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Abstract. The recent development of the integrative taxonomic approach in bumble-
bees has led to unexpected merging or splitting of several taxa. Here we investigate the
taxonomic statuses of one of the most abundant, widespread and polytypic Palearctic
bumblebees, Bombus pascuorum. The latest review of this species includes 24 sub-
species. We used an integrative approach based on genetic markers and male chemical
reproductive traits and compared our results with the former classifications. Our results
show that all B. pascuorum taxa are conspecific and share the same male chemical
reproductive traits. The genetic structure observed in one mitochondrial and two nuclear
markers poorly reflects the current subspecific classification. Indeed, the concordance of
population genetic differentiation, population geographic distribution, and population
colour pattern similarity suggests a different meaningful prospective classification with
four taxon complexes: (i) the B. pascuorum dusmeti group, including all taxa from the
Iberian Peninsula and south-west France; (ii) B. pascuorum rehbinderi; (iii) B. pascuo-
rum siciliensis; and (iv) B. pascuorum floralis groups (including all other taxa studied

here).

Introduction

The species concept is central to biodiversity classification but
remains debated (Mayr, 1942; De Queiroz, 2007). Indeed, the
delimitation of species boundaries is a fundamental aspect in
evolutionary biology (Lecocq eral., 2013a,b) and conserva-
tion biology (Whittaker & Ferndndez-Palacios, 2007). How-
ever, establishing taxonomic boundaries between closely related
species is often hindered by a lack of diagnostic morphological
characters (Bickford eral., 2007). Bumblebee (genus Bombus
Latreille) taxonomy exemplifies this issue: different species can
be morphologically similar (i.e. cryptic species) while conspe-
cific specimens can be extraordinarily divergent, e.g. in their
hair body’s colour patterns (Michener, 1990; Williams, 1998;
Hines & Williams, 2012). As in other taxonomically confusing
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groups, there have been many attempts to clarify bumblebee
taxonomy using alternative features to compliment traditional
morphological characters such as geometric morphometrics of
wing shape, DNA or ecochemical traits (reviewed by Lecocq
etal., 2015¢). Nevertheless, each approach has its own limita-
tions (reviewed by Lecocq et al., 2015a,c). Using a multisource
approach to gather different lines of evidence of speciation in
order to draw strongly supported species status hypotheses has
been demonstrated to be a solution to overcome the limita-
tions of each method (De Queiroz, 2007; Schlick-Steiner et al.,
2010). This integrative taxonomic approach has become widely
used in bumblebee systematics (Bertsch, 1997; Bertsch et al.,
2005; Lecocq etal., 2011, 2015a,c). Although previous studies
have confirmed many expected taxonomic statuses, this inte-
grative approach also has led to unexpected merging or split-
ting of several taxa (Bertsch eral., 2005; Lecocq etal., 2011,
2015a,c). These studies question the current bumblebee system-
atics mainly based on few criteria (i.e. genetic marker) or on
traits (i.e. colour pattern or wing shape) that have been recently
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Fig. 1. Eight Bombus pascuorum subspecies: (A) Bombus pascuorum floralis (male); (B) Bombus pascuorum gotlandicus (male); (C) Bombus
pascuorum intermedius (male); (D) Bombus pascuorum melleofacies (worker); (E) Bombus pascuorum mniorum (male); (F) Bombus pascuorum
rehbinderi (male); (G) Bombus pascuorum rufocitrinus (worker); (H) Bombus pascuorum septentrionalis (male). All photographs are by P. Rasmont

except for B. p. rufocitrinus, which is by D. Genoud.

showed as inefficient as taxonomic diagnostic characters (Car-
olan etal., 2012; Lecocq et al., 2015¢). This places a premium
on taxonomic status assessments of closely related taxa as well
as of polytypic species within the bumblebee genus.

Here, we investigate the taxonomy of one of the most abun-
dant, widespread and polytypic Palearctic bumblebee species
(Rasmont eral., 2015) known to be an important pollinator in
Europe (Free, 1993): Bombus pascuorum Scopoli. The species
displays a considerable coat colour variation (Fig. 1) (Kriiger,
1928, 1931; Reinig, 1970; De Ruijter & Wiebes, 1974; Rasmont,
1983), a morphological differentiation (Lgken, 1973; Pekkari-
nen, 1979) and a slight genetic differentiation (Pirounakis et al.,
1998; Widmer & Schmid-Hempel, 1999) within its geographic

range. Similar variation patterns have been observed in other
species such as B. lapidarius or B. terrestris recently resolved
as species complexes (Lecocq et al., 2015a,c). Based on colour
patterns, the last taxonomic revisions defined three allopatric
subspecies and 21 parapatric subspecies (Fig. 2) (Rasmont,
1983; Rasmont & Adamski, 1995) (B. p., Bombus pascuorum):
B. p. bofilli (Vogt) (southern Iberian Peninsula), B. p. dusmeti
(Vogt) (centre of the Iberian Peninsula), B. p. flavobarbatus
(Morawitz) (east Siberia), B. p. floralis (Gmelin) (central
and eastern Europe, Ireland and west Russia), B. p. freygess-
neri (Vogt) (central France), B. p. gotlandicus (Erlandsson)
(Gotland), B. p. intermedius (Vogt) (south-west Alps), B. p. mac-
ulatus (Vogt) (western Pyrenees and south-west France), B. p.
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Fig. 2. Distribution and sampling map of Bombus pascuorum and its subspecies in Europe and surrounding regions based on traditional subspecies
classification by Rasmont (1983). The approximate distribution of each subspecies and sympatric areas (hatched areas) between parapatric subspecies
are shown according to the literature (Rasmont, 1983; Rasmont ez al., 2015). The green and black stars are the sampling sites.

melleofacies (Vogt) (centre and south of Italian Peninsula and
Corsica), B. p. michnoi (Skorikov) (South Siberia), B. p. mnio-
rum (Fabricius) (Sjaelland), B. p. moorselensis (Ball) (northern
Belgium and western Netherlands), B. p. olympicus (Vogt)
(southern Balkan region), B. p. pallidofacies (Vogt) (southern
Scandinavia), B. p. paphlagonicus (Reinig) (north-west Anato-
lia), B. p. pascuorum Scopoli (northern Italian Peninsula), B. p.
rehbinderi (Vogt) (Crimea, north-east Anatolia, Georgia, and
Caucasus), B. p. rufocitrinus (Kriiger) (eastern Pyrenees), B. p.
septentrionalis (Vogt) (northern part of Great Britain), B. p.
siciliensis Tkalcu (Sicily), B. p. smithianus (White) (north of
Fennoscandia), B. p. sparreanus (Léken) (central Fennoscan-
dia), B. p. taleshensis Rasmont (Iran), and B. p. vulgo (Harris)
(southern Great Britain). In this paper, we aim to assess the tradi-
tional B. pascuorum taxa classification with statuses and groups
defined by an integrative taxonomy approach based on genetic
markers and chemical reproductive traits (Lecocq et al., 2015a).

Material and methods
Sampling

A total of 276 specimens were collected in the whole
Palearctic region (Fig. 2; Table S1). We aimed to sample all

B. pascuorum taxa. However, we failed to collect B. p. bofilli,
B. p. paphlagonicus, and B. p. taleshensis (Fig. 2). In south-
ern Spain (i.e. Sierra Nevada) where B. p. bofilli should occur
(Rasmont, 1983), we found only B. p. dusmeti. For subspecies
with a large distribution (e.g. B. p. floralis), several populations
were sampled. We used the phylogenetically closely related
species Bombus humilis, Bombus ruderarius, and Bombus syl-
varum as outgroups (Pedersen, 2002; Cameron et al., 2007). We
killed specimens by freezing at —20°C.

Genetic divergence

We sequenced three genes commonly used in bee phylo-
genetic studies (Pedersen, 2002; Cameron efal., 2007; Hines,
2008; Lecocq etal., 2013a,b; Dellicour eral., 2014): mito-
chondrial cytochrome oxidase 1 (COI), nuclear protein-coding
gene elongation factor-1 alpha, F2 copy (EF-1a), and phospho-
enolpyruvate carboxykinase (PEPCK). We followed the total
DNA extraction protocol, polymerase chain reaction amplifica-
tion reactions, sequencing procedures, and alignment method
described in Lecocq etal. (2013a). We carried out haplo-
type network analyses and phylogenetic analyses to investi-
gate the genetic differentiation as well as to define lineages
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within B. pascuorum taxa. Sequences were deposited in Gen-
Bank (Table S1) and matrices were deposited on TreeBase
(TB2:S17344).

Median-joining haplotype network analyses were carried out
in NETWORK 4.6.1.0 (www.fluxus-engineering.com) for each
gene individually. The median joining method uses a maximum
parsimony approach to search for all the shortest phylogenetic
trees for a given data set (Bandelt er al., 1999). To reconstruct the
network, we weighted transversions twice as high as transitions.

In phylogenetic analyses, we analysed each gene indepen-
dently with maximum likelihood (ML) and Bayesian (MB)
methods. For both methods, we partitioned each gene to explore
the best substitution model: (i) EF-1a into two exons and one
intron; (ii) PEPCK into two exons and two introns; and (iii) COI
and each nuclear exon by base positions (first, second and third).
The best-fitting substitution models were chosen with JMODEL-
TEST using the corrected Akaike information criterion (AICc) for
each dataset. Secondly, we analysed all genes combined in ML
and MB phylogenetic analyses in order to define the lineages
within B. pascuorum. We assessed the level of incongruence in
phylogenetic reconstructions among genes by comparing con-
gruence and incongruence of well-supported clades across ML
and MB trees of each gene. Overall, the gene trees were not
strongly conflicting with each other and well supported clades
were similar across all trees. In all phylogenetic analyses, trees
were rooted with species from the outgroup. We conducted ML
analyses with GARLI 2.0 (Zwickl, 2006). We performed 10 inde-
pendent runs in GARLI for each gene; the topology and —In L
were identical among replicates. The run with the highest likeli-
hood was retained. We evaluated statistical confidence in nodes
with 10 000 nonparametric bootstrap replicates. Topologies with
bootstrap values > 70% were considered well supported (Hillis
& Bull, 1993). We performed MB analyses with MRBAYES 3.1.2
(Ronquist & Huelsenbeck, 2003). We carried out 10 indepen-
dent analyses for each gene (100 million generations, four chains
with mixed models, default priors, saving trees every 100 gener-
ations). Then we discarded the first 10 million generations as
burn-in. The phylogeny and posterior probabilities were then
estimated from the remaining trees and a majority-rule 50%
consensus tree was constructed. Topologies with posterior prob-
abilities > 0.95 were considered as well supported (Wilcox et al.,
2002).

Reproductive trait divergence

We analysed the male cephalic labial gland secretion (CLGS)
involved in the bumblebee premating recognition (Ayasse &
Jarau, 2014; Lecocq etal., 2015b) and commonly used for
species discrimination in bumblebees (Rasmont et al., 2005;
Bertsch & Schweer, 2012). CGLSs are species-specific secre-
tions synthesized de novo by cephalic labial glands (Zatek
etal., 2013). CLGSs consist of a complex mixture of (mainly
aliphatic) compounds, with several main components (Coppée
etal.,2008; Lecocq et al., 2011). By main compounds, we mean
compounds that have the highest relative proportion among all
compounds of CLGSs at least in one individual of the taxa.

We extracted the CLGSs in 400 pL. n-hexane (De Meule-
meester etal., 2011). All samples were stored at —40°C prior
to the analyses. We determined the CLGS composition by
gas chromatography-mass spectrometry on an quadrupol Fini-
gan GCQ, with a DB-5ms nonpolar capillary column [5%
phenyl(methyl)polysiloxane stationary phase; column length
30m; inner diameter 0.25 mm; film thickness 0.25um]. We
quantified the CLGS composition with a gas chromatograph
Shimadzu GC-2010 with a SLB-5ms nonpolar capillary col-
umn (same characteristic as the DB-5ms nonpolar capillary
column) and a flame ionization detector. For both, we injected
1 puL, used a splitless injection mode (220°C) and helium as
carrier gas (1 mL/min). The temperature program of the col-
umn 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. Compounds were identified using the retention times and
mass spectra of each peak, in comparison to those at National
Institute of Standards and Technology library (NIST, U.S.A).
Double bound positions were determined by dimethyl disulfide
(DMDS) derivatization. We quantified the peak areas of com-
pounds in GCsolution Postrun (Shimadzu Corporation) with
automatic peak detection and noise measurement. We calculated
relative amounts (RAs, in %) of compounds in each sample by
dividing the peak areas of compounds by the total area of com-
pounds in each sample. We did not use any correction factor
to calculate the RA of individual compounds. We discarded all
compounds for which RA were recorded as less than 0.1% for
all specimens (De Meulemeester ez al., 2011). We elaborated the
data matrix for each species with the relative proportion of each
compound for each individual. We based the data matrix (Table
S2) on the alignment of each compound between all samples
performed with GCAligner 1.0 (Dellicour & Lecocq 2013a,b).

We performed statistical comparative analyses of the CLGSs
in R (R Development Core Team, 2013) to detect CLGS differen-
tiations among B. pascuorum. We transformed data [log(x + 1)]
to reduce the great difference of abundance between compounds
with highly and low concentration (De Meulemeester etal.,
2011). We compared the CLGS composition between individ-
uals with a clustering analysis performed with the unweighted
pair group method and the arithmetic mean based on Pearson
r correlation distance matrices (R package APE; Paradis et al.,
2004). We assessed the uncertainty in hierarchical cluster analy-
sis with P-values calculated via multiscale bootstrap resampling
with a bootstrap sample size of 100000 (R package PVCLUST,
Suzuki & Shimodaira, 2011). We assessed CLGS differentia-
tions between taxa by performing a multiple response permu-
tation procedure (MRPP) (R package VEGAN, Oksanen et al.,
2011).

Data integration and decision framework

Assuming that species diagnosis is more likely in multiple evi-
dence detection (De Queiroz, 2007; Schlick-Steiner et al., 2010),
we based our species delimitation on genetic and ecochemical
divergences considered as efficient diagnostic characters among
bumblebees (Lecocq et al., 2015c). Integration of different lines
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of evidence in bumblebee taxonomy has recently been the focus
of intensive research (reviewed by Lecocq eral., 2015a,c). We
considered that a taxon deserved a species status with a high
degree of certainty if the taxon: (i) was genetically differentiated
in all genetic markers; (ii) constituted a monophyletic group; (iii)
is significantly differentiated in CLGS compositions; and (iv) is
differentiated in the main CLGS compounds (see discussion in
Lecocq et al., 2015a).

Results

Totals of 1069 bp from COI, 789 bp from EF-la, and 928 bp
from PEPCK were obtained (GenBank numbers are in Table S1).
Our genetic analyses showed an expected divergence between
outgroup and ingroup. Within B. pascuorum taxa, 50 unique
haplotypes were observed for COI, 21 for EF-1a and 21 for
PEPCK among 250 Palearctic individuals (Fig. 3A—C). Only
Bombus pascuorum siciliensis and B. p. rehbinderi displayed
specific haplotypes in COI and PEPCK, while B. p. rufocitri-
nus, B. p. gotlandicus, and B. p. smithianus had specific COI
haplotypes (Fig. 3A—C). Our genetic markers did not show
that all other taxa had specific haplotypes, but some taxa from
the same part of the B. pascuorum distribution shared specific
haplotypes (Fig. 3A—C). Indeed, all taxa from Iberian Penin-
sula and southern/south-western France shared haplotypes in all
genetic markers (Fig. 3A—C). Similarly, all taxa from the Italian
Peninsula (B. p. pascuorum and B. p. mellofacies) displayed the
same COI haplotypes (but shared one haplotype with other taxa;
Fig. 3A—C) and all B. p. olympicus and south-eastern European
B. p. floralis displayed the same COI haplotypes (Fig. 3A-C).
For COI and PEPCK sequences, same haplotypes were found in
B. p. floralis from Russia and B. p. flavobarbatus and B. p. mich-
noi from Siberia (Fig. 3A—C). All phylogenetic analyses (ML
and MB) of each single gene and the combined dataset showed
a partially similar topology with clades corresponding to haplo-
type groups found in the networks. Within B. pascuorum gene
phylogenies, the relationships between taxa remained poorly
resolved (see supplementary trees at TreeBase TB2:S17344).
Nevertheless, phylogenetic analyses on COI, PEPCK and the
three-gene combined dataset showed two main lineages within
B. pascuorum (Fig. 3D and supplementary trees at TreeBase
TB2:S17344): the south-western lineage (all subspecies from
the Iberian Peninsula and south-west France) and the main lin-
eage (all other subspecies). Within the main lineage, some geo-
graphic subgroups appeared (Fig. 3D): (i) the eastern group
(B. p. floralis from Russia and B. p. flavobarbatus and B. p.
michnoi from Siberia); (ii) the Sicily group (B. p. siciliensis);
(iii) the eastern Turkey and Caucasus group (B. p. rehbinderi),
(iv) the south-eastern Europe group (most of B. p. floralis from
south-eastern Europe and most of B. p. olympicus).

In the chemical analyses, 56 compounds were detected in
the CLGSs of B. pascuorum taxa (Table S2). The CLGS
composition of B. pascuorum taxa were clearly different from
those of outgroup species [comparison with Appelgren ez al.
(1991) and Terzo etal. (2005). In contrast, all B. pascuorum
taxa shared all compounds. No discrimination between taxa was
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found in the statistical analyses (Fig. 4; MRPP result, 7=11.09,
A=-0.29, P=0.85).

The concordance of the nuclear and mitochondrial divergence
and the observed CLGS differentiation strongly confirmed the
differentiation between B. pascuorum taxa and outgroup species
(Figs 3, 4). The same decision framework strongly suggested
that B. pascuorum taxa are conspecific, as they shared the same
CLGS composition and only a few of them displayed a genetic
differentiation (only private haplotypes) (Figs 3, 4).

Discussion
Species status

Our integrative taxonomic decision framework supported the
specific status of B. pascuorum compared with its closely related
consubgeneric species as commonly acknowledged in the liter-
ature (Williams, 1998; Rasmont et al., 2000; Kuhlmann et al.,
2014); similar interspecific genetic and CLGS differentiations
were previously recorded in the literature (Appelgren etal.,
1991; Pedersen, 2002; Terzo et al., 2005; Cameron et al., 2007,
Hines, 2008). Within B. pascuorum, despite their conspicuous
phenotypic differentiations, all studied taxa were regarded as
conspecific based on diagnostic characters (Figs 3, 4). There-
fore, contrary to some other polytypic groups of Palearctic taxa
resolved as species complexes, such as B. terrestris and B. lapi-
darius (Lecocq et al., 2013b, 2015a,c), B. pascuorum appears as
a single species with a high geographic phenotypic differenti-
ation. Nevertheless, our analyses revealed several differentiated
groups of populations that lack of CLGS differentiation and with
a low genetic differentiation (Figs 3, 4).

Intraspecific structure

The concordance of population genetic differentiation, pop-
ulation geographic distribution, and population colour pat-
tern similarity suggests an intraspecific structure (Figs 1-3)
where south-western European taxa (Iberian Peninsula and
southern/south-western France) and other B. pascuorum taxa
(main lineage) constitute two differentiated lineages (Fig. 3D).
The main lineage includes four conspicuous subgroups: B. p.
siciliensis, B. p. rehbinderi, eastern populations/taxa (B. p. flo-
ralis from Russia and B. p. flavobarbatus and B. p. michnoi from
Siberia), and most of south-eastern European populations/taxa
(Fig. 3D). The geographic distribution of these lineages and sub-
groups could suggest a phylogeographic structure within B. pas-
cuorum fostered by allopatric differentiation between Ice Age
refugia (i.e. Iberian Peninsula, Italian Peninsula, cryptic refu-
gia within mainland; see Lecocq et al., 2013a) or insular genetic
drift (e.g. Lecocq et al., 2013b); further phylogeographic studies
are needed to assess this phylogeographic structure.

The observed lineages and subgroups poorly reflect the cur-
rent B. pascuorum subspecific classification (Fig. 3D; Ras-
mont, 1983; Rasmont & Adamski, 1995). As the subspecies
has been traditionally defined as a population group occurring
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Fig. 3. Genetic differentiations within Bombus pascuorum. The colour chart given at the top edge of the figure is used in all subparts of the figure
and refers to the traditional subspecies classification (see Rasmont, 1983). (A) Median-joining network of haplotypes based on cytochrome oxidase 1
(COI) sequences. (B) Median-joining network of haplotypes based on EF-1a sequences. (C) Median-joining network of haplotypes based on PEPCK
sequences. For all median-joining networks: the sizes of the circles are proportional to the frequencies of haplotypes; the yellow points on the lines
represent undetected/extinct intermediate haplotype states; the numbers on the lines represent the number of mutations between two close haplotypes
(only numbers of mutation > 1 are shown). (D) Majority rule (50%) consensus tree based on Bayesian analyses of combined molecular data matrix
(COL, EF-1a, and PEPCK). Values above tree branches are maximum likelihood bootstrap values/Bayesian posterior probabilities. Only maximum
likelihood bootstrap values > 70% and posterior probabilities > 0.95 are shown. SE, south-eastern; SW, south-western.
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Fig. 4. Cephalic labial gland secretion differentiation within Bombus
pascuorum. Colour chart given at the top edge of the figure refer to the
traditional subspecies classification (see Rasmont, 1983). The cluster
is an unweighted pair group method with arithmetic mean (UPGMA)
cluster based on a correlation matrix calculated from the cephalic labial
gland secretion matrix. The values near nodes are multiscale bootstrap
resampling values (only values > 80 of main groups are shown).

in a distinct geographic area and phenotypically diagnosably
distinct from other conspecific population groups (Mayr, 1942,
1963; Pattent & Unitt, 2002), the observed discordances are
presumably due to a priori phenotypically defined subspecies
reflecting local adaptation to a particular environment rather
than genetic differentiation in a neutral marker (Avise, 2000;
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Frankham et al., 2010; Braby et al., 2012; Lecocq et al., 2013a).
Alternatively, the traditional bumblebee subspecies classifica-
tion is based on an a priori classification reflecting colour pattern
variation (e.g. for B. pascuorum: Kriiger, 1928, 1931; Rasmont,
1983) but the definition of discrete diagnostic colour pattern
that reflects the differentiation process requires a difficult to
achieve extensive overview of the interindividual variability,
making subspecies classifications dubious (Bertsch & Schweer,
2012). Taking these limitations into account, the usefulness of
subspecies status in the bumblebee has been criticized during
recent decades (Williams, 1991; Bertsch & Schweer, 2012),
although other researchers have continued to consider the sub-
species as a useful pragmatic taxonomical unit (Rasmont et al.,
2008; Lecocq etal., 2015a), especially for evolutionary biol-
ogy and biological conservation (see similar statements in other
organisms: Phillimore & Owens, 2006; Allentoft & O’Brien,
2010; Crowhurst et al., 2011; Hawlitschek et al., 2012; Sackett
etal., 2014) because the subspecies can be seen as providing a
handle for identifiable units of geographic variation and, there-
fore, frequently acting as an impetus for further investigations
(Patten, 2009). This divergence of opinion repeats on a smaller
scale the extensive long-standing debate on the subspecies’ use-
fulness in the living world (Ebach & Williams, 2009; Patten,
2009). Assuming the subspecies’ usefulness, some authors tried
to develop efficient subspecies definitions that reconcile genetic
structure/divergence and geographical distribution of pheno-
typic character, especially in butterflies, reptiles, birds, or even
bacteria (Manier, 2004; Mulcahy, 2008; Tsao & Yeh, 2008;
Hawlitschek etal., 2012; Ennen etal., 2014; Maia-Carvalho
etal., 2014). Under the unified species concept (De Queiroz,
2007) and Mayr’s assumption that the subspecies reflect a step in
the allopatric speciation process (Mayr, 1963), subspecies can be
defined as a group of populations representing partially isolated
lineages within a species that is allopatric and phenotypically
diagnosably distinct from other conspecific population groups
(Braby etal., 2012; Hawlitschek et al., 2012). In the context of
integrative taxonomy, the subspecies’ status has been assigned
to phenotypically distinct allopatric groups of populations with
divergences in some but not all criteria used in the integrative
decision framework for species delimitation (i.e. disagreement
in selected criteria in an integrative species delimitation frame-
work that could suggest an incipient speciation; see discussion in
Hawlitschek et al., 2012; Lecocq et al., 2015a,c). In B. pascuo-
rum, as most of the lineages and subgroups display a parapatric
distribution (Fig. 2) and a poorly fixed diagnosable phenotypic
character state (i.e. there is a large colour pattern variation within
lineages), such a subspecies delimitation could lead to merg-
ing of several differentiated population groups and therefore
hide evolutionarily important and more complex intraspecific
differentiation processes (a main risk when using a subspecies
classification; e.g. Zink, 2004). The alternative subspecies con-
cept, including parapatric subspecies (i.e. characterized by an
abrupt change in phenotypic characters rather than a cline vari-
ation in contact zone with other differentiated populations; see
the review in Braby et al., 2012), remains doubtful and debated
(review in Braby etal., 2012), and fails to reflect the B. pas-
cuorum lineages and subgroups (i.e. cline variations as well as
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abrupt changes in colour pattern occur between lineages and
subgroups; Rasmont, 1983). Therefore, subspecies classifica-
tion seems unsuitable to reflect the intraspecific differentiation
within B. pascuorum. In order to provide a prospective useful
classification for further evolutionary biology or conservation
biology studies, we regard the lineages and subgroups as dif-
ferent evolutionarily significant units (ESUs, sensu Conner &
Hartl, 2004; see also Lecocq etal., 2015a, and the review in
Braby eral., 2012) with a neutral divergence (i.e. genetic dif-
ferentiation but without the necessary reciprocal monophyly;
see James, 2010) in nuclear and mitochondrial markers and a
divergence in characters (colour pattern) shaped by selective
pressure (i.e. bumblebee colour pattern is shaped by Miillerian
mimicry processes; Hines & Williams, 2012). We consider that
these ESUs represent an important component in the evolution-
ary legacy of the species (Waples, 1995; Lecocq et al., 2015a).
The resulting classification is: (i) the dusmeti ESU including all
taxa from Iberian Peninsula and southern/south-western France;
(ii) rehbinderi ESU; (iii) siciliensis ESU; and (iv) floralis ESU
(including all other here studied taxa). The nuclear and mito-
chondrial differentiation of the eastern group (B. p. floralis from
Russia and B. p. flavobarbatus and B. p. michnoi from Siberia)
could result from a low sampling effort in Russia that makes it
impossible to estimate the haplotype diversity in this region and
therefore to assess the genetic differentiation. Further studies
based on larger sampling and other genetic markers are needed
to assess the originality of this group.
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version of this article under the DOI reference:
10.1111/syen.12137

Table S1. Table of sampling. Sample code refers to the
sample labels used in analyses and supplementary tree.
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(relative amounts of each compound) and list of the identified
compounds in the Bombus pascuorum. Unknown x are
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