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Challenges of modern
agriculture



Exotic species invasion
➢ Increasing trend

➢ Global ecological and economical challenge because invasive 
organisms may alter species communities and ecosystem
services provided

(Seebens et al., 2017)



Exotic species invasion
➢ Higher competitiveness compared to native species

➢ Favorable climatic conditions (global warming)

➢ No effect of diseases and natural enemies (enemy release hypothesis)

– The number of natural enemy species is reduced (apparent enemy reduction)

– The effect of these enemies on the invader is lower (realized enemy release)



Exotic species invasion

➢ The enemy release 
hypothesis essentially 
forms the theoretical 
rationale for classical 
biological control

➢ Knowledge of biotic 
limiting factors in the 
introduced range is crucial 
in research on biological 
invasions and in the 
implementation of any 
effective control strategy



Natural enemy diversity and biocontrol

➢ Biocontrol traditionally mainly focused on specific natural 
enemies for each pest control

➢ However, pest-enemy 
interactions are often 
embedded in rich 
communities of 
multiple interacting 
pests and natural 
enemies with effects 
on the efficacy of 
biological pest control

(Letourneau et al., 2009)



Natural enemy diversity and biocontrol

➢ Effects of natural enemy diversity on herbivore 
populations depend on whether the interaction among 
natural enemy species is

(Letourneau et al., 2009)

– Positive

– Neutral

– Antagonistic



Natural enemy diversity and biocontrol
➢ Natural enemy biodiversity 

– number of species attacking pests (species richness)

– their relative abundances (species evenness)

➢ Only natural enemy communities with high richness 
and evenness exert strong suppression on all pests

(Snyder, 2019)



Natural enemy diversity and biocontrol

➢ greater enemy biodiversity might lead to stronger pest 
suppression when natural enemies occupy different, 
complementary feeding niches

(Snyder, 2019)



Food webs

➢ A network of food chains interconnected at various trophic levels so 
as to form a number of feeding connections amongst different
organisms of a biotic community

(Messelink et al., 2012)

➢ Arthropod food webs are often 
complex and species are rarely 
arranged in linear food chains 
(plants, herbivores and predators)

– Omnivory and indirect 
interactions occur in these food 
webs



Food webs
➢ Consumption (i.e. herbivory, predation and parasitism) and 

competition are considered the two most important interactions 
determining the structure of communities (Chase et al., 2002).

(Messelink et al., 2012)



Food web

➢ Exploitative competition

– two pest species compete for 
the same plant, but also affect 
each other’s densities through 
induced plant defences

– Induced plant resistance against 
insects consists of direct 
defences, such as the 
production of toxins and feeding 
deterrents that reduce survival, 
fecundity or developmental rate, 
and indirect defences such as 
the production of plant volatiles 
that attract natural enemies

(Pappas et al., 2017)



Food webs
➢ Exploitative competition

– Several studies documented indirect interactions between herbivores through 
induced changes in plant quality



Food webs
➢ apparent competition or apparent mutualism

(Vezon et al., 2008)



Food webs
➢ apparent competition or apparent mutualism

– California Red Scale

(Bouvet et al., 2019)

Higher
abundance of 

aphid
predators



Food webs
➢ omnivory

– consumption of species from more than one trophic level, “true” omnivores are 
predators that feed on both pests and plants;

(Zhang et al., 2021)



Food webs
➢ Omnivory

– Plant defence induction



Food webs

➢ intraguild predation
– predators consume another 

natural enemy with whom 
they also compete for the 
same pest species;

➢ hyperparasitism or 
hyperpredation
– the consumption of natural 

enemies by other natural 
enemies with whom they do 
not compete for shared 
prey, but they differ by the 
fact that hyperpredators can 
develop on alternative prey, 
whereas true 
hyperparasitoids are 
obligate. 

(Frago, 2016)



Food webs

➢ Molecular techniques 
greatly contribute to 
untangle the trophic 
links in communities 
where immature 
entomophagous species 
(either in the third or 
fourth level) develop 
inside the herbivore

(Gomez-Marco et al., 2015)



Food webs

➢ Leafminers are among the 
most heavily parasitized 
insects (Hawkins, 1994) mainly 
by  polyphagous parasitoids 
(Askew, 1994)

➢ When invading a new region 
they are often quickly adopted 
by native parasitoids that 
may provide substantial control



From classical-fortuitous
biocontrol… 

➢ Phyllocnistis citrella Stainton (Citrus 
leafminer) (Lepidoptera: Gracillariidae)

– 1st reported in Italy in 1995



Distribution



Indigenous parasitoids in the 
Mediterranean basin

➢ Fam. Eulophidae
– Subfam. Entedoninae

• Asecodes

• Chrysocharis

• Neochrysocharis

– Subfam. Eulophinae

• Cirrospilus

• Diglyphus

• Elasmus

• Pnigalio

• Ratzeburgiola

• Sympiesis

– Subfam. Tetrastichinae

• Apotetrastichus

• Aprostocetus

• Baryscapus

➢ Fam. Pteromalidae

• Pteromalus



Indigenous parasitoids in Italy

• Cirrospilus pictus (Nees)

• Pnigalio agraules (Walker)
• Apotetrastichus postmarginalis

(Bouček)

• A. sericothorax (Szelényi)

• Asecodes delucchii (Bouček)

• A. erxias (Walker)

• Neochrysocharis formosa (Westwood)

• Ratzeburgiola incompleta Bouček
• Aprostocetus spp.

• Baryscapus sp.

• Chrysocharis pentheus (Walker)

• Cirrospilus diallus Walker

• C. vittatus Walker

• Diglyphus isaea (Walker)

• Pnigalio soemius (Walker)

⚫ main
⚫ occasional
⚫ rare
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Exotic parasitoids introduced in Italy
➢ Ageniaspis citricola (Encyrtidae)

– koinobiont, egg-L1 endoparasitoid

– poliembryonic

➢ Quadrastichus sp. (now Q. citrella) 
(Eulophidae)

– idiobiont, L2-L3 ectoparasitoid

➢ Citrostichus phyllocnistoides
(Eulophidae)

– idiobiont, L2-L3 ectoparasitoid

– alternative hosts
• Lep. Nepticulidae on Pistacia, Rubus

and Salix

➢ Semielacher petiolatus
(Eulophidae)

– idiobiont, L2-L4 ectoparasitoid

– alternative hosts
• Lepidoptera leafminers on Parietaria, 

Rubus and Echium

• Diptera leafminers on Urtica, 
Sonchus and Merculiaris

– accidentally introduced - 1998
from Smith et al., 1997 modified

Ageniaspis citricola 

Quadrastichus citrella

Citrostichus phyllocnistoides

Semielacher petiolatus



Parasitoids released
➢ Ageniaspis citricola

– Almost 20,000 adults released in 1996-2001

– No establishment

➢ Quadrastichus citrella

– About 3,000 adults released in 1996

– No establishment

➢ Semielacher petiolatus
– From 1999 spontaneous diffusion and permanent

establishment in all citrus areas

➢ Citrostichus phyllocnistoides
– Almost 4,000 adults released in 1999-2001

– Permanent establishment 



Parasitoids released
➢ Ageniaspis citricola

– Almost 20,000 adults released in 1996-2001

– No establishment

➢ Quadrastichus citrella

– About 3,000 adults released in 1996

– No establishment

➢ Semielacher petiolatus
– From 1999 spontaneous diffusion and permanent

establishment in all citrus areas

➢ Citrostichus phyllocnistoides
– Almost 4,000 adults released in 1999-2001

– Permanent establishment 

Role of alternative hosts



Evolution of CLM parasitic complex in Italy
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In conclusion
➢ Successful biocontrol in adult

citrus orchards

– High adaptibility of Semielacher

petiolatus and Citrostichus

phyllocnistoides to the Italian

climate

– Seasonal alternation + 

“collaboration”

– Role of the alternative hosts

➢ Importance of maintaining a rich 

biodiversity

– Alternative food and shelter

➢ Different situation in nurseries 

and re-grafted or young orchards

Semielacher
petiolatus

Citrostichus
phyllocnistoides



Another example
➢ Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae)

➢ South American Tomato pinworm, Tomato borer, tomato leafminer



Distribution



Distribution

Until 2005

From 2006



Biology

➢ High reproductive potential

– >150 eggs/female

➢ No diapause

➢ Wide host range

– Crop and non-crop plants

➢ Pupates also in the soil

➢ Up to 13 generations/year

➢ Highly mobile adults

Black nightshade

Eggplant



Damage
➢ Leaves, shoots, fruit



Parasitoid community composition
➢ In Italy

➢ 23 parasitoid species belonging to 12 genera 
and 6 families were collected
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➢ In Europe and the Med basin

➢ 84 arthropod species

‒ 80% parasitoids (>50 species)

‒ 20% predators (18 species)

Parasitoid community composition



Generalist predators

➢ Prominent role in agricultural pest 
management

➢ Some species can feed also on various non-
pest substrates (omnivorous)

➢ Alternative host plants can play a relevant 
ecological role

Nesidiocoris tenuis

Dicyphus errans

Macrolophus pygmaeus



Augmentative and 
conservation biocontrol

➢ Enhancing the role of indigenous natural enemies

➢ Inoculative releases

Necremnus tutae

Bracon nigricans Nesidiocoris tenuis

Macrolophus pygmaeusNeochrysocharis formosa

Diadegma pulchripes



Food web

➢ Biological
interactions
among
components
inside and 
outside the 
agroecosystem

(modified from Biondi et al., 2018)



Food web

➢ Biological
interactions
among
components
inside and 
outside the 
agroecosystem



Intraguild interactions

➢ N. tenuis feeds

– on T. absoluta larvae
parasitized by N. tutae
and B. nigricans 
(kleptoparasitism) -
scavenging

– on B. nigricans (less) and 
on N. tutae (more) larvae
(Intraguild predation)



Food web

➢ Biological
interactions
among
components
inside and 
outside the 
agroecosystem



Shared food source

➢ Aphid honeydew
increases N. tutae
longevity

➢ Negative effects on T. 
absoluta by aphid
populations

– resource competition

– induction of plant defenses

Photo by A. Biondi



Food web

➢ Biological
interactions
among
components
inside and 
outside the 
agroecosystem



Induced plant defenses

➢ N. tenuis induces direct 
and indirect plant 
defenses in tomato



Food web

➢ Biological
interactions
among
components
inside and 
outside the 
agroecosystem



Companion plants

➢ Sesamum indicum

– more attractive

– it reduced N. tenuis damage, but not its 
predatory activity

– it is a suitable host plant for its 
development and oviposition without any 
additional prey

Damage on tomato



Companion plants
➢ Olfactory trials

– significantly higher attractivity of S. indicum
both compared to D. viscosa and to tomato

– both tested pest instars did not significantly 
increase the attractivity of tomato plants

– prevalent phytophagous behavior?



Companion plants



Companion plants

➢ EAG trials

(Biondi et al., in prep.)



Companion plants

➢ EAG trials

(Biondi et al., in prep.)



Companion plants

(Biondi et al., in prep.)

➢ Olfactometer trials



Companion plants



Further food web element

➢ Dolichogenidea gelechiidivoris

– Hymenoptera: Braconidae

– Native to the Neotropics

– koinobiont solitary endoparasitoid
of T. absoluta and a few other closely 
related species

• e.g. Phthorimaea operculella, 
Keiferia lycopersicella

– Imported in Kenya from Peru

– Fortuitously recovered in Spain and 
Algeria

(Denis et al., 2021)
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