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Status of Western Bumble Bee, Yellow-banded Bumble Bee, and Gypsy Cuckoo
Bumble Bee in the NWT

Executive Summary

Description

The western bumble beBdmbus occidentaljshas two subspecies in North Ameri@&gmbus
occidentalis occidentaljsasndBombus occidentalis mckaynly themckayisubspecies is foun
in the Northwest Territories (NWT)t is a mediurrsized bee (0-2.1 centimetres (cm)) with
short, dark head, a stt tongue, a band of yellow hairs in front of the wings, and highly var
colours and abdominal banding patterns. All individuals in the NWT have banded abd
patterns, whereas the southern subspecies also hdmnded forms.

The yellowbanded bbmble bee Bombus terricola closely resembleB. occidentalis mckayn
size, shape, colour, and banding pattefiite second and third abdominal sectians usually
predominantly yellow (some workers have a dark fringehensecond segmégnaindsegmets
four and fiveare usually black or yellosarown.

The gypsy cuckoo bumble beBdmbus bohemicss a nest parasitef other bumble bee#\
mediumsized bee (1-1.9 cm),it also hasvariable colours and patterns, but always has a
head and a yellow band in front of the winBecause they are parasitic, females khekability
to collect polleron their hind legs.

Distribution

The western bumble bee and yellbanded bumble bee are only known to occur in N
America. The northermckayisubspecies of western bumble bee occurrs in northern All
northern British Columbia, the NWT, Yukon, and Alaska. The yelmmnded bumbleéee
occurs widely throughout Canada (except Nunavut) and the northeastern and centra
States.

The gypsy cuckoo bumble bee has one of the largest ranges of all bumble bee species ir|
It occurs in Europe, the Far East of Asia, south into npamis of China, as well as the cent
and eastern United States, and Canada.

In the NWT, the western bumble bee has only been collected from four sites along the |
River in the Nahanni National Park Reserve; however, it could conceivably be p
throughout much of the southwestern NWT. The yelmmded bumble bee has been colleg
primarily in the soutkcentral and southwestern NWT. The most recent observations @
species were from 2017, near Norman Wells, Fort Simpson, and Yellowkngegypsy cuckod
bumble bee has been collected at various sites along the length of the Mackenzie Rive
and south of Great Slave Lake. The most recent observation of this species in the NWT|
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Status of Western Bumble Bee, Yellow-banded Bumble Bee, and Gypsy Cuckoo
Bumble Bee in the NWT

2017 near Norman Wells.

Biology and Behaviour

All three species have an annual life cycle. The western bumble bee andhalided bumble
bee have three castes in their colonies: a single queen, female workers, and males. You
gueens emerge from overwintering sites in the spring, locate amtifymuest sites, an
eventually lay eggs to produce a brood of workers. Workers then assume responsib
foraging (pollen and nectar) and care of subsequent broods. Males and reproductive
(new queens) are produced in late summer. At the afsetinter, males, old queens, a
workers die. The mated new queens hibernate until the following spring.

Gypsy cuckoo bumble bees are obligate nest parasites of other bumble bees. They em(
in the spring than the other two species. Rather tlearldp nests of their own, females (th
are no queen or worker castes) invade established colonies of their hosts (thebgalied
bumble bee in the NWT, and possibly also the western bumble bee and the cryptic bum
B. cryptarum, and the workey of the host colony care for their young. Females and n
emerge to mate in late July, and mated females overwinter. Males and the origiwfireg
female die before the onset of winter.

Population

Only four specimens of thenckayiwestern bumble bee have been collected in the NW/
2011. It is currently only known from the Nahanni National Park Reserve in the southwe
of the territory, in the Boreal Cordillera ecoregion.

The yellowbanded bumble bee has been recorded itNtN& since the 1920s, and as recer
as 2017. It is the most commonly encountered bumble bee of the three in this ref
speci mens have been collected in the NW
its relative abundance was abotf fercent o) of all Bombugecords, sat was probably fairly,
common. However, during the present decade it accounted for fewer than 1% of all buml
collected in the NWT. It is found throughout the central Taiga Plains and Taiga
ecoregionsand has been collected along the South Nahanni River, in foothills east of th
mountain ranges.

The gypsy cuckoo bumble bee has been recorded sporadically in the NWT since the 194
number of records = 41). Most occurrences were recorded det®@101979. There were n
new records in the territory until recently, when a single individual was found in Norman
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Status of Western Bumble Bee, Yellow-banded Bumble Bee, and Gypsy Cuckoo
Bumble Bee in the NWT

in 2017.

Habitat

All three species require consistent access to floral resources, nesting sites, and overy
sites. Nesting sites are below ground, usually in the abandoned burrows of small mg
Overwintering sites are unknown. There are generalist pollinatodsuse a wide variety ¢
flowering plants as food. They are considered habitat generalists, but all three may |
affinity for open sites near forests and water. The yelawded bumble bee and gypsy cuck
bumble bee have been recorded in urban cemeaddition to natural habitats.

Threats and limiting factors

The main threats to these species in the NWT are climate change, invasive species/pa
and habitat modifications caused by natural (fire) and human activities (i.e., the presel
construction of roads and utility lines). Climate change is thmeaiebumble bees worldwidg
but species in northern/arctic regions are particularly vulnerable. Average temperatures a
faster in the NWT than in southern parts of Canada; heat waves, drought, forest fires, an
are becoming more common anéather patterns are generally becoming more unpredict
Introduced plant species could affect food availability, and exotic diseases could be sp
nortnative, managed bees.

Bumble bees are cold tolerant species, which makes thensuwwt for Ife in the far north
However, cold adaptations also make it harder for them to thrive during long periods
weather. Hotter summer temperatures and more heat waves in the NWT could affect the
to forage and grow their colonies. The gypsy @aackumble bee might be even more suscep
to threats than the other two species bg
decline, the impacts of other threats are probably compounded.

Positive influences

These bumble bees case a wide range of food plants and habitats. Western and yedioced
bumble bees can use even more plants ad than other shotbngued bees athey have
|l earned to Arobo fl owers with | ong peta

in the NWT, which means that these bumble bees should have plenty of nesting site
nesting habits and long active seasons make them more resistant to fires and land use cH
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Status of Western Bumble Bee, Yellow-banded Bumble Bee, and Gypsy Cuckoo
Bumble Bee in the NWT

New initiatives by the Government of the Northwest Territories area®&d to help presery
bumble bee habitat, including more monitoring for invasive species and the development|
protected areas.
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Status of Western Bumble Bee, Yellow-banded Bumble Bee, and Gypsy Cuckoo

Bumble Bee in the NWT

Technical Summary

Population trends

Generation timéaverage age
of parents in the population)
(indicate yearsnonths, days,
etc.)

1 year.

Number of mature individuals
in the NWT (or give a range o
estimates)

Unknown.

Percent change in total numb
of mature individuals over the
last 10 years or 3 generations
whichever is longer.

Western bumble beéyellow-banded bumble beeRate of
decline of bumble bee species in the NWT is unknown. Anecd
information from northern Canada and Alaska suggests
populations may be stable.

Gypsy cuckoo bumble beeRate of decline of bumble bee spec
in the NWT is uknown. Anecdoctal information suggests
populations may be stable.

Percent change in total numb
of mature individuals over the
next 10 years or 3 generations
whichever is longer.

Unknown.

Percent change in total numb
of mature individuals over any
10 year or 3 generation perioc
which includedoth the past
and the future.

Unknown.

If there is a declinen the

number of mature individuals

Unknown.

'Wher e a sgpecifiedahe ansveemapplies to all three species.
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Status of Western Bumble Bee, Yellow-banded Bumble Bee, and Gypsy Cuckoo

Bumble Bee in the NWT

is the decline likely to continug
if nothing is ne?

If there is a decline, are the
causes of the decline
reversible?

Unknown.

If there is a decline, are the
causes of the decline clearly
understood?

Unknown.

If there is a decline, have the
causes of the decline been
removed?

Unknown.

If there are fluctuations or
declines, are they within, or
outside of, natural cycles?

Unknown.

Are there 6ex]|
fluctuati onsé
magnitude) in the number of
mature individuals?

Unknown.

Distribution trends

Estimated extent of occurrend
in the NWT (in kn?).

Western bumble bee Known extent of occurrence is 18,806 %n
but is probably much larger; a plausible estimate is around 55

km?.

Yellow-banded bumble beeKnown extent of occurrence is
226,321 kribut is probably larger; a plausiblstienate is around
284,373 krh.

Gypsy cuckoo bumble beeKnown extent of occurrence is
148,085 ki but is probably much larger; a plausible estimate i
around 480,652 kfn

Index of area of occupancy

Western bumble bee Known index of area of occupancy is 16
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Status of Western Bumble Bee, Yellow-banded Bumble Bee, and Gypsy Cuckoo
Bumble Bee in the NWT

(IAO) in the NWT (in knf; km? (4 grid cells) but probably much larger; a plausible estimat
based on 2 x 2 grid). 110 knt or more.

Yellow-banded bumble beeKnown index of area of occupancy
is 112 knf (28 grid cells) but is probably larger; a plausible
estimate is 140 kfror more.

Gypsy cuckoo bumble beeKnown index of area of occupancy
36 knt (9 grid cells) but probably much larger; a plausible
estimate is 116 kfror more.

Number of extaniocationg in | Western bumble begmckay): 2 locations, assuming climate
the NWT. change as the most serious plausible threat and using Level Il
ecoregions as a proxy for climatic zones (Boreal Cordilétiagh
Boreal and MidBoreal).

Yellow-banded bumHe bee 5 locations, assuming climate
change as the most serious plausible threat and using Level Il
ecoregions as a proxy for climatic zones (Boreal Cordilldfiggh
Boreal, Taiga Plains Central Great Bear Plains Low Subarctic,
Great Slave Uplands HigBoreal, and Mackenzie and Slave
Lowlands MidBoreal, and Taiga ShieldHigh Boreal).

Gypsy cuckoo bumble bee4 locations. Although decline in hos
species is the most serious plausible threat, because climate ¢
is the most serious plausible threathose host species in the
NWT, locations were determined in the same manner as abov
that is, using Level Il ecoregions as a proxy for climatic zones
(Taiga Plaing Northern Great Bear Plains High Subarctic, Cen
Great Bear Plains Low Subarct{8reat Slave Uplands High

ZExtantlocatioi The term 6l ocationd defines a geographically or
threatening event can rapidly affect all individuals of the species present. The sizéochtion depends on the

area covered by the threatening event and may include part of one or many subpopulations. Where a species is

affected by more than one threatening event, location should be defined by considering the most serious plausible

threat.
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Status of Western Bumble Bee, Yellow-banded Bumble Bee, and Gypsy Cuckoo

Bumble Bee in the NWT

Boreal, and Mackenzie and Slave Lowlands 18teal).

Is there aontinuing decline
in area, extent and/or quality (
habitat?

Large expanses of natural habitat are available in the NWT, bt
quality and extent are changingedio climate warming.

Is there aontinuing decline

in number of locations, numbe
of populations, extent of
occupancy and/or IAO?

Western bumble beeUncertain. Data are sparse and locations
have not been systematically or routinely sampled. This specit
has only been collected in 2011.

Yellow-banded bumble beéyypsy cuckoo bumble bee
Uncertain. Data are sparse and locations have not been
systematically or routinely sampled. The relative abundahce
these two specidgas declined in recent years (268I717)
compared to historical (pt2007) records.

Are there extreme fluctuations
(>1 order of magnitude) in
number of locations, extent of
occupancy and/or IAO?

Unknown.

Is the total population severel
fragmented (most individuals
found within small andsolated
populations)?

Locations of individual collected specimens are disjunct, but th
degree of isolation between populations in the NWT, if any, is
unknown.

Immigration from populations elsewhere

Does the species exist
elsewhere?

Western bumble beeYes. This species is found elsewhere in
Canada and the United States.

Yellow-banded bumble beeYes. The species is found elsewhe
in Canada (including adjacent British Columbia, Alberta, and
Saskatchewan) and in the United States.

Gypsy cuckoo bumble lee Yes. The species is known from

elsewhere in Canada (including adjacent Yukon, British Colum
Alberta, and Saskatchewan), and in the United States. It is als
widespread in Europe, part of the Far East of Asia, and China
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Status of Western Bumble Bee, Yellow-banded Bumble Bee, and Gypsy Cuckoo

Bumble Bee in the NWT

Status of the outside
population(s?

Western bumble beeMay be stable in northern British
Columbia, Yukon, and Alaska. The southern subspecies is in
dramatic decline across North America.

Yellow-banded bumble beeThis species may be stable in
northern British Columbia. Popuians are in dramatic decline in
the United States and elsewhere in Canada, south of the NW1
Gypsy cuckoo bumble beeThe species has been infrequently
encountered in Yukon in the past decade. It is known to be in
dramatic decline in the United Stateshdis not been detected
anywhere else in Canada since 2008.

Is immigration known or
possible?

Western bumble beeUncertain but possible. Physical barriers
(mountain ranges) could make immigration difficult. Thekayi
subspecies is limited to regions north of 55 degrees latitude.

Yellow-banded bumble beeUncertain but possible. Declining
populations in regions south of the NWT, and geographic barr
(mountain ranges) could make immigration difficult.

Gypsy cuckoobumble bee Uncertain but unlikely. Declining
populations in other regions, and geographic barriers (mounta
ranges), could make immigration difficult. Immigration is also
dependent on the availability of suitable hosts, and its only kng
host in wester North America (yellowbanded bumble bee) is in
decline.

Would immigrants be adapted
to survive and reproduce in th
NWT?

Yes.

Is there enough good habitat
for immigrants in the NWT?

Yes.

Is the NWT population self
sustaining or does it depend ¢
immigration for longterm
survival?

Uncertain.
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Status of Western Bumble Bee, Yellow-banded Bumble Bee, and Gypsy Cuckoo

Bumble Bee in the NWT

Threats and limiting factors

Briefly summarizenegative
influences and indicate the
magnitude and imminence for
each

Climate change: A significant, largeale threat in all parts of th
NWT (though extremehanges/events will be more localized
the short term). Ongoing and intensifying.

Invasive and problematic species, pathogens, and genes: Cu
a low threat, as invasives are uncommon in the NWT. N
diseases and pathogen spillover are unlikelyb&o significant
threats in the short term.

Transportation and utility corridors: Corridors fragment hab
and new construction can cause significant local ha
modification. Some large corridors are in development or pla
for the short termbut owerall threat impact is low

Natural systems and modifications: Fires cause {acgée habita
loss/damage and are becoming more common in the ;N
however, overall threat impact is low

An additioral threat to gypsy cuckoo bumble bee is:

Declines in hospopulations: The only known host (yelldvanded
bumble bee) is still present in the NWT and has been collect
recentlyas 2007. However, its recent relative abunda2€®7
2017) is only 5.5%, down from 7.6% in historical records
possible (but unadirmed) host, cryptic bumble beeB.(
cryptarum) has stable populations in North America, and
widespread in the NWT.

Positive influences

Briefly summarize positive
influences and indicate the
magnitude and imminence for
each

Life history traits: May be more resilient to land use changes,
and agricultural intensification, because of their nesting habitg
longer active seasons. This species uses many habitats,
generalist forager, and can exploit nectar sources ghatt
tongued bees cannot. Mammal burrows, on which they
dependent for nesting sites, are likely very abundant.

Regulatory actions: Over 9% of the NWT is in a protected ¢

SPECIES
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Status of Western Bumble Bee, Yellow-banded Bumble Bee, and Gypsy Cuckoo
Bumble Bee in the NWT

these preserve natural bumble bee habitats. More protected
are beingplanned. Better efforts to monitor invasive species
helping detect problematic exotics. Regulations for import of
bees into the territory is advisable.

SPECIE-SDRAFT Do not cite without ission of the SARC ChairP 14 of 107
AT RlSi‘( — Do not cite without permission of the airPage 14 o



Status of Western Bumble Bee, Yellow-banded Bumble Bee, and Gypsy Cuckoo
Bumble Bee in the NWT

SPECIES OVERVIEW

Names and classification

Over 20,000 bee species are found worldwide (Ascher and Pickering 2018), roughly 260 of
which belong to the genulBombus c ommonl y cal |l ed dbal.B@il;e bee-s
Williams et al 2014). Approximately 4Bombusspecies have been described in North America,

45 of which are found in Canada (Willianes al 2014; Williamset al. 2016). Recent DNA

barcoding efforts suggest that other additional cryptic (visually amgbmologically identical,

but genetically distinct) species may be present in Arctic regions (Wilkamals2016; Sheffield

et al 2017). Specimen records show that 24 recognized species of bumble bees are known in the
Northwest Territories (NWT).

Bombuscontains approximately 48 recognized subgenera. The western bumblBopaas
occidentalisGreene 1858, and the yelldvanded bumble beds. terricola Kirby 1837, are
contained in the subgen®B®mbus sensu strict@long with three others in North Ameai@B.
affinis Cresson 1863B. cryptarumFabricus 1775 (B. moderatusCresson 1863; also found in
the NWT), andB. franklini Frison 1921) (Bertscht al 2010). The gypsy cuckoo bumble bBe,
bohemicusSeidl 1837, is one of six cuckoo bumble bees (sulgyesithyrug in North America.
Three other cuckoo bumble bees have been recorded from the BIWiBularisSmith 1861B.
suckleyiGreene 1860, an8. flavidusEversmann 1852 (Williamst al. 2014).

Systematic/taxonomic clarifications

Greene published his description Bf occidentalis(western bumble bee) in 1858, aBid

terricola (yellow-banded bumble bee) was first described by Kirby in 1937. Their status as

di stinct species, or nAdesi gnat aleldebateusimde tthe 0 , h
earliest revision of North AmericaBombusby Franklin (1913). Franklin tentatively listed them

as separate species, but expressed uncertainty about the decision given their morphological
similarities and geographic @mcurrence in soe parts of western Canada. Some authors
supported the separate designations (Stephen 1957; Thorp et al. 1983), while other authors
suggested thd. occidentaligwestern bumble bee) was either a conspecific or a subspecies of

B. terricola(yellow-bandedoumble bee) (Handlirsch 1888; Milliron 1961; Hobbs 1967; Milliron

1971; Cameroeet al. 2007).

Table 1. Names and synonymies of the western bumble bee, ymloded bumble bee, and gypsgkao bumble
bee

CommonName Western bumble bee | Yellow-banded Gypsy cuckoo bumblg
bumble bee bee
Subgenus Bombud_ atreille Bombud_ atreille PsithyrusLepeletier
sensu stricto sensu stricto
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Status of Western Bumble Bee, Yellow-banded Bumble Bee, and Gypsy Cuckoo
Bumble Bee in the NWT

Scientific Name Bombus (Bombus) | Bombus (Bombus) | Bombus (Psithyrus)
occidentalisGreene | terricolaKirby 1837 | bohemicusSeid 1837
1858

Common Name Bour don de Bourdon terricole Psithyre boBmien

(French)

(Sub)species Bombus o. None None
occidentalis
Bombus 0. mckayi

Synonym(s) Bombus mckayi None Bombus ashtoni
Ashmead 1902 Cresson 1864
Bombus proximus
Cresson 1863
Bombus occidentalis
nigroscutatus
Franklin 1913

Class Insecta (insects) Insecta (insects) Insecta (insects)

Order Hymenoptera Hymenoptera Hymenoptera
(sawflies, ants, bees, | (sawflies, ants, bees,| (sawflies, ants, bees,
and wasps) and wasps) and wasps)

Family Apidae (beesj Apidae (bees) Apidae (beesj
includes, butis not | includes, butis not | includes, but is not
limited to bumble limited to bumble limited to bumble
bees, honey bees an¢ bees, honey bees an(¢ bees, honeppees and
stingless bees stingless bees stingless bees

Life Form Animal, invertebrate, | Animal, invertebrate, | Animal, invertebrate,
insect, bumble bee | insect, bumble bee | insect, cuckoo bumble

bee

Recent gene sequencing and morphological studies support the sBtusoifdentaligwestern
bumble bee) andB. terricola (yellow-banded bumble bee) as discrete, separable species
(Williams et al. 2012; Owen and Whidden 2013; Sheffieldal 2016), and also resulted in the
discovery of distinct northern and southern subpopulatios o€ddentalis with monophyletic

CO1 barcode haplotype grodp@Villiams et al. 2012; Sheffieldet al. 2016; Williamset al
2016). Thus,B. occidentalis(western bumble beel)s now recognized to consist of two

® Bombus occidentalis mckagithe subspecies found in the NWT.

“Common name for gypsy cuckoo bumble bee was formerly A
®CO1 is an abbreviation of ACytochrome ¢ Oxidase subun
between individuals from closely related species or subspecies, such as the northern and southern sulBspecies of
occidentalis Organisms with th same CO1 are considered to have the same haplotype: the same group of inherited

genes that makes them distinct from all other (sub)species. When we compare the CO1 haplotypes of individuals of

B. o. occidentalisagainst the CO1 haplotypes of individuais B. 0. mckayj we find that all theoccidentalis

haplotypes are more closely related to each other than to any wfcttayihaplotypes. This means that 8ll o.
occidentalisindividuals have the same common ancestor, anB. al mckayiindividuals have a different common

ancestor. Since no other bees have the same ancestor a8 eithercidentalisor B. 0. mckayj geneticists use the

term monophyletic (mono = fAoneod, phyletic = fAancestoro,
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subspeciesB. 0. occidentalisandB. 0. mckayi These subspecies are distinct not only genetically

and morphologically, but also geographically: oBlyo. mckayis found in the NWT. Since the

two subspecies designations are relatively new, life history and other data pertaining uniquely to
either o is sparse. Throughout this report, the information presente®.faccidentalis
(western bumble bee) should be interpreted as pertaining to both subspecies, unless expressly
stated otherwise.

In recognition of their distinct morphology and parasitibdgour, cuckoo bumble bees were
widely treated as a separate gen@sithyrug. However, the taxon is now considered a
monophyletic subspecies Bbmbus(Cameronret al. 2007). The gypsy cuckoo bumble bee was
first described by Seidl in 1837, as a Europ@oh World species?sithyrus bohemicugresson
described a North American species of cuckoo bumble Agsthus ashtoniin 1864, though
AAshtonds cuckoo b uasdighee é0 the geaBombus Geneticaahabyses r e
(DNA sequences and CO1 bades) now strongly suggest that (Psithyrus) bohemicuandB.
(Psithyrus) ashtonare conspecific, leading to the synonymization of the North Ameiitan
ashtoniunderB. bohemicuss a single, Holarctic species (Williarasal 2012; Williamset al

2014).

Description

Morphological species descriptions are largely drawn from Willisshsal. (2014) and
supplemented by other sources as indicated. Generalized illustrations of bumble bee anatomy,
and of the numbering scheme used for abdominal segmentei@ites), are provided in Figure

1. Microscopic characteristics are described and illustrated in Wilkamils(2014).

Head Thorax Abdomen
{°" \r I 1

Flagellum ‘ };— Forewing

Antennae

_ 3~ Hindleg tibia with

Foreleg tarsal claw DOHLH basket

g
3 < l] Hindleg tarsal
(1* tarsal segment) Segments

Midleg basitarsus

Figure 1. Generalized illustration of key bumble bee anatomy mentioned in this tegford lateral (side) view of

a female worke Center The numbering system used for the abdominal segments (tergites) in female bees,
including queens (T-I'6). Right The numbering system for male tergites{ITZ). Worker bee illustration courtesy

of the Bloomsfor Bees websitewww.BloomsForBees.co.ykwvhich is funded by the Heritage Lottery Fund and
Coventry University, used and modified by C. Ernst with permission. Line drawings produced by C. Ernst, after
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illustrations in Williamset al.(2014), used and modified with permission.

Western bumble bee

The western bumble bee is a medisized bee (queen: 221 centimeters (cm); workers: 0.9

1.5 cm; males: 1:2.6 cm). The pile (the soft, fuzzy hairs covering the entire body) is
moderatelyshort and of a uniform length; the pile Bf 0. mckayithe subspecies found in the
NWT) is longer than that of the southern subspecies. The head is short, with a cheek (oculo
malar region) slightly shorter than broad. The first tarsal segment (bagitafstiee female

midleg is rounded at the back far corner (as opposed to coming to a sharp point, as in other
species). The outer surface of the female hind tibia is flat and lacks long hairs but has long
fringes at the margins that form a pollen baskee tale antennae are short, with the flagellum
slightly more than twice as long as the scape.

=i

2k T —

L
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it S5

e

Figure 2. Femaleworker of B. 0. mckayi t he subspecies found in the NWT,
abdominal pattern typical of this subspecies. Western bumble bees in the NWT are all banded to some degree,
though the shade and extent of the lightoured regions in T2 vary between indiduals. Photograph courtesy of

Cory Sheffield, used with permission.
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Females (both queens and workers) (Figs. 2 and 4) and males (Figs. 3 and 4) have similar
colouration and patterns. The head is usually dark to black, with at least some greyishwo yello
hairs on the face between the eyes, and on the upper surface of the head. Hairs on the dorsal
surface of the thorax (the mibdy section between the head and abdomen) form a yellow band

in front of the wings, and between the wings, there is at a minjraularge black central spot

that often forms a full black band between the wings.

The western bumble bee has a wide range of abdominal colours and patterns (Fig. 4). The dorsal
surface of the first abdominal segment (tergum 1, or T1, which is closést tharax) is black.

The second (T2) is usually black at the front, and if it is predominantly yellow then the head is
similarly mostly yellow. Tergum 3 (T3) can be fully yellow, fully black, or partly black with
scattered yellow hairs.

Figure 3. Male gecimen oB. 0. mckayithe subspecies found in the NWT. Specimen collected along the Dempster
Highway in Yukon Territory in July 1991. Photograph courtesy of Laurence Pagkav.discoverlife.org used

NORTHWEST TERRITORIES
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with pemission.

The diverse abdominal colour patterns of the western bumble bee can be categorized as banded
(the Atypical o form fir s tbadedsBandédbndividuasylwags e e n e
have at least some yellow pubescence on T3, and T4 isagt partially black (Figs. -2).

Individuals with norRbanded abdomens are entirely blackboth T2 and T3, with the terminal

segments broadly and extensively white to yellow (Figs. 4 and 5).

Recent genetic and morphological analyses concluded that nearly 100 percent B%p.of
mckayifound at latitudes of 60N are of the banded type (Sheffieddl al. 2016). Therefore,
western bumble bee workers in the NWT should consistently have bandediadldpatterns
(Williams et al 2012; Sheffielcet al. 2016).B. o. occidentalisthe southern subspecies (Fig. 5),
displays both banded and nbanded colour patterns (though the latter is the most common).
The southern banded form is more variable widspect to the banding pattern and is
geographically disjunct from the northern subspecies (Koch and Strange 2012; Skeféield
2016). In the NWT, western bumble bee is most likely to be mistaken for the ymiosed
bumble beeHR. terricold) or the cyptic bumble beeR. cryptarun), both of which have similar
banding patterns (Williamet al. 2014; Environment and Natural Resources [ENR] 2017b).

The immature stages (egg, larva, pupa) of the western bumble bee have not been formally
described in the terature. In general, bumble bee eggs are small (about 3 millimeters (mm)),
elongateoval, and pale yellow or whitish in colour (Alford 1975). Bumble bee larvae are
grublike and pale, with 13 body segments, a head capsule, no eyes, and no legs (Alfprd 1975
Mature larvae enclose themselves in silk cocoons in which they become pupae. The pupae have
all the same body parts as adult bees (eyes, antennae, thorax with legs and wings, abdominal
segments, etc.), but they are pale coloured and hairless untihtttage into adults.
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Figure 4. Colours and patterns in the western bumble Bxesgcidentalis Top row: female queens. Middle row:
female workers. Bottom row: males. Workers enclosed in dashed box display known banding patBros of
mckayj the subpecies found in the NWT.
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Figure 5. A norbanded female worker (L) and male (R) of the southern subspecies of western bumBtniiaes
occidentalis occidentalisFemale specimen collected from unknown location in 1888; male collected from
Departure BayBritish Columbia, in August 1928. Photographs courtesy of Margarita Miklasevskajavatnce)
Packer Collection of York UniversityPCYU) with funding from NSERGCANPOLIN, used with permission.

Seelife Cycle and Reproductidior more information abduhe life cycle of bumble bees.

Yellow-banded bumble bee

The yellowbanded bumble bee is a medisimed bee, with reproductive individuals slightly
smaller than those of the western bumble bee (queei2.1.&m; workers: 10.5 cm; males:
1.31.5 cm).The hairs are short and even. The head, cheek, basitarsus, hind tibia, and male
antennae are the same as in the western bumble bee.

Females (both queens and workers) (Figs. 6 and 7) and males (Figs. 6 and 8) have similar
colouration and patterns. Wingseaslightly brown. Hair on the head ldack, but it may be
intermixed with some short pale hairs. Males may haveenyellow hairs on the head than
females. The second abdominal segment (T2) is usually yellow with no black at the front, or with
only a narrow black fringe along the front margin. Tergum 2 can less commonly be more
extensively black, in which case T4 and T5 are also mostly blarkum3 is usually yellow.
Tergum 5 is usually black or yelletarown. In the NWT, the yellovbanded bumble bee is most

likely to be confused with the western or the witéided bumble bee.
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Figure 6. Colours and patterns of the yeHbanded bumble bed&dombis terricola Top row: female queens.
Middle row: female workers. Bottom row: males. lllustrations from Willigghal. (2014), used and modified by C.
Ernst with permission.
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Figure 7. Female yellowwanded bumble beedBombus terricola Specimen collectedn Caledon, Ontario, in
September 2002. Image courtesy of Margarita Miklasevskaja at PCYU with funding from NSERPOLIN.
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Figure 8. Male yellowbanded bumble be®&ombus terricola Specimen collected in Caledon, Ontario, in August
2013. Image courtesyf Margarita Miklasevskaja at PCYU with funding from NSER@NPOLIN.

The appearances of yellewanded bumble bee eggs, larvae, and pupae are not described in the
literature, but they are probably similar to most other immature bumble bees (see theiaescript
above). In one study, yellowanded bumble bee eggs averaged 3.06 mm in length, and .94 mm
in width (based on 44 eggs) (Fisher and Sampson 1992). It can be difficult to measure bumble
bee larvae without fatally disturbing them, but one study of twioweabanded bumble bee
colonies found that mature larvae of workers weighed abe@000milligrams (mg), while the
mature larvae of queens were much larger and ranged from abe8060@g (Plowright and

Jay 1968).

Gypsy cuckoo bumble bee

The gypsy cuckobumble bee is a mediusized bee, smaller than either the western or yellow
banded bumble bee. There are no workers. Reproductive fe(réde®) arel.7-1.9 cm and
males(Fig. 10) are 1.41.7 cm. The hairs are of a medium length. The outer surface fatlade

hind tibia is convex, densely covered in hairs, and lacks a pollen basket (corbicula); this
characteristic is unique to females of the subgenus Psithyrus (i.e., cuckoo bumble bees). The top

NORTHWEST TERRITORIES
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of the femal eds abdomen i9sandthe underside o the abdorgeny d o
has a strong carina (ridge) on either side near the tip.

o
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Figure 9. Female gypsy cuckoo bumblee g@nbus bohemicu$Specimen collected in Palmer, Alaska, in May
2009. Image courtesy of Margarita Miklasevskaja at BOMth funding from NSERECANPOLIN, used with
permission.
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Figure 10. Male gypsy cuckoo bumble b&ambus bohemicusSpecimen collected at Invern, Nova Scotia, in
August 2001. Image courtesy of Margarita Miklasevskaja at PCYU with funding from NSERPOLIN, used

with permission.

Colour and patterns differ between the two sexes (P4). On females, the hairs of the face

and upper surface of the head are black, occasionally with some yellow hairs at the rear of the
head. Head colour is a useful diagtic field character: other cuckoo bumble bees in the NWT
have predominantly pale hairs on the head. The sides of the thorax are predominantly black.
Hairs on the third and fourth tergites are variably yellowigtite, but T4 usually has white at

least n the middle, and at the back.

On males (Fig. 10), the fringe of hairs on the first tarsal segment of the hindleg is predominantly
black. The sides of the male thorax are extensively black, T2 is entirely black, T4 is yellow with
a little black, and T7 iblack. Male antennae are of a medium length, with a flagellum about
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three times longer than the scape.
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Figure 11. Colours and patterns of the gypsy cuckoo bumble Be®mbus bohemicusTop row: females
(reproductive females only; cuckoo bumble bees do not have a worker caste). Bottom row: males. lllustrations from
Williams et al.(2014), used and modified by C. Ernst with permission.
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In the NWT, the gypsy cuckoo bumble bee is mostlaimiin appearance to the other three
cuckoo bumble bees found in the territory: the yellow cuckoo bumble Bedlayidug,
Suckl eyds ¢ uc KBosuckld)yanth the indisceirainaté cuckoo bumble b&e (
insularis).

Gypsy cuckoo bumble bee egge amaller than those of its hosts (around2&Gmm long and

0.6-:0.7 mm wide), and are narrowed toward the middle (Fisher and Sampson 1992). Egg cells
into which eggs are placed are rougher in shape than those of the hosts, and are constructed from
wax cdlected from destroyed host egg cells and nectar pots (Fisher 1988). The larval and pupal
stages of this species have not been described in the literature, but they are likely similar to those
of other bumble bees, as described above.

Distribution

The didribution data for all three bumble bee species are based on occurrence and/or collection
records for individual specimens at specific locations, rather than populations. Occurrence
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records are displayed on NWT maps as single points (one point per speetoet). For North

were not available for some records in the original datasets §eaech Effortfor more
coordinates when possible.

American range maps, only one record per locality is displayed per species. GPS coordinates
information about the data sources), so locality dpsoris were used to estimate the

World distribution

Western bumble bee

North American Distribution
the Western Bumble Bee
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Figure 12. North American distribution of the western bumble Bembus occidentaligncluding the northern
mckayisubspecies found in the NWT (green) and the soutbecitentalissubspecies (yellow). Se&earch Effort
for full list of sources from which points were derived. Map courtd<y. Ernst.

The western bumble bee resides only in North America (althouglasithirstorically been
imported to Europe and bred commercially there). It has been recorded from the west coast and
mountain west regions of North America, from Arizona, New Mexico, and California, north

through the Pacific northwest and the tundra/taiggore up to Alaska (Williamst al. 2014;
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Hatfield et al. 2015b) (Fig. 12). Its range eastward includes the northwestern Great Plains and
southeast Saskatchewan. A single specimen whose identity was confirmed via genetic
(mitochondrial DNA) analysis was restly documented in Ontario, Canada (Hatfieldal

2015b) . Since this is wel!/l outside the speci e
be considered uncertain (perhaps introduced).
geographially disjunct.

List of jurisdictions:

1 Bombus o. mckayiCanada, at latitudes of 3% or higher (northern British Columbia,
western NWT, Yukon); United States (Alaska).

1 Bombus o. occidentalisCanada, at latitudes below °®b (southern/central British
Columbia, Alberta, Saskatchewan, Ontario (uncertain)); United States (Arizona,
California, Colorado, Idaho, Montana, Nebraska, Nevada, New Mexico, Oregon, South
Dakota, Utah, Washington, Wyoming).
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Yellow-banded bumble bee

North American Distribution
the Yellow-banded Bumble Bee

A  Bombus ternicola

T R S—
0 3,000 Km

Figure 13. North American didibution of the yellowbanded bumble beBombus terricolaSeeSearch Efforfor
full list of sources from which points were derived. Map courtesy of C. Ernst.

The yellowbanded bumble bee is found only in North America (Fig. 13). It has a large range
that includes Newfoundland and Labrador, the eastern temperate and boreal forest regions, south
along highelevation regions of the Appalacians, west through North Dakota and the Canadian
Great Plains, to the tundra and taiga of Canada, and the mountaif\Wiléams et al. 2014).
Approximately 5660% of its North American range is within Canada (Committee on the Status

of Endangered Wildlife in Canada [COSEWIC] 2015).

List of jurisdictions:

1 Canada (Alberta, British Columbia, Manitoba, New Brunswick, Newdtamd and
Labrador, NWT, Nova Scotia, Prince Edward Island, Quebec, Saskatchewan, Yukon);
United States (Alaska, Arizona, Colorado, Connecticut, Georgia, Itlahois (possibly
extirpated), Indiana, Maine, Maryland, Massachusetts, Michigan, Minnesotataiv,
Nevada, New Hampshire, New Jersey, New York, North Carolina, North Dakota, Ohio,
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Pennsylvania, Rhode Island, South Dakota, Tennessee, Utah, Vermont, Virginia,
Washington, West Virginia, Wisconsin, Wyoming) (Hatfieldal 2015a).

Gypsy cuckoo bumble bee

North American Distribution
the Gypsy Cuckoo Bumble Bee

Bombus bohemicus

- — — A “
0 3,000 Km

Figure 14. North American distribution of the gypsy cuckoo bumble Bembus bohemicuSeeSearch Efforfor
full list of sources from which points were derived. Map courtesy of C. Ernst.

The gypsy cuckoo bumble bee is a Holarctic speciethdrOld World, it is found throughout

most of Europe (other than Iceland and the extreme southwest): from the north of Spain, the
south of Italy and the Balkans in the south, to beyond the Arctic Circle in the north. Its range
extends to the Far East ofiAsand south into many parts of China (Hatfielcl.2016).

In North America (Fig. 14), the gypsy cuckoo bumble bee is found in the midwestern United
States and Canada, eastern temperate and boreal forest regions, south along the Appalacians and
northwest through the Great Plains, the mountain west, and in the tundra/taiga to Alaska
(Williams et al 2014; Hatfieldet al 2016). This species has one of the largest ranges of all
bumble bee species in Canada (COSEWIC 2014a).
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List of jurisdictions:

1 Andorrg Austria; Belarus; Belgium; Bulgaria; Canada (Alberta, British Columbia,
Manitoba, New Brunswick, Newfoundland and Labrador, NWT, Nova Scotia, Ontario,
Prince Edward Island, Quebec, Saskatchewan, Yukon); China; Czech Republic;
Denmark; Estonia; Finland; réce (mainland); Germany; Hungary; Ireland; Italy
(mainland); Latvia; Lithuania; Luxembourg; Macedonia; the former Yugd3kwblic;
Montenegro; Netherlands; Norway; Poland; Romania; Russian Federation; Serbia;
Slovakia; Slovenia; Spain (mainland); Swepg&witzerland; Ukraine; United Kingdom
(Great Britain, northern Ireland); United States (Alaska, Connecticut, Idaho, lllinois,
Indiana, Maine, Massachusetts, Michigan, Minnesota, New Hampshire, New Jersey, New
York, North Dakota, Ohio, Oregon, Pennsyharidtah, Vermont, Virginia, Washington,
West Virginia, Wisconsin) (Williamst al 2014; Hatfieldet al 2016; Richardson 2018).

NWT distribution and locations

Given the scarcity of surveys and occurrence data in the NWT, any comments regarding the
fragmentation or continuity of these bumble b
of records between know occurrence points (positive data) cannoes@d to indicate that

the species are necessarily absent from those areas since surveys were likely not conducted, and
appropriate habitat and/or hosts may be present. Similarly, if a species of interest has not been
recorded from locations where othemfble bee species were collected, this does not necessarily

imply that the species is absent from those locations (i.e., negative data). Depending on a
Sspeciesd commonness, hundreds of bees might h
wouldber easonabl e to draw conclusions about the
2008). Exhaustive searches for all bumble bee species have not been made at any known location

in the NWT; rather, collection events were opportunistic and usually diedd®ll numbers of

individual specimens.

A speciesd extent of occurrence (EO) i's the
boundary drawn to encompass all the known, inferred, or projected sites of present occurrence of
the species, excluding casef vagrancy. Extent of occurrence was estimated for all three species
using the minimum bounding tool in ArcGIS 10.3: this calculates the area within the minimum
convex hull circumscribing all sites from which occurrence data (recent and historicabdeave

obtained for one species. An eqaata map projection (World Cylindrical Equal Area) was used

during these calculations to avoid possible bias or distortions (Budic et al. 2016).

The area of occupancy (AO) is defined as the area within the EG tbetupied by a species;
precise area of occupancy for these three species could not be determined from the available
data. However, and index of area of occupancy (IAO) was calculated for each species. An IAO is
defined as the surface area of grid ceist intersect that area occupied by the species (fir km

In this report, the IAO for each species was determined by overlaying a 2x2 km grid over the

SPECIE-SDRAFT Do not cite without ission of the SARC ChairP 33 of 107
AT RlS‘ — Do not cite without permission of the airPage 33 0



Status of Western Bumble Bee, Yellow-banded Bumble Bee, and Gypsy Cuckoo
Bumble Bee in the NWT

speciesbd6 extent of occurrence, determining tt
records, ad multiplying that by the area of each cell (4%kmAOs are presented with a caveat:
estimated values are likely grossly underestimated because the records are scattered and
widespread. They should be viewed as rough approximations at best. In atiditedoulating

EO and IAO from available data, plausible maximums have also been estimated for each species,
based on distribution models and other data.

Western bumble bee

In the NWT, the northern subspecies of the western bumbleBoem (nckayi has mly been
collected from four sites along the Nahanni River in the Nahanni National Park Reserve (Stotyn
and Tate 2012) in the Boreal Cordillera ecoregBoogystem Classification GrougCG 2010)

(Fig. 15). There is apparently one additional record efgpecies in the NWT dated August 4,
1944, but the location where this specimen was collected is unknown (COSEWIC 2bédb)
Appendix Aor occurrence record detalils)
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Western Bumble Bee in the )z»
Northwest Territories (1903-2017) b,
@® B. occidentalis, 2007-2017 (N=4) ®
NWT Level Il Ecozones “ B : 2
I Northern Arctic g e
Southemn Arctic: Tundra Plains ' @
Southern Arctic: Tundra Shield
Boreal Cordillera
Taiga Shieid
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Figure 15. Occurrence records of the northern subspecies of the western bumtBerblees(o. mckayiin the
NWT (green circles). There are no historical records of this species in the NWT (i.e., prior to 2007). Points are
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derived from 4 records, from a dataset compiled by Lief Richardson (2018). Map courtesy of C. Ernst.

Based on availabldata, the EO of the western bumble lmeek@yisubspecies only) in the NWT

is approximately 18,809 Kmand its IAO is 16 krh North American occurrence records
indicate it is rarely found at latitudes north of 65 degrees, while recent distributionsmodel
(COSEWIC 2014b; Sheffieleét al 2016) suggestt icould be found throughout muaf the

Boreal Cordillera, and small portions of the Taiga Cordillera (the southernmost reaches) and the
Taiga Plains (only in the extreme southwest) (ECG 2010). Based s lthes of evidence, the
maximum EO for this species in the NWT could plausibly be around 55,5808esuming that

the species6 distribution pattern in the NWT
(i.e., scattered and widespread oveelatively large area), a plausible maximum IAO for the
western bumble bee in the NWT is about 11G kmmore.

The southermmccidentalissubspecies is not expected to be found in the NWT.

ALocationo refers to a distinct area in whic
individuals of the species present. As notedlmeats and Limiting Factorslimate change is
considered the most serious threat for western bumble bedw INWT. Using Level llI

ecoregions as a proxy for NWT climatic zones in which western bumble bees are known to
occur, there are two locations for western bumble bee in the NWT (Boreal Cordilléigh

Boreal and MieBoreal Level Ill ecoregions) (ECG 2010)

Yellow-banded bumble bee

The yellowbanded bumble bee has been collected primarily in the Taiga Plains ecoregion of the
NWT (ECG 2009), with a few records taken in the extreme southwest of the Taiga Shield (ECG
2008), and more recently in the Boreal dibera (ECG 2010) along the South Nahanni River
(Fig. 16). The species was most recently collected in 2017, at three sites: a beach off the
Mackenzie River at Norman Wells; in the town of Fort Simpson; and 40 km northwest of Fort
Simpson, at km 581 on thdackenzie Highway (Heron 2018). Another recent sighting was in
downtown Yellowknife, in July 2016, and was contributed by a citizen scientist to Bumble Bee
Watch (The Xerces Sociegt al 2017)(seeAppendix Aor occurrence record details)
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Yellow-banded Bumble Bee inthe |
Northwest Territories (1903-2017) _ A :

A Bombus terricola, 2007-2017 (N=24)
A Bombus terncola, pre-2007 (N=66)

NWT Level Il Ecozones

. Northern Arctic

Southern Arctic: Tundra Plains
Southern Arctic: Tundra Shield
Boreal Cordillera 7
Taiga Shieid

Taiga Plains

Taiga Cordillera

B Tundra Cordillera

—-——— | e— C—
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Figure 16 Current (20072017) and historical (1963006) occurrence records of the yellbanded bumble bee

(Bombus terricol in the NWT (red triangles). Points are derived from: a dataset compiled by Leif Richardson
(2018); a 2017 collection effort contributeg Bennifer Heron (2018); and verified sightings or collection events
contributed by C. Ernst, using data sourced franw.bumblebeewatch.ordiap courtesy C. Ernst.

The EO for the yellowbanded bumble bee ingHfNWT is estimated to be 226,321 krand its

IAO is approximately 112 k(28 grid cells), based on occurrence records. This species could
be found throughout the south/central regions of the Taiga Plains, and more narrowly to the
south in adjacent area$ the Boreal Cordillera and Taiga Shield, with a plausible maximum EO

of about 284,373 kfand an IAO of 140 kfor more.

ALocati ono refers to a

individuals of the species preseAs noted inThreats and Limiting Factorlimate change is
considered the most serious threat for yellmanded bumble bees in the NWT. Using Level Il
ecoregions as a proxy for NWT climatic zones in which yelbmmded bumble bees are known
to occur, tlere are five locations for yellowanded bumble bee in the NWT (Boreal Cordillera

di

St

nct

ar ea

n

wh i

High Boreal Level Il ecoregion; Taiga Plainsentral Great Bear Plains Low Subarctic, Great

Slave Uplands High Boreal, and Mackenzie and Slave LowlandsBelidal Level lll
ecoregions; and Taiga ShiéldHigh Boreal Level Ill ecoregion) (ECG 2008, 2009, 2010).
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Gypsy cuckoo bumble bee

This cuckoo bumble bee has been collected at sites along the Mackenzie River in the NWT and
along the entire latitudinal reach of the TaRjains ecoregion (ECG 2009) (Fig. 17). The most
recent record of this species is a single individual from Norman Wells, in July 2017 (Heron
2018); the most recent record prior to this was from 1972, southeast of Fort SmAipfseeix

A for occurrence record details).

Gypsy Cuckoo Bumble Bee in the <.
Northwest Territories (1903-2017)

B. bohemicus, 2007-2017 (N=1)
I B. bohemicus, pre-2007 (N=40) |

NWT Level Il Ecozones

0 Northern Arctic

Southern Arctic: Tundra Plains

Southern Arctic: Tundra Shield O

Boreal Cordillera

Taiga Shieid

Taiga Plains "
. Taiga Cordillera - =
B Tundra Cordillera .
&= & & E— | CC— -

0 1,000 Km

Figure 17. Current (200Z2017) and historical (1963006) occurrence records of the gypsy cuckoo bumble bee
(Bombus bohemichsn the NWT (blue squares). Points are derived from: a dataset compiled by Leif Richardson
(2018), a 2017 collection effort contributed by Jennifer Heron (2018); and verified sightings or collection events
contributed by C. Ernst, using data sourced franw.bumblebeewatch.ordlap courtesy of C. Ernst.

Based on available data, the EO for the gypsy cuckoo bumble bee in the NWT is estimated at
148,085 kmi, with an IAO of 36 km (9 grid cells). This species could plausibly be found
throughout the Taiga Plains, with a maximum EO of around 480,652&md anAO of about

116 knf or greater.

ALocationo refers to a distinct area in whic
individuals of the species present. As notedl'imeats and Limiting Factorsdecline in host

5T TERRITORIES

SPECIES

-# DRAFT- Do not cite without permission of the SARC ChairPage 37 of 107
AT RISK P J


http://www.bumblebeewatch.org/

Status of Western Bumble Bee, Yellow-banded Bumble Bee, and Gypsy Cuckoo
Bumble Bee in the NWT

species is the most serious plausible threat to gypsy cuckoo bumble bees in the NWT; however,
because climate change is the most serious threat for its hosts, locations were detesimgned
Level Ill ecoregions as a proxy for the climatic zones in whigpsyg cuckoo bumble bee is
known to occurThere ardour suchlocations forgypsy cuckodumble bee in the NWTT@iga

Plainsi Northern Great Bear Plains High Subarctic, Central Great Bear Plains Low Subarctic,
Great Slave Uplands High Boreal, and Mackenand Slave Lowlands Midoreal Level Il
ecoregions(ECG 2009.

Search effort

With mounting global concern over the health and resilience of wild pollinators, considerable
effort has been invested in surveys of bumble bees in North America and etselktensive
occurrence data are available for wBdmbusspecies compared to many other insect taxa. A
compilation of museum and other collection records (see list of all contributors at
www.leifrichardson.org/bbna.htinlby Leif Richardson (2018) contains over 275,000 North
American specimens identified to the species level, including approximately 933 records from
the NWT (included in this report). If GPS coordinates for a record were not inclodie i
original dataset, reasonable coordinates were approximated, based on location data (e.g., name of
town, landmark, water body, etc.). If a locality could not be reasonably approximated based on
available information, the record was excluded from teport(Fig. 18) GPS coordinates were
similarly approximated as required for all records of the three species of interest outside of the
NWT (i.e., in Canada and the United States) in order to produce North American distribution
maps.

According to commuigations with entomologists and others working in northern Canada, only a
single new field survey for bumble bees has taken place in the NWT since 2014 (i.e., since the
COSEWIC reports were compiled) (s€entact3. Sites included in this recent surveyrtpaf a

larger NWT BioBlitz event in 207 were Tuktoyaktuk, Inuvik, Norman Wells, Yellowknife,

and Fort Simpson (Heron 2018). Over 330 specimens were collected during the survey,
including several series of the yelldvanded bumble bee and a single male gypsy cuckoo
bumble bee, and are thereforevery significant contribution to data on NWT bumble bees
(Heron 2018). No western bumble bees have been observed in the territory since 2011. Other
bumble bee surveys have been conducted in adjacent northern British Columbia and Yukon
(Hatten et al. 2015; Sheffield et al 2016). Additional field surveys were not conducted
specifically for this report.

Citizen science initiatives can provide an alternative and scientifically sound source of open
access occurrence data, provided that the identifications/adidated by individuals with
appropriate taxonomic expertise (Theobealdal. 2015; Lukyanenkeet al. 2016; Sullivanet al.

2017). Citizen science may be particularly valuable for recording species over large spatial scales

‘f http://inaturalist.ca/projects/nvtho-bioblitz-canada2017
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or in locations that are vigitl infrequently. Citizen science contributions to NWT bee occurrence
data are generally scarce, and primarily originate from heavily populated areas such as
Yellowknife. Twenty-eight additional records of bumble bee sightings in the NW&re found
(eithernontarget species, or specimens that were not conclusively aslpatified to species)

made to citizen science prograhbetween 2012017 (Ernst 2018).

Bumble Bee Occurrence Records in the <
Northwest Territories (1903-2017) .

+ Bombus spp., 2007-2017 (N=430)
Bombus spp., pre-2007 (N=883) %

NWT Level Il Ecozones 3 Iy

" Northem Arctic

Southern Arctic: Tundra Plains )

Southern Arctic: Tundra Shield + +¢ >

Boreal Cordillera 272 ix s & +

Taiga Shield

Taiga Plains

Taiga Cordillera
B Tundra Cordillera

0 1,000 Km

Figure 18. Map of all bumble be8¢mbusspp.) occurrence records in the NWT from 12037. Bla& crosses:

current records (2002017); black circles: historical records (199306). Two records with uncertain dates were

excluded from this figure (total N for all records = 1,285). Points are derived from: a dataset compiled by Leif
Richardson (2018)a 2017 collection effort by Jennifer Heron (2018); and verified sightings or collection events
contributed by C. Ernst (2018).

DNA barcode databases can al stlee bdvcede aequercesiofc e o f
older, mis, or unidentified specimanare clustered within an expected Barcode Index Number

(BIN; a grouping with high concordance with species identities) (Ratnasingham and Hebert
2013). A search of DNA barcoded specimens in the Barcode of Life database (Ratnasingham and
Hebert 2007) failedo turn up any new reassigned (e.g., cryptic/erroneously identfied specimens)

records of the species of interest from the NWT.

‘_7‘I§ug. Guide or Bumble Bee Watch.
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Approximately 1,285 specimens, representing 24 bumble bee species, have been collected or
observed in the NWT between 199817 (Ernst 2018; Heron 2018; Richardson 2018). Table 2

lists the number of occurrence records for the three species of interest from every decade since
1900, as well as the number of all other bumble bee records combined. For each decade, these
data were alsosed to calculate the relative abund&r&A) of the three species, compared to

all other bumble bees recorded in the NWT. One record of the ybbmaed bumble bee and

one other bumble bee record are not included in these calculations, as the yegra/ldich the
specimens were collected are uncertain.

About 40% of all NWT bumble bee records were from 12460, and may originate from the
Northern Insect Survey conducted by the Government of Canada betweeh9B5FA{#Freeman

2009). No bumble bees werecorded from the NWT between 198099, but this is certainly

due to a lack of surveys, rather than the absence of bees. Specimens from the 2017 survey
(Heron 2018) represent over 25% of all NWT bumble bee records.

Table 2. Number of occurrence recordsl &A (in parentheses) of the western bumble Beenpus occidentaljs

yellow-banded bumble be®(terricola), gypsy cuckoo bumble beB.(bohemicus and other bumble bee
(Bombus$ species recorded from the NWT by dedade, from 18W¥ (total N = 1,285)

Decade Western Yellow-banded | Gypsy cuckoo| Other Total
bumble bee | bumble bee bumble bee Bombusspp.
19001909 0 0 0 11 (1.000) 11
191061919 0 0 0 3 (1.000) 3
19201929 0 9 (0.474) 0 10 (0.526) 19
19301939 0 0 0 69 (1.000) 69
19401949 0 1 (0.004) 13(0.055) 224 (0.041) | 238
19501959 0 25 (0.093) 24 (0.089) 221 (0.819) | 270
19601969 0 2 (0.012) 2 (0.012) 161 (0.976) | 165
19701979 0 6 (0.150) 1 (0.025) 33 (0.825) 40
19801989 0 0 0 0
19901999 0 0 0 0
20002009 0 22 (0.579) 0 16 (0.421) 38
20102017 4 (0.009) 24 (0.056) 1 (0.002) 401 (0.933) | 430
Uncertain 0 1 0 1 2
8A speciesod6 relative abundance (RA) can tell us how r

community. Here, it measures the proportion of one bumble bee species out of the total number of all bumble bees.
For example, in the 1920s, 19 bumlbees were collected and 9 of them were yelbanded bumble bees. By
dividing 9/19, we find that the RA of yellolwanded bumble bees in that decade was 0.474; in other words, 47.4%

of all bumble bees were yellebanded bumble bees. In the 1940s, onlg gellowbanded bumble bee was
cqllecfterdyou‘t‘ Qf 238 bees, so its RA was only 0.004, or less than 1%.
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Total 4 90 41 1150 1285

Compared to other parts of Canada, large expanses of land in northern boreal and arctic regions
have been insufficiently sampled for bumble bees in general; most efforts have focsed on
populated, easily accessible areas (Dennis and Thomas 2000etFalnR005). As a result, we

have very little knowledge about historic or current abundances or distributions of any bumble
bee species in northern Canada, including the NWT. It is therefore possible that the western
bumble bee, yellovibanded bumble bee, andpgy cuckoo bumble bee have ranges different
from those inferred from the sparse data currently available (see estim€i&g iDistribution).

BIOLOGY AND BEHAVIOUR

Information in this section is largely drawn from general references on bumble bees (Morse
1982; Benton 2009; Goulson 2010; Willianes al. 2014). Other information, including data
pertaining specifically to the species of interest where available, is supported by additional
citations.

Habitat requirements

Bumble bee habitat must include accesfiowing plants throughout the active season, suitable
overwinteing sites, and for noparasitic species, suitable nesting sites. Parasitic species like the
gypsy cuckoo bumble bee require established colonies of their host species.

Western bumble bee

The western bumble bee is a habitat generalist. Across western North America it can be found at
altitudes from sea level to above 2,000 meters, and has been collected from many habitat types:
mixed, deciduous, and coniferous forests; open, grassy arbas;parks and gardens; chaparral

and shrub areas; and mountain meadows (Willienhe 2014). The species could reasonably be
expected to use many different types of habitats in the NWT.

Records of the northern subspeci® ¢. mckayi in the NWT are loated along the South
Nahanni River, in the western half of the Boreal Cordillera Ecoregion (Level II) (ECG 2010).
This ecoregion covers an area of roughly 57,018&md has some of the tallest and most rugged
mountains in the NWT, but there is highly \dnle topography (ECG 2010). Three records are
found in the MidBoreal (MB) (Level Ill), an ecoregion with short and cool summers, very cold
winters, high levels of precipitation, and a mean annual temperatefet@f6°C (ECG 2010).

The northernmost oerd is from the southern half of the Natla Plateau MB (Level 1V), where
lower-elevation plateaus and sloping valleys are dominated by open subalpine-lgbreice
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woodlands (ECG 2010). The other two MB records are further south in the Ragged Range Valley
MB (Level IV); there, the glacial valleys of the South Nahanni are characterized by blankets of
till, lodgepole pine Rinus contortq and trembling asperPopulus tremuloidgsamidst mixed

wood and sprucePiceaspp.) forests, plus rich wetlands and measlg/sCG 2010). The fourth
specimen was collected in the High Boreal (HB) (Level Ill), in the Liard Plateau HB (Level 1V),
where rolling hills and ridges are typically covered with open spruce woodlands and forests
(ECG 2010).

Climatic suitability models shw that temperature and precipitation are strong drivers of the
Subspeciesd distribut i etal2016). These niotels have s@gestadd a  (
there may be very little suitable habitat ford mckayin the NWT (they identify a small aae

in southcentral NWT). However, the models are heavily influenced by the much greater number

of records from southern provinces, Yukon, and Alaska, and therefore are probably not accurate
for the NWT.New models with more NWT specimens would generateearer understanding

of the habitat and climatic requirements for this species. It is likely that the species is found
throughout much of the Boreal Cordillera, at least at latitudes below 65 degrees.

The western bumble bee has been observed from, or beuekpected to use the following
species as food plants: thistl€ifsium spp.), Richardson geraniunGéranium richardsonji
Arctic lupine (upinus arcticuy raspberry Rubus spp.), and goldenrodSé6lidago spp.)
(Williams et al 2014). Other flowering plant species are probably visited as well.

This species prefers to establish colonies in holes underground, on open slopes bordered by trees,
with westsouthwest facing entrances and downw&oping tunnels connecting the
belowgound chamber to the surface (Hobbs 1967; Richards 1978; Ehaip 1983; Laverty

and Harder 1988). Nest tunnels up to 2.1 meters long have been reported for this species
(Macfarlaneet al. 1994). Western bumble bees do not construct nest chambers ltresnse
Instead, they use the abandoned burrows of small mammals (squirrels, mice, etc.), or natural
cavities such as those formed in rocks (Plath 1927; Hobbs 1967). The western bumble bee will
occasionally establish colonies at or above the ground sudaoe queens will use artificial
Aibee houseso attached to tree trunks several
1978), whil e another nest was found in | ogs
study (1978), 45% of western bumble kepgeens chose nesting sites positioned where open
meadows transitioned into aspen groves, 38% opted to nest in forested habitat, and open
meadows were selected only 17% of the time.

Western bumble bee hibernacula sites are unknown. Hobbs (1967) descslmge western
bumble bee hibernaculum found two inches below the ground surface on a stetgzingsiill.

Yellow-banded bumble bee

The yellowbanded bumble bee is also a habitat generalist. Throughout North America, it has
been collected in open cdaious, deciduous, and mixeod forests; wet and dry meadows;
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prairie grasslands; meadows near riparian zones; along roadsides; in taiga adjacent to wooded
areas; urban parks; gardens and agricultural areas; subalpine habitats; and others @valiams
2014). It has also been recorded in some -eiglration, montane habitats (Tucker and Rehan
2017). The species could reasonably be expected to use a wide variety of habitats in the NWT.

In the NWT, the yellonbanded bumble bee is recorded from the cHatrathern Taiga Plains
Ecoregion (Level 1), adjacent western Taiga Shield HB (Level Ill) ecoregions, and recently also
from the south Nahanni River in the Boreal Cordillera (ECG 2008, 2009, 2010). The Taiga
Plains have many waterbodies and extensivdgeis; the Mackenzie River delta occurs mainly

in this region (ECG 2009). In the southern third of the Taiga Plains, the climate is quite mild
(mean annual temperatures-afto -4.5°C) with warm, moist summers, and there are species
rich, dense, mixewvood forests (ECG 2009). The western lovedevation Taiga Shield HB
similarly experiences milder climates, and has discontinuous but vigorous-mbaet forests

and richly vegetated shorelines around its many ponds and lakes (ECG 2008). The yellow
banded burble bee is not found in the northern High Subarctic (HS) regions of the NWT, nor is

it known from high elevations/mountain ranges (COSEWIC 2015). Maxent habitat suitability
models usingtheyellow anded bumbl e beeds Northref/swayr i can
little suitable habitat for the species in the NWT (Sheffetldl 2016). However, the models are
strongly influenced by the huge number of records from southeastern regions. Refined models
using NWT occurrence records would produce diffenarstults and possibly provide more
insight as to their habitat requirements in the territory.

Like the western bumble bee, the yellbanded bumble bee nests belowground in abandoned
mammal burrows with downward sloping entrances, at depths-4% IBn (Pléh 1927; Hobbs
1967).

The yellowbanded bumble bee is a generalist floral visitor. In Ontario, it has been recorded from
about 90 different flowering plant species, including many introduced species (Colla and
Dumesh 2010). Similar food plant diversity wiecorded for the species in the northeastern
United States (Jacobsat al. 2018). In the NWT, the yellosbanded bumble bee is known or
expected to visit asteré\gteraceaespp.), gooseberryRibesspp.), rosesRosaspp.), raspberry
(Rubusspp.), lowbuskcranberry Yaccinium vitisidaeg, and blueberry\{acciniumspp.) ENR
2017h).

Yellow-banded bumble bee queens overwinter in burrows they construct in loose soil or rotting
trees (Benton 2009).

Gypsy cuckoo bumble bee

The habitat of gypsy cuckoo bumbleebis not well documented. In Ontario, it may prefer to
reside and forage close to wooded areas (Colla and Dumesh 2010). In the NWT, the gypsy
cuckoo bumble bee has been collected in the western half of the territory, in the Taiga Plains,
including in theHigh Subarctic (HS) (unlike the yellebanded bumble bee, which does not
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appear so far to the north). The HS region in the north is generally drier and colder than in
south/central areas (mean annual temperaturéstof-11°C) (ECG 2009). White spruc®icea
glaucg-dominant forests are most common in the Taiga Plains HS; these become more open and
shorter at higher latitudes, ultimately transitioning to skdaiminated tundra (ECG 2009). The

gypsy cuckoo bumble bee has only been found in the Mackeeitie BS Ecoregion (Level V),

which is distinguished from the rest of the Taiga Plains HS Level Il Ecoregion by its deep
permafrost layer and forests with tall, dense, closed, spruce stands and robust understories (ECG
2009). Forested areas appear to méngportant component of gypsy cuckoo bumble bee habitat

in the NWT.

As a social parasite, the gypsy cuckoo bumble bee does not require nesting habitat per se, but it
does need the nests of suitable bumble bee hosts to reproduce. Most cuckoo bumlgleidsee sp

are quire specialized and parasitize only one bumble bee host; more rarely, they can have as
many as five hosts (Williams 2008). While the gypsy cuckoo bumble bee is one of these rare
generalists at a global scale, its only confirmed host in the Nfie yellowbanded bumble

bee. However, since the gypsy cuckoo bumble bee is known from locations where this particular
host seems to be absent, this indicates that it must have other host species in the NWT. Other
psosible hosts in the NWT include thestern bumble bee and the cryptic bumble bee.

Floral visitation records from other provinces suggest that the gypsy cuckoo bumble bee is a
generalist forager, but it may be more selective about its nectar sources than western and yellow
banded bumble beeas it tends to be associated with plants that flower close to wooded areas
(Colla and Dumesh 2010). In the NWT, the gypsy cuckoo bumble bee is thought to visit thistle,
raspberry, goldenrod, blueberry, cranberry, and Nahanni &yenphyotrichum nahanmse

(ENR 2017b).

The gypsy cuckoo bumble beebds overwintering
hibernacula situated below the soil surface or in decomposing plant matter, as is the general habit
of bumble bees.

Movements

Bumble bees are capalé flying distances of at least several kilometers (Rau 1924; Heinrich
2004; Hageret al. 2011). Males of the buffailed bumble beeB( terrestrisLinnaeus 1758) can

fly up to 9.9 km from their colony (Kraust al. 2009). New queens disperse to estabtistv

colonies after emerging from their hibernacula in the spring. Dispersal capabilities for the three
species of interest are not known. Queens of other bumble bee species have been observed to
establish new nests at distances ranging from 400 met&r8 tan from their hibernacula (see
Owenetal.2011 and references therein). Esti mat es
from 0.3 km to 10 km per generation (i.e., per year) (Stout and Goulson 2000eDale2011).

Potential geographic barriers for dispersal include mountain ranges and large water bodies,
although individual species vary considerably in their ability to overcome such barriers (Benton
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2009).

Female workers are generally thought to forageseclto their nests, perhaps within 3800

meters, likely because the time and energetic costs of the flight are high (see review by Dramstad
1996). Markrecapture studies suggest that workers faithfully use the same forage patch
throughout their lifetimeAssuming a maximum foraging distance of 600 meters, a forage patch
could be as large as 1.13 k®ramstad 1996). Bumble bees will forage much further from their
nests (up to 1,750 meters in one case) if there is a particularly abundant food sourasebut th
instances are generally known only from agricultural systems with dense monocultures of
flowering crops and high nectar rewards (e.g., Walkheliwig and Frankl 2000), and these are
uncommon in the NWT.

Gypsy cuckoo bumble bee dispersal must be cgetinupon and limited by the movements of
its host(s).

Bumble bees are coladapted and are namigratory animals.

Life cycle and reproduction

Bumble bees are eusodiahsects that live in nests, or colonies, usually consisting of a single
gueen and fent@ workers. Colonies are annual, with a single generation produced per year, and
consist of three adult castes (specialized groups with different behaviours and roles): a queen (the
reproductive female), workers (typically the r@productive female offspjng of the queen),

and males (reproductive). Cuakdoumble bees are the exceptiag; parasites, they have only
reproductive females and males, with no queen or worker castes (more information about the
cuckoo bumble bee life cycle is provided later iis $ection.

New bumble bee colonies are established by the surviving young queens each spring. Queens
seeking new nesting sites will fly low over the ground, inspecting different objects and landscape
features that might serve as an adequate locationn\&/saitable site is located, western bumble

bee queens will drag dead grass or soil into and around the tunnel entrances, apparently to
disguise or reduce the size of the entrances (Hobbs 1967). Queens will also generally rearrange
any nesting materialg(ass, leaves, hair, etc.) already present in the cavity before starting to
produce egg cells and storage pots for honey production, using slivers of wax she produces from
glands on her abdomen. She will then forage for nectar and pollen before layingvbps

hatch in about four days. The larvae have four inftasmid take roughly two weeks to fully
develop. The larvae initially feed on pollen, and may also be directly fed honey by the queen, a

° Eusocial animals live in groups and have highly advanced social structures. Individuals cooperate and take care of

the young, they have overlapping geatems of adults (in bumble bee colonies, new queens and males live with the
original queen when they are young), and different gr ol
and roles in the colonies.

19 An instar is a growth stage of larva. Between each growth stage, the larva sheds its skin (this is called
imoltingo), revealing the |l arger instar beneath. This |
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role later assumed by workers. The western bumble beéip @ st @em i ngo speci es,
t hat each l arva is ffednalpiondgenspaeadieos ddabkly.i
unevenly across clumps of egg cells) (Hobbs 1967). Peteners may need more pollen than
pocketmaking bumble bees to initiateorker production. Mature larvae spin cocoons and
pupaté’, and develop for an additional two weeks, making the total development time
approximately 5 weeks. The new adult female workers emerge from the pupae and begin
foraging and feeding for the queen audbsequent broods.

In temperate and arctic environments, the maximum size a bumble bee colony can reach is
largely limited by food availability, which is closely tied to the length of the active season and
weather conditions. Despite challenging climatmnditions, northern bumble bees develop
relatively large colonies, perhaps because they tend to establish early in spring and produce
reproductive¥ quite late in the fall (Hobbs 1967). Established western bumble bee colonies can
contain up to 1,685 worke and produce up to 360 new queens (Macfardra 1994). In the

NWT, active western bumble bee workers were observed irJulyd while yellowbanded
bumble bee workers have been encountered from early June until early September (Fig. 19).
Assuming tlat it takes about five weeks for the first worker brood to develop and begin foraging,
some yellowbanded bumble bee queens must be active by late April/early May, and western
bumble bee queens must be active by early June. More data are required frdiiTthie fully
understand the timing of emergence and development of these species.

" When a larva pupates, it has its final molt (skin shed) and becomes anhifeathe larva feeds and is active, the
pupa is an inactive form. It is the final stage before becoming an adult.
‘lz‘ﬁ,R.e,p_r_(;)duct iveo or ireproductiveso refers to female an:ct
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Figure 19. Seasonal activity patterns from May to September of the western bumbRobdrig occidentaljs
yellow-banded bumble bed3( terricola), and gypsy cuckoo burtdbee B. bohemicusin the NWT. Reported

values are the total number of specimens (all castes) collected during each quarter of each month (all years
combined). The observation date for one record of the ydilmmded bumble bee was not available, swas

omitted from this analysis. In instances where observation dates were recorded as a date range (i.e., when passive
traps were deployed for multiple days), the median day was used as an approximation. Data are derived from: a
dataset compiled by Leif Bhardson (2018), a 2017 collection effort contributed by Jennifer Heron (2018), and
verified sightings or collection events framww.bumblebeewatch.or@Ernst 2018). Figure courtesy of C. Ernst.

The queen produces reproductive males and new reproductive females are at the end of the
active season. Males patrol established territorial circuits daily in search of mates, depositing
speciesspecific pheromone scentarkers at what have been variouslg r med Ast opping
or Abuzzing placeso along the route. It i s as
and that mating occurs when males revisit them the following day (Hobbs 1967), but there is
little evidence to support this assutiop.

All workers die at the onset of winter, along with the old queen and males. Only the young,
mated females survive the cold winter temperatures by hibernating in sheltered overwintering
sites (hibernacula). Mated young females may begin construtignghibernacula as early as

the same day as copulation.

Because cuckoo bumble bees have no pollen baskets on their legs, they cannot collect pollen.
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They gypsy cuckoo bumble bee is thus an obligate social parasite, and has a different
reproductive stratgy than norcuckoo bumble bees. Like the birds of the same name, cuckoo
bumble bees do not construct nests or rear workers on their own. Rather, they invade and deposit
their eggs in the nests of other bumyolng bees
(Fisher 1984). The gypsy cuckoo bumble bee is a parasitic generalist, and uses many different
species of bumble bees as hosts across its global range (Benton 2003t Blurk010). Its

confirmed hosts in North America are the rugaitched bumiel bee B. affinis not found in the

NWT) and the yellonbanded bumble bee. Possible hosts also include the western bumble bee
and cryptic bumble bee (the gypsy cuckoo bumble bee parasitizes the latter species in Europe
and it is also present in the NWT)uBk et al. 2010; Williamset al 2014). Compared to other

cuckoo bees that take over or kill the host queen, the gypsy cuckoo bumble bee takes a relatively
passive apprad to invasion, avoiding confliavith the host queen or antagonizing the workers:
agypsy cuckoo bumble bee female can often b
alongside the host queen within minutes of th

Female cuckoo bumble bees emerge later in the spring than their host speceer{Stial.

2015), then seek colonies to invade. Gypsy cuckoo bumble bees in the NWT have been observed
in late Mayi earlier in the active season than their known host, the yddlowled bumble bee

(Fig. 19). This is a good indication that gypsy cuckomble bees probably use at least one
other earlyemerging species as a host. Several NWT species have been observed in later April
and early May, including the cryptic bumble bee. Female cuckoo bumble bees detect host
colonies by speciespecific scent masdeposited by host workers at the nest entrance (Foster
and Gamboa 1989; Fishetral. 1993; Bunket al 2010; Martinet al 2010). Upon entry in a host

nest, the female gypsy cuckoo bumble bee is typically met by attacking workers attempting to
bite andsting the intruder bee; the cuckoo bee will in turn remain motionless, move slowly to the
outer edges of the comb, or hide under the comb or host queen (Fisher 1984). Female gypsy
cuckoo bumble bees rarely retaliate with stringing, opting instead to éhreabrkers by
grabbing and positioning them dga sting before releasing them, and very few host workers are
killed in these interactions (Fisher 1984). The intensity and duration of the host worker attacks
increase with the size of the colony (in larg@onies the female cuckoo bumble bee may be
entirely engulfed in a ball of attacking workers), and the likelihood of a successful invasion
correspondingly decreases with host colony size (Fisher 1984, 1987). It is perhaps unsurprising
that female gypsyurkoo bumble bees are generally more likely to try invading small colonies
rather than large ones. If she is not attacked, the invading female will groom herself for several
minutes, then follow the host queen and/or rub her own body against the confirqbably
reduces or masks scents that make it obvious she is an intruder) (Fisher 1984; étrauter
2012).

The female cuckoo bumble bee deposits her eggs in egg cells made of wax salvaged from
damaged host egg cells. She helps the host workers carerforood by defending them from
attacks, as well as by feeding and incubating t(ieisher1988) Like the western bumble bee
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and yellowbanded bumble bee, gypsy cuckoo bumble bee reproductives are produced at the end
of the active season. Male gypsyckao bumble bees also patrol scemrked routes to locate

female mates. Interestingly, the pheromones they leave on stopping places seem to cause males
to gather together (Kullenberg 1956 Goulson 2010), possibly to give females a better
opportunity toselect a high quality mate among multiple candidates.

Physiology and adaptability

Many insects, especially smaller species, are obligately ectothermic: they cannot create their own
metabolic (body) heat so they must get it from external sources likaithersvarm surfaces,

and they have body temperatures close to that of their environment. Bumble bees must reach
internal temperatures of at least@efore they are able to fly (Goulson 2010). This would be a
problem for bumble bees in colder regions;ept for the fact that thegan generate their own
metabolic heat (Heinrich 2004). By shivering the muscles in its thorax, a bumble bee can make
itself much warmer than its surrounding environment. Northern bumble bee species tend to have
larger bodies, girter legs, and longer hair, all of which help them preserve heat and prevent heat
loss (Peaet al. 2005). The northermckayisubspecies of the western bumble bee has longer hair
than the southern subspecies.

Female gypsy cuckoo bumble bees have adapttihat may help them successfully invade a

host colony and defend against attacks by host workers. They have largenuselitd
mandibles (jaws); bodies with exitlick exoskeletor!s; and long, broad, and strongly curved

stingers through which large aomts of venom can be pumped (Fisher and Sampson 1992).
Additionally, female gypsy cuckoo bumble bees have twice as many ovitadest least one of

their hosts (the yellovwanded bumble bee), and their eggs are much smaller (Fisher and
Sampson 1992). Hse differences might allow gypsy cuckoo bumble bee females to produce
more offspring than their hosts, and increase the chances that their offspring will receive a
greater share of the colonybés resourvwewls (food

As shorttongued species, western and yeHoanded bumble bees forage at open flowers with

short corollas (the part of the flower where petals are fused into a tube that leads to the nectar).
Whil e reaching 1its tongled& nectar,tacbunile lhbeé gathers @s c o
deposits pollen: shotbngued bees are therefore pollinators of flowers with short corollas.
However, both western and yelldvanded bumble bees are known to be primary nectdrers,

meaning that they can avoid thbstacle of long corollas by chewing holes at the base of the
tube to access the nectar (Arobbedo fl owers
1978; Laverty and Harder 1988; Goulson 2010). The western bumble bee is one of only two

13 The exoskeleton is the haoditer body covering that provides protection and support. Bees and other insects have
no bones or internal skeletons.
‘“‘Qv_a.ri,olyes in bees are like ovaries in mammals: this is where eggs are produced in females.
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bumble beespecies that have mandibles with distinct teeth (Goulson 2010); this rather unique
adaptation makes nectesbbing even more efficient.

Interactions

Pollination ecology

Bumble bees depend on a wide variety of flower species for nectar and pollen andaatant
generalist pollinators of flowering plants. Plants in the NWT either known or assumed to be
visited and pollinated by the three bumble bee species of interest are listed previously (see
Habitat Requiremenjs The two nectarobbing species may hava negative effect on the
reproductive success of some flowering plants with long corollas, but the effects of nectar
robbing on fruit and seed production probably varies by plant species (Ledbetter 2017). The
yellow-banded bumble bee is an important ipaifor of commerciallygrown lowbush blueberry

and cranberry (Evaret al.2008). Neither blueberries nor cranberries have been commercialized
in the NWT, but wild blueberry and cranberryacciniun) species are widely harvested for
personal consumption (ray and Boxall 2002; Wohlgemuth 2012). WAldcciniumare likely
pollinated by all three species. The gypsy cuckoo bumble bee has been recorded on the Nahanni
aster NWT Species at Risk [NWT SAR2018), a rare endemic plant known only from the
Nahanni N&onal Park Reserve in the NWW(prking Group on General Status of NWT Species
[WG-GSNWTS 2016). It is unknown how much, if at all, this rare species depends on the gypsy
cuckoo bumble bee for pollination. All three bumble bee species likely forage alongside each
other where their distributions overlap (perhaps competitively), and they wisalda@npete for

pollen and nectar resources with many types of bees, flies, beetles, and other insect pollinators.

Interactions with parasitoids and parasites

Parasitoids are insects that lay eggs inside the bodies of other insects, ultimately kiliogtshe

Known insect parasitoids are flies in the families Conopidae and Phoridae, and wasps in the
familiar Brachonidae. Conipids do parasitize western bumble bees and other species in some
parts of North America (James and Li 2012), but conopids aretatseth of 50 of latitude and

are not a concern in the NWT (Burt 2015). Brachonids (Stahétuat 2013) and phorids are
unusually abundant and diverse in the north, including in the high arctic. Species lists for the
latter two families are not availe for the NWT, but it is reasonable to assume that bumble bee
parasitoids are present among the territoryos

Cuckoo bumble bees are obligate social parasites of other bumble bees. Western bumble bees
and yellowbanded bumble beesare b wn t o be parasitized by Suc
and they are probably also hosts for the indiscriminate cuckoo bumble bee and the Fernald
cuckoo bumble beeB( flavidug. The gypsy cuckoo bumble bee is known to parasitize the
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yellow-banded bumble lgeand one species not found in the NWT (the rpstghed bumble
bee); it may also parasitize western bumble bees and cryptic bumble bees.

Interactions with predators

Foraging worker bumbl e bees are thought t o
activities may not be greatly affected by predation (Goulson 2010). The bright
yellow/white/orange and black stripe patterns displayed by all three species are classic examples
of warning colouratiof? (Williams 2007), but some animals are apparently mglito overlook

the implied threat. Spiders, robber flies (family Asilidae), and songbirds are probably the main
true predators of bumble bees worldwide (Goulson 2010). Crab spiders are ambush hunters that
wait on flowers for prey. Large crab spiders arpatde of catching bumble bees (Plath 1934),

and do so more effectively than wspinning spiders. In the NWT, there are approximately 15
species of crab spider large enough to prey on bees, including the widespread goldenrob crab
spider Misumena vatig and numerous<ysticusspecies (WSGSNWTS 2016). At least seven
species of robber flies are known from the NWT (Cag®ihi994). Robber flies snatch bees out

of the air while in flight, as do birds. Robin§ufdus migratorius Turdidae), flycatchers
(Tyrannicae) including the oliwsided flycatcher Qontopus coope)j northern shrikesL@nius

exubitor, Laniidae), and summer tanagesrénga rubrg Cardinalidae) are birds present in the
NWT known to prey on bumble bees elsewhere.

Bumble bee nests may also peedated by mammals, including foxes, skunks, mink, bears,
shrews, voles, and mice, but none of these animals specialize in bumble bee predation. Since
they all nest below the ground, the three bee species are likely protected from most mammal
predators mst of the time.

STATE AND TRENDS

Population

Abundance

The absolute abundance of any bee species cannot easily be determined. Most bumble bee
records result from opportunistic collections or observations instead of from repeatable,
standardized samplinggenes: sampling efforts cannot be quantified. Any estimates of absolute
abundance, either historical or recent, would be excessively speculative. Established colonies can
produce hundreds of workers and dozens of queens per year, so an individual specimen
collection event is probably indicative that at least hundreds of other individuals (from the same

5 Warning colouration tells predators anraal is dangerous to eat: it may be venomous, poisonous, or otherwise
toxic or painful.
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colony) are present in approximately the same location s@ementsfor discussion on
foraging and dispersal ranges) during the year the specimen wasezblle

While absolute abundances cannot be determined, proxies can be used to assess trends over time.
The relative abundance (RA) of one bumble bee species is one such proxy, and it can be
calculated by dividing the number of records for that specieléiotal number of bumble bees
collected (Colla and Packer 2008). The RA of western bumble bees, yeluded bumble bees,

and gypsy cuckoo bumble bees in the NWT are shown for each decade since 1900 in Table 2.

Trends and fluctuations

Information from rsidents of Fort Good Hope and Red River suggests that bumble bee numbers
have generally remained stable, or perhaps increased slightly (Pierre iBBeBeitson 2012).

Ot her reports from residents of l nuvi k i ndi
drast i cal | y o inBénsoh 2012).er o0 me

Only four western bumble bees have been collected in the NWT, all from the same year. During
the most recent decade (2010s), it has had an RA of about 1%. It is impossible to comment on
changes i nabsbliteeabungarce oar thesstability of the NWT population over time.

Some researchers suggest the southern subspé&cies (ccidentalis is suffering the most
significant declines in the westeratal.BOdGnbl e b e
Evidence from northern British Columbia, Yukon, and Alaska suggestBthat mckayihas
comparatively stable populations in the north (Koch and Strange 2012; COSEWIC 2014b;
Pampellet al 2015; Sheffieldet al. 2016), while populations dB. 0. acidentalisin southern

British Columbia are declining (Colla and Ratti 2010).

An examination of changes in the RA of the yellbanded bumble bee in the NWT reveals no
obvious temporal trends. Its maximum RA was about 59% (22 out of 38 NWT bumble bee
observations) in the 2000s, less than 1% (1 out of 238 observations) in the 1940s, and recent
records place its RA at about 5.6% during the current decade, when about 430 specimens were
collected (Table 2).

The gypsy cuckoo bumbl e romelddE@ sntilkha 19408, wheh iefirsN WT w
appeared in collection records with an RA of about 5.5%. Its RA during the last decade is less
than 1%, and reached a maximum of 8.9% in the 1950s when 24 individuals were noted out of
270 NWT bumble bee observationr®nly one specimen was collected between 1ZXID.
Populations of the gypsy cuckoo bumble bee in the Yukon may be declining: only two
individuals have been detected in that territory in the last 5 years (Heron and Sheffield 2018).
Those two specimens, @rthe one collected in the NWT in 2017 (Heron 2018) are the only

recent detections of the species in North America (Heron and Sheffield 2018).

It is difficult to draw sound conclusions about temporal changes in RA for the yeHioded
bumble bee and theygsy cuckoo bumble bee, because the total number of bumble bee
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specimens records in the NWT isitg low and varies consideralfipm decade to decade (N =

0 to 430 individuals). Decades during which larger numbers were recorded (N > 150) might be
moremeai ngf ul (i .e.., more | ikely to reflect son
are highly variable even i n tlhemrsdce di hb ymhblce |l e
ranges from 0.9 . 3 %, while that of the gypp23and&%c koo
(Table 2).

Given the low number of observations yéadyear, longetterm trends in RA might be evident

by treating record20h8) eot hehi sirecieanaloo (RP0OU6
the data accordingly before calculgtin each speci es6 RA (Fig. 20) .
meaningfully on long er m changes in the western bumbl e
recorded from one location in one year. Yellbanded and gypsy cuckoo bumble bees appear to

have recently ddéined in RA, by-26.8% and95.1%, respectively (Fig. 20). Even with pooled

data, the RAs are based on very small sample sizes and should be interpreted conservatively.
There are insufficient data to determine whether these apparent differences in RAsieally

significant.
0.09 ©-Western bumble bee
-&-Yellow-banded bumble bee

0.08 -B-Gypsy cuckoo bumble bee
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Figure 20. Relative abundance (RA) of the western bumble Bemi{us occidentalis mckayiyellow-banded
bumble beeg. terricold), and gypsy cuckoo bumble be® pohemicusin the NWT in the last decade (20Q017;

total numigr of Bombuscollected = 430), compared to historical NWT records (2006 and earlier; total number of
Bombuscollected = 853). Records for which dates were uncertain (N = 2) were not included in this analysis. Data
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were derived from: a dataset compiled ksifLRichardson (2018), a 2017 collection effort contributed by Jennifer

Heron (2018), and verified sightings or collection events contributed by C. Ernst, using data sourced from
www.bumblebeewatch.or@Ernst 218). Figure courtesy of C. Ernst.

Population dynamics

Information on the population dynamics of these species (birth and death rates, immigration and
emigration rates, demographic trends) is not available for these three bumble bee species.

Possibility of rescue

The western bumble bgenckayisubspeciesjs present in northern British Columbia atie

Yukon, and populations in those regions appear to be stable. However, large mountain ranges in
the southwest of the NWT could impede the dispersal of eescinto the territory. More
sampling is required to determine if the species is present in other areas of the NWT, and if so,
whether emigration is possible or more lik&éom thepool of rescuers.

The yellowbanded bumble bee is known from adjacent sar@fanorthern Alberta, northern
Saskatchewan, and northern British Columbia. Once very common throughout North America,
this species is in serious decline throughout southern and central Canada, but it may be more
stable in northern British Columbia (Hatid et al. 2015a). Immigration from this small poteait

pool of rescuers in British Columbia may be impeded by large mountain ranges in southwestern
NWT.

The gypsy cuckoo bumble bee is also recorded from adjacent areas of northern British Columbia,
northern Alberta, and from the Yukon. However, the only new records of the species in Canada
since 2008 are from the Yukon, where it is still encountered inér@tyy small and declining
populations are unlikely to provide significant rescue effects. Additionally, the species can only
disperse from areas outside the NWT if there are sufficient hosts available along the way. Its
known host, the yellovbanded bumigl bee, is known from adjacent areas of northern British
Columbia, northern Alberta, and northern Saskatchewan, but populations are probably only
stable in British Columbia. The yellebanded bumble bee has not been recorded from the
Yukon, but the cuckoobmb | e beeds presence in the territo
be present. The cryptic bumble bee is a potential host, and it remains very common with stable
populations throughout North America, including in the NWT (Hatfetldl. 2014).

Habitat

Habitat availability

In the south, all three species face considerable habitat loss and fragmentation due to agricultural
intensification, and land use changes associated with natural resource exploitation (logging and
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hydroelectricity), recreationna human habitation (Javorek 2011).

Although certain site characteristics are preferred to an extent, they all display considerable
habitat plasticity. Underground nesting sites are preferred by these species, and by many other
bumble bees in the NWT. Niehoverlap, or competition for suitable nesting sites from other
species, is a potential stressor for these bumble bees (Richards 1978), but the distribution or
number of nesting sites are unknown.

Habitat fragmentation

Habitat fragmentation can potentiallestrict the movement of foraging bumble bees. Foraging,
nesting, and overwintering sites need to be relatively close to each other, although bumble bees
can travel long distances if needed. Their capacity for flight aids with dispersal between habitat
fragments, even if unsuitable habitat or physical barriers (e.g., water bodies) are present.

Habitat trends

Information on the smallescale habitat requirements (e.g., at the local or microhabitat level) of
the three species in the NWT specifically ig agailable. The largecale habitats from which

the species have been recorded in the NWT (i.e., Level Il and IV ecozones) have been described
in DescriptionandHabitat RequirementsAll three species are found in natural habitats that vary
considerablyin terms of topography, precipitation, forest/vegetation types, etc. Y-idowed

and gypsy cuckoo bumble bees are also known to occupy many habitat types in urbanized or
otherwise heavily modified landscapes in the NWT (dabitat), as does the westebumble

bee elsewhere in North America, suggesting that all three species may be able to persist even if
some or many types of their natural habitats were fragmented or destroyed.

These speci ewban/unnedified) habitatg areo still extensivethe NWT, since

human populations, developments, and activities are all quite low. However, natural habitats are
expected to change considerably in the next 50 years, due to changes in temperature and
precipitation regimes (see detailed discussion onatémelated change imhreats and Limiting
Factorg. It is unknown if these changes will have positive or negative effects on the three
bumble bee species.

Distribution trends

Distribution trends for the three bumble bee species cannot be meaningéelbged from the
sparse and temporally disparate occurrence data available.
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THREATS AND LIMITING FACTORS

Across the entire North American extent of t
factors are likely working in concert to directtiireaten their persistence or increase their
susceptibility to risk. Threats at the continental scale include pathogens, land use changes, and
resulting losses of habitat and food sources, agricultural chemicals including pesticides, invasive
species, polltion, and climate changén{ernational Scienc@olicy Platform on Biodiversity

and Ecosystem ServicB®BEY 2016).

Large expanses of the NWT have not been surveyed for bumble bees: waterways and locations
in and around city centers are overrepresemtéte records, but this is almost certainly just an
artifact of selective sampling (many parts of the NWT are extremely difficult to access). As such,
threats should be assessed for areas where the species have recently been recorded, but not
exclusively threats should probably also be assessed or considered in areas whemayhey

exist. The area contained within the extent of occupancy is probably the best proxy for this at
present. However, the scope and severity of the majority of threats are unlasowary little

baseline or current data are available in the NWT. Rather than omit potential threats from this
review, they have been retained and examined in the hopes that they will be useful for
identifying threats worth monitoring in the NWT.

An International Union for Conservation of Nature (IUCN) and Conservation Measures
Partnership (CMP) threats calculator (Salafgtyal. 2008; Masteret al 2009; NatureServe

2014 CMP 2018 was used to identify and evaluate 11 categories of possible thrélagstboee
species. With this tool, the impact level (Very High, High, Medium, Low, or Negligible) of each
threat is determined by cumulatively considering the s€ppeverity’, and timind® of different
aspects of the thredtor example, a threat rated yeHigh is one that is already destroying or
reducing most of a speciesd population, or is
threat is one that currently has very little to no impact on the species and is unlikely to impact the
speciesn anything other than the distant future. An overall threat impact level for each species is
determined by considering the impacts of all 11 threats. All 11 threat categories are listed and
examined inAppendix A Any threats determined to have a Low, Mmd, High, or Very High

impact on the three bumble bee species are discussed below.

The four main threats identified for the three bumble bee species in the NWT are as follows, in
order of their importance.

®The proportion (%) of the population or occurrence likely to be affected by the threat over the next 10 years.
" How likely the threat is to destroy, degrade, oruaathe number of occurrences or habitat, or how much the
threat will reduce the population.

‘la‘Con.siders_if; the threat is ongoing/current, likely to happen in the future, or has only happened in the past.
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Climate change and severe weather i threat level High (but uncertain)

This section considers threats from lelegn climate change that may be linked to global
warming, and weather events more severe than what is typical for the region.

Arctic temperatures are rising twice as fast as glubal average, with associated shifts in
vegetation zones, habitat, and species range (Arctic Climate Impact Assessment [ACIA] 2004;
International Panel on Climate Change [IPCC] 2014; ENR 2016b). Temperatures are rising in
the NWT, and generally have ewarmer in the past 15 years compared to all years recorded
prior to 1990, both in winter and summer (ENR 2016b). The entirety of the NWT is expected to
be affected by climate change, although some regions (for example, the Mackenzie River valley)
may bewarming even more quickly than others (ENR 2008). With climate warming, summers
begin earlier and end later, extending the length of the active season for bees. A longer active
season could be positive for bumble bees if food resources are availableugbes gmerge to
establish new colonies in spring, but if there is a timing mismatch with floral resources, the
effects could be devastating.

Bees are cokddapted species; such species are likely to show population declines with increased
annual temperatas, especially in northern latitudes (Goulsginal 2015; Kerret al. 2015).

Habitat suitability models for the yellobanded bumble bee and the western bumble bee show

t hat temperature is a key deter mina(Bheffiddf t he
et al. 2016). Bumble bees are intolerant of prolonged high heat exposure; it can render them
immobile, or result in death (discussed in more detafimer Limitations and Considerations
(Martinetet al 2015). There have been a number déeded heat waves in the NWT in the past
decade, and temperature fluctuations are generally less predictable than in the past (ENR 2008,
2016b). Heat waves usually affect some parts of the NWT more than others, so individual heat
wave events are not expedtto be a threat to all bumble bees within their entire distribution.
Bumble bees whose active seasons end in early osununer are most likely to escape the
negative effects of heat waves (since heat waves are most likely to occur in July/August).
However, yellowbanded and gypsy cuckoo bumble bees are both active at least until the end of
August, so they are not protected from heat waves by their phenology. The western bumble bee
is likely active during the same period.

Climate change can affect buralidees by altering or shifting their habitats. Climate warming in
northwestern Canada has caused permafrost to degrade; permafrost in one study area in the Hay
River Lowlands shrank by about 38% between 1947 and 2008 (Qwnh&ir2011). Permafrost

thaw can increase the frequency of active layer slides, change water storage in lakes and soils,
alter surface water and groundwater connectivity, and shift vegetation cover ¢éBah@016).

Loss of permafrost in the southern Taiga Plains watershed oMhies changed soil drainage

and groundwater storage, causing bogs and fens to experience drought conditions (Chasmer and
Hopkinson 2017). As a result, these wetlands are losing groawet plants, while tree canopies

are increasing (Chasmer and Hopkingii7). Active layer thickening caused by permafrost
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thaw has caused drought stress in other-kagtude spruce forests, reducing tree growth rates
(Sniderhan and Baltzer 2016). As the temperatures have warmed in the NWT, low shrub cover
above the trealie has expanded and become more robust (ENR 2016b). Generally in the arctic,
woody vegetation is expected to increase by 52% by the 2050s (PetmoR013). Since the

three bumble bee species of interest appear to have affinities for habitat adjatenests,
changes to forest habitat will likely have an impact on them. These effects may be positive or
negative, depending on whether forests expand or contract, create or reduce forest edge habitat,
and whether they enhance or displace flowering ptamimunities. Encroachment is likely
occurring fairly rapidly and effects are expected to continue in the next 10 years.

The amount and timing of precipitation events in the NWT are becoming increasingly variable
between seasons and communities (ENR 2R086b). Drought conditions have been a problem

in parts of the NWT in recent years, leading to dropping river and lake water levels (e.g., Great
Slave Lake), and low water tables generally (CBC News 2015). This (as well as the effects of
permafrostthawdic ussed earl i er) could have an i mpact
floral resources (Rasmont and Iserbyt 2012; Thomson 2016).

Dought is also associated with increased forest fires, and forest fires are expected to increase in
duration and intensi in the NWT (Flannigaret al 2008; ENR 2016b). Dry weather can also
affect soil moisture and other properties, which could affect quality or avéyladfinesting and
hibernaculasites. Some NWT residents intBewi ¢ h 6 i n S e redort teattk soil usedlr e a
to be softer in some areas in the spring, when they usually noted bumble bees emerging (Benson
2012).

There are no baseline data available for flooding in the NWT, but it is now being monitored, at
least in part, as a component of forest heaitimitoring plans, due to rising concerns about
climatechange induced flooding (Olesinski and Brett 2017). Flooding could have a direct
negative impact on grountkesting bees in floodplains or other lahkevation areas. Newly
established nests of groundsting bumble bees display higher rates of failure in flood
conditions, either from immersion or increased susceptibility to mold (Harder 1986). Floral
resources could also be affected by flooding. Some -srgke flooding has taken place in the
Mackenzie River valley, Aklavik, and Fort Good Hope (ENR 2012), as well as near Fort
Providence and in the Slave River delta in the last 5 years (Olesinski and Brett 2017).

Invasive and problematic species, pathogens, and genes i threat level
Low

This section includes threats related to-mative (alien) and native plants, animals, and diseases
that could have a negative effect on the species if introduced to the NWT, whether by human
activities or natural range expansions.

Nonrnati ve plants might be displacing some nat.i
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floral resources. In 2010, 116 alien plant species were known from the NWT, none of which
were considered highly invasive, and only 12 were shown to sucdgsstade natural habitats

(ENR 2016b) . It is not currently known whet he
or habitats are being affected by these, or other, alien plants. There has been little initiative at the
government level to devgioplans to prevent and control noative plants until the last decade

or so (Carriére 2009).

Non-native honey beedApis melliferg are present in the NWT (WGSNWTS 2016). Honey

bees are managed throughout North America and worldwide fongi@n sevices, and the
prodiction of honey, wax, and related products (National Research Council 2007). They have
been imported into the NWT by businesses and holsbyigt the total number of colonies in the
territory, their origins, and their current distritani is unknown. No formal surveys of
beekeepers or colonies in the NWT have been performed. Some level of beekeeping is currently
taking place in Yellowknife and Fort Simpson (Cemei pers. comm.2018), colonies are
probably curreny present in Norman Wil (ITI 2017b), and citizen science platforms show one
honey bee record in Fort Smittvwfw.bugguide.ngtand one inGameti (www.inaturalist.org,
indicating the presence a@lonies in those regns. Other locations are probablacreased

media coverage of declining bee populations worldwide has probably generated public interest in
beekeeping as a hobby. Additionally, the GNWT has named honey as agbatemmercial
oppotunity (ITI 2017a). While the desire to increase pollinator populations is admirable,
importing nonnative bees into the NWT could be problematic. Honey bees are known to
compete directly with native bumble bees including the western bumble bee (Thondgign 20
reducing the foraging and reproductive success of the native species. Generally, managed bee
colonies have the potential to create problems for native species: they can compete with native
species for nesting and floral resources, alter plant comiesingnd spread diseases to native
species (Mallingeet al. 2017).

No native plants or animals are known to be problematic (e.g., as predators, disease vectors,
parasites, competitors, etc.) for bumble bees in the NWT. There is little evidence thairpredat
are responsible for bumble bee population declines (Williams and Osborne 2009).

A potentially problematic species is the common eastern bumbl&8beg(is impatien€resson

1863). This species is widely used elsewhere in greenhouses and field crops for pollination
services (National Research Council 2007). If they escape and establish populations, they can
outcompete native bumble bees for habitat, or act as éiseafors (Mallingert al 2017,
Jacobsoret al 2018). According to the COSEWIC status report on yelbawded bumble bee,

the common eastern bumble bee may already be used in the NWT for commercial pollination
services (COSEWIC 2015), but no documentatio support this claim was available when this
report was prepared.

Pathogens (fungi, bacteria, viruses, and other microorganisms that cause disease) are widely
i mplicated in the decline of North American
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sp |l l overo is to blame (Power and Mitchell 200
from a heavily infected bee population to unaffected populations, and is strongly associated with
commercially reared honey and bumble bee colonies (@ol&. 2006; Cameroret al. 2011;

Szaboeet al 2012; Murrayet al.2013; Goulsoret al. 2015; McArtet al. 2017).

Nosema bomhbis a fungal pat hogen that can infect ar
body (James and Li 2012). An aggressive and viruleninstfathis fungus is found in many

declining bumble bee species, including wild and commereiallyed colonies of yellow

banded and western bumble bees (Whittington and Winston 2003; Cawmieran 2016;
Arbetmanet al 2017). It has long been assumedttthis problematic strain was introduced to

North America via reared colonies imported from Europe, and that it subsequently spread to wild
populations (Cameroet al.2016). However, recent genetic analyses suggest that the stiin of

bombi wreaking h&oc in North America was present and established before the commercial
colony trade (Cameroetal.2 0 16 ) . Al t hough its origins may n.
of transmission and impacts are nevertheless likely signifiGormmerciallyreared bmble bee

colonies of several species have been found to harbour other parasites, inChittlidg bombi

(a singlecelled gut parasite) andocustacarus buchneifa mite that lives in the airways of

bumble beesjJames and Li 2012There are no studig¢e confirm if these pathogens are present

in the NWT.

Declining bumble bee populations are more commonly affected by pathogens than those that are
stable (Camerost al.2011). Interestingly, we see a different trend in western bumble bees: both
subspecies of the western bumble bee have similar levels of parasitism (about 40%) (Koch and
Strange 2012; Pampedit al 2015; Sheffieldet al. 2016), butB. o. mckayipopulatiors are
probably more stable than thoseBofo. occidentalisSince commercial bumble bee colonies are

not widely used in the north, these relatively high levels of infection may be natural and not
caused by pathogen spillover (McHugh and Sikes 2016).eBethnfection levels are indeed
natural,N. bombiand other pathogens may not have the same effect on northern bumble bee
populations as they do in the south, perhaps because other factors that increase the susceptibily to
infections are not concurrent as prevalent in the north. It is also possible that some pathogens
are less likely to survive in cold climates; a close relativid.diombi(N. ceranae which affects

honey bees), is known to be more esthsitive and more commonly found in warmer cligsat
(James and Li 2012).

Many other bee pathogens exist worldwide, and the potential of these to cause additional disease
epidemics in bumble bees is uncertain (James and Li 2012; Brown 2017). Small, isolated bumble
bee populations with lower genetic disigy could be more affected by new diseases than large
populations with high genetic diversity (Brown 2017). The genetic diversity and isolation of
bumble bee populations in the NWT is uncertain at this time.

High rates of fungal infections in bumble bese associated with largeeale agricultural or
commercial fungicide use (McArt al. 2017); this is not a significant factor in the NWT
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(Statistics Canada 2016). Additionally, since commercial beekeeping and bee rearing is probably
currently uncommon ithe NWT, it is unlikely that pathogens or spillovers pose a serious threat
to bumble bees in the NWT, at least in the short term (< 10 years). Commercial use of bees is
unlikely to be widespread or to increase significantly in the NWT in the next 1Q years

Transportation and service corridors i threat level Low

Among other things, this category includes different types of surface transport corridors (e.g.,
highways, logging roads, and railroads), as well as corridors through which electrical and phone
lines are run. The construction of roads and utility lines could fragment and modify bumble bee
habitat (Forman and Alexander 1998), and roadways increase the risk of bees being killed by
vehicles while in flight (BaxteGilbertet al.2015).

In the NWT, thee are large areas of natural habitat where transportation and service corridors
are not present. Only one third of-weatheercader r i t
(total of 2,200 km of roadway) so the total extent of existing roadilNWT is not significant
(Department of Transportation [DOT] 2014). The Government of Canada recently announced
significant infrastructure funding for the NWT, including for roads and utility lines
(Infrastructure Canada 2018). The GNWT is pursuing theedew p me nt of thre
infrastructure corridors (Department of Il nfr
Hi ghway Expansion Project -9esasnmnderoaadwa yadfdri aarg
Nor man Well s (DOT 2Seasd )Rahwdshrezently @proved fgr feddral

funding and will add 94 km of roadway (DOT 2016). These projects lie within the Taiga Plains,

in areas from which yellovbanded and gypsy cuckoo bumble bees have been recorded or are
expected to be found (Figs. 16 and.Ilfhe Slave Geological Province Access Corridor would

add 413 km of allveather road between Highway 4 to the Nunavut border, passing through the
Taiga Shield ecoregion (DOI 2018b). Very few bumble bees have been collected near the
proposed corridoroute but thisis almost certainly due to a lack of surveys rather than a lack of

bees. The western bumble bee is known only from a protected area where corridor development

is not expected. It could plausibly be found in a small southwest portion of the Hlaiga,

where some of the Mackenzie Valley Highway Extension Project is being constructed.

These (and any other) corridor expansion activities could potentially disturb or fragment bumble
bee habitat, and bees generally tend to be less abundant in atishabitats (Williamst al.

2010). However, the disturbances caused by corridors will be fairly localized and the amount of
undisturbed land nearby will remain significant. Some land clearing for roads and utility lines

would potentially create some newalble bumble bee habitat, such as open areas or forest edges;
some yellowbanded and gypsy cuckoo bumble bees have been recorded along existing
infrastructure corridors. Some projects, the Slave Geological Province Access Corridor in
particular, may facitate future bee surveys in undersampled regions that have historically been
difficult to access. Roadways will also increase the risk of bees being killed by moving vehicles,
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but traffic volumes are expected to be low (DOT 2011, 2016), and it is uncetiainimpact
road kills might have on bumble bee populations.

Natural systems and modifications T threat level Low

This threat pertains to activities untiken by humans to manage natymadcesses for the sake
of improving human welfare, such as fire regs and water cycles, that degrade natural habitats.
Over and undemanagement is also considered.

Great expanses of the NWT are covered in forests, and fires caused by natural processes such as
lightening are extremely widespread and common. Based enfaeh 19882008, there has

been an average of 274 forest fires per year in the NWT, with 600,000 hectares affected annually
(ENR 2015c). Eightyeight percent of fires are caused by lightening (the remainder are caused by
people and industry) (ENR 2018).

All three species are known to nest near forests, and open areas by forest edges may be
particularly valuable habitat (sé¢abitat Requiremen}s Groundnesting bees, such as western

and yellowbanded bumble bees, may be negatively affected by fires 28 gemore after they

took place; fires often lead to dense regrowth of shrubs and grasses, reducing the amount of
unvegetated (open) nesting habitat (Williaetsal 2010). Gypsy cuckoo bumble bees would be
similarly negatively affected, due to the lossnesting habitat for their hosts. Wildland fire
suppression in the NWT is usually prioritized in commerically valuable forests, recreational
sites, and residential areas; fires in wilderness parks and remote forests with low economic value
are uncommonlynanaged (ENR 2018). As such, unmanaged fires could be an ongoing and
potentially escalating threat for all three bumble bee species, since fire frequency and intensity is
expected to increase over time (Flannigaral. 2008). The western bumble bee, knoamy

from a wilderness area to date, may be particularly threatened by unmanaged fire. However, all
three species are also known to display considerable flexibility in choosing nesting and foraging
habitats and are able to travel considerable distanbey; ¢ould therefore reasonably be
expected to adapt to the use of alternate habitats after a fire in a particular locality.

Overall threat impact

With three Low level threats and one High level threat, the overall threat impact for the three
bumble bee sxies is estimated to be High (NatureServe 2014).

Other limitations and considerations

Host availability

The most serious threat to the gypsy cuckoo bumble bee in the NWT is the potential loss or
decline of its hosts. While theate of decline of parasitibumble bees seems to be about the
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same as for nonparasitic species (Bartonetua. 2013), therisk of decline is probably higher

because they are so dependent on their hosts. Stressors such as climate change or habitat loss
directly affect gypsy cuckobumble bees, and those effects could be amplified if their hosts are

also threatened by the same stressors @ad 2004; Suhoneet al. 2015). All three bumble

bee species are likely to be affected by many of the same stressors.

The known host of thgypsy cuckoo bumble bee, the yellddanded bumble bee, is in decline in
North America, but its populations appear to be relatively stable in northern provinces (and
presumably also in the NWT). Of 331 specimens collected during the most recent NWT bumble
bee survey, 17 (5%) were yelleanded bumble bees (Heron 2018), which is higher than or
close to the RA for this species in other decades in which 150 or more bumble bees were
recorded from the territory. The historical RA of yelllwanded bumble bees ihg NWT (all
records prior to 2006) was about 7.6%, while its RA in the past decade is 5.5%, which is a
decline of about 27%, but uneven sample sizestgegear might be affecting this pattern. The
yellow-banded bumble bee has historically been preseoughout the south/central aspects of
the gypsy cuckoo bumble beebds extent of occu
Subarctic (Fig. 21).

The cryptic bumble bee is probably a host of the gypsy cuckoo bumble bee in the NWT, at least
in the High Sibarctic (since yellovbanded bumble bees are not known from that ecoregion).
The cryptic bumble bee is present in the Mackenzie River valley in the north and coincides with
gypsy cuckoo bumble bee records in that area (Fig. 21). The cryptic bumble bbeehas
assigned a general status rank of Secure (not at risk nor sensitive) in the NWT (ldatfileld
2014; WGGSNWTS 2016).

The western bumble bee may also be a suitable host, but no gypsy cuckoo bumble bees have
been collected in locations from whi@& o. mckayihas been recorded (Fig. 21). The western
bumble bee is also in decline in North America.
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Figure 21. Occurrence records of the gypsy cuckoo bumble Bmahus bohemicudblue), its known host the
yellow-banded bumble be®(terricolg red) aml two potential hosts, the cryptic bumble bBe ¢ryptarum yellow)

and the western bumble beg. (occidentalisgreen), in the NWT from 1963017. Shaded region enclosing gypsy
cuckoo bumble bee records illustrates the extent of occurrence for thiesspeased on historical and recent
records. Points are derived from: a dataset compiled by Leif Richardson (2018), a 2017 collection effort contributed
by Jennifer Heron (2018), and verified sightings or collection events contributed by C. Ernst (201 &puvtasy

of C. Ernst.

Temperature in(tolerance)

Bumble bees are adapted for living in cold climates: they have large and densely hairy bodies
(both reduce heat loss), dark habsorbing colours, and the ability to generate body heat
(Goulson 2010). Hoever, while their cold adaptations permit bumble bees to thrive in colder
climates, they also prohibit them from thriving in warm climates. Most bumble bee species are
found in cool climates (Williamst al. 2014). The maximum thoracic temperature bumiglesb

can tolerate is roughly 4€; anything higher is probably fatal for most bees (Goulson 2010). In
natural conditions, bumble bees can cool themselves by ceasing flight, staying in shade, and/or
going underground, but these behavioural changes are goalfgecostly (Sundaet al. 2014),

as they prevent bees from foraging. High temperatures and heat waves therefore pose a threat to
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bumble nees, and have been implicated in local bumble bee population extirpations in Europe
(Rasmont and Iserbyt 2012). THeequency of extreme summer temperatures (3C30s
expected to increase across the NWT (ENR 2016a), and heat waves are becoming more frequent
and more intense (ENR 20164, b).

Extended exposure to high ambient temperatures can result in a phenomeeath cafi h e a t
stupor o, where the bumble bee falls on its b
reflexes; heat stupor is often followed by death shortly after (Marinat 2015). The time it

takes for a bumble bee to experience heat stupor is lgyobpeciesspecific. Heat tolerances

have not been assessed in the western, ydikvded, or gypsy cuckoo bumble bees. Marthet

al. (2015) assessed the time it took six European bumble bee species to reach heatnséupor (
before heat stupof;HS) after being placed in an incubator af@0The whitetailed bumble bee
(Bombus lucorumis a close relative of western and yellbanded bumble bees (it is also in the
subgenuBBombu$. The median THS for the whitailed bumble bee was higher than ahet
species in the study (242 minutes), but only 26% of them survived the experience (Madinet
2015). On the other hand, yellow cuckoo bumble bees in the same study had a median THS of
only 82 minutes, but 48% of them survived (Martiaetl. 2015) In the study, the lowest THS

(31 minutes) was associated with two true arctic species of the sub§@nmuzbombustheir

survival rates were between 52 and 56% (Martatadl. 2015). The twoAlpinobombusspecies

also had the largest body sizes outh# $ix species in the study (the largest bumble bee species
are typically found in the far north) (Pestal. 2005).

Animals with large bodies have small surface area to volume ratios, which makes them lose heat
more slowly (this is why larger animalseacommon in the far north) (Blackbuet al. 1999).

The few bumble bees found in the tropics are, unexpectedly, the largest, but they also have long
extremities and short hair, which must adequately permit them to thermoregulate even in hot
ambient tempetares (Peaet al. 2005). Largebodied bees in North America are more likely to

have declined in abundance in the last 140 years (Bartosh@li013). There are some reports

by residents of the NWT that bumble bee body size has changed during thieielithat they

are now Amuch bigger inBemon2@l2)ar s agoo (EI Il en F

Because of their heat intolerance, northern bumble bees are expected to be particularly
vulnerable to the effects of climate change. The southern limits of their digiribwtre shifting
northward in response to warming, but the northern limits are not similarly increasing{(lderr
2015). Bumble bee species with small range sizes (and thus narrow habitable climatic niches)
likely face additional risks as temperaturesitinue to increase (Williamst al 2009; Williams

and Osborne 2009; Keet al. 2015; Rasmongt al. 2015 Arbetmanet al. 2017). The northern
mckayisubspecies of the western bumble bee is limited to latitudes abtiNeAdStemperatures

warm in the NWT we can probably expect to see the distributiorBofo. mckayidecline.
However, some bumble bees with small ranges in mountainous areas are moving to high
elevations in response to warming climates (K¢ral 2015). Yellowbanded and gypsy cuckoo
bumbe bees have widespread distributions in North America that extend down into the
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north/central east coast of the United States (Willi@nhsl. 2014). Presumably, these two
species are more likely to tolerate periods of heat and wider temperature ramgé ttvestern
bumble bee, which is the largest of the three species and the only one with a truly northern
distribution.

POSITIVE INFLUENCES

Life history traits

Bumble bees with latseason colony initiation and development are associated with greater
susceptibility to land use changes (Williams and Osborne 2009). All three species emerge and
begin to establish colonies shortly after spring thaw, so they sholdd$susceptible. Bees that

nest below ground are less affected by agricultural intensification and recent fires (Wdtiams

al. 2009; Williams and Osborne 2009; Williaresal.2010).

Pollinators that are specialist floral visitors may be more susteptildecline (Williamset al.

2010). All three bumble bee species of interest are generalist foragers. Despite having short
tongues, western and yelldvanded bumble bees use a neotdbing strategy to exploit
additional sources. Arbetmar al. (2017)found that tongue length is not significantly related to
declines in bumble bee species, suggesting that changes in floral resources might not be a major
driver for at least some species.

Yellow-banded bumble bee larvae can survive short periods withaditge and temporary
shortages of food have little effect on their adult size, although it can influence their development
time (Plowright and Pendrel 1977). This trait would be beneficial if normal foraging activities
were disrupted (e.g., by extreme weat or sudden loss of floral resources from part of their
foraging territory).

Because these bumble bees are largely reliant on existing mammal burrows for nest sites, the
composition and habits of rodent fauna can influence the relative and absolutaratauiof

bumble bees (Harder 1986). Existing mammal burrows are not common in intensively modified
habitats (Williamset al.2010), but modified habitats make up a small proportion of the total land
area of the NWT. Mice, voles, lemmings, and shrews ansidered Secure under the general
status ranking program throughout the NWT, in forested areas and on the tund@SMMBTS

2016). Their populations experience natural cycles of-hagid lowdensity years but their
abundances are stable when this is takém consideration (ENR 2016b). Underground nesting
sites should be widely available for bees in the foreseeable future.

Regulatory actions

Approxi mately 9.2% of the NWTG6s | and falls wi
areas, and more areas have been identified for the establishment of additional protected areas
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(ENR 2016a). Existing protected areas already provide safe hawetisefthree bumble bee
species (e.g., Nahanni National Park ReservbcuasB. 0. mckayi and additional protected
land will likely help conserve bumble bee habitat.

The GNWT has recently increased efforts to curate historical records of alien ingksite

and baseline surveys were performed in 2006 along major roadways and in larger communities
(Oldman 2007). Understanding changes in the plant community will help identify and manage
threas to bumble bee habitat and floral resources.

The Canadian ¢od Inspection Agency has regulations in place to prevent the introduction and
spread of bee pathogens into the country via the import of bee products and live bees (CFIA
2011). Many provinces similarly regulate the import of live bees from other provammks
territories. The NWT does not currently have any regulations or restrictions on live bees brought
into the territory.
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Jennifer Heron, Lawrence Packer, Cory Sheffield, and John Williams.
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Biography of preparer

Christopher M. Ernst is a Hakai Coastal Initiative postdoctoral scholar at therbityvof
British Columbia and Simon Fraser University; he is currently investigating how the ocean
influences life on land, focusing on the diversity and trophic interactions of terrestrial
invertebrates found on coastal islands. Ernst completed hisrdi@cto Entomology at McGill
University in 2015. As a member of the Northern Biodiversity Program, he studied species
distributions and climatic drivers of terrestrial insect biodiversity in Arctic Canada. More at:
www.christopheternst.com
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Status and ranks

Western bumble bee (Bombus occidentalis mckayi)

Region Coarse filter (Ranks) Fine filter (Status) Legal listings (Status)
To prioritize To provide advice To protect under species
at risk legislation
Global T41 Apparently secure G4T4 No legal tools exist.
Canada NNR Special Concern (2014)
Northwest Sensitive (2016) ITo be determined To be determined
Territories

Adjacent Jurisdictions

United States

Alberta

British Columbia

SNRT NatureServe

Yukon Territory

S3S4i NatureServe

Yellow-banded bumble bee (Bombus terricola)

Region Coarse filter (Ranks) Fine filter (Status) Legal listings (Status)
To prioritize To provide advice To protect under species

at risk legislation

Global G3i Vulnerable G3G4 No legal tools exist

Canada NS Special Concern (2015)

Northwest Sensitive (2016) To be determined To be determined

Territories

Adjacent Jurisdictions

United States NU

Alberta S5

British Columbia | S3S4

Yukon Territory

Gypsy cuckoo bumble bee (Bombus bohemicus)

Region Coarse filter (Ranks) Fine filter (Status) Legal listings (Status)
To prioritize To provide advice To protect under species
at risk legislation
Global G471 Apparently secure G4 No legaltools exist
Canada N1 Endangered (2014)
Northwest At Risk (2016) ITo be determined [To be determined
Territories

Adjacent Jurisdictions

United States NU
Alberta SH
British Columbia | SH
Yukon Territory | SU
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Collections examined

No collections were examined firsthand. S==arch Efforfor information about the sources of
the data.
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