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Abstract

1. While there has been great interest in species characteristics that promote
invasiveness, still little is known about the characteristics that distinguish invasive
from non-invasive insects. Using a database on the naturalised distributions of
alien insects and expert opinions about their impacts, we identified the world's
100 worst invasive insect species.

2. By comparing species characteristics reported in the literature using a meta-
analysis, between the 100 worst invasive species and related non-invasive species,
we found that invasive insects overall have more pathways of introduction, occur
in more habitats, have higher fecundities, higher voltinism, more genes, shorted
lifespans and faster development from egg to adult. Some of the differences in
species characteristics related to propagule pressures, life-histories and biotic
interactions, conditional on whether the non-invasive species compared is known
to be naturalised somewhere, whether the invasive species is globally distributed,
and the climatic region of the species.

3. Synthesis and applications. We show for the first time, using a multi-species
comparative approach, that invasive insects differ in several characteristics from
related non-invasive insects. Our results show that invasive species, such as
Spodoptera frugiperda, typically are habitat generalists with a high fecundity, a
short lifespan and fast development, whereas the importance of female body size
and number of enemies are context dependent. Our study can guide and improve

existing screening tools for assessing the invasion potential of alien insects.
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1 | INTRODUCTION

Owing to globalisation and the resulting breakdown of biogeo-
graphic barriers, alien organisms have in the last century been intro-
duced into new regions at an unprecedented rate (Ricciardi, 2007,
Seebens et al., 2018). Some of those aliens have been successfully
naturalised in the new ranges (i.e. have established self-sustaining
populations in the wild), and some of those have become invasive
(i.e. have spread rapidly; Blackburn et al., 2011), frequently causing
environmental or socioeconomic damage (CBD, 2000). Among the
large number of insects that have become naturalised, many are
invasive pests in agriculture or forestry, or are vectors of diseases
(Bonnamour et al., 2021; Ricciardi, 2007). What drives the invasive-
ness of insects, however, remains largely unknown.

Studies in invasion science have been focusing on identifying
invasion characteristics (i.e. pathways, life-history traits and char-
acteristics of the recipient ecosystems; Novoa et al., 2020), with the
goal of predicting potential future invasive alien species (Catford
et al., 2022; Labrie et al., 2006). So far, most studies comparing in-
vasive to non-invasive species have focused on vascular plants and
vertebrates (Jelbert et al., 2019). This has revealed that the invasive-
ness of alien plants is frequently related to introduction effort (e.g.
Dehnen-Schmutz et al., 2007) and species traits such as size, growth
rate, lifespan and reproduction (van Kleunen et al., 2010). The inva-
siveness of mammals is also frequently related to introduction effort
(Courchamp et al., 2003) and to lifespan and body mass (Capellini
etal.,2015). Forinsects, less datais available. Consequently, although
some invasive insect pests, such as the whitefly (Bemisia tabaci), the
red imported fire ant (Solenopsis invicta) and the Mediterranean
fruit fly (Ceratitis capitata), have been intensively studied, how they
differ from non-invasive insects remains largely unexplored (Bates
et al., 2020; Fournier et al., 2019).

Synthesis research has become increasingly important in the
fields of ecology and evolution because it helps to comprehensively
summarise the available evidence in a transparent and objective
manner (Gurevitch et al., 2018). For example, a meta-analysis on the
results of 117 studies, comparing life-history traits between 125 in-
vasive and 196 non-invasive plant species, showed that the invasive
ones generally have higher trait values (van Kleunen et al., 2010).
Such meta-analyses and other comparative analyses can be used to
develop statistical models to predict invasiveness with reasonable
accuracy (Nunez-Mir et al., 2019). Whether species characteristics
related to invasiveness, as identified for plants and other groups of
organisms, such as high fecundity, strong plasticity and long lifespan
(Palma et al., 2021), also apply to insects remains unknown (Gray
et al., 2009). Our current knowledge is still often inconclusive due to
limitations in experimental data and/or the scope of potential inva-
sion traits analysed (Brockerhoff & Liebhold, 2017).

Here, we use a global database on naturalised alien insects in
combination with expert judgement to identify the world's 100
worst invasive alien insect species. We then explored whether
these invasive insect species differ from related non-invasive in-

sect species regarding the numbers of introduction pathways and

habitats, life-history and genomic traits, and the number of enemies.
The results of this study can guide and improve existing screening
tools for assessing the invasion potential of alien insects (Gippet &
Bertelsmeier, 2021; Leffler et al., 2014).

2 | MATERIALS AND METHODS

2.1 | Identifying the world's 100 worst invasive
alien insect species

We compiled a list of the world's 100 worst invasive alien insects in
a two-step process. In the first step, we used the most comprehen-
sive global inventory of alien insects available to identify the 150
most widespread alien insect species. This inventory was compiled
from multiple data sources, including the Global Invasive Species
Database (http://www.iucngisd.org/gisd/; Invasive Species Specialist
Group of the IUCN Species Survival Commission, 2021), the Centre
for Agriculture and Bioscience International (https://www.cabi.org/;
CABI, 2021) and the Global Register of Introduced and Invasive
Species (https://griis.org/; Pagad et al., 2018). We also searched for
inventories of alien insect species worldwide and integrated data on
occurrences and geographical distributions, including lists of alien in-
sects published in scientific journals. This inventory includes a total of
7741 alien insect species (Appendix S1) covering all countries world-
wide. The database also includes information on the insect order that
the species belongs to, and, if available, information on the native
continent(s) and climatic region of the species. We selected the 150
species that have invaded the largest number of countries.

In a second step, these 150 species were evaluated with regard to
their impacts on the environment, economy and human health. We
did this by calculating impact scores based on a questionnaire survey
(see Table S1). The impact score had three categories: strong impact
(1), mild impact (0) and no significant impact (-1). We received 31 com-
plete evaluations. The participants were free to withdraw from the
questionnaire during our survey. Then, the 50 species with the lowest
average impact scores were removed from our list. The remaining 100
species, that is those with large alien distributions and strong impacts,
were considered the world's worst invasive insect species (https://doi.
org/10.5061/dryad.xksn02vmv) and were used in our analyses.

To determine the research status of the invasive alien insects,
we also extracted information on the numbers of publications for
each of them by searching the Web of Science Core Collection (ac-
cessed on 14 February 2022) for the respective scientific names of
the species. For example, a search for “Apis mellifera” yielded 33,842

publications.
2.2 | Selection of species characteristics
potentially related to invasiveness

For each of the 100 invasive alien species, we searched for data
on 10 species characteristics that might be related to invasiveness
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(Brockerhoff & Liebhold, 2017; Tayeh et al., 2015): the number of
introduction pathways, the number of habitats it occurs in, five life-
history traits, the number of enemies and two genomic traits. We
also searched for such data for non-invasive species that are phylo-
genetically closely related to the invasive alien species (i.e. species
in the same genus or family). This allowed us to do a comparative
analysis by calculating mean effect sizes for each pair of invasive and
non-invasive species (Levin et al., 2020). For comparison of genomic
traits, the available data was very unbalanced among taxa. For ex-
ample, species in the genera Drosophila and Apis had more genomic
information than any other genus. To enlarge the number of data
points for comparisons of genomic traits, we used all possible spe-
cies pairs, even if some of these pairs included the same invasive
species.

The 10 variables were classified into five categories, based
on the invasion process (Catford et al., 2022; Novoa et al., 2020).
The first category is related to the movement of propagules,
which includes one variable: the number of introduction pathways
(with the categories release, escape, contaminant, stowaway and
unaided; Hulme et al., 2008). The second category is related to
whether the species is a habitat specialist or generalist: the num-
ber of habitats the species occurs in (with the categories agricul-
ture, forest, grassland, urban area and indoors [in the houses]).
The third category consists of five life-history traits: female body
size, adult lifespan, the growth degree-days from egg to adult (i.e.
effective accumulated temperature, EAT), fecundity capacity (av-
erage number of eggs laid per female during the whole life time),
and voltinism (number of generations per year). The fourth cate-
gory is related to biotic interactions and includes one variable: the
species' number of enemies. The fifth category covers genomic
information and includes two variables: genome size (Mb) and the
number of identified genes.

For all pairs of invasive and non-invasive insect species, we col-
lected all available data on the 10 variables from published papers,
book chapters, publicly accessible online databases and academic
theses. All genomic information was downloaded from the website
of the NCBI (National Center for Biotechnology Information, 2021).

2.3 | Effectsizes

We used the log response ratio (RR) as effect size because it is the
most widely used effect-size metric in ecological and evolutionary
meta-analyses (Bakbergenuly et al., 2020; Lajeunesse, 2015). RR
has preferable statistical properties over other effect-size metrics
as it is not biased by differences in sample sizes and usually follows a
Gaussian distribution (Hedges et al., 1999). We calculated RR and its
95% confidence interval (Cl) for the difference between the invasive
and non-invasive species in each pair for each of the 10 variables by

using the following equations:

X s2 s2
RR=In<_—'> and Cl=Z,, 1| —5 + ——
N

where X, and Xy, are the mean values of the species characteristic for
the invasive and non-invasive species within a pair, respectively; sl2 and
sﬁ their standard deviations; n,and ny their sample sizes; Zm/2 is the con-
fidence interval critical value for level a (= 0.05). Negative values of RR
indicate lower values for invasive than for non-invasive species, and
positive values indicate the opposite. The mean RR values were cal-
culated over all species pairs, and the 95% Cl was estimated based on
bootstrapping (resampling 1000 times with replacement), which avoids
pseudo-replication caused by paired comparisons of small sample sizes
(de Almeida-Rocha et al., 2017). The bootstrap method further improves
the reliability of evidence synthesis by increasing the sample size.

We also assessed whether the non-invasive control species is
known to be a naturalised alien somewhere in the world (but not
invasive) based on our naturalised insect database. Furthermore,
we extracted information from the naturalised insect database on
whether the invasive alien species is originally from a temperate cli-
mate or from a subtropical to tropical climate, and whether the inva-
sive species is globally distributed (on six continents, irrespective of
whether it is native or alien there) or not (fewer than 6 continents).
For the sub-group analysis, we removed the species pairs with no or
uncertain records of geographical distribution and climate origins.

The mean effect sizes were calculated using the ‘rma’ function of
the ‘metafor’ package, which is based on linear mixed models with
the restricted maximume-likelihood method in the R statistical soft-
ware (R Core Team, 2020; Viechtbauer, 2010). This approach is an
approximately unbiased and efficient way for examining whether
the mean effect size differs significantly from zero. We followed the
standard calculation based on statistical inference of the mean val-
ues and their 95% Cls, rather than on significance tests (Nakagawa
et al., 2022). If the 95% Cl does not overlap with zero, this indicates
a significant difference between invasive and non-invasive species.
For visualisation of the effect size, we used the following equation to

translate the RR values and 95% Cls into percentage changes:
P=(e"™ - 1) x 100%.
2.4 | Effect-size heterogeneity tests

For each of the 10 species characteristics, we tested for heterogeneity
in effect sizes and whether this heterogeneity could be contributed to
different explanatory variables. Heterogeneity of effect sizes was as-
sessed with the classic method of the Q-test (QT) using the ‘metacont’
function (Schwarzer et al., 2015). A high QT means that the variance
in the mean effect sizes among species pairs is significantly greater
than expected, indicating that certain factors might explain part of this
variance. As possible explanatory factors, we used whether or not the
non-invasive control species is known to be naturalised somewhere
in the world, whether the invasive species is globally distributed (i.e.
on all 6 continents or fewer), and whether it has a temperate or (sub)
tropical origin. Each of these explanatory factors was tested separately
as a categorical moderator in a mixed-effect meta-regression model.
We only present the results for the variables for which we had at least
seven species pairs, because fewer data will lead to unreliable results.

85UBO17 SUOWIOD BAIERID 3|fed1 e 8 Aq PouBA0B 18 DRI YO ‘98N J0 SN 10} AXe1q1T BUIIUO 311 UO (SUOIPUOO-PUE-SWLBI D" AB| 1w AIR.q 1IBU 11U0//SdNY) SUOHIPUCD P SWB | 341 89S *[202/20/92] U0 ARRiq I 8UIIUO /BIIM ‘BURIPS N ARULBIB A JO [00U9S AlUN SIS BUBISING] Ad GBI T ¥99Z-G9ET/TTTT OT/I0P/W00" A3 |IM A I PUIIUO'S BUINOKSG/STY WOJ PAPROjuMOQ *6 ‘€202 ‘Y99ZSIET



1932 Journal of Applied Ecology

JOURNAL OF APPLIED ECOLOGY

All calculations were performed with the ‘metafor’, ‘meta’ and
‘bootstrap’ packages in R version 4.1 (R Core Team, 2020) using the
R Studio 1.4.1717 interface. All graphs were generated by using

Origin Pro 2021 (Origin Lab, 2021).

3 | RESULTS
3.1 | Basicinformation of the world's 100 worst
invasive alien insects

The world's 100 worst invasive insect species are taxonomically very
diverse (Figure 1a) and include representatives of five of the larg-
est insect orders, including Hemiptera (25 species), Coleoptera (23),
Lepidoptera (18), Hymenoptera (15) and Diptera (12). Most of the 100
invasive species occur in agricultural habitats (32%), followed by forests
(23%) and urban habitats (21%) (Figure 1b). The indoor environment
(11%) also harbours some seriously invasive species damaging human
health or contaminating food (e.g. Aedes aegypti and Ae. albopictus;
Figure 1b). The most common pathway of introduction is contaminant
(89%), followed by unaided (28%) and stowaway (25%; Figure 1c).

Asia is the largest donor of invasive alien insects, with 34 spe-
cies, followed by North America (23), and the smallest donor (not
considering Antarctica) is Oceania (7) (Figure 1d). Furthermore,
Europe is the largest recipient of invasive aliens, with 83 species,
followed by North America (64) and Africa (63) (Figure 1e). The con-
tinent with the largest species exchange (i.e. the sum of the numbers
of received and donated species) was Europe, followed by North
America and Asia (Figure 1f). The crazy ant (Paratrechina longicor-
nis), originating from tropical Africa, is the most widely distributed
alien species as it has invaded more than 130 countries. The most
widely studied invasive species is the western honeybee (Apis mel-
lifera), with 33,842 publications, followed by the yellow fever mos-
quito (Ae. aegypti, 29,405 publications) and the Asian tiger mosquito
(Ae. albopictus, 12,760 publications; Figure 1g). The fall armyworm
(Spodoptera frugiperda), originating from tropical-subtropical cli-
mates in the Americas, is the most widely studied agricultural pest,
with 12,750 publications, followed by the tobacco whitefly (Bemisia
tabaci, 11,114), the green peach aphid (Myzus persicae, 10,312) and
the red flour beetle (Tribolium castaneum, 8030). The top 20 species
of the world's 100 worst invasive aliens accounted for more than
76.7% of the publications.
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3.2 | Differences between invasive
and non-invasive insects

Of the 10 species characteristics included in our analyses (Figures
S$1-510), seven differed significantly between invasive and non-
invasive insects (Figure 2a). The invasive species have significantly
more pathways of introduction to other places (+24.9 +9.8%, see
Figure S1a), occur in more habitats (+34.4+12.3%, see Figure S2a),
have a higher fecundity (31.4 + 19.0%, see Figure Séa), higher voltin-
ism (25.1+14.5%, see Figure S7a) and higher values for the number
of genes (+11.8 +8.0%, see Figure S10a) but have shorter lifespans
(-16.2+14.4%, see Figure S4a) and require fewer growth degree-
days from egg to adult (-36.4+20.4%, see Figure S5a) than their
non-invasive relatives (Figure 2a). Female body size (see Figure S3a),
number of enemies (see Figure S8a) and genome size (see Figure S9a)
did not significantly differ between invasive and non-invasive in-
sects overall (Figure 2a).

Heterogeneity analysis revealed that the mean effect sizes var-
ied significantly among the different variables (Q=36.98, df=9,
p<0.001). For each of the individual variables, however, heteroge-
neity among the mean effect sizes was not significantly different
from the expected sampling errors (all p>0.1). Nevertheless, we
found that the mean effect sizes depended on some of the moder-
ator factors. For four of the species characteristics, the significance
of the effect size depended on whether the non-invasive species
compared is known to be naturalised somewhere in the world or not
(Figure 3a; Figures S1-510). When the non-invasive is not known
to be naturalised, the invasive species had significantly larger fe-
male body sizes and higher voltinism than the non-invasive species,
whereas this was not the case when the non-invasive is known to
be naturalised somewhere (Figure 3a). On the other hand, when the
non-invasive is known to be naturalised, the invasive species had a
shorter lifespan and a smaller genome size than the non-invasive
species, whereas this was not the case when the non-invasive is not
known to be naturalised somewhere (Figure 3a). For both groups,
invasive species had significantly more introduction pathways, more
habitats they occur in, higher fecundity, more genes and lower EAT
than non-invasive species (Figure 3a).

Comparisons of mean effect sizes between species pairs in
which the invasive alien is globally distributed (i.e. occurs on all 6
continents) and those that are not (i.e. occur on <6 continents) re-
vealed different patterns for five species characteristics (Figure 3b;
Figures S1-510). When the invasive species are globally distributed,
they had significantly shorter life spans and smaller genome sizes
than non-invasive species, but these differences were not significant
when the invasive species are not globally distributed (Figure 3b).
When the invasive species are not globally distributed, they had
significantly larger female body sizes, higher voltinism and more
genes, but not when they are globally distributed (Figure 3b). For
both groups, the invasive species had significantly higher values than
the non-invasive ones for the number of introduction pathways, the

number of habitats and fecundity (Figure 3b).
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FIGURE 2 Percentage changes and 95% Cls of differences
between invasive and non-invasive insects for 10 characteristics
(introduction pathways, invaded habitat types, female body size,
lifespan, effective accumulated temperature (EAT), fecundity,
voltinism, enemies, genome size, genes). The mean effect size of
percentage changes (%) is significantly different when the 95% Cl
does not include zero. The sample sizes of species pairs are given in
parentheses.

Comparisons of mean effect sizes between species pairs from
sub-tropical to tropical climates and species pairs from temperate
climates revealed different patterns for five variables (Figure 3c;
Figures S1-510). For temperate species pairs, invasive species had
larger female body sizes and lower EAT than non-invasive spe-
cies, whereas this was not the case for (sub)tropical species pairs
(Figure 3c). Moreover, whereas for (sub)tropical species pairs, inva-
sive species had shorter lifespans and smaller genomes, this was not
the case for temperate species (Figure 3c). Furthermore, whereas
for temperate species pairs, the invasive species had fewer enemies,
the opposite was true for (sub)tropical species pairs (Figure 3c). For
both temperate and (sub)tropical species pairs, the invasive species
had more introduction pathways, more habitats they occur in, higher
fecundity, higher voltinism and more genes than non-invasive spe-
cies (Figure 3c).

4 | DISCUSSION

Using a database on the naturalised distributions of alien insects and
expert opinions about their impacts, we identified the world's 100
worst invasive insect species, with representatives of all major insect
orders. We found that invasive insects, compared to non-invasive
relatives, have more pathways of introduction, occur in more habi-
tats, have higher fecundities, higher voltinism, more genes, shorter
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FIGURE 3 Effects of different data groupings on percentage changes and 95% Cls of differences in the species characteristics between
invasive and related non-invasive insects. The dependency of percentage changes on (a) whether the non-invasive counterpart species is
known to have been naturalised somewhere, (b) whether the invasive species is globally or non-globally distributed and (c) whether the pair
of species are from a (sub)tropical or temperate climate. The mean effect size of percentage changes (%) is significantly different between
invasive and non-invasive insects when the 95% Cl does not include zero. The sample sizes of species pairs are given in parentheses. EAT,

effective accumulated temperature.

lifespans and faster development from egg to adult. Some of these
differences in species characteristics, related to propagule pressure,
life-histories and biotic interactions, are also dependent on whether
the non-invasive species compared is known to be naturalised some-
where, whether the invasive species is globally distributed or not,
and the climatic region of the species. So, our results show that inva-
sive insects differ from non-invasive ones in species characteristics
but that some of those differences are context dependent.

The world's 100 worst species come from all major insect or-
ders, showing that they are taxonomically and phylogenetically di-
verse. Most of them are pests in agriculture and forestry (Liebhold
et al., 2021) but some of them, particularly those that transmit
human diseases, can also be found in urban environments and in res-
idential houses (Lounibos, 2002). While some of the invasive species,
like the honey bee Apis mellifera, do have economic value and were
frequently introduced for that reason, most impose negative socio-
economic or ecological impacts (Moritz et al., 2005). Apis mellifera
also has such negative impacts as it may compete for food resources
and breeding cavities with native species. Therefore, the established
populations of escaped honeybees may lead to further losses of na-
tive bee species (Cunningham et al., 2022; Moritz et al., 2005).

Asia and North America are the largest donors, and Europe
and North America are the largest recipients of invasive insects.
For plants, Asia is also the largest donor of naturalised plants, and
Europe and North America are also among the largest recipients (van
Kleunen et al., 2015). This could reflect that the same global driv-
ers, such as bilateral trade, are responsible for the introduction of
alien species from different taxonomic groups (Banks et al., 2015).

Furthermore, the introduction of many invasive insects that are
pests in agriculture and forestry may be tied to the introduction
of alien plant material and shipment of wood packaging materials
(Brockerhoff & Liebhold, 2017).

It is frequently suggested that propagule pressure, that is the
number of introduction events and the number of introduced in-
dividuals per event, is a major determinant of invasion success
(Lockwood et al., 2005). Although we do not know the actual prop-
agule pressures of alien insects, it is likely that the number of intro-
duction pathways is a good indicator of propagule pressure (Riera
et al., 2021). Overall, the number of introduction pathways was
higher for invasive than for non-invasive species. The global expan-
sion of invasive species (e.g. the Asian citrus psyllid Diaphorina citri)
is facilitated through several pathways, suggesting that the intro-
duction of propagules is an important driver of biological invasions
(Thomas et al., 2017). Another species characteristic that we found
to be consistently higher for invasive than for non-invasive species
was the number of habitats a species can inhabit. This supports the
idea that habitat generalists are more likely to become invasive than
habitat specialists (Crowder & Snyder, 2010). So, our findings sup-
port the results of studies on ants (Gippet & Bertelsmeier, 2021)
and many other taxonomic groups (Pysek et al., 2015), showing that
proxies of propagule pressures and niche breadth are good predic-
tors of invasiveness.

As invasiveness are closely related to fitness (Stearns, 1992), it
is expected that such traits should differ between invasive and non-
invasive species (Renault et al., 2018). Indeed, we found significant
differences between invasive and non-invasive species for the five
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life-history traits for which we had data but some of these differ-
ences were context specific. In line with expectations, fecundity ca-
pacity was consistently higher for the invasive species than for the
non-invasive species, which reflects that a high fecundity is required
for fast population growth (Jelbert et al., 2019). As aliens are usually
introduced in low propagule sizes, high fecundity can allow the ini-
tially small populations to rapidly establish and expand (Gougherty
& Davies, 2021).

Overall, invasive species had fast developmental rates from egg
to adult, and consequently had more generations per year. This,
however, was at the cost of lifespan, suggesting a trade-off be-
tween developmental rate and lifespan. Generally, “fast” life histo-
ries (i.e. fast developmental rate and short lifespan) are thought to
enhance population establishment and expansion by facilitating a
faster growth of an invasive population, thereby reducing the pe-
riod in which the population is small and thus highly vulnerable to
extinction. For developmental rate (i.e. EAT), the direction of the
difference between invasive and non-invasive insects was relatively
consistent, although it was not statistically significant for species
of (sub)tropical origin. For voltinism, the direction of the difference
was also relatively consistent. However, the difference disappeared
when the non-invasive species is known to be naturalised some-
where in the world. This suggests that while naturalised alien spe-
cies have more generations per year than non-naturalised species
(Fahrner & Aukema, 2018), voltinism does not drive invasiveness
among naturalised alien insects.

Invasive species also distinguished themselves from other nat-
uralised species in that they overall had shorter lifespans. This may
reflect that species with short lifespans usually have rapid develop-
ment and multivoltinism, which both should facilitate colonisation and
dispersal. The effect of female body sise on invasiveness, depended
strongly on the exact comparison (Kwon & Choi, 2020). Nevertheless,
when it did differ, the invasive insects had larger females than their
non-invasive relatives. This was the case for species with temperate
origins, when the invasive species is globally distributed, or when the
non-invasive counterpart is not known to be naturalised anywhere.
As a large female body size is frequently linked to a high potential
fecundity (Preziosi et al., 1996), this could be one explanation for the
association between female body size and invasiveness.

Biotic interactions are thought to play important roles in invasion
success of alien species (Crawley, 1987). Interestingly, for species
pairs from temperate regions, invasive species had fewer enemies
than non-invasive species, but the reverse was true for species pairs
from tropical regions. Possibly, this reflects that biotic interactions
in temperate regions are more generalised, whereas they are more
specialised in tropical regions.

The large-genome constraint hypothesis predicts that plants
with small genomes may have higher maximum photosynthetic
rates and growth rates (Knight et al., 2005), which could promote
invasiveness. Indeed, in plants, invasive species are frequently char-
acterised by having small genomes (Pandit et al., 2014). However,
less is known about other taxonomic groups. For insects, we
found no overall difference in genome size between invasive and

non-invasive species but when there was a difference—as was the
case when the species originated from tropical regions, when the
invaders have a global distribution and when their non-invasive
counterparts are known to be naturalised somewhere—the invasive
ones had smaller genomes. We also found that species with more
genes were more likely to be invasive. In plants, invasive species
often possess expanded gene families that can provide them with
a wider range of potential genes to adapt to various environments
(Roddy et al., 2020). Expanded gene families can also improve the
abilities of insects to resist pesticides, adapt to hosts and utilise
nutrients (Huang et al., 2021). These characteristics are likely to
promote invasiveness.

5 | CONCLUSIONS

We here identified the world's 100 worst invasive alien insect spe-
cies. Moreover, we showed for the first time, using a multi-species
comparative approach, that invasive insects differ in several species
characteristics from related non-invasive insects. We found that in-
vasive species typically are habitat generalists with high fecundity,
short lifespans and fast development. For other variables such as
female body size and number of enemies, the association with in-
vasiveness was context dependent. While our study provides a first
attempt to identify the characteristics of invasive insects, it also
showed that for many species information on potentially relevant
characteristics is not yet available. Therefore, more comparative
studies are needed to identify characteristics of invasive insects.
Ultimately, when more data have become available, the traits associ-
ated with invasiveness could be used to develop risk assessment for

invasive alien insects.
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