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Abstract. The hypnorum-complex of bumblebees (in the genus Bombus Latreille, 1802) has been
interpreted as consisting of a single widespread Old-World species, Bombus hypnorum (Linnaeus,
1758) s. lat., and its closely similar sister species in the New World, B. perplexus Cresson, 1863. We
examined barcodes for evidence of species’ gene coalescents within this species complex, using the
closely related vagans-group to help calibrate Poisson-tree-process models to a level of branching
appropriate for discovering species. The results support seven candidate species within the hypnorum-
complex (Bombus taiwanensis Williams, Sung, Lin & Lu, 2022, B. wolongensis Williams, Ren & Xie
sp. nov., B. bryorum Richards, 1930, B. hypnorum, B. koropokkrus Sakagami & Ishikawa, 1972, and
B. hengduanensis Williams, Ren & Xie sp. nov., plus B. perplexus), which are comparable in status
to the currently accepted species of the vagans-group. Morphological corroboration of the coalescent
candidate species is subtle but supports the gene coalescents if these candidates are considered near-
cryptic species.
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Introduction

Bumblebees are some of the most intensively studied and well-known insects globally and yet new
species continue to be discovered (patterns reviewed by Williams 1998; 2022b). Some of the most
widespread bumblebee species within Europe and Asia have in the last decade been examined for genetic
variation across their ranges (Dellicour et al. 2015, 2017; Lecocq et al. 2016; Martinet et al. 2021). Part
of the interest for this kind of work comes from the intriguing case of obscure cryptic species that are
now well established from multiple lines of evidence to exist among the relatives of Bombus lucorum
(Linnaeus, 1761) within Europe, but which remain difficult to distinguish from morphology (reviewed
by Rasmont 1984; Williams et al. 2012, 2021). However, in a contrasting case, the widespread European
B. lapidarius (Linnaeus, 1758) has also been shown to have intriguing patterns of variation in different
kinds of characters within its continental distribution (e.g., Lecocq et al. 2013; 2019), although re-
analysis of the different lines of evidence has recently shown that these patterns do not agree with one
another in supporting the same set of individuals as a separate species (the nominal taxon bisiculus:
Williams et al. 2020). In the present study, we examine what has hitherto appeared to be another of the
most widespread but not especially variable bumblebee species, B. Aypnorum (Linnaeus, 1758).

Bombus hypnorum (in the previous broad sense) is of particular interest because it is one of the few
bumblebee taxa to have increased substantially in its European distribution range without any deliberate
introductions having been documented (Prys-Jones 2019; Huml et al. 2021; Rasmont et al. 2021).
Quantitative comparative analyses have the potential to allow us to understand more about such
‘winners’ and to better contrast them with the ‘losers’ that have shown range declines (Williams et al.
2009a). During this century, the hypnorum-complex has expanded in range within Europe, for example
establishing for the first time in Britain (Goulson & Williams 2001; Crowther et al. 2014; Prys-Jones
2014; Huml et al. 2021), in Ireland (O’Donnell 2018), and in Iceland (Prys-Jones et al. 2016). There
have been suggestions that these bees are associated, in some regions of Europe at least, especially with
human activities within the forests (Leken 1973) or within tree-rich suburbs of towns (Rasmont et al.
2021). The hypnorum-complex has otherwise been described as being associated more broadly with the
temperate and boreal coniferous forest zones (Loken 1973), extending into coniferous forest high in
mountains in warmer regions further to the south (Williams 1991, 2022a; Starr 1992). However, these
analyses must depend on reliable taxonomy.

There are approximately 288 species of bumblebees world-wide, all placed in a single genus Bombus
Latreille, 1802 (Williams 1998; 2022a). When discussing evolutionary and ecological patterns, it is
often convenient to name smaller, monophyletic groups of the more closely-related species, such as
subgenera (using the estimate of phylogeny from Cameron et al. 2007: fig. 1). Bombus hypnorum
belongs to the subgenus Pyrobombus Dalla Torre, 1880 (in the subgeneric system revised by Williams
et al. 2008), which includes at least 56 species (updated from the estimate in Williams 1998). Within
this subgenus, a ~ypnorum-group can be recognised, which is most closely related to the vagans-group,
lapponicus-group, and lepidus-group (Hines et al. 2006; Cameron et al. 2007). The hypnorum-group
includes: B. hypnorum s. lat., which is widespread in Europe and Asia (Reinig 1939; Williams 1991);
its closely similar sister-species B. perplexus Cresson, 1863, which is widespread in North America
(Williams et al. 2014); and B. haematurus Kriechbaumer, 1870, a close relative from eastern Europe
and western Asia (Biella e al. 2020). But because it has been suggested that B. hypnorum s. lat. may
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actually consist of several species that may be difficult to distinguish (see below), the former broad
interpretation of the species should instead be referred to in the interim as the Aypnorum-complex, to
include the closely similar B. perplexus (but to exclude B. haematurus of the larger hypnorum-group).
When compared with other species complexes of bumblebees, there have been surprisingly few attempts
over the last 150 years to assess whether this complex might include additional species. The exceptions
are B. bryorum Richards, 1930, postulated as a separate species from the Himalaya by Tkalcd (1974);
B. fletcheri Richards, 1934, postulated as a separate species also from the Himalaya by Richards (1934);
and most recently, B. taiwanensis Williams, Sung, Lin & Lu, 2022, postulated as a separate species
from Taiwan by Williams et al. (2022). The status of these taxa as separate species has not always been
accepted because their morphological divergence from the broadly distributed B. hAypnorum s. str. is
subtle (Reinig 1939; Williams 1991; Starr 1992).

Here we re-assess the species of the hypnorum-complex by taking a global over-view of the variation and
by providing a context appropriate for discovering patterns at the species level. Enabled by unparalleled
geographic sampling, founded in partnerships with local researchers, we provide a revised interpretation
for this challenging species complex. We re-examine variation in: (1) sequences of a fast-evolving gene
(Hebert et al. 2003; Baker et al. 2009), the ‘barcode’ region of the mitochondrial cytochrome ¢ oxidase
subunit [ (COI) gene; (2) exoskeletal morphology; and (3) colour patterns of the hair.

Material and methods

Species concept and discovery methods

We view species in theory as evolutionarily independent lineages (de Queiroz 2007) and seek to discover
species in practice by using an integrative procedure (Schlick-Steiner et al. 2010): by comparing evidence
for species’ coalescents in a fast-evolving gene (COI), with morphology, and with colour patterns. The
choice of methods is discussed in more detail by Williams et al. (2020).

Subspecies

We do not recognise taxa at the rank of subspecies because these do not have a consistent underlying
concept and often confound different kinds of entity (Wilson & Brown 1953; Barrowclough 1982; Zink
2004; Williams et al. 2015). In practice, as applied to bumblebees, subspecies are usually labels for
different colour patterns, sometimes with different regional distributions (Williams 2007). We prefer
to label these different colour patterns directly and informally (e.g., ‘yellow-banded’ versus ‘white-
banded’) when necessary, to avoid adding unnecessarily to the burden of formal classification. We are
especially keen to avoid slipping into imposing unjustified assumptions about unstudied differences in
their history, possible futures, genetics, physiology, or behaviour: such differences should instead need
to be demonstrated.

Sampling

The area of geographical distribution of the hypnorum-complex extends across most of the large
Palaearctic Region of Europe and Asia, as well as across much of the northern Oriental Region of Asia
and extending into the northern Nearctic Region (Reinig 1939; Williams 1991). Some of the greatest
variation is restricted to areas in remote mountain ranges of Asia, where access for sampling can be
difficult (Williams et al. 2017). Studies need sample sizes that are sufficiently large to detect species
while keeping costs within reasonable bounds (Phillips et al. 2018). To reduce sampling costs and to
facilitate access permissions, we formed a global coalition of collaborators to contribute samples from
a network of sites that are spaced deliberately widely across taxon distributions (following the practice
of Williams et al. 2012). Much of the material examined for this project is not listed here because
permission to publish data was limited by local policies. All specimens were identified by PW, where
possible by comparison with primary type specimens. Decimal latitude and longitude coordinates are
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given in the material sequenced for each species. The holotype specimens of the two new species from
China have been deposited in the Chinese national collection at the Chinese Academy of Sciences’
Institute of Zoology, Beijing, China.

Institutional abbreviations

10Z = Institute of Zoology, Chinese Academy of Sciences, Beijing, China
KIB = Kunming Institute of Botany, Chinese Academy of Sciences, Kunming, China
LSL = Linnean Society of London, London, UK

NHMUK = Natural History Museum, London, UK

NME = Naturkundemuseum Erfurt, Erfurt, Germany
PW = P. Williams research collection, London, UK
RMNH = National Museum of Natural History, Leiden
TFRI = Taiwan Forestry Research Institute, Taipei, China

Species’ gene coalescents

To find sufficient differences from DNA sequences to enable informative comparison of closely related
taxa, we need a fast-evolving gene (Hebert et al. 2003; Baker et al. 2009). We use the 657-nucleotide
barcode segment of the COI gene, which is located in the mitochondrial genome. COI-barcode sequences
were obtained by downloading data from online databases BOLD (https://www.boldsystems.org) and
GenBank (https://www.ncbi.nlm.nih.gov/nucleotide/) or by using standard protocols (Hebert et al. 2004)
in the labs of: (1) the Canadian Centre for DNA Barcoding (CCDB) at Guelph (sequences now in their
BOLD database); and (2) the KIB. Because orthologous COI barcodes include noindels, they canbe aligned
by eye using a sequence editor, BioEDIT ver. 7.0.9.0 (https://www.mbio.ncsu.edu/BioEdit/bioedit.html).
An in-frame length threshold of 480 base-pairs was applied to exclude short sequences (Williams et al.
2016). No sequences had in-frame stop codons or indels that might indicate strongly-divergent numts
(Magnacca & Brown 2010).

Obtaining a gene tree with representative branch lengths could pose a challenge if just some of the
species were relatively ‘over-sampled’ (Williams et al. 2020). If many closely similar sequences within
these species can give rise to many short branches between them on the gene tree, then this could lead to
groups of sequences separated by slightly longer branches within other less well-sampled species being
interpreted falsely as separate species (Zhang et al. 2013). The problem is reduced by including only
the unique haplotypes (Williams et al. 2020). These unique haplotypes are identified using the software
COLLAPSE ver. 1.2 (https://www.darwin.uvigo.es/software/collapse.html), after ranking sequences
from longest to shortest. This ranking avoids matching longer to shorter sequences, which could reject
longer sequences that might otherwise obscure real differences.

Metric phylogenetic gene trees for the COl-barcode region among samples are estimated with
MRBAYES ver. 3.1.2 (Ronquist & Huelsenbeck 2003), which is preferred for estimating phylogeny
because it applies explicit and well-tested evolutionary models for genes as well as using a Bayesian
approach to uncertainty (Baum & Smith 2012). The best-fit nucleotide-substitution model available
in MRBAYES for this gene fragment is selected using the Bayesian information criterion (BIC) from
MEGA ver. 6.06 (Tamura ef al. 2013) as the general time-reversible model with a gamma-frequency
distribution of changes among sites (GTR+I"). For seeking the shortest trees we use four Markov-chain
Monte-Carlo (MCMC) chains for 10 million generations with the ‘temperature’ set to 0.2. The trees are
rooted by including a sequence for the outgroup B. alpinus (Linnaeus, 1758). A sample of 10,000 resulting
trees is examined for convergence using TRACER ver. 1.6.0 (https://www.beast.bio.ed.ac.uk/Tracer;
Drummond & Rambaut 2007).
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To examine support for species’ gene coalescents, we apply Poisson-tree-process (PTP) models to the
summary estimated evolutionary gene tree (Zhang et al. 2013). PTP analysis depends on fitting models
to a metric gene tree in order to model: (1) low branching rates on the tree between species; and (2) high
branching rates on the tree within species (Zhang et al. 2013); contrasted in terms of the numbers of
substitutions between branching events (Zhang et al. 2013).

For the PTP technique to perform properly, the models in each analysis need to be fitted to data
representing at least five separate and previously verified species (Reid & Carstens 2012; Fujisawa &
Barraclough 2013; Talavera et al. 2013; Zhang et al. 2013; Leliaert et al. 2014; Dellicour & Flot 2015).
Unfortunately, the hypnorum-group has too few a priori recognised species, with only three species
in the tree by Cameron et al. (2007). Therefore, we need to add more species from a closely-related
group with agreed concepts of species — this in effect calibrates the models on agreed inter-specific and
intra-specific branching patterns. We choose to extend our analysis to include the species of the North
American vagans-group (using the tree from Cameron et al. 2007: species in Table 1), a group that is
relatively well studied and taxonomically stable (Stephen 1957; Thorp et al. 1983; Williams ef al. 2014).
Sequence data are available for the vagans-group in the BOLD database (https://www.boldsystems.org;
Ratnasingham & Hebert 2007). For each of these species in turn, we examined the barcode variation
within the BOLD TaxonID Tree for the corresponding BOLD BIN code (BOLD’s candidate species:
Ratnasingham & Hebert 2013) to identify a series of barcodes that represent the major known divergent
subgroups within the tree. We then downloaded these example sequences to include in our analysis
(Table 1). Evidence for initial candidate species as supported by species’ gene coalescents is obtained
using the online bPTP server with default options (https://species.h-its.org/; Zhang et al. 2013).

Morphology

We scored morphological characters using a light microscope (Wild model M5A). Morphological terms
follow Michener (2000) and Williams et al. (2009b), with terms for the components of the male genitalia
following the homologies identified by Williams (1985, 1994). Setae, pile or pubescence is referred to
as ‘hair’ for simplicity, following Michener (2000). Metasomal terga 1-7 and sterna 1-6 are abbreviated
to T1-7 and S1-6 respectively.

Integrative assessment

The procedure followed here has been to begin by comparing samples from across the entire range of
the hypnorum-group and vagans-group to seek evidence of species’ coalescents in the COI gene. The
candidate species within the hypnorum-complex then become the focus for comparing specimens to
discover diagnostic and conflicting patterns of states within morphological characters. The candidate
species are accepted as species only if the two patterns of evidence coincide among samples to support
one another. The assumption behind this order of searching is that morphology evolves more slowly and
is therefore likely to be more conservative and less variable. This is not the same as employing a more
conservative, purely morphological criterion alone, because any morphological variation that does not
coincide with a gene coalescent is not considered.

Assigning names to species

We seek to represent the major formally named taxa of the hypnorum-complex in our analysis with
COlI sequences in order to assign these names to the species we recognise and then to identify the oldest
available (valid) names for those species (ICZN 1999). However, because data for gene sequences are
usually unavailable from type specimens, we follow a pragmatic procedure (Williams et al. 2012) of
associating the original name-bearing primary type specimens with gene sequences via the identification
of more recently-collected informal proxy-type specimens for which we do have gene sequences
(Table 2). Informal proxy specimens for the primary types should ideally be identical with the primary
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Table 1. BOLD sequences for species of the Bombus vagans-group accessed by BOLD BIN codes
(Ratnasingham & Hebert 2013).

species BOLD BIN code number of conspecific sequences in the sequences downloaded
BOLD IDTree
Bombus caliginosus - ) BEECC847-09
B. centralis ABZ6660 49 NGAAC2036
NGAAC2065
NGAAC2098
UAIC296
B. flavifrons ACE3465 141 BBHYL272
BCBEES317-22
BCBEE336

BCBEEO11-21
GMCVA044-16
GMVVBO058-16

B. vagans AABI1777 231 BBEC145
BBHYL271
BBHYL232-10
BEECB1061-07
CFNS132
SSGBB4381

B. vandykei ACE3465 4 LRBBC1588

Table 2. List of selected available formal names in the species group for taxa of the Bombus hypnorum-
complex (for details of the references, see the text). These names are associated informally with barcoded
specimens as proxies for types. Specimen ID refers to the specimen number (#n) of the proxy type in the
hypnorum-complex project database.

taxon name species name original type locality barcode proxy locality specimen ID
bryorum bryorum Kashmir Nepal #005
calidus hypnorum Siberia Yakutsk #012
hengduanensis hengduanensis Xizang Xizang #017
hypnorum hypnorum Sweden Sweden #010
koropokkrus koropokkrus Japan Sakhalin #014
perplexus perplexus Connecticut Nova Scotia #024
taiwanensis taiwanensis Taiwan Taiwan #001
wolongensis wolongensis Sichuan Sichuan #002

type specimen and are chosen here where possible by: (1) matching morphology and colour pattern
of the hair; (2) proximity of the proxy collection locality to the original type locality; (3) having long
COlI sequences; and (4), for some taxa, it is desirable to match the sex and caste of the proxies with the
original type specimens, because of occasional difficulties in associating sexes and castes among species
from morphology alone. Our proxies are not intended to have any formal or persistent nomenclatural
status and are not recognised by the ICZN (1999). Aside from the lack of formal status and persistence,
our process is otherwise similar to some of the ‘epitypification’ procedures used by botanists when
primary types cannot be sequenced for genes (Hyde & Zhang 2008). Although still subjective, our
process at least provides explicit accountability in applying names, because the proxies can be examined,
re-interpreted, and, if necessary, the application of the names can be corrected in future studies.
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Results
Species recognition
Sampling

From the GenBank and BOLD databases, an initial sample of 161 sequences of the Aypnorum-group
was downloaded, which was supplemented by 29 new sequences from the authors. The majority of these
sequences is either identical to one another or did not meet the in-frame length criterion.

Species’ gene coalescents

As new sequences were gradually accumulated over 12 years, a series of coalescent analyses for nine
successive data sets was run until stable results were obtained. TRACER showed that the last MRBAYES
analysis of the 42 unique COI haplotypes over 10 million MCMC generations after a 10% burn-in had
converged on stable traces.

There is evidence of population structure from the PTP results that show values of less than 0.9 for
some of the species’ gene coalescents within the hypnorum-group (for the candidate taxa bryorum,
hypnorum s. lat., hengduanensis, perplexus). These scores are similar to those for several previously
accepted species of the vagans-group (centralis, flavifrons, vagans) (Fig. 1).

Morphology and integrative assessment

The vagans-group is the first large group at the top of Fig. 1, although two of the species are represented
by only the single unique haplotypes that are known. The five candidate-species’ coalescents from PTP
analysis of barcodes (Fig. 1) have been distinguished by morphology (Williams et al. 2014) and match
the established species. These candidates are accepted as separate species.

For the hypnorum-group, the second large group occupying the lower part of Fig. 1, seven candidate
species’ gene coalescents are then recognised. Of these seven candidates, two are represented by
single unique haplotypes. Among these, the two new candidate species are represented by two and six
haplotypes respectively. The seven candidates can also be distinguished by morphology as described in
the key below. The differences among them in sculpturing of the exoskeleton are subtle, so some of them
must be considered close to the threshold for accepting separate species (especially within the group
of candidate species koropokkrus, hengduanensis, perplexus). Maps show that the distributions of the
seven candidate species from the sequenced samples (Fig. 2) are spatially coherent, in the sense that they
do not show the very wide, trans-continental disjunctions that might (in some cases) indicate artificially
lumped species. Some of the different candidate species are also overlapping while maintaining their
distinct character (wolongensis, hengduanensis), which is likely to indicate a lack of interbreeding (a
necessary, but no longer sufficient, property of species). Therefore, within the hypnorum-complex, the
seven candidate species (Fig. 1) are all accepted as species. Each of these species shows variation within
it (e.g., for colour pattern, Figs 3—50).

Assigning names to species

The seven species of the hypnorum-complex recognised from the integrative assessment are named by
adopting as the valid name for each species the oldest available name with reference to our sequenced
proxy types (from Table 2) in Fig. 1. The nomenclature of species is summarised in outline in the
Synopsis section below.
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Fig. 1. MRBAYES estimate of phylogeny as a metric tree (outgroup B. alpinus (Linnaeus, 1758) not
shown) from COI barcodes from GenBank and BOLD databases for the vagans-group and hypnorum-
group, with additions from the authors for the Aypnorum-group of bumblebees, filtered to remove
duplicate and short sequences. Each sequence is labelled with: sequence length; a taxon name from the
database; a code consisting of a sequence identifier from the project database and a specimen identifier
from the online database; its country and (for larger countries) state or province). The scale bar is
calibrated in substitutions per nucleotide site. Results of Bayesian Poisson-tree-process (PTP) models
applied for assessing support for species’ gene coalescents by maximum likelihood are shown as PTP
scores above the branches: scores approaching 1 and where branches change from blue to red indicates
are where the most likely species’ gene coalescents are detected. Asterisks mark sequences used as
informal proxies for the type specimens of each of the taxon names in Table 2
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Synopsis of world species
Order Hymenoptera Linnaeus, 1758
Family Apidae Linnaeus, 1758

Genus Bombus Latreille, 1802
Subgenus Pyrobombus von Dalla Torre, 1880

hypnorum-complex

Bombus taiwanensis Williams, Sung, Lin & Lu, 2022
Bombus wolongensis Williams, Ren & Xie sp. nov.
Bombus bryorum Richards, 1930 stat. rev.

= fletcheri Richards, 1934
Bombus hypnorum (Linnaeus, 1758)

= calidus Erichson, 1851
Bombus koropokkrus Sakagami & Ishikawa, 1972 stat. rev.

= insularis Sakagami & Ishikawa, 1969, not of Smith (1861)
Bombus hengduanensis Williams, Ren & Xie sp. nov.
Bombus perplexus Cresson, 1863

= hudsonicus Cresson, 1863

@ taiwanensis

@ wolongensis
QO bryorum

@ hypnorum

@ koropokkrus
@ hengduanensis

@ perplexus

Fig. 2. Distribution of barcoded samples of the hypnorum-complex and B. perplexus Cresson, 1863,
with the interpretations as separate candidate species from Fig. 1 shown as different coloured spots as
per the colour key on the left. Relief map with hill shading, polar projection (north pole shown as a
star), the international boundaries and the Arctic Circle are shown as narrow grey lines, and the northern
tree line shown as a broad grey line. Image created in ArcGIS using World Shaded Relief basemap

(© 2014 Esri).
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Key to species for females of the hypnorum-complex

Future identification of the species of the Aypnorum-complex recognised here will be most reliable
for specimens when made from COI-barcode data, which are available for comparison of nucleotide
differences with the reference data in BOLD. A key using morphological shape, surface sculpturing, and
hair-colour-pattern characters follows below, with the most reliable characters placed at the beginning
of each couplet. Our results imply that in many cases we should be able to assign most reliably the
specimens with locality labels to species on the basis of their collection locality alone. All identifications
of species from the key or from the figures should be checked against the species’ diagnoses within the
accounts for each species.

Diagrams showing the variation in the colour-patterns of the dorsal hair are presented in Figs 3-50.
These diagrams summarise only the major differences (Williams 2007) rather than the details (e.g.,
Williams 1991: figs 311-316). This is a simplification to aid quantitative comparisons and inevitably
requires compromises. Colour-pattern variation within species is established with reference to particular
individuals identified from COI barcodes.

1. Head with the ocello-ocular area along the inner eye margin with only one row of larger medium
punctures; clypeus in the central area with scattered widely-spaced small punctures and the very
large punctures spaced by more than three times their own diameter ...........ccccocevviiiiniinienenenn, 2

— Head with the ocello-ocular area along the inner eye margin with a broad band of scattered larger
medium punctures; clypeus in the central area with a longitudinal band of small punctures and with
very large punctures, some spaced by just twice their own diameter ...........cceceeveereeneerieenieenienne. 4

2. Thoracic dorsum with the hair black; midleg and hindleg basitarsi with integument orange-brown

(TAIWAN) .eeeiiiiiiceeee e B. taiwanensis Williams, Sung, Lin & Lu, 2022
— Thoracic dorsum with the hair predominantly brown or yellow; midleg and hindleg basitarsi with
integument dark brown oF BIacki ... ......coociiiiiiiiiie e 3

3. Thoracic dorsum predominantly brown, in the centre of the scutum without black hair; labral lamella
broad and shallowly rounded, almost rectangular (Himalaya) ............... B. bryorum Richards, 1930
— Hair of the thoracic dorsum dull yellow, in the centre of the scutum with a dense central spot of
black hair; labral lamella narrow and deeply rounded, almost pointed in the middle (Sichuan,
YUNNAN) otiiiiieiieiieieeieeie et ere e seesteesteesseeseeseesees B. wolongensis Williams, Ren & Xie sp. nov.

4. Head with the ocello-ocular area along the inner eye margin with a broad band of small and medium
punctures, in the posterior shining gap opposite the ocelli the small punctures spaced by about their
own breadths; T5 posteriorly in the middle, anterior to the smooth posterior margin, with a narrow
band of close large punctures extending for less than an eighth of the length of the tergum ........... 5

— Head with the ocello-ocular area along the inner eye margin with a broad band of medium and small
punctures, in the posterior shining gap opposite the ocelli the small punctures spaced by much more
than their own breadths; TS posteriorly in the middle, anterior to the smooth posterior margin, with
a broad band of close large punctures extending for at least a quarter of the length of the tergum . 6

5. Hair of T4 either the posterior half white or white at least in a continuous band along the posterior
margin; labral tubercle on its broad outer lateral and anterior-facing surface in the centre smooth,
with large punctures only along the dorsal and lateral edges (Palaearctic) ......... B. hypnorum s. str.

— Hair of T4 either the posterior half black or with only a few white hairs along the posterior margin;
labral tubercle on its broad outer lateral and anterior-facing surface in the centre with a few very
large punctures scattered throughout (Hengduan, North China) ...........ccccevieiiiiiiiiinieieceeeee
............................................................................... B. hengduanensis Williams, Ren & Xie sp. nov.
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6. Clypeus in the centre with widely scattered large punctures with more numerous small punctures
between them; scutum with the hair usually dull yellow (sometimes dull pale brown), T5 hair usually
entirely black, but sometimes white or cream posteriorly and occasionally throughout (Nearctic) ..

................................................................................................................. B. perplexus Cresson, 1863

— Clypeus in the centre with widely scattered large punctures with fewer small punctures between
them; scutum with the hair orange-brown, T5 hair usually entirely white, but sometimes only along
the posterior margin (Japan, Sakhalin) ...........cccccevievierienienienieceeeiens B. koropokkrus stat. rev.

Accounts of the species

Accounts of the seven accepted species of the Aypnorum-complex follow below. Square brackets
[Bombus xus]| are used to indicate transliterations, translations, interpretations and unavailable names
outside the species group (sensu ICZN 1999), including selected misspellings, misidentifications, and
infrasubspecific names.

Bombus (Pyrobombus) taiwanensis Williams, Sung, Lin & Lu, 2022
Figs 1-4

[Bombus sp. non descripta Chiu 1948: 71.]
[Bombus (Pyrobombus) nr. hypnorum Starr, 1992: 149.]

Bombus (Pyrobombus) taiwanensis Williams et al., 2022: 438. Holotype by original designation: 9,
Mt Hehuan, Taiwan (TFRI). Examined.

Diagnosis

Female
Distinguished by: clypeus in the central area smooth and shining with only a few large punctures, mostly
spaced by much more than their own widths; ocello-ocular area with the inner eye margin mostly shining
with few small punctures and the few larger, medium punctures forming a single row parallel to the eye
margin; front, middle and hind leg basitarsi all with the exoskeleton lighter brown than for the tibiae;
hair predominantly black but with metasomal T4—6 a dull sandy-brown or pale orange.

Male
Distinguished by: front, middle and hind leg basitarsi all with the integument lighter brown than the
tibiae; genitalia with the gonostylus inner anterior (basal) projection separated from the gonocoxa by
less than the breadth of the recurved hook of the penis-valve head.

Material examined

Material sequenced or examined
CHINA — Taiwan * 1 @ (worker); Nantou Hsien, Tsuifeng [Cuifeng]; 24.1060° N, 121.1988° E; alt.
2300 m; 23-25 Jun. 1983; K.S. Lin and C. Lin leg.; BOLD-1550A06-TWN; PW 1 J'; Hualien Hsien,
Tayuling; 23.9767° N, 121.5206° E; alt. 2560 m; 9—16 Jun. 1980; K.S. Lin and B.H. Chen leg.; BOLD-
1550A07-TWN; PW.

Other material sequenced
GenBank: MZ831884, MZ831885, MZ831886, MZ831887, MZ831891, MZ831892.

Distribution

Endemic to the mountains of Taiwan, where it is extremely rare, at elevations of 2300-3100 m (Williams
et al. 2022).
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Figs 3-38. Simplified diagrams for the colour patterns of the hair on the dorsum for 9 9 (left) and 8&
(right) of the Bombus species from Fig. 2. The dorsum is divided into regions, each of which shows
only the predominant or most apparent colour for that region using a simplified colour palette (precise
shades vary), with olive indicating a mixture of black and yellow hair, and grey indicating a mixture of
black and white hair.
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Bombus (Pyrobombus) wolongensis Williams, Ren & Xie sp. nov.
urn:lsid:zoobank.org:act:944777F5-62DD-416A-A778-7TC6D1E189572
Figs 1-2, 5-9, 51

[Bombus (Pyrobombus) hypnorum (Linnaeus, 1758) — Williams et al. 2009b: 157, (in part)
misidentification.

Diagnosis

Female distinguished by the combination: labral lamella narrow and deeply rounded, almost pointed in
the middle; clypeus in the central area with scattered widely-spaced small punctures and the very large
punctures spaced by more than three times their own diameter; ocello-ocular area along the inner eye
margin with only one row of larger medium punctures; thoracic dorsum with the hair predominantly dull
yellow with a dense central spot between the wing bases of black hair.

Male distinguished by the combination: hair of the thorax and metasomal T1-2 yellow, T3—4 black.

Etymology

Named for its occurrence near the area named Wolong, in Sichuan Province.

Material examined

Holotype

CHINA « @ (queen) pinned; [four labels]; [(1) white hand-written in red] ‘6605’; [(2) white printed
in black] ‘CHINA: Sichuan / Leibo Co, Gudui 1711m / 28.47056N 103.31884E / J Wang’; [(3) green
printed in black] ‘BOLD# / (BEE-BOL/BBW/PHW) / 596G12-6605-CHN’; [(4) red printed in black]
‘HOLOTYPE 9 (q) / Bombus wolongensis / Williams, Ren & Xie / det PH Williams 2022’; IOZ.

Material sequenced or examined

CHINA ¢ 1 9 (queen); Sichuan, Leibo Co., Gudui; 28.4706° N, 103.3188° E; alt. 1711 m; 8 Apr. 2007;
Z. Xie leg.; [#6603]; BOLD-596H01-0012-CHN; PW « 1 @ (queen); Sichuan, Leibo Co., Gudui;
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39-50 perplexus

Figs 39-50. Simplified diagrams for the colour patterns of the hair on the dorsum for 99 (above) and
33 (below) of Bombus perplexus Cresson, 1863. The dorsum is divided into regions, each of wshich
shows only the predominant or most apparent colour for that region using a simplified colour palette

(precise shades vary), with olive indicating a mixture of black and yellow hair, and grey indicating a
mixture of black and white hair.
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28.4706° N, 103.3188° E; alt. 1711 m; PW « 1 ; Sichuan, Litang Co., Litang-Yajiang; 30.0079° N,
100.3137° E; alt. 4382 m; 10 Jul. 2003; Y. Tang leg.; BOLD-1550A08-CHN; PW « 1 J; Sichuan;
Y. Tang leg.; [TY0700189]; PW « 1 &; Yunnan, Lijiang; 29.0025° N, 100.1825° E; alt. 3200 m; 27 Jul.
2018; Z. Ren leg.; PW.

Description

Female
Habitus illustrated in Fig. 51, body size small (queen body length 15—-17 mm, worker: no workers
available to hand), hair (pubescence) moderately long, wings lightly clouded with brown. Mandible with
the distal notch anterior to the posterior tooth (incisura) very shallow. Oculo-malar area (‘cheek’ sensu
Williams et al. 2014; not the gena) of medium length, 1.0 x as long as the breadth of the mandible at its
base (length measured between the ventral edge of the compound eye and the edge of the malar area at
the articulation of the mandible midway between the mandibular condyles; breadth measured between
and including the mandibular condyles). Labral lamella narrowly rounded and almost pointed in the
middle. Clypeus weakly swollen, its raised area nearly flat, the central area with few widely scattered
large, medium, and small punctures with intervening areas shining, few punctures especially medially
and ventrally adjacent to the labrum. The area between the inner edge of the compound eye and the
outer edge of the lateral ocellus occupied in just more than its outer third by widely spaced medium
and small punctures, spaced by more than their own widths, the medium punctures in a single row. Mid
basitarsus with the distal posterior corner broadly rounded; hind tibia outer surface with a corbicula,
the surface sculpturing weakly reticulate so that the surface appears slightly matt; hind basitarsus in the
distal three quarters covered with short branched decumbent and weakly overlapping hairs with golden
reflections; metasomal T6 posteriorly rounded and not divided medially, with a small subapical dorsal

Fig. 51. Bombus wolongensis Williams, Ren & Xie sp. nov., € (queen), holotype (I0Z), habitus, lateral
view (image reversed). Scale bar: 10 mm.
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boss. Colour pattern of the hair of the body predominantly black. Head entirely black, except for orange
hairs anteriorly on the labrum and laterally on the mandibles, and a yellow fringe posteriorly on the
occiput. Thoracic dorsum dull yellow (the exact shade varies but is lighter than for unfaded B. bryorum),
this pale hair not extending down the side of the thorax anteriorly, with black hair as a small or large
dense central spot between the wing bases and often a few black hairs scattered laterally and especially
anteriorly; the front, middle and hind leg tibiae all with the hairs predominantly black, the basitarsi all
with the integument brown-black like the tibiae. Hair of T1 yellow, T2-3 and T4 anteriorly black, T4
posteriorly and T5—6 cream-white.

Male

Body size small (body length 11-13 mm), hair (pubescence) moderately long, wings very lightly clouded
with brown. Colour pattern of the hair of the body predominantly yellow. Front and top of the head with
some black hair intermixed. Hair of metasomal T3-5 with some black hair at least anteriorly, T5-7
predominantly cream-white. Male genitalia with the gonostylus nearly triangular, the inner anterior
(basal) projection separated from the gonocoxa by a distance equal to the breadth of the recurved hook
of the penis-valve head; the volsella scarcely projecting beyond the gonostylus; the penis valve with the
head recurved as a flattened sickle-shaped hook that is not tapering at the mid-point of its length.

Distribution

In the mountains of Sichuan and Yunnan, at elevations 1711-4382 m (Williams et al. 2009). Uniquely
for species pairs within the hypnorum-complex, this species shows an overlap in distribution range with
B. hengduanensis in Sichuan and Yunnan.

Bombus (Pyrobombus) bryorum Richards, 1930 stat. rev.
Figs 1-2, 10-16

[Bombus hypnorum] var. [not subsp.] bryorum Richards 1930: 650, but not infrasubspecific after Tkalct
(1974: 328) (ICZN,1999: Article 45.6.4.1). Holotype by original designation: @ (not ') Kashmir,
India (NHMUK). Examined.

B.[ombus] fletcheri Richards, 1934: 90. Holotype by original designation: @ Gulmarg, Kashmir, India
(NHMUK). Examined.

[Bombus (Pyrobombus) hypnorum (Linnaeus, 1758) — Williams 1991: 70 — Williams ef al. 2010: 127,
misidentification. |

Bombus (Pyrobombus) bryorum Richards — Williams 2022a: 97.

Diagnosis

Female
Distinguished by the combination: labral lamella broad and shallowly rounded, almost rectangular;
clypeus in the central area with scattered widely-spaced small punctures and the very large punctures
spaced by more than 3 x their own diameter; ocello-ocular area along the inner eye margin with only one
row of larger medium punctures; thoracic dorsum with the hair brown in the centre between the wing
bases without black hair.

Male
Distinguished by the combination: hair variable, from the thorax and T1-4 yellow (western Himalaya),
to thorax and metasomal T1-2 brown and T3—4 black (eastern Himalaya).
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Material sequenced or examined

INDIA « 2 Q9 (queens); Kashmir, Gulmarg; 34.0343° N, 74.3678° E; alt. 3100 m; 1986; P. Williams
leg.; PW « 2 92 (1 queen, 1 worker), 1 &; Kashmir, Gulmarg; 34.0343° N, 74.3678° E; alt. 3100 m;
Aug. 1985; P. Williams leg.; PW ¢ 1 @ (worker), 2 J&'; Kashmir, Gulmarg; 34.0343° N, 74.3678° E; alt.
2700-3200 m; 16 Aug. 1980; P. Williams leg.; PW.

NEPAL ¢ 1 @ (worker); Karnali, Maharigaon; 29.337° N, 82.387° E; alt. 3250 m; 8 Jul. 1999; M.
Hartmann leg.; BOLD-1550B09-N539; NME ¢ 1 &'; Mahakali, Charmaliya Khola; 29.746° N, 80.801° E;
alt. 3100 m; 10 Jun. 2005; J. Weipert leg.; BOLD-1550B12-N548; NME.

BHUTAN « 1 @ (queen); Thimpu, Phajoding Gompa; 27.479° N, 89.595° E; alt. 2850 m; 25 Apr.
2018; J. Smit leg.; sequence-RMNH-1092452; RMNH ¢ 1 © (queen); Wangdue, Phodrang, Dangchhu;
27.546° N, 90.203° E; alt 3380 m; 5 May 2018; J. Smit leg.; RMNH.

Distribution

Himalaya (from Pakistan to Arunachal Pradesh), at elevations 0f 2286-3900 m (Williams 1991; Williams
et al. 2010).

Bombus (Pyrobombus) hypnorum (Linnaeus, 1758) s. str.
Figs 1-2, 17-26

Apis hypnorum Linnaeus, 1758: 579. Lectotype by designation of Day (1979): @ Sweden (LSL).
Examined.

Bombus calidus Erichson, 1851: 65. Type not seen, but identity not in doubt.

Diagnosis
Female

Distinguished by the combination: labral tubercle on its broad outer lateral and anterior-facing surface
in the centre smooth, with large punctures only along the dorsal and lateral edges; clypeus in the central
area with a longitudinal band of small punctures and with very large punctures some spaced by just
twice their own diameter; ocello-ocular area along the inner eye margin with a broad band of close small
and medium punctures; hair of T4 either white in the posterior half or at least white in a continuous band
along the posterior margin; T5 posteriorly in the middle anterior to the smooth posterior margin with a
narrow band of large punctures extending for less than an eighth of the length of the tergum.

Male
Distinguished by the combination: hair variable, from the thorax and metasomal T1-2 hair brown and
T34 black, to T1-4 black.

Material examined

Material sequenced or examined
SWEDEN - 1 J; Dalarna, Kopparberg; 61.979° N, 12.981° E; alt. 614 m; 20 Aug. 2006; P. Williams
leg.; BOLD-1550A09; PW.

UNITED KINGDOM ¢ 1 @ (queen); Buckinghamshire, Whiteleaf; 51.731° N, 0.816° W; alt. 153 m; 7
Jun. 2008; R. Goodson leg.; BOLD-1550H04; PW.
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AUSTRIA ¢ 1 @ (worker); Tirol, Seefeld; 47.3227° N, 11.1894° E; alt. 1100 m; 30 Jul. 1972; P. Williams
leg.; PW.

NORWAY - 1 &; Larvik, Yttersoveien; 59.0615° N, 10.0573° E; alt. 58 m; 14 Jul. 1978; J. Stenlokk
leg.; PW.

MONGOLIA 1 @ (worker); Hovsgol Aymag, Hovsgol Nuur; 51° N, 100° E; alt. 2000 m; 18 Jul. 2004;
D. Sheppard leg.; BOLD-1550A02; PW « 1 © (worker); Hovsgol Aymag, Hovsgol Nuur ; 51.05° N,
100.73° E; alt. 1645 m; 20 Jul. 2004; D. Sheppard leg.; BOLD-1550E03; PW « 1 § (worker); Hovsgol
Aymag, Hovsgol Nuur; 51.05° N, 100.73° E; alt. 1645 m; 24 Jul. 2004; D. Sheppard leg.; BOLD-
1550E02; PW « 1 @ (worker); Hovsgol Aymag, Hovsgol Nuur; 51.0628° N, 100.7320° E; alt. 1645 m;
28 Jul. 2004; D. Sheppard leg.; BOLD-1550A03; PW.

Other selected material sequenced
BOLD: BCZSMHYMO01074, BCZSMHYMO01075, BIOUG17229E02, BIOUG36732GO05.

GenBank: AF279539, AF279541, AF279542, AY181110, GU674484, GU674503, GU705903,
KJ839370.

Distribution

The PTP results in Fig. 1 show that the taxon calidus is a part of the species B. hypnorum s. str. and not
a separate species, confirming its status as a part of the species, which is treated as a synonym here.

Widespread boreal Palaearctic in the north (from northern Europe to Primorsky, Kamchatka, and Anadyr)
and in the south in the temperate mountains of the Pyrenees, Alps, Balkans, Caucasus, and Mongolia, at
elevations of 0-2050 m (Reinig 1939; Rasmont 1988; Williams 1991; Rasmont ef al. 2021).

Bombus (Pyrobombus) koropokkrus Sakagami & Ishikawa, 1972 stat. rev.
Figs 1-2,27-31

Bombus (Pyrobombus) hypnorum [ssp.] insularis Sakagami & Ishikawa, 1969: 180, not of Smith (1861)
(= B. (Apathus) insularis Smith, 1861). Type not seen, but identity not in doubt.

Bombus (Pyrobombus) hypnorum [ssp.] koropokkrus Sakagami & Ishikawa, 1972: 610, replacement
name for insularis Sakagami & Ishikawa (1969).

Diagnosis

Female
Distinguished by the combination: clypeus in the centre with widely scattered large punctures with
fewer small punctures between them; ocello-ocular area along the inner eye margin with a broad band
of sparse medium and small punctures; thoracic dorsum with the hair orange-brown; TS hair usually
entirely white, but sometimes only along the posterior margin; T5 posteriorly in the middle anterior to
the smooth posterior margin with a broad band of large punctures extending for at least a quarter of the
length of the tergum.

Male
Distinguished by the combination: hair of the thorax and metasomal T1-4 yellow.
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Material examined

Material sequenced or examined
RUSSIA ¢ 1 Q (queen); Sakhalin, Sokol; 47.2553° N, 142.8062° E; [alt. 69 m]; 17 Jul. 2001; D. Bennett
leg.; BOLD-1552F02; PW ¢ 1 &; Sakhalin, Yuzhno-Sakhalinsk; 46.7148° N, 142.7338° E; [alt. 8 m]; 16
Aug. 2000; K. Blackhart leg.; BOLD-1552F05; PW.

JAPAN ¢ | @ (worker); Hokkaido, Rausu spa; 29 Jul; 1959; K. Moriyaleg.; PW ¢ 1 Q (worker); Hokkaido,
Yukomanbetsu; 8 Jul. 1967; M. Ito leg.; PW « 1 &'; Hokkaido, Kawayu; alt. 650 m; S. Martin leg.; PW.

Other material sequenced
GenBank: AF385815, HQ553056.

Distribution
Islands of Japan (Hokkaido) and Sakhalin (Sakagami & Ishikawa 1969), at elevations of 0—650 m.

Bombus (Pyrobombus) hengduanensis Williams, Ren & Xie sp. nov.
urn:lsid:zoobank.org:act:4D8DB502-0822-4A83-BB73-2F1F869F3EA2
Figs 1-2, 32-38, 52

[Bombus (Pyrobombus) hypnorum (Linnaeus, 1758) — Williams et al. 2009b: 157, (in part)
misidentification.

Diagnosis

Female

Distinguished by the combination: labral tubercle on its broad outer lateral and anterior-facing surface
in the centre with a few very large punctures scattered throughout; clypeus in the central area with a
longitudinal band of small punctures and with very large punctures some spaced by just twice their own
diameter; ocello-ocular area along the inner eye margin with a broad band of close small and medium
punctures; T4 hair either black in the posterior half or with only a few white hairs along the posterior
margin; T5 posteriorly in the middle anterior to the smooth posterior margin with a narrow band of large
punctures extending for less than an eighth of the length of the tergum.

Male
Distinguished by the combination: hair variable, from the thorax and metasomal T1-2 brown and T34
black, to T1-4 black.

Etymology

Named for its occurrence in the Hengduan mountain region (in the provinces of Yunnan and Sichuan).

Material examined

Holotype
CHINA * Q@ (queen), pinned; [four labels]; [(1) white printed in black] ‘RWM101074’; [(2) green printed
in black] ‘C1iBES221’; [(3) white printed in black] ‘CHINA, Xizang / Ranwu Lake 3910 m / 29.4849°N
96.6425°E / 24.vii.2018 Z. Ren’; [(4) red printed in black] ‘HOLOTYPE © (q) / Bombus hengduanensis
/ Williams, Ren & Xie / det PH Williams 2022°; 10Z.

Other material sequenced or examined

CHINA « 1 @ (worker); Sichuan, Zhegu Shan; 31.852° N, 102.672° E; alt. 4180 m; 2 Aug. 2002;
P. Williams leg.; BOLD-1550A04; PW « 1 @ (worker); Sichuan, Zhegu Shan; 31.852° N, 102.672° E;
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alt. 4180 m; 2 Aug. 2002; P. Williams leg.; BOLD-1550A05; PW « 1 @ (queen); [in Chinese: Yunnan,
Zhongdian County]; 20 Aug. 1981; PW « 1 J; [in Chinese: Yunnan, Dégén County]; alt. 4200 m; 30
Jul. 1982; PW « 1 &; Xizang, Sijilashan; 29.6416° N, 94.6982° E; alt. 4019 m; Z. Ren leg.; KIB-
SJLSM101010; KIB « 1 @ (worker); Xizang, Sijilashan; 29.6416° N, 94.6982° E; alt. 4019 m; Z. Ren
leg.; KIB-SJILSM101011; KIB « 1 @ (worker); Xizang, Sijilashan; 29.6416° N, 94.6982° E; alt. 4019 m;
Z.Ren leg.; KIB-SJLSM109001; KIB « 1 &'; Xizang, Honglashan; 29.2245° N, 98.6785° E; alt. 3909 m;
Z. Ren leg.; KIB-HLSM201008; KIB « 1 ¢ (worker); Xizang, Zhujiaolashan; 31.1088° N, 96.8847° E;
alt. 3953 m; Z. Ren leg.; KIB-ZJLSM201032; KIB * 1 @ (worker); Xizang, Zhujiaolashan; 31.11821° N,
97.0175° E; alt. 4029 m; Z. Ren leg.; KIB-ZJLSM301018; KIB.

BURMA ¢ 1 &; Adung valley; alt. 3658 m; 23 Jun. 1931; F. Kingdon-Ward leg.; NHMUK.

Description

Female
Habitus illustrated in Fig. 52, body size small (queen body length 13—15 mm, worker 10-11 mm),
hair (pubescence) moderately long, wings very lightly clouded with brown. Mandible with the distal
notch anterior to the posterior tooth (incisura) very shallow. Oculo-malar area (‘cheek’ sensu Williams
et al. 2014; not the gena) of medium length, 1.0 X as long as the breadth of the mandible at its base
(length measured between the ventral edge of the compound eye and the edge of the malar area at
the articulation of the mandible midway between the mandibular condyles; breadth measured between
and including the mandibular condyles). Labral tubercle on its broad outer lateral and anterior-facing
surface in the centre with a few very large punctures scattered throughout. Clypeus weakly swollen,
its raised area nearly flat, the central area with few widely scattered large, medium, punctures with

Fig. 52. Bombus hengduanensis Williams, Ren & Xie sp. nov., ¢ (queen), holotype (I0Z), habitus,
lateral view (image reversed). Scale bar: 10 mm.
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intervening areas shining, with a longitudinal band of small punctures. The area between the inner edge
of the compound eye and the outer edge of the lateral ocellus occupied in just more than its outer third
by closely spaced medium and small punctures, the medium punctures scattered across this band. Mid
basitarsus with the distal posterior corner broadly rounded; hind tibia outer surface with a corbicula,
the surface sculpturing weakly reticulate so that the surface appears slightly matt; hind basitarsus in the
distal three quarters covered with short branched decumbent and weakly overlapping hairs with golden
reflections. Metasomal T6 posteriorly rounded and not divided medially, with a small subapical dorsal
boss. Colour pattern of the hair of the body predominantly black. Head black except for orange hairs
anteriorly on the labrum and laterally on the mandibles and a short hair brown on the top of the head
around the ocelli. Thoracic dorsum bright orange-brown, this pale hair extending half way down the side
of the thorax anteriorly, without black hair between the wing bases or scattered; the front, middle and
hind leg tibiae all with the hairs black, the basitarsi all with the integument brown-black like the tibiae.
Hair of T1 and T2 anteriorly orange-brown, T2 posteriorly and T3 and T4 anteriorly black, T4 in either
posterior half black or with only a few white hairs along the posterior margin, and T5—6 white.

Male

Body size small (body length 11-13 mm), hair (pubescence) moderately long, wings very lightly clouded
with brown. Colour pattern of the hair of the body predominantly black. Front and top of the head with
short hair brown. Thoracic dorsum bright orange-brown, this pale hair extending half way down the
side of the thorax anteriorly, without black hair between the wing bases or scattered; the front, middle
and hind leg tibiae all with the hairs black, the basitarsi all with the integument brown-black like the
tibiae. Hair of metasomal T1-4 black or sometimes T1, or sometimes T1-2 brown, T5-7 with at least
some white, but sometimes predominantly black. Male genitalia with the gonostylus nearly triangular,
the inner anterior (basal) projection separated from the gonocoxa by a distance less than the breadth of
the recurved hook of the penis-valve head; the volsella scarcely projecting beyond the gonostylus; the
penis valve with the head recurved as a flattened sickle-shaped hook that is scarcely tapering at the mid
point of its length.

Distribution

In the mountains of the eastern Qinghai-Tibetan Plateau, extending into Sichuan, Yunnan, and Burma,
at elevations of 3600—4200 m (Williams et al. 2009). From their distribution and the colour pattern of
the hair, this is likely to be the species that occurs slightly further north in North China (An et al. 2014:
at elevations of 780-2923 m), extending eastwards from Gansu through the Qin mountains to Ningxia,
Shaanxi, and Shanxi, although it is not possible to confirm this here from barcode sequences. Uniquely
for species pairs within the hypnorum-complex, this species shows an overlap in distribution range with
B. wolongensis in Sichuan and Yunnan.

Bombus (Pyrobombus) perplexus Cresson, 1863
Figs 1-2, 39-50

B.[ombus] perplexus Cresson, 1863: 91. Type not seen (believed lost, Cresson 1916), but identity not
in doubt.

B.[ombus] Hudsonicus Cresson, 1863: 92. Type not seen (believed lost, Cresson 1916), but identity not
in doubt.
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Diagnosis

Female
Distinguished by the combination: clypeus in the centre with widely scattered large punctures with
more numerous small punctures between them; ocello-ocular area along the inner eye margin with a
broad band of sparse medium and small punctures; scutum with the hair usually yellow; T5 hair usually
entirely black, but sometimes white or cream posteriorly and occasionally throughout; TS posteriorly in
the middle anterior to the smooth posterior margin with a broad band of large punctures extending for at
least a quarter of the length of the tergum.

Male
Distinguished by the combination: hair variable, from the thorax and metasomal T1-6 yellow, to T1-2
yellow and T3—6 black

Material examined

Material sequenced or examined
CANADA ¢ 1 Q (queen); Ontario, Toronto High Park; 43.6460° N, 79.4679° W; alt 95 m; 11 May 1983;
P. Williams leg.; PW ¢ 1 @ (queen); Nova Scotia, Kings County; 45.1298° N, 64.7383° W; 13 Jun. 2003;
C. Sheffield leg.; BOLD-Bee25-3; PW.

USA 1 @ (worker); Kentucky, Camp Ernst; 38.9974° N, 84.7141° W; alt. 246 m; 1 Jun. 2006; P. Williams
leg.; BOLD-1550H03; PW * 1 &; New York, Catskill Mts Highway 17; 41.650° N, 74.683° W; 28 Jul.
2004; P. Williams leg.; PW.

Other material sequenced
BOLD: 3742D01, 3742D02, 3742D10, Bee25-2, 03-BC-0414, 6706C01, 6717D10-YT,
BIOUG45105A07, 08BBHYM-0560.

Distribution

Widespread in boreal North America in the north (from Alaska to Quebec) and extending southwards
along the Appalachian mountains (Williams et al. 2014), at elevations of 0—1852 m (L. Richardson,
pers. comm.).

Discussion

Our estimate of phylogeny generally met expectations (Hines ef al. 2006; Cameron et al. 2007) with
few exceptions. In particular, the position in Fig. 1 of the sequence for B. haematurus (and of the other
four matching sequences for this species examined from BOLD) as the sister to the rest of our tree does
not match the position within the hAyprnorum-group expected from the tree from five genes by Cameron
et al. (2007). This position in our tree might be explained if all of the B. haematurus barcode sequences
we use were numts (Magnacca & Brown 2010). Fortunately, the precise interpretation of our results
for B. haematurus does not affect the inferences made here for the other species (our inferences are
unaltered if the analysis is run without any sequences for B. haematurus).

Preliminary test analyses including not just the s#ypnorum-group and vagans-group but also the closely-
related Asian lepidus-group show the same relationships and recognise the same lineages as species
within the hypnorum-complex as are shown here. However, the presence of numerous unresolved
candidate species within the /epidus-group warrants further data gathering to ensure that the species
recognised within that group are reliable. Problems in revising the lepidus-group are likely to include:
(1) cryptic species; (2) unsampled variation within large inaccessible regions for some species; and (3)
numts. Despite more than two decades of work already, further progress in revising the lepidus-group
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will require yet more samples of these rare bees, especially from the mountains in the subtropical and
tropical regions in the south of their range that are difficult to access at present.

The lack of strongly distinctive morphological character states to diagnose the species within the
hypnorum-complex defines them as near-cryptic species. Weakly developed as these diagnostic
morphological characters may be, we still consider them sufficient to support the recognition of likely
separate species. Further lines of evidence (including cephalic labial gland secretions of the males)
deserve further study.
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