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Abstract
In a world where invasive invertebrate species can significantly compromise food security and where 
a dwindling range of synthetic pesticides remains our principal line of defence, testing a new invasion 
ecology hypothesis and understanding what makes a phytophagous insect invasive should be regarded as 
high priority research. Recent advances in microbiology strongly support the crucial and effective role of 
the gut microbiome in insect growth, development and, most importantly, environmental adaptation to 
their host plants. On the basis of recent literature, and following Elizabeth Pennisi’s article  published in 
the journal Science, we hypothesis that gut microbiome could be a critical determinant of invasion success 
in phytophagous insects, and that the uncovering of common traits in the gut microbiome of invasive 
insects, a “gut microbiome invasiveness signature”, would open new avenues of research towards next-
generation biocontrol solutions.
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INTRODUCTION

In her in depth News Story published on the 20th of January issue of Science (p236), 
Elizabeth Pennisi asked the striking and yet challenging question: “How do gut microbi-
omes help herbivores?”. While Pennissi mentioned the capacity of woodrats to consume 
otherwise lethal plants because of the specificity of their gut microbiome, the letter 
mainly enumerated and discussed a number of examples in insects, where gut micro-
biome contributes to breaking down and recycling waste compounds and other plants 
toxins. However, none of the examples reported were that of an invasive or a pest spe-
cies. Despite this, we believe that the study of the gut microbiome opens fascinating 
new research avenues in the fields of basic and applied invasion ecology, where scientists 
work at understanding the determinants of insect invasion success and devising new 
ways to control these damaging species. Since Elton’s theories in invasion ecology (Elton 
1958), and those reviewed by Simberloff and Rejmanek in their encyclopaedia (2011), 
very few novel theories have been proposed to explain the rise and success of invasive 
phytophagous insects. One unexplored question that directly relates to the research 
highlighted by Pennisi and which could be the basis of a new invasion ecology hypoth-
esis is: Could the gut microbiome determine the invasion success of phytophagous insects?

LITERATURE SUPPORT

There have been calls recently for a better understanding of the role of gut microbiome 
in invasive species in general (Bahrndorff 2016) and in shaping phytophagous insect 
diversification and co-evolution with plants (Hammer and Bower 2015), yet few have 
stressed the significant breakthrough that “a gut microbiome invasiveness signature” in 
phytophagous insects would represent. In invasive species, dispersal ability, environmen-
tal tolerance, phenotypic plasticity and associated epigenetics are critical determinants of 
invasion success (Simberloff and Rejmánek 2011, Chown et al. 2015). It has already been 
demonstrated that some of these attributes can be modified through the action of gut 
bacteria (e.g. Kim et al. 2016). Furthermore, we know that numerous plant defence com-
pounds, such as monoterpenes, diterpenes, phenolics and alkaloids can be metabolized by 
bacteria (Malecky et al. 2012, Marmulla and Harder 2014, Hammer and Bowers 2015, 
Vilanova et al. 2016), and crucially, some invasive insects seem able to tolerate (Piskorski 
et al. 2011) and even benefit (Lefort et al. 2015) from such compounds. The presence of 
gut microbial communities capable of metabolising plant defence compounds (Chung 
et al. 2017) could explain why some phytophagous insects are invasive whilst others are 
not. Several studies have already clearly stressed the central role of insect gut microbiome 
in overcoming the plant toxin barriers to facilitate insect host shifts (e.g. Tsuchida et al. 
2004, Hammer and Bowers 2015). It is also known that host shifts can sometimes lead 
to a phytophagous insect becoming an invasive species (Lefort et al. 2014).

The metabolising of plant defence compounds by gut bacteria could also explain 
the intraspecific variation in the level of invasiveness of some species observed between 
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different regions (e.g. biotype/ecotypes) such as in the whitefly Bemisia tabaci (Gen-
nadius) (De Barro et al. 2006), where climate does not appear to be the controlling 
factor. Furthermore, because the different components of gut microbes can either be 
horizontally or vertically transmitted (Engel and Moran 2013), this could result in 
variation in composition between regions where limited gene flow might occur.

For all the above reasons, we believe that it is extremely important to further in-
vestigate the “gut microbial facilitation hypothesis” proposed by Hammer and Bowers 
(2015), and to give it a new dimension that also encompasses the role of the gut micro-
biome in phytophagous insect invasion success. A better understanding of the mode of 
transmission of microbes involved in detoxification or metabolisation of plant defence 
compounds is also essential in future research.

OUTCOMES AND IMPORTANT CONSIDERATIONS

The human population will reach over 9 billion people by 2015, and international trade 
and climate change continue to drive increasing introductions of invasive phytopha-
gous insects (Bradshaw et al. 2016, Seebens et al. 2017). This presents an extreme chal-
lenge to modern agriculture and requires a significant shift towards sustainable practices 
that can meet the demand for food whilst limiting harmful effects on the environment. 
In particular, broad-range synthetic pesticides and chemical fertilisers need to be phased 
out in favour of better-targeted biological control strategies (Porter et al. 2009; Godfray 
and Garnett 2014). Uncovering a “gut microbiome invasiveness signature” could lead 
to improved risk assessments following the incursions of new phytophagous insects but, 
more importantly, it would open new avenues of research towards next-generation bio-
control solutions. In a study by Ceja-Navarro et al. (2015), gut microbiome disruption 
by antibiotic treatment in coffee berry borers (Hypothenemus hampei (Ferrari)), resulted 
in the loss of the insect ability to degrade caffeine, a purine alkaloid that plays a key role 
in plant defences against phytophagous insects (Ashihara and Crozier 2001). Should a 
gut microbiome invasiveness signature be confirmed in invasive phytophagous insects, 
new strategies targeting bacterial symbionts of interest, rather than the invasive insect 
itself, and adapted to their mode of transmission, could be developed. Such solutions 
would have broad range effects across invasive phytophagous insects but no harmful 
effects on non-invasive and/or beneficial insects. Important considerations to guaranty 
the applicability and success of such a solution include distinguishing between the core 
“invasion” microbiome (i.e. the invasiveness signature) and the core “functional” mi-
crobiome (i.e. microbial regulation of other host physiologies/behaviours). It will also 
be necessary to fully understand the functional redundancy of the microbiome in inva-
sive phytophagous insects to avoid functional compensation of the disrupted invasive 
traits. Finally, thoroughly testing the solutions in the field will be required as it has been 
previously shown that responses of hosts to “microbiome engineering” are not necessar-
ily long-lasting (Sheth et al. 2016), and unexpected variation in hosts/environmental 
conditions might occur.
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