
HAL Id: hal-04293774
https://hal.science/hal-04293774v1

Submitted on 10 Jan 2024

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documentsmay come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaireHAL, est des-
tinée au dépôt et à la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
français ou étrangers, des laboratoires publics ou
privés.

HAL Authorization

Impact of invasive insects on native insect communities
Taiadjana M Fortuna, Philippe Le Gall, Samir Mezdour, Paul-André Calatayud

To cite this version:
Taiadjana M Fortuna, Philippe Le Gall, Samir Mezdour, Paul-André Calatayud. Impact of inva-
sive insects on native insect communities. Current Opinion in Insect Science, 2022, 51, pp.100904.
⟨10.1016/j.cois.2022.100904⟩. ⟨hal-04293774⟩

https://hal.science/hal-04293774v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr


Available online at www.sciencedirect.com 

Impact of invasive insects on native insect communities 
Taiadjana M Fortuna1, Philippe Le Gall1, Samir Mezdour2 and  
Paul-André Calatayud1,3   

Several biophysical factors are leading to the loss of 
biodiversity, among them the dominance of exotic invasive 
species on native communities is important. Their dominance 
can lead to changes in the structure of insect communities, by 
competing and displacing native species to other crops or 
habitats. These changes can impact the herbivore’s natural 
enemies in invaded areas by diverging them from suitable 
herbivores and altering their biological control process. The 
development of edible insects and derived products at an 
industrial scale can also have an impact on the local fauna by 
the risks of spillover and accidental release in nature. Several 
area-wide integrated pest management programs are also 
using the sterile insect technique to control insect pests and 
disease' vectors. This technique is becoming largely used; 
however, its application as ‘non-intrusive to the environment’ is 
controversial particularly when eradication is concerning 
species that are at the basis of food webs. 
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Introduction 
Globalization and climate change have promoted the 
spread of non-native or exotic species all over the globe. 
Some species become established, spread and a subset 
of these species, called invasive, cause serious environ
mental, economic, and human health impacts [1]. Once 
an invasive species integrates into an ecosystem, its 

control becomes complex because of interactions with 
both the resident species and other invaders. One im
portant factor is the lag time between when an exotic 
species becomes established and when it truly becomes 
invasive. This lag time is short in some cases and es
tablished exotic species spread rapidly in the new en
vironment; however, it can also be long, which 
complicates the detection of species with the potential 
invasive ability [2]. In this sense, invasive species can 
also be native species, like some introduced species after 
a lag time, that undergo a rapid demographic growth as a 
result of a change in their environment related in most 
cases to human activities (e.g. land use and climate 
change) [3]. 

Exotic insects can impact native biodiversity through 
direct interactions, for example, herbivory, predation, 
and hybridization with resident species. They can also 
affect ecosystems indirectly, through cascading effects, 
for example, disease transmission, competition for space, 
food, and hosts. To date, most studies on exotic invasive 
insects have focused on their impact on native plants  
[4–6] and on the direct and indirect impacts of exotic 
natural enemies of insect herbivores in novel environ
ments [7–9]. However, studies focusing on the impact of 
exotic insect pests on native natural enemy–host trophic 
interactions are scarce [10], and even absent on the im
pact that intensive farming of exotic or native insect’s 
species and the massive introduction of sterile insects in 
invaded areas and consequences thereof on resident 
insect communities. The insects-as-food industry is 
promoted as a sustainable alternative to conventional 
livestock systems; however, there is still a tremendous 
lack of knowledge in many aspects of insect mass 
rearing. One important issue that should be addressed 
by scientists is the environmental risk of accidental re
lease, for example, the risk that commercialized species, 
which are commonly exotic become locally invasive 
under a climate change scenario [11•]. In this context, 
this paper focused on the impacts of exotic invasive in
sect pests (Sections Interactions between exotic invasive in
sect pests and native insect herbivores and Interactions between 
exotic invasive insect pests and native natural enemies), the 
risks of intensive farming of exotic and native insect 
species for food or feed (Section Risks of intensive farming 
of exotic invasive species for food or feed on native insect’s 
communities), and the risk of using a sterile insect tech
nique (SIT) (Section Risks of the use of the insect’s sterile 
technology on native insect’s communities) on native insect’s 
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Figure 1  

Current Opinion in Insect Science

Negative and positive impacts of exotic invasive insect pests, of edible insects for food and feed and of SIT on native insect communities.   

Figure 2  
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Scheme of possible tritrophic interactions between exotic insect pests and native insect communities in the invaded areas and how anthropogenic 
global changes can influence the different interaction scenarios. Scenario A shows how exotic pests can use a common resource, crop A, that is 
already used by native herbivores for their survival, predisposing them to interact in a competitive (−) or facilitative (+) manner. These interactions 
impact not only native herbivores, but also their associated native natural enemies, which may or may not switch to novel potential hosts or preys 
(question mark over dash yellow arrow). The main challenge is to predict the predominance of an exotic species which may cause the displacement or 
extinction of the native species, leading to changes in species distribution and host range in the long term. Scenario B illustrates a multipest system 
sharing the same resource, where exotic pests dominate the native herbivores leading to the displacement of native species into other crops or 
habitats but without extinction evidence. The main question is whether natural enemies associated with native species follow their original hosts or 
preys or, on the contrary, adapt to new hosts in the invaded habitat (question mark over dash yellow arrow). 
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communities (Figure 1). We mainly considered exotic 
insect species (but also natives see Sections Risks of in
tensive farming of exotic invasive species for food or feed on 
native insect’s communities and Risks of the use of the insect’s 
sterile technology on native insect’s communities) with in
vasive trends and negative impacts in agrosystems, 
namely invasive insect pests. 

Interactions between exotic invasive insect 
pests and native insect herbivores 
The capacity of an invasive species to occupy a wide 
range of environments and to significantly impact the 
biology of native species is a major cause of biodiversity 
loss [12]. In agriculture, exotic insect pests can impact 
native species by using a common resource, which is 
already used by natives for their survival, predisposing 
them to interact in a competitive (e.g. [13]) or facilitative 
manner (e.g. [14]; Figure 2). Among these interactions, 
despite the frequent indication for competition in the 
literature [15], there is limited evidence for the dom
inance of competition in phytophagous insect commu
nities leading into a new paradigm on how interspecific 
competitions will contribute to changes in the phyto
phagous insect community structures [16] by, for ex
ample, changes in insect host ranges [17]. Several 
examples of exotic invasive insect pests corroborate such 
paradigm. This is the case of the exotic lepidopteran 
stemborers in tropical habitats worldwide. In East Africa, 
Chilo partellus (Lepidoptera: Crambidae) caused the 
displacement of native species, as Busseola fusca (Lepi
doptera: Noctuidae) from sorghum [18], and as Chilo 
orichalcolciliellus (Lepidoptera: Crambidae) from maize to 
alternative grasses, not commonly hosts of C. partellus  
[19]; and more recently of the fall armyworm, Spodoptera 
frugiperda (Lepidoptera: Noctuidae), after its recent in
vasion in Africa in 2017, is pushing the native B. fusca 
from maize to other crops (e.g. [20•]). Spodoptera frugi
perda is also currently reducing the attack intensity of 
native lepidopteran pests and the diversity of associated 
natural enemies in Indonesia [21•], and it is out
competing other insect pests such as Helicoverpa zea in 
South America [22]. 

The main challenge is to predict the predominance and 
the lag time of an exotic species which may cause the 
displacement or extinction of the native species. This 
will depend on the population stability of an insect 
species competing for the same resources [23]. For ex
ample, it was shown that when a species feeds on a re
source, it will be able to establish and sustain a stable 
population that fluctuates based on the resource avail
ability [23]. However, in a competing context with dif
ferent species feeding on the same resource, it is 
generally observed a combination of the three para
meters, half-saturation, growth rate and mortality rate, 
and that determine which species will dominate for the 

resource use (e.g. [24••]). In this context, under a mul
tipest system sharing the same resource, it was reported 
that the exotic invasive species dominate the native 
species resulting of a likelihood displacement of these 
native species to other crops or habitats but without 
extinction evidence [24••] (Figure 2). In addition, it has 
long been recognized that human activity is responsible 
for the vast majority of biological invasions, and it is 
highly related to the openness of global trade [25]. Un
derstanding how and when invasive insect pests were 
transported is important to explain current invasions and 
predict future ones to minimize impact on local biodi
versity [25]. However, the anthropogenic climate change 
will probably alter the distribution, abundance, and 
phenology of, not only the native insect pests, but also 
the exotic ones [26**,27]. 

Interactions between exotic invasive insect 
pests and native natural enemies 
It is reported that exotic invasive insect herbivores in
terfere significantly with native herbivore–natural enemy 
interactions in invaded areas [10,28,29]. Different pro
cesses of interference are described. Herbivore natural 
enemies use the volatiles emitted by plants infested by 
their prey or host to orient themselves towards host in 
nature [30]. Interferences can occur if these volatiles 
attract the natural enemies towards suitable or un
suitable exotic insect herbivores or if the plants coin
fested by both exotic and native herbivores emit 
volatiles that become less attractive to natural enemies  
[10]. In case the natural enemies are attracted and then 
attack unsuitable exotic pests (i.e. unable to feed or to 
develop in them), they spend time and energy which can 
negatively affect their fitness [10,31]. In case the natural 
enemies are attracted and attack suitable exotic pests, 
they may be diverted from their initial resident targets 
(Figure 2). In all cases, native natural enemies can use 
exotic invasive insect herbivores as prey or host and 
these novel interactions may have detrimental con
sequences at the community level [32] and on a pre- 
existing biological control process [31]. 

An important process that is reported to be detrimental 
on a pre-existing biological control program is the non
reproductive mortality of native natural enemies in
duced by the exotic insect pests. In hymenopteran 
parasitoids, for example, a model on the biological con
trol effects of nonreproductive host mortality predicts 
that native parasitoids may have a large biological control 
impact on the population dynamics of the invasive pests 
in areas where suitable native hosts coexist [32]. In this 
case, parasitoids may have higher metabolic costs of 
unproductive foraging behaviors, for example, when 
they do not complete development in the invasive host 
but respond to volatile cues from the plant–herbivore 
complex and oviposit in this unsuitable host [33•]. This 
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may directly affect the reproductive output of the para
sitoids in the field [30], resulting in reduced parasitism 
rates of its native hosts. 

In addition, anthropogenic climate change will alter the 
distribution, abundance, and phenology of the natural 
enemies of insects’ herbivores as well as their herbivore 
hosts (Figure 1). Even though several studies are pre
dicting changes in the future distribution of pest species 
under climate change [34], few models have included 
the effect of climate change on natural enemies. Thus, 
little is known about the impact of climate change on the 
distribution of biological control agents used to control 
insect pests worldwide (but see Ref. [35]). Although it 
was predicted that herbivore species will be able to es
tablish and sustain by cyclical relationship between po
pulations of the pest and the associated natural enemies  
[24••], the climate change may, for example, increase 
pest problems by increased herbivore performance and 
reduced top–down control by natural enemies [36]. 
Climate change may then influence in diverse ways the 
multitrophic interactions between herbivores and nat
ural enemies, among which, changes in species dis
tribution might be crucial [37]. 

Risks of intensive farming of exotic invasive 
species for food or feed on native insect’s 
communities 
Since 2010, the potential of insects as food and feed in 
order to ensure food security has gained momentum. 
Insects have been identified as suitable candidates to 
supplement other animal–protein sources based on their 
nutritional value [38,39]. 

In many parts of the world, edible insects are already 
well-known local insects, which are collected from the 
wild and directly sold to the consumers. It is estimated 
that more than 2000 edible species are part of traditional 
meals eaten by at least 2.5 billion people living in tro
pical countries [40]. The new idea now is to rear insects 
to limit the ecological impacts of gathering them in the 
wild [41] and to have alternatives in case of edible in
sects’ population decline following global changes [42]. 
In addition, the need to find alternative sources of pro
teins and set up circular economies for the treatment of 
biowaste has led to the development of this new in
dustry in western countries. The use of insects as a 
significant source of edible raw materials is based on the 
possibility to rear and process them on an industrial 
scale, but the change from small-scale rearing units to 
those on an industrial scale is a challenge that is not only 
ethical [43], scientific [44], and economic [38], but also 
concerns health issues [45,46]. One of the unsolved 
questions is whether, in the context of global warming, 
can production of tons of insect pests as an alternative 
food resource take place without the risks of their 

accidental release and dispersion in the natural en
vironment? 

In Europe, the ‘Novel Foods’ legislation (Regulation 
(EU) 2015/2283) regulates edible insects and derived 
products [47]. In 2021, the European Food Safety Au
thority (EFSA) released an opinion on the safety of dried 
yellow mealworm, Tenebrio molitor (Coleoptera: Teneb
rionidae) as novel food [48]. This is the first species that 
reached the authorization level amongst the 10 species 
of insects (Table 1), which were considered available for 
human consumption in some European countries. We 
can see that most species on this list were classified as 
‘pests’ during the 20th Century before they have been 
considered potential resources of food or feed. Similarly, 
insect pests are also now proposed as novel food [49]. 

The industrial development of insect production for 
food and feed is ideally considered as a promising sector  
[50••], though the proposed target is to rear edible in
sects that are in most cases exotic species, as, for ex
ample, the tropical locusts, the crickets Gryllodes and the 
beetles Zophobas. Considering those development pro
spects, one has to take into account the impact of insect 
rearing on the local fauna, and the possibility of pro
liferation and problems for nearby residents. Although 
European authorities have provided a regulatory frame
work for insect rearing facilities, the risks of accidental 
release of these exotic insects in nature have rarely been 
considered by the industrial sector, or by scientists. The 
species from the European list are also taken into con
sideration for importation in Tropical countries where 
the environmental risks are much greater. Documenting 
this question is an increasingly urgent matter. In addi
tion, depending on the location of the rearing facilities 
and to minimize the risk of accidental release, research 
should be conducted to find native insect species, rather 
than exotic species, that can be efficiently used for insect 
production for food in feed. 

Risks of the use of the insect’s sterile 
technology on native insect’s communities 
Together with genetically modified organisms, the SIT 
is the most discussed approach on the way to the era
dication of insect pest species. Historically, it has been 
tested for controlling the Tsetse flies in the 1930s and 
1940s and developed against the New World screw- 
worm fly in the 1950s [51]. After its utilization against 
important agricultural insect pests, including invasive 
species as Tephritid fruit flies (e.g. Ceratitis capitata, 
Batrocera spp., Anastrepha fraterculus), Drosophila suzukii, 
and moths (Cydia pomonella, Lobesia botrana, Ectomyelois 
ceratoniae) [52••], the SIT is now largely evoked not only 
to control but also to eradicate mosquitoes [53] or tsetse 
flies’ species that are important vectors of diseases 
worldwide. Several area-wide integrated pest 
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management programs with an SIT component have 
been deployed [54]. 

The idea that the SIT is ‘non-intrusive to the environ
ment’ must be discussed. This idea came from the fact 
that SIT is a genetic-based method that is only affecting 
the target populations. But one lesson we must retained 
from the last passed years of observation of insects’  
[55••] and bird’s population decline is that in such 
modified landscapes the drastic modification of the size 
of pest’s population will also affect the entire ecosystem. 
The question is not to decide if we must control or not 
the species in the system. It is more to clearly identify 
how we will modify the equilibrium between the diverse 
components. If the limitation of chemical pestici
des–based methods is an honorable target, we do not 
have to act as if we will not have any impact. Thus, any 
method used in the agrosystems for pest control or for 
mosquitoes control in natural ecosystems should have to 
be clearly documented for their impact not only in the 
scope of the cultivated fields but also at a large landscape 
scale. The ethics of eradicating natural populations is 
rarely discussed. Today, we are facing two different 
cases. The first is targeting local species, like tsetse flies, 
which are part of the local biodiversity [56]. In this case, 
eradication is not the right measure and natural popu
lations, for example, in protected areas, should be con
served [57]. The second is the attempted eradication of 
invasive insect pests, where SIT could represent a real 
alternative to the use of great quantities of chemical 
pesticides. This is well illustrated by the fruit flies, 
which became major pests of numerous fruits and ve
getables around the World. The SIT has been success
fully tested to control these species and it allows the 
reduction of insecticide treatment [58,59]. Nevertheless, 
the advantages of SIT against classical chemical pesti
cides should not allow its use without estimating the 
potential impacts on non-target fauna. 

Conclusions 
This paper discusses first how interferences of exotic 
invasive insect pests may impact not only other 

phytophagous insects into the invaded area but also their 
associated natural enemies, particularly under a multi
pest system sharing the same resource, where displace
ment of native species to other crops or habitats may 
occur. The main challenge under the current global 
change scenario is, therefore, to predict the pre
dominance of an exotic pest species which may cause 
the displacement or extinction of the native species. 
Special concern should be given, as well, to the pro
duction of edible insects for food and feed, which is now 
facing great development in industrial countries. 
However, although a regulatory framework is now ap
plicable in the EU, important risks such as those of 
spillover or accidental release of edible insect species are 
still rarely taken into account by either the industrial 
sector or the scientific community. This question is of an 
urgent matter, especially because most species reared at 
industrial level are exotic pest species. In the same way, 
risks underlying the use of SIT to control and eradicate 
insect pest populations should be discussed. Can one 
consider this technique totally ‘non-intrusive to the en
vironment’ without clearly identifying how we will 
modify the equilibrium between the diverse compo
nents of agroecosystems? In the end, the decision should 
depend on the society as a whole and to policymakers. 
But are they clearly informed and does their education 
help them in taking such decisions? And how will the 
scientific community be of a good help for them? The 
last months of debates and emotional-based decisions 
about our health and social life showed us that we need a 
strong corpus of scientific data clearly explained to all 
citizens. 
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Table 1 

Insects species considered available for human consumption in Europe and their previous status in agriculture [60,61].      

Species Latin name Diet Agricultural status  

House cricket Acheta domesticus Polyphagous Commensal species of man 
African locust Locusta migratoria migratorioides Herbivorous Declared migratory pest 
Giant mealworm Zophobas atratus morio Granivorous Indifferent species 
Mealworm Tenebrio molitor Cereal flour eater Considered as a storage pest 
Buffalon worm Alphitobius diaperinus Cereal flour eater Pest of stored food grain products 
Greater wax moth Galleria mellonella Honeybee wax eater Ubiquitous pest of the honeybee 
American bird grasshopper Schistocerca americana Herbivorous Declared migratory pest 
Tropical house cricket Gryllodes sigillatus Polyphagous Commensal species of man 
Lesser wax moth Achroia grisella Honeybee wax eater Ubiquitous pest of the honeybee 
Silkworm Bombyx mori Herbivorous Domestic 

Impact of invasive insects on native communities Fortuna et al. 5 

www.sciencedirect.com Current Opinion in Insect Science 51( 2022) 100904 



References and recommended reading 
Papers of particular interest, published within the period of review, have 
been highlighted as:  

•• of special interest  
•• of outstanding interest.  

1. Millenium Ecosystem Assessment (Program): Ecosystem and 
Human Well-Being: Synthesis. Island Press; 2005. 

2. Mooney HA: Invasive alien species: the nature of the problem. In 
Invasive Alien Species: A new Synthesis. Scope 63. Edited by 
Mooney HA, Mack RN, McNeely JA, Neville LE, Schei PJ, Waage 
JK. Island Press; 2005:1-15. 

3. Valéry L, Fritz H, Lefeuvre JC, Simberloff D: Invasive species can 
also be native. Trends Ecol Evol 2009, 24:585. 

4. Kenis M, Auger-Rozenberg M-A, Roques A, Timms L, Péré C, Cock 
MJ, Settele J, Augustin S, Lopez-Vaamonde C: Ecological effects 
of invasive alien insects. Biol Invasions 2009, 11:21-45. 

5. Brockerhoff EG, Liebhold AM: Ecology of forest invasions. Biol 
Invasions 2017, 19:3141-3159. 

6. Kirichenko N, Augustin S, Kenis M: Invasive leafminers on woody 
plants: a global review of pathways, impact, and management. 
J Pest Sci 2019, 92:93-106. 

7. Louda SM, Pemberton RW, Johnson MT, Follet PA: Nontarget 
effects — the Achilles heel of biological control? Retrospective 
analyses to reduce risk associated with biocontrol 
introductions. Ann Rev Entomol 2003, 48:365-396. 

8. Bale JS, van Lenteren JC, Bigler F: Biological control and 
sustainable food production. Philos Trans R Soc Lond B Biol Sci 
2008, 363:761-776. 

9. De Clercq P, Mason PG, Babendreier D: Benefits and risks of 
exotic biological control agents. BioControl 2011, 56:681-698. 

10. Chabaane Y, Laplanche D, Turlings TC, Desurmont GA: Impact of 
exotic insect herbivores on native tritrophic interactions: a 
case study of the African cotton leafworm, Spodoptera littoralis 
and insects associated with the field mustard Brassica rapa. J 
Ecol 2015, 103:109-117. 

11.
•

Berggren A, Jansson A, Low M: Approaching ecological 
sustainability in the emerging insects-as-food industry. Trends 
Ecol Evol 2019, 34:132-138. 

An interesting opinion paper on the research needs for the ecological 
sustainability of the edible insects’ industry.  

12. Courchamp F, Fournier A, Bellard C, Bertelsmeier C, Bonnaud E, 
Jeschke JM, Russell JC: Invasion biology: specific problems and 
possible solutions. Trends Ecol Evol 2017, 32:13-22. 

13. Agrawal AA: Future directions in the study of induced plant 
responses to herbivory. Entomol Exp Appl 2005, 115:97-105. 

14. Bruno JF, Stachowicz JJ, Bertness MD: Inclusion of facilitation 
into ecological theory. Trends Ecol Evol 2003, 18:119-125. 

15. Denno RF, McClure MS, Ott JR: Interspecific interactions in 
phytophagous insects: competition reexamined and 
resurrected. Annu Rev Entomol 1995, 40:297-331. 

16. Kaplan I, Denno RF: Interspecific interactions in phytophagous 
insects revisited: a quantitative assessment of competition 
theory. Ecol Lett 2007, 10:977-994. 

17. Charlery de la Masselière M, Ravigné V, Facon B, Lefeuvre P, 
Massol F, Quilici S, Duyck P-F: Changes in phytophagous insect 
host ranges following the invasion of their community: long- 
term data for fruit flies. Ecol Evol 2017, 7:5181-5190. 

18. Kfir R: Competitive displacement of Busseola fusca 
(Lepidoptera: Noctuidae) by Chilo partellus (Lepidoptera: 
Pyralidae). Ann Entomol Soc Am 1997, 90:619-624. 

19. Overholt WA: Displacement of native stem borers by Chilo 
partellus. In Encyclopedia of Entomology. Edited by Capinera JL. 
Springer; 2008, , https://doi.org/10.1007/978-1-4020-6359-6_5034 

20.
•

Hailu G, Niassy S, Bässler T, Ochatum N, Studer C, Salifu D, 
Agbodzavu MK, Khan ZR, Midega C, Subramanian S: Could fall 
armyworm, Spodoptera frugiperda (J. E. Smith) invasion in 
Africa contribute to the displacement of cereal stemborers in 
maize and sorghum cropping systems. Int J Trop Insect Sci 
2021, 41:1753-1762. 

A good example showing the displacement of resident crop pests to 
another crop after the invasion of an exotic pest.  

21.
•

Rizali A, Oktaviyani, Putri SDPS, Doananda M, Linggani A: Invasion 
of fall armyworm Spodoptera frugiperda, a new invasive pest, 
alters native herbivore attack intensity and natural enemy 
diversity. Biodiversitas 2021, 22:3482-3488. 

This study showed that infestation of a new invasive pest significantly 
reduced the attack intensity of other lepidopteran resident pests as well 
as the diversity of natural enemies, especially predators. It concludes 
that this new invasive pest causes biotic homogenization in the maize 
field by directly competing with other lepidopteran pests and indirectly 
eliminating the natural enemy diversity.  

22. Bentivenha JPF, Montezano DG, Hunt TE, Baldin ELL, Peterson JA, 
Victor VS, Pannuti LER, Vélez AM, Paula‐Moraes SV: Intraguild 
interactions and behavior of Spodoptera frugiperda and 
Helicoverpa spp. on maize. Pest Manag Sci 2017, 73:2244-2251, 
https://doi.org/10.1002/ps.4595 

23. Mwalusepo S, Tonnang HEZ, Massawe ES, Johansson T, Le Ru 
BP: Stability analysis of competing insect species for a single 
resource. J Appl Math 2014, 2014:285350, , https://doi.org/10. 
1155/2014/285350 

24.
••

Sokame BM, Tonnang HEZ, Subramanian S, Bruce AY, Dubois T, 
Ekesi S, Calatayud P-A: A system dynamic model for pests and 
natural enemies’ interactions. Sci Rep 2021, 11:1401, https://doi. 
org/10.1038/s41598-020-79553-y. 

This article exposes system dynamics modeling approach to model 
tritrophic interactions of host plant–pest–natural enemies. The findings 
highlight that when a single pest species with its associated parasitoids 
interact with the host plant, the species is able to establish and sustain a 
cyclical relationship between populations of the pest and the associated 
parasitoids.  

25. Bonnamour A, Gippet JMW, Bertelsmeier C: Insect and plant 
invasions follow two waves of globalisation. Ecol Lett 2021, 
24:2418-2426. 

26.
••

Skendžić S, Zovko M, Živković IP, Lešić V, Lemić D: The impact of 
climate change on agricultural insect pests. Insects 2021, 
12:440, , https://doi.org/10.3390/insects1205044. 

This review addresses the effects of rising temperatures and atmo
spheric CO2 levels, as well as changing precipitation patterns, on agri
cultural insect pests. Particularly, it highlights an increased risk of 
invasive insect species and changes in herbivores' interaction with host 
plants and natural enemies.  

27. Urvois T, Auger-Rozenberg MA, Roques A, Rossi JP, Kerdelhue C: 
Climate change impact on the potential geographical 
distribution of two invading Xylosandrus ambrosia beetles. Sci 
Rep 2021, 11:1-11, https://doi.org/10.1038/s41598-020-80157-9 

28. Desurmont GA, Harvey J, van Dam NM, Cristescu SM, Schiestl FP, 
Cozzolino S, Anderson P, Larsson MC, Kindlmann P, Danner H, 
Turlings TC: Alien interference: disruption of infochemical 
networks by invasive insect herbivores. Plant Cell Environ 2014, 
37:1854-1865. 

29. Martorana L, Foti MC, Rondoni G, Conti E, Colazza S, Peri E: An 
invasive insect herbivore disrupts plant volatile-mediated 
tritrophic signalling. J Pest Sci 2017, 90:1079-1085. 

30. Vinson SB: Biochemical convolution between parasitoids and 
their hosts. In Evolutionary Strategies of Parasitic Insects and 
Mites. Edited by Price PW. Plenum Press; 1975:14-48. 

31. Hoogendoorn M, Heimpel GE: Indirect interactions between an 
introduced and a native ladybird beetle species mediated by a 
shared parasitoid. Biol Control 2002, 25:224-230. 

32. Timms LL, Walker SC, Smith SM: Establishment and dominance 
of an introduced herbivore has limited impact on native host- 
parasitoid food webs. Biol Invasions 2012, 14:229-244. 

33.
•

Sokame BM, Obonyo J, Sammy EM, Mohamed SA, Subramanian 
S, Kilalo DC, Juma G, Calatayud P-A: Impact of the exotic fall 
armyworm on larval parasitoids associated with the 

6 Pests and resistance  

www.sciencedirect.com Current Opinion in Insect Science 51( 2022) 100904 

http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref1
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref1
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref2
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref2
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref2
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref2
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref3
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref3
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref4
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref4
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref4
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref5
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref5
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref6
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref6
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref6
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref7
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref7
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref7
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref7
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref8
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref8
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref8
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref9
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref9
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref10
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref10
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref10
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref10
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref10
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref11
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref11
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref11
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref12
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref12
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref12
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref13
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref13
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref14
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref14
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref15
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref15
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref15
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref16
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref16
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref16
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref17
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref17
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref17
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref17
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref18
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref18
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref18
https://doi.org/10.1007/978-1-4020-6359-6_5034
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref20
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref20
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref20
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref20
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref20
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref20
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref21
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref21
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref21
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref21
https://doi.org/10.1002/ps.4595
https://doi.org/10.1155/2014/285350
https://doi.org/10.1155/2014/285350
https://doi.org/10.1038/s41598-020-79553-y
https://doi.org/10.1038/s41598-020-79553-y
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref25
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref25
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref25
https://doi.org/10.3390/insects1205044
https://doi.org/10.1038/s41598-020-80157-9
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref28
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref28
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref28
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref28
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref28
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref29
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref29
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref29
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref30
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref30
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref30
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref31
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref31
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref31
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref32
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref32
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref32


lepidopteran maize stemborers in Kenya. BioControl 2020, 
66:193-204, https://doi.org/10.1007/s10526-020-10059-2. 

A good example of a study suggesting how an exotic invasive pest 
might have a negative impact on the biological control of resident pests 
existing before its invasion.  

34. Lantschner MV, de la Vega G, Corley JC: Predicting the 
distribution of harmful species and their natural enemies in 
agricultural, livestock and forestry systems: an overview. Int J 
Pest Manag 2018, 65:190-206. 

35. Hance T, van Baaren J, Vernon P, Boivin G: Impact of extreme 
temperatures on parasitoids in a climate change perspective. 
Annu Rev Entomol 2007, 52:107-126. 

36. Guyer A, van Doan C, Maurer C, Machado RAR, Mateo P, Steinauer 
K, Kesner L, Hoch G, Kahmen A, Erb M, Robert CAM: Climate 
change modulates multitrophic interactions between maize, a 
root herbivore, and its enemies. J Chem Ecol 2021, 47:889-906, 
https://doi.org/10.1007/s10886-021-01303-9 

37. Thomson LJ, Macfadyen S, Hoffmann AA: Predicting the effects 
of climate change on natural enemies of agricultural pests. Biol 
Control 2010, 52:296-306. 

38. van Huis A, Van Itterbeeck J, Klunder H, Mertens E, Halloran A, 
Muir, Vantomme P: Edible insects: future prospects for food and 
feed security. FAO Forestry Paper 171. Food and Agriculture 
Organization of the United Nations, Rome and Wageningen 
University and Research Centre, Wageningen, the Netherlands; 
2013:201. 

39. Rumpold BA, Schlüter OK: Nutritional composition and safety 
aspects of edible insects. Mol Nutr Food Res 2013, 57:802-823. 

40. Ramos-Elorduy J: Anthropo-entomophagy: cultures, evolution 
and sustainability. Entomol Res 2009, 39:271-288. 

41. Muafor FJ, Gnetegha AA, Dounias E, Le Gall P, Levang P: Ch. 6. 
Palm weevil farming contributing to food security in sub- 
Saharan Africa. In Insects as Food and Feed: From Production to 
Consumption. Edited by van Huis A, Tomberlin JK. Wageningen 
Academic Publishers; 2017:112-126. 

42. Halloran A, Vantomme P, Hanboonsong Y, Ekesi S: Regulating 
edible insects: the challenge of addressing food security, 
nature conservation, and the erosion of traditional food culture. 
Food Sec 2015, 7:739-746. 

43. Gjerris M, Gamborg C, Röcklinsberg H: Ethical aspects of insect 
production for food and feed. J Insects Food Feed 2016, 
2:101-110. 

44. Payne CLR, Dobermann D, Forkes A, House J, Josephs J, McBride 
A: Insects as food and feed: European perspectives on recent 
research and future priorities. J Insects Food Feed 2016, 
2:269-276. 

45. Eilenberg J, Vlak J, Nielsen-LeRoux C, Cappellozza S, Jensen A: 
Diseases in insects produced for food and feed. J Insects Food 
Feed 2015, 1:87-102, https://doi.org/10.3920/JIFF2014.0022 

46. FAO, Looking at Edible Insects from a Food Safety Perspective. 
Challenges and Opportunities for the Sector, 2021, FAO. 

47. Belluco S, Halloran A, Ricci A: New protein sources and food 
legislation: the case of edible insects and EU law. Food Sec 
2017, 9:803-814. 

48. EFSA NDA Panel (EFSA Panel on Nutrition, Novel Foods and Food 
Allergens), Turck D, Castenmiller J, De Henauw S, Hirsch-Ernst KI, 
Kearney J, Maciuk A, Mangelsdorf I, McArdle HJ, Naska A, Pelaez 
C, Pentieva K, Siani A, Thies F, Tsabouri S, Vinceti M, Cubadda F, 
Frenzel T, Heinonen M, Marchelli R, Neuhäuser-Berthold M, 
Poulsen M, Maradona MP, Schlatter JR, van Loveren H, Ververis E, 
Knutsen HK: Scientific opinion on the safety of dried yellow 
mealworm (Tenebrio molitor larva) as a novel food pursuant to 
regulation (EU) 2015/2283. EFSA J 2021, 19:6343, https://doi.org/ 
10.2903/j.efsa.2021.6343 pp. 29. 

49. van Huis A: Insect pests as food and feed. J Insects Food Feed 
2020, 6:327-331. 

50.
•

van Huis A: Insects as food and feed, a new emerging 
agricultural sector: a review. J Insects Food Feed 2020, 6:27-44. 

This paper provides a good review of insect species that are currently 
used as food and feed.  

51. Klassen W: Area-wide integrated pest management and the 
sterile insect technique. In Sterile Insect Technique. Principles 
and Practice in Area-wide Integrated Pest Management. Edited by 
Dyck VA, Hendrichs J, Robinson AS. Springer; 2005:39-68, , 
https://doi.org/10.1007/1-4020-4051-2_2 

52.
••

Vreysen MJB, Abd-Alla AMM, Bourtzis K, Bouyer J, Caceres C, de 
Beer C, Oliveira Carvalho D, Magai H, Mamai W, Nikolouli K, 
Yamada H, Pereira R: The insect pest control laboratory of the 
joint FAO/IAEA programme: ten years (2010–2020) of research 
and development, achievements and challenges in support of 
the Sterile Insect Technique. Insects 2021, 12:2075-4450. 

A key paper providing a review of the research carried out in the last 10 
years on the implementation of the SIT for selected key insect pests.  

53. Gouagna LC, Damiens D, Oliva CF, Boyer S, Le Goff G, Brengues 
C, Dehecq J-S, Raude J, Simard F, Fontenille D: Strategic 
approach, advances, and challenges in the development and 
application of the SIT for area-wide control of Aedes albopictus 
mosquitoes in Reunion Island. Insects 2020, 11:2075-4450. 

54. Vreysen MJB, Gerardo-Abaya J, Cayol JP: Lessons from Area- 
Wide Integrated Pest Management (AW-IPM) programmes with 
an SIT component: an FAO//IAEA perspective. In Area-Wide 
Control of Insect Pests. Edited by Vreysen MJB, Robinson AS, 
Hendrichs J. Springer; 2007, , https://doi.org/10.1007/978-1-4020- 
6059-5_66 

55.
••

Didham RK, Basset Y, Collins CM, Leather SR, Littlewood NA, 
Menz MHM, Müller J, Packer L, Saunders ME, Schönrogge K, 
Stewart AJA, Yanoviak SP, Hassall C: Interpreting insect 
declines: seven challenges and a way forward. Insect Conserv 
Divers 2020, 13:103-114. 

This paper provides the key challenges in drawing robust inference 
about insect population declines. It gives guidelines for best-practice 
approaches that avoid methodological errors, mitigate potential biases, 
and produce more robust analyses of time series trends.  

56. Bouyer J, Carter NH, Batavia C, Nelson MP: The ethics of 
eliminating harmful species: the case of the tsetse fly. 
BioScience 2018, 69:125-135. 

57. Armstrong AJ, Blackmore A: Tsetse flies should remain in 
protected areas in KwaZulu-Natal. Koedoe 2017, 59:a1432, , 
https://doi.org/10.4102/koedoe. v59i1.1432 

58. Barnes B: Sterile insect technique (SIT) for fruit fly control — 
The South African experience. In Fruit Fly Research and 
Development in Africa — Towards a Sustainable Management 
Strategy to Improve Horticulture. Edited by Ekesi S, Mohamed SA, 
De Meyer M. Springer; 2016:435-464, , https://doi.org/10.1007/ 
978-3-319-43226-7_19 

59. Plá I, Oteyza JG, Tur C, Martínez MÁ, Laurín MC, Alonso E, 
Martínez M, Martin Á, Sanchis R, Navarro MC, Navarro MT, Argilés 
R, Briasco M, Dembilio O, Dalmau V: Sterile Insect Technique 
programme against Mediterranean fruit fly in the Valencian 
Community (Spain). Insects 2021, 12:415, , https://doi.org/10. 
3390/insects12050415 

60. EFSA Scientific Committee: Scientific opinion on a risk profile 
related to production and consumption of insects as food and 
feed. EFSA J 2015, 13:4257, https://doi.org/10.2903/j.efsa.2015. 
4257 60 pp. 

61. Caparros RM, Alabi T, Larreché S, Louxinger A, Haubruge E, 
Francis F: Risques et valorisation des insectes dans 
l’alimentation humaine et animale. Ann Soc Entomol France 
2015, 51:215-258, https://doi.org/10.1080/00379271.2015. 
1122911  

Impact of invasive insects on native communities Fortuna et al. 7 

www.sciencedirect.com Current Opinion in Insect Science 51( 2022) 100904 

https://doi.org/10.1007/s10526-020-10059-2
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref34
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref34
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref34
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref34
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref35
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref35
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref35
https://doi.org/10.1007/s10886-021-01303-9
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref37
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref37
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref37
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref38
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref38
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref39
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref39
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref40
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref40
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref40
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref40
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref40
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref41
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref41
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref41
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref41
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref42
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref42
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref42
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref43
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref43
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref43
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref43
https://doi.org/10.3920/JIFF2014.0022
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref45
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref45
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref45
https://doi.org/10.2903/j.efsa.2021.6343
https://doi.org/10.2903/j.efsa.2021.6343
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref47
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref47
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref48
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref48
https://doi.org/10.1007/1-4020-4051-2_2
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref50
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref50
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref50
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref50
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref50
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref50
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref51
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref51
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref51
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref51
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref51
https://doi.org/10.1007/978-1-4020-6059-5_66
https://doi.org/10.1007/978-1-4020-6059-5_66
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref53
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref53
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref53
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref53
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref53
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref54
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref54
http://refhub.elsevier.com/S2214-5745(22)00039-6/sbref54
https://doi.org/10.4102/koedoe. v59i1.1432
https://doi.org/10.1007/978-3-319-43226-7_19
https://doi.org/10.1007/978-3-319-43226-7_19
https://doi.org/10.3390/insects12050415
https://doi.org/10.3390/insects12050415
https://doi.org/10.2903/j.efsa.2015.4257
https://doi.org/10.2903/j.efsa.2015.4257
https://doi.org/10.1080/00379271.2015.1122911
https://doi.org/10.1080/00379271.2015.1122911

	Impact of invasive insects on native insect communities
	Introduction
	Interactions between exotic invasive insect pests and native insect herbivores
	Interactions between exotic invasive insect pests and native natural enemies
	Risks of intensive farming of exotic invasive species for food or feed on native insect’s communities
	Risks of the use of the insect’s sterile technology on native insect’s communities
	Conclusions
	Conflict of interest statement
	Acknowledgements
	References and recommended reading




