate tropics andheequatorln fact, t is higher near the equator thanks to the
warm climate andligh primary productior{Primack 2007;Rawat & Agarwal, 2015)n terrestrial habitaf
species richness is influenced by topography, hydrography, climate and habitats, as well as its
paleogeographyAdditionally, speciesdiversity decreaseat high altitudes and increasewith surdight
irradiation andprecipitation Furthermore, complex topograplggnerates a wide variety of habitats
making genetic isolation and eventual speciation posgPtenack 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 fetaaeas that
remained isolated during glaciations andny islands in the Mediterranean Basin are characterised by a
high degree of endemism. Endemisneiigcial in relation to extinction: if the populations of an endemic
species contract to the point of extinction, that species disappears from the plamati;P2007; Isik,
2011).



W Hotspots

Map 1.1. Biodiversity hotspo{®ariotti, 2019

Endemic species are majrconcentrated iareaglefinedasbiodiversityhotspos, wherethere arel4% of

all plant speciesn only 1,4% of the Earth's surface arddap 1.1) Initially the biodiversity hotspots
identifiedwere25 (Myerset al, 2000 Rawat & Agarwal, 2016while now they are84 and arestill being
updated(Mariotti, 2015).Hotspotshaveto satisfy some criteria such antaina minimumof 0,5% or

1.500 species of endemic vascudpeciesand have lost aleast70% of their primary vegetatidiMyerset

al. 2000) The MediterranearBasinis one ofthesebiodiversity hotspotsand it isdivided into tensub
hotspotsased on endemism and floristichnesgMédail & Quezel, 1998 Thanks to its central location

in the Mediterranean Sediéaly has a remarkable biodiversity in terms of species, communities, ecosystems
and landscapescompared to other temperate countriesrthermore, the Alps, Congntal and
Mediterranean biogeographical regions ar@@sentvith possiblanterpenetrations between thel@spite

their differences. Moreovethe Alps and the Apennines create geographical barriers which can influence
the mesoclimate and species dmition (Primack, 2007; Mariotti, 2015; Reveedtal.,2023). As we can

see from the map (Map 1.2), Italy is one of the richest European countries ineegslpecies and this
because it was a refuge durigigciationandalsobecauseayeographicallyit is extremely close to Africa
(Revertéet d., 2023).
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Map 1.2. Different bee species richness in Europe (Regtek, 2023

Any strategy for the conservation of biological diversity requireslia understandingf how manyand

which speciegxistand how they are distributed. According to current knowledge, insects are undoubtedly
the most diverse group with the greatest number of described spdoresver, it is estimated thabout

half of the species that actually existvhabeen described (Primack, 2007). Knowledge of the world's
existingspecies is far from complete feeverakeasons, especially for species that are inconspicuous and
difficult to sample. Moreover, ageneral problem that limitshe knowledge of biodiversity, and
consequently its protection, is the lack ofsafficient number of specialist taxonomists capable of

classifying samplet the species levéRaven & Wilson, 1992).

1.2 Threats to biodiversity

Biological communities are strongly threatened by human actiylasemet al, 1994)andthe genetic
diversitycanalsodecreasgeven among species whose populations are in good con@tiomack 2007).
Threats to biodiversitgancauseextinctionof several specie® a short timgPrimack 2007; Proenca &
Pereira, 2013gspecially iftheyact synergisticallyfor exampleacid rain and deforestation combtions
can causetenselynegative effectentree® h enaakirtg them more vulnerableparasitic attacks (such
as fungi, insects and other pathogemdydrs, 1987 Primack, 2007; Brat & Pathak, 2020Q earlier
geological eras, extinction was compensated byetlwdution of new speciesinstead,now the rate of
species extinction is highd¢han the rate of speciation duehaomanactivity (Leakey& Lewin, 1996
Primack 2007.
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Themain pressuresn biodiversitycan be summarized {frig. 1.2):
- Fire, destuction andfragmentatiorof habitats
- Pollution
- Intensive griculture;
- Climate changeand global worming
- Introduction of alienspecies and pathoges (Primack 2007; Rawat & Agarwal, 201%olazzaet
al., 2018.

Interaction Disruption Global Warming

Climate change is affecting
ranges globally. Here ants are
invading and consuming
wildlife in cloud forest never

Fire

Global warming elevates
fire risk. Fires in Australia,

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

Amazonia, and California Storm Intensity

before exposed to these

marauders. burned an unprecedented  ¢imare changes bring stronger, more
>5 million hectares of frequent storms and hurricanes; more
forest in 2019. fire-igniting lightening; and damaging Droughts
— i floading. Periods with diminished
precipitation are becoming
e % longer, more frequent, and
Nitrification wargmer. with gra%e

Fertilizer and products of fossil consequences for all life.
fuels combustion are nitrifying the
planet, challenging the biotas
adapted to low-nutrient

DEATHBYA ¢
THOUSAND CUTS

Pollution

Chemical, light, and sound
pollution of water, air, and soil are
impacting plant and animal life
worldwide.

Urbanization

Qur global population of 7.8 billion,

spread planet-wide, comes at great
cost to biodiversity and wildlands.

.

Introduced S

Global trade is accelerating the
movement of pernicious plants,
animals, and pathogens to new
regions—often with devastating
consequences.

Agricultural
Intensification

Industrialized agriculture, with

its attendant increases in scale,

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

Deforestation

The tropics lost 11.9 million
hectares of forest in 2019, mostly to
agriculture,

Insecticides

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

Figurel.2. Causes of Biodiversity Declin®/agneret al., 202)

Already, over 500 vertebrates have
been driven to extinction.

Due to the increasef 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; Wagredral.,2021). As a result of centuri@§ human activity, only % of

the Mediterranean basin's native forests are currently intact (Primack, 2007; Betrbera2023).
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Therefore, it is vital to protect and conserve natural habitats, especially those where species, communities

or ecosystemef special interest are found (Primack, 2007).

Soil is a highly altered abiotic component in habjtatsustainable Contiguous Fragmented

Interior
Habitat‘—* \

-\

-

M
>

agricultural practices and mechanical tillage erddeeducing its

capacity to absorb and process watatditionally, intensive grazing
and incorrect silvicultural practices hawehanged the natural
vegetation cover and consequently the soil compositloneover it
is susceptible to desertification in Mediterraneaeas(Allan &
Warren, 1993; Primack, 2007).

In addition to he destruction of natural environments, habi

\

Edge/

Habitat

fragmentation (Fig. 1.3) is another cause tolttoeliversitydecline. Figure 1.3 Graphic example of habita
This phenomenon, cagdby human activitysuch ashebuildingof  fragmentatiorwww.naturetrust.bc.ga
infrastructures, divides a continuous habitat into severabseds,

restrictingthe migration of species, especially those witbvadispersal powemMoreover,fragmentation
makesbothtrophic resources and reproductive partner ndiffecult to find; additionally, ithas an impact
onabiotic parameteithat are essential for the survival of speciesliia, temperature, humidity and wind

(Allan & Warren, 1993; Primack, 2007; Barbetaal.,2023).

Another risk factor for the endnment is the @llution 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 strafifipcts orclimate, biodivesity, agricultural products and human
health (Primack, 2007). In addition, deforestation, fire and the -exptoitation of wood for domestic
heating have further released more ,C@o the atmosphere (Primack, 2007). As is well known,
biodiversity is stongly influenced by climate change (Bellatal.,2012). In factchanging ofseasonal
temperature alters the phenology, physiology and distribution of species as well as encouraging the
settlement of alien species (Primack, 20@rganisns that are owdide their natural range of distribution

due to human interventiareknown as pn-native speciegor alienspecies In contrastspecies that have
evolved and spread spontaneously in a certain aregefinedasnative specieéPellizzari & DallaMonta,

1997 Primack 2007. Invasive alien species are a threat to local biodivelstyause thegan disturb

native species througlompetitions odisease transmissi¢Rellizzari & Dalla Monta, 1997 eniset al.,

2009).

Effective conservation plansr@necessary tprotectbiodiversityandto apply them only a mediunilong

term monitoring can assess the state of a population ovemntimeh may be stable, fluctuating, declining

or growing.In addition, he sty of the natural history of rare or threatened speciepiitaain successful
conservation programméBrimack 2007 Montgomeryet al.,2021).

The International Union for the Conservation of Na{lid&€eN) hasdefineddifferentcategories of riskand,
thanksto their classification, a specieanbe considere#xtinct (EX), Extinctin the Wild (EW) Ciritically
Endangered CR), Endangered EN), Vulnerable(VU), Near ThreatenedNT) or Least Concern (LC)

12



However, for many specidtsis impossible to prasely assess their risk of extinction becauseethsr not
sufficientdataabout their populatiohealth(Primack 2007).The IUCN also collected informaticabout

rare specieand what measures could be taken to prevent extin@iegonet al.,2000)

1.3 Entomological diversity and its importance
Arthropods are the largest phylum of living organighes/in, 2001 https://ourworldindata.ojgandamong

these, insects are the dominant animal group on @aridrms of taxonomic diversity and ecological
function (Schowalter, 2006)Currently, the 60% of all described species are inseatsl the number of
undescribed species daiite difficult to estmate (Price, 1997) species are distributed unequadisnong
ordersand thosawith the greatest number ti#xa are i) Coleoptera+ 350.000 species);) Hymenoptera
(~ 250.000 speciesiij) Lepidoptera+ 158.000 species)y) Diptera ¢ 150.000 speciesy) Hemiptera €
95.000 speciegFig. 1.4) (Gullan & Craston, 2010).

Figure 1.4 Entomological Diversitysfimaldi & Engel, 2005)

The high species richnedspends on severtctors:
- Small size;
- Quick life cycle
- Evolutionaryrelationswith plants;
- Metamophosis
- Flying ability.
13
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The small sizeof insects is a morphologicaharaderistic that allows them to distribute in numerous
ecological nichesinlike large animals for examplea single treecanoffer trophic resotcesfor a large
herbivorous vertebratghile it can support the entire life cycle edverakmallsizedspecies with different
ecological rolesln addition,small size can reduce intra and irspecific competition. Importantlyapid

life cycle makesinsects better adapt to environmental chartgesugh geneticecombinationbetween
generationgGullan & Craston, 20L(Prince, 201} Furthermore, their life cyclavhich consists of several
dissimilar stagesinfluence speciatiorbecausethey can use different resources and colonidistinct
habitds according to their life stagé&ullan & Craston, 20L0Prince, 201} Finally, insectsare the first
organisms to develop flight and thereftineyhave a high dispersal powgrimaldi & Engel, 2005).
Insectordershave different morphologies and habier example, betles are characterized by the presence
of wings modified in sclerified structures calletytra and below them there are a pair afiembranous
wings. Althaughelytra ae structures for the protectidorom dehydration and funggenerallythey make
these insects iefficient flyers (Grimaldi &
Engel, 2005Gullan & Craston, 20)0Beetles =, 1. 2 suborders of Coleoptera:

are allholometaboliand their diet is extremelyf

varied: they could be saprophyte

necrophagous, saproxylic and phytophago ot

The European beetles are divided into ty of Lt ab ssgmert

: =
Y lea| L, [ iposterios margn
T ey
LAl \, extends completely

subordersAdephaga and Polyphaga (Fig. 1.4

the second group is the most humerous an sl
Adephaga:

diverges from the first one by the absence @ Sou e ke
. ¥ fscid » everything else
notopleurasuturegChinery, 2010). e eqeoply

Hymenoptera is the most diversifieorder Figwe 14 Adephaga vs Polyphaga morphology

because it includes ants, wasps and be€ (hitps:/jarchivo.infojardin.copn
Hymenoptera are divided in Symphyta

SYMPHYTA APOCRITA
(Sawflies), which have a convention: = ¢

ocellus

1
eye  HEAD HEAD

trisegmented thorax, and Apocrita (ants, be mesuun

and wasps) which presentanstrictiorbetween  w—5=/ &

AN TS
mnopnmomm-'__ﬁ&_ . ‘\xppcndlgc

thoraxand abdomen (Fig. 1.5). APOCIita are ¢ awm— 755 2 5\ sawsun

mesoscutellum
THORAX

MESOSOMA
itellum

mstasoutsn A

metacoxa ——=rb T PP T L) ——

. . _— 7l L)
extremelyvariedgroup of insecta/hichincludes  meuposmn"

spedes with different eclogicalfunctions such #‘: ; oo s
as ectoparasitegjeptoparasites, predators ar fj g
[ L

pollinators (Branstetteret al., 2017). In this N

cercus

@:—ovlposl!ur sheath ovipositor (sting)

group there are 3 superfamilies: Chrysidoide _ .
Figure 1.5 SymphytasApocrita morpholog (Goulet & Huber,

Apoidea and Vespoidea (Chinery, 2010 1993

Chrysidoidea is a very laegcosmopolitan group

and they arealled cuckoo waspbecause they aml cleptoparasites of other insedisstead Apoidea
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have their bodies covered with rsaind special structures for collecting the poftem flowers In addition
to pollinators.this taxonalso includesuckoobees that parasitize other speciesvidl bees.In contrast,
Vespidae have glabrousbody anda bright aposematic coloratidiChinery, 2010).

Dipteraaredivided into two suborders Nematocerayhich

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 clstaped, which
perform the functiono adjust lalanceduringtheir efficient
flight. The differences between the two groupsratably

evident: Brachycera have a more robust bedyh a
, developedchaetotaxywhile Nematocera are slender; in
Figure 1.6 Nematocenss Brachycera morpholgg
(Beracko etl., 2017 addition, Brachycera have antennae wihort aista
whereasin the Nematocerathey are long and filiform.
Brachyceraalsoplay different ecological rolefrom thedecomposition of organic matte pollination;

they arealsoholometabolidnsectgChinery, 2010)

Lepidopera include butterfliesand mothg(Fig. 1.7). [m g
In Italy there are more than 4000 specird, between iy =2)
them, there arenportant pollinators. These insects a
characterized by two very developed pairs of wing’

covered bybright and showy scaledn butterfies,

antennae are long and clavaieile filiform or

combed in moths_epidoptera arall holometabolic  Figure 17 Morphology diferences between Butterfly ar
Adult Lepidoptera feed on sugary substantks Moth (https://www.majordifferences.com)

nectar, while caterpillars often eat leay€sinery, 2010).

The order of the Hemiptera $sildivided into two sukprders: Homoptera and Heteroptera. They are two
very divergentgroups ofinsects and the onkimilar morphological character emouth@rt modifiedinto

a rostrumuseful for piercing and extracting liquids from animals and plants. Heteroptera are particularly
colourful insects that are distinguishedthg presence of a pair of wings modified to form temelytra
unlike beetlesin this case wings are membranous in the distal portion and subsequently scledfidke
body. On the other handJomoptergcicadas and aphijiare small insects with two paiof membranous
wings closedasroof in a resting conditiofChinery, 2010).

Finally, Orthopterancludes crickets and grasshoppers. They are divide&irsifera, with antennae longer
than body, and Celifera, with shertores. They are elongated insegtgh particularly developed hind legs
for powerful jumpng. Characteristic is the speciggecific stridulation they emit in the reproductive period
In addition,they have also developednaimetic coloration that makes them extremely crypticthe

environment(Chinery, 2010).
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Inseck are extremely significant for the ecosystems baldRdace, 1997)They play a key role in several
ecological functionssuch as
- Transformatiorof plantbiomasdnto animalbiomasgshrough phytophagous species
- Preysfor zoophagouspecies (both vertebrates dandertebrates
- Decompodion of woody and plarhiomassandrecycling of nutrientdy herbivorous, detritivores
and saproxylic insects
- Decompodion of animal biomasbiomassandrecycling of nutrientshrough necrophagous and
saprophagous specjes
- Control ofanimal communityy transmission of diseases, predation and parasitism;
- Maintenanceof the composition and structure of the plant community through phytophagous and
spermophagous specjes
- Pant propagation, including pollination and seed dispé@allan & Craston, 20Z(Prince, 2011

1.4 Insects for environmental quality and forest managemenassessment

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 agseditytbie
ecosystemdndeed, imindicators aravidely used for detecting and monitoring environmental chazaiggs

to be consideredseffective they must possess the following characteristitsr welldefined taxonomy

and clearly understood ecolodly;awide distribution over a large geographic aigpa specialisation for

specific habitat requirements) provide early signals of environmental changesimple and inexpensive
sampling;vi) a stress response that is representative of other spettiesicosystertKremenet al.,1993;

Hanet al.,2015;Chowdtury et al.,2023)

According to their context, bioindicators aligidedin biological, ecological and environmeniadicators

The firstcategoryis represenby functional groupsvith considerable diversity in terms of characteristics,
species richness or level of endemiased toassesaind to identify areas of high conservation value
(McGeoch, 1998; Stewaet al., 2007; Chowdhurgt al, 2023) the ecological indicators reflect thepact

of longterm stress on a biotic system, such as habitat fragmentation or climate changé#ngrovi
information on ecosystem dynamijoshile environmental indicators are used to gather data on local
environmental changes, such as soil or water potiuiGullan & Craston, 2010)Anyway, there are
different bioindicator insecthatcan be used in distinct habitgtsig 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; Chowdhunet al., 2023). In
contrast, Lepidoptera and Apoidea can be
usedto assess thelegree of pollutionin
agroecosystemsbecause pollinators are
sensitive to heavy metland pesticides
(Sharma & Sharma, 2017; De Grost al.,
2022; Chowdhunet al.,2023). In particular,

the wild bees consume and accumulat
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Agquatic Ecosystem

pollutants from flower nectar, which they then
transfer to their nests. In fact, dead bees ar
their nest are chengally analysedorecisely

Forest Ecosystem

to assess pollutant levels (Porratial.,2003;
Chowdhury et al., 2023). Moreovet the Figure 1.8 Prinipal insects bioindicator€howdhuryet al.,

presence of #se pollutants in soil can also be 2023)

measured through the presence of Formicidae (Andetsain 2002; Chowdhuret al.,2023).Dipterans

are considered good bioindicatas well for example, the family Chironomidae show the presence of
pollutants in mantain ecosystems through the formation of morphological aberrations on antennae
(Chowdhuryet al.,2023), while hoverflies are effective bioindicators of the management of faeisat
(Sommaggio, 1999).

The most widely usednd studiedbioindicators areground beetlesbecause they arable to adapt to
different environmental conditiong.he carabidfaunachangein abundance and specific composition
according to environmental quality and vegetation cdwéaict, the ovet 300Italian species adistributed

in diversehabitateven if he higheshumberof species is imlpine grasslands, beefdrests and mixed oak

forests becausef altitude, soil type and local climatic conditiofBrandmayret al.,2005).

In addition to species richness, the distribution range, trophic specialization and dispersal power of carabids
should also be consider¢nl assess environmental qualifyor exampleendemicspecies, which have a
restrict distribution rangere sentinels of good qualityhile widely distributed species, which are able to
adapt to changing conditions, may indicate less environmental staloifagt, exdemic species of ground
beetles are more common lreech and oakorests,thanin sclerophyllforestsor arid Mediterranean
landscapeg¢Baroniet al.,1978;Brandmaytret 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 stakleonmentsand thisbecause a generalist flying species can
adapt better to environmental changes than a more specialist ones (Brandmayer, 200%t i 24:i5;
Mazzeiet al.,2017).
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For esample,everal species prefer cool forests, while others, suchg
Abax parallelepipedu@iller & Mitterpacher, 1783) (Fig. 1.9), are mo

generalist because they are adapted to various types of woodland.

The presence of somargetspeciessuch asCarabus italicusDejean,
1826 can be anindicator of good soil conservation forests In
contrast, practicolougenera, such aklarpalus Latreille, 1802 and

Amara Bonelli, 1810 which are generally characterized by metalli

|
coloured liveries show a close association with herbaceous oaw;‘..

linked to dietary specialisatioBomeexample of opportunistic species Figure  1.9. Individual = of A.
which live in cropland soil arélarpalus distinguendugéDuftschmid, parallelepipedusF. Carlomagno)
1812) andPseudoophonus rufipéBeGeer, 1774§Thiele, 1977Brandmayret al.,2005 Pizzolottoet al.,

2005 Gobbi & Fontaneto, 200&izzolottoet al, 2008 Pizzolotto, 2022; Pezei al.,2024).

To preserve biodiversity, it is essentialgay attentiornto the forest managemeiractices In the past,
forests wereoverexploitedand rotten wood was often removed because it was considered attriactive
pathogens and harmful insects. Fortunately, in recent yearsjmgeaod has finally been recognised as

a pool of biodiversity, as it provides shelter and nutriteomj hostsmany 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).

Dead wood

Its key role in nature oy

Dot wivead i indlis peesabie for food, residene
and a5 2 breeding place for well over 3 tenth of

all ipecie an .

Each decay stage has s cwn flora and fauna. -
Hany nutrmnts pass through dead swood and

the soil back imo the rotural cpcle.

Figure 1.10 Importance of dead woadw.ark.eu)
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Woody necromass idividedin Standing Dead Trees (SDT) and Lying Deadwd®i@dT includes dead
plantsthat arestill in an upright position while the secondtegoy includes trees and branches fanger
archored to the ground. Lying Deadwoark categorized inoarse woody debris (CWD) and fine woody
debris (FWD). CDW includewood with a diametermore than 10 cmwhile FWD includewood with
smaller diametefMorelli et al.2007; Audisicet al.,2014)

Saproxylic beetles are insects thatlinked todead and decaying wood for at least a stage of their life
cycle These insects are extremely importanEuropearforesthabitatbecause agether with fungi, they
provide thewood decomposition and nutrient recycling in natural ecosystems. Saproxylic beetles are also
an importantrophicsource fowvertebratesind some species participate in the pollination pro&ass et

al., 2018) In Italy, research osaproxylicbeetleshas increased significantly over the last decade, with a
red list of 2049 species of beetles belonging to 66 fanfie®ori et al.,2022).

Soil is an importanand often underestimatstbreof biodiversity and the soil fauna playsentralrole in

the functionality of the soiby improving its chemical and physical properties, such as poroaity,
circulationandnaturalmatterdisseminationPedofauna feexbn litter, which is composed by decomposing
plant particles and animal debris (B&B70; Gullan & Craston, 2010), recirculating important nutrients.
Moreover, interactions between microarthropods and fungi inside the rhizosphere and other soil layers
makenitrogen and phosphateoreaccessibléor plants (Gullan & Craston, 2010h summary, pedofauna
diversity increasgsoil fertility (Jefferyet al.,2010; Maharninget al.,2008).

However, fertilizers, herbicides and synthetic pesticidesrease th@bundance andariety of soil
communities(Altieri, 1999; Tabaglicet al.,2009).Edaphicfaunahassome common morphological and
anatomical characters like the reduction of body size, anophthalmia or microphthaltar&gna or

microgpterism, reduction of cuticle thickness and depigmentdBah 1970; Gullan & Craston, 2010)
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Figure 1.11Diagram of view of soil profile. The organism deceptive are: Formicip€obllembola 2;13;17),
Coleoptera adults3(4); Dipteran larvaeX;11;12;15;18; Diplura §); pupa of Coleopter&); Archeognatag);
Dermpateraq); Coleoptera larva€el(;14;19); Protura 6) (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 wadlcomposed litter and humtish 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 suface layergGullan & Craston, 2010Moreover, ight 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 QBSar method(Soil Biological Quality) is a biomonitoring technique teatluatesoil quality based

on the presence of edaphic arthropodibese organismare sensitive to soil conditions and their
presence/absence is an indicator of soil health. The metihadeésl on the concept of "Biological Form"

and uses ecomorphological indices (EMI) to characteriz@e¢defauna communitgParisiet al., 2005)

As a qualitative assessment, it is usdtul distinguisting thedisturbance andalterationsin soil quality

more quicklythan traditional indicatoréMasarinet al., 2006). A QBS-ar indexvalue over 150 means
undisturbed rich of organic mattswil, such as forestandthis value indicategood soil biological quality.

In contrast, m agrarianandregularly workedsoil the index takes valudslow100 Values below 5@8how

poor quality situationw/hile values around 100 indicaaelequatesoil quality(https://www.arpa.veneto.it).
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1.5 Pollination

Pollinator populationgnsure theeproductve success of plants atiteyare extremely important for the
protection of biodiversity anecosystemglspra, 2020).In fact, plans need pollination for sexual
reproduction(Fig. 1.12),which consistof the transfer of pollen gnas (containing the male germ nucleus)
from the anthers of a flower to the stigma of the same flowergs#ihation) or another egpecific flower
(crosspollination) (Tandoret al.,2016).Subsequently, the pollen tube develops from the stigma angl, onc

thepollen tube raches th@vule in thefemale ovaryreproductioroccurs(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.

pollen < ’ b /
2. The bee R}ﬁ.‘) ¥\

travels to f
another

plant of the

same type.

© Encyclopeedia Britannica, Inc.

Figure 1.12. Scheme about pollination procésp$://www.britannica.com)

Pollen can be transferrég wind (anemophily pollination) but entomophilous padition ismoreefficient
for flowering plants (Walker, 2021) for several reason

1 Reduction ofvasted pollen;

9 Pollination under environmental conditions not condugive

1 Increased genetic recombinatig¢@Gullan & Craston, 2010).

Cross pollinationis an inseciplant mutualistic relationshipbecausgethanks to insects,lgnts can be
pollinatedby another conspecific indigiual toguarante geneticrecombinationwhile pollinatorscanfeed
on pollenand nectaof flowers To attract pollinatorgplants sediversestrategiessuch ashe movement
of the flowergfor bumblebegks visual and olfactory signals atite production ofrophic reward¢Faheem
et al.,2004;Khalifa et al, 2021) Nectaris a solution of glucose, fructose and sucra$dle pollenis a
high proteinsubstance composed starch, lipids vitamins and inorganic sal{&evan & Baker, 1983
Ollerton, 2017. Generally, i is more advantageous for plants that pollinators are specialised organisms,
faithfully visiting only the flowers of ne or a few plant species, as they are much more effective than
generalistgGullan & Craston, 20L1M®llerton, 2017.
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Pollinators share commomorphologicalcharacteristics such as

body covered with bristles (Fig. 1.13) anchauthpartsuitable for [#58
nectar harvesting. The bristlémld pollen, which is transferred <
from aflower toanother(lspra, 2020).
The main pollinata are Coleoptera Diptera Hymenoptera and|

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

mainly to obtaintrophic resourcesbut some speciegspecially

beetles,canuse flower as a shelter or as a predation #t8S Figure 1.13 Pollinia on Scopa of a wil
becomingaccidental pollinatoréGullan & Craston, 201M®llerton,  bee ( F. Mendicino).
2017).

Figure 1.14 Pollinators. IA: individuals of Lycaenidae; iB: individual of Bombyliussp.; inC

individual of Oxythyrea funestan D individual ofHabropoda tarsatdF. Carlomagno).

Cantharophily is the pollination made bgetles Among Coleopterathefamilies of main flower visitors

are: Buprestidae, Cantharidae, Cerambycidae, Cleridae, Dermestidae, Lycidae, Melyridae, Mordellidae,
Nitidulidae and Scarabaeidé8ullan & Craston, 2010)n particular,Coleoptera are considered the most
primitive pollinatorsasthey were already well differentiatgadiringthe Angiospermsvolution(Kevan &

Baker, 1983)ut, cespite this, beetles are identifiedfescondary polliators bothbecause they have not
specialized structures for pollination atiey often candamage thé | o woerplla (@ottset al., 2021;

Muinde & Katumo, 2024).
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Myophily, on the other hand, is pollination figs that visit flowers in search of nectatthoughSyrphidae
feed mainly on polleiiGullan & Craston, 2010Many dipterans are able to use different food sources, so
their pollination activity igjuite unpredictableHowever, thie abundancenakes them important pollinators
for many plantsespecially tocompensatéhewild bees declineGullan & Craston, 2010Hoverflies play

a significant role in the pollination of several plafRsttset al.,2021) especially those with hidden nectar
such aRanunculusp. (L., 1753)Galliumsp. L., 173, Matricaria sp. L., 1753Chrysanthemurap. L.,
1753, Taraxacumsp. F. H. Wigg, 1780 anblenthasp. L., 1753 Drabble & Drabble, 1917As well as
hoverflies, Bombyliidae are important too in polliost process because théyave a long sucking
mouthpartwhich is suitable for flowers with deep corolla (Kevan & Baker, 1983dllination by
Hymenopteras calledsphecophilylnsects belonging to the superfaeslichneumonoidea, Vespidea and
Chalcidoidea arestrongly specialized in pollinating=icus spp. Tourn, 1753. Ants are rather poor
pollinators, although for some species of plants riygmecophilyis known (Levin, 2001) Bees are
generally considered the most important pollinating insect gfidepan & Baker, 1983and hey collect
nectar and polleffior their offspring, as well as for their owdiet (Gullan & Craston, 2010)Another
pollinator group id_epidopterawhichfeed on flowers using a lorqgoboscis Phalaenophily{pollination

by mothg is typically associated with lighittoloured hanging lwers with crepuscular or nocturnal anthesis
while psychophiy (pollination by butterflies) igelatedwith diurnal anthesigGullan & Craston, 2010;
Kevan & Baker, 1983).

15.1 Importance ofApoidea

As previously discussethe most specialized pollinators a

Apoidea(Fig. 1.15) Bees do not refer only to the honey bej
but to a multitaxon of wild beeganforth et al., 2019.
Unlike honey bees, ¥d beesaremostlysolitary. Thefemale *
of solitary bees are all capable of producing progen
building and maintaimg their own nest and lodakg for the
floral resources (pollen and nectafpowever, some solitar
beesform community nests where several active breed{ii§
females share a commorear In these commuigs each Figure 1.15 Individual ofAndrena sp. (F.
female behaves as a solitary bee and there is no cooper C2/10magno).

between the. In contrast, scial bees have a reproductive division of work, which means that the queen
beeis only interested irgenerating progenwhile the othefemalesboth build and defend the nest and
collect pollen and nectar for the developing offspiipgnforthet al.,2019 Richards, 20109

There aradeepdifferences between solitary and social bees. tirhe life in solitary bees is shorter than
eusocialand sociabees. Generallysocially beesare multivoltine, unlike solitary beesin addition,the
foragingdistance fronthenestin solitary beess much smaller (sometimes on the order of-300 m from

its ne$) 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 kilometgreover, he species richness of solitary bees is
highest in arid regions with a Mediterranedimate becaustheseregionshave anextraordinarily high
plant diversity and highly seasonal rainfaltes In contrast, théiodiversity of social bees is highest in the
humid tropics The aim of thesedifferences in distribution are severgirstly, solitary bees generally nest
on land andfor this reasorprosper in humid soik not advantageous for them becafusei couldinvade
the broad Secondly, bloomingperiodin arid and desert environmerdse short and solitary beesan
schedule their eargence to coincide with bloominwhile social bees need flower resources for much
longer time therefore they need longer blog®anforth et al., 203,9spra, 202]

Solitary bees build nests warioussubstrateln particula,
the majority (64%) build it in the ground (Fig. 1.1@)ile
others in wood, in cut stems or using already existi
cavitieswhich are closed withtheir glandular secretions§
floral oils or a combination of sand and plardgiucts like
pieces of leaes(Danforthet al, 2019)

Bees have aseveral adaptations which make the

specialized in feedingollen and nectarThey have, in

fact, a ligula in thie mouttpiece useful to collect the Figure  1.16 Nest of Colletes hederae (F.

] o ] ] Carlomagno).
nectar The morphology of liguladivides Apoideainto
shorttongued (ST) and longpngues (LT) bees (Fig. 1.17). TB& are Colletidae, Halictidae, Andrenidae

and Melittidae while Apidae and Megachilidae are bEegDanforthet al, 2019).

Figure 1.17 Different morphologies tongue Arthe shorttonguedAndrena tibialis(Kirby, 1802)(Fam: Andrenidae); in
B the LongtonguedEucera nigrescenBerez, 1879Fam: Apidae) (F. Mendicino)

Moreover, wild lees have evolvediversestructures to déect pollenwhich could be takewith theirhead,

legs and differerpart ofmese and metasoma. A structure suitable for collecting pollen is the pollen brush
present on the last pair of legs of all females, exiceldiegachilidae, where it is below tladdomen(Fig.

1.18) in addition,cuckoo bees have not brush. The most widely used method for collecting pollen is called
"scrabbling” (Thorp, 2000 Michezet al.,2019 and it is a movement that bees perform on the anttiers
flowers while collecting pollen on the head, legs and mesosoma. Other pollen colkicdimyyis called
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"drumming" (Cane, 2017)jn which they give abdominal blows: this movement is realized by the

Megachilidaewhich have evolved a developbrdishon the abdoinal sternitegDanforthet al.,2019).

Figure 1.18 Different scopa. IA Osmia nivetata(Fabricius, 1804)XFam: Megachilidae) with pollen brush und:
abdomen; irB Andrena nigroaeneéKirby, 1802)(Fam: Andrenidae) with pollen brusch on hind legsMEndicino).

Furthermore, not all species of bees feed at the same time of day. Most #péaes9:00 to 16:00, with

a single mode distribution of activitiiat generally reaches its maximualoring the hottest part of the day.
However, many bees shandifferent time oflight. For example, amewild bees forage in the early hours
of the day andn late afternoon, with anarkedbreak at mieforaging activity, while otherslo not start
foraging until sunse{Griswold & Parker 1988).Temperature is elearelementf the foraging behaviour
of wild bees However, unlike many insects, bees are also optional endotherms and can regulate body
temperature through a variety of mechanig®anforthet al., 2019) The minimumthoraxtemperature
required for bee flighis between 2€C and 30°C(Willmer & Stone 2004)Therefore, beewhichlivein
cool and temperate habitats must increase ttigirax temperature Similarly, bees living in warm
environments must cool thdimoraxmuscles to avoigéxceedinghe critical upper temperatur@ody size

is anotherdetermining factor in the temperature control capacity of bees. Larger bdasttarable to
warm up in col conditions, bubverheatwith hightemperatures. Conversely, smaller bees need more time
to warm up but are able to tolerate higher temperat@egera studies havelemonstratedthat in warm
and temperate habitats, larger bees limit foraging earlyimprandin late afternoon, while small and
mediumsized beesanfeed atmidday(Danforthet al, 2019).The evening andundowrbees, on the other
hand, show both behavioural and morphologatidptations to forage thedark Generally, thg have a
large bodyto permitthemto warm uprapidly during the nightNocturnal and twilight bees have a lighter
colour, probablybecause they are not exposed to gtrengly UV radiation present in bright sunlight
(Danforth 1989 Faheerret al.,2004).

Bees can be oligotrophic, polytrophic aménotropic Theoligotrophicspecies feed on nectar of species
of the same genushereaghe polytrophic species feed on pollen of plasftslifferenttaxa. In contrast,
monotropicspecies feed on the pollen of aglie species. Oligotrophic specfesquentlyhave to compete
with generaliseind specialistrophic resources. Specialist species, however, are muchresogrcefuin

collecting pollen than generalistsurthermoreoligolectic bees gain an advantageeo\polytrophic bees
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by maintaining a close synchronization with thiaiget plantespecially in arid or rigid habita®anforth
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, climatealteration exposure to
pesticides and padgen sprea(Nietoet al, 2014)
Apis mellifera Linnaeus, 1758is the most
widespread nomative bee. Colonies are

Figure 1.19 Image to raise awareness of the decline of composed of thousands of polytrophic bees and
bees [ittps://davidsuzuki.ong

they consumbugequantitiesof pollen and nectar.

It has been estimated that a single colohynoneybeesan eat pollen like about111000 offspring of
solitary bees in 3 months. Nevertheless, there does not seemttojpl@i@competition betwedmneybee

and wild beesprobably because honey bees, communicating in the colony, can quicklftond&eand

more rewarding floral resourcésO6 Ne al & ; GAlel&[Tepedino, 20978 4

Global warmingandconsequenincrease otemperatures can drasticaltyodify the areal of bee species

and can alsaffectthefloral resourcesuch as the number and size of flowers, quality and quantity of nectar
and pollen and floral perfumiloreover climatic change can altepatialandtemporal synchrony between
plants and their pbhatorsand itcould have huge repercussions on the reproductive success of bees and
plants and their lontermvariability (Memmottet al.,2007;Brown & Paxton, 2009anforthet al, 2019
Decourtyeet al, 2019 ISPRA, 2020. Finally, theintensivegrazing of large mammais impactful on wild
beesbecauseertebrateslter the arrangement of floral resoureesithe nesting environmentDanforth

et al, 2019).
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1.6 Phytophagous insects

Plants provide food for a wide rangemifytophagouswhich can be classifidd according to the diversity

of plant species they feed olm particular, phytophagous insects can be divided into monophagous,
oligophagou®r polyphagous specidglonophagous insects are highly specializefg@edon a single plant
speciesvhile oligophagoudeed on a limited number of related speckésally, polyphagusinsectsare

generalists and they are able to exploit a wide variety of p{@ulan & Craston, 2010Cates, 1981
Prince, 201).
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Figure 1.D Distribution of different phytopagous species on a plBninceet al, 2011)

Phytophagous insects catsobeclassified into chewersapsuckers and endophaged,accordingo this,

they can be placed in different areas of phents (Fig. 1.2). For example, e chewersare Lepidoptera

and Coleopteravhichfeedonleaves, flowers, pollen, inflorescences and fallen sg&isce, 201). Beetle

larvae belonging to families Elateridae, Tenebrionidae, Curculionidae, Scarabeid@hrgeomelidae

(Alticinae and Galerucinae) often am@otfeedingand detecting their presence is quite complicaiedi

for this reason, thegancause the collapof plants(Gullan & Craston, 2010)

Visible damage to plants is caused by defaigiinsects 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 néettetthéodamage.
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, 2010CetRrince

2011).

The trophicactivity of phytophagousignificantly affects the reproductive fitness of plants, as they feed on

vital plant tissues, fruits and seeds. The most damagingfdérdinginsects belong to the orders Diptera,
Lepidoptera, Hemiptera and Coleoptera (GullarC&aston, 2010; Princet al., 2011). Having higher

nutrient concentrations than other plant tissues, seeds are a target trophic resource and the main
spermophagus insects are beetles, ankdegsorForel, 1890 andPheidoleWestwood, 1839) and some
bedbugqFam: 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 oftbelped(Gullan & Craston, 2010; Kergoadt al, 2015; Burtet al.,

2022). Many plants develop broapectrumdefencesagainstphytophagousand pathogenic species.
Mechanical defensanclude spines or pubescence on stems and leandite accumulation of silecor
sclerenchyma in tissues. kaddition, many plants can produce defensive secondary metabolites or
allelochemicalswhichinclude phenols, terpenadalkaloids, cyanogenic glycosides andsutontaining
glucosinolates. These compounds can act asleepgl inhibiting insect grazing or egg layiagd also

reduéng the nutritional value of plant part&ullan & Craston, 201 atif et al.,2017; Sintamarizet al,

2018.

1.6.1 Invasive alien species

In recent decadeseveralalien species have been recorded in I{@gllizzari & Dalla Monta, 1997;
Pellizzariet al., 2005)due tothe human activities;limatic conditions andhe strategic position in the
Mediterranean Sed\lien speciesare considereds one of the threats tbiodiversity loss(Kenis et al.,
2009)because they could competih native species farophic resources and territofyucker & Lupi,
2011).Shortrange expansion is mostly attributed to the dispg@akrof adult insects, while lorgange
expansiorns 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 (Petraig<2010).
Fortunately only some alien arthropods becolr@mfulandonce the species has established itself, damage
can only be severe when the population is sufficiently Ig@g&aiet al.,2001).In addition, an alien species
could arrive in a potential new habitat during a season that ifawotirablefor the insect, imposing
challenges to itsurvival and establishmenfor examplethe larva of Leucinodes orbonaliSuennée,
1854 (Lepidoptera, Pyralidae)enerecorded in Milan Airporturing a phytosanitary control amported

eggplant fruits in wirdr and, luckily, the temperaturevas unsuitable for the development of the insect
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(Juckeret al.,2007).However, if it arrived in the spring or summer,
apotentialcolonisationcannot beexcluded In addition, a tropical

or subtropical species could survive the winter in greenhouses or
housesin a temperate climateThe white fly Trialeurodes
vaporariorum (Westwood, 1856) (Hemiptera, Aleyrodidae) and

Harmonia axyridisPallas, Z73 (Coleoptera, Coccinellidae) (Fig.

1.21) represent twoxamples of the application of this strategy in
Figure 1.2 Individual of Harminia ltaly (Jucker & Lupi, 2011)
axyridis (https:/www.inaturalist.org) Moreover, imate change may alter biodiversapnd provide new

opportunities for alien species introduction in areas where previously they were unable toSuithieest,

% 4

2000).For example, the Mediterranean fruit fijeratitis capitata |
Wiedemann, 1824 (Diptera, Tephritidae) (Fig.2},2s nativeto
subSaharan Africaand itis a highly polyphagous phytophagouf
currentlydistributed in areas below 41° parallelNorthernitaly,
this speciescannot overwinter inoutdoor during their pre-
imaginary stagewhile adults can survive indoors for longnnds
(Rigamonti, 2004)Although, climate change, with the progreSS|
increase in global temperatures, could promote a colonizatiol Figure 1.2 Individual of C. capitata
C. capitataat higher latitudeqJucker & Lupi, 2011).Initial (hitps:fiunm.wikipecta.ore)

colonization isfavouredif there is the ability to establish a selistaining populationvith asexually
reprodudion or switch between-randk-selected strategidSakaiet al.,2001).Invasive alien species can
act as vectors of pathogens (nematodes, fungi, viruses, batien@ants and animal$or example,in
1983 the Americarrrankliniella occidentalisPergande, 1895) (Thysanoptera, Thripidae¥ recorded
for the first time inEurope andt is theprimaryvectorof the tomato spotted wilt virus,taoughtfuliliness

of numerouscrops ofworldwide economicimportance(Pellizzari & Dalla Monta, 1997Jucker & Lupi,
2011).

AmongHemiptera more than 50% oélien speciesttack woody plants, while 34% are phytophagous on
various herbaceous planducker & Lupi, 2011).In 2002, he Asian Psyllidae Acizzia jamatonica
(Kuwayama, 1908vas recorded for the first time in Itafgnd in Europe)where 1 was introduced with

its ornamentalhost plant,Albizia julibrissin Durazz., 1772Alma et al., 2002 Jucker & Lupi, 2011
Western conifer seed bubeptoglossus occidentalisleidemann, 1910 (Hemiptera, Coreidae) is a
dangeroug\mericanpest of conifer seedsdsince its introdudionin Italy, the poduction of pine nuts has
rapidly declinedin quantity and qualitfRoversiet al., 2011).In addition, he HomopteraCorythucha
ciliata (Say, 1832)and Corythucha arcuatgdSay, 1832)areintroducedin Italy from North Americaand
respectively they feed oWlatanus spp. (L., 1753 and Quercus spp. L., 1753 (Bernardinelli &
Zandigiacomo, 2000Among the fruit plantshe specie¥itis viniferalL., 1753 was seriously attacked by
the AmericanScaphoideus titanuBall, 1932 (Hemiptera, Cicadellidae), alienspecies itroduced in
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Europe anshowadaysommonin vineyardsit is the vector of the golden flavescence, a vine disease caused
by the bacteriumCandidatus Phytoplasma vitiAngelini et al., 2001) Another vine parasite is the
AmericanErythroneura vulneratéitch, 1851(Fam: Cicadellidag)Dusoet al.,2005) Severakitrus pests

are located in Italy and among themthere areAonidiella citrina (Coquillett, 1891) (Hemiptera,
Diaspididae)Aphis spiraecoldatch, 1914 (Hemiptera, Aphidagjeurothrixus floccosuévaskell, 1896)
andAleurocanthus spinifers (Quaintance, 1903) (Hemiptera, Aleyrodida®)cker & Lupi, 2011).
Somealienbeetles have easibcclimatizedn our country For example
one of the mostwidespreadpests in our territory isLeptinotarsa
decemlineaté&say, 1824 (Fig. P3). This American species onsidered §
a harmful defoliator of potatoesSplanum tuberosuynfeed damage cal 1";
cause a significant loss of yield. Tomatoes and eggphaaysbeattacked
tooin the field but they camalsofeed on wildSolanaceaspecieJEFSA
et al, 2020). Additionally, Diabrotica virgifera Le Conte 1898 (Fam:

Chrysomelidagis considered the main copestin North America; this

Figure 123 Larvae  of

insectcolonizedltaly in 1998and now itoccupies all the corn area ir . .
Leptinotarsa decemlineata (F.

northern and central ItalgMiller et al, 2005) Moreover the red palm Mendicino)
weevil Rhynchophorus ferrugineusA.G. Olivier, 1791) (Fam.

Dryophthoridae) imative ofsouthern Asia anddfirst Italian recordis datedn 2004in Sicily. Today, this
pestis foundin the majorityregionsof peninsulgLongoet al, 20(6). Among the mosharmfulspecieso
woody plantsthere are the CerambycidaAnoplophora chinensigForster, 1771) and\noplophora
glabripennis(Motschulsky, 1854§Colombo & Limonta, 2001; Maspest al.,2007).Both aredangerous
xylophagousspecieso many broadeaved plantdn Italy, more than 18.000 plants have been remaved
aneradicatiorprogrammeof A. chinensignd thecost ofthis processvasaround12 million eurcs (Jucker
& Lupi, 2011)

Among thealien Lepidoptera thereare some species thg

cause serious economand ecologicaldamags, such as

Paysandisiaarchon (Burmeister, 1880)Fig. 1.24). It is a

in our country, especially on th&lediterraneanshores -

(Espinosaet al., 2003). Originally, it fed on the palm §
Trithrinax campestrigBurmeist.) Drude & Griseb., but in
Europe tis species changed hosts amav it isadapedto the  Figyre 1.2 Individual of Paysandisiaarchon
only native European paln§hamaerops humilikinnaeus, (https:/verdepubblico.it)

1753 (Montagud, 2004)In 2008, the tom® moth Tuta

absoluta(Meyrick, 1917) wasrecordedfor the frst time in Italy andit representsa pest of several

Solanacea@lants especiallytomatoesones (Viggiani et al, 2009) while alien defoliation thaattack
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woody plants ar€ameraria ohridellaDeschka & Dimic, 1986Rarectopa robiniellaClemens, 1863nd
Phyllocnistis citrellaStainton, 185¢Fam: GracillariidaejButin & Fuhrer, 1994Jucker & Lupi, 2011)
The Asian waspVespa velutindepeletier, 183¢@Hymenoptera, Vespidaéy apredator of Apoidea and,
thus poses a risk the lodadekeepings well asautochthonousiild b e eéimdiversity(Cerriet al.,2022)
while the CinipidaeDryocosmus kuriphilu¥asumatzu, 1951 isne ofparasiteof chestnutwhich cause
serious economic losseBhis species wadocumentedor the first timein Italy in 2002and now tt is
present irmanyregionsof the countryMelika et al,, 2002;Jucker & Lupi, 2011).

Among the fruit parasites that cause economic losses, inwelfind the oriental fruit flyBactrocera
dorsalis (Hendel, 1919) Diptera, Tephritidae)(Nugneset al, 2018) and Rhagoletis complet&resson,
1929 (Duso, 1991). In additiorthe Americas Liriomyza trifolii (Burgess, 1880) and.iriomyza
huidobrensis (Blanchard, 1926)(Diptera, Agromyzidae)

causesubstantiadamageto the green component of plants,
especially those igreenhous€Arzone, 1979; Siss, 1992)
The Asian Drosophila suzukiMatsumura 1931 (Fig. 1.25)
(Diptera, Drosophilidag} apestof red fruits,plums and other
fruits. In Italy the species wa®cordedfor the first timein
Trentino Alto Adigein 2009 (Grassiet al., 2011; Jucker &

Lupi, 2019 andnow it also arrivedn Calabria(Bonelli et al,

Figure 1.3 Individual of Drosophila suzukii

o ] 2022. Today, itrepresents serious ristboth for many fruit
(https://agronotizie.imagelinenetwork.com)

cropsand for the underwood in natural habitats.
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1.7 Agroecosystem

The agroecosystem is a semaitural habitatvhere theproductioncompartmentecotonesand human
settlemeninteractwitch each othe(Fig. 1.26) Altieri, 1995;Moonen & Barberi, 2008\orris, 2008; Lele
et al, 2013; Liuet al.,2022).
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Ecotonal areas are crucial because they positiaéfigct soil fertility, pollination, pest control, gas
regulation and water purification (Poschlod & Bonn, 1998; efiwal., 2022) and for this reasmseveral
agricultural lands are located in natural environments (Wiggetiad, 2016; Liuet al.,2022). The ates

of dispersion between natural and agricultural areas affect the community within the fieldet(laéns
2002), although it will never be the same as the ecotwmtitat(Poschlod & Bonn, 1998; Donald 200

In addition, some natural componeriike shrubs must be maintained as they play an important role in
maintaining the productivity and stability of agroecosystems (Power, 288 @reviously discussethe

soil is also of high importance in maintaining the ecosystem balance (Latefle 1997) and the
conservation of land management practices, such-tilage and crop rotation, can promotghigh soil
biodiversity;ii) mitigation of climate change through carbon sequestratigmutrient cycle. Moreover,
integrated farming and livestk can provide positive conditions for the development of soil fauna (Kassam,
2020).
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1.7.1 Sustainableagricultural production

In the enlarged Eopean Union (EU 27) are present about 103 million hectares of agricunchl
(Poschlod & Bonn, 1998). In addition, global food demand is estimated to double by 2050 @tilahan

2002) andin order tosatisfydemand, the agricultural land needs to increase, especially in tropical and
subtropical areasf high biodiversity.Furthermore land conversiorfor industrial raw materials, such as
bioenergy, is increasin@Field et al. 2008)For this reasonfarmers have intensified their production
methods, moving towards agricultural mechanisation and advanced irrigation. In aduigieyielding

crops that are resistant to diseaaad 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 biodiversitand species (Poschlod & Bonn, 1998). In addition, greenhouse gas emissions, soll
compaction and degradaticand pollution and eutrophication of water resourde® to nitrogen runoff

are becoming increasingly severe, thus also posing a threat toafebg @ illman, 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 hbicides (ISPRA, 2020; Ollerton, 2017). For example, exposure ttethdl 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, leadingigoificant losses in the colonieand
compromising pollination of both cultivated and wild plants (Leonetrcal, 2018). For this reason,
promoting at least integrated management of agricultural land is crucial to balance the economic interests
of farmes 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 (Henkt al, 2008).The European Union (EU) hastablishedseverelaws and
regulations orboth the use and sale of chemical pesticidesparticular,somesubstancegxtremely
harmful to pollinating insectwere recently it banned o achieve the Green Deal objectivibg European
agriculture policy promotes more environmentally friendly farming practices by reducing the use of
pollutants an@&ncouragingome possiblalternatives to pesticides such as crop rotation, biological control,
the conservatiorof natural areas antthe use of organic fertilizers (Colazea al., 2018; ISPRA, 2020

Porrini et al., 2008

In addition, agroecosysteneptimization must also be directedrt@intainnonfloral resources essential

to pollinatorsjncluding Apoideanesting sites and habisathat will support the larvae of both lepidopteran

and dipteran specieBloreover,ecotonesand biocorridors caalsocontribute considerably foollinators
biodiversity, providing habitats and food resoureggispecies migration (Norris, 2008y additon, mass
flowering crops such as rapBréssica napud.., 1753), broad bean¥/icia fabal., 1753), sunflower
(Helianthus annuus., 1753) and citrus fruitsGitrus 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 antthe speciesichness ofvild beesand other pollinating insectlatnest in wood caties or

soil (Schepeeet al.,2013; Diekotteret al.,2014).Pollination is known to increase the yield and quality of
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fruits, nuts, oils and other plant products (Gianmtial, 2015) and it has been estimated that their
population generated around 1&5iBion euros, 9.5% of the total economic value of agricultural production

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

in demand for pollination services (Montogial, 2020).Europe has aumber of funding programmes to
compensate for any economic losses and promote sustainable agriculture. European agrienvironment
programmes(AES) require at least twgear monitoring to assess changes in pollinator populations
(Goulson, 2015; Pywekt al, 2011). The Common Agricultural Policl?AC) 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).

RIEQUILIBRIO DELLA
DISTRIBUZIONE DEL POTERE NELLA
FILIERA ALIMENTARE

AUMENTO DELLA
COMPETITIVITA @
)

GARANZIA DI UN
REDDITO EQUO

AZIONI PER IL
CAMBIAMENTO
CLIMATICO

9 OBIETTIVI

TUTELA
DELUAMBIENTE
DELLA PAC
PROTEZIONE
DELLA QUALITA GS@ TUTELA DEL
DELUALIMENTAZIONE @O PAESAGGIO E DELLA
E DELLA SALUTE BIODIVERSITA

AREE RURALI

DINAMICHE SOSTEGNO DEL

RICAMBIO GENERAZIONALE

Figure 1.27 The nine objectives of the PAC g2320 (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 tedenceof pollinators in protected areas, in the Natura 2000
network and throughout the country. In the period 28059, ISPRA conducted a monitoring project to
assess the effectiveness of PAN measures in protecting biodiversity where it has bedhattioseare

more pollinators in organic crops than in those treated with pesticides (ISPRA, RO20nclusion,
conservation agriculture includes minimal disturbance of the soil, plant dyensip rotationand the
preservation of natural grassland areesbtain better infiltration and retention of water, an increase in soil
organic matter, a more efficient nutrient cyaled anincreasingof biodiversity, especially of pollinators

and antagonists (Browet al, 2018).
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1.7.2 Biological control

The mainaim of sustainable agriculture i&miting the phytophagouspeciesn cultivated landwithout
chemical substancedorhajosova & Babosova, 2022n fact, he ovewse of insecticides can Kill
antagonistic insects and at the same time splegbphagousesistan{Georghiou, 1972)Therefore the

use of natural antagonists against pegpsesent an environmentfilendly strategy (Ozgen & Mamay,
2022), although it often fails to compensate the financial losses. The classical biologicdlinvaolves

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 reasonhe conservation methodsmain the mst effectivestrategybecause ecotah habitats
(forests, hedgeand meadows)contribute to increase the complexity of the agricultural landscape and,
consequentlyact as biodiversity reserves for many species (Begitah 2003 Bianchiet al.,2005, such

as antagonists (Landi al, 2000).However, further research is needed to fully understand the dynamics
between landscape composition and natural enemies qBiasthiet al.,2006).

The orders with the largest number of parasitoids are Diptel&dlgmenoptera (Gullan & Craston, 2010).

For exampleSitophilus zeamaislotschulsky & V.de, 1855 (Coleoptera, Curculionidae) is a widespread
stored rice parasite of the Mediterranean basinitahds been shown to be able to be eradicated by the
parasitoidAnisopteromalus calandragHymenoptera, Pteromalidae) (Riudavetsal., 2021). Exorista
larvarum (Linnaeus, 1758) andxorista japonica(Townsend, 1909) (Diptera, Tachinidae) are two
parasitoidghat effectively reduce the populations of the motmantria disparLinnaeus, 1758 (Dindo &
Nakamura, 2018). The superfamily Aleocharinae (Coleoptera, Staphylinidae) have been tdiisdeon
domesticalLinnaeus, 1758 (Diptera, Muscidae) amklia sp. RolineauDesvoidy, 1830 (Diptera,
Anthomyiidae) and itvasshown 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 siguificantly reduce pest density (Symondstral, 2002).Zoophagouground beetles show a wide
range of food specializations, including consumption of invertebrates such as collembola, snails, slugs,
aphids and insect larvae (Kulkaret al., 2015),asdenonstrated by stomach remains analysedame
Carabidaesollected in soybean fields, corn and cotton (Mattal.,2017; Cividanes, 2021)n addition, it

has been shown that the combined action between Carabidae and Coccinellidae reduces populations of
aphids in the fields of alfalfa (Greet al, 2011).It has also been shown thatbia sp. Latreille, 1802
(Coleoptera, Carabidae) is an effective predator of #ptinotarsa decemlinea{®ay, 1824) (Coleoptera:
Chrysomelidae) (Cafas et al., 2002), wiile genusCalosomals recognized as efficient predator of the
larvae of Lepidoptera (Allen, 1977 addition, other research highligts that species of gdiarpalus

and Pterostichusare active predators dferatitis capitata(Nourmohammadpothmiri et al., 2022).
Moreover, spermophagous species are fundamental too to weed caminahsshe genetdarpalusand
Amara(Kromp, 1999)
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1.7.3 Alternatives to synthetic fertilisers

Modern agriculture mustatisfythe growing world population with efficient food prodact As previously
discussedintensive crops have serious environmental effects, such as soil degradation, loss of biodiversity
andimpurity of air, soil and watefLindgrenet al, 2018).For thisreason, gstainable agriculture can restore
soil quality through the use of namemical fertilizers and pesticidésarooget al.2019).

In recentimes the use of insects as food and feed has been attracting increasing (néeréttis 2020)
and as a resulthe number of insect farms is growifagt One of the waste products fronsectlivestock

is frass (excremestand exuae) which canbe conside=d as avalid organic fertilizer(Ortiz et al, 2016)

it can alsdeimportant in the nutrient cycle (YildiriFAksoyet al.,2020)asan essential source of nitrogen,
carbon, phosphorus and potassiinaitcan beeasily assimilated by the roat$ plants(fig. 1.28) Poveda
et al.,2019).
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Figure 1.28 Summary diagram of the importance of frass as an organic ame(felovedt, 2021)

In addition,another important aspect to considethis intestinal microbiota of insectis depend on the
environmental habitat, insect diet and stage of developmentdlyah 2014)and itrepresentes plant
growth promoter (PGPM)making plantsmoretolerantto abiotic stres§actors(Poveda, 2021 Moreovet
insect chitin is a sugamino polysaccharide which has been shown to positively affect plant growth
(BarragarFonseceaet al, 2022).This being so, it isnterestingto consider theroposl of a potential
circular economy ugng asfertilisersthe frassof different insectdredfor bothfood purposes and waste
conversion

Several insect species are bred for different reasons. For exaheplebrio molitorLinnaeus, 1758
(Coleoptera, Tenebrionidaegpresenta more sustainable edible proteiourcefor humans than milk,
chicken, pork or bedfOonincx & De Boer, 2012Recentrials also indicate that meabrmsare a suitable

alternative source for broileesd fish(Boveraet al.,2015).Instead, he T. molitorfrass is recently tested
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as dfertilizer and, br example, in bean plants increseetolerance of seedlings to drought, flooding and
salinity (Povedeet al, 2019).

Another species which is widely bred litermetia illucens(Linnaeus, 1758) (Diptera, Stratiomyidae)
because tharvae effectively transform organic matter into high quality fats and proteins (Klammsteiner
et al.,2020). In addition, extractinfat fromH. illucensmaggotsallows for the production of biodiesel (Li

et al.,2011).Existing research ha alsoshown that the frass of the black soldier fly has a positive effect
on the growth of basil and lettuce plants (Borkent & Hodge, 202&jrags (Menincet al, 2021) and
turnip (Agustiyaniet al.,2020).

MoreoverT. molitorand the migratory locusf\cheta domesticy&innaeus, 1758) (Orthoptera, Gryllidae)
was declared a novel food under Regulation (EU) 2015/2283 of the European Parliament and of the Council
in 2022 (Siddiquet al.,2022)and ecentlythe frass of migratory locubadalso been testegroving to be
effective in the development Brassicacea@ran de Zandent 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 saudamage to therivlyasis is defined as the infestation@ipteralarvaein

living tissues or settle on open wounds or lesiomdive vertebrate§Zumpt, 196%. It causedmainly by
maggots ofCalliphoridaeandSarcophagidaandif it left untreated, can be fat@bullan & Craston, 2010)

A warmer climate leads to an increase in generations of flies and, dieb&d warmingtheincrease in

the number of casésexpectedBernhardiet al.,2018).

These infestations can cause distamto the animals and alter their normal habits, including feeding and
resting.In addition, itcouldcause milkandweight losssterility, poor skin quality and a weakening of the
animals(Otrantoet al., 2004). The most common host for myasis are lea{#6.4%) followed by dogs
(15.3%), humans (14.7%), pigs (6%), horses (4%) and sheefgRenaret al.,2009. Wounds, ulcers,

sores, broken horns, wounded eyes and attract flies that cause myasis/abiehowever, can also be
urogenital due to poor hygiene of the animal: flies, in fact, can be attracted by tangled hair contaminated

with excrementind uring(Juyenaet al, 2013.
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Several species of Calliphoridae in Calabria he s

been reported as myiasegentsfor wild and
domestic animals. For exampf@alliphora vicina
RobineauDesvoidy, 1830, caused a myasis ¢
Hystrix cristatalinnaeus, 1758 (Scaraveét al,
2017) while Lucilia sericata(Meigen, 1826) on
AnserdomesticugLinnaeus, 1758) (Pez=at al.,
2022) and_ucilia caesaron wild boar(Pezziet al.,
2021). Amag Sarcophagidae, the most report
species in Calabria idVohlfahrtia magnifica
(Schiner, 1862) that caused myiasis in dog
(Bonacciet al.,2020), goats (Bonaceit al, 2013)
andsheepBonacciet d., 2017)(Fig. 1.29.

On the other hand,nsects can be vectors c
pathogens by mechanical or biological trantber
(Gullan & Craston, 2010). For example, the f
Musca domesticalinnaeus, 1758 (Diptera, Figure 129 Infestation byWohlfahrtiamagnifica.A, B and
Muscidae) is contributig to the spread of various C: myasis in shep;D: myasis in goatE andF: myiasis in a
infectious diseases such as cholera, shigellosis sheepdog (Bonacet al.,2017)

salmonellosis (Olseat al.,2001; De Jesust al, 2004). Alsothe monitoring ohematophagouimsects

such as Hippoboscidae, Fleas, Lice, Tidkahanidaeand Muscidagshould not be neglected (Prudhomme

et al, 2023). Among others,Stomoxys calcitrand.innaeus, 1758Diptera, Muscidae)Fig. 1.30,
commonlyknown as'stable fly", it is considered a dangerobematophagousf livestock, especialljor

cattle, horsesandpigs becauseticancarser e duct i on of tahdsubsequenthaoptbes

production ofmeatandmilk (Campbellet al,, 2001; Patraet al,
2018). In addition, this speciesepresenta potential vector of

spreading in EuropeFinally, it is also resporible for the

transmission of Surra, bovine viraiarrhoea lumpy skin

dermatitis, Rift Valley fever and bovine lewdis(AlvarezGarcia

Figure 1.30 individual of Stomoxys gt gl, 2013; Prudhommet al., 2023)
calcitrans(https://en.m.wikipedia.org)
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severalpathogens such &esnoitia besoiti (Franco and Borges,
1916), which is responsible for Besnoitiosegisease currently
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2. Material s andMethods

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 southergion in peninsular Italy. This region is predominantly hilly and
mountainouswith a mediterraneamweatheron the coastandtemperateclimatein mountainous regions
(RivasMartinez, 1996).

e 800km M s s
i ; g

0 "4 km -

Pnat |

G‘nat

Fbio *

Pecot *

Gecot * L

Map 2.1 Maps oBampling 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 abiologic field of potatesSila IGP (Fbio),anecotonal grasslangrazingarea (Gecot), a Pine forest
ecotonalarea (Pecot) and an integrated field for the cultivation of GiRdotatoeqFint). As control, a

natural grazing area (Gnat) andaturalpine forest (Pnat) in Sila National Park were selected too
2.1.1Fbio (Field_Biological)
Coordinats: 39°21'54,8"N, 16°31'11,3"E

Altitude: 1178 mas.l.
Municipality: Spezzano della Sila (CS)

Google Earth

Figure 2.1 Satellite photo of Fbio (Google Earth)

Fbio is a biological potatoes field the project partndarmfi Scr i vano Terre D' Al topi
managemergncouragehe traditional natural farming techniques, excluding the use of OGMs and reducing
pollutants and mechanisati¢ispra, 2004) The investigation area is about 9.83 hectares andatased

near an arm of Cecita Lake (Fig.1). All around there are cereals crops and greenhouses used for
strawberriesultivation. In addition, dairy cows are raised in the farm and they greazenmall adjacent

area to FbioThe ecotonl 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)

2.1.2Fint (Field_Integrated M anagement)

Coordinates: 39°21'35.1" N16°31'25.0" E
Altitude: 1204 mas.l.
Municipality: Spezzano della Sila (CS)

Google Earth

Figure 2.3. Satellite photo of Fint (Google Earth)

The Fint area is an integrated managerfieltt of Sila IGP potatoemit he f ar m AFatt or i
farming is an intermediate method between conventional and organic agrieuitarethe use of chemical
41
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substancess not excluded, but priority strategies are planned to reducesthefsyntheticsubstances
(Ispra, 2004)This area is about 2.5 hectares and, unlike Fbig,immerse in a natural context (Fig. 2.3;
Fig. 2.4). This field is characterized by ecagrspecifically the areas Gecot and Pecot, as well as a small
wheat field. There are alsmther cultivations land ér 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)

2.1.3Gecot (Grassland Grazing_Ecotonal)
Coordinats: 39°21'27.8"N, 16°31'13,4" E
Altitude: 1240 ma.s.l.

Municipality: Spezzano della Sila (CS)

Figure 25 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 MountaisrFint and abiological berry
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