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Abstract – Many species display local variations in pre-mating signals and in mating preferences. This may lead to
discrimination against potential foreign mates that may ultimately lead to reproductive isolation. However, the extent
to which population differentiation in mating cues affects the species recognition has received little empirical
support. Here, we investigate the consequence of geographic differentiation in male reproductive traits on female
preferences to these traits in Bombus terrestris . We characterise (1) the geographic differentiation in male cephalic
labial gland secretions (CLGS), a key trait for mate attraction, and (2) the preference of virgin females to the CLGS
of different subspecies. Our results show geographic CLGS differences parallel with divergences in female
preferences for these secretions. This geographic CLGS differentiation in males, along with female preference for
sympatric males, could lead to or reflect a pre-mating isolation among subspecies.

mate preference / reproductive traits / cephalic labial gland secretions / subspecies / olfactometer

1. INTRODUCTION

Pre-mating communication is of particular in-
terest for evolutionary biologists. Indeed, pre-
mating signals and reproductive traits play a key
role in the maintenance of reproductive isolations
(Paterson 1993; Grant and Grant 1996). These

signals and traits are under strong selection for
maximizing encounter rates among conspecific
mates (Andersson 1994; Wyatt 2003) and mini-
mizing hybridization events among syntopic-
related species (Loftus-Hills and Littlejohn 1992;
Symonds et al. 2009). This leads to species-
specific pre-mating signals (Paterson 1993; Sy-
monds et al. 2009). Among widespread species,
local variations of pre-mating signals and repro-
ductive traits may occur (Förschler and Kalko
2007; Blyth et al. 2008) in response to local
changes in factors that affect communication sys-
tems, such as genomes (e.g. genetic drift and/or
genetic differentiation fostered by a low gene flow
between populations), intraspecific interactions or
interspecific interactions (reviewed in Lecocq
et al. 2013b). These local divergences in mating
signals, that parallel divergences in mating
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preferences, can lead to discrimination against
foreign partners (Andersson 1994; Ptacek 2000;
Nosil et al. 2007). Ultimately, this may lead to
reproductive isolation and speciation (Andersson
1994; Ptacek 2000; Nosil et al. 2007). However,
the extent to which population differentiation in
mating cues affects species recognition has re-
ceived little empirical support (Andersson 1994;
Vereecken et al. 2007; Lecocq et al. 2013a).

Many bumblebee species are widely distrib-
uted and occur in a broad range of habitats
and species communities and different habitats
(Williams 2007). Moreover, bumblebee species
have been affected by biogeographic events
(Williams et al. 2011; Duennes et al. 2012;
Lecocq et al. 2013a; 2013b). These features
of bumblebees could lead to intraspecific spa-
tial genetic differentiation (Avise 2000) as well
as to spatially varying selection regimes within
species (Wright 1951) and, consequently, to
evolutionary divergences (Williams 1991;
Estoup et al. 1996).

Like many other insect, the mate recognition of
bumblebee species includes both behavioural and
chemical features (Williams 1991; Baer 2003;
Ayasse and Jarau 2014). Most bumblebee males
patrol along paths along which they scent-mark
objects with their cephalic labial gland secretions
(CLGS) that attract conspecific virgin females
(Bergström et al. 1981; Ayasse and Jarau 2014).
The CLGS are species-specific complex mixtures
(mainly aliphatic compounds) dominated by few
compounds with a higher concentration (main
components) (Calam 1969; Svensson 1979), pro-
duced de novo by cephalic labial glands (Žáček
et al. 2013). CLGS locale variations have been
observed among widespread bumblebee species
(Terzo et al. 2005; Lecocq et al. 2013a), especially
in Bombus terrestris (L.) (Coppée et al. 2008;
Lecocq et al. 2013b). However, the consequences
of this interspecific differentiation on the pre-
mating recognition remain mainly unknown (but
see Ings et al. 2005).

Here, we assess the differentiation of male
CLGS between B. terrestris populations by
performing comparative chemical analyses prior
to testing the hypothesis of population-specific
preferences of B. terrestris virgin queens by
performing bioassays on queens presented with

population-specific CLGS blends. Specifically,
we ask the following question: Do B. terrestris
females have populations-specific odour
preferences?

2. MATERIALS AND METHODS

2.1. Studied species

B. terrestris (L.), within which several subspecies
are recognised, is one of the most widespread and
abundant bumblebee species in the West Palaearctic
region (Rasmont et al. 2008). In this study, we focused
on four local populations corresponding to four allopat-
ric subspecies (see origins in Table I): B. terrestris
canariensis Pérez (Canary Islands), B. terrestris
dalmatinus Dalla Torre (from South-Eastern France to
Central Asia), B. terrestris sassaricus Tournier
(Sardinia) and B. terrestris xanthopus Kriechbaumer
(Corsica, Tuscan Archipelago). Previous studies have
already detected a CLGS differentiation between the
three last taxa (Coppée et al. 2008; Lecocq et al.
2013b; 2014). Nest searching queens of B. terrestris
sassaricus and B. terrestris xanthopus collected in the
wild are used for founding colonies in laboratory fol-
lowing Lhomme et al. (2013). Nests of B. terrestris
canariensis and B. terrestris dalmatinus were provided
by Biobest bvba (Westerlo, Belgium). We maintained
nests in a wooden box in a controlled climate dark room
at 29 °C and 55–65% relative humidity (RH) and fed ad
libitum with Salix pollen and sugar syrup (Lhomme
et al. 2012; Lhomme et al. 2013). We also used Bombus
ignitus Smith (China, Korea and Japan) provided by
Biobest, an allopatric sister species of B. terrestris , as
an interspecific control (Table I). All males were killed
by freezing. We used 5- to 15-day-old males when the
B. terrestris males are the most attractive to females
(Coppée et al. 2011).

2.2. Analyses of cephalic labial gland
secretions

We extracted the CLGS of male B. terrestris (n=46)
and B. ignitus (n =12) in 400 μL n -hexane (De
Meulemeester et al. 2011) (Table I). We preserved all
CLGS extracts at −40 °C until analyses. We quantified
and qualified the CLGS composition by gas chroma-
tography–mass spectrometry (GC/MS) on a Finigan
GCQ equipped with a DB-5 ms non-polar capillary
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column (5 % phenyl (methyl) polysiloxane stationary
phase; 30 m×0.25 mm×0.25 μm) and an ion trap instru-
ment working in electron ionisation mode Bfull scan
(300–600)^. We used a splitless injection mode
(220 °C) and helium as carrier gas (50 cm/s). The
temperature programme of the column was set to
70 °C for 2 min and then increased at a rate of
10 °C/min to 320 °C. The temperature was then held
at 320 °C for 5 min. We identified compounds in
Xcalibur™ using their mass spectra compared to those
at the National Institute of Standards and Technology
library (NIST, USA) using NIST MS Search 2.0. We
quantified the peak areas of compounds with automatic
peak detection and noise measurement. We calculated
relative amounts (RA in %) of compounds in each
sample by dividing the peak areas of compounds by
the total area of compounds in each sample. We did not
use any correction factor to calculate the RA of individ-
ual compounds. We elaborated the data matrix for each
species with the relative proportion of each compound
for each individual using GCAligner 1.0 (Dellicour and
Lecocq 2013) (Table S1).

We performed statistical comparative analyses of the
CLGS in R program (R Development Core Team 2013)
in order to assess the CLGS differentiations between
populations. We compared the complete profile (all
compounds are taken into account) for each sample
(ungrouped) with non-metric multidimensional scaling
(nMDS) ordination using a Bray-Curtis similarity ma-
trix, three dimensions and 50 runs (R-package ecodist;
Goslee and Urban 2007). When we detected CLGS
differentiations between population groups in nMDS,
we assessed results by performing permutation-based
version of the multivariate analysis of variance
(perMANOVA) using the Bray-Curtis similarity matrix
and 10,000 permutations (R-package vegan; Oksanen

et al. 2011). Like conventional analyses of variances,
the perMANOVA calculates an F statistic by taking the
ratio of among group sums of squares to within group
sums of squares. The perMANOVA is robust to viola-
tions of multivariate normality. When we tested more
than two groups and the returned P value was signifi-
cant (P <0.01), multiple pairwise comparisons were
conducted and P values were adjusted using
Bonferroni’s correction to avoid increases of type I error
due to multiple testing.

We determined compounds that are specific and
regular to each group detected in nMDS and
perMANOVA (indicator compounds) using the indica-
tor value (IndVal) method (Dufrêne and Legendre
1997). The value given is the product of relative abun-
dance and relative frequency of occurrence of a com-
pound within a group. We evaluated the statistical sig-
nificance of a compound as an indicator at the 0.01 level
with a randomization procedure.

2.3. Bioassays—attractiveness/arresting
effect of males’ head extracts

In bioassays, we used 1- to 2-week-old virgin queens
of B. terrestris dalmatinus (queens of other subspecies
were not available) (n=50; Table I) from different four
colonies (Table S2) provided by Biobest bvba
(Westerlo, Belgium) (strain from Rhodes, Greece). We
maintained virgin queens in a wooden box in a con-
trolled climate dark room at 29 °C and 55–65 % relative
humidity (RH) and fed ad libitum with Salix pollen and
sugar syrup (Lhomme et al. 2012; Lhomme et al. 2013).

We performed the behavioural tests in an olfactom-
eter made of a glass tray (70×70×8 cm) covered with a
polycarbonate plate (Coppée et al. 2011). A circular iron
wire 1-mmmesh was placed in the centre to avoid direct

Table I. Table of sampling.

Taxa Sex N spec. Location Latitude Longitude

B. terrestris dalmatinus Female 50 Rhodos (Greece) 36° 11′ N 27° 55′ E

B. terrestris dalmatinus Male 10 Rhodos (Greece) 36° 11′ N 27° 55′ E

B. terrestris canariensis Male 12 Canary Islands (Spain), Tenerife 28° 27′ N 16° 23′ W

B. terrestris sassaricus Male 12 Sardinia (Italy), Monte Padru 41° 01′ N 9° 12′ E

B. terrestris xanthopus Male 12 Corsica (France) 42° 17′ N 8° 52′ E

B. ignitus Male 12 Japan 36° N 138° E
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contact between the virgin queens and the secretions
(i.e. only the volatile compounds were perceptible by
the virgin queens; see Coppée et al. 2011). The arena
was divided into four square areas (35×35 cm), each
corner contained, respectively, (1) a blank filter paper,
(2) filter paper with 2.5 μL hexane, (3) filter paper with
2.5 μL of the CLGS extract of a male from BX^ origin
(one male equivalent) and (4) filter paper with 2.5 μL of
the CLGS extract of a male from BY^origin (Figure 1a).
The position of each type of these filter papers was
randomly chosen for each bioassay. Each filter paper
(hexane, blank filter, X origin, and Yorigin) is renewed
for each bioassay. We performed the following pairwise
comparisons between the CLGS extract of each subspe-
cies: (1) CLGS of B. terrestris dalmatinus versus CLGS
of B. terrestris dalmatinus , (2) CLGS of B. terrestris
dalmatinus versus CLGS of B. terrestris canariensis ,
(3) CLGS of B. terrestris dalmatinus versus CLGS of
B. terrestris sassaricus , (4) CLGS of B. terrestris
dalmatinus versus CLGS of B. terrestris xanthopus
and (5) CLGS of B. terrestris dalmatinus versus CLGS
of B. ignitus . Each kind of pairwise comparisons was
tested ten times, each time with a CLGS extract of a
different male and each time with a different queen. The
required CLGS extracts are randomly chosen among the
10 (B. terrestris dalmatinus ) or the 12 (other subspe-
cies) male CLGS extracts. The required 10 queens are
randomly chosen among our 50 B. terrestris
dalmatinus queens. The queens used for one kind of
CLGS comparisons were not used for the other ones.

A digital camera (Philips SPC 900 NC PC
Camera) connected to a computer was set centred
above the experimental arena, allowing the record-
ing of female movement. The room was kept at
20–30 °C and 45–55 % RH. The tests were done
in red light to avoid the influence of daylight on
the behaviour. Exposed to daylight, queens walked
endlessly around the arena.

The following protocol was used. A virgin female
was placed in a Petri dish (9.2 cm in diameter) and set
free after 1–2 min when the virgin female calmed down.
Ten seconds after the female was free, her position was
recorded every 5 s, during 5 min (i.e. 60 successive
positions of each tested queen, see Table S2). After each
test, the entire olfactometer was cleaned using an
odourless soap (Panama®) and acetone.

To test whether the number of females approaches
were dependent on the odour source (four different filter
papers of two controls and two male extracts), each of

the pairwise comparisons (B. terrestris dalmatinus ver-
sus B. terrestris dalmatinus , B. terrestris dalmatinus
versus B. terrestris canariensis , B. terrestris
dalmatinus versus B. terrestris sassaricus ,
B. terrestris dalmatinus versus B. terrestris xanthopus
and B. terrestris dalmatinus versus B. ignitus ) was
tested by performing a generalised linear model with a
Poisson distribution (GLM, Poisson error, log link func-
tion), using an ANOVA and chi-square test as test
criterion. Post hoc pairwise comparisons were made
using Tukey contrasts (R-package multicomp; Hothorn
et al. 2008).

3. RESULTS

3.1. CLGS extract comparison

Ninety-two compounds were detected in
the CLGS of B. terrestris (Table S1). The
main compounds in the different B. terrestris
subspec ies were (1) d ihydrofa rneso l
( B . t e r r e s t r i s c a n a r i e n s i s ) , ( 2 )
dihydrofarnesol + tricosane + icos-17-enal +
hexadecenyl hexadecenoate (B. terrestris
xanthopus ), (3) dihydrofarnesol (B. terrestris
da lma t i u s ) and (4 ) d i hyd ro f a rne so l
(B. terrestris sassaricus ). By main com-
pounds, we mean compounds that have the
highest relative amount at least in one indi-
vidual of the taxa. The main compounds of
B. igni tus were octadec-11-enol and
dihydrofarnesol. Compositions of the head
ex t rac t s of B. ign i tus , B. terres t r i s
dalmatinus , B. terrestris xanthopus and
B. terrestris sassaricus were similar to pre-
vious studies (Coppée et al. 2008; De
Meulemeester et al. 2011; Lecocq et al.
2013b). The composition of B. terrestris
canariensis CLGS was here reported for the
first time.

The nMDS assessed that the CLGS composi-
tions of B. terrestris dalmatinus , B. terrestris
canar iens is , B. terres t r i s sassar icus ,
B. terrestris xanthopus and B. ignitus were dif-
ferent from one another (Figure 2). The global
perMANOVA results confirm these interspecific
differentiations (global perMANOVA: DF=4,
F =45.47, P value <0.01): B. terrestris
dalmatinus versus B. terrestris canariensis
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perMANOVA: DF=1, F=24.34, P value <0.01;
B. terrestris dalmatinus versus B. terrestris
sassaricus perMANOVA: DF=1, F=29.63, P
value <0.01; B. terrestris dalmatinus versus
B. terrestris xanthopus perMANOVA: DF=1,
F=33.74, P value <0.01; B. terrestris dalmatinus

versus B. ignitus perMANOVA: DF=1,
F=52.98, P value <0.01; B. terrestris xanthopus
versus B. terrestris canariensis perMANOVA:
DF=1, F=35.70, P value <0.01; B. terrestris
xanthopus versus B. terrestris sassaricus
perMANOVA: DF=1, F=44.69, P value <0.01;

Figure 1. Experimental apparatus and bioassays results. a Experimental apparatus: in the low left corner, a
consubspecific male head extract was set; in the high right corner, a non-consubspecific male head extract was
set. b Presence (the position of the queen in the experimental apparatus every 5 s) of B. t. dalmatinus virgin queens
in each area of the olfactometer, containing blank, hexane, and two different extracts of cephalic labial gland
secretions. The axis y is the sum of observation of each queen in a particular area of the olfactometer when its
position is recorded every 5 s during 5 min; total observation per queen is 60.
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B. terrestris xanthopus versus B. terrestris ignitus
perMANOVA: DF=1, F=62.37, P value <0.01;
B. terrestris canariensis versus B. terrestris
sassaricus perMANOVA: DF=1, F=50.23, P
value <0.01; B. terrestris canariensis versus
B. terrestris ignitus perMANOVA: DF=1,
F =93.27, P value <0.01; and B. terrestris
sassaricus versus B. terrestris ignitus
perMANOVA: DF=1, F =154.01, P value
<0.01. The IndVal method revealed several sig-
nificant and strong indicator compounds
(IndVal>0.70) including main compound
(B. ignitus and B. terrestris xanthopus ) or at
least compounds with a large relative abundance
(B. terrestris canariensis ) in each group except
for B. terrestris dalmatinus and B. terrestris
sassaricus (Table S1).

3.2. Bioassays—subspecific preferences

In bioassays, we always found differences
between the treatments (GLM, Poisson; P

value <0.01) except for the pairwise compar-
i son between CLGS of B. terres t r i s
dalmatinus versus B. ignitus (GLM, Poisson;
P value = 0.16) (Table S3).

Virgin queens always preferred the CLGS ex-
tract to blank or pure solvent except for
B. canariensis secretion (Figure 1b, Table II).
Our results showed that B. terrestris dalmatinus
females were statistically more attracted by the
consubspecific CLGS blends when exposed to
B. terrestris xanthopus and B. terrestris
canariensis (Figure 1b, Table II). In contrast,
there was no preference between consubspecific
and non-consubspecific odour when the queen
was exposed to B. terrestris sassaricus
(Figure 1b, Table II).

When exposed to B. ignitus CLGS, the
B. terrestris dalmatinus females reacted abnor-
mally: they walked endlessly and erratically
around the arena, exhibited stress behaviour (they
reacted by getting excited, buzzing and walking
very quickly), instead of exploring the arena and

Figure 2. CLGS statistical analysis results. Non-metric multidimensional scaling (nMDS) ordination using a Bray-
Curtis similarity matrix based on the cephalic labial gland secretions ofB. terrestris subspecies andB. ignitus (stress
value=0.13, R 2=0.92). The nMDS1, nMDS2 and nMDS3 are first, second and third axes of the nMDS. Ellipses
represent significant groups detected by the permutation-based version of the multivariate analysis of variance using
the Bray-Curtis similarity matrix.
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stopping near one odour source as they did with
conspecific extracts.

4. DISCUSSION

4.1. Subspecific differentiations
of cephalic labial gland secretions
and their consequences

The interspecific comparison between
B. ignitus and B. terrestris subspecies indi-
cate an expected CLGS divergence (as
observed by De Meulemeester et al. 2011)
as observed in other interspecific compari-
sons in bumblebee species (Calam 1969;
Terzo et al. 2005). Between B. terrestris sub-
species, our comparative analyses show that
all B. terrestris subspecies have specific
CLGS, as previously observed for all taxa
except B. terrestris canariensis (these results
are congruent with previous studies; Coppée
et al. 2008; Lecocq et al. 2013b). According
to the allopatric distribution of studied
B. terrestris subspecies, the observed CLGS
differentiations were most likely driven by a
persistent lack of gene flow between them
(see Estoup et al. 1996; Lecocq et al.
2013b), possibly reinforced by the preference
of local females for sympatric males as pre-
viously suggested in insular bumblebees (see
Lecocq et al. 2013b). Such a differentiation
of reproductive traits may directly interfere
with the pre-mating communication between
differentiated populations as observed in
many organisms (Andersson 1994; Kawazu
et al. 2005). However, the differentiation
consequences are poorly predictable without
bioassays since they can lead to simple re-
gional variation without reproductive isola-
tion (i.e. dialects consisting of different
r e l a t i v e amoun t s o f t h e s ame k e y
compounds; Tòth et al. 1992; Vereecken
et al. 2007) or to the establishment of a
reproductive isolation barrier between popu-
lations (Martens 1996).

Our bioassays clearly show the consequence of
an interspecific differentiation: B. terrestris
dalmatinus queens display behaviour that weT
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interpreted as stressed (see Section 3) resulting in
non-significant biased results when they are ex-
posed to B. ignitus CLGS. We hypothesise that
this behaviour could reflect a defensive behaviour
(see Lhomme et al. 2012; Lhomme et al. 2013)
resulting from the extensive divergence of
B. ignitus CLGS. Indeed, B. ignitus secretions
could be interpreted as the chemical signature of
an intruder or as a repellent by B. terrestris
dalmatinus queens as observed in other bioassays
where different species face each other (e.g.
Lhomme et al. 2012).

Inside B. terrestris , our bioassays show that the
CLGS differentiation of B. terrestris canariensis
and B. terrestris xanthopus (large differentiation
with taxon-specific strong indicator compounds
and taxons-pecific compounds with a large rela-
tive abundance) leads to B. terrestris dalmatinus
queens discriminating against foreign mates. This
is in accordance with previous bioassays on mat-
ing choices which show preferences of commer-
cially imported B. terrestris dalmatinus queens
for consubspecific males in the UK (Ings et al.
2005). Moreover, many studies on sexual selec-
tion have largely documented that individuals of-
ten recognize and prefer to mate with individuals
from Blocal^ rather than Bexotic^ populations
(Andersson 1994; Boake 2002 but in contrast see
Vereecken et al. 2007). Since previous studies (de
Jonghe 1986; Estoup et al. 1996; Rasmont and
Adamski 1996; Rasmont et al. 2008) have detect-
ed significant genetical and ecological differentia-
tion betweenB. terrestris canariensis ,B. terrestris
xanthopus and B. terrestris dalmatinus or even
have suggested speciation processes within
B. terrestris (Lecocq et al. 2013b; 2014), the
observed CLGS differentiation and our bioassays
results could reflect a pre-mating isolation through
this male chemical reproductive trait.

In contrast to other studied B. terrestris taxa,
the CLGS divergence (but without strong indica-
tor compounds or changes in compounds with a
large relative abundance) between B. terrestris
dalmatinus and B. terrestris sassaricus does not
lead to a discrimination of B. terrestris
dalmatinus queens against B. terrestris
sassaricus CLGS in bioassays. Even if the com-
ponents of the CLGS that constitute the phero-
mones are not known (i.e. those components that

release a female response or convey information
for females), we speculate that the CLGS of
B. terrestris sassaricus are considered as similar
to consubspecific male secretions for B. terrestris
dalmatinus queens (i.e. no change in compounds
that allow the pre-mating recognition). This rules
out the hypothesis of a pre-mating isolation be-
tween these two taxa through a CLGS differenti-
ation and reinforces the conspecificity suggested
by other studies (Lecocq et al. 2013b; 2014).

The significant B. terrestris dalmatinus
female preferences for the CLGS of its own
subspecies compared to those of some sub-
species in laboratory do not necessarily result
in pre-mating isolation in the wild. Establish-
ing pre-mating isolation would require testing
all four subspecies for their pre-mating isola-
tion from one another (i.e. ring species may
occur) using mating trials that would be dif-
ficult to conduct. Therefore, the present more
feasible bioassays should be extended to all
taxa included in B. terrestris and coupled
wi th other evidence ( i .e . in tegra t ive
taxonomy; Lecocq et al. 2011; 2014) and
possibly other reproductive traits to conclude
to pre-mating isolation.

4.2. Implications forB. terrestris dalmatinus
invasions

In the last decades, B. terrestris , especially
B. terrestris dalmatinus , has become increasingly
important commercially for its pollination ser-
vices to agriculture (Velthuis and van Doorn
2006). However, as B. terrestris easily naturalizes
(Buttermore et al. 1998; Goulson and Hanley
2004), the commercial trade in B. terrestris has
led to it becoming invasive in several regions as
result of deliberate introductions or accidental
escapes (Torretta et al. 2006; Velthuis and van
Doorn 2006). The main consequences of these
invasions are (1) competition for floral and
nest ing resources with local species/
subspecies (Kanbe et al. 2008; Nagamitsu
et al. 2009); (2) the transmission of parasites
and pathogens to local subspecies due to
parasitosis found in commercial colonies
(Colla et al. 2006; Meeus et al. 2011; Murray
et al . 2013); and (3) the dilution of
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characters (genet ic , morphologic and
ethologic) between native and non-native
commercially transported subspecies or loss
of reproductive fitness (Kanbe et al. 2008;
Yoon et al. 2009).

Although a hybridization between B. terrestris
subspecies in laboratory conditions has been dem-
onstrated (de Jonghe 1986; Ings et al. 2005), the
appearance of wild hybrids remains a rare event
(Rasmont and Adamski 1996; Rasmont and
Quaranta 1997; Quaranta and Felicioli 2012).
This corresponds with our behavioural results
showing that B. terrestris dalmatinus queens sig-
nificantly prefer their own subspecies rather than
subspecies with significantly differentiated CLGS
(B. terrestris canariensis and B. terrestris
xanthopus ). In contrast, B. terrestris dalmatinus
queens do not signif icant ly prefer the
consubspecific CLGS in comparison with subspe-
cies with very similar CLGS (B. terrestris
sassaricus ). This suggests that the consequences
of introductions or accidental escapes of
B. terrestris dalmatinus in the natural range of
other B. terrestris subspecies may vary according
to the native subspecies. We speculate that an
intersubspecific dilution of characters between
non-native B. terrestris dalmatinus and native
B. terrestris canariensis /B. terrestris xanthopus
is unlikely because of their different CLGS and
their partially differentiated ecological features
(Rasmont et al. 2008; Lecocq et al. 2013b;
2014). Besides the transmission of parasites
and pathogens, the main consequence of a
B. terrestris dalmatinus invasion in Corsica
and in the Canary Islands could thus be the
competition for floral and nesting resources
between taxa. In contrast, B. terrestris
dalmatinus introductions in Sardinia could
lead to dilution of characters with native
B. terrestris sassaricus according to the lower
differentiation between the two taxa. Howev-
er, since we tested only the queen of
B. terrestris dalmatinus , we do not know if
the queens of other B. terrestris taxa display
also preferences for Blocal^ rather than
Bexotic^ males (i.e. asymmetrical species iso-
lation). Therefore, more studies on natural
intersubspecific hybridizations are needed to
check these hypotheses.
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