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A phylogenetic framework for the North American bumblebee
species of the subgenus Bombus sensu stricto (Bombus affinis,
B. franklini, B. moderatus, B. occidentalis & B. terricola) based
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Zusammenfassung

Koniginnen der vier Taxa Bombus affinis, B. moderatus, B. occidentalis and B. terricola wurden an ver-
schiedenen Orten quer durch Nordamerika gefangen. Zusitzlich wurden Minnchen von B. franklini,
B. occidentalis und B. terricola gesammelt. Mitochondriale Cytochrome Oxidase Untereinheit I (COI) von
25 Proben wurde sequenziert (Teilsequenzen 1005 bp Linge). Die Divergenz der Sequenzen zwischen den
Taxa betrigt 30-50 Basen-Substitutionen und die Tamura-Nei Genetische Distanz 0.05-0.13, wihrend
innerhalb der Taxa die Divergenz nur 1 bis 2 Basen-Substitutionen betrigt und die Tamura-Nei Genetische
Distanz 0.001-0.002. Da die COI Sequenzen keine Liicken aufweisen, kénnen die cinzelnen Nukleotide
wie homologe Positionen verwendet werden. Jedes Taxon besitzt 8-20 cigene Substitutionen, dic als dia-
gnostische Positionen verwendet werden kénnen, um das Taxon zu charakterisieren. Das Phylogramm zeigt
drei klar getrennte Cluster: B. moderatus, konspezifisch mit der ostasiatischen B. albocinctus, das Artenpaar
B. affinis — B. franklini locker verwandt mit der eurasiatischen B. lucorum, und das Artenpaar B. terricola
— B. occidentalis ohne Bezichungen zu irgendwelchen Arten der Alten Welt.

Summary

Queens of Bombus affinis, B. moderatus, B. occidentalis and B. terricola were collected from different localities
throughout North America. In addition, males of B. franklini, B. occidentalis and B. terricola were collected.
Mitochondrial cytochrome oxidase subunit I (COI) was sequenced from 24 specimens (Partial sequences
length 1005 bp). Interspecific sequence divergence was about 30-50 base substitutions and approximately
0.05-0.13 in Tamura-Nei genetic distance, whereas the intraspecific sequence divergence was only 1-2
base substitutions and about 0.001-0.002 in Tamura-Nei genetic distance. Because there are no gaps in the
alignments of the COI sequences, single nucleotide sites can be used as positional homologies. Each taxon is
characterised by about 8 to 20 substitutions, which are unique (“private”) and can be used as diagnostic char-
acters to define and identify this taxon. Three clusters in the topology of the phylogenetic tree were obtained:
B. moderatus, which is con-specific to the East Asian B. albocinctus, a species pair B. affinis — B. franklini
somchow related to the Eurasian B. lucorum and a species pair B. terricola — B. occidentalis without obvious
connection to any Old World species.
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Introduction

With the recent publications of PEDERSEN (1996, 2002), KawakiTa et al. (2004) and CAMERON
et al. (2007) we have, for the first time, a good general picture of the phylogenetic relationships
of most bumblebee species. These molecular genetic investigations show that the long-lasting
work on the taxonomy of bumblebee based on morphology has produced reliable results. At
the level of subgenera there are only minor corrections necessary there are a few conflicting
results which need further investigations, and there is much insight into the deeper nodes of
phylogeny. However, at the terminal units of the branches many questions remain, and we
need more specimens from a broad range of geographical localities to investigate the genetic
polymorphism of the taxa.

Despite their size and conspicuous colouration, the identification of many species of the subgenus
Bombus sensu stricto (syn. Terrestribombus) is often difficult because most species share a similar
general appearance in colour and morphology, and there is a long-standing discussion about
which taxa of the subgenus Bombus have species status, and which might be subspecies belong-
ing to a broader species. In North America, five taxa in the subgenus Bombus sensu stricto are
known: B. affinis (CREssoN, 1863), B. franklini (Frison, 1921), B. moderatus (CREssoN, 1863),
B. occidentalis (GREENE, 1858) and B. terricola (KirBY, 1837). In contrast to the five European
species, which are more or less similar in colouration and difficult to separate by morphological
characteristics, all five North American species of the subgenus Bombus sensu stricto are distinct
in colouration with nearly no intraspecific variation. Only B. occidentalis shows some regional
variability in colouration.

Because we expected a close relationship between the species investigated and consequently
the ‘bush-phylogenies’ of recently diverged lineages we used mitochondrial DNA (mtDNA) as
a marker. Because it has one-quarter of the effective population size of diploid nuclear genes,
mtDNA is more likely to reflect genetic differentiation at recent internodes than nuclear genes
(Moore 1995). MtDNA is maternally inherited and unlikely to recombine, thereby permit-
ting the recovery of an unambiguous phylogenetic hypothesis for its evolution. It also evolves
rapidly, with most of the changes occurring among closely related taxa nucleotide substitutions
at silent sites. Because there are no gaps in the alignments of the COI sequences the alignment
is unambiguous, and single nucleotide sites can be used as positional homologies (HirLis 1994).
LerEBURE et al. (2006) investigated two mitochondrial genes, COl and 16S rRNA, and showed
that for shallow taxonomic levels COI is the better marker. SIMON et al. (1994) also concluded
that protein-coding genes such as COI are more suitable than ribosomal genes for the phyloge-
netic analysis of close and intermediate levels of divergence. There is an ever-increasing number
of theoretical discussions (BALLARD and WHITLOCK 2004), and it might be useful to test the
utility of COl in resolving shallow taxonomic levels in Bombus sensu stricto in practice.

To investigate the relationships of the North American subgenus Bombus sensu stricto we ob-
tained partial sequences from the mitochondrial COI gene and addressed the following ques-
tions: (1) what is the nearest North American relative to the endemic B. franklini; (2) is Bombus
moderatus really the North American B. lucorum; and (3) do B. terricola and B. occidentalis belong

to the same species.
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Materials and Methods

Bumblebee samples

Table 1 shows the bumblebee samples used for DNA sequencing their identification codes and
the localities of their origin with geographical coordinates. Figure 1 shows the sampling locali-
ties and their distribution across North America (with exception of the two samples B. franklini
from southern Oregon). At the time of collection during 1997/1998, B. occidentalis in southern
Oregon and B. terricola and B. affinis in Massachusetts were still common. After collection, bees
were kept alive in a cool-box untl they were deep-frozen. For molecular analysis, we examined
one or two individuals from each of the localities for each taxon.

Tab. 1: List of Bombus samples (FRA = franklini, A¥F = affinis, TER = tervicola, Occ = occidentalis, MoD =
moderatus, LUC = lucorum and CRY = cryptarum), used in the present analysis with identification codes,

and collection locality information.

Locality Country  State/Province Coordinates NN
Fra-01 Mt Ashland USA Oregon 42°04.41' N, 122° 43.41'W 2050 m
Fra-02 Gold Hill USA Oregon 42°25.81'N, 123°02.69"W 330 m
Aff-01 Boston USA Massachusetts 42°17.87'N, 71° 07.35' W 19m
Aff-02 Marconi Beach USA Massachusetts 41°53.45' N, 69° 57.75' W 8m
Aff-03 Bridgewater USA Massachusetts 41°59.05' N, 70°59.16' W 30 m
Aff-04 New Hampton USA New Hampshire ~ 43° 36.48' N, 71°39.26' W 175 m
Aff-05 Adams County USA Wisconsin 43°56.41' N, 89° 50.88' W/ 285 m
Ter-01 Winchester USA New Hampshire = 42° 46.19' N, 72° 22.21' W 140 m
Ter-02 Brattleboro USA Vermont 42°54.95'N, 72° 31.67"W 118 m
Ter-03 Weld USA Maine 44° 41.02' N, 70° 21.45" W 375 m
Ter-04 Sturgeon Lake Canada  Alberta 55°14.58' N, 117°24.11'W 715m
Ter-05 Emend Site Canada  Alberta 56°44.57"N, 118°24.23'W 765 m
Ter-06 Smithers Canada  British Columbia 54° 48.48' N, 127° 04.51'W 685 m
Occ-01 Mt Ashland USA Oregon 42°04.41' N, 122° 43.41'W 2050 m
Occ-02  Fureka USA California 40° 46.41' N, 124° 07.84" W 5m
Occ-03  Okotoks Canada  Alberta 50°43.25'N, 113°53.98' W 1050 m
Occ-04  Dawson City Canada  Yukon Territory  64°02.57'N, 139°25.00' W 320 m
Occ-05  Kitwanga Canada  British Columbia 55° 06.13' N, 128°04.32'W 175 m
Occ-06  Smithers Canada  British Columbia 54° 48.48' N, 127°04.51'W 685 m
Mod-01  Isabel Pass USA Alaska 63°11.77'N, 145° 33.64' W 1095 m
Mod-02  Paxson USA Alaska 63°0.94' N, 145° 31.05" W 950 m
Mod-03  Broad Pass USA Alaska 63°19.31'N, 149°09.21'W 725 m
Mod-04  Denali USA Alaska 62°39.91'N, 150°20.42'W 195 m
Mod-05  Ya-Ha-Tinda Ranch Canada  Alberta 51°44.57'N, 115°32.52' W 1615 m
Mod-06  Sheep River Canada  Alberta 50°39.11'N, 114°21.85'W 1314 m
Luc-01  Marcinkonys Lithuania Alytus County 54°21.04' N, 24° 25.46' E 145 m
Luec-02 Col de Vars France Hautes Alpes 44°32.25' N, 06° 42.21' E 2115 m
Cry-01  Marcinkonys Lithuania Alytus County 54°21.04' N, 24° 25.46' E 145 m
Cry-02  Klaistow Germany Brandenburg 52°17.89'N, 12° 51.60' E 50 m
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Fig. 1: (a) Sample localities for B. affinis (black circle), B. terricola (red triangle upside down), B. occidentalis
(blue triangle) and B. moderatus (yellow square). (b) Distribution of B. terricola (red) in northern Alberta
intruding into British Columbia (black arrow) and B. eccidentalis (blue) in British Columbia intruding into
southern Alberta (white arrow).

Polymerase chain reaction (PCR) and DNA sequencing of mitochondrial COI

Total DNA was extracted from legs using the QIAamp® DNA Mini Kit (Qiagen, Hilden,
Germany) according to the manufacturer’s specifications for tissue, and eluted in 150 pl of
highly purified water (Ampuwa®, Fresenius Kabi, Bad Homburg, Germany). For sequence ana-
lysis we amplified overlapping fragments (in all 1027 bp) of mitochondrial COI using prim-
ers specifically designed for Bombus. BO-1-fwd (5' TAGGATCACCAGATATAGC 3') and
BO-K-rev (5" GAGCTCAAACAATAAATCC 3') resulted in the amplification of a 609 bp
fragment, whereas BO-5-fwd (5' AATGAAAGAGGTAAAAAAGAAAC 3') and BO-A-rev
(5" ATGTTGAGGGAAAAATGTTAT 3') resulted in the amplification of a 510 bp fragment.
PCR amplifications were performed in 50 pl reactions containing 100 ng DNA template, 1.6 mM
MgCl, 75 mM Tris-HCI (pH 8.8), 20 mM (NH,) SO,, 0.01% Tween20, 0.2 mM of each dNTP,
20 pmol of each primer and 1.5 units 72gDNA polymerase (Fermentas, St. Leon-Rot, Germany).
Conditions for PCR amplifications were initial denaturation for 5 min at 94°C, 40 cycles of 45 s
denaturation at 9°C, 1 min annealing at 46°C, 3 min elongation at 61°C (for BO-1-fwd and
BO-K-rev) or 63°C (for BO-5-fwd and BO-AA-rev), and final extension for 7 min. 10 pl of each
reaction was checked on a 1% agarose gel. PCR products were purified using AMPure® PCR
Purification Kit (Agencourt, Beverly, MA, USA). Sequencing reactions were performed using ABI*
BigDye Terminator version 3.1 chemistry (Applied Biosystems, Foster City, CA, USA) according
to manufacturer's instructions and then analysed on an ABI 3100 sequencer (Applied Biosystems).
Sequences were aligned manually using ClustalX. No gaps or poorly aligned regions occurred
in the alignment, but missing characteristics were trimmed from the ends of the alignment to
produce an equal sequence length of 1005 bp for all individuals (encoding 335 amino acids).
For calculating the genetic distances the alignment was cut to a length of 846 bp, the length of
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the sequence of B. franklini available at GenBank (Fra-01 = AY694097). Individual alignments
were aligned against the complete COI gene sequence of Bombus ignitus (GenBank Accession No.
DQ870926; CHa et al. 2007) between positions 262 and 1267.

Analysis of sequence divergence of mitochondrial COI

The absolute numbers of substitutions were counted based on a pairwise comparison of COI
sequences. The analysis for the sequences investigated was performed using the maximum compo-
site likelihood method of Mega 4.0 (Tamura et al. 2007, KuMar et al. 2008), a program distri-
buted by K. Tamura, J. Dudley, M. Nei and S. Kumar. Because the distribution of nucleotides in
the COI of Hymenoptera is known to be heterogeneous, with a strong A + T bias, we selected the
Tamura-Nei (TN) model of base substitution (TaMura and NEer 1993), which corrects this bias
in its assumption of sequence evolution. The nucleotide frequencies and the parameters necessary
for this model were estimated from the sequence data, and TN genetic distances were calculated.
The best maximum likelihood model was selected using the jModelTest (Posapa 2008). The tree
topology was inferred by a maximum likelihood tree based on the general time-reversible model
(GTR plus gamma) calculated by Bayesian analysis (HUELSENBECK and RonquisT 2001) using
MrBayes, a program distributed by J. 2 Huelsenbeck and . Ronquist. Tree topology was also
calculated as a Minimum Evolution tree (ME) with bootstrap sampling, using Mega 4.0 (TaMURrA
et al. 2007). Geneious Pro 4.5 (Biomatters Ltd.) was used to analyse the alignment and detect
diagnostic positions, and the GreenButton plugin (InterGrid) was used to do the time consum-
ing MrBayes calculations on a supercomputer cluster. The nucleotide changes along the branch-
es of cladograms were examined with MacClade 3.04. The COI sequence data of B. soroeensis
(GenBank accession No. AY181159; PEDERSEN 2002) were used as an outgroup.

Results

Nucleotide frequencies and substitution parameters

The aligned data matrix of 1005 bp length of 25 sequences of the five North American specimens
included 893 invariant and 112 variable sites. Of these positions, 12 were parsimony uninforma-
tive (noise) and 100 parsimony informative

Tab. 2: Maxi C ite Likelihood Estimate of
(signal). However, differences in this pattern * ARSI, S T L[S SR o

id i th d o Th the Pattern of Nucleotide Substitution. The transition/
were evident In the codon positions. € {ransversion. rate ratios are kl = 10.39 (purines) and

first positions comprised 15 informative po- k, = 11.79 (pyramidines), the overall transition/trans-
sitions; in third position 85 positions were version bias is R = 3.044.

informative. From the seven replacement

sites six were in the first position and one in = - 3TZ 0C97 g SGI
the third position. All 93 other informative — : : :
variant sites were silent positions. Table 2 L ] = 11.48 s
gives the pattern of nucleotide substitutions C 2.5 37.78 - 0.92
estimated from the data with the maximum G 26.03 3.2 0.97 -

composite likelihood model (MEGA). The

nucleotide frequencies were 33.6 (A), 42.1 (T), 12.3 (C) and 12.0 (G), which proves the known
strong A + T bias typical for sequences of Hymenoptera.

COI sequence divergence between and within species

Because one of the sequences of B. franklini (FrRa-01 = AY694097) was shorter we used 846 bp
sequences in an analysis of sequence divergence among the five North American taxa. Table 3
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presents the matrix of evolutionary distance estimated by the TN model and the p-distances
within and between the five North American taxa investigated. For comparison and discussion
Genbank Sequences of the Russian Far East species B. albocinctus and sequences of the European
species, B. cryptarum (Cry-01 and Cry-02) and B. lucorum (Luc-01 and Luc-02) were included
in the analysis. The intraspecific genetic variability was low for all taxa (1-2 nucleotides, TN dis-
tance 0.001-0.002). By contrast, the interspecific genetic variability was approximately one order
of magnitude larger (25-54 nucleotides, TN distance 0.038-0.070) for the North American
taxa. The genetic distance between the North American B. moderatus and the Russian Far East
B. albocinctus was exceptionally low with 0.004, meaning both taxa must be conspecific.

Tab. 3: Mean genetic distance within and between taxa. Diagonal and lower left: TN model, rates among sites
gamma distributed. Upper right: p-distance.

Aff Occ Ter Mod Fra Alb Luc Cry
affinis 0.002 0.062 0.063 0.058 0.043 0.057 0.045 0.056
occidentalis | 0.068 0.001 0.036 0.041 0.053 0.039 0.046 0.043
terricola 0.070 0.038 0.002 0.051 0.046 0.049 0.046 0.046

moderatus 0.064 0.044 0.056 0.001 0.048 0.004 0.040 0.020
franklini 0.046 0.059 0.051 0.053 0.001 0.047 0.038 0.049

albocinctus 0.062 0.043 0.054 0.004 0.051 0.001 0.039 0.016
lucorum 0.049 0.050 0.050 0.042 0.041 0.041 0.001 0.040
cryptarum 0.062 0.048 0.051 0.021 0.054 0.017 0.043 0.000

Tree building by maximum likelihood models

The maximum likelihood tree (Fig. 2) generated using the Bayesian MCMC (Markov chain
Monte Carlo) analysis with 1005 bp full length sequences was based on the GTR of base sub-
stitution, gamma distribution and 5 000 000 generations to achieve stationary sampling every
10 generations and a “burn-in” every 5000 generations. For comparison, GenBank data of the
Far East taxon B. albocinctus and the European taxa B. cryptarum and B. lucorum were included.
The taxa formed three distinct clusters: cluster o with B. affinis and B. franklini and a weak con-
nection with the European species B. lucorum, cluster 8 with B. occidentalis and B. terricola and
cluster y with B. moderatus and the Eurasiatic taxa B. albocinctus and B. cryptarum. Because the
support for the branch connecting (B. occidentalis & B. terricola) and (B. moderatus, B. albocinctus
& B. cryptarum) has only a 0.67 probability, these two branches are also probably completely

separate. However, the data are robust irrespective of the model used.

Tree building by diagnostic characters

Because there are no gaps in the alignments of the COI sequences, single nucleotide sites can be
used as positional homologies (HiLLis 1994). The alignment file (Fig. 3) shows clearly that each
taxon is characterised by 9-25 substitutions, which are unique (“private”) and can be used as
diagnostic characters to define and identify this taxon. In MacClade, the changes at the nodes and
the diagnostic characters at the last branch of the terminal units can be investigated in detail, and
a tree with the dlassical tools for morphological characteristics can be built (Fig. 4). The number
of diagnostic positions in B. albocinctus (= 1) and B. moderatus (= 3) is exceptionally low, whereas
both taxa share 14 diagnostic positions, a strong reference that both taxa must be conspecific.
With the large number of diagnostic characteristics available it is normal that not all of these
changes are unambiguous, but each of the five North American taxa is characterised by about
8-12 unambiguous diagnostic characters.
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Fig. 2: Tree topology calculated as maximum likelihood tree using the Bayesian MCMC analysis with the
GTR model of base substitutions, gamma distribution and 5 000 000 generations.
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Discussion

‘Which North American species is genetically nearest to the endemic B. franklini?

B. franklini, the taxon of the subgenus Bombus sensu stricto with the smallest range of distribu-
tion, was included in B. occidentalis by MILLIRON (1971), most probably based on a statement
of STEPHEN (1957, p. 79), that “ both sexes of this species are similar to B. occidentalis ssp. oc-
cidentalis and often separation is difficult”. By contrast, THORP et al. (1983) collected B. franklini
at several localities sympatrically with B. occidentalis and found no intergrades between both taxa.
PLowRIGHT and STEPHEN (1980) place B. franklini separate from all other species of this subge-
nus (as result of a multivariate analysis of wing venation parameters) and conclude that “the origin
of B. franklini is mysterious”. By gel electrophoretic analysis of isoenzymes, ScHOLL et al. (1992)
showed that B. franklini is clearly separate from B. occidentalis. The mtDNA marker confirms the
distance between B. franklini and B. occidentalis, and our data show that B. franklini is closely
related to B. affinis. The mtDNA marker also indicates a weak relationship between both North
American taxa and the European taxon B. /ucorum. This relationship of B. lucorum, B. affinis
and B. franklini is confirmed by the sequencing results of a nuclear gene (CAMERON et. al., 2007;
supplementary material, Figure arginine kinase). But in some simulation models (most parsi-
monious tree with bootstrap values) the support probability for the node connecting B. fucorum
with B. affinis—franklini is very low, and thereby this relationship cannot be very close. It would
be interesting to investigate this possible phylogenetic connection by studying the biology and
ecology of B. franklini and B. affinis in greater detail, but this might be difficult to accomplish
because both taxa show a heavy decline and are most probably extinct (THORP 2005; BrysoN and
Hangey 2006; Corra and Packer 2008).

Is Bombus moderatus really the North American B. lucorum?

By investigations of marker isoenzymes ScHOLL et al. (1990) showed that B. moderatus is very
close to the European taxon B. cryptarum, and their phylogram shows clearly that both taxa
(B. moderatus and B. cryptarum) are very separate from the European B. fucorum. The molecular
marker COI confirms this result. The difference of the species pair B. cryptarum — B. moderatus
is 21 nucleotides (= 0.021 TN genetic distance) compared with 40 nucleotides (= 0.040 TN
genetic distance) of the species pair B. moderatus—B. lucorum. The intraspecific difference is 1-3
nucleotides (0.01-0.03 TN genetic distance). The lumping of B. moderatus and B. eryptarum into
the species B. lucorum implies a high intraspecific genetic variability and also a large variability in
species recognition signals, which is by no means compatible with the facts available.

At the beginning of the last century the European B. terrestris and B. lucorum were treated as one
species, and it took a long time until their separation was generally accepted. KRUGER separated the
taxon B. latostriatus (KROGER, 1939) from B. lucorum, B. latostriatus was later synonymised with
B. magnus (VoaT, 1911) by KrROGER (1954). RasMoNT (1984) surveyed the European part of the
subgenus Bombus and resolved B. lucorum into three morphologically separate species B. lucorum,
B. magnus and B. cryptarum, aview confirmed by investigations of the male labial glands (BErTscH
1997) and mtDNA markers (BErrscH et al. 2005). ScHoLrr and OBrecHT (1983) coined the
term Bombus—lucorum complex to point out that we have to handle a complex of species difficult
to separate by morphological characteristics. Within this complex of species, B. fucorum is a taxon
well defined by morphology, colouration, labial gland secretions and DNA markers; there is no
evidence available that B. lucorum is a species with high intraspecific variability. From Scotland
to Yakutsia and the Transbaikal (distance 6500 km) B. lucorum is genetically identical (1-3 nu-
cleotides, 0.01-0.03 TN distance) and has identical species recognition signals (BERTSCH et al.
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unpublished results of male labial gland secretions). The lumping of B. lucorum with B. moderatus
(MiLLIRON 1971; PooLe 1996; WiLLiams 1998; THoORP and SHEPHERD 2005) cannot be correct
because then B. franklini and B. affinis, which are genetically closer to B. lucorum than B. moderatus,
must also be lumped into this “species in the broadest sense” (WiLLiams, 2009).

B. moderatus is a clearly defined taxon, characterised by morphology and DNA markers. Mainly
distributed in Alaska/USA (FRankLIN 1913 “confined to Alaska”), Yukon Territory, Northwest
Territories and Banff/Alberta in Canada (MriLLirRoN 1971) with few additional records from
Alberta (ScHoLL et al. 1990). The species is now expanding within Alberta/Canada (R. Cartar,
by correspondence). RasMoNT (1984 p.155) refers to a female specimen B. cryptarum from
the Russian Far East (Primorsky Kray; Prohrovka near Vladivostok) and females from Sachalin
(RasMONT et al. 1986 p. 678), which morphologically look very much like B. cryptarum.
Tanaka, Ito and Inoue submitted to GenBank 4 unpublished sequences as B. cryptarum from the
Russian Far East (from Magadan AF279485, Kamchatka AF279482 and the North Kuril Islands
AF279483, AF279484), which belong to the widely distributed East Asian taxon B. albocinctus
(M. Ito, by correspondence). These sequences from the Russian Far East are nearly identical to the
B. moderatus sequences from Alaska (with a TN genetic distance of 0.004; Table 2); B. albocinctus
and B. moderatus are conspecific and closely related to the European B. eryptarum. Further inves-
tigations are needed to close the gap between North America and Europe and reveal which Asian
taxa are available to link the North American B. moderatus with the European B. cryptarum.

Are B. terricola and B. occidentalis conspecific?

B. terricola and B. occidentalis are a good example of two taxa that can be easily separated by their
colouration, but show no other obvious morphological differences. B. terricola has the centre of
distribution east of the Rocky Mountains and B. occidentalis west of the Rocky Mountains, with
both taxa sharing only a small zone of contact in southern Alberta and British Columbia. They
seem to be a classic example of closely related taxa with parapatric distribution, which are normal-
ly treated as “geographical” subspecies. But a closer look at the contact zone in southern Alberta
and northern British Columbia (Fig. 1b) reveals ecological differences, with B. occidentalis a spe-
cies of the “forest transition zone” (MUNROE 1956) mainly distributed south of the 52nd parallel
in British Columbia (Buckerr 1951) and crossing the Rocky Mountains into Alberta (HoBBs
1968), and B. terricola as a species of the “boreal forest zone” (MUNROE 1956) mainly north
of the 52nd parallel in Alberta (HoBs 1968) and crossing the Rocky Mountains into British
Columbia (Buckerr 1951). The genetic difference of about 30 nucleotides between B. terricola
and B. occidentalis is much larger (one order of magnitude) than expected from within one spe-
cies, and our results from COI are supported by the nuclear markers used by CAMERON et al.
(2007). The difference between B. terricola—B. occidentalis in arginine kinase is five nucleotides,
and four nucleotides in 16S RNA. Taxa are treated as conspecific by CAMERON et al. (2007,
p- 179) if they differ by only 1-2 nucleotides (equivalent to 0.03-0.05% sequence divergence).
B. terricola and B. occidentalis are obviously genetically separated (specimens Ter-06 and Occ-06
have been collected feeding simultaneously at a large patch of Cirsium near Smithers, British
Columbia/Canada) and, therefore, fulfil the criteria of good biological species. Only a careful
study of females and males of these taxa in their zone of contact in British Columbia and south-
ern Alberta will help to further clarify the situation. According to Frankrn (1912, p. 276),
“B. terricola has its closest ally in the subspecies nigroscutatus of the species occidentalis. 1t differs
from that form in always having the second dorsal abdominal segment entirely covered with
yellow pile”. B. occidentalis ssp. nigroscutatus now extinct (THORP and SHEPHERD 2005) was dis-
tributed in coastal California (STEPHEN 1957 Map. 9; THORP et al. 1983); it is not a form of the
contact zone of both taxa, from where neither Buckerr (1951) nor Hoess (1968) reported any
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“intergrading” of females or males as described by WiLLiams (2009) for workers of these taxa.
This is confirmed by STEPHEN (1957, p. 82), who states that “B. terricola is one of the most col-
our stable species in western America and shows little or no variation throughout its range”.
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