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Chabaane et al. (2015) describe the subtle disruptive chemical
changes that an alien herbivore (a moth caterpillar, Spodopter-
a littoralis) may cause in a native community. This disruption
is described across trophic links from the plant it eats (a mus-
tard family species, Brassica rapa) to native herbivores (the
cabbage white butterfly, Pieris brassicae) and their native nat-
ural enemies (parasitic wasps, Cotesia glomerata). This paper
reinforces the concern that new insect species arriving in nat-
ural communities may potentially have a detrimental impact:
inducing unexpected changes in plant chemistry; altering
competitive interactions with other herbivores; and changing
the dynamics of the natural enemies of such herbivores.
Extreme disruptions by ‘invasive’ Lepidoptera include pest
population outbreaks that may cause large-scale defoliations
which affect the entire ecosystem by cascading chemical,
physiological and ecological changes across all trophic levels.
In consequence altering the functional dynamics in various
ways (Redman & Scriber 2000; Kenis et al. 2009; Gandi &
Herms 2010). The study by Chabaane et al. (2015) shows
how subtle changes in chemical cues from alien herbivores
may result in major changes with cascading responses of the
native plant–herbivore–parasite community.
Whether such chemically based disruptions such as those

described by Chabaane et al. (2015) result in local population
outbreaks, and whether such changes become part of the
future community dynamics, depends on the intensity and
variability of natural selection that occurs. All of these biotic
interactions resulting from invasive species are shaped by a
combination of ecological and evolutionary processes (Moran
& Alexander 2014). The fundamental component at all levels
(organism, population, community and ecosystem) is the
underlying genetic variability, which both interacts with and
shapes all aspects of the phenotypes (phytochemical, bio-
chemical, behavioural, physiological and morphological traits)
and the potential for rapid adaptation and introgressive gene
flow (Brasier 2001; Scriber 2011; Franks & Hoffmann 2012;
Pauls et al. 2013). Plant genotypes can shape communities
and drive evolutionary change (‘community genetics’; Smith
et al. 2011). Similarly, underlying genetics shape interactions
and natural selection across different environmental gradients
at the landscape and ecosystem levels (‘geographic mosaic of

co-evolution’; Thompson 2005). Understanding the underly-
ing chemical, ecological and genetic sources of evolutionary
responses to invasive species in the face of rapid environmen-
tal changes (such as global warming) will become one of the
most significant challenges in the next decade (Moran &
Alexander 2014; Scriber 2014). There is clearly a need for
additional studies such as Chabaane et al. (2015) because the
impacts of introduced species may run contrary to expecta-
tion. Illustrated by the fact that the alien (potentially invasive)
herbivore species caused disruptive impacts on the community
via induced changes in plant chemistry. This occurred despite
the fact that exotic herbivores themselves were not actually
used as hosts by the native parasitoids.
Chabaane et al. (2015) show that exotic herbivores may

invade new environments where they can significantly alter
the native communities. This is done via both direct (induced
changes in plant phytochemistry or nutritional ecology; Scri-
ber 2002; Gandi & Herms 2010) and indirect (cascading)
impacts on species across trophic levels in the ecosystem
(Redman & Scriber 2000; Dicke & Baldwin 2012; Stam et al.
2014). The chemical basis of these plant/herbivore/enemy
interactions has historically focused on host plant resistance,
herbivore counter-adaptations and chemical defenses derived
from the plants or herbivores in a relatively recent field of
chemical ecology (Price et al. 1980; Feeny 1992; Gols 2014).
Changes in other abiotic factors (e.g. climate and local
drought conditions, as well as stoichiochemistry; Mattson &
Scriber 1987; Mattson & Haack 1987; Elser et al. 2000;
Chunco 2014) can also greatly alter the chemical ecology of
the community, including interactions of plants, herbivores
and their enemies (predators, parasites, and pathogens: Stamp
1993; Ayres & Lombardero 2000; Singer & Stireman 2005).
However, Chabaane et al. (2015) show that changes in the
chemical environment are not always ecologically predictable.
More ground-breaking research as described in the interac-

tions of chemical components among native and exotics
across local populations and trophic levels will be required in
the future (Chabaane et al. 2015). However, the elucidation
of the genetic basis of ecological ripples caused by allelo-
chemical interactions will likely be the next major step in bet-
ter understanding the autecological (organism & population)
causes of synecological responses in the community and eco-
system (Whitham et al. 2003; Wheat et al. 2007; Stam et al.
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2014). It is important to remember that species-level analyses
alone may miss much intraspecific and even interspecific vari-
ation, from genomic biochemistry to chemically detected
predator or parasitoid interactions with prey. Ecological dan-
gers of ‘invasive species’ have become widely recognized and
increasingly common, perhaps due to the global nature of
many ecological interactions resulting from human-induced
transport. However, ‘invasive genotypes’ are less well recog-
nized (or unrecognized), but may be no less important, espe-
cially with the increasingly revealed occurrences of animal
hybrid speciation as well as plant hybrid speciation (Abbott
et al. 2013; Scriber 2014). As additional ‘biochemical waves’
of community change are discovered and described for inva-
sive species such as the Spodoptera (Chabaane et al. 2015),
the underlying ‘ripples of genetic change’ evolving or
co-evolving in such associated native communities also need
to be assessed.
Interspecific hybrids in plants may significantly alter eco-

logical patterns of allelochemical interactions in a community
through variation in levels of resistance to herbivores (Strauss
1994) or degrees of susceptibility to parasites in animals
(Fritz, Moulia & Newcombe 1999). Host plant chemistry may
also differentially impact immune responses in insect herbi-
vores (Lampert 2012). Such complexity in phenotypic and
genotypic composition and function across trophic levels will
be better understood only through a combination of additional
studies of genetic as well as allelochemical variation (Stam
et al. 2014). The impact of non-native invasive species, their
chemical impacts and introgressive hybrid genotypes on
native communities will certainly be of increasing importance
during the next two decades (Rodriguez-Saona, Blaauw &
Isaacs 2012; Moran & Alexander 2014). The genetic versus
phenotypic bases (including plasticity) of these biochemical
factors that mediate and control interactions should be part of
these investigations.

Synthesis

Several decades ago phytochemistry integrated successfully
with ecology. Now, the confluence of the genetic foundations
of allelochemically mediated multiple-trophic-level interac-
tions can be expected to surface and become the fundamental
focus among researchers in the near future. Ground-breaking
chemical analyses revealing unexpected ecological responses,
such as Chabaane et al. (2015) describe, will be a fundamental
necessity in assessing the relative contributions of genetic
evolution, phenotypic flexibility and environmental variability
in subsequent community dynamics. Adaptations to rapidly
changing environmental conditions (e.g. global warming) will
likely emerge in quickly evolving genotypes throughout
the world’s ecosystems. In fact, reshuffling species and
genes through both ecological and introgressive genetic inva-
sions may play a critical role in their ability to survive and
adapt in communities of the future (Seehausen, Takimo &
Jokela 2008; Chunco 2014; Scriber 2014). In the full light of
‘chemical ecology’ currently, the dawn of ‘ecological
genomics’ is upon us, and the possibilities for success in our

management of natural and agro-ecosystems are enormously
enhanced.

Data accessibility

This paper does not contain data.

References

Abbott, R., Albach, D., Ansell, S., Arntzen, J.W., Baird, J.E., Bierne, N.
et al. (2013) Hybridization and speciation. Journal of Evolutionary Biol-
ogy, 26, 229–246.

Ayres, M.P. & Lombardero, M.J. (2000) Assessing the consequences of global
change for forest disturbance from herbivores to pathogens. Science of the
Total Environment, 262, 263–286.

Brasier, C.M. (2001) Rapid evolution of introduced plant pathogens via inter-
specific hybridization. BioScience, 51, 123–133.

Chabaane, Y., Laplanche, D., Turlings, T.C.J. & Desurmont, G.A. (2015)
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. Journal of Ecology, 103,
109–117.

Chunco, A.J. (2014) Hybridization in a warmer world. Ecology and Evolution,
4, 2019–2031.

Dicke, M. & Baldwin, I.T. (2012) The evolutionary context for herbivore-
induced plant volatiles: beyond the “cry for help”. Trends in Plant Science,
15, 167–175.

Elser, J.J., Sterner, R.W., Gorokhova, E., Fagan, W.F., Markow, T.A., Cotner,
J.B., Harrison, J.F., Hobbie, S.E., Odell, G.M. & Weider, L.J. (2000) Ecologi-
cal stoichiometry from genes to ecosystems. Ecology Letters, 3, 540–550.

Feeny, P. (1992) The evolution of chemical ecology: contributions from the
study of herbivorous insects. Herbivores: Their Interactions with Secondary
Plant Metabolites (eds G.A. Rosenthal & M.R. Berenbaum), pp. 1–44. Aca-
demic Press, San Diego, CA, USA.

Franks, S.J. & Hoffmann, A.A. (2012) Genetics of climate change adaptation.
Annual Review of Genetics, 46, 185–208.

Fritz, R.S., Moulia, C. & Newcombe, G. (1999) Resistance of hybrid plants
and animals to herbivores, pathogens, and parasites. Annual Review of Ecol-
ogy & Systematics, 30, 565–591.

Gandi, K.J.H. & Herms, D.A. (2010) Direct and indirect effects of alien insect
herbivores on ecological processes and interactions in forests of eastern
North America. Biological Invasions, 12, 389–405.

Gols, R. (2014) Direct and indirect chemical defenses against insects in a multi-
trophic framework. Plant, Cell & Environment, 37, 1741–1752.

Kenis, M., Auger-Rozenberg, M.A., Roques, A., Timms, L., Pere, C., Cock,
M.J.W., Settele, J., Augustine, S. & Lopez-Vaamonde, C. (2009) Ecological
effects of invasive alien insects. Biological Invasions, 11, 21–45.

Lampert, E. (2012) Influences of plant traits on immune responses of specialist
and generalist herbivores. Open Access. Insects, 3, 573–592.

Mattson, W.J. & Haack, R.A. (1987) Role of drought in outbreaks of plant-
eating insects. BioScience, 37, 110–118.

Mattson, W.J. & Scriber, J.M. (1987) Nutritional ecology of insect folivores of
woody plants: water, nitrogen, fiber, and mineral considerations. Nutritional
Ecology of Insects, Mites, and Spiders (eds F. Slansky Jr & J.G. Rodriguez),
pp. 105–146. John Wiley, New York, NY, USA.

Moran, E.V. & Alexander, J.M. (2014) Evolutionary responses to global
change: lessons from invasive species. Ecology Letters, 17, 637–649.

Pauls, S.U., Nowak, C., B�alint, M. & Pfenninger, M. (2013) The impact of glo-
bal climate change on genetic diversity within populations and species.
Molecular Ecology, 22, 925–946.

Price, P.W., Bouton, C.E., Gross, P., McPheron, B.A., Thompson, J.N. &
Weis, A.E. (1980) Interactions among three trophic levels: influence of plants
on interactions between insect herbivores and natural enemies. Annual
Review of Ecology & Systematics, 11, 41–65.

Redman, A. & Scriber, J.M. (2000) Competition between gypsy moth, Lyman-
tria dispar, and the northern tiger swallowtail, Papilio canadensis: interac-
tions mediated by host plant chemistry, pathogens, and parasitoids.
Oecologia, 125, 218–228.

Rodriguez-Saona, C., Blaauw, B. & Isaacs, R. (2012) Manipulation of natural
enemies in agroecosystems: habitat and semiochemicals for sustainable insect
pest control. Intergrated Pest Management and Pest Control - Current and
Future Tactics (eds M. L. Larramendy & S. Soloneski), pp. 89–126. InTech,
Rijeka, Croatia.

© 2015 The Author. Journal of Ecology © 2015 British Ecological Society, Journal of Ecology, 103, 118–120

Invasive species, disrupted chemical community dynamics and future adaptations 119



Scriber, J.M. (2002) Evolution of insect-plant relationships: chemical con-
straints, coadaptation, and concordance of insect/plant traits. Entomologia Ex-
perimentalis et Applicata, 104, 217–235.

Scriber, J.M. (2011) Impacts of climate warming on hybrid zone movement;
Geographically diffuse and biologically porous “species borders”. Insect Sci-
ence, 18, 121–159.

Scriber, J.M. (2014) Review: climate-driven reshuffling of species and genes;
potential conservation roles for species translocations and recombinant hybrid
genotypes. Open Access. Insects, 5, 1–61.

Seehausen, O., Takimo, G. & Jokela, J. (2008) Speciation reversal and biodi-
versity dynamics with hybridization in changing environments. Molecular
Ecology, 17, 30–44.

Singer, M.S. & Stireman III, J.O. (2005) The tri-trophic niche concept and
adaptive radiation of phytophagous insects. Ecology Letters, 8,
1247–1255.

Smith, D.S., Bailey, J.K., Shuster, S.M. & Whitham, T.G. (2011) A geographic
mosaic of trophic interactions and selection: trees, aphids, and birds. Journal
of Evolutionary Biology, 24, 422–429.

Stam, J.M., Kroes, A., Li, Y., Gols, R., van Loon, J.J.A., Poelman, E.K. &
Dicke, M. (2014) Plant interactions with multiple insect herbivores: from
community to genes. Annual Review of Plant Biology, 65, 689–713.

Stamp, N.E. (1993) A temperate region view of the interaction of temperature,
food quality, and predators on caterpillar foraging. Caterpillars: Ecological
and Evolutionary Constraints on Foraging (eds N.E. Stamp & T.M. Casey),
pp. 478–508. Chapman and Hall, New York, NY, USA.

Strauss, S.Y. (1994) Levels of herbivory and parasitism in host hybrid zones.
Trends Ecology & Evolution, 9, 209–214.

Thompson, J.N. (2005) The Geographic Mosaic Theory of Coevolution. Uni-
versity of Chicago Press, Chicago, IL, USA.

Wheat, C.W., Vogel, H., Wittstock, U., Braby, M.F., Underwood, D. & Mitchell-
Olds, T. (2007) The genetic basis of a plant–insect coevolutionary key innova-
tion. Proceedings of the National Academy of Sciences (USA), 104, 20427–
20431.

Whitham, T.G., Young, W.P., Martinsen, G.D., Gehring, C.A., Schweitzer,
J.A., Schuster, S.M., Wimp, G.M., Fischer, D.G., Bailey, J.K., Lindroth,
R.L., Woolbright, S. & Kuske, C.R. (2003) Community and ecosystem
genetics: a consequence of the extended phenotype. Ecology, 84, 559–573.

Received 22 July 2014; accepted 30 October 2014
Handling Editor: David Gibson

© 2015 The Author. Journal of Ecology © 2015 British Ecological Society, Journal of Ecology, 103, 118–120

120 J. M. Scriber


