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Abstract 
Invasive alien species could generate a multitude of impacts towards native species. The introduction and spread of Vespa 
velutina in Europe is raising concern for the conservation of insect’s biodiversity, including wasps due to predation, competi-
tion or a combination of these two mechanisms. Nevertheless, most evidence for negative effects on other wasps are based 
on laboratory experiments, direct observations, and on considerations about the biology and ecology of Vespidae. No field 
study in Europe explored how the abundance of V. velutina could affect the population of native Vespidae, as expected in 
case of competition and predation. We analysed how the abundance of V. velutina influenced that of Vespa crabro, 4 years 
after the arrival and establishment of V. velutina in our study area, in Italy. Moreover, we compared the abundances of three 
native Vespidae (V. crabro, Vespula vulgaris, Vespula germanica), between our study area and an adjacent uninvaded area 
with similar environmental conditions. Bayesian Generalized Linear Models revealed that the abundance of V. velutina 
and V. crabro was positively associated, where V. velutina was scarce. Covariation disappeared only at those trapping sites 
where V. velutina was extremely abundant. Moreover, abundances of native wasps were similar between the invaded and 
the uninvaded areas.
Implications for insect conservation The wide-scale monitoring activity performed to investigate the effects of V. velutina on 
native wasps has not detected any negative effects in relation to the presence of the invasive species. More effort is however 
requested for understanding if V. velutina could really affect native Vespidae at the population-level.

Keywords Asian yellow-legged hornet · European hornet · Impacts · Invasive species · Inter-specific competition · Niche 
overlap.

Introduction

Biological invasions are a global driver of change, whose 
frequency and magnitude are increasing, due to the extended 
global circulation of people and trades (Simberloff et al. 

2013; Seebens et al. 2017). Invasive alien species can affect 
the population dynamics of native species, in their invaded 
range, sometimes to the point of their complete replacement 
(Mckinney and Lockwood 1999; Säterberg et al. 2013), with 
consequences for communities and ecosystems (Kumschick 
et al. 2015; Cameron et al. 2016; Carbonell et al. 2017; 
Stoett et al. 2019). Among alien terrestrial insects, social 
wasps are particularly successful invaders (Beggs et al. 
2011), which were found to outcompete native arthropods 
and produce large-scale ecological changes on many differ-
ent occasions (Beggs 2001; Snyder and Evans 2006). This 
success depends upon the biological traits of social wasps, 
such as their high reproduction rates, their dispersal abilities, 
and their flexible habitat and dietary requirements (Moller 
1996; Beggs et al. 2011).

The European invasion of the Asian yellow-legged hor-
net (Vespa velutina) is a good example of how social wasps 
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can become successful invaders. Following its introduction 
to France, in 15 years the species spread and established 
viable populations across Central and Mediterranean Europe 
(Arca et al. 2015; Laurino et al. 2020). Such a rapid inva-
sion was due to the capacity of V. velutina to use natural 
and human-mediated dispersal (Robinet et al. 2019). The 
invasion of V. velutina in Europe raised various concern, 
mostly related to beekeeping (Requier et al. 2019; Lau-
rino et al. 2020) or the economic cost of its management 
(Barbet-Massin et al. 2020), and in 2016 the species was 
included in the first list of invasive species of Union concern 
(EU Regulation n. 1141/2016). However, while available 
evidence about the socio-economic impacts of V. velutina 
was sufficient to its inclusion in European policymaking, its 
impacts on native insects other than honey bees remained 
relatively unexplored.

Vespa velutina has a semi-specialised diet, centred on 
honey bees and other insects including social wasps, espe-
cially smaller species of the genus Vespula, such as Vespula 
germanica and Vespula vulgaris (Villemant et al. 2011a; 
Monceau et al. 2014; Islam et al. 2015; Rome at al. 2021; 
Verdasca et al. 2022). Due to its food spectrum, it has been 
hypothesized that V. velutina could impact on native Euro-
pean Vespidae due to competition, predation or a combina-
tion of these two mechanisms (Beggs 2001; Crowder and 
Snyder 2010; Monceau et al. 2014), like in other parts of 
its invaded range (e.g. Japan, Ikegami et al. 2020). In Medi-
terranean Europe, native Vespidae that could potentially be 
impacted by V. velutina belong to the genus Vespa, Vespula, 
Dolichovespula or Polistes. Furthermore, V. velutina is par-
ticularly likely to be a successful competitor for the native 
congener, the European hornet (Vespa crabro), due to: (i) the 
considerable dietary overlap for protein and sugar resources 
(Cini et al. 2018); (ii) smaller levels of boldness, explora-
tion and activity scores for V. crabro queens (Monceau et al. 
2015a); (iii) a later seasonal emergence of V. crabro com-
pared to that of V. velutina, which could then early exploit 
food resources (Monceau et al. 2015b); (iv) partial overlap 
(Bessa et al. 2016; Franklin et al. 2017) and possible compe-
tition (Spradbery 1973; Edwards 1980) in nesting site prefer-
ences, although V. crabro is restricted to cavities or sheltered 
sites; (v) higher reproductive potential of V. velutina queens 
(Poidatz et al. 2018).

Even by not considering apparent competition, for exam-
ple mediated by a pathogen (Strauss et al. 2012), V. velutina 
seems to be capable to directly compete with V. crabro and 
impact on Vespula spp. due to predation. Laboratory and 
observational studies have described V. velutina traits that 
offer the basis for hypothesizing a negative effect on native 
Vespidae (Cini et al. 2018; Rome et al. 2021). However, 
evidences from field-based studies are scarce and limited 
to conclusions based on overlap in temporal distribution 
or traits (Monceau et al. 2015b; Kwon and Choi 2020), or 

derived from the evaluation of habitat requirements and the 
spatial distribution of the two species (Choi et al. 2012; Ber-
tolino et al. 2016; Monceau and Thiéry 2017; Rojas-Nossa 
et al. 2018; Rodríguez-Flores et al. 2019). Furthermore, a 
recent analysis on interspecific hierarchies revealed that V. 
crabro is able to outperform V. velutina (Kwon and Choi 
2020) in direct fights.

In this study, we aim to test if the abundance of V. velu-
tina influenced that of V. crabro, in an Italian valley where 
V. velutina was well-established at the time of the study. We 
explicitly hypothesized that V. velutina had a causal effect 
over V. crabro, due to niche overlap. Notably, we tested for 
the hypothesis that the abundance of V. velutina negatively 
influenced the abundance of V. crabro. To identify this 
causal effect in an observational setting, like our field study, 
where species were not manipulated, we accounted for spu-
rious correlation by controlling for relevant environmental 
confounders. As complementary information, we also evalu-
ated whether the abundances of multiple native Vespidae, 
V. crabro, V. vulgaris and V. germanica, differed between 
trapping sites in the invaded and the non-invaded area.

Materials and methods

Study area and data collection

The study was carried out in the western Liguria, Italy, in 
an area that borders with France (Fig. 1). The climate zone 
is Mediterranean (Cs following Köppen Climate Classifi-
cation) with dry summer and cold and wet winter and an 
average annual temperature of about 15 °C. Initially, two 
study areas were selected, corresponding to two river basins, 
with a distance between them of about 50 km. The two areas 
shared similar topographical characteristics and land cover, 
being covered mostly by young woodlands (Appendix S1). 
The two basins consisted of river valleys with a length of 
about 20 km, spanning from mountains to the coast, and 
including an elevation range between 0 and 1300 m a.s.l. 
At the time of the study, in 2018, one basin had not been 
invaded by V. velutina yet, with few records of individuals 
and none detected nests, while the other one had been widely 
colonised by V. velutina at least since 2015. Indeed, in the 
invaded basin, 103 V. velutina nests were detected in the year 
when the experiment was carried out. These areas have been 
selected for their wide range of elevations and land covers, 
for having a good road network and, most of all, for their 
location with respect to the diffusion of V. velutina.

For each river basin, we selected 60 sampling points 
based on a stratified sampling design that considered the 
following criteria: (i) land cover, classified upon the Corine 
Land Cover classification (woodlands, urban and agricul-
tural areas); (ii) elevation, with areas divided into three 
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classes of 250 m between 0 and 750 m a.s.l.; (iii) road net-
work proximity, for experiment feasibility reasons. We con-
sidered 750 m a.s.l. as the upper limit for V. velutina nesting 
in Mediterranean areas (Villemant et al. 2011b; Bertolino 
et al. 2016; Rodríguez-Flores et al. 2019).

The study lasted from the end of August until the end 
of November 2018. Sampling points were visited approxi-
matively every 2 weeks, in relation to weather conditions. 
In both valleys, sampling of Vespidae was carried out with 
bottle traps commonly used for monitoring social wasp spe-
cies. These were transparent water bottles in PET rigged 
with a patented closure, activated with 0.2 l of beer as bait, 
and they were suspended with an iron wire at about 1.7 m 
off the ground (Demichelis et al. 2014). Those traps are one 
of the most widely used tools for hymenopterans trapping 
(Bacandritsos et al. 2006; Dvořák and Landolt 2006; Sorvari 
2013; Lioy et al. 2020). Carbohydrate-bait traps are effective 
both for spring and late summer sampling, especially for 
trapping foundress queens in the first period and for work-
ers or reproductive castes searching for sugar in the second 

period (Monceau et al. 2014, 2015b; Islam et al. 2015). The 
survey was carried out only in the second period to avoid 
any potential bias due to spring-trapping influence on nest 
foundation success and, therefore, on wasp abundance. Sam-
pling lasted 81 days in the invaded valley and 88 days in the 
uninvaded one. At every sampling visit, we emptied the traps 
and renewed the bait. Collected Vespidae specimens were 
recorded, identified to species level by means of dichoto-
mous keys (Buck et al. 2008) and then deposited in the col-
lection of the Department of Agriculture, Forest and Food 
Sciences of the University of Turin.

Relationship between V. crabro and V. velutina

To better highlight the relationship between V. crabro and 
V. velutina, which could have been masked by the absence 
of the latter in the uninvaded area, we first used data from 
traps in the invaded area only. We calculated the cumulative 
abundance of the two species at each trap, by considering 
only those traps who sampled for more than 70 days (n = 58), 

Fig. 1  Location of the study region and of the two basins (V. velutina 
invaded/uninvaded) where the sampling was performed. Triangles 
indicate the position of the sampling traps. The red–brown area is the 

area colonised by V. velutina before the experiment was carried out 
according to a range analysis of V. velutina colonies (see Bertolino 
et al. 2016 and Lioy et al. 2019 for insights on the methodology)
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to avoid temporal mismatching. Then, we calculated daily 
abundances for the two species, by dividing trap-specific 
cumulative abundances per the trapping effort of each trap, 
in days. Daily abundances were then centred and standard-
ized (Schielzeth 2010).

In this research, we adopted a causal inference frame-
work, to equate the association between V. velutina and V. 
crabro to the causal effect of V. velutina abundance to that of 
V. crabro. As we already specified in the introduction, if V. 
velutina is much more prolific and supposed to outcompete 
V. crabro then we expected that the association between the 
two species, in a short timespan like the one of our study, 
will reflect a directional causal effect. Usually, the coexist-
ence of two species in time, or the facilitating effect of the 
species A over the species B, is reflected into a positive asso-
ciation between their abundances, in cross-sectional data. 
On the other hand, when species A outcompetes species B, 
their abundances are usually negatively associated, or there 
is a non-linear association, with values of A which at some 
point stop being positively associated to those of B (Reitz 
and Trumble 2002; Kumschick et al. 2015).

To identify causal effects in observational settings, where 
data cannot be manipulated, it is important to control for 
potential confounders (the “back-door criterion”; Pearl 1995; 
Pearl and MacKenzie 2018), which could affect both the 
treatment (V. velutina) and the outcome variable (V. crabro). 
Based on the available literature, we included the following 
variables as potential confounders: the median Normalized 
Difference Vegetation Index (NDVI), the average number 
of nests of V. velutina around the traps between years 2016 
and 2018, the median slope and aspect values of the ter-
rain around the trap, the elevation of the trap, the Euclidean 
distance between the trap and the nearest water body, the 
average density of bee colonies in the municipality where 
the trap was located, the area covered by olive groves around 
the trap and the diversity of land cover types around the 
area. NDVI, the average number of nests, median slope and 
aspects, olive groves coverage and land cover diversity were 
calculated over a 500 m radius around each trap. The ration-
ale for covariate inclusion and our causal directed acyclic 
graph (DAG) is provided in the supplementary material 
(Appendix S1).

To estimate the causal effect of the abundance of V. velu-
tina over the abundance of V. crabro, we adopted a Bayesian 
Generalized Linear Model with a Gamma distribution of the 
error, a log-link and a moderately informative prior distribu-
tion for regression coefficients (Lemoine 2019), standard-
izing both predictors and the response variable. The model 
was fitted with four MCMC chains with 5000 iterations 
and a burn-in of 1000 iterations each. To explore model 
fitting, we checked for particular patterns in the associa-
tion between standardized model residuals and fitted values. 
We also tested for spatial correlation in model residuals, by 

inspecting the Moran’s semivariogram. A complete descrip-
tion of model fitting and diagnostics is available in the sup-
plementary material (Appendix S1).

Differences in the abundance of native Vespidae 
between the invaded and the uninvaded area

To obtain a more comprehensive picture about the impact of 
V. velutina over native wasps, we compared the abundance 
of three native species of Vespidae (V. crabro, V. german-
ica and V. vulgaris) between the invaded and the uninvaded 
area.

Based on a k-means cluster analysis of environmental 
covariates surrounding the traps at the two areas, we identi-
fied two different clusters of trapping sites, characterized by 
different environmental conditions. However, the two clus-
ters had a very similar distribution between the two areas, 
indicating that, overall, environmental conditions between 
the two areas did not differ markedly (Appendix S1). The 
environmental similarity between the two areas enabled to 
give additional information about the effect of the long-
term presence of V. velutina over the abundance of the three 
native species, reducing environmental conditions biases. 
This approach was adopted since the number of traps that 
did not catch any individual of V. germanica (n = 35) and V. 
vulgaris (n = 21) was too high for modelling their association 
with V. velutina in the invaded area, like in the case of V. 
crabro. Moreover, by considering data from the two areas, 
we also had a secondary source of information about the 
competition between V. velutina and V. crabro, which could 
integrate the findings about the co-occurrence of the two 
species measured at trapping sites.

As we did not have any baseline knowledge on the abun-
dances of wasp populations in the two areas to hypothesize 
differences, nor to calculate statistical power, we did not 
carry out any statistical test to see whether differences were 
significant. However, we explored the distribution of catches 
between the two areas, through boxplots and calculated the 
overlap of their distributions, through a kernel analysis, to 
see how the distributions of daily catches for the three spe-
cies were similar between areas.

Results

A total of 6632 Vespidae were collected in the two val-
leys, belonging to five species: V. crabro (n = 4721), 
V. velutina (n = 1452), V. germanica (n = 317), V. vul-
garis (n = 141) and Dolichovespula media (n = 1). In 
the invaded area, V. crabro was always dominant over 
V. velutina (percentage among Vespidae respectively 
62.6% and 33.4%) and the two hornet species were caught 
in all traps, except for 1 and 2 traps respectively for V. 
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crabro and V. velutina. Few individuals of V. velutina 
(n = 26) were caught in the uninvaded area. Focusing on 
the effect of V. velutina on V. crabro, our best candidate 
model explained approximately 44.8% of the variability 
in the abundance of V. crabro. We did not detect any pat-
tern when comparing model residuals to fitted values, and 
the Moran’s semivariogram did not indicate the existence 
of isotropic spatial correlation between the observations 
(Appendix S1). The model had a quadratic polynomial 
term linking the abundance of V. velutina to the abun-
dance of V. crabro. Initially, the relationship between the 
two species was moderately positive, however, for high 
values of V. velutina, the two species did not covary any-
more and the curve reached a plateau (Fig. 2).

K-means cluster analysis revealed that the environmen-
tal characteristics of trapping points between the invaded 
and the uninvaded area were relatively similar, and that 
the two areas could be compared in their distribution of 
daily catches for the three species. The three species had 
a similar distribution of daily catches between the two 
areas, with a substantial overlap (V. crabro = 65.35%; V. 
germanica = 40.42%; V. vulgaris = 50.39%). Moreover, 
abundances of V. crabro and V. vulgaris were higher in 
the invaded area (mean ± sd, V. crabro = 0.53 ± 0.45; V. 
vulgaris = 0.02 ± 0.03) than in the area without V. velu-
tina (V. crabro = 0.41 ± 0.50; V. vulgaris = 0.01 ± 0.01) 
(Fig. 3).

Discussion

This study constitutes a first attempt, for Mediterranean bio-
topes, to verify whether invasive alien V. velutina and native 
Vespidae negatively covary in their abundances, as expected 
in the case of direct competition (especially for V. crabro) 
or due to a combination of competition and predation (for 
Vespula spp. species). While we expected native V. crabro 
to steadily decline with increasing abundances of V. velu-
tina, we found a positive, non-linear, association between the 
two species, when their numbers were low. Then, at higher 
abundances, their covariation was weak and characterized 
by wide credibility intervals. Moreover, when comparing 
catches between the invaded and the uninvaded areas, we 
noticed two aspects: (i) abundances of V. crabro were similar 
between the two areas (and actually higher at the invaded 
one), and (ii) abundances of V. crabro actually exceeded 
those of V. velutina, contrary to previous studies from Spain 
and France (Monceau et al. 2013a; Rodríguez-Flores et al. 
2019). Taken together, findings from our statistical model 
and from our comparison of invaded and uninvaded areas, 
might indicate a lack of competition between the two spe-
cies, at least at low abundances. This may be due to the 
relative recent presence of V. velutina in the invaded area. 
The conclusion of the lack of competition would align with 
existing research about direct competition between alien and 
native species, indicating that competition increases with 
the number of individuals, due to an increase in the number 

Fig. 2  Marginal effects of the daily catches of V. velutina over the daily catches of V. crabro, in the invaded area



668 Journal of Insect Conservation (2022) 26:663–671

1 3

of inter-specific interactions and a fixed asset of available 
resources (Ricciardi 2003; Kumschick et al. 2015). The 
alternative hypothesis would obviously be the lack of com-
petition at any density for a differentiation of the ecological 
niche of the two species. Concerning invasive alien social 
wasps, for example, some studies showed that competition 
with native species was more pronounced at higher abun-
dances (Beggs 2001). Unfortunately, we observed very 
few trapping sites characterized by high abundances of V. 
velutina. As a consequence, our model had wide credibility 
intervals which do not enable us to draw robust conclusions 
about competition between the two species at high densities. 
Therefore, we do not exclude that, in contexts where V. velu-
tina is very abundant and can fully exploit its phenology and 
reproductive traits or in other invaded European areas where 
the asset of available resources for Vespidae is limited, the 
competition between the two species could be detrimental 
for the abundances of V. crabro.

Concerning the relationship between V. velutina and V. 
crabro, we advance two non-exclusive hypotheses to explain 
such lack of evident competition effects in the invaded val-
ley. The first one is that niche overlap between the two spe-
cies is partial, thus V. crabro can escape from competition. 
Niches between the two hornet species may differ in space, 
time or food spectrum. Indeed, V. crabro has been indi-
cated as a species well adapted to colonise mountain areas, 
whereas V. velutina has shown to prefer coastal and low-
altitude areas (Bertolino et al. 2016; Monceau and Thiéry 
2017; Rodríguez-Flores et al. 2019). The later life cycle of 
V. crabro compared to the one of V. velutina could be a 
mechanism that prevents competition through time parti-
tioning (Monceau et al. 2015b). The two hornets have been 
considered as semi-specialized on honey bees, however they 
both have shown to be capable of changing food spectrum 

according to local conditions (Villemant et al. 2011a; Mon-
ceau et al. 2013a; Cini et al. 2018; Rome et al. 2021). The 
second non-exclusive hypothesis, that we advance, is that 
there is a competition between the two species, although 
V. velutina is not effectively able to out-compete V. crabro 
in the invaded area of Italy. The latter species has proved 
to have a greater fighting ability, linked to its larger body 
size, which brings V. velutina to avoid direct competition 
with V. crabro (Kwon and Choi 2020). Vespa mandarinia 
japonica, which is the biggest Vespidae species as well as 
the more aggressive in direct fights (Kwon and Choi 2020), 
is probably acting as an ecological barrier to the spread of 
V. velutina in Japan (Ikegami et al. 2020). A solid popula-
tion of V. crabro, operating as an ecological barrier, could 
be among the reasons that led V. velutina to spread in Italy 
rather slower compared with the alien hornet expansion in 
France (Bertolino et al. 2016; Lioy et al. 2019). Finally, also 
supposing partial trait overlap between the two species, a 
study has suggested that the presence of V. velutina may 
even benefit V. crabro as the predation on honey bee colo-
nies weakened by the predation of the alien hornet could 
facilitate native hornet predation (Monceau et al. 2013b).

In this study, we compared also the abundance of Vespi-
dae species between two close areas of NW Italy. The two 
areas had similar environmental conditions but differed 
in the presence of V. velutina. The comparison between 
invaded/uninvaded areas is an approach widely adopted to 
detect the effect of biological invasions (Vilà et al. 2010; 
Kumschick et al. 2015). The distribution of daily catches of 
V. germanica and V. vulgaris showed a considerable overlap 
between the two areas, as it was noticed for V. crabro. These 
results suggest the lack of an evident competition effect that 
may be due to several not exclusive factors, such as i) a slight 
differentiation in the niches that helps native wasps to avoid 
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Fig. 3  Daily catches of native V. crabro, V. germanica and V. vulgaris between the uninvaded and the invaded areas
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or minimise competition, and ii) V. velutina is not intensively 
preying on Vespula spp. in our study area, but mainly target-
ing other insects. Nevertheless, it should be acknowledged 
that environmental or climatic differences which our sam-
pling design was not able to account for, might have led to 
the observed overlap of Vespula spp. distributions between 
the two valleys. Therefore, these results on Vespula spp. are 
not conclusive, but should be seen as baseline to evaluate 
long-term impacts due to V. velutina presence.

Our study could be regarded as a first attempt for field val-
idating previous experimental studies, exploring the poten-
tial competition between V. velutina and Vespidae species. 
This study investigates, for the first time to our knowledge, 
the effect of the invasion of V. velutina over the abundance 
of native European Vespidae, in a natural environment. V. 
velutina was included in the European list of invasive species 
of Union concern, since risk assessment acknowledges the 
impact of V. velutina upon honey bees (Marris et al. 2011). 
Nevertheless, a comprehensive evaluation of risk regarding 
other species was not possible at that time because of the 
lack of research addressing this issue. This study provides 
first field-based knowledge on V. velutina impacts on native 
European wasps. Despite our findings are suggesting a lack 
of negative effects due to V. velutina, a long-term monitoring 
programme of wasp populations, based on updated sampling 
protocols, should be implemented in Europe to detect any 
potential changes in the interaction with V. velutina, and 
to provide baseline data for building effective conservation 
activities.
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